26 August 2005 STEREOSELECTI VE REDUCTI ON OF SUBSTI TUTED ACETOPHENONE Fi el d
‘of the Invention 5 The present invention is directed to a novel

stereosel ective process for the preparation of (S)-1-arylethanol by the
reducti on of the corresponding keto group contai ning conpounds by

m croorgani sns. The present invention relates to novel processes for the
preparation of chiral alcohols by mcrobial reduction of the corresponding
ket ones. 10 Background of the Invention Bing-nan Zhou et %ﬁAUQUSTA?ﬁ(éem
Soc., Vol . 105, pages 5926-5928, 1983 describe the chenom crobi ol ogi cal
synthesis of L-carnitine, which plays an inportant role in the human

nmet abol i sm and transport of long-chain fatty acids. 15 Particularly, this

paper teaches the reduction aker' j SRGShar onyces
cerevisiae, of ethyl 4-chlor ﬁgﬁ,ﬁ 'fs%ggAt(&m IH;EE;O

(S) - 4chl or o- 3- hydr oxybut anoat e AZHY O] 10 et giE. Tet r ahedr on
Letters, Vol. 27, No. 23, pages 2657 2660, 1986, disclose the reduction of

bet a- keto esters by nmethanol grown yRdéofthdventiopaper teaches that the

subj ect reaction causes dranmatic,.shif { ' ive prce8xXfp®iee Of the
resul tant proéluct in ﬁﬁé’fﬁfz‘?téﬂ’fqng?ln 'c?f(ﬁ%ﬂgé B?g%%g?&e'?%?%ﬁ\ﬁh_enonena Vas
produced when t hgrepfamhi @nSharytsitanoldy beredyetion] of i they coreesRIndge SR9 RPP

nmet hanol due to enzynmes characierist] Y ertidn Sel6ls BEAbval

Mar kus Chri st en EfME4HNE j‘:‘.’“‘?ﬂ‘f@‘?ﬁ% (%?sr‘t’déﬁaé‘%ng‘s'og@s fﬁ%ﬁ?’é‘es 264- 266, 1988,

di scl oses the sypiobesdsSfopfithd prepamtier ebihitatrealoshels by microbial reduction of ‘the

nmet hyl - 6- ( p- chl or opheny] t?\il\sgl)lés& 4- 25 di hydrohexanoate in which the key

i nt roducti on of & %ﬂnﬁ‘t"ﬁ Was ef f ect-ed by an appropriate yeast reduction.

It is statedipherein that, although the reduction of beta- keto esters with

yeast has been studied extensivel g, |dotQBRinEInvehddnl cult to predict either
t he absol ute configuration of the ‘p‘r‘o%ﬁﬁm gart i clr;:d gr -4 N8s
enantiomeric excess Bingahy Zhon bealabrhm\Ghem. Soc. Not JOPoP2EPY BN Rt ol | ,

Bi ot echnol ogy and. Blgengl NEehidrnliica 3mRABCSt 1568niGAd, wiiod Gplajeser i be
asymmetric reduction of ketones wthresting cells of i fatty acids
important role in the human metabolism and transport of long-chain fatty acids.

15 Particularly, this paper teaches the reduction by baker’s yeast, i.e. Saccharomyces
cerevisiae, of ethyl 4-chloroacetoacetate to ethyl (S )-4-chloro-3-hydroxybutanoate.

Kazutoshi Ushio et al. Tetrahedron Letters, Vol. 27, No. 23, pages 2657~

2660, 1986, disclose the reduction of beta-keto esters by methanol grown yeast. This

paper teaches that the subject reaction causes dramatic shifts of the enantiomer
20  exces of the resultant product in the direction of the D-isomer. This phenomena was
produced when the reaction was cartied out utilizing yeast grown in methanol due to

enzymes characteristic of yeast grown in such media.
Markus Christen ef ai. J. Chem. Soc., Chem. Commun. pages 264-266, 1988,

discloses the synthesis of four stereoisomers of methyl-6-(p-chlorophenylthio)-3,4-

25  dihydrohexanoate in which the key introduction of chirality was effected by an
appropriate yeast reduction. It is stated therein that, glthough the reduction of beta-
keto esters with yeast has been studied extensively, it remains difficult to predict
either the absolute configuration of the product(s) or, in particular, the enantiomeric
excess likely to be achieved.

30 Antonio Trincone et al., Biotechnology and Bioengineering, Vol. 35, pages
559-564, 1990 describe asymmetric reduction of ketones with resting cells of

Sulfolobus solfataricus. 1t is stated that the reductive ability of the resting cells of
this organism strongly depends on the phase of cell growth.



Sul f ol obus solfataricus. It is stated that the reductive ability of the
resting cells of this organism strongly depends on the phase of cel
growt h. 26 August 2005 -2 Ranesh Patel et at, Enzyne M crob. Technol., Vol.
13, pages 906-912, 1991 describe the stereospecific mcrobial reduction of
4, 5- di hydr o- 4- (4- net hoxyphenyl)- 6-(trifluoronethyl-|H 1)-benzazepi n-2-one.
In particular, it is disclosed that a key internediate

(3R-ci s)-1,3, 4, 5-tetrahydro- 3- hydr oxy- 4- ( 4- met hoxypheny! )2&Aggust 2005
(trifluoronethyl)-2H 1-benzazepi ne-2-one was made by the stereosel ective

m crobial reduction of the parent ketone.2.It is stated that it was

possi ble by the selection of specific conditions to obtain a single isoner
from among four knowRzpesisPhillet &i, Eazynitaviesth. Pahadl., ¥ol. 43, paEs A0rE1M187 ob.

Technol ., Vol. 15, pages 1014-1021 199 i<k S1L.6% glegtive
reduction of a dgﬁﬂﬁﬁqﬁ%ﬁﬁ8ﬁﬁﬁ%%§P§FﬁF§f%yggﬁiﬁ4?E@§§§F§§y§'hgﬁgnS?Q aci d,
met hyl ester, tosauiflidtghehgndii)-emezemi-2ione Trepatiulangt iidipgjased iyt eémbound.
Ramesh Patel et al., Enzynme M grob. 1 V) A4 VRS-

1992, descri be amﬁWB@E§§ of he ?(F?éé%ﬁﬂ%eégg?¥?tﬂﬁﬁﬁbaﬁL|dugi Qn?%brove
the optical $ur {tifluebméthy)-bifdrensazepinselione vois mzdn BYithe sterepteiretiyeaaigobiabn of
bet a- keto esters_ 15 thereby. and . OULN3liBle HREhOBOLRbA 680 and
Bi oengi neeri ng. @%W§m§6$ﬂﬁ&¥ﬁfF&g§%bggm2%g-2?8%9169%%mtgagﬁgs__“

yeast - medi at ed bietitid uetditoms totdblaia sinpleistreeriompamang four kpesyppsdbilitee. The
rel ati onshi p between §h f .C %?Mﬁc?&-% wbharq! 1 andeds h@14-ps0chi r al
ket one reduction ratééyﬁm%§%§¥8§dY§%_ 'S qxanl%e_ and itqﬁi concl uded t hat
20 et hanol coul d1958, dpptibasabt eteteoselestivpereductipe of podkete CORPIRLCHP 1ML cohol s
from prochiral ketope gaiqg atelhvBhsidl to Y shiplePaafiidmdNof the 2RULADS,

| ssued Feb. QQ, ?53@@“§bﬁsc 8§2§ﬁfh% gte?eoé%lébﬁ%veareduction of certain
ket o- cont ai ni ng dibydroxasrnpeundonpounds to formthe correspondi ng hydroxyl

gr oup-contai ni ng conmpindg P’a%l Yh ol | Bhhe AT TREGBNI BON 08, RlRcENIYTES,
capabl e of catal yzing the reduction. e .enéynes nagg%%@re oxido-rﬁductase
or dehydr ogenase 1987 dessaiberiacpreessty oh hegrdreating CRYEF PR BB B

Hansenul a, RhOdoﬁﬂ&%Pﬁuﬁ}an hIOh 86 fRoduBesbleifed from the reduction of beta-keto esters

15  thereby.
Kometani et al., Journal of Fermentation and Bioengineerin Vol. 80, No. 2,

pages 208-210, 1995, teaches yeast-mediated bioreduction utilizing ethanol as the
energy source. The relationship between the rate of consumption of ethanol and the
prochiral ketone reduction rate in Baker’s Yeast is examined and it is concluded that

: 20  ethanol could be applicable to large-scale production of chiral alcohols from
pfochiral ketones.

Ramesh Patel et al, U.S. Patent No. 5,391,495, issued Feb. 21, 1995,
discloses the stereoselective reduction of certain keto-containing sulfonamide
compounds to form the corresponding hydroxyl group-containing compounds

25  utilizing a microorganism or an enzyme capable of catalyzing the reduction. The
enzymes named are oxido-reductase or dehydrogenase and the microorganisms are

preferably selected from Hansenula, Rhodococcus and Norcardia species.

Summary of the Invention

30 The present invention is directed to a novel stereoselective process for the
preparation of (S)-1-arylethanol by the reduction of the corresponding keto group
containing compounds by microorganisms. The present invention relates to novel

processes for the preparation of chiral alcohols by microbial reduction of the



Summary of the invention 30 The present invention is directed to a novel
stereosel ective process for the preparation of (S)-1-arylethanol by the
reduction of the corresponding keto group containing conmpounds by

m croorgani sns. The present invention relates to novel processes for the
preparation of chiral alcohols by mcrobial reduction of the 26 August 2005
-3 correspondi ng ketones in order to synthesize, inter alia

4-12-((1R) - 1-{[ (4- 26 August 2005

chl orophenyl ) sul fonyl ] -2, 5-di fl uomani | i no} et hyl - 5-f | uor ophenyl ] but anoi c
acid which is a novel y-secretase inhibitor for the treatment of

Al zhei mer' s di sease. Thus according to a first aspect of the present
invention is proyi r -5 hgviihRRar atkronial 4¢pupRHhdE4-of
Forrmula (1) mheréelqr%?p%@ggd%&%?emeggﬁfi%de%rgﬁdgﬁ% el ted.fromagmlhe group
consi sting of 1hi¢dpphenylssifonyll-Zahdiflparoanilgojeshym- gpg“%’ﬁg‘étﬂc’fcut ed oOr
unsubstituted al kyl, . al | - fRR treftmefit A ldhBinRgedissateom 1 t o 10;
R2 is OH OR3 or "Ni§ %S%gﬁga&eﬁiwsggﬁﬁo?ut ed or unsubstituted Ikall

al kenyl, C3.7 cycl odlhy kecording ip 8 first areet %&cmﬂﬁé‘t"ﬂtlﬂléﬁpra}“ﬁa TRRFSS
stereosel ectiye teducti : ufasmula (1'1) wherein X and Y
are each indeéen%é%[elpgr/épg%’lé}gz?eg&Péﬂgl%y?ﬁi&grOS{E) consisting of H d, Br, |
and Rl; Rl is substituted or unsubstituted al kyl, al kenyl, or (CH2)nCORZ;

X Y
OoH @
wherein
X and Y are each independently selected from the group consisting of
10 H, Cl, Br, [and R';
R' is substimted or unsubstituted alkyl, alkenyl or
(CH2).COR?,
n is an integer from 1 to 10;
R? is OH, OR® or NHy; and
15 R® is substituted or unsubstituted alkyl, alkenyl,

Cs.7 cycloalkyl or substituted or unsubstituted
aryl;
by stereoselective reduction of a compound of Formula (IT)

X 3 4

20
wherein

X and Y are each independently selected from the group congisting of
H,Cl,Br,1andR';
R! is substituted or unsubstituted alkyl, alkenyl, or

25 (CH,COR?;
n is an integer from 1 to 10;



nis an integer from1 to 10; 26 August 2005 -4 5 by reaction with an R3 is
substituted or unsubstituted al kyl, al kenyl, C3.7 cycloal kyl or
substituted or unsubstituted R2 is OH, OR3 or NH2; and aryl;

oxi dor educt ase enzyne capabl e of catalyzing the enzymatic reduction of

ket ones represented by Fornmula (11). According to a second aspect of the
present invention is provided a process for the preparation of conpounds
of Formula (1) 10 15 20 wherein X and Y are each i ndeperdfefugystdGact ed
fromthe group consisting of H, C, Br, | and Rt; R is substituted or
unsubstituted al kyl, alkenyl, or (CH2)00Qf2; n is an integer from1 to 10;
R2 is OH OR3 or NH2; and R3 is substituted or unsubstituted al kyl,

al kenyl, C3.7 cycloal kyl or subst gt Wt@s Qe yRsHRsEi tuted aryl; by
stereosel ective reduction of a conpound of Formula Sg&%ﬁ%gﬁ%ﬁgig&gwEG

August 2005 -5 R” is substituted or un
Cs cycloalkyl or substituted or unsubstituted
aryl;
5 by reaction with an oxidoreductase enzyme capable of catalyzing the

enzymatic reduction of ketones represented by Formula (II).

According to a second aspect of the present invention is provided a process

for the preparation of compounds of Formula (T)

10
X Y
OH M
wherein
X and Y are each independently selected from the group consisting of
H, ], Br, L and RY;
15 R! is substituted or unsubstituted alkyl, alkenyl, or
(CH:).COR%;
1 is an integer from 1 to 10;
R2is OH, OR® or NH;; and
R? is substituted or unsubstituted alkyl, alkenyl,
20 Cs.5 cycloalkyl or substituted or unsubstituted

aryl;

by stereoselective reduction of a compound of Formula (IT)

X Y

25 wherein



5 X and Y are each independently selected fromthe group consisting of H,
G, Br, | and R; Rl is substituted or unsubstituted al kyl, al kenyl, or
(CH2)000R2; nis an integer froml to 10; R2 is OH OR3 or NH2; and R3 is
substituted or unsubstituted al kyl, al kenyl, C3_7 cycloal kyl or
substituted or unsubstituted aryl; 10 by reaction with a m croorgani sm
that supplies an oxi doreductase enzyne capable of catal zyi t he ymati c
reducti on of ketones represented by Formula (I1). Qherz%sgag‘t'%tﬁz
enbodi ment's of the present invention are provided for 15 herei nbel ow. on
Detail ed Description of the Inventi The stgreosel ective reduction of the
conpound represented by fornmula Il above to formthe conpound represented
by formula | is carried oyt, iR 2€ERhHABFEAdnAY sMbdidil fidhethergesipeonsistivent i on by
reaction with an oxidoreductase enzype, or preferably, a mcroorgani smthat
suppl i es an oxi dor educt as&@h?g’/’ﬁ@“‘éﬁpabl e of catalyzing the enzymatic
reduction of the ketones repregentedydaiufedr mul ansubstitutde «digfl] salksiyk her

m croorganismmay be in the formof intact wet cells or dried cells such as
Lyophi | i zed, spray-dried or he®#lt+PBd cells, or in the formof treated
cel | material 25 such as ruptured gt inigtegetdloln lestlidacts. Wiile a large and

vari ed nunber of m croorganisns arg k 40 ppl,y some form of
oxi doreduct ase, it has been found § ﬁ@%ﬁ&g’%ﬁh the present invention

that only sel ected speci es of Rhodococcrbis sulBtimnaden cvsebititwied Bad cHERYy ces,
Candi da, Ceotrichun, Rhodotorula, Pichiag, n I (o [ BNV, FTa¥o T
B AR BB B

Sphi ngonwnas, Baker's yeast catalyze th 0 e conpound
represented by formula Il to formthe desi;red conpound of formula I in

hi gh quantitative and enantiomeri ¢ vl el i B5P SudRackeSuassnbhadasgse us
capable of catalzying the enzymatic reduction of ketones represented by

Formula (II).

Other aspects and embodiments of the present invention are provided for

15  hereinbelow.

Detailed Description of the Invention
The stereoselective reduction of the compound represented by formula II

above to form the compound represented by formula I is carried out in accordance
20  with the present invention by reaction with an oxidoreductase enzyme, or preferably,
a microorganism that supplies an oxidoreductase enzyme capable of catalyzing the
enzymatic reduction of the ketones represented by formula II. The cells of the
microorganism may be in the form of intact wet cells or dried cells such as
lyophilized, spray-dried or heat-dried cells, or in the form of treated cell material
25 such as ruptured cell or cell extracts. While 2 large and varied number of
microorganisms are known to supply some form of oxidoreductase, it has been found
in accordance with the present invention that only selected species of Rhodococcus,
Brevibacterium, Saccharomyces, Candida, Geotrichun, Rhodotorula, Pichia,
Hansenula, Nocardia, Mucor Sphingomonas, Baker’s yeast catalyze the reduction of
30  the compound represented by formula I to form the desired compound of formula I
in high quantitative and enantiomeric yield. These species are Rhodococcus
erythropolis ATCC 4277, Rhodococcus erythropolis DSM 6971 and Rhodococcus
sp. ATCC 21227, Rhodococcus erythropolis ATCC 27854 Candida sonorensis



erythropolis ATCC 4277, Rhodococcus erythropolis DSM 6971 and Rhodococcus
sp. ATCC 21227, Rhodococcus erythropolis ATCC 27854 Candi da sonorensis 26
August 2005 -6 ATCC 56511, Candida boidinii ATCC 26175 and ATCC 56507,
Candi da guilliennondii ATCC 9058, Candida utilis ATCC 9950, Candi da
parapsil osis ATCC 52820, CGeotrichum candi dum 34614 and ATCC 34014,

Rhodot onda gl utinis ATCC 26207 and ATCC 201718, Hansenul a fabianii ATCC
58045, Hansenul a pol yrnorpha 5 ATCC 58401 ATCC 34438 and 5
Hruenul a satuni us ATCC 16762, Nocardi a sal noni col or ATCC 19149, Pichia
anomal a ATCC 66094, Pichia capsul ata ATCg. 29204, Pichia nethanolica ATCC
56510, ATCC 56508 and ATCC 58403, Pichia pinus ATCC 28780, Pichia

silvicola ATCC @%%s@hﬁhi@ﬁ& Rioldisi AATRC 6978 5and SARCEY 6A¥IasCandida
pauchnobilis AT 2027

, Saccharonyces 10 reviLsiae,AT ATCC
44953, Nocar di ocedliermprd ATEEC IS4 S iqe HHsP A%ﬁgf‘?élf"ﬁ %@%@%@%{ﬁ?ﬁ?

hi enudi s ATCC 16638 8:rBheY Ehapkariem s ATATDD186BBdohé glewms ARFEC" as
used herein refers to the accession nu r_of ' e
particul ar or garfi63eq and ATCE %7W5Yﬂ%"&f¢t§?%ﬁéo&?‘%%ﬂ%ayﬁ?ﬂ 0’12;2301
Parkl awn Driwe, Rask%idieATdBRATENGI2ABER 2602e Hurvennla BBMnus MTECSIEI62:t he 15
German Col [ ection of M croorgani a L . Cul tures, by\e ipQr;
Germany. The us@céfd“ge‘ﬁ@!"i"tc&ofygﬁ%i {ngé:’ggwg‘ragé"r‘#%ﬁ ‘?@%P@g cont elr?pl at ed.
The host cel | Mypalifs ATY:CCBb4, PRAR. merkamoberATCG661D, ARSES$I08@nd 4Tt ai n a
gene or genes for expressin e .enzy. Geeahy fpi 0@t adysl s as
descri bed her ei 8483 Righis ipk"gﬁ Aﬁ%&eﬁ??&?ﬁgl? 51%%%’\?\?#9 telr:lr?g‘sﬁa\je thgy
definitions givegrbel ge7esThephiOmbeismphedikghilis r 8TECs 20U pt Jasehgraryces

substituted straight- or_br ed- ' tur OFAE B 5 I haLHS
havi ng from lﬂtocei@‘staérﬁﬁ% g}’gnﬁ’fd%gﬁ%ﬁm?ﬁ%ﬁ%gj4 carbon. atoms. The
term "al kenyl " rgfef SATOC OPISORNMukyy Bishalis ARG 663G idgRt Breaybodst 8t HBd- chai n

from i 25 to 4 AMELASar DR ATECE by e fhinl ey FRRamich @fbor SUE 2101 Y
al kyl group substdpbsifosydfdoythe papticulaeegapis®, i-wriks ABeriei Tyh Sitpe 00\ ch
as, halo, trifluprametbyl, Bl REQUATEIRI NG 20852 The term “DSM” refers to the
15 German Collection of Microorganisms and Cell Cultures, Branschweig, Germany.
The use of genetically engineered organisms is also contemplated. The host cell may
be any cell, e.g., Eschericia coli, modified to contain a gene or genes for expressing
one or more enzymes capable of catalysis as described herein.

As utilized herein, the following terms have the definitions given below. The

20  term “alkyl” refers to optionally substituted straight- or branched-chain saturated
hydrocarbon groups having from 1 to 10 carbon atoms, preferably from 1to 4 carbon
atoms.

The term “alkenyl” refers to optionally substituted straight- or branched-chain
unsatrated hydrocarbon groups having from 1 to 10 carbon atoms, preferably from 1

25  to 4 carbon atoms.

The teﬁn “substituted alkyl” refers to an alkyl group substituted by, for
example, one to four substituents, such as, halo, triflnoromethyl, trifluoromethoxy,
hydroxy, alkoxy, cycloalkyoxy, heterocylooxy, oxo, alkanoyl, aryl, aryloxy, aralkyl,
alkanoyloxy, amino, alkylamino, arylamino, aralkylamino, cycloalkylamino,

30  heterocycloamino and disubstituted amino. ’

The term “substituted alkenyl” refers to an alkyl group substituted by, for

example, one to four substituents, such as, halo, trifluoromethyl, trifluoromethoxy,

hydroxy, alkoxy, cycloalkyoxy, heterocylooxy, oxo, alkanoyl, aryl, aryloxy, aralkyl,



hydr oxy, al koxy, cycl oal kyoxy, heterocyl ooxy, oxo, al kanoyl, aryl, aryl oxy,
aral kyl, al kanoyl oxy, am no, al kylam no, arylam no, aral kylam no,

cycl oal kyl am no, 30 heterocycl oam no and di substituted am no. The term
"substituted al kenyl" refers to an al kyl group substituted by, for

exanpl e, one to four substituents, such as, halo, trifluoronethyl,
trifluoronethoxy, hydroxy, alkoxy, cycloal kyoxy, heterocyl ooxy, oxo

al kanoyl, aryl, aryloxy, aralkyl, 26 August 2005 -7 al kardfyAugyst 20850,

al kyl am no, arylam no, aral kyl am no, cycl oal kyl am no, heterocycl oam no and
di substituted am no. The term"aryl" referf to nonocyclic or bicyclic
aromati ¢ hydrocarbon i groups having from6 to 12 carbon atons in the ring
portion, for exanpl e hydryiaRineh esixkylamizodi qybleslkylargmoups,
each of which rra‘ir‘}%ﬁlgylg%stgﬂ”ﬁt Q%Fﬁf%ﬁjgt)’t e%rrym "SubSti{c{It ed aryl" refers to an
aryl group subst bateroeydomyino prg disubgtinte® 8n8ne t o four substituents such as
al kyl; substituted alkyl emjﬂa‘lﬁl” relided feb URroBRtia Vo, bityiclié latoratinetyliogarbon

hydr oxy, al koxy, cycl oaltky oxy, heterocycl ooxy, . alk noﬂ)-l,exﬁ‘lnlg Lﬁxy,

am no, al kyl ani ngrousi avikg ifrem &1é&> LZasapon4tomi wo“,\{" T0E BYEPbarkyr a %‘% :

het er ocycl 0aITk N0y kARG QiphkAYl Boups) bl ahich may bé ity i o
heterocycl othio, urefdo, nitro, cyano, ,,cr%%box car bgl)éypalsﬁhmtegagapqul :

al koxycar bonyl , al ky|Thsi e, “sehstiuter; B¥5, Fsky%/a?fa@ﬂy . fsul fonani do, aryl oxy
and the like. T WoStret W NoufBstbitRuehtyr sty as ublkyl t wbsituttdy @sd delonor e

menbers sel ect ed omthe group consistin hal ¥
al koxy, aryl, sub#luprogetyl, é‘l‘ﬁk‘ﬂ‘?‘mﬂﬁys@@ﬁ’ﬁgt a{‘%"é( ?%cfan%%gg)g%égﬁ%i .x\)/&i’t h
respect to the ugg.pf, M AkAGHIBANI Simino! halkghminwat i dalkdauioe. ofralemEd:  of

the present invention may be carried. out.subsequent. Beo. Tt ol on of
the nicroord&ni §Yﬁ1@HﬁF369'§H,hetF‘T°8¥°1°£§mé°’%ogf%ﬁo’%?ihg%%lat?'gg ang

][educt ![ 0{1.3 or g(ﬂ&&g&fcﬁ&tié,y fu’@ﬂggm?iﬁﬂ&, | ic%(?o, asarbonyi nghiboselie (S’FlbelHYlgi tu
ernentation and reducti on. a SR BRY BRYhDE
grown in an appr G¥PREERORL ALk OB%ﬁgiﬁhﬁnPy%%%sgﬁg@é’%g@ﬁ%g I’ll!yt ?%gen nd
carbon sources, i iméubbisinenisy ge dutr substitatad by et AT EOEHRSPRSTS EBAEDUNd
sel ected fromthose conpounds .repr t 1@x¥. larj1S aubsiii@ed afikger et o.
The enzymatic red®® ?hﬁrgro“ipsmf’?’i%’tnga(?'ﬁgirl’ ggdﬁ%’faﬁ(ggu%nt i(* s

hue virtually conplete

15  substituted aryl and aralkyl.
With respect to the use of microorganisms, the enzymatic reduction method

of the present invention may be carried out subsequent to the fermentation of the
microorganism employed, ie. as a two-stage fermentation and reduction, or
concurrently therewith, i.e. as a single-stage or in situ fermentation and reduction. In

20  the latter, the microorganism may be grown in an appropriate medium, especially one
containing nitrogen and carbon sources, until sufficient growth is realized and then a
compound selected from those compounds represented by formula II is added
thereto. The enzymatic reduction’is thereafter continued until virtually complete
conversion of the compound represented by formula I is attained.

25 In the two-stage methodology, the microorganism is initially grown in a
suitable medium as described above umtil it exhibits a predetermined level of
enzymatic activity at which point the cells are harvested by conventional separation
technigues and microbial cell suspensions prepared therefrom containing appropriate
buffering agents and the like. Suitable buffering agents include phosphate buffers,

30 particularly sodium or potassium phosphate buffer, tris-HCI, sodium acetate and the
like. Water may also be used to prepare suspensions of microbial cells. The
compound represented by formula II is then added thereto and the enzymatic

reduction continued until the conversion is virtually complete, In either instance, the



conversion of the compound represented by fornula Il is attained. 25 In the
t wo- st age net hodol ogy, the mcroorganismis initially grown in a suitable
medi um as descri bed above until it exhibits a predeterm ned |evel of
enzymatic activity at which point the cells are harvested by conventi onal
separation techniques and mcrobial cell suspensions prepared therefrom
contai ning appropriate buffering agents and the |like. Suitable buffering
agents include phosphate buffers, 30 particularly sodi um4$Aggy

phosphate buffer, tris-HCl, sodium acetate and the |I|ike. Water nmay al so be
used to prepare suspensions of mcrobial gglls. The conpound represented
by formula Il is then added thereto and the enzymatic reduction continued

until the conver %dﬁmgn!‘é gy(j‘,;ﬂ; Bkl Wi iRk tas praviopsly lhated] sogtcomeearbpmand 6
ropr

August 2005 -8 a te growh nediumw Ll incl 5L \ok RS
stated, sources ufrogeard tragrdemehis; (18 éﬂ?a'bfra%%% %S%‘r%é%?ss. q nduceragy may be

added as wel|. Aggfhoee 9k «8f diaef the ®iti liddubsr thizes any campowdaintiatinner t er m

i nducer nmeans any conpound initiating or _enhancj S dE ik 8 8aZYELI C,
i .e. oxidoreduct emhencing: the\Jesifed,F & 8’8? e ugia%gﬁ%‘gﬁgge the desired
product. The gonpggﬁg € BERSE Bloaskt DYTHE @ompdend | repressudedl by ormpdmB wRsbbe an

i nducer, particularly when added i mey | i1 HEidsNRrihd'Be Growat h - of
t he m croor gani spaensidged arb}néu%rpﬁﬂﬁ'ﬂéfgw%{e sagg%d%ts{ﬁ&éﬁﬁr%agi um mayé.'i nel ude
sugars, such as gpht 8%Seorgdn6l 0S€, gl ucose, fructose, glycerol, sorbitol,
sucrose, starch, mannitol, propylene 10 gl.ycol and 1h&ohkkgeh AHLIAGES aci ds
and 'their salts such %{%m‘élﬁﬂ?fh?f{)%g’é’?saftmé?heggg%&m i 'ltaggt e and t.%e l'i ke, am no
aci ds and their $alks, gusesd) fastoso diyeamol| sutbitoktsecressd sefed. maRnEgl, PapRyliene

al cohol s, such as et hanol, .propanol and N RUist Riugh MelatePgRBUISOUTr CES
may incl ude N9Z @Hicﬂeanﬂ,th%&}?% R qaﬁ%?l?cnjséoa;ﬁggéan “meal , beef extthacts,
yeast extracts, cmlasaake libakaidoscideasd theirrsglys oueh as sodipmalifemate nd the.
yeastamin, sodium 15 nitrate peago)ay t.6q #Hadikk hSuitdbletnitrépeh baldes trace
el ements may i nclhﬂfﬁé‘“dﬁlﬁ@?ﬁfng‘fcgs?? eaﬁng’@rpg r?_t‘e%i um manga'rjll se. calciu

cobalt, nickel, iggnincisadiEmumineg A, potragespinnet sess beanHaeak PPt Al di a
utilized in accordance with t eryploRY ERIiLY, Pabyornke) gdab@ing spdiumal ity
of constituents scé%f:stéll?lifs?e&ng%ﬁ{:gg?&?hh@ge cate gr??s. 1Re9|{ esentayiye
preferred nedis inede)cenmeénivu stlfate tapd dbal like-ni $uiighip frace elements may

phosphates, and magnesium, manganese, calcium, cobalt, nickel, iron, sodium and

potassium salts. The appropriate media utilized in accordance with the present
invention may include a plurality of constituents selected from any of these

categories. Representative preferred media include without intended limitation

20  aqueous media containing the following, in weight percent:



20 aqueous nedi a containing the follow ng, in weight percent:

2005 5 10 15 20 25 30 No. 1 pH 7.0 No. g pH 7.0gNo. IO3 pH 7.(2)6 Qg.guzt pH
7.0 No. 5 -9- IngredientWight Percent Malt Extract1% Yeast Extract1%

Pept onel% 3 ucose2% Malt Extract 1% Yeast Extract 1% Peptone0. 3% G ucose4%
Malt Extract 1% Yeast Extract 1% Peptone0. 3% G ycerol 2%

26 August 2005
9.
Ingredient Weight Percent
No. I Malt Extract 1%
pH 7.0 Yeast Extract 1%
5 Peptone 1%
Glucose 2%
No.2 Malt Extract 1%
pH 7.0 Yeast Bxtract 1%
10 Peptone 0.3%
Glucose 4%
No. 3 Malt Extract 1%
pH 7.0 Yeast Extract 1%
15 Peptone 0.3%
Glycerol 2%
No. 4 Malt Extract 1%
pH 7.0 Yeast Extract 1%
20 Peptone 0.3%
Sodium Succinate 2%
No. 5 Nzamine A 1.0%
Yeastamin 2.0%
25 Glycerol 2.09%
Na,HPO4 0.6%
KH,PO4 - 03%
(NH4),S04 0.125%
MgS04*7H,0 0.0246%

30
After autoclaving the medium No 5, add the filtered sterilized solutions of

neomycin (in water) and chloramphenicol (in 200 proof ethapol) to final
concentration of 10 mg/L and 33 myg/L, respectively.

Before sterilization, the pH is preferably adjusted to from about 6 to 8, most

35  preferably about pH 6.8. The media are then sterilized, for example, by heating at a

temperature of about 121°C for 30 minutes. Following sterilization, the media are

adjusted to pH 6.5 to 7.5, most preferably about pH 7.0. During microbial growth

and the reduction process, the pH is maintained at between about 4.0 and 9.0,

preferably between about pH 6.0 and 8.0. An appropriate base or acidic salt from

40 among the constituents named above can conveniently be utilized for adjustment of

the pH.



Mal t Extract 1% Yeast Extract 1% Peptone0. 3% Sodi um Succi nat e2% Nzam ne Al. 0%
Yeast am n2. 0% G ycer ol 2. 0% Na2HP040. 6% KH, PO40. 3% ( NH4) 2S040. 125%

MyS04* 7H200. 0246% After autoclaving the nedium No 5, add the filtered
sterilized solutions of neomycin (in water) and chl oranphenicol (in 200
proof ethanol) to final concentration of 10 ng/L and 33 ng/L,
respectively. Before sterilization, the pHis preferably adjusted to from
about 6 to 8, nobst 35 preferably about pH 6.8. The nedi 3%@9@%@005
sterilized, for exanple, by heating at a tenperature of about 121C for 30
m nutes. Followi ng sterilization, the nmediuee are adjusted to pH 6.5 to 7.5,
nost preferably about pH 7.0. During mcrobial gromh and the reduction
process, the pH is nahatahgeeturatof et weaivnabiatire & © neasrd o) the Iepletnerdh) v

bet ween about pH gigg{e:‘_ggtgg%eghg@gyg&gso%@fgtﬁsp&gﬁ,g@lgaglicq&gpﬁ[r&sﬁo(lmm 40

anong the consti®" c¢ah conveni en be util’ized for
adj ust ment of  tyeangditain@btoAngis thalbas is stffickntencrayparitebigrier the PROFRES [98ct i on

m xture is a neasure of the heat en | Bcds0bf B vERRHEE th ek
process, and fortotcﬁ‘F‘EIar‘cg‘as’sbﬂl,“a@eéet‘}fpgg %mﬁ%ear;g}e@gkure shoul d  be maint ai ned

to ensure thag thgseofifonbatiohi $0mtabanspify pefaitiinfbe ot 25He tpigeetsCt o go

to conpletion. A suitable te rature nge for. ok b8
invention is in PR 1§ Bﬂd‘é“’ng?‘fs% % o%f g&@r%%c% oagﬁ%g%?%greflera%?ny from

about 25C to abod f4QGnvenRnesstiutathaspkoi: presowwis tpicsly Briptined| for the
B mospher ¢ pr eseur o T8 Hpprecl MR PlbngBfh b RAER SRC OB A
conditions. Agitation and aeration of the reaction mixture is also beneficial to the
10 subject process in that it affects the amount of oxygen available for the
biotransformation. The process is advantageously carried out, for example, in shake-
flask cultures or fermentor tanks during the growth of the microorganisms in a
single-stage or two-stage process as described above. Agitation in the range of from
about 10 to 1000 RPM is preferred, with from about 50 to 500 RPM being most
15 preferred. Aeration of from about 9.1 to 10 volumes of air per volume of media per
minute (v/Vt.) is preferred, with aeration of about 3 volumes per volume of media
per minute being particularly preferred.

Complete conversion of the compound represented by formula I may require,
for example, from about 1 to 72 hours, typically from about 4 to 48 hours, measured
20  from the time of addition of the compound represented by formula II to the media. It
is preferred that the media be aqueous based, although an organic liquid or a miscible

or immiscible, i.e. biphasic, crganic/aqueous liquid mixture may be utilized as well.
The stercoselective enzymatic reduction process of the present invention may
be carried out by adding a co-factor such as reduced nicotinamide adenine
25  dinucleotide (NADH) or nicotinamide adenine dinucleotide phosphate (NADPH),
especially when an isolated enzyme would be utilized. NADH or NADPH, for
example, may thereafter be regenerated and reused. A further enzyme that
regenerates the NADH or NADPH in situ may be employed such as formate
dehydrogenase, glucose-6-phosphate dehydrogenase or glucose dehydrogenase.
30 Suitable hydrogen donors include molecular hydrogen, a formate (e.g. an alkali metal
or ammonium formate), glucose, a hypophosphite or an electrochemical reduction in

the presence of a viologen, for example methyl viologen. It is also possible to



The process of the present invention is preferably carried out under
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Tt is understood that various other embodiments and moedifications in the

practice of the invention will be apparent 1o, and can be readily made by, those of
ordinary skill in the art without departing from the scope and spirit of the invention
as described above. Accordingly, it is not intended that the scope of the claims
appended hereto be limited to the exact description set forth above, but rather that the
claims be construed as encompassing all of the features of patentable novelty that
reside in the present invention, including all the features and embodiments that would
be treated as equivalents thereof by those skilled in the relevant art. The invention is

further described with reference to the following experimental work.

Example 1

Stereoselective Enzymatic Reduction 2-Bromo-4-fluoro acetophenone (III): Use of
Whole Cells -Two Stage Process

Various microbial cultures (1 mL) were inoculated into 100 mi. of medium 1
as noted above in a 500 mL flask and incubated at 28°C and 200 RPM on a shaker

for 48 hours. Cells were harvested by centrifugation and cells were suspended in 10



5 of starting conmpound and nedia. The inoculumof mcroorganismrelative to
the anobunt of starting material is sufficient to provide for the enzymatic
reduction of the conpound represented by forrmula Il with the tines

descri bed above, generally from about 5 w.%to about 30 wt.%cells
concentration. Utilizing the preferred reaction paraneters described above
with the m croorganisns given will provide a reaction 10@y| el d of reater

than 70% optinally in excess of 90% and, an enanti oneri ZfAdgus
greater than 93% optimally in excess of 99% of the desired enantioner of

the conpound represented by .fornmula I. Th® product of the reduction
process of the present invention, i.e. the conpounds represented g%
formula | may ba—nr_ef:moempﬂpdnasmumrpynoaabateamm pBt Ho dHudosy wassasided toghe I or

purification nmethodol O"%cﬁ gﬁ%{ as I’IS‘Sm +_j4_z otora@abﬂw one (the substrate,

adsor pti on/ desorPtHBH? ron, At on. col um

chr omat ogr aphy amdﬁhhﬂammhmmammﬂﬂwmuqderstood t hat varlous ot her

enbodi ments and nodi fications in the practice of the invention will be
apparent to, and can be readily nade by, those of ordinary skill in the
art without departing fromthe sdspe a2 spBFit of the invention 20 as
descri bed above. Accordingly, it is ntended that the scope of the
claims appended hereto be limted exac dé¥Rription set forth
above, but rather that the clains be-e as enconpassing all of the
features of patentable novelty that residelin the present invention,
including allsthe features and enmbodi ments that would be treated as

equi val ents t her eof Esrikiati b Greldfictichs wedd &ddatovd ki 28°Thad 200/ BEM on i s
25 further descri bed%ﬂﬁjﬁ% fer enceqto t%ﬁgfol | ow nﬁﬁexperl mental work. 30

Exanpl e 1 St er eosek ebakey forEd4Bhaurs Ararserstersined HmeEy fis- B29H0Y FPEVER dtBphenone
(I11): Use of V@.%h&eggﬁnh%uﬂmma @f%%tg’&m@%ﬁx Matht QutexThiképhiteddd tBishigiur es (1
a i nt o

m.) were inocul

medium 1 as note 500
flask and i ncubat 88 mieron §erangd colipgtefpid bl sampigi A a“‘ﬂ&cg%ﬁi’f%@rlgﬁ Bl 1s

ver e harves“%ﬁ %Q&é}ﬁﬁﬂef 0 Aub AR m ORdeRtrRi48 RGehing) sd0iREwAUgUST
2005 -12 nL of 100 nM pot assi um phosp bufferdtH%H 7,0. .4 UCOSE  Was added

to the cell evaporated to dryness under a stream of nitrogen an residue taken up w
of ethanol, filtered and analyzed by HPLC method 2 to determine the enantiomeric

excess of product. The results are summarized in Table ! below. The product for this

example is as shown in the formula I'V.

Br
og ™
15
Method 1
This method was developed to monitor the reduction of the ketone represented by
Formula (IID) to the alcohol represented by Formula (IV).
20

Column: Phenylhexyl  0.46 X 15 cm, 5 pt) From Phenomenex
Mobile Phase: Acetonitrile: Water (1:1)
Flow Rate: 1 ml/min
Column Temperature: 50°C
25 Detector: UV at 210 nm
Injection Volume: 5 pl



suspensions at 25 ng/nL and 15 ng 2- brono-4-fluoro acetophenone (the
substrate, see fornmula Ill) was added thereto. 5 The bi otransformtions
(reductions) were carried out at 28C and 200 RPM on a shaker for 24-48
hours. At predetermined tines the reaction m xtures were quenched with
four volunes of acetonitrile, mx on the vortex mxer, filtered through a
0.2 mcron filter and collected and 1 nL sanple was anal yzed by HPLC net hod
1 10 to deternine the substrate and product concentrati ord8 ARgugl 2108y
solution was evaporated to dryness under a stream of nitrogen and the
residue taken up with 1 nL of ethanol, fjj-tered and anal yzed by HPLC
nmethod 2 to determ ne the enantioneric excess of product. The results are
sumari zed in Table 1 below. The product for this exanple is as shown in

the formula IV. 15 Method 1 This net had s devel DNt he
reduction of th&-weperdlupepicsorirets () P ﬁ%ﬁ%a')&(?'??‘gn%t%’ t@ﬁledzatlgglg%lol

represented by kRbEHhenyilihanol@v i efentidherivtdsaxabou(S.Omipgiex 15 cm 5. s)
From Phenonmenex Mobil e Phase: Acetonitrile: Water (1:1) Flow Rate: 1
m/mn Colum Tenperature: 50C 25 Detector: UV at 210 nm I njection

Vol unme: 5 d 26 Ayghst? 2005 -13 2-brono-4-fluoro acetophenone (111) elutes
at about 6.3 mnutes, S-1-(2'-brono-4= fluoro phenyl)-ethanol (IV) or its
enanti onmer elutes at about 5.4 mnutes. 5 Method 2 This nethod was

devel oped to NOMiPmeihbE venadevéloperth ongitol the eantigwerig| RWGROPT e Heldnt ed by

F | Iv). 1 | : i ral hak AD .46 X 2 1 i cel i cal
Formils (1), 10 SO, QLR A0 (0,40 X 25 cm 10 pm parcel Gremcs

10  Column: Chiralpak AD (0.46 X 25 cm, 10 um, Daicel Chemical Industries Ltd.)
Mobile Phase: 0.249% V/V absolute ethanol in hexane.
Flow Rate: 1 ml/min
Column Temperature: Ambient
Detector: UV at 210nm.

15 Injection volume: 2 and 5 pl.

The enantiomers of ((R/S)-1-(2-bromo-4-fluoro phenyl)-ethanol) elute at
about 48 (R) and 54 (8) minutes. The substrate, 2-bromo-4-flouro acetophenone,

elutes at about 15 minutes.



Mobi | e Phase: 0.249% V/V absol ute ethanol in hexane. Flow Rate: 1 ml/mn
Col um Tenperature: Anbient Detector: UV at 210nm 15 Injection volune: 2
and 5 p.1. The enantiomers of ((R/'S)-1-(2-brono-4-fluoro phenyl)-ethanol)
elute at about 48 (R) and 54 (S) m nutes. The substrate, 2-brono-4-flouro
acet ophenone, elutes at about 15 m nutes. 26 August 2005 -14 Table 1:

M crobi al Reduction of 2-bronp-4-fluoro acetophenone to the desi red
correspondi ng chiral al cohol M croorgani SMATCCAI cohol EE S6fugpss 20

Cont r ol 0% Candi da sonor ensi s56511100999. 2 Candi da boi di ni 26175100%97 4
Candida it iernondii9058100999. 0 Candi da y¥.| | s9950999899. 6. Candi da

mal t 0sa2018481998. 6 Candi da kefir1424486%96. 8 Candida ra

si | 0si s52820989%97. 6 Ceotrichum cane//dan8461498%97 9 Geotrichum

candi dun84014100999. 4 Rhodot or uI a lutinis o4 9 0 ﬂ&i{m?n@” a
Ot ni 5201718100999, dratin bYierebmsturtinsh s e g | c
ha34438100999. 8 Hansenul a 1 Wdhﬁé% i)
pol ynpna260121009®9. 0 Hansenul a sat unus 16762100%99. O
AICC Alcohol | EE S-Alcohol
Microorganism 4 -
Controt 0%
Candida sonorensis 56511 100% 99.2
Candida boidirnil 26175 100% 97.4
Candida guilfermondii 9058 100% 28.0
Candida utilis 9950 99% 98.6.
Candfda maltosa 20184 81% 98.6
Candida kefir 14244 86% 95.8
Candida parapsilosis 52820 98% g7.6
Geolrichum candidum 34614 98% 97.9
Geotrichum candidum 34014 100% 98.4
Rhodotorula glutinis 26207 100% 93.0
Rhodotorula g!utinis 201718 ~ 100% 99.9
Hansenula fabianii 58045 94% 99.0
Hansenula polymorpha 34438 100% 99.8
Hansenula polymorpha 58401 100% 99.0
Hansenuta polymorpha 26012 100% 99.0
Hansenula saturnus 18762 100% 99.0
Nocardia salmonicolor 19149 100% 99.3
Pichia anomala 66094 100% 99.0
Pichia capsulata 29204 100% 99.0
Picihia membranafaciens 20101 95% 99.0
Pichia methanolica 56510 100% 99.0
Pichia pinus 28780 100% 99.0
Pichia siivicola 16764 99% 908.0
Pichia stipitis 59785 100% 99.0
Sphingomonas paucimobilis 202027 100% 99.0
Saccharomyces cerevisiae 12341 93% 99.9
Saccharomyces cerevisiae 44953 72% 99.3
Active Dry Yeast, Red Star 78% 89.9
5
Example 2
Use of Baker's Yeast

The substrate (formula Ti) and product {formula IV} for this example are as

10  shown in the example 1.



Wo- cardi a ssal noni col or 19149100999. 3 Pi chi a anonmal a66094100999. 0 Pi chi a
capsul at e29204100%99. 0 Pi chi a menbr anaf aci ens2010195%99. 0 Pi chi a

net hanol i ca56510100%®9. 0 Pi chi a nus28780100%99. 0 Pi chi a si Mcol al676499%99. 0
Pichia sti itis59785100999.0 S in onpnas pauci nobil i s202027100999. 0 -
Saccharonyces cerevisiae 12341 93% 99.9 Saccharom es cerevi si ae4495372999. 3
Active D Yeast, Red Star78%99. 9 5 Exanple 2 Use of Baker's Yeast The .
substrate (formula I11) and product (formula IV) for thi LERHaWH2% a5

10 shown in the exanple 1. 26 August 2005 -1s Process Details: Equip a 3 L
bi oreactor (Braun Biostat B) with a pH el ggtrode. Set inpeller speed at 5
500 RPM and tenperature setting at 28 C. Add 800 ml of the 10 nM phosphate
buffer (pH 7.0) to the bioreactor. Stir the contents of the bioreactor at
300-500 RPM and nmaintain the tenperature at 28C throughout the experinent.
Turn on the puinmtagS@éthF-'ol the automatic addition of a 10% sodi um

hydr oxi de solution to keep the pH constant at 6.0. Add 150 g active dry

yeast (fromRed Star) slowy over 30 m nutes. )
Equip a 3 L bioreactor (Braun Biostat B) wi?.h a pH electrode. Set impeller speed at

5 500 RPM and temperature setting at 28° C. Add 800 m! of the 10 mM phosphate
buffer (pH 7.0} to the bioreactor. Stir the contents of the bioreactor at 300-50¢ RPM
and maintain the temperature at 28°C throughout the expetiment. Turn on the pump
to control the automatic addition of a 10% sodium hydroxide solution to keep the pH
constant at 6.0. Add 150 g active dry yeast (from Red Star) slowly over 30 minutes.

10 Add 5 g of 2-bromo-4-flucro acetophenone. Use a minimum volume of deifonized
water (5 ml) to wash any residual ketone to the reactor. Add 0.5 ml of SAG antifoam
agent if necessary to control the foam. In order to control the foam, an additional 0.5
ml of SAG antifoam can be added now or later as necessary. Start addition of a 25%
glucose solution at the rate of 8-10 ml per hour. The entire glucose solution (200 mi)

15 is added over 20-24 hours. Take out 1 ml samples at 4, 8, 12, 20, 22, 24 hours, and
more at 2 hour interval if necessary. Analyze as discussed in example 1 for
determination of substrate and product concentrations and enantiomeric excess of
product. The reaction time of 20-28 hours is usually sufficient for the completion of
the reaction. In this process a reaction yield of product was 90% and enantiomeric

20  excess of desired isomer was 99.5%.

Example 3

Reduction of Keto methyl Ester represented by Formula (V} to the corresponding
alcohol represented by Formula (V1):
25

Various microbial cultures (1 mL) were inoculated into 100 mL of medium 1
or medium 3 as noted above in a 500 mL flask and incubated at 28°C and 200 RPM
on a shaker for 48 hours. Cells were harvested by centrifugation and cells were
suspended in 10 mL of 100 mM potassium phosphate buffer , pH 7.0. Glucose was

30  added to the cell suspensions at 25 mg/mL and 10 mg keto methyl ester (the substrate
represented by formula V) was added thereto.



10 Add 5 g of 2-brono-4-fluoro acetophenone. Use a m ni num vol une of
deionized water (5 m) to wash any residual ketone to the reactor. Add 0.5
m of SAG antifoam agent if necessary to control the foam In order to
control the foam an additional 0.5 m of SAG antifoam can be added now or
| ater as necessary. Start addition of a 25% glucose solution at the rate
of 8-10 mM per hour. The entire glucose solution (200 m) 15 is added aver
20-24 hours. Take out 1 nl sanples at 4, 8, 12, 20, 22, 280 Nt 20930 nore
at 2 hour interval if necessary. Analyze as dlscussed in exanple 1 for
determ nati on of substrate and product copgentrations and enantiomneric
excess of product. The reaction time of 20 28 hours is usually sufficient
for the conpletion of the re process a reaction yield of
product was 90% and enanti oneri excess‘%¥m8e5|rqd)|soner was 99. 5%
Exanpl e 3 Reduction of Keto neth represented by Fornula (V) to the
correspondi ng al cohol represented by|Formula (VI): 25 various m cr obi al

cultures (1 nL) were inoculated into 100 nl of nedium1l or h@ﬁﬁ?
not ed above in a 500 The bidtzasyformatons{rdpaican were SgTed 3 @bcmp%@ shaker

for 48 hours. J%!{é I%E{fg SRL8G35E TN e R ﬁﬂxﬁh‘&@ﬁé &ﬁa@é@wﬂ?ﬂﬂo&ol&ﬁfe@ of

suspended in 10 nmVl pot assi um phosphat e buffer, cose
was 30 added to tth]el aceihte a@@%‘ﬂm&‘fv‘@)%ﬁf&'@%?@dﬁw FHeam R “1‘5’3?&; Akfé’ﬁ’)"

ester (the su St Ieac t@%ﬁﬁ% s@%dﬂﬂ%&ﬂnﬁnh@anﬂ‘@falﬁ&ﬂﬂﬂﬂ?ﬂ@ﬁ@ﬂlﬂdS%

August 2005 - 6 e biotranstormations (reductions) were E Sd out at
28C and 200 RPM dqmmawstwawémmndpmﬂ% CPRSGRIERTIONY) AnPtASI PPTHOR AT KET0ES
extracted with t te(reloflﬂsan@lfsopr@gahmlaqmmm e detemms
under a streamof nitrogen. A'portion of the 5 ethyl acetate extract was

di ssol ved in acethesnangipmericgraesapithspedichy HPLC method 3 to determine the

substrate and productTHeQRGRNE MrnBiifred AMHLRES beA. The Prodis fol tsakmed is N
m xture of hexane:isopropanol (1.1) and anal yzed by HPLC nethod 4 to
determ ne tHRE ersheVBidp? PmBYa¥Ls of the product .

F
COOMe

OH (VD

Method 3:
Column: Kromasil C-8 (0.46 X 15 cm, 5 micron, Waters)
Mobile Phase: Gradient elution from 100% solvent A {0.2% H3PO,) and 0% solvent
15 B (acctonittile: 0.2% H3P04 90:10) to 70% solvent B at 20 minutes then to 100%
solvent B at 25 minutes and continue at 100% solvent B to 30 minutes.
Flow Rate: 1 ml/min, Detection: UV at 210 nm
Retention Times: Keto methyl ester (V) 20.3 minutes and hydroxy methyl ester (VI)
18 minutes.
20
Method 4:
Column: Chiralpak AD (0.46 X 25 cm, 10 micron, Daicel)
Mobile Phase: Hexane:ethanol:isopropanol (98.32:1.43:0.25)
Flow Rate: 1 ml/min, Detection: UV at 210 nm
25  The enantiomers of (R/S) hydroxy methyl ester elute at about 23.6 (R) and 31.1 (S)

minutes.



The results are summarized in Table 2 bel ow. The product for this exanple
is 10 as shown in the formula VI. COOMe (VT) Method 3: Columm: Kromasil
C-8 (0.46 X 15 cm 5 mcron, Waters) Mobile Phase: Gadient elution from
100% sol vent A (0.2% H3PO4) and 0% sol vent 15 B (acetonitrile: 0.2% H3P04
90:10) to 70% sol vent B at 20 m nutes then to 100% solvent B at 25 m nutes

and continue at 100% solvent B to 30 m nutes. Flow Rate: [ m
Detection: Wat 210 nm Retention Tines: Keto nethyl est er? 9%%% nut es

and hydroxy nethyl ester (VI) 18 mnutes. 20 Method 4: Col umm: Chiral pak
AD (0.46 X 25 cm 10 mcron, Daicel) Mhigke Phase:

Hexane: et hanol : i sopropanol (98.32:1.43:0.25) Flow Rate: 1 m/mn,
Detection: UV at 210 nm 25 The enantioners of (R'S) hydroxy nethyl ester

elute at about 23,6 (R) and_ 31. S I NUL.ES. -17 Table 2:
M crobi al Reduct iwlﬁ‘%fﬁé&%ﬁg@“ﬁg@&% S?Xﬁs%rw&%ﬁ? E'oe

correspondi ng (S)-hﬁ‘i?)‘("gﬁ Gghy x’(?—a frura ?l\:/é : ?n'aATCC | t Hydr oxy
EE of S Hydroxy_—%-t—e#—gf—e#-dé—ncef—hﬂ—fﬁﬁg—ﬁ-ﬁ e et OSSR a3 409699%
Pi chi a net hanol i ca56510%469% Pi chi & an n 374830833 act ri chum
candi dunB46146%.9,9%-&©H—L%Fe4+a—FaﬁﬁWg§r 45557

Pichia methanolica

F 3
Pichia methanolica 56510 41% 99%

Pichia methanolica 56508 33% >96%
Geotrichum candidum 34614 6% >99%
Mortierella ramanniana 34154 5% ND
Apiotrichum humicola 26699 3% ND
Candida boidinii 56507 11% >09%
Nocardiodes albus 55425 4% ND
Nocardiodes luteus 55426 1% ND
Streptonyces rimosus 10970 4% ND

ND= Not Determined

Example 4

Reduction of Keto Ethyl Ester (VII) to the corresponding alcohol (VIIT):

Various microbial cultures (1 mL) were inoculated into 100 mL of medium 1
or medium 3 as noted above in a 500 mL flask and incubated at 28°C and 200 RPM
on a shaker for 48 hours. Cells were harvested by centrifugation and cells were
suspended in 10 mL of 100 mM potassiwm phosphate buffer , pH 7.0. Glucose was

10 added to the cell suspensions at 25 mg/mL and 10 mg keto ethyl ester (the substrate

see formula VII) was added thereto.

F.
COOEt

[+ (VID

The biotransformations (reductions) were carried out at 28°C and 200 RPM

on a shaker. The reaction mixture was extracted with two volumes of ethyl acetate

15 and evaporated to dryness under a stream of nitrogen. A portion of the ethyl acetate
extract was dissolved in acetonitrile and analyzed by HPLC method 5 to determine

the substrate and product concentrations. Another portion was dissolved in mixture

of hexane:isopropanol (1:1) and analyzed by HPLC method 6 to determine the



Api ot ri chum hum col a266993%N\D Candi da boi di ni i 5650711%99% Nocar di odes

al bus554254%N\b Nocar di odes | ut eus554261%N\D Streptonyces ri nosus109704%ND
ND= Not Determ ned Exanple 4 Reduction of Keto Ethyl Ester (VII) to the
correspondi ng al cohol (VII1): 5 Various mcrobial cultures (1 nL) were
inoculated into 100 nL of medium1 or nedium 3 as noted above in a 500 nL
flask and incubated at 28C and 200 RPM on a shaker for é%)&ours. I'ls
were harvested by centrifugation and cells were suspend Wauss of 100
nmM pot assi um phosphate buffer, pH 7.0. G ucose was 10 added to the cell
suspensions at 25 ng/nL and 10 ng keto et.pg! ester (the substrate see
formula VI1) was added thereto. F (V The biotransformati ons (reductions)
were carried Outenagdftion8fic amsswahwwumm reduitk ere. suffimarizedaintTable bstlavir e was
extracted with two vaol u cet.at. aporated to dryness
under a stream of® f"ldf"ﬁge ‘SR‘W? o*vnf théptnﬁ&gvg'et ate extract was

di ssolved in acetonitrile and an&kyzeg .nod 5 to determine the
substrate and product concentratio é er por |0|€VV¢BS di ssolved in

m xture of hexane:isopropanol (1: ¥*anal yzed by 11 PLC nethod 6 to
determ ne the 26 August 2005 -18 enantidneric excess of the product. The
results are summari zed in Table 3 below. The product for this exanple is
as shown in the formula VIIl. F 5 Method 5: Colum: Phenyl hexyl (0.46 X 15
cm 5 micron,5 Phaabsehiex) Mbile Phase: Acetonitrile: Water (1:1)

Column: Phenylhexyl (0.46 X 15 cm, 5 micron, Phenomenex)

Mobile Phase: Acetonitrile: Water (1:1)

Flow Rate: 1 ml/min, Detection: UV 210 nm

Retention Times: Keto ethyl ester (VII) 12.4 minutes, Hydroxy ethyl ester {VII) 8.9

10 minutes

Method 6:
Column: Chiralpak AD (0.46 X 25 cm, 10 micron, Daicel)
Mobile Phase: Hexane:ethanol:isopropanol (96.9:2.85:0.25)
15 Flow Rate: 1 mi/min, Detection: UV at 210 nm
The enantiomers of (R/S) hydroxy ethyl ester elute at about 15 (R) and 19 (8)

minutes.
Table 3: Microbial Reduction of Keto Ethyl Ester to the
Correspending (S)-hydroxy Ethyl Ester
Name ATCC# Hydroxy EE of S-Hydroxy
Ethyl Ester Ethyl Ester
Pichia methanolica 56508 18% 93.0%
Pichia methanolica 58403 51% >99.9%

Geotrichum candidum 34614 © 33% 08.5%




Flow Rate: 1 ml/mn, Detection: UV 210 nm Retention Tinmes: Keto ethyl ester
(VI'l1) 12.4 mnutes, Hydroxy ethyl ester (VIIl) 8.9 10 m nutes Method 6:
Colum: Chiral pak AD (0.46 X 25 cm 10 micron, Daicel) Mbbile Phase:
Hexane: et hanol : i sopropanol (96.9:2.85:0.25) 15 Flow Rate: 1 m/m n,
Detection: UV at 210 nm The enantioners of (R'S) hydroxy ethyl ester elute
at about 15 (R) and 19 (S) mnutes. Table 3: Mcrobial Reduction of Keto
Ethyl Ester to the Corresponding (S)-hydroxy Ethyl EsteRSMaYsté808Hydroxy
EE of S-Hydroxy Ethyl EsterEthyl Ester Pichia nmethanolica5650818%93. 0%

Pi chi a nmet hanol i ca5840351%99. 9% CGeot ri chjyn candi dunB8461433%88. 5%a 26
August 2005 -19 Exanple 5 Reduction of Keto t-butyl Ester (IX) to the

correspondi ng al cohol (X): Various mcmm@iﬁscultures (1 nL) were
i noculated into 100 nL of medium1l 5 medr u g‘ﬁ %é&g above in a 500
%@F" 4

nL flask and i nRebiatienloferptimnd Hen@¥) RPN BRERO 8 hours. Cells
were harvested by centrifugation and cells were suspended in 10 nL of 100
nmM pot assi um phosphate buffer, pH 7. ucose
suspensi ons at 25 ngﬁmotarﬂdﬂmbﬂrfﬁltk‘éﬁ@‘T‘I')o‘ﬁ?r?/}n&é\@?‘%drmﬁd@g %ft‘{}rate see
formula 1X) was i 9,} ggl é‘&‘sr@ka abEveJ:Q 2 506 b fRkk anshatbas MOZ8SC e 2R EFMNS)

a an

were carried out on a shaker. Thefur et?.Ctl ﬁncclrfgéxrlére was
extracted with tomoe stakerrfos 48)1110@‘[5 hﬁenaﬁ@fea‘ﬂf’é"esm by centrifugation an

suspended in 10 mL of 100 mM potassium phosphate buffer , pH 7.0. Glucose was
added to the cell suspensions at 25 mg/mL and 10 mg keto t-butyl ester (the substrate

see formula IX) was added thereto.

F
COOt-butyl

Ix)

10
The biotransformations (reductions) were carried out at 28°C and 200 RPM

on a shaker. The reaction mixture was extracted with two volumes of ethy! acetate
and evaporated to dryness under a stream of nitrogen. A portion of the ethyl acetate
extract was dissolved in acetonitrile and analyzed by HPLC method 5 as described in
15  example 4 above to determine the substrate and product concentrations. The retention
times are: keto t-butyl ester (IX) 28.3 minutes and hydroxy t-buty! ester (X) 19.2
minutes.
Another portion was dissolved in mixture of hexane:isopropanol (1:1} and
analyzed by I-[PLC method 7 to determine the enantiomeric excess of the product.
20
Method 7:
Column: Chiralpak AD (0.46 X 25 cm, 10 micron, Daicel)
Mobile Phase: Hexane:isopropanol (90:10)
Flow Rate: 1 mV/min, Detection: UV at 210 nm
25  The enantiomers of (R/S) hydroxy t-butyl ester elute at about 23.6 (R) and 32.8 (S)

minutes.

The results are summarized in Table 4 below. The product for this example is

as shown in the Formula (X)



and evaporated to dryness under a stream of nitrogen. A portion of the
ethyl acetate extract was dissolved in acetonitrile and anal yzed by HPLC
met hod 5 as described in 15 exanple 4 above to determ ne the substrate and
product concentrations. The retention tinmes are: keto t-butyl ester (IX)
28.3 m nutes and hydroxy t-butyl ester (X) 19.2 mnutes. Another portion
was di ssolved in m xture of hexane:isopropanol (1:1) and__analyzed by HPLC
nmethod 7 to deternine the enantionmeric excess of the prodbcdugust 20Bbhod 7:
Colum: Chiral pak AD (0.46 X 25 cm 10 mcron, Daicel) WMbile Phase:
Hexane: i sopropanol (90:10) Flow Rate: 1 nd mn, Detection: UV at 210 nm 25
The enantioners of (R(S) hydroxy t-butyl ‘ester elute it about 23.6 (R) and
32.8 (S) mnutes. The resultsgare_s ri.zed in Table 4 bel ow. The product
for this exanple is as shown in Forfrul £90xuty»6 August 2005 -20 5 Table
4: M crobial Reduction of Keto t la®Ster to the(}@orrespondi ng (S)-
Hydroxy t-butyl Ester NaneATCC #Hydroxy t-butyl EE of (S) t-butyl-

Est er Hydr oxy Ester Micor rouxii249059%99% Micor hi emal i s1663622%93% Pi chi a
met hanol i ca5840349%92. 6% Exanpl e 6 Reduction of Keto Methyl Ester by

P“r i fied Keto- Requel a8 Sufch@NdiRealittiohlof Kol tutATEsER to tiRTHrpdspading](S)-

Hydroxy t-butyl Ester
5
Name ATCC# Hydroxy t-butyl EE of (S) t-butyl-
Ester Hydroxy Ester
Mucor rouxit 24905 9% >99%
Mucor hiemalis 16636 22% 93%
Pichia methanolica 58403 4% 92.6%
Example 6

Reduction of Keto Methyl Ester by Purified Keto-Reductase Enzyme:
Purification of XKeto-Reductase.

10

A 20% cell suspension of Pichia methanolica ATCC 58403 with 10%
glycero), 1 mM DTT, 0.5 mM PMSF, and 10 mM potassium phosphate buffer(pH
7.0) was homogenized pricr to cell breakage. The cells were disrupted by passing
the cell suspension through a microfluidizer for several passes. The disrupted cell
15 suspension was centrifuged at 18,000 rpm for at Jeast 20 min to remove cell debris.

The cell free extract was decanted and used for protein purification. All the
purification steps were carried out at 4°C. The purification was carried out using
three different conditions for eluting the enzyme from the Hi-Trap Blue-Sepharose
affinity column. The protein was loaded on to the affinity column which was
20  equilibrated with buffer A (10% glycerol, 2 mM DTT, and 10 mM potassium
phosphate buffer pH 6.5). The protein was eluted from the affinity column by three
methods: (1) pH gradient (loading at pH 6.5 and eluting at pH 8.5), (2) NaCl
gradient (0 to 0.8 M) in buffer A and (3) NADP gradient (0.1 to 0.5 mM) in buffer A.
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HiTrap Blue Affinity Column

Elute with 10 mM potassium phosphate pH
6.5 with NADP gradient (0.1 ~0.5mM)

Purified Ketoreductase

The enzyme was purified to homogeneity. A molecular weight of ~ 40 Kd
was determined for the purified enzyme. The enzyme is an NADPH-dependent
protein. The N-terminal and internal peptide sequences of the protein were

determined which will facilitate cloning and overexpression.

N-terminal sequence

NH;- x-x-Tw-&g—Leu-VaI-Arg—Arg-Gln-Arg—Ser»Ala—Asp-GluG]n—COOH
Note: x =amino acid not identified.

; i Hon Sciepotassium phosphate Buffer
n was elu ty colum by three ngthods:

3) NADP gradient (0.1 to 0(5 nmV
FreelExtract 1
ith 10 MM pot assi um phosphate pH 6.5, 2
gl ycer ol \V#iffrap Blesddiimity GPIBPde gradient (0-0.8M QR Elute

si um phosphate pH,6 6.5-8.5, 2 mn DTT, ~and 10% Igﬁcerol -
nity Col urm El ute |wi tBiute ovitniG e o8 Pg\“bﬁ?; hAH 6.5
YEAZY

Internal peptide sequence

Peptide 1:
NHz—Lys-Val-Phe-Phe-Pro—Ala—Pro—G1u~Glu-Tyr-Glu—x-Phe-Val—Va] (Leu)-Phe-

Asn-x-x-Phe-Pro-COOH

Peptide 2:
Nz—Lys-Val-Pro-Gln—GIu—Leu-Tyr—Thr-Asn—[su—GIy-Ser-Scr—Gly—Leu-Gln—]]e-Ser—

Lys-COOH

Peptide 3:
Np-Lys-Val-Asp-Asp-Ala-Leu-Asp-Gly-COOH

pH

in

s determ ned for



protein. The N-terminal and internal peptide sequences of the protein 5
determ ned which will facilitate cloning and overexpression. N-term nal
sequence NH2- x-x-Ty-Arg-Leu-Val - Arg-Arg-d n-Arg-Ser-Al a-Asp d u-G n- COON
Note: x = amino acid not identified. were Internal peptide sequence

Peptide 1: NH2-Lys- Val - Phe- Phe- Pro- Al a- Pro-d u-d u- Tyr - d u- x- Phe- Val - Val
(Leu) - Phe- Asn- x-x-Phe-Pro- COOH Peptide 2: Nz-Lys-V

al -Pro-d@ n-d u-Leu-Tyr-Thr-Asn-Leu-d y- SerSer-d y-Leu-G Rﬁﬁl@@éﬁﬁoéys- 000H
Peptide 3: N2-Lys-Val-Asp-Asp-Al a-Leu- Asp-d y- COON 26 August 2005 -22 The

purified enzyme was tested for the reduct%gn of keto nethyl ester
(substrate V) to the correspondi ng (S)-hydroxy nethyl ester (product V).

The reaction m xt ur%ﬁé i e&?ﬁ,@%gsuggtwq&pmgt@d&uaﬁ &f KepHméthgl) estant ai ned
3 units of purified ef0-Teduc

ase, 5 of substrate V, 0.1 DP, 25
mg of gl ucose arghbrats Wiriot the @ﬂ@?ﬂ%%@éﬁ%ﬁ%d%%i&%{ @r%uga% gﬁ‘é
NADPH) . React i 0, was, &tk 80t poraSindEsiciihae butter GHE 8)canpined 3 unitief
substrate V and product VI concentrations ang Wrﬁrl c tg%icc%gcsan(af
product were detporifithkstp-tesueiessct MB O SYLSIAR & QJEPBI R e T on yi el d of
90% and an enant sQUBL G RX%6ERRy@bgeR e orepharat NADRIE(ReaL GorEaTpiried gut -

I sol ation of the gene encodi ng” ket oreduct ase %ro&;n P. A hcao'n(:%l'lllrﬂ%%néa\BIld
Preparati on of crdesesbeshial thpreioy, e SHESPH nb PR Broduct S SRR 88 of P.
met hanol i ca ATCG, 13825 Mek@sObOpMBdichwEré deethied ¢sl@sibgd inttietexample #c8, 10.0

g yeast extract, 1.0 g peptone, 20.0 dextrose 7.0 liter) and
stored in vial s megetign eldf Pﬁ'@@f‘%ﬂl}ﬁi’ﬁ%‘%’“}ef’&ﬁ’fcﬁssﬁlf E’?E% il %ﬁ?ﬁﬁed

en. vi al was t hawed
at room

10 Example 7
Isolation of the gene encoding ketoreductase from P. methanolica

A. Preparation of chromosomal DNA from P. methanolica

15 Stock cultures of P. methanolica ATCC 13825 were grown in F7 medium (10.0 g
malt extract, 10.0 g yeast extract, 1.0 g peptone, 20.0 g dextrose [pH 7.0] per liter)
and stored in vials in 1 ml aliquots under liquid nitrogen. A vial was thawed at room
temperature and inoculated into 20 ml YPD medium in a 250 ml flask. YPD consists
of, per liter: 10.0 g yeast extract, 20.0 g peptone, and 20.0 g dextrose. The flask was

20  incubated at 30°C with shaking at 250 rpm for 20 hr. The procedure for rapid
isolation of Saccharomyces cerevisiae chromosomal DNA. was used as written to
prepare P. methanolica DNA (Ausubel _et al., Cument Protocols in Molecular
Biology, John Wiley and Sons, New York, 1990). The precipitated DNA was
washed with 70% ethanol, air-dried, and resuspended to a final concentration of 1.0

25 mg/ml in TE buffer (0.01 M Tris-HCL, 0.001 M EDTA, pH .8.0) as measured by

spectrophotometric analysis at 260 am.
B. Construction of partial Sau3A1 library of P. methanolica

30 P. methanolica chromosomal DNA. prepared as described in Section 1.A was
partially cleaved with restriction endonuclease Sau3Al in a 0.25 mL reaction volume
consisting of 25 ug DNA, 5 units enzyme (Promega, Madison , W}, 0.006 M Tris-
HCI, 0.006 M MgCl, 0.10 M NaCl, and 0.001 M dithiothreitol (pH 7.5) for 5 min at



tenperature and inoculated into 20 mM YPD nediumin a 250 m flask. YPD
consists of, per liter: 10.0 g yeast extract, 20.0 g peptone, and 20.0 g
dextrose. The flask was 20 incubated at 30C with shaking at 250 rpm for 20
hr. The procedure for rapid isolation of Saccharonryces cerevisiae
chronmosomal DNA was used as witten to prepare P. nethanolica DNA (Ausubel
et al., Current Protocols in Mdlecular Biolo , John Wley and S New
York, 1990). The precipitated DNA was washed with 70% e?é:ff#&ﬂ'{s’igg&dri ed,
and resuspended to a final concentration of 1.0 25 ng/m in TE buffer (0.01
M Tris-HCJ, 0.001 M EDTA, pH 8.0) as neaspg.ed by spectrophotonetric
analysis at 260 .. B. Construction of partial Sau3Al |ibrary of P.

met hanol i ca 30 Boegethanghdiea hifeTeas @Riraciilionoe epitr eul egeal ckobigrei pledili n
Section 1.Awas partially cleaved wth restricti 3A1 in
a 0.25 nlL react ipGFROLENOMRET™MC HRET §?q“¥\fdﬂga6'fm’2 cg@%?wgﬁ ts gﬁ%§ﬁ’ee§?%rorrega,
Madi son , W), QuR@6 IMdir b MHGEnmQcQRS add O @hlzisofrogapoldseediisd. éh% Y2001 M
dithiothreitol (pH 7.5) for. 5 m t 26 t - y/ ction
m xture was ext regdetebRFrREFAtAD g"ﬁ%é&‘ﬂé‘f ﬁ\%@#ﬁ’%z‘gg STC%%ug%hagtril(‘)”}B%ﬁ Irb%%of orm
After centrifqigagion,s ke 70BpPEOMquabersdyngsa aaSpesd¥asd(Savat MEUERYS. 1 vol .

of 3 Msodiumacetate and 0.6 vol. .isopr WS4 ael6sm L vurRe TiRe! | et ed
by centrifugati cﬁ?@@ﬁd@e'mfﬁﬁy’f@,’ 86(?81%‘38?%%5 m crg?ﬂge and washed. once 5

with 0.5 nl 70%5tQHvasAfléctioplibrssed shroughaa Bi8&e ditaese (s8hvinTAR Rflen, Rk M
Farm ngdal e, NY) for 5 m.n he .pel.l et | Q60 Elsp/HE,
buffer. The DNATHg@Re @F%BPP%&H@PQ%‘%‘% a{‘%%ﬁ@%@% 3-35'%%?2‘“8%? 5’}&%1 TAE
buffer (0.04 M JyisaBPorbame fol20d# aM 5e ahi cegian abptaining DNOGRENPEDIE2 pH 8. 3)

containing 0.5 g/nL ethjdiyumhrom de.for 20 TRerdcRdicks,
contai ni ng DAA fIakP3iE ‘dﬁ‘?“%c?ﬁ.q’y?of@arisﬁmkt% a\/vle?%r?}&e#%dﬁ & by cco_rr‘{)gliahrsi son to

a 1 kb DNA | addegaifheish@g TomNatdogiced fr@aitihgels bNA W) exipeied ¥eiPg dbe f r om
the gel. DNA was_extracte si-ng. t he. i L fe Latbiwidd tthd Q agen
Inc., Valencia, @Bf)q“f‘%l p&ﬁ/i ]ﬁﬁ’ﬁfc%e‘m ?&e%ﬁd%"ﬁ%ﬁgﬁl . %ﬁ al i cl]lkugot S
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concentration of nt by conpari si to a DN mas%b& adder, .
15 determine the concentration of the fragment by comparision to a A mass ladder

(Life Technologies).
Plasmid pZerol (Invitrogen, Carlsbad, CA) was digested with BamHl

(Promega) in a reaction volume of 0.05 pl consisting of 2 pug DNA, 0.006 M Tris-
HCL 0,006 M MgCl,, 0.1 M NaCl, and 0.001 M DTT (pH 7.5). Ten units of

20  restriction endonuclease were added and the mixture incubated at 37°C for 20 min.
The reaction was terminated by addition of an equal volume of 1:1
phenol:chloroform. Following centrifugation at 13,000 x g for 5 min, the upper
(aqueous) phase was removed and placed into 2 fresh microfuge tube. Five ul of 3M
sodium acetate (pH 7.5) and 110 pt of ice-cold 100% ethanol (Shelton Scientific,

25  Shelton, CT) were mixed with the aqueous phase and DNA pelleted for 10 min at
13,000 x g. Any liquid was removed by aspiration and the pellet washed once with
70% ice cold ethanol. The ethanol was removed by aspiration and the pellet dried in
a SpeedVac for 5 min. The digested plasmid DNA was resuspended in sterile
distilled water to a final concentration of 0,01 mg/ml.

30 The enriched P. methanolica DNA fragments (5-10 kb) were ligated to
BamHI-cleaved pZero2 in a 0.02 ml reaction consisting of 0.1 p.g chromosomal
DNA, 0.03 ug plasmid DNA, 0.03 M Tris-HCl (pH 7.8), 0.01 M MgCh, 0.01 M



(Life Technol ogies). Plasm d pZerol (Invitrogen, Carlsbad, CA) was digested
with BanH (Pronega) in a reaction volunme of 0.05 Al consisting of 2 Itg
DNA, 0.006 M Tris- HO, 0.006 MM 2, 0.1 MNaCd, and 0.001 MDTT (pH
7.5). Ten units of 20 restriction endonucl ease were added and the m xture

I ncubated at 37C for 20 min. The reaction was term nated by addition of an
equal volune of 1:1 phenol:chloroform Follow ng centrif Ko} % 13 000
x g for 5 mn, the upper (aqueous) phase was renoved and Lép‘ﬁ‘é@é‘&

fresh mcrofuge tube. Five Wof 3M sodium acetate (pH 7.5) and 110 I of

i ce-cold 100% et hanol (Shelton Scientificyy25 Shelton, CT) were mixed with
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was dried in a Speedyac for rgs PERAeGbdd-1 clrdle QR ntsRirh] €
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grown at 37C for circle (Amersha{n 10 . Phat naci a,
Pi scat away, NJ) w@lmmmwesmhmﬂsm A By pedia Ant A YRG5 L

LB agar + kanamygl B% ter”on8 plaUPs 19Jub£t&?at@@“'d fcaba 52 UGAdnitd Weraeplicadd oned ent t o
give 5,000 colony formng units was luted_into, 1 nL LB nedi Lym and spr ead
evenly on two fresh filters which were placed onto LB + kanamycin agar

15  incubated at 37°C for 6 hr. Lysis of cells and neutralization of released DNA was
performed according to directions that were provided with the filters. The DNA was
crosslinked to the filters using a UV Stratalinker 2400 unit (Stratagene, Inc., La Jolla,
CA) in the “auto crosslink” mode. Cell debris was removed by placing the filtersin a
container with a solution of 3 x SSC (20 x SSC contains, per liter, 173.5 g NaCl, 88.2

20 g sodium citrate, pH adjusted to 7.0 with 10 N NaOH), 0.1% SDS and rubbing the
tysed colonies with a wet Kimwipe. The filters were then incubated at least 3 hr with

the same wash solution for at least 3 hr at 65°C.

C. Selection of clones containing the ketoreductase gene

25
Mixed oligonucleotide primers based on partial amino acid sequences of the

purified P. methanolica ketoreductase were prepared (See Figure 1). All possible
combinations of sense and anti-sense primers were utilized in polymerase chain
reactions (PCR). The reaction consisted of 0.05 M Tris-HC1 (pH 8.3), 250 pg/ml
30  bovine serum albumin, 2% (w/v) sucrose, 0.1 mM cresol red, 0.2 mM each dATP,
dCTP, dGTP, dITP, 4 mM MgCly, 0.0005 mM each primer, 0.25 wl (0.625 U)
Takara Z-Taq DNA polymerase (PanVera, Madison, W), and 0.1 ug P. merthanolica



the filter. The plate was incubated at 37C for 24 hr. Col onies were
replicated onto two fresh filters which were placed onto LB + kananycin
agar nedium and 15 incubated at 37C for 6 hr. Lysis of cells and
neutralization of rel eased DNA was perforned according to directions that
were provided with the filters. The DNA was crosslinked to the filters
using a W Stratalinker 2400 unit (Stratagene, Inc., La Jalla, %b in the
"auto crosslink” node. Cell debris was renoved by placi nd#StMe4stiZ08Ps in a
container with a solution of 3 x SSC (20 x SSC contains, per liter, 173.5 g
NaCl, 88.2 20 g sodiumcitrate, pH adjustgsl to 7.0 with 10 N NaOH), 0.1%.
SDS and rubbing the Ilysed colonies with a wet KinmuM pe. The filters were
then incubated gf JRasha DNK M fohl véiliae 580185 inhshmphficatioronas ariediout wast 3 hr

at 65C. C. Selection of clones containi t he ket oredu g 25 M xed
ol i gonucl eot i de BerkinvElmer piodef #80 pzﬁfﬂ”ﬁfg%yﬁréﬁomé&gf dgge%}gﬁ@&%@t e
purified P. rnethapalticfalaPoraduaingffiowet By B eypks et Cebmi; §0iCe 1 min: Al
possi bl e conbi na’gi ons of sense and anti.;.seps [i it i delaz86 I N
pol yner ase chai W2°¢.dathinpiy "(flje‘fﬁ".te“?’ﬁga'r'?eza(g?c?rgr{'% Ebgr%:hgf eﬁ fg:]g H%ldgg%ﬁ/l
Tris-HCL (pH . 3hd 3368p g/a%her@,qeq@wm@, was oneabd usingolidodentidy paindiddse, 0.1
mM cresol red, 0.2 mMeach dATP, dCTP, .dGIP, L MO 2104 TR@05 M
each priner, 0.2863nd (% 558 rel?‘ﬁ?g‘%{ésﬁ%ﬁaﬂﬁtﬁgﬁcéﬁ%%se (PanVer a,

Madi son, W), anga@slse¥g P. nmethanolica 26 August 2005 _25_ chronpsomal DNA
in a total volume of 0.05 nm

. Anplificati arni WhfddNudne th
Per ki n- El mer Model 4&6ePRal rfﬁ?rec’%]f‘tg‘# Cfﬁor%gir?e }[’X%%o ol"flo%gjng condi t,li]gonse:
Denat uration at QfqucRIGef Birittio Bid Owe DNy waOligajed! ieyegipr BAR2.1 fnyirpgensoc, 1
mn; 72C, 1.5 m.n, an final extensi , IndradbfBrmealifts B coli
ampl i fi cati obf of Cals %8§?ﬁ?ﬁ’8 9@}? rf‘?“é’%?%‘ﬁ%fg%@ég& ively. was obser ved
usi ng ol i gonucl epgi @ bpaicctopa@Bon: CAB6veanspragdsme BB gz Mm@ RHMor esi s

, 0 '
sl at ed T rom t nesabkgRgec and Bidei (e EEnng ARG P OF w2 Ll en VT
Extraction Kit. dikRnpini&s ahd fattetkdtad 3V€ctooR20 hCRFie whits, $elenigg chosen b |
Carl sbad, CA) according 0, 5. FRMAGHNIEA FerP iRk R8EH 1RO LH tanskeyared i nto
| 15  liquid medium and grown at 37°C, 250 rpm, for 20 hr. Plasmid DNA was prepared
from each sample using the QIAprep Spin Miniplasmid Kit (Qiagen). The presence
of the expected insert was confirmed by PCR using conditions described above. One

representative plasmid was sequenced using the ALFexpress AutoRead kit
(Amersham-Phamacia) and analyzed on an ALFexpress automated DNA. sequencing
20 unit. In both instances, partial amino acid sequences obtained from the purified
enzyme but not used to synthesize oligonucleotides were also found encoded within
the PCR fragments.
Based on these results, digoxigenin-labeled probes were prepared using the two sets
of primers described above and the PCR DIG Probe Synthesis kit (Roche
25  Biochemicals, Indianapolis, IN) according to the manufacturer’s directions. Ca. 10
ng of the isolated PCR fragment described above was included as template DNA.
Amplification conditions were: Denaturation at 94°C for 4 min, followed by 30
cycles of 94°C, 1 min; 50°C, 1 min, 72°C, 1 min. A 5 uL aliquot of the reaction was
electrophoresed on a 1.0% TAE agarose gel along with the non-lableled fragment.
30 Incorporation of the digoxigenin-dUTP nucleotide could be verified by a significant
increase in the molecular weight of the labeled fragment. ~Superior incorporation

was obtained using oligonucleotides 183 + 186.



DH10B by el ectroporation. Cells were spread onto LB agar nedi um contai ni ng
50 g/m kananycin and Bluo-gal (Life Technologies; 75| of a 2% (w v]
solution in dinmethylform de) and incubated at 37C for 20 hr. Five white
col oni es chosen at random from each ligation/transformation were

i nocul ated into LB + kananycin 15 liquid mediumand grown at 37C, 250 rpm
for 20 hr. Plasm d DNA was prepared from each sanple using the Lgpp rep
Spin Mniplasnmd Kit (Q agen). The presence of the expe@BeMgys
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present in the recombinant plasmid. Isolated DNA was tested for its ability to
support amplification using oligos 183 + 186 and 185 +188, which was confirmed.
Oligonucleotide primers based on the DNA sequence of the isolated PCR fragments
were used for analysis of the insert in pKR5.0. An open reading frame of 1059 bp
20  that encodes a protein of 353 amino acids with a molecular weight of 39,800 daltons

was found (Figure 1). This is in near agreement with the size of the isolated

ketoreductase (40,000 daltons by gel filtration).

Ezample 8
25  Subcloning of the P. methanolica ketoreductase gene and expression in Escherichia
colt.

The polymerase chain reaction was utilized to amplify the complete
ketoreductase gene containing restriction sites suitable for cloning into expression

30 vector pBMS2000. The primers used are given below:

BspHI
2) 5 TGCTCATGAATTGGGAAAAAGIT CCACAAG ¥



for 15 mn. Anti-digoxigenin antibody binding, washing, and detection were
performed using the DI G Labeling and Detection Kit reagents and protocols
(Roche). 10 The nenbranes were placed on What man 3MM paper to renbve excess
liquid, covered with Saran Wap, and exposed to autoradi ography film
(Kodak X-QVAT LS). A single hybridizing colony was picked fromthe master
filter and streaked onto LB + kananycin agar nedi um and incubated at 37C
for 24 hr. The colony was grown LB + kananycin liquid me&iAwa4ysi208Pasni d

i solation using the QAfilter 15 Plasmd Mdi Kit (Q agen). Restriction
mappi ng i ndicated an insert of ca. 5.0 kb.zwas present in the reconbi nant
plasm d. Isolated DNA was tested for its ability to support anplification
using ol igos 183 + 18GuaadiddSn Bdi88ndivdw cdzogwitioncenqhdneerder. reSUEiGofithPeot i de
prinmers based on the DNA.se nce of. the i, ; epdden ofethe used
for analysis of the i#eElt “i%%ﬁﬁgzé?“ﬁ?&‘}fﬁsc%%‘glﬁa@ér ?%d?‘%"?%gﬁe of 1059 bp 20

t hat encodes a pr ot ei ket@édudtask ggne)no aci ds with a nol ecul ar wei ght of 39, 800
daltons was found (Figure 1). This is in near agreenent with the size of
the isolated ketoreductase (40,000 daltons by gel filtration). Exanple 8
25 Subcl oni ngsof the P. net hanBkimEla ket or educt ase gene and expression in

Escherichia coll. Thge pol ' hpahSAGHI AR RSTATAAGZEd to anplify
the conplete ketored csa e%‘gfggﬂi%?ﬁl ng restriction sites suitable for

cloning into expression 30 vector pBMS2000. The priners used are given

pel ow BspHl ) 5 TECICATCOAT PEIMARAL GIbEGH Mlaudice 36r Augiatiin 2ikjime- 27
(nucl eotides in bold nt’ﬁ“éll cate recognition sequence for restrigti gn %%zym
Bspf: underlined nucl BanHtlemdérutidcruclsotides indinatei the stag cadop & Jigoh 8% °f A

ket or educt ase,.gene) 5 %%111'! 'w CTCGGATCCTTATAAAATTACAGAATATAAG 3

(nucl eot i des 110?1 bol d }{% |cé:tta§g%eg‘g)ogniti-on sequence for restriction enzyne

PCR conditions were identical to those given in section 1.C except pKR5.0

DNA was used as template and the size of the reaction increased to 200 pul (volumes

of all components were increased proportionately). An aliquot of the reaction was

15 electrophoresed on a 1.0% TAE agarose gel to confirm the presence of a band of the
expected molecular weight (1077 bp). The remainder of the reaction mix was
extracted once with 1:1 phenol:chloroform and the aqueous phase retained after
centrifugation at 13,000 x g for 5 min. DNA was precipitated by addition of 20 ul 3

M sodium acetate (pH 7.5) and 440 ul 100% ice-cold ethanol. After centrifugation at

20 13,000 x g for 10 smin, liquid was removed by aspiration and the pellet washed with
70% ethanol. The ethanol was aspirated off and the DNA dried in a SpeedVac for 5

min. The pellet was resuspended in 0.043 ml sterile distilled water before digestion

in a reaction volume of 0.05 ml consisting of 0.006 M Tris-HCl, 0.006 M MgCl,, 0.1

M NaCl, and 0.001 M DTT (pH 7.5). Ten units (1 ul) of each restriction

25  endonuclease was added and the mixture incubated at 37°C for 1.5 hr. The reaction
was terminated by addition of an equal volume of 1:1 phenol:chloroform. Following
centrifugation at 13,000 x g for 5 min, the upper (aqueous) phase was removed and
placed into a fresh microfuge tube. Five ul of 3M sodium acetate (pH 7.5) and 110

ul of ice-cold 100% ethanol (Shelton Scientific, Shelton, CT) were mixed with the

30  aqueous phase and DNA pelleted for 10 min at 13,000 x g. Any liquid was removed
by aspiration and the pellet washed once with 70% ice cold ethanol. The ethanol was
removed by aspiration and the pellet dried in 2 SpeedVac for 5 min. The digested



Barn |; underlined nucl eotides indicate the stop codon at the 3 end of the
10 ket oreductase gene) PCR conditions were identical to those given in
‘'section 1. C except pKR5.0 DNA was used as tenplate and the size of the
reaction increased to 200 NI (volunmes of all components were increased
proportionately). An aliquot of the reaction was 15 el ectrophoresed on a
1. 0% TAE agarose gel to confirmthe presence of a band of the expected
nol ecul ar wei ght (1077 bp). The remai nder of the reactio|26rl‘i’“akgblﬁé?'?)05
extracted once with 1:1 phenol : chl orof orm and t he aqueous phase retai ned
after centrifugation at 13,000 x g for 5.8.n. DNA was precipitated by
addition of 20 pl 3 M sodiumacetate (pH 7.5) and 440.t|l 100% i ce-cold
ethanol . After CcgpLhidHGALWATedkperBedlia, sRal distijled ovatet Go mifimal ¢anepntrationaef
removed by aspiration and the pellet washed with 70% et hanol. The et hanol
was aspirated of P0dme/he DNA dried in a SpeedVac for 5 mn. The pellet
was resuspended in 0. f¢3 BRHPRERIT-deedics tHAR édgment orasbigatsd o BgEYBrBHI- in a

reaction volune of 0.05 consisting of 0.006 M. Triss 006 olvb 2,
0.1 MNaCl, and c@méjpwo('bﬁoidzsﬁ ‘?”éﬁ°‘hﬁ?"[3{\§4"(gll’fls‘))‘bﬁlgé’ga§ r’estrIYng[ion
25 endonucl eage weg @gded: and dhgrrﬁs-micxtp;ﬂ 2.8), 00U DA MaCln 0.08 Mditietheeitgl, gnd  The
reaction was term nated by addition of a ual yo ]-%'Esl .
phenol : chl or of or H00AHM W?ﬁgﬂ@%éﬂﬂ@?ﬂ"ﬁ‘ﬁﬁ?%ﬁ‘%ﬁ”%mﬁé or (%mrrxrlie%ﬁ) t he
upper (aqueous) PRASE.HES wasERYied oanst 168CHoe s hntDNA wasewmhcanireled rud &l ube.
Five pl of 3M sodium acetate (pH.7.

) .and, 110.. 1t of |ce- 6o %-&i hanol
(Shel ton Sci ent i fremovedby|sxaretionpthlarit SF?PS&%‘“QR}&"% pelenan %%ﬁa‘gﬁle%&%gghglgﬂg and
DNA pel I eted for 10, Qadteedt3n@0P aK 18,000ARYg Ifor 1 cnivemndr @hniiged reipgved by
aspiration and the pellet washed on_ce,wi#%e %fi ce col grgswp%ﬂ%ld'in§®?of
ethanol was ¥enoweithtipy Hegpellgl wairigs i & % 't B &G TR SpeedVac for 5
nmn. The di gested, 26 ALGHST waB05 The Sigikd DNAI viabAransfsrmieasiuppeentiecbrpeiest er i | e
distilled water to a final concentration of@&g. Otlﬂégglvm r’TPéo endations.
BspHI / BanHi - di geSPHBPesis (Gkify Fesmolgiies. f1icq APEidiis OHu Mot e ay o
pBNBfZOOO ina 0. Of?ou%mrgecéﬁsfbﬁﬁh(ﬁe@,rwesm ST Bfediuf vastagded| aad thectellogOBn gl 5
PCR fragnment, 0.03 M Tris-HCl H7 0.01 M ini
di thiothreitol, aHdCEerooms A B il cels v 5 %%%%’t‘%qé%ﬁ"%ﬁuﬁf?? Untts of
T4 DNA |igase;{ Pr ﬂﬁﬁgﬁj neomycin sulfate (Sigma) and the plate incubated at 37°C for 20 hr. The

presence of the correct insert was established by PCR using conditions descﬁbcd in
section 1.C except a portion of 16 randomly chosen colonies was the source of
template DNA. Fourteen out of the 16 colonies amplified a fragment of the correct
size. The plasmid from one of these isolates was named pBMS2000-PMKR (for -
20  Pichia methanolica ketoreductase). ,
pBMS2000-PMKR was transformed into competent E. coli strain BL21-
CodonPlus(DE3)-RIL cells (Stratagene) according the manufacturer’s protocol.
Cells were spread onto LB agar medium containing 30 pg/ml chloramphenicol and
10 pg/ml neomycin. Four colonies were randomly chosen and used as a source of
25 template DNA for PCR using the conditions described in section 1.C. All four
reactions amplified a DNA fragment of the correct size, demonstrating that that
BL21-CodonPlus(DE3)}-RIL had been successfully transformed. One of these
isolates was selected as the expression strain and used for all further experiments.
Vial lots of the expression strain were prepared by culturing the cells at 15°C in
30 MISlneo!ch‘Jor broth until mid-log phase (OD600 ~3.5), adding glycerol to 10% final
volume, and freezing in liquid nitrogen. The composition of MT3/meo/chlor broth
was 1% NZ-Amine A (Sheffield Products, Norwich, NY), 2% Yeastamin (A.E.



The reaction was carried out at 16C for 18 hr. DNA was concentrated and
salt renoved by extraction with 15 sl sterile distilled water and 250 |
1-butanol. The mxture was centrifuged at 13,000 x g for 10 mn and all
liquid renoved by 10 aspiration. The pellet was dried in a SpeedVac for 5
mn and resuspended in 5 }tl of sterile distilled water. The |igated DNA
was transforned into electroconpetent DHLOB cells (Life Technol g

Inc.) according to the vendor's recommendati ons. Fol | ow |$ ‘t'g @%Qﬁnat i on,
0.96 m of LB nediumwas added and the cells grown at 37C for 1 hr. An
aliquot of the cells was spread onto LB aggr medi um containing 15 10 g/ ni
neonycin sulfate (Sigma) and the plate inClbated at 37C for 20 hr. The
presence of the S bl [ na. tAsens
described in seéc@%n ccf{a&is éep gﬁg%gf |do%b§sa 6 rﬁdﬁ%g%%sen col oni es
was the source Qi hRith 2024 MeSERTHLEEMDStiendd), 108/ hBnevntydiniseatarmpl i f i ed
a fragnent of the corrett size. The plasm d fromone of these isol ates was
named pBMS2000- Wﬂmtoraﬁ@cﬁpdﬁmmminol i ca ket oreduct ase).

pBVM52000- PMKR was tr sforrre t -
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chl or anpheni col / ne 0|n ] hosen
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descri bed in secfiisRat 15°C; 22A|HPMamﬂ1tHa&mabhedrﬁDsaiml~th &dithis molus, IFTGdkdnt of

Succeast arty tr Sheshaimny waneddn'§ Rk Sicafifin 13RS ERE G R gt Deer
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10% final  vol ume, O@nGhlf saeptdsngf it bivegniglt pipressigencultfiee wapposfereh tof
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2% Yeastani n (A BICTSENR cat aur, 2% gl ycerol ,
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Science), 10 o/ ), NEOMYCHRRHLA 5. Crentiiche ROcd HhpchllbiP (ATRIEAIS 91.5 LEME

Sci ence) .

15  distilled water, 10 pl of 0.5 M dithiothreitol (Sigma) and 12.5 pl of 4X NuPAGE
1.DS Protein Sample Loading buffer (Invitrogen). Protein samples were incubated at
70°C for 10 minutes and 15 pl aliquots were loaded onto NuPAGE 10% Bis-Tris gels
(Invitrogen). Gels were electrophoresed in 1X NuPAGE MOPS SDS Running
Buffer at 125 mA until the tracking dye had reached the bottom of the gel. A protein

20 molecular weight standard (Mid-Range Protein Molecular Weight Markers, Promega
Cotp., Madison, WI) was run in an adjacent lane. At the completion of the run the
gel was transferred to a tray containing protein staining solution (0.1% Coomassie
Blue R250 [Sigma] in 40% ethanol/10% acetic acid/50% water). The solution was
placed on a platform shaker and gently agitated for 1 hour. The staining solution was

25  removed and replaced by destaining solution (1x Gel-Clear Destain, Novex). The gel
was returned to the platform shaker and destained until the protein bands were clearly
.visible. The protein sample prepared from the ketoreductase expression strain
showed a clearly overexpressed protein with a molecular weight of approximately
40,000 Daltons. Control cultufes, either untransformed BL21-CodonPlus(DE3)-RIL

30 or BL21-CodonPlus(DE3)-RIL transformed with pBMS2000, showed no comparable
bands following IPTG induction. Subsequent experiments demonstrated that the

overexpressed protein was found predominantly in the soluble protein fraction.



Expressi on of the ketoreductase gene was controlled by I PTG (isopropylthio-
5 ~-D gal actosi de) induction of the ptac pronoter that originated on

pl asm d pBMS2000. The expression strain was grown in 25 m of

MI3/ neol chlor in a 250 mM flask at 15C, 225 RPMuntil it had reached OD/ oo
om-0.7. At this point, IPTG (Life Technol ogies) was added to a final
concentration of 0.5 mMM The cultures were allowed to grom/overggﬁht (-16
hours) to allow conpl ete induction of the 10 ket or educt £8eA

production of the ketoreductase protein. One nil sanples of the over ni ght
expression cultures were transferred to m.crocentrifuge tubes and the
cells were pelleted at 14,000 x g for uUtes. The supernate was vacuum
aspirated and the c el le éﬁﬁk&ﬁﬁﬁ&md&ﬁ attain
an OD600 of 30. Tenqﬁfngfmtﬁ&ﬁW%' (g%ensggﬁxﬁggﬂg§ﬁgg to 17.5 pl of 15
distilled water, a&ﬁ:tp,lth@éxp&sﬁoﬂ\dudmt\msmmdmduieélagﬁﬁff"&ﬁébWQ °’5°° %
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transferred to a tray contdining protein staining,sqluti g 1% Coonassi e
Bl ue R250 (Si gnn]amdnndﬂm%eeumweﬂ@@ffr}(ﬁé@“%“ﬁ?tﬁﬁ55@/3%? gﬁ‘g}“ The sol ution
was placed on a platformshaker and gently agitated for 1 hour. The
staining solution was 25 renoved and repl aced by destaining solution (IXx
Gel -Cl ear Destain, Novex). The gel was returned to the platform shaker and
destained until the protein bands were clearly visible. The protein sanple
prepared fromthe ketoreductase expression strain showed a clearly
overexpressed protein with a nol ecul ar wei ght of approximately 40, 000
Daltons. Control cultures, either untransfornmed BL21-CodonPlus(DE3)-R L 30
or BL21-CodonPlus(DE3)-RIL transforned wth pBM52000, showed no conparabl e
bands follow ng I PTG i nducti on. Subsequent experinents denonstrated that
the overexpressed protein was found predom nantly in the soluble protein
fraction. 26 August 2005 -30




In order to test if the heterol ogously expressed protein possessed

ket oreductase activity, the expression strain was grown and induced as
descri bed above except that the culture volune was increased to IL and the
flask size was increased to 4L. Follow ng overni ght induction with | PTG
sanpl es were anal yzed on protein gels as 5 descri bed above. The results

i ndi cated that scale-up of the culture size had no affect_on the strains
ability to overexpress the heterol ogous protein. Exanplezéf“&%@t3905
reconbi nant enzyne in biotransformation process is given in the exanple 9.
Amino acid and nucl eotide sequence of kehgeductase protein is given in
Figure 1. 26 August 2005 -31 Figure 1 Sequence of the Pichia nethanolica
ket oreduct ase ATG AAT TGG GAA AAA Gj; CAA GAA TTA TAC ACT 5 MET Asn

Trp Gu Lys Val Pro A n Qu Leu Tyr i TTG GC TCT TCA GGI' CTA CAA ATC
TCC AAG ATT Arg Leu Gy SeYeq®eee dfithe Pigkia methanqlisa Siprefyelast | o 10 ATT GIT GGG
TGT ATG TCA TTC GGT ACC AAA GCA TGG Ile Val Gy Cys MET Ser Phe Gy Thr
Lys Ala Trp GGA GGT GAT TGG GIT TTG GAG GAT GAG GAT% C dy Ay Asp
Trp Val Leu G @T8spAT TERASHAGRRE §TF TEATEHF B AP A AAG GCT TAT GAT

CAA GGTI ATC ?@gﬁgnl.flegrlkﬁﬁ tys dans phbacIyrcAs el myd Yht |l e AGA ACT TTT
GAC ACT GCT GAC TCT TAT TCT AAT GGI' 20 Arg Thr Phe Asp Thr Ala Asp Ser Tyr

Ser Asn Ay GIT TCT GAA AGA CTC TTA GGT AAA TTC ATT AGA AAG Val Ser Qu
Arg Leu Leu G gy srEhged lerAnga lomr 2TAT AR ANE ATT GAT XA TCT AAG CTT GIT

ATT TTG ACT Tyr Asn Ile Asp Arg Ser Lys_leu Val.lle Ley Jhr AAG GIT TTT
TTC CCA GCT (I:W@AAEEA@}W,@F”G&%?T%G’ T‘Le&sgl{/‘fi I:Ii"%leselgheyllaro Ala Pro Qu Qu
Tyr du Ser
10 ATT GTT GGG TGT ATG TCA TTC GGT ACC AAA GCA TGG
Tle Val Gly Cys MET Ser Phe Gly Thr Lys Ala Txrp

GGA GGT GAT TGG GTT TTG GAG GAT GAG GAT GAG ATC
Gly Gly Asp Trp Val Leu Glu Asp Glu Asp Glu Ile

15
TPT GCG ATT ATG AAR AAG GCT TAT GAT CAA GGT ATC

Phe Ala Ile MET Lys Lys Ala Tyr AsD Gln Gly Ile

AGA ACT TTT GAC ACT GCT GAC TCT TAT TCT AAT GGT
20 Arg Thr Phe Asp Thr Ala Asp Ser Tyr Ser Asn Gly

oTT TCT GAA AGA CTC TTA GGT AAA TTC ATT AGA AAG
val Ser Glu Arg Leu Leu Gly Lys Phe Ile Arg Lys

95 TAC RAAC ATT GAT AGA TCT AAG CTT GTT ATT TTG ACT
Tyr Asn Ile Asp Arg Ser Lys Leu Val Ile Leu Thr

AAG GTT TTT TTC CCA GCT CCT GAA GAA TAT GAG TCG
Lys Val Phe Phe Pro Ala Pro Glu Glu Tyr Glu Ser
30
TTT AGC TTC TTT AAT CAT AAT TTC CCT GGT CAC GAG
-Phe Ser Phe Phe Asn His Asn Phe Pro Gly His Glu



30 TTT AGC TTC TTT AAT CAT AAT TTC CCT GGI' CAC GAG Phe Ser Phe the Asn Hi s

Asn Phe

AGA AAA
TCT GCT

Au Arg
Il e Asp

ATG GAA

TGT ATT
Thr Arg
Ser Thr

TGG GCA

ATG CAA
Leu Leu
Au Al a
CCA AAC
TTA ACC

Pro Ay H's Qu 26 August 2005 -32 TTG GIC AAC AGA AGI GGC TTA TCG
CAT ATT Leu Val Asn Arg Ser Ay Leu Ser Arg Lys His Ile TTG GAC
GCT GCC TCT GIT GAG AGA TTA GEC 5 Leu Asp Ser Ala Ala Ala Ser Val
Leu Gy ACC TAT ATC GAT GTA CTA CAA ATT CAT AGA TAT GAT Thr Tyr
Val Leu An lle Hs Arg Tyr Asp 10 CCA AAT ACC CCT GCT GAA GAA ACC
GCT TTG Pro Asn Thr Pro Ala Gu Gu Thr MET d u2fAUqust2AT GaT
AAA CAA GGT TTA ACC AGA TAC ATT Asn Asp Cys Ile Lys @ n dy Leu

Tyr Ile 15 GGA GCA TCT ACC ATG AGA.,GCC TAT CAA TTC ATC AAG dy Al a
MET Arg Ala Tyr A n Phe Ile Lys TAT CAA AAC GIT GCT GAG AAA CAT GGG

AAG 20 Tyr d V | chbpafta Lys TTC ATC TCG
AGC TA(‘ET‘FAETCA(??A@%%%T% %e%fi’ek%%rﬁl\%ﬁ(} n.Ser Tyr Tyr Ser
Tyr 25 16GTVEAAGAATGABeBCALGARVCEAL A0 Ggk A8 & AAT Arg Gu Qu

AQu Leu Ile Ala Tyr Cys Asn GAA ACT GGT GIT GGG TTA ATC CCA TGG TCA

Gu Thr Ay Val Ay Leu Ille Pro Trp Ser. Pro Aspn_ 30 GCT GGT GGA TTC
AGA. CCAIGT SATCIEPACTCSAT 3@ 9% GBLY CAMR AT FTF%Ar g Pro val Ser

26 AugLLSetu %QBSSéx?’%\la Ala Ala Ser Val Glu Arg Leu Gly

ACC TAT ATC GAT GTA CTA CAA ATT CAT AGA TAT GAT
Thr Tyr Ile Asp Val Leu Gln Ile His Arg Tyr Asp

10 CCA AAT ACC CCT GCT GAA GAA ACC ATG GAA GCT i e)
Pro Asn Thr Pro aAla Glu Glu Thxr MET Glu Ala Leu

AAT GAT TGT ATT AAA CAA GGT T™PA ACC AGA TAC ATT
Asn Asp Cys Ile Lys Gln Gly Leu Thr Arg Tvr Ile

15
GGA GCA TCT ACC ATG AGA GCC TAT CAA TTC ATC AAG

@Gly Ala Ser Thr MET Arg Ala Tyr Gln Phe Ile Lys

TAT CAA AAC GTT GCT GAG ARA CAT GGG TGG GCA AAG
20 Tyr Gln Asn Val Ala Glu Lys His Gly Trp Ala Lys

TTC ATC TCG ATG CAAR AGC TAC TAC AGT TTA CTT TAC
Phe Ile Ser MET Gln Ser Tyr Tyr Ser Leu Leu Tyrxr

25 CGT GAA GAA GAA GCA GAA CTA ATT GCA TAC TGT AAT
Arg Glu Glu Glu Ala Glu Leu Ile Ala Tyr Cys Asn

GAA ACT GGT GTT GGG TTA ATC CCA TGG TCh CCA AAC

Glu Thr Gly val Gly Leu Ile-Pro Trp Ser Pro Asn
30

QCT GET GGA TTC TTA ACC AGA CCA GTA TCC AAG CAA

Ala Gly Gly Phe Leu Thr Arg Pro val Ser Lys Gln



GAC ACT GCG AGA AGT GCA AGT GGG CGCT GCT GCG TTA Asp Thr Ala Arg Ser Ala
Ser Ay Ala Ala Ala Leu TAT GGI CTA GAA CCT TTC AGT GAG GCT GAT AAG CCT 5
Tyr Ay Leu Gu Pro Phe Ser Qu Ala Asp Lys Ala ATT ATT GAC AGG GIT GAA GAG
TTA TCA AAG AAA AAG Ile Ile Asp Arg Val AQu GQu Leu Ser Lys Lys Lys 10 GGA
GIT TCT ATG GCT AGI GIC GCT TTA GCT TGG GIT dvy Val Ser MET Ala Ser Val
Ala Leu Ala Trp Val ATT AGT AAG AAC AGT TGG CCA ATT ATT&T TTC%%%B Ile
Ser Lys Asn Ser Trp Pro Ile Ile Ay Phe Ser 15 AAG CCT Aegy BAT GAT
GCT TTA GAT GGI TTC Lys Pro Ay Arg Val Asp Asp Ala Leu Asp Gy Phe AAG
TTG AAG CTA ACC GAA GAG GAC ATC AAA TTC TBA- 20 Lys Leu Lys Leu Thr Qu GQu
Asp Il e Lys Phe Leu GAA GAG CCT TAT GIT CCA AAA CCT TTG CCT CCC TTA du
G u Pro Tyr ValgaRr got Wsodreal ger Rien Acy bea @Sr AT BCF TIA ATT TTA TAA  Tyr

Ser Val Ile Leu STP 26 August 2005 -34 np edugt of Keto Met hyl
Ester (V) by REEBnBrhdht? %f@hgﬂfc%aa%cegﬁéiﬁx%fae%s]igng‘ggé%g-reduct ase from

Pi chia nmethanolica: 5 Keto-reductase gene from Pichia nethanolica was

cl oned and overexpresse i Lchi 8l ke @ald s.aef g&scherichia coli
(expr essi ng ket%%@%c‘iﬂ&%%@@%%&%‘a?% a 15-L and 250-L fernentor in

medi um 5. | ndpctyironlefLéetalyr edacPlas 4t GlEsEheAThiLYScBl* was carried out

at optical cell density (OD) of culture was reached to 3.0 by the addition
of 0.25 nmM i sopropyl -p-thiogal actoside (I PTG as an _inducer. 10 Cells were

har vest ed af t eraT80ANDUEAC GIASWEAT] @Al GAG FEAL 8F2 A% A2Rddfti on of 1 PTG

Cel I's were used 10 ¢at Al yze. 1 kg1 biosAMELEUOBep e Ly sy Y| ester
(substrate V) t©
10 GGA GTT TCT ATG GCT AGT GIC GCT TTA GCT TGG GTT
Gly Val Ser MET Ala Ser Val Ala Leu Ala Trp Val

ATT AGT AAG AAC AGT TGG CCA ATY ATT GGT TTC AGT
Tle Ser Lys Asn Ser Trp Pro Tle Ile Gly Phe Ser

15
AAG CCT GGA AGG GTT GAT GAT GCT TTA GAT GGT TTC

Lys Pro Gly Arg Val Asp Asp Ala Leu Asp Gly Phe

ARG TTG AAG CTA ACC GAA GAG GAC ATC AAA 'TTC TTA
20 Lys Leu Lys Leu Thr Glu Glu Asp Ile Lys Phe Leu

GAA GAG CCT TAT GTT CCA ARA CCT TG CCT CGC TTA
@lu Glu Pro Tyr Val Pro Lys Pro Leu Pro arg Leu

25 TAT TCT GTA ATT TTA TAA
Tvr Ser Val Ile Leu STP




t he correspondi ng (S)-hydroxy nethyl ester (product VI) by cel

suspensi ons. The substrate and the product for this Exanple were as
described in Exanple 15 3. Cells of Escherichia coli expressing

Ket or educt ase enzyne were suspended in 1 L of 100 mM phosphate buffer pH
7.0 at a 10% (WYV) cell concentration. Cell suspensions were suppl enmented
wi th 1001t M ni coti nam de adeni ne di nucl eoti de phosphate %NADP),éhday
phenyl met hane sul fonyl fluoride (PMSF), 50 grans glucosé% Auglast

gl ucose dehydrogenase, and 4.5 grans substrate (keto nmethyl 20 ester,
Formula V). Biotransformation was carriedsgut at 500 RPM and at 28C
tenperature. Substrate V and product VI concentrations and enantioneric
excess of product VI were determ ned bgxdhflb® anal ysis as described in the

exanple 3. The reaction was conpleted Tn lgurs g%%h. I eac i%gi¥ield of -
product (hydr oxyResupripn of Kare Methoh Esiqr AVMD) Reqomgeige fifge t oI e excess
of 99.9% was obt Ketaaeiupigie fromPiskigmethandlica: _35. 26 August 2005 1. A process
for the preparation of a conmpound of Formula (1) wherein XisF,d,Br,lorR;
Yis O, Br, § or RxdRlrddfictivehsid frath Fekroy mathamoliad wisidlamd ahkyterexateksedy | or
(CH2)" COR2; nis an integer from1 to, 10; . I s.CH r NH2; R3 is
substituted or uldiBerichigrek Callggh Escharichipopl %f?%e%éﬁv&%}rm%s Stituted
or unsubsti t ut ed;sap yislr, kyd S15011C eERkaGE i ensditei Gt iInducidn af dempoduntasefin
Formula (I1) (1n wherein XisF,Cl, Brorl;apd, Y, LS. r Y ~ PR IS
substituted or uBEhEEPa RS ,°“%1‘I‘tli’8ﬁ‘§?f ?Jlo‘?e“flg-%ﬁ dédﬂﬂ’?é W%Lfegchg‘ril
integer from 1 tg 3l@py the addition of 0.25 mM isopropyl-B-thiogalactoside (IPTG) as an inducer.

10 Cells were harvested after 30 hours growth in a fermentor after addition of IPTG.

Cells were used to catalyze the bioconversion of keto methyl ester {substrate V) to

the corresponding (S)-hydroxy methyl ester (product VI) by cell suspensions.

The substrate and the product for this Example were as described in Example

15 3. Cells of Escherichia coli expressing Ketoreductase enzyme were suspended in 1-
L of 100 mM phosphate buffer pH 7.0 at a 10% (W/V) cell concentration. Cell
suspensions were supplemented with 100 puM nicotinamide adenine dinucleotide
phosphate (NADP), 1 mM phenylmethane sulfonyl fluoride (PMSF), 50 grams
glucose, 3400 units glucose dehydrogenase, and 4.5 grams substrate (keto methyl

20  ester, Formula V). Biotransformation was carried out at 500 RPM and at 28°C
temperature. Substrate V and product VI concentrations and enantiomeric excess of
product VI were determined by HPLC analysis as described in the example 3. The
reaction was completed in 20 hours with a reaction yield of product (hydroxymethyl
ester, Formula VI) of 95%. The enantiomeric excess of 99.9% was obtained for

25  product VI



R2 is OH OR3 or NH2; and R3 is substituted or unsubstituted al kyl,

al kenyl, C3.7 cycloal kyl or substituted or unsubstituted aryl; by reaction
wi th an oxi doreductase enzyne capable of catalyzing the enzymatic
reducti on of ketones represented by Formula (I1), wherein said -36- 26
August 2005 oxi doreductase enzyne is the Pichia nethanolica ketoreductase
of Figure 1 as expressed in Escherichia coll. 2. A process for the
preparation of a conpound of Fornula (35 mwherein X sF28August@pRb;

YisC ,Br,lorR; R is substituted or unsubstituted al kyl, al kenyl, or
(CH2)" COR2; nis an integer fromi to 10; R2is OH OR3 or NH2; and R3 is
substituted or unsubstituted al kyl, alkenyl, C3_7 cycloal kyl or

substituted or unsubstituted aryl; by stereoselective reduction of a
conmpound of Forrmula (I1) wherein (1n Xis F, d, Br, | or R;
YisC,Br,lorR}; Rl is substi L or
(CH2) . COR2: R% is an integer #%ﬁq&f%%H%%?&%h‘?lg&%iomé%ﬁdo?fIﬁl’%‘?gm and R3
is substituted or unsubstituted al kyl, al kenyl, C3.7 cycloal kyl or
substituted or unsubstituteé~ar comdrising reacting said conpound of
Formula (H) with a m croorgani § 3 suppl i es an oxi doreductase enzyne
capabl e of catalyzing the enzj d_redughiofof ketones represented by
Formula (I1) wherein the

wherein

X isF,Cl, Br,TorRY

Y is ClL, Br,I or RY;

R! is substituted or unsubstituted alkyl, alkenyl or (CH,).COR%;
n is an integer from 1 to 10;

R?is OH, OR? or NH,; and

R? is substituted or unsubstituted alkyl, alkenyl, C3_scycloalkyl or
substituted or unsubstituted aryl;

by stereoselective reduction of a compound of Formula (II)

wherein

X isF, Cl, Bror I, and .
Y isClL Br,IorR'; -
R! is substituted or unsubstituted alkyl, alkenyl, or {CHz).COR?;
n is an integer from 1 to 10;
R’ is OH, OR? or NH,; and
R? is substituted or unsubstituted alkyl, alkenyl, Cs.; cycloalkyl or
substituted or unsubstituted aryl; ‘
by reaction with an oxidoreductase enzyme capable of .. catalyzing the-

enzymatic reduction of ketones represented by Formula (II), wherein said



-37- 26 August 2005 m croorgani smis Candi da sonorensis Candi da boidini,
Candida guillernmondil Candida utilis. Candi da nmal tosa Candi da keftr
Candi da narapsil osis Geotrichium candi dum Rhodotorula elutinis Hansenul a
fabi anii Hansenul a vyol vnoroha. Hansenul a saturnus, Nocardi a sal nonicol or
Pi chia anomal a, Pichia caosul ata Pichia menbranafaci ens Pichia nethanolica
Pichia pinus, Pichia silvicola. Pichia stinitis Sphingonpnas inobills
Saccharonyces cerevisae, Yeast and Ba¥r's Yeas t. The g%d@@@gﬁgﬁogFain12
wherein said mcroorgani smthat supplies an oxidoreductase enzyne is

sel ected fromthe group consisting of Pichia nethanolica ATCC 56510,

Pi chi a net hanolica ATCC 56508 and Pichia nethanolica ATCC 58403, and
wherein said OX|doreductase is a ketoreductase. 4. The process of cIa|n11
wher ei n the mi cr oxideradictass frecis lthe & S plieq ketorad g ,
claim2 wherein é Er%séalggcgg 'E g@ 6. The process of claim2 V\,herel n Xis
Fand Yis R, R3, and R3 is alkyl. T. The process of
claiml wherein Xis Fand Yis Br. 8. The process of claim2 wherein X is
Fand Yis Br. 9 . The proce whi ch
is (CH2)" @CORB and R3 |s‘éﬁﬁﬂ%ﬁ?%ghg}%ﬁﬁgﬁwggg§§h ‘Egﬁggﬁ¥Th§ggle in the
oxi doreduct ase enzyne is a purlfled ket or educt ase expressed by a :
reconbi nant E. coli speci plasm ds cloned fromPichia

met hanol i ca and conprising, ds ences; an N Term nal Sequence: NHZ-
X-X-Tyr - Ar g- Leu- Val - Ar g- Ar g- G a-@p-du-An-COON, wherein x is
an amino acid not identified; ™a T ernal Peptide Sequence: Peptide 1
NHZ- Lys- Val - Phe- Phe- Pr o- Al a- Pr o- G u- 3§ u- Tyr-d u- x- Phe- Val - Val (Leu) - Phe-
Mnxxl%ePH)aDV T

&

wherein

XisF, Cl, By, IorR1
Y is Cl, Br, IorR

"R! is substituted or unsubstituted alkyl, alkenyl, or (CHz)nCORzg
nisan mteger from 1 to 10;
R? is OH, OR® or NHj; and
R is substituted or unsubstituted alkyl, alkenyl, Cs.7 cycloalkyl or
substituted or unsubstituted aryl;

by stereoselécti\fe rcduqtion of a compound of Formula (II)
wherein '

o @

XisF, Cl, Br, IorR';
Y is Cl, Br, IorR

R! is substituted or unsubstituted alkyl , alkenyl or (CH;),,COR2
nisan mteger from 1 to 10;

R%is OH, OR? or NH;; and

R? is substituted or unsubstituted alkyl, alkenyl, Cs.; cycloalkyl or
substituted or unsubstituted aryl;

comprising reacting said compound of Formula (IT) with a2 microorganism that
supplies an oxidoreductase enzyme capable of catalyzing the
enzymatic reduction of ketones represented by Formula (II), wherein the




Peptide 2: N2-Lys-V
al -Pro-@n-Ad u-Leu-Tyr-Thr-Asn-Leu-A y-Ser-Ser-Ay-Leu-@n-1I1e-
Ser - Lys- COOH Peptide 3. N2-Lys-Val - Asp-Asp- Al a- Leu- Asp- d y- COOH.

-37- 26 August 2005

microorganism is Candida sonorensis, Candida boidini, Candida guillermondii
Candida utilis, Candida maltosa, Candida kefir, Candida parapsilosis, .
Geotrichium candidum, Rhodotorula elutinis Hansenula fabianii, Hansenula
ofymorpha, Hansenula saturnus,_Nocardia salmonicolor Pichia anomala
Pichia capsulata, Pichia membranafaciens. Pichia methanolica, Pichia pinus
Lichia silvicola, Pichia stipitis, Sphingomonas pavcimobilis, Saccharomyc_é": ‘

cerevisge, Yeast and Baker’s Yeast.

3. The process of claim 2 wherein said microorganism that supplies an
oxidoreductase enzyme is selected from the group consisting of Pichia

- methanolica ATCC 56510, Pichia methanolica ATCC 56508 and Pichia
methanolica ATCC 58403, and wherein said oxidoreductase is a ketoreductase.

4. The process of claim 1 wherein the microorganism is Saccharomyces
cerevisiae,

5. The process of claim 2 wherein X is F and Y is Br.

6. The process of claim 2 wherein X is Fand Y is R', which is

(CH;),COOR?, and R’ is alkyl.

7. The process of claim 1 wherein X is F and Y is Br.
g. The process of claim 2 wherein X is F and Y is Br.
9 . The process of claim 1 wherein X is F and Y is R, which is

(CH,).COOR?, and R is alkyl.

10. , The process of claim 1 wherein the oxidoreductase enzyme is a purified
ketoreductase expressed by a recombinant £. coli species containing plasmids
cloned from Pichia methanolica and comprising, as sequences; an '

N-Terminal Sequence:

NH;- x-x-Tyr-Arg-Leu-Val-Arg-Arg-Gln-Arg-Ser-Ala-Asp-Glu-Gln-COOH,
wherein x is an amino acid not identified; and an

Internal Pegtidé Seguence;

Peptide 1: :
NH»-Lys-Val-Phe-Phe-Pro-Ala-Pro-Glu-Glu-Tyr-Glu-x-Phe-Val-Val (Leu)-Phe-
Asn-x-x-Phe-Pro-COOH o : ]

Peptide 2:
N;-Lys-Val-Pro-Gln-Glu-Leu-Tyr-Thr-Asn-Leu-Gly-Ser-Ser-Gly-Leu-Gln-lle-

Ser-Lys-COOH

Peptide 3
N;-Lys-Val-Asp-Asp-Ala-Leu-Asp-Gly-COOH.



