
KETOREDUCTA
SES AND USES
ThIEREOF
(00011 This
application claims
benefit under 35
U.S.C.  119(c) of
application Serial
No. 60/90E494,
filed February 0,
2007 and
application Serial
No. 60/900,430,
filed Folawary 8,
2007, the
contents of which
are incorporated
herein by
reference. 2.
REFERENCE TO
SEQUENCE
LISTING, TABLE
OR COMPUTER
PROGRAM
[0,002] The
"Sequence
Liming" submitted
concurrently
herewith oorloa-
37 C.F.R.
1.821(e) and the
computer
readable forts
(CRF) of the
Sequence Listing
submitted coder)'
C.F.R.  I.821(o)
are incmporated
by reference in its
entirety. Two
copies of the
Sequence
Listings one on
each of Iwo
compact discs
labeled "Copy 1"
and "Copy 27 are
provided. Each
electronic copy of
the Sequence
Listing was
created on
February B, 2008
with a file size of
221 ((bytes. The
file names are:
Copy I -
376247-015WO.ix
t and Copy 2'
376247-015WO.t
a. The Sequence
Listing
incorporated
herein by
refi-rencc is the
same as the CRP
of the Sequence
Listing being
submitted
concurrently
herewith. 3.
BACKGROUND
p11183I Enzymes
belonging to the
ketoreductase
Q(RED) or
carbonyl
reductsme class
(EC1.1.1.184) are
useful for the
synthesis of
optically active
alcohols from the
corresponding
prochiral ketone
substrate. KREDs
typically corvette
ketone substrate
to the
corresponding
alcohol product,
but may also
catalyse the
reverse reaction,
oxidation of an
alcohol substrate
to the
corresponding
ketone/aldehyde
product. The
reduction of
ketones and the
oxidation of
alcohols by
enzymes such as
K_RED requires a
co-factor, most
commonly
reduced
nicritinamide
adenine
dimwit:odds:
(NADH) or
reduced
nicotimunide
adenine
dinucleotide
phosphate
(NADPH), anrt
nicatinamide
adenine
dinueleolide
(NAD)
nicotinamide
adenine
dinueleoside
phosphate
(mADP) for the
oxidation =mica
NADD and
NADPH serve as
electron donors,
while NAD and
NADP senn as
electron
accemom. It is
frequently
observed that
ketoreductases
and alcohol
debydrogenases
accept either the
phospharylamd or
the non- .
phosphonfiated
co-factor (in its
oxidised and
reduced state),
but not both.
[0004] KRED
enzymes ran be
found is a wide
range of bacteria
and yeasts (for
reviews, Kraus
and Waldman,
Enzyme catalysis
in organic
synthesis, Vols.
;& 2,YCH
Weinheim 1995;
Faber, IC., .1
turanyhwasions in
organic shemisny,
4th Ed. Springer,
Berlin Heidelberg
New York. 2000:
Humane/ and
Kula Earl
Bloc/sew. 1989
184,1-17).
Several REED
gene and gamint
sequences hare
been reputed, e
g.,Canclida
inagnollue
(Genbank Ace.
No. IC7338;
0),11360538)Can
d2in parapsilosis
(Genbank Ace
No. 0A1.24628.1;
GI,2815409),
Sporebninsisces
rigmengrihr
((Wilts.'s Ace No.
AIR 60799;
0I:6539734).
(0005/ Is coder to
circumvent wally
chemical Goshen
procedures Ins
the produetion of
key compounds,
knowduciases are
being increasingly
employed Dr the
enzymatic
conwoion of
different keto
Substolle8 to
chiral Gasohol
produole. these
applications can
employ whole
cells expressing
the ketunductase
for hiosathiris
ketone
reductions, or
purified wssames
in those instances
where presence
of multiple
ketoreduclasea
affects specificity
and yield of the
desired product.
For la vitro
applications, a
co-factor (SWIM
or NADPH)
mgcnemiing
enzyme such as
gloccw
dehydrogenase
(GDH), Connate
debydrogenase
etc. is used in
conjonesion with
the ketorediume.
Examples using
kuoreductaaes to
generale useful
sompounds
include
asynoondc
reduction of
sechluoacetoacet
ate cairn (noun/
Ana Chew Ace.
1983
M5:5925-5926s
Samaniello, al
Chem Res (5)
1984:132-133s
US Pastas! No-
5,559,030; US
Patent No.
5,700,070 and US
Patent No.
5,891,685)s
reduction of
dioxnealsboxylie
acids (e.g , !IS
Patent No.
6,399,3)9);
reduction of
terubutyl (5)
chloro,5-
bydroxy-3-osolres
tanuate (e.g., US
Patent No.
6,645,746 and
WO 01/40450):
seduction
pyrrolotriaszthe-b
aned compounds
(e.g., US
application No.
2006(0786646);
reduction of
substituted
acetophenones,
US Patent No.
6,800,477); and
reduction of
hydroxythiolanes
(WO
20055054491).
100061 it is
desirable to
identify other
ketoroduclase
enzymes that eon
be used to
carryout
conversion of
various keto
subsirates to its
corresponding
chiral alcohol
products.
4.SUMMARY
[00071 The
present disclosure
provides
engineered or
sceombinant
ketoreductase
polypeptides
capable of
reducing or
convening the
compound 1
-14-G-l100ro2-na
ethy1-1Hindo1-5-
y1ozyb5-methyI-p
yr.rr.4of2, 1-f][1.
,2,4lts
inen-6-yloxyl-prop
an-2-one to the
corresponding
ploclue! (at)
l.(4-(4.flssc:o_2_
mcihyt.lN.isdnl_3.
rloay)5.nieshytpi.s
wlo[2 I. Hi 1
,2,4ltriazin-nyloxyl
-propstn-2-oi. The
engineered or
recoils Grum!
ketoreductases
are 



2  also capable of
reducing or
converting
aeetopheeone to
(R)-I-phertylethan
ol. In the
embodiments
herein, the
engineered
ketereductases
have one or mom
improved
Properties in
convening the
substrates to the
product as
compared to the
natmally-ocaming
wild-type
ketoreduclase
enzymes of
Istetabacilim latfir
arid Lartobacalas
brevis. [0007al In
one aspect, there
is provids1 a
recombinant
ketoreductase
polspeptide
capable of
converting the
compound I 01 (4
fluoro2smedmIsql
indol 5 ylont)
fignethylpyrrolo[2.
1-111
,E4]triazin-6-ylozy
]spropan-2-one to
I
4464-fluona2meth
y14114-indal5-Ylo
sh45-metilliParrol
ol2. Lau
,2,altriarin-6.-yiox
yl.propan-2-01.,
with at least 1.5
times the activity
of the polypeptide
of SEP ID NO:2,
the nolynemide
comprising an
amino acid
sequence with at
least 90%
sequence identity
to SFS) It) NO:2
or Slip II) 610:4
and having (a) an
aromatic amino
acid or di st the
amino acid
residue
corresponding to
residue 94 of SEP
ID 240:2 or SEQ
ID NOW, or (b) an
amino acid other
than S and N at
the amino acid
residue
corresponding to
residue 96 of
Str.Q Id 50:2 or
SEQ ID 50:4.
[00081 11 he
recombinant
polypeptide
capable of
converting the
I-[4,14-flunro2-
inethyl-IH-indol-3-
yloxy)-5-methyl-p
ymalo[2, IsfEl
,2,4)triazin-6-yloz
yjspmpan-2-one
to the
corresponding
product
(R)-144-Mstluoro-
2-methyl-Ilisindol-
5sylon)-5-raethylp
yrrolop. 1-ffil
.2.4priazin-6-ylusy
l-propan-2-ol win
comprise an
amino acid
sequence having
(I)an aromatic
amino acid or G
at the amino acid
residue
corresponding to
residue 94 of SEP
II) 240:2 or SEQ
11) 240:4, and/or
(2) an amino acid
residue other than
S and N at the
amino acid
residue
corresponding to
residue 96 of SEP
ID 240,2 or SEP
ID N0:4, 100091
In some
embodiments, the
ketorodumase
polypeptide
ceramists an
amino acid
sequence that is
az least about
15%, 86%, 87%,
11%, 89%, 90%,
91%, 92%, 92%,
94%, 95%, 96%,
97%, 98%. or
99% identical to
SEQ ID 240:2 or
SEQ ID 240:4
with the proviso
that the nisidues
corresponding to
residue 94 is an
aromatic amino
acid residue or G.
The engineered
kctoreductasc
may optionally
include one or
more
conservative
substitutions at
other residue
positions within
the amino acid
sequence. 10010]
In some
embodiments, the
keturcductase
polypeptides
comprise an
amino acid
sequence having
at least 90%
amino acid
sequence identity
to SEG ID 240.2
or SEQ ID 140:4
and comprise an
aromatic amino
acid or C at the
amino acid
residue
corresponding to
residue 94 of
SE:QM N0:2 or
Slit2 ID 160:4.
[0011) Income
embodiments, the
ketarmiuctase
polypeptide
capable of
converdng the
144-
(4-fluom2-methy1
-111-indol-5-yloay
)-5-metttyl-pyrrolo
p, 1-flil
,2,41triaain-6-olos
uppropau2-tine to
the corresponding
product
00-144-(4-fluoro-2
-methy1-1H-indol-
5-yloxy)-5-
merbalpwrolo[2,2,
4Eriazin-6-ylonyik
proptai-2-ol can
comprise a region
having an amino
acid sequence
that is at least
about 85%, 86%,
87%, 88%, 89%,
90%, 91%, 92%,
93%, 94%, 95%,
96%, 97%, 98%,
or 99% identical
to a region or
domain thereof of
SEQ ID NO:2 Cr
SEQ ID NO:4,
such as residues
90-233, with the
proviso that the
amino acid
liesidue
corresponding to
residue 94 is an
aromatic amino
acid residue or C.
In some
embodiments of
these
keteredentese
polypepades, one
or more of the
remaining
residues
corresponding to
residues 90-233
of SEQ ID 740:2
or SEQ ID NO:4
may have a
conservative
substitution.
610121 The
ketoreductase
polypeptide
capable of
nonvirthaa the
crecapound
144-(441tionreme
thyl-Meindol-5-ylo
454-5-metlayl-pyr
eolo[2, 1-0[1
,7,4ifitazin-6-0044
]-lerrean-2-cne to
the corresponding
product (R)
I44-(4,fluom-2-me
thyd1Heindo1-5-yl
oxy3-5-methylpyrr
olo[2, 1E1D
.2,41thrhill-5-7194
31-PrOpan4-ol
ere comprise, in
addition to an
aromatic amino
acid or Oat the
amino acid
residue
corresponding to
residue 94 of
SEQ ID 040:2 00
SEQ ID 60:4, one
or more of the
features selected
from: residue 96
is any amino acid
other than Srel;
residue 153 is an
aliphatic amino
acid residue other
than L; residue
199 is any amino
acid residue other
than L; residue
202 is G or an
aliphatic amino
acid residue other
than A; and
residue 206 is m
aromatic amino
atid residue. pan]
In some
embodiments, the
ketoreductase
polypeptide with
the specified
amino acid at
residue 94 can
comprise oat or
more of the
following
additional
features selected
from: residue 49
is a polar amino
acid residue other
than Kt residue 53
is an acidic amino
acid residue;
residue 54 is a
small or aliphatic
amino acid
residue other than
17E; residue 60 is
an rephatic amMo
acid residue other
than V; residue 95
is an aliphatic
amino seid other
than V; residue 97
6 a small amino
acid or G; residue
109 is a basic
amino acid
residue other than
Kt residue 147 is
an aliphatic amino
acid residue;
residue 165 is a
hydroxyl or small
amino acid
residue; residue
197 is a small
amino acid
residue or 0;
residue 223 lout
aliphatic amino
acid residue other
than L; and
residue 233 is a
small amino acid
residue or G.
[00741 The
recombinant
kremed reline
polypepticle
capable of
convening 



the compound
1-14-(4-Eutiro2-m
ethy1-1H-indol-5-
yloxy).5-methyl-py
rrolo(2, 111[1
.2,41ifirein-6-yloxy
l-propan-2-otee to
the corresponding
product (R)
1-[4-(4-flaoro-2-m
ethylIH-indol-2-ylo
xyt-5-methylprerol
a[2, 14111
,2,411riaeie-6-ylo
xyhmewan-2-otes
t comprW eta
amino acid
sequence having
an amino acid
ether than S and
N at the amino
raid residue
corresponding to
residue 96 of
SEQ ID 040:2 or
SEQ ID 60t4. In
some
embodiments,
these
recombinant
ketoreductase
polypeptidea me
comprise an
amino acid
sequence with a
Ge V, 11, or I at
the amirto acid
residue
corresponding to
residue 96 of
SEQ ID 040t2 or
SEQ NO:4.
850.6618,1432/u
[0015/ In tope
embodiments, the
ketoreductme
polypeptide
comprises an
amino acid
sequence that is
at Wrist about
85%, 86%, 87%,
88%, 89%, 90%,
91%, 92%, 93%,
94%, 95%,
96%3,97%, 98%,
or 99% identical
to SEQ. ID N0:2
or SEQ 1D 1-10:4
with the proviso
that the residm
cm responding to
residue 96 is an
amino acid
residue other than
S and ft The
engineered
ketorediutase
may optionally
include one or
more consenative
substitutions at
other residue
positions within
the amino avid
sequence.
8111161 In some
embodiments,
these
ketoreductuse
polypeptides Gan
comprise an
amino acid
sequence that is
at least about
85%, 86%, 87%,
88%, 89%, 90%,
01%, 92%, 93%,
94%, 95%, 96%,
97%, 98%, or
99% idactital to
SEQ ID 0/0:2 or
SEQ ED N0:4
with the proviso
that Ike residue
corresponding to
I:sidue 96 is 0, F,
Y, or I. 100171 In
some
embodiments, the
ketereductase
pi-43E41We
capable of Cone
easing
t-(4-(4ft00002-met
byl-IH-indok5-ylox
y)-5-methyl-pynoi
o[2, 11E1
,2,4,11riazin-6-ylo
iryl-propan-2- one
to the
corresponding
produet
(R)-14444-fluoro-
2.methyl-LH,indol-
5-ylogy)-5-
manwlpyrrolo[2,
1-f][1
,2,4)triazin-6-ylox
yl-propari-Eul nut
comprise a region
having an amino
acid sequenty that
is at leas; about
85%, 86%, 87%,
88%, 890/c, 90%,
91%, 92%, 93%,
94%, 95%, 96%,
97%, 98%, or
99% identical to a
region or domain
Monroeof SEQ ID
0/0:2 or SEQ ID
0/0:4, such as
residues 90-233,
with the proviso
that the residue
corresponding to
residue. 96 is an
amino acid
residue other than
Saud N. In some
embodiments of
these
ketoreduntuse
polypepiales, one
or more of the
remaining
residues
comosponding to
residues 90-233
of SEQ ID N0,2 or
SF.Q ID N0,4
may 'cave a
consemative
substitution.
100181 In some
embodiments, the
ketoreductsse
polypeptide
comprises an
amino acid
sequence baying
at least 90%
amino acid
sequence identity
to SEQ ID N0:2 or
SEQ ID N0:4 and
comprise a 0, F.
Y, no I sr the
amino acid
residue
corresponding to
residue 96 of
SEQ ED N0,2 or
SEQ ID 0/0:4.
most engineered
ketorechataie
may optionally
include nue Ot
.11101t
=nem-save
tonations at other
residue positions
within the
polypeptide
sequence. [0019!
In same
enitiodinients, the
ketomductase
polspeptide
capable of
convening the
compound
144.(1-fluctro2-m
ethyl-IH-indul-5-yl
oGy1-5-methyl-p3
yrolo12, 1.4E1
,2,41tristain6-ylox
yl-propen-2-one
to the
corresponding
product (SO
1-14(4-fluom-2-m
ethy1411-indol-3-
YEety)-5-methylp
yrrolo(2, 14E1
.2,4juiazin-6-yloxy
)-propm-2-oteat
comprise, in
addition to 0, F,
ST, or I at the
onacid residue
eorrespoinling to
re.sidue 96 of
SEQ ID NO9 or
SPQ ID N04, one
or mom of the
features selected
from: residue 94
is an aromaid
amino acid
residue Or();
residue 133 is an
aliphatic amiss
acid residue other
than L; residue
199 is any amino
acid residue other
thank; residue
202 is an aliphatic
amino and
maiden other than
A; and residue
206 is an
aromatic amino
acid residue.
/00201 in some
embodiments, the
kdireithictase
polypeptide with
the specified
amino acid
residues at
residue 96 can
comprise one at
inure ef the
features selected
from: residue 49
is a polar amino
acid residue other
than IC; residue
53 is an acidic
amine odd
residue; residue
54 is a small or
Miphatic mains
acid residue other
than TOIN
residue 60 is an
aliphatic amino
acid residue other
than V; residue 95
is an aliphaiie
amino acid other
than V; residue 97
is asocial! amino
acid or 0; residm
109 is a basic
amino acid
residue other than
Kdesidue 147 is
an aliphatic amino
acid residue;
residue 165 is a
ibtoiremyl or small
amino acid
insidue; residue
197 is a small
amino acid
residue or 0;
residue 223 is an
aliphatic amino
acid residue,
othm than 0; and
residue. 233 is a
small m"ino acid
residue or Ci.
[0021] In some
embodiments, the
ketoinducrase
pulypeptide
capable u/
conversing the
compound
144(,4-fluord-met
hyi-111-indol-5-tri
dy)-5-methyl-pyrr
ole[2, 1-11141
,2,44triaminlbyl05
7].prepan-2-one
mates
corresponding
product OF)
1-44-(4-fluoro-2-m
ethyl-111-indol-5-
MonN-5-methylpy
rrolo[2, 1-0(1
,2,44triazin-6-Me
MM-Propan-2-ol
is mind from SEN
NO, 6, 8, 10, 12,
14, 16, IN 20,22,
24, 26, 28, 30, 32,
34, 36, 38, 40, 42,
44, 46, 48,30, 52, 



54, 56, 58, 60, 62,
64, 66,68, 70, 72,
74, 76, 78, 80, 82,
84, 86, 88, 90, 92,
94, 96. 98, 100,
102, 104, 106,
108, 110, 112,
114, 110, and] IS.
10022] As noted
above, the
recombinant
kerns:dm:tam
polypeptides are
also capable of
reducing or
concerting
acetophenone to
the corresponding
product (Si)'
1-phenylethanol.
Additional
unlypeptides
capable
demonising
acetophenone to
the corresponding
product
(KM-phenylethan
ol include
recombinant
beam:duet:Ise
polypeptides
comprising an
amino acid
scummy; having a
6,1, C Orion
aromatic amino
acid as the amino
acid residue
corresponding to
msidue 96 of SEQ
ID NO:2 or SECI
ID 0403:4.  [0023)
In some
embodiments,
these
betoreduetase
pelf:peptides can
comprise an
amino acid
sequence that is
at least Mew
85%, 86%, 87%,
08%, 6960, 90%,
91%, 92%, 931/,.
94%, 95%, 96%,
97%, 98%, or
99% identical to
SEM ID 040:2 or
SUCI ID NOM will
the proviso that
the residue
corresponding to
iesidue 96 is Ci, I,
Cor an aroma lie
amino acid. Them
engineered
Eetoeedrtrtaae
may optionally
include one or
more
conservative
mutatiotootharreti
due positions
%thin the
pulypeptide
sequrtseo
1011241 IP some
embodiments, the
ketoreductase
polypeptictas
capable of
reducing or
convening
acelophennne to
the corresponding
product idyl
-phortylethitnol
can comp] Me a
region haying an
amino acid
sequence that is
at least about
85%, 86%, 87%,
88%, 89%, 90%,
91%, 92%, 93%,
94%, 95%, 96%;
97%, 98%, or
99% identical to a
region or domain
thereof nf SEQ ID
NC):? ar SEQ CD
120:4, such as
residoes 90-233,
with the proviso
that the residue
corresponding to
residue 96 is 0, I,
C or an aromatic
aillillf) acid. In
some
embodiments of
these
ketoreductese
polypeptides, one
or more of the
remaining
residues
corresponding to
residues 90-233
08 500 ID NO:? or
SEQ ID 140:4
may have a
conservative
substitution.
180251 "sonic
embodiments, the
ketereduerase
polypeptide
comprises an
amino acid
sequence having
at least 90%
amino acid
sequence identity
to SEQ ED N0:2
or SEG if) 740:4
and comprise a
G, t. Car an
aromatic amino
acid at the amino
acid residue
corresponding to
residue 96 of
SEQ ID NO-? or
SEG 11) NO:4,
mom] in some
embodiments, the
ketoreductose
polypeptitic
capable of
reducing or
converting
adetophenone ro
the corresponding
product (N)-I
-phenyleth.anol
can comprise, in
addition so the G,
I. C or an
aromatic amino
acid at the amino
acid residue
corresponding to
residue 96, one or
more of the
features selected
from: residue 94
is an aromatic
amino acid
residue or G;
residue 153 is an
aliphatic amino
acid ihsidno other
than L; residue
199 is any amMo
acid residue other
than IA residue
202 is an aliphatic
amino arid
residue other than
A; and residue
206 is an
aromatic amine
acid residue
10027) In some
embodiments, thc
ketoreductase
polypeptidca
capable of
reducing or
converting
auetophenone to
the corresponding
product (R)-I
-phenyIethanol
can comprise
additionally ono or
more of the
features selected
from: residue 49
is a polar amino
acid residue other
than K; resiche 53
is an acidic amino
acid residue;
residue 54 is a
dmall ar atiphatic
amino acid
residue other Man
MCP; residue 60
is an aliphatic
amino acid
residue other than
V; residue 95 is
an aliphatic amino
arid other than V;
residue 97 is a
small amine acid
or 0; residue 109
is a basic amino
acid residue other
than IC; residue
147 is an aliphatic
amino acid
residue; residue
165 is a hydroxyl
or small amino
acid residue;
residue 197 is a
[002,81 In some
embodiments, the
ketoreductase
polypeptido
capable of
reducing or
converting
acetophenone to
doe
corresponding
product
(R)-1-phonyletban
ol is selected from
SEQ 119 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,
fig, 70, 72,74, 76,
78, 80, 82, 84, 86,
88,90, 92, 94, 96,
91, 00, 102, 104,
'06,108,10, 112,
114, 116, and
118. In some
embodiments, the
ketoredirow.se
polypeptide
capable of
reducing or
command
acetophenone to
the corresponding
product
(R)-Isphenylethan
ol is selected
Otero SEQ ID
NO: 120, 122,
124,126, 128,
130, 132, 134,
136, and 1,38.
(00291 Ile present
disclosure else
presides
poispocleolides
encoding roe
engineered
kamcduetases
described herein
re-
polatheleutides
dear hyin idler to
such
carman:aides
tinder highly
stringent
conditions.
70029a1 In one
aspect, there is
prnsided a
polynucrootide
encoding the
recombinant
paypeptich as
defined above. 



p11129b1 The
polynucleotide
can include
promoters and
other regulatory
elements useful
for expression of
the encoded
engineered
keteneducase,
and can utilize
codore optimized
for 5pccilic
desired
expression
systems.
Exemplary
polynueleurides
include SEQ ID
NO: 5537, 59, 61,
63, 65, 67, 69, 71.
73, 75, 73. 79, 81,
83, 93, 8789, 91,
93 93, 97 99,
101.105.105, 107.
109,11 



1.ro5. 115, 117,
119 12., 24, 125,
l7. 129. 131.133.
135, and57         



[9029e1 In
another aspect.
there is provided
an expression
vector comparing
rhe polynucleotide
to defined abets
nperebly linked as
control
Sequences
suitable for
diverting expivairo
in chest cell
700307 The
mesa( disclosure
further provida
host cells
compriting the
polynucleotides
and/or explession
teeters deseChed
herein 10030a1 In
one aspect. there
is provided a host
cell comprising
Me ropression
vector as defined
roma 1003061
The hat cart may
be Laatobacillus
kali, or
Larrtobacillus
harsh, or they
may he a different
rags,  bah its host
cells can he used
for the expression
and isolation of
roe engineered
leetninductase
enzymes, or,
alremativoly, they
can be used
directly far the
conversion of the
hero subarare to
the NM at alcohol
product. 76031)
As will be
appreciated by
skilled artisans,
the reduction
reaction illustrated
above generally
requires c
contemn which is
normally -MANN
or Nha13911, and
an include seacra
for regenerating
the cofactor, for
example glucose
and glucose
dehydrogenase In
some
embodiments
employing purified
engineered
kaoraluerase
enzyme(s), such
cofactors and
optionally such
cofactor
regtmeraion
systems, will
typically be added
to the reaction
medium  along
with the subsonic
and the
ketoreductase
enzyme(s). Like
the engineered
ketoteduchtse
enzyme, arty
eazyme(s)
comprising the
cofactor
regeneration
system can he
supplied to the
rdetien mixtre in
the form of extra
or Insoles of shell
cells or as purified
enzgame(s). In
embodiments
endplaying cell
extracts or cell
lysates, the cells
used to pants the
extracts or
lysaxes can be
engineered to
express the
enzymets)
comprising the
cofactsi
regeneration
systems alone, or
together with the
engineered
ketcreduetass
enzyme. In
embodiments
employing whole
cells, dm cells can
be engineered to
express the
entyme(s)
comprising the
cofactor
regessration
systems msd the
engineered
ketoreduetase
enzyme together.
100321 Whether
carrying out de
method with
whole cells, cell
extracts or
purified
ketoredictase
enzymes, a sinfie
ketoreductase
enzyme may be
used or,
alternatively.
PtUreS ortwO or
more
ketorednetasc
uwilleS may be
used 100331 In
vaticUS
embodiments, the
engincersh
enzymes can
carry our the
reduction or
conveNion
reaction with a
degree of
enantioselectiyity
alto 99%. Thus,
the above
reactions can be
used as a
standard inaction
for assessing the
activity of tbc
engineered
ketoreductasc
enzymes as
compared to a
reference kepi
cdtmlase, such as
Me
Iceterecluctases
of SEG ID 110:2
or SEQ11)1X0,4.
100341 In some
embodiments,
because the
engineered
httoreductase
enzymes
described herein
are highly
stereoselective,
the remittent
product of
Amami,' formula
(II) (Crimp:stud
(In") or structural
formula (IV)
("Compound
(IN)"') van be
recovered in
substantially
stemochemically
pure form without
the rhed to brolly
send-ate it from
the
correspondingena
niMincr. 5.BRIEF
DESCRIPTION
OF THE
FIGURES 003s1
PIG.] illustrates
the role of
ketoreduclank in
the conversion vla
defined substram
of Conlon-1d g) to
the chiral alcohol
product of
Compound HA
The figure alai
shows use of a
cofactor
regenerating
system :nYelving
glucose
dehydrogerutse
(GDR) and
glucose. 100361
Fl(i. T illustrates
the role of
kens-ethic:tants in
the conversion of
a defined
sobninte nT
Compound (El) to
thy chiral alcohol
product of
Compound (IV).
The tigum also
shows use eta
cofactor
regenerating
system involving
glucose deli
drogcnase (GDH)
and glucose.  
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3 6.DETAILED
DESCRIPTION
[00371 As used in
this specification
and the appended
claims the
singular forms "4
and "the" include
plural referents
unless the context
clearly indicates
otherwise. Thus,
for example,
reference to "a
protein" includes
more than one
protein, and
reformee to "a
compound" refers
to more than one
compound. In
addition, the use
taros" means
"andiur" unless
stated otherwise
Similarly,
"comprise,"
"compPses,"
"comprising"
"include"
"includes," and
"including" nto
interdnumcable
and net intended
to be limiting.
190381 It is Lo 'so
further
understood that
Ithel, descriptions
of vedon,u
embodiments use
the mon
"comprising,"
those skilled in
the art would
understand that in
some mertilic
instances, an
embodiment cm
be alternatively
described using
language
"consisting
essentially ot" or
"consisting of."
100301 The
section headings
used herein are
for organizational
purposes only
and not to be
construed as
limiting the
subject matter
described.
6.1Definttions
pool As used
herein, the
following terms
are intended to
hags the following
meanings.
11111411
"Ketoroductase"
and "l< RED" are
used
interchangeably
herein to refer to
a polypeptide that
is capable of
reducing a icor
group to its
corresponding
alcohol, More
specifically, the
ketmeducrase
polypeptides of
the present
disclosure are
capable of
steremelmtively
reducing the
compoimd of
formula (I). supra
to the alcohol
produce of
fommla OIL supra
(see FIG. I)
ancLab the
compound of
fornrila (111),
supro to the
alcohol product of
Commie (IV)
Ssee FIG. 211.
The polypoptide
typically dillies a
enfamor reduced
thootriamide
adenine
dinucleotide
(NAD14) er
reduced
nicotinamide
adenine di
nucleotide
phosphate
(NADER) as the
reducing emit.
Ketoreductases
as used hemin
include naturally
occuning (wild
type)
actoreductases as
well as
non-naturally
ocean-ring
engineered
polypeptides
generated bY
human
manipulation (i e ,
recombinant
polypeptides).
11111421
"Coding
sequence" refers
to that purl on of a
nucleic acid (e.g.,
a gene) that
encodes an
amino acid
sequence of a
protein. 100431
"Natmrplfitincemrii
m" "atame" infers
to the form found
in nature. For
exam a flannelly
occurring or
wild-tyme
polypeptide or
pofinucleotide
sequence is a
segue.  present in
an organism that
e.an be isolated
from a ROOM in
nature and which
has not been
intentionally
modified by
human
manipulation.
oonal
"Recombinant"
when used with
reference to, e.g.,
a cell, nucleic
acid, or
polypepride,
refers to a
material, or a
material
corresponding to
the orotund or
native form of the
material, that has
been modified in
manner that
would not
otherwise exist in
nature, or is
identical (hereto
but produced or
derived from
synthetic
materials and'or
by manipulation
using
recombinant
techniques.
Nun-limiting exam
plea institute,
among others,
recombinant cells
explefiing genes
that are not found
within the native
(ttourrecombinant
) form of the cell
or express native
genes that are
otherwise,
expressed at a
different level.
/0(145]
"Percentaee of
seur_a_ac identit
" and "percen" are
used
interchangeably
herein to refer to
trompRisons
among
polyirelcoridtts
and
polypeptirdes, aid
are determined by
comparing two
optimally aligned
sequences over a
comps/ism]
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 nut
comprise
additions or
deRtians) for
optimal alignment
of the two
sequences. The
percentage may
be calculated by
detetin Ming the
number of
positions at which
the identical
nucleic acid haw.
or amino acid
residue occurs in
bath sequences
to xield the
number
&matched
positions, dividing
the number
&marched
positons by the
total number of
positions in the
window of
comparison and
multiplying the
result by ISO to
yield ihe
prate-Mare of
sequence identity.
Alternatively, the
percentage may
be calculated by
determining the
number of
positions at which
either the identical
nucleic acid base
or amino acid
residue occurs in
both sequences
or a nucleic arid
base or amino
acid residue is
aligned with a gap
to yield rhe
number of
matched
positiona, dividing
the number of
niaiched positions
by the total
number or
positions in the
window of
comparison and
multiplying the
result by 100 to
yield the
percentage of
sequence identity.
Those of skill in
the art appreciate
that there are
many established
algorithms
available to align
Iwo sequences.
Optimal alignment
of sequences for
comparison can
be conducted,
e.g., by the, local
homology
algoritrun of Smith
and Waterman,
IOW , Ada Kept
Math. 1182, by
the homologL
alignment
algorithm of
Needleman and
Wunsch, 1970,1
MM. Mot 4N:443,
by the search for
siniirarity method
of Pearson and
Lipman, I 983,
gem Nati. Acad.
Set USA 85.2414,
by uomputerizd
WO
2005003241ts
implementations
oldies, algorithms
(GAP, BESTFIT,
PASTA, andll'AS
IA in the GCG
Wisconsin
Softwain
Package), or by
visual infpcsion
(see generally,
Cans-tan!
Ponosols in
Moleczdar
Biology, F. NI.
Ausibel et at.,
eds., Current
Protocols, a joint
venture berwhen
Greene
Publishing
Associates, Inc
and John Wiley &
Sons, Inc.. (1995
Supplement)
(Mishap).
Examples of
algorithms drat
are suitable for
determining
percent sequence
identio and
sevens, similarity
are the BLAST
and BLAST 2.0
algorithms, which
are described in
Altschul et al.,
1990, Sfof Baal
215, 403-410 and
Altschul et ah,
1977, Nucleic
Acids Res.
3389-3402,
respectively,
Shirai's. fox
performing
BLAST analbses
is publicly
ssailable through
the National
Center for
Biotechnology
Information
website. This
algorithm ''valves
tint identifying
high SCoriag
SCCRIOXICe
pairs (HOPs) by
identifying short
words oflength Vi
in he query
sequence which
either match or
satisfy same
positive-sallied
threshold score T
when aligned with
a word of the
same length in a
database
sequence. 'Fit
serene d ro as,
the neighborhood
word score
threshold
(Altschul et al,
supra). These
initial
neighborhood
word hits act as
seeds for initiathig
stenches to find
longer HSIls
containing them,
The word hits de
then extended in
both dithetions
along each
sequence the as
far as The
cumulative
alignment urore
CM: be increased.
Cumulative stores
are calculated
using, for
nucleotide
sequences, the
parameters 54
(reward score for
a pair of matching
residues; always
HO) said N
(penalty score for
mismatching
residues: always
<0). For amino
acid sequences, a
scoring matrix is
used to calculate
the cumulative
stole. Extension
of the word hits in
cosh direction are
halted when: the
cumulathe
alignment score
falls off by the
quantity X finat its
maximum
achieved Vilitle;
the cumulative
score goes to
zero or below,
disis to the
accumulation of
one or snore
tsgative-scoring
residue
alignments: or the
end of either
sequence ia
witched. The
BLAST algorithm
parameters W,
Lam) X determine
the sensitivity and
speed el the
alignment. The
BLASTN program
(for nuelootids
sequences) uses
as defaults a
wordiength (W) of
I I, an expectation
(E) of It, M-5,
N--4, and a
comparison of
both strands. Far
amino acid
sequences, the
BLASTP program
uses as defaults a
wordlength (W)
of), an
expectation (B)
oil, and the
BLOSUM62
scoring matrix
(see flerdkoff and
lienikoll) 1989,
Pros Nate Arad
Sei USA
84:10915),
Exemplary
determination of
sequence
alignmem and 94
sequence identity
ma eraplcy the
HESTFIT or GAP
pingrams in the
GCG Wisconsin
Software package
(Accelrys,
Madison WI),
using default
parameters
provided.  7,0
200111103248PC
T/Ohe  (09461
"Reference
sequencer refers
to a defined
scqitasrc used as
a basis fore
sequence
comparison. A I
elbence sequence
may be a eabset
of a larger
sequence, for
example, a
segment of a
fall-length gene or
pelspeptide
sequence.
Generally. a
reference
sapience lest
least 20
nucleotide or
amino acid
residues in length,
at least 25
residues in length,
at least 50
residues in length,
or the full length
of the nucleic acid
or poiyneptide.
Since two
polynucleotides or
polypepddes may
each (I) comprise
steutance few, a
portion of the
complete
sequence) that is
singles between
the two
sequences, and
On may fullifer
cosinese
sequence that is
divergent
ben:Leen [Inc two
sequences,
sequence
comparisons
between the (or
more)
poiyaniketides or
polypenide are
typically
performed bry
comparing
requenchs of the
two
nolynucleotides
overt "comparison
window" to
identify and
compare local
regions of
sapience
similarity. [11047]
"Comparison
window" refers to
a conceptual atof
at least about 20
contiguous
nucleotide
positions or
4111410 acids
residues wherein
a sequence may
be compitmd to a
reference
sequence of al
least 20
contiguous
nucleotides or
amino acids and
wheruin the
portion or the
sequence in the
comparison
window may
comprise
additions or
deletions e, gaps)
of 20 percent or
less aS
Compared to the
reference
sequence (wind,
does not
comprise
additions or
deletions) tar
optimal alignment
of lie two
sequences. The
comparison
window can be
longer than 20
contiguous
residues, and
includes,
optionally 20, 40,
50,100, es longer
windosys.
[004181"apkontiol
identity" refers to
pnlynneleotide or
polypantide
sequence that
has at least SO
percent sequence
nd claus, at least
85 percent
identity and 89 to
95 percent
sequence identity,
more usually at
least 98 percent
sequence identity,
at least 99
percent sequence
identity or at least
99.5 percent or
more sequence
identity as
compapal to a
reference
sequence over a
comparison
window of at least
20 residue
positions,
Imp:hilly over a
window of at least
30-50 residues,
whemin the
percentage of
sequence identity
is calculfwai by
competing Mc
mamma
sequence to a
sequence that
includes deletions
or additions which
total 20 percent or
less of the
reference
sequence over
the window Of
comparison In
specific
embodiments
applied to
point:irides, the
term "substantial
identity(' means
that two
polypentide
schtences, when
optimally aligned,
such as by the
ptegrams GAP or
DESTF1T using
default gap
weights, share at
least 80 percent
sequence identity,
preferably at least
39 pement
sequence identity,
at least 95 permit
sequence identify,
al least 98%
sequence
identity, or at least
99 percent
sequence identity.
Preferably,
residue pseitiotas
which are not
identical differ by
conservative
amino acid
subsritunons.
100491
"Corrgpto"
"reference to"
ar"relative to"
when used in the
context of the
numbering of a
given amino acid
or
per/yr-nucleotide
sequence refers
Sc the numbering
of the residues of
a specified
reference
sequence when
the given amino
acid or
polynucleotide
sequence is
compared to the
reference
sequence. In
other words, the
residue numbn- 



tsr  residue
position of a given
polymer is
designated with
respire: to the
reference
sequence rather
than by the actual
numerical position
of the residue
within the given
amino acid or
polynueleolide
acquence. For
example, a given
amino acid
sequence, such
as that of an
enginerwed
ketereduclac, rem
be alipied to a
reference
sequence by
introducing gaps
to optimize
residue marches
between the two
sequences. In
these cases,
although the gaps
are present, the
numbering of the
residue in the
given amino acid
or pelynucleotide
sequence is made
with respect to thc
wienenee
sequence to
which it has been
aligned. [01150]
"aituirselectiviVr
refers to the
preferential
formation in a
chemical or
enzymatic
reaction crest.
stenvoisomer
over another.
Stereeselectivity
can be partial,
where the
fbnnation clone
stemeisomes is
favored over the
other, or it may be
complete where
only one
atemoisomer is
formed. When the
stereoisomers arc
ortantiemers, the
stereoseleetivity
is referred to as
enandoseleetivity,
the fraction
(typically reported
as a percentage)
crone enarttromer
in the sum of
bath. list
commonly
reported in the arl
ritypic.ally as a
percentage) as
the enantiomeric
exeese calculated
therefrom
according to the
formula [mailer
ervantiomer -
minor
enamiemerp[majo
r enantiorner 4
miner
enantiomes],
Where the
sterIti20/111;FS
are
diastereoisomers,
tie
stereoselectivity is
renwred to as
diastereeselcetivit
y, the fraction
(typieally evened
as a per
reentage) of ene
diasicreomer in
the turn with
others. q1051j
"Highly
stereoselective"
refers to a
kethreductase
polypeptide that is
capable of
convening Sr
reducing the
substrate to the
corresponding
product having
the chemical
formula (10 with
at least about
85% sterenmetic
excess. [0052]
"Sicreaspeeifieily"
refers to rho
preferential
conversion in a
chernical or
enzymatic
reactor, of one
stereoisomer
OVer another
Slerwaspeeificity
can be partial,
wheae the
conversion clone
stereorserner is
favored over the
other, or it may be
complete where
only one
stercoisomer is
convened.  ISO
200805321KPC1
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100531
"Inovedrum-tit"
infers to a
Icetoredatetasa
pnlypeptitle that
exhibits
improvement in
any' enzyme
property an
compared to a
rettronce
katoreduclase.
For the
engineered
ketereductase
polypeptides
described herein,
the coinpaitson is
generally made to
the wild-type
ketcreductase
enzyme, although
in 80111C
embodiments, the
reference
ktioreductase can
he another
improved
engineered
henry-Mame
Enzyme
properties for
which
improvement is
desirable include,
but are not limited
to, enzymatic
activity (which can
expresstzl in
terms of percent
conversion of the
substrate).
thermal stability,
pit activity pinfile,
cofactor
requirements,
refractoriness to
tahibiters (e.g.,
produce
inhibition), stern
ospeci fishy: and
aterenselectiany
(including
enanriceclectivity)
. 100541
"Increased
enzymatic
activity" sufers to
an improved
property of the
engineered
keret-et:geese
polypepddes,
which can be
represented by
are increase in
menifie activity
(egg, Feed-act
prnduttedflinseiwe
ight protein) or an
increase its
percent
conversion cif the
substrate to the
product (e g.,
percent
conversion of
starting amount of
subsume to
product in a
specified time
period using a
specified amount
of KRUM 8n
compared tel the
reference
ketoreductase
enzyme
:Exemplary
methods to
determine
enzyme activity
are provided its
the Examples.
Any properly
relating to
enzyme activity
may be affected,
including the
classical enzyme
properties of Ks,
Vas, ur k""
changes of which
ean lead to
increased
enzymatic activity.
Improvements in
enzyme activity
can be Morn
shout 1.5 times
the enzymatic
activity of the
corresponding
wild-type
lietoreductese
Enzyme, to as
synch as 7 times,
3 times, 4 firms, 5
limes, 10 611188,
20 times, 25
times, 50 times,
75 times, 100
times, or more
enzymatic activity
than the naturally
occurring
ketoreductase or
another
engineered
ketereductase
from which the
ketorcductase
polypeptides went
derived. In
specific
embodiments, the
engineered
ketoreductase
enzyme can
exhibits improved
enzymatic activity
in the range of 1.3
to 50 times, 1.5 to
100 tunes gamut
than that of the
parent
kenooductase
enzyme It is
understood by the
skilled artisan that
the activity of any
enzyme is
diffusion limited
such that the
catalytic turnover
rate cannot
exceed the
diffusion rate of
the sulastrate,
including any
required
cofactom. The
theoretical
maximum of the
diffigion limit, or
irmsfi""" is
generally Mout WI
to 10sfi). Hence,
any
improvements in
the enzytme
activity of the
ketnreductase will
have an uppes
limit Mated to the
diffusion rate of
the subspates
acted on by the
ketoreductase
enzyme.
Ketoreduclase
activity can be
measured by my
one of standard
assays used fur
measuring
ketoreductast,
such as a
decrease in
absorbance or
fluorescence of  



NADPH due to its
oxidation with the
hinconitant
mduction of a
ketone to an
alcohol, or by
product produced
in a coupled
Assay.
Comparisons of
enzyme activities
are made using a
defined
preparation of
enzyme, a
defined assay
under a set
condition, and
one or moo
defined
substrates, as
further descaibed
in detail Jacinth.
Generally, when
lysates arc
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
Icicles. 10055]
"Conversion" :Olin
to the enzymatic
conversion of the
an:dim-ate tn the
corresponding
product. "Percent
conversion" refers
to the percent
of-the substrate
that is reduced to
the product within
a period of time
made) specified
conditions. Tla19,
the "enzymatic
activity" or
"activity" of a
kmoreduclase
polypeptide can
he expressed as
"percent
conversion" of the
substrate to me
pedant. 100561
"Thunrostablev
refers so a
ketoreductasc
polapeptide that
maintains similar
Activity (more
than 60% to 80%
or more, for
example) atter
exposure to
elevated
temperatures
(e.g., 40-80C) for
a period of rime (6
g., hos) compared
to the untreated
enzyme. l0657)
"olvent stable"
refers to a
ketreeduettise
polypeptide that
maintaits similar
activity (more
than, o.g., 60% to
80%) after
exposure to
varying
concentraions
(e.g., 5-99%) of a
solvent(a.g."
Hopi-nayt alcohol,
tetrahydroftgan,2fi
nethylterrallydre(u
rart acetone,
toluene,
butylacetate,
methyl
tert-butyletho,
ern) or solvent
mixture, for a
period of (e g.,
05-21 lois)
compared to thc
untreated
enzyme. 100581
"pH stable" refers
to a
ketoreduciase
polaheptide that
maintains similar
activity (more
than, e.g. 60% to
86%) afwr
exposure to high
or low SI (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. [0859)
"Thermo- and
solvent stable"
refers to a
ketoreduclase
polypeptide that
are both
thermos-table and
solvent stable.
100601 "Ilerived
from" as used
herein in the
context of
engineared
ketoreduthase
enzymes,
identifies the
originating
ketoreductaan
enzyme, and'or
the gene
encoding such
ketoredaelase
enzyme, upon
which the
engineering was
based. For
example, the
engineered
ketoredidtase
!enzyme of PQ ID
NO: 10 was
obtained by
artificially
evolving, over
multiple
generations the
gene encoding
the Laerceboaiins
kolio
ketoreductase
enzyme of SEQ
ID NO12, Thus,
this  2009
_48P(27US100Sa
l Worn
engineered
ketoreductase
annum 'derived
from theket
reducraceof SEQ
ID NO 2 10861/
"Hgairaphilie
Amino Acid or
Residue" refers to
an amino acid or
residue having a
side chain
exhibiting a
hydrophobicity of
less than/no
according to the
normalized
connentus
hydrophobicity
seeks of
Eisenberg ei al.:
1(584, I A-Aol.
disc. 129:125-I42.
Genetically
encoded
hydmphilic amino
acids include
L-Thr (Ti, L-Ser
(S) ILM is (H),
L-Glu (E), L-Asn
(N), L-Gln (Q),
L-Asp (12), L-Lys
(K) and L-Aig
911621 "Acidic
Amino
Ar_Idss(5esidue"
nsMrs to a
hydrophilic amino
arid or residue
having a side
chain exhibiting a
pH value of less
than about C,
when the amino
acid is use tided
in a peptide or
polypeptide.
Acidic amino
acids typically
have negatively
charged side
chains at
ohysiologicM pH
due to loss of a
hydrogen ion.
Genetically
encoded acidic
amino acids
include L-Giu (E)
and L-Asp (D).
81631 "Basic
Amino Acid or
Residue" refers to
a hydrophilic
amino acid Cr
iosidue having a
side chain
exhibiting a pK
value of greater
than about 6
when the amino
acid is included in
a peptide or
polypeptide. Basic
amino acids
typically have
positively charged
side chains at
physiological pH
due to association
with hydronium
lop Genetically
encoded basic
amino acids
include IdArg (R)
and L-Lys (K).
180641 "Polar
Amino Acid or
Residue" refers
toe hydrophilic
amMo acid or
residue having a
side clinic that is
uncharged at
physiological pH,
Inn which has at
Into one bond in
which the pair of
electoms shared
in common hy Iwo
atoms is held
more closely by
one of the atoms.
Genetically
encoded polar
amino acids
include L-Asn (N).
loOln (Q), T-See
(5) and L-Thr 



[0065) "IL
c_yjumErs_a_MM
Amino Acid or
Residue" retain to
nn amino acid or
residua having a
side chain
exhibiting a
hydrophobicity of
greater than zero
according to the
normalized
consensus
hydrophobicity
scale of
Eisenberg et ol.,
1984,1 Ma. Blot
179:125-142.
Genetically
encoded
hydrophobic
amino acids
include I -Pro (P),
lolle (I), I .-Phe
(F), L-Val 0/),
L-Len (I L-Trp
GE), L-Met (bey
L-Ala (A) and
L-Tr: (1").
"'ciitsnn Acid
naasicer sidue"
retbrs Inc
hydrophilic or
hydrophobic
amino acid or
residue having a
side chain that
includes at lease
one aromatic or
hmeroaromatic
ring. Genetically
amen dead
mamma amino
acids include
ImPbe (F), L-Ty7
(Y) and L-Trp (W).
CSiO
211111/011X24.1
PCTIUS200A/0
Mthough owing to
the pats of itc
hetemarematic
nitrogen atom I
His (Try it is
sometimes
classified as a
basic residue,
eras an aromatic
residue as its side
chain includes a
heterearomaric
ring, herein
histidine is
classified as a
hydrophilic
residue or as a
"constained
residue" (see
below) 100671
"pliipmained
amino acid or
residue" refers In
an amino acid Or
residue that Jima
consimined
geometry, Herein,
conryrained
residues include
impro (P) and
luhis (14).
Ilistidine has a
constrained
geometry,
because it has a
relatively small
imidozole ring.
Praline has a
constrained
geometry
because it also
Kw a firm
membered ring.
.10)1681
"Eirgralar Amino
Acid or Residue"
refers to a
hydrophobic
amino acid or
residue having a
side chain that is
unclm ged as
physiological pH
and which has
bonds in which
the pair of
electrons shared
in common by two
atoms is generally
field &Vali/ by
each of the two
atoms (i.e.. the
side chain tarsus
polar). Genetically
encoded
non-polar amines
Fields include
LA-fly (C), L-Leu
(L), L-Val (V),
L-lie (I), L-Met (M)
and t-A (A)
10069] "Aliphatic
sa,m.i.i2,2Acicicir
Residue" refers to
a hydrophobic
amino acid or
residue having an
alaphalia
hydrocarbon side
chain. fienetcally
encoded aliphatic
amino acids
include L-Ala (A),
LAM] (V). L-Less
(L) and L-fie (I).
0070) Mysteine".
The amino acid
treys (C) is
unusual in that it
eau form disulfide
bridges with other
L-Cys (C) amine
acids or other
sulfanyl- or
sulthydrytermtaini
ng anacids. 'the
"cysteine-like
residues" isiOlude
eysteine and
other amine,
acids that contain
sulihydryl
moieties that am
mailable for
fommtion or
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 tier
-SIT or oxidized
disullicle-bridged
form affects
wieder L-Cys (C)
contributes net
hydrophobic or
hydrophilic
diameter to it
peptide. While
L-Cys (C) exhibits
a hydrophobicity
of 1.7,9
assmrding to the
normalized
consensus scale
of Eisenberg
(Misenberg eta! ,
1904, sup,* is is
lobe understood
that for purposes
of the present
disclosure L-Cys
(C) is categorized
into its owe
mines. group.
100711 "Small
Amino Arid or
Residue" retina to
an amino acid or
residue Icicles a
side Main that is
coinposed of a
total three or
fewer earbon
andlor
heteroatoms
(excluding she
a-eatl:on and
hydrogens). The
small amino acids
or residues may
be farther
categorized as
aliphatic,
non-polar, polar in
acidic. small
amino acids or
residues, in
accordance with
the above
20)SimPC
11121.03,011161
0 definitioim.
Genetically-encod
ed small amino
acids includela (A
(N), L-Set (5),
L-Tir (I) and L-Asp
(D). 



100721
"livdrasel-containi
niv Amino, Acid or
Residue" refer-
toss amino acid
hydroxyl (-OH)
moiety.
Cienctically-eneor
icd
hydroxyl-containin
g amino acids inc
(S) IkThr CD and
.-Tyr Co.  l(1073]
"cam=q.live"
amino acid
substitutions or
mutations refer to
the
interchangeability
of residues having
similar side
chains, and thus
typically intones-
substitliti011 of
the EMILIO acid
in the pelypeptide
with amino acids
within the same or
similar defined
class of amino
acids. However,
as used herein,
conservadve
mutations do not
include
substitutions from
a hydrophilic to
hydrophilic,
hydrophobic to
hydrophobic,
hydroxyl-containin
g to
hydroxyl-containin
g, or mall to small
residue, if the
conservative
lialtali011 can
instead be a
substitution Porn
an aliphatic to an
aliphatic,
non-polar to
son-paler, polar to
polar, acidic to
acidic, basic to
basic, aromatic to
aromatic, or
constrained to
constrained
residue Further,
as used herein, A,
V. fort can be
conservatively
mutated to either
another aliphatic
residue or to
another non-polar
residue. The table
below shows
exemplary
conservative
substitaions. '
Residue Possible
Conservative
Mutatinna Other
aliphatic (A, L, V,
0             Other
non-polar (A, 1_,
Vi to NG G, N1
Othar non-nolar
(A, L, V, 1, G, NI)
D, E Other acidic
(1),  pfl    Other
basic  (K, A)
Other
constrainmgID
GOD polar  Y. IV,
POther ammatic
(V, kV, F)  ! None
1011741
"Notavalive
atibstitudon"
refers
tonebstitution or
mutation of an
amino acid in the
polymptide wits
an amino acid
with significantly
differing side Main
properties.
Non-conservative
substitutions may
ace amino acids
botween, rather
than within, the
defined amps
listed above In
one embodiment,
s
non-conseGative
mutation afibets
(a) the stricture of
the peptide
backbone in the
arca of the
substitution (e to,
praline Mr
glycine) (h) lb:
charge or
hydrophobicity, or
(c) the bulk of fic
side chain.  coo
200W10324/1PC
rot
5211114,00103
[0.0751 "aoloPon"
refers to
modification to the
polypepticht by
removal of one or
more amino acids
to a reference
polhpeptide.
Deletions can
comprise removal
of 1, 2, 3, 4, 5 OT
more amine
acids, 10 or mom
amino acids, 15
or more amino
acids, or 20 or
mote amino acids,
up to 10% of the
Mud number of
amino acids, or
up to 20% of the
total number of
amino acids
making up the
refer:nee enzyme
while retaining
enzymatic, activity
andror retaining
the improved
properties of an
engineered
kmoreductase
enzyme.
Deletions can he
directed to the
internal portions
and/or terminal
portions of the
polypeptide. In
various
embodiments, the
deletion can
comprise a
continuous
segment or can
be discontinuous.
(0074I "insertion"
Wfsg
tonmaitication to
the polypeptido by
addition of one or
more amino acids
from the
reference
polypeptide. In
some
embodiments, the
improved
engineered
kcioreduetase
enzymes
comprise
insertions of one
or mom amine
acids to the
natthally occurring
ketoreductase
poiypiptide as well
no insertions of
one or more
amino acids to
other engineered
keterwinclase
polyp:gadder.
Insertions con be
in the internal
portions of the
polypeptide, or to
the emboxy or
amine terminus.
Insertions as used
herein include
fusion pmteins au
is knobs, in the
mt. The insertion
can be a
contiguous
segment of amino
acids Or
separated by one
or more of the
amino acids in the
naturally
occurring
polypeptidc. 



100771 "DiffereS"
or "differS. " with
respeei to a
designated
relixence
sequence refers
to difference atom
given amino acid
or polynucleryide
sequence whwi
alighted to the
reference
SeglienCe.
Generally, the
differences Can
be detenninal
when the two
sequences are
optimally aligned.
Differences
include insertions,
deletions, or
achstiosions of
amino acid
residues in
compat bon to the
reference
sequence.
100751 "Fht.seas
used herein refers
to a pfrepeptide
that has an
amino-terminal
end/or
carboxyderminal
deletion, but
wham the
remaining amino
acid sequence is
identical to the
corresponding
positions in the
sequence.
Fragments can Ix:
at least 14 amine
acids long, at
/east 20 amino
acids long, at
least 50 amino
acids long or
longer, and up to
70%, 10%, 90%,
95%, 98%, anti
99% of the
hill-length
reference
sequence, such
ass, wildstyPe
(S11G ID 21/1012
or SEG ID
NO:4)or
engineered
ketorertuerase
poisheptide.
100791 "Isolated
polynentide"
refers to a
polypeptide which
is substantially
separated from
other contain
Monts that
naturally
accompany it, a
g., protein, lipids,
and
pelynudeotifris Mx
term embraces
polypeptides
which have been
removed or
purified from their
normally-
209SIM3218Pfint
S200g1101(43
occurring
environment or
expression
synchost cell or
122 view soot
thesis). '11
improved
knorefiuctrisc
enzymes nay be
Prescott within a
cell, present in the
cellular medium,
or prepared in
oariOus Forms,
such as lysates or
Metaled
preparations. As
such, in some
embodiments, the
improved
ketnreduclase etc
or can he an
isolated
po/ypeptide.
N0801 "Subatarte
polympitik" refers
to a composition
in which the
polypeptide
species is the
predominant
species present
(to , otsnmolnr 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
shout 50 percent
Mid.
macroincifecular
species present
by mole or no
weight. Generally,
a substantially
pure
ketoreductase
composition will
comprise about
60 % or more,
shout 70% or
more. ahoy: SOB
or mum, about
9059 or more,
about 9P% or
more. and about
985/ or more of all
macminolectilar
species by mole
or % weight
present in Me
composition. In
sorer
embediments, the
object species is
purified to
essential
homogeneity. (rg,
contaminant
species cannot be
defamed in the
composition by
conventional
detection
methods) wherein
the composition
consists
essentially of a
single
inner/molecular
species. Solvent
species, small
molecules (GOO
Dadlcins), and
elemental ion
species are not
consider-eat
macromniccular
species In some
embodiments, the
isolnles1
impromxl
ketareductitses
polypeptide in s
substantially pure
polypeptide
composition
100811 "baingent
hybridization' is
used herein to
refer to conditions
under which
nucleic acid
hybrids an stable.
As Imam' to those
&skill in the an,
the stability of
hybrids is
reflected in the
malting
temperature
(To)ef the hybrids.
In general, the
stability of a
hybrid is a
function shots
strength,
temperature, Gee
content, ?cud the
presence of
ehautropie
agents. The T.,
values for
polytincleotidos
can be calculated
using known
methods for
maidicting melting
temperatures
(sec, sg.,Baldbm
et al., Agelhods.
Enzymology
168:761-777;
Bolton et al.,
1962, Proc. Nail
Acad See USA
411390;
Bresslauer et al..
1986, Free Nair
AGO Set USA
63:8893-37197;
Freier et al., 1986,
Pore Nod. .4cor.
Se( USA
83:9371-9377;
Kierock et al,
Btochemistry
25,7840-7846;
kychlii et al, 1990,
Nucleic Acids der
18:6409-6412
(erattun, 1991.
Nucleic Acid( Rey
19:695);
Sambrook et al.,
sunro); Suggs et
al., I 981. In
Developmental
Sadao Lesing
Purified Genes
(Brown at al.,
eds.), as 613-693,
Academie Press;
and 14:Amur,
1991, Gra Rev
Rioehem heel
B,,? 2i:2,77..259
All publications
incorporate lmiein
by reference). In
some
embodiments, the
molynucleatide
encodes the  WO
200.14103248PCI
MS2IXIMP11683
polypeptide
disclosed herein
and hybridizes
under defined
conditions, such
as moderately
stringent or highly
stringent
conditions, to the
complement of a
sequence
encoding an
engineered
ketoreatactose
enzyme of the
present
disclosure.
100121
"Hybridization
strinveney"
relates to such
-Noshing
conditions of
nuclda acids.
Generally,
hybridization
reactions are
performed under
conditions rif
lower stringency,
followed hY wa
Ales of varying
but higher
stringency. The
tema "moderately
stringent
hybridization"
refers to
conditions that
permit
targerpolynucleoli
des to hind a
complementary
polynucleraide
that has about
60% smuenee
identity, about
75% scquenm
identity, about
55% sequence
identity; about
90% scrag:new
identity; or with
about 95% or
weater sequence
identity to the
target-polynueleo
dde. Es emplarar
moderately
stringent
conditions are
conditions
muivalent to
hybridization in
50% fonnramide,
Sc Deduncle
solution, 5sSSPE,
0.2%, 505 at
42C., followed by
washing in 0.2
eSSPE, 0.2%
SOS, at 42C. 



100831 "Hirsh
setridiaation"
refers generally to
conditions that
are about 10C or
less from the
thermal melting
temperature rs, as
determined under
the solution
condition for a
defined pea
ynueleotide
sequence. tri
some
embodiments, a
high stringency
condition refers to
conditions than
permit
hybridisation of
only those nucleic
acid sequences
that form stable
hybrids in 0.01(ild
Nadi at 65C. (Le.,
if a hybrid is not
stable in
0.0181raNael at
65C, it will not he
stable under high
stringency
conditions, as
contemplated
herein). High
stringency
conditions can be
provided, for
example, by
hybridization in
conditions
equivalent to
511%
former:aide, rac
Deohards
solution, 5oSSPE,
0.2% SOS at
42C, followed by
washing in
0.1.5:SPE, and
0.195SOR at
65C. Other high
wring:racy
hybridization
conditions, as well
as moderately
stringent
conditions, arc
described in the
references cited
above. 10084]
"bletemlogons"
polynuclentide
refers to any
poly:nucleotide
that is introduced
into a host cell by
laborato7
techniques, and
includes
polynuclerstides
that are removed
from a host cell,
subjected to
laboratory
manipulation, and
then reintroduced
into is host cell.
putiq "Codon
sa.sra t" refers to
changed in the
codottao f the
polynueleotide
encoding a
protein to those
preferentially
used in a
particular
organism such
that the encoded
protein is
efficiently
expensed in the
organism of
interest. Although
the genetic code
is degenerate in
that must amino
acids are
represented by
several Sous,
called "synonyms"
or  "synonymous"
coders, it's well
knowo that eodon
usage by
particular
organisms is
nonrandom and
biased towards
particular coders
triplets. This orlon
usage bias may
be higher in
reference to a
given gene,
germs of seo=on
friction or
ancestral
origin,yexpreceed
press proteins
versus low copy
number proteins.
end the eunegate
protein ending
regions of an
arganfrmis
genume. In some
embodiments, the
polynuelentides
encoding he
ketoreducrases
enzymes may be
codori optimized
for optimal
production from
the host organism
selected for
expression.
109161
"eresprio,usage
bins end one"
hidine
interellangoishi2
to anions that are
used at higher
frequency in the
protein coding
regions thou other
widens that code
for the same
amino acid. The
preferred cadent
may be
detmmined in
reiohonnnendonu,
age in a single
gene, a SC,I of
genes of common
function or origin,
highly expressed
genies, the codes
frequency in the
aggregate protein
coding regions of
tbe whole
organism, melon
frequency in the
aggregate protein
coding regions of
related
organisms, or
combinations
thereof. Coriolis
whose frequency
increases with the
level of gene
expression are
typically optimal
miens for
expression. A
variety of
methods are
known fbr
detemilning the
wades frequency
(e g., option
usage, relative
synonymous
coden usage) and
eoclon preference
in specific
organisms,
including
raultivarim
analysis, for
example, using
cluster analysis or
correspondence
analysis, and the
effective number
of codons shed in
a gime (see GCG
CodonPreference,
Genetics
Computer Croup
Wisconsin
Package; Codon
W, John Peden,
University elf
Nottingham;
McInerney, 1 0,
1998,
Bioinforrnaties
14:172-73;
Stenico et al.,
1994, Nucleic
Acids Res.
22243046;
Wright, F., 1990,
Gene 8723-29).
Codon usage
tables are
available fore
growing list of
organisms (see
for example,
Wads et al., 1992,
Nucleic Acids
Res. 20:2111-
2110; Nakamura
et al., 21100, Earl
Acids Res.
28.292; Duret, et
al., supra; Stennis
and
"Eacherichia col:
and Salmonella,"
1996, Neidhardt,
"sal, Eds., ASNI
Press,
Washington D.C.,
it 2047-2066. The
data source fur
obtaining ender
usage may rely
on any available
nueleodde
sequence capable
of coding for a
protein These
data sets include
nucleic acid
sequences
actually known no
encode
expressed
proteins (e.g..
complete protein
coining
sequences-CDS),
expressed
sequence salts
(ESTS), or
predicted ending
regions of
genomic
sequences (see
for example.
Moms, D.,
Bioinfnemmiree:
Sequence and
Genome
.inalysis,Clutpter
S. Cold Spring
Harbor bahoritiory
Press, Cold
Spring Harbor,
N.Y., 7001;  WO
1009/10148PCT4i
S2110a/0016/0
Itherhocher, In C.,
1996, Methods
Eamymoi.
26Tiwari or ii.,
1997, earripin
Appt Bloats I
3:267-270).
100971 littrol se
mgis defined
herein to include
an components;
WiliCh ere
necessary 



or advantageous
for the expression
of a poiypeptide
of the present
disclosure. Each
Fiorillo] sequence
may be native or
foreign to the
nucleic acid
sentience
encoding the
polypeptido. Such
control sequences
include, but are
not limited to, a
leader,
polyodenylation
sequence,
propeptide
sequence,
promoter, signal
peptide
sequence, and
trimscription
terminator. At a
ni, the control
sequences
include a
promoter, and
transcriptional
and translational
stop signals. Tile
control sequences
may he provided
with linkers for the
purpose of
innuchicing
specific restriction
sites facilitadng
ligation of the
control sequences
with the coding
region of the
nucleic acid
sequence
encoding a
holy-peptide.
[0091.1 "0 eaked"
is defined herein
as a gonfiguration
in which a control
sequence it
appropriately
placed at a
position relative to
the coding
sequence of a
pelynuclerdide
sequence such
rhal the control
sequence directs
or sheets the
expression Of 21
polynucleolide
and/or
polypephde
encoded by the
polyimeloutide.
[00891 "Promoter
sequence" is a
nueleic acid
sectionee that is
recognised by a
boat cell for
expression of a
polynueleotide,
such as a
nolynucl4otide
containing the
coding region.
Generally, the
promoter
sequence
cnarains
transcriptional
control
sequences, which
mediate
expression of the
polynueleotide.
Toe promoter
may be any
noeleic acid
sequence which
shows
conscriptional
activiry retire host
cell of choice
including trammt,
truncated, and
ichrid promoters,
and may be
obtained from
genes encoding
extracellular or
intracellular
PolYPeptides
either
homologous or
hetemiogous to
the host cell.
109991
"Cpfactsa'nflinll
system" refers to
a set of reactants
thw participhe in a
reaction that
reduces the
oxidized Conn of
the cofactor (e.g.,
NADP" to
NADPH). Cofirors
oxidized by the
keloreduetase-cat
alyzed reduction
of the hoto
sttbattritto are
regenerated in
reduced Conn by
the cofactor
regeneration
system. enaaCtOr
regeneration
systems comprise
a stoichiometric
reduetant that is a
haute of mducing
hydrogen
equivalents and is
capable of
reducing the
oxidized form of
the cofactor. The
cofactor
regeneration
system may
further comprise a
catalyst, for
example an
enzyme catalyst,
[hat coralyn.es
the reduction of
the oxidized form
of the cofactor by
the reductant.
Cofactor
regeneration
systems to
regenerate
NADH or NAMPH
from HAD* or
NADIrdrcepecsine
ly. are known di
tha art anti may
be media the
methods
described herein.
6.2Ketoreductasc
E.,7110;3 [00911
The present
disclosure
provides
engineered OE
recombinant
ketcro. Belot c
("KEEP')
errawnes that are
capable of
reducing or
converting a
defined Mho
substrate to its
corresponding
alcohol product
and liming an
improved property
when compared
with the
naturally-occurrin
g, wild-type
ketmeductase
enzyme obtained
Mom
Lactobacillus
Abier or
Lactobacillus
It-es/s, or another
reference
ketoreductue
enzyme, such as
another
engineered
kotoreductase en
tame. In the
embodiments
herons the remit
binant
ketoreductase
pelypeptidas ens
capable of
stereoselectively
reducing or
converting the
substrate
fluoro-2-merhyl- t
H-indo1-5-ylney)-
5-merhyl-pyroolo[
2,1-11{1,2,4,Ittiazi
ge-6-yloxylspropa
n2-one, as
represented by
the structure of
formula (51, to the
product
11)-1-14-(441noro
-2-
inethyl-lbhindrol-d
hyloxy)-5-methyl-
pyrrolo[2.143/1,2.
4jutazine-6-yloxyl-
propan-2-el, as
represented by
the structure ef
formula (ID, 215
further discussed
below. The
ketoreductase
have an
implicated
property in
converting the
substrate of
fomiula (12 to the
product of Moneta
(II) as compared
to the natumlly
occurring
ketoredueram
cruse). of
Laclabacalus icier
Ds Lactobacillus
bacillus. 10021 In
some
embodiments, die
rzeumbintunt
ketersductase
pchypeptides are
also capable of
reducing or
converting the
suhsnnte
acetephetione, as
represented by
structural formula
CID to the chiral
aladhol product
HO
1-phenylethanol,
as regimented by
thc structure of
fommla (IV), as
further discussed
below Thus, the
engineered
ketoreduetases
can be compared
to reference
ketoreductases
ming the
substrate
1.44-(4-fluom-2-m
ethy1-1H-indol5-1
losy)-5-methyl-pyr
role[2,1-11[1.24e
iazinworyloxyl-pro
pan-2-ons or
acemphenone, or
both. In some
embodiments,
one reference
substrate (e.g.,
144-(4-fluoro-2-m
ethyl-113-indol5-y
loxy)-5-methylippr
olo12,1-1111,2,4,
1triazine-6-ylogyl-
propan-2-one)
can he substituted
vial] the other
reference
substrate (e g
matophationa)
whim comparing
the activity abbe
engineered
ketureductases to
the reference
ketoreductanes (a
g 315(3 ID 550:2
or SEQ ID N0:4).
100931 In the
embodiments
herein, rho
ketoreductam
pelypeptides
comprise at least
(1) an amine acid
residue as
position 94 which
so an areinarie
amino acid
residue or 0,
arid/or (2) an
amino acid
residue an
position 96 which
is an amino acid
other than Sibc. in
else
corresponding 25
residue position ef
the wild-type L.
heft, or L. b rem
sequences of
SEG ID NOL and
4, respectively.
Thus, in vadous
embodiments
herein, the
krtortductases of
the prevent
difelpsum
comprise at least
the Following
amino acid
substitutions: (1)
residue 94 is
modified from A-'
an aromatic
amino acid
residue or G.
anther (2) residue
96 is modified
item EN any
amino acid other
than srN, for a
polypeptide
corresponding to
the amino acid
athwart'. el SEQ
113l70:2 or SEQ
D 1404. 



(O894) l'hese
tion-natorally
occurring
ketoraductases
can be gtherated
by various
well-known
techniques, such
as in vireo
mulagencsis or
directed evolution
of the genetic
material encoding
the ketoreductase
enzyme of
Lactobacillus kcfir
or LRCM bacillus-
breves, and
identifying
polyruffieotides
that express
engineered
enzymes with a
desired timothy.
'the capabilities of
the KREDs can
reds to their
properties as
single
polypeptides or to
their properties in
the form of
multimers, aa
they may be
Present la the
wild-fine enzyme.
100.951
Minagenesis and
directed evolution
techniques useful
for the purposes
herein am amply
described in tile
literature: Ling, et
al., 1997,
'Approaches to
DNA
niutagenesis: an
overview," Anal.
Beacham. 254(2);
157-78; Dale et
al., 1996,
'filligonucleraide-d
irected random
mutagenesis
using the
plipspliurpthfoate
method," MeMoRi
Mal Biu!
57:369-74; Smith,
1985, "In vitro
mutagenesis,"
Ann- Rev Deter
19:423-462;
Botstein et al.,
1985, "Strategies
and applications
of in vitro
mutagenesia,"Sch
owe
229:1193-1201;
Carter, 1986,
"Site-directed
mutagenesis,"
Blot:hem237:1-7;
Kramer neat-.
1984, "Point
Mismatch
Rapasr," Cell,
38:879-887; Wells
N al., 1985,
"Cassette
mutagenesis: an
efficient method
for generation of
multiple mutations
at defined sites,"
Gene 34315-323;
Minshull at at,
1999, "Protein
evolution by
molecular
breeding," Gum
Opin Clem Biel
3)284-290;
Christians et al.,
1999, "Directed
evolution of
thymidine kinase
for AZT
phosphorylation
using DNA family
shuttling," Nature
Biotech
1E259-264;
Crameri G al.,
1998, "DNA
shuffling era
family of genes
from diverse
species
accelermes
discard
evolation,"_Wesur
e 391:288-291;
Grameri et al.,
1997, "Molecular
ethlution of an
arsenate
detoxification
pathway by DNA
shuffling: Nature
Bialech
15:436-438;
Zhang et al.,
1997, "Directed
evolution oft,
effective
ductesidase Pool
a gfilactosidase
by DNA sinning
and screening,"
Pine Nail Acad Sit
USA
94:45-4-4589;
Grained ei el.,
1996, "Improved
green ffitheSthill
proteita by
molecular
evolution using
DNA shuffling,'
Nature Biotech
14:315-319;
Stemmer. 1904,
"Rapid evolution
ota protein invite
by DNA
shifiling,"Mathr
370.319-391;
Stemmer,  1994,
"DNA shuffling by
random
fragmentation and
reassembly: In
vitro
mcombination for
molecular
evolution," Pins
MacfArad Sc!
OSA
91:11174740731;
WO 45/22625:
WO 97/007g; WO
97/33966; WO
911/27230; WO
00147651; WO
0105767 and US
Pat. 6,537,746.
All publications
are incorporated
herein by
reference.  00961
The naturally
occurring
pelyoucleotide
encoding the
naturally
ocean-Mg
ketoreduetase of
Lathobacains
Itefir and
Lactobacilha
breves (also
referred to as
"alcohol
dehydrogenase"
or "AD11") can be
obtained from the
isolated
polynnethedde
knows to encode
the ketorceluotaw
activity (e 5.,
ethabank
accession no. A
A.P94029
0I:33112056 for
Lactobacillus kefir
and Ornbank
accession no
CAD66648
GI:28400789 for
Lactobacillus
beer/a).
Alternatively, a
polymteleotthe
encoding the
naturally
occurring
ketorechrthwes
can be
synthesized by
polynucleotide
synthesis
methodologies
known in the an
based en the
reported
polynucicotide
sequence or the
kthereductaseten
coding gene.
lavariona
embodiments, as
further described
below, the
naturally
occurring
polynucteetide
encoding the
ketiveductase, as
well as the
engineered
ketoreductusest
can be sedan
eptimiethl to the
codons preferred
by a specific best
cell used for
expression of the
enzyme. 10097)
The pment or
relithenee
polynuelordid:
encoding the
naturally sectoring
or wild type
ketoreductase is
subjected to
mutagenic
processes, for
example random
mutagenesis and
recombination, at
introduce
mutations into the
polynueleotide.
The mutated pet
ynueleotide is
expressed and
translated,
thereby
generating
engineered
ketnreduthase
enzymes with
modifications to
the polypeptido
As used herein,
"modifications"
include amino
acid substitutions,
deletions, and
insertions. Any
one or a
combination of
modification: can
be introduced into
the naturally
oecuning
enzymatically
active pnlypeptide
to generate
engineered
enzymes, which
are then screened
by various
methods to
identilA
polyp:prides, and
corresponding
polynuelthfides,
basing a desired
'nwrowertent in a
specific enzyme
property. A
polynueleotide
encoding an
engineered
ketoreduthase
with an improved
property eta be
subjected to
additional rounds
of mutagenesis
treatments to
genets&
polynePtides
999,11 finther
impmvements in
the &sired
ene.yrne property.
Enzyme
properties for
which
improvement is
&sizable include,
hut are not limited
to, enzymatic
activity, therms
stability, pH =Wiry
profile, cofactor
requirements,
refractoriness to
inhibitors (e 5 ,
product
sterospecifmity,
stereoselwtivity,
and solvent
stability.  i.v0
MOM manetool
0.53  [0098] In
some
embodiments, the
recombinant
ketureductase
comprise
engineered
polypeptides
derived from, and
thus can be
compared tu.
Lacrobseillw kJ-is
ketcreductast, of
SEQ 10 NO:2 or
adobaelliss brevis
ketoreductase of
SEQ ID 040:4. Is
the descriptions
here, the amino
acid residue
position is
determined with
respect to a
refelence
polipeptide. For
the reference
sequences of
SEQ ID NO:? or
SEQ ID 040:4, the
numbering begins
from the initiating
methionine (M)
residue (i.e., SA
represents
residue position
1), although it will
be unclaimed by
the skilled anisan
that this initiating
methionine
residue may be
removed by
biological
',Accessing
machinery, such
as is, a host cell
ni in vitro
translation
system, to
generate a
mature protein
lacking the
initiating
methicnine
residue.. Where
the amies, acid
residues at the
same residue
position differ
between the two
ieterence
ketoreducinees,
the different
residues are
denoted by a "i"
with the
arrangement
being "kegs
residuwbrevis
residue". A
substitution
mutation, which is
a replacement of
an amino acid
residue in a
reference
sequence, Mr
example die
wildtype
ketoreductases of
SEQ ID 04(5:2
mid SEQ ID N0,4,
with a different
amine acid
residue is
denoted by die
symbol  00991
The number of
modifications to a
reference
pulypeptide, such
as the naturally
conning
polcipoptide of
SEQ ID NO:? or
SEQ N0:4, that
produces an
improved
ketcroductase
property may
comprise one or
more amino
acids, 2 or more
amino aeids, 3 or
more Ultli110
evils, 4 or more
amino acid, S or
store amino acids,
6 or more amino
acids, 8 or more
amino acids, 10
or more amine
acids, or 15 ot
more amino
acids, 20 or more
ammo acids, up
to 10% of the total
nurificr of amino
acids, up to 20%
of the total
mamba: of amino
acids, or up tu
30% of the weal
number of amino
acids oldie
reference enzyme
sequence. As
such, die
polypeptides of
dm present
disclosure can
differ from, the
reference
pcilypeptide (e.g.,
SEQ ID NO:? or
SEQ II) 040:4) in
1, 2, 3, 4, 5. 6, 7,
8, 9, 10, 11, 12,
14 16, 18,20 or 25
or MOre amino
acids, or up to 5%
of the amino
acids, up to 10%
of Mc minim
acids, up to 20%
of the amino
acids, or up to
30% ()tithe fetal
number of amino
acids of the
wren:nee
sequence.
101001 In various
embodiments, the
modifications to
the reference
polypeplide to
produce the
improved enzyme
properly can
comprisc
substitutions at 1,
7, 3, 4, 5, 6, 7, 8,
9, 10, 11, 12, 14
16, 18, 20, 25, or
more amino
acids, or up to 5%
of the amino
acids, up so 10%
of the amino
acids, up to 20./,
of the amine
acids, ores, Cr
30% of the total
number famine
acids of the
reference
sequence, such
as SEQ ID 140:7
or SEQ ID NO:4.
The substitutions
for 0e:crating  



WO
2008/111.3344 an
improved
Mitoreductase
CLO comprise
conservative
substilminns.
non-censeivative
substitutions, as
well as
combinations of
conanAhive and
non-conservative
substitutions.
[01011 In same
embodiments, the
koturcdactase
poly:peptides
have increased
:enzyme activity
stereoselectively
redacting or
converting the
substrate
44-(4-11noro-2-ni
ethy1,111-indo1-5
-
yloxy)-5dnethyl-py
rrolo[2,1-11(1,2,4,
)tiazine-6-yloxy]Dr
opan-2-one to the
pscalticl (R)-141-
(4-fluorod,mczbyl-
libindol,5,ylosy)5.
niethyl-pyrrolo[2,1
4111,2,4,1triazine
.6-yloxylpropan,2-
ol an compared to
the activity of a
wild-type
reference
ketoreductases of
SEQ ID NO/2 or
SEP ID N0:4. In
some
embodiments, the
inn:hosed
eamtme activity is
at least 1.5 times
[(notate the
enzyme nativity of
the wild-type
reference
potypoptides. In
done
embodiments, the
increased enzyme
activity is at least
2.0 times or more
enzyme activity,
at least 3.0 times
or Mere enzyme
activity, at least 5
times or more
enzdnic activity,
at least 10 times
or more enzyme
activity, at least
20 times or more
enzyme activity,
at least 25 times
or MOTE enzyme
activity, at least
50 times or mem
enzyme
activity,at1MS, 75
limes or mom
enzyme activity,
at least 100 times
or more enoone
at drily on
compared to the
activity of
refitrence
polypeptides SEQ
El NO:2 or SEQ
ID NO:4. 011921
In some
emboditnents, the
kenrechmase
poly:peptides
have an
increased
conversion rate in
stemoselectively
reducing or
converting
1-1444.flu000-2,r
nothyl-111-indol-5
-ylosy1-5-
methyl-pynredo12
,1-fill,2,4,1triazinc.
-6
yloxyl-propand-on
e to the product
(R)-1-[414-
fluom-2,methyl-11
11
dadel-5-ylozy)-5,
methyltymolo[2,1-
Efil,2,1,1trinAnc,6,
yloxyl-propan2-ol
as compared
oaths erawersion
rate of n wild-type
reference
katoreductase of
SEQ ID N0:2 or
SEQ ID NO:4
under a defined
condition. In some
ernhndiments, the
engineered
ketorcdsolases
are characterized
by a conversion of
greater than
7051, agnates
than 50%, of
greater than 90%,
of greater than
9551, of greater
than 98% tit of
greater than 99%
of the substrate
under a defined
condition. An
exemplary
defined condition
is conversion in
24 hours of 10 gra
substrate with
about I 0 WI_ of
the KRED.  101
031 In some
embodiments, the
ketoreduotase
polypeptidcs have
an inemmed
enzyme activity in
stereoselectively
redlining or
convetting the
substate
acetophenone to
the product
05).1-phenyletban
ol as compared to
tlie activity of n
wild-type
reference
kooreductases of
SI17.1 ID 900:2 or
SOD 10 900:4. In
some
embodiments, Me
increased enzyme
activity is at least
0.5 times or more
the enzyme
activity of dm
wild-type
reference
polypeptides. In
SONO
embodiments, rim
increased enzyme
activity is at leant
2.0 times or more
enzyme activiry,
at  least 3.0 times
oi more enzyme
activity, at least 5
times or more
etizytte activity, at
least 10 dines Or
more enzyme
activity, at least
20 [Mark or
MOTO enzyme
activity, at least
25 times or more
enzyme activity,
at kast 50 times
or more enzyme
activity, at least
75 times or mere
enzyme activiiy,
at least 100 times
or more Anyme
activity as
compared to the
activity of
reference
polypeptidcs
SEC), ID 040:2 or
SEQ ID 500:4.
101041 In some
embodiments, the
kkoreductase
polypeptidA have
an incicand
conversion rate ill
Dentoselecdvely
reducing or
convening the
substrate
acetophemme to
the product (10- I
-phenylethanol as
compared to the
activity of a
wild-type nthrence
ketoreduAas of
SEQ 10040:2 or
SEQ ID N0:4
under a defined
condition. In some
embodiments, the
engineered
kelervidtAtases
are characterized
by conversion of
greater than 70%,
of greater than
80%, of greater
kap 90%, of
greater than 95%,
of greater than
08% or of greater
than 99% of the
substrate under
the defined
condition. An
exemplary
defined condition
is conversion in
24 hours of 10 grL
ant:shale with
about 10 En of
the KRED. NI (15]
In various
embodiments, the
ketoreductase
polypeptide is
capable of
stereaselectively
reducing oti
contakting the
substrate
1.44-01-fluom-2-i
ncthy4-l5-t.indol-5
ryloxy)-5-methy5p
yrroloN,I-D[1,2,ekt
rinzine-6-ylosyl-pr
opan-D0ne to the
product 00 -14-0
-fluere-2-
mGIVI-IH'indol-51
10,7)-5-methYltrrn
10[2,14111,2.4,]tri
aGne-b-ylumi-pro
pan-2-ol with at
least 1.5 times the
activity of SEQ ID
0,40:2 or SEQ
LID 040:4, and
comprises an
amino acid
sequence having
(I) an aromadc
amino acid or G
at the
corresponding
residue position
94 of she
reference
sequence SEQ ID
04-0:2 or SEQ ID
040:4, or (2) an
amine acid other
Man SIN at the
corresponding
residue position
96 Make
riclerenee
sequence 8EQ ID
040:2 or SEQ ID
040:4. In sonic
embodiments, the
amino acid
residue at the
corresponding
residue position
96 is other than
Said N. In some
sfMeoe
embodiments, the
knoreduetase
polypeptide can
differ from the
reference
sequence in 2 or
inom amino acid
residues, 2 or
more anti no acid
residues, or 4 or
more amino add
residues as
eompand to the
reference
eminence, as
discussed below.
VIM] In some
embodiments, the
ketoreducurse
polypeptide
capable of
stereoselectively
reducing or
consorting the
substrate
104-(4-fluorc-2-m
eihyl-Ilkindol-5-ylo
gy)-5-metlaylPgru
slo12,1-1][1,2,4Ini
azinerihyleutfirpro
pantgrone to the
product
(R)-144.44-Suoro-
2-
inethyl-111-indol-
5-ylogy)-5-methyl
apyrrole[2,14J11,
2,4,1triaznerinylox
y]rpropan-2-ol
comprises an flint)
acid eminence
having an
aromatic amino
acid or (0 ar the
corresponding
VeO
2008/103248PCI
VESE residue
position 94 of the
reithence
sequence SEQ ID
NO:2 or SEQ ID
N2):4, As such, in
some
embodiments, the
ketoredustase
polypeptide
comprises a
modification at
residue 94 of A-'
an aromatic
amMo acid
residue DI Oaf the
marrespondina.
woman; of snQ ID
NO:2 ot SEQ It)
NO:4, In some of
these
embodiments, the
korona:Etc-lase
polypepEde can
differ from the
reference
sequence in 2 or
mom amino acid
residues, 3 as
more amino acid
residues, or 4 Or
more amino acid
residues as
compared to the
reference
sequence, as
discussed Mais.
pc] in some
embodiments, the
4dd:wind:use
polypeptide
comprises an
amino acid
sequence having
an amino acid
SW, H, or Vat the
corresponding
amino acid
residue of rmidue
94 of SEQ ID
NO:2 or SEQ ID
NO:4. As such, ia
thine
ernhodimentE the
koloreductase
polypeptidc
wunprises a
modification at
residue 94 of A -a
F. 34i, H, or 5' of
tire soropponding
sequence of SEQ.
tiD 11012 or SEQ
ID NO:4. In some
embodiments, the
am inn acid at
residue 94 is E. 



10108] in some
embodiments, the
ketoredustase
polyp:to/ides
capable of
stemoseiectively
converting the
subsume
1-14-01-0uoro-2-
methy1-114-indol-
5-41oxy)-5-methyl
-pmmlo[E
I111,2,4,Eriazine-
6-yloxy]-propan-2-
orie to the.
product
(R)-144-(443uoro-
2-methyl-
adindn1-
5.01thy)-5-methyl-
pyrrolor2,143[1,2,
4juiazinc-6-4,1oxy
l-propan-2-ol with
ths spthified
amino acids at
residue 94 can
comprise
modifications at
other amino acid
residues of the
coomponding
SEQ ID NO:2 or
SFQ ID 110:4,
including
non-conscrmtive
or conservative
substitutions.
Non-conservative
substitutions UM
he at amino acid
residues:
corresponding to
residue positions
53, 54,96, 97,
147, 165, 57,197,
299, 206, 223,
and 233, as
further discussed
Mow. Additional
subsritutions,
when present,
eon comprise one
or more
conservative
substitutions at
other amino acid
residue positions_
(01091 Thus, in
some
embodDsents, the
mcombinara
ketoreductase
polneptides
comprise an
amino acid
sequence which
differs in Ito 25
amino acid
positions from
SEQ ID NO: 2
with the pmviso
that the amino
acid residue
comesponding to
residue 94 of
SEQ ID 110:2 or
SED ID NO:4 is
aromatic amino
acid or G. As
mch, aerne
pulypeptides
comprise an
amino sequence
which differs from
SEQ 0 NO: 2 or
SEQ ID NOW. in
1, 2, 3, 4, 5, 6, 7,
8, 9, 10, 12, 12,
14, 16, 18, 20, or
25 amino acid
pod rims, Mr
example, in 1-75
amine acid
positions, in 1-20
amino acid
positions, in 1-18
amino acid
positions, in 1-16
amino add
positions, 1-14
amino acid
positions, in 1-12
amino acid
positions, in 1-1 t
amino acid
positions, in 1-10
amino acid
positions, in 1-9
amino acid
posidons. in 1-8
amino acid
positions, in 1-7
amino  acid posh
ions, in 1-6 araino
acid position-5
amino acid
positions, in 1-4
tttirto acid
positions, in 1.5
amino acid
positions, or in 9
amine acid
positions. [011101
ha some
embodiments, the
ketoreductase
polypoptides
capable of
stereoselectively.
reducing or
converting the
substrate
1,[414-fluoro-2-m
ethyl-II]-intlehittylo
sy) 5 methyl
prirolo[2,141[1,2,4
,Itrilpine-6-ytoxy]-
prepan-2-orie to
the product
()0-144-(4-11tiore
-2-
methyl-IH-indol-5-
yloxy)-5-niNhyl-py
rrolo[2,1-1]11.,2,4
hitiazine-6-yinity]tr
oparir7-ol
comprises an
amino acid
sequence with an
aromatic amino
acid or G at
residue
corresponding to
residue 94 of
SEQ040:2 or
SEQ [I) 040:4 and
one or more of
the features
selected from: (I)
amino acid at
residue
corresponding to
residue 96 it any
amino acid other
than SAY;  (2)
amino acid
residue
corresponding re
residue 153 is an
aliphatic amino
acid other than L;
(3) amble acid
residue
corresponding to
residue 199 is any
amino acid other
Mon L; (4) atnino
acid residue
corresponding to
residue 202 is G
or an aliphatic
amino acid other
than A; and (5)
amino acid
residue
corresponding to
residue 206 is an
aromatic amino
acid. Thus, in
some
embodiments, the
ketoreducrase
polypeptides can
coMprise an
amino acid
segutmoo with
modifications at
residue 94 of A m
an aromatic
amino acid
residue or Ci and
one or more
modifications
selected from: 96
(624any amino
acid other than
S/11); 153 (L man
aliphatic amino
acid residue other
than LL 199 (I.
any amino acid
residue other
than. LK 202 (A -a
G or an aliphatic
amino acid
residue other Man
A); and 206 (04 -?
an aromatic am
inn acid residue)
of ihe
corresponding
sequence of SEQ
ID 040:2 cc Sal II)
040:4. 101111 In
some
embodiments, the
amino acid
residues, and
corresponding
notations, in the
above residues
arc selecied from:
residue 153 iso or
A; residue 199 is
K, 1,14, ft, V, Q,
or eSidue 202 isor
(i; and residue
206 is F. [0112] In
some
embodiments, the
ketoreducrase
polypeptides
capable of
stereoselectively
reducing or
convcrting the
substrate
L[4-(4-fluoro-2-me
thy1-114-indol-5-g
logy)-5-methylpyir
ain]2.1-ft [I
,2,41triazine-6-ylo
gyi-propan-2-une
io the product
(R)-I44-(4-0tioro-2
-
eterltyl.tN-indol.S'
yloxv)' comprises
an amino acid
sequence with a
G, F. Y, or ] at the
moist., acid
residua
corresponding to
residue 96 of
SEQ. ID 1310:2
or SEQ 10 040:4.
As such, in some
embodiments, the
ketoreductase
poll/peptides
comprise a
modification at
residue 96 of S/N
-0, Y, or I of the
corresponding
sequonce of SEQ.
ID NO:2 or SEQ
ID 040:1. In some
of these
embodiments, the
ketoreduetase
N/ypeptide Cat
differ from the
relies/nee
sequence  WO
aziorvitmesi25050
0 



in    lot more
amino arid
residue's, 3 or
more amino acid
residue, or 4 or
more amino arid
residues as
compared to the
reference
soquence, as
discussed bolt's,
101131 In some
embodiments,
she
Imeoreduchise
polypeptides are
also capable of
stercoselchively
reducing or
converting the
substrate
aohophenone to
the produce
(R)-1-
phenylethanol.su
mo tithes,
embodiments, the
kotoreduetase
polypeptide
comprises an
amino acid
sequence having
a 6,4 C or an
aromatic amino
acid at the amino
acid residue
oorrespon.ding to
residue 96 of
SEQ ID NO2 or
SEQ Q1 NO.4. As
such, in some
ombodimonts, the
ketereductase
poem/el/tides
emnpriev a
modification at
lesidue 296 of
SIN    (1, I, C suit
aromatic amino
acid residue of
the corresponding
sequence of SEQ
ID NO:2 or SE()
ID 140,4, In some
of these
embodiments, the
kelotoduetase
polypeptide can
differ horn rho
reference
sequence in 2 or
more amino acid
residues, 3 or
MCIlt amino acid
residue, or 4 or
more amino acid
residues as
compared to the
reference
sequence, as
discussed below.
[0414] In some
embodiments, the
keloreductose
polypeptides with
the specified
amino acids at
residue 96 can
comprise
modifications at
other ainirm acids
residues of the
corresponding
SEQ ID NO:2 or
SEQ ID N0:4,
including
non-oonservative
or cotwereativo
substitutions.
Non-conservative
substitudons can
he at amino acid
residues
corresponding to
rosidue positions
53, 54, 90, 97,
147, 165, 133,
197, 199, 206,
723, and 223, as
further discussed
Mow. Additional
subsiitueons,
when present,
can comprise one
or more
consenmtive
substitutions al
other amino acid
residue positions.
[0115] In some
emboditnents,
keioreductme
poen/el/tido
comprises an
amino acid
sequence which
differs in 1 to 25
amino acid
positions from
SEQ IT) Nth with
the proviso that
the amino acid
residue
corresponding to
maidue 96 of
SEQ ID N(1:2 or
SEQ ID NO:4 is a
Gib Y, or'. As
such, some
polypeptides
comise an autism
sequence which
differs ham SEQ
Es NO: 2 or SEP
ID NO:4 in 1, 7,3,
4, 5, 6, 7, 8, 9, 10,
II, 12, 14, 16, 18,
20, or 25 mnino
acid positions, tbr
example. in 1-25
amino acid
positions, in 1-20
amino acid
positions, in 1-I
amino acid
positions, in Old
amino said
positions, 144
amino acid
positions, in 1-12
amino acid
positions, in 1-11
amino acid
positions, in 1-10
mni110 acid
positions, in 1-9
amino acid
positions, in 1-8
amino acid
positions, in 1-7
amino acid
positions, in 1-6
amino acid
positions, in 1-5
amino acid
positions, in 2-4
moire acid
positions, in 1-3
amino acid
positions, or in
1-2 amino acid
positions.
110,2008,111324
82litaS200
[01161 In sorer
emiseditnants,
ketoreductase
polypeptide
conipaiSes an
amino acid
sequence which
differs in I toll
amino acid
positions from
SEQ CD NO: 2
and comprises G,
1, C or an
aromatic amino
acid at the
residue
corresponding to
residue 96 of
SEQ ID 140:2 or
SEP ID NO:W
Annum some
polypeptides
comprise an
amino sequence
which diffem from
SEQ ID NO: 2 or
SEC) II) NO:4 in
1,2, 3, 4, 5, 6, 7,
8, 9, 10, II, 12, 14,
16, 18, 20, or 25
amino acid
positions, for
example, au -25
amino acid
positions, in 1-20
amino flaki
positions, in h- 8
AMMO acid
positions, in 1-16
amino acid
positions, 1-14
amine acid
positions, in 1-12
amino acid
positions, in Is 1 1
amino acid
positions, in IA 0
amino mid
positions, in 1-9
amino acid
positions, in 1-8
amino acid
positions, in 1-7
amino acid
positions, in 1-6
amino acid
positions, in I 5
amMo said
positions, in 1-4
amino eted
positions, its 1-3
amino acid
positions, or in
1-2 amino acid
positions.    Ii ] In
seine
embodiments,
dan
ketoreductase
polypeptide
comprises an
amino acid
sequence with the
specified attune
acid at residue 96
of SEQ ID NO:2
or SEP If) NOW
shove, and one or
more (tithe
following fentures:
(1) amino acid at
residue
correspoisding so
residue 94 is an
aromatic amino
acid or Cl; (2)
amino acid
residue
corresponding to
residue 153 is an
aliphatic amino
acid diet than L;
(3) amino acid
residue
corresponding to
residue 199,0 any
amino acid other
than L; (41 amino
acid residue
coniespoorliug to
residue 202 is 0
or an aliphatic
amino acid other
than A; and (5)
amino arid
residue
corresponding to
residue 206 is all
Mtn) ale maniac
acid. 101181
Thus, in some
embodiments, lisa
ketcreductase
polypeptide
comprises an
amino arid
sequence wish
modifications as
residue 96 of S/N
-s CF, F, Y. or I
and eon or more
modifications as
rondos: 94- an
aromatic attains
acid residue or
GA 153 (I..
aliphatic amino
acid residm other
than I.); 199 (I,
any amino acid
residue other Man
IA: 202 (e, N- 0 or
an aliphatic amino
acid residue other
than A); and 206
(M ws an
aromatic amino
acid residue) of
the corresponding
sequence of SEQ
ID NO:2 or SEQ
ID 140:4. 101191
In some
-embodiments,
the ketorwittesase
polypeptide
comprises an
amino mid
sequence with
modifications ai
residue 96 of SiN
--s 0, I,C and one
or mow
modifications at
the finlowing
residues: 94 (A A
an aromatic
amino NM
residue. or G):
152 (I, -4 an
aliphatic amino
acid reSidas other
than AL 199
(Aany amino acid
residue other than
L); 202 (A ws  



WO
2a61811PCMI920
1111/11016S3 G
or an aliphatic
amino acid
residue other Man
A); md 206o and
residue) of the
carmsponding
sequence of
SEC1 ED 200:2
or SEQKO-4.
(0020] In wane
einlodiinems, the
amino acid
residues, and
corresponding
mutations, its the
above residues
can be selected
from one or more
or the following:
resid:m 94 is F or
0; msidue 153 ioU
or A; residue 199
is K. 1, K, R. V, Q,
or Vit; residue
2(12 is 1; L, or G;
and resMue 206
is F.   0121] In
some
embodiments,
additional
imitations can he
incorporated into
all of the
ketereductase
pOlypnplidn
embodiments
above le
enhamce one
wonow properties
shire poly-peptide
activity, such as,
among others,
enoyme activity,
[hernial stability,
andior SOIVent
stability, nos, in
some
embodiments, the
ketoreductase
polypeptides can
comprise, in
addition to all of
embodiments
above one orient
of the following
features: (1)
amino acid so
residue
conesponding to
residue 49 in a
polo amino acid
residue other than
K; (2) entitle acid
at residue
corresponding to
residue 53 is an
acidic amino acid
residue; (3) amino
acid O osidue
cotrespinding to
residue 54 isa
small or aliphatic
amino acid
residue other than
TA,: (4) ounce
acid at residue
corresponding to
residue 60 inns
aliphatic amino
acid residue other
Eau V; (5) amino
acid at residue
corresponding to
residue 95 is an
aliphatic amino
acid other than V;
(6) amino acid at
residue
corresponding to
residue 97 is a
small mina acid or
G; (7) amino acid
at residue
corresponding to
residue 109 is a
basic amino acid
residue ether than
K; 19) amino acid
at 'aside.;
immespcsading to
residue 147 is an
aliphatic amino
acid insidue; (9)
amino arid at
residue
corresponding to
residue 165 is a
hydroxyl or small
amino acid
residue; (t0) onim
acid ar residue
corresponding to
residue 197 is a
small amino acid
residue or G; (II)
amino acid at
residue
ccirresponding to
residue 223 is an
aliphatic MI1010
acid residue other
than L; and (12)
amino acid at
residue
corresponding to
residue 233 is a
small amino acid
residue or G.
10122] Thus, in
these
embodiments, the
ketureductase
prilypeptido can
cornprise on
amino acid
wegionee with the
spec:hied
modifications
described for
every
embodiment of
the
ketoreductases
ECDOVe and roe
or more of The
following
modifications: 49
(K ova polar
amino acid
residue other than
K); 53 (GOT -) an
acc nudists acid
residue); 5411E-4
a small or
aliphatic amine
acid residue other
than 17P); 60
(SOF ot an
aliphatic amino
arid residue other
than V); 95 (V m
an aliphatic amino
acid other than
V): 97 (K a small
saltine acid er Oh
109 (IC m c basic
amino acid
residue other than
K); 147 (S -tan
aliphatc  amino
acid rcsiduch 165
(1-b a hydroxyl or
small amino acid
residue); I97 (D w
a small amino
acid residue or 0;
773 w an aliphatic
amino acid
residue. other iliac
L); and 233 (OWN
me a small amino
acid insidne or 0)
oldie
corresponding
sequence of SEQ
10 N0,2 or SE.Q
NO:4, 011231 In
some
embodiments, the
ketoreductase
Nig-peptides
comprises an
amino acid
sequence that in
at team shout
85%, 86%, 87%,
88%, 89%, 90%,
91% 92%, 93%,
94%, 95%, 96%,
97%, 98%, or
99% identical to
SEQ ID NO:2 or
SEQ FD 9/0:4
with the proviso
slut the residues
coo-mm..101g to
Direr. 94 is an
aromatic amino
acid residue or G,
and/or (2) residue
96 tsar amino raid
residue other than
SW. In some
embodiments, dm
amino acid
residue at the
corresponding
residue position
96 is other lima 5
and N. 00241 In
some
embodiments. the
ketoreductase
polypeptides can
erprise an amino
acid sequence
that is at least
about 85%, 86%,
07%, 88%, 895A,
99%, 91%, 92%,
93%, 94%, 95%,
96%, 97%, 98%,
or 99% ideritical
to SEQ II) NO2 or
SEQ 9/0:415111,
Mc proviso that
she residtms
corresponding to:
(I) residue 91 is F,
W, N. or l'; (2)
residue 96 is G.
F, Y, or!; or (3)
residue 96 is Q 1,
C or an ammatic
amino acid.
81251 In some
embodiments, the
keroreductriec
polgemPtides of
the 00719911ean
90911m,e raglan
having at amino
mid sequerxe that
is at least about
85%, 86%, 87%,
8836, 89%, 90%,
91%, 97%, 93%,
94%, 95%, 96%,
97% 98%, or 99%
identical to a
region or domain
tree( of SEQ ID
NO,2 or SEQ ID
9/0:4, mach as
residues 90-233,
with the proviso
that the residues
roactipmndtang to
(I) residue 94's an
aromatic amino
arid residue or 0,
and/or (2) residue
96 is an amino
acid residue other
thati SW of the
responding
residue of SEQ ID
NO12 or SEQ fl)
N00. In some
embodiments, the
amino acid
residue at the
corresponding
residue position
96 is other than S
and 19. In some
embodiments of
these
ketnreduetase
polypeptides, one
or more of the
remaining
residues
-corresponding ro
residues 90.233
of StIQ ID NO:2
or SEQ ID N(I,4
may be
conservatively
mutated. 18126)
In some
embodiments, the
ketoreductase NI
>peptides can
comprise a region
having an andno
acid sequence
that is at least
about 85%, 86%,
07%, 88%, 89%,
90%, 91%, 92%,
93%, 94%, 95%,
96%, 97%, 98%,
or 99% identical
to artgion or
domain thereof of
SEQ ID N0:2 or
SEQ 0) NO:4,
such as residues
90-733, with the
proviso that the
residues
coot:rpm:rang to:
(I) residue 94 is F,
W, 51. or(2)
residue 96 iz G,
F, V. or I; or (3)
residue
19021108(14324
Y50l7662I10t1t01
053 96 is (0.1, C.
or an FITT alio
amino acid of the
coucspoinling
residue of SEQ ID
No ,2 or SEQ IUD
NOS. In some
embodiments Of
these
kelercchictase
Eolyaeplides, one
or more nf the
remaining
residues
corresponding to
residues 90-233
of SE() ID 0)0:2 or
SEQ ID N0i4 may
be conservatively
mutated. 



[(11291 In some
einlindirnouis, the
engineered
kcioreductnse
potyPePtide is
selected Porn the
amino acid
sequences recited
in Table I. Table I
ranks the enzyme
activity measured
for the reduction
Or conversion of
114-(4-fluuro.2-m
ethyl-114-indol-5-
91oxy)-5DaeI2eyl
-pairrolo[2.1-
1]11.2,4,11dayine
-6-ylonyl-propan-2
-onc It the product
(R) I
[4-(4-fluoto.2-ruct
hyl-111-indni5-ylo
xy).5.niethyl-FyiLi
ebef2.1-14[1,2,4S
triazin>6.44oxy
1-propan,2- al
using tile listed
engineered
kelorpincrase
polypeplides
compaied in the
acclivity
measured using
ADH-LK (SEQ ID
N0:2). 101251
Table I, Nucleic
Acid SECt ID NO.
PolypeplidsMutati
ons from ADH.L.K
S.ED ID
NO(SECO ID
410.25 Activity
Rankin (nee
legend)  6 Lt 70,
0947 59611,
FILM: L153G;
L1991 +-H-  E
G532, 5950  



9 10 S96G  12
$900. 410910
$969 15 16 A94F;
$965 17 11 + 15 



20 T544. AlleT
5960: K109R
Flan: 110M 02320
-D-F 2122 1443A;
V60A; 0540, 714
(1 +++ 25 24
V434 77415061;
F1471.; L1535;
L19014 1223V
2525 , V4:44.
F741. 5960;
F1471.: L1524
01570: Loa 



1_1991, A202L
IVO
29051103245ECT
MIS2IIM/041093
Nueloto Acid DEO
ID NO,
PotypeptIde EEO
ID IOC Mutations
from 5L38-LK
(SEE ID 690:29
ACtlu 955
16Q995) 27 78
V435; F7d2, $940
595(.1 51472;
5153A, 04970,
1_I991 $.2022;
1223V 4-H-  30 



5430, F74L,
094G: SfAY:
F1472 LI515, ++
K2118, M235   32
5430, F742;0940;
F1474 2199K,
$2021 ++ 33 34
542A 7745 5.540;
F' d74, 15991.
A7022   



26205F; 1223V
35 36 , V43A;
9742 09415
8967,21530,1105
7 1 37 26 V435;
0940, F1472  39
40 5430,094G,
EI080, 1275;
5202L ++ 



41 42 V430 $945,
V951 8960
F14712E533;
91970 02330 +++
43 44 5130, 0945
5980 61472; Ll
530 02970,
1-2+ 



02330 45 46
V435, 094E 9990,
91471., 21530,
20070,i-F+
21520; 02330  47
49 V430
4541,996G;
214712 21530,
01970;    419917;
02330 



49 50 543A, 094;
-91472,5153G
01970,    02330
51 52 5430,0945
9960; 9970,
11472, L 1.730,    



01970, Id205T
02330   Ed 5435;
094F, 99570
21530
01970,4199N;
02021, I223V  55
26 V43A 7945;
0940, 8950,
11475:12235  57 



58 1745 5920,
5590,11475,5153
0 $2021;
142091   90
200003249PC9/1
19200100116013
Nucleic Acid 596
ID NO,
PoFoeptidu
644110 DO
Mulcllacu from
ADH-U4101,019
91801110 80 ID
6001r23(see
1890d)  



60 F741. A940,
0980 41471.
05342 01976, 4-9
.1999 II 62 1749
A940,
F147L,919960
A2021  53 64
1749 A940,
F1471, 01970
2234   66 (9940,
F14711.2291,4.20
21 



1+ 67 r 66 H7
68A940, F '479
L1991 0021.
M2084 62114   76
F, V951, 8964
71471. _1930 +14
72 A941 V95L
8984
41471,11530 4.94
173 



0 A94F 8980
414719153A
1,199V 02330
14+ 75 76 A944
8901 11209040
91536  77 78 A90
69691
121479,0630 40
79 80 4,90 8984
1910912, 41479
2153A 02333 +4+



81 82 A901 5981
410012 4147L;
9052*; 44" 33
He5 87I 84 777A
A944
5991,71479; 1479
L1536 910910
44+  86 754A,
A.901 511250
11471, 9150,
02330 1-14  



881 750; /044
5960, 4140 9100
91994 02320 01+
89 90 750A A949,
090 4147L
9153A, 02136 -++
91 92 750 A841,
004, 1147L
91530, 02330  92
94 150. A941
6981 41099;
41479; 9153A
91991, 02350;  



96 750. A949 590
41099, 11470
9153/1, 119912 1
97 95 754/1,,4542
0564;
K1094,41479
0153A. 02339
IVO
7089303248PATT
IF3003(001
07cleic And SEC/
ID NO.
l'clYPep(IdeMutati
ons Morn ADH-LK
SEG ID ND.(SEG
ID NO:2) Activity
Ranking Mee
legend) 99 



tiN T544.49417
K10513, 0147L,
L153/0 02330 %
-I++ tEl 102 T54A,
494F, KIM,
F140_, I.153A;
L19914 02210;
02330  103 134
T644, 494r1
590A, K109F0
0147L, L1534
02230 ++- 105
1% 138912 4940,
0747L:
01570,4202G 



It- 107 108 V43A,
7741 490.296Y1Q
+-, 100 (10 r54A,
4940, 8900
KM9R, 0147L,
L1534: L10010
02333 ++1  112
111V 4(14F + 113
-144040 



+ provetmactnllly
compared Oct
,-LK. --I morn 7 l-
e to 80-fold
improved at
activity compared
to ADIALK. +2+
More than 101-
old improved if
activity coat pa to
ADDAX. 101291
In some
embodiments, the
engineered
kereinduclase
enzymes arc
selected from the
Oils no said
sequences
',wised M Table 2.
Table 2 ranks the
enzyme activity
measured for die
reduction or
conversion of
acelophenone to
(R)-1.-phenylethat
ml using the listed
engineered
koloreductase
pelypcptides
derived from
ADO-I X
compared to the
activity meas.%
using ADH-LK
(SEQ ID N(02).
RaFable 2  1
Nucleic
AndPolypoptide
SEG 10 NO.SEC/
(0 NO. Mutations
from AOH(LK
(SEG ID NO%) or
ADD-LEMEP Ill
0014) Ac:Iva.1
Rankfrigi see len
end) 115 110
AOH-EF AM% 



177 118' SOH LB
NOSE  119
120ADH,LK 89%
+44 121
inAOH-1X 8950;
F747L, 1199N
%Ft  vot,
metdiolenr1ISES2
003/961464 123
124 



ADH LK 093F
r147L  121 12E
AOHms SEGY
F1471. mo 127 a
ADH-414 8001
+44 129 159
AOH-LK A944 44
131 



232 AL)' 1-15:
0960 ++ 132 134
ADH-La SSW/ 44
35  ADHAS SA3
61474  13?13E
AOH LK A544
91471   



'Activity Ranking:
Acclophenone
conversion to (Th
1-phenylethanul
in th method of
F:Kample 161-i
<70% camera
sun; 6-6 50-90%
conversion;
H--1f190%5992as
iort  101311 En
some
embodiments the
ketoreductase
polypeptidc
comprises an
amino acid
sequence that list
least about 83%,
86%, 87%, 88%,
89%, 90%, 91%,
92%, 9351, 94%,
95%, 96%, 97%,
98%, or 99%
identical to SEQ
ID N0,2 or SEQ
ID 140,4, wherein
the amino acid
sequence Coln
prism any one a
Ethe net
simulations
contained in any
one of the
polypeptidc
sequences listed
in Table 11 or
Table 2. In same
emboditnems, the
ketoreductam
polyPePtide
comprises any
one oiled set of
the amino acid
residues at the
speoitied residue
positions of Table
1 or Table 2 and
wtnrti ditrus from
the
comesponding
sequence Own
about 1-2,
1-3,24.9'5, 9-5,
1-6, 1-7, 1-8, 1-9,
110, 1-1 I, 1-12,
1-14, 1-16, 1-18,
1-20, or 1-25
amino acid
positions. In some
embodiments, the
Onto cduclase
polypeplide
comprises any
one of the set of
mutations listed in
Table 1 or Table
2, and additionally
from about 1-2,
1-3, 1-4, 1-5, 1-6,
1-7, 1-6, 1-9,
1-10, 111, 1-12,
1-14, 1-16, 1-18,
1-20, or 1-25
conservative
substitutiem at
other residues.
'11ius, in some lilt
hod imams, the
ketoredmilase
polypeptide can
differ in 1, 2, 1,4,
5, 6, 7, 8, 9, 10, 1,
12, 14, 16, II, 21),
or 25 amino acid
positions as
compared to the
amino acid
sequences in
Table 1 or Table
2, 101321 In
some
embodiments, the
ketoreduelase
polypeptide can
comprises region
bovine on amino
acid sequence
thai is al least
about 85%, 86%,
87%, 88%, 89%,
90%, 91%, 92%,
93%, 94%, 95%,
96%, 97%, 98%,
or 99% identical
'Pa region or
domain thereof,
rush as residues
90-233, of SEQ
ID NO; 6, 8, 10,
12, 14, 16, 18, 20,
22,24, 2E, 28, 30,
22, 34, 36, 38, 40,
42, 44, 46, 48, 50,
52, 54, 56, 58, 60,
62, 64, 66, 



68, 70, 72, 74, 76,
78, 80, 82, 84, 86,
88, 90, 92,    42



94, 96, 98, 100,
102, 104, Ma 108,
110, 112, 114,
116, or 118. In
some
embodiments, the
kezenednetase
polypeptides can
comprises region
basing an amino
acid sequence
that is at least
about 25%, 86%,
87%, 88%, 89%,
90%, 91%. 92%,
93%, 94%, 95%,
96%, 97%, 98%,
or 99% identica.
In a reaion or
domain thereof,
such as residues
90-2113 of REQ
ID 2.70: 120, 122,
720, 126, 128,
130, 132, 134,
136, Or 138.
101331 In some
embodiments, the
ketoreductase
poly-peptide in
selected from
SEQ !DOJOS: 6,
8 10, 12, 14, I 6,
18, 20, 22, 24,26,
28,30, 32, 34, 36,
38, 40, 42, 44, 46,
48, 50,52, 54, 56,
38, 60, 62, 64, 66,
68, 70, 72, 70, 76,
73, 80, 82, 84, 86,
88, 90, 92, 94, 96,
9S, 100, 102,
104, 106.108,
110, 112, 114,
116, and 11 ft In
some
embodiments, the
ketorkitmtase
polypeptide is
selected from
SEQ ID NOS:
120, 122, 124,
126, 178, 130,
132, 134, 136,
and [01341 In
some
embodiments,
where the
ketureductase
porypeptide
comprises an
amino acid
sequence with an
aromatic acid or ft
at the residue
corresponding to
residue 94 of
SEQ ID 140:2 or
9E0 ID 670:4, the
ketoreductase
polypeptide can
be selected from
the amino acid
sequences of
SEQ ID 74035: 6,
16, 20, 22, 28, 30,
32, 34, SW 38,
40, 42, 44,46, 4R,
50, 32, 54, 56,
571, 60, 62, 64,
66, 68, 70, 72, 74,
76, 78, 80, 82, 84,
86, 88, 90, 92,
94,96, 98, 100,
102, 104, 106,
108, 110, 112,
114, 116, and
128. 101351 In
some
embodiments,
where the
ketoreductase
polypcpticle
comprises sot
ami,,o acid
semmnee with an.
amino acid other
thou SiN at the
residue
corresponding to
residue 96 of
SEQ ID I40:2 or
SESQ ID N0:4,
the ketorednetam
9o:7/peptide can
he seleetal from
the amino acid
sequences of
SED 10 NOS: 6,
8, 10,12, 14, 16,
18, 20, 24, 26, 28,
30, 36, 42, 44,
46,48, 50, 52,54,
56, Si, 60, 70, 72,
74, 76, 78, 80.
82,84, 86, 88, 90,
92, 94, 96, 98,
104, 108, 110, 1
18,120, 122, 124,
126, 128, 132,
134, and 136.
101361 In some
ernhodhnents,
segments tithe
ketoreduetase
polypeptides can
he deleted to
gunerate
polypeptide
fragments. The
won "Liagment"
as used herein
refers to a
polypeptide that
has an
amino-terminal
and/or
earboxysterminal
deletion, but
where the
remaining amine
acid sequence's
identical to the
corresponding
positions in the
sequence.
FragmenD can be
at least 14 amino
acids long, at
least 20 amine
acids long, at
least 30 amino
acids long or
longer. In some
embodiments, the
fragment" are up
iv 70%, 80%,
85%, 86%, 37%,
88%, 89%, 90%,
91%, 92%, 937k,
94%, 95%, 96%,
97%, 98%, or
99Vo of the
11E11-length
recombinant
ketoreductrise
polypeplide
above, including
fragments of :he
ketoreducteso
polypeptides of
SEQ 10 NO, 6, 8,
It. 12, 14, 16, Ill,
20, 22, 24, 26, 28,
30, 32, 34, 36, 38,
40, 42, 44, 46, 18,
50, 52, 54, 56, 58,
66, 62, 64, 66, 68,
714 72, 74, 76,
78, 80, 82, 84,
Sd. 83, 90, 92,
94, 96, 98, 100,
102, 104, :06,
100, HO, II2, 114,
116, and 118. In
som. e
embodiments, the
fragments ore up
to 7066.00%,
85%, 86%, UST
88%, 89%, 90%,
91%, 92%, 93%,
9405, 95%, 96%,
97%, 98%, or
99% of the
full-lenoth
recombinant
keloreductase
polypepride
above, including
fragments of the
ketcreductase
polypeptides of
SEQ El NO: 120,
122.124, 126,
128, 130, 132,
834. 136, and
138. (01371 The
improved
ketoreductase
enzymes may be
present vdthin a
eell, present in
the cellular
medium, or
prepared in
various forms,
such as lysates or
isolated
preparations. As
such, in some
embodiments. Me
improved
ketureductase
enzyme Ca2 be
an isolated
polypeptide. The
win "isolated
polypeptik" 'okra
to a pialyiwpritle
which is
substantially
separated Nom
citric,
contaminants limit
nattually
accompany' S,
e.g'Protein, lipids,
and
pubinucleotides.
The term
embraces
polypeptides
which have been
removed ni
purified from their
natorallysocourrin
g environment or
expression
SySteln (mg.,
host cell trot vitro
synthesis). 



101381 In some
embodiments.
One isolated
improved
logoreductases
polypeptide is a
substantially pure
potypeptide
eamposidon. The
terse
"substantially pure
polypepticle"
refers to
composition in
which the
polspeptide
species is the
predominant
species present (i.
e., on a molar or
weight basis it is
more abundant
than any out
individual
nizeromolecular
species
composition), and
is generally a
substantially
purified
composition when
the object species
comprises at least
about 50 percent
et the
macroninlecular
species presmn
by mole or %
weight. Generally,
a substantially
pine
lettoreduelase
composition will
comprise about NI
% or more, about
70% or more,
about 80% or
more, about 90%
or more, about
95% or more, and
about 98% or
more of all
maoromolecular
species hy mole
or % weight
present in the
composition. In
50Ille
embodiments, the
object species is
purified to
essential
homogeneity (I e.,
contaminant
species cmuitit be
detected in the
composition by
ocoveriliunal
detection
methods) wherein
the emnposition
consists
essentially of a
single
macrornolecular
species. Solvent
species, small
molecules (<500
Daltons), and
elemental inn
species are not
considered
macrontolecular
sPectes.  WO NM
63255PCTTUS20
170001683
6.3Pot ytitte
loolidos Encoding
Engineered
Ketoteduetases
/81391 In another
aspect, the
present disclosure
provides
polynliPlevtides
enending the
engineered
keloreducluse
polypeptides. The
polynucleatirdes
may be
operatively linked
to one or more
hetet:ph/0,a
regulatory or
control sonorous
that control gene
Expression to
create a
recombinant
polynuclectide
capable of
expressing the
polypepide
Expression
eunstrmia
containing a
hetrologorts
pelynucleotide
encoding the
engineered
hoeireduetase
can be intioduck3
into appropriate
host cells to
express the
corresponding
ketoreductase.
[0140] Because of
the knowledge of
the codons
corresponding to
de various amino
acids, availability
of a potypeptide
scipbbnoc
provides a
description of all
the
poly-nucleotides
capable of
encoding the
subject
pcilypeptide. The
degeneracy of the
genetic code,
where the same
amino acids are
encoded by
alternative or
synonymous
coders allows an
extremely large
number of nucleic
acids to be made,
all of which
en:rode the
improved
ketoreductase
enzymes
disclosed herein.
Thus, having
identified a
particular amino
acid sequence.
Mose stilled in
Inci art could
make any num
herof different
nucleic acids by
simply modifying
the sequence of
one or store
clielons in a way
which deco not
change the amino
acid sequence of
the protein. In this
regard, the
present disclosure
specifically
contemplates
each and every
possible variation
of
poEmuclecsides
that cc trial be
made by selecting
combinations
bated an the
possible crodon
Moines, and all
such variations
ore 10 be
considered
specifically
disclosed for my
polypeptide
disease] herein,
including the
amino acid
scommus
presented in
Table 1 and Table
2. As such, the
prilynucleetides of
the preseut
disclosure include
any and all
possible
polyniteleotide
sequences that
encode the
kmoreductase
polypeptide of
SE,Q ID NO, 6, 8,
10, 12, 14, Ii,. OS,
20, 22, 24, 26, 28,
30, 32, 34, 36, 31,
40, 42,44,46,48,
50, 52, 54, 56, 58,
60, 62, 64, 66,
MX 7(1, 72, 74,
76, 78, 80, 82, 84,
ad, 88, 9C, 92,
94, 96, 98, 100,
102, 104, 106,
108, 110, 112,
114, 116, 118,
120. 122, 124,
126, 128, 130,
132, 134, 136, or
138 pan En some
embodiments, the
polynucleotides
encoding the
legareductases
enzymes may be
nodon optimized
for optimal
prodemiun from
the host organism
mlected fEc on
For example,
preferred codons
used in bacteria
am used to
express the gene
in bacteria;
preferred cordons
used in yeast are
used for
expression in
yeast; and
preferred codons
used in mammals
are used for
expression in
mammal/au cells.
By way of
example, dm
polynuoleotide of
SEQ /D NO: I has
been codes
optimized for
axpression in E
col!, hut othenvise
encodes Inc
naturally occuning
ketoreductase of
Lactobucillta he/jr.
[01421 In some
embodiments, oil
eodons need not
be replaced to
optimize the
codon usage of
the
ketoreductases
since the natural
se/Cita:nee will
comprise
preferred tedons
and becauste use
prOrtZreti "odors
may not be
required ter all
amino acid
residues.
Corsequently,
endue optimized
polynueleolides
encoding the
hetet-oder/1as
enzymes may
contain preferred
codons at about
40s/o, 50%, 60%,
70%, 80%, or
sten:et than 90%
of cods/ positions
of the full length
coding region.
111143] In some
embodiments, the
polynnelsetides
encoding the
engineered
ketomductases
are seleMed from
SEQ ID NOS: 5,
7, 9, 11, 13,15,
17, 19, 2:. 23, 25,
27, 29, 31, 33, 35,
37, 39, 41, 43,45;
47, 49, 51, 53, 55;
57, 59, 61. 63, 05,
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, awl 117 ha
some
embodiments, the
poiNucleotides
encoding the
engineered keen,
edusaws are
selected front SR)
ID NOS: 119,
121, 123, 125,
127, 129,131,
133, 135, and
137. 101441
These
polynueleotides
encode the
corresponding
polypentides
represented by
the amino acid
sequences listed
in Table land
Table 2, which
were derived by
subjecting the .14
coil cod on
optimized
Lactobnd112, kg
fit gene so
directed gene
evolution
techniques
described herein 



101451 In some
embodiment", the
pdynucleotides
comprise
polynuedeotides
that encode the
polyeepthies
described herein
but love about
80% or more
sequence identity,
about 85% or
more sequence
identity, abota
90% Or mote
.sequence
identity, about
9151 or mon,
sequence identity,
about 9211
rindore sequence
identity, about
93% orsequence
identity, about
94% or MOM
SNuence identity,
clout 95% or more
sequence identify,
about 96% or
more sequence
identify, about
97% or more
sequence identity,
about SW% or
tnore sequence
identity, or about
99% or Mere
sequence identity
at the nucleotide
level to a
tatecersd
polynneleotide
encoding an
engineered
ketoreduetase. In
some
embodiments, the
reference
polynuelsdide is
selected front
pnlynuelswide
sequences of
SRO 117 NOS/ 5,
7, 9, II, 13, 15. 17,
19, 21, 23, 25, 27,
29, 31,33,35, 17,
39, 41, 43, 45, 47,
49, 51, 53, 55,
57,59, 61, 63, 65,
67, 69, 71, 73. 



75, 77, 79, 81,
83,85, 87, 89, 91,
93, 95, 97, 99.
101, 103, 105,
107, 109, 111,
113. 115, and
117. In some ETA
bodiments, the
reference
polomeiemitle is
relented from
sequences of
Sec/ /17 NOS:
119, 121, 173,
125, 127, 129,
131, 133, 135,
and 151,  lin 461
In some
embodiments, the
polyaueleolide
encodes tbe
polypeptide
disclosed heroin
and hybridizes
under defined
conditions, men
as moderately
stringent or highly
stringent
conditions, to the
mimpleinent of a
sequence
encoding an
engineered
ketoreductase
enzyine of the
present
disclosure. As
bleb, in some
embodiments, the
polynucleotides
encoding the
ketoreduolase
Polapepddes
comprises a
polynucleotide
that hybridizes
under highly
stringent
conditions to
polynneleotide
selected from
SEQ ID NOS: 5,
7, 9, 14 13, 15,
17, 19, 71, 23, 25,
27, 29, 31, 33, 35,
37, 39, 41, 43, 45,
47, 49, 51, 53, 55,
57, 59, fit, 63, 65,
67, 69, 71, 73, 75,
77, 79, 81, 83, 25,
37,119, 91, 93,
95, 97, 99, 101,
103, 105, 167,
109, 111, 11$,
115, and 117. In
some
embodiments, the
polmateleuddes
encoding the
ketoreduetase
polypeptides
comprises a
imlynnehrulide
that hybridizeo
under highly
stringent
conditions to a 



polynueleratide
selected from
SEQ ID NOS:
119, 121, 123,
125, 127. )29,
131, 133, 135,
and 137. [01471
An isolated
polynueleoride
encoding an
improved
licioreductase
polypeptide may
be manipulated in
a variety of ways
to pmvide for
expression of the
polypeptide.
Manipulation or
the isolated
polynuclootide
prior to its
insertion into a
vector may be
desirable or
necessary
depending on the
expression rector.
The techniques
Sir modifying
po]ynueloolitles
and nucleic acid
sequences
udlizing
recombinmi DNA
methods are well
knout in the an.
Guidance is
provided in
Sambrook at al.,
2001,Tfaimadar
Cloning: A
Laboratory
Manual, 31s Ed.,
Cold Spring
Harbor Loboratery
Press', and
Current Prolocoli
in Molecular
Biology, Ausubel.
ml., Greene Pub.
Associates, 1998,
updates to 2096.
3014131 In some
embodimmus, the
control sequence
may be an
apptopriate
promoter
sequence, which
can be obtained
from genes
encoding
extracellular or
intracellular
polypeptides
either
homologous or
homologous to
the host cell. For
bacterial Stool
mills, bitable
promoters for
directing
transcription tithe
nucleic acid
eonstructs of the
present
disclooure,
include the
promoters
obtained tress
sloe E cell lac
open);
Sireptomycer
coelicolor attestor
gene (dagA).
Bacillus subnIns
levansecresc
gene (meld),
Bacillus
lichentfcrenns
china-amylase
gene (ampl,),
Bacillus
stearothermophilu
s maltogenic
amylase gene
(amylvf), Bacillus
anlyEliqusfaciem
alphmomylase
gene (amys9).
Bacillus
lichenifirmie
penicillinase gene
(Nag). Bacillus
subiths BELE mid
xy113 genes, and
prokaryotic
listalactamase
gene
(Villa-Kamareff et
al., 1978, Proc.
Woe/ Aced. SE.
USA 75:
3727-3731), no
well as the etc
promoter (DeBoer
et al., 1913, Frac.
Not/Accord Sri.
USA 80: 21-25).
Further
promoters are
described in
"Useful proteins
from recombinant
bacteria" in
Sesensciie
Amnion,
/980.242:74,94;
and in Sambrook
5: al., Writ [0149}
For filamentous
fungal hest cells,
suitable
promoters for
directing the
transcription of
the nucleic acid
mica hoots of the
present disclosure
include promoters
obtained from the
genes for
Aspergitta sone
TAKA amylase.
Rhizome''r
mpehel aspartic
proteinasc,
Asp:Aging sager
neutrg
alpha-amylase,
Aspergillus niger
acid stable
alpha-amylase,
Aspergillus niger
or AspergiUus
awamori
gliscoamy lam
(ROA),
Rhesoniwor
niches lipase,
Aram-gain negate
alkaline protease.
Aspergillos mane
bk.,' phosphate
isomemse,
Aspergiliumildulan
s seeramidasse,
am! Fuse:rim
oxysporum
typsin-like
potease (WO
96/00717), an
well as the
N42-tpi ammeter
(a hybrid tithe
promoters from
the fend for
Aspergillus edger
neutral
alpha-amylase
and Tweet(1h,
comae tiose
phosphate
isomerase). and
mutant, truncated,
aid hybrid
promoters thereof
[0150] Ire yeast
host, useful
promo bra can be
from the genes for
Sonhoromyees
(greyish:et
enolase (E140-1),
Sacnoromyees
catering
galactokinase
(CALI),
Saccharin/twee
cerevisme alcohol
dehydrogenasefel
yeeraldehyde-3-p
hosphate
clohydrogenase
(ADFUJOAP),
and
Sapheromyces
cersvisioe
3.-phosphoglyeer
ate Omen Other
uselld promoters
for yeast host
cells are
described by
Romanios at at,
1992, Yeas:
9:423-488. f1151)
in some
embodiments, the
control sequence
may also be a
suitable
tensest-Moo
ren"inator
sequence, a
sequence
recognized by a
host cell to
terminate
transcription. The
terminator
sequence is
operably linked to
Ike)' temsinus of
the nucleic acid
sequence
encoding the
polhiseptide.
_Any terminator
which is functional
in the host cell of
choice mac
heated in the
present invention.
[0152] For
example.
eromplary
emscriptien
terminators for
filamentous fungal
host cells can be
obtained from the
genes for
Aspergillus cone
TAKA amylase,
Asp:cod/us "(gee
thmoamylase,Tsp
ergiihis reduland
anthronilate
symhan
Asperpllus mger
alphagneceiclesy
and Fusorium
aryspozure
cypsin-like
protease. [0153]
Exemplary
temlinators for
yeast host cells
can he obtained
from the genes for
Seseehoromyces
ceregisioe
enolase,
Soechurompes
cerevisne
cytochmme C
((WTI), and
Aneelumempes
renege,
glyeereldehyde-3-
phosphate
dehydrogenate.
Other smeful
terminators for
yeast host cells
arc described by
Romanos eta!-,
1992, supra.  WO
21.080432aPCT/
US2007110/683
[01541 In some
embodiments, the
control sequence
may also he a
suitable leader
sequence, a
nonnanslated
region of an
inRNA that is
important for
translation by the
host cell. The
Testier sequence
is operably linked
to the 3' terminus
al the nucleic acid
sequence
encoding the
pinspeptide, Any
leader sequence
Mal is &ones.) in
She host cell of
chance may be
used Exemplary
lenders for
alamenrous
fungal host cells
are obtained from
the genes liar
Aspergillue
oryzae TAXA
amylase and
Anierdiam
nidhlont triune
phosphate
isomerase.
Suitable leaders
for yeast host
cells are obtained
from the genes for
koccharumines 



cereth sloe cote
(LNO-1).
Socehaeoeteces
rerevitiee
3-phosphoglyeei
ate butane,
Saecharoraycee
cereviteue alpha.
factor, end
Succhareenyces
cerevitiae alcnho;
dchydrogenaseigl
yecraldchyde-3-p
hosphate
dchydrogenasc
(A10H2iGAP).
pistol In some
embedimertanho
control sequence
may also be a
polyadenylation
sequenec, a
sequence
operably linked to
the 3' temoinus of
the nucleic acid
sequence and
which, when
transcribed, is
recomMed by the
host cell as a
signal to add
polyadenosine
residues to
transcribed
mRNA. Any
polyadenylation
sequence which
is Pined/mai in
the host cell of
choice may be
used in die
present invention.
Exemplary
polyadenylation
sequences for
alamentom -angel
host cells nail be
from the genes for
elspergillus
oryerze TAICA
amylase,
Asper-Allies niger
glecetunylese,
ettpergi lu s
nide/nee
anthrenilate
synthase,
fitetarium
arytnerum
timpsindike
nrotmse, and
Aspergillus nice,
aipha-Mueosidas
e. Useful
polyadenylation
sequences for
yeasi host cells
are desmibed by
Ciuo and
Sherman, 1995,
Mot Cell Bic
15:59/55-5990 Mt
561 lit some
embodiments, the
control sequence
may also be a
signal peptide
coding region that
codes for an
amino acid
sequence Mated
In the moire
telminds of a
polypcmide end
directs the
encoded
polmeptide into
the cells secretory
pathway. 'line 5'
end of the coding
sequence cif the
nucleic acid
sequence may
inherently eoritain
a signal peptide
coding region
naturally linked in
molded= 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
ending sequence.
The foreign signal
pepiidc coding
region may be
required where
the coding
sequence does
not naturally
contain a signal
peptide coding
tennis 111571
Alternatively, the
foreign signal
peptide coding
region may simply
replace the
natural signal
peptide coding
region in order to
enhance
secretion of the
polapeptide.
However, any
signal peptide
coding region
which directs the
expressed
polypeptide into
the secietory
pathway of a host
cell of choice may
he used in the
present invention.
10158] Effewive
signal neptide
coding regions for
bacterial host
cells are the hotel
peptide coding
regions obtained
from the genes for
Bacillus NCIB
11837 maltogenie
amylase, Bacillus
smarmhermophilu
s alphwantylime,
Bacillus
lichenilhowis
sulatilisim Bacillus
licheniformis
beta-lactamase,
Bacillus
sieuroihermophilu
s mita( proteases
(ninth uprS,
mirM), and
Docithes sulgilly
prsA. Further
signal peptides
are described by
Simonen and
Paha, 1993,
Microbial Rev 37.
109-137. 10159]
Effective signal
peptide corOng
regions for
filamentous fungal
host cells ran be
the similel peptide
coding regions
obtained from the
genes for
Aspergithis ormac
TAK A amylase,
_4 spiv-m(11as
;tiger neutral
amylase,
Ashy-ignites
afgee
glocoarayle.se,
Rhicomucor
miehei aspartie
oroteinaseilunical
a i2z80 Fein
Cellulase, and
Humicola
lanuginoso lipase.
101601 Useful
signal peptides for
}east host cello
can he thim the
genes for
Sacehatvarytes
cerevisiae
alpha-factor nod
Sacchasomyces
cerevisiac
invertase Other
useful signal
1m/wide coding
regions are
described by
Romanos coat,,
1997, supra. rolo]
in some
embodiments, the
control sequence
may also be a
propeptide coding
region that codes
for an amino acid
sequence
positioned at the
amino terminus of
a polypeptidc.
The rest, ham
polypeptide is
kiloton as a
proenzyine or
propolypeptide (or
a syringe]) in
some cases). A
profit-an:71de is
generally inactive
and eau tic
converted to a
mating active
phypeptide by
catalyaio or
autocatalokic
cleavage of the
propeptide from
the
pmptlyhmptide.
17m propeptide
coding region
may be obtained
(tom the genes fur
Socilior suhtflis
alkaline protease
(ahrE), Bacillus
subs//is neutral
protease (rincT).
Saccharoitimms
s'rcvsisioaalpha
factor,
RhIzoinutor mie
her aspartic
proleinase, and
Alyeelithihihora
(homophile
lactase (WO
95W3136) t(1162)
Where both signal
peptide and
propeptide
regions are
present at the
amino temilnus of
a pulypeptide. she
prupeptide region
at positioned next
to the amino
terminus of o
polypeptide .and
the signal pepede
iegion is
positioned next to
the amino
lennines of the
propeptide region.
00631 ft may also
ha desirable to
add regulatory
sequences, which
allow the
regulation of rho
expression of the
polypepride
relative to the
growth of the host
cell Examples of
thO
2001410.3748PC
TII 121108 76tI 



roomsregatiotaao
yu are those
which cause fit
expression of the
gene on be turned
on or off in
response to a
chemical or
physical stimulus,
including the
presence of a
regulatory
compound. In
prokatintie host
cells, suitable
regulatory
sequences
include the lac,
tag and trp
operator systems.
lo yeast how cells,
suitable regulate'
y systems
include, as
examples, the
g?Dhl2 system or
CALI system In
Elitmentous fungi,
suitable
regulatory
sequences
include. the TAKA
alpha-amylase
pmmoter,
Aspergillus niger
glucoannyInse
promoter, and
Aspergillus
oryzae
glitegaraylase
promoter. 10064I
Other examples
of regulatory UT
control sequences
are those which
allow for gene
amplification. In
eukaryolic
systems, these
include the
dihydrofolnte
reduetase gene,
which is Fallpiitied
in the presence of
methotregate, and
the
metaliorbionein
genes, which are
amplified with
heavy metals. In
these cases, the
nucleic acid
sequence
encoding the
K.RED
PolYpeptidie of
the present
invention would
be operably linked
with the control
sequence IIII65I
Thus, in another
aspect, the
present disclosure
is also directed to
a recombinant
expression vector
comprising a
polynueleotide
encoding an
engineered
ktoteductase
polypeptide or a
variatat tlgreof,
and one or more
expression
regulating regions
sorb as a
promoter and a
terminator, a
replication origin,
etc., depending
Oe the type of
hosts into which
they arc to be
introduced. The
various cast' etc
acid and control
sequences
described above
may he joined
together to
produce a
recombinant
expression vector
which may
include one or
more convenient
restriction silt to
allow for inseming
or substitution of
the nucleic acid
sequence
mcoding the
polypeptide at
such sits.
Alternatively-, the
nucleic acid
sequence of at sr
presentl
disclosure may be
explessed by
inserting the
nucleic acid
sequence or a
nucleic acid
construct
comprising the
sequence into an
appropriate vector
for expression. In
creating the
expression
vacant-, the
coding sequence
is located in the
sector so that the
coding sequence
is operably- linked
with the
appropriate
control sequences
lac expression.
101661 The
recombinald
expression vector
may he any
veutor (e.g, a
plasmid or vitt),
which cm be
conveniently
subjected to
recombinant-INA
procedures and
can bring ahem
the expression of
the poffnucleolide
segueing. The
choice of the
vector will
typically depend
on the
compatibilify or
the vector with the
host on titan
which the vector
is to be
introduced. The
vectors may be
linear or closed
stoat plasmids.
0167! The
expression vector
may be an
autonomously
rrplicaatag exists
as an
extrachromosoma
l entity, the
replication of
whicstrut of
chromosomat
replication, e 0.,
aptastard, an
extrachromosoma
l element, a
minichromosorne,
or an artificial
clummosome.
The vector may
contain any
means for
assuring
self-replication.
Alternatively, the
sector may be
one which, when
introduced into
the host eel I. is
integrated into the
gnome and
replicated
together with the
chromosome(s)
into which it has
been integrated.
Furthermore, a
single vector or
plasmid or nvo or
more vectors as
Wall-olds which
together cold:tin
the total DNA tabs
introduced into
the genitive of the
host cell, or
transposon may
be used. pillrtgl
The expression
vector of the
present invention
preferably
contains one or
more seletotahtc
markers, which
permit easy
selection of
transformid cells.
A selectable
marker is a gene
the pmduci of
which provides for
biocide or viral
resistance,
resistance to
heavy metals,
protatroptty-toaux
olacphs, and the
like. Examples of
bacterial
selectable
markers are the
dial genes from
Bacillus' sub" ;is
or Baca,.
11(170/7011105,
or markers, which
confer andbintic
resistance such
as timpicillin,
kanamycin,
chloramphenicol
(Example It or
tetrAycline
resistance.
Suitable markers
tar yeast host
cells are ADE2,
HISP. LEU2,
LYS2, MET3.
TRPI, and (JRA3
[016911
Selechsble
markers Pomona
in a filamentous
fungal host cell
include, but are
not limited to,
amdS
(acetilmidasel,
argH (ontithine
carbroneyltrimsfer
zse) bar
(phosphinotluicin
acctyltransferase)
hph rhygronwcin
phosphotransfera
se). nista (I1h-die
reductase), parse
torolidine-F-phosp
h.ate
decarhoxylasej,
sC (sulfate
atienyltransferase
g and trpC
(anthranilare
synthaseg as well
as equivalents
thereof.
Embodhnents tbr
use. icon
Aspergillus cell
include the amdS
and pyre) genes
of Asper-silks.
nidulans or
Aspergilln oryzne
and the bar gene
of Streptomycey
hygrOse.Picks.
1017(1] The
expression
vectors Akar
present invention
pretarabiy contain
an element(?) that
permits
integration of the
vector into the
host oell's gene or
at replication of
the vector in the
cell independent
of the genome. for
integration into Pa
host cell genome.
The vector may
rely on the nucleic
seal sequence
encoding the
polypeptide as
any other element
of the vector for
integration of the
vector into the
genome by
homologous or
nonhemologous
recombination.
101711
Ahernelissaly, the
expression minor
may contain
additional nucleic
acid sequences
for directing
integration by
homologous
recombination
into she genome
of the host cell.
The additional
nucleic acid
sequences nimble
the vector to be
integrated itito the
host cell genome
at a precise
location(s) in the
ekrornosemo(s).
To increase the
likelihood of
integration at a
precise location,
the integratinnal
elements should
preferably cosmic
a sufficient
number of nucleic
acids, such as
100 to 10,000
base pairs,
preferably 40010
10,000 base
pairs, and raost
preferably 10010
10,000 hone
pairs. which arc
highly
homologous with
the corresponding
target sequence
to enhance the
probability of
homologous
recombination.
The imam-adrenal
elm amts may be
any sequence
that is
homologous with
the target
sequence as the
generim of the
host mall.
Furthermore, the
inrogrational
elements may be
non-encoding or
encoding nucleic
acid seqmsnces.
On the other
hand, the motor
may he integrated
into rho genome
of the host cell by
non-homologous
recombination.
[oval For
autonomous
replication, the
vector may further
COMpliSe 411
crigin of
replication
enabling the
vector to replicate
autonomously in
the host cell in
qtrealian.
Examples of
bacterial origins of
replication are
PISA ori (as
shown in the
plasmid of MG. 5)
or the origins of
replication of
plaarnide
M311322, 05E19,
pACYC177
(which plasmid
has the P15,3
eri), or
pACYC184
pennittMg
replication in E.
cold, and
pUB110,pla194.
pTA1060, or
pAlytheta.1
permitting
replication in
Bacillus.
laxarriples of
origins of
replication for use
in a yeast host tall
are the Tinicroo
origin of
replication. ARS I,
ARSE, the
combination of
ARS1 and CEN3,
and the
combination of
ARM and CEN6.
The origin of
replication may be
tom having a
mutation which
makes it's
fimmioniag
temperature-sensi
tive in :he host
cell (see, e.g.,
Ehrlich, 1971,
Frac Nat/ Amid
Sec USA
75:1433). 



101731 More than
one copy efa
nucleic. said
sequence of the
present invention
may he inserted
into the hest cell
to increase
production of the
gene product. An
increase in the
copy number of
the mmleic mid
sequence can be
obtained by
integrating at twist
one additional
copy of the
sequence into Om
bast cdl genome
or tur including an
amplifiable
selectable marker
gene with the
nucleic acid
seam.ee where
cells containing
amplified copies
of the selectable
marker gam, and
thereby additional
copies of the
nucleic acid
sequence, can be
selected for by
cultivating the
cells in the
presence of the
appropriate
selectable agent.
101741 Many of
the expression
vectors fur use in
the pleats
invmuion are
commercially
available Suitable
comrmmial
expmssion
vectors include
paalILAGTMThi
expression
vectors from
Sigma-Aldrich
Chemicals, St.
Lows MO., which
included a CMV
promoter and
hGIL
polyadenylation
site for expression
in mammalian
host cells and a
pHR322 origin of
replication and
ample! Ilia
rdaistance
mericers for
amplification in E.
call. Other
suitable
expression
vectors are pH
lueseriptll SKOV,
and pBK-CNIV,
which are
at:ouzel-natty
available from
Stratagene,
Ladoga CA, and
plasmids which
are del toed from
0318372 (Giboo
SRL), pEC (Gibes
ORLI,
pREP4,pCEPI
(Inyitt gen) or
pPoly (Lathe et
al., 1987, Gene
57:193-201)
6.4Host Cells for
Hare trefoil
ollactoredurease
Polytides [01751
las ATIOTILT
aspect.. tile pi
onus diselesore
provides a host
con comprising a
polstaucleotide
encoding an
improved knot
eductase
porepeptide of the
present
disclosure, the
polyaucleotide
being operatively
linked to one or
more control
sequences for
repression of the
knareditclase
enzyme in the
host cell. I lost
delis for use in
expressing the
ketwethil:thse
polypeptides
encoded by the
expression
vectors of the
present invention
are wen known in
the art and
include hot ate
not limited to,
hrewrial cells,
such as K. roll,
Lactobacillus kali,.
Lactobacillus
brevis,
ileroprentyces
and Sahnenche
ophionuriton net
to: fungal cells,
such as yeast
cells le
g.,Saccharontwes
cerevisiae or
Pichia ',annuls
(ATCC Accession
No. 20I178P;
insect cells such
as Drosophila 62
and Spodoptem
abe cells: seemed
cells such as
CHO, COS, Mini
293, anti Bowed
melanoina c211s;
and plant cells.
Appropriate
culture teed
stunts and
resewth
conditions Raritan
aboverelnscribed
bon cells are well
known in the art.
101761
Polytmelonides
Ire expressioas of
the ketoreductase
!nay be
introduced into
cells by YriOUS
methods known in
list tn. Techniques
inane among
inhere
electreporation,
biolistie particle
bombardment,
!income mediated
transibution,
calcium eldonde
transfeerion and
Futures( fusion.
Vat ions methods
for introducing
polynucleetides
into cells will be
apparent to the
skilled artisan.
[01771 An
exemplary hen
cell is
13scherichia cull
W3110. The
expression vector
was created lay
opreatively linking
a polynucleortre
encoding an
improved
ketoreductase
into the planned
pC.KI10900
operatively linked
to the km
promoter under
control of the lac,
repressor. The
expression vector
also contained the
PI 5a (nigh) of
replication and
the
chlorampremicol
resistmtre gene.
Cells containing
the subject
polynucleotide in
Escherichla con
w3jjp were
isolated by
retina:ling the
cells to
ehloramphenil
selection.  thO
200811037thsPC
T/i:itoosie
6.5Methods of
Generating
Engineered
Ketoreduetase
Poly:peptides.
191711) 'In make
iho improved
ketoreductase
polynueleotides
and polypeptidu
&Om present
disclosure, the
narthally-occurrin
g kthoredtctase
enzyme /1181
catalyzes the
induction reaction
is obtained from
Lactobacillus icsfir
or Lactobacillus
breve, ha some
embodiments, the
parent
polynuelentide
sequence is
codon optimized
to enhance
expression of the
tamed:fosse in a
specified host
cell. As an
illustration, the
parental
pnlynnelootide
sequence
encoding the
wild-Kpe
ketoreductase
polypeptide of
Lactobacillus.
Lefts tens
constructed from
oligommienrides
prepared leased
upon the known
potypePtide
sealumace of
Lactobacillus
Solis KRED
sequence
mailable in
Genbafil:
darabnse
(C:embank
accession no.
AA094029
01:33112056).
The
parentalpnlynuclut
ide sequence,
designated as
SEQ ID NO: 1,
was codon
optimized for
expression in Er
colt and the
codon-optirnized
poly/melt:elide
cloned into an
expression vector
placing the
expressien of am
kthoreductase
gene under the
control of the sae
promoter and tact
repressor gene.
Clones
expressing the
active
ketoreductase in
0' col; were
identified and the
genes sequenced
to confirm their
identity. The
sequence
designated (SEQ
ID NO: I) was the
parent sequence
milthed as the
starting point for
all experiments
and library
construction of
engineered
kcionsductases
evolved front the
Lactobacilli,
lisfirkelorsdracars
e. 161791 The
engineeted
ketoreduthases
can be obtained
by subjecting the
polumclethide
encoding the
naturally
occurring
keturedrictase to
mutagenesis
and/or directed
evolution
methods, as
discuss:xi above.
An exemplary
directed evolution
technique is
mmagenesis
andlor DNA
shuffling as
described in
Stemmer, 1994,
Pow Nod dead Sri
USA 9E10747-
10751; WO
95/22625; WO
971007g; WO
97135966; WO
98/27230; WO
00/42651; WO
01/75767 and (JS
Pat. 6,537,746.
Other directed
evoltaion
procedures that
can be used
include, among
others, staggered
extension
piocess(SIEP), in
:TWO
recombination
(Zhao th at, 1998,
Nth. Brolechnor I
6,258-261),
mutagenic OCR
(Caldwell et al,
1994, PCS
Methods Apol,
3:5136-S140),
and cassette
mutagenesis
(Black eta], 1996,
Pro: Nat) Arad Sol
/0514
03:3525-35293 



ono) The clones
obtained ibllowing
rnutagenesis
treat:um en:
screened for
engineered
ketoreduetases
having a desired
improved enzyme
property.
Measuring
eneynae activity
from the
expression
libraries van be
performed using
the standard
biochemistry
technique of
monitoring the
rate of decrease
(via a decrease in
absorbance or
fluorescence) of
NADH or
'IJADPIT
concntration, as it
is converted into
NADI or NADP 2
In this reaction,
Ma NADH or
NADPH is
consumed
(oxidized) by the
kooreduclase as
the ketoreductase
induces a ketone
eubstzate to the
corresponding
hydroxyl group.
'file rase or
degrease of
NADH or NA DPH
concentration, as
measured by the
decrease in
absorbanco cm
fluorescence, per
unit time indicates
the relative
(enzymatic)
activity of the
latompluiase
RHYFeritide
latticed amount of
the lysate (or a
lyophilized ponder
made theiefrom).
Vinare the impi
oved enzyme
property desired
is thermal
stability, enzyme
activity may be
measured after
subjecting the
enzyme
preparations ton
defined
temperature and
measuring the
miming of enzyme
activity remaining
after heat
treatments.
Clones containing
a pciyoucleotide
encoding a
ketoreductase are
then isolated,
sequenced to
ideriargt the
nueleotide
sequence
changes (if any),
and used to
express the
enzyme in a host
celi. EOM) aNiere
ticsectionce of the
enneerecl
polypeptide is
known,
theepolynueleolid
es encoding the
enzyme can be
prepared by
standard
solid-phase
methods,
according to
known synthetic
methods. In some
embodiments,
fragments of up to
about IOC bases
c,an he
individually
synthesized, then
joined (e.g., by
enzymatic or
chemicid litigation
methods, Cr
polymerase
mediated
methods) to fame
any desired
continuous
sequence. For
example,
polynuelosicies
and
oligonuciemides
of the imention
can be prepared
hay chemical
synthesis using, c
g the elamical
phosphoramidite
method described
by Beaucage et
al., I Ott, Tel Lett
22:1859-69, or
the method
describB1 by
Mathes et al,
1984, REMO .1.
3:101-05, e.g., as
it is typically
practiced in
aeomated
synthetic
methods.
According to the
phosphommidhe
method,
oligentschhtides
are synthesized,
e.g., it an
automatic DNA
synthesizer,
purified,
ammaled, ligated
and cloned iP1
appropriate
vectors. in
oddities
essentially any
nucleic acid can
be obtairgd from
any of a variety of
commercial
sources, such as
The Midland
Certified Regent
Company,
Midland, TX, '1 he
threes America
Gene Company,
Ramos, CA,
ExpressGen Inc
Chicago, IL,
()genii
Technologies Inc.,
Alameda, CA, and
many others.
101821
Engineered
lientreductase
groymes
expressed in a
host cell cat: bc
recovered from
the cellseeder
allure medium
using any (Inc or
more of Bewail
known techniques
for protein
purification,
including, among
others, lysozyme
treatment,
sunbeam,
filtintion,
salting-out,
ultracentrifugotion
, and
ehromatoraphy.
Suitable solutions
for lysing and the
high effieiency
extraction of
progins from
bacteria. sac as E
cal', are
commercially
available under
Mc reside name
CelLytic 13rm
from
Sigma-Aldrich of
Si, hoes MO.
i0183)
Chromatographic
techniques for
isolation of the
ketoreductaser
polypepfrde
include, among
others, reverse
phase
chromatography
high performance
liquid
chromateraphy,
ion exchange
chromatography,
gel
eleedmphomsis,
and affinity
chromatography.
Conditions for
purifying a
particular errorre
will depend, in
part, on factors
such as net
charge,
hydrophobicity,
hydrophi Toby,
molecular weight,
molecular shape,
etc., and will be
apparent to those
having skill in the
art. [0184] In
some
embodiments,
affinity techniques
may be used to
isolate the
improved
ketoreductuse
enzymes. For
affinity
chconsatography
purification, any
antibody which
specifically binds
die
Iseroreduetase
polypeptide may
he used. For the
production of
antibodies,
various hest
animals, including
but not llitited to
rabbits, mice,
rats, etc., rnosy
be immunized by
injection with a
compouud. The
compound may
be attached to a
suitable currier,
such as BSA; by
mums of a side
chain Emotional
grouper link=
attached to a side
chain raactional
grailp. Various
adjuvants may be
used Co increase
the immunological
response.
depending on the
host species,
including but not
limited to
Freund's
(complete and
ineorapleie),
mineral gels such
as aluminum
hydroxide.
surface active
substances such
as lysolecithin,
plumnic
poiyols,polyanion
s, peptides, MI
emulsiens,
keyhole limpet
hemocyanin,
dinitrophenot, and
potentially useful
human adjuvants
such as BCCI
Calmette Guerin)
and
Corynebacterium
6.6Methods of
Using the
Engineered
Ketomductase
Enzymes and
Compounds
Prepared
Therewith 



fillgfil The
ketcreductase
enzymes
described herein
can catalyze the
reduction of the
substrete
IT4-(4-ftuore-2-m
ethyl-Ili-indol-S-yl
oxy)-fimethyl-pyr
mlo[2,1-11[1.2,4fit
riattne6-yloxyl-pm
pan-2-one, as
represented by
the structure of
formula (D: (r)
r)--C-C1 to the
chiral alcohol
product
(R)-1,[4-(4-fluoro-
7-merthyd1li-indel
-5-yloxY)_5mas
pyrrolo[2,I
fil[1,2,4,priarsinc-
6-yloxyl-prupan.2.
el, as represented
by structure
ol'lomsuia (II)
1638861 The
above
compounds mean
iet the synthesis
of protein kinase
inlabilus, and are
encompassed
within eelass of
compound
described in LIS
applicadon No.
US
2006/0004007,
US
2006/0128709;
011
2006/0257400:
11821106026443
8; and
01120060286646
Call publications
incorporated
herein by
reference). Thus,
otter compounds
of the class with
the regniniic bete
group can be
used as
substrates for the
kercroduelases
disclosed herein.
101871 In onions
embodiments, the
methods can
comprise
contacting or
mixing the
compound of
formula (I) with a
ketoreductase
offer present
disclosure tinder
reaction
conditions
suitable for
cranversion cif the
substrate to the
compound of
structural formula
(II). Exemplary
muttons
conditions are
described in the
Examples. Other
suitable reactions
conditions will he
apparent to the
skilled eitiean
Exemplary bitted
settee polypepti
des that one bc
used in the
method include,
but are not limited
to, SEQ ID NO, 6,
8, 10,12, 14,16,
18, 20, 22, 24, 26,
28,30, 32, 34, 36,
31, 



40,42, 44, 48,
48,50,52, 54,56,
58, 60, 62, 64, 66,
68, 70, 72. 74, 78,
78, 80, 82, 84, 86,
88, 90, 92, 94, 86,
98, 100, 102, 104,



106, 108, 110,
112, HA, 116,and
118. 0188] In
some
embodiments, the
ketoreductase
polypeptides
described herein
sec cepeble of
conatening the
saturate
acetophenrine, as
represented by
structural formula
(810,      111189]
In various
embodiments, the
method can
comprise
contacting or
mixing the
dompeund of
l'ormula (111)
with a
ketoredoemse of
the ;resent
disclosure under
reaction
conditions
suitable /br
conversion of the
substrate to the
compound of
seuctural formula
(IV) Exemplary
renctiont
conditions are
described in the
Examples (see, e
g , Example 15). I
Wier suitable
reactions
conditions will be
apparent to the
skilled artisan.
Eosemphyry
ketoreductase
polypeptides that
can he lined 111
the method
include. En are
not limited 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, 04, 66, 68,
70, 72, 74, 76, 78,
80, 82, 84, 86, 88,
90, 92, 94, 96, 98,
1110, 102, 104,
106, 108, 110,
112, th4, 116,
118, 120, 122,
124, 126, 128,
130, 132, 134,
136, or 1310 In
some
embodiments, the
keloreductase
polypepthes that
ear. be used MI
reduction or
conversion of
acetophenOne to
(8)1-plotnylethano
l is selected from
the poly:peptides
of SEQ ID NO:
120, 122, 124,
126, 128, 130,
132, 134, 136, or
138. 101991 In
sonin
embodiments, the
tetultant product
is enriched to a
particular
sterenisomer, i.e.,
compound (II) or
compound (Di).
As used herein, a
compound is
"enriched" in a
particular
stemoisomer
when that
steno:isomer is
presem in excess
over ally other
stereoisemes
pretest: in the
compound. A
compound that is
enriched in a
particular
sterthisomerthpict
03 tammise at
East about 60%
or name, 70% or
more, 80% or
mom, 90% or
more, 95% or
nium, 96% QY
niore, 97% or
01010, 98% or
Meth, 99% or
more, or 99.5% or
more, of the
specified stet
thiSither. The
amount of
enrichment of a
pamieular
stereoisomer can
he confirmed
using
conventional
analytical
methods routinely
used by those or
skill in the art.
[81911 In mime
embodiments, the
amount of
undesired
stemeitomens
may be lets that,
10%, for example,
less than 9%, lass
than 8%, loss
titan 7%, less
than 6%, less
than 5%, Ess than
4%, less than 3%,
less than 2%, lees
thth 1% or even
less thus 0.9%.
0.8%, 0.7%,
0.6%, 0.5%,
0.4%, 0,2%, or
0.1%.
Sterthisomeri.11y
enriched
compounds that
contain at East
910
200011012a01
001 



about 99.5% or
more of the
desired
stemoisomer are
peforred to herein
as "substantially
pure"
sterecisomers. to
some
embodiments,
compounds that
are substantially
pure in a specified
stereasomer
contain greater
than 99,0%,
99.2%, 99.4%,
99,6% 99.8 %, or
even greater
purity.
Stereoisontericall
y enriched
compounds Mat
contain:' 99.9% of
the desired
stereasemer are
Inferred to herein
as "pure"
stercoisomen.
l(1192) As is
Amman by those
of stall in the art,
ketoreductasemat
alyzed reduction
reactions typically
require a cofactor.
Reduction
it-Actions
catalyzed by the
engineered
ketereductase
enzymes
described herein
also typically
require a cofactor,
although many
embodiments of
the enginecrAl
ketoreducteses
mutat far less
cofactor than
reactions
catalyzed ninth
wild, type
ketoreductase
enzymes. As
used herein, the
tents Mottictor"
mains to a
non-protein
compound that
operates in
combination with
a ketoreductase
enzyme Cofactors
suitable for use
with the
engineered
ketoreductase
graying%
described herein
include, but arc
not limited In.
HADVi
(nicotinamide
adenine
dinucleotide
phosphate),
NADPH (the
reduced form of
NAlt (nicetimmitle
adenine
dinucleotidej and
NADH (the
reduced form of
NAP') Generally,
the reduced form
of the cofactor is
added to the
reaction mixture.
The Ieduced
NAD(P)II form cm
be optional ty
regenerated from
the oxidized
NADIPP form
using a cofactor
regeneration
system. [0193]
Suitable
exemplary
cofactor or
generation
systems that may
he anployed
include, hut are
not limited to,
glucose and
glucose
dithydrogenam,
connate and
fermate
dehydrogenase,
0=0m-6-phosphat
e, and
glueose-6-pinosp
hate
riehydrogenase, a
secondary (eg ,
isopropanop
alcohol and
secondary alcohol
dehydrogenate,
phosphite and
phosphite
debydrogenase,
molecular
hydrogen and
hydrogenase, and
the like, mete
syst.Is may be
used in
combination wirh
either
NADPUNADPH st
NAD (NADI( as
the cofactor.
HIcelrochemical
regeneration
using
hydrogenaso may
also be used as a
cofactor
regeneration
system. ger, e.g ,
US Pat. Nos.
5,538,867 and
6,495,023, both of
which are
incorporated
herein by
reference.
Chemical cofactor
regeneration
systems
comprising a
metal catalyst and
a reducing agent
(for example,
molecular
hydrogen or
Fermate) ae also
suitable. See,
e.g., PCT
publication WO
2000(053731,
which is
incorporated
herein by
retbrince. /81941
'laic tams
"glucose
dehydrogenate"
and "GDP" are
used
interchangeably
herein to refer
toot NADI Or
NADHXdcpendon
t crayon, that
catalyzes the
convention of
D-glucose and
NAP or to
gluconic acid and
NAM or NADPII,
respectively.
Equation (1),
below, describes
th glucose
dehydregeoosc-c
soalyzed
reduction of NNW
or NADI' by
glucose.
V)glucose 4
NAD(P0
kletigluconic add
NAD(P)H + 10'
101951 Glucose
deiythogonases
that are suitable
for suite the
practice of the
methods
dcocribed herein
include bath
naturally
occurring glucose
dehydrogeneweq
as well as
non-naturally
conning glucose
dehydrogenases.
Naturally
occurring glucose
dehydrugenast
encoding genes
have b.n reported
in the literature.
For example, the
Bacillus yublilA
61297 GDII gene
was expressed in
E colt and was
reported to exhibit
she astute
physicochemical
properties as the
enzine pinduced
in its native host
(1/Esandu Cl al,
1983, Proc. NatA
:lead Ski BSA
80:7854 The gene
sequence ache 8.
stability 0011
gene, which
corresponds to
Cenbank Ace, No
6112276, was
reported by
I.Nnpel et al.,
1986,1 Baceeris I
66,238-243, and
in corrected num
by Tamane eta'.,
1996,
Microbiology
1421047-3056 as
Genbank Ace. No
050453. Naturally
occurring (112H
genes also
include those that
cnoode the GM
from R. egress
.4100 14579
(Mahar, 2003,
523E7-91;
Gcnbank Acc. No.
AE017013 ) and 0
mcgaceritan iltlur
.1 Bitchent , 1998,
17448E490, (Sect
book Ace. No.
X12370; .1
Ferment Aiming.,
1990, 70;363-369,
&ENNA Aco. No.
01216270).
Glucose
dchydrogenases
from liacilltA op.
arc provided in
PCT publication
WO 2005/018579
as SEQ II) NOS,
10 and 12
(encoded by
polynnelcotide
sequences con
espottding to SEQ
ID 6406: 9 and It.
respectively, of
the POT
puhlicNion), the
disclosure of
whitth is
incorporated
herein by
refeiciice. /01961
Non-naturally
oceurring glucose
dehydrogenews
may be generated
using known
methods, such as,
for exempt,
mutagenesis,
directed evolution,
sod the like. GBH
enzymes having
suitable activity,
whether naturally
oworring or
non-naturally
occurring, may be
readily identified
using the assay
desenhed in
Example 4 of
POT publication
WO 2005/018579,
the disclosure or
which is
incorporated
heroin by
reference.
Exemplar), nun,
min:rally occurring
glucose
dehydrogennses
are provided in
POT publication
WO
200511119579 as
SEQNOS: 62, 64,
66, it, 122, 174,
and 126. 'the
polytmeleutide
sequences that
encode them itte
provided in POT
publication WO
2005:018579 at
SEQ ID NOS,
61,67 65, 67, 121,
1253, and 125,
respectively. All of
[liege salmonyes
are incorporated
herein by
reference.
Additional
non-naturally
oceun ing glucose
dehychogenases
that are 60  



suitable for use in
the
ketoreductase-cat
alyzwl reduction
reactions
disclosed herein
are provided in
LIS application
publication Nos.
2003/0095619
arid
2005/0153417,
the disclosures cif
which are
incorporated
herein by
reference. 101971
Glucose
delifithegenases
employed in the
keinreduasse-cat
alyzed reduction
waegons
described herein
may mdaibit an
activity of at least
about 1(1
psnoLeminlmg
and sometimes at
least about 102
Fool/minims or
about 104
arnoliminimg, op
to about 104
gmobirainfing or
higher in Mc
assay described
in Example 4 of
PCIT publication
WO 2005/010579.
[01911 The
ketneductasewata
la-zed reduction
reactions
described herein
are generally
canted ont in a
solvent. Suitable
solvents include:
water, organic
solvents , ethyl
acetate, butyl
acetate, I -oei
anal, heptane.
octane, methyl
1-buiyi ether
(MTHE), toluene,
and the like), and
ionic liquids (ag,
isethyl
4-methylimidazoli
um
tenantioroborate,
1-buty1-3-methyli
midazolium
rettufluaroborate,
1-buty1-3-methyli
midazoliwn
herialluonaphosp
hate, and the
like). In some
embodiments,
aqueous solvents,
including water
and aqueous
co-solvent
systems, are used
101991
Exemplary
aqueous
co-solvent
systems bare
water and one or
mole organic
solvent In
general, an
organic solvent
component afar,
aqueous
to-solvent system
is selected sack
that ir does not
completely
inactivate the
kelureductase
enzyme
Appropriate
co-solvers
systems cm be
it:tidily identified
by measuring the
enzymatic activity
of the specified
engineered
ketoreductase
enzyme with a
defined SUbStf
RIO of interest in
the candidate
solvent system,an
enzyme activity
assay. such as
Mose described
herein. 102001
The organic
solvent
component oral'
aqueous
co-solvem system
may be miscible
with the aqueous
component,
providina a single
liquid phase, or
may be partly
miscible or
iMITtheiblc with
the aqueous
comoommt,
providing two
liquid phases.
Genwially, when
an aqueous
co-solvent system
is employed, ills
selected to he
hiphasie, with
water dispersed in
an organic
solvent, or
vice-versa.
Generally, when
an aqueous
en-solvent system
is ufiEzefi, il is
desirable to select
an organic solvent
that can be
readily separated
from the aqueous
phase. In
gianmal, the ratio
of wader to
organic solvent in
the co-solvent
system is fipically
in the range of
Prom about 90:10
to about 10:90
(v/v) organic
solvent to water,
and between
80:20 and 20:10
(via) organic
solvent to water.
lbe co-solvent
system may be
pre-formed prior
to addition to the
reaction mixture.,
or it may be
fanned in situ in
the reaction
vessel.
PC1/1:5200aa101
683 102011 The
aqueous 5olvent
(watek or
aqueous
co-solvent
system) may be
pH-buffered or
I:Mindfuled.
Generally, the
reduction can be
carried out at to
pH of about In or
below, usually in
the range of from
about Ito about to.
In some
embodiments, the
reduction is
essified sit at a
pH of about 9 or
below, usually in
the range of from
about Ito about 9.
In some
embodimmis, the
reduction is
carried out at a
pH of about 8 or
below, orlon in the
range of from
quer Ito about 8,
and usually is the
range uf from
about 6 to about
8. The reduction
may also he
carried out at a
pH of about 7.8 or
Mower 7.5 or
below.
Alternatively, the
reduction may be
carried ma a
neutral pit, I.e,
about 7. [0202]
During the coume
of the reduction
reactions, the pig
of the reaction
mixture may
change. The pH
of the reaction
mixtorc may be
maintained at a
desk ed pH or
uithin a desired
pH lunge by the
addition of an acid
or a base during
the course of the
reaction.
Alternatively, the
pH may be
controlled by
using on aqucions
solvent that
comprises a
buffer, Suitable
butlers to
maintain desired
pH ranges are
known in the art
and include, for
example,
phesphah buffer,
triethanolamine
buffer. and the
like.
Combinations of
buffering and acid
or base addition
may also be used.
[02031 When me
glurkeselglucose
dehydrogenase
cofactor
regeneration
zystem is
employed, the
commdiretion of
gluconic acid (pK
a-3.6), as
mpresenled in
eatiatiall (3)
causes the pH of
the reaction
mixture to drop if
the resulting
aqueous gluconic
acid is not
otherwise
noutralized. The
pH of the reaction
mixture may be
maintai.d at the
desired lmet by
standard buflkring
techniques,
wherein thy buffer
neutralizea the
glue:ionic acid up
to the huffqifog
capacity provided,
or by the addirion
of a base
concurrent with
the muse of the
conversion.
Combinations of
buffering and
base addition may
also be used.
Suirsble bolters to
maintain desired
p13 ranges are
described above.
Suitable heacs
the neuifalization
of gluconic and
are organic
bases, for
example maims,
alkoxides and the
like, and inorganic
bases, for
example,
hydroxide salts (e
g, NaOH),
carbonate
saltsNaleC.Oth
bicarbonate salts
(e.g , IcCO3),
basic phosphate
sold leg.,
I3e11904,
NasPO4), arid the
like. The addition
of a base
concurrent soils
the course Mitre
conversion may
be done manually
while monitoring
the reaction
mixture pl-1 or, in
ore corsetjelly , by
using an
automatic rumor
as a pH stat A
combination of
partial buffering
capacity and base
addition can also
be used fee
process control.
IVO
2,11C103241%
102041 When
base addition is
employed to
neutralize
glucanic add
released during a
kcioniductase-cat
alyzed reduction
reaction, the
piogress of the
conversion may
be monitored Icy
the amount of
base added to
maintain the pH.
Typically, bases
added to
unbuffered or
partially buffered
reaction minstrel
over the zombie
of the reduction
are added in
aqueous
solutions. 



102051 in some
embodiments, the
co-factor
reaenersting
system run
comprises
shim:late
dehydrogenase.
The tenon
"formate
dehydrogenase"
and "vow are
used
interchangeably
herein to refer to
an HAD' or
NADIff-dependent
enzyme that
catalyzes the
conversion of
formate and HAD
or NADI,' to
carbon dioxide
and NAISH or
NADPII,
respectively.
Formate
clohydrogenases
that are suitable
for use as
cofactor
regenerating
systems in the
ketoreductaise-cai
nlysigl reduction
reactions
described herein
include both
naturally
occurring formate
dehydrogennses,
as well as
non-mdcrally
cuffing formate
dehydrogenases.
Formate-
dchydrogenases
include those
enrresponding to
SEQ ID NOS: 70
(Pseudomonao
op.) and 77
(ConuiPla boidinil;
of ?CT publication
WO 2005/018570,
which sit encoded
by polynucleotide
sequences
corresponding to
SEQ ID NOS: 69
and 71,
respectively, of
PCT publication
2005/018579, the
disclosures of
which are
Moot-permed
herein by
reference.
Formate
dehydrogdides
employed in the
methods
described herein,
whether naturally
occurring or
non-naturally
occurring, may
exhibit an activity
of at least about I
turtol/minimg,
sometimes as
least about lit
quid/min/mg, or at
least about 102
unmanin/mg, up
to about to
timuUminimg or
higher, and cni be
readily scrdined
for activity in the
assay described
in Example 4 of
PCT publication
WO 2005/01e579.
102061 As used
herein, the terns
"connate" refers
to formate anion
(HCOe). Sonde
acid (EIC.02E),
and mistimes
thereof. Formate
may be provided
in the forni of a
salt, typically an
alkali or
ammonium salt
ffor example,
11CO2Na,
KHC:021,1H4,
and the like), in
the foist of formic
acid, typically
aqueous formic
acid, or mixtures
thereof. Formic
acid is a moderaff
acid. la aqueous
solutions within
several p.H. unils
of its pit...a
(pKa=3.7 al
water) formate is
present as both
Hi:Os:and
HCO2H in
equilibrimn
concentrations. Al
pll vet um above
about pi 4, famine
is predominantly
present as
11CO2i. Whet
formate is
provided as
formic acid, the
reaction mixtura is
typically buffered
or mad: doss
acidic by adding a
bay: to provide
the desired pH,
'typically of about
PHI or above.
Suitable bases for
neutralization of
formic acid but
are not limited to,
organic bases, for
example amines,
alkoxides and the
like, and
inorganic [noes,
for example,
hydroxide salts
(pg., NaOH).
carbonate salts
(e.g., NaH003),
bicarbonate salts
(e.g., KaCH),
basic phosphate
salts fa g.,
KalttPat,
NauPO4), and the
like   192071 For
pH values shore
about pH 5, at
whirls formate is
preelorniiiontly
present as
HCOU, Equation
(2) below,
describes the
formate
dehydrogenasesc
arafTed reduction
of HAD' or NADPI
by fornafie.
(2)H005-2
NAD(P)O -9111--
CO, + NADIPIH
PDS] When
formate and
formate
dohydrogenase
are employed as
the cofactor
regeneration
system, the ph of
dff reaction
mthtme may be
maintained at the
desired level by
standard buffering
techniques,
wherein the buffer
inleases protons
up to the buffering
We provided, or
be the addition of
an arid concurrent
with the course of
the conversion.
Suitable acids to
add during the
cure of the
reaction to
maintain the pH
include organic
acids, for example
carboxylic acids,
suffonic acids,
phosphonie 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
dibyclmgenphosp
hate suns (e.g ,
KII2PO4).
bisolthre salts (a
go NallSO4) said
the like. Sonia
embodiments
utilize formic acid,
whereby both the
formate
concentration and
the pH of the.
solution are
maintained.
l0299] When acid
addition n
employed to
maintain the pH
during a reduction
reaction using the
fornaaffiformate
dohydrogenase
cofactor
regeneraton
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
eenversion are
added in aqueous
solutions. 111210]
The toms
"secondary
alcohol
delipirogenthe"
and "sADIth are
used
inter-Changeably
herein to refer to
au NADI'tee
NADPI-dependent
enzyme that
catalyzes We
conversion of
secondary alcohol
and NAM or
NADPI to a
ketone and MADII
or NADPH,
respectively.
Equation (3),
below, describes
the reduction of
NAIth or NADP by
a seamdary
alcohol, illustrated
by isopropanol.
OHNArv).Non(pm
0 H'  10211)
Secondary
alcohol
dehydrogebases
that are suitable
for use as
cofactor
regenerating
systems in the
ketorecluctammat
alyzod reductoo
reactions
described herein
include both 



naturally
occurring
secondary alcohol
dehydrogenoses ,
as well as
nouthaturally
marling syethidary
alcohol
deltythogenams.
Naturally crooning
secondary alcohol
dehydrogenases
include known
alcohol
dehydrogenases
from,
Thermal/rem
Otani brockik
Hbudococcus
ebbhropolis,
Lockuborillus
kerir, and
tactobacillus
&ells, and
non-naturally
occurring
mcondary alcohol
dehydrogemses
include
engineered
alcohol
dehrlymgenases
derived therefrom.
Secondary
alcohol
dchydrogenases
employed in the
methods
described herein,
whether naturally
maiming or
non-naturally
occurring, may
exhibit an activity
alas least about I
prnolthrinimg,
sometimes at
least about 10
tunohninimg, an
at least ahour tot
Timor/thin/mg, up
to about I a'
sonollminimg or
higher.  10212J
Suitable
secondary
alcohols include
lower socondary
alkanols ard
aryl-alkyl
corbinols.
Examples of
lower secondary
alcohols include
isopropanol,
2-butanol,
3-methyl2-butturol
, 2-pentanot,
3-pentanol,
3,3thimethyl-2-but
anol, and the like.
In one
embodiment the
secondary alcohol
is impropanol.
Suitable aryl-akyl
carbinols include
unsubmiruted and
substituted
1-arylethanols.
102131 When a
secondary alcohol
and secondary
alcohol
dehydrogerase
my employed as
the cofactor
regeneration
system, the
resulting NADI or
NADILL it
reduced by the
coupled oxidation
of the secondary
alcohol ro the
ketone by the
smondary alcohol
dehydrogenase.
Some engineered
kermeductases
also have activity
to dehydrogenate
a secondary
alcohol reduetant.
In some
embodiments
using secondary
alcohol as
reduetant, the
engineered
keromductaste
and the secondaN
alcohol
dehydmgmase
are the same
enzyme. i02141
In carrying out
embodiments
oftjt,,
ketoreductase-cat
alyzod reduction
reactions
described herein
employing a
cofactor
regeneration
system, either the
oxidized or
reduced Loom of
the cofactor may
be provided
initially. As
deschbed above,
the cothoor
regeneration
system conven
oxidized
co/actorte its
reduced form,
which is then
utilized in the
reduction of the
ketoreducrase
substrate. 102151
In some
embodiments,
col/rotor
regeneration
sysrems are not
used For
reduction
reactions carried
out without the
use of a eoltotor
regenerating
systems, the
cofacmr in added
to the reaction
inixthre in
reduced form.
p216] In some
embodiments,
when the process
is carded out
using whole cells
of the host
organism, the
wlwle cell may
natively provide
the cofactor.
Alternatively or in
combination, the
cell may natively
or recombinantly
prowide the
glucose
dehydregthase.
[0217i In carrying
out the
enanoselective
:minimJIM
reactions
described bemire
the engineered
keloreduclase
enzyme, and any
enzymes
comprising the
optional cofactor
regeneration
system, may be
added to the
reaction mixtme in
the form of the
puPfied enzymes,
whole cells
transfomaed with
gone(s) encoding
the enzymes,
andthr cell
extracts andhr
buttes clench
cells. The gene(s)
encoding the
engineered
ketrenticlase
enzyme and the
optional cofactor
regeneration
enzymes can be
mansformire into
host cells
separately no
togethre into the
same host cell.
For example, in
some
einbodinsents
tartet of hare cells
can be
transformed with
gene(s) encoding
Mc engineered
ketoreduetase
enzyme and
another net can
be transformed
with gonets)
encoding the
cofactor
regeneration
enzymes. Both
sets of
transformed cells
can be as trod
together in the
reaction mixture
in the form of
whole cells, or in
the form oflysatea
or extracts
derived therefrom.
In other
embodiments, a
host cell can be
transformed with
gene(s) encoding
both the
engin:fund
ketoreduMase
enzyme and the
colonstsoe
regeneration
enzymes. 11218]
Whole cells
transformed with
gene(s) encoding
the engineered
ketoreductase
enzyme andror
the optional
cofantor
regeneration
enzymes, or cell
extracts anchor
lysates thereof,
may be mnployed
in a variety cif
different forms,
including solid
(e.g., lyophilized,
spray-dried, and
the like) OF
semisolid (e.g ,
etude paste).
[0219] 'Foe tell
retrains or cell
lysates may be
pretally
purifiedprecipitatio
n (ammonium
sulfite,
polyethyleneimine
, heat treatment
or Mc lire,
followed by a
desalting
procedure prior to
lyophilizalion
(e.g., ulutfiltration,
dialysis, and the
like). Any tithe tell
preparations may
be stabilized by
crossiinking using
known
crosslinking
agents, such as,
for example,
ghwarredehyde or
immobilization to
a solid phase (ere
Eupergit C, and
the like). 102201
The solid
reactants (e.g
,enz)me. salts,
etc.) may be
provided to the
reaction in a
variety of different
firms, including
;Freda (e.g.,
lyophilized apray
dried, and the
like), solution,
emulPon,
suspension, and
the like. The
reactants can be
readily lyophilized
or spray dried
using methods
and equipment
that are known to
Mose having
ordinary skill in
the net. For
example, the
protein solution
can be frozen as
-80C in srnrel
aliquots, then
added to  a
prechilled
lyophilization
amber, followed
by the application
of a vacuum Alter
the removal of
water from the
samples, the
temperature is
typicallstab ed to
40 for two hours
before release of
the vacuum mid
retrieval oldie
lyophilized
temples. 



107211 'I be
quantities of
reactants used in
the reduction
reaction will
genendly only
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
ketnreduclase,
cofactor, and
optional cofactor
regeneration
system to use.
Giniondly, Mot
substrates can be
employed al a
concentration of
about 20 to 300
gummliter using
front about 50 tag
to absurd g of
ketnteductasc and
about 10 mg to
about 15C mg of
cofactor. Those
having ordinary
skill in the art will
readily
understand how
to wiry these
quantities to tailor
them to the
desirtid level of
productivity mid
scale of
production.
Appropriate
quantities of
optional catheter
regeneration
system may be
readily
determined by
routine
experimentation
based on the
amount of
cofactor and'or
ketoreduntase
tailizern in
general, the
reductanr (e.g ,
glueose, formate,
isopirfenol, etc.) is
utilized at levels
above the
equimolar level of
ketoreductasc
substrate to
achieve
essentially
complete or near
complete
conversion of the
ketoreductase
substrate. 10222]
The order of
addition of
reactants is not
critical The
reactants may he
added together at
the same time to
a solvent piss,
monophasic
solvent, biplhasic
aqueous
co-solvent
systtan, and the
like), or
alternatively,
some of the
reactants may be
added separately,
and some
together at
different lime
points. For
example. the
cofactor
regeneration
system, collie-tor,
kstoreductase,
and
ketorednetase
substrate may he
added first to the
solvent. 102231
For improved
mixing efficiency
when an aqueous
co-soltent system
is used, the
cofacmr
regeneration
system,
ketoredoetaw.
and cofactor may
he added and
mixed into the
aqueous phase
Mat. FM organic
phase may then
he added and
mixed in, followed
by addition of the
ketoreductase
substrata:
Alternatively the
ketoreductase
substrate may he
premixed in the
organic phase,
prior to addition to
the aqueous
phase 102241
Suitable
conditions for
eanying out the
kmoreductasthem
alyzed reduction
reactions
described Immin
include a wide
variety of
conditions which
can be readily
optimized by
routine
experimentation
that includes. but
is not Mailed to,
contacting the
engineered  WO
20S/10324gPCTI
FS211tIR/111114
S3 kreorecrectase
enzyme and
substrate at an
exppH and
rcneperstero and
detecting product,
for example,
using the
methods
described al the
Examples
provided herein
392291 The
ketoreduclase
catalyzed
reduction is
typically carried
out at a
temperature in the
nume of num
Assisi 15C to
about 75C. Fur
sonic
embodiments, the
reacdon to earned
out at a tenmei
atm e in the range
of them about
21PC to about
55C. III still other
embodimend, it is
cried out at a
temperature in the
range of tom
about 211C: to
about 45C. The
reaction may also
be carried out
under ambient
conditions.
102261 The
redaction reaction
is generally
allowed to
proceed until
essentially
complete, or near
complete.
reduction of
substrate is
obtained.
Reduction of
substrate to
product can he
monitored using
%limn methods
by detecting
substrate and/or
product. Suitable
methods include
gas
chromatography.
HPLC, and the
like. Conversion
yields of the
alcohol reduction
prodret generated
in the reaction
mixture are
generally greater
than about 50%,
may also be
greater thin about
60%, may also be
greater than
about 70%, may
also be greater
than about 80%,
may also be
greeter than 90%,
and are often
greater than
about 97%
7.EXAMPLES
102273 Various
features and
embodiments of
the disclosure are
illustrated its Me
reltoteing
representative
examples, which
am intended to be
illustrative, and
not limi log
1112.7111 In the
following
description,
wherever glucose
debydrogen.ase
(GDR) is used, it
is GDR CDX90I,
obtainable from
Minch Chiral
Solutions, regret,
Germany.
71Example I:
Wild-type
Ketoreductede
Gene Acquisition
and Coustroction
of 



Expression
Vectors. [0229]
Ketoreductase
(RACED)
encoding genes
were designed
the expression in
E. soli based on
the reported
amino acid
sequence rif the
ketoreduclase
and a codon
optimization
algorithm as
described in
Example I of US
provisional
application Serial
No. 60(848,950,
incorporated
herein by
reference. Genet
were synthesized
using
olimmucicotides
composed of 42
nucleotides and
cloned into
expression vector
p0X110900
(depicted as FIG.
Sirs United States
Patent Application
Publication
200601959471
under the control
of a lac promoter.
The expression
vector also
contained the PI%
origin of
replication aral
the
chloramphenicol
resistance gene.
Restating
piasmids were
transformed into
R. con W3110
using standard
methods. Cadre]
optimized genes
and the encoding
polYpeptides
salt-LB gene
Menbank  Ace.
No. 0I:28400789)
and adli-LK gene
(Crenhank Ann.
No.: AA094029.1;
0I:33112056) ens
be found as SEQ
ID NO:) and 3.
The activity of this
wild-type
ketoreduetases
was confunied as
described in CS
provisional
application Serial
No. 60/848,950.
Othdketereductas
es used helein,
including coded
optimized genes
sod the encoding
polypeptides for
Yd1124wp
(Creaked< Ace.
Nos:NE..010159.
E 0I:6320079),
adh- LB gene
(embank Ace.
No.:
iNEQ_A:01:30749
712), adh-RE
gene ((Wuhan.
Acc. No.:
AdN73270.f;
0I:34)76951 ),
Yprlp gene
(Oentiank Ace,
No.: NP 010656.F
01:6320576),
Gre2p gene
(Cienbank Ace.
No.:Nair/14-49El;
(W:6324421) are
also discloses] in
US provisional
applicationSe:nal
No. 60/848,950,
which is
incorporated
herein hy
reference. [02301
Polyidcleoticles
encoding
engineered
ketoreductases of
the present
disclosure were
likewise cloned
into vector
7CK110900 for
expression in E.
col i W3110.
7.2Example 2:
LC:Oita/MS
Assay for
Substrate
Specificity and
Conversion,
102311 A single
microbial colony
of E. coil
centaining a
piasmid with the
ketomductast
gene of dimes(
was inoculated
into 50 nil Luria
Bia]ani broth
containing 10
grim!
chbrampbenierit
and 1% glucose.
Cells were grown
overnight (at lean
16 firs) in an
incubator at 30C
with shading at
250 rpm. The
culture was
diluted into 250 nil
Terrilic Broth (12
WE
bacto-tryotone,
242/1.. yeast
extract, 4 mil.
glycerol, 65ndia
potassium
phosphate, pH
7.0,
1m1vIMaSO4, 30
ognui
chloramphenicol)
in 1 liter flask) to
an optical density
as 600 am
(01)600) of 0.2
and allowed 's
grow et 30C.
Expression wide
ketoreduchisc
gene was educed
wills ladid IPTG
when the 01)600
of the culnre is
0.6 to 0.0 and
incubated
oinmight (at least
16 lash Cells
were harvested
by centrifugation
(5000rpm, 15 min,
4C) and the
supernatant
discarded, 'I he
will pellet wee
resuspended wish
an equal volume
of cold (4C
)10tinih4
diethanolamine
(chloride) buffer,
pH 7.0 (including
2nrad Idgidir in
the case of
ADH-LK and
ADM-LB and
engineered
ketoreductases
derived
therefrom), and
harvested by
centrifugation as
above.. The
washed cells wcre
resuspended in
twosdudes of the
cold
delhano1amine
(chloride) buffer
six] passed
through a French
Picas twice. at
12000psi while
maintained at dC.
Cell debris was
removed by
centrifugation
(9000 rpm, 45
min., 4"C). The
clear lysate
wipe:ow:ant was
collected and
sicced al -20C.
Lyoahilization of
607411 clear
lysate provided a
dry powder of
crude
ketoreducrasc
enzyme. [0232]
The actiity of the
wild-Bine,
ketoreductases
was confirmed as
described US
provisional
applicstion Serial
No 60/040,950.
To a solution of 1
nal- 100n0s4
(sodium) 69
phosphatic buffer,
pH 7.5, were
added 10 ma
ketoreduetaso
powder, SO mg
NAD(P)H, 100 gL
isopropanol and
10 nag
4i-chloronetophes
ione or
smsubstiiiihn
acetophencne.
The reacti011
mixture was
stirred a room
temperature for
16 hours, then
extracted with I
mi. MIRE A
sample tithe
IVITBE phase
vms analyzed by
chiral 1191.11 for
the Conversion of
the
41-ohloroaceropfa
mone arid the
enuntiomeric
composition of the
product,
ITInchlorophentle
ethanol.
7.3Example 3:
Production
alKetoraduclases:
Fermentation
Procedure.
[02331 In an
aerated aMtated
1ST fermenter, 6
OL of growth
medium
containing R88
gra, ammonium
sulfate, 0.90 WI,
of sodium :shade;
12.5 grL of
dipMassium
hydrogen
phosphate
trihydrate, 6.252.1
of potassium
dihydrogen
phosphate, 6.2
gar of
Tastme-154 yeast
ex:track 0.083 giL
ferric ammonium
chrate, and 8.3
Inuit of a trace
element solution
containing 2 pH,
of :calcium
chloride
dilly-chute, 2.2 g/L
of zinc sulfate
septahydrate, 0.5
gig manganese
sulfate
monohydrate, I
gig, maprous
sulfate
heptabydrate,am
monium molt Nate
tetrahydrate 



and 0.02 MI,
sodium
tenaborate
decahydrate was
brought to a
temperature of
30C. The Ranter
was inoculated
with a late
exponential
culture of H. call
W3110,
containing a
ylasmad with the
ketoreguclase
gene of interest,
grown in a shake
flask as described
in Example 3 to a
starling 0D600 of
0.5 to 2.0. Tlw
rem-tenter was
agitated at
500-1500 rpm
and air was
supplied to the
iXmaentation
vessel at
1.11-15,0 Limin to
maintain
dissolved oxygen
level of SO%
saturation or
greater_ The pH
of the oultiou nub
controlled at 7.0
by addition of
zni.ammonium
hydroxide. Growth
of the culture was
maintained by the
addition of a feed
solution
containing 5000.
cerelose, 12 glL
ammonium
chloride. and 10.4
gn. magnesium
sulfate
heprohydrate.
After the culture
warned an 00600
of 50, the
expression of
ketoreductase
was induced by
the addition of
isopropyl-h-D-thie
galactoside (GTE)
to a final
concentration of
1mM. The culture
was grown for
another 14 hours.
The culture was
then chilled to
4"C. and
maintained at 4"C
until harvested.
Cells were
annealed by
cemnfugation at
5000C for 40
minutes in a
Sorval RC l2Bt
centrifuge at 47C.
Harvested cells
were used dileeily
in the follosving
downstream
reinvest process
or were siored at
4C until such use.
102341 The call
pellet was
resuspended in 2
volumes of 100
niM
rrielhanolamine
(chloride.) buffer,
pH 6.1, at 401TO
.xix,h volume of
wet cell paste The
intracellular
ketoreductase
was released
from the cells by
passina. the
suspension
through a
homogenizes
fitted with a two-
stage
homogenizing
valve assembly
using a pi enure
of 12000 psig.
The tioll
homogenate sins
cooled to He
immediately after
disrupon. A
solution of 10%
wry
polyethyleneimine
, pH 7.2, was
added to the lento
to a Brial
concentration of
0.5% INN and
stirred for 30
mirages. The
resulting
suspension was
clarified by
centrifugation at
50000 in a
standard
laboratory
centrifuge for 30
minutes. Pie clear
supernatant was
decanted and
concentrated ten
fold using a
cellulose
uhrafiltration
membrane with a
molecular weight
out off of 3014d.
The final
mincentrate was
dispensed into
shallow
containers, frozen
at -20"C and
lyophilized to
powder. The
ketoreductase
powder was
stored at -80'C.
7.4Example
4Analytical
methods to
determine
conversion and
enantiomeric
caress of
Compound Old
1112351
Reversed Phase
HPLC assay for
convenion. The
following HPLC
method was used
to analyze the
rernuction of the
compound of
fernaula Hi lathe
compound of
fonnula OH itt
high throughput:
Instrument:Agile:i
x 1100 series HP
Method
mime1549460
Column
Bpi::Eclipse XDB
CI8 Column
size:2.1 x 50min
Packing size
3.5gra C18
Harbert XDB 



Runndmasosinttte
s Mobile phase
5091 antylnitrile
50%0.25% acetic
acid Flow
Rate:0.6 mlimin,
Temperature:
Ambient
Detection:UV 250
an Plution time:
alcohol: 0.9
minute Intone :
1.2 minute.
102361 Chiral
11PLC for
determination of
enantiomeric
excess. The
following HPLC
method was used
to separate end
analyze the (61
and (R)
coalitioners of the
compound of
foniula (11):
InstrumentAeilent
1100 series HP
HO
70081103201PCT
/E0200R,101bM
Column:Chiralpak
AD-H, 250 a 4 m
Sohunt:Isocratic,
8095 A (ileptane)
and 20%14
(Haptane-Isoprop
anol 50:30) Flow
Rate:1 mlAnin,
Tonocraturcs
Ambient
Detection090 220
mat Run Time: 45
min 



[02.371 Retention
times were as
follows 29.1 min
for (I), 35.4 min
for R-(10, and
30.7 min for 5-(l1)
The R- and 5-
alcohols showed
baseline
separation with
1:1 area ratio.
7.tiExample
3:Evaluation of
Wild-Type
Kotoreduelaws for
Activity la Reduce
Compound (I)
using Glucose
and Glucose
Dehydrogenase
for C(4,:tcn
Regeneration:
2381 Reaction
mixtures
containing 30
mg/L KRED. 12
melnil
l-[4-(4-fiuoro-2-t"ct
hyt-l.r/-
incIol-5-ylonY)-5-
me')hYI-pynnloI2,l
-fl[1,2,4Iniazin-6-y
1oxyIpropan-2-on
e (1) (obtainable
according to
scheme lead
Example 1 in
W006130637,
incorporated
herein by
reference). 1.5
mgonsL GDH
CDX901 (JMich
Chiral Solutions,
Illicit, ratennany),
1n4N1 NADI' , 66
ragAnIs glucose,
200 mM
NaI12309Na2111
204 (pH 31,
100m31
triethanolamine/c
hloride buffer. pH
7.0, I niMMH304
in lint reaction
volume were
incubated with
Mining at mom
temperature for
2() btu then
extracted with 3
nil, ethyl acetate
and analyzed by
the methods as
described in
Example 4 or
according to
ExaMple 2 of
W000130657. rite
insults are shown
in Table 3. ' Table
3: Activity of
wild-tYPe lLFs on
Cnmpnand
EnzymeActivityEn
antiosclectivity
orurs,! YDLCS
and R SkAR
ADH-LICI+
RUE(+ 1 -
indicates] has
activity- was
observed  10239)
The wild-type
ketoredueram.
ADH1 .K.
provides R-ai)
with >99.9%
cuantioselectivity
(>99.9% e.e.).
11124111 Hie
Example
illustrates the
maluidion af
wild-type heaviest
masses for aridity
and
enantioseleetivity
when used in
cone Mention with
a cofactor
regeneration
system (glucose
and glucose
dehydrogenase).
Wild-type
ketoreductitse,
ADH-1314,
provides the
desired
OMemintiomer. 



7.6Example 6:
Evaluation s/
Wild-Tape
Ketoreduciases
for Activity to
Reduce
Compound (I)
using Isopropyl
alcohol for
Cofactor
Regeneration:
[02411 Reaction
miMums
conmining 15
mernIKE ern 2
ingrml (I) in DRIP
or is TIlT (added
by 10x-dilution
from a 20 nikrinl
stock solution), 2
ing/mL HAMM,
0.4-0.5 ml IPA.
0.4 m/ 100rriln4
triethanolaminelch
loride MEW, pH
TO, ImMiNMSO,
in iml reaction
volume were
incubated with
stirring at room
temperature for 0
hr (when HMS
was used) or 16
in (when THF was
used). Samples
were analyzed by
the methods c/
Examples 4 and
5. 102421 tinder
Mese reaction
conditions
ADILLK from L.
Wirt provided
21% conversion
in Ma and 61%
conversion in
TIIF, while
ADH-LB from L.
thesis provided
70% comcision in
IMAF sad 26%
conversion in
TIAL 102431 She
Example
illustrates the
extrication of
wild-type
nactobaciThes
ketoredeetases
for atilivity and
enantioselectivity
when used in
coinbinadon with
IPA lin cofactor
regeneration.
Wild-type
korneductase,
ADH-LIC.
provides die den
red
(R)-enantimnd- in
high e.e. in the
presence of HEE
'WE 73Exampie
7; High
Ilaronghput HPLC
Assay for
Ketoreductase
Activity on
Compound (I)
using
glucoselMticose
dehydrogenase
for co-fector
recycling. 102441
Library colonies
were picked using
a Q-bottE rnhoile
colony picker
((immix USA, Inc.,
Beaverton. OR
into 96-well
shallow well
miornther plates
containing 100 pi
-Linda Dertani
Moth (LB), 196
glucose and 30
paimL
chloramphenicol
(CAM). Cells wore
grown overnight
at 37C with
shaking at 250
rpm, Ill 'IL of this
culture was then
transferred into
96- deep wettil
plates containing
390 tiL Terrific
broth (TB) and 30
tiginiL CAM. After
incubation
0/deep-marl
plates at 30C with
shaking at 250
rnin for 2.5 to 3
hour (01)dc.
0E-0.8h
remanhinant gene
expression by the
call cultures was
induced by
isopropyl  thiogal
etoside (IHIO) to
a final
concentratian of
nthd. The plates
were then
incubated at 307C
with shaking at
250 rpm for
overnight.
882451 Cells
were pellhed via
centrifugation,
resuspended in
300 pl, lysis buffer
and Ithed by
shaking at room
temperature for at
leant? hours. The
lysis hurler
contained 100
mAl
triethanolamine
(thloride0 buffer,
pH 7.0-7.2,
1lysozyme and
750 on/nib
polkmixin B
sulfate. 102461
Igtetoreguetase
activity was
tneasramd by
nansfening
measured
quanftties of the
iy5:5 mixtmes into
the wells of
microtiter plates
containing 205 ph
an assay mixture
containing
1.7nag/mi GBH
CDX901, 0.7
mg/mINADP+,
66.7 mg/nni
glucose, 200mM
NalisPatgria5EPO
4 (pH 7), 100mM
triethanolarniwichl
oride buffer, pH
7.0, 1mM MgErth.
Reactions were
initiated by
addition of 25 ph
2 ingroil (l) in
HMIs (final
concentration of
(I) is 02 mg/m1)
and incubated at
25C for I hr. 500
pt, anetonithle
was added per
well, mixed well
after which 200 pi,
was transferred to
a Solvineri
(Millipore, MA)
Eller plate. The
filtrate was
collected in a
Nene round
bottom plate by
centrifugation of
dm solvenort filter
plate at 200 rpm
for I minute. The
sample plate was
sealed to prevent
evaporation of dm
solvent and
analyzed by
TITLE acconling
to Example 4.
7.8Example II:
High Throughpn
HPLC. Assay for
Ketoreduhasc
Activity on
Coin/mond (1)
using IPA for
corfamor
recycling. 



[02471 Cell
pellets went
prepared agent di
ng to Example 8,
resuspended in
ISO pL 200mM
triethanoleminelch
londe buffer, pH
7.0 with
'mg/FM.00T 150
kitt
isopropylalcohul
was added to the
resuspended cells
and alter sealing
the plates, the
cells were hued
hy shaking at
room temperature
on an orbital
shaker for at least
120 minutes,
102481
Ketoreductase
activity was
measured by
transferring
measured
quantities of the
lysis mixtures into
the wells of a
deepswell (2 ml)
inicrotitet plates
containing 175
ph. an assay
mixture consisting
of 100 nthrt
niethanolaminere
hlmide buffer, pH
7.0,25% isopropyl
alcohol (IPA), 2%
acetone, WM
M5504 and 0.7
mgruil MADE+,
o.nwolt as 50 ph
of 5 mg/at', (1) in
50%TH2'/500IIPA
. 102491
Reactions were
initiated by
addition of 25 esL
lysare (diluted
with equal volume
of WA if
nHessary), heat
sealed, and
incubated in a
stalking incubator
al' 25 to 505C for
18 hr. At the end
orthe reacdon 500
itL ethyl athlete
was added to
earth well, the
plate resealed
and  shaken
vigorously Ca at
least 5 minutes on
at orbital shaker.
Plates were
centrifuged for 20
N 30 sm. 01 4000
rpm. 140 Mr
acetonitrile and
700, of the
ettrylaculate
reaction mix were
transferral i 0 a
Soginett filter
Hare (Millipore,
MA) and the
filtrates were
collected in a
NunC round
buttom plate by
centrifirgation Jibe
solsenert filter
plate at 700 rpm
liar 3 minutes.
The sample plate
was seated to
prevent
evaporation of the
solvent and
analyzed by
HPLC acoording
to Example tr.
7.9Example 9:
High Throughput
Fluorescence
Prescreen rat
Ketoreduetases
active on
Isopropanol.
10250) Celts were
grown. harvested
and lysed
according to
Example 8.
10251] In 96-well
black microliter
plates 20 it of
sample (diluted in
100 onvI
triethannlaminele
hlerido buffer, pid
7.0, I matr MOO,
if necessary) was
added to 180 pl.
of an assay
mixture consisting
of 100 mEl
triethanolatrinciehl
oride buffer, pH
7.0, 2%
iNTWOPYI
alcohol (EPA),
lmM MgS00 and
reaction progress
treasured by
following the
redustion in
fluorescence of
NAOP upon
conversion to
NADPH at 445
nm after
excitation at 330
nm in a flexstadon
(Molecular
Devices, USA).
7.10 Example 10:
High Throughput
Screen for
Acetone Stable
Ketoreductases
102521 Cell
pellets were
prepared
according to
Example if,
resuspended in
150 tff 200mM
trietharrelaminech
loride buffer, pH
7.0 with
ImNINIgS0t. MO
pl., of a mix
containing 764
IPA, 20% THE
and 4% acetone
was added to aloe
resuspended cells
and alter scaring
the plates, the
cells were tyserd
by shaking at
room temperature
on an orbital
shaker for 18 hen
[02531
Ketoreductase
activity was
measured by
transferring
measured
quantities of the
lyric misturea into
the wells of a
deep-well (2 nil)
rogrotiter plates
containing 175 pL
an assay mixture
consisting of 80
mixt
triethanotaminech
loride buffer, p11
7.0,26.2 to 37.1%
isopropyl alcohol
(IPA), 1.8%
acetone, Im2y1
LUSO( and 0.7
0011011NADPI,
as well as 50 .trI.
of 5 mg/ad (1) in
50%TILF750%IP
A. 102541
Reactions wore
initiated by
addition of 25 pL
game (diluted with
equal volume of
IPA if necessary),
heal sealed, and
incubated in a
shaldng incubator
at 250 MEC for 11
hr. At the end of
the reaction 500
el, ethyl acetate
was added to
earls well, the
plate rusealed
and shaken
vigorously Our at
East 5 minutes on
an orbital shaker
Plates were
centrifuged for 20
to 30 sec. an
4000 rpm (3220 x
it). 140 pL
aeatonitrile and
70 re of the
ethylacetatc
reaction   mix
were toansfanted
to a Solvinerl filter
pieta (Millipore,
MA) and the
filtrates weir
collected in a
Ham round
bottom plate by
centrifugation of
the solvenert filter
plate an 200 rpm
for 3 nfinums. The
sample plata was
sealed to prevent
evaporation of the
solvent and
analyzed by
HPLC according
to Example 4.
7.11 Exznplc It
Improved Activity
of Enginedred
Ketoreductases
Derived from
Wild-typo ADITLK
for the Reduction
of Compound (!)
no (10-2 using
Isopropyl alcohol
for Cofactor
Regeneration: 



(9255] Reaction
mixtures
containing 15
mg/in] FRED; 2
raganl (I) in TIM,
2 mgindi DADE+,
0.4 tnt IPA, 0.5 ml
100nuA1
Irietbanolarninerc
hloride buffer, pH
7.0, I inM Medi, in
lial reaction
volume were
incubated with
stirring at room
temperature fin
1(, D. Samples
were analyzed by
the methods of
Examples 4 and
5. 102561 (hider
Mese reaction
conditions
ADH-LK gave
61% conversion,
ADITLEI gave
26% conversion
in THE, a ADH-LK
variant with SE.Q
ID NO: 114 gave
100% conversion
and a ADE-LK
varimt with SEQ
ID NO-IS gave
93% conversion.
[0257) When
tooted under
similar reaction
conditions but
with 3 mgaul
FRED md 1
mg/ml (I) in Tar,
conversions with
ADDLK, SEQ ID
NO:114 and SEQ
ID NO:18 afier a 2
hr reaction time
were 11. 100 and
23% respectively.
Introduction of the
mutation A940
from SEQ 11)
NO-114 into
ADII-LB provided
SEQ ID NO:116.
Kworeductases
wfib SEQ ID
NO:114 and SEQ
ID N0,116 have
similar activity in
10% MAR (02581
This Example
illustrates, by
pamparisons of
ketoreduetase
amounz, reaction
times, and
conversions, tItan
engineered
ketweductases
derived from the
wild-wpe
ketoreductase
AD1I-LK provide
improved activity
compared to
ketoreductase
ADH-L12, 7.12
Example 12:
Improved
Conversion of
Compound (I) by
Eogineared
Ketereductases
Derived from
ABH-Ild 102591
Tile conversion by
engin:red ADILK
polypealides was
determined by
incubating gl . of
witions FRED
under conditions
as deseribed in
Example 7.
(0260) Table 4
gives the SEQ ID
NO.
conesponding to
the ketoreduetase
powder, the
number /Wiz-Zito
acid mutations
from the wild-type
ADII-LK and the
conversion of
Compound (1) to
(R)-) in the 20
minute Ruction.  0
tEl
11524PCTITISser
meinesa Table 4:
Improved activt y
of engineered
SON-LIE variants
Ketoreductases
EEO ID 410.
Mutations
NOMConversion
ADH-LK SEG ID
810:2 



EEO ID H0:13 2
KED ID NO:10 I
+on SEG ID
NO.12 2 mist
SEG ID NO:14
+ad SEG ID
140:16 2 



444 RED ID
140.16  mom
SEG ID NO 112
$EG ID NO114
<211%Ai-. 2ion;
1-0 >75%
conversion 7.13
Example 13:
Improved
Conversion and
Tolerance to
Acetone of
Engineered
Ketoredumaces
Derived from
ADIS-11K  026II
The conversion
and Johannes to
acetone of
eagineered
ADE-1,1( variants
was determined
by incubating 1
5/1. of various
FIRED with 115
gel. (1) in a
mixam of IOTA
THE, 40% IPA,
5014. 100 mM
triethanolaminme
bloride, I mM
M0104 pll 8.0, 0.7
inghn I HAD?' it
The absence or
presence of 2%
acetone for 20
min at room
Temperature
followed by
determination of
conversion
cecordMg to
Example 4. [0262]
Table 5 gives the
SEQ ID NO.
corresponding to
the
ketoreductaise
powder. the
number of amino
acid munitions
from the wild-type
ADH-EK and the
conversion of (I)
to (R)-2 in the 20
minute reaction.
Table 5: To
mance of
eng.neerod
ADH-LE variant
Iewarox acetone 



Ketoructeses SEP
ID NO Mulanonaj
from ADH-LK
Conversion
wThoulIConversio
n w,th
acetoneacetone
ITrO
1t81511l3248itg
17U9 2909,110
SEC 10 NO 114 1
76 12% 8E010
NO 60 7 116% 



62% 0E0 ID NO
76 4 6910%
90.0% SE0 10
810:110998.9%98
.2%  7.84
Example 14:
Preposition of
12-isomer of
Compound (11).
d02631 To a 20
ml aample yial (2
Imm 00)
containing a
magnetic stir bar
Ox121-am) added
3.5 mg of NADU'
(moo sodium sail
from Oriental
l'eash Japan), 25
mg of KRED with
SEQ ID NC1:78
and 500 mg of
(1). A mixture of
1.5 ml
2-methylTHE
(Aldrich, USA),
1.0 ml isopropyl
alcohol, and 2.5
ml 100 irtM
triethanolamine/c
hloride (pH 8),
Inth4 1140504,
asps added to the
solids and thc
resulting
three-phase
mixture was dined
and heated toil
Nth) at 40C for 24
Is. A sample was
taken from the
stirred mixture for
analysis
according to
Example 4 or
according to
Example 2
orW006130657 at
which point (1)
was completely
converted to AKE)
of >999% e.e. 7
15 Example 15:
'ugh Throughput
Chit al GC Assay
for Acetophenone
Reduction toilm
IPA fur cofactor
recycling: 182641
Chiral CC
analysis:
InstrinnenuAstec
Chi salt 13-717
column 1,300 x
8.75
Tcmwraotrr:1101
C Inlet
tcrnowature:250(1



Split:1:100
Pressure:15 psi
Helium
DetectorOD,
250C Retention
time:Ketone: 6.6
(131-41cohol: 9.1
minutth
653-alcoliol: 9.5
minutes  7.16
Example 16:
Improved Activity
of Engineered
Ketareductases
Derived Dorn
Wild-type Kefir for
the Reduction of
acetophenone to
(3)-1-Phenylelono
l using Isopropyl
alcohol for
Cofactor
Regeneration
01205] Cell /otos
were prepared by
picking colonies
using e Q-bont
robotic colony
picker (Thmaix
564,1c.,
Bcavebon, OR)
into 06-well
shallow well to
icrother plates
containing 180 pL
Luria Bertani
broth (LB), I%
glucose and 30
pErnli
chloratnphenicol
(CAM). Cells were
grown overnight
at 37C with
511E?king at 250
ton JO pi of this
culture was then
transferred into
94-deep well
plates containing
390 pt.. Ternfie
broth (TB) and 30
pobil. CAM. After
incubation of
deep-well plates
at 30C wilt
shaking at 250
rpm for 2.5 to 3
hours (01060s
0.6-0.1),
recombinant gene
expression be the
cell cultures was
induced by
isopropyl
thiogalactoside
(IPTCO to a Thiel
coneentintion of 1
mM. The plates
were Men
incubated at 30C
with shaking at
250 rpm for
overnight. 012661
Cells were
pelt:led via
centrifugation,
resuspended in
200 gli lysis bull%
and tried by
shaking at room
temperanne for at
Mast 2 hours. The
lois buffer
contained 1011
in%
tricthanolamine
(chloride) buffer,
pH 7.0-7.2, 1
ingebil lysomene
and 750 ttemL
polyinixin ff
sulfate. lb 100 pl.
cell lysate was
added in 50
.4E100 mM
Tbethanularnine-
HCI buffer, p1.1
70 comarning 0.5
mN1 NADP
sodium salt, 300
aiL isopropanol,
md 50 'ILL 50 Or
xectophenune in
tetrahydrofitran
(THF) and after
sealing the plates,
the cells were
incubated by
shaking ai room
temperature at
050 rpm on an
orbital shaker fur
4 hrs. 102671
'Pattern duct of
tim reaction
(1-phenylethancl)
was extracted by
adding I ink.
efethyl acetate to
each sample, and
after sealing the
tiderotiter platen
shaking at 850
rpm at room
temperature. I'm
10 minutes.
Plates were
centrifuged for 2
minutes 01 4,000
rpm in a plate
oentrifuge (3220 a
g) 014'C and 200
(d. of the organic
phase from each
well woo
tranaferred to a
shallow well plate
and the plates
sealed prior to
chiral GC
analysis. 102681
Table 6 gives Me
SEQ ID NO.
corresponding to
the
ketoreduciase,
the number of
amino acid
mutations front
the wild-wipe
KER. (ADILLK)
and the
conversion of
accaophenone to
(R)-1-phenylethan
ol.  WO
atioitsPCTeliS2m
osita97 Table 6:
Conversion of
acetophenone 



KeloreduMases
SEQ ID NO.
Number of amino
and mutations
nom ADH-LK
Conversion
ADH-LK  n7 SEC
ID NO:16 2  SE0
ID Naas 4++ SED
ID N0:120 



+++ SEQ ID
NO:122 3 7., EEO
ID NO:124 2+++
SER ID NO.126 2
+++ SEP ID NO
126   SEC ID
NO-130 1 



it+ SEID ID
ND:132 I ++  SRC
ID NO:134  BEQ
ID NO.136 2 *at
SEG ID NO:136 2
act  7: <70% cony
on Ad 70-90%
manners% ,   :
>90% conversion 



[11269] All
publications,
patents patent
applicsions and
other documents
cited in this
application ale
hereby
incorporated by
reference in then
entireties for all
pmposea to its
same extent as if
each individual
publication,
patent, patent
application or
other document
were individually
indicated to be
incorporated by
reference for all
purposes, 102701
While various
specific
embodiments
have been ill
ustrated and
described, it will
be appreciated
that various
changes can be
made without
departing from llut
spirit and scope of
the invention(a).
WO
2111141,103248c
( VIL52 WILAT IS
CLAIMED IS I,A
recombinant
ketoreductam
palypapride
capablc of
converting the
compound
14444-flunro2-mc
dhyl-11-1-indol-5-
yloxy1-5-unthyl-py
riolop, 1-1111
,2,4]triay,iu..6-yIo
xyIpropan.2-one
to
14444-fluom-2-m
ethyl-114-indol-5-
yloxy)-5-methylpy
rrolo[2, 14.11
,2,4yriazin-6-ylog
n-propan-2-ol,
with at least 1.5
bums the activity
of the polypeptide
of SEM in NO:2,
the polypeptde
comprising an
amino acid
sequence with at
least 905/a
sequence identity
to SEQ ID 540:2
or SHQ ID 140:4
and having (a) an
aromatic amino
acid or Cat the
amino acid
fnudue
corresponding to
residue 94 of
SHQ ID NO:2 or
SEQ In 140,4, (b)
an amino acid
other thrm S and
N at the arainc
acid residue
corresponding to
residue 96 of SEP
ID 110,2 or SHQ
ID >10:4.        2.
The recombinant
polypeptde of
claim 1 in which
the amino acid
sequence
comprises an
aromatic., amino
acid or C at the
amino mid
residue
cormspendine to
residue 94 Of
SEC ID N0:2 or
5E0 ID N0,4.
3. Thu
recombinam
polypemide of
claim 2 in which
the residue 94 is
F, W. H. or        4.
The recant inam
polypeptide of
clam 2 itt which
the amino acid
sequence farther
comprises one or
more features
selected from:
residue 96 is any
amino acid other
than SIN; residue
153 is an aliphatic
amino acid
residue other than
la; residue 199 is
any am ino acid
residue other than
h; residue 202 is
Cr or an aliphatic
amino acid
residue other dun
A; and residue
206 is an
aromatic. amino
acid iesidue.
5. The
recombinant
polypeptiee of
claim 4 in which
the amino acid
sequence haa
aim or mare of
features selected
Mom: residue 153
n (I or A; residue
199 is K, I, N, R,
V, Q. or 1/4;
residue 202 is I,
L, or CI; and
residue 206 is F.
6. The:
recombinant
poiypeptide of any
use of claim a I to
Sin which the cIsc
its acid sequence
farther comp ises
one or more of
the features
selected Munn
residue 49 is a
polar 811111,0
acid residue other
than K; residue 53
is an acidic am
ino acid residue;
residue 54 is a
small or aliphatic
amino acid
residue other than
TR; residue 60 it
an aliphatic amino
acid 81  residue
other than V;
residue 95 is an
aliphatic amino
acid other than V;
residue 97 is a
small at sine said
or G; residue 109
is a basic amino
acid residue other
than K; residue
107 is an aliphatic
amino acid
residue; residue
165 is a hydroxyl
or small amino
acid residue;
residue 197 is a
small amino acid
residue or G;
residue 523 is an
aliphadc amino
acid residue other
than L; and
residue 233 isa
small amino acid
residue am O. 



7.The
recombinant
polyieeptide of
claim Sin which
the amino acid
sequence
ceraptisss one or
more features
selected bons
residue 49 is R;
residue 5315 D;
residue 34 is A;
residue 60 is A;
residue 95 is L;
residue 97 is 0;
residue 109 is R;
residue 147 is L;
residue 165 is T;
residue 197 is 0;
residue 223 is V;
and residue 233
is G. N.The
recombinant
polypeptide of
claim 7 in which
the amino acid
sequence has
one or more
features selected
front: residue 54
is A; residue 109
is R; residue 147
is L; and residue
233 is G.       9.
The recrimbinam
polosePlide of
etawhich the
amino acid
sequence
comprises an
amino acid other
than 4 and N at
theadd residue
corresponding to
residue 96 of
SEG ID NO:2 or
SEQ ID NO4.
10. The
recombinant
polypeptide of
claim 9 in which
the amino acid
sequence has a
G, It. IS or I at the
With) acid residue
corresponding to
residue 96 of
SEQ ID NOR or
SEQ ID NO:4.
It.The
recombinam
aolypeptide of
claim 10 in which
the amino acid
sequence further
C11111pristes
one or more of
the following
features selected
from: residue 94
is id arommic
amino acid
residue Cr 0;
rasidue 153 inns
aliphatic run ino
acid residue other
than 1.; residue
199 is any amino
acid residue other
than L; residue
202 is an aliphatic
amino acid
residue other than
A; Cr residue 206
is an aromatic
amino acid
residue. 12.The
recombinant
polypepride of
claim n in which
the amino acid
sequence eons
prices. star or
more of the
following features
se tooled from:
residue 94 is le Cr
0; residue  Wet
200(9103944PCP
( 9200 153's Cs'
A; residue 991s
K. 1, N, R. V, Q,
or W; residue 202
inor 0; and
residue 



206 is F.          13.
The recombinant
polype Ode of any
one &claims 9 to
12 in which the
amino acid
sequence further
comprises one or
Muse of the
following Natures
selected from:
residue 49 is. a
polar amino acid
residue other than
K; residue 53 is
an acidic amino
acid residue;
residue 54 is a
small or aliphatic
amino acid
residue other Man
DP; residue 60 is
an aliphatic amino
acid residue other
thau V; residue 95
is an aliphatic
amino acid other
that V; residue 97
is a small amiss
acid or G; resider
109 is a basic
amino acid rend
tic other than ED
5 oF.ithle. 147 is
an aliphatic amino
acid residue; I
esidec 165 is a
hydroxyl or small
amino avid
residue; residue
197 is a small
amino acid
residue or (i;
lesidue 223 is an
aliphafic amino
acid residue other
than 0; and
residue 233 is a
small amino acid
residue or C.
14. The
recombinant
polypDplide of
claim 13 in which
the amino acid
sequence
comprises cn or
more Natures
selected flout:
residue 49 is R;
residue 53 is D;
residue 54 is A;
residue 60 is At
residou 95 is 14
residue 97 is (i;
residue 109 is R;
residue 147 is
residue 165 is T;
residue 197 is 0,
residue 223 is V;
and i-esidini 233
is G.           15.
The recombinant
polypeptide of
claim 14 in which
the amino acid
sequence has
one or more of
the features
selected from:
residue 54 is A;
residue 109 is R4
insidue 147 is L;
and residue 233
is G.          16.
The recombinant
polypeptide of
claim 9 in which
the amino acid
sequence
comprises a G, 1,
C or an aromatic
amino acid oldie
amino said
residue
correspending to
residue 90 of
SEQ CD N0,2 Dr
9111Q II) N0:4.
17. The
memnbinant
polypeptide of
claim 16 in which
the amino acid
sequence further
comprises one or
more nr the
features selected
from; residue 94
is an aromatic
amino acid
residue or G;
residue 153 is an
aliphatic amino
acid residue other
then L; msidixt
199 is any amino
acid residur other
than Id residue
202 is an aliphatic
amino acid
residue other than
A; and residue
200 is an
arninatie amino
acid residue.
20011,111i24t)PC
ft(
SESIOVOr1683
18. The
recombinant
pelypeptide of
claim 17 in which
the amino acid
sequence
comprises one or
store of the
feshrres selected
Dom: residue 94
is For Cht residue
153 is G or A;
residue 199 is K.
1. Id, P. V, Q, or
VT; residue 202
is!, L., or Ci; and
residue 2116 is F.
19. The
recombinant
polypeptide of any
sae of claims
1650 18 in which
the amino acid
sequence; fanner
comprises one or
more silks
Matures seltxted
from: residue 49
is a polar amino
nerd residue other
than K; residue 52
is an acidic amine
acid residue;
residue 54 is a
small or aliphatic
amino acid
residue other than
TIP; residue 60 is
an aliphatic amino
acid residue other
than V; residue 95
is an aliphatic
amino acid other
than V, residue 97
is a small amino
arid 0; residue
109 is a basic
amino acid
residue other than
K; residue 147 is
an aliphatic amino
acid residue;
residue 165 is a
hydroNd or small
amino acid
residue; residue
197 is a small
amino acid I
esidue or 0,
residue 223 is an
aliphatic amino
acid residue other
than 14 and
residue 233 is a
small amino acid
residue or G.
20. lhat
recombinant
polypeptide of
claim 19 in which
the amino acid
sequence
comprises one or
more of the
features selected
fern: residue 4910
K, msidue 53 is D;
residue 54 is A;
residue 60 is A;
residue 95 is 1.,
residue 97 is G;
residue 109 is Ft.:
residue 147 is Lc
residue 165 is 7;
residue 197 is G:
residue 223 is V;
and residue 233
is G.    21. The
recomhiriant
polypeptide of
claim 20 in which
the amino add
sequence has roe
or more of the
features selected
from: residue 59
is As residue 109
is 114 residue
147 siduc 233 is
G.          22. The
recombinant
polypeptide of
Oahu 1 which
comprises an
amino acid
sequence
seleeted from the
group consisting
of SEQ ED 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, 59, 56.
58, 60, 62, 64, 66,
68, 70, 72, 74, 76,
78, 80, 82, 84, 86,
88, 90, 92, 94, 96,



98,100,107, 104,
106, 108,
110,112, 114,
116, 118, 120,
122, 124, 126,
128, 130, 132,
134, 136 and 138.
23. The
recombinant
polypepticle of
any one of claims
1 to n lie ssst,ieh
the recombinant
porypeptide is an
isolated
polypeptide.  WO
200&103248PCT
AIS2008/001683
24. The
recombinant
pribmeglide
ofclaim 23 in
which the olated
polypeptide it a
substantially pore
polypeptide.
25. A
polynuchrotide
encoding the
recombinimt
pulypeplide ofany
one ofclal Ito
26. The
polynuelecide of
claimeccm the
voile consisting of
SE.Q ID NO: 5, 7,
9, 11, 13, 15, 17,
19, 21, 23, 25, 27,
29, 31, 23, 15,37,
39, 41, 43,
45,47,49, 51,
53,55, 37, 59, 61,
63, 65, 67, 69, 71,
73, 75, 77, 79, 81,
81, 85, 87, 89, 91,
93, 95, 97, 99,
101, 103, Ins,
107, 109,
111,113, 115,
117,119, 129,123,
125, 127,129,
131, 133, 135,
and 137. 27,The
polhancico6de
acclaim 25 in
which the
polynucleNide
hybridizes under
high stringency
condition ton
polynocicoride
selected from the
group consisting
of SEQ NO: 5, 7,
9, 11, 13, 15, 17,
19, 21, 23, 25, 27,
29, 31, 33,
33,37,39, 41, 43,
45,47,49, 51, 53,
55, 57, 59, 61, 63,
65, 67, 69, 71, 73,
75, 77, 79, 81, 83,
85,17, 99, 91, 93,
95, 97, 99, 101,
103, '05,107, 109,
111, 113,
115,117,119,
121,123, 125,
127,129, 131,
133, 915, and
137. 



29.As
OXPregSiOn
'CCM, comprising
abe
poWnucleetide of
any one of claims
25 and 27
operably linked to
control sequences
suitable for
directing
expression in a
host cell. 29.The
expression vector
of claim 28 in
which the control
sequence isa
promoter. The
expemion vector
of claim 29 in
which eisa
promoter
comprises an E.
cola. promoter.
The expression
vector a claim 21
it, ,rhiehrol se",
32.4 hots cell
comprising the
expression vector
of any one
etfctsim 23 to
WO
21X18/10324KPC
IMS21/08/1101(.8
3        33. The
host cell of claim
32 which is
homologous with
the cell type of the
wild-type
ketcrecinctate
enzyme from
which the
engineered
ketoreductase
enzyme woo
derived.        34.
The how celi of
claim 32 which is
heterelogona with
the cell type of the
wild-type
ketoreduetzee
enzyme from
which the
engineered
helmet:inclose
enzyme was
derived. S.The
host cell of claim
32 in which the
cell is E. coll.
36.The. host cell
of claim 32 or 35
in which the
codont comprisiar
oh oxpression
ocelot have Men
optimized for
explication in said
host cell. 








