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IMPROVED KETOREDUCTASE POLYPEPTIDES FOR THE STEREOSELECTIVE
PRODUCTION OF (R)}-3-HYDROXYTHIOLANE

1. CROSS REFERENCES TO RELATED APPLICATIONS
{0001] This application claims benefit under 35 U.S.C. § 119(e) of application Serial No.

60/957,974, filed August 24, 2007, the contents of which are incorporated herein by reference.
2, TECHNICAL FIELD

[6002] The present disclosure relates to engineered polypeptides and uses of the polypeptides.
3. REFERENCE TO SEQUENCE LISTING, TABLE OR COMPUTER PROGRAM

[0603] The Sequence Listing concurrently submitted herewith under 37 C.F.R. § 1.821 via EFS-Web
in a computer readable form (CRF} as file name 376247-016.txt is herein incorporated by reference in
its entirety. The electronic copy of the Sequence Listing was created on August 24, 2008, with a file

size of 272 Kbytes.
4, BACKGROUND

[0004] Enzymes belonging to the ketoreductase (KRED) or carbonyl reductase class (EC1.1.1.184)
are useful for the synthesis of optically active alcohols from the corresponding prostereoisomeric
ketone substrate. KREDs typically convert a ketone or aldehyde substraie 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 dinucleotide (NADH} or reduced nicotinamide adenine dinucleotide phosphate (NADPH),
and nicotinamide adenine dinucleotide (INAD) or nicotinamide adenine dinucleotide phosphate
{(NADP] for the oxidation reaction. NADH and NADPH serve as electron donors, while NAD and
NADP serve as electron aceeptors. 1t is frequently observed that ketoreductases and alcohol
dehydrogenases accept either the phosphorylated or the non-phosphorylated co-factor (in its oxidized

and reduced state).

[0045] KRED enzymes can be found in a wide range of bacterta and yeasts (for reviews: Kraus and
Waldman, Enzyme catalysis m organic synthesis Vols. 1&2.VCH Weinheim 1995; Faber, K.,
Biotransformations in organic chemistry, 4th Ed. Spf.inger, Berhin Heidelberg New York. 2000;
Hummel and Kula, 1989, Eur. J. Biochem. 184:1-13). Several KRED genes and enzyme sequences
have been reported, e.g., Candida magnolize (Genbank Ace. No. JC7338; GI:11360538) Candida



parapsilosis (Genbank Ace. No. BAA24528.1; GL.281 5409), Sporobolomyces salmonicolor
{Genbank Acc. No. AF160799; (G1:65359734),

[6066] In order to circumvent many chemical synthenc procedures for the production of key
compounds, ketoreductases are béing increesingly employed for the enzymatic conversion of different
keto substrates to chiral alcohol produc:fs. These applications can employ whole cells expressing the
ketoreductase for biecataiyﬁ,c‘ke’gona and aldehyde reductions, or purified enzymes in those instances
where presence of multiple ketorednetases in whole cells would adversely affect the stereopurity and
vield of the desired product. For in vitro applications, a co-factor (NADH or NADPH) regenerating
enzyme such as ghicose dehydrogenase (GDH), formate dehydrogenase etc., is used in conjunction -
with the ketoreductase. Ex'amples using ketoreductases to generate useful chemical compounds
include asymxnet"i_c reduction of 4-chloroacetoacetate esters (Zhou, J. Am. Chem. Soc., 1983,
105:5925-5626; Santaniello, J. Chem. Res. (S) 1984:132-133; U.S. Patent Nos. 5,539,030; US Patent
No. 5,700,670 and US Patqnt No. 5,891,685), reduction of di.oxocarboxylié acids (e.g., US Patent No.
6,399,339}, reduction of tert-butyl (Sj chloro-3-hydroxy-3-oxohexanoate (e.g., 1.S. Patent No.
6,645,746 and WO 01/40450), reduction pyrrolotriazine-based compounds (e.g., US applicaton No.
2006/0286646); reduction of substituted acetophenones (e.g., US Patent No. 6,800,477); end
reduction of ketothiolanas (WO 2005/054491). ‘

[6007] Itis desirable to identify other ketoreductase enzymes that can be used to carryout conversion

of various keto and aldehyde substrates 10 its corresponding chiral alcohol products.
5. ~ SUMMARY

[6008] The present disclosure provides ketoreductase polypeptides having the ability to reduce 3-
ketothiolane (hereafier referred to as “the subsﬁrate”) 10 (R)-3-hydroxythiolane (hereafter referred o as
“the product”), the polynucleotides encoding such polypeptides, and methods for usiﬁg the
polypeptides. Generally, the engineered ketoreductase polypeptides of the disclosure have an
improved property as compared to the naturally-occurring wild-type ketoreductase enzymes obtained
from Lactobacilius kefir (“L. kefir’; SEQ ID NO:4), Lactobacillus brevis (“L. brevis™; SEQ ID NO:2},
and Lactobacillus minor { “L. minor ", SEQ ID NO:142) m converﬁng the defined keto substrate 1o the
corresponding chiral alcohol product. Improvements in enzyme activity can include increases in
sterecselectivity, enzymatic activity, thermostability, solvent stability, reduced product inhibition, or

combinations thereof.



[0608a] In one aspect, there is provided a ketoreductase polypeptide capable of stereoselectively
reducing a 3-ketothiolane to

(R)-3-hydroxythiolane with a percent stereomeric excess of at least 70%, which comprises an amino
acid sequence that is at least 85% identical to a reference sequence based on SEQ ID NO:2 or 4 or
142 having at the residue corresponding to X145 a serine, and in which the ketoreductase polypeptide
amino acid sequence has at the residue corresponding to X145 a serine.

[}008D] In another aspect, there is provided a polynucleotide encoding a polypeptide as defined
above.

{0008c] In another aspect, there is provided an expression vector comprising the polynucleotide as
defined above operably linked to at least one control sequence suitable for directing expression in a
host cell.

[0008d] In another aspect, there is provided a host cell comprising the expression vector as defined
above.

{0008e] In another aspect, there is provided a method for stereoselectively reducing substrate 3-
ketothiolane to product (R)-3-hydroxythiolane, which comprises contacting the 3-ketothiolane with
the ketoreductase polypeptide as defined above under suitable reactions conditions for reducing or
converting the 3-ketothiolase to the (R)-3-hydroxythiolane.

[0008f] In another aspect, there is provided a composition comprising the compound 3-ketothiolane

and a ketoreductase as defined above.

[0009] In some embodiments, the ketoreductase polypeptides of the disclosure commrise an amins
acid sequence in which the amino acid residue corresponding to position 145 of a reference sequence

of SEQ ID NC:2, 4 or 142 is not an acidic residue, i.e., glutamic acid or aspartic acid. As such, the
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residue corresponding to position 145 is a non-acidic residue. In some embodiments, the
ketoreductase polypeptides of the disclosure have an amino acid sequence in which the residue
corresponding to position 145 is a polar residue. In some embodiments, this residue corresponding to

X145 i a serine.

{0018} In some embodiments, the ketoreductase polvpeptides of the disclosure have an amino acid
sequence that is at least about 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
07%, 98%, 99%, or more identical to a reference sequence based on SEQ ID NO:2 or SEQ ID NO:4
or SEO 1D NO:142 {or a region or domain thersof, such as residues 90-211) having at the residue
corresponding to X145 a serine, with the proviso that the ketoreductase polypeptide amino acid
sequence has at the residue corresponding to X145 a polar residue. In some embodiments, the residue
corresponding to residue X145 1s a serine. In some embodiments, the ketoreductase pelypeptide is
based on the sequence formulas of SEQ ID NO:143, 144, or 145, or a domam thereof, such as
residues 90-211, in which the residue corresponding to X145 is a polar residue, particularly serine. In
some embodiments, the ketoreductases polypeptides can additionally have one or more amine acid
residue differences in the amino acid sequence, or the defined domain or region, as compared to the
reference sequence, such as the reference sequences of SEQ 13 NG:4, 2, or 142, In some
embodiments, the amino acid sequence differences in the domain can comprise non-consarvative,
conservative, as well as a combination of non-conservative and conservative amino acid substitutions.

Various amino acid residue positions where such changes can be made are described herein,

[0011] In some embodiments, the ketoreductase polypeptides described herein are capable of
stereoselectively reducing the substrate to the product with at a higher stereomeric excess than the
wildtype enzyme from L. kefir (i.e., SEQ ID NO:4). In some embodiments, the ketoreductase
polypeptides described herein are capable of stereoselectively reducing the substrate ketothiolane to

the product (R)-3-bydroxythiolane with at least about 70% stereomeric excess.

[0012] Insome embodiments, the disclosure provides highly stereoselective ketoreductase
polypeptides that can reduce the substrate to the product in greater than about 90% stereomeric excess
(s.e.). Exemplary ketoreductase polypeptides with such high stereoselzctivity include, but are not
limited to, the polypeptides comprising the amino acid sequences corresponding to SEQ ID NO: 6, 8,
10,12, 14, 16, 18,20, 22, 24 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62,
64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 86, 88, 90, 92, 94, 96, 100, 102, 104, 106, 108, 110, 112, 126,
128,130, and 134.

[6013] Insome embodiments, the disclosure provides stereoselective ketoreductase polypeptides that

can reduce the substrate to the product in greater than about 98% s.e. Exemplary polypeptides with



such stereoselectivity inchude, but are not limited 10, the polypeptides comprising the amino acié
sequences corresponding to SEQ ID NO: 6, 8, 10,18, 20, 22, 24, 26, 28, 30, 34, 36, 38, 40, 42, 50, 52,
54, 58, 62, 66, 70, 72, 76, 78, 80, and 134,

[0014] Insome embodiments, the engineered ketoreductase polypeptide can have increased
enzymatic activity as compared to the wild-type ketoreductase enzyme in reducing the defined keto
substrate 1o the product. The amount of the Improvernent can range from 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, 23 times, 50 times, 75 tmes, 100 times, or more enzymatc activity. In specific
embodiments, the engineered ketoreductase enzyme exhibits improved enzymatic activity in the range
of 1.5 to 50 times, 1.5 to 100 imes greater than that of the wild-type ketoraductase enzyme.

. Bxemplary polypeptides that are capable of converting the substrate to the product at a rate that i
improved over wild-type enzyme, include but are not limited to, polypeptides comprising the amino
acid sequences sorresponding to SEQ ID NO: 6, 8, 10,12, 14, 16, 18, 20,22, 24, 26, 30, 32, 38, 40,
42, 44, 46,48, 50,52, 54, 56, 58, 60, 64, 66, 68, 70, 74, 76, 78, 80, 86, 88, 90, 92, 104, 106, 110, 112,
124, 126, 130, and 134, '

[0015] In some embodiments, the disclosure provides ketoreductase polypeptides that bave improved
activity and stability over the wild-type enzyme, and can reduce the substrate to the product m greater
fhan about 95% s.e. Exemplary polypeptides with such capabilities inchude, but are not mited io,
polypeptides comprising the armino acid séquences corresponding to SEQ IDNC: 6, 8, 12, 14, 22,24,
26, 30, 32, 38, 42, 44, 46, 50, 52, 56, 58, 60, 64, 66, 68, 70, 74,76, 78, 80, 82, 86, 88, 90, 92, 104,
106, 110, 112, and 134, '

[0016] In some embodiments, the ketoreductase polypeptides of the disclosure are improved as
compared to wild-type with respect to their thcrmostabﬂity, 2s determined by an increase in the rate of
enzymatic activity as cornpared to wild-type under high temperatures. Exemplary ketoreductase
polypeptides with mproved stability, inciude but are not limited to, polypeptides comprising amine
acid sequences corresponding to SEQ ID NO: €, 8,‘ 12,14, 22, 24,26, 32, 34, 36, 38, 42, 44, 46, 50,
..52,56, 58, 60, 64, 66, 68, 70,.74,76;.78, 80, 82, 86,88, 90, 82, 104, 106, 110, 112, 124, and 134.

[0017] In another embodiment, the present disclosure provides polynucleotides encoding the engineered
yetoreductases described herein or polynucieotides that hybridize to such polynﬁcieotides under

highty stringent conditions. The polyﬁuclcotidc can include promoters and other regulatory elements
useful for expression of the encoded engineered ketoreductase, and can wrilize codons optimized for
specific desired cﬁpression systems. Exsmpiar;\,f polynucleotides include, but are not limited to, the

nucleotide sequences corresponding to SEQIDNO:5,7,9,11,13,15,17,19, 21, 23,25, 77, 29,31,



33, 35,37, 39, 41, 43, 45,47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67,69, 71, 73,75, 77, 79, 81, 83, 85,
87,89, 91,93, 95,97, 99, 101, 103, 105, 107, 109, 111, 113, 115,117, 119, 121, 123, 125,127, 129,
131, and 133.

[0018] In another embodiment, the present disclosure provides host cells comprising the polynucleotides
snd/or expression vectors for purposes of manipulation and expression of the ketoreductase
polypeptides. The host cells may be L. kefir, L brevis, or L. minor, or they may be a different
organism. The host celis can be used for the exi)ression and isolation of the engineered ketoreductase
enzymes described herein, or, alternatively, they can be used directly for the conversion of the 3-

ketothiolane substrate-to the chiral (R)-3-hydroxythiolane product.

[6019] 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.

J0020] As noted above, the ketoreductase enzymes described herein are capable of catalyzing the

raduction reaction of the keto group in the compound of structural formuta (I), 3-ketothiclane,

O
(I

S
to the corresponding chiral alcohol product of structural formuta (I1), (_R)-%hydraxy‘chiolaﬂe',

S

[0621] As such, in some embodiments, the present disclosure provides a method for reducing 3-
ketothiolane (“the substrate”) to (B)-3-hydroxythiolane (“the product”), which method comprises
contacting or incubating the substrate with a ketoreductase potypeptide of the disclosure under
reaction conditions suitable for reducing or converting the substrate to the product. In some
embodiments of this method, the substrate is reduced to the product with a stereorneric excess at least

greater than about 65% or at least greater than wild-type.

[0022] In some embodiments of this method, the subsirate is reduced to the product in greater than
about 90% s.e., wherein the ketoreductase polypeptides comprise amino acid sequences
corresponding to SEQ IDNO: €, 8, 10, 12, 14, 16, 18, iO, 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, 86, B, 90, 92, 94, 96, 100,
102, 104, 106, 108, 110, 112, 126, 128, 130, and 134.
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[0623] In some embodiments of this method, the substrate is reduced 10 the product in greater than
about 98% s.c., wherein the ketoreductase polypeptides comprise an amino acid sequences
corresponding to SEQ IDNO: 6, §, 10, 18, 20, 22, 24, 26, 28, 30, 34, 36, 38, 40, 42, 50, 52, 54, 58,
62, 66,70,72, 76,78, B0, and 134,

10024] In some embodiments of this method for reducing the substrate to the product, the substrate is
reduced to the product at an improved rate of at least 1.5 times, 2 times, 3 times 4 times, 5 times, 10
times, 20 times or more as compared to the wild-type enzyme (SEQ ID NO:4}, wherein the
ketoreductase polypeptides comprise amino acid sequences corresponding to SEQ ID NO: 6, 8, 10,
12, 14,16, 18, 20, 22, 24, 26, 30, 32, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 64, 66, 68, 70, 74,
76, 78, 80, 86, 88, 90,92, 104, 106, 110, 112, 124, 126, 130, and 134.

f0025] In some embodiments, the methods relate to use of the ketoreductase polypeptides in the
synthests of other compounds, such as drg compounds. In some embodiments, the methods relate to
use of the ketoreductase polypeptides in the synthesis of antibiotic sulopenem (CP-70,429), having the
following structural formula (I1I):

OH

. -
i - 3"<j+
(1) s / g

[0026] Thus, in some embodiments, in a method for the synthesis of the antibiotic of structural
formula (IT) (i.e., CP-70,429}, a step in the method can comprise contacting the substrate of formula
(I) with any of the ketoreductases described herein, under reaction conditions suitable for converting
or reducing the substrate of structural formula (I) to the product of structural formula (I1). The
compound of structural formula (TI) in stereomeric excess of at least 70%, 80%, 90%, 95%, 96%,

97%, 98%, or 99% or more can be used in the preparation of the compound of formula (FII).
6. BRIEF DESCRIPTION OF THE DRAWINGS

[6027] FIG.1 illustrates the role of ketoreductases (KRED) in the conversion of the substrate
compound of formula (T), 3-ketothiolane, to the corresponding chiral alcohol product of formula (IT),
(R)-3-hydroxythiolane. In this reaction, the substrate is reduced biocatalytically to the corresponding
(R)-alcohol. This reduction uses a KRED of the disclosure and a co-factor such as NADPH. A
glucose dehydrogenase (GDH) can be used to covert/recycle NADP' to NADPH. Glucose is
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converted to gluconic acid, which in turn is converted to its sodium salt (sodium gluconate} with the
addition of sodium hydroxide. Example 9 provides a non-limiting method for conducting the

reaction.
7. DETAILED DESCRIPTION
7.1 Definitions
[6G28] As used herein, the following terms are intended to have the following meanings.

[0029] “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 described berein are capable of stereoselectively reducing
the compound of formula (1}, supra to the corresponding product of formula (11), 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 non-

naturafiy occurring engineered polypeptides generated by human manipulation.

[00368] “Coding sequence” refers to that portion of a nucleic acid (2.2, 2 gene) that encodes an amino

acid sequence of & proteimn.

[0031] “Naturally-oceurring” 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 & source in nature and which has not been intentionally modified

by huwman manipulation.

[0032] “Recombinant” when used with reference to, e.g., a cell, nucleic acid, or polypeptide, refers to
a mascrial, 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.

[0033] “Percentage of sequence identity” and “percentage homology” are used mterchangeably

hérein 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
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deletions) for optimal alignment of the two sequences. The percentage may be calculated by
determining the number of positions at which the identical nucleic acid base or amino acid residue
oceurs i both sequences to yield the number of matched positions, dividing the number of matched
positions by the total number of positions in the window of comparison and multiplying the result by
100 to vield the percentage of sequence tdentity. A]tenmativel§, the percentage may be calculated by
determining the number of positions at which etther the identical nucleic acid base or amino acid
residue occurs in both sequences or a nucleic acid base or amino actd residue is aligned with a gap 10
yield the number of matched positions, dividing the number of matched positions by the total number
of positions in the window of comparison and muitipiving the result by 100 to vield the percentage of
sequence identity. Those of skill in the art appreciate that there are many established algorithms
available 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 Marh. 2:482, by the
homology alignment algorithm of Needleman and Wunsch, 1970, 7. Mol Biol. 48443, by the scarch
for similarity method of Pearson and Lipman, 1988, Proc. Natl. Acad. Sci. [/54 85.2444, by
computerized implementations of these algorithms (GAP, BESTFIT, FASTA, and TFASTA in the
GCG Wisconsin Sofiware Package), or by visual inspection (see generalty, Current Protocols in
Molecular Biology, ¥. M. Ausubel et al., eds., Cuwrrent P'rotoéois, a joint venture between Greene
Publishing Associates, Inc. and John Wiley & Sous, Inc., (1995 Supplement) (Ausubel)). Examples of
algorithms that are suitable for determining percent seguence identity and sequence similarity are the
BLAST and BLAST 2.0 algorithms, which are described in Altschul et al., 1990, /. Mol 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-vatued threshoeld 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 neighborhoed word hits act as seeds for mitiating 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 matclﬁng residues; always >0) and N (penalty
score for mismatching residues; afways <{}). For amino acid sequences, a scoring matrix is used to
calcnlate the cumulative score. Extension of the word hits in each direction are halted when: the
cumulative alignment score falis off by the quantity X {rom ifs maximum achieved value; the
cumulative score goes to zero or below, due to the accunmulation of one or more negative-scoring

residue alignments; or the end of either sequence is reached. The BLAST algorithm parameters W, T,
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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 BLOSUME2 scoring matrix (see Henikoff and
Henikott, 1988, Proc Natl Acad Sci US4 89:10915). Exemplary determination of sequence aligmment
and % sequence identity can employ the BESTFIT or GAP programs i the GCG Wisconsin Software

package (Accelrys, Madison WI), using defaunlt parameters provided.

[0034] “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, 2 segment of a full-length
gene or polypeptide sequence. Generally, a reference sequence is at least 20 nucteptide or amino acid
residues in length, at least 25 residues in length, at least 50 residues 1o length, or the full tength of the
nucleic acid or polypeptide. Since two polynuclectides 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 1s divergent between the two sequences, SSqUence comparisons
between 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.

[6035] 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 IID NQ:4 having at the residue
corresponding to X145 a serine™ refers to a reference seguence in which the corresponding residue at

X145 in SEQ ID NO:4 aas been changed to a serine.

0636] “Comparison window” refers to a congeptual segment of at least about 20 contiguous
4 2 g

nucicotide positions or amine 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, opticnally 30, 40, 50, 100, or longer windows.

[6637] “Substantial identity” refers to a polynu.ciéotide or polypeptide seqﬁancc 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

wintdow of at least 20 residue positions, fTrequently over a window of at least 30-50 residues, wherein
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the percentage of sequence identity is caloulated by comparing the reference sequence to a sequence
that includes deletions or additions which fotal 20 percent or less of the reference sequence over the
window of comparisen. In specific embodiments applied to polypeptides, the term “substantial
identity” means that two polypertide sequences, when optiméliy aligned, such as by the programs
GAP or BESTFIT vsing default gap wetghts, 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, amino acid residue positions which are not identical differ by

conservative amino acid substitutions.

[0638] “Corresponding to”, “reference to” or “relative to” when used m the context of the numbering

of a given amino acid or polynucleotide sequence refers o the n.umbering 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 aming acid
sequence, such as that of an engineered ketoreductase, can be ahgned to a reference sequence by
introducing gaps to optimize res.i due matches between the two sequences. In these cases, although the
gaps are present, the numbering of the residue i the given amino acid or polynuciectide sequence 1s

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

[0039] “Siereoselectivity” 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 m the art (typically as a percentage) as the enantiomeric excess (e.c.) calculated
therefrom according to the formula [major enantiomer — minor enantiomer}/[major enantiomer +
minor enantiomer]. This can also be referred to as stereomeric excess (s.e.). Where the stereoisomers
are diastereoisomers, the sterevselectivity is referred to as diastereoselectivity, the fraction (typically

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

[0040] “Highly stereoselective” refers to a ketoreductase polypeptide that is capable of converting or

reducing the subsirate to the corresponding (R)-product with at least about 85% stereomeric excess.

{3041} “Tmproved 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

10
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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, pH activity profile, cofactor requirements, refractoriness to inhibitors

(e.g., product inhibition), stereospecificity, and stereoselectivity (inchuding enantioselectivity).

{0042] “Increased gnzyvmatic activity” refers to an improved property of the engineered ketoreductase

polypeptides, which can be represented by an increase in specific activity (e.g., product
produced/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 propetty relating to enzyme activity
may be affected, including the classical enzyme properties of K, Voa OF ke, 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 fimes. 5
times, 10 times, 20 times, 25 times, 50 times, 75 times, 100 times, or more enzymatic activity than the
naturaHy occurring ketoreductase or another engineered ketoreductase from which the ketoreductase
polypeptides were derived. In specific embodiments, the engineered ketoreductase enzyme exhibits
mmproved enzymalic activity i the range of 1.5 to 50 times or 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 tumover rate cannot exceed the diffusion rate of the substrate,
mchuding any required cofactors. The theoretical maximum of the diffusion ﬁrﬁit, OF Kpad/Kom, 18
generally about 10° to 10° (M s7). 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 (see
Example 6) dus to its oxidation with the concomitant reduction of a ketone or aldehyde to an alcohol,
or by product produced in a coupled assay. Comparisons of enzyme activities are made usimg a
defined preparation of enzyme, a defined assay under 2 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.

f0043] “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
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period of time under specified conditions. Thus, the “enzymatic activity” or “activity” of a

ketoreductase polypeptide can be exprassed as “percent conversion” of the substrate to the product.

{0044] “Thermostable” refers to a ketoreductase polypeptide that maintains similar activity (more
than 60% to 80% for example) after exposure to elevated temperatures (e.g., 40-80°C) for a period of

time (e.g., 0.5-24 hrs) compared to the unireated enzyme.

[0045] “Solvent stable” refers to a ketoreductase polypeptide that maintains similar activity (more
than e.g 60% to 80%) after exposure to varying concentraions (e.g., 5-99%) of solvent (e.g.,
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.

- [6046] “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.

[0047} “Thermo- and solvent stable” refers to a ketoreductase polypeptide that are both thermostable

and solvent stabie.

[0648] “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:
134 was oblammed by artificiaily evolving, over multiple generations the gene encoding the L. kefir
ketoreductase enzyme of SEQ ID NO:4. Thus, this engineered ketoreductase enzyme is “dertved
from” the wild-type ketoreductase of SEQ ID NO.: 4.

[0049} “Hydrophilic Amimo Acid or Residue” refers to an amino acid or residue having 2 side chain
exhibiting a hydrophobicity of less than zero according to the normalized consensus hydrophobicity
scale of Eisenberg et al,, 1984, J. Mol. Biol. 179:125-142. Genetically encoded hydrophilic amino
acids include L-Thr (T}, L-Ser (8), L-His (H), L-Glu (E), L-Asn {N), L-GIn (Q), L-Asp (D), L-Lys
(K) and L-Arg {(R).

[0050] “Acidic Amino Acid or Residue” refers to a hydrophilic amino acid or residus 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 1o loss of a hydrogen ion. Genetically encoded acidic amino acids include L-Glu (E) and L-Asp

(D).

{0051} “Basic Aminc 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

12
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polypeptide. Basic amino acids typically bave positively charged side chains at physiological pH due
t0 association with hydronium ion. Genetically encoded basic amino acids include L-Arg (R} and

L-Lys (K.

[0052] “Polar Amino Acid or Residue” refers to a hydrophilic amino acid or residue having a side

chain that is uncharged at phystological 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-Gln (Q), T-Ser {S) and L-Thr (T).

{0053] “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 ef /., 1984, J. Mol. Biol. 179:125-142. Genetically encoded
hydrophobic amino acids include L-Pro (P), L-Ile (I), L-Phe (F), L-Val (V), L-Leu (L), L-Trp (W),
L-Met (M), L-Ala (A) and L-Tyr (Y).

[0054] “Aromatic Amine Acid or Residue” refers to & 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 E-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).

H055] “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. Prolme has a constrained geometry because

it also has a five membered ring.

{0656] “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 elecirons
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-Gly {G), L-Leu (L), L-Val
{(V), L-lle (13, L-Met (M) and L-Ala (A).

[0057] “Aliphatic Amino Acid or Residue™ refers to a hydrophobic amino acid or residue having an

aliphatic hydrocarbon side chain. Genetically encoded aliphatic amino acids inclade L-Ala (A), L-Val
{V), L-Leu (L) and L-Ile (I).

[0058] “Cysteine”. The amino acid 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 amine acids. The “cysteine-
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fike residues” include cysteine and other amino acids that contain suifhydryl 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 1L-Cys (C) exhibits a hydrophobicity of 0.29 according to the normalized consensus
scale of Eisenberg (Eisenberg er 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.

[0659] “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 o-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. Genetically-
encoded small amino acids include L-Ala (A), L-Val (V), L-Cys (C), L-Asn (N), L-Ser (S), L-Thr (T)
and L-Asp (D},

j0060] “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). '

[0061] “Conservative” amino acid substitutions or mutations refer to the interchangeability of
residues having similar side chaing, 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 imclude substiiutions from a
hydrophilic to hydrophilic, hydrophobic to hydrophobie, hydroxyl-containing to hydroxyi-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 T can be
conservatively mutated to either another aliphatic residue or to another non-polar residue. The table

below shows exemplary conservative substifutions.

Residue Possible Conservative Mutations
ALV, 1 Other aliphatic (A, L, V, I}

Other non-polar (A, L, V, [, G, M)
G, M Other non-polar (A, L, V., 1, G, M)
D,E Other acidic (D, E)
KR Other basic (K, R)
P.H Other constrained (P, H)
N, Q.8 T Other polar
Y, W, F Other aromatic (Y, W, F)
o None
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[0062] “Non-conservative substitution” refers to substitution or mutation of an amino acid in the

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

the side chain.

10063] “Deletion” refers to modification to the polypeptide by removal of ong or more amine acids
from the reference polypeptide. Deletions in an aminc acid sequence can comprise removal of 1 or
more amino acids, 2 or more amine acids, 3 or more amino acids, 4 or more aming actd, 5 or more
amino acids, 6 or more amino acids, & or more amino acids, 10 or more amino acids, 15 or more
amingo acids, or 20 or more amino acids, up to 14% of the total number of amino acids, up to 15% of
the total number of amino actds, or up to 20% of the total number of amino acids making up the
reference enzyme while retaining enzymatic activity and/or retaining the improved properties of an
engineered ketoreductase enzyme. Deletions can be directed to the internal portions and/or ierminal
porti(}ﬁs of the polypeptide: In varicus embodiments, the deletion can comprise a continuous segment

or can be discontinnous.

[0064] “Insertion” refers to modification to the polypentide by addition of one or more amino acids
as compared to & 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 imsertions of one or more amine acids to other improved
ketoreductase polypeptides. Insertions can be in the intermal portions of the polypeptide, or to the
carboxy or amino terminus. Insertions as used herein include fusion protens 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.

[0665] “Fragment” refers to a polypeptide that has an amino-terminal and/or cathoxy-terminal
deletion, but where the remaining amino acid sequence s identical to the comresponding positions in
the sequence. Fragments can be at least 14 amino acids long, at least 20 amino acids long, at least 30
amino acids long or Jonger, and up te 70%, 80%, 90%, 35%, 98%, and 99% of the full-length
ketoreductase polypeptide. In some embodiments, the full length ketoreductase can be an full tength

engineered or wild type ketoreductase (e.g., SEQ 1D N2 and 4).

[0Ga6} “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
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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 m the cellular medium, or prepared in various forms,
such as lysatcs or isolated preparations. As such, in some embodiments, the improved ketoreductase

enzyme can be an isolated polypeptide.

[0067] “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 will
comprise about 60 % or more, about 70% or more, about 80% or more, about 90% or more, about
93% or more, and about 98% or more of ali macromolecular species by mole or % weight present in
the composition. In some embodiments, the object species is purified to essential homogeneity {i.c.,
confaminant 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 macromolecuiar
species. In some embodiments, the isolated improved ketoreductases poltypeptide is a substantially

pure polypeptide composition.

[0068] “Stringent hvbridization™ 15 used herein to refer 1o 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
meliing temperature (75;) of the hybrids. In general, the stability of 2 hybnid is a fimction of ion
strength, temperature, G/C content, and the presence of chaotropic agents. The 7, values for
polynucicotides can be calculated using known methods for predicting melting temperatures (see, e.g.,
Baldino et al., 1989, Methods Enzyvmology 168:761-777; Bolton et al., 1962, Proc. Nail. Acad. Sci.
US54 48:1390; Bresslaver et al., 1986, Proc. Nail. Acad. Sc¢i USA 83:8893-8897; Freier et al,, 1986,
Proc. Natl. Acad. Sci USA 83:9373-9377; Kierzek et al., Biochemistry 235:7840-7846; 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, In Developmental Biology Using Purified Genes (Brown et al., eds.), pp.
083-693, Academnic Press; and Wetmur, 1991, Crir Rev Biochem Mol Biol 26:227-259; all
publications imcorporate herein by reference). In some embodiments, the polynucleotide encodes the
polypeptide disclosed herein and hybridizes under defined conditions, such as moderately siringent or
highly stringent conditions, to the complement of a sequence encoding an engineered ketoreductase

enzyme of the present disclosure,
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[0069] “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, 5% Denhart's solution,
5x85PE, 0.2% SDS at 42°C., followed by washing i 0.2<35PE, 0.2% SDS, at 42°C. “High
strmgency hybridization™ refers generally to conditions that are aboui 10°C or less from the thermal
melting temperature 7, as determined under the solution condition for a defined polynucleotide
sequence. In some embodiments, a high stringency condition refers to conditions that permit
hybridization of only those nucleic acid sequences that form stable hybrids in 0.018M NaCl at 63°C.
{i.e., il a hybrid is not stable in 0.018M NaCl at 65°C, it will not be stable under high stringency
conditions, as contemplated herein). High stringency conditions can be provided, for exampie, by
hybridizaiion in conditions equivalent to 50% forrnaﬁlide, 5x Denhart's solution, 5*SSPE, 0.2% SDS
at 42°C, followed by washing in .1xSSPE, and 0.1% SDS at 65°C. Ancther high siringency
condition is hybridizing in conditions equivalent to hybridizing in 5X SSC containing 0.1% (w:v)
SDS at 65°C and washing in 0.1x SSC containing 0.1% SDS at 65°C. Other high stringency
hybridization conditions, as well as moderately stringent conditions, are déscribed in the references

cited above.

(0070} “Heterologous” polynucieotide refers 1o any polynucleotide that is introduced inte a host cell
by laboratory techniques, and inchudes polynucleotides that are removed from a host cell, subjected to

laboratory manipulation, and then remtroduced mto a host cell.

{06711 “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 15 degenerate in that most amino
acids are represented by several codons, calied “synonyms™ or “synonymous” codons, it is well
known that codon usage by particular organisms is nonrandom and biased towards particular codon
triplets. This codon usage bias may be higher in reference to a given gene, genes of common function
or ancestral origin, highly expressed proteins versus low copy number proteins, and the aggregate
protein coding regions of an organism's genome. In some embodiments, the polynucleotides encoding
the ketoreductases enzymes may be codon optimized for optimal production in the host organism

selected for expression.
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[0072] “Preferred, optimal, high codon usage bias codons™ refers interchangeably to codons that are

used at higher frequency m the protein coding regions than other codons that code for the same amino
acid. The preferred codons may be determined in relatton 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; McInemey, J. O, 1998, Bioinformatics 14:372-73; Stenico et al., 1994, Nucleic Acids
Res. 222437-46; Wright, F_, 1990, Gene 87:23-29). Codon usage tables are avatlable for a growing
Tist of organisms (see for example, Wada et al., 1992, Nucleic Acids Res. 20:2111-2118; Nakamura et
al., 2000, Nucl Acids Res. 28:292; Duret, et al., supra; Henaut and Danchin, “Escherichia coli and
Salmonzila,” 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, Mouat, 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, Compur. Appl Biosci.
13:263-270).

(0073} “Control seguence” is defined herein to include all components, which are necessary or

advantageous for the expression of a polynucleotide or polypeptide of interest. Each control sequence
may be native or foreign to the nucleic acid sequence enceding a poiypeptide. Such control sequences
mehude, but are not limited to, a leader sequence, polyadenylation sequence, propeptide sequence,
promoter, signal peptide sequence, and transcription terminator. At a minimum, the control seguences
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

conirol sequences with the coding region of the nueleic acid sequence encoding a polypeptide.

[0074] “Operably linked” is defined herein as a configuration in which a control sequence is

appropriately placed n a functional relationship (i.e., at a position relative to) with a polynucleotide or
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polypeptide of interest, such as the coding sequence in the DNA sequence, such that the control

sequence directs or regulates the expression of a polynucieotide and/or polypeptide.

[0075] “Promoter seguence” is a nucleic acid sequence that is recognized by a host cell for

expression of a polynucleotide of interest, such as a coding region. Generally, the promoter sequence
contais 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 extracelivlar or intracellular polypeptides either homologous or heterdlogous 0 the

host cell.

{0076} “Cofactor regeneration system™ refers to & set of reactants that participate in a reaction that
reduces the oxidized form of the cofactor (e.g., NADP+ to NADPH). Cofactors oxidized by the
ketoreductase-catalyzed reduction of the keto substrate are regenerated in reduced form by the
cofactor regeneration system. Cofactor regeneration systems comprise a stoichiometric reductant that
1$ a source of reducing hydrogen equivalents and is capable of reducing the oxidized form of the
cofactor. The cofactor regeneration system may further comprise a calalyst, for example an enzyme
catalyst. that catalyzes the reduction of the oxidized form of the cofactor by the reductant. Cofactor
regeneration systems to regenerate NADI or NADPH from NAD+ or NADP+, respectively, are

known in the art and may be used in the methods described herein.

7.2 Ketoreductase Enzymes

0077} The present disclosure provides engmeered ketoreductase (“KRED™) enzymes that are
capable of stereoselectively reducing or converting 3-ketothiolane (“the substrate™) of structural

formula (I):

O
(0
S

to {R}-3-hydroxythiolane {“the product™) of structural formula (IE):

H

(II) H O\\\\\\\'

and having an improved property when compared with the naturally-occurring, wild-type KRED

enzyme obtained from L. kefir (SEQ ID NO:4), L. brevis (SEQ ID NC:2) or L. minor (SEQ 1D
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NO:142), or when compared with other engineered ketoreductass enzymes. Enzyme proparties for
which improvement is desirable inciude, but are not limited to, enzymatic activity, thermal stability,
pH activity profile, cofactor requirements, refractoriness to inhibitors (e g., product inhibition),
sterenspecificity, stercosclectivity, and solvent stability. The improvements can relate to a single
enzyme property, such as enzymatic activity, or a combination of different enzyme properties, such as

enzymatic activity and stereoselectivity.

f6078] The present disclosure provides engmeered ketoreductase (“KRED™) enzymes that are
capable of stereoselectively reducing a defined keto substrate to its corresponding alcohol product and
having an improved property when compared with the naturally-occurring, wild-type KRED enzyme
cbtained from L. kefir (SEQ 1D NO:2) or L. brevis (SEQ ID NO:A) or L. minor (SEQ ID NO:142), or -
when compared with other engineered ketoreductase enzymes. The ketoreductase polypeptides of the
disclosure have the requirement that the residue corresponding to position 145 of SEQ ID NO:2 or 4
or 142 is not an acidic residue . In some embodiments, the ketoreductase polypeptides have, as
compared to the L. kefir or L. brevis or L. minor KRED sequences of SEQ ID NO:2 or 4 or 142, at the
residue corresponding to position 145 a polar residue. In some embodiments, the ketoreductase
polypentides have, as compareé to the L. kefir or L. brevis or L. minor KRED sequences of SEQ ID

NO:2 or 4 or 142, at the residue corresponding to position 143 a serine.

[0079] In some embodiments, as noted above, the engineered ketoreductase with improved enzyme
activity is described with reference to L. kefir ketoreductase of SEQ ID N(Cn4, L. brevis ketoreductase
of SEQ IDNQ:2, L. minor of SEQ 1D NO: 142, or an engineered ketoreductase. The amino acid
residue position is determined in these ketoreductases beginning from the initiating methionine (M)
residue (f.e., M represents residue position 1), although it will be understood by the skifled artisan that
this nitiating methionine residue may be removed by biclogical processing machinery, such as in a
host cell or in vitro translation system, to generate a mature protein lacking the initiating methionine
residue. The amino acid residue position at which a particular amino acid or amino acid change is
present in an armnino acid sequence 1s sometimes describe herein in terms “Xn™ |, or “position n”, where
n refers to the residue pesition. Where the amino acid residues at the same residue position differ
between the ketoreductases, the different residues are denoted by an “/” with the arrangement being,
for example, “kefir residue/brevis residue/miner,” In some embodiments, a substitution mutation,
which is a replacement of an amino acid residue in a corresponding residue of a reference sequence,
for example the wildtype ketoreductase of SEQ ID N(O:2, SEQ 1D NC:4, or SEQ ID NO:142 with a

different amino acid residue is denoted by the symbol “—".
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[0086] Herein, mutations are sometimes described as a mutation “to 8™ type of amino acid. For
example, residue X7 can be mutated glycine “to a” serine 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, residus X7 can be mutated from a glycine fo an arginine.

10681] The polynucleotide sequence encoding the naturally ocoutring ketoreductase {alse referred to
as “ADH” or “alcohol dehydrogenase™) of L. kefir, L. brevis, or of L. minor, and thus the
corresponding amino acid sequences, are available as Genbank accession no. AAP94029
GIE:33112056 or SEQ [D NO:3 for L. kefir; Genbank accession no. CADG6648 GE28400789 or SEQ
ID NO:1 for L. brevis; and SEQ 1D NO:141 for L. minor.).

10082] 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) to result in an improved ketoreductase property. In such embodiments, the number of
modifications to the amino acid sequence can comprise one or more amine acids, 2 or more amino
actds, 3 or more aming acids, 4 or more amino acids, 5 or more amino acids, 6 or more aminoe acids, 8
or more amine acids, 10 or more amine 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 13%
of the total number of amino acids, up to 20% of the total number of amino acids, or up to 30% of the
{otal 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 unproved ketoreductase property may comprise from about 1-2, 1-3, 1.4, 1-5 -6, 1-7, 1-
8, 1-9,1-10, 1-11, 1-12, 114, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35 or about 1-40
residue modifications of the reference sequence. In some embodiments, the pumber of modifications
canbe 1,2,3,4,5,6,7,8 9,10, 11, 12, 14, 15,16, 18, 20, 22, 24, 26, 30, 35 or about 40 amino acid

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

[0083] 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 moge
amino acids, 2 or more aming acids, 3 or more amine acids, 4 or more amine 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 10tal
nomber of amino acids of the reference enzyme sequence. In some embodiments, the number of
substitutions to the natrally occurring polypeptide or an engineered polypeptide that produces an
improved ketereductase property can comprise from about 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10,
1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35 or about 1-40 amingo acid
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substitutions of the reference sequence. In some embodiments, the number of subsittutions 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.

[6084] In some embodiments, the improved property (as compared to wild-type or another
engineered polypeptide) of the ketoreductase polypeptide is with respect to an increase of its
stereoselectivity for reducing or converting 3-ketothiolane substrate to (R)-3-hydroxythiolane. In
some embodiments, the ketoreductase polypeptide is capable of stereoselectivey reducing the
subsirate to the product with a percent stereomeric excess of at least about 65%, 70%, 75%, 85%,

BO%, 87%, 85%, 89%, 90%, 91%, 2%, 93%, 94%, 95%:, 96%, 97%, 98%, 99%, 99.9%, or 99.99%.

[0085] In some embodiments, the ketoreduciase polypeptide 1s capable of stereoselectively reducing
the substrate to the product with a percent stereomeric excess (s.¢.) that is improved as compared 10
the wild-type L. kefir or L. brevis or L. minor KRED (SEQ ID NO:4 or 2 or 142). In some
embodiments, the ketoreductase polypeptide 18 capable of stereoselectively reducing the substrate to

the product with a percent stereomeric excess that 15 at least about 70%.

f0086] In some embodiments, the ketoreductase polypeptides of the disclosure are highly
stereoselective in that the keductases can reduce the substrate fo the product in greater than about 90%
stereomeric excess (s.e.). Exemplary ketoreductase polypeptides with such high stereoselectivity
inchude, but are not limited to, the polypeptides comprising the amino acid sequences corresponding
10 SEQ ID NO: ¢, 8, 10, 12, 14, 16, 18,20, 22,24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50,
52,54, 56, 58, 60, 62, 64, 66, 68,70, 72, 74, 76, 7§, 80, 82, 86, 88, 90, 92,94, 66, 100, 102, 104, 106,
108, 110, 112, 126, 128, 130, and 134,

[0987] In some embodiments, the ketoreductase polypeptides of the disclosure are improved as
compared to wild-type (SEQ ID NO:4) with respect to thetr rate of enzymatic activity, i.e., their rate
or ability of converting the substrate to the product, Exemplary polypeptides that are capable of
converting the substraie to the product at a rate that is improved over wild-type, include but are not
limited to, polypeptides comprising the amino acid sequences corresponding to SEQ 1D NO: 6, 8, 10,
12, 14,16, 18, 20,22, 24, 26, 30, 32, 38, 40, 42, 44, 46, 4§, 50, 52, 54, 56, 58, 60, 64, 66, 68, 70, 74,
76,78, 80, 86, 88, 90,92, 104, 106, 110, 112, 124, 126, 130, and 134.

[G088] [n some embodiments, the ketoreductase polypeptides of the disclosure are highly
stercoselective and can reduce the substrate to the product in greater than about 98% s.e. Exemplary
polypeptides with such stereoselectivity include, but are not limited to, the polypeptides comprising
the amino acid sequences corresponding to SEQ [DNO: 6, §, 10, 18, 20, 22, 24, 26, 28, 30, 34, 36,
38,40, 42, 50, 52, 54, 58, 62, 66, 70, 72, 76, 78, 80, and 134.
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{0689] In some embodiments, the ketoreductase polypeptides of the disclosure are improved as
compared to wild-type with respect to their thermostability, as determined by an increase in the rate of
enzymatic activify as compared to wild-type under high temperatures. Exemplary ketoreductase
polypeptides with improved stability, include but are not lmited to, polypeptides comprising amino
acid sequences corresponding to SEQ ID NO: 6, 8, 12, 14, 22, 24, 26, 32, 34, 36, 38, 42, 44, 46, 50,
52,56, 58, 60, 64, 66, 68, 70, 74, 76, 78, 80, 82, 86, 88, 90, 92, 104, 106, 110, 112, 124, and 134.

[669@] In some embodiments, the ketoreductase polypeptides of the disciosure have improved
activity and stability over wild-type, and can reduce the substrate to the product in greater than about
95% s.e. Exemplary polypeptides with such capabilities include, but are not limited to, polypeptides
comprising amino acid sequences corresponding to SEQ ID NO: 6, §, 12, 14, 22, 24, 26, 30, 32, 38,
42,44, 46, 50, 52, 50, 58, 60, 64, 66, 68, 70, 74, 76, 78, 80, 82, 86, 88, 00, 92, 104, 106, 110, 112, and
134,

[0091] in some embodiments, the ketoreductases of the disclosure are capable of reducing or
converting at Jeast 100 g/L of ketothiolane to the corresponding product in less than 24 hrs (e.g., about
20-24 hours) at room temperature with about 0.8-1.0 g/L of the ketoreductase polypeptide.

Exemplary polypeptides with such capabilities, include, but are not limited to polypeptides
comprising amino acid sequences corresponding to SEQ [D NO: 6, 8, 10, 12, 14, 18, 20, 22, 24, 26,
30,32, 38,40, 42, 44, 46, 48, 50, 32, 34, 56, 58, 60, 64, 66, 68, 70_; 74,76, 78, 80, 82, 86, 88, 90, 92,
1G4, 106, 110, 112,126, 130, and 134,

{0092] In some embodiments, the ketoreductases of the disclosure are capable of reducing or
converting at least 100 g/L of ketothiolane to product in less than 20 hrs (e.g., 12-20 hrs) at room
temperature with about 0.8-1.0 g/L. of the ketoreductase polypeptide. Exemplary polypeptides with
such capabilities, include, but are not limited to SEQ ID NO: 26, 44, 68, and 104,

[6093] Table 2 below provides exemplary ketoreductases. All sequences below are derived from the
wild-type L. kefir ketoreductase sequences (SEQ ID NO: 3 and 4) unless otherwise specified. Each of
the polypeptide sequences in Table 2 are encoded by the nucleotide sequence having the SEQ ID NO
that is one less than the number in the Tabie, i.e., the polypeptide of SEQ 1D NO:4 is encoded by the
nucleotide sequence of SEQ 1D NO:3.

{6094] Table 2: List of Sequences and Properties

SEQ ID NO | Mutations as Compared to SEQ ID NO:4 Stereoselectivity Activity | Stability

4 None 0 0 §;
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SEQ ID NO | Mutations as Compared to SEQ ID NO:4 Sterenselectivity Activity | Stability
120 N1i578 6 ] O
116 E145D 0 ] ]
122 G533V N157S 0 0 0
114 N137S V228A o 0 0
118 AT 26V NISTS + ] G
132 KE8R I23F A94T VO5SA RIORII N1578 + 0 0
84 IT1T A94T N1578 + 0 ]
9% E1458 ot 0 a
124 A4V K49R Q127R F147L E200K J1217F 0 ++ +
102 E1458 N157T -+ 0 0
00 G117S E1458 A + +
16 G7S E1458 1223V et + 0
100 E1458 1217F o+ 0 0
108 El455 M214V i 0 0
128 TI6A 157V E1458 e+ 0 0
96 E1458 M214T et 0 0
13(}. T16A E1458 At + 0
126 119V E1455 e + 0
104 K72R GI17S EI458 N157T 1223V 4+ e +
88 G1178 E1455 N157T b + +

K49R RIOSH G117S BI458 N157T
106 1223V et + -+
14 G7S RI0BH G117S E1455 N157T e+ -+ +
RI08H GI17S E14538 N157T K192R
86 1223V et - +
44 G7S RI0O8H G117S EI458 N157T 1223V et += +
92 GLITS Bi455S N157T K192R -t + +
E45G R108H G1175 E1438 N157T
112 K192R D198G 1223V e - o
04 GIITSE458 TIS2M NLSTT i 0 -
12 G758 GLI7S E1438 N157T +++ + +
G78 157V KO7E R108H G1178 E1458
56 NISTTI223V et + +
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SEQ ID NO | Mutations as Compared to SEQ ID NO:4 Stereoselectivity | Activity | Stability

E45G RI0BH G117S E1458S N157T

110 1223V oo + -+
G7S AS4T RIOSH GI17S E1458 W157T

36 1223V ot 0 +
G7S RI0O8H G117S B1453S N1A7T

46 KI9ZE 1223V et + +
GISKA9R LITIM G117S B1458 N157T

68 DI7T3G 1223V wferfente e S
G78 RI1I08SH GLI7S E14538 N137T

48 KI192E R217F 1223V e + -
G7S T16G RIOSH G117S E1458 N157T

74 1223V : e - +
G7H RI10O8H G1175 E1458 N157T

82 1223V A + 4
G785 A94T KO7L RI08H G1178 E1458

42 NIZTT 1223V 1226L et - o+
G7S AS4T S96P RI08H 31178 E1458

24 NISTT 1223V it + -
G785 A94T S96A R108H G117S E1458

34 N157T 1223V e 0 +
G785 AS4T RIORH G117S E1438S N157T

38 M2060 1223V o + +
GTS A94T SO6E RI108H G117S E1458

32 NI5STT 1223V et +- +
GTN A94T E106D R108H G117S E1458

8 NISTT 1223V et + <~
D3Y G785 A94T RI08H G1178 E1458

134 NIS7T 1223V bt + -+
G75 A94T RI108H G117S E1458 N1577

6 Q208H 1223V et - +
G785 A94T SOAP R108H G1178S E1458

26 N157T M206Q 1223V bt . +
(G785 T16G A94T S96P RI108H G1178

72 E1458 N1STT M2060) 1223V B 0 -
G75 A94T S96P R108H G117S E1458

18 F1471 N15T7T P194L 1223V R + 0
G7S AG4T A94T S96P R108H G117S

20 EI458 N157T 1223V et + 0
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SEQ ID NO | Mutations as Compared to SEQ ID NG:4 Stereoselectivity Activity | Stability

G7S A94T S96P R108H G1178 E1459 |

54 NISTTI217F 1223V At + 0
G78 ADAT RICSH GI17S E143S N157T

i0 K177R M2060Q Q208R 1223V A + 0
G75 A94TKO7R R1IO8H G1175 E1458

40 N157T M206( 1223V e + ]
G785 R108H G1175 E1455 N1STT

52 MZ06() 1223V At + +
G785 S96P R108H G1178 E1458 N1STT

50 M2060 1223V bt + +
G78 T16G S96P R108H G1178 E1458

76 NISTT M206Q) 1223V ek ~<:~ +
G78 T16V A94T S96P RI0BH G117S

80 E1458 N157T M2060) 1223V At + -+
G78 T16G A%4V S96P RIORH G1178

78 E1458 N157T M2060Q 1223V A -+ +
(G7S A94T S96P RI08H G117S E1458

30 NIS7T P194G M206Q) 1223V bt + +
(G7S A94T S96P R108H G117S E1458

28 N1IS7T P154D M2060) 1223V e 0 0
G75 A94T 596P R108H G1178 E1458

22 N157T P194N M206Q 1223V A + +
GT7S K49R A94T L11IM G175 E1458

60 NIS7TDI173G 1223V e+ + +
G78 K49R S96P L11IM G117S E1458

64 NI5S7T D173G 1223V - + +
G7S K4A9R L111M G117S E1455 N157T

70 DI73G M2060 1223V - + +
G7S K49R AT LIIIM G178 E1458

62 N137T D173G M206Q 1223V st 0 0
GT7S K49R S96P L11IM GL17S Ef458

66 Ni57T D173G M2060 1223V et + +
G78 K49R AD4T S86P L111IM G117S

58 ET1458 N157T DI73G M206Q) 1223V e + +

10095] In Table 2 above, in the stereoselectivity column, “0” indicates about 61.0-71.9% s.e. for the

product (£)-3-hydroxythiotane, “+” indicates about 80.0-89.9% s.c. for the product, “++" indicates
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about 90.0-94.9% s.c. for the product, “+++" indicates about 95.0-97.9% s.e. for the product, “++++"
ndicates about 98.0-98.0% s.e. for the product, and “++-+++" indicates about greater than 99.0% s.c.
for the product. In the activity column, “0” indicates that 1.0-4.0 g/T. of KRED is needed for
comaplete conversion of 100 g/L of ketothiolane at room temperature in more than 24 hours; “+”
mdicates that 0.8-1.0 g/F. of KRED is needed for complete conversion of 100 ¢/L of ketothiolane at
room teraperature within 20-24 hours; and -+ indicates that 0.8-1.0 g/L of KRED is needed for
complete conversion of 100 g/L. of ketothiolane at room temperature within 12-20 hours. In the

[T

stability columm, “- indicates the polypeptide exhibits thermostabilty propetties worse than wild-

type; “0” indicates the polypeptide exhibits thermostability properties similar to wild-type; “+7
indicates the polypeptide exhibits improved thermostability as compared to wild-type; and “++"

mdicates the polypeptide exhibits even more improved thermostability as compared to wild-type.

[0096] In some embodiments, an improved ketoreductase polypeptides herein comprises an amino
acid sequence that is at least about 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99% or more identical as compared to a reference sequence based on SEQ 1D NO: 2,
4 or 142 in which the amino acid residue corresponding to position 145 is a polar residue, particularly
a serine, with the proviso that the ketoreductase polypeptides have at the residue corresponding to
position 145 a polar residue, particularly a serine. In some embodiments, the ketoreductase
polypepiides can have one or more residue differences at other amino acid residues as compared to the
reference sequence. The differences can melude substitutions, deletions, and insertions as compared
to the reference sequence. The differences can be non-conservative substitutions, conservative
substifulions, or a combination of non-conservative and conservative substitutions. In some
embodiments, these ketoreductase poiypeptides can have optionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8,
1-9,1-16, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-2C, 1-22, 1-24, 1-26, 1-30, 1-35 or abouz 1-40
differences at other amino acid residues. In some embodiments, the number of differences with the
reference sequence canbe 1,2, 3, 4,5,6,7,8,9,10, 11, 12, 14, 15, 16, 18,20, 22,24, 26, 30, 35 or
about 4G differences at other amino acid residues, In some embodiments, the differences comprise

conservative mutations as compared to the reference sequence.

[G097] In some embodiments, an improved ketoreductase polypeptide comprises an amino acid
sequence that corresponds to the sequence formulas as laid out in SEQ ID NO:143 or SEQ ID NO: 144
or SEQ ID NO:145, or a domain thercoi, such as residues 90-211. SEQ ID NO: 145 is based on the

~ wild-type amino acid sequence of the L. kefir ketoreductase (SEQ 1D NO:4); SEQ ID NO:144 is
based on the wild-type amino acid sequence of the L. brevis ketoreductase (SEQ ID NO:2); and SEQ
ID NO:143 is based on the wild-type amino acid sequence of the L. minor ketoreductase (SEQ ID
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NO:142). The ketoreductases based on the sequence formula of SEQ ID NO: 143, 144 and 145

specify that residue corresponding to X145 s 2 polér amino acid.

[0698] In some embodmments, the ketoreductase polypeptides comprising an amino acid sequence
based on sequence formulas of SEQ ID NO: 143. 144. or 145, or a domain thereof, such as residues
90-211, and having a polar residue, particularly serine, at the residuc corresponding to X145, can
further include one or more features selected from the following: residue comresponding to X3 is a
polaz, acidic, or aromatic residue; residue corresponding to X7 is a non-polar, polar, or constrained
residue; residue corresponding to X11 is an aliphatic, non-polar, or polar residue; residue
corresponding to X16 is an aliphatic or non-polar residue; residue corresponding te X19 is a non-polar
or aliphatic residue; residue corvesponding to X23 is a non-polar or aromatic residue; residue
corresponding to X41 is an aliphatic, non-polar, or polar residue; residue comresponding to X45 is an
aliphatic, non-polar, or polar residue; residue corresponding to X49 is a basic residue; residue
corresponding to X57 is an aliphatic or non-polar residue; residue corresponding to X60 is an
aromatic, aliphatic, non-polar, or polar residue; residue corresponding to X64 is an aliphatic or non-
polar residue; residue corresponding to X72 is a basic residue; residue corresponding to X82 is a non-
potlar or potar residue; residue corresponding to X94 is a polar, basic, aliphatic, or non-polar residue;
residue corresponding to X953 is a non-polar or aliphatic restdue; residue corresponding to X96 is a
constrained, aliphatic, non-polar, acidic, or polar residue; residue corresponding to X97 is acidic,
basic, or aliphatic residue; residue corresponding 1o X106 is an acidic residue; residue corresponding
10 X108 is a basic, constrained, or aromatic residue; restdue corresponding to X111 is an aliphatic or
aon-polar residue; residue corresponding to X117 1s a non-polar or polar residue; residue
corresponding to X126 is an aliphatic or non-polar residue; residue corresponding to X127 is a polar
or basic residue; residue corresponding to X147 is an aromatic, aliphatic residue, non-polar, ot polar
residue; residue corresponding to X152 is a polar, aliphatic or non-polar residue; residue
cotresponding t¢ X157 is a polar or acidic residue; residue corresponding to X163 is an aliphatic or
non-polar residue; residue corresponding to X173 is an acidic or non-polar residue; residue
corresponding to X177 is a basic restdue; residue corresponding to X192 is a basic or acidic residue;
residue corresponding to X194 is & consirained, polar, acidic, non-polar, or aliphatic residue; residue
corresponding to X198 is an acidic or non-polar residue; residue corresponding to X200 is a
constrained, acidic, or basic residue; residue corresponding to X206 is & polar or non-polar residue;
residue corresponding to X208 is a polar, constrained, or basic residue; residue corresponding fo
X210 is an aliphatic, non-polar, or polar vesidue; residuc corresponding to X211 is a basic or acidic
rgsidue; residue corresponding to X214 is a non-polar, aliphatic or polar residue; residue

corresponding to X217 is an aromatic, aliphatic, or non-polar residue; residue corresponding to X223
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is an aliphatic or non-polar residue; and residue corresponding to X226 is a non-polar or aliphatic
residue. In some embodiments, residue corresponding to X94 is not an aromatic residue, histidine, or
glyeine. In some embodiments, the residue corresponding to X96 is not an aromatic residue, glycine,
isoleucine or cysteine. In some embodiments, the polypeptides comprising an amino acid sequence
that corresponds to the sequence formulas as laid out in SEQ ID NO:143, 144 or 145 (or domain
thereof) can have one or more of the residuies not specified by an X to be conservatively mutated. In
some embodiments, the conservative mutations can be 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1.8, 1.6, 1-1D, i-
11,1-12,1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1.24, 1-26, 1-30, 1-35 or about 1-40 mutations at other
amino acid residues not defined by X above. In some embodiments, the number of mutations 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 ahout 40 amino acid

residues.

[0099] In some embodiments, the polypeptides comprising an amino acid sequence based on the
sequence formulas provided in SEQ ID NQ:143, 144, or 145 can have one or more conservative
mutations as compared to the reference sequence of SEQ ID NO: 4, 2, or 142, Exemplary
conservaiive substitutions mclude amine acid replacements such as, but not limited to: replacement of
residue corresponding to X19 (I) with another aliphatic residue, .g., valine; replacement of residue
corresponding ta X23 (1) wilh another non-polar residue, e.g., phenylalanine; replacement of residue
corresponding to X49 (K with another basic residue, e.g., arginine; replacement of residue
corresponding to X357 (1) with another aliphatic residue, e.g., valine; replacement of residue
corresponding to X72 (K) with another basic amino acid, e.g., arginine; replacement of residue
corresponding to X94 (A) with another aliphatic amino acid, e.g., valine; replacement of residue
corresponding to X95 (A) with another aliphatic residue, e.g., valine; replacement of residue
corresponding to X97 (K) with another basic amino acid, e.g., arginine; replacement of residue
corresponding to X106 (E) with another acidic amino acid, e.g., aspartic acid; replacement of residue
corresponding to X111 (L) with another nor-polar or aliphatic amino acid, e.g., methionine;
replacement of residue X147 (F) with another non-polar amine acid, e.g., leucine; replacement of
residue corresponding to X177 (X} with another basic amino acid, e.g., arginine; replacement of
residue corresponding to X192 (K) with another basic amino acid, e.g., arginine; replacement of
residue corresponding to X214 (M) with another non-polar amino acid, e.g., valine; replacement of
residue corresponding to X217 (I) with another non-pelar amino acid, e.g., phenylalanine;
replacement of residue corresponding to X223 (I) with another non-polar or afiphatic amino acid, e.g.,
valine; and replacement of residue corresponding to X226 (I) with another non-polar or aliphatic

amino acid, e.g., leucine.
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[6106] In some embodiments, the ketoreductase polypeptides comprising an amino acid sequence
based on sequence formulas of SEQ ID NO: 143, 144, or 145, or a domain thereof, such as residues
90-211 and having a polar residue, particularly serine, at the residue corresponding to X145, can
further mclude one or more features selected from the following: residue corresponding to X3 is
asparagine, aspartic acid, or tyrosine; residue corresponding to X7 is glycine, histidine, serine or
asparagine; residue corresponding to X11 1s isoleucine or threonine; residue corresponding to X16 is
threonine, alanine, valine, or glycine; residue corresponding to X19 is iseleucine or valine; residue
corresponding to X23 is a isoleucine or phenylalanine; residue corresponding to X41 is serine,
alanine, or valine; residue corresponding to X45 is glutamic acid or glycine; residue corrcsponding 0
X49 is lysine or arginine, particularly arginine; residue corresponding to X57 is isoleucine or valine;
residue corresponding to X60 is phenylalanine, valine, of threonine; residue corresponding to X64 is
alanine, serine, or threonine; residue corresponding to X72 is Iysine or arginine, particularly arginine;
residue corresponding to X82 is glycine or serine; residue corresponding to X94 is alanine, valine,
threonme, serine, or arginine; residue corresponding to X935 is valine or alanine; residue
corresponding to X96 is asparagine, serine, proline, alanine, or glutamic acid; residue corresponding
to X907 is Tysine, arginine or leucine; residue corresponding to X106 is glutamic acid or aspartic acid;
restdue corresponding to X108 is arginine or histidine; residue corresponding to X111 is leucine or
methionine; residue corresponding to X117 is glycine or serine; residue corresponding to X126 is
isoleucine or valing; residue corresponding to X127 is glutamine or arginine; residue corresponding to
X147 iz pheaylalanine, leucine or serine; residue corresponding to X152 is threonine, serine, or
methionine; residue corresponding to X157 is asparagine, glutamine, threonine, serine, or aspartic
acid; residue corresponding to X163 is valine or iscleucine; residue corresponding to X173 is aspartic
acid or glyeine; residue corresponding to X177 is Iysine or arginine; residue corresponding to X192 is
lysing, arginine or glutamic acid; residue corresponding to X194 is proline, giycine, aspartic acid,
arginine, or leucine; residue corresponding to X198 is aspartic acid or glycine; residue corresponding
to X200 is proline, ghitamic acid, or lysine; residue corresponding to X206 is methionine or
glutamine; residue corresponding to X208 is glutamine, histidine or arginine; residue corresponding to
X210 is threonine or alanine; residue corresponding to X211 is Iysine or ghutamic acid; residue
corresponding to X214 is methionine, valine or threonine, or serine, particularly valine or threonine;
residue corresponding to X217 is isoleucine or phenylalanine; residue corresponding to X223 1s
isoleucine or valine; and residue corresponding to X226 is isoleucine or valine. In some
embodiments, the polypeptides comprising an amino acid sequence that corresponds to the sequence
formulas as laid out in SEQ ID NO:143, 144 or 145 (or domain thereof) can have one or more of the
residues not specified by an X to be conservatively mutated. In some embodiments, the conservative
mutations can be 1-2, -3, 1-4, 1-5, 1-6, 1.7, 1-8, 1-9, 1-10, 1-11, 1-12, 1-14, i-15, 1-16, 1-18, 1-20,
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1-22, 1-24, 1-26, 1-30, 1-35 or about 1-40 mutations at other amino acid residues not defined by X
above. In some embodiments, the number of mutationscanbe 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.

[0161] Insome embodiments, the ketoreductase polypeptides comprising an amino acid sequence
based on sequence formulas of SEQ ID NQ: 143, 144, or 145, or a domain thereof, such as residues
90-211, and having a polar residue, particularly serine, at the residue corresponding to X145, can
further include one or more or at least all of the following features: restdue corresponding to X7 is a
non-polar, polar, or constrained residue; residue corresponding to X94 15 a polar, basic, aliphatic, or
non-polar residue; residue corresponding to X96 1s a constrained, aliphatic, non-polar, acidic, or polar
residue; residue corresponding to X108 is a basic, constraied, or aromatic residue; residue
corresponding to X117 1s a non-polar or polar residue; residue corresponding to X157 is a polar or
acidic residue; residue corresponding to X173 is an acidic or non-polar residue; residue corresponding
to X206 is a polar or non-polar residue; and residue corresponding to X223 is an aliphatic or non-
polar residue. In some embodiments, the amino acid residue corresponding to X145 is serine. In
some embodimenis, the ketoreductase polypeptides can include further inclade, in addition to the
preceding features, one or more of features selected from the following: residue corresponding to X3
15 4 polar, acidic, or aromatic residue; residue corresponding to X11 is an aliphatic, non-polar, or polar
residue; restdoe corresponding (o X16 is an aliphatic or non-polar residue; residue corresponding to

X 19 is a non-polar or aliphatic residue; residuc corresponding to X23 is a non-pclar or aromatic
residue; residue corresponding to X4 1 is an aliphatic, non-polar, or polar residue; residue
corresponding to X45 1s an glyemne, aliphatic, non-polar, or polar residue; residue corresponding to
X49 is a basic residug; residue corresponding to X57 is an alipbatic or non-polar residue; residue
corresponding te X60 is an aromatic, aliphatic, non-polar, or polar residue; residue corresponding 1o
X64 1g an ahphatic or non-polar residue; residue corresponding to X72 is a basic residue; residue
corresponding to X82 is a non-poiar or polar residue; residue corresponding to X95 is a non-polar or
aliphatic residue; restdue corresponding to X97 is acidic, basic, or aliphatic residue; residue
corresponding to X106 is an acidic residue; residue corresponding to X111 is an aliphatic or non-polar
residue; residue corresponding to X126 is an aliphatic or non-polar residue; residue corresponding to
X127 is a polar or basic residue; residue correspond to X147 is an aromatic, aliphatic residue, non-
polar, or polar residoe; residue corresponding to X152 is a polar, aliphatic or non-polar residue;
residue corresponding to X163 1s an aliphatic or non-polar residue; residue corresponding 1o X177 is a
basic residue; residue corresponding to X192 is a basic or acidic residue; residue comresponding to
X194 is a constrained, polar, non-polar, acidic, or aliphatic residue; residue corresponding to X19¥ 1is

an acidic or non-polar residue; residue corresponding to X200 is a constrained, acidic, o7 basic
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residue; residue corresponding to X208 is a polar, constraimed, or basic residue; residue corresponding
to X210 1s an aliphatic, non-polar, or polar residue; residue corresponding to X211 is a basic or acidic
residue; residue corresponding to X214 is a non-polar, aliphatic or polar residue; residue
corresponding to X217 is an aromatic, aliphatic, or non-polar residue; and residue corresponding to
X226 is a non-polar or aliphatic residue. In some embodiments, the polypeptides comprising an
amino acid sequence that corresponds to the sequence formulas as laid out in SEQ ID NO:143, 144 or
145 (or domain thereof) can have one or more of the residues not speeified by an X 1o be
conservatively mutated. In some embodiments, the conservative mutations can be 1-2, 1-3, 1-4, 1-5,
1-6,1-7, 1-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-24, 1-30, 1-35 or about
1-40 mutations at other amino acid residues not defined by X above. In some embodiments, the
number of mutations 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.

{0162} In some embodiments, the ketoreductase polypeptides comprising an amino acid sequence
based on sequence formulas of SEQ ID NO: 143, 144 or 145, or a domain thereof, such as residues
90-211, and having a polar restdue, particularly serine, at the residue corresponding to X145, can
farther mclude one or more or at least all of the features selected from the following: residue
corresponding to X7 is glycine, histidine, serine or asparagine; residue corresponding to X94 is
alanine, valine, threonine, serine, or arginmine; residue corresponding to X96 15 asparagine, serine,
proline, &lanine, or glutamic acid; residue corresponding to X108 is arginine or histidine; residue
corresponding te X117 is glycine or serine; residue corresponding to X157 is asparagine, glutamine,
threonine, serine, or aspartic acid; residue corresponding to X173 is aspartic acid or glycine; residue
corresponding to X206 is methionine or glutamine; and residue corresponding to X223 is isclcucine
or valine. In some embodiments, the ketoreductase polypeptides can include further include, in
addition to the preceding features, one or more of features selected from the following: residue
corresponding to X3 is asparagine, aspartic acid, or tyrosine, residue corresponding to X171 is
isoleucine or threonine; residue corresponding to X16 is threonine, alanine, valine, or glycine; residue
corresponding to X19 is isoleucine or valine; residue corresponding to X23 is an isoleucine or
phenylalanine; residue corresponding to X41 is serine, alanine, or vahine; residue corresponding to
X45 13 glutamic acid or glyeine; residue corresponding to X49 is lysine or arginine, particularly
arginine; residue corresponding to X57 is isoleucine or valine; residue corresponding to X60 is
phenylalanine, valine, or threonine; residue corresponding tc X64 is alanine, serine, or threonine;
residue corresponding o X72 is lysine or arginine, particularly arginine; residue corresponding to
X82 15 glycne or serine; residue corresponding to X95 is valine or alanine; residue corresponding fo

X97 is Iysine, arginine or leucine; residue corresponding to X106 is glutamic acid or aspartic acid;
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residue corresponding to X111 1s leucine or methionine; residue corresponding to X126 is isoleucine
or valine; residue corresponding to X127 is glutamine or argining; residue corresponding to X147 is
phenylalanine, leucine or serine; residue corresponding to X152 is threonine, serine, or methionine;
residue corresponding to X163 ts valine or isoleucine; residue corresponding to X177 is lysine or
arginine; residue corresponding to X192 is lysine, argimine or glutamic acid; residue corresponding to
X194 15 prolime, glycine, aspartic acid, arginine, or leucine; residue corresponding to X198 is aspartic
acid or glycine; residue corresponding to X200 is proline, ghitamic acid, or lysine; residue
corresponding to X208 is ghitamine, histidine or arginine; residue corresponding to X210 is threonine
or alanine; residue corresponding to X211 is lysine or glutamic acid; residue corresponding to X214 is
methionine, valine or threonine, or serine, particularly valine or threomine; residue corresponding to
X217 ig isoleucine or phenylalamne; and residue corresponding to X226 1s iscleucing or valine. In
some embodiments, the polypeptides comprising an amino acid sequence that corresponds to the
sequence formulas as laid out in SEQ 1D NO:143, 144 or 145 (or domain thereof) can have one or
more of the residues not specified by an X to be conservatively mutated. In some embodiments, the
conservative mutations can be -2, 1-3, 1-4, 1-53, 1-6, 1-7, 1-8,1-0, 1-10, 1-11, 1-12, I-14, 1-15, 1-16,
1-18, 1-26, 1-22, 1-24, 1-26, 1-30, 1-35 or about [-40 mutations at other amino acid residues not
defined by X above. In some embodiments, the number of mutationscanbe 1,2, 3,4,5,6,7, 8,9,

16, 11,12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35 or about 40 other amino acid residues.

F0103] In some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formula of SEQ 1D NO: 143, 144, or 145, or a domain thereof, such as residues §0~
211, in which the amino acid sequence has at least the following features: residue corresponding fo
X145 13 a polar residue, particularly serine; and residue corresponding to X3 is a polar, acidic, or
aromatic residue, particularly tyrosine. In some embodiments, the ketoreductase polypeptide
comprises an amino acid sequence with at least the preceding features, and wherein the amino acid
sequence has at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 99% identity as compared to a reference sequence based on SEQ 1D NO: 2, 4, or 142 having the
preceding features. In some embodiments, the ketoreductase polvpeptides can have additionally 1-2,
1-3, 14, 1-5, 1-6, -7, 1-8, 1-9, 1-1G, 1-11, 1-12, 1-14, 1-15, 1-16, 1-1§, 1-20, 1-22, 1-24, 1-25, 1-30,
1-35 or about 1-40 differences at other amino acid residues as compared to the reference sequence. In
some embodiments, the mumber of differences can be 1,2,3,4,5, 6,7, 8,9, 10,11, 12, 14, 15, 106, 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.

10164} In some émbodmments, an improved ketoreductase comprises an amino acid sequence based

on the sequence formula of SEQ ID NO: 143, 144, or 145, or a domain thereof, such as residues 90-
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211, in which the amino acid sequence has at least the following features: residue corresponding o
X145 is a polar residue, particularly serine, and residue corresponding to X7 is a non-polar, polar, or
constrained residue, particularly serine, histidine, or arginine. In some embodiments, the
ketoreductase polypeptide comprises an amino acid sequence with at least the preceding features, and
wherein the amino acid sequence has at least 85%, 86%, 87%, 88%, 89%, 90%, 919, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% identity as compared 10 a reference sequence based on SEQ ID
NO: 2, 4, or 142 having the preceding features. In some embodiments, the ketoreductase polypeptides
can have additionally -2, 1-3, 1-4, 1.5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-1§, i-
20, 1-22, 1-24, 1-25, 1-30, 1-35 or about 1-40 differences at other amino acid residues as compared to
the reference sequence. In some embodiments, the number of differences canbe 1,2, 3,4, 5,6, 7, 8,
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.

[0105] In some embodiments, an improved ketoreductase comprises an amine acid sequence based
on the sequence formula of SEQ ID NO: 143, 144, or 145, or a domain thereef, such as residues 90-
211, in which the amino acid sequence has at least the following features: residue corresponding to
X145 is a polar residue, particularlty serine, and residue corresponding to X11 is an aliphatic, non-
polar, or polar residue. In some embodiments, the ketoreductase polvpeptide comprises an amino acid
sequence with at least the preceding features, and wherein the amino acid sequence has at Jeast 85%,
8O%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identity as
compared to a reference sequence based on SEQ 1D NQ: 2, 4, or 142 having the preceding features,

In some embodiments, the keloreductase polypeptides can have additionally 1-2, 1-3, [-4, 1-5, 1-6, 1-
7, 1-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15, }-16, 1-18, 1-20, 1-22, 1-24, 1-25, 1-30, 1-33 or about 1-40
differences at other amino acid residues as compared to the reference sequence. In some
embodiments, the number of differencescanbe 1,2,3,4,5,6,7, 8,9, 10, 11, 12, 14, 15, 16, 18§, 20,
22, 24, 26, 30, 35 or about 40 residue differences at other amino acid residues. In some embodimenis,

the differences comprise conservative nmutations.

[0106] In some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequeﬁce formula of SEQ ID NO: 143, 144, or 145, or a domain thereof, such as residues 90-
211, in which the amino acid sequence has at least the following features: residue corresponding to
X145 1z a polar residue, particularly serine, and residue corresponding to X16 is an aliphatic or non-
polar residue, particularly alanine or glycine. In some embodiments, the ketoreductase polypeptide
comprises an amino acid sequence with at least the preceding features, and wherein the amine acid
sequence has at least 85%, 80%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%%,
or 99% identity as compared to a reference sequence based on SEG ID NO: 2, 4, or 142 having the
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preceding features. In some embodiments, the ketoreductase polypeptides can have additionaliy 1-2,
1-3,1-4,1-5,1-6,1-7, 1-8,1-9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1.20, 1.22, 1.24, 1-25, 1-30,
1-35 or about 1-40 differences at other amino acid residues as compared to the reference sequence. In
some embodiments, the number of differences canbe 1,2,3, 4, 5,6, 7, 8,9, 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.

16107] In some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formuia of SEQ 1D NO: 143, 144, or 145, or a domain thereof, such as residues 90-
211, in which the amino acid sequence has at Teast the following features: residue corresponding to
X145 is a polar residue, particularly serine, and residue corresponding to X19 is a non-polar or
aliphatic residue, particularly alanmne or glyeine. I some embodiments, the ketoreductase
polypeptide comprises an amino acid sequence with at least the preceding features, and wherein the
amino acid sequence has at least 83%, 86%, 87%, 88%, 89%, 00%, 01%, 92%, 93%, 04%, 95%, 96%,
97%, 98%, or 9% identity as compared to a reference sequence based on SEQ IDNO: 2, 4, or 142
having the preceding features. In some embodiments, the ketoreductase polypeptides can have
additionally 1-2, 1-3, 1-4, 1-5, i-6, 1-7, 1-8, 1-9, 1-10, I-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22,
1-24,1-25, 1-30, 1-35 or about 1-40 differences at other amino acid residues as compared to the
reference sequence. In some embodiments, the number of differences canbe 1,2, 3,4, 5,6, 7, 8,9,
10, 11,12, 14, 15,16, 18, 20, 22, 24, 26, 30, 35 or about 40 residue differences other amino acid

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

f0108] In some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formula of SEQ 1D NQ: 143, 144, or 143, or a domain thereof, such as restdues 30-
211, in which the amino acid sequence has at least the foliowing features: residue corresponding to
X145 is a poiar residue, particularly serine, and résidue corresponding to X23 is a non-polar or
aromatic residue, particularly phenylalanine. In some embodiments, the ketoreductase polypeptide
comprises an amine acid sequence with at least the preceding features, and wherein the amino acid
sequence has at least 85%, 86%, 87%, 88%, §9%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 99% identity as compared to a reference sequence based on SEQ ID NO: 2, 4, or 142 having the
preceding features. In some embodiments, the ketoreductase polypeptides can have additionally 1-2,
1-3, 14, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-1§, 1-20, 1-22, 1-24, 1-25, 1-30,
1-35 or about 1-40 differences at other amino acid residues as compared to the reference sequence. In
some embodiments, the number of differencescanbe 1,2,3,4, 5, 6,7, 8,6, 10, 11, 12, 14, 15, 16, 18,
20, 22,24, 26, 30, 35 or about 40 residue differences other aminec acid residues. In some

embodiments, the differences comprise conservative mutations.
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[6109] In some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formula of SEQ 1D NO: 143, 144, or 145, or a domain thereof, such as residues 90-
211, in which the amino acid sequence has at least the foliowing features: residue corresponding to
X145 is a polar residue, particularly serine, and residue corresponding to X41 is an aliphatic, non-
polar, or polar residue, particularly serine, alanine or valine, In some embodiments, the ketoreductase
polypeptide comprises an amino acid sequence with at least the preceding features, and wherein the
amino acid sequence has at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% identity as compared to a reference sequence based on SEQ IDNO: 2, 4, or 142
having the preceding featores. 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, 1153, 1-16, 1-18, 1-.20, 1-22,
1-24, 1-25,1-30, 1-35 or about 1-40 differences at other ammno acid residues as compared to the
reference sequence. in some embodiments, the number of differences canbe 1,2, 3,4, 5,6, 7,8, 9,
10, 11,12, 14, 15, 16, 18, 2G, 22, 24, 26, 30, 35 or about 40 residue differences other amino acid

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

[0110] In some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formula of SEQ 1D NQO: 143, 144, or 145, or a domain thereof, such as residues 90-
211, in which the amino acid sequence has at least the following features: residue corresponding to
X145 1s a polar residue, particutarly serine, and residue corresponding to X435 is an ghycine, aliphatic,
non-polar, or polar residue, particularly ghutamic acid or giveine. In some embodiments, the
ketoreductase polypeptide comprises an amino acid sequence with at least the preceding features, and
wherein the amine acid sequence has at icast 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 53%,
94%, 95%, 96%, 97%, 98%, or 99% 1dentity as compared to a reference sequence based on SEQ 1D
NO: 2, 4, or 142 having the preceding features. In some embodiments, the ketoreductase polypeptides
can have additionally 1-2, 1-3, 14, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, I-
20, 1-22, 1-24, 1-25, 1-30, 1-35 or about 1-40 differences at other amino acid residues as compared o
the reference sequence. In some embodiments, the mumber of differences canbe 1, 2, 3,4, 5,6, 7, §,
9, 10,11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35 or about 40 residue differences other amino acid

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

10111] In some embodiments, an improved ketoreductase comprises an amine acid sequence basad
on the sequence formula of SEQ 1D NO: 143, 144, or 145, or a domain thereof, such as residues 90-
211, in which the amino acid sequence has at least the following features: residue corresponding to
X145 is a polar residue, particularly serine, and residue corresponding to X49 13 a basic residue,
particularly arginine. In some embodiments, the ketoreductase polvpeptide comprises an amine acid

sequence with at ieast the preceding features, and wherein the amino acid sequence has at least 85%,
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&6%, 87%, 88%, 89%. 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identity as
compared fo a reference sequence based on SEQ ID NG: 2. 4, or 142 having the preceding features.
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, 1-25, 1-30, 1-35 or about 1-40
differences at other amino acid residues as compared to the reference sequence. In some
embodiments, the number of differences canbe 1, 2,3, 4,5, 6,7. 8,9, 10, 11, 12, 14, 15, 16, 18, 20,
22,24, 26, 30, 35 or about 40 residue differences other amino acid residues. In some embodiments,

the differences comprise conservative mutations,

[6112] In some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formula of SECQ ID NO: 143, 144, or 145, or a domain thereof, such as residues 960-
211, m which the amino acid sequence has at least the following features: residue corresponding to
X145 is a polar residue, particularly serine, and residue corresponding to X57 is an aliphatic or non-
polar residue, particularly isoleucine or valine. In some embodiments, the ketoreductase polypeptide
comprises an amino acid sequence with at least the preceding features, and wherein the amino acid
sequence has at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 99% identity as compared to a reference sequence based on SEQ ID NO: 2, 4, or 142 having the
preceding features. In some embodiments, the ketoreductase polypeptides can have additionaliy 1-2,
1-3, 1-4, 1-5,1-6,1-7, 1-6, 1-9, 110, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-25, 1-30,
1-35 or about 1-40 differences at other amino acid residues as compared to the reference sequence. In
some embodiments, the number of differences canbe 1,2, 3,4,5,6,7, 8,9, 10, 11, 12, 14, 15, 16, 18,
20,22 24, 26, 30, 35 or about 40 residue differences other amino acid residues. In some

embodiments, the differences comprise conservative mutations.

0113} In some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formula of SEQ ID NO: 143, 144, or 1453, or a demain thereof, such as restdues 90-
211, in which the amino acid sequence has at least the following features: residue corresponding to
X145 is a polar residue, particularly serine, and residue corresponding to X60 is an aromatic,
aliphatic, non-poelar, or polar residue, particularly phenylalanine, valine, or threonine. In some
embodiments, the ketoreductase polypeptide comprises an amino acid sequence with at least the
preceding features, and wherein the amino acid sequence has at least 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identity as compared to a reference
sequence based on SEQ D NO: 2, 4, or 142 having $he preceding features. In some embodiments,
the ketoreductase polypeptides can have additionally 1-2, 1-3, -4, 1-53, 1-6, 1-7, 1-8, 1-9, 1-10, i~11,
1-12, 1-14, 115, 1-16, 1-18, 1-20, 1-22, 1-24, 1-25, 1-30, 1-35 or about 1-40 differences at other

amino acid residues as compared to the reference sequence. In some embodiments, the number of
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differences canbe 1,2,3,4,5,6,7, 8,9, 10, 11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35 or about 40
restdue differences other amino acid residues. In some embodiments, the differences comprise

conservative mutations.

[0114] In some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formula of SEQ 1D NO: 143, 144, or 1435, or a domain thereof, such as residues 90-
211, in which the amino zcid sequence has at least the following features: residue corresponding to
X145 15 a polar residue, particularly serine, and residue corresponding to X64 is an aliphatic or non-
polar residue, particularly alanine, sering, or threonine, In some embodiments, the ketoreductase
polypeptide comprises an amino acid sequence with at least the preceding features, and wherein the
amino acid sequence has at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% identity as compared 1o a reference sequence based on SEQ ID NO: 2, 4, or 142
having the preceding features. In some embodiments, the ketoreductase polypeptides can have
additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-6, 1-10, 1-11, 1-12, i-14, 1-15, 1-16, 1-18, 1-20, 1-22,
1-24, 1-25, 1-30, 1-35 or about 1-40 differences at other amino acid residues as compared to the
reference sequence. In some embodiments, the number of differences canbe 1,2, 3,4, 5.6, 7, 8.9,
10, 11,12, 14, 15,16, 18,20, 22, 24, 26, 30, 35 or about 40 residue differences other amino acid

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

[6115] In some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formula of SEQ ID NQ: 143, 144, or 143, or a domain thereof, such as residues 90-
211, in which the amino acid sequence has at least the following features: residue corresponding o
X145 1s a polar residue, particulariy serine, and residue corresponding to X72 is a basic residue,
particularly alanine, serine, or threonine. In some embodiments, the ketoreductase polypeptide
comprises an amino acid sequence with at least the preceding {features, and wherein the amino acid
sequence has at least 85%, 86%, 87%, 88%, 89%, 0%, %1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 99% identity as compared to a reference sequence based on SEQ ID NO: 2, 4, or 142 having the
preceding features. In some embodiments, the ketoreductase polypeptides can have additionally 1-2,
i-3,1-4, 1-5,1-6, 1-7, 1-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-153, 1-16, 1-18, 1-20, 1-22, 124, 1-25, 1-30,
£-35 or about 1-40 differences at other amino acid residues as compared to the reference sequence. In
some embodiments, the number of differences canbe 1,2,3,4,5,6,7,8,9, 10,11, 12, 14, 15, 16, 18,
20, 22, 24, 26, 30, 35 or about 40 residue differences other amino acid residues. In some

embodiments, the differences comprise conservative mutations.

[0116] In some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formula of SEQ 1D NO: 143, 144, or 143, or a domain thereof, such as residues 90~

211, in which the amino acid sequence has at least the following features: residue corresponding to
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X145 15 a polar residue, particularly serine, and residue corresponding to X82 is a non-polar or polar
residue, particularly glycine or serine. In some embodiments, the ketoreductase polypeptide
comprises an amine acid sequ.enée with at least the preceding features, and wherein the amino acid
sequence has at least 85%, 86%, 87%, B8%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 99% identity as compared fc a reference sequence based on SEQ ID NO: 2, 4, or 142 having the
preceding features. In some embodiments, the ketoreductase polypeptides can have additionally 1-2,
1-3, 14, 1-5,1-6, 1-7, 1-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-13, 1-16, 1-18, 1-20, 1-22, 1-24, 1-25, 1-30,
1-35 or about 1-40 differences at other amine acid residues as compared to the reference sequence. In
SOIﬁe embodiments, the number of differences canbe 1,2,3,4,3,6,7,. 8,9, 10, 11, 12, 14, 15, 16, 18,
20, 22, 24, 26, 30, 35 or about 40 residue differences other amino acid residues. In some

embodiments, the differences comprise conservative mutations.

[0117] In some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formula of SEQ D NQ: 143, 144, or 145, or a domain thereof, such as residues 90-
211, in which the amino acid sequence has at least the following features: residue corresponding to
X145 is a polar residue, particularly serine, and residue corresponding to X94 is a polar, basic,
aliphatic, or non-polar residue, particularty valine, threonine, or arginine. In some embodimants, the
ketoreductase polypeptide comprises an amino acid sequence with at least the preceding features, and
wherein the amino acid sequence has at least 85%, 86%, 87%, 88%, 89%, 00%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% identity as compared to a reference sequence based on SEQ ID
NO: 2, 4, or 142 having the preceding features. In some embodiments, the ketoreductase polypeptides
can have additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, -11, 1-12, 1-14, 1-15, 1-16, 1-1§, I-
20,1-22,1-24, 1-25, 1-30, 1-35 or about 1-40 differences at other amino acid residues as compared to
the reference sequence. In some embodiments, the number of differences canbe 1,2, 3, 4,5, 6,7, 8§,
9,106, 11,12, 14, 15,16, 18, 20, 22, 24, 26, 30, 35 or about 40 residue differences other amino acid

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

{06118} In some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formula of SEQ 1D NQ: 143, 144, or 143, or a domain thereof, such as residues 90-
211, m which the amino acid sequence has at Ieast the following features: residue corresponding to
X145 1s a polar residue, particularly serine, and residue corresponding to X95 is a non-polar residue
or aliphatic residue, particularly alanine. In some embodiments, the Ketoreductase polypeptide
comprises an amino acid sequence with at least the preceding features, and wherein the amine acid
sequence has at least 85%, 86%, 87%, 88%, B9%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 99% identity as compared fo a reference sequence based on SEQ ID NQO: 2, 4, or 142 having the

preceding features. In some embodiments, the ketoreductase polypeptides can have additionally 1-2,
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1-3,1-4,1-5,1-6, 1-7, 1-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-25, 1-30,
1-35 or about 1-40 differences at other amino acid restdues as compared to the reference sequence. In
some embodiments, the number of differences canbe 1, 2,3, 4,5,6,7, 8, 9, 1.0; 11,12, 14, 15, 16, 18,
20,22, 24,26, 30, 35 or about 40 residue differences other amine acid residues. In some

embodiments, the differences comprise conservative mutations,

{0119} in some embodiments, an improved ketoreduciase comprises an amino acid sequence based
on the sequence formula of SEQ ID NO: 143, 144, or 145, or a domain thereof, such as residues 90-
211, m which the amino acid sequence has at least the following features: residus corresponding to
X145 is a polar residue, particularly serine, and residue corresponding to X96 is a constrained,
aliphatic, non-polar, acidic, or polar residue, particularly asparagine, serine, proline, alanine, or
glutamic acid. In some embodiments, the ketoreductase polypeptide comprises an amino acid
sequence with at feast the preceding features, and wherein the amino acid sequence has at least 85%,
86%, 87%, 88%, 89%, 9G%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identity as
compared to a reference seguence based on SEQ IDNQ: 2, 4, or 142 having the preceding features.
In some embodiments, the ketoreductase polypeptides can have additionally -2, 1-3, -4, -5, 1-6, 1-
7,1-8, 19, 1-10, 1-11, 1-12, 1-14, §-15, i-16, 1-18, 1-20, 1-22, 1-24, 1-25, 1-30, 1-35 or about 1-40
differences at other amino acid residues as compared to the reference sequence. In some
embodimenis, the number of differencescanbe 1,2,3,4, 5, 6,7, 8,9, 10, 11,12, 14, 15, 16, 18, 20,
22,24, 26, 30, 35 or about 40 residue differences other amino acid residues. In some embodiments,

the differences comprise conservative mutations.

[0126] In some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formuia of SEQ ID NQO: 143, 144, or 1435, or a domain thereof, such as residues 90-
211, in which the amino acid sequence has at least the following features: residue corresponding to
X145 15 a polar residue, particularly serine, and residue corresponding 1o X97 is acidic, basic, or
aliphatic residue, particularly Iysine, arginine or leucine. In some embodiments, the ketoreductase
polypeptide comprises an amino acid sequence with at Jeast the preceding features, and wherein the
amino acid sequence has at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 02%, 93%, 94%, 95%, 96%,
G7%, 98%, or 99% identity as compared to a reference sequence based on SEQ ID NQ: 2, 4, or 142
having the preceding features. In some embodiments, the ketoreductase polypeptides can have
additionaily 1-2, 1-3, 1-4, 1-5, 1-6, 1.7, 1-8, 1-9, 110, 111, -12, 1-14, I-15, 1-16, 1-18, 1-20, 1-22,
1-24, 1-25, 1-30, 1-35 or about 1-40 differences at other amino acid residues as compared to the
reference sequence. In some embodiments, the number of differences canbe 1,2, 3,4, 3,6,7,8, 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.
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10121} In some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formula of SEQ 1D NO: 143, 144, or 145, or a domain thereof, such as residues 90-
211, m which the amino acid sequence has at least the following features: residue corresponding to
X145 18 a polar residue, particularly serine, and residue corresponding to X106 is an acidic residue,
particularly aspartic acid. In some embodiments, the ketoreductase polypeptide comprises an amino
-acid sequence with at least the preceding features, and wherein the amino acid sequence has at least
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%. 98%, or 99% identity as
compared to a reference sequence based on SEQ ID NO: 2, 4, or 142 having the preceding features.
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, 1-25, 1-30, 1-35 or about 1-40
differences at other amino acid residues as compared to the reference seguence. In some
embodiments, the number of differences canbe 1, 2,3,4, 3, 6,7, 8,0, 10, 11, 12, 14, 13, 14, 18, 20,
22,24, 26, 30, 35 or about 40 residue differences at other amino acid residues. In some embodiments,

the differences comprise conservative mutations.

[0122] In some embodiments, an improved ketoreductase comprises an aming acid sequence based
on the sequence formula of SEQ 1D NO: 143, 144, or 145, or a domain thereof, such as residues 96-
211, in which the amino acid sequence has af least the following features: residue corresponding to
X145 is a polar residue, particularty serine, and residue corresponding to X108 is a basic, constrained,
or aromatic residuae, particularly arginine or histiding. In some embodiments, the ketoreductase
polypeptide comprises an amino acid sequence with at Jeast the preceding features, and wherein the
amino acid sequence has at least 85%, 86%, 87%, 88%, 89%, 50%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% identity as compared to a reference sequence based on SEQ 1D NO: 2, 4, or 142
having the preceding features. In some embodiments, the ketoreductase polypeptides can have
additionally 1-2, 1-3, 1-4, 1-5, 1-6, }-7, i-& 1-6,1-10,1-11, 1-12, 1-14, 1-15,1-16, 1-18, 1-20, 1-22,
1-24, 1-25, 1-30, 1-35 or about 1-40 differences at other amino acid residues as compared to the
reference sequence, In some embodiments, the number of differences canbe 1,2,3,4,5,6,7, 8, 9,
10, 11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35 or about 40 residue differences at other amine acid

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

[0123] In some embodiments, an improved ketoreductase comprises an amine acid scquence based
on the sequence formula of SEQ ID NO: 143, 144, or 145, or a domain thereof, such as residues 90-
211, in which the amino acid sequence has at least the following features: residue corresponding o
X143 is a polar residue, particularly serine, and residue corresponding to X111 is an aliphatic or non-
polar residue, particularly methionine. In some embodnments, the ketoreductase polypeptide

comprises an amine acid sequence with at least the preceding features, and wherein the amine acid
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sequence has at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%. 97%, 98%,
or 99% identity as compared 1o a reference sequence based on SEQ ID NO: 2, 4, or 142 having the
preceding features. In some embodiments, the ketoreductase polypeptides can have additionally 1-2,
1-3,1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15, I-16, 1-18§, 1-20, 1-22, 1-24, 1-25, 1-30,
1-35 or about 1-40 differences at other amino acid residues as compared to the reference sequence. In
some embodiments, the number of differences canbe 1,2,3,4,5,6,7, 8,9, 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.

10124} In some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formula of SEQ ID NO: 143, 144, or 143, or a domain thereof, such as residues 90-
211, m which the amino acid sequence has at least the following features: residue corresponding to
X145 1s a polar residue, particularly serine, and residue corresponding to X117 is a non-polar or polar
residue, particularly serine. In some embodiments, the ketoreductase polypeptide comprises an amino
acid sequence with at least the preceding features, and wherein the amino acid sequence has at least
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identity as
compared to a reference sequence based on SEQ ID NO: 2, 4, or 142 having the preceding features.
In some embodiments, the ketoreductase polypeptides can have additionally 1-2, 1-3, 1-4, [-5, 1-6, 1-
7,18, 1-9,1-10, 1-11, 1-12, [-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-25, 1-30, 1-35 or about 1-40
differences at other amino acid residues as compared to the reference sequence. In some
embodiments, the number of differences canbe 1,2,3,4,5,6,7,8,9, 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.

[0125] In some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formula of SEQ ID NO: 143, 144, or 145, or a domain thereof, such as residues 90-
211, in which the amino acid sequence has at least the following features: residue corresponding to
X145 is a polar residue, particularly serine, and residue corresponding to X126 is a an aliphatic or
non-polar residue, particularly valine. I some embodiments, the ketoreductase polypeptide
comprises an amino acid sequence with at least the preceding features, and wherein the amino acid
sequence has at least 85%, 86%, 87%, 88%, &9%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 99% identity as compared to a reference sequence based on SEQ 1D NO: 2, 4, or 142 having the
preceding features. In some embodiments, the ketoreductase polypeptides can have additionalty 1-2,
-3, 1-4, 1-5,1-6, 1-7, 1-8, 1-9, 1-10, 1-11, 1-12, 1-14 1-15 1-16, 1-18, 1-20, 1-22, 1-24 1-25 1-30,
1-33 or about 1-40 differences at other amino acid residues as compared to the reference sequence. In

some embodiments, the number of differencescanbe 1,2,3,4,5,6,7, 8,9, 10, 11, 12, 14, 15,16, 18,
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20, 22, 24, 28, 30, 35 or about 40 residue differences at other amino acid residues. In some

embodiments, the differences comprise conservative mutations.

[0126] In some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formula of SEQ 1D NQO: 143, 144, or 143, or a domain thereof, such as residues 90-
211, in which the amino acid sequence has at least the following features: residue corresponding to
X145 is a polar residue, particularly serine, and residue comresponding to X127 is a pelar or basic
residue, particularly ghutamine or arginine. In some embodiments, the ketoreductase polypeptide
comprises an amine acid sequence with at least the preceding features, and wherein th.‘e amino acid
sequence has at least 85%, 8690, 87%, 88%, 89%, 80%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 99% identity as compared to a reference sequence based on SEQ ID NO: 2, 4, or 142 having the
preceding features. 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, 1-25 1-3(,
1-35 or about 1-40 differences at other amino acid residues as compared to the reference sequence. In
some embodiments, the number of differencescanbe 1,2,3,4,5,6,7, 8,9, 10,11, 12, 14, 13, 16, 1§,
20, 22,24, 26, 30, 35 or about 40 residue differences at other amino acid residues. In some

embodiments, the differences comprise conservative nnitations.

{0127} In some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formula of SEQ 1D NO: 143, 144, or 145, or a domain thereof, such as residues 90-
211, in which the amino acid sequence has at least the foliowing features: residue corresponding to
X145 15 a polar residue, particularly serine, and residue correspond to X147 is an aromatic, aliphatic
residue, non-poiat, or polar residue, particutarly phenylalamine, leucine or serine. In some
embodiments, the ketoreductase polypeptide comprises an amino acid sequence with at feast the
preceding features, and wherein the amino acid sequence has at least 85%, 86%, 87%, 88%, 89%,
90%, 1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identity as compared to a reference
sequence based on SEQ 1D NO: 2, 4, or 142 having the preceding features. 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, t-16, 1-18, 1-20, 1-22, 1-24, 1235, 1-30, 1-35 or about 1-40 differences at other
amino acid residues as compared to the reference sequence. In some embodiments, the number of
differences canbe 1,2, 3,4,5,6,7,8,9, 10, 11, 12, 14, 15, 16, 1§, 20, 22, 24, 24, 30, 35 or about 40
residue differences at other amino acid residues. In some embodiments, the differences comprise

conservative mutations.

[0£28] in some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formula of SEQ ID NO: 143, 144, or 145, or a domain thereof, such as residues 90-

211, in which the aminc acid sequence has at least the following features: residue corresponding to
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X145 is a polar residue, particularly serine, and residue corresponding to X152 is a polar, aliphagic or
non-polar residue, non-polar, or potar residue, particularly threonine, serine, or methionine. In some
embodiments, the ketoreductase polypeptide comprises an amino acid sequence with at least the
preceding features, and wherein the amino acid sequence has at least 85%, 86%, $7%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identity as compared to a reference
sequence based on SEQ ID NO:'2, 4, or 142 having the preceding features. In some embodiments,
the ketoreductase polypeptides can have additionally 1-2, 1-3, [-4, 1-5, 1-6, 1-7.1-8, 1-9, 1-10, 1-11
1-12,1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-25, 1-30, 1-35 or about 1-40 differences at other

2

aminoe acid residues as compared to the reference sequence. In some embodiments, the nurber of
differences canbe 1,2,3,4,5, 6,7, 8,9, 10, 11, 12, 14,15, 16, 18, 20, 22, 24, 26, 30, 35 o7 about 40
residue differences at other amino acid residues. In some embodiments, the differences comprise

conservative mutations.

[0129] In some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formula of SEQ ID NO: 143, 144, or 143, or a domain thereof, such as residues 90-
211, in which the amino acid sequence has at least the following features: residue corresponding to
X145 1s a polar residue, particularly serine, and residue corresponding to X157 is & polar or basic
residue, particularly asparagine, threonine, serine, or aspartic acid. In some embodiments, the
ketoreductase polypeptide comprises an amino acid sequence with at least the preceding features, and
wherein the amino acid sequence has at least 85%, 86%, 87%, §8%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% identity as compared to a reference sequence based on SEQ ID
NO: 2, 4, or 142 having the preceding features. 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, 1-25, 1-30, [-35 or about 1-40 differences at other amino acid residues as compared to
the reference sequence. In some embodiments, the number of differences can be 1, 2. 3, 4, 3,6, 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.

[0130] In some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formula of SEQ 1D NO: 143, 144, or 143, or a demain thereof, such as residues 90-
211, in which the amino acid scquence has at least the following fcamrés: residue corresponding (o
X145 1s a polar residue, particularly serine, and residue corresponding to X163 is a an aliphatic or
non-polar residue, particularly valine or isoleucine. In some embodiments, the ketoreductase
polypeptide comprises an ammo acid sequence with at least the preceding features, and wherein the
amino acid sequence has at least 85%, 86%, 87%, 88%4, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%. 98%. or 99% identity as compared to a reference sequence based on SEQ ID NO: 2, 4, or 142
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having the preceding features. In some embodiments, the ketoreductase polypeptides can have
additionally 1-2, 1-3, 1-4, 1-5,1-6, 1-7, [-8, 1-6, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22,
1-24, 1-25, 1-36, 1-35 or about 140 differences at other amino acid residues as compared o the
reference sequence. In some embodiments, the number of differences canbe 1,2, 3,4, 5,6, 7,8, 9,
10,11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35 or about 40 residue differences at other amino acid

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

[6131] In some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formula of SEQ ID NO: 143, 144, or 145, or a domain thereof, such as residues 90-
211, in which the aminoe acid sequence has at least the following features: residue corresponding to
X145 1s a polar residue, particularly serine, and residue corresponding to X173 is an acidic or non-
polar residue, particularly aspartic acid or glycine. In some embodiments, the ketoreductase
polypeptide comprises an amino acid sequence with at least the preceding features, and wherein the
amino acid sequence has at least 85%, 80%, 87%, &8%, 89%, 90%, 91%, 92%, 93%, 94%, 93%, 96%,
87%, 98%, or 99% identity as compared to a reference sequence based on SEQ ID NO: 2, 4, or 142
having the preceding features. In some embodiments, the ketoreductase polypeptides can have
additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-6, 1-16, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22,
{-24, 1-25, 1-30, 1-35 or about [-40 differences at other amino acid residues as compared to the
reference sequence. In some embodiments, the number of differencescanbe 1,2, 3,4, 5,6, 7, 8, 9,
10, 11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35 or about 40 residue differences at other amino acid

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

[0132] In some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formula of SEQ ID NO: 143, 144, or 145, or a domain thereof, such as residues 90-
211, m which the amino acid sequence has at least the following features: residue corresponding to
X145 is a polar residue, particularly serine, and restdue corresponding to X177 is a basic residue,
particularly arginine. In some embodiments, the ketoreductase polypeptide comprises an amino acid
sequence with at least the preceding features, and wherein the amino acid sequence has at Ieast 85%,
B6%, 87%, B8%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identity as
compared to a reference sequence based on SEQ 1D NO: 2, 4, or 142 having the preceding features.
In some embodiments, the ketoreductase polypeptides can have additionally [-2, 1-3, 1-4, 1-5, 1-6, -
7, 1-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-i5, 1-16, 1-18, 1-20, 1-22, 1-24, 1-25, 1-30, 1-35 or about 1-40
differences at other amino acid residues as compared to the reference sequence. In some
embodiments, the momber of differences canbe 1,2,3,4,5,6,7,8,9, 10, 11,12, 14, 13, 16, i8, 20,
22,24, 26, 30, 35 or about 40 residue differences at other amino acid residues. In some embodiments,

the differences comprise conservative mutations.
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[6133] In some embodiments, an improved ketoreductase comprises an amine acid sequence based
on the sequencé formula of SEQ ID NQ: 143, 144, or 145, or a domain thereof, such as residues 90-
211, in which the amino acid sequence has af least the following features: residuc corresponding 1o
X145 is a polar residuc, particularly serine, and residue corresponding to X192 is a basic or acidic
restdue, particularly tysie, argmme or glutamic acid. In some embodiments, the ketoreductase
polypeptide comprises an amino acid sequence with at ieast the preceding features, and wherein the
amino acid sequence has at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% identity as compared to a reference sequence based on SEQ ID NO: 2, 4, or 142
having the preceding features. 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, 111, 1-12, 1-14, 1-15, 1-16, 1-1§, 1-20, 1-22,
1-24,1-25, 1-30, 1-35 or about 1-40 differences at other amino acid residues ag compared to the
reference sequence. In some embodiments, the number of differences canbe 1,2,3,4,5,6,7, 8,9,
10,11, 12, 14, 15,16, 18§, 20, 22, 24, 26, 30, 35 or about 40 residue differences at other amino acid

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

{0134} In some embodiments, an improved ketoreductase comprises an amino acid sequence basad
on the sequence formula of SEQ ID NO: 143, 144, or 145, or a domain thereof, such as residues 90-
211, m which the amine acid sequence has at least the following features: residue corresponding to
X145 is a polar residue, particuiarly serine, and residue corresponding to X 194 1is a constrained, potar,
non-polar, acidic, or aliphatic residue, particulatly proline, glvcine, aspartic acié, arginine, or leucine,
In some cmbodimeﬁts, the ketoreductase polypeptide comprises an amino acid sequence with at least
the preceding {eatures, and wherein the amino acid sequence has at least 83%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 90%, 97%, 98%, or 99% identity as compared to a reference
sequence based on SECQ ID NO: 2, 4, or 142 having the preceding features. In some embodiments,
the ketoreductase polypepiides can have additionally 1-2, 1-3, 1.4, 1-3, 1-6, 1-7, 1-8, 1-9, 1-10, 1-11,
P-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-25, 1-30, 1-35 or about 1-40 differences at other
amino acid residues as compared to the reference sequence. In some embodiments, the number of
differencescanbe 1,2,3,4,5, 6,7, 8,9, 10, 11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35 or about 40
residue differences at other amino acid residues. In some embodiments, the differences comprise

conservative mutations.

[0135] In some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formula of SEQ ID NO: 143, 144, or 143, or a domain thereof, such as residues 90-
211, in which the amino acid sequence has at least the following features: residue corresponding 1o
X143 15 a polar residue, particularly serine, and residue corresponding to X198 is an acidic or non-

polar residue, particularly aspartic acid or glycing. 1n some embodiments, the ketoreductase
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polypeptide comprises an amino acid sequence with at least the preceding features, and wherein the
amino acid sequence has at least 85%, 86%, 87%, 88%, 89%;, 90%, 91%, 92%, 9334, 94%, 93%, 96%,
97%, 98%, or 99% identity as compared to a reference sequence based on SEQ ID NO: 2, 4, or 142
having the preceding features. In some embodiments, the ketorcductase 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, 1-25, 1-30, 1-35 or about 1-40 differences at other amino acid residues as compared to the
reference sequence. In some embodiments, the number of differences canbe 1,2, 3,4, 5,6, 7,8, 9,
0, 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.

[0136] In some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formula of SEQ ID NO: 143, 144, or 145, or a domain thereof, such as residues 90-
211, m which the amino acid seguence has at least the following features: residue corresponding to
X145 is a polar residue, particularly serine, and residue corresponding to X200 is a constrained,
acidic, or basic residue, particularly proline, glutamic acid, or iysine. In some embodiments, the
ketoreductase polypeptide comprises an amino acid sequence with at least the preceding features, and
wherein the amino acid sequence has at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% identity as compared to a reference sequence based on SEQ ID
NO: 2, 4, or 142 having the preceding features, In some embodiments, the ketoreductase polypeptides
can have additonally 1-2, 1-3, 1-4, 1-5, 1-6, [-7, 1-8,1-9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18§, 1-
20, 1-22,1-24, 1-25, 1-30, 1-35 or about 1-40 differences at other amino acid residues as compared to
the reference sequence. In some embodiments, the number of differences canbe 1,2, 3,4, 5,6, 7. 8,
0,10,11,12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35 or about 40 residue differences at other amino acid

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

16137} In some embodiments, an improved ketoreductase comprises an amineo acid sequence based
on the sequence formula of SEQ ID NQ: 143, 144, or 145, or a domain thereof, such as residues 90-
211, in which the amino acid sequence has at least the following features: residue corresponding to
X145 is a polar residue, particularly serine, and residue corresponding to X200 is a constrained,
acidic, or basic residue, particularly proline, glutamic acid, or lysime. In some embodiments, the
ketoreductase polypeptide comprises an amino acid sequence with at least the preceding features, and
wherein the amino acid sequence has at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
54%, 95%, 96%, 97%, 98%, or 99% identity as compared io a reference sequence based on SEQ ID
NO: 2, 4, or 142 having the preceding featurcs. In some embodiments, the ketoreductase polypeptides
can have additionally 1-2, 1-3, 1-4, t-5, 1-4, 1-7, 1.8, 1-0, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-

26, 1-22, 1-24, 1-25, 1-30, 1-35 or about 1-40 differences at other amino acid residues as compared to
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the reference sequence. In some embodiments, the number of differencescanbe 1,2,3,4,5.6,7. 8,
G, 10, 11,12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35 or about 40 residue differences at other amine acid

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

[6138] In some embodiments, an improved ketoreductase comprises an amino acid sequence based
ot the sequence formuula of SEQ 1D NO: 143, 144, or 145, or a domain thereof, such as residues 90-
211, in which the amino acid sequence has at least the following features: residue corresponding to
X145 is & polar residue, particularly serine, and residue corresponding to X206 is a polar or non-polar
residue, particularly methionine or glutamine. In some embodiments, the ketoreductase polypeptide
comprises an amino acid sequence with at least the preceding features, and wherein the amino acid
sequence has at least 85%, 6%, 7%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 93% identity as compared to a reference sequence based on SEQ ID NO: 2, 4, or 142 having the
preceding features. 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, 1-25, 1-30,
1-35 or about 1-40 differences at cther amino acid residues as compared to the reference sequence. In
some embodiments, the number of differencescanbe 1,2, 3,4, 5.6,7,8,9, 10, 11, 12, 14, 15, 16, 18,
20,22, 24, 26, 30, 35 or about 40 residue differences at other ammo acid residues. In some

embodiments, the differences comprise conservative mutations.

[013%] In some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formula of SEQ [D NQO: 143, 144, or 145, or a domain thereof, such as residues 90-
211, m which the amino acid sequence has at least the foliowing features: residue corresponding to
X145 is a polar residue, particulariy serine, and residue corresponding to X208 is a polar, constrained,
or basic residue, particularly glutamine, histidine or arginine. In some embodiments, the
ketoreductase polypepiide comprises an amino actd sequence with at least the preceding features, and
wherein the amine acid sequence has at least 85%, 86%, 87%. 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% identity as compared 10 & reference sequence based on SEQ 1D
NO: 2, 4, or 142 having the preceding features. In some embodiments, the ketoreductase polypeptides
can have additionally 1-2, 1-3, 1-4, 1-5, 1-6, }-7, 1-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18§, 1-
20, 1-22, 1-24, 1-25, 1-30, 1-35 or about 1-40 differences at other amino acid residues as compared to
the reference sequence. In some embodiments, the number of differcnces canbe 1,2,3.4,5,6,7, 8,
0,10, 11,12, 14, 15,16, 18,20, 22, 24, 26, 30, 35 or about 40 residue differences at other amino acid

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

[6140] In some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formula of SEQ ID NO: 143, 144, or 145, or a domain thereof, such as residues 9G-

211, in which the amino acid sequence has at least the following features: residue corresponding to
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X145 is a polar residue, particularly serine, and residue corresponding to X210 is an aliphatic, non-
polar, or pelar residue, particularly threonine or alanine. In some embodiments, the ketoreductase
polypeptide comprises an amino acid sequence with at least the preceding features, and wherein the
amino acid sequence has at least 835%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% identity as corpared to a reference sequence based on SEQ IDNO: 2, 4, or 142
having the preceding features. 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, 1-25, 1-30, 1-35 or about 1-40 differences at other amino acid residues as compared io the
reference sequence. In some embodiments, the number of differencescanbe 1,2, 3,4, 5,6, 7, 8, 9,
10, 11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35 or about 40 residue differences at other amino acid

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

[0141] In some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formula of SEQ ID NO: 143, 144, or 145, or a domain thereof, such as residues 90-

- 211, in which the amino acid sequence has at least the following features: residue corresponding to
X145 is a polar residue, particularly serine, and residue corresponding to X211 is a basic or acidic
residue, particularly lysine or glutamic acid. In some embodiments, the ketoreductase polypeptide
comprises an amino acid sequence with at least the preceding features, and wherein the amino acid
sequence has at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 99% identity as compared to a reference sequence based on SEQ ID NQ: 2, 4, or 142 having the
preceding features. In some embodiments, the ketoreductase polypeptides can have additionally 1-2,
1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15, i-16, 1-18§, 1-20, 1-22, 1-24, 1-25, 1-30,
1-35 or about i-40 differences at other amino acid residues as compared to the reference sequence. In
some embodiments, the number of differences canbe [,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 ammo acid residues. In some

embodiments, the differances comprise conservative mutations.

[0142] In some embediments, an improved ketoreductase comprises an amine acid sequence based
on the sequence formula of SEQ ID NO: 143, 144, or 145, or a domain thereof, such as residues 90-
211, in which the amino acid .scquence has at least the following features: residue corresponding to
X145 18 a polar residue, particularly serine, and residue corresponding to X214 is a non-polar,
aliphatic or polar residue, particularly valine or threonine. In some embodiments, the ketoreductase
polypeptide comprises an amino acid sequence with at least the preceding features, and wherein the
amino acid sequence has at least 85%, 86%%, 87%, 88%, 89%, 00%, 01%, 92%, 93%, 94%%, 05%, 06%,
97%, 98%, or 99% identity as compared to a reference sequence based on SEQ ID NO: 2, 4, or 142

having the preceding features. In some embodiments, the ketoreductase polypeptides can have
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additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22,
1-24, 1-25, 1-30, 1-35 or about 1-40 differences at other amino acid residues as compared to the
reference sequence. In some embodiments, the number of differences canbe 1,2, 3,4,5,6,7,8, 6,
10,11,12,14, 15,16, 18, 20, 22, 24, 26, 30, 35 or about 40 residue differences at other amine acid

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

{0143} In some embodiments, an improved ketoreductase comprises an amine acid sequence based
on the sequence formula of SEQ ID NQO: 143, 144, or 145, or a domain thereof, such as residues 90-
211, in which the amino acid sequence has at least the following features: residoe comresponding to
X145 is a polar residue, particularly serine, and residue corresponding to X217 is an aromatic,
aliphatic, or non-polar residue, particularly isoleucine or phenylalanine. In some embodiments, the
ketoreductase polypeptide comprises an amino acid sequence with at least the preceding features, and
wherein the amino acid sequence has at least 85%, 86%, 87%, 88%, §9%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% identity as compared 1o a reference sequence based on SEQ ID
NO: 2, 4, or 142 having the preceding features. In some embediments, the ketoreductase polypeptides
can have additionally 1-2, 1-3, 1-4, 1-5, [-6, 1-7, 1-§, 1-9, [-10, [-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-
20, 1-22, 1-24, 1-25, 1-30, 1-35 or about i-40 differences at other amino acid residues 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, 33 or about 40 residue differences at other amino acid

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

[044] In some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formula of SEQ 1D NO: 143, 144, or 145, or a domain thereof, such as residues 90-
211, m which the armno acid sequence has at least the followimng features: residue corresponding o
X145 is a polar residue, particularly serine, and residue corresponding to X223 15 an aliphatic or non-
polar residue, particutarty isoleucine or valine. In some embodiments, the ketoreductase polypeptide
comprises an amino acid sequence with at least the preceding features, and wherein the amino acid
sequence has af least 85%, 869, 87%, 88%, 899%, G0%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 99% identity as compared to a reference sequence based on SEQ 1D NO: Z, 4, or 142 having the
preceding features. In some embodiments, the ketoreductase polypeptides can have additionally 1-2,
1-3,1-4,1-5,1-6, 1-7, 1-§, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-25, 1-30,
1-35 or about 1-40 differences at other amino acid residues as compared to the reference sequence. In
some embodiments, the number of differences canbe 1,2, 3, 4,5, 6,7, 8,9, 10,11, 12, 14, 15, 14, 18,
20,2224 26, 30, 35 or about 40 residue differences at other amino acid residues. In some

embodiments, the differences comprise conservative mutations.
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10345] In some embodiments, an improved ketoreductase comprises an amine acid sequence based
on the sequence formula of SEQ ID NO: 143, 144, or 145, or a domain thereof, such as residues 90-
211, in which the amino acid sequence has at least the following features: residue corresponding 1o
X145 is a polar residue, particularly serine, and residue corresponding to X226 15 a non-polar or
aliphatic residue, particularly isoleucine or valine. In some embodiments, the ketoreductase
polypeptide comprises an amine acid sequence with at least the preceding features, and wherein the
amino acid sequence has at least 85%, 86%, 87%, 88%, 89%, 90%, 91%. 92%, 93%, 94%, 95%, 96%,
S7%, 98%, or 99% identity as compared to a reference sequence based on SEQ IDNO: 2, 4, or 142
having the preceding features. In some embodiments, the ketoreductase polypeptides can have
additionally 1-2, 1-3, 1-4, 1-5, -6, 1-7, 1-8, 1-9, 1-10, -11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22,
1-24, 1-25, 1-30, 1-35 or about 1-40 differences at other amino acid residues as compared to the
reference sequence. In some embodiments, the number of differences canibe 1,72, 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.

[0146] In some embodiments, an improved ketoreductase comprises an amino acid seguence based
on the sequence formula of SEQ 1D NO: 143, 144, or 145, or a domain thereof, such as residues 90-
211, in which the amino acid sequence has at least the following features: residue corresponding to
X145 15 a polar residue, particularly serine, and residue corresponding to X228 is a non-polar or
aliphatic residue, particularly valine or alanine. In some embodiments, the ketoreductase polypeptide
comprises an amine acid sequence with at least the preceding features, and wherein the amino acid
sequence has at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 99% identity as compared to a reference sequence based on SEQ ID NO: 2, 4, or 142 having the
preceding features. 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, 1-25, 1-30,
1-35 or about 1-40 differences at other amino acid residues as compared to the reference sequence. In
some embodiments, the number of differences canbe {,2,3,4,5,6,7, 8,9, 10, 11, 12, 14, 15, 16, 1§,
20,22, 24,26, 30, 35 or about 40 residue differences at other amino acid residues. In some

embodiments, the differences comprise conservative mutations,

10147] In some embodiments, an improved ketoreductase polypeptide comprises an amino acid
sequence based on the sequence formula of SEQ ID NO: 143, 144, or 145, or a domain thersof, such
as residues 90-211, in which the amino acid sequence hag at least the foliowing features: residue
corresponding to X117 is a non-polar or polar residue, particularly serine; residue corresponding to
X145 1s a polar residue, particularly serine; and residue corresponding to X157 is a polar or acidic

residue, particularly a threomine. In some embodiments the ketoreductases can have additionaily at
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residue correspending to X223 an aliphatic residue, particularly valine. In some embodiments, the
ketoreductase polypeptide comprises an amino acid sequence with at least the preceding features, and
wherein the amino acid sequence has at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% identity as compared to a reference sequence based on SEQ 1D
NO: 2, 4, or 142 having the preceding features. In some embodiments, the ketoreductase polypeptides
cap have additionally 1-2, 1-3, 1-4, -3, -6, i-7, 1-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-
20, 1-22, 1_—24, 1—\25, 1-30, 1-35 or about 1-40 differences at ofher amino acid residues as compared to
the reference sequence. In some embodiments, the number of differences can be 1,2, 3,4,5,6,7,8,
G, 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.

[0148] In some embodiments, an improved ketoreductase polypeptide comprises an amino acid
sequence based on the sequence formula of SEQ 1D NO: 143, 144, or 145, or a domain thersof, such
as residues 90-211, in which the amino acid sequence has at least the following features: residue
corresponding to X7 is a non-polar, polar, or constrained residue, particularly serine, histidine or
asparagine; residue corresponding to X117 is a non-polar or polar residue, particularly serine; residue
corresponding to X145 is a polar residue, particularly serine; and residue corresponding to X157 isa
polar or acidic residue, particularly & threonine. In some embodiments the ketoreductases can have
additionally at residue corresponding to X223 an aliphatic residue, particularly valine. In some
embodiments, the ketoreductase polypeptide comprises an amine acid sequence with at least the
preceding features, and wherein the amine acid sequence has at least 85%, 86%, 87%, 88%. 89%,
90%, 91%, 92%, 93%. 94%, 95%, 96%, 97%, 98%, or 99% identity as compared 10 a reference
sequence based on SEQ ID NO: 2, 4, or 142 having the preceding features. In some embodiments,
the ketoreductase polypeptides can have additionally 1-2, 1-3, 1-4, [-5, 1-6, 1-7, 1-8&, 1-9, 1-10, 1-11,
1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-25, 1-30, 1-35 or about 1-40 differences at other
amino acid residues as compared to the reference sequence. In some embodiments, the number of
differencescanbe 1,2,3,4,5,6,7,8, 9,10, 11, 12, 14, 15, 16, 18, 20,22, 24, 26, 30, 35 or about 40
residue differences at other amino acid residues. In some embodiments, the differences comprise

conservative mutations.

[0149} It some embodiments, an improved ketoreductase polypeptide comprises an amino acid
sequence based on the sequence formula of SEQ ID NO: 143, 144, or 145, or 2 domam thereof, such
as residues 90-211, in which the amino acid sequence has at least the following features: residue
correspending to X94 is a polar, basic, aliphatic, or non-polar residue; particularly valine, threonine,
or arginine; residue corresponding to X117 is a non-polar or polar residue, particularly serine; residue

corresponding to X145 is a polar residue, particularly serine: and residue corresponding to X157 isa
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polar or acidic residue, particuiarly a threonine. In some embodiments the ketoreductases can have
additionally at residue corresponding fo X223 an aliphatic residue, particularly valine. In some
embodiments, the ketoreductase polypeptide comprises an amino acid sequence with at least the
preceding features, and wherein the amino acid sequence has at least 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identity as compared to a reference
sequence based on SEQ D NO: 2, 4, or 142 having the preceding features. In some embodiments,
the keforeductase polypeptides can have additionally 1-2, 1-3, 14, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-11,
1-12, 1-14, 1-15, 1-16, 1-18, 1-20, [-22, 1-24, 1.25,.1-30, 1-35 or about 1-40 differences at other
amino acid residues as compared to the reference sequence. In some embodiments, the number of
differences canbe 1,2, 3,4,5,6,7,8,9, 10, 11, 12, 14, 13, 16, 18§, 20, 22, 24, 26, 30, 35 or about 40
residue differences at other amino acid restdues. In some embodiments, the differences comprise

conservative mutaiions.

{0150] In some embodiments, an improved ketoreductase polypeptide comprises an amino acid
sequence ba_sed on the sequence formula of SEQ 1D NO: 143, 144, or 145, or a domain thereof, such
as residues 90-211, in winch the amino acid sequence has at least the following features: residue
corresponding to X96 is a constrained, aliphatic, non-polar, acidic, or polar residue, particularly
asparagine, proline, alanine, or giutamic acid; residue corresponding ¢ X117 is & non-polar or polar
residue, particularly serine; restdue corresponding to X145 1s a polar residue, particularly serine; and
residue corresponding to X157 is a polar or acidic residue, particularly 4 threonine, in some
embodiments the ketoreductases can have additionally at residue corresponding to X223 an aliphatic
residue, particularly valine. In some embodiments, the ketoreductase polypeptide comprises an aming
acid sequence with at least the preceding features, and wherein the aminoe acid sequence has at Jeast
85%, B6%, B7%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identity as
compared to a reference sequence based on SEQ ID NO: 2, 4, or 142 having the preceding features.
In some embodiments, the ketoreductase polypeptides can have addittonally 1-2, 1-3, 14, 1-5, 1-6, 1-
7,1-8,1-9, 1-10, 1-11, 1-12 [-14) 1-15 1-16, 1-18, 1-28, 1-22, 1-24, 125, 1-30, 1-35 or about 1-40
differences at other amino acid residues as compared to the reference sequence. In some
embodiments, the number of differencescanbe 1, 2,3,4,5,6,7, 8,9, 10, 11, 12, 14, 15, 16, 18, 20,
22, 24, 26, 30, 35 or about 40 residue differences at other amino acid residues. In some embodiments,

the differences comprise conservative mutations.

{0151] In some embodiments, an improved ketoreductase polypeptide comprises an amino acid
sequence based on the scquence formula of SEQ ID NO: 143, 144, or 143, or a domain thereof, such
as residues 90-211, in which the amino acid sequence has at least the following features: residue

corresponding to X108 is a basic, constrained, or aromatic residue, particularly histidine; residue
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corresponding to X117 is a non-polar or polar residue, particularly serine; residue corresponding to
X145 is a polar residue, particularly serine; and residue corresponding to X157 is a polar or acidic
residue, particularly 2 threonine. In some embodiments the ketoreductases can have addrtionally at
residue corresponding to X223 an aliphatic residue, particularlty valine. In some cmbodiments, the
ketoreductase polypeptide comprises an amino acid sequence with at least the préceding 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 a reference sequence based on SEQ ID
NO: 2, 4, or 142 having the preceding features. In some embodiments, the ketoreductase polypeptides
can have additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-11, 1-12, }-14, 1-15, 1-16, 1-18, i-
20, 1-22,.1-24, 1-25, 1-30, 1-35 or about 1-40 differences at other amino acid residues as compared to
the reference sequence. In some embodiments, the number of differences canbe 1,2, 3,4, 5.6, 7, 8,
9,10, 11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 33 or about 40 residue differences at other amino acid

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

[0152] In some embodiments, an improved ketoreductase polypeptide comprises an amino acid
seguence baséd on the sequence formula of SEQ IDNGO: 143, 144, or 143, or a domain thereof, such
as residues 90-211, in which the amino acid sequence has at least the following features: residue
corresponding to X117 is a non-polar or polar residue, particularly serine; residue corresponding to
X145 1is a polar residue, particularly serine; residue corresponding to X173 is an acidic or non-polar
residue, particularly glycine; and residue corresponding to X157 is a polar or acidic residue,
particularly a threonine. In some embodiments the ketoreductases can have additionally at residue
corresponding to X223 an aliphatic residue, particularly valine. In some embodiments, the
ketoreductase polypeptide comprises an amino acid sequence with at least the preceding features, and
wherein the amino acid sequence has at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93¢,
94%, 95%, 96%, 97%, 98%, or 99% identity as compared to & reference sequence based on SEQ ID
NO: 2, 4, or 142 having the preceding features. In some embodiments, the ketoreductase polypeptides
can have additionally 1-2, 1-3, 1-4, 1-5, 1-6, }-7, 1-8, 1-9, 1-10, 1-11, 1-12, i-14, 1-15, 1-16, 1-18§, 1-
20, 1-22,1-24, 1-25, 1-30, 1-35 or about 1-40 differences at other amino acid residues as compared to
the reference sequence. In some embodiments, the number of differences canbe 1,2, 3,4, 5,6, 7, &,
0,10, 11,12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35 or about 40 residue differences at other amino acid

residues. In some embodiments, {he differences comprise conservative mutations,

[0153] In some embodiments, an improved ketoreductase polypeptide comprises an amino acid
sequence based on the sequence formula of SEQ 1D NO: 143, 144, or 145, or a domain thereof, such
as residues 90-211, in which the ammo acid sequence has at least the following features: residue

corresponding to X117 is a non-polar or polar residue, particularly serine; residue corresponding to
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X145 is a polar residue, particularly serine: residue corresponding to X157 is a polar or acidic residue,
particularly a threonine; and residue corresponding to X206 1s a polar or non-polar residue,
particularly glutamine. In some embodiments the ketoreductases can have additionally at residue
corresponding to X223 an aliphatic residue, particularly valine. In some embodiments, the
ketoreductase polypeptide comprises an ammo acid sequence with at least the preceding {eatures, and
wherein the amino acid sequence has at least 85%, 86%, 87%, 88%, 89%, 00%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% identity as compared to a reference sequence based on SEQ ID
NO: 2, 4, or 142 having the preceding features. In some embodiments, the ketoreductase polypeptides
can have additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1 -8, 1-0, 1-10, [-11, 1-12, 1-14, 1-15, i-16, 1-18, 1-
20, 1-22, 1-24, 1-25, 1-3G, 1-35 or about 1-40 differences at other amino acid residucs as compared to
the reference sequence. In some embodiments, the number of differences canbe 1, 2, 3,4, 5,6, 7, 8,
9,10, 11,12, 14,15, 16, 18, 20, 22, 24, 26, 30, 35 or about 40 residue differences at other ammo acid

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

{0154} In some embodiments, an improved ketoreductase polypeptide comprises an amino acid
sequence based on the sequence formula of SEQ 1D NG: 143, 144, or 145, or a domain thereof, such
as residues 90-211, in which the amino acid sequence hag at least the following features: residue
corresponding te X7 is a non-polar, polar, or constrained residue, particularly.serinc, histidine, or
asparagine; residue corresponding to X108 is a basic, constrammed, or aromatic residue, particularly
histidine; residue corresponding to X117 is a non-polar or polar residue, particularly serine; residue
corresponding te X145 is a polar residue, particularly serine; and residue corresponding to X157 isa
polar or acidic residue, particularly a threonine. In some embodiments the ketoreductases can have
additionally at residue corresponding to X223 an aliphatic residue, particularty valine. In some
embodiments, the ketoreductase polypeptide comprises an amino acid sequence with at least the
preceding features, and wherein the aminoe acid sequence has at least 85%, 86%, 87%, 88%, 89%,
O0%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% idemtity as compared to a reference
sequence based on SEQ ID NO: 2, 4, or 142 having the preceding features. Tn 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, }-16, 1-18, 1-20, 1-22, 1-24, 1-25, 1-30, 1-35 or about 1-40 differences at other
amino acid residues as compared to the reference sequence. In some cmbodﬁncuts, the number of
differencescan 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.

f0I55] In some embodiments, an improved ketoreductase polypeptide comprises an amino acid

sequence based on the sequence formula of SEQ IDNG: 143, 144, or 145, or a domain thereof, such
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as residues 90-211, in which the amino acid sequence has at least the following features: residue
corresponding to X7 is a non-polar, polar, or cotstrained residue, particularly serine, histidine, or
asparagine; residue corresponding to X94 is a polar, basic, aliphatic, or non-polar residue; particularly
valine, threonine, or arginine; residue corresponding to X108 1s a basic, constrained, or aromatic
residue, particularly histidine; residue corresponding to X117 is a non-polar or polar residue,
particularly serine; residue corresponding to X145 isa pélar residue, particularly serine: and residue
corresponding to X157 is a polar or acidic residue, particularly a threonine. In some embodiments the
ketoreductases can have additionally at residue corresponding to X223 an aliphatic residue,
particularly valine. In some embodiments, the ketoreductase polypeptide comprises an amine acid
sequence with at least the preceding features, and wherein the amino acid sequence has at least 85%,
86%., 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identity as
compared to a reference sequence based on SEQ 1D NO: 2, 4, or 142 having the preceding features.
In some embodiments, the ketoreductase polypeptides can have additionally 1-2, 1-3, 1-4, 1-5, -6, 1-
7,1-8,1-9,1-10,1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-25, 1-30, 1-35 or about 1-40
differences at other ammo acid residues as compared to the reference sequence. In some
embodiments, the number of differencescane 1,2, 3.4, 5,6, 7,8, 9, 10, 11, 12, 14, 13, 16, 18, 20,
22,24, 26, 30, 35 or about 40 residue differences at other amino acid residues. In some embodiments

the differences comprise conservative mutations.

[0156] In some embodiments, an improved ketoreductase polypeptide comprises an amino acid
sequence based on the sequence formula of SEQ ID NO: 143, 144, or 145, or a domamn thereof, such
as residues 90-211, in which the amino acid sequence has at least the following features: residue
corresponding to X7 is a non-polar, polar, or constrained residue, particuiarly sering, histidine, or
asparagine; residue corresponding to X96 is a constrained, aliphatic, non-polar, acidic, or polar
residue, particularly asparagine, proline, alanine, or ghitamic acid; residue corresponding to X108 is a
basic, constrained, or aromatic residoe, particularly histidine; residue corresponding to X117 is & non-
polar or polar residue, particularly serine; residue corresponding fo X145 is & polar residue,
particuiarly serine; and residue corresponding to X157 is a polar or acidic residue, particularly a
threonine. In some embodiments the ketoreductases can have additionally at residue corresponding io
X223 an aliphatic residue, particularly valine. In some embodiments, the ketoreductase polypeptide
comprises an amino acid sequence with at least the preceding features, and wherein the amino acid
sequence has at least 83%, 86%, 87%, 88%;, 89%, 90%, 91%, 2%, 93%, 24%, 95%, 96%, 97%, 98%,
or 99% identity as compared to a reference scquence based on SEQ 1D NO: 2, 4, or 142 having the
preceding features. 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, 1-25, 1-30,
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1-35 or about 1-40 differences at other amino acid residues as compared to the reference sequence. In
some embodiments, the number of differencescanbe 1,2,3,4, 5, 6,7, 8 9,10, 11, 12, 14, 15, 16, 18,
20,22, 24,26, 30, 35 or about 40 residue differences at other amino acid residues. In some

embodiments, the differences comprise conservative mutations.

[0157] Insome embodiments, an improved ketoreductase polypeptide comprises an amino acid
sequence based on the sequence formula of SEQ ID NO: 143, 144, or 145, or a domain thereof, such
as 'residues 90-211, in which the amino acid sequence has at least the following features: residue
corresponding to X7 is a non-polar, polar, or constrained residue, particularly serine, histidine, or
asparagine; residue corresponding to X94 is a polar, basic, aliphatic, or non-polar residue; particulazly
valine, threonine, or arginine; residue corresponding tc X96 is a constrained, aliphatic, non-polar,
acidic, or polar residue, particularly asparagi_ne, proiine, alanine, or glutamic acid; residue
correspending to X108 is a basic, constrained, or aromatic residue, particularly histidine; residue
corresponding to X117 is a non-polar or polar residue, particularly serine; residue corresponding to
X145 is a polar residue, particularly serine; and residue corresponding to X157 1s a polar or acidic
residue, particularly a threonine. In some embodiments the ketoreductases can have additionaily at
residue corresponding to X223 an aliphatic residue, particularly valine. In some embodiments, the
ketoreductase polypeptide comprises an aminoe acid sequence with at least the preceding features, and
wherein the amino acid sequence has at least 85%, 80%, 87%, 88%, 89%, 90%, 91%, 92%:, 93%,
94%, 95%, 965, 97%, 98%, or 99% identity as compared to a reference sequence based on SEQ ID
NG: 2, 4, or 142 having the preceding features. 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, I-18, |-
20, 1-22,1-24, 1-25, 1-30, 1-35 or about 1-40 differences at other amino acid residues as compared to
the reference sequence. In some embodiments, the number of differences canbe 1, 2,3, 4, 5,6, 7, §,
9,10, 11, 12, 14, 15, 16, 1§, 20, 22, 24, 26, 30, 35 or about 40 residue differences at other amine acid

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

[0158] Insome embodiments, an improved ketoreductase polypeptide comprises an amino acid
sequence based on the sequence formula of SEQ 1D NO: 143, 144, or 145, or a domain thersof, such
as residues 90-211, in which the amino acid sequence has at least the following features: residue
corresponding to X108 is a basic, constrained, or aromatic residue, particularly histidine; residue
corresponding to X117 is a non-polar or polar residue, particularly serine; restdue corresponding to
X145 is a polar residue, particularly serine; residue corresponding to X157 is a polar or acidic residue,
particularly a threonine; and residue corfssponding to X206 1s a polar or non-polar residue,
particalarly glutamine. In some embodiments the ketoreductases can have additionally at residue

corresponding to X223 an aliphatic residue, particularly valine. In some embodiments, the
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ketoreductase polypeptide comprises an ammo acid sequence with at least the preceding features, and
wherein the amino acid sequence has at least 85%, 86%, 87%, 88%, 89%, 90%, 01%:;, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% identity as compared o a reference sequence based on SEQ 1D
NO: 2, 4, or 142 having the preceding features. In some embodiments, the Ketoreductase polypeptides
can have additionally 1-2, 1-3, 14, 1-5, 1-6, 1-7, 1-§, 1-9, 1-10, -1}, 1-12, 1-14, 1-15, 1-16, 1-18, 1-
20, 1-22, 1-24, 1-25, 1-30, 1-35 or about 1-40 differences at other amino acid residues as compared to
the reference sequence. In some embodiments, the number of differences canbe 1,2, 3,4, 5,6, 7. 8,
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.

{0159] In some embodiments, an improved ketoreductase polypeptide comprises an amino acid
sequence based on the sequence formula of SEQ ID NO: 143, 144, or 143, or a domain thereaf, such
as residues 90-211, in which the amino acid sequence has at least the following features: residue
corresponding to X7 is a now-polar, polar, or constrained residue, particularly serine, histidine, or
asparagine; residue corresponding to X108 is a basic, consirained, or aromatic residue, particularly
histidine; residue corresponding to X117 is a non-polar or polar residue, particularly serine; residue
corresponding to X145 is a polar residue, particularly serine; residue corresponding to X157isa polar
or acidic residue, particulariy a threonine; and residue corresponding to X206 is a polar or non-polar
residue, particularly glutamine. In some embodiments the ketoreductases can have additionally at
residue corresponding to X223 an aliphatic residue, particularly valine, In some embodiments, the
ketoreductase polypeptide comprises an amino acid sequence with at least the preceding features, and
wherein the amino acid sequence has at least 85%, 86%, 87%, 88%¢, 89%, 0%, 91%, 92%, 93%,
4%, 93%, 96%, 97%, 98%, or 99% identity as compared to a reference sequence based on SEQ ID
NO: 2, 4, or 142 having the preceding features, In some embodiments, the ketoreductase polypeptides
can have addittonally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, -9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, i-
20, 1-22, 1-24, 1-25, 1-30, 1-35 or about 1-40 differences at other apmne acid residues as compared (o
the reference sequence. In some embodiments, the number of differences canbe 1, 2, 3, 4,5, 6,7, §,
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,

{016t In some embodiments, an improved ketoreductase polypeptide comprises an amino acid
sequence based on the sequence formula of SEQ ID NO: 143, 144, or 145, or a domain thereof, such
as residues 90-211, in which the amino acid sequence has at least the following features: residue
corresponding té X7 is a non-polar, polar, or constrained residue, particularly serine, histidine, or
asparagine; residue corresponding to X94 is a polar, basic, aliphatic, or non-polar residue; particularly

valine, threonine, or arginine; residue corresponding to X108 is a basic, constrained, or aromatic
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residue, particularly histidine; residuee corresponding 10 X117 is a non-polar or polar residue,
particularly serine; residue corresponding to X145 is a polar residue, particularly serine; residue
corresponding to X157 is a polar or acidic residue, particularly a threcnine; and residue corresponding
1o X206 1s a polar or non-polar residue, particularly glutamine. In some embodiments the
ketoreductases can have additionally at residue corresponding to X223 an aliphatic residus,
particularty valine. In some embodiments, the ketoreductase polypeptide comprises an amino acid
sequence with at least the preceding features, and wherein the amino acid sequence has at least 85%,
86%, 87%, 88%, 89%, 90%, 91%0, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 39% identity as
compared to a reference sequence based on SEQ ID NO: 2, 4, or 142 having the preceding features.
In some embodiments, the ketoreductase polvpeptides can have additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1~
7,1-8,1-9,1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-25, 1-30, 1-35 or about 1-40
differences at other amino acid residues as compared to the reference sequence. In some
embodiments, the mumber of differencescanbe 1,2,3, 4,5, 6,7, 8,9, 10, 11, 12, 14, 15, 16, 18, 20,
22,24 26,30, 35 or about 40 residue differences at other amino acid residues. In some embodiments,

the differences comprise conservative mutations.

{0161] In some embodiments, an improved ketoreductase polypeptide comprises an amine acid
sequence based on the sequence formula of SEQ 1D NO: 143, 144, or 145, or a domain thereof, such
as residues 90-21 1, in which the amino acid sequence has at least the following features: residue
corresponding o X7 is a non-polar, polar, or constrained residue, particularly serine, histidine, or
asparagine; residue corresponding to X96 is a constramed, aliphatic, non-polar, acidic, or polar
residue, particularly asparagine, proline, alanine, or ghutamic acid; residue corresponding to X108 isa
basic, cons‘s;ai.ned, or aromatic residue, particularly histidine; residue corresponding to X117 is a2 non-
polar or polar residue, particularly serine; residue corresponding to X145isa pof{ar residue,
particularly serine; residue corresponding to X157 is a polar or acidic residue, particularly a threonine;
and residue corresponding to X206 is a polar or non-polar residue, particularly glutamine. In some
embodiments the ketoreductases can have addifionally at residue corresponding to X223 an aliphatic
residue, particularly valine. In some embodiments, the ketoreductase polypeptide comprises an amino
acid sequence with at least the preceding features, and wherein the amino acid sequence has af least
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identity as
compared to a reference sequence based on SEQ 1D NO: 2, 4, or 142 having the preceding features.

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, 1-25, 1-30, 1-35 or about 1-40
differences at other amino acid residues as compared to the reference sequence. In some

embodiments, the number of differences canbe 1,2, 3, 4,5, 6,7, 8,9, 10, 11, 12, 14, 15, 16, 18, 20,
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22,724, 26, 30, 35 or about 40 residue differences at other amino acid residues. In some embodiments,

the differences comprise conservative mutations.

{0162] In some embodiments, an improved ketoreductase polypeptide comprises an amino acid
sequence based on the sequence formula of SEQ 1D NO: 143, 144, or 143, or a domain thereof, such
as residues 90-211, in which the amino acid sequence has at least the following features: residue
corresponding to X7 is a non-polar, polar, or constrained residue, particularly serine, histidine, or
asparagine; residue corresponding to X94 is a polar, basic, aliphatic, or non-polar residue; particularly
valine, threonine, or arginine; residue corresponding to X96 is a constrained, aliphatic, non-polar,
acidic, or polar residue, particularly asparagine, proline, alanine, or glutamic acid; residue
corresponding to X108 is a basic, constrained, or aromatic residue, particularly histiding; residue
corresponding to X117 is a non-polar or polar residue, particularly serine; residue corresponding to
X145 is a polar residue, particularly serine; residue corresponding to X157 is a polar or acidic residue,
particularly a threonine; and residue corresponding to X206 is a polar or non-polar residue,
particufarly glutamine. In some embodiments the ketoreductases can have additionally at residue
corresponding to X223 an aliphatic residue, particularly valine. In some embodirents, the
ketoreductase polypeptide comprises an amino acid sequence with at least the preceding features, and
wherein the amino acid sequence has at least 85%, 86%, 87%, 88%, 89%, 90%, %1%, 92%, 93%,
894%, 85%, 90%, 7%, 98%, or 99% identity as compared to a reference sequence based on SEQ ID
NO: 2, 4, or 142 having the preceding features. In some embodiments, the ketoreductase polypeptides
can have additionally 1-2, 1-3, 14, [-5 1-6, 1-7, 1-8,1-9, 1-10, 1-11, 1-12, 1-14, }-13, 1-16, 1-18, 1-
20, 1-22, 1-24, 1-25, 1-30, 1-35 or about 1-40 differences at other amino acid residues as compared to
the reference sequence. In some embodiments, the number of differences can be 1,2, 3,4, 5,6, 7, 8,
9. 10,11,12, 14, 15, 16, 18, 20,22, 24, 26, 30, 35 or about 40 residue differences at other amine acid

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

[0163} In some embodiments, an improved ketoreductase polypeptide comprises an amino acid
sequence based on the sequence formula of SEQ ID NO: 143, 144, or 145, or a domain thereof, such
as residues 90-211, in which the amino acid sequence bas at lcast the following features: residue
corresponding to X117 is a non-polar or polar residue, particularly serine; residue corresponding to
X145 is a polar residue, particularly serine; residue corresponding to X157 is a polar or acidic residue,
particulariy a threonine; residue corresponding to X173 is an acidic or non-polar residue, particularly
glycine; and residue corresponding to X206 is a polar or non-polar residue, particularly ghitamine. In
some embodiments the ketoreductases can have additionally at residue cotresponding to X223 an
aliphatic residue, particularty valine. In some embodiments, the ketoreductase polypeptide comprises

an amino acid sequence with at least the preceding features, and wherein the amino acid sequence has
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at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
1dentity as compared to a reference sequence based on SEQ ID NO: 2, 4, or 142 having the preceding
features. In some embodiments, the ketoreductase polypeptides can have additionally 1-2, 1-3, 1-4, 1-
5,1-6,1-7,1-8, 1-9, 1-10, i-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-25, 1-30, 1-35 or
about 1-40 differences at other amino acid residues as compared to the reference sequence. In some
embodiments, the number of differences can be 1, 2, 3,4, 5, 6,7, 8,9, 10, 11, 12, 14, 15, 16, 18, 20,
22,24, 26,30, 35 or about 40 residue differences at other amine acid residues. In some embodiments,

the differences comprise conservative mutations.

[0164] In some embodiments, an improved ketoreductase polypeptide comprises an amino acid
seguence based on the sequence formula of SEQ ID NO: 143, 144, or 145, or a domain thereof, such
as residues 90-211, in which the amino acid sequence has at Jeast the following features: residue
corresponding to X7 is a non-polar, polar, or constrained residue, particularly serine, histidine, or
asparagine; residue corresponding to X117 is a non-polar or polar residue, particularly serine; residue
corresponding to X145 is a polar residue, particularly serine; residue corresponding to X157 is a polar
or acidic residue, particularly a threonine; residue corresponding t0 X173 is an acidic or non-polar
 residue, particularly glycine; and residue corresponding to X206 is a polar or non-polar residue,
particularly glutamine. . In some embodiments the ketereduetases can have additionally at residue
corresponding to X223 an ahphatic residue, particularly valine. In some embodiments, the
ketoreductase polypeptide comprises an amino acid sequence with at least the preceding features, and
wherein the amino acid sequence has at least 85%, 86%, 87%., 88%, 89%, 50%, 91%, 92%, 93%,
949, 95%, 96%, 97%, 98%, or 99% identity as compared to a reference sequence based on SEQ ID
NQO: 2, 4, or 142 having the preceding features. In some embodiments, the ketoreductase polypeptides
can have additionally 1-2, 1-3, i-4, 1-5,1-6, 1-7, 1-§, 1-9, 1-10G, 1-11, 1-12, i-14, 1-15, 1-16, 1-18, 1-
20, 1-2Z2, 1-24, 1-25, 1-30, 1-35 or about 1-40 differences at other amino acid residues as compared to
the reference sequence. In some embodiments, the number of differences canbe 1,2, 3,4, 5,46, 7, &,
9,10, 11,712, 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.

[0165] In some embodiments, an improved ketoreductase polypeptide comprisés an arnino acid
sequence based on the sequence formula of SEQ ID NO: 143, 144, or 143, or a domain thereof, such
as residues 90-211, in which the amino acid sequence has at least the following features: residue
cbnespondin g to X7 18 a non-polar, polar, or constrained residue, particularly serine, histidine, or
asparaging; residue corresponding to X94 is a polar, basic, aliphatic, or non-polar restdue; particularly
valine, threonine, or arginine; residue corre§p0nd‘mg to X117 1s a non-polar or poiar residue,

particularly serine; residue corresponding to X145 is a polar residue, particularly serine; residue
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corresponding to X157 is a polar or acidic residue, particularly a threonine; residue corresponding to
X173 is an acidic or non-polar residue, particularly glycine; and residue corresponding to X206 is a
polar or non-polar residue, particularly glutamine. . Tn some ermbodiments the ketoreductases can
have additionally at residue corresponding to X223 an aliphatic residue, particularly valine. In some
embodiments, the ketoreductase polypeptide comprises an amino acid sequence with at least the
preceding features, and wherein the amino acid sequence has at least 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identity as compared to a reference
seqﬁence based on SEQ ID NO: 2, 4, or 142 having the preceding features. In some embodiments,
the ketoreductase polypeptides can have additionally 1-2, 1-3, 14, 1.3, 1.6, 1.7, 1-8, 1.9, 1-10, 1-11,
1-12, i-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-25, 1-30, 1-35 or about 1-40 differences at other
aming acid residnes as compared to the reference sequence. In some embodiments, the rumber of
differences canbe 1,2, 3,4,5,6, 7,8, 6,10, 11, 12, 14, 15, 16, 18,20, 22, 24, 26, 30, 35 or about 40
residue differences at other amino acid residues. In some embodimenis, the differences comprise

conservative mutations,

[0166] In some embodiments, an improved ketoreductase polypeptide comprises an amino acid
sequence based on the sequence formula of SEQ I NO: 143, 144, or 145, or a domain thereof, such
as residues 90-211, in which the amino acid sequence has at least the following features: residue
corresponding to X7 is a non-polar, polar, or constrained residue, particularly serine, histidine, or
asparagine; residue corresponding to X96 is a constrained, aliphatic, non-polar, acidic, or polar
residue, particolarly asparagine, proline, alanine, or glutamic acid; residue corresponding to X117 isa
non-polar or polar residue, particularly serine; residue corresponding to X143 is a polar residue,
particularly serine; residue corresponding to X157 is a polar or acidic residue, particularly a threonine;
residue corresponding to X173 is an acidic or non-polar residue, particularly glycine; and residue
corresponding to X206 is a polar or non-polar residue, particularly glutamine. In some embodiments
the ketoreductases can have additionally at residue corresponding to X223 an aliphatic residus,
particularly valine. In some embodiments, the ketoreductase polypeptide comprises an amino acid
sequence with at least the preceding features, and wherein the amino acid sequence has at least 85%,
86%, 87%, 88%, 89%, 90%, 91%, 02%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identity as
compared to a reference sequence based on SEQ IDNO: 2, 4, or 142 having the preceding features,
In some embodiments, the ketoreductase polypeptides can have additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-
7,1-8,1-9, 1-10, I-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, [-22, 1-24, 1-25, 1-30, 1-35 or about 1-40
differences at other amino acid residues as compared to the reference sequence. In some

embodiments, the number of differencescanbe 1,2,3,4,5,6,7,8,9, 10, 11, 12, 14, 15, 16, 18, 20,
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22,24, 26, 30, 35 or about 40 residue differences at other amino acid residues. In some embodiments,

the differences comprise conservative mutations.

{0267] In some embodiments, an mnproved ketoredactase polypeptide comprises an amino acid
sequence based on the sequence formula of SEQ 1D NO: 143, 144, or 145, or a domain thereof, such
as residues 90-211, in which the amine acid sequence has at least the following features: residue
corresponding to X7 is a non-polar, polar, or constrained residue, particularly serine, histidine, or
asﬁaragine; residue corresponding io X94 is a polar, basic, aliphatic, or non-polar residue; particularly
valine, threonine, or arginine; residue corresponding to X96 13 a constrained, aliphatic, non-polaz,
acidic, or polar restdue, particularly asparagine, probine, alanine, or glutamic acid; residue
corresponding to X117 is a non-polar or polar residue, particularly serine; residue corresponding to
X145 is a polar residue, particularly serine; residue corresponding to X157 is a polar or acidic residug,
particularly a threonine; residue corresponding to X173 is an acidic or non-polar residue, particularly
giveme; and residue corresponding to X206 is a polar or non-polar residue, particularly glutamine. In
some embodiments the ketoreductases can have additionally at residue corresponding to X223 an
aliphatic residue, particularly valine. In some embodiments, the ketoreductase polypeptide comprises
an amino acid sequence with at least the preceding features, and wherein the amino acid sequence has
at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
identity as compared to a reference sequence based on SEQ ID NQO: 2, 4, or 142 having the preceding
features. In some embodiments, the ketoreductase polypepzides 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, . 1-22,1-24, 1-25, 1-30, 1-35 or
about 1-40 differences at other amino acid residues as compared to the reference sequence. In some
embodiments, the number of differences canbe 1,2, 3,4, 5, 6,7, 8,9, 10, 11, 12, 14, 15, 14, 1§, 20,
22,24, 26,30, 35 or about 40 residue differences at other amino acid residues. In some embodiments,

the differences comprise conservative mutations.

[0168] In some embodiments, an improved ketoreductase comprises an amino acid sequence that is
at least about 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or
99% identical to a reference sequence selected from SEQ ID NO: 6,8, 10, 12, 14, 16, 18, 20, 22, 24,
26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78,
80, 82, 86, 88,90, 92, 94, 96, 100, 102, 104, 106, 108, 110, 112, i26, 128, 130, and 134, as Hsted in
Table 2, whersin the mmproved ketoreductase polypeptide amine acid sequence meludes any one set of
the specified amino acid substitution combinations presented in Table 2. In some embodiments, the
ketoreductase polypeptides can have additionally 1-2, 1-3, 1-4, 1-5, 1-6, -7, 1-8, 1-8, [-10,1-11, I-
12,1-14,1-15,1-16, 1-18, 1-20, 1-22, 124, 1-25, 1-30, I-35 or about 1-40 differences at other amino

acid residues as compared to the reference sequence. In some embodiments, the number of differences
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canbe §,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.

[0169] In some embodiments, the improved ketoreductases comprise polypeptides with amino acid
sequences correaponding to SEQ IDNQOS: 6, §, 10, 12, 14, 16, 18,20, 22, 24, 26, 28, 30, 32, 34, 34,
38, 40,42, 44 46, 48, 50, 52, 54, 56, 58, 60,62, 64, 66, 68, 70, 72, 74, 75, 78, 80, 82, 86, 88, 90, 92,
04, 96, 100, 102, 104, 106, 108, 110, 112, 126, 128, 130, and 134.

10170] In some embodiments, an Improved ketoreductase co'mprises an amino acid sequence based
on the sequence formula of SEQ ID NO: 143, 144, or 145, or a domain thereof, such as residues 90-
211, having at Ieast the following features: residue corresponding to X72 is a basic residue,
particularly arginine; residue corresponding to X117 is a polar residue, particularly serine; residue
corresponding to X145 is a polar residue, particularly serine; residue corresponding to X157 is a polar
residue, particuiarly threonine; and residue corresponding to X223 is an aliphatic residue, particularly
valine. In some embodiments, the ketoreductase polypeptides can have additionally 1-2, 1.3, [-4, 1-3,
1-6, 1-7, I-S, 1-9,1-10, 1-11, 1-12, 1-14, £-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-25, 1-30, 1-35 or about
1-40 residue differences at other residue positions as compared to a reference sequence of SEQ ID
NO:104. in some embodiments, the number of differences canbe 1, 2, 3, 4, 5, &6, 7,86, 10, 11, 12,
14, 15,16, 18, 20, 22, 24, 26, 30, 35 or about 40 residue dirferences at other amino acid residues. In
some embodiments, the differences commprise conservative mutations. In some embodiments, the
ketoreductase polypeptide comprises an amino acid sequence with the preceding features, and
wherein the aminc acid sequence has at least 85%, 86%, 87%, 88%, 80%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% identity to SEQ D NO:104.

[0171] In some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formula of SEQ 1D NO: 143, 144, or 145, or a domain thereof, such as residues 90-
211, having at least the following features: residue corresponding to X7 is a polar residue, particularly
serine; residue corresponding to X108 is a constrained residue, parficularty histidine; residue
corresponding to X117 1s a polar residue, particularly serine; residue corresponding to X145isa polar
residue, particularly serine; residue corresponding to X157 is a polar residue, particularly threonine;
and residue corresponding to X223 15 an aliphatic residue, particularly valine. In some embodiments,
the ketoreductase polypeptides can have additionally 1-2, 1-3, 1-4, 1-5, 1-6, [-7, 1-8, 1-9, 1-10, 1-11,
1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24 1-25, 1-30, 1-35 or about 1-40 residue differences at
other residue positions as compared to a reference seguence of SEQ 1N NQ:44 . In some
embodiments, the number of differencescanbe 1, 2,3,4,5,6,7,8,9, 10, 11, 12, 14, 15, 16, 18, 20,

22,24, 26, 30, 35 or about 40 residue differences at other amino acid residues. In some embodiments,
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the differences comprise conservative mutations. In some embodiments, the ketbreductase
polypeptide comprises an amino acid sequence with the preceding features, and wherein the amino
acid sequence has at least 85%, 86%, 87%, 88Y%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
08%, or 99% identity to SEQ ID N(:44.

[6172] In some embodiments, an tmproved ketoreductase comprises an amine acid sequence based
on the sequence formula of SEQ ID NO: 143, 144, or 145, or a domain thereof, such as residues 90-
211, having at least the following features: residue corresponding to X7 is a polar residue, particularly
serine; residue corresponding to X49 1s a basic residue, particularly arginine; residue corresponding to
X111 is a non-polar residue, pariicularly methionine; residue corresponding to X117 is a polar
residue, particularly serine; residue corresponding to X143 18 a polar residue, particularly serine;
residue cotresponding to X157 is a polar residue, particularly threonme; residue cormresponding to
X173 is a non-polar residue, particularly glycine; and residue corresponding to X223 is an aliphatic
residue, particularly valine. In some embodiments, the ketoreductase polypeptides can have
additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1.7, 1-8, 1-9, 1-10, 1-11, 1-12_ 1-14, 1-15,1-16, 1-18, 1-20, 1-22,
1-24, 1-25, 1-30, 1-35 or about 1-40 residue differences at other residue positions as compared o a
reference sequence of SEQ ID NO:68. In some embodiments, the number of differences can be 1, 2,
3,4,5,6,7,8,9,10, 11,12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35 or about 40 residue differences at
other amino acid residues. In some embodiments, the differences comprise conservative mutations.
In some embodiments, the ketoreductase polypeptide comprises an amino acid sequence with the
preceding features, and wherein the amino acid sequence has at least 85%, B6%, 87%, 88%, 89%,

00%, 91%, 92%, 93%, 94%, 95%, 96%, 07%, 98%, or 89% identity to SEQ D NO:68.

10173] in some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formula of SEQ ID N’O: 143, 144, or 145, or a domain thereod, such as residues 90-
211, having at least the following features: residue corresponding to X7 is a polar residue, particularty
serine; residue corresponding to X94 is a non-polar or polar residue, particularly threonine; residue
corresponding to X97 is a non-polar or aliphatic residue, particularly lencine; residue corresponding
t0 X108 is a constrained residue, particulariy histidine; residus corresponding to X117 is a polar
residue, particularly serine; residue corresponding to X145 is a polar residue, particularly serine;
residue corresponding to X157 is a polar residue, particularly threonine; residue corresponding to
X223 is an aliphatic residue, particularly valine; and residue corresponding to X226 is an aliphatic
residue, particularly leucme. 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, L-11, i-12, §-14, }-15, 1-i6, 1-18, 1-20, 1-22,
1-24, 1-25, 1-30, 1-35 or about 1-40 residue differences at other residue positions as compared to a

reference sequence of SEQ ID NO:42. In some embodiments, the number of differences can be 1, 2,
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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, ﬂ]e ketoreductase polypeptide comprises an amino acid sequence with the
preceding features, and wheretn the amino acid sequence has at least 85%, 86%, 87%, 88%, 89%,

G0%, 1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identity {0 SEQ ID NO:42,

{0174} In some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formula of SEQ 1D NO: 143, 144, or 145, or a domain thereof, such as residues 90-
211, having at least the following features: residue corresponding to X7 is a polar residue, particularly
serine; residue corrcspﬂnding 10 X94 18 a non-polar or polar residue, particularly threonine; residue
corresponding to X96 is a constrained or acidic residue, particularly proline; residee corresponding to
X108 is a constrained residue, particularly histidine; residue corresponding to X117 is a polar residue,
particularly serine; residue corresponding to X143 is a polar residue, particularky serine; residue
corresponding to X157 is a polar residue, particularly threonine; and residue corresponding to X223 is
an aliphatic residue, particularly valine. In some embodiments, the ketoreductase polypeptides can
have addiionally 1-2, 1-3, 1-4, I-5, 1-6,1-7, 1-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15,1-16, 1-18, 1-20,
1-22,1-24, 1-25, }-30, 1-35 or about 1-40 residue differences at other residue positions as compared
10 a reference sequence of SEQ 1D NO: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 differences comprise conservative mutations.
In some embodiments, the ketoreductase polypeptide comprises an amino actd sequence with the
preceding features, and wherein the amino acid sequence has at least 85%, 86%, 87%. 38%, §9%,

90%, 91%, 92%, 93%, 94%, 95%, 96%. $7%, 98%, or 99% identity to SEQ 1D NO:24,

[0175] In some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formula of SEG 1D NO: 143, 144, or 143, or a domain thereof, such as residues 90-
211, baving at least the following features: residue corresponding to X7 is a polar residue,
particularly serine; residue corresponding to X94 is a non-polar or polar residue, particularly
threonine; residue correspending to X108 is a constrained residue, particularly histidine; residue
corresponding to X117 is a polar residue, particularly serine; residue corresponding to X145 is a polar
residue, particularly serine; residue corresponding to X157 is a polar residue, particularly threonine;
residue corresponding to X206 is a polar residue, particularty ghutamine; and residue corresponding to
X223 is an aliphatic residue, particularty valine. In some embodiments, the ketoreductase

~ polypeptides can have additionally 1-2, 1-3, 1-4, 1-3, 1-6, 1-7, 1-8, 1-9, 1-10, 111, 1-12, 1-14, 1-15,
1-16, 1-18, 1-20, 1-22, 1-24, 1-25, 130, 135 or about 1-40 residue differences at other residue

positions as compared to a reference sequence of SEQ ID NO:38. In some embodiments, the number
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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 restdues. In some embodiments, the differences comprise
conservative mutations. In some embodiments, the ketoreductase polypeptide comprises an amino
acid sequence with the preceding features, and wherein the amino acid sequence has at least §5%, |
86%, 87%, B8%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identity to SEQ 1D
NO:38.

[6176] Insome embodimenis, an improved ketoreductase comprises an amino acid seguence based
on the scquence formula of SEQ ID NO: 143, 144, or 145, or a domain thereof, such as residues 96-
211, having at least the following features: residue corresponding to X7 1s a polar residue, particularly
serine; residue corresponding to X94 is a non-polar or polar residue, particularly threonine; residue
corresponding to X96 is a constrained or acidic residue, particularly glutamic acid: residue
c.orrespondéng to X108 is a constrained residue, particularly histiding; residue corresponding to X117
is a polar residue, particularly serine; residue corresponding to X143 is a polar residue, particularly
sering; residue corresponding to X157 is a polar residue, particularly threonine; and residue
corresponding to X223 is an aliphatic residue, particularly vakine, In some embodiments, the
ketoreductase polypeptides can have additonally 1-2, 1-3, 1-4, 1-5, 1-6, -7, 1-8, 1-9, 1-10, 1-11, 1-
12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-25, 1-30, 1-35 or about [-40 residue differences at
other residue positions as compared to 4 reference sequence of SEQ ID NO:32. In some
embodiments, the number of differences canbe 1,2,3, 4,5, 6,7, 8, 9,10, 11,12, 14, 15, 14, 18, 20,
22,2426, 30, 35 or about 40 residue differences at other amine acid residues. In some embodiments,
the differences comprise conservative mutations. In some embodimenis, the ketoreductase
polypeptide comprises an amino acid sequence with the preceding features, and wherein the amino
acid sequence has at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%4, 97%,
08%, or 99% identity to SEQ ID NO:32.

[0177] In some embodiments, an improved ketoreductase comprises an amine acid sequence based
on the sequence formula of SEQ ID NO: 143, 144, or 145, or a domain thereof, such as residues 90-
211, having at least the following features: residue corresponding to X7 is a polar residue, particularly
arginine; residue corresponding to X94 is a non-polar or pelar residue, particalarly threonme; residue
corresponding to X106 is an actdic residue, particularly aspartic acid; residue corresponding to X108
is a constrained residue, particularly histidine; residue corresponding to X117 is a polar residue,
particularly serine; residue corresponding to X143 is a polar residue, particularly serine; residue
corresponding to X157 is a polar residue, particutarly threondne; and residue corresponding to X223 is
an aliphatic residue, particularly valine. In some embodiments, the ketoreductase poiypeptides can

have additionally 1-2, 1-3, 1-4, I-5, 1-6, 1-7, 1-§, 1-@, 1-10, 1-11, [-12 1-14, 1-15, 1-14, 1-1§, 1-20,
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1-22, 1-24,1-25, 1-30, 1-35 or about 1-40 residue differences at other residue positions as compared
to a reference sequence of SEQ ID NO:8. In some embodiments, the number of differences can be 1,
2.3,4,5.6,7,8,9,1G, 11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35 or about 40 residue diffzrences at
other amino acid residues. In some embodiments, the differences comprise conservative mutations.
In some embodiments, the ketoreductase polypeptide comprises an amino acid sequence with the
preceding features, and wherein the amino acé& sequence has at least 85%, 86%, 87%, 88%, 89%,

90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identity to SEQ ID NO:§.

{0178] in some embodiments, an improved ketoreduciase comprises an amine acid sequence based
on the sequence formula of SEQ ID NO: 143, 144, or 145, 0r a dofnain thereof, such as residues 90-
211, having at least the following features: residue corresponding to X3 1s an aromatic residue,
particuiarly tyrosine; residue corresponding to X7 1s a polar residue, particularly arginine; residue
corresponding 1o X%4 is a non-polar or polar residue, particularty threonine; residue corresponding to
X108 is a constrained residue, particularly histidine: residue corresponding to X117 1s a polar residue,
particuiarly serine; residue corresponding to X145 is a polar residuc, particularly serine; residue
corresponding to X157 is a polar residue, particularly threonine; and residue corresponding to X223 is
an aliphatic residue, particularly valine. In some embodiments, the ketoreductase polypeptides can
have additionalty 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1.9, 1190, 1-11, 1-12, i-14, 1-13, 1-16, I-18, 1-20,
1-22, 1-24, 1-25, 1-30, 1-35 or about 1-40 residue differences at other residue positions as compared
to a reference sequence of SEQ ID NO:134. 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 restdue differences
at other amino acid restdues. In some embodiments, the differences comprise conservative mutations.
In some embodiments, the ketoreductase polypeptide comprises an amino acid sequence with the
preceding features, and wherein the amino acid sequence has at least 85%, 86%, §7%, 88%, 8§9%,

90%, 91%, 92%, 83%, 94%, 95%, 96%, 97%, 98%, or 99% identity to SEQ 1D NO:134,

[6179] Insome embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formula of SEQ ID NQO: 143, 144, or 145, or a domain thereof, such as residues 90-
211, having at least the following features: residue corresponding to X7 is a polar residue, particularly
arginine; residue corresponding to X94 is a non-polar or polar residue, particularly threonine; residue
corresponding to X108 is a constrained residue, particularly histidine; residue corresponding to X117
13 a polar residue, particularly serine; residue corresponding to X145 is a polar residue, particuiarly
serine; residue corresponding to X157 is a polar residue, particularly threonine; residue corresponding
1o X208 18 a constrained residue, particularly histidine; and residue corresponding to X223 15 an
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-§, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22,
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1-24,1-23, 1-30, 1-35 or about 1-40 residue differences at other residue positions as compared to a
reference sequence of SEQ ID N(O:6. In some embodiments, the mumber 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 embediments, the ketoreductase polypeptide comprises an amino acid sequence with the
preceding features, and wherein the amino acid sequence has at least 85%, 86%, 87%, 88%, 89%,

90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identity to SEQ ID NG:6.

{¢180¢ In some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formula of SEQ ID NO: 143, 144, or 145, or a domain thereof, such as residues 90-
211, having at least the following features: residue cotresponding to X7 is a polar residue, particularly
arginine; residue corresponding to X94 is a non-polar or polar residue, particularly threonine; residue
corresponding to X96 is a constrained residue, particularly proling; residue corresponding to X108 is
a constrained residue, particularly histidine; residue corresponding to X117 is a polar residue,
particularly serine; residue corresponding to X145 is a polar residue, particularly serine; residue
corresponding to X157 is a polar residue, particularly threoning; residue corresponding to X206 s a
polar residue, particularly glutamine; and residue corresponding to X223 is an aliphatic residue,
particularly valine. In some. embodiments, the ketoreductase polypeptides can have additionally 1-2,
13,14, 1.5, 1.6, 127, 1-8, 129, 1-16, 1-11, 1-12, 1-14 1-15, 1-16, 1-1§, 1-20, 1-22, 1-24, 1-25, 1-30,
1-35 or about [-40 residue differences at other residue positions as compared to a refarence sequence
of SEQ 1D NO:26. In some embodiments, the number of differences canbe 1,2, 3,4, 5.6, 7, 8,9, 10,
11,12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35 or about 40 restdue differences at other ammo acid
residues. In some embodiments, the differences comprise conservative mutations. In some
embodiments, the ketoreductase polypeptide comprises an amine acid sequence with the preceding
features, and wherein the amino acid sequence has at least 85%, 86%, 87%, 889%, 89%, $0%, 91 %,

02%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identity to SEQ 1D NO:26.

[6181] In some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formula of SEQ ID NO: 143, 144, or 145, or a domain thereof, such as residues 90-
21], having at least the following features: residue corresponding to X7 is a polar restdue, particularly
argiming; residue corresponding to X108 is a constrained residue, particularly histidine; residue
correspoading to X117 is a polar residue, particularly sering; residae correspondmg to X145 1s a polar
residue, particularly serine; residue corresponding to X157 1s a polar residue, particularly threonine;
residue corresponding to X206 is a polar residue, particularly ghatamine; and residue corresponding to
X723 is an aliphatic residue, particularly valine. In some embodiments, the ketoreductase

polypeptides can have additionally 1-2, 1-3, 1-4, 1-53, 1-6, 1-7, 1-8, 1-9, 1.1C, 1-11, 1-12, 1-14, 1-15,
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i-16, 1-18, 1-20, 1+22, 1-24, 1-25, 1-30, 1-35 or about 1-40 residue differences at other residue
positions as compared to a reference sequence of SEQ ID NO:52. In some embodiments, the number
of differences canbe 1,2, 3,4,5,6,7,8,9,10, 11,12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35 or about
40 residue differences at other amino acid residues. In some embodiments, the differences comprise
conservative mutations. In some embodiments, the ketoreductase polypeptide comprises an amino
acid sequence with the preceding features, and wherein the amino acid sequence has at least 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identity to SEQ 1D
NO:52,

{0182] In some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formula of SEQ 1D NO: 143, 144, or 143, or a domain thereof, such as residues 90-
211, having at least the following {eatures: residue corresponding to X7 is a polar residue, particularly
arginine; residue corresponding to X96 is a constrained residue, particularly proline; residue
corresponding to X108 is a constrained residue, particularly histidine; residue corresponding to X117
1s a polar residue, particularly serine; residue corresponding to X145 is a polar residue, particularly
serine; residue corresponding to X157 is a polar residue, particutarly threonine; residue corresponding
to X206 1s a polar residue, particularly glutamine; and residue corresponding to X223 1s an aliphatic
residue, particularly vaiine. In some embodiments, the ketoreductase polypeptides can have
additionaliv 1-2, 1-3, 14, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, I-11, {-12, i-14, 1-15, 1-16, 1-18, 1-20, 1-22,
1-24, 1-25, 1-30, 1-35 or about 1-40 residue differences at other residue positions as compared to &
reference sequence of SEQ 1D NO:50. In some embodiments, the number of differences canbe 1, 2,
3,4,5,6,7,8,9,10, 11,12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35 or about 40 residue differences at
other amino acid residues. In some embodiments, the differences comprise conservative mutations.
In some embodiments, the ketoreductase polypeptide comprises an. amino acid sequence with the
preceding features, ancd wherein the amino acid sequence has at least 85%, 86%, 87%, 88%, 89%,

90%, 91%, 92%, 93%, 94%, 93%, 96%, 97%, 98%, or 99% identity to SEQ I3 NO:50,

{0183] In some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formula of SEQ ID NO: 143, 144, or 145, or a domain thereof, such as residues 90-
211, having at jeast the fellowing features: residue corresponding to X7 1s a polar residue, particuiarly
arginine; residue corresponding to X16 is a non-polar or aliphatic residue, particularly glycine;
residue corresponding to X9¢ is a constrained residue, particularly proline; residue corresponding to
X108 is a constrained residue, particularly histidine; restdue corresponding to X117 is a polar residue,
particularly serine; residue corresponding to X145 18 a polar residue, particularly serine; restdue
corresponding to X157 1s a polar residue, pariicularly threonine; residue corresponding to X206 is a

polar residue, particularly glutamine; and residue corresponding to X223 is ah aliphatic residue,
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particularly valine. In some embodiments, the ketoreductase polypeptides can have additionaily 1-2,
1-3, 1-4, 1-5, 1-6, 1-7, 18 1-9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-25, 1-30,
1-35 or about 1-40 residue differences at other residue positions as compared 1o a reference sequence
of SEQ ID NO:76. In some embodiments, the number of differences canbe 1,2, 3,4, 5,6, 7, 8, ¢, 10,
11,12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35 or about 40 residue differences at other amio acid
residues. 1n some embodiments, the differences comprise conservative mutations. In some
embodiments, the ketoreductase polypeptide comprises an amino acid sequence with the preceding
features, and wherein the amino acid sequence has at least 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%:, or 99% identity to SEQ 1D NO:76.

[6184] In some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formula of SEQ 1D NO: 143, 144, or 145, or a domain thereof, such as residues 90-
211, having at least the following features: residue comesponding to X7 1s & polar residue, particularly
arginine; residue corresponding to X16 is a non-polar or aliphatic residue, particularly valine: residue
corresponding to X94 s a non-polar or polar residue, particularly threonme; residue corresponding to
X96 is a constrained tesidue, particularly proline; residue comresponding fo X108 is a constrained
residue, particularly histidine; residue corresponding to X117 is a polar residue, particularly serine;
residue corresponding to X145 is a polar residue, particuniarly serine; residue corresponding to X157 1s
a polar residue, particularly threonine; residue corresponding to X206 1s a polar residue, pariicularly
glutamine; and residue corresponding to X223 is an aliphatic residue, particularly valine. In some
embodiments, the ketoreductase polypeptides can have additionally -2, 1-3, -4, 1-5, {-6, 1-7, 1-8, 1-
9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22_1-24, 1.25 1.30, 1-35 or about 1-40 residuc
differences at other residue positions as compared to a reference sequence of SEQ ID NO:80. In some
embodiments, the number of differencescanbe [,2,3,4,5,6,7, 8,0, 10, L1, 12, 14, 13, 16, 1§, 20,
22, 24,26, 30, 35 or about 40 residue differences at other amino acid residues. In some embodiments,
the differences comprise conservative mutations. In some embodiments, the ketoreductase
pelypepiide comprises an amino acid sequence with the preceding features, and wherein the amino
acid sequence has at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, or 99% identity to SEQ ID NO:80.

[0185] In some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence foﬁnuia of SEQ ID NQO: 143, 144, or 145, or a domain thereof, such as residues 90-
211, having at least the following features: residue corresponding to X7 is a polar residue, particularly
arginine; residue corresponding to X 16 is a non-polar or aliphatic residue, particularly glycine;
residue corresponding io X94 is a non-polar or polar residue, particularly threonine; residue

corresponding to X96 is a constrained residue, particularly proline; residue corresponding to X108 is a
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consirained residue, particularly histidine; residue corresponding to X117 is a polar residue,
particularly serine; residue corresponding to X145 is a polar residue, particularly serine; residue
corresponding to X157 1s a polar residuae, particularly threonine; residue corresponding to X206 is a
polar residue, particularly glutamine; and residue corresponding to X223 is an aliphatic residue,
particularly valine. In some embodiments, the ketoreductase polypeptides can have additionally 1-2,
1-3, 14, 1-5, 1-6, 1-7, 1-8,1-9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-1§, 1-20, 1-2Z, 1-24, 1-25, 1-30,
1-35 or about 1-40 residue differences at other residue positions as compared 1o a reference sequence
of SEQ ID NO:78. In some embodiments, the number of differences canbe 1,2, 3,4, 5,6, 7,8, 9, 10,
11,12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35 or about 40 residue differences at other amino acid
residues. In some embodiments, the differences comprise conservative mutations. In some
embodiments, the ketoreductase polypeptide comprises an aminge acid sequence with the preceding
features, and wheren the amino acid sequence has at least 85%, 86%, 87%. 88%, §9%, 90%, 91%,

02%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identity o SEQ 1D NO78,

[0186] In some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formula of SEQ ID NOG: 143, 144, or 145, or a domain thereof, such as residues 90-
211, having af least the following features: residue corresponding to X7 is a polar residue, particularly
arginine; residue corresponding to X94 is a non-polar or polar residue, particularly threonine; residue
corresponding to X96 is a constrained residue, particularly proline; residue correspondig 1o X108 isa
constrained residue, particularly histidine; residue corresponding to X117 15 a polar residue,
particutarly serine; residue corresponding to X145 is a polar residue, particularly sering; residue
corresponding to X157 1s a polar residue, particularly threonine; residue correspondmg to X194 isa
non-polar residue, particularly glycine; residhie corresponding to X206 is a polar residue, particularly
glutanyine; and residue corresponding to X223 is an aliphatic residue, particularty valine. In some
embodiments, the ketoreductase polypeptides can have additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8§, 1-
9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18§, 1-20, 1-22, 1-24, 1-25, 1-30, 1-35 or about 1-40 residue
differences at other residue positions as compared to a reference sequence of SEQ 1D N(O:30. In some
embodiments, the number of differencescanbe 1, 2,3,4, 5,6, 7, 8,6, 106, 11, 12, 14, 15, 16, 18, 20,
22,24, 26,30, 35 or about 40 residue differences at other amino acid residues. In some embodiments,
the differences comprise conservative mutations. In some embodiments, the ketoreductase
polypeptide comprises an amino acid sequence with the preceding features, and wherein the amino
acid sequence has at least 85%, 86%6, 87%, 8854, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, or 99% identity to SEQ 1D NO:30.

[6187] in some embodiments, an improved ketoreductase comprises an amino acid sequence based

on the sequence formula of SEQ ID NO: 143, 144, or 145, or a domain thereof, such as residues 90-
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211, having at least the following features: residue corresponding to X7 is a polar residue, particularly
arginine; residue corresponding to X94 is a non-polar or polar residue, particularly threonine; residue
corresponding to X96 is a constrained residue, particularly proline; residue corresponding to X108 is a
constrained residue, particularly histidine; residue corresponding to X117 is a polar residue,
particularly serine; residue corresponding to X145 is a polar residue, particularly serine; residue
corresponding to X157 is a polar residue, particularly threonine; residue corresponding to X194 is a
basic residue, pariicularly arginine; residue corresponding to X206 is a polar residue, particularly
ghutamine; and residue corrésponding to X223 is an aliphatic residue, particularly valine. In some
embodiments, the ketoreductase polypeptides can have additionally 1-2, 1-3, 1-4, 1-53, 1-6, 1-7, 1-§, 1-
9,1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-25, 1-30, 1-35 or about 1-40 residue
differences at other residue positions as compared to a reference sequence of SEQ [D NO:22. In some
embodiments, the number of differences canbe 1,2,3,4,5,6,7. 8,9, 10, 11, 12, 14, 15, 16, 1%, 20,
22,24, 26, 30, 35 or about 40 residue differences at other amino acid residues. In some embodiments,
the differences comprise conservative mutations. In some embodiments, the ketoreductase
polypeptide comprises an amino acid sequence with the preceding features, and wherein the amino
acid sequence has at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%. 93%, 94%, 95%, 96%, 97%,
98%, or 99% ideniity to SEQ ID NO:22.

[0188] In some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formula of SEQ ID NO: 143, 144, or 145, or a domain thereof, such as residues 90-
211, having at least the following features: residue corresponding to X7 is a polar residue, particularly
arginine; residue corresponding to X49 1s a basic residue, particularly arginine; residue corresponding
te X111 s a non-polar or aliphatic residue, particularly methionine; residue corresponding to X117 15
a polar residue, particularly serine; residue corresponding to X145 1s a polar residue, particularly
serine; residue corresponding to X157 is a polar residue, particularly threonine; residue corresponding
1o X173 15 a non-polar residue, particularly glyeing; residue correspending to X206 is a polar residue,
particularly glutamine; and residue corresponding to X223 is an aliphatic residue, particularly vahine.
In some embodiments, the ketoreductase polypeptides can have additionally 1-2, 1-3, 1-4, 1-5, 1-6, |-
7, 1-8,1-9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-25, 1-30, 1-35 or about 1-40
residue differences at other residue positions as compared to a reference sequence of SEQ 1D NO:70.
I some embodiments, the number of differences canbe 1,2, 3,4, 5,60, 7, 8,9, 10, 11, 12, 14, 15, 16,
18, 20,22, 24, 26, 30, 35 or abowt 40 residue differences at other amino acid residues: In some
cmbodiments, the differences comprise conservative mutations. In some embodiments, the

ketoreductase pelypeptide comprises an amine acid sequence with the preceding features, and
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wherein the amino acid sequence has at Jeast 85%, 86%, 87%., 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% identity to SEQ ID NO:70.

{0189] In some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formula of SEQ ID NO: 143, 144, or 143, or & domain thereof, such as restdues 90-
211, having at least the following features: residue corresponding to X7 is 2 polar residue, particularly
arginine; residue éorresponding to X49 is a basic residue, particularly arginine; residue corresponding
to X96 i3 a constrained residue, particularly proline; residue corresponding io X111 18 & non-polar or
aliphatic residue, particularly methionine; residue corresponding to X117 is a polar residue,
particularly serine; residue corresponding to X145 1s a polar residue, particularly serine; residue
corresponding to X137 is a polar residue, particularly threonine; residue corresponding to X173 isa
non-polar residue, particularly glycine; residue corresponding to X206 is a polar residue, particularly
glutamine; and residue corresponding to X223 is an aliphatic residue, particularly valine. In some
embodiments, the ketoreductase polypeptides can have additionally 1-2, i-3, 14, 1-5, 1-6, 1-7, 1-8, 1-
9,1-10, 1-11, [-12, 1-14, 1-15, 1-16, 1-18_ 1-20, 1-22, 1-24, 1-25, 1-30, 1-35 or about 1-40 residue
differences at other residue positions as compared to a reference sequence of SEQ ID NQ:66. In some
embodiments, the number of differences canbe 1, 2.3,4,5,6, 7,8, 9, 10, 11, 12, 14, 15, 16, 18, 20,
22,24, 26, 30, 35 or about 40 residue differences at other amino acid residues. In some embodiments,
the differences comprise-conservative mutations. In some embodimernts, the ketoreductase
polypeptide comprises an amino acid sequence with the preceding features, and whergin the amino
acid sequence has at Jeast 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, or 99% identity to SEQ ID NO:66.

[0190] In some embodiments, an improved ketoreductase comprises an amino acid sequence based
on the sequence formuia of SEQ ID T\O 143, 144, or 145, or a domain thereof, such as residues 90-
211, having at least the following features: residue corresponding to X7 is a polar residue, particularly
arginine; residue corresponding to X49 is a basic residue, particularly argmine; residue corresponding
10 X94 15 a polar residue, particularly threonine; residue corresponding to X96 is a constrained
residue, particularly proline; residue corresponding to X111 1s a non-polar or aliphatic residue,
particularly methiontne; residue corresponding to X117 is a polar residue, particularly serine; residue
corresponding to X145 is a polar residue, particuiarly serine; residue corresponding to X157 is a polar
residue, particularly threonine; residue corresponding to X173 is a non-polar residue, particularly
glycine; residue corresponding to X206 is a polar residue, particularly glutamine, and residue
corresponding to X223 is an 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, 1-1L, 1-
12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-25, 1-30, _]~35 or aboui 1-40 residue differences at
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other residue positions as compared to a reference sequence of SEQ ID NO:38. In some
embodiments, the number of differences canbe 1,2,3,4,5,6,7,8,9,10, 11, 12, 14, 15, 16, 18, 20,
22,24, 26,30, 35 or about 40 residue differences at other amino acid residues. In some embodiments,
the differences comprise conservative mutations. In some embodiments, the ketoreductase
polypeptide comprises an amino acid sequence with the preceding features, and wherein the amino
acid sequence has at least 85%, 86%, 87%, 8%, 89%, 90%, 91%, 92%, 93%, 94, 95%, 96%, 97%,
98Y%%, or 99% identity to SEQ ID N(O:38.

[0191] In some embodiments, an improved ketoreductase comprises an amino acid seguence that has
a region or domain corresponding to residues 906-211 of sequence formuta of SEQ ID NO: 143, 144,
or 145, in which the residue corresponding to X145 in the domain is a polar residue. In some
embodiments, the region or domain that corresponds to residues 90-211 of sequence formula of SEQ
1D NOS: 143, 144, or 145 has at the residue corresponding to X145 a serine. In some embodiments,
the region or domain corresponding to residues 90-211 can have additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-
7,1-8,1-9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18&, or 1-20 residue differences at other amino acid
residues as compared to the domain of a reference sequence of based on SEQ ID NO:2, 4 or 142, In
some embodimenis, the number of differencescanbe 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 emboediments, the ketoreduciase polypeptide
comprises an amino acid sequence with at least the preceding features, and wherein the amino acid
sequence has at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 99% identity as compared o the amino acid sequence corresponding to residues 90-211 of a

reference sequence based on SEQ 1D NO:2, 4 or 142 with the preceding features.

[@192] in some embodiments, the ketoreductase polypeptides with a domain corresponding to
residues 90-211 and having a polar residue, particularly serine, at the restdue comesponding to X143,
can further include one or more features selected from the following: residue corresponding to X594 is
a polar, basic, aliphatic, or non-polar residue; residue corresponding to X935 is a non-polar or aliphatic
residue; residue corresponding to X96 is a constrained, aliphatic, non-polar, acidic, or polar residue;
residue corresponding to X97 18 acidic, basic, or aliphatic residue; residue corresponding to X106 is
an acidic residue; residue corresponding to X108 is a basic, constrained, or aromatic residue; residue
corresponding to X111 is an aliphatic or non-polar residue; residue corresponding to X117 15 a non-
polar or polar residue; residue correspdnding 10 X126 is an aliphatic or non-polar residue; residue
comresponding to X127 is a polar or basic residug; residue corresponding to X147 is an aromatic,
aliphatic residue, non-polar, or polar residue; residue corresponding to X152 is a polar, aliphatic or

non-polar residue; residue corresponding to X157 is a polar or acidic residue; residue corresponding
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to X163 is an aliphatic or non-polar residue; residue corresponding to X173 is an acidic or non-polar
residue; residue corresponding to X177 1s a basic residue; residue corresponding to X192 is a basic or
acidic residue; residue corresponding to X194 is a constrained, polar, non-polar, acidic, or aliphatic
residue; residue corresponding te X198 is an acidic or non-polar residue; residue corresponding to
X200 15 a constrained, acidic, or basic residue; residue corresponding to X206 15 a polar or non-polar
residue; residue corresponding to X208 is a polar, constrained, or basic residue; residue corresponding
1o X210 is an aliphatic, non-polar, or polar residue; and residue corresponding to X211 is a basic or
acidic residue. In some embodiments, residue corresponding to X94 1s not an aromatic residug,
histidine, or glycine. In some embodiments, the residue corresponding to X96 is not an aromatic
residue, glycine, isoleucine or cysteine. In some embodiments, the region or domain corresponding to
residues 90-211 can have additionally from about 1-2, 1-3, 1-4, 1.5, 1.6, 1-7, 1-8, 1.9, 1.10, 1-11, 1~
12, 1-14, 1-15, 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 142. In some embodiments, the number
of differencescanbe 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 i the domain. In some embodiments, the differences comprise

conservative mutations.

{0193] In some embodiments, the ketoreductase polypeptides having a domain or region
corresponding to residues 90-211 based on sequence formula of SEQ 1D NO:143, 144, or 145 can
have one or more conservative mutations as compared to the amine acid sequence of SEQ ID NO: 4,
2, or 142. Exemplary conservative substitutions mchode amino acid replacements such as, but not
ltmited o; replacement of residue corresponding to X94 (A) with ancther aliphatic amino acid, e.g.,
valine; replacement of residue cor;‘espondi'ng 10 X953 ((V) with another non-polar or aliphatic residue,
e.g., alanine; replacement of residue corresponding to X907 (K with anot.her basic amino acid, e.g.,
arginine; replacement of residue corresponding to X106 (BE) with another acidic amino acid, e.g.,
aspartic acid; replacement of residue corresponding to X111 (L) with another nen-polar or aliphatic
amino acid, e.g., methionine; replacement of residue X147 (F} with another non-polar aminoe acid,
e.g.. leucine; replacement of residue corresponding to X177 (X)) with another basic amino acid, e.g.,
arginine; and replacement of residue corresponding to X192 (K with another basic amino acid, e.g.,

arginine.

{0194] In some embodiments, the ketoreductase polypeptides with a domain corresponding to
residues 90-211 and having a polar residue, particularly serine, at the residue corresponding to X145,
can further include one or more features selected from the follovﬁng: residue corresponding to X94 1s
alanine, valine, threonine, serine, or arginine; residue corresponding to X95 s valine or alanine;

residue corresponding to X96 is asparagine, serine, proline, alanine, or glutamic acid; residue
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corresponding to X97 is lysine, arginine or leucine; residue corresponding to X106 is glutamic acid or
aspartic acid; residue corresponding to X108 is arginine or histidine; residue corresponding to X111 is
leucine or methionine; residue correspondmg to X117 is glycine or serine; residue corresponding to
X126 is 1soleucine or valine; residue corresponding to X127 is glutamine or arginine; residue
corresponding to X147 is phenylalanine, leucine or serine; residue corresponding to X152 is
threonine, serine, or methionine; residue correspondmg to X157 1s asparaging, glutammne, threonine,
serine, or aspartic acid; residue corresponding to X163 is valine or isoleucine; residue corresponding
1o X173 is aspartic acid or glycine; residue corresponding to X177 is lysine or arginine; residue
corresponding to X192 1s lysine, arginine or glutamic acid; residue corresponding to X194 is proline,
glycine, aspartic acid, arginine, or leucine; residue corresponding to X198 is aspartic acid or glveine;
residue corresponding to X200 is proline, glutamic acid, or lysine; residue corresponding to X206 is
methionine or ghutamine; residue corresponding te X208 1s glutamine, histidine or arginine; residue
corresponding to X210 is threonine or alanine; and residue corresponding to X211 is lysine or
glutamic acid. Insome embodiments, the region or domaimn corresponding to residues 50-211 can
have addittonally 1-2, 1-3, 1-4, 1.5, 1-6, 1-7, 1-§, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, or 1-
20 residue differences at other amino acid residues as compared 1o the domain of a reference sequence
based on SEQ 1D NO:2, 4 or 142, In some embodiments, the mumber of differences canbe 1, 2, 3, 4,
5,6,7,8,9, 10, 11,12, 14, 15, 16, 18, or about 20 residue differences al other amino acid residues

the domain. In some embodiments, the differences comprise conservative mufations.

[0195] In some embodiments, the ketoreductase polypeptides with a domain corresponding to
residues 20-211, and having a polar residue, particularly serine, at the residue corresponding to X145,
can further include one or more or at feast all of the features selected from the foltowing: . residue
corresponding to X94 1s a polar, basic, aliphatic, or non-polar residue; residue corresponding to X96
1s & constrained, aliphatic, non-polar, acidic, or polar residue; residue corresponding to X1 OS isa
basic, constrained, or aromatic residue; residue corresponding to X117 is a non-polar or polar residue;
residue corresponding to X157 is a polar or acidic residue; residue corresponding to X173 is an acidic
or non-polar residue; and residue corresponding to X206 is a polar or non-polar residue. In some
embodiments, the domain or region can include further inciude, in addition to the preceding features,
one or more of the features selected from the following: residue corresponding to X97 is acidic,
basic, or aliphatic residue; residue corresponding to X106 is an acidic residue; residue corresponding
to X111 is an aliphatic or non-polar residue; residue corresponding to X126 is an aliphatic or non-
polar residue; residue correspondmg to X127 s a .p(}]a:r: ot basic residue; residue correspond to X147
is an aromatic, aliphatic residue, non-polar, or polar residue; residue corresponding to X 152 is a polar,

aliphatic or non-polar residue; residue corresponding to X163 ts an aliphatic or not-polar residue;

77



WO 2009/029554 PCTUS2088/074138

residue corresponding to X177 is a basic residue; residue corresponding to X192 is a basic or acidic
residue; residue corresponding to X194 is a constrained, polar, non-polar, acidic, or aliphatic residue;
residue corresponding to X198 is an acidic or non-polar residue; residue corresponding to X200 is a
canstrained, acidic, or basic residue; residue corresponding to X208 is a polar, constrained, or basic
residue; residue corresponding to X210 is an aliphatic, non-polar, or polar residue; and residue
corresponding to X211 is a basic or acidic residue. In some embodiments, the region or domain
corresponding to residues 90-211 can have additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, I-
11, 1-12, 1-14, 1-15, 1-16, 1-18, or 1-20 residue differences at other amino acid residues as compared
0 t'he domain of a reference sequence based on SEQ ID NO:2, 4 or 142. In some embodiments, the
number of differences canbe 1,2,3,4,5,6,7,8,9, 10, 11, 12, 14, 15, 16, 18, or about 20 residue
differences at other amino acid residues in the domain. In some embodiments, the differences

comprise conservative mutations.

{0196] - In some embodiments, the ketoreductase polypeptides with a demain corresponding to
residues 90-211 and having a polar residue, particularly serine, at the residue corresponding to X145,
can {urther include one or more or at least all of the features selected from the following: residue
cerresponding to X94 is alanine, valine, threonine, serine, or arginine; residue corresponding o X946
is asparagine, serine, proline, alanine, or glutamic acid; residue corresponding to X108 is arginine or
hstrdine; residue corresponding to X117 is glycine or serine; residue corresponding to X157 is
asparagine, glutamine, threonine, serine, or aspartic acid; residue corresponding to X173 is aspartic
acid or glycine; and residue corresponding to X206 is methionine or glutamine. In some
embodiments, the domarn or region can include forther include, in addition to the preceding features,
one or more of the features selected from the following: residue corresponding to X95 15 valine or
alanine; residue corresponding to X97 1s lysine, arginine or leucine; residue corresponding to X106 is
ghatamic acid or aspartic acid, residue corresponding to X111 is leucine or methionine; residue
corresponding to X126 is isoleucine or valine; residue corresponding to X127 is glutamine or
arginine; residue corresponding to X147 is phenylalanine, leucine or serine; residue corresponding to
X132 is threonine, serine, or methioning; restdue corresponding to X163 is valine or isoleucine:
restdue corresponding to X173 is aspartic acid or glycine; residue corresponding to X177 is lysine or
arginine; residue corresponding to X192 1s lysine, arginine or glutamic acid; residue corresponding to
X194 is proline, glycine, aspartic acid, arginine, or leucine; residue corresponding 1 X198 1s aspartic
acid or glycine; residue corresponding to X200 is proline, glutamic acid, or Ivsine; residue
corresponding to X208 is glutamine, histidine or arginine; residue corresponding to X210 is threonine
or alanine; and residue corresponding t¢ X211 is Iysine or glutamic acid. In some embodimenis, the

region or domain corresponding to residues 90-211 can have additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7,
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1-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, i-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 142, In
some embodiments, the number of differences canbe 1,2,3,4,5,6,7, 8,9, 10, 11, 12, 14, 15, 16, 18,
or about 20 residue differences at other amino acid residues in the domain. In some embodiments, the

differences comprise conservative mutations.

[0187] In some embodiments, an improved ketoreductase comprises an amino acid sequence that has
a region or domain corresponding to residues 90-211 based on the sequence formula of SEQ ID NO:
143, 144, or 145, having at least the following features: residue corresponding to X117 is a non-polar
or polar residue, particularly serine; residue corresponding to X145 a polar residue, particularly a
serine; and residue corresponding to X157 is a polar or acidic residue, particularly serine or threonine.
In some embodiments, the region or domain corresponding to residues 90-211 can have additionally
1-2,1-3, 14, 1-5, 16, 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 residuss as compared to the comresponding domain of a reference
sequence based on SEQ ID NO:Z 4, or 142, In some embodiments, the number of differences can be
1,2,3,4,5,6,7,8,9,10, 11, 12, 14, 15, 16, 1§, or about 20 residue differences at other armimo acid
residues in the domain. In some embodiments, the differences comprise conservative mutations. In
some embodiments, the ketoreductase polypeptide comprises an amine acid sequence with at least the
preceding features, and wherein the amino acid sequence has at least 83%, 86%, 87%. 88%, §9%,
90%, 91%, 92%, 93%, 94%, 95%, 96%. 97%, 98%, or 99% identity as compared 1o the amino acid
sequence cotresponding to residues 90-211 of a reference sequence based on SEQ 1D NO:2, 4 or 142

with the preceding features.

[6198] In some embodiments, an improved ketoreductase comprises an amine acid sequence that has
a region or domain corresponding to residues 90-211 based on the sequence formula of SEQ ID NO:
143, 144, or 145, having at least the following features: residue corresponding to X108 is a basic,
constrained, or aromatic residue, particularly histidine: residue corresponding to X117 is a non-pelar
or polar residue, particularly serine; residue corresponding to X145 a polar residue, particularly a
serine: and residue corresponding to X157 1s a polar or acidic residue, particularly serine or threonine.
In some embodiments, the region or domain corresponding to residues 96-211 can have additionally
1-2,1-3, 14, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, i-11, 1-12, 1-14, 1-15, 1-16, 1-18, or 1.20 residuc
differences at other amino acid residues as compared to the domain of a reference sequence based on
SEQ ID NO:2, 4, or 142, In some embodiments, the number of differencescanbe 1,2, 3,4, 35,6, 7, 8,
0,10,11,12, 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 at least the

79



WO 2009/029554 PCT/US2008/074135

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 90-211 of a reference sequence based on SEQ ID NO:2, 4 or 142

with the preceding features.

[G19%] in some embodiments, an improved ketoreductase comprises an amino acid sequence that has
aregion or domain corresponding to residues 90-211 based on the sequence formula of SEQ [D NO:
143, 144, or 145, having at least the following features: residue corresponding to X94 is a polar,
basic, aliphatic, or non-polar residue, particularly threonine or valine; residue corresponding to X108
1s a basic, constrained, or aromatic residue, particularly histiding; residue corresponding to X117 is a
non-polar or polar residue, particularly serine; residue corresponding to X145 2 polar residue,
particularly a serine; and residue corresponding to X157 is a polar or acidic residug, particularly serine
or threonine. In some embodiments, the region or domain comesponding to residues 90-211 can have
additionally 1-2, 1-3, 1-4, 1.5, 1.6, 1-7, 1-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-153, 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 [D NO:2, 4, or 142, 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 domaimn. In some embodiments, the differences comprise conservative mutations. In some
embodiments, the ketoreductase polypeptide comprises an amino acid sequence with at least the
preceding features, and wherein the amino acid sequence has at least 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 7%, 98%, or 99% identity as compared to the amino acid
sequence corresponding to residues 90-211 of a reference sequence based on SEQ ID NO:2, 4 or 142

with the preceding features.

{0206] In some embodiments, an improved ketoreductase comprises an amino acid sequence that has
a region or domain corresponding to residues 90-211 based on the sequence formuia of SEQ D NO:
143, 144, or 145, having at least the following features: residue corresponding to X096 isa
constrained, aiiphatic, non-polar, acidic, or polar residue, particularly asparagine, profine, alanine, or
glutamic acid; residue corresponding to X108 is a basic, constrained, or aromatic residue, particularly
histidine; residue corresponding to X117 is a non-polar or polar residue, particularly serine; residue
corresponding to X145 a polar residue, particularly a scrine; and residue corresponding 1o X157 is a
polar or acidic residue, particularly serine or threonine. In some embodiments, the region or domain
corresponding to residues 90-211 can have addidonally 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 mutations at other aminoe acid residues in the domain. In
some embodiments, the region or domain corresponding to residues 90-211 can have additionally

from about 1-2, 1-3, 1-4, 1-5, 1-6, 1-7,1-8, 1-9,1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, or 1-20
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residue differences at other amino acid residues as compared to the domain of a reference sequence
based on SEQ ID N(O:2, 4, or 142, 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 amine acid residues in
the domain. In some embodiments, the differences comprise conservative mutations. In some
embodiments, the ketoreductase polypeptide comprises an amino acid sequence with at least the
preceding features, and wherein the amine acid sequence has at least 85%, 86%, 87%, RRY%, R9%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identity as compared 10 the amino acid
sequence corresponding to residues 90-211 of a reference sequence based on SEQ 1D NO:2, 4 or 142

with the preceding features.

[0201] In some embodiments, an improved ketoreductase comprises an amino acid sequence that has
a region or domain corresponding to residues 90-211 based on the sequence formula of SEQ ID NO»
143, 144, or 145, having at least the following features: residue corresponding to X94 is a non-polar
or polar residue, particularly threonine or valine; residue corresponding to X96 15 a constrained,
aliphatic, non-polar, acidic, or polar residue, particularly asparagine, proline, alanine, or glutamic
acid; residue corresponding to X108 is a basic, constrained, or aromatic residue, particularly histidine;
residue corresponding to X117 is a non-polar or polar residue, particularly serine; residue
corresponding to X145 a polar residue, particularly a serine; and residuc corresponding fo X157 is a
potar or acidic residue, paﬂcularly serine or threonine. In some embodiments, the region or domain
corresponding to residues 90-211 can have additionally 1-2, 1-3, 14, 1-5, 1-6, 1-7, 1-§, 1-9, 1-10Q, -
11, 1-12, 1-14, 1-15, 1-16, 1-18, or 1-20 residue differences at other amino acid residues as compared
to the domain of a reference sequence based on SEQ ID NO:2, 4, or 142, In some embodiments, the
number of differences canbe 1,2,3,4,5,6,7,8,9, 10, 11, 12, 14, 15, 16, 18, or about 20 residue
differences at other amino acid residues in the domain. In some embodiments, the differences
comprise conservative mutations. In some embodiments, the ketoreductase polypeptide comprises an
amino acid sequence with at least the preceding features, and wherein the amino acid sequence has at
least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identity
as compared to the amino acid sequence corresponding to residues 90-211 of a reference sequence

based on SEQ ID N2, 4 or 142 with the preceding features.

[6202] In some embodiments, an fmproved ketoreductase comprises an amine acid sequence that has
a region or domain corresponding fo residues 90-211 based on the sequence fornula of SEQ 1D NO:
143, 144, or 145, having at least the following features: residue comresponding to X108 is a basic,
constrained, or aromatic residue, particularly histidine; residue corresponding to X117 is a non-polar
or polar residue, particularly serine; residue corresponding to X145 a polar residue, particularly a

serine; and residue corresponding to X157 is a polar or acidic residue, particuiarly serine or threonine;
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and residue corresponding io X206 is a polar or non-polar residue, particularly glutamine. In some
embodiments, the region or domain correspondimg to residues 90-211 can bave additionaliy 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 residues as compared to the domain of a reference sequence based on SEQ ID NO:2,
4, or 142 Insome embodiments, the number of differences canbe 1,2,3,4,5,6,7, 8,9, 10, 11, 12,
14, 15, 16, 18, or about 20 residue differences at other amino acid residues in the domain, In-some
embodiments, the differences comprise conservative mutations. In some embodiments, the
ketoreductase polypeptide comprises an armno acid sequence with at least the preceding fzatures, 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 1o the amino acid seguence corresponding
.1‘0 residues 80-211 of a reference sequence based on SEQ 1D N2, 4 or 142 with the preceding

features.

[0203] In some embodiments, an improved ketoreductase comprises an amino acid sequence that has
a region or domain corresponding to residues 20-211 based on the sequence formula of SEQ ID NO:
143,144, or 145, having at least the [ollowing features: residue corresponding to X94 is a non-polar
or polar residue, particularly threonine or valine:; residue corresponding to X108 is a basic,
constrained, or aromatic residue, paﬁi cularly histidine; residue corresponding to X117 is 2 non-polar
or polar residue, particularly serine; residue corresponding to X145 a polar residue, particularly a
serine; and residue corresponding to X157 is a polar or acidic residue, particularly sering or threonine;
and residue corresponding to X206 is a polar or non-polar residue, particuiarly glutamine. In some
embodiments, the region or domain corresponding to residues 90-211 can have additionally 1-2, 1-3,
-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-1¢6, 1-18, or 1-20 residue differences at
other amino acid residues as compared to the domain of a reference sequence based on SEQ 1D NO:2,
4, or 142, In some embodiments, the number of differences canbe 1,2, 3,4, 5,6, 7,8, 9,10, 11, 12,
i4, 13, 16, 18, or about 20 residue differences at other amino acid residuss in the domain. In some
embodiments, the differences comprise conservative mutations. In some embodiments, the
ketoreductase polypeptide comprises an amnino acid sequence with at least the preceding features, and
wherein the amino acid sequence has at least §5%, 86%, 87%, 88%, 89%, 60%, 91%, 92%, 93%,
0454, 95%, 96%, 97%, 98%, or 99% identity as compared to the amino acid sequence corresponding
to residues 90-211 of a reference sequence based on SEQ D NO:2, 4 or 142 with the preceding

features.

[0204] In some embodiments, an improved ketoreductase comprises an amineo acid sequence that has
a region or domain corresponding to residues 90-211 based on the sequence formula of SEQ ID NG:

143, 144, or 145, having at least the following features: residue cormresponding to X96 is a
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constrained, aliphatic, non-polar, acidic, or polar residue, particularly asparagine, proling, alanine, or
glutamic acid; residue corresponding to X108 is a basic, constrained, or aromatic residue, particuiarly
histidine; residue corresponding to X117 is a non-polar or polar residue, particularly serine; residue
corresponding to X145 a polar residue, particularly a serine; and residue corresponding to X157 is a
polar or acidic residue, particularly serme or threonine; and residue corresponding to X206 is a polar
or non-polar residue, particularly glutamine. In some embodiments, the region or domain
corresponding to residues 9G-211 can have additionally 1-2, 1-3, 1-4, 1-3, 1-6, 1-7, 1-§, 1-9, 1-10, 1-
11, 1-12, 1-14, 1-15, 1-16, 1-18, or 1-20 residue differences at other amino acid residues as compared
1o the domain of a reference sequence based on SEQ ID NO:2, 4, or 142. In some embodiments, the
number of differencescanbe 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 embodimenits, the differences
comprise conservative mutations. In some embodiments, the ketoreductase polypeptide comprises an
amino acid sequence with at least the preceding features, and wherein the amino acid sequence has at
least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identity
as compared to the amino acid sequence corresponding to residues 90-211 of a reference sequence

based on SEQ 1D NO:2, 4 or 142 with the preceding features,

[205] In some embodiments, an moproved ketoreductase comprises an aminoe acid sequence that has
a region or domain corresponding 1o residues $0-211 based on the sequence formuda of SEQ ID NO:
143, 144, or 145, having at least the following features: residue corresponding to X94 is a non-polar
or polar residue, particularly threonine or valine; residue corresponding to X96 is a constrained,
aliphatic, non-polar, acidic, or polar residue, particularly asparagine, proline, alanine, or ghutamic
acid; residue corresponding to X108 is a basic, constrained, or aromatic residue, particularly stidine;
residue corresponding to X117 is a non-polar or polar residue, particularly serine; residue
corresponding to X143 a polar residue, particularly a serine; and residue corresponding to X157 is a
polar or acidic residue, particularly serine or threonine; and residue corresponding to X206 15 a polar
or non-polar residue, particularly ghutamine. In some embodiments, the region or domam
corresponding to residues 90-211 can have additionally 1-2, 1-3, 14, 1-5, 1-¢, 1-7, 1-8, 1-9, 1-10, 1-
11, 1-12, 1-14, 1-15, 1-16, 1-18, or 1-20 residue differences at other amino acid residues as compared
to the domain of a reference sequence based on SEQ ID NO:2, 4, or 142, In some embodiments, the
number of differences canbe 1, 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 14, 15, 16, 18, or about 20 residue
differences at other amino acid residues in the domain. In some embodiments, the differences
comprise conservative mutations, In some embodiments, the ketoreductase polypeptide comprises an
amino acid sequence with at Jeast the preceding features, and wherein the amino acid sequence has at

least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%. 93%, 94%, 95%, 36%, 97%, 98%, or 99% identity
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as compared to the amino acid sequence corresponding to residues 90-211 of a reference sequence

based on SEQ 1D NO:2, 4 or 142 with the preceding features.

i0206] In some embodiments, an improved ketoreductase comprises an amino acid sequence that has
a region or domain corresponding to residues 90-211 based on the sequence formula of SEQ ID NO:
143, 144, or 145, having at least the following features: residue corresponding to X117 is a non-polar
or polar residue, particularly serine; residue corresponding to X145 a polar residue, particularly a
sering; and residue corresponding to X157 is a polar or acidic residue, particularly serine or threoning;
residue corresponding to X173 is an acidic or non-polar residue, particularly glycine; and residue
corresponding to X206 is a polar or non-polar residue, particularly glutamine. In some embodiments,
the region or domain corresponding to residues 90-211 can have additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-
7,1-8, 149, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, or 1-20 residue differences at other amino acid
residues as compared to the domam of a reference sequence based on SEQ IDNO:2, 4, or 142, In
some embodiments, the number of differencescanbe 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 at least the preceding features, and wherein the amine acid
sequence has at least 85%, 86%, 87%, 88%%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 99% identity as compared to the amino acid sequence corresponding to residues 90-211 of a

reference sequence based on SEQ ID NO:2, 4 or 142 with the preceding features.

[6207] In some embodiments, an improved ketoreductase comprises an amino acid sequence that has
a region or domain corresponding to residues 90-211 based on the sequence formula of SEQ ID NO:
143, 144, or 145, having at least the following features: residue corresponding to X94 is a non-polar
or polar residue, particularly threonine or valine; residue corresponding to X117 is a non-polar or
polar residue, particularly serine; residue corresponding to X145 a polar residue, particularty a serine;
and residue corresponding to X157 1s a polar or acidic residue, particularly serine or threonine;
residue corresponding to X173 is an acidic or non-polar residue, particularly glycine; and residue
correspondmg to X206 is a polar or non-polar residue, particolarly glhutamine. In some embodiments,
the region or domain corresponding to residues 90-211 can have additionally 1-2, 1-3, 1-4, 1-3, 1-6, 1-
7. 1-%8,1-9,1-10, 1-11, 1-12, 1-14, 1-13, 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 1D NO:2, 4, or 142. In
some embodiments, the number of differences canbe 1,2,3,4,5.6,7, 8,9, 10, 11, 12, 14, 15, 16, 18,
or about 20 residue differences at other amine acid residues in the domain. In some embodiments, the
differences comprise conservative mutations. In some embodiments, the ketoreductase polypeptide

comprises an amine acid sequence with at least the preceding features, and wherein the amino acid
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sequence has at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%. 93%. 94%, 95%, 96%, 97%, 98%,
or 99% identity as compared to the amine acid sequence corresponding to restdues 90-211 of a

reference sequence based on SEQ ID NO:2, 4 or 142 with the preceding features.

[0208] In some embodiments, an improved ketoreductase comprises an amino acid sequence that has
a region or domain corresponding to residues 90-211 based on the sequence formula of SEQ ID NO:
143, 144, or 145, having at least the following features: residue corresponding to X96 is a
constrained, aliphatic, non-potar, acidic, or polar residue, particularly asparagine, proline, alanine, or
giutamic acid; residue corresponding to X117 is 2 non-polar or polar residue, particularly serine:
residue corresponding to X145 a polar residue, particularly a serine; and residue corresponding to
X157 is a polar or acidic residue, particularly serine or threonine; residue corresponding 10 X173 is an
acidic or non-polar residue, particularly giycine; and residue corresponding to X206 is & polar or non-
polar residue, particularly glutamine. In some embodiments, the region or domain corresponding to
residues 90-211 can have additionally 1-2, 1-3, i-4, 1-5, 1-6, 1-7,1-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-
15,1-16, 1-18, 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 142, In some embodiments, the number of
differencescanbe 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. I some embodiments, the differences comprise
conservative mutations. In some embodiments, the ketoreductase polypeptide comprises an amino
acid sequence with at least the preceding features, and wherein the amino acid sequence has at least
83%, 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 90-211 of a reference sequence based

ont SEQ ID NO:2, 4 or 142 with the praceding features,

[0209] In some embodiments, an improved ketoreductase comprises an amino acid sequence that has
a region or domain corresponding to residues 90-211 based on the sequence formula of SEQ ID NO:
143, 144, or 145, having at least the following features: residue corresponding to X94 is a non-pdiar
or polar residue, particularly threonine or valine; residue corresponding to X96 is a constrained,
aliphatic, non-polar, acidic, or polar residue, particularly asparagine, proline, alanine, or glutamic
acid; residue corresponding to X117 is a non-polar or polar residue, particularly serine; residue
corresponding to X145 a polar residue, particularly a serine; and residuc corresponding to X157 is a
polar or acidic residue, particularly serine or threonine; residue corresponding to X173 is an acidic or
non-polar residue, particularly glyeine; and residue corresponding to X206 is a polar or non-polar
residue, particularly glutamine. In some embodiments, the region or domain corresponding to
residues 90-211 can have additionally 1-2, -3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-6, 1-10, 1-11, 1-12, 1-14, 1-

15, 1-16, 1-18, or :-20 residue differences at other aming acid residues as compared to the domain of
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a reference sequence based on SEQ ID N(O:2, 4, or 142. In some embodiments, the number of
differencescanbe 1,2,3,4,5,6,7, 8, 9,10, 11, 12, 14, 15, 16, I¥, 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 amine
acid sequence with at least the preceding features, and wherein the amimo acid sequence has at least
85%, 86%%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% ideniity as
compared to the amino acid sequence corresponding to residues 90-211 of a reference sequence based

on SEQ ID NO:2, 4 or 142 with the preceding features.

[0210] In some embodiments, an improved ketoreductase comprises an amino acid sequence that has
aregion or domain corresponding to residues -89 of sequence formula of SEQ ID NO: 143, 144, or
145. In some embodiments, the residue correspondimg to X7 in the domain is a polar or constrained
restdue, particularty serme, histidine, or asparagine. In some embodiments, the regicn or domain
corresponding to residues 1-89 can have additionally 1-2, 1-3, -4, 1-5, 1-6, -7, 1-§, 1-9, 1-10, 1-11,
1-12,1-14, 1-15, 1-16, 1-18, or 1-20 residue differences at other amino acid residues in the domain as
compared to a reference sequence of SEQ ID NO:2, 4 or 142, In some embodiments, the number of
difference canbe 1,2,3,4.5.6,7. 8.9, 10, 11, 12, 14, 15, 16, 18, or about 20 residue differences in
the domain. In some embodiments, the differences comprise conservative mutations as compared to
the reference sequence. In some embodiments, the ketoreductase pelypeptide comprises an amino
acid sequence that has at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% identity as compared to the aminoe acid sequence corresponding to residues 1-89 of

a reference scquence based on SEQ ID N2, 4 or 142 with the preceding feature at residue X7,

{0211} In some embodiments, the region or domain corresponding fo residues 1-8% can have one or
more of the features selected from the following: residue corresponding to X3 15 a polar, acidic, or
aromatic residue, particularly tyrosine or aspartic acid; residue comesponding to X7 is a non-polar,
polar, or constrained residue, particuiarly serine, histidine, or asparagine; residue corresponding to
X11 18 an aliphatic, non-polar, or polar residue, particulerly isoleucine or threonine; residue
corresponding to X16 1s an aliphatic or non-polar residue, particularly threonine, alanine, valine, or
glycine; residue corresponding to X19 s a non-polar or aliphatic residue, particularly isoleucine or
valine; residue corresponding to X23 is a nonpolar or arematic residue, particuiarly phenylaianine;
residue corresponding to X41 is an aliphatie, non-polar, or polar residue, particularly serine, alanine,
or valine; residue corresponding to X45 is an aliphatic, non-polar, or polar residue, particularly
ghatamic acid or glycine; residue corresponding to X49 is a basic residue, particularly Iysine or
arginine; residue corresponding to X357 is an aliphatic or non-polar residue, particularly 1soleucine or

valine; residue corresponding to X6{ is an aromatic, aliphatic, non-polar, or polar residue, particularly
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phenylalanine, valine, or threonine; residue corresponding to X64 is an aliphatic or non-polar residue,
particularly alanine, serine, or threonine; residue corresponding to X72 is a basic residue, particularly
lysine or arginine; and residue corresponding to X82 is a non-polar or polar residue, particularly
ghycine or serine. 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, {-7, 1-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, or 1-
20 residue differences at other amino acid residues in the domain as compared to a reference sequence
of SEQ ID NO:2, 4 or 142. 1a some embodiments, the mumber of difference can be 1, 2, 3,4,56,17,
8,9,10, 11,12, 14, 15, 16, 18, or about 20 residue differences in the domain. In some embodiments,
the differences comprise conservative mutations as compared to the reference sequence. In some
embodiments, the ketoreductase polypeptide comprises an amino acid sequence that has at least 85%,
86%%, 87%, 88%, 89%, 00%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identity as
compared 1o the amino acid sequence corresponding o residues 1-89 of a reference sequence based

on SEQ ID NO:2, 4 or 142 with the preceding feature at residue X7.

[0212] In some embodiments, an improved ketoreductase comprises an amino acid sequence that has
a region or domain corresponding to residues 212-252 of sequence formula of SEQ ID NO: 143, 144,
or 145, In some embodiments, the residue corresponding to X223 in the domain is an aliphatic
restdue, particularly valine. 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-§, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16,
1-18, or 1-20 residue differences at other amino acid residues in the domain as compared to a
veference sequence of SEQ ID NO:2, 4 or 142, In some embodiments, the number of difference can
bel,2,3,4,5,6,7,8,9,10, 11,12, 14, 15, 16, 18§, or about 20 residue differences m the domain. In
some embodiments, the differences comprise conservative mutations as compared to the reference
sequence. In some embodiments, the ketoreductase polypeptide comprises an aminoe acid sequence
that 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 142 with the preceding feature at residue X223,

[6213] In some embodiments, the region or domain corresponding to residues 212-252 can have one
or more or 4t least all of the features selected from the following: residue corresponding to X214 isa
non-polar, aliphatic or polar residue, particularty methionine, vahine, threonine, or serine; residue
corresponding to X217 is an aromatic, aliphatic; or non-polar residue, particularly iscleucine or
phenylalanine; residue corresponding to X223 is an aliphatic or non-polar residue, particularly
1soleueine or valing; and residue corresponding to X226 is a non-polar or aliphatic residue,
particularly isoleucine or valine. 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, [-7, 1-§, 1-9, 1-10, 1-11, 1-12,1-14, I-
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15, 1-16, 1-18, or 1-20 residue differences at other amino acid residues as compared to the domain
based on reference sequence of SEQ IDNQ:2, 4 or 142, in some embodiments, the number of
difference canbe 1,2,3,4,5,6,7,8,9,10, 11, 12, 14, 15, 16, 18, or about 20 residue differences at
other residues in the domain. In some embodiments, the differences comprise conservative mutations.
in some embodiments, the ketoreductase polypeptide comprises an amino acid sequence that has at
least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%. 93%, 94%, 95%, 96%, $7%, 98%, or 99% identity
as compared to the amino acid sequence corresponding to residues 212-252 of a reference sequence

based on SEQ 1D NO:2, 4 or 142 with the preceding feature at residue X223,

{0214] Insome embodiments, the ketoreductase polypeptides of the present disclosure can comprise
an amino acid sequence that is at least about 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
345, 95%, 96%, 97%, 98%, or 99% identical to a reference sequence based on SEQ 1D NO:2, SEQ
1D NO:4, or SEQ ID NO:142, or a region or domain thereof, such as residues 90-211, with the
proviso that the residue corresponding to residue 145 is a polar residue. In some embodiments, the
residue corresponding to residue 145 can be a polar residue and the polypeptide is capable of reducing
the substrate to the product with at least about 70% s.e. In some embodiments, the residue
corresponding to residue 145 is serine, and additionally has one or more of the following substitutions
such that the polypeptide s further improved (with respect to stereoselectivity, enzymatic activity,
and/or thermostability) over the wild-type kefir ketoreductase or another engineered ketoreductase;
3—Y (i.e, the residue corresponding to residue 3 of SEQ ID NO:2, 4, or 142, -1s substituted to
tyrosine); 7-+S,N: 11 -T; 16—AV,G; 194V 23F; 41—=V; 450G, 49-9R; 57—V, 60—-T;
64—T; 72—R; 82—8; %4—T R: 05—A; 06—P A E: 97—R; 106—D; 108—H; [11—-M; 117—-5;
126V, 127—R; 147—L,5; 152—M; 157-7T,5,1); 163—1; 173—G; 177—R; 192—R.E;
194—G,DN.L; 198—G; 200—K; 206-+€); 208~HR; 210~ A; 21 1E; 214V T, 217-F;
223V, 2261 and 228—A.

[0215] In some embodiments, the residue corresponding 1o residue 145 is serine, and additionally has
one or more of the following substitutions such that the polypeptide is further improved over the wild-
" type kefir ketoreductase or another engineered ketoreductase: 7—8,N; 94—T V; 96—P; 108—H;
117—-8; 157—T; 194—N; 206—Q; and 223—V.

[6216] In some embodiments, the residue corresponding to residue 145 1s serine, and additionally has
one or more of the following substitutions such that the polypeptide 1s further improved over the wild-
type kefir ketoreductase or another engineered ketoreductase: 7—8,N; 94—T.V; 06—P; 10§—H;
117—-8; 157—=T; 173-3G; 194—-N; 206—Q; and 223—-V,
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{0217] In some embodiments, cach of the improved engineered ketoreductase enzymes described
herein can comprise deletions of the polypeptides described herein. Thus, for each and every
embodiment of the ketoreductase polypeptides of the disclosure, the deletions can be 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, & or more amino acids, 10 or more amino acids, 15 or more amine
acids, or 20 or more amine acids, up to 10% of the total number of amine acids, up to 10% of the total
number of amino acids, up to 20% of the total number of amino acids, or up 1o 30% of the total
number of aminoe acids of the ketoreductase polypeptides, as long as the functional activity of the _
kketoreductase activity is maintained. In some embodiments, the deletions can comprise, 12, 1-3, 1-4,
1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-13, 1-16, 1-18, 1-20, 1-22, 1-24, 1-25, 1-30, 1-35 or
about 1-40 amino acids. In some embodiments, the defetions can comprise deletions of 1-2, 1-3, 1-4,
1-5, 1-6, 1-7, 1-8, 1-9, 1-10, or 1-20 amino acid residues. In some embodiments, the number of
deletions canbe 1, 2,3,4,5,6,7,%, 9,10, 11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35 or about 40
amino acids. In some embodiments, the deletions can comprise deletions of 1,2, 3,4, 3, 6,7, 8, &, 10,

11,12, 13, 14, 15, 16, 18, or 20 amino acid residues,

[0218] As will be appreciated by those of skill in the art, some of the above-defined categories of
amino actd residues, unless otherwise specificd, are not mutually exclusive. Thus, amino acids

having side chains exhibiting two or more physico-chemical properties can be included i multiple
categories. The appropriate classification of any amino acid or residue will be apparent to those of

skill in the art, especially m light of the detailed disclosure provided herein.

[6219] As described herein, the ketoreductase polypeptides of the disclosure can be in the form of
fusion polypeptides in which the ketoreductases polypeptides are fused fo other polypeptides, such as
antibody fags (e.g., myc epitope) or purifications sequences (e.g., His tags). Thus, the ketoreductase

polypeptides can be used with or without fusions to other polypeptides.

[0226] In some embodiments, the polypeptides described heretn are not restricted to the genetically
encoded amino acids. In addition to the genetically encoded amino acids, the polypeptides described
herein may be comprised, either in whole or in part, of naturally-occurring and/or syunthetic non-
encoded amino acids. Certain commoniy encountered non-encoded amino acids of which the
polypeptides described herein may be comprised include, bat are not imited to: the D-stereomers of
the genetically-encoded amino acids; 2,3-diaminopropionic acid (Dpr); o-aminoisobutyric acid {Aib);
e-aminchexanoic acid (Aha); d-aminovaleric acid (Ava); N-methylglycine or sarcosine (MeGly or
Sar}; ornithine {Om}; citrailine (Cit); t-butylalanine (Bua); t-butylglyeine (Bug); N-methylisoleucine
{Melie); phenyiglycine (Phg); cyclohexylalanine (Cha); norleucine (Nle); naphthylalanine (Nal): 2-
chilorophenylalanine (Ocf); 3-chlorophenylalamne (Mcf); 4-chlorophenylalanine (Pcf);
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2-fluorophenylalanine (Off); 3-fluorophenylalanine (MfTY; 4-flucrophenylalanine {PL1); 2-
bromophenylalanine (Obf); 3-bromophenylalanine (Mbf); 4-bromophenyialanine (Pbf); 2-
methylphenylalanine (Omf): 3-methylphenylalanine (Mmf); 4-methylphenylalanine (Pm); 2-
nitrophenylalanine (Onf); 3-nitrophenytalanine (Mnf); 4-nitrophenylalanine (Pnf); 2-
cyanophenylalanine (Ocf); 3-cyanophenyialanine (Mcf); 4-cyanophenylalanine (Pef); 2-
trifluoromethylphenylalanine (Otf); 3-trifluoromethylphenylalanine (Mtf); 4-
rrifleoromethylphenylalanine (Ptf); 4-aminophenylalanine (Paf); 4-todophenylalanine (Pif); 4-
ammomethylphenylalanine (Pamf); 2,4-dichlorophenylalanine (Opef); 3,4-dichlorophenylalanine
(Mpcf); 2,4-difluorephenylalanine (OpfD); 3 4-difluorophenylalanine (Mpfh); pyrid-2-vialanine
(2pAla); pyrid-3-ylalanine (3pAla); pyrid-4-ylalanine (4pAla); naphth-1-ylalanine {InAla); naphth-2-
ylalanine (ZnAla); thiazolylalanine (taAla); benzothienylalanine (bAla); thienylalanine (tAla);
furylalanine (fAla); homophenylaianine (hPhe}; homotyrosine (WTyr); homotryptophan (hTrp):
pentafluorophenylalanine (5£f); styrylkalanine (sAla); authrylalanine (aAla); 3.3-diphenylalanine
(Dfa); 3-amino-5-phenypentanoic acid (Afp); penicillamine (Pen); 1,2,3,4-tetrahydroisoquinoline-3-
carboxylic acid (Tic); P-2-thienylalanine (Thi); methionine sulfoxide (Mso); N(w)-nitroarginine
(nArg); homolysine (hLys); phosphonomethylphenylalamne {pmPhe); phosphoserine (pSer);
phosphothreonine (pThr); homoaspartic acid (hAsp); hemoglutanic acid (hGhu); 1-aminocyclopent-(2
or 3)—3116—4.ca1'b0xylic acid; pipecolic acid (PA}, azetidine-3-carboxylic acid (ACA); 1~
aminocyclopentane-3-carboxylic acid; allylglycine (aOly); propargylglycine (pgGly); homoalanine
(hAla); norvaline (nVal); homoleucine (hleu), homovaline (hVal); homoisolencine (hlle);
homoarginine (hArg); N-acetyl lysine (AcLys}; 2,4-diaminobutyric acid (Dbu); 2,3-dlaminobutyric
acid (Dab}; N—methyivaline (MeVal); homocysteme (hCyS:);-homoserme {hSer); hydroxyproline
(Hyp) and homoproline (hPro). Additional non-encoded amino acids of which the polypeptides
described herein may be comprised will be apparent to those of skill in the art (see, e.g., the various
amino acids provided in Fasman, 1989, CRC Practical ITandbook of Biochemistry and Molecular
Biology, CRC Press, Boea Raton, FL., at pp. 3-70 and the references cited therein, all of which are

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

[0221] Those of skill in the art wiil recognize that amino acids or residues bearing side chain
protecting groups may also cormprise the polypeptides described herein. Non-limiting examples of
such protected amine acids, which in this case belong to the aromatic category, include (protecting
groups listed m parentheses), but are not limited to: Arg(tos), Cyvs(methylbenzyl), Cys
{nitropyridinesulfenyl), Glu(d-benzylester}, Gin(xanthyl), Asn(N-6-xanthyl), His(bom), His(benzy}),
His(tos), Lys(fmoc), Lys(fos), Ser(O-benzyl), Thr (O-benzyl) and Tyr(O-benzyl).
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[6222] Non-encoding amino acids that are conformationally constrained of which the polypeptides
described herein may be composed incinde, bt are not Iimited to, N-methyl ammo acids
(L-configuration); 1-aminocyclopent-(2 or 3)-ene-4-carboxylic acid; pipecolic acid; azetidine-3-

carboxylic acid; homoproline (hPro); and 1-aminocyclopentane-3-carboxylic acid.
7.3 Polynucleotides Encoding Engineered Ketoreductases

102231 in another aspect, the present disclosure provides polynucleotides encoding the engineered
ketoreductase enzymes. The polynucleotides may be operatively linked to one or more heterclogous
regulatory sequences that control gene expression fo create a recombmant polynucleotide capable of
expressing the polypeptide.  Expression constructs containing a heterologous polynucleotide
encoding the engineered ketoraductase can be introduced into appropriate host cells to express the

corresponding ketoreductase polypeptide.

10224] Because of the knowledge of the codons corresponding to the various amine acids,
availability of a protein sequence provides a description of all the polynucleotides capable of
encoding the subject. The degeneracy of the genetic code, where the same amino acids are encoded
by alternative or synonymous codons allows an extremely large number of nucleic acids to be made,
all of which encode the improved ketoreductase enzymes disclosed herein. Thus, having identified a
particular amino acid sequence, those skilled in the art could make any number of different nucleic
acids by simply modifying the sequence of one or more codons m a way which does not change the
amino acid sequence of the protein. In this regard, the present disclosure specifically contemplates
each and every possible variation of polynucleotides that could be made by selecting combinations
based on the possible codon choices, and all such variations are to be considered specifically
disclosed for any polypeptide disclosed herein, including the amino acid sequences presented in Table

2.

f0225] In various embodiments, the codons are preferably selected to fit the host cell 1 which the
protein is being produced. For example, preferred codons used in bacteria are used to express the
gene in bacteria; preferred codons used in veast are used for expression m yeast; and preferred codons
used in mammals are nsed for expression in mammalian cells, By way of example, the
pelynucleotide of SEQ ID NO: 3 has been codon optimized for expression in E. coli, but otherwise

encodes the naturally occurring ketoreductase of L. kefir.

[0226] In some embodiments, the polynucleotide comprises a nucleotide sequence encoding a
ketoreductase polypeptide with an amino acid sequence that has at least about 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% or more sequence identity tc any of

the reference engineered ketoreductase polypeptides described herein, where the encoded
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ketoreductase polypeptide comprises an amino acid sequence that has at the residue corresponding to
residue position 145 of SEQ ID NO:2, 4 or 142 a polar residue, particularly & serine. In some
embodiments, the polynucleotides encode an engineered ketoreductase polypeptide comprising an
amino acid sequence selected from SEQ 1D NOS: 6, §, 10, 12, 14, 16, 18, 20, 22, 24,26, 30, 32, 38,
40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 64, 66, 68, 70, 74, 76, 78, 80, 86, 88, 90, 92, 104, 106, 110,
112,124, 126, 130, or 134.

[6227] 1n some embodiments, the polynucleotides encoding the engineered ketoreductases are
selected from SEQID NO: 5,7, 9, 11, 13, 15, 17,19, 21, 23, 25,27, 29, 31, 33, 35,37, 39, 41, 43, 45,
47,49, 51,53, 55,57, 59, 61,63, 65,67,69,71,73,75,77,79, 81, 83, 85, 87, 89, 91, 93, 95, 97, 99,
101,103, 105,107, 109, 111, 113, 115, 117,119, 121,123, 125,127,129, 131, and 133.

[0228] Insome embodiments, the polynucieotides are capable of hybridizing under highly stringent
conditions to one of the polynucleotides comprising a sequence corresponding to SEQ 1D NO:5, 7. 9,
1, 13,15,17, 16, 21, 23, 25,27, 29, 31, 33, 35,37, 39, 41, 43, 45,47, 49, 51, 53, 55, 57, 59, 61, 63,
65,67, 65,71, 73,75, 77,79, 81, 83, 85, 87, 89,91, 63,95, 97,99, 161, 103, 105, 107,109, 111, 113,
P15, 117, 119, 121,123, 125, 127, 129, 131, and 133, where the polynucieotide that hybridizes under
highly stringent conditions encode a functional ketoreductase capable of converting the substrats of

structural formula (I) to the product of structural formula (1),

[0229] In some embodiments, the polynucleotides comprise a nucleic acid sequence that encodes the
polypeptides deseribed herein but have about 80% or more sequence identity, about 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% or more sequence identity at
the nucleotide level to a reference polynucieotide encoding an engineered ketoreductase, where the
polynucleotide encodes a functional ketoreductase capable of converting the substrate of structural
formula (1) to the product of structural formula (I1). In some embodiments, the reference
polynucleotide is selected from the sequences cerrespondiﬁg to SEQ IDNO: 5, 7,9, 11, 13,15, 17,
19,21,23,25,27,29, 31,33, 35,37, 39,41, 43, 45,47, 49, 51,53, 55, 57, 39, 61, 63, 65, 67, 69, 71,
73,75,77,79, 81, 83, 85,87, 89,91, 93,95,97,99, 101, 103, 105, 107,109, 111, 113, 115, 117, 119,
121,123, 125, 127, 129, 131, and 133.

{0230] An isolated polynucleotide encoding an improved keioreductase polypeptide may be
manipulated in a variety of ways to provide for expression of the polypeptide. Manipulation of the
isolated polynucieotide prior to its insertion info a vector may be desirable or necessary depending on
the expression vector. The technigues for modifying polynucleotides and nucleic acid sequences
utilizing recombinant DNA methods are well known in the art. Guidance is provided in Sambrook et

al.. 2001, Molecular Cloning: A Laboratory Manual, 3" Ed., Cold Spring Harbor Laboratory Press:
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and Current Protocols in Molecular Biology, Ausubel. F. ed., Greene Pub. Associates, 1998, updates
to 2006,

[0231] For bacterial host cells, suitable promoters for directing transcription of the nucleic acid
constructs of the present disclosure, include the promoters obtained from the E. coli lac operon,
Streptomyees coelicolor agarase gene (dagA), Bacillus subtilis levansucrase gene (sacB), Bacilivs
licheniformis alpba-amylase gene (amyL), Baciltus stearothermophilus maliogenic amylase gene
(amyM), Bacillus amylcliquefaciens alpha-amylase gene (amyQ). Bacillus licheniformis penicillinase
gene (penP), Bacillus subtilis xyiA and xy!B genes, and prokaryotic B-lactamase gene (Villa-
Kamaroff et al., 1978, Proc. Nat! Acad. Sci. USA 75: 3727-37313, as well as the tac promoter {DeBoer
et al., 1983, Proc. Natl Acad. Sci. USA 80: 21-25). Further promoters are described m “Useful
proteins from recombinant bacteria™ in Scientific American, 1980, 242:74-%4; and in Sambrook et al.,

supra.

[0232] For filamentous fungal host cells, suitable promoters for directing the transcription of the
nucleic acid construcis of the present disciosure nciude promoters obtained from the genes for
Aspergillus oryzae TAKA amylase, Rhizomucor miehei aspartic proteinase, Aspergilius niger neuntral
alpha-amylase, Aspergillus niger acid stable alpha-amylase, Aspergiilus niger or Aspergillus awamori
glucoamyiase (glaA), Rhizomucor miehet lipase, Aspergiliw oryzae alkaline protease, Aspergillus
oryzae triose phosphate isomerase, Aspergillus nidulans acetamidase, and Fusarium oxysporum
rypsin-iike protease (WO 96/00787), as well as the NA2-tpit promoter (a hybrid of the promoters
from the genes for Aspergillus niger neutral alpha-amylase and Aspergilius oryzae friose phosphate

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

[0233] Ina yeast host, nseful promoters can be from the genes for Saccharomyces cerevisiae enolase
(ENO-1}, Saccharomyces cerevisiae galactokmase (GAL1), Saccharomyces cerevistae alcohol
dehydrogenase/glyceraidehyde-3-phosphaie dehydrogenase (ADH2/GAP), and Saccharomyces
cerevisiae 3-phosphogiycerate kinase. Other useful promoters for yeast host cells are described by

Romanos et al., 1992, Yeast 8:423-488.

[0234] The control sequence may also be a suiiable transcription ferminator sequence, & sequence
recognized by a host cell to terminate transcription. The terminator sequence is operably linked to the
3'terminus of the nucleic acid sequence encoding the polypeptide. Any terminator which is functional

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

[0235] For example, exemplary transcription terminators for filamentous fungal host celis can be

obtained from the genes for Aspergillus oryzae TAKA amylase, Aspergillus niger glucoamylase,
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Aspergillus nidulans anthraniiate synthase, Aspergillus niger alpha-glucosidase, and Fusarium

oxysporum frypsin-like protease.

[0236] Exemplary terminators for yeast host cells can be obtained from the genes for Saccharomyces
cerevisiae enolase, Saccharomyces cerevisiae eytochrome C (CYC1), and Saccharomyces cerevisiae
slyceraldehyde-3-phosphate debydrogenase. Other useful terminators for yeast host cells are

described by Romanos et al., 1992, supra.

[0237] The control sequence may also be a suitable leader sequence, a noniranslated region of an
mRNA that is important for transiation by the host cell. The leader sequence is operably linked to the
5' terminus of the nucleic acid sequence encoding the polypeptide. Any leader sequence that is
functional in the host cell of choice may be used. Exemplary leaders for filamentous fungal host celis
are obtamed from the genes for Aspergilius oryzae TAKA amylase and Aspergilius nidulans triose
phosphate 1somerase. Suitable leaders for yeast host cells are obtained from the genes for
Saccharomyces cerevisiae enolase (ENO-1), Saccharomyces cerevisiae 3-phosphoglycerate kinase,
Saccharomyces cerevisiae alpha-factor, and Saccharomyces cersvisiae alcohol

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

[6238] The control Sequenée may also be a polyadenylation sequence, a sequence operably linked to
the 3' terminus of the nucleic acid sequence and which, when franscribed, is recogﬁized by the host
cell as a signal to add polyadenosine residues to transcribed mRNA. Any polyadenylation sequence
which 1s functional in the host cell of choice may be used in the present invention. Exemplary
polyadenylation sequences for filamenious fungal host cells can be from the genes for Aspergillus
oryzaec TAKA amylase, Aspergillus niger glhicoamylase, Aspergillus nidulans anthranilate synthase,
Fusartum oxysporum trypsin-like protease, and Aspergillus niger alpha-glucosidase. Useful
polyadenylation sequences for yeast host cells are described by Guo and Sherman, 1993, Mol Cell
Bio. 15:5983-5990.

[0239] The control sequence may also be a signal peptide coding region that codes for an amine acid
sequence tinked to the amino terminus of a polypeptide and directs the encoded polypeptide into the
cell's secretory pathway. The 5' end of the coding sequence of the nucleic acid sequence may
inherently contain a signal peptide coding region naturally linked in transiation reading frame with the
segment of the coding region that encodes the secreted polypeptide. Alternatively, the 5% end of the
coding sequence may contain a signal peptide coding region that is foreign to the coding sequence.
The foreign signal peptide coding region may be required where the coding seguence does not

naturally contain a signal peptide coding region.
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[6240] Alernatively, the foreign signal peptide coding region may simply replace the natural signal
peptide coding region in order to enhance secretion of the polypeptide. However, any signal peptide
coding region which directs the expressed polypeptide into the secretory pathway of a host cell of

choice may be used in the present invention.

[0241] Effective signal peptide coding regions for bactenial host cells are the signal peptide coding
regions obtained from the genes for Bacillus NCIB 11837 maltogenic amylase, Bacillus
stearothermophilus alpha-amylase, Bacillug Ticheniformis s-ubu'..i'isin, Bacilhus lichemiformis §-
lactamase, Bacillus stearcthermophiius neutral proteases (nprT, nprS, nprM), and Bacillug subtilis

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

j6242] Effective signal peptide coding regions for filamentous fungal host cells can be the signal
peptide coding regions obtained from the genes for Aspergillus oryzae TAKA amylase, Aspergillus
niger neutral amylase, Aspergillus niger glucoamylase, Rhizomucor miehet aspartic proteinase,

Humicola insolens cellulase, and Humicola lanuginosa lipase.

10243} Useful signal peptides for yeast host cells can be from the genes for Saccharomyces cerevisiae
alpha-factor and Saccharomyces cerevisiae invertase. Other useful signal peptide coding regions are

described by Romanos ot al., 1992, supra.

[0244] The control sequence may also be a propeptide coding region that codes for an amino acid
sequence positioned at the amino terminus of a polypeptide. The resultant pelypeptide 18 known as a
-proenzyme or propolypeptide (or & zymogen in some cases). A propolypeptide is generally inactive
and can be converted to a mature active polypeptide by catalytic or avtocatalytic cleavage of the
propepiide from the propolypeptide. The propeptide coding region may be obtamed from the genes
for Bacilius subtilis alkaline protease (aprE), Bacillus subtilis neutral protease {npr'T), Saccharomyces
cerevisiac alpha-factor, Rhizomucor miehet aspartic proteinase, and Myceliophthora thermophiia

lactase (WO 95/33836).

{6245] Where both signal peptide and propeptide regions are present at the amino terminus of a
polypeptide, the propeptide region is positioned next to the aminoe terminus of a polypeptide and the

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

[0246] 1t may also be desirable to add regulatory sequences, which aliow the regulation of the
expression of the polypeptide relative to the growth of the host cell. Examples of regulatory systems
are those which cause the expression of the gene to be turned on or off in vesponse to a chemical or
physical stimulus, including the presence of a regulatory compound. In prokaryotic host cells,
suitable regulatory sequences include the lac, tac, and trp operator systems. In yeast host cells,

suitable regulatory systems include, as examples, the ADH?2 system or GAL! system. In filamentous
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fungi, suitable regulaiory sequences include the TAKA alpha-amylase promoter, Aspergitius niger

glucoamylase promoter, and Aspergilius oryzae glucoamylase promoter.

10247} Other examples of regulatery sequences are those which alow for gene amplification. In
eukaryotic systems, these include the dihydrofolate reductase gene, which is amplified in the presence
of methotrexate, and the metallothionein genes, which are amplified with heavy metals. In these
cases, the nucleic acid sequence eh.coding the KRED polypeptide of the present invention would be

operably linked with the regulatory sequence,

[0248] Thus, in some embodiments, the present disclosure 15 also directed to a recombmant
expression vector comprising a polynuclectide encoding an engineered ketoreductase polypeptide or a
variant thereof, and one or more expression regulating regions such as a promoter and a terminator, a
replication origin, etc., depending on the type of hosts into which they are to be mtroduced. The
various nucleic acid and conirol sequences deseribed above may be joined together to produce a
recombinant expression vector which may include one or more convenient restriction sites to aliow
for insertion or substitution of the nucleic acid sequence encoding the polypeptide at such sites.
Alternatively, the nucleic acid sequence of the present disclosure may be expressed by inserting the
nuclete acid sequence or a nucleic acid construct comprising the sequence into an appropriate vector
for expression. In creating the expression vector, the coding sequence is located in the vector so that

the coding sequence is operably linked with the appropriate control sequences for expression.

[6249] The recombinant expression vector may be any vector {e.g., a plasmid or virus}, which can be
conveniently subjected to recombinant DNA procedures and can bring about the expression of the
polynucieotide sequence. The choice of the vector will typically depend on the compatibility of the
vector with the host cell mte which the vector is to be intzoduced. The vectors may be linear or closed

circular plasmids.

[0250] Insome embodiments, the expression vector may be an autonomously replicating vector, i.e.,
a vector that exists as an extrachromosomal entity, the replication of whichk is independent of
chromosomal replication, e.g., a plasmid, an extrachromosomal element, a minichromosome, or an
artificial chromosome. The vector may contain any means for assuring self-replication,

Alternatively, the vector may be one which, when introduced info the host cell, is integrated into the
genome and replicated together with the chromosome(s) into which it has been integrated.
Furthermore, a single vector or plasmid or two or more vectors or plasmids which together contain the

total DNA 1o be introduced into the genome of the host cell, or a transposon may be used.

[6251] The expression vectors of the present disclosure can centain one or mote selectable markers,

which permit easy selection of transformed cells. A selectable marker is a gene the product of which
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provides for biocide or viral resistance, resistance to heavy metals, prototrophy to auxotrophs, and the
like. Examples of bacterial selectable markers are the dal genes from Bacillus subtilis or Bacillus
heheniformms, or markers, which confer antibiotic resistance such ag ampicillin, kanamyem,
chloramphenicol (Example ) or tetracvcline resistance. Suitable markers for yeast host cells are

ADEZ, HIS3, LEUZ, LYS2, MET3, TRPL, and URA3.

[0252] Selectable markers for use in a filamentous fungal host cell include, but are not limited to,

~ amdS (acetamidase), argB (ornithine carbamoyltransferase), bar (phosphinothricin acetyltransferase),
hph (hygromycin phosphotransferase), niald (niwrate reductase), pyrG (orotidine-5"-phosphate
decarboxylase), sC (sulfate adenyltransferase), and trpC (anthranilate synthase), as well as equivaients
thereof., Embodiments for use in an Aspergillus cell include the amdS and pyrG genes of Aspergillus

nidulans or Aspergillus oryzae and the bar gene of Streptomyces hygroscopicus.

{0253} The expression vectors of the present mvention preferably contain an element(s) that permits
integration of the vector into the host cell's genome or autonomous replication of the vector in the cell
independent of the genome. For integration into the host cell genome, the vector may rely on the
nucleic acid sequence encoding the polypeptide or any other element of the vector for integration of

the vector into the genome by homelegous or nonhomelogous recombination,

{6254} Alternatively, the expression vector may contain additional nucleic acid sequences for
directing integration by homologous recombination mto the genome of the host cell. The additional
nucleic acid sequences enable the vector 10 be integrated into the host cell genome at a precise
location(s) in the chromosome(s). To increase the fikelihcod of integration at a precise location, the
integrational elements should preferably contain a sufficient number of nucleic acids, such as 100 1o
10,000 base pairs, preferably 400 to 10,000 base pairs, and most preferably 800 to 10,000 base pairs,
which are highly homologous with the corresponding target sequence to enhance the probability of
homologous recombination. The integrational elements may be any sequence that is homologous
with the target sequence in the genome of the host cell. Furthermore, the integrational elements may
be non-encoding or encoding aucleic acid sequences. On the other hand, the vector may be integrated

inte the genome of the host cell by non-homologous recombination,

[0255] For autonomous replication, the vector may further comprise an origin of rephcation enabling
the vector to replicate autonomously m the host cell m question, Examples of bacterial origing of
replication are P15A ori or the origins of replication of plasmids pBR322, pUC19, pACYCI77 (which
piasmid has the P13A ori), or pACYC184 permitiing replication in E. coli, and pUB110, pE194,
pTAI1060, or pAMf1 permitting replication in Bacillus, Examples of origins of replication for use in

a yeast host cell are the 2 micron origin of replication, ARS1, ARS4, the combination of ARS! and
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CEN3, and the combination of ARS4 and CEN6. The crigin of replication may be one having a
mutation which makes its functioning temperature-sensitive in the host cell (see, e.g., Ehrlich, 1978,

Proc Natl Acad Sci. US4 75:1433).

10256] More than one copy of a nucleic acid sequence of the present inveniion may be inserted into
the host cell to increase production of the gene product. An increase in the copy number of the
nucleic acid sequence can be obtained by integrating at least one additional copy of the sequence into
the host cell genome or by including an amplifiable selectable marker gene with the nucleic acid
sequence where cells containing amplified copies of the selectable marker gene, and therchy
additional copies of the nucleic geid sequence, can be selected for by cultivating the cells in the

presence of the appropriate selectable agent.

{0257] Many of the expression vectors for use in the present invention are commercially available.
Suitable commercial expression vectors include p3xFLAGTM™ expression vectors from Sigma-
Aldrich Chemicals, St. Louis MO, which includes a CMV promoter and hiGH polyadenylation site
for expression in mammalian host cells and a pBR322 origin of replication and ampicillin resistance
markers for amplification in E. coli. Other suitable expression vectors are pBluescriptll SK.(-) and
pBK-CMYV, which are commercially available from Stratagene, LaJolla CA, and plasmids which are
derived from pBR322 (Gibco BRL), pUC {Gibco BRL), pREP4, pCEP4 (Invitrogen) or pPoly (Lathe
etal., 1987, Gene 5‘7: 193-201).

C 7.4 Host Cells for Expression of Ketoreductase Polypeptides

[0258] In another aspect, the present disclosure provides a host cell comprising a polynucleotide
encoding an improved ketoreductase polypeptide of the present disclosure, the polynucleotide being
operatively linked to one or more control sequences for expression of the ketoreductase enzyme in the
host cell. Host cells for use in expressing the KRED polypeptides encoded by the expression vectors
of the present invention are well known in the art and include but are not limited to, bacterial cells,
such as . coli, Lactobacillus kefir, Lactobacillus brevis, Streptomyces and Salmenella typhimurinm
cells; fungal cells, such as yeast cells (e g, Saccharomyces cerevisiac or Pichia pastoris (ATCC
Accession No. 201178)); insect cells such as Drosophila 82 and Spodoptera S{9 cells; animal cells
such as CHO, COS, BHK, 293, and Bowes melanoma cells; and plant cells. Appropriate culture

mediums and growth conditions for the above-described host cells are well known in the axt.

[025%] Polynucleotides for expression of the ketoreductase may be introduced into cells by various
methods known in the art. Techniques include, among others, electroporation, biolistic particle
bombardment, liposome mediated transfection, calcium chloride transfection, and protopiast fusion.

Various methods for introducing polynucleotides mto cells will be apparent to the skilied artisan.
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[0260] An exemplary host cell is Escherichia coli W3110. The expression vector was created by
operatively linking a polynucieotide encoding an improved ketoreductase info the plasmid

pCK 110900 operatively linked to the lac promoter under control of the lacl repressor. The expression
vector also contains the P15a origin of replication and the chloramphenicol resistance gene. Cells
containing the subject polynucleotide in Escherichia coli W3 110 were isolated by subjecting the cells

to chloramphenicol selection.
7.5 Methods of Generating Engineered Ketoreductase Polypeptides.

[6261] In some embodiments, to make the improved KRED polynucleotides and polypeptides of the
present disclosure, the naturally-occurring ketoreductase enzyme that catalyzes the reduciion reaction
is obtained {(or dertved) from Lactobacillus kefir or Lactobacillus brevis. In some embodiments, the
parent polynucieotide sequence is codon optimized to enhance expression of the ketoreductase in a
specified host cell. As an illusiration, the parental polynucieotide sequence encoding the wild-type
KRED polypeptide of Lactobacillus kefir was constructed from oligonucleotides prepared based upon
the known polypeptide sequence of Lactobacilfus kefir KRED sequence availabie in Genbank
database (Genbank accession no. AAP94029 GI:33112056). The parental polynucleotide sequence
was codon optimized for expression in £, coli and the codon-optimized polynucleotide cloned into an
expression vector, placing the expression of the ketoreductase gene under the control of the lac
promoter and lacl repressor gene. Clones expressing the active ketoreductase in £, cofi were
identified and the genes sequenced to confirm their identity. The sequence designated (SEQ D NO:

" 1} was the parent sequence utilized as the starting point for most experiments and library construciion

of engineered ketoreductases evolved from the Lactobacillus kefir ketoreductase.

[6262] The enginecred ketoreductases can be obtained by subjecting the polynucieoticde encoding
the naturally occurring ketoreductase to mutagenesis and/or directed evolution methods, as discussed
ahove. An exemplary dirscted evolution technique is mutagenesis and/or DNA shuffing as described
in Stemmer, 1994, Proc Nat! Acad Sci USA 91:10747-10751;, WO 95/22625; WO 97/0078, WO
§7/35966: WO 98/27230; WO 00/42651; WO 01/75767 and U.S. Pat. §,537,746. Other directed
evolution procedures that can be used include, among others, staggered extension process (StEP), in
vitro recombination (Zhao et al., 1998, Nar. Biotechnol. 16:258-261), mutagenic PCR (Caldwell et
al., 1994, PCR Methods Appl. 3:5136-5140), and cassette mutagenesis {Black et al., 1996, Proc Narl
Acad Sci US4 93:3525-3529).

[0263] The clones obtained following mutagenesis freatment are screened for engineered
ketoreductases having a desired improved enzyme property. Measuring enzyme activity from the

expression libraries can be performed using the standard brochemistry technigue of monitoring the
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rate of decrease {via a decrease in absorbance or fluorescence) of NADH or NADPH concentration, as
it is converted into NAD™ or NADP™. (For example, sze Example 7.) In this reaction, the NADH or
NADPH is consumed (oxidized) by the ketoreductase as the ketoreductase reduces a ketone substrate
to the corresponding hydroxyl group. The rate of decrease of NADH or NADPH concentration, as
measured by the decrease in absorbance or floorescence, per unit time indicates the relative
(enzymatic) activity of the KRED polypeptide in a fixed amount of the lysate (or a lyophilized
powder made therefrom). Where the improved enzyme property desired is thermal stability, enzyme
activity may be measured after subjecting the enzyme preparations to a defined temperature and
measuring the amount of enzyme activity remaining after heat treatments. Clones contaming a
polynucieotide encoding a ketoreductase are then tsolated, sequenced to identify the nucleotide

sequence changes (if any), and used to express the enzyme in a host cell.

[0264] Where the sequence of the engineered polypeptide 15 known, the polynucleotides encoding
the enzyme can be prepared by standard solid-phase methods, according to known synthetic methods.
In some embodiments, fragments of up to about 100 bases can be individually synthesized, then
jomed {e.g., by enzymatic or chemical litigation methods, or polymerase mediated methods) to form
any desired continuous sequence. For example, polynucleotides and oligonucleotides of the invention
can be prepared by chemical synthesis using, ¢.g., the classical phosphoramidite method described by
Beaucage et al., 1981, Ter Lerr 22:185%-69, or the method described by Matthes et al.,, 1984, EMBO J.
3:801-05, e.g., as it is typically practiced 1n automated synthetic methods. According to the
phosphoramidite method, oligonucleotides are synthesized, e.g., in an automatic DNA sjnthesizer,
purified, annealed, ligated and cloned in appropriate vectors. In addition. essentially any nucleic acid
can be obtained from any of a variety of commercial sources, such as The Midland Certified Reagent
Company, Midland, TX, The Great American Gene Company, Ramona, CA, ExpressGen Inc.

Chicago, 1L, Operon Technologies Inc., Alameda, CA, and many others.

[6265] Engineered ketoreductase enzymes expressed in a host cell can be recovered from the cells
and or the culture mediom using any one or more of the well known technigues for protein
purification, including, among others, lysozyme treatment, sonication, filiration, salting-out, ultra-
centrifugation, and chromatography. Suitable solutions for lysing and the high efficiency exiraction
of proteins from bacteria, such as £, coli, are commercially available under the trade name CelLytic

B™ from Sigma-Aldrich of St. Louis MO.

[0266] Chromatographic techniques for isolation of the ketoreductase polypeptide include, among
others, reverse phase chromatography, high performance liquid chiromatography, ion exchange

chromatography, gel electrophoresis, and affinity chromatography. Conditions for purifying a
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particular enzyme will depend, in part, on factors such as net charge, hydrophobicity, hydrophilicity,

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

[0267] In some embodiments, affinity technigues may be used to isolate the improved ketoreductase
enzymes. For affinity chromatography purification, any antibody which specifically binds the
ketoreductase polypeptide may be used. For the production of antibodies, various host ammals,
inchudmg but not limited to rabbits, mice, rafs, etc., may be immunized by injection with a
polypeptide. The polypeptide may be attached to a suitable carrier, such as BSA, by means of a side
chain functional group or linkers attached to a side chain functional group. Various adjuvants may be
used to increase the immunological response, depending on the host species, including but not limited
to Freund’s (complete and incomplete), mineral gels such as aluminum hydroxide, surface active
substances such as kysolecithin, pluronic polyols, polyanions, peptides, ofl emulsions, keyhole impet
hemocyanin, dinitrophenol, and potentialty useful human adjuvants such as BCG (bacilli Calmette
Guerin) and Corynebacterium parvum.

7.6 Methods of Using the Engineered Ketoreductase Enzymes and Compounds Prepared

Therewith

10268] The ketoreductase enzymes described herein are capable of catalyzing the reduction reaction

of the keto group in the compound of structural formula (I}, 3-keiothiolane:

O
()

to the corresponding chiral alchohol product of structural formula (FF), (R}-3-hydroxythiolane:

H

a

M

[6269] In some embodiments, the invention provides a method for reducing a substrate of structoral
compound of formula (1) to the product of the structural formula (I}, where the method comprises
contacting or incubating the substraie with a ketoreductase polypeptide disciosed herein under

reaction conditions suitable for reducing the substrate to the alcohol product.

[0270] For example, in some embodiments of the method, the ketoreductase polypeptides comprise

an amino acid sequence having, as compared to the wild-type L. kefir or L. brevis or L. minor KRED
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sequences of SEQ 1D NG: 4, 2 and 142, respectively, a polar residue, particularly a serine, at the
residue corresponding to X145, As noted herein, the ketoreductase polypeptide can have in addition,
one or more mutations at other ammo acid residues as compared to the references sequences of SEQ
ID NG:2, 4, or 106. Such differences are described in the sequence formulas of SEQ 1D NO:143,

144, and 145 and the descriptions herein.

[0271] In some embodiments of this method, the ketoreductase polypeptide comprises, by way of
example and not Hmitation, an amino acid sequence that is at least 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 IDNO: 2, 4, or 142 having a polar residue, particularly serine, at the residue corresponding to
X145, where the ketoreductase potypeptide also has a polar residue, particularly serine, at the residue

corresponding to X145

[0272] In some embodiments of the method, the product is reduced in greater than about 65%
stereomeric excess, where the ketoreductase polypeptide comprises a sequence corresponding to SEQ
- IDNOS: 6,8, 10, 12, 14, 16, 18,20, 22, 24 26, 30,32, 38, 40,42, 44, 46, 48, 50, 52, 34, 56, 38, 60,
64, 66, 68,70, 74,76, 78, 80, 86, 88, 90, 92, 104, 106, 110, 112, 124, 126, 130, or 134.

0273] In some embodiments of the method, the subsirate is reduced to the product in greater than
about 90% stereomeric excess, wherein the ketoreductase polypeptide comprises an amino acid
sequences corresponding to SEQ ID NO: 6, §, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 34, 32, 34, 36, 38,
40, 42, 44, 46, 48, 50, 52, 54, 56, 5§, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 86, 88, 00, 92, 94,
96, 100, 102, 104, 106, 108, 110, 112, 126, 128, 130, or 134,

[0274] Insome embodiments of the methed, the substrate is reduced o the product in greater than
about 98% s.¢., wherein the ketoreductase polypeptide comprises an amino acid sequences
corresponding to corresponding to SEQ ID NO: €, 8, [C, 18, 20, 22,24 26, 28, 30, 34, 36, 38, 40, 42,
50, 52, 54, 58, 62, 66, 70, 72, 76, 78, 80, and 134. '

16275] In some embodiments of the method for reducing the substrate 1o the product, the subsirate is
reduced o the product at an improved rate as compared to the wild-type enzyme (SEQ ID NO:43,
wherein the ketoreductase polypeptide comprises an amino acid sequence correspending to SEQ 1D
NO: 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 30, 32, 38, 40, 42, 44, 46, 48, 50, 532, 54, 56, 38, 60, 64,
66, 68, 70, 74,76, 78 80, 86, 88, 90,92, 104, 106, 110, 112, 124, 126, 130, or 134.

[6276] In some embodiments, the reaction condition is pH 7.5 or less. In some embodiments, the
reaction condition is at a pH of from about 3.0 to about 7.5. In some embodimenits, the reaction
condition is at a pI of from about pH 6.0 to 7.5. In some embodiments, the reaction condition

temperature is about 25°C or less. In some embodiments, the reaction condition is at a temperature of
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5°C to about 25%C or 5°C to 15°C. In some embodiments, the reaction condition also includes a

cofactor regenerating system, as further described below,

[0277) In some embodiments, a method for reducing the substrate to the product can comprise
contacting the substrate with a ketoreductase of the disclosure in a reaction condition comprising at
least 100 g/L of substrate and af least 0.8-1.0 g/1. of the ketoreductase polypeptide, wherein at least
%0% of the substrate is converted to product in less than 24 hrs (e.g., 20-24 hrs). In some
embodiments, greater than 95%,, 96%, 97%, 98%, or 99% or more of the substrate is converted to the
product under the reaction condition. Exemplary polypeptides for use in the method, include, but are
not imited to, polypeptides comprising the amino acid sequences corresponding to SEQ ID NO: 6, §,
10,12, 14, 18, 20,22, 24, 26, 30, 32, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 64, 66, 68, 70, 74,
76,78, 80, 82, 86, 88,90, 92, 104, 106, 110, 112, 126, 130, and 134.

[6278] In some embodiments, a method for reducing the substrate to the product can comprise
contacting the substrate with a ketoreductase of the disclosure in a reaction condition comprising at
least 100 g/L of substrate and at least 0.8-1.0 g/L of the ketoreductase polypeptide, wherein at least
90% of the substrate is converted to product in 12-20 hrs. In some embodiments, greater than 95%,
96%, 97%, 98%. or 99% or more of the substrate is converied to the product under the reaction
condition. Exemplary polypeptides for use in the method, include, but are not Himited to, SEQ ID NO:
26, 44, 68, and 104.

[0279] In some embodiments, any one of the kemreductﬁses polypeptide provided herein can be used
- in the production of (R)-3-hydroxythiolane, which is an intermediate for producing various drugs,
such as antibiotics and protease inhibitors. In some embodiméms, the ketoreductase polypeptides can
be used in the production of the antibiotic sulopenem (CP-70,429), having the following structural

formula (TIY), and salts thereof; and solvales and hydrates thereof:

OH
/’/flz,,“' 8
, S
a1 N/ ""CL
e ~

[0280] Thus, in some embodiments, in 2 method for the synthesis of the antibiotic of structural

formula (II1) (i.e., CP-70,429), & step in the method can comprise contacting the substrate of formula
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{I) with any of the ketoreductases described herein, thereby convenling or reducing the substrate to the

product of structural formula (J1).

[0281] The product of structural formuia (I) can be converted to sulopenem, having structural

formula (ITI), and intermediates thereto, by the synthefic route described in J. Org. Chem., 1992,

57:4352, incorporated by reference herein. The route described therein is depicted below, wherein Ts

1s p-tosyl, Ac is acetyl, and TBS is t-butyldimethylsilyl.

H H
o™ d Tso™ TsO“@
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[6282] In some embodiments, methods provide for the syntheses of cach one of the mtermediates of
strectural formulae (IV), (V), (VD), (VID), (VILL), (IX), (X), and (XTI, where a step in the method for
synthesis of the intermediates can comprise contacting the substrate of formula (I) with any of the
ketoreduetases described herein under suitable conditions for converting or reducing the substrate to

the product of structural formula (I).

[6283] The additional step or steps in such methods may be according to the procedures for the step
or sieps described in J. Org. Chem., 1992, 57:4352, incorporated by reference, or modifications
thereof, For the conversion of the product of structural formula (I} to the intermediate of structural
formula (IV}), the dimethylaminopyridine reagent used in the procedure described in J. Org. Chem.,
1992, 57:4352 may be substituted with pyridine or 1-methylimidazole. For the conversion of the
inteymediate of structural formula (IV) to the mtermedhate of structural formula (V), the reaction that
is conducted at 0°C in the procedure described in J. Org. Chem., 1992, 57:4352 may be conducted at
lower temperatures, e.g., at —23°C, to further minimize the formation of the corresponding sulfone by-

product.

[0284] In some embodiments, the (R)-3-hydroxythiolane intermediate can be used in the synthesis of
HIV-protease inhibitors (/. Med. Chem., 1994, 37:1177) or other compounds or drugs whose
synthesis relies on the intermediate (R}-3-hydroxythiolane (formula (IT)), wherein a step in the
method for synthesis of the drug compound comprises reducing or converting the compound of
formula (T) to the compound of formula (IT) using any one of the ketoreductase polypeptides provided

herein.

[0285] As is known by those of skill in the art, ketoreduciase-catalyzed reduction reactions typically
require a cofactor. Reduction reactions catalyzed by the engineered ketoreductase enzymes described
herein also typically require a cofactor, although many embodiments of the engineered ketoreductases
require far less cofactor than reactions catalyzed with wil.dytype ketoreduciase cnzymes., Asused
herein, the term “cofactor” refers to a non-protein compound that operates in combination with a
ketoreductage enzyme. Cofactors suitable for nse with the engineered ketoreductase enzymes
described herein inchude, but are not limited to, NADP" (nicotinamide adenine dinucleotide
phosphate), NADPH {the reduced form of NADP™), NAD™ (nicotinamide adenine dinucleotide) and
NADH (the reduced form of NAD"). Generally, the reduced form of the cofactor 15 added to the
reaction mixture. The reduced NAD(PYH form can be optionally regenerated from the oxidized

- NAD(P)Y form using a cofactor regeneration system.

[6286] The term “cofactor regeneration system” refors 1o a set of reactants that participate in a

reaction that reduces the oxidized form of the cofactor (e.g., NADP' to NADPH). Cofactors oxidized
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by the ketoreduciase-catalyzed reduction of the keto subsirate are regenerated 1 reduced {orm by the
cofactor regeneration system. Cofactor regeneration systems comprise a stoichiometric reductant that
15 a sowrce of reducing hvdrogen equivalents and is capable of reducing the oxidized form of the
cofactor. The cofactor regeneration system may further comprise a catalyst, for example an enzyme
catalyst, that catalyzes the reduction of the oxidized form of the cofactor by the reductant. Cofactor
regeneration systems to regenerate NADH or NADPH from NAD" or NADP?, respectively, are

known in the art and may be used in the methods described heren.

[0287] Suitable exemplary cofactor regeneration systems that may be emploved include, but are not
limited to, glucose and glucose dehydrogenase, formate and formate dehydrogenase, glucose-6-
phosphate and glucose-6-phosphate dehydrogenase, a secondary (e.g., isopropanol) alcohol and
secondary alcohol dehydrogenase, phosphite and phosphite dehydrogenase, molecular hydrogen and
hydrogenase, and the like. These systems may be used in combination with either NADP'/NADPH or
NAD'"/NADH as the cofactor. Electrochemical regeneration using hydrogenase may also be used as a
cofactor regeneration system. See, e.g., U.S. Pat. Nos. 5,538,867 and 6,495,023, both of which are
mne¢orporated heremn by reference. Chermnical cofactor regencration systems comprising a metal catalyst
and a reducing agent (for example, molecular hydrogen or formate) are also suitable. See, e.g., PCT

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

[06288] The terms “ghucose dehydrogenase” and “GDIH” are used interchangeably herein to refer to
an NAD™ or NADP -dependent enzyme that catalyzes the conversion of D-glucose and NAD™ or
NADP" to giuconic acid and NADFH or NADPH, respectively. Equation (1), below, describes the
glucose dehydrogenase-catalyzed reduction of NAD™ ot NADP by glucose.

(1) glucose + NAD(PY + H,0 oo gluconic acid + NAD(P)H + H*
f028%] Glucese dehydrogenases that are svitable for use in the practice of the methods described
herein inchude both naturally occurring gihucose dehydrogenases, as well as non-naturally occurring
glucose dehydrogenases. Naturally occurring ghicose debvdrogenase encoding genes have been
reported in the lterature. For example, the Bacillus subtilis 61297 GDH gene was expressed in E.
coli and was reported to exhibit the same physicochemical properties as the enzyme produced in its
native host (Vasantha et al., 1983, Proc. Natl. Acad Sci. USA 80:785). The gene sequence of the B.
subtilis GDH gene, which corresponds to Genbank Acc. No. M12276, was reported by Lampel et al.,
1986, J. Bacreriol. 166:238-243, and in corrected form by Yamane et al., 1996, Microbiology
142:3047-3056 as Genbank Acc. No. D30453. Naturally occurring GDH genes also include those
that encode the GDH from B. cereus ATCC 14579 {(Narre, 2003, 423:87-91; Genbank Acc. No.
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AE017013 ) and B. megaterium (Eur. J. Biochem., 1988, 174:485-490, Genbank Acc. No. X12370; I
Ferment. Bioeng., 1990, 70:363-369, Genbank Acc. No. GI216270). Glucose dehydrogenases from
Bacillus sp. are provided in PCT publication WO 2005/018579 as SEQ ID NOS: 10 and 12 (encoded
by polynucleotide sequences corresponding to SEQ TD NOS: 9 and 11, respectively, of the PCT

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

[0290] Non-naturally eccurring glucose dehydrogenases may be generaied using known methods,
such as, for example, mutagenesis, directed evolution, and the like. GDH enzymes having suitable
activity, whether naturally occurring or non-naturally occurring, may be readily identified using the
assay described in Example 4 of PCT publication WO 2005/018579, the disclosure of which is
incoporated herein by reference. Exemplary non-naturally occurring ghucose dehydrogenases are
provided in PCT publication WO 2005/018579 as SEQ ID NOS: 62, 64, 66, 68, 122, 124, and 126,
‘The polynucleotide sequences that encode them are provided in PCT pubHeation WO 2005/018579 as
SEQ D NOS: 61, 63, 65,67, 121, 123, and 125, respectively. All of these sequences are incorporated
herem by reference. Additional non-naturally occurring glhucose dehydrogenases that are suitable for
use in the ketoreductase-catalyzed reduction reactions disclosed herein are provided in U.S.
application publication Nos. 2005/0095619 and 2005/0153417, the disclosures of which are

incorporated herein by reference.

{0291} Glucose dehydrogenases employed in the ketoreductase-catalyzed reduction reactions
described herein may exhibit an activity of af least about 10 pmol/nyin/myg and sometimes at least
about 10° pmol/min/mg or about 10° wmol/min/me, up to about 10* pmol/min/me or higher in the

assay described in Exampile 4 of PCT publication WO 2005/018579.

[0292] The ketoreductase-catalyzed reduction reactions described herein are generally carried out in
a solvent. Suitable solvents include water, organic solvents (e.g., ethyl acetate, butyl acetate,
1-octacnol, heptane, octane, methyl t-butyl ether (MTBE), toluene, and the like}, ionic liquids (e.g.,
I-ethyl 4-methylimidazolium tetrafluoroborate, 1-butyl-3-methylimidazolium tetraftuoroborate,
1-butyl-3-methylimidazolium hexafluorophosphate, and the like). In some embodiments, aqueous

soivents, including water and aqueous co-solvent systeins, are used.

[0293] Exemplary aqueous co-selvent systems have water and one or more organic solvent. In
general, an organic solvent component of an aqueous co-selvent system is selected such that it does
not compietely mactivate the ketoreductase enzyme. Appropriate co-solvent systems can bé readily
identified by measuring the enzymatic activity of the specified engineered ketoreductase enzyme with
a defined substrate of interest in the candidate solvent system, utilizing an enzyme activity assay, such

as those described herem.
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[6294] The organic solvent component of an aqueous co-solvent system may be miscible with the
aqueous component, providing a single liquid phase, or may be partly miscible or immiscible with the
agqueous component, providing two liquid phases. Generally, when an aqueous co-solvent gystem is
emploved, it is selected to be biphasic, with water dispersed in an organic solvent, or vice-versa.
Generally, when an aqueous co-solvent system 1s utilized, it 1s destrable to select an orgamic solvent
that can be readily separated from the aqueous phase. In general, the ratio of water to organic solvent
in the co-soivent system is typically in the range of from about 9010 to about 10:90 (v/v) organic
solvent to water, and between 80:20 and 20:80 (v/v) orgamic solvent to water. The co-solvent system
may be pre-formed prior to addition to the reaction mixture, or it may be formed in situ in the reaction

vessel,

{0295] The agueous solvent (water or agueous co-sotvent system} may be pH-buffered or nnbuffered.
Generally, the reduction can be carried out at a pH of about 10 or below, usually in the range of from
about 5 to about 10. In some embodiments, the reduction is carried out at a pH of about 9 or below,
usually in the range of from about 5 to about 9. In some embodiments, the reduction is carried out at
a pH of about § or below, often in the range of from about 5 1o about §, and usually in the range of
from about 6 to about & The reduction may also be carried out at a pH of about 7.8 or below, or 7.3

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

[0296] During the course of the reduction reactions, the pH of the reaction mixture may change. The
pH of the reaction mixture may be maintained at a desived pH or within & desired pH range by the
addition of an acid or a base during the course of the reaction. Alternatively, the pH may be
conirolled by using an agqueous solvent that comprises a bufler. Suitable buffers to mamtain desired
pH ranges are known in the art and inciude, for example, phosphate buffer, triethanoiamine buffer,

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

[0297] When the glucose/glucose dehydrogenase cofactor regeneration system is emploved, the co-
production of gluconic acid {(pKa=3.6), as represented in equation (1) causes the pH of the reaction
mixture to drop if the resulting aqueous gluconic acid is not otherwise neutralized. The pH of the
reaction mixture may be maintained at the desired level by standard buffering techniques, wherein the
buffer neutralizes the gluconic acid up to the buffering capacity provided, or by the addition of a base
concurrent with the course of the conversion. Combinations of buffering and base addition may also
be used. Suitable buffers to maintain desired pH rangss are described above, Suitable bases for
neutralization of gluconic acid are organic bases, for example amines, alkoxides and the like, and
inerganic bases, for example, hydroxide salts (e.g., NaOH), carbonate salts (e.g., NaHCO),
bicarbonate salts (¢.g., KoCOy), basic phosphate salts (e.g., KoHPO,, NasPQy), and the like. The

addition of a base concurrent with the course of the conversion may be done manually while
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monitoring the reaction mixture pH or, more conveniently, by using an automatic titrator as a pH stat.

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

[0298] When base addition is employed to neutralize gluconic acid released during a ketoreductase-
catalyzed reduction reaction, the progress of the conversion may be monitored by the amount of base
added to maintain the pH. Typically, bases added to unbuffered or partially buffered reaction

mixtures over the course of the reduction are added in aqueous solutions.

1029%] In some embodiments, the co-factor regenerating system can comprises a formate
dehydrogenase. The terms “formate dehydrogenase” and “FDH” are used interchangeably herein to
refer to an NAD" or NADP'-dependent enzyme that catalyzes the conversion of formate and NAD™ or
NADP" to carbon dioxide and NADH or NADPH, respectively. Formate dehydrogenases that are
suitable for use as cofactor regenerating systems in the ketoreductase-catalyzed reduction reactions
described herein include both naturally occurring formate dehydrogenases, as well as non-naturally
occurring formate dehydrogenases. Formate dehydrogenases melude those corresponding to SEQ ID
NOS: 70 (Pseudomonas sp.) and 72 {Candida boidinii} of PCT publication WO 2005/618579, which
are encoded by polynucleotide sequences corresponding to SEQ TD NOS: 69 and 71, respectively, of
PCT publication 2005/018579, the disclosures of which are incorporated herein by reference.
Formate dehydrogenases employed in the methods described herein, whether naturally occurring or
non-naturally occurring, may exhibit an activity of at least about | wmel/min/mg, sometimes at least
about 10 pmol/min/mg, or at least about 107 pmol/min/mg, up to about 10° pmol/min/mg or higher,
and can be readily screened for activity in the assay described in Exampie 4 of PCT publication WO
2005/618579.

[0300] As used herein, the term “formate” refers to formate anion (HCO,), formic acid {(HCG,H),
and mixtures thereof. Formate may be provided in the form of a salt, typically an alkali or ammonium
salt (for example, HCO,Na, KHCO,NIH,, and the like), in the form of formic acid, typcally aqueous
formic acid, or mixtures thereof. Formic acid is a moderate acid. In aqueous solutions withm several
pH units of its pKa {(pKa=3.7 in water) formate is present as both HCO,” and HCO,H in equilibrium
concentrations. At pH values above about pH 4, formate is predominantly present as HCO,. When
formate is provided as formic acid, the reaction mixture 1s typically buffered or made less actdic by
adding a base to provide the desired pH, typically of about pH 5 or above. Suitable bases for
neutralization of formic acid include, but are not limited to, organic bases, for example amines,
alkoxides and the Like, and mnorganic bases, for example, hyvdroxide salts (e.g., NaOH), carbonate salts
{e.g., NaHCO;}, bicarbonate salts {e.g., K;COs), basic phosphate salts {e.g., KoFIPQy, NazPOy), and
the like.
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[6301] For pH values above about pH 5, at which formate is predominantly present as HCO.',
Equation (2) below, describes the formate dehydrogenase-catalyzed reduction of NAD™ or NADP by

formate.

FDH
{2) HCO, + NAD(PY CO, + NAD{P)H

[0362] When formate and formate debydrogenase are employed as the cofactor regeneration systen,
the pH of the reaction mixture may be maintained at the desired level by standard buffering
techniques, wherein the buffer releases protons up to the buffering capacity provided, or by the
addition of an acid concurrent with the course of the conversion, Suttable acids 1o add during the
course of the reaction to mainiain the pH include organic acids, for example carboxylic acids, sulfonic
acids, phosphonic acids, and the like, mineral acids, for example hydrohalic acids (such as
hydrochloric acid}, sulfuric acid, phosphoric acid, and the like, acidic salts, for example
dihydrogenphosphate salts (e.g., KHoPO,), bisulfate salts (e.g., NaHSO0,) and the like. Some
embodiments ufilize formic acid, whereby both the formate concentration and the pH of the solution

are maintained.

[0303] When acid addition is employed to maintain the pH during 2 reduction reaction using the
formate/formate dehydrogenase cofactor regeneration system, the progress of the conversion may be
monitored by the amount of acid added to maintain the pH. Typically, acids added to unbuffered or

partially buffered reaction mixtures over the course of converston are added in agueous solutions,

[(364] The terms “secondary alcohol dehydrogenase™ and “sADH™ are used interchangeably herein
© to refer to an NAD™ or NADP -dependent enzyme that éatalyzcs the conversion of a secondary
alcohol and NAD™ or NADP” 1o a ketone and NADH or NADPH, respectively. Equation (3), below,
describes the reduction of NAD™ or NADP™ by a secondary alcohol, illustrated by isopropanol.

sADH
{3} OH +NADIPY — o + NAD(PYH + H*
= /i\ {”

16305] Secondary alcohol dehydrogenases that are suitable for use as cofactor regenerating systems
in the ketoreductase-catalyzed reduction reactions described heremn include both naturally occurring
secondary alcoho! dehydrogenases , as well as non-naturally ocourring secondary aleohol
dehydrogenases. Naturally occuring secondary alcohel dehydrogenases include known alcohol
dehydrogenases from, Thermoanerobizm brockii, Rhodococcus etythropolis, Lactobacilius kefiri, and
. Lactobacillus brevis, and non-naturally oceurring secondary alcohol dehydrogenases include
engineered alcohol dehdyrogenases derived therefrom. Secondary alcehol dehydrogenases emploved

in the methods described herein, whether naturally occuring or non-naturally occurring, may exhibit
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an activity of at least about | pmol/min/mg, sometimes at least about 10 pmol/min/mg, or at least

about 107 umol/min/mg, up to about 107 ymol/min/mg or higher.

[0306] Suitable secondary alcohols include lower secondary alkanols and aryl-alkyl carbinois.
Examples of lower secondary alcohols include isopropanol, 2-butanol, 3-methyl-2-butanol, 2-
pentanol, 3-pentancl, 3,3-dimethyl-2-butanol, and the like. In one embodiment the secondary alcohol

1 isopropano]. Suitable aryl-akyl carbinols include unsubstituted and substituted | -arylethanols.

[0307] When a secondary alcoliol and secondary alcohol dehydrogenase are employed as the cofactor
regeneration system, the resulting NAD™ or NADP is reduced by the coupled oxidation of the
secondary alcohol to the ketone by the secondary alcohol dehydrogenase. Some engineered
ketoreductases also have activity to dehydrogenate a secondary aleohol reductant. In some
embodiments using secondary aicohol as reductant, the engineered ketoreductase and the secondary

alcohol dehvdrogenase are the same enzyme.

[0308] In carrying out embodiments of the ketoreductase-catalyzed reduction reactions described
herein employing a cofactor regeneration system, either the oxidized or reduced form of the cofactor
may be provided initially. As described above, the cofactor regeneration system converts oxidized

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

163091 In some embodiments, cofactor regeneration systems are not used. For reduction reactions
carried out without the use of a cofactor regenerating systems, the cofactor is added to the reaction

mixture in reduced form.

[6310] In some embodiments, when the process 1§ carrred out using whole cells of the host orgamism,
the whole cell may natively provide the cofactor. Alternatively or in combination, the cell may

natively or recombinantly provide the giucose dehyvdrogenase.

[031F] In carryving out the stereoselective reduction reactions described herein, the engineered
ketoreductase enzyme, and any enzymes comprising the optional cofactor regeneration system, may
be added to the reaction mixture in the form of the purified enzymes, whole cells wransformed with
gene(s) encoding the enzymes, and/or cell extracts and/or lysates of such celis. The gene(s) encoding
the engineered ketoreductase enzyme and the optional cofactor regeneration enzymes can be
transformed o host cells separately or together into the same host cell. For example, in some
embodiments one set of host cells can be transformed with gene(s) encoding the énginef:red
ketoreductase enzyme and another set can be transformed with gene(s) encoding the cofactor
regeneration enzymes. Both sets of transformed cells can be utilized together in the reaction mixture

in the form of whole cells, or in the form of lysates or extracts derived therefrom. In other
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embodiments, a host cell can be transformed with gene(s) encoding both the engineered ketoreduciase

enzyme and the cofactor regeneration enzymes.

0312} Whole cells transformed with gene(s) encoding the engineered ketoreductase enzyme and/or
the optional cofactor regeneration enzymes, or cell extracts and/or lysates thereof, may be emploved
i a variety of different forms, including solid (e.g., tyophihized, spray-dried, and the like) or

sermisolid (e.g., a crude paste).

[0313] The cell extracts or cell lysates may be partially purified by precipitation (ammonium sulfate,
polyethyleneimine, heat treatment or the like, followed by a desalting procedure prior to
Iyophilization (e.g., ultrafiliration, dialysis, and the like). Any of the cell preparaiions may be
stabilized by crosslinking using known crosshinking agents, such as, for example, glutaraldehyde or

immobihization te a scl:d phase (e.g., BEupergit C, and the hike).

[0314] The solid reactants (e.g., enzyme, salis, ete.) may be provided to the reaction in g variety of
different forms, including powder (e.g., Iyophilized, spray dried, and the like), solution, emulsion,
suspension, and the like. The reactants can be readily lvophilized or spray dried using methods and
equipment that are known to those having ordinary skill in the art, For example, the profein sclution
can be frozen at -80°C in small aliquots, then added to a prechilled lyophilization chamber, foliowed
by the application of a vacuum. After the removal of water from the samples, the temperatre is
typically raised to 4°C for two hours before release of the vacuum and retrieval of the lyvophilized

samples,

[0315] The quantities of reactants used in the reduction reaction will generally vary depending on the
quantities of product desired, and concomitantly the amount of ketoreductase substrate employed.
The following guidelines can be used to determine the amounts of ketoreductase, cofactor, and
optional cofactor regencration system to use. Generally, keto substrates can be employed at a
concentration of about 20 to 300 grams/liter using from about 50 mg to about 5 g of ketoreductase and
about 10 mg to about 150 mg of cofactor. Those heving ordinary skill in the art will readily
understand how to vary these quantities to tailor them to the desired level of productivity and scale of
production. Appropriate quantities of optional cofactor regencration system may be readily
determined by routine expermmentation based on the amount of cofactor and/or ketoreductase utilized.
In general, the reductant (e.g., glucose, formate, isopropanol} is utilized at levels above the equimolar
level of ketoreductase substrate to achieve essentially complete or near complete conversion of the

ketoreductase substrate.

[316] The order of addition of reactants is not critical. The reactants may be added together at the

same time to a solvent {e.g., monophasic solvent, biphasic aqueous co-solvent systern, and the like),
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or alternatively, some of the reactants may be added separately, and some together at different time
points. For example, the cofactor regeneration system, cofactor, ketoreductase, and ketoreductase

substrate may be added first o the solvent.

[4317] For improved mixing efficiency when an aqueous co-solvent system is used, the ¢ofactor
regeneration system, ketoreductase, and cofactor may be added and mixed into the aqueous phase
first. The organic phase may then be added and mixed in, followed by addition of the ketoreductase
substrare. Alternatively, the ketoreductase subsirate may be premixed n the organic phase, prior to

addition to the agueous phase

{318] Suitable conditions for carrying out the ketoreductase-catalyzed reduction reactions described
herein include a wide variety of conditions which can be readily optirnized by routine experimentation
that includes, but 1s not limited to, contacting the engineered ketoreduciase enzyme and substrate at an
experimental pH and temperature and detecting product, for example, using the methods described in

the Examples provided herein.

[0319] The ketoreductase catalyzed reduction is typically carried out at a temperature in the range of
from about 15°C 1o about 75°C. For some embodiments, the reaction is carried out at a temperature in
the range of from about 20°C to about 55°C. In still other embodiments, it is carried outat a
temperature in the range of from about 20°C ¢ about 45°C, The reaction may also be carried out

under ambient conditions.

[6320] The reduction reaction is generally allowed to proceed until essentialiy complete, or near
complete, reduction of subsirate 1s obtained. Reduction of substrate o product can be monitored
using known methods by deiecting subsirate and/or product. Suitable methods include gas
chromatography, HPLC, and the like. Conversion yields of the alcchol reduction product generated in
the reaction mixtare are generally greater than about 50%, may also be greater than aboul 60%, may
aiso be greater than about 70%, may also be greater than about 80%, may also be greater than

90%, and are often greater than about 97%.

5. EXAMPLES

[8321] Various features and embodiments of the disclosure are illustrated in the foliowing

representative examples, which are intended to be iHustrative, and not hmiting.

g.1 Example 1: Wild-type Ketoreductase Gene Acquisition and Construction of
Expression Vectors.

[0322] Ketoreductase (KRED) encoding genes were designed for expression in E. coli based on the

reported amino acid sequence of the ketoreductase and a codon optimization algorithm as described in
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Example 1 of US provisional application Serial No. 60/848,950 and WQ2008042876, incorporated

herein by reference. Genes were synthesized using cligonucieotides composed of 42 nucleotides and

cloned into exprasston vector pCK 110900 (depicted as FIG. 3 in United States Patent Application

Publication 20060195947) under the control of a lac promoter. The expression vector also contamed

the P15a origin of replication and the chloramphenico!l resistance gene. Resulting plasmuds were

transformed mto E. coli W3110 usmyg standard methods. Sequences of codon optimized genes and

the encoded polypeptides as well are Histed in Table 3. The activity of the wild-type ketoreductases

was confirmed as described i US provisional application Serial No. 60/848,950.

‘Table 3: Abbreviations, source and references for Ketoreductases used

KRED Microorganism | Genbank Gino. Polynucleotide Polypeptide
from which Acc, No, SEQ ID No SEQ ID No, Or
ENZyIme was Seurce
originally
identified

ADH-CM | Candida ABU36927.1 1 12657576 SEQIDNolin SEQIDNoZ2in
magnolice US Patent Appln | US Patent Appln

Publn Pubin
20060195947 20060195947

YDL Saccharomyces | NP_010159.1 | 6320079 SEQ ID NQ: 146 | SEQ ID NO:147
cerevisiae

ADH-LB | Lactobacillus INXQ_A 30749782 | SEQ ID NO:! SEQ ID NO:2
brevis (codon optimized)

ADH-RE Rhodococcus AANT3270.1 | 34776951 SEQ ID NO:148 SEQ ID NO:149
ervithropolis

YGL Saccharomyces | NP_011476 6321399 SEQ ID NO:150 SEQ ID NO:151
cerevisiae

YPR Saccharomyces | NP _010656.1 | 6320576 SEQ ID NO:152 SEQ ID NO:153
cerevisiae

GRE Saccharomyces | NP 014490.1 | 6324421 SEQ ID NO:154 SEQIDNO:155
cerevisiae

ADH-LK | Lactobacillus AAPO4029.1 | 33112056 | SEQ ID NO:3 SEQID NO:4

. kefir {(codon optimized)
ADH-SB Sporobolomyces | QIUUN9 30315955 SEQ IDNO:137 SEQ ID NO:13%

salmornicolor
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ADH-SC Streptomyces NP 6314151 1 21225636 SEQ ID NO:135 SEQID NO:136
coelicolor

ADH-TB Thermoanaerobi | X64841.1 1771790 SEQ IDNQ:139 SEQ IDNO: 140
um brockii

ADH-CP Cemdidea BAA24528 2815406 Julich Chiral
parapsilosis ' Solutions No.

03.11

DR-LB Lactobacillus ABJ63353.1 116098204 ' Julich Chiral
brevis Solutions No. 8.1
{diacety!
reductase)

[0323] Polynucleotides encoding engineered ketoreductases of the present invention were likewise

cloned into vector pCK.110900 for expression in E. coli W3116.
8.2 Example 2: Production of Ketoreductase Powders; Shake Flask Procedure.

[0324] A single microbial colony of E. coli containing a plasmid with the ketoreductase gene of
Interest was mocuiated into 50 ml Luria Bertani broth containing 30 wg/ml chloramphenicol and 1%
glucose. Cells were grown overnight (at least 16 hrs) in an incubator at 30°C with shalking at 250
rpm. The culture was dituted into 250 m] Terrific Broth (12 g/l bacto-tryptone, 24g/L. yeast extract, 4
mV/L glycerol, 65mM potassium phosphate, pH 7.0, ImM MgSO., 30 pg/mi chloramphenicol) in 1
liter fiask} to an optical density at 600 am (OD600) of 0.2 and allowed to grow at 30°C. Expression
of the ketoreductase gene was induced with 1mM IPTG when the OD600 of the culture is 0.6 t0 0.8
and tncubated overnight (at least 16 hrs). Cells were harvested by centrifugation (5000mpm, 15 min,
4°(C) and the supernatant discarded. The celi pellet was resuspended with an egual vohume of ¢old
(4°C ) 1060mM triethanolamine {chioride) butfer, pH 7.0 (including 2 mM MgS0O, in the case of
ADH-LK and ADH-LB and engineered ketoreductases derived therefrom), and harvested by
centrifugation as above. The washed cells were resuspended n two volumes of the cold
triethanoiamine (chloride} buffer and passed through a French Press twice at 12000psi while
maintained at 4°C. Cell debris was removed by centrifugation (9000 rpm, 45 min., 4°C). The clear
lysate supernatant was collacted and stored at -20°C. Lyophilization of frozen clear lysate provided a

dry powder of crude ketoreductase enzyme.

[6325] The activity of the wild-type ketoreductases was confirmed as described US provigional
application Serial No. 60/848,950. To a solution of 1 mL 100mM (sodium) phosphate buffer, pH 7.5,
were added 10 mg ketoreductase powder, 50 mg NAD{P)H, 100 nL isopropancl and 10 mg
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4’-chloroacetophenone or unsubstituted acetophenone. The reaction mixture was stirred at room
temperature for 16 hours, then extracted with 1 mL MTBE. A sample of the MTBE phase was
analyzed by chiral HPLC for the conversion of the 4’-chloro-acetophenone and the enantiomeric

composition of the product.
8.3 Example 3: Production of Ketereductases - Fermentation Procedure,

103261 In an aerated aghated 151 fermemér, 6.0L of growth medium containing 0.88 /1. ammoniwm
sulfate, 0.98 /L. of sodium citrate, 12.5 g/L. of dipotassium hydrogen phosphaie trihydrate, 6.25g/L of
potassiuvm dihydrogen phosphate, 6.2 g/L of Tastone-154 yeast exiract, 0.083 g/L ferric ammonium
citrate, and 8.3 ml/L of a trace element solution containing 2 g/L of calcium chioride dibydrate, 2.2
g/l of zinc sulfate septahydrate, (.5 g/L. manganese sulfate monohydrate, 1 g/l cuprous suifate
heptahydrate, 0.1 g/l ammonium molybdate tetrahydrate and 0.02 g/L sodium tetraborate decahydrate
was brought to a temperature of 30°C. The fermenter was inoculated with a late exponential culture
of E. coli W3110, containing a plasmid with the kctoreductase gene of interest, grown in a shake flask
as described in Example 2 to a starting OD600 of 0.5 10 2.0. The fermenter was agitated at 500-1500
rpm and air was supplied to the fermentation vessel at 1.0-15.0 L/min to maintain dissoived oxygen
level of 30% saturation or greater. The pH of the culture was controlled at 7.0 by addition of 20% v/v
ammonium hydroxide. Growth of the culture was maintained by the addition of a feed solution
containing 50(g/L cereloge, 12 g/L ammonium chloride and 10.4 g/l magnesium sulfate
heptahydrate. After the enlture reached an OD600 of 50, the expression of ketoreductase was induced
by the addition of 1sopropyl-f-D-thiogalactoside (1PTG) to a final concentration of ImM. The culture
was grown for another 14 hours. The culture was then chilled to 4°C and maintained at 4°C until
harvested. Celis were harvested by centrifugation at 5000G for 40 minutes in a Sorval RC12BP
centrifuge at 4°C, Harvested cells were used directly i the following downstream recovery process

or were stored at 4°C until such use.

(G327} The cell pellet was resuspended in 2 volumes of [00 mM triethanolamine (chioride) buffer,
pH 6.8, at 4°C 10 each volume of wet cell paste. The mtracellular ketoreductase was released from the
cells by passing the suspension through a homogenizer fitted with a two-stage homogenizing valve
assembly using a pressure of 12000 psig. The cell homogenate was cooled to 4°C immediately after
disruption. A solution of 10% w/v polyethyleneinune, pH 7.2, was added 1o the iysate to a final
concentration of 0.5% w/v and stirred for 30 minutes. The resulting suspension was clarified by
centrifugation at 5000 in a standard laboratory centrifuge for 30 minutes. The clear supernatant was
decanted and concentrated ten fold using a cellulose ultrafiltration membrane with a molecular weight

cut off of 30Kd. The final concentrate was dispensed into shallow containers, frozen at —20°C and
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tyophilized to powder. The ketoreductase powder was stored at ~80°C.

8.4 Example 4: Analytical methods to determine conversion of 3-ketothiolane and
enantiomeric excess of R-3-hydroxythiolane.

[0328] Achiral GC to determine conversion: Reduction of 3-ketothiolanc to 3-hydrexythiolane was
determined using an Agilent HP-5MS Gas chromatograph equipped with a 5% phenyl methyl
siloxane column (Model 190915-433: 30 m x 250 pm, nominal thickness 0.23 pm) with a helium
flow rate of 1.0 mL/min. The inlet temperature was 220°C and the following temperature program
was used: 120°C for 1 min then 20°C/min to 160°C then 160°C for 0.5 min. Compounds were
detected spectrophotometrically at 210 nm. The retention times of the ketone and alcohol were 2.8

mmutes, and 3.0 minutes respectively.

16329} Chiral HPLC to determine stereomeric purity of 3-hydroxythiolane: The abundance of the R
and S enantiomers of 3-hydroxythiolane was determined using an Agilent 1100 or 1050 HPLC
equipped with a Chiralpak AD colurmn (4.6 x 256G mm and no guard column) with IPA/hexane (2/98)
as eluent at a flow rate of 2.5 mi/min af room temperature. The retention times of the ketone, S-

alcohol and R-alcohol were 8.6, 12.0 and [3.1 minute respectively

16336] Alternatively, an HPLC equipped with a Charalpak AD-H column (4.6 x 150 mm and 10 mm
guard columm) was used with IPA/hexane (2/98) at a flow raie of 2.0 ml/min at 40°C. Compounds
were detected spectrophotometrically at 210 nm. The retention times of the ketone, S-alcohol and R-

alcohiol were 6.3, 8.7 and 9.4 minute respectively.

8.5 Example 5: Evaluation of Wild-Type Ketoreductases for Reduction of 3-ketothiolane.

[0331] The ketoreductases described 1n Table 3 (Example 1) were screened for enantioselective
reduction of 3-ketothiolane under co-factor Iimmiting conditions: to a vial under air was added 1-20 mg
of enzyme, 1 ml of a co-factor stock solution containing 766 mg of NAD(P)H dissolved in 20 mL of
160 mM pH 8.0 triethanolamine(chioride) buffer and 20 pi. 3-ketothiolane. After stirring at room
temperature overnight, the reaction mixture was extracted with ethy] acetate and the enantioselectivity

was assayed as described in Example 4. Resulis are described m Table 4. (NR= 1o reaction.)

117



WG 2009/029554

PCT/US2008/074135

Table 4: Activities of wild-type KREDs on 3-ketothiolane
Source Co-Factor Used e.e. Configuration
0

NADH NADPH (%) i 5
GRE X 48 X
YPR A 42 X
YGL X 11 X
ADH-LB X 46 X
ADH-LK X 67 X
ADH-SE X 66 X
ADH-SC % NR
YDL X ~G
¥YDL X ~0
ADH-RE X ~70 X
ADH-RE X ~T70 X
ADH-CP X NR
ADH-CP X ~ 80 X
ADH-TB X 37 X
DR-LB X 10 X
DR-LB X 12 X
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{0332] This exampie shows that ADH-LK is the most R-enantioselective ketoreductase among the
wild-type enzymes tested, giving R-3-hydroxythiolane in 67% c.e. Accordingly, ADH-LK was
chosen as starting point for enzyme engineering towards the desired characteristics.

8.6 Example 6: High Throughput NADPH Floorescence Prescreen To Identify improved

Enzymes for the Reduction of 3-Ketothiolane.

[0333] Plasmid libraries containing evolved ketoreductase genes were transformed mto E. coli
W3110 and plated on Luria-Bertani (L.B) agar plates containing 1% ghicose and 30 pg/mL
chloramphenicol (CAM). After incubation for at least 16 hrs at 30°C, colonies wers picked using a Q-
bot® robotic colony picker (Genetix USA, Inc., Beaverton, OR) it shallow, 96-well well microtiter
plates contaming 180 ul. LB, 1% glucose and 30 pg/ml. CAM. Cells were grown overnight at 37°C
with shaking at 250 rpm. 10 pL of this culture was then transferred into 96-well microtiter plates
(deep well} containing 390 pL. Terrific broth (TB) and 30 pg/ml CAM. After incubation of deep-well
plates at 30°C with shaking at 250 rpm for 2.5 to 3 hours (ODeg 0.6-0.8), recombinant gene
expression by the cell cultures was induced by isopropyl thiogalactoside (IPTG) to a final
concentration of 1 mM. The plates were then incubated at 30°C with shaking at 250 pm for

overnight.

10334} Celis were pelicted via centrifugation, resuspended in 300 pL lysis buffer and lysed by
shaking at room temperature for at least 2 hours. The ysis buffer contained 100 mM triethanolamine
(chioride) buffer, pH 7.0-7.2, 1 mg/mL lysozyme and 750 pg/ml. polymixin B sulfate. The plates
were centrifuged at 4000RPM for 10 minutes and the ¢lear supernatant {lysate) used in the fluorescent

a53ay.

[0335] In 96-well black ﬁ)icrotiter plates 20 pl of clear supernatant (diluted o 100 mM
tricthanolamme/chioride buffer, pH 7.0, ImM MgS0O. if necessary) was added 1o 180 ul of an assay
mixture consisting of 100 mM triethanolamine{chloride) buffer, pH 7.0, ImM MgSO,. 0.25 mM
NADPH, 600 mM glucose, 1200 mM sodium glucohate and 1 mM 3-ketothiolane and reaction
progress measured by following the decrease 1o fluorescence of NADPII at 445 nm after excitation at
330 nm in z Flexstation {Molecular Devices, UUSA). To assess thermostabiity of KRED variants,
clear supernatants were optionally pre-incubated for at least 16 hrg at a temperature ranging from 40

10 50°C, and then added into the assay mixture.

10336] This example describes the method that was used to identify KRED variants improved for the

rate of 3-ketothiolane reduction and/or improved for thermostability.
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8.7 Example 7: High Throughput BPLC Assay for Ketoreductase Activity and

Enantioselectivity for the Reduction of 3-Ketothiolane using Glucose/Glucose

Dehydrogenase for Co-factor Recveling,
16337] Lysates were prepared as described in Example 6. Ketoreductase activity was measured by
transferring measured quantities of the cell lysates into the wells of deep well microtiter plates. The
assay mixture in the wells (final volume 500 ul each well) contained | mg/mb. GDH, 0.4 mg/m] Na-
NADP, 0.2 to 1.25 M glucose 0 to 400 mM sodium gloconate, 100 mM iriethanclamine(chloride)
buffer (pH 7), 26 mM Mg30, and up to 50 mg calcium carbonate. Reactions were initiated by
addition of up to 100 ul cell lysate and 50 pl 3-ketothiolane (final concentration 1M). Afier sealing
with aluminum/polypropylene laminate heat seai tape (Veloecity 11 (Menlo Park, CA), Cat#f 06643-
§01), the plates were incubated at 4 to 25°C for up to 16 hrs. 1 mi ethyl acetate was injected into each
well of the plates and the plates were shaken for 10 minutes, then centrifuged for 20 seconds; 100 ul
of the ethyl acetate phase was transferred to shallow well microtiter plates. Thess sample plates were
sealed with heat seal tape to prevent evaporation. The samples were analyzed by HPLC by the

method of Exampie 4.

[(338] This example shows how ketoreductase variants with improved activity for the reduction of 3-
ketothiolane and/or improved enantioselectivity for the formation of R-3-hydroxythiolane were
identified in ketoreductase gene libraries.

8.8 Example 8: Reduction of 3-Ketothiolane by Engneered Ketoreductases Dertved from

ADH-LK.

fG339] Improved ketoreductases derived from ADH-LK variants were evaluated at preparative scale
as follows. To a 25 mL three-neck vessel equipped with a PTFE-coated magnetic stirving bar and a
pH electrode conpected to an automatic titrator for pH-controlled addition of base on-demand via a
feeding tube into the vessel, was charged with 18 ml agueous (water or buffer) phase containing 6.63
g glucose. Subsequently, 3.0 g 3-ketothiolane (re-distilied}, 30 to 120 mg KRED variant in ! mL of
the agueous phase, 30 mg GDH in ImlL of the aqueous phase, and 12 mg NADP-Na, were added.
The automatic titrator maintained the pH at 7 by the addition of 4N NaOH, which was conlinuously
recorded. Reaction progress was monitored by the rate and cumulative addition of the base and
periodic sampling of the reaction mixture for extraction with ethy! acetate and analysis by the method

of Example 4. The concentration of R-3-hydroxythiolane at reaction completion was 1005 g/L.

[0340] Table 5 gives the SEQ ID NOs. corresponding to ketoreductase variants, the number of amino
acid mutations from the wild-type ADH-LK, their activities for reduction of 3-ketothiolane {as
amounts of enzyme powder required to completeiy convert the 3-ketothiolane to 3-hydroxythiolane in

a 24 hr reaction), and their R-enanfioselectivities for the 3-hydroxythiolane product (as e.¢. ranges).
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[6341] This Example illustrates that engineered ketoreductases derived from the ketoreductase ADH-
LK that provide improved enanticselectivities and activities compared to the wild-type ketoreductase
ADH-LK. |

Table 5: Improved activities and stabilities of engineered ADH-LK variants
.| mutations from } - . _ . _ ;.
| SEQIDNO. | - ADB-LK " Epantioselectivity’ | - Activity’ | Stability*

R - _none.: - .. 0 _. o 3_7 . i O -
120 S 0 0 0
166 1 : 0 0 0
122 .2 0 0 0
114 2 + 0 0
118 3.0 + 0 0
132 6 | + 0 0
84 3 + 0 G
98 1 ++ 0 0
124 6 0 4 +
102 2 E—— 0 0
90 2 e + +
16 3 e + 0
100 2 o 0 0
108 2 +++ 0 0
128 3 e 0 0
56 2 +t ] 0
130 2 -+ o+ 0
126 ) -+ + 0
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104 5 o+ + +
88 3 Ry + +
106 6 ot + +
14 5 A + +
86 6 ++ + +

44 | 6 H.% et +
112 | 8. At - +
o4 4 i 0 -
12 4 At - ke
56 8 A o+ +
110 6 A + +
36 7 i 0 +
46 7 i + +
08 8 e E +
48 8 e + .
74 7 +++ + +
82 & At 4 i
42 9 s o+ +
24 8 oot + &
34 & s 0 +
38 8 At - +
32 8 At + +
8 & et + +
134 8 A+t v +
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G 8 Aot + +
26 9 R ++ +
72 10 Forfpofont 0 -
i8 i0 + 0
20 9 et + 0
54 9 - " 0
10 10 At + 0
40 9 et +- 0
52 7 At + +
50 8 4t + +
76 9 et + +
80 10 ettt + +-
78 10 At + +
30 1G e + +
28 10 R 0 0
22 1G oo + +
60 9 - + +
64 9 -t + -+
70 G et + +
62 10 et 0 0
66 10 4+ + +
58 11 bt + +

* Enantioselectivity column:

G

+

61.0-79.99%ec for the (R} enantiomer

8(1.0-89.99%ee for the (R) enantiomer
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- 90.0-94.9%%¢ee for the (R) enantiomer
-+ 95.0-97.99%ee for the (R) enantiomer
++++ 98.0-98.99%ee for the (R) enantiomer

et >89 O%ee for the (R) enantiomer

b Activity column:

0 . A concentration of 1.0-4.0 g/L. of this enzyme is required to give full conversion of 100 g/L. 3-

ketothiolane within 24 h

+ A concentration of 0.8-1.0 g/L. of this enzyme gives full conversion of 100 g/L 3-ketothiolane in

20twc24hb

e

++ A concentration of 0.8-1.6 g/L of this enzyme gives full conversion of 100 g/L. 3-ketothiolane in
12t020h

“ Stability column:
- less stable than ADH-LK
0 similarly stable as ADH-LK

+ more stable than ADH-LK

8.9 Example 9: Preparative scale production of R-{3)-hydroxythiolane.

{0342} To a 2-L three-neck jacketed flask under air at room temperature and fitted with mechanical
stirrer at ~300 rpm, a thermometer, a pH electrode comnected to an automatic titrator for pH-
controlled addition of base on-demand viz a feeding tube into the vessel, was added 600 mL 100 mM
pH 7.0 tricthanolamine(chloride) buffer, 2 mbL I M MgSO,, and 225 g D-glucose. After dissolution of
the ghucose (~¥2 h), 100 g 3-ketothiolane was added to the reaction to give a biphasic mixture. The
reaction temperature was lowered to 15°C and 1.0 g ketoreductase powder (SEQ-ID No. 22} in 30 mL
H0 mM pH 7.0 tricthanolamine(chloride) buffer and 0.25 ¢ GDH in 20 mL 106 mM pH 7.0
triethanolamine{chloride} buffer, and 0.4 g of NADP-Na, m 10 mL 100 mM pH 7.0
triethanolamine(chloride) buffer was added. The reaction temperature was maintained at 15°C via an
external circulating chiller and the automatic fitrator maintained the pH at 7.0+0.1 by the addition of

8N NaOH. Afler stirring at 15°C for 15 I the circulator temperature was raised to 25°C and after |

additional hour, 6.25 g GDH powder was added {final GDH concentration=0.5 g/L). After a tota] of
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23 hours, 10 g Na,5,05 was added. After stirring for one additional hour at 25°C, the nroduct was
extracted with 750 mL ethyl acetate. The separated organic phase was filtered through ~20 g Celilte
545. The wet Celite pad was rinsed with 750 mL EtOAc, The combined organic phases were washed
with 100 mL water. The separated organic phase was rotatory evaporated under vacuum at 60°C-for
give 83.6 g (82% yield) of 3-hydroxythiolane as a pale yellow oil. Chiral HPLC analysis showed the

(&)-3-hydroxythiolane in 99.3% enanttomeric excess.

f0343] All publications, patents, patent applications and other documents cited in this application are
-hereby incorporated by reference in their entireties for all purposes to the same extent as if each
individual publication, patent, patent application or other document were individually indicated 1o be

'incorpofated by reference for all purposes,

{0344] While various specific embodiments have been illusirated and described, it will be
appreciated that various changes can be made without departing from the spirit and scope of the

invention(s).
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What is claimed is:

1. A ketoreductase polypeptide capable of stereoselectively reducing a 3-ketothiolane to
(R)-3-hydroxythiolane with a percent stereomeric excess of at least 70%, which comprises an amino
acid sequence that is at least 85% identical to a reference sequence based on SEQ 1D NO:2 or 4 or
142 having at the residue corresponding to X145 a serine, and in which the ketoreductase polypeptide

amino acid sequence has at the residue corresponding to X145 a serine.

2. The polypeptide of clatm 1 in which the ketoreductase polypeptide amino acid
sequence has one or more features selected from the following:

residue corresponding to X3 is a polar, acidic, or aromatic residue;

residue corresponding to X7 is a non-polar, polar, or constrained residue;

residue corresponding to X11 is an aliphatic, non-polar, or polar residue;

residue corresponding to X16 is an aliphatic or non-polar residue;

residue corresponding to X19 is a non-polar or aliphatic residue;

residue corresponding to X23 is a non-polar or gromatic residue;

residue corresponding to X41 is an aliphatic, non-polar, or polar residue;

residue corresponding to X45 is an aliphatic, non-polar, or polar residue;

residue corresponding to X49 is a basic residue;

residue corresponding to X357 is an aliphatic or non-polar residue;

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

residuc corresponding to X64 is an aliphatic or non-polar residue;

residue corresponding to X72 is a basic residue;

residue corresponding to X82 is a non-polar or polar residue;

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

residue corresponding to X935 is a non-polar or aliphatic residue;

residue corresponding to X96 is a constrained, aliphatic, non-polar, acidic, or polar residue;

residue corresponding to X97 is acidic, basic, or aliphatic residue;

residue corresponding to X106 is an acidic residue;

residue corresponding to X108 is a basic, constrained, or aromatic residue;

126



residue corresponding to X111 1s an aliphatic or non-polar residue;

residue corresponding to X117 is a non-polar or polar residue;

residue corresponding to X126 is an aliphatic or non-polar residue;

residue corresponding to X127 is a polar bf basic residue;

residue cotresponding to X147 is an aromatic, aliphatic residue, non-polar, or polar residue;
residue corresponding to X152 is a polar, aliphatic or non-polar residue;

residue corresponding to X157 is a polar or acidic residue;

residue corresponding to X163 is an aliphatic or non-polar residue;

residue corresponding to X173 is an acidic or non-polar residue;

residue corresponding to X177 1s a basic residue;

residue corresponding to X192 is a basic or acidic residue;

residue corresponding to X194 is a constrained, polar, non-polar, acidic, or aliphatic residue;
residue corresponding to X198 is an acidic or non-polar residue;

residue corresponding to X200 is a constrained, acidic, or basic residue;

residue corresponding to X206 is a polar or non-polar regidue;

residue corresponding to X208 is & polar, constrained, or basic residue;

residue corresponding to X210 is an aliphatic, non-polar, or polar residue;

residue corresponding to X211 is a basic or acidic residue;

residue corresponding to X214 is a non-polar, aliphatic or polar residue;

residue corresponding to X217 is an aromatic, aliphatic, or non-polar residue;

residue corresponding to X223 is an aliphatic or non-polar residue;

residue corresponding to X226 is a non-polar or aliphatic residue; and

wherein the amino acid sequence can optionally have one or more differences at other amino

acid residues as compared to the reference sequence.

3. The polypeptide of claim 1 in which the ketoreductase polypeptide amino acid
sequence has one or more features selected from the following:

residue corresponding to X3 is asparagine, aspartic acid, or tyrosine;

residue corresponding to X7 is glycine, histidine, serine or asparagine;

residue corresponding to X11 is isoleucine or threonine;

residue corresponding to X16 is thronine, alanine, valine, or glycine;

residue corresponding to X19 is isoleucine or valine;

residue corresponding to X23 is isoleucine or phenylalanine;

residue corresponding to X41 is serine, zlanine, or valine;

residue corresponding to X435 is glutamic acid or glycine,;
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residue corresponding to X49 is lysine or arginine;

residue corresponding to X57 is isoleucine or valine;

residue corresponding to X60 is phenylalanine, valine, or threonine;

residue corresponding to X64 is alanine, serine, or threonine;

residue corresponding to X72 is lysine or arginine, particularly arginine;
residue corresponding to X82 is glycine or serine;

residue corresponding to X94 is alanine, valine, threonine, serine, or arginine;
residue corresponding to X95 is valine or alanine;

residue corresponding to X96 is asparagine, serine, proline, alanine, or glutamic acid;
residoe corresponding to X97 1s lysine, arginine or leucine;

residue corresponding to X106 is glutamic acid or aspartic acid;

residue corresponding to X108 is arginine or histidine;

residue corresponding to X111 is leucine or methicnine;

residue corresponding to X117 is glycine or serine;

residue corresponding to X126 is isoleucine or valine;

residue corresponding to X127 is glutamine or arginine;

residue corresponding to X147 is phenylalanine, leucine or serine;

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

residue corresponding to X157 is asparagine, glutamine, threonine, serine, or aspartic acid;
residue corresponding to X163 is valine or isoleucine;

residue corresponding to X173 is aspartic acid or glycing;

residue corresponding to X177 is lysine or arginine;

residue corresponding to X192 is lysine, arginine or glutamic acid;

residue corresponding to X194 is proline, glycine, aspartic acid, arginine, or leucine;
residue corresponding to X198 is aspartic acid o1 giycine;

residue corresponding to X200 is proline, glutamic acid, or lysine;

residue corresponding to X206 is methionine or glatamine;

residue corresponding to X208 is glutamnine, histidine or arginine;

residue corresponding to X210 is threonine or alanine;

residue corresponding to X211 is lysine or gletamic acid;

residue corresponding to X214 is methionine, valine or threonine, or serine;
residue corresponding to X217 s isoleucine or phenylalanine;

residue corresponding to X223 is isoleueine or valine;

residuc corresponding to X226 is isolcucine or valine; and
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wherein the amino acid sequence can optionally have one or more differences at other amino

acid residucs as compared to the reference sequence.

4. The polypeptide of claim 1 in which the ketoreductase polypeptide amino acid
sequence has one or more of the features selected from the following:

residue corresponding to X7 is a non-polar, polar, or constrained residue;

residue corresponding 1o X94 is a polar, basic, aliphatic, or non-polar residue;

residue corresponding to X96 is a constrained, aliphatic, non-polar, acidic, or polar residue;

residue corresponding to X108 is a basic, constrained, or aromatic residue;

residue corresponding to X117 is a non-polar or polar residue;

residue corresponding to X157 is a polar or acidic residue;

residue corresponding to X173 is an acidic or non-polar residue;

residue corresponding to X206 is a polar or non-polar residue;

residue corresponding to X223 is an aliphatic or non-polar residue; and

wherein the amino acid sequence can optionally have one or more differences at other amino

acid residues as compared to the reference sequence.

3. The polypeptide of claim 1 in which the ketoreductase polypeptide amino acid
sequence has at least the following features;

residue corresponding to X117 is a non-polar or polar residue;

residue corresponding to X157 18 a polar or acidic residue; and

wherein the amino acid sequence can optionally have one or more differences at other amino

acid residues as compared to the reference sequence.

6. The polypeptide of claim 1 in which the ketoreductase polypeptide amino acid
sequence has at least the following features:

residue corresponding to X7 is a non-polar, polar, or constrained residue;

residue corresponding to X94 is a polar, basic, aliphatic, or non-poiar residue;

residue corresponding to X108 is a basic, constrained, or aromatic residue;

residue corresponding to X117 is a non-polar or polar residue, particularly serine;

residue corresponding to X157 is a polar or acidic residue, particularly a threonine; and

wherein the amino acid sequence can optionally have one or more differences at other amino

acid residues as compared to the reference sequence.
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7. The polypeptide of claim 1 in which the ketoreductase polypeptide amino acid
sequence has at least the following features:

residue corresponding to X7 is a non-pelar, polar, or constrained residue;

residue corresponding to X96 is a constrained, aliphatic, non-polar, acidic, or polar residue;

residue corvesponding to X108 s a basic, constrained, or aromatic residue;

residue corresponding to X117 is a non-polar or polar residue, particularly serine;

residue corresponding to X157 is a polar or acidic residue, particularly a threonine; and

wherein the amino acid sequence can optionally have one or more differences at other amino

acid residues as compared to the reference sequence.

8. The polypentide of claim 1 in which the ketoreductase polypeptide amine acid
sequence has at least the following features:

residue corresponding to X7 is a non-polar, polar, or constrained residue;

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

residue corresponding to X96 is a constrained, aliphatic, non-polar, acidic, or polar residue;

residue corresponding to X108 is a basic, constrained, or constrained residue;

residue corresponding to X117 is a non-polar or polar residue, particularly serine;

residue corresponding to X157 is a polar or acidic residue, particularly a threonine; and

wherein the amino acid sequence can optionally have one or more differences at other amino

acid residues as compared to the reference sequence.

9. The polypeptide of claim 1 in which the ketoreductase polypeptide amino acid
sequence has at least the following features:

residue corresponding to X7 is a non-polar, polar, or constrained residue;

residue corresponding to X108 is a basic, constrained, or aromatic residue;

residue corresponding to X117 is a non-polar or polar residue;

residue corresponding to X157 is a polar or acidic residue;

residue corresponding to X206 is a polar or non-poiar residue; and

wherein the amino acid sequence can optionally have one or more differences at other amino

acid residues as compared to the reference sequence.

10. The polypeptide of claim 1 in which the ketoreductase polypeptide amino acid
sequence has at least the following features:
residue corresponding to X7 is a non-polar, polar, or constrained residue;

residue corresponding to X94 is a polar, basic, aliphatic, or non-polar residue;
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residue corresponding to X108 is a basic, constrained, or aromatic residue;

residue corresponding to X117 is a non-polar or polar residue;

residue corresponding to X157 is a polar or acidic residue;

residue corresponding to X206 is a polar or non-polar residue; and

wherein the amino acid sequence can optionally have one or more differences at other amino

acid residues as compared to the reference sequence.

11, The polypeptide of claim 1 in which the ketoreductase polypeptide amino acid
sequence has at least the following features:

residue corresponding to X7 is a non-polar, polar, or constrained residue;

residue corresponding to X96 is a constrained, aliphatic, non-polar, acidic, or pelar residue;

residue corresponding to X108 is a basic, constrained, or aromatic residue;

residue corresponding to X117 is a non-polar or polar residue;

residue corresponding to X137 is a polar or acidic residue;

residue corresponding to X206 is a polar or non-polar residue; and

wherein the amino acid sequence can optionally have one or more differences at other amino

acid residues as compared to the reference sequence.

12. The polypeptide of claim 1 in which the ketoreductase polypeptide amino acid
sequence has at least the following features:

residue corresponding to X7 is a non-polar, polar, or constrained residue;

residue corresponding to X94 is a polar, basic, aliphatic, or non-poiar residue;

residue corresponding to X96 is a constrained, aliphatic, non-polar, acidic, or polar residue;

residue corresponding to X108 is a basic, constrained, or aromatic residue;

residue corresponding to X117 is a non-polar or polar residue;

residue correspondihg to X157 is a polar or acidic residue;

residue corresponding to X206 is a polar or non-polar residue; and

wherein the amino acid sequence can optionally have one or more differences at other amino

acid residues as compared to the reference sequence.

13. The polypeptide of claim 1 in which the ketoreductase polypeptide amino acid
sequence has at least the following features:

residue corresponding to X117 is a non-pelar or polar residue;

residue corresponding to X145 is a polar residue;

residue corresponding to X157 is a polar or acidic residue;
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residue corresponding to X173 is an acidic or non-polar residue;
residue corresponding to X206 is a polar or non-polar residue; and
wherein the amino acid sequence can optionally have one or more differences at other amino

acid residues as compared to the reference sequence.

14. The polypeptide of claim 1 in which the ketoreductase polypeptide amino acid
sequence has at least the following features:

residue corregponding to X7 iy a non-polar, polar, or constrained residue;

residue corresponding to X117 is a non-polar or polar residue;

residue corresponding to X145 is a polar residue;

residue corresponding to X157 is a polar or acidic residue;

residue corresponding to X173 is an acidic or non-polar residue;

residue corresponding to X206 is a polar or non-polar residue; and

wherein the amino acid sequence can optionally have one or more differences at other amino

acid residues as compared to the reference sequence.

15. The polypeptide of claim 1 in which the ketoreductase polypeptide amino acid
sequence has at least the following features:

residue corresponding to X7 is a non-polar, polar, or constrained residue;

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

residue corresponding to X117 is a non-polar or polar residue;

residue corresponding to X143 is a polar residue;

residue corresponding to X157 is a polar or acidic residue;

residue corresponding to X173 is an acidic or non-polar residue;

residue corresponding to X206 is a polar or non-polar residue; and

wherein the amino acid sequence can optionally have one or more differences at other amino

acid residues as compared to the reference sequence.

i6. The polypeptide of claim 1 in which the ketoreductase polypeptide amino acid
sequence hag at least the following features:

residue corresponding to X7 is a non-polar, polar, or constrained residue;

residue corresponding to X96 is a constrained, aliphatic, non-polar, acidic, or polar residue;

residue corresponding to X117 is a non-polar or polar residue;

residue corresponding to X145 is a polar residue;

residue corresponding to X157 is a polar or acidic residue;
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residue corresponding to X173 is an acidic or non-polar residue;
residue corresponding to X206 is a polar or non-polar residue; and
wherein the amino acid sequence can optionally have one or more differences at other amino

acid residues as compared to the reference sequence.

17. The polypeptide of claim 1 in which the ketoreductase polypeptide amino acid
sequence has at Jeast the following features:

residue corresponding to X7 is a non-polar, polar, or constrained residue;

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

residue corresponding to X96 is a constrained, aliphatic, non-polar, acidic, or polar residue;

residue corresponding to X117 is a non-polar or polar residue;

residue corresponding to X143 is a polar residue;

residue corresponding to X157 is a polar or acidic residue;

residue corresponding to X173 is an actdic or non-polar residue;

residue corresponding to X206 is a polar or non-polar residue; and

wherein the amino acid sequence can optionally have one or more differences at other amino

acid residues as compared to the reference sequence.

18. The polypeptide of claim 1, which comprises a domain having an amine acid
sequence that is at least 85% identical to residues 90 to 211 of a reference sequence based on SEQ ID

NO:2 or 4 or 142.

9. The polypeptide of claim 18, wherein the amino acid sequence that corresponds to
residues 90 to 211 has one or more of the features selected from:

residue corresponding to X94 is a poiar, basic, aliphatic, or non-polar residue;

residue corresponding to X95 is a nonpolar or aromatic residue;

residue corresponding to X96 is a constrained, aliphatic, non-polar, acidic, or polar residue;

residue corresponding to X106 is an acidic residue

residue corresponding to X108 is a basic, constrained, or aromatic residue;

residue corresponding to X111 is an aliphatic or non-polar residue;
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residue corresponding to X117 is a non-polar or polar residue;

residue corresponding to X126 is an aliphatic or non-polar residue;

residue corresponding to X127 is a polar or basic residue;

residue corresponding to X147 is an aromatic, aliphatic residue, non-polar, or polar residue;
residue corresponding to X152 is a polar, aliphatic or non-polar residue;

residue corresponding to X157 is a polar or acidic residue;

residue corresponding to X163 is an aliphatic or non-polar restdue;

residue corresponding to X173 is an acidic or non-polar residuc;

residue corresponding to X177 is a basic residue;

residue corresponding to X192 is a basic or acidic residue;

residue corresponding to X194 is a constrained, polar, non-polar, acidic, or aliphatic residue;
residue corresponding to X198 is an acidic or non-polar residue;

residue corresponding to X200 is a constrained, acidic, or basic residue;

residue corresponding to X206 is a polar or non-polar residue;

residue corresponding to X208 is a polar, constrained, or basic residue;

residue corresponding to X210 is an aliphatic, non-polar, or polar residue;

residue corresponding to X211 is a basic or acidic residue; and

wherein the amino acid sequence can optionaily have one or more differences at other amino

acid residues in the domain corresponding to residues 90-211 as compared to the reference sequence.

20. The polypeptide of claim 18, wherein the amino acid sequence that corresponds to
residues 90 to 211 has one or more of the features selected from:

residue corresponding to X94 is alanine, valine, threonine, serine, or arginine;

residue corresponding to X935 is valme or alanine;

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

residue corresponding to X97 is lysine, arginine, or leucine;

residue corresponding to X106 is glutamic acid or aspartic acid;

residue corresponding to X108 is arginine or histidine,

residue corresponding to X111 is leucine or methionine;

residue corresponding to X117 is glycine or serine;

residue corresponding to X126 is isoleucine or valine;

residue corresponding to X127 is glutamine or argining;

residue corresponding to X147 is phenyialanine, leucine or serine;

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

residue corresponding to X157 is asparagine, threonine, serine, or aspartic acid;



residue corresponding to X163 is valine or isoleucine;

residue corresponding to X173 is aspartic acld or glycine;

residue corresponding to X177 is lysine or arginine;

residue corresponding to X192 is lysine, arginine or ghttamic acid;

residue corresponding to X194 is proline, glycine, aspartic acid, arginine, or leccine;
residue corresponding to X198 is aspartic acid or glycine;

residue corresponding to X200 is proline, glutamic acid, or lysine;

residue corresponding to X206 is methionine or glutamine;

residue corresponding to X208 is glutamine, histidine or arginine;

residue corresponding to X210 is threonine or alanine;

residue corresponding to X211 is Iysine or glutamic acid; and

wherein the amino acid sequence can optionally have one or more differences at other amino

acid residues in the domain corresponding to residues 90-211 as compared to the reference sequence..

21. The polypeptide of claim 1, which comprises a domain having an amino acid
sequence that is at least 85% identical to residues 1 to 89 of a reference sequence based on SEQ ID

NO:2 or 4 or 142 having at the residue corresponding to residue X7 a serine.

22, The polypeptide of claim 21 in which the domain can have additionally one or more
features selected from the foliowing.

residue corresponding to X3 is a polar, acidic, or aromatic residue;

residue corresponding to X11 is an aliphatic, non-polar, or polar residue;

residue corresponding to X16 is an aliphatic or non-polar residue;

residue corresponding to X19 is a non-polar or aliphatic residue;

residue corresponding to X23 is a non-polar or aromatic residue;

residue corresponding to X41 is an aliphatic, non-polar, or polar residue;

residue correspondiang to X57 is an aliphatic or non-polar residue;

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

residue corresponding to X72 is a basic residue;

residue corresponding to X82 is a non-polar or polar residue; and

wherein the amino acid sequence can optionally have one or more differences at other amino

acid residues in the domain corresponding to residues 1-89 as compared to the reference sequence..

135



23. The polypeptide of claim 21, wherein the amino acid sequence that corresponds to
residues 1 to 89 has one or more of the following features selected from:

residue corresponding to X3 is asparagine, aspartic acid, or tyrosine;

residue corresponding to X11 is isoleucine or threonine;

residue corresponding to X16 is thronine, alanine, valine, or glycine;

residue corresponding to X19 is isoleucine or valine;

residue corresponding to X23 is isoleucine or phenylalanine;

residue corresponding to X41 is serine, alanine, or valing;

residue corresponding to X49 is lysine or arginine;

residue corresponding to X57 is isoleucine or valine;

residue corresponding to X60 is phenylalanine, valine, or threonine;

residue corresponding to X72 is lysine or arginine; and

residue corresponding to X82 is glycine or serine; and

wherein the amino acid sequence can optionally have one or more differences at other amino

acid residues in the domain corresponding to residues 1-89 as compared to the reference sequence.

24. The polypeptide of claim I, which comprises a domain having an amino acid
sequence that is at least 85% identical to residues 212 fo 252 of a reference sequence based on SEQ

ID NO:2 or 4 or 142 having at the residue corresponding to residue X223 a valine.

25. The polypeptide of claim 24, wherein the amino acid sequence that corresponds to
residues 212 to 252 has one or more of the following features selected from:

residue corresponding to X214 is a non-polar, aliphatic or polar residue;

residue corresponding to X217 is an aromatic, aliphatic, or non-polar residue;

residue corresponding to X223 is an aliphatic or non-polar residue;

residue corresponding to X226 is a non-polar or aliphatic residue and

wherein the amino acid sequence can optionally have one or more differences at other amino

acid residues in the domain corresponding to residues 212-252 as compared to the reference sequence.

26. The polypeptide of claim 24, wherein the amino acid sequence that corresponds to
residues 212 to 252 has one or more of the following features selected from:

residue corresponding to X214 is a methionine, valine, threonine, or serine;

residue corresponding to X217 is an isoleucine or phenylaianine;

residue corresponding to X223 is an isoleucine or valine;
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residue corresponding to X226 is an isoleucine or valine; and
wherein the amino acid sequence can optionally have one or more differences at other amino

acid residues in the domain corresponding to residues 212-252 as compared to the reference sequence.

27. The polypeptide of claim 1, wherein the percent stereomeric excess is at least 90%,
wherein the polypeptide comprises 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, 63, 70, 72, 74, 76, 78, 80, 82, 86, 88, 00, 92, 94, 96, 100, 102, 104, 106, 108, 116, 112, 126, 128,
130, or 134.

28, The polypeptide of claim 1, wherein the percent stereomeric excess is at least 98%,
wherein the polypeptide comprises an amino acid sequence corresponding to SEQ ID NO:6, 8, 10, 18,
20,22, 24,26, 28, 30, 34, 36, 38, 40, 42, 50, 52, 54, 58, 62, 66, 70, 72, 76, 78, 80, or 134.

29. The polypeptide of claim 1, which is capable of converting 3-ketothiolane to (R)-3-
hydroxythiolane at a rate that is improved over the wild-type polypeptide of SEQ ID NO:4, wherein
the polypeptide comprises an amino acid sequence corresponding to SEQ ID NO: 6, 8, 10, 12, 14, 16,
18, 20, 22, 24, 26, 30, 32, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 64, 66, 68, 70, 74, 76, 78, 80,
86, 88, 90,92, 104, 106, 110, 112, 126, 130, or 134,

30. The pelypeptide of claim 1, which is capable of stereoselectively reducing 3-
ketothiolane to (R)-3-hydroxythiolane with a percent stereomeric excess of at least 95%, which has
improved activity and thermostability as compared to the wild-type polypeptide of SEQ 1D NO:4, and
comprises an amino acid sequence corresponding to SEQ ID NO: 6, 8, 12, 14, 22, 24, 26, 30, 32, 38,
42, 44, 46, 50, 52, 56, 58, 60, 64, 66, 68, 70, 74, 76, 78, 80, 82, 86, 88, 90, 92, 104, 106, 110, 112, or
134,

31, A polymucleotide encoding a polypeptide according to any one of claims 1 to 30.
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32. The polynucleotide of claim 31 which is selected from the group consisting of SEQ
IDNO:5,7,9,11,13,15,17, 19, 21, 23, 25,27, 29, 31, 33, 35, 37, 39, 41, 43,45, 47, 49, 51, 53, 55,
57, 59, 61, 63, 65, 67,69, 71, 73,75, 77,79, &1, 85, B7, 89, 91, 93, 05, 97, 99, 101, 103, 105, 107,
109,111, 125,127,129, and 133,

33. An expression vector comprising the polynucleotide of claim 31 or 32 operably

linked to at least one control sequence suitable for directing expression in a host cell.

34, The expression vector of claim 33, wherein the control sequence comprises a
promoter.

35. The expression vector of claim 34, wherein the promoter comprises an E. coli
promoter.

36. The expression vector of claim 33, wherein the control sequence comprises a

secretion signal.

37. A host cell comprising the expression vector of claim 33.

38. The host cell of claim 37, which s E. coli.

39, The host cell of claim 37, wherein the codons comprising the expression vector have

been optimized for expression in the host cell.

40. A method for stereoselectively reducing substrate 3-ketothiolane to product (R)-3-
hydroxythiolane, which comprises contacting the 3-ketothiolane with the ketoreductase polypeptide of
any one of claims 1 to 30 under suitable reactions conditions for reducing or converting the 3-

ketothiotase o the (R)-3-hydroxythiclane.

41. The method of claim 40, wherein 3-ketothiolane is reduced to (R)-3-hydroxythiolane

with at least 709% stereomeric excess.

42, The method of claim 40, wherein 3-ketothiolane is reduced to {R)-3-hydroxythiolane

with at least 90% stereomeric excess with the ketoreductase polypeptide.
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43, The method of claim 40, wherein the 3-ketothiolase is reduced to (R)-3-

hydroxythiolane with at least 98% stereomeric excess.

44. The method of claim 40, wherein the substrate is at least 100 g/L and at least 90% of
the substrate is converted to product in less than 24 hrs, wherein the ketoreductase polypepiide is at
about 0.8-1.0 g/L and is selected from the group consisting of SEQ 1D NO: 6, 8, 10, 12, 14, 18, 20,
22, 24,26, 30, 32, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 64, 66, 68, 70, 74, 76, 78, 80, 82, 86,
88,90, 92, 104, 106, 110, 112, 126, 130, and 134.

45. The method of claim 40, wherein the substrate is at least 100 g/L and at least 90% of
the substrate is converted to product in less than 20 hrs, wherein the ketorednctase polypeptide is at
about 0.8-1.0 g/L and is selected from the group consisting of SEQ ID NO: 26, 44, 68, and 104.

46. The method of claim 40 which s carried out at a pH of about 7.5 or less.

47, The method of claim 40 which is carried at a pH of from about 5.0 to about 7.5.

48. The method of claim 40 which is carried out with whole cells that express the

ketoreductase enzyme, or an extract or lysate of such cells.
49, The method of claim 40 in which the ketoreductase is isolated and/or purified and the
reduction reaction is carried out in the presence of a cofactor for the ketoreductase and optionally a

regeneration system for the cofactor.

50. A composition comprising the compound 3-ketothiolane and a ketorednctase of claim

51. The composition of claim 50, further comprising a cofacior regenerating system.
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52, The method of claim 49 in which the cofactor regenerating system comprises glucose
dehydrogenase and glucose; formate dehydrogenase and formate; or isopropano! and a secondary

alcohol dehydrogenase.

53, The method of claim 52 wherein the secondary alcohol dehydrogenase is the

ketoreductase.

54, The composition of claim 31 in which the cofactor regenerating system comprises
glucose dehydrogenase and glucose; formate dehydrogenase and formate; or isopropanol and a

secondary alcohol dehydrogenase.

55, The method of claim 40, wherein the method is for the synthesis of the antibiotic of

structural formula (II).
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376247016
SEQUENCE LISTING

<110> LIANG, Jack
JENNE, Stephane J.
MUNDORFF, Emily
VOLADRY, Rama
LALONDE, James
HUISMAN, Giait

<120> IMPROVED KETOREDUCTASE PCLYPEPTIDES FOR THE STEREOSELECTIVE PRODUCTION OF (R)-3-HYDROXYTHICLANE

<130> 376247-016 (385337)
. <150> US 80/857,974
<151> 2007-08-24

<160> 155

<210>1

<2tf> 762

=212> DNA

<213> Artificial Sequence

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

<400> 1

atgtctaace giciggatgo caaagtagec atcattacco gegggactei gggtateggt 60
itggcaateg ccacgaaalt igtagagyag gatgcgasag taatgattac tggtegicac 120
{ccgaigtag gigaaaagge coecaaatca gtaggeacic cggatcagat icagtiitit 180
cagcacgatt catccgatga agatggetgg acgaaactgt tcgacgecac cgagaaagea 240
ttcggcecgy ttageacett agtgaacaat gcagggatty cagttaacaa aagegiigaa 300
gaaactacca cggecgaaty gegtaaacty clggecotta atciggaigg igfitittic 360
ggeacoogte tgggcatica gegoatgaaa aataaagget tgggegetag catcatcaat 420
atgagcagta ttgaggaett cgtagygegat ccgagectay gggcatacaa cgcettccaag 480

~ ggggeggtac gtatcaigic gaaaagegea gegelggatt gegeactgaa ggactacgat 540
oidcgigica acacagtaca tceggaetat atcaagaccee cgetgatega tgatetgecg 600
goigeigagy aagegatgic acagegtacy aaaacccecta tgogecacat tggegaaccg 860
aatgacatcg catatatctg tgigtaccty geatclzatg aatcgaaatt tgegacgggt 720
fcegaattty tggtcgacgy cgggtatace geacagtaat ga 762

<210> 2

<2t1= 252

<212> PRT

<213> Artificial Sequence

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

<400> 2

Met Ser Asn Arg Leu Asp Gly Lys Vai Aia lle lie Thr Giy Gly Thr

1 5 10 15

Leu Gly lle Gly Leu Ala He Ala Thr Lys Phe Val Glu Glu Gly Ala
20 25 30

Lys Val Met lie Thr Giy Arg His Ser Asp Vai Gly Glu Lys Ala Ala

35 4D 45 .
© Lys Ser Val Gly Thr Pro Asp Gin lie Gin Phe Phe Gin His Asp Ser
50 ' 55 60

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

&5 70 75 80

Phe Gly Pro val Ser Thr Leu Vai Asn Asn Ala Gly le Ala Val Asn

85 g¢ 95

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

Val Asn Leu Asp Gly Vail Phe Phe Gy Thr Arg Leu Gly lle Gin Arg

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

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

145 1580 1585 160

Giy Ala Val Arg lie Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
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376247016

165 170 175
Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Tyr lle Lys
180 185 190

Thr Pro Leu Val Asp Asp Leu Pro Gly Ala Glu Giu Ala Met Ser Gin
195 200 205
Arg Thr Lys Thr Pro Met Gly His lle Gly Giu Pro Asn Asp lie Ala

210 215 220
Tyr lle Cys Vai Tyr Leu Ala Ser Asn Glu Ser Lys Phe Ala Thr Gly
225 230 235 240
Ser Giu Phe Val Val Asp Gly Gly Tyr Thr Ala Gin

245 250

<210> 3
<211> 759
<212> DNA

<213> Arlificial Sequence

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

<400> 3

atgaccyaic gtotgaagge caasgtagoe alogtaaceg geaggactct gggtateggt 60
tiggcaatcg ccgataaatt tigtagaggag gotgcgaaag taghiatiac iggtegicac 120
geggatgtag gtgaaaagge cgccaaatea atcggegges ctgatgttat tegettigte 180
cagcacgatg catcegatga ageaggetgy acgaaacigh tegacaccac cgaggagaca 240
ticggeccgg ttacgaccegt cgtgaacaat geagggatio cagtticcas aagegttgaz 300

' gacactacca cggaggaaty gegtaaacty cigicogtia atetggatgg tgtttttitc 360
ggcaccogic tgggoatica gegoaigaas aataaaggct tgggogetag calcatecaat 420
atgageagta itgagugglt cgtaggegat cecgacgeigg gggeatacas cacitccaag 480
goggcggtac gtatcatgic gaaaagegea gegetggatt gegeactgaa ggactacgat 540
gtocgtgtca acacagiaca tccgggetat atcaagaces cgotggtcgs tgatctggaa 800
gotgctgagg aaatgaigic acagegtacy aaaaccecta tgggecacat iggecgaacceg 660
aatgacateg catggalctg tototacoty geatctgacy aatcgazat! fgcgacaygt 720
gcagaatttg tggtcgacgg cgggiatace geacagtga 758

<210> 4

<211> 252

<212> PRT

<213> Artificial Seqguence

<220> ’
«223> Transiation of Codon Optimized L. kefir Sequence

<400> 4
Met Thr Asp Arg Leu Lys Gly Lys Val Ala lle Val Thr Gly Giy Thry
1 5 10 15
Leu Gly lle Gly Leu Alz lle Ala Asp Lys Phe Val Glu Glu Giy Ala
20 25 30
Lys Val Val lie Thr Giy Arg His Ala Asp Vai Gly Giu Lys Ala Ala
35 40 45
Lys Ser lie Gly Gly Thr Asp Val lie Arg Phe Val Gin His Asp Ala
50 55 &80
Ser Asp Giu Ate Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Glu Ala
85 70 75 80
Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly lie Ala Val Ser
85 80 25
Lys Ser Val Giu Asp Thr Thr Thr Giu Giu Trp Arg Lys Leu Leu Ser
100 105 110
Vai Asn Leu Asp Gly Vai Phe Phe Giy Thr Arg Leu Giy lle Gin Arg
115 120 125
Met Lys Asn Lys Gly Leu Gly Ala Ser lie lie Asn Met Ser Ser lie
130 135 140
Gilu Gly Phe Val Gly Asp Pro Thr Leu Gly Aia Tyr Asn Ala Serlys
145 150 158 180
Giy Ala Val Arg lie Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
165 170 175
Lys Asp Tyr Asp Val Arg Val Asn Thr Vai His Pro Gly Tyr lie Lys
180 185 180
Thr Pro Leu Val Asp Asp Leu Giu Gy Ala Giu Glu Met Met Ser Gin
195 200 205
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376247016
Arg Thr Lys Thr Pro Met Gy His lle Gly Glu Pro Asn Asp lie Ala

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

245 250

210> 5
<211=> 759
<212> DNA

<213> Artificial Sequence

<220>
<223> Variant of L. kefir

<400> 5
atgaccgalc gicigaaaag caaagtagec ategtaaceg gegggactet gggtateggt 60
ttggcaaicg cegataaatt tgtagaggag golgegaaag tagtattac tggicgocac 120
gegaatgtag gigaaaaggce cgocaaatea atcggeggta cigaigtial fegettigtc 186
cagcacgatlg catcegatga ageaggetgy acgaaactyt tcgacaccac cgaggaggea 240
ticggecegyg ttacgacegt catgaacaat geagagatta cegtttccas aagegiigaa 300
gacactacca cggaggaaty goacaaactg ctgicegtta atctggatag igtittttic 360
ggcaccegic tgggcatica gogeatgaay aataaagocet igggegetag catcalcaat 420
atgageagta tcagtgggtt cgtaggegat cegacycetgg gagoatacac tgcticcaag 480
geggceagtac gtatcalgic gaaaagegea gegetagatt gegeactgaa ggactacgat 540
gigegigica acacagtaca tcegogetat atcaagacee cgetggicga fgatctggaa 600

- gotgetgagg aaafgatgte acafegtacy asaaccoocta tgggecacat tggegaaceg 660

- aatgacgtyg calggatclg igtgiaceig geaictgacy aafegasatt igegacgot 720
gcagaattig tggtcgacgg cgagtatace geacagiga : 758

<210=>6

<2t> 282

<212> PRT

<213> Ariificial Sequence

<220>
<223> Variant of L. kefir

<400> 6
Met Thr Asp Arg Leu Lys Ser Lys Vai Alz lle Val Thr Gly Gy Thr
1 5 10 18
Leu Gly lle Gly Leu Ala lie Ala Asp Lys Phe Val Giu Giu Gly Ala
20 25 30
Lys Val Val lie Thr Gly Arg His Ala Asp Val Gly Glu Lys Ala Ala
35 40 45
Lys Ser lie Gly Gly Thr Asp Val lie Arg Phe Val Gin His Asp Ala
50 55 60
Ser Asp Glu Ala Giy Trp Thr Lys Leu Phe Asp Thr Thr Giu Glu Ala
65 70 75 80
Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly lle Thr Val Ser
85 80 95
Lys Ser Val Giu Asp Thr Thr Thr Glu Giu Trp His Lys Leu Leu Ser
100 185 110
Val Asn Leu Asp Ser Val Phe Phe Gly Thr Arg Leu Gly lle Gin Arg
115 120 125
Met Lys Asn Lys Gly Leu Gly Ala Ser lie ile Asn Met Ser Ser lie
130 135 140
Ser Gly Phe Val Giy Asp Pro Thr Leu Gly Ala Tyr Thr Ala Ser Lys
145 1560 185 160
Gly Ala Val Arg lie Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
165 170 175 :
Lys Asp Tyr Asp Val Arg Val Asn Thr Vai His Pro Gly Tyr fie Lys
180 185 + 190
Thr Pro Leu Val Asp Asp Leu Glu Gly Ala Glu Glu Met Met Ser His
195 200 205
Arg Thr Lys Thr Pro Met Gly His lie Gly Giu Pro Asn Asp Val Ala
210 215 220
Trp lle Cys Val Tyr Leu Ala Ser Asp Giu Ser Lys Phe Ala Thr Gly
- 225 230 235 240
Ala Glu Phe Val Val Asp Gly Gly Tyr Thr Ala Gin
245 250

<210=7
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376247016
<211= 759
<212> DNA
<213> Arificial Sequence

<220>
<223> Variant of L. kefir

<400> 7
atgaccgatc gictgaagas caaagiagec atogiaaccy gegggacte! gggtataggt 60
tiggcaatcg cegataaatt tgtagaggag ggigogaaag tagitattac togicgecac 120
gcgoatgiag gtgaaaagyce cgecaaaica atcggeggta ctgatgttat tegetttgic 180
cageacgalg catccgaiga agcaggotgg acgaaactgt tegacaccac cgaggaggea 240
ttcggeocegg tiacgacegt cgtgaacaat geagggatia cogiticcaa aagegtigaa 300
gacactacca cggaggatig gcacaaacty clgicegtte atetggatag tgttittttc 3860
ggeaccogtc tgageattca gogeatgaag aataaaggct tgggegetag catcatcaat 420
atgagcagta tcagiggott cgtaggcgat ccgacgetge gggeatacac tgottceaag 480
gggocgatac glaicatgtc gaaaagogea gogotggatt gogeactgaa ggactacgat 540
gtgcgtoica acacagtaca toegggotat atcaagacce cgetggtega tgatctggaa 800
ggtgcigagg aaatgatgic acagegtacg aaaaccecta tgggocacat tygegaaccy 660
aatgacgigg catggalctg tgtotacetg gealeigacy aatcgaaatt tgcgacgggi 720
gcagaatity tggicgacgg cgggtatace geacagiga

<210> 8

<211=> 252

<212> PRT

<213 Artificial Sequence

<220>

-<223>Variant of L. kefir

<400> 8

Met Thr Asp Arg Leu Lys Asn Lys Val Ala lle Val Thr Gly Giy Thr

1 5 10 15

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

Lys vai Val lie Thr Gly Arg His Aka Asp Val Gly Glu Lys Ala Ala
35 40
Lys Ser lie Gly Gly Thr Asp Val Ei@ Arg Phe Val Gin His Asp Ala
50 55 80
Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Glu Ala

85 70 75 80

Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gy lie Thr Val Ser
85 9o 95

Lys Ser Val Giu Asp Thr Thr Thr Giu Asp Trp His Lys Leu Leu Ser

100 105 116 .
at Asn f.eu Asp Ser Val Phe Phe Giy Thr Arg Leu Gy lie Gin Arg
115 120 128
Met Lys Asn Lys Gly Leu Giy Ala Ser lie lle Asn Met Ser Ser lis
130 135 140

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

145 150 155 160

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

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

180 188 180
Thr Pro Leu Val Asp Asp Leu Glu Gly Ala Giu Giu Met Met Ser Gin
195 200 205
Arg Thr Lys Thr Pro Met Gly His lie Gly Giu Pro Asn Asp Val Ala
210 218 220

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

225 230 235 240

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

<210> 8

<211> 759

<212> DNA

<213> Ariificial Sequence

<220>
<223> Variant of L. kefir

<400> 9
atgacepaic gicigaagag caaagtagee atcgtaaccg gegggacect gagtategygt 60
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tiggeaatcg cogataaatt tgtagaggag gotgcgaaag tagtiatiac iggtegocac 120
gcggatgtag gtgaaaagge cgccaaaica ateggeggta cigatgitat tegettigte 180
cagcacgatg catcegatga ageaggetgg acgaaacigt tegacaccac cgaggaggea 240
fteggocegg ttacgacegt cotgaacaat goagggatia cogtttceaa aagegtigaa 300
gacactacca cggaggaatg goacaaacig ctgiccgtta aictggatag tgtttititc 360
ggcaccegic tgggeatica gegeatgaag aataaaggcet tgggegetag caicaicaat 420
atgageagta tcagigggit cgtanggegat cogacgeigy gugcostacac igoticcaag 480
ggogcggtac giateatgic gaaaagegcea gegetggatt gegeactgag ggactacgat 540
glgegtgica acacagtaca tcegggetat atcaagacce cgelggicoa tgatetggaa 600
ggigeigagg aastgeaate acgyegtacy aaaaccecta tgggecacat iggegaaccg 860
aatgacgigg catggatctg tatgtacctg geatctgacg aategaaatt fgegacgget 720
gcagaatitg tggtcgacgg coggtatace geacagiga 759

<210> 10

<211> 252

<212=PRT

<213> Artificial Sequence

<220>
<223> Variant of L. kefir

<400> 10
Met Thr Asp Arg Leu Lys Ser Lys Val Ala lie Val Thr Gly Gly Thr
1 5 10 15
Leu Gly lle Gly Leu Ala lie Ala Asp Lys Phe Val Giu Glu Gly Alz
20 25 3¢
Lys Val Val ile Thr Gly Arg His Ala Asp Val Gly Giu Lys Ala Ala
35 40 45
Lys Ser lie Gly Gly Thr Asp Val lle Arg Phe Val Gin His Asp Ala
50 55 80
Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Giu Ala

688 70 75 80

Phe Gly Pro Vail Thr Thr Val Val Asn Asn Ala Gly ile Thr Val Ser
85 80 95

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

100 105 110
Val Asn Leu Asp Ser Val Phe Phe Giy Thr Arg Leu Gly lie Gin Arg
118 120 125
Met Lys Asn Lys Gly Leu Glv Ala Ser e lle Asn Met Ser Serlie
130 135 140

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

145 150 155 180

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

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

180 185 190
Thr Pro Leu Vai Asp Asp Leu Giu Gy Ala Glu Glu Met Gin Ser Arg
165 200 205
Arg Thr Lys Thr Pro Met Gly His e Gly Glu Pro Asn Asp Val Ala
210 215 220

Trp lie Cys Val Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala Thr Gy

225 230 235 240

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

<210> 11

<211> 758

<212> DNA

<213> Artificial Sequence

<220>
<223> Variant of L. kefir

<400> 11 : : : }
atgaccgatce gictgaagag caaagtagee atcgtaacey gegggactet ggglateggt 60
ttggcaateg cogataaatt igtagaggag ggtgcgaaag fagtiatiac tggtcgecac 120
gecggalotag gegaaaaggs cgccaaalca atcggegaca ctgatgitat icgettigte 180
cagcacgalg catccgatga agoaggcelgg acgaaacigt tegacaccac cgaggaggea 240
tteggecegy ftacgacest cgtyaacaat geagggatty cagtticcas aagegttgaa 300
gacactacca cggaggaatg gegtaaactg cigtecgita atcigoatag totttttitc 360
gacaccogic fgggeatica gegeatyaaa aataaagget igggegetag calcatcaat 420
atgagcagta tcagtgggtt cgtaggcegat cegascgeotgg gggeatacac tgottccaag 480
ggggceggtac giatcatgtc gasaagegea gegetggatt gogeactgaa ggactacgat 540
atgegtgtca acacagiaca tcegggetat atcaagacce cgetggicga tgateiggaa 600
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agtgctgagg asatgatgic acagegtacy aaaaccecta tgggecacat tggcgaacey 660
aaigacaticg catggatctg tgigtacclg geatcigacg aatcgaastt tgegacggot 720
gcagaattty tggtcgacgg cggotatace geacagtga 758

<210> 12

<211> 252

<212> PRT

<213> Artificial Sequence

<220
<223> Variant of L. kefir

<400> 12
Met Thr Asp Arg Leu Lys Ser Lys Vai Ala lle Val Thr Gly Gly Thr
1 5 10 15
Leu Gly lle Gly Leu Ala lle Ala Asp Lys Phe Vai Giu Giu Gly Ala
20 25 30
Lys Val Val lie Thr Gy Arg His Ala Asp Val Giy Giu Lys Ala Ala
35 40 45
Lys Ser lie Gly Gly Thr Asp Val ile Arg Phe Val Gin His Asp Ala
50 55 &0
Ser Asp Giu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Giu Glu Ala

65 70 75 80

Phe Giy Pro Val Thr Thr Val Val Asn Asn Ale Gly lle Ale Val Ser
85 g0 a5

L.ys Ser Val Glu Asp Thr Thr Thr Glu Giu Trp Arg Lys Leu Leu Ser

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

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

145 150 155 160

Gly Ala Val Arg lie Met Ser Lys Ser Ala Ala L.eu Asp Cys Alz Leu
165 170 175

Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Giy Tyr ile Lys

180 185 190
Thr Pro Leu Val Asp Asp Leu Glu Gly Ala Giu Glu Met Met Ser Gin
185 200 205
Arg Thr Lys Thr Pro Met Gly His Hle Gly Glu Pro Asn Asp lie Ala
240 215 220

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

225 230 235 240

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

<210> 13

<211> 759

<212> DNA

<213> Artificial Seguence

<220>
<223> Variant of L. kefir

<400> 13
atgaccgate gtotgaagag caaagtages ategtaaceg gegggacict gggtategst 60
ftggcaatcg ccgataaatt igiagaggag gotgcgaaag tagitatiac iggicgecac 120
gcoggatgtag gtgaaaaggce cgecaaaica atcggeggca cigatgttat cgettigic 180
cagcacgaty calcogaiga agcaggctag acgaaacigt togacaccac cgaggaggca 240
ttcggecegg ttacgacegt cgigaacaat geagggatty cagtiiccaa aageoitgaa 300
gacactacca cggaggaalg geacaaacig ctgiccgtta aictggatag tgititttic 360
gacacoogte fgggcatica gegcatyaaa aataaagoot tagyegciag catcateaat 420
atgagcagta icagtggght cgiaggcegat cogacgetgg gggeatacac tgcttccaag 480
ggggceggtac giatcatgic gaasagegea gegetggatt gegeactgaa ggactacgat 540
gtgcatgtca acacagiaca tecggyctat atcaagaces cgctggtens tgatciggaa 660
goigetgagg aaatgatgic acagegiacg aaaaccecta tgggecacat tggcgaaccg 660
aatgacaicg catggatctg tgtgtacetyg geatcigacg aatcgaaat! tgcgacggat 720
geagaatity tggtegacgg cgaatatace geacagiga 758

<210> 14

<211> 252

<212= PRT

<24%3> Arifficial Sequence
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<220>

<223> Variant of L. kefir

<400> 14

Met Thr Asp Arg Leu Lys Ser Lys Val Ala lle Val Thr Gly Giy Thr

1 5 10 15

teu Gly lle Gly Leu Ala lie Ala Asp Lys Phe Val Giu Glu Gly Ala

20 25 30

Lys Val Val tie Thr Gly Arg His Ale Asp Val Gly Giu Lys Ala Ala

35 40 45

Lys Ser lie Gly Gly Thr Asp Val lie Arg Phe Val Gin His Asp Ala
50 55 80
Ser Asp Giu Alg Gly Trp Thr Lys Leu Phe Asp Thr Thr Gl Giu Ala

85 70 75 80
Phe Giy Pro Val Thr Thr Val Val Asn Asn Ala Gy lle Ala Val Ser
85 90 a5
Lys Ser Val Giu Asp Thr Thr Thr Giu Glu Trp His Lys Leu Leu Ser
100 105 110
Val Asn Leu Asp Ser Val Phe Phe Gy Thr Arg Leu Gly lie Gin Arg
115 120 125
Met Lys Asn Lys Gly Leu Gly Ala Ser lie lie Asn Met Ser Ser lig
130 135 140
Ser Gly Phe Val Gly Asp Pro Thr Leu Gly Alz Tyr Thr Ala Ser Lys
145 150 155 160
Gly Ala Val Arg Hle Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
165 170 175
Lys Asp Tyr Asp Vai Arg Val Asn Thr Val His Pro Gy Tyr He Lys
' 180 185 190
Thr Pro Leu Val Asp Asp Lau Glu Gy Ala Glu Giu Met Met Ser Gin
195 200 205
Arg Thr Lys Thr Pro Met Gly His lle Gly Giu Pro Asn Asp lie Ala
210 215 220
Trp Hle Cys Val Tyr Lau Ala Ser Asp Glu Ser Lys Phe Ala Thr Gly
225 230 235 240
Ala Glu Phe Val Val Asp Gy Giy Tyr Thr Ala Gin
245 250
<210> 15
<211> 758
<212> DNA

. <213> Artificial Sequence

<220>
<223> Variant of L. kefir

<400> 15

atgaccgatc gicigaagag caaagtagec ategtaaccg gegggactcet ggatateggt 60
ttggeaaico cogataaatt tgtagaggay gotgegaaay tagtitattac iggtcgocac 120
geggatgiag gtgaaaagyce cgocaaatca atcggeggea cigaigttat tegetttote 180
cagcacgalg catccgatga ageagqctgg acgaaactgt tegacaccac cgaggaggsa 240
ticggeoegy ttacgacegt cotgaacaat geagguatiy cagtttccas aagegiigas 300
gacactacea cggaggaatyg gogtaaactg clgicegtia atciggatgg tetittttic 360
ggceaccegic igggeatica gegeatgaaa aaiaaaggcet tgggegetag catcateaat 420
atgagcagia tcagigggtt cgitaggogat cegacgeoigg gugcatacaa cgcitccaag 480
ggogeagiac giatcatgic gaaaagegea gegetggatt gegeacigaa ggactacgat 540
gigcgigica acacagtaca tccgggetat atcaagacee cgetagicya tgaiciggaa 800
ggtgctgagy asatgaigic acagegiacy aaaaccecia tgggecacat tggegaaceg 660
aatgacgicg catggatlcig tgtgtacctg geaictgacy aatcgaaatt tgegacgggt 720
gcagaattig tggtcgacgg cgogtatace geacagiga 759

<210> 16

<211> 252

<212> PRT

<213> Arlificial Sequence

<220>
<223> Variant of L. kefir

<400> 16

Met Thr Asp Arg Leu Lys Ser Lys Val Ala ile Val Thr Gly Gly Thr

1 5 10 15

iL.eu Giy lle Giy Leu Aia lie Ala Asp Lys Phe Vai Giu Glu Gly Ala
20 25 30
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Lys Val Val lie Thr Gly Arg His Ala Asp Val Gy Giu Lys Ala Ala
35 40 45
Lys Ser lie Gly Gly Thr Asp Vat lie Arg Phe Val Gin His Asp Ala
50 55 80
Ser Asp Giu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Giu Glu Ala
65 70 75 80
Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gy lle Ala Vai Ser
85 90 g5
Lys Ser Val Giu Asp Thr Thr Thr Giu Glu Trp Arg Lys Leu Leu Ser
100 1G5 110
Val Asn Leu Asp Gly Val Phe Phe Giy Thr Arg Leu Gly ile Gin Arg
115 120 125
Met Lys Asn Lys Giy Leu Gly Ala Ser lle lie Asn Met Ser Ser lle
130 135 140
Ser Gly Phe Val Gly Asp Pro Thr Leu Gly Ala Tyr Asn Ala Ser Lys
145 150 185 160
Gly Ala Val Arg lle Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
185 170 175
Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Giy Tyrile Lys
180 185 190
Thr Pro Leu Val Asp Asp Leu Glu Gly Ala Glu Giu Met Met Ser Gin
195 200 205
Arg Thr Lys Thr Pro Met Gly His lle Gly Glu Pro Asn Asp Val Ala
210 215 220
Trp lle Cys Val Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala Thr Gly
225 230 235 240
Ala Gilu Phe Vat Val Asp Gly Gly Tyr Thr Ala Gin
245 250

<210> 17

<211> 758

<212> DNA

<213> Artificial Sequence

T<220>
<223> Variant of L. kefir

<400> 17

atgaccgaic gictgaagag caaagtagec atcgtaaceg gegggacict gagtateggt 60
ttggcaatey ccgataaatl igtagaggay ggtgcgaaag tagttattac tggtcgecac 120
geggstglag glgaaaaggc cyccaaatca atcggeggta ctgatgiiat tegetitgte 180
cagcacgacg catccgatga agcaggetgy acgaaactgt fegacaccac cgaggaggcea 240
ticggocegg ttacgacegt cgigaacaat geagggaita cegticcaaa aagegiigaa 300
gacactacca cggaggaatg geacaaacig cigicegtta atctggatag tgtitttttc 360
ggcaccegic tgggceatica gegeatgaag aataaagget tgggegcetag catcatcaat 420
atgagcagia tcagiggget cotiggegat cogacgotyg gageatacac tgcttcoaag 480
goggeggiac giaicatgtc gaaaagogea gegetggatt gogeactgaa ggactacgat 540
gitgegtgica acacagtaca teocgggetat atcaagacee tgotgoicga tgatctggaa 500
agtgctgagy aaatgatgic acagegiacy asaaccecia igggecacat iggegaacey 660
aatgacgtgg catggatcty igigtaccly geatcigacg aatcgaaatt tgegacgggt 720
geagaattig tggicgacgg cgggtatace geacagiga 758

<210> 18

<211 252

<212> PRT

<213> Agificial Sequence

<220
<223> Variant of L. kefir

<400> 18

Met Thr Asp Arg Leu Lys Ser Lys Val Ata fle Val Thr Gly Gly Thr

1 5 10 18

Leu Gly lle Gly Leu Ala lie Ala Asp Lys Phe Val Glu Giu Gly Ala

20 25 30
Lys Val Val lle Thr Gly Arg His Ala Asp Val Gly Giu Lys Ala Ala
35 40 45
Lys Ser lie Gly Giy Thr Asp Val lie Arg Phe Val Gin His Asp Ala
50 " 58 B0

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

65 70 - 75 8G

Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly lie Thr Val Pro
85 a0 85

Lys Ser Va! Giu Asp Thr Thr Thr Glu Glu Trp His Lys Leu Leu Ser
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100 105 110
Val Asn Leu Asp Ser Val Phe Phe Gly Thr Arg Leu Gly ile Gin Arg
115 120 125
Met Lys Asn Lys Giy Leu Gly Alz Ser ile lie Asn Met Ser Ser lie
130 135 140
Ser Gly Leu Val Gy Asp Pro Thr Leu Gly Ala Tyr Thr Ala Ser Lys
145 150 188 160
Gly Ala Val Arg Hie Met Ser Lys Ser Ala Alz Leu Asp Cys Ala Leu
165 . 170 175
Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Tyr lle Lys
180 185 190
Thr Leu Leu Val Asp Asp Leu Glu Giy Ala Giu Glu Met Met Ser Gin
195 200 205
Arg Thr Lys Thr Pro Met Gly His lle Gly Giu Pro Asn Asp Val Ala

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

245 250

<210> 19
«211> 759
<212> DNA

<213> Artificial Sequence

<220>
<223> Variant of L. kefir

<400> 18

atgaccgate gictgaagag caaagiagece atcgtaaccg gegggactct ggogtateggt 60
{tggcaatcg cegatzaat! igtagaggac ggtgegaaag tagtiattac iggicgecac 120
gcggatgtag gigaaaagyce cgccaaatca atcggeggta ctgatgtiat tegeitigte 180
cagcacgats catccgatga agcaggetgg acgaaacigt tcgacaccac cgaggaggea 240
ttcggocege tacgaccegt cgtgaacaat goaggygatta cogttccaaa aagegtigaa 360
gacactacea cggagoaalg geacaaacty clgtocgtia atctgoatag tgtittitic 360
ggcaccegic tgggeatica gegeatgaag aataaagget igggeactag catcateaat 420
atgagoagta tcagiggott cgtaggcgat cegacgctgg gggeatacac tgettccaag 480
odggeoogtac gtatcatgic gaaaagogea gegetggatt gegeactgaa ggactacgat 540
gtgcgigica acacagiaca tcegggcetat atcaagacee cgcetggicga tgatctggaa 600
gaigetgagg aaatgatgic acagegiacyg aaaaccecta tgggecacat tggegaaceg 660
aatgacgtgg catggatelg 1gigtacetg geatctgacy aategaaatt tgegacggg! 720

- gcagaatttg tggicgacgg cgggtatace geacagiga 759

<210> 20

<211> 252

<212> PRT

<213> Arlificial Sequence

<220+
<223> Variant of L. kefir

<400> 20

Met Thr Asp Arg Leu Lys Ser Lys Vai Ala lle Val Thr Gly Giy Thr

1 5 10 15

Leu Gly lle Gly Leu Alz fie Ala Asp Lys Phe Vai Giu Giu Gly Ala
20 25 30

Lys Val Val e Thr Gly Arg His Ala Asp Val Gly Glu Lys Ala Ala

35 40 45
Lys Ser fle Gly Gly Thr Asp Val lle Arg Phe Val Gin His Asp Thr
50 55 80

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

85 70 75 80

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

85 el g5

Lys Ser Val Giu Asp Thr Thr Thr Giu Glu Trp His Lys Leu Leu Ser
100 105 110

Val Asn Leu Asp Ser Val Phe Phe Gly Thr Arg Leu Gly He Gin Arg

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

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

145 150 155 160

Giy Ala Val Arg lle Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu

185 170 175
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Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Tyr lie Lys
180 185 190
Thr Pro Leu Vai Asp Asp Leu Glu Giy Ala Giu Giu Met Met Ser Gin
185 200 205
Arg Thr Lys Thr Pro Met Giy His lle Gly Glu Pro Asn Asp Val Ala

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

245 250

<290 21
211> 759
<212> DNA

<213> Artificial Sequence

<220>
<223> Variant of L. kefir

<400> 21 .

atgaccgate gtetgaagag cazagtages ategtaaccy gegggacict ggatateggt 60
tiggeaaicy cegataaatt tgtagaggag ggtgegaaag tagttattac iggtegecac 120
geggatgtag gigaaaagge cgecaaatea atcggeggia cigatgtiat tegettigte 180
cagcacgatg catcocgatga agoaggotgg acgaaacigh togacaccac cgaggaggca 240
tteggeecgy ftacgaccegt cgtgaacaat geagggatia cegticcaaa aagegiigas 300
gacactacea cygaggaaty geacaaacty cigtocgita alctggatag totifttite 360
ggcoaccegic tgggeatica gegoatgaag aataaaggce! igggegetag catcaicaat 420
atgagceagta tcagtoggtt cotaggegat cegacgetgg gggceatacac tgcttccaag 480
goagoggtac glatcatgls gaaasagegea gegetggatt gogeacigaa ggactacgat 540
gigegigica acacagtaca tcogggetat atcaagasca acciggicga tgatciggaa 600
ggigctgagg aaatgcaatc acagegtacg aaaaccocta igggecacat tggegaaccy 660
aafgacaigg catggaicly totgtacely gealctgacy aategaaatt tgegacgegt 720
gcagaattlg tggicgacgy cgggtatace geacagiga 758

<210> 22

<211=> 252

<212> PRT

<213> Artificial Segquence

<220>
<223> Variant of L. kefir

<400> 22
Miet Thr Asp Arg Leu Lys Ser Lys Vai Ala lle Val Thr Gly Gly Thr
1 5 10 15
Leu Gly lle Gly Leu Ala e Ala Asp Lys Phe Val Glu Glu Gly Ala
20 25 30
Lys Va! Val lle Thr Gly Arg His Ala Asp Val Giy Giu Lys Ala Ala
35 40 45
Lys Ser lie Gly Gly Thr Asp Val'lle Arg Phe Val Gin His Asp Ala
50 58 60
Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Giu Ala
85 70 75 80
Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly lie Thr Val Pro
85 80 95
Lys Ser Val Giu Asp Thr Thr Thr Glu Glu Trp His Lys Leu Leu Ser
100 105 110
Val Asn Leu Asp Ser Vai Phe Phe Gly Thr Arg Leu Gly lle Gin Arg
115 120 125
Met Lys Asn Lys Gly Leu Giy Ala Ser lle lle Asn Met Ser Ser lie
130 135 140
Ser Gly Phe Val Gly Asp Pro Thr Leu Giy Ala Tyr Thr Ala Ser Lys
145 180 155 160
Gly Ala Val Arg lle Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
166 170 175
Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Giy Tyr lle Lys
180 185 190
Thr Asn Leu Vai Asp Asp Leu Glu Gly Ala Glu Glu Met Gin Ser Gin
195 200 205
Arg Tnr Lys Thr Pro Met Gly His lle Gly Giu Pro Asn Asp Val Ala

210 215 220
Trp lle Cys Val Tyr L.eu Ala Ser Asp Glu Ser Lys Phe Alz Thr Gly
225 230 235 240

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

<210> 23

<211> 759

<212> DNA

<213> Artificial Sequence

<220>
<223> Variant of L. kefir

<400> 23

atgaccgatc gictgaagag caaagtagee aicgtaaccg gegggactet gggtatcggt 80
ttagcaatcg cegataaatt tgtagaggag gotgcgaaag tagttattac tggtegecac 120
gegaatgiag gigaasagge cgecaaates atcggoggta clgatottat tegetttgte 180
cagcacgaig catccgaiga agoaggeigg acgaaactyt icgacaccac cgaggaggea 240
ticggecegg ttacgaccegt cgigaacaat geagggatia cogttccaaa aagegtigaa 300
gacactacca cggaggaaty geacaaacty ctgtoogiia atctggatag tgtittitte 360
ggcaccegic tgggeaitca gegeatgaag aataaaggct tgggesciag catcaicaat 4290
aigagcagia {cagigggtt cgtaggcegat cogacgeigg gggeatacac tgeticcaag 480
guggeagias gtatcatgic gaasagegca gogeiggatt gegeactgaa ggactacgat 540
gigegigtca acacagtaca tccgggetat atcaagaccee cgciggtega tgatciggaa 600
ggtgeigagg aaatgatgic acagegiacy aaaaccecia fgggecacat tggcgaaceg 660
aatgacgigg catggatcty tgigltacety geatcigacg aategaaatt igegacgggt 720

gcagaattig iggtcgacag coggiatace geacagiga 758

<210> 24

<219 252

<212> PRT

<213> Artificial Sequence

<220>

<223> Variani of L. kefir

<400> 24

Met Thr Asp Arg Leu Lys Ser Lys Val Ala lle Val Thr Giy Gly Thr

1 5 10 15

Leu Gly lie Giy Leu Ala lle Ala Asp Lys Phe Val Glu Glu Gly Ala
20 25 36

Lys Vat Val lie Thr Gly Arg His Ala Asp Val Gly Glu Lys Ala Ala
35 40 45
Lys Ser lle Giy Giy Thr Asp Val lie Arg Phe Val Gin His Asp Ala
50 55 80
Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Glu Ala
65 70 75 86
Phe Gly Pro Val Thr Thr Vai Val Asn Asn Ala Giy lie Thr Val Pro
85 g0 25
Lys Ser Val Glu Asp Thr Thr Thr Giu Giu Trp His Lys Leu Leu Ser
100 105 116
Val Ash Leu Asp Ser Val Phe Phe Gly Thr Arg Leu Gly lie Gin Arg
118 120 128
Met Lys Asn Lys Gly Leu Gly Ala Ser lie lle Asn Met Ser Ser lie
130 138 140
Ser Gly Phe Val Gly Asp Pro Thr Leu Gly Ala Tyr Thr Ala Ser Lys
145 150 155 160
Gly Ala Vat Arg lle Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Lau
185 170 175
Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Tyrile Lys
480 185 180
Thr Pro Leu Val Asp Asp Leu Glu Gly Ala Glu Glu Met Mat Ser Gin
195 200 205
Arg Thr Lys Thr Pro Met Gly His lie Gly Giu Pro Asn Asp Vat Ala
210 215 220
“Trp lle Cys Val Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala Thr Gly
225 230 235 240
Ala Giu Phe Val Val Asp Gly Gly Tyr Thr Ala Gin
245 250

<210> 25

<211> 758

<212> DNA

<213> Artificial Seguence

<220>
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<223> Variant of L. kefir

<400> 25

atgaccgate gictgaagag saaaglagee etcgtaaccg gogggactct gagtateggt 60
itggcaatcg ccgataaatt igiagaggag ggtgcgaaag tagttattac igoicgecac 120
geggatgtag glogaaaaggcs cgocaaatca ateggeggta ctgatgttat togetttgte 180
cageacgaty calccgatga ageaggelgg acgaaacigt icgacaccac cgaggaggea 240
{icggecegg ttacgacegt catgaacaat geagggatta cogticeaaa aagegtigaa 300
gacactacca cggaggaatg geacaaacty ctgteegtia atciggatag tgittittic 360
gygcacccgtc tggacatica gegeaigaag aataaaggcet taggegetag catcatcaat 420
atgagcagia tcagiggott cgtaggegat ccgacgetgg gggeatacac tgcticcaag 480
ggggeggtac giatcatgic gaaaagegea gegetggatt gegoacigaa ggactacgat 540
gtgcgtgtca acacagtaca tecgggetat atcaagacec cgetgatega tgatctggaa 600
ggtgcigagg aaatgeaate acagegiacg aaaacceeta igggecacat iggegaaceg 660
aatgacgigg catggatclg igigtacely goalctgacy aatcgaaatt tgcgacgggt 720
geagaatity tagtcgacgg cgggtatace geacagiga

<210> 26

<211> 252

<212> PRT

<213> Ardificial Sequence

<220>

<223> Variant of L. kefir

<400> 26

Met Thr Asp Arg Leu Lys Ser Lys Val Ala lle vVal Thy Giy Gly Thr

1 5 15

teu Giy lle Gly Leu Ala Ie Ala Asp Lys Phe Val Giu Glu Gly Ala
20 25 3¢

Lys Val Val lie Thr Gly Arg His Aia Asp Val Gly Glu Lys Ala Ala
35 40
Lys Ser lle Gly Gly Thr Asp Val ile Arg Phe Val Gin His Asp Ala
50 55 680
Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Giu Glu Ala

65 70 75 80

Phe Gly Pro Val Thr Thr Val Vai Asn Asn Ala Gly lie Thr Val Pro
85 a0 95

Lys Ser Vai Glu Asp Thr Thr Thr Glu Giu Trp His Lys Leu Leu Ser

100 105 110
Val Asn L.eu Asp Ser Val Phe Phe Giy Thr Arg Leu Gly lie Gin Arg
118 120 125
Met Lys Asn Lys Gly Leu Gly Aja Ser lle lie Asn Met Ser Ser lie
130 135 140

Ser Gly Phe Val Giy Asp Pro Thr Leu Gly Ala Tyr Thr Ala Ser Lys

145 150 155 160

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

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

180 185 180
Thr Pro Leu Val Asp Asp Leu Giu Gly Ata Glu Glu Met Gin Ser Gin
188 200 205
Arg Thr Lys Thr Pro Met Gly His lle Gly Glu Pro Asn Asp Val Ala
210 215 220

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

225 230 235 240

Ala Giu Phe Val Val Asp Gly Gly Tyr Thr Ala GIn
245 250

<210> 27

<211= 758

<212> DNA

<213> Artificial Sequence

<220>
<223> Variant of L. kefir

<400= 27

atgaccgale gtetgaagag caaagiagec atcgtaaceg gegggacict ggotateggt 60
tiggcaateg cegataaatt {gtagaggag ggigegaaag fagtiattac tggtegecac 120
geggatgtag gigaaaaggce cgccaaatea atcggeagta cigatgttat togotttgte 180
cagcacgaty catcegalgs ageagygcigg acgaaacigt {cgacaccac cgaggaggca 240
ttcgoceegg ttacgacceot cgigaacaat geagggatia cegticcaaa aagegitgaa 300
gacactacca cggaggaatg geacaaacty cigtecotta atctggatag igtiittitc 360
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ggcaceegtc tuggeatica gogoatgaag aataaaggct tgggogeiag cateatcaat 420
atgagcagta icagtgggit cgtaggegat cegacgetgg ggocatacac tgeiiccaag 480
gggacggiac gtatcatgic gaaaagegea gegelggatt gegeactgaa ggactacgat 540
gtgcgigica acacagtaca tccgggetat atcaagaceg acotggicga tgatetggaa 600
ggtgctgagg aaatgcaatc acagegtacy aaaaccocta tgggocacat tggegaaceg 660
aatgacgtog catggalcly tgigtacety geaictgacy aatcgaaatt tgegacgggt 720
geagaatiig togtcgacgg cggotatace geacagiga 759

<210> 28

<211» 282

<212> PRT

<213> Artiticial Sequence

<220>
<223> Variant of L. kefir

<400> 28
Met Thr Asp Arg Leu Lys Ser Lys Val Ala lie Val Thr Giy Gly Tar
1 5 10 15
Leu Gly lle Gly Leu Ala lie Ala Asp Lys Phe Val Glu Glu Gly Ala
20 25 30
Lys Val Val lle Thr Gly Arg His Ala Asp Val Gly Glu Lys Ala Ala
35 40 45
Lys Ser lle Gly Gly Thr Asp Val lie Arg Phe Val Gin His Asp Ala
50 55 &0
Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Giu Glu Ala
65 70 75 80
Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly lle Thr Val Pro
85 90 95
Lys Ser Val Glu Asp Thr Thr Thr Glu Giu Trp His Lys Leu Leu Ser
100 105 110
Val Asn Leu Asp Ser Val Phe Phe Gly Thr Arg Leu Gly lle Glin Arg
: 115 120 125
Met Lys Asn Lys Gly Leu Gly Ala Ser lle lle Asn Met Ser Ser lle
130 135 140
Ser Gly Phe Val Gly Asp Pro Thr Leu Gly Ala Tyr Thr Ala Ser Lys
145 150 155 180
Giy Ala Val Arg lie Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
165 170 175
Lys Asp Tyr Asp Val Arg'Val Asn Thr Val His Pro Gy Tyr lle Lys
180 185 190
Thr Asp Leu Val Asp Asp Leu Giu Gly Ala Glu Giu Met Gin Ser Gin
195 200 205
Arg Thr Lys Thr Pro Met Giy His lle Gly Giu Pro Asn Asp Val Ala
210 218 220
Trp He Cys Val Tyr Leu Ala Ser Asp Giu Ser Lys Phe Ala Thr Gly

225 230 235 240

Ada Giu Phe Val Val Asp Gly Gly Tyr Thr Ala Gin
245 250

<210> 28

<211> 759

<212> DNA

<213> Artificial Seguence

<220>
<223> Variant of L. kefir

<400> 29

algaccgatc gicigaagag caaagtagec atcgiaaceg gegggacict gggtateggt 60
figgcaateg cogataaatt tglagaggag gatgegaaag tagitattac tggtegecac 120
gcggatgtag gtgazaaggc cgceaaaica atcggcgyta cigalgttat togoitigic 180
cagcacgatg catcegatga ageaggeigg acgaaactgt tcgacaccac cgaggaggaca 240
ticggecegg tacgacegt cgtgaacaat gcagggatia cogliccaaa aagegtigaa 300
gacactacca cggagygaalg goacaaactg cigiccgtia atctggatag tgttittttc 360
ggcaccegic tgggeatica gegoaigaag aataaagact tgggegetag caicatcaat 420
algagcagta tcagigggtt cglaggegat cegacgetge gggeatacac tgcttccaag 480
gogggcggtac ptatcatgtc gaaaagogoa gogetggatt gegeacigaa ggactacgat 540
gtocgtgtca acacagtaca tcecgggetat atcaagaceg ggeiggtega tgaiciggaa 800
gotgetgagg aaatgeaatc acagegiacg aaaaccccta tgggecacat iggcgaacey 860
aatgacgigg caiggatctg tgtgtacctg goatctgacy aatcgaaatt tgcgacaggt 720
gcagaatiig tggtcgacag cgggtatace geacagica 758
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<210> 30

<211> 252

<212> PRT

<213> Antificial Sequence

<220>

<223> Variant of L. kefir

<400> 30

Met Thr Asp Arg Leu Lys Ser Lys Vai Ala lie Val Thr Gly Gly Thr

1 S 10 15

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

Lys Val Val lle Thr Gly Arg His Ala Asp Val Gly Giu Lys Ala Ala
35 40 45
Lys Ser lie Gly Gly Thr Asp Val lie Arg Phe Val Gln His Asp Ala
50 55 50
Ser Asp Giu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Gl Glu Ala
85 70 75 80
Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly lle Thr Val Pro
85 90 95
Lys Ser Val Glu Asp Thr Thr Thr Glu Glu Trp His Lys Leu Leu Ser
100 105 110
Val Asni Leu Asp Ser Val Phe Phe Giy Thr Arg Leu Gy lie Gin Arg
115 120 125
Met Lys Asn Lys Gy Leu Giy Ala Ser lie lie Asn Met Ser Ser lle
130 135 140
Ser Gly Phe Val Gly Asp Pro Thr Leu Giy Ala Tyr Thr Ala Ser Lys
145 150 155 160
Giy Ala Val Arg lle Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
165 170 175
Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Tyr lle Lys
180 185 180
Thr Giy Leu Val Asp Asp Leu Glu Gly Ala Glu Glu Met Gin Ser Gin
168 200 205
Arg Thr Lys Thr Pro Met Gly His lie Giy Giu Pro Asn Asp Vai Ala
210 215 220
Tro ile Oys Val Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala Thr Gly

225 230 235 240

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

<210> 31

<211> 759

<272> DNA

<213> Ariificial Seguence

<220>
<223> Variant of L. kefir

<400> 31

atgaccgate giclgaagag caaagiagec atcgtaaccg gegggacict gggtateggt 60
tiggcaateg cogataaatt tgiagaggag ggtgcyaaay tagtattac fggtcgecac 120
gcggatgiag gigaaaagge cgoecaaaica atcggeggta olgaigttat fogetttgte 180
cagcacgalg catccgaiga ageaggeigg acgaaacigt icgacaccac cgaggaggea 240
tteggoeegy ttacgacegt cgtgaacaat geagggatta cecgttgagaa aagegtigaa 300
gacactacca cggaggaatg geacaaacty ctgicegtia atctggatag tgittitiic 360
ggcaccegic igggeatica gegeatgaag aataaaggct tgggegetag catcatcaat 420
atgagcagia tcagtgggtt cgtaggegat ccgacgcetgy gageatacac igcticcaag 480
gadgcgytac graicatgte gaaaagegea gogeiggatt gcacactgsa ggactacgat 540
gtgcgtgica acacagtaca iccgggetat atcaagacce cgeiggtega tgatetggaa 600
ggtgctgagg aaatgatgic acagogtacg asaaccecta fgggecacat iggegaaceg 660
aaigacyigy catggatety igigtacety goatctgacy aatcgaaatt igcgacgggt 720
geagaaiitg ggtcgacge cgagtatace geacagipa 758

<210> 32

<211= 252

<212> PRT

<213> Arificial Sequence

<220>
<223> Variant of L. kefir

=<400> 32
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Met Thr Asp Arg Leu Lys Ser Lys Val Aia lle Val Thr Gly Giy Thr
1 & 10 15
Leu Gly lle Gly Leu Ala lie Aia Asp Lys Phe Val Giu Giu Gly Ala
20 25 30
Lys Val Val lle Thr Gly Arg His Ala Asp Val Gly Giu Lys Ala Ala
35 40 45
Lys Ser lie Gly Gly Thr Asp Val lle Arg Phe Val Gin Mis Asp Ala
50 85 60
Ser Asp Giu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Glu Ala

85 70 78 80
Phe Gly Pro Vai Thr Thr Val Val Asn Asn Ala Gly ile Thr Val Glu
85 90 o5

Lys Ser Val Glu Asp Thr Thr Thr Glu Glu Tip #is Lys Leu Leu Ser
100 105 110

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

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

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

145 156 155 166

Giy Ala Val Arg lle Mat Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu

185 170 175

Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Tyr tie Lys
180 185 190

Thr Pro Leu Val Asp Asp Leu Glu Gly Ala Giu Giu Met Met Ser Gin

195 200 205
Arg Thr Lys Thr Pro Met Gly His lie Gly Glu Pro Asn Asp Val Az
210 215 220

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

225 230 235 240

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

245 250

=210> 33

<214> 758

<212> DNA

<213> Artificial Sequence

<220>
<223> Variant of L. kefir

<400> 33

atgaccgate gictgaagag caaagtagec ategtaaceg geggygactct gggtaicggt 60
ftggcaateg cogataaalt gtagaggay gatgegaaag tagitatias tagtegecas 120
gcggatgtag gigaaaagge cgecaaaica atcggeggta ctgatgtiat tegettigic 180
cagcacgatg catcegatga ageaggetgg acgaaacigt tcgacaccac cgaggaggea 240
ticggecegyg ttacgacegt cogigaacaat goagggatia cegitucocaa aagogtigaa 300
gacactacca cggaggaatg geacaaacig cigtcegtia atciggatag fglittittc 360
ggcaccegtc gggeatica gogeatgaag aataaaggo! igagegcetag catcatcaat 420
atgageagta (cagiggatt cotaggegat cegacgelgy gggeatacac tgcticcaag 480
ggggceggtac gtatcatgic gaaaagegca gegeiggatt gegoactgaa ggactacgat 540
gtogcgtgica acacagtaca tccgggctat atcaagacce cgoiggtega tgatctggaa 600
gatgetgagy aaatgsiaic acagegiacyg asaacceocia {ggyccacat tggcgaaccg 860
aatgacgigg catggatctg tgtgtaccig geateigacy aatcgaaatt tgegacggat 720
gcagaatitg tggtegacgg cgggtatace geacagiga 758

<210> 34

<211> 252

<212> PRT

<213 Artificial Sequence

<220>
<223> Variant of L. kefir

<4(0> 34
Met Thr Asp Arg Leu Lys Ser Lys Vai Ala He Val Thr Gy Giy Thr
1 5 10 15
Leu Gly lle Gly Leu Alza lle Ala Asp Lys Phe Val Giu Glu Gly Ala
20 25 36
Lys Val Val lle Thr Gly Arg His Ala Asp Val Gly Giu Lys Ala Ala
35 40 45
Lys Ser lie Gly Gly Thr Asp Val lie Arg Phe Val Gin His Asp Ala
50 55 680
Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Giu Giu Ala
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85 70 75 80
Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly lie Thr Val Ala
85 90 85
Lys Ser Val Glu Asp Thr Thr Thr Glu Glu Trp His Lys Leu Leu Ser
100 108 110
Val Asn Leu Asp Ser Val Phe Phe Gly Thr Arg Leu Gly lle Gin Arg
115 120 125
Met Lys Asn Lys Gly Leu Gly Alz Ser lie lle Asn Met Ser Ser lie
136 135 140
Ser Gly Phe Val Gly Asp Pro Thr Leu Gly Ala Tyr Thr Ala Ser Lys
145 150 155 180
Gly Ala Val Arg lle Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
1685 170 175
Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Tyr lle Lys
180 185 190
Thr Pro Leu Val Asp Asp Leu Giu Giy Ala Glu Giu Met Met Ser Gin
185 200 205
Arg Thr Lys Thr Pro Met Gly His lie Gly Glu Pro Asn Asp Val Ala

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

245 250

<210= 35
<211> 759
<212> DNA

<213> Artificial Sequence

<220>
<223> Variant of L. kefir

<400 35

atgaccgaic gicigaagag caaagtages atcgtaaccy gegggactet gggtateggt 66
tiggcaaicy cegatazatt fgtagaggag gotocgaaag tagttattac tggtcgecac 120
gogaatgtay glgaasagge cgecaaaica atcggeggta cigatgtial fegettigic 180
cagcacgatg caiccgatga ageaggelgg acgaaacigl tegacaccac cgaggagacs 240
ttcageccgg ttacgacegt cgtaaacaat goagggatta cogtitccas aagogitgaa 300
gacactacea cggaggaalg gcacaaacig cigicegiia aictggatag tattittitc 360
ggcaccegic tgggeatica gegeatgaag aataaagget igggegetag catcatcaat 420
atgagcagta tcagiggglt cgtaggegat segacgetgy gugeatacac tgeticcaag 480
ggggceygatac glatcatgic gaaasagegea gegetggatt gegeactgaa ggactacgat 540
gigcotgica acacagtaca teegggetat atcaagacee cgetggtega tgatctggaa 600
gotgotgagy asatgalgic acagogtacy aaaaccecta tgggccacat iggcgaacey 650
aatgacgtgy catggaicig tgtgtaccig geaictgacg aatcgaaatt tgegacgggt 720
gcagaattl tggtegacgg coggtatace geacagiga 759

<210=> 38

<211> 282

<212> PRT

<213> Ardificial Sequence

<220>
<223> Variant of L. kefir

<400> 36
Met Thr Asp Arg Leu Lys Ser Lys Val Ala tte Val Thr Giy Gly Thr
1 5 10 15
Leu Giy lle Gly Leu Ala lle Ala Asp Lys Phe Val Glu Giu Gly Ala
20 25 30
l.ys Vat Vati lie Thr Gly Arg His Ala Asp Val Gly Glu Lys Ala Ala
35 40 45
Lys Ser iie Gly Gly Thr Asp Val lie Arg Phe Val Gin His Asp Ala
50 55 &80
Ser Asp Glu Ala Gy Trp Thr Lys Leu Phe Asp Thr Thr Giu Glu Ala
85 7o 75 8¢
Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Giy lle Thr Val Se
85 80 95 :
- Lys Ser Vat Giu Asp Thr Thr Thr Giu Glu Trp His Lys Leu Leu Ser
100 105 . 110
Val Asn Leu Asp Ser Val Phe Phe Gly Thr Arg Leu Gly lie Gin Arg
115 120 125
Met Lys Asn Lys Gly Leu Gly Alia Ser lie lie Asn Met Ser Ser lie
130 135 140
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Ser Gly Phe Val Gly Asp Pro Thr Leu Gly Ala Tyr Thr Ala Ser Lys
145 150 185 160
Gly Ala Val Arg lie Met Ser Lys Ser Ala Ala Leu Agp Cys Ala Leu

165 170 178
Lys Asp Tyr Asp Val Arg Vat Asn Thr Val His Pro Gly Tyr fle Lys

180 185 180
Thr Pro Leu Val Asp Asp Leu Giu Gly Ala Glu Giu Meat Met Ser Gin
195 200 205
Arg Thar Lys Thr Pro Met Gly His lle Gly Giu Pro Asn Asp Val Ala
216 218 220

Trp lie Cys Val Tyr Leu Ala Ser Asp Giu Ser Lys Phe Ala Thr Gly
225 230 235 240
Ala Giu Phe Val Val Asp Giy Gly Tyr Thr Ala Gin

245 250

<210> 37

<211> 753

<212> DNA

<213> Artificial Sequence

<220>
<223> Variant of L. kefir

<400> 37

atgaccgatc gictgaagag caaagtagec atcgiaacey gegggactct gggtateggt 60
tiggcaatey ccgataaatt tglagagyag gatgegasag tagttattac iggtcgeeac 120
geggatgiag glgaaaaggce cgecaaatea aicggegata cigatgitat tegettigic 180
cagcacgatg catccgalga agcaggetgg acgaaactgt tegacaccac cgaggaggea 240
tieggeoegg ttacgacegt coigaacaat geagggatta cegtitecaa aagegttgaa 300
gacactacca cggaggaaty geacaaacty cigtcegtta atciggatag tgttitite 360
ggcaccegic tgggealtca gogeatgaag aataaagget gggcgcetag catcatcaat 420
atgagcagia tcaglgggit cotaggcgat cogacgetgg gggeatacac tgeticcaag 480
gggocagiac glatcatatc gaaaagegea gegetggatt gegeacigas ggactacgat 540
gigegigica acacagtaca tcocgggctat atcaagaccs cgetggicga tgatciggaa 600
gotgctgagg aaatgeaate acagegtacy aaaaccecta igggecacat tggcgaaccg 660
aatgacgigy catggatcty tgtgiacclg geatctgacy aatcgaaalt tgegacgagt 720
gcagaaitig tggicgacgy cgagtatace geacagtga 759

<210> 38

<211» 252

<212> PRT

<213> Artificial Sequence

<220>
<223> Variant of L. kefir

<400> 38
Met Thr Asp Arg Leu Lys Ser Lys Val Ala lie Val Thr Gly Giy Thr
1 5 10 15
leu Gly lle Gly Leu Ala lle Ala Asp Lys Phe Val Giu Giu Giy Ala
20 25 30
Lys Val Val lie Thr Gly Arg His Ala Asp Va! Giy Giu Lys Ala Ala
35 40 45
Lys Ser lie Gly Gly Thr Asp Val lle Arg Phe Val Gin His Asp Ala
50 55 60
Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Giu Giu Ala
85 70 75 80
Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly lle Thr Val Ser
85 al 95
Lys Ser Val Glu Asp Thr Thr Thr Glu Glu Trp His Lys Leu Leu Ser
100 105 110
Val Asn Leu Asp Ser Vat Phe Phe Gly Thr Arg Leu Gly lle Gin Arg
115 120 125
Met Lys Asn Lys Gly Leu Gy Ala Ser lie ile Asn Met Ser Ser e
130 135 149
Ser Gy Phe Val Gly Asp Pro Thr Leu Gly Ala Tyr Thr Ala Ser Lys
145 150 155 180
Gly Ata Val Arg lle Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
185 170 378
Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Tyr lle Lys
180 185 190
Thr Pro Leu Val Asp Asp Leu Glu Gly Ala Glu Giu Met Gin Ser Gin
195 200 205
Arg Thr Lys Thr Pro Met Gly His lie Gly Giu Pro Asn Asp Val Ala
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210 215 220
Trp lie Cys Val Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala Thr Gly
225 230 235 240
Ala Giu Phe Val Val Asp Gly Gly Tyr Thr Ala Gin

245 250

<210> 39
<211> 759
<212> DNA

<213> Artificial Sequence

<220
<223> Variant of L. kefir

<400> 39

atgaccgatc giotgaagag caaagtages atcgtaaceg gegggacic! gggtateggt 60
{iggcaatcg cogataaall igtagaggag ggtgegaaag taghtatiac tggicgocac 120
gcoggatatag gtgaaaaggce cgecaaaica atcggeggta cigatgitat tegetttaic 180
cagcacgaty catccgatga ageagyotgg acgaaactgt tegasactas cgaggaggca 240
ttcggecegg ttacgacegt cgtgaacaat geagggatta cogiticcag aagegtigaa 300
gacactacca cggaggaatg goacaaactg ctgiccgtta atciggatag tgtttttttc 360
ggeacceote taggeatica gegeatgaay aataaagact tggdegotag catcalcaat 420
atgagcagta tcagigggtt cgtaggeaat ccgacgetgg gggceatacac igettccaag 480
ggogegatac giatcatgic gaaaagegea gegeiggatt gegcactgaa ggactacgat 540
gtgcgigica acacagiace teogggetat atcaagaces cgetggtegs tgateiggaa 600
gotgcigagg aaatgeaate acagesgtacy aaaaccocta tgggecacat iggegaacceg 660
aatgacgloy catggalcly fgigtaccty geatcigacy aatcgaaatt tgcgacgggt 720
gcagaatttg tggicgacgg cgggiatacc geacagiga 752

<210> 40

<211> 252

<212= PRT

<213> Arificial Sequence

<220
<223> Variant of L. kefir

<4Q0> 40
Met Thr Asp Arg Leu Lys Ser Lys Val Ala ile Val Thr Gly Gly Thr
1 5 10 15
Leu Gly lie Gly Leu Ala lle Ala Asp Lys Phe Val Glu Glu Gly Ala
20 25 30
Lys Val Val lie Thr Gy Arg His Ala Asp Val Gly Glu Lys Ala Ala
35 49 45
Lys Ser lle Giy Gly Thr Asp Val iz Arg Phe Val Gin His Asp Ala
50 55 80
Ser Asp Giu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Gl Giu Ala
65 70 75 80
Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gy lle Thr Val Ser
85 o0 85
Arg Ser Val Glu Asp Thr Thr Thr Giu Glu Trp His Lys Leu Leu Ser
1460 108 110
Val Asn Leu Asp Ser Val Phe Phe Gly Thr Arg Leu Gly lle Gin Arg
115 120 125
Met Lys Asn Lys Giy Leu Giy Ala Ser lie lle Asn Met Ser Ser lie
130 135 140
Ser Gly Phe Val Giy Asp Pro Thr Leu Gly Ala Tyr Thr Ala Ser Lys
145 150 155 160
Gly Ala Val Arg lie Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
168 170 175
Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Giy Tyr lie Lys
186 185 190
Thr Pro Leu Val Asp Asp Leu Glu Gly Ala Giu Giu Met Gin Ser Gin
195 200 205
Arg Thr Lys Thr Pro Met Giy His ite Gly Glu Pro Asn Asp Val Ala
216 215 220
Tro lle Cys Val Tyr Leu Ala Ser Asp Gl Ser Lys Phe Ala Thr Gy
225 230 235 240
Ala Glu Phe Val Vat Asp Gly Gly Tyr Thr Ala Gin
245 250

<210> 41
<211> 759
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<212> DNA
<213> Artificial Sequence

<220>
=223 Variant of L. kefir

<400> 41

atgaccgatic gicigaagag caaagtagec aicgtaaceg gegggacict gggtateggt 60
tiggcaatcy ccgataaatt tgtagaggag ootgcgaaag tagttattac tggicgecac 120
gogoatgtag glgaaaaggce cgccaaatca atcggegota cigatotiat tegetitgtc 180
cagcacgaig catccgatga ageaggcigg acgaaacigt tegacaccac cgaggaggea 240
tteggeocgg ttacgaceyt cgtgaacaat gecagggatta cogtiicect tagegttgaa 300
gacactacca cggaggaatg gcacaaacty ctgicegtia atctggatag tgttttitte 360
ggcacccgic igggeatica gegeatgaag aataaaggct igggegetag calcaicaat 420
atgagcagta tcagigogt cotaggegat cegacactigg gggeatacac gcttccaag 480
agggoagatac gtatcatglc gaaaagegsa gogeiggatt gogeactgaa ggactacgat 540
gtgcgtoicas acacagtaca tccgggetat atcaagacce cgetggicgs tgatctggaa 6C0
ggtgetgagg aaatgatgic acagegiacg aaaaccocta tgggecacat ggegaaceg 660
aatgacgiag catggatelg totglacelg gealcigacy aatcgaaat! igegacgget 720
gcagaatity tggtegacgg cgggtatace geacagiga 759

<210> 42

211> 252

«212> PRT

<213> Artificial Sequence

<220>
<223> Variant of L. kefir

<400> 42
Met Thr Asp Arg Leu Lys Ser Lys Val Ala lie Vai Thr Gly Gly Thr
4 8 10 15
Leu Gly lie Gly Leu Ala lle Ala Asp Lys Phe Val Giu Giu Gly Ala
20 25 30
Lys Val Val lie Thr Gly Arg His Ala Asp Val Gly Giu Lys Ala Ala
35 40 45
Lys Ser lie Gly Gly Thr Asp Val lle Arg Phe Val Gln His Asp Ala
50 55 60
Ser Asp Giu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Giu Ala
65 70 75 80
Phe Giy Pro Val Thr Thr Val Val Asn Asn Ala Gly lle Thr Val Ser
85 0 a5
Leu Ser Val Glu Asp Thr Thi Tar Glu Glu Trp His Lys Leu Leu Ser
100 105 110
Val Asn Leu Asp Ser Val Phe Phe Gly Thr Arg Leu Gly ile Gin Arg
115 120 125
Met Lys Asn Lys Gly Leu Gly Ala Ser lie llie Asn Met Ser Ser lie
130 136 140
Saer Gly Phe Val Gly Asp Pro Thr Leu Gly Ala Tyr Thr Ala SerLys
145 150 155 160
Gly Ala Val Arg He Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
165 170 175
Lys Asp Tyr Asp Vai Arg Val Asn Thr Val His Pro Giy Tyr lle Lys
180 185 180
Thr Pro Leu Val Asp Asp Leu Giu Gly Ala Glu Giu Met Met Ser Gin
185 200 205
Arg Thr Lys Thr Pro Met Gly His ile Giy Glu Pro Asn Asp Val Ala
230 215 220
Trp lie Cys Val Tyr Leu Aia Ser Asp Glu Ser Lys Phe Ala Thr Gly
225 : 230 235 240
Ala Glu Phe Val Val Asp Gy Gy Tyr Thr Ala Gin
245 250

<210= 43

<211> 759

212> DNA

<213=> Arificial Sequence

<220>
<223> Variant of L. kefir

<400> 43 .
atgaccgaic gicigaagag caaagtagec atcgtaacey gegggactet gogtateggt 60
ttggeaateg cogataaatt tgtagaggag gaigegaaay tagitatiac tgotcgecac 120
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gegoaigiag gigaaaagge cgecaaaica atcggeggata ctgalgitat icgetttate 180
cagcacgaty catccgaiga ageaggetgg acgaaacigt tcgacaccac cgaggaggca 240
tteggecegy ttacgacegt cotgaacaat gecagggatig cagiitceaa aagegtigaa 300
gacactacca cggaggaalg geacaaactg cigteeatta aictggatag fgtttiittc 360
ggcaccegic tgggeatica gegeatgaag aataaaggct tgggegcetag caicatcaat 420
atgagcagta tcagtgggatt cgtaggegat ccgacgeigg gggeatacac tgcttccaag 480
ggagcggtac gtateaigic gaaaagegea gegetggatt gegeacigaa ggactacgat 540
gigegigica acacagtaca iccgggotat atcaagacee cgetagicga tgatotggaa 600
ggtgeigagg aaalgalgic acagegtacy aaaaccccia igggecacat tggegaacey 660
aatgacgigg calggatctg tgigtacctg geatctgacy aatcgaaatt tgegacgygot 720
gcagaatity tggtegacgg cgggtatace geacagiga 759

<210> 44

<211=> 2852

<212= PRT

<213> Artificiat Sequence

<220>
<223> Variant of L. kefir

<400> 44
Met Thr Asp Arg Leu Lys Ser Lys Val Ala lle Val Thr Gly Gly Thr
1 5 10 15
Leu Gly e Gly Leu Ala lle Ala Asp Lys Phe Val Glu Glu Gly Ala
20 25 30
Lys Val Val lie Thr Giy Arg His Ala Asp Val Giy Giu Lys Ala Ala
35 40 45
Lys Ser lle Gly Gly Thr Asp Val lle Arg Phe Val Gin His Asp Ala
50 55 80
Ser Asp Giu Ala Giy Trp Thr Lys Leu Phe Asp Thr Thr Glu Giu Ala
B85 70 75 80
Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly tie Ala Val Ser
.88 90 a5
Lys Ser Val Glu Asp Thr Thr Thr Glu Giu Trp His Lys Leu Leu Ser
100 105 110
Vai Asn Leu Asp Ser Val Phe Phe Gly Thr Arg Leu Gy He Gin Arg
115 120 125
Met Lys Asn Lys Gly Leu Gly Ala Ser lie lle Asn Met Ser Ser lle
130 135 140
Ser Gly Phe Val Gly Asp Pro Thr Leu Gly Ala Tyr Thr Ala Ser Lys
145 150 155 180
Gly Ala Val Arg lle Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
185 170 175
Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Tyr lie Lys
180 185 190
Thr Pro Leu Val Asp Asp Leu Glu Giy Ala Glu Glu Met Met Ser Gin
185 200 205
Arg Thr Lys Thr Pro Met Gly His lie Gly Glu Pro Asn Asp Val Ala
210 215 220
Trp Hie Cys Val Tyr Leu Ala Ser Asp Giu Ser Lys Phe Ala Thr Gly

225 230 235 240

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

<210= 45

<211> 759

<212> DNA

<213> Artificial Seguence

<220>
<223> Variant of L. kefir

<400> 45

atgacegais gictgaagag caasgtagor atogtaaceg gogggactct gggtateggt 60
tiggcaatcg ccgataaatt tglagaggag ggigegaaag tagttattac tggtegecac 120
gcggatgiag gigaaaaggc cgccaaaica atcggoggta ctgatgiiat tegettigie 180
cagcacgatg catcegatga ageaagetgy acgaaactat togacaccac cgaggaggea 240
ttcggeocegg tlacgaccegt cgtgaacaal geagggaitg cagliiccaa aagegtigaa 3C0
gacactacca cggaggaatg geacaaactg cigtcegtta atctggatag igtttittic 360
ggeaccegic tgageatica gegoatgaag aataaaggct iggucgetag saicateaat 420
atgagcagta tcagigggatt cgtaggegat cocgacgeigg gogeatacac tgcticcaag 480
ggggcggtac gtaicatgtc gaaaagegea gegetggatt gegeactgaa ggactacgat 5440
atgogigtca acacaglaca teogagetat ategasaces cgetggicgs tgafciggas 600
ggtgetgagg aaatgatgic acagegtacg aaaaccecta tgggecacat iggegaaceg 660
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aatgacgigy catggatetg tgtgiacciy geatcigacg aatcgaaatt fgegacggot 720
gcagaaitig tggicgacgg cgagtatace goacagiga 758

<210> 46

<211> 252

<212= PRT

<213> Artificial Seguence

<220>
<223> Variant of L. kefir

<400> 48
Met Thr Asp Arg Leu i_ys Ser Lys Vai Ala lle Vai Thr Gly Gly Thr
1 5 15
Leu Giy lie Gly Leu Ala E!e Ala Asp Lys Phe Val Glu Glu Gy Ala
20 25 30 -
Lys Val Val lle Thr Gly Arg His Ala Asp Vai Gly Giu Lys Ala Ala
35 40 45
Lys Ser lle Gly Giy Thr Asp Val lie Arg Phe Val Gin His Asp Ala
50 55 80
Ser Asp Glu Alz Gly Trp Thr Lys Leu Phe Asp Thr Thr Giu Giu Ala

65 70 75 80

Phe Giy Pro Val Thr Thr Vai Vai Asn Agn Ala Gly lie Ala Val Ser
85 80 95

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

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

Ser Giy Phe Vai Gly Asp Pro Thr Leu Gy Ala Tyr Thr Ala Ser Lys

145 150 1565 160

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

Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Tyr ile Giu

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

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

225 230 235 240

Ala Giu Phe Val Vai Asp Gly Gly Tyr Thr Ala Gin
245 250

<210> 47

<211> 758

<212> DNA

<213> Artificial Seguence

<220>
<223> Variant of L. kefir

<400> 47

atgaccgatc gictgaagag caaagtagee atcgiaaceg gegygacict gggtateggt 60
tiggeaatey cegataaatt iglagaggag goigegaaag tagttatiac tggtegecac 120
gcggatgtag gigaaaagge cgccaaates atcggeggta cigatgttat tegetttgte 180
cageacgatg catcegaiga ageaggeigy acgaaacig! tegacaccac cgaggaggea 240
tteggecegg Hacgacegt cgtgaacaat geagggattg cagtttccaa aagegtigaa 300
gacactacca cggaggaalg gcacaaacty cigtocgtia atciggatag tgitttttic 360
gocaccegtc tgggeaitca gegcalgaag aataaaggcet tgggegeiag catcatcaat 420
atgageagta tcagtggott cglaggegat cegacgeigg gagoatacac igeticcaag 480
ggggcggtac gtatcatgic gaaaagegea gegetggatt gegeacigaa ggaciacgat 540
gtogegtgica acacagtaca tcegggcetat atcgagacee cgetggtega tgaiciggas 600
gotgotgang aaatgatgic acagegiacg aaaaccescta fgggecactt tggegaacey 660
aaigacgigg catggaictg igigtaccly geaictgacg astcgaaatt tgegacgggt 720
gcagaattig tggicgacog cogggtatace geacagtga 759

<210> 48

<211= 282

«212> PRT

<213> Artificial Seguence
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<220>

«223> Variant of L. kefir

<40Q0> 48

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

1 5 10 15

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

Lys Val Val lle Thr Gly Arg His Ala Asp Val Gly Giu Lys Ala Ala
35 40 45
Lys Ser lle Gly Gly Thr Asp Val lie Arg Phe Val Gin His Asp Ala
50 55 80
Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Giu Giu Ala
65 70 75 80
Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly lie Ala Val Ser
85 S0 95
Lys Ser Val Glu Asp Thr Thr Thr Giu Giu Trp Mis Lys Leu Leu Ser
100 105 110
Vai Asn Leu Asp Ser Val Phe Phe Gly Thr Arg Leu Gly lle Gin Arg
115 120 125
Met Lys Asn Lys Gly Leu Gly Ala Ser lle lle Asn Met Ser Ser lie
130 135 140
Ser Gly Phe Val Gly Asp Pro Thr Leu Gly Ala Tyr Thr Ala Ser Lys
145 150 155 160
Giy Ala Va! Arg ile Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
165 170 175
Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Tyr lle Glu
180 185 190
Thr Pro Leu Val Asp Asp Leu Glu Gly Ala Glu Glu Met Met Ser Gin
195 200 205
Arg Thr Lys Thr Pro Met Giy His Phe Gly Giu Pro Asn Asp Val Ala
210 215 220
Trp Hie Cys Val Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala Thr Gy

225 230 235 240

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

<210> 49

<211> 759

<212> DNA

<213> Arificial Sequence

<220>
<223> Variant of L. kefir

<400> 42

aigaccgatc gictgaagag caaagtagee atcgtaaceg gegggacict ggatatcast 60
ttgacaatcg ccgataaatt igtagaggag ggtacgaaag taghattac iggtegecac 120
gogyatgtag glgaaaagye cgecaaaica alcggeggta cigatgiiat icoctttgic 180
cagcacgatg cafccgatga ageaggeigg acgaaactgt tcgacaccac cgaggaggca 240
tcgoceegy ttacgaccgt cgigaacaat goagggatty cggHicctaa aagegiigaa 300
gacaciaces cggaggaatg goacaaacty cigteegtta atciggatag igttitttte 360
ggcaccegte tgggeatica gegeatgaag aataaaggct tgggeyctay catcaicaat 420
atgagcagta tcagiggolt cglaggegat cegacsgelgg gggcatacac tgeticcaag 480
ggggcgytac gtatcatgic gaaaagegea gogetggatt gegeacigaa ggactacgat 540
gtgentgica acacagtaca tccgggcetat atcaagacee cgeigatega igatetggaa 800
ggtgcigagg aaatgcaate acagegtacy aaaaccecta tgggocacat tggegaacsg 660
aatgacgigg catggaiclg tgigtacctg geaictgacg aatcgaaatt tgegacgggt 720
geagaattiy iggicgacgg cggglatace geacagiga 759

<210> 50

<214> 252

<212> PRT

<213> Arificial Sequence

<220>
«<223> Variant of L, kefir

<4Q0= 50

Met Thr Asp Arg Leu Lys Ser Lys Val Ala lle Val Thr Gy Gly Thr

1 5 10 18

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

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

Page 22



376247018
35 40 45
Lys Ser lle Giy Gly Thr Asp Val lie Arg Phe Val Gin His Asp Ala
50 55 &80
Ser Asp Giu Alz Giy Trp Thr Lys Leu Phe Asp Thr Thr Glu Giu Ala

65 70 75 80

Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly lie Ala Val Pro
85 g0 g5

Lys Ser Val Gl Asp Thr Thr Thr Glu Glu Trp His Lys Leu Leu Ser

100 108 110
Val Asn Leu Asp Ser Val Phe Phe Gly Thr Arg Leu Gly lie Gin Arg
115 120 125
Met Lys Asn Lys Gly Leu Giy Ala Ser fle lie Asn Met Ser Ser lie
130 135 140

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

145 156 155 160

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

Lys Asp Tyr Asp Val Arg Val Asn Thrval His Pro Gly Tyrile Lys

180 185 190
Thr Pro Leu Val Asp Asp Leu Glu Gly Ala Glu Glu Met Gin Ser Gin
195 200 205
Arg Thr Lys Thr Pro Met Gly His lie Gly Glu Pro Asn Asp Val Ala
210 218 220

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

225 230 235 240

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

<210> 51

<271> 758

<212> DNA

<213> Arificial Sequence

<220=
<223> Variant of L. kefir

<400> 51

atgaccgatc gicigaagag caaagtages atcgtaaceyg gegggacict ggatateggt 50
ttggcaatey cegataaatt tgtagagyag gatgegaaag tagiiaitac tgategecas 120
geagatgtag gigaaaaqge cgocaaalca ateggeggia cigatgtiat tegettigic 180
cagcacgatg catccgatga ageaggocigg acgaaactgt tegacaccac cgaggaggca 240
tteggeecgg Hacgacegt cgigaacaat gecagggatiy cgotticeas aagegtigaa 300
gacactacca cggaggaaly geacazacty cigicegtia atctggatag tgtiiititc 360
ggcaccegic tgggeatica gegeatgaag aataaaggct tgggcgetag catcatcaat 420
atgagcagta tcagtogatt cgtaggegat cogacgetgg gagsatacac tycticcaag 480
gaggeggtac gtatcatgtc gaaaagegea gegetggait gegeactgaa ggaciacgat 540
gtgcgigtca acacagtiaca fccgggotat aicaagacec cgotggtcga tgatctggaa 600
gotgetgagg aaatgcaate acagegtacy aaaaceccta tgggecacat tggegaacey 660
aatgacgigy catggatcty tgiglacety goatctgacg aatcgaasatt tgcgacgggt 720

. gcagaatitg {ggicgacgg cggotatace geacagiga 759
<210=> 52
<211> 2582
<212>PRT
<213> Artificial Seguence
<Z20>
<223> Variant of L. kefir
<400> 52
Met Thr Asp Arg Leu Lys Ser Lys Val Ala lie Val Thr Gly Giy Thr
1 5 10 15
Leu Gly lie Gly Leu Ala lie Ala Asp Lys Phe Val Giu Giu Gly Ala
20 25 30

Lys Val Val lle Thr Gly Arg His Ala Asp Val Gly Glu Lys Ala Ala
35 40 45
Lys Ser lle Gly Gly Thr Asp Val lie Arg Phe Val Gin His Asp Ala
50 55 80

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

&85 70 75 80

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

85 90 g5

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

100 108 110
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Val Asn Leu Asp Ser Val Phe Phe Gly Thr Arg Leu Giy lle Gin Arg
115 120 125
Met Lys Asn Lys Gly Leu Gly Ala Ser lie lle Asn Met Ser Ser lie
130 135 140
Ser Giy Phe Val Gly Asp Pro Thr Leu Gly Ala Tyr Thr Ala Ser Lys
145 150 155 160
Gly Ala Vat Arg lie Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
165 170 175
Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Giy Tyr lie Lys
180 185 180
Thr Pro Leu Vail Asp Asp Leu Giu Gly Ala Glu Glu Met Gin Ser Gin
195 200 205
Arg Thr Lys Thr Pro Met Giy His lie Gly Glu Pro Asn Asp Val Ala

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

245 250

<210=> 53
<211> 759
«212> DNA

<213> Astificial Seguence

<220>
<223> Variant of |, kefir

<400> 53

atgaccgalc gictgaagag caaagtagee aicgtaaccg gegggacict gggtategot 60
ttagcaatcg ccgataaati igtagaggag ggtgcgaaag tagitattac tggicgccac 120
geggatgtag glgaaaagge cgecaaatca ateggeggta ctgatgiat tegetttgic 180
cagcacyatg coicegatga agcaggeigy acgaaactgt togacaccac cgaggaggea 240
tteggeccgg ttacgacegt cgigaacaat gocagggatta cegitccaas aagegtigas 300
gacactacca cggaggaalg geacazacty otgtecgtta atctggatag tottttittc 360
ggeaccegte igggeaiica acgcaigaag aataaagget igggegetag catcatcaat 420
atgagcagta tcagigggtt cgfaggeoat cogacgelgg ggacatacac igeticcaag 480
aggocggtac gtatcatgic gaaaageygca gegolggait gogeactgaa ggactacgat 540
atgcgigica acacagtaca tcegggctat atcaagacce cgelggtcga igatetggaa 600
ggtgeigagg aaatgatgtc acagogtacg aaaacceega tgggteactt tggegageca 660
aatgatgtge catggatelq igtgtaccly goatcigacy aatogaaait tgegacgggt 720
geagaatily tggtegacgg cggotatace geacagiga 758

<210> 54

<211> 252

<212> FRT

<213= Artificial Seguence

<220>
<223> Variant of L. kefir

<400> 54

Met Thr Asp Arg Leu Lys Ser Lys Val Ala lie Val Thr Gly Gly Thr

1 5 10 18

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

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

35 40 45
Lys Ser ile Gly Gly Thr Asp Val lie Arg Phe Val Gin His Asp Ala
50 55 60

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

85 70 75 80

Phe Gy Pro Val Tar Thr Val Val Asn Asn Ala Gly Hle Thr Val Pro

85 90 85

Lys Ser Val Glu Asp Thr Thr Thr Giu Glu Trp His Lys Leu Leu Ser
100 105 110

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

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

Ser Gly Phe Vai Gly Asp Pro Thr Leu Gly Ala Tyr Thr Ala Ser Lys

145 150 155 180

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

165 170 178
Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Giy Tyr lie Lys
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180 185 190
Thr Pro Leu Val Asp Asp Leu Giu Giv Ala Glu Giu Met Met Ser Gin
195 200 205
Arg Thr Lys Thr Pro Met Gly His Phe Gly Giu Pro Asn Asp Val Ala
210 215 220
Trp lle Cys Val Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala Thr Gly

225 230 235 240

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

<210> 55

<211> 758

<212> DNA

<213> Anificial Sequence

<220>
<223> Variant of L. kefir

<400> 55

atgacegaic gtcigaagag caaagtagec atcgtaaccg gegggactet gggtategat 60
tggeaateg cegataaat! tglagaggag ggtgcgaaag tagtiattac tggtegecac 120
geggatgiag gtgaaaaggce tgecaaaica atcggeggta ctgatgtigt cogeittgte 180
cagcacgatg catccgatga ageaggctgg acgaaactyl tegacaceac cgaggagygea 240
fteggeceyg ftacgacegt cglgaacasat goagggatty cagtticcga aagegtigas 300
gacactacca cggaggaatg geacaaacty cigicegtta atciggatag tgittttitc 360
ggcaccegic tgggeatica gegeatgaaa aataaagyget fgageactay calcatcaat 420
atgagcagta tcagtgogtt cgiaggegal cogacgeotgg gagcatacac igettccaag 480
ggggcggtac gtatcatgic gaaaagegea gegetggati gegeactgaa ggactacgat 540
gigegigica acacagtace icogggctat alcaagacee cgeiggicya tgatciggaa 600
ggtgcigagy aaalgatgic acagegiacyg aaaaccecta tgggccacat fggegaaceg 660
aatgacgtgg catggatclg tgtgtacclg geaictgacy aatcgaaatt tgegacgggt 720
gcagaattty togtegacgg cgggtatace geacagtsa 759

<210> &8

<211=> 252

<212> PRT

<213> Arifficiat Sequence

<220>
<223> Variant of L. kefir

<400> 56
Met Thr Asp Arg Leu Lys Ser Lys Val Ala lie Val Thr Gly Gly Thr
1 5 10 15
teu Gly lie Gly Leu Ala lie Ala Asp Lys Phe Val Glu Glu Gly Ala
20 25 30
Lys Val Val lie Thr Gly Arg His Ala Asp Val Gly Glu Lys Ala Ala
35 40 45
Lys Ser lie Giy Gly Thr Asp Va! Val Arg Phe Val Gin His Asp Ala
50 58 80
Ser Asp Glu Ala Giy Trp Thr Lys Leu Phe Asp Thr Thr Glu Giu Ala
85 70 75 80
Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly lie Ala Val Ser
85 30 a5
Giu Ser Val Glu Asp Thr Thr Thr Giu Giu Trp His Lys Leu Leu Ser
100 105 110
Val Asn Leu Asp Ser Val Phe Phe Gly Thr Arg Leu Gly lle Gin Arg
115 120 125
Met Lys Ash Lys Gly Leu Gly Ala Ser lie lle Asn Met Ser Ser lie
130 135 140
Ser Gly Phe Va! Gly Asp Pro Thr Leu Gly Ala Tyr Thr Ala Ser Lys
145 150 155 166
Gly Ala Val Arg lle Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
165 170 175
Lys Asp Tyr Asp Val Arg Val Asn Thr Vai His Pro Gy Tyr lle Lys
180 185 190
Thr Pro Leu Val Asp Asp Led Glu Gly Ala Giu Glu Met Met Ser Gin
185 200 205
Arg Thr Lys Thr Pro Met Gly His tie Gly Glu Pro Asn Asp Val Ala
210 215 220
Trp ie Cys Val Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala Thr Giy
228 230 235 240
Ala Giu Phe Val Val Asp Gly Gly Tyr Thr Ala Gin
245 250
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<210= 57

<211> 758

<212> DNA

<213> Artificial Sequence

<220
<223> Variant of L. kefir

<400> 57

atgaccgatc gicigaagag caaagtagoc atcgiaaceg gegggacict gggtategat 60
tiggcaatey ceyataaalt iglagaggag ggtgenaaay tagiaiiac ggtegecac 120

- geggatgtag gigagaagge cgecegtica atcggegota ctgaigtiat tegeitigtc 180
cagcacgalg catccgaiga agoaggetgg acgaaacigt tcgacaccac cgaggaggea 240
ttcgogeccgg ttacgacegt cotgaacaat geagggatta cegitccaaa azgegitgaa 360
gacactacca cggaggasty gegeaaacty algtcegtita atciggatag tgittitttc 380
ggcaccegic tgggeattca gegeatgaag aataaagget igggegcotag catcateaat 420
atgagcagta tcagigggtt cotaggcegat cogacgetgy gggeatacac tgciiccaag 480
gggocgatac gtatcatgic gasaagegea gegetgggtt gegeactgas ggactacgat 540
gigcgigica acacagiaca teoggoctat atcaagacce cgetggteqga tgatciggaa 500
gotgctgagg aasatgeaate acagegtacy aasacoocta tgagecacat tggegaaceg 660
aatgacgigy calggatciy tgigtaccty gealctgacg agtegaaatt igegacgggt 720
goagaaltig tggtcgacgg cgggtatace geacagtiga 759

<210~ 58

<241> 282

<212> PRT

<213> Arificial Sequence

<220>
<223> Variant of L. kefir

<400> 58
Met Thr Asp Arg Leu Lys Ser Lys Val Ala lle Val Thr Gly Gly Thr
1 5 10 15
Leu Giy lie Gly Leu Ala lie Ala Asp Lys Phe Vat Glu Glu Gly Ala
20 25 30
Lys Val Val lie Thr Gy Arg His Ala Asp Val Gly Giu Lys Ala Ala
35 40 45
Arg Ser Hle Gly Gly Thr Asp Vat lie Arg Phe Vat Gin His Asp Ala
50 55 80
Ser Asp Giu Ala Giy Trp Thr Lys Leu Phe Asp Thr Thr Glu Glu Alz
65 70 75 a0
Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly lie Thr Val Pro
85 90 95
Lys Ser Val Glu Asp Thr Thr Thr Giu Glu Trp Arg Lys Leu Met Ser
108 165 110
Val Asn Leu Asp Ser Vai Phe Phe Gly Thr Arg Leu Gly {le Gin Arg
118 120 125
Met Lys Asn Lys Gly Leu Gly Ala Ser lle lle Asn Met Ser Ser lle
130 135 1440
Ser Gly Phe Val Gly Asp Pre Thr Leu Giy Ala Tyr Thr Ala Ser Lys
145 150 188 160
Gly Ala Val Arg lie Met Ser Lys Ser Ala Ala Leu Gly Cys Ala Leu
185 170 175
Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Tyr lie Lys
180 185 180
Thr Pro Leu Val Asp Asp Leu Glu Gly Ala Giu Glu Met Gin Ser Gin
195 200 208
Arg Thr Lys Thr Pro Met Gly His lie Gly Giu Pro Asn Asp Val Ala
210 215 220
Trp e Cys Val Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala Thr Gily
225 230 235 240
Ala Giu Phe Val Val Asp Gly Gly Tyr Thr Ala Gin
245 250

<210> 50

<241» 759

<212> DNA

<213> Artificial Sequence

<220>
«<223> Variant of L. kefir
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<400> 58

atgaccgatc gicigaagag caaagtagec atcgtaaccg gegggactet gggtateggt 60
ttggcaatcg cogataaatt tgtagaggan ggigegaaag taghattac iggtegeeac 120
geggyatglag gtgagaagge cgocegiica atcggeggia ctgatgitat tegettigic 180
cagcacgatg caiccgatga ageaggcetge acgaaacigt icgacaccac cgaggaggea 240
ticggecegg tacgacegt catgaacaat geagggatia cogtticcaa aagegtigaa 300
gacactacca cggaggaaty gegeaaactg aigicegtia aiciggatag tgttttitte 360
ggcaccegte igggceatica gegeatgaag aataaagget igggegetag catcateaal 420
atgagcagta tcagiggett cotaggegat cegacgeigg gggeatacac tgcttccaag 480
ggggeggtac glaicalgic gaaaagegcea gegetgagptt gegeactgaa ggactacgat 540
gigegigtea acacagtaca tecggyctat atcaagacee cgetggtega tgatctggaa 600
ggtgcigagg asatgatgle acagegtacg asaaccocia tgggecacat tggegaacceg 660
aatgacgigg calggatcig totgiaccig geatcigacy agtcgaaatt tgecgacaggt 720
gcagaattig tggicgacgg cgggiatace goacagiga 759

<210= 60

<211= 252

<212> PRT

<213~ Arificial Sequence

<220>
<223 Variant of L. kefir

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

65 70 75 80

Phe Giy Pro Val Thr Thr Val Val Asn Asn Ala Gly lie Thr Val Ser
85 g0 95

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

100 105 110
Val Asn Leu Asp Ser Vai Phe Phe Gly Thr Arg Leu Gly lie Gin Arg
115 120 125
- Met Lys Asn Lys Gly Leu Gly Ala Ser ile ile Asn Met Ser Ser e
130 135 140

Ser Gy Phe Vai Gly Asp Pro Thr Leu Gly Ala Tyr Thr Ala Ser Lys

145 150 1585 180

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

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

180 185 190
Thr £ro Leu Val Asp Asp Leu Glu Gly Ala Glu Glu Met Met Ser Gin
195 200 . 205
Arg Thr Lys Thr Pro Met Gly His lie Giy Glu Pro Asn Asp Val Ala
210 218 220

Tro lle Cys Val Tyr Leu Ala Ser Asp Giu Ser Lys Phe Ala Thr Gly

228 230 235 240

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

<210> 61

<211> 759

<212> DNA

<213> Artificial Seguence

<220>
<223> Variant of L. kefir

<400> 81

atgaccgatc gicigaagag caaagiagee atcgitaaccq gegggactet gagtateggt 60
ttggcaatcg cegataaatt tgtagagyag gotgcgaaag tagttatiac tggtogecac 120
gogoatgtag gigagaagge cgecegtica atcggeggta cigatgttat tcgettigic 180
cagcacgatg catccgatga agecaggceigy acgaaactgt tcgacaccac cgaggaggea 240
tteggecegy ttacgacogt cgtgascaat goagggatta cegtticcaa aagegtigaa 300
gacactacca cggaggaatg gegeaaacig atgicegita atciggatag totittttic 360
ggcaccegic tgggeatica gegeaigaag aataaagyget tgggegcetag catcatcaat 420
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atgagcagta tcagigggti cgtaggegat cogacgetgo gggeatacac fgettccaag 480
gugacgotac giatcatgic gaaaagegea gegolggyit gegeatigaa ggactacgat 540
gtgegtgica acacagtaca tccgggcetat atcaagacec cgctggtega tgatctggaa 600
gotgetoagy aaatgcaate acagegtacy aaaaccecta tgggecacat tggegaacceyg 660
aatgacgigy catggatoty tatgtaccty goatstgacy agtcgaasatt igegacgggt 720
gcagaatitg tgogicgacgg cgggtatace geacagiga 758

<210> 62

<214> 282

«212> PRT

<213> Artificial Sequence

<220>
<223> Variant of L. kefir

<400> 62
Met Thr Asp Arg Leu Lys Ser Lys Val Ala le Val Thr Giy Gly Thr
1 18
Leu Giy lie G!y Leu Ala I%e Ala Asp Lys Phe Val Glu Glu Giy Ala
20 25 30
Lys Val Val lie Thr Gly Arg Mis Ala Asp Val Gly Glu Lys Ala Ala
35 40 45 :
Arg Ser lle Gly Gly Thr Asp Val lie Arg Phe Val Gin His Asp Ala
50 55 80
Ser Asp Giu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Giu Ala
65 70 75 80
Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly lle Thr Val Ser
85 .90 95
Lys Ser Val Giu Asp Thr Thr Thr Glu Glu Trp Arg Lys Leu Met Ser
100 105 110
Val Asn Leu Asp Ser Val Phe Phe Gly Thr Arg Leu Gy lle Gin Arg
115 120 125
Met Lys Asn Lys Gly Leu Gly Ala Ser lie lie Asn Met Ser Ser lie
130 135 ‘ 140
Ser Giy Phe Val Gly Asp Pro Thr Leu Gly Ala Tyr Thr Ala SerLys
145 150 155 160
Gily Ala Val Arg le Met Ser Lys Ser Ala Ala Leu Giy Cys Ala Leu
165 170 175
Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Tyr lie Lys
180 185 180
Thr Pro Leu Val Asp Asp Leu Giu Gly Ala Giu Giu Met GIn Ser Gin
185 200 - 205
Arg Thr Lys Thr Pro Met Gly His lie Gly Giu Pro Asn Asp Val Ala
210 218 220
Trp lie Cys Val Tyr Leu Ala Ser Asp Giu Ser Lys Phe Ala Thr Gly
225 230 235 240
Ala Glu Phe Val Val Asp Giy Gily Tyr Thr Ala Gin
245

<210> 83

<214> 759

<212= DNA

<213> Artificial Sequence

<220>
«<223> Variant of L. kefir

<400> 83 }

atgaccgatc gtcigaagag caaagtagec atcgtaaccy gegggactct gggtateggt 60
ftogcaaicg ccgataaatt igtagaggag gatgcgaaag tagttattac tggtegecac 120
gcggaigiag gigagaaggce cgecegtica ateggeggta ctgatgiiat tegetttgic 180
cagcacgalg cafcegatga agcaggetgg acgaaacigt tcgacaccac cgaggagacea 240
fteggecegy ttacgaceyt cgtgaacaat geaggaatta cagticcaaa aagegttgaa 300
gacactacca cggaggaatg gegeaaactg atgicegita atctggatag toftttitte 360
ggcaccegic fgggeatica gegeatgaag aataaaggct gggegetag catcaicaat 420
atgagcagta teagtggatt cgtaggegat cogacgeigy gggcatacac tgeticcaag 480
goggceggtac giatcatgtc gasaagcgea gegetggott gegeacigaa ggactacgat 540
gtgegtgtca acacagtaca teegggetat atcaagaccee cgetggtcga tgaictggaa 600
gotgelgagy saatgatgte acagegtacy assaccocta tgggccacat iggegaacey 860
aatgacgigg catggatcty tgigtacelg geatetgacg agicgaaatt tgcgacgggt 720
gcagaatitg tggtegacgg cgggtatace geacagiga

<210> 64
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<211> 252

<212> PRT

<213> Arificial Sequence

<220>

<223> Variant of L. kefir

<400> 64

Met Thr Asp Arg Leu Lys Ser Lys Val Ala lie Val Thr Gly Gly Thr

1 5 10 18

Leu Gly lie Gly Leu Alz lie Ala Asp Lys Phe Val Glu Glu Giy Ala
20 25 30

Lys Vai Val lle Thr Gly Arg His Ala Asp Val Giv Giu Lys Ala Aia
35 40 45
Arg Ser lie Gly Gly Thr Asp Val lie Arg Phe Va! Gin His Asp Ala
50 85 80
Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Glu Ala

65 70 75 80

Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly lie Ala Val Pro
85 80 a5

Lys Ser Val Glu Asp Thr Thr Thr Glu Glu Trp Arg Lys Ley Met Ser

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

Ser Gly Phe Val Gly Asp Pro Thir Leu Gly Ala Tyr Thr Ala Seriys

145 150 155 180

Giy Ala Val Arg lie Met Ser Lys Ser Ala Ala Leu Giy Cys Ala Leu
165 170 175

Lys Asp Tyr Asp Val Arg Val Asn Thr Va! His Pro Giy Tyr lle Lys

180 185 180
Ther Pro Leu Val Asp Asp Leu Glu Gly Alla Glu Giu Met Met Ser Gin
195 200 205
Arg Thr Lys Thr Pro Met Gly His lle Gly Glu Pro Asn Asp Val Ala
210 - 215 220

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

225 230 235 240

Ala Giu Phe Val Val Asp Giy Gly Tyr Thr Ala. Gin
245 250

<210> 85

<211> 759

<212> DNA

<213> Ariificial Sequence

<220>
<223> Variant of L. kefir

<400> 65

atgaccgatc gtctgaagag caaagtagec atcgtaaccg gegggacict gggtateggt 60
ftggcaatey cegataaatt tgtagaggag ggigegaaay tagitatiac tggtegecac 120
goggatgtag gigagaagge cgeceglica atcggeggta cigatgitat tegetitgte 180
cagcacgatg catccgatga ageaggetgg acgaaactgl tegacaccac cgaggagaca 240
Hegaecegy ttacgacest eytgaacaat gcagggattyg cagticcaas aagegitgaa 300
gacaciacca cggaggaalg gegeaaactg atgicegiia atctggatag tgttttittc 360
gacaccegic toggeatica gogeatgaag aataaagget tgagugetag catcatcaat 420
atgageagta wagiggott cgtaggegat ccgacgceigg gggeatacac tgettccaag 480
goggcggtac gtaicatgic gaaaagegea gegelgggtt gegeacigaa ggactacgat 540
glgcgtgtca acacagiaca tccgggetat atcaagacee cgotggtega igatctggaa 600
gotgetgagg aastgeaaic acagegtacg aaaaccocia tgggecacat iggegaaceg 660
aatgacgtgg catggatctg tgtotaccty geatctgacy agtcgaaatt tgegacgggt 720
gcagaatity tggtcgacgg cggatatace goacagtga 759

<210> 86

<211= 2562

<212> PRT

<213> Arificiat Sequence

<220>
<223> Variant of L. kefir

<400> 86
Met Thr Asp Arg Leu Lys Ser Lys Val Ala lle Val Thr Gy Gly Thr
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1 5 10 18
Leu Gly lie Gly Leu Ala Hle Ala Asp Lys Phe Val Giu Giu Gly Aia
20 25 3o
Lys Val Val lie Thr Gly Arg His Ala Asp Val Gly Glu Lys Ala Ala
35 40 45
Arg Ser {le Gly Gly Thr Asp Val lle Arg Phe Val Gin His Asp Ala
50 55 80
Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Giu Ala
85 70 75 80
Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly lig Ala Val Pro
85 a0 95
Lys Ser Val Glu Asp Thr Thr Thr Glu Glu Trp Arg Lys Leu Met Ser
100 105 110
Val Asn L.eu Asp Ser Val Phe Phe Gly Thr Arg Leu Gly lie Gin Arg
115 120 125
Met Lys Asn Lys Gly Leu Gly Ala Ser lle fie Asn Met Ser Ser lle
130 135 140
Ser Gly Phe Val Gly Asp Pro Thr Leu Giy Ala Tyr Thr Ala Ser Lys
145 150 155 160
Gly Ala Val Arg lle Met Ser Lys Ser Ala Ala Leu Giy Cys Ala Leu
1685 170 175
Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Tyr lie Lys
180 185 190
Thr Pro Leu Val Asp Asp Leu Giu Gly Ala Giu Glu Met Gin Ser Gin
195 200 205
Arg Thar Lys Thr Pro Met Giy His lle Gly Glu Pro Asn Asp Val Ala

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

245 250

<210> 67
<211> 758
212> DNA

213> Artificial Sequence

<220>
<223> Variant of L. kefir

<400> &7

atgaccgatc gictgaagag caaagtagec atcgtaaccg gegggactet gggtateggt 60
ftggcaatcg cegataaat! tgtagageag ggigegaaag tagtiatiac tggicgecac 120
geggatgtag glgagaagge ogecogtica atcggoggia cigatgttat togetttate 180
cagcacgaig catcegatga ageaggetgg acgaaactgt fegacaccac cgaggaggea 240
tteggecegg tfacgacegt cgtgaacaat gecagggaity cagtitccaa aagegtigaa 300
gacactacca cgyaggaatg gogeaaacty atgiccgtia afctggatag {gtttittic 360
ggcacccogic tgogeatica gegeatgaag aataaaggcet igggegetag catcaicaat 420
atgagcagta tcagtgggtt cgtaggogat cegacgelgg gggceatacac tgettccaag 480
gagocggtac gialcaigic gaaaagegsa gogelgagtt gegcactgas ggactacgat 540
gigeotgica acacagtaca tccgggctat atcaagacce cgotggtcga tgatctggas 600
ggtgctgagg aaatgatgic acagegtacyg aaaaccecta tgggecacat tngegaacey 660
aalgacgtog catggatety tatetacctg geatctgacg agicgaaatt tgcgacgggt 720
gcagaatitg tgotcgacgg cgggiatace gcacagiga 759

<210> 68

<211> 252

<R12> PRT

<213> Artificial Seguence

<220>
<223> Varian‘t of L. kefir

<400> 68
Met Thr Asp Arg Leu Lys Ser Lys Val Ala lle Val Thr Gly Giy Thr
1 5 10 15
Leu Gy ile Gly Leu Ala ile Ala Asp Lys Phe Val Glu Glu Giy Ala
20 25 30
Lys Val Val ile Thr Giy Arg His Ala Asp Val Gly Glu Lys Ala Ala
35 40 45
Arg Ser lie Gly Gly Thr Asp Val lie Arg Phe Val Gln His Asp Ala
50 55 60
Ser Asp Giu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Giu Giu Ala
85 70 75 80
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Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly lle Ala Val Ser

85 90 95
Lys Ser Val Glu Asp Thr Thr Thr Glu Glu Trp Arg Lys Leu Met Ser
100 105 110
Val Asn Leu Asp Ser Val Phe Phe Giy Thr Arg Leu Gly Hle Gin Arg
115 120 125
Met Lys Asn Lys Gly Leu Giy Ala Ser lie lie Asn Mei Ser Ser lie
130 135 140
Ser Gly Phe Val Gly Asp Pro Thr Leu Gy Ala Tyr Thr Ala Ser Lys
145 150 158 160
Giy Ala Vat Arg lle Met Ser Lys Ser Ala Ala Leu Gly Cys Ala Leu
1688 170 175
Lys Asp Ty! Asp Val Arg Val Asn Thi Val His Pro Gly Tyr lie Lys
180 185 190
Thr Pro Leu Va! Asp Asp Leu Glu Giy Ala Giu Glu Met Met Ser Gin
195 200 205
Arg Thr Lys Thr Pro Met Gly His lie Gly Glu Pro Asn Asp Val Ala
210 218 220
Trp Hie Cys Val Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala Thr Gly
225 230 235 240
Ala Giu Phe Val Val Asp Gly Gly Tyr Thr Ala Gin
245 250
<210> 68
<211> 758
<212= DNA

<213> Artificial Sequence

<220>
<223> Variant of L. kefir

<430> 89

atgaccgate gictgaagag caaagtagec ategtaaceg geggoacict gggtateagt 66
figgcaatog cogataaal! tgtagaggag gatgegaaag tagtiatiac iggiogecac 120
gcggaigtag gigagaagge cgocegtica atcggeggia ctgatgitat tegettigic 180
cagcacgaig cafccgatga ageaggetgg acgaaactgt togacaccac cgaggaggea 240
ticggecegg ttacgaceyt cotgaacaat geagagaity cagittceaa aagegiigas 300
gacactacca cggaggaatg gegcaaacts atgicegtia atciggatag gttittttc 360
ggcaccegte igggeatica gegeatgaag aataaagoct tggocgcetag catcatcaat 420
afgageagta (cagtggah cotaggegat cogacgoigg gogeatacac tgottceaag 480
ggggegotac giatcatgic gaaaagegca gegotggait gegeacigaa ggactacgat 540
gtocgtaica acacagiaca tcegggetat atcaagacee cgetggiega tgatciggaa 600
gotacigagg aaalgcaate acagoegtacy aaaaccesta tgggocacat tggegaacog 860
aatgacgigg catggatctg tgtgtacctg geatcigacg agicgaaatt tgegacgggt 720
gcagaaittg iggtcgacgg cgggiaiace geacagtga 759

<210> 70

<211> 252

<212> PRT

<213> Artificial Sequence

<220>
<223> Variant of L. kefir

<400> 70
Met Thr Asp Arg Leu Lys Ser Lys Val Ala lle Val Thr Gly Gly Thr
1 5 10 15
Leu Gly iie Gly Leu Ala iie Ala Asp Lys Phe Val Giu Glu Gly Alz
20 25 30
Lys Val Val lie Thr Gly Arg His Ala Asp Val Gly Glu Lys Ala Ala
35 40 45
Arg Ser lle Gly Gly Thr Asp Val fle Arg Phe Va!l Gin His Asp Ala
50 55 60
Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Glu Ala
85 70 75 80
Phe Giy Pro Val Thr Thr Val Val Asn Asn Ala Gly lle Ala Val Ser
85 90 a5
Lys Ser Val Glu Asp Thr Thr Thr Glu Giu Trp Arg Lys Leu Met Ser
100 105 110
Val Asn Leu Asp Ser Val Phe Phe Giy Thr Arg Leu Gly lie Gin Arg
115 120 125
Met Lys Asn Lys Gly Leu Gly Ala Ser lle lie Asn Met Ser Ser ile
130 135 140
Ser Gly Phe Val Gly Asp Pro Thr Leu Gy Ala Tvr Thr Ala Ser Lys
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145 150 155 160
Giy Ala Val Arg lle Met Ser Lys Ser Ala Ala Leu Gly Cys Ala Leu
165 170 175
Lys Asp Tyr Asp Vai Arg Val Asn Thr Val His Pro Gly Tyr lle Lys
180 185 180
Thr Pro Leu Val Asp Asp Leu Giu Gly Ala Glu Giu Met Gin Ser Gin
185 200 205
Arg Thr Lys Thr Pro Met Gly His lie Gly Giu Pro Asn Asp Val Ala
210 215 220
Trp lie Cys Val Tyr Leu Ala Ser Asp Giu Ser Lys Phe Ala Thr Gly
225 230 235 240
Ala Glu Phe Vai Val Asp Gly Gly Tyr Thr Ala Gin
248 250

<210> 71

<211> 759

<212> DNA

<213> Adificial Seguence

<220>
<223> Variant of L. kefir

<400> 71

aigaccgate gictgaagag casagiages atcgtaacey gegggagact gggtateggt 60
ttggcaatcg cocgataaal! igiagaggag ggtgcgaaag tagttattac tggicgecac 120
geggaigiag gtgaaaagos cgocaaatca ateggoggata ctgatgtiat tegettigic 180
cagcacgatg cafccgaiga ageaggetgy acgaaactgt tegacaccac cgaggaggea 240
ticggeccga ttacgacegt cgigaacaat gocagggatiia cegttccaaa aagegtitgaa 300
gacactacca cggaggaalg geacaaacip cigtcogtta aictggatag tgttttitic 360
ggcaceogte tggacatica gegoatgaag aataaagyct igggeactag catcatcaat 420
atgageagta icagiggott cgtaggegat ccgacgetgg gggeatacac tgeticcaag 480
ggageggtac giatcalgic gaaaagegea gegetggatt gegeactgaa goactacgat 540
gigogtotea acacagtaca lcoggactat atcaagaccs cgolggtega tgaictggaa 600
gotgctgagg aaaigeaatc acagegiacg aaaaccecta tgggecacat tggegaaceg 660
aatgacgigg catggatety tgigtacciy geoatctgacy aatcgaaatt tgegacgggt 720

goagaatta tgotegacey cgggtatace geacagiga 758

<R16> 72

<211> 252

<212> PRT

<213> Artificial Seqguence

<220>

<223> Vartant of L., kefir

<400> 72

Met Thr Asp Arg Leu Lys Ser Lys Val Ala lie Val Thr Gly Giy Giy

1 5 10 15

Leu Gly lle Gly Leu Ala lie Ala Asp Lys Phe Val Giu Glu Gly Ala

20 25 30

Lys Val Val lle Thr Gly Arg His Ala Asp Val Giv Glu Lys Ala Ala

35 40 45

Lys Ser lle Gly Gly Thr Asp Vai lle Arg Phe Val Gin His Asp Ala
50 85 60
Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Giu Glu Ala
65 70 75 80
Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Giy le Thr Vai Pro
a5 90 a5
Lys Ser Val Glu Asp Thr Thr Thr Glu Giu Trp His Lys Leu Leu Ser
100 105 110
Val Asn Leu Asp Ser Val Phe Phe Gly Thr Arg Leu Gly lie Gin Arg
115 120 125
Met Lys Asn Lys Gly Leu Gly Ala Ser lie lie Asn Met Ser Ser lle
130 135 140
Ser Gly Phe Val Gly Asp Pro Thr Leu Gly Ala Tyr Thr Ala Ser Lys
145 180 155 160
Gly Ala Val Arg lie Met Ser Lys Ser Ala Ala Leu Asp Cys Ala leu
165 176 175
Lys Asp Tyr Asp Val Arg Vai Asn Thr Val His Pro Gly Tyr lie Lys
180 185 180
Thr Pro Leu Val Asp Asp Leu Giu Gly Ala Glu Glu Met Gin Ser Gin
195 200 205
Arg Thr Lys Thr Pro Met Gly His ite Gly Glu Pro Asn Asp Val Ala
210 215 220
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Trp lie Cys Val Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala Thr Gly

225 230 235 240

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

<210=73

<211> 758

<212> DNA

<213> Artificial Sequeance

<220>
<223> Variant of L. kefir

<400> 73

atgaccgatc gicigaagag caaagtagec atcgtaaceg gegggggact gggtateggt 80
ttggcaatcy cegataaatt tgtagaggag goigcgaaag tagtiattac tggicgocac 120
goggatgiag gtgaaaagge cgocaaaica atcggeggta cigatgttat tegetiigic 180
cagcacgatg catccgalga agcaggeigg acgaaacigt tcgacaccac cgaggaggcea 240
tteggecegy ttacgacegt cgtgaacaat geagggatig cagtitccas aagoghigaa 300
gacactacca cggaggaatg gcacaaacty cigtocgtta atctggatag igitittitc 360
ggcaceegic tgggeatica gegealgaag aataaagget tgagegetag calcatcaat 420
atgagcagta tcagigggh cotaggegat cogacgoigs gggcatacac fgcottccaag 480
ggagcggtac glatcaigic gasaagegea gogetggalt gegeactgaa ggactacgat 540
gigegigica acacagtaca tcogggctat atcaagacce cgotggicga tgatctggaa 600
agtycigagy aaaigatetc acagegtacy aaaaccesta igggecacat tggcgaacey 860
aatgacgtgg catggatcig igigtaccig geatctgacg aaicgaaatt igegacgggt 720
gcagaattty tggtcgacgg cgggtatace goacagtga 759

<210> 74

<211> 252

<212> PRT

<213> Arificial Seguence

<220>
<223> Variant of L. kefir

<400> 74
Met Thr Asp Arg Leu Lys Ser Lys Val Ala lle Val Thr Gly Gly Gly
1 ) 5 10 15
Leu Gly lle Gly Leu Ala lle Ala Asp Lys Phe Val Giu Giu Giy Ala
20 25 30
Lys Val Val lle Thr Giy Arg His Ala Asp Val Gly Glu Lys Ala Ala
35 40 45
Lys Ser ile Giy Gly Thr Asp Vatlie Arg Phe Val Gin His Asp Als
50 55 80
Ser Asp Giu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Giu Ala

65 70 75 Ny

Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly lle Ala Val Ser
85 96 85

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

100 105 110
Val Asn Leu Asp Ser Val Phe Phe Gly Thr Arg Leu Gly lle Gin Arg
115 120 125
Met Lys Asn Lys Gly Leu Gly Ala Ser lle lle Asn Met Ser Ser lie
136 135 140

Ser Gly Phe Val Gly Asp Pro Thr Leu Gy Ala Tyr Thr Ala SerLys

145 150 155 160

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

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

180 185 120
Thr Pro Leu Vai Asp Asp Leu Glu Gly Ala Glu Giu Met Met Ser Gin
195 200 205
Arg Thr Lys Thr Pro Met Gly Mis lie Gly Glu Pro Asn Asp Vai Ala
210 215 220

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

225 230 235 240

Ala Giu Phe Val Vai Asp Gly Gly Tyr Thr Ala Gin
245 250

<210> 75

<211> 759

<212> DNA
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<213> Artificial Sequence

<220>
<223> Variant of L., kefir

<400> 75

aigaccgatc gicigaagag caaagtagee atcgtaaccg gegggagact gagtateggat 60
ttggcaatcg cegataaatt tgtagaggag ggtgcgaaag tagitattac fggicgecac 120
gegoatgiag gigaaaagge cgocaaatca atcggegyia clgatgitat togetitgic 180
cagcacgaig caiccgatga ageaggetgg acgaaactgt icgacaccac cgaggaggea 240
ttcggeeegg ttacgacegt cgtgaacaat geagggatig cggitectaa aagegiigaa 300
gacactacca cggaggaatly geacaaacig cigtcegtia ateiggatag tgttittiic 360
ggcaccegtc tgggceatica gegealgaag astaaagget iggocgotag catcutcaat 420
atgagceagta tcagtggott cgtaggegat cegacgetgg gggceatacac tgcitecaag 480
ggggcgstac gtatcatpte gaaaagegea gegotggatt gegeactgae ggactacgat 540
gigegigica acacagtaca tcecgggetat alcazgacce coctggicga igatciggaa 600
ggtgcigagg aaatgcaalc acagegtacg aaaaccecta fgggecacat fggegaaceg 660
aatgacgigy catggatciy tgigtacety geatctgacy aatcgaaatt igocgacgggt 720

gcagaattig tggicgacgg cgggtatace geacagtga 755

<210> 76

<211> 252

<Z212= PRT

<213> Artificial Sequence

<220>

<223> Variant of L. kefir

<400> 76

Met Thr Asp Arg Leu Lys Ser Lys Val Ala {ie Vai Thr Gly Gly Gly

1 5 10 15

Leu Gly fle Giy Leu Ala lie Ala Asp Lys Phe Val Giu Giu Giy Ala

20 25 30

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

35 40 45

Lys Ser lie Gly Gly Thr Asp Val lie Arg Phe Val Gin His Asp Ala
50 55 50
Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Giu Giu Ala

65 70 5 80

Phe Gly Pro Val Thr Thr Va! Val Asn Asn Ala Gly lle Ala Val Pro
85 ey 95

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

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

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

145 180 155 160

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

Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Giy Tyr e Lys

180 185 1890
Thr Pro Leu Val Asp Asp Leu Giu Gly Ala Glu Giu Met Gin Ser Gin
198 200 208
Arg Thr Lys Thr Pro Met Gly His lie Gly Glu Pro Asn Asp Val Ala
210 215 220

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

225 230 238 240

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

<210> 77

<214> 759

<212> DNA

<213> Artificial Sequence

<22(>
<223> Variant of L. kefir

<4Q0> 77

atgaccgatc gictgaagag caaagtagcec atcgtaaccg gegggggact gagtateggat 60
ffggeaatey ccgataaalf igtagagaay gulgegaaag tagtiattac tegtogecac 120
geggatgiag gigaaaagge cgccaaatca atcggegata clgatgttat tegetitote 180
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cagcacgatlg catccgatga agcaggelgg acgaaacigt tegacacoac cyaggaggea 240
tteggeccgg ttacgacegt cgigaacaat gecagggattg tagttectaa aagegtigas 300
gacactacca cggaggaatg gcacaaacty cigiccoita atctggatag tottitttc 360
ggcaccegic tgggeatica gegeatgaayg aataaagget tgggegcetag catcatcaat 420
atgageagta tcagigggtt cgtaggegat cegacgetagg gageatacac tgchiceaag 480
§0ggcagiac gtateatgtc gaaaagegea gegetggatt gegeactgaa ggactacgat 540
gigegigica acacagiaca tcegggctat atcaagacce cgotggicga tgateiggaa 600
ggigctgagy aaatgoaatc acagoegtacg aaaaccesta tgggecacat tggcgaaccy 660
aatgacgigg catggatcty igigtacely geatctgacy aatcgaaatt tgcgacygggt 720
geagaatity tegiegacgyg cgagtatace geacagtga 758

<210= 78

<211> 252

<212> PRT

<213> Artificial Sequence

<220>
<223> Variant of L., kefir

<400> 78
Met Thr Asp Arg Leu Lys Ser Lys Val Ala lie Val Thr Gly Gly Gly
1 5 10 15
Leu Gly lie Gly Leu Ala lie Ala Asp Lys Phe Val Giu Glu Giy Ala
20 25 30
Lys Vat Val lle Thr Gly Arg His Ala Asp Vai Gly Glu Lys Ala Ala
35 4Q a5
Lys Ser ile Giy Gly Thr Asp Vat lie Arg Phe Val Gln His Asp Ala
50 55 80
Ser Asp Giu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Giu Ala

65 70 75 80

Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly fle Val Val Pro
85 90 95

Lys Ser Vai Glu Asp Thr Thr Thr Giu Glu Trp His Lys Leu Leu Ser

100 1058 110
Val Asn Leu Asp Ser Val Phe Phe Gly Thr Arg Leu Gly lie Gin Arg
115 120 125
Met Lys Asn Lys Giy Leu Gly Ala Ser lie lle Asn Met Ser Ser lig
130 135 140

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

145 150 188 160

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

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

180 188 180
Thr Pro Leu Val Asp Asp Leu Glu Gly Ala Glu Glu Met Gin Ser Gin
185 200 205
Arg Thr Lys Thr Pro Met Gly His lle Gly Glu Pro Asn Asp Val Ala
210 215 220

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

226 230 235 240

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

<210> 79

<211> 758

<212> DNA

<213> Artificial Seguence

<220>
<223> Variant of L. kefir

<400> 79

atgaccgate gictyasgay casagtagec alcgtaaceg gegggotect gggtateggt 60
ttggcaatcg cogataaatt tgtagaggag ggtgegaaag tagttatiac tggtegecac 120
geggatgtag gigaaaagge cgccaaatca atoggeggata clgatgiiat tegcittgte 180
cagcacgatg calocgalga ageaggcoige acgaaacigt icgacaccac cgaggaggea 240
ttcggeosogg itacgacegt cgigaacaat geagggatta cogitccaas aagegiigaa 300
gacactacca cggaggaatg geacaaacty cigicegiia atctygatag ottittttc 360
ggcaccegte tgggceattca gogeatgasg aataaagget tgggegetag catcaicaat 420
atgagcagta tcagigggtt cotaggegat cegacgolyg gggeatacac tgettccaag 480
ogggeggtac gtatcaigic gaaaagegea gegetggatt gegcactgaa ggactacgat 540
gtgcotgica acacagtaca tecgggetat atcaagacce cgetggicga tgatciggas 600
ggigctgagg aaaigcaaic acagegtacg aaaaccccta tgggecacat tggegaacey 680
aatgacgigg calggatclg totgtaccly geaictgacy aategaaatt tgogacgygt 720
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geagaatiiy tgotcgacgg cggatatase goacagtga 758

<210 80

<211> 252

<212> PRT

<213> Artificial Sequence

<220>
<223> Variant of L. kefir

<400> 80
Met Thir Asb Arg Leu Lys Ser Lys val Ala lle val Thr Gly Gly Val
1 5 10 18
Leu Gly lie Giy Leu Ala lie Ala Asp Lys Phe Val Glu Giu Giy Ala
20 25 30
Lys Val Val lie Thr Giy Arg His Ala Asp Val Gly Giu Lys Ala Ala
35 40 45
Lys Ser lle Gly Gly Thr Asp Val lle Arg Phe Val Gin His Asp Ala
50 55 80
© Ser Asp Giu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Giu Glu Aia

85 70 75 80
Phe Gly Pro Val Thr Thr Val Vai Asn Asn Ala Gly lie Thr Vai Pro
88 90 a5
Lys Ser Val Glu Asp Thr Thr Thr Giu Glu Trp His Lys Leu Leu Ser
160 105 110
al Asn Leu Asp Ser Val Phe Phe Gly Thr Arg Leu Gly lie Gin Arg
115 120 125
Met Lys Asn Lys Gly Leu Gly Ala Ser lle lie Asn Met Ser Ser lle
130 135 140
Ser Gly Phe Val Gly Asp Pro Thr Leu Gly Ala Tyr Thr Ala Ser Lys
145 150 155 160
Giy Ala Vai Arg lle Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Lau
165 170 175
Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Tyr ie Lys
180 185 190
Thr Pro Leu Val Asp Asp Leu Glu Gly Ala Glu Giu Met Gin Ser Gin
185 200 205 ]
Arg Thr Lys Thr Pro Met Gly His lie Gly Giu Pro Asn Asp Val Ala
210 215 220
Trp He Cys Val Tyr Leu Ala Ser Agp Glu Ser Lys Phe Ala Thr Gly
225 230 235 240
Ala Giu Phe Val Val Asp Giy Giy Tyr Thr Ala Gin
245 250
<210= 81
<211> 759
<212> DNA

<213> Artfificial Sequence

<220>
<223> Variant of L. kefir

<400> 81

atgaccgatc gictgaagea caaagtagec atcglaaceg gegggactet gggtateggt 60
{iggcaateg cogataaatt tgtagaggag ggtgcgaaag tagttattac tggtegecac 120
geggatgtag gigaaaagge cgecaaatea ateggeggta ctgatgtiat tegettigtc 180
cagcacgatg catcegaiga ageaggelgs acgaaactgt tcgacaccac cgaggaggea 240
ttcageeegg ttacgacegt cotgaacaat gecagogatty cagtitccaa aagegttgaa 300
gacactacta cggagygaatg geacaaacty ctgtecgtia atciggatag tgiifititc 360
ggcaccegic tgggeatica gegeatgaag aataaagoct tgggegetag catcaicaat 420
atgagcagta tcagtggatt cataggegat cecgacygctgg gggceatacac fgeticcaag 480
ggagegatac gltatcatgic gaaaageges gogetggatt gegeacigaa ggactacgat 540
gtgegigica acacagtaca tcegggetat aicaagacee cgctggtega taatetggaa 600
qgtgcigagg aaatgatgtc acagegtacy aaaaccecta tgggecacat tggegaacceg 660
aatgacgtgg catgaaiclg tgigtacetg geatcigacg aatcgaaatt igogacgggt 720
gcagaattty tgoicgacgg cgggiatace geacagtga 759

<210> 82

<211> 252

<212= PRT

<213~ Artificial Sequence

<220>
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<223> Variant of L. kefir

<400> 82
Met Thr Asp Arg Leu Lys His Lys Va! Ala lle Val Thr Gly Giy Thr
1 10 15
Leu Gly 1Ie Gly Leu Ala lle Ala Asp Lys Phe Val Giu Giu Gly Ala
20 25 30
Lys Val Val lie Thr Gly Arg His Aia Asp Val Gy Giu Lys Ala Ala
35 40
Lys Ser lle Gly Gly Thr Asp Val iie Arg Phe Val Gin His Asp Ala
50 55 &0
Ser Asp Giu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Giu Glu Ala

85 70 75 a0

Phe Gly Pro Val Tar Thr Val Val Asn Asn Ala Gly lle Al Val Ser
a5 80 95

Lys Ser Vai Glu Asp Thr Thr Thr Giu Giu Trp His Lys Leu Leu Ser

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

Ser Gly Phe Val Giy Asp Pro Thr Leu Giy Ala Tyr Thr Ala Ser Lys

145 150 155 180

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

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

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

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

225 230 235 240

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

<210> 83

<211> 758

<212> DNA

<213> Arfificial Seguence

<220>
<223> Variant of L. kefir

<400> 83

atgaccgaic gictgaaggg camagiagee acegtaaccg gegggactct ggotatcgat 60
ttggeaateg cogataaatt totagaggag ggigegaaag tagitattac iggicgteac 120
goggatgtag gtgaaaagygce cgoecaaatca atcggoggea cigatgttat tegotttgic 180
cagcaigatg catccgatga ageaggceigg acgaaactgt icgacaccac cgaggagges 240
tteggeeeqg tacgactg! cgigaacaat gecagggatta cagtttccaa aagegitgaa 300
gacaciacca cggaggaaty gegcasacty cigicegtia alctggatgg tgttitittc 360
ggcaccegic tgggeatica gegeatgaaa aataaagact igogegctag catcateaat 420
atgagcagta ttgagoogtt cgtaggcegat cogacgetyy gggeatacag cgeticcaag 480
ggggeggtac glatcaigte gaaaagcegea gogetggatt gogeactgaa ggactacgat 540
gtgcgtotea acacagtaca iccgggeiat atcaagacec cgeigatcga tgatciggasz 600
goigoigagg aaatgalyic acagegtacy aaaacceeta tgggecacat tggigaacey 660
aatgacatcg caiggatelg tgtgiacely geatcigacy aatcgaaatt chgacgggi 720
geagaattio tgotcgacgg cooggtatace geacagtga

<210> 84

<211 252

<212> PRT

<213> Artificial Seguence

<220>

<223> Variant of L. kefir

<400> 84

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

1 5 10 15

Leu Gly lle Giy Leu Ala iie Ala Asp Lys Phe Val Giu Giu Gly Ala
20 25 30

Lys Val Vat ile Thr Gly Arg His Aia Asp Val Giy Glu Lys Ala Ala
35 40
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Lys Ser ile Gly Gly Thr Asp Val lie Arg Phe Val Gln His Asp Ala
50 55 80
Ser Asp Giu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Glu Ala
65 70 75 80
Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly lle Thr Val Ser
a5 g0 95
Lys Ser Val Glu Asp Thr Thr Thr Giu Giu Tro Arg Lys Leu Leu Ser
100 105 110
Val Asn Leu Asp Gly Val Phe Phe Gly Thr Arg Leu Gly lie Gin Arg
116 120 125
Met Lys Asn Lys Gly Leu Giy Ala Ser lie ile Asn Met Ser Ser lle
130 135 140
Giu Giy Phe Val Gly Asp Pro Thr Leu Giy Ala Tyr Ser Ala Ser Lys
145 150 155 160
Giy Ala Vat Arg lle Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
165 170 175
- Lys Asp Tyr Asp Val Arg Val Agn Thr Val His Pro Gly Tyr ite Lys
180 185 180
Thr Pro Leu Val Asp Asp Leu Glu Gly Ala Glu Glu Met Met Ser Gin
195 200 205
Arg Thr Lys Thr Pro Met Gly His lie Gy Giu Pro Asn Asp lie Ala

210 215 220
Trp lie Cys Val Tyr Leu Ala Ser Asp Giu Ser Lys Phe Ala Thy Gly
225 230 235 240
Ala Glu Phe Val Val Asp Gly Gly Tyr Thr Ala Gin
245 250
<210> 85
<211> 759
<212> DNA

<213> Artificial Sequence

<220>
<223> Variant of L. kefir

<400> 85

atgaccgate gicigaaggyg caaagtagee atcgtaaceg gegggacict ggotatcggt 60
ftggcaaicg ccgaiaaatt igtagaggag goigegaaag tagttatiac tggicgccac 120
goagatgtay gigaaaagge cgecaaatea ategacggea cigatgtiat icgetttgte 180
cagcacgatg catccgaiga ageaggeigg acgaaactyt tcgacaccac cgaggaggea 240
ticggeeegg ttacgaccegt cogigaacaat gcagggatty cagtticcas aagegitgaa 300
gacactacca cggaggaalg geacaaacty clgicogtia atcigaatag fotittitic 360
ggcaccegic tgggceaftca gegeatgaaa aataaaggct tgggegctag catcatcaat 420
atgagcagta tcagegaott cgtaggegat ccgacgcetgg gggeatacac tgcttccaag 480
agogcagtac gtatcatote gaaaageyea geactggat! gegeactyaa ggactacgat 540
gigegigica acacagtaca tecgggetat atcecgeaces cgetggicga tgaiciggaa 600
ggtoctgagy aaatgatgic acagegiacyg aaaacceeta igggecacat tggegaaccg 680
aatgacgtgg catggatety tgtgtacetg geatcigacy aategaaatt tgcgacgggt 720
gcagaattig tggtcgacge cgggtatace geacagiga

<210=> 86

<211> 252

<212> PRT

<213> Artificial Sequence

<220>
<223> Variant of L. kefir

<400> 86

Met Thr Asp Arg Leu Lys Gly Lys Val Ala lie Val Thr Gly Gly Thr

1 5 10 15

teu Gy lle Gly Leu Ala lle Ala Asp Lys Phe Val Giu Glu Gly Ala
26 25 30

Lys Val Val lle Thr Gly Arg His Ala Asp Val Gly Glu Lys Ala Ala

35 40
Lys Ser lle Gly Gly Thr Asp Val I e Arg Phe Val Gin His Asp Ala
50 55 60

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

65 70 75 80

Phe Gly Pro Val Thr Thr Val Val Agn Asn Ala Gly lle Ala Val Ser

85 S0 95

Lys Ser Val Giu Asp Thr Thy Thr Glu Giu Trp His Lys Leu Leu Ser
106 108 110

Val Asn Leu Asp Ser Val Phe Phe Giy Thr Arg Leu Gly lie Gin Arg
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115 120 125

Met Lys Asn Lys Gly Leu Giy Ala Ser lle lle Asn Met Ser Ser lie

130 138 140

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

145 180 155 160

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

165 170 175
Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Tyr He Arg
180 185 190

Thr Pro Leu Val Asp Asp Leu Glu Gly Ala Giu Glu Met Met Ser Gin
195 200 205

Arg Thr Lys Thr Pro Met Gly His lie Gly Glu Pro Asn Asp Val Ala

z10 215 220
Trp lle Cys Val Tyr Leu Ala Ser Asp Glu Ser Lys Phe Afa Thr Gly
225 230 235 240
Ala Glu Phe Val Val Asp Gly Gy Tyr Thr Ala Gin

245 250

<210> 87
<211> 758
<212> DNA

<213> Artificial Sequence

<220>
223> Variant of L. kefir

<400> 87

algaccgatc gictgaaggg casagtagee atcgiaaceyg gegggacict gogtateggt 60
tiggcaatcg cegatazatt tgtagaggag ggigegaaag tagttattac tggtegecac 120
geggaigiag gitgaaaagye cgccaaatca atcggeggea cigatgttat tegetitgtc 180
cagoacgaig catccgatiga ageaggetgg acgaaactgt icgacaccac cgaggaggea 240
ticgocecgg ttacgacegt cgigaacaat geaggoattg cagiticeaa aagegttgaa 300
gacactacca cggaggaaty gegtaaacty ctgtecgtta alctggatag totittttic 360
ggcaccegic tgggeatica gegeatgaaa aataaagget tgggegetag catcatcaac 420
atgagcagta tcagtggott cgtaggeaat cegacacigg ggacatacac cyoticcaag 480
gaggeggtac glatcaigic gaaaagegcea gegctggatt gegeacigaa goactacgat 540
gtgcotgtca acacagtaca tecgggetat atcaagacce cgetggicga tgatctggaa 600
ggigctgagy aaatgatgte acagegtacy aasaceecta tgagosacat togegaaccyg 660
aatgacatcg catggaicty igigtaccta geatotgacy aatcgaaalt gegacgggt 720

geagastitg tagicgacgg coggtatace geacagiga 759

<210> 88

<211> 252

<212> PRT

<213> Artificial Sequence

<220>

<223> Variant of L. kefir

<400> 88

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

1 5 10 15

Leu Gly lie Gly Leu Ala lie Aiz Asp Lys Phe Val Giu Giu Gly Ala

20 25 30

Lys Val Val e Thr Gly Arg His Ala Asp Val Gly Glu Lys Ala Ala

35 40 45

Lys Ser lle Gly Gly Thr Asp Val ile Arg Phe Vai Gin His Asp Ala
50 55 60
Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Giu Ala
65 74 75 80
Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gy lle Ala Val Ser
85 90 95
Lys Ser Vai Giu Asp Thr Thr Thr Giu Glu Trp Arg Lys Leu Leu Ser
100 105 110
Vai Asn Leu Asp Ser Val Phe Phe Gly Thr Arg Leu Gly lle Gin Arg
115 - 120 125
Met Lys Asn Lys Gly Leu Gly Ala Ser fie lie Asn Met Ser Ser lle
130 135 140
Ser Gly Phe Val Giy Asp Pro Thr Leu Gly Ala Tyr Thr Ala Ser Lys
145 150 155 180
Gly Ala Vai Arg lle Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Lay
165 170 175
Lys Asp Tyr Asp Val Arg Va! Asn Thr Val His Pro Gly Tyr lle Lys
180 185 180
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Thr Pro Leu Val Asp Asp Leu Glu Gly Ala Giu Giu Met Met Ser Gin

185 200 205
Arg Thr Lys Thr Pro Met Gly His lie Gly Glu Pro Ash Asp fle Ala
210 215 220 ’
Trp lie Cys Val Tyr Leu Ala Ser Asp Giu Ser Lys Phe Ala Thr Gly
225 230 235 240
Ala Glu Phe Val Val Asp Gly Gly Tyr Thr Ala Gin
245 250
<210> 89
<211> 756
<212> DNA

<213~ Artificial Seguence

<220>
<223> Variant of L. kefir

<400> 89

atgaccgalc gictgaaggyg caaagtagec ategtaaceg gogggacict gggtateggt 80
{tggeaateg cegataaatt igtagaggay goigegaaag tagttattac tggicgecac 120
geggatgtag gigaaaagge cgecaaatea atcggeggea cigaigliat tegettigic 180
cagcacgatg catccgaiga agoaggeigg acgaaacigt tegacaccas cgaggaggoes 240
tteggoeegg ftacgacegt cglgaacaat geagggatig cagiticcaa aagegtigaa 300
gacactacca cggaggaalg gegtaaacty cigtocgtta atciggatag tgittittte 360
ggcacccegic tgggeatica gegaaigaaa aataaagoct tgggeyciag catcateaat 420
atgageagta tcagigggtt cgtaggegat ccgacgeigg ggocatacaa cgettccaag 480
goggegotac gtatcaigic gaaaagegea gegcotggatt gegeactgaa ggactacgat 540
atgegtgtca acacagiacs teogggotat atcaagacee cgctggtega tgatetggaa 600
goigctgagg aaatgatgic acagegiacg aaaaccecta igggecacat tggegaaccg 660
aatgacatcg catpgalclg igtgtacclg geatcigacy aategaaatt tgegacgagt 720
gcagaatity fggicgacgs cggytatace geacagtiga 758

<210> 90

<211> 252

<212= PRT

<213> Artificial Sequence

<220>
<223> Variant of L. kefir

<400> 80
Met Thr Asp Arg Leu Lys Giy Lys Val Ala lle Val Thr Gy Gly Thr
1 5 10 15
Leu Gly lle Gly Leu Ala lie Ala Asp Lys Phe Val Glu Glu Gly Ala
20 25 30
Lys Va! Val lie Thr Giy Arg His Ala Asp Val Gly Glu Lys Ala Ala
35 40 45
Lys Ser {le Gly Giy Thr Asp Val lle Arg Phe Val Gin His Asp Ala
50 55 80
Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Giu Glu Als
855 70 75 8G
Phe Gly Pro Va!l Thr Thr Val Val Asn Asn Alza Gly ile Ala Val Ser
85 a0 95
Lys Ser Val Giu Asp Thr Thr Thr Glu Giu Trp Arg Lys Leu Leu Ser
100 105 116G
Val Asn Leu Asp Ser Val Phe Phe Gly Thr Arg Leu Gly lle Gin Arg
116 120 125
Met Lys Asn Lys Gly Leu Gly Ala Ser lle lle Asn Mat Ser Ser lie
130 135 140
Ser Giy Phe Val Gly Asp Pro Thr Leu Gly Ala Tyr Asn Ala Ser Lys
145 150 155 160
Gly Ala Val Arg lie Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
185 170 175
Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Tyr lle Lys
180 185 190
Thr Pro Leu Val Asp Asp Leu Giu Gly Ala Glu Glu Met Met Ser Gin
185 200 205
Arg Thr Lys Thr Pro Met Gly His lle Gly Giu Pro Asn Asp lie Ala
210 215 220
Trp ile Cys Val Tyr Leu Ala Ser Asp Giu Ser Lys Phe Ala Thr Gly
225 230 235 240
Ala Glu Phe Val Val Asp Gly Gly Tyr Thr Ala Gin
245 250
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<210> 91

<211> 758

<212> DNA

<213> Aftificial Sequence

<220>
<223> Variant of L. kefir

<400> 91

afgaccgatc gictgaaggo caaagtagee atcgiaacey gegygacict gggtateggt 60
ttageaateyg cegataastt tgtagaggag ggigegaaag tagttattac tgaicgecac 120
geggatgtan gigasaagee cyccaaatea atcggeuges clgatgiiat tegetitgle 180
cagcacgatg catccgatga agcaggcetgg acgaaactyt tegacaccac cgaggaggea 240
tteggesegy ttacgacogt cgigaacaat geagggatig cagtttccaa aagegtigaa 300
gacactacca cggaggaalg gegtaaacig ctgicegtia atctggatag tgtttiitte 360
ggecaccogte tgggeatica gegeatgaaa aataaaggst tagacgotag catcatcaat 420
atgageagta icagiggglt cgtaggegat ccgacgelgg gageatacac igottecaag 480
ggggeggtac gtateatgic gaaaagegea gegetggatt gegoactgaa ggactacgat 540
gfgcgigica acacagtaca tccgagetat atecgeacos cgotagtega igatciggaa 600
ggtgeigagy aaatgatgic acagegtacg aaaaccecia tgggecacal iggegaacey 660
aatgacatcg catggaicty tptgtaccty gealctgacg aatcgaaait igegacgggt 720
gcagaatite tggicoacygy cyggiatace goacagtys 759

210> 92

<211= 252

<212> PRT

<213> Artificial Sequence

<220>
<223> Variant of L. kefir

<400> 82
Met Thr Asp Arg Leu Lys Gly Lys Val Ala lie Val Thr Gly Gly Thr
1 5 10 15
Leu Gly lie Gly Leu Ala lie Ala Asp Lys Phe Val Glu Glu Gly Ala
20 25 30
Lys Val Vat lle Thr Giy Arg His Ala Asp Vai Gly Glu Lys Ala Ala
35 40 45
L.ys Ser lle Giy Gy Thr Asp Val lie Arg Phe Val Gin His Asp Ala
50 55 80
Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Giu Giu Ala

85 70 75 80

Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly lle Ala Val Ser
85 0 ag

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

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

Ser Gly Phe Val Gly Asp Pro Thr Leu Gty Ala Tyr Thr Ala Ser Lys

145 150 155 160

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

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

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

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

225 230 235 240

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

<210> 83

<211> 758

<212> DNA

<213> Arifficial Sequence

<220>
<223> Variani of L. kefir
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<400> 83
atgaccgate gictgaaggy casagtagee atcgtaaceg gegggactet gagtategat 60
ttiggcaatcg cegataaatt tglagaggag ggigegaaag tagttattac tggtegecac 120
gcggatgiag gigaaaagge cgocaaatca atcggoguca ctgatgitat tegettigic 180
cagcacyaty catcegatga agcaggetgs acgaaacigt tegacaccac cgaggaggea 240
fieggecegg ttacgaccegt cgtgaacaat goagggatty cagtitccaa aagegitgaa 300
gacactacca cQgaggaatg gegtaaacty stgtcegita aictggatag igtittttic 360
ggcaccegte igggeatica gegeatgaaa aataaaggct tgggegcetag catcatcaat 420
atgagcagta tcagtgagtt cgtaggogat cegatgelgg gggeatacac tgaticeaag 480
ggogcogtac gtatcatgic gaaaagegea gegelggatt gegeactgaa ggactacgat 540
gtgegigica acacagtaca tecgggpctat atcaagacee cgotgotoga tgatetggaa 600
ggtgctgagg aaatgatgte acagegtacy aaaaccecta tgggecacat igacgaaceg 660
aatgacaicy calggaicly toigtacely gealctgacy aaitcgaastt igegacggyt 720
gcoagaattig tggicgacgg cgggotatace geacagiga 758

<210> 94

<211> 252

<212> PRT

<213> Artificial Sequence

<220=>
<223> Variant of L. kefir

<4(0> 94
Met Thr Asp Arg Leu Lys Gly Lys Val Ala lle Val Thr Gly Gly Thr
1 5 10 15
Leu Gly lie Gly Leu Ala lie Ala Asp Lys Phe Val Giu Glu Gly Ala
20 25 30
Lys Val Val lie Thr Gly Arg His Ala Asp Val Giy Glu Lys Ala Ala
35 40 45
Lys Ser lie Gly Gly Thr Asp Vatl lle Arg Phe Val Gin His Asp Ala
50 55 680
Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Giu Giu Ala

65 70 75 80

Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly lie Ala Val Ser
85 80 95

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

106 105 110
Val Asn Leu Asp Ser Vat Phe Phe Gly Thr Arg Leu Gly ite Gin Arg
115 120 125
Met Lys Asn Lys Gly Leu Gly Ala Ser lle lie Asn Met Ser Ser lie
130 135 140

Ser Giy Phe Val Gly Asp Pro Met Leu Giy Ala Tyr Thr Ala Ser Lys

145 150 155 160

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

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

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

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

225 230 235 240

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

<210= 95

<211> 758

<212> DNA

<213> Artificial Sequence

<220=
<223> Variant of L. kefir

<400> 95

algaccgatc gicigaaggg caaagtagec atcgiaacey gegggactct gggtatcggt 60
figgcaateg cegataaat! tglagaggag ggtgcgaaag tagtiattac iggicgecas 120
geggatgtag gigaaaagyc cgccaasica atcggeggea cigatgtiat tegetitgic 180
cagcacgatg calccgatga ageaggeiog acgaaactgt tegacaccac cgaggaggea 240
fteggeeegg ttacgacegt cgtgaacaat geaggoatty cagtitccaa aagegtigaa 300
gacactacca cggaggaaty gegiaaacty cigiccghia ateiggatgg tgttittttc 360
ggcaccegie igggeatica gegealgaaa aataaagget igggegetag catcatcaat 420
atgagcagta tcaglggoit cotaggegat cogacgeigg gggcatacaa cgcHecaag 480
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gaggcggtac gtatcatgic gaaaagegcea gegetggatt gegcacigaa ggactacgat 540
gtgcgigica acacagtaca tccgggceiat aicaagacee cgelggtcga tgatetggaa 600
gatgcigagg aaatgaigic acagegtacg aaaaccocta cgggcecacat tggcgaaccg 660
aatgacaicg caiggatcty tgtgtacetg geatctgacy aategaaatt tgegacaayt 720
geagaatttg tggtcgacgg cgggiatacc geacagiga 758

<210> 96

<211> 252

<212> PRT

<213> Artificial Sequence

<Z20>
<223> Variant of L. kefir

<400> 96
Met Thr Asp Arg Leu Lys Gly Lys Val Ala lie vVal Thr Gly Gly Thr
1 5 18 15
Leu Gly lie Gly Leu Alz lie Ala Asp Lys Phe Val Giv Glu Giy Ala
20 25 30
Lys Val Val lle Thr Giy Arg His Ala Asp Val Gly Giu Lys Ala Ala
35 40 45
Lys Ser ile Gly Gy Thr Asp Val lie Arg Phe Val Gin His Asp Ala
50 55 60
Ser Asp Giu Ata Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Glu Ala

&5 70 75 80

Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly lie Alz Va! Ser
85 S0 95

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

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

Ser Gly Phe Val Gly Asp Pro Thr Leu Gly Ala Tyr Asn Ala SerLys

145 150 155 160

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

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

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

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

225 230 235 240

Ala Glu Phe Vaf Vai Asp th Gly Tyr Thr Ala Gin
245

<210> 97

<211> 759

<212> DNA

<213> Artificial Sequence

<220>
<223> Variant of L. kefir

<400> 97

atgaccgalc gictgaagag casagtagec atcgtaaceg gegggactet gggtatcogt 60
ttggcaatcg cogataaalt tglagaggag gotgegaaay taghiattac iggicgecac 120
gogyuaigtag gtgaaaaggce cgccaaalca atcggeggcea cigatgtiat tegetitgic 180
cagcacgatg catccgatga ageaggelgg acgaaactgt tcgacaccac cgaggagges 240
tteggeocegg ttacgaccegt cgigaacaat geagggatiy cagtiticeas aagogiigaa 300
gacactacca cggaggaatg gegiaaacty cigtcegtta atciggatgg tgttititic 360
ggcaccegic igggeatica gegealgaaa aataaagget toggcgctag catcatcaat 420
atgageagta tcagtggott cgtaggegat cegacgetgg gageatacaa cgettecaag 480
ggggacagtac giatcatgic gaaaagcegea gegotggatt gogoacigaa ggactacgat 540
gigegigica acacagiaca tcegggcetat aicaagacce cgetgatega fgatetggaa 600
guigetgagg saatgatgic acagegtacg aaaacceeta tgggecacat tggegaaceg 660
aatgacaico catggatotlg tgigtaceig geatcigacg aaicgaaatt tgcgacgggt 720
geagaatitg fggicgacgy cgggtatace geacagtga

<210> 98
<211> 252
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<212> PRT
<213> Arfificial Sequence

<220>
<223> Variant of L. Kefir

<400> 98
Met Thr Asp Arg Leu Lys Gly Lys Val Ala lle Val Thr Gly Giy Thr
1 5 10 15
Leu Gly lle Gly Leu Ala lie Ala Asp Lys Phe Val Giu Giu Gly Ala
20 25 30
Lys Val Val #ie Thr Gly Arg His Aia Asp Val Gly Glu Lys Ala Ala
35 40 45
Lys Ser lle Gly Gly Thr Asp Val lie Arg Phe Val Gln His Asp Ala
50 55 60
Ser Asp Giu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Glu Ala
65 70 75 80
Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly lie Ala Val Ser
85 a0 95
Lys Ser Val Glu Asp Thr Thr Thr Glu Glu Trp Arg Lys Leu Leu Ser
100 105 110
Val Asn Leu Asp Gly Val Phe Phe Giy Thr Arg Leu Gly lie Gin Arg
15 120 125
Met Lys Asn Lys Giy Leu Gly Ala Ser lie iie Asn Met Ser Ser lle
130 135 140
Ser Gly Phe Val Gly Asp Pro Thr Leu Gly Ala Tyr Asn Ala Ser Lys
145 180 185 160
Gly Ala Val Arg lle Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
165 170 175
Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Tyr lie Lys
180 185 190
Thr Pro Leu Val Asp Asp Leu Giu Gly Ala Giu Giu Met Met Ser Gin
195 200 205
Arg Thr Lys Thr Pro Met Gly His lie Gly Glu Prc Asn Asp lie Ala

210 218 220
Trp lle Cys Val Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala Thr Gly
225 230 235 240
Ada Glu Phe Val Val Asp Gly Gy Tyr Thr Ala Gin

245 250

<z10> 8%
<211> 758
<212> DNA

<213> Ariificial Sequence

<220>
<223> Variant of L. kefir

<400> 99

atgaccgate gtetgaagyg caaagtagee ajcgtaaceg gegggactct gggtatcggt 60
ttogcaatcg cegataaatt tgiagaggag gotgcgaaag iaghattac tygicgecac 120
‘gcggatgtag gigaaaagge cgecaaaica atcgeeggca cigatgitat fegetttgte 180
cagcacgaty catccgatga agcaggeigg acgaaacigt fcgacaceac cgaggaggea 240
tteggecegs ttacgacegt cgtgaacaat geagggatig cagtiiccaa aagegtigaa 300
gacactacca cggaggaaly goglaaacty clgtecgita alciggatgy totttittic 360
ggcaccegtic tgggeatica gegeatgaaa aataaaggct igggegetag catcatcaat 420
atgagcagta tcagiggatt cgiaggegat cegacgeigg gggcatacaa cgcttccaag 480
ggggcggtac gtatcatgic gaaaagegos gegotggatt gegeacigaa ggactacgat 540
gtgcgigica acacagtaca tccgggctat atcaagacce cgetgotcga gatetggaa 600
goigeigagg aaatgatgic acagegtacy aaaaccecta tgggecact! tggegaaceg 660
aatgacatcy cgiggatety igtgtacetg gealctgacy aatcgaaatt igegacgggt 720
gcagaattig tggicgacgg cgggtatace gracagtga 759

<210> 100
<211> 2582
<212> PRT
<213> Artificial Sequence

<220>
<223> Variant of L. kefir

<400> 100 )
Met Thr Asp Arg Leu Lys Gly Lys Val Ala lle Val Thr Gy Gly Thr
1 5 10 15
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Leu Gly iie Gly Leu Ala ile Ala Asp Lys Phe Val Glu Glu Gly Ala
20 25 30
Lys Val Val {le Thr Gly Arg His Aia Asp Vai Gly Glu Lys Ala Ala
35 40 :
Lys Ser lie Gy Gly Thr Asp Val Ie Arg Phe Val Gin His Asp Ala
50 55 80
Ser Asp Giu Ala Giy Trp Thr Lys Leu Phe Asp Thr Thr Glu Giu Ala
65 T 75 80
Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly lie Ala Val Ser
as 80 o5
Lys Ser Val Glu Asp Thr Thr Thr Giu Giu Trp Arg Lys Leu Leu Ser
100 105 110
Val Asn Leu Asp Gly Val Phe Phe Gly Thr Arg Leu Gly lie Gin Arg
115 120 125
Met Lys Asn Lys Gly Leu Gly Ala Ser lle lie Asn Met Ser Ser lle
130 135 140
Ser Gly Phe Val Gly Asp Pro Thr Leu Gly Ala Tyr Asni Ala Ser Lys
145 150 185 180
Gly Ala Vat Arg lle Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
168 170 175
Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Tyr fle Lys
180 185 190
Thr Pro Leu Val Asp Asp Leu Glu Gly Ala Glu Glu Met Met Ser Gin
195 200 205
Arg Thr Lys Thr Pro Met Gly His Phe Gly Glu Pro Asn Asp lie Ala
210 215 220
Trp lle Cys Val Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala Thr Gly

225 230 235 240

Ala Giu Phe Val Vai Asp Giy Gly Tyr Thar Ala Gin
245

<210= 101

<211> 788

<212> DNA

<213> Anificial Sequence

<220>
<223> Variant of L. kefir

<400> 101
atgaccgatc gtctgaaggy caaagiagec atcgtaaceg gegggactet gggtateggt 60
tiggoaateg cegataaatt totagageay ggigcgaaay tagttattac tggtegecac 120
goggatgiag gigaaaagge cgecaaatca atcggeggea cigatgitat tegettigte 180
cageacgatg catccgatga agcaggetge acgaaactgt tegacaccac cgaggaggea 240
ficggecegg ttacgaceat cglgaacaat goaggoalig cagtttccaa aagegtigaa 300
gacaciacca cggaggaatg gegilaaacig ctgtccgtia atciggatog tottttittc 360
ggcaccogte igggeatica gegeaigaaa aataaaggct tigggegetayg catcaticaat 420
atgageagta teagtgoatt cytaggoyat cegacgetgg gggeatacac cgcoticcaag 480
gaggeggatac gtatcaigic gaaaageges gegetgoatt gegeactgaa ggactacgat 540
gigcgigtca acacagtaca tocgggctat atcaagaccee cgetggicga tgatctugas 600
ggloctgagy saatgatgic acageogtacy asaaccocta tgggeeacat tggegaaceg 660
aaigacatcg catggatctg tgtgtaccly geatctgacy aatcgaaatt igegacggat 720
759

geagaatity tggtegacyy cgggiatace geacagiga

<210> 102

<211> 252

<212> PRT

<213=> Artificial Seguence

<220>

<223> Variant of L. kefir

<400> 102

Met Thr Asp Arg Leu Lys Gly Lys Val Ala (le Val Thr Gly Gly Thr

1 15

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

Lys Val Val lle Thr Gly Arg His Ala Asp Val Gly Glu Lys Ala Ala
35 40 45
Lys Serile Gly Gly Thr Asp Val lie Arg Phe Val Gin His Asp Ala
50 55 60
Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Tar Giu Giu Ala
65 70 75 80
Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly Hle Ala Va! Ser
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85 a0 95
Lys Ser Val Glu Asp Thr Thr Thr Glu Giw Trp Arg Lys Leu Leu Ser
100 - 105 10

Val Asn Leu Asp Gly Val Phe Phe Gly Thr Arg Leu Giy lle Gin Arg
115 120 125

Met Lys Asn Lys Gly Leu Gly Ala Ser lie lie Asn Met Ser Ser lie

130 1356 140

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

145 180 185 160

Giy Ala Val Arg lie Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu

165 170 175
Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Tyr lie Lys
180 185 190

Thr Pro Leu Val Asp Asp Leu Glu Giy Ala Giu Glu Met Met Ser Gin
195 200 208

Arg Thr Lys Thr Pro Met Gly His lie Gly Glu Pro Asn Asp lle Ala

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

245 250

<210= 143
<211> 758
<212> DNA

<213> Artificial Sequence

<220>
«223> Variant of L. kefir

<400> 103

aigaccgatc gicigaaggg caaagtagec ategtaaceg gegggacict gggtategot 60
ttggcaateg cegataaatt igtagaggag ggtgegaaag tagttattac fggtcgecac 120
goggatgiag gtgaaaagye cgocaaatsa ategaoggca cigatgttat icgettigte 180
cagcacgatg catccgatga agcaggcetgg acgagacigt tegacaccac cgaggaggcea 240
ttegoeccgg Hacgacegt cgtgaacaat goagggattg cagtticcaa aagegtigaa 300
gacactacca cggaggaaty gogtaaacty clgicegtia atctggatag tgtttttttc 360
ggcaccegic tggocatica gegeatgaaa aataaagget igggegetag catcatcaat 420
atgagcagta icagiggatt cotaggegat ccgacgetgg gggeatacac cgeticcaag 480
goggeagtac gtatcatolc gasaagegea gegetoggatt gogeactgaa ggactacgat 540
gtgcototca acacagiaca tccgggetat atcaagacee cgetggicga tgatctggaa 600
ggtgotgago aaatgaigic acagegtacg aaaaccecta tgggecacat tggcgaaceg 660
aatgacgtgg catggatety tgtgtaccto goatctgacy aatcgaaatt tgcgacggat 720
gcagaatilg tggtcgacgg cgggtatace geacagiga 758

<210> 104
<211> 252
<212> PRT
<213> Artificial Sequence

<220>
<223> Variant of L. kefir

<400> 104
Met Thr Asp Arg Leu Lys Gly Lys Val Ala lie Val Thr Gly Gly Thr
1 5 10 15
Leu Gly lle Gly Leu Ala Hie Ala Asp Lys Phe Val Glu Glu Gly Ala
20 25 30
Lys Val Val fie Thr Gly Arg His Ala Asp Val Gly Giu Lys Ala Ala
35 40
Lys Ser lle Gly Gly Thr Asp Val Iie Arg Phe Val Gin His Asp Ala
80 55 80
Ser Asp Glu Ala Gy Trp Thr Arg Leu Phe Asp Thr Thr Glu Glu Ala
65 70 75 80
Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Giy lie Ala Val Ser
85 80 95
Lys Ser Val Glu Asp Thr The Thr Giu Giu Trp Arg Lys Leu Leu Ser
100 105 110
Val Asn Leu Asp Ser Val Phe Phe Gly Thr Arg Leu Gly lie Gin Arg
115 120 125
Met Lys Asn Lys Gly Leu Gly Ala Ser lle lle Asn Met Ser Ser lie
130 135 140
Ser Gly Phe Val Gly Asp Pro Thr Leu Gly Ala Tyr Thr Ala Ser bys
145 150 155 180
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Giy Ala Val Arg lle Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
165 170 175
Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Tyr lle Lys
180 185 160
Thr Pro Leu Val Asp Asp Leu Glu Gly Ala Glu Giu Met Met Ser Gln
185 200 205
Arg Thr Lys Thr Pro Met Gly His lle Giy Gl Pro Asn Asp Val Ala
210 215 220
Tre lle Cys Val Tyr Leu Ala Ser Asp Giu Ser Lys Phe Ale Thr Gly
225 230 235 240
Ala Glu Phe Val Val Asp Gly Giy Tyr Thr Aia Gin
245 250

<210> 105

<211=> 750

212> DNA

<213> Arificial Sequence

<220>
<223> Variant of L. kefir

<400> 105

atgaccgatc gicigaaggg caaagtages aicgtaacey gegggactet gagtateggt 80
tiggeaateg cegataaalt igtagaggag gotgegaaag tagtiatiac tggtcgecac 120
gegoatgtag gigaaaagge cgccagaica atcggeggea ctgatgtiat togettigte 180
cagcacgatg catcogatga ageaggotgg acgasaciat gacacsac cgaggaggea 240
ticggocogg ttacgaccegt cgtgaacaat geagggatig cagiticcaa aagegiigaa 300
gacactacca cggagoaaty goacaaacty clgtcegtta atciggatag fgitttitic 360
ggdcaccegic tgggeatica gogoatgaaa aataaaggot igggogetag catcaicaat 420
atgagcagta tcagtgggott cgtaggegat cogacgetgg gogeatacac tgcticcaag 480
ggggogatac gtatcatgic gaaaagegea gegetggatt gegeactgaa goactacgat 540
gigegigica acacagiaca tcoggystat atcaagacee cgotggicga tgatctggaa 600
ggtgotgagg aaatgatgtc acagegtacg aaaaccccta tgggecacat tggegaacey 660
aatgacgigg catggatcty tgigtacety geatetgacy aatcgaaatt tucgacgygt 720
gcagaatity tagicgacgy cgogtatace gecacagiga 758

<210= 106

<211> 252

<212> PRT

<213> Artificial Sequence

<220>
<223> Variant of L. kefir

<4Q0> 108
Met Thr Asp Arg Leu Lys Gly Lys Val Ala lie Val Thr Gly Gly Thr
1 5 10 15
Leu Gly lie Gly Leu Ala lie Ala Asp Lys Phe Val Glu Giu Gly Ala
20 25 30
Lys Vai Val lle Thr Gly Arg His Ala Asp Vai Gly Glu Lys Ala Ala
35 40 45
Arg Ser e Gly Gly Thr Asp Val tie Arg Phe Val Gin His Asp Ala
50 55 80
Ser Asp Giu Alz Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Giu Ala
65 70 75 80
Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly lle Ala Val Ser
85 g0 g5
Lys Ser Val Glu Asp Thr Thr Thr Glu Giu Trp His Lys Leu Leu Ser
100 105 110
Val Asn Lets Asp Ser Val Phe Phe Gly Thr Arg Leu Gly lie Gin Arg
115 120 125
Met Lys Asn Lys Gly Leu Gly Ala Ser lle lie Asn Met Ser Ser lie
130 135 140
Ser Gly Phe Val Gly Asp Pro Thr Leu Gly Ala Tyr Thr Ala Ser Lys
145 150 185 180
Giy Ala Val Arg lle Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
165 170 175
Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Tyr lie Lys
180 185 190
Thr Pro Leu Val Asp Asp Leu Glu Gly Ala Giu Glu Met Met Ser Gin
195 260 205
Arg Thr Lys Thr Pro Met Gly His tle Gly Giu Pro Asn Asp Val Ala
240 215 220
Trp lie Cys Val Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala Thr Gy
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225 230 235 240

Ala Gl Phe Vai Vat Asp Gly Gly Tyr Thr Ala Gin
245 250

<210> 107

<211= 758

<212> DNA

<213> Artificial Sequence

<220>
<223> Variant of L, kefir

<400> 107

algaccgaic gictgaaggg caaagtagec atcgtaaccg gegggacict gggtateggt 60
ftggcaatey cogataaatt igtagagoag gotocgaaag tagitaitac tggtegecac 120
geggatgtag gtuaaaaggce cgegaaaica atcggeggea ctgaigtiat tegetitgic 180
cageacgatg catcegaiga ageaggelgg acgaaacigt fegacaccac cgaggaggea 240
fteggeeegg ttacgacegt cgtgaacaat geagggatta cagtticcas aagegtigaa 300
gacactacca cggaggaaig gegltaaacty ctgiccgiia atctggatag tattttttic 360
gacaccegic tggocatica gegoatgasa aataaaggct tgggcgetag catcatcaat 420
algageagta icagiggght cgtaggegat cegacycetyg gogeatacaa cgcticcaag 480
ggggeggiac giatcalgic gaaaagegea gegeiggatt gegeacigaa ggactacgat 540
gtocotgica acacagtaca tccgggcetat atcaagacee cgetggicga tgatetggaa 600
ggigolgagg aaatgatgte acagegiacg aaaacceclg igggccacat tggegaaccg 560
aatgacatcg catggatctg totgtacety geatctgacy aatcgaaatt tgcgacggat 720
gcagaatitg tggtcgacgy coggtatace geacagiga 755

<210> 108
<211> 252
<212> PRT
<213> Arificial Seguence

<220>
<223> Variant of L. kefir

<400> 108
Met Thr Asp Arg Leu Lys Giy Lys Val Ala lie Val Thr Gly Gly Thr
1 5 10 15
Leu Gly lie Gly Leu Ala lle Ala Asp Lys Phe Val Glu Glu Gly Ala
20 25 30
Lys Val Val lie Thr Giy Arg His Ala Asp Vai Gy Glu Lys Ala Ala
35 40 45
Lys Ser lie Giy Gly Thr Asp Val He Arg Phe Val Gin His Asp Ala
50 55 80
Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Glu Ala

65 70 75 80

Phe Giy Pro Val Thr Thr Val Val Asn Asn Ala Gly lle Ala Val Ser
85 80 ab

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

100 105 110
Val Asn Leu Asp Gy Vat Phe Phe Gly Thr Arg Leu Gly fie Gin Arg
115 120 125
Met Lys Asn Lys Gly Leu Gly Ala Ser lie lle Asn Metf Ser Ser lie
130 138 140

Ser Gly Phe Val Gly Asp Pro Thr Leu Gly Ala Tyr Asn Ala SerLys

145 150 155 160

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

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

180 185 180
Thr Pro Leu Val Asp Asp Leu Glu Gly Ala Giu Giu Met Met Ser Gin
195 200 205
Arg Thr Lys Thr Pro Val Gly His ile Gly Glu Pro Asn Asp fie Ala
210 215 220

Trp tie Cys Vai Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala Thr Gly

225 230 235 240

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

<210> 108

<211> 759

<212> DNA

<213> Artificial Sequence
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220>
<223> Variant of L. kefir

<400> 109

atgaccgate gtetgaaggy caaagiagec atcgtaaceg gegggactct gggtatcggt 60
tiggcaateg cegataaalt iglagaggay ggigeoaaag tagttattac tggtegecac 120
geggatgtag gtagoaagge cgecaaaica atcggeggea cigatgttat icgetiigic 180
cagcacgatg catccgatga agcaggetgg acgaaacigt tegacaccas cgaggaggea 240
ttcggecegg ttacgacegt cotgaacaat geagggatig cagtiiccaa aagegttgas 300
gacactacca cggaggaatg geacaaacity cigicegtia atciggatag tattttittc 360
ggcaccegic tgggeatica gegeatgaaa aataaagget tgggegetag cateateaat 420
atgagcagia icagtogglt Sglaggegat cogacgtigy gageatacac tgcttecaay 480
gggocggtac gtatcatgic gaaaagegea gegetggatt gegeacigaa ggactacgat 540
gigegigica acacagtaca tccgogetat atcaagaccce cgotgoicga tgatciggaa 600
ggtgcigagy aaatgatgte acagegtacy aaazcosta tgggocacat cggogaaceyg 660
aatgacgigg catggalictg tgtgtacelg geatcigacg aatcgaaatt tgegacgggt 720
gcggaattty togtcgacgg cgggtatace geacagiga 759

<210> 110
<211> 252
<212> PRT
<213> Artificial Sequence

<220>
<223> Variant of L. kefir

<400> 110
Met Thr Asp Arg Leu Lys Gly Lys Val Ala lie Val Thr Gly Gly Thr
1 5 10 15
Leu Gy He Gly Leu Ala lie Ala Asp Lys Phe Val Glu Giu Giy Ala
20 25 30
Lys Val Val lie Thr Giy Arg His Ala Asp Val Giy Gly Lys Ala Ala
35 40 45
Lys Ser lie Gly Gly Thr Asp Val lie Arg Phe Val Gin His Asp Ala
50 55 80
Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Giu Ala

85 70 75 80

Phe Gly Pro Val Tnr Thr Val Val Asn Asn Ala Gly lle Ala Val Ser
85 90 95

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

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

Ser Gly Phe Va! Gy Asp Pro Thr Leu Gly Ala Tyr Thr Ala Ser Lys

145 150 155 180

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

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

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

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

225 230 - 235 240

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

<210> 111

<211» 759

<212> DNA

<213> Artificial Sequence

<220=
<223> Variant of L. kefir

<4G0> 111

atgaccgatc gictgaaggg caaagtagec atogtaaccy geggaaacict gagtategat 60
ftagcaatoy ccgataaalt tgtagaggag ggtgegaaag tagtiattac iggicgocac 120
gegoatgiag giggcaagge cgccaaatca atcggeggea clgatgttat icgetitgte 180
cagcacgaty calccgatga ageaggetgy acgaaactgt icgacaccac cgaggaggea 240
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ttegacocgy tiacgacegt cgtgaacast geaggoatty cagittccsa aagegitgaa 300
gacactacca cggaggaatg geacaaacty cigicegtia atctggatag tgittittc 360
ggcacoeyic tgggeaiica gogeatgaaa aataaagoct tgggegotag catcatcaat 420
atgagcagta tcagiggolt cgtagysgat cegacgeigg gagoatacac tacticcaag 480
gaggcagtac gtatcalgic gaaaagegea gegetggatt geocactyaa ggactacoat 540
gtgeatgica acacagtaca teegggctat ateegtacee cgeigotega tggictggaa 600
gatgeigagy aaatgatgic acagegtacg aaaaccecta igggecacat tggegaaccg 660
aatgacgtgg catggalcty tgtgtaccety geaicigacg aaicgaaatt igegacgagt 720
geagagitiy tggicgacgg cgggtatace geacagiga - 759

<210> 112
<2t1> 252
<212> PRT
<213> Ardificial Sequence

<220>
<223> Variant of L. kefir

<4G0> 112
Met Thr Asp Arg Leu Lys Gly Lys Val Ala lie Val Thr Giy Gly Thr
1 5 10 15
Leu Giy lle Gly Leu Ala lie Ala Asp Lys Phe Vat Glu Glu Gly Ala
20 25 30
Lys Val Val lie Thr Gly Arg His Ala Asp Val Gly Giy Lys Ala Ala
35 40 45
Lys Ser lle Gly Gly Thr Asp Val lie Arg Phe Va! Gin His Asp Ala
50 55 80
Ser Asp Giu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Giu Glu Ala

85 70 75 80

Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly lle Ala Val Ser
85 90 95

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

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

Ser Gly Phe Vai Giy Asp Pro Thr Leu Giy Ala Tyr Thr Ala Ser Lys

145 150 185 160

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

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

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

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

225 230 235 240

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

<210= 113

<211> 759

212> DNA

<213> Ardificial Sequence

<220>
<223> Variant of L. kefir

<400> 113

atgaccgate gictgaagay caaagtagoes ategtaaccy gogggactet ggotateggt 80
tiggcaatcg cegalaasatt tgtagaggag ggtgcgaaag tagttatiac tggtegteac 120
geggatgtag gtgaaaagge cgecaaatca atcggeggea ctgatgtiat fcgetttgic 180
cageacgalg catcegatga ageaggelgy acgaaactgt icgacaccac cgagyaggea 240
itcggeccgg ttacgacogt cgtoaacaat geagggaiig cagtiticcaa aagegtigaa 300
gacactacca cggaggaatg gegtaaactg ctgtcegtta atctggatog tottttttic 360
ggcacceegte igggeatica gegeaigaaa agtaaagget iggyucactag catcatcaat 420
atgagcagta ttgagaggtt cgtaggegat cegacgelgg gggcatacag cgettccaag 480
ggggcagtac gtateatgic gasaagegea gegotggatt gegeacigaa ggactacgat 540
gigegtgica acacagtaca tecgggelal atcaagacee cgolagicga tgatetggas 600
ggtgelgagg aaatgatgic acagegiacg aaaaccocia tgggecacat iggegaaceg 660
aatgacaicg catggaicty tgegtacelg geatctgacg aatcgaaatt tgogacgggt 720
geagaatitg igotegacgg cggatatace geacagiga 759
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<210> 114

<211> 252

<212> PRT

<213=> Artificial Sequence

220>

<223> Variant of L. kefir

<400> 114

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

1 10 15

l.eu Gly lie Gly teu Ala lle Ala Asp L.ys Phe Val Giu Giu Gly Ala
20 25 30

Lys Val Val lle Thr Giy Arg His Afa Asp Val Gly Glu Lys Ala Ala
35 40 45
Lys Ser lle Gly Gly Thr Asp Val lie Arg Phe Val Gln His Asp Ala
50 55 80
Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Giu Ala

65 70 75 80

Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly ile Ala Va! Ser
85 80 95

Lys Ser Va! Giu Asp Thr Thr Thr Giu Giu Trp Arg Lys Leu Leu Ser

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

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

145 150 155 160

Gly Ala Val Arg tie Mei Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
165 170 175

L.ys Asp Tyr Asp Vai Arg Val Asn Thr Val His Pro Gly Tyr lie Lys

180 185 190
Thr Pro Leu Val Asp Asp Leu Glu Gly Ala Glu Glu Met Met Ser Gin
185 200 205
Arg Thr Lys Thr Pro Met Gly His fie Gly Glu Pro Asn Asp lie Ala
210 218 220

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

225 . 230 235 240

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

<210> 115

<211> 758

<212> DNA

<213> Arificial Sequence

<220>
<223> Variant of L. kefir

<400> 115

aigaccgatc gictgaaggg caaagtagee afcgtaaceg gcgggactct gagtateggt 60
ttggcaatcg cogataaatt igtagaggay gatgcgaaag tagitaitac iggicgteac 120
gcggatgtag gtgaaaaggce cgccaaatca atcggoggca cigatigttal tegetttgte 180
cagcacgatg calccgatga ageaggetgg acgaaactst tcgacaccac cgaggaggcea 240
tteggeoegy Hacgacegt cglgaacaat geagggatiy cagiitccaa aageattgaa 300
gacactacca cggaggaatg gogtaaacty cigtcegita atctggatgg tgitttiiic 360
ggcaceegic tgggeatica gegeatgaaa aataaaggct tgggegetag cateatcaat 420
aigageagta ttgatgggot cotaggegat cegacgeigy gggcatacaa cgeticcaay 480
ggggeggiac giaicatgic gaaasgeogea gegolggalt gogeactgaa ggaciacgat 540
gtocgtotca acacagtaca teegggctat atcaagacee cgeiggicga tgatctggaa 600
qgtgctgagg aaaigalgic acagegtacyg aaaaccecta fgggecacat tggegaaceg 660
aatgacatcg caiggatclg tgigtacctg gealctgacy aatcgaaatt tgcgacgggt 720
gcagaatity tggicgacgg cggatatace geacagtga

<210=> 116
<211> 252
<212> PRT
<213> Artificial Sequence

<220>
<223> Variant of L. kefir
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<400> 116
Met Thr Asp Arg Leu Lys Gly Lys Val Ala lle Val Thr Giy Gly Thr
1 5 10 15
Leu Gly lie Giy Lau Ala lle Ala Asp Lys Phe Val Giu Giu Gly Ala
20 25 30
Lys Val Val ile Thr Gly Arg His Ala Asp Val Gly Glu Lys Ala Ala
35 40 45
Lys Ger lle Gly Gy Thr Asp Val lie Arg Phe Val Gin His Asp Aia
50 55 80
Ser Asp Glu Ala Gy Trp Thr Lys Leu Phe Asp Thr Thr Giu Glu Ala

65 70 75 80

Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly lie Ala Vai Ser
85 a0 a5

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

100 1058 110
Val Asn Leu Asp Gly Val Phe Phe Gly Thr Arg Leu Gly lie Gin Arg
118 120 125
Met Lys Asn Lys Gly Leu Gly Ala Ser lie lle Asn Met Ser Ser lle
130 135 140

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

145 150 155 180

Giy Ala Val Arg He Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
165 170 175

Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gy Tyr lle Lys

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

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

225 230 235 240

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

<210> 117

<211> 759

<212> DNA

<213> Arlificial Seguence

<220>
<223> Variant of L. kefir

<400= 117

atgaccgate gictgaaggg caaagtagee ategtaaceg gonggactet gogtateggt 60
ttggcaatey cogataaalt totagagyay gotgcgaaag iagttatiac tggtegicac 120
geggatgiag gigaaaaggc cgocaaatca atcggeggca cigatgitat tegetitgic 180
cagcacgaig catcggatga ageaggetgg acgaaacigt ivgacaccac cgaggaggea 240
fteggoccgy ttacgaceyt cgtgaacaat geagggatia cagittccaa aageptigaa 300
gacactacca cggaggaatg geglaaacty cigtccgtta atctggaigg tgttttttte 360
ggceaccegte fgggegtica gegealgaaa aataaagoct toggcgctag catcaicaat 420
atgagcagta tigagggett cgtaggegat ccgacgeigs gggeatacag cgettecaag 480
ggggeggtac gtaicatgtc gaaaagegea gegetggatt gegeactgaa ggactacgat 540
gigegegtca acacagiaca tocgggotat atcaagaces cgeiggicge tgatctggaa 600
gatgelgagy aastgatgic acageogtacg aaaaccecta tgggecacat iggtgaaceg 680
aatgacatcg caiggatcelg tgtgiaccely geatcigacg aatcgaaatt igegacgggt 720
geagaatiiy tggtcgacyg cgggtatace goacagiga 759

<210> 118
<211 262
<212> PRT
<213> Artificiat Sequence

<220>
<223> Variant of L. kefir

<440> 118

Met Thr Asp Arg Leu Lys Gly Lys Val Ala He Vel Thr Giy Gly Thr

1 5 10 15

Leu Gy lle Gly Lau Ala le Ala Asp Lys Phe Val Glu Glu Gly Ala

20 25 30

" Lys Val Val lie Thr Gly Arg His Ala Asp Val Gy Giu Lys Ala Ala
35 40 45

Lys Ser lie Gly Giy Thr Asp Val lie Arg Phe Va! Gin His Asp Ala
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50 55 80
Ser Asp Giu Ata Giy Trp Thr Lys Leu Phe Asp Thr Thr Giu Giu Ala
85 70 75 80
Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly lle Thr Val Ser
85 90 g5
Lys Ser Val Giu Asp Thr Thr Thr Giu Giu Trp Arg Lys Leu Leu Ser
100 108 110
Val Agn Leu Asp Gly Val Phe Phe Gly Thr Arg Leu Giy Val Gin Arg
115 120 125
Met Lys Asn Lys Gly Leu Gly Ala Ser lie Hle Asn Met Ser Ser [le
130 135 140
Giu Gly Phe Val Gly Asp Pro Thr Leu Gly Ala Tyr Ser Ala Ser Lys
145 150 155 180
Giy Ala Vai Arg lle Met Ser Lys Ser Ala Ala Leu Asp Cys Alaleu
165 170 176
Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Tyr lie Lys
180 185 180
Thr Pro Leu Val Asp Asp Leu Giu Gly Ala Glu Glu Met Met Ser Gin
195 200 205
Arg Thr Lys Thr Pro Met Gly His lle Gly Giu Pro Asn Asp lie Ala
210 215 220
Trp ile Cys Val Tyr Leu Ala Ser Asp Giu Ser-Lys Phe Ala Thr Gy
225 230 235 240
Ala Glu Phe Val Val Asp Gly Gly Tyr Thr Ala Gin
245 250
<210> 119
<211> 758
<212> DNA

<213> Artificial Sequence

<220>
<223> Variant of L. kefir

<400> 119

aigaccgate gictgaaggg caaagtages aicgtaaccg gegggactet gggtateggt 60
ttggsaatey cogataaalt totagaguag gatocgaaag tagttattac iggtegicac 120
gcggaigiag gtgaaaagoc cgecaaaica ateggeggea clgaigiat tegettigic 180
cagcatgatg catcocgatga ageaggetgg acgaaactgt togacaccac cgaggagoca 240
tteggecegy ttacgactyt cotgaacaat gcagygoatiy caglifecaa aagegtigaa 300
gacactacca cggaggaatg gegtaaacig cigicegita atciggatgg igtititttc 360
ggcaccegtc tgggceattca gogeaigaaa aataaaggct tggocgetag catcatcaat 420
atgageagta ttgagggatt cotaggeoat cogacygstoy ggocatacag cgottceaag 480
ggogcgotac gtatcatgic gaaaagegea gegetggatt gegeactgaa ggactacgat 540
gigecgigica acacagiaca tcegggetat atcaagacce cgetggtcga tgatctggaa 600
ggtactygagy aaatgatgte acagegiacy aazaceesia tgggocacat tggtgascecg 860
aatgacaicg catggatclg tgtgiacetg geatetgacg aatcgaaatt tgecgacgagt 720
gcagaattty tggtcgacgy cgagtatace geacagiga 759

<210> 120
<211> 252
<212> PRT
<213> Arfificial Sequence

<220>
<223> Variant of L. kefir

<400> 120
Met Thr Asp Arg Leu Lys Gly Lys Vai Ala lle Val Thr Gly Giy Thr
1 5 10 15
Leu Gly lie Gly Leu Alza {le Ala Asp Lys Phe Va! Giu Giu Gly Ala
20 25 30
Lys Val Val lie Thr Giy Arg His Ala Asp Val Gly Giu Lys Ala Ala
35 40 45
Lys Ser lle Gly Gly Thr Asp Val lie Arg Phe Vai Gin His Asp Ala
50 55 60
Ser Asp Glu Ata Gly Trp Thr Lys Leu Phe Asp Thr Thr Giu Glu Ala
G5 70 75 80
Phe Gly Pre Val Thr Thr Val Val Asn Asn Ala Gly lle Ala Val Ser
a5 ac a5
Lys Ser Val Glu Asp Thr Thr Thr Giu Glu Trp Arg Lys Leu Leu Ser
100 105 110
Val Asn Leu Asp Gly Val Phe Phe Gly Thr Arg Leu Giy lle Gin Arg
"Ms . 120 125
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Met Lys Asn Lys Giy Leu Gly Ala Ser lie ile Asn Met Ser Ser lie
130 135 140
Giu Gly Phe Val Giy Asp Pro Thr Leu Gly Ala Tyr Ser Ala Ser Lys
145 150 155 180
Gly Ala Val Arg lie Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
165 170 175
Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Tyr lie Lys
180 185 190
Thr Pro Leu Val Asp Asp Leu Glu Gly Ala Giu Glu Met Met Ser Gin
198 200 208
Arg Thr Lys Thr Pro Met Gly His lie Gly Glu Pro Asn Asp lie Ala
210 215 220
Trp He Cys Val Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala Thr Gly
225 230 235 240
Ala Glu Phe Val Val Asp Gly Gly Tyr Thr Ala Gin
245 250

<210> 121

«211= 759

<212> DNA

<213> Artificial Sequence

<220~
<223> Variant of L kefir

<400> 121

atgacegalc gieigaaggy caaagtagec atcgtaacey gegggactet gggtatcggt 80
ttggcaateg cegataaatt igtagaggag gotgcgaaag fagttatiac tggtegicac 120
gcagatgtag gtgasaagge cgecaaatea atcggegica ctgatgtiat {cgetttgic 180
cagcacgacy catecgatga ageaggetog acgasacigt tcgacaccac cgaggaggcea 240
fteggecegg ttacgaccgt cotgaacaat gcagggatis cagtiiccaa aagegitgaa 300
gacactacca cggaggaaty gegtaaacty ctgtocatia afetggateg tatttttiic 360
ggcoaccegic tgggeatica gegeatgaaa aataaaggcet fgggegcetag catcaicaat 420
atgageagta tigaggggtt cgtaggcgat ccgacgetgg gggoatacag cgettccaag 480
gaggcgotac giatcatgic gaaaagegca gegotggatt gegeactgas ggactacgat 540
gigegigica acacagtaca tecgggetat atcaagacee cgeiggtega tgateiggaa 600
ggtoctgagg aaatgatgic acagegtacy aaaaccecta igggocacat tggegaaceg 660
aatgacatcg catggateig tgigtaccia geatctgacy aategaaat! igegacgggt 720
gcagaatitg tggtcgacgg cgggtatace goacagiga 759

<210> 122

<211=> 252

<212> PRT

<213> Artificial Sequence

<220>
<223> Variant of L. kefir

<400> 122

Met Thr Asp Arg Leu Lys Gly Lys Vai Ala lie Val Thr Gly Giy Thr

1 5 10 18

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

Lys Val Val lie Thr Gly Arg His Ala Asp Val Gly Giu Lys Ala Ala

35 40 45
Lys Ser lle Gly Val Thr Asp Val lle Arg Phe Vat Gin His Asp Alg
50 55 60

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

85 70 75 80

Phe Giy Pro Vat Thr Thr Val Val Asn Asn Ala Gly Tie Ala Val Ser

85 a0 95

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

Val Asn Leu Asp Gly Val Phe Phe Gly Thr Arg Leu Gly e Gin Arg

115 - 120 125
Met Lys Asn Lys Gly Leu Gly Ala Ser ile lle Asn Met Ser Ser ile
130 135 140

Ghu Gly Phe Val Gly Asp Pro Thr Leu Gly Ala Tyr Ser Ala Ser Lys

145 150 155 160

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

185 170 175

Lys Asp Tyr Asp Val Arg Vai Asn Thr Val His Pro Gly Tyr lle Lys
180 185 190

Thr Pro Leu Vai Asp Asp Leu Glu Gly Ala Glu Glu Met Met Ser Gin
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165 200 205
Arg Thr Lys Thr Pro Met Giy His lle Gly Giu Pro Asn Asp lie Ala
210 215 220
Trp He Cys Val Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala Thr Gly
225 230 235 240
Ala Glu Phe Val Val Asp Gly Gly Tyr Thr Ala Gin
245 250
<210> 123
<211> 759
<212> DNA

<213> Artificial Sequence

<220>
<223> Variant of L. kefir

<400> 123

atgaccgate giclgaaggg caaagtagece atcgiaaccs gcgogactcet gggtateggt 66
ttogcaaicg cegataaatt igtagaggag ggtgegaaag iagtiattac iggicgteac 120
gtagatgtag gitgaaaagge cgecagatca alcggoggea cigaigtiat tegettigte 180
cagcacgatlg catccgatga ageaggetgg acgaaacigt fogacaccac cgaggaggca 240
tteggecegg ttacgacogt cgtgaacaat geagggatio cagtitccaa aagogttgas 300
gacactacca cggaggaaty gegtaaacty cigiccgtta aiciggatgg tgttiitttc 360
ggcaccogic tgggceaticg gogoatgasa aataaagget tgggegcetag catcateaat 420
atgagcagta tigaggoget cgtaggegat cogacacigg gygeatacaa cygcttccaag 480
agyggcgotac geatcatgic gaaaagegoa gegeiggatt gegeacigaa gyactacgat 540
gtgcgtgica acacagtaca {ccgggctat aicaagacee cgctgoicsa tgatctgaas 600
ggigctgagg aaatgatgic acagegtacy aaaaccesta tgggecactt tggegaaceg 660
aatgacaicyg catpgaicty igtgtaccig geatctgacg aatcgaaalt tgegacggot 720
gcagaatilg fggtcgacgy cgogtatace geacagiga 759

<210> 124
<211> 282
<212> PRT
<213> Adificial Sequence

<Z220>
<223> Variant of L. kefir

<400> 124
Met Thr Asp Arg Leu Lys Gly Lys Val Ala lle Val Thr Giy Gly Thr
1 5 10 18
Leu Gly lle Giy Leu Ala lie Ala Asp Lys Phe Val Giu Glu Giy Ala
20 25 30
Lys Val Val {le Thr Giy Arg His Val Asp Val Gly Giu Lys Ala Ala
35 40 45
Arg Ser e Gly Gly Thr Asp Vail lie Arg Phe Val Gin His Asp Ala
a6 55 80
Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Giu Glu Ala
65 70 75 80
Phe Giy Pro Val Thr Thr Val Vai Asn Asn Ala Gly lie Ala Val Ser
85 90 a5
Lys SerVal Giu Asp Thr Thr Thr Giu Giu Trp Arg Lys Leu Leu Ser
100 105 110
Vai Asn Leu Asp Gly Val Phe Phe Gly Thr Arg Leu Gly He Arg Arg
115 120 125
Met Lys Asn Lys Gly Leu Gly Ala Ser lie lie Asn Met Ser Ser i
130 135 140
Glu Giy Leu Val Gly Asp Pro Thr Leu Gly Ala Tyr Asn Ala Ser Lys
145 150 185 160
Gly Ala Val Arg lle Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
165 170 175
Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Tyr lle Lys
180 185 190
Thr Pro Leu Val Asp Asp Leu Lys Gy Ala Giu Giu Met Met Ser Gin
195 200 205
Arg Thr Lys Thr Pro Met Gly His Phe Gly Glu Pro Asn Asp lie Ala
210 215 220
Trp lie Cys Val Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala Thr Gly
225 230 238 240
Ala Giu Phe Val Va!l Asp Gly Gly Tyr Thr Ate Gin
245 250
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<210> 125
<214= 759
<212> DNA
<213> Artificial Sequence

<220>
<223= Variant of L. kefir

<400> 125

atgaccgalc gictgaaggg caaagtages ategtaaccg gegggactct gggtgttagt 60
ttggcaaicg cecgataaatt igtagaggag gglgegaaag tagitatiac iggtcgecac 120
gcggaigtag gigaaaaggce cgecaaalca atcggeggea cigatgtiat tegetigic 1806
cagcacgatlg catcegatga ageaggetgy acgaaacigt itgacaccac cgaggagygca 240
ttcggoecgg ttacgacegt cgigaacaat gecagggatio cagtiiccaa aagegiigaa 300
gacactacca cggaggaatg gogtaaacty cigteegtia alctggatgy toiititic 360
ggcacceglic tgggeatica goegeatgaaa aataaagycet igggegetag catcatcaat 420
atgageagta tcagtgogtt cgtaggegat cegacgetog gggeatacaa cgcticcaag 480
ggggcegotac gtatcatgic gaaaagegea gogetggatt gegeactgaa ggactacgat 540
gigegigica acacagiaca teegggciat aicaagaccec cgcotggtega tgatctggaa 600
ggtocigagg asatgatgic acagegtacg aaaaccecta tgggecacat iggegaaccy 660
aatgacatcg caiggatcty tototaccig geatctgacy aategaaatt tgegacgggt 720
gcagaattty tgotcgacgg cyagtatace geacagiga 759

<210> 126

<211> 252

<212> PRT

<213> Adificial Sequence

<220=
223> Variant of L. kefir

<400> 126
Met Thr Asp Arg Leu Lys Gly Lys Val Ala lle Val Thr Gly Gly Thr
1 5 10 15
Leu Gly Vai Giy Leu Ala ile Ala Asp Lys Phe Val Glu Giu Gly Ala
20 25 30
Lys Val Val ite Thr Gly Arg His Ala Asp Va! Gly Glu Lys Ala Ala
35 40 45
Lys Ser ile Gy Gly Thr Asp Val lie Arg Phe Val Gin His Asp Ala
50 55 80
Ser Asp Ghlu Ala Giy Trp Thr Lys Leu Phe Asp Thr Thr Giu Glu Ala
85 70 75 a0
Phe Gly Pro Val Thr Thr Val Vai Asn Asn Ala Gly lle Ada Val Ser
85 90 95
Lys Ser Val Giu Asp Thr Thr Thr Giu Giu Trp Arg Lys Leu Leu Ser
100 105 110
Val Asn Leu Asp Giy Val Phe Phe Gly Thr Arg Leu Gly le Gin Arg
15 120 125
Met Lys Asn Lys Gly Leu Gly Ala Ser lie lle Asn Met Ser Ser lle
130 135 140
Ser Gly Phe Val Gly Asp Pro Thr Leu Gly Ala Tyr Asn Ala Ser Lys
145 150 185 180
Gly Ala Val Arg lle Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
1685 170 178
Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Tyr lie Lys
180 185 180
Thr Pro Leu Val Asp Asp Leu Giu Gly Ala Giu Giu Met Met Ser Gin
195 200 208
Arg Thr Lys Thr Pro Met Giy His lle Gly Giu Pro Ash Asp ile Ala

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

245 250

<210= 127
<211> 758
<212> DNA

<213> Artificial Sequence

<220>
<223> Variant of L, kefir

<400> 127
Page 56



376247018
atgaccgatc gicigaaggg caaagtagoc atcgtaaceg geggggcetet gggtaicggt 60
tiggcaatcg ccgataaatt tgtagagoag gytgcgaaag tagtiettac tggicgecac 120
geggatgiag gtgaasagge cgecasatea alcggoggea clgatgitgt tegettigte 180
cagcacgatg catccgatga ageaggelgy acgaaactyt tcgacaccac cgaggaggea 240
ticggccegy ttacgaccegt cgtgaacaat geagggatty cagiticsaa aagegttgas 300
gacactacca cggagyaatg gegiaaacty cioteegtta atciggatgg fottttitte 360
ggeaccegic tgggceattca gegeatgaaa aataaaggct toggegetag catcateaat 420
atgagcagta tcagtgggtt cgtaggegat cegacgelgn gggoatacaa cgceticcaag 480
ggogeggtac gtatcatgic gaaaagegea gegelggatt gogeactgaa ggactacgat 540
gtgeatgica acacagtaca tcegggetat atcaagacce cgeiggtcya tgatctggaa 800
ggtgeigagg aaatgatgic acagegtacy aaaaccoccta igggecacat tggegaaccy 660
aatgacatcg catggatctg igigtaccig geatcigacy aatcgaaatt tgegacggot 720
gcagaatitg iggicgacgy cgggtatace goacagiga 754

<210> 128
<211> 252
<212> PRT
<213> Artificial Sequence

<220>
<223> Variant of L. kefir

<400> 128
Met Thr Asp Arg Leu Lys Gly Lys Val Aia lie Val Thr Gly Gly Ala
5 10 15
Leu Gly lle Gly Leu Ala lie Ala Asp Lys Phe Val Glu Giu Gly Ala
20 25 30
Lys Val Val #le Thr Gly Arg His Ala Asp Va! Gly Glu Lys Ala Ala
35 40 45
Lys Ser lie Gly Gly Thr Asp Val Val Arg Pae Val Gin His Asp Ala
50 55 80
Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thy Giu Glu Ala

B85 70 75 80

Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly lle Ala Val Ser
85 20 95

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

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

Ser Gly Phe Vai Giy Asp Pro Thr Leu Giy Ala Tyr Asn Ala Ser Lys

145 150 185 180

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

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

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

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

225 230 235 240

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

<210> 128

<211> 758

<212> DNA

<213> Attificial Sequence

<220>
<223> Variant of L. kefir

<400> 129

aigaccgatc gictgaaggg caaagtagee aicgtaaceg geggggoict gaatategyt 60
ttggeaatcy ccgataagt! tgtagaggag gotgcgaaag tagttatiac iggtegecac 120
geggatglag gtgaaaaqge cgocaaatea atcggeggea ctgatgttat tegeltigte 180
cageacgatg catccgatga ageaggeigg acgaaactgl ogacaccac cgaggaggca 240
tteggecegg ttacgaccegt cgtgaacaat geagggatig cagictecaa aagegttgas 300
gacaciacca cggaggastg gogtaaactg ctgtoegtta atctggatog iattttttic 360
ggcaccegtc igggeatica gegeatgaaa aataaagget tgggegetag catcatcaat 420
atgageagta tcagiggett cgtaggegac cegacgitag gggcatacaa cgeticcaag 480
goggegyiac glalcatgic gagaagegea gegetggatt gegeactgaa ggaciacgat 540
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otgegtgica acacagtaca fccgggetat atcaagaccee cgeiggicga tgatetggaa 600
gatgctgagy saatgatgte acagcogtacg aaaacccceta tgggecacat tggegaaccg 660
aatgacaicg catggaictg totgtacctg geatctgacg aatcgaaatt tycgacaggt 720
goagaatiiy tggtcgacgg cggotatace geacagiga 758

<210=> 130
<211> 252
<212> PRT
<213> Artificial Sequence

<220=
<223 Variant of L. kefir

<400> 130
Met Thr Asp Arg Leu Lys Gly Lys Val Ala lie Val Thr Gly Gly Ala
1 5 10 15
Leu Gly lie Gly Leu Ala ile Ala Asp Lys Phe Val Giu Glu Gly Ala
20 25 30
Lys Vai Val lie Thr Gly Arg His Ala Asp Val Gly Glu Lys Ala Ala
35 40 45
Lys Serlle Gly Gly Thr Asp Val lie Arg Phe Val Gin His Asp Ala
50 55 80
Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Glu Ala

&85 70 75 80

Phe Gly Pro Vai Thr Thr Val Val Asn Asn Ala Gly lie Ala Val Ser
85 80 a5

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

100 105 M6
Val Asn Leu Asp Gly Val Phe Phe Gly Thr Arg Leu Gly lie Gin Arg
115 120 125
Met Lys Asn Lys Gly Leu Giy Ala Ser lie fle Asn Met Ser Ser lie
130 135 140

Ser Gly Phe Val Gly Asp Pro Thr Leu Giy Ala Tyr Asn Ala SerLys

145 150 155 160

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

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

180 185 180
Thr Pro Leu Val Asp Asp Leu Giu Gly Ala Glu Glu Met Met Ser Gin
185 200 208
Arg Thr Lys Thr Pro Met Gly His lle Gly Giu Pro Asn Asp lle Ala
210 215 220

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

225 230 235 240

Ala Giu Phe Val Val Asp Giy Gly Tyr Thr Ala Gin
245 280

<210> 131

<211> 758

<212> DNA

<213> Adtificial Sequence

220>
<223= Variant of L. kefir

<400> 131 ‘

atgacogate glctgaangy cagagtages alcgtaaccy gegggactet gggtatcggt 60
ftggcaticg ccgataaat! igtagagoag ggiacgaaag tagttattac tgotegicac 120
goggatgtag gtgaaaagge cgecaaatea atcggeggea cigatgitat tegetitgic 180
cagcacgaty catcogatga ageaggetgg acgaaactgt tegacaccac cgaggaggcea 240
ttcggocegg ttacgacegt cgtgaacaat geagggatta cageticcaa aagegiigaa 300
gacactacca cggaggaatg geataaacig cigicegita atclggaigg tgtttttiic 360
ggeaccogte igggcatica gegeaigaaa aataaaggcet igggegetag catcatcaat 420
atgagcagta ttgaggogtt cotaggegat cegacgetgg gggeatacag cgeticeaag 480
agagcggtac gtaicatgtc gaaaagegesa gogetggatt gegoacigaa ggactacgat 540
gtgegtaica acascagtaca tecgggetat atcaagaccee cgetggtega igatciggaa 600
ggtgctgagy aaatgatgtc acagegtacg aaaaccecta tgggecacat tggtgaaceg 660
aatgacatcg catggatetg gtgiaccty geatctgacy aategaaatt tgegacaggt 720
geagaattig tggtegacqy cgaptatace geacagiga 759

<210> 132
<211> 252
<212> PRT
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<213> Artificial Sequence

<220>
<223> Variant of L. kefir

<400> 132
Met Thr Asp Arg Leu Lys Gly Arg Val Ala ite Val Thr Gly Gly Thr
1 5 10 15
Leu Gly iie Gy Leu Ala Phe Ala Asp Lys Phe Va! Giu Glu Gy Ala
20 25 30
Lys Val Val le Thr Gly Arg His Ala Asp Val Gly Glu Lys Ala Ala
35 40 45
Lys Ser lle Gly Gly Thr Asp Val lie Arg Phe Val Gin His Asp Ala
50 55 80
Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Giu Glu Ala

65 70 75 80

Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly lle Thr Ala Ser
85 80 85

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

1006 105 110
Val Asn Leu Asp Gly Val Phe Phe Gly Thr Arg Leu Gly lle Gin Arg
115 120 125
Met Lys Asn Lys Gly Leu Gly Ala Ser lie fie Asn Met Ser Ser lle
130 135 140

Giu Gly Phe Val Gly Asp Pro Thr Leu Gly Ala Tyr Ser Ala SerLys

145 150 155 160

Giy Ala Val Arg ile Met Ser Lys Ser Ala Aia l.eu Asp Cys Ala Leu
165 170 175

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

186G 185 180
Thr Pro Leu Val Asp Asp Leu Glu Gly Ala Glu Glu Met Met Ser Gin
185 200 205
Arg Tnr Lys Thr Pro Met Gly His lle Gly Glu Pro Asn Asp lle Ala
210 215 220

Trp #ie Cys Val Tvr Leu Ala Ser Asp Ghlu Ser Lys Phe Ala Thr Gly

225 230 235 240

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

<210> 133

<211> 759

<212> DNA

<213> Artificial Sequence

<220>
<223> Variant of L. kefir

<4C0> 133

atgacctatc gictgaagag caaagtagec atcgtaaccg gogggactet gggtateggt 60
ftogcaateg cogataaatt tgtagaggag ggtgcaaaag tagtiaitac tggtcgecac 120
geggatgtag otoaaaagge cgecaaaica ateggegota ctgatgitat tegetitgic 180
cagceacgatg caiccgatga agcaggetgg acgaaactgt tegacaccac cgaggagygcs 240
tteggeccgg ttacgaccegt cgigaacaat gecagggatta cegtitccaa aagogtigaa 300
gacadtacea cggaggaatly geacaaacta cigicegita aictgualag totttttic 360
ggcaccegic igggeatica gegeatgaag aataaaggct tgggegeiag catcatcaat 420
atgagcagta tcagigagtt cgtaggogat cogacgeigg gggcatacac tgeticcaag 480
ggggcagiac glatcaigic gaaaagoges gegotgyat! gogoactyaa ggactacgat 540
gtgeotgtca acacagiaca tecgggetat aicaagaccoe cgetgglicga tgaiciggaa 800
gotgctgagy aaatgatyic acagegtacy aaaaccecta tgggdoacat tggegaaceg 660
aatgacgtgy catggately tgigiaccty goateigacy aategasall tgogacggyat 720

gcagaatttg tggicgacgg cgggtatace geacagiga 759
<210> 134

<211= 252

<212> PRT

<213> Arificial Seguence

<220>

<223> Variant of L. kefir

<400> 134

Met Thr Tyr Arg Leu Lys Ser Lys Val Ala lle Val Thr Gly Giy Thr
1 5 10 15

Leu Gly ile Gly Lau Ala lle Ala Asp Lys Phe Val Glu Giu Gly Ala
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20 25 30
Lys Val Val Hle Tnr Gly Arg His Ala Asp Val Gly Glu Lys Ala Ala
35 40
Lys Ser lie Giy Gly Thr Asp Val lle Arg Phe Val Gln His Asp Ala
50 55 80
Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Glu Ala
85 70 75 80
Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly lie Thr Val Ser
85 90 85
Lys Ser Val Glu Asp Thr Thr Thr Giu Giu Trp His Lys Leu Leu Ser
100 105 110
Val Asn Leu Asp Ser Val Phe Phe Giv Thr Arg Leu Gy lie Gin Arg
115 120 125
Met Lys Asn Lys Gly Leu Gly Ala Ser lie lie Asn Met Ser Ser ile
130 135 140
Ser Gly Phe Val Gly Asp Pro Thr Leu Gly Ala Tyr Thr Ala Ser Lys
145 150 185 160
Gly Ala Val Arg lle Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
165 170 175
Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gy Tyr lle Lys
180 185 180
Thr Pro Leu Val Asp Asp Leu Giu Gly Ala Glu Giu Met Met Ser Gin
195 200 205
Arg Thr Lys Thr Pro Met Gly His lie Gly Giu Pro Asn Asp Val Ala
210 215 220
Trp lie Cys Val Tyr Lau Ale Ser Asp Glu Ser Lys Phs Ala Thr Gly

225 230 235 249

Atz Giu Phe Val Val Asp Gly Gly Tyr Thr Ala Gin
245 250

<210> 135

<211> 1041

<212> DNA

<213> Arifficial Sequence

<220>
<223> Codon optimized ADH-SB from S. salmonicolor

<400> 135

atgaaggcac tgcagtaceg caccalcgge geccegsoceg aggicgtoac cgicceggac 60
ceggageeqy geeecggsca gutgotatty aagaigaccy cggooygagt ctgoeactoe 120
gacategegg tgatgagety gecegecgag gocticeegt acgageigee geteacecic 180
ggccacgagy gegicggeoac cotogecgeg cleggegocy gggtgacggg gotcgecgag 240
gacgacgcsy iegeogigta cgggecctas agctacgaea cotgegecaa gigegegaag 300
ggcaaggaga actacigect gegegecgac gagetgggcea teegicegee ggggetegag 360
cgtceggogt ceatggooga gtacctgety atcgacgace cecggeacct ggiccegetg 420
gacgygceteg accegytcge ggeggigecg clcaccgacg cocggactgac geegiaccac 480
gcgatcaage gatcgetgee caagetggic cocggeteca cegeggtigot caicggeace 540
ggtogteteg gecacgtege catceagety ctgegegece tgacgicege cegagtggte 600
geociggasy tcagegagga gaagaotgege cicgeeegig cgglgggcygc geacgaggeg 660
gtgcigicgg acgogaagge cocggacgeg stgegegaga tcaccggegag totegatace 720
gaggecgtgt fegacticgt cggegiggey cecacegtge agacegoegg ageegicgeg 780
gcegicgagy gegatgtcac colggiegge ateggeggeg gategeigec cgicggctic 840
ggcatgetge cgticgaggt oteggicaac geecocctact gaggeagecg cagegagcetg 900
accgaggige tgaacclgyge cogelesygt gocgtgiegy tgcacacega gacgtactes 880
ctggacgacg cccogcicgs ctacgagegg cigcacgagy gcagggtcaa cgacegegeg 1020
gigatectge coceacggelg 2

<210> 136

<211> 346

<212> PRT

<213> Adificial Sequence

<220>

<223> ADH-SB from S. saimonicoler

<400> 136

Met Lys Ala Leu Gin Tyr Arg Thr lie Gly Ala Pro Pro Giu Val Val

1 5 10 15

Thr Val Pro Asp-Pro Glu Pra Gly Pro Gly Gin Val Leu Leu Lys Val
20 25 30

Thr Ala Ala Giy Val Cys His Ser Asp lle Ala Vat Met Ser Trp Pro

35 40 45

Ala Glu Gly Phe Pro Tyr Glu Leu Pro Leu Thr Leu Giy His Glu Gly
50 55 50
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Val Gly Thr Val Aia Ala Leu Gly Ala Gly Va! Thr Gly Leu Ala Giu
65 70 75 80
Giy Asp Ala Val Ala Val Tyr Gly Pro Trp Gly Cys Giy Thr Cys Ala
85 80 a5
Lys Cys Ala Glu Gy Lys Giu Asn Tyr Cys Leu Arg Ala Asp Glu Ley
100 105 110
Gly lle Arg Pro Pro Gly Leu Giy Arg Pro Gy Ser Met Ala Giu Tyr
115 120 125
Leu Leu he Asp Asp Pro Arg His Leu Val Pro Leu Asp Gly Leu Asp
130 135 140
Fro Val Aia Ala Val Pro Leu Thr Asp Aia Gly Leu Thr Pro Tyr His
145 150 155 160
Ala fle Lys Arg Ser Leu Pro Lys Leu Val Pro Gly Ser Thr Ala Val
165 170 175
Val lle Gly Thr Gly Gly Leu Gly His Val Ala lle Gin Leu Leu Arg
180 185 190
Ala Leu Thr Ser Ala Arg Val Val Ala Leu Asp Val Ser Giu Glu Lys
195 200 205
Leu Arg Leu Ala Arg Ala Val Gly Ala His Giu Ala Val Leu Ser Asp
210 215 220
Ala Lys Ala Ala Asp Ala Val Arg Glu lie Thr Giy Gly Leu Gly Ala
225 230 235 240
Glu Ala Vai Phe Asp Phe Val Gly Val Ala Pro Thr Vai Gin Thr Ala
245 280 288
Gly Ala Val Ala Ala Val Glu Gly Asp Val Thr Leu Val Gly lie Gly
260 265 270
Gly Gy Ser Leu Pro Val Gly Phe Gly Met Leu Pro Phe Giu Val Ser
275 280 285
Val Asn Ala Pro Tyr Tip Gly Ser Arg Ser Glu Leu Thr Giu Val Leu
280 285 300
Asn Leu Ala Arg Ser Gly Ala Val Ser Val His Thr Giu Thr Tyr Ser

305 310 318 320
Lett Asp Asp Ala Pro Leu Ala Tyr Glu Arg Leu His Giu Gly Arg Val
325 330 335
Asn Gly Arg Ala Val ile Leu Pro His Gly
340 345
<210> 137
<211> 1032
<212> DNA

<213> Artificial Sequence

<220~
<223> Codon optimized ADH-SC from 8. coelicolor

<400> 137

atgycaaaga tcgacaacgc agiictgecg gagggticte tggtgctgat caccggegeg 80
aacggcttig tcgctageca tgtogtcgaa caactgelgy aacacggota taaggtgege 120
ggcacigcte getetgecte caaactggey aacctgcaga aacgttggga cgccaaatac 180
cetggicptt tegagactge cgitgiigaa gacatgcetga agcagggtge atatgatgaa 240
gitattaaag gegeggeagy tgtegeecac ategegicss tagicagett tictaacaaa 300
tatgatgagy tggtaacice tacgategat ggoacgcetga atgoectgeg tgecgeaget 360
getacgectt cogtgaaacy ttigigetg accageagea cigtttctge actgaticea 420
aaacctaacy tcgaaggtat ttateiggat gagaagaget ggaaccigga aageatigat 480
aaggciaaaa ceetgeciga atcigatceyg cagaaaages tgigggteta cgeegeaage 540
aasacggaag cggaacigge tgectggaaa ttcatggacg aaaacaaace geaetitact 500
clgaaigcog tictgoccaaa clacactale ggtaceattt tigacccaga aacccaalce 660
ggttccactt coggotggat gaigtotetg ticaatggeg aagtatctee gacactggeg 720
ctgaigeoge cgeagtacta tgtcictgea gtigatateg gteigetgea oolggatigt 780
ctggtictge cgcaaatcga acgeogiogt gtttacggsa cegcaggeac ctitgatigg 840
aacaccghc tggegacct! cogiaaactg tatcegteca agacgitecor ggetgacttt 900
ccggatcagg gecaggatet gtecaaattt gataccgece cgagecigga gattctgaaa 860
teectgggce geoetggetg geglageats gaggaateta tecaasgatcet ggtgggtice 1020
gagacegodct aa 1032

<210> 138
<211> 343
<212» PRT
<213> Artificial Sequence

<220>
<223> ADMH-SC from S. coelicolor

<400> 138
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Met Ala Lys Hle Asp Asn Ala Val Leu Pro Giu Gly Ser Leu Vai Leu
1 5 10 15
Val Thr Gly Ala Asn Gly Phe Val Ala Ser His Val Val Glu Gin Leu
20 25 30
teu Glu His Gly Tyr Lys Val Arg Giy Thr Ala Arg Ser Ala Ser Lys
35 40 45
Leu Ala Asn Leu Gin Lys Arg Trp Asp Alg Lys Tyr Pro Gly Arg Phe
50 55 60
Glu Thr Aja Val Val Glu Asp Met Leu Lys Gin Gly Ala Tyr Asp Giu
65 70 75 80
Val lle Lys Gly Ala Ala Gly Val Ala His e Ala Ser Vai Val Ser
85 a0 a5
Phe Ser Asn Lys Tyr Asp Glu Val Val Tht Pro Ala le Gly Gly Ty
100 105 110
Leu Asn Ala Leu Arg Ala Ala Alia Ala Thr Pro Ser Val Lys Arg Phe
115 120 125
Val Leu Thr Ser Ser Thr Val Ser Ala Leu lle Pro Lys Pro Asn Val
130 135 140
Giu Gly lie Tyr Leu Asp Glu Lys Ser Trp Asn Leu Glu Ser lie Asp
145 150 155 160
Lys Ala Lys Thr Leu Pro Glu Ser Asp Pro Gin Lys Ser Leu Trp Val
165 170 1758
Tyr Ala Ala Ser Lys Thr Glu Ala Giu Leu Ala Ala Trp Lys Phe Met
180 185 180
Asp Giu Asn Lys Pro His Phe Thr Leu Asn Ala Val Leu Pro Asn Tyr
195 200 205
Thr lie Gly Thr lle Phe Asp Pro Giu Thr Gin Ser Gly Ser Thr Ser
210 215 220
Gly Trp Met Met Ser Leu Phe Asn Giy Giu Val Ser Prp Ala Leu Ala
225 230 235 240
Leu Met Pro Pro Gin Tyr Tyr Val Ser Ala Val Asp lle Gly Leu Leu
245 250 255
His Leu Gly Cys Leu Val Leu Pro Gin lle Glu Arg Arg Arg Val Tyr
260 265 270
Gly Thr Ala Gly Thr Phe Asp Trp Asn Thr Val Leu Ala Thr Phe Arg
275 280 285
Lys Leu Tyr Pro Ser Lys Thr Phe Pro Ala Asp Phe Pro Asp Gin Gly
290 285 300
Gin Asp Leu Ser Lys Phe Asp Thr Ala Pro Ser Leu Giu lle Leu Lys

305 310 315 320
Ser Leu Gly Arg Pro Gly Trp Arg Ser lle Glu Glu Ser lie Lys Asp
325 330 335
Leu Val Gly Ser Giu Thr Ala
340
<210> 138
<211> 1058
<212> DNA

<213> Adificial Seguence

«<220>
<223> Codan optimized ADH-TB from T brockii

<400=> 139
atgaaaggct icgecatgct gageatcgge asagigogh ggatigaaas agaaaaaceyg 60
gcgecaggoec cgttegatge aattgigege ceictggeag tagegecgty taccagegat 120
attcatacty igttigaagyg tgccatigge gagegicaca atatgatict gggecatgaa 180

- geeglicgig aagitgtigs gotiggcage gaagigaagg atticaaacc gggegatege 240
glitgtegitc cagegattac ceeggatigg cocaccageg aagiccageg cagetaceat 300
cagcacicty geggeaiget ggecggctgg aaattcagea atgtaaagga toatgtygiic 360
gotgaaiil! Heacgttas sgacgesgac atgaatcigg cgeaccigee gazagaaate 420
cogetggaag cageggatiat gaticoggat atgatgacca cggatiitca cggegeagag 480
ciggcggaca ttgaacigyy cgctacggta geegtactgyg acateguics ggiggyocty 540
atggcagity caggcgctaa geigegegge goaggtegta ttattgeegt tggtictege 800
coggigigly tggacgeege taagtattat ggigcaacgg acatigicaa ttacaaggac 660
ggcccaatty astctcagat catgaaccty acggaagoia aaggegttga cgecgegatt 720
ategeiggey geaacgeeys catcalggeg accgeagtta aaatcgicaa gecaggotggt 780
actaftgeta acgicaacia cticggegaa ggatgaggice fgoctgtcce acgiciggaa 840
togogtigeg gtatggeaca taaaaccatt aaaggiggec igtgcacago cggocgtetg 200
cgtatggaac gectgaicga tetgotctic tacaaacgog tggatcciag caaaciggtg 960
actcacgtit tccgeggcett igataacatc gaaaaaget! Halgelgat gaaagatzaa 1020
ccgaaagatc tgattaaace ggtigteate cigget 1056

<210> 140
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<Z211> 352
<212> PRT
<213> Artificial Sequence

<220>
<223= ADM-TB from T brockii

<400> 140
Met Lys Gly Phe Ala Met Leu Ser lle Gly Lys Val Giy Trp lie Glu
1 5 10 15
Lys Giu Lys Pro Ala Pro Gly Pro Phe Asp Ala ile Val Arg Pro Leu
20 25 30
Ala Val Ala Pro Cys Thr Ser Asp lie His Thr Val Phe Glu Gly Ala
35 40 45
lle Giy Glu Arg Mis Asn Met lie Leu Gly His Giu Ala Val Gly Giu
50 55 60
Vai Val Glu Val Gly Ser Glu Val Lys Asp Phe Lys Pro Gly Asp Arg
85 70 75 80
Vat Val Val Pro Ala lle Thr Pro Asp Trp Arg Thr Ser Glu Val Gin
85 a0 95
Arg Gly Tyr His Gin His Ser Gly Gly Met Leu Ala Gly Trp Lys Phe
100 105 110
Ser Asn Val Lys Asp Gly Val Phe Gly Giu Phe Phe His Val Asn Asp
115 120 125
Ala Asp Met Asn Leu Ala His Leu Pro Lys Glu lle Pro Leu Glu Ala
130 135 140
Alz Val Met lle Pro Asp Met Met Thr Thr Gly Phe His Gly Ala Glu
145 150 155 160
Leu Aia Asp lie Glu Leu Gly Ala Thr Val Ala Val Leu Gly lie Gly
185 170 175
Pro Val Gly Leu Met Ala Val Ala Gly Ala Lys Leu Arg Giy Ala Gly
180 185 190
Arg lle lie Ala Val Gly Ser Arg Pro Val Cys Val Asp Ala Ala Lys
195 200 205
Tyr Tyr Gly Ala Thr Asp tie Val Asn Tyr Lys Asp Gly Pro lie Glu
210 215 220
Ser Gin lle Met Asn Leu Thr Giu Gly Lys Giy Val Asp Ala Ala lle
225 230 235 240
lle Ala Gly Gly Asn Ala Asp lie Met Ala Thr Ala Val Lys lie Val
245 2580 285
Lys Pro Gly Gly Thr lie Ala Asn Val Asn Tyr Phe Gly Giu Gly Glu
2860 285 270
Val Leu Pro Val Pro Arg Leu Glu Trp Gly Cys Gly Met Ala His Lys
275 280 285
Thr lie Lys Gly Gly Leu Cys Pro Gly Gly Arg Leu Arg Met Glu Arg
290 285 300
L.eu jie Asp Leu Val Phe Tyr Lys Arg Val Asp Pro Ser Lys Leu Val
305 310 315 320
Thr His Val Phe Arg Giy Phe Asp Asn lle Glu Lys Ala Phe Met Leu
325 330 335
Met Lys Asp Lys Pro Lys Asp Leu lie Lys Pro Val Val Hls Leu Ala
340 345 350

<210> 141
<211> 759
<212> DNA
<213> Lactobaciilus Minor

<400> 141
atgaccgalc goitgaagyg gaaagiagea atigiaacts gegataccett gggaattgoge 60

flggcaateg ctgataagtt tgttgaagas ggcgcaaagg igttattac cggecgicac 120
gctgatgiag gtgaaaaage tgecagatca aicggeggea cagacuitat cogititgte 180
caacacgalg ciicigalga aaccggelog actaactigt tigatacgac igaagaagea 240
titggeccag ttaccacygat tgtcaacaat gocggaalig cggicageaa gagigitgaa 300
gataccacaa ctgaagaalg gegcaagceig ciolcagtta actiggatgg toicttettc 360
ggtaccegic tfiggaateca acgtaigaag aatazaggac tcggageate aatcatcaat 420

algtcateta fcgaagattt tgtiggigat ccagelcigg gigeatacaa cgcticaaaa 480
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ggtgcigica gaattatgic tasatcagcet gectiggatt gegettigaa ggactacgat 540
gttcggatia acactgtica tccaggiiat atcaagacac catiggtiga cgatctigaaz 600
gggucagaag aaatgatgtc acageggace aagacaceaa tgggicaiat cggigaacct
aacgatateg ctiggatety igitiacety geatclgacy aaictaaatt tgecactggt 720

gcagaaticg Htgicgacgy agggotacace goccaatag 758

<210> 142
<214> 252
<212> PRT
<213> Lactebacilius Minor

=400> 142

Met Thr Asp Arg Leu Lys Gly Lys Val Ala tle Val Thr Gly Gy Thr
4 5 16 15

Leu Gly lie Gy Leu Ala lie Ala Asp Lys Phe Val Giu Glu Giy Ala

20 25 ag
Lys Val Val lie Thr Gly Arg His Ala Asp Vai Giy Giu Lys Ala Ala
35 40 45
Arg Ser lie Gly Gly Thr Asp Val lle Arg Phe Val Gin His Asp Ala
50 55 80
Ser Asp Giu Thr Gly Trp Thr Lys Leu Phe Asp Thr Thr Giu Giu Ala

B85 70 75 80

Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly lie Ala Val Ser
85 a0 g5

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

100 105 110 :
Val Asn Leu Asp Gly Vel Phe Phe Giy Thr Arg Leu Gly lie Gin Arg
115 120 125
Met Lys Ash Lys Gly Leu Gly Ala Ser lie lie Asn Met Ser Ser e
130 135 140

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

145 150 155 160

Gly Ala Val Arg lie Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
165 . 178 175

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

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

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

225 230 235 240

Ala Glu Phe Val Val Asp Gly Gly Tyr Thr Ala Gin
245 280

<210> 143

<211> 252

<212> PRT

<213> Artificial Sequence
<220>

860

<223> Engineered Ketoreductase Sequence Formuia with L. minor backbone

<223> Synthetic Construct

<220> FEATURE

<221> MISC_FEATURE

222> (3).(3)

<223> Xaa is a polar, acidic, or aromatic residue

<220> FEATURE

<221> MISC_FEATURE

<222> (.7}

<223> Xaa is a polar, non-polar, or constrained residue

<220> FEATURE

<221> MISC_FEATURE

<222> (1.1

<223> Xaa is an aliphatic, non-polar, or polar residue
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<2Z0>
<221>
<222>
<R23>

<220>
<221>
<222>
<223>

<220>
<221»
<222
<223>

<220>
<22%>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
221>
<222>
<223>

<220>
<221>
<Z22>
<223

<220>
221>
<222>
<Z23>

<220>
<2d1>
<222>
<223>

<220>
<221>
<R22>
<223>

<220>
<221>
<222%
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<Z22>
<223>

<ZR0=
<Z21>
<222>
<223>

376247016

FEATURE

MISC_FEATURE

{16)..(16}

Xaa s an aliphafic or non-polar residus

FEATURE

MISC_FEATURE

(19)..(19)

Xaa is non-polar or aliphatic residue

FEATURE

MISC_FEATURE

{23).(23)

Xaa is a non-potar or aromatic residue

FEATURE

MISC_FEATURE

(413,041

Xaa is a aliphatic, polar, or ncn-polar residue

FEATURE

MISC_FEATURE

(45)..(45)

Xaa is an aliphatic, non-potar, or polar residue

FEATURE
MISC_FEATURE
(49})..(49)

Xaa is a basic residue

FEATURE

MISC_FEATURE

(67}.467)

Xaa is a aliphatic or nonpolar residue

FEATURE

MISC_FEATURE

{60}..(60)

Xaa is an aromatic, aliphatic, polar or non-polar residue

FEATURE

MISC_FEATURE

(64}.064)

Xaa is an aliphatic or non-polar residug

FEATURE
MISC_FEATURE
(72).(72)

Xaa is a basic residue

FEATURE

MISC_FEATURE

(82).(82)

Xaa is a polar or non-potar residue

FEATURE

MISC_FEATURE

(94)..(24)

Xaa is a polar, non-polar, basic, or aliphatic residue

FEATURE

MISC_FEATURE

{95)..(85)

Xaa is a non-polar or aliphalic residue

FEATURE

MISC_FEATURE

(96}..(96)

Xaa is a constrained, aliphatic, acidic, potar or non-potar residue

FEATURE

MISC_FEATURE

{97)..(97)

Xag is an acidic, basic, or aliphatic residue
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<220>
<221>
<Z22>
<223>

<Z220>
<221>
<222>
<223>

<220>
<221>
<gzas
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

<220>
<221
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221
<222>
<Z223>

<220>
<221>
<22d>
<223>

<220>
<2271>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>

376247018
FEATURE
MISC_FEATURE
(108)..(108)
Xaa is an acidic residue

FEATURE

MISC_FEATURE

(108)..(108)

Xagz is a basic, constrained, or aromatic resicue

FEATURE

MISC_FEATURE

(1110111

Xaa i an aliphatic or nonpolar residue

FEATURE

MISC_FEATURE

(117117

Xaa is a polar or non-polar residue

FEATURE

MISC_FEATURE

(126)..(128)

Xaa is an aliphatic or nonpolar residue

FEATURE

MISC_FEATURE

{127)..(127)

Xaa is a polar or basic residue

FEATURE
MISC_FEATURE
{145).(145)

Xaa is a polar residue

FEATURE

MISC_FEATURE

{(147)..0147)

Xaa is an aromatic, aliphatic, polar, or non-polar residue

FEATURE

MISC_FEATURE

(152)..{152)

Xaa is a polar, aliphalic or nonpotar resicue

FEATURE

MISC_FEATURE

(157)..{1587}

Xaa is a poiar or acidic residue

FEATURE

MISC_FEATURE

(163)..(163)

Xaa is an aliphatic or nonpotar residue

FEATURE

MISC_FEATURE

{173)..(173

Xaza is ah acidic or non-polar residue

FEATURE
MISC_FEATURE
(77,0177

Xaa is a basic residue

FEATURE

MISC_FEATURE

192).(192)

Xaa is a basic or acidic residue

FEATURE

MISC_FEATURE

(194)..0184)

Xaa is a constrained, acidic, aliphatic, polar, or non-peiar residue

FEATURE
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<221> MISC_FEATURE
<222> {198).(198)
<223> Xaa is an acidic or non-polar residue

<220> FEATURE

<221> MISC_FEATURE

<222> {200}..(200}

<223> Xaa is & constrained, acidic, or basic residue

<220> FEATURE

<Z21> MISC_FEATURE

222> (2086} (2086}

<223> Xaa is a poiar or non-pelar residue

<220> FEATURE

<221> MISC_FEATURE

<222> (208)..(208)

<223> Xaa is a polar, constrained, or basic residue

<220> FEATURE

<221=> MISC_FEATURE

<222> (210)..{210)

<223> Xaa is a aliphatic, polar or non-polar residue

<220> FEATURE

<221> MISC_FEATURE

«222> (211).0211)

<223> Xaais a basic or acidic resicue

<220> FEATURE

<221> MISC_FEATURE

<222> (214).(214)

<223> Xaais a nonpolar, aliphatic or polar residus

<220> FEATURE

<221> MISC_FEATURE

<222> (2170217}

<223> Xaa is an aromatic, aliphatic ar non-pelar residue

<220> FEATURE

<221> MISC_FEATURE

<222 (223).(223)

<223> Xaa is an aliphatic or nonpolar residue

<220> FEATURE

<221> MISC_FEATURE

<222> (228)..(228)

<223> Xaa is an nonpolar or aliphatic residue

<220> FEATURE

<221> MISC_FEATURE

<222> (228)..(228)

<223> Xaa is an nonpolar or aliphatic residue

<400> 143

Met Thr Xaa Arg Leu Lys Xaa Lys Val Ala Xaa Val Tar Gly Gly Xaa
1 5 10 15
Leu Gly Xaa Gly Leu Ala Xaa Ala Asp Lys Phe Vat Giu Glu Gly Ala
20 25 30
Lys Val Val lle Thr Gly Arg His Xaa Asp Vai Gly Xaa Lys Ala Ala
35 40 45
Xaa Ser lie Gly Gly Thr Asp Val Xaa Arg Phe Xaa Gin His Asp Xaa
50 55 80
Ser Asp Glu Thr Gly Trp Thr Xaa Leu Phe Asp Thr Thr Glu Giu Ala
85 70 75 80
Xaa Gly Pro Vat Thr Thr Val Val Asn Asn Ala Gly lie Xaa Xaa Xaa
85 90 95
Xaa Ser Val Giu Asp Thr Thr Thr Glu Xaa Trp Xaa Lys Leu Xaa Ser
100 105 110
Val Asn Leu Asp Xaa Val Phe Phe Gly Thr Arg Lau Gly Xaa Xaa Arg
115 120 125
Met Lys Asn Lys Gly Leu Giy Ala Ser lle lie Asn Met Ser Ser lle
130 135 140
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Xaa Gly Xaa Val Gly Asp Pro Xaa Leu Gly Ala Tyr Xaa Ala Ser Lys
145 150 155 160
Giy Ala Xaa Arg lie Met Ser Lys Ser Ala Ala Leu Xaa Cys Ala Leu
165 170 175
Xaa Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Tyr lie Xaa
180 185 190
Thr Xaa Leu Val Asp Xaa Leu Xaa Gly Ala Glu Giu Met Xaa Ser Xaa
185 200 205
Arg Xaa Xaa Thr Pro Xag Gly His Xaa Giy Glu Pro Asn Asp Xaa Ala
210 215 220
Trp Xaa Cys Xaa Tyr Leu Ala Ser Asp Giu Ser Lys Phe Ala Thr Gly

225 230 235 240

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

<210> 144

<211> 252

<212> PRY

<213 Artificial Sequence

<220>
<223> Engineered Ketoreductase Ssquence Formula with L. brevis backbone
<223> Synthetic Construct

«220> FEATURE

<221> MISC_FEATURE

<222> (3}..(3)

<223> Xaa is a polar, acidic, or aromatic residue

<220> FEATURE

<221> MISC_FEATURE

<222> (7}.4T)

<223> Xaa is a potar, non-polar, or constrained residue

<22(> FEATURE

<221> MISC_FEATURE

<222> (11h.(11)

<223> Xaa is an aliphatic, non-paolar, or polar residue

<220> FEATURE

<221> MISC_FEATURE

222> (16)..(18)

<223> Xaa is an aliphatic or non-polar residue

<220> FEATURE

«221> MISC_FEATURE

<222> {19).(19)

<223> Xaa is non-polar or aliphatic residue

<220> FEATURE

<221> MISC_FEATURE

<222> (23)..(23)

<223> Xaa is a non-polar ¢r aromatic residue

<220> FEATURE

<221> MISC_FEATURE

<222> (41)..(41

<223> Xaa is a aliphatic, polar, or non-polar resigue

<220> FEATURE

<221> MISC_FEATURE

<222> (45).(45)

<223> Xaa is an aliphatic, non-polar, or poiar residue

<220> FEATURE

<221> MISC_FEATURE
<222> (48).{48)

<223> Xaa is a basic residus

<220> FEATURE

<224>» MISC_FEATURE

<222> (B7)..(57)

<223> Xaa is a aliphalic or nonpolar residus

<220> FEATURE
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<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221=
<222
<223>

<220>
<221>
<222>
<223>

<220>
<z221>
<222
<223>

<220
<221=
<222
<223>

<220>
<221>
<Z28>
<223>

<Z220>
<221>
222>
<Z23>

<220>
<g2i>
<222>
<223>

<220>
<221>
<222
<223>

<220>
<221
<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222
<223>

<220>
<221>
<gd2
<223>

<220>
<221>
<222>
<223>

<220>
<Z21>

376247016
MISC_FEATURE
(60}..(60)
Xaa is an aromalic, aliphatic, polar or non-polar residue

FEATURE

MISC_FEATURE

(64}..(84)

Xagz is an aliphatic or non-polar residue

FEATURE
MISC_FEATURE
{72}..(72)

Aaa is a basic residue

FEATURE

MISC_FEATURE

(82)..(82)

Xaa is a polar or non-polar residue

FEATURE

MISC_FEATURE

(94)..{94)

Xaa is a polar, non-polar, basic, or aliphatic residue

FEATURE

MISC_FEATURE

(95)..{95)

Xaa is a non-polar or aliphatic residue

FEATURE

MISC_FEATURE

(96}..(96)

Xaa is a consirained. aliphatic, acidic, polar or non-polar residue

FEATURE

MISC_FEATURE

(97)..(87)

Xaa is an acidic, basic, or aliphatic residue

FEATURE
MISC_FEATURE
(108)..£108)

Xaa is an acidic residue

FEATURE

MISC_FEATURE

(108)..{108)

Xaa is a basic, constrained, or aromatic residue

FEATURE

MISC_FEATURE

(1111

Xaa is an aliphatic or nonpolar residue

FEATURE

MISC_FEATURE

(1730117}

Xaa is a polar or non-polar residue

FEATURE

MISC_FEATURE

{126}..{128)

Xaa is an aliphatic or nonpolar residue

FEATURE

MISC_FEATURE

(127)..(127)

Xaa is a polar or basic residue

FEATURE
MISC_FEATURE
(145)..(145)

Xaa is a polar residue

FEATURE
MISC_FEATURE
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<222>
<223>

<220>
<221>
<222>
<223>

«<220>
<221>
<Z22>
<223>

<220
<221>
<222>
<223>

<220>
<22 1>
<222>
<223>

<220
<221=>
<222>
<223>

<220>
<221>
«222>
<223>

<220>
<221>
<zg22>
<223>

<220>
<@2%>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221
<222>
<2Z23=

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221
<222>
<223>

<220=>
<221>
<222>
<223>

<220>
<221>
<222>

376247016
{147)..(147}
Xaa is an aromatic, aliphatic, polar, or non-poiar resicue

FEATURE

MISC_FEATURE

(152)..(152}

Xaa is a potar, aliphatic or nonpolar residue

FEATURE

MISC_FEATURE

(167)..(157)

Xaa is a polar or acidic residue

FEATURE

MISC_FEATURE

(163).{163)

Xaa is an aliphatic or nonpolar residue

FEATURE

MISC_FEATURE

{173)..(173)

Xaa is an acidic or non-polar residue

FEATURE
MISC_FEATURE
(177)..(177)

Xaa is a basic residue

FEATURE

MISC_FEATURE

{182}..(182)

Xaa is a basic or acidic residue

FEATURE

MISC_FEATURE

194)_(194)

Xaa is a constrained, acidic, aliphatic, polar, or non-polar residue

FEATURE

MISC_FEATURE

{198)..1198)

Xaa is an acidic or non-poiar residue

FEATURE

MISC_FEATURE

(200)..{200)

Xaz is & consirained, acidic, or basic residue

FEATURE

MISC_FEATURE

(206)..{208)

Xaa is a polar or non-polar residue

FEATURE

MISC_FEATURE

(208)..(208)

Xaa is a polar, constrained, or basic residue

FEATURE

MISC_FEATURE

(210)..(210}

Aaa is a aliphalic, polar or non-polar residue

FEATURE

MISC_FEATURE

11,211

Xaa is a basic or acidic residue

FEATURE

MISC_FEATURE

(2143 (214)

Xaa s a nonpotar, aliphatic or polar residue

FEATURE
MISC_FEATURE
(217)..4217}
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<223> Xag is an aromatic, aliphatic or non-poiar residue

<220> FEATURE

<221> MISC_FEATURE

<222> (223).(223)

<223> Xaais an aliphatic or nonpoiar residue

<220> FEATURE

<221> MISC_FEATURE

<222> (228).(228)

«223> Xaa s an nonpotar or aliphatic residue

<220> FEATURE

<221> MISC_FEATURE

<222> {228}).(228)

<223> Xaa is &n nonpaiar or aliphatic residue

<400> 144
Met Ser Xaa Arg Leu Asp Xaa Lys Vai Aia Xaa lie Thr Gly Gly Xas
1 5 10 15
Leu Gly Xaa Gly Leu Ala Xaa Ala Thr Lys Phe Vai Giu Giu Giy Ala
20 25 30
Lys Val Met lle Thr Gly Arg His Xaa Asp Vai Gly Xaa Lys Ala Ala
35 40 45
Xaa Ser Val Gly Thr Pro Asp Gin Xaa Gin Phe Xaa Gin His Asp Xaa
50 55 64
Ser Asp Glu Asp Gly Trp Thr Xaa Leu Phe Asp Ala Thr Giu Lys Ala
65 70 75 80
Phe Xaa Pro Val Ser Thr Leu Val Asn Asn Ala Gly lie Xaa Xaa Xaa
85 90 85
Xaa Ser Val Glu Glu Thr Thr Thr Ala Xaa Trp Xaa Lys Leu Xaa Ala
100 105 110
Val Asn Leu Asp Xaa Val Phe Phe Gly Thr Arg Leu Gly Xaa Xaa Arg
115 120 125
Met Lys Asn Lys Gly Leu Gly Ala Ser lle lie Asn Met Ser Ser lle
130 135 140
Xaa Gly Xaa Vai Gly Asp Pro Xaa Leu Gly Ala Tyr Xaa Ala Ser Lys
145 150 155 160
Gly Ala Xaa Arg lle Met Ser Lys Ser Ala Ala Leu Xaa Cys Ala Leu
185 170 175
Xaa Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Tyr lle Xaa
180 185 190
Thr Xaa Leu Val Asp Xaa Leu Xaa Gly Ala Glu Giu Ala Xaa Ser Xaa
195 200 205
Arg Xaa Xaa Thr Pro Xaa Gly His Xaa Giv Gl Pro Asn Asp Xaa Ala
210 215 220
Tyr Xaa Cys Xaa Tyr Leu Ala Ser Asn Glu Ser Lys Phe Ala Thr Gly

225 230 235 240

Ser Giu Phe Val Val Asp Gly Giy Tyr Thr Ala Gin
245 250

<210> 145

<211> 252

«212> PRT

<213> Artificial Sequence

<220>
<223> Engineered Ketoreductase Sequence Formula with L. kefir backbone
<223> Synthetic Construct

<220> FEATURE

<221> MISC_FEATURE

<222> (3}.(3)

<223> Xaa is a polar, acidic, or aromatic residue

<220> FEATURE

<221> MISC_FEATURE

<222> (7)..(7)

<223> Xaa is a polar, non-polar, or constrained residue

<220> FEATURE

<221> MISC_FEATURE

222> (11)..(11)

<Z223> Xaa is an aliphatic, non-polar, or polar residue
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<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220~
<221>
<22e>
<223>

<220>
<22%>
<222>
<223>

<220>
<221>
<222>
<Z223>

<220>
<221
<222>
<223>

<220>
<221=
<222
<223>

<220>
<221=
<222>
<223>

<220>
<221>
<222>
<223>

<220=
<221>
<222>
<223=

<220>
<221>
<222
<223>

<220>
<221>
<R222>
<223=>

<220>
<221>
<222>
<Z23>

<220>
<221>
222>
<223>

<220>
<221>
<222>
<223>

<220>

376247018
FEATURE
MISC_FEATURE
{16)..(18)
Xaa is an aiiphatic or non-poiar residus

FEATURE

MISC_FEATURE

(19)..(19)

Xaa is non-poiar or aliphatic residue

FEATURE

MISC_FEATURE

{23)..(23)

Xaa is non-polar or aromatic residus

MISC_FEATURE
(41).441
Xaaz is a aliphatic, polar, or non-polar residue

FEATURE

MISC_FEATURE

(45)..(45)

Xaa is an aliphatic, non-potar, or polar residue

FEATURE
MISC_FEATURE
(49}, .(40)

Xaa is a basic residue

FEATURE

MISC_FEATURE

(57..(57)

Xaa is a aliphatic or nonpolar residue

FEATURE

MISC_FEATURE

(60}..(80)

Xaa Is an aromatic, aliphatic, poiar or non-polar residue

FEATURE

MISC_FEATURE

{64)..(64)

Xaa is an aliphatic or non-polar residue

FEATURE
MISC_FEATURE
{720.(72)

Xaa is a basic residue

FEATURE

MISC_FEATURE

(82)..(82}

Xaa Is a polar or non-poiar residue

FEATURE

MISC_FEATURE

{94)..(84)

Xaad i1s a polar, non-polar, basic, or zliphatic residue

FEATURE

MISC_FEATURE

{95)..{95)

Xaa is & non-poiar or afiphatic residue

FEATURE

MISC_FEATURE

(965..(986)

Xaa is a constrained, aliphatic, acidic, polar or non-polar residue

FEATURE

MISC_FEATURE

(97}.497)

Xaa is an acidic, basic, or aliphatic residue

FEATURE
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<221>
<222>
<223>

<220>
<221>
<Z22>
<223>

<220>
<221>
<222>
<Z23=

<220>
<221>
<222>
<223>

<220
<221>
<222>
<223>

<220>
<22%1>
<222>
<223>

<Z220>
<221
<222>
<223>

<220>
<221
<222>
<223>

<220>
<221
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220
<221>
<222
<223=

<220>
<221=
<222
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222
<223>

<220>
<221>

3762470186
MISC_FEATURE
{106}..(108)
Xaa is an acidic residue

FEATURE

MISC_FEATURE

(108}..0108)

Xaa is a basic, constrained, or aromatic residue

FEATURE

MISC_FEATURE

(1

A&z is an aliphatic or nonpolar residue

FEATURE

MISC_FEATURE

(17 (117

Xaa is a polar or non-polar residue

FEATURE

MISC_FEATURE

{126)..(128)

Xaa is an aliphatic or nonpolar residue

FEATURE

MISC_FEATURE

(1271127

Xaa is a polar or basic residue

FEATURE
MISC_FEATURE
(145)_(145)

Xaa is a polar residue

FEATURE

MISC_FEATURE

{147)..(147)

Xaa is an aromatic, afiphatic, polar, or non-polar residue

FEATURE

MISC_FEATURE

(152)..(152)

Xaa is a polar, aliphatic or nonpolar residue

FEATURE

MISC_FEATURE

{187)..(157)

Xaa is a polar or acidic residue

FEATURE

MISC_FEATURE

(183 (163)

Xaa is an aliphaiic or nonpolar residue

FEATURE

MISC_FEATURE

{(173).{173)

Xaa is an acidic or non-polar residue

FEATURE
MISC_FEATURE
(177)..177}

Xaa is a basic resicdue

FEATURE

MISC_FEATURE

{1923..(182)

Xaa is a pbasic or acidic residue

FEATURE

MISC_FEATURE

(1943 (194]

Xaa is a constrained, acidic, aliphatic, polar, or non-polar residue

FEATURE
MISC_FEATURE
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<222> (198)..(188)
<223> Xaais an acidic or non-polar residue

<220> FEATURE

<Z21> MISC_FEATURE

<222> (200)..(200)

<223> Xaa is a constrainad, acidic, or basic residue

<220> FEATURE

<221> MISC_FEATURE

<222> (208}..(208)

<223> Xaa is a polar or non-polar residus

<220> FEATURE

“<221> MISC_FEATURE

<222 {208)..(208)

<2Z23> Xaa is a polar, constrained, or basic residue

<220> FEATURE

<221> MISC_FEATURE

<222> (210)..(210)

«223> Xaa is a aliphatic, polar or non-polar residue

<220> FEATURE

<221> MISC_FEATURE

<222> {211})..(211)

<223> Xaais a basic or acidic residue

<220> FEATURE

<22%> MISC_FEATURE

<222> (214)..{214}

<223> Xaa is a nonpolar, aliphatic or polar residue

<220> FEATURE

<221> MISC_FEATURE

<222> (217).0217)

<223> Xaa is an aromatic, aliphatic or non-polar residue

<220> FEATURE

<221> MISC_FEATURE

222> {223).(223

<223> Xaais an aliphatic or nonpalar residue

<220> FEATURE

<z21= MISC_FEATURE

<222> (228)..(226)

<223> Xaa is an nonpolar or alighatic residue

<220> FEATURE

<221> MISC_FEATURE

<222> {228}.(228)

<223> Xaa is an nonpolar or atiphatic residue

<400> 145

Met Thr Xaa Arg Leu Lys Xaa Lys Val Ala Xaa Val Thr Gly Gly Xaa

1 5 10 15

Leu Gly Xaa Gly Leu Ala Xaa Ala Asp Lys Phe Va! Giu Glu Gly Ala
20 25 30

Lys Val Val ile Thr Gly Arg His Xaa Asp Val Gly Xaa Lys Ala Ala

35 40 45
Xaa Ser lle Gly Gly Thr Asp Val Xaa Arg Phe Xaa Gin Hig Asp Xaz
50 88 80

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

85 70 75 80

Phe Xaa Pro Val Thr Thr Val Vat Asn Asn Ala Gly lie Xaa Xaza Xaa

85 a0 95

Xaa Ser Val Glu Asp Thr Thr Thr Giu Xaa Trp Xaa Lys Leu Xaa Ser
100 105 110

Val Ash Leu Asp Xaa Val Phe Phe Gly Thr Arg Leu Gly Xaa Xaa Arg

118 120 125
Met Lys Asn Lys Gly Leu Gly Ala Ser lie lie Asn Met Ser Ser lie
130 135 140

Xaa Gly Xaa Val Gly Asp Pro Xaa Leu Gly Ala Tyr Xaa Ala Ser Lys

145 150 155 160

Gly Ala Xaa Arg lie Met Ser Lys Ser Ala Ala Leu Xaa Cys Ala Leu

165 170 175
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Xaa Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Tyr lie Xaa
180 185 190
Thr Xaa Leu Val Asp Xaa Leu Xaa Gly Ala Giu Glu Met Xaz Ser Xaa
195 200 205
Arg Xaa Xaa Thr Pro Xaa Gly His Xaa Gly Glu Pro Asn Asp Xaa Ala
210 215 220
Trp Xaa Cys Xaa Tyr Leu Ale Ser Asp Giu Ser Lys Phe Ala Thr Gly

225 230 235 240

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

<210> 1486

<211> 938

<212> DNA

<213> Artificial Sequence

<220>
223> YDI. AlDH from Saccharomyces cervisiae

<400> 146

atgictittc accaacagit iticacgetg aacaacggea ataaaatcee ggegattgee 80
atcatcggea ciggtacacy tiggtataaa aatgaagaaa clgacgegac ctictecaat 120
agtetgatty aacaaaicgt glatgegity saacigecgg guatiatcoa catcgacgee 180
gcggagattt atcgeaccta ccecggaagig gotasageac igteccigac cgasaagect 240
cgtaacyoga iiticigac goataaatal twoiecgeaga taaaatgag lgacteceet 300
geggacggte tugatitags atigaagaaa atgggtacag attatgiiga thatatctg 360
tftacaticce cgttigtttc gaaggaagty aatggcetiaa getiagaaga ggctiggaaa 420
gatatggagc agttatacaa aagiggiaaa goleaaaaca fcgagattic caafticgea 480
gtggaagace tgcaacgtat cotgaaagic gotgaagtta aaccicaget caaccagatt 540
gagtictcte cgttectgea aaaccaaaca coaggcattt ataaaticty tcaggageac 600
gatatcotgy togaageata tictoogaty ggocogotys agaagaaaac cgogoaggat 650
gacagcecaac catitittga giacgtcasa gaaligageg aaaaatacat caaatcegag 720
goecagatea fecigegetg ggicaciaaa cgeggtgiyge igecagtiac caccictica 780
aagccicage geattagega tgctcagaac clgitttect tegaccigac agecggaagag 840
gttgataaas tcacggagcet gagiciggaa catgaaccgc igegectgta ctggaataaa 900

figtatggea aatataacta cgeegeccag aaagigtaa 93¢
<210> 147
211> 312
<212> PRT
<213> Artificial Sequence
<220>
<223> YDL ADH from Saccharomyces cervisiae
<400> 147
Met Ser Phe His Gin Gin Phe Phe Thr Leu Asn Asn Gly Asn Lys lie
1 5 10 15
Pro Ala le Ala lie lle Gly Thr Gly Thr Arg Trp Tyr Lys Asn Glu
20 25 30
Glu Thr Asp Ala Thr Phe Ser Asn Ser Leu Val Glu Gin lie Val Tyr
35 40 45

Ala Leu Lys Leu Pro Gly Hle lie His lle Asp Alz Ala Glu lie Tyr
50 55 60
Arg Thr Tyr Pro Glu Val Gly Lys Ala Leu Ser Leu Thr Glu Lys Pro
85 70 75 80
Arg Asn Ala lle Phe Leu Thr Asp Lys Tyr Ser Pro Gin lle Lys Met
85 9c 85
Ser Asp Ser Pro Ala Asp Gly Leu Asp Leu Ala Leu Lys Lys Mst Gly
100 105 110
Thr Asp Tyr Val Asp Leu Tyr Leu Leu His Ser Pro Phe Val Ser Lys
115 120 128
Giu Val Asn Giy Leu Ser Leu Giu Glu Ala Trp Lys Asp Met Glu Gin
130 135 140
Leu Tyr Lys Ser Gly Lys Ala Lys Asn lle Gly Val Ser Asn Phe Ala
145 180 155 160
Val Giu Asp Leu Gin Arg e Leu Lys Val Ala Glu Val Lys Pro Gin
165 170 175
Val Asn Gin lle Giu Phe Ser Pro Phe Leu Gin Asn Gin Thr Pro Gly
180 185 180
lle Tyr Lys Phe Cys Gin Giit His Asp lie Leu Val Glu Aia Tyr Ser
195 200 205
Pro Leu Gly Pro Leu Gin Lys Lys Thr Ala Gin Asp Asp Ser Gin Pro
210 215 220
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Phe Phe Giu Tyr Vat Lys Giu Leu Ser Glu Lys Tyr lie Lys Ser Glu
225 230 235 240
Ala Gin lie He Leu Arg Trp Val Thr Lys Arg Gly Val Leu Pro Val
245 250 255
Thr Thr Ser Ser Lys Pro Gin Arg ile Ser Asp Ala Gin Asn Leu Phe
260 265 276
Ser Phe Asp Leu Thr Ala Glu Glu Val Asp Lys lie Thr Giu Leu Gly
275 280 285
Leu Glu His Glu Pro Leu Arg Leu Tyr Trp Asn Lys Leu Tyr Gly Lys
280 285 300
Tyr Asn Tyr Ala Ala Gin Lys Val
305 310

<210> 148

<211> 1047

<212> DNA

«<213> Artificial Sequence

<220>
<223> ADH from Rhodococous ervthropolis

<400> 148

atgasageca tteagtacac togtateggt geggaaccag aactgaciga aatcocgaag 80
ccggaacegg gecegggega agtactgetg gaagicacgg cageiggest gigeeattee 120
gatgattica ttatgictct geccggaagaa cagtacacct acggectgee getgaceety 180
goicatgaag gigctggtaa agitgecgea giiggegaag gigtigaagg gitggatatt 240
ggcaccaatg tggtigtgta cogeccatgg ggitgiggea actgiiggee tigeagicag 300
ggectggaga actattgete cegigegeag gaactgagta ttaacceges tggiciggat 360
gciceggggg cttfggcaga atttatgatt gtegactcac cacgicattt ggtocegatt 420
ggcgatitag accetgttaa aactgticeg Hgactgalg cgggectgac ceeataccat 480
geaatcaaac getocotges gaaactgoge ggoggotett atgeagtagt gateggtacy 540
ggtggectag gocacgtgge tatccaacig cigogtcat! tatotgetge aacggigate 500
gocttggacy tttetgocga {aaaciggaa ciggctacca aagicggege acaigaagia 860
gtectatetg ataaagatge ageggagaat gigogtaaaa Hactggiag scaaggtgea 720
gettiggtgt tggattitgt gggetatcag cotaccatly acaccgecat ggeagtggeg 780
gacgigggcet ctgacgtcac catigiiggt atcggigaty gecaggeaca tgegasagtt 840
ggttictice agagtecta igagacateg ghacggtac cttaltgggg cgctegtaat 900
gaactgatcg aaltgatcga tctggegeat getogtaitt tegacatige cgligagace 960
ttcicttigg ataatggtge agaggectat cgicgectgg cigegageac actgtcagge 1020
cotgegaiag tegtccegag cotataa 1047

<210> 149

<211> 348

<212> PRT

<213> Artificial Seguence

<220>

<223> ADH from Rhodococcus erythropolis

<400> 149

Met Lys Ala lle Gln Tyr Thr Arg lle Gly Ala Giu Pro Glu Leu Thr

1 5 10 15

Giu lie Pro Lys Pro Giu Pro Gly Pro Gly Glu Val Leu Leu Glu Val
20 25 30

" Thr Ala Ala Gly Vai Cys His Ser Asp Asp Phe lle Met Ser Leu Pro
35 40 45
Glu Glu Gin Tyr Thr Tyr Gy Leu Pro Leu Thr Leu Gly His Glu Gly
50 55 60

Ala Gly Lys Val Ala Ala Val Gy Gilu Gy Val Glu Gly Leu Asp lie

85 70 75 80

Gly Thr Asn Val Val Val Tyr Gly Pro Trp Gly Cys Gly Asn Cys Trp

85 80 95

His Cys Ser Gin Gly Lew Giu Asn Tyr Cys Ser Arg Ala Gin Glu Leu
100 105 110

Giy lie Asn Pro Pro Gy Leu Gly Ala Pro Gly Ala Leu Ala Glu Phe

115 120 125
Met ile Val Asp Ser Pro Arg His Leu Val Pro lle Gly Asp Leu Asp
130 135 140

Pro Val Lys Thr Val Pro Leu Thr Asp Ala Gly Leu Thr Pro Tyr His

145 150 185 160

Ala e Lys Arg Ser Leu Pro Lys Leu Arg Gly Gly Ser Tyr Ala Val

165 170 175

Val lie Gly Thr Gly Gly Leu Giy His Val Ala ile Gin Leu Leu Arg
180 185 190

His Leu Ser Ala Ala Thr Val lie Ala Leu Asp Val Ser Ala Asp Lys
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185 200 205

Leu Giu Leu Ala Thr Lys Val Gly Ala His Glu Val Val Leu Ser Asp

210 215 220

Lys Asp Ala Ala Glu Asn Val Arg Lys lie Thr Gly Ser Gin Gly Ala

225 230 235 240

Ala Leu Val Leu Asp Phe Vail Gly Tyr Gin Pro Thr lie Asp Thr Ala

245 250 2565
Met Ala Val Ala Gly Val Gly Ser Asp Val Thr lie Val Gly iie Gly
260 265 270

Asp Gly Gin Ala His Ala Lys Vai Gly Phe Phe Gin Ser Pro Tyr Glu
275 280 285

Ala Ser Vai Thr Val Pro Tyr Trp Gly Ala Arg Asn Glu Leu He Giu

290 295 300
Leu lle Asp Leu Ala His Ala Gly lie Phe Asp ile Ala Val Glu Thr
305 310 315 320
Phe Ser Leu Asp Asn Gly Ala Glu Ala Tyr Arg Arg Leu Ala Ala Gly
325 330 335
Thr Leu Ser Gly Arg Ala Val Val Val Pro Gly Leu
340 345
<210> 150
<211> 1047
<212> DNA

<213> Artfficial Sequence

<220>
<223> YGL ADH from Saccharomyges cerevisiae

<400> 150

atgaccacgy aaaaaaccgt agigticgty icagacgega coggtittat igoteigeac 60
gtgotagatg accigctgasa aactggttac aaagiaattg giteceggteg ficicaggaz 120
aaaaatgacg gittgctgaa gaagiicaag tccaaccega alctgageat ggaaatigty 180
gaagatatly cggeaccaaa cgeclicgal aaagtattos agaaacatgg tazagaaatt 240
aaagtggtee tgcatatege gicceoggtc catticaaca clacegattt cgaaaaagac 300
ttactgatce cggoggtaaa cggtaccaas ictatttigy aageaatiaa gaactaiges 360
gcagacaccy tggaaaaagt ggitatiact teatctgitlg ccacgligge cictceggot 420
gatatgaaey ataccagctt cgiggttaac gaagaatect ggaataaaga caccigggas 480
tcgigtcagg cgaatgeigt gtecgettat tgeggticia aaaaaticge agagaaaacy 540
gogigggact fctiggaaga aaaccagage ageattaaat Hactetgic cacgattaac 600
ceaggeticg ttitigatee geagotgtic geegacteet tgogeaaigg tattaacict 660
agcagigega ttattgegaa cotogigicy tataaattag gggataact! clacaatiat 720
agcggecegt ttatcgacgt cegtgacatt toraaagetc atetgctggc atttgagaaa 780
colgaatgeg cogateagey cotgtttctg tgegaggata tgticigiic ccaggaagee 840
ciggacatic {gaacgaaga atticcacag cigaagggcea agategeaac gggegaacet 800
ggcagceggcet cgaccttoct gactaaaast tgltgcaaat gogacaatcg taaaactaaz 960
aactigetgy gettccagtt caacaaatic cgegactgea ttgtegatac tgegicccag 1020
tigetggaag igeaaageaa aagetaz 1047

<218> 151

<211> 348

<212> PRT

<213> Artificial Sequence

«220>

<223> YGL ADH from Saccharomyces cerevisiae

<400> 151

Met Thr Thr Glu Lys Thr Val Val Phe Val Ser Gly Ala Thr Gly Phe

1 5 10 15

lle Ala Leu His Vai Val Asp Asp Leu Leu Lys Thr Gly Tyr Lys Val

20 25 3G

lle Giy Ser Gy Arg Ser Gin Glu Lys Asn Asp Gly Leu Leu Lys Lys

35 45

Phe Lys Ser Asn F'ro Asn Leu Ser Met Glu lle Val Glu Asp lie Ala
50 55 60

Ala Pro Asn Ala Phe Asp Lys Val Phe Gin Lys His Gly Lys Giu lie

85 70 75 &0

Lys Val Vat Leu His {le Ala Ser Pro Val His Phe Asn Thr Thr Asp

85 20 95

Phe Giu Lys Asp Leu Leu ile Pro Ala Val Asn Giy Thr Lys Ser lle
100 105 110

Leu Glu Ala lie Lys Asn Tyr Ala Ala Asp Thr Val Glu Lys Val Val

115 120 128
lle Thr Ser Ser Vat Aja Ala Leu Ala Ser Pro Gly Asp Met Lys Asp
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130 135 140

Thr Ser Phe Val Val Asn Glu Glu Ser Trp Asn Lys Asp Thr Trp Glu

145 150 155 160

Ser Cys Gin Ala Asn Ala Val Ser Ala Tyr Cys Gly Ser Lys Lys Phe

165 170 175
Ala Glu Lys Thr Ala Trp Asp Phe Leu Giu Glu Asn Gin Ser Ser lie
180G 185 190
Lys Phe Thr Leu Ser Thr {le Asn Pro Gly Phe Val Phe Gly Pro Gin
185 260 205

Leu Phe Ala Asp Ser Leu Arg Asn Gly lle Asn Ser Ser Ser Aia lie
210 218 220

lie Ala Asn Leu Val Ser Tyr Lys Leu Gly Asp Asn Phe Tyr Asn Tyr

225 230 235 240
Ser Gly Pro Phe lle Asp Val Arg Asp Val Ser Lys Ala His Leu Leu
245 250 255
Ala Phe Giu Lys Pro Glu Cys Ala Gly Gin Arg Leu Phe Leu Cys Glu
260 265 270
Asp Met Phe Cys Ser Gin Glu Ala Leu Asp lie Leu Asn Glu Glu Phe
275 280 285
Pro Gin Leu Lys Gly Lys ile Ala Thr Gly Glu Pro Giy Ser Gly Ser
230 295 300
Thr Phe Leu Thr Lys Asn Cys Cys Lys Cys Asp Asn Arg Lys ThrLys
308 310 315 320
Asn teu Leu Gly Phe Gin Phe Asn Lys Phe Arg Asp Cys lle Val Asp
325 330 335
Thr Ala Ser Gin Leu Leu Glu Val Gin Ser Lys Ser
340 345
<210> 152
<211=> 939
<212> DNA

<213> Attificial Seguence

<220>
<223> YPR ADH from Saccharomyces cerevisiae

<400> 152

atgceggceaa cgitaaaaaa cagcagiget accitazaat taaacacagg tgegageatt 60
cetgtectgg gattcggeac ctggegetet gicgataaca acggotatces tagigtaatt 120
dcggegotga aagegaggta coglcatate gatgotgogg coatctatet gaatgaagaa 180
gaagicggee gigegatcaa ggaciceggt gifccicgty aagaaatttt tattaccace 240
azactglggg goaccgaaca acgegateca gaageagece tgaacaaate tcigaaacgt 300
ctgggtctgg actatgigga cotgtatety aigractgge cggicectct gaazacagac 360
cgigtaacty acggtaacgt ccigtgeate cecgacecigy aagatggeac cgtggacate 420
gataccaaag agtggaattt tattaaaace tgggaactga tgceggaalt gocgaaaact 480
ggtaagacca aagecgicgy tgigiceaat tiiccatca acaatatcaa agaacigetg 540
gaatcgecaa ataacaaggyt cgticcagea accaatcaga tegagatica teogitgetg 600
ccgeaggaty aaltaatcge cittigiaaa gaaaaaggea fetgotcga ageatatage 860
ccattcgget cogetaacge coogelgety aaagaacagy cgattatcga tatggecaaa 720
aagcacggeg tegaacegge geaactgatt atcageiggt cgaticageg cggttatgty 780
giattggcca agicogtaaa tccggagegt ategtgtega actttaagat tittaccotg 840
ccagaggatg atticaaaac catcistaac cigagcaaag tgeacggtac caaacgtgte 900
ottgacatga astggggeic atttccgatt ticaataa 639

<210> 153

<211> 312

<212= PRT

<213> Artificial Seguence

<220>

<223> YPR ADH from Saccharomyces cerevisize

<£00> 153

Met Pro Ala Thr Leu Lys Asn Ser Ser Ala Thr Leu Lys Leu Asn Thr

1 5 10 15

Gly Ala Ser lle Pro Val Leu Gly Phe Gly Thr Trp Arg Ser Val Asp

20 25 30

Asn Asn Gly Tyr His Ser Val ile Ala Ala Leu Lys Ala Giy Tyr Arg

35 40 45

Hig lle Asp Ala Ala Ala lle Tyr Leu Asn Giu Glu Gl Va! Gly Arg
50 55 80

Ala lie Lys Asp Ser Gly Val Pro Arg Glu Glu Ile Phe lle Thr Thr

65 70 75 80

Lys teu Trp Gly Thr Glu Gin Arg Asp Pro Glu Ala Ala Leu Asn Lys
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85 a0 85
Ser Leu Lys Arg Leu Gy L.eu Asp Tyr Val Asp Leu Tyr Leu Met His
100 108 110
Trp Pro Val Pro Leu Lys Thr Asp Arg Val Thr Asp Gly Asn Val Leu
118 120 125
Cys lie Pro Thr Leu Giu Asp Gly Thr Val Asp lie Asp Thr Lys Giu
130 138 140
Trp Asn Phe lle Lys Tor Trp Glu Leu Met Gin Glu Leu Pro Lys Thr
145 150 185 160
Gly Lys Thr Lys Ala Val Gly Val Ser Asn Phe Ser ile Asn Asn lle
1865 170 175
Lys Giu Leu Leu Giu Ser Pro Asn Asn Lys Val Val Pro Ala Thr Asn
186 185 190
Gln lie Giu tle His Pro Leu Leu Pro Gin Asp Giu Leu lie Ala Phe
185 260 205
Cys Lys Glu Lys Gly e Val Val Giu Ala Tyr Ser Pro Phe Gly Ser
210 215 220
Ada Asn Ala Pro Leu Leu Lys Glu Gin Ala lle lle Asp Met Ala Lys
225 230 235 240
Lys His Gy Val Glu Pro Ala Gin Leu lle lie Ser Trp Ser lle Gin
245 250 255
Arg Gly Tyr Val Val Leu Ala Lys Ser Val Asn Pro Glu Arg lle Val
260 285 270
Ser Asn Phe Lys lie Phe Thr Leu Pro Giu Asp Asp Phe Lys Thr ile
275 280 285
Ser Asn Leu Ser Lys Val His Gly Thr Lys Arg Val Val Asp Met Lys
280 285 300
Trp Giy Ser Phe Pro lie Phe Gin
305 310

<210> 154

<211> 1029

<212> DNA

<213> Artificial Sequence

<220>
<223> GRE ADM from Saccharomyces cervisiae

<400> 154

atgtetgigh teglgicagy cgcgaatget tiattgeic ageacategt agatctyctg 50
clgaaagaag attacaaagt aatiggttce geacgtictc aggaasaaage tgaaaattiy 120
accgaagect toggiaacaa cocgaaatit ageatggaag tggigeciga tattageaaa 180
ciggatgeet icgatealgt aticcagaaa calggtaaag atattaaaal cofccigeat 240
accgogtece cgittightt cgatatiace gaticcgaac gtgactiact gatcceggeg 30C
gtaaacggiy tcaaaggtat titgeacagt attaagaaat atgccgeaga cagegiggaa 360
cgegiggiic tgacticats ttacgoogen giatttgata tggegaagye aaacgataag 420
agecigacel icaacgaaga atcclggaat ccggegacc! gogaatcyly teagagigat 480
ceggtgaacy ctiatigegy itctaaaaas ftegeagaga aageagegig ggaaticttg 540
gaagasaace glgatagegt gasatitpgag cigacagegg teaacceagt facgtittt 500
ggtccgeaga tglicgataa agatottaaa aaacactiga acaccagely cgaaciggig 650
aactciciga tgcatcigag coctgaagat aaaaticcgg aactgttign cagitacate 720
gacgteegty acgitgcgaa agelcatclg gtigeatttc agasacgiga aacaateggt 780
cagcgcectga tegigtcgga gocacgitic acgaigeagg acgtictgga catictgaac 840
gaagactitc cagtactgaa ggycaatatc coggtcggea agectggeag cggegecace 900
cataatacic tgggegoeac coiggacaat aaaaaaagea aaaaattgct gggcttcaaa 960
tteegiaate tgaaagagac tatigacgal actgegices agaiccigaa attcgaaggt 1020

cgcatitas 1028

<210> 155

<211> 342

<212> PRT

<213 Artificial Sequence

<220> :

<223> GRE ADH from Saccharomyces cervisiae

<400> 155

Met Ber Val Phe Val Ser Giv Aia Asn Gly Phe lie Ala Gin His lie

1 5 10 15

Val Asp Leu Leu Leu Lys Giu Asp Tyr Lys Val lle Gly Ser Alz Arg
20 25 30

Ser Gin Glu Lys Ala Giu Asn Leu Thr Glu Ala Phe Gly Asn Asn Pro
35 40 45
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Lys Phe Ser Met Glu Val Val Pro Asp lle Ser Lys Leu Asp Ala Phe
50 L1 &80
Asp His Val Phe Gin Lys His Gly Lys Asp ile Lys lle Val Leu His
68 70 75 80
Thr Ala Ser Pro Phe Cys Phe Asp lie Thr Asp Ser Giu Arg Asp Leu
85 80 a5
Leu fle Pro Ala Val Asn Gly Val Lys Giy lle Leu His Ser lie Lys
100 105 116
Lys Tyr Ala Ala Asp Ser Val Glu Arg Val Val Leu Thr Ser Ser Tyr
118 120 125
Ala Ala Val Phe Asp Met Atz Lys Glu Asn Asp Lys Ser Leu Thr Phe
130 138 140
Asn Giu Glu Ser Trp Asn Pro Alz Thr Trp Giu Ser Cys Gin Ser Asp
145 150 155 180
Pro Val Asn Ala Tyr Cys Gly Ser Lys Lys Phe Ala Glu Lys Ala Ala
165 170 175
Trp Giu Phe Leu Glu Giu Asn Arg Asp Ser Val Lys Phe Glu Leu Thr
180 185 190
Ala Val Asn Pro Val Tyr Vai Phe Gly Pro Gin Met Phe Asp Lys Asp
195 200 205
Vai Lys Lys His Leu Asn Thr Ser Cys Giu Leu Val Asn Ser Leu Met
210 215 220
His Leu Ser Pro Giu Asp Lys lle Pro Giu Leu Phe Gly Gly Tyr lle
225 230 235 240
Asp Val Arg Asp Val Ala Lys Ala His Leu Val Ala Phe Gin Lys Arg
245 250 285
Giu Thr fle Giy Gin Arg Leu lie Va! Ser Glu Ala Arg Phe Thr Met
260 265 270
Gin Asp Val Leu Asp lie Leu Asn Giu Asp Phe Pro Val Leu Lys Gly
275 280 285
Asn lie Pro Val Gly Lys Pro Gly Ser Gly Ala Thr His Asn Thr Leu
290 295 300
Gily Ala Thr Leu Asp Asn Lys Lys Ser Lys Lys Leu Leu Gly Phe Lys

305 310 315 320
Phe Arg Asn Leu Lys Glu Thr lle Asp Asp Thr Ala Ser Gin lle Leu
325 330 335
Lys Phe Giu Giy Arg lie
340
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