
KETOREDUCTASE POLYPEPTIDES AND USES THEREOF 1. CROSS
REFERENCES TO RELATED APPLICATIONS [0001] This
application claims benefit under 35 U S C  119(e) of
application Sepal No. 60/976,345, filed September 28,
2007, the contents of which are incorporated herein by
reference 2 . REFERENCE TO SEQUENCE LISTING, TABLE OR
COMPUTER PROGRAM [0002] The Sequence Listing
concurrently submitted herewith under 37 C F R 1 821
in a computer readable form (CRF) via EFS-Web as file
name 376247-018 txt is herein incorporated by
reference The electronic copy of the Sequence Listing
was created on September 28, 2008, with a file size of
254 Kbytes 3. BACKGROUND [0003] 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
prostereoisome p c ketone substrate or from the
corresponding racemic aldehyde substrate KREDs
typically convert a ketone or aldehyde to the
corresponding alcohol product, but may also catalyze
the reverse reaction, oxidation of an alcohol
substrate to the corresponding ketone/aldehyde
product. The reduction of ketones and aldehydes and
the oxidation of alcohols by enzymes such as KRED
requires a co-factor, most commonly reduced
nicotinamide adenine dmucleotide (NADH) or reduced
nicotinamide adenine dmucleotide phosphate (NADPH),
and nicotinamide adenine dmucleotide (NAD) or
nicotinamide adenine dmucleotide phosphate (NADP) for
the oxidation reaction NADH and NADPH serve as
electron donors, while NAD and NADP serve as electron
acceptors It is frequently observed that
ketoreductases and alcohol dehydrogenases accept
either the phosphorylated or the nonphosphorylated
co-factor (in its oxidized and reduced state). [0004]
KRED enzymes can be found in a wide range of bactepa
and yeasts (for reviews, see Kraus and Waldman, 1995,
Enzyme catalysis in organic synthesis, VoIs. 1&2 VCH
Weinheim; Faber, K , Biotransformations in organic
chemistry, 4th Ed Sppnger, Berlin Heidelberg New York
2000, and Hummel and KuIa, 1989, Eur. J Biochem. 184
1-13). Several KRED gene and enzyme sequences have
been reported, e g , Candida magnohae (Genbank Ace No
JC7338, GI. 11360538) Candida parapsilosis (Genbank
Ace No BAA24528.1, GI 2815409), Sporobolomyces
salmonicolor (Genbank Ace. No AF160799, GI
6539734)[0005] In order to circumvent many chemical
synthetic procedures for the production of key
compounds, ketoreductases are being increasingly
employed for the enzymatic conversion of different
keto and aldehyde substrates to chiral alcohol
products. These applications can employ whole cells
expressing the ketoreductase for biocatalytic ketone
reductions, or use purified enzymes in those instances
where presence of multiple ketoreductases in whole
cells would adversely affect the stereopurity and
yield of the desired product. For in vitro
applications, a co-factor (NADH or NADPH) regenerating
enzyme such as glucose dehydrogenase (GDH), formate
dehydrogenase etc. is used in conjunction with the
ketoreductase. Examples using ketoreductases to
generate useful chemical compounds include asymmetric
reduction of 4-chloroacetoacetate esters (Zhou, 1983,
J. Am. Chem. Soc. 105:5925-5926; Santaniello, J. Chem.
Res. (S) 1984:132-133; US Patent No. 5,559,030; US
Patent No. 5,700,670 and US Patent No. 5,891,685),
reduction of dioxocarboxylic acids (e.g., US Patent
No. 6,399,339), reduction of tert-butyl (S)
chloro-5-hydroxy-3-oxohexanoate (e.g., US Patent No.
6,645,746 and WO 01/40450), reduction
pyrrolotriazine-based compounds (e.g., US application
No. 2006/0286646); reduction of substituted
acetophenones (e.g., US Patent No. 6,800,477); and
reduction of ketothiolanes (WO 2005/054491). [0006] It
is desirable to identify other ketoreductase enzymes
that can be used to carryout conversion of various
keto and aldehyde substrates to its corresponding
chiral alcohol products. 4 . SUMMARY [0007] In one
aspect, the present disclosure provides ketoreductase
polypeptides that are capable of reducing or
converting 2-[3-[3-[2-(7-chloro-2-quinolinyl) ethenyl]
phenyl]-3-oxopropyl] benzoic acid methyl ester ("the
substrate") to (S,E)-methyl
2-(3-(3-(2-(7-chloroquinolin-2-yl)vinyl)phenyl)-3-
hydroxypropyl)benzoate ("the product"),
polynucleotides encoding such polypeptides, and
methods for using the polypeptides. By comparison,
naturally occurring ketoreductases do not display
significant activity in reducing or converting the
specific ketone substrate to the corresponding alcohol
product. [0008] The engineered ketoreductase
polypeptides of the disclosure are derived from
Lactobacillus species ketoreductase. As such, in some
embodiments, the engineered ketoreductase polypeptides
of the disclosure have an increased activity in
converting the specific ketone substrate to the
corresponding alcohol product as compared to the
naturally-occurring wild-type ketoreductase enzymes
obtained from Lactobacillus sp., e.g., Lactobacillus
kefir ("L. kefir"; SEQ ID NO:4), Lactobacillus brevis
("L. brevis"; SEQ ID NO:2), and Lactobacillus minor
("L. minor", SEQ ID NO: 114). In some embodiments, the
engineered ketoreductases have, as compared to the
sequences of SEQ ID NO:2, 4, or 114, at least the
following features: (1) residue corresponding to
position 190 (i.e., Xl 90) is a constrained residue,
and (2) residue corresponding to position 202 (i.e.
X202) is anaromatic residue. In some embodiments, the
ketoreductases of the disclosure have, as compared to
the sequences of SEQ ID NO:2, 4, or 114, at least the
following features: (1) residue corresponding to
position 190 (i.e., X 190) is a constrained residue;
(2) residue corresponding to position 195 (i.e., Xl
95) is a basic, acidic, non-polar or polar residue;
and (3) residue corresponding to position 202 (X202)
is an aromatic residue. [0009] In addition to the
features described above, the ketoreductases can have
one or more residue differences at other residue
positions as compared to the sequences of SEQ ID NO:2,
4, or 114. In some embodiments, the ketoreductase
polypeptides herein comprise an amino acid sequence
that is at least about 80%, 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or
more identical to a reference sequence based on SEQ ID
NO: 2, 4 or 114 having the following features: residue
corresponding to Xl 90 is a constrained residue,
particularly proline; and residue corresponding to
X202 is an aromatic residue, particularly tryptophan;
with the proviso that the ketoreductase polypeptide
has at least the preceding features, i.e., residue
corresponding to Xl 90 is a constrained residue; and
residue corresponding to X202 is an aromatic residue.
In some embodiments, the ketoreductase polypeptide has
at least the following features: residue corresponding
to Xl 90 is proline; and the residue corresponding to
X202 is tryptophan. [0010] In some embodiments, the
ketoreductase polypeptides herein comprise an amino
acid sequence that is at least about 80%, 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99% or more identical to a reference sequence
based on SEQ ID NO: 2, 4 or 114 having the following
features: residue corresponding to Xl 90 is a
constrained residue, particularly proline; residue
corresponding to Xl 95 is a basic, acidic, non-polar
or polar residue, particularly proline, arginine,
lysine, aspartic acid, or asparagine; and residue
corresponding to X202 is an aromatic residue,
particularly tryptophan; with the proviso that the
ketoreductase polypeptide has at least the preceding
features, i.e., residue corresponding to Xl 90 is a
constrained residue; residue corresponding to Xl 95 is
a basic, acidic, non-polar or polar residue; and
residue corresponding to X202 is an aromatic residue.
In some embodiments, the ketoreductase polypeptide has
at least the following features: residue corresponding
to X190 is proline; the residue corresponding to X195
is proline, arginine, lysine, aspartic acid, or
asparagine; and the residue corresponding to X202 is
tryptophan. [0011] In some embodiments, such as where
the improved property is from a single residue
difference or a specific combination of residue
differences, the engineered ketoreductases may
optionally include one or more conservative residue
differences at other positions in the polypeptide as
compared to the reference sequence. In some
embodiments, the additional residue differences at
other residue positions can be incorporated to produce
further improvements in enzyme properties.These
improvements can be further increases in enzymatic
activity for the defined substrate, but can also
include increases in stereoselectivity,
thermostability, solvent stability, and/or reduced
product inhibition. Various residue differences that
can result in one or more improved enzyme properties
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: 111, 112 and 139, or a region
thereof, such as residues corresponding to residues 90
to 2 11. SEQ ID NO: 112 is based on the wild-type
amino acid sequence of the L. kefir ketoreductase (SEQ
ID NO:4); SEQ ID NO: 111 is based on the wild-type
amino acid sequence of the L. brevis ketoreductase
(SEQ ID NO:2); and SEQ ID NO: 139 is based on the
wild-type amino acid sequence of the L. minor
ketoreductase (SEQ ID NO: 114). The sequence formulas
specify that residue corresponding to X190 is a
constrained residue; residue corresponding to X 195 is
a basic, acidic, non-polar or polar residue; and
residue corresponding to X202 is an aromatic residue.
The sequence formulas further specify features at
other residue positions, as provided in the detailed
description. [0012] In some embodiments, the
ketoreductase polypeptides of the disclosure are
improved as compared to SEQ ID NO:2, 4, or 114 with
respect to their rate of enzymatic activity, i.e.,
their rate of converting the substrate to the product.
The amount of the improvement can range from 1.5 times
(or fold) the enzymatic activity of the corresponding
wild-type or reference ketoreductase enzyme, to as
much as 2 times, 5 times, 10 times, 20 times, 25
times, 50 times, 75 times, 100 times, or more. In some
embodiments, the ketoreductase polypeptides are
capable of converting the substrate to the product at
a rate that is at least 5-fold, 10-fold, 25-fold,
50-fold, 75-fold, 100-fold, 150-fold, 200-fold,
250-fold, 300-fold, 500-fold, or 1000-fold over the
rate displayed by the polypeptide of SEQ ID NO:4 or
SEQ ID NO:90. [0013] In some embodiments, the
engineered ketoreductase polypeptides are capable of
converting the substrate
2-[3-[3-[2-(7-chloro-2-quinolinyl) ethenyl] phenyl]
-3-oxopropyl] benzoic acid methyl ester to the product
(S,E)-methyl
2-(3-(3-(2-(7-chloroquinolin-2-yl)vinyl)phenyl)-3-
hydroxypropyl)benzoate, at a rate that is improved
over a reference polypeptide having the amino acid
sequence of SEQ ID NO: 90 and capable of converting
the substrate to the product with a percent
stereomeric excess of at least about 95%. Exemplary
polypeptides with such properties include, but are not
limited to, polypeptides which comprise an amino acid
sequence corresponding to SEQ ID NO: 6, 8, 10, 12, 14,
16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40,
42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66,
68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 88, 92, 94,
96, 98, 100, 102, 104, 106, 108, and 110. [0014] In
some embodiments, the ketoreductase polypeptides are
also capable of converting the substrate to the
product with a percent stereomeric excess of at least
about 99%. Exemplarypolypeptides with such properties
include, but are not limited to, polypeptides which
comprise an amino acid sequence corresponding to SEQ
ID NO: 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28,
30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54,
56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80,
82, 84, 86, 88, 92, 94, 96, 98, 100, 102, 104, 106,
108, and 110. Because the reference polypeptide having
the amino acid sequence of SEQ ID NO:90 is capable of
converting the substrate to the product at a rate (for
example, 10-20% of 1 g/L substrate converted to
product in 24 hours with about 10 g/L of the KRED) and
with a steroselectivity (99% stereomeric excess) that
is improved over wild-type (SEQ ID NO:4), the
polypeptides herein that are improved over SEQ ID
NO:90 are also improved over wildtype. [0015] In some
embodiments, the ketoreductase polypeptides are
capable of converting the substrate
2-[3-[3-[2-(7-chloro-2-quinolinyl) ethenyl] phenyl]
-3-oxopropyl] benzoic acid methyl ester to the product
(S,E)-methyl
2-(3-(3-(2-(7-chloroquinolin-2-yl)vinyl)phenyl)-3-hydr
oxypropyl)benzoate, with a percent stereomeric excess
of at least about 99% and at a rate that is at least
1-50 fold improved over a reference polypeptide having
the amino acid sequence of SEQ ID NO: 90. Exemplary
polypeptides with such properties include, but are not
limited to, polypeptides which comprise an amino acid
sequence corresponding to SEQ ID NO: 42, 44, 46, 48,
86, 88, 92, 94, 96, 100 or 102. [0016] In some
embodiments, the ketoreductase polypeptides are
capable of converting the substrate
2-[3-[3-[2-(7-chloro-2-quinolinyl) ethenyl] phenyl]
-3-oxopropyl] benzoic acid methyl ester to the product
(S,E)-methyl
2-(3-(3-(2-(7-chloroquinolin-2-yl)vinyl)phenyl)-3-hydr
oxypropyl)benzoate, with a percent stereomeric excess
of at least about 99% and at a rate that is at least
50-250 fold improved over a reference polypeptide
having the amino acid sequence of SEQ ID NO: 90.
Exemplary polypeptides with such properties include,
but are not limited to, polypeptides which comprise an
amino acid sequence corresponding to SEQ ID NO: 10,
32, 34, 36, 50, 64, 66, 68, 70, 72, 74, 76, 78, 80,
82, 84, 98, 104, 106, and 108. [0017] In some
embodiments, the ketoreductase polypeptide is capable
of converting the substrate 2-
[3-[3-[2-(7-chloro-2-quinolinyl) ethenyl]
phenyl]-3-oxopropyl] benzoic acid methyl ester to the
product (S,E)-methyl
2-(3-(3-(2-(7-chloroquinolin-2-yl)vinyl)phenyl)-3-hydr
oxypropyl)benzoate, with a percent stereomeric excess
of at least about 99% and at a rate that is at least
250-1000 fold improved over a reference polypeptide
having the amino acid sequence of SEQ ID NO: 90.
Exemplary polypeptides with such properties include,
but are not limited to, polypeptides which comprise an
amino acid sequence corresponding to SEQ ID NO: 12,
18, 22, 24, 26, 28, 30, 38, 40, 52, 54, 56, 58, 60,
62, and 110. [0018] In some embodiments, the invention
provides a ketoreductase polypeptide capable of
converting the substrate
2-[3-[3-[2-(7-chloro-2-quinolinyl) ethenyl]
phenyl]-3-oxopropyl] benzoicacid methyl ester to the
product (S,E)-methyl
2-(3-(3-(2-(7-chloroquinorin-2-yl)vmyl)phenyl)-3-
hydroxypropyl)benzoate, with a percent stereomeric
excess of at least about 99% and at a rate that is at
least 1000 fold improved over a reference polypeptide
having the amino acid sequence of SEQ ID NO: 90.
Exemplary polypeptides with such properties include,
but are not limited to, polypeptides which comprise an
amino acid sequence corresponding to SEQ ID NO: 6, 8,
14, 16, and 20. [0019] In some embodiments, the
improved ketoreductase polypeptides of the disclosure
also have an increased resistance to acetone as a
competitive inhibitor to the conversion of the
substrate to the product as compared to the reference
polypeptide having the amino acid sequence of SEQ ID
NO: 90. Exemplary polypeptides that have this improved
acetone resistance include, but are not limited to,
polypeptides which comprise an amino acid sequence
corresponding to SEQ ID NO: 6, 8, 10, 12, 14, 16, 18,
20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 50, 52,
54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78,
80, 82, 84, 86, 88, 98, 104, 106, 108, and 110. 



[0020] In some embodiments, the ketoreductase
polypeptides are capable of converting at least about
95% of the substrate to the product in less than about
24 hours when carried out with greater than about 100
g/L of substrate and less than about 5 g/L of the
polypeptide. Exemplary polypeptides that have this
capability include, but are not limited to,
polypeptides which comprise an amino acid sequence
corresponding to SEQ ID NO: 6, 8, 14, 16, and 20.
[0021] In some embodiments, the ketoreductases of the
disclosure are highly stereoselective, and thus
capable of reducing the substrate to the product in
greater than about 99%,99.1%, 99.2%, 99.3%, 99.4%,
99.5%, 99.6%, 99.7%, 99.8% or 99.9% stereomeric
excess. Exemplary ketoreductase polypeptides with such
high stereoselectivity include, but are not limited
to, the polypeptides comprising an amino acid sequence
corresponding to SEQ ID NO: 6, 8, 10, 12, 14, 16, 18,
20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44,
46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70,
72, 74, 76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96,
98, 100, 102, 104, 106, 108, and 110. [0022] In
another aspect, the present disclosure provides
polynucleotides encoding the engineered ketoreductases
described herein or polynucleotides that hybridize to
such polynucleotides under highly stringent
conditions. The polynucleotide can include promoters
and other regulatory elements useful for expression of
the encoded engineered ketoreductase, and can utilize
codons optimized for specific desired expression
systems. Exemplary polynucleotides include, but are
not limited to, SEQ ID NO: 5, 7, 9, 11, 13, 15, 17,
19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43,
45, 47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67, 69,
71, 73, 75, 77, 79, 81, 83, 85, 87, 89, 91, 93, 95,
97, 99, 101, 103, 105, 107, or 109. Exemplary
polynucleotides also include polynucleotides encoding
polypeptides that correspond to the sequence formulas
of SEQ ID NO: 111, 112 and 139.[0023] In another
aspect, the present disclosure provides host cells
comprising the polynucleotides and/or expression
vectors described herein. The host cells may be L.
kefir or L. brevis or L. minor, 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 of the substrate to the stereoisomeric
product. [0024] Whether carrying out the method with
whole cells, cell extracts or purified ketoreductase
enzymes, a single ketoreductase enzyme may be used or,
alternatively, mixtures of two or more ketoreductase
enzymes may be used. [0025] The ketoreductase enzymes
described herein are capable catalyzing the reduction
reaction of the keto group in the compound of
structural formula (I),
2-[3-[3-[2-(7-chloro-2-quinolinyl) ethenyl]
phenyl]-3-oxopropyl] benzoic acid methyl ester ("the
substrate"): to the corresponding stereoisomeric
alcohol product of structural formula (II),
(S,E)-methyl 2-(3-(3-
(2-(7-chloroquinolin-2-yl)vinyl)phenyl)-3
-hydroxypropyl)benzoate ("the product") : [0026] In
some embodiments, the ketoreductase enzymes described
herein are capable of catalyzing the reduction
reaction of the keto group in the compound of
structural formula (III), 2-[2-[3-[3-[2-(7-
chloro-2-quinolinyl) ethenyl] phenyl]-3-oxopropyl]
phenyl]-2-propanol (also a "substrate"), (in)to the
corresponding stereoisomer^ alcohol product of
structural formula (IV, (S5E)- l-(3-(2-(7-
chloroquinolin-2-yl)vinyl)phenyl)-3-(2-(2-hydroxypropa
n-2-yl)phenyl)propan- 1-ol (also a "product" with
respect to the substrate of formula (III)): [0027]
Accordingly, in some embodiments, provide herein are
methods for reducing the substrate of the structural
formula (I) or structural formula (III) to the
corresponding alcohol product, which comprises
contacting or incubating the substrate with a
ketoreductase polypeptide of the disclosure under
reaction conditions suitable for reducing or
converting the substrate to the product of structural
formula (II) or structural formula (IV), respectively.
[0028] In some embodiments, the ketoreductase
polypeptides provided herein can be used in the
production of intermediates for the synthesis of the
compound 2-[l-[[(lR)-l-[3-[(E)-2-(7-
chloroquinolin-2-yl)ethenyl]phenyl]-3-[2-(2-hydroxypro
pan-2-
yl)phenyl]propyl]sulfanylmethyl]cyclopropyl]acetic
acid of structural formula (V): including solvates,
hydrates, and pharmaceutically acceptable salts
thereof. In some embodiments, in a method for the
synthesis of the compound of formula (V), a step in
the method can comprise reducing or converting the
substrate of formula (I) to the product of formula
(II) using a ketoreductase polypeptide of the
disclosure under reaction conditions suitable for
reducing or converting the substrate to the product of
formula (II). [0029] In some embodiments, the
intermediate of formula (IV) can also be used in the
synthesis of the compound of structural formula (V).
Accordingly, in some embodiments, in a method for the
synthesis of the compound of formula (V), a step in
the method can comprise reducing or converting the
substrate of formula (III) to the product of formula
(IV) by contacting the substrate with the
ketoreductases disclosed herein under reaction
conditions suitable for reducing or converting the
substrate to the product of structural formula
(IV).[0030] In some embodiments of the method for
reducing the substrate to the product, the substrate
is reduced to the product in greater than about 99%
stereomeric excess, wherein the ketoreductase
polypeptide comprises a sequence that corresponds to
SEQ ID NO: 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26,
28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52,
54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78,
80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100, 102, 104,
106, 108, 110, 111, or 112. [0031] In some embodiments
of the method for reducing the substrate to the
product, at least about 95% of the substrate is
converted to the product in less than about 24 hours
when carried out with greater than about 100 g/L of
substrate and less than about 5 g/L of the
polypeptide, wherein the polypeptide comprises an
amino acid sequence corresponding to SEQ ID NO: 6, 8,
14, 16, or 20. [0032] In some embodiments of this
method for reducing the substrate to the product, at
least about 10-20% of 1 g/L substrate is converted to
the product in less than about 24 hours with about 10
g/L of the polypeptide, wherein the polypeptide
comprises an amino acid sequence corresponding to 6,
8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34,
36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60,
62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86,
88, 90, 92, 94, 96, 98, 100, 102, 104, 106, 108, 110,
1 1 1, or 112. 5. BRIEF DESCRIPTION OF THE FIGURES
[0033] FIG.l illustrates the role of ketoreductases
(KRED) in the conversion of the substrate compound of
formula (I) to the corresponding product of formula
(II). This reduction uses a KRED described herein and
a co-factor such as NADPH. A glucose dehydrogenase
(GDH) is used to convert/recycle NAD(P) + to NAD(P)H.
Glucose is converted to gluconic acid, which in turn
is converted to its sodium salt (sodium gluconate)
with the addition of sodium hydroxide. Alternatively,
a secondary alcohol dehydrogenase (e.g., a KRED) can
be used to convert isopropanol to acetone and
convert/recycle NAD(P) + to NAD(P)H. 6. DETAILED
DESCRIPTION 6.1 Definitions [0034] As used herein, the
following terms are intended to have the following
meanings. [0035] "Ketoreductase " and "KRED" are used
interchangeably herein to refer to a polypeptide
having an enzymatic capability of reducing a carbonyl
group to its corresponding alcohol. More specifically,
the ketoreductase polypeptides of the invention are
capable of stereoselectively reducing the compound of
formula (I), supra to the corresponding product of
formula (II), supra. The polypeptide typically
utilizes a cofactor reduced nicotinamide adenine
dinucleotide (NADH) or reduced nicotinamide adenine
dinucleotide phosphate (NADPH) as the reducing
agent.Ketoreductases as used herein include naturally
occurring (wild type) ketoreductases as well as
nonnaturally occurring engineered polypeptides
generated by human manipulation. [0036] "Coding
sequence" refers to that portion of a nucleic acid
(e.g., a gene) that encodes an amino acid sequence of
a protein. [0037] "Naturally-occurring " or "wild-type
" refers to the form found in nature. For example, a
naturally occurring or wild-type polypeptide or
polynucleotide sequence is a sequence present in an
organism that can be isolated from a source in nature
and which has not been intentionally modified by human
manipulation. [0038] "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 otherwise
expressed at a different level. [0039] "Percentage of
sequence identity" and "percentage homology" are used
interchangeably herein to refer to comparisons among
polynucleotides and polypeptides, and are determined
by comparing two optimally aligned sequences over a
comparison window, wherein the portion of the
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 positions by the total number of positions
in the window of comparison and multiplying the result
by 100 to yield the percentage of sequence identity.
Alternatively, the percentage may be calculated by
determining the number of positions at which either
the identical nucleic acid base or amino acid residue
occurs in both sequences or a nucleic acid base or
amino acid residue is aligned with a gap to yield the
number of matched positions, dividing the number of
matched positions by the total number of positions in
the window of comparison and multiplying the result by
100 to yield the percentage of sequence identity.
Those of skill in the art appreciate that there are
many established algorithms available to align two
sequences. Optimal alignment of sequences for
comparison can be conducted, e.g., by the local
homology algorithm of Smith and Waterman, 1981, Adv.
Appl. Math. 2:482, by the homology alignment algorithm
of Needleman and Wunsch, 1970, J. MoI. Biol. 48:443,
by the search for similarity method of Pearson and
Lipman, 1988, Proc. Natl. Acad. ScL USA 85:2444,
bycomputerized implementations of these algorithms
(GAP, BESTFIT, 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, a joint
venture between Greene 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 in Altschul et al., 1990, J. MoI.
Biol. 215: 403-410 and Altschul 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 match 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 initial neighborhood
word hits act as seeds for initiating searches to find
longer HSPs containing them. The word hits are then
extended in both directions along each sequence for as
far as the cumulative alignment score can be
increased. Cumulative scores are calculated using, for
nucleotide sequences, the parameters M (reward score
for a pair of matching residues; always >0) and N
(penalty score for mismatching residues; always <0).
For amino acid sequences, a scoring matrix is used to
calculate the cumulative score. Extension of the word
hits in each direction are halted when: the cumulative
alignment score falls off by the quantity X from its
maximum achieved value; the cumulative score goes to
zero or below, due to the accumulation of one or more
negative-scoring residue alignments; or the end of
either sequence is reached. The BLAST algorithm
parameters W, T, and X determine the sensitivity and
speed of the alignment. The BLASTN program (for
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 wordlength (W)
of 3, an expectation (E) of 10, and the BLOSUM62
scoring matrix (see Henikoff and Henikoff, 1989, Proc
Natl Acad Sci USA 89:10915). Exemplary determination
of sequence alignment and % sequence identity can
employ the BESTFIT or GAP programs in the GCG
Wisconsin Software package (Accelrys, Madison WI),
using default parameters provided. [0040] "Reference
sequence" refers to a defined sequence used as a basis
for a sequence comparison. A reference sequence may be
a subset of a larger sequence, for example, a segment
of a full-length gene or polypeptide sequence.
Generally, a reference sequence is at least 20
nucleotide or amino acid residues in length, at least
25 residues in length, at least 50 residues in length,
or the full length of the nucleic acid or polypeptide.
Since two polynucleotides or polypeptides may each (1)
comprise a sequence (i.e., a portion of the complete
sequence) that is similar between the two sequences,
and (2) may further comprise a sequence that is
divergent between the two sequences, sequence
comparisonsbetween two (or more) polynucleotides 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. [0041] 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 primary sequence. For instance, a
"reference sequence based on SEQ ID NO:4 having at the
residue corresponding to X190 a proline" refers to a
reference sequence in which the corresponding residue
at Xl 90 in SEQ ID NO:4 has been changed to a proline.
[0042] "Comparison window " refers to a conceptual
segment of at least about 20 contiguous nucleotide
positions or amino acids residues wherein a sequence
may be compared to a reference sequence of at least 20
contiguous nucleotides or amino acids and wherein the
portion of the sequence in the comparison window may
comprise additions or deletions (i.e., gaps) of 20
percent or less as compared to the reference sequence
(which does not comprise additions or deletions) for
optimal alignment of the two sequences. The comparison
window can be longer than 20 contiguous residues, and
includes, optionally 30, 40, 50, 100, or longer
windows. 



[0043] "Substantial identity " refers to a
polynucleotide or polypeptide sequence that has at
least 80 percent sequence identity, at least 85
percent identity and 89 to 95 percent sequence
identity, more usually at least 99 percent sequence
identity as compared to a reference sequence over a
comparison window of at least 20 residue positions,
frequently over a window of at least 30-50 residues,
wherein the percentage of sequence identity is
calculated by comparing the reference sequence to a
sequence that includes deletions or additions which
total 20 percent or less of the reference sequence
over the window of comparison. In specific embodiments
applied to polypeptides, the term "substantial
identity" means that two polypeptide sequences, when
optimally aligned, such as by the programs GAP or
BESTFIT using default gap weights, share at least 80
percent sequence identity, preferably at least 89
percent sequence identity, at least 95 percent
sequence identity or more (e.g., 99 percent sequence
identity). Preferably, residue positions which are not
identical differ by conservative amino acid
substitutions. [0044] "Corresponding to", "reference
to" or "relative to" when used in the context of the
numbering of a given amino acid or polynucleotide
sequence refers to the numbering of the residues of a
specified reference sequence when the given amino acid
or polynucleotide sequence is compared to the
reference sequence. In other words, the residue number
or residue position of a given polymer is designated
with respect 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 byintroducing gaps to optimize
residue matches between the two sequences. In these
cases, although the gaps are present, the numbering of
the residue in the given amino acid or polynucleotide
sequence is made with respect to the reference
sequence to which it has been aligned. [0045]
"Stereoselectivity" refers to the preferential
formation in a chemical or enzymatic reaction of one
stereoisomer over another. Stereoselectivity can be
partial, where the formation of one stereoisomer is
favored over the other, or it may be complete where
only one stereoisomer is formed. When the
stereoisomers 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.e.) calculated therefrom
according to the formula [major enantiomer - minor
enantiomer]/[major enantiomer + minor enantiomer].
Where the stereoisomers 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, commonly alternatively reported as
the diastereomeric excess (d.e.). Enantiomeric excess
and diastereomeric excess are types of stereomeric
excess. [0046] "Highly stereoselective" refers to a
ketoreductase polypeptide that is capable of
converting or reducing the substrate to the
corresponding (^-product with at least about 99%
stereomeric excess. [0047] "Stereospecificity" refers
to the preferential conversion in a chemical or
enzymatic reaction of one stereoisomer over another.
Stereospecificity can be partial, where the conversion
of one stereoisomer is favored over the other, or it
may be complete where only one stereoisomer is
converted. [0048] "Chemoselectivity" refers to the
preferential formation in a chemical or enzymatic
reaction of one product over another. [0049] "Improved
enzyme property" refers to a ketoreductase polypeptide
that exhibits an improvement in any enzyme property as
compared to a reference ketoreductase. For the
engineered ketoreductase polypeptides described
herein, the comparison is generally made to the
wild-type ketoreductase enzyme, although in some
embodiments, the reference ketoreductase can be
another improved engineered ketoreductase. Enzyme
properties for which improvement is desirable include,
but are not limited to, enzymatic activity (which can
be expressed in terms of percent conversion of the
substrate), thermal stability, solvent stability, pH
activity profile, cofactor requirements,
refractoriness to inhibitors (e.g. , product
inhibition), stereospecificity, and stereoselectivity
(including enantioselectivity). [0050] "Increased
enzymatic activity" refers to an improved property of
the engineered ketoreductase polypeptides, which can
be represented by an increase in specific activity
(e.g., productproduced/time/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 to the
reference ketoreductase enzyme. Exemplary methods to
determine enzyme activity are provided in the
Examples. Any property relating to enzyme activity may
be affected, including the classical enzyme properties
of Km, Vmax or kcat, changes of which can lead to
increased enzymatic activity. Improvements in enzyme
activity can be from about 1.5 times the enzymatic
activity of the corresponding wild-type ketoreductase
enzyme, to as much as 2 times. 5 times, 10 times, 20
times, 25 times, 50 times, 75 times, 100 times, or
more enzymatic activity than the naturally occurring
ketoreductase or another engineered 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 artisan that the activity of
any enzyme is diffusion limited 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 kcat/Km, is generally about 108 to 109 (M 1
s 1) . Hence, any improvements in the enzyme activity
of the ketoreductase will have an upper limit related
to 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 fluorescence of NADPH 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 to minimize variations in amount of enzyme
produced by the host cells and present in the lysates.
[0051] "Conversion" refers to the enzymatic reduction
of the substrate to the corresponding product.
"Percent conversion" refers to the percent of the
substrate that is reduced to the product within a
period of time under specified conditions. Thus, the
"enzymatic activity" or "activity" of a ketoreductase
polypeptide can be expressed as "percent conversion"
of the substrate to the product. [0052] "Thermostable"
refers to a ketoreductase polypeptide that maintains
similar activity (more than 60% to 80% for example)
after exposure to elevated temperatures (e.g.,
40-800C) for a period of time (e.g., 0.5-24 hrs)
compared to the untreated enzyme. [0053] "Solvent
stable" refers to a ketoreductase polypeptide that
maintains similar activity (more than e.g., 60% to
80%) after exposure to varying concentrations (e.g.,
5-99%) of solvent(isopropylalcohol, tetrahydrofuran,
2-methyltetrahydrofuran, acetone, toluene,
butylacetate, methyl tert-butylether, etc.) for a
period of time (e.g., 0.5-24 hrs) compared to the
untreated enzyme. [0054] "pH stable" refers to a
ketoreductase polypeptide that maintains similar
activity (more than e.g., 60% to 80%) after exposure
to high or low pH (e.g., 4.5-6 or 8 to 12) for a
period of time (e.g., 0.5-24 hrs) compared to the
untreated enzyme. [0055] "Thermo- and solvent stable"
refers to a ketoreductase polypeptide that are both
thermostable and solvent stable. [0056] "Derived from"
as used herein in the context of engineered
ketoreductase enzymes, identifies the originating
ketoreductase enzyme, and/or the gene encoding such
ketoreductase enzyme, upon which the engineering was
based. For example, the engineered ketoreductase
enzyme of SEQ ID NO: 90 was obtained by artificially
evolving, over multiple generations the gene encoding
the Lactobacillus kefir ketoreductase enzyme of SEQ ID
NO:4. Thus, this engineered ketoreductase enzyme is
"derived from" the wild-type ketoreductase of SEQ ID
NO: 4. [0057] "Hydrophilic amino acid or residue"
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 et al, 1984, J. MoI. Biol.
179:125-142. Genetically encoded hydrophilic amino
acids include L-Thr (T), L-Ser (S), L-His (H), L-GIu
(E), L-Asn (N), L-GIn (Q), L-Asp (D), L-Lys (K) and
L-Arg (R). [0058] "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 in a peptide or
polypeptide. Acidic amino acids typically have
negatively charged side chains at physiological pH due
to loss of a hydrogen ion. Genetically encoded acidic
amino acids include L-GIu (E) and L-Asp (D). [0059]
"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 amino acid
is included in a peptide or polypeptide. Basic amino
acids typically have positively charged side chains at
physiological pH due to association with hydronium
ion. Genetically encoded basic amino acids include
L-Arg (R) and L-Lys (K). [0060] "Polar amino acid or
residue" refers to a 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 amino acids include L-Asn (N), L-GIn (Q), L-Ser
(S) and L-Thr (T).[0061] "Hydrophobic amino acid or
residue" refers to an amino acid or residue having a
side chain exhibiting a hydrophobicity of greater than
zero according to the normalized consensus
hydrophobicity scale of Eisenberg et ah, 1984, J. MoI.
Biol. 179:125-142. Genetically encoded hydrophobic
amino acids include L-Pro (P), L-IIe (I), L-Phe (F),
L-VaI (V), L-Leu (L), L-Trp (W), L-Met (M), L-AIa (A)
and L-Tyr (Y). [0062] "Aromatic amino acid or residue
" refers to a hydrophilic or hydrophobic amino acid or
residue having a side chain that includes at least one
aromatic or heteroaromatic ring. Genetically encoded
aromatic amino acids include L-Phe (F), L-Tyr (Y) and
L-Trp (W). Although owing to the pKa of its
heteroaromatic nitrogen atom L-His (H) it is sometimes
classified as a basic residue, or as an aromatic
residue as its side chain includes a heteroaromatic
ring, herein histidine is classified as a hydrophilic
residue or as a "constrained residue" (see below).
[0063] "Constrained amino acid or residue" refers to
an amino acid or residue that has a constrained
geometry. Herein, constrained residues include L-pro
(P) and L-his (H). Histidine has a constrained
geometry because it has a relatively small imidazole
ring. Proline has a constrained geometry because it
also has a five membered ring. [0064] "Non-polar amino
acid or residue" refers to a hydrophobic amino acid or
residue having a side chain that is uncharged at
physiological pH and which has bonds in which the pair
of electrons shared in common by two atoms is
generally held equally by each of the two atoms (i.e.,
the side chain is not polar). Genetically encoded
non-polar amino acids include L-GIy (G), L-Leu (L),
L-VaI (V), L-IIe (I), L-Met (M) and L-AIa (A). [0065]
"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-AIa (A), L-VaI (V), L-Leu (L)
and L-IIe (I). [0066] "Cysteine" or L-Cys (C) is
unusual in that it can form disulfide bridges with
other L-Cys (C) amino acids or other sulfanyl- or
sulfhydryl-containing amino acids. The "cysteine-like
residues" include cysteine and other amino acids that
contain sulfhydryl moieties that are available for
formation of disulfide bridges. The ability of L-Cys
(C) (and other amino acids with -SH containing side
chains) to exist in a peptide in either the reduced
free -SH or oxidized disulfide -bridged form affects
whether L-Cys (C) contributes net hydrophobic or
hydrophilic character to a peptide. While L-Cys (C)
exhibits a hydrophobicity of 0.29 according to the
normalized consensus scale of Eisenberg (Eisenberg et
al, 1984, supra), it is to be understood that for
purposes of the present disclosure L-Cys (C) is
categorized into its own unique group.[0067] "Small
amino acid or residue" refers to an amino acid or
residue having a side chain that is composed of a
total three or fewer carbon and/or heteroatoms
(excluding the a-carbon and hydrogens). The small
amino acids or residues may be further categorized as
aliphatic, non-polar, polar or acidic small amino
acids or residues, in accordance with the above
definitions. Geneticallyencoded small amino acids
include L-AIa (A), L-VaI (V), L-Cys (C), L-Asn (N),
L-Ser (S), L-Thr (T) and L-Asp (D). [0068]
"Hydroxyl-containing amino acid or residue" refers to
an amino acid containing a hydroxyl (- OH) moiety.
Genetically-encoded hydroxyl-containing amino acids
include L-Ser (S) L-Thr (T) and L-Tyr (Y). [0069]
"Conservative" amino acid substitutions or mutations
refer to 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. However, as used herein, in some
embodiments, conservative mutations do not include
substitutions from a hydrophilic to hydrophilic,
hydrophobic to hydrophobic, hydroxyl-containing to
hydroxyl-containing, or small to small residue, if the
conservative mutation can instead be a substitution
from an aliphatic to an aliphatic, non-polar to
non-polar, polar to polar, acidic to acidic, basic to
basic, aromatic to aromatic, or constrained to
constrained residue. Further, as used herein, A, V, L,
or I can be conservatively mutated to either another
aliphatic residue or to another non-polar residue.
Table 1 below shows exemplary conservative
substitutions. Table 1: Conservative Substitutions
[0070] "Non-conservative substitution" refers to
substitution or mutation of an amino acid in the
polypeptide with an amino acid with significantly
differing side chain properties. Non-conservative
substitutions may use amino acids between, rather than
within, the defined groups listed above. In one
embodiment, a non-conservative mutation affects (a)
the structure of the peptide backbone in the area of
the substitution (e.g., proline for glycine) (b) the
charge or hydrophobicity, or (c) the bulk of the side
chain.[0071] "Deletion" refers to modification to the
polypeptide by removal of one or more amino acids from
the reference polypeptide. Deletions can comprise
removal of 1 or more amino acids, 2 or more 



amino acids, 5 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 20% of the total number of amino acids, or up to
30% of the total number of amino acids making up the
polypeptide 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 discontinuous.
[0072] "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 enzymes comprise
insertions of one or more amino acids to the naturally
occurring ketoreductase polypeptide as well as
insertions of one or more amino acids to other
improved ketoreductase polypeptides. Insertions can be
in the internal portions of the polypeptide, or to the
carboxy or amino terminus. Insertions as used herein
include fusion proteins as is known 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. [0073] "Fragment" as
used herein refers to a polypeptide that has an
amino-terminal and/or carboxyterminal 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-occurring
ketoreductase polypeptide of SEQ ID NO:2 or SEQ ID
NO:4 or SEQ ID NO: 114. [0074] "Isolated polypeptide "
refers to a polypeptide which is substantially
separated from other contaminants that naturally
accompany it, e.g., protein, lipids, and
polynucleotides. The term embraces polypeptides which
have been removed or purified from their
naturally-occurring environment or expression system
(e.g., host cell or in vitro synthesis). The improved
ketoreductase enzymes may be present within a cell,
present in the cellular medium, or prepared in various
forms, such as lysates or isolated preparations. As
such, in some embodiments, the improved ketoreductase
enzyme can be an isolated polypeptide. [0075]
"Substantially pure polypeptide " refers to a
composition in which the polypeptide species is the
predominant species present (i.e., on a molar or
weight basis it is more abundant than any other
individual macromolecular species in the composition),
and is generally a 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 willcomprise about 60 % or
more, about 70% or more, about 80% or more, about 90%
or more, about 95% or more, and about 98% or more of
all macromolecular species by mole or % weight present
in the composition. In some embodiments, the object
species is purified to essential homogeneity (i.e.,
contaminant species cannot be detected in the
composition by conventional detection methods) wherein
the composition consists essentially of a single
macromolecular species. Solvent species, small
molecules (<500 Daltons), and elemental ion species
are not considered macromolecular species. In some
embodiments, the isolated improved ketoreductases
polypeptide is a substantially pure polypeptide
composition. [0076] "Stringent hybridization " is used
herein to refer to conditions under which nucleic acid
hybrids are stable. As known to those of skill in the
art, the stability of hybrids is reflected in the
melting temperature (Tm) of the hybrids. In general,
the stability of a hybrid is a function of ion
strength, temperature, G/C content, and the presence
of chaotropic agents. The Tm values for
polynucleotides 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;
Bresslauer et al., 1986, Proc. Natl. Acad. Sci USA
83:8893-8897; Freier et al., 1986, Proc. Natl. Acad.
Sci USA 83:9373-9377; Kierzek et al., Biochemistry
25:7840-7846; Rychlik et al., 1990, Nucleic Acids Res
18:6409-6412 (erratum, 1991, Nucleic Acids Res
19:698); Sambrook et al., supra); Suggs et al., 1981,
I Developmental Biology Using Purified Genes (Brown et
al., eds.), pp. 683-693, Academic Press; and Wetmur,
1991, Crit Rev Biochem MoI Biol 26:227-259. All
publications incorporate herein by reference). In some
embodiments, the polynucleotide encodes the
polypeptide disclosed herein and hybridizes under
defined conditions, such as moderately stringent or
highly stringent conditions, to the complement of a
sequence encoding an engineered ketoreductase enzyme
of the present disclosure. [0077] "Hybridization
stringency" relates to hybridization conditions, such
as washing conditions, in the hybridization of nucleic
acids. Generally, hybridization reactions are
performed under conditions of lower stringency,
followed by washes of varying but higher stringency.
The term "moderately stringent hybridization" refers
to conditions that permit target-DNA to bind a
complementary nucleic acid that has about 60%
identity, preferably about 75% identity, about 85%
identity to the target DNA; with greater than about
90% identity to target-polynucleotide. Exemplary
moderately stringent conditions are conditions
equivalent to hybridization in 50% formamide, 5x
Denhart's solution, 5xSSPE, 0.2% SDS at 42C, followed
by washing in 0.2xSSPE, 0.2% SDS, at 42C. "High
stringency hybridization" refers generally to
conditions that are about 100C or less from the
thermal melting temperature Tm as determined under the
solution condition for a defined polynucleotide
sequence. In some embodiments, a high stringency
condition refers to conditions that
permithybridization of only those nucleic acid
sequences that form stable hybrids in 0.0 18M NaCl at
65C. (i.e., if a hybrid is not stable in 0.018M NaCl
at 65C, it will not be stable under high stringency
conditions, as contemplated herein). High stringency
conditions can be provided, for example, by
hybridization in conditions equivalent to 50%
formamide, 5x Denhart's solution, 5xSSPE, 0.2% SDS at
42C, followed by washing in 0.1xSSPE, and 0. 1% SDS at
65C. Another high stringency condition is hybridizing
in conditions equivalent to hybridizing in 5X SSC
containing 0.1% (w:v) SDS at 65C and washing in 0. Ix
SSC containing 0.1% SDS at 65C. Other high stringency
hybridization conditions, as well as moderately
stringent conditions, are described in the references
cited above. [0078] "Heterologous " polynucleotide
refers to any polynucleotide that is introduced into a
host cell by laboratory techniques, and includes
polynucleotides that are removed from a host cell,
subjected to laboratory manipulation, and then
reintroduced into a host cell. [0079] "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 interest. Although the genetic code is
degenerate in that most amino acids are represented by
several codons, called "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. In some embodiments, the polynucleotides
encoding the ketoreductases enzymes may be codon
optimized for optimal production from the host
organism selected for expression. [0080] "Preferred ,"
"optimal," or "high codon usage bias codons" refers
interchangeably to codons that are used at higher
frequency in the protein coding regions than other
codons that code for the same amino acid. The
preferred codons may be determined in relation to
codon usage in a single gene, a set of genes of common
function or origin, highly expressed genes, the codon
frequency in the aggregate protein coding regions of
the whole organism, codon frequency in the aggregate
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 example, using cluster
analysis or correspondence analysis, and the effective
number of codons used in a gene (see GCG
CodonPreference, Genetics Computer Group Wisconsin
Package; CodonW, John Peden, University of Nottingham;
Mclnerney, J . O, 1998, Bioinformatics 14:372-73;
Stenico et al., 1994, Nucleic AcidsRes. 222437-46;
Wright, F., 1990, Gene 87:23-29). Codon usage tables
are available for a growing list of organisms (see for
example, Wada et al., 1992, Nucleic Acids Res. 20:21
11-21 18; Nakamura et al., 2000, Nucl. Acids Res.
28:292; Duret, et al., supra; Henaut and Danchin,
"Escherichia coli and Salmonella," 1996, Neidhardt, et
al. Eds., ASM Press, Washington D.C., p. 2047-2066.
The data source for obtaining codon usage may rely on
any available nucleotide sequence capable of coding
for a protein. These data sets include nucleic acid
sequences actually known to encode expressed proteins
(e.g., complete protein coding sequences-CDS),
expressed sequence tags (ESTS), or predicted coding
regions of genomic sequences (see for example, Mount,
D., Bioinformatics: Sequence and Genome Analysis,
Chapter 8, Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, N.Y., 2001; Uberbacher, E. C , 1996,
Methods Enzymol. 266:259-281; Tiwari et al., 1997,
Comput. Appl. Biosci. 13:263-270). [0081] "Control
sequence " is defined herein to include all
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 nucleic acid sequence encoding the
polypeptide. Such control sequences include, but are
not limited to, a leader, polyadenylation sequence,
propeptide sequence, promoter, signal peptide
sequence, and transcription terminator. At a minimum,
the control sequences include a promoter, and
transcriptional and translational 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
the coding region of the nucleic acid sequence
encoding a polypeptide. [0082] "Operably linked" is
defined herein as a configuration in which a control
sequence is appropriately placed (i.e., in a
functional relationship) at a position relative to a
polynucleotide of interest such that the control
sequence directs or regulates the expression of the
polynucleotide and/or polypeptide of interest. [0083]
"Promoter sequence " is a nucleic acid sequence that
is recognized by a host cell for expression of a
polynucleotide of interest, such as a coding sequence.
The control sequence may comprise an appropriate
promoter sequence. The promoter sequence contains
transcriptional control sequences, which mediate the
expression of a polynucleotide of interest. The
promoter may be any nucleic acid sequence which shows
transcriptional activity in the host cell of choice
including mutant, truncated, and hybrid promoters, and
may be obtained from genes encoding extracellular or
intracellular polypeptides either homologous or
heterologous to the host cell.6.2 Ketoreductase
Enzymes [0084] The present disclosure provides
engineered ketoreductase ("KRED") enzymes that are
capable of stereoselectively reducing or converting
the substrate 2-[3-[3-[2-(7-chloro-2-quinolinyl)
ethenyl] phenyl]-3-oxopropyl] benzoic acid methyl
ester to the product (S,E)-methyl 2-(3-(3-(2-(7-
chloroquinolin-2-yl)vinyl)phenyl)-3-hydroxypropyl)benz
oate and having an improved property when compared
with the naturally-occurring, wild-type KRED enzyme
obtained from L. kefir (SEQ ID NO:4) or L. brevis (SEQ
ID NO:2) or L. minor (SEQ ID NO: 114) or when compared
with other engineered ketoreductase enzymes. The
product compound is useful in the synthesis of
Montelukast, also known under the name Singulair(r), a
leukotriene receptor antagonist used as a therapeutic
for treatment of allergies and in the management of
asthma. As shown herein, the wild-type enzyme from L.
kefir does not reduce or convert
2-[3-[3-[2-(7-chloro-2-quinolinyl) ethenyl] phenyl]
-3- oxopropyl] benzoic acid methyl ester to the
product (S,E)-methyl 2-(3-(3-(2-(7-chloroquinorin-2-
yl)vinyl)phenyl)-3-hydroxypropyl)benzoate at any
significant rate. In contrast, the ketoreductases of
the disclosure are capable of reducing or converting
the specified substrate to the product at appreciable
levels. In some embodiments, the ketoreductase
polypeptides of the disclosure have the requirement
that: (1) the residue corresponding to position 190
(i.e., X190) of SEQ ID NO:2, 4 or 114 is a constrained
residue; and (2) the residue corresponding to position
202 (i.e., X202) of SEQ ID NO:2, 4 or 114 is an
aromatic residue. In some embodiments, the improved
ketoreductase polypeptides have the requirement that:
(1) the residue corresponding to position 190 (i.e.,
X190) of SEQ ID NO:2, 4 or 114 is a constrained
residue; (2) the residue corresponding to position 195
(i.e., Xl 95) of SEQ ID NO:2, 4 or 114 is a basic,
acidic, non-polar or polar residue; and (3) the
residue corresponding to position 202 (i.e., X202) of
SEQ ID NO:2, 4 or 114 is an aromatic residue. [0085]
As noted above, the ketoreductases of the disclosure
can be described in reference to the amino acid
sequence of a naturally occurring ketoreductase of
Lactobacillus kefir, Lactobacillus brevis, or
Lactobacillus minor (also referred to as "ADH" or
"alcohol dehydrogenase") or another engineered
ketoreductase. As such, the amino acid residue
position is determined in the ketoreductases beginning
from the initiating methionine (M) residue (i.e., M
represents residue position 1), although it will be
understood by the skilled artisan that this initiating
methionine residue may be removed by biological
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 amino acid
sequence is sometimes describe herein in terms "Xn" ,
or "position n", where n refers to 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/brevisresidue/minor residue". A substitution
mutation, which is a replacement of an amino acid
residue in a reference sequence, for example the
wild-type ketoreductases of SEQ ID NO:2 and SEQ ID
NO:4 and SEQ ID NO: 114, with a different amino acid
residue may be denoted by the symbol " " . Herein,
mutations are sometimes described as a mutation "to a"
type of amino acid. For example, residue 96 of SEQ ID
NO:4 can be mutated "to an" aliphatic residue. But the
use of the phrase "to a" does not exclude mutations
from one amino acid of a class to another amino acid
of the same class. For example, residue 96 of SEQ ID
NO:4 is a polar residue, serine, but it can be mutated
to a different polar residue; for example, the
mutation can be a "S96T" (96 T) mutation. The amino
acid sequence of the naturally occurring ketoreductase
(also referred to as "ADH" or "alcohol dehydrogenase")
of Lactobacillus kefir, Lactobacillus brevis, or of
Lactobacillus minor, can be obtained from the
polynucleotide known to encode the ketoreductase
activity (e.g., Genbank 



accession no. AAP94029 GI:33 112056 or SEQ ID NO:3 for
Lactobacillus kefir; Genbank accession no. CAD66648
GL28400789 or SEQ ID NO:1 for Lactobacillus brevis;
and SEQ ID NO:1 13 for Lactobacillus minor). [0086] In
some embodiments, the improved property of the
ketoreductase polypeptide, as compared to wild-type or
another engineered polypeptide, is with respect to an
increase in its activity for reducing or converting
the substrate of formula (I),
2-[3-[3-[2-(7-chloro-2-quinolinyl) ethenyl]
phenyl]-3-oxopropyl] benzoic acid methyl ester, to its
corresponding (S)-alcohol product of formula (II),
(S,E)-methyl
2-(3-(3-(2-(7-chloroquinolin-2-yl)vinyl)phenyl)-3-hydr
oxypropyl)benzoate. In some embodiments, the increases
in enzymatic activity can be manifested in an increase
in its rate of conversion of the substrate to the
product or manifested by the ability to use less of
the improved polypeptide as compared to the wild-type
or another reference sequence (for example, SEQ ID
NO:90) to reduce or convert the same amount of
product. In some embodiments, the improved property of
the ketoreductase property is with respect to an
increase in stereoselectivity in reducing the
substrate to product, i.e., herein, an increase in the
stereomeric excess of the product. In some
embodiments, the improved property of the
ketoreductase polypeptide is with respect to its
stability or thermostability. In some embodiments, the
ketoreductase polypeptide has more than one improved
property, such as increased enzymatic activity and
increased stereoselectivity. [0087] In some
embodiments, the ketoreductase polypeptides herein can
have a number of modifications to the reference
sequence (e.g. , naturally occurring polypeptide or an
engineered polypeptide), which is some embodiments can
result in an improved ketoreductase property. As used
herein, "modifications" include amino acid
substitutions, deletions, and insertions. Any one or a
combination of modifications can be introduced into
the naturally occurring or engineered polypeptide to
generate engineered enzymes. In such embodiments, the
number of modifications tothe amino 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
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 15% of the total number
of amino acids, up to 20% of the total number of amino
acids, or up to 30% of the total number of amino acids
of the reference polypeptide sequence. In some
embodiments, the number of modifications to the
naturally occurring polypeptide or an engineered
polypeptide that produces an improved ketoreductase
property may comprise from about 1-2, 1-3, 1-4, 1-5,
1-6, 1-7, 1-8, 1-9, 1-10, 1-1 1, 1-12, 1-14, 1-15,
1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35 or
about 1-40 modifications of the reference sequence. In
some embodiments, the number of modifications can be
1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 15, 16, 18,
20, 22, 24, 26, 30, 35 or about 40 amino acid
residues. The modifications can comprise insertions,
deletions, substitutions, or combinations thereof.
[0088] In some embodiments, the modifications comprise
amino acid substitutions to the reference sequence.
Substitutions that can produce an improved
ketoreductase property may be at one or more amino
acids, 2 or more amino acids, 3 or more amino acids, 4
or more amino acids, 5 or more amino acids, 6 or more
amino acids, 8 or more amino acids, 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 number of amino acids, or up to 30%
of the total number of amino acids of the reference
enzyme sequence. In some embodiments, the number of
substitutions to the naturally occurring 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, 1-1 1, 1-12,
1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30,
1-35 or about 1-40 amino acid substitutions of the
reference sequence. In some embodiments, the number of
substitutions can be 1, 2, 3, 4, 5, 6, 7, 8, 9, 10,
11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35 or
about 40 amino acid residues. [0089] In some
embodiments, the ketoreductase polypeptides herein
comprise an amino acid sequence that is at least about
80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99% or more identical to a
reference sequence based on SEQ ID NO: 2, 4 or 114
having the following features: residue corresponding
to position Xl 90 is a constrained residue,
particularly proline; and residue corresponding to
X202 is an aromatic residue, particularly tryptophan,
with the proviso that the ketoreductase polypeptide
has an amino sequence in which the residue
corresponding to Xl 90 is a constrained residue, and
the residue corresponding to X202 is an aromatic
residue. In some embodiments, the residue
corresponding to Xl 90 is proline. In some
embodiments, the residue corresponding to X202 is
tryptophan. In some embodiments, the ketoreductase
polypeptide has an amino acid sequence in which the
residue corresponding to Xl 90 isproline, and the
residue corresponding to X202 is tryptophan. In some
embodiments, these ketoreductase polypeptides can have
one or more residue differences at other residue
positions as compared to the reference amino acid
sequence. The differences can include various
modifications, such as substitutions, deletions, and
insertions. The substitutions can be non-conservative
substitutions, conservative substitutions, or a
combination of non-conservative and conservative
substitutions. In some embodiments, these
ketoreductase polypeptides can have optionally from
about 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10,
1-1 1, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24,
1-26, 1-30, 1-35, 1-40, 1-45, or about 1-50 residue
differences at other amino acid residue positions as
compared to the reference sequence. In some
embodiments, the number of difference can be 1, 2, 3,
4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 15, 16, 18, 20, 22,
24, 26, 30, 35, 40, 45, or 50 residue differences at
other amino acid residues as compared to the reference
sequence. [0090] In some embodiments, the
ketoreductase polypeptides herein comprise an amino
acid sequence that is at least about 80%, 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99% or more identical to a reference sequence
based on SEQ ID NO: 2, 4 or 114 having the following
features: residue corresponding to position Xl 90 is a
constrained residue, particularly proline; residue
corresponding to Xl 95 is a basic, acidic, non-polar,
or polar residue, particularly proline, arginine,
lysine, aspartic acid, or asparagine; and residue
corresponding to X202 is an aromatic residue,
particularly tryptophan; with the proviso that the
ketoreductase polypeptide comprises an amino acid
sequence having at least the preceding features, i.e.,
the residue corresponding to position Xl 90 is a
constrained residue; the residue corresponding to Xl
95 is a basic, acidic, non-polar or polar residue; and
the residue corresponding to X202 is an aromatic
residue. In some embodiments, the residue
corresponding to X 190 is proline. In some
embodiments, the residue corresponding to Xl 95 is
arginine. In some embodiments, the residue
corresponding to X202 is tryptophan. In some
embodiments, the ketoreductase polypeptide has an
amino acid sequence in which the residue corresponding
to Xl 90 is proline; the residue corresponding to Xl
95 is proline, arginine, lysine, aspartic acid, or
asparagine, particularly arginine; and the residue
corresponding to X202 is tryptophan. In some
embodiments, these ketoreductase polypeptides can have
one or more residue differences at other residue
positions as compared to the reference amino acid
sequence. The differences can include various
modifications, such as substitutions, deletions, and
insertions. The substitutions can be non-conservative
substitutions, conservative substitutions, or a
combination of non-conservative and conservative
substitutions. In some embodiments, these
ketoreductase polypeptides can have optionally from
about 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10,
1-1 1, 1-12, 1- 14, 1-15, 1-16, 1-18, 1-20, 1-22,
1-24, 1-26, 1-30, 1-35, 1-40, 1-45, or about 1-50
residue differences at other amino acid residue
positions as compared to the reference sequence. In
some embodiments, the number of 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, 40, 45 or 50 residue
differences at other amino acid residue positions as
compared to the reference sequence. [0091] In some
embodiments, an improved ketoreductase polypeptide
comprises an amino acid sequence based on a sequence
formula as laid out in SEQ ID NO: 111 or SEQ ID NO:
112 or SEQ ID NO: 139, or a region thereof, such as
residues corresponding to 90-2 11. SEQ ID NO: 112 is
based on the wild-type amino acid sequence of the
Lactobacillus kefir ketoreductase (SEQ ID NO:4); SEQ
ID NO: 111 is based on the wild-type amino acid
sequence of the Lactobacillus brevis ketoreductase
(SEQ ID NO:2); and SEQ ID NO: 139 is based on the
wild-type amino acid sequence of the Lactobacillus
minor ketoreductase (SEQ ID NO: 114). The
ketoreductases based on the sequence formula of SEQ ID
NO: 111, 112, or 139 specify that the residue
corresponding to Xl 90 is a constrained residue;
residue corresponding to Xl 95 is a basic, acidic,
non-polar or polar residue; and X202 is an aromatic
residue. In some embodiments of the sequence formula
of SEQ ID NO:1 11, 112, or 139, the residue
corresponding to X190 is proline; and the residue
corresponding to X202 is tryptophan. In some
embodiments of the sequence formula of SEQ ID NO: 111,
112, or 139, the residue corresponding to Xl 90 is
proline; the residue corresponding to Xl 95 is
proline, arginine, lysine, aspartic acid, or
asparagine, particularly arginine; and the residue
corresponding to X202 is tryptophan. The sequence
formula further specifies features for various residue
positions, as described below. [0092] In some
embodiments, the ketoreductase polypeptides comprising
an amino acid sequence based on the sequence formula
of SEQ ID NO: 111, 112, or 139, or a region thereof,
such as residues 90-21 1, and having the specified
features for the residues corresponding to Xl 90 and
X202 or the specified features for the residues
corresponding to Xl 90, Xl 95 and X202 as described
herein, can further include one or more of the
features selected from the following, as provided in
the sequence formulas: residue corresponding to X7 is
a constrained or non-polar residue; residue
corresponding to Xl 7 is a non-polar or aliphatic
residue; residue corresponding to X25 is a polar or
acidic residue; residue corresponding to X27 is an
aromatic residue; residue corresponding to X4 1 is a
polar, aliphatic, or non-polar residue; residue
corresponding to X53 is a polar, non-polar, or acidic
residue; residue corresponding to X57 is a non-polar
or aliphatic residue; residue corresponding to X64 is
a polar, aliphatic, or non-polar residue; residue
corresponding to X66 is an acidic residue; residue
corresponding to X68 is a polar, acidic, aliphatic, or
non-polar residue; residue corresponding to X72 is a
basic residue; residue corresponding to X76 is an
aliphatic, non-polar, or polar residue; residue
corresponding to X80 is an aliphatic, non-polar, or
polar residue; residue corresponding to X93 is a
polar, aliphatic, or non-polar residue; residue
corresponding to X94 is a cysteine, aliphatic, or
nonpolar residue; residue corresponding to X95 is an
aliphatic, non-polar, or acidic residue;
residuecorresponding to X96 is a cysteine, polar,
aliphatic, or non-polar residue; residue corresponding
to X97 is a basic, constrained or polar residue;
residue corresponding to XlOO is a basic, acidic,
polar, aliphatic, or non-polar residue; residue
corresponding to X 108 is a basic or constrained
residue; residue corresponding to Xl 11 is a non-polar
or aliphatic residue; residue corresponding to Xl 39
is a non-polar or aliphatic residue; residue
corresponding to X145 is an acidic, aliphatic, or
non-polar residue; residue corresponding to X147 is an
aromatic, aliphatic, or non-polar residue; residue
corresponding to X148 is a non-polar or aliphatic
residue; residue corresponding to X151 is a
constrained, non-polar or aliphatic residue; residue
corresponding to Xl 52 is a polar, aromatic,
aliphatic, or non-polar residue; residue corresponding
to Xl 63 is a non-polar or aliphatic residue; residue
corresponding to Xl 65 is a polar, non-polar or
aliphatic residue; residue corresponding to Xl 73 is
an acidic, non-polar or aliphatic residue; residue
corresponding to Xl 79 is an aromatic, basic,
aliphatic, or non-polar residue; residue corresponding
to Xl 94 is a constrained, polar, aliphatic, or
non-polar residue; residue corresponding to Xl 96 is a
non-polar or aliphatic residue; residue corresponding
o Xl 97 is an acidic residue; residue corresponding to
Xl 98 is an acidic or polar residue; residue
corresponding to X210 is a polar or basic residue;
residue corresponding to X21 1 is a basic, aliphatic,
non-polar, acidic, or polar residue; residue
corresponding to X212 is a polar, aliphatic, or
non-polar residue; residue corresponding to X2 16 is a
constrained or basic residue; residue corresponding to
X223 is a non-polar or aliphatic residue; residue
corresponding o X226 is a non-polar or polar residue;
residue corresponding to X233 is a polar or acidic
residue; residue corresponding to X235 is a polar or
aromatic residue; residue corresponding to X248 is a
non-polar or aromatic residue; and residue
corresponding to X249 is an aromatic residue. In some
embodiments, the amino acid sequence can have at least
two, three, four, five, six or more of the features.
In some embodiments, the polypeptides comprising an
amino acid sequence that is based on the sequence
formula of SEQ ID NO: 111, 112, or 139 (or region
thereof) can have additionally one or more residue
differences at residue positions not specified by X
above as compared to the reference sequence of SEQ ID
NO: 2, 4 or 114. In some embodiments, the differences
can be 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10,
1-1 1, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24,
1-26, 1-30, 1-35 or about 1-40 residue differences at
other amino acid residue positions not defined by X
above. In some embodiments, the number of differences
can be 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 15,
16, 18, 20, 22, 24, 26, 30, 35 or about 40 residue
differences at other amino acid residue positions. In
some embodiments, the differences comprise
conservative mutations. [0093] In some embodiments,
the polypeptides comprising an amino acid sequence
based on the sequence formula of SEQ ID NO: 111, 112,
or 139, or region thereof, such as residues 90-211,
can have one or more conservative mutations as
compared to the amino acid sequences of SEQ ID NO: 2,
4 or 114. Exemplary conservative mutations include
amino acid replacements such as, but not limitedto:
replacement of residue corresponding to X27
phenylalanine (F) with another aromatic residue, e.g.,
tyrosine; replacement of residue corresponding to X57
isoleucine (I) with another non-polar or aliphatic
residue, e.g., valine; replacement of residue
corresponding to X64 alanine (A) with another
non-polar or aliphatic residue, e.g., valine;
replacement of residue corresponding to X66 aspartic
acid (D) with another acidic residue, e.g., glutamic
acid; replacement of residue X72 lysine (K) with
another basic residue, e.g., arginine; replacement of
residue corresponding to X80 alanine (V) with another
non-polar or aliphatic residue, e.g., valine;
replacement of residue corresponding to X93 isoleucine
(I) with another polar residue, e.g., serine;
replacement of residue corresponding to X94 alanine
(A) with another non-polar residue, e.g., glycine;
replacement of residue corresponding to X95 valine (V)
with another non-polar or aliphatic residue, e.g.,
leucine; and replacement of residue corresponding to
X96 serine (S) with another polar residue, e.g.,
threonine; replacement of residue corresponding to
X148 valine (V) with another non-polar or aliphatic
residue, e.g., isoleucine; replacement of residue
corresponding to Xl 52 threonine with another polar
residue, e.g., serine; replacement of residue
corresponding to Xl 63 valine (V) with another
non-polar or aliphatic residue, e.g., isoleucine;
replacement of corresponding to X179 tyrosine (Y) with
another aromatic residue, 



e.g., phenylalanine; replacement of residue X196
valine (V) with another aliphatic residue, e.g.,
leucine; replacement of residue X198 aspartic acid (D)
with another acidic residue, e.g., glutamic acid;
replacement of residue X223 isoleucine (I) with
another non-polar or aliphatic residue, e.g., valine;
and replacement of residue corresponding to X249
tyrosine (Y) with another aromatic residue, e.g.,
tryptophan. [0094] In some embodiments, the
ketoreductase polypeptides comprising an amino acid
sequence based on the sequence formula of SEQ ID NO:
111, 112, or 139, or a region thereof, such as
residues 90-21 1, having the specified features for
the residues corresponding to Xl 90 and X202, or the
specified features for the residues corresponding to
Xl 90, Xl 95 and X202, as described herein, can
further include one or more of the features selected
from the following: residue corresponding to X7 is
histidine, proline, glycine, methionine, alanine,
valine, leucine, or isoleucine, particularly glycine
or histidine; residue corresponding to Xl 7 is
glycine, methionine, alanine, valine, leucine,
isoleucine, particularly methionine; residue
corresponding to X25 is glutamic acid, aspartic acid,
serine, threonine, glutamine, or asparagine,
particularly threonine or aspartic acid; residue
corresponding to X27 is tyrosine, phenylalanine,
tryptophan, particularly tyrosine; residue
corresponding to X4 1 is serine, threonine, glutamine,
asparagine, glycine, methionine, alanine, valine,
leucine, or isoleucine, particularly serine or
alanine; residue corresponding to X53 is serine,
threonine, glutamine, asparagine, glycine, methionine,
alanine, valine, leucine, isoleucine, aspartic acid,
or glutamic acid, particularly threonine, glycine, or
aspartic acid; residue corresponding to X57 is
glycine, methionine, alanine, valine, leucine, or
isoleucine, particularly valine; residue corresponding
to X64 is serine,threonine, glutamine, asparagine,
glycine, methionine, alanine, valine, leucine, or
isoleucine, particularly serine, alanine, or valine;
residue corresponding to X66 is aspartic acid or
glutamic acid; residue corresponding to X68 is serine,
threonine, glutamine, asparagine, aspartic acid,
glutamic acid, glycine, methionine, alanine, valine,
leucine, or isoleucine, particularly threonine,
aspartic acid, alanine, valine, or glutamic acid;
residue corresponding to X72 is lysine or arginine,
particularly arginine; residue corresponding to X76 is
serine, threonine, glutamine, asparagine, glycine,
alanine, valine, leucine, or isoleucine, particularly
alanine or threonine; residue corresponding to X80 is
serine, threonine, glutamine, asparagine, glycine,
methionine, alanine, valine, leucine or isoleucine,
particularly alanine, threonine, or valine; residue
corresponding to X93 is serine, threonine, glutamine,
asparagine, glycine, methionine, alanine, valine,
leucine or isoleucine, particularly isoleucine,
serine, alanine, or glycine; residue corresponding to
X94 is cysteine, glycine, methionine, alanine, valine,
leucine, or isoleucine, particularly cysteine,
glycine, or alanine; residue corresponding to X95 is
aspartic acid, glutamic acid, glycine, methionine,
alanine, valine, leucine, or isoleucine, particularly
valine, leucine, or glutamic acid; residue
corresponding to X96 is cysteine, serine, threonine,
glutamine, asparagine, glycine, methionine, alanine,
valine, leucine, or isoleucine, particularly
asparagine, serine, valine, leucine, isoleucine, or
threonine; residue corresponding to X97 is lysine,
arginine, histidine, proline, serine, threonine,
glutamine, or asparagine, particularly lysine,
histidine, or serine; residue corresponding to XlOO is
lysine, arginine, serine, threonine, glutamine,
asparagine, glycine, alanine, valine, leucine, or
isoleucine, particularly glutamic acid, lysine,
glutamine, or alanine; residue corresponding to Xl 08
is arginine, lysine, histidine or proline,
particularly arginine or histidine; residue
corresponding to Xl 11 is glycine, methionine,
alanine, valine, leucine, or isoleucine, particularly
methionine; residue corresponding to Xl 39 is glycine,
methionine, alanine, valine, leucine, or isoleucine,
particularly leucine; residue corresponding to X145 is
aspartic acid, glutamic acid, glycine, methionine,
alanine, valine, leucine, or isoleucine, particularly
glutamic acid or leucine; residue corresponding to
X147 is tyrosine, phenylalanine, tryptophan, glycine,
methionine, alanine, valine, leucine, or isoleucine,
particularly phenylalanine or leucine; residue
corresponding to X148 is glycine, methionine, alanine,
valine, leucine, or isoleucine, particularly
isoleucine; residue corresponding to Xl 5 1 is
proline, histidine, glycine, methionine, alanine,
valine, leucine, or isoleucine, particularly alanine;
residue corresponding to Xl 52 is serine, threonine,
glutamine, asparagine, tyrosine, phenylalanine,
tryptophan, glycine, methionine, alanine, valine,
leucine, or isoleucine, particularly threonine,
tryptophan, alanine or serine; residue corresponding
to Xl 63 is glycine, methionine, alanine, valine,
leucine, or isoleucine, particularly isoleucine;
residue corresponding to Xl 65 is serine, threonine,
glutamine asparagine, glycine, methionine, alanine,
valine, leucine, or isoleucine, particularly
asparagine; residue corresponding to Xl 73 is aspartic
acid, glutamic acid, glycine, methionine, alanine,
valine, leucine, isoleucine, particularly valine;
residuecorresponding to Xl 79 is tyrosine,
phenylalanine, tryptophan, arginine, lysine, glycine,
methionine, alanine, valine, leucine, or isoleucine,
particularly tyrosine, phenylalanine, lysine, or
leucine; residue corresponding to X194 is proline,
histidine, serine, threonine, glutamine, asparagine,
glycine, methionine, alanine, valine, leucine, or
isoleucine, particularly proline, glutamine, serine,
or leucine; residue corresponding to Xl 96 is glycine,
methionine, alanine, valine, leucine or isoleucine,
particularly leucine; residue corresponding to Xl 97
is aspartic acid or glutamic acid, particularly
glutamic acid; residue corresponding to Xl 98 is
aspartic acid, glutamic acid, serine, threonine,
glutamine, or asparagine, particularly aspartic acid,
glutamic acid, or glutamine; residue corresponding to
X210 is arginine, lysine, serine, threonine,
glutamine, or asparagine, particularly threonine or
arginine; residue corresponding to X2 11 is lysine,
arginine, aspartic acid, glutamic acid, glycine,
methionine, alanine, valine, leucine, isoleucine,
serine, threonine, glutamine, or asparagine,
particularly lysine, valine, leucine, arginine,
threonine, aspartic acid, or isoleucine; residue
corresponding to X212 is serine, threonine, glutamine,
asparagine, glycine, methionine, alanine, valine,
leucine, or isoleucine, particularly threonine,
serine, or valine; residue corresponding to X2 16 is
proline, histidine, arginine or lysine, particularly
histidine or arginine; residue corresponding to X223
is glycine, methionine, alanine, valine, leucine, or
isoleucine, particularly valine; residue corresponding
to X226 is glycine, methionine, alanine, valine,
leucine, isoleucine, serine, threonine, glutamine, or
asparagine, particularly threonine; residue
corresponding to X233 is serine, threonine, glutamine,
asparagine, aspartic acid, glutamic acid, particularly
asparagine or aspartic acid; residue corresponding to
X235 is serine, threonine, glutamine, asparagine,
tyrosine, phenylalanine, tryptophan, particularly
serine or tryptophan; residue corresponding to X248 is
glycine, methionine, alanine, valine, leucine,
isoleucine, tyrosine, phenylalanine, or tryptophan,
particularly glycine or tryptophan; and residue
corresponding to X249 is tyrosine, phenylalanine, or
tryptophan, particularly tryptophan. In some
embodiments, the amino acid sequence can have at least
two, three, four, five, six or more of the additional
features defined by X above. In some embodiments, the
ketoreductase polypeptides comprising an amino acid
sequence that is based on the sequence formula of SEQ
ID NO: 111, 112, or 139 (or region thereof) can have
additionally one or more residue differences at
residue positions not specified by an X above as
compared to the reference sequence of SEQ ID NO: 2, 4
or 114. In some embodiments, the differences can be
1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-1 1,
1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26,
1-30, 1-35 or about 1-40 residue differences at other
amino acid residue positions not defined by X above.
In some embodiments, the number of differences can be
1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 15, 16, 18,
20, 22, 24, 26, 30, 35 or 40 residue differences at
other amino acid residue positions. In some
embodiments, the differences comprise conservative
mutations.[0095] In some embodiments, an improved
ketoreductase comprising an amino acid sequence based
on the sequence formula of SEQ ID NO: 111, 112, or
139, or a region thereof, such as residues 90- 2 11,
having the specified features at residues
corresponding to Xl 90 and X202 or the specified
features at residues corresponding to X190, Xl 95 and
X202 as described herein, can have additionally one or
more or at least all of the following features:
residue corresponding to X7 is a constrained or
non-polar residue, particularly histidine; residue
corresponding to X94 is a cysteine, aliphatic, or
nonpolar residue, particularly cysteine or glycine;
residue corresponding to X96 is a cysteine, polar,
aliphatic, or non-polar residue, particularly
threonine, cysteine, valine, leucine, or isoleucine;
and residue corresponding to X147 is an aromatic,
aliphatic, or non-polar residue, particularly leucine.
In some embodiments, the ketoreductase polypeptide can
have in addition to the foregoing features, one or
more of the following features: residue corresponding
to X93 is a polar, aliphatic, or non-polar residue,
particularly serine; residue corresponding to X194 is
a constrained, polar, aliphatic, or nonpolar residue,
particularly leucine, serine or glutamine; residue
corresponding to Xl 96 is a nonpolar or aliphatic
residue, particularly leucine; and residue
corresponding to X2 11 is a basic, aliphatic,
non-polar, acidic, or polar residue, particularly
valine, leucine, isoleucine, or threonine. In some
embodiments, the ketoreductase polypeptide can have in
addition to the foregoing features, one or more of the
following features: residue corresponding to Xl 7 is a
non-polar or aliphatic residue, particularly
methionine; residue corresponding to X27 is an
aromatic residue, particularly tyrosine; residue
corresponding to X64 is a polar, non-polar or
aliphatic residue, particularly valine; residue
corresponding to X80 is an aliphatic, non-polar or
polar residue, particularly threonine; residue
corresponding to XlOO is a basic, acidic, polar,
aliphatic or non-polar residue, particularly lysine;
residue corresponding to X 198 is an acidic or polar
residue, particularly glutamic acid; and residue
corresponding to X2 16 is a constrained or basic
residue, particularly arginine. In some embodiments,
the ketoreductase polypeptide can have in addition to
the foregoing features, one or more of the following
features: residue corresponding to X25 is a polar or
acidic residue, particularly threonine; residue
corresponding to X41 is a polar, aliphatic, or
non-polar residue, particularly serine or alanine;
residue corresponding to X53 is a polar, non-polar, or
acidic residue, particularly aspartic acid; residue
corresponding to X57 is a non-polar or aliphatic
residue, particularly valine; residue corresponding to
X66 is an acidic residue, particularly glutamic acid;
residue corresponding to X68 is a polar, acidic,
aliphatic, or non-polar residue, particularly valine;
residue corresponding to X72 is a basic residue,
particularly arginine; residue corresponding to X76 is
an aliphatic, non-polar, or polar residue,
particularly alanine; residue corresponding to X95 is
an aliphatic, non-polar, or acidic residue,
particularly leucine or glutamic acid; residue
corresponding to X97 is a basic, constrained or polar
residue, particularly histidine; residue corresponding
to Xl 08 is a basic or constrained residue,
particularly histidine; residue corresponding to Xl 11
is a non-polar or aliphatic residue,
particularlymethionine; residue corresponding to Xl 39
is a non-polar or aliphatic residue, particularly
leucine; residue corresponding to X 145 is an acidic,
aliphatic, or non-polar residue, particularly leucine
or glutamine; residue corresponding to X148 is a
non-polar or aliphatic residue, particularly
isoleucine; residue corresponding to Xl 5 1 is a
constrained, non-polar or aliphatic residue,
particularly alanine; residue corresponding to Xl 52
is a polar, aromatic, aliphatic, or non-polar residue,
particularly serine; residue corresponding to Xl 63 is
a non-polar or aliphatic residue, particularly
isoleucine; residue corresponding to Xl 65 is a polar,
non-polar or aliphatic residue, particularly
asparagine; residue corresponding to Xl 73 is an
acidic, non-polar or aliphatic residue, particularly
valine; residue corresponding to X179 is an aromatic,
basic, aliphatic, or non-polar residue, particularly
phenylalanine; residue corresponding o Xl 97 is an
acidic residue, particularly glutamic acid; residue
corresponding to X210 is a polar or basic residue,
particularly arginine; residue corresponding to X212
is a polar, aliphatic, or non-polar residue,
particularly valine or serine; residue corresponding
to X223 is a non-polar or aliphatic residue,
particularly valine; residue corresponding o X226 is a
nonpolar or polar residue, particularly threonine;
residue corresponding to X233 is a polar or acidic
residue, particularly asparagine or aspartic acid;
residue corresponding to X235 is a polar or aromatic
residue, particularly tryptophan; residue
corresponding to X248 is a non-polar or aromatic
residue, particularly glycine or tryptophan; and
residue corresponding to X249 is an aromatic residue,
particularly tryptophan. As will be apparent to the
skilled artisan, various combinations of the features
in the foregoing groups can be used to form the
ketoreductases of the disclosure. [0096] In some
embodiments, an improved ketoreductase comprising an
amino acid sequence based on the sequence formula of
SEQ ID NO: 111, 112, or 139, or a region thereof, such
as residues 90- 2 11, having the specified features at
residues corresponding to Xl 90 and X202 or the
specified features at residues corresponding to Xl 90,
Xl 95 and X202 as described herein, further includes
one or more or at least all of the following
additional features: residue corresponding to X94 is a
cysteine, aliphatic, or non-polar residue,
particularly cysteine or glycine; residue
corresponding to X96 is a cysteine, polar, aliphatic,
or non-polar residue, particularly threonine,
cysteine, valine, leucine, or isoleucine; and residue
corresponding to X2 11 is a basic, aliphatic,
non-polar, acidic, or polar residue, particularly
valine, leucine, isoleucine, or threonine. In some
embodiments, the ketoreductase polypeptides can have
additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9,
1-10, 1-1 1, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22,
1-24, 1-26, 1-30, 1-35 or about 1-40 residue
differences at other amino acid residue positions as
compared to the reference sequence of SEQ ID NO:2, 4
or 114. In some embodiments, the number of differences
can 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 that is
at least 85%, 86%, 87%, 88%, 89%, 90%, 91%,92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% identical to a
reference sequence based on SEQ ID NO: 2, 4 or 114
having the preceding features, with the proviso that
the ketoreductase has an amino acid sequence having at
least the preceding features. [0097] In some
embodiments, an improved ketoreductase comprising an
amino acid sequence based on the sequence formula of
SEQ ID NO: 111, 112, or 139, or a region thereof, such
as residues 90- 2 11, having the specified features at
residues corresponding to Xl 90 and X202 or the
specified features at residues corresponding to Xl 90,
Xl 95 and X202 as described herein, further includes
one or more or at least all of the following
additional features: residue corresponding to X94 is a
cysteine, aliphatic, or non-polar residue,
particularly cysteine or glycine; residue
corresponding to X96 is a cysteine, polar, aliphatic,
or non-polar residue, particularly threonine,
cysteine, valine, leucine, or isoleucine; and residue
corresponding to X147 is an aromatic, aliphatic, or
non-polar residue, particularly leucine. In some
embodiments, the ketoreductase polypeptides can have
additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9,
1-10, 1-1 1, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22,
1-24, 1-26, 1-30, 1-35 or about 1-40 residue
differences at other amino acid residue positions as
compared to the reference sequence of SEQ ID NO:2, 4
or 114. In some embodiments, the number of differences
can 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 that is at least 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
identical to a reference sequence based on SEQ ID NO:
2, 4 or 114 having the preceding features, with the
proviso that the ketoreductase has an amino acid
sequence having at least the preceding features.
[0098] In some embodiments, an improved ketoreductase
comprising an amino acid sequence based on the
sequence formula of SEQ ID NO: 111, 112, or 139, or a
region thereof, such as residues 90- 2 11, having the
specified features at residues corresponding to Xl 90
and X202 or the specified features at residues
corresponding to Xl 90, Xl 95 and X202 as described
herein, further includes one or more or at least all
of the following additional features: residue
corresponding to X94 is a cysteine, aliphatic, or
non-polar residue, particularly cysteine or glycine;
residue corresponding to X96 is a cysteine, polar,
aliphatic, or non-polar residue, particularly
threonine, cysteine, valine, leucine, or isoleucine;
residue corresponding to X147 is an aromatic,
aliphatic, or non-polar residue, particularly leucine;
and residue corresponding to X21 1 is a basic,
aliphatic, non-polar, acidic, or polar residue,
particularly valine, leucine, isoleucine, or
threonine. In some embodiments, the ketoreductase
polypeptides can have additionally 1-2, 1-3, 1-4, 1-5,
1-6, 1-7, 1-8, 1-9, 1-10, 1-1 1, 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
acidresidue positions as compared to the reference
sequence of SEQ ID NO:2, 4 or 114. In some
embodiments, the number of differences can be 1, 2, 3,
4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 15, 16, 18, 20, 22,
24, 26, 30, 35 or about 40 residue differences at
other amino acid residues. In some embodiments, the
differences comprise conservative mutations. In some
embodiments, the ketoreductase polypeptide comprises
an amino acid sequence that is at least 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 99% identical to a reference sequence based on SEQ
ID NO: 2, 4 or 114 having the preceding features, with
the proviso that the ketoreductase has an amino acid
sequence having at least the preceding features.
[0100] In some embodiments, an improved ketoreductase
comprising an amino acid sequence based on the
sequence formula of SEQ ID NO: 111, 112, or 139, or a
region thereof, such as residues 90- 2 11, having the
specified features at residues corresponding to Xl 90
and X202 or the specified features at residues
corresponding to Xl 90, Xl 95 and X202 as described
herein, further includes one or more or at least all
of the following additional features: residue
corresponding to X94 is a cysteine, aliphatic, or
non-polar residue, particularly cysteine or glycine;
residue corresponding to X96 is a cysteine, polar,
aliphatic, or non-polar residue, particularly
threonine, cysteine, valine, leucine, or isoleucine;
residue corresponding to Xl 94 is a constrained,
polar, aliphatic, or non-polar residue, particularly
leucine, serine or glutamine; and residue
corresponding to X21 1 is a basic, aliphatic,
nonpolar, acidic, or polar residue, particularly
valine. In some embodiments, the ketoreductase
polypeptides can have additionally 1-2, 1-3, 1-4, 1-5,
1-6, 1-7, 1-8, 1-9, 1-10, 1-1 1, 1-12, 1-14, 1-15,
1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35 or
about 1-40 residue differences at other amino acid
residue positions as compared to the reference
sequence of SEQ ID NO:2, 4 or 114. In some
embodiments, the number of differences can 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 that is at least 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 99% identical to a reference sequence based on SEQ
ID NO: 2, 4 or 114 having the preceding features, with
the proviso that the ketoreductase has an amino acid
sequence having at least the preceding features.
[0101] In some embodiments, an improved ketoreductase
comprising an amino acid sequence based on the
sequence formula of SEQ ID NO: 111, 112, or 139, or a
region thereof, such as residues 90- 2 11, having the
specified features at residues corresponding to Xl 90
and X202 or the specified features at residues
corresponding to Xl 90, Xl 95 and X202 as described
herein, further includes one or more or at least all
of the following additional features: residue
corresponding to X94 is a cysteine, aliphatic, or
non-polar residue, particularly cysteine or glycine;
residue corresponding to X96 is acysteine, polar,
aliphatic, or non-polar residue, particularly
threonine, cysteine, valine, leucine, or isoleucine;
residue corresponding to X147 is an aromatic,
aliphatic, or non-polar residue, particularly leucine;
residue corresponding to Xl 94 is a constrained,
polar, aliphatic, or non-polar residue, particularly
leucine, serine or glutamine; and residue
corresponding to X21 1 is a basic, aliphatic,
nonpolar, acidic, or polar residue, particularly
valine, leucine, isoleucine, or threonine. In some
embodiments, the ketoreductase polypeptides can have
additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1- 9,
1-10, 1-1 1, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22,
1-24, 1-26, 1-30, 1-35 or about 1-40 residue
differences at other amino acid residue positions as
compared to the reference sequence of SEQ ID NO:2, 4
or 114. In some embodiments, the number of differences
can 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 that is
at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% identical to a
reference sequence based on SEQ ID NO: 2, 4 or 114
having the preceding features, with the proviso that
the ketoreductase has an amino acid sequence having at
least the preceding features. [0102] In some
embodiments, an improved ketoreductase comprising an
amino acid sequence based on the sequence formula of
SEQ ID NO: 111, 112, or 139, or a region thereof, such
as residues 90- 2 11, having the specified features at
residues corresponding to Xl 90 and X202 or the
specified features at residues corresponding to Xl 90,
Xl 95 and X202 as described herein, further includes
one or more or at least all of the following
additional features: residue corresponding to X93 is a
polar, aliphatic, or non-polar residue, particularly
serine; residue corresponding to X94 is a cysteine,
aliphatic, or non-polar residue, particularly cysteine
or glycine; residue corresponding to X96 is a
cysteine, polar, aliphatic, or non-polar residue,
particularly threonine or leucine; and residue
corresponding to X2 11 is a basic, aliphatic,
non-polar, acidic, or polar residue, particularly
threonine, isoleucine, leucine, or valine. In some
embodiments, the ketoreductase polypeptides can have
additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9,
1-10, 1-1 1, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22,
1-24, 1-26, 1-30, 1-35 or about 1-40 residue
differences at other amino acid residue positions as
compared to the reference sequence of SEQ ID NO:2, 4
or 114. In some embodiments, the number of differences
can 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 that is
at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% identical to a
reference sequence based on SEQ ID NO: 2, 4 or 114
having the preceding features, with the proviso that
the ketoreductase has an amino acid sequence having at
least the preceding features.[0103] In some
embodiments, an improved ketoreductase comprising an
amino acid sequence based on the sequence formula of
SEQ ID NO: 111, 112, or 139, or a region thereof, such
as residues 90- 2 11, having the specified features at
residues corresponding to Xl 90 and X202 or the
specified features at residues corresponding to Xl 90,
Xl 95 and X202 as described herein, further includes
one or more or at least all of the following
additional features: residue corresponding to X93 is a
polar, aliphatic, or non-polar residue, particularly
serine; residue corresponding to X94 is a cysteine,
aliphatic, or non-polar residue, particularly cysteine
or glycine; residue corresponding to X96 is a
cysteine, polar, aliphatic or non-polar residue,
particularly cysteine, threonine, valine, leucine, or
isoleucine; residue corresponding to XlOO is a basic,
acidic, polar, aliphatic or non-polar residue,
particularly lysine; residue corresponding to X147 is
an aromatic, aliphatic, or non-polar residue,
particularly leucine; residue corresponding to Xl 52
is a polar, aromatic, aliphatic, or non-polar residue,
particularly serine; residue corresponding to X194 is
a constrained, polar, aliphatic, or nonpolar residue,
particularly leucine, serine or glutamine; residue
corresponding to Xl 96 is a non-polar or aliphatic
residue, particularly leucine; and residue
corresponding and residue corresponding to X2 11 is a
basic, aliphatic, non-polar, acidic, or polar residue,
particularly valine, leucine, isoleucine, or
threonine. In some embodiments, the ketoreductase
polypeptides can have additionally 1-2, 1-3, 1- 4,
1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-1 1, 1-12, 1-14,
1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35
or about 1-40 residue differences at other amino acid
residue positions as compared to the reference
sequence of SEQ ID NO:2, 4 or 114. In some
embodiments, the number of differences can 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 that is at least 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 99% identical to a reference sequence based on SEQ
ID NO: 2, 4 or 114 having the preceding features, with
the proviso that the ketoreductase has an amino acid
sequence having at least the preceding features.
[0104] In some embodiments, an improved ketoreductase
comprising an amino acid sequence based on the
sequence formula of SEQ ID NO: 111, 112, or 139, or a
region thereof, such as residues 90- 2 11, having the
specified features at residues corresponding to Xl 90
and X202 or the specified features at residues
corresponding to Xl 90, Xl 95 and X202 as described
herein, further includes one or more or at least all
of the following additional features: residue
corresponding to X7 is a constrained or non-polar
residue, particularly histidine; residue corresponding
to X66 is an acidic residue, particularly glutamic
acid; residue corresponding to X93 is a polar,
aliphatic, or non-polar residue, particularly serine
or glycine; residue corresponding to X94 is a
cysteine, non-polar or aliphatic residue, particularly
cysteine; residue corresponding to X96 is a cysteine,
polar, aliphatic, or non-polar residue, particularly
isoleucine, leucine or threonine; residue
corresponding to X147 is anaromatic, aliphatic or
non-polar residue, particularly leucine; residue
corresponding to X194 is a constrained, polar,
aliphatic, or non-polar residue, particularly leucine,
serine or glutamine; residue corresponding to Xl 96 is
a non-polar or aliphatic residue, particularly
leucine; residue corresponding to Xl 98 is an acidic
or polar residue, particularly glutamic acid; and
residue corresponding to X21 1 is a basic, aliphatic,
non-polar, acidic, or polar residue, particularly
threonine, valine, 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, 1-1 1, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22,
1-24, 1-26, 1-30, 1-35 or about 1-40 residue
differences at other amino acid residue positions as
compared to the reference sequence of SEQ ID NO:2, 4
or 114. In some embodiments, the number of differences
can 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 that is
at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% identical to a
reference sequence based on SEQ ID NO: 2, 4 or 114
having the preceding features, with the proviso that
the ketoreductase has an amino acid sequence having at
least the preceding features. [0105] In some
embodiments, an improved ketoreductase comprising an
amino acid sequence based on the sequence formula of
SEQ ID NO: 111, 112, or 139, or a region thereof, such
as residues 90- 2 11, having the specified features at
residues corresponding to Xl 90 and X202 or the
specified features at residues corresponding to Xl 90,
Xl 95 and X202 as described herein, further includes
one or more or at least all of the following
additional features: residue corresponding to X7 is a
constrained or non-polar residue, particularly
histidine; residue corresponding to Xl 7 is a
non-polar or aliphatic residue, particularly
methionine; residue corresponding to X27 is an
aromatic residue, particularly tyrosine; residue
corresponding to X64 is a polar, non-polar or
aliphatic residue, particularly valine; residue
corresponding to X66 is an acidic residue,
particularly glutamic acid; residue corresponding to
X80 is an aliphatic, non-polar or polar residue,
particularly threonine; residue corresponding to X93
is a polar, aliphatic, or non-polar residue,
particularly serine or glycine; residue corresponding
to X94 is a cysteine, non-polar or aliphatic residue,
particularly cysteine; residue corresponding to X96 is
a cysteine, polar, aliphatic, or non-polar residue,
particularly isoleucine, leucine or threonine; residue
corresponding to XlOO is a basic, acidic, polar,
aliphatic, non-polar residue or constrained residue,
particularly lysine; residue corresponding to X147 is
an aromatic, aliphatic or non-polar residue,
particularly leucine; residue corresponding to X194 is
a constrained, polar, aliphatic, or non-polar residue,
particularly leucine, serine or glutamine; residue
corresponding to Xl 96 is a non-polar or aliphatic
residue, particularly leucine; residue corresponding
to Xl 98 is an acidic or polar residue, particularly
glutamic acid; residue corresponding to X21 1 is a
basic, aliphatic, non-polar, acidic, or polar residue,
particularly threonine, valine, leucine, orisoleucine;
and residue corresponding to X2 16 is a constrained or
basic residue, particularly arginine. In some
embodiments, the ketoreductase polypeptides can have
additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1- 7, 1-8, 1-9,
1-10, 1-1 1, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22,
1-24, 1-26, 1-30, 1-35 or about 1-40 residue
differences at other amino acid residue positions as
compared to the reference sequence of SEQ ID NO:2, 4
or 114. In some embodiments, the number of differences
can 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 that is
at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% identical to a
reference sequence based on SEQ ID NO: 2, 4 or 114
having the preceding features, with the proviso that
the ketoreductase has an amino acid sequence having at
least the preceding features. [0106] In some
embodiments, an improved ketoreductase comprising an
amino acid sequence based on the sequence formula of
SEQ ID NO: 111, 112, or 139, or a region thereof, such
as residues 90- 2 11, having the specified features at
residues corresponding to Xl 90 and X202 or the
specified features at residues corresponding to Xl 90,
Xl 95 and X202 as described herein, further includes
at least the following additional feature: residue
corresponding to X7 is constrained or non-polar
residue, particularly glycine or histidine. In some
embodiments, the ketoreductase polypeptides can have
additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9,
1-10, 1-1 1, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22,
1-24, 1-26, 1-30, 1-35 or about 1-40 residue
differences at other amino acid residue positions as
compared to the reference sequence of SEQ ID NO:2, 4
or 114. In some embodiments, the number of 



differences can 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 that is at least 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
identical to a reference sequence based on SEQ ID NO:
2, 4 or 114 having the preceding features, with the
proviso that the ketoreductase has an amino acid
sequence having at least the preceding features.
[0107] In some embodiments, an improved ketoreductase
comprising an amino acid sequence based on the
sequence formula of SEQ ID NO: 111, 112, or 139, or a
region thereof, such as residues 90- 2 11, having the
specified features at residues corresponding to Xl 90
and X202 or the specified features at residues
corresponding to Xl 90, Xl 95 and X202 as described
herein, further includes at least the following
additional feature: residue corresponding to Xl 7 is a
non-polar or aliphatic residue, particularly
methionine. In some embodiments, the ketoreductase
polypeptides can have additionally 1-2, 1-3, 1-4, 1-5,
1-6, 1-7, 1-8, 1-9, 1-10, 1-1 1, 1-12, 1-14, 1-15,
1-16, 1-18, 1-20, 1-22,1-24, 1-26, 1-30, 1-35 or about
1-40 residue differences at other amino acid residue
positions as compared to the reference sequence of SEQ
ID NO:2, 4 or 114. In some embodiments, the number of
differences can 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 that is at least 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
identical to a reference sequence based on SEQ ID NO:
2, 4 or 114 having the preceding features, with the
proviso that the ketoreductase has an amino acid
sequence having at least the preceding features.
[0108] In some embodiments, an improved ketoreductase
comprising an amino acid sequence based on the
sequence formula of SEQ ID NO: 111, 112, or 139, or a
region thereof, such as residues 90- 2 11, having the
specified features at residues corresponding to Xl 90
and X202 or the specified features at residues
corresponding to Xl 90, Xl 95 and X202 as described
herein, further includes at least the following
additional feature: residue corresponding to X25 is a
polar or acidic residue, particularly threonine. In
some embodiments, the ketoreductase polypeptides can
have additionally 1- 2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8,
1-9, 1-10, 1-1 1, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20,
1-22, 1-24, 1-26, 1- 30, 1-35 or about 1-40 residue
differences at other amino acid residues as compared
to the reference sequence of SEQ ID NO:2, 4 or 114. 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 that is at least 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 99% identical to a reference sequence based on SEQ
ID NO: 2, 4 or 114 having the preceding features, with
the proviso that the ketoreductase has an amino acid
sequence having at least the preceding features.
[0109] In some embodiments, an improved ketoreductase
comprising an amino acid sequence based on the
sequence formula of SEQ ID NO: 111, 112, or 139, or a
region thereof, such as residues 90- 2 11, having the
specified features at residues corresponding to Xl 90
and X202 or the specified features at residues
corresponding to Xl 90, Xl 95 and X202 as described
herein, further includes at least the following
additional feature: residue corresponding to X27 is an
aromatic residue, particularly tyrosine. In some
embodiments, the ketoreductase polypeptides can have
additionally 1- 2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9,
1-10, 1-1 1, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22,
1-24, 1-26, 1- 30, 1-35 or about 1-40 residue
differences at other amino acid residue positions as
compared to the reference sequence of SEQ ID NO:2, 4
or 114. In some embodiments, the number of differences
can 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
residuedifferences at other amino acid residues. In
some embodiments, the differences comprise
conservative mutations. In some embodiments, the
ketoreductase polypeptide comprises an amino acid
sequence that is at least 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
identical to a reference sequence based on SEQ ID NO:
2, 4 or 114 having the preceding features, with the
proviso that the ketoreductase has an amino acid
sequence having at least the preceding features.
[0110] In some embodiments, an improved ketoreductase
comprising an amino acid sequence based on the
sequence formula of SEQ ID NO: 111, 112, or 139, or a
region thereof, such as residues 90- 2 11, having the
specified features at residues corresponding to Xl 90
and X202 or the specified features at residues
corresponding to Xl 90, Xl 95 and X202 as described
herein, further includes at least the following
additional feature: residue corresponding to X53 is a
polar, non-polar, or acidic residue, particularly
aspartic acid. In some embodiments, the ketoreductase
polypeptides can have additionally 1-2, 1-3, 1-4, 1-5,
1-6, 1-7, 1-8, 1-9, 1-10, 1-1 1, 1-12, 1-14, 1-15,
1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35 or
about 1-40 residue differences at other amino acid
residue positions as compared to the reference
sequence of SEQ ID NO:2, 4 or 114. In some
embodiments, the number of differences can 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 that is at least 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 99% identical to a reference sequence based on SEQ
ID NO: 2, 4 or 114 having the preceding features, with
the proviso that the ketoreductase has an amino acid
sequence having at least the preceding features.
[0111] In some embodiments, an improved ketoreductase
comprising an amino acid sequence based on the
sequence formula of SEQ ID NO: 111, 112, or 139, or a
region thereof, such as residues 90- 2 11, having the
specified features at residues corresponding to Xl 90
and X202 or the specified features at residues
corresponding to Xl 90, Xl 95 and X202 as described
herein, further includes at least the following
additional feature: residue corresponding to X64 is a
non-polar or aliphatic residue, particularly valine.
In some embodiments, the ketoreductase polypeptides
can have additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7,
1-8, 1-9, 1-10, 1-1 1, 1-12, 1-14, 1-15, 1-16, 1-18,
1-20, 1-22, 1-24, 1-26, 1-30, 1-35 or about 1-40
residue differences at other amino acid residue
positions as compared to the reference sequence of SEQ
ID NO:2, 4 or 114. In some embodiments, the number of
differences can 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 aminoacid
sequence that is at least 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
identical to a reference sequence based on SEQ ID NO:
2, 4 or 114 having the preceding features, with the
proviso that the ketoreductase has an amino acid
sequence having at least the preceding features.
[0112] In some embodiments, an improved ketoreductase
comprising an amino acid sequence based on the
sequence formula of SEQ ID NO: 111, 112, or 139, or a
region thereof, such as residues 90- 2 11, having the
specified features at residues corresponding to Xl 90
and X202 or the specified features at residues
corresponding to Xl 90, Xl 95 and X202 as described
herein, further includes at least the following
additional feature: residue corresponding to X80 is an
aliphatic, non-polar, or polar residue, particularly
valine or threonine. In some embodiments, the
ketoreductase polypeptides can have additionally 1-2,
1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-11, 1-12,
1-14, 1-15, 1-16, 1-18, 1- 20, 1-22, 1-24, 1-26, 1-30,
1-35 or about 1-40 residue differences at other amino
acid residue positions as compared to the reference
sequence of SEQ ID NO:2, 4 or 114. In some
embodiments, the number of differences can 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 that is at least 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 99% identical to a reference sequence based on SEQ
ID NO: 2, 4 or 114 having the preceding features, with
the proviso that the ketoreductase has an amino acid
sequence having at least the preceding features.
[0113] In some embodiments, an improved ketoreductase
comprising an amino acid sequence based on the
sequence formula of SEQ ID NO: 111, 112, or 139, or a
region thereof, such as residues 90- 2 11, having the
specified features at residues corresponding to Xl 90
and X202 or the specified features at residues
corresponding to Xl 90, Xl 95 and X202 as described
herein, further includes at least the following
additional feature: residue corresponding to X93 is a
polar, aliphatic, or non-polar residue, particularly
serine. In some embodiments, the ketoreductase
polypeptides can have additionally 1-2, 1-3, 1-4, 1-5,
1-6, 1-7, 1-8, 1-9, 1-10, 1-1 1, 1-12, 1-14, 1-15,
1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35 or
about 1-40 residue differences at other amino acid
residue positions as compared to the reference
sequence of SEQ ID NO:2, 4 or 114. In some
embodiments, the number of differences can 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 that is at least 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 99% identical to a reference sequence based on SEQ
ID NO: 2, 4 or 114 having thepreceding features, with
the proviso that the ketoreductase has an amino acid
sequence having at least the preceding features.
[0114] In some embodiments, an improved ketoreductase
comprising an amino acid sequence based on the
sequence formula of SEQ ID NO: 111, 112, or 139, or a
region thereof, such as residues 90- 2 11, having the
specified features at residues corresponding to Xl 90
and X202 or the specified features at residues
corresponding to Xl 90, Xl 95 and X202 as described
herein, further includes at least the following
additional feature: residue corresponding to X94 is a
cysteine, aliphatic, or nonpolar residue, particularly
glycine or cysteine. In some embodiments, the
ketoreductase polypeptides can have additionally 1-2,
1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-11, 1-12,
1-14, 1-15, 1-16, 1-18, 1- 20, 1-22, 1-24, 1-26, 1-30,
1-35 or about 1-40 residue differences at other amino
acid residue positions as compared to the reference
sequence of SEQ ID NO:2, 4 or 114. In some
embodiments, the number of differences can 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 that is at least 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 99% identical to a reference sequence based on SEQ
ID NO: 2, 4 or 114 having the preceding features, with
the proviso that the ketoreductase has an amino acid
sequence having at least the preceding features.
[0115] In some embodiments, an improved ketoreductase
comprising an amino acid sequence based on the
sequence formula of SEQ ID NO: 111, 112, or 139, or a
region thereof, such as residues 90- 2 11, having the
specified features at residues corresponding to Xl 90
and X202 or the specified features at residues
corresponding to Xl 90, Xl 95 and X202 as described
herein, further includes at least the following
additional feature: residue corresponding to X96 is a
cysteine, polar, aliphatic, or non-polar residue,
particularly valine, leucine, isoleucine, threonine,
or cysteine. In some embodiments, the ketoreductase
polypeptides can have additionally 1-2, 1-3, 1-4, 1-5,
1-6, 1-7, 1-8, 1- 9, 1-10, 1-1 1, 1-12, 1-14, 1-15,
1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35 or
about 1-40 residue differences at other amino acid
residue positions as compared to the reference
sequence of SEQ ID NO:2, 4 or 114. In some
embodiments, the number of differences can 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 that is at least 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 99% identical to a reference sequence based on SEQ
ID NO: 2, 4 or 114 having the preceding features, with
the proviso that the ketoreductase has an amino acid
sequence having at least the preceding features.[0116]
In some embodiments, an improved ketoreductase
comprising an amino acid sequence based on the
sequence formula of SEQ ID NO: 111, 112, or 139, or a
region thereof, such as residues 90- 2 11, having the
specified features at residues corresponding to Xl 90
and X202 or the specified features at residues
corresponding to Xl 90, Xl 95 and X202 as described
herein, further includes at least the following
additional feature: residue corresponding to XlOO is a
basic, acidic, polar, aliphatic, or non-polar residue,
particularly lysine. 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, 1-1 1, 1-12,
1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30,
1-35 or about 1-40 residue differences at other amino
acid residue positions as compared to the reference
sequence of SEQ ID NO:2, 4 or 114. In some
embodiments, the number of differences can 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 that is at least 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 99% identical to a reference sequence based on SEQ
ID NO: 2, 4 or 114 having the preceding features, with
the proviso that the ketoreductase has an amino acid
sequence having at least the preceding features.
[0117] In some embodiments, an improved ketoreductase
comprising an amino acid sequence based on the
sequence formula of SEQ ID NO: 111, 112, or 139, or a
region thereof, such as residues 90- 2 11, having the
specified features at residues corresponding to Xl 90
and X202 or the specified features at residues
corresponding to Xl 90, Xl 95 and X202 as described
herein, further includes at least the following
additional feature: residue corresponding to Xl 08 is
a basic or constrained residue, particularly
histidine. In some embodiments, the ketoreductase
polypeptides can have additionally 1-2, 1-3, 1-4, 1-5,
1-6, 1-7, 1-8, 1-9, 1-10, 1-1 1, 1-12, 1-14, 1-15,
1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35 or
about 1-40 residue differences at other amino acid
residue positions as compared to the reference
sequence of SEQ ID NO:2, 4 or 114. In some
embodiments, the number of differences can 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 that is at least 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
identical to a reference sequence based on SEQ ID NO:
2, 4 or 114 having the preceding features, with the
proviso that the ketoreductase has an amino acid
sequence having at least the preceding features.
[0118] In some embodiments, an improved ketoreductase
comprising an amino acid sequence based on the
sequence formula of SEQ ID NO: 111, 112, or 139, or a
region thereof, such as residues 90-2 11, having the
specified features at residues corresponding to Xl 90
and X202 or the specified features at residues
corresponding to Xl 90, Xl 95 and X202 as described
herein, further includes at least the following
additional feature: residue corresponding to X147 is
an aromatic, aliphatic, or non-polar residue,
particularly leucine. 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, 1-1 1, 1-12,
1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30,
1-35 or about 1-40 residue differences at other amino
acid residue positions as compared to the reference
sequence of SEQ ID NO:2, 4 or 114. In some
embodiments, the number of differences can 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 that is at least 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 99% identical to a reference sequence based on SEQ
ID NO: 2, 4 or 114 having the preceding features, with
the proviso that the ketoreductase has an amino acid
sequence having at least the preceding features.
[0119] In some embodiments, an improved ketoreductase
comprising an amino acid sequence based on the
sequence formula of SEQ ID NO: 111, 112, or 139, or a
region thereof, such as residues 90- 2 11, having the
specified features at residues corresponding to Xl 90
and X202 or the specified features at residues
corresponding to Xl 90, Xl 95 and X202 as described
herein, further includes at least the following
additional feature: residue corresponding to Xl 5 1 is
a constrained, non-polar or aliphatic residue,
particularly alanine. In some embodiments, the
ketoreductase polypeptides can have additionally 1-2,
1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-1 1, 1-12,
1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30,
1-35 or about 1-40 residue differences at other amino
acid residue positions as compared to the reference
sequence of SEQ ID NO:2, 4 or 114. In some
embodiments, the number of differences can 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 that is at least 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 99% identical to a reference sequence based on SEQ
ID NO: 2, 4 or 114 having the preceding features, with
the proviso that the ketoreductase has an amino acid
sequence having at least the preceding features.
[0120] In some embodiments, an improved ketoreductase
comprising an amino acid sequence based on the
sequence formula of SEQ ID NO: 111, 112, or 139, or a
region thereof, such as residues 90- 2 11, having the
specified features at residues corresponding to Xl 90
and X202 or the specified features at residues
corresponding to Xl 90, Xl 95 and X202 as described
herein, further includes atleast the following
additional feature: residue corresponding to Xl 65 is
a polar, non-polar or aliphatic residue, particularly
asparagine. 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, 1-1 1, 1-12, 1-14, 1-15,
1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35 or
about 1-40 residue differences at other amino acid
residue positions as compared to the reference
sequence of SEQ ID NO:2, 4 or 114. In some
embodiments, the number of differences can 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 that is at least 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 99% identical to a reference sequence based on SEQ
ID NO: 2, 4 or 114 having the preceding features, with
the proviso that the ketoreductase has an amino acid
sequence having at least the preceding features.
[0121] In some embodiments, an improved ketoreductase
comprising an amino acid sequence based on the
sequence formula of SEQ ID NO: 111, 112, or 139, or a
region thereof, such as residues 90- 2 11, having the
specified features at residues corresponding to Xl 90
and X202 or the specified features at residues
corresponding to Xl 90, Xl 95 and X202 as described
herein, further includes at least the following
additional feature: residue corresponding to Xl 73 is
an acidic, non-polar or aliphatic residue,
particularly valine. In some embodiments, the
ketoreductase polypeptides can have additionally 1-2,
1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-1 1, 1-12,
1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30,
1-35 or about 1-40 residue differences at other amino
acid residue positions as compared to the reference
sequence of SEQ ID NO:2, 4 or 114. In some
embodiments, the number of differences can 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 that is at least 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 99% identical to a reference sequence based on SEQ
ID NO: 2, 4 or 114 having the preceding features, with
the proviso that the ketoreductase has an amino acid
sequence having at least the preceding features.
[0122] In some embodiments, an improved ketoreductase
comprising an amino acid sequence based on the
sequence formula of SEQ ID NO: 111, 112, or 139, or a
region thereof, such as residues 90- 2 11, having the
specified features at residues corresponding to Xl 90
and X202 or the specified features at residues
corresponding to Xl 90, Xl 95 and X202 as described
herein, further includes at least the following
additional feature: residue corresponding to X194 is a
constrained, polar, aliphatic, or non-polar residue,
particularly serine, glutamine, or leucine. In some
embodiments, theketoreductase polypeptides can have
additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9,
1-10, 1-1 1, 1- 12, 1-14, 1-15, 1-16, 1-18, 1-20,
1-22, 1-24, 1-26, 1-30, 1-35 or about 1-40 residue
differences at other amino acid residue positions as
compared to the reference sequence of SEQ ID NO:2, 4
or 114. In some embodiments, the number of differences
can 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 that is
at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% identical to a
reference sequence based on SEQ ID NO: 2, 4 or 114
having the preceding features, with the proviso that
the ketoreductase has an amino acid sequence having at
least the preceding features. [0123] In some
embodiments, an improved ketoreductase comprising an
amino acid sequence based on the sequence formula of
SEQ ID NO: 111, 112, or 139, or a region thereof, such
as residues 90- 2 11, having the specified features at
residues corresponding to Xl 90 and X202 or the
specified features at residues corresponding to Xl 90,
Xl 95 and X202 as described herein, further includes
at least the following additional feature: residue
corresponding to Xl 96 is a non-polar or aliphatic
residue, particularly leucine. 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, 1-1 1,
1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26,
1-30, 1-35 or about 1-40 residue differences at other
amino acid residue positions as compared to the
reference sequence of SEQ ID NO:2, 4 or 114. In some
embodiments, the number of differences can 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 that is at least 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 99% identical to a reference sequence based on SEQ
ID NO: 2, 4 or 114 having the preceding features, with
the proviso that the ketoreductase has an amino acid
sequence having at least the preceding features.
[0124] In some embodiments, an improved ketoreductase
comprising an amino acid sequence based on the
sequence formula of SEQ ID NO: 111, 112, or 139, or a
region thereof, such as residues 90- 2 11, having the
specified features at residues corresponding to Xl 90
and X202 or the specified features at residues
corresponding to Xl 90, Xl 95 and X202 as described
herein, further includes at least the following
additional feature: residue corresponding to Xl 98 is
an acidic or polar residue, particularly glutamic acid
or glutamine. In some embodiments, the ketoreductase
polypeptides can have additionally 1-2, 1-3, 1-4, 1-5,
1-6, 1-7, 1-8, 1-9, 1-10, 1-1 1, 1-12, 1-14, 1-15,
1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35 or
about 1-40 residue differences at other amino acid
residue positions ascompared to the reference sequence
of SEQ ID NO:2, 4 or 114. In some embodiments, the
number of differences can be 1, 2, 3, 4, 5, 6, 7, 8,
9, 10, 11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35
or about 40 residue differences at other amino acid
residues. In some embodiments, the differences
comprise conservative mutations. In some embodiments,
the ketoreductase polypeptide comprises an amino acid
sequence that is at least 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
identical to a reference sequence based on SEQ ID NO:
2, 4 or 114 having the preceding features, with the
proviso that the ketoreductase has an amino acid
sequence having at least the preceding features.
[0125] In some embodiments, an improved ketoreductase
comprising an amino acid sequence based on the
sequence formula of SEQ ID NO: 111, 112, or 139, or a
region thereof, such as residues 90- 2 11, having the
specified features at residues corresponding to Xl 90
and X202 or the specified features at residues
corresponding to Xl 90, Xl 95 and X202 as described
herein, further includes at least the following
additional feature: residue corresponding to X210 is a
polar or basic residue, particularly arginine. In some
embodiments, the ketoreductase polypeptides can have
additionally 1- 2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9,
1-10, 1-1 1, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22,
1-24, 1-26, 1- 30, 1-35 or about 1-40 residue
differences at other amino acid residue positions as
compared to the reference sequence of SEQ ID NO:2, 4
or 114. In some embodiments, the number of differences
can 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 that is
at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% identical to a
reference sequence based on SEQ ID NO: 2, 4 or 114
having the preceding features, with the proviso that
the ketoreductase has an amino acid sequence having at
least the preceding features. [0126] In some
embodiments, an improved ketoreductase comprising an
amino acid sequence based on the sequence formula of
SEQ ID NO: 111, 112, or 139, or a region thereof, such
as residues 90- 2 11, having the specified features at
residues corresponding to Xl 90 and X202 or the
specified features at residues corresponding to Xl 90,
Xl 95 and X202 as described herein, further includes
at least the following additional feature: residue
corresponding to X21 1 is a basic, aliphatic,
non-polar, acidic, or polar residue, particularly
valine, leucine, isoleucine, or threonine. In some
embodiments, the ketoreductase polypeptides can have
additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9,
1-10, 1-1 1, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22,
1-24, 1-26, 1-30, 1-35 or about 1-40 residue
differences at other amino acid residue positions as
compared to the reference sequence of SEQ ID NO:2, 4
or 114. In some embodiments, the number of differences
can 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 that is
at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% identical to a
reference sequence based on SEQ ID NO: 2, 4 or 114
having the preceding features, with the proviso that
the ketoreductase has an amino acid sequence having at
least the preceding features. [0127] In some
embodiments, an improved ketoreductase comprising an
amino acid sequence based on the sequence formula of
SEQ ID NO: 111, 112, or 139, or a region thereof, such
as residues 90- 2 11, having the specified features at
residues corresponding to Xl 90 and X202 or the
specified features at residues corresponding to Xl 90,
Xl 95 and X202 as described herein, further includes
at least the following additional feature: residue
corresponding to X212 is polar, aliphatic, or
non-polar residue, particularly valine or serine. 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, 1-1 1, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20,
1-22, 1-24, 1-26, 1-30, 1-35 or about 1-40 residue
differences at other amino acid residue positions as
compared to the reference sequence of SEQ ID NO:2, 4
or 114. In some embodiments, the number of differences
can 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 that is
at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% identical to a
reference sequence based on SEQ ID NO: 2, 4 or 114
having the preceding features, with the proviso that
the ketoreductase has an amino acid sequence having at
least the preceding features. [0128] In some
embodiments, an improved ketoreductase comprising an
amino acid sequence based on the sequence formula of
SEQ ID NO: 111, 112, or 139, or a region thereof, such
as residues 90- 2 11, having the specified features at
residues corresponding to Xl 90 and X202 or the
specified features at residues corresponding to Xl 90,
Xl 95 and X202 as described herein, further includes
at least the following additional feature: residue
corresponding to X216 is a is constrained or basic
residue, particularly arginine. In some embodiments,
the ketoreductase polypeptides can have additionally
1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-1 1,
1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26,
1-30, 1-35 or about 1-40 residue differences at other
amino acid residue positions as compared to the
reference sequence of SEQ ID NO:2, 4 or 114. In some
embodiments, the number of differences can 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 aminoacid
sequence that is at least 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
identical to a reference sequence based on SEQ ID NO:
2, 4 or 114 having the preceding features, with the
proviso that the ketoreductase has an amino acid
sequence having at least the preceding features.
[0129] In some embodiments, an improved ketoreductase
comprising an amino acid sequence based on the
sequence formula of SEQ ID NO: 111, 112, or 139, or a
region thereof, such as residues 90- 2 11, having the
specified features at residues corresponding to Xl 90
and X202 or the specified features at residues
corresponding to Xl 90, Xl 95 and X202 as described
herein, further includes at least the following
additional feature: residue corresponding to X223 is a
non-polar or aliphatic residue, particularly valine.
In some embodiments, the ketoreductase polypeptides
can have additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7,
1-8, 1-9, 1-10, 1-1 1, 1-12, 1-14, 1-15, 1-16, 1-18,
1-20, 1-22, 1-24, 1-26, 1-30, 1-35 or about 1-40
residue differences at other amino acid residue
positions as compared to the reference sequence of SEQ
ID NO:2, 4 or 114. In some embodiments, the number of
differences can 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 that is at least 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
identical to a reference sequence based on SEQ ID NO:
2, 4 or 114 having the preceding features, with the
proviso that the ketoreductase has an amino acid
sequence having at least the preceding features.
[0130] In some embodiments, an improved ketoreductase
comprising an amino acid sequence based on the
sequence formula of SEQ ID NO: 111, 112, or 139, or a
region thereof, such as residues 90- 2 11, having the
specified features at residues corresponding to Xl 90
and X202 or the specified features at residues
corresponding to Xl 90, Xl 95 and X202 as described
herein, further includes at least the following
additional feature: residue corresponding to X226 is a
non-polar or polar residue, particularly threonine. In
some embodiments, the ketoreductase polypeptides can
have additionally 1- 2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8,
1-9, 1-10, 1-1 1, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20,
1-22, 1-24, 1-26, 1- 30, 1-35 or about 1-40 residue
differences at other amino acid residue positions as
compared to the reference sequence of SEQ ID NO:2, 4
or 114. In some embodiments, the number of differences
can 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 that is
at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% identical to a
reference sequence based on SEQ ID NO: 2, 4 or 114
having thepreceding features, with the proviso that
the ketoreductase has an amino acid sequence having at
least the preceding features. [0131] In some
embodiments, an improved ketoreductase comprising an
amino acid sequence based on the sequence formula of
SEQ ID NO: 111, 112, or 139, or a region thereof, such
as residues 90- 2 11, having the specified features at
residues corresponding to Xl 90 and X202 or the
specified features at residues corresponding to Xl 90,
Xl 95 and X202 as described herein, further includes
at least the following additional features: residue
corresponding to X7 is a constrained or non-polar
residue, particularly histidine; residue corresponding
to X94 is a cysteine, non-polar or aliphatic residue,
particularly cysteine or glycine; the residue
corresponding to X147 is an aromatic, aliphatic, or
non-polar residue, particularly phenylalanine or
leucine; and the residue corresponding to Xl 96 is a
non-polar or aliphatic residue, particularly leucine.
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, 1-1 1, 1-12, 1-14, 1-15, 1-16, 1-18,
1-20, 1-22, 1-24, 1-26, 1-30, 1-35 or about 1-40
residue differences at other amino acid residue
positions as compared to the reference sequence based
on SEQ ID NO: 2, 4 or 114 having the preceding
features (e.g., SEQ ID NO:48). In some embodiments,
the number of differences can be 1, 2, 3, 4, 5, 6, 7,
8, 9, 10, 11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30,
35 or about 40 residue differences at other amino acid
residues. In some embodiments, the ketoreductase
polypeptide comprises an amino acid sequence that is
at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% identical to a
reference sequence based on SEQ ID NO: 2, 4 or 114
having the preceding features (e.g., SEQ ID NO:48),
with the proviso that the ketoreductase has an amino
acid sequence having at least the preceding features.
[0132] In some embodiments, an improved ketoreductase
comprising an amino acid sequence based on the
sequence formula of SEQ ID NO: 111, 112, or 139, or a
region thereof, such as residues 90- 2 11, having the
specified features at residues corresponding to Xl 90
and X202 or the specified features at residues
corresponding to Xl 90, Xl 95 and X202 as described
herein, further includes at least the following
additional features: residue corresponding to X7 is a
constrained or non-polar residue, particularly
histidine; residue corresponding to X96 is a cysteine,
polar, aliphatic, or nonpolar residue, particularly
asparagine, serine, valine, leucine, isoleucine, or
threonine; the residue corresponding to X147 is an
aromatic, aliphatic, or non-polar residue,
particularly phenylalanine or leucine; and the residue
corresponding to Xl 96 is a non-polar or aliphatic
residue, particularly leucine. 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, 1-1 1,
1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26,
1-30, 1-35 or about 1-40 residue differences at other
amino acid residue positions as compared to the
reference sequence of SEQ ID NO: 2, 4 or 114 having
the preceding features (e.g., SEQ ID NO:42, 44, 46,
or90). 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 ketoreductase polypeptide comprises
an amino acid sequence that is at least 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 99% identical to a reference sequence based on SEQ
ID NO: 2, 4 or 114 having the preceding features
(e.g., SEQ ID NO:42, 44, 46, or 90), with the proviso
that the ketoreductase has an amino acid sequence
having at least the preceding features. [0133] In some
embodiments, an improved ketoreductase comprising an
amino acid sequence based on the sequence formula of
SEQ ID NO: 111, 112, or 139, or a region thereof, such
as residues 90- 2 11, having the specified features at
residues corresponding to Xl 90 and X202 or the
specified features at residues corresponding to Xl 90,
Xl 95 and X202 as described herein, further includes
at least the following additional features: residue
corresponding to X7 is a constrained or non-polar
residue, particularly histidine; residue corresponding
to X96 is a cysteine, polar, aliphatic, or nonpolar
residue, particularly asparagine, serine, valine,
leucine, isoleucine, or threonine; the residue
corresponding to X147 is an aromatic, aliphatic, or
non-polar residue, particularly phenylalanine or
leucine; the residue corresponding to Xl 96 is a
non-polar or aliphatic residue, particularly leucine;
and the residue corresponding to X21 1 is a basic,
aliphatic, non-polar, acidic, or polar residue,
particularly valine, leucine, isoleucine, or
threonine. In some embodiments, the ketoreductase
polypeptides can have additionally 1-2, 1-3, 1-4, 1-5,
1-6, 1-7, 1-8, 1-9, 1-10, 1-1 1, 1-12, 1-14, 1-15,
1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35 or
about 1-40 residue differences at other amino acid
residue positions as compared to the reference
sequence of SEQ ID NO: 2, 4 or 114 having the
preceding features (e.g., SEQ ID NO:88, 94 or 102). 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
ketoreductase polypeptide comprises an amino acid
sequence that is at least 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
identical to a reference sequence based on SEQ ID NO:
2, 4 or 114 having the preceding features (e.g., SEQ
ID NO:88, 94 or 102), with the proviso that the
ketoreductase has an amino acid sequence having at
least the preceding features. [0134] In some
embodiments, an improved ketoreductase comprising an
amino acid sequence based on the sequence formula of
SEQ ID NO: 111, 112, or 139, or a region thereof, such
as residues 90- 2 11, having the specified features at
residues corresponding to Xl 90 and X202 or the
specified features at residues corresponding to Xl 90,
Xl 95 and X202 as described herein, further includes
at least the following additional features: residue
corresponding to X7 is a constrained or non-polar
residue, particularly histidine; residue corresponding
to X96 is a cysteine, polar, aliphatic, or nonpolar
residue, particularly asparagine, serine, valine,
leucine, isoleucine, or threonine; the residue
corresponding to X147 is an aromatic, aliphatic, or
non-polar residue, particularly phenylalanine or
leucine; residue corresponding to Xl 94 is a
constrained, polar, aliphatic, or non-polar residue,
particularly leucine, glutamine or serine; residue
corresponding to X 196 is a non-polar or aliphatic
residue, particularly leucine; and residue
corresponding to X2 11 is a basic, aliphatic,
non-polar, acidic, or polar residue, particularly
valine, leucine, isoleucine, or threonine. In some
embodiments, the ketoreductase polypeptides can have
additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9,
1-10, 1-1 1, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22,
1-24, 1-26, 1-30, 1-35 or about 1-40 residue
differences at other amino acid residue positions as
compared to the reference sequence of SEQ ID NO: 2, 4
or 114 having the preceding features (e.g., SEQ ID
NO: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 ketoreductase polypeptide comprises
an amino acid sequence that is at least 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 99% identical to a reference sequence based on SEQ
ID NO: 2, 4 or 114 having the preceding features
(e.g., SEQ ID NO:98), with the proviso that the
ketoreductase has an amino acid sequence having at
least the preceding features. [0135] In some
embodiments, an improved ketoreductase comprising an
amino acid sequence based on the sequence formula of
SEQ ID NO: 111, 112, or 139, or a region thereof, such
as residues 90- 2 11, having the specified features at
residues corresponding to Xl 90 and X202 or the
specified features at residues corresponding to Xl 90,
Xl 95 and X202 as described herein, further includes
at least the following additional features: residue
corresponding to X7 is a constrained or non-polar
residue, particularly histidine; residue corresponding
to X93 is a polar, aliphatic, or non-polar residue,
particularly serine; residue corresponding to X94 is a
cysteine, non-polar or aliphatic residue, particularly
cysteine or glycine; residue corresponding to X96 is a
cysteine, polar, aliphatic, or nonpolar residue,
particularly asparagine, serine, valine, leucine,
isoleucine, or threonine; the residue corresponding to
X147 is an aromatic, aliphatic, or non-polar residue,
particularly phenylalanine or leucine; residue
corresponding to Xl 96 is a non-polar or aliphatic
residue, particularly leucine; and residue
corresponding to X2 11 is a basic, aliphatic,
non-polar, acidic, or polar residue, particularly
valine, leucine, isoleucine, or threonine. In some
embodiments, the ketoreductase polypeptides can have
additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9,
1-10, 1-1 1, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22,
1-24, 1-26, 1-30, 1-35 or about 1-40 residue
differences at other amino acid residues as compared
to the reference sequence of SEQ ID NO: 2, 4 or 114
having the preceding features (e.g., SEQ ID NO:84). In
some embodiments, the number of differences 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
ketoreductase polypeptide comprises an amino acid
sequencethat is at least 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
identical to a reference sequence based on SEQ ID NO:
2, 4 or 114 having the preceding features (e.g., SEQ
ID NO: 84), with the proviso that the ketoreductase
has an amino acid sequence having at least the
preceding features. [0136] In some embodiments, an
improved ketoreductase comprising an amino acid
sequence based on the sequence formula of SEQ ID NO:
111, 112, or 139, or a region thereof, such as
residues 90- 2 11, having the specified features at
residues corresponding to Xl 90 and X202 or the
specified features at residues corresponding to Xl 90,
Xl 95 and X202 as described herein, further includes
at least the following additional features: residue
corresponding to X7 is a constrained or non-polar
residue, particularly histidine; residue corresponding
to X66 is an acidic residue, particularly glutamic
acid; residue corresponding to X93 is a polar,
aliphatic, or non-polar residue, particularly serine;
residue corresponding to X94 is a cysteine, non-polar
or aliphatic residue, particularly cysteine or
glycine; residue corresponding to X96 is a cysteine,
polar, aliphatic, or non-polar residue, particularly
asparagine, serine, valine, leucine, isoleucine, or
threonine; the residue corresponding to X147 is an
aromatic, aliphatic, or non-polar residue,
particularly phenylalanine or leucine; residue
corresponding to Xl 96 is a non-polar or aliphatic
residue, particularly leucine; and residue
corresponding to X21 1 is a basic, aliphatic,
non-polar, acidic, or polar residue, particularly
valine, leucine, isoleucine, or threonine. In some
embodiments, the ketoreductase polypeptides can have
additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9,
1-10, 1-1 1, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22,
1-24, 1-26, 1-30, 1-35 or about 1-40 residue
differences at other amino acid residue positions as
compared to the reference sequence of SEQ ID NO: 2, 4
or 114 having the preceding features (e.g., SEQ ID
NO:64). 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 ketoreductase polypeptide comprises
an amino acid sequence that is at least 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 99% identical to a reference sequence based on SEQ
ID NO: 2, 4 or 114 having the preceding features
(e.g., SEQ ID NO:64), with the proviso that the
ketoreductase has an amino acid sequence having at
least the preceding features. [0137] In some
embodiments, an improved ketoreductase comprising an
amino acid sequence based on the sequence formula of
SEQ ID NO: 111, 112, or 139, or a region thereof, such
as residues 90- 2 11, having the specified features at
residues corresponding to Xl 90 and X202 or the
specified features at residues corresponding to Xl 90,
Xl 95 and X202 as described herein, further includes
at least the following additional features: residue
corresponding to X7 is a constrained or non-polar
residue, particularly histidine; residue corresponding
to Xl 7 is a non-polar or aliphatic
residue,particularly methionine; residue corresponding
to X27 is an aromatic residue, particularly tyrosine;
residue corresponding to X64 is a polar, non-polar or
aliphatic residue, particularly valine; residue
corresponding to X80 is an aliphatic, non-polar, or
polar residue, particularly threonine or valine;
residue corresponding to X93 is a polar, aliphatic, or
non-polar residue, particularly serine; residue 



corresponding to X94 is a cysteine, non-polar or
aliphatic residue, particularly cysteine or glycine;
residue corresponding to X96 is a cysteine, polar,
aliphatic, or non-polar residue, particularly
asparagine, serine, valine, leucine, isoleucine, or
threonine; residue corresponding to XlOO is a basic,
acidic, polar, or aliphatic, particularly lysine;
residue corresponding to X147 is an aromatic,
aliphatic, or non-polar residue, particularly
phenylalanine or leucine; residue corresponding to Xl
96 is a nonpolar or aliphatic residue, particularly
leucine; and residue corresponding to X2 11 is a
basic, aliphatic, non-polar, acidic, or polar residue,
particularly valine, leucine, isoleucine, or
threonine. In some embodiments, the ketoreductase
polypeptides can have additionally 1-2, 1-3, 1-4, 1-5,
1-6, 1-7, 1-8, 1- 9, 1-10, 1-1 1, 1-12, 1-14, 1-15,
1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35 or
about 1-40 residue differences at other amino acid
residue positions as compared to the reference
sequence of SEQ ID NO: 2, 4 or 114 having the
preceding features (e.g., SEQ ID NO:22 or 24). 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
ketoreductase polypeptide comprises an amino acid
sequence that is at least 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
identical to a reference sequence based on SEQ ID NO:
2, 4 or 114 having the preceding features (e.g., SEQ
ID NO:22 or 24), with the proviso that the
ketoreductase has an amino acid sequence having at
least the preceding features. [0138] In some
embodiments, an improved ketoreductase comprising an
amino acid sequence based on the sequence formula of
SEQ ID NO: 111, 112, or 139, or a region thereof, such
as residues 90- 2 11, having the specified features at
residues corresponding to Xl 90 and X202 or the
specified features at residues corresponding to Xl 90,
Xl 95 and X202 as described herein, further includes
at least the following additional features: residue
corresponding to X7 is a constrained or non-polar
residue, particularly histidine; residue corresponding
to X66 is an acidic residue, particularly glutamic
acid; residue corresponding to X93 is a polar,
aliphatic, or non-polar residue, particularly serine;
residue corresponding to X94 is a cysteine, non-polar
or aliphatic residue, particularly cysteine or
glycine; residue corresponding to X96 is a cysteine,
polar, aliphatic, or non-polar residue, particularly
asparagine, serine, valine, leucine, isoleucine, or
threonine; residue corresponding to X147 is an
aromatic, aliphatic, or non-polar residue,
particularly phenylalanine or leucine; residue
corresponding to X194 is a constrained, polar, or
non-polar residue, particularly asparagine or leucine;
residue corresponding to Xl 96 is a non-polar or
aliphatic residue, particularly leucine; residue
corresponding to Xl 98 is an acidic or polar residue,
particularly glutamic acid or asparagine; residue
correspondingto X2 11 is a basic, aliphatic,
non-polar, acidic, or polar residue, particularly
valine, leucine, isoleucine, or threonine; and residue
corresponding to X216 is a constrained or basic
residue, particularly arginine. In some embodiments,
the ketoreductase polypeptides can have additionally
1- 2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-1 1,
1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26,
1- 30, 1-35 or about 1-40 residue differences at other
amino acid residue positions as compared to the
reference sequence of SEQ ID NO: 2, 4 or 114 having
the preceding features (e.g., SEQ ID NO:58). 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
ketoreductase polypeptide comprises an amino acid
sequence that is at least 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
identical to a reference sequence based on SEQ ID NO:
2, 4 or 114 having the preceding features (e.g., SEQ
ID NO:58), with the proviso that the ketoreductase has
an amino acid sequence having at least the preceding
features. [0139] In some embodiments, an improved
ketoreductase comprising an amino acid sequence based
on the sequence formula of SEQ ID NO: 111, 112, or
139, or a region thereof, such as residues 90- 2 11,
having the specified features at residues
corresponding to Xl 90 and X202 or the specified
features at residues corresponding to Xl 90, Xl 95 and
X202 as described herein, further includes at least
the following additional features: residue
corresponding to X7 is a constrained or non-polar
residue, particularly histidine; residue corresponding
to X66 is an acidic residue, particularly glutamic
acid; residue corresponding to X93 is a polar,
aliphatic, or non-polar residue, particularly serine;
residue corresponding to X94 is a cysteine, aliphatic,
or non-polar residue, particularly cysteine; residue
corresponding to X96 is a cysteine, polar, aliphatic,
or non-polar residue, particularly cysteine,
threonine, valine, leucine, or isoleucine; residue
corresponding to X147 is an aromatic or aliphatic
residue, particularly leucine; residue corresponding
to Xl 94 is a constrained, polar, aliphatic, or
nonpolar residue, particularly glutamine; residue
corresponding to Xl 96 is a non-polar or aliphatic
residue, particularly leucine; residue corresponding
to Xl 98 is an acidic or polar residue, particularly
glutamic acid; and residue corresponding to X2 11 is a
basic, aliphatic, or non-polar residue, particularly
valinevaline, leucine, isoleucine, or threonine. In
some embodiments, the ketoreductase polypeptides can
have additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8,
1-9, 1-10, 1-1 1, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20,
1-22, 1-24, 1-26, 1-30, 1-35 or about 1-40 residue
differences at other amino acid residue positions as
compared to the reference sequence of SEQ ID NO: 2, 4
or 114 having the preceding features (e.g., SEQ ID
NO:40). 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 ketoreductase polypeptide comprises
an amino acid sequence that is at least 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,97%, 98%,
or 99% identical to a reference sequence based on SEQ
ID NO: 2, 4 or 114 having the preceding features
(e.g., SEQ ID NO:40), with the proviso that the
ketoreductase has an amino acid sequence having at
least the preceding features. [0140] In some
embodiments, an improved ketoreductase comprising an
amino acid sequence based on the sequence formula of
SEQ ID NO: 111, 112, or 139, or a region thereof, such
as residues 90- 2 11, having the specified features at
residues corresponding to Xl 90 and X202 or the
specified features at residues corresponding to Xl 90,
Xl 95 and X202 as described herein, further includes
at least the following additional features: residue
corresponding to X7 is a constrained or non-polar
residue, particularly histidine; residue corresponding
to Xl 7 is a non-polar or aliphatic residue,
particularly methionine; residue corresponding to X27
is an aromatic residue, particularly tyrosine; residue
corresponding to X64 is a non-polar or aliphatic
residue, particularly valine; residue corresponding to
X80 is an aliphatic, non-polar or polar residue,
particularly threonine or valine; residue
corresponding to X93 is a polar, aliphatic, or
non-polar residue, particularly serine; residue
corresponding to X94 is a cysteine, non-polar or
aliphatic residue, particularly cysteine or glycine;
residue corresponding to X96 is a cysteine, polar,
aliphatic, or non-polar residue, particularly
asparagine, serine, valine, leucine, isoleucine, or
threonine; residue corresponding to XlOO is a basic,
acidic, polar, non-polar or aliphatic residue,
particularly lysine; residue corresponding to X147 is
an aromatic, aliphatic, or non-polar residue,
particularly phenylalanine or leucine; residue
corresponding to X194 is a constrained, polar, or
non-polar residue, particularly asparagine or leucine;
residue corresponding to Xl 96 is a non-polar or
aliphatic residue, particularly leucine; residue
corresponding to Xl 98 is an acidic or polar residue,
particularly glutamic acid or asparagine; residue
corresponding to X2 11 is a basic, aliphatic,
non-polar, acidic, or polar residue, particularly
valine, leucine, isoleucine, or threonine; and residue
corresponding to X216 is a constrained or basic
residue, particularly arginine. In some embodiments,
the ketoreductase polypeptides can have additionally
1- 2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-1 1,
1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26,
1- 30, 1-35 or about 1-40 residue differences at other
amino acid residue positions as compared to the
reference sequence of SEQ ID NO: 2, 4 or 114 having
the preceding features (e.g., SEQ ID NO: 14 or 16). 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
ketoreductase polypeptide comprises an amino acid
sequence that is at least 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
identical to a reference sequence based on SEQ ID NO:
2, 4 or 114 having the preceding features (e.g., SEQ
ID NO: 14 or 16), with the proviso that the
ketoreductase has an amino acid sequence having at
least the preceding features.[0141] In some
embodiments, an improved ketoreductase comprising an
amino acid sequence based on the sequence formula of
SEQ ID NO: 111, 112, or 139, or a region thereof, such
as residues 90- 2 11, having the specified features at
residues corresponding to Xl 90 and X202 or the
specified features at residues corresponding to Xl 90,
Xl 95 and X202 as described herein, further includes
at least the following additional features: residue
corresponding to X7 is a constrained or non-polar
residue, particularly histidine; residue corresponding
to Xl 7 is a non-polar or aliphatic residue,
particularly methionine; residue corresponding to X25
is a polar or acidic residue, particularly threonine;
residue corresponding to X27 is an aromatic residue,
particularly tyrosine; residue corresponding to X53 is
a polar, non-polar, or acidic residue, particularly
aspartic acid; residue corresponding to X64 is a
non-polar or aliphatic residue, particularly valine;
residue corresponding to X80 is an aliphatic,
non-polar or polar residue, particularly threonine or
valine; residue corresponding to X93 is a polar,
aliphatic, or non-polar residue, particularly serine;
residue corresponding to X94 is a cysteine, non-polar
or aliphatic residue, particularly cysteine or
glycine; residue corresponding to X96 is a cysteine,
polar, aliphatic, or non-polar residue, particularly
asparagine, serine, valine, leucine, isoleucine, or
threonine; residue corresponding to XlOO is a basic,
acidic, polar, non-polar or aliphatic residue,
particularly lysine; residue corresponding to X147 is
an aromatic, aliphatic, or non-polar residue,
particularly phenylalanine or leucine; residue
corresponding to X194 is a constrained, polar, or
non-polar residue, particularly asparagine or leucine;
residue corresponding to Xl 96 is a non-polar or
aliphatic residue, particularly leucine; residue
corresponding to Xl 98 is an acidic or polar residue,
particularly glutamic acid or asparagine; residue
corresponding to X2 11 is a basic, aliphatic,
nonpolar, acidic, or polar residue, particularly
valine, leucine, isoleucine, or threonine; and residue
corresponding to X216 is a constrained or basic
residue, particularly arginine. In some embodiments,
the ketoreductase polypeptides can have additionally
1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-1 1,
1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26,
1-30, 1-35 or about 1-40 residue differences at other
amino acid residue positions as compared to the
reference sequence of SEQ ID NO: 2, 4 or 114 having
the preceding features (e.g., SEQ ID NO:6). In some
embodiments, the number of differences 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
ketoreductase polypeptide comprises an amino acid
sequence that is at least 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
identical to a reference sequence based on SEQ ID NO:
2, 4 or 114 having the preceding features (e.g., SEQ
ID NO:6), with the proviso that the ketoreductase has
an amino acid sequence having at least the preceding
features. [0142] In some embodiments, an improved
ketoreductase comprising an amino acid sequence based
on the sequence formula of SEQ ID NO: 111, 112, or
139, or a region thereof, such as residues 90- 2 11,
having the specified features at residues
corresponding to Xl 90 and X202 or the
specifiedfeatures at residues corresponding to Xl 90,
Xl 95 and X202 as described herein, further includes
at least the following additional features: residue
corresponding to X7 is a constrained or non-polar
residue, particularly histidine; residue corresponding
to Xl 7 is a non-polar or aliphatic residue,
particularly methionine; residue corresponding to X25
is a polar or acidic residue, particularly threonine;
residue corresponding to X27 is an aromatic residue,
particularly tyrosine; residue corresponding to X53 is
a polar, non-polar, or acidic residue, particularly
aspartic acid; residue corresponding to X64 is a
non-polar or aliphatic residue, particularly valine;
residue corresponding to X76 is an aliphatic,
non-polar or polar residue, particularly alanine;
residue corresponding to X80 is an aliphatic,
non-polar or polar residue, particularly threonine or
valine; residue corresponding to X93 is a polar,
aliphatic, or non-polar residue, particularly serine;
residue corresponding to X94 is a cysteine, non-polar
or aliphatic residue, particularly cysteine or
glycine; residue corresponding to X96 is a cysteine,
polar, aliphatic, or non-polar residue, particularly
asparagine, serine, valine, leucine, isoleucine, or
threonine; residue corresponding to XlOO is a basic,
acidic, polar, non-polar or aliphatic residue,
particularly lysine; residue corresponding to X147 is
an aromatic, aliphatic, or non-polar residue,
particularly phenylalanine or leucine; residue
corresponding to X194 is a constrained, polar, or
non-polar residue, particularly asparagine or leucine;
residue corresponding to Xl 96 is a non-polar or
aliphatic residue, particularly leucine; residue
corresponding to Xl 98 is an acidic or polar residue,
particularly glutamic acid or asparagine; residue
corresponding to X2 11 is a basic, aliphatic,
nonpolar, acidic, or polar residue, particularly
valine, leucine, isoleucine, or threonine; and residue
corresponding to X216 is a constrained or basic
residue, particularly arginine. In some embodiments,
the ketoreductase polypeptides can have additionally
1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-1 1,
1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26,
1-30, 1-35 or about 1-40 residue differences at other
amino acid residue positions as compared to the
reference sequence of SEQ ID NO: 2, 4 or 114 having
the preceding features (e.g., SEQ ID NO: 8). 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
ketoreductase polypeptide comprises an amino acid
sequence that is at least 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
identical to a reference sequence based on SEQ ID NO:
2, 4 or 114 having the preceding features (e.g., SEQ
ID NO:8), with the proviso that the ketoreductase has
an amino acid sequence having at least the preceding
features. [0143] In some embodiments, the improved
ketoreductases of the disclosure comprises an amino
acid sequence that has a region or domain
corresponding to residues 90-21 1 of the sequence
formula of SEQ ID NO: 111, 112, or 139 in which the
residue corresponding to X 190 is a constrained
residue, and the residue corresponding to X202 is an
aromatic residue. In some embodiments, the domain or
region corresponding to residues 90-2 11 comprises an
amino acid sequence in which the residuecorresponding
to Xl 90 is proline, and the residue corresponding to
X202 is a tryptophan. In some embodiments, the region
or domain corresponding to residues 90-21 1 can have
additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9,
1-10, 1-1 1, 1-12, 1-14, 1-15, 1-16, 1-18, or 1-20
residue differences at other amino acid residue
positions as compared to the corresponding domain of a
reference sequence based on SEQ ID NO: 2, 4 or 114. In
some embodiments, the number of differences can be 1,
2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 15, 16, 18, or
about 20 residue differences at other amino acid
residue 



positions in the domain. In some embodiments, the
differences comprise conservative mutations. In some
embodiments, the ketoreductase polypeptide comprises
an amino acid sequence with a domain or region that is
at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% identical to the
corresponding domain of a reference sequence based on
SEQ ID NO: 2, 4 or 114 having the preceding features
at residues corresponding to Xl 90 and X202, with the
proviso that the ketoreductase domain or region
comprises an amino acid sequence having at least the
preceding features. [0144] In some embodiments, the
improved ketoreductases of the disclosure comprises an
amino acid sequence that has a region or domain
corresponding to residues 90-21 1 of the sequence
formula of SEQ ID NO: 111, 112, or 139 in which the
residue corresponding to X 190 is a constrained
residue; residue corresponding to Xl 95 is a basic,
acidic, non-polar or polar residue; and the residue
corresponding to X202 is an aromatic residue. In some
embodiments, the domain or region corresponding to
residues 90-2 11 comprises an amino acid sequence in
which the residue corresponding to Xl 90 is proline;
residue corresponding to Xl 95 is proline, arginine,
lysine, aspartic acid, or asparagine, particularly
arginine; and the residue corresponding to X202 is
tryptophan. In some embodiments, the region or domain
corresponding to residues 90-2 11 can have
additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9,
1-10, 1-1 1, 1-12, 1-14, 1-15, 1-16, 1-18, or 1-20
residue differences at other amino acid residue
positions as compared to the corresponding domain of a
reference sequence based on SEQ ID NO: 2, 4 or 114. In
some embodiments, the number of differences can be 1,
2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 15, 16, 18, or
about 20 residue differences at other amino acid
residues in the domain. In some embodiments, the
differences comprise conservative mutations. In some
embodiments, the ketoreductase polypeptide comprises
an amino acid sequence with a domain or region that is
at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% identical to the
corresponding domain of a reference sequence based on
SEQ ID NO: 2, 4 or 114 having the preceding features
at residues corresponding to Xl 90, Xl 95 and X202,
with the proviso that the ketoreductase domain or
region comprises an amino acid sequence having at
least the preceding features.[0145] In some
embodiments, the ketoreductase polypeptide with a
domain or region corresponding to residues 90-21 1 of
the sequence formula of SEQ ID NO: 111, 112, or 139
and having the specified features at residues
corresponding to X 190 and X202, or the specified
features at residues corresponding to Xl 90, Xl 95,
and X202, can further include in the region or domain
one or more of the features selected from the
following: residue corresponding to X93 is a polar,
aliphatic, or nonpolar residue; residue corresponding
to X94 is a cysteine, aliphatic, or non-polar residue;
residue corresponding to X95 is an aliphatic,
non-polar, or acidic residue; residue corresponding to
X96 is a cysteine, polar, aliphatic, or non-polar
residue; residue corresponding to X97 is a basic,
constrained or polar residue; residue corresponding to
XlOO is a basic, acidic, polar, aliphatic, or
non-polar residue; residue corresponding to Xl 08 is a
basic or constrained residue; residue corresponding to
Xl 11 is a non-polar or aliphatic residue; residue
corresponding to Xl 39 is a non-polar or aliphatic
residue; residue corresponding to X145 is an acidic,
aliphatic, or non-polar residue; residue corresponding
to X147 is an aromatic, aliphatic, or non-polar
residue; residue corresponding to X148 is a non-polar
or aliphatic residue; residue corresponding to Xl 5 1
is a constrained, non-polar or aliphatic residue;
residue corresponding to Xl 52 is a polar, aromatic,
aliphatic, or non-polar residue; residue corresponding
to Xl 63 is a non-polar or aliphatic residue; residue
corresponding to Xl 65 is a polar, non-polar or
aliphatic residue; residue corresponding to Xl 73 is
an acidic, non-polar or aliphatic residue; residue
corresponding to Xl 79 is an aromatic, basic,
aliphatic, or non-polar residue; residue corresponding
to Xl 94 is a constrained, polar, aliphatic, or
non-polar residue; residue corresponding to Xl 96 is a
non-polar or aliphatic residue; residue corresponding
o Xl 97 is an acidic residue; residue corresponding to
Xl 98 is an acidic or polar residue; residue
corresponding to X210 is a polar or basic residue; and
residue corresponding to X2 11 is a basic, aliphatic,
non-polar, acidic, or polar residue. In some
embodiments, the region or domain corresponding to
residues 90-2 11 can have additionally from about 1-2,
1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-1 1, 1-12,
1-14, 1-15, 1-16, 1-18, or 1-20 residue differences at
other amino acid residues not specified by X above as
compared to the corresponding domain of a reference
sequence based on SEQ ID NO: 2, 4 or 114. In some
embodiments, the number of differences can be 1, 2, 3,
4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 15, 16, 18, or about
20 residue differences at other amino acid residues in
the domain. In some embodiments, the differences
comprise conservative mutations. [0146] In some
embodiments, the ketoreductases polypeptides having a
domain or region with an amino acid sequence
corresponding to residues 90-21 1 of the sequence
formula of SEQ ID NO: 111, 112, or 139, as described
above, can have one or more conservative mutations in
the domain or region as compared to the amino acid
sequence of the corresponding domain of SEQ ID NO: 2,
4 or 114. Examples of such conservative mutations
include amino acid replacements such as, but limited
to: replacement of residue corresponding to X93
isoleucine (I) with another polar residue, e.g.,
serine;replacement of residue corresponding to X94
alanine (A) with another non-polar residue, e.g.,
glycine; replacement of residue corresponding to X95
valine (V) with another non-polar or aliphatic
residue, e.g., leucine; and replacement of residue
corresponding to X96 serine (S) with another polar
residue, e.g., threonine; replacement of residue
corresponding to X148 valine (V) with another nonpolar
or aliphatic residue, e.g., isoleucine; replacement of
residue corresponding to X152 threonine with another
polar residue, e.g., serine; replacement of residue
corresponding to X163 valine (V) with another
non-polar or aliphatic residue, e.g., isoleucine;
replacement of corresponding to X179 tyrosine (Y) with
another aromatic residue, e.g., phenylalanine; and
replacement of residue X196 valine (V) with another
aliphatic residue, e.g., leucine; replacement of
residue X198 aspartic acid (D) with another acidic
residue, e.g., glutamic acid. [0147] In some
embodiments, the ketoreductase polypeptide with a
domain or region corresponding to residues 90-21 1 of
the sequence formula of SEQ ID NO: 111, 112, or 139
and having the specified features at residues
corresponding to X 190 and X202, or the specified
features at residues corresponding to Xl 90, Xl 95,
and X202, can further include in the region or domain
one or more of the features selected from the
following: residue corresponding to X93 is serine,
threonine, glutamine, asparagine, glycine, methionine,
alanine, valine, leucine or isoleucine, particularly
isoleucine, serine, alanine, or glycine; residue
corresponding to X94 is cysteine, glycine, methionine,
alanine, valine, leucine, or isoleucine, particularly
cysteine, glycine, or alanine; residue corresponding
to X95 is aspartic acid, glutamic acid, glycine,
methionine, alanine, valine, leucine, or isoleucine,
particularly valine, leucine, or glutamic acid;
residue corresponding to X96 is cysteine, serine,
threonine, glutamine, asparagine, glycine, methionine,
alanine, valine, leucine, or isoleucine, particularly
asparagine, serine, valine, leucine, isoleucine, or
threonine; residue corresponding to X97 is lysine,
arginine, histidine, proline, serine, threonine,
glutamine, or asparagine, particularly lysine,
histidine, or serine; residue corresponding to XlOO is
lysine, arginine, serine, threonine, glutamine,
asparagine, glycine, alanine, valine, leucine, or
isoleucine, particularly glutamic acid, lysine,
glutamine, or alanine; residue corresponding to Xl 08
is arginine, lysine, histidine or proline,
particularly arginine or histidine; residue
corresponding to Xl 11 is glycine, methionine,
alanine, valine, leucine, or isoleucine, particularly
methionine; residue corresponding to Xl 39 is glycine,
methionine, alanine, valine, leucine, or isoleucine,
particularly leucine; residue corresponding to X145 is
aspartic acid, glutamic acid, glycine, methionine,
alanine, valine, leucine, or isoleucine, particularly
glutamic acid or leucine; residue corresponding to
X147 is tyrosine, phenylalanine, tryptophan, glycine,
methionine, alanine, valine, leucine, or isoleucine,
particularly phenylalanine or leucine; residue
corresponding to Xl 5 1 is proline, histidine,
glycine, methionine, alanine, valine, leucine, or
isoleucine, particularly alanine; residue
corresponding to Xl 52 is serine, threonine,
glutamine, asparagine, tyrosine, phenylalanine,
tryptophan, glycine, methionine, alanine, valine,
leucine, orisoleucine, particularly threonine,
tryptophan, alanine or serine; residue corresponding
to Xl 63 is glycine, methionine, alanine, valine,
leucine, or isoleucine, particularly isoleucine;
residue corresponding to Xl 65 is serine, threonine,
glutamine asparagine, glycine, methionine, alanine,
valine, leucine, or isoleucine, particularly
asparagine; residue corresponding to Xl 73 is aspartic
acid, glutamic acid, glycine, methionine, alanine,
valine, leucine, isoleucine, particularly valine;
residue corresponding to Xl 79 is tyrosine,
phenylalanine, tryptophan, arginine, lysine, glycine,
methionine, alanine, valine, leucine, or isoleucine,
particularly tyrosine, phenylalanine, lysine, or
leucine; residue corresponding to X194 is proline,
histidine, serine, threonine, glutamine, asparagine,
glycine, methionine, alanine, valine, leucine, or
isoleucine, particularly proline, glutamine, serine,
or leucine; residue corresponding to Xl 96 is glycine,
methionine, alanine, valine, leucine or isoleucine,
particularly leucine; residue corresponding to Xl 97
is aspartic acid or glutamic acid, particularly
glutamic acid; residue corresponding to Xl 98 is
aspartic acid, glutamic acid, serine, threonine,
glutamine, or asparagine, particularly aspartic acid,
glutamic acid, or glutamine; residue corresponding to
X210 is arginine, lysine, serine, threonine,
glutamine, or asparagine, particularly threonine or
arginine; and residue corresponding to X21 1 is
lysine, arginine, aspartic acid, glutamic acid,
glycine, methionine, alanine, valine, leucine,
isoleucine, serine, threonine, glutamine, or
asparagine, particularly valine, leucine, threonine,
or isoleucine. In some embodiments, the region or
domain corresponding to residues 90-21 1 can have
additionally from about 1-2, 1-3, 1-4, 1-5, 1-6, 1- 7,
1-8, 1-9, 1-10, 1-1 1, 1-12, 1-14, 1-15, 1-16, 1-18,
or 1-20 residue differences at other amino acid
residue positions not specified by X above as compared
to the corresponding domain of a reference sequence
based on SEQ ID NO: 2, 4 or 114. In some embodiments,
the number of differences can be 1, 2, 3, 4, 5, 6, 7,
8, 9, 10, 11, 12, 14, 15, 16, 18, or about 20 residue
differences at other amino acid residues in the
domain. In some embodiments, the differences comprise
conservative mutations. [0148] In some embodiments,
the ketoreductase polypeptide with a domain or region
corresponding to residues 90-21 1 of the sequence
formula of SEQ ID NO: 111, 112, or 139 and having the
specified features at residues corresponding to X190
and X202 or the specified features at residues
corresponding to Xl 90, Xl 95 and X202 as described
herein, can further include in the region or domain
one or more or all of the features selected from the
following: residue corresponding to X94 is a cysteine,
aliphatic, or non-polar residue, particularly cysteine
or glycine; residue corresponding to X96 is a
cysteine, polar, aliphatic, or non-polar residue,
particularly threonine, cysteine, valine, leucine, or
isoleucine; and residue corresponding to X2 11 is a
basic, aliphatic, non-polar, acidic, or polar residue,
particularly valine, leucine, threonine, or
isoleucine. In some embodiments, the region or domain
corresponding to residues 90-2 11 can have
additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1- 9,
1-10, 1-1 1, 1-12, 1-14, 1-15, 1-16, 1-18, or 1-20
residue differences at other amino acid residue
positions as compared to the domain of a reference
sequence based on SEQ ID NO:2, 4 or 114. Insome
embodiments, the number of differences can be 1, 2, 3,
4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 15, 16, 18, or about
20 residue differences at other amino acid residues in
the domain. In some embodiments, the differences
comprise conservative mutations. In some embodiments,
the ketoreductase region or domain comprises an amino
acid sequence having at least the preceding features,
and wherein the amino acid sequence has at least 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% identity as compared to the amino
acid sequence corresponding to residues 90-21 1 of a
reference sequence based on SEQ ID NO:2, 4 or 114
having the preceding features. [0149] In some
embodiments, the ketoreductase polypeptide with a
domain or region corresponding to residues 90-21 1 of
the sequence formula of SEQ ID NO: 111, 112, or 139
and having the specified features at residues
corresponding to X190 and X202 or the specified
features at residues corresponding to Xl 90, Xl 95 and
X202 as described herein, can further include in the
region or domain one or more or all of the features
selected from the following: residue corresponding to
X94 is a cysteine, aliphatic, or non-polar residue,
particularly cysteine or glycine; residue
corresponding to X96 is a cysteine, polar, aliphatic,
or non-polar residue, particularly threonine,
cysteine, valine, leucine, or isoleucine; residue
corresponding to X147 is an aromatic, aliphatic, or
non-polar residue, particularly leucine; and residue
corresponding to X2 11 is a basic, aliphatic,
non-polar, acidic, or polar residue, particularly
valine, leucine, threonine, or isoleucine. In some
embodiments, the region or domain corresponding to
residues 90-2 11 can have additionally 1-2, 1-3, 1-4,
1-5, 1-6, 1-7, 1-8, 1- 9, 1-10, 1-1 1, 1-12, 1-14,
1-15, 1-16, 1-18, or 1-20 residue differences at other
amino acid residue positions as compared to the domain
of a reference sequence based on SEQ ID NO:2, 4 or
114. In some embodiments, the number of differences
can be 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 15,
16, 18, or about 20 residue differences at other amino
acid residues in the domain. In some embodiments, the
differences comprise conservative mutations. In some
embodiments, the ketoreductase region or domain
comprises an amino acid sequence having at least the
preceding features, and wherein the amino acid
sequence has at least 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
identity as compared to the amino acid sequence
corresponding to residues 90-21 1 of a reference
sequence based on SEQ ID NO:2, 4 or 114 having the
preceding features. [0150] In some embodiments, the
ketoreductase polypeptide with a domain or region
corresponding to residues 90-21 1 of the sequence
formula of SEQ ID NO: 111, 112, or 139 and having the
specified features at residues corresponding to X190
and X202 or the specified features at residues
corresponding to Xl 90, Xl 95 and X202 as described
herein, can further include in the region or domain
one or more or all of the features selected from the
following: residue corresponding to X94 is a cysteine,
aliphatic, or non-polar residue, particularly cysteine
or glycine; residue corresponding to X96 is a
cysteine, polar, aliphatic, or non-polar residue,
particularly threonine, cysteine, valine,leucine, or
isoleucine; residue corresponding to Xl 94 is a
constrained, polar, aliphatic, or non-polar residue,
particularly serine or glutamine; and residue
corresponding to X2 11 is a basic, aliphatic,
nonpolar, acidic, or polar residue, particularly
valine, leucine, threonine, or isoleucine. In some
embodiments, the region or domain corresponding to
residues 90-21 1 can have additionally 1-2, 1-3, 1-4,
1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-1 1, 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 ID NO:2, 4 or 114. In
some embodiments, the number of differences can be 1,
2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 15, 16, 18, or
about 20 residue differences at other amino acid
residues in the domain. In some embodiments, the
differences comprise conservative mutations. In some
embodiments, the ketoreductase region or domain
comprises an amino acid sequence having at least the
preceding 



features, and wherein the amino acid sequence has at
least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% identity as compared
to the amino acid sequence corresponding to residues
90-21 1 of a reference sequence based on SEQ ID NO:2,
4 or 114 having the preceding features. [0151] In some
embodiments, the ketoreductase polypeptide with a
domain or region corresponding to residues 90-21 1 of
the sequence formula of SEQ ID NO: 111, 112, or 139
and having the specified features at residues
corresponding to X 190 and X202 or the specified
features at residues corresponding to Xl 90, Xl 95 and
X202 as described herein, can further include in the
region or domain one or more or all of the features
selected from the following: residue corresponding to
X94 is a cysteine, aliphatic, or non-polar residue,
particularly cysteine or glycine; residue
corresponding to X96 is a cysteine, polar, aliphatic,
or non-polar residue, particularly threonine,
cysteine, valine, leucine, or isoleucine; residue
corresponding to X147 is an aromatic, aliphatic, or
non-polar residue, particularly leucine; residue
corresponding to X194 is a constrained, polar,
aliphatic, or non-polar residue, particularly leucine,
serine or glutamine; and residue corresponding to X2
11 is a basic, aliphatic, non-polar, acidic, or polar
residue, particularly valine, leucine, isoleucine, or
threonine. In some embodiments, the region or domain
corresponding to residues 90-2 11 can have
additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9,
1-10, 1-1 1, 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 ID NO:2, 4 or 114. In some embodiments, the
number of differences can be 1, 2, 3, 4, 5, 6, 7, 8,
9, 10, 11, 12, 14, 15, 16, 18, or about 20 residue
differences at other amino acid residues in the
domain. In some embodiments, the differences comprise
conservative mutations. In some embodiments, the
ketoreductase region or domain comprises an amino acid
sequence having at least the preceding features, and
wherein the amino acid sequence has at least 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, or 99% identity as compared to the amino acid
sequencecorresponding to residues 90-21 1 of a
reference sequence based on SEQ ID NO:2, 4 or 114
having the preceding features. [0152] In some
embodiments, the ketoreductase polypeptide with a
domain or region corresponding to residues 90-21 1 of
the sequence formula of SEQ ID NO: 111, 112, or 139
and having the specified features at residues
corresponding to X 190 and X202 or the specified
features at residues corresponding to Xl 90, Xl 95 and
X202 as described herein, can further include in the
region or domain one or more or all of the features
selected from the following: residue corresponding to
X93 is a polar, aliphatic, or non-polar residue,
particularly serine; residue corresponding to X94 is a
cysteine, aliphatic, or non-polar residue,
particularly cysteine or glycine; residue
corresponding to X96 is a cysteine, polar, aliphatic,
or non-polar residue, particularly threonine or
leucine; and residue corresponding to X2 11 is a
basic, aliphatic, non-polar, acidic, or polar residue,
particularly threonine, isoleucine, leucine, or
valine. In some embodiments, the region or domain
corresponding to residues 90-21 1 can have
additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9,
1-10, 1-1 1, 1-12, 1-14, 1-15, 1-16, 1-18, or 1-20
residue differences at other amino acid residue
positions as compared to the domain of a reference
sequence based on SEQ ID NO:2, 4 or 114. In some
embodiments, the number of differences can be 1, 2, 3,
4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 15, 16, 18, or about
20 residue differences at other amino acid residues in
the domain. In some embodiments, the differences
comprise conservative mutations. In some embodiments,
the ketoreductase region or domain comprises an amino
acid sequence having at least the preceding features,
and wherein the amino acid sequence has at least 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% identity as compared to the amino
acid sequence corresponding to residues 90-2 11 of a
reference sequence based on SEQ ID NO:2, 4 or 114
having the preceding features. [0153] In some
embodiments, the ketoreductase polypeptide with a
domain or region corresponding to residues 90-21 1 of
the sequence formula of SEQ ID NO: 111, 112, or 139
and having the specified features at residues
corresponding to X 190 and X202 or the specified
features at residues corresponding to Xl 90, Xl 95 and
X202 as described herein, can further include in the
region or domain one or more or all of the features
selected from the following: residue corresponding to
X93 is a polar, aliphatic, or non-polar residue,
particularly serine; residue corresponding to X94 is a
cysteine, aliphatic, or non-polar residue,
particularly cysteine or glycine; residue
corresponding to X96 is a cysteine, polar, aliphatic
or non-polar residue, particularly cysteine,
threonine, valine, leucine, or isoleucine; residue
corresponding to XlOO is a basic, acidic, polar,
aliphatic or non-polar residue, particularly lysine;
residue corresponding to X147 is an aromatic,
aliphatic, or non-polar residue, particularly leucine;
residue corresponding to Xl 52 is a polar, aromatic,
aliphatic, or nonpolar residue, particularly serine;
residue corresponding to X194 is a constrained, polar,
aliphatic, ornon-polar residue, particularly serine or
glutamine; residue corresponding to Xl 96 is a
non-polar or aliphatic residue, particularly leucine;
and residue corresponding and residue corresponding to
X2 11 is a basic, aliphatic, non-polar, acidic, or
polar residue, particularly valine. In some
embodiments, the number of differences can be 1, 2, 3,
4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 15, 16, 18, or about
20 residue differences at other amino acid residues in
the domain. In some embodiments, the region or domain
corresponding to residues 90-21 1 can have
additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9,
1-10, 1- 11, 1-12, 1-14, 1-15, 1-16, 1-18, or 1-20
residue differences at other amino acid residue
positions as compared to the domain of a reference
sequence based on SEQ ID NO:2, 4 or 114. In some
embodiments, the number of differences can be 1, 2, 3,
4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 15, 16, 18, or about
20 residue differences at other amino acid residues in
the domain. In some embodiments, the differences
comprise conservative mutations. In some embodiments,
the ketoreductase region or domain comprises an amino
acid sequence having at least the preceding features,
and wherein the amino acid sequence has at least 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% identity as compared to the amino
acid sequence corresponding to residues 90-21 1 of a
reference sequence based on SEQ ID NO:2, 4 or 114
having the preceding features. [0154] In some
embodiments, the ketoreductase polypeptide with a
domain or region corresponding to residues 90-21 1 of
the sequence formula of SEQ ID NO: 111, 112, or 139
and having the specified features at residues
corresponding to X190 and X202 or the specified
features at residues corresponding to Xl 90, Xl 95 and
X202 as described herein, can further include in the
region or domain one or more or all of the features
selected from the following: residue corresponding to
X93 is a polar, aliphatic, or non-polar residue,
particularly serine or glycine; residue corresponding
to X94 is a cysteine, non-polar or aliphatic residue,
particularly cysteine; residue corresponding to X96 is
a cysteine, polar, aliphatic, or non-polar residue,
particularly isoleucine, leucine or threonine; residue
corresponding to X147 is an aromatic, aliphatic or
non-polar residue, particularly leucine; residue
corresponding to X194 is a constrained, polar,
aliphatic, or non-polar residue, particularly
glutamine or serine; residue corresponding to Xl 96 is
a non-polar or aliphatic residue, particularly
leucine; residue corresponding to X198 is an acidic or
polar residue, particularly glutamic acid; and residue
corresponding to X2 11 is a basic, aliphatic,
non-polar, acidic, or polar residue, particularly
threonine, valine, leucine, or isoleucine. In some
embodiments, the region or domain corresponding to
residues 90-21 1 can have additionally 1-2, 1-3, 1-4,
1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-1 1, 1-12, 1-14,
1-15, 1-16, 1-18, or 1-20 residue differences at other
amino acid residue positions as compared to the domain
of a reference sequence based on SEQ ID NO:2, 4 or
114. In some embodiments, the number of differences
can be 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 15,
16, 18, or about 20 residue differences at other amino
acid residues in the domain. In some embodiments, the
differences comprise conservative mutations. In some
embodiments, the ketoreductase region or domain
comprises anamino acid sequence having at least the
preceding features, and wherein the amino acid
sequence has at least 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
identity as compared to the amino acid sequence
corresponding to residues 90-2 11 of a reference
sequence based on SEQ ID NO:2, 4 or 114 having the
preceding features. [0155] In some embodiments, the
ketoreductase polypeptide with a domain or region
corresponding to residues 90-21 1 of the sequence
formula of SEQ ID NO: 111, 112, or 139 and having the
specified features at residues corresponding to X 190
and X202 or the specified features at residues
corresponding to Xl 90, Xl 95 and X202 as described
herein, can further include in the region or domain
one or more or all of the features selected from the
following: residue corresponding to X93 is a polar,
aliphatic, or non-polar residue, particularly serine
or glycine; residue corresponding to X94 is a
cysteine, non-polar or aliphatic residue, particularly
cysteine; residue corresponding to X96 is a cysteine,
polar, aliphatic, or non-polar residue, particularly
isoleucine, leucine or threonine; residue
corresponding to XlOO is a is a basic, acidic, polar,
aliphatic, non-polar residue or constrained residue,
particularly lysine; residue corresponding to X147 is
an aromatic, aliphatic or non-polar residue,
particularly leucine; residue corresponding to X194 is
a constrained, polar, aliphatic, or non-polar residue,
particularly glutamine or serine; residue
corresponding to Xl 96 is a non-polar or aliphatic
residue, particularly leucine; residue corresponding
to Xl 98 is an acidic or polar residue, particularly
glutamic acid; and residue corresponding to X2 11 is a
basic, aliphatic, non-polar, acidic, or polar residue,
particularly threonine, valine, leucine, or
isoleucine. In some embodiments, the region or domain
corresponding to residues 90-2 11 can have
additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9,
1-10, 1-1 1, 1-12, 1-14, 1-15, 1-16, 1-18, or 1-20
residue differences at other amino acid residue
positions as compared to the domain of a reference
sequence based on SEQ ID NO:2, 4 or 114. In some
embodiments, the number of differences can be 1, 2, 3,
4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 15, 16, 18, or about
20 residue differences at other amino acid residues in
the domain. In some embodiments, the differences
comprise conservative mutations. In some embodiments,
the ketoreductase region or domain comprises an amino
acid sequence having at least the preceding features,
and wherein the amino acid sequence has at least 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% identity as compared to the amino
acid sequence corresponding to residues 90-21 1 of a
reference sequence based on SEQ ID NO:2, 4 or 114
having the preceding features. [0156] In some
embodiments, the ketoreductase polypeptide can further
comprise a domain or region corresponding to residues
1-89 of the sequence formula of SEQ ID NO: 111, 112,
or 139, where the domain or region can have one or
more of the following features: residue corresponding
to X7 is a constrained or non-polar residue; residue
corresponding to Xl 7 is a non-polar or aliphatic
residue; residue corresponding to X25 is a polar or
acidic residue; residue corresponding to X27 is an
aromaticresidue; residue corresponding to X41 is a
polar, aliphatic, or non-polar residue; residue
corresponding to X53 is a polar, non-polar, or acidic
residue; residue corresponding to X57 is a nonpolar or
aliphatic residue; residue corresponding to X64 is a
polar, aliphatic, or non-polar residue; residue
corresponding to X66 is an acidic residue; residue
corresponding to X68 is a polar, acidic, aliphatic, or
non-polar residue; residue corresponding to X72 is a
basic residue; residue corresponding to X76 is an
aliphatic, non-polar, or polar residue; residue
corresponding to X80 is an aliphatic, nonpolar, or
polar residue. In some embodiments, the polypeptides
comprising a region or domain corresponding to
residues 1-89 of the sequence formula of SEQ ID NO:
111, 112, or 139 can have additionally one or more
residue differences at residue positions not specified
by X above as compared to the reference sequence of
SEQ ID NO: 2, 4 or 114. In some embodiments, the
differences can be 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8,
1-9, 1-10, 1-1 1, 1-12, 1-14, 1-15, or 1-16 residue
differences at other amino acid residue positions not
defined by X above as compared to the reference
sequence of SEQ ID NO: 2, 4 or 114. In some
embodiments, the number of differences can be 1, 2, 3,
4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 15, or 16 residue
differences at other amino acid residue positions. In
some embodiments, the differences comprise
conservative mutations. [0157] In some embodiments,
the ketoreductase polypeptide can further comprise a
domain or region corresponding to residues 1-89 of the
sequence formula of SEQ ID NO: 111, 112, or 139, where
the domain or region can have one or more of the
following features: residue corresponding to X7 is
histidine, proline, glycine, methionine, alanine,
valine, leucine, or isoleucine, particularly glycine
or histidine; residue corresponding to Xl 7 is
glycine, methionine, alanine, valine, leucine,
isoleucine, particularly methionine; residue
corresponding to X25 is glutamic acid, aspartic acid,
serine, threonine, glutamine, or asparagine,
particularly threonine or aspartic acid; residue
corresponding to X27 is tyrosine, phenylalanine,
tryptophan, particularly tyrosine; residue
corresponding to X4 1 is serine, threonine, glutamine,
asparagine, glycine, methionine, alanine, valine,
leucine, or isoleucine, particularly serine or
alanine; residue corresponding to X53 is serine,
threonine, glutamine, asparagine, glycine, methionine,
alanine, valine, leucine, isoleucine, aspartic acid,
or glutamic acid, particularly threonine, glycine, or
aspartic acid; residue corresponding to X57 is
glycine, methionine, alanine, valine, leucine, or
isoleucine, particularly valine; residue corresponding
to X64 is serine, threonine, glutamine, asparagine,
glycine, methionine, alanine, valine, leucine, or
isoleucine, particularly serine, alanine, or valine;
residue corresponding to X66 is aspartic acid or
glutamic acid; residue corresponding to X68 is serine,
threonine, glutamine, asparagine, aspartic acid,
glutamic acid, glycine, methionine, alanine, valine,
leucine, or isoleucine, particularly threonine,
aspartic acid, alanine, valine, or glutamic acid;
residue corresponding to X72 is lysine or arginine,
particularly arginine; residue corresponding to X76 is
serine, threonine, glutamine, asparagine, glycine,
alanine, valine, leucine, or isoleucine, particularly
alanine or threonine; and residue corresponding to X80
isserine, threonine, glutamine, asparagine, glycine,
methionine, alanine, valine, leucine or isoleucine,
particularly alanine, threonine, or valine. In some
embodiments, the polypeptides comprising a region or
domain corresponding to residues 1-89 of the sequence
formula of SEQ ID NO: 1 1 1, 112, or 139 can have
additionally one or more residue differences at
residue positions not specified by X above as compared
to the reference sequence of SEQ ID NO: 2, 4 or 114.
In some embodiments, the differences can be 1-2, 1-3,
1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-1 1, 1-12, 1-14,
1-15, or 1-16 residue differences at other amino acid
residue positions not defined by X above as compared
to the reference sequence of SEQ ID NO: 2, 4 or 114.
In some embodiments, the number of differences can be
1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 15, or 16
residue differences at other amino acid residue
positions. In some embodiments, the differences
comprise conservative mutations. [0158] In some
embodiments, the ketoreductase polypeptide can further
comprise a domain or region corresponding to residues
1-89 of the sequence formula of SEQ ID NO: 111, 112,
or 139, where the domain or region can have at least
the following feature: residue corresponding to X7 is
a constrained or non-polar residue, particularly
histidine. In some embodiments, the polypeptides
comprising a 



region or domain corresponding to residues 1-89 of the
sequence formula of SEQ ID NO: 1 1 1, 112, or 139 can
have additionally one or more residue differences at
other residue positions as compared to the reference
sequence of SEQ ID NO: 2, 4 or 114. In some
embodiments, the region or domain corresponding to
residues 1-89 can have additionally 1-2, 1-3, 1-4,
1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-1 1, 1-12, 1-14,
1-15, or 1-16 residue differences at other amino acid
residue positions as compared to the corresponding
domain or region of a reference sequence based on SEQ
ID NO:2, 4 or 114. In some embodiments, the number of
differences can be 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11,
12, 14, 15, or about 16 residue differences at other
amino acid residues in the domain. In some
embodiments, the differences comprise conservative
mutations. In some embodiments, the ketoreductase
region or domain comprises an amino acid sequence
having at least the preceding feature, and wherein the
amino acid sequence has at least 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or
99% identity as compared to the amino acid sequence
corresponding to residues 1-89 of a reference sequence
based on SEQ ID NO:2, 4 or 114 having the preceding
feature. [0159] In some embodiments, the ketoreductase
polypeptide can further comprise a domain or region
corresponding to residues 1-89 of the sequence formula
of SEQ ID NO: 111, 112, or 139, where the domain or
region can have one or more or at least all of the
following features: residue corresponding to X7 is a
constrained or non-polar residue, particularly
histidine; and residue corresponding to X66 is an
acidic residue, particularly glutamic acid. In some
embodiments, the polypeptides comprising a region or
domain corresponding to residues 1-89 of the sequence
formula of SEQ ID NO: 1 1 1, 112, or 139 can have
additionally one or more residue differences at other
residue positions as compared tothe reference sequence
of SEQ ID NO: 2, 4 or 114. In some embodiments, the
region or domain corresponding to residues 1-89 can
have additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8,
1-9, 1-10, 1-1 1, 1-12, 1-14, 1-15, or 1-16 residue
differences at other amino acid residue positions as
compared to the corresponding domain of a reference
sequence based on SEQ ID NO:2, 4 or 114. In some
embodiments, the number of differences can be 1, 2, 3,
4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 15, or about 16
residue differences at other amino acid residues in
the domain. In some embodiments, the differences
comprise conservative mutations. In some embodiments,
the ketoreductase region or domain comprises an amino
acid sequence having at least the preceding features,
and wherein the amino acid sequence has at least 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% identity as compared to the amino
acid sequence corresponding to residues 1-89 of a
reference sequence based on SEQ ID NO:2, 4 or 114
having the preceding features. [0160] In some
embodiments, the ketoreductase polypeptide can further
comprise a domain or region corresponding to residues
1-89 of the sequence formula of SEQ ID NO: 111, 112,
or 139, where the domain or region can have one or
more or at least all of the following features:
residue corresponding to X7 is a constrained or
non-polar residue, particularly histidine; residue
corresponding to Xl 7 is a non-polar or aliphatic
residue, particularly methionine; residue
corresponding to X27 is an aromatic residue,
particularly tyrosine; residue corresponding to X64 is
a polar, aliphatic, or non-polar residue, particularly
valine; and residue corresponding to X80 is an
aliphatic, non-polar, or polar residue, particularly
threonine or valine. In some embodiments, the
polypeptides comprising a region or domain
corresponding to residues 1-89 of the sequence formula
of SEQ ID NO: 111, 112, or 139 can have additionally
one or more residue differences at other residue
positions as compared to the reference sequence of SEQ
ID NO: 2, 4 or 114. In some embodiments, the region or
domain corresponding to residues 1-89 can have
additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9,
1-10, 1-1 1, 1-12, 1-14, 1-15, or 1-16 residue
differences at other amino acid residue positions as
compared to the corresponding domain of a reference
sequence based on SEQ ID NO:2, 4 or 114. In some
embodiments, the number of differences can be 1, 2, 3,
4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 15, or about 16
residue differences at other amino acid residues in
the domain. In some embodiments, the differences
comprise conservative mutations. In some embodiments,
the ketoreductase region or domain comprises an amino
acid sequence having at least the preceding features,
and wherein the amino acid sequence has at least 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% identity as compared to the amino
acid sequence corresponding to residues 1-89 of a
reference sequence based on SEQ ID NO:2, 4 or 114
having the preceding features. [0161] In some
embodiments, the ketoreductase polypeptide can further
comprise a domain or region corresponding to residues
212-252 of the sequence formula of SEQ ID NO: 111,
112, or 139, wherethe domain or region can have one or
more of the following features: residue corresponding
to X212 is a polar, aliphatic, or non-polar; residue
corresponding to X216 is a constrained or basic
residue; residue corresponding to X223 is a non-polar
or aliphatic residue; residue corresponding o X226 is
a non-polar or polar residue; residue corresponding to
X233 is a polar or acidic; residue corresponding to
X235 is a polar or aromatic residue; residue
corresponding to X248 is a non-polar or aromatic
residue; and residue corresponding to X249 is an
aromatic residue. In some embodiments, the amino acid
sequence can have at least two, three, four, five, six
or more of the additional features defined by X above.
In some embodiments, the polypeptides comprising an
amino acid sequence that is based on the sequence
formula of SEQ ID NO: 111, 112, or 139 (or region
thereof) can have additionally one or more residue
differences at residue positions not specified by an X
above as compared to the reference sequence of SEQ ID
NO: 2, 4 or 114. In some embodiments, the differences
can be 1-2, 1- 3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, or
1-10, residue differences at other amino acid residue
positions not defined by X above. In some embodiments,
the number of differences can be 1, 2, 3, 4, 5, 6, 7,
8, 9, or about 10 residue differences at other amino
acid residue positions. In some embodiments, the
differences comprise conservative mutations. [0162] In
some embodiments, the ketoreductase polypeptide can
further comprise a domain or region corresponding to
residues 212-252 of the sequence formula of SEQ ID NO:
111, 112, or 139, where the domain or region can have
one or more of the following features: residue
corresponding to X212 is serine, threonine, glutamine,
asparagine, glycine, methionine, alanine, valine,
leucine, or isoleucine, particularly threonine,
serine, or valine; residue corresponding to X216 is
proline, histidine, arginine or lysine, particularly
histidine or arginine; residue corresponding to X223
is glycine, methionine, alanine, valine, leucine, or
isoleucine, particularly valine; residue corresponding
to X226 is glycine, methionine, alanine, valine,
leucine, isoleucine, serine, threonine, glutamine, or
asparagine, particularly threonine; residue
corresponding to X233 is serine, threonine, glutamine,
asparagine, aspartic acid, glutamic acid, particularly
asparagine or aspartic acid; residue corresponding to
X235 is serine, threonine, glutamine, asparagine,
tyrosine, phenylalanine, tryptophan, particularly
serine or tryptophan; residue corresponding to X248 is
glycine, methionine, alanine, valine, leucine,
isoleucine, tyrosine, phenylalanine, or tryptophan,
particularly glycine or tryptophan; and residue
corresponding to X249 is tyrosine, phenylalanine, or
tryptophan, particularly tryptophan. In some
embodiments, the amino acid sequence can have at least
two, three, four, five, six or more of the additional
features defined by X above. In some embodiments, the
polypeptides comprising an amino acid sequence that is
based on the sequence formula of SEQ ID NO: 111, 112,
or 139 (or region thereof) can have additionally one
or more residue differences at residue positions not
specified by an X above as compared to the reference
sequence of SEQ ID NO: 2, 4 or 114. In some
embodiments, the differences can be 1-2, 1-3, 1-4,
1-5, 1-6, 1-7, 1-8, 1-9, or 1-10, residue differences
at other aminoacid residue positions not defined by X
above. In some embodiments, the number of differences
can be 1, 2, 3, 4, 5, 6, 7, 8, 9, or about 10 residue
differences at other amino acid residue positions. In
some embodiments, the differences comprise
conservative mutations. [0163] In some embodiments,
the ketoreductase polypeptide can further comprise a
domain or region corresponding to residues 212-252 of
the sequence formula of SEQ ID NO: 111, 112, or 139,
where the domain or region has at least the following
feature: residue corresponding to X216 is a
constrained or basic residue, particularly arginine.
In some embodiments, the polypeptide comprising a
region or domain corresponding to residues 212-252 of
the sequence formula of SEQ ID NO: 111, 112, or 139
can have additionally one or more residue differences
at other residue positions as compared to the
reference sequence of SEQ ID NO: 2, 4 or 114 having
the preceding feature. In some embodiments, the region
or domain corresponding to residues 212-252 can have
additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9,
or 1-10 residue differences at other amino acid
residue positions as compared to the corresponding
domain of the reference sequence based on SEQ ID NO:2,
4 or 114. In some embodiments, the number of
differences can be 1, 2, 3, 4, 5, 6, 7, 8, 9, or about
10 residue differences at other amino acid residues in
the domain. In some embodiments, the differences
comprise conservative mutations. In some embodiments,
the ketoreductase region or domain comprises an amino
acid sequence having at least the preceding features,
and wherein the amino acid sequence has at least 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% identity as compared to the amino
acid sequence corresponding to residues 212-252 of a
reference sequence based on SEQ ID NO:2, 4 or 114
having the preceding feature. [0164] In some
embodiments, the ketoreductase polypeptide can further
comprise a domain or region corresponding to residues
212-252 of the sequence formula of SEQ ID NO: 111,
112, or 139, where the domain or region can have one
or more or at least all of the following features:
residue corresponding to X212 is a polar, aliphatic,
or non-polar residue, particularly threonine, serine,
or valine; residue corresponding to X2 16 is a
constrained or basic residue, particularly histidine
or arginine; residue corresponding to X223 is a polar,
aliphatic, or non-polar, particularly valine; residue
corresponding to X233 is a polar or acidic residue,
particularly asparagine or aspartic acid; residue
corresponding to X235 is a polar or aromatic residue,
particularly serine or tryptophan; residue
corresponding to X248 is a non-polar or aromatic
residue, particularly glycine or tryptophan; and
residue corresponding to X249 is an aromatic residue,
particularly tryptophan. In some embodiments, the
polypeptide comprising a region or domain
corresponding to residues 212-252 of the sequence
formula of SEQ ID NO: 111, 112, or 139 can have
additionally one or more residue differences at other
residue positions as compared to the reference
sequence of SEQ ID NO: 2, 4 or 114. In some
embodiments, the region or domain corresponding to
residues 212-252 can have additionally 1-2, 1-3,1-4,
1-5, 1-6, 1-7, 1-8, 1-9, or 1-10 residue differences
at other amino acid residue positions as compared to
the corresponding domain of a reference sequence based
on SEQ ID NO:2, 4 or 114. In some embodiments, the
number of differences can be 1, 2, 3, 4, 5, 6, 7, 8,
9, or about 10 residue differences at other amino acid
residues in the domain. In some embodiments, the
differences comprise conservative mutations. In some
embodiments, the ketoreductase region or domain
comprises an amino acid sequence having at least the
preceding features, and wherein the amino acid
sequence has at least 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
identity as compared to the amino acid sequence
corresponding to residues 212-252 of a reference
sequence based on SEQ ID NO:2, 4 or 114 having the
preceding feature. [0165] Table 2 below provides a
list of specific SEQ ID NOs disclosed herein with
associated activities. The sequences below are derived
from the wild-type L. kefir ketoreductase sequences
(SEQ ID NO: 3 and 4) unless otherwise specified. In
Table 2 below, each row lists two SEQ ID NOs, where
the odd number refers to the nucleotide sequence that
codes for the amino acid sequence provided by the even
number. The column listing the # of mutations is with
respect to the number of amino acid substitutions as
compared to the L. kefir KRED amino acid sequence of
SEQ ID NO:4. In the activity column, one "+"
corresponds to the ability of 10 g/L of the enzyme to
convert 10-20% of 1 g/L of substrate in about 24
hours. Two plus signs "++" indicates that the
polypeptide is about 1 to 50 times more active than
SEQ ID NO:90. Three plus signs "+++" indicates that
the polypeptide is about 50 to 250 times more active
than SEQ ID NO:90. Four plus signs "++++" indicates
that the polypeptide is about 250 to 1000 times more
active than SEQ ID NO:90, and five plus signs "+++++"
indicates that the polypeptide is greater than 1000
times more active than SEQ ID NO:90. [0166] Table 2 :
List of Sequences and Corresponding Activity
ImprovementMETHODS AND APPARATUS FOR A HYBRID CAP
ACITIVEL YCOUPLED AND AN INDUCTIVELY-COUPLED PLASMA
PROCESSING SYSTEM BACKGROUND OF THE INVENTION [000 1]
Advances in plasma processing have facilitated growth
in the semiconductor industry. The semiconductor
industry is a highly competitive market. The ability
for a manufacturing company to be able to process
substrate in different processing conditions may give
the manufacturing company an edge over the competitor.
Thus, manufacturing companies have dedicated time and
resources to identify methods and/or arrangements for
improving substrate processing. [0002] In general,
plasma processing systems may be constructed from a
plurality of configurations. For example, a plasma
processing system may be configured as a
capacitively-coupled plasma (CCP) processing system or
an inductively-coupled plasma (ICP) processing system.
Each plasma processing configuration is built to
enable processing in a range of process parameters.
[0003] However, in recent years, the types of devices
that are being processed have become more
sophisticated and may required more process control.
In an example, devices being processed are becoming
smaller and may require more precise control of plasma
parameters, such as plasma density and uniformity
across the substrate, for better yield. Furthermore,
device fabrication may be a multi-steps process. Each
step in the process may require different process
regimes achievable only on plasma processing system of
a specific configuration. Thus, the range of process
parameters of a plasma processing system from a single
configuration may fall short of delivering a total
solution to process next-generation substrates. [0004]
To facilitate discussion, Fig. IA illustrates a
simplified representation of a prior art
capacitively-coupled plasma (CCP) processing system.
Plasma processing system 100 may be a single, double
(DFC), or triple frequency radio frequency (RF)
capacitive discharge system. In an example, radio
frequencies may include, but are not limited to, 2, 27
and 60 MHz. Capacitively-coupled plasma processing
system 100 may be configured to include a substrate
106 being disposed above a lower electrode 102. [0005]
Consider the situation wherein, for example, substrate
106 is being processed. 



During plasma processing, an RF generator 108 with a
path to ground may supply an RF power to lower
electrode 102 through an RF match 110. In an example,
RF match 110 may be used to maximize power delivery to
the plasma system. The power from RF generator108 may
interact with a gas (not shown to simplify
illustration) to ignite plasma 114 in a gap 112
between an upper electrode 104 and substrate 106. In
the example of Fig. IA, upper electrode 104 is shown
as being grounded. However, upper electrode 104 may
also be powered. Plasma 114 may be used to etch and/or
deposit materials onto substrate 106 to create
electronic devices. [0006] In CCP processing system
such as plasma processing system 100 of Fig. IA, gap
112 may be configured to be a very narrow gap. The gap
may be about 1:5 to about 1:15 the aspect ratio of gap
112 to the diameter of upper electrode 104. By having
narrow gap, processing steps requiring shorter gas
resident time to minimize loading effect may be
employed to process substrate. As the term is employed
herein, loading refers to a measurable depletion of an
active etchant cause by consumption in the etch
process. Thus, CCP processing system may accommodate
etching of electronic devices with very small features
requiring very low gas resident time. [0007] In
general, a limiting feature of CCP processing system
100, as illustrated in Fig. IA, may be the inability
to decouple ion density and ion energy. During plasma
processing, it may be difficult in CCP processing
system to independently control the ion density and
the ion energy. For example, an attempt to increase
ion energy by increasing RF power may cause an
increase in sheath potential leading to an increase in
ion energy. Another limiting feature of CCP processing
system 100, as illustrated in Fig. IA, may be the
ability to generate high plasma density as compared to
inductively-coupled plasma processing system. Thus,
CCP processing system may not be able to accommodate
plasma processing steps requiring high plasma density
and/or independent control of the ion energy and the
ion density. [0008] Fig. IB illustrates a simplified
schematic representing a prior art inductivelycoupled
plasma (ICP) processing system. Inductively-coupled
plasma processing system 150 may be configured to
include a substrate 156 being disposed above a lower
electrode 152. As shown in Fig. IB, the lower
electrode 152 may be grounded or may be powered with a
first RF generator 158. RF power to lower electrode
152 may be delivered through an RF match 160. In an
example, RF match 160 may be employed to maximize
power delivery to the plasma system. [0009] Consider
the situation wherein, for example, substrate 156 is
being processed. During plasma processing, a second RF
generator 168 may supply RF power to an inductor coil
166. The cross section of inductor coil 166, as shown
in Fig. IB, may be a spiral coil with an air core
being disposed above a dielectric window 154. The
power from RFgenerator 168 to inductor coil 166 may
produce a magnetic field 172 penetrating through
dielectric window 154. The induced electric field may
generate electrical current that may interact with gas
to ignite and maintain plasma 164. [0010] In contrast
to the CCP processing system of Fig. IA, plasma 164
being generated by ICP processing system tends to have
higher density at similar RF power levels. One main
difference between ICP processing system 150 and CCP
processing system 100 may be the way RF power is
coupled to plasma. Except for the low bias RF power
from RF generator 158 being applied to substrate 156,
RF power may be coupled to plasma 164 through
dielectric window 154 in ICP processing system 150.
Thus, high ion density and low plasma potential may be
achieved in ICP processing system by employing
efficient, noncapacitive coupling of RF power to
plasma. [001 1] As shown in Fig. IB, plasma 164 may
have a torroidal/doughnut shape, where the plasma
doughnut may be formed between dielectric window 154
and substrate 156 in between a gap 162. The magnetic
field 172, as shown in Fig. IB, may peaked off axis,
i.e., half (1/2) the distance of the radius 170 of
inductor spiral coil 166 with minima at the center of
the coil and the walls. Thus, the plasma doughnut 164
may have the highest density at about half (1/2) the
distance of the radius 170 of inductor spiral coil 166
due to the magnetic field 172 generated by inductor
spiral coil 166. [0012] As may be appreciated by those
skilled in the art, the gap 162 in ICP processing
system needs to be of a sufficient height, i.e., the
height of gap 162 tends to be about the radius of
inductor coil 166, to accommodate the magnetic field
172 being generated by inductor coil 166. Sufficient
gap height may be necessary such that RF power induced
through dielectric window 154 may be absorbed in
plasma 164. By having sufficient gap height for plasma
to absorb RF power, damages to substrate 156 may be
avoided. For example, if the gap is too narrow,
magnetic field 172 may interact with substrate 156 to
produce electric field inducing current and capacitive
coupling instead of producing and/or sustaining
plasma. The capacitive coupling may lead to an arcing
of the devices on the substrate and/or an increased in
temperature on the substrate, which might be
undesirable for plasma processing. Thus, ICP
processing system may be limited to operating with
relatively large gap for plasma processing. [0013]
Another limitation with ICP processing system 150, as
shown by Fig. IB, may be in processing of very large
substrate. In order to achieve a relatively good
uniformity of plasma, as affected by the magnetic
field, over a very large substrate, inductor coil 166
may need to be scaled up to the appropriate size.
Therefore, the chamber may end up becomingvery large
because the region of maximum plasma is about half the
radius 170 of inductor coil 166. To achieve good
uniformity of plasma, the inductor coil 166 may need
to be large enough to cover the large substrate and
not give rise to non-uniformity at the edges. However,
as the chamber becomes enlarged to compensate for the
inductor coil, the design of ICP processing system may
pose a variety of mechanical and/or engineering
challenges. For example, the vacuum load may be very
high in order to support the enlarged ICP processing
system. In addition, the gas may not be evacuated
rapidly enough leading to undesirably long resident
time. Furthermore, a larger dielectric window 154 may
be more difficult to handle. [0014] Even though ICP
processing system may be able to deliver high density
plasma and decoupling of ion density and ion energy,
ICP processing system may be limited to relative large
gap and design challenges resulting from compensating
for plasma uniformity when processing larger
substrates. [0015] Fig. 2 shows a simplified schematic
of prior art inductor coils arrangement as proposed by
V. Godyak in "Distributed Ferromagnetic Inductively
Coupled Plasma as an Alternative Plasma Processing
Tool", Japanese Journal of Applied Physics Vol. 45,
No. 1OB, 2006, pp. 8035-8041. [00 16] As shown in Fig.
2, a plurality of cores 202A, 202B, 202C, 202B,
202E,and 202F may be employed. In contrast to the air
core of Fig. IB, each core may be constructed of a
magnetic material such as ferrite or powder iron. Each
core from the plurality of magnetic cores (202 A -F)
may be configured with a coil from a plurality of
coils 204A, 204B, 204C, 204D, 204E, and 204F to act as
small inductor sources. For example, as shown in Fig.
2, coil 204A corresponds to the winding for magnetic
core 202A. The magnetic core materials may be employed
to confine the magnetic field to a region to improve
coupling, in contrast to Fig. IB, where the coil may
be a spiral arrangement to induce a torroidal/doughnut
shape magnetic field from the current from the coils.
Thus, the arrangement of a plurality of small inductor
cores may address the spatial uniformity problem of a
single, large spiral coil of Fig. IB. [0017] As shown
in Fig. 2, the inductor cores (202 A - F) may be wound
with coils (204 A -F) and connected in series in a
hexagonal close packing arrangement to improve
uniformity and increase efficiency of magnetic
coupling. However, the hexagonal close packing
arrangement is employed as a space filling for the
inductor coils without any attempt to coordinate these
core elements.[0018] As may be appreciated from the
foregoing, CCP processing system may be limited to low
density plasma and/or inability to decouple the ion
density and the ion energy. Even though ICP processing
system may be able to overcome the limitations of
generating high density plasma and/or decoupling of
ion density and ion energy, ICP processing system may
be limited to relatively large gap and/or design
challenges when processing larger substrates. Given
the need to stay competitive in the semiconductor
industry, enhancements to the capabilities of CCP and
ICP processing systems are highly desirable. SUMMARY
OF INVENTION [0019] The invention relates, in an
embodiment, to a capacitively-coupled plasma (CCP)
processing system having a plasma processing chamber
for processing a substrate. The capacitively-coupled
plasma (CCP) processing system includes an upper
electrode and a lower electrode for processing the
substrate, which is disposed on the lower electrode
during plasma processing. The capacitively-coupled
Plasma (CCP) processing system also includes an array
of inductor coils arrangement configured to
inductively sustain plasma in a gap between the upper
electrode and the lower electrode. [0020] The above
summary relates to only one of the many embodiments of
the invention disclosed herein and is not intended to
limit the scope of the invention, which is set forth
is the claims herein. These and other features of the
present invention will be described in more detail
below in the detailed description of the invention and
in conjunction with the following figures. BRIEF
DESCRIPTION OF THE DRAWINGS [0021] The present
invention is illustrated by way of example, and not by
way of limitation, in the figures of the accompanying
drawings and in which like reference numerals refer to
similar elements and in which: [0022] Fig. IA
illustrates a simplified representation of a prior art
capacitivelycoupled plasma (CCP) processing system.
[0023] Fig. IB illustrates a simplified schematic
representing a prior art inductivelycoupled plasma
(ICP) processing system. [0024] Fig. 2 shows a
simplified schematic of prior art inductor coils
arrangement as proposed by V. Godyak. [0025] Fig. 3A
shows, in accordance with an embodiment of the
invention, a simplified schematic of a
capacitively-coupled plasma processing system
configured with an array of inductor coils arrangement
to enable inductive coupling of plasma.[0026] Fig. 3B
shows, in accordance with an embodiment of the
invention, a simplified schematic of a capacitively
coupled plasma processing system configured with an
array of horseshoe inductor coils arrangement to
enable inductive coupling of plasma. [0027] Fig. 4
shows, in accordance with an embodiment of the
invention, a simplified schematic of a top view of a
section of an upper electrode illustrating slits
radial to the inductor coils in the upper electrode.
[0028] Fig. 5A shows, in accordance with an embodiment
of the invention, a simplified schematic of a top view
of a representative checkered board array arrangement
for inductor coils. [0029] Fig. 5B shows, in
accordance with an embodiment of the invention, a
simplified of schematic of a top view of a
representative alternating concentric rings
arrangement for inductor coils simulating a spiral
coil. DETAILED DESCRIPTION OF EMBODIMENTS [0030] The
present invention will now be described in detail with
reference to a few embodiments thereof as illustrated
in the accompanying drawings. In the following
description, numerous specific details are set forth
in order to provide a thorough understanding of the
present invention. It will be apparent, however, to
one skilled in the art, that the present invention may
be practiced without some or all of these specific
details. In other instances, well known process steps
and/or structures have not been described in detail in
order to not unnecessarily obscure the present
invention. [003 1] In accordance with embodiments of
the invention, there are provided methods and
arrangements for configuring capacitively-coupled
plasma processing systems with an array of inductor
coils arrangement to enable the plasma processing
system to operate as either a capacitively-coupled
and/or an inductively-coupled plasma processing
system. Embodiments of the invention may include
employing the array of inductor coils arrangement to
provide high density plasma in a narrow gap of a
plasma processing chamber. With localized control of
each inductor coil in the array of inductor coils
arrangement, plasma uniformity may be achieved to
obtain higher yield in processing of electronic
devices. [0032] In an embodiment, the plasma
processing system may be configured with the array of
inductor coils arrangement. In an example, the array
of inductor coils arrangement may be configured with a
set of bobbins as the magnetic cores. In another
example, the magnetic cores may be a set of horseshoe
magnets. In an embodiment, the magnetic cores may be
constructed from magnetic materials such as ferrite or
powder iron. By employingmagnetic material as cores,
magnetic field may be confined to a region to improve
coupling in contrast to prior art ICP system employing
air core in the spiral inductor coil. [0033] In an
embodiment, each magnetic core may be wound with a
coil. The coil on each inductor coil may be remoted
from an upper electrode to minimize capacitive
coupling in contrast to prior art where a spiral coil
is disposed on a dielectric window. [0034] In the
example of bobbins as magnetic cores, the bobbins
adjacent to each other may be arranged in alternating,
opposite poles in an embodiment. By coordinating
alternating, opposite poles arrangement, the magnetic
flux from the pair of adjacent bobbins 



with opposing poles are allowed to couple forming a
looping magnetic field that may penetrate into the
plasma region to sustain plasma in an embodiment. In
order to complete the magnetic circuit for adjacent
pair of bobbins, magnetic connectors may be employed
to connect across the set of bobbins. Magnetic
connectors may be magnetic straps or a magnetic plate.
Magnetic straps and/or magnetic plate may be
constructed from the same magnetic materials as the
cores. [0035] In the example of horseshoe magnets as
magnetic cores, the horseshoe magnet is curved in a
"U" shape so that the two opposing poles lie on the
same plane. Thus, each horseshoe magnet is similar to
a pair of opposing poles of adjacent bobbins with
connecting straps. However, in contrast to the bobbin,
horseshoe magnet is forced to couple with opposing
poles on the same magnet. Whereas, the magnetic field
of a pole on the bobbin may loop around and couple
with any opposing poles of adjacent bobbins. [0036] In
contrast to prior art, the poles of magnetic cores in
the array of inductor coils arrangement are
coordinated to enhance coupling of the magnetic flux
instead of acting as independent inductor sources of
the prior art. The coordinated couplings with adjacent
pairs of opposing poles in the array of inductor coils
arrangement allow for the control of the set of
looping magnetic fields into the plasma region. Thus,
plasma uniformity may be enhanced through localized
control. [0037] In an embodiment, the spacing of
opposing magnetic poles may be optimized with the
plasma chamber gap to control the distance the looping
magnetic fields may penetrate into the plasma region
without damaging a substrate during plasma processing.
In an embodiment, the spacing of opposing magnetic
poles may range from about 25 percent of the gap to
the full gap. In contrast to prior art, the spacing of
magnetic cores may be optimized for plasma processing
instead of being packed in space-filling arrangement.
Furthermore, ICP may be employed to process substrate
with relatively narrow gap similar to CCP process
instead of the limitation of a wider gap of the prior
art ICP process.[0038] In an embodiment, the upper
electrode may be configured with an electrostatic
shield to make a conductive material appears to be an
insulator. In an example, electrostatic shield may be
formed by making slits, in an upper electrode, radial
to inductor coils. By employing the electrostatic
shield, the upper electrode is configured to appear to
be an insulator in the azimuthal direction. In
contrast to prior art, a conductive material, i.e.,
the upper electrode, may be employed in ICP process
with minimal inductive coupling from the inductor
coils instead of being limited to employing a
dielectric window. [0039] In an embodiment, the set of
inductor coils may be arranged in a self-similar
pattern for uniformity or in a predetermined pattern
to simulate the magnetic field of a larger inductor
coil. In another embodiment, each inductor coil in a
set of inductor coils may be independently controlled
to vary frequency and/or RF power being delivered to
the inductor coil to achieve local steering of the
plasma. [0040] In an embodiment, during ICP processing
employing inductor coils arrangement, upper electrode
may be configured to be grounded, RF powered or DC
biased. Alternatively or additionally, lower electrode
may be powered by the same or different radio
frequency. [004 1] The features and advantages of the
present invention may be better understood with
reference to the figures and discussions (with prior
art mechanisms and embodiments of the invention
contrasted) that follow. [0042] Fig. 3A shows, in
accordance with an embodiment of the invention, a
simplified schematic of a capacitively-coupled plasma
processing system configured with an array of inductor
coils arrangement to enable inductive coupling of
plasma. As shown in Fig. 3A, plasma processing system
300 may be configured as a typical CCP processing
system. [0043] Consider the situation wherein, for
example, a substrate 306 is being processed in the
capacitively-coupled mode in plasma processing system
300. Plasma processing system 300 may be configured to
include substrate 306 being disposed above a lower
electrode 302. During plasma processing, an RF
generator 308 with a path to ground may supply an RF
power to lower electrode 302 through an RF match 310.
In an example, RF match 310 may be employed to
maximize power delivery to plasma system. The radio
frequency may include, but are not limited to 2, 27
and 60 MHz. The power from RF generator 308 tends to
interact with a gas (not shown to simplify
illustration) to ignite plasma 314 between an upper
electrode 304 and substrate 306. As shown in Fig. 3A,
lower electrode 306 may be configured adjacent to a
lower ground extension ring 3 16 with a lower
groundextension cover ring 318. Similarly, upper
electrode 304 may be configured adjacent to an upper
ground extension ring 320 with an upper ground
extension cover ring 322. [0044] In the implementation
of Fig. 3A, plasma 314 may be confined between a gap
312 by a set of confinement rings 324. As
aforementioned, gap 3 12 may be a relatively narrow
gap in CCP processing system to facilitate processing
parameters requiring shorter gas resident time to
minimize loading effect. [0045] As can be appreciated
from the foregoing, plasma processing system 300 as
shown in Fig. 3A may incorporate other additional
features often employed in CCP processing systems such
as an adjustable electrode gap 312, adjustable gaps
for confinement rings 324, DC and/or RF powered upper
electrode 304, and the like. In accordance with an
embodiment of the invention, plasma processing system
300, as shown in Fig. 3A, is shown without limitations
as a representation of a fully functional CCP
processing system. [0046] However, consider a
situation wherein, for example, a step in the process
may require processing parameters outside the
capability of the CCP processing system. Plasma
processing system 300 may be switched from the
capacitively-couple mode to an inductivelycouple mode
in accordance with an embodiment of the invention.
[0047] In an embodiment, plasma processing system 300
may be configured with an array of inductor coils
arrangement 340, as shown in Fig. 3A. The array of
inductor coils arrangement 340 is configured with a
set of bobbins (326 A - L). The bobbins (326 A - L)
may be constructed of a magnetic material such as
ferrite or powder iron. [0048] In accordance with an
embodiment of the invention, each bobbin, for example
bobbin 326A of Fig. 3A, is essentially an individual
rod magnet arranged in an array disposed above upper
electrode 304. Each rod magnet or bobbins, for example
bobbin 326A, may be configured with a North (N)
magnetic pole and a South (S) magnetic pole on each
end of the rod. [0049] In an embodiment, the set of
bobbins (326 A -L) may be connected across the top by
a set of straps (332 A -H). The straps may be
constructed of high permeability materials, such as
ferrite or powder iron. These straps are made of the
same kind of magnetic material as the bobbins to
complete the magnetic circuit between the set of
bobbins (326 A - L). Alternatively, the straps may be
a simple plate, also made of high permeability
material such as ferrite or powder iron. Thus, the
magnetic circuit between an adjacent pair of bobbins
in a set of bobbins (326 A -L) may be completed.
[0050] In an embodiment, each bobbin in a set of
bobbins (326 A - L), for example bobbin 326A, may be
wound with a coil, for example coil 328A, in a set of
coils (328 A - L).In accordance with an embodiment,
the set of coils (328 A - L) as wound on the
corresponding set of bobbins (326 A - L) may be
remoted from upper electrode 304 to minimize
capacitive coupling in contrast to prior art spiral
coil 166 disposed on dielectric window 154 of Fig. IB.
[005 1] In accordance with an embodiment of the
invention, the set of bobbins (326 A - L) may be
arranged in alternating opposite poles, adjacent to
each other, in an embodiment. For example, bobbin 326A
is shown in Fig. 3A with a top view of the N pole on
top 330A, and the adjacent bobbin 326B is shown with a
top view of the S pole on top 330B. Thus, the array of
bobbins (326 A - L) may be arranged in alternating
opposite poles to allow the magnetic field of a pair
of adjacent bobbins with opposing poles to couple
forming the set of looping magnetic fields (334 A - K)
in an embodiment. [0052] In contrast to prior art, the
poles of magnetic cores in the array of inductor coils
arrangement are coordinated to enhance coupling of the
magnetic flux instead of acting as independent
inductor sources of the prior art. The coordinated
couplings with adjacent pairs of opposing poles in the
array of inductor coils arrangement allow for the
control of the set of looping magnetic fields into the
plasma region. Thus, plasma uniformity may be enhanced
through localized control. [0053] In an embodiment,
the spacing of the bobbins may be optimized with the
gap 312 height to get the desired penetration of
looping magnetic fields (334 A - K) of adjacent
bobbins into the plasma region as shown in Fig. 3A.
The looping magnetic fields (334 A - K) of adjacent
bobbins may penetrate gap 312 the distance of the
separation of the adjacent bobbins. It is desirable
for the looping magnetic fields (334 A - K) to
penetrate through the upper electrode 304 to strike
and maintain plasma in gap 312 without damaging
substrate 306. Typically, the spacing may range from
about 25 percent of the gap to the full height of the
gap. Thus, the spacing of adjacent bobbins may be
optimized to the gap 312 height to achieve the desired
looping magnetic fields as required by the plasma
processing parameters. [0054] In contrast to prior
art, the spacing of magnetic cores may be optimized
for plasma processing instead of being packed in
hexagonal space-filling arrangement. Furthermore, ICP
may be employed to process substrate with relatively
narrow gap similar to CCP process instead of the
limitation of a wider gap of the prior art ICP
process. [0055] Alternatively in another embodiment,
horseshoe magnets may be employed instead of rod
magnets to provide an array of inductor coils
arrangement. Fig. 3B shows, in accordance with an
embodiment of the invention, a simplified schematic of
a capacitivelycoupled plasma processing system
configured with an array of horseshoe inductor coils
arrangement to enable inductive coupling of plasma.
[0056] Plasma processing system 300 may be configured
with another array of inductor coils arrangement 380,
as shown in Fig. 3B. The array of inductor coils
arrangement 380 may be configured with a set of
horseshoe magnets (356 A - F). The horseshoe magnets
(356 A - F) may be constructed of a magnetic material
such as ferrite or powder iron. [0057] In an
embodiment, each horseshoe magnet in a set of
horseshoe magnets (356 A - F), for example horseshoe
magnet 356A, may be wound with a coil, for example
coil 358A, in a set of coils (358 A - F). In
accordance with an embodiment, the set of coils (358 A
- F) as wound on the corresponding set of horseshoe
magnets (356 A - L) may be remoted from upper
electrode 304 to minimize capacitive coupling in
contrast to prior art spiral coil 166 disposed on
dielectric window 154 of Fig. IB. [0058] Each
horseshoe magnet, for example horseshoe magnet 356A of
Fig. 3B, is also configured with a North (N) magnetic
pole and a South (S) magnetic pole on each end similar
to the rod magnet. However, horseshoe magnet is curved
in a "U" shape so that the two opposing poles lie on
the same plane. Thus, horseshoe magnet, for example
horseshoe magnet 356A of Fig. 3B, may be similar to a
pair of opposing poles of adjacent rod magnets with
connecting strap of Fig. 3A. [0059] However, in
contrast to the bobbins of Fig. 3A, horseshoe magnet
may be forced to couple with opposing poles on the
same magnet. Whereas, the magnetic field of a pole on
the bobbin in Fig. 3A may loop around and couple with
any opposing poles of adjacent bobbins. [0060] As can
be appreciated by those skilled in the art, the
spacing of the opposing poles on each horseshoe magnet
may also be optimized to the gap 332 height to achieve
the desired looping magnetic fields (360 A - F) as
required by the plasma processing parameters. [0061]
As may be appreciated from the foregoing, the main
difference between the set of bobbin inductor coils
arrangement of Fig. 3A and the set of horseshoe
magnets inductor coils arrangement of Fig. 3B is in
the forced coupling within a horseshoe magnet instead
of coupling with any opposing poles of adjacent
bobbins. However, both bobbin arrangement and
horseshoe magnet employed predetermined, coordinated
coupling of opposing poles to arrange inductor coils
instead of merely employing close-packing,
space-filling of V. Godyak's inductor coils
arrangement. [0062] As shown in Figs. 3A and 3B, the
bobbins and/or horseshoe magnets may be disposed above
upper electrode 304 in an embodiment. In another
embodiment, bobbins I land/or horseshoe magnets may be
disposed in other configurations with upper electrode
304. For example, the upper electrode 304 may be
counter-bored so that the bobbins and/or horseshoe
magnets may be partially buried in the upper electrode
304, in accordance with an embodiment of the
invention. In another example, the bobbins and/or
horseshoe magnets may penetrate all the way through
upper electrode 304 to be flushed or protruded from
plasma facing surface of upper electrode 304. If the
bobbins and/or horseshoe magnets protrude or penetrate
all the way through, the exposed ends may need to be
capped or protected to ensure there are no adverse
effects on the process. [0063] In addition, to prevent
inductive coupling, upper electrode 304 may need to be
constructed of a high resistive material, needs to be
very thin or needs to be slitted. Fig. 4 shows, in
accordance with an embodiment of the invention, a
simplified schematic of a top view of a section of an
upper electrode illustrating slits radial to the
inductor coils in the upper electrode. [0064] As shown
in Fig. 4, a section 400 of upper electrode 304 of
Figs. 3A and/or 3B may configured with a plurality of
inductor coils 402A, 402B, 402C, and 402D. A 



conductive material, such as upper electrode 304 of
Fig. 3A, may be made to appear to be an insulator by
providing an electrostatic shield or Faraday shield.
In an embodiment, the electrostatic shield may be
formed by making slits all the way through the surface
of the upper electrode radial to the inductor coils.
For example, the slit 404A is radial from inductor
coil 402A to extend to 402D. Radial slit 404A does not
necessarily touch or come to the edge of inductor
coils 402A or 402D. Hence, by employing the
electrostatic shield, a conductive material such as
upper electrode 304 of Fig. 3A may be made to appear
to be an insulator in the azimuthal direction. [0065]
By employing the electrostatic shield, the upper
electrode is configured to appear to be an insulator
in the azimuthal direction. In contrast to prior art,
a conductive material, i.e., the upper electrode, may
be employed in ICP process with minimal inductive
coupling from the inductor coils instead of being
limited to employing a dielectric window. [0066] As
may be appreciated by those skilled in the art, other
techniques may be employed to make a conductive
material appears to be an insulator. For example in
accordance with an embodiment, upper electrode 304 may
be selected to be a more resistive material so the
radial slits do not have to be cut all the way through
the surface. For more resistive materials, the upper
electrode may be constructed as a thinner sheet in an
embodiment. Alternatively, another method to make the
conductive material appears to be an insulator is to
create trenches with silicon oxide or quartz embedded
as barrier in anotherembodiment. Thus, inductive
coupling between the inductor coils and upper
electrode may be eliminated or minimized. [0067] In an
embodiment, the set of inductor coils may be arranged
in a self-similar pattern for uniformity or in a
specific pattern to simulate the magnetic field of a
larger inductor coil. [0068] Fig. 5A shows, in
accordance with an embodiment of the invention, a
simplified schematic of a top view of a representative
checkerboard array arrangement for inductor coils. As
shown in Fig. 5A, inductor coils with North poles (502
A -E) may be arranged in an alternating checkerboard
arrangement with inductor coils with opposing South
poles (504 A - D). The magnetic field may be very
uniform in the checkerboard arrangement because of the
self-similar nature of the alternating pattern. Thus,
the uniformity of plasma may be improved over that of
prior art spiral coil 166 of Fig. IB. For example, in
processing a large substrate, the coil does not need
to be sized up to improve plasma uniformity as
required by prior art ICP processing system. [0069]
Fig. 5B shows, in accordance with an embodiment of the
invention, a simplified of schematic of a top view of
a representative alternating concentric rings
arrangement for inductor coils simulating a spiral
coil. In the implementation of Fig. 5B, sets of
inductor coils 552, 554 A - H, 556 A - P, and 558 A -
P may be arranged in concentric circles with
alternating sets of opposing poles of inductor coils.
For example, in the implementation of Fig. 5B, the
pole for inductor coil set 552 is N and the pole for
inductor coils set 554 A - H is S. As may be
appreciate from the foregoing, inductor coils may be
arranged in a predetermined pattern to simulate a
desired magnetic field based on the process parameters
requirements. [0070] In an embodiment, the inductor
coils arrangement may be driven by a same radio
frequency globally or specifically tune at a
particular inductor coil to achieve local control or
steering of the plasma. In another embodiment, RF
power to the inductor coils may be global through a
matching network or through an amplifier from a
distributed power arrangement for local control. [007
1] In an embodiment, during ICP processing employing
inductor coils arrangement, upper electrode may be
configured to be grounded, RF powered or DC biased.
Alternatively or additionally, lower electrode may be
powered by the same or different radio frequency. As
can be appreciated by those skilled in the art, the
CCP processing system employing inductor coils
arrangement allows for hybridization of features from
CCPprocessing system in ICP processes. Thus, operating
parameters for processing substrates may
advantageously be widened from such hybridization.
[0072] As can be appreciated from the foregoing, one
or more embodiments of the invention provide for a
plasma processing system capable of both CCP and/or
ICP. By hybridizing a CCP processing system to include
ICP capability, the processing range has been widened.
By achieving ICP in a CCP processing system, the
plasma density has been increased beyond what is
possible with a capacitively-coupled plasma processing
system. By hybridizing the CCP processing system with
inductive coils which may produce very uniform plasma,
substrate may be processed in ICP mode in a very
narrow gap system resulting in lower residence time
for the gas species. By remoting the coils, strayed
electrostatic fields may be eliminated from plasma. By
employing the upper electrode in the design, the
dielectric window may be eliminated resulting in
simpler chamber design. Thus, device manufacturer
employing the hybridized CCP plasma processing system
may switch on demand between an inductive-coupled
plasma mode and/or a capacitively-coupled plasma mode
to take advantage of the features provide by both
technologies. [0073] While this invention has been
described in terms of several embodiments, there are
alterations, permutations, and equivalents, which fall
within the scope of this invention. It should also be
noted that there are many alternative ways of
implementing the methods and apparatuses of the
present invention. Furthermore, embodiments of the
present invention may find utility in other
applications. The abstract section is provided herein
for convenience and, due to word count limitation, is
accordingly written for reading convenience and should
not be employed to limit the scope of the claims. It
is therefore intended that the following appended
claims be interpreted as including all such
alterations, permutations, and equivalents as fall
within the true spirit and scope of the present
invention.CLAIMS What is claimed is: 1. A
capacitively-coupled plasma (CCP) processing system
having a plasma processing chamber for processing a
substrate, comprising: at least an upper electrode and
a lower electrode for processing said substrate, said
substrate being disposed on said lower electrode
during plasma processing; and an array of inductor
coils arrangement, said array of inductor coils
arrangement being disposed above said upper electrode,
said array of inductor coils arrangement configured to
inductively sustain plasma in a gap between said upper
electrode and said lower electrode. 2. The CCP
processing system of claim 1 further comprising at
least one radio frequency (RF) power source, said RF
power source being configured to capacitively ignite
and sustain plasma between said upper electrode and
said lower electrode. 3. The CCP processing system of
claim 2, wherein said RF power source has an RF
frequency of at least one of about 2 MHz, about 27
MHz, and about 60 MHz. 4. The CCP processing system of
claim 1, wherein said array of inductor coils
arrangement includes at least a set of magnetic cores
and a set of coils, each coil of said set of coils is
wound around each magnetic core of said set of
magnetic cores. 5. The CCP processing system of claim
4, wherein said each magnetic core of said set of
magnetic cores is a bobbin, said bobbin in a set of
bobbins is magnetically coupled by a set of magnetic
connectors. 6. The CCP processing system of claim 5,
wherein said set of magnetic connectors is disposed on
said set of magnetic cores to complete magnetic
circuits for adjacent pairs of bobbins. 7. The CCP
processing system of claim 5, wherein a first bobbin
in said set of bobbins is arranged in alternating,
opposing magnetic pole to an adjacent bobbin. 8. The
CCP processing system of claim 5, wherein said set of
connectors is at least one of a set of magnetic straps
and a magnetic plate. 9. The CCP processing system of
claim 4, wherein said each magnetic core of said set
of magnetic cores is a horseshoe magnet. 10. The CCP
processing system of claim 4, wherein each magnetic
core of said set of magnetic cores is a magnetic
material, said magnetic material is made of at least
one of ferrite and powder iron.11. The CCP processing
system of claim 5, wherein each magnetic connector of
said set of magnetic connectors is a magnetic
material, said magnetic material is made of at least
one of ferrite and powder iron. 12. The CCP processing
system of claim 4, wherein a first magnetic core in
said set of magnetic cores is separated from an
adjacent magnetic core by a distance of about 25
percent to 100 percent of said gap between said upper
electrode and said lower electrode. 13. The CCP
processing system of claim 4, wherein said each coil
of said set of coils in said array of inductor coils
arrangement is remoted from said upper electrode. 14.
The CCP processing system of claim 1, wherein said
upper electrode is configured with an electrostatic
shield. 15. The CCP processing system of claim 1,
wherein inductor coils in said array of inductor coils
arrangement are arranged in a self-similar pattern.
16. The CCP processing system of claim 1, wherein
inductor coils in said array of inductor coils
arrangement are arranged in a predetermined pattern.
17. In a capacitively-coupled plasma (CCP) processing
system, a method of processing a substrate in a plasma
processing chamber, said method comprising: supporting
said substrate in said plasma processing chamber
configured with an upper electrode disposed opposite a
lower electrode; configuring an array of inductor
coils arrangement to inductively ignite plasma in a
gap between said upper electrode and said lower
electrode, said array of inductor coils arrangement
being disposed above said upper electrode. 18. The
method of claim 17 further comprising at least
configuring one radio frequency (RF) power source to
capacitively ignite and sustain plasma between said
upper electrode and said lower electrode. 19. The
method of claim 18, wherein said RF power source has
an RF frequency of at least one of about 2 MHz, about
27 MHz, and about 60 MHz. 20. The method of claim 17,
wherein said array of inductor coils arrangement
includes at least a set of magnetic cores and a set of
coils, each coil of said set of coils is wound around
each magnetic core of said set of magnetic cores. 21.
The method of claim 20, wherein said each magnetic
core of said set of magnetic cores is a bobbin, said
bobbin in a set of bobbins is magnetically coupled by
a set of magnetic connectors.22. The method of claim
21, wherein said set of magnetic connectors is
disposed on said set of magnetic cores to complete a
magnetic circuit for adjacent pair of bobbins. 23. The
method of claim 21, wherein a first bobbin in said set
of bobbins is arranged in alternating, opposing
magnetic pole to an adjacent bobbin. 24. The method of
claim 21, wherein said set of connectors is at least
one of a set of magnetic straps and a magnetic plate.
25. The method of claim 20, wherein said each magnetic
core of said set of magnetic cores is a horseshoe
magnet. 26. The method of claim 20, wherein each
magnetic core of said set of magnetic cores is a
magnetic material, said magnetic material is made of
at least one of ferrite and powder iron. 27. The
method of claim 21, wherein each magnetic connector of
said set of magnetic connectors is a magnetic
material, said magnetic material is made of at least
one of ferrite and powder iron. 28. The method of
claim 20, wherein a first magnetic core in said set of
magnetic cores is separated from an adjacent magnetic
core by a distance of about 25 percent to 100 percent
of said gap between said upper electrode and said
lower electrode. 29. The method of claim 20, wherein
said each coil of said set of coils in said array of
inductor coils arrangement is remoted from said upper
electrode. 30. The method of claim 17, wherein said
upper electrode is configured with an electrostatic
shield. 31. The method of claim 17, wherein inductor
coils in said array of inductor coils arrangement are
arranged in a self-similar pattern. 32. The method of
claim 17, wherein inductor coils in said array of
inductor coils arrangement are arranged in a
predetermined pattern. 


