Title: A Cenetically Stable Plasm d Expressing PDH and FDH Enzynes [ 001]
This application is related to and clains priority to U S. provisional
appl i cat iwo 288viisd40No. 61/ 167,676, filed April 8, 2009, pcmassdéisoBasur e of
which is incorporated by reference herein. [002] The sequence listing is
filed with the application in electronic format only (conputer readable
form and is incorporated by reference herein. The sequence listing text
file, "09-203-SEQ LI ST" [22,343 bytes in size], was created on April 7,
2010. BACKGROUND COF THE | NVENTI ON Field of the Invention [003] The
invention relates to nucleic acid nolecules, plasmds (e.g., bi-cistronic
pl asm ds), host cells and nethods used for the expression of fornmate
dehydr ogenase (FDH) and nodified phenyl al ani ne dehydr ogenase (PDHmod).
Background of t Hatld:nveleneticalGtableiPdesmidEAprespig BRBearid/FDH Enzygmdsr ane
bound non-cl assi cal serine am nopepti dase which is |located in a variety of

tissues inghodiTHs applicaiion id rdThtb@do taAd cllding hriofi@y td VST prolidid@ial asiflickiisney.
This enzyne is also |located on circulatin -l ynphocytes wherein it is

referred tocasl Bp oF16D0pepllcd\Aprrpeht2089s e|dysql@surfe9 vihédhpisaneasponated by

met abol i c gggg%ggﬁm%ﬂlthe endogenous peptides GP- 1(7-36) and glucagons in
vivo and has denonstrated proteolytic activity agai nst ot her peptides such
as GHRH, NPYO2]AH- BecawdccVIliBting) iy ifiled. witGh¢ dpipReatibn7iB&)ectidnia Afmatrionty aci d
peptide derived from post-translational proceSS|ng of praoglucagon in the
smal | int eé@qrﬂ@tewa@ab&&%én%%mﬁmpm%@e BEFsREe liwﬁelv' \ﬂg ¢ SeayRca Mpling

GLP- 1(7- Sgéxtﬁlé WHb%?%E %T“ qﬁk&r{n@f}g W@'c@a{eﬁoﬂlwgpﬁ fecretion.
Thi s pepti al so pronote satl and sl ows astrlc enpt ogenous
adm ni stration of GP- 1(7-36) V|a conti nuous i nfusion has been shown to be

efficacious in diabetic patients. However, the exogenous peptide is
degraded too rapidly for I nhi bitors of
di peptidyl peptidase IV ha@gk3§§§£gégﬁﬁsggbi¢SNS@ﬁgE%ﬁgte endogenous

15 Field of the Invention

[003] The invention relates to nucleic acid molecules, plasmids (e.g., bi-cistronic
plasmids), host cells and methods used for the expression of formate dehydrogenase

(FDH) and modified phenylalanine dehydrogenase (PDHmod).

Background of the Invention

20 [004] Dipeptidyl peptidase IV is a membrane bound non-classical serine aminopeptidase
which is located in a variety of tissues including, but not limited to, intestine, liver, lung,
and kidney. This enzyme is also located on circulating T-lymphocytes wherein it is
referred to as CD-26. Dipeptidyl peptidase IV is responsible for the metabolic cleavage of
the endogenous peptides GLP-1(7-36) and glucagons in vivo and has demonstrated

25 proteolytic activity against other peptides such as GHRH, NPY, GLP-2 and VIP in vitro.

[005] GLP-1(7-36) is a 29 amino acid peptide derived from post-translational processing

of proglucagon in the small intestine. This peptide has multiple actions ir vivo. For
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| evel s of GLP- 1(7-36). U S. Patent No. 6,395,767 discloses

cycl opropyl -fused pyrrolidine-based inhibitors of dipeptidyl peptidase IV.
Met hods fwoO 20tvert82al | y synt hesi zi ng these inhibitors ar@cCaitset09sdos n U. S.
Pat. No. 6,395,767 as well as in the literature. For exanple, see Sagnard
et al. Tetr.Lett. 1995 36:3148-3152; Tverezovsky et al. Tetrahedron 1997
53:14773-14792; and Hanessian et al. Bioorg. Med. Chem Lett. 1998

g :2,) égS 7 623 ]7' 2 ?e§a1%pf£l§e¢iggl (g égistlattlnliﬂl eQ Igglu 11(1) rsec(ljétlso%l a(I)I elcinlblts é{ucagon sgcretll\loon This

5S) - 2- [ ( Zs)pegﬁ@éﬂlgtpgrgn{oge's r&ﬂﬁgtﬁ’)éﬂd §16W8 gﬁiﬂ% §m?ty1n% Exogenous administration of

3' 7] dec-1-yl)-1ox hyl ] - 2-azabi cycl o- exane- 3-carbonitrile.
[007] Met h&elsP- ﬂ6r3@r‘e@@antmgommnétsmd1aafoe@ &h@wtou’@eteffe:aplpu@lulcdlabﬂmcm this
di pepti dyl nhi bitor ar n E 808..824 A2. Al so
seb: | e nPROod R SHh AR pBh T R ER5000 Pty ceiuiEd R2L ) o
al. Grem Ithdrapdufic ukngl . 1979 18:72, Reetz and Hei nbach Chem Ber. 1983
116: 3702- 3707, Reetz et al. Chem Ber. 1983 116: 3708-3724. [008]

Reconbi nant expression of the enzymes formate dehydrogenase (FDH) {e.g.,

f Pi chi TCC 20864 henyl al a dehyd P
(e o 1ronPHIanRBUEIhRFEED TROSHRELY Ravq Jermdcado0m  TEIHIBE SR IPH | he
bi ot r ansf OnaRyd (ﬁﬂi}]ﬂi lgT @@IdUOS(Wat&T %08, @95:376:’}' leélﬁse’é c}&l@;g&gﬂ fidegane- 1

-acetic acid to (aS) no-3- hydroxytricyclo 7] decane-1
-aceti ¢ acipgrehdiob-bascdtihlebiteefidpabligyl peptidast £9. MethpdShor gh¢rhichlly

di met hyl et ho car bgn I 1.n0] - 3- hydr oxytri.c 3 dec

acetic aci (§ym§%5§"flﬁg ﬂ}eﬁ% Tﬁiﬁgﬁ dfsﬁfjotq?fgxlsgﬁt %@sﬁb ?9% Flé,? ﬁjﬁ%l{/aq lﬁ %I tor
saxag]) i pti Niterfuey 'F@Héxa@ﬁﬁl@ rged Sa%tﬁrc?étﬁﬂ eRgr E&H1199513 8D 8131 379 TRe@kOSkS ef

pl asm d containing two identica tanden1ﬁronnters (one pronoter for each

enzyne) t o ddriepehedrpr 4887 63'}1141%1%1417&% and Henbssue eled sBioprg. péadk Chemakert. pri or
attemt s anBgat 49\ 3ue Lesubifdot ARRIGELRLLEH ¥ € AR NT Ly

di fferent ations-of b taining an intact p asmd,

and anot herfrestbasei1s, Bls«;s@pz{azgmzcaﬁmh@e (pu@sim;@ tgiondlaf3rm. ng. { Juec-FLH)-gene
appears to have been rocessed truncated). The processing of the plasmd
appears tocﬁaﬁéymﬁb¥@ isEelonidt K0 ﬁéﬁwé%Pﬂbgéﬁéﬁatlon

15 [007] Methods for preparing intermediates used in the production of this dipeptidyl
peptidase IV inhibitor are disclosed in EP 0 808 824 A2. Also see, Imashiro and Kuroda
Tetrahedron Letters 2001 42:1313-1315, Reetz et al. Chem. Int. Ed. Engl. 1979 18:72,
Reetz and Heimbach Chem. Ber. 1983 116:3702-3707, Reetz et al. Chem. Ber. 1983
116:3708-3724.

20 [008] Recombinant expression of the enzymes formate dehydrogenase (FDH) (e.g., from
Pichia pastoris (ATCC 20864)) and phenylalanine dehydrogenase (PDH) (e.g., from
Thermoactinomyces intermedius (ATCC 33205)) can be used in the biotransformation of
3-hydroxy-a-oxotricyclo-[3.3.1.17"] decane-1-acetic acid to (a.S)-o-amino-3-
hydroxytricyclo[3.3.1.1*"] decane-1-acetic acid which is then chemically converted to

25 (aS)-0-[[(1,1 dimethylethoxy)carbonyl]amino]-3-hydroxytricyclo[3.3.1.17"] decane-1-
acetic acid, a starting material in the synthesis of the DPPIV inhibitor, saxagliptin.
Previous attempts to express FDH and PDH using a single plasmid containing two

identical tandem promoters (one promoter for each enzyme) to drive expression have had

.



[ 009] Thus, while biotransformation nethods have been identified as a

nmet hod for generating conplex chem cal precursors, the biosynthetic
processeswoi288xd above suffer decreased product yiel #ChasSaus®3@h4 genetic
instability. Thus, there is a need for alternative reconbi nant sequences
and nethods for generating synthetic precursor nolecules in the eventual
producti on of chem cal corrpounds such as saxagliptin. SUM\/ARY G: THE

| NVENTI ON [010], I n an c t he di scl osure rel ates an._i nucl ei c
hot ol ecE RS R Rarai o R B R e e e 3t Tl ESHTT o ng
a nucl eot| qlﬁrb%?lﬂg%ﬁ}ﬁ ﬁlfféi‘é’ﬁt populdBIas steaticaal cefloorg-:e@n{aﬁuh%n Hhita@plabRid, a
sequence encodi ng the pol ypeptide of SEQ 1D NO 4 and the pol ypepti de of SEQ

ID NO 5. [40d angthemwhaiciaghepartion héthdipisinid aerdainmigaheEDHcan appwrsioddve

I d I h f SE 1.
012] 1n ok sLpsr e EORRELT ol bE 5 Gt BRARSa Rhuchee i o
mol ecul e coiid dash Bl gerkegivance that hybridizes to the conpl errent of the

nucl eoti de sequence of SEQ ID NO 1 under stringent hybridization
conditions. [013] In an aspect, the disclosure relates to an isolat ed

| ei i | | e th tid f
> [014] 1 n 100 TauBac RIS Elen SeTUsar @ eanae o a l Geras EABN 8 ng a
nucl ei ¢ acigd, ﬁg&ﬁ@@%ﬁ&ﬁ@ﬂ@g déﬁs@rg %é%sy%theh@?;ﬁ]eeés@s afgc BEHovet he

di sclosure Telates to an 1sola host cel |l “conprising a nu elc acid
mol ecul e confiei doicrigs@EQodDdt WEId beca[litlcﬁ]genmanstalstbectThutshtheldns e ho@hﬁoe

Compr | 51 ng “LEAHITS Re BTG Ferer HHE R of EfE HEQY BOE P PE R e o0 a
net hpg for nﬁtﬂ@@iﬂ@s‘ iRGhd &htuat ﬁ&ﬂuotioﬂ'dﬂ@héﬁlcgﬁéﬂx\ﬁgﬁﬁhds such as saxagliptin.

car boxyl ] -am no] - 3- hydroxytricyclo[3. 3.1 decane-1 -acetic acid
(Formula 1):

SUMMARY OF THE INVENTION

[010] In an aspect, the disclosure relates to an isolated nucleic acid molecule comprising;:

(a) an isolated nucleic acid sequence comprising a nucleotide sequence that is
95% identical to SEQ ID NO: 1; or
15 (b) a sequence encoding the polypeptide of SEQ ID NO: 4 and the polypeptide
of SEQ ID NO: 5.

[011] In an aspect, the disclosure relates to an isolated nucleic acid molecule comprising

the nucleotide sequence of SEQ ID NO: 1.

[012] In an aspect, the disclosure relates to an isolated nucleic acid molecule comprising
20 a sequence that hybridizes to the complement of the nucleotide sequence of SEQ ID NO:

1 under stringent hybridization conditions.

[013] In an aspect, the disclosure relates to an isolated nucleic acid molecule comprising

the nucleotide sequence of SEQ ID NO: 2.



wherein the nmethod conprises: (a) culturing the host cell of Caim8 under
suiiauie conditions to express the pol ypeptides encoded by the nucleic acid
nol ecul e WO 280Q18ONC. 1;; (b) partially purifying an eR€¥S2@0/08@E04 r at e
conprising the pol ypeptides; and (c) contacting the culture isolate with an
anount of 3-hydroxy-a- oxotricyclo-[3.3.1.1 3" 7] decane-|-acetic acid
(Formula I1):under conditions that allow for production of (aS)-a-am no-3-

hydr oxytri 3.3.1.1 3" 7] decane-|-acetic acid (Forrmula I11): (d

Cont acti ng 1T desneh e G ST Ty Gra sompriang s3opFiscltithblequlscer f
acid with apmpRBHWPISEeS I8ING:art - but y{ di carbonate under conditions that
allow for productiron of (aS)-a-[[(I|,]-dinmethylethyoxy)carboxyl]-am no] - 3-
hydroxytricyclo[3.3.1.1 3 7] decane-|-acetic acid (Fornula I). [018] In an
aspect, the disclosure relates to a process of preparing a partially .
purified ed2iHdnesserast tha @%9%@1@@%@%%@1@@&%ﬂ@léé@raerésmmclalﬁ@md
formate de - iub-ﬁ ein the process conprises preparing a
fermentati g%ﬁ%ﬁ%?%}]séf nl(gglwg@dé'e}'l contai ning a nucleic acid nol ecul e or
pl asm d as described herein. [019] The above aspects as well as other
aspect and enbodi nents will becone apparent to those of skill in the art in
vi ew of t hé0fllhawniasgect ¢hadibddsudemdtateptviannsol BRI Efst DEISGRNPTIIGN @FclTikiacid
DRAW NGS [ 02 } Figure.l sﬁg&qu}@pgenati c of the Bi-cistronic FDH PDHrod

Pl asmid. oulg g‘lﬁl%“sén% the fiucl ei ¢ aci d sequences of the FDH PDHmod
bi -cistronicplasmd (SEQ ID NO 2). The region encoding FDH (SEQ I D NO. 8),
the ribosone binding site (SEQID NO 3) and PDHmwd (SEQ ID NO 9), is
under | i ned [p17]alad abREQthdUiNDsutd reldt2B]a drétBod or r@d’h@lﬁ% (bBea-gelyl-t s of an
EcoR restriction digest of the Bi-cistronic FDH PDHrod Plasmd. DETAI LED
DESCRI PTI odimgthylgthyprxyearppon]-amino]-3-hydroxytricyclo[3.3.1.17 " ]decane-1-acetic acid

(Formula I):

OH

OH

T

10 O D

o)

wherein the method comprises:
(a) culturing the host cell of Claim 8 under sunavic conditions to
express the polypeptides encoded by the nucleic acid molecule of SEQ ID NO: 1;;
(b) partially purifying an enzyme concentrate comprising the
15 polypeptides; and
() contacting the culture isolate with an amount of 3-hydroxy-o-

37
1

oxotricyclo-[3.3.1.17"]decane-1-acetic acid (Formula II):



[023] In a general sense, the disclosure relates to nucleic acid nolecul es,
pl asm ds, vectors, host cells, and nethods that provide for the

bi ot r ansfworzato/iase4of chem cal nol ecul es to useful synt h@CTWSPIOOB48OT

nol ecul es and/or internediates in the production of desirable chem cal
conpounds (e.g., drug products such as the DPPIV inhibitor, saxagliptin).
The nucl eic acid nolecule can be incorporated into a vector, such as an
expressi on vector or plasmd, and pggvides for a reconbi nant construct that
is stable genetically in a host cell, (e.g., a bacterial cell). The cells
and plasmds find use in nethods that conprise formate dehydrogenase and

phenyl al ani ne dehydr ogenase acti A | 024] Definitions [025] Before
descri bing the various aspects a.EI pdi mendsyof the disclosure in detail

a nunber of ternms will be defined used herein, the singular fornms "a",
"an", and "the" include plural it s
di ctates ot herw se. For exanpl e, renerenceiito a ﬂpleic aci d" neans one or
nore nucleic acids. [026] It is noted that 'terns Yi'’ke "preferably",
"commonl y", and ynHyPi GBhdiondr ehiot bW | Zz88 hgoeidicho lofM tod)b@afhi@ng- of
the invention as claimed or to g?ply that certain features are critical
essential, or evedroxypisyelabt3.4d tlHecaserlaseue ecidfFaromda iIbh of the cl ai ned

i nvention. Rather, any use of thesedserns is nerely intended to highlight
alternative or additional features tlhat can or can not be utilized in a
particul ar enbodi nent.[027] I n sone pnstances the disclosure may use the
ternms "substantially" or "about" §resento t he i nherent degree of
uncertainty that can be attribute antitative conparison, val ue,
measur enent, or other representa PRE may al so represent the
degree by which a quantitative ntatffon cad vary froma stated
reference without resulting in a charge irg the basic function of the
subject matter at issue. [028] As used her¥in, thgllgramd " pol ynucl eoti de”,
"nucl eotide", "oligonuycleotide”, and "nucleic acid nolecule’ c be used

i nt erthangeabl y togré r tCBHtﬁ&té‘}ge%E? RO 1RBYRR: Thé(ﬂroxymcydoﬁ-&1%@’7]‘1603“6'

I-acetic acid with an amount of di-fert-butyl dicarbonate under conditions that

| ess the context clearly

S

allow for production of (aS)-a-[[(1,]1-dimethylethyoxy)carboxyl]-amino]-3-
hydroxytricyclo[3.3.1.1*"]decane-1-acetic acid (Formula I).

[018] In an aspect, the disclosure relates to a process of preparing a partially purified
10 enzyme concentrate of phenylalanine dehydrogenase (PDH) and formate dehydrogenase
(FDH), wherein the process comprises preparing a fermentation broth containing a cell

containing a nucleic acid molecule or plasmid as described herein.

[019] The above aspects as well as other aspect and embodiments will become apparent

to those of skill in the art in view of the following detailed description.

15 BRIEF DESCRIPTION OF THE DRAWINGS

[020] Figure 1 shows a schematic of the Bi-cistronic FDH/PDHmod Plasmid.

[021] Figure 2 shows the nucleic acid sequences of the FDH/PDHmod bi-cistronic

-5-



conprising DNA, RNA, derivatives thereof, or conbinations thereof. [029]
The term "naturally occurring” or "native" when used in connection with

bi ol ogi caWorratoerBabs such as nucl eic acid nol ecul es, polrgpapsildes4ohost
cells, and the like, refers to materials which are found in nature and are
not mani pul ated by man. Simlarly, "non-naturally occurring"” or
"non-native" as used herein refers to a material that is not found in

nature or that . tructural.ly nodifi t hesized man. \Wen
loed § n_comets BFATBN G Y duiaie citramed TR SrIABTY. ety or
"native" refiffing ﬁté(@ﬁ%ﬂﬁﬁ@:@%ﬁﬂ PBHGA (SEVHESNOE 9§, & undHaHIINE boIP(SELhY M ne
(T), and uracil (U). en used in connection with amno acids, the terns
"natural | y IB¢Qr Hing" and "native" refer to the 20 amino acids al anine (A),
cysteine (C), aspartic acid (D), glutamc acid (E), phenylal anine (F),
glycine (G, histidine (H), isoleucine (1), lysine (K), leucine (L),

t hi oni . : ; Il utan ‘ (| .
Serine. (5 O BERRL AR o 5l 26 S AT kB, 2
[ 030]5 The tROHWPDimed/Plakmaid. ne dehydr ogenase” or "PDH' neans a protein

havi ng phenyl al ani ne dehydrogenase activity, as well as enzymatically
active fragnents and variants thereof. A non-limting exanple of PDH is

"PDHmod" that conpris he i dehydr ogenase
activity, as well as ?@?ﬁ%ﬁaﬁ%@f}%@% e .ﬁﬁ@ﬂ%@ﬁ ants of SEQ ID
NO 5. [031] The term "formate dehydrogenase” or "FDH' neans a protein
havi ng for ety 1dehydragienase aet divélbdure aslatv®lth mrlENayiRmblalleY, plathiis,

fragnents and variants thereof. A non-limting exanple of FDH conprises SEQ
I D NO 4 t aetorsadioploehst end emgifipdydivhguodde ifor the bipdrapgformafipnenl wherpicelal | y

active fra I . of . el C: i .

B s ds. et el MR Hho O W et R ML 38 BRodution
gener@l |y tofiakeirsdt chemidal icomPaudatso@lg. etrugl prodiab each as tht MPMY: irAibitor,
Laborat ory Manual,

(Caol d Spring.Harbor Laboratory Press, 1989) and/or
Current PrdRHEIPEN) nTkweelﬁuCaﬁClCEarf@E%V %%E%B@Pm@fat%‘f into a Vecor™Bich%s an

expression vector or plasmid, and provides for a recombinant construct that is stable

genetically in a host cell, (e.g., a bacterial cell). The cells and plasmids find use in
methods that comprise formate dehydrogenase and phenylalanine dehydrogenase

15 activity.

[024] Definitions

[025] Before describing the various aspects and embodiments of the disclosure in detail,
20 a number of terms will be defined. As used herein, the singular forms "a", "an", and
"the" include plural referents unless the context clearly dictates otherwise. For example,
reference to a "nucleic acid" means one or more nucleic acids.
[026] It is noted that terms like “preferably”, “commonly”, and “typically” are not
utilized herein to limit the scope of the invention as claimed or to imply that certain
25 features are critical, essential, or even important to the structure or function of the
claimed invention. Rather, any use of these terms is merely intended to highlight
alternative or additional features that can or can not be utilized in a particular

embodiment.



eds., Geen Publishers Inc. and Wley and Sons 1994). [034] In an aspect,
the di scl osure provides an isolated nucleic acid nolecule conprising SEQ ID
NO 1, orweesmquenee encodi ng a functional fornate dehy@®CogsSa@od3@Nd a
functional phenyl al ani ne dehydrogenase. In enbodinents the formate

dehydr ogenase (FDH) can conprise any FDH sequence, or functional fragnent

t her eof , fronlany particul ar species. In enbodi nents the phenylalanine
dehydrogen

can be uence or functjonal fr nt ..
AR i or e SRR R AT e S AT EN g R
conprises 3EGeddbt M irthereff dagrbd @@tdn@a@dmt rtﬁﬂn@dht b@'éttM@ditbdi'% a ?%@@ﬁtauw an
enbodi nent the PDH sequence conprises SEQ ID 5 functi onal

fragnment orcomgetisonmt V@lnerre@zfsuremnamr@:ﬂmmmtatlphe ’T:ligéetreisc,rnfascaldo pepiresenl e
conpri ses the nucl eot i ence, .of

the nucl ei "GdFE el C«? % lmltgége éepsr%?ﬁ{)eloﬂrcgﬁb‘f%}' f-? i oﬁFatn%Ofef%mP%ct s

expr essi on wathouhRstilggs aNs ciemge e thg bt f@rdoPBrthewhbjeéd hattdhat RERIOt er regi on
is as described herein below [036] In enbodinents the nucleic acid

mol ecul e cdfptliAvyscd hasginoteneimeerelyelsdeT. onueeotidee. rlisesusl eotm’:’o@n%g

roout 100 i e e oENS cah 1 (89 REABENITY AL DFPeRadfiipdl 10
29, 30, 31cotprisiag DN4, RRA, ddbvati3ds tha@pf,d9 codbinaddns th&deofd3, 44, 45, 46, 47,

48, 49, 50, 60, 65, 70, 75, 80, 85, 90, 95 or 100 nucl eoti de. bases). In
embodi ment §029ﬁr%1er SFMon NeNFRYY| SEQUTHNE | 98 JHEVE] g U85 N agOTHeStay B@@

herej bel %%l%gé’lﬂlaty‘sﬁ%Eﬁh@s)nhél%i@éc?@m@lé%l%b §>t g)gi ?ndf@@' R&uLals, bid HESikkO 2

nucl ei ¢ acid | ecul e has been separ om at Ieast about 50
percent of rp?etsttelnm6;rldls phid,are frupd iy datateesnd age notttharipwhated by ahan. viitrhladii ch
it is naturall nd when t.otal nuclei,c aci rom:t sour ce

cells, (2) MM )r‘/}i’)tﬁlr VricsHTNg " OF | " n%l“‘i?oratsﬂ’éﬁ‘gg?reﬁl rﬁgﬁﬁ&ﬁlnéa& a&égaﬁds /A ch

the "i ol atpeghdiMGafir€ oRhhChdices sth@turaBy hoQlRd dr Ry BtdH e by(@in.| Whepas&abl y
l'inked to a pol ynucl eotide which it is not |linked to in nature, or (4) does

not occur iim camtagtien agthpauciestides. Ithe trems sontyraliyl essuire” 96 doatines. refer to the
ACCOf5d i ngl )f)’ases ad\elr?‘l% (()X)S ?"[Tblcl)lgl né[u%mne Qé), tﬁ?rlmaﬁtee(q), and uracil (U). When used in
connection with amino acids, the terms “naturally occurring” and “native” refer to the 20
amino acids alanine (A), cysteine (C), aspartic acid (D), glutamic acid (E), phenylalanine
(F), glycine (G), histidine (H), isoleucine (I), lysine (K), leucine (L), methionine (M),
asparagine (N), proline (P), glutamine (Q), arginine (R), serine (S), threonine (T), valine
20 (V), tryptophan (W), and tyrosine (Y).
[030] The term “phenylalanine dehydrogenase” or “PDH” means a protein having
phenylalanine dehydrogenase activity, as well as enzymatically active fragments and
variants thercof. A non-limiting example of PDH is “PDHmod” that comprises SEQ ID
NO: 5 that has phenylalanine dehydrogenase activity, as well as enzymatically active
25 fragments and variants of SEQ ID NO: 5.
[031] The term “formate dehydrogenase” or “FDH” means a protein having formate
dehydrogenase activity, as well as enzymatically active fragments and variants thereof.
A non-limiting example of FDH comprises SEQ ID NO: 4 that has formate
dehydrogenase activity, as well as enzymatically active fragments and variants of SEQ

30 ID NO: 4.



nucl eic acid nolecule is substantially free fromany other contam nating
nucl eic acid nol ecul e(s) or other contam nants that are found in its
nat ural ewoi2owvuted that would interfere with its use i RCPAISYPOOBI40€
production or its therapeutic, diagnostic, prophylactic or research use. In
certain enbodi ments, the isolated nucleic acid nolecule is contained within
a cell. [038] The term "nucleic acid sequence" or "nucleic acid nolecule"
refers to or .RNA. sequence. The term enconpasses nol ecul es forned from
any of the%%ucﬁ%{%@c a lﬁﬁgldﬁfa“ﬂltﬁoséﬁﬁmhm such as, but not linited to
4- acetyl cytosi ne, 8-hydroxy-N6- nethyl adenosi ne, aziridinyl-cytosine,
pseudoi socyt osi ne, 5-(carboxyhydroxyl methyl) uracil, S5-fluorouracil,
5- br onour adP33] Bhec sacbmkymant N Anmadeds ped herdin cue gshérallg-those set forth in
car boxy- ne | anmi, nomet, hy aci |, ~di hydrp cil, inpsine, .
. 1 50 pencaTatan . "yolehEkh o BHBAE { Fiiony PG 6P g Sprine Harbor
1- methy| gudnbsetor} PigskhydgINasd/Be Cuder PlotRbRyih QWalatule: Bidmst @A{sﬂlﬁ&@k ne,

y

2- met hyl guani ne, 3-nethyl cytosi ne, 5-net hyl cyt osi ne, N6- et adeni ne,

7- met hy| gu&d$-nerees Publitiersaltr eV HeY tirdb®ens 1984 ket hoxyami no- net hyl -

2-t hi our aci ta- I ' 5, - [ = L 5-
met hoxyur aé??“qgaﬁeﬁéﬁﬁ H?g%ﬁ%g@g ?6@2 %Sn%ﬂ g@%ﬁ?ﬁ%ﬁ%ﬁ&éﬁg&g@( }m_og?c t(l)l%éaogﬁ e@ :fsil:dgaci d
met hyl est erfSEQuABCNIO: 5t ooty acetiucticaencoding wbfiinotasil rfermds eletpdivgaiake and a

gueosi ne, 2-thjocytosine, 5-nethyl- 2-thjouracil, 2-thiouracil,

4-t hi our ac izfvr}ct@nﬁlephfw[}f%&q srirgmgmgaewe- 51-nos‘<1§£%%@ﬂﬂé tae ifrmale Kyhelegsnase
uracid -5-o0 td s KON o) i u I - &0 t.asl-RE, d 6-
di an% dnopur ?ﬁg?ﬁ[%%ﬁ&lll&sgn sg?g j%g{l%élcﬂi gﬂ@ﬁggﬁpﬁ%@%sﬁgﬂgagsﬁg at%
nucl ei ¢ acipdrteatuepaecsc dnpniteidngerds thegihenylakieins elghedrogenaba(PDIE) &69%e any

i denti cal EQ | D NO 040] .The t "jdentity," in th t,
oror s to EUTISaEnen el RGeS satodut PiorERcwe sty Jha de
nol ecul es @mbodndi IOEFDHNYGLEAE @k HisBPREOUILEENO: 28 d#af BmBliRRY fRymesnpari ng

t he sequences. In the art, "identity" also neans the degree of sequence
r el at ednesyagentvibegonull e emieilinamd ithec BPHssagrerss| sppaptsedeEQ B NGhieS, cige may
15 functional fragment or variant thereof. In an embodiment, the nucleic acid molecule

comprises the nucleotide sequence of SEQ ID NO: 1.
[035] In embodiments, the nucleic acid molecule comprises a single promoter region that
directs expression of the regions encoding FDH and PDH, wherein the promoter region is
as described herein below.
20 [036] In embodiments the nucleic acid molecule comprises a region between the portion
of the molecule encoding FDH and PDH. In embodiments, the region comprises a length
of about 10 to about 100 nucleotides (e.g., about 10, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29,
30,31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 55, 60, 65,
70, 75, 80, 85, 90, 95 or 100 nucleotide bases). In embodiments, the region comprises a
25 ribosome binding site as described herein below.
[037] The term “isolated nucleic acid molecule” refers to a nucleic acid molecule that (1)
has been separated from at least about 50 percent of proteins, lipids, carbohydrates, or
other materials with which it is naturally found when total nucleic acid is isolated from
the source cells, (2) is not linked to all or a portion of a polynucleotide to which the
30 “isolated nucleic acid molecule” is linked in nature, (3) is operably linked to a

polynucleotide which it is not linked to in nature, or (4) does not occur in nature as part
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be, as determ ned by the match between strings of two or nore nucl eotide or
two or nore am no acid sequences. "ldentity" nmeasures the percent of

i denti calwoebohas24bet ween the smaller of two or nore se@UEASeEI0NBA4N4 gap
alignments (if any) addressed by a particul ar mathematical nodel or
conputer program (i.e., "algorithns").[041] In an enbodi nent, the isol ated
nucl ei ¢ aci d sequence conpri ses a nucl eoti de sequence that hybridizes to

t he conpl enent, of the nuycl eotide seqyence. of SEQ LD NO, 1.at 420C.

ybr i di at 1T 1B Y VBB o888t AGrarainede 1 SX st SrBen Ao oRelors m
sodi um ci t ratRIc ac® MdbadivnmhasAaike (it Gnloth@ dHhrAdAHP nucleic acid
pyrophosphate, 0.1 % SDS, and 10% dextran sul fate, and then at 420C in a

hybri di zat inericovdg(k) dudther candarmpinpats igptGre Jousdandtdnadurabesmonnieou tiat Wesld er m
"highly stringent .conditi.ons' refers to.thas ondi ti.ons that are, designed
to permit. HYBRaIILRobedt PRRRCEEated e 88 s B Tink S WehOfic, Rofiietd
conplenment @i Yeseaddl ub® BXEdradeehiyitimdhiz atht Qvlatd shdeit fbidansleyul&isamtahad
DNAs. Hybridi zation stringency is principally determ ned by tenperature,
ionic streh@ﬂﬁ?a&ﬂb t he concentration of denaturing agents such as

f or mam de. f.. " BL.ghl Lhgent « Lt " » i.qdi. 23t 00. and
washi ng aré&§301 SO Fﬁ%@gﬁ%%gégéggoggoﬁgﬂﬁ*3%@?%%?&@%rg¥§%§ aégNAB@bC or
0. 015 M sodiNunsedionace.d&he Geri0drizoMpasds umlaiutas gbemedafrom>086 dfaharhndee bage
420C. See Sanbr ook Fritgch & Mani ati s, Nglec | ar, Cl oning. A Laboratory

e ey

Manual (2nd@lgss obhINA apd iR 1sEfthat: buk o fAsetyicy ety Sl dExyao-
Nucl gy ¢ Aci diisat 1,00:4:A1R I~C - Ch. 5 iyt ed) .
L0450 Wor & "R ENRCELRE, LRI R Ao ARALRARINT. > feabbdRyh G AmieliPLf
strengt h, hirghler Sffbronamde, Sdrowmvmeril.deénetrboiyngtizdeninpmethyl-dHtbwubeilused -
however, the . rate

f hybridi.zatian w1l be affected. her ents .may. be

ol uded | ARG TS EHBEIeHR UG KT T FEPLT OYOT e BUTpadeE. I
reduci ng noRetBASEnkHS 1%&41/01@5&ﬂ6hﬁ1&@,un%éﬁh/ﬁgmweatltrﬁah AR ex-d@hRtf11%
bovi ne serum al bum n, 0.1% pol yvi nyl -pyrrolrdone, 0.1% sodi um '
pyr ophosphavaning. Z9petadpdaminto demgthylgupaine, 3 MediodSaosing spg)cthylcyteting, N6-
Denhay dt ' s n?é%%ﬁ%&e%ri]ﬂe, ORL AL GhiRe! TBRaS RELIL RNy uPhciP B AR xyamino-methyl-
non- conpl enent-ary

2-thiouracil, beta-D-mannosylqueosine, 5'-methoxycarbonyl-methyluracil, 5-

methoxyuracil, 2-methylthio-N6-isopentenyladenine, uracil-5-oxyacetic acid methylester,

uracil-5-oxyacetic acid, oxybutoxosine, pseudouracil, queosine, 2-thiocytosine, 5-methyl-

2-thiouracil, 2-thiouracil, 4-thiouracil, 5-methyluracil, N-uracil-5-oxyacetic acid

20 methylester, uracil-5-oxyacetic acid, pseudouracil, queosine, 2-thiocytosine, and 2,6-

diaminopurine.

[039] In an aspect, the disclosure provides an isolated nucleic acid sequence comprising a

nucleotide sequence that is 95% identical to SEQ ID NO: 1.

[040] The term “identity,” as known in the art, refers to a relationship between the

25 sequences of two or more polypeptide molecules or two or more nucleic acid molecules,

as determined by comparing the sequences. In the art, “identity” also means the degree

of sequence relatedness between nucleic acid molecules or polypeptides, as the case may

be, as determined by the match between strings of two or more nucleotide or two or more

amino acid sequences. “Identity” measures the percent of identical matches between the

30 smaller of two or more sequences with gap alignments (if any) addressed by a particular

mathematical model or computer program (i.e., “algorithms”).
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DNA), and dextran sul fate, although other suitable agents can al so be used.
The concentration and types of these additives can be changed w t hout

subst ant iviDI2910af18230t i Nng t he stringency of the hybridi zaPCoSeam@dsa4ons.
Hybri di zati on experinents are usually carried out at pH 6.8-7.4; however,
at typical ionic strength conditions, the rate of hybridization is nearl y

i ndependent of pH. See Anderson et ah, Nucleic Acid Hybridisation:

Practi cal rqach | RL.Press 044] Factors affect the
ctabi |1ty OPPERR Husrbeditioude BaREIBIREE i red st eHP g %j&yff@
base pair @b@[’éﬁ&&fhﬁt TR £ 28 QR dt bO iR RRRoRE: vsdeasdt Hﬂwlﬂ | ed

in the art in order to accommpdate these vari abl es and al | ow
di fferent sedd¥noeahybudisdmmsbuffes qoﬁmsmb?(]%jsfomﬂmeldmx iSv§ COerpdt éltaﬁrle of

717000 = B0 MTeodhin SR 56 oG, FRE bR B B o i) "

wher e N i s piyRphbeingteh 0af %tI18S, dpl 10% deitaadulfitdioand then tfw2°@Gh athybridization
concentration of the sodiumion in the hybrl di zati on or washing sol ution,

YG+HC i s t hevgsh bukpr emeprsi Gk mShereyt- b9isS. bases in the hybrid. For

i mper f ect | Pmt'jgt%etgmbyﬂlg%ﬁﬁsi#% @cﬁt‘ﬁ(ﬂg”B%gﬁget[ﬁfl(ysre%ohél,tlgl‘:fsdfﬁ%{aﬂe%mgned

appr oxi mat c
stringent co pehrmt h)yl&i'dlzaemﬁ fo$ DMA(sﬁmtistwlcu@ts stndacceswind bighly doNfplchugitery, wad h a

greater degree of pair tchl ng.t ha occ under " highly
stri ngent g‘bﬁé‘ilfl%ﬁ*ﬁg’ﬂdﬂ@ﬁ%lo Sltg Rt m%%@é@%g 5@9 Zatl%ﬁep%&néws
stripgent %%@fgarog Noter@lifed- tglif%a%w MG Osrtfeﬁgtodo nQiO 1R Moneditkimhf Bf ate

at 50-650C or M sodi um ch Ide, 0.0015 M iumcitrate, and 20
f or mam de aibnaﬂﬂﬁgla@:ntByucmys Girmexadp| dxathpizd evfatheghty $tmng¢g‘en¢ndmmISi tfolons"

o 5C | i giz, e amien wil ol v sbaa M ATRIEL 085l 1
di stincti osglebreens Ms&ﬂw cﬁIol’rﬂdeg?OGISCMrs@tﬁuler& atciiel S0 dshainahy asirengent
conditions."” For exa at 0.015 M sodiumion (no formam de), the nelting
t enper at ur e?e@ﬁa@]@rqogg‘gngsch & Maniatis, Molecular Cloning: A Laboratory Manual (2nd ed.,
15 Cold Spring Harbor Laboratory, 1989); Anderson et al., Nucleic Acid Hybridisation: A
Practical Approach Ch. 4 (IRL Press Limited).
[043] More stringent conditions (such as higher temperature, lower ionic strength, higher
formamide, or other denaturing agent) may also be used — however, the rate of
hybridization will be affected. Other agents may be included in the hybridization and
20 washing buffers for the purpose of reducing non-specific and/or background
hybridization. Examples are 0.1% bovine serum albumin, 0.1% polyvinyl-pyrrolidone,
0.1% sodium pyrophosphate, 0.1% sodium dodecylsulfate, NaDodSO., (SDS), ficoll,
Denhardt’s solution, sonicated salmon sperm DNA (or another non-complementary
DNA), and dextran sulfate, although other suitable agents can also be used. The
25 concentration and types of these additives can be changed without substantially affecting
the stringency of the hybridization conditions. Hybridization experiments are usually
carried out at pH 6.8-7.4; however, at typical ionic strength conditions, the rate of
hybridization is nearly independent of pH. See Anderson et al., Nucleic Acid
Hybridisation: A Practical Approach Ch. 4 (IRL Press Limited).
30 [044] Factors affecting the stability of DNA duplex include base composition, length,

and degree of base pair mismatch. Hybridization conditions can be adjusted by one
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mat ched | ong DNA is about 7 10C. Wth a wash at 650C (at the sanme ionic
strength), this would allow for approximately a 6% m smatch. To capture
nore di stwioRh/mned4at ed sequences, one skilled in the ar®PCTaAs260/p0494 | ower
the tenperature or raise the ionic strength. [047] A good estimate of the
melting tenperature in IMNaC * for oligonucl eotide probes up to about 20nt
is given by: Tm= 20C per A-T base pair + 40C per G C base pair *The sodi um

i on concent t| on in X sa t sodi um e is I Su t at .
Devel oprrent&lCBB g %F‘?CPPE]&O@%&S%%W%S iy P S enba1;
[048] Highgs Jdn@@@él@tydﬂ@@m REnCIRVRIdS | O h&lkin® ltdBRRMGHLOHt & geﬁe@ryemwt%u@d ly
at a tenperature of 0-50C belowthe Tm of the oligonucleotide in 6X SSC

0. 1% SDS. [ G294 dupleapambpesimatedby ticdellwxingsqpationi des a pl asmi d conpri si ng

i scl osur e pr ovt Gbe 4ot LeRafagibrt Qe P aottanne CRtdPmRE"
pol ypepti de oWh&EQ hdlh%lq)engfth andletdiq)lerx%me@t[n\de] @fthémla&dﬂ&m&uoh%lﬂe The
term"plasm d" is used to refer to any nol ecul e nucl ei ¢ aci d,

vector, or vi¥symjerdn tthe thwb%lﬁ@ronc%ivvﬁghm&fsehlﬁam %ﬁ% 1% theoBercenspge. of 052]
The ter m" exp{@%?hg% S@g‘”?ﬁesqf?gﬁr@bﬁ&) a plasmd that is suitable for

transformatio ntai ns nucl eic acid sequences that

di rect and/For imperfecoly hireheixpyteris tie moéltihg senpeatuieisardiceddysappuadiebelyaci d
sequences. %ress n includes, but is not limted to, processes such as
transcri ptilof, Ortqaﬁ %@isaw and RNA splicing, if introns are present. In

geney@l , pl mﬂle”%hﬁc‘%@d%ra(t ggstlfln Prcﬁﬁc?thﬁk”Vi%?e{)f’rté coﬁ&’i%né’ QHIQT RhicklL: )

are known |n the art and are cially avail | n enbodi nent s,
the plasm dN4 dpdixgnet & greetnplegse Qm@anmiremcsnmmmh@ﬁlade@m&d bedirhexdei n

wher i1 Uhe S Saslen Sl EHLand L, Lacr, he comrol b s Shatle
the host cebh&ti6&™ are 0.015 M sodium chloride, 0.0015 M sodium citrate at 50-65°C or 0.015
M sodium chloride, 0.0015 M sodium citrate, and 20% formamide at 37-50°C. By way
15 of example, “moderately stringent conditions” of 50°C in 0.015 M sodium ion will allow
about a 21% mismatch.
[046] It will be appreciated by those skilled in the art that there is no absolute distinction
between “highly stringent conditions” and “moderately stringent conditions.” For
example, at 0.015 M sodium ion (no formamide), the melting temperature of perfectly
20 matched long DNA is about 71°C. With a wash at 65°C (at the same ionic strength), this
would allow for approximately a 6% mismatch. To capture more distantly related
sequences, one skilled in the art can simply lower the temperature or raise the ionic
strength.
[047] A good estimate of the melting temperature in 1M NaCl* for oligonucleotide
25 probes up to about 20nt is given by:
= 2°C per A-T base pair + 4°C per G-C base pair
*The sodium ion concentration in 6X salt sodium citrate (SSC) is IM. See Suggs
et al., Developmental Biology Using Purified Genes 683 (Brown and Fox, eds.,
1981).
30 [048] High stringency washing conditions for oligonucleotides are usually at a

temperature of 0-5°C below the Tm of the oligonucleotide in 6X SSC, 0.1% SDS.
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contai n sequences for plasm d maintenance and for cloning and expression of
exogenous nucl eoti de sequences. Such sequences, collectively referred to as
"flanki ngveequensxs” in certain enbodi nents, wll typi c&Cryuseerolosees one or
nore of the foll ow ng nucleotides: a pronoter, an origin of replication, a
transcriptional term nation sequence, a |eader sequence for secretion in
the case of expression of secretable protein, a ribosone binding site, a

l'yl'i nk i f [ ti th l.ei id. di.ng th tjd
o e oxpr dLER0R"ah dvor Lo e AP Ec R EH Cbive REATIC FOBST OBt POt Bhe

pl asm d may,gealebisieo ' ibag): sequence, i.e., an oligonucl eotide nol ecul e
| ocated at the 5' or 3' end of the FDH or PDHnod pol ypepti de coding
sequence; tHE0]dni gl eweetddhoralisstasuee eneodiss a pplhsrids c¢upiingst RererkEs) |

or other "tag",.such as FLA lutinin |nfluenz g or. myc for
ohi oh commnerdify FRabRrratRonthd B by p R R SE A b et 0t e
pol ypept i dg¢0sorheesih ephb@nl db ubdetopeter ReRhY dlccald(cB By BcidSvéttdreans

for affinity purification of the PHDrod or FDH pol ypeptides fromthe host
cel | . Affi iy yad iq rensforsadieganfyenstiondagiiost@d; for exanple, by col um

chr omat ogr i nt | L I nst g,a caffinity.

matrix. Opt ﬁlg%ﬁe Wk ™ LBRAUER %gﬁelgﬁeﬁ% £ 1892 AP1Bi R bl i hvtable, o0 g
PHDnod or Fiakkfoohytpepdf delsosbycell aanidocsntamamaclsicc icid scgsdnogs deut tditent and/or
pepti dases for cIeavage.,[O%S] A H{gnscription erm nati on sequence i.S
typical |y I8B%ERlethe3exmbgssioReOl HHCHFd ACISENIQEISt TUFEIC 3810h P IUERSiSns EXPESIY ves

Lo t gy m NatgiadANBAY IsPhdiOhnitldPUR! drbeesSed SRASA! frlsL O E RS LILRANANCE
in prokaryotic cellsis a GCric ?ragnent fol I owe y a poly-T sequence.
Wi | e t he spluegcé nteneast byeseitode geheralmpasmidb madgcules (egerexpresatasedors,
commercially as part, of a plasm .t can al so be readj synt hesi zed usi ng
methods. § ol oRGEBY s i KR BuPS ot af AR SroRE R EE bblka above.  [057]  The
term "oper apd3y) thicttRdimdrss, Wseplafifidak Qedifnddab@bnipfis@theafuCRRISTIE B d&kribed

fl anki ng sequences wherein the flanklng sequences so described are

conf i gur ed hereimwhete the cxpresseon of i faad FDHhisiundersthe poritiph of k omgleThomotes
[k 10 ApAANGS FRE1 St b o SR ISRy TR R SR P
contain sequences for plasmid maintenance and for cloning and expression of exogenous
nucleotide sequences. Such sequences, collectively referred to as “flanking sequences”
in certain embodiments, will typically include one or more of the following nucleotides: a
promoter, an origin of replication, a transcriptional termination sequence, a leader
20 sequence for secretion in the case of expression of secretable protein, a ribosome binding
site, a polylinker region for inserting the nucleic acid encoding the polypeptide to be
expressed, and a selectable marker element.
[055] Optionally, the plasmid may contain a “tag” sequence, i.e., an oligonucleotide
molecule located at the 5' or 3' end of the FDH or PDHmod polypeptide coding sequence;
25 the oligonucleotide molecule encodes polyHis (such as hexaHis), or other “tag” such as
FLAG, HA (hemaglutinin Influenza virus) or myc for which commercially available
antibodies exist. This tag can be fused to the polypeptide upon expression of the
polypeptide, and can serve as a means for affinity purification of the PHDmod or FDH

polypeptides from the host cell. Affinity purification can be accomplished, for example,

30 by column chromatography using antibodies against the tag as an affinity matrix.

-12 -



t he codi ng sequence. For exanple, a coding sequence is operably linked to a
pronoter when the pronoter is capable of directing transcription of that
codi ng seyoennel18o0f | anki ng sequence need not be conti gROTAISMII3G4be codi ng
sequence, so long as it functions correctly. Thus, for exanple, intervening
untransl ated yet transcri bed sequences can be present between a pronoter
sequence and the codi ng sequence and the pronoter sequence can still be

he. i scl oM BrBRoviace S esraioaly RESERRFT Hoais B P HPraLet BT
ol asm A, R kidey RhASE AofAas §OKiFHADIFRHRY rAldORle col | can be

any suitabl e "host cell and sel ected by one of skill based on the desired
appl i cat i o0§.4y. transeiptiomp karmingéioh ofeqaendc ois  yoiopheporaed exmietisi o of [059]
The tern1"ho§; Q%£I" H§1“SFd to refeg ho a ge*l mhigh h@s Heenttransforned,
or is capalEPSPUSESTY e PRGN SThA i P AT B NS et se RISy WRKUER: BYREHPYHbn of
expr essi ng t@nfifdtRet RYugrden Prokaffcticaslls isTHG-CeFidh fraghuste]lbhed by y-Tof
the parent cell, whether or not the progeny is identical in norphol ogy or
in geneti c SAgHEBCYp Walle hde otciuensal ispeasBhtclongd framg aakibrafye o8 gver tiadchysete i s

t . n . R H n H .
e ool 1 SO & Brt F AT o 518 e R S e LR ey SR
it has beemunieid dcidedntlesis cuttaasthascrnieperiNA.abéar. exanpl e, a cell is

transforne? where it is genet%iglly nngified fromits native st
Fol | ow ng P

t _y
_ AskecermBnoBrrakly ddatic t5 B1d hern {9 &rist Orih ﬁ@%ﬁ@%@i St ne
Wi t by hat %Eqﬂeﬁ@es%ﬁéreig%é)ﬁéﬁﬁdiﬁgaée: YerlcBt &EALHPG érlgtcgtllfz%tg&{ RSB 00 Lhe

cell, may be mal ntal ned transient as an epi soma nt w thout beilng
repl i cat ed,to perfomy theaphsughfuaciion e pbus enfl dnkiressequpica sipediblyAligledd| toiascoding
consi dered to have been stabl nsformed. when the DNA is replicated with
Che di vi o1 GREISE FEY OB SPAio @ FHSRE B e Lo Ao Egeraton GdGE g gL br 1o
the upt ake (R cEdh@bdfichde. SRAUKARPR, BNOIRY Rqe&Ick is 8pdaily GRkbd RAs tpk‘tﬁﬁ&er

"transfected" when the exogenous DNA has been introduced inside the cel
menbr ane. Avhsuntherpremoter anshpable of ditseling Gaessriptien wé|thatkenshieg Beslueres. art and

are 1d§ scl O%Elglkﬁ%rseeiqﬂéncée&edeﬁoq' be Cc%rzlitri]g%%quse twi‘a{ Thelgggihg \éeal?eln%g’,yso long as it
functions correctly.  Thus, for example, intervening untranslated yet transcribed
sequences can be present between a promoter sequence and the coding sequence and the
promoter sequence can still be considered “operably linked” to the coding sequence.
[058] In an aspect, the disclosure provides an isolated host cell comprising a bi-cistronic
20 plasmid, wherein the plasmid codes for FDH and PDHmod. A host cell can be any
suitable host cell and selected by one of skill based on the desired application (e.g., for
amplification and/or polypeptide expression).
[059] The term “host cell” is used to refer to a cell which has been transformed, or is
capable of being transformed with a nucleic acid sequence and then of expressing a
25 selected gene of interest. The term includes the progeny of the parent cell, whether or not
the progeny is identical in morphology or in genetic make-up to the original parent, so
long as the selected gene is present.
[060] The term “transformation” as used herein refers to a change in a cell’s genetic
characteristics, and a cell has been transformed when it has been modified to contain a
30 new DNA. For example, a cell is transformed where it is genetically modified from its

native state. Following transfection or transduction, the transforming DNA may
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52:456; Sanbrook et al, Ml ecular Coning, A Laboratory Manual (Cold Spring
Har bor Laboratories, 1989); Davis et al, Basic Methods in Ml ecul ar Biol ogy
(El sevi erw0o2086i1824and Chu et al, 1981, Cene 13:197. SuclkrCTAskon0gs@s4 can be
used to introduce one or nore exogenous DNA npieties into suitable host
cells. [062] In certain enbodi nents, selection pressure is inposed by
culturing the transformed cells under conditions in which the concentration
of sel ection agent e di s suc ess veI chan t her eby .| eadi ng

to anplifid&k Rpf obat B sl bl BB Btk RO T maro e b Hee oy o
and FDH polpyRept hﬁﬁﬁam&ﬁtrﬁls'i&ﬁ?'ats:an' dpidodid SR nftH AN thbhtesief rdpRERBE G@nflay-DH

pol ypepti des "are synthesized fromthe anplified DNA [06 ransfor mat’i on

or transf ec@plwﬁteoind@petét@pﬂ:es@ @nplp$rals1m fenll RDMaptidernd tPHmyso bygreptablies

into a sel host 0 [ shed b own net hods

el udi ng. peeRoELSERAT s K a7 GaRERRCRIBIN Gy BiberE s &I on.

M cr g nj ect0®r, THel tpoh e@drseuetion” ishse DloAkfed @xthcamtdre ol steighhe ck@tdnotk BRlaect ed
will in part be a function of the type of host cell to be use These

met hods and@Yot reil st el hast hewns “Gansfoniad” whewihe wxpgrnons tDNAnBas beers ot
forth, for ;examRbeindid: %"{3 NP nfhadl » ASH ﬂlﬁer %P%Lsf&tﬁ)‘ﬁ' t%Sﬁrg&l Oa[\fﬁ@[]\lfegg .

gene elenent encodes a el n necessary e survi val
host cel |l d&nhown mntha asehﬁbhre\/élsclu!;dduhﬁelmfedSwne gy pirgdaim sehe,cﬂimn Iedld@r

genes encod ro at (a), confer resistance to antlblo s.or_ot her
t oxi ns, forsé%én% Qroa@iﬁre b A Mplgculpipffoxinge v Or%fpmk%ﬂaWéFﬁ ring [Py ot i ¢

hOStl(Pe| ! SLaBQQat&f%@i%%%as%’éP&lf %}{)CCA@ﬁzfoHQb?e%ye%ﬁla?fBl % F]ﬁkéweroﬁ%((g%

supply critical nutri s not avail able from conplex ne anpfes
sel ect abl e andrMer ¢ @r, el heGkandm}87.n Suek itsthanmes genbs uwﬂetoanmwdmd ome or

resistance ene and the tetracycline i stance gene. Aneonycin resistance
gene may aI G HRogroaYs ﬁ@ﬁ@&%ﬁ%n&%wlﬁ{’%ﬁ@ﬁt Cre@Btl c and eukaryotic host

cells. [ 065[{])62‘]'Qﬁ'c@ftﬁn%ﬁi‘dédﬁ%@§ ghlesianredinds Rbbsed vRtdbnmeh@id thaéormed

pol ypeptides are inserted into an appropriate expresSion plasmd using
st andard | icglt badertwanitiogy és wiTtheths| coapemdratiy dheclsetien paent tip the nfediver ional

in tﬁe par tslugc%lss"%\rfely cﬁangeg | tileregy Hea&mg t& arnphﬁcatpon of both the selection gene and the

DNA that encodes PDHmod and FDH polypeptides. As a result, increased quantities of
PDHmod and FDH polypeptides are synthesized from the amplified DNA.
[063] Transformation or transfection of an expression plasmid for PDHmod and FHD
polypeptides into a selected host cell may be accomplished by well known methods
20 including methods such as calcium chloride, electroporation, microinjection, lipofection
or the DEAE-dextran method. The method selected will in part be a function of the type
of host cell to be used. These methods and other suitable methods are well known in the
art, and are set forth, for example, in Sambrook et al., supra.
[064] A selectable marker gene element encodes a protein necessary for the survival and
25 growth of a host cell grown in a selective culture medium. Typical selection marker
genes encode proteins that (a) confer resistance to antibiotics or other toxins, for
example, ampicillin, tetracycline, or kanamycin for prokaryotic host cells, (b)
complement auxotrophic deficiencies of the cell; or (c¢) supply critical nutrients not
available from complex media. Examples of selectable markers are the kanamycin

30 resistance gene, the ampicillin resistance gene, and the tetracycline resistance gene. A
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plasmd is conpatible wth the host cell machinery such that anplification
of the gene and/or expression of the gene can occur). [066] In a further
enbodi nerw9 20tve1182461 ei ¢ aci d nol ecul es can be anpli fi edpramd/ser1odz@vessed in
prokaryotic host cells. Host cells can be prokaryotic host cells (such as
E. col) . The host cell, when cultured under appropriate conditions,

synt hesi zes PDHmod and FDH pol ypepti des whi ch can subsequently be col |l ected

directly fromthe hast cell produci it, .Sel ection of an proprj at e. host
cel | will JSHENEOURINE SRR Patso P ued G SSIECHRR T BIpaRBRE ST GHRTTSO o,
pol ypepti dgopmdiifi cati ons that are desirable or necessary for activity,
such as glycosyl ation or phosPhoryI ation, and ease of folding into a

bi ol ogi cal I[§6ddViaeic rgideowlesulep oaTddima dila jaal PidRiod andeFDkepelypensidas gire
cells suitabl ?[ %ort t he nucl.ejc acid rmiecuie .and{ ar,_pnl asgi d,as described
herein. I n'V&HF b"soé‘ﬁbaBB‘i%l%{ese,prﬁ%mﬂé’ Préeriie ér%‘n%%ﬁﬁlr%a M IGOMAES ol
strain of bplased imdyebddsclecldd td B filBlibhal il pddic@ar Ao MTIDlyed! (e., the
enbodi ments, cells conprisi ntgét he nucleic acid or plasmd (i.e.,

t r ansf or medlasmid ispempeatibiel yithehe hestcqell mpdinqiys isneh Srbanaliacaiesiof e Pk nown
in the art. i i I tain all nutrients necessary for the
growt h and alslg@\?/le%}ggésgofn%tflﬁﬂée @%ﬁgﬁxgﬁﬂ?abl e nedia for culturing E. coli

cell s are flo6o]dxaarglieherLembalifdent hhd bhBleznadidormdleculed icen Breoihplifidd) and/or
several enbodi nent.s, an antibiotic qQr other conpound useful for selective
growth of CRBISSFAdE SEP I Qe AISt ‘Ef‘r”ﬁed{%séPg qag bgd&@@ﬂf&%tlca‘f*%%ﬁfﬁseﬁ%ém 2% 6 t he
medi The e | | : S DIRh&Er

el eng)nt pr ecggjrir'?qgﬁ(ﬂto tgcegf g}é&%& u%ﬁﬂfg u\%ﬁ? cﬁﬁ%ﬂﬁter%ﬁeog%ﬁdgtgﬁs’ %lg%{sfr%g%lgf or n(gﬁ .
For exanpl end Wisi eotyipeptsdes exhialblcan melrskeuendly exvequlleectsd klanethy Gom thediost egite,

t he conpound added tgo .the culture nmediumw || he kan cin.. O her conpounds

For sel oot MRGI A HST FEIAS “BABr P oo st P PR (b6

I'n sonme enbedbdiRAtcKpredsibh RASRIMFOIPHIPHULS ehodlifi@tib BRI H8Acdifibld dtRcédskayTbat i on

of MRNA in prokaryotes and is characterized by a Shine-Dal garno sequence.

| nenmbodi meredyvity, WeclRBSzIEensy lation ot phasgh@ylationt dnd qasoabfobding Ho 8'biqlegicHlly

codi g seqyence of
active molecule.
[067] Bacterial cells are useful as host cells suitable for the nucleic acid molecule and/or
plasmid as described herein. In various embodiments, the host cell can comprise any
various strain of E. coli (e.g., JM110, HB101, DH5, DH10, and MC1061). In
embodiments, cells comprising the nucleic acid or plasmid (i.e., transformed or

20 transfected) may be cultured using standard media well known in the art. The media will
usually contain all nutrients necessary for the growth and survival of the cells. Suitable
media for culturing E. coli cells are for example, Luria Broth (LB) and/or Terrific Broth
(TB). In several embodiments, an antibiotic or other compound useful for selective
growth of transfected or transformed cells is added as a supplement to the media. The
25 compound to be used will be dictated by the selectable marker element present on the

plasmid with which the host cell was transformed. For example, where the selectable
marker element is kanamycin resistance, the compound added to the culture medium will
be kanamycin. Other compounds for selective growth include ampicillin, tetracycline,
and neomycin.

30 [068] In some embodiments, a ribosome binding site (RBS) can initiate translation of

mRNA in prokaryotes and is characterized by a Shine-Dalgarno sequence. In
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the PDH and FDH pol ypepti des to be expressed. The expression of native
proteins in an unfused state can be inhibited by formation of |ocal
secondar ywereuctiga4es wi t h regi ons containi ng the Shi ne- Pargseeo/s@guence
and/ or mMRNA start codons such that ribosones cannot initiate translation.
I n enbodi nents, the plasm d can be used to overcone this translational

i nhibition of mMRNAs contai ni ng eukaryotic sequences (Yero et al.,

Bi ot echnol . Appl. Bioc , 44:27-34,  (2006); Schoner, et al,. Proc. Nat].
Acad e rft8miengs RAS sai Be [akay b PO abIm R bt iR neS e Ga b

pl asm ds cars PDA a@rﬁm?ogxp@%m@w exrOftedl Tha cRFeIRIESS ddfdt pioteih@aPaNi zed
by the host organi sm an operabl%gllnked to the nol ecul e encoding the FDH

pol ypept i denfiBednisteean be enhipitadabs fermados of desst sscandart saictmest wehregipne., |
5') of the start codan.of st ruct ur al ne eral ly, withi bqut 100 to
2000 bpy ¢ e g B RO e bR AP R S colot) b TnA bR <
are cpnventch@iilihyia@r @aReGoh NI cBBEdiffentsyheCplagiidScani trdusddblogoREcMR Bis and

constitutive pronoters,‘[nduciblelgronntens initiate increased | evel s of
transcri pt iteAsatiens DRbibire of t RENAL giontagling neykasiobia s Eequencss neY Ehadfgéli n

culture CO"Bq-btte:i:%?hé@’?%i@g%zhe44pf’ﬁ§f,n§2?0g; QRSECE Of Pro@.uwa%f cad" S&.

change in tenpera € nunber onoters, récognize y a variety
of potenti dl.Shio88:86@b-8510 @O86 el | known. These pronoters are operably

| inked to the DNA encodi ng FPH pol ypepti de by renoving the. pronmoter from
the sour ce P46 By peuessiot ?‘%fﬁlg&)ﬁl?%ﬁﬁd s 8470 i a¥dioUh SERAHECHh e RSP ried

pronpj er s s i ' id y be
R e

het er ol ogowscatingrtitedrDitepplipeptide dPiomates taed wnteamslettidrequaced locateg @psticasm

reater transcglpti.,on and hi gher yields of the expresse I in
domarcd t - ens) REAR 48D CafuPart sEuGuF efte Cesu it aRET i RO ihdtinbe) cer
syst em t hatihagonR@enhs atBsdrRfioh 05f HRestri@i@l gBROMPBADLEFY i dr@RbAvddonase
wi th prokaryotic hosts include the beta-|actamase (Villa- Kamaroff al.,

Proc. Nat!| .growpgd. ingrione oSty clggeg7mpugible pom@)tyrsapil |canstiveievep pementers.
15 Inducible promoters initiate increased levels of transcription from DNA under their
control in response to some change in culture conditions, such as the presence or absence
of a nutrient or a change in temperature. A large number of promoters, recognized by a
variety of potential host cells, are well known. These promoters are operably linked to
the DNA encoding FDH polypeptide by removing the promoter from the source DNA by
20 restriction enzyme digestion and inserting the desired promoter sequence into the
plasmid. The native FDH promoter sequence may be used to direct amplification and/or
expression of FDH and PDHmod DNA. A heterologous promoter may be used in certain
embodiments if it permits greater transcription and higher yields of the expressed protein
as compared to the native promoter, and if it is compatible with the host cell system that

25 has been selected for use.
[070] Promoters suitable for use with prokaryotic hosts include the beta-lactamase (Villa-
Kamaroff et al., Proc. Natl. Acad. Sci. U.S.A., 75:3727-31 (1978)) and lactose promoter
systems; alkaline phosphatase, the tryptophan (trp) promoter system; and hybrid
promoters such as the tac promoter (DeBoer ef al., Proc. Natl. Acad. Sci. U.S.A., 80:21-
30 25 (1983)). Other known bacterial promoters are also suitable. Their sequences have

been published, and are well known in the art. These sequences may be ligated to the
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systens; al kaline phosphatase, the tryptophan (trp) pronoter system and
hybrid pronoters such as the tac pronoter (DeBoer et al., Proc. Natl. Acad.
Sci. U S.wW02080t12240 25 (1983)). Ot her known bacterial pPORAISeI19/0a0484 al SO
suitable. Their sequences have been published, and are well known in the
art. These sequences may be ligated to thedesired DNA sequence, using

| i nkers or adapters as needed to supply any required restriction sites.
[071] Several I@ﬁg%ds which are c atlb th bag(ﬁrlal osts ma .QF
used in var FEHERES, Ui T’és‘?ﬁ pqu%|a§,d@eq R PURRYY £V pleare
pCR3, and pggmﬂ%n%negnV|trogen, San Diego, CA), pBSII (Stratagene, La
Jolla, CA), pET15 (Novagen, MNadi son, _é pGEX (Pharmaci a Bi ot ech,

Pi scat away, [ONJ])Sthl@l plaswitsiwiieh aresoapatitls witirbasteriahhosttimer e updoinhesioucel | s

nown + echArToRLR oSO et deChiati: afersratThEkanindchePldio 4)

and RDHMd ((nSkfddek) IN6h Eieg@nweﬁ)HSlBt(S@iit@gdiﬁeial Polkard QUSpETO{NGRies, are
oxi reduct ase enzynes that catal yze NAD-dependent oxidation reactions. [074]

In an aspecd¥adisaie WD) spPBXuPbarmasia Biofod, Brsgété%y,fl&}) HieggermbigantHgolecules

ol ypeptid of..S a S S r host
gelrpcgngrﬁglngetﬁghkﬁgsn11%degg$lEggihg?eﬁﬁ%gﬁﬁggﬁgtlPg%ﬁgﬁc%gdpgggﬁg to

expr ess t helqabyqepdn, desthef Kiidbyn febhrdguanbodi ment t he di scl osure provides a
process of preparing a partially purified enzyme concentrate of
phenyl al ani ne dehydrogenase (PDH) and formate dehydrogenase (FDH), wherein

t he HjOCGSTOAﬂqmﬂ%&%ﬁd@pﬁﬁﬁ&hﬂg a fernentation broth containing a cel

cont ai ni ng a nucl acid nolecule or plasm d as described herein;
m crof |l uidizing the fernentation broth while maintaining the tenperature of

o S BRSSP 9GS TG Lot DL L 2o
treating t h@n@ﬁsombdmﬁ@m@ drk @ﬁﬁéﬂlﬁds@gn@@l%itthétQ:amﬁglNﬁbede(f)@hden@Sbﬂ’dht%rﬁnd
renove DNA and unwant ed
reactions.
15 [074] In an aspect, the disclosure provides a process for producing the polypeptides of
SEQ ID NO: 4 and SEQ ID NO: 5, comprising culturing a host cell comprising the
plasmid described herein under suitable conditions to express the polypeptides.
[075] In an embodiment the disclosure provides a process of preparing a partially
purified enzyme concentrate of phenylalanine dehydrogenase (PDH) and formate
20 dehydrogenase (FDH), wherein the process comprises preparing a fermentation broth
containing a cell containing a nucleic acid molecule or plasmid as described herein;
microfluidizing the fermentation broth while maintaining the temperature of said
fermentation broth between about 4°C and 30°C to form a microfluidized broth
containing the PDH and FDH; clarifying the microfluidized broth by treating the broth
25 with a flocculating agent to coagulate cell debris and remove DNA and unwanted
proteins, thereby forming a clarified broth; filtering the clarified broth to give a filtrate;
and optionally concentrating the filtrate to give said partially purified enzyme
concentrate, wherein the concentrate comprises a PDH activity of about 400 1U/ml to
about 1000 IU/ml and a FDH activity of about 20 IU/ml to about 200 IU/ml. In
30 embodiments, the enzyme concentrate is capable of reductively aminating a keto-

containing compound into a chiral amine-containing compound, wherein said chiral

-17 -



proteins, thereby formng a clarified broth; filtering the clarified broth
to give a filtrate; and optionally concentrating the filtrate to give said
parti al | ywpueiofiltedoenzynme concentrate, wherein the conc@aTrse@0O30¥IP4 i ses a
PDH activity of about 400 IUm to about 1000 WU mM and a FDH activity of
about 20 U mM to about 200 U m. In enbodinents, the enzyne concentrate
i s capabl e of reducti vel y am nati ng a ket ocont ai ning conmpound into a chiral
am ne- cont ai ni ng ound, vvh re1 n i a%Fn ne- cont ai ni nag onpo ltl)rl'l

wi t hout i séfBET BN t‘l”P %OHB’OEH Hion S SRR VBT R h gePable
BOC- pr ot eclggdyeihd) BOIOHHERBYS, hI Qﬁlb%ﬁﬁlﬁénfté’ I Rg QafyRY 'c@rﬂadpltlﬁnzﬁgﬂEBm§ﬁse
contacting the mcrofluidized broth with di atomacéous earth an

filtering contpetingthefmicradhidiged brothivith shelemecssuearitihand the faltdringtcomppisesss.

[076] In e nts the cell co a nucleic acid nolecule conprising
a sequenceqﬁqﬁ’gpg' (g%t‘?/naﬁeeoﬁlﬁe%%%é %E% PB*0 1. In enbodiments the cell
conpry ses EEOM]CHﬁbﬁlba@lhfbnmh@@@ll EorfsiRE b BudgicIAEQ thblebil l;ombﬂs@%fb@&m“éﬁéﬁ S
t he cell conprlses a nucl eic acid nol ecul e having a sequence t hat encodlng

the pol ypeptdtdeddp igmticplso NEQIRNP: hén pabgpiesnisdee e9ll graprisos novsleic agid
mbodi t I
cequence. t Rt PRUE SarpSAAP BERE RTHC 1R el BBl Tl oRRTREY 200008 acid
SEQ | D NG rﬂolatuleﬂﬂﬁ)ﬁngra seqlyiei tﬂafzaﬁaodmgbthbf;&ﬂymﬁm io$ iSHY) 5D°/NOO¢ andnitide, 5X
SSC (0.75 M B?PgBtﬁ?ggg 5 Msodiumcitrate), 50 mM sodi um phosphate (pH.6.8),

0. 1% sodi ui° HQ Do NO:9, shis embedimerds dasCrlhFospripey @, nughic tasich  at
420G n a &ﬁeu@'é %@fnb n%esgbqfaeﬁcfee{hapﬁmd@sne Re %n%&ﬂ%fothé%u\?@ac‘ndé n

enbodi ments the ce Ises a nucleic acid nolecul'e conprising SEQ I
NO 2. [ 077]scquvecpodBiEQIDANN: Lo’ Car aduyridizitent hufter camgesiof SPYeosnaresics or

angi ng anyanBes By GrvaBBul L3 Dab i aniire5 o omel & BB HR LT 2

conpri se anmy]% 8omanasbshdsPitte,i051 ef §BS! dnde1 099 daRir ilftd Bed Megraakbochpal th
of the cell and/or the activity of the PDH and FDH enzynes. Vile

t enper at ur éYbHﬁlg@@Ib‘a@ﬁhB@f@éF@mmlﬁ@giOQQ( D¥feand 0dks SPS; An embodipments the cell

non- | Mt g, Sap) o 81 o E RIS I 415 1BRiygen about 40C and 250C or

[077] The process can comprise any effective range of pressures for microfluidizing the
fermentation broth such as, for example, a pressure ranging anywhere from about 12,000
to about 20,000 psi. The method can comprise any temperature that is effective to
maintain the overall health of the cell and/or the activity of the PDH and FDH enzymes.

20 While temperature ranges can be determined by one of skill in the art, non-limiting
examples of temperatures include between about 4°C and 25°C or between about 8°C and
25°C. The cell used in the method can be any cell that can stably harbor the nucleic acid
molecule and/or plasmid described herein, and expresses PDH and FDH under
appropriate conditions. In embodiments, the cell is Escherichia coli IM110.

25 [078] The process can include any effective filtering method that is known in the art
such as, for example, ultrafiltration using an ultrafiltration membrane or cassette.
Similarly, the process can include any clarifying process steps that can include a
flocculating agent, and or a decolorizing agent that is effective to remove DNA and
unwanted protein (e.g., by coagulating cell debris).

30 [079] The term “isolated polypeptide” refers to a polypeptide that (1) has been separated

from at least about 50 percent of polynucleotides, lipids, carbohydrates, or other materials
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250C. The cell wused in the nethod can be any cell that can stably harbor
the nucleic acid nol ecul e and/ or plasm d descri bed herein, and expresses
PDH and R®DB 20rvdas24appr opriate conditions. I n enbodi nent $CTIUSR0100B0404 S
Escherichia coli JM 10. [078] The process can include any effective
filtering nethod that is known in the art such as, for exanple,
ultrafiltration usi ng an ultrafiltration menbrane or cassette. Simlarly,

th ' d glarif t t hat
locbubat  RyTogaed ot Bnantafoudl orbpshRGS OB SRl el oef Sohat RS pove
DNA and unwapiiest ¢t iRblaléf- ﬁteraclamnpﬁﬁgwloatd partieg!df ﬁ?&&h@ﬁtl{ie [18 ARllicH g ter m

"isol ated poI peptide" refers to a pol ypeptide that ? been separ at ed
fromat |edso welypeptpdsr’ centinlefd polnphuel 6Dt iSdeBera]PllYp igeed Sy t@@h%l@ntaOIES

or other materia i.sol at ed

source cel morgoHALtGpetind Bl botfert By v Kish T3 bbbt ShAREPRLORER "o
all o a pabt bedurah natup®! PREPabEE thcoisvlatcdpdifieptids & ﬁﬂo@ﬁn@zﬂly)’ﬁe@fﬂoﬂﬁan}i s

i nked in nature (3) is operably | i nked (by coval ent or noncoval ent

i nteracti offh effdzoataﬂan%;p@pm lgpengideh opsitleds q%ltqr@nﬁﬁ@ that e fopnd Anttgreatuigl (4)
does not o

subst ant i a%ﬁyﬁ?%@%lﬂ agﬁ]xq%g%dp 'il?efrﬁgéa\g Ct}é ?]t ttlﬂ:? eﬁﬁ& a(ﬁ%llo?t% épo%ggsag§$ btsreﬁearch
contanlnanusethat are found inits natural enV|ronnent that would interfere

with its ther peutlc nost| hyI ctig,or search yse. [080], The
amount  of eaﬁaow éﬁng rolieaid q§ypraglr=ﬁ9 (bycepstceel 6@ be
eval ypted ushingegta £th<{5?& @Héﬁﬁod&”ﬁ%ﬂ th tRear t?ucﬁ“ﬁ@thﬁ&% 'Ik%?d | RGiHdde.
wi thout limtation, stern blot anal ysis, SDS- yacryl am de gef

el ect r ophoriesiasionn OWdgtnat Lot gunglykisel ﬁDSﬁpobflawy@smde BRIl @@Hpahm“csmn ,non-
I mrunopr eci pi tation, a]gd or_acti Y. assays such as

eaanoPr ot Bhdind Bl AR nerS bt St Joyatmer audidy shdelRsiTbh can

be acconpl Ia§4296l skl RDNA bidiet Yel Qhift £64Ri ques. | f the pol ypeptide has been
synt hesi zed such that it contarns a tag such as Hexahi stidi ne or other

smal | pept i[6@l RyeHicadorrpfRDIImad tard i %n@wpmldes few sadition cachy aegonmished

(1 nvi5t rogerﬁ)sm%ta evlalpleerofl EechmalrlebsomﬁL the pgl pep% elll’as ok synthesized such that it

contains a tag such as Hexahistidine or other small peptide such as FLAG (Eastman
Kodak Co., New Haven, CT) or myc (Invitrogen) at either its carboxyl or amino terminus,
it may essentially be purified in a one-step process by passing the solution through an
affinity column where the column matrix has a high affinity for the tag or for the
20 polypeptide directly (i.e., a monoclonal antibody specifically recognizing PDHmod or
FDH polypeptide). For example, polyhistidine binds with great affinity and specificity to
nickel and thus an affinity column of nickel (such as the QTAGEN® nickel columns) can
be used for purification of FDH or PDHmod polypeptide/polyHis. See e.g., Current
Protocols in Molecular Biology § 10.11.8 (Ausubel et al., eds., John Wiley & Sons
25 1993).
[082] Where FDH or PDH polypeptide is prepared without a tag attached, and no
antibodies are available, other well-known procedures for purification can be used. Such
procedures include, without limitation, ion exchange chromatography, molecular sieve
chromatography, fractionation by ammonium sulfate precipitation, HPLC, native gel

30 electrophoresis in combination with gel elution, and preparative isoelectric focusing
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it my essentially be purified in a one-step process by passing the
solution through an affinity colum where the colum matrix has a high

af finity worotowaszag or for the pol ypeptide directly (i PET/USa010198@04 onal
anti body specifically recogni zing PDHmod or FDH pol ypepti de). For exanpl e,
pol yhi stidine binds with great affinity and specificity to nickel and thus
an affinity colum of nickel (such as the Q ACGEN (r) ni ckel colums) can be

df i f t f d Hi S
ot ont P dlsras] SR el obg eha ey b e GtttV oF Fiore afltese 3onn

Wley & Som&hﬁﬁl%é mal 882bm¥¥ies & Edﬁ'i‘év@ﬁnd’%e@ghﬁﬁ@/ep“ de is prepared without
a tag attached, and no anti bodies are availa ot her wel | - known

procedur es [0%] Iptwmﬁlcémsi HaHouPIfdmad palypspiiies prayowd be bivlogiedllydstivaipdrout
limtation,

Fract  onat 1SRy ATIGHT RO BF o P B ot e b S8 T aRLARn

el ecty Ophors&ﬁttﬁrd ﬁhc??%rzﬁtﬁigl @RuMiIdE Nirf@beselbdil bOMsed RS r@t@PAiGbhel act1V1ty
i soel ectric focusing machi ne/t echni que, Hoefer Scientific).

sone cases Suehincsh odmwéu@ﬁ oxpReiag thesHmhilzdspatayerbde ombHneuatiy abevsi 7e%'12§1
d
I ncrease @I‘g{ 11 ﬁese[quBéd dMic A o%@aﬁ&tloﬁgﬁa Qﬁaoptﬁg ‘1*3@9%%@%&155?@%0&@5,ﬂ“gﬁ

be bi ol ogl actrve on I so ation ari ous
conver ti ng vehe similar pepthcdehdicesi tisedt frt inakluyioat badyt selebidinatiope rten aisusldy the

di sul fide |inkages can be used to restore hiological .activity. Such nethods
i ncl ude exﬁagqmetlﬁgswt@blpw%%@%%Wp@ﬁtniddén%n%eﬁﬁrl@ f@awwe ap6hotrePghd i n

the gy esen%@ed)ffo@th%%oth]'l&l&aiﬁ COHP%{US{ %Bs!e@r{hé’frei%lcﬁ 8&1&9&&% sdl Eﬁ%rf/%ﬁcélécpn of

chaotrope is very simlar to he choi ces used f ncl usi on
sol ubi | i zatcbotajn abwlduuag]agetty otﬂe rethaong ageet ples n,tsedldaztedefoﬂrromea seoricantio aii on

and i s not necessari ame as tr.o se e solubilization.
et "onasRor mar bl PN PadRr Sna Lhrios on Ahide oy ubEe st if Bt i ng
agent or t BermiRRHGMEE ﬁﬂ%ﬁ srdy@témletb%ldgag dSchﬁé' of ﬂ{er@dnﬁn@nl? RE&d fddex lcaliples t o
generate a particul ar redox potential | owi ng for disultide shuffling to

occur in theclpds n@xﬂt%mﬁ/@fstmée,prgiv‘@thﬂo@ CSCs‘ifé) ¢ighighis d§es]. Swipeic ofchiamile,
( GS lj?/ t EI Otg re%(ﬁwgglﬁga%eh ll"lfd (f: %—Sntle%lcarf) 0¢ a%%&%/dltgloub(%&ﬂ o8 many
instances, a cosolvent may be used or may be needed to increase the efficiency of the
refolding and the more common reagents used for this purpose include glycerol,
polyethylene glycol of various molecular weights, arginine and the like.
[084] If inclusion bodies are not formed to a significant degree upon expression of FDH
20 or PDHmod polypeptides, the polypeptides will be found primarily in the supernatant
after centrifugation of the cell homogenate and may be further isolated from the
supernatant using methods such as those set forth below.
[085] In situations where it is preferable to partially or completely purify FDH or
PDHmod polypeptide such that it is partially or substantially free of contaminants,
25 standard methods known to the one skilled in the art may be used. Such methods include,
without limitation, separation by electrophoresis followed by electroelution, various types
of chromatography (affinity, immunoaffinity, molecular sieve, and/or ion exchange), and
fractionation by ammonium sulfate precipitation and/or high pressure liquid
chromatography. In some cases, it may be preferable to use more than one of these

30 methods for complete purification.
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r emai ns 50@8W5ﬂ?e?ﬂ%&6%$EQﬁﬁIﬁbpﬁP&&#bJEQ@Qr_-be 75% (15/20) . Therefore, in
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t hose two dedangd gg7jorpispansinenmedificatiersciorthe lea¢asling herclewjgenwsl may
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aci d sequerce reld%|W%p€o f%e o ac
FDH or PDHmod polypeptides. In contrast, substantial modifications in the functional
and/or chemical characteristics of FDH or PDHmod polypeptides may be accomplished
by selecting substitutions in the amino acid sequence of either SEQ ID NO: 4 or SEQ ID
NO: 5 that differ significantly in their effect on maintaining (a) the structure of the
20 molecular backbone in the area of the substitution, for example, as a sheet or helical
conformation, (b) the charge or hydrophobicity of the molecule at the target site, or (c)
the bulk of the side chain.
[089] For example, a “conservative amino acid substitution” may involve a substitution
of a native amino acid residue with a nonnative residue such that there is little or no
25 effect on the polarity or charge of the amino acid residue at that position. Furthermore,
any native residue in the polypeptide may also be substituted with alanine, as has been
previously described for “alanine scanning mutagenesis.”
[090] Conservative amino acid substitutions also encompass non-naturally occurring
amino acid residues that are typically incorporated by chemical peptide synthesis rather
30 than by synthesis in biological systems. These include peptidomimetics, and other

reversed or inverted forms of amino acid moieties.
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sequence of either SEQID NO 4 or SEQID NO 5. [088] Conservative

nodi fications to the amno acid sequence of either SEQID NO 4 or SEQ ID
NO 5 (amnwotzhw/aspespondi ng nodi fications to the encodiPag/usaclomsdidndes)

wi || produce a pol ypeptide having functional and chem cal characteristics
simlar to those of FDH or PDHmd pol ypeptides. In contrast, substanti al
nodi fications in the functional and/or chem cal characteristics of FDH or

ot POl YR58 Tt PSR B el SO B W

si gni fi cantchyiniplopdi@ist ef fect on maintaining (a) the structure of the
mol ecul ar backbone in the area of the substitution, for exanple, as a sheet
or helical confdphudiophobi¢byondueinghlieyetlarViykbewpleobi city of the nol ecul e

at the target sir%t)e%utgagihg&)gah@% %}%1k%e(r])ih$¥ge side chain. [089] For exanple, a

"conservative a y involve a substitution of a
native am no aci3da¢igih A, Gid;h a nonnative residue such that there is
little or no effect on the polarity or charge of the am no acid residue at
that position. Pubetier Mm&lngdis. hutiAfe resi due in the pol ypeptide may al so

be substituted \g’gg&iﬂﬁg%ggﬁﬂu ce%ﬁinb&f‘eﬂtawoﬁ:vi(ﬂﬂsﬂrg; (ascri bed for "al ani ne

scanni ng nut agenesi s. nservative am no’acid substitutions al so
enconpass non- n& dromhdti¢: dep,UFyr] Pig.. am no aci d residues that are typically
i ncorporated by chem cal pepti.de synthesis rather than by synthesis in
bi ol ogi cal '&ySKYRBLS: teRseRISFHEIIVG B GSEIPED MaNERYRES thengkeaftrerofr 2 ePOsE Obr

i nveyd ed f%gg,f?{?%%é{ié{;gs R)Qiaqnmegtf}oﬁaﬂ%]cla!}gt urally occurring residues

may be divid asses based on comon side chain properties: 1)
hydr ophobi ¢092idnineakingsichibangeAl the hydiopatheuindédeof ahinnergtds athayhlydleansitictddc :
Cys, Ser,

eal dues ¢ HAED PRITSHGHE AR Aol PR G e pp g5 iy O s nstsphotiiy *)
and charge characteristics. The hydropathic indices are: isoleucine (+4.5); valine (+4.2);
leucine (+3.8); phenylalanine (+2.8); cysteine/cystine (+2.5); methionine (+1.9); alanine

15 (+1.8); glycine (-0.4); threonine (-0.7); serine (-0.8); tryptophan (-0.9); tyrosine (-1.3);
proline  (-1.6); histidine (-3.2); glutamate (-3.5); glutamine (-3.5); aspartate (-3.5);
asparagine (-3.5); lysine (-3.9); and arginine (-4.5).

[093] The importance of the hydropathic amino acid index in conferring interactive
biological function on a protein is generally understood in the art (Kyte et al., 1982, J.

20 Mol. Biol. 157:105-31). It is known that certain amino acids may be substituted for other
amino acids having a similar hydropathic index or score and still retain a similar
biological activity. In making changes based upon the hydropathic index, in certain
embodiments the substitutions of amino acids are those whose hydropathic indices are
within +2, within £1, and within £0.5.

25 [094] It is also understood in the art that the substitution of like amino acids can be made
effectively on the basis of hydrophilicity, particularly where the biologically functionally
equivalent protein or peptide thereby created is intended for use in immunological
embodiments, as in the present case. The greatest local average hydrophilicity of a
protein, as governed by the hydrophilicity of its adjacent amino acids, correlates with its

30 immunogenicity and antigenicity, i.e., with a biological property of the protein.
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1); glutamate +3.0 1); serine &g ); asparagine (+0.2); glutam ne
(+0.2); gl peiPREIMOY poiyhertistes desaribed Apreitpr Ekemplagy: gnmo apjd suistifitinas pregses) -
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TABLE 1

AMINO ACID SUBSTITUTIONS

Original Residues Exemplary Substitutions
Ala Val, Leu, Ile
Arg Lys, Gln, Asn
Asn Gln
Asp Glu
Cys Ser, Ala
Gln Asn
Glu Asp
Gly Pro, Ala
His Asn, Gln, Lys, Arg
Ile Leu, Val, Met, Ala, Phe, Norleucine
Leu Norleucine, Ile, Val, Met, Ala, Phe
Lys Arg, 1,4 Diamino-butyric Acid, Gln, Asn
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(-1.8); isoleucine (-1.8); tyrosine (-2.3); phenylalanine (-2.5); and
tryptophan (-3.4). In making changes based upon simlar hydrophilicity

val ues, iwoeerw@asroenbodi ments the substitutions of am ROTASRES/0A4e4 t hose
whose hydropathic values are within 2, within 1, and within 0.5. [096] One
may al so identify epitopes fromprimary am no acid sequences on the basis
of hydrophilicity. These regions are also referred to as "epitopic core

regions."” [097] sirqg am noy acid substitution Egﬂether conservative or
non- conservati ve “@ﬁﬂ"ﬁuﬁ%fernined by t#ﬁ%@ﬂ§V§W‘ UGSt he art at the tine
such substitut memns can
be used to identify inportant|residies of the FDH or PDHhod pol ypepti des

descri bed hereifhe Exenpl ary api.¢io Vatilk, suhIyituti ons are set forth in Table
| . TABLE I AM-NO-ACID SUBSTH[JUFIONS Original Residues Exenplary —
Substitutions A val, Leu, | /élaAr_g Lys, Gn, Asn Asn Gn Asp Gu Cys Ser,

Ala G n Asn GIq;@sp—ﬁry—ﬁror—AﬁgTKE§EﬁgnT—GTnT—tysT—ﬁrg—fre—teuT—VaI, Met ,
Al a, Phe, Norl eucine Leu Norl gucine; , Val, Met, Ala, Phe Lys Arg, 1,4

Di am no-butyricriici d, G n, Aspgdri gi nal Resi dues Exenpl ary Substitutions

Trp Tyr, Phe
Tyr Trp, Phe, Thr, Ser
Val Ile, Met, Leu, Phe, Ala, Norleucine

[098] A skilled artisan will be able to determine suitable variants of the polypeptide as set

forth in either SEQ ID NO: 4 or SEQ ID NO: 5 using well-known techniques. For

identifying suitable areas of the molecule that may be changed without destroying

5 biological activity, one skilled in the art may target areas not believed to be important for

activity. For example, when similar polypeptides with similar activities from the same

species or from other species are known, one skilled in the art may compare the amino

acid sequence of a FDH or PDHmod polypeptides to such similar polypeptides. With

such a comparison, one can identify residues and portions of the molecules that are

10 conserved among similar polypeptides. It will be appreciated that changes in areas of the

FDH or PDHmod molecule that are not conserved relative to such similar polypeptides

would be less likely to adversely affect the biological activity and/or structure of a FDH

or PDHmod polypeptide. One skilled in the art would also know that, even in relatively

conserved regions, one may substitute chemically similar amino acids for the naturally

15 occurring residues while retaining activity (conservative amino acid residue

substitutions). Therefore, even areas that may be important for biological activity or for

structure may be subject to conservative amino acid substitutions without destroying the
biological activity or without adversely affecting the polypeptide structure.

[099] Additionally, one skilled in the art can review structure-function studies identifying

20 residues in similar polypeptides that are important for activity or structure. In view of

such a comparison, one can predict the importance of amino acid residues in a FDH or

PDHmod polypeptide that correspond to amino acid residues that are important for
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resi dues whn tte areimay chowpe aot tovinhle fadmabdravatd toendind noid acdidhics @sddicted to be
substitutions). Th refgée, even, areas that rr%é be i nportant faor biol ogical
activity onf Bi° §41¥aset e GRYPIEE. SUSFeRCht ESIKYfs dhayatr vi@valveh gn atprprtant
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adversely affecting the polypeptide structure. [099] Additionally, one
ski |l | ed i nvahentarconteanng e\sirgle stmnx todesubstifutioront stohdiremoi avehtdstdriengThe
variants could be screened using activity assays known to those with skill in the art. Such
variants could be used to gather information about suitable variants. For example, if one
discovered that a change to a particular amino acid residue resulted in destroyed,
15 undesirably reduced, or unsuitable activity, variants with such a change would be
avoided. In other words, based on information gathered from such routine experiments,
one skilled in the art can readily determine the amino acids where further substitutions
should be avoided either alone or in combination with other mutations.
[0101] A number of scientific publications have been devoted to the prediction of
20 secondary structure. See Moult, 1996, Curr. Opin. Biotechnol. 7:422-27; Chou et al.,
1974, Biochemistry 13:222-45; Chou et al., 1974, Biochemistry 113:211-22; Chou et al.,
1978, Adv. Enzymol. Relat. Areas Mol. Biol. 47:45-48; Chou et al., 1978, Ann. Rev.
Biochem. 47:251-276; and Chou et al., 1979, Biophys. J. 26:367-84. Moreover, computer
programs are currently available to assist with predicting secondary structure. One
25 method of predicting secondary structure is based upon homology modeling. For
example, two polypeptides or proteins that have a sequence identity of greater than 30%,
or similarity greater than 40%, often have similar structural topologies. The recent
growth of the protein structural database (PDB) has provided enhanced predictability of
secondary structure, including the potential number of folds within the structure of a
30 polypeptide or protein. See Holm ef al., 1999, Nucleic Acids Res. 27:244-47. 1t has been

suggested that there are a limited number of folds in a given polypeptide or protein and
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residues in simlar polypeptides that are inportant for activity or
structure. In view of such a conparison, one can predict the inportance of
am no aciworesids=s in a FDH or PDHrod pol ypepti de that PCoMUSes0os@04 o am no
acid residues that are inportant foractivity or structure in simlar

pol ypeptides. One skilled in the art may opt for chemcally simlar am no
acid substitutions for such predicted inportant am no acid residues of FDH

or PDHmod y tides. ed n t he ar aI yze the
A R e R e B
structure iRcshdHladfatiBAlYRERdce@dte (BlentcPY d:zf 189 iAW eS R . BiONG:38k1 | | ed
inthe art may predict the alignment of ami no acid residues of FDH or

PDHmod pol yeptide with respect toits three di nen5| onal structure. One

skilled in make radr changes . aci d
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exanpl e, i fand)nevcﬂlmt&mab;elmddgé hliee Hod:[haangb, s'uprae.amdiBtdnﬁuﬂ aralasipn@). aci d resi due

resulted in_destroyed, nde irably red i bl e actrvrty,
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| nf ofgrat i on, ?Qﬁfcﬁﬁrté Iﬁ)%ﬂnét‘ﬂ%]&é %c@ﬂ?&ﬁbdﬁﬁﬂﬁde %ﬂ?ar%‘ﬁ'o{ lifihed B tthB&i art

can readi | y erm ne t am no aci ds where fturt substitutions sh
avoi ded ei tdhmrlbadam€0mputanowmtﬂolaatlmoﬂzarlargvr(Adt/lhéreslqmdaﬁxrﬁml Ur[igt@ify] Prass

nunber of i fic publi i ons have been devote r edi tron of
Cetontary JOREEAibmRae, dlb s g carime B aPoTe SHREP <! Sk
Chou et al ,Prels@ﬁ%s)BcgnP@r&%wszt% BpreA& DHAaqRall, AlM. GRh arfd H@Q}ﬁfﬁhry
113: 21 1-22; Chou et a 1978 nzynol Relat. Areas Ml Bi ol

47: 45-48; GHou Femaap, Pregs789940n 6. mHem@&rgwnW7AMXﬂQ7@ Melacilanhiolegy al |
G O e T T e
M. Stockton Press 1991); and Carillo et al., 1988, SIAM J. Applied Math., 48:1073.
[0104] Certain methods to determine identity and/or similarity are designed to give the
largest match between the sequences tested. Methods to determine identity and similarity
are described in publicly available computer programs. Certain computer program
20 methods to determine identity and similarity between two sequences include, but are not
limited to, the GCG program package, including GAP (Devereux et al., 1984, Nucleic
Acids Res. 12:387; Genetics Computer Group, University of Wisconsin, Madison, WI),
BLASTP, BLASTN, and FASTA (Altschul et al., 1990, J. Mol. Biol. 215:403-10). The
BLASTX program is publicly available from the National Center for Biotechnology
25 Information (NCBI) and other sources (Altschul et al., BLAST Manual (NCB NLM NIH,
Bethesda, MD); Altschul et al., 1990, supra). The well-known Smith Waterman
algorithm may also be used to determine identity.
[0105] Certain alignment schemes for aligning two amino acid sequences may result in
the matching of only a short region of the two sequences and this small aligned region

30 may have very high sequence identity even though there is no significant relationship

between the two full-length sequences. Accordingly, in one embodiment, the selected
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met hod of predicting secondary structure is based upon honol ogy nodeling.
For exanple, two pol ypeptides or proteins that have a sequence identity of
greater twearoBQeg240r simlarity greater than 40% of t enPoRS2610/0B0404
structural topologies. The recent growmh of the protein structural database
(PDB) has provided enhanced predictability of secondary structure,

i ncluding the potential nunber of folds within the structure of a

pol ypepti de,.or protejn. Hol met al, 1999, Nucleic i ds Res. 27:.244-47.
P hae” beetlSUBBHoTEO! HEER Rerdht ol el than RN ORY GPHD e gl en
pol ypept i deoRfigu@hBidd RRtdTake ARERdDofpepiiddl number of structures have
been resolved, structural prediction wll becone dramatically nore accurate

(Brenner etl0H)6] FpogramplouusingQhe reonputay calgorBhel GAP. §eenctizs onfrauq 2§roup,
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253:164-70; Gibskov et al, 1990, Methods Enzynol, 183:146-59; Gibskov et
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limted to those described in Conputational Ml ecular Biology (A Lesk,
ed., Oxfor @SUsISHdP §?nypqﬁ§@%@n@9@85d;mﬁ%gb airtﬁgﬁarwﬁmﬁﬁ%&m @%t“éﬁﬂmc%ﬁ%i’rre

Projgets ( S : 1 ; a i
Seq ugjr:l ce Dg"fx %aéﬁﬁlggrééﬂ%{t§ ,cbj\(wl\l/lllc‘h((z;‘r%ld ]‘31 E]%l aﬁly;’ggéi%@ %%{) i ?@r@uggialéy Hhﬁﬁ%l I%:E eas S
1994); G vomphkesqnnmatriSesyole ns @AM AS) ir BLOSWM 62 atcanseBiinlcogyntAmaddhritloe

Press 1987); uence Analysis Priner (M i bskov .and J. vereu eds. ,
M S ookt o TGOS 20gf Ot K Bar Top GRE a0 1555 8 SoAgO B S PRBLh e |
48:1073. [ QLO4] 45y LRIFBL BaHRNEO afi@tseridtne (BEeNtI 1Y 7MEA0NR 561 dBlpakikdy are
designed to give the | argest match between the sequences tested. Methods to
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conputer programs. Cert in conputer program nethods to determne identity
and simlari yrbeot ween " t'wo sequences include, but are not

[0107] Parameters that may be used for polypeptide sequence comparison include the

following:
Algorithm: Needleman and Wunsch, 1970, J. Mol. Biol. 48:443-53;
Comparison matrix: BLOSUM 62 (Henikoff et al., supra);
20 Gap Penalty: 12
Gap Length Penalty: 4
Threshold of Similarity: 0

The GAP program is useful with the above parameters. The aforementioned parameters
25 are the default parameters for polypeptide comparisons (along with no penalty for end
gaps) using the GAP algorithm.
[0108] Parameters that may be used for nucleic acid molecule sequence comparison
include the following:
Algorithm: Needleman and Wunsch, supra;
30 Comparison matrix: matches = +10, mismatch =0

Gap Penalty: 50
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limted to, the GCG program package, including GAP (Devereux et al, 1984,
Nucl ei ¢ Acids Res. 12:387; Genetics Conputer G oup, University of

W sconsi rwoNBovassp W), BLASTP, BLASTN, and FASTA (Al t $ChIS2@/0a0404 1990,

J. Mol Biol. 215:403-10). The BLASTX programis publicly available fromthe
Nat i onal Center for Biotechnology Information (NCBI) and ot her sources
(Al'tschul et al, BLAST Manual (NCB NLM NI H, Bethesda, MD); Altschul et al

1990, supra). | | Spith Waterman al gorithm nmay al so be used to
e ST v L oni i

det erm ne ident in alignment schemes for aligning two am no

acid sequengRSGRERY pFosdth tis i dlsd RSIRLGEIN 1R PhoveNpataeBRON ITheedbRim@liohde two
sequences and this small aligned region may have very hi gh sequence

identity ewveramdtasgre thhdefeult sarﬁme@rrsgf@frﬂu@lau@tacnden@lwdﬁgwnparlﬁenWeen the two
full-1engt uenc i.n_one.enb

ol et odal RFFSHERERH a(sFs. B fparifle R o8 SEPhion ritgh somporion
spanss at | e@sticd) af@NhicGhds oﬁ@lrﬂ@arﬂ?hﬁ@y ot dsbe Richidird et wpepritden tH0106]
For exanple usin he conmput er al gorithm GAP (Gbnetlcs Comput er Group,

Uni ver si t y Fapgroms Msmualn Wiveensib R ackagy, Vtev%orp& ysﬁe}ﬁmb@éslﬂr%?r wiiccpartigdar

percent sequsnee:d et X! fBEndet 60 iR L LEURd iRlagRld B tne

mat chi ng of respective antno aci s det erm ned
by the aIg@puﬁﬂmﬁom@mg@mgmd@nnmgepmnﬁhbﬂ)NﬂhmdﬁNAspﬂﬂ&ﬂﬂb@hﬂdmapnﬁ%n&he
aver age dla $ era e dlﬁ gonal " i s the average of tge di agonal of
t he corrparl fig At g™ ficher: @ﬁ%mperlsgadﬁaﬁtweﬁg Sa naED 08 SHICAGHBY

assi gned tgvlﬁé’ri? RaREGHSCL: BUPR A 'rgay(”r\%i 3 Yo BéwB?r{ bhe ‘éb%[en%’%ﬁ@“ BPgt

matrix) and a gap extension penalt i's usua he gap opeéning
penal ty), aistah@ielofasqwnwrfpawhsbnawdmsmsuBhAﬁﬁPﬁMrﬂzﬁdomrse&$UM 62 are

used in co |on mnt t he .al orlth tan ri.son nmatri x

T on Uneq DR ah 3 bt K o OB e s I O BR AR B By BRI ce
and Struct @a@gﬁlﬁu@mon;’pr;h%%ﬂP SO0 BRPEI AN Og&ﬁé hedl¢ic Hemi k&b Eul € indbs
1992, Proc Acad. Sci USA 89:10915- 19 (BLOSUM 62 conparison matriXx))

[ 0107] Par ahsned de.ghat binistrassc plstnid)ozs é@‘lcslb@bhﬁéél wiedpy énéagbl@ SAPAPBOP
i ncl IUSde the express the FDH and PDHmod; isolating the polypeptides from the culture; and using the

isolated polypeptides for a reductive amination reaction.
[0110] The plasmid disclosed herein, remains genetically stable after 9 consecutive sub-
cultivations (~60-70 generations), which is more extensive than from a frozen cell bank
vial to the end of production fermentation (~15-20 generations).

20 [0111] In an aspect, the disclosure provides a method for producing (aS)-a-[[(1,1-

17"]decane-1-acetic acid

dimethylethyoxy)carboxyl]-amino]-3-hydroxytricyclo[3.3.1.
comprising: culturing the host cell described herein under suitable conditions to express
the polypeptides; isolating a culture isolate comprising the polypeptides; and contacting

1*"]decane-1-acetic

the culture isolate with an amount of 3-hydroxy-a-oxotricyclo-[3.3.1.
25 acid and an amount of di-fert-butyl dicarbonate under conditions that allow for
production of (aS)-a-[[(1,1-dimethylethyoxy)carboxyl]-amino]-3-
137

hydroxytricyclo[3.3.1.1™"]decane-1-acetic.
[0112] In an embodiment, the method comprises producing (aS)-a-[[(1,1-
dimethylethyoxy)carboxyl]-amino]-3-hydroxytricyclo[3.3.1.1%"]decane-1-acetic ~ acid

30 (Formula I):
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followi ng: Algorithm Needl eman and Winsch, 1970, J. Mol Biol 48:443-53;
Conparison matrix: BLOSUM 62 (Heni koff et al, supra); Gap Penalty: 12 Gap
Lengt h Peweal2p1/114240hr eshol d of Similarity: 0 The GAP pr egramsees/osses ul with
t he above parameters. The aforenenti oned paraneters are the default
parameters for polypeptide conparisons (along with no penalty for end gaps)
using the GAP algorithm [0108] Paraneters that nmay be used for nucleic
aci d nol ecul e sequence conparisqﬂiinclude the follow ng: Al gorithm

Needl eman and Winsch, supra; Conparison matrix: matches = +10, msmatch = 0
Gap Penalty: 50Gap Length Penaltly: 3 The GAP programis al so useful with

t he above paraneters. The af oreffenti oned paraneters are the default
paranmeters for nucleic acid £ conpaj]i sons. Ot her exenplary

al gorithns, gap openi ng penal gnsi on penal ties, conparison
matrices, and threshol ds of = e used, including those set
forth in the Program Manuat; PackageH Version 9, Septenber, 1997.
The particular choices to be made be apparent ;to those of skill in the
art and will depend on the specific cqfpari sorp{o pe nmade, such as
DNA-t o- DNA, protein-to-protein, protein-t ; addi tional ly, whether
the conparison is between given pairs of s@quences\ (in which case GAP or
BestFit are may be used) or between one seduence ahd a,.large database of
sequences (in which case FASTA or BLASTA are may be used). [0109] In an
aspect, the disclosure relates to a nethod for producing a precursor to

saxagliptin, conprising, culturing a host cell containing the nucleic acid
nmol ecul e arbd/cgturing a host cell described herein under suitable conditions to express the FDH and

PDH polypeptides; isolating a culture isolate comprising the polypeptides; and contacting
5 the culture isolate with an amount of 3-hydroxy-o-oxotricyclo-[3.3.1.1*"]decane-1-acetic

acid (Formula II):
OH

COZMG

o) dan
under conditions that allow for production of  (aS)-a-amino-3-

37
1

hydroxytricyclo[3.3.1.17"]decane-1-acetic acid (Formula III):

OH

OH

10 NH; (111)
[0113] and contacting the (aS)-a-amino-3-hydroxytricyclo[3.3.1.1>"]decane-1-acetic

acid with an amount of di-fers-butyl dicarbonate under conditions that allow for
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plasmd (e.g., a bi-cistronic plasm d) as described herein under suitable
conditions to express the FDH and PDHnod; isolating the pol ypeptides from
t he cul t We;20emid8248i ng t he i sol ated pol ypeptides for a PEHNSRINA3@NME nat i on
reaction. [01 10] The plasm d disclosed herein, remains genetically stable
after 9 consecutive subcultivations (-60-70 generations), which is nore
extensive than froma frozen cell bank vial to the end of production
fernmentation (-15-20 generations). [0 In an t he discl osure
provi des aPRRAUTBEN f or prodiici ng (aS)(O‘é) Fﬂql é‘?’ﬁ’m Boxyl] I aminof-3-

car bOXy| - ﬂ) hr%y@%ﬂf ﬂ)ﬂf@ ch}éﬁkq[a%gtlg’ acl1d1 \Barﬁdug‘?&ﬁﬂgn ondﬁﬁgﬁ ﬁbf‘gdndbe

conpri si ng: ng t st cel escribed herein under suit
condi tions uS@d etxpheesmethdds dobypepherdms haves btat detgilal elsbwbiere dnslobrat kenown

conpr ng the pol tjdes n e e Wwth an
Srount of “sehyalo BER ove U e PapaNgmpen 42 0FaEc ahe HeindBs Tt oM af an
amoury  of digd@file Qflﬁp\é&ﬁ‘é'eﬁ%ﬁfogﬁﬂ&f@oﬂ'ﬁgﬁfscfb@ﬁ@' inORgiouhalesahdrody. ey are
production of (aS)-a-[[(I|,]-dinmethylethyoxy)carboxyl]-am no] - 3-

hydr oxytri csyfcﬁodp OBex_plemlaBir}?pdm@awﬂly,aa@étar@not[tobel@]enlaﬁ lamtiegrfwdinmention, t he

met hod conpri.ses pro aS-- .I,I' tyI t hyox :

Car boxy! 1 - SHHToR- SRS U iy Al ARG itgrapregofizgnges
(Formul a I)themarecllétdrtwltager@ﬂmsﬁno@qidrate@s fdfa@dcdh@rtmmmuﬁa@r sui tabl e
conditions to express the FDH and PDH pol ypeptides; isolating a culture

i sol ate COITBI’I Si n}?@t he peptides; and contacti n the culture isolate
with an and MR 6x§935t65l‘6!0ﬂ hthe Bicistronic EDEVED HapohBlasmiget j ¢ aci d

(Formula I'l): under conditions that allow for production of (aS)-a-am no- 3-
hydroxytricyclo[3.3.1.1 3" 7] decane-|-acetic acid (Fornula Il1): [01 13] and

cont geti ng (b e (13) bidsi @FInRO FBHIYBHMOA plaifel RES cnstrudted t] RCARGTbn AL 1 C
acid with an anount of di-tert-buty\ dicarbonate under conditions that

al l ow for pf&dlu@mp@rﬁiedffrqmﬁ acopfafrting -thé FEHpbetdepoxyirle ar 5ox1§vb§0rmnbnmi]mg3-
condi 1} ons RS- LTI M RS HRO R AN PRBOL rRE B EREUL PBish e
det ai |l ed elppiied geaddn@ i€ doR@YPdnding promoter had been rernoved. The pBMS2000-
PPFDH-PDHmod plasmid was originally disclosed in U.S. Patent Number 7,420,079,
15 with its pre-curser, the pBMS2000 plasmid, originally disclosed in U.S. Patent Number
6,068,991. Both of these patents are herein incorporated by reference.

[0116] The pBMS2000-PPFDH-PDHmod plasmid was digested with BamHI and Notl
restriction enzymes to remove the PDHmod gene and its promoter. The digested DNA
was separated on an agarose gel and the 5.5 Kb fragment was isolated using the

20 QIAGEN?® gel extraction procedure.

[0117] A forward primer, pdhmodlf (5'-AAGCGAGATCTGCGCACGACACTG-3;
SEQ ID NO: 6) was designed to amplify the PDHmod sequence with the 5’ ribosome
binding site and a Bg/Il site for ligation with the BamHI site of the vector. The reverse
primer, pdhmod3r (5'-AATTAATTCGCGGCCGCCGCGGCTCG-3"; SEQ ID NO: 7)
25 was designed 3’ to a Nof site in the template, plasmid pBMS2000-PDHmod, so that a
Bglll/Notl double digest of the PCR product results in a fragment that could be inserted

immediately 3’ to the FDH sequence in the digested vector. A PCR reaction was
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generally in the art. See U. S. Patent Nunber 7,420,079. The Exanpl es that
follow are illustrative of specific enbodi nents of the disclosure, and

vari ous wsex0t0asmoef . They are set forth for expl anat or pCpaispasmso4onl y, and
are not to be taken as limting the invention, which is detailed in the
appended clains. Al patent and non-patent literature references that are
referred to herein are incorporated by reference in their entirety. [01 14]

EXAMPLE 1: Construct.ion.of the Bi,-ci.stronjic FDH PDHhod Pl asmi d 1 15] The
T St r o BRI b Brpad OmalRS sRL SF AN Gad ey PRAC {BerErGh KRPIREpGR
anpl i fied fyRAISEIV0-FEARAUNATIKE MF P £hs8 SR/ M @@@Ecﬁ@ﬁ%@&&m@i t9qhd19
sequence (SEQ ID NO. 3) into the pBM52000- PPFDH- PDHod pl asmid from which
t he PDHnod negaméacaner’s protasot.rlids pesndion gvasmetfotreed inaad 9 Kiethemenepoled (ARNIED

Number 7, 430069 AT 116 Tarie pEaely W Buritickde SoRlatfal ek ity
di sclpsed icBludinSandPatifdtin NOiIe bf FE0G8e PTR pBauét wis dibes&l Rah IHE aad VAET €i n

i ncorporated by reference. [01 16] The pBMs2000- PPFDH- PDHmod pl asm d was

di gest ed WirEHIEHRUPIZYAYS NEAPRIaEQss 01} japt 328FPse el #Bd the ~+ bavkl bae copigdoandene
and its pr . i € eparated on an agarose gel and the
5.5 Kb fragﬁgﬁg&&%gggggﬁggzg %%?gg“ﬁﬁék ACGEN(r)gel extraction procedure.
[01 17] A forward priner, pdhnodlf (5' - AAGCGAGATCTGCGCACGACACTG S'; SEQ I D
NO. 6) was designed to anplify the PDHmod sequence with the 5 ribosone

bi ndi ng si t{ell&jdha BNl digestalr PCR dgaaghent, wontaininpethBRiHimed gencofagt hgated

t . Th i , hnod3 5' - AAT CG S : SE
BN 7 el B A ges R MR shPaitly trd L g e G aa oo, -
pBMSEP00- P dr4 BNA hadsc20RIPLIJNakd 11610l astt GREmed td MR cRCR @& CElls

results in a fragnment that could be inserted innediapelébS' to the FDH
sequence i KINVERIPGEN pand adated to A upgrBratladl.Borplates pethf 80 mednlidiangmyoin.
pnol es each,,of .forward and rewvers nimer. . t vect or tenpl ate

Evs2000- Poia. PR T PESFTRE AL e B gt R e P B Sonmmncy 1o
t he manuf acpuoss g& apsl9tiocol . The reaction was performed in a 9700

t hernocycl er (APPLI ED

[0119] Plasmid DNA was sequenced using dye-deoxy terminator chemistry (APPLIED
15 BIOSYSTEMS®). Primers were designed to sequence the entire inserted PCR fragment
(Bglll/Notl fragment) and the junction with the digested vector sequence. The intergenic
sequence between the terminator of the FDH gene and the start of the PDHmod sequence
was as expected. The bi-cistronic FDH/PDHmod plasmid was transformed to the E. coli

expression host IM110.

20 [0120] EXAMPLE 2: Confirmation of Stability of Bi-cistronic FDH/PDHmod

Plasmid

[0121] One frozen vial of the E. coli host JM110 transformed with the bi-cistronic
plasmid was thawed on ice and 100 pL inoculated to 20 mL of LB medium with 30
ug/mL kanamycin and incubated overnight at 30°C, 250 rpm. The cultures were
25 transferred an additional 9 times to a fresh 20 mL volume of LB + 30 pg/mL kanamycin
and incubated 8-20 h at 30°C, 250 rpm. The plasmid DNA was isolated from the final 20
mL culture using a QTAGEN® midi plasmid kit. The plasmid was digested with EcoRI
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Bl OSYSTEMS(r)) . The PCR products were purified using a QAGEN(r) PCR

cl ean-up colum and eluted in 50 nL of TE. The PCR product was digested
wi t h Bgl WerrdioNasi4or estri cti on enzynes, separated on anPagasese/ogeb4s and t he
~ 1.2 kb band excised and purified using a Q AGEN(r)gel extraction kit. [01
18] The Bgl |/ Notl digested PCR fragnment, containing the PDHmwd gene was
ligated to the BanmH /Notl digested plasm d containing the FDH gene

sequence and pronoter, using T4 DNA |igase. nL of the Li i on

©r anaf of modo X UL RECHEY 6 HRLAHY 24T 0 A6 RVT RCREREF ). Adrcls PR Rty s
Broth (LB) ¢oh@f ¢SKWirhdle@BarBeitht wmady G- odsbRed] the AxPLREERECWBE QnPgtkor med
and plasm ds of the expected size were confirmed by agarose gel analysis.

[01 19] Pl dweirdzeDiasmid. Ne gtiendeddusicripsetyed dedky gele indigasing thas Keerpkasmyd
(APPLI ED BI %YSTI%NSEr%% . Prinmers were designed to sequence the entire

i nserted P&?Sf‘%ﬁ%]ﬁgrﬂ’ ElﬁHI/Notl fragnent) and the junction with the

di gested vector sequence. The intergenic sequence between the term nator of
the FDH gene and the start of the PDHnbd sequence was as expected. The

bi - cist r oni[61PDHxaARpTed3pl Bameahtaden t sfarEf @olied ransfolaht withi Béxpt@aid on
host JM 10, ]%0120] EXAMPLE 2 : Confirmation of Stability of Bi-cistronic
FDH PDHod TAMHERmoed #Jasmide frozen vial of the E. coli host JM | O
transfornmed with the bi-cistronic plasm d was thawed on ice and 100 ni

i noculated to 20 nL of LB nmediumw th 30 ng/ nL kananycin and i ncubated

over ni ght  gb189Q8M IO FIIM/PDEME | WY B8ndBineedt [AOSE ekg/edvanoaghdl biagnal 9
times to a fresh 20 nL volune of LB + 30 ng/nL kananycin and incubated 8-20

h at 300C, DS wisextmstedpings eandinDRA widls thos edreaee destriasiont dnay fric rdigesp patigrn.
cul ture usly I%FP%MOE%DgI/}%H loa)gmwdaskketrmel-lrtgg Hll d isung ! &?% eg\eavs% th

EcoBl restri'cti ot enzyne and analyzed on an agarose ge Igure Single
bandi(bet weertrhdie G220d gluddbe, Mol 26 Ubatassirh giphospartse (gibugs), obses vetic tdeel
expected size for an intact linearized plasm d. No other bands are observed
on the gel MNeAY¢ats Mgl ¥/hpmmepdury) gdigfey 0.003% ferrous sulfate heptahydrate, 0.23%

magnesium sulfate heptahydrate, and 30 pg/mL kanamycin sulfate. For 4,000-L
fermentor, the inoculum was prepared as follows: 1 mL of frozen JM110(pBMS2000-
FDH/PDHmod)" was thawed and added to a 600-L fermentor containing 400 L BMS
15 medium with 30 pg/ml kanamycin. The fermentor was operated at 30°C, with an
agitation of 150 rpm (revolution per minute), an acration of 80 Lpm (liter per minute),
and a head pressure of 7 psi for 21 hours. When ODgq reached ~1.1, 75 L of culture was
transferred to a 4,000-L fermentor containing 1,700 L BMS medium. The fermentor was
initially grown at 30°C, with an agitation range of 105-150 rpm, an acration range of
20 1,000-2,000 Lpm and a head pressure of 7 psi. Temperature and pressure remained
constant during the run. A nutrient feed (10% yeast extract and 20% glucose) was started
when the CO, was greater than 0.3% in the offgas. When ODggo reached 20-25, the
expression of both genes was induced by addition of filter-sterilized 1M isopropylthio-f3-
D galactopyranoside (IPTG) to a final concentration of 30 uM and the fermentation

25 continued for a total of 48 hours.

[0124] EXAMPLE 4: Telescoped production of (aS)-o-[[(1,1-
dimethylethoxy)carbonyl]amino]-3-hydroxytricyclo[3.3.1.1>7] decane-1-acetic acid

from 3-hydroxy-a-oxotricyclo-[3.3.1.1*7] decane-1-acetic acid through (a.S)-o-
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was genetically stable. [0122] Exanple 3 : Fernentation of E. coli
Transformant with Bi-cistronic FDH PDHhod Plasm d [ 0123]
pBMS2000-WDK0DHsd was transformed into E. coli JM | @cans2@oaswnd DNA
was extracted and confirnmed with the correct restriction enzyne di gest
pattern. JML 10( pBM52000- FDH PDHmd) + was fermented in BMS nedium (0. 5%
yeast extract, 0.22% gl ucose, 0.7% potassi um phosphate (dibasic), 0.1%

citric acid nonghydrate, . 0. 17% pnjum sul fate, .0.003% ferrous sulfate
hept anydr acang DB RErsTFOR ST dlechas T asos hid osimgcndeo RSk By 1
sulfate. F urﬁ&?m{/ﬁmﬂﬁec&ﬁ@nﬂrmcul um was prepared as follows: 1 nL
of frozen JML 10( pBM52000- FDH PDHnod) + was thawed and added to a 600-L

fermentor containing 400 L BVMS nediumwi th 30 ng/m kanamycin. The

f er ment or er,at ed > Wth an agitation of 150 rpm (revol ution
per m nut eﬁﬁﬁéﬁgﬁoé?%‘{”‘,%{?%’%%Eﬁzﬁﬁm(eﬁ%%eﬁ%ﬁz% mnute), and a head pressure
of 7 9si for 2 1 hours. When OD600 reached ~1.1, 75 L of culture was
transferred to a 4,000-L fernmentor containin L BVMS nedi um The

1, 700
f er ment or WAE2G] dicrmentationgireth 38 L) 96b & etichin Cgﬁ INHiPEBNMR200nge of 105- 150
I g 7 i
Tomper at ur & S0 ol pont SR BT AR AR AR WIR B eht 1 eed
(10% yeast pexdclaetsiraita t@ EXaablecd) ae) puasd giraughetmwheiuitiizer Ghcvekiidiceat er

than 0.3%in the offgas. Wen OD Oo_reached 20-25, the expression of both
genes was i%ﬂfs&%?b@ ,aod)ara[tlpaareéfurfsi1P¢0§8:29t0é?Pipﬂ_>§@& NP SpFBpYITAASIY b- D
gal agj opy! aRAR IRl KdFind e RenfdRlreRREAIAIAD 40%C, SPhBOBADI etivity

fermentation continued for of 48 ours.&?0124] EXAMPLE
Tel escoped of nodedtidoeddiothad)s-3a-ILjraL  fodPInEtang 8ok yfdcBPBony| j ami noj -

S- hydr oxytrj lo .S.1.] 3'7] decanpe-1-acef.jc aci om.3- hydr.oxy-
~ oxot 1 oyl B gR ity the ol LiSReT S kg abE ehle R Ery BUGHES ed ot Then
(as) - a- am mo2@-hyes@s vhidony 91)1%%%%&1{1&115%1 adlRAANE nix &CRY BO nAfitds UBKNY an
isolated (partially purified) PDH FDH enz%/rre concentrate
mixture was then filtered using a filter press (Ertel Alsop model 8-ESSC-10) and 18 L of
15 filtrate was obtained. The filter cake was washed with 12 L of water to bring the volume
back to 30 L. The step yield was 97% activity recovery of PDH with an activity of 31
IU/mL and a FDH activity of 8 IU/mL.
[0128] The clarified broth was ultrafiltered through a 100,000 MWCO filter cassette
(Millipore Pellicon 2 unit, polyethersulfone low protein binding cassette, 0.5 m” filter
20 arca). The circulation rate of the pump was 400 mL/min. The clarified filtrate was
concentrated to 1.5 L and gave an enzyme concentrate with PDH titer of 567 IU/mL and
FDH titer of 136 IU/mL. The permeate was assayed and no activity was found. The

overall enzyme activity recovery in the concentrate was 84%.

25

[0129] Reductive amination

[0130] 3-Hydroxy-a-oxotricyclo-[3.3.1.1*"] decane-1-acetic acid (1.00 Kg; 4.46 mol)
30 was added to a 20-L vessel followed by water (5 L). The mixture was stirred and the pH

was adjusted to pH~8 with 10 N NaOH to give a solution. Darco KBB carbon (100 g)
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[0125] Isolation of PDH FDH enzyme concentrate [0126] Fernentation broth
(30 L) of Escherichia coli JM 10(pBM52000- FDH PDHnod) + was obtained from
a 4, 000- Llwbenmensadi on (prepared using the procedure si RCITAIS2010/0884l e 3)
and passed through a mcrofluidizer (Mcrofluidics nodel M1 10Y, operating
pressure 12, 000-20,000 psi) (one pass) to release the activity fromthe
cells keeping the terrperat ure of the broth bel ow 400C. The PDH FDH activity

f fi di db 32 | LV f 01271 T
ol art 1o havapBict 1o mi e ey St minpies B Blicred Weh & Brtingh br ot b
Then 0. 201 fhn,f w%@ AEHRerP T PV L SIRLIII RS Bdded B9t for 30

m nutes. The m xture was then filtered using a filter press (Ertel Al sop
nodel 8- ES$ad m@harwkrd 8orhbintd fa give ackansdutalnt ai ned. The filter cake was

hed wit f t to bri t h | k to 30 | d
wns 5706 nct0UdyY fstiFe mopr Grimcatt 6L e P05 sty iNadied e drth Lon
activty ofyf réJay%{ed kD12 8w ithhB) ”INHOKL] @ﬂc&[rﬁhﬁdé’%mﬁieﬁiﬁiﬂéo&ﬁé@@ Q}' OUQh a
100, 000 MACO f Iter cassette (MIlipore Pellicon 2 unit, polyethersulfone

| ow pr ot ei ranbdnmotigeladﬁbéﬂ BeWee:, Eﬁidn@ Wihen éhe siidapad divwlwid; e BDEVFBH rate of

e Pve aaito el whd Safadi o 1E 300 b0 I oF PBER, SREBR VAT iR o o o

136 | LVni. NEHBWgEnmNgoymaﬁﬁ)s@ly%@muﬂao activity was found. The overall
enzyme acti w% recovery in the concentrate was 84% [0129] Reductive
]

ani mation [[BL Thslwmrwys then ggesmed eyt Clapdaliluted tgapta m@Ole%effiﬂb
d;{ 1. 00
aCI e m x@erre%vl\lgg) Fﬂ?l rre §al gi %ﬁeig)lél%v@s% S!%gfﬁf@é“% ghlf)]gf— %Hw& ON NaC]—I

to gi ve a selutibh @bntailiad o@sm% (@arlbgrbf(tﬂe()&ogaom@s;ad%dn@.ed the m xture was
stirred for 5 mnutes then.filtered through a Buchner funnel with 5Smfilter

paper. The hyfroxarioxele[3nadHed decens-waeesic ac@. x 1 L) and the filtrates and
washes were conbined to give a clear solution. [0131] Wth stirring,
ammoni um formate (0.562 Kg; 8.92 nol) was added and the pH

[0133] BOC-protection

15
[0134] Di-tert-butyl dicarbonate (1.022 Kg; 4.68 mol) was added to a portion of the
solution of (aS)-ai-amino-3-hydroxytricyclo[3.3.1.1>7] decane-1-acetic acid (477.5 g;
2.12 mol). This mixture was stirred at ambient temperature, with pH adjusted to and
maintained at 10 with a pH stat titrator using 10 N NaOH. The reaction was complete 4
20 hours after Boc,0O addition when there was less than 1.0% starting material remaining.
[0135] The pH of the mixture was adjusted to ~8 with 35% H,SO4and i-PrOAc (5.0 L)
was added to the mixture. The pH of the mixture was then adjusted to 2.0 with 35%
H,SO,4 and maintained at this pH for 5-10 minutes. Dicalite (250 g) was added; the
mixture was stirred for ~10 minutes, and then filtered through a pad of Dicalite (250 g)
25 on filter paper in a Buchner funnel. The Dicalite pad was further washed with 2.5 L i-
PrOAc.
[0136] The filtrate was adjusted to pH 8 with 10 N NaOH. After settling for 1hr, the
organic layer including interface was discarded. To the aqueous layer, i-PrOAc (7.5 L)
was added. The mixture was acidified with 35% H,SO, to pH~2, and then heated to and
30 maintained at ~40°C for 4 hours with mild stirring. The layers were separated and the

organic extract was saved. The aqueous layer with interface was extracted with i-PrOAc
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was re-adjusted to ~7.5 with I ON NaCH. N coti nam de adeni ne di nucl eoti de
(2.65 g) and dithiothreitol (1.54 g) were added. \Wen the solids had
di ssol vedwoa0PDH8HEDH enzyne concentrate was added (1. 03PCT/US0@008@04 U of
PDH). The pH was re-adjusted to ~8.0 with I ON NaOH at anbient tenperature
[0132] The m xture was then warnmed to ~40C and diluted to a total volune of
10 L with water. The pH was maintained at 7.7-8.3 while stirring over 42
hours. The resultin Eolution contai ned 0.955 Kg (95.19% of thegproduct
(as) - a-am #o/3L) ﬁg}@?%@%qr% ¥y agpm, sgparatpd atton 2 B‘él&?éﬁb‘fof - atht fqucary gy 0133]
BOC- pr ot ecty;ainf 2341 Dk - ittt : was
cdded to atv%or tnl£eon§% %vatpﬁg}as%gefdu IH%l?]'\lzlg?l Pﬁ?@@@‘f’ﬁaLf andné lé§grs. \f}er@%ﬂﬁ’é{téd
gafé-a-ﬁglmﬁﬁﬁzhymﬁfxyrticycl?[3.361.% Sng] dfc?ne-l -?cetlc ade £ﬁ77.5 g;
: nmol ) . is mxture was stirred at anbient tenperature, with p
adj ust ed t ¢0bHd Thaicambingd @raaniaextigetsh~ b bhvstepongsnisataddy digfilisgon tont-RaoH,
The r actiqprﬂ@&- |8t Borit u hhli 3 g was | ess
t han 5? 0% starti ﬁ%&%toeF?% a%gng?%?%ﬂh[eg%gﬁa q"%g I%I}I@g?lw@ﬁg“&nﬂg?%r e was
adj ust ed t aerBpavhtnbe BH/mEHAGDedain d82-8PP QAThE Bealtol Jackatscrapetetird wad fee tar70cCur e.
The pH of the m xture was then adjusted to 2.0 with 35% H2SO and_ nai nt ai ned
at this pHapemantaigedpiffiisdempespiss for dhours @ rystaliigaiionpeegrred Hherthy &ftdir e was
stirred for, =~ j . QﬁP j t u .af . D) ite (250
g) on fi|t§f0%9'gpﬂ#%&%M§§@%%Lr ﬁ%ﬁ%ﬁﬁkiﬁgl E%ﬁﬁfggmga 1@%g£?§r h@r washed
mééu ZA?t;;ﬁggfﬁﬁﬁﬁgrngﬁﬁﬁfihshglLﬁé:;?cm?Zyggl?zgfgd?g pﬁn?erﬁggelaag
di scHt ded. [4B3% Heeaninsaeien way spoled dpymiambycnt tEljflP@iV&BJr%dlﬂg&?eanWéh*?ﬁ cepléfle was
acidified w fho35% ~2 t d i nt ajn t ~40C
For 4 hour S0 B R AT obifg 3P 2 Cille PRRLEC, ey "M BTS2
extract wasy:8RME®ith hBfaARePUs thedYRicd\Wh Vitonk 80f@&E:IWEE0EY L (88851 4th
i-PrCAc(3.75 L) and the Iayer§ wer e again separatgggafter (hou§§3§1 400C.
The aqueougaBrydi(lvi-timetintlethdaoearbery | prtinalel-bydrageiinycd[B13. 1.1 P] deean¢3- 75 L)

and the | ayers were separated
>glcetlc acu{. P

15 [0139] It should be understood that the foregoing disclosure emphasizes certain specific
embodiments and that all modifications or alternatives equivalent thereto are within the

spirit and scope of the invention as set forth in the appended claims.
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after 2 hours at 400C. [0137] The conbined organic extracts (~15 L) were
concentrated by distillation to ~4.5 L. To this solution, heptane (~10 L)
was t hen wiodet/iasxap 10- 15 minutes while the tenperaturePaadseaivosadned at
~82-89C. The reactor jacket tenperature was set to 70Q0C and nmi ntai ned at
this tenperature for |l hour. Crystallization occurred shortly after cooling.
The reactor jacket tenperature was then set at 400C and naintained at this
tenperature for 30 mnutes. [0138] The suspension was cool ed down to

anbi ent te{{{’ﬁ@féﬁféﬁﬁﬁyﬁ en further cooled to 0-5 0OC. After one hour of

stirring a duct was filtered. The product was washed with
heptane (2.5 L), then dried in vacuo at 400C to give 607.0 g (88%yield) of
(aS)-a-[[(!l,!-di nmethyl et hoxy) carbonyl ] am no] - 3- hydroxytricyclo[3.3.1.1 3' 7]
decane-1- acetic acid. [0139] It should be understood that the foregoing

di scl osure enphdsi zeAbplatedmusisiccactd mologblsgrmpRti®gand t hat al |

nodi fications or alt atiye |V r e wiithin the iri:t . and
scope of the inventi gé?nas a}s{e?m?%%q hﬁsc(rﬁ&% h%&gpgéecﬁ‘gg% cclwgl{p%g. nl%lgfe@ﬁ% VED
|'S: 13 An isol atseghenvethet 5 9826 demidabubBQ dDMYOI Kiang: (a) an isol ated

nucl ei ¢ aci d sequence, conprising a nucl eoti de sequence at_is. 95%

identical to SEQ ID K&} 13 SAURIY eélcg@a&éfa%@t)@ﬁe@tﬁen@f %11515 %N}Cbe‘g@%éheof
SEQID NO 4 angm[){b%pb@dymhg@@fs‘SEQ ID NO 5. 2. An isolated nucleic
acid nol ecul e conprising the nucl eotide sequence of SEQID NO 1. 3. The

i solated nucleic acid nolecule of claim1, wherein the sequence encodi ng

t he pol ypeptide of S ID NQ 4. and .the polypeptide of SEQ I.D NO 5 fugther
conpr i 5ot a5 ngre prohpEeduiiah tei Mol BBt fha BRougr ASsTELHl o
conprg si ng SEsHEYIMENGe that hybridi zes

3. The isolated nucleic acid molecule of claim 1, wherein the sequence
encoding the polypeptide of SEQ ID NO: 4 and the polypeptide of SEQ ID NO: 5 further
comprises a single promoter region.

15

4. An isolated nucleic acid molecule comprising a sequence that hybridizes
to the complement of the nucleotide sequence of SEQ ID NO: 1 at 42°C in a
hybridization buffer comprising 50% formamide, 5X SSC (0.75 M NaCl, 0.075 M
sodium citrate), 50 mM sodium phosphate (pH 6.8), 0.1% sodium pyrophosphate, 0.1 %

20 SDS, and 10% dextran sulfate, and then at 42°C in a hybridization wash buffer
comprising 0.2X SSC and 0.1% SDS.

5. An isolated nucleic acid molecule comprising the nucleotide sequence of
SEQ ID NO: 2.
25
6. A plasmid comprising the nucleic acid molecule of claim 2.
7. An isolated host cell comprising the plasmid of Claim 6.
30 8. The host cell of Claim 7 that is a prokaryotic cell.
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to the conpl enent of the nucl eotide sequence of SEQID NO 1 at 420Cin a
hybri di zati on buffer conprising 50% fornmam de, 5X SSC (0.75 M Nad, 0.075 M
sodi um ciwpar®)11880 mM sodi um phosphate (pH 6.8), 0. 1% $OWIUSR10/030404
pyrophosphate, 0.1 % SDS, and 10% dextran sulfate, and then at 420C in a
hybri di zati on wash buffer conprising 0.2X SSC and 0.1% SDS. 5. An isol ated
nucl ei ¢ acid nol ecul e conprising the nucl eoti de sequence of SEQ ID NO 2.
6. A plasmd conprising the nucleic acid nolecule of claim2. 7. An

i sol ated host cell conprising the plasmd of daim6. 8. The host cell of
Caim7 that is a prokaryotic cell.9. A nmethod for producing
(aS)-a-[[(Il,I-di nmethyl ethyoxy)carboxyl]- am no]-3-hydroxytricyclo[3.3.1.1
3' 7] decane- | -acéti c aci dnethol nfdra drpduowher 61$)-¢-hi 1 detimethytethyoxiy wesboxyld)

culturing the ho ell .of imB- under suiiaui ondj tions to express the
ol ypept L deb el e oByrErOT R b e R BTSSR D No 1 ( by
partially purifying an enzynme coneentrate conprising the pol ypeptides; and
(c) contacting the culture isolatle with an anmount of 3-hydroxy-a-
oxotricyclo-[3.3.1.1 3 7] decane-Jkacetic acid (Forrmula I1): under
conditions that allow for prog i ON (5) - a- am no- 3-

hydr oxytricyclo[3.3.1.1 3' 7] deg ifc acid (Formula I11):(d)
contacting the (aS)-a-am no- el o[3. 3.1.1 3' 7] decane- 1l-acetic
acid wth an amount of di-t<€r Car borat e under conditions that

allow for production of (aS)-a-| " , | -t met hyl et hyoxy) car boxyl ] - am no] - 3-
hydroxytricyclo[3 .3 .1. 13" 7] decane- MW\%DO%
O

wherein the method comprises:

)

(a) culturing the host cell of Claim 8 under sunavie conditions to
express the polypeptides encoded by the nucleic acid molecule of SEQ ID NO: 1;
(b) partially purifying an enzyme concentrate comprising the
10 polypeptides; and
() contacting the culture isolate with an amount of 3-hydroxy-o-

37
1

oxotricyclo-[3.3.1.17"]decane-1-acetic acid (Formula II):

OH

COZMe
o} dan
under conditions that allow for production of (aS)-a-amino-3-
15 hydroxytricyclo[3.3.1.1>"]decane-1-acetic acid (Formula IIT):
OH
o
OH
NH, (III); and
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(d) contacting the (aS)-o-amino-3-hydroxytricyclo[3.3.1.1*"]decane-
I-acetic acid with an amount of di-fert-butyl dicarbonate under conditions that
allow for production of (aS)-a-[[(1,]1-dimethylethyoxy)carboxyl]-amino]-3-

37
1

hydroxytricyclo[3.3.1.1™"]decane-1-acetic acid.
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