WO 2010/ 118240PCT/ US2010/ 030404 5Title A Genetically Stable Plasmd
Expressing PDH and FDH Enzynes [001] This application is related to and
clainms priority to U S. provisional application Serial No. 61/ 167,676,
filed April 8, 2009, the disclosure of which is incorporated by reference
her ei n. 10§@Px}o1kER0 Sequence listing is filed wth thecapebiogsiwon in

el ectronic format only (conputer readable form and is incorporated by

ref erence herein. The sequence listing text file, "09-203-SEQ LIST" [22,343
bytes in size], was created on April 7, 2010. BACKGROUND OF THE | NVENTI ON
15Fi el d of the Invention [003] The invention relates to nucleic acid

nol ecul es, plasmds (e.g., bi-cistronic plasmds), host cells and nethods
used for the expression of formate dehydrogenasc (FDH) and nodified
phenyl al ani ne dehydr ogena. se (PDHrod). Background of the Invention 20[ 004]
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text file, “09-203-SEQ_LIST” [22,343 bytes in size], was created on April 7, 2010.

BACKGROUND OF THE INVENTION
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 cnzyme 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 in vivo. For
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exanple, GP-1(7-36) stinulates insulin secretion and inhibits gl ucagon
secretion. This peptide also pronbtes satiety and slows gastric enptying.
Exogenous admi nistration of G.P-1(7-36) via continuous infusion has been
shown to be_eff] [.ous in diabetic patients. However, ous
peptide is gﬁ$%§§%h%oo rapidly for continual 5therap£ﬁ?ﬁ§u€§§gﬁ?006]

I nhi bitors of dipeptidyl peptidase |V have been devel oped to potentiate
endogenous |l evels of GP-1(7-36). U S. Patent No. 6,395, 767 discl oses

cycl opropyl -fused pyn-olidi ne-based jnhibitors of .dipeptidyl peptidase |V.
Met hods f or éﬁ@ﬁ@%éﬁ#&“@?ﬁk%@%*%ﬁHﬁ“@ﬁ@@@mrﬁﬁpBﬁWB?gﬁﬁg n&%§@&% #in U S
Pat. No. 6, 393,/ 41s8BrowRlds s@Btyl dAd §10®s %ﬁ{ricte&lb@'ﬁdgf Exogbfus exmnpkfionsee Sagnard
et al. Tetr.Le?t. 1995 36:3148-3152; Tvcrezovsky et al. Tetrahedron 1997
53: 14773- 1479%:P-HAGoHamexsipugys dyfusign haghegp phpwn Ap besiticaeigunin B49FHC 1008
8:2123-2128. B Rhdelis @bBedasetpidly bk Sntiltat . No.

6. 395, 767 i @%&%?2@*@3?@?%@“@ Rls g pldty

5S) - 2- [ 2S) - 2hasgAewés- e ( 3- hydr oxy-tricycl o[ 3.3.1. 1. 3' 7] dec-1-y1) - 1-

oxoet hyl ] - 2-azabi cycl o- [3. 1. 0] hexane-3-carbonitrile. 15[007] Methods for
preparing intermedi ates used in the production of this dipeptidyl peptidase
| V i nhi bi t or [0 Ithilsotsas dipeptily GRpAd80B/ BR4 béd.derlleed pgwientisrastlogaonnd

Kur oda Tetrahedyo t 01 42: 1313 Reetz.et a em Int. Ed.
Engl . 1979 13?“? ,O?ﬁtgtliﬁéﬁd‘%%eil%‘iéﬁ @Q%J@é‘;}k’?es %&??“’fi%%%z-s?oz Reet z
et al. Chem ppablididORSedlidlabiBrOSdkaddyl afioa8]V Reabmibifovahtmieallyr essi on of t he
enzynes formate dehydrogenase (F .. r Pi ghi astoris.(ATCC
20864)) and d%@ﬁ??&éé%ﬁ%g£§®ﬁ§é?%%%ﬁ%%&gE?%EWPSQFEEgJE?§H¥ z%?ﬁ%éetinonyees
i nt er maghus (1AF&Gre3R2 0kan)pls &t Jagnadsed/. iTar-Lhve 1095036 HASB S yBYdremovekly ef
3- hydr oxy-a-oxofricycl o- 3 de e-l-acetif aci as) - a- am no- 3-
hydr oxyt ri cydﬂ)ij[e@“.’ al .”fgé’fs%b%g%'zﬂ%aaé‘é?:{AEGS%I?ff G |l%arzig'i/\ged¥ ﬁlée%l‘? {6mical Iy
gl_onve[1 t Ied L 0 12)5& &5%238&1?8.(&1, ekarnplg oﬁandinhibitor d_iscloseld inU.S. Pat. Iio. 6,395,767 is thel

i met hyl et hoxy) car y. nol = 3:- hydr ricycl.of 3. B lecane- 1-
acetic acid, féeei’f‘sﬁr(ﬁg’r?é]’ gﬁ%ﬁ%@rzﬁ n?’ﬁ'ﬁé{f’ﬁ?’%{é%‘? Cﬁ’é%:; IJI Heww{j}nhi bi t or,
saxagl i ptin. JRo@nipPuszaBict@sqs 3. Olexexprassniit and PDH using a single

pl asm d containing two identical tandem pronoters (one pronoter for each
enzyne) to drive expression have had |imted success. In particular, prior

attenpt,s app‘;@m%&’etﬁb%y% 5%;&1&%%' d%agggb%a i Ahe GdbiHbRSE RRGREHIAGE two
di fferent popul ations of cteriral cell: one containing an intact plasmd,
and anot her weptidesa Vtihigbipwmtei divsloodd in BB 008824 42 ddsnt b Ainadyire hed mpdyyene

appears to h een | ed. (L £ unGa r } pl asm d
appears to h%%ﬁ%%%%é%ﬁ@% hBté%t:fﬂﬁé%%@egtggg? g{zilgﬁsé 8?1%l}t§%ml |l e
bi ot r ansf or metdcarndrBtimbeash CrayeBbe83ildent02f378d Restzar set/vod Bérot9%gener at i ng
conpl ex chem'lclg.l 7&_?%Hrsors, t he bi osynthetic processes di scussed above
suf fer decreas 3 product yield because of genetic instability. Thus, there
is a need for alternative reconbi nant sequences and net hods for generating

synthetic precursor 10nol ecules in the eventual ﬁ)roducti P%P%f chgn‘i cal
corrpour‘?é?s suPe] %CW%@F <;xl§quzﬂqn of the enzymes formate de ydrogcnase? (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. 1*"] decane-1-acetic acid to (a.S)-a-amino-3-
hydroxytricyclo[3.3.1.1*"] decane-1-acetic acid which is then chemically converted to
25 (aS)-a-[[(1,1 dimethylethoxy)carbonyl]amino]-3-hydroxytricyclo[3.3.1. 1*7] 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
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SUMVARY COF THE I NVENTION [10] In an aspect, the disclosure relates to an

i sol ated nucleic acid nolecule conprising: (a) an isolated nucleic acid
sequence conprising a nucl eotide sequence that is 95%identical to SEQ ID
NO 1; or 15(b) a sequence encoding the pol ypeptide of SEQ ID NO 4 and the
pol ypeptide of SEQ ID NO 5. In an aspect, the disclosure relates to an
i sol ated nucleic acid nol ecul e encodi ng a pol ypeptide having fornate
dehydrogenase activity and a pol ypepti de havi ng 20phenyl al ani ne

dehydr ogeng: L VI Nl Sing: ) J el id
Sedvence. canirerdts InPAFERS pR% aiempte wrbftte A RSN FLENEARMRSES 1
NGO 1; or harboring (v diffesatpemizioencDdlictegiat dedl: pod oopeptinglen facSH@MID NO 4

and the pol ypeptjde of . SEQ ID.NO. 5. .25[.Q11], In ct, the disclosure
relates to aﬁ& aﬁ[’)%%?ré’t’}?&enﬁﬁglwgbonaoéi g %ﬁ“&‘g ﬁP‘Ltalélm%ﬁﬂ? Eﬁﬁggef‘% &PRYES I(é%g ®de
sequence OfpedERotddsddQirudcated) [ TBE ploBesingd$ PR Ylasndidgppdhiscd BsiRcrESb@t €S t O an
i sol ated nucleic acid nol ecul e conprising a sequence that hybridizes to the

conpl &ment vth agk celligne@tiPde sequence of SEQ ID NO | under stringent
hybridi zati on conditions. In an aspect, the disclosure relates to an
i sol ated nucleic acid nol ecul e conprising a 5sequence that hybridizes to

t he conpl enpey] 10fus,tviglcbistL6fotHei SOAMBHEEM0E beaQidnRfiDas 4 method for
generating complex chemical precursors, the biosynthetic processes discussed above
suffer decreased product yield because of genetic instability. Thus, there is a need for
alternative recombinant sequences and methods for generating synthetic precursor

10 molecules in the eventual production of chemical compounds, such as saxagliptin.
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.

In an aspect, the disclosure relates to an isolated nucleic acid molecule encoding a
polypeptide having formate dehydrogenase activity and a polypeptide having
20 phenylalanine dehydrogenase activity comprising:
(a) an isolated nucleic acid sequence comprising a nucleotide
sequence that is 95% identical to SEQ ID NO: 1; or
(b) a sequence encoding the polypeptide of SEQ ID NO: 4 and the
polypeptide of SEQ ID NO: 5.

25 [011] In an aspect, the disclosure relates to an isolated nucleic acid molecule comprising

the nucleotide sequence of SEQ ID NO: 1.



at 42C in a hybridization buffer conprising 50% fonnam dc, 5X SSC (0.75 M
NaCl, 0.075 Msodiumcitrate), 50 nM sodi um phosphate (pH 6.8), 0.1% sodi um
pyrophosphate, 0.1 % SDS, and 10% dextran sulfate, and then at 42Cin a
hybri di zati on wash buffer conprising 0.2X SSC and 0. 1% SDS, wherein the

nucl eic acid nol ecul e 10encodes a pol ypepti de having formate dehydrogenase
activity and a pol ypepti de havi ng phenyl al ani ne dehydrogenase activity.

[13] In an aspect, the disclosure relates to an isolated nucleic acid

mol ecul e cqiﬁ‘m]iIsiangs;tebtetmmdckmuﬂedelase(:pxm’ﬁs@ateﬁ n@E@c hE)d N@lec2le comprising [ 14]

In an aspect, the ure | ates to a risin ic acid
nol ecul e 15?(?8%“%8’{4 @E@ZFﬁ y CQmp elfli@](’f n}eaté‘%’ Sgﬁuenf %81980)?%21? g\}s(ﬁr e
relates to 1&[hdb§@h%ﬂdh§b@§l izati6h Lon@gmg,l sing a nucleic acid nol ecul e
conprising SEQ ID [16] In an aspect, the disclosure relates to an

i sol ated host cell conprising a nucleic acid nolecule conprising SEQ ID NO

2. 20[017] In a
(as) - <[’:1 [ ]( ]]n f0 agpegts Hle CdEsclc}sQr% re Ia‘c%g !tooasnlﬁléo ateg lm?ctlgxg act:18 m%lecufehc%(rjnp%smg groduci ng

di met hiyl et w@w&@ah%ﬁhize@m tﬂ@&mﬁplam{t@merﬂu@nésﬂm[saq&nae AREY tpoana- | - acet
ic acid (Formula O: (E) wherein the nethod conprises: l\&a cul turing
the host cet r12°é?fm@Iafbﬁdlsatmd@ffe&qmmsmgéodomm@m&?s%éSC (0.75 M NaCl,

0.075 M sodium citrate), 50 mM sodium phosphate (pH 6.8), 0.1% sodium
pyrophosphate, 0.1 % SDS, and 10% dextran sulfate, and then at 42°C in a hybridization
wash buffer comprising 0.2X SSC and 0.1% SDS, wherein the nucleic acid molecule

10 encodes a polypeptide having formate dehydrogenase activity and a polypeptide having

phenylalanine dehydrogenase activity.

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

the nucleotide sequence of SEQ ID NO: 2.

[014] In an aspect, the disclosure relates to a plasmid comprising a nucleic acid molecule

15 comprising SEQ ID NO: 1.

[015] In an aspect, the disclosure relates to an isolated host cell comprising a nucleic acid

molecule comprising SEQ ID NO: 1.

[016] In an aspect, the disclosure relates to an isolated host cell comprising a nucleic acid

molecule comprising SEQ ID NO: 2.

20 [017] In an aspect, the disclosure relates to a method for producing (aS)-o-[[(1,1-

13,7

dimethylethyoxy)carboxyl]-amino]-3-hydroxytricyclo[3.3.1.17"]decane-1-acetic acid

(Formula I):



express the pol ypepti des encoded by the nucleic acid nolecule of SEQ I D NO
1;: 5(b)partially purifying an enzyne concentrate conprising the

pol ypeptides; and (c)contacting the culture isolate with an anmount of

3- hydroxy-a- oxotricyclo-[3.3.1.13?] decane-1-acetic acid (Formula I1): OH
10under conditions that allow for production of (aS)-a-am no-3-

hydr oxytricyclo[ 3. 3. 1. 13" 7] decane-1-acetic acid (Formula I'l1): OH
NH2(111); and (d)contacting the

(aS) - a- am no- 3- hydroxytricycl o] 3. 1. 13' 7j decane- 1-acetic acid with an
anount of di-tert-butyl dicarbonate under conditions that allow for
production of (aS)-a-[[ (1, 1-di ngthyl et hyoxy) carboxyl]-am nol - 3-
hydroxytricyclo [3.3 .1.13" 7] s~ l-acetic acid (Fornmula 1).

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

oxotricyclo-[3.3.1.1%"]decane-1-acetic acid (Formula I):

OH

COzMe

o) an
10 under conditions that allow for production of (aS)-o-amino-3-

hydroxytricyclo[3.3.l.13’7]decane—l—acetic acid (Formula III):
OH

OH
NH, (I1Y); and
(d) contacting the (oS)-c-amino-3-hydroxytricyclo[3.3.1. 1*"|decane-

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



In an aspect, the disclosure relates to a nethod for producing
(aS)-a-[[(1,1- 5d inethyl ethyoxy)carboxyl]-ami no] -3 - hyd ro xytricyclo
[3 .3. 1. 1 3 7] decane- 1-aceticacid (Fortnula l): OH (1) wherein the

met hod conpri ses: (a) culturing the host cell of Claim8 under
suitable conditions to 10express the pol ypepti des encoded by the nucleic
acid nolecule of SEQID NO 1; (b) partially purifying an enzyne
concentrate conprising the polypeptides; and (c) contacting the

| i i ; - - a- .
oot oyer o 1o el Dol R, b TrSYAL R BimciyicyoxycarboyylT-amino]-3-

hydroxytricyclo[3.3.1.1*"]decane-1-acetic acid (Formula I).
In an aspect, the disclosure relates to a method for producing (aS)-a-[[(1,1-

5 dimethylethyoxy)carboxyl]-amino]-3-hydroxytricyclo[3.3.1.1 37]decane-1-acetic acid

(Formula I):
OH

OH
HN \\(0\%
O @

(a) culturing the host cell of Claim 8 under suitable conditions to

wherein the method comprises:

10 express the polypeptides encoded by the nucleic acid molecule of SEQ ID NO: 1;
(b)  partially purifying an enzyme concentrate comprising the

polypeptides; and
(©) contacting the culture isolate with an amount of 3-hydroxy-o-

oxotricyclo-[3.3.1.1>"]decane-1-acetic acid (Formula I1):

Ok

COyH

15 (41))
under conditions that allow for production of (aS)-ci-amino-3-

hydroxy‘[ricyclo[3.3.1.13 "|decane-1-acetic acid (Formula III):

SA



15(H) under conditions that allow for production of (aS)-a-am no-3-

hydr oxytricyclo[ 3. 3. 1.13" 7] decane- 1l-acetic acid (Formula I11): OH CH
NH2(111); and (d)contacting the

(aS) - a- am no- 3- hydroxytricyclo[ 3. 3. 1. 13" 7] decane- l-acetic acid with
an amount of di-tert-butyl dicarbonate under conditions that allow for
production of (aS)-a-[[ (1, 1-di nmet hyl et hyoxy) car boxyl ] -am no] - 3-
5hydroxytricyclo[3 .3 .1.13 7] decane-1 -acetic acid. [18] In an aspect,
the disclosure relates to a processwof preparing a partially purified
enzynme concentrate of phenyl al ani ne] dehydrogenase (PDH) and formate
dehydrogenasc (FDH), wherein the precess conprises preparing a fernmentation
broth containing a cell 10cont ai g a nucl & c acid nolecule or plasmd as
descri bed herein. [19] The above ects asg| well as other aspect and
enbodi nents will becone appare 7 of ~skill in the art in view of

i i i [ . I DESCRI'PTI ON OF THE DRAW NGS

[20] Figure 1 shows a schematic of the Bif&cistro PDHmod Pl asmi d.

15[ 021] Figure 2 shows the nucleic acid seduencegI@}a e FDH PDHnod
bi-cistronic WD 20109{118 ﬁﬁyg D1MNQecae- The
regi on encodi ng FDI4@?SEC§#%?§%éQE%?&gﬁgégﬁﬁﬁggﬁg |nﬁ?§%E21te SEQ I D NO
3) and PDHnod ($Fa@:t[d3ad\@w191) an amomndﬁ"rdmeredbutylh dbxatmn(itSE@dtrDtmtwm that

[22] Figure 3 sh \Axgp%%rerﬂo?? ul.Ls gtr (%Lg) [?Bll r1%186 lg‘[ﬁyllogig)cgllrb%)eqs/lﬁ—ar%finoﬁg—

Bi -cistronic 5F
5 hydroxytricyclo[3.3.1 .1*"1decane-1-acetic acid.

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

10 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.

BRIEF DESCRIPTION OF THE DRAWINGS

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

15 [021] Figure 2 shows the nucleic acid sequences of the FDH/PDHmod bi-cistronic
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DETAI LED DESCRI PTION OF THE I NVENTION [23] In a general sense, the

di sclosure relates to nucleic acid nolecules, plasmds, vectors, host

cells, and nmethods that provide for the biotransthrnmati on of chem cal

nol ecul es to useful synthetic precursor nolecules and/or internediates in

t he produq%bg&yﬂ%;ﬁ desirabl e chem cal conpounds (e.pgrusthnsigofioducts such
as the DPPI'V |nh|6|tor, saxagliptin). The nucleic acid nol ecul e can be
incorporated into a vector, such as an expression vector or plasmd, and
provi des for a reconbinant construct that is stable genetically in a host

cell, (e.g., a ba I 11). The cells 10 | i n nmet hods
that conpri é’éaSFltﬂ'(%é&ébg\L(ﬁ?Sr Jg%felﬁ%lgléenéﬂ “%ﬁ@ﬁ??%)‘:? g‘?ﬁ?ﬁ%%g@%’@%nase

15act i Vi ty. binding site (SHRH] NOef)ianil PDBABI (SEQ ID NO: PR BlunBefimden tteé (55 ng t he
vari ous aspects and enbodi nents of the disclosure in detail, 20 a nunber of
terms will HEMN&fned. As used herein, the singular forns "a", "an", and
"the" include plural referents unless the context clearly dictates

otherw se. For exanple, reference to a "nucleic acid" means one or nore
nucl ei ¢ aci d622] Figdt 3 kliovisshawosudte of dnaffcoR breptictionidegest g dtigIf9™C " conmonl y" ,
and "typicallyy e ilized herein to limt the scope of the invention
as cIa%ned 3#ﬁygﬁﬁﬁfpgbﬁﬁ§f certain 25 features are critical, essential, or
even inportant to the structure or function of the clainmed invention.

Rat her, any use of these terns is nmerely in i~ghl i ght al ternative
or additi onal featuresDEH&@LEQﬂ“gVHEQW"§HﬁniﬁﬁgﬁgV%ﬁggi| a particul ar
enbodi nent. WD 2010/ 118240PCT/ US2010/ 030404 [27] In sone instances the

di scl osure ney3use fdneral 8&nE ths Ubslosuns irdldtbsyto oucldi@badtitiol¢aules.eplrwsémt t he

i nherent degree of uncertainty that can.be_.attributed to.an itative
conpari son, YP&PHe hoghes %ra@ﬂéﬂﬂ,mdértﬁaétm%‘?&r g)ﬁrt;é% b“’t{% E‘?%rrr{’.at'%éf ? ll(ratr%nrr{;'sall may al so
represent th@odeseeudeil Whitsdic prequsditnhdi@tiey end@pntesediates irthe paductiany from a
stated reference Swithout resulting in a chapge in the basi ction of
the sulfj ect Hadopibloehemicygompquagdy Toa, 6’%‘%&1?{@%& br‘i‘gh td?'nghet @rﬂr)r@ IRbE

" pol ynuel eot jydg/liptin)N Uit @RtlcReicid melkdugOseaatdrpietted anda vouel eich aaend

nol ecul e" can be used interchangeabl .tofpefer ta agcleictq &qu§L£CU|e
CONpri si ng DRICSTIAYCCHS 1 PRSI 06 REEIGY for gt Teg AP HACPTHEC HEFR S [ 29]
The term "natdieg@ally iP§ QY& deNQ(e.g0ra bittkiVesll). W coieghd plaseodnfat isorinw th 10
bi ol ogi cal materials such as nucleic gpid nnlegules, @ngQ%BR%de%MehOSt
cell's, and tmethpdskgat rcomprise foymegr dFvAreeHiRg A aPheny 8liNg° | FHEPEHIE and are
not majy pula&fgﬁpy man. Simlarly, "non-naturally occurring" or
"non-native" as used herein refers to a material that is not found in
nature or that has been structurally nodified or synthesized by man. Wen
used in conngphi Bk nucl eotides, the terms "naturally occurring” or
"native" refer to the 15 bases adenine (A), cytosine (C, guanine (0),
thymne (T), and uracil (U). Wen used in connection with am no acids, the
terms "natur LLB8h iolnalshdéR andl 8hBsditentt HaheGis@sbuitan Aetkitls

al aninc (A), Wgé@’%@?ﬁéﬁ%{@ 9%@3&?‘?‘?’?&% d (D), glutamc acid (E),
phenyl 20 ani ne nfmher ofligrams el be)defingds tAgpsee hetping fhe singglap fumned’¢ | %n, > #si ne
(K, |euci new L) clﬁ@yﬂrgl%fgﬁen{s%\les@tﬁp_@&@&t B8arfyigtattd GhdrBe.( Fir, ex@hpit,am ne
(Q, arginine d&, serine (S), threonine (T), 'valine

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 featurcs that can or can not be utilized in a particular

embodiment.



20(V), tryptophan (W, and tyrosine (Y). [30] The term "phenyl al ani ne
dehydr ogenase" or "PDH' neans a protein having phenyl al ani ne dehydr ogenase
activity, as well as enzymatically active fragments and variants thereof. A
non-lirritinﬁ, oﬁm% Z of PDH is "PDHnod" that conprises SEQ ID NO 5 that
has phenyl a B&hydr ogenase activity, as well as eHZAMaMPERMy active
25fragnments and variants of SEQID NO 5. [31l] The term"fornate
dehydrogenase” or "FDH' means a protein having formate dehydrogenase
activity, as well as enzynmatically active fragments and variants thereof. A
non-1imting [ExHripsendins@Epies derdclogers nSEQs¢ MeNdms4'subls@ntializ’s of Gbowt o

var ance of | SEBCSOI b KoY Mg ForET TR IbERY Y Bhhg 40 200 B e o o
Aci ds, Pl asnigpamag vabyst m@sitwent] @@}hCTlf@reﬁ@kt@nbl WM@HEHWMM’F@QSSGU%ed

h i ,

A Labor at or y NRaqarY PE3fHaR S Bl BRLC e 01 By Bomeo Vil gelier P 1O
Cur r ent SPr ot ovithost esyltivgliee cHenge lBlﬂlﬂb@@‘] ﬁ(nﬁtumwtﬁéie selfjcca matt@dsissue Gr een

Publ i shers | [[g%ﬁ]g@%w hé&¥%in2d ¢ gfiz&ﬁcotlde[ 34111 !:(Qld “glzﬁ)g&cléatlh grr:ib ID NO

di scl osure p es an i1solate IC acid nof e
1, or a sequehedeiendddiaryula” fmnbet ised atertipmpably tdebfyldtocrgxehayeldamdleaﬂe

functi onal Qgﬁ%%&%%%\f%eRﬂﬁh&’egl(fﬁgz%p@lgr%of Lp?%%gtgonn%{g‘e%f the formte

dehydr ogeri as h conpriseé uence, or functional
fragment t her[83¥] The rtom dnytugghly tdccwrting” spémtefs” Whenema«bdnnmnhcs:ubrhemth

phenyl "ﬂ) ani nemcﬁ?é}é/a? Enggqgl??u%h gif @Qelﬁcg‘ﬁd mglec%Pe\é spoB'Iﬁ'ﬁpst%Q cé 1s%nd tl%qﬁl(t I onal

fragnment ther speci e an> en Prent t he FDTI
sequence conpeksds m@E@alﬁ' @hmrezfoum fin aattfu'a aod 4re n@tlmaﬁlrpagmar’mty noin. \%amlaam

ther EOf: In al OEH}?&Q]{lyn&Qum%he P[r)llor{l Hatl %U]gqnced %ere n%fse ft(r)réln(gterltahéla 8Pel c aCI | q

15functional fragnen ant ereo an-e
nol ecul e conpgoundes nithre onﬂh@ﬂmobaedetnmaqalefm@hﬁn‘d oSB@tHeE)z&Kby an. [VBlh ukal
enbodi ments, .the nucl e ter reg| on

tion Wl&‘ o {Cﬂ“d&) (iF s SRR fys ecaif'ali')ws ’:3128 nﬁlﬁ{ O‘%ﬁe? &% the

t hat dlrects expre55|o |ons enco
pronot éf r egibases kdenas (ﬂESEtDMi&E((ﬂ:)h@laﬂmﬂ ((b)eth@mnezm @dbyradin(lanivaeh wxeditns t he

el et 20§ SR LR SRR IE B 1% DAL A,
| engt h of aboeutinolRids olasibo(KX), $BRinAYC), eghitidesid (B), glufandbatid (Ebbhedalanzde, 22,
23, 24, 25, %9), glzyzfne %é), h%s%dine (H), isoleucine (1), 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 thereof. 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.



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
enbodi ments, the region conprises a 25ribosonme binding site as described
herein below. [037] The term "isolated nucleic acid nolecule" refers to a

nucl ei ¢ acjyd gRlgew € that (1) has been separated frammatsdi@estosabout 50
percent of proteins, lipids, carbohydrates, or other materials wth which

it is naturally found when total nucleic acid is isolated fromthe source
cells, (2) is not |inked to all or a portion of a polynucicotide to which

[ nked o a BoYMECIeHTaR TR (TS5t 11 nked to in nature o (&) does
not occur in nature as part WD 20101118240PCT/ US20101030404
[033] The recombinant DNA methods used hercin are generally those set forth in
Sambrook et al, Molecular Cloning: A Laboratory Manual (Cold Spring Harbor
5 Laboratory Press, 1989) and/or Current Protocols in Molecular Biology (Ausubel et al.,

cds., Green Publishers Inc. and Wiley and Sons 1994).
[034] In an aspect, the disclosure provides an isolated nucleic acid molecule comprising
SEQ ID NO: 1, or a sequence encoding a functional formate dehydrogenase and a
functional phenylalanine dehydrogenase. In embodiments the formate dchydrogenase

10 (FDH) can comprisc any FDH sequence, or functional fragment thereof, from any
particular species. In embodiments the phenylalanine dehydrogenase (PDH) can be any
PDH sequence, or functional fragment thereof, from any particular species. In an
embodiment the FDH sequence comprises SEQ ID NO: 4, or a functional fragment or
variant thereof. In an cmbodiment the PDH sequence comprises SEQ ID NO: 5, or a

15 functional fragment or variant thereof. In an embodiment, the nucleic acid molecule
comprises the nucleotide sequence of SEQ ID NO: 1.
[035] In cmbodiments, the nucleic acid molccule 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. Tn 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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of a larger polynucl eotide sequence. Accordingly, in various enbodi nents,
the isolated nucleic acid nolecule is substantially free from any ot her
contam nating nucleic acid nolecul e(s) or other contam nants that arc found
inits natu Ly,onment that would interfere with its use in polypeptide
product i on g?izlefdé‘i{; @r apeutic, diagnostic, prophylact iPcijéIE??mP/g@é@r ch use.

In certain enbodi nents, the isolated nucleic acid nolecule is contained
within a cell. [38] The term "nucleic acid sequence"” or "nucleic acid

nmol ecul e” refers to a DNA or RNA sequence. The term enconpasses nol ecul es
formed from aHy lé%eltﬂ?é‘/npéﬁéc\’ﬁk‘ile Befsencan Acerydingly, @N@rlfalﬁdmmnw@ theaisolatbdit not
limted to 4-ReRIYARYmORENE is &bNPad Yrelbom &E&%Jgéﬂﬁ% leig acid .
aziridinyl-cytaosine, pseudoi socytosine, 5-(carboxyhydroxy t yI1 uracil,
5- f | uor our aciMoleslasy) istherneqniamimngsthi sxg fosrdipl itsiahorhet iyohaat thatowrddi |, 5-
car boxy- met hyih@# 8 Bt YUk 8Ol beptid YO 3G brerdpARR] i i

N6- i so- pent enyl adenilnc, 1- ?rgl%, éﬁ?llaa%n%e{ﬁ.{%- tlrsrg!teﬁa;ﬁg%bd}u%ggasrtgtgr@hylacm

1- met hyPguanifiéssearchgschyn feresi embodiments.ctheviselhpd guckaié avéd mpleemi¢ tyycbetdieed ne,

2- met hyl guaniyg,in 3:diet hyl cyt osi ne, 5-net hyl cytosi ne, N6- 15net hyl adeni ne,
7-met hyl guani ne, 5-nethyl am nonet hyluracil, 5-nethoxyan no-nethyl-

2- t hi our aci | ,[054tT4e e ndey kejd sowimre’ o5 nugleic hoidyudecbisiiydfermes hyINKX aci |, 5-
met hoxyurac laN2(ebi! il Gxenl HARERE FOILAASEING oo AF) e PINAGEL! © aci d
met hyl estcr, uracil-5-oxyacetic acid, oxybutoxosine, p euc}our aci |,

queosi ne, 2- t*hilegsyafdalA@nd BNAesusly hg-buhhgumgded 20 #Hhavayledasite, 84ydhiNsaci | |

5- met hyhur acigethNideh Rk -22maXVRAGELK Lo hyl es racil - 5- gxyacetic
aci d, pseudourag:)?\kl, quebsa?Irrlle, ¥§@?Lﬁ%ﬂ§bﬁ§ %@?%%%gl% ;,S((%e%déyéﬁlmnxg%%y%. [ 39]
I n an aspect UracHe Hflewpwanily eS-proowindes Arvaibeginatiythmnmmediyt-2 dldbwdtadiegiience
conprising a puclentdde 564 that | 5% | dentical to SEQ ID NO 1.

[40] The ter r% " cfgnt_i 9y, " gagﬁglﬁ%\clxl}i ?ihy(itrﬁg%gi tl%ogl(r%g’f ggslsotpoemgnﬁ% e%‘tn?’yﬁs hi p

bet ween t he nethydadguien desetflpsewbyueriliomethplghappept dthyimisme U, 2dinotthyi-wo  or
nmore nucl ei ¢ ,agiig Mol acules: ] 1 ned_ Quparing the sequepces. In
the art, "idé&ntity" a g% %elg%?t ggl %g%%%éqor?%?’gc %ﬁg’eg%ﬁh&f}cﬁ’ﬁ@%?@%@t ween
nucl ei d5aci d metiyéadeties 7onctipd¢uppiept-detbylammombtbylcasie Sragthdgamas-nateitydr M ned
by the match,hg P ostgd.ngs mor ¢ _nucl eoti de or. two .or re amno
aci d sequences. 1j(owlaﬁe’nt i %%ﬁg%agg(ﬁs&@geog & pergcnelérﬁ OXX?aﬂ?O&gﬁthg}‘raﬂgt ch¥s

bet ween t he 3B8walureql, sincthpithioMNomeupentsgdpdenice sravil-tlox gapticalcldgnamendser,(i f any)

el gor oo ) e B SRR Db RO Sl P B RS Mrent | the

i sol at ed nucPehiouragl,d 2gbiqurerit e 4gbiopratis eS-metithob@bt iNd@adiesiognceict haid

Dol chaes olnGOTRLATENS ol U, GASELR, SERTGR R SERAR NS,

NaCl, 0.075 Magadipumnecitrate), 50 nmM sodi um phosphate (pl4 6.8), 0.1%

sodi um [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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5pyrophosphate, 0.1 % SDS, and 10% dextran sulfate, and then at 42Cin a
hybri di zati on wash buffer conprising 0.2X SSC and 0.1% SDS. [42] The term
"highly stringent conditions" refers to those conditions that arc designed
to permt hybridization of DNA strands whose sequences are highly

conmpl ement glyyag1A16hyd © €Xxcl ude hybri di zation of signifp@anténosmianat ched
DNAs. Hybridi zation stringency is 10 principally determ ned by tenperature,

ionic strength, and the concentration of denaturing agents such as
formam de. Exanpl es of "highly stringent conditions” for hybridization and

washing are 0.015 M sodi.um ch|oride, 0.0015.Msodiumcitrate a - 68C or
0.015 M sodi L%ﬁﬁc‘m Br ?f?}@fi‘f%?%dh% ‘W?ag%‘d’i“tfgﬁ“’c F“t‘aﬂa“?%‘?“"e?n%?nﬁ’b‘%sf %rn}lréal%%’% & at 42C.
See Sanbr 00kseqithtd B&yBidvRp it Sompleheae uf e ndleningyuocd atRH@IONG: Manual
(2nd cd., 15Col d Sprjng Harbor laboratory, 1989);: A Nucl ei ¢
Aci d Hybri di %é@igcoﬁk a !AY%%P’&%%“M&YA&%%Q% B, f%ﬁ“%?lﬁ& %%f‘%i@ '&Lfstm@%%‘: [43]
More st L i nﬁe(mr)ZSCQ\]@disddi&rﬂg;it(ﬁé;prsoaSnMi gnhﬁfmt@fasﬂﬂﬂaat wie, 6.8pwel%i eodien
strengt h, higher fonnamde or other denaturin ent ), my als e used -
owever, |t hempaETORe b SR 48 Bt it Beli Pk e BBt hmy  be
included in §ha vhrbrcoMbatd X 890 2200 vaSMisng buf fers for the purpose of
reduci ng non-sEeci fic and/or background hybri dt'hzati oc[il.. Egl%]ng%]%s .are 0.1%
42 o heiterm ‘Grighby, SHanagyt RYTEORT FEFS Pomese canAeRns At g dcsiene

bovi ne ser unt® :

pyr ophosphat @, pefnil Rovsiadhismod DUeCH 58 {ds€ scqhaloacstighly Soimplemtiitag) dnd
Denhardt's solution, sonicated sal non sperm DNA (or ﬁrant her . .

non- conpl eneiteasydonbyidizaing ofagt Pemmtly nsmpfded BNARo iy hreeaier SEiFPehre agent s
can algo be ﬂ%{%ﬂmu% hRte2RinEP e MkRidnRE, MM ¥R, Odndt BRS Comdiatibyas can be
changed without "substantially affecti nEg('dt he st[‘l,nqency of th _(g%(,bl‘l di zati on
condi tions. Wybiuries peenisonclexpErmmRies pepigs 0hiTHghly si ey conttions” 5y

6.8-7. 4 hpmﬁ})ﬁ?i'aiza@c;n A RlaGile 4r0010€5 1 JRRGT thikRBA).6019MS sodilie cibrafet 65-

hybri di zation i1s neajrbllvépl‘ndegendent of pH. See Andersgn et al., gycgl eic

Aci d Hybri di 8€iosf0l digmicelaridngPdndhodim cxryq, gid Pe Lemimide tiee)C- 30[ 044]
Factors aff egl.l %%b&d%lg, lﬁﬁt&lﬂ'& Ma}ﬁiagg, A@)"é}l(ﬂz‘;‘@l&?éng @Cid&g_@zt@ﬁ%nﬁﬂllm&it,i on,

| ength, and degree o ase pair msmatch. Hybridi zation conditions can be

adj ustd by ©Geld Spviee Ploboy haerinRCOBYs2odosaaa 40 4Vudlsis ved fridieiog d i n
order to accgp t [ imadyal l ow DNAs of different sequence
szp%?#g%@%?ﬁéx ARL PSS i RA). q

rel atedness to . The nelti r]gw}errperature of asferfec,tly mat ched
DNA dupl ex cH¥3bMosstingattsendijons krecl el Highar isgpegiyess [oprsr opic(stryngth, 8ighg 4

of the. dupl el T g PHEV] PR AR ARLTAN B8l wed DBt e i T on i
the hybri di zbylirdizadm waistsi affgctedl @thasagergng be inchidedyivr the hylyisization and
(guani fe+cyt Qvgih?% btaﬁgrgsfcjrnthtehg'u%pe{)ioc}' rda@bing MRGLHEGH YarldRE CHRE BRI | ds,
the nelting tenperature i s reduc y approxi mately 1C for each 1%
m smat ch. hybridization. Examples are 0.1% bovine serum albumin, 0.1% polyvinyl-pyrrolidone,
0.1% sodium pyrophosphate, 0.1% sodium dodecylsulfate, NaDodSO4, (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
cartied 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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10[ 045] The term "noderately stringent conditions" refers to conditions
under which a DNA dupl ex wth a greater degree of base pai r m smat chi ng
than could occur under "highly stringent conditions" is abI e to form
Exanpl es of "noderately stringent conditions” arc 0.015 M sodi um
chl gPl de, Wéé%ﬁ?ﬁzé diumcitrate at 50-65C or 0.015 MBCSESTUHPEori de,
0.0015 Msodiumcitrate, and 20% fonnam de at 37-50C. By way 150f exanpl e,
"noderately stringent conditions” of 50Cin 0.015 Msodiumion will allow
about a 21% msmatch. [46] It wll be appreciated by those skilled in the
art that t heﬂellﬁﬂé inpfge a%%p@?etomcmm@@iedgesbeweeh atichdligihl PNAS of didfersnt

condi tions” %&ﬂmnc@l}@ﬁ{e@ﬁe%%f%hﬁ nggﬁgt Tﬁgﬁ’gltﬁl%? cratir Btb i??rectfmaf'%g%ao 015 M

sodi umion (no formam dc) |ng t enperat ure 0 mat ched
long DNA is Mﬂuﬂ@@mW@ﬂﬁmﬁt%}sﬁméQ lopB@ quattionhe sane ionic strength),

this would all ow QL gppr %?(q)gh\e +¥)@0§1(% ggag(ﬁ%l {{92(6 AP UL or e distantly

rel ated sequences one sk In“the art ower the tenperature
or raisé the i oicee Ntis élnanlgTh of the duplex fHuigfl, Wagbledheermlamneenb’ﬁﬂmhé thtr:el ting

temperature 10 JMNAGH LA Laklaamiclogihie SHRLEBES AR e Ahale 2Nt 1o

given by: Tm = per A-T base pair base parr iumion
concentration i(EU@)QeewﬁQSl@bthtmndleﬁwmce (SSC) is 1M See Suggs et aI

Devel opnent a Y.
1981). 30[ 04 f i gﬁg“t{yrrflnge"’ﬁg?/'g% ‘{%15%%“§§ﬁ§?%ﬁ§%%§g$%§“¥§?%8qﬂﬁ8%‘ Vies arc
usual Iy at a ltefpercatils mismhich- 5C bel ow t he Tm of the oligonucl eoti de in 6X

SSC, 0. &% SD 45) ?9 %qulo‘lnqojdgéé g;‘l;{l "g§12 Qc;ng{t%ﬁ 4rgi%rs &)4%11d1119n Athdds R& CB a the
dlsclosurepov or‘rp%|5|nglt Ue1 i T A TS e I8 Yof SEQ
ID NO 1. [530§A |dnpleznmtheir gragpediree tofi dagti so rosmatempg dmn cbeslda)cplrasmﬂ

pol ypept | de- of Eapar i REFREING §EyP R KREP ki or Bpd Bl Ml er o
any nol ecul e cfmlitepns” arei610é5 M soglivly chigatepd.0016rM Sodlum citrate at 50 65 C or 0.015
M sodium chloride, 0.0015 M sodium citrate, and 20% formamidc 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 thosc 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 IM NaCl* for oligonucleotide
25 probes up to about 20nt is given by:
Tm = 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 1M. 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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virus) used to transfer coding information to a host cell. [52] The term
"expression plasmd" refers to a plasmd that is suitable for
transformation of a host cell and contains nucleic acid sequences that
direct and/or control the expression of inserted heterol ogous nucleic acid
sequences. wepiegske®n 10 includes, but is not |imtedpd@ys2p00f8®ses such as
transcription, translation, and RNA splicing, if introns are present. In
general, plasm d nolecules (e.g., expression vectors, host vectors, etc.)
are known in the art and are commercially available. [53] in enbodinents,
the plasmd | e5|gnedt rise th nuclel a ribe erein
wherein the gsaﬁﬁ 3G SaﬂIEDgl SAnaP'BHAS § puk?]q 1 C?‘ﬁgusa%ngg I?ude? gmg'l ngl e
pronot er. 15m{>1@514e]oﬂSEQ/mN©uB enbodi nents, expression plasmds used in any
of the host s ca cont ai n segyences nBi nt.enance for

cl oni ng and @%%Jr@saéﬁ“ 8?PC&X6‘533%(3&85“{1%@}0"“{% ealésenélgecno(r:n g ucﬁcqé%qgences,
col l ecti vel yenl’c@dl@’mlegolm&pa& f‘BE@nblmg zsaehquim}me@ tldﬂof:SﬂQH)NOeﬁbOdl ment s,
will typlcal cue oIo | eot.i des;

pronot er, (%} ﬂeﬁefa’f qu%i’ﬁegﬁo 1c£er t‘? 3‘?‘?’5’6‘? ‘?%%alnu glcr%mﬂa‘ﬁdé)ﬁ “equence,

a | eader 20 aﬁqp@e@e, tfa@ﬁfcrsoeﬁlhgiﬂf@ﬂlah(mtbhﬂhoﬁasle of expr e55| on of secretable
protein, sQnme binding site, i nker r |on f inserti t he
nucl ei c aC| d ﬁﬁﬁ h&P T‘?/‘bep;ﬁq #elﬁetoei‘prp 2l the n'ﬁ 5“1‘?@Fe§§abl e
mar ker el erreﬂactm,fo[xﬂcﬁﬁh &Pt hewpakll vind tbeaipd asditic dﬂiﬁybeq‘:l(eﬂéealthdta:llrebtaqu/(ﬁequence
i.e., an oli gonucl eoti de rmlfecul e Iocat ed at the 5! 3 end_of the FDH or

PDHTod pol ypeBHPldEc SHaTCHPTs &g thasited : heskolegous SPsigs b gS‘f‘i“&‘ég nBIEEHI°%8 encodes

pol yH ® (sucficiadeshexaiking) 1im@ed &, HedcessésAgich S GRnREpidaAGanstifiod, hawerRgNAt i ni n
I nfl uenza viruys) or tnye for whi ch co [ Ci tajirflné )/al | abl e anti bodi es exi st.
This tag cansPheing, dgé’ﬂmf‘b‘nﬁ RESHbI Wé%‘f"i é’laala See) S & o PSSP gectors,

pol ypepti de, h@n&tc@we@gw%@matmrhsldfa@rcoaﬁrfeldiuuwv@mlbf| cation of the
PHDnod or FDH ol ypeptides fromthe host cell. Arfinity purificati gn can be

acconplis hed[95$n e@rsba%ne%ts, RS U SuisHiSRA fﬂ?@&? é{‘ﬁﬁ’;‘}‘ﬂ% ﬁ‘& 25 fAesPRsdi es

agai nst the {Qdnafcf R fxbRision JTEDH 2hd PDH MGhdPH0 $dnt@RHORGHd 93446/, 030404
Optionally, the tag can subsequently be renmpved fromthe purified PHDhrod or

FDH poldypept i08&kInpprigusy srakedingiaten §XmereiRn p&sui fgedc Br 3 A tb"e pest gelse@ns or

cleavage. [ Qfilaif\ehidR&E! RANBD mhfcihiRabhPdr SBAME RiPexbsdioiifeRbdefodsocat ed
3" of the end of a polypeptide coding regions and serves to ternmnate

transcripti ortclooddmserycnces. tSugh s@peses 6pllectvaberciiia e thn TRBHIS pRABCICR”

prokaryotic gelisgn bfb&ifeds, ML@@legaHame dnebt Q¥R ds Y fRloR@lgindlcsRRryIance.
Wil e the sequence is easily cloned froma library or even purchased

commer ci al | ypiagiojsar4n efigia qf] tepligation, ja tarriposy SENIPEE 1ogught hd¥ided usi ng
met hodg, f or ;fl:\'lﬁ(%n%é for @&:‘réélo§ YO 3L S SYEsidSoflsBRSELIAFDESH, Q@l@o@k}fé\b%dmfg[ 57] The

term' operab i nked" 1s used herein to refer to an arrangenent o
f 1 anki ng 31te 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, ie., 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.
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10 sequences wherein the flanking sequences so described arc configured or
assenbled so as to performtheir usual fiinction. Thus, a flanking sequence
operably linked to a coding sequence may be capabl e of effecting the
replication, tr ription and/or translation of the i yence. For
exanple, a gg&?ﬁgiéghuence is operably linked to a prgﬁgbggngﬁﬂﬁgthe
pronoter is capable of directing transcription of that codi ng sequence. A
15f | anki ng sequence need not be contiguous with the codi ng sequence, so
long as it functions correctl%. Thus, for exanple, intervening unt r ansl at ed
q

yet transcri Béiosdjubndes caranibiraupitle heremeyed ioen ths nyribeoPidPmedquéhde and
the coding seguent@cand tib& RLATRLELs SRFYEDGEN SRSl dleabfgecOnsi dered
"operably linked” to tthe coding sequence. [58] In an aspect, the

di scl osur e priBl desramyriptin| wrreidativgsicaeard i opjsellsilergted Hiof dhaepdmif @ 20

plasm d, whe pﬁggeﬁti?g F{Hitgl@zxg-kignsfﬁqgévés% teﬁ%at@'E}gnsEHmZ‘;RgUs@ll?,%ﬁ%an&ﬁbho& an be

any suitable St ‘sel ected bé one of ski ased on the desired
appl i cabi on (temmgpation giquengpi piokarytisree ht&/%@-%@‘FW%@teilﬁ@ﬂ@)@ﬁr‘é‘s% Pyl [ 59]
The term ’ NoStaffiel * wille URE ded BnlelliClasi Bnbf libm BN 3P DaLubkAge! of Mmed,
or is capable ot ei ng transt rmed wth a nucleic acid sequence and then of
expressi ng a copgieséllzes ot gémelashidi wray st be rrdlytspthesized purtesetheds i ogeny
of ‘the parent, gelleiq WIS uRlas e dORibRI RY6NY 1 s identical in morphol ogy
or in genetic nake-up to t Re original parent, so long as the selected gene
is present. [pPHOThTkeemt eperably tinkest or wrad hoein tascierdedn omgement of desking a
change ;hnh a ) 1 hay; j.Std : sf or med
when” t%has bebs s aiEhf: SARRRLRHEl R PR el BB AT P
transf or med wheedrintthéisugyelnnitoal Mpusrediafikiegsdmans ppesabhalinkeé tosa aedang

Follow ng tr t (o) 3 . T
2010/ 118240 P%%ﬁ%s‘%ﬁ%ﬂ@%%%gﬁge #Fﬁtlﬁ%g{aﬁ%’%%@%g F%a@“%‘h% cally
i ntegrating it @dagohqueness dive exfmpidie codihg scqnenge veopambintlakeretd atpremefeent |y as
an epi somal e T wi.th 0. er ' - j,Cé :
independentlﬁmggggzﬁﬁgégfggc %E%?F‘ﬁ§&@§ﬁ§§§£?§%1ﬁﬁ%ﬁgggh%é%&§%3bﬁy

transf déned heking hequbMA nesd rmeplbe cattezlowsi with tthee caliing siquancofsot hag aeli .

5[ 061] The t Mt fectign" is U 0.1 t t foreign or
exogenous DN%%C]?O%S g@?ﬁc,ﬁyan 8 c%f Ie§%gps1£’blenée§%%§n aﬁ%%alég?tg(g"}%ﬁﬁrgﬁ&f ! ée)({
exogenous DNAchascchearbei metscudetedn k penoer sdyecrce bihd e ndolimsequeAcaandiier  of
transfection technigues are |1 kn J4.0 the.art, . isclosed herein
See. erg. G oo Eoiao SRR bR RbL G BR, fugites T, COF
Cl oni ng, A Ldbs#at ar sspddnribatisl@otechrBdes Ay isbiateld ost Tl tanipoisiag o bi-eistroni®89) ;
Davi s al ., Basjc,.Methods.in. Mol ecul i 0 | sevier,.,; 1986) ;...and Chu
et al .,%01981,1)136“;‘%Jrqu ngge% ?pgﬁ%dv?oélce:%gﬁl ?l?(afg a%daﬁg rengg'sé%x?sg clel}]tc arnog%%n one or

]
ne
nor e exogenousitdbNAosiDicltané Selbaddobysanietofibkit bhwed ton gled desired dppldftidm(eeerfbai n
enbodi nent s, asehgcat[.i onndoregﬁu%ﬁldi S irerrbp)?%@ed by culturing the transforned
cel I's under CORAI'EBRE TR PRRPENE & Cofdent rati on of selection agent in the
mediumi s [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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15 successively changed, thereby |eading to anplification of both the

sel ection gene and the DNA that encodes PDHrod and FDI| pol ypeptides. As a
result, increased quantities of PDHnod and FDH pol ypepti des are synthesi zed
fromthe anplified DNA. [63] Transformation or transfection of an

expressi onyp AsH gl §or PDHmod and FHD pol ypeptides i ng@pg&8hReed host
cell may be acconplished by well known nethods 20 including nmethods such as
cal ciumchl oride, electroporation, mcroinjection, |ipofection or the

DEAE- dextran net hod. The nethod selected will in part be a function of the
type of host cell to be use ese nmethods and .ot her suitab ods are
vel | known i§§equpdacyyith t(?‘é'fn tg? %Jlgé’tﬁ‘ﬁ’ﬁi?aﬁ“ﬁ ntegrpting it 4 Cé'mn?oﬁoﬁ?rfgtp‘éf)ﬂpet at
supra. [ 64]mdy seheataaRl eafink§ s %E&ﬁsoﬁiaﬁ@[@rﬁ’lém&fiﬁlﬁﬂﬁﬁ:m@ r§yliodted, Br rRgESSary
for the survival and 25 growth of a_ host c se ectlv culture
medi um TypN@@Wm§eF@@FP%ﬁ“ﬁde%ﬂmﬁgﬁks‘%d@ %W 9%?%%0 i f%bs nhfer

resi stance t@,3fRlhdiwich iR MA%I@@[C&&@M‘[H&@ divedioreofargdeg, anpicillin,
tetracycline

kanamycin for_prokaryotic host c
auxot r ophi ¢ @6t |731eé?¥6]inyé@nft’§ﬁf0tlf’llli’e‘s serl[to I'e?ﬁ*" to th§ uRiEhs A ﬁor@gqé %ggeng\gtl? nt s not
avai | abl e from,cQNPheX aNRAl Bas FtAMaRFcRI” SlcRChakkeydBIskBNa Risebdche
kananyci n 30r'esi stance gene, the anpicillin resistance gene, and t

tetracycl i neinfredicad fwide threfdll mEmbIARY. 2@10?%@%?56?@?%896%?@%@% Wﬁgonym n

resistance g@rﬂ)@znmﬁ%h@ldﬁ%n@%ré@@&ios%@%et%@xl esdel 08., iGraREOkaLY AT 1aRtbey
eukaryotic host cells [ 65] Nucleic acid nol écul es encodi ng. PDH or PHDnod

and FDH pol ypepitsi ﬁﬁgbfaqkeef ishsMpleadari Glendnaar labpyictssy Matie! Exqpd §%‘§l&ﬁf“"‘ﬁﬂ"asm d

using &f andaﬁﬁ)oLa'tCQQE '1@@9)t gﬁ‘hﬁl 'ezque%aszJ mthoés R2sp g Bl HaERS)i&ci®d)t o be
functional in particular host cell | oyed (i.e., the plasmdls

conpat i bl e windhClithe dtod98le éiere hEitH) n@%oil BIUSSHAR bar\*qul tPjIpERIPENONSTOlt he gene
and/ or expr e&%{e&?%}m&%qﬁ\]g%%tlgﬁlﬁtOQﬁ%[e)lIOGt Cl-f:@@] In a further enbodi ment,

t he nucleic aci ecul es can be anplified and/or expressed in prokaryotlc
host cells. [%%1 Ineitdis el@bﬂﬂlfb@lt%aS@W&PI}/@’@%@Y@%@DO&@IhY§u€‘§%hheééan§0meﬂ0 coll).
The host Ce' c@ Sitlifidts S WG %&{%Eﬂ%b%?s&&ﬂ% tagaanﬁl thS Wuhgsiszes
PDHnod and ypept| es |ch can subsequently be col | ected directly
from tie hos$ucg®$lvelqoplmigl®b thgreby lcadiog wompbificasion ahbath fhespledtian eensost theel | wi | |
depend upOn YRy Binl AL PhRmoR UAIFBA HBRBLAAL, AP RSS! %r&&&%hé“mm%&fypept' de
nodi fications are desirable or sary for activity, such

gl ycosyl at i oHDHrnophmslf:ihﬂpylb’mIltldw arcagyithevesd fr@fn thodropliigd DNIAO a bi ol ogl cally
15active nol C ui tabl e
for the nucl Ere SepgPibfiab B ek Blort & o okt fihia 5, POSino® G Fuuby

vari ous enboplwlmpt1®,s inther babstedclaist cailamdsctbmpcrogmhdmi byaw¢lb kpvar mathedsof E.
coil 0. H 0 ells
corpr &1 iy’ « Mk ST Syl o B Ao, et Hhion, MicmRAALTIR G

t ransf ect ed) oMyDEe\Eed@kﬂrmmdhmislT’:g nstladdelededredl in peve bé a Rmotvon off thetthee art .

The nmedia w |}, u cont n aI puLni h and
survival of ?}r\]lé%;ts:cé)’ It%ge i ta‘E) 8 Mive h A 8&%% ltflﬁg%ﬁl%@/drg g'%]ll kﬁ&grﬁé% e for
exanpl e, Lur ua aBd e Ret(fdd), fc&mddmme,TleSmlﬁmk eBaIQtshy)r@TB) I n several

enbodi nent s, nti bi.otic.or ot 0 nd f owt h of
t ransf ect ed B(fégl 8§ﬁ1§‘19%]$?1‘518rk8 eF9s egme&é’g& g%'%%p%?égnu&éc?ssa ﬁ?ﬂe 4 F\‘}eé?rrrg{jl a. The
25 conppund gowieofls @dstwkll ngdmx ohi a:t;em&cade hytutmmed;mhecTyabhbsetmhd«emaléblerrent

present on the plasnid E/q r 'Pfé ransf.or
exanpl e, whePg® ﬁ@c@glg%’zgﬁl n@ KB ﬁ‘fe Ikahoém & r?threlerszf?xsf gar{glre t he
conmpound addeghnipt, t fepicitiln We@aqyameu mrwkeidamlyan kﬁmamokamotlcahber _cedksm:(b)mds for
selective gr 8grwnp crlngn(t:lalillgoetlo%gplcﬁ:lﬁlclcrllcrll% Ofe‘[&l(l.", %8 C &? supp y crr}t?c%m&t%igﬂts 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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30[068] In sonme enbodi ments, a ribosone binding site (RBS) can initiate
translation of nmRNA in prokaryotes and is characterized by a Shine-Dal gano
sequence. In WD 2010/ 118240PCT/ US2010/ 030404 enbodi nents, the RBS can be
| ocated 3' to the 2Prormt er and 5 to the coding sequence of the PDH and FDH
pol ypept i de¥%X10E ¥ pressed. The expression of nati ve&PrSH&VHEH 0 an
unfused state can be inhibited by formation of |ocal secondary structures
Wi th regions containing the Shine-Dal garno sequence and/or I nRNA start
codons such that ribosonmes 5 cannot initiate translation. In enbodi nents,
the plasnm d caompen sednteazeoy ereg elve bt el for selestiait ingmeltaryionih ol ¢ukemotdf NRNAS
cont ai ni ng cg}é ry@tic sequences (Yero et al, Biotechnol. App!. Biochetn.,
44:27-34, (2 gt); Schoner et al., Proc. Natl. Acad. Sci. USA, 83:8506-8510
(1986)). [ 69P6sSTcieprcas siotsnulenchcadioniPPyl @l BISRindd acd®PH polyeptidesi sire

enbodi nent s, . i . ter that 1§ recogniz e.haost..organi sm
and operably lﬁgﬁi@&%t% a&%ﬁrg%ﬁ%?ggﬁ Stsalméﬁ%%%llﬁﬁlém% ﬁem’fﬂeﬁ%g%%%gﬁﬁuase. T ronot er s
are unt fansl| atesoidseaubnsdstddac dt dehctipst inetaenpriic@ar, host Jellainptoyed §teartic codon
of a structurgl n nerally within about 10 10 hat control
the transcri 6’?18%1%16181% m&‘ﬁ%bget Wil ﬁ\rlﬂé)f’t Cgegr?éa.cmﬁ%ﬁ%ct%et%% aglpgg%agﬁ%gttn@? ShAl 1y
grouped i nt o apdier @xpressiom oflttepsescanionduici bl e pronoters and constitutive

pronoters. 1 uci bl.e pr ters jnitiate .increased |evels .of
transcripti oioééﬁgnmd Eeﬁ N gor%%t eél?’ rth%(r)“rlf;tlerl%lwlc1 nm‘?l%%%éncs‘?‘%%teom%p(]} d epdifige in
cul ture condickprosss] inquakar@sic hbse cgise Horce!locandlogeekas 00t hast odik (Juelnhs Br a

change .j,n te rat.ure. A.large nunber of pronpters.. recogni.ze vari ety

of pot ellr)lti al TEEF(Q))S '?lt e eqoftsc,eu’awfég‘v\%’ﬂl"rgg ABdeR .ap#?Pé’g% %Pgl%qse?yél%ﬁ?%es g’&% y

It ihnked to t BﬁZmngmmptmg_s Bidh pah yyieafutely H&yco_rlamalvdﬂ(;egt_m heém |t®lteolmat ﬁdﬂ L rom d~
e source . striction enz i gesti.on and insertin esire

pr onot er seqﬁ’éorf‘gén% lg‘t %e Gfﬁ%l nﬁfaélswlﬂprl%/‘%ngosﬂ%egiw} dﬁﬁﬁﬁ?%ﬁﬁf‘%’f fepueide my be

used to direas dairpd éxpiesddi lovelgpollypdptidxpodtciion thft afcldckiabid oPR¥damRgy BNA. A

het er ol ogous _pr onot er be used in certain enbodi.nents. if it permts
greater trand t%‘iltﬁ’tsluehnasﬁ%m??ﬁﬂ%ror ¥}+O§P}H’§y 35on 08 s pf goggl%mff’raotfl lf’g‘caégl
conparefl to tabvematdcule. pronoter, and if it is conpatible wth the host cell
systemt hat ee | ected fqr use. .[70] Pronmpters sujtable for use
o th pr okar y S0 A BUSTLeqTR R e idomdels vetlalhe B SOOr kRl aF prer oy
Proc. Natl. Atadid &Sclescrib&hereif5:18 4dious krmbd@h8ity, tAnHodt 36t emecopipasDART
systens; al kaline phos ase,  the_trypt n r ronmpter system and
hybri d pronotvélil%uss%‘&’ﬁl gg%{ rf@gt %@"p%%t ﬁ?&g&%r% .a,rqglingltq6¥NatIE1 Acad.
Sci. U S A, eBBodhent308s (cb2Ppaping tad hREleds NON dpagiheidl al.c. pramdéeks @re al so
suitable. Their seguences een rfc)iUbl i shed, and are well|l known in the

have b |
art. Thése s&gidyieaLm ?ﬁ%lét“‘ieﬁgﬂ%ﬁa grdipedie W laigwp o g 3t o Brerdernilo 1030404
desired DNA segUgbéfain bi$ higedtd Rdcedssry T6r BERBWET SdasrvRaBsiagk tls SeERbg any

required r eStn{eldgttfcl)rocqlltErlit}gel?. ‘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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[071] Several plasmds which are conpatible with bacterial hosts may be
used in various enbodi nents. Such plasmds include, inter alia, pCRII,
pCR3, and pcDNA3.1 5 (Invitrogen, San Diego, CA), pBSII (Stratagene, La
Jolla, CA), pET15 (Novagen, Madison, W), pGEX (Pharnmacia Biotech,

Pi scat awaywol\g)071];;1@;0 reconbi nant nol ecul es can be i nt rQduagsobisi@@ host cells
via transformation, transfection, infection, electroporation, or other
known t echni ques. 10[ 072] Pol ypeptide Production [073] The FDH (SEQ I D NO
4) and PDHnod (SEQ ID NO 5) enzynes that are used in vari ous enbodi nent s,
are oxireductasc, enzy hat, cat al yze D- depe n ation reagtions.
15[ 074] I n anbedingats; th? ﬁgg aisky IBWE%&%IA?IBQQPEM%% %’t §¢ 0P Spreds c?ng t he
pol ypept i dcshobpBER FBHNGLY t@@ﬂto%@xﬁr&smT]:Ez,ex@@:mbhloﬁhﬂg/e@tdtdmsrlnmg a host
cell conprising the plasm ridlbed ,hera?? under suhcg Ondlotnl ons to
express the POIyHERLiaRSe 1‘[‘@’7‘3; oummatigh A6 s o ° l?écgp ovi des a
process of pc,roﬁﬁﬁﬁdgﬂﬁe @hl@@Dﬁl‘gé’dlb )(eqﬂbﬁcb fah@s lﬁmmmlma@smﬁcmaha ribbsomes

phenyl al ani ne %enase d for mL’r‘H&éﬁ qieh%d({)ogenase g

wherei /A the %ﬁ’éﬁé@@at@ ﬁ‘b%lqt@%smp“i“é’ﬁg'r“ieﬁtj the 24t 3¢ o ¥ Bt &P ni ng a
cell contai nﬂrd&‘l@la@on@ﬂ%lﬁhﬁoxﬁ%‘f%RNlA@CéUnﬁm@t{b RUlasyBtid @Qudﬂe@C(Ydﬂ@dat her, ei n;

mcrofluidizing the fermentation broth while malnt%mA %@h rature of
sai d fer nent&piegobriprh Betiise #4atodt (CABO)aRehoseice ¢ 3P mAE? iu di zed

brot h cont ai pisng s§.8506B8 aRdefyDH, clarifying the mcrofluidized broth by
treating the broth 25 wth a floccul ating agent to c%a(%ul ate cell debris

and renmove OMOLaHE wxniearieredand elopier nasmidiesaBpip VNS F P0ECHi $PEY Br ot h;

filterjgng the clar {hfaf ﬁqe&@fﬁ%ﬁ PG Rgdnisht £t EperaBRAinRBd toothakoYecule
concentratl ng the filtrate to dgive said partially purified enzyne

concentrate, er\m@nzethn FDRepadoseidd: riyeraoters s yngawslaicdpopycaessilometed “Béf“e%out 400
|Um to ab Oﬁte 3 égggthh%ﬁ' cod NGk @-%tﬁgdra@-%gﬂev(lg&ﬁéraqlgr valatibod01 00U mdod kp)about

200 1U/ m . iments, the enzyne concentrate is capabl e of
reductivel y tai qmtlph@leatr%@@r@no@ ont the ﬁfrp]cgurelo %@ungromqfeés érecwnyeaqtlonally

am ne-cont ai AP QNG t%eélgs' & Siﬁ’d bech brofdotersMhd constitutive promoters.
2010/ 118240%?%%2@10?03 404 am rS1e coﬁlt Im n|l ng conpound, w thout isolation

from the enzindeciblonuentteratieitiate Snerersechlevclfof HansgpBOCTBRoPY AL wler fheir
embodi ment s, dltt}gl ! %{)&Is%(hn%m%%ﬂan Pid Qe ¥nERITR rsh@l{aasqgé‘(%@&ﬁée% abdfee

mi crof | ui di z& r ot | at omaceous earth and the tering conprises
filtering thef dnatiowacedusgeiartehpaite. & lﬁigpmémbcﬁméﬁ@motqf%qngCér‘?ﬁ@m ment s

the cel |  COMPLIFRRAMANEhcRpl Bl Gkhe 1HOANELILAG o GRAVENARA kAL 15

95A identica Iments the cell conprises a nucleic
aci d nol ecul mewmpncsdlngFBE@OIyDemﬂ@ by ldmvmmlﬁ@ﬁ?%ff@héheéewe PV ses a

SEQ T NG 4 SRR LG B p Ot B M7 G e R SN BBl SRR e

conprises a plaghidi d"hanatd'e FOHwbBotat @qemapmis bagsed tosétpaiesmendifiesiian apyerr i di zes

h I f
hybr i i zat ) ofburPp TR EpERLESS CRRENPRat apRRe R atiads (1o Te

sodi um ci t r at@podifhéntd ifi itesa i g hrassotijgtion afip Mgler)elds@f ipespiserhprotein
Py oPnosphet . Dk e bS] SIS M M Rl 2
t he ceps 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; alkalinc phosphatasc, the tryptophan (trp) promoter system; and hybrid
promoters such as the tac promoter (DeBoer et 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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15conprises a nucleic acid nolecule comprising SEQID NO 2. [77] The
process can conprise any effective range of pressures for mcrofluidizing
the fermentation broth such as, for exanple, a pressure ranging anywhere
from about 1%hz§ 091 % about 20,000 psi. The nethod can conprise any

t enper at ur e"OrHat” 18*%ffective to maintain the overall e S?%“’%’P“’t‘he cel |
and/or the activity of the PDH and FDI T enzynes. 20 Wil e tenperature
ranges can be determ ned by one of skill in the art, non-limting exanples
of tenperatures include between about 4C and 25C or between about 8C and
25C. The cel |detigddDNA sehecnpetusivd lodersoe admyters @b Ineeded tto sappls ablrsguired bor t he
nucl ei c acid pplgehligsand/ or plasm d described herein, and expresses PDH
and FM under appropriate conditions. |In enbodinents, the cell is

Escheri chi a d8Tl Sewaralplasipils v irg JarcTemppiitde e igls basteniali hoets ode banyed éf Yagiots ve
filtering net ' r X I

ultrafiltrat |eg%g%1§{aﬁ% aﬁu&ﬁ ?’Pg?l!dgt%lgltﬁ?egn&tﬁg%bﬁaﬁgm& ?ggégWep%D&Ar%ll arly,

t he proéess dhwitioged, Ushe Risgo.cCAl, iﬁ%ﬂlh@Stpirtag@@ssLasioélgsCAhapEHén(Nm@geude a
floccul ating n [ t

renmove DNA an ugrz}\&/a@e Gg%(o ha%g‘?é)b%t&ﬁ ﬂ&g%g'gﬂ NJ§ Iﬁ% rcc<§ lfil%lg Ijeic 30[ 079]
The term "i schat bd lrnbbqpp@btmt@e hostefeellss Wi aanpbtrqumpt |tdtesfed1nan, (ﬂf}cthas been
separated fr .cent of pol ynucl eotides, |ipids,

car bohydr at e%ﬁ&g‘?p"ga? er°r %?’g{“f’”gﬁw%{}\%ﬁeg'010/ 118240PCTA1S2010/ 030404 wi t h
which it is naturally found when isolated fromthe source cell, (2) is not
i nked ,fby c .al ent interaction) to all or a portion of a
pol ypep'g)l de %ﬁ\}\ﬁ[}@ﬁ&%ﬁ@?ﬂa?@gﬁat ed pol ypeptide" is linked in nature, (3) is
operably |inked (by covalent or noncovalent interaction) to a polypeptide
wi th which |t r 5. not occur nat ur e.
Pref erably, eﬁngngbégggg?ypepfgn eﬁ?%m%duﬁﬁ%}a@ﬁfgl VPSS qﬁ%ﬁ}l ot her
cont am nati ngfawsyplbpdlmd&s agr oxgethetasc anyaed tharchalylzéﬁHADade@erfdemmdxdambnl ts
natural environpent that would interfere with its therapeutic, diagnostic,
prophylactic or research use. [80] The anount of PDHnod and FDH

pol ypepbi des [@fdduaeaspby, the kimslbsuccebtbwdesna b;ecesitfbrqmmhuag ehé pesipagided ehdar d

nmet hods kno rt h in atio West ern
bl ot anal ysi $; bgﬁss@g)ol%y%lgry%@@ﬁé g’ Coﬁpgﬁlf% 8@%‘?1%?{]‘%0“ fon CO&E’H&P%% ‘hg gel
el ectr ophor e$ilasm1dl-d€kcﬁb&bkpeamannd@n§uuabmmdmbﬁﬂb pkprask thempelypedider activity

assays such bi n in el shift assa fication of PDHmod
and FDH pol y ués ¢ 8%g1§%l h‘?i (ﬂ?ﬂfqoé'érﬁ 1Je lg%c%%4ch§h(§Jdpreﬁa§ln%§l Pladﬁ%{g’vari ety
of techni que:puruﬁefd bﬂnz@rmpotqupﬁmﬁiedef rpamybmmesydmpmegdnmd(mm atd @brmate

cont ai a ch as ahi, st ne or ot her. sna epti de such as FLAG
CRnstndl RoudstihaR oRhD Sueee bl Gt ctompioR i sngely Bt Ter ey o

carboxyl or amitriginger dellmfbﬁtalnhﬁg myclasaelﬁtmabdule eplpatid fak @eksclibedahe@fig- St ep

process by passi t he tion.throu affinity colum wher e col um

i has T T TR

(i.e., a mn@mﬂaﬁona%thb@&we@p@w&uc@I hd BEEOENifENg RiddTREHiRE brbi

pol ypeptide). Far. exa cﬁ hi stidine binds wth %reat affinity and
d? 8]

speci ficity CoOMppagde :Q%I apleapg e picsluidizsd Groth by kepting kechots t he

Q AGEN2pi ckelywiod lﬂl@f@)a‘uﬁ@@g@@ télscgﬁjguia@é’ cAUBESHs Calll eRoRf DNAHQY wiRl dnapd
pol ypept| del pol yHi s rent Protocols in Ml ecular Biology

10.11. 8 (AusBHE{NSet e%%‘PY for@% d Cl‘i‘Ikﬁ?ﬁ byt dfijtenastip slatifiaiygth to grvg ) filiwier e FDH

or PDH pol yped i @pforaSly p&&@@mﬁxg\mﬁehqmm@ tb agv@tstaﬁc BadaiyandrifiQ apLykQodi es
are avail abl e, other wel]-known procedures urification can be used.

Such pr oceduFRCFS B fie KeFent e samnrisese PP rﬁcé‘}éb’h%fr?@émc"rﬂo diéelogr aphy,

mol ecul ar si gy&ut qbommm@%apdhymf 1c&GHky 8PabdupRo DY /AMP MMM TS
pr eci p| tatl on, HPLC, native ge
embodiments, the cnzyme conccntrate is capablc of reductively aminating a keto-

containing compound into a chiral amine-containing compound, wherein said chiral
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30el ectrophoresis in conmbination with gel elution, and preparative

i soel ectric focusing WD 2010/ 118240PCT/ US2010/ 030404 ("I sopri nme"
machi ne/ t echni que, Hoefer Scientific). In sone cases, two or nore of these
techniques nay be conbined to achieve increased purity. [83] In sone
cases, Ao1dniqpe!  pol ypept| des may not be bi ol ogi&atdhoMsldsve upon
|solat|on 6ﬁr|ous nmet hods for "refol ding" or converting the pol ypeptide to
its tertiary 5 structure and generating disulfide |linkages can be used to
restore biological activity. Such nmethods include exposing the solubilized
pol ypeptide to a pll usually abqgye ence of a Eagtlcular

es
concent r at i GHB§- C‘é‘t"é‘ﬂ%fc}”ﬁ’ﬁé“d 1)) O‘éiéfog%‘toflé‘r?mo 68'?@' BE P& JE PN i | ar to

the choices s dg‘ @Od-Aelcttsd. ONmbaaodsdnihithd Zﬁhfyﬁfg cddubptioastbl l:gfnlirhe
chaotrope is used at a_ |l ower concentratl on and is notthgggessarl bect he same

as chaot r ope®nirgiingsheymicsefluidiesdweth it Gatpmasrous It gae et

r ef ol di ng/ oxiql%gl%g{gd&@dnﬁrcé&lg\ewhld,mpdﬁ%ggm ain a reducing agent or the
reduci ng agent plus its oxidized formin a sp (;:IfIC ratio to generate a

particdl ar rl8delx Ipenkedimes e ?"é‘\ﬂoﬁ‘@“?eélanﬂ‘il%lﬁﬁ‘? gl sy misge £ S YEEEr in the

formation ofytiheopr, lehiiddl & SEXSIENOE . f bABRSmcrRONE cAf cohdpeis amuulsik yeitis ed
redox coupl es include cysteine/ Cést am ne, glutathiogne (GSH)/dithi ORI s GSH,

cupric chl orlinéllécmelg)fwﬂtsﬁg SERY &Y NBr dfl‘ﬁnlbﬁfhﬁﬁf“éﬁ@ Q9 |compigs @ nucleic aci

2- mer capt oet figpgli{ 'HM%)E{ fist bRz bhdYRheodidy MBMPBIVHEFHRBESEQ B NOSPhMENE MRy be
used or may be needed to increase the efficiency of the refolcg%cf ?@and t he

more common paegelidesoflu§EQ FoNG:hi sI“pﬁ?Wg@“FSn@F el gmpeses gy nu fhyl ene
gl ycol Pf Yakbiie BBhARHIGAL sRRLADYR 16tk 16 1RNSbripkchi e dubiddiidt !

i nclusi on bodies are to a Significant degree u§on expr.essi on of

FDEI 20 or PRHhwec @foﬂ%wodést 280G Wbyé‘éﬁlopéé@“\ﬁpmpn% GuRERitsari 1y in
the supernat aptgepf ek QT ! § b8 QRiud cildl®), @@Imh%m%%ﬁat@@m pBy, be

further isolat e(§@ (E)omt he ‘super nat ant umg)? nmet hods such as those set forth
bel ow. [ 85] 0.4% soilitmanicphesphite0d TrSOSs apst K AepsilBtopgidithen 4t §2Grin a

conpl et el'y pwbl {1 ad R vhas bu FRPEER ﬁnsﬂ%l(yﬁgﬁgdjgﬁi@% Rpsh@f chhodinkenRakd deatl |y or
substantially free of contam na 25 standard nethods known to the one
skillethin tbrenpises &mlyleb@cnsmcu@LQQMPmmgﬁﬁ%m Nel2ude, without limtation,
Separ at on Diys) PR FARNOLERhapAQLL PRt BLEGLGaSk [P uaamE iy pes of
exchange), I aﬁ:dmd':matonibmﬂaédc:bnb,lﬁqr cammupoi m%mpf@g@fﬁﬁﬁé@@g froge P‘?‘ﬂ ébﬁé@po[ hi gh
pressure |iqui y EL & to use
ror e than ond S ROLY B eRaehdt, SATEGRRE Sy timrpRlep Rl iU

2010/ 118240 Pﬁ'ﬁinUSth&@ﬁ@&Dld@uh of 0864l aﬁd@rtt@mwwm afitheafPH pnd FEH&H?}’&G&t ed
conCePiy 0,1 b bloeBeh il OB Bbohiycd APBRL BY s U il or > €0
conservat i VEcW@%Iofmtnpﬁﬁtufmﬁlmhﬂs bctWEcmmuthyMCdeb@wm@hw§ Gande, for
exanpl e, 10/20 jdenti am no CI ds, and

non- conser vat? Ve Tshﬁlﬁglf Pty %ﬁglet og C?“Hi?r?“%’ ﬁ%elhg%t C&ﬁﬁy g%rh?r tﬁ?nua?!%c Chvilarity

woul d both beg,oRRM 4dd/dr Npliddfd SRERILEX AHBRiE, aﬂ(h@klﬁ“esaése PDHV @ndroF e pasiet | ons
where there are conservative substitutions, n the F%&Iﬁ% identity
) -

remai ns 50% 2BuePrRRCOpkiigienin arberimenist Yo Glip E” &icPEORO(: Therefore, in
cases yhere {HBR[ergr ﬁo&%&%nﬁ@}&deva%ySelﬂﬂa&wetm{eh@%:ﬁmhbmlapesrm% isihE driari ty
bet ween two pol ypeptidcs will be higher than t ercent identity between
t hose two pOFWE?ﬁé i fee gxample, ultraﬁltratlon using an ultraﬁltratlon 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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10 [087] Differences in the nucleic acid sequence may result in
conservative and/ or non-conservative nodifications of the amno acid
sequence relative to the ami no acid sequence of either SEQ ID NGO 4 or SEQ
I D NO 5. %BZ}QHConservati ve nodifications to the am no_acid sequence of
ei t her SEQ “r SEQ ID NO 5 (and the correspondiig*Hti* % cations to
t he encodi ng nucl eotides) will 15 produce a pol ypeptide having functional
and chem cal characteristics simlar to those of FDH or PDHrmod

pol ypeptides. In contrast, substantial nodifications in the functional

and/ or chemi cuith ehiak #dt eatirellyi gndoVhdmDiolaed FoRMsdopot yable (P iidws linked (be

acconpl i shed f

o thor SEQ | DS o AREH AR ME) RES) b ppEIRT IhRRAIGETT ARANE,

ef fect on nai ‘ftokitadi n@yl(eayldet hie lgtkedigt et f (3) hssomhléscdinhcrd fac kcb@het on the
(by the onar girar it h@Rehle SRR s AR SIS bafiiSh b GBI RET™, 1)
the bul K of tiwe osqudel oAtEE. nPrefe{rSQj tﬁa)molebcdimplb'mptlae fscobrtatisipt fmﬁefrmiannb aci d
wth & nonnati e kBN BupbBRde ' YIeuRE Pleffiobf o8 aRTKORLELE B C1°, e
polarity or cdmamgmemthath@uaimﬁederawtﬂ its ésragagicadiagnhsiitc, ogiytactoror réseartther nor e,
any native reu" due in the polypeptide nay al so be substituted with al ani ne,
as has been previously described for "al ani ne scanni ng nutagenesis.”™ [90]
Conservati ve [asf] rT@xeaoiodntsufH%ﬂHmoﬁt érxdriﬁDIalpekypmﬁdcsnmmcmbma thadt weldlcany be
occurring am cid.resid re typically cor.pqr at b m cal
pept i del%synt hegllmgt &ra?%rm%%f(ﬁ hB p s%f)mnhléstlhe Aty Uicgl ogfg’galmcglgg’t‘élrtr%ou?These

i ncl ude pept ilchoimiont | thenanﬂbtoamlsresmmphcqmmlm/eget eeﬂecimphmesmf r@m no acid .

noi eti es. 2010/ 1182 [ US2 /030404 [.091] Nat ur al ccur.ri
resi dues may eng \%%fzﬁf&trqore l?algélgf“scob?arat Orbr%méncl)lll SRR ?1 (i)rnacﬁ)l?”g’peru es:

1) hydrophoblassaymmchmieNA@ndh@tgpl sAlfeassaVaI , Len, lle; 2) neut ral
EAGILERT I e e R T e SE TR
aromat i16: Tr pusingyar varlgheof techniques. If the polypeptide has been synthes1zed 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 cxchange chromatography, molccular sicve
chromatography, fractionation by ammonium sulfate precipitation, HPLC, native gel

30 clectrophoresis in combination with gel elution, and preparative isoelectric focusing
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For exanpl e, non-conservative substitutions may involve the exchange of a
menber of 10one of these classes for a nenber from another class. [092] In
maki ng such changes, the hydropathic i ndex of am no acids may be

consi dered. Each am no acid has been assigned a hydropathic index on the
basi s of |§§”£ dophobicity and charge characteri sti GgergkBRobsaopat hi c

i ndi ces are: ISO|CUCIne (+4.5); valine (+4.2); leucine (+3.8);
phenyl al ani ne (+2.8); cysteinekystine (+2 5) met hi oninc (+1.9); al ani ne
15(+1.8); glycine (-0.4); threonine (-0 saline (-0.8); tryptophan

G ui ami ne (-Gt reor{u'ngeése]fer;)wa?%é i bl M) o

ar gi ni ne (- 4eehhiquédR3] b thRbLInBPRtARLEn@Easéd@iibydr opat hi ¢ ami no acid index
in conferring interactive b|0|0§|cal function on aygrot %ggnerally

under st ood | [R83IHB sefp¢ casgey FlaHer PRITmOod paiypeptiges gy 1iof, M%P@pﬂng 1887 31) . 1t

i's known thak, Gt aFiofdTBRo@ACloSre fERYnD &r %Ulbﬁaiﬂng uﬁeelﬁblfrpépud@tth é tatidrno aci ds
having a sim |l ar hydropathic index or score and imlar

bi ol ogiScal adwPwictynd geRewEK feplEdratitfegcsas iy ‘&fﬁ%ﬁo f%@fﬂn@a@é %hﬂr‘f?}émi ndex, in
certain embogl Aenkidql B@lu&él&%hﬁglihb @&ﬁblﬁicdq)m@@ptﬂ@ kgls plarueuaugn a®c Whm&e
hydropathic indices are wth s 12, and W t hi.n g 094] I t

i s al so undeinglcuesenas of h@dr&?ltlaltcﬁléiemf%’@n§ﬁ‘b§’taPtl“BHe| Jhe gpec “Wk%f ar?i“ﬂ]e) Hci ds can
be made eff e&td/ \(Bhidar A9 thdrendiasi e frodRGBRitblif isbhbilipaioh, bl @udlly weere the
bi ol ogi cal 'y functionally equivalent protein or peptide there€%$created i's
i nt ended f or chagteonicris isatrainblopgi eoaPenERRBANHBNPY negessafily thiEMGe8 SRS se. The
gr eat e@ local.q§ ¥F{h@%@lugﬂg£tBﬂh' Tol Gbdi Yeafh tRe Pé'f&ﬁﬁg/@xxd@eﬁ)ngs@liﬁﬁrﬂﬁﬂll Rysot he
hydrophilicity o ts adjacent amno acids, correlates with |g

30i munogeni eintan axducirg dggehor diergucing agent pipy ¥ ridred it B ASPHHEIRIYY of the
protein. %en%qgeoé i}&tﬁﬁu Q%Mﬁﬁ&érgfapéw f&g@lulﬂ-&e%hfuﬁhﬁé)w GQ:ur in the
hydrophilicity valu ave bee Ssi o t hese am no acid residues:

ar gi ni ne (+3fodationyf iteeprgteis’ socystera@ geat Sonperaf the comymondy pyed fedos CPUPKRSo + ) ;
serine (+0.3) p Rik; cpyCi ( Mhloriiérr eoni ne
(-0.4); proanu@% %f%ﬂkﬂ?ﬁ&ﬁ? E%H&hﬂhényﬂﬁl&ggr di ne (-Oi%’;:l'C c §¥%ine
(-1.0)15 net hdldmtkmmt((lgll""@bdﬁhlmd Dm, and 2-Byreaprasthengld M/ dithip-bgYIE). | op@ici ne

(-1.8); tyr 0?@@% Leovdlver? RE! %e%sé}ﬂblglﬁ O}ﬂ R@Zné)ie;d f%r‘iQCrEJS¥ ReORR@hch 0B aift) - I N
maki ng changes Dbase d upon 5| I"ar philicity values, in certain
enbodi nent s tdﬁﬂdlsglbistilmutmamscomﬁnoamcmnécus@é far ahis Hygwspissde ghdcEbat hi c

val ues are wthi Syl?negrﬁc«sl of@arrmjus m%[}gulw&ygﬂsgr Rrine and the like. [ 96] One may al so

identify eplpo%‘3t amno acl equences on the basis of
10hydr ophi | i gistyIf ifchee b|0élg$ @rnsoiaﬁoan@il tg @ sicaffispntddgreounes cxppision 9f EDEor e

regi On?O 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 electroclution, various types
of chromatography (affinity, immunoaffinity, molecular sieve, and/or ion exchange), and
fractionation by ammonium sulfatc 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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[97] Desired am no acid substitutions (whether conservative or
non-conservative) can be determ ned by those skilled in the art at the tine
such substitutions are desired. For exanple, amino acid substitutions can
descr i bed hSRE kol ary ari no- 8¢l subst it ut ions. ar@ ASPUR h in
Table |I. TABLE | AM NO ACI D SUBSTI TUTI ONS Ori gi nal Resi dues Exenpl ary
Substitutions Ala Val, Leu, Ile Arg Lys, Gn, Asn Mh Gn Asp Gu Cys Ser,
Ala@n [086] The term “similarity” is a related concept to identity, but in contrast to “identity,”
“similarity” refers to a measure of relatedness that includes both identical matches and
conservative substitution matches. If two polypeptide sequences have, for example,
10/20 identical amino acids, and the remainder are all non-conservative substitutions,
5 then the percent identity and similarity would both be 50%. If in the same example, there
are five more positions where there arc conservative substitutions, then the percent
identity remains 50%, but the percent similarity would be 75% (15/20). Therefore, in
cases where there are conservative substitutions, the percent similarity between two
polypeptides will be higher than the percent identity between those two polypeptides.
10 [087] Differences in the nucleic acid sequence may result in conservative and/or non-
conservative modifications of the amino acid sequence relative to the amino acid
sequence of either SEQ ID NO: 4 or SEQ ID NO: 5.
[088] Conservative modifications to the amino acid sequence of either SEQ ID NO: 4 or
SEQ ID NO: 5 (and the corresponding modifications to the cncoding nucleotides) will
15 produce a polypeptide having functional and chemical characteristics similar to those of
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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Asn Clu Asp Ay Pro, Ala Hs Asn, Gn, Lys, Arg Ile Len, Val, Mt, Ala,
Phe, Nor'cue= Leu Norleucine, Ile, Val, Mt, Ala, Phe Lys Arg, 1,4

Di am no-butyric Acid, Gn, Asn WO 2010/ 118240PCT/ US2010/ 03040-1 Ori gi nal
Resi dues Exenpl ary Substitutions

WO 2010/118240 PCT/US2010/030404

[091] Naturally occurring residues may be divided into classes based on common side
chain properties:
1) hydrophobic: norleucine, Met, Ala, Val, Leu, Ile;
2) neutral hydrophilic: Cys, Ser, Thr,
5 3) acidic: Asp, Glu;
4) basic: Asn, Gln, His, Lys, Arg;
5) residues that influence chain orientation: Gly, Pro; and
6) aromatic: Trp, Tyr, Phe.
For cxample, non-conservative substitutions may involve the exchange of a member of
10 one of these classes for a member from another class.
[092] In making such changes, the hydropathic index of amino acids may be considered.
Each amino acid has been assigned a hydropathic index on the basis of its hydrophobicity
and charge characteristics. The hydropathic indices are: isoleucine (+4.5); valine (+4.2);
lcucine (+3.8); phenylalanine (+2.8); cysteinc/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);
asparaginc (-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] 1t 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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Met Len, M, Ile Phe Leu, Val, Ile, Ala, Tyr Pro Ala Scr TM, Ala, Cys Thr
Ser Tip Tyr, Phe Tyr Trp, Phe, Thr, Ser Val Ile, Mt, Lcu, Pile, Ala,
Nor | cuci ne

WO 2010/118240 PCT/US2010/030404

[095] The following hydrophilicity values have been assigned to these amino acid
residues: arginine (+3.0); lysine (+3.0); aspartate (+3.0 + 1); glutamate (+3.0 + 1); serine
(+0.3); asparagine (+0.2); glutamine (+0.2); glycine (0); threonine (-0.4); proline (-0.5 +
1); alanine (-0.5); histidine (-0.5); cysteine (-1.0); methionine (-1.3); valine (-1.5); leucine
5 (-1.8); isoleucine (-1.8); tyrosine (-2.3); phenylalanine (-2.5); and tryptophan (-3.4). In
making changes based upon similar hydrophilicity values, in certain embodiments the
substitutions of amino acids are those whose hydropathic values are within 2, within 1,
and within £0.5.
[096] One may also identify epitopes from primary amino acid sequences on the basis of
10 hydrophilicity. These regions are also referred to as “epitopic core regions.”
[097] Desired amino acid substitutions (whether conservative or non-conservative) can
be determined by those skilled in the art at the time such substitutions are desired. For
example, amino acid substitutions can be used to identify important residues of the FDH

or PDHmod polypeptides described herein. Excmplary amino acid substitutions are set

15 forth in Table L.
TABLE I
AMINO ACID SUBSTITUTIONS
Original Residues Exemplary Substitutions
Ala Val, Leu, lle
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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[98] A skilled artisan will be able to determ ne suitable variants of the
pol ypeptide as set forth in either SEQID NO 4 or SEQ ID NO 5 using

wel | - known techni ques. For identifying suitable areas of the nolecul e that
may be changed wi thout destroying 5 biological activity, one skilled in the
art may taggel af not believed to be inportant forp@EGidyiohiososFor

exanpl e, when si'm “ar pol ypeptides with simlar activities fromthe sane
species or fromother species are known, one skilled in the art may conpare
the ami no acid sequence of a FDH or PDHnod pol ypeptides to such simlar

pol ypeptides. Wth such a conpari son, aqne c {dentify residues and
portions of the ri@iReddiChat are 10 cO1ER We%‘%%ﬂ%tw&ym m | ar_pol ypepti des.
It will be apprégrated THat CagRs, 41 & eas of tne PDH or PDHiod ol ecul e
that are not conserved relative to such simlar pol ypeptides woul d be | ess
likely to adver sléﬂey af f ect thélem‘édld@ &8 Tactivity and/or structure of a
FDH or PDHI - nod potypeptide: %1‘3 skitted— T theart would—atso know t hat,
even in relati ve]ry conserved fregi ons, one may substitute chemi cally sim | ar
am no acids for gdre naturally| T, Adediysri ng resi dues whil e retaining

activity (consewwwwmmw ore, even
areas that may be™ nportant f bi ol ogical activity or for structure may be

subj ect to conseryative am nolBeikhesubstitutions without destroying the

bi ol ogi cal acti uLLy_gp—w—thut—ad#eLsreJ—g—aH—eet—kﬂg—khe—peﬁhpepﬂ de
structure. [99]T¥dditional | y| T8 skifi¥%d in the art can review

structure-functiop studies 1 denf MeY, 186 PR, AlgNdlld@snd N si m [ ar pol ypepti des
that arc inportant for activity or structure. In view of such a conpari son,

one can predict the inportance of amno acid residues in a FDH or PDHhod
pol ypepti de fdog P‘E%B[léc?ﬁﬁé%ﬂ%ﬁ@e@di@t@%t@ﬁmﬂe fuSiidueRnt badhe polgpdpnastant for
WO 2010/ 118240 /US20101030404 activity or structure in simlar

pol ypept i d_estft@"lé athér] SEEY TP NQ:pk on SEQY NEp e wsBie wHbko®a! Pniirs | 5 ani no
acid substi ti‘éltc Bsgftab‘féjgﬁasoﬁﬁq{ccﬁl@gcdlmlf @t b2 BhdABe@ Giithout eRbtebyeg of FDH
or PDHnod po es 010 One skilled in"the art can al so anzl yze the
t hr ee- & mensbl@ 1calsﬂtcﬁ‘ﬂb’s Qireék’é dlinthe Ao map taggef eeasdgliRsiied; e bg BIPRFRIB ATt o t hat
structure in,gim | g £Q ﬁf@ewﬁénds%ldrl ﬂ&ly}ébﬁiﬂe@&n& Wigdlat REQRRREDANRKe QAR Skil | ed
in the art may predict the alignment am no acid residues of FDH or
PDHMOd pol ypegsticsler Gwm h’theesmeléi are gnpwis onf plileddin (it BARICOBRFYE GPEC One
skilled in the ?é@e&%g%'mlfs PBHnof pﬁ%@puﬁ@sdﬂocsﬁéh GRARISyeptiRET Maaci d
resi dues predic 6 be on the surface. of e protein, since such residues
may be invol wet 4 porpapert am can] Qlentiy aeadies élﬁb petEions oft e rmakispise Hhag gre
Moreovey, ong, skild ﬁggon Qm‘hﬁ? I;e ﬂ%ﬁ%@gﬁ)r&%@d tP{a"i’-'éhzﬁQéﬁn GRIMGIR Ng a
singl e am no acid su it ut| on’at each am no acid resid The variants
coul d be scr Ebhed Ri¥imey mglmukr th;'zt ars satyeonerypd welativg to ﬁuféxeslwletrwowmﬂrles n the
art. such Va“ aliatb%l Quld, be ad{dc%g taﬂco(gﬁltcgf& él&t 9&1% biQoraRRMtre SEh BRI €
variants. For ex ‘f ¥ “ohe di Scovered that hange to a particul ar
amino acid r esPHHmod eslupetpedb | Onedgter iy art @Bldmfﬁ@é@lpwélkﬂt yevereueladvelyor

unsui tabl e activit vari ant u iy n ot her
words, based %t ewe%engmmg |°8%msa¥ ]Beslra & %Qg?ﬁafsi 3 ?%%@%ﬂhgmgsgg\r(?éngﬁg S, y one
skilledsin thecumﬁg oamdwcead/hilg/ chetirengi mvﬁ)he(camﬁcwetl\am@snwm@“é fcuﬂ‘@mer

substitutions 0 b av0| ded eit h {iQ tfg ot her
nut at i ons. [6‘1‘13[11 H%lsh SEFOIS T OVER FGRY | {1 W%r%hpgﬁgmﬁdg% ‘%) evoted to
the predicti etucdfre n2df bs etdagmda)ropnsat\raum amigo a@éeuumthns withost, demrng ti®i n.

Bi hnol . 422 2-45; Ch
a: Ot 6(1:99?1 BI ‘??’F%W&j i Vgg’tﬂlit%%(éefqe% %fecm}agto[ﬁ@ Jl%e?%gﬁ%é% Enzym)'? uRglt at .

Areas Mot Bi <p(b99 AQdiibnAIg; onGIShUecém th?d art, cafl 9K &w WuctureFfemthstgdﬂh@ﬁmtifying
47:251-.276; and Chou.e , S. -84 £ nmput er
prograf® ar e "SI “’Il’i}ﬁ"é\}’éﬂypgng dgs tthﬁt dég IX%Otrtd f ch:a?é%lg fll%/gl sgl\ég\%e a89
structure. Ogeh Q&nqﬁtlmaoxﬁ:fcapmeadicmthenglpmomd‘amm@ heidicdsidues ing Ei&éed upon

oo SRR g S P8 WP RIyP LS B °

often have simlar structural topologles The recent growh of the protein
structural database (PDB) has provi ded_ephanced predictability of secondary
structure, including the potential nunber of folds within the structure of
a 30pol ypeptidc or protein. See Hol met alL, 1999, Nucleic Acids Res.
27:244-47. 1t has been




suggested that there are a limted number of folds in a given polypeptide
or protein and WD 2010/118240PCT/ US2010/ 030404 that once a critical nunber
of structures have been resol ved, structural prediction will becone

dramat i cal l% nore accurate (Brenner et al., 1997, Curr. % Struct Biol.
7:369- 76). WPoIW2{*2di ti onal nethods of predicting s@CERAGHNIYOR4 it ure

i nclude "threadi ng" (Jones, 51997, Cunt OQpin. Struct. Biol. 7:377-87; Sippl
et at, 1996, Structure 4:15-19), "profi | e anal ysis" (Bowie et at, 1991,

Sci ence, 253:164-70; Gibskov et at, 1990, Methods Enzynol. 183: 146-59;

Gri bskov et artivity@8FrucRrom. sithkt polAsatides SOne ski)leB.ilthe 84 m4 B bi- f&&hgem'aaiw ..
"evol uti onar t and Brenner supra
[0103] 1 dont 11y A g el MR s preai Pl AP Rl SRR Rl B et

pol ypept i des OaPBHm@drpe'amplﬂsiescal cul at ed by known met hods. Such rret hods

include, b h d Co tation Mol ecul ar
Lo} ude. but (9 BRL 3 1038 e SOTP U SO
| nformafi cs anid Sauvotana Riatipedd shaf BNictBemiin kimiled polygpadten la Rees si@93) ;

Co Anal, P t i ffin,
e Furmna ToisRu8h gu REE R BELR Sl Mdsickne bl il 80 st o
Bi ol ogy 15( Ad?@cﬂiawnﬂi)mnmlyb@ﬁm)e wuﬁeq;pmnmetsmmé gameﬁsmﬁilai mcmx(el\/bnesklllekais kov and

. { kt Carill 8, SIAM
T e o e B O B R BN 00 et B )
and/ or sini | anithy sarfeccdes ihgnerdtetny sgicy suthh écsldaesgeny basatnechvdaietrwaepbrﬁahte

sequenggs tested.. Met hod eter e |dent|gﬂtkﬁ nd simlarit
descri ggd i nmter%‘fmn qgl\?gt}ef%) LU s IFRY P, n Ao romAY 8 @Ft program
20 net hods t @amtmtsecromdnmg deinplie taynianatid subistitationt yt éaat ween a'E:MQeﬁ@QUeIKéES

(Dever oux et " Bygne Tarrei oAty st h ShBaiRdR e Pestiptver & oup.
Uni versity ofvatihseonlgiba usdktttdg&lm infoMh)atioBALAGTI ta R AR E&dxﬁﬂﬁé’ Af &n%| t schul
t at, 1990, 03 10)., .The BLASTX pr ogr p

Sva?l able fr élr%ccfvﬁmdﬁa%t img&e?\t ePa% igyar B?nﬂf{l%c?ﬁ‘ﬂo‘icg Oy %‘WCHfIBr“#ﬁtf‘inﬁ (NCBI )
and ot her soun@emb(;Alretdseddulor efhsuathble thv‘i@T vlb/iledmtksabvnﬁ Ngﬁ bllhch%ﬂ\ag& EbulBQIelheSdat ]
MD); Altschul e The we no t terman al gorithm
mail al 50 b QLB i BEEoP R ﬁpe&@ﬁt“if?'gfﬂaﬂflb& CUGEYR Si°h FHIE TSRO S hares
for aligni ngohwmekilbediineheai chnSeQEACESniNEYhe 85l deids wheREfuMRE Gishi@Lefs only a
short region of the tﬁ?ﬁ‘%‘?% gnces and this spal | allgned regi on 30nmay have

very high sefiPaibsay QPEAT PEBRBRHRSAE other Bylensni fi cant

rel ationshi p[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 databasc (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 et al., 1999, Nucleic Acids Res. 27:244-47. It has been

suggested that there are a limited number of folds in a given polypeptide or protein and
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between the two fiat-1ength sequences. Accordingly, in one enbodinent, the
sel ected WD 2010/ 118240PCT/ US2010/ 030404 al i gnnent net hod ( GAP progran)

will result in an alignnment that spans at |east 50 contiguous ami no acids
of the clained polypeptide. [ 0106] For exanpl e, using the conputer
al gorithm AP jics Conputer G oup, University ofpWs600ss0%4 Madi son

W), two polypept| es for which the percent sequence 5 identity is to be
determ ned are aligned for optimal matching of their respective am no acids
(the "matched span,"” as determ ned by the algorithn) A gap opening penal ty

(which is cal cul ated as 3X he aver age d| onal e "avera agonal " is
the average‘%ﬂ‘@ﬁ%aﬁpgﬁﬁ ﬁFﬁPH@”EgHBﬁF|g@h‘ﬁﬁf?%ﬁ“%%iﬁdﬁ%@éﬂn“gﬁ

"di agonal " i secbhediseeiAIIPhoRIIRRite EREIGNEYLT BIRATH. ORI Selcraimbinn3@ei d mat ch
by the partlcular conmparison matrix) and a gap 10 extension penalty (which
is usually 0/%X t he gap opening penalty), as well as a conparison matrix

such as PAM 396y MddBltXNIRAs of felisBd sb@n@@y\bmﬁhé @Bluwé tihrebdigy al@ed,i thm A

t andar d t the al t hm ff
21 5L ooy, GO e diRe A b PBbe i o\ Dap LOTa) FBRD

conpari son MBaly 5% | Bd’»ﬁ@'ek@zﬁ Tl@;l Aliencel 992164P100 Gribhat| ¢t A¢adeo, SZ&th(,lé@A
89:10915-19 BLCSUM 62 15coqgar|son mat ri x) Paraneters t be

used for pol &Epel §8:Koqnfe e ﬂ@bﬁb@50§8ﬁf”ﬁ%ﬂﬁ@eﬂ?ﬁe&?d(ﬁéwﬁ%ﬁﬁsﬁgborr?hm

Needl eman ang(WiRsGidnar} #Ah 3” (@e@H@hpét al. ‘kgprﬁ‘]ﬁm@emmtﬁ%bﬁﬁﬁ matrix: BLOSUM
62 (14eni koff et al., Supra); 20Gap Penalt 12 Length Penalty: 4

Threshol d of [0&)Hilflentifyt gnd gmilarity 'Pfﬁéd@‘lbnb‘fl@ig a8k m%lcwéfefq& Rmywmdﬁ%afabove

paramefers. theahRusIE B% k%ﬂn&%@”@ﬁﬁr&etl&ﬂd@luﬁ@%ugﬁé AdtliimiearAngkers for
pol ypepti de conparisons (along wth no penalty for end
described in Computational Molecular Biology (A M. Lebk ed Oxford University Press

1988); Biocomputing: Informatics and Genome Projects (D.W. Smith, ed., Academic
Press 1993); Computer Analysis of Sequence Data (Part 1, A M. Griffin and H.G. Griffin,
eds., Humana Press 1994); G. von Heijne, Sequence Analysis in Molecular Biology
15 (Academic Press 1987); Sequence Analysis Primer (M. Gribskov and J. Devereux, eds.,
M. Stockton Press 1991); and Carillo et al., 1988, SIAM J. Applied Math., 48:1073.
[0104] Certain mcthods to determine identity and/or similarity arc 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 ez 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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gaps) using the GAP algorithm [0108] Paraneters that nmay be used for

nucl ei ¢ acid nol ecul e sequence conparison include the follow ng: Al gorithm
Needl eman and Winsch, supra; 30Conparison matrix: matches = +10, misnmatch =
0 Gap Penalt 50 WD 2010/ 118240PCT/ US2010/ 030404 Gap Length Penalty: 3
The GAP pro loazﬂjn 01824 so useful with the above paranetél rcgms%ﬁ(gosom

af orenenti oned paraneters arc the default paranmeters for nucleic acid

nol ecul e conparisons. Qther exenplary al gorithns, gap opening penalties,
gap extension penalties, conparison 5 matrices, and threshol ds of
simlarity mayigheentsethodi GiRupioagm) ol ecsibtin fagralignient thwe spmogt dewsthihual |,

W sconsin Pagk %gousv ; &ﬁ}%fth@%@hﬁe{(&tb%ypep% ‘?7 The particul ar choices to be

made will be a ren ose o he art and will depend on the
specific corrﬂat%iﬁnr eenpl, meide theseoipuies alBNAhinO GBRAGepatiot €omiptito- prapei n,

protein-to I [ S.. iven
ai re of - sequinant BF ischi oltieal PhuARD shO ARG LR r B HEER,S
bet weensone gsédgtigniseo bndetanlimdge: danebis epmhalsmmwshe@ti lnsmbtiw:mrrrimse FASTA

or BLASTA ar &R th? e‘mlfcgcdd) Spallo dijctc r{ncadn @ ohthnne % aﬁlr{ }ﬁt es to
onpri S

a nmethod for produci ng a precursor tur| ng a
host cell cor(waichiisrrglculaed lauB:Xehe(}lvava'gajdiagghémhb éavaragd magophlégrthda\(e@ggof a

hi -ci stronic pl ,sm',) descri bed. h erein er..sui tabl e condi t to
15expr ess thet'?%%ﬁ%"é‘%‘a" od ST emgt“ﬁe‘m‘ dla%"‘%a@ oo Fcr"gerré’rt ‘%@%m ture;
and usi ng t hessigetl at @dh ;mfcyqaﬂpno a:beﬁnzitdrb;ahm mmmmarvaﬁnlamomanatmn anéagép on.

(01101 e PLSERLS, o BRLNEL 5 LT pa bR a9,
than from a fooopeisot elatrixbactk asyPAM 250 of BEOSHY 62 aprediiotcognndtion mithttiat i on
(-15-20 gener ?g r181ns) A standard comparison matrix is also used by the algorithm (see Dayhoff et
al., 5 Atlas of Protein Sequence and Structure (Supp. 3 1978)(PAM250 comparison
matrix);, Henikoff et al., 1992, Proc. Natl. Acad. Sci USA 89:10915-19 (BLOSUM 62
15 comparison matrix)).
[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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20[ 0111] In an aspect, the disclosure provides a method for producing
(aS)-a-[[(1, 1- dinethyl et hyoxy) carboxyl]-am no]-3-hydroxytricyclo[3.3

. 1. 131decane- | -acetic acid conprising: culturing the host cell described
herei n under suitable conditions to express the polypeptides; isolating a

cul ture isglahe ¢amprising the pol ypeptides; and contgaiishdobdofscul ture
I solate with an anount of

3- hydroxy-a-oxotricyclo-[3.3.1.13" 7] decane- 1-acetic 25acid and an anount of
dl-gert-butyl di carbonat e under conditions that allow for

productionof (aS)-a-[[ (1, 1 -dipethylethyoxy)carboxyl]-am no]-3-
hydroxytricycl o f@pL%“éﬁP%mhﬁ ane-1-acetic. [0112] In an enbodinment, the
g’et h 0? " c F ”P LTI&e@)AP r@gg#&h PE A @Shsehud [Withlthd-above parameters. The aforementioned

i t net hyl et hyoxy) car boxy m no] - 3-hydroxytricycl o[ 3. 3. 1. Indecane- | -aceti
caci d 30( Forliangtoryare thoyeioet oy %%ag%&%%mé%%ﬁ@%ﬁ%@46ﬁm%¥ﬁm%y culturing a
host cel |l deg@mei&kedp 1&?%@@&&%@ 8p cpahih@neleQRE &it@BBn penadikpreesparishe FDH and
PDH pol ypcptides; isolating a culture |sglate co risLn% th? Bolygeptides;
and coft act i Hgrigehandcbroshelds Pl amilpaty idsh b Hsednightiings those set Torfh n~the

3- hydr oxy- a- gyahmi MYGhke-Wicehsh Bakddc.dacans- d,- pekhiver, aohd (Torpatialat 1) 1 OH
choices to be made will be apparent to those of skill in the art and will depend on the
specific comparison to be made, such as DNA-to-DNA, protein-to-protein, protein-to-
DNA; and additionally, whether thc comparison is between given pairs of sequences (in

10 which case GAP or BestFit are may be used) or between one sequence and a large
database of sequences (in which case FASTA or BLASTA are may be used).

[0109] In an aspect, the disclosure relates to a method for producing a precursor to
saxagliptin, comprising, culturing a host cell containing the nucleic acid molecule and/or
plasmid (c.g., a bi-cistronic plasmid) as described herein under suitable conditions to

15 express the FDH and PDHmod; isolating the polypeptides from the culture; and using the
isolated polypeptides for a reductive amination reaction.

[0110] The plasmid discloscd hercin, 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-
dimethylethyoxy)carboxyl]-amino]-3-hydroxytricyclo[3.3.1.1 T\decane-1-acetic acid
comprising: culturing the host ccll described herein under suitable conditions to express
the polypeptides; isolating a culture isolate comprising the polypeptides; and contacting
the culture isolate with an amount of 3-hydroxy-oc-oxotricyclo-[3.3.1.13 "ldecane-1-acetic

25 acid and an amount of di-fert-butyl dicarbonate under conditions that allow for
production of (0.8)-a-[[(1,1-dimcthylethyoxy)carboxyl]-amino]-3-

3,7
1

hydroxytricyclo[3.3.1.17"]decane-1-acetic.

[0112]In an ecmbodiment, the method compriscs producing (aS)-a-[[(1,1-

37
1

dimethylethyoxy)carboxyl]-amino}-3-hydroxytricyclo[3.3.1.1”"]decane-1-acetic acid

30 (Formula I):
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(H) underconditionsthatall ow orproducti onof (aS)-a-am no- 3-

hydr oxytricyclo[ 3. 3.1 a] decane-1-acetic acid (Formula I'l1): OH 10N
H2(1r1) [0 1 13] and contacting the

(aS)-a-amn ytricycl o[ 3.3.1.13; 7] decanc- 1-acetic acid with an
anount of dg’ﬁﬂﬁy%%ﬁ@ di carbonat e under conditions tH%F“EFP8&”#%r WO
2010/ 118240PCT/ US2010/ 030404 productionof (aS)-a-[[(1 , 1-di net hyl

et hyoxy) car boxyl ] -am no] - 3- hydroxytricycl o[ 3.3.1.13a] decane- |-acetic
acid. Various reaction conditions that can be used in the nethods descri bed
herein have been detailed el sewhBfe and are known

@

by culturing 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-a-oxotricyclo-[3.3.1.1*

acid (Formula IT):

]decane-1-acetic

OH

COQMQ

O an
under  conditions  that  allow  for  production of  (aS)-a-amino-3-
hydroxytricyclo[3.3.1.1*"]decane-1-acetic acid (Formula IIT):
OH

OH

10 NH, [§11))
[0113] and contacting the (a.S)-ci-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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generally in the art. See U. S. Patent Nunber 7420,079. The Exanpl es t hat
follow are 5 illustrative of specific enbodi nents of the disclosure, and
vari ous uses thereof They are set forth For explanatory purposes only, and
are not to be taken as Limting the invention, which is detailed in the

appended Ck\@jnz'ﬁ'fwné% patent and non-patent Literaturepdeisseongs that are
referred to herein are incorporated by reference in their entirety. [0114]

EXAMPLE! : Construction of the Bi-cistronic FDH PDHrott Plasm d 10[0115] The
bi -cistronic FDH PUTI nod plasm d was constructed by the insertion of a PCR
anplified fragnent contai ning the PDHrod gene with a 5 ribgsone hinding

sequence (SEDMPINO 3) intfo t he p%i@dﬁgwmﬂ)%}b% Y Em whi ch

t he PDHmod ' FTESRANALAG : BEQMRLREusNEM i BEEdfBADY@Cban TBE
pBM52000- Pg@%&xg%%(?'glqgsr%&%%ﬂgh{)@fgilnal |y uc?i scltlosed itn u. S au[I%’at ent

Nunber 7, 420us0d9n thesmicthpds descrihied-hetain dpve baga dsBNEROBOYISIAdH S KPR nal | y

di scl osed in, N NUNHEr p e R88mRRL7 4BAY. ahe ERBZR PRI GRS ate herein
i ncor por at edge{r)%/l%lrlyeﬁlgt%%nc'ew[ 0T16] The pl 3V52000- PP?:DI—I%I%%?-I nmod plasm d was

di gest &d wi t HluBauit ofanatifiNoehbodistenisof iheiselagyaead Yasiopewsyderefe TPBTHFod gene

and its pronpter he di NA, 19 2N AHR RSBV @8bn,and t he
5.5 Kb f ragrrbeetrt]fort\f}q\/a%-1 e?‘&‘g{”gﬁﬁig%& ng l\?ﬁ%d%g%@,&gé%qagp aext rg]%tti oanr o[::edur e.

[0117] A f or whichl ispieiaitet in teckiprodicd claBnsa ACORABATUTOCEERTGACATIECE BIenceSEQ | D
NO 6) was dgsi.gne Lify: : - i the 5 ribosone

bi ndi ng si tet%gtnage Iaegeﬁlge@ﬁ}ggei“t %X%ntc‘):?l%f)ﬁgg{b ?g%er\%lﬁ tg ﬁﬁ?ﬂgeﬁé%& 11 site of the
vector. The reverse priner, pdhnod3r (h'-.AATTAATTCCIJGCI:CCI:CCI:OGCTCG 3'; SEQ
ID NO 7) 25[0Aé4 EPeaMBRE : Sonstpucsiongf the Bicisirppic FREVPRHpedPdasmid 55 d
pBMS2000- PDI | mod, so that a Bglll1lNoti doubl e di gest of the PCR product
results in a fragnent that could be inserted imediately 3' to the FDH
sequenge i n fhesdigeasiBtonie FDOYPDBmBPCRIasealcy asoconvasted WY the insertion of a

2010/ 118240PCT/ US201.0/ Q30404 per f or med i.ng, 10 pnol es_each of .forward and
reverse primbfR % ‘@%gﬁaémcrite%ﬁﬁab{?@%é@%‘@%b-g%%%,a And PR IPIE’%&(%I yner ase
enzyme ( CLONgGGEC) (SERCIDONGI 3)gnth ehel fEVSEOO0PREDPEH nsod s tiitiodm wiiked theeact i on
was performed in a 9700 thernocycler (APPLIED.Bl OSYSTEMS') . R
products wer EPBA fgeRgandsisnepriss %N}%Ot%&gé’fj%ﬁmﬁgyg %%I%‘%z?@ el ut ed
in 50 pi. of pFEDHIPMRINRER RmAdWat owamalt) giedésed imit$ MBghd Nuaba N,079,
restriction enzynmes, separated on an agarqsc ge|. and t -.1. b. band

exci setb and Ptk iPEACUEST A @@%@Qﬂlasﬁlgf 05&”6‘?18% ?Cﬁoﬁeq(’intq.?s' patenf NGRS

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/lI 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 Nofl site in the template, plasmid pBMS2000-PDHmod, so that a
Bg/l/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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[0118] The Bgl111Not| digested PCR fragnent, containing the PDHhrod gene was
ligatcd to the Batail |Notl digested plasmd containing the FDH gene
sequence and pronoter, 10 using 14 DNA |igase. One pl of the ligation was
transforned to Machl conpetent cells (INVITROGEN(r)) and plated to Luri a
Broth (LB) P8t h 30 ug/nL, kananycin. Plasnid mPrﬁTHl%é‘Bg/"

performed and plasm ds of the expected size were confirned by agarose gel
anal ysis. [0119] Plasm d DNA was sequenced usi ng dyc-dcoxy term nator

chem stry (APPLIED 15 BIOSYSTEMS' ). Priners were designed to sequence the
entire inser trstfolER smgghPeprnol¢sBepth I Kowviardf andgnremse) prammed, thherctememnplote, wi t h

E E?md'ngg o of : pﬁ?ﬁ%%ﬁ%&%@%@i% t@i@%ﬁ%ﬂ%ﬂﬁ%@?ﬁ%ﬂ%ﬁ as
expecte Thendpufagiugt’s proteso FRRvD dvap Iperfaringd @Yy E

of Bi ol stronrOstap S ale S AR PR ke p DOGEEN SR 8P 1Y
host Jl\/ﬂilo t r@hshondetited it 130 theofHIE. dhsPCercmupcl %rdlgtsm:a/lthhl?gﬂkdldd%t] ce and
100 p, L i nocql s%_ttcefg{t %ﬁ%&gcp%é%&%n”% r@sc (Itl ang thuL q/ iqu ;;%ufg%lse a! d

|ncubat ed overni g rpm tures were ransterred an
addi ti onal 9 purifredsusing a@lﬂl@@ﬁgﬁ&xn’wmmkmm of LB + 30 ug/nL kananycin and
i ncubated 8-20 h at 30C, 250 rpm The plasm d DNA was isolated fromthe
final 20 nL culture using a QACEN(r) mdi plasmd kit. The plasm d was

di gested w t hoFgpRic Bm/»zm@ é@@%ﬁ%&&&tﬁt&%@ﬂ@%n&%& gt&t‘ta@mgﬁtuzyrre and

anal yzed on an agarose 63 A singl e band between the and 7 Kb
nol ecul ar wei'gite f?@#iéé%\’gﬂ \%§St &lé%nt}éaonttlﬁlég diggd i egnpespguengeomn azrprtqﬁftract

l'inearijged plasgid pi¥e 1lgtb@%neqﬁtn@tsth@rl%e 10D 8T Hﬁt@foi%ﬂedttt)%&ﬁﬂ conlpB@hiCafid ng t hat
the plasm d was Ig‘enetl cal I({ stabl e 012 . Fernmentation of E
Y

coi | Transf orlHE RMGHN Bjen Eitcﬁldﬂlle}lf@lﬁ%ﬁl[jl@t) d’éiatqsl ‘alélrr-ﬁﬁi MBI Fpnamycin.
PBM52000- FDH iR giniy tvte@&ﬁemﬁmdmu RlaSmids o£Ab ExpdMd Q- 208 BhisHldyPNA va

extracted and confi rrre h the correct restriction enzyne di gest pattern
agarose gel analystb

[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 cxpected. The bi-cistronic FDH/PDHmod plasmid was transformed to the E. coli

expression host JM110.

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

[0121] One frozen vial of the E. coli host IM110 transformed with the bi-cistronic
plasmid was thawed on ice and 100 pL inoculated to 20 mL of LB medium with 30
png/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 QIAGEN® midi plasmid kit. The plasmid was digested with EcoRI
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JML10( pBM52000- FDH/ PDHnodi r was fernmented in BMS nmedi um (0. 5% yeast 10
extract, 0.22% gl ucose, 0.7% potassi um phosphate (dibasic), 0.1%citric

aci d nonohydrate, 0.17% anmonium sul fate, 0.003% ferrous sulfate

hept ahydr ate 0 23% magnesi um sul fate heptahydrate, and 30 ttg/ nL kananycin

sul fate. @ﬁ/%% fermentor, the inoculumwas prepafedo@dpsdigd | ows: 1
nt h of frozen 10( pBM52000- FDH PDHhod) 1 was t hawed and added to a 600-L

fermentor containing 400 L BVS 15 nediumw th 30 ug/ nl kananycin. The
fermentor was operated at 30C, with an agitati on of 150 rpm (revol uti on per

mnute), an aeration of Lpm (liter ute),, and a head sure of 7
psi for 21 h@dtlglon\m@f‘im(ﬁﬁg%ﬁﬁééeﬁélﬂaga 05§ ggl')(glgﬁ‘e 3ot digls B?’[@%\%H}é ﬁiﬁnsf erred
to a 4I POO L6 faRd rretatthtgtee@l@t ﬁbt@htnﬂaﬂkmz%s LobBdidredi ekpectclingzef or apnded was
initia ygrown at with an agitation e m. an .aeration
range of 20 Hncatsd Plyorl. Nogshes fapd3 o ‘&Helﬁ?‘L g‘reéi%fn]a*f’d% tgdt‘ltg 4 %ur e and
pressure renmg}ﬁqetpegmsstt@m during the run. A nutrient feed (10% yeast

extract and 20% gl ucose) was started when the CO2 was greater than 0.3%in
t he of fgas. Wien 0D600 reached 20-25, the expreSS| on of both genes was

i nduced. by a filper-sterili r )

gal act pyran@g?%cr“o T'IBTFGj kerm |aglé) c%ﬁjge% ?aglﬁﬁo%l"gt “}E}k}l 3 IStmmC
fernmentati onFBHﬁd}Hmnmeﬂsﬂnm a total of 48 hours. 101241 EXAIVPLE 4.
Tel escoped production of (ctS)-a-[[(14-

di met hyl et hoxy) car bonyl ] am nol - 3- hydroxytricyclo[3.3.1.1.3 7]

decane-| - acetdl§3 a;fﬂl\ﬁlSZfOf)@ Fh Ry EIHE QK Wad 1A% @b i c8 YigloOE [ /8 N1 l8ard plasmid
decane-| -acetic "acid through (aS)-a- WD 2010/ 118240PCT/ US2010/ 030404

ani no- 3- hydr Bkty%t Whegelaepd asl gonfigna wifh chmentfechiegtiPionaPNLSieRY PAYF s ol at ed
(partially pyh{ %)ISWFW%&BE \Qﬁn@éﬁ%ﬁt@& Qn[ﬁﬂ‘l@ﬂnedhﬁﬁ' at. s9ny@ft PDH FDH

enzyne concentrate 5 Fermentation broth (30 L) of Esc: her/Ghl a coil
JML10( ¥BVB2000:act-DH: er)qe WA Yobrosgshien Dhesrhae 4 dBeBoL ¢ Ep ngificataciin

(prepared UStnto %tep q66, tttﬁorﬁtrgtst@gtet@o@%mtﬁs QAN RASESd, Hhsgugh a

m crof | ui di zer cro I ui di cs no Y, operating pressure
12, 000- 20, Oomags:sl)lm( snifatep Aggihytivter eindad®e pthteLaleetnﬂm}’CtHy suidte.obert HE0@) | s

rnegflo? Igut[ gﬁzte(ﬁm %rt hhe 1nocu@x§;[ Yh’% Ift\)/[ﬁlg)atfegir Rmn HE%'Y H@E@%%%? %] ofI'o
clarify the wbha/RDHmat)h,wad. tﬁavteg aofl aQixdito @ 6&9@ ﬁtﬁdd@tﬂortcont@minlg 490ilr B$ br ot h.
i it o The UM wlo AT By oL R e 11 PE7 Bt Body FEND Al sop
nmodel 8- ESSCadi)iopd15b8pha (@JVO&EM bérrrﬂlh@te)t\laﬁ aabﬁ(ai ofesd. Lphh@itéridet eincgke was
washed with g{r%d aLhcgzl p1y£stug:rof 7 pstb or ijlghotupbe \%hcn%m reached ~1.1, 75 L of culturc 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 aeration range of
20 1,000-2,000 Lpm and a hcad pressure of 7 psi. Temperature and pressurc 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 ODsg reached 20-25, the
expression of both genes was induced by addition of filter-sterilized 1M isopropylthio-f-

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[3.3.1.13’7] decane-1-acetic acid

3,7
1

from 3-hydroxy-o-oxotricyclo-[3.3.1.1™] decane-1-acetic acid through (a.S)-a-
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back to 30 L. The step yield was 97% activity recovery of PDH with an
activity of 31 1U/ nL and a FDH activity of 8 U nl. [0128] The clarified
broth was ultrafittered through a 100,000 MACO filter cassette (MIIlipore

Pel l'icon 2 uni ti Eol%et hersul fone | ow protein binding cassette, 0.5 nR
filter 20ar ¥ B4Circul ation rate of the punp was 48N The
clarified filtrate was concentrated to 1.5 L and gave an enzyne concentrate

with PDH titer of 567 U nL and FDH titer of 136 IU nL. The perneate was
assayed and no activity was found. The overall enzyme activity recovery in
t he concent r atneinedy8vixy trik§elp B 5201 [Redaret i-setiaadid asingan isolatefl (i@ 0lly
3- Hydr oxy- a- i 5 . ne-|-acetic acid (1.00 Kg; 4.46 nol)
30was added ?ﬁé:?g{eg@lﬁﬁ@?g}ggfzy%gfc?%cﬁeg&%y water (5 L). The m xture was
stirred and the pH was adjusted to pH8 with 10 N NaOH to give a sol ution.
Darco KBB ca;@%ﬂ ('S(Jﬁ'%gm%ffmf% 6%5%18240PCTN52010/ 030404 was added and the
I'fred tor

. e concentrqte
m xt ure was m nut 65t tien 111t ered t hrough a Buchner funnel

with S5usfilter paper. The filter was washed with water (2 x 1 L) and the

filtrates an es .e .conbi ned .t.0 ,gi.ve a,. [on. [0131] Wth
stirring, anﬁgir/ﬁ%i%e c?rrvlgrr{:alffnebr‘ft . O!%?Chg'."&éa %ﬁvﬁ@g@g@gg@ and the pH 5was
re- adj ust ed tRDH/PDBmail) lvad Obthinddafeih a NOQ®L ifermmitetéona plemdretausthigtec| eot i de (2. 65

g) and dithiothreitol .(1.54 re _added. When.the.solj.ds had. di ssol ved, a
DD FoH enpy dEbe it Shiba &tade A8 a0 Bnuali Bt BT DR B8 “The pr
was re- adj ustredct M- H8Y Qopatatihg fi0@ssiicNAOBD-20,00si) €t phanpecladsethe actMity32] The
m xture was then.warmed to -40C and di.l.uted to a,tnt of. 10 L with
Towat er'®" The "B Gh 0 TEF R FEgTaf gt balh bt ab P Mo MORITR St s” The
resul ti ng soldftiig@oflddinddeirste ebva3IDBEBmKdor(PEEH 4848 IFmL e FHbduct

(85)-a-am no-g&7)hydtOXKLRL GXSLOLE: £5 kp drodle $5A08 6 FERLECaBR Then
0.201 L of 30% aqueous polyethylencimine was added and mixed for 30 minutes. The
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
TU/mL and a FDH activity of 8 ITU/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 clarificd filtratc 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-o-oxotricyclo-[3.3.1.177] 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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[0133] BOG protection 15 [0134] Di-tut-butyl dicarbonate (1.022 Kg; 4.68
nol ) was added to a portion of the solution of

(aS) - a- am no- 3- hydroxytricycl o[ 3.3.1.13" 7] decanc-l-acetic acid (477.5 g;
2.12 nol). This mxture was stirred at anbient tenperature, with pH

adj ust ed t R Rt ained at 10 with a pH stat titrap@fudflodshik0 N NaCH.
The reaction was corrpl ete 4 20hours after Boc20 addition when there was
|l ess than 1.0% starting nater al renmining. [0135] The pH of the m xture
was adjusted to -8 with 35% H2SO4 and i-PrOAc (5 0 L) was added to the

m xture. The pH of the m xture t hen ad] usg to h ,35% H2SO4 and
mai nt ai ned a‘F’a“tﬂ‘ilfl‘%ifa(’S‘F1 the ni‘é“%ﬁ%tq%‘éedgﬁ]iggm eé ‘631531 3\5\%?%“858%}‘& ('Ehe m xture
was stirred f@helwlf sPinstRer. aRdhikdaas tvhdht:@mﬁlwtaiar @uohLpunpad fofatdi eal i te

(250 g) 25on filter paper 1n a Buchner funnel. The Dicalitc pad was further

washed wi t h dgvashds wepraombined 123672 CfesH ¥ at e was adj usted to pH 8 with
10 N NaCH. A@tl ?II] Wil §tin'1ﬂ'g9 ath RbnikR fornda R0 S5 DRR 839ﬂ rﬁMﬂvad duatdugit g prnt er f ace

was di scarde he aqueous layer, i-PrOAC (7 was added. The m xture

was aciddifi erWtdﬁJUS@/H)HﬁémﬂtW Nd(?H éﬁ@lottnh@ﬁie%‘?é‘ﬂr@dm’t‘@e%% (B6H8i nt ai ned

at -40C for 4 Mool Q jmé%‘@el%taﬂﬁé’d' @%enm‘&%oil%ﬂ QisWea, Saparphed and the
or ganl c extract was sav he aqueous g%er wth int erface was extracted

Wi th i-PrOAcenzy@e mxaﬁm@aw@m@m@zbﬂ@ﬂ@ Hoaf {7 Fhe pHavsg rerl@istedyer s wer e
agai n separ at@ﬁ'w?tfltlﬁf\m@agk?&{ra% ?ehtt%rq atifd€ aqueous layer with interface was

extracted again wt and the |l ayers were separated after 2
hours at 40C0IpYIBEmiThe v@@mnm@dn@rtgaw’@ ags dliluied to agotglyojunegé pGL with

concentq at ed by, dfh% O_a%?{a%al{xe% a1 F73. 3%115'&91‘&1@'0%1&9'%&1’5 Ofhe BGRIgNe (-10 L)

was then added over m nutes whi'l
solution contained 0.955 Kg (95.1%) of the ploduct (a.S)-o-amino-3-

hydroxytricyclo[3.3.1.177] decane-1-acetic acid.

[0133] BOC-protection
15
[0134] Di-tert-butyl dicarbonate (1.022 Kg; 4.68 mol) was added to a portion of the

1*"] decane-1-acetic acid (477.5 g;

solution of (a.S)-a.-amino-3-hydroxytricyclo[3.3.1.
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,O addition when there was less than 1.0% starting material remaining.
[0135] The pH of the mixture was adjusted to ~8 with 35% H,S804 and i-PrOAc (5.0 L)
was added to the mixture. The pH of the mixture was then adjusted to 2.0 with 35%
H,S0, 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 filtratc was adjusted to pH 8 with 10 N NaOH. After scttling 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,SO4 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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tenperature was nai ntained at -82-89C. The reactor jacket tenperature was
set to 70C and maintained at this tenperature for |hour. Crystallization
occurred shortly after cooling. The reactor jacket tenperature was then set
at 40C and nmaintained at this tenperature for 30 m nutes. 10& 0138] The
suspensi on WAEEER¥d down to anbi ent tenperature, andTHEWIYI4Oher cool ed
to 0-5C. After one hour of stirring at 0-5C, the product was filtered. The
product was washed with heptane (2.5 L), then dried in vacuo at 40C to give
607.0 g (88%yield) of (aS)-rt-[[(1, 1-dinethyl et hoxy)carbonyl] am

no] - 3- hydr oxy3.7$ Cyaldafedaycss ierd 3ghin WpLaadidftel? haReiti40°@CTH: agh&uP k38 |t
shoul d be understoad that the foregqi. i scl osure enphasi zes certain
specific enbd’ﬂfhﬁ‘étﬁ‘?asceﬁ’ﬁﬁext“ﬁ&tf’d e ‘%@’d:ﬁpgé&%)ﬁr@ B ﬂﬁlﬁ%ﬁ’r‘éﬁ? YREAEGuUi val ent
thereto are wrbdd mputshe4®pirit and scope of the invention as set forth in

t he appended clains. WHAT IS CLAIMED IS: |.An isolated nucleic acid

nol ecul e encd®iidifThe gebinse prerrie cHEG fig o Meitcanyatsiel ybidationdettvity and a
pol ypepsi de haviiongis RiraRy! @bané N80 deHYALQARIAER L1 ¥hink-C RARIthsi Ng: 5(a) an

i sol ated nucl ei c acid sequence conprising a nucl eotide sequence that is 95%
i dentical t o tSEQEre wanaiptaingg at(§3-49 €e glhe rreetornedicmger e yobstpeR°Cde of
SEQ ID NO 4, : ' I : +.s0lated nucleic
aci d nol ecul gg%%ﬁ%trl?lse?%g%tp I(E;eg&IJ ﬁu%rée)%{ ﬁg)gr ‘se %@ﬁ%ago%gy &éﬁgﬁhgﬁﬂl&ﬁ&l :

3. The i sol atcedinguheicectagacietrohecanire waf thed st an407C whisnantnin¢dre thiequence
encodi ng the pol ypepti of SEQ 1D NGO 4 and the pol ypeptide of SEQ ID NO
5 further 15(%‘8m e?%%srgéorggrsnimﬁéﬁse pronot er region. 4. An isolated

nucl ei ¢0aci d [MM3BETh sespeadigpr Wi cogledd sagu embienttthragerdiyioy and thee Surther dobled

conpl enent of g.nucl eotide sequence_of SEQ ID NO. 1 at 42Cin a

hybri di zat i of° @'gf(% o Pfs‘?fﬁbrg%%qr%%n@ﬁf@&?“@%s E’é‘%ﬁe‘? otheBrodh el 0. 075 M
washed with heptane (2.5 L), then dried in vacuo at 40°C to give 607.0 g (88% yield) of
(a8)-0-[[(1,1-dimethylethoxy)carbonylJamino]-3-hydroxytricyclo[3.3.1.1>7] decane-1-

acctic acid.

15 [0139] It should be understood that the forcgoing 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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20 sodiumcitrate), 50 nmM sodi um phosphate (pH 6.8), 0.1% sodi um
pyrophosphate, 0.1 % SDS, and 10% dextran sulfate, and then at 42Cin a
hybri di zati on wash buffer conprising 0.2X SSC and 0. 1% SDS, wherein the
nucl eic acid nol ecul e encodes a pol ypepti de having formate dchydrogenase
activity and a pol ypepti de having phenyl al ani ne dehydrogenase activity. 25
5. An isolated nucleic acid nol ecule conprising the nucl eotide sequence of
SEP IHI«JfZ. 6. A plasm d conprising the nucleic acid
nol ecul e o | ai . _An isolated host cell conprising the plasm d of
Cl aim 6. 8ﬁvgﬁ§H$§;AﬁﬁﬁPz%f Caim7 that is a proka??otic gell. EQ.A
nmet hod for producing (aS)-a-[[ (1, 1-di net hyl et hyoxy) car boxyl ] -
agino]-S-Eydroxytricmmhmﬂae&nﬂmama¢ﬂbnaaaﬂdemmﬂh@cim&hﬁpﬁ&&haﬂﬂg&bhﬁﬂeCH
erein the hod conprj ses; . culturing. the st cell of. Claim38
Under sui t EPETEEHE RO a5 fa@kwa'i(? W@gp%\}%‘gﬁlin&e‘gﬁé{e%f‘@é%? Wvg}‘ne
nucl ei ¢ aci.gq gggule of SEQ ID NO 1, (b) partially purifying an

enzyne concentrate conprising the pol ypeptides; and (e)contacting the
culture isolate with(@n ampunselaistl Buelgidr exig- sequence comprising a nucleotide

sequence that is 95% identical to SEQ ID NO: 1; or
(b) a sequence encoding the polypeptide of SEQ ID NO: 4 and the
polypeptide of SEQ ID NO: 5.

10 2. An isolated nucleic acid molecule comprising the nucleotide sequence of
SEQ ID NO: 1.
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

15 comprises a single promoter region.

4. An isolated nucleic acid molecule comprising a sequence that hybridizes

to the complement of the nucleotide sequence of SEQ ID NO: [ at 42°C in a
hybridization buffer comprising 50% formamide, 5X SSC (0.75 M NaCl, 0.075 M

20 sodium citrate), 50 mM sodium phosphate (pH 6.8), 0.1% sodium pyrophosphate, 0.1 %
SDS, and 10% dextran sulfate, and then at 42°C in a hybridization wash buffer
comprising 0.2X SSC and 0.1% SDS, wherein the nucleic acid molecule encodes a
polypeptide having formate dehydrogenase activity and a polypeptide having

phenylalanine dehydrogenase activity.

25
5. An isolated nucleic acid molecule comprising the nucleotide sequence of
SEQ ID NO: 2.
6. A plasmid comprising the nucleic acid molecule of claim 2.
30
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oxotricyclo-[3.3.1.13" 7] decane-|-acetic acid (Formula I1): OH O002H |1
15(1'l) under conditions that allow for production of (aS)-a-am no-3-
hydroxytricycl o[ 3.3.1. 13" 7] decane-1 -acetic acid (Fornula I11): OH
N1-12(111); and (d)contacting the

(uS) - a- am no- 3- hydroxytricyclo[ 3. 3. 1. 13" | decane- l-acetic acid with
an anount of di-tert-butyl dicarbonate under conditions that allow for
production of (aS)-a-[[(1, 1-di et hyl et hyoxy) car boxyl]-am no] - 3-

Shydroxytricycl 9[ 3. BA%'igi):fath lcaioes% gaFéo%ﬁp%%lcr}gltﬁe Slgérgd O%Qflaim 6.
8. The host cell of Claim 7 that is a prokaryotic cell.

5 9. A method for producing (aS)-o-[[(1,1-dimethylethyoxy)carboxyl]-

amino]-3-hydroxytricyclo[3.3.1.1 37]decane-1-acetic acid (Formula I):

OH

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

oxotricyclo-[3.3.1.1*"]decane-1-acetic acid (Formula I):

15 (ID
under conditions that allow for production of (aS)-a-amino-3-

hydroxytricyc:lo[3.3.l.13 "|decane-1-acetic acid (Formula III):

37



OH

OH
NH, (III); and
(d) contacting the (aS)-a-amino-3-hydroxytricyclo[3.3.1. 1*"]decane-
1-acetic acid with an amount of di-tert-butyl dicarbonate under conditions that
allow for production of (aS)-a-[[(1,1-dimethylethyoxy)carboxyl]-amino]-3-
5 hydroxytricyclo[3.3.1. 1*"Jdecane-1-acetic acid.

10
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