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AM NATI ON OF KETONES Field of Invention 10 The present invention concerns a
stereosel ective enzymatic reductive amnatton process. Background of the

I nvention 15 Robl in U S. Patent No. 5,508,272 disclose conmpounds of the
formula , X (CHZ)~ N(CH~mMANOCOOR 3 HORZ-S-(CH 2)~\ wherein Ais
Rt' R ~ as possessing neutral endopepti dase and angiotqggaﬂugﬂpggmging
enzyme inhibition activity. Among these1conpounds is [4S20 [4a(R*), T7a,

| Oa[i]]-octahydro-4-[ (2-nmercapto-1-oxo-3-phenyl propyl ) am no] - 5- oxo

7H pyrido[ 2, 1-b][1, 3]t hi azepi ne-7-carboxylic acid which is ﬂMﬂWﬂmmmmwuwm
undergoi ng clinical evaluation. This conpound is reported i ure
as BM5 186, 716. Robl discloses that the am no | actam portion of «Bifse

186,716, i.e., the internediate S ,N C HZN IO COOCH3 25 10 January 2003
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5 STEREOSELECTIVE REDUCTIVE

AMINATION OF KETONES

Field of Invention
10 The present invention concerns a stereoselective enzymatic reductive
amination process.
Background of the Invention

15 Robl in U.S. Patent No. 5,508,272 disclose compounds of the formula

_X
N (CH,),,
hd
O

| COOR,
H

O

R,-S-(CH,) -G-C-

N
<

wherein A is I as possessing neutral endopeptidase and

angiotensin converting enzyme inhibition activity. Among these compounds is [4S-
20 [4a(R*), 7a, 10ap]]-octahydro-4-[(2-mercapto-1-0xo0-3-phenyipropyl)amino]-5-oxo-

7H-pyrido[2,1-b][1,3]thiazepine-7-carboxylic acid which is currently undergoing

clinical evaluation. This compound is reported in the literature as BMS 186,716.

Robl discloses that the amino lactam portion of BMS 186,716, i.e., the
intermediate

S

C
HN ] COOCH,;
25 O



can be prepared by coupling an al kyl ester conpound such as (S)-2-am no-6,6

di met hoxyhexanotc acid nethyl ester with the N-protected anmino acid . "-P2

( ~ H)2 P1-N-CH COCH wherein P ~ is an amino protecting group and P~ is a

sul fur protecting group to give the 5 dipeptide of the formula S-PZ H ~

(OCH3)2 (i H2)z (i H)s P--NCH "-~-CH COOCCH 3 OH Renoval of the P2

protecting group, followed by acid catalyzed cyclizationg Japdarepo03l of

the P1 protecting group gores [4S-(4a, 7a,

10a[ 3) ] - oct ahydr o- ~- am no- ~oxo- 7Hpyrido[2,1-b] [ 1,3

]t h~azepi ne-7-carboxylic acid, nethyl ester. 10 Robl discloses prepann~

(S)-2-am no-6, 6-di al koxyhexanoi ¢ acid, al kyl ester, such as

(S)-2-am no- 6, 6-di net hoxyhexanoi ¢ aci d met hyl ester converting

Npr ot ect ed L- ek GIPE)%PQWSrybIYéGEWH@at“@“‘ivtl§3tﬁfeqomﬂou%§%h as @l)r%i“i‘}q‘? oo a

correspondi ng dh@deaydieexasdic icidmetfyl bher Witk e Naprdteead (ainim)d3d P3- N- CH- COOCH3

15 then reacting with trimethyl ogihofonnate mthe presence of a strong

acid catalyst, and renoving the- P rotecting group. Summary of the

I nventi on 20 The present |nvent| §50vr des a process for the

stereosel ective enzymatic convers]on“of certain keto carboxylic acid

derivatives to form t he corrqspgr:@qur@o@_kyl am no acr d conpounds. The am no

conpounds prepah enzyhati C proces i nvent.ion_can

conveni ently cd 6‘8}‘& edS ’barPWB p&?}f’cr“é@&?’rﬂ*aﬁ‘a (§)a Plr(?teé“%g 3T°§Pﬁ%§95é§f’anor c

aci d, al kyl 5 estigeptide Ftttedfoemeial t s of such conpounds such 25 as phosphat e,

oxalate or bis salt with a cq oumm?s

N-(trifluoroacetyl)- Lhom)cystsel nhe |( 1--"T')-disul fide. 3 10 January 2003

More specifically, the present invention is directed to a process for

preparing an al kyl am no aci dj&‘o}?pdrﬂﬁz)pf the formula (formula |I) R2 ~COOR-
nono

| wherein RL is hydrogen or |l ent cation or a C~ - Ci S alkyl
(preferably C ~ - C ~o zPsMN ﬁ o€ QpPetar abl y | over al kyl ), R is a
noiety of the formula O Oa noiégty of the formula OR3 0_ 3 10 R

Removal of the P2 protecting group, followed by acid catalyzed cyclization, and
removal of the P{ protecting group gives [4S-(4a, 7, 10aP)]-octahydro-4-amino-3-
oxo-7H-pynido[2,1-b][1,3]thiazepine-7-carboxylic acid, methyl ester.

10 Robl discloses prepanng (S)-2-amino-6,6-dialkoxyhexanoic acid, alkyl ester,
such as (S)-2-amino-6,6-dimethoxyhexanoic acid, methyl ester, by converting N-
protected L-e-hydroxynorleucine to its methyl ester, oxidizing to a corresponding

aldehyde, such as of the formula
HC=0

(?Hz)s
P3—N-CH-COOCH3

15  then reacting with trimethyl orthoformate 1n the presence of a strong acid catalyst, and
removing the P_ protecting group.

Summary of the Invention

20 The present invention provides a process for the stereoselective enzymatic
conversion of certain keto carboxylic acid derivatives to form the corresponding
alkylamino acid compounds. The amino compounds prepared by the enzymatic
process of the invention can be conveniently converted to the corresponding (S)-2-
amino-6,6-dialkoxyhexanoic acid, alkyl ester or stable salts of such compounds such

25  as phosphate, oxalate or bis salt with a compound such as N-(trifluoroacetyl)-L-
homocysteine, (1—1")-disulfide.



wherein each Ris a C - C-~ alkyl (preferably C- - C-~ alkyl, nore
preferably lower alkyl); or a noiety of the formula R4 Ra O a wherein each
Ris Hor R conprising 15 contacting an al kyl keto conpound of the fornula
(formula I'l) R2 O ~COORL 20 wherein Ris as defined above, and R is as
defined above, with an am no acid dehydrogenase in the presence of amoni a
and a co-factor under conditions suitabBe for for mat i oM @fahlery@oodound of
formula |I. The present invention also concerns an engi neered yeast host
cell containing reconbinant nucleic acrd capable of expressing a
phenyl al anme dehydr ogenase 10 January 2003 enzyne and endogenous or
r econbi nant nucleiﬁﬁacid.?aﬁ?ble of ex.ressigg.a %%Qnate dehydr ogenase
enzyne. Brief DeschMioBtiPSRUGHL: HE PSSR YU oy YTieted {0 2prosshy 97 pevarien. The
sequence i s namblbylenhinpyacihemBRB 21 terfventla Corm@efuence | andmar ks i ncl ude
T7 pronoter at 453-469; T7 transcrigdtion start at 452; Hi s Tag coding
sequence at 362-380; T7 term natof at 213-259; pBR322 origin at 3882; and
bl a codi ng sequence at 4643-550 10 Figure 2. Plasm d pET-9b. Figure 3.
Plasm d pPICZ A B,C. Features include S .AOXI pronoter region at 1942; 5
end of AOXI nRNA at 824; S PODRI Nng sité at 855-875; Multiple 15
cloning site at 932-1011; nyc epitope tag at 1012-104=l, pol yhistidine tag
at 10571077; 3vhemr@Rpig dmgenior @ manoyalegcatigoer 1€, dagalky! mﬁymbb[tcll-zia;;
AOXI transcription term.nation region_at 1078-1419; fragnment containing
TEF1 pronoter aihﬁmspieé%@?‘ygwﬂ ﬁ)mRerIS ﬁpoi%%ﬁg‘?‘ééw T ble ORF at
1900- 2274; CYCl transcription t Nnation region at 227S-2592; ColE 1
origin at 2@3-3276. 20 Figuf€<z;& asm d pPlI COk. Features include 5 AOX |
pronoter fragment at 1-948; 5 AOXI priner site at 855-875; al pha-factor
secretion s~gnal (s) at 949-1218; al phafactor priner site at 1152-1172;
Multiple cloning site at 1192-1241; 3' AOXI primer site at 1327-1347; 3
AOXI transcri pt PORYMURMRMIBR regi on at 1253-1586; HI S4 ORF 25 at
4514-1980; kananycin resi stance gene at 5743-4928; 3' AOXI fragnent at
61226879; Col El origin at 7961-7288z3 anpicillin resistance gene at
8966- 8106.
10 O-R?
3
whereineachR isaC, - C,, alkyl (preferably C - C, alkyl, more preferably lower

alkyl); or a moziety of the formula

: 4
O e R
4

wherein each R is H or R’ comprising
15  contacting an alkylketo compound of the formula
(formula IT)

7 >COOR! H

7

O
20  wherein R 1s as defined above, and R' is as defined above, with an amino acid
dehydrogenase in the presence of ammonia and a co-factor under conditions suttable
for formation of the compound of formula I.
The present invention also concemns an engineered yeast host cell containing

recombinant nucleic acid capable of expressing a phenylalanine dehydrogenase



Figure 5. Plasmd pGAPZ A B, C. Features include GAP pronoter region at
1-483; pGAP forward primng site at 455-476; Multiple cloning site at
484-563; nyc epitope 30 tag at 564-593; polyhistidine tag at 609-626; 3
AOXI primng site at 711-731; AOXI transcription termnation region at
630-970; fragment containing TEFL pronoter at 971-1381; EM/ pronoter at
1382-1449; Sh ble ORF at |450-1824; CYEl transcription 1@ UBhoatyi 2003 egi on
at 1825-2142; ColEl origin at 2153-2826. 35 Figure 6. Plasm d pGAPk has a
S46 base pain (bp) Bgl 1/ Notl fragment from pGAPZ containing the GAP
pronoter and the Multiple Coning Site cloned into 8980 by BanH / Not |
fragnment of pPI COk. 10 January 2003 Detail ed Description of the Invention
In the above SRBTAAESIEPEEIRABHIVEFEHRInaARTQAFC a¢iA carablerofiexpsessypg formmpateni um
pot assi um sqéhymgeaa@mkm_ and the like. It is preferred that R is
hydrogen, ,_ ammonium |ithium or potassium and that R is a dioxol ane
noi ety of the formula O JIO 10 15 20 25 30 It is also preferred that Ris
| ower al kyl, especially met hyBrietBesariptionof diePrasvingeducti ve ani nati on
process ofg the invention conpnses the conversion of

5- (1, 3-di oxol an- 2-yl) - 2- 0xQ- tapoic acid to :

2L 3 df oxoraine )y Pt RO S AhesranEae biyiersd 1y bt HBRIFPGIERBHe ot al
by reductive Seauerat lokmatisdhclide Hepioatoed abéd 30469, O7 @aasvriptomstar at 452;

dehydr ogenaseN N@&?HF G RS I N ARa Al h;l[gjg - lithium
The term "al EH]IS'I'ﬁérC a %q as ugée er’?i%wea g%\tg EE)lrzl’:%tszsg’ par ﬁ%gég{r)\%tt her
group, denot eXB8IuaH Hpeodinaripencas$443ui3®8, but preferably unsubstttuted,
strai ght @nd branched chai n saturated hydrocarbon groups, preferably having

1 to 10 carbops in the norpal,chain. Exenplary unsubsituted such groups
i ncl ude met hy ‘,gurg{}hﬂ]?mﬂﬁ(?g?fg,b'i sopropyl, n-butyl, iso-butyl, t-butyl,
pentyl, hexyl) isohexyl) heptyl, 4,4-dinmethyl, pentyl, octyl, 2, 2,

4-1ri met hyl pepioyle 3 NQRhid g@l@@z o B0d Hehirdsiifiude 9161 B AHbmBIL T RY - De
substituted bé appr O‘ﬁﬂg,f!e’f% substituents (gr ovi di ng. conpounds suitable for
use in the pré&ent °F ¥ oMM aifitar Y1 SHHBEMINEHE St 815-8 s MIIRBIE gr oup
i ncl ude omg otlofdEeite Mreertab] yyd dpitepe Ag af EWAF,04¢ hpdyidstglininag at SGMD
groups, or io 0 ot @V s " rehn,denot es al kyl
groups havi ng‘i‘@f;% §6é(a?%%§\?§§%$suﬁg\é§§9’§dgé{‘ng%ﬁﬁtg&?]@ghﬁb&)cess of the
present i nventrResqripen Ereinadveareiaget H78piidAutignsnarerenaingi i pecomneter dtesul t .
The process pniymrigdy EMBhrdmotenat 3203001 wE ORFtNeHod-bany, @y@cem-c m xture
of preferred and unﬁretf erred enanti ?Jg-?rs 9Ad8I1tEI onal ?gﬁ t, s of
particul ar enJBHCHRRSTACAIYETERA £33 & CYEd ioRgine @%’ nti ospecific
reducti on28onpared with nmulti-step chem cal syntheses. Al so,

Figure 4. Plasmid pPICO9k. Features include 5° AOX!/ promoter fragment at 1-948; 5’

AOX! primer site at 855-875; alpha-factor secretion signai(s) at 949-1218; alpha-

factor primer site at 1152-1172; Multiple cloning site at 1192-1241; 3° AOX! primer

site at 1327-1347; 3° AOXI transcription termination region at 1253-1586; HIS4 ORF

25  at 4514-1980; kanamycin resistance gene at 5743-4928; 3° AOX! fragment at 6122-

6879; ColE1 origin at 7961-7288; ampicillin resistance gene at 8966-8106.

Figure 5. Plasmid pGAPZ A,B,C. Features include GAP promoter region at 1-483;
pGAP forward priming site at 455-476; Multiple cloning site at 484-563; myc epitope
30 tag at 564-593; polyhistidine tag at 609-626; 3° 40X priming site at 711-731; 40X
transcription termination region at 630-970; fragment containing 7EF/ promoter at
971-1381; EM7 promoter at 1382-1449; Sh ble ORF at 1450-1824; CYCI
transcription termination region at 1825-2142; ColE1 origin at 2153-2826.

35 Figure 6. Plasmd pGAPk has a 546 base pair (bp) Bgl 1I/Notl fragment from pGAPZ
containing the GAP promoter and the Multiple Cloning Site cloned into 8980 bp
BamHI/Notl fragment of pPICO9k.



10 January 2003 particularly when the reduction is catalyzed at about 40C
and anbi ent pressure, one obtains high conversion fromthe ketone conpound
to the desired enantionmer of the correspondi ng am ne conpound, and high
enantionmeric purity of the am ne conpound. 5 For the enzymatic conversion
process, if R is a nonovalent cation, such as Li, typically the isolation
procedure involves |owering the pH \M*gch converts the c#bygAuag 2003The

am no aci d dehydrogenase enployed in the present invention may be any an no
aci d dehydrogenase capabl e of catal yzing the stereoselective enzymatic 10
reductive am nati on descri bed h .,Enz tic mcrobial materials as
the source of the enzyme may—b&%nnf A the M FED St ate or i mobi | i zed
on a support such as by physical absorptlon or entrapnent Sui t abl e
enzymes, regardle r € ed to as
amino acid dehy drgggxgag@ée'fgtfﬁmﬁ’sﬁhé’}{{o%é’alerﬁ gtlchh&%%e @FX{S%@E ?{tﬁh&b an 1n
enzyme i sbl aPe@ssiyBnsodiug, @Wl@ﬁﬂ@é@ aé lwreﬁgﬁég’@thlsmdwpm,

suspensi ons, LAl draned;dindl Ltf#&as@&g]@famﬂmﬁemaral KA Allet fa'%ﬁﬁfsm yl ose
chr omat ogr aphy, ammoni um s actronation romat o raphy using gel
filtration nedia such as_Bephacryl (crosslinked co-polynmer of allyl dextran
and N, N -nethyl ene bisac & m de) chromat ography, and i on exchange
chromat ogr aphy such as Mono=Q 20 (ani on exchanger which bi nds negatively
char ged b|onﬂtscmquekhubmgﬁkquamexa&yyeannmﬁygnﬂups) chr omat ogr aphy.

Al ternatively, eﬁl—{e figst ?k\’e?rea%dﬁ@ttweoﬂmﬂﬁt(? & of e 1dv'é}{§&¥ %o%r{ggs}’thgse

intact cells or acts as source o e enzy respect to
the use o m“@Pb‘HF‘@&ﬁf S -delane Hod- qsqonqaéanaw&@ﬁp >r(r11@e¢19m%n%ﬁ by
carried out Lﬁmﬂg-paxﬁtﬁncﬂ5aﬁdl([t-am'sﬁlerﬁtmﬁtﬂ REtalylyeeduatise aapatdrewhichéat al yzi ng
t he ster eosel&g)cl (%ymati c reduction described herein. For exanple, the
cells may be u e formof intact wet cells or dried cells such as

| yophi l'i zed, spray- dr| ed or heat-dried cells, or in the formof treated
cell materi aI such uptured cells or cell extracts. Suj |l e

m croor gani sns i ncl enera from bacteria, yeasts and fuyngiy for exanple,
Bacillus 30 sp. syCh & 13.—salbhtilis, Sporosargina sp. gf noact i nonyces
sp. such as T. infernedi usamind acliedehydrogenasase of gehetically engi neered
organisnms is al cont enpl &tkéd. The host cell may be cell, e.g.,
Bscherichia coli, Pichia palHis, and the like, nodified to contain a gene
or genes for €68kNY one or nore amno acid dehyd enages 35 capabl e of
catal ysis as descri bgd herein. As explained in nortgNdet @R her ei nafter,
certain pr, ferr e nisms of the invention also express a
second enzgrre t%'% 1rQe eﬁgm ? 9”? € ¢o 7 10 January 2003 factor (such as
formate dehydrogenﬁbé)em‘f’h@ymﬂéf@ik aslesied hengtrodpneypriap p ag eE gndhasgyoUPe can be

tel t EerI endoglea@ﬁb%emcl?sﬁmilrﬂan Edb)étn@]@ﬁ' m?&ft&abrytl@lsmam&%l Stralgf aﬁ&fCOfT?l ?ﬁnt
echnol ogy rticular re red to e m cr 0or g 0 e
genus Pi chi a, tha“ﬁtéﬁ%ta hainy Séwfi}ec%/lilkp g’é’?‘é%o‘ﬁs n§ %}al}'slfadf‘b % PR Phie
strai ns Pichi emopaaitcbams EAdraplafAadedbsanad E’ﬁatfgraunmasd:lodetmethiﬂ()élh?lﬁ}@ﬁﬁayl Anot her

f d 7 ot
Prefeeregrteo ?Lg 2 ?d?g'l%lﬁxt%w%lbu@]_%uﬁ@%'&ﬁglmﬁyL‘_EBH&& é{g{ 46]13 ﬂ@l ere| n
Pat ent Deposi tASPYL 088 2 Uhirrastaylpgptdonarys sy aNﬁH@ég‘ﬁsThVNkZb?HBpsgg@g ‘he

deposi tory f orbetshiestiotgdby sppropefaes substithents pioeidir compounds suitable for use in the
present invention. Exemplary substituents of the alkyl group include one or more,

preferably three or fewer, chloro groups, bromo groups, or iodo groups.
25 The term “lower alkyl” as used herein denotes alkyl groups having 1 to 3
carbon atoms.

The reductive amination process of the present invention has the advantage of
producing an enantiospecific result. The process primarily yields the S enantiomer
rather than a racemic mixture of preferred and unpreferred enantiomers. Additional

30  advantages of particular embodiments include, for example, a single step

enantiospecific reduction compared with multi-step chemical synthesis. Also,



10 pastoris ATCC 74408 was deposited with the ATCC on March 26, 1997 under
the provisions of the Budapest Treaty. Pichia pastoris ATCC 74433 was
deposited with the ATCC on February 13, 1998 under the provisions of the
Budapest Treaty, and E. coli ATCC 98374 was deposited with the ATCC on
March 26, 1997 under the provisions of the Budapest Treaty. It is also
parncularly preferred to enploy cell &5 extracts or tsohetladuenz0@3 from
t hese organisns (m croorganl sns) mthe present i nvention. The

st ereosel ecti ve. e uction th resent. invention may be
carried out §ﬁﬁ§8@é§ﬁi‘f ep etrﬁ UGUAR HETHE ¥4 gn‘t oyt ﬁ@ (ﬁ?‘@raﬁg?ﬂﬁm?ﬂ’}r%r?ﬁ%yed
(twost age ferdﬁmnﬁsa‘ﬁglﬁmrﬁmdlomdthmthedd&)o,ne(abmpmmdubItl&?rﬂelstyed frangoménof thdat i s,
inthelatter i f si ngl e- st age
fermentation angs%ﬁgﬁagtaﬁﬁna)&nfmh#%gﬁ él Ieggét%%ﬁ essElé ?‘ﬂm(e

m cr oor gani srmrrmayn e grown in an appropriate nedi um until sufficient

growt h of gt he m C%Qiﬁaéﬁkﬁﬁﬁld Sondérkidh e&esﬁfqorrpwﬂelo@ilexﬁ@mmﬂ duchlas MY then
be addedtOthe%% ﬁl cul tures an%b ﬂoe stereo&_g ive en mat i c
Ceduct i on cor?PRRIBAGCRIPREEMER T AN oD Firer e BN eont TN F Lkl
conversion isto2b obtained. In the two-stage process, the m croorgani sns
may, in the first ﬂ)@ﬁ’c ntation
until exhibiting t-ﬁ{ az%gg? ?ng% zZyna deHa @eﬁ@r‘i ltﬁ&?es?@ghgﬁnﬂtl&g%n 3 %Erﬂﬁy
activity. 3ub@eqeéﬁeld;9hyctrﬁ@né%qqa@a%9f %‘g Wan%@tseép%g}e%memm@u on and

i crobi al ycel fedgdiivpanshabion dBdceiBad BsteiBy EagpRanirigiciodly afteidiseehhcsSsofkei N an

appropnate bu red solution. Buffers such as Tris hat e, , sodi um
Bobtate and t HOEF FRATTRIOLE Sradtyedia s RS pep B e B e Sich 3
suspensi ons obyphwrcabambrpuehbsemtaprrtehe second stage, the conpound of

Formula |1 may be Shigft lohMled Bl e 0PLakinGe bliri S URRBISE RS mARelfifto

st ereosel ective enzynmtjc feducti on, of r{g)feg talyZed by til
mi crobi al cel PS ¥HEPERE;d5RydragRaasesd BE FW“?CSC e 3“3@52“8 Badfctred unt| I
all or neasl yexadykneoéolﬁthefrcmrmmwmmbrgimﬁmsmhnlaablyIhomgeﬁﬂhé@ﬁlbh&pénsmh,y

reduced. }810%%8%Qrdli(ﬁn?x‘é’%ﬁrtl?gﬁé‘BX\@th%n %éﬂﬁfca c%%’l!h?o%tég r&e achi eved

by one of ordinar & nedi um
Appropri at e maeimEnfusR Slgfaéﬁ/\frmlomltwmbrgmmogmhv H@P%ué@ ftlhéiscel wgdig puchrasvi de

NULFT ent s Necesaaky| {@bssliteddioOiinglorals! dexk N, Nekktmyloot ypi cal medi um
for growmh in ludeF % F‘g’ carbon ourcer\g nitro en sou and trace
el ements. Ind Lsé?‘y aﬁﬁgeéf aReraRiyednd PREXE P%ﬁﬁhf?f&%fe ABhy she &% "Retdei n,

i ncl udes aoy c(mmnocuuﬂang&hazhmhmy]dsmlegatwemmfgeﬁhmndﬂmutee@remgtquﬁ&mary

reductive am O n the mcrobial cell. such as those
conmpounds con{lgéllr’u oﬂfﬁécw&%to\gﬁ%%l:or mul a | conpounds may_ be aded as

i nducers during gr eﬁ’%‘f"elb’h@eﬁ?d@f;‘(b\tfrﬁ%\lﬁ?% Pregsss @@hemveatpqryméhgﬁen@é?ted
yeast and bacteené &l cel@xaidid s £ourRtdTaR0dnzame. Maonfemydtobtea@e@al act osi de

(I PTG, respectivel are ncl ude sugars
such as nal t oS8T é%a{n thg Inheglb O%l?r?fgfegggwggfoné%y l?e cag%%bqut[ gt'"e &l r ose,
starch, nmeoni tsoltablp rrocpybneh:eatghyl@ otpableraf catabyzingkke stcmgwmct:vemzslmasuc h as

sodi um f or mat %d&%h 'aagcas@& Rdr&in. ?8\%)&&%&& fieAlefls nagﬂ@em% ih kheEror@ ¥ RRacl ©
aci ds such as sod Ili?ﬂqm am‘ilte an t hanol ,

ethanol , propafiice %’Chﬂﬁ‘{YPBB‘e‘ﬁe‘téﬂﬁ‘XBgeﬁ'ﬁ@hqane‘llipz‘éﬁﬂkoz BiSre A,
corn steep li qﬁoﬁnpfmed)ealnnmteadﬂ sudﬂem‘mpmterdaaetlsor oetlestracxt $witbl, yeastam n,

nol asses, bake 1 r

rmont um su f aisToot B ENEE 0 hhap, BER A0 ud 0t WEME TR
nmagnesi um 3trantpadchics Be sybiilisnipoceBEding sthi émoaqnﬂwceéwswh%ﬁnﬁ pot assi um
sal ts. The nedinwmmedmnt eyetheTie. | ncl ude nore than one carbon or mtrogen_

o ceous e un nitt Ry eSS BU AL SEr PR I EREE AR SRk 1S
Conponent L- pheesil mbhybé mBOieﬂ%\E ,&m}zﬁgclﬂgwledg;cugpmtm endg@0ike, modlﬁed to
K2HP040. 29MNaH2BG40, 1 208 BRI FRBl er uminSAR G0 0ZHRIASE. 5 -

6.935 A preferred ne |umfor Ecoll 'S an aqueous nedi um havi hg the
fol | owi ngcé?rpoﬁiéﬁk’k? catalysis escx)'lbed herein.

As explamed in more detail hereinafter, certain preferred engineered

organisms of the invention also express a second enzyme that regenerates the co-



9 Conponent NZ Am ne AlYeast am n2%43 ycer ol 25

Na2HP040. 6%K2HP040. 3Q4) 25040. 125%°r opyl ene gl ycol 0. 05%vwS04' 7H200. 0246%4.0
Kanamyci n0. 005% sopr opyl a-D-thi ogal act osi de0. 00238%pH 7.0 - 7.2 10 January
2003 Preferred nedia for Yeast is an aqueous medi um having the foll ow ng 15
conponents (in weight 9% : Medium 1: Conponent Yeast nitrogen base

wi t hout 1. 34%20 am no aci dsPept one2. Oi 9Yeast 10 January 2003

extract 1. 0% ycerol 1. 0%kt hanol 0. 5925 K2HP040. 282, %KH2P041. 14%Bi ot i n4 X

10- 5%Anti foami.e. A2890.01%H 6. 030 During growth of yeast on nedium 1,

t he net hanol concentration was mai ntai ned at about 0.5% by net hanol feed as
required. 10 10 January 2003 Medium 2: Conponent Pept one , 2. 0%reast
extract 1 09 f@iterdessézs oyt dehydrogAR860 The nubkeiglcEl aicading phik sfconche medi um

i's preferabl y,adhe é‘h%tb%céltﬁg e'il\lae&gnoﬁsé ge%etxﬂﬁp%ﬁgh&ge&’ﬂ%"thlgeﬁ g particul ar

medi um sterilized, at a tenperature of for 30 mnutes, and
t hen adj ustede‘tot’i’bénf’d‘ééeF'f‘%‘P%’ pH, after sterilization The process of the

present inventioniis paﬂrcﬁmﬂwaefemaﬂb eﬁqmq‘ rhic@db&gdi%nﬁsadﬂtﬁe gafusmrhra ng the
desired caqnpaou

i nt o ned bt il PR ikt LT B P PP BB A 8,
during 15 the74§}98)md11°t§f”arﬁaé406@r@ﬁﬁCsW3DJAn¢tgertm egeeprganismag £ ¢adi r educt i on

pr octess \thtm«tc@eswr?mew me:@:rxﬁa%efd%ré"ﬁ} %fé}@ E DB a8¢FBsion h@m?é‘r‘ of the

mai nt ai ned between abou N efera ature is a
measure of thé‘“ﬁ’é%i’t“alg'rﬁ’@rcdgméﬁl(g?l?e%?‘é Pt F\%’Sg?‘é{r g(gsz%q&‘i’?@ QHEY?F‘ilon
process, and Namaska, & G0l :2109ethetdepasitsnyr for the atgantser efdreedsof Pickicent ener gy

20 availapl e fafo | Ac@AEEsTas ARMldARleE ATRY: Swa?cqug& Rlaet [ Pr ocess

of the invention s froma abo enperature
range is fronprapsiens obthe Bugdppast Two@. PPﬁ@s{ElélﬁoelS A G{bt 44330vas deponied avitht i cal

to ![oracu ﬂ? OfnetdrECC BM@@EﬂuﬁW BN Hog0indePIRY BRIVENGR o@h@guﬁgé@% W8y, lafid E][ ets?]ure
is ica e 0 m G ni s rocess o e
venti on 13 GREREYCaS R a et iR é@@aﬁ%are%ﬁ@. OB HBIRE S0 ot o
and aeration pfovistoms oétetBuapest Xtaarye lafsfabsotpartichiarigmoefatredoto empigecellavai | abl e
during the feégﬁgk%' ] QG6RRs 386 hOg o§5a%l;sﬁ$§§xl ﬁ&ééa}(ﬁsxﬁ%%%é é}@sem ocess

whi ch nay ucte or exanple, 1n sha tures or fernentor
tanks during §rVEWM- of m croorganisns in a single-stage 30 or two-stage
process. The agi tatrheﬁtefeaftg@nf\éem\&QmE@ecﬁG@orRRMhb@opfhefpeersa;hxhﬁven%ﬁh1a§0 to

100 RPM bei ng, nost. refe 7-ed Ae atFJ on 10 volunes, of air
per vol unme of bﬁgﬂ“e(ﬁ)out UL e t?%‘ Pyt aﬁow)wlﬁ)mlcrs?oﬁﬂglrseﬁ%ﬂoy %o
aeration of alstage feﬁmwhm@ddtdmnpnper canghumerglycheramdh,ghgas, inihedateer €&ey/ v/ m)

bei ng nostopr gl ex Ezﬁﬁ ferhdentall6n hEAMALARR (RRAESRS . FSmPRMafiOH meuﬁuﬁsn? %Ond
stage after growh of the 35 mcroor ani sns en i s not known to

requi red and r‘rlﬁils"ﬁ%e 8@5? PRRSFASANE Mg, TgéF‘éméW@Fgf%'ﬁP ‘&fa“taﬂ?BrocPB‘?rﬁdﬂﬁﬂib‘m&f

Forrmul a 11 maywuntibkeficimrgrexdndltie) microorganisms is attained. A compound of Formula II
may then be added to the microbial cultures and the stereoselective enzymatic
reduction continued with the fermentation, preferably until complete conversion is

25  obtained.

In the two-stage process, the microorganisms may, in the first stage, be grown

in an appropriate medium for fermentation until exhibiting the desired enzymatic (i.e.,
reductive amination) activity. Subsequently, the cells may be harvested by
centrifugation and microbial cell suspensions prepared by suspending harvested cells

30 inan appropnate buffered solution. Buffers such as Tris-HCI, phosphate, sodium
acetate and the like may be used. Water may also be used to prepare suspensions of
microbial cells. In the second stage, the compound of Formula II may be mixed with
the microbial cell suspensions, and the stereoselective enzymatic reduction of the
compound catalyzed by the microbial cell suspension. The reduction is preferably

35 conducted until all or nearly all of the compound of Formula II is stereoselectively
reduced.



fromabout 4 to 48 hours, preferably about 12 to 30 hours, neasured from
the tinme of 11 10 January 2003 initially treating the conpound of Fornula
Il with a mcroorganismor enzynme as described herein. The stereosel ective
enzymati c reduction nmethod of the present invention is carried out using a
co-factor. The co-factor serves as a nediator for reduction of the 5 keto
acid. The amount of co-factor is usualdy about 0.0~ to aponuary®bo3
preferably about 0.5 to about 1 iriN1I. Co-factors useful in the present
invention are nicotinam de adeni ne di nucl eoti deg&NAD)) reduced NAD ( NADH),
ni coti nam de adenfOrewd of ks BisreIBA RSB AR PLAGIAEPPY oBn af ordmapedil

_(NAlDPH)d NbSTartﬂinﬁ@lﬁsfeQ)l(fahSp (‘)tle\lfgabaiuufeAﬁﬁromaccf)fra@fra%r %fw[r%qm red V\Qen Sn
I sol ated enzyne 1S e (0] or, ex e, na e .fegener an
oused.  Ro. o TUFRPTEAG PR e ek Sy e Pite SRl e iy 5 AEBRRRLFT B8 Foans
f or regener atmiorbias ctlise Aitypicef medismdfongromjipmchilessmeepssaryt dagtonrseysesr at es t he
co-factor s s 3&#90 3 sOREIRLR ARRIRARNaRAEE Dy 2160 BcaRRd dehydrpoenase,

al cohol dehydrogenase, and the |ike. Suitable er%}droge donors_ | ncl ude

mol ecul ar hydiwsest - a1usebRBeineingifes any sPmpowns srapRepgpiqgmatiofoffhg dgsiredrpt al
or 15 amoni wiz§nsitiedea)ctivEamifiatiah actbdiycritton tHeani@robidl sell.alictdastthéseni te) or an

el ectrochem cal reduction.i h resgnce a_Vvi ol ogen r nmet hyl
vi ol ogen, al soERR" Secol?%lendpg rér%o gmgl?sé'f g?rfneu%? e_C moo&hﬁ%sn%gy Rﬁ\%&grag({}g%g%gduri ng
t he reacti on dusingredvethabitie mistadrgatisn FABMcHgalyrngnerigd typashanst bacteright e t o
carbon di xi dgitdsds Rkl fd ib%pr@@‘}ll@%'g@ﬁct@ﬁid@kl‘_P?Qﬁ,efeM%cQ‘l/él'f,QPd €ocdci d using
gl ucose dehydr 8genase. In a 20 preferred enbodi nent a single host cell
strain is useff¥€™a source of both PDH and FDH. In an especially preferred
enbodi ment a r econfarbamsouncesemyi indededhghe stcicaslrhaliose, Useoseaglubse Wridesesour ce
of the am no ' 0 ReGhall a : t he
FDH. It has b g?\gﬂﬁgﬁgg@t %P%égﬁ‘gggvereg&f %rz;)? ggn%ig?(gi ?nedghgﬁyéﬁ?%aqnqcfor use
in the presengcidssuehas sadium farmateppediyrg apriale gediumparinate agRe Hkt: aBiqy j s

engi neer eqls 25,4i@s MXRHESSiNE GRiihAand MPhike; kit afloBSls bl astth@hdrRY @thafdl,
endogenous FDH acti w(ﬁy |§(§| ncreased as well. Another preferred organism
for use in thBBPRUERL edléntion, i.e., Pichia pistoris ATCC 74433 is

engi neered to expr Nitsogeotsburcesgombinpiane NFDemaredA raecostbdpnlamior, EBHbedntméag,
preferred 10 SEIQ¥aAl R EAHR [ AWafhiRSndifIRcd SARHS A IRAIMR., AlLigUON SO
an organic liquid, or_a msciblé or 1nmscible (bl phasic) organic/aqueous
li quid ni xt ur @RHAYe. SpEBMPUrEggNEYEdum sulfatg angd bedikeed to enploy 0.1 to 25
V\Birﬂg)ht OdA)Qb tEe C]?mur&cbmﬁntsﬁﬁdéyﬁldhlgdé ph&bRdiés 4hd é‘d‘i@heﬁhlﬁl mb@aebepa}lctihm,

conbi ned wei ght t compaund a ction medium The anount of enzyne
or m croor ganicgtr’ﬁ'chef]}“éngl’ ”§“’ 58%1'“1 angptogaggﬂrgsgt%rti ng 35 material is selected
to al |l ow cat al ysi s Tbf madiuns ewployedmay iriclusle sppry Hanoae FEHOR 01 HHOZM HES
present inventdr@ther nutdientl0 January 2003 The products of the stereosel ective
reduction process of tgqe%ﬁresdent |&venti on nmay be isol ated and .lﬁ)urif.i ed, if
desired, by known rPHETEE SRR &ydberaoqghnatycendh i SHFQYS TR favine
crystal | i z#t i ahe fatlowimgcortponems Ggrepghy %o)and the |ike. A preferred nethod
for separating the i conmpound of Forrmula I from5 the remaining
conmpounds of the re(%tﬁ;—réé—c{&%&nedi umis concentration by renoval of water, then
addition of nethandi-PhEVEdRe| |ize ouf->he anmino acid. Preferred anino

aci d dehydr ogenasesNzghidk Aherein are 9@ ected fromthose amno acid

dehydr ogenases acti eeasy\%)gtpa& he above-d%ssr;,/i bed ketone of formula Il. Such
am no aci d dehydr ogehasés 1 ncl ude alanih%°dehydrogenase, phenyl al ani ne 10
dehydr ogen#se, Ieu%ﬁﬂépgéhydr ogenase, é)@./t’arrate dehydr ogenase, valine
dehydr ogenase, and Nii¢;POke. The presentl%nvention al so contenpl ates use of
two or nore am no acid dehydrogenases, particularly when using whole cells
or crude extracts. Mg8O4HHd aci d dehyd®Jenases useful in the present

i nvention are typi C?x1tffé’anf] rom QA Magdet y ffpopl ant, animal, and microbi al
origins. Alternatively, the enzymes 15 useful in the present invention may
be obtai ned by syntR8ti%X-¢Bans, c.e., chenical synthesis of the pol ypeptide
fromits cegponent arréRrradhiddiunbisr FEEJIO thankiaawdus niedidm sevind therfdllsvany skil |
in the art. For exan‘gl(% t he S)Qi.i d phase procedure described in Houghton et
al ., Proc. Nat FOmpQAgHts (B \Weigkh™) 5131 513 (1980 may be enpl oyed. The enzynes
may be obtai ned by production in prokaryotic or eukaryotic host cells 20
expressing a DNA sequence coding for the desired enzynme (endogenous or
reconbi nant), or by cn vitro translation of the nRNA encoded by a DNA
sequence coding for all or part of the desired enzyne. Techni ques for the
production of pol ypeptides by these neans are known in the art, and are
descri bed herein. Specific exanples of enzynes useful herein include, but
are not limted to, beef liver glutamate



25 dehydr ogenase, al ani ne dehydrogenase from Bacillus subtlclcs,

phenyl al ani ne dehydr ogenase from Sporosarci nha species, |eucine
dehydrogenase from Bacil | us sphaeri cus ATCC 4525) extract from Thernpactcno
cyces cnter~nedi us ATCC 33205 (source of phenyl al ani ne, al anine, and

| euci ne dehydrogenases) and the like. A preferred am no acid dehydrogenase
i s phenyl al ant ne dehydrogenase (PDH).g30 The process ofmh;gnhgwam@g)n

requi res amoni a. Amonia i s needed because it supplies the am™no group for
the am no acid conpound (i.e., the conpound of fornula |I). Sources of
ammoni a i ncl ude NH40H, urea plus urease, and HCOONH4 . The anmpunt of
ammonia is typically equinolar or greater than the amount of keto acid
conmpound (i.e., conmpound of formula Il). 35 Conditions for the enzymatic
reductive am nati dorpp@esss can vary w dely depending on the type of enzyne
enpl oyed. For exarmk , ifngr the Tlrer ioacti poryces [ format e dehydrogenase
conbi nation. a tenpérature of about 13 16 January 2003 35C to about 45C,
preferably about 49@sfaghna reacti on time oR%bout 12 to about 48 hours,
preferably about 2§j/enrs, is typically adegyate. The process of the

pr esent irbventi on I(Igélﬂ-l’éf in high yield of otdae conpound 5 of forrmula I. A
typical yield is greater than about 80% préfterably greater than about 90%
more preferably gr&aHBP4t han about 95% and-3¥6st preferably about 99% The
present process al @4@sohts in excellent qptisepl putity, i.e, production
of the desired S enantjoners relative to the undesired R enantioners.

Typi cal optical puPFOPyWF‘%g'QF@at er than abo036% preferably greater than
about 99% The conpuglsriypduced by the refygibye am nation process of the
present 10 15 invention, such as the L-allysine ethylene acetals, can be
readily cohverted Kenathgciest er derivatives WP@Chosed in U. S. patent no.
5,508, 272, the di S%B?%Q?B-@f-th\f@a&@toisi%ei ncorpeiied herein by reference in
its entirety. The e eé 9%I vatlves are building bl ocks to pr epar e
vasopept i dase inhi B 10?5 ich inhibit both angiotensin converting enzyne
(ACE) and neutral endoprotease (NEP) for treatnment of cardi ovascul ar

di seases as disclo ' t. 08.272., Theref .1 he present
invention also i ncl%g %ﬂééljtr#gd?f% ﬁ?ﬁ{)eggz}lls ‘Er?%%u%g% %Sé\zlér A ﬂg ﬂf%@q@?vgl)gol ane

acet al - conbai spmgoREHHBuUNEEhoT) fornula | to their correspondi ng ester
derivatives. Mire specifically, the optional esterification additional step
conpri ses excﬁn i ng_ t he di oxol ane acetal noiety, i.e., wherein Ris , OO
RBR3py, i ffglé@ nt, 20 Oif resent, or the noiet Oor the moiety OR3 3
O R wth a dial koxYConuystant and converting the carboxylic acid (if present)
to the al kyl ester 1] J esired ound,

(S)-2-am no-6, 6-di gf%%%(“}}gﬁ&é ar?gigkc\tlg@ug, al kyll'%%gpester. This can be achi eved
by reactif§ conpound™@%Ee t hi onyl chloride in a suitable solvent such as
met hanol or a hi ghdrepadneohol ; or by reacti ng.0&onpound | w th anhydrous HCl
(obtained as a gas Pl f{& (MSCl or equival enp, means) and dinethyl sulfite
in a suitable solvent such as nethanol; to forman ester conpound of the

formula (formula | |@lycerol 1.0%

Methanol 0.5%

25 K2HPO4 0.282%
KH2PO4 1.14%
Biotin 4x10°%
Antifoam i.e. A289 0.01%
pH 6.0

30

During growth of yeast on medium 1, the methanol concentration was
maintained at about 0.5% by methanol feed as required.



O-R5 "ORS 30 HzN COORS I 1| 14 10 January 2003 wherein each RS is a

C -C $ alkyl (preferably C -C o0 alkyl, nore preferably |ower alkyl, and
nost preferably nmethyl). In the above esterificahon step conditions are not
known to be critical, for exanple, a tenperature of about 0 to about 45C
preferably about 35 to about 40C, for a 5 reaction time of about 8 to about

72 hours (h), preferably about 6 to abgut 9h, is typicalqgyy ahe3 it is
preferred that the step takes place in an atnosphere such as HCl, nitrogen
or argon. The reaction will result in either a full am no group or an am no

salt, either of which can be used in the reaction described in Robl. To
prepare the MMdadunsfarting material for the enzymatic reductive am nation 10

process for the i Lhgh, a halo al kyl conpound having the fornula
(formula I1V) is ugégﬁ%sgg starting material wherein n is one to five

(preferably 2) an8eptones O, Br, or | (preferabl ¥®8f). Preferably the bromp
derivative of thevieadturat!V is reacted with mggmgsiumto formthe
organonaggesiun1d%fivative of the conpound of forpula IV which is
subsequent!y react8¥%fth an al pha di carbonyl é%@%gund such as diethyl 15
(preferred) or di retifiydm 4289 ate at | ow t enper atll®@®om t et r ahydr of uran ( THF)
to afford an estergpthyl or ethyl) of the conpound having formula Il. The
ester derivative gf formula Il is subsequently saponified as depicted in
Schenme | to afford the derivative of fornula Il having R = H, or nore
preferably it is Jhpoh & tkelmasiuthappefasbly adjasibe teabduahith §,slepaidag wsnt he

derivatl v Ol PIUIA héailRVORRE % St dfodfulebr 130 EQ30 hifiud a8’ OF
The hal o deri'vatives having’ Tornu a5 wherein n = or can be prepar ed
by reacting Hben adivsed tha dgpipibbppli.after serdizationy conpound (tetrahydrof uran or
25 é _e: rahydr opyr a”l?hie ﬁréﬂeksoetmﬂe B@[éshéﬂi(ir?‘d@ﬁtio‘ﬂlri% b&fcgﬂe@bﬁﬁé?%éﬁﬁdiﬁﬁs%it%l@ndar d
conditions a a reactin e 0 a e e.appropri ate
al cohol (et I:f?f E)nr@{qépe g?s”ﬁfiﬁ P‘)““Sro?h?‘all‘ulf( gt %[}%{- @F%@i“f‘g% %‘%fﬂﬁ%r oxy
propane, 1, 3-daihtadredbgtvel abourdtahy 10 pnap andgrably bafwWeaen dbaut campdGudetingavi ng
formula I\ i - . : . rtin
B pr i EloAh o ko QR S e Bl R AR GRS R o

fromthe appropriate conmer _ \
acet al s usi ngPHIREMEh Wih SPAYIESHTHE RN EAHSEY Hagipld isympiptaped Gepwien agout 715 10
January 2003 didiy$, enefetdBry abeM®O O G co \,I CO CHzCl z, RT [B~OH, NaOCl [ B-~]

g;It Olcrffg_'g~8 sul f?&h&erftﬁéeqs & me%%e J the ﬁ)ga?ferg)errgf Qvalc?z’xlglg Gy tge Egregse%?:tig’e NaCH,

reduction process, and should be maintained to ensure that there is sufficient energy

20  available for this process. A suitable temperature range for the process of the
invention is from about 15°C to about 60°C. A preferred temperature range 1s from
about 25° to about 40°C.

Pressure is not known to be critical to practice of the invention and for
convenience about atmospheric pressure is typically employed.

25 When growing microorganisms, the process of the invention is preferably
carried out under aerobic conditions The agitation and aeration of the reaction
mixture affects the amount of oxygen available during the fermentation process and
the stereoselective reduction process which may be conducted, for example, in shake-
flask cultures or fermentor tanks during growth of microorganisms in a single-stage

30  or two-stage process. The agitation range from 50 to 500 RPM is preferable, with 50
to 100 RPM being most preferred Aeration of about 0 1 to 10 volumes of air per
volume of media per minute (0 1 to 10 v/v/m) is preterred, with aeration of about 5
volumes of air per volume of media per minute (5 v/v/m) being most preferred.

If the reduction process 1s performed in a second stage after growth of the
35  microorganisms, oxygen is not known to be required and may be detrimental.
Complete conversion of the compound of Formula Il may take, for example,
from about 4 to 48 hours, preferably about 12 to 30 hours, measured from the nme of



2 (COCEt)Z O2. Adjust pHto "2 OO 3. Extract wwth EtOAc O 4. Conc.
oil 0~ OCH3 O Formats deh ' dro enase O OCCH3 Y 9 Dinethylsulfite, TMSCl,
CH~OH HCOONH4, NADH Phenyl al anne dehydr ogenase 0 COOH HZN COOH Cl HHZN COOCH3
Anot her exenpl ary process of the invention is depicted bel ow (Schene 2).
Schene 2 Ethylene HBr B _TEMPO ~ O dycol O CHzZCIZ. RT [ 01"1] NaCC B-~Jl
p-toluene B~O sulfonic acid 1. My. THpqPretormed G nar qQdaukry 2068, a THF
OOg Et0O g >Li0 2 (COCEt)~O2 Cyst.IPA OO O O OCH- OFornats deh dro
enase O OCH3 Y 9 D-nethylsulf~te, TMSClI, CH~OH HCOONH, , NADH Phenyl al anme
dehydr ogenase O COOLi HZN COOH ClI HHZN COOCHy As described by Robl in U S
Pat ent 5,508,272, the conpound produced by the present process (fornula II1
herein) for minitialboaepiing fheRgpPyutst of; Eogma@ﬂﬁwsfaéumlﬁmr@a}sm OF FEZYEK ATl e,

(S) - 2- am no- @eRritkdmidinxyhexanoi ¢ acid, methyl ester, can be 10 coupl ed

Y:V: f RI— B_LMC%F_)'F S/t ?gtrﬁe stgreP%e?ec?‘Qe gnzSIm Q??du?t;&uxlpgthgd ?F [néfp esvx)lt] inv ?}qum (r H2)2

carried out using a co- factor The co-factor serves as a mediator for reductlon of the

to an

5 keto acid. The amount of co-factor is usually about 0.05 to about 2 mM, preferably
about 0.5 to about 1 mM. Co-factors useful in the present invention are nicotinamide
adenine dinucleotide (NAD), reduced NAD (NADH), nicotinamide adenine
dinucleotide phosphate (NADP), and reduced NADP (NADPH). Most preferred is
NADH. The use of a cofactor is required when an isolated enzyme is employed.

10  NADH, for example, may be regenerated and reused. Regenerating the co-factor in
situ 1s preferred. A preferred means for regeneration is the use of a second type of
enzyme that regenerates the co-factor, such as formate dehvdrogenase (FDH), glucose
dehydrogenase, alcohol dehydrogenase, and the like. Suitable hydrogen donors
include molecular hydrogen, glucose. ethanol, or a formate (e.g., an alkali metal or

15  ammonium formate). Chemical reduction (e.g., use of dithionite) or an
electrochemical reduction in the presence of a viologen, for example methyl viologen,
also can be used. In a preferred embodiment, NAD produced during the reaction is
preferably recyled to NADH by the oxidation of formate to carbon dioxide using FDH
or by oxidation of glucose to gluconic acid using glucose dehydrogenase. Ina

20 preferred embodiment a single host cell strain is used as a source of both PDH and
FDH. In an especially preferred embodiment a recombinant or engineered host cell is
used as both the source of the amino acid dehydrogenase, especially PDH, and as a
source of the FDH. It has been unexpectedly discovered that a preferred organism for
use in the present invention, i.e., Pichia pastorts, ATCC 74408 not only is engineered

25  to express recombinant PDH, but also that the level of endogenous FDH activity is
increased as well. Another preferred organism for use in the present invention, i.e.,
Pichia pistoris ATCC 74433 is engineered to express both recombinant PDH and
recombinant FDH.

[t is preferred to employ an aqueous liquid as the reaction medium, although

30 an organic liquid, or a miscible or immiscible (biphasic) organic/aqueous liquid
mixture may also be employed.

It is preferred to employ 0.1 to 25 weight % of the compound of Formula II
starting material based on the combined weight of the compound and reaction
medium. The amount of enzyme or microorganism emploved relative to the starting

35 matenal is selected to allow catalysis of the stereoselective enzymatic reduction of the
present invention.



16 10 January 2003 QCH3 S-P H--OCH 3 (1H2)2 (~Hz)3 P ~ N -CH i -N
-CHCOOCH 3 OH VI wherein P, is an am no protecting group such as

benzyl oxycar bonyl or t-butyl oxycarbonyl or a group which together with the
N-atom fornms a protecting group such as phthalimdo and P, is a nercapto
protecting group such as acetyl or benzoyl. This coupling reaction is
preferably performed in the presence gf a coupling reageQtlasualy 2603
benzotri azol - 1-yl oxytri s(di net hyl am no) phosphoni um hexaf | uor ophosphat e,

et hyl - 3- (3-di nmet hyl - am no) propyl carbodiim de, dicyclohexyl carbodiim de, or
1H benzotriazol -1-0l, nethane sulfonate ester. The P, protecting group is
sel ectively rﬁrmvgck frodwetd dsfethdi;taepieilddev@fed]lﬁlofnq&wlsﬁof\the ﬁltd:@d‘ht &B/eﬁlt)/on
treatment wit odi q ! anol or

p-t ol uenesul?lo%lg%lsgm &‘%rﬁﬁiﬁfg‘?‘f& H% yknow ﬁ%d%r{?r%%éq?& N grrpound IS

t hen subj ect@drap@orardl%}élmorcaw&!ailzé@orcyelmmmhrmtma@fm@mdﬂstr:élker ably by
treating with a SNp%Ier@&in@th%H@& s@ﬁar&t[dgfthélgés@@@@&m? Lﬂﬁ'cﬁ‘ Foﬁnﬁlgﬁ%ﬁﬁsm fonic
aci d, nethanesul fonic aci 4 ‘{% iﬁcormerm avai @’? g etne

ol f onar e pol AP Py ER R DHgE T Ba ISR K SRR, IR | Thi s
cyclizati on maeetthanadlamnd npehdnot wedystailize oo thepmaho ecidol vent such as

met hyl ene chl orid (formul a
VI1)'S =i /N p- ﬁre%fv%%%“%%%%%“@ﬁ% fEet Declidel ARk hahTY i treat ed
to remove themmo s HyaOErrageIsuY?e Bilh thanpoyerdescribedissenaq tf%mt%

acyl mer capt oghkaaao a&idd&ﬁ?@b@er@ﬁestxﬁkﬂudecﬁliﬂih@d&%@ﬁogbﬂa@e \Shbﬂ))lalgmﬁes) O R~

C S~ erein or phenyl
givi ng 118 coRpethRmETe [EPF DR ERgReese RO YR e i) 6 G 8~ G N
O COOCH~ | X @ehydrégenhies ambibip likegThemresenomy edivnbdsopentcompiatet usa ofitwooorgani ¢

sol vent such as. Smicﬁﬂ?ehgmo%éaﬂ ?ﬁqrﬁlﬁ'ﬂ\‘} Qﬁerpﬁﬁf§@ﬁ&eggllaaor%ml I ng

reagent such as amnopr opyl”) car bodi | m d
di cycl ohexyl CXFBEYi The za’@mo ac1d dehydroqenases useful in the present invention are typically

benéotr: gzol fﬂOTﬁ'hQXIYétyloSplﬁldll mhﬁylammhp&mﬁmmmnhmwalfyl m@reﬁiymphate or
car bonyl dj_i m

Al t t Kk
formula VI I %8@95@}188?\?%]&?@3%’% ‘éﬁy é%?l?tf?‘&g‘igef‘d’é t‘g?‘?eﬁggggcﬁgcr‘ﬁlng such
as an aci d chiyoihggieof te pelypepthigdrondis caypomentrantad aadh pol meatlhals kaewn toat ed

ester, etc 10hJR&fBrdin Bkmtxﬁ@ﬂe'd?tg P%rrQyﬁnﬂéﬂhp%ll@%ﬁye%ﬁoéédgwée@&&y'e@% am of
forrruIaVII for exa nohydr at e_when P~

toget hor~ vi {HOWEHONE AL ohPF oot Ak JonERad 111190 61 BapTaY B° BFOHERE THAC i ¢ h
i odot ri net hyl @izlmeemay bpabtaadid byperuciniapradad oty dr eganyorkébstRelld s

benzyl ox rb t I oxane or
other ot 8he Fbteseiih 8 DAL SERIE octle MY BB Bhe AU R 0y i s
renmoved and t IFEOTHRINARL), B &Y & V’QPd@ESIP%OTbeﬁ%W@H\ engoderkbyaPhlEk§qauencaci d from
the conpound gddid oﬂuﬂlarbaﬁ bﬂhlﬁ&sﬂe&B@zﬁfés'ré&ﬂwfubﬂﬁirtk&f&d&lﬁzftxonﬁﬂr exanpl e,

2’252 Ollj\)fs aICIS dngc%lg%/ éﬁl{lﬁs bydting 3E Means 85115%5%8%] 8’1&:' a(r:t z?r(l)(fj are chscxgécphérgg gclacll WEd by

examples of enzymes useful herein include, but are not limited to, beef liver glutamate

25 dehydrogenase, alanine dehydrogenase from Bacullus subtlilis, phenylalanine
dehydrogenase from Sporosarcina species, leucine dehydrogenase from Bacillus
sphaericus ATCC 4525, extract from Thermoactinomyces intermedius ATCC 33205
(source of phenylalanine, alanine, and leucine dehydrogenases) and the like. A
preferred amino acid dehydrogenase is phenylalanine dehydrogenase (PDH).

30 The process of the invention requires ammonia. Ammonia is needed because it
supplies the amino group for the amino acid compound (i.e., the compound of formula
I). Sources of ammonia include NH4OH, urea plus urease, and HCOONH4 . The
amount of ammonia is typically equimolar or greater than the amount of keto acid
compound (i.e., compound of formula II).

35 Conditions for the enzymatic reductive amination process can vary widely
depending on the type of enzyme employed. For example, for the

Thermoactinomyces /formate dehydrogenase combination. a temperature of about



4S-[4a( R*),7a, | Cab]]-Cctahydro-4 20

[ (2- mer capt 0- 1- oxo- 3- phenyl propyl ) am no] - 5- oxo- 7Hpyri do[ 2, 1-b] [ 1, 3] t hi azep
ne- 7- carboxylic acid possesses angi otensin converting enzynme and neutral
endopeptidase inhibitory activity. This conpound as well as its
pharmaceutically acceptable salts ace useful in treating cardi ovascul ar'

di seases such as hypertension and conggstive heart fail goelansiano2@@i n Robl
U S Patent 5,508,272 25 This conpound can be admi nistered to a mamal i an
host such as rnan at fromabout 0.1 ng to about 100 ng per kg of body

wei ght per day.~ pr.efer y from ahou t 0..about r..k body
wei gnt ber iy RGROE Aot PR aBrold i@y Bt of ol DR &
parent er al r berragreferibiyoipoutlS haves, ésstypigallnadequise enpl oyed. The daily dose

can be adnini steredTgé P@ke/ss@mﬁ%sb& iV aphide destiftl gz%wyim Jrem ctgRad 30 y
y I nventl on

adm ni stered roughout the day. -~ 0 Januar 3 . The present
al so concernQ} 8%&[ HeBpisa! X}glgéi grﬁ%‘gft ’éP‘POLEg% P ?ﬁ@bT}ég’feéP?B RREHE or
endogenous nYoVe horapiettrardy premecthan dbdug 95 %, addmositpee fekablydiboged®ds eTe=DH) and

a reconbi nan | el ' uenge di far..a. | .al and .
dehydr ogenas ér%%&%%‘%ﬁ’?&ei% Ogrreglgﬁﬁ e’t&_ﬁg g‘ﬁuoc? Plg?l & ggtcyi’ ﬁg’%g%g u?rggf ‘g? 83% S
mol ecul es 5 EAMNUOMErNEALEE bo the hndesisedBrepantiogress. DRIRieab qRIENILRUFILY A ETeDNA
sequences ar ndreoRSSIY Sl BRLE] Hedidr tha! Meupsophose left to right
orientation is int conventlo?ﬂa&gﬁ%retlon of 5'. s al so

to 3" . It %
contenpl ated that tH&CSPEERHdsP hthe Frdy R R AT Rreses o LG REERE s . As
used i n tlbe pnes@nt, sapiphd thalialysine bihyteae nectaindhf bedadilymavenef @rthé exgert 0 a
nucl eoti de or i : ugl i ypepti de 10
equence. mhi Qo e e e, “The
reconbi nant HBstrPesated herein perefrense in ity ridelyi ofhecalst Berivahyesmre beidtiggni sm

that is cababjieci@fio prepeteGiattipeptaiagdiiphbiats wieh Qﬁlim%dw@ngi@taﬁ@@%mﬂéﬁimtglzu" and

i s capabl e of bein nsf or me r _genet .y engi neered with PDH from a
it orent - spetreneratET AR CndboBas (. GRSt EiikigeRet hoot

cel |l s of tshe disaesestasaitscliSed mdl.Gdgaterft ap. £5%¢HPI2%, TiCafde dhe prreTit @svention

Sacchar onyces,;speg|, @ss th@%BD@Pﬁg&Bf&b@v&Bﬁgh&% THSRLEUA. SReGiRS. Pelcillium
speci es , Pcchi a past or cs, di da specl es? sc%erl_chl_ a specl es”and
Pseudonor cas SQieRqueds offieeniad to Beisrersseandiag esterelerivaives niorsspspificdl. i s a

Pi chi a speci ethe opabiidl estbidfidayiofPhddiGehapasp o6raprised BechBhdinfthelded:wiaeiadetaised t o
transformthe yeast host celt. can be any nucleic 20 acid capabl e of

resul ting in BERHE4SHOHCEE" talfal vtical |y active PDH in the host cell. For
exanpl e, the PDH nycl'éi¢c acid sequence codingd PDH source can be

Baci | | us sphaericds. Badcl | cis badius, Sporosarcc ‘eae, Baccllus

faecal is, Corynebactercym eqccis. Rhodoto gl cc cs, Brevibacteriuz

sp. .. Rhogpcoccus sp § chifa§esngooer§occu mar egy d the I.'tkr%s%ll:‘referred PDH
nucleic acid is the PDH gene f'toth 25 Ther coact cnot vees et Briftedi us ATCC
33205, as di sof theauoipty Takada, H., et al., J. Biochem, 109) 371-376 ( 1991

), the disclosure of nﬁhﬁrﬂ% i ncorporated herein by reference inits

entirety. The PDH (andx’optionally FDH) sequence of the present invention
used to transformthe yeagigdhost cell can be obtained using various nethods
wel | -known to 3Q those of ordinar kill in the art...At |east, t e

B termative peiihd BRRSRLpssohah B e g PO 85ia gt PRl d Ak Efeste
doubl e- st r andaesubivg isdpidasired ¢ampougd (8 idAS Srdizlsemihexmnicacyd, BA! (cDNA)
whi ch contzgi NgsteheTRISYMERERhidved bi REct in® ¥ Wtth @sbdy1 QhlokiRe i MNitable
sequence; and 3? %3% he synt hesi Bbﬁi‘% the DNA sequence by pgly rase chain
reaction (PCR)SOMVERt {U5B af melpngona r algohok A5 By FeasHng eNROQUIB I FHR can be
screened in oraiydroos HAR (bitdiyedans Rghs sefjomTMSChsh cagivhient raddhs pandptimethgf  PDH
(and, optional JuYﬁtg W& SuiE"Bfe solv%gt sﬁé’t(‘!r.'sax%h%)oq?’

to form an ester compound of the formula (formula I1I)
0—R®

0—-R3

10 HoN’ COOR® I



exanple, a T. internednis ger~omc DNA |library can be screened in order to
identify the DNA sequence coding for all or part of PDH (and, optionally
FDH) . Various techni ques can be used to screen the genonmic DNA or cDNA

| i braries. For exanple, |abeled single stranded DNA probe sequences
duplicating a 5 sequence present mthe target genom c DNA or cDNA codi ng
for all or part of PDH can be enpl oyefl4i n DNA/ DNA hybri dozrinuary 008 edur es
carried out on cloned copies of the genom c DNA or cDNA whi ch have been
denatured to single stranded form A genomic DNA or cDNA library can al so
be screened for a genom c DNA or cDNA coding for all or pan of PDH (and,

optionally RS I hhi

screeni ng rre EIM a?ab| ;?‘3glirk%th(ggef&g%%ndbl‘6?‘%{§§motlgér1p£&garhﬁ%%‘% i on

techni ques, k¢, @éﬁ@ﬂit@rmbllymﬂﬂ*%)ﬂ%/ which is usual |y contained ma vector,
or cD]Ic\IA i 3r B tie h@ovfeleﬁt%hﬁ%?lbﬁ@d:pQuﬁdtﬁ&lsaﬁahotmnatvﬁfto ba&dn&ahqar éxhglb pfd, gnes ire
transferred o Q- ex menbr anes.

DNA 15 probeg ﬁraflﬁgﬁf%ngégorfﬁ’dm&% CoP™ %E)%thta}) érs(%%gth #ﬁ@ﬁftg%raoound to the
clones to5i dmat:mdtwmhoé@out ® tresbouioft keduns €hg, ptrh@ragbmmntﬁ m@oowmw cod| ng
for all or p‘icaﬁ ag)%?a(eaﬂqjs proRbEQAAL th¥ sfeph kes#)ﬂicé I}Pansa%egﬂk h, the

DNA sequence resent | nvention.co op t| onal | y FDH)
can be chem éléll,lrytrgffrﬁ*tq{ééﬁoi‘eg eﬁ?ﬁtl@k‘dﬁb‘leéuttnﬁémw @N&@é‘hﬁ@ﬁéé‘f gbdi ng for

P|DH ( andI Ofbiélﬂfbadalhty?m&gﬁﬂh bh &Mtfs%@lﬁﬁﬂhé ;a&cﬁ?h %essmddem R@Bt 1 00 ?aste |
ol i gonucl eoti des that can ntia ed (via a r|ae erm na
restriction si testr 8rPTERD ﬁ@i‘t af mtgerp?ff”%aslltjoggﬁf@ aye ?@B S BPYIM t he
correct IiD ne@rocsscﬁoeﬁmenm‘ntlnmcﬂ ede aldgkcompountidating the fappml@aiolrmuhah‘éf) BNA
sequences of Ll i ntatk\‘i%mvhé}@mqpﬁ'o'ﬂg d Ble gpf'efﬁ’l@tsty(qu ORtEoBAL Y FDH)
can be synt he5| zed usin %R O?fd% nt het'i ¢

ol i gonucl eot i (prsferahly Behstre atﬂéé@sb‘iomol ‘gﬁ’i@f“h"e( © APTHHES &Y i Fneé*t’teﬁ)}’ﬂm di ze
to opposite &ﬁargaedsmoo ffortrhie begagehadNdusedpiente @Etke cERtbuho of fnnuaivecal |y
anplify the i rvenln 0 t n Re d
cycl es of heat defat ut?rsa I o%’ Petr'h?%“% F‘gbbfalcéﬁng‘gllﬁ ??ﬁ’%?d %ﬁ‘:h i R‘E{%&F and
ext ensi ortSof (pteéergd) pedinetiyl gwrlae at 1he/ tamperalussiingetrahydro fyran K]TIéFm/nfford

pol ynerase r egstes (mahﬂrmleutytmttmnq;oumeaﬁﬁgftseﬂmadtefth&metmlvé of ends
of the PCR p‘ratlﬁrrers

The DNA sequ EB%‘aHs‘étsmseﬂ‘iF“{‘Héapﬁnggeéﬁt drmefsimc%weesd.tﬁdgf%ttfl@%«tgveam
optional |y FO¥) foe@iladl SRviRE rbdi fii ed ndre SreferMlyatt 66 )sapdhi fddC RALEHiMBd [iPUS

mut ati ons. 35 Such_mutations nay be either degenerate,; i.e., the nmutation
changes the aifheiBe Aang isebépdesdls Wewftfm%ﬂrtamgé?d ThbHon. or
non- degengyr ate, i.e.. the nutation does not change the am no acid sequence

encoded by the nutated codon. These noggfied 20 10 January 2003 DNA
sequences nmay be prepared, for exanple, by nutating the PDH (and,
optionally FDH) DNA sequence so that e nut at{,on results in the deletion,
substitution, insertion, inversion orl &dition of one or nore am no acids
in the encoded pol ypeptide using vari’ous net hods known in the art. For
exanpl e, the nmethods of site-directgdi®grutagenesi s described in Mrinaga
et al., Bio/Technol. 2, 636-639 ( 1884)Brdrayl or et al., Nucl. Acids Res.
13, 8749-8764 ( 1985) and Kunkel, Proc. Natl. Acad. Sci. USA 82, 482-492 (
1985) mmy be l.oye I n addltlo kit r site-directed nutagen S may
be purchased &Fgrha%’og?fb"taw%ﬂ hayley .‘llaFgf "@fé%l“ ‘dﬁo‘k tCa e B’@B &ﬁﬁy
sitedirected mattgenEBirs wity the mprojrase dstantiogn Amap&hﬂim((&nmpydr()ﬁrztn nayt on
Hei ght s, I [ | shods
as descri égd iltétnragg E}dr%)t f&Fbwethr P%k@& ‘°d§ lde %'gh a%gt ét Hﬁi al so
be enpl oyed. BB ﬁn@@g@qeﬂwttée halg aﬂft;hy%yéhéteatp@rcrmrtamlml tmgﬁhﬂeet yl or
advant ageouls: ipFopdT)Qstutid IN@thPlentl §lydd, th&hpﬁdrmempdem efdxtt\ttieow Z3&firhethyl

i nvention or__exa ese nut ati.ons evel s

producti on, eé’ggpmg?)!l?ri1 C|’r§a F%rPtpound O\ 3¥m § aﬁ" ?‘ée‘tf rciogtpotﬁgéslgf
endonucl ease rfemgmiltqm@eyrQ%@d smmngtn@m thmnprmmatemmrawmabmhyzpeptelt@b

mol ecul es r e JidebHIRMdtdrciiig uSORE Qbmidis deﬁt\éeatm Qfhemkd§ ofgast cells
of the invention can be conveniently transforned by use of expression
vectors conprising a DNA sequence coding for PDH (and, optionally FDH). The
expression vectors preferably contain &cheme Ilpart of one of the DNA 20
sequences having the PDH nucl eoti de sequence substantially as shown in
Takada, H., et al, J. Biochem, 109, 371 - 376 ( 1991 ). Further preferred
are expression vectors conprising one or nore regul atory DNA seguences
operatively linked to the DNA sequence coding for all or part of PDH (and,
optionally FDH). As used in this context, the term"operatively |inked"
means that the regul at ory DNA sequences are 25 capabl e of d| rectl ng the

o, Y - RN I A o o




30 include such other forms of expression vectors which serve equival ent
functions and which beconme known in the art subsequently hereto. Expression
vectors useful in the present invention typically contain an origin of
replication, a pronoter located in front (i.e., upstreamof) the DNA
sequence (preferably an nduci ble pronoter such as AOX 1 or constitutive
pronoter such as 35 GAP) and fol l owediy the DNA sequence Sfpfliang2008 all or
part of PDH (and, optionally FDH). The DNA sequence coding for all or part
of PDH (and, optionally FDH) is followed by transcription termnation
sequences and the remai ning vector. If 21 10 January 2003 reconbi nant FDH
hucleic acid Ls, useg, fhe FDH £ e par b d@wghe same tor as the PDH
or may be par@'c@.,i’et) et e Vo] Olaos }3 sectord pay al so
include other DNA sequences known in t e art, #bwceﬁanple stability | eader

sequences whi ch ovide for stabili tc}/ t he expression product, secretory
| eader 5 sequen&e&‘emb.@h proviyde for 1 ok, e:ncm t hg exprgssy on product,
sequences whi G AE] OW exprs be SEEHGE [,sz nodul at ed

(e.g., by the presence or absence of nuty bBemwdhiac o her inducers in the

. Conc.toano

gr owth medi um, mar ker sequences which are ¢apabl e of providing phenotypic
selection in trans med host cells, sta Nty elenents s as centroneres

whi ch provi de mt ot stabtlilltytothep id, 10 and s es whi ch
provi de sites for) cl ealSPRLNYFBLL i ctign endmtg,@'@ses The
n vecto*lbueed st be conpatible

characteristics (of theHCae HuMDHheXJor essi
'

nylalanmide enase

with the host & éodphlc

y For gﬁj ay&nclonlnglna
fungal or yeast cell %ﬁ em the expre33|on vect or oul'd Cont ai ns
pronoters isol at edAF?‘g TXGRPYEN BiRsess o fgripyention isdepisicd beiqvs (beme 2)-t he trpC
pronoter from Aspergrllus nidarlans , the AOX 1 15 pronoter from P~chia

pastoris, and the GAP pronoter from R.h ;orl s). Certain expression
vectors nmay contain an autononously rep catl ng .gRQuence (ARS; e.g., ARS
from Fusarrur ysper ume ,~Saccharmme yces cﬂevsn&wge and Ilke) whi ch
pronotes in vr YBdtdt i on of ?5 f*%iﬁ Aoplas, b ngal or yeast
hosts. It is preferred that the yeast expression vectors of the invention
do not have a 1ytaas{F ARS 2 sequence a hus WI | | |ntcegrat eo+0t 0 host
chronpsomes upoA™'Br4§HE ho.d at is preferred

because of enharreest: genet| c s ab| i ty n2 é'xsptpesm o vect or é’s cont enpl at ed
by the present invention is at |east capable of dir gt i ng the replication
in and integration yeast or fungal cell and preferablo)é t he expression,
of the PDH DNA sequ e disclosed in Takada,”H., et al, B ochern., 25
109, 37 - 37G ( I° Yeorinite dBsedochica el | s~ SHi toalhyBudr OMOYer SSncl ude, for
exanpl e, the trpC pronQigimifaBim ASPer gr L us niTHiel ey, t penicillin V

am dase pronoter)from Fhenmxys poytdpaset he| GAP prom)ter of| Pichia pastoris,

and the AO% pr &mot“@CLf rom P. past or rleN”"SGPPHbI e t EHrH:Nat FBACKkequences

i nclude, for exanple, the trpC termnator fromA. nidulans, the PVA
termnator for F. oxysporum and the AOX1l transcription 30 term nation

sequence of P, past orAsdescriediby Rabdin BiSePetentded OBRAR, thheomppunskpypdused Bt or

include a sequmepesmgrdwssf(wmmsm méla%ﬁnmmn mmsl)%ehteﬁélalahenar@r ker is
preferably anti ptl cCr 18 resi stance or

ctabl e marker
Zeoci n resi st alfice Eg’ﬁar’ﬁ% W%‘ﬂ 93%@? Eﬁ‘a“%iimgfmfweg%“%“ta@rbeal s are
known in tie a¢mpkddv1érteebbmmcmdahmyo wchoﬂthbfcemuaafd?muﬂavul arly preferred
are the expression vectors designated SRDHOk/ 10, pPDHL55K, and pGAPk- PDH
described herein bel ow, which contain the DNA sequence coding for PDH or
expression vectors with the identifyi n@;H:t)ar acteristics of 22 10 January
2003 these plasmds. Al so preferred |syth2e expressi on vector designated
pGAPZ- FDH cont ai ni ng a DNA sequeﬁ’lce\leﬂCHdoo)g)}ﬂ:Dl—l Hdét cell Pichia pastorcs
strain SMD 1168 contai nin DHIOK/ s deposited wth the
Anmerican Type aﬁ‘i’%{h@ ﬁ%@?ﬁag E@é@ assas Virginia, on March 26,
1997 under the Budapest Treaty and i s assi gned ATCC accessi on no. 74408.
Host cell Pichia pasroris strain GS 115 contai ning plasm ds pGAPk- PDH and
pGAPZ- FDH was deposited with the ATCC on February 13, 1998 under the
provi sions of the Budapest Treaty and is assigned ATCC Accession No. 74433.
10 Host cell Escherichca colr strain BL21 containing plasm d pPDHL55K was
deposited with the ATCC on March 26,199? under the provisions of the
Budapest Treaty and is assigned ATCC Accession No. 9837N. Suitable
expression vectors containing the desired coding and control sequences nay
be constructed using standard reconbi nant DNA t echni ques known in 15 the
art, many of which are described in Sanbrook et al. Ml ecular doning: A
Laborat ory Manual, 2nd edition, Cold Spring Harbor Laboratory, Cold Spring

o [ ANYZ [/ 1 r\nr\\
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The host cells of the invention preferably contain an expression vector
conprising one or nore regul atory DNA sequences capable of directing the 20
replication and/or the expression of and operatively |linked to a DNA
sequence coding for all or part of PDH The host cells can be, for exanple,
Cephal osporium acrenonrum Fusar-ium oxysporum and Penicrl|rum chrvsogenum
Pichia pastoris, Candida boidinri, gagd Saccharonryces 1gejfiasy 2008el | s.
Particularly preferred as host cells are Pichia pastorrs strains. 25
Expressi on vectors may be introduced into host cells by various nethods
known in the art. For exanple, transformation of host cells with expression
vectors can be carried out by the polyetpylene glycol nediated protoplast
transformati on method. However, other mefhods for i ntroduci ng expressi on
vectors into host cells, for exggple, eH gdCHpor ation, biolistic injection,
or protoplast fusion, can also %e =30 enplloyed. Once an expressi on vector
has been introduced into an appCepyj ate (gasf),cell, the host cell may be
cul tured under conditions perm ¥ti'ng expWession of | arge anounts of the
desired pol ypeptide, in Phe Eré@ﬂ?gé?bba§3{d:@@ﬁ%bept|de mol ecul e
conprising PDH (and, optionally, F Thus, the present jinvention concerns
an engi neered host 35 cell, preferably yeast, capable of Y%oducing bot h
phenyl al ani newtiefindt, 0y emasao(PPOR)tingrajodpona tebaehlpdyagemyber (FDH) wherein
sai d host cel L,&OMRYyE£EShy] m2§gr%9p g@xmﬁ% etﬁe@%th(tﬁéﬁﬁﬁﬂ@hﬁ@i‘%rof&@ﬁﬁ ic acid

encodi ng PDH and, optionally, enous nucl el c acrd encodi A and (b)
nucl ei ¢ acid SF?&‘B&PWSW%‘?%?W Saf AMSIFEPIS; REOtSENe W%“Raﬂ’(ﬁhéé?ﬁ?

reconbi nant oberxoyh Eislog®ting seattitth is @EOerHIN pBitfornTedHin Stie madehsel (Immoaplmgﬁg ?n
expressi on ve all or part o
PDH (and, 9&0 gél}t%&fiw%tﬁhi&? 1%1@%&?&%@% &8)3:%9% M

opt i nore of the

following fi véemmhowbpﬁeo@ Heks(3- @lwtwmmpﬂrqamoﬁawm (b) the
presence or aly @l%ﬁey@flcaiﬂ&fdlﬁﬁﬁdeg%ﬂmfﬂéﬂﬁth%ﬁ1 - GhetAEEaEFbRGe tha. | evel of
transcription as ”ea%ﬂé%dgﬁi’etchﬁfm%rg%s elﬁt%] rem’@'\'é\fr]o% &J% 8{1&40%:5(' n the

host cell; (d) detection:? |nnunolo cal't
enzyme as s1ay fermayan¥® 1 aschang blyeremgmehhmrh)lsaflemrmdhasmcﬂd]mdnﬂhanodemy ﬁmménton I n

of “the dest t od it RRRREE B R RO e Bl is Mo o,
usi ng probes cSéPdﬁFtémftfain ¢alyzed Cmmaél@!qtﬁém@ prafSrably Rihecatiag é}ﬂ@ agpRgach,

t he reconbi nankidexph %ﬁimardaeatc%xdhps&ummml@m b@ethgﬁmlfofmceﬁl@eﬂa
sel ected based nce of certain mm

u
Functi ons. (e, sty siBRE B FedtorR ARG Ry B FRiTBRe fFasuch o

resi stancets o thﬂ)@tld@ Thlaeydthmtrgacmophm bepa{oymedimandkeprogesdvadn be
placed in the §afgs ﬂb@%l&@ cRIBrild & AN rbYoBR WEIVE erliGhADFHRY fofthita PorR@at  Of
the enzyne undgf the régul ation of the same™20 or a different pronoter used
to regulate th Iénzyrre codi ng sequence. Expression of the marker gene in
response to induction or selecti
reconbi nant expression vector
or part of the desired enzyne. {n the third approach, the production of
enzyme nMRNA transcripts can be 25 assesged by hybridi zati on assays. For
exanpl e, pol yadenyl ated RNA can i d anal yzed by Northern
blotting or nuclease protece|-NT assay- usi ngha probe conNlénentary to the
RNA sequence. Alternatively, the tot nucI@@@C&bjds of the host cell may
be extracted and ass yor i t.] ob S.p hh _the . fourth
approach, the expresg?@%mg n]$%&%gpﬂiaﬁt anbﬁg% %?xre enzyﬁgp%ﬁﬁng% be
assessed i porungtomgiandkiey redcad vaﬁathpb@lmbmaMéaslkmolyl Stedhtinrg thd forthiie fifth
approach, expr%§§£@Qth)the enzyme can be neasured by assayi ng

t he presence of the entire

P oF
Ry—C—S—CH-C—OH
CH,
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for enzynme activity using known met hods. The DNA sequences of expression
vectors, plasm ds or DNA nol ecul es of the present invention may be

determ ned by various nmethods known in the art. For 35 exanple, the di deoxy
chain termnation nmethod as described in Sanger et al., Proc. Natl. Acad.
Sci. USA 7-1, 54G3-5467 ( 1977), or the ivlaxam G|l bert nethod as descri bed
in Proc. Natl. Acad. Sci. USA 74, 560;%64 (1977). 24 4O Jkruiary 206803 It
shoul d, of course, be understood that not all expression vectors and DNA
regul atory sequences will function equally well to express the DNA
sequences of wha%lﬂﬁﬁ‘?ﬂéth)'flrb‘{%Hédv@@mrmemé E@ﬁpdﬂnhlofﬁielfmmﬁﬁ (fe&hdig cpnction
equal ly well with the sane expression system However, one of ordinary
skill in the art may nake a sel ection ssion vectors, DNA

regul atory sequences, and host cells fsing thg gui dance provi ded herein

present invention. If @ host ceb i's
reconbi nant FDH, then |proceduresg sim descri bed above can be
used and adapt ed tBgTTarmsy orGhitestN g nucleic acid

encodi ng FDH. A suitable sogkce of {{FDH nuchei c acit’tSs3Pi chi al¥pecies. It
is preferred that the PDH trgngforned host cells of the invention al so
contain native or endogenous) nucl ei c acids which are capabl e of expressing
FDH. Optionally, the host s can al so contain endogenous nucleic acid
encoding PDH in addition tQ reconbi nant PDH nucl eic acid. Thus) the host
cell chosen in which to insert an expression vector preferably already has
the abilty tqh@wupﬁﬁg Ealrdxonlchn bagexI&&m&dutn@fm@ﬁrtledcblyerdsmomemnyléx{tat
transformati op ofePl(g tg e nC Ou vect Oém%a&abl e of directing
expression of” ‘QBIQI ASE PeEy F? %C r‘fh%&e@g ‘ﬂ)re%m on of FDH. Use of such
cel I s in Bhe lesthylrdat3- éln@dWWIQDmnP)ﬂ}C@wdsm&e dineclphexgisaibodiimelepr ef erred. 20

The present :t{&HEd%&Mlllf}llMyW(dﬁ?rﬁg mﬁlo?pr{aselsmﬂltnﬁ Qéxaﬂn&@yﬁdsagatg’w and FDH
conposi ng cu an.en ere con ni ng rec a

native nucl eF@H’QBQ@HH‘é‘ﬁﬁB FraRhT e ?ﬁj rf—*fbﬁf'pé ﬁ%ﬁt%i%‘?ﬁﬁ‘@ﬂ S(ilﬁr essi on
vect or capabloan bt cexpried si amga.cFPD&bd Bmfpamloatzd qpuplhn@ expoessiadichiecdor is

A éﬁraﬁl i @@“ﬁ FRICOEPaO8RAL 5%{?‘%‘ ‘%* Et < Semnf)hengiat? N
GOl Chel 243 3odTEdsEGPOITRDETOUR St A S e taruts Y0y ues

are as shown fonexanepld, blylteainmeyt Wab hedrozihe ﬁ:‘mnolg&immd/hercb togetRey \\ihth thanuary

2003 TABLE OF RESPON

AL L. Letterﬁfﬁ@wﬁ% it %—\8@2{) RTINS PP oot L e
hi oni neAAl aL-Ralladiressesarbonand dydiosen when B e beney logyearbeay borbrtrsetmenir eoni neww
al L-val i gePPrwkh hydrbetiletd ycsd-inl disiane bHbiabr dioaf beld Ra@uEPnis-tPuttxgtdrbeis@ ul- gl ut
am c aci rpL-trypt a e L6,

aci dNAsnL}/%spar agrre kﬁ?pl%&%fzﬂg@ i 119@%9% %%gﬁné %18 esde1 §routﬁ)el?1ces are
represent ed hemeemedyy thocankdxgsc whd §em teé tompnundg»ﬁfonmmladm tatglmhe desimad t he

conventional ghdl @eddue Rk eI HRRM Migeth9l, Ga4tRRYYw IS HAHANSc dolliu | | be
understood that allelic variations of the nucleic acid and ami no acid

sequences usefXAroHds Bllovisd bupaacys aekd wield the demrgd BeMPRHnEnt i onal 'y i nt roduced
usi ng nmet hods known 431[4ane*)ayrat1oaﬂ]q1e&ahy@bt4atl ons may be denonstrated by one

or nore aEIa no[ém d dlfferg c8s., 0 0t ganq‘vggg g_lquence or by del eti ons,
substituttons! PRS- or% Vet 81°8% o[n ad Pi'0hs of one or nore amino
acids in sai dpm@%h@é\[l Wihiszeping- ﬁ@alé;@mwwbtmqsmmrasgln@ysm@ommdeng for

exanpl e, on t hﬁ:sdnan@utrzﬁ'cﬂadp@ﬁt'lctaye ﬁnlbﬁx@gamlyn CHRE 88mpSRbdbiwelitay its
hydr ophobi ci t dr op hC|t nd/or the B at i g ? re of the residues

i nvol ved. Forg@l efuélca eif&? Vltéﬁ‘ffrlﬁéﬁ Mool @V?Sﬁﬁrlb@éeaé%‘pg&?lfl c acid
and gl utam c achypertposort indebygestiar igad failme aaitetsin Rubl Ude Patest HISORRATR

ar gi ni ne; ,AMepAGhHRolhd hnHRGAMIEL R FalhGAR2PR QY BRhAE nRAMPRLAT 2bBEAd

rou
d bs 0.1 mg to about 100 mg per kg of body weight per day, preferably from about O 5 mg

to about 25 mg per kg of body weight per day The compound 1s preferably

administered orally but parenteral routes and topical routes can also be employed.

The daily dose can be administered singly or can be divided into two to four doses
30 administered throughout the day



26 10 January 2003 having simlar hydrophilicity values include the

follow ng: |eucine, isoleucne, valine, glycine, alanine, asparagine,

gl utam ne, serene, threonine, phenylal anine, tyrosine. Oher contenplated
variations include salts and esters of the aforenentioned pol ypeptides, as
wel | as precursors of the aforenentioned pol ypeptides, for exanple, 5
precursors having N-termnal substituggts such as nethi qQiJaguary 2003
N-f or nyl met hi oni ne and | eader sequences. All such variations are included
within the scope of the present invention The follow ng exanples illustrate
the invention but should not be interpreted as a |imtation thereon. The
reaction in exanpl Bt pregnt gvertiowalsorsonedmsnn edgingeredypasioss célbeqrapresingDH NAD
s O COON NH3 fdodinbibd of edddgEric¥RNuelek a@ﬁﬂs‘éﬁﬁén\égc@cfﬁé‘ﬁ)tr'f&&a‘{! ddh é{HIgE&Pasé‘C' d
dehvdr ogenaseé:ﬁ‘l_ﬁom var i OU@ sourée,s Sol ut i ons conttgl ned in a'l‘éna vol une of
1.0 m at pH @DH) apdQrecampipant Ahdeic oA saausneeeding fet2 PRenyI3anne wi t h NH-OH)

((). 1) M 5-(1, 3; dé}@/&tﬂgadmsa{Blﬂ)})i).ZP@&eabmﬁmmearﬁl?mc asid dmlcl:ul&l‘,\/hrNMAﬁnmddlésgr am
ng) protein/mibiljter (. 0.53 | 1S r ot gi om Boehringer
Mannhei m #or %ga({ljgé h{é‘ﬂ?arzl_élmes)re%gegcﬁsra&elrjrlﬂgknscfﬁ%ég BSOi‘ ! Flbl_l\lfése{;l ugncteﬁgream' no acid
dehydr ogenas eseprdsgatedingraintbytfpanulas Whesedet totrigh oriewsatéon insuthaceaveatiogdC f or
16 h, then sapgptgnWesaotakans hkomdiligplaRati aesrdeht iRl GioRehiMpgmase 25
l'i quid chromat ogéaghsé%\gﬁHPLC) anaci%éhs. The éésul.ts axe shown .in, Table 1.
Enanti oneric BXCEE NEFSeAtsatse ¢ PSR ARRICALIQ, L term JRodified; Nihsny 2003
Tabl e 1 Dehydrdgeings®a Socleatrie Anpolypeptide sequence, means a nucleotide or polypeptide
= (1, 3-di 950l aty ey (Shs Erral e i
Uni t smvd 8{561”3{:119%? %r rtlﬁat%élf._ @3&?2%‘2@?8&5%@@%6 f9%1_ell?crllartluerle'n- house22| 4. 01Phe
nyl al ani neSi gmal2. 653 reEPmPEREt kst eralsfdhopfesras BV SAR OF ARY (PIGTOPISARIER fr om
Baci | h~s sphaefiar ¢3abAdIE6T fodTwindIedbabmb@ dehy ditdcghrpeens) FDEMnBeef |iver;
al'ani ne dehydrcgga%ﬁ]eaosteDeYnmgstransfomed or genetically engineered with PDH from a different
species to express catalytically active PDH. Examples of host cells of the invention
15  include, for example, Candida species, Saccharomyces species, Cephalosporium
species, Fusarmum species, Penicillium species , Pichia pastoris, Candida species,
Escherichia species and Pseudomonas species. The most preferred host cell of the

invention 1s a Pichia species, particularly Pichia pastoris.

The PDH nucleic acid used to transform the yeast host cell can be any nucleic
20  acid capable of resulting in expression of catalytically active PDH in the host cell.
For example, the PDH nucleic acid sequence coding for PDH source can be Bacillus
sphaericus, Bacillus badius, Sporosarcina ureae, Bacillus faecalis, Corynebacterium
equis, Rhodotorula glutinis, Brevibacterium sp.., Rhodococcus sp such as
Rhodococcus maris, and the like. Preferred PDH nucleic acid is the PDH gene from
25  Thermoactinomyces intermedius ATCC 33205, as disclosed by Takada, H., et al., J.
Biochem., 109, 371-376 (1991), the disclosure of which 1s incorporated herein by
reference in its entirety.
The PDH (and, optionally FDH) sequence of the present invention used to
transform the yeast host cell can be obtained using various methods well-known to
30  those of ordinary skill in the art. At least three alternative principal methods may be
employed:
N the 1solation of a double-stranded DNA sequence from genomic DNA or
complementary DNA (cDNA) which contains the sequence;
(2) the chemical synthesis of the DNA sequence; and
35 (3) the synthests of the DNA sequence by polymerase chain reaction (PCR).
In the first approach, a genomic or cDNA library can be screened in order to
identify a DNA sequence coding for all or part of PDH (and, optionaily FDH). For
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5 fromBacillus su6tilis; phenyl al amme dehydrogenase was from Sporosar-ci na
speci es. HPLC Assay of 5-(1, 3-dioxol an-2-yl)-(S)-2-amo-pentanoic acid
Optical Puntv and 10 15 Anount Sanples were diluted with water to about -~
mM concentration and placed in a boiling water bath for 1 mnute to stop
reacti ons and preci pitate proteins. After cooling, the sanples were
filtered through 0.2 mcron nylon fily tsfrs into HPLC vi ahg.JadQbHM2003

Chiral pak WH 2y0.46 cm (Dai cel Chem cal Industries, Ltd.) nobile phase: 0.3
MM CuSO- flow rate: 1 nl/mnute (mn) colum tenperature: 40C detecti on:

DAD set at 230 no ter i nfec vol une:, 20 mc olite

RoCenti on t a8 deterrmblilk cotbnas DA b TR her e Diorisrao oy

Ret ent i on 20tht NS scimem@asémy fbhalUsrepaafof COIHI(and aopdioaalty EDHENGE arduish
concentratio i ti omer that can
be detected f%sl% @Bﬁ@éusegg %&th% ﬁﬁg@wgﬁ ﬁ%bgﬂ%gductj ve am nation
with extract f ronEOFWéPmPWo‘ééﬁﬁ@)wglésﬁtrﬁ 8 DR PEabs SWF‘%&E‘MI@%@W%S

internedigtss I@@%%?&emm&ega@\w dnBmic @ﬁALorfc@wah ar a515>rgaﬂ6f1ﬁ§sti um
containing 1. 00 Legm } 1‘V Iutam a% ) tone, 0.5%
yeast extracf" R RE ‘8“6“255 RGN G §°R/\E3re
har vest ed 190&thaigb1mmnprﬂi‘é&|loacli)blm whxdhha\@rlmdn ﬂq:r(amafcd mSmngGIrarEaabm cel |

paste (8.0 g) wasy V%ﬁ&‘ﬁ?& mmr%%xmxbé&rﬁwm%%%%&umﬂapg 'BEM § PH 7

and centrifuged at 716000xg for e.cells were res spended in 40 m
of 50 mM pot &58iAsAdinecieprth PP RIPH fandyoptingely RPRY U?mewmupﬁbletnﬁge. tol.
The cel | 1guspeRsfiqees. 10 was sonicated for 2 min, then centrifuged at 16000xg

for 10 mn. Thes atant ontalndO telnvvhen
assayed for reduc I%&gﬁ%c& |onm81mep °é1n53‘1143t§}? gc{faftger %\my‘.‘gﬁg{%? 8 7 solution
was prepared hc/bmlaﬂhon%cimmuammemmnﬁ@aﬁﬁ\t1sbr€I§Z5WEIZQ)S uspally pprBaified in a

E-TM?,d:j![ ﬁrgi ﬂ-pg%%ty bt QDNAOI}H?%W@H%TI Qp@ﬁ éinGKraot b r%es lnc{TMeMQ cég’neg gr%églerr;r!;.)se 1
and 40 ni (30@7‘“#5 %f&?tfg ”9268? ri“}?é ‘%’ﬁ@?‘"‘%&t‘?"ﬁ%‘ﬁi g),i?ége B?Sme%gi}[s‘\ extract.
The amonisumgdreliercat shends hybsdiabd/exchnl amtiBOY, axh thatterboubd aughtcldnes pH 8.7 with
concent at od AERILUE NG Bfind HETeh iR A0l SONRONAN BN 5 aigd and
concentr at ed %Hémmtwﬂyﬁpﬁu de. The solution was incubated at 40C.

Addi tional 20 ng pAkid ééB@rldeppf'&Eﬁf&h@D@l@hééq{xQﬁéﬁé\f&ﬁe pREt addabdorrdodtheh and 23
h. After 21 h rgﬂ so ut

L1, 3 i oxB ol TR B pe ARl svothgsized: JRorspBBIene oL C
anal ysi s. 20T heDbIamemmcat:Mbmg foe PRI EGaldf dpeios@ lyeFIAF ) em RS yhthedihal anaati¢soner i ¢

excess as Meastoalolfgdhlid@loddel fal @ td'E@lehiliallyRhiAq Ra Hprdpiafthl ikl
restriction sites or complementary terminal sequences) so as to form the correct linear
sequence of nucleotides.
In the third approach, the DNA sequences of the present invention coding for
25 PDH (and, optionally FDH) can be synthesized using PCR. Briefly, pairs of synthetic
DNA oligonucleotides at least 15 bases in length (PCR primers) that hybridize to
opposite strands of the target DNA sequence are used to enzymatically amplify the
intervening region of DNA on the target sequence. Repeated cycles of heat
denaturation of the template, annealing of the primers and extension of the 3'-termini
30 ofthe annealed primers with a DNA polymerase results in amplification of the
segment defined by the 5' ends of the PCR primers. See, White et al., Trends Genet.
5, 185-189 (1989).
The DNA sequences useful in the present invention coding for PDH (and,
optionally FDH) can also be modified (i.e.. mutated) to prepare various mutations.
35  Such mutations may be either degenerate, i.e., the mutation changes the amino acid
sequence encoded by the mutated codon. or non-degenerate, i.e.. the mutation does

not change the amino acid sequence encoded by the mutated codon. These modified



Reductive am nation wth heat-dried Thernoacttnontvces tnterneditts and
heat-dried Cartdtda botdinti 5-( 1, 3-dioxol an-2-yl)-2-o0xo-pentanoic acid (
10. 0g, 53.14 nmoles), 30 anmmonium formats (3.509 g, 55.65 mMmmoles), and a
magnetic stirring bar were added to a 300 mMl beaker. 1 SO mM water and 4.5
m concentrated amoni um hydr oxi de solution (29.6% were added to the
beaker and stirred until the solids wgje dissolved. The1pHanaanagpested to
8 by addi ng additional amoni um hydroxi de as necessary. Dithiothreitol
(36.2 ng, 0.235 nmoles) and NAD (145.2 ng, U 212 nmol es) were 35 added and
stirred to dissolve. fVater was added to bnng the volune to 200 ml and the
sol uti on was IpNArsegudno¢somay BSfepdred, dmkze{hm@ler Baatucting TieePDHA kY, opshally nsed

ith 6 m t act

et o et PSR RS S S8Iet R4l15, L0 Oy TGRS 0 Vs
bat h/ ct r cul atipsertiqthénvesiien @roaﬁldmg ofphe memowtanwo)am@smltm ¢nsadedumlynepida e

E} eR;’lVD d\rMI te 2 2exlﬂi¢dsgd@nl3bs B%Bro%@%ﬂovﬁ{ fgﬁﬁfgx? ﬂlﬁé’xﬁﬁeﬁ:t THRQHB(ERS ofe&ceax?&@legglsda

bor di ni i oot THREESEAerbpd 1 wongiashal Wi fedmel RSP aS sl iR added
to the stirred., NusblAddsdres. Nt8é49-8®64rm1985)hmdd@nlksl ReceNaelil.sqomd s&d. B§At he

t At t h b
stirrer. @nsb'mtde%g% \ggg%g%@ fn 4 dgmnag%r leel%p&&}ﬂ -ﬁa%ﬁ%ﬁs y

addi ti on of concentra rOXI ['ution The
reactor was k&Y bepyenagdWorheyamercial }'ﬁ’fld@rsm ﬁf pramplevdpilonpsrépming sitsr 3 h,

g 3 matITIh add:c E U@&t@fmﬁﬁ@@ﬁbl@m@y&rpnwhaﬁdﬁtﬁn PetEhasdCér. @dibgbn HerhiH tO

er to
So k. At &8 LD IR RoBheh &Rl e aeer g T RS e ts 3R BessanE RSt 3 L o
5- (1, 3- di oxal ah- Hugll )XC(dS)F‘eeQ lon i/ Mlo8Pkiiv8Blonay dsd ok wagloyainB@b é¢geasrajeudged by
HPLC, cells wgp nérﬁafé%éﬁ&a%&tﬁmr{s'ﬁé&%%d@%r&’éeowﬁﬁ? ﬁbSer@ Qe 15 mn at

13,000 rpmint Sor t was
resuspended u®Phgertidgs Sg@erpéﬁe‘i“r\n‘?@“%‘ EﬁteéPmaﬁd‘héWP‘PFWéﬂaﬁRﬂmmo mn at
20, 000 r pm (4 higher %ggls ofpitodectin, &QieVphﬂlﬁcSSBﬁr Jr @tdfide aditonMagfirisica@p was

ted t t he f t
Eﬁﬁi?n& anf o PO THE SR RGN BNE TR A ne il b gty
3-di oxol an- @Wymég)wzh@rfh%mpéﬁf@ﬁmv@nwd (74.9 M % correct ed for t he

91 % HPLC purity OfThEh@adt emom@é@a&m@h canl| B@c&ﬂ@xﬂ%x‘xt%ﬁds%rﬁé@ﬁ?&é’ﬁs
greater than 98%

Redu ve am nati on Pttn-l %t drie ?I
r econbi nant ECXBES?P%"%H%P%E%‘“B‘P?‘%“ FeGHCTS6CaT A for (and, optionally
5- (1, 3- di oxal eHDR). yIhe-&pressiopeattan preferady dorft2ia.all o part 0602BofithoDdRY) , 25
anmoni um f.Qr g, wer e
2dded to dob00°ahseth uys PR My RR AERENFN S0l PG,
hydr oxi de soI Wt iabd Bipohangy QG él adithedo? - tHEhgRIRBTehE CERIEFSIAVEGIS | t he
solids were dldbﬁgiri\éﬁ@ .ont e nfolt waslaredy DRSSk txéhcgs @;yeraaddl ghkad e ﬂlb@MA

oxi

amoni um hydr r t hr | nmmol es) and
ND (282 o, oeasaeRafiBE RTAR puaalPhB GG bl RaTH BreaBst B e or vas
added to bri ngCOtnm(t Vg g "oRerg0GnlinkgAumesns tb@lthlﬁt iegwaignsDpidusequerices € a
1-liter (Lys| a@d@%n@@f Hﬁé’&f‘n@rthe rEPRcalBR KL oMAS eXprBs R otk DNA Fhudted eddignd
the rinse was %5 @g{ o,the rglfl Sk The reactor was maintai ned at 40C with
a Neslab RTE-1 gﬁp&ffp %F0H¥he sol ution was stirred at 350 RPM with
a Hei dol ph RZR- 2000Estressiarvecters afoltilityBin2fic ok} invpiR i 1bd iter] 18@1613)1144)]f
heat-dried 35 g w0 6
Candi da botcl i gﬂ%énﬁﬂéea%v:ﬁ%&{ ﬁér B rcﬁlafg %&}aﬂ&l@gl\] PXS{&?@@QSﬁﬂ) d%genase)
were added to faven ieinof Bepnsidp {9 HFPmGRDTET Howeyer, Begnyeniipg isielnésver o
di spersed By t Rk kidestherAbridlbfexbiefBon P& tdrbhwhah sBiveYghivalent functions and

which become known in the art subsequently hereto.

Expression vectors useful in the present invention typically contain an origin
of replication, a promoter located in front (i.e., upstream of) the DNA sequence
(preferably an inducible promoter such as AOX | or constitutive promoter such as
35 GAP) and followed by the DNA sequence coding for all or part of PDH (and,
optionally FDH). The DNA sequence coding for all or part of PDH (and, optionally

FDH) is followed by transcription termination sequences and the remaining vector. If



30 10 January 2003 from about 7.2 back to pH 8 by addition of concentrated
anmmoni um hydr oxi de solution (about 1.4 m). The reactor was kept covered
with parafilmto mnimze evaporation. After 3 h, a small addition of
ammoni um hydr oxi de was required to adjust the pHto 8.0. Thereafter the pH
rose to about 8.4 after 16 h. \Wen the 5 conversion of 5-(

1, 3-di oxal an-2-yl) - 2- oxo- pent anoi ¢ acyg to 5-( 10 January 2003

1, 3-di oxol an-2-yl) (S) - 2- am no-pentanoi ¢ acid was conplete, as neasured by
HPLC, the suspension was renoved fromthe reactor and stored at 4C until
renmoval of cells. Cells were renoved by filtration on a Buchner funnel with
the aid of areembtrangbiihnuglsts asidde vead, HEHEH IDNA aarebagnst afitessamea vegfor | t er ed

with a 10, 00Qs fﬂalmbama%bgm of MBbaGH REfor 19nPelprsdioh R0 agbe The
HPLC yield at t1 end the reagﬂl on.and fi trat|
g

1, 3- di oxol an? OtIEQS A SFAUGRECH SAYHM b1 e 3k 9T p¥em elﬁax}qt%}eragﬁrt ed for t he
88% HPLC pur istqueaéestitech mpuide Iﬁc&tsmadltgzl)af thexapiekstorbprbudRedtretory tadeti nat i on

th 1168
contai ni ng. prausncrshturep{Re P EREhoRtult S BsRATaHES SR IR, i o)
suspendi ng lﬂﬂomxé@ﬁﬁf@n pkthe pruciyralgoneria Wa@@mﬁ{%&o@pﬁame‘-ﬁsb@ﬁeﬂér pH 7.3

containing 1 apMdt bhhlﬂh@r&?bﬁ&her@ﬂ&c@rs%&h%ﬂrr&ﬁ/tﬂrﬁém%n Qx@arl@é}Qe(ﬂleﬁEéép“ ng for
5mnat 4 with ab eads C}{@&Strac was
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dehydrogenase and t cel I ne 8enase

S (1, 3- di oxal 41 teylﬁf)*CSzo %&eoacg@ ?i@ﬁ%sawauvecta&wdmst %faqqn)me legvigh the hesiq 7
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93, % HPLC puné%n%rgg in- i) M’ucng Sfcsg 5@&11 asm %u% &gast tigs&soalﬂs
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sol ution cont arefgrreg tbﬁéh%msttqme&@mecmaeﬂth@@nwanttcm @p mﬂﬂaw yeps(BR314 ¢

contai ni nggi . ae’quenée%aa&@ \@lﬁhmég@@t%ﬁk%%sm%é@so%és u;m ﬁaﬁ*ﬁ@'&ﬁlrﬁbﬁﬂés’ﬂe
dehydr ogenase)

flask
500, Tho ool ARG RIORPELITed SR beCrabir ar e FouBiG: AF15C The
fl ask was cappzeptemqrqugwraf cdntenapiaed h;ztkttaira&nﬂnvanuoohsaatyeasmmbleaf 40 C and
200 rpm for Zﬁlrgctm-ghﬁe Hg:;;t%h% thhte %nfﬁoﬂ WV&fst hﬁ a?@&k' £ eRrBiy B0 9
ol

5-{1, 3-di oxol an- anm no- pent angi ¢” acl M4 car 1 ect ed for 93%
HPLC purity aﬁﬁp@s%‘@)’g REURSIEF DOYA tequencs discloged ada, 51 Ehanti HRet excess
was great @s tHhan, TB%376.(1Pa) embizkd celd. SuiaBRGrothdtersdnatody, fonekomipl tae ( 7. 796

- 123.63 mmltﬁp@ pro%geérom Aspergillus nidulans, the penicillin V amidase promoter from F.
oxysporum, the GAP promoter of Pichia pastoris, and the AOX promoter from P.
pastoris. Suitable termination sequences include, for example, the trpC terminator
from A. nidulans, the PVA terminator for F. oxysporum, and the AOX1 transcription

30 termination sequence of P. pastoris.. It is also preferred that the expression vector
include a sequence coding for a selectable marker. The selectable marker is
preferably antibiotic resistance. As selectable markers, G418 resistance or Zeocin
resistance can be conveniently employed. All of these materials are known in the art
and are commercially available.

35 Parucularly preferred are the expression vectors designated pPDHI9k/10,
pPDHI155K, and pGAPk-PDH described herein below, which contain the DNA

sequence coding for PDH, or expression vectors with the identifying characteristics of



( 1, 3-di oxol an-2-yl ) - 2- oxo-pentanoic acid, lithiumsalt (20 g, 103.03

nmol es) were added to a 500-m jacketed reactor naintained at 40 C and
stirred at 250 RPM After the solids had dissolved, NAD (66.34 ng. 0.1
mol es), and heat-dried Pichia 10 ( 1.6406 g containing 666 units
phenyl al ani ne dehydrogenase and 150 units fornmate dehydrogenase) were
added. The pH was adjusted to 8.0 witdyconc. NHAOH. The4planaare2hosst ed
from8.76 to 8 by addition of formc acid (99% after 7h. The pH was again
adjusted to 8 with formc acid after 10 and 23 h. After 25 h the yield of
~-( 1, 3di oxol an-2-yl)-(S)-2-am no-pentanoic acid was 17.16 g ((98. 3%
corrected for tese Pé?’ﬂ@;@ Sisotmeferrphistthk exrseseion . vertpadas 2o psd P& EBH was
greater than 98ki@inidedd DNAREEenceBmbathgtsp@ent ri fugation and protein was
removed by ultrafiliration., Exanple 6 R [ ve aninat ~on w ilized
Enoynes 20 Phenyl bt S g AABGanan R W oB BT R PSR  act
was i mmobi | i zexhs dapdsitpe mith ttheCRm@ticanf T ypm (Ritune Goldediom (Y'dh TAE AMenassas,

dehydr ogengse «f:foLr ) ived+ Nt | i L Ld pergit C
(1 om Ronmecy o e ol Y1t AE 15 Bider B Bbet e ML el ATCE DR
reacti ons cont3fssaian pp. 7é‘48§ﬂ ume of 100 m :

S-( I1 3; di oxol an- 2- ygst aelDRz@hz]@%@E?tht@is@aia(;jS?LlS chr}itnihm@;ﬁ@hiigis(ﬁ@ﬂpgpnfﬁ?@l254
mmol es), anmoni ate es [ othreito :
ng, 0. 106 mﬁ@%‘g%wfsi%éﬁw}?&m .Y%éﬁrﬁ%gggf?m%‘&éﬁn%éyﬁawgerpﬁgnyl al ani ne
dehydr ogenase provisibns ¢ ztbel Bodapestplaeaiy anC56sieiet, A5CQG Act&6io8 Nmi7¢433. and
Candi da bogodl nu f OryR: EcIfIE K ONE DS el FTBRDN LbieRlAbURHREDBDH | S5K (2® O
27.5 units). pH was adjusted to 8 0 wth NHOH and form c acl anéi

t enper at ur e waderggied "ﬂ%h ‘?‘F\ ST donMasdirip- K19 Tvedes thoprovisigs b hstHudapsaas

drai ned from theatyendiodssighedNFOCa\Skeadiol Wes98ST¢el sieve, 801400 nesh,

whi ch retained the { iliz e i on, wa dded to
the reactor. The ené‘z‘gllﬁ{rf]';:g)’Ee ev’%?cggﬂgg@ﬁr%mg&gggéﬁ% geﬁsgeiggdsﬂﬁﬁ)z\lf\% Clorrll?rf)lﬁe t abl e.
Enanti oneri c esegeesenmsy e eenstinctetusing 89pdasd resaghingeiddN Adechniquepkngvigianuar y

f2003| ;Js?g)eas;t | O aftt ABRY tef@mf\%n gieqyegdrﬁia? 2n g{xrﬁﬂn@oﬁg{:ﬂ.ﬁgg%guzla% %loninév,:z A 7060
oryl)- - 2-am no- puri i.nput pe otc aci

53453 7383 5460A°0H6% Matur %é@g“’@gi‘g%@r%’é@g%g“@%b% IOE&&?&l BPrNERIERPL,
reconmbi nant folNYGik89xlinci forrrtate dehydrogenase and T crtterneducs
phenyl al ani ne dehyd IO - I : ' fotmate
(389 8 ny, 6 18 m"mfrgg ?ﬁgﬁl&[@t*?ﬁ?gjggi?}q@%ré‘%{yf%%“@%ﬁge-g%gﬂ%’%grqa&c aci d,
lithiumsalt (cPmpisipg ORE ABNeFRHELLNOTNENASaGHEHC S RpOBRfircEnghereyer fl ask
and m xed @p arditaioh K ee Xpredflon 6F Aibp2RRivEIR k& foer DAAGeg@Int &lsodiad
di ssol ved, NAD_(3.32 ”ﬁ gpgg_l'sgﬁ’ggl ets%l,1 and wet )((:el l,s Cof Pichca strain SC
16245 doubl e c Wi TR cONBPRRATLS G OF: 1OF PRI RSP USBSRERY | al ant ne
dehydr ogenase anter@uuupoifeisinen exispomat addismicdi oyehasegen0me Pighie pastatini ng

40.9 units pheryl.al@onsndehy $hQU8RHDLe SR evsiabc MR thartfcQtaf )Pk &erred as host
dehydr ogenase) V\ﬁ‘l‘e d zg&‘?;?‘s'h{m was adjusted to 8 O with conc NH, OH The

fl ask was cappé&d''t ”3' SHAESi ncubated on a r otaiy shaker at 40" C
and 200 rpmsAfter 2Exprdshien yeadrd mafy e ifitroduced into host cells by various methods

1, 3-di O.XO| an- 2- lo%vh(irﬂ 1e ?@WOPQR:EW%QFEQEﬁnﬁ&&& F3st Qe MEwn \%ﬁ%@&{cn)ve&%yg%t ed
for purity of the input ketoacid.” The enantionenc excess S greater than
98% Exanpl e 8 pbgsarried out by the polyethylene glycol mediated protoplast transformation

method. However, other methods for introducing expression vectors into host cells,
for example, electroporation, biolistic injection, or protoplast fusion, can also be
30 employed.

Once an expression vector has been introduced into an appropriate host cell,
the host cell may be cultured under conditions permitting expression of large amounts
of the desired polypeptide, in the preferred case a polypeptide molecule comprising
PDH (and, optionally, FDH). Thus, the present invention concerns an engineered host

35 cell, preferably yeast, capable of producing both phenylalanine dehydrogenase (PDH)
and formate dehydrogenase (FDH) wherein said host cell comprises



The foll ow ng process description details the procedure used to prepare 91
59 (77 9 M9 of 4-(3-bronopropyl)-1, 3-di oxol ane from THF Preparation of

4- ( 3- bronopropyl ) -1. 3-di oxol ane, THF (50 nli) and di chl oronmet hane ( 500 nL)
were added to a | L three neck flask equipped with a nitrogen inlet. a
thernocoupl e, an HBr sparge tube and a gas vent HBr gas (~63 g) was charged
to the solution while maintaining thejygeaction tenperatypgapebiee00®0 and
25 C The addition of HBr gas was contl nued until the reaction was fudged
complete (GC ~lrea' % for THF is ~~ 10/~, actual 3 5 Area % 33 10
January 2003 10 15 Subsequently, the reaction m Xxture was purged with

ni trogen to renové)esccenbinpBrnugles aitensading 8D ard, sptignadly ssadpgametd car bonat e
(2 X 220 nl) rﬁx@leéfaf:far&c@dxﬁﬂ’bﬂ ape chl onde sol ution of 4-brono-butanol (CGC
Area% = 90. 5, apparent . The resultin | uti.on of  4-brono-butanol
and potassi um br ozli‘)dBucsl%Fﬁf‘Fic?ﬁc%‘%“?g ISH %‘ﬂfﬂlaﬁg‘ge&ﬂ&%‘& 1§ gndogsnqus py ee
necked round rbainibomed of bats kndspeh@padd ecombananover head stirrer, nitrogen
inlet, thernocoupl S : | 1z] L. Wth
agi tat On% ibo opl oesﬁ echs ]ant l?engr% e%@k%sxggv&t%m&a é‘&% fxé E)\M'Qég{ﬁ feelt &
the reacti on dodegior @slhOIBJ?WQf‘?o[l:lédﬁr&drpb'ilwﬂbcﬁ%}ﬂbmgbb@ltqeéhﬁ@?m (m_C)OFand

2,2,6, 6t etrarmgﬁa;blftﬂgfgll@@rngm@wegémaEfogglegadl cal (0.675g) were added. Wth
vigorous stir %, sodi um hypochl ord te soluti.on.(874 nl)
was added to @L@grﬁebl\#r aﬁqﬁlﬁlﬁ?’ébb&&presﬁmﬁ%Eb%‘fen‘f HKHEPRETCERSer at ur e
m t he range - (5) tvessy ti leFell df omansegipt o retsued by theaoprotieionedatRNA was

conpl ete JHQQQ‘?W@% Qh{?{t%‘éﬁ‘s(ﬁ) &%@e%g'o}’ﬁ' Sge[( ;?’roﬁi?ét 1%%0\,\/%%@@%&&& o

The phases were to separ at eous extra
with nethyl en@lzexﬁlp@ﬁﬁaaeer(zvmseswjvelngme Rf@fmrdw@ath@dgérﬁeenﬁw@ns wer e washed

W th aqueous aci difni tﬂé’ﬁpﬁhﬁﬁﬁédlhmhleg%s%e%@hW@@eqﬁleﬂce]c%dgwg%r ﬂpér%%&ld!m
iodide in 12 of .10 w v9

198 00 And wibgeStes SehE B detgctea byt CBRR Gt A TR b Bl B i o

of 4- br onobut preaks (BP IARentary 10 Ble, D¥Alydwene. gl ycol (39.0 g) and
par at ol uenfsul foni g @¢ '5&0(13 ag;ﬁoﬁ:)h Welrée ﬁm{é%&p}&sx@n gelof ﬁUsggvs&?rfgmrb%und

bottoned flask, 20 _equip an over r'rrer, nitrogen I
t her nocoupl e wéat@?d %{WcFe%?CBéé?ﬁﬁdé‘PR“W&tpé?se%“érj)éraé%%?e N CHICTRYEFSERE The
reaction m xt diretivess elzeatadmide utidkition, whistanazie ahtigipiics, raivamat toofunyieider

| th - I
o broney neafhAD B0 BLS! & AENet e SR ATSISLA LI A SO
m xture was waShbdcanenss @Gln&/fv%lbmmtsﬁf@fm@aymon@dee thegtegielntdon ¢ExBOsame) and
vater 25 (3 X@&@wrel;ém pTchﬁotéﬁ%@Md r@gula@ttmén%?ﬁeemlﬁé 'sééﬁeﬁ&l Ut R3siOt of

4- ( 3- br onopr op$/ %I % di oxol ane was aoncentra to,.one-half the r| gi nal

vol ume and t et PERTFEFOPEF Ah"REYSE fyBguctes Qr sresap insticaiesd %8’?‘???%88 h Elntl I

| ess than 0.2 %1mt¢wﬂ1kenmtciqbrosrsmmevmswphrcésexmtes ihe DNA spqatoe todsid fot pldn
containing 91. 5 %thh% d(eéréar gopyl)-1,3-dioxolane (77.9 Mg GC area% =
89.4, retention tlrre mn 30 In- Process GC net hod: Instrunent: HP
5890 Series || Gas @:Fheotﬁﬁflaeﬁfaiﬂh hsjperaustionTelippzy DO RN ACHRISSAPISRES PRk RTx- 5:
30 m 0. 325mm dsf3sddeny 1%agrzamm Bsa) @B&aﬁplel; a@[padtﬂvatedaﬁ\lﬁ/cﬁh Be {solad5 C, 8

mn @275 C. 3 i t or te
R VE R ez L *L%ene‘m P By SR ME sty sifie RITBEC o et on
ti mes 4- brormbl%fm’fﬂmefﬁam ‘Qﬁhﬁ M sevenest Vlgimbdiigisethe Wsalﬁlumenl acids of the

4- (13- br onopr opyds) cell, rﬁa)db@é%&laél@ﬁ akd @ssﬂ@re@ f&q{ﬁrx@iz%dmﬁ s bYs. ' n BNB‘ 207170
10.8 mn (4- (3 bro

LB 2H - 90 - gk olgh agpach Begrbresemoahor say of Geoesisd IR S 4. o
(tr, 1H). 3 hbﬂsse%&d%nur@ﬂl@lqallybfoESlee 3% Waterd Blofttng. 64. 72 and | 03. 42.
10 Exanple 9 In the fifth approach, expression of the enzyme can be measured by assaying
for enzyme activity using known methods.

The DNA sequences of expression vectors, plasmids or DNA molecules of the
present invention may be determined by various methods known in the art. For
35  example. the dideoxy chain terminatton method as described in Sanger et al., Proc.

Natl. Acad. Sci. USA 74. 5463-5467 (1977), or the Maxam-Gilbert method as

described in Proc. Natl. Acad. Sci. USA 74, 560-564 (1977).



The foll ow ng process description details the procedure used to prepare 34
g (68 M9 of Lithiumb5-(1, 3-di oxol an-2-yl)-2-o0xo0-pentanoate from 50 g of

4- (3bronmopropyl ) -1, 3-di oxol ane. 15 Preparation of Lithium5-(

1. 3-di oxol an- 2-vl ) - 2- oxo- pent anoat e Under a nitrogen atnosphere, nmagnesi um
(6.55 g) and dry tetrahydrofuran (30 nL) were charged to a clean dry 500 nL
three neck flask. To this suspension, g tetrahydrofuranqgo

4- ( 3- magnesi obr onmopr opyl ) - 1, 3- dloxolang (5 nmL) was adde éé%@h?ﬁgzgéiture
was stirred for 10 to 30 m nutes. A tetrahydrofuran solution 20 of

4- ( 3- bronopropyl ) -1, 3-di oxol ane was prepared by dissolving the bronpacet al
(50 g) in tetrahydrofuran (130 nlL). Follow ng observation of an exot henn
(2-7 C, a tetrahydrofuran solution of 4-(3-bronopropyl)-1, 3-di oxol ane (5
m.) was added to the reaction m xture. Follow ng observation of an exot henn
(2-5 C, the remaining tetrahydrofuran solution of

4- ( 3- bronopropyl ) -1, 3-di oxol ane was added to the 25 reaction m xture slowy
over 2 to 4 hours nmaintaining the tenperature in the range of 25 to 35 C
Fol | owi ng conpl et ¥ shodtaf 6AUrSE fvs ufl%f’éétf’%wah‘il%‘ll}reép‘iﬁé%o%‘rfiCFOrf%WduIHTt‘JﬁI
formation o feghh®rgedqupnded wik@grtbn VARG AR td ex@eashe Dmgﬁsqll&mes GFtRE OCess

tth ?Zﬁ%r (():llj%aﬁr}‘%%%t % \;\I.t/g‘gfjl{eH.egl‘(yQ}3?JIPPOSTt hé@?lf{e?nc 1| at§ %égweﬁfwﬁh }336 SaW&ck round
bot t om f | ask exprepsiopsesieny Howevaoong ofrasdianryi siiilbin thoye ma aehks piseleetfonand a
cryogeni Cs Co%bﬂgegﬁ\ésﬁlonmaofsewzﬁt feBG1aBRY Sguektefand |h8§th:)éhs &R @ke was

cooled to -60 to ‘ﬂl etr%\_ﬁ drof ur an solut(i,\xVh

4( 3- magnesi o[&PkS‘ﬁBCﬁrP(S?)X}fiﬁ cregn 4t © GERERFGRG O PRV 5P RE gt he

t enper at ur e ithe schge ofahgpres@ itventiof8 C. The coupling reaction m xture was
stirred at -60 toyr 7 QWQP‘H on was
j udged to be corrpllf%ﬁosggélgsu lﬁlglgg’rskglg@ergﬂg éxg&ggg&gm}dagﬁﬁggﬁ%r eact ed
di et hyl oxal @r@eéwahg@glabs@ tNMP saied ﬁb@@rﬁé@bwﬁi@@é‘n gdapjed to trpRegfomp bedti ng
reaction 4§ Xtcefl€odbnrafdlcRic 484 ncdamg MM dh ulkiAE arelcd &F I RLdIEEDci6% S O,
agitated, bip 1%1 sic mxture of nethyl tertlary 35 10 January 2003 butyl
ether (100 nfjCHASPEEISS. — W vop aqueous citric acrd. The phases were
separated and t he lagpedased thyethe B eatsfoantdbosncells afglduplberttentalsarcyntbint y|

ether ( 100 r ~to
7.0, 10 wv rBa)“cl)%ll umdggﬂmg?g&éﬁgg os%hlcg)é%b%? %Mgér:' gf%ﬁg&%mg_ }k; he t?dgsaﬁhl ng
nethyl terti éhyhmg?}ls Cétpﬁgp cgnt§@| qgtipgﬁqowéﬁnuclenc acid encodmo H in addition to

:\/Et Eyl 5h(5é %wéﬁéiﬂirfﬂm yuc)lexaaaaom@ﬁtr@n@atcen\@aé:seﬁ@xgkvac&htt@ufém&@?150'0 and a
i thi um hydroxi de .sol ution i monohydrate in
80 nL of wat ePP A" 4Hd& ﬁémg’ ?%‘“?V l%fs tg béhr)b}er%i‘(tpuéré %QF 3@“& “he bi phasic
reaction mi xtwepwspsihsdusqrqvettdahat@ransfoxm}ltlo:n @hPidhia ¢eds sahanietios apabls ofias

judged to be &a%mh(e&}eprbééxdnrbfmmp@%re%teanahmngedapilesgleherpm arear% vs the
T=0 sanple) 1 ete reaction fetbg ases were _separated and

n
the organic | %E tlé%r}zé@?%cwvfﬁ‘%%‘}ﬁss(o Y FUoRHE PSS ned aqueous
phases wee® war medThopré$ent mvatiod fanikerdbhastresch methdd fos pprdapag@DH 8G0OFDH) over

no | ess than %&Hﬁ%&ﬁmﬁgﬁn Eﬁ%hﬂe&éd%sﬁ%)’l%%ﬂ%xné&%ef:cyram%t%g'rl%t?\ye%c%}c 15 to

30 C for abou en cool stirred unti

product conceftif 832815 qfxpisesing e Faf SPRIAIREE ASXPEEIOR YrRSHT S2IPIe off

IléI hi EmS ( 1e%*r€bsﬁ1>g(ﬁl}im Ereyérhblaﬂw@p&emmm@dres p\alsHemuoect ed onI a fl I :3 er75
and the wet-cake t pr.opano ,
mL). The wet-cake s@ﬁ?%ﬁd\/\ém&g%@egﬁ%& #%drr%qf Fra}tlgﬁ b

1, 3di oxol ah- 2kgdp)nDw il stapdand aﬂlaattpeldasomrncﬁzeurferb&cﬂl ohemg243s 9&&7a35§9( 34 0 g,
68. 0 MA HPLC(R%'K)?'ﬁﬁbx‘wlaﬁlbﬁ@foratﬂmg amdr}esulﬂf)elsgreaﬂzs) 5’50\9&% thé Sorfdife mlgefi

Col um; YMC basi c H}con particle size, 4.6 nm sol vent]
Acetonitrile : 06'5810“ Mfmoni um acetate, flow rate =1nm/m and det ectl on
is LTV @210 nm 25 Aalvncal data ~ 1 HNhIR 300 WH=;, D20 ~ ~!.5 - 1. 6

(m 4H), ?. 65 (tr, 2H), 3.7 - 3.9 (m 4H) ad 4.8 (tr. IH). 13CGiVMR 75

~l -TH=; DoO d~ 17.62, 33.39, 39.17, 64.97, 114.26, 171.86 and 206. 99.
Exanpl e 10 30 The foll owi ng process description details the procedure used
for isolating 5(1, 3-dioxol an-2-yl)-(S)-2-am no-pentanoic acid fromthe
enzymati c reductive am nation process streans after ultrafiltration through
a 10,000 MW Ilimt filter. Isolation of

5- (1, 3-di oxol an-2-yl)-(S)-2-am no-pentano~c acid in aqueous sol ution of
(S)-a-Am no-1, 3-di oxol ane- 2- pent anoi ¢ acid concentration = 35 16 g/L, 3500
~L volune) which is contam nated with oxalic acid (concentration = 7.74 m\)
was sparged with nitrogen. The pH of the solution was adjusted from8.6 to
about 6.5 by the addition of 30 w v% acetic acid (55 nL) and sparging with
36 10 January 2003



nitrogen was di scontinued. Follow ng pH adjustnent. 11'I cal cium chloride
solution (81.4 nL) was added to the neutralized product solution based on
the |l evel of contamination with oxalic acid. The resulting slurry was
stirred at roomtenperature for 20 - 30 mnutes, at 60 C for 30 - 60
m nutes and was concentrated in vacuo at 5 ~50 C to 900 nL. The resulting
slurry was filtered, the filtrate wasyg ested for residugf Janahhc26aa d
(Sigma kit 591) and was concentrated 1 n vacuo further to 350 n.. Wth
agitation, nmethanol ( 1400 nL) was added to the concentrate and the
resulting mxture was heated at 55 - 60 C for about 1 hour. The resulting
crystal slurry was cooled to 1 - 5 Cover 1 - 1.5 hours and held at that
tenperature for 2 - 4 10 hours. The product crystals were collected on a
filter, washed with cold netﬂ&#ﬂﬂigﬂgcéﬁﬂ%ﬁsPﬁt NfeEat 40 - 50 C until the
LOD was | esssyinapol, %oto afford S-( 1, 3di oxol apmeNgACIDS) - 2- am no- pent anoi ¢
acid (44.7 g,'7§.5 , % recover /.7 .0 potenCy vS std.” HPLC AP = 98. 9%
HPLC retenti 8% ke = 3. 7 m#»uf%. residual R enantionmer = ne (not
evident)) as Yahite crystals. TH HPLC nethod: Celytnsme YNFC ODS AQ 4. X 50 nm
sol vent; copper sulfate pentagydrate, 782 ”g/k,Q9d ter, flowrate = 1 ni/
m and detection is W @230 n retention tine = 2.7 mnutes. Exanple 11
20 The fol | ofi ng process desc?mbtion details ﬂh@“ﬁybﬁ@ﬂﬁre used to prepare
17.4 g (80.8 N9 of (S)-2-Am pet6, 6-di met hoxyhewam@ngneaci d, nmet hyl ester
from20.0 g ﬁ% 5 (1,3-dioxolaﬂ%g-yl)-(S)-Z-anin -Pentanoic acid Preparation
of (S)-2-Anirod-6, 6-di net hoxyh&Xanoi ¢ aci d, negﬁéﬁlggter 25 Under nitrogen,
chlorotrinettdyl silane (28.0 §¥ was added to d-sdrmery of
5- (1, 3di oxol gn-2-yl) - (S) - 2- anypo- pent anoi ¢ aciid;s;(RAecie 9) and di net hyl
sulfite ( 12.0 g) in nethanol %240 m.) to affaord a honbgeneous sol ution.
Fol | owi ng t hé~observation of &R%exothermto 29} Cfhe sol uti on was heated
to 40 - 45 C Tstirred at that TBD tenperature fiothré&nineand at ~22 C for up to
72 hours. In-process HPLC anakysis showed that; { e reaction was conplete
(~93 M conversion to product) and the resulting solution was cooled to -5
to -10 C. Wth stimg, the apBs ent pH of the kipxdwee was adjusted to 11.7
to 11.9 by the slow careful addgtion of 32% (or.; 4,45 M nethanolic
pot assi um net hoxi de solution (/0 nL) mai ntaini %.t&% tenperature in 35 the
range -~ to 0"C. Analysis of tH& product slurrg'FN ¥ indicated that the
neutralizati o® was conpl ete (dHemni cal shift ofLighearainpha proton of BMs-2D5
787 was <3. 36gppn). The sol ve of the producty : s exchanged with
et hyl acetateEby 37 10 Janu§$§ 2003 first co% gﬁ%ﬁ%f?ﬁg the thin slurry
under vacuum ¥ <30 C to 300 ni™Pvol une fol | owel "BPtoPR# additi on of et hyl
acetate until Rt he renoval of meighanol was conpLet@finas j udged by in-process
GC anal ysis ( AP). Upon compjgtion of the soly .exchange, the batch
vol une was adfﬁsted to ~ 400 ﬁ%ﬁhjth et hyl aceké@@llﬁégg the resulting
slurry was fiNered. Poly(acryhic acid co-acrylaspaegne potassiumsalt (3.0
to 3.2 g) andgnvater (30 - 32 ntys were added tortfygefnkl trate. The m xture
was stirred for ~ 35 mnutes and filtered. Optionally, the Poly(acrylic
acid coacrylam de), potassiumsalt treatnment can be repeated on the
filtrate if tHdl guamotactdseqicnetshyd epeeseitgtivdreiodydentsilS. iiose tpfi toalghnt s, as
judged by kn-pE. - | S : i i_n- ( si s,
BVG- 2057875( 1%3&3?&“%@5“ g%fclé’ﬁée“go‘é%%é‘ﬁatedt%aﬂg%det&gﬁre“gg ﬁ%{%‘k%’%ﬂ%% Mo
yield. Analytical dawvi!bgmderstopd that aliglichyarajigng of 1) nucigrcackbndmng esidal |
Zorbax CN 5 misgienbds whefl h@raiﬁelamaauy?e&isv,/or%e(y(l;cciateﬁﬂicmmnitm}x@hqm:‘gat eOI

n, vol ume el uted at

solution): 28 v/v% 15 acetqnitride, 20 mcro L injecti

100 L i O 1 osoRRdh ke e RgTh Rasrrd Skl EedR R T

fol l owi ng proceyso deddlffgsericonindbe avdral saquenseorddudestiosesubisbtuticapare 62.5 g
20 (78.7 MY QfsertRms2mABisRAs b RdHOAE bPONYR XA AUnbnAli @ in BBE BdueRS! Sucwxal i c

acid salt (1:1) from.50 of 5-(1, 3-di,oxol an-2-yl)- -2- no-.pent anoi ¢
aci d. ( mino ag?d subs%tunons may be made,xfor examplé{ 021 th(e%)asis o?g]milari Y in

polanty, charge, solubility, hydrophobicity, hydrophilicity and/or the amphiphatic
nature of the residues involved. For example. negatively charged amino acids include
aspartic acid and glutamic acid; positively charged amino acids include lysine and

15  arginine; amino acids with uncharged polar head groups or nonpolar head groups



Preparation of (S)-2-Am no-6, 6-di net hoxyhexanoic acid, nethyl ester oxalic
acid salt (1:1) 25 To a 250 nL, 3 neck flask equi pped wth a nechani cal
agitator, thernocouple, heating nantle, condenser) nitrogen inlet and vent,
(5-(1, 3-dioxol an-2-yl)-(S)-2am no-pentanoic acid (50 g), nethanol (300 niL)
and dinethyl sulfite (11.2 nL) were charged. Chlorotrinethyl silane (83.9
nm.) was added to the resulting 30 slygy and the reactifnjghddiyr208as
heated at 40 to 42 C for about 8 hours, followed by stirring at ambi ent
tenperature for eight hours. Potassium bicarbonate ( 104.3 g) was slurried
in methanol (200 nL) contained in a 2-L three neck flask and the reaction
m xture containing the hydrochloride salt of (S)-Amop-6, 6-di net hoxyhexanoic
acid, nethyl_ ester, s, neutralized by adding 35 it to the potassium

bi car bonat e B¥URE JMiaT hxdaenkiliglyivaliep chide ghsdollpwingh deHeing, isplgreige, 12.5 q)
and n-butyl agigieagigcifd lanite) asparaginadeledming série, tirethinegpivaglabaneent r at ed

under vacuu 6t gﬁ%@h to renmpve nethanol maj [Nel] . 10
January 2002’1.t }{r%semet'_ébn%gér)%?tur %?&JYZWeagDn& chlIu ge agﬁsg\r/lvd gﬁ&%%.{hé:n?qrgg?x%onﬁ%t hyl
et her (300 npplypensidagi@etvell @s preeursdry of theafatementamed polybenyided forex@mptehe salts

of neutradi Zatd-QRoMBEFinE NRVBGHaPYbEhhidt@tdcARs rrﬁﬂﬁlor{iﬁ@,N—Hﬁn?[m&ﬁilﬁﬁin‘é’as
washed with te h% ggégwneth dfiltrates were

yl ether (50 nlL). The caonbine
warmed to 202F ey élbw%vanai*?nt&remlv&ﬁ&ww eSCoRe)OLLRA RFESEBh of

oxalic acid diwveydoate (36.7 g) was added portion w se over about 1 hour.

The resulting slu S) - 2- Am = di i i | ester
oxalic acid salt, Errh}l(f@i%\&%gﬁggﬂsgﬁg%%egbg%ﬁ}gﬁ%u egﬁ%&%ngﬁgﬁ?ﬁeﬁ%@'pr oduct
was cryst al | iag adinbtatiph ghesqogy The saciighinskamples bt iy shavet mpehephdr (800 ni) .
After stiipnng the product slurry for 30 mnutes, it 10 was cooled to O to
5C, held for at least 1 hour, and filéﬁged. The wet - cake was washed with
tert-butyl methyl ether (2 X 300 nL) and®®Ffed under vacuum 0200 nm Hg) at
no nore than 40 C. The product, BMs-205787-02 (62.5 g), was isolated as a
white free fl ow owder in 78.7 Maobcorrected yield fr M5- 205786- O1,
havi ng an HPLC AP of\ 97. 0 andoramd r ee baseopotency (vs. /lab 15 standard) of
b8. 3% Analyticakvdd?a: HPLC. Tr <135 mn (UV 205 nnfx\BQékland

Technol ogies Inc./ Zorbax CN5 mcro M 4.6 X 250 nm (product #

880952. 705), 85 ¥/v% (0.01 M pot assi um phosphate solutigh): 15 v/v%
acetonitrile, 10\ncro L 20 injection volume eluted at 1NO nL/mn. The HPLC
response was found to be IineaﬁA5Jrf#RNx nge of 0.16 to 15 ng/nL. Sanpl es
may be diluted w/th nethanol or nshile phase. Analytical/data: 'H NVR 300
Mz, CD,CD: b 1.B- 1.6 (mM 4H, 1.8 ; 2.0 (m 25 2H), 3.3 (s, 6H), 3.8 (s,
3H), 4.1 (tr, 1 , 4.4 (tr, 1 H and 5.1 (br s, 3H. "G NVR 75 Miz;

CD, OD: s 21.037 3 @ébn 33.06, 53.58% 53,65, 53.89, 105 ~cbBh- 49 and
171.14. Exanple 13 30 The foll owi ng process descriptfi¥n details the
procedure used to prepare 100.3 g (78 MAocorrected) of

(S)-2-Am no- 6, 6-di met hoxyhexanoi ¢ acid, nethyl ester oxalic acid salt (2:1)
from 100 g of 5-(1, 3-dioxol an-2-yl)-(S)-2-am no-pentanoic acid. 35
Preparation of (S)-2-Antno-6, 6-di net hoxyhexanoic acid, nethyl ester oxalic
acid salt (2: 1) gg 10 January 2003Edample250 nl, 3 neck flask equi pped

wi th a mechanical inahJELTRGRHR! Lid RS o0 I8 &Evﬁ&ﬂ‘!&ﬁ\%@{-

nitrogen inlet an o= 1,3 =—2= = = T01 ¢ aci d
(100 g), nethanol Eervionngontanrd 1diedarhydlursepf |.0anl@aptHg.7: | M ammonium

20  formate (adjusted to pH 8.7 with NH OH), 0.1 M 5-(1,3-dioxolan-2-yl)-2-oxo-

pentanoic acid, | mM NAD, 1 milligram (mg) protein/milliliter (m!) (0.53 units/mg
protein from Boehringer Mannheim) formate dehydrogenase from Candida boidinii,

and the amino acid dehydrogenases listed in table 1. The solutions were incubated at
30°C for 16 h, then samples were taken from the reactions for high performance
25  liquid chromatography (HPLC) analysis. The results are shown in Table 1.

Enantiomeric excess was greater than 98% in each case.



m.) were charged. Chlorotrinethyl silane ( 168 nlL) was added to the
resulting 5 slurry and the reaction m xture was heated at 40 to 42 C for
about 8 hours, followed by stirring at anbient tenperature for eight hours
to afford a solution of (S)-2-Am no-6, 6-di net hoxyhexanoi c acid, nethyl
ester hydrochloride salt (in-process quantitation 100.9 g, 93 M®.

Pot assi um bi carbonate (208.6 g) was shurried i n nethanglp fHiary2POBont ai ned
in a b5-L three neck flask and the 10 reaction m xture containing the
hydrochl ori de salt of (S)-2-Am no-6, 6di met hoxyhexanoi ¢ acid, methyl ester,
was neutralized by adding it to the potassium bi carbonate slurry slowy
(over 1.5 hours) maintaining the pH of m xture above 6.9. The sol vent of
the resulting slurry was replaced with n-butyl acetate by vacuum
distillation (50 to 60 nmHg and 30 to 40 C) maintaining a 15 pot vol unme of
about 2 L. After 2.25 L of n-butyl acetate was distilled, nethanol (1.25 L)
was added to the distillation vepggljand the distillation was continued,
mai ntaining a pot volume of NLT 27, —until the water content of the slurry
super nat ant RARYREEPB W PURY t he ARt Hanol T EveHIqaen=sYl el ative area %
Hexane ( 1.5 L) was charged to the resultingSs2-uminopamdnéit was then cool ed
to -5 20 C. After stimg the mxture for 1 lelg-ldl’, it was filtered and the
filter-cake was washed with hexane (2 X 100 ). The resulting hazy
filtrate was polish filtered to afford a clear filtrate. The clear filtrate
was warmed to 20 to 25 C and a netfhgpol ic ( 4333 nL) solution of oxalic
acid di hvdrate (33.3 0) Wgs added sl owy over_ about 2 hours. The resulting
slurry of (SfAl¥amafno-6, 65580 net Hoxyhexandi® acid, methyl ester oxalic
acid salt (2:Alaginsvas agit 8igith f or 387 hours dtl.&nbi ent tenperature and the
product was .ected on g filter.,The product,wet-cake was washed with
acetonitril e(L Llé‘%clo,o mL) %a%&s ri e%jz under vglcqluol}m at 45 Cto afford 103.2 ¢
(78 M4 of BWBeO8ZgREe 05 Ri8Mhg a t2ee base Potlency of 84 wt% (vs. |ab
standard, theo. = 82 w% and an HPLC AP of 30 100. Analytical data: HPLC
Tr = 10.0 mn (UV 205 nm.: Rockl and Techpol ogies.|ng, , . Zorbax sta bond
CN, 5 micro-M 4. ée%xggngO%gag;/wopeﬁx_agy p“ﬁ%%’tsfé%‘g%ﬁﬁﬁléf Wﬁ&@ﬁﬁ%sphate
sol uti on adj us2edGluwapiite debydub gdnadéGls: fidm BEefViveda aoet dalhytdndeenakGuasi cro L

i njection ol ; 1. j To RNV t hanol
or nobile SphafggeFEB%l%F%bb%g%ﬁ%%P gﬂ“{zagld‘g d,%\ aq{/u%eﬁisael afgbgl} g}'J él—'@%\l%:”%%%lﬁlz;
D6DMSO b 1.2 - 1.4 (m 2H), 1.4 - 1.6 (m 2H), 1.6 - 1.8 (m 2H), 3.2 (s,
6H), 3.55 (tr ,HPIH) AsQybdrESl.33mpxoldn-3-y()(S)-2inapentindic fdit OpricAunty'@adi ~( VR
75 MHz; D6DMVBSO: b 21.00, 31.77, 32.08, pg.04, 52.39, 52.85, 103.75, 165.01
and 173.09. 5 Exanple 14 The foll ow ng-process description details the
procedure used t oni)ﬁf@ﬁ@ﬁ‘éefs@ﬂgleg WOV ik ta §bgw SgrMaropcentration and placed in a

g, 3- di ox Ohtl'yl;l- %Mh% ?Zrep%(zﬁh rﬂ@fnitpﬁmh@mfsgdpdeidﬁeﬂa dnki®brecipitatdploeidd Afier
romopropyl ) -1, 3-dt oxol ane. Prepar on 0 . : .

5L (15 o oo ey St v BlsrEeG brohes b2 eviesomvion SHoBpiDHEPhC Hiticed
round bott om tdlamk: Egurlpgke @ HAR 34045 e (Ppepceh Chémivaelndusinies; bgkn 15 | i ne,

over head stir Rbile bRENPTaIRIRISAND wat er bat h, magnesi um turnings ( 14.13
g) were charged. Under a nitrogen atnosphere, the nmagnesi umtuntngs were
rinsed with dflgwiratey hREHBRE(E)(KF = 0. 0016 wt% 3 x 70 mL). The flask was
charged wiish teumahstdpahuureano{@0 nl, KF = 0.02 wt% followed by 5 nL of an
ca. 2 Mtetrahydrofu sol ution of pre-fornmed Gignard reagent in

t et r ahydr ofur%‘?etﬂ’i‘éb%) ﬁgé‘gpildr)ﬁanfjﬁﬁ%éfmv%s charged with a neat mixture of
85: 15 br onpac éedtiosyobnpagemakFrofitet (0) g, 90: 10 wt% . After approximately 0.5
mL of the bronpacetal m xture was added to the reaction flask, the
tenperature increased from20 Cto C. . The rate of ition was adjusted
to maintain aYEREPR BRFerm %‘PWE%&%’B‘%B'%“@WF@?%%&“H gﬁ?‘?“ﬂﬂ‘hel was
rinsed w tdo t eintekycteasewridnuse25 cotlynn aad dart dhange wike covasnaatdad fsam@ibs. t he
reaction flas ;ﬂgg I - . - nd the batch
was al | owed tﬁl’ hg-(g@ﬁl to Lp%ﬂg%ﬂ? %‘@n%fg% urug&%k?’fa{%ﬁggggﬁe#teéil%-%%pgé%ss GC

anal ysis of the Gignard reagent indicated that 90 % of the bronpacetal had
converted to the Gignard reagent with no cyclobutane inpurity, while the
chl oroacetal did not appear




toreact. 30 A1 L 3-necked round bottom flask was equi pped with a nitrogen
| ine, overhead stirrer, and thernocouple. Under a nitrogen atnosphere, the
flask was charged with diethyl oxalate (73.85 g) and tetrahydrofuran (250
m.). The solutton was cooled to 60 C, and the liquid portion of the
Gignard reagent was added to the cool ed diethyl oxalate solution via
cannula to maintain the tenperature bg ow -55 C. The Gimpaisary 260310
January 2003 preparation flask was washed with tetrahydrofuran (3 x 20 m.),
and the resulting wash was added via cannula. The addition was conpl ete
after I .5 hours, and the reaction was stirred for about 2 hours at -60 C
to -55 C. The cold reaction mixture E8mplerdedi ately poured into a mixture

COI’ltSi tSt i ?gng m'tl)l MT%&H?V% -aini@tionWatdx ttadtQehr® THdnnoak @ty 200 nek) madids et hyl
acet ate e ers were separ d Tne_aqueou er was
extracted again w' }fqﬁmgflﬁ%"méfﬁeegt’ﬁlfré" ‘%ﬁé@&%_“’aﬁrﬁo‘g‘b%? ﬁ%h% 219 c
| ayers wer e ai5ped oovesdiwragaegining isQfeflaplenaiathnoeneétt Lafwantcacaf  6Vd 87 ¢

(79 M % yi el gkhtoat, @5%Jyeastdmml(ma2< WPD- 4. D% 4P RAQD O Y, \agha, 7BIdY| ester
as a thick |IC1UId 10 A -necked rotind bottom fl ask_was qui pped with
A

an over head S#lsr¥es ha""ﬁ%‘?q’rbgc'?jﬁ%?ré“océ}i’él‘oéﬁ“%‘éfﬂ?e?lf@ﬁe‘? trheiC. & 6%8?3?1‘ ng 1.5 N

'Il\'lﬁo_'N(aéCl]?IO n‘:-;)aste-[ﬁﬁ of) s kv gl Wlﬂﬁ]’.@ﬁdl 50 v V&&ﬂh u(n?@ﬂoé%ate anffegrdliafdto 0 C
e sol ut anol ai ni.ng t\he

t enper at ur e %68 rb\/\?‘%%ﬁégg&g‘% B ﬁ%ﬁ’r‘r{;ﬁﬁfgﬁé’%? fesgsr‘?ehq ééﬂqugﬁ @ol ution

was cool ed tpot&s@m phasphdiaheiferpd] Utomsainiog 1 18M dlthlothreltol The cell suspension

5-(1, 3-digpxo ) t h r s added
Co the r oot ol drier S *ﬁg”ﬁﬁu R R e

t enper at ur e EANIIRRA Q- %&E".t ng Erpéeub@hwss%d(f%aihfthrﬁatnilrﬁ@oqoﬁr) The
reaction \NaSplsetnMplvad/aeet O Cfor 2 hours and the pH of the reaction was

adjusted to 7.71 RY40b lﬁggi7tshﬂﬂoﬁtva 9%9@.5 %érﬁ!nHm%bll Iél%r&rﬁ&%&&ngnﬁtg The

nmet hanol was evaporate d with
MIBE (3 x 50(2542g), OThM pidl éfdlqméfmaqmléac@orm@momglda( jSddgled mM NAB by t he
addlt tlt onzgg 0 oM RO tawwﬂhmtwh&@%hgml@uqtdna m];exxt):fﬁﬁia@ddw tth St thyl -
acetate ueous | a s further adjus 0

e o {00 al ke P Lo b SRR B Bl My St e PP s O

et hyl acet at extf&t.XI i@ md)ium Thmatowhs dlsmbl\etihlyBO(amétvatee, beaighact s 88re dri ed
over magnesi l\!\mhsé%hé tt[%.tfﬁ%ﬂ']rﬁ&ﬂ&lﬁ'ﬂ%&l%&%g d?tgn Qg 8@I€¥ Q%rgp(mews werf é(}ded and

5(13dtoxo|an - 2- 0X0- pent ahoi ¢ acl as a thick
liquid. (5-(1" %ﬁowtts’%dvaérbf@g,w - B0anland ageig gaiugte éq@fﬁ 8.7 with ppvRentgaest MHz ;
CDC1, : s 2b. 7n{ridniuth h4thoxid2, Ple {olution24ds inctbS&d 1B0°2HAdIRiI0Rb] Z0mg2H) , 4. 85
(tr, 1H and 7.70 32. 30,

. s, .1 7
37.19, 64. 85, po‘fﬁs gggor%ﬁ Jf%ydro%ienfﬁwgg ad%z%gﬁgl%% hdlt"a)\‘ﬁlef:%12 ’ttHe reaction
in exanpl es s6lusing caigained §0-2 mM L3 nfLidrdjox2bo32- ﬂd%&h&ammo-pmtmtc‘eacxd as
dehydr ogenas %Qs@e@%’%&%ﬁﬂsmtﬁe EdacentARbh MR RGO dmedrenybal antne

dehydrogenas eenlajmll\cl)menc exces% als' mtezrllslulflerél1 bsvaclhtlramLLC was ureater%han 9I§X/El ple 15
25

Example 3
Reductive amination with heat-dried Thermoactinomvces intermedius and
heat-dried Candida boidinii

5-(1,3-dioxolan-2-yl)-2-oxo-pentanoic acid (10.0g, 53.14 mmoles),

30 ammonium formate (3.509 g, 55.65 mmoles), and a magnetic stirring bar were added
to a 300 ml beaker. 150 ml water and 4.5 ml concentrated ammonium hydroxide
solution (29.6%) were added to the beaker and stirred until the solids were dissolved.
The pH was adjusted to 8 by adding additional ammonium hydroxide as necessary.
Dithiothreitol (36.2 mg, 0.235 mmoles) and NAD (145.2 mg, 0.212 mmoles) were

35 added and stirred to dissolve. Water was added to bring the volume to 200 ml and the
solution was poured into a 250 ml jacketed reactor. The beaker was rinsed with 6 ml

water and the rinse was added to the reactor The reactor was mawntained at 40°C with



Ammoni um formate ( 175 ng, 2.775 mol es), 6, 6-di net hoxy- 2- oxohexanotc aci d,
nmonolithiumsalt (50 ng, 0.2S5 mmolLes), 1 Unm water, dithiothreitol ( 1.64
ng, 10.6 10 ~tnoles), NAD (7.05 ng, 10.3 Itnoles), heat-dried E . colt

cont ai ni ng cl oned phenyl al ani ne dehydrogenase from Ther npacti non: vces
utternedius (50 ng, 62.5 units), and heat-dried Cattdtda boidinii (82.55
mg, 2.7S units) were added to a 50 nbgErl enneyer fl ask figudadry @008r. The
pH was 8. 03 without adjustment. The flask was shaken at 40C, 200 rpmfor 18
h. A Chiral pak WH col um (Dai cel Chem cal 15 Industries) was used to
estimate the concentration of the product (S)-2-am no-6, 6di met hoxyhexanoic
acid by the aNestabrRTHRU0 bab/cireliadr. flde solution was stlrred at 280 revolutions per

~- (1, 3-di ox c_a S.nahe avail abl e
for the enaq'{1 ni%w) R ?’) %ﬁa%lp@t}{é&?ﬁ (?Hbo tme? esf’ TS C”n%'ﬁvcegm ermﬁo “Jcid. The
mol ar yi el d heat- %ﬁﬁdrﬁgllat‘ﬁ @ &éé%slnqnmdwet@hb@rogmawoand Candida boidinii

(5-(1, 3-di Omh@dhe%l kil (1522, %Wu%nﬁﬁ@ﬁﬁg&&geﬁ&é wiRSidH&ed BSstRfedHPLC 20

standard to e |rra ncen +, Anmoni um
fotmate @38508! Aﬁerl f‘ ‘S “@r%dlawmdm %zrb%zdﬁfe%ﬁmr%hae#d"

nonol i t h| umtgakght ¢'r0ﬂ11 200t 9] b5ck099,HnSrbjf ed)itior20f avhcanwated ramnshirtidrh ot hr ei t ol

3.28 , 2 a wet

E:el | s rsT? or e# ’%rz%"%%ng"?‘gmﬂ@é’“‘ N@(I)R}llé aIlJh %lr%ag&% %ﬁq{e?ocro k%‘lgghﬁﬁ dﬁ (l)rgteur)lase and
34.7 units pREWRIZSICHIRYEIHeN e Dlydrrmpdl tsmnmémm&rmbwpyéwaﬁ nt er medi us)
were added teqairdiOonitjust the pHRY 810, Th@@dﬂdrmetﬂmosem@uo ghafiptt wagmdadj ust ed

f 7.56 t k for 43 h.
acor i+ catpPaangs D ORher e BRSO SR F e B gt e "3
10 January thosixpleiﬁmxahn 7wd‘5(&)¥?emnmlotpeafanbmcemdvamcptmp&:tﬂ@$ pAgediv cut of f
pol ysul f one HPE@V @ae \&eYJ: }éilrﬂo%d by Q&tﬁﬁg£t%tcﬁ<1h9§{ﬁ§é}1'slon>fbxei L at 13,000

(S)-2-am no- th oxy exanol ¢_ acl mreaction initiation to after
cell and profpé‘i‘H“lh% D2l GRdsros (2 FrafB@) wi hheell ReHlph asyaRisReded riing2as 108%

5 Exanpl e 17glhkerofion E@mlngtqamceﬁx&xfdgamotmomﬂadmwuolr@mt(hespv;cgqadmke used
to prepar di met hox anoi ¢ d) from
10 g of 21éa4dlsr§r§ta §§§§f”\(§r gﬁr‘ﬁbuﬂs ﬁtgp WfﬁrePSatSd ?@%’rﬁfmﬁs %ﬁ}aedgup%lﬂﬁ d"Bot t om

flask equi ppagramortbiaeddvidpibi higst Supemedtant rilter Rt yielda thosnsrdféhairesetionr er |

t her nrocoupl ewa@@%SV&ai e, 3-@%&Blanﬁ9ﬂﬁ?§)mﬁﬂﬁw}ieﬂgﬁo& adid (7419 MV8S EorfRg6d-

Under a nltro /a ere, 4] magnesi urnings were rinsed with dry
tetrahydrofu %ﬁgﬁp”r%%f F PR fgiac ar & AN FCE S EYCEH A M (6 nL,
hF = 15 0.0Zth%S%ollovved by 1 nL of a pre-forned Grignard reagent in
tetrahvdigfuran (4, 4-di net hoxy- 1- magnesi obr onobut ane) . The droppi ng funnel
was charged with a THF sol ution of 4, 4-dinet hoxy 1- br onobutane (10 g, in 26
mL of THF). The sol ution was added dr EX#FBE4 while nai ntaining the

tenperat ure between Réiuame addindtionAVittElicat-B8edbhbiait\ g0/t e hedtaliedt he
solution was held at 30 Cfor 1 hourC é()!m: 1@10 nL 3-necked round bottom

flask equipped with a nitrogen |ine; C tirrer, and thernocouple was
rinsed with 20 nlL Sf!. adteydrmdy )THExo-Perarnyd m@(?é)t(bg,(1@688 myolgsnd THF ( 10

n) were ﬁharﬁﬁgoﬁtgmtfeﬁngté @75(;(18&4"'@115 h@rr&‘?cll&kt) I /3 a"iﬁa?gn@l‘?@itﬁgmt Bar \JQC Gddeine THFE
solution of the SS ngqﬁl r%@gﬁ - di et hox%{ Si. obr onobut ane)
was charged t'8378 k51 a‘i"’éersf‘(fi‘pL?t‘1"0‘??“&31”?5{}t ﬁ&.am ”E‘H YERRX{sler at ur e

bet ween -60 awthtionQ2L6%) herersided foahe beakenand stiarsd bmildhmohdi’ Ovefe dismolv@dhour s,

e vt onar o ERELGOHBLELE (O & nﬁa&ﬁg&@dﬁéon%%ﬁg@hﬂ dikids 26 pERAG! ed

di et hyl oxal at action ouring i1t to a

u
sol ution of cPhipHreiigl gy 6mg, @25 mmolgs) @@ﬁé@o@% Adpmmoles wergedded.  The
quenched sgeaciddafirde t@uxidweewvm we\&taa@éatts%wgm umtdwdo 408mhliaagytheut yl et her

2 X 20 m t tract
Casnos urch Bl S T B b s et aBe TS ESS
of water, pH mdmast end thietrinsel ®adhdded iouhe adiooXihdecsmir wtas m)ntamibrbatrﬂ@hCor ganic
phase was COOlRf ol RENT Pod LN HRAIAL 03116 SR ie8R ds'myidl o LLOH i

15 L water) vvas a (i)vm se main

e Tenat T on HeRoldCoRg08 Frach-ror 5361 (RPN RO ] Resinisebes oo
anal ysi s gmdi eatse(d}tsh@t cathepteagialanmB damairegeided tued Colliidn Bordnn dasit@itdest er

in the or ga_ni elﬂngﬁ?% g, Tﬂ)eu H)%?ttg%emrrc?geﬁgs%ﬂvg;eea%d@g tﬁ@&lrperdggnhgn.p&ﬁée was

extracted wt ' o
5 to10 min the cells were dispersed by the stirrer. At this time the pH was brought




44 10 January 2003 water (2 nlL). Isopropanol (300 nL was added to the rich
aqueous phase and the resulting slurry was concentrated to a solid on a
rotary evaporator. The solids were suspended in a m xture of nethyl
tertiary butyl ether (300 nlL) and isopropanol ( 100 ni), the slurry was
stirred at 3 Cfor 1 hour and the product was collected on a filter. 5 The
product wet-cake was washed with col ggmethyl tertiary big yhn@irpe008

i sopropanol (75 nlL, 4:1, respectively) and dried under vacuumfo afford

| ithium 6. 6-di met hoxy-2oxo- hexanoate (4.33 g, 25 MAofrom

4, 4- di met hox brormbut ane). Analytical data: HPLC. Tr = 4.4 min (UV 210
nm: YMC-bas emago% c+ Badkjto pHg liioa@éltﬁb"frﬁﬁ’ﬁc@ﬁa\?ﬂ@m@‘%hxﬁl@?‘r‘\%m um

acet at e sol ugdigtion (wom/um@acemmacttm Wes kepOcdtiegadorith parjfiat oaninkalzeine el ut ed

(s, “ohy | anceied ARS8 o Ui e BRfiotlify it s Ralaf 00 3
54. 34, 105. 8adjsg thapH 207. 00®16r®f@nﬁﬂe@fﬁ®5d'tvealﬁmtBd\mfﬁftgltﬁ)ho%slsthdescr ~pt | on

details the psReRBH & MaeHdHRAlah §q)1)aﬁlosaapé§hﬂ&29c1d to 5-(1,3-dioxolan-2-yl)-
Am no- 6, 6-di thox hexahoic acid fromthe enzyma EE ive am natlon
e bboH gmﬁ*fé

process stre “RANANGICi A K A OIS Ga g2 SHIPEnIPN WAy . |
| sol ation of re(rﬁjvea-fp@um the réactor dhdretbreday B8R amdliremavd] df Aellsaqedousresol uti on of

S)-2-Am - diynet
\(/ol) une) mv\go er@ox%riﬁg fpgﬁ&g a%@h&xp%fuﬂn%l%ﬂﬁﬂ@éldaotf'a%'é'hte agg%x af &e% 5.4 )
was sparged vine filtrate wagesn uitradiligrgd gyith 40,9 ‘@?i%‘ﬁar\/\)ﬁ@gh‘d}\@é’b é‘éoffo about 6.5

by tge aeldlt t ipery s@lffoFr{éanbwf%(neacmEmL@jtnem(att %cie&ﬂb)“tt@f}gacﬁﬁﬁlﬁﬂd ﬂgraWoﬁW%HtrOQGn
was | Ssconti ST nen ca oril ae I ONn
0 3 s s S o M D IS S et SR St s Sl e B el v

of cont am nat83GnHRLECHpuoixadfitbe aputketddeal)r esul ting slurry was stirred at room
tenperature for 20 - 30 mnutes, 30 at 55 C for 30 mnutes and was filtered
to renove cal cium oxal ate. The filtrate was stirred with Darco G 60 for 30
m nutes and was filtered through HyFIoE__!ERE_?iItrate was concentrated in
vacuo usimg n-buCH t o renpveRedicere am&mtibmp/iithaédombira;hfBzrcﬂjang a foam (2. 04
g). The foamwas dissolved in nethanol (5.1 nL) and mxed with acetonitrile
(15 m). The solution was seeded with(S)-2-Anino-6,6 35 di methoxyhexanoic
aci d and cool saextracanfl Pickiatpasiars fsgpinfSY Ut €3 conmwngpbsmcipw%ﬁpl ected on

a filter and ¢ et Eﬁ&ﬁnd"@%@k’)k&%@pkﬁ% RA bYAGHRYiAL 180n 0¥ pét fNaKse to

45 10 January 2003 affor di met hoxyh xan 0.392 g,
35.6 M from PHePFASHT E‘Eﬂsglf‘ t%ﬁ)‘ f 3§P%t§mb‘br ke “h‘gt%mé‘)"?mﬁn%éﬁ’tl cal
data: HPLEE TrrienX-600 ad didrup@3Dfor 5min aYMCv TS bAQ m#l onhitifg glasameadsnhydr ous

T Y
1.6 - 1.75 ( n‘u) fomlatgdehygrqger(lzﬁf axzq_ﬂ 5.44/mi ;(bgnylelpﬂune gel'wgir((gepasegnﬁ.vheand
(tr, 1 H. 13&tNNRof it vid cbidziadaken & 249 B9 weBbis formdde @hyd@geride arkb. 11,
105 07 and 17?519u/g wet cells phenylalanine dehydrogenase. 5-(1,3-dioxalan-2-yl)-2-oxo-
25 pentanoic acid (Li salt) (1.0 g, 5.1517 mmoles) and ammonium formate (389.8 mg,
6.182 mmoles) were dissolved in 20 ml water. Dithiothreitol (3.28 mg, 0.0213
mmoles) and NAD (14.1 mg, 0.0206 mmoles) were added. The pH of the solution was
8.16.
a. Pichia extract (0.112 ml containing 0.273 u formate dehydrogenase and 1.723 u
30 phenylalanine dehydrogenase ) was added to 1 ml of the solution containing the
ketoacid and incubated for 25 h in a capped microfuge tube at 40°C. The HPLC yield
at the end of the reaction was 0.038 g 5-(1,3-dioxolan-2-yl)-(S)-2-amino-pentanoic
acid (92.6 M% corrected for 93% HPLC punty and 9.4% Karl Fischer (KF) water of
the input ketoacid. Enantiomeric excess was greater than 98%.
35 b. The remaining 19 ml of solution containing the substrate was added to Pichia wet
cells (0.214 g containing 5.23 u formate dehydrogenase and 32.93 units phenylalanine
dehydrogenase) 1n a 50 m! Erlenmeyer flask. The pH of the suspension was 8.04. The



Exanpl e 19 Dual constitutive expression of FDH and PDH 15 1. Construction
of reconbinant strain Pichia pastor is GS 115 (pGAPZ-FDH) pGAPZ is a vector
obtained fromlInvitrogen (Carlsbad, CAl. It permts expression of foreign
genes in P pastores under control of the constitutive glyceral dehyde

3' phosphate pronoter. The formate dehydrogenase (fdJ~) gene from Cat Tdi da
boidinii 20 was cloned into pGAPZ asgjol |l ows: The DNA sgrusisfy @ooBhe
cloned C boidinii fdh gene was determ ned and used to created

ol i gonucl eotide prinmers for its anplification using the polynerase chain
reaction (PCR). The priners were (NH, termnus) 5 25
GGAATTCCATATGAAGATCGITTTAGTCTTA' 3' (SEQ ID. No.:1) and (COON term nus)

5' - CCTTAAGAATAATAAAGAATAGACAAATGG 3" (SEQ ID.No.:2). C boidnii chronosonal
DNA was used as target in the PCR reaction. The PCR reaction yielded a
single DNA fragnent of the expected size (ca. 1100-base pairs) which was

| sol ated, purified, and cleaved with restriction endonucl ease EcoRI. The 30
di gested PCR roduct was ligated with EcoRI-treated pGAPZ DNA and the

| i gatton ni weﬁmbadtbeangfomdr@@ebwéﬁéétﬂ@ﬁbﬁlawaemphd with pagadiln agdrai n TOP 10

F.oTr ansforxﬁ@%aealoh% M@hﬁsb&ﬁéﬁﬁﬁ@d@aﬂd Lx@) AGffor B G TR EPNA} AN RGeS g/ m

of the anti b| ZeOC| nd$ @V’ £Q %Rﬂ) E) loni es were tesraed for

t he presence’ ere?ctﬁ‘ﬁ“ e bsgy B 3t‘i’1‘P a%r @ r{TPRPeRBECE A gene was

sequenced ar(c96dé\t1%fcrumetddtfax &0 HReCqauney sl BB LA S vhws efithbyngBakaoacidy. , et
ofg Bp%eﬁwgﬁ)&fxce;s?@a eatéﬁﬁ% ﬁ84/85 (1997). One col ony contai ni ng

pI asn‘id pGA was chosen er use. Plasmd DNA was |solated from
TOP | 0 F ( pGaRziguigd waterd3 %Qet}l) mmmwm@smafﬁé? 79hg, 123¢3pmekeal and/5-2003

$ ndon ]tgcl eas te( 1A9£ﬂxb%(olaﬁl2dylﬁt%€(bfp@ﬁ@ﬁ@lﬁ t@@ld I m?ﬂn&anr@@ roasoﬁﬁ&ﬂaﬁes) were
ransormanscna elnerae
sel ected by E‘H‘s it h@d Fﬁéa%g‘étle?geaﬁﬁqf g é@‘p@ alsﬂﬁe &%Péki’ggé

Sever al suchthegblidsiled dmoleedltﬁﬁl)rﬁé@3@n¢ @(bmrdolbsj gmblg’esénaiPdc@ast twice the
FDH acti yit YQ%?O%G‘%' Jo%ta%lﬂé @56‘[11‘11& ;@x@w‘l 1R§HE gek{g@ro%ei?%%ta% §50 GRN Bifge | LS own

o gene T hee R e, e DS R R Rot e

for further
PGAPk- PDH 10whbedjnexd friestnefo76 1o  hieadzgtivsitof dertriioncid {9t beafcbudh. Thenst whut i ve

32@’;3?352%2% i gﬂ}ﬁ?’g‘én@f’e PR %5%?“%2&%%-2 AR 20h o e 3 Vs
al ready Zeoci mprlgt-sl’lé-t@) ’-amm%m@omqtdamll 81@9%6?@@@@%%/@ piTHMOt er

but per misting th%rinp’ﬂt nce{oaaal MentBARSc ea‘ces%%ba%cwrréa@a th@roget ansOf SRR WA S
creat ed. alr Bgl 11/ Not | rest(yctlo frgr?rrent of 15 pGAPZ whi ch

cont ai ned thi’yﬁF F‘B‘e Rro®in WA ERREEEDHIFADBIEHO egi on was cloned into a
9000- base pair BanHI /[ Notl fragnment of pPlI CQk (I'nvitrogen). The new plasmd
was named pGAPk. pGAPk al |l ows sel ecti @.qfietg ansformants on mni mal medi um

due to the presence of a functl ona] Hi whi ch_conpl enents a defective
version present in GS 115Redystive pmimation whh hpmebiized Bazvdidsect ed usi ng

r (eEZIPit ancg to ﬁo aPitdnigi abdniir: @ﬁi&ooaiawfr@ﬂ(ﬁ@mmnt e cpl asact. waAPr‘rB.p 01(‘j

is attache r in an
F ransformati oﬁmeq%ﬂédf%g:?%g&g%jé%(gﬁg %ng“&bﬁg am?tcf%“qk ER%E%nég:ence of
t he Ther r noactremdémydids bomtinef wemaqnsvapnemyblammm@lmﬁyﬂr(&gredhs@ gawd)
E:-(I)_?l;:gaongl A &Eor‘%lng)eto dhe QfecBHRCITENR mark@bturBP Thg’?ellgt?&s(c@agt%ﬂne)ﬂn a NAmBr i ners
(SEQ 11D Mo, - B R e BT ) DI AT AR 0 . 78

(SEQ | D. Nes : 4nntoéasyyianinhonian dordthsiiritShes 2 78 chmdibg ydiviestareitsbd 6fdomg ROROWI t h T.
| ntermedi us C&%@?% (1?-‘?5\@‘11‘?9S OtI?B %ol%ecé%glﬁ &&vl:ﬂgmhg'geh%fe%% ed S' ze

(ca. 1100-base pal See€h _afier ag rose ge ec rophoresis

was purified BHEO %“é’s‘t%@ﬁﬁf%‘h@%&{%%t& bPp- eﬁﬂl‘éﬁitﬂi‘ldefé(g ARy Qn"’l'ﬂ‘a%hol
PGAPK was cl eaatdrosehdsc RapBbiliabdlon Repergact.ad ky21s gﬁﬁsI)E;ﬁH wiak Adjhed to t he

9500- base pal I‘Eé é)f»&@ﬂlgﬂtﬂ H"Qﬁl ﬂoﬁﬁxc%xﬁdarfd%;lr]?é’i‘atﬂge \ﬁ%atfda&eAgﬁJenegff of each

el ectrophores agments were gat ed together and transforned
into L'. 60li reioBtheeioluiohyvas|detnaddpom ticireastor Thrangtf & sterauess staelseeve.cr eened

for t he Pr €S€RGA00 mesh, which retained the immobilized enzymes, then fresh solution was added

to the reactor. The enzymes were used for 6 reactions as shown in the table.

Enantiomeric excess was greater than 98% for each reaction.



47 10 January 2003 of the pdh gene by colony PCR. One such col ony was
identified and the plasm d nanmed pGAPk- PDH. pGAPk- PDH was | inearized using
restriction enzyme Avrll and el ectroporated nto P. 5 pastoris GS
115(pGAPZ- FDH) . Transformants were selected by their ability to grow on

m ni mal gl ucose agar plates. Approximately |0,000 col onies were screened
for resistance to (418 (4911 ). Seveggl resi stant col onq@gaﬁgé,g, 2003 at ed
and grown in liquid YPD nmedium then harvested and assayed for "PDH and FDH
activity. Both activities were present. A use test for the bioconversion of
5-( 1, 3-dioxal an-2-y1)-2 10 oxo-pentanoic acid to 5-( 1, 3-dioxal an
-2-yl)-(S)-2-am no pentanoic acid was positive using a cell extract froma
reconbi nant yigol at e. Exanpl r | nduci Bleq; 28Si ORy; 1.

r PDH expr esgs?)n by reconbi rlgﬁtg&sntiregén E. go(lt?i“ %E%a%@('DEB;“ ?%%I&gﬁ%%%
Construction of the final reconbinant vect/®r(S)BPOMASEK) WAL ¢f B st eps:
a) the cloning of the Tlrer coactconyces iggtnmeastd PDH gene into plasmd
vect or pET 15b ( Novagen. l\@gi son, W,; Fig. 1) to nake re,;onbi nant vector
pPDH 15b/ 1; 20 and, b) exchange of the afpicillin resistdnce marker of

pl asmi d vectlor pPDH Sb/ 1 wi26h t he kananycin’& esi st ance nerlk&r of vector
pET9b (Novagen, Madison, Wjg Fig. 2). Expregsion of the Rfgd gene in this
systemis unﬁer the control, of the strong T/, pronoter. Ig&u tion of PDH
expression is with I PTG (i s‘f?pr opyl B—Dthi3og3al ac topyrandSide). Expression
of the PDH p¥otein is intra&®ellular. 25 Rec®hbi nant strai9v & colt

BL21( DE3) (p{:DHlSSK)(ATCC 98374) was constygeted in the fgld owi ng nanner.
Usi ng published T. ir~termedcccs phenyl al ani he dehydrogenase (PDH) DNA
sequence (Takada, et al., JI20of Biochem) 1®b, pp. 371376838991)), DNA
prinmers corresponding to the N 30 (5 CATGCCATGGTCGACGTGTTTGAAATGATGSS' )
(SEQ ID.Nv.:S) and C(5' CCGCTCGAGTTACChé!CCTT! GCCCTGITGC3') (SEQ I D. No. : 6)
termni of the PDH protein were synt L and used in a PCR reaction

usi ng T. ct er neBicte recomenanDfith.C. Adiéin PCRmagadehy duogsriast areldl” anrgimmalies DNA
fragment of expected size whi chyuwRS IS @heghoe@iatd fied and then digested
wWth restriction enzynes Ncol ; rgested PCR fragnent was

| egated with Ncol / Xhol - di gest ed pETlI Sb plasm d vector, and the | egation m x
t ransf or ned Dyioalzed tvap Or0ad mDNarmmbmum foerdhte (39r&aing, BLR bidES) .. an8BS BAGE

anal ysi s of %t hagts | ' cul tuyr of 1 : 49 10
January 20038§&lf§?6&g? 0?% IBBﬁmi%gg éijg‘ﬁgh gHrrlostr%gt( iraglg‘ég ! % ﬁ%ﬁ%ﬁs‘&'\%gﬂgé toan
over expr essed Spmdthsleamgyerdlapk and mejed en apopyabekayiat 40" dsand 0gpmpetfteras use
g e?t1 g otr]I 18 heltlﬁisaﬁmrc?sjs@lﬂc@,f[\l@f)qiB@@Htgoﬁ@bﬁﬁm?qlé@'),)anavfb‘t(@elﬁtedﬂfﬁé?@& c acit ﬂ to
- (1, 3-di oxal an- 2- - - 2-ami no- pent anoi c_aci.d. were posjti usi ng the
Ceconbi nant SO SEXHERLbR BT E R HroRie B A P hEEF B
di gested wi t Helelsagenaseiand CebaiyimsSomtarhilehadBipeR(0 6 T gustiniog 4619 ywitbH Sb/ 1
N L hout o e TP brkdiCaATIN g N b ahskgance gene
Wi u i X [ .
replication/ mafR ‘?ﬁ%?r?éé‘s?eﬂﬁ%gpdﬁg‘. conf k%aﬁncgl'i %B*F é%ﬁ%i‘@sﬁé@{eﬁ‘rw‘ﬂ%?ﬂ%s di
15 and incubated on a rotary shaker at 40° C and 200 rpm  After 25 h the yield of 5-
(1,3-dioxolan-2-y1)-(S)-2-amino-pentanoic acid was 0 98 g (100%) corrected for

purity of the input ketoacid. The enantiomeric excess was greater than 958%.

Example 8
20  The following process description details the procedure used to prepare 91 5 g (77 9

M%) of 4-(3-bromopropyl)-1,3-dioxolane from THF
Preparation of 4-(3-bromopropy!)-1.3-dioxolane,
THF (50 mL) and dichloromethane (500 mL) were added to a | L three neck flask

equipped with a nitrogen inlet. a thermocouple. an HBr sparge tube and a gas vent

25  HBrgas (~63 g) was charged to the solution while maintaining the reaction
temperature between 20 and 25 °C The addition of HBr gas was continued until the
reaction was judged complete (GC Area % for THF is <110%. actual 3 5 Area%)



10 gested with the sane two restriction enzynes, and the 1.17 kb
AlWNI | EcoRI DNA fragnent containing the kananycin resi stance gene was

i solated and then used in a ligation reaction with the pPDHlL5b11
PDH- cont ai ni ng fragnent (described above). The ligation m x was used to
transform by el ectroporation E. coli strain BL21 (DE3). A kananycin
resistant transformant (E. coli BL21 3) (pPDHL155K) ] I 5 and
verified by PCR for the presence of 9@5 PDH expreSS|onmﬁgsgfgéﬂ;QGbg-
activity assays as well as use test for the bioconversion of 5-(

1, 3-di oxal anS&s&%&enaécﬁﬁé’%&ﬁﬁr}ﬁfxﬁlré‘%‘agp&ﬁe@wﬁth nitrogen to remove excess HP
1, 3-di oxal an- 2-yl) - 2-am no- pent anagi ¢ "aci d_usi fn ysates fromthis

r econbi nant %ﬁsraéph"aﬁ)ef‘rdew’ﬁbé“wo{?é"m?@ Dcarpgnars (Epfy2 Q‘g‘ﬁ‘%?sarfg)ﬁd BynsiBdensbi nant

strain Pichi mloﬁcﬁ oihitnIVE-tid68-bapREHAC Abja% BiO0Gpmpareat i =06.9). The

5- (1, 3-di oxal apy t

5(1, 3-di oxol an- @4(2¥ 121 @8’%@51%% @tﬂﬁio;f gﬁ%#%a%glm bwmldﬁ SOIlmotn v(/o gé?\%?/r%@
phenyl al ahi nwageddrdiogeladece Pk ralmsi Yasiorred dlagle ppirnsd eviticam qvEDIRd
Reconbi nant sfik@i MubgerPiafet, Ahdrmoplel &l 4 PERHY Eéré%uawaﬁx Galsibh veled as a

e Che. ol ondl PR g th%z' R

r econbi nant V@ctlmr fl{sEPDHO K v Xhasdiim Hicwbsthepsiuta) (Pl asrant V26tter pl CZ PDH

was first co r o plasm d
vector plCZ ? nvi qu&ye@a@@gﬁwe&al dlléﬁ @Qe%ﬁdgpmgﬁgfg&%d \F;ect or
pPDHOK w8 tﬁemneom%t?%@é&o ﬁgfh\tmammce}qmw vips (BPHMge s 3ddeg|tofhed i n
vector plCZ- I?&!dubxmmxta}eaﬁm di M@%@aﬁnt@x&m&hé teravpewt@eﬂﬂt,he%uigeDs fpems €A ). PDH
expression i a3 ilhl ) st r the control A@DH onot W th
auct on of OB PTG ot B O RE A OrSt G <

i ntracel | ul aranales@ﬁ:)leam/ “sbroaiohutenolpathoptiasesShddd AkBvdpPBERIGtA Bid (hATCC

74408) was ' gh&%'\&ay%pw'a?efntﬁ@tem h%tggleﬂ@m%de N(g% g&%t l?ﬁe P&ﬁélhi{led T.

i nt er medi us sequence r's COrres
(5' CGGAAT @@T@Tﬁ@kﬂ)@@“%“é agdifie pREgss ) l%fh@ wlutiond 148 gyanuary

2003 (5' mﬁg@@grmammﬂmm% H@E@éiﬂwmsodﬁ)mﬂﬂéiﬁllﬁate of the pdh

t act nedi t t
PNA. The: ok PUSERESES STErERRs @ Rurematts un Hi ks BhBEEES) e wai o
was i sol at ed, sopuonfoif éd)ramdb\dmg!éé@@m Ph. Dkeetydqnctgi\@nl (éﬂ@ygﬁesd BweRl and
Kpnl. The 5 dﬂoﬁﬁﬁés@?fof%xﬁr(ﬁggﬁmve%‘ﬁmléeg?6 £d Lvmee E&&&A@ﬂion@dmked

pl asnmid vector C& %ﬁa %Ag\atmn m X trans or ned ctroporation
into P. pst oFAUPrEt withypnsy e HEfF e irasendp eF’ﬁFf“&&‘EquNeth;?a‘ieﬁa'@e% Peatract s
from reconbi nétatk w&erl sbearafdr withasboddnserGIhi téncfiph letitPh)as \Wasepasiefluveith 10

Plasmd pl CZ-p at e r f.lng%l 6’1*98?:‘ Gtithd Ra tﬁzﬁh&is%gq%}}bee%ﬁlﬁ&g’eﬁ by r@d: aﬂz{l%é\bt .

fol | oned byls X uri catlono
cont ai ni ng t hE47dse /gérbéoea@seta% wnregqteddndisr conligg k9 0 ekt 6n “tf’l reemoa/as
di gest ed wi t hpdiheresedsavished w10 m%@maemmrmﬂaoamd s@llitsen (]Qeo hfL)Qxdd w'ﬁhﬁ‘ t wo

di gest ed enl h i,gat

pastoris raf%ﬁgﬁg@% gﬁgsr?srﬂ]gmglngeé )?lg[?)éoérha r}c{)nr?omign ?f E*E%ﬁrbo pf?pélll?slf Or mant s
fromthis el edioxolgne wes omcomtrated: th ene-helf dermatgifabvolpmsiand tetrebydrofubdngiiad evel s
of the antibi gideg. @%@er{tﬂné@{vﬁi éon'txﬂﬁ'écﬁiﬂtil 'i&s t2R102t RS ARALA dﬁ'ld}gie%st' ple

plasm d integration events resi stant col onj es

exam ned for PESHHH ﬁ@rwoqﬂmc’éhﬁ&néggﬁaws%\ P 8w fig werrrepseny ) hédjé‘%’ioéad‘e One
isolate [P. p#rtoM%, SULicheS= EPRDMKIIN)iImedEMonain).at ed significantly higher
| evel s of DH t conpared to the other transformants tested.
FDH acti VI Igﬁdc\éés d%‘%c?fﬂ%% was also noted in the cell extract fromthis

i sol ate. Use tlwlt‘mfeéif HM2%9i Sseenl §13siChoritograph | 3- di oxal an2- yl ) - 2- 0x0

pent anoi ¢ aci qntggoﬁfé,ﬂp&o@oqxal an- 2- yI) (S)-2-am no-pentanoic acid was
positive usin el | é% i ﬁﬁs %?ﬁ | ate, either when exogenous FDH
was added to fieV PR L9rr8 no FDH was added to the reaction
m xture, 25 déﬁmné’lrmgnmn@mlh@é@fﬁlnamp urpfattzﬁf’(s‘/mineﬂ:'élﬂC,ISWr@DF’ISs(]stem
50 10 Janugry #Q03i0n: rippat is Gainmed is: 1. :'1 process for prepann~ an
al kyl am no acrd conmpound of the forrnula R2 COK | 5 wher2tr, Rl is

hydr ogen or a Retectordempepiurg;3087Ca rnonovai ent carton and P.~ is a noiety
of tile forn~Waple preparation: dilute with methylene chloride



O a nmoiety of the formula OR3 F3 10 i wherein each R~s a C~ - C~~ al kyl,

or a noiety of the formula Ra ~5 ~ - R 1 wherein each R~is Hor R,
conprising contacting a keto conmpound of the forrmula 20 (fortr:ula Il) R2 O
COORS Il i ~i~herein P~ is as deinmed above and R~ is as deGacd above, with

an am nc.~ aci d dehydrogenase ~n tl m presence of an~nobn~a and a co-factor
under conditions suitable for formatipn ofthe conpound eb fpiBipbgod ' 5
?. The process of Claim1 wherein R~ 1s hydrogen. 10 January 2003 3. The
proc;.ss of Claiml wherein R is |I~tinurn. 4. "I'ite process of Caim1l
wherein Ry is ~0 5. The process of Cann 1 where~r. Ris n:etltyl or
wherein R iRetefionHgeso, A ~ula Ra y yt: O wherein R~ is Hor nethyl 10 G
The process #£brofdoBhtdhdi Wherei n sai d anmo @giglpdehvdr ogenase i s al anne
dehvdr o4l enasge, Hen Igl a ni ne dehydro=; ~enasc, gi utanmata dehvdro~enase,

| auci ne dehv‘h?rSH‘g’ ‘é‘é’él Yd9al i ne d~hvdr o~>8A%8~ . The process of Cantl 1
wher ei n sa; di-Bavromaprogyidlrdivrolemase i s produiged in ~u~~ 15 by a

mt cr oor gani st T of im7 .ein said mcroor~;ans:r: is
~~| 1C 1 %QI ;[é?%flrgtl?goﬁrﬁpfﬁ%%?%ﬁimgﬁPcci }e:‘\',g%gst orcs or E Colc 20 9. The
process of ¥dPraramoprapdi-h.3skioxplans) fadMNBYIR-30AMHACD(Y ;: ThS(pr Ydedd of
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10 Example 9
The following process description details the procedure used to prepare 34 g (68
M%) of Lithium-5-(1,3-dioxolan-2-yl)-2-o0xo-pentanoate from 50 g of 4-(3-
bromopropyl)-1,3-dioxolane.

15 Preparation of Lithium-5-(1.3-dioxolan-2-v1)-2-0xo-pentanoate

Under a nitrogen atmosphere, magnesium (6.55 g) and dry tetrahydrofuran (30 mL)
were charged to a clean dry 500 mL three neck flask. To this suspension, a
tetrahydrofuran solution of 4-(3-magnesiobromopropyl)-1,3-dioxolane (5§ mL) was
added and the mixture was stirred for 10 to 30 minutes. A tetrahydrofuran solution
20  of 4-(3-bromopropyl)-1,3-dioxolane was prepared by dissolving the bromoacetal (50
g) in tetrahydrofuran (130 mL). Following observation of an exotherm (2-7 °C), a
tetrahydrofuran solution of 4-(3-bromopropyl)-1,3-dioxolane (5 mL) was added to
the reaction mixture. Following observation of an exotherm (2-5 °C), the remaining
tetrahydrofuran solution of 4-(3-bromopropyl)-1,3-dioxolane was added to the
25  reaction mixture slowly over 2 to 4 hours maintaining the temperature in the range of
2510 35 °C. Following complete addition, the reaction mixture was stirred until
formation of the grignard reagent was complete as judged by m-process GC assay
(<1% unreacted bromide). Diethyl oxalate (29.85 g) and tetrahydrofuran (78 mL)
were added to a clean dry 500 mL three neck round bottom flask, equipped with a
30 nitrogen inlet, overhead stirrer and a cryogenic cooling bath. The resulting solution
of diethyl oxalate was cooled to -60 to -78 °C and the tetrahydrofuran solution of 4-
(3-magnesiobromopropyl)-1,3-dioxolane was added slowly maintaining the
temperature in the range -60 to -78 °C. The coupling reaction mixture was stirred at
-60 to -78 °C for about 2 hours until the coupling reaction was judged to be complete
35 by in-process GC analysis (the level of unreacted diethyl oxalate changes by NMT
0.5% in consecutive assays). The coupling reactton mixture at -60 to -78 °C was
rapidly charged to a chilled (0-5 °C), agitated, biphasic mixture of methyl tertnary
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is from a backeadtadmvith water (10 mL). The combined aqueous phases were warmed to 15 to
30 °C and diluted with isopropanol (800 mL) over no less than 20 minutes. The
resulting crystal slurry was agitated at 15 to 30 °C for about ! hour and was then
cooled to 0-5 °C and sturred until the product concentration in the supernatant was
15  less than 8 M%. The lithium-5-(1,3-dioxolan-2-yl)-2-oxo-pentanoate was collected
on a filter and the wet-cake was washed with cold (0-5 °C) aqueous isopropanol (1:8,
75 mL). The wet-cake was dried in vacuo at 40-50 °C to afford lithium-5-(1.3-
dioxolan-2-yl)-2-oxo-pentanoate as white free-flowing crystals (34.0 g, 68.0 M%,
HPLC Retention time = 4.0 min, HPLC AP = 94%)
20
HPLC method: Column; YMC basic 5 micon particle size, 4.6 X 250 mm, solvent;

10:90 Acetonitrile : 0.01 M ammonium acetate, flow rate = | mL/m, and detection is
UV @210 nm.

25  Analytical data- ! H-NMR: 300 MHz; D0 &61.5-1.6(m, 4H), 2.65 (tr, 2H),

3.7-3.9 (m, 4H) and 4.8 (tr, 1H). 13C-NMR: 75 MH=; D20: 5 17.62, 33.39,
39.17,64.97, 114.26, 171.86 and 206.99.

Example 10
30 The following process description details the procedure used for isolating 5-

(1,3-dioxolan-2-y1)-(S)-2-amino-pentanoic acid from the enzymatic reductive

amination process streams after ultrafiltration through a 10,000 MW limit filter.

Isolation of 5-(1,3-dioxolan-2-y)-(S)-2-amino-pentanoic acid

in aqueous solution of (S)-a-Amino-1,3-dioxolane-2-pentanoic acid concentration =
35 16 g/L, 3500 mL volume) which is contaminated with oxalic acid (concentration =

7.74 mM) was sparged with nitrogen. The pH of the solution was adjusted from 8.6

to about 6.5 by the addition of 30 w/v% acetic acid (55 mL) and sparging with
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9 Ah. A &y AS ngﬁi”ﬂr) Ras A»dc{ecgg&%qegg ed pjoduct solution based on the igévﬁ
} Xsni d_ZU] cajcoathaiéiaciah mﬂkm}aha]mdiurmieaaﬂmsaima} ca} stirfeiadt coan) cmjpealnal ca) cal
ca]ca]ca U CAfgtl fﬂa] ﬁﬂnmu‘fcs‘ﬂt%"@] %at]of:}_(?] 6d, ﬁllrﬁﬁes-gng\%s concentrated in vacuo at
5 ~50°Cto 900 mL. The resulting slurry was filtered, the filtrate was tested for
residual oxalic acid (Sigma kit 591) and was concentrated in vacuo further to 350
mL. With agitation, methanol (1400 mL) was added to the concentrate and the
resulting mixture was heated at 55 - 60 °C for about 1 hour. The resulting crystal
slurry was cooled to 1 - 5 °C over 1 - 1.5 hours and held at that temperature for 2 - 4
10 hours. The product crystals were collected on a filter. washed with cold methanol
and dried 7 vacuo at 40 - 50 °C until the LOD was less than 1% to afford 5-(1,3-
dioxolan-2-y1)-(S)-2-amino-pentanoic acid (44.7 g, 78.5 % recovery, 97.7 % potency
vs std. HPLC AP =98.9%, HPLC retention time = 2.7 minutes. residual R
enantiomer = ne (not evident)) as white crystals.
15  HPLC method: Column; YMC ODS AQ 4.X 50 mm, solvent; copper sulfate

pentahydrate, 782 mg/L in water, flow rate = 1 mL/m. and detection is UV @
230 nm, retention time = 2.7 minutes.

Example 11
20  The following process description details the procedure used to prepare 17.4 g (80.8

M%) of (S)-2-Amino-6,6-dimethoxyhexanoic acid, methyl ester from 20.0 g of 5-
(1,3-dioxolan-2-y1)-(S)-2-amino-pentanoic acid

Preparation of (8)-2-Amino-6,6-dimethoxyhexanoic acid, methyl ester

25
Under nitrogen, chlorotrimethyl silane (28.0 g) was added to a slurry of 5-(1,3-
dioxolan-2-y1)-(S)-2-amino-pentanoic acid (20.0 g) and dimethyl sulfite (12.0 g) in
methanol (240 mL) to afford a homogeneous solution. Following the observation of
an exotherm to 29 °C, the solution was heated to 40 - 45 °C, stirred at that

30 temperature for 8§ h and at ~22 °C for up to 72 hours. In-process HPLC analysis
showed that the reaction was complete (~93 M% conversion to product) and the
resulting solution was cooled to -5 to -10 °C. With stirring, the apparent pH of the
mixture was adjusted to 11.7 to 11.9 by the slow careful addition of 32% (or 4.45 M)
methanolic potassium methoxide solution (70 mL) mamntaining the temperature in

35 therange -5 to 0 °C. Analysis of the product siurry (NMR) indicated that the
neutralization was complete {chemical shift of the alpha proton of BMS-205787 was

<3.36 ppm). The solvent of the product slurry was exchanged with ethyl acetate by
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To a 250 mL, 3 neck flask equipped with a mechanical agitator, thermocouple,
heating mantle, condenser, nitrogen inlet and vent, (5-(1,3-dioxolan-2-yl)-(S)-2-
amino-pentanoic acid (50 g), methanol (300 mL) and dimethyl sulfite (11.2 mL)
were charged. Chlorotrimethyl silane (83.9 mL) was added to the resulting
30 slurry and the reaction mixture was heated at 40 to 42 °C for about 8 hours,
followed by stirring at ambient temperature for eight hours. Potassium
bicarbonate (104.3 g) was slurried in methanol (200 mL) contained in a 2-L
three neck flask and the reaction mixture containing the hydrochloride salt of
(S)-Amino-6,6-dimethoxyhexanoic acid, methy! ester was neutralized by adding
35 it to the potassium bicarbonate slurry maintaining the pH of mixture above 7.
Hyflo (12.5 g) and n-buty! acetate (400 mL) were added and the mixture was
concentrated under vacuum (76 to 180 mmHg) to remove methanol maintaining
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20 mjectlon volume eluted at 1.0 mL/min. The HPLC response was found to be
linear in the range of 0.16 to 1.5 mg/mL. Samples may be diluted with
methanol or mobile phase.

Analytical data: 'H-NMR: 300 MHz; CD,0D: & 1.3 - 1.6 (m, 4H), 1.8 - 2.0 (m,

25 2H),3.3 (s, 6H), 3.8 (s, 3H), 4.1 (tr, 1H), 4.4 (tr, 1H) and 5.1 (br s, 3H). “C-
NMR: 75 MHz; CD,0D: & 21.03, 31.29, 33.06, 53.56, 53.65, 53.89, 105.74,
166.49 and 171.14.

Example 13
30 The following process description details the procedure used to prepare 100.3 g

(78 M% corrected) of (S)-2-Amino-6,6-dimethoxyhexanoic acid, methyl ester
oxalic acid salt (2:1) from 100 g of 5-(1,3-dioxolan-2-y1)-(S)-2-amino-pentanoic
acid.

35 Preparation of (S)-2-Amino-6,6-dimethoxyhexanoic acid, methyl ester oxalic acid
salt (2:1)
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To a 250 mL, 3 neck flask equipped with a mechanical agitator, thermocouple,
heating mantle, condenser. nitrogen inlet and vent, 5-(1,3-dioxolan-2-yl)-(S)-2-
amino-pentanoic acid (100 g), methanol (1200 mL) and dimethyl sulfite (44.8
mL) were charged. Chlorotrimethyl silane (168 mL) was added to the resulting
5  slurry and the reaction mixture was heated at 40 to 42 °C for about 8 hours,
followed by stirring at ambient temperature for eight hours to afford a solution
of (S)-2-Amino-6,6-dimethoxyhexanoic acid, methyl ester hydrochloride salt
(in-process quantitation 100.9 g, 93 M%). Potassium bicarbonate (208.6 g) was
slurried in methanol (400 mL) contained in a 5-L three neck flask and the
10  reaction mixture containing the hydrochloride salt of (S)-2-Amino-6,6-
dimethoxyhexanoic acid, methyl ester, was neutralized by adding it to the
potassium bicarbonate slurry slowly (over 1.5 hours) maintaining the pH of
mixture above 6.9. The solvent of the resulting slurry was replaced with n-butyl
acetate by vacuum distillation (50 to 60 mmHg and 30 to 40 °C) maintaining a
15  pot volume of about 2 L. After 2.25 L of n-butyl acetate was distilled, methanol
(1.25 L) was added to the distillation vessel and the distillation was continued,
maintaining a pot volume of NLT 2 L, until the water content of the slurry
supernatant was <0.05 wt% and the methanol level was <5 relative area %.
Hexane (1.5 L) was charged to the resulting slurry and it was then cooled to -5
20  °C. After stirring the mixture for 1 hour, it was filtered and the filter-cake was
washed with hexane (2 X 100 mL). The resulting hazy filtrate was polish
filtered to afford a clear filtrate. The clear filtrate was warmed to 20 to 25 °C
and a methanolic (1333 mL) solution of oxalic acid dihydrate (33.3 g) was
added slowly over about 2 hours. The resulting slurry of (S)-2-Amino-6,6-
dimethoxyhexanoic acid, methyl ester oxalic acid salt (2:1) was agitated for 18
hours at ambient temperature and the product was collected on a filter. The
product wet-cake was washed with acetonitrile (4 X 100 mL) and dried under
vacuum at 45 °C to afford 103.2 g (78 M%) of BMS-205787-05 having a free

base potency of 84 wt% (vs. lab standard, theo. = 82 wt%) and an HPLC AP of
30 100

25

Analytical data: HPLC: Tr = 10.0 mun (UV 205 nm): Rockland Technologies
Inc., Zorbax stable bond CN, 5§ micro-M, 4.6 X 250 mm, 85 v/v% (0.01 M
potassium dihydrogen phosphate solution adjusted to pH 7.5 with KOH):15

v/v% acetonitrile, 10 micro L injection volume eluted at 1.0 mL/min. Samples
may be diluted with methanol or mobile phase.

35
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Example 14
The following process description details the procedure used to prepare 60.3 g

(80 M% as is of 5-(1,3-dioxolan-2-y1)-2-oxo-pentanoic acid from 110 g of 4-(3-
10  bromopropyl)-1,3-dioxolane.

Preparation of 5-(1,3-dioxolan-2-y)-2-oxo-pentanoic acid

7y

o)

o’ “COOH
To a 500 mL 3-necked round bottom flask equipped with a dropping funnel, nitrogen

15  line, overhead stirrer, thermocouple, and water bath, magnesium turnings (14.13 g)
were charged. Under a nitrogen atmosphere, the magnesium turnings were rinsed
with dry tetrahydrofuran (KF = 0.0016 wt%, 3 x 70 mL). The flask was charged with
tetrahydrofuran (70 mL, KF = 0.02 wt%) followed by 5 mL of anca.2M
tetrahydrofuran solution of pre-formed Grignard reagent in tetrahydrofuran. The

20  dropping funnel was charged with a neat mixture of 85:15 bromoacetal:chloroacetal
(110 g, 90:10 wt%). After approximately 0.5 mL of the bromoacetal mixture was
added to the reaction flask, the temperature increased from 20 °C to 25 °C. The rate
of addition was adjusted to maintain a reaction temperature of about 30 °C. The
addition funnel was rinsed with tetrahydrofuran (25 mL), and the rinse was added to

25  thereaction flask. The addition was complete after ca. 1.5 hours and the batch was
allowed to cool to room temperature. At this point in-process GC analysis of the
Grignard reagent indicated that 90 % of the bromoacetal had converted to the
Grignard reagent with no cyclobutane impurity, while the chloroacetal did not appear
to react.

30 AlL 3-necked round bottom flask was equipped with a nitrogen line, overhead
stirrer, and thermocouple. Under a nitrogen atmosphere, the flask was charged with
diethyl oxalate (73.85 g) and tetrahydrofuran (250 mL). The solution was cooled to -
60 °C, and the liquid portion of the Grignard reagent was added to the cooled diethyl
oxalate solution via cannula to maintain the temperature below -55 °C. The Grignard
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a& ()-& F 1 and the pH of the reactlon was adjusted to .71 by the addition of 2 M potassium
bisulfate (75 mL). The methanol was evaporated and the cloudy aqueous slurry was
20  washed with MTBE (3 x 500 mL). The pH of the aqueous layer was adjusted to 4.5
by the addition of 2 M potassium bisulfate (100 mL) and extracted with ethyl acetate
(500 mL). The pH of the aqueous layer was further adjusted to 2.0 by the addition of
2 M potassium bisulfate (50 mL), and extracted with ethyl acetate (2 x 500 mL). The
combined ethyl acetate extracts were dried over magnesium sulfate and concentrated
25 to afford 5-(1,3-dioxolan-2-yl)-2-oxo-pentanoic acid (60 g, 80 M % vyield) as a thick
liquid.
(5-(1,3-dioxolan-2-y1)-2-oxo-pentanoic acid) — '"H-NMR: 300 MHz; CDC1,: 5 1.75
(br m, 4H), 2.95 (tr, 2H), 3.85 (m, 2H), 3.95 (m, 2H), 4.85 (tr, 1H) and 7.70 (br s, 1H).
“C-NMR: 75 MHz; CDCl,: & 17.27, 32.30, 37.19, 64.85, 103.94, 160.19 and 195.38.
30
Scheme 4 depicts the reaction in examples 15 and 16.
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Example 15

Ammonium formate (175 mg, 2.775 mmoles), 6,6-dimethoxy-2-oxohexanoic acid,
monolithium salt (50 mg, 0.255 mmoles), 10 ml water, dithiothreitol (1.64 mg, 10.6

10  umoles), NAD (7.05 mg, 10.3 umoles), heat-dried E. col:i containing cloned
phenylalanine dehydrogenase from Thermoactinomyces intermedius (50 mg, 62.5
units), and heat-dried Candida boidinii (82.55 mg, 2.75 units) were added to a 50 ml
Erlenmeyer flask in that order. The pH was 8.03 without adjustment. The flask was
shaken at 40°C, 200 rpm for 18 h. A Chiralpak WH column (Daicel Chemical

15  Industries) was used to estimate the concentration of the product (S)-2-amino-6,6-
dimethoxyhexanoic acid by the same method described for 5-(1,3-dioxolan-2-y1)-(S)-
2-amino-pentanoic acid. No standards are available for the enantiomers, but this
material is presumably the S-amino acid. The molar yield of amino acid was estimated

to be 74.5%. (5-(1,3-dioxolan-2-yl)-S-2-amino-pentanoic acid was used as an HPLC
20  standard to estimate concentration). MS : (M+H)*, 192.

Example 16
Ammonium formate (389.8 mg, 6.18 mmoles), 6,6-dimethoxy-2-oxohexanoic acid,

monolithium salt (1.000 g, 5.099 mmoles), 20 ml water, dithiothreitol (3.28 mg, 21.27

25 umoles), NAD (14.1 mg, 20.57 umoles), Pichia wet cells stored frozen (0.2255 g
containing 5.5 u formate dehydrogenase and 34.7 units phenylalanine dehydrogenase from
Thermoacunomyces intermedius) were added to a 50 ml Erlenmeyer flask in that order.
The pH was adjusted from 7.56 to 8.0 with NH4OH. The flask was shaken at 40°C, 200

rpm for 43 h. After the reaction, the cells were removed by centrifugation and the
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Example 17
The following process description details the procedure used to prepare 4.33 g
(25 M% as is of 6,6-dimethoxy-2-0x0-hexanoic acid) from 10 g of 4,4-
dimethoxy-1-bromobutane.
10

To a 100 mL 3-necked round bottom flask equipped with a dropping funnel, nitrogen
line, overhead stirrer, thermocouple, and water bath. magnesium turnings (1.7 g) were
charged. Under a nitrogen atmosphere, the magnesium turnings were rinsed with dry
tetrahydrofuran (10 mL). The flask was charged with tetrahydrofuran (6 mL, KF =

15  0.02 wt%) followed by 1 mL of a pre-formed Grignard reagent in tetrahvdrofuran
(4,4-dimethoxy-1-magnesiobromobutane). The dropping funnel was charged with a
THF solution of 4,4-dimethoxy-1-bromobutane (10 g, in 26 mL of THF). The
solution was added dropwise, while maintaining the temperature between 28 and 31
°C. After the addition was completed, the solution was held at 30 °C for 1 hour.

20
A 100 mL 3-necked round bottom flask equipped with a nitrogen line, overhead
stirrer, and thermocouple was rinsed with 20 mL of anhydrous THF. Diethyloxalate
(4.85 g) and THF (10 mL) were charged to the flask and the solution was cooled to -
70 °C. The THF solution of the Grignard reagent (4,4-dimethoxy-1-

25 magnesiobromobutane) was charged to the diethyloxalate solution maintaining the
temperature between -60 and -70 °C. The reaction mixture was held at -70 °C for 2
hours, when it was judged complete by in-process GC analysis (0.5 % unreacted
diethyloxalate). The reaction mixture was quenched by pouring it into a solution of
citric acid (5 g citric acid dissolved in 40 mL of water). The quenched reaction

30 mixture was extracted with methyl tertiary butyl ether (2 X 20 mL) and the combined
methyl tertiary butyl ether extracts were washed with a solution of pH 6.5 monobasic
sodium phosphate (2 g in 20 mL of water, pH adjusted with 10 N sodium hydroxide
solution). The rich organic phase was cooled to 2 °C and a lithium hydroxide solution
(1.4 g of LiOH in 15 mL water) was added dropwise maintaining the temperature

35 below 5 °C. The reaction mixture was stirred for 30 minutes at 5 °C until in-process
GC analysis indicated that the reaction was complete (<0.5 % unreacted ester in the

organic phase). The phases were separated and the organic phase was extracted with
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F, ) 10% " &3¢ ) - at ${°C & BOWitigie{ z)nd@ds&'ﬂ&ﬂdd%e’ remove calcium oxalate. The filtrate was

stirred with Darco G-60 for 30 minutes and was filtered through HyFlo. The filtrate
was concentrated in vacuo using n-buQH to remove water azeotropically, affording
a foam (2.04 g). The foam was dissolved in methanol (5.1 mL) and mixed with
acetonitrile (15 mL). The solution was seeded with(S)-2-Amino-6,6-

35 dimethoxyhexanoic acid and cooled in an ice bath. for 4 hours . The product was
collected on a filter and the wet-cake was dried under vacuum at 50 °c for 4 hours to
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Example 19
Dual constitutive expression of FDH and PDH

15 1. Construction of recombinant strain Pichia pastoris GS115 (pGAPZ-FDH)

pGAPZ is a vector obtained from Invitrogen (Carlsbad, CA). It permits expression of
foreign genes in P pastoris under control of the constitutive glyceraldehyde 3'-

phosphate promoter. The formate dehydrogenase (fdh) gene from Candida boidinii
20  was cloned into pGAPZ as follows:

The DNA sequence of the cloned C boidinii fdh gene was determined and used to
created oligonucleotide primers for its amplification using the polymerase chain
reaction (PCR). The primers were (NH, terminus) 5'-

25 GGAATTCCATATGAAGATCGTTTTAGTCTTA'3' (SEQ.ID.No.:1) and (COOH
terminus) 5'-CCTTAAGAATAATAAAGAATAGACAAATGG-3' (SEQ.ID.No.:2).
C. boidnii chromosomal DNA was used as target in the PCR reaction. The PCR
reaction yielded a single DNA fragment of the expected size (ca. 1100-base pairs)
which was 1solated, purified, and cleaved with restriction endonuclease EcoRI. The

30 digested PCR product was ligated with EcoRI-treated pGAPZ DNA and the ligation
mix was transformed by electroporation into £. coli strain TOP 10 F'. Transformed
cells were selected on LB agar medium containing 25 mg/ml of the antibiotic Zeocin
(Invitrogen). Eighteen colonies were tested for the presence of the fdh gene by PCR;
three were positive. The fdh gene was sequenced and determined to be the same as

35 disclosed by Sakai, Y, et al. J. of Bacteriology, 179 pp. 4480-4485 (1997).
One colony containing plasmid pGAPZ-FDH was chosen for further use. Plasmid
DNA was 1solated from TOP 10 F'(pGAPZ-FDH), linearized with restriction
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endonuclease Avrll, and electroporated into P. pastoris GS115. Transformants
containing multiple integrated copies of pGAPZ-FDH were selected by spreading the
cells onto medium containing 2 g/l Zeocin. Several such colonies were obtained and
found to possess at least twice the FDH activity of cells containing only pGAPZ (P
pastorts contains its own FDH gene). The isolate giving the highest specific FDH
activity was chosen for further work and designated GS115(pGAPZ-FDH).

2. Construction of pGAPk-PDH

10  The next step in the construction of the dual constitutive expression strain was the
introduction of a recombinant phenylalanine dehydrogenase (pdh) gene into
GS115(pGAPZ-FDH). Since this strain was already Zeocin-resistant, a plasmid
containing the constitutive promoter but permitting an alternative means of selection
for transformants was created. A 546-base pair Bglll/Notl restriction fragment of

15  pGAPZ which contained the glyceraldehyde 3'-phosphate promoter region was cloned
into a 9000-base pair BamHI/Notl fragment of pPIC9k (Invitrogen). The new
plasmid was named pGAPk. pGAPk allows selection of transformants on minimal
medium due to the presence of a functional HIS4 gene which complements a defective
version present in GS115. Multiple integrants can be selected using resistance to

20 antibiotic G418, also encoded by the plasmid. A map of pGAPk is attached.

3. Construction of recombinant plasmid pGAPk-PDH and transformation of
GS115(pGAPZ-FDH)

25  Using the published DNA sequence of the Thermoactinomyces intermedius
phenylalanine dehydrogenase gene (Takada, H., et al., J. of Biochem.. 109, pp. 371-
376 (1991)), DNA primers corresponding to the NH? (5'-
CGGAATTCAAGATGCGCGACGTGTTTGAAATG-3") (SEQ.ID.No.:3) and COOH
(5'-CGTTCTCGCGTTCCTCCATTGAGCTCGCC-3") (SEQ.ID.No.:4) terminii were
30 synthesized. They were used for PCR with 7. intermedius chromosomal DNA as
target DNA. A fragment of the expected size (ca. 1100-base pairs) was seen after
agarose gel electrophoresis. The DNA was purified and digested with restriction
endonucleases EcoRI and Xhol. pGAPk was cleaved with EcoRI and then partially
digested with Xhol; the 9500-base pair fragment was tsolated following agarose gel
electrophoresis. The two fragments were ligated together and transformed into E.
coli DH10B cells by electroporation. Transformants were screened for the presence

35
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of the pdh gene by colony PCR. One such colony was identified and the plasmid
named pGAPk-PDH.

pGAPk-PDH was linearized using restriction enzyme Avrll and electroporated into P.
pastoris GS115(pGAPZ-FDH). Transformants were selected by their ability to grow
on minimal glucose agar plates. Approximately 10,000 colonies were screened for
resistance to G418 (4gl1). Several resistant colonies were isolated and grown in
liquid YPD medium, then harvested and assayed for PDH and FDH activity. Both
activities were present. A use test for the bioconversion of 5-(1,3-dioxalan-2-yl)-2-

oxo-pentanoic acid to 5-(1,3-dioxalan -2-y1)-(S)-2-amino pentanoic acid was positive
using a cell extract from a recombinant isolate.

10

Example 20
rPDH Inducible Expression Svstems

15

1. rPDH expression by recombinant strain E. coli BL21(DE3) (pPDH155K).

Construction of the final recombinant vector (pPDH155K) was in two steps: a) the
cloning of the Thermoactinomyces intermedius PDH gene into plasmid vector
pET15b (Novagen. Madison, W1L,; Fig. 1) to make recombinant vector pPDH15b/1;
and, b) exchange of the ampicillin resistance marker of plasmid vector pPDH15b/1
with the kanamycin resistance marker of vector pET9b (Novagen, Madison, W1,; Fig.
2). Expression of the PDH gene in this system is under the control of the strong T7
promoter. Induction of PDH expression is with IPTG (isopropyl B-D-thiogalac-
topyranoside). Expression of the PDH protein is intracellular.

20

25

Recombinant strain £. colt BL21(DE3) (pPDH155K)ATCC 98374) was constructed
in the following manner. Using published 7. intermedius phenylalanine
dehydrogenase (PDH) DNA sequence (Takada, et al., J. of Biochem., 109, pp. 371-
376 (1991)), DNA primers corresponding to the N-

30 (S'CATGCCATGGTCGACGTGTTTGAAATGATGG3") (SEQ.ID.No.:5) and C-
(S'CCGCTCGAGTTACCTCCTTGCGCTGTTGC3') (SEQ.ID.No.:6) termini of the
PDH protein were synthesized and used in a PCR reaction using T. intermedius target
DNA. The PCR reaction yielded a single DNA fragment of expected size which was
isolated, purified and then digested with restriction enzymes Ncol and Xhol. The

35 digested PCR fragment was ligated with Ncol/Xhol-digested pET15b plasmid vector,
and the ligation mix transformed by electroporation into £. coli strain BL21(DE3).
SDS-PAGE analysis of cell extracts from induced cultures of isolate E. coli

@@
@@
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BL21(DE3) (pPDH15b/1) demonstrated the presence of an overexpressed protein of
correct size. PDH activity assays as well as use test for the bioconversion of 5-(1,3-
dioxalan-2-yl)-2-oxo-pentanoic acid to 5-(1,3-droxalan-2-yl)-(S)-2-amino-pentanoic
acid were positive using the recombinant cell extracts.

5
Vector pPDH15b/1 was then isolated and digested with restriction enzymes AlwNI
and EcoRI. Digestion of pPDH15b/1 with these two enzymes completely drops out
the ampicillin resistance gene without affecting the PDH expression cassette or
plasmid replication/maintenance functions. Likewise, plasmid vector pET9b was di-
10

gested with the same two restriction enzymes, and the 1.17 kb AlwNI/EcoRI DNA
fragment containing the kanamycin resistance gene was isolated and then used in a
ligation reaction with the pPDH15b/1 PDH-containing fragment (described above).
The ligation mix was used to transform by electroporation £. coli strain BL21(DE3).
A kanamycin resistant transformant [E. coli BL21(DE3) (pPDH155K)] was isolated
15  and verified by PCR for the presence of the PDH expression casette. PDH activity
assays as well as use test for the bioconversion of 5-(1,3-dioxalan-2-yl)-2-oxo-

pentanoic acid to 5-(1,3-dioxalan-2-yl)-(S)-2-amino-pentanoic acid using cell lysates
from this recombinant strain were positive.

20 2. FDH/rPDH expression by recombinant strain Pichia pastoris SMD1168

(pPDHOK/10). Bioconversion of 5-(1,3-dioxalan-2-yl)-2-oxo-pentanoic acid to 5-

(1,3-dioxolan-2-yl)-(S)-2-amino-pentanoic acid involves two enzymes - phenylalanine
dehydrogenase (PDH) and formate dehydrogenase (FDH). Recombinant strain P.
pastoris SMD1168 (pPDHIK/10) was constructed as a one-cell FDH/rPDH system,
25 utilizing the endogenous FDH of P. pastoris and the cloned PDH gene of T.
intermedius. Construction of the final recombinant vector (pPDH9K) was in two
steps: a) plasmid vector pICZ-PDH was first constructed by cloning the T
intermedius pdh gene into plasmid vector pICZ (Invitrogen, San Diego, CA.; Fig. 3);
and, b) plasmid vector pPPDHIK was then constructed by transferring the PDH gene

30 cloned in vector pICZ-PDH into plasmid vector pIC9K (Invitrogen, San Diego, CA.).
PDH expression in this system is under the control of the AOX1 promoter with
induction of expression by methanol. Expression of the PDH protein is intracellular.
Recombinant strain P. pastoris SMD1168 (pPDHIK/10) (ATCC 74408) was isolated

35

in the following manner. Using the published T. intermedius pdh DNA sequence,
DNA primers corresponding to the N- (5'CGGAATTCAAG-
ATGCGCGACGTGTTTGAAATG3'") (SEQ.ID.No.:7) and C-
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(S'GGGGTACCCCTCCTTGCGCTGT-TGCGGGG3") (SEQ.ID.No.:8) termini of the
pdh gene were synthesized and used in a PCR reaction using 7. intermedius target
DNA. The PCR reaction yielded a single DNA fragment of expected size which was
isolated, purified and digested with restriction enzymes EcoRI and Kpnl. The

5 digested PCR fragment was ligated with EcoRI/Kpnl-digested plasmid vector pICZ,
and the ligation mix transformed by electroporation into P. pastoris strain GS115.

Analysis for PDH activity in cell extracts from recombinant isolate P. pastoris GS115
(pICZ-PDH) was positive..

10  Plasmid pICZ-PDH was then digested with restriction enzymes Pmel and Notl,
followed by isolation and purification of the 2.5 kb DNA fragment containing the pdh
gene cassette. Likewise, plasmid vector pIC9K was digested with the same two
restriction enzymes and also purified. The two digested DNAs were ligated and the
ligation mix transformed into P. pastoris strain SMD1168 using electroporation.
Resulting transformants from this electroporation were then screened for resistance to
high levels of the antibiotic G418 (4 mg/ml) indicating isolates containing multiple
plasmid integration events. Eight high G418 resistant colonies were examined for re-
combinant PDH expression following methanol induction. One isolate [P. pastoris
SMD1168 (pPDHI9K/10)] demonstrated significantly higher levels of PDH activity as
20 compared to the other transformants tested. FDH activity, as expected, was also noted
in the cell extract from this isolate. Use test for the bioconversion of 5-(1,3-dioxalan-
2-yl)-2-oxo0 pentanoic acid to 5-(1,3-dioxalan-2-yl)-(S)-2-amino-pentanoic acid was
positive using cell extracts from this isolate, either when exogenous FDH was added
to the reaction mixture or when no FDH was added to the reaction mixture,
25 demonstrating the efficacy of this one-cell FDH/tPDH system.

16
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1
wheremn eachR*1isHor R,
comprising
contaciing a keto compound of the formula

20 (formulall)
R2

7 ~COOR! I
2
wherein R 1s as defined above and R! is as defined above, with an amino acid

dehydrogenase 1n the presence of ammomna and a co-factor under conditions suitable
for formauon of the compound of formula 1
25 -

|
2. The process of Claim | wherein R is hydrogen.
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4. The process of Claim1 wherein R is
/Oj
__\O

3
5. The process of Claim | wherein R 1s methy! or wherein R 1s of the formula

_/ R
Yo/ R

wheremn R* is H or methyl

10 6. The process of Claim | wherein said amino acid dehvdrogenase 1s alanine
dehvdrogenase, phenylalanine dehydrogenase, giutamate dehvdrogenase, leucine
dehydrogenase, or valine dehvdrogenase

7. The process of Claim 1 wherem said amino acid dehvdrogenase is produced mn s1su
15 by a microorganism.

8. The process of Claim 7 wherein said microorganism 15 Thermoactimomyvecs sp. or
Pichia pastoris ot E Coll

20 9. The process of Claim 1 wherein said ce-factor 1s NADH.

10. The process of Claim 9 wherein said co-factor 1s regenerated i sifu by an
enzyme.

25 11. The process of Claim 10 wherein the regenerating enzyme is formate
dehydrogenase.
J &

12. The process of Claim 1 followed by the additional step of reacting compound 1

with thionyl chlonde 11 a suitable solvent under conditions suitable for formation of a
30  compound of the formula
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wheremn R’ is a C,-C g atkyl;
or by reacting compourd I with chlorotrimethyl silane and dimethy1 sulfite in a
suitable solvent under cenditions suitable for formation of the compound of formula
11

13.  Arecombinant yeast host cell capable of producing both phenylalanine

dehydrogenase (PDH) and formate dehydrogenase (FDH) wherein said host cell comprises
(a) recombinant nucleic acid encoding PDH, and

(b) nucleic acid encoding FDH wherein said nucleic acid is endogenous, recombinant, or

both endogenous and recombinant.

14.  The recombinant host cell of Claim 13 wherein the nucleic acid capable of
expressing a formate dehydrogenase is endogenous.

15. The recombinant host cell of Claim 13 wherein the nucleic acid capable of

expressing a formate dehydrogenase is both endogenous and recombinant.

16. The recombinant host cell of Claim 13 wherein the nucleic acids encoding PDH and
FDH are DNA.

17. The host cell of Claim13 which is Pichia sp.

18. The host cell of Claim13 which is Pichia pastoris.
19. Pichia pastoris ATCC 74408,

20.  Pichia pastoris ATCC 74433.

21. The host cell of Claim13 wherein said recombinant nucleic acid encoding formate
dehydrogenase is from Candida boidiii.

22, The host cell of Claim 13 wherein said recombinant nucleic acid encoding
phenylalanine dehydrogenase is from a bacterium.
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(a) arecombinant bacterial host cell containing recombinant nucleic acid
from Thermoactinomyces intermedius capable of expressing
phenylalanine dehydrogenase, wherein said recombinant bacterial
host cell is ATCC 98374, and
(b) a source of formate dehydrogenase.

26 . Escherichia coli ATCC 98374.



