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enzyngatic methods of reducing the corresponding 5-hydroxy-3-oxohexanoate ester, these
methods suffer significant drawbacks, making them less than ideal for commercial scale
synthesis. Given the importance of these key chiral intermediates in the synthesis of
cholesterol lowering statins, compositions and methods useful for synthesizing these

compounds in a cost effective and efficient manner would be highly desirable.
4. SUMMARY

[0004] As mentioned above, stereoisomerically pure syn 3,5-dihydroxyhexanoate esters

according to structural formula (Ila):
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ket or educt ase enzyne obt ai ned from Sacchar omyces

cerevisiae. Further, the disclosure also provides

i sol ated naturall -occurring t%ﬂe uct ases t hat
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herein for the engi neered ket oreductases. Thus, such
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also provides isolated naturally-occurring ketoreductases that comprise any one of the sets of
mutations disclosed herein for the engineered ketoreductases. Thus, such naturally-occurring
ketoreductases that comprise such sets of mutations can be used in any one of the processes,

kits, reaction mixtures, etc. disclosed herein.

[0006] The improved properties can be related to different aspects of the wild-type
ketoreductase enzyme. For example, the improved properties can involve the stability of the
enzyme under the conditions of the stercoselective reduction reaction, the enzymatic activity

of the ketoreductase enzyme, and/or sensitivity to inhibition (e.g., product inhibition).
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mutagenizing the gene encoding naturally-occurring wild-type ketoreductase enzyme of
Saccharomyces utilizing standard laboratory techniques, including the various mutagenesis

and recombination techniques.



[0011] In sone enbodi nents, the engineered
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(including for example, 1, 2, 3, 1-5, 1-10-, 1-20, or more conservative mutations).

[0015] In some embodiments, the ketoreductase comprises an amino acid sequence that
corresponds to SEQ ID NO:2, or is at least about 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99%

identical to SEQ ID NO:2, and comprises one or more of the following characteristics:



X 6 1s a polar or acidic amno acid residue; x 27 is
an aliphatic or basic amno acid residue; X31 is a
why@Box876 cont ai ni ng or aliphatic am no acid reST/U8®)7/080125
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amno acid residue; x 63 is a hydrophobic or aromatic
amno acid; X65 is a hydroxyl containing or small
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X*% is a acidic or polar amino acid residue;

X*? is an acidic amino acid residue;

X** is an aliphatic amino acid residue

X*7 is an aromatic amino acid residue;

X**! is an aliphatic or hydroxyl containing or acidic or hydrophilic or basic amino
acid residue; and

X**7 is an aromatic, a polar or a hydroxyl containing amino acid residue. In one
embodiment, the ketoreductase comprises all of the above characteristics. In one
embodiment, the ketoreductase comprises at least one characteristic such that at least one
residue is mutated as compared to SEQ ID NO:2. In one embodiment, the ketoreductase

comprises at least one characteristic such that at least one residue is non-conservatively

mutated as compared to SEQ ID NO:2.



that corresponds to SEQ ID NO 2, or is at |east about
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followi ng characteristics: x 6 is a polar or acidic
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X*** is a polar hydrophilic amino acid residue;

X** is an aliphatic amino acid residue;

X**? is a basic amino acid residue;

X*% is a acidic or polar amino acid residue;

X** is an acidic amino acid residue;

X** is an aliphatic amino acid residue

X*7 is an aromatic amino acid residue;

X**! is an aliphatic or hydroxyl containing or acidic or hydrophilic or basic amino
acid residue; and

X**7 is an aromatic, a polar or a hydroxyl containing amino acid residue. In one
embodiment, the ketoreductase comprises all of the above characteristics. In one
embodiment, the ketoreductase comprises at least one characteristic such that at least one

residue is mutated as compared to SEQ ID NO:2. In one embodiment, the ketoreductase



nmut at ed as conpared to SEQ ID NO 2. [0017] In sone
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sequence ketoreductase of FIG 3 (SEQID NO 2) and
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ket or educ e wt .combi hati qn of roved enz )
0018 Srie SRb R Te: e o Brauh R btedet e o TREors ok SO e with
an impoved a@@mlﬁtwavﬁgraﬁ %ﬁﬁm%d g&mw@e Wt c%ntemds to the wild-

sequencé of FIG 3 and that includes
type soqeenoe ofblCe 3riGESX ﬁDJNQ %)einéam@ddds rooaPr OO MNRLPS BIB0E, from:

BT LS, S S Eonpr BAE G5 0RE LT F P B,

S148T,008H, mstUEBGGDDIBWE? n3FR, Sheoendgiszeer ed
ket oreduct ase conpri ses a ketoreductase with a

[0019]C PR RathBsHiRfents "IRE ‘éﬂ?ge&é@ﬁ@f@re@ﬁéthé@ Jo)hp%@gs/ Pketoreductase with a
i nproved enzyme stabiTity having an amno acid

combmeterenciannroed cweyme ggun@@nﬂompmedmenmmwj@lh@dwemg@ aphino
.. FIG 3 EQO I D L. 2), an i ncl udes 0
acid siSnes ShES T el it Seigis gD R (SBQ TpyN0:2) and that
include®362 0AR3R mutsi &R seletd BonkIGAE N FPEAI 60 QUBHIE, G292, Q214R,
H200L, D201G K215E, K215M K216R, D221V, S233C,

E234Q Q63 E. ip3pE embpdanent, thgloredagar coopron alkaihgse mutations.
V312S, V312E. 7 WD 2008/ 042876 PCT/ US2007/ 080125
[0020][ d)mszqqle Spbadificotscthe pgiacgrekhdsoidngmtcsoopriseschketoreductase with a

cornbléla %)[e rng)%oxlfe%t()e%rzgtgg %ftétgvsi‘%lzaélldpo% 511%8%@?5 g%zynfosl?a%?ty:lh&Xmg ah amino
acid séQuenfSthab&brrBgonddo thebvilP§pe 8&juence of FIG. 3 (SEQ ID NO:2) and
includes one or more mutations selected from: N40Y, V43L, K51E, 158V, E62Q, A73P,
K79R, K152Q, K169E, F185I, Q189H, G192D, H200L, D201G, K215E, K215M, K216R,
D221V, S233C, 1237D, K250E, 1265V, L287R, K304R, Q310R, K311E, V3128, V312E.



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,
waiwsoisae 116, 118, 120, 122, 124, 126, 128, RGDUSH82080125
134, 136, 138, 140, 142, 144, 146, 148, 150, 152,
154, 156, 158, 160, 162, 164, 166, 168, 170, 172, 174,
176, 178, 180, 182, 184, 186, 188, 190, 192, 194
[0021]1 §9601f|g9 gxengqj@ty egld@dlrgqmrs ofz@@h eg@geergq_betorgﬂgctasgg_mclude SEQ ID

NOS: §1§618 ﬁgzz,%ﬁ%@%ﬁw,%gméﬁgz8,3@ 42 %%556 %% 50 75%4%4 33558, 60,

62, 62268, 68260, 7262, 76266, 8(R 83, 842"86,,8829& 9294, 9698, 1(1078302 280, 106,

108, 365115842, 366115540, 5201 245136, 1984105782 13 365308, 19142

144, 13924148, 326, 1532854336, 1583260, 387 1633066, 388, 1784972, %42 176, 178,
344, 346, 348, 350, 352, 354, 355, 358, 360,

180, 13?84184&!1‘6%8 15[(D022,]19I4n1%ﬂ@8 e]%oZﬂh@ﬂ#s?,%tﬁB 210 212 214,

216, B BTl R S Rt AR uPosn™. 30 o, 24h 246208, 250,

252, 2%3, 2562589609862, 966, B8, 2, 299%udery, m@lzsbozzam 28R M8RO28E,
aci d sequence listed in Table 1. [0023] In sone

290, 29abati. RBAD8, 3k IRBtWredifc BESS 1@0&& Biasdlan3 HnidAd Bei 4,

26, SEURISTR 48 B g SR TS, 95,5338 a0 s, 30,
362, 3¥abadi 3gnt,  the ketoreductase conprises the am no
aci d sequence of SEQ ID NO 316 or 318, but with one

[0022]0 n Eﬁ}ﬁ@erﬁg&ﬁﬁ%ﬁ@t th¥ %ngl'ﬁ&e%d E&&eﬁh&ﬁﬂe%&ﬁﬁe has & amino4cid
or nore) at residues that have not

Sequeb@eethatrmta‘altee@ ab@utcslen&w@d% §2SEQHHDING6297.[9800199% ilentical o an

amincg her q}qm ghglgresent di scl osure provides
%1 OGSt A¢Sding the engineered

0023 E%oreducﬁﬂfes de%,%lbe herein or gol nucl eot i des h
k oy P PfipEn B ohg SERTCIERITIAMRIET HodmifRdsHd seAgcy that is at
least &boli 9KJ©BL 9L 08 d61t99©/ﬁ‘ fend 18 tcpstmriwgoatmdﬁ 3¢8N1d &fé éfﬂlfodlment

pronoters and other regulatory el enents usef ul
the ke@o«pdmp sompfisastibe anoded seaginseef §EQk1@tR§Oe3d@cptréé& but with

an utilize codons S desi r.e
one o i e@R il AR BB 501 12 dnbienar | GepERE resicues
that hhWiend@ besemtitatidss |comphed e SEQAEsNest cel I's conpri sing
the polynucl eoti des and/ or expression vectors

(0024085 SRR, Qhé‘%reg_ @ dRERburE Bk \SddIBBIRRclSAES RIS &S

cerevi si ae, he engi neered ket oreductase enzyne
enginewaed Kiespiiedudtades described herbiayor maiynbeleatlcthsﬁlﬁaé hgbridize to such

sm ,The host. cells use .he .
polyn ) BTBleS Tt Ay St Ry PRk lplifoan nclude promoters
and othef REEELEY ARt ARZNKEMS folR§icbRGo Bl Bhddbde®@Engineered ketoreductase,

alternatively, they can be used in the various

and careytHizgsodsontipaepdiior sneeificslsbingd cxpraaponopeens 2876
PCT/ US2007/ 080125 [0026] The ketoreductase enzynes
[0025]c & stid banoglet aspr:cr elmaresdmy disolryuro yvedas diostencHs coropmyisg thic

st.r ura r._corr ndi S
polyn IS AGLor vy FRbE Gt r S T B N Radtigre
Sacchak&h RS ebrefitia¥Which the engineered ketoreductase enzyme was derived from, or
they may be a different organism. The host cells can be used for the expression and isolation
of the engineered ketoreductase enzymes described herein, or, alternatively, they can be used

in the various methods described further below.



[0027] In one aspect, the ketoreductase enzynes are
used in purified or isolated form In another aspect,
weamsaesss from cel | s expressing the enzynes arBCT/ES07/080125
[0028] Thus, in another aspect, the present disclosure
provi des net hods of producing a syn dihydroxy ester
according to structural fornmula (lIla): CGHOH O (Ila)
[0026} ThRkctoygdap@pnencyBge canbeaysed a%rqérl@ﬁvhm@woweefsm sgantipgers of

Y, i ;

s L B0 AR0 BB RTRI A BB BRI IR By v

dcgeéofﬁukayﬂaﬂyﬁyCH OO0 (la) x ORS whereln X and Rl are
as defined for structural fornmula (lla), using an

[0027€MYbRESHEE, this RERFRRIBGEASEy #1RE Yiveuse@ SCriRd df @okitéd fofe In
nmet hod may be carried out using whole cells that

anothengspecs soxtiets diogh erdls caprekendihe gietaesarenddne, such as
the host cells described herein, extracts or |ysates
[0028] Thns,swehotheldspget.dhe pugsdnkt kiédloemrgipméd®dn¢¢h®dsm£@muam asyn
. enzynes, [0029] As wi |l. be reci ated by skilled
dlhydraﬂxé'i es'h gc,‘“]of q%gg loeséﬂlgmr%lrfo%%% W@n illustrated above
generally requires a cofactor, which is normally NADH
or NADPH, and a systemfor regener& ing the cofactor,
for exanple glucté® and glmgpée,éebj% genase. Since
cells generally provi de such cofactors and cof actor

I egeRe Aldnd/R'SYS bEpBviotsly dhedi MERtrbeth@scayiang cvhiptie:
cells cell extracts or cell |ysates, the addltlon of

selectisightrogvfing ¢ BY &Ry 8XQ BHUIBRIOAY FERH g to sirasuteb fsmua/la):
be unnecessary. In enbodi nents enpl oying purified
engi neered Kketoreductase enzygieos) o such cofactors

and optional ly suk cofactQLﬁl\gﬂggm@tlon syst ens
will typically be added to the feact i O medi um al ong
Wi th the hydroxy oxo ester substrate and the

ketoreductase enzyme(s). Like the engineered
k etheredd Nead R aemar@/dtéineélfgr saluztyamsl! femulcdiprussngin dsﬂgdileered

cof actor regeneration s be supplied to
ketorqgeBEs G e or HOHe. TG HG oY OF SRred op W%%ngle cells
that eQﬁre@l{ﬁ@ e&%ﬁée@ed Rtord@udite 'eﬁkﬁﬁe SRAVARAS host 'c@lls described herein,
mbodi nents enploying cell "extracts or cell |ysates,

extraqtsh@r lpsdtéssirars edch llganeuafied th@nesxed leat@l:@dmtasle)esayre@ can
be engineered to express the enzyne(s) conprising the
[0029)c Afsacitldre appopeiacrdatyi shlcslyestisans, thd midectiomrrea@io@lustrated above

08/ 042876 PCT/U 20Q7/ 080 ﬁgﬂé th the

generg OICABE TS Yy 5 15&@@23}%%5%9 b} b e for
regenaqaﬁgwe%efawl Br ey@ddlp% glih: S8l eos@liBrRg e 8fiRe bt

express the enzyne(s) conprising the cofactor
generalgemeidatsidncofactors and cofactor regeneration systems, in embodiments
employing whole cells cell extracts or cell lysates, the addition of such cofactors and cofactor
regeneration systems may be unnecessary. In embodiments employing purified engineered
ketoreductase enzyme(s), such cofactors and optionally such cofactor regeneration systems
will typically be added to the reaction medium along with the hydroxy oxo ester substrate and
the ketoreductase enzyme(s). Like the engineered ketoreductase enzyme, any enzyme(s)
comprising the cofactor regeneration system can be supplied to the reaction mixture in the
form of extracts or lysates of such cells, or as purified enzyme(s). In embodiments

employing cell extracts or cell lysates, the cells used to generate the extracts or lysates can be

engineered to express the enzyme(s) comprising the cofactor regeneration systems alone, or

9



systens and the engi neered ket oreductase enzyne

toget her. [0030] Wether carrying out the nethod wth
wob@Bo482é | s, cell extracts or purified ketorrdUSeB080125

enzynmes, a single ketoreductase enzyne may be used or,

alternatively, mxtures of two or nore ketoreductase

enzynmes may be used. [0031] The ketoreductase enzynes

togethge sidth; tb%@ngmeéqdrk%médwa@h chzypse dinfemboggrenthemploying whole cells,
|
e c RN LRI SLLHEL L e Y Ba bl She I i Rpracin

systeragighd the thgiacditdketoegicascahzghetagotet.ecti vity.
Dependi ng upon the particul ar engi neered

[0030K 8V indties w@mg ofhhy iRthisewlith Wheled1lb el RRtriAngEmffied
about 80 t0 99.9%with a diastereomeric excess

ketorqdugtage enzypies, = syl gtoednctpwe anErmp Mayhehised el altggatively,

mixtug&%mg or Hor@l@é%or@gﬁﬁasgl ?%}?ﬁ&rrﬁgy BQQ% d'd engi neer ed

toreductase enz resen i scl osure can be

d.to st | ecti,vel d 5- hy. .
o0s1h IFEK SR SRRV EES tesSisd PEF S By SpRaiie PR Gpangigmer of
structbdEfor@arar (ﬁa@@@ﬂ dhtalz6 e Mbohy deRKBedfedbtidiCieabtidh ih Blghulidd and

(Ila) wt ields in the range of 90 to 99.9% an
with é\/\hlgh d@gr%gf fé@re@ﬁd@tlémé oBepreadirigwipoy thyf pastigdarapgineogd 2]

ketorefe IR b GARIPL STy B FPAEUPEL I3, Dgrgppmerte

exces®0dWYof 99)9957%/9 callDe&Milgndhieven 199 69919(@1@ @ haclgenldéscovered that
. achieved. Indeed, as wll be dlscussed in nore detai
engingraed bptpreduginitenryes ofi thipieseas disglospg cpn bg upgd jgatercosclectively
if t ng
reducl BRI AERUEL LRAHBEEPLICI OB ikl I By
corre@bndmg my:acﬂlhfzcdlnw bést(dcayraldsnn@al(}le) witlyyiebdsrie the range of 90 to
o educt ase me of. SE 1 316 was >99. 99%
99.9% b%ﬁ }tﬁatdﬁ%regﬁ 4 QX ERE QF 319 tructural formula

[0033] Because the enqlneered ket or educt ase
[0032]e|1112§p,q,gg e@@g@meg‘@ddqa,gp@p@plg;‘tlgl € oﬁié’ﬁ 8%), 99.9%, 99. 91%, 99.92%,

99.93%¢ 66 @9@92?.% (‘ 6‘99 9644 ??'@9 Mobagi, S¥iL dh By @ggx(y e SShBE aBficved.

structur rmul a can be recovered
Indeed. Ldssmﬁl’n)bldaslchgseé iremeccdetani loadd W yn panmctﬂmrmth\nFI(ﬁSLﬁ artdhg a crude,

o chira se te it fromthe orresp
unpurffite Ctlaﬂyf%{"ﬁé‘?b%‘ﬁﬁi foraouting pisees S g HPRE in the
enantioh@ o¥ étﬁlc@hrﬁ‘lnt@rrﬁhlg rQla) akigg Mgﬁfé%ﬂeﬂ'k‘ébbr&fuc{ag@enzyme of SEQ ID
reaction, if hydr oxy oxo ester substrate of

NO:3%6 wae P99 %9%fm1rmml the §r) dipgeregmprsafatruttardl yorpula(lia). t he
enantioner of structural fornula (la), the specific

[0033]s Brcaish yidranginccedtketoretvambecreymes dedcribtd hﬂ’eimrad: so0 highly
faornul a IIa can recovered.fromt

stereogelgtiyin ths resu t%f&}kfglf ﬁﬁefﬂl&sttﬁm%stw%%} el ai@@ﬁéaﬁﬁrecovered
in sub‘é!ahhﬂliﬁ st@EbHehEAlly Pare fo%%lho-ﬁhﬁle%b& & clﬁlﬂahy géﬁ%&‘é‘[e it from the

ester "of structural fornmula (Ila) can be used as a
corregppading ngti pater othér disstersymerh dsileed, ewvigds therlogh V@Wearnddggh

stereo S g TSR iochs S Dt o st Rl st B R ot o s

substddtihBY pereah k. en/&nﬂﬁﬁﬁersif@t%uaﬁrammum (1Hhesepetib 9dsdihydroxy
rotecting the hydroxy roups of the syn di hydroxy

ester @astereomer @ﬁsﬁry@Wl §q)mm},@ ﬁlﬁ%@al(l ¢ gocoverpé frghnige seaction medium as a
subst&[ﬁgfb? 5ﬁr%%r pure diastereomer without purification.

[0034] The chiral dihydroxy ester of structural formula (I1a) can be used as a starting material

to synthesize cholesterol-lowering statins, including but not limited to, atorvastatin,
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syn di hydroxy ester according to structural fornula

(I'1t1Ta): ORR OR2 0 (llla) X ORS wherein X and Rl are
wagoopresiousl y defined for structural formnul a PCT/ay20ameBo125

each R2 is a protecting group or, alternatively, the

two R2 groups can be taken together to forma

substituted or unsubstituted al kyl ene bridge. In sone

rosuvesii el pibpitayastatie Hrksy stepde mepy of Hichs/aeteys Bretecting the

e PEQUA 608 LA S YAl ) YPGB e
syn dittedrore dstéarccstdingotb ytrattufad formuda ((1Thp) and R3 and R4
are each, independently of one another sel ected from

hydrogen, (C I -C 12) alkyl, (C5-C 10) aryl and
(C7-C12) arylalk %ﬁ)or altern R QBf ¢ "R3 and R4 taken
together forma ? Cc 10) X oRY

heteroc&ploalkyl In a specific enbodi nent,

R3 and R4 5
FndthhyAre ag IQI@‘B@}ISl}’ delradefon ppsaabieraulayHa) and cach R is

b2

» prof 3D B0 ¥R, O3} Tl B ETROY B RGF Y iB
substinhet el umsdbsaindeddlkgleac badgy. dyisoms leyhbdéfnienesd tHequrotected syn

structural formula (Ila), and R5 sel ected from (C
dihydjoxystebis axgoggnound %00@1@6}0 %Wrurélrfarr{l@? aﬁ

arylalkyl. In sone enbodinents, R5 is phenyl [ 0036]

Onm ng to their stereoselectiv§¢yR4the engi neer ed

ket or educt ase e @¥nes descrlbga<ohekﬁin can be used to

e

synt hesi ze ster nerlca %Xlggﬂgfmgeparatlons of
protected syn dihydroxy estérs actord®hg to
structural formula (llla), (IVa) and (Va). The nethods

general ly conprise enantiosel ectively reducing a

hydheoky e R 'elic &NaBYio0se deftsiobdbtAgtdrel himie (Ha) and R* and R*
2008/ 042876 PCT/ US2007/ 080125 structural_ fornu
are cach.gpdepspgiangly of enngnatberesrdicirsien hvdioger d(id alse a&ﬁé;ﬂﬁé -C10)

aryl aﬁ‘&’ %d{'iﬁ%‘iﬁj Pr?fjal@@ dt C?ﬂﬁrngffvé{ gt g4 st tggé"lﬁér' i RY€4%5)

rrsitng a Foxy ester accor
cycloaslkylunthlﬂteatcyc]foaﬂaym Ia a(dpbaﬁp emibpdiaena ik qnd(ﬁ ect ¢ach nhdikeyl.
hydr oxyl groups of the syn di hydroxy ester to yield
[0035] In some embodiments, the protected syn dihydroxy ester is a compound according to

structural formula (Va):

(Va) o0 O

wherein X and R' are as previously defined for structural formula (I1a), and R is
selected from (C1-C12) alkyl, (C6-C10) aryl and (C7-C12) arylalkyl. In some embodiments,
R’ is phenyl.

[0036] Owing to their stereoselectivity, the engineered ketoreductase enzymes described
herein can be used to synthesize stereoisomerically pure preparations of protected syn
dihydroxy esters according to structural formula (I1la), (IVa) and (Va). The methods

generally comprise enantioselectively reducing a hydroxyoxoester enantiomer according to

11



the protected syn di hydroxy ester of structura
formula (Il1la). Omng to the high stereoselectivity
woRoosloesengi neer ed ket oreductase enzynes, the PCDUSHDBOB0125
syn di hydroxy ester of structural fornmula (llla) can
be recovered as a substantially stereochemcally pure
or pure diastereoner, i.e., substantially free of the
structgigt M@q)n@pg%tqsm(gi NLNENEENHE ,ke‘@fﬁgiugqa&e gJuzime as described herein

o el SR ol O0HE 1P ARkl
formuds (1B Ssupan abé prisedingshe yelretydtaips of Kieoywn dilgtifvad ssteoto yield
eSiéﬁy hol esterol | oweri ng

ins. . Ex |
the préégﬁe &1 Eihyggy e rsiyry, #@W@l@&ﬁ%?@@%@gﬁq highar o
stereosel bRt A&tk én%étgg%'kgﬁwrecﬁmta@@gn es. Y ror‘créec??]cg%gtdgifﬁfdroxy ester

aspect, the p I scl osure provide
of stryptwdluformyglag Uk tcambeé edcbyersd ey emitstamballycsttleychepucatly pure or pure

: reparations of . stati such as, for. ex | e
diastelopiieit ot PremtU fael Bis Rt ofe vt Ramer apdgny other
diastcfRInttesl SviBRnesatal YepaiiBhi ses: (i) reducing a

substantially enantionerically pure hydroxy oxo ester

[0037](‘3) *ﬁl? 'I's%f&ﬁ;ﬁ(&%%% \%tgris %ﬁdﬁoggl%gegcg&tﬂk Ay R R deloe Sl R

ereln X are“as previously
reactadsesfin kedwn wetloda o smghasere cbollektetod loydumiastins.e lkxgmplary synthetic

descri bed herein to yield. a first ction ct .
routes G P e g g sty Sienyeseateiet £1GS o 1§ Hitsein another
aspecB b (HEMEi0NYs RS En%fvid%@ eRiIHdR %ﬁ%ﬁ)dﬁ_&iﬁg QhBYEAiafl @ slRLBomerically
(ITa);: OHOH O (lla) x ORS erein X and Rl are as '
pure [teffargteds Postany, swthiasafor wrmplk st¢nvadtativamebug pdtatin, and pitavastatin.
thereafter,,using. t. syn.di hydr ox ster,.of .
The mehiogs EE4r!Y %ﬂ}fﬂﬁfﬂsg&?‘f)fg . %ﬁ?ﬁ%ﬁ"i‘lg‘/eené‘n%?%?ﬁ%”yﬁ“ﬁeclé‘/dmxy
oxo eltBecrangoreicestdingab gireciued asesldeser i bed herein
catal yze the reduction of step (1) with a high degree

of enantioselectivity, the syn di hydroxy ester of
structural fornuk%_(lla) can 8% ised to synt hesi ze
statins having a Pgh degré oS OR'SONMEric purity

using reactions carried out at nearly anbi ent

t URRRARRYUGSR] RNKle W $rooiehsly RefinedithQh <abinkatd ketoreductase
separations. Indeed, the high degree of

enzynag égsediasl heeqin (0 yigldor fishesagteaduprodent compasing A sebstaniiglly
- reparation of statins havin % d. e at i s wWithin

dinsteBFRY Biesly S5PRT RS ot bl bl

ester starting substrate, readily and economcally in

high yield. 12 WD 2008/ 0428760PCPHUS2007/ 080125 5.

BRI EF DESCRI PTI ON®OF THE Fx 8l FIG 1

illustrates the role of ketoreductases and

h%Jh%lb nd X a%%rklda?g gsl SRS stuCtural formula (Ia); and (ii) thereafter using
the syn dihydroxy ester of structural formula (Ila) to synthesize a statin. Since the engineered
ketoreductases described herein catalyze the reduction of step (i) with a high degree of
enantioselectivity, the syn dihydroxy ester of structural formula (Ila) can be used to
synthesize statins having a high degree of sterecoisomeric purity using reactions carried out at
nearly ambient temperature and without the need for chiral separations. Indeed, the high
degree of stereoselectivity of the reduction reaction allows preparation of statins having a %
d.e. that is within about 90 to 99.99 % of the %e.e. of the hydroxy oxo ester starting substrate,

readily and economically in high yield.
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converting an al kyl 4-hal o-3-oxobutyrate to vari ous
i nternmedi ates useful in the synthesis of statins.
WO O@80)287 G 2 il lustrates various routes for PCT/US2007/080125
synt hesi zing t-butyl (6R)-(2-cyanoethyl)-2,2
di met hyl - 1, 3-di oxane from a
t-butyl -3, 5-di hydr oxy- 6- hal ohexanoate. [0040] FIG 3
5. pWEé@S@%‘RﬂéH—Q@ EEEGUERER of the ketoreduct ase
encoded by the Ydl 124wp gene (CGenbank Ace. ,
[0038ING TG Nipllgstpuasdha rolpf legpodirtyses anshiadativelreacs Wpliadegenases in
ev - e -
conveHEH! F3-AREm kBl v RS s i R Snesis of
statin§Sacchar omyces cerevi siae with the residues marked
that can be nodified to generate engi neered

[0039P PG RERGIARS valibhidrol iR TOVS Hthi St Ak @ Th -QL8RAKEthAF-2,2
[0042] FIG 5 provides ansglial | ust :gat [ %ﬁl}@%@) %I %Fsam d -

dimethyikill 0BexnE drowhi ehuiyl-drfedihkdboy-6chabthas@noatgenes ar e
operatively linked to the |lac pronoter under control

[0040 016G heplodtdes HRPY @S5 sE@lenc€sPhe &SoR@uead dred&@ by the
ket or educt ase enzynmes. [0043] FIG 6 shows LC/ M5/ MS

Ydll2d wp ggir Sepnbamk Ofc. INOINR 01813k KT B3RO ER)from Saccharomyces
Cerewg}ggggﬁggb%é‘r@ate sanpl es of Exanple 27 (a sanple
prepar by "a

enbodi nent of the nethods descri bed

[0041]2 Eﬁ;{ z}ﬁ(ogf(ﬁg ?Wgﬁ?@ﬁﬁl’ I)d%@ rggquaegg?a é‘f tlhg kgtrO?eF()i%Etgge ffrgr?llyacchammyces
cerevis@Rwifth2the Yyanaes Maklcd2ha cdh BB hiddificdlo 3encrate en'g_ineered polypeptides
-di oxane- (4R)-acetate (lower panel). [0044] FIG 7

with igeeved Gefovglugtisopigpedicanms of t - butyl
(6R)-(2-cyanoethyl)-2,2 dinmethyl-1,3

[00421d Fét anproy iRy amdbististeorselmpdsesd pC KEX M) i wi8clf elosethkitercductase
pr epar ed .t.h thod of the .inveptig nd a

cones BT Bay > W BT ReP St amdp GoREp! $itts Agf reressor for

expressingiiigie R katorydiiches eezyseheme for rosuvastatin, R
represents H or a suitable protecting group. [0046]

[0043]'1@@3. & stldvlsUst /v /BB &r%%@%s%ﬁ%%-éﬁfm-@R,5R2-

_ pitavastatin, Rrepresents Hor a suitdble protecting
dihydy=yopmnop@G4mpleF bEExdroplic |12/ (s saraple prepasdrityrvat dngboslohenrtwf the

methol;sig QF%ES&%% Eéc’rt ?%{Ygi)erga_agl %ui(f %%@Eg%ﬁ%ﬁ A %gtln(e}@rcial crystalline t-
butyl @gﬁ(gggyaﬁa&hﬁpmteﬁ%@@ﬁ@,@Qﬁa@neﬁm)-ﬁ&ftéta (lblvengank0048]

herein, the following terns are intended to

10044 2YE. T Howisabd Mg @Hro%?d}giré}ﬂ%ft-ﬁ&?l”@ié?-'(ﬁ'cifet}ﬂg'ég@}ﬁ-i,ﬁ afhdthyl-1,3

or as part of another substituen ers
dioxas@{4R)atcettcoramphsaif bixampltt 28 aanhkdrestredbygthe nodlad dofaghe

imenGySl TRV LN Dyihogarpen radical having the
[0045] FIG. 8 illustrates a synthetic scheme for rosuvastatin; R represents H or a suitable

protecting group.

[0046] FIG. 9 illustrates a synthetic scheme for pitavastatin; R represents H or a suitable

protecting group.

[0047] FIG. 10 illustrates a synthetic scheme for atorvastatin; R represents H or a suitable

protecting group.

6. DETAILED DESCRIPTION
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of carbon atons (i.e., C 1-C6 neans one to six carbon
atons) that is derived by the renoval of one hydrogen
w@t@si0iasoen a si ngl e carbon atom of a parent al REFE$2007/080125
al kene or al kyne. Typical alkyl groups include, but
are not limted to, nmethyl; ethyls such as ethanyl,
et henyl, ethynyl; propyls such as propan-1-yl,
pPdpanDefigitionsy ci opr opan- 1-yl, prop- 1-en-1-yl .
prop- 1-en-2-yl prop-2-en-1- yI cycl oprop-1-en-1-yl;
[0048](; %@w@@d bgrein, ‘é}ﬁ_fg_ﬂwlng eraY-a1e ylﬁmg_ie@/to havg ﬁl@pfoﬂoymglm%mngs
etc. butyls such as butan-1-yl, butan-2-yl,
[0049]2 “ﬁﬂ_mb yby psabocras :palylof aQothgtshWtitpmm p@fﬁr-s;to ¥ Isglturated or unsaturated

brancgél(ﬁétgﬁglitltgc&a%or&glﬁc TOVPVaI% lhy%l%geﬁbtin {ﬂd%c:_a‘leﬂév??ﬁg J[h’e stated number

of carBbH atdnRN7: 8 ¥ -CHtars bndtdldig Barboy latson)%BI ttat & Rridb @By dreftbmoval of
cycl obut-1-en-1-yl, cyclobut-1-en-3- cycl obut a- 1,

one h rogq‘,naeﬁorll_fgqm aygmleicaybpnla.tgm of g parent g:]it/;arga, a&k]ene prialkyne. Typlcal

alkyl %%uasll iude egu(f ate 1§ ?’nggg t&,'rﬂeeth%l\/\gtﬁxﬁ Sﬁ&ur eet]ﬁa yL s In?], gthynyl

Ion” are 1nt

propy'[sadukle Bsd)ropatam@/l qfropa’;iﬂ kyhybilop@pusedil, @ep-defn-net) pbcqi DWh-2-yl,
‘Lower al kyl" refers to an al kyl group containin

prop-2-eeriry. € 1@ ren tari -2k éwﬁompa@sm Ly hipkepiyn-byl | RS pyn-1-y.
0 fers

ete; B2 SR bl bR o P R o LI o e prpran-2-y1.

cycloldﬂan-\llad tay- ltdmel-nyeﬂmtfweneﬁ yloﬂend‘tlyydrmgpﬂ mbm fontai?nea- -yl,

but-2- gp ypu qoﬁg@nq la3og n- r—%l %I(fltfgq r]nqneﬁyf ayclobut I-en-3-yl,

cyclotstﬁahaﬁaﬁ'en 1841hgnyily @fﬂ p&MLﬁl SNERUAS- R [QPﬁthl "4l the like.
propan- 2-yl (|sopropyI), cycl opropan-1

Wherp snearfyd ISV@mofsaagatmn anirtenyded, tha mametzclwure( ‘@@@nbhf yelllyf;nyl”

and/mi rf%myy is’ RS c{]) 8‘%&}{ grﬁ)(:!fv{; F‘tﬂo&% .a];kyﬁnrg MeL Oy p anﬂé%é/ﬂntalmng

from | A &efi¥bn atohsi t sel f or as part of another substltuent
refers to an unsaturated branched, straight-chain or

[0050]C Y@lkaﬁy@'ﬂ%{seﬁ%‘{ h@ﬂarﬁ&f aln%%? s&d’sﬁt&ﬁf 11%9&5 &AL Daftaa %Paln%hed

eri ved y r enoval one hy rogen atom from
stralglat @langdnmychcr blésl @rtymi by the Ipmoeaitofa)mk bmdrogdihetogr foerp arvngle
|ther rans confornmati,on abo
carbopgiant el bt &) e s Fni Ak REPentel SERRL fh af Rl o
methad§ B cth@hyl pfﬂpbﬁﬂs th a@%ﬁﬁﬁﬁll-ypbﬁn@@ﬁl}ﬂﬁ (ﬁaﬁbgﬁﬁ cyclopropan-1-yl,
prop-1-en-1-yl, prop-1-en-2- y

etc.; b(ytmlsgu@h]aszblyﬁn lg@dq%epr%—gyl Qge@hutyl)yjzan?ethyl -propan- -yl (isobutyl),

I but - 1- 1-yl,
2-merfye @B&PEQJ@ 9%@; Wehn BRI 5 Sl Tike DU - 1-en- 11
[0051]b um& béﬁ éﬁff ST W par&%a}n(?g]ﬁ sibsgﬁleﬁzt r}';rfers to an unsaturated branched,

straigBtEHatPok cyb €Akt Bving 4 Y&lsObHH Arbon3cadb@toliblel bon@lderived by the
and the I'i ke. 14 WD 2008/ 042876 PCT/ US2007/ 080125

removah 06Qre hyalregenyarom [pni ¢ siagle carboagtqpapt a pareatrﬁélsqm@r The group may
be in & rr%% %ﬂetclfseonrt tmgn%f fsorltng 1g‘n ab uﬁﬁﬂt u({?%ﬁ%%ogd Y 1?al alkenyl groups

ght’-Cchai n or cyc aving a

1ncludé§lblhtcblﬂe ea1eredt o] @h@ybqﬂdpaﬂ@rsl svielel ai)p’ropheen-[-gfﬂ[@t@i 1%fn 2-yl,
one hydrogen atomfrom a single carbon atom of a
prop-2r8pdntl, BIORyNN-2Wesivelapropt kgt tyL: gic Kppep-2158t lagle, buapyls such as

but-1 %ﬁgpﬂ‘l’&%ﬂ?gﬁ@ 3 BrettFi-BYIYA en Rl [ﬁP%Hld-énﬁ Y ho@S-en-2-yl,
buta-1,3-dien-1-yl, buta-1 ,é-dien-2-yl, cyclobut-1-en-1-yl, cyclobut-1-en-3-yl,
cyclobuta-1,3-dien-1-yl, efc.; and the like.
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prop-2-yn-1-yl, etc.; butynyls such as but-1-yn-1-yl,
but-1-yn-3-yl, but-3-yn-1-yl, etc.; and the |ike.

wQ 0@88)287Al kyl " by itself or as part of anot hePCT/US2007/080125
substituent refers to a saturated or unsaturated,
branched, straight-chain or cyclic dival ent
hydrocarbon group having the stated nunber of carbon

[0052]5¢ ” by itself o1 agparhpbinothar suhsient sTap o dpwsafyrated branched,

f
straigf B o Aol Bty i | ST Lo - AP HEL0RE PHO by the
rernoxalll khoe, hydadbdeaneomifroal kyingle carbobytdnnef 4 paontadlkyafe. tTwpical alkynyl
Q%%JMOmfrmnasg@e(mH)nMOmofa ar ent
groupé FIChHE; Duaker lshites fRyRBYNYEHECRYAY YRb faPeR Y ididal
t1egs,Ar. efl 1.
PO e R T R A PRED &Ry o1 s and
the liket oms. Typi cal al kyldiyl groups include, but are not
limted to, nmethandiyl; ethyldiyls such as ethan- 1, 1
[0053} GAMyIdie ”h@ntserf,oz aghpart of erokten sublstitubnt @ifers to eddn@nted or
2-di yl ropyl l.s such as propan- 1, 1 -diyl,.
unsatlgﬁtgBal?{atichggaqtv’ght-ﬁ?{%}ﬁ SR 0320 ) d(lee\Eqnt pﬁirgﬁghoq_ g@uBX@ymg the stated
numb&Y&F cgﬂfoﬂpa‘?d}nél(% Q'T'lybé meﬁﬂ§ﬁ9ﬂﬂr0%9%1 chaﬁ)og'aYdm % derived by the
prop-1-en-1 prop-1-en-1, |y , prop-2-en-
removk] af dmeyhydrogmn@mni frem da,cB ofl tvyd) dlfferent carbon atoms of a parent alkane,

alken%é% | lggt{eog_ / reri}ovai o¥ H,}/(g, ﬁgrl(fr g%lpatgrfggﬁrqhg %I%%ilg I)ggrb’ogtatom of a
parenPHktedhikbie SUGRRS ThE W& ﬁ‘[onévalént T8di¥d1.centers or each valency of the
butan-1, 2-diyl, butan-1, 3-diyl, butan-1,4-diyl,

dlvalehmtadmajgccg;tqnogn forgl. lmﬂdhy&{lﬂlﬁh@ggm ar, (mffdlfem atoms. Typlcal alkyldiyl

eroung R bR R Tt o, RO, Py o1 1-ai,
ethanhtﬂ-diyi ftrch, lll-d[}bﬂ sthddut, 2Jd1ﬁnprbp?}dg*l$/ buch as propan-1,1-diyl,

but-1-en-1,3-diyl, but-1-en-1, 4-diyl
propap- lrﬁstiwprma@pZ iidé}ﬂ propan- g yiyl, cyclopropan-1,1-diyl,

e a d .
cyclogroB-H 3L BEIET E TS & ol bher.2-div) prgp-g e 2-div,
prop-buaih-d;3di3t, Gblyelbpfbpé%l-hdm )‘(]2 dibytcaeldprdpdi- ﬁnl 2 d4yld| yI
cycl obu en-1, ycl qbut - | -
Cyclole;fye%%ui ZiliéJﬂPTPZI -4 ¥l+3 dlafﬁ er%mwséldlylssﬁuah éfn bmtaﬁ Tl v,
V4 1 t .
butans lufgi | l‘H;]].l?an 1.3 éﬁjyleﬁltg-tb ? ;Iijdl %bgtlgﬁ 27 y.3 d%rm 2|111)1/1§t,'h91 iqonpan 1,1- %1yl
2- methhleptbpakel 2vhels eycéqdmtatf-l d dlﬁyej'aiotwﬁalsb.ﬂtdlﬂt €Yo bautan- 1 ,3-diyl,

th 2 | kenyl di yl
but1-gfs G g sougesh Tnar it e BT cal Ty
2-meth?ltlﬁ6f‘-qdeﬂ—hfltdl§lh§ nﬁé’bﬁ’anyﬁéé@ﬁfrbﬁ n-Pg -0, Bﬁts- 1szam%nqar BRM,

t he nonencl ature dene” i's used. | ower
buta- hﬁﬂwndl Ydiyli pte, 3adikyl Fi-giyl, @n@ub%ﬂmﬁr hﬂﬁlﬂgcmlqlmtﬁ -en-1,2-diyl,
rbon, at nents t I
CyClObu% 1 en lgr(glgF a¥c&$ba1$ 2 ac’gEqOY cIl(f<buta Pgl g’?o(g s in
cyclowham dibe- 113diyC dlut-Cmt mshﬁrmatyxﬂ 4\/&@26@@11043&7161 4-diyl, etc.;
PCT/ US2007/ 080125 the term nal carbaons,
and thedikisa Nﬂl‘,le)yp quqgiq]lgﬁ@§ of @pﬁatppn]_arg ngptyd,ed( ‘rélf: ﬁgﬁ]@glclature alkanyldiyl,
alkeni%hgrﬁ’Qﬂd/ékl~ ﬁﬁﬂ{f({&lyls 1(8 F&? ) Whiere 1{°‘§ g&lﬂ' aglyqfétﬁlé%e’(dqggtacﬂé))w
valen¢iad bagn the[sAb 43rbdibtoy, eh[EEﬁOﬂIh)nClatlﬂ‘e [“alkplidems” parstd.oA “lower
a stral ght - chai n

t her ituent refer
ot Gt i b 8 GFYRICOP it TERe fﬂﬂk@ PRPGY *igBun heIDF Agbedigients the
alkylcﬁﬁ@ﬂ)%l aré"peﬁ‘l%\é’éld%@clfc%‘#ka‘f@id&l%%@s%n which the radical centers are at
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derived by the renoval of one hydrogen atom from each

of the two term nal carbon atons of straight-chain
w@aros/04282¢ kane, al kene or al kyne. The | ocant OPCHUS2007/080125

doubl e bond or triple bond, if present, in a

particul ar al kylene is indicated in square brackets.

Typi cal al kyl ene groups include, but are not limted

the texrpina sy che . PERdib byeteameyi cdivs] i (eibarsy ngpan-1,3-diyl
propﬁ{ogetpl n 1§td?%1"(8utaﬁﬁ)° &ﬁl@qﬁ;{e%érigyre?%re%r@%@Q%glenes defined infra).

eno ropa di eno

T e i LT

satura@dCor;ungdi@ratdaallty1 gl gidlip heviepecs fdrﬁnﬂa@ﬁﬁ)hﬁvﬂént radical centers
saturation are i ntended, the nonencl ature al kano,

deriveg) hyethe rfanwab pf %Il@r(l}bﬁi@ogeﬁ agpse from each ghihcdnb e tcarbopgeoms of

stralgf?ﬂ é‘ﬁé e;%% e{ngjor % ? e}"]lée( lg%an%} ag %Hﬁéﬁ% 64 of t@lple bond, if
preselﬁt maa @ﬂﬁetﬂhﬁﬁlk}ll&&tm [Iﬁh@ﬁed 1ﬁ|sb[1&?di® bgll‘cbchtp Tﬁplgal alkygdrirgiioyps

1ncludeC€ & Pag%p(%}&m?egi&q mgé]y;g:g% (mgfgar%g f ¢t %lég%ﬁ%tslﬁ ay ¢thano, etheno,

f f | kwl.'
ethyn%?{%ﬁ%;%l@ﬁé@ @ﬁcl{ b y%':’?ntofj %&Flﬂgﬂrdégﬁo %Fl?}ic]lﬁ%élg,’ pfgﬁ[tl]ytﬁ) @é butylenes

Typlca aré no
such dsibmitanedbutpl,|erey bligpleopybutal 1.8 Ydbé¢mb bty 1 lsns bak{ 280, buta[1, 3]d1yno

cte.; o Sl M H7e SRk b o Sfig S DB R R g Rg atkano,
alken&%ﬂ/@ﬂ"eﬁ%ﬁfb\’lk udd 16 %6me RENeAYkents2 i difBedd d8up 1s982&d6) or

Parent ‘Aromatic Ring Systent refers to an unsat ur at ed
(Cl- Cd;)@lkwlﬁn@r Irpsﬂm%qucmﬁmﬁghe slhzte@ﬁgmvpllhg stgaigltrjhatpatagdated
Ik el ectron SX Speci fi m{g(ﬂﬂ' ed within the
a an%%?“%i?goﬁwgP’ §§P8n1°8?5’ e VStent are fused
i n mhlch one or, nor.e .of ring
10055 EalRMRV Dy 15HIL Op < phst o astheh gt i et rgfeés et oielie & éfarswfl of an
alkylurg%ﬁﬁl MR cfdé&ai’lkﬁsgrodﬁ lin @%@ TBliGare nbf MBREN®, C}l'dft%

i ndene, phen ne,” tetrahydronapht hal ene, etc. yplcd
cyclolpdyle ﬁuclaasm}'ahbutanylrﬁgld cyglobemsyli exsllepgetylbwich as eyahenentanyl and

limted I ht h
Cyclo%eéé"%wgﬁgﬁ‘éhwﬁea” ré%ﬁﬂf%&%ﬁ nd §¥{}P'i%snﬁb%fhdzt&ﬁ Jike.

chrysen cor nen flyoranthene fluore hex q .
0056}, ¢ nERfra fpan uisayale ﬁ%c IC.Oﬁ@aE‘@yc ic'ring

systeﬂé \'i}gfﬂg a cegﬁgﬁtgék%ﬁ&t o ST RGHN g{aec‘?ﬁéa@l@nﬁaﬁded WithiA e & finition of

ta- 2, 4-di ene, pentacene, pental ene,
“parcipeandraptivenmes sypenyl aaéyscohepayweaes in wiiehand hlrnane of the rings are
jce e rene, rant hr ene, rubi

g , pleladjpg ﬁ Hg, |
aromgtigiand ohe| PHIQFRIHAS BiES are patp (ugsriurated; SpeBReHSH expgple,
fluorcédBAnddHR, ik, phQRRAL, te@ﬁlﬂdro%hﬂhﬁf%ﬁé fetcorTﬁﬁca@@ﬁrtenpzfromatlc ring
anot her substltuent refers to a nonoval ent aromatic
systerhglnhlcbldaxbam aregfrom bimited vo,rgedntiay natagchaphthyteme ofceplzamiothrylene,
anthr 1& & - &, 10 reans ff 0%5rat 131'9 131 V\De exacene,
%‘E)%Fé 5%678 Il‘-’?éﬁ‘*? (8D06Y 68519 Ti8raplepE Al e dits}
hexapHeiid, Wexhidne, ind@ceneniDindhcedt, infdtehindemg aiph DR b&Bdche, octaphene,
S|ngle carbon atom of a parent aromatic ring systen1
octalepgsivetenc.gropta-Hftsligns. paddcaad pepigtengrpentsphenc peryksge.tphienalene,
phena%{h%ﬂ%éRlaclznr?e{1 Pyel?%iﬁféé rﬁ%% @é}élﬂ[é%ng r}%}nc@&ee ?e%%ﬂ%&ghagﬁ?halene
nqﬂwﬁﬁkyaeﬁﬁqmﬁmkmﬁanﬁthéhh@ranthene fl uorene, hexacene,
hexaphene hexal ene,

[0057] “Aryl” by itself or as part of another substituent refers to a monovalent aromatic

hydrocarbon group having the stated number of carbon atoms (i.e., C6-C10 means from 5 to
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as-i ndacene, s-indacene, indane, indene, naphthal ene,
oct acene, octaphene, octal ene, oval ene,

wpemBa4B76l- di ene, pentacene, pental ene, pent apPE€nEs2007/080125
peryl ene, phenal ene, phenanthrene, picene, pleiadene,
pyrene, pyranthrene, rubicene, triphenylene,
tri napht hal ene, and the |ike, as well as the various

15 carbpr pionss dvasl tynde exspoval af eisriy deags @fave g a sipgle gaspon atom of
0
o SRR St SRR LSS LRy R

derlveﬁll’fb(trhebea&tl@léhé uetrtaphdf/zns, dceplmnalﬁhiyyﬁéﬂepatﬁhﬂayénegaﬂﬂmle
dﬁ%gch one of the h dro%Fn at ons bonded to a carP
benzegg. SEYiCRIRNFRE: JUPRAHCAGITUgFeRg phexagdiepbikeRb Gy hgxglene,
as- 1ncfa@&1€a§ %a\é‘éﬁehmﬂgneaﬁﬁ’den? rI%PRﬂlal-gM@'o%?alce&r X&t%ﬂ%)ﬁk SHAURS ovalene,
I ncl 0de, but are not ted to, benz
penta2:ptieny pettasenc| pgritgleis, phtﬁmgheab n@nylbney phenalene phenanthrene,

piceng?pﬁeﬁ%c%%ﬁi%ehyrlang}renen%lg# Bréﬁteg}plyené trinaphthalene, and the like, as
well ad 12RO RREBY R thetcoy | Iddthe ddididkes, tmﬁryﬁgroup is (C6-C10)

specifically saturated or unsaturated al kyl foieties
Specifie examplesate phemyhend nenhehind! at ur e aryl al kanyl ,

aryl akenyl and/or arylal kynyl is used. In sone
[0058le TAodallglithy, itst Her aapart af dnpkthegshspituest (e€7s ©L:)acyclic alkyl group

: | al kyl .. | fi d t the al |, . 3
in whighipaRgf Hhyoihedy AT ovhended Rore e ot SrRgllS ghstinaler o
carboﬁ Gtohn, GdepRICEH @v'[’[ﬁ aﬁ ran é(@igeti}ypioil LGRS 1 BRups i but are not

etoreductase are used |nterchangea y
limiteH ¢.dienzytl 02+ pbffnefrlethm byl @opiyepelpthedel ylhaaphﬂsylma@abl e of

2-nap B DB Y S BRI Bt Bo b BitRB g ethap-1-v1 and

the likeheVa&t ksl REusME & unBatdiapacl oW e ¥@RRE Brt@RiEE the
The pol ypeptide t plcall%ﬁutlllzes t he cof actor
nomepggfyrcey aikenrl patkeeylaadior aelalkyingd isewed dBl sompgagophodgments, the

oyl SRR R EPBENR R LRR R CHELGRLE: BROEPLM S
alkynyleneicty offibd m@ﬁlk;&tgwl@l 1Is ycnmm tuid the a(wl/lmcdetwm% C10).
ket oreductases as well as non-naturally occurring

[00591¢ MERERIIEE s @Y PRIREIOES e GSEET & €ithn BYabILIGBIn to refer to a
mani pul ation. [0060] delng’sequence refers to that

polyppisideithat ineapablg@é |e@¢1éloa@f:<awe 1gducipg Hedegxa gravp eht ddroxy-3-
0
oxonSyl A ARS8 AP don] 08y pgnons v
The pblypeptideunsicalty wtéizos the cE&rctcﬁxaimdemcoﬁnmtiu addnline dlnucleotide
(NAIZg—@C 4 %ciyég glrcg‘},lvl L %)é %1&%1%%%%{93/%@2@%0| (%I%Igf’ﬁ)oetls the reducing
P
R e e
as wel @e non-natuerlyi copadring enpidedred golypetdengenteaiedby bman.
]£S 62] "Reconbi nant” when used with reference to,
mant aé

a cell, nucleic acid, or polypeptide, refers to
material, or a_ material correspondlng to the natural
[0060]o F‘ niskers iRdhatpoiqngf a nucleag agd e egiene) that encodes

anam[f%jécfld%uéﬁbeaof Sef, t hat woul d not otherw se exist in

nature, or 1s identical

[0061] “Naturally-occurring” or “wild-type” refers to the form found in nature. For example,

a naturally occurring or wild-type polypeptide or polynucleotide sequence is a sequence
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thereto but produced or derived fromsynthetic
mat eri al s and/ or by mani pul ati on using reconbi nant
wo e@hfisoes. Non-limting exanpl es include, aneemyus2007/080125
ot hers, reconbinant cells expressing genes that are
not found within the native (non-reconbinant) form of
the cell or express native genes that are otherw se
preseidyip pk EgagisEY that @nfbﬁéméfﬁ@d fremped sourEoB e]atufqv@rdc@hlphges @t been
t cent age honol o are used
1ntentlgb%gf‘|'1\? ﬂﬁglnﬁegg)& Hu%?fler EI Qt% 9 gy

O ref er tO conpari sons armng

l00621p°%%5%#a%h B Mo 208 PR Chie Eee LB LR B popice

refersG® APt 0 or\éi gteMal conbspoatin ttdi'l ﬁleﬂﬁfdrhlftﬁ} n@fivé fem of the material,
polynucleotlde or pol ypepti de sequence in the
that hgsobgsa rm@eﬁ%edmnr@d”@wneﬁﬁw werlsros ethgerdie Popign datugeloets igengical

theret% mﬁ?}%fﬁd%&es n%ﬁve Contn] IS Iﬁhé d&?t%g%lgfagé/ggﬁefn}%ﬁ%ﬂﬁ)ﬁgﬁ using
recombriantilch@bugn ﬂl‘iijmt-hmftlnEgMalﬁlpl&s afuienoasng othas, recornblnant cells
percent a may be cal cul ated by determ |ng t nber
expremnao%?glﬁ% ﬁﬂ@h%re %&w@ W“;flﬂe he gyt (neagre é} @1 gl or
oxpro@ ATt A AGhH o ESh IR EGHLS:d f o o SABYENC S o

posi tions, dividing the

[0063]n uﬁ?r%éntgé Jfastei%%ge nggﬂéé %E(?“ éfcénta eth%hl%llo 'XF l.liSG y| ng

1nterchzh%eﬁlﬁ§f hkteirbty r#R0 td eonypagisons diﬁonggﬁﬂyaﬁmteagéesm‘ndqemp@&s and
identity. Alternatively, the percentage may be
are deggmiRAdApeenpring sy Pﬁﬁlfﬁﬁlllﬁgalfgﬁ]@ ﬁ%ﬂ?@e‘fewemgmwgn yindow,

wherdff it I'bo?tllc}rgﬁfthé Q&Hh&%&fdg al R&gg& {46 sgtideqc@ﬁstﬁe 9§ s8R window

aC| resi due o rs in bot uenc or a nuc
may cagiptisbadbtions anrliclvtonc(id. , ges) dsieompared iogthe defemntd‘]sequgﬁcp
er of ons, d|v

eld the nu tch osit ing th
(which dadhator SPRRIC R o 05 PGS By SPRE) GhimRt She G seduences.

Th a@ahth Ofay b8 c41B@ i BY Ql\é’te%rﬁ@%;% i ABBr G Ybsiéht hidkNicheh
ep %esu?t gy 180 to y|ela the percentagg of seqdencg

1dent1céde1m:1|etqac1d1‘lbﬂss er arhingldcid resudu@ becugy in b@plpmm:meeto vipldtthe

t here are nman orlth ava Ia
numbly i R aS L mab Rufo 3 iR PUGlio B inh S number
of poditdnsGRMRAINIOR of 3BmP&risoandy @ﬁlﬂ@plyﬁ—l ghe rebivlt b}€00 RCAbId the
honol ogy algorithmof Smth and terman, 1981, Adv.

percenipest of soRgnce dengly. Aglyemﬁye}y@ﬁm R@@gpnmgp Wtcalculated by
deterr%&él?n%ztg% H%B% d}l%%glltlg Mﬂf ol | gl%lcgl ?%ledé\@#ld pRleWr-amino

he sear for srm
acid r&gducsaounial bbﬂhmﬁmmcéﬁ&&, nuEte@c:acuNBﬁde or Agarth actt tesidubAs aligned

85: 2444, hy co |zed [ | e ,ntati ns of these
with agapdp |qu1ﬁ1r§1%(“®§g% ﬁﬂhqd pcrsgtp kSt e frpeclsde
posmw g 't&al@ﬁﬁﬁﬁ@?B? SARRIE e VQBPW of bocﬂ‘lﬁ'ins'oﬁ SRE gﬂ ing the
Se arr 18" WO 1027878

gener al rent Protocols in 2008
result FB@'HDW@@W 1fh8 @&125ntag¢)d)fmeqharce Bicotiygylhose ofMkilhusthbelt appreciate
t. Pr ocol

that <. ire Soamisr B ITRR AleDE TS e aAbIF ik Sl i o PR
allgn@ﬂ%f sécﬁt@nces 39 mpatipe %Bd'étc)ondﬁe%@ gRelpy)the A0S

agorlt hat are suitable for etermnln ercent

algoridhwy abbmeh andidvatenmpana B 1s dquetnpé Mati 2:487.thy the bomplegy alignment
algorl%lﬁ'lo“ogg- Ne cﬁerg’!a‘ﬁb‘ asl'l-[i %/‘unsc%l, %l'fd,t .hi%l. 10 I 22?4% , %y the search for similarity

method of Pearson and Lipman, 1988, Proc. Natl. Acad. Sci. USA 85:2444, by computerized
implementations of these algorithms (GAP, BESTFIT, FASTA, and TFASTA in the GCG

Wisconsin Software Package), or by visual inspection (see generally, Current Protocols in

18



described in Altschul et al., 1990, J. Mdl. Biol. 215:
403-410 and Altschul et al., 1977, Nucleic Acids Res.
WQ3BBAHB0R2, respectively. Software for performPemUBABT80125
anal yses is publicly available through the Nationa
CEnter for Biotechnology Information website. This
gorithminvol ves first |dent|f§E g high scoring

Mole@fé%%ﬂ@éy JaiM sAysuBesyt abyeds g emricpifagpegliot ointwspigse bgtween

Grork B IR RSORS00 11 L00 ST et

(Ausmbl)}; IEedmp:le‘s bf algMﬁﬂlSQflattah@SLﬁﬁBE fbedgtimihingpetahvdegsance
sequence. T jis referred the n |ghborhood wor d

identi R nee NETHTIEAE Sl A8 % it BLEAST 2 Alenrisaigs e e

descriB€d HP@RMQP& apo d@ohytzﬁloﬁ%‘iozaﬁssﬁéﬁ&lé Qfd M{ h'uﬁéﬂ 191977,
searches to | onger HSPs cont ai ni ng

Nuclewod ddhRéss 3&8%340?@ respadtioniye cSofuwam)fom pelnfommng Btﬁskﬁ[ w@yses is

nce for f wulat al nt .
pubti gyt EE e HerudbunlCoflin b PG B R Gpgeicd Wethte. This
algori€tih GRS tirdd $dléﬂﬁfyn!‘1g) ﬁlgh@b&ln%%ehgﬁlcé @ﬁh’*ﬂ@?‘iﬁ% b%] ntifying short

parameters M (revard score for a pair o i ng
wordy efderfifle 8V inthaayery stm)ena@ aviNek géwamaychwcsatesff @(Pme positive-valued

threshgidc' ﬁg%]eg'g 4y aF%negi W“?h a Wg%‘@%{ the eag‘%h Oln &5 ataﬁfl 56 Ssayshse: Tis
referré‘dlmdsﬁﬂlb‘ﬁ&gﬁb&h%d %f&mt&h@ﬁdﬂhﬁh&ﬂmdeﬁult@ td). EBER initial
direction are halted when: the cunul atjve alhgﬁwent

neighberBped Ward hitsgret agypedsior qutiatingsgarghesyte finddengerhboP raptaining
I
them. aﬂ:iE k) 1‘}@4% ﬁ}eﬁ%%g%%u%n&?% cl\llger?ﬁgl?sr %&%hts&}feﬁgé)fo? as far as
the cuﬂ&xjﬁtme\aagﬁmemtl sagreroas bd irecredsed) nOemntiativoscotdsereadcdéted using, for
her seq ce is r ached. The BLAST. al gorithm
nucleﬁ&feasﬁ%&wélﬁgs ke Prramglers 1 Gepaihichis ORa pais OB Tysigpgs: always
>0) arkPR ?ﬂeﬂ%ﬁtyts&?re Fb rﬁﬁmﬁf&qlmgmﬁd@sp‘aﬁ%pk@ﬂ r@paﬁfl&f acid sequences, a
nucleoti de sequences) uUses as defaults a wordl ength

scorin@\WWhatok isldsed amcampetettiat dummlit)e sobrel Extddson ofithedwomridtsan cach

. __.conpari n ., of hoth s and For am acl equence .
direetEReRahaR i, Rl 0 ghen it s it B P ME ARERTT By from its
maxirBim3chi@PedVddRS it dtﬁ{hlz{tﬁ)e s@bre Hdes RN rd HieL RVAIVRE the

scoring mat ri x (see Heni kof f~ and Heni kof f, 1989, Proc

accunNgationAd age St MousAce8 i vae@IBE re@mﬁngamntw@t the pnchef dithar

sequel REMEE AL AORER oAl 1ABANENGE + IEAL AACHAN. e

sentht‘-‘yGﬁﬁﬂ SpéedAftiandigdneac kﬂgﬁBLASTEﬂ Py @raml\@&i e leoMMd sequences)
usi ng default Earaneters provi ded. [0064] "Reference

uSGS%éa@@H%@Wor@Fw (Yo 05%@&%@%@@@51%%65&& 4 k3 s
comp%t‘?sron%f% ﬁ%%ﬁ?s. aﬁ? TR 294 sec@eﬁc%é etp@ %‘i%%‘é&%& TRY as

a su set 0 ar ger sequence or exa
defauBegwentlergfth W of B -dnenxgtdtatgen@) of 1paindpepBL OSBGGLIe0CIOE matrix

(see Hgay Crpsiter i DRS0T 7 SRg T8¢ Srblsd B9g0RI0: Esematary,

deterrﬁﬁ'fhfg"&ﬁ‘ﬂeﬂuén%@ bA4GRert Ank ‘%1&Tqﬁlenc%tldétl%@y3 Eanze':_inﬁlt i EIQLE?ESTFIT or

, | east 50 residues in |length, or
GAP p@gginlts ipfthe @€ GhWadcensin Softeanrpagbigeddptélges, MBidnoe Wl\)olsmg
0 | eoti d or pol ypeptides nay each (1) conprise
dﬁﬁugp é’ éﬁ%@“??eé' a portion of the

[0064] “Reference sequence” refers to a defined sequence used as a basis for a sequence

comparison. A reference sequence may be a subset of a larger sequence, for example, a

segment of a full-length gene or polypeptide sequence. Generally, a reference sequence is at
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conpl ete sequence) that is simlar between the two
sequences, and (2) may further conprise a sequence

wo bas/0is76i ver gent between the two sequences, BELUSWO0B080125
conpari sons between two (or nore) polynucl eotides or
pol ypeptide are typically perforned by conparing
sequences of the two pol ynucl eoti des over

least 2%@%&%@@ ehaminedeid residugsda menerly apleast@d rfe%qilees lipkegpth, at least 50
o SRR G SAPERSR EHEARIAL Yoo b ORIy TBALLES
polynadieotide2Or polpégidosimay Bawt (& wtmrdpnmem@me (m aportion of the

n a sequence nmay be dto a

Comp@% %‘E’@%{;g' uesé#a,}lg glfsw%aen theadto ssgueshit: PRt GAldhay frther comprise

a seqL{eHEe fat SQI?v?erQernt B&W%Qn BRIHS s nmeﬁ uPndcR®m g@ﬂwﬂs ¥Rtven two
he sequence’in the conparison Mﬁn my conprise

(or mad)zlpdrlymnéeomrdes:leﬂ Etlymepsdé ateeyplcalganzmﬁonmfed BY compaoery sequences of

e R D R SR R 028 ons
of seqabh@i@Mrit9f the two sequences. The conparison MﬁndOW
can be |l onger than 20 contiguous residues, and

[0065]I nébﬂl 83500 ’alréf%rs %(pa céll%e élg %ngnt Hat ié%ﬁ‘t%%ﬁut 20 contiguous
_ﬁ_%g__FUUB%§Q stanti al Ity" refers
nuclecpmieygthﬂoamblr deinoracyls Irgspbies wlheresteq smpuemcetrh@t bdhasn@tred to a

| east 80 percent uence |d i | east 8
referep G Hgher GLAL ity 21 AU A ops St b isadain eBd wherein the
portion@EMd defucr®® ﬁr?th'é%Hﬁﬂphb{scfi‘ltwﬂnﬁé‘&tma%rgcoﬁﬁfrﬁ@ RYJiESE W Retions (i.e.,
identity as conpared to a reference sequence over a
gaps) oﬁa%av:ncermr Wisp doopropared ta tbasstferzocer sqhehge (Wb@htdpgﬁh@t comprise
additifo%s qe etltoﬁ%)%é ?pctg}]ﬁlwb ggrgent oé &Ib tﬁvco eseﬂléeélﬁ% 5Pne cornparlsoﬂ window

can b&RInGeH tAALL0 cditighOTPREIING, bMtBintRUeY, epﬁ@laﬂ@qw)em &0t 00(R or longer
sequence that includes deletions or additions whi ch
windgvgt al 20 percent or |ess of the reference sequence
over the wi ndow of conparison. In specific

(0066} fialzitantint identfip! refers toa polygpadeatidges polyeptidsrsasuence that has at

o ST A R DB B e
identif, ﬁﬁﬁ@ﬂﬁla@ﬁ&t Rhst BEDEFderlt sciedned 14&f1@kdstcoﬁ@ﬁré&€tb ghéference
share at |east 80 percent seguence identity
SCqUCPPAVSF AlsPRPaisoneEgdog of afjepst 29 resiBigupepitiens, é@ﬁtl@rttgy OVat a
r
WlndA\& Qﬁcjletr%?a%t ﬁ;(g gg g%‘ci:dél%? g)gﬁe?&ﬁy%edﬁegéég%aée %Eﬁe%eﬁ%egﬁ dlgclty il culated
by compsmrtg 1o scfieftinchscguenddad aise@rhecthht 1dblﬁ1ﬂesf ddbations or additions which

conservatjive amng acid substitutjons. [0067]
total 20gpesseabaricacafi ,t{}} feferepeerseAence OWéL?)W@%d@%@ﬁqoa}paﬂson In specific

embofh?ﬂe'ﬁ?std Hed 1 V%ﬂ}%ﬂhé‘sajthe%m?%ﬁﬂgﬁﬁaq 1deﬁlﬁ§f3%&ﬂs Bat Rﬂ?

st ere0| oner 0 anot her. Stereoselectivity can
polyppretrdei safjyenedse mércn bp‘[ll’nﬁ]@' mlmnednsuolﬁ apbethstpeogams Girdt 011 BESTFIT

using fg%{ayft %gp %%Fg%é% eaée?é t &@PF %1} De %%g tygf%lg:fera qy at least 89

perce@itsBHRALS ATRHityl 8t [EAE %gercw‘[%Eqﬁe!ﬁ@e flRI§Ur VB (Sg a0 percent
enanti oners, 't he stereoselectivity is” referred to as

sequeneraidentiy k| Referably, yesidusepdsitions wbirh(ary potodéntical &ffer byed
conservatlve Qr%{n%eare%cf‘ &%%tltuilor%ne

[0067] “Stereoselectivity” refers to the preferential formation in a chemical or enzymatic

reaction of one stereoisomer over another. Stercoselectivity can be partial, where the

formation of one stercoisomer is favored over the other, or it may be complete where only
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enantioner in the sumof both. It is commonly reported
inthe art (typically as a percentage) as the
wepaanisneri ¢ excess cal cul ated t her ef rom accordi/ng200p080125
the forrmula [maj or enantioner - mnor
enantioner]/[maj or enanti omer + m nor enantioner].
Wiere the stereoi soners are diastereoisoners, the
one stgxcaisepseisdermes. t\yherstheéfeéeqi%nqr@argsenantlomers the stereoselectivity is
referrgd o ts%é?rgr;b%%lg&‘i\élt b{’h}é fraclﬂg gg 139%8%&% fééré/en‘iafg‘%f{u{ﬁ%
enantlotﬂ'ee irsthe simtdfi®othc dﬂis&)&mm);fnlﬁ f'@oﬁéd&ﬁﬁhé adi(yploalynes percentage)
di ast ereosel ectivit refe s to the fractjon (typijcal
as the cagpijqnagiic cxsesy cpleple tt%@fs§r0@faceq¥ gyt a*t?xﬁyﬂask% [®810 engfiomer
— mindt 5&%%&1@%’]@%5 JPhant{ohfbr +1hbr Q@Jnﬁoﬁl@ﬂv Q’Vﬁ&g tﬂerktté}emgcﬁﬁers are
syn droxy” ester of structural fornula
dlasteoq@ms@u:is the stéreosshectivitl tsyrdicoxy test cbast@eosefe@nm ahd fricction

(omict e e B e bece Eond Bt e RuBRufrgh™ n &2

conteRFAMApREnt @15&16@11% Q[lbf@ﬂer@os[efeléﬂvﬂt}} Rfers &thk fﬂahﬁ’&r{ (G{é[]ﬁ}z’zﬂly reported
Ila + anti I1b]. 2 Ketoreduct'ase Enzynes |

as a pplicenfega) of ﬁlydlydmm:aoxme@w dé@n@ﬁgalrfegn’eld (leg thot é@t&: cemseced into

the sy& I%i%lﬁ’%l‘O)é’ per ¥Fettsqc§[/ur?16 elﬁ éfa? Ig)oseé{) to gﬂrl% %15[1 % Py%roxy ester of

formuba 1y dItaXyy ﬁs@%@ft@&ﬂé@@fqﬁczﬁ@t Bla pe@dtatige Pithe Hidstercde4€ie excess
t he correspondi ng Sé% 3, 5-di hydr oxyhexanoat e ester

calculgfed thegglgomgaceasdigg to efOTIWH? bvé dlapr ee Y Laweie T Abdd
with the naturally-occurring, wld-type KRED enzyne
obt2ai n&gtdredeiBatohanenyces cerevi si ae. As not ed
above, the stereoisonerically pure syn
[0068]3 The mdsytdrd.i;soldﬁemoﬁti@ exirecedketdedsthsb( KRED”) enzymes that are

e BN BT B A R Sen b R s i bk ranost o

enantiofRE VAR cSthE BorrdPbh @RS 5)8N% Y MEhyRIFRBELdnBSte €XBr, and have at least
facilitate use of these engi neered ketoreductases in

one impipyed preasey berb@nmw%vvﬁh thernagurp y-eeerstingatvell & bimp Sfdd)

onzyfp BHED R ok AL AYEREOLI D, SR i REOREI DL Shcrically

pure s@X 3Mpdidydrerghexahdate etdrk prddyced Eyh@e Ikaﬂore&iluaﬁalsé tdnyservang
reduced co-factor requirenent. [0069] Ketoreductase

mtemé@ﬁﬁ?ﬁé@f havyr§esingt syed! ghobirérellewcngstainse Jmprowsmenp in
wrio S SRR BADERICEE e SAERTOR G fy o sl
productd@nd i thigi 1mtgrrp@i1gfcn acpotridd efsnyt ﬂuanbe&,')o;ﬁ rrepmvemgitm eegregimatic

e ired property. ese n natural ly .
proneBEs VEIhG: Wer Uit aaBeg Bt ng e g g pgetity:
therrnﬁ\ﬁdtéblift@om 86001 BB Stor re%luﬁ&nélﬁ in vitro nutagenesis

or dirécted evolution. In sone enbodi nents, directed
10069 XL R bty Hul B b I BEfHRFich Rl BEORERE BY putating the
genetigenmaerddl iengpding mb |ketmsecmhtassugtwnte df Secaknodreydel cdzrhesnge aed
) .caoding for t 0] |de as. well as
identifying p yn%eq@ﬁ%ﬁia §P%mﬁ<i5?%?lgérﬂ1§é mmfeégﬁ B@Qe%dThese
non- nﬁﬂﬁ?dl%c'cﬁglntg%fﬂr&ﬁlc‘%%es%%g QBAQ4RE 19 vREIUPARRLS OB LR ques,

addi ti onal cycles of nutagenesis and/or reconbi nation
such asan efstaanntagendshier dirngedvertetnins Ingome embodiments, directed evolution

is an attractive method for generating engineered enzymes because of the relative ease of
generating mutations throughout the whole of the gene coding for the polypeptide, as well as

providing the ability to take previously mutated polynucleotides and subjecting them to
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sel ected enzyne property. Subjecting the whole gene to
mut agenesi s can reduce the bias that may result from
WO e@B#876 Ng the changes to a limted regi on oPCT/H82007/080125
gene. It can al so enhance generation of enzynes
affected in different enzynme properties since
distantly spaced parts of the enzyne may play a role
additippal gxelppefsmptapenesis apd/opreegmbinatior tq QJriain (they enpgivemapfg in a

e S

may redultefrom rds@@cting thpiranaeste s 1initddNAgiou toigengat SIt can also enhance

verv Bi oc em 254(2):157-78; le et al
generatg%of on@rm@@ﬁ%ereéd? AHErgt cBEXRGPORRUSHYER HeaRbs praced parts of
the en'i?ﬂn@ %aé?ﬁ@g%ﬂ@é Rf\%ﬁhﬁ hORER oFBR AL fnd¥Rih %&ag@ems and directed

74: Sm t 1985, 'n vitro nutagenesis,
evoluﬁmntecllﬁaques@eeﬁat for 118 pAR Bot6 ﬁereﬁoetrs tmiply detscratbed,in 11&815t¢rature:

"Str and ications of in tro
Ling, g1 3088 R Rigne JRTNS St SRS a0y s Dbl dnah Gigghem
254(2).$51-98dbsIg et £1d 199@t‘@%6ﬁ§él§otldeﬁllfé@ﬁ§ Minddm %ﬁ‘?&g@ﬂegls using the
raner et al., 1984, "Point M snatch Regal r,

PhOSPQBI'O@VIQatSWthQﬂéngfhedS Hol. Bialg8B:369-CAsSmith.el At dgéﬁl%l S:

an efficie o} r t.i on_,of
muta e T URL b BRI LE B RPN BP0 195 8 SR and
applictio of in iﬂﬂﬂmufa@ét@sﬁl”mczéw@lzm [ngB D30 1nM0lagtel) 1 886, “Site-directed
br eedi ng, " m Bi ol : 284-290; Chrii sti ans

mutagepesay,” BZOEQ‘E}@ J. 23%r7eé§f@@%@ié’ll ut 989 “Being Mysfwadﬂh%en@ﬁrna%ﬂ

88 TRAS T SEAP SPAE O Sl Rl AP Sftcihe bt Bigion of
multijgh uflfteitlomg aodefmetl amds'yGate 34gRrie32 X, Minsiilve kk el WPetierin

evolufiis s olasiilar Greeainggdin kit Goeth Biol A eadta s eal., 1999,

“Dlreétﬁ? g@h@%ﬁ%&@%@i&g@%g@op@ho%@mgﬁ%bm family

shufflidi,’t HetedBevah Uf7i200-268; @ranm‘rf @@1 i V898, D¢t dwiifliag ef f fomly of
s R R B LA L Ay 1 30 PG

al., 1997 naVIeNEd af& R dhl df%%%s‘éﬁﬁ% d%satfﬁhﬂorbyatﬂm}esy DAA shuffling,”
evol ution usi ng DNA shuff | %Q Nat ure Bi ot ech
p’le

Naturg Bi@ed B1436-6ite heng et18@931997 @ted eV epngfifegtive

oS B RS USRS AL i o et U1

94:45t4- 880 Arahérd 6t ANAIYER a&ﬁpﬂasbbd/grebﬂn flubrick@nt p@)wmbyl ﬁioll&ﬂlar
for nol ecul ar evol ution Proc Natl Acad Sci

evolutgn you PNy psBHtl m@o/iwﬂzz%%ch W3 1%?1%@7@11%16% @99761
eVOlu%&@é% éﬁé&gﬂ Ypp%&]ﬁgg? P%frfll@%r e | %%g?%%%tg %g %?er el n 1894
“DNA ﬁflﬁﬂmglcbg gall[lch(gﬂ feiﬁgrgiglﬁimmtt airda’edlsyemhllglu fn vitgp recombination for
molechfi ST etiGk aEbriof e dcen syt b ePelsTaB Lok Bles: wo

97/00@%@6‘@7?3@6%%(5‘ 883 R PR2KRYCIWVEPH1/68767KAAWNST Bat.

encode the ketoreductase activity (Genbank accession
6,537166. WH 0b0itE®ns @rc I66RFO0AE. healin by nedticued.y, a

pol ynucl eoti de encodi ng the naturally occurring 22 WD
[007012 008 hodh 2Bt cBETINRPBBMEL 1080 kXm coding the naturally occurring

ketoreductase of Saccharomyces cerevisiae can be obtained from the isolated polynucleotide
known to encode the ketoreductase activity (Genbank accession no. NP_010159

GI:6320079). Alternatively, a polynucleotide encoding the naturally occurring
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ket or educt ases can be synthesi zed by pol ynucl eoti de
synt hesi s net hodol ogi es known in the art based on the
WO 2q@a/0828d6 pol ynucl eoti de sequence of the SaccheeDOpmeT080125
cerevi si ae ketoreductase-encodi ng gene. In various
enbodi nents, as further described bel ow, the
naturally occurring pol ynucl eoti de encodi ng the
ketorqduetgpes ¢ae Pasenteesize &y debonclsptidmivagigsis nathadolagirsdmewn in the
e n
are bafo S Rbofia BoRREALI e BERhL S he MBI BRI ERTLEN,
ketorealuctasd-emroedng gent. ynmalneos crdBodmend] ayJutthe deadribedlbeldw, the
ccurring o d ket or eductase i s subjected to
naturgiyt0gWHing PB yeeelg%ie Enceging %%@%5%8&% § sRlonptigized to the
codor B P At e AP R SAPSa I B GRS, Bxample
1. expressed and transl ated, thereby generating
engi neered ketoreductase enzynmes with nodifications
[0071]t @ht perepodryrpfepdricd polyAaclosiit dnesding the mmaalty @c&hnmgsOr wild type
ncl ude am no,acid suybstitutiagns, deletlg and

ketorqdﬁgféfq 1S SAY cctadh{p HHEEHHC ATACEH: Aot SXGAPLY FapgRm Magepeyisand

recorndb@htiBR, to 1&?’(?(91@9 Gfethtions t$ b dﬂ% El%bjua'e Oﬂ&‘é&h{da{éﬁ polynucleotide
enzymaticall'y active po ypeptide to generate

is expeasgedmmlrtenhsletezlymesby whinaritirgy engitvereddetoerahethsd ynayarcs outh

. denti fy pol ype tldes d corr ondi ng.
moditii 3P MBI dha A ChEE, NROIARIoG cHERRE ARy dtid
substifRal, [defetiBRE VAR insBHBAET AMy ofie 9105 YoHGh &0 Sfan&NnEediond can be

an englneered ketoreductase Wi th an inproved property

introdgegt ibte the bpfwtlledbcwrlaé gnryroateklly eﬂn@sm&»fpemdea@@ﬁveena@

i EFLTEILS. R RETLo S RALBERLAERAR o o epies
and cmgoﬁtﬁﬁgpayn@cl&ﬁideg edvigg a&m&mmﬁdn&tm hesspRBific enzyme
nproved enzyme property” refers to a ketoreductase

pr0peeﬁ z wlymieoe% leosiglgaaﬁl dngpreeige fretercdugtagmyith gn yiparoved property
can b@§%&¥é&tﬁ%adltlﬁgﬂg%ﬁﬁ eotér é@ai S%%{ gga‘fr%teﬂgtg ‘éooé&%&% g&%epndes with
furthed @aprolyB@echth @r i desitddenepnpardpson. i s general |y nmade to

the wil d-type Saccharonyces cerevi si ae ketoreduct ase
[0072)e P&YIFRd hSER, & Retdkddddtascadntz @b @int his sOTpesRadhARA¢ froperty”

the reference ketoreductase can be anot her i npr oved
refersd g ikplosgdagtapeesy 8IS (Heat 3 BIDItEAD JRRIOVERGY éi AREENZYBIC FPRAETY as
cornp%n%ﬁ’ QY fiTEH cé &t&@@&&%@ 'eﬁz;!nﬂec | fidene %(%nei%fe% R%?&rﬂﬁdc'fﬁsé €zymes

0, enzyna Ivity, er mal Hity, p

described hM‘ehlytlﬁroeﬁiphﬁsom@@amﬁrﬂty ﬂh&dﬁ.lﬁoﬁﬁﬂﬁfﬁiﬁ&ype Saccharomyces

refractoriness to inhibiton& pr oduct

cerevisgikgiorsaysiase enzypsdSES 13 WO lélmgéeré%emmmmwhe
refere[lQeOIZe'%J) gé\a?cté’s%%gn Be Eﬁdtﬂe&hﬁr&%ﬁl%ﬁgﬁeé}& E&gf G868 Enz me

ket or educt ase enzymes, erived entifies
propedres gomahich gngrey emedus daseblenzgiuds, bainaé oot lnmEecgtenenzymatlc

R S
inhibik® QI & %H@&@nhlﬁlﬁéiﬁ'@teﬂfsp&E@:l’t}Daﬂ@st&Qom&ti@% ai ned by

artificially evolving, over mil'tiple generations the

[0073]9 %@%s@cpﬁé}gfnqge E&ﬁex%%?‘é ﬁ%&ﬁe@&%&%g%h@ﬁnes, “derived from”

ket or educt ase enzyne o
identifies the originating ketoreductase enzyme, and/or the gene encoding such ketoreductase

enzyme, upon which the engineering was based. For example, the engineered ketoreductase
enzyme of SEQ ID NO:80 was obtained by artificially evolving, over multiple generations

the gene encoding the Saccharomyces cerevisiae ketoreductase enzyme of SEQ ID NO:2.
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WD 2008/ 042876 PCT/ US2007/080125 Thus, this
engi neered ket oreductase enzyne is "derived fronf the
wowdodoespe ket or eductase of SEQ ID NO.: 2. [ OPGHPS2007/080125

Wiile not intending to be bound by any theory of

operation, it is believed that the inprovenents in

enzyme properties arise fromintroduction of
Thus ﬁh}g crgipearedlefoicAugass NNy Fﬁe,glpflﬂ@ ey’ ther widd-typierketoreductase of
SEQﬁ t, perturb the structure-function of the enzyme

o] 'its interactions with another nol ecule (e g.,

l00741§% e ST T S By Ay WG S RS loh o i that the

improlvBMehtY @fer ZApmerédcyrSdsarid 8 Goslingbdwitdn of vdiMatismtds,
such that small_ perturbations to these regions may

polyppifids chpigrihsti @aﬂffecbpﬁe@béhe gricapywrctipn g€ theenzyme ﬁ@/or its
1ntera?rﬁa31§8véﬂ1ﬁén%tl{e? Er{o(ﬂéjc%fe q%?a/‘,rsgﬁstlaatt Ieﬁ??%&%m? L0 Cbé P&Q@eﬂt@ﬁ may be
critice i yﬁ’@me&mdvﬂtﬁ fsr @daﬁ@lepzﬁﬁﬁhu @eids fotolvedah lcaalybﬁ rgé substrate

blndnggq,zp)é(narné,%a pﬁtﬁ%sﬁ%&%&%g%{){oﬁ @e%togépgr E avg) sggg]g icant effects
on en flﬁ‘:‘tr&}{ gcﬁﬁ alﬁfno_agfcf‘?eﬁaﬁés Mk 15@8 i gnzy mg'o%?ﬁns for

I'nvo e critical aspects of unction
rnamt(neu@ the secpeqlnry detdrtvap stocimetfithgeredy mh aarldghucd s) paduce

. neasur abl e ef f ect on y function onl .
noticdh B TS B ARt By ROUERGnOn B B bR YR ions of
the pdlﬂ)eipﬂge FRIhANL a JIBBS striubtufQ M&lc SFRAM FRNSShe EMSnTRUBRGAvolved in

nodi fications to the naturally occurring
the crmalmemts» olecrziimt fimatign ces. , amepmlom@bnnectmgeaimﬁ lpdiges) and

proa P B AIE K ST ROFUSLmTR o0 T gy Bliutions

have @¥LMOlagal ifl $he REioA0 TRLs, TR EEM&BnbOdidehtiSthe wRniber Mo difications to
the total nunmber of am no acids, up to 20% of the

the nagysalhy ogrymRg PAYDRIHA hakpiodycesgn ipraved Sowgcsiuciapeproperiy may
wyer Jd
cornpigeq ugnoggﬁor?%% a@c%!e ég Sg];enog Q?Hloedn ot ’u$ érergﬁl%zaﬁﬁ'iﬁo acids, 10 or more
amind &tdsbeREor Pereewneivo heitls,ap tap p?/mfcthemtalsluﬁibeﬁsf doNAo acids, up to
. eS| reconbi nati on ses the di f| cation
20% Qi ma ﬁbot%ﬂlao eSO vty %%é of theyigal HRDG45tIgo acids of
the reRIQRA AR S seq hgec cl Mprovenents in enzyme properties can
ari se from substituti ons at one amino acid residue, 2
[0075]? eﬁagfé%{sg o?{ﬂf%%%u?g hgtrhé “r‘e;c'lrhﬂﬁgé a%:eﬁe 8?0(31@%?%? ﬁ%lagﬂesaﬁuc% as DNA
mutageityiVaraiciccormeiaatitne $iaslthe mokificatiamtawrdseahitlo keiglisdbgButions.
up to 10%of the total nunber of am no acids, up.tq
Thus, s ygragusembodisaents. FrBUIOHMEnLyin SBZERT BIOPCIYES (it 4rise 39an
substlﬁftlo'ilpgt IR in O HTRCLsiRle, 2B} &%r@&hﬁ% a@ﬁl@eﬁﬁxééES bPRiore armno acid
reference enzyne sequence. [0 e appar ent
l‘eSIdLIGSL 1t0he nedee lingeh @md resalng, Emramedewmlso afid aawidues,80iat more amino

stituti r | ar.ge punber of en r
acid R e D0a0bRE APt T BDRERB s e TG by fefplnumber of
amind £48ds, bP&p 0SB b e tb@NSURIRE BF aindCRidsahdkiffhPhed6iefbnce
resi dues in the ketoreductase pol ypeptide as well as a

enzyniy sequene@ar ds certain types of am no acids. This
recurrence of substitutions at certain defined
[0076] As will be apparent to the skilled artisan, an analysis of amino acid substitutions for a

large number of engineered ketoreductase with an improved enzyme property shows that the
substitutions recur at certain amino acid residues in the ketoreductase polypeptide as well as a

bias towards certain types of amino acids. This recurrence of substitutions at certain defined
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24 WD 2008/ 042876 PCT/ US2007/ 080125 positions within
the pol ypeptide may reflect the effect of am no acid

w0 e@BMas7ON that particular enzyne property apdI/Us®07/080125
retention by the continued inposition of selection for
the particular inproved enzyne property. The
recurrence of substitutions as well as the bias of the

positipysywihipithe palwraptide may reffachhestlicgisofeanng acig resigueenithat particular
e i . t. ”» . .
e ERSPLRC R R B U5 SR LIRS e i
improgedeiyes! prypetyc ciedeanionoe af:suBstltoﬁdsns dse)veg]rasumebhas of the types of
the foll ow n c asses based on he| r
substifighupi 86 Fa %mupsfg AFTrhcd Nﬁpﬁ%O%A“éﬁﬁéﬁtBPOIﬁe@iO&’&Ele for

om0 i BB TR i o

be graaped mdo thy following cﬁwsasﬂiasczietm theionslebais pnyrertogshobi ci ty
scal e of Eisenberg et at., 1984, J. Mdl. Biol.
(007711 7By ddphild A minGeXed beRbdiduerefeckad ahyehinpidid beregiduabaving a
C|dS|ncIudeL hr (T), L-Ser (S), L-H's , L-Gu
side ¢ u exhibiimg a(lm)droll %c&y)@@qss L_ap\géro%quordglgt@ éll{el‘)(%rmghéed
b3V | ' o '
Conser Selﬁre dl(o? Oblk zé%oep%ﬁlhégllbgrl%%poy‘a%ﬁg %rﬁéleg%z Ug}éﬁlg\?l 1['1492
Genetacai;ly@ecccdadlhydle)phlhb|am1nrgacad$)1h{cl\udb LeTlof(T),dsSett (Sa-aodd), L-Glu

6, Wh IS i tid
(B LAy 0o e TOM e it S bt B “Pave”
bR R A s el R0 B vin
a mde%g%ﬂ thhi% Iﬁ@vgﬁle of &Y HdG a‘%mg 6va1§¢@ th@?ﬁlm{o a%%@ls(l@luded ina

ic Amno Acid or Residue ers
peptld@wjrpopilplepmd'e aXuiiio aednaacds typshldykaveancimgyely ch}alrgt&!l stdeathains at

phsisete) rE Rt PaBrS Rl BEHen T QAL WOl b nge s

lnclu(@q&mu?ygﬁg 1agkglepy.ypi cal Iy have positively charged
side chains at physiol ogi cal pH due to association

[0079]\2"(‘:35519)4%1 Ro 'éléial 6%@ gggn ?éfi&ié hﬁy%aﬁﬂlqjig qﬁﬁ?&é&(& %Tl'egﬁue having a

side ch&if &@ﬂnbitﬁ’(gl apK Aafup of gehdr tran Rbsutduelicr té emsnd awidais included in a

y l no aci d .qr residue havin in
peptl‘{g’ﬁ)&tpo Y eﬂh‘fﬁn %@&HHPO ﬁﬁg%fygfcég}' E%Ye Ifﬂﬁlth%bi CWG ﬁl(f?d:galns at
phy51élbg1c gﬁli d@® a@%&@atioﬁ Wit BréA18m 191@' ‘f}eﬁ)g‘ucﬁﬂwfe E4do88$basic amino

share n conmon by two dtons is d nore closely by

acids gredidefl-Hive(Fht brisrg (REembkilgal(Ky. encoded pol ar ani no
acids include L-Asn (N, L-An (Q, L-Ser (S and

[0080]L Holar Afiljo ALRIAE Reslduy'trebph aba hydfknpmhc A awid (R&SSldlllEEHaVlng a
efers.to

acid.or re VI n
side ¢ ﬁa.twtéwnogﬁ&gﬁﬁg YH%%%BH E g?aém@rmﬁldz%wéuch the

pair o@GI‘éQ&&iS@Qaﬂe@ it Q&nﬁi@ﬁ BRlg ﬁﬁl)rnsCIQ H@lﬁ'?ﬁ'&é CR%QSI‘B?%Q o€ tYatoms.
scale of Eisenberg et at., 19 . .

Geneticatly tagoded polar @miret dcidl 1h§1uémb0°eﬁac(N)yId1Cdp KQbileSartShand L-Thr
T acids include L-Pro (P), L-Ile (I), L-Phe (F), L-Val
M- (v, L-Leu (L), L-Trp (W, L-Met (M, L-Ala (A) and

L-Tyr .. ) . . ) . . .
[0081] “H%dro%ﬁblc Amino Acid or Residue” refers to an amino acid or residue having a

side chain exhibiting a hydrophobicity of greater than zero according to the normalized
consensus hydrophobicity scale of Eisenberg et al., 1984, J. Mol. Biol. 179:125-142.
Genetically encoded hydrophobic amino acids include L-Pro (P), L-Ile (I), L-Phe (F), L-Val
(V), L-Leu (L), L-Trp (W), L-Met (M), L-Ala (A) and L-Tyr (Y).
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25 WD 2008/ 042876 PCT/ US2007/080125 [0082] "Aromatic
Am no Acid or Residue" refers to a hydrophilic or
whyasomsobi c am no acid or residue having a sPdPUSIvaT/080125
that includes at |east one aromatic or heteroaromatic
ring. Genetically encoded ar orrati c am no aci ds
|ncI ude L- Phe F) L- Tyr ( and L-Trp Al t hough
‘ | Keid of Ricpidug %)@raolwyﬁiffmnlm @rrltygiéqphab@mmmo acid

or resfdu'e-'ulﬁwgg% Ld% cﬁgiﬂsté[t Jéadewgvegst 8 RRARS R R
aininc es a heteroaromatic rin it nmay
Gencetidallg chendet asshdticethias acidfinahudodt-Plee (F3si-dye (YI 883 T'rp (W).
ol ar, Amino_Aci d or Residue" refers

Alth%@@?%lrgdﬁ the niv RlotshetgoyPmats pipgen A %dﬁé@ igelaspifipdabove
as a b&b@fesid%e %QR%E&%&%&H&&' a%é?%b%hlaﬂynﬁg di¢ Yl‘ﬁ&l Glo MR lassified as
bonds in which the pair ectrons sRared in common

an ardpyaticwesideons i s generally held equally by each of the
two atons (i.e., the side chain is not polar).

[00831CENehipoar |Amian QXwLEdr IK]@:Jidu&G kéférsama rh@dmphdﬁc amdlokebéd or residue

. L-Leu (L), L-V (L), and L-Al a, .
having A)Slde[%@l@ztﬁlat wriw&ﬁraefi @t mﬁsr%ogml @Hoarnd%@ﬂa by bqnéf gy which the

Fis

pair of F’le at | %8%9 g;?%(grgl?\g% E9 é\?g 'gﬁ{)g% %%ﬂﬁel@ gt?’d[a'ﬂg bgrégc e%f the two
atomsal. k. p’d&tsudr chainne naicpade). Ganeticdly dneddea I(oA}poldI-aVaho @anls include

Lty HalahuETaneimn e b Sedf e sul i de bri dges
with other L-Cys (© .am no_acids or other sulfanyl -

[0084], F‘%W@M”gﬁfeﬁ% ozhygeophpRie amino acid or residue
havmg Gy ﬁﬁﬁ{aﬁ@ ggh&%aﬂ’bSﬁ L %ﬁaln' € e‘rt]'ig% rsf/%‘n%[)@écf‘?ﬁ tp% ?ﬁ facids

m no aci that contain su nol eti es at are
includaMaidllabA e LF\dal (Morlrrhen ¢n) ofd Idils@l)f i de bri dges. The
ability of L-Cys (C (and other amno acids with -SH
[0085]C dlht: aminorié Ldeysqliaissustia) i ¥iasit chm fampdipilfidebiidies with other
ther, the reduced free -SH or oxidized
L- CY%ﬁCs)@rrfm%@ﬁ% PIRIBY spbpmylapwhydiyheerigiping.apyigo agils. The

cysté%ﬁ’é“hf(é Fégfdﬁe}a rlﬁ%de%@{ﬂ%&%( %1& ”%{cg?c?gﬂghﬂ GnEfREARAfy1

rnmetiw o pi‘wbrlaﬂaljly fordbrnfatid@ oddisatfiertgidiges. t T abilityraff Lz€yb (C) (and

consens C of .Ei sen Ei senberg et. at
other gYEIOACT St ?Ff %@n@ﬁ&g@é@l& xSt f p%@ﬁgg@@%ﬁle reduced
free -SM %r Bﬁﬁ&%ﬂhlsﬂlfﬁfé%}fdg%@ Bk hdtfer LQ@%@)"do%ﬁ%@e% Rt

pol ar hydrophilic amno acid, notw thstandin

hydrogbqwhgq: at hlreplsli€ ¢lpsadtorie a pdpﬁiden Shikdotas ((F):)@@ans'raﬁeldrophoblclty

m no,a s also un in th it bear
of 0,23 FRRE G e briniiagtiSafishii G o kilelodrg RiseinaRed ol Pka,
supra¥,0iis té belhRferR6dd/that foe pﬁﬂp@l%slwmb ﬂr@seﬂt PiaclbhrdLacys (C) is
pepti de sequence. Moreover, ngdo the | ack of
categayizge ag A@pler hyqrophilie gaminggajd. @Qﬁ’é‘tth ing-tbreenged C&\wﬁ@atlons
deﬁne%c%:lbg havi ng an achiral a-carbon. Although Gy (G
Bits a hydr ophobi city of 0.48 according to the

[0086]a g%lillg‘[g)ia%l(g @&f g@ﬁls'I 1?‘]5‘% %g{}ﬁ%ﬁgglégl tf}? Qe%{srfg) %E!%él%r? gﬁ 9[5 a.-carbon
and, ak rd‘é@ﬂ§e'qﬁ€hce QO\ﬁtﬂlb%té‘saJn‘Fﬁﬁ’ bEARA RAd &a PhkiPhBE HGtRTSQRience.

acid or resid
Moreover, owing to the lack of a side chain, it is the only genetically-encoded amino acid

having an achiral a.-carbon. Although Gly (G) exhibits a hydrophobicity of 0.48 according to
the normalized consensus scale of Eisenberg (Eisenberg et al., 1984, supra), for purposes of

the present invention, Gly is categorized as an aliphatic amino acid or residue.
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26 WD 2008/ 042876 PCT/ US2007/080125 [0087] "Snal |
Am no Acid or Residue" refers to an amno acid or
wo easdeps7havi ng a side chain that is conposedP@f/U82007/080125
total three or fewer carbon and/ or heteroatons
(excluding the a-carbon and hydrogens). The snall
am no acids or residues may be further categorized as
[0087]a [ Spakimaino AcihorResiguc” sefeirto ap amdianced eivighiduahgvieg a side chain
that is Oceolngpf’?lsef‘(f %f; aStoltagélerge% or fg‘r)vl‘réll(r: & gnaall’] C(fzorvﬂe!i Q?gt%rﬁlis ﬁexc ?m&sthe o.-carbon
and hycﬁﬁgéiﬁl? he/smdlt Aho (@Ads oir—re‘s’ﬁiueiM)l be Farfes cotegorided AS Aliphatic,
-Ser (S), L-Thr (T) and L- Asp (D). [0088
non- pohy d}o(lﬁt;ﬂr agigistsanahl anynARFidpOEPdue ITREssPIiaBee wish diesibpwe
t
definiBn 8 O AR PEL S ESREN U R XS AN R LIATEAS UYal (V)
L-CySG@)lIJd%nL(N&eIE Se(@),LfTEh(TXéE)iIaAdeDIyr (Y). [0089] As
wi Il be appreciated by those of skill in the art, the

[0088]2 DAY 8rodl Of-tdiedn G2 /e aabi /88d 8F Redidlc” r@ﬁéfs&@'ah)énﬁﬁ@édﬂ@ tdfaining a
I ndeed, the delineated category of snall am no acids

hydrox i+ QHe soigty rfeenctieal isercpded Bydrosfl-conteindnganingarids éxpledy L-Ser

i 0 S pt the aromatic category. Thus, am no
(S)Lg@%g@ ng\j“l Eg%(@de chains exhibiting two or nore

08 R85 R G BLRBRLO S RDL BTN PE Sl atrni sesppieyere not

mutudlyd&cRBiFe Nnd3ay, i tRdd 1R 8@ BEEHFH 108 smAR binEcidsiatludes amino
i ncl ude i oni zabl e heteroatons, such as His, may

acids &em 4l of thopthendlinaticd catpgasiss ek faps therfaonpalid @tegow- Thus, amino
acids R{l\gﬁ%%&ié gﬁ‘al%sa%c 1bqg1[1]g 0 ae&‘elil&!’e 9?%@{{%&&%?@36'9{)‘%@% sp«lnt&qncluded

egor i
in muﬁip&’éﬁdtégo@ﬁ‘s’ I AR a@f)eoaﬂ'lgl examplq addhdlagd side shalnehaving hdderoaromatic
parent to those of skill in the art, especially in

mmet}qs &rﬁt inpluderignigahla heterpatpnie pusdis &lip e ardibitkath pipmatic
prope{rt%g 04 bhdic ﬁl‘kagtég 21 ad ICEE?HlteISGfOIIetB% 1§H9§etd' ih %B{hotﬂe b ntdi€ and basic

englneered uctase nay conservative
categarids s fliht uppropriatd kksgiBeanchodrse amata aced amesiduawilbbe apparent to

S tions er t nter, eabi | i }
those L oS pgtiElgin lighe of s defifh a2 S rack ferin.
IWWOki% pically involves substitution of the amno acid in

sqipt Gpbedimgatsyihe Rubptfuionde thesenginepich ketoeedyigisse piay be a
conseﬁjaﬁ]vé bsti gfoh n?ﬂ? férﬁs%o&fer\aa'ﬁ'vg anﬁfd &?d sm%étltWﬁX%@ refer to the

e and not Timtation, an amno aci
mterchzlmgphﬂahtyoofsesidms having sayildsaidewhsgins,tant eldJSWylblhalm‘lmt/hl&BS

substifallglj&g@g ta:ll}efgél%rl?g Hgld?rlglfl% Wmﬁgfldeg{ylaglﬁmn eﬁla) agl de elfl ﬁllleesua(r:rllenor similar

deﬁné@yéiis@)éy hm#lodRidgh eBan!lySOf SMBld dndtRA iWitaRoRRAthEho T4 W3t an
acid wth a hydroxyl side chain, e.g., serine and

ahphatlh selervhaie; manbe sutrstitoted ovithsaroghar agplmtlo retincagd,deg. cHaiing,
i f subst |1t ut.ed wi,t hﬂ?not her ani no . ﬁﬂ&’% @
valine, [oUging; iRolgHGias, apd methignige, anamipo F‘%{- ’9’?8 F ffhain is

substitUtydPWaR AAGthedMin b&id vt hy dbx BRI ha®kl 6o, Werid AdhRSbine; an
side chain is substituted vvlth another amno acid with

amlnqaaWaglrg afematiasife cl@u@; is sulisyiiterbwith pagth¢rpaning agid having an
aromat CSSE({G Iha% d%&ﬂpﬁ%ﬂylag%%ﬁ% cez¥r051tn tgrq)tcgp%gg %d%l&l%nfeh Jaarmﬁso acid

subs am’n

with Shaie ﬁdeaiham i8 sgbstitaspaith iafother ani@d agildutien basacdidk chand e.g.,
a

lysine, arginine, and histidine; an amino acid with an acidic side chain is substituted with

another amino acid with an acidic side chain, e.g., aspartic acid or glutamic acid; and a
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27 WD 2008/ 042876 PCT/ US2007/080125 hydrophobic or

hydrophilic amno acid is replaced with another
whyasogmsobi c or hydrophilic amino acid, respekCT/UsL097/080125

[0091] In sonme enbodi nents, the substitution in the

engi neered ketoreductase may be a conservative

substitution. The term "conservative am no acid

hydroghehie pt idrephiltic prameracidds repdaced wyidy anqthsg Bxdrpphqbyc o hydrophilic
annm{gg&@&§% n%e;ng simlar side chains, and thus
typr’calfly inv ' ' -

ol ves substltutlon of the amno acid in

t he pol . de th .am no aci,ds w t
o1 i SRR b AuETRRaR S alelo 0 aRe By bee
conseBXERP bebsadioNOThé totint @bhRPyatidd a0 WeiB&ibatititibis "abfer to the

al i phatic side chain may be substituted w th anot her
intercpgrigspititycofapsidissdeviag senidpr, md@lCﬁhIinh@nd tlvw typigally iayelvee,
substlhﬁg)bs%)%%ena%lgg ggﬁ%ig?ttnl{%: p%nyﬂlgb eta\gl% d\gﬁ‘ffé %Eléer samc or smular

definegicdlghs O titfird d?b)dﬂ;r Beyaysoltiexaaipdd amd rﬁ)t gmltaﬁ&ﬂi ian enéng a01d w1th an
t hr eoni ne; am no L s havi ng aromat.i c slde chai.ns
aliphatig Ssd&wélﬂmtrmyaae wbﬁtﬁu%? %nogiﬁr ﬁgp%?@ic FHBR A %ﬂamne,
[ , )
w908 Sl SHab ARSI Gr b 88
substigitetewghanothersansiub sl:udtmtleajhydrb*ylard@tdhem api, noimcind thicoiine; an

) s.side chai.n, e.qg.., .lysinge,.arginpine,. and
amindh R e i s syttt wieh B R Bain G At heyige an
aromatR&de c‘hHineQ g%h&ylﬁﬁﬁh@ Qﬁro@ﬂb ﬁgrp?&p&h‘an Vﬁntdhnﬁﬁlnféc hflbino acid

si de chai n, artic acid or glutamc acid; and
with aabasmddaxﬁhums @ulmtltutvgwdb lahother amingacidovith 4 basiepdaded, e.g.,

lysine %@B@@{ IOt %F )?tlg hn%?lh %01 r ' dr %ﬁg I8 g{d:%,ecﬁ?lgl]lp ?1}]&)2& tiugéd with
anothéttth?ﬁhb it ivafsarf zwidll eide rcﬁzhhn@ amsphmra@we& deholeshidtaga
an conprise conservative substitutions

hydrOﬁmm@ enktronhliic amgastd is uenlened withsenpgier hydrophobic or hydrophilic

C of conservative and non-conservative
mnnmuﬁggtl E%?% s. [0093] In some enbodiments, the

roved engineere red uct se enz

00924, PG PR e kAT R B o LS /R b Boreauctase
can c@fpyRePhicEREIvaSubMBiltiods, el @hb@ngivelsublth@ions] &pravad

ket or educt ase pol ypeptides. The term’ ‘del etion" refers
combingtiprsdiffcpeseryasive gad porecoservipiepsubgtubgns enoval of one

or nore am no acids fromthe reference polypeptide. '
[0093]Déh sarhoersbedimeniontbe improvedrongincendd Keteneduntese camimes comprise

.acli 2 or.nore am r n1no 1ds
celeriy giine, Sy iy TorGrak Rlo e niiier i B A&RFpSSef oter
improR€d R&bRdaEhtDoRFieffidesy Thett@ml QP4 @iont Referks @ BlodTAREed todthe

am no acids, or up to 20% of the total nunber of am no
polypepiidedy remry# @i gpe PhEOoFedraing eids érﬁzyﬁhé refhicnec palyaptidag
DelecSAEXIR G AE kinthlaf ARG Blord SN I ol TRERY Els. 5 or more

an engi neered ketoreductase enzy

armndlﬁdl@t 10 s moeNarbido deidecltsast heére tabeno acﬁdg onad opmbtd 201’111&0 acids, up
/or term pal portions of the ¥§Wpt|de
0

to 10%&@ thsuteta AyBBSTAE BIYN0 #¢Hes. OfRP &t 2B tef@hwm‘g% 04 amino acids
maknfgcﬂbt th8 Ptq’é’r%néee&%&te V@{lle(}@'ﬂalnl?@g Qiz?ﬁl%ﬂ& h&HRYSnd/or retaining the

improved properties of an engineered ketoreductase enzyme. Deletions can be directed to the
internal portions and/or terminal portions of the polypeptide. In various embodiments, the

deletion can comprise a continuous segment or can be discontinuous.
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28 WD 2008/ 042876 PCT/ US2007/080125 [0094] In other
enbodi nents, the inproved engi neered ket oreduct ase
werwgoes7econpri se insertions of one or nore aP@€TUS2007/080125
acids to the naturally occurring ketoreductase
pol ypeptide as well as insertions of one or nore
am no acids to other inproved ketoreductase
[0094]5 &1 9thepembrddments e proproved engingsecd ketaradudtase spgancs comprise
insertioRS Bf S ortqum?c?llé{ﬁ’set%tthgﬁatm%ﬁ c}f & E%Péaﬁé’ Qegpolypeptlde as
am no- termnus. 1NSerti ons as erern |nc e
well & tissetiionp bObRS frsma® ansink Adustol dihdriimpauvied kdtoecductasepdlipdptides.
can be a cgntl guous Segg&nt of ami.no acids or

Insertiggs simabe 1By braalgroriRIPOT e RAGPCPHAT-95 (Ut &y Phgmino

termlrﬂ%t hRktohs 8 G WA HeRIn Hf&llﬁ/d%q:%lbﬁj grotélgsoz?sﬁl; kASwH ESGE 'apte Fhe
ove the various nodifications introduced I nto

insertioatoan &b kyonicguous sapgnenpof ypmptacide ot scpgeatat izt enceor more of the

ne red ketoreductase enzynme can be targeted to a
ammosi?g The naﬁvfaf&m%lﬂg PP LGre. Thus, in some

|nproved roperty of the engi n
l00951két5c9@é¢d fiéé%v P yHASSi RN ?aéloﬁﬁlq“i?él’l%f‘é?sl%@ tE%E%}Hﬁflwccumng

polyp@ldep ncrkfh Ehiered RROARETS o YmERul BFLARER 01 specifi
propeﬁy of ehen:)nzme ¢ ar sxing onbdremeh ethe noeroket popducoabe
e naturally occu n et gor educt ase
engm%{% 19 u‘i’r%%%?&ﬂ)@’e?’éé%é% h CFFés ?’r‘g g%i“‘r ity YRIca ;
repreRhRY b9 Qd ihddedsBen PRI Ravity\WY, d}ﬁﬁ F)Fdﬁu%@d/ﬁﬁﬂeﬂ@:lélﬁ protein) as
enzyne activity may be affecte i ncludi ng the
compgicd éxsthe aq:fe@mz@fg@oreﬁu@p@remzyme (yfe Khe nMn@kly@pcMuag ketoreductase).
ch.can |l ead to. increas

‘
Exerfii BEfo 8 o WA B A B, DS LFRAGRUR T B oo

propeth @¢lhtids % chizyras aéth&ty&ﬂal}yb'@éff&teﬂc ticMiding @€ clabiical enzyme
corr es ondi ng wi | d-type ket oreductase enzyne, to as
propefigs 19f &g Bua Prbs: clynggsrafsvhiglpean lggdsto ingreasel gpaymais activity.
i
Irnprotv Irﬂgﬁ’ts ug%bz‘ykﬂ@?a%nvﬂgﬁ%# orn :hggut 1 %f?lgs él%%n%%@ic’ ac%ggy of the
corre@ohdimg t;xyldttbxpmkéth&dnaﬁwrealzyme cto asl fmuchgs R eihes edltiotadé tﬁnﬁes 20
specifi.c enb d| nmen t he engl neer

tlmeSk?éSbfP%Sd é@t“ﬁé?é 7e5ntil§/‘ﬁ5e TAQHMSP1 IS t%%%% @RS PR fTSS, 30 fimes, or
more ég&ﬂgya'tlkﬁcﬂlﬂt}l g %?l.gﬁnlé@iy c;ccgrrgr% I%gorgdthlﬁ?r%g o%SEQtIQ 1%@02 In
specifid ¢relsqdiments,. the b@lmd katersdygptasateeryrnd @rhlbllrampmcﬁvedrmzymatlc

sctiviBy i Rl e o 19 SOEmale> Pt CHEs 1 £yS dP0 By chig Pl mes

1.5 todish s Oat 1.5 09 SckifisiChteatbnd@bn iAo CAL @thdtﬂy?e k&tbRAU&Rse enzyme.
rate cannot exceed the diffusion rate of "the

It is ugdgssippdibre thei shdled@rttsgnéhﬂy ther@qmty etlanyofngpme isdiffpien limited such
theoretical naximim a | ffmsion |
that thKe ca? })ﬁ}c, t,ul,‘nover Tate canti le);/(ceeabou%hf% n rat g]& (%ﬁstrate il}cludlng any

requirkle 06Rctod)) Wheﬁﬂédi‘&’tﬁmiﬁiaﬁlrmﬁn bhﬂleeﬁlﬁﬂ‘im a@it] o & WKQf istdeferally
ket oreductase will have an upper limt r elated to the
aboutd 0f foukl)’ &M+t e Henca, nay yumeyeraenisinghe sppysis achyity pbthe

ketoréﬁﬁ&t%ee\ggf%ﬁ% ecln% é/ﬁﬁnlft KeL04 g)gtlrﬂg t(iﬁﬁ%l(ﬁl%{evdf{t%e ?u%rgtr?[gs acted on

neasure y any one of stan assays use
by thanteasraduatgge Ieety)nee diictoaslactasuchivag can ld@memsal bymany one of standard

absar bance or I uor escence  of DPH du its
assayysed 404 rsHIng ?tﬁ@ dpefAto AN R deeigate ing, SQS ange g flyppgscence of

NADPA duB® £O5Xi8SRANGINhe concomitant reduction of a ketone to the corresponding

alcohol, or by product produced in a coupled assay. Comparisons of enzyme activities are
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al cohol, or by product produced in a coupled assay.
Conparisons of enzyne activities are 29 WD 2008/ 042876
wWERIBOERO7/ 080125 made using a defined preparPEl/uswovH80125
enzyne and a defined assay under a set condition, as
further described in detail herein. Generally, when
| ysates are conpared, the nunbers of cells and the
made ypipggtdefpedprepEpiio @fsea%@e anda detingdmspryonnalsr yuegticondjtion, as
furtheﬁ ﬁgs[cwoe(? ﬁ1 c[gtallf:ﬁ'érelﬁx Qfeﬁér% 1? %&ylﬁga%&sargggnf%%gﬁl tthé:ﬁ'l!tmbers of
ost cells to mnimze va n-anou
cells armki(lhku Elﬁdurby)f phecinhssyct akcldsteanthep me setitas use diihéentlcal expressmn

ysat es. 096] .| n sane enbodi nents, the engineere
system et Benicbba b o PHBHOHTENDY I ey Pt ?Flzy%r%?‘f%éd by the

host cENGANESESH: PAhYRRREL des derived from Saccharonyces

cerevisiae ketoreductase of SEQID NG 2. In sone
[0096]e b Soghggrﬂgédlm%ﬂt‘i {0 %h@ﬁ&{r&ijké‘tg{eﬁ{@g%%gﬁ&nﬁSgeg{ én%?l%e ABivity
cornpﬁ& et&ﬁlee&d po%,epﬁ(&,s RBitye PBomBucORoinden t’er@aiszde’ckeﬁlfé@ulcﬁse of

Am no acid residues that can be nodi fied to

SEQ %PeNQr 2t B Ry FrhadgaCsl Ypepinere Ktqradudiats comBES e ip Huno acid
sequeﬁﬁe[ ¥ it }i sg aBORYD, b1 B! 63 oA 9 9\@%’73 gXor 58P rr%d%ﬁﬁ@&l%o SEQ ID

t he nom 'ed amno ~dcid resi I i "sone e I ment s,
NO:20 mnioo aond residifes ttlima catabumatiiﬁ)edcm): gmelratm gngingemed pcdspapugles with
1rnpro§£$ e eoa{:tlglzl%( aliecs (gw{kl) :]Sfb S4t(.j1|n dﬁg?epf%%?n‘ﬁs \é\ﬁearhoc)ﬁ%ea %rnino
acid rédid RN ah iséme emPadinfen&TbMOodabd JreiRd StigrallyBdcurn@amino residue of

ydroxyl containing or aliphatic am no acid residue;

SEC[RBNCI%C@T@nammﬁaWﬂmeﬁdkww residue; X48 is a basic
xmlo (o} ad Qes due:. 3(6% hydr ophobic or aromatic
3814 o R S R Sid L onc i ming or orml
an’ni aaGilighatRsdrbdsic amk@badi$raftiual | phatic or
hgg[ophoblc anm no_acid residue; X125 is an aliphatic
a}s@dmdr@y}m@rﬁ@nw@.qy afipkqtigieninagd rgsidug: basi ¢ ami no
agid, r.esi.duen:. é rési;&% hydroxyl containing or snall
af no ‘acid Tesi 65 is a polar or acidic am no
acfﬁmﬁﬂﬁﬁdwﬁnmX&ﬁérﬁﬁmﬁn aromatic amino acid or polar

ﬁﬂ%|lc aﬂino acid residue X214 is a polar
Ydrphaficins ampmalicagunaed: x218 is a hydr oxyl

CEIE Qi ﬂ%x@%%alﬁﬁfg%r 8311 AHBno acidB3tius a pol ar

hydrophl Ic’amno a residue; X248 is an aliphatic
ai his aacilighatesirdydrophobic amino acid residue;

X'? is an aliphatic or aromatic amino acid residue;

X" is a basic amino acid residue;

X' is a hydroxyl containing or small amino acid residue;

X'% is a polar or acidic amino acid residue;

X' is an aromatic amino acid or polar hydrophilic amino acid residue
X*'" is a polar hydrophilic amino acid residue;

X?'* is a hydroxyl containing amino acid residue;,

X*** is a polar hydrophilic amino acid residue;

X** is an aliphatic amino acid residue;

X**? is a basic amino acid residue;

X*% is a acidic or polar amino acid residue;
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X250 is a basic amno acid residue; X263 is a acidic
or polar amno acid residue; 30 WO 2008/042876
WEAMBIEROO7/ 080125 X290 is an aci di c am no acPdI/us2007/080125
residue; X296 is an aliphatic am no acid residue X
297 is an aromatic am no acid residue; X301 is an
aI Iy @hatl c, hydroxyl containing, acidic, hydrophilic,
48 P agificiieine ped resediicdue;  and/ or x 307 is an

res?‘?ﬁ%é&alﬂ@laggaﬂm a[rr%)@%lg;ﬁgg oxyl containing am no acid

ments, the ketoreductase has
alXN®’af att lammtlbeﬁmdumd:fmmaei eristics. [0097] In some
enhgdi ment s, ket reduct ase .has one or e.of . :
t Resds pralinligtc, WBH 9@?@1&%@1 1Pﬂhyé16<?i%ﬂléhﬁbgfi‘%ﬁf“§19 acid

residil adf@st one of these resi due positions does not
include a substitution that is a conservative
Xt dtis emanaittabic eppecdr atly d8EQ! L tN@INZ, antino scitecsiduc. In some

emboifdty Moeeedigtst Ea vy G BB s ioodi ment s

resi dues at .ot her sitions can be conse tivel
10097}yl sqragic ?%mﬁ%fépt@e clogedaptese gy qqeozmormﬁ\a/@?selrﬁﬂéﬁm

charaﬁgé?ﬁf& M o%ne &@I?od%%ﬂ? a"{‘?éagt JiR3f %é’ re%fdkl)lte %snlons does nﬁt include

et oreduct ase SEQ | can be su I tuted
a substingionrthatos e csmnematwcnmtatmo With ItdspeaStofSﬂQ OANO:X6 Iin sor&
X27 is K: Sor P; 1S Vi X
cmbodiggnisg X&%ls XBETqQaatis rs%fi I%éemﬁgmbo P XS @wfef?%n j i some

ernbo&imeﬁ@s%ésicﬁles-r aththe%posﬂé@sSCdnSoe'-:eonsMﬂfelysmﬁbateﬁ%ﬂl teSpddt to SEQ

or H,
ID NO:2.

[0098] In some embodiments, the amino acid residues of the ketoreductase of SEQ ID NO:2
can be substituted with one or more specific amino acids as follows:

X%is E;

X*is A orK;

X*isSorP;

X*isV;

X*®is H;

X% is W;

X% is G or S;

X¥isT;

X' isL;

X" isR;

X" isTorS;

X' i E;

X is C;

X*"isRor H;

X s T;

X245 Q;

XS T

31



X218 is T, X234 is Q@ x 248 is |; 31 WO 2008/ 042876
PCT/ US2007/ 080125 X250 is R X263 is E; X290 is V or
WD2008%048B36 is |; x 297 is F or W x301lis R> K, P&T/UN2008080125
T, Y, Db E, P, or Q@ ;and/or x 307 is H Nor S
[0099] In sone enbodi nents, the engineered
ket,greductases with |nproved enzyne activity have
sebstisRutions in a subset of the anmino acid residues
|§g 3G Eed above. Thus, in sone enbodinments the am no
acli d substitutions can occur in one or nore of the
aid’tlds ¥aird;posi tions: X27, X31, X36> X48> X63> X65>
X865 .X125> X152> X160> X194> X218> X248> X250> X290>
X§§61§9X297 X301, and X307, wherein the am no acid
regt’ques, fyer substitution are selected as indicated
above. [Oldb] I n sone enbodi nents, the engineered
é(tsolneﬂuKt As&’ 80FpY i BeE, Rwe Qrandror e mut at i ons
Réé@ctgg m R27A, R27K, N31S, A36V, Y48H, |63W
%@r - 861, F125L K152R, A160T, Y194C, A218T,
V2481, K250 E29 L296V Y297W Y297F, L301K,
[0099)_dpsqrc ﬁrgchﬁmentgot e cngineered kgtagsdpctases iy impagypd chzyme activity
have Au%gt}tﬁno Qla\gubée?’ Qf{lme aﬁr@d_ E&ld re%ﬁ]%zé\llnd?da%d\g%gges Tl[uglgljs]ome
is al so shown hereint e vari ous am no acl
embodleﬁnd;uhe pogiot dcahsubsfitotens culstirtiobhonsmoesaef] the amina acid

pOSltli(érI?stI g{zﬁ SEC ?S‘W akg k&p gne E&ZSp op %EI%G 943— @18 §%2§(D X290 X296

X277 RPP2 AR, X W ke {h‘é\’éﬁnﬁ@ﬁaﬂréﬂiu@@ iﬂrfshﬁsi‘ftﬁt%sar@ﬁeléﬁ&i as indicated
segnents. Accordingly, in sone enbodi nents, selected

abovesegnent s of the ketoreductase pol ypeptide may be
subject to nodification. For the reference sequence of
[0100|SEQsdri> diob@]imchts, the gnEintsed kétbedtdtag doetpoisedanetaaseore mutations

selectf FHE 740 ke RS, At o +8E Tadn ROSES Bosg 1 mipst.

K152ﬁ5A1é@13 &f1@4t25;21§,144vi481 16950RR3F29bD, REFV e 79V, XZ@WE{ P301K,

One or nore of the amino acid residues with
L3011éab°r€)ls\e@ﬁ§h$ [GOTEohH RalBOH O3 AB8At E, Irfei))leMOlD Y307H

di fi In some enbodi nents, the correspondi ng am no
Y307§2W5{¥ggﬁ%nces and positions for

[0101] It is also shown herein that the various amino acid residue positions whose
substitutions result in a ketoreductase with improved properties are found to cluster in certain
segments of the ketoreductase enzyme, which allows targeted modifications of the segments.
Accordingly, in some embodiments, selected segments of the ketoreductase polypeptide may
be subject to modification. For the reference sequence of SEQ ID NO:2, the segments
affecting ketoreductase enzymatic activity include, among others, those represented by amino
acid residues 27 to 36, 40 to 65, 103 to 125, 144 to 169, 233 to 265, and/or 287 to 312. One
or more of the amino acid residues within each segment or combination of segments may be
modified. In some embodiments, the corresponding amino acid sequences and positions for

substitutions comprise:
X'WYKXEETDX
X4OSLX43X44QX46VX48ALXS1LPGXS5X56HX58DX60AX62X63YX65
X'PLDX'“ALKK MGTX'"*YVDLYLX"*'"HSPX'*
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substitutions conprise: X27WYKX31EETDX36 X40 SLX43X44
QX46VX48ALX51 LP GX5 5X56HX5 8DX60AX62X63YX65
WO1@80DKXIO6ALKK MGTX114YVDLYLX121HSPX125 32 WOPCT/US2007/080125
2008/ 042876 PCT/ US2007/ 080125
X144LYKX148CKAX152NI GVSX158F X160VEDLX165RI LX169
X233X234KYX237KX239EAQ | L RWK248TX250. RGX253LPVTTSS
KPX263HR0 6% NIOYBKERL PX3YERIGY  RILX
TNKX301YGKYNX307AAX31Ox311X312 wherejn X' indicates
pa@%f%g%m%%\% m2é9%@ﬂmezégT§g%°sRGK§?Lw§Tss R¥™; and
sone enbodi nents, the engi neered ketoreductase enzyne
WXt W HEPRROVEX ™ s kixat ¥ GRaCN XV Ap X EX diami no aci d
sequence selected fromthe am no acid sequences
wherdi@ X' ireficatdy pbafiogs df thd ABlifo deid MibsligitionsAci d Protein
tenperature SEQ SEQ for stability ID NO |D NO
Resi due substitutions Activjty test (C) Stabil.it 5
0102} gn porpgspmbadingents, the ?HQBG@‘{IE@%/TGM@@FSen%Y@? Wﬁhf@P)Q/D’eg{

enzynift et ViBPi{a3 an"anfo ﬁcid%é%u%_gce‘l-ge?éﬂedsf}o% The amidd adid s€uchies
E290D 37 + 25 26 R27A; * 40 307N,

p* - 27 28 V253A; Y307
recited iMdQable 29 30 R27A; Y48H, * 40 - 31 32 A60T; * 40 + 33
34 D114G * 40 + 35 36 F185L; * 40 - 37 38 N31S; * 40
- 39 40 L296V; * 40 - 33 WD 2008/ 042876
PCT/ US2007/ 080125
TABLE 1
Nucleic
Acid | Protein temperature
SEQ SEQ for stability
ID NO. | ID NO. Residue substitutions Activity test (°C) Stability
15 16 L106l,; * 37 +
17 18 G112R; A160T; * 37 +
19 20 E44D; Y307S; * 37 +
21 22 122M; S148T; * 37 +
23 24 E290D; * 37 +
25 26 R27A; * 40 -
27 28 V253A; Y307N; * 40 -
29 30 R27A; Y48H; * 40 -
31 32 A60T; * 40 +
33 34 D114G; * 40 +
35 36 F185L; * 40 -
37 38 N31S; * 40 -
39 40 L296V; * 40 -
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TABLE |
stability 1D NO

Nu

cleic Acid Protein tenpe

rature

SEQ SEQ for
I D NO. Residue substitutions Activity
wo e@B/0§8y6 Stability 41 42 E78K; Al60T;

* 40 BGOr/w42007/080125

NAOY; S233C, * 40 - 45 46 QR14H, * 40 - 47 48 V2481;
40 - 49 50 E62Q F1851; * 40 - 51 52 A6OT, * 40 + 53
54 F\’77A; VARH; A'lRﬂT; * A0 - BE H@ |77|\/! A1M\/; (@
12R A160T: * 40 - Y307S: 57 58 R27A: Y307S: * 40 - 59
60 R27K. K51E:. S148T: 1237N. * 40 + 61 62 A6OT:
DI02G 1237N. * 40 + 63 GAERBIN. * 40 + 65 66 R27A
Nudif8F, AL60T, * 40 - 67 68 A60T, T23/N_ * 40[+ 69 70
122 T 1237N * 40 + 7' 72 RO7A AL6OT
‘g‘% %2%%4 1 22M | 237N V253A; * 40 + 75 76 61’53? fhre”
1D 4428). ,_,_K!\I ,5,22 O&ige,ﬂﬁ}qtltuno;}?s _,7_8 Al%%gi’v; ?,,E;est&é Stability
41Y307S;4j* 4067583 AT 22M  T77A, GLIZR, AL60[; * 4D - ]
vl\ﬂ 2008/ n/l') _IR F) /IIC')nn_II nQn1')|: T’I_\\BLE \IuCI e: C
4Aci d F’wtelmwﬁm@,ure x 40 ]
45 46 | Q214H: x 40 ]
47 48 | V248l x 40 ]
49 50 | E62Q; FI185I; x 40 ]
51 52 | A6OT; * 40 +
53 54 | R27A: Y48H: A160T; x 40 ]
55 56 | 122M; A101V; G112R; A160T; x 40 ]
Y307S;
57 58 | R27A: Y307S; x 40 ]
59 60 | R27K: K51E; S148T: 1237N: * 40 +
61 62 | A60T; D102G; 1237N; * 40 +
63 64 | 1237N; * 40 +
65 66 | R27A: Y48H: A160T; x 40 ]
67 68 | A6OT; 1237N; * 40 +
69 70 | 122M; A60T: 1237N; * 40 +
7 72 | R27A; A160T; K261R; x 40 ]
73 74 | 122M; 1237N; V253A; * 40 +
75 76 | 122M; E44D; 1237N; E2900Q; * 40 +
77 78 | A160T; E290D; x 40 ]
79 80 | 122M: 1237N; E290D; * 40 +
81 82 | G112R; A160T; Y307S; x 40 ]
83 84 | 122M: T77A; G112R; A160T; x 40 ]
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SEQ SEQ f o

r stability 1D NO

I D NO. Residue

substitutions Activity test (C) Stability 85 86 122M

wa2e8me28%6 40 + 87 88 N31 S; 123 7N, * 40 + 89r@DUSBOTO80125
1237T; * 40 + 91 92 A160T; Y307S;, * 40 - 93 94 K147R;
A160T; 1237N, Y307S; * 40 + 95 96 R27K; A160T; |237N;
* AQ + Q7 98 R27K: K79R A160T: * 40 - 99 100 R27A:
G 12R, Al160T; 1237N, * 40 - 101 102 A60T; KI195R;
| 237N, * 40 + 103 104 A160T; * 40 - 105 106 |63V,
E78K; Al160T; QR14R; * 40 TABI/E308 K51E; Y194C, * 40 -
Nuclkefed| 110 I\Blb; 12371, * 40 - 111 1172 [RZ2/K; AlpOIl; Z14R;
412 37D 40 + 113 114 R27K; Al160T;, S233G
‘g‘]%‘ég ‘%;'116 R27K; D114N. Al 60T; [[237N, ** k ﬁlat“rg
4 118 R2 | 237N, [V253A kg;[ .
ID N, o ﬁ% /43F: sllﬁlhersA]h g’z‘iﬂﬁms** 4 % i,ty1 ’)’) ‘[ Stability
$AL60T; 86\/229j22M z;@ym » 40 + 123 124 R27K; F125L49 N
ALEOT—237N: 125 126 R7H:| L1211 N160T:
g7 237N ¢ 4ON31S; 112771\128 R27K; ALG0T;| | 237N, K261Mg ** +
4013502008/ 042876 PCTHUS2007/-080125— TABLE 1
gNuc| ei g AcAsoPrlggﬁn terrperat ure |SEQSEQ for 40 +
btalbiiityiuniu FONO—Restdue—substitutions—Activit
otest (1) StAbG0T:¥307829 130 AL60S; || 237R, * 40 40 -
93 94 K147R; A160T; 1237N; Y307S; * 40 +
95 96 R27K; A160T; I1237N;, * 40 +
97 9% R27K; K79R; A160T; * 40 -
99 100 R27A; G112R; A160T; I1237N; * 40 -
101 102 A60T; K195R; 1237N; * 40 +
103 104 A160T; * 40 -
105 106 163V; E78K; A160T; Q214R; ® 40 -
107 108 K51E; Y194C; * 40 -
109 110 N318S; 1237T;, * 40 -
111 112 R27K; A160T; Q214R; 1237N; ok 40 +
113 114 R27K; A160T; S233G; I1237N; ok 40 -
115 116 R27K; D114N; A160T; I1237N; ok 40 -
V248,
117 118 R27K; A160T; I1237N; V253A; * 40 +
119 120 R27K; V43F; A160T; I1237N;, ok 40 -
121 122 R27K; A160T; V229I; 1237N; * 40 +
123 124 R27K; F125L; A160T; I1237N; ok 40 -
125 126 R27K; L1211, A160T; I1237N;, * 40 +
127 128 R27K; A160T; I1237N; K261M; ok 40 -
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131 132 A160S; 1237G ** 40 + 133 134 Al160S; 1237Q
** 40 + 135 136 R27K; L76M A160T; 1237N;, * 40 + 137
waldseesrs S148R;, A160T; 1237N;, ** 40 - 139 14PCRRIM07/080125
A160T; 1237N, S239T; * 40 + 141 142 R27K; Al160T;
S222R, QR23H, * 40 + 1237N, 143 144 R27K; VATL,
A160T: D221V * A4Q + 1237N: 145 146 R27K: A16Q0T;
I 237N, L296Q ** 40 - 147 148 R27K; A1l60S, Q14R;
| 237N, ** 43 + 149 150 R27K; Y48H, A160T, QRl4R; ***
43 - 1237N; 151 152 R2 7KTAE; | 63V; L1211; ** 43 +
NucleicbP I ZIARS 1237G 153 154 RZ/K) N31S; LIPITT AL6OUT;
Aci*** ﬁ i R14R, K215M 1237N, 155 |156 R27A ulAl
SEB%T; (51L; * x % 43 - QR14R;, K215H; 1237N,
. S: * % % - -
0 N2 N B LR s 43, |, RN, 1o ?w Stabilt
12@265V13@61 A@@OﬁjfyR N31 S, Y48H AlGO‘E;* x +
RHAR—I23N: 163164 R27KK:—AL60T—GLI2D: 214R, r Ak
1343 | 3§2V‘£ X@&ﬁ @%27876 PCT/ US2007/ 080125 TABLE 49 +
Noetete Actd—Protetn—t enperatture—SEQ-SEQ-for
138t api 134y | R16E3; RPQNO. Resi due substi tseitiopns Acdg vity  +
test—(<) SLdUlllLy
135 136 R27K; L76M; A160T; 1237N; * 40 +
137 138 R27K; S148R; A160T; 1237N; *x 40 -
139 140 R27K; A160T; 1237N; S239T; * 40 +
141 142 R27K; A160T; S222R; Q223H; * 40 +
1237N;
143 144 R27K; V47L; A160T; D221V; * 40 +
1237N;
145 146 R27K; A160T; 1237N; L296Q); *x 40 -
147 148 R27K; A160S; Q214R; 1237N; *x 43 +
149 150 R27K; Y48H; A160T; Q214R; oAk 43 -
1237N;
151 152 R27K; KS1E; 163V; L1211, *x 43 +
A160T; Q214R; 1237G;
153 154 R27K; N31S; L1211; A160T; oAk 43 +
Q214R; K215M; 1237N;
155 156 R27A; N31S; A160T; H200L; oAk 43 -
Q214R; K215E; 1237N;
157 158 R27A; N31S; A160T; Q214R; oAk 43 -
1237N; V312E;
159 160 R27K; N318S; I58V; A160T; oAk 43 -
Q214R; 1237N; 1265V;
161 162 R27A; N31S; Y48H; A160T; oAk 43 -
Q214R; I1237N;
163 164 R27K; A160T; G192D; Q214R; oAk 43 -
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1237N; K250E; 165 166 R27K;
A160T, QR14R, 1237N;, 167 168 R27K; K152R; A1l60T,

+

WORMW4/2876 *

Q1
Q1

AlG

* %

4R
4R, **
QT * 4

163V, L

* 43 -
* 43 -
43 +

3 + (QRI4R 1237N;

1211,

F125L;

| 84V,
60T:

% 43

1237N;, 169 170 R27A; N31 S;P&I/USIOT7/080125
1237N;, 171 172 R27K; Gl03S; Al60T;

1237N; 173 174 R27K; A60T;
175 176 R27K; Al

Q1

125L; Al 60T; 43 KIL69R, QR14R; 1237N; 179 180 R27K;

Ql44R;, A160T; QR14R ** 4F3ABLEZ37N, 181 182 R27K;

4R, |23

7R, * * * 43 -

Y307S; 177 178 R27A; N31S; F

Nuclejes
N31

11, Al6

O, (X14R * * * 43 + 17

3/D;, 183

184 RZ2 (K

1237G

60T, QR14R * * * 43 - 1287N, Y30
I; A16OT Y194C, *** 43 4 Q14R;

8 A I C , -
7r\| 18 E& s‘tb%%lg“tl‘jnﬁ')ﬂ; IAWI‘:? 4 Stability

| =g =y == =y |

+ 193 7NoB 258 K. A160T: Q14R R23H ** 43 +
1237 N—37 WO 20087042876 PCT/US2007/ 080125 | TABLE

168uc| eil66 R27K; 163V, L1211, F125L; *ok 43 +
A160T; Q214R; I1237N;,

167 168 R27K; K152R; A160T; Q214R,; Hokx 43 -
1237N;

169 170 R27A; N31S; A160T; Q214R; Hokx 43 -
1237N;

171 172 R27K; G103S; A160T; Q214R,; ok 43 +
1237N;

173 174 R27K; A60T; 184V; A160T; * 43 +
Q214R; 1237N;

175 176 R27K; A160T; Q214R; 1237R,; Hokx 43 -
Y307S;

177 178 R27A; N31S; F125L; A160T;, Hokx 43 -
K169R; Q214R; 1237N;

179 180 R27K; Q144R; A160T; Q214R,; ok 43 +
1237N;

181 182 R27K; L1211; A160T; Q214R; ook 43 +
1237D;

183 184 R27K; N31S; A160T; Q214R; Hokx 43 -
1237N; Y307S;

185 186 R27K; L1211; A160T; Y194C; ok x 43 +
Q214R; 1237N;

187 188 R27K; N318S; E78K; A160T; Hokx 43 -
Q214R; T217A; S222G; 1237N,;

189 190 R27K; L1211; A160T; Q214R; ok 43 +
1237G;

191 192 R27K; A160T; Q214R; Q223H; ok 43 +

1237N;
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Acid Protein tenperature SEQ SEQ for stability ID NO
I D NO. Residue substitutions Activity test (O

w®r@biokisry 193 194 R27K; E78K; Al60T; (R14R, PCT/UEB07/080125
1237N; Y307S; 195 196 R27A; N31 S; L1211; Al 60T; * *

* 43 + @Q14R 1237N, 197 198 R27K; L1211; A160T,
Y194C, *** 43 + (QRI4AR; 1237N; 199 200 R27K; N31 S;

L1211; Al 60T; * * * 43 + @Q14R;, 1237N, 201 202 R27K;
N31 S; Al 60T; QR14R; * * * 43 - 1237G 203 204 |19T;
R27K; N31 S; Al 60T; * * TAHE1QR14R 1237G 205 206

Nucllé%/K; 163V, AloOIl; (Z14R, ** 43 + [123/N; 207 208
7K: S, K51 E A 160T; * * * 48 - QRI4RA23IN,
% 210 R27K: N31 S L1211: |Al 60T: AL %tr&?

9

ta
4R, 1237R 211 212 R27K; |A16OT: GL92D: o -
| 43 ﬁi%%‘?“l‘%‘%ﬁ‘@“%l 3 Zf‘}\c%yi,tx .'\Btfsté; 9 Stability

T 1T Oy

19A160T;10Y194@ 7 E78K.481 60T B4R . 1237R 215 P16 RRYK; ]
E78K: L121] pyAlB0Tg,¢* 43 7 QR14R | K216R 237G 217

oo

218l P27K- AT 14D 1 2237C **x A o4 2101 220 P27K-
Oy L AT oS, I o e B A

19556V, 164 60TRo R I4HS; 11248 Al 60F23 7N, | 224+4222) R27Kj3 N3 +

IS| 163V, AdSOIR. pi7ds +  QI4R 1237N 38

197 198 | R27K; L1211; A160T; Y194C; ok 43 +
Q214R; 1237N;

199 200 | R27K; N31S; L1211; A160T; ok 43 +
Q214R; 1237N;

201 202 | R27K; N31S; A160T; Q214R; ok 43 -
1237G;

203 204 | 119T; R27K; N31S; A160T; ok 43 -
Q214R; 1237G;

205 206 | R27K; 163V; A160T; Q214R; ok 43 +
1237N;

207 208 | R27K; N31S; K51E; A160T; ok 43 -
Q214R; 1237N; K304R;

209 210 | R27K; N31S; L1211; A160T; ok 43 +
Y194C; Q214R; 1237R;

211 212 | R27K; A160T; G192D; Q214R; ok 43 -
1237N; Y307S;

213 214 | R27A; N31S; A160T; Y194C; ok 43 -
Q214R; 1237R;

215 216 | R27K; E78K; L1211; A160T; ok 43 +
Q214R; K216R; 1237G;

217 218 | R27K; A160T; Q214R; 1237G; o 43 +

219 220 | R27K; I56V; A160T; Q214R; ok 43 +
1237N;

221 222 | R27K; N31S; 163V; A160T; ok 43 +

Q214R; 1237N;
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WO 2008/ 042876 PCT/ US2007/ 080125 TABLE I Nucleic
Acid Protein tenperature SEQ SEQ for stability I D NO

WO DhoBI428Resi due substitutions Activity test (QrCT/US2007/080125
Stability 223 224 R27K; A160T; QR14R; 237N, * * * 43

- K250R, 225 226 R27K; V 130G Al 60T; QR14R, * * * 43
= 1237N, 227 228 R27K; 11211; AI60T, QRI4AR;, ** 43 +

1237N; 229 230 R27K; A160T;, Q189H, QR14R, ** 43 +
1237N;, L287R; 231 232 R27K; A73P; Al 60T, D201 G * *
* 43 - QR14R, 1237G 233 F3WBIRER 1K, Al60T, QR14R;

Nucle3/N, ***[ 43 - Y30/H, 235 236 RZ7/K; N3IS, [IZ1T;
Ac 16(%{% i 43 + Y194C, QR14R 1237N; 237 2
SEQBLS, D1 A160S; *** 43 + Y194Q Q@14R

40 . N31 S, S .148T: Al .60T, * [ * 43 - o
ID N3 W Nz, gﬁis‘ﬁﬂﬁs@@t“’_“fﬂ!; AERINY vy g4 Stability
2243 [+ 28R 1R AN N0 1242 14RHIBARK,  N31 &+ E7BK A3l60TS) .

¥ oxl 43 - QRIAR T 1237G Y307S; T245 246 R27K, N31 S; L

1291 - © 27T % P« * A9 o A1RHT; Y104C: ('(Y)'_1 /ID; 1’)'27|\I;
=it oA 45 AL TH == TGOy

22847) 2486 R27Ro 71083 3G; LALgbE, 8%@@5: " Tade T A3 4 g3 -
YI9UC QIR k237N, 249 250 R27K; |N31S; L1p1l; S148T;

*kkpk AR 4

227 228 | R27K; L1211; A160T; Q214R; ok 43 +
1237N;

229 230 | R27K; A160T; Q189H; Q214R; ok 43 +
1237N; L287R;

231 232 | R27K; A73P; A160T; D201G; ok 43 -
Q214R; 1237G;

233 234 | R27K; A160T; Q214R; 1237N; ok 43 -
Y307H;

235 236 | R27K;N31S; L121T; A160T; ok 43 +

Y194C; Q214R; 1237N;

237 238 R27K; N31S; L1211; A160S; ok 43 +
Y194C; Q214R; 1237N;

239 240 R27K; N318S; S148T; A160T; ok 43 -
Q214R; 1237N; Y307S;

241 242 | R27K; L1211; A160S; Y194C; ok 43 +
Q214R; 1237N;

243 244 R27K; N318S; E78K; A160T; ok 43 -
Q214R; 1237G; Y307S;

245 246 R27K; N31S; L1211; S127T; ok 43 +
A160T; Y194C; Q214R; 1237N;

247 248 R27A; N31S; L1211; A160S; ook 43 +
Y194C; Q214R; 1237N;

249 250 R27K; N31S; L1211; S148T; otk 43 +
A160T; Y194C; Q214R; 1237N;

251 252 R27K; N31S; L1211; A160T; otk 43 +
Y194C; Q214R; 1237G;
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A160T; Y194C, Q14R; 1237N, 251 252 R27K; N31S; L1211;

Al60T; **** 43 + VY194C, Q14R, 1237G 39 WO
wQo@8/:s2876 PCT/ US2007/ 080125 TABLE 1 Nucl ei BCT/B820d7/080125

Protein tenperature SEQ SEQ for stability ID NO. ID

NO. Residue substitutions Activity test (C) Stability
253 254 R27K; N31S: L1061; 11211 **** 43 + A160S;

Y194C, Q14R;, 1237N; 255 256 R27A; N31S; L1211; A160S;
*rEX 43 + QL4R, 1237N, 257 258 R27K; N31S; L1211,
S148T; **** 43 + Al160S; YWWIE 1Q214R, 1237N, 259 260

Nucllé%/A; NS1S, F 125L; Al ©o01; 45 Y194C, Q214K 1237N;
261 . 7A; NBLS; F 125L; Al 60T:| 45 KL6PR, (R]
Acizs ﬁg‘?‘ W3 264 RR7TA: N31 S: F 125L:| Al 60T: Fery ﬁﬁﬁts

SE ; L forstabijify
1237R 266 R27K: N31S:| L121l: F %%% biligy )
1D N’Q:'C A0 Ylgﬁﬁ'g 6[’ R% t,ﬂé_:“f\gg\vn 12 %”];Vltyow test("C) Stability
25%Z2,R_2B%3$Rzﬁ<h%ﬂs L"}‘b6$@1_21f *or élﬁf*LﬁﬁR@ . +
* 45 ’ E125 Al,i6(%6 ,B’TLIB% @;\I 271 :)7’) v_?:’A\; !\Bls’

=1 =1

25§ 12556 Al| R8T M5 ﬂ%ﬁAl@@é‘lR 123 ARex 278 214FRTA| 4
N31S; F 12563 /. (69, 45~ QI4R 1237N,

257 258 R27K; N31S; L1211; S148T; otk 43 +
A160S; Y194C; Q214R; 1237N;

259 260 R27A; N31S; F125L; A160T; ok 45 -
Y194C; Q214R; 1237N;

261 262 R27A; N31S; F125L; A160T; ok 45 -
K169R; Q214R; 1237N;

263 264 R27A; N31S; F125L; A160T; ok 45 -
Q214R; I237R;

265 266 R27K; N31S; L1211; F125L; otk 45 +
A160T; Y194C; Q214R; K215M;
1237N;

267 268 R27A; N318S; S148T; A160T; ok 45 -

K169R; Q214R; 1237N;

269 270 121T; R27A; N31S; L1211, ok 45 -
F125L; A160T; Q214R; 1237N;

271 272 R27A; N31S; F125L; A160T; ok 45 -
Y194C; Q214R; 1237R;

273 274 | R27A;N31S; F125L; A160T; Ak 45 -
Q214R; 1237N;

275 276 R27A; N31S; L1211; F125L; ok 45 -
A160T; Y194C; Q214R; 1237N;

277 278 R27A; N31P; L1211; F125L; ok 48 -
A160T; Y194C; Q214R; 1237N;

279 280 119V; R27A; N31S; E44D; K72R; ok 48 -
DI0SE; L1211; F125L; A160T;
F185L; Y194C; Q214R; 1237N;

40




275 276 R27A; N31 S; L1211; F 125L; * * * * 45 -
A160T; Y194C, QQ14R;, 1237N, 277 278 R27A; N31P; L1211;

WO-28l0428%6 ** 48 - AL60T;, Y194C QR14R;, 1237N;, PTRURBD7/080125

119V; R27A; N31 S, E44D, K72R; * * * * 48 - DI105E;

L1211; F125L; A160T; F185L; Y194C QQ14R 1237N, 40
WD 2008/ 042876 PCT/1US2007/080125 TABLE | Nucleic

Acid Protein tenperature SEQ SEQ for stability ID NO
I D NO Residue substitutions Activity test (O
Stability 1243V; E290D;, ZF&BEB3 BE, R27A; N31 S; A1

Nuclbic £ 1211 = * * 48 ¥ FI25L; ALGOI; YI94L, EI99Q
14 37N; L2711; 283 284 QBE, R27A; N31
Ai%f ﬁmt}&' ¥ * 48 + 155V, L1211; F125L; A16 ir@%

Stability

SE E
9 §N%14R' 1237N: 285 286 OBE: FR27A:
ID NOegli ﬁ dﬁ%i‘g@ﬁ% WA A1 AHvILY /Iftes &1@bn

Q@IUR  1237RA3EEIWD; | 2711 287 288 OBE: R77A N31 S
l46l: L 1211; * * * * 48 + F125L; |AL60T; YL94C
@1BR 1237N; S239T: 1244L: 289 290 Q6E; R2FA N31S;

L1201, FI26L, **** 48 + AIBOT, Y194C gMR 1237N
2852307282 291 Q6BRXBE NHS7 841\ | 815 ga1 *F 1211 ;48 * *

* 48 + F12BI25LANGOAT; YIDUCEIGPQAR,
Q214R; 1237N; L2711,

283 284 Q6E; R27A; N31S; S41T; 146L; ook x 48
I55V; L1211, F125L; A160T;
Y194C; E199Q; Q214R; 1237N;

285 286 | Q6E; R27A;N31S; S41T; 146L; Ak 48
F125L; Q144E; A160T; Y194C;
E199Q; Q214R; 1237N; S239T;
L2711;

287 288 Q6E; R27A; N31S; 146L; L1211, ok 48
F125L; A160T; Y194C; Q214R;
1237N; S239T; 1244L;

289 290 Q6E; R27A; N31S; L1211; F125L; ok 48
A160T; Y194C; Q214R; 1237N;
S239T;

291 292 Q6E; R27A; N31S; S41T; L1211, ook x 48
F125L; A160T; Y194C; Q214R;
1237N; L2711,

293 294 Q6E; R27A; N31S; L1211; F125L; ok 48
A160T; Y194C; Q214R; E234Q;
1237N; S239T;

295 296 Q6E; R27A; N31S; I58L; F125L; ook x 48
A160T; Y194C; E199Q; Q214R;
1237N; 1244L;

297 298 Q6E; R27A; N31S; 146L; L1211, ok 48
F125L; A160T; Y194C; E199Q;
Q214R; 1237N; S239T; 1244L,;

299 300 QO6E; R27A; N31S; I58L; L86I; otk 48
L1211; F125L; A160T; Y194C;
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1237N, L2711; 293 294 QBE; R27A; N31 S; L 1211; F

125L; * * * * 48 + Al60T; Y194C Q14R, E234Q 1237N,
wW®2B88/10328205 296 QBE, R27A; N31 S; 15 8L; F 125BCT/US2007/080125

* 48 - A160T; Y194C, E199Q Q14R, 1237N, 1244L; 297

298 BE; R27A; N31 S; I46L; L 1211; * * * * 48 +

E1251: A160T, Y194C, E199Q (QR14R. 1237N.  S239T;

1244L1L; 299 300 QBE; R27A; N31 S; 15 8L; L86l; * * * *
48 + L1211; F125L; A160T; Y194C, 41 WO 2008/ 042876
PCT/ US2007/ 080125 TABLE ITABKEgi ¢ Acid Protein

Nuclefe
Acigts
SE

1
D NGO

perat urje

SEQ SEQ Tor

stabi ity

7

ubstitutions Activity test
7N, S239T; 1244L; 301 302

*k* k%

i Sybsiititosis

NS

25L; Al60

D NO |1
(O Sta
QBE;, R2

194C

o 4'\'.0- re
e

Stability

=001

* k%

QK

T,

pActivity | . Te§tAcl )
7N L2711 305 306
k% 48 -| L1211:

P AT A N~ A"t o TN 1-71°X,

* %

N31 S; 146L; 15 8L;

FIZ
30808
Al6
124

0T, Ql
AL: Y30

AE, ALG0T;, Y194C QRI4R
PQAE, RBAS; NI I2 1461, £11251. ;
SIEL25Y1 94 ) TEL 9810, QAURR;
SIA37N; S239T;

125/N; ApU9T; 307
g [ O AE:
1237N; SR39T,

303

304

okok ok

Q6E; R27A; N31S; L1211; F125L;
A160T; Y194C; Q214R; 1237N;
L2711;

48

305

306

okok ok

Q6E; R27A; N31S; 146L; I58L;
L121I; F125L; Q144E; A160T;
Y194C; Q214R; 1237N; A309T,;

48

307

308

okok ok

Q6E; R27A; N318S; L1211; F125L;
Q144E; A160T; Q165E; Y194C;
E199Q; Q214R; 1237N; S239T;
1244L; Y305H;

48

309

310

okok ok

Q6E; R27A; N31S; S41T; 146L; 48
LI121I; F125L; A160T; Y194C;

Q214R; 1237N;

311

312

okok ok

Q6E; R27A; N31S; S41T; 146L; 48
LI121I; F125L; A160T; Y194C;

Q214R; 1237N;

313

314

okok ok

Q6E; R27A; N31P; 146L; L86I;
L1211; F125L; A160T; Y194C;
Q214R; 1237N; S239T;

50

315

316

okok ok

R27A; N31P; 163W; L1211,
F125L; A160T; Y194C; Q214R;
1237N;

50

317

318

okok ok

R27A; N31P; 163W; L1211,
F125L; A160T; Y194C; Q214R;
1237N;

50

319

320

okok ok

R27A; N31P; L1211; F125L;
A160T; Y194C; Q214R; 1237N;

50

Y297W;

42




WOR008/04283d S; S41 T,

309 310 QBE; R27A; N31 S; S41 T, l46L;, * * * * 48 +
L1211; F125L; A160T; Y194C Q14R; 1237N, 311 312 QGE;
l46L; * * * * 48 + L1211pCTFL8%HN07/080125
A160T; Y194C Q14R, 1237N; 313 314 QBE, R27A; N31P;

I 46L; L861; **** 50 + L1211; F125L; Al160T; Y194C,
QR14R. 1237N; S239T; 315 316 R27A; N31P; 163W 11211
**** B0 - F125L; A160T; Y194C, Q14R; 1237N; 317 318
R27A; N31P; 163W L1211; **** 50 - F125L; A160T,
Y194C, QR14R; 1237N;, 31913L.R37A, N31P;, L1211;
Nucleie2PLl, ***F 50 - AIGOT, YIU4AC, I4R™ I237N] YZ97W 4
AcidO RPPPSQ4R876 PCT/ US2007/ 080125 TABLE 1 NJ% t
SE cid ¥t teln tenperature SEQ SEQ flor st abi ";b Qlt
s| due ubatlt t| ns Act|V| y, test miey” o
1D FLRse 1 321 é L 121 Ac‘tt;v!%!_ *tﬂst*(Q}\ Stability
326160T:32¥1941@271Q21~1§ﬁa L]1§:13I7|F125-I§01R 323:324| R27550 -
N31P; Li21) 1,94 6OT; Y194C, | @14R
123|7N; L30 01‘53 SGQRé?A P; I 63W L1R1I; ***=*
50 F1250} “A160DT: Y194C, me
323 324 R27A; N31P; L1211; F125L; ook x 50 -
A160T; Y194C; Q214R; 1237N;
L301K;
325 326 R27A; N31P; 163W; L1211, ook x 50 -
F125L; A160T; Y194C; Q214R;
1237N; Y297W;
327 328 R27A; N31P; 163W; L1211, ook x 50 -
F125L; A160T; Y194C; Q214R;
1237N; Y297W; L301K;
329 330 | Q6E; R27A; N31P; 146L; 163W, ootk 50 +
L86I; L1211I; F125L; A160T;
Y194C; Q214R; 1237N; S239T;
331 332 R27A; N31P; 163W; L1211, Hokkx ND ND
F125L; A160T; Y194C; Q214R;
1237N; Y297W; L301A,;
333 334 | R27A; N31P; 163W; L1211, bk ND ND
F125L; A160T; Y194C; Q214R;
1237N; Y297W; L301S;
335 336 | R27A; N31P; 163W; L1211, bk ND ND
F125L; A160T; Y194C; Q214R;
1237N; Y297W; L301E;
337 338 | R27A; N31P; 163W; L1211, bk ND ND
F125L; A160T; Y194C; Q214R;
1237N; Y297W; L301P;
339 340 | R27A; N31P; 163W; L1211, bk ND ND
F125L; A160T; Y194C; Q214R;
1237N; Y297W, L301Q;
341 342 R27A; N31P; 163W; L1211, Rlokle 50 -
F125L; A160T; Y194C; Q214R;
1237N; L301E;
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1237N;, Y297W 327 328 R27A; N31P; |163W L121I; **** 50
- F125L; A160T; Y194C QQ14R 1237N, Y297W L301K; 329

WQ30sQERB76 R27A;, N31P; 146L; 163W **** 50 + L86GRCT/LSA02/080125

F125L; A160T; Y194C Q14R 1237N;, S239T; 331 332

R27A; N31P; 163W L 12 11; ND ND F125L; A160T; Y194C,
Q14R;, 1237N; Y297W 1301A; 333 334 R27A; N31P. 163W

L 12 11; ND ND F125L; Al160T; Y194C Q14R, 1237N
Y297W L301 S; 335 336 R27A; N31P;, 163W L 12 11; ND
ND F125L; A160T; Y194C GQAIBIR: 11237N;, Y297W L301E;

Nucld/| 338 RZ7A, N3IP, 163W L 12 11, ND ND F ZbL

Ac
SE
1D

St

3453011 E3443 V@’Z@Qﬁéﬁ”«%&?@ RGTUSRAQT) 086425 | TABLE) 1

160i[r ,1,94(:; Q@14R 1237N; Y297W |L301P; 3B
7IA B 163W L 12 11: ND ND FHI25L: Alb ?Eﬁ'@&
10
201

L= = = | J.l_ul_

Nuc| ei ¢ Aclbplz %tl . ‘haggter URe [SEQ SEQ for
stapbility 19% ¥g b Residue Substitutiops Activity
t abil ity

Z Nr. nY o L%O %‘ggﬁﬂﬂfllv?éf %cé@if)f R 1“35.Hr\ Stability

3451211 '34%***R§)OA;'N31P; 163W; L121I; ok ok 50

test (Q) 43 344 ROTA 1P S41| G 163W

F125L; A160T; Y194C; Q214R;
1237N; Y297F; L301E;

347 348 R27A; N31P; 163W; R65G; otk 50

LI121I; F125L; A160T; Y194C;
Q214R; 1237N; Y297W; L301Q;

349 350 | R27A; N31P; 163W; R65S; L1211, otk 50

F125L; A160T; Y194C; Q214R;
1237N; Y297W; L301Q;

35

1 352 R27A; N31P; A36V; I63W; ook 50
L1211; F125L; A160T; Y194C;
Q214R; 1237N; Y297W, L301Q;

35

3 354 | R27A; N31P; I63W; L1211; ok 50
F125L; A160T; Y194C; Q214R;
1237N; Y297W; L301Q; Q310R;
K311E; V312S; *313V;

35

5 356 R27A; N31P; 163W; L1211; ok 50
F125L; A160T; Y194C; Q214R;
A218T; 1237N; Y297W; L301Q;

35

7 358 | R27A; N31P; I63W; L1211; ok 50
F125L; A160T; Y194C; Q214R;
1237N; Y297W; L301Q; Q310P;
K311E; V312S; *313V;

35

9 360 QO6E; R27A; N31P; 146L; 163 W, ootk ND ND

L86I; L1211; F125L; A160T;
Y 194C; Q214R; 1237N; S239T;
L301E;

361 362 Q6E; R27A; N31P; I46L; L86I; ootk ND ND

LI121I; F125L; A160T; Y194C;
Q214R; 1237N; S239T; Y297W;
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F125L; A160T; Y194C QR214R, 1237N; L301A; 345 346

R27A; N31P; 163W L121l; **** 50 - F125L; Al60T,
WOi@80128@R14R;, 1237N; Y297F; L301E, 347 348 R2r&y/uB®ar)s8012s

| 63W R65G **** 50 - L1211; F125L; A160T;, Y194C,

Q14R;, 1237N, Y297W L301Q 349 350 R27A; N31P; |63W

R65 S 11211 **x* 50 - F125|: A160T; Y194C, QRI14R
1237N; Y297W L301Q 351 352 R27A; N31P;, A36V; 163W
**** 50 - L1211; F125L; A160T; Y194C Q@Q14R; 1237N
Y297W L301Q 353 354 R27AABLRR; |63W L1211; **** 50

Nucleicrt4oL: AL601] Y194C (KZ14R 125 /N, YZ9/W LdUlQ

1R ..K31 1E V312S *313V. 355 356 R27A:
3%3%% | *x%x* 50 - F125L. ALGOT. Y194C @Sﬁgt“re
18f§ 37N, YROTW L3010 357 358
| & DS Kl

1D =21 x5O v194iC

| J.l_ul_

%318V, | 359 N:]ﬁo ND

36%237%64301@%@@;1@ N 1@1461LE,1'6W12°-

r R2TA, * ND ND| L861,;
L1211, F12 1,4 1237N; SR39T;
L301E, 361 %%7 ﬁZ ’146L L861; | **** ND ND

[12111; E125 AGOT Y194C O214R 1237N; SP39T;

36329 W66 44 Q6E; R27A; N31P; 146L; 163W: ok ND ND
L861; L1211; F125L; A160T:
Y194C; Q214R; 1237N; S239T:
Y297W; L301Q;

1tgs; ( Stability

* = 150-500% enzymatic activity of SEQ ID NO: 2
wox = 500-900% enzymatic activity of SEQ ID NO: 2
Rl = 900-1600% enzymatic activity of SEQ ID NO: 2
gk

greater than 1600% enzymatic activity of SEQ 1D NO: 2

+ variant retains residual activity after heat treatment at indicated temperature for 16
hrs.
ND = Not Determined

[0103] In other embodiments, the engineered ketoreductase comprises a ketoreductase with
improved thermal stability as compared to the naturally occurring ketoreductase from which
the engineered enzymes are derived. Thermally stable enzymes allow longer incubations
with substrate, such as in conditions of high substrate concentrations used in large scale
production, and also minimize the amount of enzyme needed. An enzyme that has “improved
thermal stability” refers to an enzyme that displays increased resistance to inactivation when
exposed to a set temperature or set of temperatures in defined assay conditions as compared

to the resistance to inactivation of a reference enzyme.

[0104] A number of methods are available for measuring enzyme thermal stability. Enzymes
may be treated for a defined time period at various temperatures under a standard set of assay
conditions (e.g., ionic strength, pH, protein concentration, etc.). Half-inactivation
temperatures, i.e., temperatures at which 50% inactivation occurs after heat treatment for the
defined time are used to compare the thermal stabilities of the enzymes. Another method of
determining thermal stability is to treat the enzyme at a set temperature and measure the

amount of enzyme activity remaining. The amount of enzyme activity remaining is
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WO 2008/ 042876 PCT/ US2007/080125 TABLE |I Nucleic
Acid Protein tenperature SEQ SEQ for stability I D NO
WO DhoBI428Resi due substitutions Activity test (QrCT/US2007/080125
Stability 363 364 BE;, R27A; N3 | P; 146L; 163W ND
ND L861; L1211; F125L; A160T; Y194C, Q14R; 1237N,
S239T;  Y297W 365 366 QBE;, R27A; N31 P; 146L; 163W
compared tor thm@ctNDty I@g@pln&q_@tj_lg_ natpg_ailgLoccm@g 'pnzmegpfl@par@ ]}z;@r smular

or 1deét§(§hz con T g,:s @ﬁ %%ré‘tgl%g' glr analgélé %8 ﬁ%ﬁns?{/ﬁm&%% f‘Ernp erature

erncomp!is'siﬂgtthe f_‘efactﬁEQein@elf‘dﬁlre Por st d for cBRPInG 600He ecacyiomtfocexample as
activity of SE& ID NO 2 ***x* = g@eater t han 1603;
in ar%weﬂﬁﬁ?a}ceoawp Pt {pmperatires pipviNgh the cpginegigd ieapmesdiayy Reen
selecté@ ®r ?ov@& 'iHeYIhED’stﬁjlﬁt?r F3e @iarﬁﬂl@ haBYindfed &Q?&% & have
tenperature for ND = Not Determ ned [0I1I03] In

improgth therremiztedilitg as sompdred engrefeenednkenofegue natesilly occurring

e B TS BB B P s, a5

or abd¢Rl SH°etIGhasE shrOBY ¥byvehto AbBEt BNQI N8 SHRE cABSY AR ALsAhE enzyme
derived. Thermally stable enzynmes al |l ow | onger

can hgviecubaprwied thagnphstahibigtin athach haehgiaecrpherzymgi refagnsasgfompared

toa rep?r%g?fiﬁlﬁtz)grtnre al, odl(fq Z g&:nnrl alte Ir%gt;]\?;’ltyl;ls ouatlng d(%,]?al’rrg?re aﬁ{J‘ Vlﬁ% about 20%

or mofegdietly a%uﬁm% e niof@dctRas, abolPs@ e mor&ectivedy, about 70% or more
stabil té’ refers_ to an enzyne that displays increased

activitye 3hagit YR CeortePrr Reld¥ityy d¢ndsh thﬂr?@ﬁdlt@%@%té@tm@tat@ dimes at which
enzyrﬁee&gl%[t?"sfﬂ&@s Qthat&H tﬁ&g\ta? %YQ@ ﬁ; wnqﬁclh q&f)ﬁtrﬁﬂs grmd¥e, about 6
condai

ons as conpare e resi S ance
hrs orimmel dboat 1 dhrs ok na)re ebeutelides enzpre abgud 2041}5 d’r mombs:rouo% hrs

ods e avall measuring enzyne thernmm
or moget a Ut 41831“ )7 db0 “ﬁaé %b%é)rtwat éaf?%fe ayek mﬁzéaower%esent

durinPBlctR8 Ry ak,) a%ﬁ%u%lﬁﬁ%%n@& BF SbstRE S kifd vl BRABIIG2REyRE
assay conditions (e.g., ionic strength, pH protein

structemes oesorcanstanceset ¢. ) . Hal f -i nactivation tenperatures,
i.e., tenperatures at which 50% i nactivati on occurs
[0105]afii etheh@abodimentk tRathetmal stdbglity of an enzyme can be measured by

determining protein folding stability, such as by detecting protein unfolding with calorimetry
or circular dichorism. For example, to determine the thermal stability of the engineered and
naturally occurring ketoreductase, changes in CD profile at various temperatures can be used.
An Arrhenius plot of the unfolding rate constants of the enzymes is generated by use of
temperature-jumps (e.g., from a temperature where an enzyme is active to a temperature
where the enzyme is inactive) and measuring changes in protein structure. The first-order
rate constants, activation enthalpies, and activation free energies between the stable and
transition state of the unfolding reaction at an inactivating temperature may be compared.
Typically, the activation free energy increases with more thermally stable enzymes. Other

methods for determining thermal stability will be apparent to the skilled artisan.

[0106] In some embodiments, the improved thermal stability is separable from other
properties of the ketoreductase enzymes, while in other embodiments, the thermal stability is
also observed with another improved property. In some embodiments, the ketoreductases

comprise engineered ketoreductases with improved thermal stability is derived from the
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defined tine are used to conpare the thernal
stabilities of the enzynes. Another nethod of
wa@ledosomsmé ng thermal stability is to treat thePEnEyI087/080125
at a set tenperature and neasure the anount of enzyne
activity remaining. The anount of enzynme activity
remai ning i s 45 WO 2008/ 042876 PCT/ US2007/ 080125
Sacchgeitpgeseereysipp Eetaradugiass of EHRATIA NG 2ofn serac prabedimenty, the
: &
engin@GEL bR AREXTR, PR FOREN I oMol Al o MBI 8l of
enzyrid@tiviy feltedhg bbynaneatttenpatdtdraaging foomPass;07g foheo hrs at pH
reacti on tepperature for used for carryi out _the,
7.0. Byegrppagiion iy nayraihyogciEng ?FOP%P@%SGSQ{[IM ?%Mr%ﬁé{ns only 5-
0 /.Qf: ; I t [ i -
L0 R R 7 S R eGP R Ry no
activifjorha@xaogilaged at heghenginpesteds eney thesamarohditiens. i npr oved
thermal stability as conpared to a reference enzyne
[0107)( € gome ambaditieads) tfic @agitiédredRetoredastase} wath itnprped alidimaBbstability
of about. 30C or above, about 35C or above, 40C or
COMPHRF§?E SMUBTACI SCRISRIFLOTISHRONGINEIB L, 55O 6 pncpis{Hgles prg or more
: 1 n:. sone enbodi nents, the enzyne can have
Ofﬂwgﬁﬂ#&%gggggﬁgﬁéghal stability in which the engi neered
ed?yive poétr ar asidicasnicoapdredduct 0 a ref erence enzyne,

aRaut 10% or nore activity,. abaut 15% or nore

S by S et i 000 okt g g s but 3006 or
Mx*€jsaatadcMid ¥mindReltresi@is;0r nore activity, about 70%
or more activity, about 90%or nore activity. Under
t Be’ sondiiphgrsingho peidaendust , the tines at which
eRayne activity .sho enhanced thermal stability can
i%ﬁlﬁ@@ﬁﬁgh%ﬁ?%%nﬂﬁgﬁé?m Ste, about 6 hrs or nore,
abobts ah2libhgicmid®ked; about 18 hrs or nore, about 24
hrs,or nore, about 36 hrs or nore, about 48 hrs or
ek eis aadydroxybeantanige opsmall amingsacidit e may or may not
besp [ Ihe . tment, although
p?%s%%?gﬁ%gmgﬁﬁégggte #gﬁé%%aﬁato stabilize enzyne

s Uistalimgino keid$esidud Mst ances. [0105] I n ot her

eghgdi nents, the thernal stapility of an enzyme can be
measut ggY@ryxylof@p@mwlﬁ@wpﬁc ©rifUfol ding stability,
S@?“i?én?ﬂlﬁﬁEﬁﬁﬁmﬁﬂj{ﬁﬂﬁﬁbﬁ unfol ding wth
cahaplnetr% or circular dichorism For exanple, to
det erisrh mmall hmindhandredsidstabi | ity of the engi neered and
nafur.al occyr.ring. ket.or educt ase,..changes in CD

vt 8 oG i pO e A e G5 Be sed. | An
Ant'Hagh UsdebRilic Of bhdiCatocl RGdiat e constants of the
enzymes is generated by use of tenperature junps

(X g.1s ahydnexgl qoarpungemine agkerceidag enzyme is active to
2 henper Al S MOR £:4 N& gnzyme i s inactive) and
nmeasur i ng ghanges In profeln structure. The

f X' Stis @ hgl@oxylr @heiniog 5 ahilsammotacidattigic;ent hal pi es,
and.activation free energies between the stable and

t

t fandf @ PO 8t spidic gMIRGRCIdPLINGI ng reaction at an
| Raet;L yaf; ﬂhgicto?gpﬁg ahHL8 TPYsRg..compared.  Typically,

the activation free energy increéases with nore
t BEPrimbh yrostasbloe aptmyiremindididéresiduet hods f or
det,&r.m ni ng ther nal ability will be apparent. to the
S %1% iggn grlogr}agg Jmino acﬁ or polar ﬁ/ydrophilic arning %Clrd residue
X' is a polar amino acid residue;

X*'" is an aromatic or basic amino acid residue;
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[0106] In sone enbodi nents, the inproved thernal
stability is separable fromother properties of the
whedsnesoct ase enzynes, while in other enbodi neet/Es2001e80125
thermal stability is also observed with another
I mproved property. In some enbodi nents, the
keg%neductases conpri se engi neered ketoreductases
Wt h 15 AibReTEHC eRernedid EsEET ity is derived fromthe 46
22 3 7} 125 Saccharonyces
::Agr eaggﬁgégﬁgﬁggﬂéglt%é%eadg?l%géég’l D NGO 2. In sone
ex3Uds mbpdephiliber salg hmeer 24 ksidoc;educt ase with
I gpgaved thermal stability retains about 20 % or nore
ot g Véwa}sltqowaelg}ng amrmcwgreﬂdé%et ment at tenperature
r%@'ipgnglg@migzmﬁ& 29GSR dyrs at pH 7. 0. By
conparison, the naturally occurring ketoreductase of
SKO”liDa MR arebhir amimndoyd Bside% of its activity after
i ncubation at 37C for 16 hrs at pH 7.0 and retains
[0108]e $:5 suthé ehbydimentsaX Piivart yrowlada rdsituob @t sshatmbodjments, X* is
tenper atures under the sanme conditions. [0107] In sone,.
tryptogh#ib dlmﬁeﬁlﬁsethH@l% thedetrgductiss capnEpei 88 ofTiofe conservative

i Ll canprises an amno acid

mutatgaﬁg%g%tggr %dgﬁ{ogg Ehé‘ﬁgl?‘;r% htS{oeMgtéQ I'D NO 2 and includes one
: fal | ow i i . ' .

105685 TBREon o 5B LAMR0PLASHILLLORT el ) i
compigstagianiimgadid sajuepdradoriesponiditg taSBY) MesiaiRand insiklcs Snddr more

acjdic amino acid residue; X46 is an aliphatic am no
of the fpllopving SpbRIEIIORSs | s an al i phatic amino acid residue;

X58 ;i g. an aliphatic amno acid; X60 is an hydroxyl

contailhing or small amino acid; x 63 is a hydrophobic

o aisdhatic amino acid; x 76 is a amno acid residue

4X. ﬁ)‘i s a hydroxyl containing am no acid residue;

X16 1°s”an al i phatic anino acid residue; X114 is a

snat |s ;am no aci d residue; X121 is a hydrophobic or

al i_phatic am no acid residue; X144 is a hydrophilic

oX'bmsV:,c amino acid residue X148 is a hydroxyl

C?S% ai\p‘i ng am no acid residue X158 is an aromatic

afnt nS acid residue X160 is a hydroxyl containing or

six@f s mmi no acid residue; X165 is a polar or acidic

ar}n('651g api d residue;

X is M;

X% iss;
XS T;
x"Mis G;

X" isTor M;
X" isR;

X" is T,
X"*is H;
X'is S:

X' i E;
X*"isRor H;
X**isH, R or G;
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X169 is a aliphatic or basic am no acid residue; X185
is an aromatic or aliphatic am no acid residue; X194
WO go0a/04mre©mat i ¢ ami no acid or pol ar hydrophi | i BCHIB2007/080125

acid residue X199 is a polar amno acid residue; X

214 is an aromatic or basic amno acid residue; 47 WO

2008/ 042876 PCT/ US2007/ 080125 X223 is an aromatic

ami nds8i d residue; x 234 is a polar hydrophilic amno

agid . dye;. Xx. 237 is a hydrophilic or small am no

agdldlégz%ﬁeo;rd’k 239 is a hydroxyl containing amno

aci’d is Esamtid@; X253 is an aliphatic am no acid

resi-due; and/or x 263 is a acidic or polar am no acid

r esi dﬁlgs [0108] In some enbodi ments, X63 is an

aromatic residue. In sone enbodi nents, X63 is .
[0110k 5 paraperabodimsnisoie cegipesdrhstiorsduetpss wigh Brrseyre themenal stability

i > i . ti
v ORI n OAEH% RS PR E KRUSn B8 By
embodinfeach the o deiesubsifiutiesy @d dsedrart eaeiot msesof\whd dmino acid

.. npraved thermal oSt abibi tMe: CHIPLISES AN .aM, N a6 d
positigisytiente: Cor Fespondi ng te< SEQ I DXNG2 ard i fcl-udes XoneX
X2, M RePewhOLin fE ahld 21 RYidEHORE SlBLihRRE ard{@1dcieds i &%& d

i D, Xdd 1's D i R xssluﬁslv; P €Y. ingligte
aboveis T; X63 is V, X7’6is M X103 is s; X106 is |;

X114 is G X121 is |l or M X144 is R
[0111] In some embodiments, the engineered ketoreductase with improved thermal stability

comprises one or more of the following substitutions as compared to SEQ ID NO:2: E44D,
146L, 155V, 156V, A60T, 163V, L76M,, G103S, L1061, D114G, L1211, Q144R, S148T,
N158H, Q223H, 1237G, 1237N, 1237R, S239T, and V253A.

[0112] As observed for the engineered ketoreductases with improved enzymatic activity,
various amino acid residue positions whose substitutions result in an engineered
ketoreductase with improved thermal stability are also found to cluster in certain segments of
the ketoreductase of SEQ ID NO:2, which allows targeted modifications. Substitutions
resulting in improved thermal stability overlap with those that occur in engineered enzymes
with improved enzymatic activity, although some do not. Accordingly, in some
embodiments, selected segments of the ketoreductase polypeptide may be subject to
modification to generate engineered ketoreductases with improved thermal stability. For the
reference sequence of SEQ ID NO:2, the segments affecting ketoreductase enzymatic activity
include, among others, those represented by amino acid residues 27 to 36, 40 to 65, 103 to
125, 144 to 169, 233 to 265, and 287 to 312. In some embodiments, the segments affecting
ketoreductase enzymatic activity include, among others, those represented by amino acid
residues 27-32, 60-65, 90-93, 120-125, 157-159, 208-211, and 293-306. One or more of the

amino acid residues in each segment or combination of segments may be modified.

[0113] In some embodiments, the corresponding amino acid sequences and positions for

substitutions comprise:
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X148 is T, X158 is H X160 is s; X165 is E X214 is R
or H X223 is H Ror G 48 WO 2008/ 042876
WEIBOEROO7/ 080125 X234 is Q x 237 is N, G RDUSI)N7/080125
X239 is T, and/or x 253 is A [0110] In sone
enbodi nents, the engi neered ketoreductase with
thermal, stability have substitutions in a

i S%; oved | ¢

sebsWiY ket EREDXm no aci d residues indicated above.

T F By B 6 'slr@f;‘é 5 ﬁﬂb 0 262663~ 65

sg‘gﬁﬁﬁ%ﬂ ?r%\égf%g%{:ur a Sgé:g{or zigrjgﬁo% t%Xe am no

aci' ULpos Mildis M@EX ' e DA " HEeX X60> X63> X76>

X103>. X106, X1145. X121>, X144 X148>.X158%,X223> X237 >

O AB YR Gy e SR e RSB IBR 2 dues f or

S HESKPHIIVHOM (B ESRh R Qe A8 ¥k 6 fp¢Re¥s K P ORWAS. ang

I n sone enbodi nents, the engineered ketoreductase wth

i X1 BRERA ROHETEWNK XD VIGKY NEO AN EX X&' or nore of

the followi ng substitutions as conpared to SEQ I D

N@h2ieileA4 DdicalebGlositibhd®M thd amiho ADIubsthimdvns. LB&Mconservative and

Gl03S,. L1061,. D114 L1211, Ql44R, S148T, 158H,
non-cwgﬁ,tlvaéwatw@wﬁhze r@%ém,th%@w%ﬁ indieatesls [ 0112]

As observed for the engineered ketoreductases with .
[0114] kppaeembedingatsi Be dopioyid propesin eiplsa egmpipatia of properties,

[ it - ; it ut ] = -
e BRI R OB MO ISR Wb,
the engimbicldikieyoraduetasd samprivend keraduutbewith @ combimition of improved
segnents of the ketoreductase of SEQ I D NO 2, which
enzynyg CHxEY pag Jeredchey meskbi K aving Banigqaqidprquence that
COI‘I‘GS#)&E(%J tblt {18 t;bﬂmre e‘ﬁge ere '@or&fu@ﬁké o S/E(\%Yﬁ rﬂl@.@ aWchliE udes one
ose that occur I'n engl neered enzymes th inprove
or moenmytaibnCsedartddviirdnyg; QAEt NOLRY A 156 8eQ tied H) 62214 Hc Qa1 4R NgR3AQ,
LN some enbodi nents, selected segnents of the
Q263Eet oreduct ase pol ypeptide may be subject to

nodi ficatjon to generate engi neered ketoreduct ases .
[0115)17 pomeppbRdienehticthrgneiaessy Ketprpdugtaic ORwrisese kgtpigdectase with a

g Ehfpbvedy vty dnfor SEOMRPhaViAL LS %cid that
Cornb@et %?Q%ug?é%e eﬁ%y?mt fvétyact Vit ym%‘{nncll%e, am)ngg1 sequenice td
correspbhidyr te thd Wdg eypeaspqesend e ytoartduntasaSEQ IDESORuasl iRdlude one or
more ?n%’tatidégs ge?ec?gd frg'r%:SNt48Y, V43L, K51E, 158V, E62Q, A73P, K79R, K152Q,
K169E, F1851, Q189H, G192D, H200L, D201G, K215E, K215M, K216R, D221V, S233C,

1237D, K250E, 1265V, L287R, K304R, Q310R, K311E, V312S, V312E.

[0116] It is to be understood that the engineered ketoreductases are not limited to those
identified directly by mutagenesis or other gene evolution techniques, but also include
variants or analogs of the improved engineered ketoreductase polypeptides. The term
“variant” or “analog” as used herein refers to polypeptides which are comprised of a segment
having ketoreductase activity, with or without retention of the improved property, and has
substantial identity to a portion of the engineered ketoreductase. In some embodiments,
analog polypeptides comprise a conservative amino acid substitution, or addition or deletion
of one or more amino acid residues with respect to the engineered sequence. Analogs
typically are at least an enzymatically active fragment and typically as long as the full-length

naturally-occurring reference polypeptide of SEQ ID NO:2 (e.g., 312 amino acid residues).
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125, 144 to 169, 233 to 265, and 287 to 312. In sone

enbodi nents, the segnents affecting ketoreductase
wenmgmeasie activity include, anong ot hers, thoBEI/US2007/080125

represented by am no acid residues 27-32, 60-65,

90-93, 120-125, 157-159, 208-211, and 293-306. One or

nmore of the amno acid residues in each segnent or

0117 ivinmemberiprenis dfaaptiant hgnaies piolr Frgacerpdlicrgiedygiase
polypgﬁe}%s ‘EEEPQO%aﬁg%taﬁ’en%ﬁﬁatfc%P% rgcc‘t 3% ?c}u%%gsg ﬁg@@%ﬁlde that has about

uences 1 ons
70% o’lrQnM@aﬂﬂl&Bd@dl it&ﬁﬁty?ﬂﬂ'dulﬂ&%(b}/rﬁl&@ hitfno X2d MKT)@J. HE)’EDM% or more

X4 SLX 3X44 46VX48ALX51 LP X56HX
aminaggsi o 4 Qg% Yo ORI E m%m%ent?ty, about 97% or more amino acid

identi B&&@W%M 2MRPAE g’den%gyff Sl 485 e Nn%%}(pﬁl%ntlty to
60VEDLX165RI LX169

a refel)éﬁae HRBAINDIBTIORBHEAQH hih RV PBBITHRSEIRGRABBRLA\OT BBSngineered
ket %%63 RX265; and X290HEPLRX296X297~~30 YGKYNX307AAX31
Cloreg8§'#5%312 wherein X' indicates positions of the am no

aci d subsé&%utioqg Bot h conserv t|v nd .
[0118], dih squpea megté, & B%f?rﬁ%l?eo%ll}?ﬁ]:? tgsg, i sﬁ]sected from the
amin, | We g‘nc%§ rdcitdil GRTasle 1[ gﬂlje%]:nn%[b %eﬁmgﬁéﬁ%g bfan Ififoved

property can e a conbi nation of properties,
ketorsluctasais SEQITWNEU3 Eh Ziysaticecndotlindntsy tlendiriantoremeldg of the

. the | stability. lL.n sone enbodi nents, he .
engingsie hedere e o0t fis can Comphaeo ey Ratigl sty skitoreductase
polyp¥ptide tRatGRSRBARDE 8D, & mbREMAME Heid SIAYIRE aB&itio7)4 ¥ @&E amino acid
i'nproved enzyne stability having a am no acid sequence

identityhabout O8%r erypeamdmineaditheloptitydor yhvat S¥Gieemease afinorrsid identity to
ct f
seo fENETERE! SRt e B A RIS R 3 ™'

4 14 ) 6 0115
(01 19]2%61881%3%‘%?13"%%8%&%? ﬁ&‘? éfld?l@lfm&? 5&@“86‘1‘1%?%%%@3(3 ID
NO:3 ket Br SR dtd) tie vé%ﬁﬂbbrnﬁltalo%fbf@ﬁe éﬂﬁl{e@i/e%q(e?d?gd/tﬂ?ase

activity and/ or Stabl|lté having an amno acid
polypeifi¢e narecanzrise acnrosgoaly actozetmearvductaw yplypeigigdhas das about

0Of the ketore Y D NGO 2 and inclu on o

95.5% i B0 PTG ERBE B eP O s Phioh i e Mo o

more EOAQ ach3Batit/GRbolB2Qor #beOdminbh8Rlide B BEGIBND:316 or an
H200L, D201G K215E, K215 K216R, D221V, S233C,

enzymapigglty amd@gmfz‘e@ﬁﬁEQi@ )3kB04R, B10R, K311E,
V312S, V312E. [0116] is to be understood that the

[0120)e rz%glioti@e ceanletyorsdince a@glsn@raaf anomplavieil ketdrmeduatiseseSEQ 1D
identified.ditect]l enesi s .0or ot her gene

N3l o st das Vst SRR e e e gprase

polyp@ftidle@8sn &mprite ah AL ANAEaRD @étﬁ%q{eﬁﬂediﬁtdgé pOYBERRR that has about
/polypeptldes The term "variant" or "anal 0g" as used

95.5% el api¢ angine peididenyisl. pe 7 deer mpicEMinge acid ddaptiiys abouwO8%o or
more ST identity, or about 99% or more amino acid identity to SEQ ID NO:318 or an

enzymatically active fragment of SEQ ID NO:318.

[0121] Another exemplary reference sequence of an improved ketorreductase is SEQ ID
NO:376. In some embodiments, the variant or analog of the engineered ketoreductase
polypeptides can comprise an enzymatically active ketoreductase polypeptide that has about

95.5% or more amino acid identity, about 97% or more amino acid identity, about 98% or
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havi ng ketoreductase activity, with or w thout
retention of the inproved property, and has

w@dpsasré al i dentity to a portion of the engi PEFUSIN0T/080125
ket oreductase. In sonme enbodi nents, anal og
pol ypepti des conprise a conservative am no acid
substitution, or addition or deletion of one or nore

more almwcakndantrrt@s@rohbegt W% Br MespEBIno EeididentiEn il HIEQABINO:376 or an
enzyn‘?a%%y Ive %Ln%g (I) ve ﬁﬁ%é ¥7gre at | east an

enz |ca ra nment and typically as |long as

[0122] II? §/f u‘%)l?rpia%cp %Fntg,a%%%n@%@f gh Ol%l%gor\;eldg%?rregc{ﬂ Lase %ei’lplaeptldes can be
deleteﬁ&§ @St po BB AIRNBIDA2 BT &6 2007 D8Q32 here[nOEfeH to a

In some enbodi nents, the variant or anal og of the
polypeniisicribeihes ak amgiocigrpinakand/gs spihosptieranaal dalstien iy wbercahe

remalﬁﬁ?ﬁqﬁﬁ% ?&h %w%ﬁére 1\%%(}6@3%% (ﬁgl%ac %%Spoglg ﬁ%%%gttlog%m tﬁggwence
Fragnwhtsrmhe)eafrleﬁﬁ lacingind deids lony, at&@a@uzo &ﬁﬁincarcurmmg, alghd160 amino
id |dent|t about 95% or nore anjno . acid jdentity

acids [ lopesh, gnd i e Qi S50 O3 aSRLL #9d F2hitthosdl lghth
naturen@!:cg: ﬁ‘g’e%%eﬁﬁécﬂlc{agg%lg?%ptld%rof @E@‘ﬂ) R@% or nore am no

tity to rence englneered ket or educt ase

0230 SR TBARS 5% v, R PATBRLAL D EDBLISRCAAn

cellularehetiemcer @ogireearegioke fomstuch as Bysatss 6@1&@1@&6 ghrdpagitions. As
the am no_ acid sequences recited in Table 1. An

such, gy some apPodimeRss e BnRrayerbider ceyctays epapRe i an isolated
polypt fRr q‘ﬂg qgrﬁ?ﬁsdléte§§@gbg%thg BKrs tb B Ré%&%@ﬂr rkhﬁstantlally

e variant or analo the engi uctase
separgsed frpmpith@‘@sntaamnammmw sguralhy am*nmpaﬂy tad. gy patdin vlqnds and

k tor ase e de t about 95.5%o0
polyniSr @R The B s Pl PEia i e IpesE D ETian LG Risifgd from
their ﬂa@tﬁrﬂﬂﬂr B&‘curﬁf?@éﬁvu%%r@eﬁf o BbRosA0h BRtAR '(éj% ! H@é@ Eéﬁ Mr inQlitro

about” 99% or nore amno acid identity

synth¢3)314, or an enzymatically active fragnent of SEQ I D
NO 314. [0119] Anot her exenplary reference sequence of
[0124]ahn some evbadikehss the chod}ttatmlpreveﬁ%tdraiucb&@ﬁiﬁypdpnds e

substqg@@@? Iggrgg)tp é)gptlcgeovar | a{‘glfoag ggq%ng %H%ciﬁl e po 3?pre]ge)t1de refers

to a c@rﬁﬁé@i@dﬂ waltivh ’Eh%tﬁol’ﬁ)eﬁt@deoipﬁggﬁsaﬁ@pl@%lﬂﬁﬁﬁtt dpd&ic PRbent (i.c., on
has about 95.5%or nore amno acid identity, about

a mol@7onverightrsis s noradivadandhn any, otlaﬂmmm@a%mcromomular species

) am no .aci.d entit or .a t,,99%.0r, nore ann a id,.

in the Ay s EE A ost s SR RGP MRis B phel Ehgpicct

specidsicagipeiiés #fcatEBoliD N6 rddif of IR IRQorbiet g s g@éﬁ@;ﬂ]@ﬂe@éﬁ% by mole or
u

ref erence sequence of an inproved ketorreductase is
% weigh) Generplly, 3 38bstaniialp ﬁﬁreém@m%qs@ sompetiqray il hgpmpstse about 60

% or 1%8%' Q&u?%%ho‘? S9! NRGH 4'6?#%‘} ﬁta)?)% P&hkgpgﬁ&h 98%, or more,
I'se 1'call'y é uc

an ehzyna ive ke ore

and alﬁtﬁit 98%mrlrﬁt&e o alt nﬁﬁﬁm&ﬁéﬂlﬂlar sPeci@Yoyomo kWi €6 &righe p@sérd in the
identity, about 97% or nmgre amino .acid identit about
compegtgiy In’spEcembier Hpe bt ithe QRiest sRICes inpurafisship cowviiglhomaesneity

(ie., M AAn &k 'sﬂec'lééec'aﬁﬁé%etdgte@é@ﬂ {:ﬁeNQm'ﬁ)gtlQﬁ b$Qonventional detection

methods) wherein the composition consists essentially of a single macromolecular species.
Solvent species, small molecules (<500 Daltons), and elemental ion species are not

considered macromolecular species.
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enzymatically active fragnent of SEQ I D NO 318. [0121]
Anot her exenpl ary reference sequence of an inproved
whewsnssduct ase is SEQ 1D NO 376. I n sone enbpdi/mns200%080125

the variant or anal og of the engi neered ketoreductase

pol ypepti des can conprise an enzymatically active

ket oreduct ase pol ypeptide that has about 95.5% or

mbrde aRPhdueleptifics daseding Engheered Eetareduciasese ani no aci d

identity, about 98% or 51 WD 2008/ 042876
[0125IpETANILE PP T8 BB esanb fisclapirg dravddas nobewmelcotydes sncedies the

enginZitdh Reo PTG R EE The b Qupity Nghh2nypg3one o

more hfteﬁa@(ﬁ‘@ue [’ég@daltd’f@ REGuenSBGhR TbAtrelf gchb exprogicie dreate a recombinant

ket or educt ase polypeptldes can be deleted to generate
polynpeeatpsieisapile ot agnessing therplypediigs - xREYRIAR CO%%rua@ égntaining a

|
heterd']%o%'s Bof- {r%]a%it deQni g?%ﬂr?g tﬁz&%@g%?glt%g ?{E]ﬁ%eglﬂ@%eﬁa%nl be 1ntr%duced into
apmbphﬁeéoﬂheﬂskﬁnaﬁmsﬁ@canﬁﬂmndmg&ﬁ&ﬁﬂh@ﬂ@@pobpﬂﬂﬁmIThahnn
“heterpfo(gtﬁﬂgrﬁ ;%gﬁ?%g g I grls Eoggtlfyt é_ojylgﬁz:lqggtdg a&@ c'egﬂ'nto a host cell
by laﬂo?eﬁ&ty tg&ln?cfﬂeﬁl odn@%cq!&iels %B&nuél%oﬁcfe@%ﬁat akd @Hﬂo%{i frfnl Afost cell
long or longer, and up to 70% 80% 90% 95% 98% and

subje@@bsodabarhiery mkhiphketign.fand tlzan e ailtioguesdgutora gt cell.

ket or educt ase pol ypeptide of SEQ ID NO 2. [0123] The
[0126] Beramsedf ktetknpethdgt af theendynsasrnespondmepo dwevirions diino aids,

- M LN B T R
encodﬁl{geﬂﬁé'é C]b& NShe ﬁégen%f‘é@? of {2 RRAR &ABOTHAFE HcSande rét?mno acids are
mproved ket or educt ase enzyne can be an isol ated
encodpd» by ppmnatite orBiyeotyenans thdwisad lews poleypeptly dee nehberofingcleic
S, subst an ated .from

acids fy ROPERERH oSt Slodei® P& kForeug Rl A e ikga herein.

Thus, Ma@ing identific® b YasticaRE amRR) deibsdq@ide d@Sse skileedtiB kKB art could make
‘enbr aces pol ypepti des whi ch have been renoved or

any nyub¢riaf dfferersmuciekredcidsriat simalyl podiBang hersgquanos elormeentmore

codongyn QWH{)?%%%I% Rgg ’(c)h%ea‘mel n@ﬁ%d%&h{em@é’ ?fhtﬂe iﬂ*ott{ug t Ien dthlS

regard, mlﬁHlﬁVﬁdt dstlonedysdcitaly raoﬂltymppﬂtesdﬁch sndbevery p0551ble Vanatlon of
substantially %ure pol ypepti de conposition.
polynuglgeftdes Hhat 5q>q19 Bm,age Bws@s@tﬁ){g eabipgtiogs Based @néhe p0551ble codon

choic&? H@Péﬂ LcBR atifiMRiaE o ﬁ%ecoﬁﬁh%ﬁg& gﬁécﬁgcﬁﬁg? %%c%%ed Rrkhe

pfedom nant speci es present a nolar or
polypewtidghtischasd beretn, ireludbngethakomcaatid sdy@on@nprastited in Table 1.
i ndi vi dual nacronol ecul ar species in the

[0127]C DivpR¢ ErbBeYimeARthe polyanetatidey cacaliiystha Réﬂoﬁidluytases enzymes may
urifjed conp03|t|on when the object spec
be co myged fof optamal pradustion mnb@,eé@morngmqrﬁ éelected for expression.

1", |
The té@ce?a @&th%d %@Fe%ént?)ftgﬁf%é G0 heR6dom cﬁ }eolgﬁd@éogllag encoding a

a subst pure ketore
proteia dorhose pictarentiallly vsadhijora etiabaitrgGHsmo Buahcthaat thabowted piatein is

0 0
efﬁm@%]%rgg{;ree 21(1) %ed%ga%%% Q 11@@@@%?8&%@2&@ g%}egtc) rcgde 18 tchegenelrate n
that n{Bﬁﬁa&Qﬁ{B |28y R e BREGHEBLP VBRI Boddhs, alEd GRhoRBSERM 1N
e
“synonymous” codons, it is well known that codon usage by particular organisms is

nonrandom and biased towards particular codon triplets. This codon usage bias may be higher

in reference to a given gene, genes of common function or ancestral origin, highly expressed
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conmposition. In sone enbodi nents, the object species
is purified to essential honbgeneity (i.e.,
w@Evsamsn@nt speci es cannot be detected in thePCT/US2007/080125
conmposition by conventional detection nethods)
wherein the conposition consists essentially of a
single macronol ecul ar species. Solvent species, snal
proteigpy&sul lew qorBOBMbEN RIOIFES, andhidic apeReHe ATot¢in godipa Eggans of an

e onsi dered macronol ecul ar species. 52 WO
Organ%bssékg’&ﬁ%?e PCT/ US2007/ 080125 6.3 Pol ynucl eot i des

Encodi ng .Engi neer.ed, Ket oreduct ases [ 0125] .l n .anot her
[0128]agglggetrfn%t RI‘eeg (¢} e erﬂptla}a CP6§H$ c%cfog\}{s%%egbllls codons refers

intercR@1 ¢ aBIG k@ eddotle thae Beadbd &t Hifteer fiRq@dneeen 8k prelelr ®diHptragions than
enzynmes. The pol ynucl eoti des nmay be operatively linked
other gedayp ghap eodenfir thehsame patinyenid Teqypickard\codenpupmc s deteratined in
.contr . e ' t rec [ PR
o 305 SGF £ SERRRRC LGRS A R RPG ran i
expre$¢p pess| o codmsireqiehsy maht agdregute protdiet@iing agioms of the whole
polynéfleotide encodi ng the engineered,ketgr?dugtase
organisih CpePn fequspaiciddhe PREBCEAPRIPEHT FOLHRE Frgians @efqlafed grganisms, or
com e D N B AP P gL yprossion
are typohneetiredtcodenstthatxprsssiont r oduced i nto a host cell by
| aboratory techni ques, and includes pol ynucl eoti des
[0129] Batarktyeof rasthuérart koowa fdrakterm@lihg thesobprefit@dntv(e.g., codon
| abor at ory mani pul ati on, and éhen reintroduced into a
usageps&ytive synonyMens 6pdaBasagR é16 FO4WDIRISERCR Hyepificiopganisms,

1nclucf§1\%ﬂﬂ§cg%ﬁ?{ ‘ﬁ);l%??ﬁhfog gxaMﬁIﬂE ,h%lﬁ(%ﬁtfeﬂﬁégéeisa&@%lﬂ %é g&ggs%ondence analysis,

=

rotein se
and thetefiertiypt nuombeo of eddons necdpolaygrue [seoGHe S odagabfeecnoé, Genetics

encadi ng t.he suhject. Th genera .the genetj.c '
CompgliastofRyaronia TaEFeea b Geiods Paier Cahtsoapes By igha:
McIn@h&£INet 1968, Bioi#tRARYITUS 7200 REnfo| @UE, BI4EXLEISIFRANdS Res.

| arge nunber of nucleic acids to be nade, all of
222437 Weglgolde 19Mk GenpBovedMet or educt ase enzynes

di scl osed herein. Thus, having identified a
[0130]p &lotloc usage tabidsnoe acilkdbedoue posying hasd ogdanlshsdsderfot &rample,

art could make any nupper .of different nuclej cids .
Wadayg als; %?W@ﬁ%ﬁ%g’@%@d e <Gl &@b@ 1\%!0{- Aids Res.
28:298000R8 ct M. 3u¥RY Hoh R RndPRACIAL FISRARARI NRi A0 B EIME.” 1996,

sequence of the protein. In this regard, the present

Neidhgidicdtab dide., yp&t Pfase. AV hshingien Bripl pt2947646h. dhddetespyree for

. possi bl e variation of ol.ynucl eot i des that could be ..
obtaiiEsdty SsiRn 15 ey RAVIH S Sat Pt BBl g igaing fora
proteif0dBBse daRDicEEifcluadBudéit a&kl%&aﬂéﬂ&ésﬁichﬁﬂ? kab®n t®elBde expressed

consi dered specifically disclosed for any pol ypeptide
proteig$ &g 0P pfe Peqtpin coAiprsaIurgcIsHeDahichpreasl de@syeriseedSTS), or

. ; i 7 i S, & .
R N L
Sequeey and € ekROMn AN, Ghapdr § 0ColdSptiARHapiod dlabbiatity Pre3snCold

. the host organism sel ected for expression. The term . .
Spring ElgeRow Npti 02 ebiberpasher.d o, k%?én@j@@OﬁﬁEﬂw%&féf@o%h Tiwari
et al.,tlb%,@AnW.Cllfp%‘?tBiQ&i eﬁ%'-f‘ﬂ)?a protein to those

erentially a

pref used in a particular organi smsuch that
[0131]t Ii'l? V&S %ﬁl%oﬁlrn&)etn%, the! cddons are preferably selected to fit the host cell in

which the protein is being produced. For example, preferred codons used in bacteria are used

to express the gene in bacteria; preferred codons used in yeast are used for expression in
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efficiently expressed in the organi smof interest.
Al t hough the genetic code is degenerate in that nost
W@Rimo42:cé ds are represented by several codonspCT/abioet080125
"synonyns" or "synonynous" codons, it is well known
that codon usage by particular organisnms is nonrandom
and bi ased towards particular codon triplets. This
yeast; a6 releisedyeodonagscddly Msarpdly psruseq forcapispapiea mymgalian cells.

i O T

expref3oh W32 @077/ KB 0f2bvisp endodefthe netusally doowrringkytonedueese of
proteins, and the aggregate protein codlng regi ons of
S“CCthPmJ@F@%WW% genone. [0128] The terns "preferred,

‘optimal," or "high codon usage bias" codons refers
[0132]; m @?r@wae@b@bnyn&smlbw@ﬁ%n@qﬁiatot be eeplpsed taepthnigh e codon usage

of theflgeg)ons fa%eé snncle ﬁe ggtﬁtta? %Jhu&?c%' Wé Jo rﬁ@ ﬁl(rftfg%gi coﬁBHsee{nd because

at co € sane am

use offyirefeatd ecddade m&mysndfray rdy@irdé f@ranh angido amd réspduak i @bnfte@iuently,
codon usage in a single gene, et of genes of commmo
Codonf %}&%Wtﬁw t5ogfss engp gg;he 1&?{?&%@ CHEHRS MPhePEny BF?ferred

codo a?%b%‘?ﬁd‘y | Bod,NE0RTRS: éa?ér'?ha‘i@bwg E&%hg)&m%s of the

organi sm co equency In t e aggdregate
ﬁﬂlbpgmnmdmgaqﬂomg regi ons of related or gani sns,
conbi nati ons thereof. Codons whose frequency |ncreases

[0133 Wil thetehebodan@its, diic Feneickopt &saicoding afeccnigitRiefdlketoreductases are
opti mal] codons for expression. [0129] A variety of i
deﬂver?eff% QLA ENAETEY P94 @#@Wnﬁh@%@m&%@ﬁmﬁﬂﬁa pelyaycleotides

encod(rr%tﬂ g%ﬁé’é? 52l etade§ 'a%@elé‘é}eﬁ%fb%‘m?@i% 1R6R01s, U@aQ@)zl 23,

erence I'n specific organisns, incl
25, 27qﬂ9131\1384333,3an339 i 43, 415,047 dé2anplSe, Si.J§7m'g9 6[1;@,66 67 69 71 73,

75. TR0 3o SLO L S St 1E05elE. 088 d 16043 115 117

119, 18adorpnes epencey 18N8I €55, 199MPYL &1, GOURSW AL QNS 131, 153,
Package; CodonW John Peden, 'University of Nottingham

155, 961 hek A6y, 163, 1@, 168989, Bl loilAd.ol7dal 776 472.4:837 D837 385, 187, 189,

o1 G IIE o219, S0 35 305 251 9, B8 2200381 4 oo

227, 329bP S 235 233v2471, abd ez4ﬁoz43a2@5 ozmnzng RSt, 16, pssgasvszrss 261,
(see for exa Nucl ei ¢

263, %52672@6%12ﬂ1n2131§75 hZeYIZa%HPr 3815t28él 285 2&?}(5289I\%%H 293%39@5297
29, B T 0L 80Py AL RS, 5900, 1 355

335, 3 389@841 ,3481 341, 34 Eds19, 39°1$MSRr36§$357\1\8591,|369t3168,5);1&2365.p.
2047-2066. The data source for obt ai ni ng codon usage

[0134]TEYicd onrﬁllale@ﬂ&esae\ﬁ@bdl&hb @or@éb@bﬁ’dlhg §61 BEAIHRH ﬁ@r&;@ﬂt@@ b? the
of co for a grotel n. These data sets include

aminqyagdd &qq@ela-‘@s bstseguénled. whichavarg dunsdivysublesiensde £. coli codon
optlrn%ﬁ %3?31%90/@%@?&5]’ eé%ﬁe { edigegted%ﬂp le%lﬁ'?@t{ %Ekﬂé@.\leg%gk&l@)ed herein.

o B AL LD L SRS L0 o
80% &ema@eﬁ@abe/ﬁbﬁmyqékgm £5%%r nfedé Sbq@Bfdendertay, RBOut 90% or more

Laboratory Press
sequence identity, about 95% or more sequence identity, about 98% or more sequence

identity, or 99% or more sequence identity at the nucleotide level to a reference
polynucleotide encoding an engineered ketoreductase with improved enzymatic properties or

a fragment of an engineered ketoreductase with improved properties. In some embodiments,
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Spring Harbor, N. Y., 2001; Uberbacher, E. C, 1996,
Met hods Enzynol . 266:259-28 1; Tiwari et al., 1997,
W@op08287Appl . Biosci. 13:263-270). [0131] | n REr/US2087/080125
enbodi nents, the codons are preferably selected to fit
the host cell in which the protein is being produced.
For exanple, preferred codons used in bacteria are
the refpsenge pplynaglpetidsss sejectedfiam nelpaicleatidascapenaeeFapgesented by SED

1D NG § 186 T USI08 T 080125 *Youer v and oy el dred. 25 57

59, 61c 68.081s 60.s€ 7il )77 3yaf)TEl, 5928 1e 88.5%d 8f7,089 9)1(,09369SJ PN IPN101, 103, 105,

i cel ma of exanpl e he
107, {1 PhacReokisabon 1 EHETT B RS I3 TRk bash Baabis. 137,139, 141,
143, 198t 1 4% 786 1f59f1536>19f el%si' P4, 1181 B63C P43, ’16"7’U1t690mef1?@,31%, 177,

encodés t’he haturally occurring ketoreductase’o
179, 184 c t83ar 8iyIBEs 1 8% 1 81, 198akR5, 101,32, 201, 283.t205n207, 209, 211, 213,

215, 300 T JE0 e, Bhuan uihgs | af>Uhe: fck o b 2Lba 4836249,

251, 25*36255&2917 @'593@&1%69926\54 247, QQ@WIS@}JQ?S %7’792*793999%3 285,
bécause use of preferred codons nay not be

287, 2rS§qZﬁ‘1r 883.f256, 297, 29%1 394, &3, d05.617d3 s 31C&1§ﬁbLﬁeﬁﬂ73ﬁl9 321,
323, T o P LS B R L B0 Bl OB R A Bl l851, 353, 355,357,

359, 30843, 4098650% 60% 70% 80% or greater than 90% of
codon positions of the full |length coding region.

[0136] @a%ﬂm AL IBcRRDAE hIEAL S cottR@nBl ¥ RHChBRhdtR8By active

encodi ng the engi neeréd ketoreductases are derived '
ketordduotascSaidhykridinge eides éﬁfémdmoaéltrpddi, sg@hn@ modﬁr@t@kmtrmgent or highly
rent t he | ynuc des
sring G SBRUIPRY o e PR AL BLE RS cofPEE b Sties storeductase
enzynNCSY. thd presdnf dicl&ure IThedshrase29tringddnt h9Brididdtion3 3s used, he&_fn to refer
39, 41, 43, 45, 47, 49, 51, 53, 55, 57, 59, 61

to cor@lg,tlong 'pndegg)vhlqllnuc}gc acn;lglych}s arg gtab@l Aséglov&ggo tlg);se og gklll in the

ot gty PRty s e dhryniuidBont i hdpr iy hdd 1o

generdl3the staBility b8 hylrdkdis alfddctich4d, 1otiék?cngﬂ149:mph5a1turelﬁm content, and

the pr%ss)esi;lce %fglaot%%?}c aé%%s ”1111%7},, % t?es %gé) ynlffﬁptl:(liiﬁg@n lcurated using
knowﬁ- %?ethojdg ?or &Qﬁctlﬁelt@g $em1%1)??ture% g&e & % %l??al%%ﬁ)b et %i]- 5M efbdls
Enzynﬂﬂ@gy ]2643176 122[Z§,, BZ)ZtEl;l cal7 19@2;9%@ 5\2]th 2A884. 26 EJSA24B7 1392)59

Brességif etfggﬁbgég r002 7tl /écégg Sczé%&é[ %ég%z@s? Eé;gr et 51;81986 Proc.

Natl. 3% S&Q&SA £993789377; m&zelsétlal Blothemis 23%4037%% Bechlik et al.,
3, 325, 327, 329, 331 335, 337, 341

1990 g\h@lez@A@ds Bas] 8:64019- 6431@3(%1»@@31, 198K Nugg-qc A@ggResgb)_[698§5%ambrook
4] nJdhes {
et ol Qe E st bor ) BLpe R A YA PERlRe Ly PP T e provwn o

al. ed@()l b. 683%931 cesadeingd Bdsy; Bnd Wt@ud, .1 99 i @y fmrmo&h@m MeDBiol
y subjecting. the E coli codon opt|n1zed
26: 22§a¥é8h ér”dmli’élé@l% [IncqERfEate et eredicydhe evol uti on
t echni ques descri bed herein. [0135] In other
[0137)e ﬁ@@@naﬂﬁrhybrldtzn@orprﬂaytmla&mrﬂ@@eé ungrricgrditions of lower

stringgnc Polfl% 8tb|ycxi)§aséhésho Vapyellr\l/ge bf’ﬁk%néher stringency. Typically, reference to

“hybridization stringency” relates to such washing conditions. The term “moderately
stringent hybridization” refers to conditions that permit target-DNA to bind a complementary

nucleic acid that has about 60% identity, preferably about 75% identity, about 85% identity to
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80% or nore sequence identity, about 85% or nore
sequence identity, about 90% or nore sequence
w0 d@anisye about 95% or nore sequence identityPCHDS2007/080125
98% or nore sequence identity, or 99% or nore
sequence identity at the nucleotide level to a
reference pol ynucl eoti de encodi ng an engl neer ed

the tafgst BN u@tlh&réaw than plait 80"éﬂdd@tﬁzty ma‘tar&etwp paeleptids. dixemglary

model i B ke o P O SR At AT RL SRUE R Bl B RY Rmamice

5% Ddﬁﬁﬂt‘bﬁﬂﬁﬂﬂd G883PB, 0.291eSD e het22ac dolpolgdivcivediinglia 0.3<SSPE, 0.2%
3‘543 ted from pol ynucl eoti de sequences represented by
SDS, tD NOS: 15, 17, 19, 21, 23, 25, 27, 29, 31, 33,
37, 39, 41, 43, 45, 47, 49, 51, 53, 55, 57, 59,
[0138]6 jF he @egm glggh Q;r;mge@gy hyl]_rldwqglon’f 5eferp'geanglly @]_congglong glat are about

10°C o Boym g e AR S 5 SRR s iy

condifSorl B 2 ldFindBRoldhicleotilld Sequitdde. Th4dme bADodihtehts, 1 hih shﬁ'fgency
157, 159, 161, 163, 165 67, 169, 171, 173, 175

condltiqrgrefqyg ﬁ_o co_pgigloni g@t pq_rgn;’[ hyt ghzailgli of 95 th0_|_sg g;luc fg-/am s@guences

that f(%gllsta‘tﬁg ﬁyb §n Og)g%M %ggk at%%ac (%% 31f a Iééo id 21%%3? Sé%)%egmz%(;)[ 18M

NaCl 24&5° C21¢5V11121¢’r7be gd8le un@S higP88ngcdbH corbfions2 &OconRdplated herein).
. 3, 265, 267, 26 271, 3, 275 7 279, . 281, 3,

High égggencg ggn(%@%l@s cagg)f pr%\ggedz %(gbexa%lfz E% é@brl%%ﬁlong%gon itidns

equiva®mt to 30% foRAImid@13x D3aRart' Sdtutionl $x SS90 B25DS §21§°C followed

325, 327, 329, 331, 333, 335, 337, 339, 341, 343 45,
by waghing i182.9 x SSBH., and®)3] % $EXS atISIC. O3B higedringssy hﬁbf@ﬂl%@ﬂ

condifth Ry HTnT R GERETTEN BB R SRR AL RR O TG DRSS

aboveunder defi ned condltlons such as noderately stringent

or highly stringent conditions to the conpl enent of
[013912 AAEGSI&12E %o%ﬁ&@btﬁﬁ: e"ﬁ@odﬁﬁ? b ﬁﬁﬁ@de&%t@e@g&%%ﬁpeptlde may be

enzynme of "th resent diclosure. The phrase "stringent
maniptwated ihi azmrletmd waysus et visr fer exressioafadithe padyeaptidet Mangpulation
of the 1%oq%%ﬁ%\é\@y81ﬁc1%q%%leﬁm]%ﬁ ?Q[ 1|1;r§ 1ns%ﬁ?n 111?(?,@ rV§$t§fbf?l% E?/ d%s?ragfg%mecessary
dependitigrdndfic bSpre@idneecef. The tdaBnigees foPgholl gq)atyﬂnaeéﬁrde@ hnd

of the hybrids. In general, the stabi ﬁ of a hybrid
nuclejcgicig aeqmﬂcr:&)wﬂtﬁng TSRO PINAHJINA roeihprrade me kngywin the art.

n of; r e

Gulda%,eg% 18%(2&8&?1%2(0) y%ﬁﬁgr %(g)tll gg&?gc{l{ 8}1191 glﬁt? b%rcgy} ‘Manual,
3" Edugioig Spkmg)ﬂﬁrme&dﬁtoprreps‘ edd Cuirrgt Hﬁit&ddllgzn Molecular Biology,

erat ures (see, Bal di no et _aJ Met hods
AusuhtfirzTPp 561> SsenE A3 7@&80?171% BIPfﬂléﬁtS t92006.1962, Proc.
Natl Acad. Sci. USA 48: 1390 Bressl auer et al.
[0140]1 G fermy sentralaenuenag zid defpgd hogzin g3 ingBle 2 @ompoens, eyhich are

neces q%r L e ailn?lggcfus %lgl ocﬂg%ésll a%%lg%ibdggﬁgg %@&%&ﬁ%‘?’o@ te. Each

contr@lsequendOR@y b&ldathiel & fé&hgiﬁto Iﬂ&SmﬂdBelﬁ 488 séghitBed ﬁfcb&ﬁng e
1991, Nucl eic Acids Res ); Sambrook et
polyp%m}b%eaﬁuclsa@ggol gqugnees 111@3@6 bwrﬁr@)evfelvraﬁ%ﬁ% %ieaé‘?rop%lgadenylaﬂon

sequeh@é B{;bé)gﬂt'idéc dcBkre '}ﬁém@%? %V\%}lg?{)/\eptﬁlle seqd%ﬂée hnd HQnscrl t10n

Aca em C 'Press; 1991, Cri
termnBlt(urc Rera dvimimBmothe control sequences include a promoter, and transcr1pt10nal and

translational stop signals. The control sequences may be provided with linkers for the
purpose of introducing specific restriction sites facilitating ligation of the control sequences

with the coding region of the nucleic acid sequence encoding a polypeptide.
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26:227-259. Al publications incorporate herein by
reference). [0137] Generally, hybridization reactions
wae@spesior ned under conditions of | ower striPQEOS3007/080125
foll owed by washes of varying but higher stringency.
Typically, reference to "hybridization stringency”

relates to such washing conditions. The term
[0141} hha éarax @pgrablt linkegeistdehped herpasiasanfigepeersingghich a control
e SRRAL R8T hodBORRIAEN L Bl e orne DA
sequehetesuch that thereeheobdetycmbdirtety b axgention yi a pblgtiicl&iide and/or

identity to 56 WD 2008/ 042876 PCT/ US2007/080125 the
polypepfid§et DNA; with greater than about 90%identity to

t ar get - pol ynucl eoti de. Exenplary noderately stringent
[014210 dl lhé CONtEN SCEICaCTHAY PE P ABPTERiA AaTcamter s§qrssei dhe aprometer

i e e

codin@¥gjiomt TI{EQ;ﬁomb&i Saduef[dftﬁcdn&ﬁﬂiﬁ trehisgﬁptﬁinﬁl sugantyequences, which
-hy@ﬁldlzatlon refers generally to conditions that are
mediatghgexpreponel the ge YP?Rﬂﬂet H"életpﬁ%p%l[ may P p%nuclelc acid sequence

whichf s%gg@ %ﬁ%@tlgnal%c@ﬁtﬂﬁ ﬁ‘é s@ edi 17'12% ccliflQudifh Whitah truncated,

condition for a define ynuc de sequénce. 1n
and hglwreprenoouts, med sy b dbtaglh’edsﬂrmm rgersceycodnpditticolulnedrantacellular

tlons that perm [ at i of only those
polypﬁmfe PO dAL léf‘gemhgaﬁ bl 5B e hybri ds 11

ad at - hbrd s not stable
[0143§ Obe%N%l hﬂﬁeFl?Sathé?@ prpfnomrﬂ} for drectine t%étnaﬁl?réloaﬁ)é die nucleic

acid CEIP%ﬂl ?StJf't §oht aﬁglgkﬁrb qgélud@fhe 6}58&%' %Jttﬁﬁle(?ﬁé;lﬁltﬁg E. colilac

stringency conditions can e provi
operoexﬁrqpﬂtc&uycbyccbqhbodod agaticqrene (dagdnokddii Mmsmbelqullevaisen’aset gene

% f 1 de, har t | ut SSPE, 0. 2%
(sacBY 4 s Tk B m?f%n%}a%réfﬁe%%? Fﬁl%‘@}@n%%@@ St magis
maltoSéic %yﬁ@@geng(ﬁ'ﬁﬂll\/b BhriBhs dn‘ibg Wfa!l%blﬁ bhhgatdy®lle gene (amyQ),

condi ti ons, as noderat stringent
Bacillyg hdfvetnly’onszs pamellhi@@@ getse@cnhy, Bh@llueﬂé»ﬂém seld @idedB genes, and

o B S 00k PR BRI HEL RO, AR NeRH B8 B 75

3727873 B, M ¢IBAthe bu Y Soted (IDél@(ydr@Ealf qn983exz%@szsmpnc@f SENEIS4 80:
ol ypepti de. Nhnkfulatlon of the jsal ated

21 255&%@@@@1@%% ceribed i {dsafiqupteing dronhregombipgpt kacteria” in
Scien cyA}%grzgagas |1§§(P|2§2 94192@&1?&51%}1 a%ler&P%%?L,@g cf%n t he
tor hé

Xpression vec ni-ques fylng

o SR B O USSP AR P

the nuSbi€laAE CorsSrupts @Y ﬂﬁﬁﬁ‘edeﬁt cﬁ@d’[@sfu@@ﬁlcﬁfde Ptomotél@btained from the
Mol ecul ar Cl oning: A Laboratory Manual 3rd Ed., Cold

genes dpi 4L  FilnoozaeabdK At %smglasm BBigomuend n@affwﬂ SHRATIEY PIOEIRIISE,

i . p
dper kAR N B G DH5RI feeSft o BERES B
Aspergala:@ el osngegtﬂes awmdﬁfgllua:eﬁiml;alase(grlnﬁt)oRhﬂoinuciﬁ michei hpase,

nponent s ch are necessary or . advantageoqus for

Aspergﬁ@s ekiBre %@al&lﬁ IEfPteésep dIREs & 6@/26¥ triqse PReswaalR isomerase,
Aspergﬂﬁ& nRBWIAS acé@ﬁiﬂiase and Fusarium oxysporum trypsin-like protease (WO

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

and mutant, truncated, and hybrid promoters thereof.
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control sequence may be native or foreign to the
nucl ei ¢ aci d sequence encodi ng the polypeptide. Such
W@ sHes76equences i ncl ude, but are not |i m teRCT/US2087/080125
| eader, polyadenyl ation sequence, propeptide
sequence, promoter, signal peptide sequence, and
transcription termnator. At a mninmum the contro
[0145]s &y gprse Bostritsk v eromqiers wan be fropihe genpsder $asehanan carrgrevisiae

enola% (%ﬂﬁ%@‘? o ar(?;h)%l%l %ieng aﬂé@ﬁkﬁﬂg% {(gzlélé B Sttt XY

cerevdsmzferadnd)hol d@yé@gemafse/glycemtdehpdd ®phedphete dehgdrbgdmbd (FUDH2/GAP),
ligation of the c rol, sequences h the coding
and SgechugGes %’%%Wﬁ%g @ﬁ*espéegbrg%ré@d%%e b%ﬁeﬁa paomoters for yeast

host CFH’A YReRId-H8d b? Y{o\QQngQQtSJI O‘f'@7 e dyggf4sg§ﬁ?7/ 080125

141] The tefrm "operably 11 nke i ned herein as
[0146]a T%rg gglj}t%gtr gtfldeg&i \égﬂb %Q a%ulgésinlné frg%sc?éﬁ&ﬁ%ﬂﬁﬁl {o§ tS%cglence, a

sequeﬁcwlnea@grﬁ;e:qu@mcl&)soéell tbeetﬁhlé\ate senueeiptien. sTishtetrhimbtor Bequence is
trol quence, dir ression of  a

ts the ex
Operablafﬂ 6 Foefg‘P PdEaiHYS 6$ the py¢ 91&@(5{40 gauencp sacndinghe pahyprjde. Any
termu?a%’rlme}? 1srfﬁ§fct§)‘:r‘1ala1ﬂ tﬂ@ﬂ&s@ 9511 @f oﬁ)creqﬂ%f 6 usef %%???Sﬁlytﬂiﬁvennon.

pronoter sequence” Is a nucleic d sequenc

[0147]I %8¥ g}?a é %?%B%ﬁtr&%%%%tfo% Herrﬁﬁ[itoﬁ(f%? ??&%Jtle%:’t]or%lgffuﬁéé? host cells

quence con
can bé 61&511316& ﬁptn tha gbnascfﬁnt Agje@lﬁzﬂmﬁw@smm aﬁiﬂylamﬂs;&t@lmmiger

expression of t po ptide. The pronoter may an
glucomgha@q dspgrediug éeﬁeyécﬁﬂé é¥1ﬁWﬂ1]@F? YRS %ﬁ@%&% (96 ﬁkpﬁ
glucoﬁ&ééevéﬁdy sBrzw?l‘gp 2%% zitrg%llgksﬁfhk% PhtESKel ncl udi ng mutant,

trun cate onoters, and may be obtalned

oras EQTLAERPR GRAL A8 X1 RAGELUL AT Ol LTRSS es o

es eit ogous heter ogous

Sacchhﬁﬁﬁyc@ﬁl:érevz[sz@& éﬁc}laé%@Sad@a@ﬁdMﬂcai cdr@gtia€ e}tb@hroﬁiﬂ it @ @1), and
pronoters for directing transcriptjon the nucleic
Sacchgm'wce@?@f?w@f glyaﬁra%dﬁéquﬁ’%@éﬁﬁphaﬁesd@hb%reg@aw rethgtieseie

terrmr%rt ?nyst%l%tadeﬂsgre e%ﬁﬁeﬁ% Ron%bb ei% 6119%3%511%)21(-” Il us

ces coell col or aga ase gene

[0149]5 %% Iclorllt ol S u%rnlg’ ul%ﬁgﬁl%o %E P %ultegb‘cfg?ea%ér se@ Ce'nlceruS ranslated region

ase gene

of an ﬁﬂ(@@& (ﬂidﬂ QJ 1mhhhtlf§r trﬁ]iﬁ]latt@g@yl the H(b’@] téseTigelaeder aﬂy[Mlce is
aci | lus amyl ol i quef aci ens al p nyl ase gene

operaﬁaémkp@go th: éh’féﬁmﬁlé? ff the paelpici alqdi Sﬁﬂ‘é@ca éﬁ@derrgethppc%pepnde
Any lgﬁﬁt H@né%ﬁ% Sl ! c@ll?y : a_ %gﬂ—abr O?efd. efoernplary

eta act anmase gene
leaderalfor ﬁmﬁlEBmuPﬁmgal Ndat telldaadobtSaed frof8Ahd Benes 30i24spdikdlliks) aryzae

TAKéglaglér asmrll t he uss@%{t m)t ?%G%EG@%StrgS%eotmq%%spt |$é1%§§1’e leaders for

yeast REQRRN LIS o@tra?nquﬁ)% ’thlgeg@nésnfor S"z%c%fhb'}onﬂ)’c%t ErBssiké Qtfﬁlase (ENO-1),
reconbi nant bacteria” 1n Scientifi¢ American, 198

Sacchadntés gezr;evzaznd 3inhoSholghysotatedtinasic, chcé@rpmces[@lt@&]lad:dpha-

fil ous fungal .host, cel l sui t abl r ters for
factoryui RO PRES T Earoer feoh o s el B0l 3-Prbphate
ddnmﬁ@gﬁh&&@mgﬂlﬂjgﬁya present disclosure include pronoters

obtained fromthe genes for Aspergillus oryzae TAKA

(0150 PTRE 8§Rrol B ZRBUSKAY afth BRGIpoRBRA I tonREQi&k 8858 quence operably
linked to the 3' terminus of the nucleic acid sequence and which, when transcribed, is
recognized by the host cell as a signal to add polyadenosine residues to transcribed mRNA.

Any polyadenylation sequence which is functional in the host cell of choice may be used in
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Aspergil lus niger neutral al pha-anyl ase, Aspergillus

ni ger acid stable al pha-anyl ase, Aspergillus niger or
WESWs/gsré us awanori gl ucoanyl ase (gl aA), Rhi zPOTITS2007/080125

m ehei |ipase, Aspergillus oryzae al kaline protease,

Aspergillus oryzae triose phosphate isonerase,

Aspergi |l lus ni dul ans acetam dase, and Fusari um

the pr@s@ysmﬁmmnt rExsIDHY PREVageiasias scquansesder Dlmgmous fggal host
cells é’?ﬁlbl F‘% Nézf{ hﬁspel)%ﬁm ??Zaé %@_’Apﬁﬁl agé A npgfgzllus niger

pr orm er S er gi
glucoﬂﬁyﬂfaﬁe& |4 spdrghibs at‘twcas anﬂ]mdn]A&mhgiaké w&smm aeysmeSEypsm-like

proteaﬁg ga%idgfla 6@@#{%2&%@%@&@@& acnoggigye{,\%? gf@é@pgp g%%y atlonasgguences for
yeast k&t H%Qﬁé&%@%@@ dlglaﬂﬁ]shé&a% Y&RShsd) %E’BZH%%% -5990.

prormters can rom the genes forf Saccharonyces

o1 354 S LR D o SRS EB A
ammcdz&:h\d/ sisrqﬂgmaﬁﬁé@ toythe malictefeydieus of ppelspémide and directs the encoded
( ADH2/ GAP) and _S aronygc

dehydr o enase acc
polypelér%‘«} 5%0%* Spﬂ%@?m @PW@VatT Begi w&sog thqusi@‘rg $9B¢ne of the
Omanogﬁezltcg gfayXI?l?_egégnztlyr@é%g?Eg géﬁ&lg; E geecct{iﬁﬂlgbr%?lomﬁaturally linked
in trarstation atadsrenianc vithetlye sgswnbef the sedihgbdggort tthatrmn:odqstth@mcreted
ter 'n or se e, equence recogni zed
polypiEidE. o R aTe 3 pufareBe B ey B s P Sighal peptide
d %ge&mq@t il Qb AR b dlrgiegebntce. TThefodeigh SToMhiINieptiQd cd
< ln%uc ei c algl %re%gquence er?gggl r111g t he poelﬁ(%pepgt[)ﬂll(rjbgé ' C i
reglort @ﬂmbﬁ saqurredribere the coding sdquarde dogs ndfenahuelly emitdin @fSlgnal peptide
dinS 0|1 ce may be used in the present invention. [0147]
COCInE 0exan'pl e, exenplary transcription term nat or s for
[0152]{ :ég‘faegte@ﬁtgglgfs %1{3 lf%@tggrsgg%sai BI%)%I{}IF 3399%1@3 mn bme 1?31%?] repliace the natural
51gna SIS bddl&%;regiogﬁﬁ ordHr US QAAY J:@s%@retlﬁﬁ Bﬁﬂﬂ'ﬂollﬁ)% f'dléj WidRSver, any
' hrani | at e synt hase, Aspergillus niger R
51gnalgiept1@@ paftiseregiomdvIFals direaisihe xypieered rpptyrpyptyimntq tke secretory
m nat gr s for yeast host

B RF § 3 el OF Silic TN By Pl b i RRALRg

S har onyces cerevi.si ae .eno) ase, char
(0153, St %%ﬂai @E{?PBH’élgée%@%l %a%?f gl ce R e i signal peptide
codln%%g%/dssdb@fﬁnélil Y6h &1% é%%@é/ ie B%czlll%‘ MBaltl%ﬂ ﬁﬁ%@%&ﬁ!@ﬂﬁ?ﬁse,
her useful termmnators for yeast host cells are

Baczlldest@mddeaﬂmbyhl%mmi@sar@xlml Bgcill@olchegijpms sx[bmlim} Ba¢i8us

equence y, al so rtable |le
icher Rt mels R AR St Ber P T G ol AR QP TP
nprM), AR Blahis §uprilk pars| Rirten s@ﬁal@@ﬁtﬂ[@%&e &&ttibedTieSindadeand
u%ence is operably linked to the 5 term nus of the
Palvap 3e%CFQé406R§‘e€1DéIQQé38ncodl ng the pol ypeptide. Any
| eader sequence that is functional in the host cell of
[0154]c Hiﬁecfévqﬂgznatb eemtd@cwdiagefegibm fpr filepaaérs fingal hpdt aehbntaols the

signal gERA pqtf Bt oGy BBl ARR B ety BRU LIRS PPFEETAKA amylase
Asper?il% 202 nbibthDSyRRe, s&b@tgezmswg@rgwaam%@é FiRnliRBARY Hei

yeast host cells are obtained from the genes for
aspartSppietearast/denicelariesplais selldpss, arbHyumiola junuginosa lipase.

nuclefla!

[0155] Useful signal peptides for yeast host cells can be from the genes for Saccharomyces
cerevisiae alpha-factor and Saccharomyces cerevisiae invertase. Other useful signal peptide

coding regions are described by Romanos et al., 1992, supra.
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Saccharonyces cerevi si ae 3-phosphogl ycerate ki nase,
Sacchar onyces cerevi si ae al pha- factor, and
w@awslasosyces cerevi si ae al cohol PCT/US2007/080125
dehydr ogenase/ gl ycer al dehyde- 3 - phosphat e
dehydr ogenase (ADH2/ GAP). [0150] The control sequence
may al so be a pol yadenyl ati on sequence, a sequence )
[0156]o JaE syl spqueReRIMey akﬁge 3'Prenephfneading rogipa thgtc,qoe%for an amino

acid s@(i%egce:;ﬁ g(ﬂ%ﬁ ?ﬁg ﬁﬁfécf !%gg}’xlt&? Bk g@l&?%k{ge%he r Hltant polypeptide is

knowpas ¥ pﬂaen@;snmer prepolgtpgside dortdr @mmgreh tre @bmﬂ}%es) Anyropolypeptide is
Bé yadeny %gtlo sequence whi ch is.fun t|on in the
generglgginagtpiciangcag e, P@B’eﬁtﬁ‘; I maRIEY athe@Q | DB HROT
7
o R O e B0y AL A0 TRIATRAR in
reglommlay $c obfairled flfmothetgl&aesqbngsczflm su(lxszbe akj;ahlhajlsrotm;ez(aprE) Bacillus

S TA | ase, n . L
s S T G P e AT s e By R RPB o gy g miche
aspart@XMrORMMN b WA RopArkS a b ?%@laoﬁ@@(\ﬁ@pﬁw gbys

ni ger al pha- qu005|dase pol yadenyl ati on

| .

0157 R R B R st aétan?ﬁééf‘?ﬁ%. DL gy fyminus of
a polyphptido therpmd)pq)edelmguxm Ivpysitbswl est @ the gmalo tpephiidef a polypeptide

codi n on.that codes for a am no acid uence
and (e B SFE O R RS DGR POk e 4T pas aiﬁg.ﬁ’aopepﬂde
regiofli rects the encoded pol ypeptide into the cel

secretory pathway. The 5 end of the coding sequence
15 ﬁ@falgggglh ShiGbReY g%& RAUENS o0 nd Ih\%fcﬁtag $uy BB R of
the extpramsh af ﬂmrpoimﬁmdﬁgrefaltiam thie tghow the f ﬂ&glmshtelbeXahmles of

codi n ion th encod t he secr tide.
rogul 5 S ST G oS R o LSO B e b A oty or offn
respoﬁ?s%% dicReical @y sipRtikARus, fRAIING, the gl RthdchAh rég'illatory

foreign to the Coding uence. The foreign signal

comppept ilderdatiotyg hostggilsmun'ggle tmulra@qsteq;@nvﬁmn@udeﬁ@e lac tac, and

codi ng sequence ot turally contain.a
p or g SR g 1 YO esr PR RS TR samples,
the ADPR&GBMSIrgnal. 1 PRidnh B Gladich@us agi §° ) Ruii@c fglRdty sequences
| ace the natural nal peptide coding region in

mclud@rtgeifAtKeA alphmeelase emq%@nAmerglﬂes pisey pepedradase promoter, and
|de codi ng regi on which
Asperg?r 30 ?)ézu§ gﬁ%oa p#l

e ex ypeptlde into the secretory
ost of chai c

orsoD P RefisSaf fegﬁla‘fq%i%%fncééfaée FolaXuf aliS ol fng Bhptification.

In eul@@;%ti@@yﬁt@ﬁb anssefifdludadt aftiyatofblattre@@itdss gah& whieh islagipaiFied in
pepti de codi ng regi ons obtained fromthe genes for

the presgart plgethorexaic 8ad theanetaliehioaciampness whichpag ﬁmphyfé,ed with heavy

SRS SLAPROL, oL BS80S ot o

preseiit@iéentiag anhsle: opdedily liniscdstyigathetrb@inaopichusicaeut r al
proteases (nprT, nprS, nprM, and Bacillus subtilis

[01601PThds, ifrbifidth@TasdBNRE pRed UeRsAEes ASS girtdd@boyreSMBINSH
and Palva, 1993, Mcrobiol Rev 57: 109-137.

expression vector comprising a polynucleotide encoding an improved ketoreductase

polypeptide or a variant thereof, and one or more expression regulating regions such as a

promoter and a terminator, a replication origin, etc., depending on the type of hosts into

which they are to be introduced. The various nucleic acid and control sequences described
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[0154] Effective signal peptide coding regions for
filamentous fungal host cells can be the signa
w@epsiogs7€odi ng regi ons obtai ned fromthe geneBCT/U82007/080125
Aspergillus oryzae TAKA anyl ase, Aspergillus niger
neutral anylase, Aspergillus niger glucoanylase,
Rhi zomucor m ehei aspartic proteinase, Hum col a
abovej rﬁ@obfewgleéé@gqﬁhl%éeproalﬁae HATPBBINAN BIRSPIABYECPT Whish may include
one o{)&%?eséony?rﬁgﬂ{ rg%%%ﬁ sﬂ@ g)ga{éﬁg\?fgﬁr %g%ﬁﬁioté rs%‘é\?sﬁéutl‘i)ﬁl lf & leic
amds&h&haa&anﬂm@thmﬂﬂﬁathaaﬂnuheﬁe$e&bxnanaarﬂnMemkmsand
usef ul nal pep t|de coding regions are .
sequea@‘sqfrr tp%glazsw FQB ngnaélt cAxpresy 1n§q$p%t ST acid sequence or
a nucl%@oa%{cpcdog'@tz@ct %h@ﬁg Ql?c/ s%ﬁ@élr%é 1nt[) gljf g@é g Se QIQ@LB{ f?)lr expression.
sequence may al Sso bé a opeptid g region t Q
In cregtogethe ppressmoravacho, tha coding eqpuern@fels pasicdiio ttedvcator Sd)r that the
am no tern nu ol ype tide. The resultant
Codm%sr%a?ﬁr GueE Yok RS p@re&m%ﬁfa SPGB JPepPraEon-
gen in sone cases). A propolypeptide jis
l01611g éf He r%ﬂo maﬁae?fnr@%warr&ﬁ@aﬁwzf&eaaﬁ VEY PR & G RIasRd gF yirus),
Whlchaﬁa'h'b\é%o{?@é é?l ts'u ReRY (SR g@&%ﬂﬁﬂaﬁt A @Hééﬁﬁﬁa%%héf Eéu‘fbrmg about
eavage O ropepti rom-t e propol ypeptid
the exphassipn oﬁ&ptpo@eluckedild‘ﬁgsequﬂgsleo Theralyoibeoiohe aecneldwﬂk t(ymca]hye depend
genes rotea

on theéé)éagaltlhglrty gBﬁtE]% He&gr %ﬁﬁ{ﬂ#e;thossb&htlg&‘@ﬁ(sﬁ H}eﬁjec or is to%e 121troduced

The ve@6&MRIYOBRGRSr §€¢16HTIrRElarpRAAEact or, Rhi zomucor
m ehei ° aspartic proteinase, and Nycellophthora

t b
[ONQE?EEEF@%%%?r%%ﬁ%n ropeptﬁ%e re rels ar%v¥$§£§%ngQnm¢hm
existstak @n @rtravhrdressvnrall sntctﬁr tha rqphicytpepdfivdech tshedq@emrlrelpbf de

regi on i 0Si tione t to the am no, term nus .of
Chronk?é?@ﬁlerﬁf)f% on.£.2 ¢ R 5@} ﬁ%,extﬁ%\g{qrﬁ%sop@belsweptsa rmmchrornosorne

or an R@Ficlal GNSFhobeHE. The %l@or@ﬁ&{‘&n"tﬁﬁ Hh}'ﬂﬂl%a&ffoﬁ Ruring self -replication.
propeptide region. [0158] It may al so be desirabl P
Alterraid@relwe@la Vattor yag be Qefnwésh whemintratiiceed infodhe b@s@ celt, |1samtegrated

the e SS| tide tiv t he
ino 5 espbt o PR foblhet N fRERb e i b i el Ben
integrét¢d! EUBh@HRrd, QSR IMICENY of USRI BEWDXRTRSGS vestoRfor tplmids which
gene to be turned on or off in response to a chem ca

togetb@r cwﬁylgrth%rotaé Oy It Be intiedpepdiintg thaecnomesefifbehest cell, or a
edconpound. I n prokaryotic host cells,
Ummpog%ﬁkg%e regulatory sequences i nclude the lac, tac,
era St ens east host
o163 e B e RIeP o TSy SR PR daerePRY ety ane or more
selectfBMi2n s, &FRieH pe@‘ﬂu chsP YSERIGN off FrahdfbmmERINdeas S AfsdR@iable marker is
suitabl e regul atory sequences include the TAKA

a gengythsipgodiet plaxiich pervides for iggide o viral seshitense. ighisienemphaaey

N e s

the d8 gam@rfﬁms Bactiflut hosidis ohBatilla lzﬁWni}’@fng,&menarkers which confer
nplification I n, eukaryotic syste t.hese inc| ude
antlb%%rearsmaer efca|aé@epwél&aclfaaéeygl@neﬂowmpéﬁmpel (Erprpleilaqr

tetrac%églneQF%est &S gﬂﬁ@ol@tnaﬂ?etrgﬁ)tr gﬁﬁ%@hgst c@lﬁﬁda %ﬁ% 2, HI 3, LEU2, LYS2,

I onei'n genes, are anpl | heavy
MET3, TRP1, and URA3.

[0164] Selectable markers for use in a filamentous fungal host cell include, but are not

limited to, amdS (acetamidase), argB (ornithine carbamoyltransferase), bar (phosphinothricin
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metals. In these cases, the nucleic acid sequence
encodi ng the KRED pol ypeptide of the present

w0 noosfsison woul d be operably Iinked with the rPQUSL007/480125
sequence. [0160] Thus, in another aspect, the present
di sclosure is also directed to a reconbi nant
expressi on vector conprising a polynucl eoti de encodi ng

acetylfansfeggpavienh (kzgorugincrhesehotisasiprspk N@P @irage wedpstased. pyrG
(orotlaslgg-ﬁqgﬁmgﬁﬁg r(ig%gl%oqc&lag% §c %%igfa?ﬁsaﬁldgﬁgltrﬁﬁﬁwflg%; elﬂlglatfp@ ga%ﬁﬁ‘amlate
synth@e), @b wvelles equlvﬁlem rigbrévd. ®mboldeményptor abe Mast Sspietdilbus cell include

h t h t d. Th [
the arll) GnearAOLSAEY O NLOUACS HOSEr MBI e S B 008zt pene of
re £ 25 b b dt th t
St p£%%%%§%ggyé@%%éblnaﬁtogipp223|gn1822$or 3ﬁ$cheaayo
[0165] ﬂfﬁ% légfresrs%lhn Segléotrlmo?{] t%g %9 rgt%\ge{ﬁtt?ﬁ gisetf&]]gﬁl&ﬁgﬂtﬁﬁ{c% eecleﬁlgnt(s) that

permigGh@gReigh ef e Voo iite thetHost q@dilsydeapint deadbn@ticds rsplﬁce,aon of the
tern tively nucl eic acid sequence

y t he
Vectorpmé% laﬁgtzﬂne@upgtwna@ee%? @é@éﬁl%ynﬁor{e%L%t Re/l gspome, the
Vectofg%ﬁ féllg Io%gﬂet ugfeséé%dag ﬁeq@t@cgfeg@%tﬁh%%% lﬁ?ﬁgﬁ%@% a{: Cotthe elernent
of theexptioe fwitmagration of thatviectgr inethe gpn@ss by homeligons OItIfaxahomologous
n@)odln sequence is located in the vector so that the
reco - sequence is operably linked with the

ropriate control sequences for expression., [0161]
l0166hﬁ§teﬁ@€8%' RERKPIERIRTLEA BN AYRNEHN A lions 8\%%1619@811‘10“?‘1“6“065 for

directén%g?teeggaéﬁgﬁibgﬁmngl ny fercHﬁ’l Inatlwln?@g%%gn&ﬁe gP@%%%&%ﬁ' Yhe

recorbl nant procedures and can bring
additialhxach lmuClethwidesegumss arabef the hect@abybe umbgrateiddﬁtosbﬂh@m cdl genorne

hoj.ce of the vector will typically end
ot 2 DREORR T 1] SrgovgRs(on T itfersrahe BidlTRER of irifkoston ata
prems@@éc‘éﬁoﬁ hBe Hﬁégr&[onalselkﬁiel}?@ shalfld §6ly codaf VQFHAES fiB¥ber of
| inear or closed circular plasm ds. [0162] The

nudﬁ@xpnb3$mba89@bunh)mﬁyﬁ@eamnapﬁﬁmbwmdﬁﬂy)&%QOQbaﬁm&g&andem

vectar., i a vect or, .t hat ists as an . .
preferyls,<90e LAOQY hie kv ryeh Pl FralEl ith i copreponding
targetisBgleRpen@ethatde the prodaBISENEH hohfildotdtdcdmbititiOn. The integrational

pl asm d, an extrachronosomal el enent, a
clemepfsrnshbossrcnce dhat grhomalpgaus veth thaegrssetrenceringhe genome of

r t r
the ho\é?{,:e%llo F C?‘IE otﬁé ﬂlt%}? é(gl%.g eﬁt;? ’n’?aﬁrﬁ% ﬂvoggetng?dln or %ncodlng
nuclei@l’aeld\/d&q@dncem therdth@cﬂluﬁ@dhe Wobortrhey boistegeatd intd fhe genome of

i nt egrat ed o the genone and replicated together
the hayj g4l sho %ﬂﬁgwwmbwwnm ch it has been

|ntegrated Furthernore, a single vector or plasmd or
[0167) \Rer gtoraspeusyerlicrien.dhe ¥ masiufheepmarisg ap eigin of replication

enab LY 36 ol ooy 1E ALK ST bRl 1R RTRAT

bacterldl@rigkprof sqlioatioreat o1 SAforlt (Iae sh:tfvﬁsmﬁhe plaviait o fanG. 5) or the origins
referably contains one sel ect abl e, nark
of rep@,ﬁ

Fteom q:f@#%frtld%%”s?e PRt P&AQVC&%@@M} Maynideap ghe PAl SA ori), or
pACYS@i 8@&; o tﬁ %h@z&w&en 88 réﬁ ’@% 1RO %Jl@tl IS’f AY\(%OC Br %AM.beta.l

provi I OCI or vi ra TESI st ance, resi st an
permittmghreplvoation in Bacillus. Examples of origins of rephcatlon for use in a yeast host
cell are the 2 micron origin of replication, ARS1, ARS4, the combination of ARSI and

CEN3, and the combination of ARS4 and CEN6. The origin of replication may be one

63



netal s, prototrophy to auxotrophs, and the I|ike.
Exanpl es of bacterial selectable markers are the dal

wW@emwsd4X8reom Baci |  us subtilis or Bacillus PCT/US2007/080125
licheniforms, or markers, which confer antibiotic
resi stance such as anpicillin, kananycin,

chl oranpheni col (Exanple 1) or tetracycline
having a gpuatmcshicksgakebit's f\mmmg tergperylazesscnpibie i iehgstgel (see,

eg., Egheql%é t1 gté?s:%’mé‘ﬁ’gﬁ Acla?l §g'l USM%-ESI43§ P1, and URA3. [0164]

ers for use in i | ament ous funga

h el d
o1} SRde Sk By Sy mRt e ﬁfﬁﬁ?%ne%?ﬂhﬁaw%fﬁéﬁ PP ey be
insert&Bintd HBASRTIN @b ek @k pro@dctith oFIRSEOR HBdduct. An increase in the copy
PCT/ US2007/ 080125 acetyltransferase) hph (hygromycin
numbgyrefShhoedlein g¢id seguence N QO ipechlpYeint Qe ie)ast qugradyitional
cony 3 boHnt it B BSRRA Gt L BBk Bl el o
mark@%em{)vithahie gl adié @écﬁlehdfeewb@é celﬁtﬁmmﬂmrﬁgl ampfified cgaesi of the

Asperglllus cel | |nclude t he yr G genes
Selectgl?qe Rasesr geng: gad Hegrhyadditional xopies @?F euglcp?f@%%se&%anqeh%an e
eI 3908 b S SR SRR LB ey,
[0169]3 g)ga[nglroqit X %X%%egsg%ﬁtvggt% fﬁaﬁse iR %e r'é?eg'} &gg@fo%t a{rg @orgfne}waﬁly
avallalb&p | Sugtablie @omdierdiblecx prBsion Wecttﬁrshﬁtﬂudkﬁ;bijLﬂ@ﬂﬂ% empregsﬁon

genone. For |ntegrat|on Lnto the host celgﬂgenone

VectO&Srf@m §&%ﬁldm} ChepyCadin St HowR Mk whigk ingludsya &AM ¥ promoter and
hGH @6612 9@&)1{] &tk ¥§§'Q§sﬁcg1 P%%n%ﬂyhefﬁt HEF s GHE EéBR@&2 toﬁgm of

or integration o e vector into t
rephch:tyodmdninqgalIm ©@ristancthoakesgfousmplifdaanb imAt ¢odin. Ot[_ha*]ﬁﬁ]able

expregbqtﬂe{q%g)ﬁl%d\{reel liletélf;]]ielp S@}ﬂSi o;gﬂg Zé\t/l%pfﬁa%l al(r:gg(%rﬁlhgrmally available
from StedtEENRL 1 AB1IPY AN gﬂapbsag@uﬁ WHOPHRIRALdOforh HBR 32P€Gibco BRL),
genorre of the host cell. The additional nucleic acid

pUC EabeeBBES p&ddL pCERE (Immtltogr:n)tqy pelyi (hiathgreatled I8t Genen®/:193-
201), host cell genone at a precise location(s) in the
chronnsone(s) To increase the |ikelihood of
t egr ocation, the integrationa

emen?L0 ﬁ%‘&tfaf Ef‘ %gggo'&]gf %tBWfi‘é‘ft?lsezf; OéﬂfePP&? Sent nunber

ﬁ ucl ei c ach such as 100 to 10, 000 base Palrs
101700 PR BETAPEHANG e3B! BDBIOBHE BYANGs hoahep pgtprising a
polynﬁél@(ﬁtﬁfeae*ﬂkydﬂ?\?gn ¥%&Qe@9&or@é§&as@ﬁ‘§o[@egﬂﬁg &fhth@‘gl%sait Qﬁlcbbsure the
honol ogous e correspondi ng rget seguence
polynedhtarﬁedoetﬂg@mmlhalyl linkeg ta)d‘)ndmrmd)re gomtsolrseqmmmsrfat ﬁxmessmn of
e.inte ratlon enc

the kg Pouisist B ithe nf T DR PR BE R0l RRAREE FistiRED

polyp@llﬁtldeﬁ Bcdaes by ‘ﬁﬁ:l dxprdsbibh REEHRIOE thd ﬂi@se’nﬂin@gﬂitﬁlnl 20kl known in
enments nmay be non-encodi ng or encodin nucl eic acid

the aré@qiueeﬂ@é@:,but@ﬁe nefdinpitdseto, bastrial edlls, seebre . el Syepromyces and
at ed t en
Salmone la %gmnizurzu% Sé:llrsé[gugl Icneiai IS(I)lgh as[ }z)efgtﬁeﬂgge S‘ cg?%;rr%i ces
cerevz(sf@d@blr (Pfdfdz@ﬁast&ﬁlﬁ(m @Alccémion NG, LOET789R Ii\im’ettsc%llﬁmdhrais @rBsophila
replicatlon
S2 and Spodo%tera S19 cells; animal cells such as CHO, COS, BHK, 293, and Bowes
melanoma cells; and plant cells. Appropriate culture mediums and growth conditions for the

above-described host cells are well known in the art.
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enabling the vector to replicate autononously in the
host cell in question. Exanples of bacterial origins
wobosepsreat i on are P15A on (as shown in the pPeEOBIOTDHS0125
FIG 5) or the origins of replication of plasmds
pBR322 pUCL19, pACYCL1l77 (which plasm d has the P15A
) or pACYCl84 permtting replication in E coli,
[017 llanﬁ’a yweiiqt@ies é@l@m%ﬁwﬁ%@ keggre MS%@% be intpnshuged Wfneglls by
t I n
Varlolfsqﬁ+th§cgstlin§gznf1g rﬂ%ﬁa?é *érjlcﬁgl eas X uﬁ g 51111% §le&¥%eoraztlon,
biolistit pﬁmlledfohg)lafdn&fnt rlqpha;maMedmtedA{%Ssﬂ:ptldkRSdlplutrﬂ]ehlorlde
conbi nation RS 1 and CEN3, and the corrb nat on of,
transfoqon, afpr 9o MAGOHS @Fthroéi)%félgf‘?d&ﬁm&év Waclspadesanto
cellsml?e%ﬁ_agﬂ%%ﬁe BGIAH54007/ 080125 having a nutation

kes it's functioning tenperature-sensitive in

[0172] &I d&%ﬁl lagﬁggstggﬁ is @g?ergihéﬁg@i W@ﬁ‘o a% ﬁ%s%ng%g ﬁg%ﬂ%ﬂl? 1. The
expresit Wiceoracis draaegugnsperaivelylmkiprges poiimuaboside leﬁxrbdll'ffg/arbﬁlproved
i nserted int th(? host cell to i ncwga(i ductl on of
ketorqdygtagsinto the @&a@e Pl 1 Gr00opsrtivelyd Es)pf@ Hurpptegpnder
contrd1/0¢ tl{é%kleﬂegre%'r drge Qiiﬁé’s%ﬁ)nqg@top &ls0 Q&%ﬁ&@&’ tﬂ%yP 1 Sﬁ origin of

Integratin | east ‘one additional copy o
replicstegpuamnicbe cluibmmﬁhlenlholstswtehde gpanoellocontaining ctlha,mbjug,t an

amplifi.abl e se rker gene wi t.h the nu
polynfPendeif raredhurd Wat | Ches iralften By bt tabedisgp o
Chlor@ﬁpﬁeﬁﬁolﬁcggﬁabl e marker gene, and thereby additional

copi es of the nucleic acid sequence, can be selected

fgrs by l\)féﬁlédsvoqﬂdeﬂgr EF% Eﬁgle E?redi FSIOE%}IR{?@@ 99@?6}?{96““5

appropriate selecta _
r [
01736 R EAR A6 RREDY pot ARl GO RERTRDAINE B scnt
dlscloemp[ ths aammlkyemﬁcmﬁlgl keadredletypd E]Ezty/ﬁﬁ'l’ddﬁ'tl\daeﬂjmree #®i roduction reaction
vectors gma- Al drich_Chem ca oui s
is Obt%ﬁ?‘{:ﬁ ﬁﬂn{%f@égmacweﬁwﬁml% poTgH gm @mew» %@émr pelypypleotide

sequeﬁéet 8 cb®n (ﬁ%ﬁﬁl%@dsﬂo%héﬂbe@ Frcedib2Br e T(Etoi;&ilul:tﬁséaﬁda $Pecified host
R322 origi replication and anpicil

cell. Ae 8 slhatr@t@m&rdm@ltilqnolyamplleoﬁquu@me |enco@ng:tchb iwildayhe KRED

polypSied i eSS Ll B e birerE SrbyudlER i iigon igiacs
comp&ea@tfag el cotiddd Bhica ugem tlﬂﬂﬁml%@‘% iGN RREINMESyces
BRL co BRL REP4,

fro BR322 (G bco
cerevzg@&gl@lp rsoqqen@q:;@dé) a@allq@mnﬁf(nbanlhéatébasal( P_(19379; @hr20079).
7 0 r
The p%e{l %afé%lﬁg cgflgsoéldg Sfx%/pep |dé%eéllw[sfff{1 Cﬁ%n anot ragzggdon ?ptlmlzed for

expreidftﬁl inrE sefanditcboasoptipizl pdsaudehtitkiclarldlinte alps/ilsdsigng
pol ynucl eoti de encaodi n roved ket oreductase,

sites Offélll%/?i‘é)ﬁ?sﬁl@é VEELOF, ngl%lrlgg%?dea}cge@ 1p&ilged). plyeing the expression of the
ketoré%kﬁéﬁwgén% Ahbdend %rﬁﬂ)l 8PRIaLd I%h%tér faﬂif 13%1 &%ré&@& he MPhE

contror sequences Tor expres Ion O uctase
expremymetor nlsolventaost tioeP 1 SA blosit of eéﬁllsatﬂcﬁr andgie thdoramphenicol

. r essi t he KRED S _enco
rosistgiep SRS | AN S B ﬁeiﬂ? rctPB A ok NaHdO ey identifcd
and tHERWES deBuenced to confirm their identity. The sequence designated ydIC (SEQ ID

NO: 1) was the parent sequence utilized as the starting point for all experiments and library

construction of engineered ketoreductases evolved from the S. cerevisiae ketoreductase.
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the art and include but are not limted to, bacteri al
cells, such as E. coli, Streptonyces and Sal nonella

wo yhiomsré um cel | s; fungal cells, such as yeaspPCT/®51087/080125
(e.g., Saccharomyces cerevisiae or Pichia pastoris
(ATCC Accession No. 201178)); insect cells such as
Drosophila S2 and Spodoptera Sf9 cells; animal cells

[0174]5 TR caginesseyl ketosdugpies carlbe obiniedbyisubicqrisr dhmpalyausiqosicde
encodﬂ%dt W? hgt@%arll Iedtclc%ﬁls A%@{OQ ugﬁgg grylétta éngcs:l??lg&/gpﬁlégc?gd evo, utlon
rnethcﬁls e Anadxkmishoydiredted dhve haion. tecﬁrﬂndﬂ@ 12 OBOARB 7 d/or DNA shufﬂmg

a5 degih-bRTETGT. [PAb 766 SfEtset Seot g 087 Gl 95190625
WO 9‘7%d7§ WO 97’/@5965“57&7@@‘8@%0 KReVab/AJksY hWCgMNSJ@FM'@'SePat

i ncl ude anong of hers, el ectroporation lolistic
6537ﬁé61KEMEdbeabécdﬁmmmlmbc@bmﬁnhMWadbau&windadsﬁammgwﬂmm

hl fect d l.a
stage R PHEDIGRPRGHS (HEP) RS HosEombinBaTy e St et ke
Bzoteéh%k 36WsR1I2d16, ARRASEOPCRACK MRV Bkt b, e@9arPCR%th&a@141%11 3:8136-
An exenpl ary host cell is Escherichia coli W110

S140)deybedstrsid mytaguasip(Blagk ctrihe 1 9%x pires é\fadn‘loaée%ok/&é\éé 3525 3529).
created by operatively |inking a polynucl eotide
[0175eAtodlongs alrtainag fadlosdng etageedisataasecrt atoscrdeacpfasniideered

110 OO 0 atively linked to the | ronot er under.
ketor g g MG P SR EmE DI B8 s ity from

the ex%ke%ﬁoﬁ GiBkaRicH 8%h bserfol@ad Qsihg kit @indafdeRbéieliitBncaitfqld e
chl or anpheni col resistance gene. Cells containing the
monitguig thetratepd Idycrraaﬁle doipijadiscicaseHs ehsarbatee ar dodicsamm i@ WekleH or

Jectln t hi nmpheni co
NADR R oh, B E e ed R SR Ty oD fEEDERRoR the NaDH
or NAHSII9 Esﬁéﬂiﬁ@ﬁrﬁ&ﬁ(o‘?ﬁil% g By iteSetorbQicta3l ad thel@iedutise reduces a
i mproved KRED pol ynucl eoti des and Eolype tides of the

ketong, ﬁl&sé“ﬁ&e to mesC@rr@&nﬂnémgthyér%t giodp| Fhe edept dageease of NADH or
NAD#I—GI ﬁ@eﬂﬂg{l(ﬂ‘? Gs ﬁé{ﬁ@d )Fﬁlte d%éleg’geylﬁ %ﬁsotrga(?lcg %9 Hﬁeﬂeg&nce per unit
reaction 180 a I'ned from Saccharonyces cerevi si

time ihdicsosrtcecbod @anisatic) herivigrahe KBIEYpul)@ptide e a ﬁxed amount of
seq ence i s .codon opt|n1 ed to enhance ex SSIOﬂ of
the lyyaie(qr atpenidiref 2w demmads efrpﬁed Egple Idefifclosss o gremplary
l;

blochééh chﬁzlis% {o?%etvo\ﬁ{'éa ctfﬁse;) agc‘ﬁkﬁ f}l/llg i p?fda/g@ ézgfﬂ&eﬁﬁﬁerty desired
is therBzat stahrloyneoepme actoatysnaeb a/msasumdslﬂreﬂ sube@btmg (ﬂm enzyme

ol.i go uc ti es conposed of .42 nucl eotides based.
prepagiia BRI DR G S G B S CEraT o i
remaiﬁﬁ?%ﬂbﬁh@@trgﬁﬂ@néeﬁiéﬁ A& Eyﬁhoale ayaciaRl €oﬂt£‘mfﬁ%rhtm%ucleotlde

abase (NP_010159; : 6320079 The parent al

encodqmg %/h@j@rleémtm@re@qm ésolascd, deqsuegmte ddeaaﬁfsséegnudeme sequence

zed f expressio n coli and the
SRR & eySﬁ‘f}%ﬁenth P2 hE it ot o Che ot

n S|tes of .t he ex S|on vect or 1 )
0176} léf@bq defiyFngs ef tth%)engla H%IYP?Példé%lfllé’é’%}?ﬁW rzﬁﬁyq%eotldes
encodiRt B BAHGEESR RGNEHAASS stﬁﬂlﬁrc%m{dt as@helhd8s, la8ording to known

pronoter and | acl repreéssor gene. The
synthetic methods. In some embodiments, fragments of up to about 100 bases can be

changes £ any

individually synthesized, then joined (e.g., by enzymatic or chemical litigation methods, or
polymerase mediated methods) to form any desired continuous sequence. For example,
polynucleotides and oligonucleotides of the invention can be prepared by chemical synthesis

using, e.g., the classical phosphoramidite method described by Beaucage et al., 1981, Tet Lett
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expression vector also contained the P 15A origin of
replication and the chl oranpheni col resistance gene.
w@h@nmesexpr essi ng the active ketoreductase i nPE/USINT/080125
WB110 were identified and the genes sequenced to
confirmtheir identity. The sequence designated ydl C
was the parent sequence utilized as

éSEQ ID NO 1) wa o
22:18 989 sardhe magog sierrribee by Alatthes gl ekt £IERA | pBP IO, e.g., as it is

typiof FRSE e o GO BB S TR BTGV Rl b i A0
methddColi 202611 @82t Rikéd e hie adngtonericddNA synthesizer, purified,
e T oG8 RSt R Sy et i
can bér‘rgt%tgfglgg %Afxﬁaﬁgxc}f% VIRERURE Rinfer 3R Vo cell LEE LE P EVRAIM] OBttified

. enplary directed evolution technique 1Is
Reagamti Cagpaes iNidiand/ 0K, DNAGsdati Alndaricgn Gase Gesprinyh &dniona, CA,

St r, 1994, _Proc | ,Acad. Sci U 91: 747-10751;
Expro G SGBRIED. Yo SR D hecniBEish s oh et Gy S dgsrs
00/ 4265 1: WO 01/ 75767 and U. S.  Pat 6,537, 746. O he
10177 Ergieaad kerRsr g PrEBSEHRIESSehHY 2 bosh Cﬂgcmecovmd from the

- | I,
cells Ao ARG ATV ey M I Bl P SR AR w3 s for
proteihipurificBiont exchualg, ath6n@ 6@eB6lypozymiet tagpement, FGR afiQal fdwetidn,

e D DB s b G e s
high A&EnSCdx iSOt p2eR Brs IRAPDacteriad Lkl as 1@ 5 28 @&nrnerciallg

_obtai ned foll owng rrut‘agerple& s treatnent are screene
availaptsrundngyihn drede damk € drvéid ikt ftas Skgmd-Addrachad St.rleiis MO.

i mproved enzynme property. Measuring enzyme activity
[0178]f KChnomithgrapkipitedsiqoes for wodatioe ©f derkcberedretdso polygeptgiengelude,

t he standard, bi o%hem' stry techni que of .rm.ai hori ng trhe .
among gihersy FeVgE PRASSMMa{ogaipchigh ariprpanss hiyg s ngtography, ion
xchah 6/ h | I BRHh&an hitd@Ebhyd € dnlitions for
oxe igyégfgﬁve%?e%? |’(r)éeoMél\I,Eb\lil?)‘itﬁhcrnoreSI\IfD\DPdJ:L.1 I n9t‘é ﬁliros rdegggcbt iygr?,d Edhe0 >
purifyipgDHparticulBDRAmic Vil shepende ih e ddlifaater stgh ashet charge,

ket.or.educt ase.,.as the ketoreductase reduces a ketone

hydrog S B e R i ST Sh S R S L G per BN apparen

to thog@ﬁ@i@ skieat asg. of NADH or NADPH concentration, as
nmeasured by the decrease in absorbance or

[0179] THQSBRS GRPERmMRE! a ¥Rt} techhifBed rﬁ%} BALRA tb NBlAEIRimYRved
(enzymatic) activity of the KRED polypeptide in a '

ketorddugtest enrymas. bér affiiey ¢hyremmpwgiaphy autifiegion) inyeuntibodydehich

speciit s e A5 ey B P e B Ry BB R PO T bt ot

antibdd®, VAR Nest 28BN A ARE bliyndl Eisifeado rdbbits, RGiCEBhts, etc., may be
) stability, enzyne activi t)ér may be neasured after )
immugized by inipgiontvetiehogmpoundr dparcampowsd may he aschetp a suitable

. e p .
aric SEE SR SRl W ALy STyt 0
chain Bxanipha gitdup. Vaives adjanims ma e asqbioyinstedse alid th@munological

encodi ng- a ketoreduct ase are then isol ated, sequenced

respopss, AeRSAFINg Pn heehastncsissi ineluding bahees lingifedrig Sscyndss (gompplete and
: u i I 7
non I A0S T2 A EFEITBAD, Sy @37k o
lysolekitlomnplutdnéc poyolsyelwoidndgseptides, oil emulsions, keyhole limpet

hemocyanin, dinitrophenol, and potentially useful human adjuvants such as BCG (bacilli

Calmette Guerin) and Corynebacterium parvum.
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encodi ng the enzyne can be prepared by standard
sol i d- phase net hods, according to known synthetic
woreaosoes76 | n some enbodi ments, fragments of upPCDUSMOT080125
100 bases can be individually synthesized, then
joined (e.g., by enzymatic or chem cal litigation
nmet hods, or polynerase nedi ated nethods) to forn1an¥
[0180)4 i PxeEPEBY PTasawUSr Begismedhe KBEDRelwpansdes from cell lysate for

appho%%%(sgﬂ%' c%%ﬁﬁc%?gro%&@ ghls&8§lﬁi‘dqsyn%@gf‘esz of the invention

repare em ca Si's wusing, e.g.,

BES%SL Sf*af?s (R %«5@% A b KR i B rgoadi ompounds

PCT/US 2:1859-69, or t he net hod descri bed

b Nhtthes 1984, EMB 3:801-05, e.qg., as .t
(0181 ﬁhe Fg}%ﬁlﬁ%ﬁf %ﬂt@ieau‘ftﬁseeeazyrﬁesa eﬁ%ﬁdé@r% RitAkEs ﬁ*e reduction of 5-
hydroszflst@&,ﬁexa%%reqmgmi&s 5&&&@&%%%1%%%@0d

gonucl eoti des are synthesized, e.g., In an
aut omati c DNA synt hesi zer, purlfled anneal ed,
i gated and clon%gvln appr opr %t tors. In
addi tion, essentitdafly any gt can be

obtained fromany of a variety of comercial sources,
s tdieTeas X e RW@I aérpaevm@rsu dafiegd. tReigdé Hic comprangling syn 3,5-

dlhyd%&%é%goml Se@étge %ﬂp%ruga A%[l b% ??ﬁ_ogﬁ%d gggi&?&)[ rrtllo 1S g?% Scarbon at

the 5-poition d’ﬂ taerestapound, of aﬁdctﬁﬁm ﬁorﬁﬁlhae(ﬂ)hs chir®ll 74 a fongtdireces the
ket or educt ase enzynes expressed in a host cell can be
compelRaB cEtt iy §in diHErentanapdomeiic frmsy thenpptinnaer of giryiyral

I techni ques for

o R e M oK) her s
| ysozynme treatnent, sonication, filtration,
salting-out, ultra- centrlfugdyﬁo nd chronatography.
Sui tabl e sol uti of®)for | yst rthi gh efficiency
extraction of proteins frombacteria, such as E. coli

[0182]aSkilledrmEaad il Hso ﬂmanﬂlaé)ihet whelethe bke gfcﬁ@d}ﬁtm&ﬁposmon is

Cel Lytic BTM from Si rich of St.
redquCbtfﬁsl}yd@ﬁyngﬁ%gh%fﬁsg@ %te@mﬁ%%@wa?n wstép éfiSPB%Ptéf5 flihgdroxy
Ct
oster SGRBTRAHE RS AP SPERTh RIS, W fruct MTTBEMIEN and (1) can
yield ohr diffietang regpbtyon producte xc harestaborocretndgmaphasieregeher. The syn

el ect r ophor esi nd affi.nity chr.omat ra .

and a ERBAER PSS F OB OB e G oy trae pelow as

comp@itﬁﬁﬁ 'aﬂa dnfd (P8, tresp@&nfe?}p taﬁ& #hosd 9R)dﬁ§edrl%1 reﬁﬁ@foﬂ%f enantlorner (Ib)
hyd hob|C|t (f licity, nolecular weight

are 1llmjr saqong)halp@ (H@D end (IRcrespectivile: apparent to those
having skill in the art. [0179] In sonme enbodi nents,
affinity techni ques may be usggd b icsol ate the

i mproved ket or egupt ase en%zgghylfgm\afflnlty

chr omat ogr aphy purification RArt 1e’dy whi ch
specifically binds the ketoreductase pol ypeptide nmay
be used. For the ﬁﬁoductloQ\giz/gELﬁEodles vari ous
host ani nmal s, né di ng bu¥ g to rabbits,
mce, rats, etc may be i nmunized by injection Wi th
a conmpound. The conpound may be atit ached to a suitable

carrier, such as(IBSA, by magps\/i\/ngde chai n
functlonal group or |inkers “atta&heéd PR a side

OH OH O

(I1d) X D R
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chain functional group. Various adjuvants may be used
to increase the i nmunol ogi cal response, dependi ng on
W0 b@slestre speci es, including but not Iimted tBCT/US2007/080125
Freund's (conplete and inconplete), mneral gels such
as al um num hydr oxi de, surface active substances such

as |lysolecithin, pluronic polyols, polyanions,
[0183]o dhe phwdute spnfigations aheut t gban |a§ @sttratqdelﬁﬁ]@g/ﬁmvg structural

diagra%f' 'h{e%’ %%go FB @ﬁﬁoﬁ? f Q]{lé ﬁJs{)Mt g{lsahgﬂ%ﬁ)oﬁgihlé\éa&tr@on will

such
depen@aipyi ﬁ’(badétftfty Uﬁthﬁ&( VWihien &7 15\6@121)@1% PDEaABaIdis designated R- in

PCT/ US2007/ 080 0180 f
sructyige Gour LU KRS DS LR %ﬁ@@ Sipashd. spen X i
halo o%i(’iﬁhﬂo‘i?t heR SCafHE)nels ﬁ&%ﬂa@e@l S-Rh a)j (g a‘i’iﬁgﬁb) dhd designated

of Using t e ngln ere
R-in KHICUHad(l]b); éﬂ@ aEd Z(Hd)s sltand (ﬁiertqulﬂ;rmavelﬁloep foreldsignating R or S,

Th Th duct
i B LOR I, lhe, 98 R e ey cductase enayres

oxXy - 3- oxohexanoate enan IO I‘S accaor di ng
l0184ls¥1% mwraPO#l@ﬁm the pybpyratecip) ds @3 high gyangiopyugy, vﬁéﬁa%ﬁlﬂlyxcree of

(b). and Ware as previously defined, to yield the
correspondi ng syn 3, 5- dlhydroxyhexanoate ester

orss ORI dantipthi R84 ER0PNLERH, DX\ 81 o0 SLkboAN e,

produsing wied Wailasf@édméra)f@irblctu&l tdrininad (Ha/}\ﬁl 2a9¢. Qa%ﬁqwmm@nc purity,
conmpound. can exi [ wo di fferent enantioner

e < P@é%sof the@edigrieTcomsr géﬁthgfwcfpmlaﬁ (Th)y- ﬁuﬁa‘?9(9l°/a)dlastereomerw

g I
exces 80 Wiin A ddiR RTRPRE SATEFord kPENGLER dclcibB ol Fhibit cven
higher geregsulcavitieat Fovhexantphe iroreactgrme wip t-bttyt heyBrgp@R)thydroxiys3-
reduce dr tihe ca bon
oxohs LS PiTufufth Rt Gk KA FS-bls hyarishpot Bhdhe fgincered
ketoréﬂh@t@séé%fe?éncedr PUBblER Was@re&s@lzécﬁﬂﬁ@é foP ﬁPc’y§n@f3R 5R)-
structural formulae (1a) and (I b) can reld

dlhydeB'h@faemte (%ldumralcfnrrmla ot X=C, sRyﬁt -blitz9 08 E@@t?@% hang been

d 0
obser%ep t | 0(? %@errggsgﬁzg IV%]I‘,?%B(";tYOélﬁ éan r@{@?mé e£ %8@?%8, >99.92%,

>99. 931%,@99 MBt>bebevy, 299 JHONPOINGE),(+ Dabsmd(elvabi,%.%%
respectlvely and t hose produced by reduction of

diasteggeseiestiyiiereaq bp yeadily achipyadsyithithegnaibeersaseiarmdyctesq nzymes
descriBOfndbid) » respectively: OGHOH 0 (lla) X

[0186] The high degree of diastercoselectivity observed in reduction reactions catalyzed by
the engineered ketoreductases described herein enables the ability to produce preparations of
the syn 3,5-dihydroxyhexanoate ester of structural formula (Ila) that are substantially
diastercomerically pure, i.e., that are substantially free of all other diastereomers, without
having to perform chiral isolation or separation steps. Because the reaction can be performed
in high yield, utilizing highly enantiopure 5-hydroxy-3-oxohexanoate ester (Ia) starting
materials, the present disclosure enables the preparation of syn 3,5-diydroxyhexanoate esters
of structural formula (I1a) that are substantially diastereomerically pure with minimal or no
purification. In contrast to the present disclosure, prior reduction methods (e.g., U.S. Patent
6,596,879) produced 3-4% (IIb) (X=CN, R'=t-butyl), which is an oil, and which was then
reacted to form ((z-butyl 6-cyanomethyl-2,2-dimethyl-1,3-dioxane-4-acetate) (X=CN, R'=t-
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(R OR OHOHO (llIb) X(S) OR OHOHO (llec) X
(S) R OHOHO (lld) X (R OrR 68 W 2008/ 042876
wWERIBOEROO7/ 080125 [0183] The absol ute confi geeHUSING080125
about the 3-carbon are illustrated in the above
structural diagrans. The R- or S- designations for
e absolute configurations about the 5-carbon w ||

butyl,ti%& rameipu & Este e eompowd. hhepriopkapwi neshads stfie purity was
o PL2ERREA G 61008 8, By, PHBELEECARYjqy or i)

018715 ThE highHeetoelshiasi A Rer it iy OB{HR Rl uL bEtises bPfijngyt with the
engin@dted kdtbRfu@nd e @isetbedRrerdin isSitlastedied @FIG! B)which téhpares
and (11 This 1s due to the conventions for

d).
the LG43/ @ﬁrﬁglawg&m of tertainiteltd-exapeetB -G8 Wpedihydrexyhepnoate
(sracfif) BN, ECRY R %ty B o SRR FIRRALIRRSE:

crysta$liﬂ?:$tfj‘t_ﬁ1m§tli (aR}-yya;I]lbﬁEtlg'ﬂQ,%diﬂethjlﬂlﬁ&ﬂox#ﬂb-@?l)&c%tgte I'glstlructulral
Olments,lt r ctijon react] o IS al SO | .
formfi 48 bregoRi st v X ok sateg (b kectyst Ersisodpdaibringror

o ‘ : Sy !
emde S HERPORYLROR0, bl B R A 88 GhRTRR -cono
(5R)-Istdrarct-BHoabhdxenoasé GstrGbtubdl fgrimuda (Ia)y; Xo MR 'di-hstyrusomgeni ¢

. _excess). ny enbodi ppnts of f.he engi peered .
e RS ARSI P Bed ey el TTRRAT b THHed it B
compSb@iEP R BRY I (‘6R?jc ﬁloeﬁgf[% SX AP BxyHRaNQBEnPIS pRpared from
t-butyl 6-cyan-(5R)-hydroxy-3- oxohexanoate

commesdiglipcavarlable ysralline r(Huayl,(6X=cyanomicthyl-B Rt ¢imethydrls3-digxanc-(4R)-

out with the engi negerg et or edu .ef erenced,.i
sccta byl iR nFLRNEEN EEer BFRASTHEL SR A GHEREEIY e cuce
tert-bigty g2y mey(3RXFOEARrO SHHMER 41l Hrepardll asihg kia) engeeNd

R =t-butyl) of > 99.99% have been qbserved. Thus,
ketor%ua@ff‘e@fégg aiselepyrg sontaigs ap inyne thaamgpsiely G-Wy>obihe gugesired

91 9% > 99.92% > 99.93% > 99.94% > 99.95% >
(38’5188‘.11%%6%@659. 97% > 99.98% and even > 99. 99%

diastereqsel ecti.vity can he readily.achieved with th
s SFRAELF SaRRE i T BRehRBLC riba8ah BRI D -
cyanon@U8612, 2T hiendiingh, Hamxece-ofR )dicagtcakQoseingaé ¥ ki FIG. 7). GC/MS

observed in reduction reactions catal yzed b){ . .
chromatograms comparing the stereoisomeric purity of the commercially available crystalline
TBIN ((4R, cis)-1,1-dimethyl-6-cyanomethyl-2,2-dimethyl-1,3-dioxane-4-acetate)) and
crude, extracted, but never crystallized TBIN prepared from crude C7 diol prepared using an
engineered ketoreductase enzyme of the present invention are illustrated in FIG. 7. Likewise,
the distereomeric purity of atorvastatin produced from C7 diol prepared using the methods of

the present disclosure are greater than what is currently present in commercial preparations

(e.g., 0.03% atorvastatin diastereomer present in a Lipitor® pill).

[0189] As used herein, a compound is “enriched” in a particular stereoisomer when that
stereoisomer is present in excess over any other stereoisomer present in the compound. A
compound that is enriched in a particular stereoisomer will typically comprise at least about
60%, 70%, 80%, 90%, or even more, of the specified stereoisomer. The amount of
enrichment of a particular stereoisomer can be confirmed using conventional analytical

methods routinely used by those of skill in the art, as will be discussed in more detail, below.
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t he engi neered ketoreductases descri bed herein enables
the ability to produce preparations of the syn
w@@2®B8ai1syelr oxyhexanoat e ester of structural for@TUS2007/080125
(I'la) that are substantially diastereonerically pure,
i.e., that are substantially free of all other
di astereoners, wthout having to performchiral
[0190] dypayag @ﬁb@iln@éﬁgatﬁlaﬂn@ﬁntsqfwéem@é@ oS pay e fesp than 10%,
for exgﬁgleb%spﬁlrafl@ﬁéjs tﬂa'ﬂ éﬂ} I@ss}{heﬁl ’fi);{, 184 tllw{n "/HQG% tE%‘l‘l ¥9%, less than
enant |1 opure hya roxy-3- oxohexanbvate es l'a
4%, lsb ﬂl’ahlSﬁ@ legxvahar 18] lsss thlmel%rce&em leds Shah 0D96,60. &80T #S 0.6%,

., th ara f syn 3,5-di ydroxyhexanoate esters
0.5 A» 8% 0 38 oF éllg}noﬁﬁ’iﬁ’%m@?ﬁl?ﬂl lyrepseh %ﬁ’f@%&@%ﬁﬁﬁ confajn at least
about 9938 é §f mBFE1 tﬁ@hés‘freﬂ’ Qtre?eo‘ﬂoh{%r Qi‘e%féﬁled @ h&@ln as “substantially pure”

purification. In contrast to the present disclosure,
stercopyoiers. rledooi icorbodendnod sor@poqu,s thdt Sre dabstemiallypubon, assmwﬁed

sereofofe e e b 94 870 28 DB S8l AV B gy gfe oo 03

99,9485, 09 BRVITOY By Y B9 7€, 0BHRY 5rlvdn 99 O¥GNTF1He &84 &)ereoisomer.
(X=CN, Ri=t 69 WD 2008/042876 PCT/ US2007/ 080125

Stered:;mnsﬂrlcaﬂes emdﬂed@ompm}nds ahag cgrteml 3 (NS oomibaddsiredytar¢pasomer

the purity was inproved by
arerePe )?g F 1zna | Hre Stsel‘reov%ome%he (I'l'b) content, which

ulted.in eId I ses. of | a 01 The hi
101y 357 sk Bisommelis PRt s ar Byhog ﬂ%cpﬁai%qf?laﬁan 8 determined
or corfrRdH Ging @BARINASKL1 WhAIDtisdN enctiRIIYkRERh §iltHs QO rfﬁ%hngztsmUV@
enzynes described hereinis illustrated in Fl 6

LC/Msraner@mmeé@ds ambfor @swBingdiestersniowgriamuisty of the synthetic

mtemte?%art?fc(té&%gﬁeg il %S?tp?‘%{‘flgédgl é%hp?ﬁ%y? %\u‘i‘?'}ﬁ?xt’f"%’f gﬁ%?%‘&mg

diastetib@RYic pIMBIoFlatdrlastaindl balh én Eﬁﬁr}ksdt al.| 2008, J Pty Biomed Anal.
cyanonet hyl - 2, 2-di net hyl - 1, 3-di oxane- (4R) - acetate

33(5)§‘Qi% 4étural fornmula (IVa), X—CN Ri =t-butyl, R3, R4=
methyl) (Aldrich, St. Louis, MO wth that of crude

[0192} éystis lonawn bﬁtlmyeanf)sk(ﬂ:l;m @Rﬁﬁd]gdﬁgx@d@(g&q@a@dmd gcdyiction reactions

t aredfrpo[@giﬂé %’t t h d ketgreduct

yplca@%ﬁ?‘l‘ﬂﬁ?&c WLt 58 t§<°é‘|1r8% %émf setpbzed paiheropngss kpigyeductase

enzym€s @k crifedtheRid Mk typsdang r@ftirc QOFIRERT Atholigh Bla8UEbaGieents of
enzyne of the present disclosure. As illustrated in

the engjngered ket%@yﬁ‘@p@deq@r%faf less qu@(ft91[ than reactions catalyzed with wild-

(0]
type KeRIRARYRCAENINE Pl RUCh O AL NARfore BT BBRBEGiE
comp(nﬁﬁ)thﬁ:t}@lammtlhytbm&naﬂdm with yletoke Brotisoxaty@nd| AR)factors suitable for
acet at e, cont ai ni n(gual ess than about 0.1% of th

use WUh g:g‘sqnlgg@el(e§§e‘5)p§ a8g f:léz,ygg:ﬁgFSC( p(ﬂ)?ere{nﬁgclgg% g)gt are not limited
to, NABPt % ﬁﬁhmﬁfeca)ﬂ@fﬁﬁe Gﬁﬁcfé&d@%ﬂﬁég h@ r&fuk%d form of
prep usi ng the engi neere educta of

NADEF)SNA& L{nmommnmldq: adennE dmmcéedtidaharprAiDd{ gzhcf)re(dﬁ&izb fofm of

NAD ) Fol R e D aen T ERLO PRIl 1 R RgtiRe K RED?)-

cataly@@@f%ﬁﬁ@c%nf@!ictfonhlwhﬂ Q@@H or NADPH as a cofactor, which are represented
cyanonet hyl - - di rre? 3- di oxane- (4R) - acet at e (see

as altg@Erativsh by 28 @ﬁ@nm@Nﬁ&P(Pﬁ‘J M5 chronat ograns conpari ng
the stereoisomeric purity of the comercially
avai | abl eggryst@alline TBIN ((4R cis)onlonlo
- diy et hxy\(iﬂ;yjhomet h E!(F-,)Z 2- dikre hyIXWnQ L8686

tate)) and OR!
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crude, extracted, but never crystallized TBIN prepared
fromcrude C7 diol prepared using an engineered

whedsnesoct ase enzyne of the present inventi onPEr/@ES2007/080125
illustrated in FIG 7. Likew se, the distereoneric
purity of atorvastatin produced from C7 diol prepared
u3|nﬁ the nmet hods of the present disclosure are

0193l Asatlestratadaticvpdiced sorgrefrtaneotpctpr sodaed ﬁOﬁhwaﬁ@Ibmﬁiture- The
mduc%c{r g%?n(?ﬁ? (g(ﬂgh (f_a(nene%é)Flt)Q%lgrgré%ﬁe%t%{(gﬁg%j thd opgi'l(}%é nforrn

using a cofrTo uetnedtioeystaamed” in a particular ster e0| somsr
when that stereoisomer is present in excess over any
[0194101TE kerfit ‘@bRRECT QPRI cRALiSS Syttenh NrckdtS toCOIR OB REctarkts that participate in
conpound that is enriched in a particul ar stereoi soner

a reacfijpp that yadiueesl thg oxidivgd e eftthe safgetontyatit NABRYfo N@‘O,@Pféb%
Cofac?oq{ %x@{ ? A7 rt’hé@ertﬁ c{taste rb%ga%ngﬁ ;rédu% %rfS St?g ‘r§ Ie@' 3 Igcg .
hexanb&te(k@tﬁf areregkndSitaddn et ed fdrﬂlrtgi thanafaytol mlenera‘@dith:gd&m

routine[% used by those of SKI|| In é’{?e art, . as wll

Cofacipy regedie @%aystﬂnwr%pr&@taaﬁtcrw IBRF B\, requs tapbthat iy 9ALIS P

roducfiz HyEoR0R Ca0ACHD and cblolt B RO HRAMATRAL Srm of fhe cofuctor.

The cafagtor re‘generebt@n@ls‘@m ey furthea nor@ptisd ee&ﬂsalyshaﬁmr 8% mpless enzyme
th 7% ] ess. th 6% ss .than 5% han

catalypp 0 FeiH eSS [ RBe Sl RS S5 TRl &t ahiRs spbronbe e reductant

Cofac%&?%e@ie&%bn @y@e&s r@g/énepat@%ADI@ oP KA TPH YonNADY RINADP',

' St ereol sonerically enriched corrEounds t hat

respegyntyapre kaowndadhte arbsimapbe 8%dan theonet @cis doleritpd dicreen
stereoi sonmer are referred to herein as "substantially

[0195]p Suﬁﬂble sX@nIﬂmysmf@tcs reganesine sgsthodihaemt s be copfoguddelude, but

bst [ ] i fi
are ot s S shipoe o it B ke, RE§ Rl aragrmes dgy daagenase,
gluco&gé g?( p%gtge%é;glu%gséegg- /ggﬂﬁatggfg‘lﬁydgrggegngﬁz/‘g s@&n%@r@(e g., isopropanol)
alcoh(piamti|smﬂndaw9d®hebd@wdmgena8& Iéloeph@mmémhomhhty delmydregrmdse,

ont ai n 9. the desir .

molecG TR St bR el i e Py S b 2 used in
combBh86ERith IBESNADPIAADINSr LA eRNADHIRY the chficiory ERctradhemical

chiral conpound descri bed herein can be determ ned or
regenegrghien priegihydiperpasomor Al Oa abcdasal GPfactel regRRCHGEE SKTi-AN See,

| I V,

e.g. Ut PINBL 553887 g B3 obu ot bE M e e R By
refereﬁymtdjhﬁrmeal cofticeyr egtinataion sessay dudthrivafeel meat eatplyavuindad

in Exanples 5-7. A nethod for determning
reduc’&’@%?‘é&?%r?éﬁm@ep@f’ leeylaphydipginidpapate) 4re al@? Veitpbigy See e.g.,

PCT %)%%ﬁ(ofgyg%oém /%g?g%]ﬂismfsgh %n@wn gé@%lhnogyemg?regcﬁ [l in

e talw s -

oo} 15 b HELELAHO 03850 A0 SEL) RERAEL I hrin

refer 0ahal ADedr Ny Diedopogloneaizgthekritea atiues aﬁeonesmyﬂreSD glucose
described herein also typically r gw re a cof act

and NgDY 15 NyhDRa 0 2lusaiociacie aRd NGDH pp N ﬁé@@éfélVelY Equation (2)
belov&k GLRLiBAGE ﬁf&% gHIrO%eI%@E c%ﬁ@%e&fgdﬁ&ﬁdﬁrof{ﬁ'@ﬁ+ or NADP' by

feactions cat a yze
glucose.

GDH
@) glucose + NAD(P)* + H,O —— gluconic acid + NAD(P)H + H*
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type ketoreductase enzynes. As used herein, the term

"cofactor” refers to a non-protein conpound that
wop@satxsse i n conbi nation with a ketoreduct ase PCRYA®07/080125

Cof actors suitable for wuse with the engi neered

ket or educt ase enzynes descri bed herein include, but

are not limted to, NADP+ (nicotinam de adenine

01973 {Ghugoise dehydeogshassp Hiet a1, suppEpr(usp én the aptretige piothemsthods

descr%@gﬁfz % g!ﬁ?g%%@g @J %}r‘g ?SH%%%&?%&&@HPA&%&%S&? ed% V&%pdds non-
naturdllyl destutriab @ducare dstiydetigorasts. oNatardigtoor@ting ohgesd ddﬁREng):nase
catal yzed reduction re&gﬁll on utilizing

NA
encodig %Fné%)lﬁ%‘tb(??n reRRTtEdh! FEHHEs dir éaam%lg ng ﬁéflﬂg? updis 61297

oo R ) P D9 RGP 1y e

propeRECF AUBRGNZY108 fdRitced 1@]1@3ﬂat1ﬁshq>dt (Vistantht etlal.,t1983 rdadeéd!. Acad.

. r t cofactor is.added .t reactlo m xtu
Sci. bz?%egg'%fé& Eﬁggmﬁgwjﬁmc? BF% ?ﬁ“é@%ﬁ?ﬁ&ﬁﬁ? |‘“{}“ Corfesponds to
GenbdRALEE Nt &1 2010 dshEptted By AR P) 198 NBaMEHiS¥I165:238-243,
cof actor regeneration system [0194] The term

and in' epofegict dorn by daeraae o, 51,9%& éﬁrrabedleg)sl4203%7si&56@ﬁ Genbank Acc.
No. D{Sﬁgﬁ:%illq%ﬁl%atl hao%:g? al%%'#ﬁ%fﬁ genegfa Sé)t ?lu% a{fltalseot% { hat r%d 58 from

B. cerWDRIFCC 14609 avh@r& 20830123 &0 -9y GehBank Acc No. AE017013 )and B.
ket or educt ase- cat agigaﬂ%r educti on of

megamsripid Egky. Biasken., h #8549 dpenbrpk Aégéﬂ‘ér%]t?éa 0. Ferment.
Bioen%g? gé)‘(f Gol38 VQ@VGE nk 9\0%01[(18 el bt @?ﬂgr ?éﬁ%@e aé(@d%genases from

or ‘regenération systens co
Bacilks @b ahd oeided in PET pabkdtioh IVEO 2095/@185519&612@ ID Nt diOregd 12

o B LSS R S L E B

| [
oo RIS O WSS U At AR Syt K

referenedducti on of the oxidized formof the cofactor by the
reductant. Cofactor regeneration systens to

[0198) dpanenatily dAHIQr gIMNAIRHChydrogdNAis naty BARdrated using known
respectively, are known i.n the art and may be _used in

methqdy SRk fh RSN MBEECREY 2 .dﬁfectf’% pemytiag, ipdgedike. GDH enzymes

havmg XG4 1Vﬁ§?fﬁlgtl%r nﬁﬁﬁﬁgﬁ&&hﬁ% ot ¥ioh %ﬁﬁlrélﬂla&cc bFna?I] ge

nmpl oyed i ncl ude, e not Timted t guco
readilglidemo§ed dshg( dle@gmyweqn‘tfed mmﬁkanalndl dfd?Gﬂiapldohcatlon WO

2005 8B B ol ey B B AL e 0L i yErcannery non-
naturdl@%&@t@i%@ %ﬁﬁcos@ﬁ&@ﬂfﬂgeﬁ%@s %W%Wln@@oﬂwhcanon wO

enase, phosphite and phosphite dehydrogenase,

2005/&1;8%8@5 Ele}liNéﬁeﬁ%ﬁfd 66?;& dgariadeandalRé. (The pobiteclcotide
T
sequeﬂﬁeéé%t%ﬁﬂgﬁqjﬁ?em Rﬁ& gﬁﬂfﬁﬁ as&{ R{:élgl%:c(a#lg% P&é(? 30&%/5?‘85%'9t %‘EQ ID

NOS:[@1e63,163cHEM2C Al 23, bR ETR Fahe@fvels | AlY ohihes0@qiiées f8Yncorporated
al so be used as a cofactor r egeneration %st em See
hereingbyjrefergnas, Amigitionghaon-matarady 9eurtng eBcawsichydrogensses that are

suitabf¥of DsPnGhé E&E}Ireeﬁétgste@&t*ﬁeﬁ'r@d&ylon reactions disclosed herein are
provided in U.S. application publication Nos. 2005/0095619 and 2005/0153417, the

disclosures of which are incorporated herein by reference.

[0199] Glucose dehydrogenases employed in the ketoreductase-catalyzed reduction reactions

described herein may exhibit an activity of at least about 10 pmol/min/mg and sometimes at
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reference. Chem cal cofactor regenerati on systens
conprising a netal catalyst and a reducing agent (for
we@sphas7e nol ecul ar hydrogen or fornate) are aPGDUS2007/080125
suitable. See, e.g., PCT publication WO 2000/ 053731
mhich is i ncorporated herein by reference. [0196] The

"gl ucose dehydro?%nase and "GDH' are ysed
least 4bﬁt1te}Q; hardeaBnyg pedhouh 1§ gumelapiaimg.qip£n ajgpsl Op pmol/min/mg or

T I

NADPH
[0200]3'@@?&3111 %r]jlé%os? ﬁtéd 6]Iu Ss% d%fl%aéﬂ%%ﬂag %gtglé)?oarggi 51% )}Ee eca?ac?or regeneration

systerh S@URd 5@pd@&ym&bh@ﬁadﬁa@%mebyubsghﬂécipﬁeauce(daay 1@t UeERErcd
NAD(P) + + H20O GDH gl uconic acid + NAD(P)H + H+ 72 WO
ketor@@@@@@@é%%@fﬂ%%@@ﬁ@&@&égng Moy 7 NehQRoisgeduced by the

coun SPOIRIAARES! [l Bo8: ALEN S HIRAHIS 1o
reactimatstﬁeadribﬁd o§@yuationg 3 g wiidsR tiehythagenedsqsatioas (Wednd (28
non- naturally occurring glucose dehydrogenases.
Nat ural Iy, pgeurring gl ucose dehydrogepgasg, £ncoding

genes hav e reported ivked he | i ter &t uye.J For
e&%nplef/f%;ﬁaéiﬁﬁI*@@”?ubﬁ;T*S 61237/§tfifééﬂ%'Vﬁ§“C“”
expressed in E. coli and wasefeported to exhibit the
same physi cochem cal properties as the enzyne

[0201]p ad %%%dhﬁtab&@atﬂ?iéd‘&%d%h réXASRNI B 88d 1Rkein arYRRerally carried
Proc. Sci. USA 80:785). The gene sequence

out 1n01fsobh:et ESul@bbtﬂolwegtsm-Lu@w@ter whiaoke sobventsgpandthyl acctate, butyl
acetat%ﬂ?&?é@@%%ﬁtan% aO&aélﬁ rg‘at’hyl\ﬁ?%n% i@pl’%n%aﬂ%gl an%tthe like),

ionic & iﬂ@gefﬁd m%ét%ﬂﬂiﬁﬂ@zoﬁhnﬂletraﬂd&g&ra% crobi ol ogy
142: 3 305 as Genbank Acc. No. D50453. Naturally

1-butyctmethyhgi&epliyarnets fhoseborate| by rowehylpidazofigede t he

hexa%p@g?p@ﬂe, %f—(ladr:l%a ‘%g)p\é}g% %%}%8% ?ueoug Qoé‘vents including water

and adqrgas es-balvert EWdtems .ardBieehem , 1988, 174: 485-490,
Genbank Acc. No. X12370; J. Fernent. Bioeng., 1990,

[0202]7 @x@ﬁﬁb@&ue@d"&ﬁ%ve‘h@ SystdMds hdde Wl AN on&oH ERSEorganic solvent.

dehydr ogenases from Bacillus sp. are provided in PCT
In gensidd] drceignp SR EOBIPONEE PHam s uSPD ¢Esirst sygera avscieeted such

that 1t%i§6§: 1?(% c%@/etg 11¥a§HX%ltg %er%gorgcg q::tlagsg l%ﬁzyn&%o rgﬁégﬁnﬁé ng-sg)lvent

systerisitdnl tathdily) 1deﬁtﬁ&ddiy&ﬁée@ﬁﬂiﬂi§th@fen)z\ﬁhz&fc dctivity 6Dthpepedi et
herein by reference. [0198] Non-naturally occurring

engm@qr%b@@reé@%wre@@@ﬁwé@ th%‘a?rhbfém@éﬁwwhééa%ﬁeﬁ@tek HBWFPTeSt in the
cndiB5L 100 SHEh, 85l O SEPUBLSHEORS] B unSl R R i

Examalketi vity, whether naturally occurring or non-naturally
occurring, may be readily identified using the assay

[020310 %6 biddatt dobvchxesipadcst dffanRGlcdqusbiseBich0dysdéll may be miscible
2005/ 018579, the disclosure of which is incoporated
with the p@reﬁuﬁgprp@m@me REQ1 1@(@%@&’ }qu#bﬁhase or may be partly miscible or

immiscible with the aqueous component, providing two liquid phases. Generally, when an
aqueous co-solvent system is employed, it is selected to be biphasic, with water dispersed in
an organic solvent, or vice-versa. Generally, when an aqueous co-solvent system is utilized,
it is desirable to select an organic solvent that can be readily separated from the aqueous

phase. In general, the ratio of water to organic solvent in the co-solvent system is typically in
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naturally occurring glucose dehydrogenases are
provided in PCT publication WO 2005/018579 as SEQ ID
wOs/06876 64, 66, 68, 122, 124, and 126. The PCT/US2007/080125
pol ynucl eoti de sequences that encode them are
provi ded in PCT publication WO 2005/018579 as SEQ I D
NOS: 61, 63, 65, 67, 121, 123, and 125, respectively.
the rapgq ofgfforp phews 9Qe1(9de gbeg 18¢99 (vAd OF gsoicatobepnt 19ev Rt apd between
t II S
80:20 ggagg 3 gﬁ%h létr Hé%@ag%}f‘tﬂlblace-s%élv%% s{e:n{‘l%fagb%f% formed
prior eidditeauc tl&sea@@hainytmel of @dtgyt boformedot sionsa tith wattamedssel.
herein are provided in U S. application publication

[0204]quhe a&%ﬁé 0819860 1R P 8r ZRAOSULLSHAICAL sfshen) Hhped PIEuERred or
whi ch are incorporated herein by reference [0199]

unbuffgr@;t oElee genst ey ditasBxdrenyBoyrelicxanogtg gster to the corresponding
3 ,5-dlﬁgér§%ﬁ%%§l§/&2§%sfﬁ%it ?11 Y2 €8 icd gﬂfatt' afit Bfe?q%h{ 89ra o@%s %}"fbg%ﬂy, the

an acti east a out
reducti® isreaiticapuaach ISIEMSEEH)O”(ESO at belESG/ WRaRODBIhA 42886 f from about 5 to
PCT/ US2007/ 080125 about 102 nmol / m n/ or about
about 1§3 Iwrm?r?mbwgmemﬁ ‘th6 i u?n BEATISTAYL A %Plflr@[‘lg?out ﬁi%%@ w

usuallyin Eﬂeeraﬁ’%é&yﬁd}ﬁ %?(Ht get? a t@( GIFEBﬁe 4m®bdi R@Etsp HRILARELR

2005/018579 en gl ucose an ucose
carriecd ehydragdeoba®uas er beipvoyfech iash¢ hege of ﬁcﬂnoubout 5 to about &, and

usually P ER i e Hhat Fia SRt e, e ey miw by Do ARt it at o

pH ofkBb@ EgUEbAS®, 05 BARIL QT AMRRRHclyhiic h&RItibh REy N4 RE out a
NADP+ i s reduced by the coupl ed oxidation of glucose

neutral pHgi.gcaliug 7aci d by the gl ucose dehydrogenase. The net
reaction is described by equation (3), which is the
[0205]s IDvmag itloncopd sead tlat tednatiohIrpacaiods, (t2) pH OFithO rOadbidn Gkx@re may

3). X + ucose. KRED X ORS .+ coni.c.a )
changhgpp L GRAP G ot A e et 2 § SERi oA Sl P
demreﬁ‘iﬂ{:fahgél By dRsQEitREbrARhEd: @'bﬁseg&ﬁﬁfgeihé Your ! &1 tRElrealiitin.

in a solvent. Suitable solvents include water, organic

Alterrstivelgnths pHemey be eerttallcd bg uaing an bquqqus sd@gttah% cornprlses a buffer.

st BT O bR St 1P TR ray RO R B, fr exampte
phosphat@tb¥fer, 4rictRidoydnhint daged, kathihk gike aCbH®iBiohaé Bbuffering and acid or
1- butyl - 3- nethylln1dazollun1tetrafluoroborate

base afdibignynayzlsbdiyscini dazol i um hexaf | uor ophosphat e, and
the like). In some enbodi nents, aqueous solvents,
[0206]i Nehancthe glumse&lucoaﬂ delaguegsusseaofasinvegmeryion syscm ar employed,

used. 02 éﬁg ous_co-soal vent
the coFpiiona SieoHE R e Rae g EroRRY 1 TR RS L pH of
the re@dtDAMiI&HFO V@O 1%3%@0%@ a@ficod8 gARURRWSIdGO NS tHERise
systemis sel ected such
neutralized. The pH of the reaction mixture may be maintained at the desired level by
standard buffering techniques, wherein the buffer neutralizes the gluconic acid up to the
buffering capacity provided, or by the addition of a base concurrent with the course of the
conversion. Combinations of buffering and base addition may also be used. Suitable buffers
to maintain desired pH ranges are described above. Suitable bases for neutralization of
gluconic acid are organic bases, for example amines, alkoxides and the like, and inorganic
bases, for example, hydroxide salts (e.g., NaOH), carbonate salts (e.g., NaHCO3), bicarbonate
salts (e.g., K,COs), basic phosphate salts (e.g., K;HPO4, NasPOy), and the like. The addition

of a base concurrent with the course of the conversion may be done manually while
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that it does not conpletely inactivate the
ket oreduct ase enzyne. Appropriate co-solvent systens
w@earvshesreadi |y identified by nmeasuring the enegTES2007/080125

activity of the specified engineered ketoreductase

enzyme with the 5-hydroxy-3-oxohexanoate ester of

interest in the candidate solvent system utilizing
momtaﬂn%ﬂwwﬂﬁémlwlﬁyplé%éy0m§9@‘i‘ﬁnﬁlﬂb’h esigeypytp@atiG Hirator as a

he

pH st oA T otaqt St CLRORY G Bink S BAPRANGTbe fled or
pﬂNGﬁﬂMﬁﬁUB conponent, prOV|d|ng a single liquid phase, or

may be partly mscible or immscible with the aqueous
[0207C RRAGBductiBh @d4cHbMOvEMOhE bHUE chaph@seSby E@ﬂﬂﬁ[%l drxby addltlon of

when an aqueous co-solvent systemis enplo
a bases@icg deeuiss ObEhetiopHeIsios, aniquROwes! monatesegg rfstﬁ%r thfﬁl acalﬁous

glucof?lc %@ﬂ' it rg(ﬁ{yt of ?Je o\%t%ﬁ (?Jeg‘sa F Sﬁ&l ! gc{uaw (ll) %}ﬂesents the

eous c Sy stem Ut
overatﬂ @Eo&ﬁbdvl@eti musms@oﬂluanhyﬁrg;aﬂe Ns 0# Oenj istakdaéd evan theecourse of the
readily separat d fré; e aqueous phase. In general,
reactioih o ginfagn m\}\% et POTEBPYfent in the

co-sol vent systemis typlcally in 74 WD 2008/ 042876
PCT/USEOQY/QBOlZS the range of from ahbogd ®0:10 to
abox nY | VBER_ X
@)betmeen 80: 2%é+%385 g%qfﬁﬁkaqrganlc soIvenF
wat er. The co-sol vent system mayPle pre-forned prlor
to addition to the reaction mxture, or it may be
formed in situ in the reaction vessel. [0204] The
[0208]aq7‘almmms addient is(ewali@red 06 nagtdiae theqru @l ovaeint rdsqasécbdr)ring the
ketorqrcri‘fi}%ta%e %%@Eg&gl}%}g%é@gga@g %{)lgg?egfz og gl%tcélg\ge%scltorll ?nr;y %e monitored
by thCRhb RS BPBLL 'ﬁgdedgtoﬁnghﬂaﬁ%g $Hn ?3@1@8?31 8a &3 h8icdCB®UnbBEffered or
carried out at a pH of about 5 or dbove. Cenerally,
partiatip buffered uectiommigusaoverdtic outrsaef the piducfioradre wtldeon@queous
ltbelovv usually in the range of fromabout 5 to about
SOUH9Y: |n sonme enbodiments, the reduction is carried out
at a pH of about 9 or be|OMI usually in the range of
[0209 T©E3rAOSHbodImEBts 2ARBEH th prdcBssSio dBrieadac sty Bole IcBigs of the host
reduction is carried out at a pH of about 8 or Dbel ow,
organgspt, dhe Whole kel mangativily progidedbo cefagor. oA gyaaiivaby omingombination,

the cHHA) Ay dIGEAAAR0 gg§{18é§ %gu%;&%sfdéh%%g%%se S oune

ernat] v

o210 s Rl BlenbaiePlea® SR I CG PSR ifrehank OBty erein o

refer RRAWAD. of NAGH - d.'épemdégt &ﬁz@nféquat%gtagfzeg e copelisibh 8Nformate and
reactions, the pH of the reaction mxture may _change.

NAD ToreNARPofo gaibort éﬂamdp &Rd NARTH 08 NAdYPid ereppachyelly nBerrmaate o
s GRS R A0D, B CESCO SIS BB
ketorgdaaiage- Malyzeﬁl IEéuidmah irseekiyns ddserilpdd hmyn behelertottohdted]lpyccurring

usi ng an aqueous oIvent that conpri ses uffer.
fomaéiﬁqha@rogeww & ¥etlgs pannerilyResirieg f gw%g drogegases.

Form{tg ?%d{r&%eh'&&s Ay qgo§e%tr@%frgdfn%rto EQ:I‘? ﬁIOkSe 96 @F&Qg&ﬁonas sp.)

riethano anlne
and 7TOGdydikt baodiiipdf BUT peblicagoaNdO 20D8/068579, which are encoded by

polynucleotide sequences corresponding to SEQ ID NOS: 69 and 71, respectively, of PCT

1d+ (Na + gluconate™)

publication 2005/018579, the disclosures of which are incorporated herein by reference.

Formate dehydrogenases employed in the methods described herein, whether naturally
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base addition may al so be used. [0206] When the
gl ucose/ gl ucose dehydrogenase cofactor regeneration
wa@yasoms’e enpl oyed, the co-production of gl uRCHUS2007/080125

acid (pKa=3.6), as represented in equation (3) causes

the pH of the reaction m xture to drop if the

resul ti ng agueous gluconic acid is not otherw se
occurripg o% RAT-paeally pecyspng mayexhiiban achNitypk etdeest pkgpt e

j [ - h [ I f ering:

pmol P BTGy d M AR R BY Byt 24 FOSERRRE W b /e,
up to ghane 06 emeldith/mp ot bighbie andudif & icadjlycapanbd Yorprovitydiadhe assay

or by the addition of a base concurrent with the
desoriBi RGO g@f PEd; rﬂvﬁlgqtmwéo%%ﬁﬁﬁﬁ? s of buffering
and base addition may al so be used. Suitable buffers
[0211k Aspaphbeirin. thederie dopprte arriers tafosmais saand & Qebo{smic acid
- L Om Of . -
(coy AR BRATRLS R AR SN0 n 8L ARG, 8, yically an
alkali tolp @minideéym sald(fonedagpid, HIC G2&e KHEONEX anpthe,likey, dii dxifden of

salts (e.g., Na , carbonate salts (e.qg., NaHC®),
formig, ?%gf%alﬁal%éaq@a%@& @ldo okDEgies thexedtc %ﬁﬁ&@;ﬂ%dﬂé a moderate
wid. IRl R s SR e 01 RE NS E g
preset@n wethsdil GO, ranyt H{EO 4b meecqui burmind gonehmtkations XOpH values above about

008/ 042876 PCT/ US2007/ 0 5 nitoring the reaction .
PH 4. 0538405 6 TRS40BH TG BBt et Ont 1oy OF o raiided 55 Forfie acid.
the re@doRMBikiute tsl tpidhlff biFferdd ol [Bls aci€ BYRINAL b BAscAb provide the
partial buffering capacity and base addition can also

desiredpHy syeicdllyrof apowdt § ot ahmtvicobuitapBABBEs fonneuishizatedudtfowmic acid

. eactions when the pH is i ntai ned by bufferin I
includs R SRR hEell bl LR ATE et bl i 3pE e, ana
inorg@iic BHYE FoiSex@hipt) RaddxRidlshity @I ENa@MRRaDAHAO WSts (e.g., NaHCO3),

~ gluconic acid is the product of the overall process. )
bicarpgpteszlintsl g, K& Grathasis phayphatepinlis g sKeHRO4, BreP@y)) and the like.

process when aqueous sodium hydroxide (Na_'_ + OH) is
[0212]a fdepH owbies tbryeabantgd] 6f attwhach fosmeteiippretiommantly aiascrdas

Lnitial bel bout .5 b .OH OO0 OH
HCO%%{%B!W??n((ﬁy b&%f/q \_ﬁegqn??g%‘glg fgﬁ?ﬁ%%g&%dme?aw%z(e%?%ug%on of
NAD Qb QD@ &y forntdd! NAD(P)H [ 0208] Wen base addition is

enpl oyed to neutralize the gluconic acid rel eased

during the Kketoreductase-catalyzed reduction

react i pro,theamppar €54 of @;@%, RABWSHS on may be
nonitored by the anmount of base added to maintain the
bas red ar,

pH.. Typi cal l s, added to unbuffe r tiall .
os3Ryyel B e FORRRORIIEL- S M Bl oY Rlonbracon
systerh &l 6 thydfoxgt Roastdeshdate @ @otéduccdMylthé R&tSreductase and NADH or
NADPH, the resulting NAD " or NADP" is reduced by the coupled oxidation of formate to
carbon dioxide by the formate dehydrogenase. An embodiment of the net reaction is

described by equation (6), which is the summation of equations (1) and (5):

OH O O OH OH O
X\)\)J\/U\ KRED X
(6) OR!' +HCO, +H* —— OR' +CO,
FDH
NAD(P)H

[0214] Equation (6) shows that when the formate/formate dehydrogenase cofactor

regeneration system is employed for the reduction of 5-hydroxy-3-oxohexanoate ester in
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[0209] In sone enbodi nents, when the process is
carried out using whole cells of the host organism
wo b@simsie cell may natively provide the cof acP@r/US2007/080125
Alternatively or in conbination, the cell may
natively or reconbinantly provide the gl ucose
dehydrogenase. [0210] The terns "formate
aqueoyd pRHH QY riad b abayigbo M 5 gpretons ansqlyftasy 4 p senpumsH ynd the
t
reacti LA 8 pr U O S i P AR R =
acidifNADPHe pld of &feh@ﬁbtﬁbh@rxikdﬁe aag bdlaLhteincNADRE desired level by standard

respectively, For e_. dehydrogenases t
buffergs BT @R oY eS8 (R DERHAELHS PRSPt E@b%fﬁe{neﬁép%ty
providdd€or KPR E@M‘Bﬁ 8P sm 5@& %ﬁ’cﬁﬁ@ntr wHval c%ﬂrs% SR8l @A%ersion. Suitable

deScribed herein inc both naturally occurring
acids fooaddaiwmgellrwmweafab@sactm temhdintam tho pHnatludeadrgynic acids, for

(o]0 mat deh rogenase
exam Qg AP s Al el ey REGERRET peidh Sl e ieo migeeptaids, for
exarn gdr%@al( &@d&d@ﬁ@l@ fbchlon@r&@!l ;)%u(fﬁ?ﬁé‘ gélgapﬂ%@lblwrﬁ' dcid, and the
CT publlcat|on 2005/ 018579, which are ‘encoded

like, agyhc pdiisyfon examanle délydmgeemmeehaémalfe i@g ) &PhQOab b@Ehiutle Balts (e.g..

NattsSpuilsB96, g CHRBEASalutzs ol e BVECH BRI R Dy fpuger

conceREaRInandythe pﬂeifemlutloﬁcafmhﬁmdﬁm dTe genapie scRERbOYHd
in the nethods described herein, whether naturally 76

represps stogycnd brpeessarheudonny Aod 6o ). Hy excasided axerghe course of the
at
reactiif 8 AAEE i EHY o0 anSTRYLES AN BROREME bket T
predomianiiiyas HY,0.0in tht rdaeaeit mahomt thtGRCOD lcomientration is umidt@ined while
about 103 nol /m n/ i gher,. and can be readily
the Coez?ré@ﬁé@n?wnmwpﬁc[eﬁq 3@0 4&day described in
Exanpl e 4 of PCT publication WO 2005/ 018579. [0211] As
used herebﬂ,cthe)tern1"fornate refers pp fopr mate
ani on & f rnjqﬂggl (WRED2H) , an nixt es
tgﬁreof Formate My Fovided in theé of OR" +CO2
typically an alkall or”%hnnnlun1salt (for
exanpl e, HOO2Na, KHCOR2NH4, afRfE |ike), in the form

of formc acid, typically adﬂe%us formc acid, or
m xt ur es thereof. Formc acid is a noderate acid. In

[0215]a s psidsasiditianon smpiavkl o Bieingaiathethl dwiinga wduption rgegion using
the fo%%g@%_% @eh\l\%}ol%e%asgr oﬂ?ﬁo% 55 ener‘? rf ?yos%eél?sf% Srogeﬂﬁgg

conveﬁb@ﬁ/ﬁlafi be lrﬁomtpfdddoy theafBie of Scidradderonadihiayh fhe @B Mypasilly,
HC02 When formate is provided as formc acid, the

acids pddeditp aﬁbtrffe)t%@@amallwf@aqd ipagiigniraixBacS RV e iligconEss F
conwﬁﬁ&g&%a/gmgg%ﬁg Sgeﬁé L0 provide the desired pH,

typi cal or above. Suitable bases for

trallLat|on of el ud ut _are
[0216]I fie tteer]als (s)econ(riarg cgg%argseégc%rogenase lsgngP areé used 1nt%rchangeably

hereirdfokoft ees NA@*tola eJAIDk*edepeﬁabnt Ieﬂgrngeﬂhmccabaa@es thd @hversion of a
exanpl e, hydrOX|de sal t carbonate salts

seconglary gleohnlanddg) D ObNéd?PodﬁatI@’goélﬁ|aﬂ@1\kAé5% or N&IoRy3) respectively.

S, R R PO o

illustrhted gti@prepapoledom nant |y present as

sADH

(8) M nappy + NAD(P)H + H*
A X
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HCO02 , equation (5), below, describes the formate

dehydr ogenase-cat al yzed reducti on of NAD+ or NADP+ by
wo eoosmizs76 (5) HCO2- + NAD(P)+ F~H C02 + NAD( P)PCT/022081/080125

When formate and formate dehydrogenase are enpl oyed as

the cofactor regeneration system the

5- hydr oxy- 3- oxohexanoate ester is reduced by the

[0217) Seemdaiycaleghe! deftydrozppassy thahmpppitable foruse gy ¢afagiomnagsnerating

systerﬁ% lrnrrl\tﬁ?getf)%ﬁu&g%b GE H%@gi @Fcn‘é{? lf‘e%)clhﬁg? O(i%' ﬂ?} 'dcfl%re% include both

naturaﬂ@zm,cdnm'gg rsamdan&mlmhfob@bhyﬁngemdses he vmfﬂt as'remetdtally Sccurring

secong%%c Goha d egisir%gggs%sg)Nam@qy\gc]gr%gl S%Lpt%g](y% r‘g\l;ai]fé)hny_ﬂgr)ofgenases
1ncludé|%%wn alédhoi%?d% Bkest fr&QiZ Thértda %%ﬁ) b L/Q?— :l‘ﬁz]odococcus
Equati on mé t hat when the ?ornate/?orna
el)/thrdﬁwgﬂdlagemwsd@f acaol Lacageitlps ardvon amyMUenatulsally occurring
I d r .the reducti,on aof 5-hydr.o 3- oxohexano
secondify afeOfil dByaipstvaands sest ik MSUeT HoRb s do L
thereffsth USE QM@ afcoBbl MGUR gBRAYS criiploPed RItRE ﬁﬁﬁlo'dﬂ dsRlivéd Rétein,
are consuned and thé reaction causes the pH of the
whetheenaftiadl ogtuctiog er ten-natgesllyfoceurring, mast emmwwoé,@lty of at least
e rea

about% p&r}uﬁl(tn?%ﬁgé& srBrenetlmeF] flt leas? 1%“1? #gnoé%nn}me% of &t g?st Bout 10

e nal ane esir

umol/stiddang to Bsut €01 ngol@imp @uBihemher ei n t he buffer
rel eases protons up to the buffering capacity

[ozls]pSgﬁatqgsiecoﬁaar?mcbﬁ@ls Attt ol 18R e Odecitia hlﬁarﬁﬂ@%a[r?pélkl
h the course of the conversion. Suitable acids

carbu@éml Emtmphf@ df hew gogewulanf aledholy inelots tsnpmamh Sbutanol &enethyl-
H isncl anlc £ay;pox
2*"“%& 'peng 410 g'nl%&lt 429}, 3% 81;5‘?1%%"3}?0‘%‘% fié gfﬁ d I%f'hoéle cpgdiment

the se%ﬂd@fﬁdtlc@fﬁl ésisofropano XSuTRIbe: dryidi aelubﬁloﬁ,clhélﬁdé anubstasted and
ydrochl oric a0|3§ sul furic acid, phosphoric acid,
SM%Uﬁﬁﬁiﬁﬁ@’dhmwﬁi acidic salts, for exanple
di hydr ogenphosphate salts ée.g., KH2PO4), bisul fate
[0219]s éZV h@ a(@andary Namyld sevanddrg aldokel. deBpdregenasoaiicrrmtiayed as the
cofact(% FF@SB‘?TP%?I} gﬁtcegh 3 ﬂﬁ éﬂgﬁ{rng}y t"aﬁ)é(o %s’ltaa%tg sster Sél%strate is reduced by

the en@BicBiedikbREedub@ke SXENRIDI o ENATAID AL %)mluﬁ@ NAGS ERSADIRE is
overall process when form c aci i s added over

reducghlay tgispyRlcd pxidpidon pfethe scondary a}fvaﬁ%ltta ithe kgtonerhit thapeggpdary
r
alcoh&b(f%ﬁgdrgg % %{n%lugn f}% éerﬁ{eg} t%fl{cl)%lor?ln (?j Sf?&estra with
1amnhﬁﬁﬂ,wﬁmhaembmmmhmnonsfﬁﬁmnbﬁim&dn&hnle t he
conversion in net consunes the added formc acid. CH O
0 OH OH OOHK%ED

o) OH KRED OH OH O o)
(9) X\)\)J\/U\OR1 + )\ sADH X\/k/k)J\OR1 + )J\
NAD(P)H

[0220] It will be appreciated by the skilled artisan this reaction of a ketone and alcohol to the
corresponding alcohol and ketone, respectively, is reversible, and will reach an equilibrium.
The inventors found that the forward reaction is thermodynamically favored, and that only a
modest excess of isopropanol is required to obtain high conversion of the 3-oxohexanoate
ester to the desired 3,5-dihydroxyhexanoate ester at the equilibrium. Typically, the molar
ratio of the secondary alcohol to the 3-oxohexanoate ester provided to the reaction is in the

range of 1 to 20. In some embodiments this molar ratio is 1 to 10, 1to 5, or 1 to 2.
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X ORI + HCO2H X ~OR1 + C02 (7) FDH NAD(P)H HC02

[0215] When acid addition is enployed to maintain the
w@Rkbodsismg a reduction reaction using the PCT/US2007/080125

format e/ f or mat e dehydr ogenase cofactor regeneration

system the progress of the conversion may be

nmoni tored by the anount of acid added to maintain the

[0221]p Sompyepginasicd ketoprduefaseagtiedar o agiviiyfte deluuiregenptarsceqndgry
alcoh&l‘ffeghf‘crta%q.j frf s‘%‘fﬁé ngﬁﬁgﬁtg GSin \égcronaﬂﬁ f%HGlSa% ?%%_a ,tq_fhe

conversion are added In aq u ouUs SO I'ons
enginé¢@edbetOedcandany tiad mbmiarﬁﬁlhym dgkeytasghasinde flARME car@nc.
used interchangeably herein to refer to an NAD+ or

[0222]|\|1P1D9a'rr3d BNALTBodENENES thb de IGasradyeZRs-chiaB 6@ RMdatSdORRactions
a secondary al cohol and NAD+ or NADP+ to a ketone

descrlhmlj hygamrenaoyNpppIcofaces preenergey systomy giherghe pgilizeg er mguced

form 8‘@@8 6 8t§)r E{Ag Sﬁ ?P&W&édloPltﬁ[l}/.%e@gieg&lb%%oveb%e%ﬁac&regeneratlon

Secon I'SOpr opano

systerﬁ.éﬁllr{fe@ts (o8)d12!edNAB(cR9rto tts NACES) fidrnh, W&hch?&h‘é\@uﬁﬂ%ﬁﬂtﬂ%&%ﬁuction
PCT/ US2007/ Q80125 _%17 Secongary alcoh§ )

of thesiayetistien st ate hag » and@yy Pasiobexgpaigsatendo thsreiegponding

&54hh§%%9§§£&ﬁ&ﬁbe&&5te”B in the ketoreductase-catal yzed

on reactions described herein include both

[0223]22111 \%‘\dgﬁ% él%b(?(ﬁ‘l’f‘llé{ltrs {&ac% T r‘ég&%)ﬁo%' %3&9& ar%etm 9§e‘a9 %??ﬁﬁi?lf:ﬁon

as non- secondary
reacticigvaeki igan ad o ut ﬂtﬂahw @ﬂ d qofm@uegmre&mg@pdamy, tad: cafbebr is added
dehydr ogenases | ude known al cohol dehydrogenases
to theggag H?H@Pﬁﬁéﬁélﬁﬁ br ocki i, Rhodococcus
etythropolis, Lactobacillus kefiri, and Lactobacill us
022410 Iiz gareyingpief tho pantipselestivg restwetion feagions dessiidad Yerging isol

engm%&%&l Eét&%ﬁlrl]&gs%sen nrﬁﬁ‘%: Lﬁglg aﬁ}l %hzry%i s%gm%gg@% optlon oﬁaqtor

rogenases rom ary a

regendehmd 530em ﬂﬁl&ﬁ beapdedyte thd readtioa migture d5thd sl mbtﬁel purlﬁed
herein, whether naturally occurrin non- nat ur al
enzyngseyypele ﬁsﬂs Tﬁﬁ‘}?ﬁé’ﬁﬁfi Bith geRce ercpding the era?tymeée?gﬂtd/ or 4Bt 9¥tracts

o WL AR5 LT, ol OB BB

the oﬁtmhl/amfam:tm‘gegﬁneimgm enzynjd32i8 pe Eianifaﬂmhael 1ﬁmdmsd@ﬁily separately or

ohqgl s incl ude I seconda ol s and
togetty fie %ewme%eatr% [In8PE gt aah e gt dus fiefeyrost cells can
be traﬁifgﬂl'ﬂé?ll With Q&le@ niKPRY PR %ﬁgllneergd Q&Bﬁiﬁﬁ&tase?enrz'?ﬁlg ¥%hd another set
but anol , “2- pent anol; 3-pentanol
can begtra;sdq;mgdhyth genb(ﬂ) amﬂdlnggthd cofhetor relgeneratmrxmeymes Both sets of
| coh

transfQUTRGSTIE Sl b Ui SRRHRT t e SPiton R iR PPt hglgeells

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

cofactor regeneration enzymes.

[0225] Whole cells transformed with gene(s) encoding the engineered ketoreductase enzyme
and/or the optional cofactor regeneration enzymes, or cell extracts and/or lysates thereof, may
be employed in a variety of different forms, including solid (e.g., lyophilized, spray-dried,

and the like) or semisolid (e.g., a crude paste).

[0226] The cell extracts or cell lysates may be partially purified by precipitation (ammonium

sulfate, polyethyleneimine, heat treatment or the like, followed by a desalting procedure prior
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substituted 1-aryl ethanols. [0219] Wen a secondary

al cohol and secondary al cohol dehydrogenase are
weepBoyxds as the cofactor regeneration syst enPCEES100E080125

5- hydr oxy- 3- oxohexanoat e ester substrate is reduced by

the engi neered ketoreductase and NADH or NADPH, the

result%dg NAD+ or NADP+ is reduced by the coupl ed
to lyophiliggftand g Sofultrafdtratiane dtkrsis. andbrdikel: oAmh@f qla@tc@lharewatlons may

be stan“‘z‘ BBy 8%%&%&611@1(3 %ﬁg‘l@! one%iﬁﬁ‘gﬁg Qgeﬁn s (31 e{&e%q'g RAGHIO

glutarh]fd@h)jl‘da:ﬂﬁ @imob¥iiriatitn tosa ddtie phasa@ld.,dHupofgiteCuatitonikkd)l)
and (8): OHO O OHKRED OHOH 0 0 (9) X ORlL + /\ SADH

[0227]XT%3;01111 rchARNER) & [ B228e, bditshett ) nﬁ? RpR&aEElatk R¥ctiditin a
Il ed artisan this reaction of ket one and al coho

Varlety Qf fdiEerent é@m@sw@h@mgg)oa‘{d@é g ]gﬁghlkléqd@ frray dried, and the like),
solutl&? Séprﬁﬁsgbﬁ/ %Léijenéﬂﬁ e,ra%ﬁ\‘?léez lgér gl" %g%cﬂt%%atn l%ee%%!ﬂc} gn‘}l\lla?hdhzed or
spray rdaa@ u$i0g niethodk endreglypracitaidtlaye ewar edhosarmevinpatdinalyskal in the

nodest excess of |soprop nol is re U|red to obt ai n

art. FR grmydenses Riotn slutigiiecas. &ahé ten swaglhgliqugtsy ﬂl@n added to
I

a precﬂﬁ%’d | %h?’lbz%hgf_}_ g%?lgl%f Véaﬁé@ﬁ&’% ea?bﬁ%agt%?l ootfg%amhum After the

rernO\Sida oﬁwdar froal tho Ismhplesg tmdwten@emmh extapoalleragst ¢v 46 fovitele dours

0.t he action is, in.the ange, of to.20. In sone
beforee%ﬁ‘&a? AERE SR el b PER eI o 8. Sor s
79. WO 2008/ 042876, PCT/ Us2007/ 080125 [0221] Sone
l02281e %‘P Aualiis REfeariapty spakiadhareductipnsaciioniwilggnerally vary
VA lg I
deper G R 8o S R AR oo AU cofleciftuly the
amou iketecddtake subseata cehqﬁr@redn d'ht felevenp guidelyncalcewbolised to

dehydr ogenat e..ar e he sa enz 022 In carr
deterry e G B e r s SR, elioh Lo iet Ar S Asion System
to usel erjéﬁ%fa'lls?nS h&ok{-805ko- lﬁ@ﬁﬁédt@@s@er@%ﬁfa'fbsea?@érﬁﬁl'opgd &a

cof actof regeneration system either the oxidized or

concen@m@e@f abpatr 2 tof300 igeamfd tgeuong fray dbeupibmigdedbout 5 g of

ketorddebt AndpahPI CER L HEGE 1 S8 Mot spRred o Pt aing orligapy il in

the arf ®HL&adiy Oiderstadil ow tosvat;hﬂfés@@ahnﬁ@sitoltﬂldrh@enﬁ ese tdegfed level
of the ketoreductase substrate (i.e

of proguepdiyaeg seale ebpregusiion: Arpsenstare gentities ofomtiesysesicky
1regene;’r'c1nﬁor¥1 kﬁy qj§ Rf%/ %g?%?gtdgteﬁﬁﬁl%{i bg{r(?%tﬁl%]exé%}lrﬁ&ﬂgtlon bas?d on the

r regener n systens are
amoutﬂl&‘cffd:ofaEer an@dtkdtbeductieatiizen sInggeheiaf dheotetustanitiiogt, gtueese,
e of a cofactor regeqeratlng systens, the cofactor

fomtf‘s isonEppanely i winiged atdeyslyabaye g saimelar keyelf detasgductase
substr®484bhikik %@&ftﬁéllg gofﬂgfetet &%egpﬁcﬂﬁﬂl% %bﬁ\‘;‘etrélgﬁ of BdYE{okQfhctase

reactions descri erein engl neer ed
substrktet or educt ase enzyne, and any enzynes conprising the

opti onal cofactor
[0229] The order of addition of reactants is not critical. The reactants may be added together

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

ketoreductase, and ketoreductase substrate may be added first to the solvent.
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regeneration system may be added to the reaction
mxture in the formof the purified enzynes, whole
waeeism48ransf ormed with gene(s) encodi ng the ePyOEm)7/080125

and/or cell extracts and/or |ysates of such cells. The

gene(s) encodi ng the engi neered ketoreductase enzyne

and the optional cofactor regeneration enzynes can be
[0230} Fahglﬂmph%ﬁmwg)eﬁﬁ@@p%@m@ ats peeRt ed-yolwent sysjyaihieed, the
cotac PLOGHORGATRIR Lo S E R AN A8 i o v
aquecows phasging( The engadt phgsd mey drgibeeddataddanticd iy cfblzks;eed by

enz and not her set an bhe tr formed with
addltla%ﬂé{@)ke@ﬁ fangSubiate o PAETGH VLY @ﬁ@fﬂafﬁd&ﬁt& Fgage may be

prerm?@& h e Blsgaﬁ c ph%@@ﬁg%%&tﬁ)ﬁlté) ?he &E é}ﬂf Lid 12 ed

ogether in the reaction mxture orm of whol e
[0231]?% %t%l? 8(21]{dlt'|16hst {Eo&g Itlllé/ et%rgauc?{lse ec)é{a%%{l ?e(gl%{ld)lbl%qalons
describedhataringddow t)vhldegﬁilﬁ(}SOf w@ndoidhnHghivhtchn bbecadilgiopemized by

ket or educt ase _enzy n& and the  cofactor regeneration
routing gxperiaentytippAhat ipgludes. by iy votilimifrdrtgy sntpciing Meg@giicsied
r
ket P M pPER Y TR PR Rhcting
produetx farmamphndshmg theysabhab debatbedfin theeixanipéesempiidgElterein. a
variety of different forns, including solid (e.qg.,
[0232] Thp kitorctiddtass@itayzedrredttion angpichiy tdrkied ootrat aegthpahtuet in the

a [0226] The cell extracts or

range ((92 [fqgom e}@&g Lg%ﬁﬁ}% St e)éépt Fau qoylerﬁwqupr@%p m}he reaction is carried out
ata teﬁrr %thl{ﬂjreglﬁﬂﬁggltléeg({ﬁ?%ﬁg% U‘l(; ‘? gethmf g ﬁrﬂﬁodlments it
18 carpedbae dua engreranre 18 the\Wn RO G4 ﬁBﬂlﬁ 29@'td1$)2>0045°@8 Cﬂﬁ&eactlon
o.lyophilization (e.qg., ulLtrafiltration, dialysis,

HMY%E%P%W?I%%%%Pmde @gfﬂ%yE@Ft preparations may be

tabiljzed by craosslinking using known crosslinking
l02331a§é1ﬁ f%ducg%wa%on if §ENGY é}ﬁ@glwed t9PERCaFAIHE rywatigy complete, or

I S

oo L LSRRy LU RRSE A of ERRREGL iy
momtet;:!dhsmgdanw)l nmlyodsebygfemcndg dulisoatehaadfoe aotduotn Suitable methods

includigigs A piaaant; HPLGr FELRE ke AR o R s 8

dlhyd%hélaﬁﬂate %stélpl%a&t% prodit gaferalte&ﬁl thd %eﬁ&ﬁﬁﬁﬁ{ﬂﬂe%& géherauy
readily lyophilized or “spray dried using nethod

greatea mn@d?gutpi%tmmdso be grekionthan eboutihd%e ntvemlwdoecgrdatmthg'n about

o, SKil |n th anmpl e, 0 | ution
70%. B el 0 gt atsBs " B o B Berls? Um0 B
greate@ttﬂih%buﬂ 974 | yoph| lization chanber, followed by the
application of a vacuum After the renoval of water
[0234ff m%tﬁﬁh§m1?e§an6alﬁ@reﬁﬁmrﬁ5&ﬁc? chrSbd ¥BhwRed ﬂoﬂh@h@l%gctlon
to 4Cfor two hours before release of the vacuum and
mixturednd apighalbyf fu(rﬂher plyﬁ“@musmggdeth(aﬁph@glre k@gasio thpss of skill in the

art. SHRTC pihERao ASERy T TRl hOTAL Gt 859

6,645348; t‘Hb msdro@mbsmﬁfaata@e 886rpbraetRicr &6l by 26¥erence. Additional suitable
concomtantly the amount of ketoreductase substrate

methagggreayrevided Hethe Sixponica§elgwi del i nes can be used to

[0235] As previously discussed, the ketoreductase-catalyzed reduction of the 5-hydroxy-3-
oxohexanoate ester enantiomer (Ia) generates a new stereogenic carbon at the 3-position of

the 3,5-dihydroxyhexanoate ester product. As also previously discussed, in reactions carried
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determ ne the anmpbunts of ketoreductase, cofactor, and
opti onal cofactor regeneration system to use.
W@RWs/0#i8l7e/, 5- hydr oxy- 3- o0xo- hexanoat e ester subPGSI/D8108%080125
are enployed at a concentration of about 20 to 300
grans/liter using fromabout 50 ng to about 5 g of
ket or educt ase and about 10 to about 150 of )
out with hecangincerpd dstoredagiapqyenyy Hich deserised h¢relmnthetr;%caﬁle pygidugt is

Y, o ti
eonrf G HERREAL D RO GRS RSE SRR, SRRy
dihydss@ghexanbatp eadmcgtenmtedﬁpmgolm ¢1tgﬁreaecﬁala<r¢tdrédwsasefenzymes described
opti onall of act or . gener ation system nmay be readil

y
herelraaerﬁ shisglifad neY-rRcsTiS- n S BeBHPISIARe S itk BASHErtay rearbions
descr@@@ﬁélfeln%{)&gﬁ én%fat@aﬁ{a@ gyr}@g Qiﬁl?ﬂiw §>@a Pﬁﬂe ﬁgtt%gsdacc&ﬂmg to

gener al reduct ant gluco
structimbformpbir(dla) havsngia itiialstze:@rraetlc lpeuig] &f aatﬁzdvteibbhé%iq%i wolkhy at least

of, ket cta e e.to hi.ev .
about 88 ¥ P iy Han GG REIPor She FauREo e smbgiments
prov1d1ﬁ§ t&ﬁB&&p@UﬁtﬁS@R SUREhY b Bhek AR csth & 1@ Aikst&bomeric purity
tion of reactants is not critical. The reactants
of > 9&19593%@ added together at the sanme tine to a sol vent
(e.g., nonophasic sol vent, biphasic aqueous co-sol vent
[0236]s ﬁl@rte]mn of tlamxileMed ciidsa)beddrer@h hevalaten Valng, to o pertwhlatlyeiscful in

actants dde e t el nd SO et her
the sy O LTt e e B RO e a i bR BBpinds
includcQ@B&REH @th&erlsm %tl&%r 4012818 Mme enttRHRRGAY 642880y 1, %ﬁ@ X is selected
ket oreduct ase substrate nmay be added first to'the

from ¢dprpepitanognd WilreRPSINd AR 76s dctinedb200r/ T8G1a8ne §rob@tnents of
the cojloup LRI SRS UG T OBP. AP OV BT RO cpprived

hercirSyslugthds€ behpslines as@hicamd i¢ oiaedralkylay repebagdad/oandis selected
m xed into the aqueous phase first. The organic phase

from ¢higro gyeogad hyéredy-and ni xed in, followed by addition
of the ketoreductase substrate. Alternatively, the
[0237]k ém onbalinrcasef sheommmuadsapgoseng torsenitued f¢rm11d2t®e(la) (Ha) (IIa),

¢l h
ave) B0 Sk dPCORG R ot PEiah s BGuBIHE gwgp AR virtually
any pi@eéc@hg drfipaeewaab Bk Yizddl fof pretdctiaf hiy@d&yl @8sps deme ok hee

herein include a wde variety of conditions which can
syntheses.r Biideytityof he speeifip protecsingigieupexbedaprichRan the verHs

synthét[bctjeygl%ﬁ 89&& ss ah® Eat{ Bé?egcﬁﬁrz§e?ecte% f gp%%ff{& gx!ﬂ?o y those of

I heere dreduct ase e yne an

skill i xlwrt nRritadle d&bkn@tmﬂy prengengitoups afectiedcﬁtedtm G@eene & Wuts
product, for exa g the t hods .descri bed _in

“Protftqta@e éf%liﬁﬁﬂ%@rg%ngwbe%'r i K4 [18%%i?hnrwewe?e SPRUNCE Bse for
examltﬂ@,tn@. W?@OI).r %j%ﬁli BRAbOSncHRI fﬁ@ Lt G gr&% QUticakd ?rorn ether
e erature In the

range of roma C to about
protectiv@.grétgs (8 grbereayh adiugditsahytdhep yragt trnahoxysthoaymithgl, out

meth R ERE ) P T P ian EBOaf fe ety RV E1eysv-butyl-
dimetBIHAL rBht AN A4US %sﬂeﬁpﬂot&umgﬁp@te & I H-8R0UlIAAE t o

hé reaction may a be Carried out” under
haloa]gmgiee atc. )cembortatoprotecting groups (e.g., alkyl methy, methoxymethyl, alkyl

2,2,2,-trichloroethyl, allyl allyl carbonate, alkyl benzyl, etc.), and sulfonate protecting groups

(e.g., allylsulfonate, methanesulfonate, benzylsulfonate, tosylate, etc.).

[0238] The 5-hydroxy-3-oxohexanoate ester enantiomers of structural formulae (Ia) can be

prepared using standard methods that are well-known in the art. Suitable exemplary methods
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[0233] The reduction reaction is generally allowed to
proceed until essentially conplete, or near conplete,

w0 e@ao1ison of substrate is obtained. Reducti onP@f/US2007/080125
substrate to product can be nonitored using known
nmet hods by detecting substrate and/ or product.
Sui tabl e nmethods include gas chronmato raph HPLC

are deaﬁébesihéq $1Batencdiev 6589849 éﬁR}’é}lf@fGXﬁW@ e iwhich X = Cl and
= tgh%g,?eog% %&g%apfeuess fenf RY U§‘i$§’§ p£anth8 %&%ﬂ‘%@%&%ges cited

react xture are nera
thereinlK CEQB(& lmy baiﬁp]i;ﬁn@#e&)ateat Pﬁllsia:ﬁtlalbblut 1B0928 M8y CL, R' =

A I A T S R RN
discloglfntg_? Of wi ﬁ%&&he&@é&t@%%m %g efelegge?’@IGTh%rowd%s a diagram

roxy exanoat e reduction product can
illustra‘émg)quadiar& moathdds efmr wattesiomg the xtbstrgeamcbotipenadioaletigally pure

further puri.fied ho

form i dsgfante ix hES (ffenotigiel BtBabiet NodoPar D0iDab Rttt Fo
2004/q[133l1}4§ Patents 6, 001 615, 6,472,544, 6,596,879, and
, 645, 746, the di scl osures of which are incorporated

[0239]h %@' J(/}:e?g cfl &S)%Eamdl'\fé%s{)ekﬁ%g‘@ c[%gg)%gﬁ?é %élﬂ@%%éﬂ%%r?ﬂ&tase-

rovi In t e "Exanpl es previously
catalydeémdsst&nh, regdtonk dewribetldraineas dt abodzsdtareduimbiconlsod synthesize

ctinicamaf el s TP EERaTr e CuEboRta THE G Tbepatin, and
pitava@fatin! Aeke iRtefth &M Gte FX HREYAMEAS 6f ﬁ%ﬁeesrtatﬁfs(?éjth‘étprot@este@&ﬁ% 5-
previ ousl'y di scussed, in reactions carried

dlhydmmmgw 6stPGTl/ susgtwwf@tmda Gllapert (IWik ke l\éert@q»dsefer ed

etored nes d ri be here| the red
syt SN ARG RRITER ST RPPR oS Paeh b LEH Bl €
substifife@fs60 #e @dipovihdyofaktruttieal Jorpasi (I[I@Prepﬂ_dﬁbk& unbfi@ge%l fotecting
di hydr oxyhexanoat e esters generated using the

groupg B HOEICEAS BEXDP 681U $pdecteshnFgpilosg dstcrib abmﬁe ((@mpogpds
incluil 8% A0{cIRLLRFF b SRERPI RIRRMIA Ry cklifiole ip Greone &
Wuts,g®Pneteéive @loupsin Grganid S@ntﬂllekly,d BEEMheancphe Véﬁké}e&$ons NY (see,
for eximas P el Tt b Totther (rehat! depnt tooh Bayicksiar e
prote e T . Bxapl es |1 Lust r ke enbed: mente. provi di ng

D U e T A e e
substiGaed rﬂkﬂeﬂé brﬁdt@ c&utbstsylah@zedefﬁcﬁn tHeegn Bﬁr déihpdroayiexbesite esters
found t é} particularly useful in_ the synthesis of

using ¢he Hethggy SPrhlif‘érl{l &ht- et &r 0870 o i gy b - Tt No-
6, 472%‘4@ 3?(5951'9 Qu anH @Pg UslRedt RS 6,340, 5\‘3@ '(Xhhéﬁﬁr ol §N§ ﬂh@ﬁﬁElosures of

, Inso mbodi ment's, tent-butyl, and
whlchsafb ecbgwbratéd bﬂﬁmeymefE;rem‘ya ﬂompdullldsdndughlng almde W@ctlag groups

can SRS By R B RSB B e Grovos i
Orgarlid Sdthedid,* B@)Ed (1948) Joéhﬂdvﬂé&a& sﬂcﬁﬁCNYt(@& fd?%&%lﬁle }&%lzol-ms).

i ncl ude t ose conpoun Sin | ower a

[0241°"As aes%Eth %Xémﬁ@%o%poﬁnﬁssacégﬂﬁfg t%‘%tructural formula (IVa) in which X is
cyano can be prepared by treating the corresponding (3R,5R)-6-cyano-3,5-
dihydroxyhexanoate ester with an acetal forming reagent as described in U.S. Patent No.
6,344,569, at Col. 7, line 30 through Col. 8, line 40, the disclosure of which is incorporated

herein by reference.
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fromchloro, cyan and hydroxy. [0237] In enbodi nents
of the conpounds according to structural fornul ae
w@b@p/o48ré a), (ll11a), (1Va) and (Va) in whi chpOI/US2007/080125
-OR6, where R6 is a protecting group, the group can be
virtually any protecting group known to be useful for
protecting hydroxyl groups during organic syntheses.
l0242rr|z$é angdige spegifisfexpmples prrepaunds pecerding Onﬁwg‘%@lpfommlﬁ (IVa) in
whicl ERERHlo LRER: biof L) BeRin P LR i FEEH. D chaler3
dihydsixlyti@tainoste bytet Wb @n afetalfhinhing ir¢agtitens aléscrlb&il lirt Gtﬂ @atent No.

e | a protectin roups. ar cribed in C?eene
6.344341p g? Col. by léftﬁ‘e%tck ﬁ%wg%f?mpﬁf Tipe éfigtg?l fcl layHe REwhichis gegrporated
hereirﬁ%rrefe’lrgr?&z John Wley & Sons, NY (see, for exanple,

17-200). In sone enbodlnents, the protecting group

[0243]i %.s t gt?ottl?eg {)&1%‘3 ?}Ee g{nggﬁﬁ;&s' a%Porg[n%l{Q §tr&c%ur% formula (IVa) in

whlclméﬁdwq»ayiebhmkg/pfepmeﬂ by tmmﬂg)ehy I@Elbl’tyhnal(g ((pre)p,aresll dsylescribed
et her protectlon ri methyl s

above).nyig} hyarfing reagery ;iPSC“g?dr%‘t[Hﬁ Sty No. t@%Wﬁt §io-yl; line 17
throuf €o q’lz qﬁlteejrt &%&&h&&&\gﬁlwgﬁné&gr bted%f&@ BY feference.

hal oal kyl ate, etc onate protecting

e F'ﬁ*tafh%ﬁm?%?%JO%Q?IMthxanoate

taken b@g‘eﬂ?ek car?fo@m)a, cyahd bosmhﬁte Ip.ﬁ?tectﬁlrg(gfr@gi a;ﬂ@Rdr lG)&;.lﬁEeln (1& RY.is
sul f onat met hanesul f onat e, henzyl sul f onat e,
Select%&ymaﬁcé Cet) ?1§y1 (Féz@é] amﬂéné(ﬂwrl@}w iyl o he & SPRSHE%
t
cmbofical, FETEPALRTC G ot Wi b b BRI S P o lrBs can be
synth¢sheedas tiescﬁbed bt exaepbndl Groenmdt Hous “PRS Vil 2008504 2BZfic

TSR (ISt BTt s sy
exemlgih?/;péfeﬁ boRbtayd ]?1 roR@R dE¥ATBLENdrox HheRanddad &dr if\described in U.S.

251 and the various references cited therein (X

Patent=NEN, 8624366, irsatpobaied hyreindgpafregwePat ent  Publ i cati on
No. 1723728 (X =d, RL = tent-butyl) and PCT
[0245]p llﬂxblinphlt‘j' anbMim206 bf @ib857Al ¢therrefdtions aileN|ludfhted in FIG. 2.

Specifif BsTHaas f Sirtharae i DT LT RRE-Sereey Fr g timabyl-1.3-

dioxafd-8GkaMe fidrh %LBI?ES’] @ SRYCIBY AoY3, SRR yh&anoate and tert-butyl
synthesi zing the subsfrates’ in both enationerically

(4R, 6§h6@h10fr@nﬁhah32ahmmyb hid edipriae i aostatd fromrteabtyh 8RS S)-6-
Publ i. i 003 3 d-\V\O, ,2004/ 31
chlorq- 83 e et gty A b o DYkl AT 3 o

PatenO¥o I §184£50, ARedifdoduel & eilbl isafeorpsated e by %Tek‘éMeO M specific
reactions described herein can be used as starting

methodgforpynahesizing teifrivid S4B HR)GHgyvianempthyl-2.gpbmetyt-1.3-dioxane-4-
acetatg In?t%{’t alﬁrl (4R |6n&1l(?r5ﬁ1te{h911 g{%&ﬁteﬂﬁgv as@ anc- -4- gce&aet?/ is

orvast uvas
describad &1 Peahmé 8 OHH $. Pty Noh @s34d, 380, thb el&ﬁlcsi:u&tdf N\ﬂlmlﬁisﬁﬂﬁbrporated
protected syn 3, 5- dlhydroxyhexanoate ester of
hﬂe“b?%iﬂ%F@Fﬁl formula (lIlla) or (lVa), supra. Methods for

hesi zi ng such protected esters are well known
0246b¥P@g arateqtedandungegtedicd s ddpydroxy esters of structural formulas (Ha) (1Ta),

(IVa), and (Va) can be used to synthesize cholesterol lowering statins, as well as other useful
compounds including a 1,3- syn dihydroxy moiety, using methods that are well-known in the

art. For example, methods of synthesizing atorvastatin using tert-butyl (3R,5R)-6-cyano-3,5-
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substituents in the conpounds of structural fornula

(I'11a) represent unbridged protecting groups, the
WEe@BOEsT761g gr oups can be sel ected fromthose PEBUTRI00B0O80125

above. Conpounds including these protecting groups

can be synthesized as described, for exanple, in

Greene & Wits, "Protective Goups in Organic
dihydmyeyhereapate arexjegenied n 169 Patgb - WP@W&(%@I@@@CNW@@@})IG at

Col. légfnéeﬁ%f@@é c}ﬁjgs IPézen k,ggﬂ?ﬁg‘fﬁeuﬁg %élggogs(xg{rf%iﬁg (ﬁ{% lrf)orated

hereir] B2dHredkoebodi nents i n mhlch t he R2 groups are taken
together to forman optionally substituted al kyl ene

[0247 P MBI s@ABykBessHMAE ARGV aetinfus il tef®usY (BR,5S)-6-chloro-3,5-
3, 5- dlhydroxyhexanoate esters u3|n84the nmet hods

dihydgpyberapesic iare dgsaibendn &hS. Rasent Hogs:278453 andt-EysaRetent Nos,
6 4721\5%£1 elgg%ﬁlé\iﬁv%l% h? @ﬁé‘%eé 0 %CR %Hn%ﬁ) gshglrregré bg?etﬂ%%}lce.

Methodsiof Byiethesizing ayspodsatriadishrteitbulyy 3R5 868 nﬁ@dr({i@ﬂmmmndts are
' d t t ect th d
descrilgg(? glg%(:g]? %B%lg:%tslglbgor g\y&:%li/ ng) gr %%%zqél@ggrg hzc):/ nlS 1necso|rp;o?ated
herein By RE&ERdeY £ bfler SR HOLRESS the meth
erelnllgyl% &Qﬁdh %el\ﬁ hQLP3 boﬁrs & %rﬂ(s g é"% b gg%ﬁiﬁc%&?y ¢ methods
hereir?@{l} RAgparenf @>2tha}:k11tksd artispeci fic exarrpl e, conpounds
according to structural fornmula (l1VvVa) in which Xis
7. C¥xXproMeaBRSbe prepared by treating the correspondi ng
(3R 5R) - 6-cyano- 3, 5- di hydroxyhexanoate ester with an
[02481a0R ialis featudsngdrcai@aithendsoftas aistlosde iafe uSiratdpinahé fdNewing
6,344,569, at Col. 7, line 30 through Col. 8, line 40,
represehigtivg sxanedes &hish agpinsended tq h%kl@fé%taiee@d s liEifngy
reference. 84 WD 2008/ 042876 PCT/ US2007/ 080125 [0242]
[0249]adn thedohewing slesdription exlzarpics glwom@hlmdl@ga@@@ (@PHY i eped, it is
GDH %ﬂ%% I %%magfelﬂ%l?m I%\\ghctzhaéhlral S ut1I Iqsh gxhchs elarlna(l)n can be

preparé cor

h -3 di hydro ester w an )
(351 ﬁf n]g é@&émpei@e %Ss nF %u@twwé E%Dnml}ctwn of
6 344 Eaprestiony] |600§ l'i ne 21 t hrough Col . 10, Ilne 34,
di scl osure of which is incorporated herei

0250 e aed Eoms SRy drec o NBr G 811 SEOLLIT) ehcoding a
Sacch\%ﬁ%%lé&]g e P59 E{gﬂof&lu% sé&v&él&)tdug %htlﬂl?%%%lﬁ(%(lb\@b lg h?r expression

i'S cyan can be prepared by tr g the
in E. anicbasgd ¢iptheparieaacd selpsoed (&) [Iabiou2) of the kéto@ductase (“YDL”)

encodgl B oG LB TEGMe. TR s b5l ghineaN Eomus fidgpcomposed
of 42 RuclbdiRicHhae L8R4 ﬁt@éxp‘l‘&ki%ﬁ vestol ﬁ@K‘i P@JO@t(@éile@H &1 PIPY) under
reference. [0244] In sone enbodi nents, the R2 groups

the confrot ¢len jpr ptaeted Tslmxsrdsmdn hycdomlwﬁmanw the P dkemgin of
replicgfot tode EfReap@ihiEnEFefe RO Refui e DERH ER AL P formea
into ALKy W31( @@sﬁ% Ihdadyhetiord. Ceverfl cl&iesfwaf& ad1katéd fok Bequencing the

specific odinent, RS is Ehen npounds with
putatizg KRED-Berodis genbaSepesdiastnadne fepiigd éa&agn%iaﬂﬁqwce were identified

and used as the starting material for the development of genes encoding engineered

ketoreductases.

[0251] This Example illustrates the acquisition of a recombinant polynucleotide encoding the
wild-type ketoreductase YDL from which genes encoding engineered ketoreductases can be

derived, and expression vectors and host cells suitable for such engineering.
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synt hesi zed as described, for exanple, in Geene &
Wits, "Protective Goups in Organic Synthesis," 3rd
wWEe03/048909, John Wley & Sons, NY (see, for exe@pUs2007/080125
pp. 243-245). An exenplary phenyl boronate protected
syn 3, 5-di hydroxyhexanoate ester is described in U S.
Pat ent No. 6,867,306, incorporated herein by
0252} Rplyinapleetides opepsiingesnginsceadyketaredistaseneishe prepens disclasere were
likewRE @ﬁﬁlg FiRg LLOB,E Fidobb ¥ phetot fh F! G @anidipect T1c
ert-buty

nt eS| zi ng {
%( an xamg]\éez.t?n at (1‘\,(18%)1% %ﬁ,lgl tgeff;dg?tlaée_ ﬂdv?&ers Shake Flask Procedure.

10253 %@@Q} e RhRT gt R L SIS S Pl B ich B fldfodicsgoe eene

of 1nt@teﬁ was ‘i’l‘iﬁc‘i,lﬁiﬁéd' Bty 30 m( Bigi® Bhrtéri broth contalmng 30 pg/rnl
chl oro-3 éwroxyhexanoate are described in Exanple
&

chlorahi<al oo v R SORer N Pareabt (8 164 5631
incubbPaCioSE\IRELRL DLF el STAOGALROLAL SR LLE) BsPM Terrinc

erence

Brotht(GI gx‘lblbtictd -tryptone, 24g/L yeast extract, 4 ml/L glycerol, 65rnM potassmrn

R) - 6- cyanonet hyl -2, 2- dlnethg -1, 3-di oxa
phosp gt@t]gtlg G A SlQ4béQ g/rnl chloramp enlcol) in 1 hter ﬂask) to an optical

B e

ketord@aluddde &9 ,wdsheduded slithsluM BT Gwhhanhthe ©Dpod tipocdtuedis 0.6 to 0.8

and iq?ﬁﬁft%f %%ﬁééhﬁgﬁﬁ%[@zf bs preRisre G e pestion (5000rm,
15 rmfl ofY g tHe! sluﬁ%mat@hﬂ di®arded( |'fl{@)cell BBIekt (MR )keti@tnl&d Hzﬁﬁ ‘An equal

to synthesize cholesterol |lowering statins, as wel
Volunwtdf@pldxééfﬂ \ IlOOmMﬁmhadslann@d (srhlom@ehbmff@;pléy ", dlnd]lyajmskqd by

Si ng at are well-known in the rt,
centrifign i) s ARRC TR AR s Y B Bordst AR, iy g 6 bora
tricthah®laginé edhlorkieh Bhff&r@ﬁd@é’ése@ ¥ agh SFRNCBProdvAeO 8 4867H while

PCT/ US2 7/080125 di hydr oxyhexanoat e are described in

maintping] atplCe fteliNtebris w9 6cran@d (byesnisdpgation (PO OERERAH anip., 43C).
The CE% tyaélt ?ﬂerﬂh%an% %va? %é;nec? anld s?chre&> at %‘(E '\gyoqinl?z%zlog é? frozen,

osures O I'S 1 ncorpora

clear Iygdte pesvided o i $éivdMbsfhoads latorsduntdseshzinig rosuvastatin
using tert-butyl (3R 5S)-6-chloro-3,5-

[02541d ITIRYTE Qs HRSeatetha heodiessd biedoredudthsSs pRad&uitBle for use to
5,278,313 and U. S. Patent No. 6,472,544,

Kmtmﬁygpdﬁvmv@@y the disclosures of which are
i ncorporated herein by reference. Methods of
sy he$ixainply I os Bvepstation of tbityf6tcgano-Gu)ahlydroxy-3-oxohexanoate.
(3R 5S, 6)-tri hydroxyhexanoate are described in PCT

[0255a (ol ainclalt, Bereck dashAith 11/1 a&ﬁﬁan fininel ahidsch Hduceated magnatia stirring

ncor por at ed her r.efer heS|s 0
bar, ot G O R HETE GUAGZD o S e Wgh, was added
120 niB4d9eus If@faﬁ él‘ro‘f‘drhﬂ alRE7 ARPAB 8O nrhd) Hl ?&ﬁyldnﬁﬂe The solution

arti san. [ 0248] Vari ous ures and
was s@mrtﬁbmdm\ﬂe:d toFZE)‘FCe aud Q@O @éu@@O anraol)) IZISLMH btglithinmtihdiexane

was aii(gedb(gopxﬁg% 8¥?rp{5ese% e§$}%¥%§te Xq%%et%w gs\l\'li]utlon aAﬁerl i adlaqlonal 30
minutes, 70 mL (520 mmol) t-butyl acetate was added dropwise with stirring over 25
minutes, turning the solution cloudy. After an additional 1 hour maintained at —20°C, a
solution of 22.0 g ethyl 4-cyano-(3R)-hydroxybutyrate (>99.9% e¢.c., 140 mmol) in 30 mL

anhydrous tetrahydrofuran was added dropwise with stirring over 35 minutes, giving a pale
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[0249] In the foll ow ng description, wherever glucose
dehydrogenase (GDH) is used, it is GDH CDX901,
wobdogiomsié e from Julich Chiral Sol utions, Jul iB¢T/US2007/080125

Germany. 7.1 Exanple 1: WId-type Ketoreductase Gene

Acqui sition and Construction of Expression Vectors.

[0250] The Ydl 124wp gene ( Genbank Ace. o
yellowsolutigm. g1 dution vegs: re@ippoTRd at e Sdion an additenad h dovmfcas

. I- | . .

ranst Bt Y B S BT 5 s R A BB R 350
1 M céadit deideqd @6¢ enl( SEQnt DniNers2) i0dn ichdathat-6T7@uDtidsethis quench, the

("YDL"), encoded by .the | 124wp e._ _The gene.was
tempedytHi e WK tYS Wis WIP@BWES’F@%?FP Bed"Co rﬁéa%%?mﬂﬁt% the phases
I ' I ' I, j N
soparilil B 3he § PSS o GARFL (RNOHERLAS Sh BRNKE &4 ous phase, pH -6
belowl. dhepiqoemtsghascThs erpred sihdaxtvattdowitia P sdmd ontehaethe ¢renbined

Pl5a origin of . replicati d. t he | or heni cql ..

edsdaite vadid EELOF B ERaPaRhateqR 35 TTRRET of Ritiied

water] Mhe fikal Wikt w¥B1hQe Wsl 150 Bicadd@htwiRichRAed rofVIBE dlganic phase
clones were selected for sequencing the putative

by rotriEDapereben aig OgénendeGerammhiggiveyd the ofeselled odesi gned

sequence were identified and used as the starting
[0256]mel X MR! offtbe oil Kieoveehtbt prwente oft-byeh6syeme R )rydroxy-

ngi neer ed et oreduct ases. 51] Thi l.e .
3-ono AR o 0 ORI S, TP oH 2 PBEONR ) RURDRY butyrate in
1.00:(P21- Y NY GhROLtR, QRIbHAthd 8677 Whibikl-o% YRat K 8l QhfSsR) A8 Aroxy-
YDL from whi ch genes encodi ng engi neer éd
3-oxoketanpatd ifcncastber aarpobents desriiressdt. Hrecictnepweight Ynweseltitady slightly
nd host. cells suitable fo ch [ ri ng., 86 WO
lower 3o S Rop SRR B Frath A& PeBLg T A pee g o
77% 180leatk1agn eyl neeirdrehpliediuasrRIthebretiba yilesents o).
di scl osure were |ikew se cloned into vector pCKl
(025711 G9Q%nli Qim B BF G5O clube Ebu&@hicyyfﬁ)léé@%-hgld?ox I AP R xAnoate,

~ Production of Ketoreductase Powders,; Shake Fl ask
typicatlydewg marity 1a02Bg]from 60 trgT eweight Ybilelbabokobgingf-biyl

oli_.containing a pl id. with the ketoreducta ene
onofyfof GRE TG B RISy B SRR AT wEaC g
ExamPleOt dk c€R R th Rhgurditdaaibsttat E R spE@ARD ETHhCplcifibd abunts of t-butyl
glucose. Cells were grown overnight (at |east 16 hrs

6-Cya11(?r(ﬂ%})-h}{dﬁ@&}bﬁé@h%@nmwﬁﬂ% ﬂ@rﬁwmpée_sa_f:fez tpthe grou the crude
prepaféayilgﬂ L{[n%?r\g?f[e(gfolr%%&uél}éo%@%?@iom Terrific Broth (12

bac ryptone, yeast extract, 4 nm/L

26, Papr R RARIAS DR RESFRRRe Pl Tl evin

a j depsi.t t 600 nm 00) of 0..2 apd
[0258], %W?@A%W%Ogt\%é %&yg%tg g&%ﬁe COpyeTsion 5 t-butyl 6-cyano-
5R)-kRlr @t dbsbRS@n@ROR tRfyl QB 3 SRY-dHiMrd:FhekiMdeR dnbehe
( )‘goaﬁof‘ the culture i}é 0.6 tg 0. 8r) and i}&r?cubated
possildg epmicgiien ¢igtbutdBsexobgtyiizts )n thesryds spbsteathdixpamled) thy-butyl
) entrifugation (5000rpm 15 mn, 4C) and the
3hydg0ﬁ(|3&enrlt|¥5%l%%nt di scarded. The cell pellet was resuspended

organ

Whtlst[]ru%l%n‘s qxglllent 1100 with Waters Micromass Quattro Premier LC/MS/MS
Column: Agilent SB C18 (50mm x 4.6 mm, Sum)
Mobile phase: 50% aqueous 0.25 vol% acetic acid, 50% acetonitrile
Flow rate: 1.0 mL/min.

Backpressure: 60 bar
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vol unme of cold (4C) 100mM tri et hanol am ne (chloride)

buffer, pH 7.0, and harvested by centrifugation as
w@b@sm428The washed cells were resuspended in tIOT/US2007/080125

vol unes of the cold triethanolam ne (chloride) buffer

and passed through a French Press tw ce at 12000psi

while maintained at 4C. Cell debris was renoved by

c dsmppfaggat4ngHentgowo teppRrats nin. , 4C). The cl ear

I r ngt C 0C.

B e L e R

pRMizaﬁomﬁmes ud%Mﬁlt@CmiUQBHﬂ)&lﬂﬁgdmyhb%éﬂe Thi s 10 rmn.

Exanple illustrates the prod i on _of ket oreductas )
powder s sui t abr@utyldrcypae- @3) HY%@T‘Y érﬁ?ﬁ@‘aﬁ%“ﬁert i e‘i% mmin.

7.3 Exampl e 3! Frarahab &- but yl 15
6-cyano- (5R)-h olltgxy g&r gbnlg}f{gnoate [0255] To an 1nllm'
3-neck flask vﬁ-ltdﬁylaanoadxw}traten f unnel and a PTFE- coatledin

neth tirrin ant '
IedeBRiion pch] %l%ﬁv‘%ﬁaes}l% 420 MRS o -butene)
ed 120 n. us tetrah furan and 75 nL (540
[02591m?g‘F}eSBPlil%’6Eﬁ% § ié Cym(%%g 8%lmdr%%e>@tl?art? gat-‘amﬂl 6-
C §
cyanon@‘gz?%ﬂ‘.‘o?;fﬁ%%h.eﬁﬂﬁs%%ﬁg%?@%m 4055 Y g Joe vsivs
transinomsubesbutyl Horgpaypal aady-dutyd 3-lsokaxybotyratéiesr nca nptlrmzed
additional 30 mnutes, 70 nL (520 mmol ) t-butyl
adet at Exwaplcaidde dishtapmhstc Mhillsis bf 1-buthigo-oyato-2ER)-
m nut egihydkixyhoGnbite by lbispmiscl oudy. After an
additional 1 hour maintained at -20C, a solution of

[0260]2 AOLO/MS/ME nithod 3nR-de3Rdpdavtd rsg@@\‘&t@taﬁa @ﬁeﬂ%z( ﬁ&gﬁ%m and
ro

e., 140 mol) in 30 nL anh us tetr dr of ur an

@3S, 5%@6@@!@@@6@@ kvt Oviyero §K§R}d1hgdr@eiéhexasoart¢ nikekC conditions
pI‘OVlC%d]\H ind r sotlu%on of. c%asqgr/eorérllgr%7 E%I'/ gl? Zeovggslho 86911%0156)(9001 to
OW SO e soration” was alne
1.0 m@/@ﬂﬂ vaith @détbétionnahit IndwWro00t MeHmlt r ansf erred via
cannul a over 30 m nutes subsurface into a stirr
bilptagicat: hgilant & 19 Wb gVasers Mlcmrew Q%“&EYGH%&CZB@/W
t n During this
q?grﬂg Ag tf@ny% 5@%9%@?&2 M xt ur e was mai nt ai ned
b M(Vl&l@tphEsel QGcrabip 66 Y califp? ¥b iagcetichreid) Bake scetarpde at ed,

giying a | e yel | ow organi c phase above and an orange
h{:&%g@ pﬁﬁé&/nﬂm 6, below. The aqueous phase was
S§RAHaLAH AMthiSt bR k&AMt 250 L tol uene. The

conbi ned organic phases were washed with 100 nL 1 N

HBletefntan tmes: (BF.58) X2 700in (3%, 5B) 4867 Ingd. water. The
| h H -5. Th t d
¢ IRk AR e PR u i e g REMEE S M GRS gF puteno

d 31.7 f
un ¥ Vagrlflgﬁ]ét oi %@%ﬁ%@rﬂ%gﬂméﬁk@tﬁ@ w%@ﬂm@t yl-2,2-
6 cyan dpagthyinlsdrdépepne-3- a@i'fé??é%’a@i
3-oxobutyrate, and t-buty
(026114 AcGEAYS marhochyay @wbmg/ F%&e@aﬁaﬁi angl, 3@@15/@6 te:(BR OR) igpdl €4S,6R)
dlaStege%%egpo @B; ﬁeﬁ@r onﬂ oilyh n%gi e 4%% 4%?55%4(

c@mlmmerHISSMSQO psaseind., 25T dciouna) wei ght % vvas likely

sl i ghtl
Calgrler g)a/ls Helium, 9.44 psi, 0.7mL/minute.

Oven: 60°C for 1min, then 15 °C/min to 280°C, then hold at 280°C for 2 min.
Retention Times: (4S,6R) 11.44 min.; (4R, 6R) 11.55 min.

Detection: total ion count
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| ower, but was not nore accurately neasured. 77 wei ght
% of 31.7 g oil corresponds to a 77%nole yield on
weeivglo4287€ yano- ( 3R- hydr oxybut yrate (theoreti caPCyuUstod7/680125

31.8 g). [0257] This and simlarly prepared crude
t-butyl 6-cyan-(5R)-hydroxy-3-oxohexanoate, typically
having purity ranging from60 to 75 weight % the
bdlTanc Expapleg/:t - Bligsyireomerindplyyis af eburko-cymer(SR)-
4- cy andiygRxyhgrdinoxy yir darianezatige tet-bietwbi(6R)-cy preomethyl-2,2-
f ol | owdngethxhppoliccene-dxaceiate. wnen t he purifi ed
substrate is specified. The specified anmounts of

[0262] -Towt 30 mg Barnylarompiihg tnpdtyd 6ycy3nm R ghik kdihgpditoeyhrxetodtaiwas

t he anpl es refer to amount of the crud .
added ST AITA e et oletiZ B RORE S s “oCotitis P mehanesulfonic
acid. ThémBRIRIRIR sirred &/ YRuAS 38 ohPle mpeRalrE @ter addition of 200 uL

Specificity and Conversion. 0258] An LC/ Ms/ M5 net hod
of satywatsddguenus pediumdiearhdnare atshiep corivier wp sthybficatath laygt was analyzed

6- cyano:.(5R),- hydr oxy- 3- oxohexanoate to t-butyl
bytheépgtg{?‘gﬁg](zgﬁ%lﬁ;%-‘ di hydroxyhexanoate and the possible

conver sji o f t-b | _3-oxobutyrate jn e cru
10263 F5¢k p e ?%‘%ég_ﬁrﬁ@&%ﬁ@ﬁ%s;%m s gT t—hwf-gwmﬂ-gf%%:
dihydd3§hE-LRBAE are%giahﬁﬁﬁvé& Q0riWBd VAIL R sMoGE RRRS AdBEdiKLy the
Préemer LCOMS/M5S Colum: Agilent SB C18 (50mm x 4.6
3,(5Rphastsrepmib b icompghiameof tho ¢batyliéoysnd 3 IR ydhydrasghdxenoate

coreGdhp BLUPER-80 0] e Ftab B sty AL cyanomettyr 2.2
dimeth¥dTY, 313203044 A8Q 42k dchopPRS at ure: ambi ent room

tenperature Injection: 5L, -0.1 ng/n in nmethanol or
??Eﬁ[ ‘E%El'_ﬁ lergzs?'gghﬁat%?ﬁ (\fi_eWtiﬁ-Tﬁ%tI@é%ﬂe@ﬁbtés'e I‘ﬁ@OL rfroilrnActiVity to
Y Refia AR G RV A AOAR o T -

t-buty - cyano- exanoate 1.3 mn.

t t - hy. rat ' ~ | .
2648 T84 s GRS Y PSS Bt Morics gt pit 7.0,
200 uﬂﬁﬁd}@?ﬁalﬁel, OrrﬂglSbﬁﬁybﬂ&de*(S;R)Myldﬁgy(ﬂ-J@)Gdleﬂffnoh‘tetumﬁmg
259] The respgonse ratio for t-buty
NADé’gfém&dE%h} ERE KtusBIcERS R dssarwrisweetsedpctage YDL. The
reacti&y ﬁﬁ&a{eﬁ@s' duvd %K%g%&ﬁ%?%’@@ ?ﬁgﬁl N@ﬁ?/sss‘{ﬂeﬁte‘itr%@téd with 1 mL ethyl

typically 0.84 at transitions

acetatt oA fier berttyrfug8ti@x dizudrgaae phasndvas séparatbd and the solvent was removed

3- hydr oxybut yrate were not . imzed .7.5 Exanple
by 1ol RN BRI BRI G P BBroiE - AR R CLoG b Pigyed by the
methddl dPEkampYNe kR IRaE S B da MR MRty ] 22EAb-(AR) (AR 6

met hod was devel oped to separate and anal yze the
oxohexgmaRInda Hpresent, the diastereomeric composition of the product, t-butyl 6-cyano-
(3,5R)-dihydroxyhexanoate by the method of Example 7. The analyses showed 85%
conversion of the t-butyl 6-cyano-(5R)-hydroxy-3-oxohexanoate to produce t-butyl 6-cyano-

(3R,5R)-dihydroxyhexanoate having >99% d.e.

[0265] The Example illustrates the identification of wild-type ketoreductase YDL as a
candidate for engineering to improve properties for the reduction of a 3-oxo group of an
enantiomer of a 5-hydroxy-3-oxohexanoate ester to yield the corresponding syn 3,5-

dihydroxyhexanoate ester.
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(3S,5R) diastereonmers of t-butyl
6- cyano- 3, (5R) - di hydroxyhexanoate. The LC conditions
w@e@siogsds basel i ne resol uti on of the di ast er eoOPET/ES20011@80125
response was linear fromO0.0001 to 1.0 ng/m with a
detection limt under 0.0001 ng/m . Instrument:
A ilent 1100 with Waters M cromass Quattro Prem er
W/ Ksampls| rm Evalyptiemef dedsvpgé@ﬁwéu%ass Y fagctivity to
I\/bbl | e RsHegset-butgdeeanpd SREYy &bx 03 2830hexgnage vpiog dduapse and
35% ac éilauist Dichedrogdmave fomiCefaclorRagkherntmon. Tenper at ur e:
anbi ent roomtenperature Retention tines: (3S,5R)
[0266]1 X0 Afcaition n(1i3Fa,re 6R) niSI(E)YnNﬁtﬁethhmﬂammbi(dﬂélﬁM) daffeopH 7.0,

100 w5t o a0raS bR e b BRI s Tt kTR ol e} AD(P) .

and 35 h)(éosé Q@s LMD RS EWdlacdsé dehydrogenase C?I'?Wder and 20m
di met hyl - 1, 3- di oxane-4-acetate romat ogr ap %y

ketore[d(DQl@s_e] poszcte@cmpmng bdtowdgctdmhéDbp éFdhetrdachp ansiuee waostirred at

t 45, 6 ' f . .
room RSSHfisrigiat FonrS 2 issbitTnin ol (EERERAT Wl spurifugation.
the orﬁ&ﬂl&) [i'l?iesle :vlﬁé@ N@Jgaﬁr%z@ grglm;hle Sﬂyﬁﬁsgﬁng@edﬁg{q&a% O@%&p’dgffon to leave

a nonwirﬂtﬂe otlh éﬁhle ngn@lafila otl ovapRodyzedisnthh srathask ofAg@mpiof far the

cn Py TR IT 5.9 o S R
dlastel?db@f&ﬁﬁ%ﬁlf)ﬁsﬁ@:f bIE2 P QB @-bﬂ@l 67cy5’nd:=((ﬁ5®) &h?droxyhexanoate by

reoneric Analysis of t-Db - 6- cyano
the m%#lﬂ@ a? X3P andae én%lw%?Sééw%?% éétqoaﬁerﬁlanpf Htftt;hutyl 6-cyano-

(5R)- lfﬁg%)afy %QQW@(%Q&JR fo 51?rod <t éﬂaﬁo %I@SR?% h@dﬁﬁ&hézaﬁoate

having>89.8%0d.8, ( 5R) - d| hydroxyhexanoate was added 1 nL of
et hyl acetate, 200 gL of 2, 2-di nethoxypropane, and 20

[026710 ThoExamphanestikdsaid evalagiot of Wid-tppxkatsedi@sseStDL f@chctivity
for 20 m nutes at roomtenperature. After additjon of

and dpggregpelecsivity aehp apechin£9mbHion sah e i 58S asiongystem

acetate | ayer was anal yzed by
(gluc‘%ﬁgﬁérg“%gsﬁ (ﬂ’?y@g '%%%yﬁ [0263] Each of the (3R 5R)
and (3S,5R) diastereoners of t-butyl-6-cyano-3, (5R)-
di hydr oxyhexanoate are quantitatively derivatized
under these conditions. Accordingly the 3,(5R)

di astereoneri c conposition of the
t - butyl - 6- cyano- 3, (5R) - di hydr oxyhexanoate corresponds

to fohe panabxzed £vh bASIHSHA0 TRE COrRRITRASL 2R Of wild-
the ( 6% g%{b?%cg¥f§%§m the Reaction to Reduce crude t-butyl 6-cyano-
(5R)-hydroxy-3-oxohexanoate.

[0268] The specificity of wild-type ketoreductase YDL powder for the reductions of t-butyl-
(R)-5-hydroxy-3-oxohexanoate and of t-butyl 3-oxobutyrate by NADH and NADPH was
evaluated by measuring the increase in NAD(P) absorbance at 340 nm in reaction mixtures
comprising 3 mg/mL purified t-butyl-(R)-5-hydroxy-3-oxohexanoate or ~13 mM t-butyl 3-
oxobutyrate and 0.2-0.3 mM NADH or NADPH in the total volume of 1mL 100 mM
triethanolamine (chloride) buffer, pH 7.2.

[0269] Ketoreductase YDL powder was active for the reduction of t-butyl-(R)-5-hydroxy-3-
oxohexanoate by NADPH but not by NADH. Ketoreductase YDL powder showed only very
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di met hyl - 1, 3- di oxane-4-acetate derivative. 7.8 Exanple

8: Evaluation of WId-Type Ketoreductase YDL for
wWQ@\etBWisy6 t 0 Reduce t-butyl PCT/US2007/080125

6- cyano- ( 5R) - hydr oxy- 3- oxohexanoate. [0264] To a

reaction m xture of 950 gL 100mM tri et hanol am ne

(chloride) buffer H 7.0, 200 gL |s§%r opanol ,

low agtiviytfor the redpgtien eéﬁﬁ tﬁwpé&wﬁy;a@iwﬂ‘é& Baradatiedo 8hq$ngn t-butyl-
lhlgﬁ%( d 15 ng ket oreductase powder

(R)-5, g%’sn ng E%}qlor eductase YDL. The reacti on m xture

d
r1 r r & Z# nPl iﬁ pu&?&%g fér qreé uc{asé Acgwty on t-butyl
ﬁ)é;t ?lcpﬁé?‘? )]]?Wéo’@’ @ﬁ?@xﬁ?ﬁfé% was separated and

o270} 85 560 Tidhueman NPADIH Fishessiboot S¥1Y ity Slsafes were picked
using AMRbYZEHLBYC E&l@ny Hﬁk&%@eﬁétl@ 8APIR ‘Befa%rtdnh ®R) 1nto 96-well

conversion of the't yl 6-cyano- ('5R) - hydrf oxy- 3-
shallopxwblé xaerotitee phated, contfanmgak%th Ltlh@ Bditagtbeotb ¢hB).i1¢o glucose and

30 gy Ofp%%' t 'ﬁ%&w&k{ff@%ﬁ gaﬁ%wsv R e ot S0 atigh ehaking at 250

rpm. 1T3|"fr‘L @Pﬁl@’&ﬁﬁm@@@é’\@gn ﬁ%t@fet‘féﬂ"ﬁﬂ% 5d-@pQfelf Iﬂgteg cg’tﬁﬁﬁ’ﬁng 4}5)|0 ul

6- cyano- ( 5R) - hydr oxy- 3- oxohexanoat e to produce t-b
Terrifée lmyﬁ]r(CFB) @BR36 Rymdll. I 0Xftee xenbaion dfaleeprgett Wemémc with

[ 0265 he anp i1l ustrat he identification of
Shaklw fte-Pypa fﬂrgf 6#%%138Wé§ 08 %%&P%Pétgénﬁf gtpression by the
cell cRAGENGEY 1h819ceh%g EB;%&B@E rt]tggga‘?&%élc?é(flf’%) therf AR RRH&H of 1

a 3-0X0 group I onmer o
mM. El"-hla pthtaxyerd tlenahabatedat 80€Stveh shaking @1230trp@ for overnight.
correspondi ng syn 3,5- di hydroxyhexanoate ester. 90 WD

[027112QR84 QR RBYHl RE Vi d 2B LA ZBuspbndedBx 3OD @ 480 L lysis buffer and

Eval uati on of W1 d-Type Ketoreductase YDL for Activit

lysed pp slpzém&@ rpary igperatuEs on at Ismyt 2hpyrsoXie b uhex eondeined 100 mm
trleth%%'l i1 e %‘d%) F’E@eére (9 Z% L 1?1%29%}21?% ratelg %9&%&@ Bglyrnixin

Bsulﬂlfbomvl tri et hanol am ne (chI oride) buffer, pH 7.0, 100
gL butyl acetate, 20ng t-butyl

[0272]6 &y@s@rc(a%&ctmgﬁm@yrn&s@mfwma@@hﬁlg the@uNAQubdtitics otk lysis
ucose, was added 3 ng of gl ucose dehydrogenase

mlxtumsmf@rtg%walla@ﬁmlcr%é@rmlét@mmraﬁélngm&aymﬁ*pw 8f HYy mM
trlethehl%ia%lﬁgﬁ‘per a(fe& g&f{—?r Eﬁ?zf 28(5:5 Ooﬁrtnwe NA% ac t60 mrg(rﬁﬂ i—%{ltyl 6-

ours n-ex
cyanoR(5R¢thittoxgdedathexandhitce0 €2 figiinf @yl ©@0yanot (38, 3R )gdhydroxy-
phase was sPe{far ated and the solvent was renpved b

hexan%f@aﬁ) {p PmN gluress and 01te 40@ MM spgHpglagonpts. dihe reapHgns were
momtg%'ra\(‘)b?rl ﬁdg{lﬁnégfhle BB 6 cdY eﬁﬁk@ oﬂFotf RO @ HEX AR as a

nversion o et-b
functi6n o ame( IR} rd¢wytls wmya pﬂetm(kmgx]anwﬂmoramdm urfitsfREBgnf NAD(P)H

Verseé tri]rgﬁ @% ﬁ]%t fo;pe Ilgﬁ;: &gxfﬁ%ﬁ)%ﬁg%t gc%t%rqr oblgdﬁ t%? ke of reaction.

hod of Exanp The anal yses showed 92. 6%
[0273], %MF@r{qughguq LQGYIWM@AJS;%QH Substrate Specificity and

Conversion: To determine the extent to which the NAD(P)H consumption measured in the
fluorescence assay was due to conversion of the t-butyl 6-cyano-(5R)-hydroxy-3-oxo-
hexanoate substrate to t-butyl 6-cyano-(3R,5R)-dihydroxyhexanoate product or to reduction
of t-butyl 3-oxobutyrate in the crude substrate to t-butyl 3-hydroxybutyrate, the reaction

mixtures showing NAD(P)H consumption activity of interest were consolidated into fewer
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(5R) - hydr oxy- 3- oxohexanoate to produce t-butyl
6- cyano- (3R, 5R) - di hydr oxyhexanoate havi ng >99. 9% d. e.
wQ 08/)28The Exanple illustrates the eval uati onP@f/US2007/080125
wi | d-type ketoreductase YDL for activity and
di astereosel ectivity when used in conbination with a
cof actor regeneration system (glucose and gl ucose

96-Wqﬂ]etﬁ3ﬁ§(pt5@re[ﬁg\t§@ynd @d@gte%tﬁﬁt]@yh a@eta‘EV dibg éppa@;:ﬁe@pthyl acetate
t I
extrac%]\?%ltree uc tdg’glgl %EO%%&{/We ﬁ@ac)t a‘fl'd 2 ?lg/ %{ b s eqLCCr/ \ S method of

Examplebut yl 6- cyano- (5R)-hydroxy- 3- oxohexanoate. [0268]
The specificity of wild-type ketoreductase YDL powder
f gri2t h@xa@glecitoi orEgloThiouBkiu IScreen for More Stable Engineered
(R) - 5- Regrexitdz0xohexanoat e and of t-butyl
3-oxobutyrate by NADH and NADPH was eval uat ed by
(0274838 ki RArdsRB nipRiS G 28 8ink & NRRORIuERSK /pli’@iﬂ?e% aﬁ‘iﬁ 1§e431@1f a5 in
in“reaction mxtures conprising 3 ng/niL purif
ExampleblthyWet(eRhe@ah:ylcfomyea'Bt bxbis@x armogiceatore in 18 IM\,gd: eiﬁi]t 3 to
.37 oxobutyrate and 0.2-0,3 mVI NADH qr NADPH in the
50 Ct dihgik e%ff S%?CUIJFHZ remyuining in he lysin gHYNEaEr (he inabptipn was
then rlAsDSh B o R B B A L P R B he
ketorcaotasxaniofy ecryiniNABREL tha tindubhtidoyto eIt tivikg tod ﬂ&dm)&teﬂmdlng
. YDL powder. showed only very 91 2008/.042876
unineyigtod Js308mK 050 128 |- Fennsede measyrerdthe fiebihydl dhg igingered

ketorédu@ﬂd&éﬁ'n tﬁe %)é@%&ﬁﬁ@te by NADPH, relative to that on
5- hydr oxy- 3- oxohexanoate. 7.11 Exanple

Oﬁ lt3Hlb%§ foe lég h ﬁ)ﬁﬁ)r %ﬂ%‘ut’l{?}; %&?gﬁf f;@t%?ed‘ﬁ‘&taﬁe\élﬂe)ﬁved from

[0270 fon Gl disdast
L o o g% %lzﬁaqaé% S ol CRSRAGY g{”f obo%;;c

1027519? ybs £L§§L§F1ng§g? \Vr/]\%tﬁflflxeﬁilulg?%‘% thﬁra Pﬁi?%@f@ﬁﬂ%%}eﬂ? ﬁf@rﬂfg&ar and

a pH Hediide RoBRIERAND aRblohatib Blratol Y8rHHLEOR R 1RADddiB8n 8954 on-
chl oranpheni col (CAM. Cells were grown overni ght at

demaBDGawi fe¢dinghtke myo dtec ’51, wismhang®d [19aiL 160 ;1M tri¢thanelansise
f r,red into -deep wel | | at es.cont ai njin
(ehtoriig Byl RF BIEE gt PR Eae T g Rori e S orluctase
spemﬂid’ﬂi%i@@ op Nbs daapbiel in thé &h@&lt% ec@ﬁé& MY' Tadle 3h3khggludbse
50 rpmfor 2.5 to 3 hours

0.
dehydnr%‘@msa neavsier.dehegeyaiy ABB; @mi 1b§ﬂ§’t %ét-b@téfll b- cgqu-(ﬁl?éélmwy 3-
oxohexgl%écfee dTlpey rehcst%rrﬁ%}ﬂre W&k %%%d%ﬁb?séd %hé !11? gﬁ)éltrl]é Rtrgto{)ﬁltg%éamed

concerntration es were I Nncuba

the pHatit BOCtho ddbitidh 2K UNONSOH2&Rich mnsfcoﬁtuﬁmaslpirgdmtrded[ Raddion
Cells were pelleted via centrifugation, resuspended.in
progresg vap 611041(9‘9“!9 Byythe satepd @rmupfive 4@&@& 9 yheshask prgperiodic

sampl%r%)(?a et%l@fé%ﬁt{i(ﬂf ﬁ{f)gutf]e_(f% &&rak@&?éndzang%fs%y tﬂbﬁleih%ﬁ'o? Example 4.

al ne
After the reaction time specified in Table 2, the reaction mixture was extracted twice with 10

mL ethyl acetate twice. The combined organic extract was filtered through a short pad of
diatomaceous earth and the solvent was removed by rotary evaporation under vacuum.
Diastereomeric analysis of the residual oil by the method of Example 5 showed the product
t-butyl 6-cyano-(3R,5R)-dihydroxyhexanoate from each such reaction reported Table 2 to

have >99.99% diastercopurity. (No other diastereomers were detectable.)
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triethanolamne (chloride) buffer, pH 7.0-7.2, 1 ng/nL
| ysozyne and 500 g/ nlL polymxin B sulfate. [0272]
wKed08/0&30€t ase activity was neasured by transfBPCT/US07/080125
measured quantities of the lysis mxtures into the
wells of mcrotiter plates containing an assay m xture
of 100 nM triethanolam ne (chloride) buffer, pH
[0276]7 Table 2 gves-the SERNIDNABSPyasrespondingtorly¢ ketoredpetase paguder, the

s B R P ELREASE) S APy B Ty gy

ketorauivtigbaisasder andl, thetroadhiof tinid, sodlingrogldisionaf ebutyh@cyano-(5R)-

reacti ons were nitored nmeasuring the decrease of
hydrogy wepXO8exAmalg 9 g-gﬁfdkwam%m-%#ydm&mﬁxa@%e reached in that
reacti{)ﬁ‘ﬂﬁltei on of time. The results were plotted as relative

[uorescent units (RFU) of NAD(P)H verses tine and

t he. t J m t i e,
027 1555 005118 0o ORI B IS S0 AR, BBPimes
and coufvieiinvien Aablay, glcg“in@u@sltdt@}eléuc&mtec ﬂfﬂx?ﬂtf%ﬁqn_aﬂﬁ v:i:]d-type

Conversion: To.determ ne the exten [ e
ketorqngsess) YIDL gHe Vi 1615’1“‘??’@35"&?3@8’ GOMRagR tO%et%?@@@éﬁXQL-

assay_\was dile to conversion of the t-hut yl

6- cyfahabl¢ 3RActvidesoxyengimerisd khimxauoase dsubsd frameY Pb.

t - byt MtoiGdeyt@RO} (Ritathin) - (dichyrediRiasb ¢ xaname | RoEsbn Pr

to redpetinpRO. Of fibmbyby! | AnowRPMbY | alife (1D { he @pude

subgqTT T-put 3-Nyar o Ot yTat THE Teacht O
: s A VSR A 2 TN R Y

m Xt ﬂ T\ I')I CUII IPLI WIl 1 VI Ly Ul

i nt grest—Were—cphnsofi-datied— o—f-ewer ?52 WD 99.6

2008,0428Y%5 pCT US2807/ 0801290 96- el 124y ey ot it eP?
pl atles ahnd8extrhacted witlh et B3Pl acetatZ The sep@bafed
ethyl acet@te pxtrdcts were3dilut¢d Wth 96
acetloni tpyg e/ watf er g1/ 1)| and3gnal yzed 2oy t he LCoby V5
met fod of g EXanpl € §. 7|12 Exgnpl e[ 12 sH gh |nr@gg/n;|)ut
Scr eem—for—hbore—Stabtre—Engrmeered—Ketoreductases:
[0274] Lysis mxtures conprising engi neered

ket oreduct ases prepared and identified as in Exanple
1 IA were incubated for at least 16 hrs at a
tenperature in the range of 37 Cto 50 C. The

ket oreductase activity remaining in the lysis mxtures
after the incubation was then neasured at anbi ent

t?. ergLurs bl%ge gorgcégg%r% Of pExanpl e d Td%l%tfat'eomedfmm
e CXEEPls (RGNS SRy iy F%HBH?EYF?(: fgpslFaRD
ioncub:twgg&p% forthe %ﬁﬂaﬁ%fﬁgufai ﬁ@gﬁb{% iy droxy-3-

uni ncuBaPherangass © traukyl freyang-(3R.SR)-diydrerybexanonigasur e

of the stability of the engi neered ketoreductase in
10278} He a3psmb thicgngelevesyel equipRethpith a FIFE-epstesvaernate siiring bar and
apH @Eﬂﬁ%&g :‘Cgtﬁlﬁég% etbéﬁ% ?.ﬁ%ﬁ*ﬁ%{? ﬁ?r_g%a ?ﬁr{ﬂ}ﬁ@&tﬁoﬁ@ﬁ‘ad&’ﬁihﬁ of ¥RE on-
demaifid cig arfeediRubb yrdo theyve3scl oxahdxaged@0enlt 000 additrydthanolamine

- cyapo- (3R 5R) - di hydr oxyhexanoat e. : .
(chlor?deg ¥)u er, %él 7, %5) g glucgse, t%e)élrnount of ketoreductase powder specified in
Table 3, 8 mg glucose dehydrogenase, 2.0 mg NaNADP, and lastly 0.3 g t-butyl 6-cyano-

=]

5

(5R)-hydroxy-3-oxohexanoate. The reaction mixture was stirred at the temperature specified
in Table 3. The automatic titrator maintained the pH at 7 by the addition of 4N NaOH, which
was continuously recorded. Reaction progress was monitored by the rate and cumulative
addition of the base and periodic sampling of the reaction mixture for extraction and analysis

by the method of Example 4. After 22 hours, the reaction mixture was extracted twice with
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[0275] To a 25 nL three-neck vessel equipped with a

PTFE- coat ed nagnetic stirring bar and a pH el ectrode
w@omamesesd to an automatic titrator for pH cone€DUB®A7/080125

addi ti on of base on- demand via a feeding tube into

the vessel, was charged 19 nL 100 MM tri et hanol am ne

(chloride) buffer, pH 7, 3.0 g glucose, ketoreductase

10 mlp eifplegcetagmipriees i Hip qomebinask yeetie extaase was fleref ithrguglya s pad of
' . . S o

distorhigebiFart bd 2 Siviol Dot A SR o8 PPBbY Al TRt
Analyaiscflttasicbidud ofl ty-theimethod-of Yexamp (SR homed it yroduct t-butyl 6-cyano-

Qxohexanoate. The reaction m xture was, stirred at '
GR,SI%E—Q&&_E{ PIAEOHIF {HO8L 61° ﬁﬁa}ﬁea?tw&cremw %ﬁqlﬁ‘a{ hipvig SR
diastofBltityOMRloufthl bR hontihl 6 ) nuousl y recor ded.

Reactron progress was nonitored by the rate and

Lati. e - ' odi S .

0279 T Y e S PN S PR SR REGRI s ARG 1
numbéihef ameihb ocld efutdicarbitotn the wikd-type kttoecdueaed YD, therdnount of

specified in Tahle 2, the reaction m xture was .
ketoreduetasgpayvear wide thi ttﬂﬁpﬁireturmfe @? FActig epa the qapvergionphgbutyl

6-cya%(g-g§%)?m(§€>§?@%k8h&éﬁ6a@&{0 t%ﬁyl?-%;ﬁ%Bi(gﬂ({/SgR?l' g&y@@%m%ate

omaceous earth an noved
reachdd/atrtid speyified apoubtivercagndetimeacuum  Di ast ereoneri c
anal ysis of the residual oil by the nethod of Exanple

S TADVESOA R RIPVUSTE and cridifdtled ketoreductases derived from YDL.
AT T b
r [ EB0 AR (glfnﬁ di( t ar QM@r@\Jﬂié7 hours |at 22 hours
2@dbext gbl e.) 93 WO 3008/ 04287B PCT| US2007/ P80 1506 75
23@2@5] Tabl@ 2 gi vesot he SEQ 1d® NOS5. o@rrespomd ng(to 25
3@ Ket[or educt age payyer, | t hezg nunper 4gf am nojgact q 78
rélﬁdti s fllrlum Wit d=t peﬂé&f[ or 3(jut4bilbe YDy t e ~99

1 af at o ol A oo o avaela o + o ooty ~~
ulit Ul CLyU CUU\.l .ClDC UVVW UopE U, 3 LA~ cacLl Ull 96
:E:I& and t%g colel-sion f _to\at v; [ Byan ('—'\ )
hydr oxy- 3- oxohexanoate to t-butyl

6- cyano- (3R, 5R) - di hydroxyhexanoate reached in that
[0280) dhcst Exampl¢ HustriteR By coMpimsofix ahfhicdetdr¢dustasatmeyntkyyreaction

) conpari sons of t oreduct ase ampunts, reactd on  tim

times SRR OBYT PR B LS SN TR 4 Rat Rt A ype

ketordd@Eta¥EWDILI Rovidhe imipkdctl ¥RBilitk ebapadd ed De.. YWPhile in the reaction at
providing inproved activity conpared to ketoreductase

22 °CyPDL retied aptivie prid ihe reastion reapleidneér eenvieeiasy adiddioase & the

.der. _ . t ' o .
reaciEp e ol aEle T et (N LR SV ERE Cils R copesiop e
engin@tedikétofctigtadel HaRinghhe ZmMblaclll skd@erod SEQ IYNO3 1380 artially

i 99.6 112 4 60 24 94 178 7 30 24 95 . .
improved in stability; it retained beyond 3 hours at 30 °C, but lost all activity within 17 hours,

having reached 78% conversion. The engineered ketoreductase having the amino acid
sequence SEQ ID NO. 312 retained activity beyond 17 hours at 30°C and reached essentially

complete conversion within 22 hours.
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276 8 30 23 96 278 8 30 22 99.0 318 9 30 5 99.7
7.14 Exanple 14: Inproved Stability of Engi neered
wedosiesoct ases Derived from W1 d-type YDL forP@h@sS2007/080125
Reduction of t-butyl 6-cyano-(5R)-hydroxy- 3-
oxohexanoate to t-butyl
6- cyano- (3R, 5R) - di hydr oxyhexanoate. [0278] To a 25 nL
t Arlde- Haampleeds e lmpeyed petiviny tl Riasteroseleeitvaly okdkgamepied
stirri Kgtireductases Dariydd fedre Yl dtiwcOdnh dert the Reducgion of t-butyl 6-
aut omathlord-{1S)ditydroxfyer-oyesamiateab lt-bdtyd deibiaro3RfSShas e
on- dedindrosyacxanbsedi ng tube into the vessel, was
charged 20 nL 100 MM tri et hanol am ne (chloride)
[0281]0 Tbfae30, mplthréc-ncloveséledcipped withe PAMBIBatef magnetic stirring bar and
ket or educt ase powder specified in Table 3, 8 ng
a pH ¢Jpeirasls sopasirdrte g Auomatio tigratey fountixemitrolisd afgigon of basg og-
dematd piwa%e(ﬁﬁ ABBE Hito QMG’SM,%%?%&&%Q %QhEX APO A trictfholamine
reaction m xture was stirred at” the tenperature
(chlorsqee bufferedH 7, 0.5Taplueoss, 2 Teofatit sama¢ buffdricon@atrong 10 mg of

mai ntai ned the pH at. 7 by the addition of_ 4 ,
ketorggfiap pwécger empPBG ek e iase apecrsl&‘&&w i ﬂ??ﬁ‘?&‘&g able 4, 10
mg gESe BRI QEAtsdPoIdIE T @hi2 XN FUEN APV 1806103 QR8T

e base and periodic sanpling of the reactidn mxture
6-chldrot(58xhydietyi-droxamtkaneadt. y Ehereagtiont thixture was dtiséd 822! dhe

R T S e R s R

contirRoyy r@eeded! R chidiprodldss watRbmieste @b @ airbte@Ml tamiilahRs addition
filtered through a short pad of diatomaceous earth

of theer arifepesioricsampling of drdcastonynixtivcalioy cxtvaspon and airplysis by the

Lysi . 1 .21 L 0k | .
metho#&%g&%?euﬁxn%ﬂngq@e %ec'alsc’: %%gle{gﬁeecrlge:ﬂo%tﬁatblet%, tl&e%)lillelaétbo% mixture was
extradbedctydtowith IRNAR} theli dvy thecopxi e XEtivamiebifddarpaac bxtgige vas filtered

reaction reported Table 3 having >99. 99% i
througl} diafinaespuy Ay and s WY YRoE Wab EINQyed Sirdptaryygi@poration under

Vacuu%{oeg%@@.b%r)esi[igaa%%] Table 3 gives the SEQ I D NGCS.

correspondi ng to the ketoreductase powder, the nunber

e i Cons PO '

o282 Dy EPLERFSL & G- SULPRSLIERTA SR iR erans ridugidp e

residuabeitl wat detcirginp bathermetbdd dMExdangde Vi Qhe (BMASI-B@l is a syn
conversion of t-bu

. tyl i .
diastepomyesn @Q@&RPYW@M&%@@IWH% xAFEeR Rty § ispiygjted between
6@yw§ﬁﬁ%ﬁ99mg%aﬂ@§%hgi xgroxyhexanoate reached at the

e

specitied cunulative'reaction time. Table 3:
02w P 3 SRR PEOBRLE: KOS SHELAR S ouaer e

numbed fahe Ao a¢id Beutiteng €ifoat thicavikbRype ketoeddu(asoY DEEMclahoNat of
from YDL anount (ng) hours at 17 hours at 22

C at 3
ketorgqlygipge povdepuseyl, iy coaciy userl, ity 1pacfign tang dhexpryerspy of g-butyl
6-chloro-(5S)-hydroxy-3-oxohexanoate, and the diastercopurity of the t-butyl 6-chloro-

(3R,55)-dihydroxyhexanoate product.

[0284] This Example illustrates an engineered ketoreductases derived from the wild-type
ketoreductase YDL providing improved activity and improved diastereoselectivity compared
to ketoreductase YDL and the use of such engineered ketoreductases for the preparation of

t-butyl 6-chloro-(3R,5S)-dihydroxyhexanoate.
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154 7 30 30 43 78 78 312 11 30 30 40 90 >99 316 9 10

30 33 92 96 [0280] This Exanple illustrates, by
waeorsparisgons of the ketoreductase anounts, reaPCT/082007/080125

times, and conversions in Table 3 engi neered

ket or educt ases derived fromthe wld-type

copMseidsdx@hetano2t2. hours, in the reaction at 30 C, YDU
OFdo At dr %%dréfddcvasw TRions TOUER ok 2F Bom@r sl ¥ &Zo[00)

copver s gspdfis NSMIEIGPYBY. Kkl fHUEt age nav fthts@§
L v DB 3 A B G A R

30 ]& Dj)ut | os 26.'-1I | _acti lﬁty pit 0 1 hnu?%g hav?%%
relched 718% cHifver sl on. 1The lengiheer ¢d ke?®6 educt 33é
ing the agvpo)acid $equence28EQ | D NO2831R  98.9
r ef miamed act|3g6ty bayonpb 17 Thours at [30C ang | eached

espenti alf _’%rrp € CpVeEri O&OWI[ N 49%510 I‘S.9é46>
+5—

ITata¥Wal LO
LUIU I_UII UOLVUVUITT U J.L\J T . \J LI\O.II}JI

| mproved Activity and Di ast ereosel ect ivity of
En i neered Ketoreductases Derived fromWI d-type YDL
gl 6 h&xpplsdho oﬁegyct{onmttxbptyé6 cyano- ?5R)-hydroxy¥ -oxohexanoate t-

c hI or obpEEp=chigr-GROR)-dptexairraneate by an Bogippered Ketoreductase

6- chl omeing 3RpEFnoldindypdregrydiex A eDeligigrnaspdonCarctor

mL t hr Regoreckionessel equi pped with a PTFE-coat ed

magnetic stirring bar and a pH el ectrode connected to
[0285)a T oautamimhintixturt 082 orl. f(lﬂli-tkiethmﬁoimhinecﬂclﬂdlddd) ibaffegfpH 7.2,

contafif 1 Y s G eGP e oA -OpehraRs pnd 200
uL is i on}%&%ﬁl RIt {dded-39 ngg RLiHRA8&ascdIWdePEoh esiSA IR RihE&Ed

aining 10 ng of” ketoreductase powder conprfsing
ketoradnetakehammeihe tas® apesiqutrg dypESED NO. KB, seporifiabl dcehol

dehyd%g% p%l o?geiggq?ls}; %glg ql?eségqﬁitp%%\é\gnd’afy glco(llongehl\lﬁrogenase derived
from ﬁDHlLKfé?rd(lﬁ@ngWﬂ{n%Xﬁb &n&%@ﬁ_@r‘%@ PaR € ackhfic!l AR @NNaNADP.

m xture was stirred at 22C. autonmatic titrator
The repgtion milxfers wisestipidd g4t ropnotegperatiae ferdl housrihet exgncidorth 1 mL

ethyl mlta%g )Q’ﬁ s ce%%q%gﬂﬁ]%uﬁll otr%a%?c n%kgacg Wﬁ? g&%)%%/aiéeo({; a Irtﬁig %oﬁ§gn(‘g fvas

ore

remo¢eﬁ&>yb@&€y angoReibh ‘ttdleavesaﬁ@immﬂ@éﬂt MRe h@BOldtdNoilrivgs wﬂiaeyzed
extraction and analysis net hod of Exa

by th%ngt}xpéwf Epeniestindh ?lil%‘eblgble(bﬂfqn@d5RPrhT(é‘BI"lé'340X0Pﬁ>@moate
was 16@?%&&&1&%& %ﬁ%\é’%—? ncgt@ gﬁ} & &ﬁé{'x%ex%éd?e Mh%@*ﬂﬁx'

acetate tw ce org ni c” extract
(=>99%.93% drasreostleaigty).di at omaceous earth and the sol vent
was renoved by rotary evaporation under vacuumto

[028601 YTRisExdmld itlabtelsed th@kdduction of the 3-oxo group of an enantiomer of a 5-
hydroxy-3-oxohexanoate ester to yield the corresponding syn 3,5-dihydroxyhexanoate ester
using an engineered ketoreductase in combination with a cofactor regeneration system

comprising a secondary alcohol (isopropanol) and a secondary alcohol dehydrogenase.

7.17  Example 17: Preparation of t-butyl 6-cyano-(3R,5R)-dihydroxyhexanoate (a
compound of structural formula Ila).

[0287] To a 100 mL three-neck flask equipped with a PTFE-coated magnetic stirring bar and

a pH electrode connected to an automatic titrator for pH-controlled addition of base on-
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[0282] Diastereopurity of the t-butyl
6-chl oro- (3R, 5S) - di hydr oxyhexanoate product in the

w0 eaBaumle oi | was determ ned by the nmethod of BXEIP1087/080125
7. The (3R 5S)-diol is a syn diastereoner. (The
convention for l|abeling the 5-position Ror Sis
reversed between 6-cyanonethyl and 6-chl or onet hyl .

demandypig 3)fecring @iba ingp thesflask ewsrghargodNGanl d 89 ﬂé\éﬁ@ﬁaméam@e
o LRSS BP0 Sl ¥R £ P Ao AGh

enginagredikdtotiucthetharmgubd aﬁmopmmﬂs&:tmme SEQ HENCDBaE ték!i)rrng glucose
used, the (%eactl on_tine, the cogver sion of t-b

dehydgoganpssromdss)0 Ty NaARE aad dedy d cfatrlaityla%ayqnﬁe@m ﬁydroxy 3-

oxohe‘;(hﬁrcatt@ rﬂ%oﬂéﬁéﬁo\ﬁ rﬁ&ﬂfr@ %ag stk?ﬂﬂéd/ At 2@"@ ml"Ré Qutomatl(l‘:]tltrator maintained
(3R, 5S) - di hydroxyhexanoat e product. [0284]

the p}Ex‘aﬁfr% bg thd dddstionatfeidN NaOEln gx]hnélewze;d:olnenmmkyuetcadet After 22 hours,

8.9 Eﬁf Mgﬁﬁ&a %Igge;gl\émullggg,t%lﬁteay eket ( ﬁ%uct eane\l@zLed by the method of

ExamflcaS{tRheaSebecddnvidsionC aie @éa%@ion hﬁ’xtlﬁﬁt Wielugt egeouthl
and the use of such engi neered ket oreductases for the
diatorpgcspay thgmdd{) mk. ethyt g,qetate was added through the diatomaceous earth. The

aqueoB&Eetﬁ%rﬁ%a% %i%%ﬁjd eﬁé{ %ﬁ%ﬁiﬁfl Vlet%hyel acetv)[’O %%Q%lgg' 2[8W7a%

removedE¥ @0 8l @eatbididresiOéxti¥ots BNdteyn gwrpamn@d ulﬁﬂérﬁracuurn to obtain
reduct ases derived from YDL to produce t-butyl

9.80 gperedt bbyy( BRYaGy G R atbydrasshsntnate asagfodet or

ket or educt ase nutations reaction conversion d.e.
[0288]SE@1s| Exanple fliusiatyDihe praperation a0 BROBSyY of a YDt 3.6- dzmyctxmcy-

hexanle SeD g o e 3@% dafgtSafs iyt

9 anple 1 | on of .

gééan xe@%eé@ Eg aéloa)gghg )é:ytan%?tbyl éj E dimethyl-1,3-

6 cyan G1oaRE-61)-a¢r &Qmek%%fa%lcwlafwnﬁﬂgﬂé@er ed
oreductase _using |sopropanol and a Secondary

102891A|T@dh%? S Rifq toyEH ésCé/amr@%R&ét@ﬁroxmb%j@ﬁ@%tapb@wed in Example
17 wa[s Q&§ 26T19 ) ﬁﬂﬁé‘[h ﬁéh%‘ Elgd % L %ﬁg@%mc acid. . The mixture

ano aﬁn ne cont ai ni ng
was sﬁrre‘dvﬂltl\fgﬁmhour?; 6022?’@ tAMtayldltlon of 25 rnL 5% (half saturated) aqueous

sodiu 557 Bptfo e RILP 6 4GB0 G et o BTGB e puaFacted with
52 mlS RS hﬁkgthE REp2RBA H%Qﬁi%q)hase was extracted with 25 mL 5% aqueous
sodium bicarbonate. The solvents were removed from the organic phase by rotary
evaporation under vacuum. The residue was taken up in 70 mL heptane with mild heating
(~45°C), cooled and maintained at room temperature for 30 minutes, then cooled maintained
at 0°C to complete the crystallization. Filtration and drying yielded at 8.1 g t-butyl (6R)-
cyanomethyl-2,2-dimethyl-1,3-dioxane-(4R)-acetate as a slightly yellow solid. Analysis by
the method of Example 6 showed 97.8 area % purity and no detectable (4S,6R) diastercomer.

[0290] This Example illustrates the preparation and recovery of a protected syn dihydroxy
hexanoate ester from a syn 3,5-dihydroxyhexanoate ester prepared by the method of the

invention.
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ket or educt ase having the am no acid sequence of SEQ ID
NO. 330, secondary al cohol dehydrogenase powder

W@ 0op/isi7eng an engi neered secondary al cohol PCT/US2007/080125
dehydr ogenase derived from ADH LK and having activity
to oxidize isopropanol to acetone, and 5 ng NaNADP
The reaction m xture was stirred at roomtenperature
f drl91 Kaamplet e n Pesparaion of t-Rityho-cyaro-(G& MR- digrdogyhexanoate.
After centrifugation, the organic phase was separat ed

(029113 7@ aihekeiss) 3/ b hrcovasck ﬂ@mwp@ywﬁbtad’ﬂﬁ Feqairskmegnshc styrring
bar, a% ﬁ%?l}ﬁ/%rg (]1[‘}191 1‘3,;%@5 b etl ct118de I&ﬁ]@ﬁt%ﬁ Y(? L@&l&hlﬁlﬁ@é {}t.rX@.ﬁfgr pH-

contrdlcdutlyitiop o€ }é@d&@n(cﬁﬁ)anhw DR didg ommmne Ahsk, wagshadr@éP6.36 g
converted to t-b

tricthgnolarming apd 2 BRJ-- Vcﬁt?ry drieaFheidian é%lpBOW@ﬁ adjggedty ¢9 by addition of
t

385 4 (R PR RRIRGER P bl heons L cTBNSS (R Erase

powdemantigdiwtrredifctac powtyrdromyyisBigaho breziarvoat let@sdwetast daving the

armn%%ctl geqtuglgqegﬁiriﬁg Eﬁg%ﬂggqr@zd’] kfgi]giﬂg ? \%gr)g( aﬂﬁ X(fa n\g/ath stirring at 22

°C an@ I RFhA RN Wtdbrep e Qf ﬁ‘)‘-‘ﬂf@%dé @Nmﬁbh@@mﬁﬂ§ D&M t-butyl
conprising a secondary al cohol (isopropanol)’ §

6-cyagetdtdardyoxl- &@h@lhedeay@W@@@d@dé‘ronvthfﬂd@tlamﬁu@el 7The automatic

it EPRRECY SR rERy i By dieasiionabdd s, st sgnipeousty

recorddld! WatedRaholi@! 198l 7am1. l4ay Nal03PB4d bekbf canskdtdMhnd 41 &€raBesTa
flask e U|%ped W th a PTFE-coated ngetlc stirrin

samplggnalgegdl byathp meghasiafizgmpéaoh phavtadd 8 éﬁﬂVﬁtﬂQm‘eﬂ@iOénE cthyl

L e e

phasctwidgeparitod ekttt witiass (Cinarcged ad&atl?d_ Th@ @olﬁMt was rernoved from
tri et hanol.am ne (chloride) buffer,

the Cogrmmga@@extﬁgtw 19ty a&%pggaéloadmé@frvaebwt@ gbtﬁ@lgmeg crude
tbuty‘?@%hrenc RS Cﬂ%&ﬁ%&%@éﬁoﬂ@xg a%lfhe am no aci d

316, 40 ucose dehydrogenase

P
N TP BT B 8t g5
dihydroxyheapoarasstst udingesh atgindted k‘Eftﬁ'ecﬁM’ta@%p ittee thétho@bdthe invention.
mai ntained the pH at 6.9 by the addition of 4N NaCH,
whi ch was conti nuously recorded. After 22 hours, 8.9
m 4 N NaOH had been consunmed, and an extract of a
sanpl e anal yzed by the nethod of Exanple 4 showed
>99% conversi on. The reaction mxture was filtered
t hrough di at omaceous earth and 20 niL ethyl acetate
wag 0ad digampierdou g R ctiii@iodi odt-GB e 6 ayan®@3) thy didxg-3-adpleatate.
phase was separated and extracted with 20 nL et hyl
[0293 0@t Bt han{lfifersdT It \RAL OVBano-SEyaVERY-3-bashck itbatOwtl peghred from

organi c extracts by rotary evapor, ation under vacuumto
ethyl 6—}9@@}0‘1(3 So-hgdrogybytyiate OSHg- 90 fol owmg a procedure analogous to the

@B
e BRSO SAR20, A8 8 8 LOR58
Exampfe 32 syn 3, 5-di hydr oxy- hexanoate ester usi ng an
engi neered ketoreductase by the nethod of the

[0294] Mé&MI @D.-three-neck vessel equipped with a PTFE-coated magnetic stirring bar and
a pH electrode connected to an automatic titrator for pH-controlled addition of base on-
demand via a feeding tube into the vessel, was charged 20 mL 100 mM triethanolamine

(chloride) buffer, pH 7, 1.80 g glucose, 9 mg glucose dehydrogenase powder, 30 mg
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7.18 Exanple 18: Preparation of t-butyl
(6R) - cyanonet hyl - 2, 2-di net hyl - 1, 3-
waelr@sams7q 4R) - acet at e (a compound of st ruct ur abCT/ORI007/680125

IVa). [0289] To the 9.80 crude t-butyl

6- cyano- ( 3R, 5R) - di hydr oxyhexanoat e obtai ned i n Exanpl e

17 was added 26 ni 2,2-dinethox%propane and 260 gL
ketorqgpetamirasyder epmprisiag the cngimepicd katogcdugase kaving e apxing yvid

22C. - Af b i 0% | f

seauefiy M TR0 e s E Nl uRE LRy S5 prony-3-
oxohexguied) ST iph@s@ionasixfurd wad bigrred ¥22r€@ TAS awxihaactiestommbintained

52 ept.ane, d the separated organi c phase was .
the pHL 4t ¥ B heqiion o6t Hhisbous CORGROYHY Br AT Porizragtion
progrdsd val HorGBEe Bﬁﬁﬁ@ 1t € TRY &1 4AFP 4RI 15%159 BRS FerMic

rotary evaporation under vacuum The residue was
samplirgkefitheipactmon/fixmire fepdxametiov adu anialydishheahé mgthofl-of E&mple 4.

| ed and mai nt ai ned_at .room t.enperature for 30 .
After 1 R PR RUDME i AP THSHON Beo B ot ee MithdO mL
cthyl Qd’e%’a‘%% a’trﬂlél @o(?%ﬁé?éh orighhit LREADW 2@ Mttt Yhiddgl HRtHRZcals Brth and the

g t-buty - . .
solvertyeasapmoygd by2rogary evaporation ungervagramdo (AR) amekt ate as a

slightly yellow solid. Analysis by the nmethod of
[0295]EXangH tebiby lshoymdm@thy8 2 2rda ety pliSidigxandt-actae tves dlathined from

) , 6R i ast er.eonger . 0290 i's le. il r.at
the oif (Rl DB eGSR SE TSI W cBp e € Bk 65)
diastefioRyd! @¥¥spdhAKRNS @ﬁee(t(ﬁ%,tSSB dfa§teffomeB ¥fthe diol product of the reduction
3, 5-di hydroxyhexanoate ester prepared by the nethod of

reactigm e(Nateivihet(#B16S) 9Bs\EoPBO 8AOHR 8718 RETtUB2D074080#35R)
7.19 =P [ f t-butyl .. .
enaniiprt AT RSG5 TR e bbby sy or.oR)

enantjoaRkpt ed 3 L three-neck flask equi pped with a
PTFE- coat ed magnetic stirring bar, an addition

[0296] WS the BREn&rRHk @b BGIHALRr aRBeM A isBed D RELQME C
titrator for pH controlled addition of base on-demand

R-enaptiemer ¢fgdulityl-¢yabe-S-iptdooxyhd-okplesknoara st prheidgeidic 686G RgSR) diol

. triet hanol am ne and 427 ter,. The pH the .

in essilofly P SR RFai0 e BRIl fabiddc Biag pio. 7) his

example Mig@hhfca tivd ithy 8@ SRLseIctGvawheh usk8 %o Bdbc@ithdG8s@anfiorél of t-
gl ucose dehydrogenase powder, 2.25 g ketoreductase

bubﬂgﬁvﬂ@¥56@ﬁ$WVé$%§) K&1081§gi neer ed ket or educt ase havi ng
the am no acid sequence SEQ ID NO. 316, and 0.135
NaNADP were added. Wth stirring at 22 C and the
automatic titrator prepared to provide 4N NaCOH on
demand, 270 g t-butyl
67cyan exbmRle-Ay dRRYNctIm@df AgXAmRA3% SBaRixBHE BHcidnasmbR&f
addi ti @BufyiBRShno-31GdRME IR dhexadohic’ (B4 Q. aTRi Nt ai ned
the pH at "6.9 by thé addition of 4N NaOH, which was

[0297]K|a q%,%_' oRbeugk Yvas i GRGOEHRE theAlt &UirdE DA S with 3 olbtich that 2.91¢ t-

had been consuned, and an extract of a sahple
butyl &rrahyez R )y dtdxy-FrexdtedamfatdExmth0 ¥ bwhldwehneg984-hydroxy-

ion. 4 t hy! t at ed d the
3-oxofit e ik oA ed e tlie, dRE Rk oM E T Zar i Crsigtein 20
hours 261 QhSch fIIRSBe ?ﬁ)ﬂu&%@%éﬂ 1REL R £%h HRCGIrechdMat dXadd:. ML
ethyl acetate. The solvent was renoved from

[0298] Crude t-butyl (4,6)-6-cyanomethyl-2,2 dimethyl-1,3-dioxane-4-acetate was obtained
from the oil (Example 7) and analyzed by GC/MS by the method of Example 6, showing a
mixture of 99.73% (4R, 6R) diastereomer, corresponding to the syn-(3R,5R) diastercomer of
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t he conmbi ned organic extracts by rotary evaporation
under vacuumto obtain 232 g crude t-butyl
woe2epams7¢ 3R, 5R) - di hydr oxyhexanoat e as an oi | . PCDRSR)P7/080125
This Exanple illustrates a | arger scal e preparation
and recovery of a syn 3,5- dihydroxyhexanoate ester
usigg@an engi neered ket oreductase by the nethod of the

the diplgreh@ 28, of thre G, éﬁbﬁi;@ﬁtérezmer ReTwENdngae the.(BRSp) diastercomer
ofthegf&ly(%lo9§ 2V, J‘%’ roxy-3 oxohexanoat e. [0293] The

antionmer of''t-buty

[0299]6111?1¥ 1n%'%/ éﬁ\gltﬁ%pr?ﬁf ?I]?%j%}%n %3? gl?l\é\%%@gﬁf gﬁlés%sates an englneered

ketord‘d@bﬂa%%gast@’é@@eaﬂwy arat@@aus of thetf@nanfioaRab AL bl @tyano-
t he R-enantiomer from ethyl|

5- hydmxay%rﬁéof(esg}oamfees sBeveyansioeicy e Sleg stersapuriy asthgspnasiton of the
(3R, 5%%&60 d tic & pggltlﬁ?é PI” le g %? ?ﬁ%x\éﬁé 3é& Veg%r&?(ﬁg) \QAS{I& %éiglly

upgradahcaaiaeetd ﬁoahamfawt S}H?dt‘oﬁy-ﬁl-dxroﬁémoﬁte rsulﬁsltfa&o 09 .A6%d el vs. 94%
addi ti on of ba%f on- rrgnd via a feeding tube
W

c.c.. Thsenginesiad kefpreductpse gragteg dessthapeae imnth pf r%a(hétsaﬁsﬂf@ée added to

0 I
the re&&ﬁ{t} ‘?]ggg)neggﬂéﬁ &Se tﬂh'y lel of tl%ébg?@é\)/\% %%%042%157‘5% elgélfﬂé‘e?ect?

ketordd@itatdS20 Gty mes}:ilﬂalsclbmrc) madpmmis @ hpgwd degrec) n‘pstergbplgity fvethe

o3 UG Fe FEAEA035 DR R ASE RS B8h s

lowertstdPstptity8- EMARE WiRRthd YRy oK y-3= oM@%@t@%ﬁBs@rateﬂB Prepared from
reaction mxture was sti rred at 22C. The automatic

a 3-hydroxyRubratergstat, aé evecdnplified ip Examnplz 3py higher defuléa ¢feteredpudity in the

s g R T Rl Bt P PR G o RN PRy everof
lowera€giédpusify. of the base and periodic sanpling of the
reaction mxture for extraction and anal ysis by the

netDod ERbmBramP| ®idteredfulrRy oBBLIIPIUE-SyanbNBRGRIVEr Si ONn
Was 47 Cﬁqy-& gﬁ&?&ﬁ&ét?_ﬁré&?éd%tﬁ@ BRI hftonw th 10

eth e conbirned organi c extract was

I t
o S 4 OISR A0 e 84 0
methddeff\Ee(aa]pleol"/l . A [s@@pls]of Greudl bwhs tisdojvedat d}()amg/hlrd]; hy9 Y23Rtonitrile
o] cet ate ed from the
in Wa@r Pm{ ﬁi/?i'a?f?ﬁﬂ ﬁy% ﬁﬁ@ﬁ%{%? W@&dwvﬁﬁ@p i HORYQEIIMLIS

showi® bISAOWH BoscER- i3 ¥d: €-u F%élfg)aﬁé‘l) NG hASERLRRPEF t=-but¥l 6- _cyano.

corresponding to the 5S) di astereoner of di ol
(3R,5By-dthydtoxghexaneate edadticond abeadt.0@Yo. (Note: The (4R, 6S)
di astereoner has the sane retention tine as its
[0301) #5r 60 paisanta soheion cdndutyhé-oydisH-63R, SR)-dhy droaphemndas was

prepafsgisey Comeh BN EGr DaRel o SR T e ARracrae
obtairRFTN € chyrHRGA sbick PARGRN A sTHENINCOAIRND. 14 k{43 6R)

6- cyano- 5- hydr oxy- 3- oxohexanoat'€é, 11 provides the syn
d1aste(®@e5 Rnaljizod by ithe restbethvf Bkdmyplpér $e@cﬁxample 23). 250 mg of the

commgﬁcde?l Teb@\?ﬁ ??&)r{‘%t Igyyaintogth)(rﬁ-%,e}glxmae%;l-el? 21130’xa1%'e4(4R na%etlazlée%vaSG
suspended in 2 mL 1:1 methanol:water containing 200 1N HCl. The mixture was stirred for
16 hours at room temperature. 500 uL saturated aqueous sodium bicarbonate and 5 mL of
cthyl acetate were added. The organic phase was separated and solvents were removed by
rotary evaporation under vacuum to yield 187 mg t-butyl 6-cyano-(3R,5R)-dihydroxy-

hexanoate as a slightly yellow oil.
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exanple illustrates that it is also 3R-sel ective when
used to reduce the 5S-enantionmer of t- butyl

WoG2epam37®- hydr oxy- 3- oxohexanoate. 7. 21 Exanpl BCRIUS2007/080125
Reduction of a 97% 5R, 3% 5S m xture of enantioners of
t-butyl 6-cyano-5-hydroxy-3-oxohexanoate (94%e.e.).
[0297] The procedure was identical to the precedin

[0302IExasipinde of this alhwasdiswopeade | Oag/mil. mdy % acetpgityile in water and also
- - but vl .
ot BN CO O IR AL By G TR BT Yy o i

scale, lie 800 | @ howcrpan¢le ditke ichronieag e dh8wW Y ieqrule feithan0.il P B8,5R)
. hours, after which_pojnt the product oi/l S recovere
diastezgomes of fau| E58IomY S SHEHEME he R8T CxaliRgeiremgh 1 o of the
o - - - . ( i ] - i 1| - 4 K t 2]
s ok fa BRI fod (I clogliatos dresgials
dioxa@c(A3-dvygtatche net hod of Exanple 6, showing a mixture

of 99.73% (4R, 6R) di astereoner, corresponding to the
[0303]s Yhis(3EMDFE) b candp@isda e theafppdOih MOW2OEBOD4RGHms in FIG. 6,

illustrgqggglgz%g%zrég? t%% gtf\iegé%gpl%:v%ng g Qq%q‘?@h‘(zlgl(éj (gigﬁtterggm(eééﬂlyesp%)re Syn

diol (i.e., 99.46%d.e.). [0299]
3 dlﬁx&i@%ﬁ%esgg%&%%&ﬁv@%uﬁat he preceding Exan'pclJ e, this

Exanpl ¢ LLLUSI ARS8 a0, o0%) BRI ST AITERSE cyanocthyl)-
havi i iﬁé&ﬂgﬁﬁﬁi@g%&@_ {?8gt§t%8§%iﬁa9e% o B <yanociny)

5- hydr §X"4%%x ohexanoat e over the S enantioner. The
t er eopuri t

S at t -position of the (3R 5)-diol
10304 ettn@tvel-%@sﬁnpﬁgﬁ)-gr(ﬂt%g AR BYIERE ReRH Y 1 4-cyano-
(R)-ARRE QIR bF~50DSL A0 BhdiipleIPILAIRAFRIBALAT (oK |01

I
- hydr oxy- 3- oxohexanoat e substrate, 99. g% d.e.
cyanogthyl ) I %directhyl-1, FHdeoxengi(deercetitk ethocledacimbecd éactiasttreopurity
than one tenth of the 3% S-substrate added to
by G(%/ﬁ/gssp%%{g‘?icaﬁfau\]/ﬁ?fl%' reacting essentially all of the

97% R-substrate. Thus, engipeere ket or educt ases . of
[0305) o agi@ggﬁ ﬁhra?-geqlb@%?éqw@%ecgwgb ia%éf EE-¢pagdapagnsljs s@ripg bar and

a pH SEGERORYAAdYed! tﬁ ah BEonBYB tiReRt P ALRIRY ABARLE of base on-
product when the 5-hydroxy- 3-oxohexanoate substrate is

demanpd vialadeelingtube eup tha flask, Wax ¢Haeged Mheh 106eM triethanolamine

5- hydroxy-3- hexanoat e bstra IS . prepared from a
(ehtoriiat S Y GrIaice ek Bty B S BaRario o P L R rgasg, ihd 799
g glucdsdli ”QIIYEF;_IBH Qe BHce8 1 u@fon WaB r QRIS Y 710WIth©.26 mL 4N NaOH. 1 mL of

syn- 3, 5-di hydr oxyhexanoat e product can be obtained, in

the sametbufier epntaning 08 xybkatgicdrdaseoaidepeomprisig the engineered

stereopurity. 7.22 Exanple :~ Bl reopurity of
etor@LERORRRIE Ye abi Es R BB freiin R IRLIROR el e
dehydbygdnhe pidegdne s i BlaNAEN v onddcd Q3@ reidtida rhixhué Was stirred
8- 13f]gno-(3l'-\", 5R) - di hydr oxyhexanoat e was prepared as an .
at 22°%6; | Theyruforeatic tistains anagntaingd e nd 4t70.9 By shapsidgiogrofdhbNaQH, which

o Y SELE BT W ROy 1
gluco&e wdikedddu afteatiaigticams arsl an additional 15 mg glucose dehydrogenase powder
and 1.5 mg NaNADP were added after 7 hours. After a total of 12 hours 9.04 ml 4 N NaOH
had been consumed, and an extract of a sample analyzed by the method of Example 4 showed
99.3% conversion. 2.5 g diatomaceous earth was added to the reaction mixture, which was

then extracted three times with 50 mL ethyl acetate. The solvent was removed from the
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shown, blown up in scale in FIG 6, upper panel. No
di astereoner of t-butyl 6-cyano-

W@ 3R3PRB76li hydr oxyhexanoat e was det ect ed abovePOI/0850G/080125
[ 0301] For conparison, a solution of t-butyl
6- cyano- ( 3R, 5R) - dihydroxyhexanoate was prepared from
crystalline t-buty

comb(nsﬁprgaziwém@té b wt)ltyzevzp@ram Hyder yagwg @)ﬁhdﬁ%n (I&R? 2wede
t-buwgé%aﬁi&éﬁ SREABL AT SGRE & A ?%2"(“3%6? g O
0306 BT HE3E T bud B RO R IR R R R SRR Rl 22 8 -

dimeth&Rprdpané Yad 080 [N nctFandsulfor®d 42¥d. - the3min@s a8 <lidE at¥eL hours
ate was suspended in 2 nL 1:1 nethanol : water
at TOORGIRMRPT{UHE é@@r additiqm of ST saiuxated aqueays sadiym bigarhepategte pH
(0] rat o)
of theglgggoshs %%?%37? Ogng ?Eﬁ% %ﬁ EI% ny{a% ?ctrgétﬁi %tﬂ 236? erﬁﬂ th%?a\llf\lg,ré{ﬁi the solvent
was ra@nehed. frobh mewxgaw by rptid evapastivg madatsadum tb kavaepdlden oil
were re r ot ar porati an .under vacuumto
compyj3igg ¢by n%?é -(g= Oda@%ﬂth%i/%% @ethgftzl Srjioxnsy dR gagatate.
hexanoate as a slightly yellow oil. 101 WO 2008/ 042876
[0307Ip&Tyaus00ftho 90 voss dls[sgly@ci}n gthylzaeptate tofS mgimd.. oyhichwas analyzed by

mg/mL in 9 % acetonitrile in water
the fogb\zfﬁlgldémgtr%ﬁm%ed by the LG/ M5/ M5 net hod of Exanple

5. Th !
l03081FF@1uf§nCFF‘5&%@$t<§g$f8 GG Dhr am shows e peak

f@:ranﬁd'ﬂ%ag) Hu63 8,471, orasiamaemrer of t-butyl
6- cyano- 3, 5- dlhydrox hexanoat e resultlgg fromthe 0.1

ofkn: HEC femsnem)th@n teindn %220 TC tthen keaadrae? 29 4l for 3 min.
hyl - 1, 3-
dF%%%ﬁ%n?ﬁEg %%%&39%%%8%65 s exén%le by

C DEpRtibs:aingdé ionionifpidp, @mndldgower chr omat ograns in
FIG 6, illustrates the process of the invention

[0309]p oY gL/ VS shabysRsshawtd ale! tyou@ly@ékp(ﬁ@mbetﬁ@\l)lm BM&h}ﬁlWB-
di hydr oxyhexanoat e conpoun
dloxamr é@%)eqce@tﬂm{we@ﬂbﬂm@r@ls'tdaasreirmrtcaﬁupylie For cornparlson a

th
sampls S RN (e eaefomnee P01 A sppllin .
(6R)- qzeé}kaﬁdet@ﬁ)imedlmemwnta @nxar[eO@RLHac@aued@stMgulvyh 1n ethyl acetate to
ano- (5R) - - 3- oxohexanoat e prepar

5 e/ gnd HoeymBrl 2o SRy Bl it GG Sg0igoarste FIG 7 shows
the o O S ARKEE LS e b WA W IR EbuyL(6R)-C-eyano-

cthyl)vh2-dimethgl- Bhaligxzed-(4R-awdtast er eopurity by GO/ MS pri or
to crystallization. [0305] To a 100 nL three-neck

[0310]\‘ Ims bll&ﬁasltmﬁdiss)&hteﬁ ia | PhfiEheqat esd seegnend the%blultlbh R@s cooled to
a pH el ectrode connected to an aut omat

0°C f@r. qry%’«elb?atm@r Filadomundoiy ey inauivislded o1 gwass%albmﬁt ‘Eféﬁla(ﬁg) -(2-
cyano%%gl)%} QeHLR k?l?ox'aﬂ& ?4I£)h§cefa|tea§1k98 Yea W@i{egﬁgaljp%rlw-

triet aﬁo

[0311] This example illustrates the process of the invention providing a substantially
diastercomerically pure protected syn 3,5-dihydroxyhexanoate compound without any

diastercomeric purification, for example, by crystallization.
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(chloride) buffer, pH 7.0, 12 g crude t-butyl
6- cyano- ( 5R) - hydr oxy- 3- oxohexanoate, and 7.99 g
w@bkwsnsxs76 The pH of the solution was readj ust eBCT/OS2000080125

with 0.26 nL 4N NaCH. 1 niL of the sane buffer

cont ai ni ng 200 ng ket or educt ase powder conpr|3|ng t he

engi neered ketoreductase having the am no acid

sédden&gamplo 19D Rgpastien of 5bugyl iRidveninepibylite dgdinedel-1.3-

powder dicaxank- G“R?gﬁcmm(ﬁpﬁmg\@dded and the reaction

m xture was stirred at 22C. The automatic titrator
[0312]rr&|bntyé(61b)e(2tdyen<pﬁﬂ13d) -22-@migthyl-h é-édmner(éﬁ)@cetzltm Sﬂal@aﬁ prepared

ont i nu y or ded. t i opal
in ExrEo L ER ar ehasE ot AF CaRee g P bEBgapay Metosed
in U.aade k10,040 Gt &ukns 49“1%@@'1 6aﬁ$dbv1hidhﬁ§inc&§30@ecghéi6@9®
dehydr ogenase powder and 1. NaNADP wer e added

referegeq. efn Marhenless a spiutien oft- blﬁylaﬂ@d‘l( “tranesthyd)-B2gamethylal, Rrdioxane-
(4R)- eg%at 3 g&?d%m rﬁﬁl@,{c’ ﬁgﬁg g%L %gmgtﬂﬁl%i Etﬁﬁtteop 1tﬁ1§gs.%§ﬁ/é §mmonia is

treated Wﬁt\h&T 5 pofiRaieyonigkdl i#a0 andhpdrogeregis il a ‘ﬁM(eﬁﬁlﬁﬁﬁbsﬁ ®nd EC.
action mxture, which was. then extracted t

After tlﬁ h@grs vitimlager th_or@qtﬂg;ppl@@@@g}@‘@s theg go §‘r@rty)§|ﬁ1tr%gresent The
suspelfl:sg %%@ofeﬁ oimtérQ@tlﬂ‘ h%l?&gﬁf Q28R REARELRAROA! Oﬁgg' €ride oil is

I ned organlc extracts by rotary evaporatlon under
purifisdhioy flasht crhrmhatagnap]iﬁ)oﬂﬁlhga gafluzddl 3@:2@Ut(gthyl

acetatﬁt-gle%t/l]??glgk SHR@%? nbgjfti}g Eig)xa}/s e &(e%? Poaélse 2 %3 ?gnof(%lllel tltlédocao%%ound' t-
butyl g@ﬂ@nﬁmﬁg&yﬁﬁh Zdﬁlﬂiéq{}@)iﬁjg%ﬁﬁ%a@ﬁ)%&a@@@gng&a I1}—(98 2

di met hoxypr opane "and gL net hanesul fonic acid
arca Yfhes ackeueibwithscepiablerR, é{MRoC-IﬁMIBomdsMSapeqtmom
tenperature. After addition of 5 nlL saturated aqueous
s @disumEshmaleitdn aPespatdtien plft-bofy] (4R)-[a[R1ebuosohloag g-Swa(d -
8. 0. Thethylathyi)8-pisylek] (Haciydeminbidartey Tl thexasiel -yetyl]-2,2-
t he soljugsihyl- Melidxaneyat)-{dcame (HaememMtvigct by rotary
evapor at | on under vacuumto | eave a go den oi |

[0313C QBRF 2tanbiHbdthyl)-2,2-dimethyl-1,3-dioxane-(4R )-acetate, such as prepared
(6R yllgagg(anoet hyl )2 2-di rrey thyl -1, 3- d(l o%ane (4R) acept P

in Exgtmbit 200800 voRod éthﬁieélﬂ@fcomewm singiheanathaslolagy diselasethyn U.S.

Pat. I\%C sﬁ)gé\ﬁ%bg gt&/h]'\"%é lhnea 4§ %8383 c%e% &ﬁﬁ)%rﬂ?%gs elﬁé)yigference In

particliladl.a, soRBiofo@ t-buSO AR )- (Q&Jnﬁlh@é'thg%i 2-dedetiym1, Vdibdasi4R)-acetate
0. 7nL/ m nute. Oven: 50C for 1 mn, then 30 Cmn to

(formplagd Vg, 1 iﬂw%n(%ﬂ_il rdolatang 10)-¢-fhuero-g-[RimethylRepserrpRy! -Tiowe Y. B-
oonch 3 AT B ey T R S S 5

(R',R'FBOIMESIRE, S’ﬂls‘onﬂbﬂ, )‘l|60 g (3.83 mol), in 50 mL of heptane:toluene (9:1) is heated
(6R)-(2-cyanoet hyl ) -2, 2-di net %/-1 3-
at reﬂw @éa?;ﬁlellqlmqqﬂ wiiog infgoledyslighily apd { i eff J-yropanol added. The

rmxtu?'é R3hGhEe Jdo?EJ is\écpgﬁcf%té: 0 ¢ &0@?%‘6%"& the “‘?%g&é‘ﬁ’f?%?‘ t-butyl

onnerCIa tal ne rc Og no
(6R)- [QI[XI-Sﬂlairprmﬁyl)-Sb@(lyinethylethyl) 3 phenyl 4 [(phenylarnmo)carbonyl] 1H-

pyrro]af-é( ] 21] ?2 goet g\dl 1) }]%g%zxprgql: Zayclg‘[age Q¢ g{’n? ﬁar{fel §s4aRyellaow solid
with acceptable NMR spectra.
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5 ng/nL, and |ikew se anal yzed, show ng 0.10% of the
(4S,6R) diastereoner. FIG 7 shows the overl apped
wW@OZJoRB428M6 omat ogr ans of the oil and the crystaPCT/n82007/080125
t-butyl (6R)-(2-cyano- ethyl)-2,2-dinmethyl-1,3
- di oxane- (4R)-acetate. [0310] The oil was then
di ssolved in 17 nL hexane and 50C, and the sol ution
wa26c o Erample6: o Erqngration & (R tpeatS-Ghilugpphangbi ot -and
dr yi ngmathyd¢thyliNef-dathesylil -(2-6elyaltydrd-#hgdroxisiit-gio-2H-pyran-2-
( 6R) - ( @})ethyl]-1H-pyrrole-3-carboxamide (a.k.a. atorvastatin lactone) (Formula
cyanoetMipl ) - 2, 2- di net hyl - 1, 3- di oxane- (4R) - acet ate of
98.7 area %chem cal purity. [0311] This exanple
[0314] Ibusd (@RS [2- tfﬁm@di]gﬂféﬁﬁl}Sqf-(lt-rhethyl&ﬂ@/ﬂl)H-@Het@fl-@r\l[l(lﬁheﬁglaﬁuno)
substantially diastereonerically pure protected syn

carbogylt IHI'W'&XX}M%]T%&'@H]@%& l}n@owqer{é&)-agm?te such as prepared in
Eram oSt B FRai R PbY GsBBe roTs S R RSt s B iny S Pt

No. 5 DDZ@SEx‘aa'qbl ), Ddes 4B8@palnial isancarporatedieydin by reference. In particular,

- (2-am oe I -2, 2-dinmethy| -1, 3-

437 oD PR RIS L2 EbraTSy) 5 Gty phenyi-4-
[(phor(ﬁﬁ)lmo?oapooag}gqtfmowroﬂl %r]chgglzby-hfnlotﬁy-ldﬂ,%@%ﬁoé_@)zﬁeﬁ& is

e, such pr epar ed anples 18 and 23, iIs
dlssolsghmezmgaL 10§ tettrlabydrpfur@ @mh#ﬁomhd)f U8V mlay dréhloret deadissilaigpn is
wcded REGET8Riah Mot 72T el o5 Pk Ryt Gy Wy arorice
(3.6 g ehEihensifurd 13 sHaed mbﬁoafourﬁ BRI reddtien idftoppdathyydding 150 mL of

(6R) - (2 cyanoethyl) 2-di net hyl -1, 3- di oxane-

water{ YRnLepd dieyans, amsl s@gar@tl(lg)tl@zlglqﬁ@ Bhe aqyequydayar ipgcidified with dilute
hydro\%ﬁ%)ﬂ@%& séﬁ%#ﬁ,%alﬁtgg %nr tH [%%ﬁrgglﬁg %gﬁ%‘?&c}ﬁgit@rlég glgoa(?fequl acetate.
A drop loék@iceatratbd hpdrocledodc ékﬁd:ls addtd ey thi Gthybudcsate tdlutiod @ndethe

onatography i ndi cates that no startlégfnitrile

Solutl?ﬁ ssdaped ihdand s pinsi bhe 1duitop sencepinted rerampraligr a
concehirhit §¢ reﬁ#sgolvétgﬁil $0HE %?Eﬁ?t £t arQdd wilh| bﬁe ﬁrrog‘{i)? c@hdentrated

I's purl l'ash chromat ography on silica
hydroghlbtic 36id20hd sQletld)tyis stigreé twad Bourst doapoitragodnp mizenm, and dissolved in

3.0 mE&ﬁ,ﬁ%XI de)’]}haslélleglfiijgsr?l%oﬁn% ((HR ?rans-g-%4 %uorop enyl§ bt H-rnethyl cthyl)-
N,4- d(p(ﬁ&yl(lz {lbtﬂﬂﬁrﬁf&lhhgaro%yib LRI pydan3? ?l)@ﬁﬁ?l]ﬁlﬁ ﬁﬁ}ol@-@et

ate of Fornul a area %, as a clear oil
carbom@p(&@l e) oo L V8, WivRhanalsdBnepe ey atarvagtats laBoaﬁpls asolated
it 25; Preparatlon of t-butyl
mtwq @eps [2[2 (f 1 uor ophenyl ) -5- (- (1- rrethyl ethyl)-3
p7heny Exgrn ](phen | a"}a%%%%?fﬁ gﬁ%%%*_) yér@l%llgl@téll) - 8| clihydroxy-
(For mJ|55(1\;q1 thylF‘@lgh)g P[hﬁledt (phenylarmno)carbonyl] 1H-pyrrole-1-
(6R) - (helatnmm@@mﬁwajm@rnzald( t b Fortmda ¥ildxane- ( 4R) - acet
ate, such as prepared in Exanple 24, is converted to
[0315k Iﬁféi{{tnatl-‘»)eS (;‘bﬂ'p@upbbnyi;)r%gl mély&mhﬁb&;ﬂ dwelmlsle[%@@mhydro -4-
hvd @& t? qﬁg c& n@ lines 43 é 4
y m\’/% o7 |prEa6‘f7r5¥P% & P%‘F‘hle a4 ?Xé‘F‘éﬁti BUCH brepardd in

Exarn @rZol BWodlertcd t6 %dlﬂit'leod‘bnﬁifouhd BﬂFo{ﬂmula VIII using the methodology
2-am noet hyl ) - 2, 2-di net hy 3- di oxane- (4R

dlsclog@dgln aghasl 1\ pnAB oﬁ_U@ Payg. (5496§71 Sﬁ-oq:tytltleén@rystalhne [)R-(R"< R*)]-2-
(4- ﬂugro)phenyd %r(f) hydrgxy-g?i I'I]ﬁ/ethy][etgyl())% ﬁf)%yl] 4 )[I(p%enylaﬂn(no)carbonyl] 1H-

pyrrole-1-heptanoic acid hemi calcium salt (atorvastatin),” which issued on 10/19/99 and

which examples are incorporated herein by reference. The title compound is well known
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di phenyl benzenebut aneam de (formula V), which is a
m xture of [R(R,R)], [R(R,S)], [S (R,R)]and

wQ 3oR042879 ] i soners, 1.60 g (3.83 nol), in 50 MRCDAIS2007/080125
hept ane: toluene (9:1) is heated at reflux for 24
hours. The solution is cooled slightly and 15 nL of
2-propanol added. The mxture is allowed to cool to

under FCCnSHE NAME piANEdtais, iinvicalcigs syt ad thpdrandimamg LIPITOR®.

Prepafaggﬁ?)? E%rcg% en%%(l; frgfn(at_ﬁ% aa{cgone hof Fe%]ﬂglle 31 és dﬁclosefd in E[x(amﬁ)le 10 of
U.S. Pyl 521 3n9s)5cainiblo iyyih§oerfrorated herein by reference.
pyrrol -1-yl]ethyl]-2,2-dinethyl -1, 3-di oxane- (4R) - acet a
t e of for ul Soium®alta yellow solid w th acceptable
pectra, 104 WO 2008/042876 PCT/ US2007/ 080125
[0316]7 I@Bargglalﬁlb disselge opg @ﬁg:i,q.ﬁth%}ﬁlc@pe (540.6 g) from Example 20 in 5 L of

|
g el ket OG0 5ppg o d
follow theaeRHop Py RLZ= until)284 hyleps lhbtopy rmdineth3t estartod xandidieacid
rernai% a'bgftl %kce%g oF I\\[Ia?(%ha}sln%t Lsae%tb(%gael?se %F?(SI[BJZ can félrlnl Blpon tg :!a'céilclition of
CaC 12(19 [%)su{)%haex{t flegornqieh %wllolysﬁs &rthd ra%hb,y[he(flmmé @hﬁwbphenyl)

yl am no) - cafbonyl] - pyrro

B-5- dﬂ@d@ggHSH(dt-lmﬂhylbﬂﬁd)d?b-phat}é-%[ﬂﬂ)enykaﬁnm)earbem;dhIHSpyrrole -

repared in e25 ver ed to the title
hepta@%ﬁ%ﬁerﬁ?dwﬁ F?Ex @Wévmwo lawa s eedd in U s Pat.

No. 5,003,080 at,  col. 50, lines 4-30, which is

i ncor por di-ed GrleiaMS 1‘3‘9 reference. In particular, 4.37
031789 UgBn 8 OF n{ B! 44 0L L0, th h at least two times with a 1:1
0317 B B ) S0 0oyt g g mes pih &
mixtude of| KtPertydxamd. nicdcbarvdsb rslyrbqld cdn-ﬂalpyllf)rlobaech-of [Ex@Abspkekane. If sodium

s isifradh T M s dned B o S RSt forg gt 8 oo
charcéW it EbY Qo HouAS FifleS@®let b Ricel 8nd RdAlQdsh el 15NENVROIHIPABrm a
is stirred for 15 hours. To this solution is added

wt/vobbdinuie sagriox ndeture(ty) BPLY tadetcrrhiac toarastaniains of the eerdium salt
ofatoivogtaggtl{]a?ysris heTh% b ar%gt b1's31 ?’t opped by adding 150 nm
of ter, 5(5 Nt 16 ek ane, Sand© Separating the | ayers.
ous. | r |s Cldlfl
l03181h$’d§88@me1 i b St EicG oTHaTy S P B B a@tHobQ: Heat borh
the CAN s@¥tisAsidte Wtddud rRtHTho Ko [1R1oRY 60TEt AU the u(d) wu@ctn
concentrated hydrochloric acid is added to the ethyl

slowlpoettahigh @glltamndn tlwr@"ﬁraauecsxslmﬂthml pagutégn vaeé@wsjatgt, apdium

salt. Aﬁ[gr comé)n%tg &tli)%, clog t%g (r]mxtéloef trﬂalégg n’Ed fi ¥t %ﬁ yrempltatlng
calcivacelittdfeommnda MIHAtVELkhWhé filt@ﬂﬁk@i}v@tﬂ 50f, HoON@R#tat 8O€Tin a vacuum
hydrochloric acid. The solution is stirred two hours,
OvVeh.concentrated in vacuo, and dissolved in 3.0 nL of
tol uene. The titled conpound,

The cglpint sadinsors il(dldridddiitem ohlengan)beZeqrystalbizéd /by disspfying in 4 L of
EoAN G RRRGa0ter Supersrisy raghing eilrnis it LLFOASHPS O then

addingB RYSf Dhpdtar SENORXaH &hchckdntd tB) SOIC F@AdAutMnl , The resulting
which is also known as atorvastatin |actone, is

crystajlssefi faraga VIH arqudrer dpd by 7ir oy withdwplieg. 27:  Pr epar at i on
of [R(R*, R*)]-2-(4-fluorophenyl)-(3-6-di hydroxy-
7.28 Exarnple 28: Production of Ketoreductases; Fermentation Procedure.

[0319] In an acrated agitated 15L fermenter, 6.0L of growth medium containing 0.88 g/L
ammonium sulfate, 0.98 g/L of sodium citrate; 12.5 g/L. of dipotassium hydrogen phosphate
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5-(1-met hyl et hyl ) -

3- phenyl - 4-[ (phenyl am no) car bonyl ] - 1H pyrrol e- 1-
whepsamsie acid, calciumsalt (2:1) of Fornul ap®i/U52007/080125

[ 0315]

(2R- trans) 5-(4- fluorophenyl) 2-(1-met hyl et hyl ) - N, 4-di

phen 1-[2-(tetrahydro-4
trlhydha}@r%&%gﬂe Déﬁm@%ﬁﬂwd@ey phesphyte] 6.2 wlpgk Fastancalidatenyextract,
0. 083%% ?&ﬁﬂ ?fﬂ?xp)nﬁﬁn Bﬁ%ﬁeﬁg&g§ h ol{%fm%/% eﬁgﬁ%ﬂtﬁoﬁ?ﬁx %Blrltg%ng 2 g/LL
of calﬁiﬂhi’lﬂﬂhﬁdbgyhy(h}atsm @gﬂfio% HinExafapd ﬁ@ta]lﬁdr@fe ﬁlB @ mdnGanese sulfate

9, 156, R- (R*
monogﬁérpqeubg&pﬁ@ﬁ%s)su %tleglegqamﬁtgxé,?g_f( gmeﬁ@p[ H@mglollpg}qdjatestetﬁarhydrate
and O@Q /IZ ?odlﬁrﬁqgc%lo% A& er%Wa{s]brc;ifgﬂ’[ to a temperature of 30. The

hept anoli ¢ acid hem calcium sal't

ferrne(l'@t was' asicallateld)wl'th ahitctxpossntad cdurd 6f E9¢adioWantl, cahtaging a

plasirg] BB UERUEAETG S o1 iifeian ST (5 6 oot Agnetibed in
Example B td22881h OBL2 2 0@er.o.t PRe ﬂ:@ﬂﬂ@lﬁtbﬁwﬁlﬁéﬁ%tated at 500-1500 rpm and

atorvastatin, hem calciumsalt and th rand nane
air was|spppiteR(te the fepn@yﬁ@tmtwe@wl off 1 Oﬂé Oda/nun tnmemkain & dsrelvpdoxygen

evel o8 R RligTBERYGs Theiokt S B bRREF P sOBTRAFLTY tffpacicon of

20% v/ehmhemien hiydroSrid] Growel éf tfl@&ilﬁﬂre l)vfas ﬁﬁ[ﬂtdtlﬁ&d B}F the addition of a
di ssol ve one nole of the |actone (540.6

feed splutinp icantomingd> Wg(L exrelopgatl R #o PmMEniueh clapg% Fllﬁ e #/Tadd
magngsngm g{llf%_tl% thw&%g a%’lﬁlre% %h%%yltﬁgqg&hg? IF @?06 g)adrf %lﬂtet}g ession of

ketorddactaoneasinduseattiyythe eddigon of issprepydieD- thmgdlactroeﬂda (IPL.G)Ad a final
excess of

not used ecau n form
concefjafipr; ¢fel 1 %ﬂi@ <9Hﬁkbﬁe WS LEPVN | Oﬁ aaofilab @éﬂ%t T’%‘i @Hturwawhen

chllleﬁ‘ Yéjfﬁ@ é(ncd Iﬁalﬂfalﬂeialeat heCtLARCharvested. Cells were harvested by centrifugation
R- (R, R*)]-2-(4-fl uorophenyl) -

at SO(IB)(BfOtd Flﬂyfdnmg/m':'ﬂ- SarvaeR GIARR topitrfuge phiey | Hatv §stqshestly and used
direct?ﬁ%Eﬁervf?il%ﬁﬁ&%ﬁ%ﬁlrg%%ﬁyhﬁ CRSPh R e SF it Such use

Up t f h I dd
l03201H§ée P cbh ael atsh TR R WOV i cploride)

buffel‘éPH'% OAchhexghgch \ﬁﬁﬁi‘ﬂe WasBt T%:m Qb ?H@ﬁlﬁ‘a&lljcl@ar lke%?&ﬁcf&ée was

hexane. |If sodium salt is pure,
releasaéﬁhmwtbb cellsfby passing mhqwslmnalnd/tlmnuglomhamngemmr (ﬁiltted aahdi a two-

stage [gp Skabig LaFe aRanP RO RO et o 2080 BRg Tpr) hihpgenate

was cM‘élé&’ﬁH 490 i@fﬁn&daaery%ﬁr th@fhp‘ﬁbﬁt Ws%hhﬁbn'd‘?'—l@%t \Q/Vqﬁﬂféﬂ'@l&%lmme

he exact anmpunt 'of the sodiumsalt of atorvastatin
pH7. 2 heas ddded t9 thadysalgue e dgaheankenrtion @Ith5|%)W/V frostigled for 30

rninut?é] ?‘?1,% res)ultlnr%e g%l)e\égllﬂg ?éas Q gt%eg %?I}:%el%){( fzﬁﬁ)gpzl IaH%andard

laborA®YY cehigif@aeree8s niimitbamat cket ﬁipbﬁﬁtahﬂwﬁ@@ecaﬂﬁd ahl€oncentrated
Cad 2 solution slowy, wth high agitation to the 60C
ten folghupans s coli asg wbrafdsatinn rapmbrne peihaBelacylar, weisht qukpff of 30Kd.

The f1 t‘?‘lgll éfg&éafftlta‘te \F/&ﬁc)@e%% 1ﬂ%d§htd [18W: coﬁtgﬁler Prgzéﬂ e ﬁlllcpy)\f{oghlhzed

precipitati
to powder. The ketoreductase powder was stored at 80°C

[0321] This Example illustrates the production of ketoreductase powders by a practical

scaleable procedure.
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calciumsalt of forrmula VIII. Wash the filter cake
wth 5L HO Dy at 50C in a vacuum oven. The
w@adosiowasreal t fromthe dried filter cake can bRCT/US2007/080125
recrystallized by dissolving in 4 L of EtOAc (50 O,
filtering over Supercel (r), washing the filtrate with
Et QAc (50 C), then adding 3 L of a nonpol ar
l032213 é\llkllémhc%tm?ﬁ RedcHie patset anplicaons gel pthepdocigicntsi cited s

apphcraﬁérl[' Lt H%gebﬁclﬁéﬁ]%(?rht%d %% gfg{eggé fh t}@llr %tﬁre @ﬁ g]tl g{u:]])g e%sqg the

same &abmtrae dtieich sesyvidid rp‘mbl’llctaltonppateﬁft Ortesht apphca{l&s d9¢thémdoatiment
aera ag d 15L fernmenter,  6.0L _of growh nmedi um
were %Wﬂfiﬂaﬂiv ﬁf@l@at d?euncoo{ﬁ?fawﬂmrgﬁﬁr%? for aéi mlgpqufL of

sodiumcjtrate, 5 g/L of dipotassium hydrog
[03231p Ahlaifshearious af@cxﬁb ezmwre@%lz%veﬁz@w Ukptated e8d iqsﬂsrlbed it will be

oI S FE0L 0BRSS SRETRLFERLA oo

thenﬁ@ﬁmn@)annnnlun1C|trate, and 8.3 m/L of a trace
el ement solution containing 2 g/L of calciumchloride
di hydrate, 2.2 g/L of zinc sulfate septahydrate, 0.5
g/ L manganese sul fate nonohydrate, 1 g/L cuprous
sul fate heptahydrate, 0.1 g/L ammoni um nol ybdat e
tetrahydrate and 0.02 g/L sodiumtetraborate
decahydrate was brought to a tenperature of 30. The
fermenter was inoculated with a | ate exponenti a
culture of E. coli WB110, containing a plasmd with
t he ketoreductase gene of interest, grown in a shake
flask as described in Exanple 3 to a starting OD600
of 0.5 to 2.0. The fernmenter was agitated at 500- 1500
rpmand air was supplied to the fernentation vessel at
1.0-15.0 L/mn to nmaintain a dissol ved oxygen |evel
of 30% saturation or greater. The pH of the culture
was controlled at 7.0 by addition of 20% v/v amoni um
hydroxide. Gowth of the culture was maintai ned by the
addition of a feed solution containing 500g/L
cerelose, 12 g/L anmonium chl oride and 10.4 g/L
magnesi um sul f at e heptahydrate. After the culture
reached an OD600 of 50, the expression of
ket oreduct ase was i nduced by the addition of
i sopropyl -b-D-thiogal actoside (IPTG to a fina
concentration of 1nM The culture was grown for
anot her 14 hours. The culture was then chilled to 4C
and mai ntained at 4C until harvested. Cells were
harvested by centrifugation at 5000G for 40 m nutes
in a Sorval RC12BP centrifuge at 4C. Harvested cells
were used directly in the follow ng downstream
recovery process or were stored at 4C until such use.
[0320] The cell pellet was resuspended in 2 vol unes of
100 MM tri et hanol ami ne (chloride) buffer, pH 6.8, at
4 Cto each volume of wet cell paste. The
intracel | ul ar ketoreductase was released fromthe
cell s by passing the suspension through a honogeni zer
fitted with a two- stage honogeni zi ng val ve assenbly
using a pressure of 12000 psig. The cell honogenate
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was cooled to 4C i medi ately after disruption. A

sol ution of 10% w v pol yethyl eneimne, pH 7.2, was
w@odaem41806 t he | ysate to a final concentrati on BET/OSBRG/080125

w v and stirred for 30 mnutes. The resulting

suspension was clarified by centrifugation at 5000G in

a standard | aboratory centrifuge for 30 m nutes. The

WHAJ| 184 LAUMEPHat ant was decanted and concentrated ten
fold using a cellulose ultrafiltrati on nmenbrane with a

rqu ek ligeﬁﬁredﬂ%{agyén Hie (f%];ifvgpfroﬁqw wi]]d]{g% l]éé.t&%huctase enzyme of

concentrate was spensed I nto shall cont al ners,
Sacchuromens adrevizdEcandld ofephedsclzetively cedpowmg ére. 3-dkegroup of a 5-

ket or educt ase po r was stored at_-80C. . [0321] This .
hydrog—énﬁog@f%npa@tta? Sutihe RETHPoRTEE B 1Ok SPRGTOAESSrer which
h VS RYp @t PIsabhipaAld to Al & IRIRERAKE A% MREQ ID
as 2 e o B o g k‘)%pgszz] Ap enayie OFSEQ
NO:2publications, patents, patent applications and ot her

docunents cited in this application are hereby

i RC rate reference i n.their tireties for. all

par ppRe g b el SR hfendli i iArraB s oo
increagél B dpeaific ktorgRicRRE actpakent application or ot her

docunment were individually indicated to be

i ncorporated by reference for all purposes. [0323] .

WA | Bha/eioraductass o plaim 2ehpdib frehedlinkercgagpse activity that is at
least J6lolit'B5 I33b §h& %ﬁea@&%ﬁaﬁf 5%%9%’& 'k%to‘ﬂédul:tapfact 'of ﬁie%ﬁ(ﬂtype

that various anges can be made w thout departing
ketordduotasd drzyspi rit and scope of the invention(s). 108 WO

2008/ 042876 PCT/ US2007/080125 WHAT IS CLAIMED I S: 1.

a1 of B SRR En SRR et i PBRTRSFrbLt ¥BSy i ncrcased

thermgPali§. of stereosel ectively reducing the 3-oxo group
of a 5- hydroxy- 3-oxohexanoate to yield the
correspondi ng syn 3, 5-di hydroxyhexanoat e ester which

has Bt katgredncaase spopes efclaim Eowkish eempasosigs aygrmnaictapyao acid at
iti ASEQ ID NO 2. 2. The
pomné@%%?iﬁﬁﬁégggmenzggg}gizblain11 in which the inproved

property is an increase in specific ketoreductase

act | Tha ketor8ducidse chetnor eftielging S ewlndreialthe aothatib atidvescidis

specific ketoreductase activity that is at | east
“ypmﬁgﬁht 1.5-300 times greater than specific

ket or educt ase activity of the wild-type ketoreductase

enzymRs kforedit®ask BShABASCARHE 1 SRRV HBoRbrifds @h Mnind fid sequence
whi ch the i nproved property is increased thernal
that issat adsist dboyt 95% identical to SEQ ID NO:2.

8. The ketoreductast enzyme of claim 1, which comprises an amino acid sequence

that is: (a) at least 90% identical to SEQ ID NO:2, and (b) has one or more of the following

characteristics:

X® is a polar or acidic amino acid residue;

X*7 is an aliphatic or basic amino acid residue;

X! is a hydroxyl containing or aliphatic amino acid residue;
X* is a small amino acid residue;

X* is a basic amino acid residue;
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5. The ketoreductase enzyne of claim1, which
conprises an aromatic amno acid at position 63 as
weorparsds to SEQ I D NO 2. 6. The ket or educt aseP€nEg1087/080125

of claim5, wherein the aromatic amno acid is

tryptophan. 7. The ketoreductase enzyne of claim1,

whi.ch conprises an ami no acid sequence that is at

| Sasts adyeirphobimar gerpgticaming aggesieNe 2. 8. The

ketso : f ' Ahi conprises an

s i AEh AL sBIENIR il Al st iskibel 0TPE 55

i déhisianalliphaicSFEQyHRphichi2 amdmdacidyeshias; one or more of

thg,f.ol low ng characteristi¢cs: x 6 is a polar or

ach i B AF TGS ET SOPSF TwHO JIGisidCan  al | phatic or

bagiqs gk N0 AfohciERbdye: X31 is a hydroxyl containing

or aliphatic amno acid residue; x 36 is a snmall

and'fias abydroxpisiodtaning odgnilbaminbasidoesidiaio aci d

rgﬁgsdue; %09 WD,.2008/ 042876. PCT/ US2007/ 080125 X63 is
ydt BBRBbPLAGHC AN C Ao aci d residue; X65 is a

hydMaxyh aeaitidiaRintPadd oSpethd hyRIRd PhPli Adrhio 28Rl rElii8uc X 86

is_an aliphatic or hydrophobi'c am no acid residue;

XI35 i5 & palar hydrpphitic emaro asidresidue; ani no aci d resi due;

X%(E& ii g’ha rto)g icCon rinirrlloar%%{odac{ r8|51 e, X160 is a hydroxyl

cont afniﬁ% or SHaMam ne B TVYES due: X165 is a

pof*dris @poRE hdrEplllt BMiRCicl feegludue; X194 is an

argpatic amno acid or polar hydrophilic am no acid

r&si déan aliphatig amgnogcithresidugy dr ophi | i ¢ ami no aci d

I 8850 ; IS vdr.oxyl containing am no acid

rgizi %g;o?éc @%ﬁ%@egﬁ% ar hydrophilic am no acid

r 687’ dsie acid¥4Polas amineaddigphaidue; am no aci d resi due;

X238 .1s a . basic am.no acid residue; x 263 is a acidic

ot pdb & adicAgaR pdd FesidU8ue: X290 is an acidic anino

aci?® ;¢ s hiliRtic XA d$d ARigaki phatic am no acid residue

X 297 1s an aromatic am no acid residue;

X*7 is an aromatic amino acid residue;

X**! is an aliphatic or hydroxyl containing or acidic or hydrophilic or basic amino

acid residue; and

X**7 is an aromatic, a polar or a hydroxyl containing amino acid residue.

9. The ketoreductase enzyme of claim 8, wherein X* is an aromatic amino acid

residue.

10. The ketoreductase enzyme of claim 8 which includes one or more mutations

selected from:

X%is E;

X*is A orK;

X'isSorP;

X*isV;

X*®is H;

X% is W;

X% is G or S;

110



X301 is an aliphatic or hydroxyl containing or acidic
or hydrophilic or basic am no acid residue; and X307
WO go0af04mre©mati ¢, a polar or a hydroxyl contai nP@LUS200TIA80125
acid residue. 9. The ketoreductase enzyne of claim 8,
wherein X63 is an aromatic am no acid residue. 10.
The ket greductase enzyne of claim8 which includes one
or mor & mstlati ons selected from X6 is E; X27 is A or
K; X3%(1i5%5§. or P, X36 is V, X48 is H X63 is W X65
is Gor S5 I10 WO 2008/042876 PCT/ US2007/080125 X86
is |; XI25sRs L; X152 is R X160 is Tor S; X165 is
E; X1944i.s.C; X214 is Ror H X218 is T, X234 is Q
x 248 s 18TOx50 is R X263 is E; X290 is v; X296
is |, X207, gs For W X301 is R> K, A V, S T, Y D
E, P, or Q ‘and X307 is H Nor S
X" is C;

X*"isRor H;
X s T;

X245 Q;

X s
X*%isR;

X*? is E;

X is V;

X0 s T;
X*"isFor W,
X isR, K, A, V,S,T,Y,D,E,P,or Q; and
X3 is H,NorS.

11. The ketoreductase enzyme of claim 1 which includes one or more mutations

selected from:

X%is E;

xisP;

X*isD;

X*isL;

X is V;

X is V;

X% is T,

X% is Vv,

X is M;

X% iss;

XS T;

x"Mis G;

X" isTor M;
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11. The ket oreductase enzyne of claim 1 which includes
one or nore nutations selected from X6 is E; X31 is
W@2008X4876 s D, X46 is L; X55 is V;, X56 is V;PCKES200%080125
T, X63is V, Xr6is M X103 is s; X106 is |I; X114

is G X121 is | or M 111 WO 2008/ 042876
PCT/ US2Q0Q7/ 080125 X144 is R, X148 is T, X158 is H,
X160 i X's;8RX165 is E; X214 is Ror H X223 is R or
G X23§(1i;s§ ? x 237 is N, Gor Q; X239 is T; X253 is
A, and X $3'is E. 12. The ketoreduct ase enzyme of
cl ai m XI°NikHch i ncl udes one or nore nutations
sel ect ed60f.rgm X44 is D, X46 is L;

X185,

X' i E;

X*"isRor H;

X**isRor G;

X234isQ;

X*7is N, GorQ,;

X is T;

X253isA; and

X** s E.

12. The ketoreductase enzyme of claim 11 which includes one or more mutations

selected from:

X*isD;

X*isL;

X is V;

X is V;

X% is T,

X% is Vv,

X is M;

X% iss;

XS T;

x"Mis G;

X" isTor M;

X" isR;

X" is T,

X"*is H;

X**isRor G;

X245 Q;

X*7is N, G,RorQ;
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X55is V; X56isV; X60is T, X63isV, Xi6is M

X103 iss; Xl06isl; Xl1l4is G Xi21is | or M
WX1008/0i87QR;, X148 is T; X158 is H X223 i s RPCI/URK007/080125

X234 is @ X237 is N, G Ror @ 112 WO 2008/042876

PCT/ US2007/ 080125 X239 is T; and X253 is A 13. The

ket oredygt ase enzyne of claim1l which has an am no

aci d séquehdeaskl ected from SEQ ID NOS: 16, 18, 20,

22, 24522 SA28 30, 32, 34, 36, 38, 40, 42, 44, 46,

48, 50, 5 54, 56, 58, 60, 62, 64, 66, 68 70 72,

74, 76, 78 80, 82, 84, 86, 88, 90, 92, 94, 96, 98,

1008, Thell@2qrediBdase 2OGMA OBclaibd © whidhi?has bh4amidd &qid d&fience selected

from §GGTDNGS: 16i48. A2 Fhdo Fdv. 532 1648 82 4640 40, 52
54, 561@2 601%ﬁ 641%@ 6816§ 72177@ 761772 80 %2484 %8688 @6892 @&096 88 100,
102, 12)64106206$ 12108112 2141 11@1218 21‘21, 12211324 21@ 1222030 222, 134, 136,

138, BRcl4% 180, BRol45330. 1534155460 BRe160dR> 151 66d6Y 1

174, 12760172180, 1324184186, 1%%81902892 1@82196 164, 20@8,@02 2&8 206, 208,
290, 292," 294, 296, 04, 306, 310,
210, 3202143246, 23862203282, 22é22)26 22&, 23922132 336, 23@2%38 23@ 242,344,

2w Bigesn 3, Ao dhy My Mipase, Hopash Feme

284, 2%6| y88)Cbe @ d2o4; Aapriosi 3@, 3034 epire 30&&1109@1296% X6, 318,
ket or educt ase e accordi nz%]()to cl ai

320, B30 oo Tkt 3y B cPdes indak. HOGHS 0t i 350, 352, 354,
356, angld 38@5364%1{&1%6 sequence that encodes a

ket oréduct'ase enzynme according to claim 1.

14. A polynucleotide comprising a sequence that encodes a ketoreductase enzyme
according to claim 1, or a sequence that hybridzes under highly stringent conditions to the

sequence that encodes a ketoreductase enzyme according to claim 1.

15. The polynucleotide of claim 14 which is selected from SEQ ID NOS: 15, 17, 19,

21,23, 25,27, 29, 31, 33, 35, 37, 39, 41, 43, 45,47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67, 69,
71,73,75,77,79, 81, 83, 85, 87, 89, 91, 93, 95, 97, 99, 101, 103, 105, 107, 109, 111, 113,
115,117,119, 121, 123, 125, 127, 129, 131, 133, 135, 137, 139, 141, 143, 145, 147, 149,
151, 153, 155, 157, 159, 161, 163, 165, 167, 169, 171, 173, 175, 177, 179, 181, 183, 185,
187, 189, 191, 193, 195, 197, 199, 201, 203, 205, 207, 209, 211, 213, 215, 217, 219, 221,
223,225,227,229, 231,233, 235, 237, 239, 241, 243, 245, 247, 249, 251, 253, 255, 257,
259, 261, 263, 265, 267, 269, 271, 273, 275, 277, 279, 281, 283, 285, 287, 289, 291, 293,
295, 297, 299, 301, 303, 305, 307, 309, 311, 313, 315, 317, 319, 321, 323, 325, 327, 329,
331, 333, 335, 337, 339, 341, 343, 345, 347, 349, 351, 353, 355, 357, 359, 361, 363, and 365.

16. An expression system comprising the polynucleotide of claim 14 operably linked

to control sequences suitable for directing expression in a host cell.

17. A host cell comprising the expression system of claim 16.
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15. The pol ynucl eotide of claim 14 which is sel ected
from SEQ I D NOS: 15, 17, 19, 21, 23, 25, 27, 29, 31,
W3300888R87@7, 39, 41, 43, 45, 47, 49, 51, 53, SBECT/BF007/080125

59, 61, 63, 65, 67, 69, 71, 73, 75, 77, 79, 81, 83,

85, 87, 89, 91, 93, 95, 97, 99, 101, 103, 105, 107,

109, 111, 113, 115, 117, 119, 121, 123, 125, 127,

138. Theshost qediof caim 17 whichigh. cofia1, 143, 145, 147, 149,

151, 153, 155, 157, 159, 161, 163, 165, 167, 169, 171,

i 4l 2 i e gy
have 6 op@iitzed Fa0exp2@dion i2@8d ha@kell227, 229, 231, 233,
235 237, 239, 241, 243, 245, 247, 249, 251, 253, 255,

257, . 259 61, 263, 265 7,, 26 271, 273,

230 A pgRi G DrepRie v %@%Y%@%%ﬁzmf@%lpou%%wdmg to
ﬁnnm&9§k0299, 301, 303, 305, 307, 309, 311, 313, 315, 317,
319, 321, 323, 325, 327, 329, 331, 333, 335, 337,

339, 341, 343, 345, 347, 34&1 @lp 353, 355, 357, 359,
361, 363, and(B&H. 16. r&ssion system conprising
t he pol ynucl eoti de of cIa|n1 4 opeﬁﬁbly linked to
CUHLFH XS QUEACP R aicﬁkegﬁroféﬁrd BRCGhEAR RIERLPG: 4
a host ce nprising the expression
protecipgteempohnd RAisnseb6ted fibhB(GAOC2RPEkP4EBF#610) aryl and (C7-C12)
11EgT/USZOO7/080125 18. The host cell of claim 17 which
aryla coli. 19. The host cell of claim17 in which the

C@Q&Bﬁmﬁg E‘ﬂéféo§élék91v%f}ere§ﬂb%§§t§é&ﬂtl&%€1t &as hmxp@e&ohexanoate
Optl m zed for expression 1 n sai d host cell:

comppyrgicasserdingrto piregtaral rymalasifa): 3, 5- dlhydroxyhexanoate
compound according to formula (Ila): OHOH 0 (lla) x
ORS wherein X is sel ected $4 ofh h@l o, cyano and - OR6,
where R6 is hﬁ ogen or i group, and Rl is
sel ect ed fron1(C 1-C 12) alkyl, (C6-C 10) aryl and
( @heid X)and &' ydrahkddfined cﬁrrmtnusnureg feterled&s] ecti vel y
an,_enanti ongr of a 5-

reducin rox 3- oxohexanoa
c8NBE aﬂfgtoa%delataa? ORGP Br i 41O P A RO teesing the
30x0(%ré'ﬁp%aq3 drekeERIp. X and RL are as defined for
ructural " formula (Ila); using a ketoreductase

according to claim 1l under conditions suitable for
r éau'ﬁlaqigoce}se of claim 20 which further comprises recovering the 3,5-

dihydroxyhexanoate compound according to structural formula (Ila) from the reaction

mixture.

22. The process of claim 20 in which the 5-hydroxy-3-oxohexanoate compound is

substantially pure in the enantiomer of structural formula (Ia).

23. The process of claim 20 which is carried out with whole cells that express the

ketoreductase enzyme, or an extract or lysate of such cells.

24. The process of claim 20 in which the ketoreductase is isolated and/or purified and
the enantioselective reduction reaction is carried out in the presence of a cofactor for the

ketoreductase and optionally a regeneration system for the cofactor.

114



3-0x0 group to a 3-hydroxy group. 21. The process of
claim20 which further conprises recovering the 3, 5-
wal2dogaasrey hexanoat e conpound accordi ng to struRCT/USL007/080125
formula (I1a) fromthe reaction mxture. 22. The
process of claim20 in which the
5- hydr oxy- 3- oxohexanoat e conpound is substantially
pdp el haprogrss ehelabm dAerhidy is sprrigd oyt &l a tempatiafuge (n iy rangg of about
0 s of claim20 which is carried out wth
15(3&%%?2{?§ s that express the ketoreductase enzyne, or
an extract or lysate of such cells. 24. The process of
cRai Thezfrocass whelahm 2B eviidt wreedtiedtoas & a [#H irsthk atred odnbldwampH 5 to
purified and the enantiosel ective reduction reaction
is carried out in the presence of a cofactor for the
ket oreduct ase and optionally a regeneration systemfor
t he. TRt H6EAQS of didfn YOiR AARHAALEZANPRTI\UBAROTAPEELRS-
25. The process of claim?20 which is carried out at a
oxohexengaée eqropauni of stivectyrahipsmula (39 deithe kegredustasp euaynrsgin the
26.. Th r.Q of claim20 which is carried out at a
ngeﬁgayﬁuﬁﬂgtPgﬁgé'of about pH5 to pH 8. 27. The
process of claim20 in which the weight ratio of the
52RyThicppeS3s odxlatir 2ano ahehc igselssttddfons thiluat, dy@lo and hydroxyl,
.formula (la) to the ketoreductase enzyne is in the
and i Whigh Rofis & o alkgnyl argbebd: 1. 28, The process of cl ai m
20 in which Xis selected fromchloro, cyano and
hy9r P proces@Bfclafin W0 WAL chificd ouPWthe Bls@R¥%lof @cofactor and
t-butyl. 29. The process of claim 20 ich is carried
optiorglly ajqofache rpgamsetior systera. cof actor and optionally a
cofactor regeneration system 30. The process of claim
29,1 which t c Gt or . i s, NADH and/ DR o
oo P aCcta bEfiefs 297 Vi A BEFop Ao b il Pk and in
whichki@it Qlcadht eatoassTeh EEAYAEr toShd Ketdld@udaddde enBimaiRelthe rdfticlof about
to 100:1. 31. The process of claim?29 in which the
10:1tedfP8dt or regenerating system conprises glucose
dehydrogenase and gl ucose; formate dehydrogenase and

by Ehhratles bPORLRRII Ao BB REPRABM MR NEn comprises
glucosednhpdi@gynaat enhglucokehfodmegeithgdogsashiand foehatcpoiustmasganol and

33. The p ess of claim20 in which the preparation
a Secoaﬁa%, AP LR AR SN oat ¢

32. The process of claim 31 wherein the secondary alcohol dehydrogenase is the

pH 8.

ketoreductase.

33. The process of claim 20 in which the preparation of 3,5-dihydroxyhexanoate

compound is a substantially pure in the syn diastereomer.
34. A syn 3,5-dihydroxyhexanoate compound prepared by the process of claim 20.

35. A reaction mixture comprising a ketoreducatase enzyme according to claim 1, a

cofactor for said ketoreducatase enzyme and a substrate according to structural formula (Ia):

OH O O

(Ia) x\/'\)J\/U\OR1

115



conpound is a substantially pure in the syn
di astereoner. 34. A syn 3,5-di hydroxyhexanoat e

W@ oovpounsds prepared by the process of clai m 20. PCBES2047/080125
reaction m xture conprising a ketoreducatase enzyne
according to claiml1, a cofactor for said
ket or educat ase enzyne and a gybstrat accor di ng

wheregn Xijs s¢leeipd fromiglan cyang) and -GR owberelRa)is ydmrgen qu%prv@ctmg
0
s BB ORESERPETAAPTIBEA . ot L7 cohabho

protecting group, and Rl is selected from (C 1-C 12)
aBkyA redc@6n @ididje @myrisaryth Ko@redichRe anayinad dogbrdirdfio chim 1, a
reacti on m xture conpri si ket or educat ase en

cofactg fag s B EF R EYmS Anf drKTEHS f5pralt (g Siructurel formula (I
ket oreducat ase enzyne and a suybstrate according to
structural fornugﬂP(lla) oH'BHY0 la) x ORS

wherein X is sel ed fromf . or'and - OR6, where
R6 is hydrogen or a protecting group, and Rl S
lected from(C 1-C 12) alkyl, (C6-C 10 and
Where(l@i I@S@%tedafwmahaﬂ@ |Cya®7and JaﬁfﬁrPe 1éhy awmr%prel'm%g

group! BhdR1 SRCEHB] ‘PBHQ{)C‘I C?io):ca@léﬂ céé;ﬁ;@l ab¥ (757%12‘% arylalkyl.

oxohexanoat e conpound
(Ila) to the ketoreductase enzyme is in the range of
aBauthelixture of 2RO BS @B6 iThvehich tht weeghd Fatwl cfithe 3By diroxg6-

fro | or SYyane. an ..
oxond ot irmoouel oF iR St of i, S YR Gugrase cnmyme is i
the raheddotabbut BH1 toTIIR) m xture of claim35 or 36 in which
%e cofactor is NADH and/or NADPH, and in which the

ht ratio of the cofactor to the ketoreducatase

eﬁ%y ixtyrg of BeimFgw 39rin WX isglactedoiramehtpro.4yano and
hydrogg]?gﬁq Htien /R €l @W@r ﬁa@l 0P - b{lﬁt her conprising a

regeneration sy The m xture of
clain140 in which the cofactor regenerating system
c 3aprhesmscturglofi clasra 3dair\3drio géﬂdsthe anﬂc‘@k tscNAEH dmoVora¥ ADPH,
enase and.for I soprppanol and .a.
and iISE R A S R O e bl el SRRt crPiigiSinghe range of
about@bai {1 wherei n the secondary al cohol dehydrogenase
Is the ketoreductase. 43. In a nethod of synthesizing
a statin conpound that includes as one step the
efdnthoseitee of olaimdduat3odurtbér compsivpg@rgfasteraeghingggtipn system.
structural fornmula (la) to yield a

41. The mixture of claim 40 in which the cofactor regenerating system comprises
glucose dehydrogenase and glucose; formate dehydrogenase and formate; or isopropanol and

a secondary alcohol dehydrogenase.

42. The mixture of claim 41 wherein the secondary alcohol dehydrogenase is the

ketoreductase.

43. In a method of synthesizing a statin compound that includes as one step the
enantioselective reduction of a compound according to structural formula (Ia) to yield a
compound according to structural formula (Ila), the improvement comprising carrying out the
enantioselective reduction of compound (Ia) to compound (Ila) with a ketoredutase enzyme

according to claim 1;
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conpound according to structural forrmula (lla), the
i nprovenent conprising carrying out the

wer@sbixssel ective reduction of conpound (la) tBCT/US2007/080125
compound (lla) wth a ketoredutase enzynme according
to claim1; 116 WO 2008/ 042876 PCT/ US2007/080125
wherien structural fornmula (la) is: OHOO (la) x ORS
whdicEph sty akfermaelad) 15 om hal o, cyano and - OR6, where

R6 is hydrogen or a protectin roup, and Rl is
selected from (C,1-C 12) alkyﬁ, %CBfC 10) aryl and
(C7-C 12) arylalﬁ ; and getural fornmula
(lIta) is: OHOHO (Ila) x ORS wherein X and Rl are
defined as for structural fornula (la). 44. The nethod

wheredi Xgb a¢legtadirpm hm ehanorendstOR s whees R'db Bpdregert ergnprotecting
group T HARY telctg (r%ﬁ‘r’g?%ftlkri (gfé”@l(@' AR é@%'éﬁz) Ratfy1; and

p ocess

3, 5- dlhydroxy 3 oxohexanoat e conpound accordlng to
s twhgadinstadctdrar fiorrhala(1hjid) : OR2Z OR2 0 (llla) X ORS
wherein: X is selected fromhalo, cyano and - ORG,

where R6 is hydrogen or a probecbHn group; Rl is
sel ected from (c(la)C 12) axgyk/d\ﬁc 10) aryl and
(Cr7-C 12) arylalkyl; and each R2 1s R protecting

Ok@dRdin RanddH 'tagd &@Tnieﬁ al Yor strli@ui3? f@hRUPgayray be taken
together to forman al kyl ene bridge of the fornmula

-, or a boronate of -BR5- wherein R3 and R4 are

odt hThq mefbpd AGEAtm ¢3 o1 whid thngetiers sclseted drosyatprantatin,
rosuv%{ncg;{pltév%t&ﬁ 12) alkyl, (C6-Cl10) aryl and

or aIternatlver, R3 and R4 taken
toget her forma (CA- C 10) cycl oal kyl or
h éﬁ eA& eoycehso@l kel pref@andidR flaprsetetted kyed3, b rdimdf &y 3-ooHeXpnoate

Com@% P@f%@tgﬁégépg%§> ?WEHS C7-C 12) aryl al kyl,

(IHa) y OR? OR? O
OR'’
wherein:
X is selected from halo, cyano and —OR®, where R is hydrogen or a protecting
group;
R' is selected from (C1-C12) alkyl, (C6-C10) aryl and (C7-C12) arylalkyl; and
ecach R” is a protecting group, or, alternatively, the R* groups may be taken
together to form an alkylene bridge of the formula -CR’R”-, or a boronate of -BR’- wherein
R’ and R* are each, independently of one another, selected from hydrogen, (C1-C12) alkyl,
(C6-C10) aryl and (C7-C12) arylalkyl, or alternatively, R* and R” taken together form a (C4-
C10) cycloalkyl or heterocycloalkyl, and R’ is selected from (C1-C12) alkyl, (C6-C10) aryl
and (C7-C12) arylalkyl, comprising the steps of:
(1) stercoselectively reducing a 5-hydroxy-3-oxohexanoate enantiomer of structural

formula (Ia)

wherien structural formula (Ia) is:
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(i) stereoselectively reducing a
5- hydr oxy- 3- oxohexanoat e enanti oner of structura

wo orosk2s7¢ | a) wherien structural formula (la) PET/USHG7/080125
WD 2008/ 042876 PCT/ US2007/080125 OH O O (la) x ORS
wherein X is selected fromhal o, cyano and - OR6, where
R6 is hydrogen or a protecting group, and RL is
selected from (C 1-C 12) al kyby 6C60C 10) aryl and
(C7-C 12) aryl al(kyl ; u3|ng\9lggﬁggéductase enzyne
according to claim21 under conditions ORyitable to

I eEEn KNS sde QXPHEMAUMR, (arfd é’?ldhé(ﬁ@%%e&rm? hi@ oYt a
first reactlon product conprising a

prote@ing-grivupy dndRy frex Enisd tfeone @b@m&)ﬂalh‘dcéﬁ@m@) grpl and (C7-C12)
arvlal tructural formula (ll1a) wherein structural formula
ryla % ra) is: OHOHO (lla) x ORS wherein X and Rl are

dafinpatkerSedulfass biAyaiccadrdimprtoelaim(l @der c@fitiddsishitable to
protecting the hydroxyl groups of the syn

reducg the-Hoxn/gPuR $Fh% KA ey Qe ild ﬂé‘lrstyﬁ:@ltlgn araslseotegnprising a

syn’3 5 @1%5&{ (%{}r EJ&&%& g)ﬁﬁﬁd §éc‘8?du’1§‘% RA2hE %%&ﬁé( Q[Ilar?g ‘o

rox exanoa conpound "accor

structural fornula (I'11a). 46. The process of claim45
I whetwic ftrnikBuranfdridlagtle) ®ach net hyl. 47. The process of
claim45 in which X is selected fromchloro, cyano and
hydroxy. 48. The process of QHabm 45 in which RL is a
| oner al kanyl . 48I2)The proxesh of clajm 48 in which R1
is t-butyl. 50. The process of claim 7 in which Xis

chihefein X &ndl.R TReddmee as for@tructiail Rartlld Mayhi ch X i s
cyano 52. The process of claim47 in which Xis
oxy 53. The protected syn

n&ﬁﬁé{%&?ﬁ%{ﬁ g]aﬁggp@)é@&ocﬁttﬁe %@9—%‘%9&%&&%&@>éoﬁ1[38und to

yield a second reaction product comprising the protected syn 3,5-dihydroxy-3-oxohexanoate

compound according to structural formula (I11a).
46. The process of elaim 45 in which R* and R* are each methyl.
47. The process of claim 45 in which X is selected from chloro, cyano and hydroxy.
48. The process of claim 45 in which R' is a lower alkanyl.
49. The process of claim 48 in which R’ is -butyl.
50. The process of claim 47 in which X is chloro.
51. The process of claim 47 in which X is cyano.
52. The process of claim 47 in which X is hydroxy.

53. The protected syn 3,5-dihydroxy-3-oxohexanoate compound produced by the
method of claim 45.
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