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KETOREDUCTASE POLYPEPTIDES FOR THE
REDUCTION OF ACETOPHENONES

i

[0041] This application claims benefit under 35 U.S.C. § 119(e) of application Serial No.

60/972,058, filed September 13. 2007, the contents of which are incorporated herein by reference.

2 REFERENCE TO SEQUENCE LISTING, TABLE OR COMPUTER PROGRAM

{0682] The Sequence Listing concuwrently submitted herewith under 37 C.F.R. §1.821 in a computer
readable form (CRF) via EFS-Web as file name 376247-017.txt is hercin incorporated by reference.

The electronic copy of the Sequence Listing was created on September 13, 2008, with a file size of

213Kbyvies.

3. BACKGROUND

{¢683] Enzymes belonging to the ketoreductase (KRED) or carbonyl reductase class (EC1.1.1.184)
are useful for the synthesis of optically active alcohols from the corresponding prostereoisomeric
ketone substrate and by stercospecific reduction of corresponding racemic aldehyde substrates,
KREDs typically convert ketone and aldehyde substrates 1o the corresponding alcohol product, but
may also catalyze the reverse reaction, oxidation of an alcohol subsirate 10 the corrasponding
ketone/aldehyde product. The reduction of ketones and aldehvdes and the oxidation of alcohols by
enzymes such as KRED requirss a co-factor, most commonty reduced nicotinamide adenine
dinncleotide (NADH) or reduced nicotinamide adenine dinucleotide phosphate (NADPH), and
nicotinamide adenine dinucleotide (NAD) or nicotinamide adenine dimicieotide phosphate (NADP)
for the oxidation reaction. NADH and NADPH serve as electron donors, while NAD and NADP serve
as electron acceptors. It Is frequently observed that ketoreductases and alcoho! dehyvdrogenases accept
either the phosphorylated or the non-phosphorylated co-factor (in its oxidized and reduced staie), but

not both.

[8084] KRED enzymes can be found in a wide range of bacteria and veasts (for reviews, sec Kraus
and Waldman, 1993, Enzvme catalysis in organic svnthesis, Vols. 182.VCH Weinheim; Faber, K.,
2000, Biotransformations in organic chemistry, 4th Ed. Springer, Berlin Heidelberg New York: and
Huommel and Kula, 1989 | Fur. J. Biochem. 184:1-13). Several KRED gene and enzyme sequences
have been reported, e.g., Candida magnoliae (Genbank Acc. No. JC7338; GI:11360338) Candida



parapsilosis (Genbavk Acc. No. BAA24528.1; GL2B15409), Sporsbolomyces salbmonicolor
(Genbank Acc. No, AF160799; G1:6538734).

[6685] In order 1o circumvent many chemical synthetic procedures for the production of key
corapounds, ketoreductases are being increasingly employed for the enzymatic conversion of differemt
keto and aldehyde substrates w chiral alcohol products. \'I"hese applicarions can employ whole cells
expressing the ketoreductase for biocatalytic ketone and aldehyde reductions, or by use of purified
enzymes in fhose instances where presence of multiple ketoreductases I whole cells would adversely
affect the siereopurity and vield of the desired product. For én vizro applications, & co-factor (NADH
or NADPH) regenerating enzyme such as glucose dehydrogenase (GDH), formate debydrogenase ec.
is used in conjunction with the ketoreductase. Examples using ketoreductases w generate useful
chemical compounds inclade asymmetric reduction of 4-chioroacetoacetate esfefs (Zhouw, 1983, .1 4m.
Chem. Soc. 105:5925-5926: Santaniello, J. Chem. Res. (S) 1984:132-133: U.S. Patent Nos. 5,559,030
10.S. Patent No. 5,700,670 and U.S. Patent No. 5,891,685), reduction of dioxocarboxylic acids {e.g.,
U.S. Patent No. 6,399,339), reduction of tert-butyl (5) chloro-5-bydroxy-3-oxchexanoate (e.g., US.
Patent No. 6,645,746 and WO 01/40450), reduction pyrrolotriazine-based compoiinds (e.g., U.S.
applicarion No. 2006/6286646); reduction of substinated acetophenones (e.g., U.S: Patent No.
6,800,477); and reduction of ketothiolanes (WO 2005/054491).

80%6] It is desirable to identify other ketoreductase enzymes that can be used to carryout conversion

of various keto substrates to its corresponding chiral alcobol products.

4, SUMMARY

[0087] The present disclosure provides sngineered ketoreductase (“KRED™) e:ﬁzymss that are
capable of sterecselectively reducing a defined keto substrate to its corresponding aicohol product and
having an improved property when compared with the namrally-ocourring, wiid»@e KRED enzyme
obtained from L. kefir (SEQ ID NO:4) or L. brevis (SEQ ID NC:2) or L. minor (SEQ ID NO:98) or
when compared with other engineered ketoreductase enzymes.

[60072] In one aspect, there is provided a ketoreductase polypeptide derived from a wild-type
Lactobacillus ketoreductase of SEQ ID NC: 2, 4, or 98 capable of stereoselectively reducing

acetophenone to (S)-1-phenethanol, wherein the polypeptide has a profine residue at the residue

corresponding to X190 of SEQ ID NOG:2, 4 or 98.

{0067b] It is shown in the present disclosure



that naturally occurring ketoreductases from Lactobacillus species reduce the compound
acetophenone 10 (R)-1-phenethancl. Since the wild-type enzymes are generaliy selective for reducing
the acetophenone io their corresponding (R)-alcohols, these naturally oceurring enzymes are

(R)-selective ketorednctases, or (R)-ketoreduetases. For substitned ac“'tophanonns such as 2°.6°-

dichloro-3°- -fluoroacetophenone, these wild-type L. kefir or L. brevis or L. minor ketoreductase

enzymes display insignificant, if any, acuvity towards the substinned acetophcnone substrate,

However, the engineered ketoreductase enzymes of the present disclosure, which are derived from 2

wild-type Laciobacilius species ketoreductase, are capable of reducing acetophenone to (S )-1-

Za
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phenethanol. Hence, the ketoreductases described herein are characterized by reversed
enantioselectivity as compared 1o the wild-tyvpe L. kefir or L. brevis or L. minor ketoreductases for the
reduction of acetophenone. These polypeptides of the disclosure are consequently referred to as
(&)-selective ketoreductases, or (5)-ketoreductases. The reversed enantioselectivity is based on
mutating the residue at position 190 (.e., X190) of the wild type ketoreductase enzyme to a residue

which is not tyrosine, preferably to a non-aromatic residue, and particularly to a proline residue.

[8008] Moreover, the engineered enzymes described herein can have one or more improved
properties in addision to the altered stereoselectivity, For example, the engineered ketoreductase
polypeptide can have increased enzymatic activity as compared to the wild-type ketoreduciase
enzyme for reducing the substrate to the product and/or further increases stereoselectivity for the ()
enantiomer. Improvements in enzyme properties can also include, among others, mcreases in
thermostability. solvent stability, or reduced product inlhibition. As further disclosed herein, while the
wildtype ketoreductases show imsignificant activity in reducing substituted acetophenones, the
disclosure provides ketoreductases of capabie of reducing or converting a substituted acetophenone,

27, 6’-dichloro-3"-{luorcacetophenone to ($)-1-[2,6-dichlore-3-fluorophenyl]-ethanol.

[6009] Accordingly, in some embodiments, the present disclosure relates to ketoreductase
polypeptides having at the residue corresponding to X190 of SEQ 1D NO:2, 4 or 98 2 tesidue which is
not a tyrosine. In some embodiments, this residue is a non-aromatic residue, such as, for example, an

aliphatic, constrained, non-polar, or cysieine residue. In some embodiments, this residue is profine.

[0018] In addifion to the features at the residue corresponding to X 19¢, the ketoreductases can have
one or more residue differences at other residue positions as compared fo the sequences of SEQ 1D
NO:Z, 4, or 98, In some embodiments, the ketoreductase polypeptides herein comprise an amino acid
sequence that is at least about 85%, 869%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 95%,
97%, 98%, 99% or more identical as compared io a reference sequence based on SEQ 1D NO: 2, 4 or
98 having at the residue corresponding to X190 a non-aromatic residue, including an aliphatic,
constrained, non-polar, or cysteine residue, particularly alanine, isoleucine, cysteine, or proline, with
the proviso that the ketoreductase polypeptide has at the residue corresponding to X190 a residue
which is other than a tyresine, particularly a non-aromatic residue. In some embodiments, the
ketoreductase polypeptide has an amino acid sequence in which the residue corresponding to X190 1s
an aliphatic, constrained, non-polar, or cysteine residue. In some embodiments, the ketoreductase
pelypeptide has an amino acid sequence in which the residue comresponding to X190 is alanine,
isoleucine, cysteine, or proline, particularly proline. Tn some embodiments, these residue differences
results in an improved property, such as increased epzymatic activity for the substrate. The improved

properties can be in reference to the wildtype ketoreductase enzyme or in reference to an engineered
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ketoreductase enzyme. For example, in some embodiments, improvements in the ketoreductase
enzymes are compared to the properties of the engineered enzyme having the amine acid seguence
corresponding to SEQ 1D NO:6, which is capable of converting the substrate to the product with a
stereomeric cxeess greater than 99% with measurable activity, and therefore improved as compared to
the wild-type L. kefir or L. brevis or L. minor ketoreductases. Various residue differences that can
result in one or more improved enzyme propertics are provided in the detailed description. In some
embodiments, these engineered ketoreductase polypeptides are based on the sequence formulas as laid

out in SEQ ID NO:935, 96 and 119 {or a region thereof, such as residues 90-2111.

[0811] In some embodiments, the ketoredoctase polypeptide of the disclosure are capable of
converting 27, 6"-dichloro-3"-fluorcaceiophenone to (5)-1-{2,6-dichloro-3-fluorophenyi}-ethano! with
a stercomeric excess greater than 99% and at a rate that is improved over the ketoreductase
polypeptide having the sequence of SEQ D NOG:6. Exemplary polypeptides that are improved over
SEQ 1D NO:6é with respect to enzymatic activity, include but are not limited to, polypeptides
comprising antino acid sequences corresponding to SEQ 1D NO: §, 16, 12, 14, 16, 18, 20, 22, 24, 24,
28,30, 37, 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, 940, 92, and 94.

[0012] In some embodimenis, the ketoreductase polypeptides are capable of converting 27, 6°-
dichloro-3"-fluoroacetophenone to (5}-1-[2,6-dichloro-3-fluorophenyil-etitanc! with a stereomeric
excess greater than 99% and at a rate thai is improved over the ketoreductase polypeptide having the
sequence of SEQ ID NO:6, wherein the polypeptide alse has improved thermostability as compared to
the polypeptide having the sequence of SEQ ID NO:6. Exemplary polypeptides having such
improvements include, but are not limited to, poiypeptides comprising aming acid sequences
corresponding to SEQ ID NO: &, 16, 18, 20, 22, 26, 28,30, 32, 34, 38, 40, 42, 44, 46, 34, 66, 68, 70,
72,74, 76,78, 80, 82, 84, §6, 88, 90, 92, and 94,

[6613] In some embodiments, the ketoreductase polypeptides are capable of converting 27, 6°-
dichlore-3"-fluorcacetophenone to (8)-1-[2,6-dichloro-3-fluorophenyl}-ethanol with a stercomeric
excess greater than 99% and at a rate that is at least about 450% greater than the ketoreductase
polypeptide having the sequence of SEQ 1D NC:6. Exemplary polypeptides capable of such an
improvement include, but are not limited to, polypeptides comprising amino acid sequences
corresponding to SEQ 1D NO: 8, 10, 14, 16, 18, 22,24, 26, 28, 30, 32, 34 36, 38 40, 42 44 46, 54,
56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 88, 90, 92, and Y4.

16034] In some embodiments, the ketoreductase polypeptides are capable of converting 2°, 6°-

dichloro-3’-fluorcacetophenone to (S)-1-[2.6-dichloro-3-fluorophenyli-ethanol with a stereomeric
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excess greater than 99% and at a rate that is at least about 450% greater than the ketoreductase
polypeptide having the sequence of SEQ ID NO:6, wherein the polypeptide also has an improved
thermostability as compared to the polypeptide of SEQ ID NO:6. Exemplary polypeptides having
such properties include, but are not limited to, polypeptides comprising amino acid sequences
corresponding to SEG ID NO: 8, 16, 18, 22, 26, 28, 30, 32, 34, 38, 40, 42, 44, 46, 54, 66, 68, 70, 72,
74,76, 78, 80, 82, 84, 86, 88, 90, 92, and 94,

[0815] In some embodiments, the ketoreductase polypeptides are capable of converting 2°, 6°-
dichloro-3"-fluoroacetophenone to (5)-1-[2,6-dichioro-3-fluorophenyl]-ethanol with a stereomeric
excess greater than 99% and at & rate that is at least about 1500% greater than the keicreductase
polypeptide having the sequence of SEQ ID NO:6. Exemplary polypeptides capable of such an
improvement include, but are not hmited to, polypeptides comprising amino acid sequences
corl‘esi}onding to SEG ID NG: 18, 32, 34, 36, 38, 40, 42, 44, 46, 74, 76, 78, 80, 82, 84, &6, 88, 90, 92,
and 94.

{0016] In some embodiments, the ketoreductase polypeptide are capable of converting 2°, 6°-
dichlore-3’-fluorcacetophenone to (5)-1-[2,6-dichioro-3-fluorophenyil-sthancl with a stereomeric
excess greater than 99% and at a rate that is at least about 1500% greater than the ketoreductase
polypeptide having the sequence of SEQ 1D NO:6, wherein the polypeptide alse has an improved
thermostability as compared to the polypeptide of SEQ ID NO:6. Exemplary polypeptides having
such properties include, but are not limited to, polypeptides comprising amino acid sequences
corresponding to SEQ I NO: 18, 32, 34, 36, 38, 40, 42, 44, 46, 74, 76, 78, 80, 82, 84, 80, 88, 90, 92,
and 94,

[8017] In some embodiments, the ketoreductase polypeptide are capable of converting in less than
about 24 hours at least about 95% of the 2°, 6" -dichloro-3’-fluorcacetophenone substrate to (S3-1-(2.6-
dichlore-3-flucrophenyl) ethanol, in at least about 99% stereomeric excess, when carried cut with the
polypepiide at an amount of Iess than about 1% by weight with respect t¢ the amount of the 27, &°-
dichloro-3"-fluoroacetophenone substrate. Exemplary polypeptides that have this capability include,
but are not limited to, polypeptides comprising amino acid sequences corresponding to 18, 32, 34, 36,

38,40, 42, 44, 46, 74,76, 78, 8G, 82, 84, 86, 8, 90, 92, and 94.

[6018] in some embodiments, the ketoreductase polypeptides are capable of converting 27, 6°-
dichloro-3°-fluorcacetophenone to (S)-1-[2 6-dichioro-3-fluorophenylj-ethanol with an stereomeric
excess greater than 99% and at a rate that i3 at least about 450% greater than the ketoreductase
polypeptide having the sequence of SEQ ID NO:6, wherein the polypeptide is also capable, afier o

heat treatment of 50°C for 2 hours, of converting the substrate 1o the product ai a rate that is at least

[



about 400% gremer than the polypeptide having the seguence of SEQ ID NO:16 (where the
polypepude of SEQ ID NO:16 was also weated with the same heat weamment). Exemplary
polypeprides having such properties include, b are not limired 0, polypeptides comprising amino
acid sequences corresponding 1o SEQ ID NO: 18, 32, 34, 36, 38. 40,432, 44 46, 74, 76, 8. R0, 82. B4,
B6. BE, 90, 92. and 9%4.

[6819] In some embodiments, the improved ketoreductase polypeptides capable of convernng 27, 6™
dichioro-3°-fluoroacetophenone o (S)-1 -[2.6-dichloro-3-fluorophenyi]-ethanc! comprise 2 region or
domain having an amino acid sequence that is ar least aboum 85%. 86%. 87%, B8%. 89%. 90%. 91%,
92%, 93%, 9%, 95%, 96%. 97%. 98%, or 99% identcal 1o & region or domain corresponding 1o
residues 90-211 of a reference sequence based on SEQ ID NO:2, 4 or 98 having at the residue
correspondimg to X190 a non-aromatic residue, including an alipbatic, constrained, non-polar, or
cysieine residue, partcutarly alanine, isolencine. cysteine, or proline, with the proviso that the
ketoreductase polypeptide region or domain has at the residue corresponding 10 X190 e residue other

| than a tyrosine. In some embodiments, the ketoreductase polypeptide has 2 region or domain
corresponding to residues 90-211 of the reference sequence in which the residue corresponding o
X180 is a nop-aromatic residue. In some embodimens, this residue corresponding to X190 can be an
aliphatic, constrained, non-polar, or cysteine residue. In some embodimenis, the residoe
corresponding 1o X190 can be alanine, isoleucine. cvsieine, or proling, pardcularly proline. In some
embodirnents, the ketoreductase polypeptides can have one or more residue differences in the domain
or region as compared to the reference seguence. Various residue posiaons that can differ from the

reference sequence are provided in the demiled description,

[6028] The present disclosure also provides polynuclectides encoding the engineered

ketoreductases described herein or polynucleotides that hybridize to such polynucleotides under
highly stringent conditions. The polynucleotide can inchude promoters and other reguiatory siements
useful for expression of the encoded engineered ketoreductase, and can urilize codons optimized for
specific desired expression systems. Exemplary polynucleorides encoding the snginesred
ketoreductases include, but are not limired 10, polynucleotides comprising sequences corresponding to
SEQIDNO: 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, 83. 87, 89. 51, and 93.

In one aspect, there is provided a polynucleotide encoding a poly;;eptide as defined herein, wherein the
polynucleotide is optionally seiected from the group consisting of SEQ ID NO: 9, 13, 17, 19, 21, 23,
27,31, 35,37, 39, 41, 43, 45, 47, 49, 51, 35, 57, 59, 61, 63, 67, 69, 73, 75, 77, 79, 81, 83, 83, 87, 89,
91, and 93. In another aspect, there is provided an expression vector comprising the polynucleotide as

defined herein, operably linked to at least one control sequence suitable for directing expression in 2

host cell.



[8021] The present disclosure aiso provides host cells comprising the polynucleotides and/or expression
vectors described herein. In one aspect, there is provided a host cell comprising the expression vector as
defined herein. The host celis may be L. kefir or L. brevis, or they may be

a different organism. The host cells can be used for the expression and isolation of the engineered

ketoreductase enzymes described herein, or, alternatively, they can be used directly for the conversion

ta
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of substituted acetophenone substrates of formuila (1) or (111 to the corresponding (S)-alcehol product
of formula (11} or (IV), respectively.

[8822] Whether carrying out the method with whele cells, cell extracis or purified ketoreductase
enzymes, a single ketoreductase enzyme may be used or, alternatively, mixfures of two or more

ketoreductase enzymes may be used.

{08231 As noted above, the ketoreductase enzymes deseribed herein are capable of catalyzing the
reduction reaction of 2 2',6'-substituted acetophenone, which can be optionally substituted at one or
more of the 3, 4, and 5' positions, to the corresponding ($)-alcohel product,

{0024} In some embodiments, the ketoreductase enzymes arc capable of reducing or converting the

ketone of structural formuta (1), 2°,67-dichloro-3" -fluorcacetophenone:

Cl O

H

to the comrespanding chiral alcohol product of structural formula (I1), (5)-1-[2,6-dichloro-3-

fluorephenyl}-ethanol:

Cl H

(1)

{0625] In some embodiments, the ketoreductase enzymes described herein are capable of catalyzing

the reduction of 2',6"-substituted acetophenone compounds of structural formula (11T}

(111




optionally substituted at one or more of the 3. 4% and 5" positions, wherein Y and Z are
independently selected from CHs, CFs, NH;, OH. OCH;, CL. and Br. to the corresponding chiral

alcohol product of struciaral formula (TV;

(V)

[0926] Accordingly. in some embodiments, the disclosure provides a method for reducing a 2°.6°
substituted acetophenone substrate, optionally substituted at one or more of the 3°, 4" and 5° positions,
to the corresponding substituted (5)-phenethanol, where the method comprises contacting the
substrate with the ketoreductases described herein under reaction conditions suitable for reducing or

converting the substrate to the corresponding substituted ( S}-phenethanol.

10026a] In one aspect, there is provided a method for stereoselectively reducing a 2',6'-substituted
acetophenone substrate, optionally substituted at one or more of 3 ", 4" and 57 positions, to the
corresponding substituted (S)-1-phenethanol, which comprises contacting the substrate with the
ketoreductase polypeptide as defined herein under reaction conditions suitable for stereoselectively

reducing or converting the substrate to the corresponding (8)-alcohol product,

[0026b] In scme embodiments of
this method, the substrate is reduced 1o the product in greater than abowt 25%, 50%, 75%, 80%, 85%,

90%, 95%, 99%, or 99.9% stereomeric eXcess.

{6027] In some embodimens, the disclosure provides a method for reducing 8 27,6 substinied
acetophenone of formula (117) 1o the corresponding substituted (S)-phenethanol of formula (IV), where
the method comprises contacting the substrate with the ketoreductases described herein under reaction
conditions suitable for reducing or converting the substrate of formula (IF) to the corresponding
substinted (S)-phenethanc] product of formula (IV). In some embodiments of this method, the
subswrate is reduced to the product in greater than abour 25%, 50%, 75%. 80%, B5%, 90%. 95%, 999%.

or 99.9% stereomeric excess.

{0628] In some embodiments, the disclosure provides a method for reducing & 2°,6"-dichloro-3°-
fluoroacetophenone substrate of formula (I) to its corresponding {§)-aicohol product of formula (11},
(&)1 -[2,6-dichloro-3-fluorophenyi}-ethanol, where the method comprises comtaciing or incubating the
27, 6”-dichiaro-S’-ﬂuoraacetophcnonc with the ketoreducases described herein under reaction

conditions suitable for reducing or converting 2°.6'-dichloro-3 “~fiuorcacetophenone 1o ( Si1-12,6-

8



dichloro-B-ﬂucropheny!]—emanol. In some embodirnents of this method, the substrate is reduced 1o
the product in greater than sbout 85%, 90%, 95%, 99%, or 9909, stereomeric excess. In some
embodiments, the substraze is reduced to the product in grearer than abour 85% stereomeric EXCEess,
wherein the keworeduciase polypepride comprises an amino acid sequence based on the sequence
formula of SEQ ID NO:93, 96 or 119, Iy some smbodiments, the substrase 15 reduced 1o the product

in greater than about 9924 Sterepmeric excess, wherein the ketoreductase polypepiides used in the

8a



method comprise amino acid sequences corresponding 10 SEQ ID NO: 6, 8, 10, 12, 14, 16. 18, 20. 12,
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, 8O, 82, B4, 86, 88, 90, 92, and 94,

B0Z9] In some embodimern of this method. at least abour 95% of the substrate is reduced to the

product in greater than about 99% stereomeric excess in less than 24 hours when the method is carried

out with the ketoreductase polypeptide at an amownt of less than about 1% by weight with respect 10

the amoumt of the 2°, 6’ -dichloro-3"-fluoroscetophenone substrate, wherein the keoreductase
polypeptides comprise amino acid sequences that corresponds to SEQ TD NO: 18, 32, 34. 36, 38, 40,
42,44, 46,74, 76,18, 80, 82, B4, B6, 88, 90, 92, and %4.

In one aspect, there is provided a composition comprising a 2°,6°-substituted acetophenone, o}:'stiona!}y-
substituted at one or more 0f 3°, 4" and 3" positions, and/or the corresponding substituted (S)-1-phenethanol,
and a ketoreductase as defined herein, and wherein the substrate is optionally 2°,6-dichioro-3’-
flnoroacetophenone of formula (1), and the corresponding substituted (S)-1-phenethano) is (S)-1-(2,6-

dichloro-3-fluoropheny!) ethano! of formula (I1).

[6938] In some embodmments, the disclosure provides compositions of 2 ketoreductases described
herein and a 2,6 substitated acetophenone, optionally substituted at one or more of 3°, 4" or 5°
positions, and/or the corresponding substituted (S)-phenethanol. In some embodiments, the
compositions comprise 2 ketoreductase described herein and the compound of formula (1) and/or the
compound of formula (II). In some embodiments, the compositions comprise a ketoreductase
described herein and the compound of formula (IIT), and/or the compound of formula (TV). In some
embodiments, the compositions comprise a ketoreductase described herein, and the compound of
formula (V) and/or the compound of formula (VI). In some embodimens, the compositions can

further comprise a cofactor regenerafing systetn.

8431} In some embodiments, the disclosure relates to use of the engineered ketoreductases in the
synthesis of proiein kinase inhibitors deseribed in WO06021886, WO06021884, WO06021881. and
WO04076412.

[3031a] In one aspect, there is provided a method for producing the protein tyrosine kinase inhibitor
compound of structural formula (VII), including salts, hydrates and solvates thereof, which comprises a step

of reducing or converting a compound of formula (I) to the compound of formula (II) using the ketoreductase
polypeptide as defined herein under suitable reaction conditions.
[0631b] In one aspect, there is provided a method for producing the protein tyrosine kinase inhibitor

compound of structural formula (VIII), including saits, hydrates and solvates thereof, which comprisgs a step

of reducing or converting a compound of formula (1) to the compound of formula (II) using the ketoreductase



polypeptide as defined herein under suitable reaction conditions.

[8031¢] In some embodiments, in a method for synthesis of these protein kinase inhibitors, a
step in the method can comprise reducing or converting the substrate 2° 6’ -dichloro-3'-
fluoroacetophenone of formula (It i1s corresponding { Sh-aicohol product of formula (), (5)-1-[2.6-

dichkoroﬁS-ﬂuemphmylj—ethano} with the ketoreductases of the disciosure.

5. BRIEF DESCRIPTION OF THE FIGURES

i8832] FIG.] illustates the roje of ketoreductases ( KRED) in the conversion of the substrate
compound of formula (1), 2’,6’~dichior0~3-ﬂuoroacemphenune, 10 the corresponding chiral alcohol
product of formula (11), (S)«E~[2,6,-—diciﬂoroﬁ—ﬂuorophenyl]-ethano}.. In this reaction, the substrate is
reduced biocatalytically 1o the corresponding {§)-alcohol. This reduction uses a KRED described
herein and a co-factor such ag NADPH. A glucose dehydrogenase (GDH) is used 1o coveryrecycle
NADP" to NADPH. Glucose is converted 10 gluconic acid, which in tum is converted to #ts sodiom

salt (sodium gluconaie) with the addition of sodium bydroxide.

9g
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6. DETAILED DESCRIPTION
6.1 Definitions
[0833] As used herein, the following terms are intended to have the foliowing meanings.

[0034] “Eetoreductase” and “KRED™ are nsed interchangeably herein to refer to a polypeptide

having an enzymatic capability of reducing a carbonyl group to its corresponding alcohol. More
specifically, the ketoreductase polypeptides of the mvention are capable of stereoselectively reducing
the compound of formula (I), supra to the corresponding product of formula (11}, supra. The
pelypeptide typically utilizes a cofactor reduced nicotinamide adenine dinucleotide (NADH) or
reduced nicotinamide adenine dinucieotide phosphaie (NADPH} as the reducing agent.
Ketoreductases as used herein include naturally occurring (wild type) ketoreductases as well as non-

naturally occurring engineered polypeptides generated by human manipulation.

8435] “Coding seguence™ refers to that portion of a mucleic acid (e.g., a gene) that encodes an amino
Ll o

acid scquence of a protein.

[0036] “Namrallv-occurring” or “wild-type” refers to the form found in nature. For exampie, a

natorally occurring or wild-type pelypeptide or polynucieotide sequence is a sequence present in an
organism that can be isclated from a source in natare and which has not been intentionally modified

by human manipufation.

[0037] “Recombinant” when used with reference to, e.g., a cell, nucleic acid, or polypeptide, refers to
a material, or a material corresponding to the natural or native form of the material, that has been
modified in a manner that would not otherwise exist in nature, or is identical thereto but produced or
derived from synthetic materials and/or by manipulation using recombinant techniques. Non-limiting
examples include, among others, recombinant cells expressing genes that are not found within the
native (non-recombinant) form of the cell or express native genes that are otherwisc expressed af a

different level,

[0038] “Percentage of sequence idenfity” and “percentage homology™ are used interchangeably

herein to refer to comparisons among polynucleotides and polypeptides, and are determined by
comparing two optimaliy aligned sequences over a comparison window, wherein the portion of the
polynucleotide or polypeptide sequence in the comparison window may comprise additions or
deletions (i.e., gaps) as compared to the reference sequence (which does not comprise additions or
deletions} for optimal alignment of the two sequences. The percentage may be calculated by
determining the number of positions at which the identical nucleic acid base or amino acid residue

occurs in both sequences to yield the number of matched positions, dividing the number of matched

10
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positions by the total number of positions in the window of comparison and multiplying the result by
100 to vield the percentage of sequence idendity. Alternatively, the percemiage may he calculated by
determining the number of positions at which gither the identical nucieic acid base or amino acid
residue occurs in boih sequences or a nucleic acid base or amino acid residue is aligned with a gap to
yield the number of matched positions, dividing the number of matched positions by the total member
of positions in the window of companison and multiplying the result by 100 o yield the percentage of
sequence identity. Those of skill in the art appreciate that there are many established algorithms
available to align fwo sequences. Optimal alignment of sequences for comparison can be conducted,
e.g., by the local homology algorithm of Smith and Waterman, 1981, Adv. Appl. Marh. 2:482 by the
homology alignment algorithm of Needleman and Wunsch, 1970, J Mol Biol 48:443 ) by the search
for similarity method of Pearson and Lipman, 1988, Proc. Nutl. Acad. Sci. US4 85.2444, by
computerized implementations of these algorithms (GAP, BESTEIT, FASTA, and TFASTA in the
GCG Wisconsin Software Package), or by visual inspection (see generally, Current Protocols in
Molecular Biology, F. M. Ausubel et al., eds., Current Protocols, & joint venture between Greenc
Publishing Associates, Inc. and John Wiley & Sons, Inc., {1995 Supplement) (Ausubel)). Examples of
algorithms that are suitable for determining percent sequence identity and sequence similarity are the
BLAST and BLAST 2.0 algorithms, which are described m Altschul et al., 1990, J, Mol Biol. 215:
403-416 and Alischul et al., 1977, Nucleic Acids Res. 3389-3402, respectively. Software for
performing BLAST analyses is publicly available through the National Center for Biotechnology
information website. This algorithm involves first identifying high scoring sequence pairs (HSPs) by
identifying short words of length W in the query sequence, which either maich or satisfy some
positive-valued threshold score T when aligned with a word of the same length in a database
sequence. T is referred to as, the neighborhood word score threshold {Altschul et al, supra). These
itial neighborhood word hits act as seeds for initiating searches to find longer FISPs containing
them. The word hits are then extended in both directions along each sequence for as far as the
cumulative alignment score can be increased. Cumulative scores are caleulated using, for nucleotide
sequences, the parameters M (reward score for a pair of matching residues; always >0} and N (penalty
score for mismaiching residues; always <0}, For amino acid sequences, a scoring marrix is used to
calculate the cumulative score, Extension of the word hits in cach direction are halted when: the
cumulative aligmment score falls off by the quantity X from its maximum achieved value; the
cunmuiative score goes to zero or below, due to the accumulation of one or more negative-scoring
residue alignments; or the end of ¢ither sequence is reached. The BLAST algorithm parameters W, T,
and X determine the sensitivity and speed of the alignment. The BLASTN program (for nucleotide
sequences) uses as defaults a wordlength (W) of 11, an expectation (E) of 10, M~5, N=-4, and a

comparison of both strands. For amino acid sequences, the BLASTP program uses as defaults a

11
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wordlength (W) of 3, an expectation (E) of 10, and the BLOSUMG2 scoring matrix (see Henikoff and
Henikoff, 1989, Proc Natl Acad Sci USA §9:10915). Exemplary determination of sequence alignment
and % sequence identity can employ the BESTFIT or GAP programs in the GCG Wisconsin Software

package (Accelrys, Madison W1), using defavlt parameters provided.

88391 “Reference sequence” refers to a defined sequence used as a bagis for a sequence compariscn,
q

A reference sequence may be a subset of a larger sequence, for example, a segment of 2 full-length
gene or polypeptide sequence. Generally, a reference sequence is at least 20 nucleotide or amino acid
residues i length, at least 25 residues in lengil, at least 50 residues n length, or the full length of the
nucleic acid or polypeptide. Since two polynuclectides or polypeptides may each (1) comprise a
seguence {l.e., a portion of the complete sequence) that 15 similar between the two sequences, and {2)
may further comprise a sequence that 1s divergent between the two sequences, SeqUENCS COMParisons
between two {or more) poivnucleotides or polypeptide are typically performed by comparing
sequences of the two polynucleotides over a “comparison window™ to identify and compare local

regions of sequence similarity,

[0849] In some embodiments, a “reference sequence” can be based on a primary amino acid
sequence, where the reference sequence is a sequence that can have one or more changes in the
primaiy sequence. For instance, a reference sequence “based on SEQ ID NO:4 having at the residue
corresponding to X190 a proline” refers to a reference sequence in which the corresponding residue at

X190 in SEQ 1D NO:4 has been changed to a proline.

[6041] “Comparison window” refers to a conceptual segment of at least about 20 contiguous

mucleotide posiitons or amino acids residues wherein a sequence may be compared to 2 reference
sequence of at least 20 conitguous nucleotides or amino acids and wherein the portion of the sequence
in the comparison window may comyprise additions or deletions (i.e., gaps) of 20 percent or less as
compared to the reference sequence (which does not comprise additions or deletions) for optimal
alignment of the two sequences. The comparison window can be longer than 20 contiguous residues,

and includes, optionally 30, 4G, 50, 100, or longer windows.

[0642] “Substantial identity™ refers to a polynucleotide or polypeptide sequence that has at least 80

percent sequence identify, at feast 85 percent identity and 89 to 95 percent sequence identity, more
usually at least 99 percent sequence identity as compared 1o a reference sequence over a comparison
window of at least 20 residue positions, frequently over a window of at least 30-50 residues, wheremn
the perceniage of sequence identity is calculated by comparing the reference sequence to a sequence
that inciudes deietions or additions which total 20 percent or less of the reference sequence over the

window of comparison. In specific embodiments apphed to polypeptides, the term “substantial
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identity” means that two polypeptide sequences, when optimally aligned, such as by the programs
GAT or BESTEIT wsing default gap weights, share af least 80 percent sequence identity, preferably at
least 89 percent sequence identity, at least 93 percent sequence identity or more (e.g., 99 percent
sequence identity}. Preferably, residue positions which are not identical differ by conservative amino

acid substitutions.

[0843] “Comesponding to”, “reference 10” or “relative to” when used in the context of the mumbering

of a given amino acid or polynucleotide sequence refers to the numbering of the residues of a
specified reference sequence when the given amino acid or polynucleotide sequence is compared to
the reference sequence. In other words, the residue number or residuc position of a given polymer is
designated with respect to the reference sequence rather than by the actual numerical position of the
residue within the given amino acid or polynucleotide sequence. For example, a given amino acid
sequence, such as that of an engineered ketoreductase, can be aligned to a reference sequence by
infroducing gaps to optimize residue matches between the two sequences. In these cases, although the
gaps are present, the numbering of the restdue in the given amino acid or polynuclectide sequence is

made with respect fo the reference sequence to which it has been aligned.

[6044] “Stereosslectivity™ refers to the preferential formation in 2 chemical or enzymatic reaction of
one stereoisomer over another, Stereoselectivity can be partial, where the formation of one
stereoisomer is favored over the other, or it may be complete where only one sterecisomer is formed,
When the stercoisomers are enantiomers, the stereoselectivity is referred to as enantioselectivity, the
fraction (typically reported as a percentage) of one enantiomer in the sum of both, It is commonly
alternatively reported in the art (typically as a percentage) as the enantiomeric excess (e.2.) calonlaied
therefrom according to the formula [major enantiomer — minor enantiomer]/[major enantiomer +
minor enantiomer]. This can also be referred o as stereomeric excess (s.e). Where the sterecisomers
are diastereoisomers, the stereoselectivity is referred to as diastereoselectivity, the fraction (typically

reported as a percentage) of one diastereomer in a mixture of two diastereomers.

[0045] “Highly stereoselective™ refers to a ketoreductase polypeptide that is capable of converting or

reducing 27,6 -dichlore-3"-fluoreacetophenone (formula (1D) to the corresponding (S)-alcohol product

(S)-1-[2,6-dichloro-3-fluorophenyli-ethano! (formula (11)) with at least about 85% stereomeric excess.

[6046] “Improved enzyme property” refers to a ketoreductase polypeptide that exhibits an

improvement in any enxyme property as compared to a reference ketoreductase. For the engineered
Iketoreductase polypeptides described herein, the comparison is generally made o the wild-type
ketoreductase enzyme, although in some embodiments, the reference ketoreductase can be another

improved engineered ketoreductase. Enzyme properties for which improvement is desirable include,
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but are not limited to, enzymatic activity (which can be expressed in terms of percent conversion of

the substrate), thermal stability, pH actvity profile, cofacior requirements, refractoriness to mhibitors

(e.g., product inhibition), stercospecificity, and stereoselectivity (incliding stereoselectivity).

108477 “Increased enzvmatic activity™ refers to an improved property of the engineered
{ properiy g

ketoreductase polypeptides, which can be represented by an mcrease in specific activity (e.g., product
produced/ime/weight protein) or an increase in percent conversion of the substrate to the product
{e.g.. percent conversion of starting amount of substrate to product in a specified time period using a
specified amount of KRED) as compared 1o the reference ketoreductase enzyme. Exemplary methods
10 determiine enzyme activity are provided in the Examples. Any property relating to enzyime activity
may be affected, including the classical enzyme properties of K, Viur OF ks, changes of which can
lead to mereased enzymatic activity, Improvements in enzyme activity can be from about 1.5 times
the enzymatic activity of the corresponding wiid-type ketoreductase enzyme, to as much as 2 times. 3
times, 19 times, 20 times, 25 times, 30 times, 75 times, 100 times, or more cnzymatic activity than the
naturally occurring ketoreductase or another engineerad ketoreductase from which the ketoreductase
polypeptides were derived. In specific embodiments, the engineered ketoreductase enzyme exhibits
improved enzymatic activity in the range of 1.5 to 50 times, 1.5 to 100 times greater than that of the
parent ketoreductase enzyme. It is understood by the skilled artigan that the activity of any enzyme s
diffusion Hmited such that the catalytic turnover rate cannot exceed the diffusion rate of the substrate,
including any required cofactors. The theoretical maximum of the diffusion limit, or k/K,,. is
generally about 10° to 10° (M7 s™). Hence, any improvements m the enzyme activity of the
ketoreductase will have an upper 1ot related 1o the diffusion rate of the substrates acted on by the
ketoreductase enzyme, Ketoreductase activity can be measured by any one of standard assays used
for measuring ketoreductase, such as a decrease in absorbance or fiuorescence of NADPH {see
Example 5} due to its oxidation with the concomitant reduction of a ketone to an alcohol, or by
product produced in a coupled assay. Comparisons of enzyme activities are made using a defined
preparation of enzyme, a defined assay under a set condition, and one or more defined substrates, as
further described in detail herein. Generally, when lysates are compared, the numbers of cells and the
amount of protein assayed are determined as well as use of identical expression systems and identical
host cells 1o minimize variations in amount of enzyme produced by the host cells and present in the

lysates.

[8848] “Conversion” refers to the enzymatic reduction of the substrate to the correspondmg product.
“Percent conversion”™ refers to the percent of the subsirate that 1s reduced to the product within a
period of time under specified conditions. Thus, the “enzymatic activity™ or “activity” of a

ketoreductase polypeptide can be expressed as “percent conversion” of the substrate to the product.
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[0649] “Thermostable™ refers to a ketoreductase polypeptide that maintains similar activity (more
than 60% to 80% for example) after exposure to elevated temperatures (e.g., 40-80°C) for a period of

time {e.g., 0.5-24 his) commpared to the untreated enzyme,

[0850] “Solvent stable™ refers to a ketoreductase polypepiide that maintains sirnilar activity (mors
than e.g., 60% to 80%) after exposure to varying concentrations (e.g., 5-99%) of solvent (isopropyl
alcohol, tetrahiydrofuran, 2-methyhtetrahydrofuran, acetone, tolene, butylacetate, methyl tert-

butylether, etc.) for a period of time {e.g., (.5-24 hrs) compared to the untreated enzyme.

[0651] “pH stable” refers to a ketoreductase polypeptide that maintains similar activity (more than
e.g., 60% to 80%;) atier exposure to high or low pH {e.g., 4.5-6 or § 1o 12) for a period of time (e.g.,

0.5-24 hrs) compared to the untreated enzyme.

{0052] “Thermo- and solvent stable™ refers to a ketoreductase polypeptide that are both thermostable

and solvent stable.

[0953] “Derived from™ as used berein in the context of engineered ketoreductase enzymes, identifics
the originating ketoreductase enzyme, and/or the gene encoding such ketoreductase enzyme, upon
which the engineering was based. For example, the engincered ketoreductase enzyme of SEQ ID NO:
38 was obtained by artificially evolving, over muliiple generations the gene encoding the
Lactobacillus kefir ketoreductase enzyme of SEQ 1D NQ:4. Thus, this engineered ketoreductase

enzyme is “derived from” the wild-type ketoreductase of SEQ ID NO: 4,

[4054] “Ilydrophilic amino acid or residuc” refers to an amino acid or residue having a side chain

exhibiting a hydrophobicity of less than zero according to the normalized consensus hydrophobicity
scale of Eisenberg e al., 1984, J. Mol Biel. 179:125-142. Genetically encoded hydrophilic amine
acids include L-Thr (T), L-Ser (S), L-His (H}, L-Ghu (E), L-Asn (N}, L-Gin (Q), L-Asp (D), L-Lys
{K) and L-Arg (R).

[6855] “Acidic amino acid or residue” refers to a hydrophilic amino acid or residue having a side

chain exhibiting a pK value of less than about 6 when the amino acid is included i a peptide or
polypeptide. Acidic amino acids typically have negatively charged side chains at physiclogical pH
due 1o loss of a hydrogen ion. Genetically encoded acidic amino acids include L-Glu (E) and L-Asp

(D).

[0056] “Basic amino acid or residue” refers to a hydrophilic amino acid or residue having a side

chain exhibiting a pK value of greater than about 6 when the amine acid is included in a peptide or

polypeptide. Basic amino acids typically have positively charged side chains at physiological pH due
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to association with hydronium ion. Genetically encoded basic annno acids include L-Arg (R} and

L-Lys (K),

{08571 “Polar ammo acid or residue™ refers 1o & hydrophilic amino acid or residue having a side

chain that is uncharged at physiological pH, but which has at least one bond in which the pair of
electrons shared in common by two atoms is held more closely by one of the atoms. Genetically

encoded polar amine acids include L-Asn (N), L-Gln (Q), L-Ser (8} and L-Thr (T).

(08581 “Hydrophobic amine acid or residue” refers to an amino acid or residue having a side chain

exhibiting a hydrophebicity of greater than zero according to the normalized consensus
hvdrophobicity scale of Eisenberg er al., 1984, J. Mol Biol 179:125-142. Genetically encoded
hydrophobic amino acids include L-Pro (P), L-Ile {1}, L-Phe (F), L-Val {V}, L-Leu (L), L-Trp (W),
L-Met (M), L-Ala (A) and L-Tyr (Y.

[6059] “Arcmatic amino acid or residue” refers io a hydrophilic or hydrophaobic amino acid or

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

encoded aromatic amino acids include L-Phe {Fy, L-Tyr {Y) and L-Trp (W). Although owing to the
pKa of its hetercaromatic nitrogen atom L-His (H) 1t is sometimes classified as a basic residue, or as
an aromatic residue as s side chain inctudes a heteroaromatic ring, herein histidine 15 classified as a

hydrophilic residue or as & “constrained residue”™ (see below).

16660] “Constrained amino acid or residue™ refers 1o an amino acid or residue that has a constrained

geometry. Herein, constrained residues inclnde L-pro (P) and L-his {H). Histidine has a constrained
geometry because it has a relatively small tmidazole ving. Proline has a constrained geometry because

1t aise hag a five membered ring.

[0861] “Non-poler amine acid or residue” refers to a hydrophobic amino acid or residue having &

side chain that is uncharged at physiological pH and which has bonds in whick the pair of electrons
shared in common by two atoms is generaily held equally by each of the two atoms (i.e., the side
chain is not polar). Genetically encoded non-polar amino acids include L-Gly (G), L-Lew (L}, L-Val

(V), L-Tle (1), L-Met (M) and L-Ala (A).

{0062} “Aliphatic amino acid or residue™ refers to a hydrophobic amino acid or residue having an

aliphatic hydrocarbon side chain. Genetically encoded aliphatic amino acids include L-Ala (A), L-Val

(V}, L-Leu (L) and L-Ile (I).

10063]) “Cysteine™ The amino acid L-Cys () is unusual in that it can form disulfide bridges with
other L-Cys (C) amino acids or other sulfanyl- or sulfiwydryl-containing amino acids. The “cysteine-

like residues” include cysteine and other amino acids that contain suifhydryl moieties that are
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available for formation of disulfide bridges. The ability of 1.-Cys (C) (and other amino acids with
-SH containing side chains) to exist in a peptide in erther the reduced free -SH or oxidized disuifide-
bridged form affects whether L-Cys (C) contributes net hydrophobie or hydrophilic character to a
peptide. While L-Cys {C) exhibits a hydrophaobicity of (.29 according to the normalized consensus
scale of Eisenberg (Eisenberg ef al., 1984, supra), it is to be understood that for purposes of the

present disclosure L-Cys {C) 1s categorized into #1s own unique group.

[0664] “Small amino acid or residue” refers to an amino acid or residue having a side chain that is

composed of a tota] three or fewer earbon and/or heteroatoms (excluding the o-carbon and
hydrogens). The small amno acids or residucs may be further categorized as aliphatic, non-polar,
polar or acidic small amino acids or residues, in accordance with the above definitions. Genetically-
encoded smail amino acids inchude L-Ala (A), L-Val (V), L-Cys (), L-Asn (N), L-Ser (&), L-Thr (T)
and L-Asp (D).

[6065] “Bydroxvl-contaiming amino acid or residue” refers to an aminge acid containing a hydroxyl (-

OH) moiety. Genetically-encoded hydroxyvl-containing amino acids include L-Ser (S L-Thr (T and

L-Tyr (Y).

[6866] “Consarvative”™ amino acid substitutions or mutations refer 1o the interchangeability of
residues having similar side chains, and thus typically involves substitution of the amino acid in the
polypeptide with amino acids within the same or similar defined class of amino acids. In some
embodunents, conservative mutations as used herein do not mclude substitutions from a hydrophilic
to hydrophilic, hydrophobic to hydrophobic, hydroxyl-containing to hydroxyl-containing, or small 1o
small residue, if the conservative mutation can instead be a substitution from an aliphatic to an
aliphatic, nor-polar to non-polar, polar to polar, acidic to acidic, basic to basic, aromatic to aromatic,
or constrained to constrained residue. Fusther, as used herein, A, V, L, or I can be conservatively
mutated to either another aliphatic residue or to another non-polar residue, Table | below shows

exempiary conservative substitutions,

{6067] Table 1. Conservative Substitutions

Residue Pogsihie Congervative Mutations
ALV, Other aliphatic (A, L, V., I)

Other non-polar (AL L, V. L G, M)
G, M Other non-polar (A, L, V, L G, M)
D E Other acidic (D, E)
K. R Other basic (K, R}
P H Other constrammed (P, H)
N, Q.S T Other polar
Y, W, F Other aromatic (Y, W, F)
C None
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[6068] “Non-conservative substitution” refers 1o substitution or mutation of an amino acid in the

polypeptide with an amino acid with significantly differing side chamn properties. Non-conservative
substitutions may use aminoe acids between, rather than within, the defined groups listed above. In
one embodiment, a non-conservative mutation affects (a) the structure of the peptide backbone in the
area of the substitation (e.g., proline for glycine) (b) the charge or hydrophobicity, or (¢} the bulk of

the side chain,

[806%] “Deletion” refers io modification to the polypeptide by removal of one or more amine acids
from the reference polypeptide. Deletions in an amine acid sequence can comprise removal of T or
more aming acids, 2 or more anyino acids, 3 or more amine acids, 4 or mors amino scid. S or more
amino acids, 6 or more amine acids, 8 or more aminoe acids, 10 or more amino acids, 15 or more
amino acids, or 20 or more amino acids, up to 19% of the total number of amino acids, up o 15% of
the total number of amino acids, or up io 20% of the total number of amino acids making up the
reference enzyme while retaining enzymatic activity and/or retaining the improved properties of an
engineered ketoreductase enzyme. Deletions can be directed to the internal portions and/or terminal
portions of the polypeptide. In various embodiments, the deletion can comprise a continuous segment

or can be discontimnuous.

[676] “Insertion” refers to modification to the polypeptide by addition of one or more amino acids
from the reference polypeptide. In some embodiments, the improved engineered ketoreductase
epzymes comprise insertions of one or more amino acids to the naturally occurring ketoreductase
polypeptide as well as insertions of one or more amine acids to other improved ketoreductase
polypeptides. Insertions can be in the internal portions of the polypeptide, or 1o the carboxy or amino
terminus. Insertions as used herein include fusion proteins as is knewn in the art. The insertion can
be a contiguous segment of amino acids or separated by one or more of the amino acids in the

naturally occurring polypeptide.

[007%] “Fragment™ as used herein refers to a polypeptide that has an amine-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, and up to 70%, 80%, 90%, 95%, 98%, and 99% of the

full-length naturally-occmring ketoreductase polypeptide of SEQ ID NO:2 or SEQ ID NO:4.

[6077] “Isclated polvpeptide” refers to a polypeptide which 1s substantially separated from other

contaminants that naturally accompany it, e.g., protein, lipids, and polymucieotides. The term

embraces polypeptides which have been removed or purified from their natarally-occurring

18



WO 2005/036404 PCTE/USZ008/076333

environment or expression system (e.g., host cell or én vitro synthesis). The improved ketoreductase
enzymes may be present within a cell, present in the cellular mediom, or prepared in various forms,
such as lysates or isolated preparations. As such, in some embodimenis, the improved ketoreduciase

enzyme can be an isolated polypepiide.

[6473] “Substantially pure polypeptide” refers to a composition in which the polypepiide species is

the predominant species present (i.e., on a molar or weight basis it is more abundant than any othey
individual macromolecular species in the composition), and is generally a substantially 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 38% or more of all macromolecular species by mole or % welght present in
the composition. In some embodiments, the oblect species is purified to essential homogeneity (ie.,
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. In some embodiments, the isolated improved ketoreductases polypeptide is a substantially

pure polypeptide composition.

[0874] “Strineent hvbridization™ is used herein to refer io conditions under which nucleic acid

hybrids are stable. Ag known to those of skill in the art, the stability of hybrids is reflected in the
melting temperature (T,,) of the bybrids. In general, the stability of a hybrid is & function of ion
strength, temperature, G/C content, and the presence of chaotropic agents. The 7, values for
polynucleoiides can be calculated using known methods for predicting melting temperatures (see, e.g.,
Baldino et al., Methods Enzymology 168:761-777; Bolton et al., 1962, Proc. Natl, Acad. Sci. USA
48:1390; Bresslaver et al., 1986, Proc. Natl. Acad. Sci USA 83:8893-8807: Freier et al., 1986, Proc.
Natl. Acad. Sci USA 83:9373-9377; Kierzck et al., Biochemistry 25:7840-7846; Rychiik ef al., 1990,
Nucleic Acids Res 18:6400-6412 {erratum, 1991, Nucleic Acidy Res 19:698); Sambrook et al., supra);
Suggs et al., 1981, In Developmenta! Biology Using Furified Genes (Brown et al., eds.), pp. 633-693,
Acadentic Press: and Wetmur, 1961, Crit Rev Biochem Mol Biol 26:227-259. All publications
incorporate herein by reference). In some embodiments, the polynucieotide encodes the polypeptide
disclosed herein and hybridizes under defined conditions, such as moderately stringent or highiy
stringent conditions, to the complement of a sequence encoding an engineered ketoreductase enzyme

of the present disclosure.

[6€75] “Hvbridization stringency” relates to hybridization conditions, sach as washing conditions, in

the hybridization of mucieic acids. Generally, hybridization reactions are performed under conditions
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of lower stringency, followed by washes of varying but higher stringency. The term “moderately
stringent hybridization” refers to conditions that permit target-DNA 1o bind a complementary mucieic
acid that has about 60% identity, preferably about 75% identity, about 5% identity to the target
DINA, with greater than about 90% identity to target-polynucleotide. Exemplary moederately stringent
conditions are conditions equivalent to hybridization in 50% formamide, 3* Denhart's solution,
5xSSPE, 0.2% SDS at 42°C., followed by washing in 0.2xSSPE, 0.2% SDS, at 42°C. “High
stringency hybridization™ refers generally to condifions that are about 10°C or less from the thermal
melting temperature 7, as determined under the solution condition for a defined polynuclectide
sequence. In some embodiments, a high stringency condition refers to conditions that permit
bybridization of only those nucleic acid sequences that form stable hybrids in 0.018M NaCl at 65°C.
{i.e., if 2 hybrid is not siable in 0.018M NaCl at 65°C, it will not be stable under high stringency
conditions, as contemplated herein). High stringency conditions can be provided, for exemple, by
hybridization in conditions equivalent to 50% formamide, 5% Denhart's solution, $*SSPE, 0.2% SDS
at 42°C, followed by washing in 0.1%SSPE, and 0.1% SDS at 65°C. Another high stringency
condition is hybridizing i conditions equivalent to hybridizing in 5X SSC containing 0.1% (w:v)
SDS at 65°C and washing in 0.1x SSC containing 0.1% SDS at 65°C. Other high stringency
hybridization conditions, as well as moderately stringent conditions, are described in the references

cited above,

{#076] “Hetorologous” polynucteotide refers to any polynucleotide that is introduced into a host cell
by laboratory technigues, and includes poiynucleotides that are removed from a host cell, subjected to

laboratory manipuiation, and then reintroduced into a host cell,

[0077] "Codon optimized™ refers to changes in the codons of the polynucleotide encoding a protein

to those preferentially used in a particular organism such that the encoded protein is efficiently
expressed in the organism of inferest. Although the genetic code is degenerate in that most amino
acids are represented by several codons, calied “synonyms™ or “synonymous™ codons, it is well
known that codon usage by particular organisms is nonrandom and biased towards particular codon
triplets. This codon usage bias may be higher in reference to a given gene, genes of common function
or ancestral origin, highly expressed proteins versus low copy number proteins, and the aggregate
protein coding regions of an organism's genome. fn some embodiments, the polynuclectides encoding
the ketoreductases enzymes mway be codon optimized for optimal production from the host organism

selected for expression,

[0678] “Preferred, gptimeal, hizh codon usage bias codong™ refers interchangeably 10 codons that are

used at higher frequency in the protein coding regions than other codens that code for the same amino

acid. The preferred codons may be determined in relation to codon usage in a single gene, a set of
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genes of common fanction or origin, highly expressed genes, the codon frequency in the aggregate
protein coding regions of the whole organism, codon frequency in the aggregate protein coding
regions of related organisms, or combinations thereof. Codons whose frequency increases with the
level of gene expression are typically optimal codons for expression. A variety of methods are known
for determining the codon frequency {e.g., codon usage, relative synonymous codon usage) and codon
preference in specific organisms, including multivariat analysis, for exampie, using cluster analysis or
correspondence analysis, and the effective number of codons used in a gene (see GCG
CodonPreference, Geneties Computer Group Wisconsin Package; CodonW, john Peden, University
of Motiingham; Mclnerney, I. O, 1998, Bioinformatics 14:372-73; Stenico et al., 1994, Nucleic Acids
Res. 222437-46; Wright, F_, 1990, Gene 87:22-29). Codon usage tables are available for a growing
fist of organisms (sec for example, Wada ot al., 1992, Nucleic dcids Res, 20:2111-2118; Nakamura of
al., 2000, Nuel Acids Res. 28:292; Duret, et al., supra; Henaut and Danchin, “Escherichia coli and
Salmonelia,” 1996, Neidhardt, et al. Eds., ASM Press, Washigton D.C., p. 2047-2066. The data
source for obtaining codon usage may rely on any available nucicotide 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 (sce for example, Mount, D., Bioinformatics: Sequence and Genome
Aralvsis, Chapter 8, Coid Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y ., 2001;
Uberbacher, E. C., 1996, Methods Enzvmol 266:259-281; Tiwari et al., 1997, Comput. Appl. Biosci.
13:263-270).

{0679] “Control sequence™ is defined herein to include ali components, which are necessary or

advantageous for the expression of a polynucleotide and/or polypeptide of interest. Each control
sequence may be native or foreign to the nocleic acid sequence encoding the polypeptide. Such
control sequences inciude, but are not limited 1o, a leader, polyadenylation sequence, propeptide
sequence, promoter, signai peptide sequence, and transcription terminator, At 2 minimum, the conirol
sequences mehude a promoter, and wranscriptional and frapsiational stop signals. The control
sequences may be provided with linkers for the purpose of introducing specific restriction sites
facilitating ligation of the control sequences with a polynucicotide of interest, e.g., the coding region

of the nocleic acid sequence encoding a polypeptide.

[0680] “Operably hnked” is defined heremn as a configuration in which a control sequence is
appropriately placed at a position relative to a polynucleotide sequence {i.¢., in a functional
relationship) such that the control sequence directs the expression of the polynucieotide and/or a

polypeptide encoded by the polynucieotide.

21



WO 2009/036404 PCTAIS2008/076333

{0681] “Promoter sequence™ is a nucleic acid sequence that is recognized by a host cell for

expression of a polynucleotide. The control sequence may comprise an appropriate promoter
sequence. The promoter sequence contains transeriptional coniro! sequences, which mediate the
expression of the polynucleotide. The promoter may be any nucleic acid sequence which shows
transcriptional activity in the host celf of choice incloding mutant, fruncated, and hybrid promoters,
and may be obtained from genes encoding extracellular or intracellular polypeptides either

homologous or heterologous {o the host cell.
6.2 Ketoreductase Enzymes

[6882] The present disclosure provides engineered ketoreductase (“KRED) enzymes that are
capable of stereoselectively reducing a defined keto substrate 1o its corresponding alcohol product and
having an improved property when compared with the naturally-occwrring, wild-type KRED enzyme
obtained from L. kefir (SEQ 1D NO:2) or L. brevis (SEQ ID NO:4) or L. sunor (SEQ ID NG:98) or
when compared with other engineered ketoreductase enzymes. As shown in the present disclosure,
the wild-type L. kefir or L. brevis or L. minor ketoreductase enzymes have very little activity, if any
for the reduction of 2°,6"-dichloro-3"-fluoroacetophenone (See the Examples). Witk less substituted
acetophenone substrates for which the wild-type enzymes have greater activity, the wild-type
enzymes are generally selective for reducing the acetophenones io their corresponding (R)-alcohols,
Wild-type Laciobactllus species ketoreductases reduce the prototypical reference compound
acetophenone to (R)-1-phencthanol and are consequently referred to as (R)-selective ketoreductases,
or {(R)-ketoreductases. However, the engineered ketoreductase enzymes of the disclosure, derived
from a wild-type Laciobacillus species ketoreductase enzyme, reduce acetophenone to (S)-1-
phenethanol, and are consequently referred to as (S)-selective keioreductases, or (S)-ketoreductases,
Hence, the improved ketoreductase polypeptides of the disclosure are capabte of a reversed
enantioselectivity for the reduction of acetophenones as compared to the wild-type L. kefir or L. brevis
or L. minor ketoredutases. This reversed enantioselectivity is based on mutating the residue at
position 190 of the wild type enzyme, preferably to 2 non-aromatic residue, particularly to a proline
residue. Without being bound by theory, the wild-type tyrosine residue at position 190 appears to
clash with the substrate in the pro-§ conformation. Thus, in some embodiments, the ketoreductase
poelypeptides of the disclosure have at the residue corresponding to position 190 of SEQ ID NO:2 or 4
or 98 a residue which is not a tyrogine. Preferably, this residue is a non-aromatic residee, such as, for
example, an aliphatic, constrained, now-polar, or cysteine residue. In some embodiments, this residue

is proline.

F0O83] In some embodiments, as noted above, the engincered ketoreductase with improved enzyme

properties are describe in reference 1o Lactobacilius kefir ketoreductase of SEQ 1D NO:4 or
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Lactobacillus brevis ketoreductase of SEQ 1D NO:2 or Lactobacillus minor ketoreductase of SEQ 1D
NG:9%. The anino acid residne position is determined 1n the ketoreduciases beginning from the
initiating methionine (M) residue (i.e., M represents residue position 1), although 1t will be understood
by the skilied artisan that this initiating methionine residue may be removed by biclogical processing
machinery, such as in a host cell or In vitro translation system, to generate a mature protein lacking
the initiating methionine residue. The amino acid residue position at which a particular amino acid or
amino acid change is present in an amine acid sequence is sometimes describe herein in terms “Xn”,
or “position n”, where n refers o the residue position. Where the amino acid residues at the same
residue position differ between the ketoreductases, the different residues may be denoted by an “/”
with the arrangement being “kefir residue/brevis restdue/minor”. A substitution mutation, which is a
replacement of an amino acid residue 1 a reference sequence, for example the wildtype
ketoreductases of SEQ 1D NO:2 and SEQ 1D NO:4 and SEQ 11D NO:9E, with a different amino acid

»

residue may be denoted by the symbol “—". Herein, mutations are someiimes described as a
mutation “io & type of amine acid. For example, residue 16 of SEQ 1D N(:2 can be mutated “to a”
polar restdue. But the use of the phrase “to 27 doss not exclude mutations from one amingo acid of a
class to another amino acid of the same class. For example, residue 16 of SEQ ID NO:2 is a polar
residue, threonine, but it can be mutated to a different polar residue, for exampie. the mutation can be

a “T16S” {16-—5) mutation.

18084} The naturally ccewring polynucleotide encoding the naturally occurring ketoreductase (also
referred to as “ADH™ or “alcohol dehydrogenase™) of Lactobacillus kefir, Lactobacillus brevis, or of
Lactobacillas minor, can be obtained from the solated polynucleotide known to encode the
ketoreductase activity {e.g., Genbank accession no. AAPS4029 G1:33112056 or SEQ 1D NO:3 for
Lactobaciilus kefir; Genbank accession no, CADS6648 GL:28400789 or SEQ 1D NO:1 for
Lactobaciilus brevis; and SEQ 1D NO:97 for Lactobacillus minor).

[0685] In some embodiments, the improved property (as compared to wild-type or another
engineered polypeptide) of the ketoreductase polypeptide is with respect to an increase of its
stereoselectivity for reducing or converting a substituted acetophenong substrate of formuia (111} to its
correspending {S)-alcohol product of formula (IV). In some embodiments, the improved property of
the ketoreduciase property is with respect to an increase in stercoselectivity in reducing 2°6 -dichloro-
3-fluorpacetophenone to (8)-1-(2,6-dichlore-3-fluorophenyl) ethanol. In some embodiments, the
immproved property of the ketoreductase polypeptide is with respect to an increase in its rate of
conversion of the substrate to the product. In some embodiments, the improved property of the
ketoreductase palypeptide is with respect to its stability or thermostability. In some embodiments, the

ketoreductase polypeptide has more than one improved property.
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16686] In some embodiments, the ketoreductase polypeptides herein can have a number of
meodifications to the reference sequence (e.g., naturally occurring polypeptide or an engineered
polypeptide) to result in the improved ketoreductase property. As used herein, “modifications”
clude amino acid substitutions, deletions, and insertions. Any onc or 2 combination of
modifications can be introduced info the naturally occurring or engineered polypeptide to generate
engineered enzymes. In such embodiments, the number of modifications io the aminoe acid sequence
can comprise one or more amino acids, 2 or more amino acids, 3 or more amino acids, 4 or more
amino acids, 5 or more amino acids, 6 or more amino acids, 8 or more amine acids, 10 or more amino
acids, 15 or more amine acids, or 20 or more amino acids, up to 10% of the total number of amino
acids, up to 10% of the total mumber of amino acids, up to 15% of the total number of amino acids, up
to 20% of the total number of amino acids, or up 1o 30% of the total number of amino acids of the
reference polypeptide sequence. In some embodiments, the number of modifications to the naturally
occurring polypeptide or an engineered polypeptide that produces an improved ketoreductase property
may comprise from about 1-2, 1-3, 1-4, 1.5, 1-6, 1-7, -8, 1-9, 1-10, I-11, 1-12, 1-14, 1-15, 1-16, 1-
18, 1-20, 1-22, 124, 1-26, 1-30, 1-35 or about 1-40 modifications of the reference sequence. n some
embodiments, the number of modifications canbe 1,2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 14, 15, 16, 18,
20,22, 24,26, 30, 35 or about 40 amino acid residues. The modifications can comprise insertions,

deletions, substitutions, or combinations thereof,

[6687] In some emboediments, the modifications comprise amino acid substitations to the reference
sequence. Substitutions that can produce an improved ketoreductase property may be at one or more
amino acids, 2 or more aminge acids, 3 or more amino aclds, 4 or more amino acids, 5 or more amino
acids, 6 or more amino acids, § or more amino acids, 10 or more amino acids, 15 or more amino
acids, or 20 or more amino acids, up to 10% of the total number of amino acids, up to 10% of the total
number of amino acids, up to 20% of the total mumber of amino acids, or up to 30% of the total
number of amino acids of the reference enzyme sequence. ln some embodiments, the number of
substitutions to the naturally occwring polypeptide or an engineered polypeptide that produces an
improved ketoreductase property can comprise from about 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10,
1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35 or about 1-40 amino acid
substitutions of the reference sequence. In some embodiments, the number of substitutions can be 1,

2,3,4,5,6,7.8,9,10, 11,12, 14, I3, 16, 18, 20, 22, 24, 26, 30, 35 or about 40 amino acid residues.

[6988] In some embodiments, the ketoreductase polypeptides herein comprise an amino acid
sequence that ig at least about 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 03%, 04%, 95%, 96%,
97%., 98%, 99% or more identical to a reference sequence based on SEQ ID NO: 2, 4 or 98 having at

the residue corresponding to X190 a non-aromatic residue (e.g., an aliphatic, constrained, non-polar,
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or cysteine residoe), preferably alanine, isoleucine, cysteine, or proline, particalarly a proline, with the
proviso that the ketoreductase polypeptide has at the residue corresponding to X190 a residue which 1s
other than a tyrosine, particularly a non-gromatic residue. In some embodiments, the ketoreductase
polypeptide has an amino acid sequence in which the residue corresponding to X190 is an aliphatic,
constrained, non-polar, or cysteine residue. In some embodiments, the ketoreductase has an amino
acid sequence in which the residue corresponding to X190 is alanine, isolencine, cysteine, or proline,
particatarly proline. In some embodiments, these ketoreductase polypeptides can have one or more
residue differences at other residue positions as compared to the reference amino acid sequence. The
differences include vartous modifications, such as substitutions, deletions, and insertions. The
substitutions can be non-conservative substitutions, conservative substitutions, or a combination of
non-conservative and coaservative substiiutions. In some embodiments, these ketoreductase
polypeptides can have optionally from about 1-2, 1-3, -4, 1-5, I-6, -7, 1-8, 1-9, 1-10, 1-11, 1-12, 1-
14, 1-15,1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35 or about 1-40 residue differences at other
amino acid residuaes as compared to the reference sequence. In some embodiments, the number of
difference canbe 1,2,3,4,5, 6,7, 8,9, 10, 11, 12, 14, 15, 16, 18, 20, 22, 24, 28, 30, 35 or about 40

residue differences at other amino acid residues as compared to the reference sequence.

[808%] In some embodiments, these stereoselective or highly stereoselective (herein, capable of
reducing the substrate to the product with an e.e, that is at least about 85%) ketoreductase
polypeptides comprise an amino acid sequence that corresponds fo the sequence formutas as laid out
in SEQ 1D NO: 95, 96 and 119 {or a region or domain thereof, such as residues 90-2113. SEQ 1D
NQO:95 is based on the wild-type amino acid sequence of the Lactobacilius brevis ketoreductase (SEQ
ID NG:2); SEQ ID NO:96 15 based on the wild-type amino acid sequence of the Lactobacillus kefir
ketoreductase (SEQ 1D NO:4); and SEQ ID NO:119 is based on the wild-type amino acid sequence of
the Lactobacillus minor ketoreductase (SEQ ID NO:98}. The ketoreductase based on the sequence
formula of SEQ ID NO: 95, 96, or 119 specify that the restdue corresponding to X196 15 a non-
aromatic residue. In some embodiments, the keioreductase polypepiide has an amino acid sequence
in which the residue corresponding to X190 is alanine, isoleucine, cysteine, or proline. In some
embodiments, the ketoreductase polypeptide has an amino acid sequence in which the residue

corresponding to X190 1s proline,

[0890] In some embodiments, the ketoreductase polypeptides comprisimg an amino acid sequence

- based on the sequence formula of SEQ ID NO: 95, 96, or 119, or a region thereof, such as residues
50-211, having the specified features for residue X190 as described herein, can further include one or
more of the features selected from the following: residue corresponding 1o X7 is an aromatic, non-

polar, polar, constrained, acidic or basic residue; residue corresponding to X 16 is a polar residue:

]
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residue corresponding to X43 is a nonpolar or polar residue; residue corresponding to X60 is an
aromatic, non-polar. or aliphatic residue; residue corresponding to X94 is a cysieine, non-polar or
aliphatic residue; residue corresponding to X95 is a non-polar or aliphatic residue; residue
corresponding to X96 is a polar or acidic residuc; residue corresponding to X97 is a polar, non-polar,
afiphatic, or basic residue; residue corresponding to X120 is an aromaiic, non-polar or aliphatic
residue; residue corresponding to X123 is a polar or non-polar residue; residue corresponding to X142
is a polar residue; residue corresponding to X147 is an aromatic, polar, non-polar, or aliphatic residue;
residue corresponding to X149 is a non-polar or aromatic residue; residue corresponding to X150 is a
constrained or acidic residue; residue corresponding to X152 is a non-polar or pelar residuc; residue
cotresponding to X196 is an aliphatic, non-polar, or aromatic residue; residue corresponding to X202
is an aliphatic, aromatic, or a non-polar residue; residue corresponding to X205 is a basic, nonpolar or
aliphatic residue; and residue corresponding to X206 is a non-polar or aromatic residae. In some
embodiments, the amino acid sequence can have two, three, four, five, six or more of the features. In
some embodiments, the polypeptides comprising an amino acid sequence that corresponds to the
sequence formula provided in SEQ ID NO: 95, 96, or 119 (or region thereof) can have additionally
one or more of the residues not specified by an X to be mutated as compared to the reference
sequence of SEQ ID NO: 2, 4 or 98, In some embodiments, the mutations can be from about 1-2, 1-3,
P-4, 1-5,1-6, 1-7, 1-8, 1-9, 1-14, 1-11, 1-12, 1-14, 1-15, 1-16, 1-1§, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35
or about 1-4(G mutations at other amino acid residues not defined by X above. In some embodiments,
the number of ntations canbe 1, 2,3,4,5. 6,7, 8,9, 10, 11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35
or about 40 other amino acid residues. In some embodiments, the mutations comprise conservative

mutations.

[0091] in some embodiments, the polypeptides comprising an amino acid sequence based on the
sequence formula of SEQ ID NO: 95, 96, or 119, or region thereof, such as residues 90-211, can have
one of more conservative mutations as compared to the amino acid sequences of SEQ IDNG: 2, 4 or
98. Exemplary conservative mutations include amino acid replacements such as, but not limited to;
replacement of residue corresponding to X16 threonine (T) with another polar residue, e.g.,
asparagine, glutamine, or serine; replacement of residue corresponding to X43 valine with another
non-polar or aliphatic residue, e.g., isoleucine; replacement of residue corresponding to X60 with an
aliphatic or aromatic residue, e.g., alanine; replacement of residue corresponding to X94 alanine (A)
with ancther non-polar or aliphatic residue, e.g., valine, leucine, or isoleucine; replacement of residue
corresponding to X935 valine (V) with another non-polar or aliphatic residue, e.g., alanine, leucine, or
isolencine; replacement of residue corresponding to X96 serine (S) with another polar residue, e.g.,

asparagine, glutamine, or threonine; replacement of residue corresponding to X142 serine (S) with

26



WO 2009/0364064 PCT/US2008/876333

another polar residue, e.g., serine or asparagine; replacement of residue corresponding to X196 valine
(V) with another non-polar or aliphatic residue, e.g., alanine. leucine, or isoleucine; and replacement
of residue corresponding to X205 alanine (A) with another non-polar or aliphatic residue, e.g., valine,

lencine, or isoleucine.

[6692] in some embodiments, the ketoreductase polypeptides comprising an amino acid sequence
based on the sequence formula of SEQ 1D NO: 95, 96, or 119, or a region thereef, such as residues
90-211, having the specified features for residue X190 as described herein, can further include one or
more features selected from the following: residue corresponding to X7 is tryptophan, tyrosine,
phenylalanine, proline, histidine, glycine, methionine, alanine, valine, leucine, isoleucine, serine,
threonine, glutamine, asparagine, arginine, or fysine, particularly glycine, histidine, threonine, proline,
tryptophan, arginine, histidine, or asparagine; residue corresponding to X 16 is serine, threonine,
asparagine, or glutamine, particularly serine; restdue corresponding to X43 is glycine, methionine,
alanine, valine, leucine, or isolencine, particularly isoleucine; residue corresponding to 60 is
tyrosine, phenylalanine, tryptophan, glycine, methionine, alanine, valine, leucine, or 1soleucine,
particularly alanine; residue corresponding to X94 is cysteine, glycine, methionine, alanine, valine,
leucine, or isoleucine, particularly alanine, valine or cysteine; residue corrssponding to X95 is
glyeine, methionine, alanine, valine, leucine, isoleucine, particularly isoleucine or leucine; residue
corresponding fo X96 is aspartic acid, glutamic acid, serine, threoning, asparagine, or glutamine,
particularly serine, asparagine, threonine or glutamic acid; residuc corresponding to X97 1s serine,
threonine, asparagine, glutamine, giycine, methionine, alanine, valine, leucine, seleucing, lysine or
arginine, particulasrly Iysine, threonine, valine, arginine, methionine, or isoleucine; residue
corresponding to X120 is tyrosine, phenylalanine, tryptophan, glycine, methionine, alanine, valine,
leucine, or iscleucine, particularty phenylalanine or valine; residue corresponding to X125 is glycine,
methionine, alanine, valine, leucine, or isoleucing, particularty ghyeine or serine; residue
corresponding to X142 is a serine, threonine, asparagine, or glutamine residue, particularly
asparagine; residue corresponding to X147 is tyrosine, phenylalanine, tryptophan, glycine,
methionine, alanine, valine, leucine, isoleucine, serine, threonine, asparagine, or glutamine,
particularly phenylalanine, leucine, isclencine, valine, or glutamine; residue corresponding to X149 is
glycine, methionine, alanine, valine, leucine, isoleucine, tyrosine, phenylalanine, or tryptophan,
particularly glycine or phenviatanine; residue corresponding to X150 is proline, histidine, aspartic
acid, or ghutamic acid, particularly aspartic acid or histidine; residue corresponding to X152 is
glycing, methionine, alanine, valine, leucine, isoleucine, serine, threonine, asparagine, or glutamine,
particularly serine, threonine, or methionine; residue corresponding to X196 is tyrosine,

phenylalanine, tryptophan, glycine, methionine, alanine, valine, leucine, or isoleucine, particularty
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valine, isoleucine, methionine, phenylalanine, or isoleucing; residue corresponding to X202 is
tyrosine, phenylalanine, tryptophan, giveine, methionine, alanine, valine, leucine, or isoleucine,
particularly alanine, tryptophan, fyrosine, or methionine; residue corresponding te X205 1ig lysine,
argining, glycine, methiomine, alanine, valine, leucine, or isoleucine, particularly arginine; and residue
corresponding to X206 is glycine, methionine, alanine, valine, leucine, isoleucine, tyrosing,
phenylalanine, tryptophan, particulasly methionine or tyrosine. In some embodiments, the amino acid
sequence can have two, three, four, five, six or more of the features. In some embodiments, the
polypeptides comprising an amino acid sequence that corresponds o the sequence formulas provided
n SEQ ID NO: 95, 96, or 119 {or region thereof) can have additionally one or more of the residues
not specified by an X to be mutated as compared to the reference sequence of SEQ TDNG: 2, 4 or 98,
In some embodiments, the mutations ¢an be from about 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-
11, 1-12, §-14, 1-15, 1-16, 1.1%, 120, 1.22, 1-24, 1-26, 1-30, 1-35 or about 1-40 mutations at other
amino acid residues not defined by X above. In some embodimenss, the number of mutations can be
1,2,3,4,5,6,7,8 6, 10, 11,12, 14, 15,18, 18, 20, 22, 24, 26, 30, 35 or about 40 other amino acid

residues. In some embodiments, the mutations comprise conservative mutations,

[0093] In some embodiments, 2 stercoselective ketoreductase polypeptide comprising an amino acid
sequence based on the sequence formula of SEQ ID NO:95, 96 or 119, or a region thereof, such as
residues 90-211, having the features at residue corresponding to X190 as described herein, can have
additionally one or more or at least all of the following features: residue corresponding to X147 1s an
aromatic, polar, non-polar, or aliphatic residue, particutarly glutamine, isoleucine, or leucine, and
restdue corresponding to X202 is an aliphatic, aromatic, or & non-polar residue, particularly
tryptophan, methionine, or tyrosine. In some embodiments, the ketoreductase polypeptides can have
additionally -2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1.9, 110, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22,
1-24, 1-26, 1-30, 1-35 or about 1-40 residue differences at other amino acid residues as compared 10
the reference sequence of SEQ ID NO:2, 4 or 98. In some embodiments, the number of differences
canbe 1,2, 3,4,5,6,7,8,9,10, 11, 12, 14, 15, 16, 18,20, 22, 24, 26, 30, 35 or about 40 residue
differences at other amino acid residues. In some embodiments, the differences comprise
conservative mutations. In some embodiments, the ketoreductase polypeptide comprises an amino
acid sequence with at least the preceding features, and wherein the amino acid sequence has at least
85%, 86%, 87%, 88%, 89%%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identity to a

reference sequence based on SEQ ID NO:2, 4 or 98 with the preceding features,

f0094] In some embodiments, a stereoselective ketoreductase polypeptide comprising an amine acid
seguence based on the sequence formulz of SEQ 1D NO:95, 96 or 119, or a region thereof, such as

residues 90-211, having the features at residue corresponding to X190 as described herein, can have
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additionally one or more or at least all of the following features: residue corresponding to X7 is an
aromatic, non-polar, polar, congtrained, or basic restdue, particularly histidine, tryptophan, proline,
threonine, or arginine; residue corresponding to X147 is an aromatic, polar, non-polar, or aliphatic
residue, particularly glutamine, iscleucine. or fencine: and residue corresponding to X207 s an
aliphatic, aromatic, or a non-polar residue, particularly tryptopharn, methionine, or tyrosine. In some
embodiments, the ketoreductase polypeptides can have additionally 1-2, 1-3, 1-4, 1-5, 1-6. 1-7, 1-8, -
9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-1§, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35 or about 1-40 residue
differences at other amino acid residues as compared to the reference sequence of SEQ 1D NO:2, 4 or
98, In some embodiments, the number of differences canbe 1,2, 3,4, 5,6, 7, 8,9, 10, 11,12, 14, 15,
I6, 18, 20,22, 24, 26, 30, 35 or about 40 residue differences at other ammo acid residues. In some
embodiments, the differences comprise conservative mnatations. In some embodiments, the
ketoreductase polypeptide comprises an amino acid sequence with at least the preceding features, and
wherein the amino acid sequence has at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
4%, 5%, 96%, 97%, 98%, or 99% tdentity to a reforence sequence based on SEQ ID NO:2, 4 or 98

with the preceding features.

16095] In some embodiments, a steregselective ketoreductase polypeptide comprising an aming acid
sequence based on the sequence formula of SEQ 1D NG9S, 96 or 119, or a region thereod, such as
residues 90-211, having the features at residue corresponding to X190 as described herein, can have
additionally one or more or at least all of the following features: residue corresponding to X7 is an
aromatic, non-polar, polar, constrained, or basic restdue, particularly histidine, tryptophan, proline,
threonine, or arginine; residue corresponding to X597 is a polar, non-polar, aliphatic, or basic residue,
particatarly methionine, valine, isoieucine, threonine, or arginine; residoe corresponding te X147 is an
aromatic, polar, non-polar, or aliphatic residue, particularly glutamine, isoleucine, or leucine; residue
corresponding to X202 is an aiiphatic, aromatic, or a non-poiar residue, particularly wyptophan,
methionine, or tyrosine. In some embodiments, the ketoreductase poiypeptides can have additionally
1-2,1-3, 14, 1-5, 1-6, 1-7, 1-§, 1-9, 1-10, 1-11, 1-12, 1-14, 1-13, 1-16, 1-18, 120, 1-22 1.24, 1-26,
1-30, 1-35 or about 1-40 residue differences at other aminoe acid residues as compared 1o the reference
sequence of SEQ ID NO:2, 4 or 98. In some embodiments, the number of differences can be 1, 2, 3,
4,5,6,7,8,9, 10, 11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35 or about 40 residue differences at other
amino acid residues. In some embodiments, the differences comprise conservative mutations. In
some embodiments, the ketoreductase polypeptide comprises an amino acid sequence with at ieast the
preceding features, and wherein the amino acid sequence has at least 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identity to a reference sequence based on
SEQ ID NC:2, 4 or 98 with the preceding features.

29



WO 2009/036404 PCT/US2008/676333

[0496] In some embodiments, a stereoselective ketoreductase polypeptide comprising an amino acid
sequence based on the sequence formula of SEQ 1D NO:95, 96 or 119, or a region thereof, such as
residues 90-211, having the features at residue corresponding 1o X190 as described hersin, can have
additionally one or more or at least all of the following features: residue corresponding to X94 is a
cysteine, non-polar 'or' an aliphatic residue, particularly cylrstcinf: or valine; residue éorresponding 10
X96 is 2 poéﬁr or acidic residue, particularly threonine: and residue corresponding to X347 is an
aromatic, polar, nen-polar; or al'ipi-latic residue, particularly glutamine, isoleucine, or leucine, In some
embodiments, the ketoreductase pelypeptides can have additionally 1-2, 1-3, 1-4, 1.5, 1-6, 1.7, 1-8, 1-
9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35 or about 1-40 residue
differences at other amino acid residues as compared to the reference sequence of SEQ ID NO:2, 4 or
98. In some embodiments, the number of differences canbe 1,2, 3,4, 5, 6,7, 8,9, 10, 11, 12, 14, 15,
16, 18, 20, 22, 24, 26, 30, 35 or about 40 residue differences at other amino acid residues. In some
embodiments, the differences comprise conservative mutations. In some embodiments, the
ketoreductase polypeptide comprises an amine acid sequence with at least the preceding features, and
wherein the amino acid sequence has at least 83%, 86%, 87%, 88%, 89%, 90%, 91%, 62%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% identity to a reference sequence based on SEQ ID NO:2, 4 or 08

with the preceding features.

[6097] In some embodiments, a stereoselective ketoreductase polypeptide comprising an amino acid
sequence based on the sequence formula of SEQ ID W0:95, 96 or 119, or a region thercof, such as
residucs 90-211, having the features af residue corresponding to X190 as described herein, can have
additionally one or more or at least all of the foliowing features: residue corresponding to X7 is an
aromatic, non-polar, polar, constrained, or basic residue, particularly histidine, tryptophan, proline,
threonine, or arginine; residue corresponding to X147 is an aromatic, polar, non-polar, or aliphatic
residue, particularly glutamine, isoleucine, or feucine; residue corresponding to X194 is an aliphatic,
non-polar, or aromatic residue, particularly valine, isoleucine, methionine, phenylalanine, or
isolencine; and residue corresponding to X202 is an aliphatic, aromatic, or a non-polar residue,
particalarly tryptophan, methionine, or tyrosine. In some embodiments, the ketoreductase
polypeptides can have additionally 1-2, 1-3, i-4, 1-3, 1-6, 1-7, 1-8, 1-9, 1-1(, 1-11, 1-12, 1-14, 1-15,
1-16, 1-18, 1-20, 1-22, 1-24_ 1-26, 1-30, 1-35 or about 1-40 residue differences at other amino acid
residues as compared to the reference sequence of SEQ 1D NQ:2, 4 or 98, In some embodinents, the
number of differences canbe 1,2,3,4, 5,6, 7, 8,9, 10, 11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35 or
about 40 residue differences at other amino acid residues. In some embodiments, the differences
comprise conservative mutations. In some embodiments, the ketoreductase polypeptide comprises an

amino acid sequence with at least the preceding features, and wherein the amino acid sequence has at
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lcast 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identity

to a reference sequence based on SEQ 1D NO:2, 4 or 98 with the preceding features.

{0098] In some embodiments, a stereoselective ketoreductase polypeptide comprises an amine acid
sequence based on the sequence formula of SEQ ID NO:95, 96 or 119, or a region thereof, such as
residues 90-211, having the features at residue corresponding to X190 as described herein, can have
additionally one or more or at ieast all of the following features: residue corresponding to X147 is an
aromatic, poLaﬁ:, non-polar, or aliphatic residue, particularly glutamine, isoleucine, or leucine; residue
corresponding to X196 is an aliphatic, non-pelar, or aromatic residue, particulariy valine, isoleucine,
methionine, phenylalanine, or iscleucine; and residue corresponding 1o X202 is an aliphatic, aromatic,
or a non-polar yesidue. In some embodiments, the ketoreductase polypeptides can have additionally
[-2,3-3, 14, 1.5, 16, 17, 1-8, 1-9, 1-10, 1-11, 1-12) 1-14, [-15, 1-16, 1-18, 1-20, 1-22, 1-24 1-26,
1-30, 1-35 or about 1-40 residue differences at other amino acid residues as compared to the reference
sequence of SEQ ID NO:2, 4 or 98, In some embodiments, the number of differences can be 1, 2, 3,
4.5,6,7,8,9, 10, 11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35 or about 40 residue differences at othey
amino acid residues. In some embodiments, the differences comprise conservative mutations. In
some embodiments, the ketoreductase polypeptide comprises an amino acid sequence with at least the
preceding features, and wherein the amino acid sequence has at least £5%, 86%, 87%, 8§8%, 89%,
99%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identity to a reference sequence based on
SEQ D NO:2, 4 or 98 with the preceding features.

[00%9] In some embodiments, a stercoselective ketoreductase polypeptide comprises an amine acid
sequence based on the sequence formula of SEQ ID NO:95, 96 or 119, or a region thereof, such as
residues 90-211, having the features at residue corresponding to X190 as described herein, can have
additionally one or more or at least alt of the following features: residue corresponding to X7 is an
aromatic, non-peolar, polar, constrained, or basic residue, particularly histidine, tryptophan, proline,
threoning, or arginine; residue corresponding to X96 is a polar or acidic residue, particularly
threonine; residue corresponding to X147 is an aromatic, polar, non-polar, or aliphatic residue,
particularly glutamine, isoleucine, or leucine; residue corresponding to X196 is an aliphatic, non-
poiar, or aromatic residue; particularly valine, isoleucine, methionine, phenyialanine, or isoleucing;
and residue corresponding to X202 is an aliphatic, aromatic, or a non-polar residue, particularly
tryptophan, methionine, or tyrosine. In some embodiments, the ketoreductase polypeptides can have
additionally 1.2, 1.3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-6, 1-10, 1-11, 1-12, 1-34, 1-15, 1-16, 1-18, 1-20, 1-22,
1-24, 1-26, 1-30, 1-35 or about 1-40 residue differences at other amine acid residues as compared to
the reference sequence of SEQ 1D NO:2, 4 or 98. In some embodiments, the number of differences

canbe I,2,3,4,5,6,7,8 9 1G, 11,12, 14, 15, 16, 18,20, 22, 24, 26, 30, 35 or ahout 40 residue
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differences at other amino acid residues. In some embodiments, the differences comprise
conservative mutations. In some embodiments, the ketoreductase polypeptide comprises an amino
acid sequence with at Ieast the preceding features, and wherein the amino acid seguence has at least
85%, 86%, 87%., 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, F7%, 98%, or 99% identity as to

a reference sequence based on SEQ ID NG:2, 4 or 98 with the preceding featores.

{0108] In some embodiments, an mmproved ketoreductase comprises an aminoe acid sequence based
on the sequence formula of SEQ I NG: 95, 96, or 119, or a region thereof, such as residues 90-211,
in which the amino acid sequence has at least the following features: residue corresponding to X190
is an non-aromatic residue, particularly alanine, 1solencine, cysteine, or proiine, and the residue
corresponding to X7 is an aromatic, non-polar, polar, constrained, or basic residue, particularly
histidine, tryptophan, proline, threonine, or arginine. In some embodiments, the ketoreductase
polypeptides can have additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 110, 1-11, 1-12, 1-14, 1-15,
i-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35 or about 1-40 residue differences at other amino acid
residues as compared to the reference sequence of SEQ ID NO:2, 4 or 98. In some embodiments, the
number of differences canbe 1,2,3,4,5, 6,7, 8,9, 10, 11, 12, 14, 15 16, 18,20, 22, 24, 26, 30, 35 or
about 40 residue differences at other amino acid residues. In some embodiments, the differences
comprise conservative mutations. In some embodiments, the ketoreductase polypeptide comprises an
amino acid sequence with at least the preceding features, and wherein the amino acid sequence has at
least 85%, 86%, 87%, 88%, 80%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identity

to a reference sequence based on SEQ 1D NO:2, 4 or 98 with the preceding features.

{0101] In some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formula of SEQ ID NO: 93, 96, or 119, or a region thereof, such as residues 90-211,
in which the amino acid sequence has at least the following features: residue corresponding to X190
is an non-aromatic residue, particularly atanine, isoleucine, cysteine, or proline, and the residue

. corresponding to X16 is a polar residug, particularly serine. In some embodiments, the ketoreductase
polypeptides can have additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-§, 1-8, 1-10, 1-11, 1-12, 1-14, 1-15,
1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-3{, 1-35 or about 1-40 residue differences at other amino acid
residues as compared to the reference sequence of SEQ 1D NO:2, 4 or 98, In some embodiments, the
number of differences can be 1,2, 3, 4,5, 6,7, 8,9, 10, 11, 12, 14, 15, 16, 18,20, 22, 24, 26, 30, 35 or
about 40 residue differences ar other amino acid residues. In some embodiments, the differences
comprise conservative mutations. [n some embodiments, the ketoreductase polypeptide comprises an
amino acid sequence with at least the preceding features, and wherein the amino acid sequence has at
least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identity

to a reference sequence based on SEQ 1D NO:Z, 4 or 98 with the preceding features,
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[6182] In some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formula of SEQ 1D NG: 93, 96, or 119, or a region thereof, such as residues 90-211,
in which the amino acid sequence has at least the following features: residue corresponding to X190
15 an non-aromatic residue, particularly alanine, isoleucine, cysteine, or proline, and the residue
corresponding to X43 is a non-polar or aliphatic residue, particularly 1soleucine. In some
embodiments, the ketoreductase polypeptides can have additionally 1-2, 1-3, 1-4, 1-3, 1-6, 1-7, 1-8, 1-
9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35 or about 1-40 residue
differences at other amino acid residues as compared to the reference sequence of SEQ 1D NG:2, 4 or
G8. In some cmbodiments, the number of differences canbve 1,2, 3,4, 5,6, 7.8, 9,10, 11, 12, 14, 15,
16, 18, 26, 22, 24, 26, 30, 35 or abowt 40 residue differences at other amino acid residues. In some
embodiments, the differences comprise conservative mutations. In some embodiments, the
ketoreductase polypeptide comprises an amino acid sequence with at least the preceding features, and
wherein the amino acid sequence has at least 85%, 86%, 87%, 88%, 89%:, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, ar 99% identity to a reforence sequence based on SEQ 1D NO:2, 4 or 98

with the preceding features,

[01€3] in some embodments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formada of SEQ ID NO: 95, 96, or 119, or a region thereof, such as residues 90-211,
in which the amino acid sequence has at least the following features: residuc corresponding to X190
is an non-aromatic residue, particularly alanine, isoleucine, cysteine, or proline, and the residue
corresponding to X60 is an aromatic, non-polar or aliphatic residue, particularty alanine. In some
embodiments, the ketoreductase polypeptides can have additionalty 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-
g,1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-1§, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35 or sbout 1-40 residue
differences at other amino acid residues as compared to the reference sequence of SEQ 1D NQO:2, 4 or
98. Insome embodiments, the number of differences canbe 1,2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 14, 13,
16, 18, 20, 22, 24, 26, 30, 35 or about 40 residue differences at other amine acid residues. In some
embodiments, the differences comprise conservative mutations. In some embodiments, the
ketoreductase polypeptide comprises an amine acid sequence with at least the preceding features, and
wherein the amino acid sequence has at least 85%, 8§6%, 87%, 88%. 89%, 90%, 91%, 92%, 93%,
84%, 95%, 96%, 97%, 98%, or 99% identity 1o a reference sequence based on SEQ 1D NG:2, 4 or 98

with the preceding features.

[6104] In some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formula of SEQ ID NO: 93, 99, or 119, or a region thereof, such as residues 90-211,
in which the amino acid sequence has at least the following features: residue corresponding to X190

is an non-aromatic residue, particulariy alanine, isoleucine, cysteine, or proline, and the residue
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corresponding to X94 is a cysteine, non-polar or an aliphatic residue, particularty cysizine or valine.
In some embodiments, the keroreductase polypeptides can have additionally 1-2, 1-3, 1-4, 1.5, 1.6, 1-
7,1-8,1-9, 1-10, 1-11, 1-12. 1-14, 1-15, 1-16, 1-18, 1-20, 1.22, 1-24, 1-26, 1-30, 1-35 or about 1-40
restdue differences at other amine acid residues as compared to the reference sequence of SEQ I

- NG:2, 4 or 98, In some embodiments, the number of differences canbe 1, 2,3, 4,5, 6,7, 8,9, 10, 11,
12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35 or about 40 residue differences at other amine acid residues.
In some embodiments, the differences compriss conservative mutations. In some embodiments, the
ketoreductase polypeptide comprises an amino acid sequence with at least the preceding features, and
wherein the amino acid sequence has at jeast 85%, 86%., 87%, §8%, 9%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 8%, or 99% ideniity to a reference sequence based on SEQ ID NO:2, 4 or 98

with the preceding features.,

[0195] In some embodiments, an improved ketoreductase comprises an aminoe acid sequence based
on the sequence formula of SEQ 1D NO: 95, 96, or 119, or a region thereof, such as residues 90-211,
in which the amino acid scduc:1cc has af Jeast the following features: residue corresponding to X190
1§ an non-aromatic residue, particularly alanine, isolencine, cysicine, or proline, and the residue
corresponding to X95 is a non-polar or aliphatic residue, particularly lencine or isoleucine. In some
embodiments, the ketoreduciase polypeptides can have additionally 1-2, 1-3, 1-4, 1-5, -6, 1.7, 1-8, 1-
9,1-10, 1-11, 1-12, I-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35 or about 1-40 residue
differences at other amino acid residues as compared to the reference sequence of SEQ ID NO:2, 4 or
98. Insome embodiments, the number of differences canbe 1,2,3,4, 5,6, 7, 8,9, 10, 11, 12, 14, 15,
16, I8, 20, 22, 24, 26, 30, 35 or about 40 residue differences at othier amine acid residues, In some
embodiments, the differences comprise conservative mutations. In some embodiments, the
ketoreductase polypeptide comprises an amino acid sequence with at least the preceding features, and
wherein the amine acid sequence has at least 85%, 86%, §7%, 88%, §9%, 90%, 91%, 92%, 93%,
G4%, 95%, 96%, 97%, 98%, or 99% identity to a reference sequence based on SEC 1D NO:2, 4 or 98

with the preceding features.

[0106] In some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formula of SEQ ID NO: 95, 96, or 119, or a region thereof, such as residues 90-211,
in which the amino acid sequence has at least the following features: residue corresponding 1o X190
is an non-aromatic residue, particularty alanine, isoleucine, cysteine, or proline, and the residue
corresponding to X9% is a polar or acidic residue, particularly threonine or glutamic acid. In some
embodiments, the ketoreductase polypeptides can have additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-
8, 1-10, 1-11, 1-12, i-14, 1-15, 1-15, 1-18, 1-20, 1-22, 124, 1-26, 1-3(, 1-35 or about 1-40 residue

differences at other amino acid residues as compared to the reference sequence of SEQ ID NO:2, 4 or
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98. In some embodiments, the number of differences canbe 1,2,3,4, 5, 6,7, 8,9, 10, 11, 12, 14, 15,
16, 18, 20, 22, 24, 26, 30, 35 or abou: 40 residue differences at other amino acid residues. In some
embodiments, the differences comprise conservative mutarions. In some embodiments, the
ketoreductase polypeptide comprises an amino acid sequence with at feast the preceding features, and
wherein the amino acid sequence has at least 85%, 86%, 87%, 88%, 89%%, 90%, 91%, 92%, 939%,
94%, 95%, 96%. 97%, 98%, or B9% identity to a reference sequence based on SEQ ID NO:2, 4 or 98

with the preceding features.

[6207] In some embodimenis, an improved ketoreductase comprises an amine acid sequence based
on the sequence formula of SEQ ID NG: 95, 96, or 119, or a region thereof, such as vesidues 90-211,
in which the ammo acid sequence has at least the following features: residue correspondimg to X190
is an non-aromatic residue, particularly alanine, isoleucine, cysteine, or proline, and the residue
corresponrding to X97 1s a polar, non-polar, aliphatic, or basic residue, particularly methioning, valine,
isoleucine, threonine, or arginine. In some embodiments, the ketoreductase polypeptides can have
addittonally 1-2, 1-3, 1-4, 1-3, 1-6, 1-7, 1-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15, }1-16, 1-18, 1-20, t-22,
1-24, 1-26, 1-30, 1-35 or about 1-40 residue differences at other amino acid residues as compared 1o
the reference sequence of SEQ ID NO:2, 4 or 98. In some embodiments, the number of differences
canbe 1,2, 3, 4,5,6,7, 8,9, 10, 11, 12, 4, 15, 16, 1§, 20, 22, 24, 26, 30, 35 or about 40 residue
differences at other amino acid residues. In some embodiments, the differences comprise
conservative mutations. In some embodiments, the ketoreductase polypeptide comprises an amino
acid sequence with at least the preceding features, and wherein the amino acid sequence has at least
85%%, 86%, B7%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% ideniity to a

reference sequence based on SEQ 1D NO:2, 4 or 98 with the preceding features.

{6108] In some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formula of SEQ D NO: 95, 96, or 119, or a region thereof, such as residues 90-211,
in which the amino acid sequence has at least the following features: residue corresponding to X190
is an non-aromatic residue, particularly alanine, isolencine, cysteine, or proline, and the residue
corresponding to X120 is an aromatic, non-polar or aliphatic residue, particularty valine. In some
embodiments, the ketoreductase polypeptides can have additionally §-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1~
9, 1-10, 1-11, 1-12, 1-14 1-15,1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35 or about 1-40 residuc
differences at other amine acid residues as compared to the reference sequence of SEQ ID NO:2, 4 or
88, Insome embodiments, the number of differences canbe 1,2, 3,4, 5, 6,7, 8, 9, 10, 11, 12, 14, 15,
16, 18, 20, 22, 24, 26, 30, 35 or about 40 residue differences at other amino acid residues. In some
embodiments, the differences comprise conservative mutations. In some embodiments, the

ketoreductase polypeptide comprises an amino acid sequence with af least the preceding features, and
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wherein the amino acid sequence has at least 85%, 86%, 87%, 88%, §9%, 90%, 91%, 92%, 93%,
94%,, 93%, 96%, 97%, 98%, or 99% identity fo a reference sequence based on SEQ ID NO2, 4 or 98

with the preceding features.

161691 In some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formula of SEQ 1D NO: 95, 96, or 119, or a region thereof, such as residues 90-211,
in which the amino acid sequence has at least the following features: residue corresponding to X150
is an non-aromatic residue, particularly alanine, isoleucine, cysteine, or proline, and the residue
corresponding to X123 is a polar or non-polar residue, particularly serine. In some embodiments, the
ketoreductase polypeptides can have additionally 1-2, 1-3, 1-4, 1-5, I-6, 1-7, 1-8, 1.9, 1-10, 1-11, 1-
12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 124, 1-24_ 1-30, 1-35 or about [-40 residgue differences at
other amine acid residues as compared to the reference sequence of SEQ 1D NO:2, 4 or 98, In some
embodiments, the number of differences canbe 1, 2,3, 4,5, 6,7, 8,9, 10, 11, 12, 14, 15, 16, 18, 20,
22,24, 26, 30, 35 or about 40 residue differences at other aminoe acid residues. In some embodiments,
the differences comprise conservative mutations. In some embodiments, the ketoreductase
polypeptide comprises an amino acid sequence with at least the preceding features, and wherein the
amino acid sequence has at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 38%, or 99% ideniity to a reference sequence based on SEQ ID NG:2, 4 or 98 with the

preceding features.

[0£18] In some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formula of SEQ ID NO: 95, 96, or 119, or a region thereof, such as residues 90-211,
in which the amino actd sequence has at Jeast the following features: residue corresponding to X160
i an non-aromatic residue, particularty alanine, isoleucine, cysteine, or proling, and the residue
corresponding to X142 is a polar residue, particularly asparagine. In some embodiments, the
ketoreductase polypeptides can have additionally 1-2, 1-3, 1-4, 1-5, i-6, 1-7, 1-8, 1-9, 1-10, I-11, 1-
12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35 or about 1-40 residue differences at
other amino acid residues as compared to the reference sequence of SEQ ID NO:2, 4 or 98, In some
embodiments, the number of differences canbe 1, 2,3, 4,5, 6,7, 8,9, 10, 11, 12, 14, 13, 16, 18, 20,
22,24, 26,30, 35 or about 40 residue differences at other amino acid residues. In some embodiments,
the differences comprise conservative mutations, In some embodiments, the ketoreductase
polypeptide comprises an amino acid sequence with at least the preceding features, and wherein the
amino acid sequence has at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%. 93%, 94%, 95%, 96%,
07%, 98%, or 99% identity 10 a reference sequence based on SEQ ID NO:2, 4 or 98 with the

preceding featares,
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{0111} In some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formula of SEQ ID WNO: 95, 96, or 119, or a region thereof, such as residuss 90-211,
in which the amino acid sequence has at least the following features: residue corresponding to X190
is an non-aromatic residue, pariicularly alanine, tsoleucing, cyvsteine, or profine, and the residue
corresponding to X147 i an aromatic, polar, non-polar, or aliphatic residue, particularly ghutamine,
leucine, or isoleucine. In some embodiments, the ketoreductase polypeptides can have additionally 1-
2,1-3,1-4,1-5,1-6, 1-7, 1-8, 1-9, 1-10, 1-11, I-12, 1-14, 115, 1-16, 1-18 1-20, 1-22 1-24, 1.26, 1-
30, 1-35 or about 1-40 residue differences at other amino acid residues as compared to the reference
sequence of SEQ ID NO:2, 4 or 98, In some embodiments, the number of differences canbe 1, 2, 3,
4,5,6,7.8,9, 10,11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35 or about 40 residue differences at other
amino acid residues. In some embodiments, the differences comprise conservaiive mutations. In
some embodiments, the ketoreductase polypeptide comprises an amino acid sequence with at least the
preceding features, and whergin the amine acid sequence has at least §5%, 86%, 87%, 38%, 89%,
0%, 91%, 92%, 93%, 945%, 95%, 96%, §7%, 98%, or 99% identity to a reference sequence based on
SEQ 1D NO:2, 4 or 98 with the preceding features.

[0212] In some embodiments, an improved ketoreduciagse comprises an aminoe acid sequence based
on the sequence formula of SEQ 1D NO: 935, 96, or 119, or a region thereof, such as residues 90-211,
in which the amino acid sequence has at least the following features: residue corresponding to X190
is an non-arematic residue, particularly alanine, tsoleucine, cysteine, or proline, and the residue
corresponding to X149 15 a non-polar or aromatic residue, particularly phenylalanine. In some
embodiments, the ketoreductase polypeptides can have additionally 1-2, 1-3, 1-4, -3, 1-6, 1-7, 1-8, |-
9,1-10, 1-11, 1-12, j-14, 1-15, 1-16. 1-18, 1-20. 1-22, 1-24, [-26, 1-30, 1-35 or about 1-40 residue
differences at other amino acid residues as compared to the reference sequence of SEQ ID NO:2, 4 or
G8. In some embodiments, the number of differences canbe 1, 2,3, 4,5, 6,7, 8,9, 10, 11, 12, 14, 15,
16, 18, 20,22, 24, 26, 30, 35 or about 40 residue differences at other amino acid residues. In some
einbodiments, the differences comprise conservative mutations. In some embadiments, the
ketoreductase polypeptide comprises an amino acid sequence with at least the preceding features, and
wherein the amino acid sequence has at ieast 83%, 86%, 87%, 88%, 89%, 90%, 91%, 92%., 93%,
94%, 95%, 6%, 97%, 98%, or 99% identity to a reference sequence based on SEQ ID NG:2, 4 or 98
with the preceding features.

[0113] In some embodiments, an improved ketoreductase comprises an aminoe acid sequence based
on the sequence formula of SEQ ID NO: 95, 96, or 119, or a region thereof, such as residues 90-211,
in which the amino acid sequence has at least the following features; residue corresponding to X190

is an non-aromatic residue, particuiarly alanine, isoleucing, cysteing, or proline, and the residue
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corresponding to X150 is a constrained or acidic residue, particularly histidine, In some
embodiments, the ketoreductase polypeptides can have additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-
9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-14, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35 or about 1-40 residue
differences at other amino acid residues as compared 1o the reference sequence of SEQ ID NOG:2, 4 or
98. In some embodiments, the number of differences canbe 1,2, 3,4, 5, 6,7, 8.9, 10, 11, 12, 14, 15,
16, 18, 20,22, 24, 26, 30, 35 or about 40 residue differences at other amino acid residucs. In some
embodiments, the differences comprise conservative mutations. In some embodiments, the
keforeductase polypeptide comprises an amino acid sequence with at least the preceding features, and
wherein the amine acid sequence has af least 8§5%, 86%, 8§7%, 88%, 89%, 0%, %1%, 92%, 93%,
G4%, 95%, 96%, 97%, 98%., or 99% identity to a reference sequence based on SEQ ID NO:2, 4 or 98

with the preceding features.

[6114] In some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formula of SEQ ID NQO: 95, 96, or 119, or a region thereof, such as residues 90-211,
in which the amino acid sequence has at least the following features: residue corresponding to X190
is an non-aromatic residue, particutarly alanine, isoleucine, cysteine, or profine, and the residue
corresponding to X152 is a non-polar or polar residue, pariicularly methionine. In some
embodiments, the ketoreductase polypeptides can have additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-
g, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35 or about 1-40 residue
differences at other amino acid residues as compared to the reference sequence of SEQ 1D NO:2, 4 or
98. Insome embodiments, the namber of differences canbe 1,2,3.4, 5, 6,7, 8,9, 10, 11, 12, 14, 15,
16, 18, 20, 22, 24, 26, 30, 35 or about 40 residue differences at other amino acid residues. In some
embodiments, the differences comprise conservative mutations. In some embodiments, the
ketoreductase polypeptide comprises an amino acid sequence with at least the preceding features, and
wherein the amine acid sequence has at least 85%, 86%, 87%, §8%. 89%, 90%, 91%, 929, 53%,
94%, 95%, 96%, 97%, 98%, or 99% identity to a reference sequence based on SEQ 1D NQ:2, 4 or 9%

with the preceding features.

[0115} In some embaodiments, an improved ketoreductase comprises an aminoe acid sequence based
on the sequence formula of SEQ ID NO: 95, 96, or 119, or a region thereof, such as residues 90-211,
in which the amino acid sequence has at Jeast the following features: residue corresponding to X199
1s an non-aromatic residue, particularly alanine, isoleucine, cysteine, or proline, and the residue
corresponding to X196 is an aliphatic, non-polar, or aromatic residue, particularly methionine,
isoleucine, leucine, or phenylalanine. In some embodiments, the ketoreductase polypeptides can have
additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22,

1-24,1-26, 1-30, 1-35 or about 1-40 residue differences at other amino acid residues as compared to
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the reference sequence of SEQ ID NO:2, 4 or 98. In some embodiments, the number of differences
canbe |,2,3,4,5,6,7,8,9, 10, 11, 12, 14, 15, 16, 1R, 20, 22,24, 26, 30, 35 or aboui 40 residue
differences at other amino acid residues. In some embodiments, the differences comprise
conservative mutations. In some embodiments, the ketoreductase polypeptide comprises an amino
acid sequence with at Jeast the preceding features, and wherein the amino acid sequence has at least
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identity to a

reference sequence based on SEQ ID NO:2, 4 or 98 with the preceding features.

[0116] In some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formula of SEQ ID NO: 95, 96, or 119, or a region thereof, such as residues 90-211,
in which the amine acid sequence bas at least the following features: residuc corresponding to X190
is an non-aromatic residue, particularly alanine, isoleucine, cysteine, or proline, and the residue
corresponding to X202 is an aliphatic, aromatic, or a non-polar residue, particularly methionine,
tyrosine, or tryptopilan. In some emb(}diznems, the ketoreductase polypeptides can have additionally
1-2,1-3, 1-4, 1.5, 1-6, 1-7, 1-§, 1-9, 1-10, 1-11, 1-12, 114, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26,
1-30, 1-35 or about 1-40 residuc differences at other amino acid residues as compared to the reference
sequence of SEQ ID NO:2, 4 or 98. In some embodiments, the number of differences canbe 1, 2, 3,
4,5,6,7,8,9,10, 11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35 or about 40 residue differences at other
aming acld residues. In some embodiments, the differences comprise conservative mutations. In
some embodiments, the ketoreductase polypeptide comprises an amino acid sequence with at least the
preceding features, and wherein the amino scid sequence has at least 85%, 86%, 87%., 88%, 0%,
(%, 91%, 92%, 93%, 94%, 95%, 56%, 97%, 98%, or 99% identity 1o a reference sequence based on

SEQ D NO:2, 4 or 98 with the preceding features.

[6117] Insome embodiments, an improved ketoreductase comprises an amine acid sequence based
on the sequence formula of SEQ ID NO: 93, 96, or 119, or a region thereof, such as residues 9G-211,
in which the amino acid sequence has at least the following features: residue corresponding to X190
Is an non-aromatic residue, particularly alanine, iscleucine, cysteine, or proline, and the residue
corresponding to X205 is a basic, nonpolar or aliphatic residue, particalarly arginine or valing, In
some embodiments, the ketoreductase polypeptides can have additionally 1-2, 1-3, 1-4, 1-5, 1-6, i-7,
1-8,1-9,1-10, 1-11, 1-12, 1-14, 115, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35 or about 1-40
residue differences at other amine acid residues as compared to the reference sequence of SEQ 1D
NO:2, 4 or 98. In some emboediments, the number of differences canbe 1,2, 3.4, 5,6, 7, 8,9, 10, 11,
12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35 or about 40 residue differences at other amino acid residues.
In some embodiments, the differences comprise conservative mutasions. In some embodiments, the

ketoreductase polypeptide comprises an amino acid sequence with at ieast the preceding features, and
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wherein the amine acid sequence has af least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% identity 1o a reference sequence based on SEQ 1D N2, 4 or 938

with the preceding features.

{0118} In some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formula of SEQ 1D NO: 95, 96, or 119, or a region thereof, such as residues 90-211,
in which the amino acid sequence has at least the following features: residue corresponding to X190
is an non-aromatic residue, particularly slanine, isoleucing, cysteine, or proline, and the residue
corresponding to X206 is non-polar or aromatic residue, particuiarly tyrosine, In some embodiments,
the ketoreductase polypeptides can have additionalky 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-1C, 1-11,
P12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-340, 1-35 or about 1-49 residue differences as
other amino acid residues as compared to the reference sequence of SEG 1D NOG:2, 4 or 98, 1n some
embodiments, the number of differences canbe 1, 2,3, 4,5, 6,7, 8,6, 10, 11, 12, 14, 15, 16, 18, 20,
22,24, 26, 30, 35 or about 40 residue differences at other amino acid residues. In some embodiments,
the differences comprise conservative mutations. In some embodiments, the ketoreductase
polypeptide comprises an amino acid sequence with at least the preceding features, and wherein the
amino acid sequence has at least 85%, 86%, 87%, 88%, 89%., 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% idenrity to a reference sequence based on SEQ ID NO:2, 4 or 98 with the

preceding features.

[0119] In some embodiments, an improved ketoreductase polypeptide of the disclosure comprises an
amino acid sequence that has any one of the set of mutations listed in Table 2 below. In some
embodiments, the polypeptide has at least 85%, 86Y%, 87%, 88%, 89%, 00%, 01%, 929, 03%, 94%,
95%, 96%, 97%, 98%, or 99% sequence identity to a polypeptide comprising an amino acid sequence
selected from SEQ ID NO: 6, §, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44,
46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, T8, 80, 82, 84, 86, 88, 90, 92, and 94,
wherein the ketoreductase polypeptide amino acid sequence includes any one set of the substitution
combinations listed in Table 2. In some embodiments, the ketoreductase polypeptides can have
additionally 1-2, 1-3, 1.4, 1.5, 1-6, 1-7, [-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22,
1-24, 1-23, 1-30, 1-35 or about 1-40 residue differences at other amino acid residues as compared to
the reference sequence, In some embodiments, the number of differences canbe 1,2, 3,4, 5,6, 7, 8,
8,10, 11,12, 14, 15, 16, 18, 20, 22, 24, 26, 3G, 35 or abowt 40 residue differences at other amino acid

residues. In some embodiments, the differences comprise conservative mutations,

f0128] In some embodiments, the improved ketoreductase polypeptide comprises an amino acid
sequence selected from SEQ 1D NO: 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40,
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42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74,76, 78, 8O, 82, 84, 86, 88, 90, 92, and
94.

(3121} In some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formuia of SEQ D NO: 93, 96, or 119, or a region thereof, such as residues 90-211,
in which the amsino acid sequence has at least the following features: residue corresponding to X190
1§ an non-aromatic residue, particularly alanine, iscleucine, cysteine, or proline, and restdue
corresponding to X196 is an aliphatic, non-polar, or aromatic residue, particularly methionme,
isoleucine, leucing, or phenylalanine. In some embodiments, the ketoreductase polypeptides can have
additionally }-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, -9, 1-80, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22,
1-24, 1-25, 1-30, 1-35 or about 1-40 residue differences at other residue positions as compared to a
reference sequence of SEQ 112 NQ:2, 4 or 98 with the preceding features, such as SEQ ID NO:&, 10,
14,16, 24, 26 or 48. In some embodiments, the number of differences canbe 1,2, 3,4, 5.6,7. 8§, 9,
10, 11,12, 14 15, 16, 18, 20, 22, 24, 26, 30, 35 or about 40 residue differences at other amimo acid
residues. In some embodiments, the differences comprise conservative mutations. In some
embodiments, the ketoreductase polypeptide comprises an amino acid sequence with the preceding
features, and wherein the amine acid sequence has at ieast 85%, 86%, 87%, 8§8%, 89%, 90%, 91%,
82%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% idemity to a reference sequence based on SEQ 1D
NO:2, 4 or 98 with the preceding features (e.g., SEQ ID NO:S, 10, 14, 16, 24, 26 or 48)

10822] In some embodiments, an improved ketoreductase comprises an amine acid sequence based
on the sequence formula of SEQ ID NO: 95, 96, ar 119, or a reglon thereof, such as residues 90-211,
in which the amino acid sequence has at least the following features: residuc corresponding to X190
is an non-aromatic residue, particularly alanine, isoleucine, cysteine, or proline: residue corresponding
10 X125 18 a polar or non-polar residue, parficularly serine; and residue corresponding to X196 is an
aliphatic, non-palar, or aromatic residue, particularly methionine, isoleucine, leucine, or
phenylalanine. In some embodiments, the ketoreductase polypeptides can have additionaliy 1-2, 1-3,
1-4,1-5,1-6, 1-7, 1-8, 1-9, 1-10, i-11, 1-12, 1-14, 1-15, 1-16, }-18, 1-240, 1-22, 1.24, 1.25, 1-30, 1-35
or about 1-40 residue differences at other residue positions as compared to a reference sequence of
SEQ I NO:2, 4 or 98 with the preceding features, such as SEQ ID N(:52. In some embodiments,
the number of differences canbe 1,2, 3,4, 5, 6,7, 8,0, 10, 11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 3(,
35 or about 40 residue differences at other armno acid residues. In some embodiments, the
differences comprise comservative mutations, In some embodiments, the ketoreductase polypeptide
comprises an amino acid sequence with the preceding features, and wherein the amino acid sequence

has at ieast 85%, 86%, 87%, 88%:, §9%, 90%. 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
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identity to a refzrence sequence based on SEQ D NO:2, 4 or 98 with the preceding features (e.g.,
SEQ ID NO:52).

[6123] Insome embodiments, an improved ketoreductase comprises an amine acid sequence based
on the sequence formula of SEQ 1D NO: 85, 96, or 119, or a region thereof, such as residues 50-211,
in which the amino acid secjuence hag at least the following features: residue corresponding te 3190
is an non-aromatic residue, particularly alanine, isoleucine, cysteine, or proline; residue corresponding
to X935 s a non-polar or ahphatic residue, particularty leucine or isoleucing; and residue
corresponding to X196 is an aliphatic, non-polar, or aromatic residue, particuiarly methionine,
isoleucine, leucine, or phenylalanine. In some embodiments, the ketoreductase polypeptides can have
additionally 1-2, 1-3, 3-4, 1-5, 1-6, 1-7, -8, 1-9, 1-10, I-11, i-12, 1-14, 1-15, i-16, 1-18, 1-20, 1-22,
1-24, 1-25, 1-30, 1-35 or about [-44 residue differences at other residue positions as compared to a
reference sequence of SEQ I NO:2, 4 or 98 with the preceding features, such as SEQ 1D NG;20, 62,
or 64, In some embodiments, the number of differences canbe 1, 2,3, 4,5, 6,7, 8,9, 10, 11, 12, 14,
15,16, 18, 20, 22, 24, 26, 30, 35 or about 40 residue differences at other amino acid residues. In
some embodiments, the differences comprise conservative mutations, Tn some embodiments, the
ketoreductase polypeptide comprises an amino acid sequence with the preceding features, and
wherein the amine acid sequence has at least 85%, 86%, 87%, 88%., 89%, 90%, 1%, 92%, 93%,
G4%, 95%, Ba%, 97%, 98%, or 99% identity to a reference sequence based on SEQ 1D NO:2, 4 or 9§
with the preceding features (e.g., SEQ TD NQO:20, 62, or 64).

[0124} In some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formula of SEQ ID NOG: 95, 96, or 119, or a region thereof, such as residues 90-211,
in which the mmino acid sequence has at least the following features: residue corresponding to X190
is an non-aromatic residue, particolarly atanine, isoleucine, cysteine, or proline; residue corresponding
to X196 is an aliphatic, non-polar, or aromatic residue, particularly methionine, iscleucine, leucine, or
phenylalanine; and residue corresponding to X206 is a non-polar or aromatic residue, particularly
tyrosine. In some embodiments, the ketoreductase polypeptides can have addinionally -2, 1-3, 1-4, 1-
5, 1-6,1-7, 1-8, 1-9, 1-10, 1-11, 1-12, i-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24 1-25,1-30, 1-35 or
about 1-40 residue differences at other residue positions as compared to a reference sequence of SEQ
I N2, 4 or 98 with the preceding features, such as SEQ ID NO:36. In seme embodiments, the
number of differences canbe 1,2,3,4,5,6,7, 8,9, 10, 11, 12, 14, 135, 14, 18, 20, 22, 24, 26, 30, 35 or
about 40 residue differences at other amino acid residues. In some embodiments, the differences
comprise conservative mutations. In some embodiments, the ketoreducrase polypeptide comprises an
amine acid sequence with the preceding features, and wherein the amino acid sequence has at least

85%, 86%, 7%, 88%, R9%, 90%, 91%, 92%, 93%, 94%, 05%, 96%, 97%, 98%, or 99% identity to 2
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reference sequence based on SEQ 1D NO:2, 4 or 98 with the preceding featurss {e.g., SEQ ID
NO:36).

{0125] In some embodiments, an improved ketoreductase comprises an amine acid sequence based
on the sequence formula of SEQ ID NO: 95, 96, or 119, or a region thereof, such as residues 90-211,
in which the amino acid sequence has at least the following features: residue corresponding to X190
1 an non-aromatic residue, particularly alanine, woleucine, cysteine, or proline; residue corresponding
io X7 is an aromatic, non-polar, polar, constrained, or basic residue, particularly histidine,
tryptophan, proline, threonine, or arginine; and residue corresponding to X196 is an aliphatic, non-
polar, or aromatic residue, particularly methionine, isoleucine, lencine, or phenylalanine. In some
embodiments, the ketoreductase polypeptides can have additonally 1-2, 1-3, 14, 1-5, 1-6, 1-7, 1-8, 1-
9, 1-19, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22 1.24 1.25, 1.30, 1-35 or about 1-40 residue
differences at other residue positions as compared to a reference sequence of SEQ ID NQO:2. 4 or 98
with the preceding features, such as SEQ ID N(G:54 or 56, In some embodiments, the number of
differencescanbe 1,2, 3,4, 5,6, 7.8, 9,10, 11, 12, 14,15, 16, 18, 20, 22, 24, 26, 30, 35 or about 40
residue differences at other amine acid residues. In some embodiments, the differences comprise
conservative mutations. In some embodiments, the ketoreductage polypeptide comprises an amino
acid sequence with the preceding features, and wherein the amino acid sequence has at least 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identity t0 &
reference sequence based on SEQ ID NO:2, 4 or 98 with the preceding features {e.g., SEQ 1D NQ0:54
or 56).

[8126] In some embodiments, an mmproved ketoreductase comprises an amino acid sequence based
on the sequence formuola of SEG ID NO: 05, 96, or 119, or a region thereof, such as residues 90-211,
in which the amino acid sequence has at least the following featares: residue corresponding to X190
is an non-aromatic residue, particularly alanine. isoleucine, cysteine, or proline; residue corresponding
to X147 is an aromatic, polar, non-polar, or aliphatic residue, particularly glutamine, leucine, or
isoleucine; and residue corresponding to X196 is an aliphatic, non-polar, or aromatic residue,
particularly methionine, isolencine, leucine, or phenylalanine. In some embodiments, the
ketoreductase polypeptides can have addiionally 1-2, -3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-11, I-
12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-25, 1-30, 1-35 or about [-40 residue differences at
other residue positions as compared to a reference sequence of SEQ 1D NO:2, 4 or 98 with the
preceding features, such as SEQ ID NG:22, 66, 68, or 72, In some embodiments, the number of
differences canbe 1,2,3,4,5,6, 7,8, 9, 10, 11,12, 14, 15, 16, 1§, 20, 22, 24, 26, 30, 35 or about 40
residue differences at other amino acid residues. In some embodimenis, the differences comprise

conservative mutations. In some embodiments, the ketoreductase polypeptide comprises an amino
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acid sequence with the preceding features, and wherein the amino acid sequence has at least 85%,
86%G, 87%, 88%, 88%, 90%, 91%, 92%, 93%, B4%, 95%, 9%, 97%, 98%, or 99% identity to a
reference sequence based on SEQ ID NG:2, 4 or 98 with the preceding features (e.g., SEQ 1D NO:22,
(6, 68, or 72).

[$127] In some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formula of SEQ ID NO: 05, 94, or 119, or a region thereof, such as residuss 90-211,
1n which the amino acid sequence has at least the following features, residue corresponding to X190
is an non-aromatic residue, particularty alaning, isoleucine, cysteine, or proling; residue corresponding
to X196 is an aliphatic, non-polar, or aromatic residue, particularty methionine, 1solencine, leucine, or
phenylalamne; and residue corresponding to X202 is an aliphatic, aromatic, or & non-polar residue,
particutarly methionine, tyrosine, or tryptophan. In some embodiments, the ketoreductase
polypeptides can have additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-1¢, 1-11, 1-12, 1-14, 115,
1-16, 1-18, 1-2G, 1-22, 1-24, 1-25, 1-30, 1-33 or about 1-40 residue differences at other residue
positions as compared to a reference sequence of SEQ ID NO:2, 4 or 98 with the preceding features,
such ag SEQ ID NO:28, 30, or 32. In some embodiments, the number of differences can be 1, 2, 3. 4,
5,6,7,8,9 10, 11,12, 14, 15,16, 18, 20, 22,24, 26, 30, 35 or about 40 residue differences at other
amino acid residoes. In some embodiments, the differences comprise conservative mutations. In
some embodiments, the ketoreductase polypeptide comprises an amino acid seqguence with the
preceding features, and wherein the amino acid sequence has at least 85%, 86%, 87%, 88%, §9%,
90%, 91%, 92%, 93%, 94%, 5%, 96%, 97%, 98%, or 99% identity to a reference sequence based on
SEQ ID NG:2, 4 or 98 with the preceding features (e.g., SEQ 1D NO:28, 30, or 32).

f0128] In some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formula of SEQ 1D NO: 95, 96, or 119, or a region thereof, such as residues 906-211,
i which the amino acid sequence has at least the following features: residue corresponding o X190
is an non-aromatic residue, particalarty alanine, isoleucine, cysteine, or proline; residue corresponding
t0 X152 15 a non-potar or polar residue, particularly methionine; residue corresponding o X196 is an
aliphatic, non-polar, or aromatic residue, particularky me'thionine, isoleucine, leucine, or
phenylalanine; and residue corresponding to X203 is a basic, nonpolar or aliphatic residue,
particularly arginine or valine. In some embodiments, the ketoreductase polypepiides can have
additionaily 1-2, 1-3, 1-4, 1.5, 16, 1-7, 1-8, 1-9, 1-10, I-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22,
1-24, 1-25, 1-30, 1-35 or about 1-40 residue differences at other residue positions as compared to a
reference sequence of SEQ IDNO:2, 4 or 98 with the preceding features, such as SEQ ID N©:20. In
some embodiments, the nomber of differences canbe 1,2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 14, 15, 16, 18§,

20, 22,2426, 30, 35 or about 40} residue differences at other amino acid residues. In some
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embodiments, the differences comprise conservative muotations. In some embodiments, the
ketoreductase polypeptide comprises an amino acid sequence with the preceding features, and
wherein the amino acid sequence has at feast 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%,, 95%, 56%, 97%, 98%, or 99% identity to a reference sequence based on SEQ ID NO:2, 4 or 98
with the preceding features (e.g., SEQ 1D NO:20).

f01291 I some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formula of SEQ 1D WNO: 95, 96, or 115, or a region thereof, such as residues 90-211,
in which the aminoe acid sequence has at least the following features: residue corresponding to 2190
is an not-aromatic residue, particularly alanine, isoleucine, cysieine, or proline; residue corresponding
t0 K43 is a non-polar or aliphatic residue, parmicularty isoleucine; residoe corresponding to X147 is an
aromatic, polar, non-polar, or aliphatic restdue, particularly glutamine, leucine, or isoleucine; residue
corresponding to X196 iy an aliphatic, non-polar, or aromatic residue, particularly methionine,
isoleucine, leucine, or phenylalanine. 1n some embodiments, the ketoreductase polypeptides can have
additionally 1-2, 1-3, 1-4, 1-3, 1.6, 1-7, 1-8, 1-0, 114, 1-11, 1-12, 1-14, 115, 1-16, 1-1§, 1-20, 1-22,
1-24,1-25, 1-30, 1-35 or about 1-44 residue differences at other residue positions as compared to a
reference sequence of SEQ ID NO:2, 4 or 98 with the preceding features, soch as SEQ [D NG:70. In
some embodiments, the number of differences canbe 1,2, 3,4, 5,6, 7,8, 9, 10, 11, 12, 14, 15, 16, 18,
20, 22, 24, 26, 30, 35 or about 40 residue differences at other amino acid residues. In some
embodiments, the differences comprise conscrvative mutations. In some embodiments, the
ketoreductase polypeptide comprises an amino acid sequence with the preceding featares, and
wherein the amino acid sequence has at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
84%, 95%, 96%. 97%, 98%, or 99% identity 1o a reference sequence based on SEQ D NQ:2, 4 or 98
with the preceding features (e.g., SEQ 1D NO:7().

18138%] In some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formula of SEQ 1D NO: 95, 96, or 119, or a region thereof, such as residues 90-211,
in which the amino acid sequence has at least the following features: residue corresponding to X190
is an non-aromatic residue, particulariy alanine, isoleucine, cysteine, or proline: residue corresponding
to X94 is a cysteine, non-polar or an aliphatic residue, particularly cysteine or valine; residue
corresponding 1o X196 is an aliphatic, non-polar, or aromatic residue, particularly methionine,
isoleucine, leucine, or phenylatanine; and residue corresponding to X205 is an aromatic, polar, non-
polar, or aliphatic residue, particularly glutamine, leucine, or soleucine; . In some embodiments, the
ketoreductase polypeptides can have addifionally 1.2, 1-3, 1.4, 1.5, 1.6, -7, 1-8, 1.9, 1-14, 1-11, I-
12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-23, 1-30¢, 1-33 or about 1-40 residue differences at

other residue positions as compared 1o a reference sequence of SEG ID NO:2, 4 or 98 with the
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preceding features, such as SEQ 1D NG:34. In some embodiments, the number of differences can be
1,2,3,4,5,6,7,8,9, 10,11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35 or about 40 residue differences
at other aminoe acid residaes. In some embodiments, the differsnces comprise conservative mutations,
In some embodiments, the ketoreductase polypeptide comprises an amino acid sequence with the
preceding feateres, and wherein the amine acid seguence has at least 85%, 865, 87%, 88%, 89%,
50%, 91%, 92%, 93%, G4%, 95%, BG%, 97%, 98%, or 99% identity to a reference sequence based on
SEQ ID NO:Z, 4 or 98 with the preceding features (e.g., SEQ 1D NO:34),

[8131] In some embodiments, an improved ketoreductase comprises an amine acid sequence based
on the sequence formula of SEQ 1D NO: 935, 96, or 119, or a region thereof, such as residues 90-211,
in which the ammo acid sequence has at least the following features: residue correspending to X190
is an non-aromatic residue, particalarly alaning, isoleucine, cysteine, or prohine; residue corresponding
to X7 is a polar, non-polar, aliphatic, or basic residue, particularly arginme, valine, methionine,
threonine, or iscleucing; residue corresponding to X147 1s an aromatic, polar, non-polar, or aliphatic
residue, particuiarly glutamine, leucine, or isoleucine; and residue corresponding to X196 is an
aliphatic, non-polar, or aromatic residue, particularty methionine, isoleucine, leucine, or
phenylalanine. In some embodiments, the ketoreductase polypeptides can have additionally 1-2, 1-3,
1-4, 1.5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-11, }-12, 1-14, 1-15, i-16, 1-18, 1-20, 1-22, 1-24, 1-25, 1-30, 1-35
or about. 1-40 residue differences at other residue positions ag compared to a reference sequence of
SEQ ID NO:2, 4 or 98 with the preceding features, such as SEQ 1D NO:74. In some embodiments,
the number of differences can be 1,2, 3,4, 5, 6,7, 8,9, 10, 11,12, 14, 15, 16, 18, 20, 22, 24, 26, 30,
35 or about 40 residue differences at other amine acid residues. In some embodiments, the
differences comprise conservative mutations. In some embodiments, the ketoreductase polypeptide
comprises an amine acid sequence with the preceding features, and wherein the amine acid sequence
has at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
identity to a reference scquence based on SEQ ID N(:2, 4 or 98 with the preceding features {e.g.,

SEQ ID NO:74).

[4#132] In some embodiments, an improved ketoreductase comprises an amine acid sequence based
on the sequence formula of SEQ ID NQ: 93, 96, or 119, or a region thereof, such as residues 90-211,
in which the amino acid sequence has at least the following features: residue corresponding to X190
1$ an non-aromatic residue, particolarly alanine, isoleucing, cysteine, or proline; residue corresponding
t0 X7 1s an aromatic, non-poiar, polar, constrained, or basic residue, particularly histidine, threonine,
profine, tryptophan or arginine; residue corresponding to X147 is an aromartic, polar, non-polar, or
aliphatic residue, particularly glutamine, leucine, or isoleucing: residue corresponding to X196 is an

aliphatic, non-polar, or aromatic residue, particularly methionine, isoleucine, leucine, or
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phenylalanine; and residue corresponding to X202 is an aliphatic, aromatic, or a non-polar residue,
particularly methionine, tyrosine, or #ryptophan, In some embodiments, the ketoreductase
polypeptides can have additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7,1-8, 1-9, 1-10, 1-11, 1-12, §-14, 1-15,
1-16, 1-18, 1-20, 1-22, 1-24, 1-25. 1-30, 1-35 or about 1-40 residue differences at other residue
positions as compared to a reference sequence of SEQ 1D NO:2, 4 or 98 with the preceding features,
such as SEQ ID NO:40, 76, 78, 80, or 82, In some embodiments, the number of differences can be |,
2,3,4,5,6,7,8,9, ]O,. 11, Ifl, 14, 15, 16, 18, 20, 22 24,26, 30,35 or abou*flél() residue differences at
other amino acid residues. In some embodiments, the differences comprise conservative mutations.
In some embodiments, the ketoreductase polypeptide comprises an amino acid sequence with thé
preceding features, and wherein the amino acid sequence has at least §5%, 6%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identity to a reference sequence based on
SEQ D NO:2, 4 or 98 with the preceding features (e.g., SEQ 1D NG440, 76, 78, 80, or 82).

[0133] In some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formula of SEQ ID WN(C: 03, 96, or 119, or a region thereof, such as residues 90-211,
in which the amino acid sequence has at ieast the following features: residue corresponding to X190
is an non-aromatic residue, particularly alanine, isoleucine, cysteine, or proline; residue corresponding
to X7 15 an aromatic, non-polar, polar, constrained, or basic residue, particularly histidine, threonine,
proline, fryptophan or arginine; residue corresponding to 94 is a cysteine, non-polar or an aliphatic
residue, particalarly cysteine or valing; residue corresponding to X147 is an aromatic, polar, non-
polar, or aliphatic residue, particotarly glatamine, leucine, or isoleucing; residue corresponding to
X196 is an aliphatic. non-polar, or aromatic residue, particularly methionine, isoleucine, leucine, or
phenylalanine; and residuee corresponding to X202 is an afiphatic, aromatic, or 2 non-polar residue,
particularly methionine, tyrosing, or tryptophan. In some embodimenis, the ketoreductase
polypeptides can have additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1.9, 1-10, 111, 1-12, 1-14, 1-15,
1-16, 1-18, 1-20, 1-22, 1-24, 1-25, 1-30, 1-35 or about 1-40 residuc differences at other residue
positions as compared to a reference sequence of SEQ 1D NO:2, 4 or 98 with the preceding features,
sach as SEQ ID NO:42. In some embodiments, the number of differencescanbe [, 2,3, 4, 5,6, 7, 8,
9,10, 11, 12, 14, 13, 16, 18, 20, 22, 24, 26, 30, 35 or about 40 residue differences at other anyino acid
residues, In some embodiments, the differences comprise conservative mutations. In some
embodiments, the keforeductase polypeptide comprises an amino acid sequence with the preceding
features, and wherein the amino acid sequence has at least 85%, 86%, 87%, 88%, 89%, 90%, §1%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, or 9% identity 10 a reference sequence based on SEQ 1D
NO:2, 4 or 98 with the preceding feamres (e.g., SEQ ID N(:42),
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[0L34] In some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formula of SEQ 1D NO: 95, 96, or 119, or a region thereof, such as residues 90-211,
in which the amino acid sequence has at least the following features: residus corresponding to X190
is an non-aromatic residue, particularly alanine, isolencine, cysteine, or profine; residue corresponding
to X7 is an aromatic, non-polar, polar, constrained, or basic residue, particularly histidine, threonine,
proline, tryptophan or arginine; residue corresponding to X94 is a cysteine, non-polar or an aliphatic
residae, paﬁiculérly cysteine or valine; residue corresponding to X147 is an aromatic, polar, non-
polar, or aliphatic residue, particularly ghutamine, leucine, or isoleucine; residue corresponding 1o
X149 is a non-polar or aromatic residue, particularly phenyialanine; residue corresponding to X350 18
a consiramed or acidic residue, particularly histiding; residue corresponding to X196 is an aliphatic,
non-polar, or aromatic residue, particularly methionine, isoleucine, leucine, or phenylaianine; and
residue corresponding 1o X202 is an aliphatic, aromatic, or a non-polar residue, particularly
methioning, tyrosine, or tryptophan. In some embodiments, the ketoreductase polypeptides can have
additionally 1-2, 1-3, 1-4, 1-5, 1-6, i-7, 1-8, 1-6,1-10, 1-11, 1-12, -14, 1-15, 1-16, 1-18, 1-20, 1-22,
1-24, 1-25, 1-30, 1-35 or about 1-40 residue differences at other residue positions as compared 10 a
reference sequence of SEQ 1D NO:2, 4 or 98 with the preceding features, such as SEQ D NO:84. In
some embodiments, the number of differences canbe 1,2, 3.4, 5,6, 7, 8,9, 10, 11, 12, 14, 15, 16, 18,
20, 22, 24, 26, 30, 35 or about 4 residue differences at other ammno acid residuss. In some
embodiments, the differences comprise conservative mutations. In some embodiments, the
ketoreductase polypeptide comprises an amino acid sequence with the preceding featares, and
wherein the amino acid sequence has at leasi 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%., 93%.,
94%, 95%, 96%, 97%, 98%, or 99% idemntity to a reference sequence based on SEQ 1D NO:2, 4 or 98
with the preceding features (e.g., SEQ 1D NQ:84).

[6235] In some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formula of SEQ ID NO: 95, 96, or 119, or a region thereof, such as residues 90-211,
in which the amino acid sequence has at least the following features: residue corresponding to X190
is an non-aromatic residue, particularly alanine, isoleucine, cysteine, or proline: residue corresponding
to X7 is an aromatic, non-polar, polar, constrained, or basic residue, particularly histidine, threonine,
proline, tryptophan or arginine; residue corresponding to X96 18 a polar or acidic residue, particularly
threonine or glutamic acid; residue corresponding to X147 is an aromatic, polar, non-polar, or
aliphatic residue, particularly glutamine, leucine, or isoleucine; residue corresponding to X196 is an
aliphatic, non-polar, or aromatic residue, particularty methionine, isoleucine, leucine, or
phenylalanine; and residue corresponding to X202 is an aliphatic, aromatic, or a non-polar residue,

particularty methionine, tyrosine, or ttyptophan, In some embodiments, the ketoreductase
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polypeptides can have additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1.8, 1-9, 1-1¢, 1-11, 1-12, 1-14, 1-15,
1-16, 1-18, 1-20, 1-22, 1-24, 1-25, 1-30, 1-35 or about 1-40 residue differences at other residue
positions as compared to a reference sequence of SEQ 1D NO:2, 4 or 98 with the preceding features,
such as SEQ JD NO:44 or 46. In some embodiments, the number of differsnces canbe 1,2,3, 4, 5, 6,
7.8,0, 10, 11,12, 14, 15,16, 1§, 20, 22, 24, 26, 30, 35 or about 40 residue differences at other aming
acid residues. In some embodiments, the differences comprise conservative mutations. In some
embodiments, the ketoreductase polypeptide comprises an amino acid sequence with the preceding
features, and wherein the amino acid sequence has at least 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identity to a reference sequence based on SEQ 1D
NO:Z, 4 or 98 with the preceding features (e.g., SEQ ID NO:44 or 461

f0136] In some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formula of SEQ 1D NO: 95, 96, or 119, or a region thereof, such as residues 90-211,
in which the amino acid sequence has at least the following features: residue corresponding to X190
is an non-aromatic residue, particularty alanine, isoleucine, cysteine, or proline; residue corresponding
to X7 is an aromatic, non-polar, polar, constrained, or basic residue, particutarly histidine, threonine,
prolineg, tryptophan or arginine; residue corresponding to X96 is a polar or acidic residue, particuiarly
threonine or ghutamic acid; residue corresponding to X120 s an aromatic, non-polar or aliphatic
residue, particularly valine; residue corresponding to X147 is an aromatic, polar, non-polar, or
aliphatic residue, particularly ghitamine, leucine, or isoleucine; residue corresponding to X196 is an
aliphatic, non-polar, or aromatic residue, particularly methionine, isoleucine, leucine, or
phenylaianine; and residue corresponding to X202 is an aliphatic, aromatic, or a non-polar residue,
particularly methionine, tyrosine, or tryptophan. In some embodiments, the ketoreduciase
polypeptides can have additionally 1-2, 1-3, 14, 1-5, 1-6, 1-7, 1-8, 1-9, 1-1Q, i-11, 1-12, 1-14, 1-15,
1-16, 1-18, 1-20, 1-22, 1-24, 1-23, 1-30, 1-35 or about 1-40 residuc differences at other residuc
positions as compared to a reference sequence of SEQ ID NQ:2, 4 or 98 with the preceding features,
such as SEQ 1D NO:86. In some embodiments, the number of differences canbe 1,2, 3,4, 5,6, 7. 8,
9,10, 11,12, 14, 15 16, 18, 20, 22, 24, 26, 34, 35 or about 40 residue differences at other amino acid
residues. In some embodiments, the differences comprise conservative mutations. In sonie
embodiments, the ketoreductase polypeptide comprises an amino acid sequence with the preceding
features, and wherein the amino acid sequence has at least 85%, 86%, 87%. 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identity 1o a reference sequence based on SEQ ID
NO:Z, 4 or 98 with the preceding features (e.g., SEQ ID NO:86).

{0137] In some embodiments, an improved ketoreductase comprises an amino acid sequence based

on the sequence formula of SEQ ID NO: 93, 96, or 119, or a region thereof, such as residues 90-211,
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m which the amino acid sequence has at least the following features: residue comresponding to X190
15 an non-aromatic residue, particutarly alanine, isoleucine, cysteine, or proline; residue corresponding
to X7 is an aromatic, nen-polar, polar, constrained, or basic residue, particularly histidine, threonine,
preline, wyptophan or arginine: residue corresponding to X97 is a polar, non-polar, aliphatic, or basic
residue, particularly valine, methionine, threonine, or isoleucine; residue corresponding o X147 is an
aromatic, polar, non-polar, or aliphatic residue, particularly glatamine, leucine, or isoleucine; residue
corresponding to X196 is an aliphatic, non-polar, or aromatic residue, particularly methionine,
isoleucine, leucine, or phenylalanine; and residue corresponding to X202 is an ahiphatic, aromatic, or
a non-polar residue, particolarly methionine, tyrasine, or tryptophan, In some embodiments, the
ketoreductase polypeptides can have additionally 1.2, 1.3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, i-10, 1-11, I-
12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-25, 1-30, 1-35 or about 1-40 residue differences at
other residue positions as compared to a reference sequence of SEQ D NO:2, 4 or 98 with the
preceding featares, such as SEQ ID NO:88, 90, 92 or 94. In some embodiments, the number of
differencescanbe 1,2, 3,4, 5,6, 7. 8,9, 10, 11,12, 14, 15, 16, 18, 20,22, 24, 26, 30, 35 or about 40
residue differences at other amino acid residues. In some embodiments, the differences comprise
conservative mutations. In some embodiments, the ketoreductase polypeptide comprises an amino
acid sequence with the preceding features, and wherein the amino acid sequence has at least 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identity to a
reference sequence based on SEQ ID NO:2, 4 or 98 with the preceding features {e.g., SEQ ID NO:RS§,
S0, G2 or 94).

[8138] In some embodiments, the improved ketoreduciases of the disclosure comprises an aming
acid sequence that has a region or domain corresponding 1o residues 90-211 of the sequence formula
of SEQ ID NO: 95, 96, or 119 in which the residue corresponding to X190 is not tyrosine. In some
embodiments, the domain or region corresponding to residues 90-211 comprises an amino acid
sequence in which the residue corresponding to X190 is a non-aromatic residue, such as an aliphatic,
constrained. non-polar, or cysteine residue. In some embodiments, the domain or region
corresponding 1o residues 90-211 comprises an amino acid sequence in which the residus
corresponding to X190 is alanine, isoleucine, cysteine, or proline, particularty protine. In some
embodiments, the region or domain corresponding to residues 90-211 can bhave additionally 1-2, 1-3,
i-4, i-5,1-6, 1-7, 1-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, or 1-20 residue differences at
other amino actd residues as compared 1o the corresponding domain of a reference sequence based on
SEQ ID NO: 2, 4, or 98. 1In some embodiments, the mumber of differences canbe 1, 2, 3. 4, 5, 6, 7. 8,
9,10, 11, 12, 14, 15, 16, 18, or about 20 residue differences at other amino acid residues in the

domain. In some embodiments, the differences comprise conservative mutations. In some
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e;hbodimcnts, the ketoreductase polypeptide comprises an amino acid sequence with a domain or
region corresponding to residues 90-211 of the sequence formula of SEQ 1D NO:95, 96, or 119 in
which the residue comresponding to X190 has ai least the preceding features, and wherein the amino
acid sequence of the domain or region has at least 85%, 86%, 8§7%, 88%, §9%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 9% identity to the amine acid sequence corresponding to residues

90-211 of a reference sequence based on SEQ ID NO:2, 4 or 98 with the preceding features.

[6139] In some embodmments, the ketoreductase polypeptide with a domain or region corresponding
to residues 90-211 of the sequence formula of SEQ ID NG:95, 96 or 119 and having the specified
features at residue corresponding to X190 as described herein, can further include in the region or
domain one or more of the features selected from the following: residue corresponding tc X94 is a
cysieine, non-polar or an aliphatic residue; residue corresponding to X95 is a non-polar or aliphatic
residue; residue corresponding to X96 is a polar or acidic residue; residue corresponding to X97 is a
polar, non-polar, aliphatic, or basic residue; residue corresponding to X120 is an aromatic, non-polar
or aliphatic residue; residue corresponding to X125 is a polar or non-polar residue; residue
corresponding to X147 is an aromatic, polar, non-polar, or aliphatic residue; residue corresponding to
X149 is a non-polar or aromatic residue; residue corresponding to X150 is a constrained or acidic
residue; residue corresponding 1o X152 1s a non-polar or polar residue; residue corresponding to X196
is an aliphatic, non-polar, or aromatic residue; residue corresponding to X202 is an aliphatic,
aramatic, or a non-polar residue; residue corresponding to X205 is a basic, nonpolar or aliphatic
residuce; and residue corresponding to X206 is non-polar or aromatic residue. In some embodiments,
the region or domain corresponding to residues 90-211 can have additionally from about 1-2, 1-3, 1-4,
-5, 1.6, 1-7, 1-8, 1-9, 1-14, 1-11, 1-12, 1-14, }-15, 1-16, 1-18, or 1-20 residue differences at other
aming acid residues as compared to the corresponding domain of a reference sequence based on SEQ
ID NO:2, 4 or 98, Tn some embodimients, the number of differences canbe 1,2, 3, 4. 5,6, 7. 8, 9, 10,
[1, 12, 14, 15, 16, 18, or about 20 residue differences at other amino acid residues in the domain, In

some embodiments, the differences comprise conservative mutations.

[0148] In some embodiments, the ketoreductases polypeptides having a domain or region with an
amino acid sequence corresponding to residues 90-211 of the sequence formula of SEQ ID NO: 95,
96 or 119, as described above, can have one or more conservative mutations in the domain or region
ag compared to the amine acid sequence of the corresponding donnain of SEQ ID NO: 2, 4 or 8,
Examples of such conservative mutations include amino acid replacements such as, but limited to;
replacement of residue corresponding to X94 alanine {A) with another non-polar or aliphatic residue,
e.g., valine, leucine, or isoleucine; replacement of residue corresponding to X95 valine (V) with

another non-polar or aliphatic residue, e.g., alanine, leucine, or isoleucine; replacement of restdue
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corresponding to X906 serine (5) with another polar residue, e.g., asparagine, glutamine, or threonine;
repiacement of residue corresponding to X196 valing (V) with another non-polar or aliphatic residue,
e.g., alanine, leucine, or isoleucine; and replacement of residue corresponding to X205 alanine (A}

with another non-polar or aliphatic residue, e.g., valine, lencine, or isoleucine.

[E141) in some embodiments, the ketoreductase polypeptide with a domain or region corresponding
to residues 90-211 of the sequence formula of SEQ 1D N(O:935, 86 or 119 and having the specified
features at residue corresponding to X190 as described herein, can further mchide in the region or
domain one or more of the features selected from the following: residue corresponding to X94 is
oysteine, glycine, methionine, alanine, valineg, leucine, or isoleucine, particularly alanine, valine or
gysteine; residue comresponding ie X95 18 ghyeine, methionine, alamne, valing, leucine, 1soleucine,
particularly isoleucine or leucine; residue corresponding to X906 1s aspartic acid, glutamic acid, serine,
threomine, asparagine, or glutamine, particularly serine, asparagine, threonine or ghitamic acid;
residue corresponding to X97 is serine, threonine, asparagine, glutamine, glycine, methionine,
alanine, valine, leucine, isoleucine, lysine or arginine, particularly iysine, threonine, valine, arginine,
methionine, or iseleucine; residue corresponding to X120 is tyrosine, phenylalanine, tryptophan,
glycine, methionine, alanineg, valing, leucine, or 1soleucine, particularly phenylalanine or valine;
residue corresponding to X125 is glycine, methioning, alanine, valing, leucing, or isoleucine,
particularly glycine or serine; residue corresponding to X142 is a serine, threonine, asparagine, or
glutamine residue, particularly asparagine: residue corresponding to X147 is tyrosine, phenylalanine,
tryptophan, glycine, methionine, alanine, valing, leucineg, 1soleucing, serine, threonine, asparagine, or
glutamine, particulariy phenylalanine, leucine, isoicucine, valine, or glutamine; residuc corresponding
t0 X149 is glycine, methionine, alanine, valine, leucine, isolencine, tyrosine, phenvialanine, or
tryptophan, particularly glycine or phenylalanine; residue corresponding to X150 is proline, histidine,
aspartic acid, or ghutamic acid, particulariy aspartic acid or histidine; residue corresponding to X152 13
glycine, methionine, alanine, valine, lcucine, iscleucine, serine, threonine, asparagine, or giutamine,
particutarly serine, threonine, or methionine; residue corresponding 1o X196 15 tyrosine,
phenylalanine, tryptophan, glycine, methionine, alanine, valine, leucine, or isolcucine, particularly
valine, isoleacine, methionine, phenylalanine, or isoleucine; residue corresponding to X202 is
tyrosine, phenylalanme, oyptophan, glycine, methionine, alanine, valine, leucine, or isoleucine,
particularly alanine, tryptophan, tyresine, or methionine; residue corresponding to X205 15 lysine,
arginine, glycine, methionmine, alamine, valine, leucine, or isoleucine, particularly arginine; and residue
corresponding to X206 is glycine, methionine, alanine, valine, leucineg, isoleucine, tyrosine,
phenylalanine, tryptophan, particuiarly methionine or tyrosine. In some embodiments, the region or

domain corresponding to tesidues 90-211 can have additionally from about -2, 1-3, 1-4, 1-3, 1-6, 1-

i
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7.1-8,1-9, 1-30, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, or §-20 residue differences at other ammno acid
Tesidues as compared to the corresponding domain of a reference sequence based on SEQ 1D NG:2, 4
or 98, In some cmbodiments, the number of differences can be 1,2, 3,4, 5, 6,7, 8 9, 10, 11, 12, i4,
15, 16, 18, or about 20 residue differences at other amino acid residues in the domain. In some

embodiments, the differences comprise conservative mutations.

[0342] In some embodiments, the ketoreductase polypeptide with a domain or region corresponding
to residues 90-211 of the sequence formula of SEQ 1D NO:93, 96 or 119 and having the specified.
features at residue corresponding to X190 ag described herein, can furiher include in the region or
domain one or more or all of the features selected from the following: residue corresponding to X147
1§ an aromatic, polar, non-polar, or aliphatic residue, particularly glutamine, isoleucine, or leucine,
and residue corresponding to X202 is an aliphatic, aromatic, or a non-polar residue, particularly
tryptophan, methionine, ot tyrosine. In some embodiments, the region or domain corresponding to
residues 90-211 can have additionally 1-2, 1-3, 1-4, 1-5, 1.6, 1.7, 1-8. 1-9, 1-14, 1-11, 1-12, 1-14, 1-
15, 1-16, 1-18, or 1-20 residue differences at other amimo acid residues as compared to the domain of
a reference sequence based on SEQ ID N(:2, 4 or 88, In some embodiments, the number of
differences canbe 1,2, 3.4, 5,6, 7,8, 9,10, 11,12, 14, 13, 16, 1%, or about 20 residue differences at
other amino acid residues in the domain. In some embodiments, the differences comprise
conservative mutations. In sorne embodiments, the ketoreductase polypeptide comprises an amino
acid sequence with at least the preceding features, and wherein the anino zeid sequence has at least
85%, 86%, 87%, BR%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identity as
compared to the amino acid sequence corresponding to residues 90-211 of a reference sequence based

on SEQ D NO:2, 4 or 98 with the preceding features.

[6143] In some embodiments, the ketoreductase polypeptide with a domain or region corresponding
to residues 90-211 of the seguence formula of SEQ 1D NO:95, 96 or 119 and having the specified
features at restdue corresponding to X190 as deseribed herein, can further include in the region or
domain one or more or all of the features selected from the following: residue corresponding to X987
18 a polar, non-polar, aliphatic, or basic residue, particularly methionine, valine, isoleucine, threonine,
or arginine; residue corresponding to X147 is an aromatic, polar, non-polar, or aliphatic residue,
particulariy glutamine, isoleucine, or lencine; residuc corresponding to X202 is an aliphatic, aromatic,
or a non-polar residue, particularly tryptophan, methionine, or tyrosine. In some embodiments, the
region or domatn corresponding to residues 90-211 can have additionally 1-2, 1-3, 1-4, 1-5, 1-6, {-7,
1-8, 1-9, 1-10, i-11, 1-12, 1-14, 1-15, 1-16, 1-18, or 1-20 residue differences at other amino acid
residues as compared to the domain of a reference sequence based on SEQ 113 NO:2, 4 or 98. In some

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

A
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about 20 residue differences at other amino acid residuss in the domain, In some embodiments, the
differences comprise conservative nntations.  In some embodiments, the ketoreduciase polypeptide
comprises an amine acid sequence with at least the preceding features, and wherein the amino acid
sequence has at least 85%, 86%, 87%, 88%, 89%, 90%, 21%, 92%, 93%, 94%, 95%, 36%. 97%, 98%,
or 99% identity as compared to the amino acid sequence corresponding o residues 90-211 of a

reference seguence based on SEQ 1D NO:2, 4 or 98 with the preceding features.

[0144] In some embodiments, the ketoreductase polypeptide with & domain or region corresponding
1o residues 90-211 of the sequence formula of SEQ 1D NG:95, 96 or 119 and having the specified
features at residue corresponding to X190 as described herein, can further include in the region or
domain one or more or all of the features selected from the following: residue corresponding to X94
is a cysteine, non-polar or an aliphatic residue, particularly cysteine or valine: residue corresponding
10 X96 18 a polar or acidic residue, particularly threonmine; and residue corresponding to X147 15 an
aromatic, polar, non-polar, or aliphatic residue, particularly glutamine, isoleucine, or leucine. In some
embodiments, the region or domain corresponding 1o residues 90-211 can have additionally 1-2, 1-3,
1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, i-11, 1-12, 1-14, 1-15, 1-14, 1-18, o7 1-20 residue differences at
other amino acid residues as compared to the domain of a reference sequence based on SEQ ID NQO:2,
4 or 98, in some embodiments, the number of differences canbe 1,2, 3,4, 5,6, 7, 8,9, 10, 11, 12,
14, 15, 16, 18, or about 20 residue differences at other anmno acid residues i the domain. In some
embodiments, the differences comprise congervative mutations, In some embediments, the
ketoreductase polypeptide comprises an aminoe acid sequence with at least the preceding features, and
wherein the amino acid sequence has at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%%, 95%, 96%, 97%, 98%, or 99% identity as compared to the amine acid sequence corresponding
to residues 90-211 of a reference sequence based on SEQ ID NO:2, 4 or 98 with the preceding

features.

{6145] In some embodiments, the ketoreductase polypeptide can further include a vegion or domam
corresponding to residues 1-89 of the sequence formula of SEQ ID NO:93, 96, or 119, In some
embodiments, the region or domain corresponding to residues 1-89 can have one or more of the
following features: residue corresponding to X7 is an aromatic, non-polar, polar, constrained, or basic
residue; residue corresponding to X16 is a polar residue; residue corresponding i0 X43 is a nonpolar

or polar residae; and residue corresponding to X60 is an aromatic or non-polar, or aliphatic residue.

{6146] [n some embodimenis, the domain or region corresponding 1o residues -89 can have at least
85%, 86%. §7%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identity to
the amino acid sequence corresponding o residues 1-89 of a reference sequence based on SEQ ID

NO:2, 4, or 98 having at the residue corresponding to X7 an aromatic, non-polar, polar, consirained,
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or basic residue, particularly a histidine, with the proviso that the region or domain of the
ketoreductase polypeptide has an amino acid sequence in which the residue corresponding to X7 1s an
aromatic, non-polar, polar, constrained, or basic residue, particularly a histidine. In some
embodiments, the region or domain corresponding to residues 1-89 can have additionally 1-2, 1-3, 1-
4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, I-11, 1-12, 1-14, 1-15, or 1-16 residue differences at other amino acid
residues as compared to the domain of a reference sequence based on SEQ D NO:2, 4 or 98, In some
embodiments, the number of differencescanbe 1,2.3.4, 5, 6,7, 8,9, 10, 11, 12, 14, 15, or about 16
residue differences at other amino acid residues in the domain. In some embodiments, the differences
comprise conservative mutations. In some embodiments, the ketoreductase polypeptide comprises an
amino acid sequence with at least the preceding features, and wherein the amino acid sequence has at
least 85%, 86%, 8§7%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 07%, 98%, or 99% identity
as compared fo the amino acid sequence corresponding 1o residues 1-89 of a reference sequence based

on SEQ 1D NG:2, 4 or 98 with the preceding features.

[0147] In some embodiments, the region or domain corresponding to residues 1-89 can have one or
more or at least all of the following features: residue corresponding to X7 is an aromatic, ron-potar,
polar, constrained, or basic residue; residue corresponding to X 16 is a polar residue; residue
corresponding to X43 is a nonpolar or polar residue; and residue corresponding to X6( is an sromatic
or non-polar, or aliphatic residue. In some embodiments, the region or domain corresponding to
residues 1-89 can have additionally -2, 1-3, -4, 1-5, 1-6, -7, 1-8, [-9, 1-10, 1-11, 1-12, I-14, 1-153,
or 1-16 residue differences at other amino acid residues as compared to the domain of a reference
sequence based on SEQ ID NO:2, 4 or 98. In some embodiments, the numtber of differences can be 1,
2,3,4,56,7,8, 9,10, 11, 12, 14, 15, or 16 residue differences af other amino acid residues in the
domain. in some embodiments, the differences comprise conservative mutations. In some
embodiments, the ketoreductase polypeptide comprises an amino acid sequence with at least the
preceding features, and wherein the amino acid sequence has at least 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 93%, 96%, 97%, 98%, or 99% identity as compared 1o the amino acid
sequence corresponding to residues 1-89 of a reference sequence based on SEQ ID NG:2, 4 or 98 with

the preceding features,

[6148] In some embodiments, the region or domain corresponding to residues 1-89 can have one or
more or at Jeast all of the following features: residue corresponding to X7 is tryptophan, tyrosing,
phenylalanine, proline, histidine, glycine, methiomne, alaning, valing, leucine, isolcucine, serine,
threonine, glutamine, asparagine, arginine, or lysine, particularly glycine, histidine, threonine, proline,
tryptophan, arginine, histidine, or asparagine; residue corresponding to X 16 is serine, threonine,

asparagine, or glutamine, particularly serine; residue corresponding to X43 is glycine, methionine,

on
n



WO 2009/036404 PCT/US2088/076333

alanine, valine, leucine, or isoleucine, particularly isoleucine; and residue corresponding to X60 is
tyrosine, phenylalanine, tryptophan, glveine, methionine, alanine, valine, lsucing, or isoleucing,
particularly alanine. In some embodiments, the region or domain corresponding to residues 1-89 can
have additionally 1-2, 1-3, 1-4, 1-5, 1-4, 1-7, 1-& 1-9, 1-1G, 1-11, 1212, 1-14, £-15, or 1-16 vesidue
differences at other amino acid residaes as compared to the domain of a reference sequence based on
SEQ ID NO:2Z, 4 or 98, In some embodiments, the number of differences canbe 1,2, 3,4, 5,6, 7. 8,
G, 10, 11, 12, 14, 15, or 16 residue differences at other amino acid residues in the domain. In some
embodiments, the differences comprise conservative mutations. In some embediments, the
ketoreductase polypeptide comprises an amino acid sequence with at least the preceding features, and
wherein the amine acid sequence has at least 85%, 86%, 87%, 85%, 8§9%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% identity as comparad to the aminoe acid sequence corresponding
to residues 1-8% of a reference sequence based on SEQ ID NG:2, 4 or 98 with the preceding features.
[0349] Table 2 below provides a list of some of the SEQ D NOs disclosed herein with associated
activity levels with respect to reduction of substinsted acetophenones. All sequences below are
derived from the wild-type L. kefir ketoreductase sequences (SEQ 1D NG: 3 and 4) unless otherwise

specified.

[0150] Table 2: List of Seguences

Polynucleotide | Polypeptide Polypeptide Residue Substitutions ag Activity| Stability
SEQ ID NO. [SEQ D NQO. Compared te SEQ ID NO: 4
3 4 None, (Wild-type L. kefir sequence) - -
5 6 Y190C - -
7 8 Y190A; V1951, ++ +
9 10 Y190P; Vi9el; ++
H 12 K97R; Y190C; +
13 i4 Y190FP; Vi9aL ++
i3 e Y120A; VI9sL ++ +
47 48 Y190P; V196M, +
49 50 Y 190P; VI96F: +
51 52 G1258: Y190P; V196L.,; +
19 20 V51 Y190P; V196l + +
17 18 T152M; Y190P; V196l; M205R; +++ +
23 24 Y190P; V196L,; i
(as compared to SEQ 1D NO:2)
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Polynucleotide| Polypeptide Polypeptide Residue Substitutions as Activity| Stability
SEQID NO, |5EQ 1D NO. Compared toc SEQ ID NO: 4

25 26 YI90A; V196L; +t +
(as compared to SEQ ID NO:2)

35 36 YI90P; V1961, M206Y, et

33 54 G7N: Y190A; V196L,; ++ +

55 56 G7H; Y150P; V1961, s

61 62 V3L, Y190P; V196l +

63 64 VO51, Y1902 V196l ++

57 58 T16S; YI%OP; VI196L; ++

59 60 Y190P; V196L 1+

21 22 F147L; Y190P; V1941, ++ At

G5 66 F1470; Y190A; VI96L; ++ +

67 68 Fi47L Y190P; V196L, ++ ++

69 70 Va3l; F1471; Y190P; VI96L; ++ et

71 72 F147L; YI90A: V196L,; ++ 4+

3 32 | Y190P; VIO6L; A202W: et +

27 28 YI90P; VIS6L; A202M; ++ +

29 30 Y190A; VI96L; A202Y; et -

33 34 ARV Y190A; V196L; M205V; ot +

73 74 KO7R; F1471 Y190P; V196L; - +

37 38 F147L; Y190P; V194L,; A202W,; 4+ ++

39 40 G7H; F147L; Y190P; VI96L; A202W,; et o

75 76 G7T; F147L Y1I9GP; VIOoL; AZ02W; i ++

77 78 G7P; F147L, Y190P; VI96L: A202W; 4+ et

79 80 GTW; F147L: Y190P; V196L; AZG2W; A ++

81 82 GT7R; FI47L; Y190P; ViveL; AZ0ZW, A+ ++

83 84 G7H; A94C; F147L1; G149F; D150H; Y1%0P; et At
V1961, AZ02W;

43 42 G7H; A94V; F147L; Y190P; VI196L; A202W,; | +++ e

43 44 G7H; S96E: F1471; Y190P; VI96L: A202W; - A+

85 86 G7H; S96T; F120V; F147L; Y190P; VI96L, At e
AZ02W;

43 46 G7H, S96T; F1471.: Y190P; VI96L,; A202W; A+ e

87 88 G7H; K97V F147L; Y190P; V196L; AZ0ZW, | +++ ++
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Polynucleotide | Polypeptide Polypeptide Residue Substitutions as Activity, Stability
SEGQID NO. |SEG ID NO. Cempared to SEQ 1D NO: 4
89 90 GT7H; KO7M; F147L; Y190P: V196L; A202W; | +++ 4
a1 92 G7H; K97T; Fi47L; Y190P; V196L; A202W . - ++
93 94 GTH; K971 F1471; Y100P: V1961, A202W, 4+ T

[0151] In Tabie 2 above, in the activity columm, a single plus “+ indicates an activity improvement
of 100-450% of the activity of SEQ 1D NO:6, two pluses -+ indicates an activity improvement of
450-1500% of SEQ TD NQ:6, and three pluses “+--+" indicates an activity improvement of greater
than 1500% of SEQ ID NO:6. In the stability column, a single phos “+” indicates that the polypeptide
exhibits measurable activity after heat treatment of 2 houwrs at 30°C, two pluses “++" indicates that the
poiypeptide has greater than 400% mmprovement in activity as compared to SEQ ID NO:16 when

comparing activity for both proteins after heat treatment of 2 hours at 50°C.

[0152] In some embodiments, the ketoreductase polypeptides of the disclosure are improved as
compared to an engineered KRED enzymie having (S) selectivity, e.g., SEQ ID NO:6, with respect to
their rate of enzymatic activity, for example, their rate of converting the substrate to the product. The
polypeptide having the sequence of SEQ ID N(:6 is used herein as a reference polypeptide because
the wild-type L. kefir or L. brevis KRED do not exhibit appreciable activity for converting 27, 6~
dichlore-3"-fleorcacetophenone to (S)-1-[2,6-dichloro-3-fluorephenyl]-ethanol, In some
embaodiments, the ketoreductase polypeptides are capable of converting the substrate to the product at
arate that is at least 5-fold, 10-fold, 25-fold, 50-fold, 75-fold, 100-fold, 150-fold, 200-fold, 250-foid,
or 300-fold over the rate of SEQ ID NO:6. In some embodiments, the ketoreductase polypeptides are
capable of converting the substrate to the product at a raie that is &t teast 100%, 150%, 200%, 250%,

300%, 400%; 450%, 500%, 750%, 1000%, 1250%, or 1500% of the rate of SEQ ID NO:6.

[8133] In some embodiments, the ketoreductase polypepiide of the disclosure 15 capabie of
converting 27,6 -dichloro-3"-fluoroacetophenone to (§)-1-[2,6~dichloro-3-fluorophenyl}-ethano! with
an stereomeric excess greater than 99% and at a rate that is improved over the ketoreductase
polypeptide having the sequence of SEQ ID NO:6. Exemplary polypeptides that are improved over
SEQ ID NO:6 with respect to enzymatic activity, include but are not limited to, polypeptides
comprising amino acid sequences corresponding to SEQ 1D NO: 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, 5%, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80,
82, 84, 86, 8K, 90, 92, and 94.

{0154] In some embodiments, the ketoreduciase pofypeptide of the disclosure is capable of

converting 27,6’ -dichlore-3"-flaorcacetophenone to (S}-1-[2,6-dichloro-3-fluocrophenyl]-cthanol with
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an stereomeric excess greater than 99% and at a rate that is improved over the ketoreductase
polypeptide having the sequence of SEQ TD NO:6, wherein the polypeptide also has improved
thermostability as compared to the polypeptide having the sequence of SEQ 1D NO:6. Exemplary
polypeptides having such improvements include, but are not limited to, polypeptides comprising
amino acid sequences corresponding to SEQ ID NG: 8, 16, 18, 20, 22, 26, 28, 30, 32, 34, 38, 40, 42,
44,46, 54, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 88, 50, 92, and 94,

{0255] In some embodiments, the ketoreductase polypeptide of the disclosure is capable of
converting 2°,6"-dichloro-3"-fluoroacetophenone to {$)-1-[2,6-dichloro-3-fluorophenyl]-ethano} with
an stereomeric excess greater than 99% and at a rate that is at least about 450% greater than the
ketoreductase polypeptide having the sequence of SEQ 1D NO:6. Exemplary polypeptides capable of
such an improvement include, but are not limited to, polypeptides comprising amino acid sequences
corresponding to SEQ 1D NO: 8, 10, 14, 16, 18, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 54,
56, 38, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 88, 90, 92, and 94.

[8156] In some embodiments, the ketoreductase polypeptide of the disclosure is capable of
converting 2°,6"-dichloro-3’-fluoroacetophenone 1o (8)-1-[2,6-dichloro-3-fluorophenyl]-ethano! with
an stereomeric excess greater than 99% and at a rate that is at least about 450% greater than the
ketoreductase polypeptide having the sequence of SEQ 1D NO:6, wherein the polypeptide also has an
improved thermostability as compared to the polypeptide of SEQ ID NO:6. Exemplary polypeptides
having such properties include, but are not limited to, polypeptides comprising amino acid sequences
corresponding to SEQ ID NQ: &, 16, 18,22, 26, 28, 30, 32, 34, 38, 40, 42, 44, 46, 54, 66, 68, 70, 72,
74,76, 78, 80, 82, 84, 86, 88, 60, 92, and 94.

[6157] In some embodiments, the ketoreductase polypeptide of the disclosure is capable of
converting 2°,6"-dichloro-3"-fluoroacetophenone to (5)-1-[2,6-dichioro-3-flucrophenyl]-ethanol with
an stereomeric excess greater than 99% and at a rate that is at least about 1500% greater than the
ketoreductase polypeptide having the sequence of SEQ [D NO:6. Exemplary polypeptides capable of
such an improvement inclade, but are not limited to, polypeptides comprising amino acid sequences
corresponding to SEQ ID NO: 18, 32, 34, 36, 38, 40, 42, 44, 46, 74, 76, 78, 80, 82, 84, 86, 88, 90, 92,
and 94,

{03158] In some embodiments, the ketoreductase polypeptide of the disclosure is capable of
converting 2°, 6°-dichlore-3’-fluoroacetophenone to (5)-1-[2,6~dichioro-3-fluorophenyll-ethanol with
an sterepmeric ¢xcess greater than 99% and at a rate that is at least about 1500% greater than the
ketoreductase polypeptide having the sequence of SEQ ID NO:6, wherein the polypeptide also has an

improved thermostability as compared to the polypeptide of SEQ 1D NO:6. Exemplary polypeptides
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having such propertics inclnde, but are not hmited to, polypeptides comprising amine acid sequences
corresponding to SEQ 1D NO: 18, 32, 34, 36, 38, 40, 42, 44, 46, 74, 76, 78, 80, 82, 84, %6, 88, §0, 92,
and 64,

[3159] In some embodiments, the ketoreductase poivpeptide of the disclosure is capable of
converting in iess than about 24 hours at teast about 95% of the 2°,6"-dichloro-3"-flueroacetophenone
substrate to (8)-1-(2,6-dichlore-3-fluorophenyl) ethanol, in at least about 99% stereomeric excess,
when carried out with the polypeptide at an amount of less than about 1% by weight with respect to
the amount of the 2°,6°-dichloro-3"-fluoroacetophenone substrate. Exemplary polypeptides that have
this capability include, but are not Iimited to, polypeptides comprising amino acid sequences

corTesponding to 18, 32, 34, 36, 38, 40,42, 44, 46, 74, 76, 78, 80, 82, 84, 86, 88, 90, 92, and 94.

[0360] In some embodiments, the ketoreductase polypeptide of the disclosure is capable of
converting 27,6’ -dichloro-3"-fluoreacetophenone to (8)-1-[2,6-dichloro-3-fluorophenyl]-ethanol with
an stereomernic cxcess greater than 99% and at a rate that is at least about 450% greater than the
keforeductase polypeptide having the sequence of SEQ 1D NO:6, wherein the polypeptide is also
capable, after a heat freatment of 50°C for 2 hours, of converting the substrate to the product at a rate
that is at least about 400% greater than the polvpeptide having the sequence of SEQ ID NO:16 (where
the polypeptide of SEQ ID NO: 16 was also treated with the same heat treatment). Exemplary
polypeptides having such properties include, but are not limited to, polypeptides comprising amino
acid sequences corresponding to SEQ ID NQ: 18, 32, 34, 36, 38, 40, 42, 44, 46, 74, 76, 78, 84, 82, 84,
86, 88, 90, 92, and 94,

[0161] Tn some embodiments, the ketoreductase polypeptide is capable of stercoseleciively reducing
the substrate to the product with a percent e.c. that is at least about 99%, where the polypeptide
comprises an amino acid sequences corresponding to SEGQ 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, 36, 38, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78,
50. 82, 84, 86, 88, 90, 92, or 94.

161621 in some embodiments, the ketoreductase polypeptide is capable of stereoselectivity reducing a
2°,6°-dichlore-3-fluorvacetophenone to (5)-1-{2,6-dichloro-3-fluorophenyl) ethanol with a percent
stereomeric excess of at least about 25%, 50%, 75%, 80%, 85%, 85%, 87%, 88%, 89%, 90%, 91%.,
92%, 93%, G4%, 95%, 96%, 97%, 98%, 99%, 99.9%, or 99.99%.

14163} In some embodiments, the ketoreduciase polypeptides can comprise an amino acid sequence
that 1s at lcast about 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 59% identical to SEQ 1D NO:2, 4 or 98, or a region or domain thereof, such as residues 90-211,

with the proviso that the residue corresponding to residue X 190 is not tyrosine, particularly 2 non-

&0
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aromatic residue, and where the polypeptide is capable of reducing the substrate to the product with at
least about 85% c.e. In some embodiments, the residue corresponding to X190 is an aliphatic,
constrained, non-polar, or cysteine residue. In some embodiments, the residue corresponding to X190
is proline, and additionally has one or more of the following substitutions such that the polypeptide is
further improved (with respect to stereoselectivity, enzymatic activity, and/or thermostability) over
the wild-type L. kefir ketoreductase or another engineered ketoreductase: 7—H, T.P,W,R.N {i.e., the
residue corresponding to residue 7 of SEQ ID NG:2, 4, or 98 1s substituted to histidine, threonine,
proline, tryptophan, arginine, or asparagine); 16—8; 43-1; 60-5A; 94 »CV; 0551 1; 96--E.T;
G7—-RVMTL 120V, 125--8; 142N, 1471, Q,LV; 149—F, 150-H; 152—H; 196—11 M,F;
202—W M,F; and 206--Y. In some embodiments, the residue corresponding to X190 is proline, and
additionally has one or more of the following substitutions such that the polypeptide is further
improved over the wild-type kefir ketoreductase or another engineered ketoreductase: 7—H; 94—V,

96—T: 147-sL; 196—1.; and 202 —W.

[0164] As will be appreciated by those of skill in the art, some of the above-defined categories,
unless otherwise specified, are not mutvally exclusive. Thus, amine acids having side chaing
exhibiting two or more physico-chemical properties can be included in muliiple categories. The
appropriate classification of any amino acid or residue will be apparent to these of skill in the art,

especially in light of the detailed disclosure provided herein.

[6165] In some embodiments, the improved engineered ketoreductase enzymes comprise deletions of
the natarally ccewmring ketoreductase polypeptides or deletions of other engineered ketoreductase
polypeptides. In some embodiments, each of the improved engineered ketoreductase enzymes
described herein can comprise deletions of the polypeptides described berein. Thus, for each and
every embodinient of the ketoreductase polypeptides of the disclosure, the deletions can comprise one
07T more amino acids, 2 or more aminoe acids, 3 or more amino acids, 4 or more anine acids, S5 or more
anuno acids, 6 or more amino acids, § or more amino acids, 10 or more aminoe acids, 15 or more
amino acids, or 20 or more amino acids, up to [0% of the total number of amino acids, up to 10% of
the total number of amino acids, ap to 20% of the total number of amino acids, or up to 30% of the
total number of amine acids of the ketoreductase polypentides, as long as the functional activity of the
ketoreductase activify is maintained. In some embodiments, the deletions can comprise, 1-2, 1-3, 1-4,
1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-25, 1-30, 1-35 or
about 1-40 amino acid residues. In some embodiments, the number of deletions can be 1, 2, 3, 4, 5, 6,
7,8,9, 10, 11,12, 14, 15, 16, 18,20, 22,24 26, 30, 35 or about 40 amino acids. In some
embodiments, the deletions can comprise deletions of 1, 2, 3,4, 5.6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16,

i8&, or 2{ amino acid residues.
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{8166} As described herein, the ketoreductase potypeptides of the disclosure can be in the form of
fusion polypeptides in which the ketoreductases polypeptides are fused 1o other pelypeptides, such as
antibody tags {e.g., myc epitope) or purifications sequences (e.g., His tags). Thus, the ketoreductase

polypeptides can be nsed with or without fusions 1o other polypeptides.

[0167] In some embodiments, the polypeptides described herein are not restricted to the genetically
encoded amino acids. In addition to the genetically encoded amino acids, the polypeptides described
herein may be comprised, either i whole or 1n part, of naturaliy-occwring and/or synthetic non-
encoded amine acids. Certain commonly encountered non-encoded amino acids of which the
polypeptides described herein may be comprised mnciude, but are not Hmited to: the D-siereomers of
the genetically-encoded amino acids; 2,3 -diaminopropionic acid {Dpr); g-aminoisobutyric acid (Aib);
g-aminohexanoic acid {Aha); S-aminovaleric acid (Ava); N-methyiglycine or sarcosine (MeGly or
Sar); ornithine {Orn); citrulline (Cit); t-butylalanine (Bua); t-butylglyeine (Bug); N-methylisoleucine
{Melle); phenylglycine (Phg); cyclohexyialanine (Cha); norleucine (Nle); naphthylalanine (Nal); 2-
chlorophenylalanine { Ocf); 3-chlorophenylalanine (Mcf); 4-chlorophenyialanine (Pef);
2-fluorophenylalanine {Off) 3-fluorophenylalanine (MfD); 4-fluorophenylialanine (PFH); 2-
bromophenylatanine (Obf); 3-bromophenylalanine (Mbf); 4-bromophenylalanine (Pbf}; 2-
methylphenylalanine (Omf); 3-methyiphenylalanine (Mmf); 4-methylphenylalanine (Pmf); Z-
nitrophenylalanine (Onf), 3-nitrophenylatanine (Mnf); 4-nitrophenyialanine (Pnf); 2-
cyanophenylalanine (Gef); 3-cvanophenylalanine (Mcf); 4-cyanophenylalanine (Pcf); 2-
trifluoromethyiphenyialanine (Otf); 3-wifluoromethylphenylalanine (Mef); 4-
trifltuoromethyiphenylalanme (Ptf); 4-anminophenylalanme (Paf); 4-1odophenyialanme (Pif); 4-
aminomethylphenylaianine (Pamf); 2 4-dichlorophenylalanine {Opef); 3.4-dichlorophenylalanine
(Mpcfy; 2.4-difluoropienylalanine (Opff); 3,4-difluorophenylalanine (Mpffy; pyrid-2-yialanine
(2pAla); pyrid-3-vialanine (3pAla); pyrid-4-vialanine (4pAla); naphth- I-vialanine (InAla); naphth-2-
vialamine (2nAla); thizzolylalanmine (taAla); benzothienyialanine (hAla}; thienylalanine (tAla};
furylalanine (fAja); homophenylatanine (hPhe); homotyrosine (hTyr); homotryptophan (hTrp);
pentafluorephenylalanine (311); styrylkalanine {sAla}; authrylalanine (aAla): 3,3-diphenylalanine
{Dfa); 3-amino-5-phenypentancic acid (Afp); penicillamine (Pen); 1,2,3.4-tetrahydroisoquinoline-3-
carboxylic acid (Tic); f-2-thienylalanine (Thi); methiomne sulfoxide (Mso); N(w)-nitroarginine
{(nArg); homolysime (hLys); pbosphonomethylphenylalanine {(pmPhe); phosphosernine (pSer);
phosphothreonine (pThr); homeaspartic acid (hAsp); homoghnanic acid (hGlu); 1-aminocyelopent-(2
o1 3)-ene-4 carboxvlic acid; pipecolic acid (PA}, azetidine-3-carboxylic acid (ACA); 1-
aminocyciopentane-3-carboxvlic acid; allylglveine (a0ly); propargylgiveine (pgQGly); homoalanine

{hAla); norvaline (nVal); homoeleucine (hleu). homovaline (hval); homoisoiencme (hile);
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homoarginine (hArg); N-acetyl bysine {AcLys); 2.4-diaminobutyric acid (Dbu); 2.3-diaminobutyric
acid (Dab); N-methylvaline (MeVal); homocysteine (hCys); homoserine (hSer); hydroxyproline
(Hyp) and homoproline (BPro}. Additional non-encoded amino acids of which the polypeptides
described herein may be comprised will be apparent to those of skill in the art (see, e.g., the various
aminoe acids provided m Fasman, 1989, CRC Practical Handbook of Biochemisiry and Molecular
Biology, CRC Press, Boca Raton, FL, at pp. 3-70 and the references cited theren, all of which are

incorporated by reference). These amino acids may be in either the L- or D-configuration.

[0168] Those of skill in the art will recognize that aming acids or residues bearing side chain
protecting groups may also comprise the polypeptides described herein. Neon-limiting examples of
such protected amino acids, which in this case belong to the aromatic category, inchude {proteciing
groups listed in parentheses}, but are not imited to: Arg(tos), Cys(methylbenzyl), Cys
(nitropyridinesulfenyl), Glu(d-benzylester), Gln(xanthyl), Asn(N-8-santhyl), His(bom), His(benzyl),
His(tos), Lys{fimoc}, Lys(ios}, Ser(O-benzyl}, Thr (O-benzyl) and Tyr{O-benzyl),

[6169] Non-encoding mmnino acids that are conformationally constrained of which the polypeptides
described herein may be compoesed include, but are not limited to, N-methyl amino acids
(L-configuration); 1-aminocyclopent-(2 or 3)-ene-d-carboxylic acid; pipecohc acid; azetidine-3-

carboxylic acid; homoproline (hPro); and 1-aminocyciopentane-3-carboxylic acid.

{81701 As described above the various modifications introduced into the naturally occurring
polypeptide to generate an engineered ketoreductase enzyme can be targeted to a specific property of

the enzyme.
6.3 Pelynucleotides Encoding Engineered Ketoreductases

[0171] In another aspect, the present disclosure provides polynucleotides encoding the engineerad
ketoreductase enzymes. The polynucleotides may be operatively linked to one or more heterclogous
regulatory sequences that confrol gene expression to create a recombinant polynucleotide capable of
expressing the polypeptide. Expression constructs containing a heterologous polynucleotide encoding
the engmeered ketoreductase can be introduced into appropriate host cells to express the

cortesponding ketoreductase polypeptide.

[6172] Because of the knowledge of the codons corresponding to the various amino acids,
availability of a protein sequence provides a description of ail the polynucleotides capable of
encoding the subject. The degeneracy of the genetic code, where the same amino acids are encoded
by alternative or synonvmous codons aliows an extremely large number of nucleic acids to be made,
all of which encode the improved ketoreductase enzymes disclosed herein. Thus, having identified a

parttcular amine acid sequence, those skilled mn the art could make any mumber of different nucleic
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acids by simply modifying the sequence of one or more codons in a way which does not change the
amine acid sequence of the protein. In this regard, the present disclosure specifically contemplares
each and every possible variation of polynucleotides that could be made by selecting combinations
based on the possible codon choices. and all such variations are 1o be considered specifically
disclosed for any polypeptide disclosed herein, including the amine acid sequences presented in Table
2. la various embodiments, the codons are preferably selected to fit the host cell in which the protein
1s being produced. For example, preferred codons used in bacteria are used to express the gene in
bacteria; preferred codoms used in yeast are used for expression in veast; and preferred codons used in
roammals are used for expression in mammalian cells. By way of example, the nolymucleotide of
SEQ 1D NO: 3 has been codon optimized for expression in £. coli, but otherwise encodes the

naturally occurring ketoreductase of Lactobacillus kefir,

{6173} In some embodiments, the polynucleotide comprises a nucleatide sequence encoding a4
ketoreductase polypeptide with an amino acid sequence that has at least about 85%, 86%. 8§7%, §8%,
89%, 50%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% ar more sequence identity to any of
the reference engineered ketoreductase polypeptides described herein, where the encoded
ketoreductase polypeptide comprises an amino acid sequence in which the residue corresponding to
X190 of SEQ ID NO:2, 4 or 98 is not a tyrosine, [n some embodiments, the polynucleotide encodes a
ketoreductase polypeptide comprising an amino acid sequence in which the residue corresponding io
X190 is 2 non-aromatic residue. In some embodiments, the polynucleotide encodes a ketoreductase
polypeptide comprising an amino acid sequence in which the residue corresponding to X190 is
alanine, isoleucine, cysteine, ar prelme, particularly proline, In some embodiments, the
polynucleotide encodes an engineered ketoreductase polypeptide comprising an amino acid sequence
selected from SEQ 1D 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, R0, 82, 84, 86, 88, 90, 92, and 4.

[0274] In some embodiments, the polynucleotides encoding the engineered ketoreductases are
selected from 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, 4%, 31, 53, 55, 57, 59, 61, 63, 65, 67, 69, 71, 73,75, 77, 79, 81, 83, 85, 87, 89, 91, and 93. In some
embediments, the polynucieotides are capable of bybridizig under highly stringent conditions to a
polyrucleotide comprising SEQ 1D 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, §9, 91,
and 93, wherein the polynucleotide hybridizing under highly stringent conditions has (S}-selectivity
for a substituted acctophenone substrate, e.g., capable for reducing or converting the substrate of

structural formula (I} 1o the product of structural formula (I1). In some embodiments, the
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polymucleotides hybridizing under highly stringent conditions are capable of reducing or converting

the substrate of structural formula (IT1) to the product of structural formula 1V,

[8175] In some embodiments, the polynucleotides encede the polypeprtides described herein but have
about 80% or more sequence identity, about 5%, 86%:, 87%, {8%%, 89%, 00%, 919, 92%, 03%, 94%,
95%, 96%, 97%, 98%, or 99% or more sequence identity at the nucleotide level to a reference
polynucleotide encoding the engineered ketoreductase. In'some embodiments, the reference
poiynucleotide is selected from a polynucleotide sequence corresponding to SEQ IDNG: 5,7, 9, 11,
13,15, 17, 19,21, 23,25, 27,29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 33, 35, 57, 59, 61, G3, 65,
67,69, 71,73,75, 77,79, 81, 83, 85, 87, 89,91, and 93.

[0176] Anisolated polynucleotide encoding an improved ketoreductase polypeptide may be
manipulated in a variety of ways to provide for expression of the polypeptide. Manipulation of the
isolated polynucieotide prior to its insertion into a vector may be desirable or necessary depending en
the expression vector, The technigues for modifyving polynucleotides and nucleic acid sequences
utilizing recombinant IDNA methods are well known in the art, Guidance is provided in Sambrock et
al., 2001, Molecuiar Cloning: A Laboraiory Manual, 37 Ed., Cold Spring Harbor Laboratory Press;
and Current Protocols in Molecular Biclogy, Ausubel F. ed., Greene Pub. Associates, 1998, updates

to 2006.

10277} For bacterial host cells, suitable promoters for directing transcription of the nuoeleic acid
constructs of the present disclosure, include the promoters obtained from the E. coli lac operon,
Streptomyces coelicolor agarase gene (dagA), Bacillus subiilis levansucrase gene (sacB), Bacillus
licheniformis alpha-amylase gene (amyL), Bacillus stearothermophilus maltogenic amylase gene
(amyM), Bacillus amyloliquejaciens alpha-amylase gene (amyQ), Bacillus lickeniformis penicillinase
gene {penP), Bacilfus subtilis xytA and xyIB genes, and prokaryotic beta-lactamase gene (Vilia-
Kamaroff et al., 1978, Proc. Natl Acad. Sci. USA 75: 3727-3731), as well as the tac promoter (DeBoer
et al., 1983, Proc. Natl Acad. Sci. US4 80; 21-25), Further promoters are described in Sambrook et

al., supra.

[0178] For filamentous fungal host cells, suitable promoters for directing the transcription of the
nucleic acid constructs of the present disclosure include promoters obtained from the genes for
Aspergillus orvzae TAKA amylase, Rhizomucor miehel aspartic proteinase, Aspergillus niger neutral
alpha-amylase, Aspergillus niger acid stable alpha-amylase, Aspergillus niger or Aspergillus awamori
glacoamylase (glaA), Rhizomucor miehei lipase, Aspergillus oryzae alkaline protease, Aspergillus
oryzae triose phosphate isomerase, Aspergilius nidulans acetamidase, and Fusarium oxysporum

trypsin-like protease (WO 96/00787), as well as the NA2-tpi promoter (a hybrid of the promoters
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from the genes for Aspergillus niger neutral alpha-amylase and Aspergillus orvzae triose phosphate

isomerase), and mutant, truncated, and hybrid promoters thereof.

f0I79] In a yeast host, useful promoters can be from the genes for Saccharomyces cerevisiae enolase
(ENO-1), Succharomyces cerevisiae galaciokimase (GALTD), Saccharomyces cerevisiae aleohal
dehydrogenuase/glyceraldehyde-3-phosphate debydrogenase (ADH2/GAP), and Saccharomyces
cerevisiae 3-phosphoglycerate kinase. Other useful promoters for yeast host cells are described by

Romanoes et al., 1992, Yeasr 8:423-488.

{0180¢] The conirol sequence may alse be a snitable transcription terminator sequence, a sequence
recognized by a host cell to termivate ranscription. The terminator sequence is operabiy linked to the
3" terminus of the nucleic acid sequence encoding the polypeptide. Any terminator which is functional

in the host cell of choice may be used in the present invention.

[0181] For example, exemplary franscription terminators for filamentous fungal host cells can be
obtained from the genes for Aspergilius oryzae TAKA amylase, Aspergillus niger glucoamyiase,
Aspergilius nidulans anthranilate synthase, Aspergiliug niger alpha-ghucosidase, and Fusqrium

oxysporum trypsin-like protease.

{0182] Cxemplary terminators for yeast host cells can be obtained from the genes for Succharomyces
cerevisiae enolase, Saccharomyces cerevisiae cytochwome C (CYCL), and Saccharomyees cerevisiae
glyceraldehyde-3-phosphate dehydrogenase. Other useful terminators for veast host cells are

described by Romanos et al., 1992, supra,

[8183] The control sequence may also be a suitabie leader sequence, a nontranslated region of an
mRNA that is important for ranslation by the host cell. The leader sequence is operably linked to the
5" terminus of the nucleic acid sequence encoding the polvpeptide. Any leader sequence that is
functicnal in the host cell of choice may be used. Exemplary leaders for filamentous fimgal host cells
are obtained from the genes for Aspergillus orvzae TAKA amylase and Aspergilius nidulans triose
phosphate isomerase. Suitable leaders for yeast host cells are obtained from the genes for
Saccharomyces cerevisiae enclase (ENO-1), Saccharomyees cerevisiae 3-phosphoglycerate kinase,
Saccharomyces cerevisiae alpha-factor, and Saccharomyvees cerevisiae akcohol

dehydrogenase/glyceraldehyde-3-phosphate dehydrogenase (ADH2/GAP),

[0284] The contrel sequence may also be a polyadenylation sequence, a sequence operably linked to
the 3' termimas of the nucleic acid sequence and which, when transcribed, is recognized by the host
cell as a signal to add polyadenosine residues to transcribed mRNA. Any polvadenylation sequence
which is functional in the host cell of choice may be used in the present invention. Exemplary

polyadenylation sequences for filamentous fungal host cells can be from the genes for dspergilius
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ornyzae TAKA amvlase, Aspergillus niger glucoamylase, Aspergilius nidulans anthranilate synthase,
Fugarium oxvsporum trypsin-like protease, and Aspergillus niger alpha-glucosidase. Useful
polyadenylation sequences for yeast host cells are described by Guo and Sherman, 1995, Mol Cell Bio
15:5983-5990.

[8185] The contrel sequence may also be a signal peptide coding region that codes for an amine acid
sequence finked to the amino terminus of a polypeptide and directs the encoded polypeptide mto the
cell's secretory pathway. The 5 end of the coding sequence of the nucleic acid sequence may
inherently contain a signal peptide coding region natwrally linked in translation reading frame with the
segment of the coding region that encodes the secreted polypeptide. Aklternatively, the 5" end of the
coding sequence may contain a signal peptide coding region that is foreign to the coding sequence.
The foreign signal peptide coding region may be reguired where the coding sequence does not

naturally contain a signal peptide coding region,

[0186] Alternatively, the foreign signal peptide coding region may simply replace the natural signal
peptide coding region in order to enhance secretion of the polypeptide. However, any signal peptide
coding region which directs the expressed polypeptide into the secretory pathway of a host cell of

choice may be used in the present invention.

[8187] Effective signal peptide coding regions for bacterial host cells are the signal peptide coding
regions obtained from the genes for Bacilfus NCIB 11837 maltogenic amylase, Bacillus
stearothermophilus alpha-amylase, Bacillus licheniformis subtilisin, Bacillus licheniformis beta-
lactamase, Bacillus stearothermophilus neutral proteases (nprT, nprS, npeM), and Bacillus subiifis

prsA. Further signal peptides are described by Simonen and Palva, 1993, Microbiol Rev 57: 109-137,

[0188] Effective signal peptide coding regions for filamentous fungal host cells can be the signal
peptide coding regions obtained from the genes for Aspergillus orvzae TAKA amylase, Aspergillus
niger neutral amylase, Aspergillus niger glucoamyiase, Riizomucor miehei aspartic proteinase,

Humicola insolens cellulase, and Humicola lanuginosa lipase.

[0189] Useful signal peptides for veast host cells can be from the genes for Saccharomyces
cerevisiae alpha-factor and Saccharomyces cervevisige invertase. Other useful signal peptide coding

regions are described by Romanos et al., 1992, supra.

[0190] The control sequence may also be a propeptide coding region that codes for an amine acid
sequence positioned at the amino terminus of a polypeptide. The resultant polypeptide is known as a
proenzyme or propolypeptide {or a zymogen in soms cases). A propolypeptide is generally mactive
and can be converted to a4 matare active polypeptide by catalvtic or autocatalytic cleavage of the

propeptide from the propolypeptide. The propeptide coding region may be obtained from the genes
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for Bacillus subtilis altkalime protease (aprE}, Bacillus subtifis neutral protease (npr'T), Saccharomyces
cerevisiae atpha-factor, Rhizomucor miehei aspartic proteinase, and Myceliophthora thermophila

jactase (WO 93/33836).

[6191] Where both signal peptide and propeptide regions are present at the amino terminus of a
polypeptide, the propeptide region is positioned next to the amine terminus of a polypeptide and the

signal peptide ragion is positioned next fo the amino terminus of the propeptide region.

[§#192] it may aiso be desirablie to add regulatory sequences, which allow the regulation of the
expression of the polypeptide relative to the growih of the host cell. Examples of regulatory systems
are those which cause the expression of the gene to be turned on or off in response 0 a chermical or
physical stimulus, including the presence of a regulatory compound. In prokaryotic host cells,
suitable regulatory sequences include the lac, tac, and up operator systems. In yeast host cells,
suitable regulatory systems include, as examples, the ADH2 system or GALT system. In filamenious
fungi, suitable regulatory sequences include the TAKA alpha-amylase promoter, Aspergillus niger

glucoamylase promoter, and Aspergillus oryzae ghicoamylase promoter,

[0183] Other examples of regulatory sequences arc those which allow for gene amplification. In
cukaryotic systems, these inchude the dihydrofolate reductase gene, which is amplified in the presence
of methotrexate, and the metallothionein genes, which are amplified with heavy metals. In these
cases, the nucleic acid sequence encoding the KRED polypeptide of the present invention would be

operably linked with the regulatory sequence.

[0194] Thus, in some embodiments, the present disclosure is also directed to a recombinant
expression vector comprising a poiyvnucleotide encoding an engineered ketoreductase polypeptide or a
variant thereof, and one or more expression reguiating regions such as a promoter and a terminator, a
replication origin, eic., depending on the type of hosts into which they are o be introduced. The
various nucleic acid and control sequences described above may be joined together 1o produce a
recombinant expression vector which may inclode one or more convenient restriction sites to allow
for insertion or substitution of the nucleic acid sequence encoding the polypeptide at such sites.
Alternatively, the nucieic acid sequence of the present disclosure may be expressed by mserting the
nucleic acid sequence or a nucleic acid construct comprising the sequence into an appropriate vector
for expression. In creating the expression vector, the coding sequence is located in the vector so that

the codimg sequence is operably linked with the appropriate control sequences for expression,

[6195] The recombinant expression vector may be any vector (e.g., a plasmid or virus), which can be
conveniently subjected to recombinant DNA procedures and can bring about the expression of the

polynucieotide sequence. The choice of the vector will typically depend on the compatibility of the
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vector with the host eell into which the vecior 1s to be intfroduced. The vectors may be lincar or closed

circular plasmids.

{0196] The expression vecior may be an autonomously replicating vector, Le., a vector that exisis as
an extrachromosomal entity, the replication of which is independent of chromosomal replication, e.g.,
a plasmid, an extrachromosomal element, a minichromoseme, or an artificial chromosome. The
vertor may cottain any means for assuring self-replication, Aliernatively, the vector may be one
which, when introduced nte the host cell, is integrated into the genome and replicated together with
the chromosome(s) into which it has been integrated. Furthermore, & single vector or plasmid or two
or more vectors or plasmids which together contain the total DNA to be introduced into the genome of

the hast cell, or a transposon may be used,

[6197] The expression vector of the present invention preferably contains one or more selectable
markers, which permit easy selection of transformed cells. A selectable marker can be a gene the
product of which provides for biocide or viral resistance, resistance io heavy metals, prototrophy 1o
auxotrophs, and the like. Examples of bacterial selectable markers are the dal genes from Bacillus
subtilis or Bacillus licheniformis, or markers, which confer antibiotic resistance such as ampicillin,
lcanamycin, chloramphenicol (Example 1) or tetracycline resistance.  Suitable markers for veast host

cells are ADE2, HIS3, LEU2, LYS2, MET3, TRPIL, and URA3.

{0188] Selectable markers for use m a filamentous fungal host ceil inciude, but are not limited to.
amdS (acetamidase), argB {ornithine carbamoyltransferase), bar (phosphinothricin acetyitransferase),
kph (hygromycin phosphotransferase), nialD (nitrate reductase), pyrG (orotidine-3'-phosphate
decarboxylase), sC (sulfate adenyltransferase), and trpC (anthranilate synthase), as well as equivalents
thereof. Embodiments for use in an Aspergillus cell include the amdS and pyrG genes of Aspergilius

nidulans or Aspergilius oryzae and the bar gene of Strepromyces hygroscopicus.

0199 The expression vectors of the present invention can contain an elemeni(s) that permits
mtegration of the vector info the host cell's genome or autonomous replication of the vector in the cell
independent of the genome. For integration into the host cell genome, the vector may rely on the
nucleic acid sequence encoding the polypeptide or any other element of the vector for integration of

the vector into the genome by homologous or nonhomologous recombination.

[0209] Adternatively, the expression vector may contain additional nucleic acid sequences for
directing integration by homologous recombination into the genome of the host cell. The additional
nucleic acid sequences enable the vector to be integrated into the host cell genome at a precise
location(s) in the chromosome(s). To increase the likelihood of integration at a precise location, the

integrational elements should preferably contain a sufficient number of nucteic acids, such as 100 to
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10,000 base pairs, preferably 400 to 10,000 base pairs, and most preferably 800 to 10,000 basc pairs,
which are highly homologous with the corresponding target sequence to enhance the probability of
homologous recombination. The integrational elements may be any sequence that is homologous
with the target sequence in the genome of the host cell. Furthermore, the integrational elements may
be non-encoding or encoding nucleic acid sequences. On the other hand, the vector may be integrated

into the genome of the host cell by non-homologous recombination.

{8281] For autonomous rephication, the vector may further comprise an origin of replication enabling
the vector to replicate autonomously in the host cell in question. Examples of bacterial origins of
replication are P15A ori or the origins of replication of plasmids pBR322, pUC19, pACY CI177 (which
plasmid has the P15A ori), or pACY C184 perminting replication in £, coli, and pUB114, pE194,
pTA1060, or pAMB! permitting replication in Baciilus. Examples of origing of replication for use in
a yeast host cell are the 2 micron origin of replication, ARS1, ARS4, the combination of ARS1 and
CEN3, and the combination of ARS4 and CEN6. The origin of replication may be one having a
mutation which makes it’s functioning temperatare-sensitive in the host celf (see, e.g., Ehrlich, 1978,

Proc Natl Acad Sci. US4 75:1433),

[0262] More than one copy of a nucleic acid sequence of the present invention may be inserted mto
the host cell to increase production of the gene product. An increase in the copy number of the
nucleic acid sequence can be obtained by integrating at least one additional copy of the sequence into
the host cell genome or by including an amplifiable sclectable marker gene with the nucleic acid
sequence where cells containing amplified copies of the selectable marker gene, and thereby
additional copiss of the nucleic acid sequence, can be selected for by cultivating the cells in the
presence of the appropriate selectable agent.

[6263] Many of the expression vectors for use in the present disclosure are commercially avatlable,

™ : :
expression vectors from Sigma-

Suifable commercial expression vectors include p3xFLAGTM
Aldrich Chemicals, St. Loais MO., which includes 2 CMV promoter and hGH polyadenylation site
for expression in mammalian host celis and a pBR322 origin of replication and ampiciliin resistance
markers for amplification in £, coli. Other suitable expression vectors are pBlueseriptl! SK{-) and
pBE-CMYV, which are commercially available from Stratagene, Lalolla CA, and plasmids wikch are
dertved from pBR322 (Gibco BRL), pUC (Gibee BRLY, pREP4, pCEP4 (Invitrogen) or pPoly (Lathe

ct al., 1987, Gene 57:193-201).
6.4 Host Cells for Expression of Keioreductase Poiypeptides

[0284] In another aspect, the present disclosure provides a host cell comprising a polynucleotide

encoding an smproved ketoreductase pelypeptide of the present disclesure, the polynucleotide being
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operatively linked fo one or more contrel sequences for expression of the ketoreductase enzyme in the
host cell. Host cells for use in expressing the KRED polypeptides encoded by the expression vectors
of the present invention are well known in the art and include but ars not Hmited to, bacterial cells,
such as . coli, Lactobacillus kefir, Lactobacillus brevis, Laciobacillus minor, Streptonyces and
Salmonella typhimurium cells; fungal cells, such as yeast celis {e.g., Saccharomycees cerevisiae or
Pichia pasioris (ATCC Accession No. 201178}); insect cells such as Drosophila S2 and Spodoptera
S19 cells; animal ceils such as CHO, COS, BHK, 293, and Bowes melanoma cells; and plant cells.
Appropriate culture mediums and growth conditions for the above-described host cells are well

Imown in the art.

[0285] Polynuclectides for expression of the ketoreductase may be introduced into cells by various
methods known in the art. Techniques include among others, electroporation, biolistic particle
bombardment, liposome mediated transfection, calcium chloride transfection, and protoplast fusion.

Various methods for introdueing polynucleotides into cells will be apparent to the skilled artisan.

[0286] An exemplary host cell is Escherichia coli W3110. The expression vector was created by
operatively linking a polynucleotide encoding an improved ketoreductase into the plasmid

PCK 110900 operatively linked to the Jac promoter under control of the Jacl repressor. The expression
vecior also contained the PI5a origin of replication and the chloramphenicol resistance gene. Cells
containing the subject polynucleotide in Escherichia coli W3110 can be isclated by subjecting the

cells to chloramphenicel selection,
6.5 Methods of Generating Enginecred Ketoreductase Polypeptides.

{8207] In some embodiments, to make the improved KRED polynucleotides and polypeptides of the
present disclosure, the naturally-occurring ketoreductase enzyme that catalyzes the reduction reaction
1s obtained (or derived) from Lactobacillus kefir or Laciobacillus brevis or Laciobacillus minor. In
some embodiments, the parent polynucleotide sequence is codon optimized to cnhance cxpression of
the ketoreductase In a specified host cell. As an illustration, the parental polynucleotide sequence
encoding the wild-type KRED polypeptide of Lactobaciiius kefir was constructed from
oligonucleotides prepared based upon the known polypeptide sequence of Lactobacilius kefir KRED
sequence available in Genbank database (Genbank accession no. AAP94029 G1:33112056). The
parental polynucleotide sequence, designated as SEQ 1D NO: 3, was codon optimized for expression
i E. coli and the codon-optimized polynucieotide cloned into an expression vector, placing the
expression of the ketoreductase gene under the control of the lac promoter and tacl repressor gene.
Clones expressing the active ketoreductase in £. coli were identified and the genes sequenced to

confirm their identity. The sequence designated (SEQ 1D NQ: 3) was the parent sequence utilized as
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the starting point for most experiments and library construction of engineered ketoreductases evolved

from the Lactobacillus kefir ketoreductase,

102081 The enginecred ketoreductases can be obtained by subjecting the polynuclectide encoding the
naturally occurring ketoreductase to mutagenesis and/or directed evelution methods, as discussed
above. An exemplary directed evolution technique is mutagenesis and/or DNA shuffiing as described
n Stemmer, 1994, Proc Natl Acad Sci USA 91:10747-10751; WO 95/2262%: WO 97/0078; WO
97/35%66; WO 98/27230; WO 00/42651; WO 01/75767 and U.S. Pat. 6,537,746, Other directed
evolution procedures that can be used include, among others, staggered extension process (StEP}, in
vitro recombination (Zhao et al., 1998, Nat. Biotechnol 16:258-261), mutagenic PCR (Caldwell et
al., 1994, PCR Methods Appl. 3:5136-5140), and cassefte mutagenesis (Black etal., 1996, Proc Nall
Acad Sci USA 93:3525-3529), Additional mutagenesis and dirccted evolution techniques usefud for
the purposes herein can be found in the following references: Ling, etal., 1997, “Approaches to IINA
mutagenesis: an overview,” Anal. Biochem. 254(21:137-78; Dale et al,, 1996, “Oligonucicotide-
directed random mutagenesis using the phosphorothioate method,” Methods Mol Biol 57:369-74;
Smith, 1985, “In vitro mutagenesis,” Ann. Rev. Gener. 19:423-462; Botstein et al., 1985, “Strategies
and applications of in vitre mutagenesis,” Science 229:1193-1201; Carter, 1986, “Site-direcied
mutagenesis,” Biochem. J. 237:1-7; Kramer et al,, 1984, “Point Mismatch Repair,” Cell, 38:879-887;
Welis et al., 1985, “Cassette mutagenesis: an cfficient 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 shuffiing,” Nature Biotech 17:259-264; Crameri et al., 199§,
“DINA shuffiing of a family of genes from diverse species accelerates direcied evolution,” Nature
391:288-291; Crameri et al,, 1997, “Molecular evolution of an arsenate detoxification pathway by
DNA shaffiing,” Nangre Biotech 15:436-438; Zhang ctal., 1997, “Directed evolution of an effective
fructosicdase from a galactosidase by DNA shuffling and screening,” Proc Na#l Acad Sci USA 94:45-4-
4509; Cramerti et al., 1996, “Improved green fluorescent protein by molecular evolution using DNA
shuffiing,” Naiure Biotech 14:315-319; and Stemmer, 1994, “Rapid evolution of a protein in vitre by

DNA shuffling,” Nature 370:389-391. All publications are incorporated herein by reference.

[6269] The clones obtained following mutagenesis treatment arc screened for engineered
ketoreductases having a desired improved enzyme property. Measuring enzyme activity from the
expression libraries can be performed using the standard biochemistry techmigue of moniioring the
rate of decrease (via a decrease in absorbance or fluorescence) of NADH or NADPH concentration, as
it is converted into NAD  or NADP', (For example, see Example 7.) In this reaction, the NADH or

NADPH is consumed (oxidized) by the ketoreductase as the ketoreductase reduces 2 ketone substrate
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to the corresponding hydroxyl group. The rate of decrease of NADH or NADPH concentration, as
measured by the decrease in absorbance or fluorescence, per unit time indicates the refative
(enzymatic) activity of the KRED polypeptide in a fixed amount of the lysate (or & Ivophilized
powder made therefrom). The stersochemistry of the products can be ascertained by various known
technigues, and as provided in the Examples. Where the improved enzyme property desired is
thermal stability, enzyme activity may be measured after subjecting the enzyme preparations to a
defined temperature and measuring the amount of enzyme activity remaining afier heat treatments,
Clones containing a polynuocleotide encoding a ketoreductase are then isolated, sequenced to idemify

the nucleotide sequence changes (if any), and used w express the enzyme in & host cell.

[6210] Where the sequence of the engineered polypeptide is known, the poltynucleotides encoding
the enzyme can be prepared by standard solid-phase methods, according to known synthetic methods.
In some embodiments, fragments of up to about 100 bases can be individually synthesized, then
joined (e.g., by enzymatic or chemical litigation methods, or polymerase mediated methods) to form
any desired continuous seguence. For example, polyvnucicotides and oligonucieotides of the invention
can be prepared by chemical synthesis using, e.g., the classical phosphoramidite method described by
Beaucage et al., 1981, Tef Lesr 22:1859-6Y, or the method described by Matthes et al., 1984, EMBO J.
3:801-05, e.g.. as it is typically practiced in automated synthetic methods. According to the
phosphoramidite method, oligonucleotides are synthesized, e.g., in an automatic DNA synthesizer,
purified, annealed, iigated and cloned in appropriate veciors. In addition, essentially any nucleic acid
can be obtamed from any of a variety of commercial sources, such as The Midland Certified Reagent
Company, Midland, TX, The Great American Gene Company, Ramona, CA, ExpressGen Inc.

Chicago, IL. Operon Technologies Inc., Alameda, CA. and many others,

[6211] Engincered ketoreductase enzymes expressed in a host cell can be recovered from the cells
and or the culture medium using any one or more of the well known techniques for protein
purification, including, among others, [vsozyme treatment, sonication, filtration, salting-out, ultra-
centrifugation, and chromatography, Suttable solutions for lysing and the high efficiency extraction
of proteins from bacteria, such as E. coli, are commercially available under the rade name CelLytic

B™ from Sigma-Alklrich of St. Louis MO,

[6212] Chromatographic techniques for isolation of the ketoreductase polypeptide include, among
others, reverse phase chromatography high performance liguid chromatography, ion exchange
chromatography, gel electrophoresis, and affinity chromatography. Conditions for purifying a
particular enzyme will depend, in part, on factors such as net charge, hydrophobicity, hydrophilicity,

molecular weight, molecnlar shape, etc., and will be apparent 1o those having skill in the art.



WO 2009/036404 PCT/US2008/076333

{0213] 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,
inchuding but not limited to rabbits, mice, rats, etc., may be immunized by injection with the
ketoreductase. The ketoreductase polypeptide may be attached to a suitable carrier, such as BSA, by
means of a side chain functional group or linkers attached to a side chain functional group. Various
adjuvants may be used o increase the immunclogical 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 potentially useful human adjuvants such as

BCG (bacilli Calmette Guerin) and Corynebacterium parvum.

[6214] The ketoreductases may be prepared and used in the form of cells expressing the enzymes, as
crude extracts, ot as isolated or purified preparations. The ketoreductases may be prepared as
lyophilizates, in powder form (e.g., acetone powders), or prepared as enzyme solutions. In some

embodiments, the ketoreductases can be in the form of substantially pure preparations.

[0215] In some embodiments, the ketoreductase polypeptides can be attached to 2 solid substrate.
The substrate can be a solid phase, surface, and/or membrane. A solid support can be composed of
organic polymers such as polystyrene, polvethylene, polypropylene, polyfluoroethyiene,
polyethylencoxy, and polyacrylamide, as well as co-polymers and grafts thereof. A solid support can
also be inorganic, such as glass, silica, conwrolled pore glass (CPG), reverse phase silica or metal, such
as goid or platinum. The configuration of the substrate can be in the form of beads, spheres, particles,
granules, a gel. a membrane or a swrface. Surfaces can be planar, substantialiy planar, or non-planar,
Solid supports can be porous or non-porous, and can have swelling or non-swelling characteristics. A
solid support can be configured in the form of a well, depression, or other container, vessel, featare, or
location. A plurality of supports can be configured on an array at various locations, addressable for
robotic delivery of reagents, or by detection methods and/or instruments.

6.6 Methods of Using the Engineered Ketoreductase Enzymes and Compounds Prepared

Therewith

[0216] The ketoreductase enzymes described herein are capable of catalyzing the reduction reaction
of the keto group in 2 27,6 substituted acetophenone substrate, optionally substituted at one or more

of 37, 4" or 5” positions, to the corresponding substitated (S)-phenethanol.

{6217} In some embodiments, the keroreductases are capable of reducing or converting the substrate

compound of structural formula (I), {2°.6°-dichloro-3"-fluoroacetophenone):
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Ci O

D

“Cl

t0 the corresponding chiral alcohol product of structaral formula (13), (8)-1-12,6-dichioro-3-

Cl OH
| = Ci

[6238] In some embodiments, the ketoreductases described herein are capable of reducing or

fluorophenyl}-ethanok:

converting 2',6'-substituted acetophenone compounds of structural formota (111);

Y O
(1) llll'lll[::jnx\\\
Z

wherein Y and Z are independently selected from CHs, CFs, NH,, OH, OCH,, C1, and By, to the

corresponding chiral alcohol product of stractural formula (TVY:

Y OH

IV}

[0219] In some embodiments, a ketoreductase enzyme described herein is capable of catalyzing the
reduction reaction of 2'.6'-substitared acetophenone compounds of structural formula (3I1), which can
be simifarly substituted at one or more of the 3', 4, and 5* positions, to the corresponding {S)-alcohol
product. The capability of the ketoreductases described herein io catalyze the reduction reaction of a
specific further substituted 2',6'-substituted acetophenone compound, in addition te acetophenone, can

be determined by routise experimentation, for exampie by methods such as described in the
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Examples. The compound, 2°.6°-dichloro-3"-finoroacetophenone, of structural formula (1) s an
example of a further substituted 2°.6"-substituted acetophenone compound. As such, in some
ernbodiments, the ketoreductase enzyines disclosed herein are capable of catalyzing the reduction

reaction of the compound of stroctural formmla (Vi

Z

wherein Y and Z are independently selected from CH;, CFy, NH,, OH, OCH;, CL, and Br, and W is
selected from H or F, CL, or Br. to the corresponding (5) alcohol product of the structural formula

(V1)

[6228] Thus, in some embodiments, the ketoreductases described herein can be used in a method for
reducing a 27,6 -substitated acctophenone substrate, optionally substituted at one or more of 37, 47 or
57 positions, to the corresponding substituted (S)-phenethanol, where the method compriscs contacting
the substituted acetophenone substrate with the ketoreductases described herein under reaction
conditions suitable for reducing or converting the substituted acetophenaone to the corresponding
substitited (8)-phenethanol. In some embodiments of this method, the substrate is reduced to the
product in greater than about 235%, 50%, 75%, 80%, 8§3%, 90%, 95%, 99%, or 99.9% stereomeric

CXCess.

02211 In some embodiments, the ketoreductases described herein can be used in 2 method for
reducing the 2°,6 -substituted acetophenone substrate of formula (I17) 1o corresponding substituted
{&y-phenethanol compound of formula (I'V), where the method comprises contacting or incubating the
compournd of formula () with a ketoreductase polypepiide desceribed herein under reaction
conditions suitable for reducing or converting the compound of formula (11D to the corresponding
substituted (8)-phenethanoi compound of formula TV}, In some embodiments of this method, the
substrate is reduced to the product in greater than about 25%, 50%, 75%, 80%, 835%, 90%, 95%, 99%,

or 96.9% stereomeric excess.
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16222] In some embodiments, the ketoreductases described herein can be used in a method for
reducing a 2°,6"-dichloro-3"-fluoroacetophenone substrate of formula (1) 10 its corresponding (S)-
alcohol product, (8)-1-[2,6-dichloro-3-fluorophenyl}-sthanol, of formuia {I1), where the method
comprises contacting or incubating 2”6 -dichloro-3"-fluoroacetophenone with a ketoreductase
polypeptide described herein under reaction conditions smtable for reducing or converting 27,67~
dichloro-3"-fluoroacetophenone to {8)-1-{2,6-dichloro-3-fluorophenyl]-ethanol. In some
embodiments of this method, the substrate i1s reduced to the product in greater than about 85%, 0%,
95%, 99%, or 99.9% stereomeric excess. In some embodiments, the substrate is reduced to the
product in greater than about 85% stercomeric excess, wherein the ketoreductase polypeptide

comprises an amino acid sequence based on the sequence formula of SEQ ID NG:95, 96 or 119,

{02231 In some embodimments, an engineered {S}-selective ketoreduciase enzyme derived from a wild-
type Laciobacillus species ketoreductase enzyme can be used in a method to reduce acetophenone to
(5)-1-phenethanol in greater than about §5%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,

09%;, or 99.9% or more SIereomernc exceess.

10224} In some embodiments, the substrate is reduced to the product in greater than about 99%
stereomeric excess, wherein the ketoreductase polypeptide used 1 the method comprises an amino
acid sequence selected from SEQ 1D NO: 6, 8, 16, 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, 8{, 82, &4, 84, 8§, 90,
92, and 94. In some embodiments of this method, at least about 95% of the substrate is reduced to the
product in greater than about 99% stereomeric excess in less than 24 hours when the method is carried
out with the ketoreductase polypeptide at an amoumt of less than about 1% by weight with respect to

the amount of the 27,6 -dichloro-3 " -fluoroacetophenone substrate.

[62251 In some embodiments of the method, at least about $5% of the substrate is reduced to the
product in at least abeut 99% stereomeric excess in less than 24 hours, when the method 15 conducted
with at least about 200 g/1. of substrate and less than about 1 ¢/ of the ketoreductase polypeptide,
wherein the ketoreductase polypeptide used in the method comprises an ammo acid sequence selected

from SEQ ID NO: 18, 32, 34, 36, 38, 40, 42, 44, 46, 74, 76, 78, 80, 82, 84, 86, 8%, 90, 92, and 94,

[0226] In some embodiments, the ketoreductases polypeptides and the methods of the present
disclosure can be used for synthesis of protein tyrosine kinase inhibitor compounds described in
WQO2006021886 (amincheteroaryi compounds), W02006021884 (enantiomerically substantially pure

aminoheteroaryl compounds), WO2006021881 (pyrazole-substituted aninoheteroary! compounds),
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and W02004076412 (aminohetercaryl compounds)}, whose syuthesis relies on the compound of

formula (IT) as an intermediate. All references are incorporated herein by reference i their entirety.

10227] Accordingly, in some embodiments, the ketoreductase polypepiides and the methods
described herein can be used in producing the protein tyrosine kinase inhibitor compound of structural

formuila (VIT)},

i:ﬁ?
| 2
o] CH, l\fl/ﬁ/R
L

NH,

(VI

Cl

including salts, hydrates, and solvates thereof, as described in references WO04076412 and
WO06021884, wherein R'. R% Y and N are described therein. In some embodiments, for the
compound of formula (VIT},

Y is N oor CR'%;

R is selected from hydrogen, halogen, Cyoparyl, 5-12 membered heteroaryl, Css eycloalkyl,
3-12 membered heteroalicyclic, -O(CRR"),R?, -C(OIR”, -C(OIOR’, -CN, “NO;, -S(O},.R, -
SONRR®, -CIOINR'R, -NR*C(O)R”, -C(=NR*INR‘R’, C g alkyl, Cogalkenyl, and C,4alkynyl: and
each hydrogen in R’ is optionally substituted by one or more R® groups;

R%is hvdrogen, halogen, Cy.» alkyl, Co.pp alkenyl, Coz alkynyl, Cio cyeloalkyl, Coys aryt, 3-
12 membered heteroalicyelic, 5-12 membered heteroaryl, -5{ O,R%, -SONRR, ‘S(O)QOR4, NG, -
NR'R”, -(CR°R",OR?, -CN, -C{OIR”, -OC(OIR®, -O(CR*R LR, -NR*'C(OIR’, (CR°R"},C(QIORY, -
(CRORT)LNCRR?, -C(=NRONRR®, -NR*CIOINR’RE, -NR*S(O}R" or -C(OINR'R’, and each
hydrogen in R* is optionally substituted by R®;

cach R is independently halogen, Ci,alkyi, Conalkenyi, Co.yp alkynyl, Cs.p cveloaliyl, Cop
aryl, 3-12 membered heteroalicyclic, 5-12 membered heteroaryl, -S(0)R”, -SO'NR'R’, -S(0),0R”, -
NOs, -NR'R?, -(CR°R™),0R", -CN, -C(OIR*, -OCIOWR*, -O(CRR"),R”, -NR*C(OR’, -
(CRPR™),C{OIORY, -{CR°RT),OR", (CRR"),CIOINRRY, (CR°R),NCR'R, -C(=NR*NR'R’, -
NRC(O)NR'RE, -NR*S(O)PR* or -C{OYWR'R’, each hydrogen in R® is optionally substituted by R,
and R groups on adjacent atoms may combine to form a Ce.p> aryl, 5-12 membered heteroaryt, Cs.12

cycloalkyl or 3-12 membered heteroalicyelic group;
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each R.4, RS, R°and R’ is independently hydrogen, halogen, Cyzalkyl, Coppalkenyl, Copn
alkynyl, Ca cycioatlyl, Cor aryl, 3-12 membered hetercalicyclic, 5-12 membered heteroaryl; or any
two of RY, R®, R% and R’ bound 1o the same nitrogen atom may, together with the nitrogen to which
they are bound, be combined io form a 3 to 12 memberad heteroalicyche or 3-12 membered
heteroaryl group optionally containing | io 3 additional heteroatoms setected from N, O, and 5; or any
two of B, R®, R® and R7 bound to the same carbon atom may be combined to form a Ca., cycloalkyl,
Ce.12 aryl, 3-12 membered heteroalicyclic or 5-12 membered heteroaryl group; and each hydrogen in
RY R, R® and R’ is optionally substituted by R";

cach R¥ig independently halogen, Cp .y alkvl, Gy alkenyl, Copalkynyl, Gy cycloallyl, C6-
12 aryl, 3-12 membered hetercalicyelic, 5-12 membered heteroaryl, -NHg, -CN, -OH, -0-C; 2 alkyl, -
O-(CH,),Cs2 cyeloalleyl, -O-(CH,), Copz aryl, -O-(CH2),(3-12 membered hetercalicyclic) or -O-
(CHy)a(5-12 membered heteroaryl); and each hydrogen in R' is optionally substituted by R";

gach R® and R is independently hydrogen, hatogen, Ciazalkyl, Tsozoycloalkyl, Coparyl. 3-
12 membered heteroalicyclic, 5-12 membered heteroaryl, -S(0),R”, -SONRR?, S{O)ROR", -NO,, -
NRRY, -(CR*RM,OR?, -CN, -C(O)R*, -OC(OR?, -NR*C(O)R’, (CR*R"},C(O)OR", -
(CRERM,NCRR’, -NR*C(OINRR®, -NR*S(O)R” or -CLOINR*R?; RY or R'" may combine with a ring
atom of A or a substitaent of A to form a Cs_pp cycloalkyl, 3-12 membered heteroalicyclic, Cosnaryl or
5-12 membered heteroaryl ring fused 1o A: and each hydrogen in R and R' is optionally substituted
by RY;

each R' is independently halogen, Ci.1z alkyl, Ci.pz alkoxy, Cizoveloalkyl, Ceos aryl, 3-12
membered hetercalicyelic, 5-12 membered heteroaryl, -G-Cy » alkyl, -G-(CH2),Caan cyeloalleyd, -O-
{CHN,Carsarvl, -O-(CHL 1(3-12 membered hetercalicyclic}, -O-{CH 3, (5-12 membered heteroaryl) or
-CN, and cach hydrogen in R’ is optionally substituted by halogen, -OH, -CN, -C'™* alkyl which may
be partiatly or fully halogenated, -O-C_;» alkyl which may be partially or fully halogenated, -CO, -50
or -50s;

RM s hydrogen, halogen, Ci2alkyl, Coizalkenyl, Coap alkynyl, Ciqp cycloalkyl, Cerraryl, 3-
12 membered heteroalicyclic, 5-12 membered heteroaryi, -S{O)R”, -SO-NRR?, ~S(O)gOR4, NG, ~
NRR®, -(CRR"),0R?, -CN, -C(OIR?, -OC(OIR, -O(CR"R"),R*, -NR*C(OIR”, «(CR*R"}.C(O)OR?, -
(CR°RT),NCRR’, -C(=NRONRR®, -NRCIOWRR’, -NR*S(O)R” or -C(ONR'R’, and each
hydrogen in R™ is optionally substituted by R”;

each R" is independently hatogen, C, 1> alkkyl, G- alkenyl, Co o alkynyl, Coazoycloalikyt, Co
12 aryl, 3-12 membered hetercalicycelic, 5-12 membered heteroaryl, AS{O)mRﬁ -SO.NR'R’, ~S(O)QOR4,
NO,, -NRR?, {CRR",OR?, -CN, -C{OIR®, -OC(O)R", -O(CRR R, -NR'C(OIR, -
(CR°R7),C(OYOR", -(CRPR7,ORY, «(CRR™),CLOINR R, -(CRPR),NCR*R", -C(=NRNR'R’, -
NRAC{OINR'RY, -NR'S(O3:R”, -C(OINR'R?, (CR°R),(3-12 membered heteroalicyclic), -
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(CRPR"),(Cs.12 eyeloalkyl), (CR*R1(Ce.rp aryl), -(CRR7),(5-12 membered heteroaryl), -
(CR.("R?)“C(O)NT{“RS , or w{CR“{’R?)“C{G)RT/‘, R groups on adjacent atoms may combine to form a Capn
aryl, 5-12 membered heteroaryl, Cs.pn cycloalkyl or 3-12 membered heteroalicyclic group, and each
hydrogen in R'" is optionally substituted by R’

wherein, cach m is independently 0, | or 2; each n is independently 0, 1, 2, 3 or 4; and each p
is independently 1 or 2. Descriptions of the various substituents as well as specific compounds

encompassed by formula (VII) are described in WO04076412 and WO06021884.

[0228] Accordingly, in a method for producing an enantiomerically pure compound of structural
formula (V11}, a step in the method can comprise reducing or converting a compound of formula (1) 1o
the compound of formula (11} vsing the ketoreductase polypeptides described herein ender reaction
conditions suitable for reducing or converting the substrate compound of formula (I} to the product
compound of formula (II). Synthesis of the compounds of formula (VII} from the compound of

formula (11) are described in the cited references.

(02291 In some embodiments, the ketoreductase polypeptides and the methods described herein can

be used in producing the protein tyrosine kinase inhibitor compound of structural formula (VIID,

AN
(VIII) o CHs /L |

(4

including salts, hydrates and solvates thereof, as described in WOO0602 1886, where Rm, R%LY ,and N
are described therein. In some embodiments, for the compound of formula (VIIT),

Y is N or CR';

R'is hydrogen, halogen, Cy ppalkyl, Coss alkenyl, Chop alkynyl, Capeveloalkyl, Copnaryl, 3-
12 membered heteroalicyclic, 5-12 membered heteroaryl, -S{O), R, -SO.NRR®, MS(_O)QORﬂ NG, -
NR'R, -(CR°R"},ORY, -CN, -C(O)R?, -OC(OIR?, -O(CRR"),R, -NR*C(OR’, -(CR°R"),C(OIORY, -
(CRER),NCRR?, -C(=NRHNRR’, NR*C{OINR'R®, -NR*S(O)R” or -C{ONR'R’, and each

hydrogen in R’ is optionally substituted by R
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R%is hvdrogen, halogen, C,.1zalleyl, Cogaalkenyl, Copp alkymyl, Caneyeloalkyl, Coparvl, 3+
17 membered heteroalicyclic, 5-12 membered hetcroaryl, ~S{O}mR4_ﬁ SSONRR?, -S{OY0RY, -NO», -
NRR', «(CR°R",OR?, -CN, -COIR, -OC(OIR?, -G(CR* R}, R, -NR*C(OIR’, (CRR),C(OYOR®, -
(CRERTLNCRR®, -C(=NRONR'R’, -NR*C(OWR RS, -NRAS(OWR or -C(OINR'R?, and each
hydrogen in R” is optionally substituted by R";

each R is independently halogen, €., alkyi, Co.p» atkenyl, Coyralloynyl, Cayn cvcloalleyl, Co
12 aryl, 3-12 membered heteroalicyclic, 5-12 membered heteroaryl, -S(0),.R", -SO,NRR, -S(0L,0R",
NO,, NR*RY, (CRRT),ORY, -CN, -C(OIRY, -OC(OIRY, -O(CR R}, R?, -NR*C(OIR’, -
(CRR",C(O)OR?, «(CRPRN,ORY, «CR* RN, CIONRR’, -(CR®RTL,NCR R, -C(=NRONRR, -
NRACIOWNRR®, -NR*S{OpR’ or -C(O)NR'R’, cach hydrogen in R is optionally substituted by R,
and R* groups on adjacent atoms may combine to form a Ce1o aryl, 5-12 membered hetercaryl, Cyn
cycloalkyt or 3-12 membered heteroalicyclic group;

eachR* . R° . R°and R is independently hydrogen, halogen, Cy_palicyl, Cogzalkenyl, Copn
alkynyl. Ciyscyeloalkyl, Cgpparyl, 3-12 membered heteroalicyelic, 5-12 membered heteroaryl: or any
two of Y, R”, R6 and R’ bound to the same nitrogen atom may, together with the nitrogen to which
they are bound, be combined to form a 3 to 12 membered heteroalicyclic or 5-12 membered
heteroaryl group opticnally containing 1 to 3 additional hetercatoms selected from N, O, and S, or any
two of RY, RY, R and R’ bound to the same carbon atom may be combined to form a Cy 2 cycloalieyl,
Ce.az aryl, 3-12 membered heteroalicyelic or 5-12 membered heteroaryl group; and each hydrogen in
RS R*, Rf and R is optionally substituted by R*:

each R® is independently halogen, Co 15 alkyl, Coqz alkenyl, Coyn alkynyl, Caqq cyvcloalkyl, Co.
1z aryl, 3-12 membered heteroalicyclic, 5-12 membered heteroaryl, -NH,, -CN, -0, -0-Cy .1, alkyl, -
O- (CH,),Csn cycloakkyl, -O-{CH1),Cyn arvl, -O-(CH;),(3-12 membered heteroalicyelic) or -O-
(CH2)u(5-12 membered heteroaryl); and cach hydrogen in R® is optionally substituted by RY;

each R’ is independently halogen, C,ps alkyl, Cpyn alkoxy, Cip oveloalkyl, Copnaryi, 3-12
membered heteroalicyelic, 5-12 membered heteroaryl, -0O-Cy 15 alkyl, ~-O-(CH2},Caz cycloalkyl, -O-
(CH2),Ce1n aryl, -O-(CH2,(3-12 membered heteroalicyelic), -O-(CHa)a(5-12 membered heteroaryl) or
-CN, and each hydrogen in R s optionally substituted by halogen, -OH, -CN, -C,_; alkyl which may
be partially or fully halogenated, -G-C, i, alkyi which may be partially oz; fully halogenated, -CO, -850
or -S0;;

R"™ represents one, two or three optional substituents independently halogen, Cio2alkyl oz
alkenyl, Cop alkynyl, Caaz eveloalkyl, Ceia aryl, 3-12 membered heteroalicyelic, 5-12 membered
heteroaryl, -S(0)R*, -SONR'R’, -S{0),0R*, -NO:, -NR'R", -(CR*R"),OR?, -CN, -C(O)R?, -
OC(ORY, -0(CRR"),R”, -NR'CIOR?, «(CRR),C(O)OR?, -(CR°RT,OR?, (CRR",CIOINRR”, -
(CRERT).NCRR, -C(=NRNR‘R’, -NR*C(OINR'R®, -NR*S(0)-R’, -C(OINR'R?, -(CRER"),(3-12
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membered heteroahicyclic), ~( CRGR?)H(C;_Q cycloalkyl), —{'CR6R7)H(CG_13 aryl), -(CIRC’R?)H(S-IZ
membered heteroary]), or -(CR°R"},C(OINR'R’, and each hydrogen in R is optionally substituted by
R”;

wherein each m is independently 0, 1 or 2; cach n is independently 0, 1, 2, 3 or4; and sachp
is independently 1 or 2. Descriptions of the various substituents as well as specific compounds

encompassed by formeda (V1) are deseribed in WO200602 1886,

[6236] Accordingly, in a method for producing the compound of structural formula (VIII), a step in
the method can comprise reducing or converting a compound of formula (1) 1o the compound of
formula (31} using the ketoreductase polypeptides deseribed herein umder reaction conditions suitable
for reducing or converiing the substrate compound of formula {1) to the product compound of formuia
(1I). Synthesis of the compounds of formula (VIII) from the compound of formuia (1) are described

in the cited reference.

0231} As s known by those of skill in the art, ketoreductase-catalyzed reduction reactions typically
require a cofactor. Reduction reactions catatyzed by the engineered ketoreductase enzyimes described
herein also typically require a cofactor, although many embodiments of the engincered ketoreductases
require far less cofactor than reactions catalyzed with wild-type ketoreductase enzymes. As used
herein, the term “cofactor” refers to a non-protein compound that operaies in combination with a
ketoreductase enzyme. Cofactors suitable for use with the engineered keforeductase enzymes
described herein include, but are not Himited to, NADP™ (nicotinamide adenine dinucleotide
phosphate), NADPH (the reduced form of NADP™Y, NAD ™ (nicotinamide adenine dinvcleotide) and
NADH (the reduced form of NAD ), Generally, the reduced form of the cofactor is added to the
reaction mixture, The reduced NAD(PYE form can be optionally regenerated from the oxidized

NAD(P)" form using a cofactor regeneration system,

10232] The term “cofactor regeneration systam™ refers t0 a set of reactants that participate in a
reaction that reduces the oxidized form of the cofactor (e.g., NADP” 10 NADPH). Cofactors oxidized
by the ketoreductase-catalyzed reduction of the keto substrate are regenerated in reduced form by the
cofactor regeneration system. Cofactor regensration 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 1o regenerate NADH or NADPH from NAD' or NADP', respectively, are

known in the art and may be used in the methods described herein.
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{0233] Suitable exemplary cofactor regeneration systems that may be employed include, but are not
limited io, glucose and glucose dehydrogenase, formate and formate dehydrogenase, glucose-6-
phosphate and glucose-6-phosphate dehydrogenase, a secondary (e.g., isopropanol) alcohel and
secondary alcohol dehydrogenase, phosphite and phosphite dehydrogenase, molecular hydrogen and
hydrogenase, and the ke, These systems may be used in combination with either NADP/NADPH or
NAD'/NADH as the cofactor. Electrochemical regeneration using hydrogenase may also be used as a
cofactor regeneration system. See, e.g., U.S. Pat. Nos. 5,538,867 and 6,495,023, both of which are
incorporated herein by reference. Cheinical cofactor regeneration systems comprising a metal catalyst
and a reducing agent {for example, molecuiar hydrogen or formate) arc also suitable. See, e.g., PCT

publication W0 2000/053731, which is incorporated herein by reference.

[0234] The terms “glucose dehydrogenase” and “GDH” are used interchangeably herein 1o refer to
an NAD' or NADP -dependent enzyme that catalyzes the conversion of D-glucose and NAD™ or
NADP" to gluconic acid and NADH or NADPH, respectively. Equation (1), below, describes the

glucose dehydrogenase-catalyzed reduction of NAD" or NADP' by glucose.

GDH

(1) glucose + NAD(P)* + H.0O giuconic acid + NAD{P)H + H*

[8235] Glucose dehydrogenases that are suitable for use in the practice of the methods described
herein include both naturally occurring glucose dehydregenases, as well as non-naturally oceurring
glucose dehydrogenases. Naturally occurring glucose debydrogenase encoding genes have been
reported in the literature. For example, the Bacillus subtilis 61297 GDH gene was expressed in £,
coli and was reported to exhibit the same physicochemical propertics as the enzyme produced in its
native host (Vagantha et al., 1983, Proc. Natl. Acad. Sci. USA 8§0:785). The gene sequence of the 5.
subtilis GDH gene, which corresponds w Genbank Acc. No. M12276, was reported by Lampel et al.,
1986, /. Bacteriol. 166:238-243, and in corrected form by Yamane et al., 1996, Microbiology
142:3047-3056 as Genbank Acc. No. D50453, Naturally occurring GDH genes also include those
that encode the GDH from B. cereus ATCC 14579 (Nature, 2003, 423:87-91; Genbank Acc. No.
AE0Y7013 ) and B. meguterium (Eur. J. Biochem., 1988, 174:485-490, Genbank Acc. No. X12370: J.
Ferment. Bioeng., 1990, 7(:363-36Y9, Genbank Acc. No. GI216270), Glucose dehydrogenases from
Bacillus sp. are provided i PCT publication WO 2005/018579 as SEQ ID NQS: 10 and 12 (encoded
by polynucleotide sequences corresponding to SEQ ID NOS: 9 and 11, respectively, of the PCT

publication), the disclosure of which is incorperated herein by reference.

10236] Non-naturally occurring glucese dehydrogenases may be generated using known methods,

such as, for example, mutagenesis, directed evolution, and the like, GDI enzymes having suitable
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activity, whether naturally occurring or non-naturally occurring, may be readily identified using the
assay described in Example 4 of PCT publication WO 2005/018579, the disclosure of which is
incorporated herein by reference. Exemplary non-naturally occurring glucose dehydrogenases are
provided in PCT publication WO 2005/G18579 as SEQ ID NOS: 62, 64, 66, 68, 122, 124, and {26.
The polynucleotide sequences that encode them are provided in PCT publication WO 2003/018579 as
SEQ 1D NOS: 61, 63, 65, 67, 121, 123, and 125, respectively, All of these sequences are incorporated
herein by rcfc:rcnc;c. Additional non-naturally occurring glucose dehydrogenases that are suitabie for
use in the ketoreductase-catalyzed reduction reactions disclosed herein are provided i U.S.
application publication Nos. 2005/0095619 and 2005/01534 17, the disclosures of which are

incorporated herein by reference.

[8237] Glucose dehydrogenases employed 1n the ketoreductase-catalyzed reduction reactions
described herein may exlibit an activity of &t Jeast about 10 pmoelmin/mg and sometimes at least
about 107 umol/min/me or abour 10 pmol/min/me, up to about 10° pmol/min/mg or higher in the

assay desgcribed in Example 4 of PCT publication W0 2005/018579.

[0238] The ketoreductase-catalyzed reduction reactions described herein are generally carried out
a solvent. Suitable solvents inciude water, organic solvents (e.g., ethyl acetate, batyl acetate,
1-octanol, heprane, octane, methyi t-butyl ether (MTBE), toluene, and the like), tonic hquids (e.g.,
I-ethyl 4-methyiimidazoiium tetrafluoroborate, 1-butyl-3-methylimidazolium tetrafluoroborate,
[-butyl-3-methyiimidazolivm hexaflaorophosphate, and the Like). In some embodiments, aqueocus

solvents, inciuding water and aqueous co-solvent systems, arc used.

[8238] Exempiary aqueous co-solvent systems have water and one or more organic solvent. In
general, an organic solvent component of an agueous co-solvent system 1s seiected such that it does
not completely inactivate the ketoreductase enzyme. Appropriate co-solvent systems can be readily
identified by measuring the enzymatic activity of the specified engineered ketoreductase enzyme with
a defined substrate of interest in the candidate solvent system, utilizing an enzvme activity assay, such

as those described herein.

[6248] The organic solvent component of an aquecus co-solvent system may be miscible with the
aqueous component, providing a single liquid phase, or may be partly miscible or immiscibie with the
aqueous component, providing two Hauid phases. Generally, when an aqueous co-solvent system is
employed, it is selected to be biphasic, with water dispersed in an organic solvent, or vice-versa.
Generally, when an aqueous co-solvent system Is utilized, it is desirable to select an organic solvent
that can be readily separated from the aqueous phase. In general, the ratic of water to orgamic solvent

in the co-solvent system is typically in the range of from about 90:10 o0 about 10:90 (v/v) organic
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solvent o water, and between 80:20 and 20:80 (v/v) organic solvent to water. The co-solvent system
may be pre-formed prior to addition 1o the reaction mixture, or it may be formed ir sifu in the reaction

vessel.

{0241] The aqueous solvent (water or aqueous co-solvent system) may be pH-buffered or unbuffered.
Generally, the redsction can be carried out at a pH of about 10 or below, usually in the range of from
abowt 5 to about 10. In some embodiments, the reduction is carried out a1 a pH of about 9 or below,
usually m the range of from about 5 to about 9. In some embodiments, the reduction is carried out at
a pH of abowt 8 or below, often in the range of from about 5 {0 about &, and usually in the range of
from about 6 to about §. The reduction may alse be carried out at a pk of about 7.8 or below, or 7.5

or below, Alternatively, the reduction may be cammied out a neutral pH, ie., about 7.

[0242] During the course of the reduction reactions, the pH of the reaction mixture may change. The
pH of the reaction mixture may be mamtamned at a desired pH or within a desired pH range by the
addition of an acid or a base during the course of the reaction, Alteratively, the pH may be
controlled by using an aqueous solvent thai comprises a buffer. Suitable buffers fo maintain desired
pH ranges are known in the art and include, for example, phosphate buffer, triethanolamine buffer,

and the like. Combinations of buffering and acid or base addition may alsc be used.

(62437 When the giucose/giucose dehydrogenase cofactor regeneration system is employed, the co-
production of gluconic acid (pKa=3.6), as represented in equation (1} causes the pH of the reaction
mixture to drop if the resulting aqueous ghuconic acid is not otherwise neutralized. The pH of the
reaction mixiure may be maintained at the desired level by standard buffering techniques, wherem the
buffer neutralizes the gluconic acid up to the butfering capacity provided, or by the addition of  base
concurrent with the course of the conversion, Combinations of buffering and base addition may also
be used. Suitable buffers to maintain desired pH ranges are described above. Suitable bases for
neutralization of gluconic acid are organic bases, for example amines, alkoxides and the like, and
inorganic bases, for cxample, hydroxide salts (e.g., NaOH), carbonate salts (e.g., NaHCO;),
bicarbonate salts (e.g., KoCO4), basic phosphate salts (e.g., KoHPG,, NasPQy), and the like. The
addition of a base concurrent with the course of the conversion may be done manually while
monitoring the reaction mixture pH or, more conveniently, by using an automatic titrator as a pH stat.

A combination of partial buffering capacity and base addition can also be vsed for process control.

[0244] When base addition is employed to neutrahize gluconic acid refeased during a ketoreductase-
catalyzed reduction reaction, the progress of the conversion may be menitored by the amount of base
added to maintain the pH. Typically, bases added to unbuffered or partially buffered reaction

mixtures over the course of the reduction are added in aqueous solutions.
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16245] In some embodiments, the co-factor regenerating system can comprises a formate
dehydrogenase. The terms “formate dehydrogenase™ and “FIH" are used interchangeably herein to
refer 10 an NAD™ or NADP -dependent enzyme that catalyzes the conversion of formate and NAD or
NADP" 1o carbon dioxide and NADH or NADPH, respectively. Formate dehydrogenases that are
suitable for use as cofactor regenerating systems m the ketoreductase-catalyzed reduction reactions
described herein mehude both naturally ocowring formate dehydrogenases, as well as non-naturally
occurring formate dehydrogenases. Formate dehydrogenases include those corresponding to SEQ ID
NOS: 70 (Pseudomonas sp.y and 72 (Candida boidiniiy of PCT publication WO 2005/018579, which
are encoded by poelvnucieotide sequences corresponding to SEQ 1D NOS: 69 and 71, respectively, of
PCT publication 2005/018579, the disclosures of which are incorporated herein by reference.
Formate dehydrogenases employed in the methods deseribed herein, whether naturally ocourring or
non-naturally oceurring, may exhibit an activity of at least about 1 pmol/min/mg, sometimes at least
about 10 pmol/min/meg, or at least about 10° pmol/min/mg, up to about 10° pmol/min/me or higher,
and can be readily screened for activity in the assay described in Example 4 of PCT publication WO

2005/018579.

[0246] As used herein, the term “formaie” refers to formate anion (HCO,), formic acid (FICO,HS,
and mixwres thereof. Formate may be provided in the Yorm of a salt, typically an alkali or ammonium
salt (for example, HCONa, KHCO,NH,, and the like), in the form of formic acid, typically agueous
formic acid, or mixtures thercof. Formic acid is a moderate acid. In agueous sclutions within several
pH units of its pKa {pKa=3.7 in water) formate is present as both HCO," and HCO,H in equilibrium
concentrations. At pH values above about pH 4, formate ts predominantly present as HCO,". When
formate is provided as formic acid, the reaction mixture is typically buffered or made less acidic by
adding a base to provide the desired pH, typically of about pH 3 or above. Suitable bases for
neutralization of formic acid include, but are not limited to, organic bases, for example amines,
alkoxides and the Iike, and inorganic bases, for example, hydroxide sahs (e.g., NaOH}, carbonate salts
{e.g., NaHCOs3), bicarbonate salts {e.g., K;CO3), basic phosphate salis {e.g., KoHPO,, NasPOy), and

the like.

162477 For pH values above about pH 5, at which formate is predominantly present as BCO-,
Fquation (2} below, describes the formate dehydrogenase-catalyzed reduction of NAD ™ or NADP by
formate,

{2) HCO, + NAD(P) CO, + NAD(PYH

(0248] When formate and formate dehydrogenase are emploved as the cofactor regeneration system,

the pH of the reaction mixture may be maintained at the desired level by standard buffering
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techniques, wherein the buffer releases protons up to the buffering capacity provided, or by the
addition of an acid concurrent with the course of the conversion. Suitable acids to add during the
course of the reaction to maintain the pH include organic acids. for example carboxylic acids, sulfonic
acids, phosphonic acids, and the like, mineral acids, for example hydrohalic acids (such as
hydrochloric acid), sulfuric acid, phosphoric acid, and the like, acidic salts, for example
dihydrogenphosphate salts (e.g., KH,PO,), bisulfate salts (e g., NaHS8(Q,) and the like. Some
embodiments utilize formic acid, whereby both the formate concentration and the pH of the solution

are maintained.

[6249] When acid addition is employed to maintain the pH during a reduction reaction using the
formate/formate dehydrogenase cofactor regeneration system, the progress of the conversion may be
monitored by the amount of acid added to mamiai the pH. Typically, acids added to unbuffered or

partially buffered reaction mixtures over the course of conversion are added in aqueous solutions,

[625¢] The terms “secondary alcohol dehydrogenase™ and “sADH™ are used interchangeably herein
to refer to an NAD" or NADP -dependent enzyme that catalyzes the conversion of a secondary
alcohol and NAD™ or NADP to a ketone and NADH or NADPH, respectively. Equation (3), below,
describes the reduction of NAD" or NADP by a secondary alcohol, illustrated by isopropanol.

OH . sADH 0
@ L FNADEY = | *NADPH+H

[0251] Secondary aicohol dehydrogenases that are suitable for use as cofactor regenerating systems
in the ketoreductase-cataiyzed reduction reactions described herein include both natarally occurring
secondary alcohol dehvdrogenases . as well as non-naturally occurring secondary alcohol
dehydrogenases. Naturally oceurring secondary alcohol dehydrogenases include known aleoho!
dehydrogenases from, Thermoanerobium brockii, Rhodococeus etvihropolis, Laciobacillus kefir, and
Lactobacillus brevis, and non-naturally occurring secondary alcohol dehydrogenases include
engineered alcohol dehydrogenases derived therefrom. Secondary alcohol delydrogenases employed
in the methods described herein, whether naturally oceurring or non-naturally occurring, may exhibit
an activity of at least about I pmol/min/mg, sometimes at least about 10 pmol/min/mg, or at least

about 10° pmol/min/me, up to about 10° pmol/min/mg or higher.

[8252] Suitable secondary alcohols include lower secondary alkanols and arvl-allkyl carbinols.
Examples of lower secondary alcohols inciude isopropanol, 2-butanol, 3-methyl-2-butanal, 2-
pentanol, 3-pentancl, 3, 3-dimethyl-2-butanol, and the like. In one embodiment the secondary alcohol

is isopropanol. Suitable aryl-aky! carbinols include unsubstituted and substituted 1-arylethanols.
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[6253] When a secondary alcohol and secondary alcohol dehvdrogenase are employed as the cofactor
regeneration system, the resulting NAD™ or NADP™ is reduced by the coupled oxidation of the
secondary alcohol to the ketone by the secondary alcohol dehydrogenase. Some engineered
ketoreductases also have activity to debydrogenate a secondary alcohof reductant. In some
embodiments using secondary aleohol as reductant, the engineered ketoreductase and the secondary

alcohol dehydrogenase are the same enzyme.

{0254] In carrying out embediments of the ketoreductase-catalyzed reduction reactions described
herein employing a cofactor regeneration svsteny, either the oxidized or reduced form of the cofactor
may be provided initially. As described above, the cofactor regeneration system converts oxidized

cofactor 1o its reduced form, which is then utilized in the reduction of the ketoreductase substrate.

10255] In some embodiments, cofactor regeneration systems are not used. For reduction reactons
carried out without the use of a cofactor regenerating systerns, the cofactor is added to the reaction

mixture in reduced form.

[0256] In some embodiments, when the process is carried out using whole cells of the host organism,
the whoie cell may natively provide the cofactor. Alternatively or in combination, the cell may

natively or recombinantly provide the glucose dehydrogenase,

[6257] in carrying cut the stereoselective reduction reactions described herein, the enginesred
ketoreductase enzyme, and any enzymes comprising the optional cofactor regeneration system, may
be added 1o the reaction mixture in the form of the purified enzymes, whole cells transformed with
gene(s) encoding the enzymes, and/or cell extracts and/or lysates of such cells, The gene(s) encoding
the engineered ketoreductase enzyme and the optional cofactor regeneration enzymes can be
transformed into host cells separately or together into the same host cell. For example, in some
embodiments one set of host cells can be transformed with gene(s) encoding the engineered
ketoreductase enzyme and another set can be transformed with gene(s) encoding the cofactor
regeneration enzymes. Both sets of fransformed cells can be utilized together in the reaction mixture
in the form of whole cells, or in the form of lysates or extracts derived therefrom. In other
embodiments, a host cell can be transformed with gene(s) encoding both the engineered ketoreductase

enzyme and the cofactor regeneration enzymes,

[6258] Whole celis transformed with gene{s) encoding the engineered ketoreductase enzyme and/or
the optional cofactor regeneration enzymes, or cell extracts and/or lysates thereof, may be employed
in a variety of different forms, including solid (e.g., ivophilized, spray-dried, and the like} or

semisoiid (e.g., a crude paste).
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[025%] The cell extracts or cell lysates may be partiaily purified by precipitation (ammonium sulfate,
polyethyleneimine, heat treatment or the like, followed by a desalting procedure prior 10
tyophilization (e.g., ultrafiliration, dalysis, and the like}. Amny of the cell preparations may be
stabilized by crosslinking using known crosslinking agents, such as, for example, glutaraldehyde or

immobilization to a solid phase (e.g., Eupergit C, and the like).

62681 The selid reactants (e.g., enzyme, salts, etc.) may be provided to the reaction in a variety of
different forms. including powder {e.g., Iyophilized, spray dried, and the like), solution, emulsion,
suspension, and the like. The reactants can be readily Iyophilized or spray dried using methods and
equipment that are known o those baving ordinary skill in the art. For example, the protein solution
can be frozen at -80°C in small aliquots, then added to 2 prechilled lvophilization chamber, followed
by the application of a vacuum. After the removal of water from the samples, the temperature is
typically raised to 4°C for two bours before release of the vacuum and retrieval of the Ivophilized

samples.

102611 The quantities of reactants used in the reduction reaction will generally vary depending on the
quantities of produact desired, and concomitantly the amount of ketoreductase substrate employed.
The followmg guidelines can be used to determine the amounts of ketoreductase, cofactor, and
optional cofactor regeneration system to use. Generally, keto substrates can be employed at 2
concentration of about 20 to 306 grams/liter using from about 50 mg to about 5 g of keioreductase and
about 10 mg 1o about 150 mg of cofacior. Those having ordinary skill in the art will readily
understand how to vary these quantities 10 tailor them to the desired level of productivity and scale of
production. Appropriate quantities of optional cofactor regeneration system may be readily
determined by routine experimentation based on the amount of cofactor and/or ketoreductase utilized.
In general, the reductant (e.g., ghucose, formate, isopropanol) is utilized at levels above the equimolar
level of ketoreductase subsiraie to achieve essentially complete or near complete conversion of the

ketoreductase subsirate.

[8262] The order of addition of reactants is not critical. The reactants may be added together at the
same tme 10 & solvent {e.g., monophasic solvent, biphasic aqueous co-solvent system, and the hke),
or alternatively, some of the reactants may be added separatety, and some together at different time
points. For example, the cofactor regeneration system, cofactor, ketoreductase, and ketoreductase

substrate may be added first to the sclvent.

[8263] For improved mixing efficiency when an agqueous co-solvent system 18 used, the cofactor
regeneration system, ketoreductase, and cofactor may be added and mixed into the aqueous phase

first. The organic phase may then be added and mixed m, followed by addition of the keioreductase
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substrate. Alternatively, the ketoreductase substrate may be premixed in the organic phase, prior to

addition 1o the aqueous phase

[8264] Suaitabie conduions for carrying out the ketoreductase-catalyzed reduction reactions described
herein incinde a wide variety of conditions which can be readily optimized by routine experimerntation
that includes, but is not limited to, contacting the engineerad ketoreductase enzyme and substrate at an
experimental pH and temperatare and detecting product, for example, nsing the methods described in

the Examples provided herein,

[0265] The ketoreductase caialyzed reduction is typically carried out at a temperature in the range of
from about 15°C to about 75°C. For some embodiments, the reaction is carried out at a temperatuze in
the range of from abowt 20°C 10 abowt 55°C. In still other embodiments, it is catried out at a
temperature in the range of from about 20°C o about 45°C. The reaction may also be carried out

under ambient condinons.

10266] The reduction reaction is generally allowed to proceed until essentially complete, or near
complete, reduction of substrate is obtained. Reduction of substrate to product can be monitored
using known methods by detecting substrate and/or product. Suitable methods include gas
chromatography, HPLC, and the like, Conversion vields of the alcoho! reduction product generated in
the reaction mixture are generally greater than about 50%, may also be greater than about 6%, may
also be greater than about 70%, may also be greater than about 80%, may also be greater than 90%,

and are ofien greater than about 97%.

7. EXAMPLES

i0267] Various features and embodiments of the disclosure are tllusirated in the following

representative examples, which are intended to be illustrative, and not hmiting,

[06268] In the following descriptions, wherever glucose dehydrogenase (GDH) is used. it is GDH
CDX901, obtainable from Julich Chiral Solutions, Jilich, Germany.

7.1 Example 1: Wild-type Ketoreductase Gene Acquisition and Construction of

Expression Vectors.

[0269] Ketoreductase (KRED) encoding genes were designed for expression in E. cofi based on the
reported amino acid sequence of the ketoreductase and a codon optimization algorithm as deseribed in
Example 1 of 1S provisional applhication Serial No. 60/848,950 and WO2008042876, incorporated
herein by reference. Genes were synthesized using oligonucleotides composed of 42 nucleotides and
cloned mto expression vector pCK110900 (depicted as FIG. 3 m United States Patent Application

Publication 20060195947) under the control of a lac promoter, The expression veetor also containad
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the P15a origin of replication and the chioramphenicol resistance gene, Resulting plasmids were

transformed into £. coli W3110 using standard methods. Codon optimized genes and the encoding

polypeptides as well are listed in Table 3. The activity of the wild-type ketoreductases was confirmed

as described in US provisional application Serial No. 60/848,950,

[0278]

Tabile 3. Abbreviations, source and references for Ketoreductases used

Kets- Microorganists | Genbank Acc. | G no. Bolvnucleotide Polypeptide SEQ

reductase from which No. SEG I NG, 1D NO, or

abibreviation | enzyme was Source
originally
identified

ADH-CM Candida A336927.1 12657576 SEQIDNolm | SEQIDNo2imn
magnoliae US Application | US Application

Publication Publication
20060195947 20060195947

YDL Saccharomyces NP 010159.1 6320079 SEQ ID N(:109 | SEQ 1D NO:110
cerevisiae

ADH-LI Lactohacillus INXGQ A 30749782 SEGQ ID NO:1 SEQ 11D NO:2
brevis

ADH-RE Rhodococcus AANT3270.1 34776951 SEQIDNO:111 | SEQIDNOI12
ervthropolis

YGL Saccharomvees NP_011476 6321394 SEGIDNG:1I3 | SEQIDNG:114
cerevisiae

YPR Saccharomyces NP _D10656.1 6320576 SEQ IDYNO:115 | SEQID NO:116
cerevisiae

GRE Saccharomyces NP _014490.1 | 6324421 SEQIDNCG:L17 | SEQID N(:1ig
cerevisiae

ADH-LK Laciobacillus AAPOL029.1 33112036 SEQID NG SEQID NG4
kefir

ADH-SR Sparobolomyces QUUUNS 306315955 SEQID No 103 SEQ Iy No 164
saimonicolor

ADH-SC Strepromyees NP 68314151 21225636 SEQ IDNo 101 SEQ T No 102
coelicolor

ADH-TB Thermoanaerobin | X64841.1 1771790 SEQ ID Ne 107 SEQ D Neo 108
m brockil

ADH-HE Horse liver DEHOAL 625197 SEG 1D No 105 SEQ I NO 106

ADH-CP Candida BAA24528 2815408 Julich Chiral
parapsilosis Solntions Cat. No.

03.11

DR-LB Lactobacillus ABJ63353.1 116098204 Jutich Chiral
brevis Solations Cat. No.
diacervl 8.1
reduciase
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ADH-CB Candida boidinii | CADBGHAR 2840078G Julich Chiral
Sohitons Cat. No.
62,10
LDH-1LL Laciobacilius Fluka Cat. No.
leichmarnmii 61306

[0271] Polynucleotides encoding engineered ketoreductases of the present disclosure were likewise

cloned into veetor pCK110900 for expression in £, coli W3110,
7.2 Example 2: Production of Ketoreductase Powders: Shake Flask Procedure,

[6272F A single microbial colony of £. coli containing a piasmid with the ketoreductase gene of
interest was inoculated into 50 ml Luria Bertani broth containing 30 pg/ml chioramphenicol and 1%
glucose. Cells were grown overnight (at least 16 hrg) in an incubator at 30°C with shaking at 250
rpm. The culture was diluted into 250 ml Terrific Broth (12 g/L bacto-tryptone, 24¢/L. yeast extract, 4
ml/L glycerol, 65mM potassium phosphate, pH 7.0, ImM MgSO,, 30 pg/ml chloramphenicol) in
liter flask) to an optical density at 600 nm (OD600) of 0.2 and allowed to grow at 30°C. Expression
of the ketoreductase gene was induced with ImM IPTG when the OD600 of the culture is 0.6 10 0.8
and incubated overnight (at least 16 hrs). Cells were harvested by centrifugation (5000mpm, 15 min,
4°C) and the supernatant discarded. The cell pellet was resuspended with an equal volume of cold
{4°C y 100mM triethanolamine (chioride} buffer, pH 7.0 (including 2 mM MgSO, in the case of
ADH-LE and ADH-LB and engineered ketoreductases derived therefrom), and harvested by
centrifugation as above. The washed cells were resuspended in two volumes of the cold
triethapolamine {chioride) buffer and passed through a French Press twice at 12000psi while
maintained at 4°C. Cell debris was removed by centrifugation (9000 rpm, 45 min., 4°C). The clear
lysate supematant was collected and stored at -20°C. Lyophilization of frozen clear lysate provided a

dry powder of crude ketoreductase enzyme.
7.3 Example 3: Production of Ketoreductases, Fermentation Procedure.

[6273] in an acrated agitated 151 fermenter, 6.0L of growth mediom containing (.88 g/l ammonium
sulfate, 0.98 g/L of sodium citrate; 12.5 g/L of dipotassium hydrogen phosphate tiihydrate, 6.25¢/L of
potassium dihydrogen phosphate, 6.2 g/l of Tastone-154 veast extract, 0.083 g/L. ferric ammonium
citrate, and 8.3 ml/L of a trace element solution containing 2 g/L of calcium chloride dihydrate, 2.2
g/L of zinc sulfate septahydrate, 0.5 g/l manganese sulfate monohydrate, 1 g/L cuprous sulfate
heptahydrate, 0.1 g/l ammonium molybdate tetrahydrate and (.02 g/L sodium tetraborate decahydrate
was brought t0 2 temperature of 30°C. The foermenter was inoculated with a late exponential culture

of E, coli W3110, containing o plasmid with the ketoreductase gene of interest, grown in a shake flask
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as described in Example 3 to a starting OD600 of 0.5 t0 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% satwuration 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 /L. ammonium chloride and 10.4 g/T. magnesiom 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 fmM. 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 S600G for 40 minutes in a Sorval RCI2BP
cenirifuge at 4°C. Harvested cells were used directly in the following downstream recovery process

or were stored at 4°C unfil such use.

[6274] The cell peliet was resuspended in 2 volumes of 100 mM triethanolamine (chloride) buffer,
pH 6.8, at 4°C t0 each volume of wet cell paste. The intracellular ketoreductase was released from the
cells by passing the suspension through a homogenizer fitted with a two-stage homogenizing vaive
assembly using a pressure of 12000 psig. The cell homogenate was cooled to 4°C immediately after
distuption. A solusion of 10% w/v polyethyieneimine, pH 7.2, was added to the tysate to a final
concentration of 0.3% w/iv and stirred for 30 minutes. The resulting suspension was clarified by
centrifugation at S000G in a standard laboratory centrifuge for 3¢ minutes. The clear supernatant was
decanted and concenwrated ten fold using a celhulosce ultrafiitration membrane with 2 molecular weight
cut off of 30K.d. The final concentrate was dispensed into shallow comtainers, frozen at —20°C and
lyophilized to powder. The ketoreductase powder was stored at —80°C,

7.4 Example 4: Analytical methods 1o determine conversion and enantiomeric excess of
2°.6"-dichioro-3’-fluoroacetophenone to (§)-1-{2°,6”-dichioro-3’-fluorephenyl]-
ethanol.

[6275] Reduction of 2°,6°-dichlare-3 -fluorcacetophenone and chiral punty of the alcohol product
was determined by Reverse Phase Chiral HPLC (4.6 x 156 mm Chiralpak AD-RH colum {no guard
cartridge); 50:50 ACN/H,O at (.8 mL/min; 25°C; detection at 254 nm with the foliowing retention
times: (S)-alcohol 5.77 min.; {R)-alcohol 6.19 min; ketone 7.49 min) or Normal Phase Chiral HPLC
(4.6 x 250 mm Chiralpak AD columa (no guard cartridge); 2:98 IPA/Hexane at 2.5 mL/niin at room
temperature {not regulated); detection at 220 nin with the following retention times: (S)-alcohol 4.72

min.; (R}-alcohel 5.30 min; ketone 2.03 mm).

[6276] Alternatively, the following gas chromatographic analytical methods were used: an achiral
method using an HP-5 colummn (30m x (.25mm) with a temperature program of 100 °C (1 min) to 200

°C (4 miny at 50 °C/min {retention times were 4.33 min for the ketone and 4.70 min for the aicohel)
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and a chiral method using 2 Beta Cyclodextrin (DM} column (30 m x 0.25 mm) at 165 °C isothermal
(retention times were 3.42 min for the ketone, 5.92 min for the R-isomer and 6.25 min for the 5-
isomer),

7.5 Example 5: Evaluation of Wild-Type Ketoreductases for Reduction of 2°,6°-

dichtoro-3"-fluoroaceiophenone

[6277] KREDs described in Table 3 of Example 1 were screened using sioichiometric NADH or
NADPH as co-factors. To cach well of a 96-deep-well plate was added 5-10 mg of KRED, 20 mg of
NAD{P)H in 500 pL of 100 mM pH 7.0 triethanolamine(chloride) buffor and 15 uL of the substrate
(~40C g/L of substrate; conversion limited to ~25 by the co-facior). The plate was sealed and shaken
for 6 hours, The reactions were quenched by the addition of I mL of EtOAc¢. The conversion and

stereopurity of the product were assayed as described in Example 4.

[6278] Under these conditions, YDL, YGL, GRE, ADH-RE, ADH-SB, ADH-SC, ADH-H1L., L.DH-
LL, ADH-CP, ADH-CB, and DR-LB gave no detectable conversion with either NADPH or NADH,
whereas ADH-LB, and YPR gave <0.5% conversion. ADH-LK converted <1% of the substrate to the

chiral alcohol

[0279] Tins example demonstrates that wild-type ketoreductases have very little if any activity on
27,6 ~dichioro-3’-fluorcacetophenone.
7.6 Example é&: Bvaluation of ADH-LEK Variants for Reduction of 2°,6 -dichiore-3°-
flucroacetophenoneg
[8286] Several ADH-LK variants that had been generated as described in U.S. application Serial No.
60/957,974, filed Aungust 24, 2007 and US application Serial No. 12/197,286, filed August 24, 2008
converted >0.5% of the substrate to the chiral aicohol when evaluated under the conditions desceribed

in Example 5 and as listed in Table 4.

Table 4
SEQID NGS Copversion® Enantiomeric excess’
4 0 0
[i5 + +
117 + 4
111 + -t
119 ++ ++
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123 ++ A+
F3 ++ -
& At ++

0 0.5-1% conversion: +1 1-20% conversion; -+ >20% conversion
© 0 <90% e.e. (S-enantiomer): +: 90-99% e.e. (S-enantiomer); ++ >99% c.¢. {S-enantiomer).

© refers to SEQ ID NOs in US application Serial No. 60/957,974 and 12/197,286.

[6281] This cxample Mustrates that ATVH-LK varianis in which the tyrosine residue at position 190 is
altered to phenylalanine, preline, cysteine or alanine reduced 27,6 -dichloro-3-flucroacetophenone
the corresponding S-alcohol.

77 Example 70 High Throughput NADPH fluorescence prescreen to identify enzymes

that reduce 27,67 -dichloro-3°-fluoroacetophenonc.

10282} Plasmid libraries obtained by directed evolution and containing evolved ketoreductase genes
were transformed into £. coli W3110 and plated on Luria-Bertani (LB) agar mediam containing 1%
glucose and 30 ugﬁmi chloramphenicol (CAM}. After incubation for at least 16 hrs at 36°C, colonies
were picked using 2 Q-bot® robotic coleny picker (Genetix USA, Inc., Beaverton, OR) into 96-well
shalfow well microtiter plates containing 180 ul Terrific broth (TB), 1% glucose and 30 wg/mL
chloramphenicol (CAM). Cells were grown overnight at 30°C with shaking at 200 sn. 5 ub of this
cukture was then transferred into 96-deep well plates containing 380 pl. Terrific broth (TB), 1 mM
MgS50, and 30 pg/mi. CAM. After incubation of deep-well plates at 30°C with shaking at 250 rpm
for 2.5 to 3 hours (ODgao 0.6-0.8), recombinant gene expression by the cell cultures was induced by
isopropyi thiogalactoside (IPTG) to a finai concentration of | mM. The plates were then incubated at

30°C with shaking at 250 rpm for 15-17 hrs,

[6283] Cells were pelleted via centrifugation, resuspended in 300 pl. lysis buffer and lysed by
shaking at room temperature for at least | hour. The lysis buffer contained 100 mM triethanolamine
(chloride) buffer, pH 7.0-7.2, | mg/mL lysozyme and 750 pg/mL polymixin B sulfate. The plates are
then spun in the centrifuge at 4000RPM for 20 minutes at 4°C, and the clear supernatant (lysate)

analyzed in the fluorescent assay.

[0284] In 96-well black microtiter plates 20 i of each lysate (pretreated for 0-24 hrs at 40-50°C
Adiluted in 100 mM triethanolamine(chloride) buffer, pH 7.0, 1 mM MgSQO. if necessary) was added
to 180 pi of an assay mixture consisting of 100 mM triethanolamine(chloride) buffer, pH 7.0, ImM

Mg50,., 0.2 g/L NADPH, 100-600 mM ghicose, 660-900 mM sodiom gluconate and 0.2 g/l 2°.6"-
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dichloro-3"-fluoroacetophenone and reaction progress measured by following the decrease in

fluorescence of NADPH at 445 nm after excitation at 330 nm in a Flexstation (Molecular Devices,

USA).

10285] This example describes the method that was used to identify KRED variants improved for the
rate of 27,6 -dichloro-3"-fluorcacetophenone reduction,

7.8 Example 8: Reduction of 2°,6"-dichlore-3 - fluorvacetophenone by Engineered

Ketoreductases Derived from ADH-LE.

10286] Improved ADH-LK variants for the redoction of 27,6 -dichloro-3’ -fluoroacetophenone to {$)-
1-[27,6’-dichloro-3"-fluorophenyj-cthano! were analyzed in small scale chemical yeactions. To a 100
mL three-neck vessel equipped with a PTFE-coated magaetic stirring bar and a pH electrode
connecied to an auwtomatic titrator for pH-controlled addition of base on-demand via a feeding tube
into the vessel, was charged 30 ml 100 mM triethanolamine(chloride) buffer (pH 7). 2 mM MgSQOy),
200 mg KRED with SEQ ID NO. as described in the table below, 50 mg GDIH, 15 mg NADP-Na,
3.13 g glucose, 6 g 2°,6"-dichloro-3"-fluoroacetophenone (200 g/L) at 25°C. The aatgmatic titrator
maintained the pH at 7 by the addition of 4N NaOH, which was continuously recorded. Reaction
progress was monitored by the rate and cumulative addition of the base and periodic sampling of the

reaction mixture for extraction with ethylacetate and analysis by the method of Example 4.

f0287] Table 5 gives the SEQ 1D NO. corresponding to the ketoreductase, the number of amine acid
mutations from the wild-type ADH-LK and the conversion of 27,6 -dichloro-3 " -fluoroacetophenone to

{(§)%-1-[27,6 dichloro-3"-luovophenyl]-ethanol, The stereopurity of the S-alcohol was always >99.9%,

[6288] Table 5:

Tabie 5: Activity and stability of ADH-LK Variants

SEQ ID NG, No. of mutations activity stability
from ADH-LEK
4 ¢ -
G J +
8 z R +
10 2 St
12 2 +
14 2 ++
16 2 et +
48 2 +

56
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50 2 +

52 3 +

20 3 + +
& 4 ook +
36 3 -+

54 3 ++ +
56 3 e

62 3 ++

64 3 ++

58 3 =

60 2 +

22 3 o e
06 3 At +
68 3 At et
70 4 ++ ++
72 3 + ++
32 3 4 +
28 3 SR +
30 3 ++ +
34 4 it +
74 4 ot +
38 4 i -
40 5 4 b
76 5 b t
78 5 et ++
80 5 -+ +—+
82 5 A+ et
84 8 e} 44
42 6 ot ++
44 6 -+ ++
86 7 +++ ++
46 6 - ++
88 6 s e
90 6 4+ ++
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92 6 b et

94 6 ++ T

a. -1 po activity; +: 100-450% the activity of SEQ ID No. 6; ++: 450~1500% the activity of SEQ ID
No. 6, +++: =1500% the activity of SEQ 113 No. 6.

b. -+ measurable activity after 2 hys at 50°C; ++: >400% the activity of SEQ 1D No. 16 afier 2 hrs at
50°C.

i0289] This Examplie illustrates that engineered ketoreductases derived from the wild-type
ketoreductase ADE-LK provide improved activity compared to ketoreductase ADH-LEK.

7.9 Example 9: Reduction of 27,6 -dichlore-3’ -fluorcaceiophencne by Engineered

Ketoreductases Derived from ADH-LB,

[0256¢] Improved ADE-LB variaats for the reduction of 2°,6"-dichloro-3’-fluoroacetophenone to {S)-
[-[2°.6°-dichlore-3"-fluorophenyl]-ethanol were analyzed in small scale chemical reactions as
described for ADH-LK variants in Example 8. Table 6 gives the SEQ 1D NO. corresponding to the
ketoreductase, the number of amino acid mutations from the wild-type ADH-LK and the conversion
of 2°,6"-dichloro-3"-fluoroacetophenone to (5)-1-[27,6"-dichloro-3 " -fluorophenyl]-ethanol. The

stereopurity of the S-alcohol was always >99.9%,

[629%] Table 6:

Table 6: Activity and stability of ADH-LK Variants

Ne. of mutations from
SEQ ID NO. ADH-LK activity stability

4 0 -

O i +

8 2 o +
10 2 ++

12 2 +-

14 2 ++

16 2 ++ +
48 2 +

50 2 +

52 3 4

9%
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20 3 + 4

18 4 +++ | +

a. -7 no activity; +: 100-450% the activity of SEQ 1D No. §; ++: 450-1500% the activity of SEQ 1D
No. 6; +++; >15009% the activity of SEQ I No. 6.

b. +: measurable activity after 2 hrg at 50°C; -+ afier 2 hrs at 50°C, >400% the activity SEQ ID No.
16 after 2 hrs at 50°C.

[8292] This Example illustrates that engineered ketoreductases devived from the wild-type
ketoreductase ADH-LB also provide improved activity compared to keioreductase ADH-LB.

710 Example {0 Preparative scale production of ($)-1-[2°,6-dichioro-3" -fluorophenvl}-

ethanol.

[0293] To a 500 mL jacketed three neck round bottom flask equipped with an Ace Glass mechanical
stirrer (75 mm diameter teflon stivrer blade), and a pH elecirade comnected t¢ an automatic titrator for
pH-controlied addition of base on-demand via a delivery tube into the vessel, was added water (120
mbLj, triethanolamine (1.8 g) and then hydrochloric acid to adjust the pH to 7.0, Magnesium sulfate
was added as a 1M solution (120 pl, 0.12 mmoles, 14.4 mg of Mg804). The solation was heated to
30°C with heating fluid circalating through the flask's jacket, Glucose (20 g) was added followed by
Na-NADP {120 mg}, GDH (0.50 g) and KRED having SEQ 1D No. 38 (0.50 g). The pH stat was set
to maintain the pH at 7.0+0.1 by the addition of 4N NaOH through the deltvery tube. 2°,6°-dichioro-
3 -fluoroacctophenone (50 g) was added to start the reaction. The clectrode required pericdic rinsing
10 remove enzyme derived material. Additional glucose was added in portions as the reaction
proceeded: 10 g at 104 min (after 17.5 mi of 4 N NaOH had been added), 5 g at 275 min {after 35.2
mL of 4 N NaOH had been added), 5 g at 379 min {aficr 42 mL of 4 N NaCH had been added), and 8
o at 488 min (after 47 mL of 4 N NaOH bad been added). The reaction was stopped after 24 hr.
Heptane {150 mL) was then added and the mixture was heated to 40°C for 45 min. After cooling to
30°C the resulting mixture was poured into a separatory funnel and the majority of the bottom
aqueous layer was drained. The top layer, @ heptane emulsion, was filtered (350 mL, 85 mun diameter
coarse filter) through a celite pad under vacuum, The filier was washed with heptane {150 mL) and
the filtrate was transferred to a separatory funnel and the two phases were separated. The heptane
phase was concentrated on a rotary vacuum evaporator (~50°C, ~150 mmHBg increasing 0 40 mmHg)
to yield (5}-1-[2°,6-dichioro-3'-fluorophenylj-ethanol as an oil (47.8 g, 94%:} which crysfallized upon

standing.
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701 Example 11; Reduction of 2,6 -substituted acetophenones by Engineered
Ketoreductases Dertved from ADH-TK,

{0294] Wild-type ADH-LK and an ADH-LK variant improved for the reduction of 27,6 -dichloro-3°-
flueroacetophenone to ($)-1-[2°,6°-dichloro-3"-flucrophenyl]-ethanel were tesied for activity on two
other 2° 6 -substituted acetophenones. A solution was prepared of 5 mE. 1430 mM
triethanolamine(chloride) buffer (pH 7, 2 mM MgS0,), 33 mg KRED having SEQ 1D No. 10, 8§ mg
GDH, 3 mg NADP-Na, and 330 mg glucose. ! mi of this solution was weated with ¢.3 ml 1M
(sodium)phoesphate buffer pH 7 and 20 mg of the 27,6 -substituted acetophenone at 25°C. Reaction

samples (24hr) were analyzed by the methods of Example 5.

8295} Table 7 gives the conversion of the two 2°,6'-substituted acetophenones and the enantiomeric

purity of the resuiting chiral alcoho! by ADH-LK and the ADH-K variant with SEQ 1D NO 10,

10296] Table 7:

Tabie 7: Activities of ADH-LK and an ADH-LK variant on twe 2°.6'-substituted acetophenones.
Wild-type ADH-LK Engincered KRED
(SEGQ IDNO. 4) SEQ ID NG, 10
2'.6'-substituted acetophenone
Conversion Stereopurity Conversion Stereopurity

(%) (%) (%) (%
2'.6'-dichloroacetophenone 0 - 88 =69 S
2'.6'-dimethoxyacciophenone 0 - 72 >0 5

[0297] This example shows that an ADH-LK variant containing the Y 190P mutation provides
improved activity for 2'6"-substituted acetophenones, and provides the corresponding 2'6'-substituted

(5)-1-phenethanol,

7.12  Example 12: Reduction of unsubstituied acetophenone by ADH-LK and Engineered
Ketoreductases Derived from ADH-LK containing a mutation of Y190,
[6298] To cach well of a 96-well plates containing 100 pl. cell Iysate per well, prepared as in
Example 7, was added: 50 pL. 7 mM Na-NADP ™ in 100 mM triethanolamine(chloride) buffer pH 7.4,
300 uL isopropanol, and 50 ul. 100 mg/mi acetophenone in THFE. The plates were sealed and agitated
on an orbita} shaker at 50 rpm, room temperature, for 24 b, 1 mL of methyl t-butyl ether (MTBE)
was added 1o each well and the plates were scaled and then shaken at 850 epm for 10 min at room

temperature. The plates were centrifuged at 4,000 rpm (3220 x g) for 2 min o separate the phases and

100



WO 2009/036404 PCEUS2008/076333

50 pL of the orgamc phase from each well transferred to a well of a shaliow well plate contarming 150
nh MTBE. The plates were sealed and apalyzed by normal-phase HPLC (Daicel Chiraleel OD-H
colammn (4.6x 250 mm) equipped with OD-H guard column; 2.5 pL injection; Mobile Phase: 95:5 viv
Heptane - [PA; Flow-rate: 1.5 mL min-[; Colummn Temperature: 40°C; Wavelength: 215 nm).

Retention times: acetophenone: 3.5 min; (R)-1-phenyiethanol: 5.3 min; (S)-1-phenylethanol: 5.8 min.

10299] Table 8 shows the conversion of the acetophenone and the stereomeric purity of the resulting

chiral alcohol by ADR-LEK and the ADH-LK varzants.

[0360] Table §:

Table §: Activity and Stereoselectivity of ADH-LK Variants on Acetophenone
SEQ ID NO. Canversion (%) Enantiomeric excess (% Rors
4 (wild-type) 94 16O R
14 79 46 S
22 80 35 S
- 28 80 48 )
32 77 30 5
36 89 86 S
42 90 57 S
| 44 a0 41 S

[#30%] This example demonstrates that the wild-type Lactobaciilus ketoreductase is R-selective on
acetophenone and the engineered ketoreductases of the mvention, derived therefrom are S-selective

on acetophenone.

[6302] While various specific embodiments have been illustrated and deseribed, it will be
appreciated that various changes can be made without departing from the spirit and scope ¢of the

nvention(s).

10303} Al publications, patents, patent applications and other documents cited in this application are

hereby incorporated by reference in their entireties for all purposes to the same extent as if each
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individual publication, patent, patent application or other document were individually indicated to be

incorporated by reference for all purposes.



CLAIMS

I. A ketoreductase polypeptide derived from a wild-type Lactobacillus
ketoreductase of SEQ ID NO: 2, 4, or 98 capable of stereoselectively reducing
acetophenone to (5)-1-phenethanol, wherein the polypeptide has a proline residue at the

residue corresponding to X190 of SEQ 1D NO:2, 4 or 98.

2. The polypeptide of claim 1 wherein the polypeptide is capable of
stereoselectively reducing acetophenocne to (5)-1-phenethanol with a percent stereomeric
excess of:

i} at least 90% or

it) at least 99%.

3. The polypeptide of claim 1, which is a polypeptide capable of stereoselectively
reducing 2°,6"-dichloro-3’~fluoroacetophenone substrate to the product (8)-1-(2,6-
dichloro-3-fluorophenyl) ethanol with a percent stereomeric excess of at least  85%,
which comprises an amino acid sequence that is at least 85% identical to a reference
sequence based on SEQ ID NO:2, 4 or 98 having at the residue corresponding to X190 a

proline, and which has at the residue corresponding to X190 a proline.

4. The polypeptide of claim 3, which comprises an amino acid sequence having
additionally one or more of the following features:

residue corresponding to X7 is threonine, proline, tryptophan, arginine, histidine,
or asparagine;

residue corresponding to X16 is serine;

residue corresponding to X43 is isoleucine;

residue corresponding to X60 is alanine;

residue corresponding to X94 1s alanine, valine or cysteine;

residue corresponding to X95 is isoleucine or leucine;

residue corresponding to X96 is serine, asparagine, threonine or glutamic acid,;

residue corresponding to X97 is lysine, threonine, valine, arginine, methionine,
or iscleucine;

residue corresponding to X120 is phenylalanine or valine;

residue corresponding to X125 is glyeine or serine;

residue corresponding to X142 is asparagine;
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residue corresponding to X147 is phenylalanine, leucine, isoleucine, valine, or
glutamine;

residue corresponding to X149 is glycine or phenylalanine;

residue corresponding to 2150 is aspartic acid or histidine;

residue corresponding to X152 is serine, threonine, or methionine;

residue corresponding to X196 is valine, leucine, methionine, phenylalanine, or
isoleucine;

residue corresponding to X202 1s alanine, tryptophan, tyrosine, or methionine;

residue corresponding to X205 is arginine;

residue corresponding to X206 is methionine or tyrosine: and

wherein optionally the amino acid sequence has one or more residue differences

at other amino acid residues as compared to the reference sequence.

5. The polypeptide of ¢laim 3, wherein the percent stereomeric excess is:

1} at least 90%; or

ii) at least 99%, and wherein the polypeptide optionally comprises an amino acid
sequence selected from SEQ ID NO: 10, 14, 18, 20, 22, 24, 28, 32, 36, 38, 40, 42, 44,
46, 48, 50, 52, 56, 58, 60, 62, 64, 68, 70, 74, 76, 78, 80, 82, 84, 86, 88,90, 62, and 94.

6. The polypeptide of claim 3, wherein the polypeptide is further capable of
reducing the substrate to the product at a rate greater than the rate of reducing the
substrate to the product by the ketoreductase polypeptide having the sequence of SEQ ID
NO:6, and wherein the polypeptide optionally comprises an amino acid sequence
selected from SEQ ID NO: 10, 14, 18, 20, 22, 24, 28, 32, 36, 38, 40, 42, 44, 46, 48, 50,
52,56, 58, 60, 62, 64, 68, 70, 74, 76, 78, 80, 82, 84, 86, 88, 90, 92, and 94.

7. The polypeptide of claim 6, wherein the polypeptide is further capable of
reducing the substrate to the product at a rate that is at least 450% greater than the rate of
reducing the substrate to the product by the ketoreductase polypeptide having the
sequence of SEQ ID NG:6, and wherein the polypeptide optionally comprises an amino
acid sequence selected from SEQ ID NO: 10, 14, 18, 22, 24, 28, 32, 36, 38, 40, 42, 44,
46, 56, 58, 60, 62, 64, 68, 70, 74, 76, 78, 80, 82, 84, 86, 88, 90, 92, and 94,
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8. The polypeptide of claim 6, wherein the polypeptide is further capable of
reducing the substrate to the product at a rate that is at least 1500% greater than the rate
of reducing the substrate to the product by the ketoreductase polypeptide having the
sequence of SEQ 1D NO:6, and wherein the polypeptide optionally comprises an amino
acid sequence selected from SEQ ID NO: 18, 32, 36, 38, 40, 42, 44, 46, 74, 76, 718, 80,
82, 84, 86, 88, 90, 92, and 94.

S. The polypeptide of claim 6, which is capable of converting in Jess than 24 hours
at least 95% of the 27,6’ -dichloro-3"-fluoroacetophenone substrate to (S)-1-(2,6-
dichloro-3-fluorophenyl) ethanol when carried out with the polypeptide at an amount of
less than 1% by weight with respect to the amount of the 2°,6 -dichloro-3°-
flucroacetophenone substrate, and wherein the polypeptide optionally comprises an
amino acid sequence selected from SEQ ID NO:18, 32, 34, 36, 38, 40, 42, 44, 46, 74, 76,
78, 80, 82, 84, 86, 88, 90, 92, and 94.

i0. A polynucleotide encoding a polypeptide according to any one of claims 1 t0 9,
wherein the polynucleotide is optionally selected from the group consisting of SEQ ID
NG:9,13,17,19,21,23,27, 31, 35,37, 39, 41, 43, 45, 47, 49, 51, 55, 57, 59, 61, 63,
67,69,73,75,77,79, 81, 83, 85, 87, 89, 91, and 93.

1. An expression vector comprising the polynucleotide of claim 10, operably linked

to at least one control sequence suitable for directing expression in a host cell.
12. A bost cell comprising the expression vector of claim 1.

3. A method for stereoselectively reducing a 2',6-substituted acetophenone
substrate, optionally substituted at one or more of 3’, 4° and 5° positions, to the
corresponding substituted (8)-1-phenethanol, which comprises contacting the substrate
with the ketoreductase polypeptide of any one of claims 1-9 under reaction conditions
suitable for stereoselectively reducing or converting the substrate to the corresponding

(S)-alcohol product.

14, The method of claim 13, wherein:
(1) the substrate is 2’,6’-dichloro-3’-fluoroacetophenone and the

corresponding (S)-alcohol product is (S)-1-(2,6-dichloro-3-fluorophenyl) ethanol,
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and wherein optionally the (S)-1-(2,6-dichloro-3-fluorophenyl) ethanol is formed
in greater than 99% stereomeric excess;

(it) the ketoreductase polypeptide comprises an amino acid sequence
selected from SEQ ID NO: 10, 14, 18, 20, 22, 24, 28, 32, 36, 38, 40, 42, 44, 46,
48, 50, 52, 56, 58, 60, 62, 64, 68, 70, 74, 76, 78, 80, 82, 84, 86, 88, 90, 62, and
94: or

(111) at least 95% of the substrate is reduced to the product in less than 24
hours when the method is conducted with at least 200 g/L of substrate and with

less than 2 g/L of the polypeptide.

15, A method for producing the protein tyrosine kinase inhibitor compound of
struci;ural formula (V1I), including salts, hydrates and solvates thereof, which comprises
a step of reducing or converting a compound of formula (1) to the compound of formula
(II) using the ketoreductase polypeptide of any one of claims 1-9 under suitable reaction

conditions.

16. A method for producing the protein tyrosine kinase inhibitor compound of
structural formula (VIII), including salts, hydrates and solvates thereof, which comprises
a step of reducing or converting a compound of formula (I) to the compound of formula
(II) using the ketoreductase polypeptide of any one of claims 1-9 under suitable reaction

conditions.

i7. A composition comprising a 2°,6°-substituted acetophenone, optionally
substituted at one or more of 3°, 4” and 57 positions, and/or the corresponding substituted
(S)-I-phenethanol, and a ketoreductase of any of claims 1-9, and wherein the substrate is
optionally 2°,6"-dichioro-3°-flucroacetophenone of formula (I}, and the corresponding

substituted (5)-1-phenethanol is (5)-1-(2,6-dichloro-3-fluorophenyl) ethanol of formula
(1.
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376247-017
SEQUENCE LISTING

<110> LIANG, Jack
JENNE, Stephan
MUNDORFF, Emily
CHING, Charlene
GRUBER, John
KREBBER, Anke
HUISMAN, Gialt

<120> KETOREDUCTASE PCLYPEPTIDES FOR THE REDUCTION OF ACETOPHENONES
<130> 376247-017
<141> 2008-00-13

<150> 60/972,058
<151> 2007-08-13

<160> 119

<210> 1

<211> 762

<212> DNA

<213> Artificial Sequence

<220>
<223> Codon Optimized L. Brevis Seguence

<400> 1

atgictaace gtetggetgg caaagtagee atcatiaceg gegygaciet gaotatcgot 80
ttggcaateg ccacgaaat! totagaggag gotgcpaaag taatgatiac fggicgtcac 720
teegatgtag gigaaaagge cgocaaatca giaggeacte cggatcagat teagtittit 180
cagcacgatt catccgatga agatggolgy acgaaactgt tcgacgecas cgagaaagea 240
ticggocegg ttageacott agtgaacaat geagggatio cagtiaacaa aagegiigaa 300
gaaactacca cggecgaaty gogtaaaciy ctggeogtia atciggaigy totittitic 360
ggcaccegic tggacatica gogeatgaaa aataaaggcet tgggcyctag catcatcaat 420
atgagcagia tigaggogtt cgtaggegat cegagectyg gggeatacaa cgcticcaag 480
ggggeggtac glatcatgte gaaaagegea gogotggatt gegeacigaa ggactacgat 540
gigegigica acacagtaca teogggetat atcaagaces cgoiggicys igatstgeeg 600
gatgetgagg aagegatgic acagegiacyg aaaaccecta igggecacat iggegaacey 660
aatgacaicg catalaicly tgigtacety goaictaaty aatcgaaatt tgegacggot 720

teegaattty togicgacay cgagtatace geacagtaat ga 762

<210= 2

<211> 252

<212> PRT

<213> Arificial Sequence

<220>

<223> Transtation of Codon Optimized L. Brevis Sequence

<400> 2

Met Ser Asn Arg Leu Asp Gy Lys Val Ala lte lle Thr Gy Giy Thr

1 5 10 15

teu Gly lle Gly Leu Ala lle Ala Thr Lys Phe Vai Giu Giu Gly Ala
20 25 30

Lys Val Met lle Thr Gly Arg His Ser Asp Val Gly Giu Lys Ala Ala

35 40 45
Lys Ser Val Gly Thr Pra Asp Gin lie Gin Phe Phe Gin His Asp Ser
50 55 80

Ser Asp Glu Asp Gly Trp Thr Lys Leu Phe Asp Ala Thr Glu Lys Ala

85 70 75 80

Fhe Gly Pro Val Ser Thr Leu Val Asn Asn Ala Gly lie Ala Val Asn

85 g0 85

Lys Ser Val Glu Giu Thr Thr Thr Ala Giu Trp Arg Lys Leu Leu Ala
100 105 110

Val Asn Leu Asp Gly Val Phe Phe Gly Thr Arg Leu Giy lie Gin Arg

115 120 125
Met Lys Asn Lys Giy Leu Gly Alz Ser lle lie Asn Met Ser Ser fle
130 135 140
Giu Gly Phe Val Gly Asp Pro Ser Leu Gly Ala Tyr Asn Ala Ser Lys
145 150 155 160

Gly Ala Val Arg lie Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
Page 1



376247-017
165 170 175
Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Tyr lie Lys
180 185 180
Thr Pro Leu Val Asp Asp Leu Pro Gly Ala Glu Glu Ala Met Ser Gin
185 200 205
Arg Thr Lys Thr Pro Met Gly His lie Gly Giu Pro Asn Asp lle Ala
210 215 220
Tyr lie Cys Val Tyr Leu Ala Ser Asn Giu Ser Lys Phe Alz Thr Gly
228 230 235 240
Ser Glu Phe Val Val Asp Gly Gly Tyr Thr Ala Gin
245 250

<210> 3

<211> 754

<212> DNA

<213> Artificial Sequence

<220>
<223> Codan Optimized L. Kefir Sequence

<400> 3

atgaccgatc gicigaaggy caaagtagor atcgtaaccg gegggactct gggiateggt 80
ftggcaatcy cogataaatt igtagaggag gotgegaaag tagitatiac tggtegicac 120
gcggaigiag gigaaasagyce cgccaaatca ateggeggoes cigatgitat tcgetttgte 180
cagcacgatg catcegaiga ageaggetgg acgaaactgt tegacaccac cgaggagasa 240
ticggeocgy tacgacegt cgtgaacaat goagggatty cagtttccaa aagegitgaa 300
gacactacca cggaggaaty gegtaaacly ctgtecgita etciggatgy igtttttttic 360
ggcaccegic tgggeatica gegoatgaaa aataaagoct tgggegcetag catcatcaat 420
atgagcagia ftigagggott cgtaggegat cecgacgetgg gggcatacaa cgciiccaag 480
gaggcgotac giatcalgic gaaaagegea gegctagatt gegeacigaa ggactacgat 540
gtgcgigica acacagtaca toegggeiat atcaagaces cgctggicga fgatciggaa 600
ggigcigagg aaaigatgic acagegtacy aaaaccccota tggacceacat iggegaaceg 650
aatgacaticg catggatctg tgigtacely goatotgacy aatcgaaatt tgegacgggt 720
gcagaatiig tggtegacgg cgggtatace geacagiga 759

<210> 4

<211> 252

<212> PRT

<213> Artificial Sequence

<220=
<223> Translation of Codon Opfimized L. kefir Seguence

<dG0> 4
Met Thr Asp Arg Leu Lys Gly Lys Val Ala lie Val Thr Glv Gly Thr
1 5 10 15
Leu Gly lie Gly Leu Ala lle Ala Asp Lys Phe Val Glu Giu Giy Ala
20 25 30
Lys Val Val lle Thr Gly Arg His Ala Asp Val Gly Glu Lys Ala Ala
35 40 45
Lys Ser fle Gly Gly Thr Asp Val lie Arg Phe Val Gin Hig Asp Ala
50 58 80
Ser Asp Giu Ala Gly Trp Thr Lys Leu Phe Asp The Thr Giu Glu Ala
85 70 75 8¢
Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly lle Ala Val Ser
85 aG 95
Lys Ser Vai Giu Asp Thr Thr Thr Glu Glu Trp Arg Lys Leu Leu Ser
100 105 110
Vai Asn Leu Asp Gly Val Phe Phe Gly Thr Arg Leu Gly lie Gin Arg
115 120 125
Met Lys Asn Lys Giy Leu Gly Aia Ser fie lie Asn Met Ser Ser lle
130 135 140
Glu Gly Phe Val Gly Asp Pro Thr Leu Giy Ala Tyr Asn Ala SerLys
145 150 155 160
Gly Ala Val Arg Hle Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
165 170 175
Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Tyr e Lys
180 185 180
Thr Pro Leu Val Asp Asp Leu Glu Gly Ala Giu Glu Met Met Ser Gin
195 200 205
Arg Thr Lys Tar Fro Met Gly His lie Gly Giu Pro Asn Asp lie Ala
210 215 220
Trp Hle Cys Val Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala Thr Gly
225 230 235 240
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376247017
Ala Glu Phe Val Val Asp Gly Gly Tyr Thr Ala Gin
245 250

<210> 5

<211> 758

<212> DNA

<213> Adtificial Sequence

<220>
<223> Variant of L. kefir

<400= 5

atgacegatc gietgaaggyg caaagtagece atcgtaaccg gogggactet gggtateggt 60
ftagcaatcg cogataaat! igtagaggag ggtgcgaaag tagitaitac tggtcgicac 120
gcggatgtag gltgaaaagge cgecaaatea atcggeogea cigaigtiat tegcitigic 180
cageacgalg catccgatga ageaggetog acgaaactgt fcgacaccas cgasquaggea 240
ticggececgg tacgaccg! cgtgaacaat geagggatiy cagtitccas aagegtigaa 300
gacactacca cggaggaaty gogtaaacig cigtcegtia alciggatgg tottitttic 360
gocaccegic tpggceatica gogeatgaaa aataaaggct tggacgetag catcaicaat 420
atgagcagia tgaggogtt cgtaggegat cogacgeigy gogoatacaa cgeticcaag 480
gggacggiac glatcatgic gasaageygea gegoiggatt gogeactigaa ggactacgat 540
glgcgigica acacagtaca teogggetge alcaagaccee cgetggiega igatetggaa 800
gutgcigagg aaatgatgtc acagegtacg aaaaccecta igggecacat togegaaccy 660
aatgacatcg catggalcly tgtgtacoty geatcigacy aatcgaaatt tgegacggat 720
geagaatlig tgetcgacag cggotatace goacagiga 759

<210>= 8

<211> 252

<212> PRT

<213> Arifficial Sequence

<220>
<223> Variant of L. kefir

<400> 6
Met Thr Asp Arg Leu Lys Gly Lys Val Ala lie Val Thr Gly Gly Thr
1 5 10 15
Leu Gly lle Gly Leu Ala lle Ala Asp Lys Phe Val Giu Glu Gly Ala
20 25 30
Lys Val Val lle Thr Gly Arg His Ala Asp Val Gly Glu Lys Ala Ala
35 40 45
Lys Ser lle Gly Gly Thr Asp Val lie Arg Phe Val Gin His Asp Ala
50 55 80
Ser Asp Giu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Giu Ala
65 70 75 80
Pre Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly lle Ala Val Ser
85 a0 g5
Lys Ser Val Glu Asp Thr Thr Thr Glu Giu Trp Arg Lys Leu Leu Ser
100 105 110
Val Asn Leu Asp Gly Val Phe Phe Giy Thr Arg Leu Gly lle Gin Arg
11 120 125
Met Lys Asn Lys Gly Leu Gly Ala Ser lie lie Asn Met Ser Ser fle
130 135 140
Giu Gly Phe Val Gly Asp Pro Thr Leu Gly Ala Tyr Asn Ala Ser Lys
145 150 155 160
Gly Ala Val Arg He Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
165 170 175
Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Cys lle Lys
180 185 190
Thr Pro Leu Vai Asp Asp Leu Glu Gly Ala Glu Giu Met Met Ser Gin
195 200 205
Arg Thr Lys Thr Pro Met Gly His Hie Gly Glu Pro Asn Asp lie Ala
210 215 220
Trp He Cys Val Tyr Leu Aia Ser Asp Glu Ser Lys Phe Ala Thr Gly
225 230 238 240
Ala Glu Phe Val Val Asp Gly Giy Tyr Thr Ala Gin
245 250

<2107

<211> 758

<212> DNA

<213> Arificial Sequence
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376247017
<220>
<223> Variant of L. kefir

<400> 7

atgaccgate gictgaaggy caaagtages aicgtaacoy gogegacict ggoiatoggt 80
ftggcaetcy cogataaati igtagaggag gglgegaaayg taghatiac tggicgteac 120
geggatgiag gigaaaagge cgccaaalca atcagegyaca cigatghial togettigte 180
cagcacgalg catccgaiga ageaggetag acgaaacigt togacaceae cgaggaggea 240
tteggecegy tacgacegt cgtgaacaat goaggyatty cagtttccaa aagegtigaa 300
gacactacea cggaggaatg gegtaaacty clgtecogiia atctggatgg fgittittic 360
ggcaccegic tgggeatica gogeatgaaa aataaagget fgggogetag cateatcaat 420
atgagcagta igaggagtt cataggegat cogacgelgy gggcatacas cgeltccaag 480
ggageggtac gialcatgic gaaaagegez gegclyggat! gegeacigaa ggaciacgat 540
gigcoigica acacagtaca tcogggegeg atcaagacce cgcigatega tgatotggaa 600
gatycigagg asatgatgic acagegtacy aaaaccecta tgggecacat tggogaaceg 660
aatgacaicy catggatcig tototacciy geatctgacy aatcgaaatt gegacgagt 720
gcagaatity tggtcgacgy cgoglatace geacagiga 759

<210> 8

<211» 252

<212> PRT

<213> Artificial Sequence

<220>
<223> Variant of L. kefir

<400> 8
Met Thr Asp Arg Leu Lys Giy Lys Val Ala lle Val Thr Giy Gly Thr
1 5 10 15
Leu Gly Hle Gly Leu Ala lle Ala Asp Lys Phe Val Glu Glu Gly Ala
20 25 30
Lys Val Val lle Thr Giy Arg His Ala Asp Va! Gly Glu Lys Ala Ala
35 40 45
Lys Ser lie Gly Gly Thr Asp Val lie Arg Phe Val Gin His Asp Ala
50 55 50
Ser Agp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Glu Ala

85 70 75 8c

Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly lie Ala Val Ser
85 90 a5

Lys Ser Vat Giu Asp Thr Thr Thr Giu Glu Trp Arg Lys Leu Leu Ser

100 105 110
Vai Asn Leu Asp Gly Val Phe Phe Gly Thr Arg Leu Gly ie Gin Arg
115 120 125
Met Lys Asn Lys Gly Leu Gly Ala Ser lie lle Asn Met Ser Set lie
130 138 140

Glu Gly Phe Val Gly Asp Pro Thr Leu Gly Ala Tyr Asn Ala Ser Lys

145 150 155 160

Giy Ala Vai Arg lie Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Lau
185 170 175

Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Ala lle Lys

180 185 180
Thr Pro Leu lle Asp Asp Leu Glu Giy Ala Glu Giu Met Met Ser Gin
195 2060 205
Arg Thr Lys Thr Pro Met Gly His lie Gly Glu Pro Asn Asp lie Ala
210 215 220

Trp fie Cys Val Tyr Leu Ala Ser Asp Giu Ser Lys Phe Ala Thr Giy

225 230 235 240

Ala Glu Phe Val Val Asp Gly Giy Tyr Thr Ala Gin
245 230

<210> 9

<211> 758

<212> DNA

<213> Arificial Sequence

<220>
<223> Variant of L. kefir

<400> 9

atgaccgaic gictgaaggg caaagtagee atcgtaacey gegggactet ggglateggt 60
tiggcaateg cegataaatt igtagagsas ggtgcgaaag tagtiaiiac tggtegicac 120
geggatgtag glgaaaagge cgocaaatca atcggeggea clgaigitat togettigte 180
cagcacgatg catcegaiga ageaggelgg acgaaactgl fcgacaccac cgaggaggea 240
#tcgucecgg dacgacegt coigaacaat geagggatig cagiticcaa aagegttgaa 300
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376247017
gacactacca cggaggaatig gegiaaacty oigicegtia aictggatgg tgtttittte 360
ggeaccegtc igggeatica gegeatgaaa aataaaggct tgggegctag catcatcaat 420
atgageagta itgaggggit cotaggegat cegacgeiyy gggeatacaa cgoticcaag 480
ggggeggtac giatcalgic gaaaagogea gegeiggati gegeaciyaa ggactacgat 540
gtgegotoica acacagiaca teegggeecg atcaagaces cgotoatoga tgatctggaa 6500
gatgeigagy aaatgaigic acagogtacy aaaaccocta tgggecacat tggegaaccy 660
aatgacatcg catggalcty tgigtaceig geatcigacy aaftcgaaatt tgegacgggt 720
gcagaattiy igotcgacgy cgggiatace goacagiga 758

<210> 10

<211 252

<212> PRT

<213= Artificial Sequence

<g20>
<223> Variant of L. kefir

<400> 10
Met Thr Asp Arg Leu Lys Gly Lys Val Ala lle Val Thr Giy Giy Thr
1 5 10 15
Leu Gly e Gly Leu Ala lie Ala Asp Lys Phe Vai Glu Glu Gly Ala
20 25 30
Lys Val Val lle Thr Gly Arg His Ala Asp Val Gly Giu Lys Ala Ala
35 40 45
Lys Ser lle Gly Gly Thr Asp Val lle Arg Phe Val Gin His Asp Ala
50 55 60
Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Giu Glu Ala

65 70 75 80

Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Giy e Ala Val Ser
85 a0 95

Lys Ser Val Glu Asp Thr Thr Thr Giu Giu Trp Arg Lys Leu Leu Ser

100 105 110
Val Asn Leu Asp Gly Val Phe Phe Gly Thr Arg Leu Gly lie Gin Arg
1158 120 125
Meat Lys Asn Lys Gly Leu Gly Ala Ser lle lie Asn Met Ser Ser lie
130 135 140

Glu Gly Phe Val Gly Asp Pro Thr Leu Gly Ala Tyr Asn Ala Ser Lys

145 150 155 160

Gly Ala Val Arg lle Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
165 176 178

Lys Asp Tyr Asp Val Arg Vai Asn Thr Val His Pro Gly Pro ite Lys

180 185 190
Thr Pro Leu lle Asp Asp Leu Giu Gly Ala Glu Glu Met Met Ser Gin
195 200 205
Arg Thr Lys Thr Pro Met Gly His lle Giy Giu Pro Asn Asp iie Ala
210 215 220

Trp lle Cys Val Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala Thr Giy

225 230 235 240

Ala Glu Phe Val Val Asp Gly Gly Tyr Thr Ala Gin
245 250

<210> 11

<211> 758

<212> DNA

<213> Artificial Sequence

<220>
<223> Variant of .. kefir

<400> 11

atgaccgate gicigaaggy caaagtagec atcgiaacey gegggactot gggatategot 60
tggcaatey cogataaatt wtagaggay ggtgegaaag tagitatiac iggtegtcac 120
geggatgiag gtgaaaagge cgocaaatea atcggeggea ctgatghat fegotttgte 180
cagcacgaty catccgaiga agcaggelgg acgaaactgt tegacaccac cgaggagges 240
ticggeecgy ttacgacegt cgtgaacaat goagggatig cagtiiccag aagegttgas 300
gacactacca cggaggaaty gegtaaacty cigicegiia alctggatgg toiitttic 360
ggcaccegtc tgggcatica gegoatgaaa aataaaggct igggegctag catcatcaat 420
atgagcagta tgaggggit cotaggegat cogacgetgy gggeatacaa cgcticcaag 480
ggggeagtac glatcaigic gaaaagegea gegotggatt gogeacigas ggactacgat 540
gtgogtgtca acacagtaca tecgggetyt atcaagacce cgctysicos taatciggaa 500
ggtgetgagg asatgatgtc acagegtacy asaaccecta tgggocacat tggegaaccy 660
aatgacaicg catggatcly tgigtaccty geatctgacg astcgaaatt tgcgacgggt 720
geagaatitg tggicgacgy cgggtatace geacagiga

Page 5



376247-017

<210> 12

<211> 252

<212> PRT

<213> Adtificial Sequence

<220>

<223> Variant of L. kefir

<400> 12

Met The Asp Arg Leu Lys Gly Lys Val Ala te Val Thr Gly Giy Thr

1 5 10 15

Leu Gly lle Gly Leu Ala lie Ala Asp Lys Phe Val Glu Giu Gly Ala
20 25 30

Lys Val Val lle Thr Gly Arg His Ala Asp Val Gly Glu Lys Ala Ala
35 40 45
Lys Ser lle Gly Gly Thr Asp Val lle Arg Phe Val Gin His Asp Ala
50 55 60
Ser Agp Glu Ala Gly Trp Thr Lys Leu Phz Asp Thr Thr Glu Giu Ala

65 70 75 80

Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly lie Ala Val Ser
85 ac 95

Arg Ser Val Glu Asp Thr Thr Thr Glu Glu Trp Arg Lys Leu Leu Ser

100 108 110
Val Asn Leu Asp Gly Va! Phe Phe Gy Thr Arg Leu Gy lie Gin Arg
115 120 125
Met Lys Asn Lys Gly Leu Gly Ala Ser lle lie Asn Met Ser Ser lle
130 135 140

Glu Gy Phe Val Gly Asp Prc Thr Leu Gly Afa Tyr Asn Ala Ser Lys

145 150 155 160

Gly Ala Val Arg lle Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
185 170 178

Lys Asp Tyr Asp Vai Arg Val Asn Thr Val His Pro Giy Cys lie Lys

180 185 190
Thr Pro Leu Val Asp Asp Leu Glu Gy Ala Glu Glu Met Met Ser Gin
195 200 205
Arg Tor Lys Thr Pro Met Giy His lie Gly Glu Pro Asn Asp lle Ala
210 215 220

Trp e Cys Val Tyr Leu Ala Ser Asp Giu Ser Lys Phe Ala Thr Gly

225 230 235 240

Ala Glu Phe Val Val Asp Gly Gly Tyr Thr Ala Gin
245 250

<210> 13

<211> 759

<212> DNA

<213> Ariificial Seguence

<220=>
<Z23> Variant of L. kefir

<400> 13

atgaccegatc gictgaaggg caaagtagee ategtaaceg gegggactct gggtaicggt 60
tiggeaateg cegataaatt tgiagaggag gotgegaaag tagtiatiac iggtogicac 120
gcggatgiag gtgaaaagge cgecaaatea atcggeggea cigatgtiat tegetttgic 180
cagcacgatg catccgatga agcaggetgg acgaaactgt togacaccac cgaggaggea 240
ttcggeecgg ttacgacegt cgtgaacast geagggatty cagtttccaa aagegtigaa 300
gacactacca cggagygaaty gegtaaacty cigtecgita atctggatyg tottiitiic 360
ggcaceeole tgggeatica gegeatgaaa aataaagget tgggegctag catcatcaat 420
atgageagta ttgaggggtt cglagyegat cogacgelgg gggeatacaa cgeticcaag 480
goggeggiac gtaicaigic gaaaagegcea gogelggatt gegeactgaa ggactacgat 540
gtgegtgtca acacagtaca tcegggeoce atcaagaces cgotgetega tgatctggaa 600
gotgetgagg aaatgatgic acagegtacy saaaccecta igggeeacat tggegaacey G680
aatgacatcg catggaicty tgigtaccty geatctgacy aatcgaaatt tgegacgggt 720
gcagaattiy tggtegacgg cgggtatace geacagiga 759

<210> 14

<211> 252

<212> PRT

<213> Ardificial Segquence

<220>
<223> Variant of L. kefir
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<400> 14
Met Thr Asp Arg Leu Lys Gly Lys Val Ala lle Val Thr Gly Giy Thr
1 5 10 15
Leu Gly lie Gly Leu Ala lie Ala Asp Lys Phe Val Giu Glu Gly Ala
20 25 30
Lys Val Val lle Thr Giy Arg His Ala Asp Val Gly Glu Lys Ala Ala
35 40 45
Lys Ser lie Gly Gly Thr Asp Val lie Arg Phe Val Gin His Asp Ala
L 55 80
Ser Asp Glu Ala Gly Trp Thr Lys Lau Phe Asp Thr Thr Glu Glu Ala

65 70 75 a0

Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly lle Ala Val Ser
88 a0 25

Lys Ser Val Glu Asp Thr Thr Thr Glu Glu Trp Arg Lys Leu Leu Ser

100 105 110
Val Asn Leu Asp Gly Val Phe Phe Gly Thr Arg Leu Gly lie Gin Arg
115 120 125
Met Lys Asn Lys Gy Leu Gly Ala Ser lie lle Asn Met Ser Ser lig
130 135 140

Giu Gly Phe Vat Gly Asp Pro Thr Leu Gly Ala Tyr Asn Ala SerLys

145 150 155 160

Gly Ala Val Arg lle Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
165 170 175

Lys Asp Tyr Asp Val Arg Val Asn Thr Vaf His Pro Gly Pro lle Lys

180 185 180
Thr Pro Leu Leu Asp Asp Leu Glu Giy Afe Giu Glu Met Met Ser Gin
185 200 205
Arg Thr Lys Thr Pro Met Gy His lle Gly Giu Pro Asn Asp lle Ala
210 215 220

Trp tie Cys Val Tyr Leu Ala Ser Asp Giu Ser Lys Phe Ala Thr Giy

225 230 235 240

Ala Glu Phe Val Val Asp Giy Gly Tyr Thr Ala Gin
245 250

<210> 15

<211> 759

<212> DNA

<213> Artificial Sequence

<220>
<223> Varian{ of L.. kefir

<400> 15

aigaccgatc giclgaaggy caaagtagce atcgtaaceg gegggactet gggtateagt 60
ttagcaateg cogataaatt totagaggag ggitgcgaaag tagttattac tggtegtcac 120
geggaigtag gigaaaagge cgccaaatca atcggoggaa ctgaigitat tegctttgte 180
cagcacgaly catccgatga ageagactgy acgasacigt tcgacaccac cgaggaggea 240
tieggecegg tacgaccgt cotgaacaat geagggatig cagtitccaa aagegiigaa 300
gacactacca cggaggaaig geglaaaciy cigiccgtia atctypaigg (ottittitc 360
ggcaccogic tggacatica gogeatgaaa aatasagget igggegetag catcatcaat 420
atgagcagia tigagggott cgiaggegat cogacgelgg gggceatacaa cgcftccaag 480
gggacggtac gtatcatgtc gagaagegea gegotggatt gegeacigas ggactacgat 540
gigegigica acacagtaca tcegggoges atcaagacce cgotgetaga tgatctggaa 600
ggtgcigagy asatgatgic acagegtacy aaaaccecta igggecacat tggegaaccy 660
aatgacatcg catggaictg tgigtacctg geatcigacy aaicgaaatt igcgacgggt 720
geagaatity tggicgacgg cgggtatace goacagiga 759

<210> 18

<211> 252

<212> PRT

<213> Artificial Sequence

<220>
<223> Variant of L. kefir

<400= 16
Met Thr Asp Arg Leu Lys Gly Lys Val Ala lie Val Thr Gly Gly Thr
1 5 10 15
Leu Gly lie Gly Leu Ala ile Ala Asp Lys Phe Vai Giu Glu Gly Ala
20 25 30
Lys Vat Vatl lle Thr Giy Arg His Ala Asp Val Gly Glu Lys Ala Ala
35 40 45
Lys Ser lle Gly Gly Thr Asp Vai lle Arg Phe Val Gin His Asp Ala
a0 55 80
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Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Giu Glu Ata

85 70 75 80

Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Giy He Ala Val Ser
85 90 95

Lys Ser Val Giu Asp Thr Thr Thr Glu Giu Trp Arg Lys Leu Leu Ser

100 105 110
Val Asn Leu Asp Gly Val Phe Phe Gly Thr Arg Leu Gly lle Gin Arg
118 120 128
Met Lys Asn Lys Gly Leu Giy Ala Ser lie lle Asn Met Ser Ser lle
130 135 140

Giu Giy Phe Val Gly Asp Pro Thr Leu Gly Ala Tyr Asn Ala SerbLys

145 150 155 160

Gly Atz Val Arg lle Mef Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
165 170 175

Lys Asp Tyr Asp Vai Arg Val Asn Thr Val His Pro Giy Ala lle Lys

180 185 180
Thr Pro Leu Leu Asp Asp Leu Giu Gly Ala Giu Glu Met Met Ser Gin
195 200 205
Arg Thr Lys Thr Pro Met Giy His lie Gly Glu Pro Asn Asp fle Ala
210 215 220

Trp iie Cys Val Tyr Leu Ala Ser Asp Giu Ser Lys Phe Ala Thr Gy

225 230 235 240

Ala Glu Phe Val Val Asp Gly Gly Tyr Thr Ala Gin
245 250

<210> 17

<211> 759

<212> DNA

<213> Artificial Sequence

<220>
<223> Variant of L. kefir

<400> 17

atgaccgate gictgaaggy caaagiages atcgtaaceg gegggactcet gggtateggt 60
figgcaateg cegataaatt tglagagyag gotgegaaag tagitatiac tggtcgtcac 120
gcggaigtay gigaaaaggce cgccaaatca atcggegaea ctgatgiiat tegettigic 180
cagcacgatg calccgatga agoaggeigg acgaaactgt tegacaceac cgaggagycs 240
ticggeeegg ttacgacogt cgtgaacaat goagggatty cagiticcas aagegtigaa 300
gacactacca cggaogaatg gegtaaacty cigicegita aictggatgg tgtittittc 360
ggcaceegic igggeatica gegeatgaaa aataaaggct igggegetag catcatcaat 420
atgagcagia tigagggott cgtaggoegat cogatgetyg gggcatacaa cgeticsaag 480
g9gggcggtac glatcatgic gaaaagegea gegetggatt gegeactgaa goactacgat 540
gitgegtgtca acacagtaca tcecgggeceg atcaagacee cgcigaicga tgatciggaa 600
ggtgcigagg aaaggalglc acagogtacyg aaaaccocota tgggecacat tggcgaaceg 660
aatgacateg catggatetg tgigtacety geatcigacy aatcgaaatt tgegacgggt 720

gragaatity tggicgacgg coggtatace geacagiga 759

<210> 18

<211=> 252

<212> PRT

<213> Arificial Sequence

<220>

<223> Variant of L. kefir

<400> 18

Met Thr Asp Arg Leu Lys Gly Lys Val Ala Hle Val Thr Gly Giy Thr

1 5 10 15

Leu Gly ile Gly Leu Ala lle Ala Asp Lys Phe Val Glu Giu Gly Ala
20 25 30

Lys Val Val lie Thr Giy Arg His Ala Asp Val Gly Giu Lys Ala Ala
35 40 45
Lys Ser Hle Giy Gly Thr Asp Val lle Arg Phe Val Gin His Asp Ala
50 55 &0
Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Glu Alz
65 70 75 80
Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly lle Ala Val Ser
a5 a0 a5
Lys Ser Val Giu Asp Thr Thr Thr Glu Glu Trp Arg Lys Leu Leu Ser
100 105 110
Val Asn Leu Asp Gly Val Phe Phe Gly Thr Arg Leu Gy lle Gin Arg
115 120 125
Met Lys Asn Lys Gly Leu Gly Ala Ser lie lie Asn Mat Ser Ser lle
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130 135 140
Glu Gly Phe Val Gy Asp Pro Met Leu Gly Ala Tyr Asn Ala Ser Lys
145 150 155 160
Gly Ala Val Arg lle Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
185 170 175
Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Giy Pro lle Lys
180 185 180
Thr Pro Leu lie Asp Asp Leu Giu Gly Ala Giu Glu Arg Met Ser Gin
195 200 205
Arg Thr Lys Thr Pro Met Giy His lle Gly Glu Pro Asn Asp lle Ala
210 215 220
Trp lie Cys Val Tyr Leu Alz Ser Asp Glu Ser Lys Phe Ala Thr Gy
225 230 235 244
Ala Glu Phe Val Val Asp Giy Giy Tyr Thr Ala Gin
245 250

<210> 18

<211> 789

<212> DNA

<213> Adificial Secuence

<220
<223> Variant of L. kefir

<400> 19

atgaccgatc gictgaaggg caaagtagee atcglaaceg gegggacict gagtateggt 80
tiggeaatey cegataaatt tgtagaggag gotgcyaaag tagttaitac iggteptcac 120
geggatglag gtgaaaagge cgecaaatca atcggoggca cigatgitat tegetitgic 180
cagcacgaig catccgatga ageaggeigy acgaaacigl fcgacaccac cgaggaggea 240
ficggeceyg tiacgaccogt cgtgaacaat gecagggatig castitccaa aageootigaa 300
gacactacca cggaggaaty gogtaaacty cigtocgtia atctgoatag igtttttitc 360
ggcaccegic tgggeatica gegoatgaaa aataaaggcl igggegetag calcatcaat 420
atgagcagta fgaguggtt cgtaggegat cecgacgetgy gugeatacaa cgeticcaag 480
ggggcggtac gtatcatgic gaaaagegea gegotggatt gogeacigaa ggactacgat 540
gigegigtca acacagtaca fcegggeecg atcaagacoe cyctgalcga tgatctggaa 600
ggigcigagy aaalgaigic acagegtacy aaaaccecta tgggecacat tggegaaceg 650
aatgacatcg caiggatctg igtgtacciy geaictgacy aatcgaaatt tgegacgggt 720

gcagaatilg tggicgacgy cgogtatace geacagiga 759

<210> 20

<211> 252

<212> PRT

<213> Artificial Sequence

<220>

<223> Variant of L. kefir

<400 20

Met Thr Asp Arg Leu Lys Gly Lys Val Ala lle Val Thar Gly Gly Thr

1 5 10 15

Leu Gly lle Gly Leu Ala lle Ala Asp Lys Phe Val Glu Glu Giy Ala

20 25 30

Lys Val Val lie Thr Gly Arg His Alz Asp Val Gly Glu Lys Ala Alz

35 40 45

Lys Ser lie Gly Gly Thr Asp Val lle Arg Phe Val Gin His Asp Ala
50 55 &0

Ser Asp Giu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Glu Ala

&5 70 75 8C

Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Giy lie Ala lie Ser

85 8o 85

Lys Ser Val Glu Asp Thr Thr Thr Glu Glu Trp Arg Lys Leu Leu Ser
100 108 110

Val Asn Leu Asp Gly Vai Phe Phe Gly Thr Arg Leu Gy lie Gin Arg

115 120 125
Met Lys Asn Lys Gly Leu Giy Ala Ser lie lle Asn Met Ser Ser lle
130 135 140

Glu Gy Phe Val Gly Asp Pro Thr Leu Gly Alz Tyr Asn Ala Ser Lys

145 150 185 160

Gly Ala Val Arg le Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu

165 170 175

Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Pro lle Lys
180 188 180

Thr Pro Leu lie Asp Asp Leu Glu Giy Ala Giu Glu Met Met Ser Gin

195 200 2065
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Arg Thr Lys Thr Pro Met Gly His lie Gly Giu Pro Asn Asp lie Ala

210 215 220
Trp lie Cys Val Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala Thr Gly
225 230 235 240
Ala Giu Phe Val Val Asp Gy Gly Tyr Thr Ala Gin

245 250

<210> 21
<211» 758
<212> DNA

<213> Ariificial Sequence

<220>
<223> Variant of L. kefir

<400> 21

atgaccgatc gictgaaggy caaagtagec aicgtaaceg gegggactct ggatateggt 50
ttggcaatcy ccgataaalt igtagagoag golgegaaay tagiatiac tggiogtcac 120
geggatgiag gigasaagge cgocaaatca atcggeoggca cigatotiat tegetitgte 180
cagcacgaig catccgaiga agcaggotgy acgaaacigt tegacaccac cgagaagyscs 240
ficggeoegy ftacgacegt cgtgaacaat geagggattg cagtticcaa aagegiigaa 300
gacaciacca cggaggaaty gegtaaactg cigteegtia ateiggatgg totittttic 360
ggcaccegtc tgggcatica gegeatgaaa aataaaggcet tgggcgotag catcatcaat 420
atgagcagia tigaggggct gutaggeygat cegacgolgy gagoatacaa cgciiccaag 480
ggggcogiac giatcaigic gaaaagegea gegetggati gogeactgaa ggactacgat 540
gtgcgtgtca acacagiaca tocgggecce atcaagaces cgotgeicga toatclagaa 600
gotoctgagg aaatgatgte acagegtacy aaaaccccta tgggocacat tggegaaceg 660
aatgacaicg catggaicty tgiglaccly geatctgacs aatcgaaatt tgegacgggt 720
gcagaatitg tggicgacgy cyggtatace geacagiga 759

<210 22

<2{1> 252

<212> PRT

<213> Artificial Sequence

<220>
<223> Variani of L. kefir

<400> 22
Met Thr Asp Arg Leu Lys Gly Lys Val Ala lie Vai Thr Giy Gy Thr
1 5 10 15
Leu Gl lle Gly Leu Ala Hie Ala Asp Lys Phe Val Giu Glu Gly Ala
20 25 30
Lys Val Val lle Thr Gly Arg His Ala Asp Val Gly Glu Lys Ala Ala
35 40 45
Lys Ser lle Gly Gly Thr Asp Val lle Arg Phe Val Gin His Asp Ala
50 55 60
Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Giu Gl Ala

65 70 75 80

Phe Giy Pro Val Thr Thr Val Val Asn Asn Ala Gly lle Ala Val Ser
85 90 a5

Lys Ser Val Glu Asp Thr Thr Thr Glu Giu Trp Arg Lys Leu Leu Ser

100 105 110
Val Asn Leu Asp Gly Val Phe Phe Gly Thr Arg Leu Gly lle Gin Arg
115 120 125
Met Lys Asn Lys Gly Leu Gly Ala Ser He fle Ash Met Ser Ser ile
130 135 140

Glu Gly Leu Val Gly Asp Pro Thr Leu Gy Ala Tyr Asn Ada Ser Lys

145 150 185 160

Gly Ala Val Arg lie Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
165 170 178

Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Pro lie Lys

180 185 180
Thr Pro Leu Leu Asp Asp Leu Glu Gly Ala Glu Giu Mat Met Ser Gin
195 200 205
Arg Thr Lys Thr Pro Met Gly His lie Gly Glu Pro Asn Asp lie Ala
210 218 220

Trp lle Cys Val Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala Thr Gly

225 230 235 240

Ala Glu Phe Val Val Asp Gly Gly Tyr Thr Ala Gin
245 250

<210> 23
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<211> 759
<212> DNA
<213> Artificial Seguence

<220>
<223> Variant of L. brevis

<400= 23

atgtctaace gictggatyg casagtagee atcattaccy gogggacict gggtatoggt B0
ttggcaatcy coacgaaalt tgtagagyag ggigegasaay tastgattac iggtogtcac 120
icegatgiag gigaaaaggc cgccaaatca gtaggeacte cggaicagat tcagtititt 186
cagcacgatt catccgatge agatggeigy acgaaacigt tcgacgecac cgagaaagea 240
ficggeocyg tagoacctt agigaacaat gcagggatly cagttaacaa aagogtigaa 300
gaaaciacca cggecgaaty gogtaaacty clggoogtta alctggatgg toititttic 360
ggcacccgie iggocatica gegealgaaa aataaaggoct tgggegotag catcatcaat 420
atgagcagts ttgagggott cgtaggegat cegagectyy gogcatacaa cgoticcaag 480
ggugeggtac gtatcatgtc gaasagogea gegetggatt gogeactgaa ggactacgat 540
gtgcgtgica acacagtaca fcegggerey atcaagacce cycigetgga tgatcigocy 600
aotgctgagg aagegaigic acageotacy aaaaccecta tgggocacat iggegaaccy 860
aatgacaicy catatatcty igigtaccte geatciaaty aatcgaaatt tgocgacgggt 720
tecgaatily tggicgacgy cgogiatace geacapiaa 758

<210> 24

<211> 252

<212> PRT

<213> Artificial Sequence

<220>
<223> Variant of L. brevis

<400> 24
Met Ser Asn Arg Leu Asp Gly Lys Val Ala lie Hie Thr Gy Gly Thr
1 5 10 15
Leu Gy lle Giy Leu Ala lle Alz Thr Lys Phe Val Giu Glu Gly Ala
20 28 30
Lys Val Met lle Thr Gly Arg His Ser Asp Val Gly Glu Lys Ala Ala
35 40 45
Lys Ser Vai Gly Thr Pro Asp Gin lie Gin Phe Phe Gin His Asp Ser
50 55 60
Ser Asp Giu Asp Gly Trp Thr Lys Leu Phe Asp Ala Thr Giu Lys Ala
65 70 75 80
Phe Gly Pro Val Ser Thr Leu Val Asn Asn Ala Gly lie Ala Val Asn
85 80 95
Lys Ser Val Giu Glu Thr Thr Thr Afa Glu Trp Arg Lys Leu Leu Ala
100 108 110
Val Asn Leu Asp Gly Val Phe Phe Gly Thr Arg Leu Gly lie Gin Arg
115 120 125
Met Lys Asn Lys Giy Leu Gly Ala Ser lle lie Asn Met Ser Ser lie
130 135 140
Ghy Gly Phe Val Gly Asp Pro Ser Leu Giy Ala Tyr Asn Ala Ser Lys
145 150 155 180
Giy Ala Val Arg lle Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
165 170 175
Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Pro lle Lys
180 185 180
Thr Pro Leu Leu Asp Asp Leu Pro Gly Ala Giu Giu Ala Met Ser Gin
195 200 205
Arg Thr Lys Thr Pro Met Gly His lie Gly Glu Pro Asn Asp lis Ala
210 215 220
Tyr lle Cys Val Tyr Leu Ala Ser Asn Glu Ser Lys Phe Ala Thr Gly
225 230 235 240
Ser Glu Phe Val Val Asp Gly Gly Tyr Thr Ala Gin
245 250

<210> 25

<211> 758

<212> DNA

<213> Artificial Sequence

<220>
<223> Variant of L. brevis

<400> 25
atgictaace gictggatgg caaagtagece atcattaceg gogggactet ggatateogt 50
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ftggcaatcg ccacgaaatt tgtagaggag goigcgaaag taaigatiac iggicoicac 120
toogatgtag gtgaaaagge cgccaaatca gtaggeacic sugateagat teagtiiiit 180
cagcatcgait catccgatga agaiggeigg acgaaacigl icgacgecac cgagaaagea 240
ttcggoocgg ttageacctt agtgaacaat goagggatly cagitaacaa aagegtigaa 300
gaaactacca cggocgaaly gogtaaacty ciggecatia atciggatgg igtitititc 360
ggeaccegic igggeatica gegeatgaaa aataaaggcet tgogegceiag catcaicaat 420
atgagoagta tigaggoot! cgtaggegat cegagecigy ggacatacaa cgoticcaag 480
gaggegygtac gtatcatgic gasaagegea gegeiggatt gegeactgaa ggactacgat 540
gigegigica acacagtaca toegggegeg atcaagacce cgotgetgga tgaictgeeg 600
gotgetgagy aagegatgic acagegtacy aaaacecceta fgggecacat tggegaaceg 860
aatgacatcy catataicty igtgtacety goaictaaty aatcgaaat! gecgacgagt 720
tecgaatitg tggicgacgg cgggtatace geacagtaa 758

<210> 26

<211> 252

<212> PRT

=<213> Arlificial Sequence

<220>
<223> Variant of L. brevis

<400> 26
Met Ser Asn Arg Leu Asp Gly Lys Val Ala lig lle Thr Gly Gy Thr
1 5 10 145
Leu Giy lle Gly Leu Ala lle Ala Thr Lys Phe Val Glu Giu Gy Ala
20 25 30
Lys Val Met e Thr Giy Arg His Ser Asp Val Gly Glu Lys Ala Ala
35 40 45
Lys Ser Val Gly Thr Pro Asp Gin lie Gin Phe Phe Gin His Asp Ser
50 55 60
Ser Asp Glu Asp Gly Trp Thr Lys Leu Phe Asp Ala Thr Giu Lys Ala

85 7C 75 a0

Phe Gly Pro Val Ser Thr Leu Val Asn Asn Ala Gy lle Ala Val Asn
85 30 95

Lys Ser Val Giu Glu Thr Thr Thr Ala Giu Trp Arg Lys Leu Leu Ala

100 105 110
Val Asn Leu Asp Gly Val Phe Phe Gly Thr Arg Leu Gly Hie Gin Arg
115 120 128
Met Lys Asn Lys Gly Leu Gly Ala Ser lie lie Asn Met Ser Ser lie
130 138 140

Giu Gly Phe Val Gly Asp Pro Ser Leu Gly Ala Tyr Asn Ala Ser Lys

145 150 155 160

Gly Ala Val Arg lle Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
185 170 175

Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Ala tie Lys

180 185 190
Thr Pro Leu Leu Asp Asp Leu Pro Gly Ala Glu Glu Ala Met Ser Gin
195 200 205
Arg Thr Lys Thr Pro Met Gy His Hle Gly Giu Pro Asn Asp lle Ala
2210 215 220

Tyr lle Cys Val Tyr Leu Ala Ser Asn Giu Ser Lys Phe Alz Thr Gly

225 230 235 240

Ser Glu Phe Val Val Asp Gly Gly Tyr Thr Ala Gin
245 250

<210= 27

<211 789

<212> DNA

<213> Artificial Sequence

<220>
<223> Variant of L. kefir

<400> 27

atgacegatc gictgaaggy cazagiagec atcgtaaceg gegggoacict gagtateggt 60
ttggcaaicg cogataaatt tgtagaggag ggtgegaaag tagttatiac tgoicgtcac 120
geggatgiag gigaaaagge cgecaaatea alcggeggea cigaigtiat togctttgte 180
cagcacgatg catccgalga ageaggctgg acgaaacigt tcgacaccac cgaggaggea 240
ticggeoogg ttacgacegt cgigaacaat geaggoatiy cagtiiccaa aagegiigaa 300
gacactacca cggaggaatg gegiaaacty ctoicegtia atctgoatgg tgtiittite 360
ggcaccegic gggoattca gegoaigaaa aataaagge! tgggegetag caicatcaat 420
atgagceagta ttgagagott cgtaggcgat cegacgeigg gageatacaa cgeticcaag 480
ggggeggtac giatcaigic gaaaagegea gegetggait gegeacigaa ggactacgat 540
gigegigica acacagiaca foegggecee atcaagacee cgotgoicga tgatciggaa 600

Page 12



376247017
gotaiggagy saatgatgic acagegiacy aaaaccecta igggccacat iggegaaccy 660
agtgacatcg caiggatclg tgigtaccety geatcigacy aatcgeaatt tgegacggge 720
gcagaatity tggtegacgy cgyggotatace goacagiga 758

<210> 28

<211> 252

<212> PRT

<213> Artificial Sequence

<220>
<223> Variant of §.. kefir

<400> 28
Met Thr Asp Arg Leu Lys Gly Lys Val Ala lie Val Thr Gy Gly Thr
1 5 10 15
Leu Gly lie Giy Leu Ala lie Ala Asp Lys Phe Val Glu Giu Gly Ala
20 2B 30
Lys Vai Val lie Thr Giy Arg His Ala Asp Val Gly Glu Lys Ale Ala
35 40 45
Lys Ser lle Gly Gly Thr Asp Val lie Arg Phe Val Gin His Asp Ala
80 55 80
Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Giu Glu Ala

65 70 75 80

Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly lle Ala Val Ser
85 a0 95

Lys Ser Val Glu Asp Thr Thr Thr Giu Giu Trp Arg Lys Leu Leu Ser

106 108 110
Vai Asn Leu Asp Gly Val Phe Phe Gly Thr Arg Leu Gly Hle Gin Arg
115 120 125
Met Lys Asn Lys Giy Leu Gly Ala Ser lle lle Asn Met Ser Ser lie
130 135 140

Glu Gly Phe Val Gly Asp Pro Thr Leu Gly Ala Tyr Asn Ala Ser Lys

145 150 155 180

Gly Ala Val Arg lle Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
185 170 175

Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Pro lie Lys

180 185 180
Thr Pro Lew Leu Asp Asp Leu Glu Gly Met Glu Giu Met Met Ser Gln
195 200 205
Arg Thr Lys Thr Pro Met Gly His lie Gly Giu Pro Asn Asp lie Ala
210 215 220

Trp lle Cys Val Tyr Leu Ala Ser Asp Giu Ser Lys Phe Ala Thr Gly

225 230 235 240

Ala Giu Phe Val Val Asp Gly Giy Tyr Thr Ala Gin
245 250

<210> 29

<211> 759

<212> DNA

<213> Artificial Seguence

<220>
<223> Variant of L. kefir

<400> 28

atgaccgalc gicigaaggg caaagiagec alcglaaccg gegggacict ggotateggt 60
tiggcaaicg ccgataaat igtagaggag gotgcgaaag taghatiac tggtegicac 120
gcggatoiag glgaaaagge cgecaasatoa ateggeggea cigatgtiat togettigic 180
cagcacgalg caiccgatga ageagoctgg acgaaacigt tegacaccac cgaggagygca 240
tteggeocegg ttacgacegt cgtgaacaat geagggatty cagtitccaa sagegttgaa 300
gacactacca cggaggaatg gegtaaactg clogtcogtta atctggatgg igtittiiic 360
ggcacecgic igpgeatica gogeatgaaa aataaagge! tgggegeiag catcatcaat 420
atgagceagta ftigagggoott cgtaggegat cogacgelgg gogeatacaa cgeitccaag 480
ggggeggtac glatcatgte gaaaagegea gogeotggatt gegeactgaa ggactacgat 540
gtgcgigica acacagtaca tcogggegee atcaagacce cgotgetega tgaiciggaa 600
ggtiacgagg asaigaigic acagcegiacg aaaaccecta tgggecacat fggcgaaceg 660
aatgacatcy catgeaicty tgigtacely geatcigacy aatogaaatt tgegacgggt 720
gcagaattig tggicgacgy cgogtatace goacagiga 759

<210=> 30

<211> 282

<212> PRT

<213> Artificial Sequence
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<220=

<223> Variant of L. kefir

<400> 30

Mef Thr Asp Arg Leu Lys Gly Lys Val Ala lle Va! Thr Gly Gly Thr

1 15

Leu Gy Ie Gly Leu Ala He Ala Asp Lys Phe Val Glu Glu Gly Ale

2(3 25 30

Lys Vaif Val lle Thr Gly Arg His Ala Asp Va! Gy Glu Lys Ala Ala

35 40 45

Lys Ser lie Gly Giy Thr Asp Val lie Arg Phe Val Gin His Asp Ala
50 55 60
Ser Asp Giu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Giu Giu Ala

85 70 75 80

Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly ile Ala Val Ser
85 g0 g5

Lys Ser Val Giu Asp Thr Thr Thr Glu Giu Trp Arg Lys Leu Leu Ser

100 105 110
Val Asn Leu Asp Gly Val Phe Phe Gly Thr Arg Leu Gly lle Gin Arg
115 120 125
Met Lys Asn Lys Gly Leu Gly Alla Ser lie lie Asn Met Ser Ser lie
130 135 140

Glu Giy Phe Vai Giy Asp Pro Thr Leu Gly Ala Tyr Asn Alg Ser Lys

145 150 155 160

Gly Afa Val Arg lle Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
185 170 175

Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Aia e Lys

180 185 180
Thr Pro Leu Lau Asp Asp Leu Glu Gly Tyr Giu Glu Met Met Ser Gin
185 200 205
Arg Thr Lys Thr Pro Met Gly His lie Gly Giu Pro Asn Asp lie Ala
210 215 220

Trp lle Cys Val Tyr Leu Ala Ser Asp Giu Ser Lys Phe Ala Thr Gy

225 230 235 240

Ala Glu Phe Val Val Asp Gly Gly Tyr Thr Ala Gin
245 250

<210> 31

<211> 759

<212> DNA

<213> Artificial Sequence

<220>
<223> Variant of L. kefir

<400= 31

atgaccgatc gictpaagog caaaptagee atcgtaaccy gogggacict ggoatatcoot 60
tiggcaaicy cogataaatt tgtagaggag ggtgcgaaag tagiiattac tugtegicac 120
gcggatgtag gigaazagge cyccaaatca aicggeggea cigatgtiat tegetiigte 180
cagoacgalg catccgaiga agcaggelgg acgaaactgt tegacaccac cgaggaggea 240
tieggscegg Hacgacegt cglgaacaat goagggatty cagtifcean aagegtigaa 300
gacactacca cggaggaaty gegtaaactg cigiocgtta atciggatgg totiittite 360
ggcacecgic tgggeatica gegeatgaaa aataaagoct tgggegetag caicatcaat 420
atgageasota ttgaggooit cgtaggegat cegacgetgg gageaiacaa cgcticcaay 480
ggggeggtac glatcatgic gaaaagegea gegetggatt gegeactgaa ggactacgat 540
gtycgigica acacagtaca fcegggeccee atcaagacce cgetgeicga tgatciggaa 600
gotigogagg aaatgaigic acagegtacg aaaaccecta tgggecacat iggegaaceg 660
aatgacatcg catggaicty igigtacelg geatetgacg aatcgaaatt zgcgacgggz 720
geagaattty tgatcgacgg cgggiatace geacagiga

<210> 32

<211= 252

<212> PRT

<213> Artificial Sequence

<220>

<223 Variant of L. kefir

<400> 32

Met Thr Asp Arg Leu Lys Gly Lys Vai Ala lie Va! Thr Gly Gly Thr

1 5 10 15

Leu Gly lle Gly Leu Ala lie Ala Asp Lys Phe Val Glu Giu Giy Ala
20 25 30
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Lys Val Val lie Thr Gly Arg His Ala Asp Val Gly Giu Lys Ala Ala
35 40 45
Lys Ser lie Gly Gly Thr Asp Val lle Arg Phe Val Gln His Asp Ala
50 55 60
Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Glu Ala

685 70 75 80

Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly lle Ala Val Ser
85 30 95

Lys Ser Val Glu Asp Thr Thr Thr Giu Glu Trp Arg Lys Leu Lau Ser

100 105 110
Val Asn Leu Asp Gly Val Phe Phe Gly Thr Arg Leu Gly lie Gin Arg
115 120 125
Met Lys Asn Lys Gly Leu Giy Ala Ser lie lie Asn Mst Ser Ser lle
130 135 140

Glu Gly Phe Val Gly Asp Pro Thr Leu Gly Aia Tyr Asn Ala Ser Lys

145 150 1585 160

Gly Ale Val Arg lie Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
165 170 175

Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Pro lie Lys

180 185 180
Thr Pro Leu Leu Asp Asp Leu Glu Gly Trp Giu Glu Met Met Ser Gin
195 200 205
Arg Thr Lys Thr Pro Met Gly His lie Gly Glu Pre Asn Asp lie Ala
210 215 220

Trp lle Cys Val Tyr Leu Ala Ser Asp Giu Ser Lys Phe Ala Thr Gly

225 230 235 240

Ala Glu Phe Val Val Asp Gly Gly Tyr Thr Ala Gin
245 250

<210> 33

<211> 758

<212> DNA

<213> Artificial Sequence

<220>
<223> Variant of L. kefir

<400> 33

atgaccgatc gtetgaaggg caaagtages ategtaaccg gogagactet ggotaicggt 60
itggeaalcy cogatasall iglagagoag ggtgcgaaag tagitattac iggtegtcac 120
gegoatgiag gloaaaagge cgecaaaica atcggegaca cigatgttat tegetttgte 180
cagcacgatg caiccgatga sgeagaclgy acgaaactgt tegacaceas cgaggaggea 240
ttcagoesgy acgacog! cgigaacaat geagggaitg tagtttccaa aagegtigas 300
gacactacca cggaggaatg gegiaaactg cigteegtia atciggatgs tgttititic 360
ggeaccegic fgggeatica gogeatgaaa aataaaggct tgggegetay catcatcaat 420
algagcagia ttgagagott cotaggegat ccoacgeigg gagcatacaa cgoticcaag 486
gggacggtac giatcalgic gaaaagegca gegetggatt gegeactgas ggactacgat 540
gigcgigtca acacagtaca tcocgggegee atcaagacce cgotgetegs tgateiggaa 600
ggtgeigagy aagtgatgte acagegtacg aaaaceceta tgggeeacat tggegaaceg 660
aaigacatcg catggatctg igigtaccty geaictgacg aatcgaaatt tgcgacgggt 720
gcagaatttg tggicgacgg coggtatace geacagiga 758

<210> 34

<211> 282

<212> PRT .

<213> Artificial Sequence

<220>
<223> Variant of L. kefir

<400> 34

Met Thr Asp Arg Leu Lys Gly Lys Val Ala lie Val Thr Gy Gly Thr

1 5 10 15

Leu Gly lie Gly Leu Ala lie Ala Asp Lys Phe Val Glu Giu Gy Ala

20 25 30
Lys Val Val lle Thr Gly Arg His Ala Asp Val Gly Giu Lys Ala Ala
35 45 45
Lys Ser lie Gly Gly Thr Asp Val Hle Arg Phe Va! Gin His Asp Ale
50 55 60

Ser Asp Glu Ala Gly Trp The Lys Leu Phe Asp Thr Thr Glu Gilu Ala

65 70 75 80

Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly lie Val Val Ser
85 a0 g5

Lys Ser Val Giu Asp Thr Thr Thr Giu Glu Trp Arg Lys Leu Leu Ser
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100 105 110
Val Asn Leu Asp Gly Val Phe Phe Gly Thr Arg Leu Gly lle Gin Arg
115 120 125
Met Lys Asn Lys Giy Leu Gly Ala Ser lle lle Agn Met Ser Ser lle
130 135 140
Giu Gly Phe Val Gly Asp Pro Thr Leu Gly Ala Tyr Asn Ala Ser Lys
145 150 155 180
Giy Ala Val Arg He Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
165 170 175
Lys Asp Tyr Asp Val Arg Val Asn Thr Vai His Pro Gly Ala fte Lys
180 185 180
Thr Pro Leu Leu Asp Asp Leu Glu Gly Ala Glu Giu Val Met Ser Gin
1¢5 200 205
Arg Thr Lys Thr Pro Met Gly His ite Gy Glu Pro Asn Asp ile Ala
210 215 220
Trp lie Cys Val Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala Thr Gly
225 230 235 240
Ala Glu Phe Val Val Asp Gly Gly Tyr Thr Ala Gin
245 250
<210> 35
<211> 758
<212> DNA,

<213= Artificial Seguence

<220>
<223> Variant of L. kefir

<400> 35

atgaccgaic gictgaagge casagiagec aicgiaaccey gegggacict gggtatoggt 60
tiggcaatcg cegataaatt tglagaggag ggigegaaag tapttatiac tggicgicac 120
geggatgtag gigaaaagge cgccaaatca ateggeggea cigatgtiat {cgetitgte 180
cagcacgaty cafccgatya ageagoelgy acgaaactyt icgacaccac cgaggagyca 240
fteggeeegg tiacgacegt cgigaacaat geagggatty cagtitccaa aagegtigaa 300
gacactacca cggaggaatg gegiaaacty ctyicegtta atctogatgyg igittitttc 360
ggcaceeste tgggeattca gogeaigaaa aataaagact igggegctag catcatcaat 420
atgageagta tigagoggtt cotaggegat cecgacgeigg pgocatacaa cgettecaag 480
goggcygtac gtatcatgic gaaaagegea gegelggalt gegeactgaa ggactacgat 540
gtgegigica acacagiaca teoguaocee atcaagacco cgoigeicga igatotggaa 600
gygtactgagg aaatgtattc acagegiacy aaaaceccta tgggecacat tggegaacey 560
aatgacatcg caiggatctg igigtacctg geatctgacy aategaaatt tgcgacgggt 720
gcagaatity igotcgacas cgggtatace geacagiga

<210> 36

<211> 262

<212> PRT

<213> Artificial Seguence

<220>
<223> Variant of L. kefir

<400> 36

Met Thr Asp Arg Leu Lys Gly Lys Val Ala le Vat Thr Gly Gy Thr

1 5 10 15

Leu Gly lle Gly Leu Ala lle Ala Asp Lys Phe Val Giu Glu Gly Ala
20 25 30

Lys Val Val Hie Thr Gly Arg His Ala Asp Val Giy Glu Lys Ala Ala

35 40 45
Lys Ser lie Gly Gly Thr Asp Val lle Arg Phe Val Gin His Asp Ale
50 55 60

Ser Asp Giu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Giu Glu Ala

65 70 75 8G

Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly lie Al Val Ser

85 80 a5

Lys Ser Val Giu Asp Thr Thr Thr Giu Glu Trp Arg Lys Leu Leu Ser
100 108 116

Val Asn Leu Asp Gly Val Phe Phe Gly Thr Arg Leu Gly lle Gln Arg

115 120 125
Met Lys Asn Lys Gly Leu Gly Ala Ser lle Hie Ash Met Ser Ser Hle
130 135 140

Gilu Gly Phe Val Giy Asp Pro Thr Leu Gly Ala Tyr Asn Ala Ser Lys

145 150 155 160

Gly Ala Val Arg ile Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu

1685 170 175
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Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Giy Pro ile Lys

180 185 190
Thr Pro Leu Leu Asp Asp Leu Glu Gly Ala Glu Glu Met Tyr Ser Gin
195 200 205
Arg Thr Lys Thr Pro Met Gly His lle Gly Giu Pro Asn Asp lie Ala
210 215 220
Trp lle Cys Val Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala Thr Gly
225 230 235 240
Ala Glu Phe Val Val Asp Gly Gly Tyr Thr Ala Gin
245 250
<210=> 37
<211> 754
<212> DNA

<213> Arlificial Sequence

<220>
<223> Variant of L. kefir

<400> 37

atgaccgatc gictgaaggeg cazagiagee alcgtaacey gegggactict gagtatcggt 60
tiggeaateg cogatasatt tgtagaggag ggtgegaaag fagtattac tggtegteacs 120
geggaigiag gigaaaagge cgecaaatca atcggegges cigatgitat togcetitgic 180
cagcacgalg catcegalga ageagoctay acgasacigt icgacaccac cgaggagaca 240
ticggeoegy ttacgacegt cgigaacaat goagggatiy cagtttccaa aagegtigaa 300
gacactacca cggaggaatg gegiaaacty cigtcogita aictynatgg tgitittitc 360
ggcaccegte igggceatica gegeatgaaa aataaaggct tgggegetag catcatcaat 420
atgagcagtia ttgaggggct coiagacgat cogacgoigg gggcoatacas cacliccaag 480
ggyggcggiac giatcatgte gaaaagegcea gegetggatt gegeacigaa ggactacgat 540
gtgegtgica acacagtaca tcogggosee atcaagaces egetgetega tgaictggaa 800
gottgggagy aaatgatgtc acagegtacg aaaaccecta tgggecacat tggegaacey 660
aatgacatcy catggaicty tgtglacciy geatcigacy aatcgaaait tgogacgggt 720
gcagaattty tggtcgacgy cgggiatace goacagtga 788

<210~ 38

<214> 252

<212> PRT

<213> Artificial Sequence

<220>
<223> Variant of L. kefir

<400> 38
Met Thr Asp Arg Leu Lys Gly Lys Val Ala lle Val Thr Gly Gly Thr
1 5 10 15
Leu Gy He Giy Leu Ala lle Ala Asp Lys Phe Val Giu Glu Gly Ala
20 25 3¢
Lys Val Val lie Thr Gly Arg His Ala Asp Val Giy Giu Lys Ala Ala
35 40 45
Lys Ser lle Gly Gly Thr Asp Vail lle Arg Phe Vai Gin His Asp Ala
50 58 60
Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Glu Ala
G5 75 75 80
Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly ile Ala Val Ser
as a0 95
Lys Ser Val Giu Asp Thr Thr Thr Glu Glu Trp Arg Lys Leu Leu Ser
100 105 110
Val Asn Leu Asp Gly Val Phe Phe Gly Thr Arg Leu Gly lie Gin Arg
115 120 125
Met Lys Asn Lys Gly Leu Gly Ala Ser iie lle Asn Met Ser Ser lie
130 135 140
Glu Gly L.eu Val Gly Asp Pro Thr Leu Gly Ala Tyr Asn Ale SerLys
145 150 1585 160
Giy Ala Val Arg lle Met Ser Lys Ser Alia Ala Leu Asp Cys Ala Leu
165 170 175
Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Pro lie Lys
180 188 180
Thr Pro Leu Leu Asp Asp Lew Glu Gy Trp Glu Glu Mat Met Ser Gin
195 200 205
Arg Thr Lys Thr Pro Met Gly His lie Gly Glu Pro Asn Asp lie Ala
210 215 220
Trp lle Cys Val Tyr Leu Ala Ser Asp Giu Ser Lys Phe Ala Thr Gly
225 230 235 240
Ala Glu Phe Val Val Asp Giy Gly Tyr Thr Ala Gin

Page 17



376247-017
245 250

<210> 39

<241=> 759

<212> DNA

<213> Artificial Seguence

<220>
<223> Variant of L. kefir

<400> 39

afgaccgatc gtotgaagea taaagtagee ategtaaceg gegggacict gggtateggt 80
liggcaateg ceyataaatt igtagaggag gglgegaaag tagttattac tggtegteac 120
goggaigiag gigasaagge cgecaaatca atcggeggea cigatgtiat togeotiigic 180
cagcacgatyg catccgatga agcaggeiyg acgaaacigt tegacaccac cgaggaggea 240
fleggeceyg tiacgacogt cgigaacaat geagggatty cagtitccas aagegtigaa 300
gacaciacca cggaggaatg gegtasacty cigtcegita atetgyatgp tgittititc 360
ggeaccegic tgogeattca gogoatgasa astaaaggct igggegeiag catcaicaat 420
atgagcagta tigaggogel cgiaggegal cegacgetgg gggeatacaa cgettccaag 480
ggggcggiac glaicatgic gaaaagegea gegotggati gegcactgaa ggactacgat 540
gtocgigica acacagtaca tecgggeces atcaagacee cgctgetega tgatctggas 600
gottugoagg aaatgaigte acagegtacg aaaaccecta igggecacat iggcgaaces 660
agtgacatcg catggatety tgigiaccly geatclgacy aatcgaaatt tgegacgggt 720
gcagaatity tggicgacyg cgggtatace goacagiga 759

<210> 40

<211> 252

<212> PRT

<213> Adificial Sequence

«220>

<223> Variant of L. kefir

<400> 40

Met Thr Asp Arg Leu Lys His Lys Val Ala lie Val Thr Gly Gly Thr

1 5 10 15

teu Gly lle Gly Leu Ala e Ala Asp Lys Phe Val Glu Giu Gy Ala

20 25 30

Lys Val Val lle Thr Gly Arg His Ala Asp Va! Glv Giu Lys Ala Ala

35 40 45

Lys Ser ite Giy Gly Thr Asp Val ile Arg Phe Val Gin His Asp Ala
50 55 &80
Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Giu Ala

85 70 75 80

Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly lie Ala Val Ser
85 a0 45

Lys Ser Val Giu Asp Thr Thr Thr Giu Giu Trp Arg Lys Leu Leu Ser

100 105 110
Val Asn Leu Asp Gly Val Phe Phe Gly Thr Arg Leu Gly lie Gln Arg
115 120 128
Met Lys Asn Lys Gly Leu Gly Ala Ser lle lle Asn Met Ser Ser lie
130 135 140

Glu Gly Leu Val Gly Asp Pro Thr Leu Gly Ala Tyr Asn Ala Ser Lys

145 150 155 160

Gly Aja Vai Arg lie Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
165 170 175

Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Pro lie Lys

180 185 180
Thr Pro Leu Leu Asp Asp Leu Glu Gly Trp Giu Giu Met Met Ser Gin
195 200 205
Arg Thr Lys Thr Pro Met Gly Hig lie Gly Giu Pro Asn Asp lie Ala
210 215 220

Trp lie Cys Val Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala Thr Gly

225 230 235 240

Ala Giu Phe Val Val Asp Gly Giy Tyr Thr Ala Gin
245 250

<210> 41

<211> 758

<212> DNA

<213> Artificial Seguence

<220>
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<223> Variant of L. kefir

<400> 41

atgaccgate gicigaagea taaagtagee ategtaaceg geaggacact gagtatoggt 80
ftggeaalcy cogatasalt Wgtagaggag ggigegaaag tagitaitac tggicgtcac 120
geggatgtag glgaaaagyc cyccaaaica afcggeggcea cigatgital tegetiigic 180
cagcacgaty catccgatga agcagoolgy acgaaactgt togacaccac cgaggaggea 240
ttoggecegg ttacgacegi cgigaacaat geagggatig taptttccaa aagegiigaa 300
gacaciacca cggaggaalg geglaaaciy cigiccgtta atctggatyg tgtitithe 360
ggcaccegic tgggeatice gegeaigaas aatagaggct tgggegcetag catcatcaat 420
atgagceagia tigaggggct cgiaggesat cegacgetlog gugcaiacaa cgoticcaag 480
goggeggtac gtatcatgic gaaaagegea gegetggalt gegeacigaa ggactacgat 540
gtgcgtgica acacagiaca {cegygecee atcaagaces cgetgetega tgatctggaa 600
guttgggago aaatgatgic acagegiacg aaaaccecta fgggecacat iggegaaccyg 560
aatgacatcg catggatcty tgigtaccty geaictgacyg aatcgaaatt tgegacgggt 720
gcagaaiity iggicgacgy cagotatace geacagigs 759

<Z210> 42

<Z211> 252

<212> PRT

<213=> Artificial Seguence

<220>
<223> Variant of L. kefir

<400> 42
Met Thr Asp Arg Leu Lys His Lys Val Ala lle Val Thr Gly Giy Thr
1 5 10 15
Leu Gly lle Giy Leu Ala ile Ala Asp Lys Phe Val Giu Giu Gly Ala
: 20 25 30
l.ys Val Val e Thr Gly Arg His Ala Asp Val Gly Glu Lys Ala Ala
35 40 45
Lys Ser fle Gly Gly Thr Asp Val ile Arg Phe Val Gln His Asp Ala
50 55 B0
Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Giu Ala

65 70 75 80

Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gy ile Val Val Ser
85 a0 G5

Lys Ser Val Giu Asp Thr Thr Thr Giu Giu Trp Arg Lys Leu Leu Ser

100 05 110
Val Asn Leu Asp Gly Val Phe Phe Gly Thr Arg Leu Gly lie Gin Arg
15 120 125
Met Lys Asn Lys Gly Leu Giy Ala Ser lle lie Asn Met Ser Ser e
130 135 140

Giu Gly Leu Val Gly Asp Pro Thr Leu Giy Ala Tyr Asn Ada Ser Lys

145 150 155 160

Gly Ala Val Arg ile Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
165 170 175

Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Pro lle Lys

180 185 180
Thr Pro Leu Leu Asp Asp Leu Giu Gly Trp Glu Glu Met Met Ser Gin
188 200 205
Arg Thr Lys Thr Pro Met Gly His lie Gly Giu Pro Asn Asp lle Ala
210 215 220

T Hie Cys Val Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala Thr Gly

225 230 235 240

Ala Glu Phe Val Val Asp Gly Gly Tyr Thr Ala Gin
245 250

<210> 43

<211> 759

<212> DNA

<213> Antfficial Sequence

<220>
<223» Variant of L. kefir

<400> 43

atgaccgatc gtctgaagea taaagtagee atcgtaaceg gegggacact gggtatcggt 80
ttggeaatcy cegataaat! tgtagaggag ggtgegaaag tagiiatiac tggtegteac 120
gcggaigiag gigaaasgge cgecaaaica atcggeggcea clgatgtiat tegetttgtc 180
cagcacgatg catccgatga agcaggcotgy acgaaactgt icgacaccac cgaggaggea 240
ticggeecgy ttacgacegt cgtgaacaat geagogatiy cagtigaaaa aagegtigaa 300
gacaciaces cggaggaatg geglaaacty ctgteegtta ateiggatgg totttittic 360
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ggcaceegic iggycatica gegeatgaaa aataaagget igggegctag catcaicaat 420
atgageagta ttgagggoct cgtaggegat cegacgetgg gggeatacaa cocttccaag 480
guggcggiac gatcatgte gasaagegcea gogotgaatt gegeactgas ggaciacgat 540
gtgcotgica acacagtaca tcegggecee aicaagacec cgetgctoga igatciggaa 600
ggtigggagy aaalgatgic acagegiacy aaaaccecta tgggecacat iggegaaceg 860
aatgacatcg catggatety tgigtacelg geatctgacy astcgaaatt igegacgagat 720
gcagaattty logicgacgy cgggtatace geacagigs 758

<210> 44

<211> 252

<212> PRT

<213> Artificial Sequence

<220>
<223> Variant of L. kefir

<400> 44
Met Thr Asp Arg Leu Lys His Lys Val Ala lie Val Thr Gly Gly Thr
1 5 10 15
Leu Gly lie Gly Leu Ala lie Ala Asp Lys Phe Val Glu Gl Giy Ala
20 25 30
Lys Val Val lie Thr Gly Arg His Afa Asp Val Giy Glu Lys Ala Ala
35 40 45
Lys Ser lle Gly Gly Thr Asp Val lle Arg Phe Val Gin His Asp Ala
50 55 80
Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Glu Ala

65 70 75 80

Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly lie Ala Val Glu
85 90 g5

Lys Ser Val Glu Asp Thr Thr Thr Giu Giu Trp Arg Lys Leu Leu Ser

100 105 110
Val Asn Leu Asp Giy Vai Phe Phe Giy Thr Arg Leu Giy lle Gln Arg
115 120 125
Met Lys Asn Lys Gly Leu Gly Ala Ser lie lle Asn Met Ser Ser e
130 135 140

Glu Gly Leu Val Gly Asp Pro Thr Leu Gly Ala Tyr Asn Ala Ser Lys

145 150 155 160

Gy Ala Val Arg lie Met Ser Lys Ser Aia Ala Leu Asp Cys Ala Leu
165 170 175

Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Pro tie Lys

180 185 190
Thr Pro Leu Leu Asp Asp Leu Glu Gly Trp Giu Glu Met Met Ser Gln
185 200 205
Arg Thr Lys Thr Pro Met Gly His fie Gy Giu Pro Asn Asp e Ala
210 215 220

Trp ile Cys Val Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala Thr Gly

225 230 235 240

Ala Glu Phe Val Val Asp Gy Gly Tyr Thr Ala Gin
245 250

<210> 45

<211> 759

<212> DNA

<213> Artificial Sequence

<220>
<223> Variant of L. kefir

<400> 45

atgacegatc gicigaagea taaagtagee ategtaacey gegggacact gogtatcggt 60
tiggcaateg cogataaat! igtagaggag ggtgegaaag tagttattac iggtegicas 120
geggatgiag gtgaazaggce cgecagatca atcggeggcea clgatottal togetiigic 180
cagcacyatg cgiccgaiga agoaggotgy acgaaacigt iogacaccac cgaggaggea 240
ticggeeegy Hacgacegt cgigaacaat geagggstio cagitacaaa aagegligaa 300
gacactacca cggagygaaty gegtaaactg cigtcogtta atctggatgg igitttitic 360
ggcaceeyic igggceatica gegeatgaaa aatzaaggct tgggcyctag catcatcaat 420
atgagceagia “gagggoct cataggcegat cegacgolgy gggeatacaa cgettccaag 480
ggggcggtac gtatcatgic gaaaagegea gegotggatt gegeacigaa ggactacgat 540
gtgegigica acacagtaca teccgggecee atcaagacce cyctgeicga toatctggaa 500
gottgggagg aaatgatgtc acageoglacg aaaaccecta igggceacat iggcgaacey 660
aatgacaicg catggatcty tgtgiaccty goatcigacy aatcgaaatt fgegacgggt 720
gcagaattiy fgoicgacgy cgggtatace geacagiga 758
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<210=> 46
<211> 252
<212> PRT
<213> Artificial Sequence

<220>
<223> Variant of L. kefir

<400> 46
Met Thr Asp Arg Leu Lys His Lys Val Ala lle Val Thr Gly Gly Thr
1 5 10 15
Leu Gly lle Giy Leu Ala lie Ala Asp Lys Phe Val Glu Glu Gly Ala
20 25 30
Lys Val Val lle Tnr Gly Arg His Ala Asp Val Gly Glu Lys Ala Ala
35 40 45
Lys Ser lie Gily Giy Thr Asp Val lle Arg Phe Val Gin His Asp Ala
50 55 50
Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Giu Glu Ala

85 70 75 30

Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly ile Ala Vai Thr
85 30 a5

Lys Ser Val Glu Asp Tor Thr Thr Glu Ghu Trp Arg Lys Leu Leu Ser

100 105 110
Val Asn Leu Asp Gly Val Phe Phe Gly Thr Arg Leu Giy lls Gin Arg
115 126 125
Met Lys Asn Lys Gly Leu Gly Ala Ser lie lie Asn Met Ser Ser lle
130 135 140

Glu Gly Leu Val Giy Asp Pro Thr Leu Gy Ala Tyr Asn Ala Ser Lys

145 150 155 160

Gly Afa Val Arg lie Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
188 170 175

Lys Asp Tyr Asg Val Arg Val Asn Thr Val His Pro Gy Pro lie Lys

180 185 180
Thr Pro Ley Leu Asp Asp Leu Glu Gly Trp Giu Glu Met Met Ser Gin
195 200 205
Arg Thr Lys Thr Pro Met Gly His lle Gly Glu Pro Asn Asp lle Ala
210 215 220

Trp lle Cys Val Tyr Leu Al Ser Asp Giu Ser Lys Phe Ala Thr Gly

225 236 235 240

Ala Glu Phe Val Val Asp Gly Giy Tyr Thr Ala Gin
245 250

<210> 47

<211> 758

<212> DNA

<213> Artificial Seguence

<220>
<223> Vartant of L. kefir

<400> 47

atgaccgaic gtotgaagay caaagtagos atogtaaceg goggyacici ggotateggt 80
tiggeaateg cegataaatt tgtagaggag gotacgaaay tagtiattac tggtegteac 120
geggatgtag gigaaaagge cgecaaatea atcgooggea cigatghat tegettigic 180
cagcacgalg catccgaiga agcaggotgg acgaaactgt fcgacacsas cgaggaggea 240
tieggeocgg ttacgacegi ogtgaacaat geaggoatty cagittccaa aagogtigaa 300
gacactacca cggaggaatg gegtaaacty cigtecytia atctggatog tgtttitttc 360
ggcaccegte tgggcattca gegeatgaas aatasagge! tgggegetag catcateaat 420
atgagoagta iigaggeott cgiaggegat cegacgetge gggeatacaa cocttccaag 480
goggcggtac giateatgic gaaaagegea gegctggatt gegeactgaa goactacgat 540
gtgcgtgica acacagtaca tccgggccea aicaagacce cgotgaigga tgatctggaa 600
gotgceigagy aaatgaigic acagegtacy aasaccecta tggyccacat tggegaaccy BE0
aatgacatcy catggatetly tgtgtacctg geatcigacy aatcgaaatt fgcgacgggt 720
gcagaatityg tggicgacgg cgggtatace geacagiga 759

<210> 48

<211> 252

<212» PRT

<213> Artificial Sequence

<220>
<223> Variant of L. kefir

<400> 48
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Met Thr Asp Arg Leu Lys Giy Lys Vat Ala lie Val Thr Gly Gly Thr
1 5 10 15
Leu Gly lle Gly Leu Ala lie Ala Asp Lys Phe Val Glu Glu Gly Ala
20 25 30
Lys Val Val lie Thr Gly Arg His Ala Asp Val Gly Glu Lys Ala Mla
35 40 45
Lys Ser lle Gly Gly Thr Asp Val fie Arg Phe Val Gin His Asp Ala
50 55 80
Ser Asp Glu Ala Gly Tro Thr Lys Leu Phe Asp Thr Thr Glu Glu Ala

85 70 75 80

Phe Gly Pre Val Thr Thr Val Val Asn Asn Ala Giy ile Ala Val Ser
85 80 95

Lys Ser Val Giu Asp Thr Thr Thr Giu Giu Trp Arg Lys Leu Leu Ser

100 105 110
Vai Asn Leu Asp Gly Val Phe Phe Gly Thr Arg Leu Gly lle Gin Arg
115 120 125
Met Lys Asn Lys Gly Leu Gly Ala Ser lle lle Asn Met Ser Ser lie
130 135 140

Glu Gty Phe Val Gly Asp Pro Thr Leu Gly Ala Tyr Asn Ala Ser Lys

145 150 155 180

Gly Ala Val Arg He Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
165 170 175

Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Pro tie Lys

180 185 180
Thr Pro Leu Met Asp Asp Leu Glu Gly Ala Giu Glu Met Met Ser Gin
195 200 205
Arg Thr Lys Thr Pro Met Gly His lie Gly Giu Pro Asn Asp lle Ala
210 215 220

Trp Hle Cys Val Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala Thr Gly

225 230 235 240

Ala Giu Phe Val Val Asp Gly Gly Tyr Thr Ala Gin
245 250

<210~ 49

<211> 759

<212> DNA

<Z213> Artificial Seguence

<220>
<223> Variant of L. kefir

<400> 4%

atgaccgatc gletgaaggy caaagtagec atogtaaceg gogggacict gggtateggt 80
itggeaateg cogataaatt tgtagagyay guigegaaag tagttatiac tggtegtcac 120
gcggaigtag gtgaaaagge cgccaaatca atcggegygcea clgaigttat tcgctitgte 180
cagcacgatg catccgatga ageaggcigs acgaaacigt togacaccas cgaggaggca 240
ttcggocogy facgacegt cgigaacaat goagggatig cagtticeaa zagegtigaa 300
gacactacca cggaggaaly gegtaaactg ctgteegita atciggatgy tottittiic 360
gocaccegic igggoatica gegeatgaaa aataaagget lgggegetag catcatcaat 420
atgagcagta ttgagggglt cgtaggegat ccgacgetgg gggcatacaa cgoticeaag 480
ggggegotac gtateatgic gaaaagegea gegetggatt gogeactgaa ggactacgat 540
gigcgigica acacagtaca tcegggocey alcaagaces cgotghioga tgatoiggas 500
ggtocigagg aaaigatgic acagegtacy asaaccecta tgggecacat tggegaacsg 660
aatgacatcy catggalcly tgtgtacstg goatctgacy aatcgaaatt tgegacgggt 720
gcagaattiy tgatcgacgg cgggtatace geacagiga 759

<210> 50

<211 252

<212> PRT

<213> Ariificial Sequence

<220>
<223> Variant of L. kefir

<400> 50
Met Thr Asp Arg Leu Lys Giy Lys Val Ala lie Val Thr Gly Gly Thr
1 5 10 15
Leu Gly lle Gly Leu Ala lle Ala Asp Lys Phe Val Giu Glu Gly Ala
20 25 30
Lys Val Val lle Thr Gly Arg His Ala Asp Val Gly Glu Lys Ala Ala
35 4c 45
Lys Ser lle Giy Gly Thr Asp Val ile Arg Phe Val Gin His Asp Ala
50 58 80
Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Giu Giu Ala
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65 70 75 80
Phe Gly Pro Val Thr Thr Val Val Asn Agn Ala Gly lle Ala Val Ser
85 90 95
Lys Ser Val Giu Asp Thr Thr Thr Glu Glu Trp Arg Lys Leu teu Ser
100 105 110
Val Asn Leu Asp Gly Val Phe Phe Gly Thr Arg Leu Gly lie Gin Arg
115 120 125
Met Lys Asn Lys Gly Leu Gly Ala Ser le lie Azn Met Ser Ser lle
130 135 140
Giu Gly Phe Val Gly Asp Pro Thr Leu Gly Ala Tyr Asn Ala Ser Lys
145 150 155 180
Gly Ala Val Arg lie Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
165 170 175
Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Pro lie Lys
180 185 180
Thr Pro Leu Phe Asp Asp Leu Glu Gy Als Glu Glu Met Met Ser Gin
195 200 205
Arg Thr Lys Thr Pro Met Gly His lie Gly Glu Pro Asn Asp lie Ala

210 215 220
Trofle Cys Val Tyr Leu Ala Ser Asp Glu Ser Lys Phe Afa Thr Gly
225 230 235 249
Ala Glu Phe Val Va! Asp Gly Gly Tyr Thr Ala Gin

245 250

<210> 51
<211> 758
<212> DNA

<213> Artificial Sequence

<220>
<223> Variant of L. kefir

<400> 51

atgaccgats gictgaaggg caaagtages ategtaaccy geggyactct aggtatcggt 60
ftggcaatey cegataaali igtagaggag gotgcgaaag tagtiattac toggtegicae 120
gcggatgtaq gigasaagge cgccaaatca ateggoggea cigatgitat togoittgic 180
cagcacgatlg catcegatga ageaggeigg acgaaactgt tegacaceas cgaggaggca 240
ticggooegg ttacgacegt coigaacaat goagagaity cagtiiccaa aagegtigaa 300
gacactacca cggagyaaty gegtaaacty clglcogita atctggatgg tghititic 360
ggcacccgtc tgageatica gegeatgaaa aataaagget toggegctag cateatcaat 420
atgageagia #gagggolt cotaggogat cogacgelgy gggcatacaa cgoticcaag 480
ggggcgatac glatcatgic gaeaagegea goyctggalt gogeacigaa ggactacgat 540
gigegtotca acacagiaca teogggeces atoaagacce coolgotega {gatctggaa 600
ggtgcigagg aaatgatgic acagogtacy aaaaccecia igggccacat tggegaacey 660
aatgacatcg catggatety tgigtaccty gealctgacy aatcgaaati fgegacggot 720
gcagaatiiy tgglcgacgg cogatatace geacagtga 759

<210=> 52

<211= 252

<212> PRT

<213~ Ariificial Sequence

<220>
<223> Variant of L. kefir

<400> 52
Met Thr Asp Arg Leu Lys Gly Lys Val Ala lie Val Thr Gly Gly Thr
1 8 10 15
Leu Gly lie Gly Leu Ala lle Ala Asp Lys Phe Val Glu Glu Gly Ala
20 25 30
- Lys Val Val lle Thr Gly Arg His Ala Asp Vai Giy Glu Lys Ala Ala
35 40 45
Lys Ser lle Gly Gly Thr Asp Val lie Arg Phe Val Gin His Asp Ala
50 55 60
Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Glu Ala
&5 70 75 80
Phe Gly Pro Vai Thr Thr Val Val Asn Asn Ala Gly lie Ala Va! Ser
85 &0 95
Lys Ser Val Glu Asp Thr Thr Thr Giv Giu Trp Arg Lys Leu Leu Ser
100 105 110
Val Asn Let Asp Gly Val Phe Phe Gly Thr Arg Leu Ser lie Gin Arg
115 126 125
Met Lys Asn Lys Gly Leu Gly Ala Ser lie lle Asn Met Ser Ser ile
130 135 140
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Glu Gly Phe Val Gly Asp Pro Thr Leu Giy Ala Tyr Asn Az Ser Lys
145 180 185 160
Gly Ala Val Arg He Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu

185 170 175
Lys Asp Tyr Asp Val Arg Val Asn Thr Vai His Pro Gly Pro lle Lys

180 185 190
Thr Pro Leu {eu Asp Asp Leu Glu Gly Ala Glu Giu Met Met Ser Gin
195 200 205
Arg Thr Lys Thr Pro Met Gly His lle Gly Glu Pro Asn Asp lis Ala
210 215 220

Trp ite Cys Val Tyr Leu Ala Ser Asp Giu Ser Lys Phe Ala Thr Gly
225 230 235 240
Ala Glu Phe Val Val Asp Gly Gly Tyr Thr Ala Gin

245 250

<210= 53

<211> 758

<212> DNA

<213> Arfificial Sequence

<220>
<223> Variani of L. kefir

<400> 53

atgacogate gicigeagaa caaagtagee afcgtasceg gegggactct gggtateagt 80
ttggcaatcg cegataaalt igtagaggag gotgegaaag tagttattac tggtogteac 120
geggatgiag glgaaaagge cgecaaaica atogucyggca clgatgital tegetitgic 180
cagcacgalg caiccgatga ageaggctgy acyaaacigt tegacaccac cgaggaggca 240
ttioggoecgg itacgacey! cgtyaacaat gocagggatiy cagiticcaa sagegtigaa 300
gacactacca cggaggaatg gogtaaacty cigtccgita atciggatgg totittitc 360
ggcacergic tgggeatica gegeatgaaa astaaagget tgggegetag caicatoaat 420
atgagcagta #gaggggtt cglaggogat cogacgeige gggeatacaa cgcticcaag 480
ggggeggtac staicaigic gaaaagegea gegetgyatt gegeacigaa ggactacgat 540
gtgcgigica acacagtaca tccgggegee atcaagacee cgcigetaga tgateiggaa 600
ggtgcigagy aaatgaigic acagegtacy aaaacceeta tgggccacat iggogaaceyg 660
aatgacatey calggatetg igtgtacetg geateigacy astogaaatt tgogacgggt 720
geagaattty tggtcgacgg cgggtatace geacagiga 759

<210> 54

<Z211> 252

<212> PRT

<213> Artificial Sequence

<220>
<223> Variant of L kefir

<400> 54
Met Thr Asp Arg Leu Lys Asn Lys Val Ala e Val Thr Gly Gly Thr
1 5 10 15
Leu Gly lie Gly Leu Ala lle Ala Asp Lys Phe Val Giu Glu Gly Ala
20 25 30
Lys Val Val lie Thr Gly Arg His Ala Asp Val Giy Giu Lys Ala Ala
35 40 45
Lys Ser lie Gly Gy Thr Asp Val lle Arg Phe Val Gln His Asp Ala
50 55 &80
Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Giu Ala
85 70 75 80
Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly lle Ala Val Ser
a5 90 g5
Lys Ser Val Giu Asp Thr Thr Thr Glu Giu Trp Arg Lys L.eu Leu Ser
100 105 110
Val Asn Leu Asp Gly Val Phe Pne Giy Thr Arg Leu Gly Hle Gin Arg
116 120 125
Met Lys Asn Lys Gly Leu Gly Ala Ser lie lie Asn Met Ser Ser lie
130 135 140
Glu Gly Phe Val Gly Asp Pro Thr Leu Giy Ala Tyr Asn Ala Ser Lys
145 150 158 160
Gly Ala Vai Arg lle Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
- 165 170 175
Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Ala lie Lys
180 185 190
Thr Pro Leu Leu Asp Asp Leu Giu Gly Al Glu Glu Met Met Ser Gin
195 200 205
Arg Thr Lys Thr Pro Met Gly His lie Gly Giu Pro Asn Asp lle Ala
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240 215 22¢
Trp lie Cys Val Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala Thr Gly
225 230 235 240
Ala Gl Phe Val Val Asp Giy Gly Tyr Thr Ala Gin

245 250

<210> 55
<211> 758
<212> DNA

<213> Artificial Seguence

<22(>
<223> Variant of L. kefir

<400=> 55

atgaccgatc gielgaagea caaagtagee atcgtaaccy geggaacict gogtateggt 60
ftggcaatey cogaiaaatt igiagaggay gotgcgaaag tagtiatiac goicgicas 120
goggatgtag gigaaaaggc cgecaaator atcggeggea cigatghiat fogottigtc 180
cagcacgaty cateegaiga ageaggetyy acgaaaciy! icgacaccac cgaggaggca 240
ttcggeoegy tacgaccgt cgtgaacaat geagyuyatiy cagtitccaa aagegtigaa 300
gacactacca cggaggaatg goegtaaactg cigteegita atciggatgg tottittitc 360
ggcacccgic igggcatica gogeatgaaa aataaaggce! toggonoiag catcatcaat 420
atgageagta figaggggtlt cotaggegat cogacgelgg gggeatacaa cgettccaag 480
gaggoggtac gtateatgic gaaaagegea gogelggatt gegeacigaa gyactacgai 540
gtgcgtgica acacagtaca icegggeece atcaagacee cgotgeotaga tgatctggaa 600
ggtgctgagg aaatgatgtc acagegtacy aaasceceta igggocacat tggegaacsy 660
aaigacaicg catggaicty tgigtacetg geatcigacg aatcgaaatt igegacgggt 720
geagaatity lggicgacgg cgggtatace geacagiga 758

<210> 58

<211> 252

<212> PRT

<213> Adtificial Sequence

<Z220>
<223> Variant of L. kefir

<4(30> 58
Met Thr Asp Arg Leu Lys His Lys Val Ala lle Val Thr Giy Giy Tar
1 g 10 18
Leu Gy lie Gly Leu Ala ile Ala Asp Lys Phe Val Glu Giu Gly Ala
20 25 30
Lys Val Val lie Thr Giy Arg His Ala Asp Vai Gly Glu Lys Ala Ala
35 40 45
Lys Ser lie Gy Gly Thr Asp Val lie Arg Phe Val Gin His Asp Aia
50 55 60
Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Giu Ala
85 70 75 80
Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly lie Ala Val Ser
85 90 a5
Lys Ser Val Giu Asp Thr Thr Thr Glu Glu Trp Arg Lys Leu Leu Ser
100 105 110
Vai Asn Leu Asp Gly Val Phe Phe Giy Thr Arg Leu Gly lie Gin Arg
115 126 125
Met Lys Asn Lys Gly Leu Gy Ala Ser lie Hle Asn Met Ser Ser lle
130 135 140
Giu Gly Phe Val Gly Asp Pro Thr Leu Gly Ala Tyr Ash Ala Ser Lys
145 180 155 160
Gly Ala Val Arg lie Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
165 170 175
Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Giy Pro e Lys
180 185 180
Thr Pro Leu Leu Asp Asp Leu Giu Gly Ala Giu Glu Met Met Sar Gin
198 200 205
Arg Thr Lys Thr Pro Met Gly His lie Gly Glu Pro Asn Asp lie Ala
210 215 220
Trp jie Cys Val Tyr Leu Ala Ser Asp Giu Ser Lys Phe Ala Thr Gly
225 230 235 240
Ala Glu Phe Val Val Asp Gly Gly Tyr Thr Alg Gin
245 250

<210> 57
<211> 759
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<212> DNA
<213> Artificial Sequence

<2203>
<223> Varlant of L. kefir

<400> 57

atgacegate giclgaagog caaagtagos atcgiaaccy gegggagict gagtatcggt 60
tiggeaateg cogataaat! tgtagaggao gotgcyaaay faghatiac tggtegteac 120
geggatgtag glgaaaaggc cgccaaalea atcggoggea clgatgitat togotttgic 180
cagcacyalg catccgalga ageaggotgg acgaaactyt tegacaccac cgaggaggca 240
ticggecege ttacgacegt cgigaacaat geagggatty cagtticcaa asgegttgaa 300
gacactacca cggaggaaty gegtaaacty clyicogiia atciggatgg tgtttitttc 360
ggcaccegic tgggeatica gegeatgaaa aataaaggct tgugoactag catcatcaat 420
aigageagia tigagggatt cataggegat cogacgcetyg ggucatacaa cgeticcaag 480
ggagcggtac gratcaigtc gaaaagegca gegelggatt gegeactgaa ggactacgat 540
gtgegigtea acacagiaca tcegggecce atcaagacce cgetgetega igatciggaa 600
ggtgotgagy aaatgatgic acagegtacy aaaaccecta tgggecacat tggcgaacey 560
aatgacatcg catggatcety tgtgtacoty geatctyacy astegaaat! tgegacgggt 720
geagaattly ggtcgacgo coggtatace geacagtgs 759

<210> 58

<211> 252

<212> PRT

<213> Astificial Seguence

<220>
<223> Variant of L. kefir

<400> 58
Met Thr Asp Arg Leu Lys Giy Lys Val Ala Hie Val Thr Gly Gly Ser
1 5 10 15
Leu Gly lfe Gly Leu Ala ile Ala Asp Lys Phe Val Glu Glu Gly Alg
20 25 30
Lys Val vallle Thr Gly Arg His Ala Asp Val Gly Giu Lys Ala Ala
35 40 45
Lys Ser lle Gly Gy Thr Asp Val lie Arg Phe Val Gin His Asp Ala
50 55 80
Ser Asp Glu Ala Gly Tro Thr Lys Leu Phe Asp Thr Thr Glu Glu Ala

65 70 75 80

Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly ile Ala Val Ser
85 90 95

Lys Ser Val Giu Asp Thr Thr Thr Glu Giu Trp Arg Lys Leu Leu Ser

100 108 110
Val Asn Leu Asp Gly Val Phe Phe Gly Thr Arg Leu Gly lie Gin Arg
118 120 125
Met Lys Asn Lys Gly Leu Giy Ala Ser ile Hie Asn Met Ser Ser lie
130 138 140

Glu Giy Phe Val Gly Asp Pro Thr Leu Gly Ala Tyr Asn Ala Ser Lys

145 150 155 160

Gly Alla Val Arg e Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
165 170 175

Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Pro Hs Lys

180 185 180
Thr Pro Leu Leu Asp Asp Leu Glu Giy Ala Giu Glu Met Met Ser Gin
145 200 205
Arg Thr Lys Thr Pro Met Gly His lie Gly Giu Pro Asn Asp lle Ala
210 215 220

Trp e Cys Val Tyr Leu Ala Ser Asp Giu Ser Lys Phe Ala Thr Gly

225 230 235 240

Ala Glu Phe Val Val Asp Gly Gly Tyr Thr Ala Gin
245 250

<210> 59

<211> 759

<212> DNA

<213 Artificial Sequence

<220>
<223> Variant of L., kefir

<400> 59
atgaccgatc gicigaaggy caaagtagee ategiaaccg gegggacact gggiateggt 60
ttogeaatey cegatasatt igtagaggag ggtgcgaaag tagitatiac tggicgteas 120
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gcggaigiag glgaaaagge cgocaaatca atcggeggca clgaigttat tegatttgte 180
cagcacgaly calccgatya agoaggolgg acgasacigt icgacaccac ¢cgaggaggea 240
tleggecegy tacgacegt cgtgaacaat geaggoaty cagiticoas aageghigaa 300
gacactacca cggaggaaty gegtaaacty clgiceotia atciggatgg fotttitttc 360
ggecacoegic tgggeattcs gogoatgaaa aataaagget igggegctag catcatcaat 420
atgagcagia ttgagougit cgtaggegat cogacgetys guycatacaa cgcticcaag 480
Duggcggtac gtatoaigic gazaagegea goygetggatt gegeactgaa ggactacgat 540
glgegigtca acacagiaca tcegggeces atcaagacces cgelgelicga tgatctggaa 600
goigeigagy aaatgalyte acagegtacg asaaccesia igggecacal iggegaaccey 660
aatgacaicy catggalcly tgiglaccty goatctgacg astogaaatt tgegacgggt 720
gcagaatity tgotcgacgg cagotatace geacagiga 759

<210> 60

<211 252

<212> PRT

<213> Artificial Sequence

<220>
<223> Variant of L. kefir

<400> GO
Met Thr Asp Arg Leu Lys Gly Lys Val Ala lle Val Thr Gly Giy Thr
1 5 10 18
Leu Gly lle Giy Leu Ala lie Ala Asp Lys Phe Val Glu Glu Gly Ala
20 25 30
Lys Val Val ie Thr Gly Arg His Ala Asp Val Gly Glu Lys Ala Ala
35 40 45
Lys Ser fie Giy Gly Thr Asp Val fie Arg Phe Val Gin Mis Asp Ala
50 85 60
Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Giu Ala

65 70 75 80

Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly lie Ala Vai Ser
85 an 95

Lys Ser Val Glu Asp Thr Thr Thr Giu Glu Trp Arg Lys Leu Leu Ser

166 105 10
Val Asn Leu Asp Gly Val Phe Phe Gly Thr Arg Leu Gly lle Gin Arg
115 120 125
Met Lys Asn Lys Gly Leu Gly Ala Ser lie lle Asn Me! Ser Ser lie
130 135 140

Glu Giy Phe Val Gly Asp Pro Thr Leu Gly Ala Tyr Asn Ala Ser Lys

145 150 155 160

Gly Ala Val Arg lle Met Ser Lys Ser Ala Alz Leu Asp Cys Ala Leu
165 170 175

Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Pro lle Lys

180 185 180
Thr Pro Leu Leu Asp Asp Leu Glu Gy Ala Giu Glu Met Met Ser Gin
185 200 205
Arg Thr Lys Thr Pro Met Giy His Hie Gy Glu Pro Asn Asp lle Ala
210 215 220

Trp lle Cys Val Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala Thr Gly

225 230 235 240

Ala Giu Phe Val Val Asp Gy Gly Tyr Thr Ala Gin
245 250

<210> 81

<211=> 759

<212> DNA

<213> Arifficial Sequence

<220>
<223> Variant of L. kefir

<400> 61

algaccgate gicigaaggy caaagtages atogtaaecg gegggactot gogtateggt 60
ttggcaatey cegataaatt iglapaggag gutgcgaaag tagiiaitac tggtegicac 120
gcggatgtag gigasaagge cgccaastca atcggeggea clgatgttat tegetttgic 180
cagcacgaty catccgatga agcagyelgg acgaaactyt tegacaceas cgaggaggea 240
teggecogy ttacgaccgt cgigaacaat geaggoatio caclgiccaa aagegttgaa 300
gacactacca cggaggaaty gogtaaacty cigtceglta aictggatgg totiitiic 360
ggcaccegic iggyoatica gegeatgaaa aataaagget fgggegcetag catcatcaat 420
atgagcagia tigaggogit cgtaggsgat cogacgeigy sogcatacaa cgoticcaag 480
guggcggtac gtaicatgtc gaasagegea gegelggatt gegeactgaa ggactacgat 540
gtgcgigtca acacagiaca tcogggoccee ateasgacee cgetgctaga tgatotggaa 600
agtgcigagg saatgatgic acagegtacy asaaccocta igugecacat iggegaacey 680
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aatgacaicg catgoatcty tgiglacety geatelgacy aatcgaaait tgcgacgggf 720
gcagaatity tggicgacgg coggiatace goacagiga

<210> 62

<211> 252

<212> PRT

<213= Artificial Sequence

<220>

<223> Variant of L. kefir

<400> 82

Met Thr Asp Arg Leu Lys Gly Lys Val Ala lte Val Thr Gly Gly Thr

1 5 15

Leu Gly lle Gly Leu Ala Ile Ala Asp Lys Phe Val Glu Glu Gy Ala
20 25 30

Lys Vai Val lle Thr Gly Arg His Ala Asp Val Gly Glu Lys Ala Az
35 40
Lys Ser lle Gly Gly Thr Asp Val Ihe Arg Phe Val Glin His Asp Ala
50 55 &80
Ser Asp Glu Ata Gly Trp Thr Lys Leu Phe Asp Thr Thr Giu Glu Ala

83 70 75 8G

Phe Gly Pro Val Thr Thr Vaf Val Asn Asn Ala Gly lie Ala Leu Ser
85 a0 95

Lys Ser Val Glu Asp Thr Thr Thr Gl Glu Trp Arg Lys Leu Leu Ser

100 105 110
Val Asn Leu Asp Gly Val Phe Phe Gly Thr Arg Leu Gly lie Gin Arg
115 120 128
Met Lys Asn Lys Gly Leu Giy Ala Ser fie Hle Asn Mot Ser Ser lie
130 138 140

Glu Gly Phe Val Gly Asp Pro Thr Leu Gly Ala Tyr Asn Ala Ser Lys

145 150 155 180

Gly Ala Val Arg lle Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
185 170 175

Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Pro lle Lys

180 185 190
Thr Pro Leu Leu Asp Asp Leu Giu Gly Ala Glu Giu Met Met Ser Gin
185 200 205
Arg Thr Lys Thr Pro Met Gly His He Gly Glu Pro Asn Asp e Ala
210 215 220

Trp lle Cys Val Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala Thr Giy

225 230 235 240

Ada Glu Phe Val Val Asp Gly Gly Tyr Thr Ala Gin
245 250

<210> 63

<2%11> 759

<212> DNA

<213> Adrtificial Sequence

<220>
<223 Variant of L. kefir

<400=> 63

atgaccgale gictgaaggg casagtages afcgtaaccg gegggactet gggiateggt 80
ttggeaateg cegataaatt tgtagaggag ggtgegaaag tagtiattac tggicgteac 120
gcggatglag gigaaaagge cgecaaatca afcygeggea ctgatgitat togettigte 180
cagcacgatg caiccgalga agcaggelgy acgaaacig! tcgacaccac cgaggagges 240
tieggoeegy Hacgacegt cgtgaacaat geagggatig caatticcaa aagegtigaa 300
gacactacca cggaggaaty gegtaaaciy cigicegita aictggatgg igttitiic 360
ggcaccegic tgggcattca gegeatgaaa aataaagget tgggegceiag catoatcaat 420
atgageagta itgagggoti cgtaggegat cogacgelgy ggocatacas cgettccaag 480
ggugeggtac gtatcatgic gaaaagegea gegetggatt gegoacigaa ggactacgat 540
gigcgtoica acacagiaca teegggcece atcaagacos cgotgoicga tgatciggas 600
gatgotgagg aaatgatgic acagegiacy aasaacceeta tgggecacat iggogaaccg 860
aatgacatcg catggatcty tgigtacctg geatetgacy aatcgaaatt fgcgacggg! 720
geagaatily iggtegaceg cgogiatace geacagtga

<210> 64

<211> 252

<212> PRT

<213> Arlificial Sequence

Page 28



376247-017
<220>
<223» Variant of L. kefir

<430 64
Met Thr Asp Arg Leu Lys Gly Lys Vai Ala lle Val Thr Gly Gly Thr
1 5 10 15
Leu Gly lle Gly Leu Ala lie Ala Asp Lys Phe Val Giu Glu Giy Ala
20 25 30
Lys Val Val lle Thr Gly Arg His Ala Asp Val Gly Glu Lys Ala Ala
38 40 45
Lys Ser lie Gly Gly Thr Asp Vai lle Arg Phe Va! Gin His Asp Ala
50 55 80
Ser Asp Glu Aia Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Giu Ala

85 70 75 80

Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly lle Als e Ser
88 ap 85

Lys Ser Val Glu Asp Thr Thr Thr Glu Giu Trp Arg Lys Leu Leu Ser

100 105 110
Val Asn Leu Asp Gly Val Phe Phe Gly Thr Arg Leu Gy lie Gin Arg
115 120 128
Met Lys Asn Lys Gly Leu Gly Ala Ser Hie He Asn Mat Ser Ser lie
130 135 140

Giu Gly Phe Val Gly Asp Pre Thr Leu Gly Als Tyr Asn Ala Ser Lys

145 180 155 160

Giy Ala Val Arg lle Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
165 170 175

Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gy Pro lle Lys

180 185 190
Thr Pro Leu Leu Asp Asp Leu Glu Gly Ala Giu Glu Met Met Ser Gin
185 200 205
Arg Thr Lys Thr Pro Met Gly His lie Gly Giu Pro Asn Asp lie Ala
210 218 220

Trp He Cys Val Tyr Leu Ala Ser Asp Giu Ser Lys Phe Ala Thr Gly

225 230 235 240

Ala Giu Phe Val Val Asp Gly Gly Tyr Thr Ala Gin
245 250

<210=> 65

<211> 758

<212> DNA

<213> Artificial Sequence

<220>
<223> Variant of L. kefir

<400> 65

atgaccgalc giotgaaggy caaagiagec atogtaaceg gegggactet gggtatcggt 50
ftggeaateg cogataaatt iglagaggag ggigegasag tagitattac tggtegtcac 120
goggatglag gigaaaaggc cgccaaatca afoggeggea cigatgiiat togetitgie 180
cagcacgatg catccgatga agcaggcigg acgaaacigl tegacacoas cgaggaggcea 240
fteggecegy ttacgacegt cgigaacaal geagggally cagiticcaa aagegtigaa 300
gacaciacca cggaggaaly gogtaaacty clgiccgita atciggatoy tofiftitc 380
ggcaccegic igggeatica gegeatgaaa aataaagget igggegetag catcatcaat 420
atgageagtz figaggggea ggtaggcgat cegacgeige gggcatacaa cgoiiccaag 480
ggggcgglac giatcalgic gaaaagegea gegotggait gegoactgaa ggactacgat 540
gtgcgigica acacagtaca tcogggegec aicaagacce cgotgctaga tgatctggaa 6800
gotgctgagg aastgaigic acagegtacy aaaaccocta tgggooacat tggegaacog 660
aatgacaicg catggatclg igtgtaccty goatctgacy aatcgaaatt igegacgggt 720
gcagaattig iggteoacyy caggtatace geacagtga 758

<270> 66

<211> 252

<212> PRT

<213> Arificial Sequence

<220>
<223> Variant of L. kefir

<400> 88

Met Thr Asp Arg Leu Lys Gly Lys Val Atz lie Val Thr Gly Giy Thr

1 5 10 15

Leu Giy lle Gly Leu Ala ile Ala Asp Lys Phe Val Glu Giu Gly Ala
20 25 30

Lys Val Val lle Thr Giy Arg His Ala Asp Val Gly Glu Lys Ala Ala
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35 40 45
Lys Ser lle Gly Gly Thr Asp Val lie Arg Phe Val Gin His Asp Ala
50 55 80
Ser Asp Gz Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Giu Glu Alz
65 70 75 20
Phe Gly Pro Val Thr Thr Val Val Asn Asn Aia Gly lle Aia Val Ser
88 90 g5
Lys Ser Vai Glu Asp Thr Thr Thr Giu Glu Trp Arg Lys Leu Leu Ser
100 108 110
Val Asn Leu Asp Gly Val Phe Phe Gly Thr Arg Leu Gly lle Gln Arg
115 120 125
Met Lys Asn Lys Gly Leu Giy Ala Ser lle lle Asn Met Ser Ser lle
130 135 140
Glu Giy Gin Vat Gly Asp Pro Thr Leu Gly Ala Tyr Asn Ala Ser Lys
145 150 155 160
Gly Ala Val Arg lie Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
165 170 175
Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Ala fie Lys
180 185 190
Thr Pro Leu Leu Asp Asp Leu Glu Gly Ala Glu Glu Met Met Ser Gin
185 200 205
Arg Thr Lys Thr Pro Met Gly His e Gly Glu Pro Asn Asp ite Ala
210 215 220
Trp lle Cys Val Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala Thr Gly
225 230 235 240
Ala Glu Phe Val Val Asp Gly Gly Tyr Thr Ala Gin
245 250

<210=> 87

<211=> 759

<212> DNA

<213> Ardificial Seguence

<220>
<223> Variant of L. kefir

<400> 67

atgaccgatc gictgaaggy caaagiages atcgtaaces gegggacict gggtateggt 50
ttggeaatey cogataaatt tolagaggay gytgcgaaag tagttattac iggtegteac 120
geggatgtag gigeaaagge cgccasatea atoggogoca cigatgitat tegetitgte 180
cagcacgatg catcogatga agoaggelgg acgaaactgl togacaccac sgaggaggea 240
fcggecegg ttacgacogt cgigaacast geagugatty cagiticcas aagegtigaa 300
gacactacca cggaggaaig gogiaaacty cigiecgtta atciggatgg tgtttttttc 360
ggcaccegte fgggeattca gogeatgaaa aatasaggct tgggegciag catcatcaat 420
atgageagta ttgagyggat agtaggogat cegacycigyg gggoatacaa cgcticcasg 480
ggggeggtac glatcatgic gaaaagogea gegotggatt gegcacigaa ggactacgat 540
gigegigica acacagiaca Woeggpoece aicaagaces cycigeicga igatciggaa 600
ggtgctgagy aaatgatgic acagegtacg aaaaceecta igogecacat tggcgaaccg 660
aatgacatcg caiggatelg tgtotacely geaicigacy aatcgaaatt tgegacgggt 720
geagaaltig fggtcgacgg cgggtatace geacagiga 759

<210> 68

<211> 252

<212> PRT

<213=> Artificial Sequence

<220>
<223> Variant of L. kefir

<400> 88
Met Thr Asp Arg Leu Lys Gly Lys Val Ala lie Val Thr Gly Gly Thr
1 5 10 15
Leu Gly He Gly Leu Ala lie Ala Asp Lys Phe Val Giu Glu Gly Ala
20 28 30
Lys Val Val lle Thr Gly Arg His Ala Asp Val Giy Glu Lys Ala Ala
35 40 45
Lys Ser lle Gly Gly Thr Asp Val lie Arg Phe Val Gin His Asp Ala
50 85 &0
Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Glu Ala
85 70 75 80
Phe Gly Pro Val Thr Thr Val Vai Asn Asn Ala Giy e Ala Val Ser
85 g0 95
Lys Ser Val Glu Asp Thr Thr Thr Giu Glu Trp Arg Lys Leu Leu Ser
100 105 110
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Val Asn Leu Asp Gly Val Phe Phe Gly Thr Arg Leu Gly lie Gin Arg

115 120 125
Met Lys Asn Lys Gly Leu Gly Ala Ser lie lie Asn Met Ser Ser lle
130 135 140
Giu Gly lle Vai Giy Asp Pro Thr Leu Gly Ala Tyr Asn Ala Ser Lys
145 150 155 160
Gly Ala Val Arg lle Met Ser Lys Ser Ala Ala Lau Asp Cys Ala Leu
168 170 175
Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Pro lie Lys
180 185 190
Thr Pro Leu Leu Asp Asp Leu Giu Gly Ala Glu Giu Met Met Ser Gin
185 200 205
Arg Thr Lys Thr Pro Met Gly His fle Giy Giu Pro Asn Asp lie Ala
210 215 220
Trp lie Cys Val Tyr Leu Ala Ser Asp Giu Ser Lys Phe Ala Thr Gly
225 230 235 240
Ala Glu Phe Val Vai Asp Giy Gly Tyr Thr Ala Gin
245 250
<210> &9
<21%> 758
<212> DNA

<213> Artificial Sequence

<220>
<223> Variant of L. kefir

<400> 69

atgaccgatc glolgaaggg caaagtages ategtaaccg gegggacict gggtateggat 60
figgcaateg cogataaatt tgtagaggag gatgcgaasag tagttattac iggtegteac 120
gcggatatag glgaaaaggc cgccaaatca atogyoggcea ctgatgiiat tegetiigtc 180
cagcacgaty catcegaiga ageaggolgy acgaaactyt tcgacaceac cgaggaggea 240
ttcggoocgy ttacgaceyt cgigaacaat geagggatiy cagtticcaa aagegtigaa 300
gacactacca cggaggasty gegiaaaciy cloicogtia atctggatgg ightiittic 360
ggcaccogic tgggcatica gegeatgaaa aataaagget igggegetay catcateaat 420
atgagcagta tigaggggtt gotaggegat cegacgcigy gugcatacaa cgcttccaag 480
gaggeggtac gtalcatgic gaaaagegea gegetggalt gogeactgaa ggactacgat 54C
gtgcgtgtea acacagtaca fcogggeece alcaagacoe cgclgetega tgatctggaa 600
qotgetgagg aastgatgtc acagegiacg asaaccecta tgggecacat tggogaacey 660
aatgacatcg catggately tgtgtaccty geatctgacy aatcgaaatt tgegacgggt 720
geagaatily lggiogacgg cggatatace geacagiga 759

<210> 70

<211> 2562

<212> PRT

<213> Attificial Sequence

<220>
<223> Variant of .. kefir

<400> 70
Met Thr Asp Arg Leu Lys Gly Lys Val Ala lie Val Thr Gly Gly Thr
1 5 15
Leu Gly ile Gly Leu Ala He Aia Asp Lys Phe Val Glu Giu Gy Ala
20 25 30
Lys Vai Val lie Thr Gly Arg His Ala Asp fie Gly Glu Lys Ala Ala
35 40 45
Lys Ser tie Gly Gly Thr Asp Val lle Arg Phe Val Gin His Asp Ala
50 55 80
Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Giu Glu Ala
85 70 75 80
Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gy lie Ala Val Ser
85 ely 95
Lys Ser Val Giu Asp Thr Thr Thr Giu Giu Trp Arg Lys Leu Leu Ser
100 1G5 110
Val Asn Leu Asp Giy Val Phe Phe Gly Thr Arg Leu Gly lle Gin Arg
115 120 125
Mest Lys Asn Lys Giy Leu Giy Ala Ser He lle Asn Met Ser Ser lle
130 135 140
Giu Gly Leu Vai Gly Asp Pro Thr Leu Giy Ala Tyr Asn Ala Ser Lvs
145 150 155 160
Gly Ala Vai Arg lie Met Ser Lys Ser Aia Ala Leu Asp Cys Ala Lau
165 170 175
Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Pro fie Lys
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180 185 190
Thr Pro Leu Leu Asp Asp Leu Glu Gly Ala Glu Glu Met Met Ser Gin
195 200 205
Arg Thr Lys Thr Pro Met Gly Hie lie Gly Glu Pro Asn Asp iie Ala
210 215 220
Trp lle Cys Val Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala Thr Gly
225 230 235 240
Ala Glu Phe Val Val Asp Giy Gly Tye Thr Ala Gin
245 250
<210> 71
<211> 758
<212> DNA

<213> Ariificial Sequence

<220>
<223> Variant of L. kefir

<400> 71

atgacogatc glelgaaggy caaagtagee atcgtaacey goegggactet gogtategat 60
tiggeaateg cegaiaaatt tytagaggay gotgcgaaag tagtiatiac tggicgtear 120
geggatgiag gigaaaagge cgecasatta atcggegges cigatgtiat togotttgic 180
cagcacgatg catcogatga ageaggcelgg acgaaactgt toyacaccac cgaggaggea 240
tteggecegy ttacgacsgt cgtgaacaat geagggatty cagtttcoas aagegtegaa 300
gacactacca cggaggaatg gogtaaacty cigteogtta atctggaigy ightititic 360
ggcaceegic tgggceatica gegoeatgaaa aataaagget tgggogatag catcatcaat 420
atgagcagta tigagggyct tgtaggegat cegacyctgg gggoatacaa cycttcsaag 480
ggogeggtac gtafcatgic gasaageges gegeiggatt gegeacigas ggactacgat 540
gigegigica acacagtaca {oogggeges atcaagaces tgotgetaga tgatciggaa 600
potgetgagy aaalgaigic acagegtacyg aaaacceocta tgggecacat tggcgaaccg 660
aalgacatcg catggatety tglgtacely goalctgacy aatcgaaatt tgcgacgggt 720
gcagaattty tggtcgacgy cgygtatace geacagiga

<210> 72

<211> 252

<212> PRT

<213> Avtificial Sequence

<220>
<223> Variant of L. kefir

<400> 72
Met Thr Asp Arg Leu Lys Gly Lys Val Ala lie Val Thr Gly Gly Thr
1 5 10 15
Leu Gly fle Gly Leu Ala lle Ala Asp Lys Phe Val Giu Giu Gly Ala
20 25 30
Lys Vai Val lie Thr Gly Arg His Ala Asp Val Gly Giu Lys Ala Ala
35 40 45
Lys Ser lie Gly Gly Thr Asp Vai lie Arg Phe Val Gin His Asp Ala
50 55 80
Ser Asp Giu Ala Gly Tro Thr Lys Leu Phe Asp Thr Thr Giu Glu Als
65 70 75 80
Phe Giy Pro Val Thr Thr Vai Val Asn Asn Ala Gly lle Ala Val Ser
85 90 a5
Lys Ser Val Glu Asp Thr Thr Thr Giu Glu Trp Arg Lys Leu Leu Ser
100 108 10
Val Asn Leu Asp Gly Val Phe Phe Giy Thr Arg Leu Gly lie Gin Arg
118 120 125
Met Lys Asn Lys Gly Leu Gly Ala Ser lle lie Asn Met Ser Ser lie
130 135 140
Giu Gly Leu Val Gly Asp Pro Thr Leu Giy Ala Tyr Asn Ala Ser Lys
145 150 158 180
Gly Ala Va! Arg lle Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
185 170 175
Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Ala lle Lys
180 185 190
Thr Pro Leu Leu Asp Asp Leu Glu Gly Ala Giu Glu Mat Mat Ser Gin
195 200 205
Arg Thr Lys Thr Pro Met Gly His lle Giy Giu Pro Asn Asp lle Ala
210 215 220
Trp lle Cys Val Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala Thr Gly
225 230 235 240
Ala Giu Phe Val Val Asp Giy Gly Tyr Thr Ala Gin
245
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<210> 73

<211> 759

<212> DNA

<213> Ariificial Seguence

<220>
<223> Variant of L. kefir

<400> 73

atgaccgate gictgaagay caaagtagec ategtaacey gogogacact ggytateggt 60
ttggoaatey cogataaatt tglagaggay ggtgegaaag tagttattac tggicgtoac 120
gcggatgiag glgaaaagyc cgocagalca atoggeggea clgatgitat togottigte 180
cagcacgatg catccgatga agoaggeotgg acgaaactgt tegacaccac cgaggaggcea 240
tteggeoegy ttacgaocgt ogtgaacaat geagayatiy cagiticeag aagegtigaa 300
gacectacca cggaggaaly gegtasacty cigicegita alciggatag tgittitic 360
ggcaccegte fgggoatica gegeaigaaa aataaagyct tyggegctag catcatcaat 420
atgagcagta tigaggggat agtaggegat cegacgotgg gggcatacaa cocticsaag 480
gggocggtac glatcatgic gasaagegea gegetggatt gegeactyaa ggactacgat 540
gigegigica acacagtaca toogggecee atcaagaced cyclgetega tgaictggaa 500
ggtgcigagy saatgatgic acagegiacy aaaacoocta igggocacat tggegaaceg 660
aatgacatog catggaicty tgiglaccty geatcigacg aatcgaaat tgcgacggg! 720

geagaattty tggtegacyy coggtatace geacagige 758

<210> 74

<211> 252

<212> PRT

<213> Ariificial Sequence

<220>

<223> Variant of L. kefir

<4Q0> 74

Met Thr Asp Arg Leu Lys Gly Lys Val Alz lle Val Thr Giy Gly Thr

1 5 10 15

Leu Gly lle Giy Leu Ala lie Ala Asp Lys Phe Val Giu Glu Giy Ala

20 25 30

Lys Val Val lle Thr Gly Arg His Ala Asp Vai Gly Glu Lys Ala Ala

35 40 45

Lys Ser lie Giy Gly Thr Asp Val lie Arg Phe Val Gin His Asp Ala
50 55 80
Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Giu Glu Ala

85 70 75 80
Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly lie Ala Vat Ser
85 80 95
Arg Ser Val Giu Asp Thr Thr Thr Giu Glu Trp Arg Lys Leu Leu Ser
100 145 110 :
Val Asn Leu Asp Gly Val Phe Phe Gly Thr Arg Leu Gly lle Gin Arg
115 120 125
Met Lys Asn Lys Gly Leu Gly Ala Ser lie lie Asn Met Ser Ser lle
130 138 140
Glu Gly ile Val Gly Asp Pro Thr Leu Gly Alz Tyr Asn Ala Ser Lys
145 1560 155 180
Gly Ala Val Arg lle Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
' 165 1760 175
Lys Asp Tyr Asp Vat Arg Val Asn Thr Val His Pro Gly Pro lle Lys
18C 185 190
Thr Pro Leu Leu Asp Asp Leu Glu Giy Ala Giu Glu Met Met Ser Gin
185 200 205
Arg Thr Lys Thr Pro Met Gly His lle Gly Giu Pro Asn Asp lle Ala
210 218 220
Trp lle Cys Val Tyr Leu Ala Ser Asp Giu SerLys Pha Ala The Gly
225 230 235 240
Ata Glu Phe Val Val Asp Gly Gly Tyr Thr Ala Gin
245 250
<210> 75
<211> 759
<212> DNA

<213> Ariificial Sequence

<220>
<223> Variani of L. kefir
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<400> 75

atgaccgate giclgaagac caaagtagee ategtaacoyg gegggactet gagtateggt 60
tiggcaalcg cogataaatt igtagagyuay gotgcgaaag tagtiatiac tagiegicac 120
gcggatgtag gtgaaaagge cgecaaatca atcggeggea cigatgitat togoiigic 180
cagcacgatg catccgaiga ageaggelgy acgaaacigh tegacaccac cgaggaggea 240
tteggecegg Hacgaceyt cgtgaacasat geaggoatty cagtitccas aagogtigaa 300
yacactacca cggaggasty gegtaaacty cigicogtta atclggatgg igttititic 360
gacaccegic tggycatica gegeatgaas aataaagget gggegetay catcatcaat 420
atgagcagta tgaggggct sgiaggegat cegacgetgy gggeatacaa cgcitccaag 480
ggggcgotac gtaicaigic gaaaagegea gegetgoat! gogeacigaa ggactacgat 540
gtgegigica acacagiaca tcocgggocce atcaagacee cgotgetega tgatciggaa 600
gattgggagy aaatgatgic acagegiacy aaaaccecta tgggocacat iggogaaceg 680
aatgacatcg catggatetg tgigtaccly geatcigacy astegaaatlt tgegacgggt 720
gcagaattiy tggicgacgg cgggtatace goacagiga ThG

<210> 78

211> 252

<212> PRT

<213> Artificial Sequence

<220>
<223 Variant of L. kefir

<400> 76
Met Thr Asp Arg Leu Lys Thr Lys Val Ala fie Val Thr Gly Gly Thr
4 5 10 15
Leu Gly lie Giy Leu Ala lie Ala Asp Lys Phe Val Giu Glu Gly Ala
20 25 30
Lys Val Val iz Thr Gly Arg His Ala Asp Val Gly Glu Lys Aja Alg
35 40 45
Lys Ser lle Gly Gly Thr Asp Val lie Arg Phe Val Gin His Asp Ala
5D 55 80
Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Giu Ala
65 70 75 80
Phe Gly Pro Val Thr Thr Val Vai Asn Asn Ala Gly Hie Ala Val Ser
85 80 e5
Lys Ser Val Glu Asp Thr Thr Thr Glu Giu Trp Arg Lys Leu Leu Ser
100 105 110
Val Asn Leu Asp Gly Val Phe Phe Gly Thr Arg Leu Gly lie Gln Arg
15 120 125
Met Lys Asn Lys Giy Leu Gly Ala Ser lie lie Asn Met Ser Ser e
130 135 140
Giu Gly Leu Val Giy Asp Pro Thr Leu Gly Ala Tyr Asn Ala Ser Lys
145 150 155 160
Gly Ala Val Arg lie Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
165 170 178
Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Giy Pro lle Lys
180 185 190 .
Thr Pro Leu Leu Asp Asp Leu Glu Giy T Giu Giu Met Met Ser Gin
195 200 205
Arg Thr Lys Thr Pro Met Gy His He Gly Giu Pro Asn Asp lie Ala
210 215 220
Trp lie Cys Val Tyr Leu Ala Ser Asp Giu Ser Lys Phe Ala Thr Gly
225 230 235 240
Ala Giu Phe Val Val Asp Gly Gly Tyr Thr Ala Gln
245 250

<210> 77

<211= 759

<212> DNA

<213= Artificial Sequence

<220>
<223> Variant of L. kefir

<400> 77

atgaccgatc giclgaagee caaagtagee aicgiaaccs gegggactet gagtateggt 60
tiggcaateg cegataaal! igtagaggay gutgcgaaag tagttatiac iggtegteac 120
geggaigtag gigasaagge cgocaaatea atcggoogea ctgatgttat togotttgte 180
cagcacgatg catcegatga agcaggctgy acgaaacigt tegacaceac cgaggaggea 240
ticggerony ttacgacegt cyigaacaat gcagggattg cagitticcaa aagogittgas 300
gacactacca cggaggaalg gogtaaacty ctgtcegtia atctggatgg igittttttc 360
ggcaccegle tgggoeatica gegeatgaaa aataaaggct toggegctag caicatcaat 420
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atgagcagta ttgaggggct cgtaggegat cegacgetyg gggeatacaa cgeticcaag 480
ggggcggtac gtalcatglc gaasagegca gogetygatt gegeactgaa ggactacgat 540
grgcgigica acacagtaca iccgggecece atcaagacee cyotgctoga tgatciggaa 600
goitggoagyg aaatgatgic acagegiacy aaaaccecta tgggecacat iggogaaceg 660
aatgacalcy catggatcty fgtgtacein geatctgacy aatcgaaat! tycgacaggt 720
gcagaaiily tgyicgacgy cgggiatace goacaglga 758

<210> 78

<211> 282

<212> PRT

<213> Ariificial Seguence

<220>
<223> Variant of L. kefir

<400> 78
Met Thr Asp Arg Leu Lys Pro Lys Val Ala lie Val Thr Gly Gly Thr
1 5 10 15
Leu Gly lle Gly Leu Ala lie Ala Asp Lys Phe Val Giu Glu Gly Ala
20 25 30
Lys Val Val lle Thr Gly Arg His Ala Asp Val Gly Giu Lys Ala Ala
35 40 45
Lys Ser lie Gly Gly Thr Asp Val lie Arg Phe Vat Gin His Asp Ala
50 55 80
Ser Asp Giu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Glu Ala

55 70 75 80

Pne Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly lie Ala Va! Ser
85 90 85

Lys Ser Val Glu Asp Thr Thr Thr Glu Giu Trp Arg Lys Leu Leu Ser

100 105 110
Val Asn Leu Asp Gly Val Phe Phe Gly Thr Arg Leu Gly lie Gin Arg
115 120 125
Met Lys Asn Lys Gly Leu Giy Ala Ser lie lie Asn Met Ser Ser lle
130 138 140

Glu Gly Leu Val Gly Asp Pro Thr Leu Gly Ala Tyr Asn Ala Ser Lys

145 150 155 160

Gly Ala Val Arg lle Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
165 170 178

Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Pro He Lys

180 185 190
Thr Pro Leu Leu Asp Asp Leu Giu Gly Trp Glu Glu Met Met Ser Gin
195 200 205
Arg Thr Lys Thr Pro Met Gly His Hle Gly Giu Pro Asn Asp lie Ala
210 215 220

Trp lle Cys Val Tyr Leu Ala Ser Asp Giu Ser Lys Phe Ala Thr Gly

225 230 235 240

Ala Glu Phe Val val Asp Gly Gly Tyr Thr Ala Gin
245 250

<210> 79

<211> 759

<212> DNA

<213> Artificial Sequence

<220>
<223> Variant of L. kefir

<400> 79

atgacecgatc gictgaagig gaaagtagee atcgtaacecy gegggactet gggtatcggt 60
tiggeaaicg cogataaatlt igtagaggay ggtgcgaaag tagttattac tggtegteac 120
gcggaigiag gigaaaaggc cgocaaatca atcggeggea cigatgtial {ogcttigic 180
cagcacgaig caiccgatga ageaggelgg acgaaacigt tcgacaccac cgaggaggea 240
ticggecegy ttacgaccyt cgigaacaat goagggattg cagtitccaa sagegttgaa 300
gacactacca cggaggaatg gegtaaactg clgicegiia atciggatgg igittttitc 360
ggcaccegic tgageatica gogeatgaaa aataaagget tggycgctag catcatcaat 420
atgageagta tigagoggct cgtaggegal cogacgotgy gggcatacaa cgoticcaag 480
ggggeggtac gtatcatgic gaaaagegea gegetggatlt gogeacigaa gyaciacgat 540
gtgeglgica acacagtaca tcegggeoce alcaagacee egetgcicya tgateiggaa 600
ggtigggagy aaaigatgic acagegiacy aaaaccecta igggccacat tggegaaceg 660
aatgacatcg catggatcty tgigtacely geatctgacg aatcgaaatt tgcgacogg! 720
gcagaatlig tggicgacgg cggotatace geacagiga 759

«210> 80
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<211 252
<212> PRT
<213> Artificial Sequence

<220>
<223> Variznt of L. kefir

<400> 80
Met Thr Asp Arg Leu Lys Trp Lys Val Ala lle Val Tnr Giy Gly Thr
1 5 10 15
Leu Gy lle Gly Leu Aia lie Ala Asp Lys Phe Val Glu Glu Gly Ala
20 25 30
Lys Val Val lle Thr Gly Arg His Ala Asp Val Gly Giu Lys Ala Ala
35 AD 45
Lys Ser lle Gly Giy Thr Asp Val lie Arg Phe Val Gin His Asp Ala
50 55 80
Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Glu Ala

&85 70 75 a0

Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly lie Ala Val Ser
85 80 95

Lys Ser Val Glu Asp Thr Thr Thr Giu Glu Trp Arg Lys Leu Leu Ser

106 105 110
Val Asn Leu Asp Gly Vai Phe Phe Gly Thr Arg Leu Gly lle Gln Arg
115 120 125
Met Lys Asn Lys Giy Leu Gly Ala Ser lie lle Asn Mst Ser Ser e
130 135 140

Giu Gy Leu Val Gly Asp Pro Thr Leu Gly Ala Tyr Asn Ala Ser Lys

145 150 155 160

Gly Ala Val Arg lle Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
165 170 175

Lys Asp Tyr Asp Val Arg Vial Asn Thr Val His Pro Gly Pro ile Lys

180 185 190
Thr Pro Leu Leu Asp Asp Leu Glu Gly Trp Glu Glu Met Met Ser Gin
195 200 205
Arg Thr Lys Thr Pro Met Gly His lle Gly Glu Pro Asn Asp lle Ala
210 215 220

Trp lle Cys Val Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala Thr Gly

225 230 235 240

Ala Giu Phe Val Val Asp Gly Gly Tyr Thr Ala Gin
245 250

<210> 81

<211> 759

«<Z212> DNA

<213~ Artificial Sequence

<Z220>
<223> Variant of L. kefir

<400> 81

atgaccgate giclgaagey tagagtagee ategiaaccy gegggactel ggatatoggt 60
tiggeaatey cogataaatt tgtegaguag gglgcoasag tagtstiac tggicgtcac 120
geyggetgiag glgaaaagge cgecaaaica atoggeggea clgatgitat tegotitgic 180
cagcacgalg catccyatga ageaggctgg acgaaacta! {cgacaccac cgaggaggca 240
ttcggeoesgy Hacgacegt cgtgaacaat geagggatiy cagtticcaa aagogtigaa 300
gacactacca cggaggaalg gegtaaaciy ciglcegita atctggaigg igttittitc 360
ggcaccegic igggceattea gogeatgaaa aataaagget tgggogctag cateatcaat 420
atgagcagia ttgaggggct cgiaggegat cegacgeigg gggeatacaa cgattccaag 4680
g9ggcggtac giatcaigic gaaaagoyca gegeiggatt gogeactgaa ggactacgat 540
gtgcgigica acacagtaca iccgggecee atcaagacee cgelgcicga tgatciggaa 600
gottoggagg saatgatgic acagegiacg aaaaccecta tgggocacat tggogaaceg 660
aatgacaicg catggatctg tgtgtaccly geateigacg aatcgaaatt fgegacgggt 720
geagaatiig tggtcgacgy coogiatace goacagiga 759

<210> 82

<211> 252

<212> PRT

<213> Artificial Secuence

<220>
<Z23> Variant of L. kefi

<400> 82
Met Thr Asp Arg Leu Lys Arg Lys Val Ala lle Val Thr Giy Gly Thr
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1 5 10 15
Leu Gly lle Gly Leu Ala il Ala Asp Lys Phe Val Glu Glu Gly Ala
20 25 30
Lys Val Val lle Thr Gly Arg His Ala Asp Val Gly Giu Lys Ala Ala
35 40 45
Lys Ser lle Gy Gly Thr Asp Val lie Arg Phe Val Gin His Asp Ala
56 55 60
Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Glu Ala
85 70 75 80
Phe Gly Pro Val Thr Thr Val Val Asa Asn Ala Gly lle Ala Vat Ser
85 a0 95
Lys Ser Val Glu Asp Thr Thr Thr Glu Glu Trp Arg Lys Leu Leu Ser
100 105 110
Val Asn Leu Asp Gly Val Phe Phe Gly Thr Arg Leu Gy lle Gin Arg
115 120 125
Met Lys Asn Lys Gly Leu Gly Ala Ser lle lle Asn Met Ser Ser fie
130 135 140
Glu Gly Leu Val Giy Asp Pro Thr Leu Gly Ala Tyr Asn Alz Ser Lys
145 150 155 160
Giy Ala Val Arg lle Met Ser Lys Ser Ala Alz Leu Asp Cys Ala Leu
165 170 175
Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Giy Pro He Lys
180 185 180
Thr Pro Leu Leu Asp Asp Leu Giu Gly Trp Giu Glu Met Met Ser Gin
195 200 205
Arg Thr Lys Thr Pro Met Gly His lie Gly Glu Pro Asn Asp lie Ala

210 215 220
Trp lie Cys Val Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala Thr Giy
225 230 235 240
Ala Glu Phe Val Val Asp Gly Gly Tyr Thr Ala Gin

245 250

<210> 83
<211> 759
<212> GNA

<213> Artificial Sequence

<220>
<223> Variani of |, kefir

<480> 83

atgacegate gicigaagea taaagtagee ategtaaccy goggoacact ggatatcgot 60
itggcaateg ccgataaat! Wglagagyag ggtgegasag taghattac tggicgteac 120
goggatgtag gigasaagge cgecaaatca atcggoggcs ctgatgttat tegotitgie 180
cagcacgalg caicegatga ageagyclyy acgaaacigt tcgacaccac cgaggagges 240
ticggesege ttacgacegt cgtgaacaal geagggatit gegtttccaa aagcgttgaa 300
gacactacca cggagyaals gogtaaacty ciglecgita alctggaigy igtttitite 360
ggcaccegic igggeatica gegealgaaa aataaaggyct toggegetag catcatcast 420
atgagcagia figagggget cgtaticeat cogacgetgy gogeatacaa cgeticcaag 480
gggocggiac glatcatgte gaaaagegea gegetggait gogeacigaa ggactacgat 540
gtgcgtgtea acacagtaca tcogggecee ateaagacee cgeigetega tgatetggaa 600
gotigggagy aastgatgte acagegtacy saaaccecta tgggccacat iggogaacey 660
aafgacatcg catggatctg igigtaccty geatctgacy aatcgaaatt tgegacgogt 720
geagaatifg tggtegacgg cgggtatace geacagiga 759

<210> 84

<Z211> 252

<212> PRT

<213> Arlificial Seguence

<220
<223> Variant of L. kefir

<400> 84

Met Thr Asp Arg Leu Lys His Lys Vai Ala lle Val Thr Gly Gly Thr

1 5 10 15

Leu Gly lle Gly Leu Ala lte Ala Asp Lys Phe Val Glu Glu Gly Ala

20 25 30

Lys Val Val lle Thr Giy Arg His Ala Asp Val Gly Gis Lys Ala Ala
35 40 45

Lys Ser lle Gly Gly Thr Asp Val ile Arg Phe Val Gin His Asp Ala

50 55 80
Ser Asp Glu Ala Giy Trp Thr Lys Leu Phe Asp Thr Tir Glu Giu Ala
65 70 75 80
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Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly lie Cys Val Ser
85 a0 95
Lys Ser Val Giu Asp Thr Thr Thr Giu Giu Trp Arg Lys Leu Leu Ser
100 105 110
Val Asn Leu Asp Gly Val Phe Phe Gly Thr Arg Leu Gly fle Gin Arg
118 120 125
Met Lys Asn Lys Gly Leu Gly Afa Ser lle lie Asn Met Ser Ser lis
130 135 140
Giu Gly Leu Val Phe His Pro Thr Leu Gly Ata Tyr Asn Ala Ser Lys
145 150 155 160
Gly Ala Vai Arg fle Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
185 170 175
Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Pro lie Lys
180 185 180
Thr Pro Leu Leu Asp Asp Leu Glu Gly Trp Giu Glu Met Mat Ser Gin
195 200 208
Arg Thr Lys Thr Pro Met Gly His lle Giy Giu Pro Asn Asp lle Ala
210 215 220
Trp lle Cys Val Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala Thr Gy
225 230 235 240
Ala Glu Phe Val Val Asp Gly Gly Tyr Thr Al Gin
245 250

<210> 85

<211> 759

<212> DNA

<213> Arificial Seguence

<220>
<223> Variani of L. kefir

<400= 85

atgaccgatc gicigaagea taaagtagee atogtaaccy gegggacact gggtatoggt 60
ttggeaateg cogataaat! igtagaggag gotecgaaag taghtattac tggtegtcas 120
gcggatgiag gigaaaaggc cgecaaatea atcggeggcea clgatgttat icgcetitgte 180
cagcacgatg caiccgatga ageaggetgg acgasacigt togacaccac cgaggaggea 240
ticggeccgy ttacgaceyt cgtgaacaat goagggatty cagitactaa aagogittyaa 300
gacactacca cggaggaatg gegtaaacty cigicegtta atciggatgg tgtittigic 360
ggcacecgic tgggeatica gogeatgaaa aataaaggct tgggegetag catcatcaat 420
atgagcagia ttgagggyct cotaggogat cogacgotgy gggeatacas cgcliccaag 480
ggageggatac glaicaigic gaaaagegca gegetggatt gegeactgaa ggactacgat 540
gigcygigica acacagtaca tcogggeces atcaagacoe cgctgeicga tgatctggaa 600
ggltgggagg asalgatgic acagegtacy aaaaccecta tggyccacat iggegaacey 680
aatgacatcg caiggatety igigtaccty goatcigacy aatcgaaatt tgegacgggt 720
geagaatiiy iggicgacgo cgggiatace geacagiga 758

<210> 86

<211> 252

<212> PRT

<213> Artificial Seqguence

<220>
<223 Variant of L. kefir

<400> 86
Met Thr Asp Arg Leu Lys His Lys Val Ala lle Val Thr Gy Gy Thr
1 & 10 15
Leu Gly lle Gly Leu Ala lle Ala Asp Lys Phe Val Glu Glu Gly Ala
20 25 30
Lys Val Val lie Thr Gly Arg His Ala Asp Val Gly Giu Lys Ala Ala
35 40 45
Lys Ser lle Gy Gly Thr Asp Val Hie Arg Phe Val Gin His Asp Ala
50 55 60
Ser Asp Giu Ala Giy Trp Thr Lys Leu Phe Asp Thr Thr Glu Glu Ala
65 70 75 a0
Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly lie Ala Val Thr
85 &0 95
Lys Ser Val Glu Asp Thr Thr Thr Giu Glu Trp Arg Lys Leu Leu Ser
100 105 110
Val Agn Leu Asp Gly Val Phe Val Gly Thr Arg Leu Gly fle Gin Arg
115 120 125
Met Lys Asn Lys Gly Leu Giy Ala Ser lle lle Asn Met Ser Ser lie
130 135 140
Giu Gly Leu Val Gly Asp Pro Thr Leu Gly Aia Tyr Asn Ala Ser Lys
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145 150 155 160
Gly Ala Val Arg lle Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
185 170 175
Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Giy Pro lie Lys
180 185 180
Thr Pro Leu Leu Asp Asp Leu Glu Gly Trp Giu Glu Met Met Ser Gin
195 200 205
Arg Thr Lys Thr Pro Met Gly His lle Gly Glu Pro Asn Asp e Ala
210 218 220
Trp lie Cys Val Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala Thr Gly
225 230 235 240
Ala Giu Phe Val Val Asp Gly Gly Tyr Thr Ata Gin
245 250

<240> 87

<2%11> 759

<212> DNA

<213> Artificial Sequence

<220>
<223> Variant of L. kefir

<400> 87

atgaccgatc gicigaagea taaagtagece atcgtaaccg gegggacact gggtatcggt 60
tiggeaatcg cegataaatt tgtagagyag ggtgegaaag tagtattac tggtegicac 120
geggatgtay gigaaaagge cgecaaatca atcggeggcea ctgatgttat fcgoitigte 180
cagoacgatg catccgatga ageaggetlgg acgaaactyt fogacaccac cgaggaggcs 240
tteggeecgg ttacgacogt cgigaacaat goagggatty cagtitcogt gagegttgaa 300
gacaciacca cggaggaaty gogiaaactg clgicogita atciggatgg tgiittctic 360
ggcacccgic igggeatica gegoatgaaa aataaagoct tgogegetag catcatcaat 420
atgagcagia igagoggct cgtaggegat cegacoeigy gogeatacaa cgeticcaag 480
ggggcgotac gtatcatgic gaaaagegea gogetggatt gegeactgaa ggactacgat 540
gigcotgtca acacagtaca focgggecce atcaagacee cgctgetega tgatctogaa 600
ggltgggagg asalgatgic acagegtacy aaaaccecta tgggecacat tggcgaaccy B0
aatgacatcy catggatelg igtgiaccty goalcigacy aatcgaaatt tgcgacgggt 720
geagaatiig tggicgacgy coggtatace geacagiga

<210> 88

<214> 252

<212> PRT

<213= Arifficial Sequence

<220>

<223> Variant of L. kefir

<400> 88

et Thy Asp Arg Leu Lys His Lys Val Ala lle Val Thr Gy Giy Thr

1 10 15

Leu Gly lie Giy Leu Ala He Ala Asp Lys Phe Val Glu Giu Gly Ala
20 25 30

Lys Val Val ie Thr Gly Arg His Ala Asp Val Gly Glu Lys Ala Ala
35 40 45
Lys Ser lie Gly Gly Thr Asp Val lle Arg Phe Val Gin His Asp Ala
50 55 &0
Ser Asp Glu Ala Giy Trp Thr Lys Leu Phe Asp Thr Thr Giu Giu Ala
65 70 75 80
Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly lie Ala Val Ser
85 a0 a5
Val Ser Val Giu Asp Thr Thr Thr Glu Giu Trp Arg Lys Leu Leu Ser
100 105 110
Val Asn Leu Asp Gly Val Phe Phe Gly Thr Arg Leu Gly lie Gin Arg
1158 120 125
Met Lys Asn Lys Gly Leu Gly Ala Ser lie e Asn Met Ser Ser lle
130 135 140
Glu Gly Leu Val Gly Asp Pro Thr Leu Gly Ala Tyr Asn Ala Ser Lys
145 150 155 160
Gly Ala Val Arg lle Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
185 170 175
Lys Asp Tyr Asp Val Arg Val Asn Thr Vai His Pro Gly Pro Hie Lys
180 185 190
Thr Pre Leu Leu Asp Asp Leu Glu Gly Trp Glu Giu Met Met Ser Gin
195 200 205
Arg Thr Lys Thr Pro Met Gly His lle Giy Giu Pro Asn Asp lie Ala
210 215 220
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Trp lle Cys Val Tyr Leu Ala Ser Asp Giu Ser Lys Phe Ala Thr Giy

225 230 235 240

Ala Glu Phe Val Val Asp Gy Gly Tyr Thr Alz Gin
245 250

210> 89

<211> 758

<212> DNA

<213> Adificial Seguence

<220>
<223> Variant of L. kefir

<400> 8%

atgaccgatc gtelgaagea tasagtagee atcgtaacsg gegggacact gggtateggt 60
ttggoaatcg cogataaatt totagaggay uyigegaaag tagttatiac tggicgteac 120
gcggatgtag gtgaaaagge cguoaaalca atcggegges cigatgtiat tegettigte 180
cagcacgaty catccgalga agoagoctyg acyaaactgl (cgacaccac cgaggaggca 240
tteggocogy ttacgaccgt cgigaacaat goagggattg cagittceat gagegtigaa 300
gacactacca cggaggaaly gogtaaacty cigtcegita atciggatgg tgttttttc 360
ggcacecgic igggeatica gogeatgaaa aataaagget tgagegetag catcatcaat 420
atgagcagta ttgagggget cgtaggogat cogacgeigg gogeatacaa cgcticcaag 480
g9ggcggiac glatcatgic gaaaagogos gegetggat gyeyoacigaa ggaciacgat 540
gtgcgigtea acacagtace tecegggecce atcaagacss cgeigetoga tgatctggaa 600
ggattgggagg aaatgaigic acagegtacy aaaaccecta tgggecacat iggegaaccg 660
aatgacaicg catggatcly tgigtaccty geatctgacy aatcgaaatt igegacqggt 720
geagastily iggicgasgy cgggtatace geacagigs 758

<210= 80

<211> 252

<212> PRT

<213> Artificial Sequence

<220>
<223> Variant of L. kefir

<400> 90
Met Thr Asp Arg Leu Lys His Lys Val Ala e val Thr Gly Gly Thr
1 5 10 15
Leu Gly fle Gly Leu Ala fie Ala Asp Lys Phe Val Glu Giu Gly Ala
20 25 30
Lys ValVal lle Thr Gly Arg His Ala Asp Val Gy Glu Lys Ala Ala
35 40 45
Lys Ser lle Gly Gly Thr Asp Val lie Arg Phe Va! Gin His Asp Ala
50 55 60
Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Giu Ala

55 70 75 80

Phe Giy Pro Val Thr Thr Val Val Asn Asn Ala Gly lie Ala Val Ser
85 a0 85

Met Ser Val Glu Asp Thr Thr Thr Giu Giu Trp Arg Lys Leu Leu Ser

100 108 140
Val Asn Leu Asp Gly Val Phe Phe Gly Thr Arg Leu Giy lle Gin Arg
5 120 125
Met Lys Asn Lys Gly Leu Gly Ala Ser le Hie Asn Met Ser Ser lle
130 135 140

Glu Gly Leu Vat Gly Asp Pro Thr Leu Gly Ala Tyr Asn Ala Ser Lys

145 150 155 160

Gly Ala Val Arg lle Met Ser Lys Ser Ale Ala Leu Asp Cys Ala Leu
165 170 175

Lys Asp Tyr Asp Val Arg Val Asn Thr Va! His Pro Gly Pro fie Lys

180 185 180
Thr Pro Leu Leu Asp Asp Leu Glu Gly Trp Glu Glu Met Met Ser Gin
195 200 205
Arg Thr Lys Thr Pro Met Gly His e Giy Glu Pro Asn Asp He Ala
210 215 220

Trp He Cys Val Tyr Leu Ala Ser Asp Giu Ser Lys Phe Ala Thr Gly

225 230 235 240

Ala Glu Phe Val Val Asp Gly Gly Tyr Thr Ala Gin
245 250

<210> 91

<211> 758

<212> DNA
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<213> Astificial Sequence

<220
<223> Variant of L. kefir

<400> §1

atgaccgatc gictgaagea taaagtageoe stegtaaccg gegggacast gagtateggt 60
ttggeaatey cogataaatt igtagaggag gglucgaaag tagtattac tggicateac 120
geggatglag glgaaaagge cgccaaatoa ateggoggea clgatgttat iegettigte 180
tagcacgatg calcegalga ageaggelgy acgaaacigt tcgacaccas cgaggaggca 240
ttcggeceoy tiacgacegt cgtgaacaat geagggatty cagtticoae gagegtigaa 300
gacactacca cogaggaatg gogtaaactg clgicogtta aictggatyy tgittitte 360
ggcaceegic tgggceattca gogeatgaas aataaagyct tgggogctag catcatcaat 420
atgagcagia ttgagggget cytaggcgat cogacgelyy gggcatacaa cgoticcaag 480
ggggcggtac gtatcatgic gaaaagcogea gogetggatt gegeacigaa ggactacgat 540
gigegigica acacagtaca tecgggonos atcaagacse cgotgeicga igatciggaa 600
g9tigggagg asatgaiols acagegtacyg aaaaccecta igggocacat tggogaacey 660
aatgacatcy catggatotg tgigtaccty geatsigacy aategaaatt tgogacgggt 720
gcagaatttg tggtcgacgy coggtatace geacagiga 759

<210> 92

<211> 252

<212> PRY

<213> Artificial Seauence

<220=
<223> Variant of L. kefir

<400> 92
Mel Thr Asp Arg Leu Lys His Lys Val Ala lle Val Thr Gly Giy Thr
1 5 10 15
Leu Gly lie Gly Leu Ala lie Ala Asp Lys Phe Val Glu Glu Gly Ala
20 25 30
Lys Val Val lle Thr Gly Arg His Ala Asp Val Gly Glu Lys Ala Ala
35 40 45
Lys Ser lte Gly Gly Thr Asp Val lle Arg Phe Vai Gin His Asp Ala
50 55 80
Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Giu Ala

65 70 75 ac

Phe Gly Pro Vai Thr Thr Val Vai Asn Asn Ala Gly lle Ala Vai Ser
85 a0 g5

Thr Ser Val Glu Asp Thr Thr Thr Giv Glu Trp Arg Lys Leu Leu Ser

100 105 110
Vai Asn beu Asp Gly Val Phe Phe Gly Thr Arg Leu Gly lis Gin Arg
115 120 125
Met Lys Asn Lys Gly Leu Gly Ala Ser lle lle Asn Met Ser Ser lie
130 135 140

Giu Gly Leu Val Gly Asp Pre Thr Leu Giy Ala Tyr Asn Ala Ser Lys

145 150 158 160

Giy Afa Val Arg #le Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
185 170 175

Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Pro jle Lys

180 185 190
Thr Pro Leu Leu Asp Asp Leu Glu Gly Trp Glu Giu Met Met Ser Gin
195 200 205
Arg Thr Lys Thr Pro Met Gly His lie Gly Giu Pro Asn Asp He Ala
210 215 220

Trp lle Cys Val Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala Thr Gly

225 230 235 240

Ala Giu Phe Val Val Asp Gly Gly Tyr Thr Ala Gin
245 250

<210> 93

<211> 759

<212> DNA

<213> Artificial Seguence

<220>
<223= Varlant of i_. kefir

<400> 83

atgaccgate gictpaagea taaagiages atcgtaacoy gogggacact gggtateggt 60
tiggeaalcy cogataaat! igtagaggag gotgcgaaag tagttattac iggfegteas 120
geggaigiag gtgaaaagys cgccaaatca atcggcggca ctgatgiiat tegctitgic 180
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cagcacgatg catccgalga ageaggetgg acgaaactigt tcgacaccac cgaggaggea 240
tteggecege Hacgacegt cotgaacaat geagggatty cagiticeat cagegttgaa 300
gacactacca cggaggaaty gogtaaactg cigicegtta atciggatgg tgtitititc 360
ggcaccogtc tgggcatica gegeatgaaa aataaagget tagacyctag catcatcaat 420
atgagcagta ttgaggggct cgtaggogat cogacgetgy gggeatacaa cgcticcaag 480
gogagcggiac giatealgic gaaaagegca gogotggatt gogeactyaa ggactacgat 540
gigegtgica acacagiaca fccgggeece atcaagacce cgoigotegs igatciggaa 600
ggitaggegy aaaigatgic acagegtacy asaaccecta tgggecacat iggcgaaccy 660
aatgacaicq catggatciy igtgtaccty geatclgacy aatcgaaatt tgcgacgggi 720
goagaatitg iggicgacgg cggygtatace geacagiga

<210> 94

<211> 252

<212> PRT

<213> Artificial Sequence

<220=>
<223> Variant of L. kefir

<400> 94
Met Thr Asp Arg Leu Lys His Lys Vial Ala He Val Thr Gy Giy Thr
1 5 10 15
Leu Gly lie Gly Leu Ala lle Ala Asp Lys Phe Val Giu Glu Gly Ala
20 25 30
Lys Val Val lle Thr Gly Arg Bis Ala Asp Val Gly Glu Lys Ala Ala
35 40 45
Lys Ser lie Gly Gly Thr Asp Val lie Arg Phe Val Gin His Asp Ala
50 85 680
Ser Asp Glu Ala Giy Trp Thr Lys Leu Phe Asp Thr Thr Giu Glu Alz
85 70 75 80
Phe Gly Pro Val Thr Thr Val Vel Asn Asn Ala Gly lle Ala Val Ser
85 g0 95
fle Ser Val Giu Asp Thr Thr Thr Glu Giu Trp Arg Lys Leu Leu Ser
100 108 110
Val Asn Leu Asp Gly Val Phe Phe Gly Thr Arg Leu Gly lie Gin Arg
115 120 125
Met Lys Asn Lys Gly Leu Giy Al Ser lie e Asn Met Ser Ser lie
130 135 140
Giu Giy Leu Val Gly Asp Pro Thr Leu Gly Ala Tyr Asn Ala Ser Lys
145 150 155 180
Gly Ala Val Arg lle Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
165 170 175
Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Pro ile Lys
180 185 180
Thr Pro Leu Leu Asp Asp Leu Glu Gly Trp Glu Glu Met Met Ser Gin
195 200 205
Arg Thr Lys Thr Pro Met Gly His He Gly Glu Pro Asn Asp lle Alz
210 215 220
Tre lle Cys Val Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala Thr Gly
225 230 235 240
Ala Giu Phe Val Val Asp Gly Gly Tyr Thr Ala Gin
245 250

<210> 85

<211> 253

<212> PRT

<213> Artificial Sequence

<220>
<223> Engineered Ketoreductase Sequence Formula with L. brevis backbone
<223> Synthetic Construct

<220>

<221> MISC_FEATURE

<222> (7)..(7)

<223> Xaa is a polar, non-polar, acidic, aromatic, constrained, or basic residue

<220

<221> MISC_FEATURE
<222> (16).{16)

<223> Xaa is a polar residue

<220>
<221> MISC_FEATURE
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<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220=>
<22%>
<R22>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<Z220>
<221>
<222>
<223>

<220
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

<220>
<Z221>
<222>
<223>

<220>
<221>
222>
<223

<220
<221>
<222>
<223>

<220>
<Z221>
<Z222>

376247017
(43)..(43}
Xaa is a nonpolar or polar residus

MISC _FEATURE
(B0)..(80)
Xaa is an aromatic, non-polar, or aliphatic residue

MISC_FEATURE
{94)..{94}
Xaa is an aliphatic, non-poiar, or cysteine residue

MISC_FEATURE
(95)..(95)
Xaa is a non-polar or aliphatic residue

MISC_FEATURE
{96)..{96)
Xaa is an acidic or polar residue

MISC_FEATURE
(97)..(87)
Xaa is an basic, aliphatic, non-polar, or polar residue

MISC_FEATURE
{120)..(120)
Xaa Is aromatic, aliphatic, or non-poiar residus

MISC_FEATURE
(125)..(125}
Xaa is a polar or non-polar residue

MISC_FEATURE
{142).{142)
Xaa is a polar residue

MISC_FEATURE
{147)..(147)
Xaa is an aromatic, aliphatic, poiar, or non-polar residue

MISC_FEATURE
(149Y.(149)
Xaa is a pon-poiar or aromatic residue

MISC_FEATURE
(150)..{150)
Xaa is an acidic or constrained residue

MISC_FEATURE
{182).(152)
Xaa is a poiar or non-polar residue

MISC_FEATURE
{190)..(190}
Xaa is a non-gromatic residue

MISC_FEATURE
(196)..{196)
Xaa is an aliphatic, non-polar, or aromatic residue

MISC_FEATURE
(2020202
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<223> Xaa is an aromatic, non-polar, or aliphatic residue

<220=

<221> MISC_FEATURE

<222> {205)..(208)

<223> Xaa is a basic, nonpolar or aiiphatic residue

<220>

<221> MISC_FEATURE

<222> (Z0B)..(208)

<223> Xaa is an aromatic or non-polar residue

<400> 95
Met Ser Asn Arg Leu Asp Xaa Lys Vai Alz ile lle Thr Gly Gly Xaa
1 5 10 15
Leu Giy lie Gly Leu Ala fie Ala Thr Lys Phe Val Giu Glu Gly Ala
20 25 30
Lys Val Met lle Thr Gly Arg His Ser Asp Xaa Gly Giu Lys Ala Ala
35 40 45
Lys Ser Val Gly Thr Pre Asp Gin lie Gin Phe Xaa Gin His Asp Ser
50 55 60
Ser Asp Glu Asp Gly Tip Thr Lys Leu Phe Asp Ala Thr Giu Lys Ala
65 70 75 80
Phe Gly Pro Val Ser Thr Lew: Val Asn Asn Ala Gly lle Xaa Xaa Xea
85 a0 95
Xaa Ser Val Gl Glu Thr Thr Thr Ala Glu Trp Arg Lys Leu Leu Ala
100 108 110
Val Asn Leu Asp Gly Val Phe Xaa Gly Thr Arg Leu Xaa lle Gin Arg
115 120 1258
Met Lys Asn Lys Gly Leu Gly Ala Ser ile lle Asn Met Xaa Ser lie
130 138 140
Glu Gly Xaa Val Xaa Xaa Pro Xaa Leu Gly Ala Tyr Asn Ala Ser Lys
145 150 155 180
Gly Ala Val Arg lie Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
165 176 175
Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Xaa lis Lys
180 185 180
Thr Pro Leu Xaa Asp Asp Leu Pro Gly Xaa Glu Giu Xaa Xaa Ser Gin
195 200 205
Arg Thr Lys Thr Pro Met Gly His lie Giy Glu Pro Asn Asp lie Ala
210 215 220
Tyr lle Cys Val Tyr Leu Ala Ser Asn Glu Ser Lys Phe Ala Thr Giy
225 230 235 240
Ser Glu Phe Val Val Asp Gly Giy Tyr Thr Als Gin Ter
245 250

<210> 96

<214> 252

<212> PRT

<213> Artificial Sequence

<220>
<223> Engineered Ketoreductase Sequence Formula with L. kefir backbone
<223> Synthetic Construct

<220>

<221> MISC_FEATURE

<222 (73.(7)

<223> Xaa s a polar, non-polar, acidic, aromatic, constrained, or basic residus

<220

<2Z1> MISC_FEATURE
<222> {16)..{16)

<223> Xaa is a polar residue

<220>

<Z221> MISC_FEATURE

<222> (43}..(43)

<223> Xaa is a nonpolar or polar residue

<220>

<221> MISC_FEATURE

222> (60)..(60}

<223> Xaa is an aromatic, non-polar, or aliphatic residue
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<220>
<221>
<222>
<223>

<220>
<221>
<222>
<LE3=

<220>
<221>
<222>
<223=

<220>
<221>
<22
<223>

<220>
<221>
<222>
<223>

<220>
<Z221=
<222>
<223>

<220>
<221>
<222>
<223>»

<220~
<221>
<222>
<223>

<220>
<221
<222>
<223>

<220>
<221=
<222
<223>

<220>
<221>
222>
<223>

<220>
<221>
<222>
<223>

<220=
<221>
<222>
<223>

<220>
<221>
<222
<223>

<220>
<221>
<222
<223>

376247017

MISC_FEATURE
(94;..(84)
Aaa is an aliphatic, non-polar, or cysteine residue

MISC_FEATURE
(95)..(95)
Xaa is & non-polar or aliphatic residue

MISC_FEATURE
(96)..{96)
Xaa is an acidic or polar residue

MISC_FEATURE
{57}..487)
Xaa is an basic, aliphatic, non-polar, or polar residue

MISC FEATURE
(120)..(120)
Xaa is aromatic, aliphatic, or non-polar residue

MISC_FEATURE
(125)..(125)
Xaa is a polar or non-polar residus

MISC_FEATURE
(142)..(142)
Xaa is a polar residue

MISC_FEATURE
(147)..{147)
Xaa is an aromatic, aliphatic, polar, or non-polar residue

MISC_FEATURE
(149)..(149)
Xaa is a non-polar or aromatic residue

MISC_FEATURE
{150)..(150}
Xaa is an acidic or constrained residue

MISC_FEATURE
(152)..(152)
Xaa is a polar ot non-polar residue

MISC_FEATURE
(190}..(190)
Xaa s a non-aromatic residue

MISC_FEATURE
(196)..(198)
Xaa is an aliphatic, non-polar, or aromatic residue

MISC_FEATURE
(202).4202)
Xaais an aromatic, non-polar, or aliphatic residue

MISC_FEATURE
(205)..(205)
Xaa is a basic, nonpolar or aliphatic residue
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<220>
<221> MISC_FEATURE
<222> (208)..(208)
<223> Xaa is an aromatic or non-poiar residue

<400> 98
het Thr Asp Arg Leu Lys Xaa Lys Vat Ala lle Val Thr Gly Gly Xaa
1 5 10 15
Leu Gly lie Gly Leu Ala lle Ala Asp Lys Phe Val Giu Glu Gly Ala
20 25 30
Lys Val Val lie Thr Gly Arg His Aja Asp Xaa Gly Glu Lys Ala Ala
35 A0 45
Lys Ser lie Gly Gly Thr Asp Val lle Arg Phe Xaa Gin His Asp Ala
50 55 60
Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Giu Ala
&5 70 75 80
Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly lle Xaa Xaa Xaa
85 80 95
Xaa Ser Vel Glu Asp Thr Thr Thr Giu Giu Trp Arg Lys Leu Leu Ser
100 108 110
Val Asn Leu Asp Gly Val Phe Xaa Gly Thr Arg Leu Xaa lle Gin Arg
115 120 128
Met Lys Asn Lys Gly Leu Gly Ala Ser lie lle Asn Met Xaa Ser e
130 135 140
Glu Gly Xaa Val Xaa Xaa Pro Xaa Leu Giy Ala Tyr Asn Ala Ser Lys
145 150 155 160
Gly Ala Val Arg lle Met Ser Lys Ser Ala Ala Lau Asp Cys Ala Leu
165 170 178
Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Xaa lie Lys
180 185 150
Thr Pro Leu Xaa Asp Asp Leu Glu Gly Xaa Glu Glu Xaa Xaa Ser Gin
185 260 205
Arg Thr Lys Thr Pro Met Gly His lle Gly Gle Pro Asn Asp lie Ala
214 215 220
Trp lle Cys Val Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala Thr Gy
225 230 235 240
Ala Giu Phe Val Val Asp Gly Gly Tyr Thr Ala Gin
245 250

<210> 97

<211> 758

<212> DNA

<213> [actobacillus Minor

<400> 97

atgaccgaic ggtigaaggg gaaagtagca attgiaacty gegotacett gggaatigge 60
Hggecaatey clgataagit tgligaagaa ggegeaaagy tgttattac oggeogtcac 120
gctgaigtag glgaaaaage igecagaica atcggogocs cagacgttat coptttigic 180
caacacgatg clictgatga aaccggetgy actaagtigt tigatacgac tgaagaages 240
tttageccag ttaccacygt tgicaacaat gecggaatty cggicageas gagighgaa 300
gataccacaa cigaagaalg gegeaagety cictcagtta actiggatgg totcticttc 360
ggtaceeylc Higgaaicea acgtatgaay aataaaggac teggageate aateatoaat 420
atgtcatcta tcgaaggtt! gitggigat ceagetctys gtgcatacaa cgcticaaaa 480
ggtgctgica gaattaigte taaatcaget goctiggatt gogeltigaa ggactacgat 540
gitcggotta acactgtica iccaggttat atcaagacac catiggtiga cgatctigaa 600
ggggcagaag aaatgatgic acagoggace aagacaccaa igggicatat cggtgaacct 860
aacgatatcy cltggatetg tgtttacctg geatctgacy aatetaaatt tgocaciggt 720
gcagaaticg tigtcgacgg agggtacace geccaatay 759

<210> 98

<211> 252

<212> PRT

<213> Lactobacilius Minor

<400> 98
Met Thr Asp Arg Leu Lys Gly Lys Val Ala lle Val Thr Giy Gly Thr
1 5 10 15
Leu Gly lle Giy Leu Ala lle Ala Asp Lys Phe Val Glu Giu Gly Ala
20 25 30
Lys Vat Val lle Thr Gly Arg His Ala Asp Val Giy Glu Lys Ala Ala
35 40 45
Arg Ser lle Gly Gly Thr Asp Val lie Arg Phe Val Gin His Asp Ala
50 55 60
Ser Asp Glu Thr Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Giu Ala
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1) 70 75 &0

Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly lle Ala Val Ser
85 a0 g5

Lys Ser Val Glu Asp Thr Thr Thr Glu Giu Trp Arg Lys Leu Leu Ser

1066 105 110
Val Asn Leu Asp Gly Val Phe Phe Gly Thr Arg Leu Gly lle Gin Arg
115 120 125
Met Lys Asn Lys Gly Leu Gy Ala Ser e lle Asn Met Ser Ser ile
130 138 140

Giu Gy Phe Vai Giy Asp Pro Ala Leu Gly Ala Tyr Asn Ala Ser Lys

145 150 155 160

Gly Ala Val Arg lle Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
185 i70 175

Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Giy Tyr lle Lys
80 185 186

Thr F’ro Leu Val Asp Asp Leu Glu Gy Ala Glu Glu Met Met Ser Gin

185 200 205
Arg Thr Lys Thr Pro Met Gy His lle Gly Glu Pro Asn Asp lie Ala
210 215 220

Trp lie Cys Val Tyr Leu Als Ser Asp Giu Ser Lys Phe Ala Thr Gly

225 230 235 240

Ala Giu Phe Val Val Asp Gly Gly Tyr Thr Ala Gin
245 280

<210> 99

<21t 1011

<212> DNA

<Z13> Artificial Sequence

<220>
<223> SADH from C. parapsilosis

<400> 99

atgtcaatic catcaageca gtacggattc gtaticaata ageaaicagy actiaattig 50
agaaatgatt tgcoigicca caageccaaa gegggicast igitgtigaa agtigatget 120
gilugatigt gicatictga tttacatgic atttacgaag gotiggatty togtgataat 180
tatgicalgg gacatgaaat tgotggaact gitgetgetg tgogigatya tgtcatiaac 240
tacaaggity gtgatcgigt tgectgtotc guacccaaty gatgtgatgg gigcaagtat 360
tgtegtgotg coatigacaa 1glatgtaaa aacgeatity gigatigght cagattggeg 360
tacgatggty gotatcaaca glaciigiiy gitactagac cacgtaactt gictegiate 420
ccagataacy tatclgeaga cgtgoctgcg gettcaacty atgeigtatt gacaccatat 480
cacgeaaica agatggeica agtgicacca acticgaata ictigoliat iggtgctgg: 540
ggatigggtg gaaatgeaat tcaagttgee saggeattts gigegaaagt tacigttty 600
gacaaaaaaa aggaggclcg igaccaagcea aagaagtign gigcigatge agittatgaa 660
acatigeoay aatcoattic icctggetet thtcageat gitttgattt tgittcagig 720
caggctacat ttgatgtaty icagaagtat gttgaaccas agggigtaat tatgeeegig 780
ggactcggig ctectaailt ategtitaat tigggagatt tggcatioag agaaaticga 840
atcligggta olttttggog aactactaat gattiggaly atgititgaa atigoitagt 500
gaaggtaaag timaacceg! igtgagaagt gecaaatiga aggaatigee agagiatatt 960

gaazaaitga gaaacaatge tatgaaggt agaghigttt ttaatceata g 1011

<210= 100

<211> 336

<212> PRT

<213> Artificial Sequence

<220>

<223> SADH from C. parapsiiosis

<400> 100

Met Ser fie Pro Ser Ser G!n Tyr Gly Phe Val Phe Asn Lys Gin Ser

1 5 18

Gly Leu Asn Leu Arg Asn Asp Leu Pro Val His Lys Pro Lys Ala Gly

20 25 30

Gin Leu Leu Leu Lys Val Asp Ala Vat Gly Leu Cys His Ser Asp Leu

35 40 45

His Val ite Tyr Glu Gly Leu Asp Cys Gly Asp Asn Tyr Val Met Gly
50 55 60

His Giu fle Ala Giy Thr Val Ala Ala val G!y Asp Asp Val lle Asn

&85 70 75

TyrLys Val G y Asp Arg Val Ala Cys Val Gly Pro Asn Gy Cys Gly

a0 a5
Giy Cys Lys Tyr Cys Arg Gly Ala lie Asp Asn Val Cys Lys Asn Ala
100 108 110
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Phe Gly Asp Trp Phe Gly Leu Giy Tyr Asp Gly Gly Tyr Gin Gin Tyr
115 120
l.eu Leu Val Thr Arg Pro Arg Asn Leu Ser Arg lle Pro Asp Asn Val
130 135 140
Ser Ala Asp Val Ala Ala Ala Ser Thr Asp Ala Val Leu Thr Pro Tyr
145 150 155 1680
His Ala lie Lys Met Ala Gin Vai Ser Pro Thr Ser Asn lie Leu Ley
165 170 175
ke Gly Ala Gly Gly Leu Gly Giy Asn Ala lie Gin Val Ala Lys Ala
180 185 180
Phe Gly Ala Lys Val Thr Val Leu Asp Lys Lys Lys Glu Ala Arg Asp
185 200 205
Gin Alz Lys Lys Leu Gly Ala Asp Ala Val Tyr Glu Thr Leu Pro Giu
210 215 220
Ser lie Ser Pro Gly Ser Phe Ser Ala Cys Phe Asp Phe Val Ser Vai
225 230 235 240
Gin Ala Thr Phe Asp Val Cys Gln Lys Tyr Val Glu Pro Lys Gly Val
245 250 2585
He Met Pro Val Gly Leu Gly Ala Pro Asn LLeu Ser Phe Asnh Leu Gly
260 265 270
Asp Leu Ala Leu Arg Glu lle Arg lie Leu Gly Ser Phe Trp Gly Thr
275 280 285
Thr Asn Asp Leu Asp Asp Val Leu Lys Leu Val Ser Glu Gly Lys Val
290 285 Kisl]
Lys Pro Val Val Arg Ser Ala Lys Leu Lys Glu Leu Pro Giu Tyr lie

305 310 315 320

Giu Lys Leu Arg Asn Asn Als Tyr Giu Gly Arg Vai Val Phe Asn Pro
325 330 335

<210> 101

<211> 1041

<212> DNA

<213> Artificial Sequence

<220>
<223> Codon opiimized ADH from 8. coglicolor

<400=> 101

atgaaggceac tgeagiacey caccategge gececegecey aggtegteac coteccggac 60
Cegaagecgg gecccgacce gaigetgity aaggtgaccy cggecggagt cigecaciee 120
gacatcgegy igatgagelg gecegecgag ggcticcegt acgagetgee gotcacosic 180
ggccacgagg gegicggeac cgiggeegeg cteggegoog aggtgacgag getegecgag 240
ggcgacgegg tegeegigta cgggecctgg gootaegyca cotgegecaa gigageggag 300
ggcaaggaga actactgeet gegeucogac gagetgggea tcegiecget ggggoteggg 360
cgtocegggot coatggoepa gtaceigety atcgacgace cooygeacct ggtocegety 420
gacgggetcg acceggicge ggcaatgecg cicacegacg coggacigac goegtaceas 480
gogatcaage ggicgetgee caagelggic cocggeteca cogeogigyt catoggcace 540
ggtggteteg gecacgioge catccagety ctgegegece fgacyicege coggotggte 600
gcceiggacy toagegagga gaagelgcge clegeoyiy cgglgggeess geacgagycyg 660
gtgcigtegg acgogaagge cgoggacgeg gigegegaga icaccggeqyg tetegatgee 720
gaggecglgt tegacticgt cggegiggeg cocacegige agaccygeoygg agecgicgog 7680
geogicgage gegatgicac cotggtegge atcggeggey gategetgee cgteggcotic 840
ggeatgetge cgticgaggt gtoggteaac gooceetact ggageagecy cagogagaety 900
accgaggige tgaaccigge cogeteeggt geogiaicgy tgcacacega gacgtactee 960
ciggacgacy ceeogetoge clacgagegy clgeacgagy gcagggtcaa cggecgegeg 1620
gtgatecige cecacggcly 2

<210> 102
<211> 346
<212> PRT
<213> Artificial Sequence

<220
<223> ADH from S. coelicolor

<400> 102
Mez Lys Ala Leu Gin Tyr Arg Thr fte Gly Ala Pre Pro Giu Val Val
5 10 15
Thr Val Pro Asp Pro Glu Pro Gy Pro Gy Gin Val Leu Leu Lys Val
20 25 30
Thr Ala Ala Gly Val Cys His Ser Asp lie Ala Val Met Ser Trp Pro
35 40 45
Ala Glu Gly Phe Pro Tyr Glu Leu Pro Leu Thr Leu Gly His Glu Gly
50 55 60
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Val Gly Thr Val Ala Ala Leu Gly Ala Gly Vai Thr Giy Leu Ala Glu
B85 70 75 8G
Gly Asp Ala Val Ala Val Tyr Gly Pro Trp Gly Cys Gly Thr Cys Ala
85 90 g5
Lys Cys Ala Glu Gly Lys Glu Asn Tyr Cys Ley Arg Ala Asp Glu Leu
100 105 110
Gly lie Arg Pro Pro Gly Leu Gly Arg Pro Gly Ser Met Ala Glu Tyr
115 120 125
Leu Leu lle Asp Asp Pro Arg His L.eu Val Pro Leu Asp Gly Lau Asp
130 135 140
Pro Val Ala Ala Val Pro Leu Thr Asp Ala Gly Leu Thr Pro Tyr His
145 150 155 160
Aia lle Lys Arg Ser Leu Pro Lys Leu Val Pro Gly Ser Thr Ala Val
165 170 175
Val lie Gly Thr Gly Gly Leu Gly His Val Aia le Gla Leu Leu Arg
180 185 190
Ala Leu Thr Ser Ala Arg Val Val Ala Leu Asp Val Ser Glu Giu Lys
195 200 205
Leu Arg Leu Ala Arg Ala Val Gly Ala His Giu Ala Val Leu Ser Asp
210 215 220
Ala Lys Ala Ala Asp Ala Val Arg Glu lie Thr Gly Gly Leu Gy Ala
225 230 235 240
Giu Afa Val Phe Asp Phe Val Gly Val Ala Pro Thr Val GIn Thr Ala
245 250 258
Gly Ala Val Ala Ata Val Glu Gly Asp Val Thr Leu Va! Gly lle Gy
260 265 270
Gy Gly Ser Leu Pro Vai Gly Phe Gly Met Lau Pro Phe Glu Val Ser
275 280 285
Val Asn Ala Pro Tyr Trp Gly Ser Arg Ser Glu Leu Thr Glu Val Leu
290 295 300
Asn Leu Ala Arg Ser Gly Ala Val Ser Vai His Thr Giu Thr Tyr Ser

305 310 315 320
Leu Asp Asp Ala Pro Leu Ala Tyr Gli Arg Leu His Glu Gy Arg Val
325 330 335
Asn Gly Arg Ala Val lle Leu Pro His Gly
340 345
<210= 103
<211=> 1032
<212> DNA

<213> Artificial Sequence

<220>
<223> Codon optimized ADH from S. salmenicolor

<400> 103

atggcaaaga tegacaacge agiicigory gagggticte tggigctyy! caceggegey 80
aacggctitg tcgctageca wyiggicgaa caactgclgy sacacgycta taaggigege 120
ggcactgete getotgedtc caaactggey aacclycaga aacgiggga cgccaaatac 180
cetggicatt togagactge cotigiigas gacaigetga agcaggotge ataigaigaa 240
gttattaaag gegeggeagy tgicgoocac atcgegteey tagicagel tiotaacaaa 300
tatgatgagy tggtaacteo tgcgatogot ggcacgeigs afgeoctigog tgcogeaget 360
getacgectt cegigaaacy fitigtacty accageages cigliteige actgaticea 420
aaacctaacg fcgaaggtat ttatciggat gagaagaget ggaaccigga aageattgat 480
saggctaaaa cectgeciga atclgateeg cagaaaages igtggatcia cgocgeaage 540
agaacggaag cggaactgge igoctggaaa tteatggacg aaaacasacc goactttact 600
ctgaatgecg ticigecaaa ctacactate ggtaccalll tigacccaga aacceaatce 680
ggttccact! ceggeiggat gatgictetg tteaatggeg aagtaictes ggeactggeg 720
ctgatgccge cgeagtacta tgictciges gitgatateg gictgetgea cotgggtitgt 780
ciggttetge cgeaaaicga acgecgtegt gitacggea cogeaggeac ctitgatigg 840
aacaccgtic tggegacett cogtaaactg taicegtcea agacytices ggctgacttt 900
ccggatcagg gocaggatct giccaaatit gataccygece cgagecigga gaticigasa 960
tecetgggee gecelggety geglageate gaggaatceta teaaagatcet ggtggaties 1020
gagaccgeet aa 1632

<210> 104

<211> 343

<212> PRT

<213> Ariificial Sequence

<220>
<223> ADH from S. salmonicoior

<400> 104
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Mat Ala Lys lle Asp Asn Ala Val Leu Pro Glu Gly Ser Leu Val Leu
1 5 10 15
Val Thr Gly Ala Asn Gly Phe Vat Ala Ser His Val Val Giu Gin Leu
20 25 30
Leu Glu His Gly Tyr Lys Val Arg Gly Thr Ala Arg Ser Ala Ser Lys
35 40} 45
Leu Ala Asn Leu Gin Lys Arg Trp Asp Ala Lys Tyr Pro Gly Arg Phe
50 55 60
Giu Thr Ale Val Val Glu Asp Met Leu Lys Gln Giy Alz Tyr Asp Glu
&5 70 75 an
Val lie Lys Gly Ala Ala Gly Vai Ala His lie Ala Ser Val Val Ser
85 90 85
Phe Ser Asn Lys Tyr Asp Giu Va! Val Thr Pro Ala fie Gly Giy Thr
100 105 110
Leu Asn Ala Leu Arg Ala Ala Ala Ala Thr Pro Ser Val Lys Arg Phe
115 120 128
Val Leu Thr Ser Ser Thr Val Ser Ala Leu lle Pro Lys Pro Asn Val
130 135 140
Glu Giy lle Tyr Leu Asp Glu Lys Ser Trp Asn Leu Giu Ser lle Asp
145 150 155 160
Lys Ala Lys Thr Leu Pro Glu Ser Asp Pro Gin Lys Ser Leu Trp Val
165 170 175
Tyr Ala Ala Ser Lys Thr Giu Ala Giu Leu Ala Ala Trp Lvs Phe Met
180 185 180
Asp Glu Asn Lys Pro His Phe Thr Leu Asn Ala Val Leu Pro Asn Tyr
195 200 205
Thr lie Giy Thr lle Phe Asp Pro Giu Thr Gin Ser Giy Ser Thr Ser
210 215 220
Gly Trp Met Met Ser Leu Phe Asn Gly Giu Val Ser Pro Ala Leu Ala
225 230 235 240
Leu Met Pro Pro Gin Tyr Tyr Val Ser Ala Val Asp lle Gy Leu Leu
245 250 255
His Leu Gly Cys Leu Val Leu Pro Gin lie Glu Arg Arg Arg Val Tyr
280 285 270
Gly Thr Ala Gly Thr Phe Asp Trp Asn Thr Val Leu Ala Thr Phe Arg
275 280 285
Lys Leu Tyr Pro Ser Lys Thr Phe Pre Ala Asp Phe Pro Asp Gin Gly
280 285 300
Gln Asp Leu Ser Lys Phe Asp Thr Ala Pro Ser Leu Giu lle Leu Lys

308 310 315 320
Ser Leu Gly Arg Pro Gly Trp Arg Ser iie Glu Glu Ser lie Lys Asp
328 330 335
Leu Val Gly Ser Glu Thr Ala
340
<210> 105
<211> 1125
<212> DNA

<213> Artificial Sequence

<220>
<223> Codon optimized ADH from Horse Liver, E form

<400> 1058

algagcacag cagggaaagt aalfaaalgs aaageagetlg toctgtgsga ggasaagaza 60
ceattttces ttgaggaget goaggtegea coicegaagg coecatgaagt cogtattaag 120
atggtogeca cagggatctg tegetcagat gaccacgtgy tiagtgggac coiggicaca 180
cotofgecty tgategeagy ceatgaggea gotggeatty tggagageat cggggaagas 240
gtcactacag tacgtccagy igataaagtc aicceacigt ttactectea gtgtgggaaa 300
tgcogigitt glasacacee tgaaggeaac Hotgetiga aaaatgatct gageoatgoct 360
cgtgggacca tgcaggatgg taccagecegt teaceigec gigggaagec tatccaccac 420
ttcctgggea coageacett ctocoagtac accgiggtyg acgagatcie agiggecaag 480
atcgatgegy coteaceget ggagaaagtic tgicigatty gotgigogt totactggt 540
tatgggtcig cagicaaggt tgccaaggte acocagggcet coacctgige cgtoitigge 600
clggggggas tgggectigic ightatcaty ggctgtaaag cageegogge ggesegiate 880
attggoglay acatcaacaa agacaagiit goaaaggeca aagaaginyg igocactgag 720
tgtytcaace ctcaggacta caagaaacct afccaggagg tgctgacaga aatgageaat 780
gggggegigy attttcal! tgaagicatt ggicgtclgg acaccatygt gactgectty 840
teatgetgic aagaageata tggtatgage gicategtag gggtacctee fgaticecaa 900
aatcigicta igaatcctat ghigetgety agtgggeota cotggaaagg ggctatittt 960
ggiggtitta agagtaaaga ticigicect aaacigoigg cegattitat ggctaaaaag 1020
ittgeactyg atccitiaat cacceaigtt taccitity aaaazatiaa tgaaggglit 1080
gaccigeige getctgggga gagtateegt accatectga coitt 1125
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<210> 1086
<211> 375
<212> PRT
<213> Adtificial Seguence

<220
<223> ADH from Horse Liver, E form

<400> 106
Met Ser Thr Ala Gly Lys Val e Lys Cys Lys Ala Ala Val Leu Trp
1 5 10 15
Giu Giu Lys Lys Pro Phe Ser #le Glu Giu Val Glu Val Ala Pro Pro
20 25 30
Lys Ala His Glu Val Arg lle Lys Met Val Ala Thr Gly ile Cys Arg
35 40 45
Ser Asp Asp His Val Val Ser Gly Thr Leu Val Thr Pro Leu Pro Vat
50 55 80
e Aia Giy His Glu Ala Ala Gly lie Val Glu Ser lle Gly Glu Giy
65 70 75 80
Val Thr Thr Vai Arg Pro Gly Asp Lys Val iie Pro Leu Phe Thr Pro
a5 90 85
Gln Cys Giy Lys Cys Arg Val Cys Lys His Pro Glu Gly Asn Phe Cys
100 108 110
Leu Lys Asn Asp Leu Ser Met Pro Arg Gly Thr Met Gln Asp Gly Thr
115 120 125
Ser Arg Phe Thr Cys Arg Gly Lys Pro lie His His Phe Leu Gy Thr
130 135 140
Ser Thr Phe Ser Gin Tyr Thr Val Val Asp Giu lie Ser Val Ala Lys
145 150 155 160
lie Asp Ala Ala Ser Pro Leu Glu Lys Val Cys Leu lle Gly Cys Gily
185 170 175
Phe Ser Thr Gly Tyr Gy Ser Ala Vai Lys Vat Ala Lys Val Thr Gin
180 185 190
Gly Ser Thr Cys Ala Val Phe Gly Leu Gly Gly Val Gly Leu Ser val
195 200 205
Ie Met Gly Cys Lys Ala Ala Giy Ala Alz Arg lie lle Giy Val Asp
210 215 220
lle Asn Lys Asp Lys Phe Ala Lys Ala Lys Glu Val Gy Ala Thr Glu
225 230 235 240
Cys Val Asn Pro Gin Asp Tyr Lys Lys Pro lie Gin Giv Va! Leu Thr
245 250 255
Glu Met Ser Asn Gly Gly Val Asp Phe Ser Phe Glu Val lle Gly Arg
260 265 270
Leu Asp Thr Met Val Thr Ale Leu Ser Cys Cys Gin Glu Ala Tyr Gly
275 280 285
Val Ser Val lle Vai Gy Val Pro Pro Asp Ser Gin Asn Leu Ser Met
290 285 300
Asn Pro Met Leu Leu Leu Ser Giy Arg Thr Trp Lys Giy Ala lle Phe
305 310 315 320
Gly Giy Phe Lys Ser Lys Asp Ser Val Pro Lys Leu Val Ala Asp Phe
325

330 335
Met Afa Lys Lys Phe Ala Leu Asp Pro Leu fie Thr His Va! Leu Pro
340 345 350
Phe Giu Lys fie Asn Glu Gly Phe Asp Leu Leu Arg Ser Gly Glu Ser
355 360 365
Hle Arg Thr lie Leu Thr Phe
370 375
<210= 107
<211> 1056
<212> DNA

<213> Artificial Sequence

<220>
<223> Codon optimized ADH-TB from T brockii

<400> 107

atgaaaggct tegecatget gageateage aaagigogtt guatigasaa agaaaaaccy 80
gogocaggecs cgitcgaty aatigigege cotctggeag tagegocegty taccagegat 120
alicatacty totttgaagg tgeeattgge gagegicaca atatgatict gogoccatgaa 180
geegttgaty aagitgiigs ggttggeage gaagtgaagg atttcaaace gggogatege 240
gligicgiic cagegatiac cooggatigg cgcaccagey aagiceageg cggctaccat 360
cagcacicly goggcatgst goccggeigg aaaticagea atgiasagga togigighc 380
goigaaiitt itcacgttaa cgacgeagac atgaatolgg cgeaccigee gaaagaaate 420
cogotggaag cageggitat gattceggat atgaigacca cgggtitics cggegeagag 480
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ciggeggaca tigaactgag coctacggta geegtactgg geateggics ggtggaccia 540
aggceantly caggegetaa golgegegge geaggiogta tattgecgt tggtictege 600
ccggtgigly tggacgocge taagtatiat ggigeaacyy acattgicaa ttacaaggac 660
ggcocaatly aatcicagat catgaacsty acggaaggta aaggegiiga cgecgegatt 720
ategotggog goaacgeoga caicalggey accycagiia aaategicaa gocaggiggt 780
actaitgcta acgicaacta cticggegaa gotgaggice fgectgtece acgictggaa 840
tgggotiocy gtatggcace taaaaccalt aaaggigyed igigeccagy cggecgtety GO0
cgtatggaac geclgalcga ictggiolic tacaaacgeg tggatcctag caascigotg 960
actcacgtit tcogegyc! igataacatc gaaaaagcit Hatgaloat gaaagataaa 1020
cegaasagats tgattaaace ggtigleate cloget 1056

<210> 108

<211» 352

<212 PRT

<213> Artificial Seguence

<220>
<223> ADH-TB from T brockii

<400> 108
Met Lys Gly Phe Ala Met Leu Ser lle Gly Lys Val Giy Trp lle Glu
1 5 10 15
Lys Giu Lys Pro Ala Pro Gly Pro Phe Asp Ala lle Val Arg Pro Leu
20 25 30
Ala Val Ala Pro Cys Thr Ser Asp lle His Thr Val Phe Giu Gly Ala
35 40 45
lle Gly Glu Arg His Asn Met lle Leu Gly His Glu Ala Val Giy Glu
50 55 60
Val Val Glu Val Gy Ser Glu Val Lys Asp Phe Lys Pro Giy Asp Arg
65 70 75 80
Val Val Val Pro Ala ile Thr Pro Asp Trp Arg Thr Ser Giu Val Gin
85 80 85
Arg Gly Tyr His Gin His Ser Giy Gly Met Leu Ala Gy Trp Lys Phe
100 105 110
Ser Asn Val Lys Asp Gly Val Phe Gly Giu Phe Phe His Val Asn Asp
115 120 125
Ala Asp Met Asn Leu Ala His Leu Pro Lys Glu lle Pro Leu Giu Aia
130 135 140
Ala Val Met lie Pro Asp Met Met Thr Thr Gly Phe His Giy Ala Glu
145 150 185 160
Leu Ala Asp lie Glu Leu Gly Ala Thr Val Ala Val Leu Gly lle Gly
165 170 175
Pro Val Gly Leu Met Ala Val Ala Gly Ala Lys Leu Arg Gly Ala Gly
180 185 180
Arg He lle Aia Vai Gly Ser Arg Pro Val Cys Val Asp Ala Ala Lys
195 200 208
Tyr Tyr Gly Ala Thr Asp lie Val Asn Tyr Lys Asp Gly Pro lle Glu
210 215 220
Ser Gin e Met Asn Leu Thr Glu Gly Lys Gy Va! Asp Ala Ala lie
225 230 235 240
lie Ala Giy Gly Asn Aia Asp lie Met Ala Thr Ala Val Lys fle Val
245 250 255
Lys Pro Gly Gly Thr lle Ala Asn Val Asn Tyr Phe Gly Glu Gly Giu
260 285 270
Val Leu Pro Val Pro Arg Leu Giu Trp Gly Cys Gly Met Ala His Lys
275 280 285
Thr lie Lys Gly Gly Leu Cys Pro Gly Giy Arg Leu Arg Met Glu Arg
290 285 360
Leu tle Asp Leu Val Phe Tyr Lys Arg Val Asp Pro Ser Lys Leu Val

305 310 315 320
Thr His Vai Phe Arg Gly Phe Asp Asn lle Giu Lys Ala Phe Met Leu
325 330 335

et Lys Asp Lys Pro Lys Asp Leu lfe Lys Pro Val Vai lie Leu Ala
340 345 350

<21C> 109

<211> 939

<212> DNA

<213> Artificial Seguence

<220>
<223> YDL ADM from Saccharomyces carvisiae
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<400> 108
aigtcitlic accaacagtt ticacgely aacaacggea ataaaatcce ggegatiges 60
ateatcgoca ctggtacacy tggtataas astgaagasza cigacgegac ctictceaat 120
agictggity aacaaategt gtatgegite aaacigoegg gyattatcea catcgacges 180
gcggagattt ategeaceta cooggaagly ggisaageac fgleccigac cgaaaagect 240
cgtaacgega ttittctgac guataaatat fctccgeaga tiaaaaigag tgactcoect 300
geggacggic tggatitage atlgaagaaa atgggtacag attatgttga thataterg 360
facattcee cgtitgittc gasggaagty aatggcttaa gottagaaga gaotigoaza 420
gatatggagc agttatacas sagtgoiaaa golasazaacs toggggittc caatticgea 480
giggaagacs tgeaacgtat cotgaaagic golgaagtta aaccicaggt caaccagatt 540
gagtictolc cgtceigea aaaccaaace ceaggealtt ataaaticly toaggageac 500
gatatcctgg iggaagcata Hetecgely ggoccgelye agasgaaaac cgegoaggat 560
gacagccaac cattittiga glacgicaaa gaatigagey asaasiacat caaatcegag 720
geccagatca tectgegely goteactaaa cgoggtgtec tgocagttac cacctottea 780
aagecteage geatlagega tgctecagaac cigitttect tegascigac agoggaagag 840
gligatazaa tacggagct gggictggaa catgaacege tgegectata clggaataaa 900

tigtaiggca aatataacta cgecgeccay aaagigiaa 938
<210> 110
<211> 312
<212= PRT
<213> Artificial Sequence
<220>
<223> YDL ADH from Saccharomyces cervisiae
<400>= 110
Met Ser Phe His Gin Gin Phe Phe Thr Leu Asn Asn Gly Asn Lys fle
1 5 10 15
Pro Ala lle Ala lie fle Giy Thr Gly Thr Arg Trp Tyr Lys Asn Glu
20 25 30
Glu Thr Asp Ala Thr Phe Ser Asn Ser Leu Va! Glu Gin Hle Val Tyr
35 40 45

Ala Leu Lys Leu Pro Gly Hle le His lle Asp Ala Ala Glu ile Tyr
50 55 80
Arg Thr Tyr Pro Giu Val Gly Lys Ala Leu Ser Leu Thr Giu Lys Pro
65 70 75 80
Arg Asn Ala fie Phe Leu Thr Asp Lys Tyr Ser Pro Gin lle Lys Met
85 80 a5
Ser Asp Ser Pro Ala Asp Gly Leu Asp Leu Ala Leu Lys Lys Met Gly
100 105 110
Thr Asp Tyr Val Asp Leu Tyr Lau Leu His Ser Pro Phe Val Ser Lys
115 120 125
Glu Vai Asn Gly Leu Ser Leu Giu Glu Ala Trp Lys Asp Met Glu Gin
130 138 140
Leu Tyr Lys Ser Gly Lys Ala Lys Asn ile Gly Val Ser Asn Phe Ala
145 150 155 160
Val Giu Asp Leu Gin Arg Hie Leu Lys Val Ala Giu Val Lys Pro Gin
165 170 175
Val Asn Gin lle Glu Phe Ser Pro Phe Leu Gin Asnh Gin Thr Pro Gly
180 185 180
fie Tyr Lys Phe Cys Gin Glu His Asp lle Leu Val Glu Ala Tyr Ser
185 200 208
Pro Leu Gly Pro Leu Gin Lys Lys Thr Ala Gin Asp Asp Ser Gin Pro
210 215 220
Phe Phe Glu Tyr Val Lys Glu Leu Ser Glu Lys Tyr lie Lys Ser Giu
225 230 235 240
Ala Gin tle lle Leu Arg Trp Val Thr Lys Arg Gly Val Leu Pro val
245 250 255
Thr Thr Ser Ser Lys Pro Gin Arg lie Ser Asp Aia Gin Asn Leu Phe
260 265 270
Ser Phe Asp Leu Thr Ala Glu Glu Val Asp Lys lie Thr Glu Leu Gly
275 280 285
Leu Giu His Glu Pro Leu Arg Leu Tyr Trp Asn Lys Leu Tyr Gly Lys
240 295 300
Tyr Asn Tyr Ala Ala Gin Lys Val
305 310

<210> 111

<211> 1047

<212> [INA

<273> Arificial Seguence

<220>
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<223> ADH from Rhodecoceus erythropolis

<400> 111

atgaaagcea tteagiacac tegtatogot geggaaccay aactgaciga aateccgaag 60
ccggaaccgy gecegggega agtactgety gaagicacgg cagetggegt gigeeatice 120
gatgatitca aigtctet geeggaagaa cagtacacet acggeeiges getgaccotg 180
ggtcatgaag gigetgglaa agitgeoges gitgygcgaag gigttgaagg giiggatatt 240
ggcaccaatg tgoiigtgta cggcocatgy gotiglagea acigtiggea tgeagicag 300
ggcciggaga actatigele cogtgegeag gaactggaia tiascccgoe tggictaogt 360
getecggoyy ciiggeaga attiatgatt gicgacicac cacgicattt ggteoogatt 420
ggcgatitag acccighaa aacigticeg fgactgaty cgggectgac cocatacsat 480
geaatcagac gelcociges gaaacigoge ggeggetett atgeagtagt gatoggtacg 540
ggtggeetgg gecacgigys tatccaacty ctgegteatt fatotgetgs aacggtgate 500
gectiggacg ittotgocga taaaciggaa ciggctacea aagioggoge acatgaagia 660
gtcctgicty ataasgatge ageggagaat gigegiasaa tactggtay coaaggigea 720
getitggtot tggatitigt gggatateag cotaceatty acaccgecat ggeagiggeg 780
ggcgtggget ctgacgtcac catigligyt ateggtgaty gecaggeaca fgogaaagtt 840
ggttictice agagtectta tgaggeatey gtiacggtac cliatigggg cgotegiaat 800
gaacigatcg aatigatega tetggegeat getggtatit tegacatige cghigagace $60
tietetttgy ataatgotge agaggoctat cgtegectgg ctgcgggcac actgteagge 1020
coigeggtag togiccogag cotgtaa 1047

<210> 112

<211> 348

<212> PRT

<213> Astificial Sequence

<220>

<223> ADH from Rhodococous erythropolis

<400> 112

Met Lys Ala lle Gin Tyr Thr Arg lie Gly Ala Giu Pro Glu Leu Thr

1 5 10 15

Giu lie Pro Lys Pro Giu Pro Gly Pro Gly Glu Val Leu Leu Giu Val

20 25 3¢

Thr Ala Ala Gly Val Cys His Ser Asp Asp Phe lle Met Ser Leu Pro

35 40 45

Glu Glu Gin Tyr Thr Tyr Gly Leu Pro Leu Thr Leu Gly Mis Giu Giy
50 55 60
Ala Gly Lys Val Alz Ala Val Giy Glu Gly Val Giu Gly Leu Asp lie
85 70 75 80
Gly Thr Asn Val Val Va! Tyr Gly Pro Trp Gly Cys Gly Asn Cys Trp
85 a0
His Cys Ser Gin Gly Leu Giu Asn Tyr Cys Ser Arg Ala Gin Glu Leu
100 108 110
Gly lie Asn Pro Pro Gly Leu Gly Ala Pro Giy Ala Leu Ala Glu Phe
118 120 125
Met lie Val Asp Ser Pro Asg His Leu Val Pro He Gly Asp Leu Asp
130 135 140
Fre Val Lys Thr Val Pro Leu Thr Asp Ala Gly Leu Thr Pro Tyr His
145 150 155 180
i@ fie Lys Arg Ser Leu Pro Lys Leu Arg uly Gily Ser Tyr Ala Val
165 170
Val lle Gly Thr Gly Gly Leu Gy His Val Ala lie Gln Leu Leu Arg
180 185 180
His Leu Ser Ala Ala Thr Va! lle Ala Leu Asp Val Ser Ala Asp Lys
185 200 205
Leu Giu Leu Ala Thr Lys Vai Gly Ala His Glu Val Val Leu Ser Asp
210 215 220
Lys Asp Afa Ale Giu Asn Val Arg Lys lie Thr Gly Ser Gin Giy Ala
225 230 235 240
Ala Leu Val Leu Asp Phe Val Gly Tyr Gin Pre Thr lie Asp Thr Ata
245 250 255
Met Alz Vai Ala Gly Val Gly Ser Asp Val Thr lie Va! Gly lie Giy
260 285 270
Asp Gly Gin Ala His Ala Lys Val Gly Phe Phe Gin Ser Pro Tyr Giu
275 280 285
Ala Ser Val Thr Val Pro Tyr Trp Gly Ala Arg Asn Gu Leu le Giu
290 285 300
Leu He Asp Leu Ala His Ale Gly lle Phe Asp lle Ala Val Giu Thr
305 310 315 320
Phe Ser beu Asp Asn Gly Ala Giu Ala Tyr Arg Arg Leu Ala Ala Gly
325 330 335
Thr leu Ser Gly Arg Ala Vai Val Val Pro Gly Leu
340 345
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<210= 113

<211> 1047

<212> DNA

<213> Artificial Sequence

<220>
<223> YGL ADH from Saccharomyoces carvisiae

<400> 113

atgaccacgy aasasacogt agtgitcgly tcaggegega coggttitat tgcicigeac 80
giggtagaty acclgcigaa aactggttac aaagtaatig gitceggtog ficteaggaa 120
aaaaatgacy gitigctgaa gaagticaag tcoaaccega atclyagest ggaaatigly 180
gaagatattg cggcaccaaa cgecticgat aaagtalice agaaacaigy tasagaaat! 240
azagiggice tgcatatoge giecoogute catticaaca ctaccgatit cgaaaaagac 300
ttactgates cggcggtaaa cgglaccaaa totatttgg aageaaitaa gaactaigec 360
gcagacaccy tggaasaagl ggitetiact fcalcigily cogegtigge cictoogggt 420
gatalgasag ataccagelt cgtggtiaac gaagaaicct ggaataaaga caccigggaa 480
tegtgteagy cgaatgetgt gtcogettat tgcggticta saaaattege agagaaaacg 540
gcgtgggact ictiggaags aaaccagage agoatiaast taciciglc cacgattaac 500
coaggeticy fiitggtcs geagetghc geogaciest tgogeaatgy tattaacict 6580
agcagigega Hatlgegaa coiggtgicy tataaattag gggataactt ctacaaat 720
agegycccgt tatcgacgt cogigacgtt tceaaagele atctgotgge atttgagaas 780
coigaatgeg cegateageoy ootgtitcty tgegaggata igticigtic ccaggaagee 840
ctggacatic tgaacgaaga alliccacag clgaaggoea agatcgcaac gggegaacet 900
ggcagegget cgaccticet gastaaaaat tgtigcaaat gogacaalcy taaaactaaa 960
aactigetyg gettecagt! caacaaatic cycgactgea ttgicgatac tgogtoccag 1020
tigctggaag tycaaageaa sagetas 1047

<210> 114
<211> 348
<212> PRT
<213> Artificial Sequence

<220>
<223> YGL ADH from Saccharomyces cervisiae

<400> 114
Met Thr Thr Ghu Lys Thr Vai Val Phe Val Ser Gly Ala Thr Gly Phe
1 5 10 15
te Ala Leu His Val Val Asp Asp Leu Leu Lys Thr Giy Tyr Lys Val
20 25 30
lie Gly Ser Gly Arg Ser Gin Glu Lys Asn Asp Gy Leu Leu Lys Lys
35 40 45
Phe Lys Ser Asn Pro Asn Leu Ser Met Glu lie Val Glu Asp lie Ala
50 55 80
Ala Pro Asn Ala Phe Asp Lys Val Phe Gin Lys His Gly Lys Giu lie
65 70 75 80
Lys Val Va! [Leu His fle Ala Ser Pro Val His Phe Asn Thr Thr Asp
85 a0 95
Phe Giu Lys Asp Leu Leu lie Pro Ala Val Asn Gly Thr Lys Ser le
100 108 110
Leu Glu Ala Ye Lys Asn Tyr Ala Ala Asp Thr Val Glu Lys Val Val
115 120 125
He Thr Ser Ser Val Ala Ala Leu Ala Ser Pro Gly Asp Met Lys Asp
130 136 140
Thar Ser Phe Val Val Asn Glu Glu Ser Tro Asn Lys Asp Thr Trp Giu
145 150 155 180
Ser Cys Gin Ala Asn Ala Val Ser Ala Tyr Cys Gly Ser Lys Lys Phe
185 170 175
Afa Glu Lys Thr Ala Trp Asp Phe Leu Giu Glu Asn Gin Ser Ser ile
186 185 180
Lys Phe Thr Leu Ser Thr lle Asn Pro Gly Phe Val Phe Gly Pro Gin
1858 200 205
Leu Phe Ala Asp Ser Leu Arg Asn Gly lle Asn Ser Ser Ser Alz lle
210 215 220 .
lie Ala Asn Leu Val Ser Tyr Lys Leu Gly Asp Asn Phe Tyr Asn Tyr
225 230 235 240
Ser Gly Pro Phe lie Asp Val Arg Asp Val Ser Lys Ala His Leu Leu
245 250 255
Ala Phe Glu Lys Pro Glu Cys Ala Gly Gin Arg Leu Phe feu Cys Giu
260 265 270
Asp Met Phe Cys Ser Gin Giu Ala Leu Asp #e Leu Asn Glu Glu Phe
278 280 285
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Pro Gin Leu Lys Gly Lys ile Ala Thr Gly Glu Pro Gly Ser Gy Ser

290 285 300
Thr Phe Leu Thr Lys Asn Cys Cys Lys Cys Asp Asn Arg Lys Thr Lys
305 310 315 320
Asn Leu Leu Gly Phe Gin Phe Asn Lys Phe Arg Asp Cys lie Vat Asp
325 330 335
Thr Ala Ser Gin Leu Leu Git Va) Gin Ser Lys Ser
340 345
<210> 115
<211> 938
<Z212> DNA

<213> Artificial Sequence

<220>
<223> YPR ADH from Saccharomyces cervisiae

<400> 115

atgecgygcaa cgitaaasaa cagoagiget accttaaaat tasacacagyg tgcgagoatt 60
ceiglectag ggticggeac ctggegetct giegataaca acggetaica tagigtaatt 120
geggegetge aageggggta cogteataie gatgeigegy coatctatet gaatgaagaa 180
gaagtcggec gigegatcaa ggacteegyt gttectegty asgasatitt tattaccace 240
azaclgiggg goacogaaca acgegatcea gaageagocc tgaacaaate teigaaacgt 300
clgaatcigg actatgiaga cotgtately atgeactgge cggtecctct gaaaacagac 360
cgigtaacty acggtaacgt cotgtgeate cegaccctgg aagatggoac cgiggacate 420
gataccazag agiggaattt taltaaaace tgggaacigs tgcaggaatt geogaaaact 480
ggtaagacca aagecgiogy tgigtceaat tittccatea acaatatcaa agaacigety 540
gaatcgecas ataacaaggt cgitccagea accaatcaga fcgagatica ioogigetg 600
ccgcaggatg aaltaatcge clitigtaaa gaaaaaggea tigtggicga ageatatage 660
ceattegget cegclaacge coogeigoty aaagaacagg cgattatega tatggocaaa 720
aagcacggeg tcgaacegyo geaactgatt atcagetggt cgaticageg cggttatatg 780
gtatiggcca agteogtaaa tocggagegt ategigicga actiiaagat titaccely 840
ccagaggatg atttcaaaac catcictaac ctgagcaaag tgcacggtac casacgtgic 900

oftgacatga aatggogets atttocgatt ttcaataa 93¢

<Z210> 116

<214> 312

<212> PRT

<213> Artificial Seguence

<220>

<223> YPR ADH from Saccharomyces cervisias

<400> 1186

Met Pro Ala Thr Leu Lys Asn Ser Ser Ala Thr Leu Lys Leu Asn Thr

1 5 10 15

Gly Ala Ser lle Pro Val Leu Gly Phe Giy Thr Tr Arg Ser Val Asp

20 28 30

Asn Asn Gly Tyr His Ser Val lle Ala Aia Leu Lys Ala Gly Tyr Arg

35 40 45

His lle Asp Ala Alz Als lle Tyr Leu Asn Glu Glu Glu Val Giy Arg
50 85 60
Ala tie Lys Asp Ser Gly Val Pro Arg Giu Giu He Phe He Thr Thr
65 70 75 &0
Lys Leu Trp Gly Thr Giu Gin Arg Asp Pro Glu Ala Ala Leu Asn Lys
85 80 95
Ser Leu Lys Arg Leu Gly Leu Asp Tyr Val Asp Leu Tyr Leu Met His
100 105 110
Trp Pro Val Pro Leu Lys Thr Asp Arg Val Thr Asp Gly Asn Val Leu
115 120 125
Cys lle Pro Thr Leu Giu Asp Gly Thr Vat Asp lie Asp Thr Lys Giu
130 135 140
Trp Asn Phe lle Lys Thr Trp Ghu Leu Met Gin Giu Leu Pro Lys Thr
145 150 155 166G
Gly Lys Thr Lys Ala Val Gly Val Ser Asn Phe Ser lie Asn Asn lle
165 170 175
Lys Giu Leu Leu Glu Ser Pro Asn Asn Lys Val Va! Pro Ala Thr Asn
180 185 180
Gin lle Giu lie His Pro Leu Leu Pro Gin Asp Glu Leu ile Ala Phe
195 200 205
Cys Lys Glu Lys Gly lle Val Vai Glu Ala Tyr Ser Pro Phe Gly Ser
210 215 220
Ala Asn Ala Pro Leu Leu Lys Glu Gin Ala lle lle Asp Met Ala Lys
225 230 235 240
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Lys His Gly Val Glu Pro Ala Gin Leu lle lie Ser Trp Ser lle Gin

245 250 255
Arg Giy Tyr Val Val Leu Ala Lys Ser Vat Asn Pro Glu Arg ile Val
250 265 270

Ser Asn Phe Lys fle Phe Thr Leu Pro Glu Asp Asp Phe Lys Thr lle
275 280 285
Ser Asn Leu Ser Lys Val His Gly Thr Lys Arg Val Val Asp Met Lys
290 285 300
Trp Gly Ser Phe Pro lie Phe Gin
305 310

<210> 117

<21t> 1029

<212> DNA

<Z213> Arificial Sequence

<220>
<223> GRE ADH from Saccharomyces cervisiae

<400> 117

atgtctgtat togtaicagg coogaatggt itiattyelc agoacatcgt agatcigetg 60
clgaaagaag altacaaagt aatiggiice geacgticte aggaaaaagc tgaaaatity 120
accgaagect fcggtaacaa coogaaattt ageatggaag tggigectga tattagcaaa 180
ctggatgect icgateatgt attccagaan catggtaaag atattaaaat cgteetgeat 240
accgogiece cgittigltt cgatatiace gattccgaac gigacttact gatccoggeg 300
gtasacgglg tcaaagoial titgcacagt atiaagaaszt atgcogcaga cagogtogaa 360
cgcgtggltc tgacticate tiacgeegeg glatitgata iggcgaagga aaacgataag 420
agcctgacct teaacgaaga atcciggaat coggegace! ggoaategly tcagagigat 480
coggtgaacy ciatigegy fictagaaaa ficgeagaga sageagegty ggaaticltg 540
gaagaaaacc gigatagegt gaaatitgag clgacagogg tcaacceagt ttacgtitt 600
goiccgoaga tgitcgataa agatgitasa aaacactiga acaccagety cgaaciggig 660
aactciciga tgeatctgag coctyaagat aaaaticegy aacigttig cogttacaic 720
gacgtocgly acgtigogaa agoteatcty gitgeattic agaaacgtga aacaateggt 780
cagegoctga wogigicgga ggcacgitic acgatgeagg acgticigoa cattctgaac 840
gaagactitc cagtactgaa gggcaatatc cocggtegyca ageciggeag cggeaccace 900
cataatacic tgggegecac cotggacaat aaaaasagea aaaaatige! gggeticaaa 960
ttecgtaate tgaaagagac taligacgat acigegicee agatectgas attcgaaggt 1020
cgeattiaa 1028

<210> 118

<211> 342

<212= PRY

<213=> Artificial Sequence

<220=

<223> GRE ADH fram Saccharomyces cervisiae

<400> 118

Met Ser Val Phe Val Ser Gly Ala Asn Gly Phe lie Ala Gin His fe

1 5 10 15

Val Asp Leu Leu Leu Lys Glu Asp Tyr Lys Val lie Gy Ser Ala Arg

20 25 30

Ber Gin Glu Lys Ala Glu Asn Leu Thr Glu Ala Phe Gly Asn Asn Pro

35 40 45

Lys Phe Ser Met Giu Va! Val Pro Asp lle Ser Lys Leu Asp Ala Phe
53 55 60

Asp His Vai Phe Gin Lys His Gy Lys Asp lie Lys lle Val Leu His

85 70 75 80

Thr Ala Ser Pro Phe Cys Phe Asp lie Thr Asp Ser Glu Arg Asp Leu

85 90 95

Leu lle Pro Ala Val Asn Gly Val Lys Giy lle Leu His Ser lie Lys
100 108 110

Lys Tyr Ala Ala Asp Ser Val Giu Arg Val Val Leu Thr Ser Ser Tyr

115 120 125
Ala Ala Val Phe Asp Met Ala Lys Glu Asn Asp Lys Ser Leu Thr Phe
130 135 140

Asn Glu Gl Ser Trp Asn Pro Ala Thr Trp Giu Ser Cys Gin Ser Asp

145 150 1585 160

Pro Vai Asn Ala Tyr Cys Gly Ser Lys Lys Phe Ala Giu Lys Ala Ala

165 170 175

Trp Giu Phe Leu Glu Glu Asn Arg Asp Ser Val Lys Phe Glu Leu Thr
180 185 190

Ala Val Asn Pro Val Tyr Val Phe Gly Pro Gin Met Phe Asp Lys Asp

195 200 205
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Val Lys Lys His Leu Asn Thr Ser Cys Glu Leu Val Asn Ser Leu Met
210 215 22¢
His Leu Ser Pro Glu Asp Lys lie Pro Glu Leu Phe Gly Gly Tyr lle
225 230 235 240
Asp Val Arg Asp Val Ala Lys Ala His Leu Val Ala Phe Gin Lys Arg
245 250 255
Glu Thr fie Gly Gin Arg Leu lle Val Ser Giu Ala Arg Phe Thr Met
264 265 270
Gin Asp Val Leu Asp lle Leu Asn Giu Asp Phe Pro Vai Leu Lys Gly
275 280G 285
Asn lie Pro Val Gly Lys Pro Gly Ser Giy Ala Thr His Asn Thr Leu

280 285 300
Gly Ala Thr Leu Asp Asn Lys Lys Ser Lys Lys Leu Leu Gly Phe Lys
305 310 315 320
Phe Arg Asn Leu Lys Glu Thr lie Asp Asp Thr Ala Ser Gin lie Leu
325 330 335
Lys Phe Giu Gly Arg lle
340
<210> 119
<211> 252
<212> PRT

<213> Artificial Sequence

<220>
<223> Engineered Ketoreductase Sequence Formula with L. minor backbone
<223> Synthetic Construct

<220>

<22%> MISC_FEATURE
<222= (TV.(7)

<223> Xaa is a polar, non-poiar, acidic, aromatic, constrained, or basic residue

<220>

<227> MISC_FEATURE
<222> (16).018)

<223> Xaa is a polar residue

<220>

<221> MiSC_FEATURE

<222> (43)..(43)

<223> Xaa is a nonpotar or polsr residue

<220>

<221> MISC_FEATURE

<222> (B0).(60}

<223> Xaa is an arpmatic, non-polar, or aliphatic residue

<220>

<221> MISC_FEATURE

<222> (94)..(94)

<223> Xas s an aliphatic, non-polar, or oysteine residue

<220=>

<221> MISC_FEATURE

<222> (95)..(95)

<Z223> Xaais a non-polar or aliphatic residue

<220>

<221> MISC_FEATURE

<222> (96)..{96)

<223> Xaa is an acidic or polar residus

<220>

<221> MISC_FEATURE

<222> (97)..(97)

<223> Xaa is an basic, aliphatic, non-poiar, or polar residue

<220>

<221> MISC_FEATURE

<222 (120)..(120)

<223> Xaals aromatic, aliphatic, or non-polar residue

<220>
<221> MISC_FEATURE
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<222> {125)..(125)
<223> Xaais a polar or non-polar residue

<220>

<221> MISC_FEATURE
<222> (142}.{142)

<223> Xaa is a polar residue

<220>

<221> MISC_FEATURE

<222> {(147)..(147)

<223> Xaa is an aromatic, aliphatic, polar, or non-polar residue

<220>

<221> MISC_FEATURE

<222> (149)..(149)

<223> Xaa is & non-polar or aromatic residue

<220>

<221> MISC_FEATURE

<222> {150)..(150)

<223> Xaa is an acidic or constrained residue

<220>

<221> MISC_FEATURE

<222> (152)..(152)

<223> Xaais a polar or non-polar residue

<220>

<221> MISC_FEATURE

<222> {190}, (190}

<223> Xaa is a non-aromatic residue

<220>

<221> MISC_FEATURE

<222> (196)..(196)

<223> Xaa is an aliphatic, non-polar, or aromatic residue

<220>

<221> MISC_FEATURE

<222% (202)..(202)

<223> Xaais an aromaiic, non-poiar, or afiphatic residue

<220>

<221> MiSC_FEATURE

<222> (2051 (205)

<223> Xaa i$ a basic, nonpelar or aliphatic residue

<220>

<221> MISC_FEATURE

<222> (208)..(208)

<223> Xaa is an aromalic or non-polar residue

<400> 118

Met Thr Asp Arg Leu Lys Xaa Lys Val Ala le Val Thr Gly Gly Xaa

1 5 10 15

Leu Gly fie Gly Leu Ala ile Ala Asp Lys Phe Val Glu Glu Gly Ala
20 25 30

Lys Val Val fie Thir Gly Arg His Ala Asp Xaa Gly Giu Lys Ala Ala

35 40 45
Arg Ser ile Giy Gy Thr Asp Val lle Arg Phe Xaa Gin His Asp Ala
50 55 80

Ser Asp Glu Thr Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Glu Ala

65 70 75 a0

Phe Gly Pre Val Thr Thr Val Val Asn Asn Ala Giy lle Xaa Xaa Xaa

85 90 95

Xaa Ser Val Glu Asp Thr Thr Thr Gl Giu Trp Arg Lys Leu Leu Ser
100 105 110

Val Asn Lau Asp Gly Val Phe Xaa Gly Thr Arg Leu Xaz lie Gin Arg

115 120 125
Met Lys Asn Lys Gly Leu Gly Ala Ser lle lie Asn Met Xaa Ser e
130G 135 140

Glu Gly Xaa Val Xaa Xaa Pro Xaa Leu Gly Ala Tyr Asn Ala Ser Lys

145 150 1585 180

Gly Ala Val Arg lle Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Ley

165 170 175
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Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Xaa lie Lys
180 185 180
Tar Pro Leu Xaa Asp Asp Leu Glu Gy Xaa Glu Giu Xaa Xaa Ser Gin
195 200 205
Arg Thr Lys Thr Pro Met Giy His lle Gly Glu Pro Asn Asp lis Ala
210 215 220
Trp lle Cys Val Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala Thr Gly
225 230 235 240
Ala Glu Phe Val Val Asp Gly Giy Tyr Thr Ala Gin
245 250
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