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(00011 This
application claims
KETQSEHE fEURIET S5*=0r
L U.S.C. 119(c) of

[0001] This application clsir YO GEHOR S @k apptication Serial No.
60/900,494, filed February KNPH zmea@a t@vEeEgl 60/900,430, filed February 8,
2007, the contents of which _e mﬁomted herein by referente.

Gux%{xx OQ COMPUTER PROGRAM

2. REFERENCE TO SE!

{6662] The “Sequence Listi nemgﬂem)y herewith under 37 C.F.R. § 1.821(c)
and the computer readable f@p@b@@tn@@tﬁka*ammad under 37 CFR. §
1.821(e) are incorporated by N es of the Sequence Listing, one

on each of two compact discs Iabeled “Copy 1" an ’Copy 2 dre provided. Each electronic

copy of the Sequence LxstmI E EQ MaryOCS\ylth a file size of 221 Kbytes.

The file names are: Copy 1 m'?ﬂlw and Copy 2 - 376247-015WO.xt. The
Sequence Listing incorporated heret by fif,rence _)F the s; aTt]he CRF of the Sequence
Listing being submitted concg.g f

3, BackGrounp al€ mcorporated

{0003} Enzymes belonging h&ﬁ(&ﬁﬂuw (KRED) or carbonyl reductase class
(EC1.1.1.184) are useful forrtéfétrgﬁﬁécﬂ?acﬁve alcohols from the corresponding

prochiral ketone substrate. ﬁE S ¢ 1cﬁ convert 2 ketcne subsmate to the corresponding
alcoho} product, but may al on of an alcohol substrate

to the comresponding ketone@E@UEN@Euwon of ketones and the oxidation of
alcohols by enzymes such as monly reduced
nicotinamide adenine dinuc]e_mg TAIB tﬂE?de adenine dinucleotide
phosphate (NADPH), and n@Rm@ @M BU&EE&D} or nicotinamide adenine

dinucleotide phosphate (N. eyt ction. NADH and NADPH serve as
electron donors, while NAD and NADP serve as electron acceptors. It is frequently observed
that ketoreductases and a.lcc[lg gl % nas pt either the phosphorylated or the non-

. phosphorylated co-factor (d'%qaeh@@d state), but not both.
Liming" submitted
concurrently
herewith oorloa-

ey —y g p— p—



2 also capable of
WO 2008/103248 red u Ci n g or PCT/US2008/001683

converting
[0804] KRED enzymes Ca-labéf%lrﬁp H%léxej ﬁ @ctttj and yeasts (for reviews:

Kraus and Waldman, Enzyme catalysis kn organic synthesis, Vols. 1 & 2,VCH Weinheim
1995; Faber, K., Biotmnsﬁ(Rt)?‘h.l Trpm(r ntzyr]r@;h@&] Springer, Berlin
Heidelberg New York. 200@ Puriﬂzl m éxla Eur. J Biochem. 1989 184:1-13). Several
KRED gene and enzyme sequences have peen reported, e. &, Candida magnoliae (Genbank
Ace. No. JC7338; GL:1136 rg Lm,éﬂjf enbank Acc. No. BAA24528.1;
GL:2815409), Sporobolom)hecrlezh’r]o,laith@»ank Ace. No. AF160799; G1:6539734).

[6805] In order to CifCUmVerllg}i meer@detic procedures for the production of key

compounds, ketoreductasesiare being increpsingly employed for the enzymatic conversion of
Keteheauctases

different keto substrates to 01 prodi se applications can employ whole

cells expressing the ketore*}avebam@i%mﬁ”{ﬂm, or purified enzymes in
those instances where pres%pw%ﬂreductases affects specificity and yield of the

desired product. For in vitro applications, a co-factqr (NADH or NADPH) regenerating

enzyme such as glucose de}E?iJSQQE(EB@%nme dehydrogenase etc. is used in
conjunction with the keloreegﬁ\Perﬂliﬂgnih@eductases to generate useful
chemical compounds include ti;@;gf[g re%lét{ién Jffg-cfﬁgceioacetate esters (Zhou, J.
Am. Chem. Soc. 1983 105: & 3 aQéme 0, J Chem. Kes. (S) 1984:132-133; US
Patent No, 5,559,030; US Pplf@duﬁblb@aﬁj US Patent No. 5,891,685); reduction of

dioxocarboxylic acids (e.g., 88’ \/ fé‘)&?ﬁifbrethten of tert-butyl (8) chloro-5-

hydroxy-3-oxohexanoate (e.g., US Patent No, 6,645,746 and WO 01/40450); reduction
pyrrolotriazine-based compm‘atm,al|¥p1@@mm&86646); reduction of

substituted acetophenones~(W“Jd24ylﬁe6,800,477); and reduction of hydroxythiclanes

(WO 2005/054491). ketoreduclase

[8006] 1t is desirable to identify other ketoreductase zymes that can be used to carryout

conversion of various keto s@Msym Qgs ling chiral alcohol products.
« suaary  IStetabacilim latfir
[0007] The present disclosu@kFiGhel cRFE@IDACRI RS etorsductese
polypeptides capable of redug ‘cﬁrgcni uaid |ﬁ-(4-ﬂuoro2-methyI-IH-
'mdoI-S-yloxy)-S-mcthyl-pyurgﬁzé;1»t][1 ',Z,EQEQZ-? oxy]-propan-2-one to the
corresponding product (R} 1@@&&3’3&@1};-1 g;}gy)-&methylpyrmlo[z, 1-
i1 ,2,4]lriazin-é-yloxy]-pro'fg)—brdv iad?sej:ecar recombinant ketoreductases are
2
recombinant
ketoreductase

polspeptide



the compound
also capabie of reducing or oa)vem lr(eé[ﬂimmﬁzp}mwthmol. In the
embodiments berein, the engj ore se ofTuore improved properties in
ety I=Lriions:

converting the substrates to thi comipared to Ee naturally-occurring wild-type
ketoreductase enzymes of Lay:sz%lx g&m@t Mju; pyxs
[0087a} In one aspect, there r‘sm\l@(ze;m]n}lgn[}lmreductase polypeptide capable

of converting the compdphd, DY 2 rngl-5-yloxy)-5-methyl-
pyrrolof2, 1-f}[1 ,2,4]triazin gﬁiiﬁﬁ%me ?» 4.| ?')SX—ZmethyHH—indo!—
5—yloxy)-S—methylpyrrolo[ZJ ]-b[(dbagr;zy-kgi— rgaigol, with at least 1.5
times the activity of the pomﬁdcﬁtﬁr@s Wﬁj iﬂageptide comprising an
amino acid sequence with aﬁ%ﬂ‘ﬁmxeﬁ?x}eﬂtﬁw to SEQ ID NO:2 or SEQ ID

NG:4 and having (a) an aromatic gmino id” or G _at the amino acid residue

corresponding to residue 94131’ & ?ILQQEQTXZ\I—JH or (b) an amino acid
other than § and N at the aelthzy{i |Ham@|@|m2ngyc| @sidue 96 of SEQ ID
NO:2 or SEQ ID NO:4.

orsEQ xyt-5-methylprerol
[0008] The recombinant pol e capa) verting the 1-{4-(4-fluoro2-
methyl-TH-indol-5-yloxy)-5-me yi}%}ﬁ[;;ﬁf% ,2,4}triazin-6-yloxy}-propan-2-one to

the corresponding product (R)—2[¢ vlluﬂetl@- E&(}lgfloxy)d-met.hylpyrrolo[Z,
111 72A]triazin-é»yloxy]-prxylhmewaﬁz@nmegequencc having (1) an

aromatic amino acid or G at the amino acid reW cm‘iﬁ:‘nding to residue 94 of SEQ ID
NO:2 or SEQ ID NO:4, and/i (ggxmxggc res@ er than § and N at the amino acid

residue corresponding to resi@d 14 m a@rﬁi or SEQ ID NO:4.

[00069] In some embodimemsse lh% rises an amino acid
sequence that is at least about 85%, 86%. 87%, 88%, 89%, P0%, 91%, 92%, 93%, 94%, 95%,

96%, 97%, 98%, or 99% iden@:!l] to%mﬂ%rg!{ 1D NO:4 with the proviso that the
residues corresponding to res@{heﬁnﬂaram a&oaﬂ @idue or G. The engineered

ketoreductase may opuonallywhgtoméoaﬁlﬁ:ﬁﬁve substitutions at other residue

positions within the amino acid seguence.

{6618] In some embodi rgel‘keh reSIdplS!e_ptidcs comprise an amino acid
sequence having at least 90%@%&@5@91[3 it jo E& 1D NO:2 or SEQ ID NO4

and comprise an aromatic amrvegi{d’ﬁ et}@ﬁmozf:d residue corresponding to residue
94 of SEQ ID NO:2 or SEQ I%Né:b I D 040 2 or

SEQ ID 60t4. In

some

embodiments,

these




54, 56, 58, 60, 62,
64, 66 68 70 72

{0611} In some embodiments, the ketore u’ctase po‘ypcinde caj able of convesting the 1-{4-

(4-fluoro2-methyl-IH-indol- 84:,;085:;h;8;&ol }mazm 6-yloxy}-propan-
I2n :;? It;) }:: ;u[xzrejp:]x;iu;g;gi&r (191064 (Q(Bm 1@@4 -TH-indo}-5-yloxy)-5-
e sid seqence ﬁm;l;é)i&ﬁgﬁ“‘“““
94%, 95%, 96%, 97%, 98%, & @ Bidedlich @ a ik 2 domain thereofofSEQ ID NO:2
e TR ST

10022] As noted

above, the

recombinant

kerns:dm:tam

polypeptides are

also capable of

reducing or

concerting

acetophenone to

the corresponding

product (Si)'

1-phenylethanol.

Additional

unlypeptides

capable

demonising

acetophenone to

the corresponding

product,

(KM-phenylethan

ol include
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can include
these ketoreductase polypemﬁr ing residues corresponding to
s, o

residues 90-233 of SEQ ID! 1 may have a conservative substitution.

r
{8012] The ketoreductase pg}tpep ld! c;!;,%\g&l co%ve%n the compound 1-[4-(4-fluorol-
methyl-l]-l«indol~5»y]oxy)-ﬁ‘l@mﬁcmytﬁl-btsaf&ilaLimG»yloxy]'propm—Z-one 1o
the corresponding product Wﬂdét)eprésgi;ﬁﬁk@f&yloxy)é—meLhylpyrrolo[Z,

1-fl[1 ,2,4)oriazin-6-yloxy]-] E{an—bol can comprise, in addition to an aromatic amino acid
or G at the amino acid resi eregmgdg 94 of SEQ ID NO:2 or SEQ ID
NO:4, one or more of the fﬁeﬂgilﬂ@@fxe:éidue 96 is any amino acid other than $/N;

residue 153 is an aliphatic amino %&: idug o ; residue 199 is any amino acid
REEHEITas

residue other than L; residue T an aliphatic amind acid residue other than A; and

residue 206 is an aromatic aa;mdnm Utl | |Z e
10013] Insome embodimen@ QO @FEB@DHAMZS e specisicd amino acid a

residue 94 can comprise on 7 jag additional features selected from:
residue 49 is a polar amino acid resigi\?j)?hrg than K; residue 53 is an acidic amino acid
residue; residue 5S4 isa smadaﬁixrtedino acid residue other than T/P; residue 60 is an
aliphatic amino acid residuee.k MS is an aliphatic amino acid other than V;
residue 97 is a small amino acid or E&sidue 109 is a basic amino acid residue other than K;

residue 147 is an aliphatic a&%%
residue; residue 157 is a smE%Wpc{s&er G; residue 223 is an aliphatic amino acid

residue other than L; and Iesﬁlﬁ1§ﬁﬁ@|}éxﬂ!ﬁﬂé’§due or G.
[8614] The recombinant kef tl e érp ¥ al’!ﬁ'convening
the compound 1-[4-(4-ﬂuorm tli-g- d(gﬁg)- -methyl-pyrrolo[2, 1-f}{1
\2,4)triazin-6-yloxy]-propan ]\He) 6@5&?0pd&9rpd6!]&) 1-[4-(4-fluoro-2-methyl-
IH-indol-5-yloxy)-5-methy] o {1 ia; lox; 1ropan—2—ol can comprise an
amino acid sequence baving%in?a?d’oﬂ%n@g N?t the amino acid residue
corresponding to residue 56 Z aQ 135):2 Z&QmO:B;some embodiments, these
recombinant ketoreductase p%pﬁ%n @?1891’ a%e:cid sequence witha G, F,
) )

Y, or I at the amino acid resi@ orpespondi iéxe 96 of SEQ ID NO:2 or SEQ ID
Nows. 353, 9799,

101.105.105, 107.

109,11 .

. Yesidue 165 is a hydroxyl or small amino acid



1.ro5. 115, 117,
WO 2008/103248 119 12’ 24’ 125, PCT/US2008/001683
[7.129. 131.133.

f6015] In some embodime) etoreduct: ypeptide comprises an amino acid
sequence that is at least ablgsm( , 587, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, or 99% identical to SEQ ID NO:2 or SEQ ID NO:4 with the proviso that the
residue corresponding to residue 96 is an amino acid residue other than S and N. The
engineered ketoreductase may optionally include one or more conservative substitutions at

other residue positions within the amino acid sequence.

{0816} In some embodiments, these ketoreductase polypeptides can comprise an amino acid
sequence that is at least about 85%, 86%, §7%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, or 99% identical to SEQ ID NO:2 or SEQ ID NO:4 with the proviso that the

residue corresponding to residue 96 is G, F, Y, or I

{0617} In some embodiments, the ketoreductase polypeptide capable of converting 1-[4-(4-
fluoro2-methyl-IH-indol-5-yloxy)-5-methyl-pyrrolo[2, 1-fI[1 ,2,4]triazin-6-yloxy]-propan-2-
one to the corresponding product (R)-1-[4-(4-fluoro-2-methyl-IH-indol-5-yloxy)-5-
methylpyrrolo[2, 1-f][1 ,2,4)triazin-6-yloxy]-propan-2-ol can comprise a region having an
amino écid sequence that is at least about 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% identical to a region or domain thereof of SEQ ID NO:2
or SEQ ID NO:4, such as residues 90-233, with the proviso that the residue corresponding to
residue 96 is an amino acid residue other than S and N. In some embodiments of these
ketoreductase polypeptides, one or more of the remaining residues corresponding to residues
90-233 of SEQ ID NO:2 or SEQ ID NO:4 may have a conservative substitution.

[0018] In some embodiments, the ketoreductase polypeptide comprises an amino acid

sequence having at least 90% amino acid sequence identity to SEQ ID NO:2 or SEQ ID NO:4
and comprise a G, F, Y, or I at the amino acid residue corresponding to residue 96 of SEQ ID
NO:2 or SEQ ID NO:4. These engineered ketoreductase may optionally include one or more

conservative mutations at other residue positions within the polypeptide sequence.

{0019} In some embodiments, the ketoreductase polypeptide capable of converting the
compound I-[4-(4-fluoro2-methyl-IH-indol-5-yloxy)-5-methyl-pyrrolo[2, 1-f][1 ,2,4]triazin-
6-yloxy}-propan-2-one to the corresponding product (&) 1-[4-(4-fluoro-2-methyl-IH-indol-5-
yloxy)-5-methylpyrrolo[2, 1-f][1 ,2,4]triazin-6-yloxy]-propan-2-ol can comprise, in addition
to G, F, Y, or I at the amino acid residue corresponding to residue 96 of SEQ ID NO:2 or



[9029el In
WO 2008/103248 an Oth e r as pe Ct . PCT/US2008/001683
there is prowded
SEQ ID NO:4, one or moyﬁsﬂn ?S{:E 3 residue 94 is an aromatic amino
acid residue or G; residue is an aliphatic ammo acid residue other than L; residue 199 is
arty amino acid residue othV%tgg mpag‘ﬂtgmino acid residue other than
A; and residue 206 is an arrwh ¢ arj;e I!meeieotl d e
{8028] In some embodimettothcfénﬁaﬁgd «é’b@&fg]it}x the specified amino acid

residues at residue 96 can comprise one or or of the feat es seiected from: residue 49 is a
polar amino acid residue omﬂﬁm c J n aﬂisb acid residue; residue 54
is a small or aliphatic amm%cn%mlother than T/P; residue 60 is an aliphatic amino acid
residue other than V; resid 5 is an aliphatic amino acid other than V; residue 97 is a small
amino acid or G; residue lggghy mo a(:1§reS|due other than K; residue 147 is an

aliphatic amino acid res1du5uﬂ\abi 2 fﬁﬁxy 1 or small amino acid residue; residue
197 is a small amino acid rﬁ?v é ﬁ-jrﬁxg ékmﬁx&ﬁm@mmo acid residue other
14 It

than L; and residue 233 is a small amino ac esxd\] or G.
Vi

0021} In some embodlmer!tpthe ketore uctase B peptide capable of converting the

compound 1-[4-(4-fluoro2- Z QQBQZIZ ST ﬁS-methy]-pyrrolo{Z 1-f]{1 ,2, 4}triazin-
6-yloxy]-propan-2-one to tl]eﬁecgya nd;fgcl QSUI( loro-2-methyl-IH-indol-5-

yloxy)-3-methylpyrrolof2, 1-f][1 Yh]tnazm -6- yloxy] opan-2-ol is selected from SEQ ID
NO: 6,8, 10,12, 14, 16, XSfM t e{6 Q QYJ 6, 38, 40, 42, 44, 46, 48, 50, 52,

54, 56, 58, 60, 62, 64, 66, s O St B @ P 80. 82, 84, 86, 88, 90, 92, 94, 96, 98, 100,

102, 104, 106, 108, 110, 112 “4rhlﬁﬁ‘t H th
g the
[6622] As noted above, the recowam kem[educttl go épsptxdes are also capable of

reducing or converting acethQl product (R)-1-phenylethanol.

Additional polypeptides capaﬂcdg(@ﬁt&)(cpcl@%mﬂ corresponding product
(R)1-phenylethanol mcludete T@xit éetﬂ@«géesﬁzé\& comprising an amino

acid sequence having a G, I, C or an aromatic amino acid at the ammo acid residue

corresponding to residue 96 h@{ﬂilﬂol Q&Qﬁ)l
{6623} In some embodxmen@m@k&smhym&ren comprise an amino acid
sequence that is at least abmi§5 FW&éBa g’/oﬁﬁzgt%, 92%, 93%, 94%, 95%,

96%, 97%, 98%, or 99% identical to SEQ ID NO:2 or SEQ ID NO:4 with the proviso that the

residue corresponding to resGE] lﬁﬁmﬁﬁmgmmo acid. These engincered
Me ropressmn
vector as$ defined
roma 1003061
The hat cart may
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ketoreductase may optional g?gslqu:gz?— rﬁeﬁmve mutations at other residue

positions within the polype

{6624} In some embodime:;Q Q%Zréuégno%%gdg ci;l;z}ble of reducing or

converting acetophenone t I'EH i)fci@atiﬂenylethanol can comprise a
S-SPBE
region having an amino acﬁﬁanxfﬁl@isé paé)ﬁ H‘é&%, 87%, 88%, 89%, 90%,
of 9!

91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, % identical to a region or domain thereof
of SEQ ID NO:2 or SEQ Iﬁalm&s s 90-233, with the proviso that the residue

corresponding to residue 9"31 ﬁgma\rartftemso 5!:4%. In some embodiments of
these ketoreductase polypeptides;in;lﬁorq pfihe rexraizaéesidues comresponding to
1 S a

residues 90-233 of SEQ ID@E‘ gNO'A”ngsr Aﬁlv onservative substitution,
{8625] In some embodime@,l%maflegﬁjﬂ%gﬁ comprises an amino acid
sequence having at least 90@ me (23S smee @@mt@mﬂ) NO:2 or SEQ ID NO:4
and comprise a G, [, C or an agomatic gmine acidat th ipg acid residue corresponding to
residue 96 of SEQ ID NOZC:I%EIYOrﬁ aiéé@é

{0626} In some embodimcrg,tn g&)é\mégpo]];g&f!a§abablc of reducing or
converting acetophenone tof@ Fo@X&A1N pl@t’ (R)-1-phenylethanol can comprise, in
addition to the G, 1, C or a i RO JCH ¢ amipo acid residue corresponding to
residue 96, one or more oftfgléuigﬁgcgjr? r::ida;e 94 is an aromatic amino acid

Seected
residue or G; residue 153 1sp1l’£LtﬁlE]mml ﬂ&ma& than L; residue 199 is any
amino acid residue other thmOTélefPfaﬂ a@ﬁleamino acid residue other than A;

and residue 206 is an aromatic amino acid residue.

ein, and

r
[6627] In some embodimenEs), the ketoreductase polyp(ﬁ)tides capable of reducing or
converting acetophenone toE@fQJ;mzﬁQrmt (}@1 -phenylethanol can comprise
additionally one or more of| em elaﬂdk'npeiﬁe FSS 2 polar amino acid
residue other than K; residuffi is an acidic axf1 o acid residue: residue 54 is a small or
aliphatic amino acid residue cmplr/@re Elgms Q :ra-lll}gatic amino acid residue
other than V; residue 95 is @ﬂmxp@bj quth‘lxrﬂmn V; residue 97 is a small amino
acid or G; residue 109 is a bgsi inpracid resi er t] ; residue 147 is an aliphatic
e SCITITEOT, TR IS resiue 147 s on it
amino acid residue; residue Isa y:ilroxyl or small amino acid residue; residue 197 is a
taros” means
n H n
andiur" unless
7 .
stated otherwise
Similarly,
n H n
comprise,




(which does nut

small amino acid residue or GQFRMIEI B, atiphatic amino acid residue other than L;
and residue 233 is 2 small arafdﬁitfaiﬂ TOr
{0628} In some embodxmentd@mi%)p(fwnde capable of reducing or

converting 10 the ¢ ng praduct (R)-1-phenylethano! is selected from
SEQIDNO:6,8,10, 12, M,me Ba%lr mpmﬁ 3 36, 38,40, 42, 44, 46, 48,
50, 52, 54, 56, 58, 60, 62, 64, ¢ 7FWC75 78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98,
100, 102, 104, 106, 108, 110 1 embodimems the
ketoreductase polypeptide (:apaétjlj Pglcmg o converting acetophenone to the
corresponding product (R>.Ipaneamagad BADY0 1D Mo: 120, 122, 124, 126,
128, 130, 132, 134, 136, andb’ié Calculated b

{6629} The present disclosure gi] 150 prov}de lynuclei des encoding the engineered

ketoreductases described her lt;%;lmle !nl‘g
under highly stringent condiffqfs] [T ber Of

[0629a] In one aspect, the?(s)gisﬁjﬁiﬁgolﬁltc Wﬁ Ietsﬂetimg the recombinant

polypeptide as defined ab

{0629b} The polynucleolideth %clhderﬂtl&ajd other regulatory elements useful
for expression of the encodehx@ie*@i ema@:i@ havvu_ti]ize codons optimized
for specific desired expression systems. Bxemplary cleotides include SEQ ID NO:
5.7,9. 11, 1315]7197IQ£ m § E;g“wz&l434547495]53
55,57, 59, 61, 63, 65, 67, 6F@151d15le7 QCEEH'S. B s, 91, 93, 95,97, 99,
101, 103, 105, 167, 109, 11 lb]éfﬁgéthénéeg 127, 129, 131, 133, 135,

and 137. .
[G0629¢] In another aspsctxtgrs)(iL%lgidIhﬁ expression vector comprising the
polynucleotide as defined me@r linked to control sequences suitable for

directing expression in a host

gze to such polynucleotides

[0030] The present dlsc]osure mer prmndes host cells comprising the polynucleotides

and/or expression vectors desﬂ@csletelg nS d VI d N g
[06302] In one aspect, there ﬁqe/ ch:u mb@ rbmprxsmg the expression vector as

defined above.

[6630b] The host cells may b&m@! lgjlf% Or Lactobacillus brevis, or they may be

a different organism. The h(i@ (205 E@ﬂ&cbythth@essmn and isolation of the
engineered ketoreductase en: isa‘r ﬁlﬁxﬂaﬂv@éfeydfl be used directly for the
conversion of the keto substrate to the chiral alcohql prodyct.

[0031] As will be appreclatevﬁesﬁlgxﬁs, %I}}& reaction illustrated above
generally requires a cofactor, thxd!w}ly@lf@}l or NADPH, and can include a system
for regenerating the cofactor, for example glucose and glucmydwgen%e In some

embodiments employing pmggm@m&gcnﬂﬁ
optionally such cofactor ragerlenta'l hﬂf‘y "qlgy;it*ﬁ‘ebe added to the reaction medium

2 e~ e~ 4

e(s), such cofactors and



tsr residue

WO 2008/103248 p osition of a g IVeNn  rerusoswonsss
polymer is

tﬁcasf éxam%s}ltid(e the engineered ketoreductase

along with the substrate an&lé §tio§e
enzyme, any enzyme(s) comprising e cofactor regeneration system can be supplied to the

reaction mixture in the forh QSPIE 8 iystg othe cells, or as purified enzyme(s). In

embodiments employing cfépfe;tse'ﬁ&leates, the cells used to generate the extracts or
lysates can be engineered to express the enzyme(s) co ‘sinj:zme cofactor regeneration

systems alone, or together §§tg Uﬁ@r@@eufr s@ yme. In embodiments
employing whole cells, thet:haﬂ bbyinth)eo aﬁ%ua!nzyme(s) comprising the

cofactor regeneration symﬁsﬂ)ﬁl“éﬁ&ﬁf lﬁﬁgiﬁbeﬁyme together.

[6032] Whether carrying out tfe ethod F{ith Wh(():lf ceg, cell extracts or purified
ketoreductase enzymes, a ng 5 mgductgesenzyme may be used or, alternatively,

mixtures of two or more ke\mmﬁnmengw&m

[6033] In various embodimamieﬁ:@na@ I:dyr@sr can carry out the reduction or

conversion reaction with a d 0 tioselactivi 99%. Thus, the above reactions
I AETsslide

can be used as a standard reliction 4ot asSessing the activity of the engineered ketoreductase

enzymes as compared to a %M@QG}@@, SElQ! the ketoreductases of SEQ ID
NO:2 or SEQ ID NO:4. example’ a glven

[6034] In some embodimen; e a i ﬁfd ketoreductase enzymes described

herein are highly stereoselective, the resultant product of structural formula {11y (“Compound

(1)) or structural formula wqu&m&&;’) Suc:tz]overed in substantially
stereochemically pure form algontlﬂlatcd(yfchaﬁ separate it from the corresponding

enantiomer. n e rwe d .

en ogi
5. BRIEF DESCRIPTION THE FIGURE,;

[0035] FIG.] illustrates the rcl? ﬁgrecgcgsg 1x1athgéoxrv§sm of a defined substrate of
Compound (I) to the chiral mlahﬁleamtﬂmﬂﬂ) The figure also shows use of a

cofactor regenerating systenr'@/fé?fé]rie@ehydmgenase {GDH) and glucose.
{6036} FIG. 2 llustrates the ig & s i} conversion of a defined substrate of
sailishee

Compound (111} to the chiral alcohd! product of Compdund (IV). The figure also shows use
of a cofactor regencrating sy FQGHY Qi&gdegaq@sse (GDH) and glucose.
to optimize
residue marches
between the two
sequences. In
these cases,
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hinconitant
6. DETAILED DESCFﬁmTCtlon Of a

{0037} As used in this spe ended claims, the singular forms “a”, “an

iﬁcaion and thctza>
and “the” include plural rekgt %E!ghe C nttguearly indjcates otherwise. Thus, for
example, reference to “a pra4@ @:h‘@J gm@ﬁxab))é protein, and reference to “a

compound” refers to more gr 61d:tfegtm mﬁub@&e of “or” means “and/or™

unless stated otherwise. Silnilarly, “comprise,” “comprises,” “comprising” “include,”

“includes,” and “including‘l R iaerﬁgéelapal ot intended to be limiting.
{6038] 1t is to be further UIA‘Sﬁa]y where descriptions of various embodiments use the

term “comprising,” those s)@e@nﬂrpa\ﬁlgiﬁﬁgalﬁfjm in some specific instances,

an embodiment can be alternatively described using !angufge “consisting essentially of” or

“consisting of.” enzyme aCthl Ies

[6039] The section headingaL'& hmazdg olg‘xszut-i]:gl asposcs only and not to be
construed as limiting the sudeﬁmdcribed‘
6.1  Definitions preparatlon Of

{6046] As used herein, the fg]ﬁ i ﬁpigre iaendsd to have the following meanings.
’

{0041} “Ketoreductase” and *KRED” are ysed interchangeably herein to refer to a
polypeptide that is capable g% l b3} Qgio%§§té ﬂ) corresponding alcohol. More
specifically, the ketoreductdsf ﬂd@ﬁd@o@eiesem disclosure are capable of
stereoselectively reducing t}é 8?!’/&“{?6{??}“%*)] ﬂpm to the alcohol product of

formula (I), supra (see FIG. 1) and/or the comp’ound of formula (III), supra to the alcohol
product of formula (IV) (se@ iae) @kre m@ﬁie typically utilizes a cofactor reduced
nicotinamide adenine dinucd)@f m@ or reduced nicotinamide adenine dinucleotide
phosphate (NADPH) as the rcduc'ﬁg afent t(etorcductases as used herein include naturally

occurring (wild type) ketore§\ua § KIQ g;&lna@'%ly occurring engineered
polypeptides generated by hﬁwm@fﬁd&s G@bb@(d:olypepﬁdes).
10842] “Coding sequence” s @ 4 St o B @IRERTI (o.2. 2 gene) that encodes

an amino acid sequence of a téuhera” , When

[6043] “Naturally-oceurring’” or “wild-type” reer to the form found in nature. For example,
a naturally occurring or wil y;g ﬁd@r [Qlynucleotide sequence is a sequence

compared, the
numbers of cells
and the amount of
protein assayed
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Amino Acid or

present in an organism th?.éb ﬂsﬁféumr\ @tﬁlﬁ‘% and which has not been

intentionally modified by human maniputation.

[0044] “Recombinant”™ when usegvmregrence toc; g, 2 cel(. nucleic acid, or polypeptide,

refers to a material, or a mfaslglsbadm‘ﬂ“mgaar native form of the material,
that has been modified in giﬂ}ét}e hcaiﬁ)l otherwise exist in nature, ot is identical

thereto but produced or derived 5 synthetic materials and/or by manipulation using
recombinant techniques. Iexx ;gs aelude among others, recombinant cells

expressing genes that are Ihmp‘thgbtﬁ*tye@fbmam) form of the cell or
express native genes that are othe ie ex (tﬁda,atﬁ d?‘ é P,t 8vel

[0045] “Percentage of seg@QQQ&g mgezt:gtagngmlogf’ are used

interchangeably herein to FROF m&h@:@:dng polynucieotides and polypeptides, and
are determined by compan& 8\/ © t ‘jlgd sequences over a comparison window,
wherein the portion of the polynuclecude or polypeptide sequence in the comparison window
may comprise additions orhydirapm lcﬂyd to the reference sequence
(which does not comprise gjcasi é dtijfons) for optimal alignment of the two sequences.
The percentage may be calculated by d rmmmg the numdf;:f positions at which the

identical nucleic acid base EA&‘@ glt i sequences 1o yield the
number of matched positioi %xqg 1& I\ﬂﬁof B*@t positions by the total number
of positions in the window ng the result by 100 to yield the
percentage of sequence 1den iy, 'Q)Hem(zg j;e percentage may be calculated by
determining the number of @ﬁun emliythe identical nucleic acid base or amino
acid residue occurs in both Cféﬁ@dlem acid base or amino acid residue is aligned
with a gap to yield the numl[vsr oa\atched ositions, dividing the number of matched

positions by the total numbi tlcg’w of comparison and multiplying the

result by 100 to yield the pamqﬂ@m&@,d@xty Those of skill in the art appreciate

that there are many estabhshed al orif 813 avrnlablbto alig F}D’/equences Optimal

alignment of sequences for i panl§!m can be conducte Ythe local homology

algorithm of Smith and Wa|@ure9(i )wl Appl%e 482, by the homology alignment
algorithm of Needleman an xgﬂ sckLI QVéjJ(ﬁZZI 48:443, by the search for similarity
method of Pearson and Lip: §88 Proc. Natl, Acall. Sci. USA 85: 2444, by computerized
L-Len (I L
GE), L- Met (bey
L-Ala (A) and
L-Tr: (17).
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niv Amino, Acid or

implementations of these L E STA, and TFASTA in the GCG
RS vaet:

Wisconsin Software Pack: 'y visual inspection (seg generally, Current Protocols in

Molecular Biology, F. M. I@\&&t ar&lﬂgexﬂﬁi&ils, a joint venture between
Greene Publishing ASSOCiﬁytijlw(]ﬂ@ H)’ Inc., (1995 Supplement)

(Aunsubel)). Examples of algotithms that ave suitable for determining percent sequence
identity and sequence simémglg) ¥LAST and BLAST 2.0 algorithms, which are

desoribed in Altschul et al.@i@n@ti@aﬂy@ne@mmhul etal, 1977,

Nucleic Acids Res. 3389-3; ,gspectively. Software for performing BLAST analyses is
publicly available through the National Center for Biotechnglogy Information website. This

algorithm involves first 1dakhy1QEQX¥xlﬁgGQQI@JiQ MPS) by identifying short

words of length W in the qgryamicﬂ Uzia@]idrgtciﬂreatisiy some positive-valued

threshold score T when alj it] of 1] ¢ length ip a database sequence, T is

referred 10 as, the neighbor?lsj;j& relgﬁAébﬁgt al, supra). These initial

neighborhood word hits act_asqe_ysrfo@@ging Kzﬂg@s?o@]ﬂ longer HSPs containing

them. The word hits are thep d in hotkdirectxmns along each sequence for as far as
LA

the cumulative alignment score can be incr a'sed_A Cumulative scores are calculated using, for
nucleotide sequences, the p&ﬂ&lmﬁ)@aﬁd re for a pair of matching residues; always

>0) and N (penalty score fwﬁs}tﬁutmmaefo) 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: 1MML@ILQQ§e£ g(ig!;ls Qby the quantity X from fts

maximum achieved value; @h@mlative score goes to zero or below, due to the
accumulation of one or mople; ﬁeﬁélréﬁraﬁegy éiéxﬂeﬂtycr the end of either
sequence is reached. The BLAST al gon_thm pararheters W, T, artd X determine the
sensitivity and speed of the @fmﬁ@&‘ﬂ M@SNIB@MA n;gmc!eotide sequences)
uses as defaults a wordlengf)siw&r.ng(iadeion (E) of 10, M=5, N=-4, and a

comparison of both strands. For amjno acid sequeras,ﬂﬁnBLASTP program uses as
(QJ, l\ 1

defaults a wordlength (W) aem%noaig Ufﬁ BLOSUMS62 scoring matrix
(see Henikoff and Henikoftf\TH9) MWAiﬂt@ngsmMS). Exemplary
determination of sequence alignment \/ jdentiyy can employ the BESTFIT or
GAP programs in the GCG ﬂr@sﬁattmﬁggmge E;elrys, Madison WI), using
default parameters providedthe E M I L I O aCId

in the pelypeptide

. A2 .

with amino acids

within the same or

similar defined
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respeei to a

[6046] “Reference seguenii ég gﬁigf@ dquence used as a basis for a sequence

comparison. A reference sequence € a subset of a larger sequence, for example, a
segment of a full-length g&?&l M@J&&eequence. Generally, a reference sequence is at
Ieast 20 nucleotide or amlrge swclegtref@rg residues in Jength, at least 50
residues in fength, or the full len the nuclexc acid or peptide. Since two
polynucleotides or polypeyxgs ﬁé ¢ (i.e., a portion of the

complete sequence) that i gwemveam M@q@@a@d (1) may further comprise
a sequence that is divergen W f,:s;ﬁd:ée comparisons between two
8?“, peptide are typxcal Y D

(or more) polynucleotides or pol rformed by comparing sequences of

the two polynucleotides oS equm&edWthlnfy and compare focal regions
of sequence similarity. al | g hted to th e
[0047] “Comparison wmdﬁPeTétf-éﬁeémml 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 lea l@n (@eudes or amino acids and wherein the

i ; He . . . .
! n T@ enerany; ftlh @mprise additions or deletions (i.e.,

gaps) of 20 percent or less a: pared to the referen: nce (which does not comprise
diieiencs. Can

additions or deletions) for WO sequences. The comparison window

can be longer than 20 conub@ xd@tﬁm rrlcllmaLpnonaHy 30, 40, 50, 100, or longer
vindows. when the two

[0048] “Substantial identity” refcii q @:ﬂ ; éolypapnde sequence that has at
least 80 percem sequence j en i eas percent 1dentity and 89 to 95 percent sequence
identity, more usually at le@pﬂma;uy ﬁlkkga edst 99 percent sequence
identity or at least 99.5 pchB ')fférr (ﬂeccegmny as compared to a reference

sequence over a comparisor wind w of at Jegst 20 res1duf: positions, frequently over a

window of at least 30-50 reJlmQ \Lll @nkﬂ?&@l thce identity is calculated

by comparing the reference d@let'mw@p includes de]enons or additions which
total 20 percent or less of the ref €NCE, 3¢ é ence ol\j éhe C}/fdow of comparison. In specific
€

embodiments applied to pal%?ﬂd
polypeptide sequences, whe&lsmm:ﬁ@ I;dh as by the programs GAP or BESTFIT

using default gap weights, s}iaé U@gcaht-fequence identity, preferably at least 89
percent sequence identity, at least 95 percent sequence identity, at least 98% sequence

compat bon to the
reference
sequence.
100751 "Fht.seas

portion of the

T su stantial identity” means that two
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refers generally to
identity, or at least 99 perctsﬁeﬁfaiﬂﬁﬁé Pﬂfirgt,’ residue positions which are not

identical differ by conservaiive amino acid substitutions,

about 10C or

{0049} “Cormresponding to’,arra erefice 107 or Ielative 10~ when used in the context of the

numbering of a given amml:eaﬁs H}@mﬁthedence refers to the numbering of the
residues of a specified TEfB‘TféftfsﬁlaIN}]eﬁé H‘mgino acid or polynucieotide

sequence is compared to the refarence sequence. In other words, the residue number or

residue position of a given L@mﬂ @!QQL!J m rl;ﬁot @t§ reference sequence
rather than by the actual nxd@%ermq ﬁ@@ks@m@ fhe given amino acid or

polynucieotide sequence. Ft i

eéimélbal ijﬁ-x ¢nﬁw acid sequence, such as that of an

i
engineered ketoreductase, c:pbe aligned 16 a reference sequence by introducing gaps to
optimize residue matches b@»@dﬂdhm;@r IiGhese cases, although the gaps are
present, the numbering of tlﬁ @ﬁxﬁ;ethj oy ino acid or polynucleotide sequence is
made with respect 1o the reference seqrancce) tﬁ v&lich it has been aligned.

nu %
{0050] “Stereoselectivity” M‘ers to the preferential formation in a chemical or enzymatic
reaction of one stereoisomesﬁqr‘&exn&a)seltnlvity can be partial, where the

formation of one stereoisonsr(ij ﬁvred over the other, or it may be complete where only
one stereoisomer is formed. Wherl the saeoisomers ie enantiomers, the stereoselectivity is
(C

referred to as enantioselecti@m ngﬁzﬂ/ %«brtg as a percentage) of one
enantiomer in the sum of b<h| gﬁos{)ﬁ‘m@@ﬂ@ye art (typically as a percentage)

as the enantiomeric excess célalﬁeeﬂnﬁﬁﬁ af@fiéfghtﬁrmu!a [major enantiomer

— minor enantiomer])/[major enantiomer + minor ¢nantiomer]. Where the stereoisomers are
di sisomers, the sterec f“%dll@ﬂcﬁo u’cliat&oseleclivity, the fraction
(typically reported as a percpte?ﬂfﬂrle diastereomer in the sum with others.

[0051] “Highly Slereoselechﬁs‘ ”Wiaiggﬁlﬁtﬁe lefpeptidc that is capable of
converting or reducing the subdirate to the corresponding prolduct having the chemical
formula (1) with at least s BBy ERIQS € AUCIEIC

[0052] “Stereospecificity” ragldlesequﬁ:mmm a chemical or enzymatic
reaction of one stereoisomerﬁfatoifﬁ ﬁ%ﬁeogtﬁm en be partial, where the

conversion of one stereoisomer is favo;al over the c()fixcr oL it rabe complete where only
one stereoisomer is convertek]yb ras in . O 1 (xll

Nadi at 65C. (Le.,
if a hybrid is not
stable in
0.0181raNael at

P
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of a poiypeptide
[8653] “Improved emym@%"eefwremtmase polypeptide that exhibits an
improvement in any enzyme property as compared tpa refergnee ketoreductase. For the
engineered ketoreductase dﬁﬁl@ §Lr,ui heEx,a{Q mparison is generally made to
the wild-type l(etoreductaspiimu ‘@iug @q-{j @FRYERnss, the reference
ketoreductase can be another improved enginee tored: e. Enzyme properties for
EVACIEWVCRoly

which improvement is desirable 1 ut are not limited to, enzymatic activity (which can

be expressed in terms of pf@l’f&l@ﬁart@thth@me), thermal stability, pH activity
profile, cofactor requiremerﬂj?&f@ibesaﬁri}dimrs (e.g., product inhibition),

stereospecificity, and stereoselectivity (including enantioselectivity).

[0054] “Increased enz mansc activity” refers to an improved property of the engineered
ketoreductase polypeptidcﬁ@@gxdlngs rRy an increase in specific activity (e.g.,
product produccd/time/weiﬂwpepﬁldaee insm hnversion of the substrate to

the product {e.g., percent conversmﬁr?f sfarting amount of substrate to product in a specified

time period using a speciﬁeg’ anx S eg(!?i!n%arrlzpto éreferencc ketoreductase
enzyme.” Exemplary methm&{tjd@ ’enbthjtcair)ere provided in the Examples,

Any property relating to enﬁgfelirmxifébdaffﬁd, ‘a:luding the classical enzyme

properties of Ky, Vs or kug, changes of which can lead %o increased enzymatic activity.

Improvements in enzyme a @a [ from about 1.5 times the enzymatic activity of the
corresponding wild-type keprﬁ*wdetﬂ, art]x@ﬂ 2 times, 3 times, 4 times, 5
times, 10 times, 20 times, 25 times, 50 times, 75 times, 100 times, or more enzymatic activity
than the naturally occminégwgn ther engineered ketoreductase from which
the ketoreductase polypeptip:f @@@pﬂ d@eciﬁc embodiments, the enginecred

ketoreductase enzyme can egélig‘ 0, vteéymatic activity in the range of 1.5 to 50
ten

times, 1.5 to 100 times greater he paﬂ:nt ketoreductase enzyme. It is understood
by the skilled artisan that thQFQmQIBLynS@@z&L limited such that the
catalytic turnover rate canmn ild@fusion rate of the substrate, including any

required cofactors. The thedretical maximum of the diffusign limit, of kea/Ky, is generally

about 10° 1o 10° o, @@g@ﬁﬂﬁeﬁmﬁﬂ nizyme activity of the
ketoreductase will have an xtpfmg @}me F¥fusion rate of the substrates acted on
by the ketoreductase enzymg. Ketor tase actlyity Bﬂb easured by any one of standard
assays used for measuring kigfmjs‘@ ?wlést‘dccreas:a: absorbance or fluorescence of

ni, the control

15
sequences
include a

promoter, and
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occurring
NADPH due fo its oxidatkke’ltérad:ﬂet md a ketone to an alcohol, or by
product produced in a coupled assay, Comparispns of e mﬁcﬁviﬁes are made using a
defined preparation of cnz}Qla,'neQ asgfb@[;ézfg tion, and one or more
defined substrates, as ﬁmhbyscmﬁxi@@jlgerein. Generally, when lysates are

compared, the numbers of gell 1 Esiv ? rotein assayed are determined as well as
Wﬁw;n fj;ntica 0!

use of identical expression systems st cells to minimize variations in amount

of enzyme produced by thetl%hmqyuieﬁmhskmh

[6055] “Conversion” referﬁ@wiﬁy\{*r&e@/ersion of the substrate to the corresponding

product, “Percent conversifﬁ [jiragté ﬁtcg fghﬁrbstrate that is reduced to the

product within a period of time wnder Specified conditions, Thus, the “enzymatic activity” or

“activity” of a ketoreductag‘uf%tﬁd bee%giuumcent conversion” of the

substrate to the product. of th e g en etl C

{6056] “Thermostable™ refﬁfaféﬁsig:fa@ﬂ\ew ]hrg-mimains similar activity
t

more than 60% to 80% or more, for example) after exposure to Slevated temperatures (e.g.,
fhe k ’

40-80°C) for a period of ti .ﬁt%@g%@mﬁﬁw:ﬂed enzyme.
6857} “Solvent stable” reﬁmZyMIagtolypeptide that maintains similar activity

(more than, e.g., 60% to SOE)gembxae mw‘sckeﬁal&ons (e.g., 5-99%) of a
solvent(e.g., isopropyl alcohol, tefrahyds , 2-methyltetrahydrofuran, acetone, toluene,
butylacetate, methyl ten-bugl!th[:&m:p ﬂgﬂuﬁ;eriod of time (e.g, 0.5-24
hrs) compared to the untreabf@ve S , an d

{0058} “pH stable” refers t(i d@'{r'ﬂ q 4] eptide that maintains similar activity (more
than, e.g., 60% to 80%) after exposure to hjgh or low e.g.,4.5-6 or § to 12) for a period
of time (e.g., 0.5-24 hrs) coppgsj(ycr &{Lﬁi@%tlx@é@é

[6659] “Thermo- and solveth&t”gml;%giuctase polypeptide that are both
thermostable and solvent stén g | nee red

[6066] “Derived from” as uechzv thmthgiaered ketoreductase enzymes,

identifies the originating ketoreductase enzyme, and/or the gene encoding such ketoreductase
enzyme, upon which the en; g&él‘\.&g sﬂm e the engineered ketoreductase

enzyme of SEQ ID NO: 10 !tels]@a@apal@iizli,ti@xsn@#er multiple generations
the gene encoding the Lactafﬁilé;x%ﬁﬁrﬁzé&s&egﬁm of SEQ ID NO:2. Thus, this
reds to their
properties as
single
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improved
engineered ketoreductase M’ﬁfﬁféﬂﬂm@eild-WE ketoreductase of SEQ ID
NO: 2.
E rise

{8061} “Hydrophilic Ammg‘md or Resx? TS to an amino acid or residue having a

side chain exhibiting a hy:ﬁ@dﬂ&&ﬂ!saﬂ&% according to the normalized
consensus hydrophobicity gqu t’jgtﬂlﬁﬁ PrT 834 /. Mol. Biol, 179:125-142.

Genetically encoded hydrophlhc amino acids include L— yéL Ser (8), L-His (H), L-Giu
(E), L-Asn (N}, L-GIn (@) J1) Q&u??@s%@!n\@

{6062] “Acidic Amino ALS&J@@IJIML&QQ&oﬁﬁ amino acid or residue having
a side chain exhibiting a pw |>f ashan about 6 when the amino acid is included in a
peptide or polypeptide. Acidic ami j;icxds a pca]lh §ve fanvely charged side chains at
physiological pH due to Iosg Qm enencal encoded acidic amino acids
include L-Glu () and L-aG@NANANIVE an d

[6663] “Basic Amino ACidﬂ:&M > ORASe FM@tliMQJino acid or residuc having a

side chain exhibiting a pK. val ﬁtg TT When the amino acid is included ina
acids typically hi

peptide or polypeptide. Basw amino ave positively charged side chains at

physiological pH due to assEGlﬂo yclrgln.salmalcally encoded basic amino
acids include L-Arg (R) amémd ime nts th e
1

[6064] “Polar Amino Acid idue”, t émilic amino acid or residue having a
side chain that is uncharged at p jrsnologlcal pH, byt which has at least one bond in which the

pair of electrons shared in cp)Q M)yp.eplals elSmore closely by one of the atoms.
Genetically encoded polar ahxavé mm% dGln (Q), L-Ser (8) and L-Thr
(D).

me aCtIVIt

[6065] “Hydrophobic Ammo Acxd or'Residue” refers to an a:Iuno acid or residue having a

side chain exhibiting a hydr&@[eg §§JJ%QU:¥§ Mjmg to the normalized
consensus hydrophobicity s(laedaetﬂg]qlorm J. Mol. Biol. 179:125-142.

Genetically encoded hydrophobic ammo ac jds mclmtﬁ éo (P), L-lle (T), L-Phe (F), L-Vai
V), L-Leu (L), L-Trp (W), g IG yr(Y).
[6066] “Aromatic Aming A&JQ§EK@}I@S to a hydrophilie or hydrophobic amino acid

or residue having a side chamu((ﬂ;deg_aﬂ_ﬁexre@-s@hﬂrl heteroaromatic ring.
Genetically encoded aromatic atrr.x'xo aj:dql iuie LI Hﬁla iTE(Y) and L-Trp (W).

onxy)-5d nethyl-py
rrolo[2,1-11(1,2,4,
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Although owing to the pralypome@rgen atom L-His (H) it is sometimes

classified as a basic residué, or as%d aromatic residue as its side chain includes a
heteroaromatic ring, hereirﬁaiﬂaib itQ a hydrophilic residue or as 2 “constrained

et stemoseiectively

{6067} “Constrained a.min%% r;% ’i ref tth énino acid or residue that has a

constrained geometry. Herein, constrained residtes include L-pro (P) and L-his (H).

Histidine has a constraine: LJJ'J;I@( has a relatively small imidazole ring. Proline

has a constrained geometwlmalﬂjn@tﬂ@z@ﬂ@ﬁ@n@-ﬂng.

{6068} “Non-polar Amino g i ~”_11fe3§ &allﬂdmlup amino acid or residue
having a side chain that is 50: iat physiplogical pH ant whict has bonds in which the
pair of electrons shared in -X Q%yvﬁn-l s-msl ELM qually by each of the two
atoms (i.e., the side chain is- mzfm@efﬁlly encoded non-polar amino acids include

L-Gly (G), L-Leu (L), L-V3l HerlD), - A (A).

AP E i
{0069] “Aliphatic Aming 35(1 or Eesidue” efers $o ah g hocz amino acid or residue
having an aliphatic hydroc onki I}TQ:ECQIQan:ie aliphatic amino acids
include L-Ala (A), L-Val (Q [} @u t@attch,@e. .

{0070} “Cysteine”. The anﬁq’@d_u:@t@ is unusual in that it can form disulfide bridges

with other L-Cys (C) aminoggids or sthar aulfamy!- slscontaining amino acids.
() 1R TR

The “cysteine-like residues’\incldde tysteine ahd other amino acids that contain sulfhydryl
moieties that are available f2 fomﬁt hyJ\nﬁde bridges. The ability of L-Cys (C) (and
other amino acids with -SH ﬁiwm@ins) to exist in a peptide in either the reduced
free -SH or oxidized disulfide-bridged form affects whether ~-Cys (C) contributes net
hydrophobic or hydrophilic ﬁainthyejG:é -mﬁth gexhibits a
hydrophobicity of 0.29 accapfygpf@]@p@i;@ %Eis,sgx,e of Eisenberg (Bisenberg

et al., 1984, supra), it is to }ﬂufgelrgﬁilffgitéo_rsu_p&fsif resent disclosure L-Cys

(C) is categorized into its owniTique group.

{6071] “Small Amino Acid L; Q!;QQ@@Q T«gn-gllmva\{xlcibresidue having a side chain
that is composed of a total tfﬁh 8 f@pthl;ﬁz@d heteroatoms (excluding the a-carbon
and hydrogens). The small gmj ids.or ges y rther categorized as aliphatic,
ron-polar, polar or acidic smal m?ﬁ gdsgogliﬁd?e; §af:cordance with the above

residue 94 can

. 18

comprise

modifications at

other amino acid
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residue's, 3 or
definitions. Genetical[y-erﬁtbiisea]arrm nue ira@'ei dAIa (A), L-Val (V), L-Cys (C),

-Asn (N), L-Ser (S), L-Thr (T) and L-Asp (D).
A IO LGS Br 4 or

16072} “Hydroxyl-containing Amino Acid or Residue” refeﬁ an amino acid containing a
hydroxyl (-OH) moiety. Gﬂ&Qﬁﬁ‘e@MﬂﬂQy@ﬂ ing amino acids include L-Ser

@ madtrpesidues as
10673} “Conservative” améﬁﬁfﬁatr@dnmtathefer to the interchangeability of

residues having similar side ch: ins, and thus typically involves substitution of the amine acid
in the polypeptide with amrrg gsr vglmlggsame or similar defined class of amino acids.

However, as used herein, c@%ﬂ@ﬂ@@ﬁ@@nclud@ substitutions from a
hydrophilic to hydrophilic, hyd; ig piabs xyl-containing to hydroxyl-
[SEUssEErboRS:

containing, or small to sma residue, 1f The conservative mutation can instead be a

substitution from an aiipha{jl; Qa.’l:. ;L;Bal:, Ilm-psgmepolar, polar to polar, acidic to
acidic, basic to basic, arom@'crﬁh@di mwtsi’to constrained residue. Further, as

used herein, A, V, L, or I can ﬁconservalively mutated to either another aliphatic residue or

to another non-polar residus.

gab[e below shows exemplary conservative substitutions.

Other pojar .
Ot s
None

converting-the

0074} “Non-conservative sg&il}b@l ﬁa{esubslimﬁon or mutation of an amino acid in
the polypeptide with an aming agj 8‘:@ i ﬁ@inféde chain properties. Non-
AgHUoHE

conservative substitutions may use aminb acids between, rather than within, the defined

groups listed above. In one etyh}ﬁnp{. u&evative mutation affects (a) the

structure of the peptide back‘t@? llia_rea of the substitution (e.g., proline for glycine) (b)
r (€) the bulr of tﬁ side cha

phenylethanol’su
mo tithes,
embodilhents, the
kotoreduetase

polypeptide

the charge or hydrophobicity,
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[6075] “Deletion” refers :wdéﬁioaﬁb h)aﬁ,@e by removal of one or more amino

acids to a reference polypeptide. Deletions can amprise removal of 1, 2, 3, 4, 5 or more

amino acids, 10 or more 1S,

to 10% of the total numberr(easi@izlc']@ ooth@% Maml number of amino acids
making up the reference e[ﬂ g wﬁidtazxe Wﬁﬁﬂity and/or retaining the

improved properties of an engénkered ketoreductase enzyme. Deletions can be directed to the

mino acids, or 20 or more amino acids, up

internal portions and/or te; lul& thebbi: ﬁe, In various embodiments, the
P
deletion can comprise a coﬁa(rmgﬂonﬂ ini'g;ominuous.
{6676] “Insertion” refers to, qiﬁlélﬁ &@ommide by addition of one or more amino
acids from the reference polypeptiie. In some embodiments, the improved engineered
ok ofok
ketoreductase enzymes coy &s\ellorﬁaamz 'azmo acids to the naturally
occurring ketoreductase po@rpt@E@lK@mjﬂp_s of one or more amino acids to other
engineered ketoreductase pol t nsertions can be in the internal portions of the
(0L TR Wane
I

polypeptide, or to the carbo! mus.” insertions as used herein include fusion

proteins as is known in the i iIis n{ segment of amino acids or
9!
separated by one or more o it idsyi aturally occurring polypeptide.
g at
{6677) “Different from™ or “differs {%ﬁ(”évgl rea da designated reference sequence

refers to difference of a given Envino acid oF polynuc leotide sequence when aligned to the

reference sequence. GenerdZ¥Qd< ﬁ&{ﬁk@ Bldl mg'mined when the two sequences
are optimaily aligned. Diﬁmmé}tﬁﬁﬁgoni{gemr substitutions of amino
’

acid residues in comparison 1o the reference sequep

e residues

[0078] “Fragment” as used herein re¥rs t0 a polypeptide that has an amino-terminal and/or
carboxy-terminal deletion, G o ¥ sequence is identical to the

corresponding positions in tlﬁn:@mceo}irrem@lcamelee 14 amino acids long, at

least 20 amino acids long, at least 50 aming acids jon, ar longer, and up to 70%, 80%, 90%,
95%, 98%, and 99% of the fglge Qfefeg Q}ﬂl@g}% as a wild-type (SEQ ID NO:2
or SEQ ID NO:4)or engineefeggtidh:lme 946‘@51: or

6679} “Isolated polypeptidef Yo f [ 1d Rid tyntially separated from
10079] “Isolated polvpeptide(YefeyyQ pelreicd BB i @ity sep

other contaminants that naturally a ompan; it,-e.d, [jrotei " gg, and polynucleotides.
The term embraces polypeptg! V\A’l h §een removed or purified from their naturally-

isK. 1, K R.V,Q,
or Vit; résidue
2(12is 1; L, or G;
and resMue 206

~ o r~ o B




[(11291 In some
wouemns  €iNlindirnouis, the . .
engineered
oceurring environment Ork»’efgreﬂﬂ emeel] or in vitro synthesis). The

improved ketoreductase enzymis)zp be ﬁﬁa‘éﬁn@ cell, present in the cellular
&

medium, or prepared in VQOQS ch as lysales or isofated preparations. As such, in

some embodiments, the ir@t@dmp Eﬂ}m cm&n isolated polypeptide.

[6086] “M@Mﬂlﬁamm@” a@hﬁja composition in which the polypeptide
species is the predominant gpecies present (i a gt basis it is more
SEHTER GRS Tt it

abundant than any other irdivid macromolecular speciei in the composition), and is

generally a substantially pmealza)hlﬁmlwh;rtab
about 50 percent of the mafnafﬁlk‘éarfhces @ﬁ?ym@r % weight. Generally, a

substantially pure ketoreductase composition will comprise abouy 60 % or more, about 70%

or more, about 80% or moa,-gtlt\ébt/yyr m@ﬁ) HJ};%' more, and about 98% or more
of all macromolecular spedf@lry @h@r ‘fz@dlu;@tdx@nhe composition. In some

embodiments, the object SP@;F i%&iﬁ:{}ﬁfs@[iﬁﬁm@ﬁeﬂy (i.e., contaminant

species cannot be detected Dythe €Omposition by conventional detection methods) wherein

the composition consists esg nM‘b(éLﬁﬂU“EQﬂZﬂMecies Solvent species,
small molecules (<500 Dal@T}.fY'e_lTTﬂ@ixﬁdie |m5n considered
macromolecular species. In some #mbodiments the isol 12 imprrved ketoreductases
polypeptide is a substantiall%%% ?15 Dr@bgl " ey
[0081] “Stringent hybridizaﬁi}_)&ll’sEQlQ{Z ES conditions under which nucleic
ac;d hybrids :re stjble, As TTT I E}@’e 4_( ,s Ulnday A @bility of hybrids is
reflected in the melting tempeggture 7y) of the hybrids. In gener: Hthe stability of a hybrid is

OOV ATE2

T s ntbnt, an

a function of jon strength, ten 2 € presence of chaotropic agents.
The T, values for polynuclem@:ﬁ}@; q{cih@dpﬁwwmods for predicting
melting temperatures (see, eﬁ@z{dino et al., Methods Lnzymology 168:761-777; Bolton et
al.,, 1962, Proe. Natl. Acad. &ci. A 48:1390; Bresslauer et al., 1986, Proc. Natl. Acad, Sci

US4 83:8893-8897; Freier e{lﬂ-,'] éé,‘lﬂ)UQj}QazZ FLU&E3 :9373-9377; Kierzek et
al., Biochemistry 25:7840-T846¢ cﬂl_iﬂ_e:lflﬂim ni@;y]@zees 18:6409-6412

(erratum, 1991, Nucleic Acids Res 19 98); Sambyrook pt gy 522 a) Suggs et al,, 1981, In
otows kR MOV AT ~
Developmental Biology Usi £l tal., 4ds.TTpp. 683-693, Academic

Press; and Wetmur, 1991, Cre@ef@g@_mlﬁ[ibgﬂ-géSn publications
incorporate herein by refercnﬁ)i é‘l fimﬁ %c:li&e&ﬁsivlynuc]eoﬁde encodes the
1-propah,2- al
using tile listed
engineered

sljecies comprises at least
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polypeptide disclosed hcre'$%Bri(:‘l_z!!fmieldef_"nedrdsditions, such as moderately

stringent or highly stringent conditions, to the complement of a sequence encoding an

engineered ketoreductase enzyme of the present disclosure,

[0082] “Hybridization stringency” relates to such washing conditions of nucleic acids.
Generally, hybridization reactions are performed under conditions of lower stringency,
followed by washes of varying but higher stringency. The term “moderately stringent
hybridization™ refers to conditions that permit target-polynucleotides to bind a
complementary polynucleotide that has about 60% sequence identity, about 75% sequence
identity, about 85% sequence identity; about 90% sequence identity, or with about 95% or
greater sequence identity to the target-polynucleotide. Exemplary moderately stringent
conditions are conditions equivalent to hybridization in 50% formamide, 3% Denhart's
solution, SXSSPE, 0.2% SDS at 42°C., followed by washing in 0.2xSSPE, 0.2% SDS, at
42°C.

[0083] “High stringency hybridization” refers generally to conditions that are about 10°C or

less from the thermal melting temperature T, as determined under the solution condition for a

defined polynucleotide seq; In some embodi a high stringency condition refers
to conditions that permit hybridization of only those nucleic acid sequences that form stable
hybrids in 0.018M NaCl at 65°C. (i.e., if a hybrid is not stable in 0.018M NaCl at 65°C, it
will not be stable under high stringency conditiens, as contemplated herein). High stringency
conditions can be provided, for example, by hybridization in conditions equivalent to 50%
formamide, 5x Denhart's solution, 5xSSPE, 0.2% SDS at 42°C, followed by washing in
0.1xSSPE, and 0.1% SDS at 65°C. Other high stringency hybridization conditions, as well as

moderately stringent conditions, are described in the references cited above.

[0084] “Heterologous” polynucleotide refers to any polynucleotide that is introduced into a
host cell by laboratory techniques, and includes polynucleotides that are removed from a host

cell, subjected to laboratory manipulation, and then reintroduced into a host cell.

[8085] "Codon optimized" refers to changes in the eodons of the polynucleotide encoding a
protein to thase preferentially used in a particular organism such that the encoded protein is
efficiently expressed in the organism of interest, Although the genetic code is degenerate in

that most amino acids are represented by several codons, called “synonyms” or

22
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“synonymous” codons, it is Ejl'lrlo?tﬂf??m ]_sﬁvztgyﬂiwlar organisims is
nonsandorm and biased towards particular codon triplets,_This codon usage bias may be higher
in reference to a given genygéQAomQas& 01 Z ;Lc tral origin, highly expressed
proteins versus low copy n(ﬂ?er-prqseips, Q@engegate protein coding regions of an
organism's genome. In soe,e gﬁnw& 1‘316 tifes encoding the ketoreductases
enzymes may be codon opyig or optimal priluction@om’the host organism selected for
expression. F1471.; L1535;
[0086] “Preferred, optimalmm refers interchangeably to codons
that are used at higher freq + ﬁe proiemgadipggegions than other codons that code for
PAS VAL 3%

the same amino acid. The preferred codons may be determined in relation to codon usage in

a single gene, a set of geneEfZ&AJon fﬁ%(g&igin, highly expressed genes, the codon
frequency in the aggregate ﬁoftiﬂc?&grg‘a_nﬂe@@ﬂmle organism, codon frequency in
the aggregate protein coding regi clated organisms, or combinations thereof. Codons
whose frequency increases Qigz of Euggprcssion are typically optimal codons for
expression. A variety of methods are known for determining the codon frequency (e.g.,

codon usage, relative synonymous codon usage) and codon p in specific organism

including multivariat analysis, for example, using cluster analysis or correspondence analysis,
and the effective number of codons used ina gene (see GCG CodonPreference, Genetics
Computer Group Wisconsin Package; CodonW, John Peden, University of Nottingham;
Meclnemey, J. O, 1998, Bioinformatics 14:372-73; Stenico et al., 1994, Nucleic Acids Res.
222437-46; Wright, F., 1990, Gene 87:23-29). Codon usage tables are available 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.,, supra; Henaut and
Danchin, “Escherichia coli and Salmonella,” 1996, Neidhardt, et al. Eds., ASM Press,
Washington D.C., p. 2047-2066. The data source for obtaining codon usage may rely on any
available nucleotide sequence capable of coding for a protein. These data sets include
nucleic acid sequences actually known to encode expressed proteins (e.g., complete protein
coding sequences-CDS), expressed sequence tags (ESTS), or predicted coding regions of
genomic sequences (see for example, Mount, D., Bioinformatics: Sequence and Genome
Analysis, Chapter 8, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., 2001,
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Uberbacher, E. C., 1996, AMTS%WQIGQI@H etal,, 1997, Compur. Appl.
Biosci. 13:263-270).
to Acid DEO

[0687] “Control sequence” A’I igedQerem to include all components, which are necessary

or ad us for the ¢; ] n' typeptide of the present disclosure. Each control

sequence may be native or pw o) m sExE@codmg the polypeptide.

Such control sequences mc ¢, bijare ite leader, olyadenylauon sequence,

propeptide sequence, prom 'ﬁ) l@g M!’Jl Q(It]ranscnptxon terminator. Ata

minimum, the control sequffc@ [?ﬁué{g@@m{_alﬁtranscnpnonal and translational stop

signals. The control seque: EE § u‘?@fm’ the purpose of introducing
fating 1gatxon of

specific restriction sites fac © control sequences with the coding region

of the nucleic acid sequenc

[6088] “Operably linked” 15'516@ 91955)6 &Zguz& in which a control sequence is
appropriately placed at a pogi &3151% Fﬂ?d)?g ﬁ%@' a polynucleotide

sequence such that the control seguence d}rects or aff i the expression of a polynucieotide

and/or polypeptide encode: c

[6089] “Promoter seguencessl 53A;1CQ439 YtQT; is recognized by a host cell for
expression of & polynucleotiie s Io@u?@@@mammg the coding region.
Generally, the promoter sequefice ription: trol sequences, which mediate
expression of the polynucle(;lﬁg 23\7 y h:gQucleic acid sequence which
shows transcriptional activity in the host cell of choice including mutant, truncated, and

hybrid promoters, and may be obtained from genes encoding extracellular or intracellular

polypeptides either homologous or heterologous to the host cell.

[0090] “Cofactor repeneration system” refers to a set of reactants that participate in a reaction

that reduces the oxidized form of the cofactor (e.g., NADP" to NADPH). Cofactors oxidized

by the ketoreductase-catalyzed reduction of the keto substrate are regenerated in reduced
form by the cofactor regeneration system. Cofactor regeneration systems comprise a
stoichiometric reductant that is a source of reducing hydrogen equivalents and is capable of
reducing the oxidized form of the cofactor. The cofactor regeneration system may further
comprise a catalyst, for example an enzyme catalyst, that catalyzes the reduction of the

oxidized form of the cofactor by the reductant. Cofactor regeneration systems to regenerate

24



5430, F74L,
WO 2008/103248 09 4G : Sf AY : PCT/US2008/001683
F1472 L1515, ++
NADH or NADPH from NK) Ni]§ A rmlg Bare lg:zx in the art and may be

used in the methods described fiefein.

6.2 Ketoreducta§ éﬁ)sxgg F 742 i O 940’
{0091} The present disclosxlr:e lAiZAtheLQ g&mbinam ketoreductase (“KRED”)
enzymes that are capable o%ﬁ@@lc@eﬁn@%ﬁngto substrate to its

corresponding alcohol pri Wwhen compared with the
naturally-occurring, w1ld-§ 42%4 enzyme%ﬁame Yot Lactobacillus kefir or
Lactobacillus brevis, or amEer @3644:, kekge:quymc, such as another engineered
ketoreductase enzyme. In {] ts herein, the recombinant ketoreductase
polypeptides are capable of stereoselectively reducing or converting the substrate 1-[4-(4-
fluoro-2-methyl-1H-indol-5-yloxy)-5-methyl-pyrrolof2,1-f}[ 1,2,4, Jtriazine-6-yloxy]-propan-
2-one, as represented by the structure of formula (I), to the product (R)-1-[4-(4-fluoro-2-
methyl-1H-indol-5-yloxy)-5-methyl-pyrrolo[2,1-{]{1,2,4,}triazine-6-yloxy]-propan-2-ol, as
represented by the structure of formula (II), as further discussed below. The ketoreductase
have an improved property in converting the substrate of formula (1) to the product of
formula (II) as compared to the naturally occurring ketoreductase enzymes of Lactobacillus

kefir or Lactobacillus bacillus.

0692} In some embodiments, the recombinant ketoreductase polypeptides are also capabie
of reducing or converting the substrate acetophenone, as represented by structural formula
(113) to the chiral alcokol product (R) 1-phenylethanol, as represented by the structure of
formula (IV), as further discussed below. Thus, the engineered ketoreductases can be
compared to reference ketoreductases using the substrate 1-[4-(4-fluoro-2-methyl-1H-indol-
5-yloxy)-5-methyl-pyrrolo[2,1-]{1,2,4, }iriazine-6-yloxy]-propan-2-one or acetophenone, or
both. In some embodi one ref t (e.g., 1-[4-(4-fluoro-2-methyl-1H-indol-

5-yloxy)-5-methyl-pyrrolof2,1-£}[1,2,4,}triazine-6-yloxy}-propan-2-one) can be substituted
with the other reference substrate (e.g., acetophenone) when comparing the activity of the
engineered ketoreductases to the ketored {e.g., SEQ ID NO:2 or SEQ ID
NO:4).

{8093} In the embodiments herein, the ketoreductase polypeptides comprise at least (1) an

amino acid residue at position 94 which is an aromatic amino acid residue or G, and/or (2) an

amino acid residue at position 96 which is an amino acid other than $/N in the corresponding
25
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residue position of the wil@g@ 7ﬁ2T33/Ose Tce 5 SEQ 1D NO:2 and 4,

respectively. Thus, in varions embodients herein, tHe ketoreductases of the present

disclosure comprise at least]he]oll%g 2&6} MAB&;ions: {1) residue 94 is
. G, . X i
modified from A ~ an aro@@ 4r®t,> afd fesificg 9 Q@r (2) residue 96 is modified

from 8/N — any amino acid ogher tha for 2 polypeptide corresponding to the amino
v\ G946

acid sequence of SEQ ID NG ¥or Y. 1

{6094] These nvn-namrallyglg‘&Qeﬁorsztzgmn be generated by various well-

known techniques, such as 5\2@@'&@*&’{-“ directed evolution of the genetic material
encoding the ketoreductase enzyme of Lactobacillus kefir or Lactobacillus brevis, and
identifying polynucleotides that express engineered enzymes with a desired property. The
capabilities of the KREDs can refer to their properties as single polypeptides or to their

properties in the form of multimers, as they may be present in the wild-type enzyme.

[0095} Mutagenesis and directed evolution techniques useful for the purposes herein are
amply described in the literature: Ling, et al., 1997, “Approaches to DNA mutagenesis: an
overview,” Anal. Biochem. 254(2):157-78; Dale et al., 1996, “Oligonucleotide-directed
random mutagenesis using the phosphorothioate method,” Methods Mol. Biol, 57:369-74;
Smith, 1985, “In vitro mutagenesis,” 4nn. Rev. Genet. 19:423-462; Botstein et al., 1985,
“Strategies and applications of in vitro mutagenesis,” Science 229:1193-1201; Carter, 1986,
“Site-directed mutagenesis,” Biochem. J. 237:1-7; Kramer ct al., 1984, “Point Mismatch
Repair,” Cell, 38:879-887; Wells et al., 1985, “Cassette mutagenesis: an efficient method for
generation 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 ot al., 1998, “DNA shuffling of a
family of genes from diverse species accelerates directed evolution,” Nature 391 :288-291;
Crameri et al., 1997, “Molecular 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,” Proc Natl Acad
Sci US4 94:45-4-4509; Crameri et al., 1996, “Improved green fluorescent protein by
molecular evolution using DNA shuffling,” Nature Biotech 14:315-319; Stemmer, 1994,
“Rapid evolution of a protein in vitro by DNA shuffling,” Nature 370:389-391; Stemmer,
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1994, “DNA shuffling by nggﬂ?ﬂeﬂglgg @s;f_m"ﬂx'_ In vitro recombination for

molecular evolution,” Proc Natl Acad Sci USA 91:1074 §~ 0751, WO 95/22625;, WO

97/0078; WO 97/35966; %&/2424); 5(108@551 4 767 and US Pat.
6,537,746. All publication56) @@x@@gqﬁ]@’y rftefence.

{6696] The naturally occ A oding the naturally occurring
ketoreductase of Lactobacillus ke irlgizzg:?b?c}i;lus brevis (also referred to as “aleohol
dehydrogenase” or “ADH" EJZe-'c-)btained from the isolated polynucleotide known to
encode the ketoreductase activity (e.g., Genbank accession no. AAP94029 GI:331 12()516 for
Lactobacillus kefir and Genbank accession no. CAD66648 GI:28400789 for Lactobacillus
brevis). Alternatively, a polynucleotide encoding the naturally occurring ketoreductases can
be synthesized by polynucleotide synthesis methodologies known in the art based on the
reported polynucieotide sequence of the ketoreductase-encoding gene. In various
embodiments, as further described below, the naturally occurring polynucleotide encoding
the ketoreductase, as well as the engineered ketoreductases, can be codon optimized to the

codons preferred by a specific host cell used for expression of the enzyme.

[0697] The parent or reference polynucleotide encoding the naturally occurring or wild type
ketoreductase is subjected to mutagenic processes, for example random mutagenesis and
recombination, to introduce mutations into the polynucleotide. The mutated polynucleotide
is expressed and translated, thereby generating engineered ketoreductase enzymes with
modifications to the polypeptide. As used herein, “modifications” include amino acid
substitutions, deletions, and insertions. Any one or a combination of modifications can be
introduced into the naturally occurring enzymatically active polypeptide to generate
engineered enzymes, which are then screened by various methods to identify polypeptides,
and corresponding polynucleotides, having a desired improvement in a specific enzyme
property. A polynucleotide encoding an engineered ketoreductase with an improved property
can be subjected to additional rounds of mutagenesis treatments to generate polypeptides with
further improvements in the desired enzyme property. Enzyme properties for which
improvement is desirable include, but are not limited to, enzymatic activity, thermal stability,
PH activity profile, cofactor requirements, refractoriness to inhibitors {e.g., product

inhibition), sterospecificity, stereoselectivity, and solvent stability.
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[6698] In some embodime: bi_naFlgf_toreductase comprise engineered
polypeptides derived from, and thus can ,Je com arcd 0 Lact cillus kefir ketoreductase of
SEQIDNO:2or Lactobacm d ;o QZV

here, the amino acid residuq@itva_g@nmed with respect to a reference polypeptide.
For the reference sequences Q ID NO:4, the numbering begins from
the initiating methionine (I\é!"D gg?i ggrepreséﬂls residue position 1), although it will
be understood by the skxl]eQaiAnZ}itZs atm&ggqomne residue may be removed by
biological processing macl—t'-l)el gu?ﬁ.m a hoﬂ.iglg'llf?-translauon system, to

generate 3 mature protein lackmg the mltxatmg methionine resxdue Where the amino acid

0:4. In the descriptions

residues at the same residu i fer between the two reférence ketoreductases, the
different residues are denoted by a “/ with the arrangement being “kefir residue/brevis
residue”. A substitution mutation, which is a replacement of an amino acid residue ina
reference sequence, for example the wildtype ketoreductases of SEQ ID NO:2 and SEQ ID
NO:4, with a different amino acid residue is denoted by the symbol “—”,

[0099] The number of modifications to a reference polypeptide, such as the naturally
occurring polypeptide of SEQ ID NO:2 or SEQ ID NO:4, that produces an improved
ketoreductase property may comprise one or more amino acids, 2 or more amino acids, 3 or
more amino acids, 4 or more amino acid, 5 or more amino acids, 6 or more amino acids, § or
more amino acids, 10 or more amino acids, or 15 or more amino acids, 20 or more amino
acids, up to 10% of the total number of amino acids, up to 20% of the total number of amino
acids, or up to 30% of the total number of amino acids of the reference enzyme sequence. As
such, the polypeptides of the present disclosure can differ from the reference polypeptide
(e.g.,, SEQID NO:2 or SEQ ID NO:4)in1,2,3,4,5,6,7,8,9, 10, 11, 12, 14 16, 18, 20 or
25 or more amino acids, or up to 5% of the amino acids, up to 10% of the amino acids, up to
20% of the amino acids, or up to 30% of the total number of amino acids of the reference

sequence.

[6100] In various embodiments, the modifications to the reference polypeptide to produce the
improved enzyme property can comprise substitutions at 1, 2, 3,4, 5,6,7, 8,9, 10,11, 12, 14
16, 18, 20, 25, or more amino acids, or up 0 5% of the amino acids, up to 10% of the amino
acids, up to 20% of the amino acids, or up to 30% of the total number of amino acids of the

reference sequence, such as SEQ ID NO:2 or SEQ ID NO:4. The substitutions for generating
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an improved ketoreductastsaiccg? 55 ¢%v6%ons non-conservative

substitutions, as well as combinations of 0 ve and non-conservative substitutions.

{0161] In some embodiments, the ket&reductase tides have increased enzyme activity
in stereoselectively rcducmlclén e2qg Le i fé 7(4-ﬂuoro-2-methyl-lH-indol-5~
yloxy)-5-methyl-pyrrolo[2,1-f]{1 12,4, Jtriazine-6-yloxy}-propan-2-one to the product (R)-1-{4-
{4-fluoro-2-methyl-1 H-indol-5-yloxy)-5-methyl-pyrrolo[2,1 -f]1,2,4,]triazine-6-yloxy]-
propan-2-ol as compared to the activity of a wild-type reference ketoreductases of SEQ ID
NO:2 or SEQ ID NO4. In some embodiments, the increased enzyme activity is at Jeast 1.5
times or more the enzyme activity of the wild-type reference polypeptides. In some
embodiments, the increased enzyme activity is at least 2.0 times or more enzyme activity, at
least 3.0 times or more enzyme activity, at least S times or more enzyme activity, at least 10
times or more enzyme activity, at least 20 times or more enzyme activity, at least 25 times or
more enzyme activity, at least 50 times or more enzyme activity, at least 75 times or more
enzyme activity, at least 100 times or more enzyme activity as compared to the activity of
reference polypeptides SEQ ID NO:2 or SEQ ID NO4.

{6102} In some embodiments, the ketoreductase polypeptides have an increased conversion
rate in stereoselectively reducing or converting 1—[4-(4¢ﬂuoro-2-methyl-lH-indol-S»yloxy)»S-
methyl-pyrrolo[z,I~f][1,2,4,]Lriazine-6-yloxy]«propan~2—0ne to the product (R)-1-{4-(4-
fluoro-2-methyi-1 H-indol-5-yloxy)-S-methyl-pyrrolo[z,] -f}{1.2,4,]triazine-6-yloxy)-propan-
2-0l as compared to the conversion rate of a wild-type reference ketoreductase of SEQ ID
NO:2 or SEQ ID NO:4 under a defined condition. In some embodiments, the engineered
ketoreductases are characterized by a conversion of greater than 70%, of greater than 80%, of
greater than 90%, of greater than 95%, of greater than 98% or of greater than 99% of the
substrate under a defined condition. An exemplary defined condition is conversion in 24
hours of 10 g/L substrate with about 10 g/L of the KRED.

{0103] In some embodiments, the ketored polypeptides have an increased enzyme

activity in stereoselectively reducing or converting the substrate acetophenone to the product
(R)-1-phenylethanol as compared to the activity of a wild-type reference ketoreductases of
SEQ ID NO:2 or SEQ ID NO:4. In some embodiments, the increased enzyme activity is at
least 1.5 times or more the enzyme activity of the wild-type reference polypeptides. In some

embodiments, the increased enzyme activity is at Jeast 2.0 times or more enzyme activity, at
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least 3.0 times or more en?rigg@ at least S times or more enzyme activity, at least 10
times or more enzyme activity, at least 20 til:is g e enzyme activity, at Ieast 25 times or
more enzyme activity, at leCl&(QxZeQmé‘ 9 evativity, at least 75 times or more

enzyme activity, at Jeast 1@@@ Q xlo’re *@'EWitysﬁmpmed to the activity of
reference polypeptides SE(?[%NV EéEB\ID?@a 5 .
1)

{6184} In some embodime e ketore: ypeptides have an increased conversion
rate in stereoselectively reﬁgz4 ohvg gThesibstrate acetophenone to the product (R)-
1-phenylethanol as compari i&?@iﬂp@g@ﬁae 15‘e73nce ketoreductases of SEQ
1D NO:2 or SEQ ID NO:4 under a defined condition. In some embodiments, the engineered
ketoreductases are characterized by conversion of greater than 70%, of greater than 0%, of
greater than 90%, of greater than 95%, of greater than 98% or of greater than 99% of the
substrate under the defined condition, An exemplary defined condition is conversion in 24
hours of 10 g/L substrate with about 10 g/L of the KRED.

{0105} In various embodiments, the ketoreductase polypeptide is capable of stereoselectively
reducing or converting the substrate 1~[4-(4~ﬂuoto-2-methyl~1H»indol-i»yloxy)»S-methyl~
pyrrolo[2,1-4][1,2,4,]triazine-6-yloxy]-propan-2-one to the product (R})-1-{4-(4-flyoro-2-
methyl-1H-indol-5-yloxy)-5 -methyl-pyrrolo{2,1-f][t 12,4, Jtriazine-6-yloxy]-propan-2-ol with
at least 1.5 times the activity of SEQ ID NO:2 or SEQ ID NO:4, and comprises an amino acid
sequence having (1) an aromatic amino acid or G at the corresponding residue position 94 of
the reference sequence SEQ ID NO:2 or SEQ ID NO4, or (2) an amino acid other than S/N
at the corresponding residue position 96 of the reference sequence SEQ ID NO:2 or SEQ ID

NO:4. In some embodiments, the amina acid residue at the corresponding residue position 96

is other than § and N. In some of these embodi the ketored polypeptide can
differ from the reference sequence in 2 or more amino acid residues, 3 or more amino acid
residues, or 4 or more amino acid residues as compared to the reference sequence, as

discussed below.

[0106] In some embodiments, the ketoreductase polypeptide capable of stereoselectively
reducing or convesting the substrate 1-[4-(4-flvoro-2-methyl-1H-indol-5-yloxy)-S-methyl-
pyrrolo[2,1-f][1,2,4,triazine-6-yloxy] -propan-2-one to the product (R)-1-[4-(4-fluoro-2-
methyl-1H-indol-5-yloxy)-5-methyl-pyrrolof2,1 -f]{1,2,4, Jtriazine-6-yloxy)-propan-2-ol

comprises an amino acid sequence having an aromatic amino acid or G at the corresponding
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residue position 94 of the rfe&mﬂ:ce SIQ@ NO:2 or SEQ ID NO:4. As such, in
some embodiments, the ketoreductase polypeptide compis odification at residue 94 of
A -+ an aromatic amino aoa Qmﬁgzéggﬁgliquencc of SEQ ID NO:2 or
SEQ ID NO:4. Insome of}@a@@@ﬂ_&s@{}ﬂk}_l@@%@polypepﬁde can differ from
the reference sequence in 2N ﬁo(x;flareni‘lxﬁjﬁiéjaesgg 6ore amino acid residues, or 4

or more amino acid residues as compare eference sequence, as discussed below.

{0107} In some embodi IDhth ) polypeptide comprises an amino acid
sequence having an amino gaﬁoe@t bdlld corresponding amino acid residue of
residue 94 of SEQ ID NO:Jrer, -4 uch, in some embodiments, the
ketoreductase polypeptide comprises a modification at residue 94 of A — F,W,H, or Y of

the corresponding sequencM kﬂﬁlﬁl a@ur fﬁ@ﬂﬂm:& In some embodiments, the
amino acid at residue 94 isAD H - U4 10 1 0 19

)
[0108] In some BmbOdimBlg,IlgmleIﬂch]@)tiFEapable of stereoselectively

converting the substrate 1-[4-(4-fluoro-2-meth 1-1H-indol-5-yloxy)-5-methyl-pyrrolof2,1-
f][],2,4,]triazine-6-yloxy]-;ﬁ;gxglttéz Q(R)-1~[4-(4-ﬂuoro—2-methyl-IH-indol-
5—yloxy)-i-methyl-pyrmlo[glgg J)jazine-6-yloxy]-propan-2-ol with the specified
amino acids at residue 94 can comprise modifications at other amino acid residues of the
corresponding SEQ ID NO:2 or SEQ ID NO:4, including non-conservative or conservative
substitutions. Non-conservative substitutions can be at amino acid residues corresponding to
residue positions 53, 54, 96, 97, 147, 165, 153, 197, 199, 206, 223, and 233, as farther
discussed below. Additional substitutions, when present, can comprise one or more

conservative substitutions at other amino acid residue positions.

[8109] Thus, in some embodiments, the recombinant ketoreductase polypeptides comprise an
amino acid sequence which differs in 1 to 25 amino acid positions from SEQ ID NO: 2 with
the proviso that the amino acid residue corresponding to residue 94 of SEQ ID NO:2 or SEQ
D NO:4 is aromatic amino acid or G. As such, some polypeptides comprise an amino
sequence which differs from SEQ ID NO: 2 or SEQ IDNO:4in 1,2, 3, 4, 5, 6, 7,8,9, 10, 11,
12, 14, 16, 18, 20, or 25 amino acid positions, for example, in 1-25 amino acid positions, in
1-20 amino acid positions, in 1-18 amino acid positions, in 1-16 amino acid positions, 1-14
amino acid positions, in 1-12 amino acid positions, in 1-11 amino acid positions, in 1-10
amino acid positions, in 1-9 amino acid positions, in 1-8 amine acid positions, in 1.7 amino
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acid positions, in 1-6 amino. TigggmﬁinG?nTc?&ig)sitions, in 1-4 amino acid

positions, in 1-3 amino acid positions, or in 1-2 amino acid positions.

{6116] In some embodimems,%ﬁegn’eductase polypeptides capable of stereoselectively

reducing or converting the MY—IA;;QIJQQ%QHH-indol—S»onxy)-S-methyl-
pyrrolof2,1 -ﬂ[1,2,4,]uiazirA62!@210pa5%n604\e product (R)-1-{4-(4-fluoro-2-

methyl—1H~indol»5»yloxy)~5—meth4'§;rrol<é2,1- {1,2,4,}triazine-6-yloxy|-propan-2-ol
comprises an amino acid st Z"AC A 04 yamino acid or G at residue corresponding

to residue 94 of SEQ ID Nplrd}iﬁ P’N@{E@ ¥Or more of the features selected
from: (1) amino acid at res?xz:gr pond'a:gé: riyg Qi j any amino acid other than $/N;
{2} amino acid residue corresponding to residue 1337s'an aliphbtic amino acid other than L;
{3) amino acid residue corrEpﬂpr?{&;&jd\z QQM@QM other than L; (4)
amino acid residue conesp?{Tg to residue 202 is G or an aliphatic amino acid other than A;
and (5) amino acid residue corresponding to residue 206 is an aromatic amino acid. Thus, in
some embodiments, the ketoreductase polypeptides can comprise an amino acid sequence
with modifications at residue 94 of A — an aromatic amino acid residue or G and one or
more modifications selected from: 96 (S/N — any amino acid other than S/N); 153 (L — an
aliphatic amino acid residue other than L); 199 (L — any amino acid residue other than L);
202 (A —» G or an aliphatic amino acid residue other than A); and 206 (M — an aromatic
amino acid residue) of the corresponding sequence of SEQ ID NO:2 or SEQ ID NOG:4.

{8111} In some embodiments, the amino acid residues, and corresponding mutations, in the
above residues are selected from: residue 153 is G or A; residue 199 is K, I, N, R, V, Q, or

W, residue 202 is [, L, or G; and residue 206 is F.

{0112] In some embodiments, the ketoreductase polypeptides capable of stereoselectively
reducing or converting the substrate 1-{4-(4-flucro-2-methyl-1H-indo}-5-yloxy)-5-methyl-
pyzrolof2,1-£][1,2,4,)triazine-6-yloxy]-propan-2-one to the product (R)-1-[4-(4-fluoro-2-
methyl-1H-indol-5-yloxy)-5-methyl-pyrrolo[2,1-f][1,2,4,]triazine-6-yloxy]-propan-2-ol
comprises an amino acid sequence with a G, F, Y, or [ at the amino acid residue
corresponding to residue 96 of SEQ ID NO:2 or SEQ ID NO:4. As such, in some
embodiments, the ketoreductase polypeptides comprise a modification at residue 96 of S/N
— G, F, Y, or I of the corresponding sequence of SEQ. ID NO:2 or SEQ ID NO:4. In some

of these embodiments, the ketoreductase polypeptide can differ from the reference sequence
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in 2 or more amino acid reszm eg?ial 4_esxdu7l64 or more amino acid

residues as compared to the r d below,

{0113} In some embodlmerﬁ’the kegorcdgfcfase pgypepndes are also capable of

stereoselectively reducing Z &1‘4&7& the iu&tglagroﬁkejnéle to the product (R)-1-
phenylethanol. In some Of'?? %bg'&ﬂits,\y%lﬁiuctase polypeptide comprises an

amino acid sequence having a G. or an aromatic amino acid at the amino acid residue
corresponding to residue 98) gﬁb NO:2 or SEQ ID NO:4. As such, in some
embodiments, the ketoredu4a%4;7pi>t isl@@@ 4 Mon at residue 96 of S/N
— @G, 1, C or an aromatic d residue of the corresponding sequence of SEQ 1D NO:2
or SEQ ID NO4. In som:'j'{lz‘»,

from the reference sequence in 2 or more amino acid residues, 3 or more amino acid residue,

se embodiments, the ketoreductase polypeptide can differ

or 4 or more amino acid residues as compared to the reference sequence, as discussed below.

[0114] In some embodiments, the ketoreductase polypeptides with the specified amino acids
at residue 96 can comprise modifications at other amino acids residues of the corresponding
SEQ ID NO:2 or SEQ ID NO:4, including non-conservativé or conservative substitutions.
Non-conservative substitutions can be at amino acid residues corresponding to residue
positions 53, 54, 96, 97, 147, 165, 153, 197, 199, 205, 223, and 233, as further discussed
below. Additional substitutions, when present, can comprise one or more conservative

substitutions at other amino acid residue positions.

[0115] In some embodiments, ketoreductase polypeptide comprises an amino acid sequence
which differs in 1 to 25 amino acid positions from SEQ ID NO: 2 with the proviso that the
amino acid residue corresponding to residue 96 of SEQ ID NO:2 or SEQIDNO:4isaG,F,
Y, orl. As such, some polypeptides comprise an amino sequence which differs from SEQ ID
NO:20rSEQIDNO4in1,2,3,4,5,6,7,8,9, 10, 11, 12, 14, 16, 18, 20, or 25 amino acid
positions, for example, in 1-25 amino acid positions, in 1-20 amino acid positions, in 1-18
amino acid positions, in 1-16 amino acid positions, 1-14 amino acid positions, in 1-12 amino
acid positions, in 1-11 amino acid positions, in 110 amino acid positions, in 1-9 amine acid
positions, in 1-8 amino acid positions, in 1-7 amino acid positions, in 1-6 amino acid
positions, in 1-5 amino acid positions, in 1-4 amino acid positions, in 1-3 amine acid

positions, or in 1-2 amino acid positions.
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{6116] In some embod1mej': 4(9‘9:6?!.53%194 4pnses an amino acid sequence
which differs in 1 to 25 amino acid osmons from SE@ ﬁ : 2 and comprises G, I, C or an
aromatic amino acid at thea é 6 of SEQ ID NO:2 or SEQ ID
NO:4. As such, some pol@ﬂ_igs%pns? a? ar?xgseA@thmh differs from SEQ ID

NO: 2 or SEQ ID NO:4 mﬁgﬁg , 7,8, 9,10, 11, 12, 14, 16, 18, 20, or 25 amino acid

positions, for example, in xd positions, in 1-20 amino acid positions, in 1-18

amino acid positions, in 1~ih%:h4%93§%3‘@ 349 acid positions, in 1-12 amino
acid positions, in 1-11 am1r17 gzdgﬂu& 9008@8@ positions, in 1-9 amino acid

positions, in 1-8 amino acid positions, in | 4 amino acxj:léosxt ons, in 1-6 amino acid

positions, in 1-§ amino ac:ﬂp%&egglamué ;L ns, in I-3 amino acid
positions, or in 1-2 amino ‘Q{IE@@A 02333 +4+

[6117} In some embodiments, the ketoreductase polypeptide comprises an amino acid
sequence with the specified amino acid at residue 96 of SEQ ID NO:2 or SEQ ID NO:4
above, and one or more of the following features: (1) amino acid at residue corresponding to
residue 94 is an aromatic amino acid or G; (2) amino acid residue corresponding to residue
153 is an aliphatic amino acid other than L; (3) amino acid residue corresponding to residue
199 is any amino acid other than L; (4) amino acid residue corresponding to residue 202 is G
or an aliphatic amino acid other than A; and (5) amino acid residue corresponding to residue

206 is an aromatic amino acid.

[0118] Thus, in some embodiments, the ketoreductase polypeptide comprises an amino acid
sequence with modifications at residue 96 of S/N — G, F, Y, or I and one or more
modifications at residue: 94 (A > an aromatic amino acid residue or G153 (L — an
aliphatic amino acid residue other than L); 199 (L~ any amino acid residue other than L);
202 (A ~— G or an aliphatic amino acid residue other than A); and 206 (M — an aromatic
amino acid residue) of the corresponding sequence of SEQ ID NO:2 or SEQ ID NO4,

{0119] In some embodiments, the ketoreductase polypeptide comprises an amino acid
sequence with modifications at residue 96 of S/N — G, I, C and one or more modifications at
the following residues: 94 (A ~ an aromatic amino acid residue or G); 153 (L — an aliphatic

amino acid residue other than LY; 199 (L — any amino acid residue other than L) 202 (A —
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G or an aliphatic amino acid_r‘éiSc 81'7 Ihag[& aﬁ? ?67%—» an aromatic amino acid

residue) of the corresponding sequence of SEQ ID NO:2 or SEQ ID NO:4.

{0126} In some embodiments, The amino acid residues, and corresponding mutations, in the

above residues can be 561659911);1?03&41?0&:; fJHM Zresidue 94 is F or G;
residue 153 is G or A; resitﬂlgggl,gi,g,g,l@; residue 202 is 1, L, or G; and
residue 206 is F.

+ 86 754A,
[6121] In some embodiments, additional mm:atxonzlzgl ¢ incorporated into all of the

ketoreductase polypeptide Ah one or more properties of the

) ids ivi h o, ! tivity, 1 stability, and/ tvent
polypeptide activity, such aiM?oﬂle’rs 91&5@ tvity, thermal stability, and/or solven
stability., Thus, in some en@ogg‘:ggwiemf%msc polypeptides can comprise, in

ent! , O

addition to all of embodim e O mible of the following features: (1) amino acid
at residue corresponding to residue 49 is a polar amino acid residue other than K; (2) amino
acid at residue corresponding to residue 53 is an acidic amino acid residue; (3) amino acid at
residue corresponding to residue 54 is a small or aliphatic amino acid residue other than T/P;
(4) amino acid at residue corresponding to residue 60 is an aliphatic amino acid residue other
than V; (5) amino acid at residue corresponding to residue 95 is an aliphatic amino acid other
than V; (6) amino acid at residue corresponding to residue 97 is a small amino acid or G; (4]
amino acid at residue corresponding to residue 109 is a basic amino acid residue other than
K; (8) amino acid at residue corresponding to residue 147 is an aliphatic amino acid residue;
(9) amino acid at residue corresponding 1o residue 165 is a hydroxyl or small amino acid
residue; (10) amino acid at residue corresponding to residue 197 is a small amino acid residue
or G; (11) amino acid at residue corresponding to residue 223 is an aliphatic amino acid
residue other than L; and (12) amino acid at residue corresponding to residue 233 is a small

amino acid residue or G.

[0122] Thus, in these embodiments, the ketoreductase polypeptide can comprise an amino
acid sequence with the specified modifications described for every embodiment of the
ketoreductases above and one or more of the following modifications: 49 (K — a polar
amino acid residue other than K); 53 (G/T — an acidic amino acid residue); 54 (T/P — a
small or aliphatic amino acid residue other than T/Py; 60 (V/F — an aliphatic amino acid
residue other than V); 95 (V — an aliphatic amino acid other than V); 97 (K — a small
amino acid or G); 109 (K — a basic amino acid residue other than K); 147 (F — an aliphatic
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amino acid residue); 165 (189 hgﬂqdrsyokmﬁgagldue), 197 (D — a small

amino acid residue or G; 223 (1 '-» an ahphatlc amino acid resxdue other than L); and 233

(D/N — a small amino ach 1] eleexrcspondmg sequence of SEQ ID NO:2 or

sEQNos. 9153A 02136 -++
{6123] In some zmbodxmeg :Eleg?ea?dg' mz‘;{tcompnses an amino acid

sequence that is at least about 85%, 86%, m %, 89%, O%, 1%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, or 99% lt 4 or SEQ ID NO:4 with the proviso that the

residues corresponding to (911551 1s %@8@11119@ residue or G, and/or (2)
residue 96 is an amino acid, ueqo me embodiments, the amino acid
AT AOAT

residue at the corresponding residiie p 6 15 other than S and N.

[6124] In some embodimen@,%g(;lmreﬂ'\;blhgzgogﬁepﬁdes can comprise an amino acid

sequence that is at least abaf} ggﬁ,%g 879115396\, 90%, 91%, 92%, 93%, 94%, 95%,

96%, 97%, 98%, or 99% xd% 3%() ID NO:4 with the proviso that the
residue 94 IsE W, Hory; (2) residue 96is G, F, Y, or I; or

(3) residue 96 is G, I, C or an aromatic amino acid.

residues corresponding to: (

4

[0225] In some embodi the ketor polypeptides of the invention can comprise a
region having an amino acid sequence that is at least about 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to a region or domain thereof
of SEQ ID NO:2 or SEQ ID NO:4, such as residues 90-233, with the proviso that the residues
corresponding to (1) residue 94 is an aromatic amino acid residue or G, and/or (2) residue 96
is an amino acid residue other than S/N of the corresponding residue of SEQ ID NO:2 or
SEQ ID NO:4. In some embodiments, the amino acid residue at the corresponding residue
position 96 is other than S and N. In some embodiments of these ketoreductase polypeptides,
one or more of the remaining residues corresponding to residues 90-233 of SEQIDNO:2 or
SEQ ID NO:4 may be conservatively mutated.

[6126] In some embodiments, the ketoreductase polypeptides can comprise a region having
an amino acid sequence that is at least about 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to a region or domain thereof of SEQ ID
NO:2 or SEQ ID NO:4, such as residues 90-233, with the proviso that the residues
corresponding to: (1) residue 94 is F, W, H, or Y; (2) residue 96 is G, F, Y, or L; or (3) residue
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9%6is G, Coran aromaugﬂ?h(% of,ts &fic:r:dd_xsﬁ?e of SEQ ID NO:2 or SEQ

ID NO:4. In some embodiments of these ketoreductase polypeptides, one or more of the
remaining residues corres ) emdues 90-233 of SEQ ID NOG:2 or SEQ ID NO:4 may

be conservatively mutated.K 1 O 9 4 , 4 1 4 7 9
[6127] In some embodime@l%ﬁem@%@%e polypeptide is selected from the

amino acid sequences recily ble 1. Table | ranks the enzyme activity measured for the
reduction or conversion of V@ﬂuom& -methyl-1H-indol-5-yloxy)-S-methyl-pyrrolof2,1-
111,24 Juriazine-6-yloxy]- E@&Q@% 248 BAT Fauoro-2-methyl-1H-indol-
5-yloxy)—5»methyl—pyrr}:lo tmioxy}propam ~ol using the listed
engineered ketoreductase po! ypep‘ndes compared to the activity measured using ADH-LK

(SEQ ID NO:2). O7cleic And SE
[0128] Table 1: ID NO.

. PRI .
HNucleic Acid Polypeptid! CIJI(X::M\@QHQQ(IVI UIaU Activity Ranking
seawo. | seaw noOpse BMern ADH-LK (see tegend)
5 3 ( .
EGDN m"(SfEG”'
7 8 P +
3R F’i??\ Activity
9 10 . +
A8 kina Mee
T CATTIXTT Iu wroo
1 12 :
lapandl 09 ’
20ent)o9
13 14 v +
15 16 AQ4F; S96P +
47 18 S96F “+
19 20 T54A; AG4F; S96G; K109R; F147L; L153A;
et
D233G
21 22 VA3A; VBOA; ABAG; F147L A
23 24 VA3A; FT4L; S96I; F1471; L153G; L199K;
Eand
1223v
25 26 VA3A; F74L; S96G; F147L; L153A; D197G; -
L1991; A202L
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Nucleic Acid | Polypeptide I "I#tltEii-olg_)@la.KT54A’ Activity Ranking
SEQIDNO. | SEQID NO. [{SHGHD Ng:2y n 2 (see legend)
G950 STV
27 28 43A; FY4L; A94G; S96G; F147L; L153A; .
FbAQ Lol dB3BA,;
28 30 L aty 7L, L153A;
L9914-02210; "
o\ P Wa W 4 fND. 4 DA
3 32 Uég/\\;ij#L; A‘&hggmﬂ!?t?:g'k; A2021 ++
33 34 I bM 744&, é"r‘)-lJL 1881 A2021; -+
SOAZK109FQ
35 . !
36 0 rﬁbﬂfﬁh A4 B2 1] 534 1esT +
T
37 . )
* LY 105 il
3 40 ULV?A'TJU : EA06G; -74\71-"2 -
195 A5 F4
41 42 A RS VTS, S9BC: 1471, L1556
O P47 bzee -
43 44 0 :gg;z@r—; 492)027@1536; D197G; -
45 45 VA3ZA; A94F; S9BG; F147L; L153G; D187G; -
L199Qy; D233G *
a7 48 V43A; A94F;S96G; F147L; L153G; D197G;
it
L199R; D233G
48 50 VA43A; AS4F; S96G; F147L; L153G; D197G;
D233G +
51 52 VA43A; AGAF; S98G; K97G; F147L; L153G;
D197G; M205T; D233G N
53 54 V43A; AS4F; S9BY; L153G; D197G; L199N;
A2021; 1223V -
55 56 V43A; TS4A; AB4G; S86G; F147L; 1223V +HH
57 58 F74L; AO4G; S96G; F147L; L153A; A202; o
M206F
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Nucleic Acid Pclypeptid4 9‘4&[!58& Q@LK Aetivity Ranking
SEQID NO. | SEQ ID NOL/INSEEYPYO:IN 1 A 7| (see legend)
LIASLA AR A Y LT T I_’
59 50 F74L; A94G; S96G; F1471, L163A; DHO7G: .
Lib34: L10010
D 2 02838etrl okl o
s R e e o
65 66 . . At
- 144 6 4() 199" A202
67 68 AB4G; F147L; L1995 A202L; M20BF; K211R +
69 70 ASAF; VO5I; SO6Y; F147L; L153G A
s 72 AQ4F; VISL; S9BY; F1471; L153G b
73 74 AS4F; S96G; F147L; L153A; L199V; D233G -+
75 76 AQ4F; SOBY; L124Q); F147L; L1536 Ennd
77 78 AD4F; SOBY; F147L; L153G +
7% 80 AB4F; S96Y; K108R; F147L; L153A; D233G -t
81 82 A94F; S96F; K109R; F147L; L153A; D233G +++
83 84 T7TA; AS4F; S96Y; F147L; L153G; L199W ++
85 86 T54A; A94F; SOBG; F147L; L153A; D233G kand
87 88 T54A; A94F; SO6G; F147L; L153A; L199V: o
D233G
89 90 T54A; AG4F; SOBY; F147L; L153A; D233G han
91 92 TS4A; AS4F; S96Y; F147L; L153G; D233G R
93 94 T54A; A94F; S9BY; K109R; F147L; L153A; e
L1881; D233G;
95 96 T54A; AGAF; S96Y; K109R; F147L; L153A; -
L189R
97 98 T54A; AS4F; S96Y; K109R; F147L; L153A;
D233G
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Nucleic Acid Polypeplie mt&QTrtold-l-LK Activity Ranking

SEQIDNO. | SEQID NOSRARNEH] at (see legend)
H
99 100 4 o
acHUI EBRBarage
aw ot
101 102 54 AHE, K0S, FIA7L. L 159A, L199K;

to ARMEK. +2+ -

103 104 Moﬁr@Aﬂqaﬁ K069 FurL: Lissa; .

1f
I
105 106 UI a_elrg;_lAl GI H‘;\?ILUD%m  A2026 ++
107 10 O -'\Hs\( I!—IXL &@Q%YH%GLU ++
109 110 A uMsgséuWJc L153A; -
Tak(ainni=s
11 112 iy . .
eMbdliments, the
ns PN e narad h
TActivity Ranking: + Up {02 -1t iinpY6ved irattivity compared t0 ADE-LE. ++ From 31-

to 80-fold improved in actikeﬁ@jﬁd@m}laseJr More than 80-fold improved in
activity compared to ADH-] élh Z mes arc
{6129] In some embodiments, tTén sé Ej kf)g deT es are selected from the
amino acid sequences recn§ i I'4 éf ranks the enzyme activity measured for the
reduction or conversion of @&I}Snm& sﬁlQnylethanol using the listed engineered
ketoreductase po ypeptxdesgévd&éh%gccmpamd to the activity measured using
ADH-LK (SEQ ID NO:2).

"wised M Table 2.

[6130] Table 2

Table 2 rankc the

Nucleic Acid | Polypeptide tatio (SEQ 1D Activity Ranking1
SEQID NO. | SEQ D 0. nzvﬁﬁé EBHWD NO:4) (see legend)
{8458 {¥ed for die |

f 118 ADH-LB: NQGF
f = TERHCHONOF
L 121 ’ 122 MM%{BSIQJ;! @&N e

acelophenone to
(R)-1.-pHenylethat
ml using the listed
engineered



177 118 SOH LB
WO 2008/103248 NOSE 119 PCT/US2008/001683
120ADH,LK 89%

f 2 | w4 Ak F: Fran -t

v | in ROHEIX'BIS0;

127 128 F-}[ﬂ‘ﬂ 8’96I1199 !\I b

| g "
. 70T VO,

131 132 ADH LK 8960 s

1ICECQD

1
133 154 [IQLW%WHIJ.I | by ] N

135 e Oli98ddRd 173 et

137 1w 121k asss; Frare e

lActivity Ranking: Acetophenone conversion to (R) 1-phenylethanol in the method of

Example 16: + <70% conversion; ++ 70-90% conversion; +++ >90% conversion.

[0131} In some embodiments, the ketoreductase polypeptide comprises an amino acid

_ sequence that is at least about 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, or 99% identical to SEQ ID NO:2 or SEQ ID NO:4, wherein the amino acid
sequence comprises any one of the set of mutations contained in any one of the polypeptide
sequences listed in Table 1 or Table 2. In some embodiments, the ketoreductase polypeptide
comprises any one of the set of the amino acid residues at the specified residue positions of
Table I or Table 2 and which differs from the corresponding sequence 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, 1-16, 1-18, 1-20, or 1-25 amino acid
positions. In some embodiments, the ketoreductase polypeptide comprises any one of the set
of mutations listed in Table 1 or Table 2, and additionally 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, 1-16, 1-18, 1-20, or 1-25 conservative substitutions at
other residues. Thus, in some embodiments, the ketoreductase polypeptide can differ in 1, 2,
3,4,5,6,7,8,9,10, 11, 12, 14, 16, 18, 20, or 25 amino acid positions as compared to the

amino acid sequences in Table 1 or Table 2.

[0132] In some embodiments, the ketoreductase polypeptide can comprise a region having an
amino acid sequence that is at least about 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% identical to a region or domain thereof, such as residues
90-233, of SEQ ID NO: 6, 8, 10, 12, 14, 16, 18, 20, 22,24, 26, 28, 30, 32, 34, 36, 38, 40, 42,
44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72,74, 76, 78, 80, 82, 84, 86, 88, 90, 92,
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94, 96, 98, 100, 102, 104, 16_631%,711 'l li,hlé 1 T,2‘718a.1n some embodiments, the

ketoreductase polypeptides can Coiiiﬁse a region having an amino acid sequence that is at
3 Q

least about 85%, 86%, 87VAQ, 0,4(316,41‘8,9 3-3%, 94%, 95%, 96%, 97%, 98%,

or 99% identical to a regionforigthatd RS, Jubl Q) residues 90-233 of SEQ ID NO: 120,
122, 124, 126, 128, 130, !%@,ﬁ@ rk&

[6133] In some embodimengs, the ketorguctasﬁlgyﬁ;ﬂ;ieﬂ-ﬂ}ected from SEQ ID NOS:
6,8,10,12, 14, 16, 18, ZO,jiél 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54,
56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100, 102,
104, 106, 108, 110, 112, 114, 116, and 118. In some embodiments, the ketoreductase
polypeptide is selected from SEQ ID NOS: 120, 122, 124, 126, 128, 130, 132, 134,136, and
138.

[6134] In some embodiments, where the ketoreductase polypeptide comprises an amino acid
sequence with an aromatic acid or G at the residue corresponding to residue 94 of SEQID
NO:2 or SEQ ID NO:4, the ketoreductase polypeptide can be selected from the amino acid
sequences of SEQ ID NOS: 6, 16, 20, 22, 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, T8, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100, 102,
104, 106, 108, 110, 112, 114, 116, and 128.

[6135] In some embodiments, where the ketoreductase polypeptide comprises an amino acid
sequence with an amino acid other than S/N at the residue corresponding to residue 96 of
SEQ ID NO:2 or SEQ ID NO:4, the ketoreductase polypeptide can be selected from the
amino acid sequences of SEQ ID NOS: 6, 8, 10, 12, 14, 16, 18, 20, 24, 26, 28, 30, 36, 42, 44,
46, 48, 50, 52, 54, 56, 58, 60, 70, 72, 74, 76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 104,
108, 110, 118, 120, 122, 124, 126, 128, 132, 134, and 136.

[0136] In some embodi of the ketored: polypeptides can be deleted to
generate polypeptide fragments. The term “fragment” as used herein refers to a polypeptide
that has an amino-terminal and/or carboxy-terminal deletion, but where the remaining amino
acid sequence is identical to the corresponding positions in the sequence. Fragments can be
at least 14 amino acids long, at least 20 amino acids long, at least 50 amino acids long or
longer. In some embodiments, the fragments are up to 70%, 80%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% of the full-length

42



232 AL)' 1-15:
WO 2008/103248 0960 ++ 132 134 PCTAUS2008/001683
ADH-La SSW/ 44

recombinant ketoreductasgtgpep \ Alg Sﬁ enis of the ketoreductase
polypeptides of SEQ ID NO: 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38,

40, 42, 44, 46, 48, 50, 52, 61645?4 6 &2 183 2, 74,76, 78, 80, 82, 84, 86, 88,
90, 92, 94, 96, 98, 100, 10;0{@}@{5 qulgq5,414116, and 118. In some

embodiments, the fragmen; iji)%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%., 93%, 94%, 95%, 96" A:, o,

pelypeptide above, including fi: of the ketor polypeptides of SEQ ID NO:
120,122, 124, 126, 128, 130, 132, }34,‘136, and 138,

or 99% of the full-length recombinant ketoreductase

{8137} The improved ketoreductase enzymes may be present within a cell, present in the
cellular medium, or prepared in various forms, such as lysates or isolated preparations. As
such, in some embodiments, the improved ketoreductase enzyme can be an isolated

polypeptide. The term “isolated polypeptide” refers to a polypeptide which is substantially

e d from other cc inants that naturally accompany it, e.g., protein, lipids, and
polynucleotides. The term embraces polypeptides which have been removed or purified from
their naturally-occurring environment or expression system (e.g., host cell or in vitro
synthesis).

[@138] In some embodiments, the isolated improved ketoreductases polypeptide is a
substantially pure polypeptide composition. The term “substantially pure polypeptide” refers
to 2 composition in which the polypeptide species is the predominant species present {i.e., on
a molar or weight basis it is more abundant than any other individual macromolecular species
in the composition), and is generally a substantiaily purified composition when the object
species comprises at least about 50 percent of the macromolecular species present by mole or
% weight. Generally, a substantially pure ketoreductase composition will comprise about 60
% or more, about 70% or more, about 80% or more, about 90% or more, about 95% or more,
and about 98% or more of ail macromolecular species by mole or % weight present in the
composition. In some embodiments, the object species is purified to essential hombgeneity
(i.e., contaminant species cannot be detected in the composition by conventional detection
methods) wherein the composition consists essentially of a single macromolecular species.
Solvent species, small molecules (<500 Daltons), and elemental ion species are not

considered macromolecular species.
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conversion to (Th
6.3 Polynucleots es %1 ﬁﬁﬁi@ﬁéﬁﬁfctases
[6139] In another aspect, the rgrrj disclosT—H)ro\aies lenucleotides encoding the
I AmENed g

engineered ketoreductase polypeptide: polyfiucieotides may be operatively linked to

one or more heterologous &@Kﬁmﬁlﬁe&ﬁ& ﬁjat control gene expression to
create a recombinant polyn&?@%a&aﬁ?éfﬁ the polypeptide. Expression

constructs containing a heterologous polynucleotide encodirbg the engineered ketoreductase

can be introduced into app&élx@l;osﬁaﬁtoage-sgl@c&spondmg ketoreductase.
{61490] Because of the knoﬁe@gn)Vt% F&Qm}esponding to the various amino acids,
availability of 2 polypeptingu_eﬂff E@nggxgaghe polynucieotides
capable of encoding the subject polypepid: degeneracy of the genetic code, where the
same amino acids are enco&Q E)taltjngiéh ininyEQ codons allows an extremely
large number of nucleic aciG @ PY1@de, all of which encode the improved ketoreductase

enzymes disclosed herein. ing i ) jc ino acid sequence, those
BriBeAE e

skilled in the art could make any number o erent nucleic acids by simply modifying the

sequence of one or more cok)&tzg @d“ma&ehmge the amino acid sequence of
the protein. In this regard, mwmciﬁcally contemplates each and every

possible variation of polynucleotides that could be made by selecting combinations based on

the possible codon choices,mmgma%@)% @Dbe considered specifically disclosed

for any polypeptide disc!osamiﬂ@ua@il@amino acid sequences presented in Table

1 and Table 2. As such, the po leotides of theggesent di ¢ include any and all
IR

possible polynucleotide seqiiences kiat enco: toreductase polypeptide of SEQ ID NO:

6,8,10,12,14, 16, 18, 20, bR ASE ADOLH:, 839/0},42, 44, 46, 48, 50, 52, 54,
56, 58, 60, 62, 64, 66, 68, 7 76,06 ) 90, 92, 94, 96, 98, 100, 102,

ST BEK, .10
104,106, 108, 110, 112, 114, 116, 118, £078 130,132, 134, 136, or 138,

3
120,122, 124, li /
""890, 608, 97
[0141] In some embodiments, the polglnucleoudes encodmﬁ

0
6he’kctoreductases enzymes may
be codon optimized for optigazx%yticg 3)5 ;le,hog [ﬁlm selected for expression.

For example, preferred cod@S@ﬁn b@ﬁ% usg ?%ess the gene in bacteria;
preferred codons used in yeggt eou eZi for expy "(61 jn yeast; :md preferred codons used in
mammals are used for exprzgg l{ crt.hag El@y way of example, the
polynucleotide of SEQ ID }{d eRn tt@allot@mgﬁ @expression in E. coli, but
otherwise encodes the natur; CRUFIRE Ry topeduoi tobacillus kefir.

Y Ri0E2 4(?1" SEC

ID 140,4, wherein

the amino acid

sequence Coln



68, 70, 72, 74, 76,
WO 2008/103248 78, 80’ 82, 84, 86’ PCT/US2008/001683
88, 90,92, 42

[8142] In some embodiments, all codons need not be replaced to optimize the codon usage of
the ketoreductases since the natural sequence will comprise preferred codons and because use
of preferred codons may not be required for all amino acid residues. Consequently, codon
optimized polynucleotides encoding the ketoreductase enzymes may contain preferred
codons at about 40%, 50%, 60%, 70%, 80%, or greater than 90% of codon positions of the
full length coding region.

{6143} In some embodiments, the polynucleotides encoding the engineered ketoreductases
are selected from SEQ ID NOS: 5,7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37,
39,41, 43, 45,47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67, 69, 71, 73, 75,77, 79, 81, 83, 85, 87,
89,91, 93, 95,97, 99, 101, 103, 105, 107, 109, 111, 113, 115, and 117. In some
embodiments, the polynucleotides encoding the engineered ketoreductases are selected from
SEQ ID NOS: 119, 121, 123, 125, 127, 129, 131, 133, 135, and 137.

[6144] These polynucleotides encode the corresponding polypeptides represented by the
amino acid sequences listed in Table 1 and Table 2, which were derived by subjecting the E.
coli codon optimized Lactobacillus kefir gene to directed gene evolution techniques

described herein.

[6145] In some embodiments, the polynucleotides comprise polynucleotides that encode the
polypeptides described herein but have about 80% or more sequence identity, about 85% or
more sequence identity, about 90% or more sequence identity, about 91% or more sequence
identity, about 92% or more sequence identity, about 93% or more sequence identity, about
94% or more sequence identity, about 95% or more sequence identity, about 96% or more
sequence identity, about 97% or more sequence identity, about 98% or more sequence
identity, or about 99% or more sequence identity at the nucleotide level to a reference

polynucieotide encoding an i d ketored In some embodi the refs

pelynueleotide is selected from polynucleotide sequences of SEQID NOS: 5,7,9,11, 13, 15,
17,19, 21,23,25,27,29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 53, 55, 57, 59, 61, 63, 65,
67, 69,71, 73,75,77,79, 81, 83, 85, 87, 89, 91, 93, 95, 97, 99, 101, 103, 105, 107, 109, 111,
113, 115, and 117. In some embodiments, the reference polynucleotide is selected from
sequences of SEQ ID NOS: 119, 121, 123, 125, 127, 129, 131, 133, 135, and 137.
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{0146] In some embodimefil&olellcleltiiegxfoqerfhe polypeptide disclosed herein

and hybridizes under defined conditions, such as moderately stringent or highly stringent
conditions, to the complerxgagmguence encoding an engineered ketoreductase enzyme

of the present disclosure. 4@ ﬂqb@dfml@#@t@i tl@hﬁnucleotides encoding the
ketoreductase polypeptidejgoéz§snr§lqﬁl§£%§éxybridizes under highly stringent
conditions to a polynucleotide sefected from ! 08:5,7,9,11,13, 15,17, 19, 21, 23,
25,27,29,31,33,35,37, @G)Jype{ﬂtt €8, LMo, 61,63, 65,67, 69, 71,73,
75,77, 79, 81, 83, 85, 87, 9&6m,ﬁ%[)§@g(}r@g lej,rifﬂ, 109, 111, 113, 115, and

117. In some embodiments, the polynucleotides encoding the ketoreductase polypeptides
comprises a polynucleotid m:ﬂgs a([;]r }@mm&t conditions to a
polynucleotide selected fro@ B SeqUEeNEe!2s. 127,129, 131,133, 135, and

137. H

that is at least
[0147] An isolated polynucleqtide encodi i provgéﬁa ductase polypeptide may be
manipulated in a variety of' @:b 9!&1{)%4252 fession oxz}(xge’polypeptide. Manipulation
of the isolated polynucleotiggig}/@ ,ns88% ;m89:% ay be desirable or necessary
depending on the expressio.g@t% Thgf%e.s gzﬁ/e/;ng polynucleotides and

nucleic acid sequences utilizing reconibinant DNA methods are well known in the art.

Guidance is provided in 83193)% al.,%%)/eng58/rﬂﬁ1g: A Laboratory Manual,
3" Ed., Cold Spring Harbox%%r’y 19?;% ’Ct% @/’e‘fcols in Molecular Biology,
Ausubel. F. ed., Greene Pub. Assogi 998, ypdates so 2006,

or 98Y% 1deftica.

[0348] In some embodiments, the control sequence may be an appropriate promoter

sequence, which can be obtimd anr g@@ LQJ;inQKtracellular or intracellular

fypeptides i i 3 L ial ho
polypeptides either homol o@@maqﬂgotxhgp@@&; For bacterial host cells,
suitable promoters for directing trangcription of the uca id gonstructs of the present
- SUGH, 95 TESTaNes
disclosure, include the promdle ained from the L. coll lac operon, Streptomyces

coelicolor agarase gene (daggﬁwzlag &@i@fa&%@ne (sacB), Bacillus
licheniformis alpha-amy]aselgw (?y?(jaciﬂifz@mlftz@ilus maltogenic amylase
. . ’ ’

gene (amyM), Bacillus amyloli uﬁciens al ha-amilase ene (amyQ), Bacillus licheniformis
penicillinase gene (penP), BzZi 4Dt i an gp

lactamase gene (Villa-Kama.tlfg@,’, 1178201c. 1084:1’11’, Sei. USA 75: 3727-3731), as

well as the fac promoter (Deioé%al., 83% 1103@1[ Acad. Sei. US4 80: 21-25). Further
101331°fn some
embodiments, the
ketoreductase

nes, and prokaryotic beta-
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One isolated
promoters are described in j‘ﬁjﬁg Fﬁtvxéian recomb bacteria" in §

American, 1980, 242:74-9 d'in Sambrook et al., supra.

{0149] For filamentous fungg gs@ cE?s,gnlﬁ!p etp%gogrssfor directing the transcription of
the nucleic acid constructs p@lw@:ﬂmpdendlﬁeaomoters obtained from the

genes for Aspergillus oryzzgnb/gtaﬁt C k e’aspartic proteinase,
Aspergillus niger neutral alpha-amylase, Aspergiljus niger acid stable alpha-amylase,

Aspergillus niger or Asperﬁ@ I«yapﬁ Q\U)dn se (glaA), Rhizomucor miehei lipase,
Aspergillus oryzae alkalinee&m p@@[ﬂ (2324 tr-iF*%}@sphate isomerase,

Aspergillus nidulans acetarﬁdase and Fusarium oxysporum trypsin-like protease (WO
96/00787), as well as the NAZ{pI promoter (a hybrid of the promoters from the genes for

Aspergillus niger neutral algsub&taajn%lll:y mpu [ phosphate isomerase),
and mutant, truncated, and bﬁ(’vﬁ;@ﬁﬂtﬁe'}é n

[0150] In a yeast host, usefyl e from the genes for Saccharomyces cerevisiae

enolase (ENO-1), Saccharomyces cerevisiae galactokinase (GAL1), Saccharomyces

cerevisiae alcohol dehydmmmmsﬂ;iQQhMate dehydrogenase (ADH2/GAP),

and Saccharomyces cereviwh;ilesippoﬂyfete kinase. Other useful promoters for yeast
host cells are described by Romaros etal., 1992, Yeast 8:423-488.

_polspeptide , -
{0151] In some embodimerlts, the confrol Seqyence may also be a suitable transcription

terminator sequence, a seq@p e@ﬁﬁ b!'Shma to terminate transcription. The
terminator sequence is operrylpeégm NMS of the nucleic acid sequence

encoding the polypeptide, Any terminator which is functionaltin (}ie host cell of choice may

be used in the present inven§£ ecles p resen

[0152] For example, exempﬁrymaggp@n mg;lr@:r;bg[;msmous fungal host cells
can be obtained from the gwei gm:mg{zsr4t4 Snylase, dspergillus niger
glucoamylase, Aspergillus nfﬁ%szgﬂugﬁagkﬁnaﬁﬁfmrgﬂ]m niger alpha-

glucosidase, and Fusarium oxysporum trypsin-Tike protease.

{6153] Exemplary tenninatmljgasa!@tx’,llpcgte obtained from the genes for
Saccharomyces cerevisiae e}ﬂi@l vrdwgs cerevisiae cytochrome C (CYC1), and

Saccharomyces cerevisiae ci,ﬁ- W genase. Other useful
terminators for yeast host ci?is‘iZéefgbed by Rgmm 1992, supra.
species
A7
composition), and
is generally a

substantially
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pdynucleotides

[6154] In some embodim: tbt ixfgguence may also be a suitable leader sequence, a
nontranslated region of an mRNA that is important fof translation by the host cell. The

Ieader sequence is operablplQ&yQMe Q—g& gx§leic acid sequence encoding
the polypeptide. Any lealfhatme mg@enztlh@e host cell of choice may be

used. Bxemplary leaders for ﬁllrgntous fufﬁl-host gells are obtained from the genes for
Aspergillus oryzae TAKAQ\QI g? pergz}lus mdulanf triose phosphate isomerase.

Suitable leaders for yeast %S{}Hb@d d’&&l&@ﬂ;} for Saccharomyces
cerevisiae enolase (ENObej(lc}fGWés gbi(j:mphosphoglycerate kinase,

Saccharomyces cerevisiae alpha-factor, and Saccharomyces cerevisiae alcohol

dehydrc glycerald ’Rn%- {:\r %Q&@nase (ADH2/GAP).
{6155] In some embodimeﬁﬁq M@ndﬂ@ mstu-ey polyadenylation sequence,

a sequence operably linke; i e ic acid sequence and which, when
q

transcribed, is recognized by the host cell as a signal to add olyadenosine residues to

transcribed mRNA. Any m@g@u§§%%& Wfunctional in the host cell of
choice may be used in the Q@*@tﬂtﬁyx’l &bl@stﬂolyadenylaticn sequences for

filamentous fungal host ce @% erFe Igﬁﬁ?é{spergillus oryzae TAKA amylase,

Aspergillus niger glucoamyTase, Aspergiilus nidulans anthranilate synthase, Fusarium

oxysporum trypsin-like pro;ﬁew%%iger alpha-ghicosidase. Useful
polyadenylation sequences Ifd éﬁtrtyellsablmd by Guo and Sherman, 1995, Mo/
)

Cell Bio 15:5983-5990.
on,

{6156} In some embodiments,:!ﬁe conirol sequencg may also be a signal peptide coding

region that codes for an amsequ@&ga(elidaamlt&minus of a polypeptide
and directs the encoded pola&g‘@ﬂxt) 9215 gfcretory pathway. The 5 end of the
coding sequence of the nucleic acij sequence may inherently contain a signal peptide coding
region naturally linked in trm nglg g,gmlﬂln%ﬁsechéem of the coding region that
encodes the secreted polypek(je I?\Itﬁyx,veabﬁ Ht of the coding sequence may

contain a signal peptide codj Zon tB};;féeqwézﬁ;Eég sequence. The foreign

signal peptide coding region may be required whert the coding sequence does not naturally
contain a signal peptide codixd %t'ty, ab 0 Ut
{6157} Alternatively, the fogﬁ%al@ﬁtiM@zMgion may simply replace the natural
signal peptide coding region's Kﬁjé{ﬁ’)@é seizd@rntﬁay&:lypepﬁd& However, any
clout 95% or more
sequence identify,

about 96% or




75,77, 79, 81,
WO 2008/103248 8 3 f 85 f 8 7 y 89 y 9 1 y PCT/IS2008/001683
93, 95, 97, 99.
signal peptide coding regklw‘ih diiceg ’exi%;’;olypcptide into the secretory

pathway of a host cell of choice ma’y be used in the present invention.

[0158] Effective signal peptide coding regions for bacteriAl host cells are the signal peptide

coding regions obtained fran]haene]_a: 5;‘1’1&@&3 11837 maltogenic amylase,
Bacillus stearothermophilﬂam}?amyﬁegeim éhEﬁrASubﬁlisin, Bacillus

licheniformis beta-lactamage, BtHlux stearoriermap jlus neutral proteases (nprT, nprS,
nprM), and Bacillus subtilth - m@@ §pe gre described by Simonen and
Palva, 1993, Microbiol Reypafi@pENCE

[8159] Effective signal pemm@jeﬁﬁrﬂ@tig fungal host cells can be the
signal peptide coding regions oI&ainederom thf Fenes for Aspergillus oryzae TAKA amylase,
Aspergillus niger neutral a:gﬁ g& %g,s mg9r gx]coamylase, Rhizomucor miehei
aspartic proteinase, Humic@@.@d@eﬂ,@e 5d@rjm‘cala lanuginosa lipase.

[0160] Useful signal pepti@@@:ﬁsrl}is?elN@S@m the genes for Saccharomyces

cerevisiae alpha-factor and 3 i / 5 rtase. Other useful signal peptide

coding regions are describef]b%‘lgrbar:n!?séet%u 1992, sgia,
16161] In some embodimer;,%ﬁoml]gezmncg'iéy alo be a propeptide coding region
that codes for an amino aci&@x&l?e &@3&# al@ 5&}:10 terminus of a polypeptide.

The resultant polypeptide isérﬁ asI 5szmﬁ ﬁpr&@ﬁfptidc (or & zymogen in some
)

cases). A propolypeptide is generally inactive’ and can be converted to a mature active
polypeptide by catalytic or JMCﬁQmevage of the propeptide from the propolypeptide.

The propeptide coding fegi(em bﬁﬁiiimmen$heacillus subtilis alkaline

I}
protease (aprE), Bacillus subtilis peutral protf*lase 1] ﬂs’ﬂ Saccharomyces cerevisiae alpha-
factor, Rhizomucor michei @Q&M@e, g& lifphthora thermophila lactase (WO

95/33836). encodes the
[6162] Where both signai pﬁ@elypepm}deons are present at the amino terminus of
a polypeptide, the propeptide tegion is positioneg gext to the-aﬁino terminus of a polypeptide
.and the signal peptide rcgion‘ilasgité§n§( (o] h?m’;rg !erminus of the propeptide
region. and hybrldlzes
{6163} It may also be desiraﬂl:mdlergld@f |ﬁ@ds which allow the regulation of
the expression of the polypeptide relatjve 1o the gro ost cell. Examples of
CONTItIBNS, Prigit
as moderately
stringent or highly

stringent
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SEQ ID NOS:
regulatory systems are thoj-\j‘:g cay

T?I expg;?gf the gene to be turned on or off in
response to a chemical or phiysical $imulus, néluding the presence of a regulatory

compound. In prokaryotic 192?51,9, s]uaJchg)]zog pequences include the lac, tac, and

rp operator systems. In ye: ¢ cell}, Qi@ble ry systems include, as examples,
37 oo 3 135

the ADH2 system or GAL1 systerg. In ?‘lgjem IE‘; itable regulatory sequences

include the TAKA alpham@m I‘U’lL { Aspt@i 5 Ml ej'glucoamylasc promoter, and

Aspergillus oryzae glucoarﬁalﬁf m*ated

{6164} Other examples of ﬁ@a‘y}n%@e‘ﬁdem those which allow for gene

amplification. In eukaryotic systems, ﬁ.se inctude the dihydrofolate reductase gene, which
is amplified in the presence%&gm !ll;], gd @e@etal]othionein genes, which are

amplified with heavy meta[ism p&@v@ & nucleic acid sequence encoding the KRED

polypeptide of the present 1ﬁv&mﬂﬁ Gfﬁg éﬂ(ed with the control sequence.

{0165] Thus, in another aspect, tTe resent diselopure is also directed to a recombinant
. ~polpERiaE iy
expression vector comprising a pi tclednide encoding an e ineered ketoreductase
polypeptide or a variant theb@amammulﬁt@d‘edmting regions such as a
promoter and a terminator, ae%pﬁlé'w ?jfdm?a n the type of hosts into
4] % 1

which they are to be introduced. The varig) nuclz"c acid aid control sequences described

.above may be joined togettho Q}EHM b
one or more convenient resme g gmﬂ i@f\ictth@:bstimlion of the nucleic
acid sequence encoding the §l ptide at sug'th (s:i‘e& Alternatively, the nucleic acid
sequence of the present dis QIMQ @ Qprlessegb'y inserting the nucleic acid sequence or
a nucleic acid construct COUMWL&I*@ B} @ opriate veotor for expression.
In creating the expression v i i is located in the vector so that the

® the expression H ] SEYFETSEY ' tocated inthe vector so

coding sequence is operably linked with the aj propriqtedcomrol sequences for expression.

nuclootide

|
[0166] The recombinant ex;:r)esosi!)y vector m_a)Qb any vector (e.g., a plasmid or virus),
which can be conveniently W&G:r tot@or}xt&m DNA procedures and can bring about

the expression of the polym.ichcg}éﬁil@‘ﬁ '{h tieicaf the vector will typically depend

on the compatibility of the vecior with the host cell infbwhich the vector is to be introduced.
e

The vectors may be linear OMQQLQEIEWS.
desirable or

necessary
depending on the
expression rector.
The techniques

Qr expression vector which may include
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[8167} The expression vetf(énraé‘?ittiaé@mously replicating vector, i.e., a vector that

exists as an extrachromosomal enﬁy, the repiij:ation f which is independent of
a

chromosomal replication, §T Q Q@Q IQ‘gIM)%gaI element, a minichromosome,
or an artificial chromosomate vbﬂtr@ﬁ:@a,in any means for assuring self-replication.

Alternatively, the vector max be one \Aﬁxa:h ga ﬁy@@d igto the host cell, is integrated
T Iy:et T

into the genome and replic enggeger Wi osome(s) into which it has been

integrated. Furthermore, a@@F eMlte)lakada‘ﬂhaure vectors or plasmids which
together contain the total RO Hto the genome of the host cell, or a
Factoreriee e "
trangposon may be used.
chareenyces

[0268] The expression vector (lJ'il e present inventionpreferably contains one or more

selectable markers, which ;G:&I’ &Mtu&eom@mcgdls A selectable marker is
a gene the product of whrc]dthwretg@ﬂlase@*, resistance to heavy

metals, prototrophy to auxotrophs, and ﬂ!ikhﬁxgxées g bagterial selectable markers are

the dal genes from Bacillusyﬁgsro E M
antibiotic resistance such am@phmin, chloramphenicol (Example 1) or

tetracycline resistance. Sunﬂ;&W&afb@aélﬁsagﬁm ADE2, HIS3, LEU2, LYS2,

MET3, TRP1, and URA3.

[0169] Selectable markers &&;glgl'a;elr%x&ga) host cell include, but are not
limited to, amdS (acefalnid@]SEgLﬁlmnsﬁm@transfetase), bar (phosphinothricin

acetyltransferase), hph (hygéli}ﬁwémm@?tsa:ﬁﬁaitmm reductase), pyrG

(orotidine-5-phosphate decarboxylase), sC (sulfate adenyltransferase), and trpC (anthranilate

synthase), as well as equianQEHJSQ nsﬁnq!nlﬂ]xgg an Aspergitlus cell include
the amdS and pyrG genes omr_ayhalisz@qsbevp@illus oryzae and the bar gene of
Streptomyces hygroscopicus. .

olyadenylation

{6170] The expression Vecl(Fr! of t¥ present invention preferably contain an element(s) that
permits integration of the veﬁgmalaleeq;sv ggomc or autonomous replication of the

vector in the cell independexS(eq E$@ 0@ integration into the host cell genome, the

ot mesmon QDG ADIN KRR Hey s o s oter et
recombination, the 3' temoinus of

the nucleic acid

sequenée and

which, when

transcribed, is

Ymis, opnarkers, which confer
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[0171] Alternatively, the eéﬁﬁgrégtgmﬁ)n@}famieal nucleic acid sequences for

directing integration by homologous recombination into the genomge of the host cell. The
additional nucleic acid squn@eﬂﬁleQ rb@ tottlellt‘\r&gai

at a precise location(s) in te Wo@:‘;o;@ﬁ |IF>]mcrease the likelihood of integration at a
precise location, the integrational elemems shy ul referably contain a sufficient number of

nto the host cell genome

nucleic acids, such as 100 to ase palrs preferably 400 to 10,000 base pairs, and most
preferably 800 to 10,000 bmm‘@éﬂ h@‘b‘y homologous with the corresponding

target sequence to enhance ﬁ b}ar hg\ﬁlfﬁﬂ‘eu;shmauon The integrational
ce that is

elements may be any seque) homologouliwth the target sequence in the genome of

the host cell. Fuﬂhermore,lmg rage
nucleic acid sequences. Ome}gmo{ev@fr TRy be integrated into the genome of

the host cell by non-homokigous rec(Tn flanon

gnay be non-encoding or encoding

[6172] For autonomous replication, the vector i her comprise an origin of replication

enabling the vector to rephgtpa e b ncell in question. Examples of

bacterial origins of rep[icatptra@ka.tqﬂtq @01 @Bivtasmid of FIG. 5) or the origins

of replication of plasmids p] lé;1 éij)ﬁ?@’l é which plasmid has the P15A ori), or
pACYC184 permitting replication I E. colf B110, pE194, pTA1060, or pAM.beta. 1

permitting replication in B QK rigins of replication for use in a yeast host
g
cell are the 2 micron origin, §9afi RS54, the combination of ARSI and

€ ‘U'@‘
CEN3, and the combination, of A d CE] on in of replication may be one
having a mutation which mLQsQ gw Qt ‘-sensitive in the host cell (see,

. Ehnlich, 1978, Proc NApYQY azngq trpes.
{6173} More than one copy@c ttawlsetsysttfe:m@m invention may be

inserted into the host cell to mcrease roducﬁoh ene uct An increase in the copy
number of the nucleic acxd Q by u(]; é atilig 'at least one additionat

copy of the sequence into 1}@}@“}& E)I)@lercegxull,altﬁn amplifiable selectable
marker gene with the nucIeY }ug cells containing amplified copies of the
erel it

selectable marker gene, and: 10nal copies of the nucleic acid sequence, can be

selected for by cultivating ﬂlcn Ll %qs&S}f the appropriate seleciable agent.
{06174} Many of the cxpress@x)(amplxes Wm@“ invention are commercially
available. Suitable commer@%imvegvgféim}meTMm expression
CALI syétem In
Elitmentous fungi,
suitable
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nucleic. said
vectors from Sigma—AIdri%@ i ﬁtéélsgf,tﬁlé includes a CMV promoter and

hGH polyadenylation site for exptession in mammalian hogt cells and a pBR322 origin of

replication and ampicillin QEG.SQHEJQM@&UQIQ E. coli. Other suitable
expression vectors are pBlm&y %@@ h’l]l%ﬂefdvhich are commercially
availabie from Stratagene, Lajplla and glasmids which are derived from pBR322 (Gibeo
BRL), pUC (Gibco BRL), m Eﬁ;@({bx@oﬁ% gr: ;%aﬂy (Lathe et al., 1987, Gene
57:193-201). to increase

64 Host Cells @F@é@@ﬂ@twc@ﬁs{haepﬁdes
{0175] In another aspect, L@@n@hﬁmﬁﬂﬁa wémell comprising a

polynucleotide encoding ag improved ketoreductase iypeptide of the present disclosure, the

polynucieotide being operalcng E@%Q& Anno oetrol sequences for expression of
the ketoreductase enzyme i) pycﬂuim@]efr l@fn expressing the ketoreductase

polypeptides encoded by l}ﬂ;ifée?rﬁtﬂg thﬁgﬁﬁn invention are well known in

the art and include but are not limited to, bacterial cells, such as £, coli, Lactobacillus kefir,
Lactobacillus brevis, Slrepsﬁcq u&gw%l&amub&ells; fungal cells, such as

veast cells (e.g., Saccharon@btﬁizﬁedP \g pastoris (ATCC Accession No.
201178)); insect cells such as Drosophila S2.and Spodoftmﬂ) cills; animal cells such as
P

CHO, COS, BHK, 293, anc’ ﬁt@g&ﬁun s;@l

mediums and growth condif){ @ tad@m{:@'mst cells are well known in the art.

[8176] Polynucleotides for C(E}f,y @fe 'Eh)eductase may be introduced into cells by
ec

various methods known in the arf. hnigues inchude imor@t e1s, electroporation,

biolistic particle bombardmﬁglg)Lfllg eQnged a Q

5. Appropriate culture

ctiom, calcium chloride

transfection, and protoplast b@xst/a@t@lmgen@mﬁcmg polynucieotides into
cells will be apparent to the 81&{6‘?&?[‘1 Cl u d | n g an

{6177} An exemplary host cell is Esc/ﬁfchicr) /i W3110. The expression vector was

created by operatively Iinkir@mpn i!gf 61 e

C encoding an improved ketoreductase into the

plasmid pCK110900 operat G @GR ARINE Lonsro! of the 1ae1
repressor. The expression vy lé ﬁiécov\?iifhthtﬁéorigin of replication and the

chioramphenicol resistance gene. Cells containing, the subject polynucleotide in Escherichia
coli W3110 were isolated b)nle! % IQ cascd loramphenicol selection.

seam.ee where
cells containing
amplified copies
of the selectable
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rnutagenesis
6.5  Methods of, gﬁifgl}jrmeeéﬁ(smreductase Polypeptides.

[8178] To make the improved ketoreductase al)fucleotides and polypeptides of the present
e

disclosure, the naturally-os QI@%@& erme that catalyzes the reduction reaction
is obtained from Laclobactengj ﬂ@@F@ds brevis. In some embodiments, the

parent polynucleotide scquﬁc‘é‘fqofig aﬁéﬁ%e expression of the

ketoreductase in a specified host cell. As an illustration, the paental polynucleotide

sequence encoding the wxlrh}aa\ﬂtmgmae d@p%lzﬁa
constructed from oligonucli:ﬁqm@védegmm polypeptide sequence of

Lactobacillus kefir KRED sequence available in Genbank database (Genbank accession no.
AAPY4029 GI:33112056). plj;gapxgr fucleotide sequence, designated as SEQ ID NO:
1, was codon optimized forM@&@bl{ |t|5]gxd the codon-optimized polynucleotide

cloned into an expression v@ﬁ, éyﬁﬁgxﬁéﬁr\ﬁyetowduﬂase gene under the
e p

control of the lac promoter and facl essor gene. Clones eXpressing the active

actobacillus kefir was

ketoreductase in £. colj we im e genes sequenced to confirm their identity.

The sequence designated (Sé;{ S S?ié(ﬂnrparem sequence utilized as the starting
point for all experiments and, library canstruction of engj eeered ketoreductases evolved from

the L bacillus kefir ketc J rarles Van

{6179] The engineered kewﬂ&fi@ [m@gnle&s) I&Qcting the polynucleotide
encoding the naturally occv{*qeets'traﬂﬂanpdgenesis and/or directed evolution

methods, as discussed abovg. An exhn lar: direcjjg evolution technique is mutagenesis
and/or DNA shuffling as de! JQEE én!il 'Proc Natl Acad Sci US4 91:10747-
10751; WO 95/22625; Wotwk] mtquesmo 98/27230; WO 00/42651; WO

01/75767 and US Pat. 6,537, i oK rocedures that can be used
ifotitarity thes

include, among others, staggered extension procé¥s (S{EP), in vitro recombination (Zhao et

al., 1998, Nat. Biotechnol. 1E&§56Qfmd§§ EBRASE <l et 1., 1994, PCR
Methods Appl. 3¢5136~SI40(,\9ticaasattdeecreim e”ﬁ] 1996, Proc Natl Acad

Sci 3: -3529),
LR ahsorbance or

[8188] The clones obtained ﬂllowing mutagenesis trcatl&ent are screened for engineered
oL

ketoreductases having a des UQI@&Q@QQ;@
the expression lbraries can Nﬁ@Huwhe standard biochemistry technique of
monitoring the rate of decrcqsls \j\AﬁeﬁTu‘rn absorbance or fluorescence) of NADH or

1,

y.“Measuring enzyme activity from

concntré?ion, as it
is converted into
NADI or NADP 2
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enzymes
lNADPH concentration, as 6% %TTH@ Bﬁ% é?léilﬁ In this reaction, the NADH
c§) y the ket

or NADPH is consumed (ox1dizs ored as the ketc reduces a

ketone substrate to the conGﬁlﬁan@L@l)&Z@ Tth'a of decrease of NADH or
NADPH concentration, as Pe,ﬁﬂ Bt?dﬂre&fmm@ance or fluorescence, per unit

time indicates the relative (enzyrﬁtic activity of the ketoreductase polypeptide in a fixed
amount of the lysate {or a I§Mi § E ade therefrom). Where the improved enzyme

property desired is thermal Iszrb@y,(e4y(ft u@ﬁ@a-yZOMSU:ed after subjecting the
enzyme preparations to a d perpjiur ul C : ount of enzyme activity
. SRR S

after heat nes, a polynucleotide encoding a

ketoreductase are then isolﬁ(),(syq)e'rfswnemylﬁ myegtide sequence changes (if
any), and used fo express t)ﬁaﬂz@[@ a]:q_sﬂg{lz[ 1 2 4f|t
’ ey
{0181} Where the sequencaﬁf&tfﬁggg @S{lyel Lsrjm, the polynucleotides
-p

encoding the enzyme can be prepared by standard solidphase methods, according to known

synthetic methods. In som@ﬂgfx—:zfs%gmsaf% to about 100 bases can be

individually synthesized, thre‘cpmente:@tinbyhemical litigation methods, or

polymerase mediated meth: ﬁ to form any desired continugus sequence. For example,
fe. SHUCHIE. Of

polynucleotides and oligons < ihvedition can be prepared by chemical synthesis

using, e.g., the classical phcf@lfmul aet(cﬁ)lésc(iséi by Beaucage et al., 1981, Tet Lett
22:1859-69, or the method ﬁgribelly@aihafﬁ at,h‘)él, EMBO J. 3:801-05, e.g., as it is

typically practiced in automafed synthetic methods. According to the phosphoramidite
method, oligonucleotides l{@eda Q Q matic DNA synthesizer, purified,
annealed, ligated and clonedy @d]ﬂ'wecmrs. In addition, essentially any nucleic acid

can be obtained from any of g vaxietyof gogny ﬁal ﬂmrcés such as The Midland Certified
Reagent Company, Midlanﬁj’ﬁi@i{g eriza.n Uegtgn-pany, Ramona, CA,
ExpressGen Inc. Chicago, 1/ SRAEIEEINYLEkL b RG] cA, and many others

{0182] Engineered ketoredeeSﬂ.l@)é%ﬁ)essE ] B Scell can be recovered from the
cells and or the culture medium usinbal‘i)IZGTnore of the well known techniques for
thiess, Ty507

[l

protein purification, includig,Xnong o yme treatment, sonication, filtration,

salting-out, ultra-centrifugaim[ald, &%@Fﬂﬂrﬁl&&mmions for lysing and the
et e e s D DRV PG 22 el
el, as represente
by struc ure
ol'lomsuia (I1)
1638861 The




40,42, 44, 48,
WO 2008/103248 48,50,52, 54,56, PCTVUS2008/001683
58, 60, 62, 64, 66,

{6183} Chromatographic 4 jqu: is ?\ of4he, ewmtase polypeptide include,
among others, reverse phase chrdmatogriphy high perforthance li(iuid chromatography, ion

exchange chromatography]g&}etgtgxpr&qd &Aiw &'@m{ography Conditions for
ifying a particular e i1l @fend, A tor: as net charge,
purifying 'pv icular nzy858/1 '@ 9@1’0@ ’8@, ol gA
hydrophobicity, hydrophlhcxz; molicﬁzbwelfttdrﬁecu:ltrdxze, etc., and will be apparent
) b )

to those having skill in the'etf

[06184] In some embodiments, affinity techniques may be used to isolate the improved
ketoreductase enzymes. For affinity chromatography purification, any antibody which
specifically binds the ketoreductase polypeptide may be used. For the production of
antibodies, various host animals, including but not limited to rabbits, mice, rats, etc., may be
immunized by injection with a compound. The compound 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 incroase the immunological
response, depending on the host species, including but not limited to Freund’s {complete and
incomplete), mineral gels such as aluminum hydroxide, surface active substances such as
lysolecithin, pluronic polyols, polyanions, peptides, oil emulsions, keyhole limpet
hemocyanin, dinitrophenol, and potentiaily usefu! human adjuvants such as BCG (bacilli
Calmette Guerin) and Corynebacterium parvam.

6.6  Methods of Using the Engineered Ketoreductase Enzymes and Compounds
Prepared Therewith ’

{0185] The ketoreductase enzymes described herein can catalyze the reduction of the
substrate I-[4»(4-ﬂuoro-2-methy]-1H-indo!—5~y10xy)-5-methyl-pyrrolo[2,l-f][l ,2,4,]triazine-
6-yloxy]-propan-2-one, as represented by the structure of formula {O:

8
)
O
? \ GV "
° TN N\N/,

1o the chiral alcohol product (R)-1 -[4-(4~ﬂuoro-2-mcthyl-lH—indol-S—yloxy)-S-methyl-
pyrrolo{2,1-£}{1,2,4, Htriazine-6-yloxy}-propan-2-ol, as represented by structure of formula (If)

56



106, 108, 110,

womswss 112 HA, 116,and  rcouswosonsess
118.0188] In
some

‘
embodiments@
“ketoredu Lt
polypeptives,

described herein

{8186} The above compounds useful in the synihctis of prf;tein kinase inhibitors, and are
encompassed within a clas§ﬁ&p€;ﬁ9@r ' Q pplication No. US 2006/0004007,

US 2006/0128709; US 200@@5@;3{@”@711@44@?]@ US20060286646 (all

publications incorporated herein ﬁﬂreferinéa). Thus, other compounds of the ¢lass with the
requisite keto group can be§s§ §substrates for Ihe_ketoreductascs disclosed herein.

acetophenrine, as

16187} In various embodiments, the methods can cap ise contacting or mixing the

compound of formula (I) wnﬁpm&m@
conditions suitable for convs‘fm&lﬁj.‘ba{teftgw*ad of structural formula (I1).

Exemplary reactions conditt&i:gescribed 1%!3_]131%9 ther suitable reactions

conditions will be apparent fed artisarl. EXemplary ketéreductase polypeptides that
can be used in the method i|4RAASREIQ I Srited to, SEQ IDNO: 6, 8, 10, 12, 14, 16,

18,20, 22, 24, 26, 28, 30, Béﬁfbgdq,ﬁﬁéﬁfé& St)Hésdb, 56, 58, 60, 62, 64, 66,

68,70, 72, 74, 76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98’, 100, 102, 104, 106, 108, 110,

112, 114, 116, and 118. method can
{0188] In some embadimcng Qmpt!:ilkﬁag polypeptides described herein are capable of
converting the substrate ace@@ﬂzt%{i;ﬁgtem structural formula (I11):
mixing the
an und of
ula (111)
with a 1
o the corresponding chiral ajcoho] product, {R)-1-phenylethanolas represented by structural
I "< (o (=T fo 11110 o) A
the ;resent
. 57
disclosure under
reaction
conditions

T m

I disclosure under reaction
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desired
stema@isomer are
) red to herein
ubstantially
U re"

[0189] In various embodxme t J co ting or mixing the
compound of formula (III) Wi efore: uctgjjj xg present disclosure under reaction
conditions suitable for conm@e substrate to the compound of structural formula

(V). Exemplary reactions QWW ﬁtge Examples (see, e.g., Example 15).

Other suitable reactions conditions will be apparc t to iﬁSkﬂtd artisan. Exemplary

ketoreductase polypepudesGchrnpiQ
SEQID NO: 6, 8, 10, 12, are SSUbgtanﬂ&HyM 36, 38, 40, 42, 44, 46, 48,
50, 52, 54, 56, 58, 60, 62, 64 56{6%7?ﬁ é! gé@lﬁé‘b% 88, 90, 92, 94, 96, 98,
100, 102, 104, 106, 108, llpH . 122, 124,126, 128, 130, 132, 134,
136, or 138. In some emboBH @ @asgm&ﬁaolypeptides that can be used for
reduction or conversion of te %@aféqnol is selected from the

polypeptides of SEQ ID NO !20 122éé }8 130, 132, 134, 136, or 138.

[0196] In some embodlmengg zﬂ/m 2 ched in a particular stereoisomer,

i.e., compound (II) or compi s’us erem a co}npound is “enriched” in a

particular stereoisomer wheggf@%ﬁ&g p8se9/&,ex@£ over any other
stereoisomer present in the t is enriched in a particular
BYEh ;g;fabo Tttt

sterecisomer will typically comprise at | ut 60% or more, 70% or more, 80% or more,

de, but are not limited o,

90% or more, 95% or more,@iu EJL)(re 97% or more, 98% or more, 99% or more, or

99.5% or more, of the specx@l‘te’r\e,@fs exnstxefq @'a.“:hment of a particular

stereoisomer can be confirmed usmﬁconveﬁmneddnalyncal methods routinely used by those
of skill in the art.

[61%1] In some embodimen@, @elnmuxﬂgﬁd Meastmers may be less than 10%,
for example, less than 9%, SO AN 199, /@ W @ tess than 5%, less than

4%, less than 3%, less than 2%. less 1] 1% va less than 0.9%, 0.8%, 0.7%, 0.6%,

0.5%, 0.4%, 0.2%, or 0.1%. Ster&oisCmerica Iy enriched compounds that contain at least

stereasemer are
Inferred’to herein
as "pure"
stercoisomen.

A7 m PN B
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ketoreductase-cat
about 99.5% or more of th% i ?Wfof@ﬁ ffﬁffﬁ’fjﬁ" herein as “substantially pure”

stereoisomers. In some em ments, compounds that are substantially pure in a specified
stereoisomer contain greatrr@aﬁmﬁ,&, 99.4%, 99.6%, 99.8 %, or even greater

purity. Stereoisomericallydxig)elmw thte;peqﬂ 99.9% of the desired
stereoisomer are referred to herein as “F\(xie\”/ sltfféiﬂnalrh

are E)
{8192} As is known by those of skill in the ar, ketoreductase-catalyzed reduction reactions

typically require a cofactoxl—llgclargp Lﬁ;@gl}gemby the engineered ketoreductase
enzymes described herein pt{j}bhca{q@noN@ Sthough many embodiments of
the engineered ketoreducta; g@g cdtjs%%cgrlhg reactions catalyzed with wild-
type ketoreductase enzymes. s used herein, the term  cofactor” refers to a non-protein
compound that operates in agﬁudalion with a ketoreductase enzyme. Cofactors suitable for

ith th ) d ke i in include, b limi
use with the engineere e?@% f@y_[:ggﬂlfdrsrem include, but are not limited

to, NADP" (nicotinamide adESine dinycleotide phosphate), NADPH (the reduced form of
NADP"), NAD* (nicotina.nL Qexd! §xg Q&!‘)’L@I&&I he reduced form of

NAD™). Generally, the redwhé@h'taf@mor is added to the reaction mixture. The

reduced NAD(P)H form caizﬁe é%?ﬁﬁ?%‘fléeafrom the oxidized NAD(P)" form

using a cofactor regeneration system.

[6193] Suitable exemplary tlgr;)glgncb\‘xn systems that may be employed include, but
are not limited to, glucose ﬁl&f@ﬁ@ﬂ@@gna]g@;ﬂz&xﬂ_fomate dehydrogenase,

glucose-6-phosphate and gl(f?olij- lﬁsgxéc dehydrogenase, a secondary (e.g., isopropanol)
WG

alcohol and secondary alcoho, rogenase, phosphite and phosphite dehydrogenase,
molecular hydrogen and hyd:&l)lan &nﬁS @&ms may be used in
combination with either NA@ A d)”I/NA]I he cofactor. Electrochemical

regeneration using hydrogenase may also be used as a cofactor regeneration system. See,

e.g., US Pat. Nos. 5,538,86 IJ,-/]J. > ,%@§§a@h’;§%@: rporated herein by
reference. Chemical cofactaizyez@dm sﬁ@dsu@txﬁ@ﬂa metal catalyst and a

reducing agent (for exampls,{g%eé\gqﬁoéen or formate) are also suitable. See, e.g.,
S Which i

PCT publication WO 2000/ is mcorporated herein by reference.

{8194] The terms “glucose gh@dggxralsp gg‘ﬁg !tgulsg interchangeably herein to
refer to an NAD” or NADPmanzdaﬁb Hita8} the conversion of D-glucose

and NAD" or NADP" 1o glugléQﬂviWNéT{gPTéPé,gtpectively, Equation (1),
about 1(1 '
psnoLeminimg
and sometimes at

A~ o~
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‘ co-factor '
below, describes the glucoi_c edea'%o e@s?;éﬁaﬁza reduction of NAD" or NADP” by

glucose.

system run
[} glucose + &Aﬁ?ﬁﬁiﬁsé%i» gluconic acid + NAD(P)H + H*

[0195] Glucose dehydrogegrfitﬁﬁayfat'@le for use in the practice of the methods
described herein include bﬁ naf urall;/ ccurring glucose dehydrogenases, as well as non-
naturally occurring ghicos &h&d;g ggx[a] ing glucose dehydrogenase

encoding genes have been Fﬁ;lﬂre irt@mt@fqre. For example, the Bacillus subtilis 61297
GDH gene was expressed iy £, coli and was reported to exhibit the same physicochemical

properties as the enzyme produted in i§ nag/e host (Vasantha et al., 1983, Proc. Natl. Acad,

Sci. US4 80:785). The geﬂ&hﬂ%ﬁ@@%ﬁﬁe :g'ene, which corresponds to
Genbank Acc. No. M1227awdpe%WnaTéal., 1986, J. Bacteriol. 166:238-243,

and in corrected form by Yamane et gl., 1996, Microbiology 142:3047-3056 as Genbank Acc,
No. D50453. Naturally ocM‘% H genes also include those that encode the GDH from

B. cereus ATCC 14579 (NQW{@PGHHWQQ‘&MVC No. AE017013 ) and B.
megaterium (Eur. J. Biochgm., 1988, 174:485-49 b; ¢. No. X12370; J. Ferment.
Bioeng., 1990, 7():363-369?@(%@ I/rc]c,‘té (fgj;éo . Glucose dehydrogenases from
Bacillus sp. are provided i@} ol [o) WO ¥005/018579 25 SEQ 1D NOS: 10 and 12

(encoded by po[ynuc)eotidNﬁle fcfz&d)@ i éﬁw& 9 and 11,

respectively, of the PCT publication), the diSCIOff{e of which is incorporated herein by

reference. enzyme t at
{6196} Non-naturally occurgn%@‘jy é§<§og£l:a]s§ may be generated using known
methods, such as, for examfEOIN@FS H@md@tluﬁon, and the like. GDH enzymes
having suitable activity, whf&i,mgltléccarﬁﬂr HAﬁBHy occurring, may be
readily identified using the assay described in lixample 4 of PCT publication WO
2005018579, the disclosur Wi drpordi nerein by reference. Exemplary nion-
naturally occurring glucose eafrbms wwid ePCT publication WO
2005/018579 as SEQ ID NOS: 62@4‘!\6fﬁj,$ﬁ24 and 126. The polynucleotide
sequences that encode theman idedin i IiQtr;m WO 2005/018579 as SEQ ID
NOS: 61, 63, 65, 67, 121, 1| A [DFebbsctivety. Al of these sequences are incorporated
herein by reference. Additi?é §br§léaﬁg\?\é ing ghucose dehydrogenases that are
60 7"
Formate
clohydrogenases

that are suitable
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secondary alcohol
suitable for use in the ketoﬁiéﬁymgétﬁiggggm disclosed herein are

provided in US application publication Nos. 2005/0095619 and 2(;05/0153417, the
disclosures of which are inf T iraﬁeference.

{8197] Glucose dehydrogema umaiiutnall)yductase-catalyzed reduction reactions
described herein may exhimxarﬁﬂ g atgyéfh idaurly\in/mg and sometimes at
fum

least about 107 pmol/min/mg E&bo t 10 ol/min/mg, up to about 10* pmol/min/mg or
higher in the assay describ@- Qz Ql of PCT publication WO 2005/018579.

{6198] The ketoreducmse—dglwmg‘ma%d herein are generally carried
out in a solvent. Suitable sNea{W”’yeremgmqqgeg, ethyl acetate, butyl
acetate, [-octanol, heptane, octane, methyh t-butyl ethe: 8/1 L tpluene, and the like), and
ionic liquids (e.g., 1-ethyl &%&%ﬂgﬁmﬁlom orath
1-butyl-3-methylimidazolig] @}&y&jﬁ@g ERARSRG limidazolium
hexafluorophosphate, and t]:ﬁx&rutj@emﬁvvﬁ aqueous solvents, including water

and aqueous co-solvent systems, are used.

[6299] Exemplary aqueousgé-sg[voent s95tems have water and one or more organic solvent.
In general, an organic solvg ehyg{cﬂg&ﬁ\a&%m system is selected such
that it does not completely ﬁt\)\laﬁ t’he ketoreductase enzyme. Appropriate co-solvent
systems can be readily identified by measuring the enzymatic activity of the specified
engineered ketoreductase enty! %Kmrlzf gmte of interest in the candidate solvent

system, utilizing an enzymt(&/r#at)fx@@ Kékdescrﬁbcd herein.
[6200] The organic solvent sz:&ed@eemolvem system may be miscible

with the aqueous component, royiding a single liquid phase, or may be partly miscible or
immiscible with the aqueoughhdhigﬁglll%b liquid phases. Generally, when an
aqueous co-solvent system Le@@k“b@ﬁc““@e biphasic, with water dispersed in
an organic solvent, or vice- 2§ﬁ7 By )h\ﬂen an aqueous co-solvent system is utilized,
it is desirable to select an organic solvknt that can be readily separated from the aqueous
phase. In general, the ratio m@ baﬁk lﬁlzﬁn the co-solvent system is typically in
the range of from about 90: IgzeH)g ’I Oa)m/(j) organic solvent to water, and between

80:20 and 20:80 (v/v) organic solvent to water. The rt-solvem system may be pre-formed

prior to addition to the reactﬁqgﬁrg {:LIHJ;@
occurring
mcondafy alcohol
dehydrogemses
include

ed in situ in the reaction vessel,
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reactants used in
[0201}] The aqueous solvent hvéerréﬂeﬂﬁiﬁlﬁm system) may be pH-buffered or

unbuffered. Generally, the reduction ¢an be carrigd out at a pH of about 10 or below, usually
in the range of from about K E@&H{QQSW bodiments, the reduction is carried out

at a pH of about 9 or belovsgaeﬂewd*ye g m;lxybom 5 to about 9. In some

embodiments, the reduction i carried out at-a pH of about i glow, often in the range of
from about 5 1o about 8, angflgg}gnrtll(jr!mggf 9)1':1] abo’j 10 about 8. The reduction
may also be carried out at a(qmj)&ntﬂ tlﬁSe@}fm 7.5 or below. Alternatively, the

reduction may be carried om&t.ecrég ire d ,
{6262] During the course oa}ﬁx&uffa ﬁaglamf,ﬁxifaﬁ reaction mixture may

change. The pH of the reacfion mixture may be maintained at a césired pH or within a

desired pH range by the ad&thﬂ)famﬁ FlJé ¢Qxf1g the course of the reaction.
Alternatively, the pH may tkgt@‘eézdﬂxetageus solvent that comprises a buffer.

Suitable buffers to maintain desired pH ranges are known in the art and include, for example,
phdsphate buffer, triethanokedrh §I:r,§1 %e like. Combinations of buffering and acid or

base addition may also be @M ployed . Th e

6203} When the glucose/gmH @Wm se cofactor regeneration system is employed,
the co-production of gluconic acid (pKar3.6), as represented jn equation (3) causes the pH of
e ecsion s v P MU A I 1658, G B s

€ reaction mixture 1o dro ¢ eous pliconic acid is not otherwise
neutralized. The pH of the @g@dixw x&@{@lrﬁm*n&le desired level by
standard buffering techniqufh\xéer% Bﬁﬁfgal'ﬁf the gluconic acid up to the

buffering capacity provided, or by the addition of a base concurrent with the course of the

conversion. Combinations kﬁ&mfgeﬂ wa&ﬂnay also be used. Suitable buffers
t intain desired pH i b ble b s tralizati f
o maintain desired p rangeeef%wr’o‘aﬁ\da e bases for neutralization o

gluconic acid are organic bases, ft . example,amines, Xkoxides and the like, and inorganic
bases, for example, hydroxi:Q Q IQQ@!}P&QJ:@\Qe sgrs (e.g., NaHCOy), bicarbonate
salts (e.g., K,COy), basic phF@@@ﬂ@Ea{zm NazPQy), and the like. The addition
of a base concurrent with th OpyErsi be done manually while
monitoring the reaction mix§yp§1§m E(@ve'gi;ngilg llay using an automatic titrator as a
pH stat. A combination of p@lﬂd@ﬂﬂlb‘qlt}Mﬁie addition can also be used for
process contol substrates can be

employed al a

62 .-
concentration of
about 20 to 300

gummliter using
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Ketoreductase

{0264] When base additior:g‘) i qualize gluconic acid released during a

ketoreductase-catalyzed reduction reaction, the progress of the conversion may be monitored

by the amount of base addgmgﬂ HQ g{ gﬁm@,&ses added to unbuffered or
partially buffered reaction We'rseved]egxixg Fi Wducuon are added in aqueous
solutions.

e expression in

{6205} In some embodimems the co-facfor regenerating system can comprises a formate

dehydrogenase. The terms E)rmS&Q lly QIS@ dgﬂ{ are used interchangeably
herein to refer to an NAD/ th@rewr&tedme that catalyzes the conversion of
formate and NAD” or NADP™ to carbon dioxide and NADH or NADPH, respectively.
Formate dehydrogenases m@@ uitable Q g:seddcofactor regenerating systems in the

ketoreductase-catalyzed rec@&qkj@ﬁ}@@n%ﬁfh&mdu& both naturally occurring
formate dehydrogenases, awé]faférdltrjﬁ(lﬁgég formate dehydrogenases.

Formate dehydrogenases include those corresponding to SEQ ID NOS: 70 (Pseudomonas sp.)
and 72 (Candida boidinit) &la u@aﬁQ&Qmsm 8579, which are encoded by
polynucieotide sequences c@'qu % EY[OS: 69 and 71, respectively, of PCT
publication 2005/018579, the disclosuresof which are incorporated herein by reference.
Formate dehydrogenases ¢ J l\fh‘ d@d§cnbed herein, whether naturaily

occurring or non-naturally d@@@ﬁ[b@@t 4 ctivity of at least about 1
pmol/min/mg, sometimes af olfminigip east about 10° wmol/min/mg,
ERAMBIEroEyS

up to ghout 10° umoVl/min/mg or higher, and can be readily screened for activity in the assay

described in Example 4 of @f@ﬁ{lﬁlﬂ%&l%/o; 8579.
(02061 As used herein, the S PHEALOR :SQIAA crco,, fomic acia
(HCO,H), and mixtures therF o%gg& 80‘95@:& form of a salt, typically an

alkali or ammonium salt (for example, HCO;Na, KHEFZNH,,, and the like), in the form of

formic acid, typically aqueoleGch QDJ?Q; g’

acid. In agueous solutions h@r&eﬂa‘] pbyts of its pKa (pKa=3.7 in water) formate is

present as both HCO,™ and HC equilibrium c At pH values above about
pH 4, formate is predomma[t@f n n&g [ﬁ rmate is provided as formic acid,
the reaction mixture is typr@cE@ 6ymeashzaddmg a base to provide the

desired pH, typically of abo g ove. Suitable bases for neutralization of formic acid

1

thereof. Formic acid is a moderate

include, but are not limited to orgam ases, for example amines, alkoxides and the like, and

0 |mmu0|cot|d
composed of 42
nucleotides and
cloned into



and 0.02 Ml,

WO 2008/103248 sodium POT/US2008/001683
tenaborate
inorganic bases, for cxamﬁmmrat@(vv%onme salts (e.g., NaHCOy),

bicarbonate salts (e.g., KZBO?), basic F(i l-fte salts (e.g., KyHPOy, N2;POy), and the like,
oughttoa

[0207] For pH values above about p¥l 5, at which formate is predominantly present as

HCOy, Equation (2) beloi,eegnpsexgaxmer @wg genase-catalyzed reduction of
Nap*orNaDP by ormB0C . The Ranter

@ Heoy+ NAW}aSF—bﬂQ Q!f! l@kﬁg
{6208] When formate andmtbdﬁrdl@etige are employed as the cofactor regeneration
system, the pH of the reac@p(rp@n@mxi)a{tained at the desired level by standard
buffering techniques, whers Uﬁﬁ?ﬁ eleages prptos the buffering capacity
G RO T

provided, or by the addition concurrent with the course of the conversion. Suitable
acids to add during the coLMM)Bl;LrLQqn to maintain the pH include organic acids, for
example carboxylic acids, Elérﬁta?ni naacids, and the like, mineral acids, for
example hydrohalic acids (sugh as hydrochlgric acid), sulfiric acid, phosphoric acid, and the
like, acidic salts, for examéém@dpwml (tE],QHzPOQ, bisulfate salts (e.g.,
NaHSO,) and the like. SOlkleg uiﬁ}l:a@@acid, whereby both the formate
concentration and the pH ofg thésﬁ!éondrf nin?tﬂaéide St,

[0209] When acid addition Is employed to-maintain thHI- ing a reduction reaction using
the formate/formate dehyd&[ W(Jact!)neggeéxon System, the progress of the

conversion may be monitorﬂiasykara@t dﬁs@{d bﬂdain the pH. Typically,
acids added to unbuffered :ir s lkatfeﬁb1@iogn‘t@reaver the course of

conversion are added in aqueous so utions.

[8216] The terms “seconda§ ;@Ey Q}gererg QQSQDL" are used interchangeably
herein to refer to an NAD* @N@)lt@elgudgt.en;;rly\(xat catalyzes the conversion of a

secondary alcohol and NA}}féﬂlbﬁl_)f’écn fé)rewagﬂ{ or NADPH, respectively.

Equation (3), below, describes the reduction of NAD* or NADP™ by a secondary alcohol,
illustrated by isopropanol, ag Itate at
o 5001500 oM
and airwas
supplied to the
iXmaentation
vessel at
1.11-15,0 Limin to
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{0211} Secondary alcohol g T?s?tg% s‘éﬁléfﬁ tfe as cofactor regenerating

systems in the ketoreductase-cataly: uction reactions described herein include both

naturally occurring sccondaG]l‘, 0] \Aéenases > as well as non-naturally occurring

secondary alcohol dehydro@me\h@raﬁr mﬁmiﬂn’da:y alcohol dehydrogenases

include known alcohol dehydrogenases from, I{yermoan_erobium brockii, Rhodococcus
etythropolis, L bacillus ,ﬁ, m p CLALLLL
secondary alcohol dehydro%bt@iﬁﬁgineercd alcohol dehdyrogenases derived

therefrom. Secondary alcoﬁ gi@rﬁjﬁef.fnw 2(3 Oethods described herein,

whether naturally occurring or non-natur: Iy occurring, may exhibit an activity of at least

about 1 pmol/rriin/mg, somadhds E’llutmnoumgn}mg, or at least about 107
pmol/min/mg, up to about glieldh@*g oOn@er
{0212] Suitable secondary ilﬁﬁlﬂljfée H"ﬁf@ﬁ’émy atkanols and aryl-alkyl

carbinols. Examples of lower secondary, alcohols include isopropanol, 2-butanol, 3-methyl-
2-butanol, 2-pentanol, 3-pe11m2, SHMthebutanol, and the like. In one embodiment

the secondary alcohol is isoffrdpPhGd idoi(EHN ‘binols include unsubstituted and
%0 free
substituted 1-arylethanols. 1 1 P |_ C fo r

{0213} When a secondary alephol and secondary alcohol dehd rogenase are employed as the

cofactor regeneration systerh ﬂtﬂmm lQBP s reduced by the coupled

oxidation of the secondary @mﬂlﬁ @!ﬂfqelﬂieecondary alcohol dehydrogenase.
Some engineered ketoreductases alSé}gV§act‘thhtgehydrogenate a secondary alcohol

reductant. In some embodin%r?l(s(\;smg secondary alcohol as reductant, the engineered
ketoreductase and the seconﬁ@”ﬂw mgrotellpw L:Qe same enzyme,
[6214] In carrying out emb(ﬁ@@ﬁlﬁ’f@dew&@sﬂﬁ@g reduction reactions

described herein employingf 6)f§§§§?atxéysélﬁ aher the oxidized or reduced
0t

form of the cofactor may be provi y. As described above, the cofactor regeneration
system converts oxidized coa:ﬁaliyz&cx hze \(1‘6}13 then utilized in the reduction
of the ketoreductase substratan d (R)

{6215} In some embodimemf:(6faﬁfr€jwéf;§yﬁifsth€ used. For reduction

reactions carried out without the use of a cofactor ry genegating systems, the cofactor is added

to the rezction mixture in redac6d AZPOUNC O
foniula 511):
InstrumentAeilent
1100 series HP
HO

— N PN PN A A PN PN NN A P~ ——

brevls, and non-naturaily oceurring
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follows 29.1 min
{6216} In some embodim h e p s iglcapy t using whole cells of the host
Tor {1y, 35 Afrin

organism, the whole cell may nati ;Z:j:iﬁ\he cofaan Alternatively or in combination,

the cell may natively or remlﬁnﬁf nh@ ul
16217} In carrying out the %o&e&ﬂaj Qiuf@lr re5l?<(xl; le)cribcd herein, the
engineered ketoreductase qu)heaanJ Wd cgmrising the optional cofactor
regeneration system, may be added tp the reaction mixture in thg form of the purified
enzymes, whole cells ﬁwsﬂf@xﬁ@i&s) mege ymes, and/or cell extracts
and/or lysates of such cellsblagf@Hn@ding the engineered ketoreductase enzyme and

the optional cofactor rcgenﬁéﬁgﬁﬁﬁﬁ twﬁﬁad into host cells separately or

e dehydrogenase.

together into the same host ce 1n some embodi one set of host cells can
be transformed with gene(sﬂex;cldiaEl%ir[tam)goreductase enzyme and another set
can be transformed with gar_ff(sﬁ% Er regeneration enzymes. Both sets of

transformed cells can be utié;jggethe in the reaction miﬁure in the form of whole cells,
or in the form of lysates or V@LU@HQ:D Irg er embodiments, a host cell can
be transformed with gene(sWi)li@-l;Fylp@ineered ketoreductase enzyme and the
cofactor regeneration enzyrﬁ.
otoreduelaws for
[6218] Whole cells transformged \tith i}S) encoﬁ%ilaen i&eéred ketoreductase enzyme
and/or the optional cofacloAgx l‘ﬁ nz!l%s, or ¢ eijacts and/or lysates thereof, may
be employed in a variety Of@@ﬂ‘r@@ umd\ggl}i (e.g., lyophilized, spray-dried,
and the like) or semisolid (e
) “gsifigrSlucose
{0219} The cell extracts or cell lysate: 3 6& ly purified by precipitation (ammonium
Nd.GRICOsE,

sulfate, polyethyleneimine, Qat réatment or iowed by a desalting procedure prior

to lyophilization {e.g., ultra@ﬁh yﬂﬁa@@na}sﬁy of the cell preparations may
be stabilized by crosslinkin%rji?g @gmmf@hng agents, such as, for example,
lid ph

glutaraldehyde or immobilization to a sdlid ’phase ie,g,, Eupergit C, and the like).
100N

enera

[6226] The solid reactants (e.g. ,grgrme, salts, etc.) may be provided to the reaction in a
variety of different forms, 1&38 ;WB ea@lﬂﬁgd, spray dried, and the like),

solution, emuision, suspensimaixxmlrie ghe reactants can be readily lyophilized or
spray dried using methods and equipment that are kn to those having ordinary skill in the

art. For example, the protei&@x&t@h@lgg -36°C in small aliquots, then added to
mg/L KRED. 12

melnil
[-[4-(4-fiuoro-2-t"ct
hyt-l.r/-
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Wild-Tape
a prechilled lyophilization F@élfo?;@ﬁhﬂbé%%gxon of a vacuum. After the

removal of water from the samples, the temperature is typically raised to 4°C for two hours

before release of the vacm;fxgxrd Aml%lltyymlized samples.
{8221] The quantifies of reRﬁdmﬂ‘e reduction reaction will generally vary

depending on the quantitic@‘ ejﬁaﬁjﬁmrj [ rlc mitantly the amount of

ketoreductase substrate employed. The ii)llowing guide! mjgcan be used to determine the

amounts of ketoreductase, u&!tm gd §gp£%y

Generally, keto substrates @@@h(@b ﬁ@qbncentraﬁon of about 20 to 300 grams/liter

using from about 50 mg to @8 f acéltﬁigductase and about 10 mg to about 150 mg of
cofactor. Those having ordifary skill in the art will readily understand how to vary these

quantities to tailor them to R@gﬁﬂ&ﬁ aﬂﬂﬂy and scale of production.
Appropriate quantities of o W ZP?.CEE @élaleﬂfm may be readily determined by

routine experimentation bastd qn tZe amount of cofactor and/or ketoreductase utilized. In
general, the reductant (e, g.,mJ 3] ngralcgisopropanol, etc.) is utilized at levels above the

equimolar level of ketorcdle@Iﬁvmiﬂi)ra}:@vg_egmﬁally complete or near complete
conversion of the ketoreducﬁsle élFﬁTK E
ern 2

[6222] The order of addition of reactants is,nQt cxi!ical:j‘%rr ants may be added together
at the same time to a solvenlrla.g, Emiﬂijj su:r]en , Diphasic agueous co-solvent system,
and the like), or alternativel) }bq@f:&l:ﬁ:&(@d{dﬁ@d separately, and some
together at different time pgj y E rﬁgelpa itrmfﬁﬁregeneraﬁon system, cofactor,

CB 3 s&

ketoreductase, and ketoreduct strate may be added first o the solvent.

eneration system to use.

[0223} For iraproved mixingrégcmcyawhen Q aqr\]Jelousr(:I(JQo]vent system is used, the

cofactor regeneration syste@t@@(ctsomﬂm y g added and mixed into the
32
aqueous phase first. The orﬁ;" ]xmﬁayl;hrﬂMcRﬂand mixed in, followed by

L . )
addition of the ketoreductase subStrate. Alternatiyely, the ketoreductase substrate may be

premixed in the organic phaQ,.Ab'th@timl Eqé\)us phase
(6224} Suitable conditions ) ey $l Wb ﬂ;@@l’em@élamlyzed reduction reactions
des:ribed herfain irtxctlfjde LZ vtﬁ g{ﬁ%ﬁ@iﬁmﬁﬁ%‘:ﬁfaﬁ:ly opt'imizej by
routine experimentation atl mOcFI Ei,eu 'x\s/ixEV\i’ ch] ing the engineerex
TO, IMMINMSO,
in iml re&ction
volume were
incubated with
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prepared agent di
ketoreductase enzyme and ﬁ\}@txa{e t Wr@ 38 temperature and detecting
product, for example, using the/met] odEX?xBe ul the ﬁxamfyles provided herein.
[0225] The ketoreductase !;gléy §<Qc§oxngy§c lylcr;]xried out at a temperature in the
range of from about 15°C tI)Eb@7ﬁLF<Q§@QﬂMemS, the reaction is carried out

at a temperature in the raniﬁﬁ@tihagﬁ a‘f‘éﬁkﬁxffé’fchsﬁll other embodiments, it

is carried out at a temperature in the ranie of from about 20°C to about 45°C. The reaction

may also be carried out umlgﬂﬁl:@c I!fse r1 p H
[8226] The reduction react;n. &eWiithlowed to proceed until essentially complete, or

near complete, reduction of| m ﬁMai@OlfduIin@ substrate to product can be

monitored using known me&hods y detecting substrate and/or product. Suitable methods

include gas chromatographf C, and the like. Conversion yields of the alcohol reduction

product generated in the reiﬁ@ pr@p:yé&}@@hﬁ:l than about 50%, may also be
greater than about 60%, may algo $e e l?n Otrrev also be greater than about
es aued 1o

80%, may also be greater than are ofien greater than about 97%.

;. mawmzs  FESUSpended cells

{0227} Various features an@ﬂ@i@l&aﬂhagalllngillustrated in the following
representative examples, wﬂc‘ae'e pk&mi iltLIS]ze've, and not limiting.
{8228} In the following deﬁ'@ﬁrswmréxcmjee{dogenase (GDH) is used, it is

GDH CDX901, obtainable F]nm Julich Chiza.[ Solutions, Fillich, Germany.
y shaking at “ ™ ,
7.1 Example 1: ild-type KetoredtCtase Gene Acquisition and Construction of

Expression TG@HMN temperature
{0229] Ketoreductase (KRIﬁhn%g exreb’itra*signed for expression in . coli based

on the reported amino acid seﬁnckéf the toreductasel and a codon optimization algorithm

as described in Example 1 (S af Q(!;xa erllxcgln 1@'§o 60/848,950, incorporated
herein by reference. Genesi%@nmmut@@%(mucleotides composed of 42

nucleotides and cloned into XG?E%J;Y pCK 110900 (depicted as FIG. 3 in United
States Patent Application Pablication 2! 195947) under the control of a Jac promoter. The

expression vector also COU(K@‘EO’H@GH@I&S@OH and the chioramphenicol
resistance gene. Resulting ;ﬁﬁnﬁvﬁ- ngd into E. coli W3110 using standard
methods. Codon optimized genes and the encoding polypeptides adh-LB gene (Genbank
measured by
48
transferring
measured

guantities of the



(9255] Reaction
WO 2008/103248 m Ixtu res PCTAUS2608/601683
containing 15
Acc. No.: GI1:28400789) and adh-2K s M. AAP94029.1; G1:33112056)
can be found as SEQ ID Nm gz !&rﬁzm wild-type ketoreductases was
confirmed as described in W&g‘aﬂh (pl:):ciﬂn SEM, 607248950, other
ketoreductases used herein,Zxcrﬁ fﬁﬁ rp@xN an the encoding polypeptides

for Ydl124wp (Genbank Acc, No.:N¥_010]159.1; GI:GEiOBQ), aZii—LE gene (Genbank Acc.
No.: INXQ_A; GI:307497Q)-, %hmgelu:() e o I\{)n ANT3270.1;

GL:34776951), Yprip gene @@@ﬂmﬁt& NP_010656.1; G1:6320576), Gre2p gene

(Genbank Acc. No.: NP_0 ]Itfi:og lttiéiﬁ% léaf,eﬁlrhdécfpged in US provisional

application Serial No. 60/8. , Wi is mcorporated herein by reference.

[0230] Polynucleotides ennllg angrep(gotiﬁc[;&e?gflgge present disclosure were
likewise cloned into vector?}_}@g@boiﬂ MreMedZI ol W3110.

72 Example 2: JMs f bstrate Specificity and Conversion.
aclon
[6231] A single microbial vm Pj ﬁfé W‘n@ plasmid with the ketoreductase gene

of interest was inoculated igto 50 mi Luria Beréixi broutEimaining 30 pg/ml

chloramphenicol and 1% glLQQLé a\L@ \M\é ght (at least 16 hrs) in an
incubator at 30°C with shakgtiarrfin@. At FOOAAdiluted into 250 m] Terrific

Broth (12 g/L bacto-tryptong, 2% peét al:t t ? él cerol, 65mM potassium
E 45 30 g ﬂlj U /Lf

phosphate, pH 7.0, lmM M chloramphenicol) in 1 liter flask) to an optical

density at 600 nm (OD600) Jf ala allsa e, Expression of the
?
ketoreductase gene was deél%a(fylzréﬁ)ﬁV of the culture is 0.6 to 0.8

and incubated overnight (at least 16 hrs). CTS WE harvested by centrifugation (S000rpm,
15 min, 4°C) and the superrft:}@imgit 1§ellQ as resuspended with an equal

volume of cold (4°C ) IOOmEXamlpx'egﬂddajﬁf, pH 7.0 (including 2mM
MgSO0; in the case of ADH-S< mid?élgi emiedcé}rtoreductases derived
therefrom), and harvested by c&ntiIFUgATION as abovs 3 he“washed cells were resuspended in
two volumes of the cold trieM%@; @M@t‘@nmj passed through a French Press

twice at 12000psi while maiﬁﬁﬁ ﬂiﬁ(ﬁpigebris was removed by centrifugation (9000
rpm, 45 min., 4°C). The clear lﬁ:e supernatent was collected and stored at ~20°C.

Lyophilization of frozen cleA hlr?)l-id&a g@mr of crude ketoreductase enzyme.
§6232] The activity of the wﬁ&%et@ﬁﬁé&%smﬂ;d as described US
provisional application SeriWﬁi Tgm?"en of 1 mL 100mM (sodium}
69 .
26% conversion
in THE, a ADH-LK
variant with SE.Q

TP~ R I o~ A oA a
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+on SEG ID

phosphate buffer, pH 7.5, Neq e];ﬁ g{ase powder, 50 mg NAD(P)H, 100
WL isopropanol and 10 mg 4’-chlofdacetophenone of unsubstituted acetophenone. The

reaction mixture was stureStExG‘ m l&h‘d)rs, then extracted with 1 mL,
MTBE. A sample of the M}'.%dlasﬁ @lyH:i)Jy chiral HPLC for the ¢onversion of
the 4’-chloroacetophenone jix Lléerftné xrfm composition of the product,

1-(4’-chloropheny!)ethanol
73 Example 3:  Production of Ketoreductases; Fermentation Procedure,

[0233] In an aerated agitated 15L fermenter, 6.0L of growth medium containing 0.88 g/L
ammonium sulfate, 0.98 g/L of sodium citrate; 12.5 g/L of dipotassium hydrogen phosphate
tribydrate, 6.25¢/L of potassium dihydrogen phosphate, 6.2 /L of Tastone-154 yeast extract,
0.083 g/L ferric ammonium citrate, and 8.3 mI/L of a trace element solution containing 2 g/l
of calcium chloride dihydrate, 2.2 g/L of zinc sulfate septahydrate, 0.5 2/L manganese sulfate
monohydrate, 1 g/L cuprous sulfate heptahydrate, 0.1 g/L. ammonium molybdate tetrahydrate
and 0.02 g/L. sodium tetraborate decahydrate was brought to a temperature of 30°C. The
fermenter was inoculated with a late exponential culture of E. coli W31 10, containing a
plasmid with the ketoreductase gene of interest, grown in a shake flask as described in
Example 3 to a starting OD600 of 0.5 to 2.0, The fermenter was agitated at 500-1500 rpm
and air was supplied to the fermentation vessel at 1,0-15.0 L/min to maintain dissolved
oxygen level of 30% saturation or greater. The pH of the culture was controlled at 7.0 by
addition of 20% v/v ammonium hydroxide. Growth of the culture was maintained by the
addition of a feed solution containing 500g/L cerelose, 12 g/L ammonium chloride and

10.4 g/L magnesium sulfate heptahydrate. After the culture reached an OD600 of 50, the
expression of ketoreductase was induced by the addition of isopropyl-b-D-thiogalactoside
(IPTG) to a final concentration of ImM, The culture was grown for another 14 hours. The
culture was then chilled to 4°C and maintained at 4°C until harvested. Cells were harvested
by centrifugation at 5000G for 40 minutes in a Sorval RCI2BP centrifuge at 4°C. Harvested
cells were used directly in the following downstream recovery process or were stored at 4°C

until such use.

[6234] The cell pellet was resuspended in 2 volumes of 100 mM triethanolamine {chloride)
buffer, pH 6.8, at 4°C to each volume of wet cell paste. The intraceliular ketoreductase was

released from the cells by passing the suspension through a homogenizer fitted with a two-

70
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stage homogenizing valve ugi f4 2000 psig. The cell homogenate
was cooled to 4°C immediﬁgag dslrsﬁ.panllnq q}ggi-oﬁf 10% wiv polyethyleneimine,
pH 7.2, was added to the ]ﬁé&galrgfﬁﬁlﬁrat&lgn% w/v and stirred for 30

minutes. The resulting sus&ns@'x wag%by centrifugation at 5000G in a standard
laboratory centrifuge for 30 minutes. The clear Sﬁw 335 d d and cc ated
ten fold using a cellulose uQQIQM;gL%Qn ié 4 Jﬂo ccular weight cut off of 30Kd.
The final concentrate was &m:plleowlsstéiners, frozen at -20°C and lyophilized
to powder. The ketoreductwﬁ?eowéﬁd at -80°C.

74  Example 4 2yt 5 de] ing conversion and enantiomeric

excess of c&%ﬁhﬁi&?giﬁ ﬁ g’ﬁﬁe

[6235] Reversed Phase HPﬂ'c@Ie R ESt Oe following HPLC method was used
to analyze the reduction of K Cf)é[tﬁﬁagma\ra () to the compound of formula (II) in

high throughput:

Instrument: Agileg ng Ist[r‘le? }gre d
Method name: 1549%@1:0 red umaces

Comnope:  Ecib@HVE from
Colmnsize: 21 580EY S-11K 02611
Packing size: 3~5NW°(°?®W9ersion
Runtime — 3midd Johannes to
Mobile phase 50% g(é/é)ftlj ﬁ)é()&ifa acetic acid
—
Elution time: alcohol: @9%;&!}’1( Vanants
wolVas:determined
(0236] Chiral HPLC for deYrACLIDAEHAG Ls. The fottowing HPLC method
was used to separate and anflygefihe (S}find (R phesjicpasrs of the compound of formula
Ty .
( Instrument: AgileE”% g‘xeDsHyVIth 115
gel. (1) i7n a
mixam of IOTA
THE, 40% IPA,

5014. 100 mM




Ketoructeses SEP
WO 2008/103248 ID NO Mulanon aj PCT/US2008/001683
from ADH-LK
Column: Chir@%wgi 6ﬁﬁlm,

Solvent: Isocrati % A ( and 20% B (Heptane-Isopropanol 50:50)
WTROUTEORVETSTE

Flow Rate: 1 ml/min, Temperature: Ambient

) nw,
Detection: UV 220 nm

 acetoneacetone

Run Time:

{0237] Retention times wclc-l;;r;‘Q)ws 29.1 min for (1), 35.4 min for R-(II), and 38.7 min for

S-(I1). The R- and S~ alcohal_sts&gp&%agl@egﬂ&ﬁg 1:1 area ratio.

7.5  Example 5: 1 w% ﬁ_@eductases for Activity to

Reduce Compound (I} using lucose7 and Glucose Dehydrogenasc for

Cofactor R@Ea@n 10 N 1 1
[0238] Reaction mixtures C?Bm gz%ﬂgge f@g/ml I—[4v(4~ﬂuoro~2—methyl-lH—
indol-5-yloxy)-5-methyl-pyrrolo[2 1,2 4}triazin-6- yloxy]propan-Z«one (1) (obtainable
according to scheme 1 and!glaQ ébw 0613‘166 Ir/Qorporated herein by reference),
1.5 mg/mL GDH CDX901 {Julich Chiral Solutions, Jilich, Germany), 1mM NADP", 66
mg/mL glucose, 200 mM NaHoPOy/NaHPO, (pH 7), 100mM triethanolamine/chloride
buffer, pH 7.0, 1 mM MgSOy in Iml reaction volume were incubated with stirring at room
temperature for 20 hr, then extracted with 3 mL ethyl acetate and analyzed by the methods as
described in Example 4 or according to Example 2 of WO06130657. The results are shown
in Table 3.

Table 3: Activity of wild-type KREDs on Compound (I}
Enzyme Activity Enantioselectivity
GREc + S
YDLC + Sand R
YPrR + S
ADH-LK + R
RhoC + s

+ indicates that activity was observed.
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{6239} The wild-type ketogjlc@?,:t%gg‘gfg%]% >69.9%

enantioselectivity (>99.9% e.c.).

1.,
{6240] The Example illustl’a%s h(e) eval uél§rﬂf wild-type ketoreductases for activity and

enantioselectivity when usEjmm{DJBvitlA&factor regeneration system (glucose
and glucose dehydrogcnasip‘fl@-ﬁbgﬁi@ﬂseoif)H-LK, provides the desired (R)-
enantiomer, .

-isomer of

7.6  Example 6: 1 gvalualion of Wild-Typg Ketoreductases for Activity to

Reduce Cor@mﬁ pt&}lljmd;y(aiolo) for Cofactor Regeneration:
[6241]} Reaction mixtures cdx@?lelgrﬁ/rﬁr[a% 221@111 (1) in DMF or in THF
(added by 10x-dilution from a ji) mg/ml stock solution), 2 1. NADP+, 0.4-0.5 ml IPA,
0.4 ml 100mM triethanolanm tﬁm % Y(J,a-.lm S04 in 1ml reaction volume
were incubated with stirrinq AreA <) }ure for 8 hr (when DMF was used) or 16 hr

(when THF was used). Sam&l%s) \ﬁtﬁ érﬂ;ﬁﬁa Ilémethods of Examples 4 and 5.

{0242} Under these reaction conditions ADH-LK ﬂﬁ L ﬁ iri provided 21% conversion in
DMF and 61% conversion 1m1@,g/n§\ Q—Lg l;x - breévis provided 70% conversion

in DMF and 26% conversif RXdF2 1 - am) added
(6243] The Example iltustrfB)s By mlg‘ogf PEAE keJobaciitus ketoreductases for

activity and enantioselectivify when used in c@binaﬁoi wtﬁﬂ% for cofactor regeneration,
1red (]

Wild-type ketoreductase, Al m@, 90\%8 elééls
presence of 10% THF, from Ol‘lenta|

7.7 Example 7: lL' eamgﬂapaﬂ say205(etoreductase Activity on
/glucose d

Compound (] dehgdrogenase for co-factor recycling.

using glucose.
[0244] Library colonies wcrm&dstng &c%@bov\ic, !Oﬁbny picker (Genetix USA,
Inc., Beaverton, OR) into 9@&@0@1N®tﬂﬂ Za& containing 180 uLL Luria

Bertani broth (LB), 1% glucafﬁxﬂmglﬂe Kf&hrg:p&fcol (CAM). Cells were grown

overnight at 37°C with shaking at 250 rpm. 10, uL ofthis culture was then transferred into 96-
deep well plates containing @&;Tﬁﬁ[ﬂ%ﬁ%{ﬁi Qfg/mL CAM. Afier

incubation of deep-well platelalt5)°mith shaking at 250 rpm for 2.5 to 3 hours (ODego 0.6-
0.8), recombinant gene exprﬁi_om gf ﬁm Es induced by isopropyl
~ (Aldrich, USA),
- 73
1.0 ml isopropyl
alcohol, and 2.5
ml 100 irtM

-enantiomer in high e.e. in the



Split:1:100
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Helium
thiogalactoside (IPTG) to B‘é @%TGDM The plates were then incubated at
30°C with shaking at 250 rpm for overnight,
Retention

6245} Cells were pelleted via cerm%ganon resuspended in 300 pL lysis buffer and lysed

by shaking at room tempertimeatlﬁaeigpsehe @ s@uffer contained 100 mM
triethanolamine (chioride) (11{3 &I ’@ 1{:}0#1@'1}/59{::11 and 750 pg/mL polymixin

B sulfate.

minutth
{0246} Ketoreductase actlvxt was measured by, tra sfe easured quantities of the lysis
mixtures into the wells of 1‘;@11@ $ an assay mixture containing
1.7mg/mL GDH CDX901, mﬂqmtegu &. 7}36“ glucose, 200mM

NaHPOs/NayHPOy4 (pH 7)A00mM meth é 11 hloride buffer, pH 7.0, ImM MgSQ,.
Reactions were initiated by 3&@1‘1 o; Jg 2 mg/mi (1) in DMF (final concentration of [43)

is 0.2 mg/ml) and mcubate&l Ve d)ﬂAQHMHJywas added per well, mixed
well after which 200 pL waﬁfxnﬁﬁ cln%gmmpore MA) filter plate. The

filtrate was collected in a Ni c round bonec(jv plate b cenmfuganon of the solvenert filter

plate at 200 rpm for I minufe) %t@ﬂ;ﬁ LJeQ«E _prevent evaporation of the
solvent and analyzed by H@@ﬁ:\){@d};@@{ﬂn

7.8 Example §: ﬂq’mtrxpgﬂ fg‘fkroreduaase Activity on
Compound (I) using actor recyc in,
{6247] Cell pellets were pmﬁi Bﬁdg%%& Qtspended in 150 uL. 200mM
triethanolamine/chloride buaoet@ ph@n@ﬁ]@ IE@J.L isopropylalcohol was

added to the resuspended ceL?J} aier ji € % Rrj ﬁlbwere lysed by shaking at

room temperature on an orb: aker for ai minutes.

{8248} Ketoreductase acnvzl LnglegeJ §93Rr QrE ycasured quantities of the lysis
mixtures into the wells of a ml) f@fmer plates containing 175 pl. an assay

mixture consisting of 100 m lgjfgg chloride buffer, pH 7.0, 25% isopropyl
alcohol (IPA), 2% acetone, 1m s and 0.7 mg/m! NADP+, as well as 50 pL of 5

mg/ml (T) in SO%THF/SO%IR egene ration
[6249] Reactions were mma@iM%] SR ASOt@Sa with equal volume of
RPN /= (- 11 Pgﬁf@ S
picking colonies
using e O-bont
robotic colony

picker (Thmaix

—rn A .
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Number of amino
shaken vigorously for at legﬁrﬁwﬁsl‘txjtﬁﬁiblﬁtgcr. Plates were centrifuged for 20

to 30 sec. at 4000 rpm. 140 pL acetonitrile and 70 ul, of the ethylacetate reaction mix were
transferred 1o a Solvinert ﬁQO@Al Je_,iM Kd the filtrates were collected in a

Nune round bottom plate b@ﬂzﬁw'rgm Fqlvenen filter plate at 200 rpm for 3

minutes. The sample plate was. eiield ent evapopati &he solvent and analyzed by
KSPELR A7 SE

HPLC according to Exam

79 Exe}mple 9: I DlgNng]p@ F&resﬁggescreen for Ketoreductases
“rer iy Klaas 4++ SED

[02380] Cells were grown, eﬁ Gld jzrﬁjoccording to Example 8.
[6251] In 96-well black microtiter plates: 20 pL of sample (diluted in 100 mM
triethanolamine/chloride buffer, pH 7.0, 1mM MgSO; if necessary) was added to 180 pL of
an assay mixture consisting of 100 mM triethanolamine/chloride buffer, pH 7.0, 2%
isopropyl alcohol (IPA), 1mM MgS80, and reaction progress measured by following the
reduction in fluorescence of NADP upon conversion to NADPH at 445 nm after excitation at
330 nm in a Flexstation (Molecular Devices, USA).

7.10  Example 10: High Throughput Screen for Acetone Stable Ketoreductases
[0252] Cell pellets were prepared according to Example 8, resuspended in 150 pL 200mM
iriethanolamine/chioride buffer, pH 7.0 with ImM MgS0,. 150 pL of & mix containing 76%
IPA, 20% THF and 4% acetone was added fo the resuspended cells and afier sealing the
plates, the cells were lysed by shaking at room temperature on an orbital shaker for 18 hrs.
{6253} Ketoreductase activity was measured by transferring measured quantities of the lysis

mixtures into the wells of a deep-well (2 ml) microtiter plates containing 175 pL an assay

mixture isting of 80 mM triethanolamine/chioride buffer, pH 7.0, 26.2 t0 37.1%
isopropyl alcohol (IPA), 1.8% acetone, 1mM MgSO; and 0.7 mg/ml NADP+, as well as 50
uL of 5§ mg/mi (I) in 50%THF/50%IPA.

[0254] Reactions were initiated by addition of 25 L lysate (diluted with equal volume of
IPA if necessary), heat sealed, and incubated in a shaking incubator at 25 to $0°C for 18 hr.
At the end of the reaction 500 ul. ethy! acetate was added to each well, the plate resealed and
shaken vigorously for at least 5 minutes on an orbital shaker. Plates were centrifuged for 20

10 30 sec. at 4000 tpm (3220 x g). 140 uL acetonitrile and 70 pL of the ethylacetate reaction
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mix were transferred to a g\EeRﬂtf@atN@pﬂf%) Qd the filtrates were
collected in a Nunc round bottom plate by centri tic‘l\f@e solvenert filter plate at 200
rpm for 3 minutes. The saﬁ&}fb}j&eééﬁd reveltevaporation of the solvent and
analyzed by HPLC accordxlgz @(ampSE C I D
7.11  Example 1%&%@%& of Engineered Ketoreductases Derived from
Wild-type = € Redtiction of Compound (1) to (R)-2 using
Isopropyl alcohol for Cofactor Regeneration:
{0255} Reaction mixtures containing 15 mg/ml KRED; 2 mg/ml () in THF, 2 mg/mL
NADP+, 0.4 mi IPA, 0.5 m] 100mM triethanclamine/chioride buffer, pH 7.0, ImM MgS0, in

tml reaction volume were incubated with stirring at room temperature for 16 hr. Samples

were analyzed by the methods of Examples 4 and 5.

{0256} Under these reaction conditions ADH-LK gave 61% conversion, ADH-LB gave 26%
conversion in THF, a ADH-LK variant with SEQ ID NO:114 gave 100% conversion and a
ADH-LK variant with SEQ ID NO:18 gave 93% conversion.

[6257] When tested under similar reaction conditions but with 3 mg/ml KRED and 1 mg/ml
(I) in THF, conversions with ADH-LK, SEQ ID NO:114 and SEQ IDNO:18 aftera 2 hr
reaction time were 11, 100 and 23% respectively. Introduction of the mutation A%4G from
SEQ ID NO:114 into ADH-LB provided SEQ ID NO:116. Ketoreductases with SEQID
NO:114 and SEQ ID NO:116 have similar activity in 10% DMF.

[0258] This Example illustrates, by comparisons of ketoreductase amounts, reaction times,

and conversions, that engineered ketoreductases derived from the wild-type ketoreductase

ADH-LK provide improved activity compared to ketoreductase ADH-LK,

7.12  Exampie 12: Improved Conversion of Compound (1) by Engineered
Ketoreductases Derived from ADH-LK.

[6259] The conversion by engineered ADH-LK polypeptides was determined by incubating 1
/L of various KRED under conditions as described in Example 7.

[6268] Table 4 gives the SEQ ID NO. corresponding to the ketoreductase powder, the
number of amino acid mutations from the wild-type ADH-LK and the conversion of
Compound (I) to (R)-2 in the 20 minute reaction.
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Table 4: impl§Pdpd @Dy & BGrePed @pi-LK variants

Ketoreducha$ E@) I D\nm;f(rlrg 6 2 Conversion
ssao@@t 77 <70% cony .
scoogn Ad 70-90% |
SEQ IDrﬁ:ann :rs% , : L
SEQ X094 confersion
SEQ ID NO:14 1 4
SEQ ID NO:16 2 L
SEQ 1D NO:18 1 L g
SEQIDNO:112 2 R
SEQIDNO:114 1 it

+: <20% conversion; ++: 25-75% conversion; +++ >75% conversion.

7.13

Ketoreductases Derived from ADH-LK

(R)-2 in the 20 minute reaction.

determination of conversion according to Example 4.

Example 13: Improved Conversion and Tolerance to Acetone of Engineered

[0261} The conversion and tolerance to acetone of engineered ADH-LK variants was
determined by incubating I g/L of various KRED with 0.5 g/L (1) in a mixture of 10% THF,
40% IPA, 50% 100 mM triethanolamine-chloride, 1 mM Mg80,4 pH 8.0, 0.7 mg/mi NADP*

in the absence or presence of 2% acetone for 20 min at room temperature followed by

[6262] Table 5 gives the SEQ ID NO. corresponding to the ketoreductase powder, the

number of amino acid mutations from the wiid-type ADH-LK and the conversion of (I} to

J Table 5: Tolerance of engineered ADH-LK variant towards acetone.

Ketoreductases
SEQID NO.

Mutations
from ADH-LK

Conversion without

acetone

Conversion with
acetone
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[11269] Al

WO 2008/103248 p u b | | C at| ons, PCT/US2008/001683
patents patent
stawnoie | gpplicsions and 2%
Seabro® | otHer docuriients 5%
SEQiDNO7E | L 4 . ; 29.10% 96.0%
seaioNoitio |~ tg o _L”'O%,s% 98.2%

appticationate
7.14  Example I4h eﬁe@yof R-isomer of Compound (11).
[6263] To a 20 ml sample “ai @@m@ Fa@e@ abymtic stir bar (4x12mm) was

added 3.5 mg of NADP* (monogodium salt from OrienﬂLlYeast Japan), 25 mg of KRED
1.

with SEQ ID NO:78 and 5([0% %{1@ legurug} rT

mgvmethle'HF (Aldrich, USA),

1.0 ml isopropy! aloohol, =@ P¥tHf @L @G §@F 1@ chioride i 8), 1mM Mgso,,
was added to the solids an f.ﬁptﬁglgﬁhtﬁmﬁge was stirred and heated (oil bath)
ki

at 40°C for 24 hr. A samplt was taken from the stirred mixture, ?r analysis according to

Example 4 or according to &afmgf em&)L ﬂﬁicl} point (1) was completely
converted 1o R-ID o >99. 9820 Ny individual
7.15 E)Ecgr‘l;:izn] fl Q@ﬁﬂggﬁmgcﬁgg{\ssay for Acetophenone
foz64] chiral GC anatysic: PALENT, patent
Instrument: Asteaﬂpiuﬁatmnmexm x 0.25 mm)
Temperature: ne@ther document
Inlet temperature: 2segpyere |nd|v|dua”y
Split “"“indicated to be
Pressure: 15 psi Ffb:@rporated by
e " iference for all
Retention time: ;)e:nz g sr f)uat§ es , 1 O 2 7 0 1

minutes

hl € various
{S)-alcohot: 9.5 minutes
specific
embodiments
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have been ill
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7.The
WO 2008/103248 recom b | n ant PCT/US2008/001683
polyieeptide of
716 E le 16; d ivd 3 d K d Derived fi
R =10 EXS Y1 A1) 114 4 W
using Isoprqfﬁ %cogrfﬂ ﬁplf tcggramu’on:

{6265] Cell lysates were prgaéegfifickini colonies using a Q-bot® robotic colony picker

(Genetix USA, Inc., Béave; 1 shallow well microtiter plates containing

180 pL Luria Bertani broth@ @) &pt{@s@ IORE @framphenicol (CAM). Celis
were grown overnight at 37ﬁ:]\6}r%akfié am ]Fé §) 1L, of this culture was then

transferred into 96-deep well plates containixifB() uL Terrific broth (TB) and 30 pg/mL

CAM. After incubation of §§~L@QL @»m]&haking at 250 ipm for 2.5 to 3
hours (ODgoo 0.6-0.8), recomiéu epﬂgnisthRe;ll cultures was induced by

isopropy! thiogalactoside (IPTG) a] coj ty mM. The plates were then
4 o Tesgle 5318 B
incubated at 30°C with shaking at rpm for overnight.

{0266} Celis were pelleted &gégrgxgn%n,%ﬂ-spL%eﬁﬁoo pL lysis buffer and lysed
by shaking at room tcmperaﬁesidblx@ 6@ I& A§ buffer contained 100 mM

tricthanolamine (chloride) tiu@gq%-éz,gg/%]yﬁ)zyme and 750 pg/mL polymixin

B sulfate. To 100 pL cell lysate was added in 50 pL 100 m)\)l Triethanolamine-HC) buffer,
pH 7.0, containing 0.5 mM K%Lduesag 0 L&sgmpanol, and 50 uL 50 g/L.

acetophenone in tetra.hydroines'iﬁue aﬂs@@mlgge R‘f,bs, the cells were incubated
by shaking at room temperature at 8(5:f m DTWM{ shajﬁr_for 4 hrs.
residie IS"L;

[6267] The product of the reaction,( l-pheny::tgcgwas extgacied by adding 1 mL of ethyl
acetate to each sample, and E@%@Hﬁ T J[ge, aking at 850 rpm at room

temperature for 10 minutes,| 1 eyl o mnpies at 4,000 rpm in a plate
GGl :
centrifuge (3220 x g) at 4°Cf é tj%th? y ligse\frm each well was transferred
Ry

to a shallow well plate and the plates se prior to chiral GC aﬂalysis.

[0268] Table 6 gives the S!g@gorcgrélpglgn to%ﬁgce%)reductase, the number of
amino acid mutations from 115“@pr&$ h@{ALK) and the conversion of

acetophenone to (R)-Lphenf.lé}%m b | n ant
polypeptide of
claim 7 in which
the amir;go acid
sequence has
one or more
features selected

—
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Table 6: c@RM@ &e&laine 9 10

1

Ketoreducta! j_ i @-ho Conversion
SEQ 1D N 2 L’;‘:ﬁ mutﬁcns rorr‘\the
aming*atid
ADH-LK
seaquence furnther. *
L A3 CUTOTToOC 1Ottt ot
SEQIDNOC:16 .2 Ly
COMPriSes-one-ofr
SEQID NO&S M 4 ++

£ 41
SEQIDN01%|;J5B Oy e e
sea o no:ED I OWING e

lected from:

SEQ 1D NO: 1B o
seanoppsiduer49is. a
SFaPNoHalar amino acid
P Fesiduelother than™
SEQIDNO:1I3}. vnﬁ;r]“n C ie ++
SEQ ID NO: 158 lco-nﬁuc e A
seapnoHGl 1 aCIigyCamimo—
sea o noa@Cld residue

+: <70% converfi@;S{dQ;b@/u Msrlﬁ; @+ >90% conversion,
{6269} All publications, patgm&H a@fca&l)b@;hﬁéﬂ@cumems cited in this

thexr entireties for all purposes to the

application are hereby inco

same extent as if each individual puﬁcaﬁon patent, pate

were individually indicated Fe&ldﬂﬁe@l
[0276] While various spem@Btﬂ*lﬁ@Sl!dU& ﬁx@acla&nd described, it will be

appreciated that various chaﬁehc
the invention(s).

application or other document

allg];rposes

aalﬁ ﬁﬁa‘ﬁﬁt mﬁ@ the spirit and scope of
acid residue other
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is an aliphatic

amino atid other

that V; residue 97
is a small amiss



28, 30, 32, 34, 36,

WO 2008/103248 38, 40’ 42, 44’46, PCT/US2008/001683
48,50, 52, 59, 56.
WHAT IS CLAIMED 15158 60 62 64 66

1. A recomblreget(n?@tas%@'peﬂﬁcap%Gof converting the compound
1-[4-(4-fluoro2-methyl-THz -3 {é 6{][1 ,2,4]riazin-6-yloxy]-
propan-2-one to 1-[4-(4- ﬂ?&lﬂﬁllﬁz‘ S-yloxy)->-methylpyrrolof2, 1-f[1
,2,4]mazm»6-yloxy]-propﬁg);, @Ot’ 139[25, t1934},e 96;3/ of the polypeptide of
SEQ ID NO:2, the polypeptide comprising an amino acid sequence with at least 90%
sequence identity to SEQ ID NO:2 or SEQ ID NO:4 and having (a) an aromatic amino acid
or G at the amino acid residue corresponding to residue 94 of SEQID NO:2 or SEQID
NO:4, or (b} an amino acid other than $ and N at the amino acid residue corresponding to
residue 96 of SEQ ID NO:2 or SEQ ID NO:4.

2. The recombinant polypeptide of claim 1 in which the amino acid sequence
comprises an aromatic amino acid or G at the amino acid residue corresponding to residue 94
of SEQ ID NO:2 or SEQ ID NO:4.

3 The recombinant polypeptide of claim 2 in which the residue 94 is F, W, H,or

4. The recombinant polypeptide of claim 2 in which the amino acid sequence
further comprises one or more features selected from: residue 96 is any amino acid other
than S/N; residue 153 is an aliphatic amino acid residue other than L; residue 199 is any
amino acid residue other than L; residue 202 is G or an aliphatic amino acid residue other

than A; and residue 206 is an aromatic amino acid residue.

5. The recombinant polypeptide of claim 4 in which the amino acid sequence has
one or more of features selected from: residue 153 is G or Aj;residue 199is K, N, R, V, Q,
or W; residue 202 is I, L, or G; and residue 206 is F.

6. The recombinant polypeptide of any one of claims 1 to 5 in which the amino
acid sequence further comprises one or more of the features selected from: residue 49 is 2
polar amino acid residue other than K; residue 53 is an acidic amino acid residue; residue 54

is 2 small or aliphatic amino acid residue other than T/P; residue 60 is an aliphatic amino acid
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98,100,107, 104,
WO 2008/103248 106’ 108, PCT/US2008/001683
110, 112 114,

residue other than V; residx af an 1 nzapd other than V; residue 97 is a small

amino acid or G; residue 10975 a ésxc ammo !1(: Tesidud other than K; residue 147 is an

aliphatic amino acid resxdul %2»,3 1}52411,y 36 gmall amino acid residue; residue
197 is a small amino acid ?1?8:1' Gl gge 2& g@ahphanc amino acid residue other
than L; and residue 233 is a_small amx i rcsuiue

134,156 ahd 138,

7. The recomb% Po]T h@e of claim 6 in which the amino acid sequence

comprises one or more features selected from: residu 49 is R; residue 53 is D; residue 54 is

A; residue 60 is A; residueggg,,qm mgﬂ idue 109 is R; residue 147 is L;
residue 165 is T; residue Ip@iy@@pﬁ Ctenoacsidue 233is G.

8. The recombx@' Q%lypepﬂ?& op laurg 1R Whici the amino acid sequence has
one or more features selectékﬁt@ ﬂdle‘* SSSJ@&QIQ is R; residue 147 is L; and

=6 the recombinant
9. The recombﬁ@&ypﬁcp&ide lilSwacnhe amino acid sequence

comprises an amino acid oti:g tl)afétéd at the amino acid residue corresponding to
residue 96 of SEQ ID NO:2 or SEQ ID NO

polypeptide. WO
10.  The recombx?@@&ﬂ?@@%agjp@:ﬁrhe amino acid sequence has
a G, F, Y, orl at the amino agi 96 of SEQ ID NO:2 or
ST o, Ri82005870016843
24. The

11.  The recombinant ﬁ:épef @-of claim t() in which the amino acid sequence
further comprises one or m e olloWing feal ures selected from: residue 94 is an

aromatic amino acid resxdu@rr Qbmeg?l l&eipha‘nc amino acid residue other than L;
residue 199 is any amino ac&:ﬁqﬂlﬁﬁhﬁ tl?x:g I:aﬁiue 202 is an aliphatic amino acid

residue other than A; or residue 206 is an aromatic amino acxd sidue.
which the olated
12, The recombl ﬁ]e Itn Huch the amino acid sequence

comprises one or more of th fol loti fea ureg se ted from: residue 94 is F or G; residue

substantia y pore
polypeptlde

25. A
polynuchrotide
encoding the



29.As
WO 2008/103248 OXP reg SiOn PCT/US2008/001683
'CCM, comprising
153 is G or A; residue 199§6éN, R, V, Q, or W; residue 202 is I, L, or G; and residue
206isF.

poWnucleetide of
13.  The recomb'g.aﬁylﬁﬁié o&fy ergi%9 to 12 in which the amino

acid sequence further comprisestne or more of the following features selected from: residue

49 ig a polar amino acid re: 50& +résidue 53 is an acidic amino acid residue;

residue 54 is a small or ali@g%hWSHlﬁke@m; residue 60 is an aliphatic
an

amino acid residue other th: R reiidue ES i8 an aliﬂ]aeticn amino acid other than V; residue
1

97 is a small amino acid or%; gg i§a§ag: AMino aCclgestlue other than K; residue
147 is an aliphatic amino a&;ﬂ;‘t@b@uef @]'is 2 hydroxy! or small amino acid residue;

residue 197 is a small ami i { ; residue 223 is an aliphatic amino acid residue

other than L; and residue 233 is a small ami¥o acid residue or G.

expression in a
14, The recombha@glt!p@‘éf Iolf c?@ 1.3'F1~Y€:h the amino acid sequence

comprises on or more features selected from:,residue 49 is R; residue 53 is D; residue 54 is

A; residue 60 is A; residue pr r@&s*@@ rMﬁQEQ!R, residue 147 is L;
residue 165 is T; residue 190)f GOFQHARIRE: Hjresidue 233 is G.

15, The racomme%tLu%lagnqm[\"QcL the amino acid sequence
has one or more of the feat@equem@siﬁsa is A; residue 109 is R; residue 147
is L; and residue 233 is G.
promoter. The
16.  The recomb@) pmﬁeﬂ!a\ﬂe G E®4h the amino acia sequence

comprisesa G, I, C or an ar%sy.rti i jd 2@ aﬁiro acid residue corresponding to
residue 96 of SEQ ID NO:2 or SEQ ID NO:4,

which eisa
17 The recombicprl; 8Pﬁ6iteéfaclaim 16 in which the amino acid sequence

further comprises one or moke of the features selected from: residue 94 is an aromatic amino

acid residue or G; residus 13 QIIIPEISER @D edaue other than L; residue 199 is
any amino acid residue otheclg{ a’."sﬁf@m @R ¥atic amino acid residue other than
A; and residue 206 is an amniaﬁ amré ;zidp rFséiuSe_S iOﬂ

vector a claim 21

it, ,rhieh8r3ol se",

32.4 hots cell

comprising the
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18, The recombinant polypeptide of claim 17 in which the amino acid sequence
comprises one or more of the features selected from: residue 94 is F or G; residue 153 is G or
A, residue 199 is K, I, N, R, V, Q, or W; residue 202 is I, L, or G; and residue 206 is F.

19. The recombinant polypeptide of any one of claims 16 to 18 in which the
amino acid sequence further comprises one or more of the features selected from: residue 49
is a polar amino acid residue other than K; residue 53 is an acidic amino acid residue; residue
54 is a small or aliphatic amino acid residue other than T/P; residue 60 is an aliphatic amino
acid residue other than V; residue 95 is an aliphatic amino acid other than V; residue 97 is a
small amino acid or G; residue 109 is a basic amino acid residue other than K residue 147 is
an aliphatic amino acid residue; residue 165 is a hydroxyl or small amino acid residue;
residue 197 is a small amino acid residue or G; residue 223 is an aliphatic amino acid residue

other than L; and residue 233 is a small amino acid residue or G,

20.  The recombinant polypeptide of claim 19 in which the amino acid sequence
comprises one or more of the features selected from: residue 49 is R; residue 53 is D; residue
54 is A; residue 60 is A; residue 95 is L; residue 97 is G; residue 109 is R; residue 147 is L;
residue 165 is T; residue 197 is G; residue 223 is V; and residue 233 is G.

21, The recombinant polypeptide of claim 20 in which the amino acid sequence
has one or more of the features selected from: residue 54 is A; residue 109 is R; residue 147
is L; and residue 233 is G.

22.  The recombinant polypeptide of claim 1 which comprises an amino acid
sequence selected from the group consisting of SEQ ID NO: 6, 8, 10, 12, 14, 16, 18, 20, 22,
24,26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72,
74,76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100, 102, 104, 106, 108, 110, ] 12,114, 116,
118,120,122, 124, 126, 128, 130, 132, 134, 136, and 138.

23.  The recombinant polypeptide of any one of claims 1 to 21 in which the

recombinant potypeptide is an isolated polypeptide.
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24.  The recombinant polypeptide of claim 23 in which the isolated polypeptide is
a substantially pure polypeptide.

25. A polynucleotide encoding the recombinant polypeptide of any one of claims
11022,

26.  The polynucieotide of claim 25 selected from the group consisting of SEQ ID
NO:5,7,9,11,13,15,17, 19, 21, 23, 25, 27, 29, 31, 33, 35,37, 39, 41, 43, 45, 47, 49, 51,
53, 55, 57,59, 61, 63, 65,67,69,71,73, 75,77, 79, 81, 83, 85, 87, 89, 91, 93, 95, 97, 99,
101, 103, 105, 107, 109, 111, 113, 115, 117, 119, 121, 123, 125, 127, 129, 131, 133, 135, and
137.

27.  The polynucleotide of claim 25 in which the polynucleotide hybridizes under
high stringency condition to a polynucleotide selected from the group consisting of SEQ ID
NO:5,7,9,11,13, 15,17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51,
53, 55, 57, 59, 61, 63, 65, 67,69, 71, 73, 75, 77, 79, 81, 83, 85, 87, 89, 91, 93, 95, 97, 99,
101, 103, 105, 107, 109, 111, 113, 115, 117, 119, 121, 123, 125, 127, 129, 131, 133, 135, and
137.

28.  Anexpression vector comprising the polynucleotide of any one of claims 25

and 27 operably linked to control itable for directing expression in a host cell.
29.  The expression vector of claim 28 in which the control sequence is a promoter.

30.  The expression vecior of claim 29 in which the promoter comprises an E. coli.

promoter.

3}1.  The expression vector of claim 28 in which the control sequence is a secretion

signal.

32, A host cell comprising the expression vector of any one of claim 28 to 31,
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33.  The host cell of claim 32 which is homologous with the cell type of the wild-

type ketoreductase enzyme from which the engineered ketoreductase enzyme was derived.

34. The host cell of claim 32 which is heterologous with the cell type of the wild-

type ke{oreductase enzyme from which the engineered ketoreductase enzyme was derived.
35. The host cell of claim 32 in which the cell is £. coli.

36.  The host cell of claim 32 or 35 in which the codons comprising the expression

vector have been optimized for expression in said host cell.
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