Bl OCATALYTI C PROCESSES FOR THE PREPARATI ON OF
SUBSTANTI ALLY STEREOVERI CALLY PURE FUSED BI CYCLI C
WERAONR2COVPOUNDS 1. TECHNI CAL FI ELD [ 0001] TP€T/US2009/048255
present disclosure relates to substantially
stereonerically pure fused bicyclic proline conpounds
of structural Fornulae Il to VII: Il(a) I1(b) Ill(a
li‘ﬂQ%‘b ALYTHY PROCGESSES FOfh THE PA‘,E%RN&I,&%QJ Si%*séfr@‘sﬂ)sALLY
deStERERQ Y PHRE FISHDLBIGY €LY BROLANE GPORNDS
preparation, and to the biocatal ytic enzynmes used in
those processes. 2 . REFERENCE TO SEQUENCE LI STI NG
I TABC BEOBYPER PROGRAM [ 0002] The " Sequence
Listing" concurrently subm tted el ectronically under
[0001}3 Fhepresept disclosgrs pelptps 1g suhsiaptinl i ster@BQEey I PR F??F% piggeic geoline
compdunlio fRAMRAPRHRAIPLVEIIXt s herein incorporated by
reference. The el ectronic copy of the Sequence Listing
was created on June 23, 2009, wth a file size of 110
Kbytes. 3 . BA@KCHOUND [ 0003] Bicyclic proline
anal ogues ar q,,,j‘ n the di scovery and devel opnent of
pepti dom netic Mgs. (A. Trabocchi et al. (2008)
Amino Acids (2008)%34: 1-24). The hepatitis @ virus
pr ot egsepirnhi bi t oy's Yoceprevi r M S®H 505034;M
((I Ry - N (4w | -cycl B H3, 4- dif8yonttan- 2-y
1) - 3- y K7
((S) - 24B-tert - bUDW Ur ei do) - 3, 3- Ni MeChy! but aNoy!§6, 6-
di met hyi{ay 3- azabi cymbp[ 3. 1. 0] hexam@y 2- car boxain)de)
(Mal colmet al. (2006) Antimcrob. Agents Chenother
50(3): 1013 20), and telaprevir (VX 950;
N- (AL - cycl ohgyiw 2- ((S) -1 - (A5, 3aR, 6aS) - | AR - 3- (2
' I

- (cyGl opr opyl [- oxoacef W : anoyl)hﬁ h ﬁocycl
op a *byrroI-Z(I -yl) -3, 3 et hyl - | - ox an- 2-vyl
am n cpxoet hyl) pGeRZI ne- 2- @ ®ooaw de) ( CORH,

al . (2006) Ant i m'¢rob. Agents Chenother. 50(3): 899

909) . Mceprevir YSCH 505034) VEl aprevir (VXMW50)

[ 0004] Boceprevir and telaprevir are prepared from
. . f i 5- ' l4: ' .
AP HIE UL A B 5 20 0H o,
to the pigenta}yticcengiiay usaddn (oS, [BerRs8ALS) -

oct ahydr ocycl opent a[ c] pyrrol e-1-carboxylic acid,

2. T eSRERENVRIDO sShcRE R 18ReiABEE B COMPUTER PROGRAM

[0002] The “Sequence Listing” concurrently submitted electronically under 37 C.F.R. § 1.821 ina
computer readable form (CRF) as file name CX2-020WOO01.txt is herein incorporated by reference.
The electronic copy of the Sequence Listing was created on June 23, 2009, with a file size of 110

Kbytes.
3. BACKGROUND

[0003] Bicyclic proline analogues are used in the discovery and development of peptidomimetic
drugs. (A. Trabocchi et al. (2008) Amino Acids (2008) 34: 1-24). The hepatitis C virus protease
inhibitors boceprevir (SCH 505034; ((1R,28,5S)-N-(4-amino-1-cyclobutyl-3,4-dioxobutan-2-yl)-3-
((S)-2-(3-tert-butylureido)-3,3-dimethylbutanoyl)-6,6-dimethyl-3-azabicyclo[3.1.0Thexane-2-
carboxamide) (Malcolm et al. (2006) Antimicrob. Agents Chemother. 50(3): 1013 20), and telaprevir
(VX 950; N-((S)-1-cyclohexyl-2-((S)-1-((1S,3aR ,6aS)-1-((R)-3-(2-(cyclopropylamino)-2-



[ 0005] WD 2000/ 20824 and WO 2000/ 218369 descri be
numer ous ot her hepatitis C protease inhibitors
w0 p@opssest i ng vari ous fused bicyclic L-proli nBCT/US2009/048255
anal ogues corresponding to structural forrmula VI.
[0006] Al t hough nethods for the synthesis of such
npl ex nol ecul es u3|nF t he nmet hods and tool s of )
°X°ac?$Y@§ﬁﬁ“@Y}élrFéhl‘}Y§{q€&}ClW§Vé Chwenl-HEBby-éd; dimetbyd -gyphytpedelmino)-2-
oxoctiBPEEAhL-Y.cAb&alktlel iPesih 8. (20V6Y 1At i80b. @g@%@@wﬁomer S0(3): 899
inefficient, processes of |ow overall yield.[0007]
909). et al (WD 2007/ 075790) dlscloses the production of the
nmet hyl ester of the blcy rollne anal ogue
(IR 2S, 5S) -6, 6-di et hyl - fcycl o[ 3. 1. 0] hexane- 2-ca
rboxylic acid fromthe cor pondlng(synnetrlca
(achiral) blcycllc am ne
5S) - 6, 6-di net hyl - azabi Cc g
begi nning W th Hds mX|dat|o th
racem c i m ne oﬂgff or mul a
The racem c |n1necl ubsequently r ed wth cyanide
to provide the racén1cmaﬁfnmp|tr|le of the foll ow ng
structural formula [0009]“which is then reacted with
acid and nmethanol to _give the racemic amno acid
met hyl ester of the PP MEHEeHéDural for mul ae
(racemate) [0010] Finally, these (IR 2S, 59
(undesired) and (1S, 2R 5R) (desired) stereoisoneric
nmet hyl esters are separated by 'astereoneric salt

\

correspondlng
acenate) [ 0008]

resol ution, formng eii& s />-tolyl-D-tartaric
aC|d sal t the f it t he
- p- ton” L-gartiari ' cid saljt wyth the

Iatter enanti Omgr . ] .

2007/ 022459) discl gge the racem\g (t

- but oxycar bonyl ) o drocyclopenta[‘}ﬁy?role-
1-carboxylic acid om t he correspondi symmetrica
(achiral) bicyclic am ne by meking t he”R¢ Boc
derivative, and reactlgg'kgug&kgséhe pyrophoric agent,
sec-butyllithiumin the presence f nore than a

stoi chionetric amount of a bul ky diam ne chel ate, then
carbon dioxide, all at below -700C to produce the

[0004]r %%&H%@% f%Ufr AR p@éi)l(n%ﬁ ﬁggl@st%lts%@ ti§ ls%\éeﬁ 5%9 @Lc%rohne

OC- acCl undesi red

analog@ﬁssﬁlRQRSSgﬂ)S d{t@@ lf3e9d9bl@p@i?eb91§m¢- -ceyboxythie geid prfcdpdeR.6aS)-
octahy%fb%y egt% c?ﬂy?rofehle&rlﬁﬁ aﬁde{:ésﬁ%hl\%'l}ﬁ%ﬁﬁ 9&%&{11%&(% t

eso tlon usi ng Sing e enanti omer hiral bases such

as S-1-am notetyalin.
COOH N COOH
H

[0005] WO 2000/20824 and WO 2000/218369 describe numerous other hepatitis C protease
inhibitors incorporating various fused bicyclic L-proline analogues corresponding to structural

formula V1.

[0006] Although methods for the synthesis of such complex molecules using the methods and tools
of organic chemistry have been reported, those syntheses generally are multi-step, intricate,

expensive, inefficient, processes of low overall yield.



[0013] Although the desired stereoi sonmer of the am no
acid derivative is obtained by these nethods, the
w0 esoloegseon of a mixture of enantioners of theBEI/US2009/048255
bi cyclic proline anal ogues inherently involves the
vvaste of at |east one half of all of the materi al
(e raw material s, reagents, solvents, catalysts)
[0007], é’\élbld ith (WR2007/8 8P divsloses thavaogustiemefotheringthykcster pighdbipyclic
prohne%iﬂéotgheo@ al2srel-BedeméRy1-tNELiGREIM. € 8hc oMb REDL S 1R hicid FoRQhe
aci

correspqnding sRnggiayal GrohisHy biexstly anp e hirapeebiprrep . SEhe-prgingathyl-3-

azabicGcleBi 1] @Q%e' b&i ﬁ%)@xrlﬁl R AV RRINTO tHR 86 sp SR tr&Ymic imine of
|nvoIV|ng (1) "anodi ¢ oxi dati on of

structyipl derewA - 3- azabi cycl o[ 3. 3. 0] oct ane ( EA 00090362), and
(ii) a thiazoliumylide approach (Letters in Drug

Desi gn & Di scovery (20 2(7):\A97 |502); J. Og.
Chem 1994, 59, 277 8) [0015] thods to
asymmetrically prod f structural
formula (IS, 3aR, 6a -\

oct ahydr ocycl opent a c]pyrrole P"car oxylic acid and
esters thereof of structufa*™&8nula V fromthe
correspondi ng. symmetrical (achiral) bicyclic am nes of
[0008] {Th¢ Faesipig fming }srmlpsaqqenté}( rffx@tedgg)h (galgdejtio rpg{vp%ﬂthegacemlc aminonitrile
of the 8ARBRIEYELQ@ISt fodndd hexane) that avoid the formation of
racem c mxtures, and the consequent need to separate
the enantioners c i ent] |ess wasteful,
and nore cost-eff resol uti on- based
net hods descri bed poam ne oxi dase
enzynmes have been and| deracem ze
racemc chiral a S gospeci fi ¢ oxidation
of one enantioner to tHe ﬁ@&&ﬁé%ondlng i m ne using
oxygen. Derlvatlves of the flavin dependent nonoam ne

[0009]o ?&g@%s t ESH; rce:%%e%%l dhl'ﬁﬁd ﬂ{e Ctoall Q(J\@g 4%% aégglc §%ﬂ3%g@gn 1 ester of

the folicespngit@dtuaéfomelﬁml in conbination with non specific
chem cal reducing agents, for the deracem zati on of
(d/ 1) anethyl bgnzyl am to proyide enanftionerically
pure (93% ee) (|d) anet Lhe (Al exeeva et al.
(2002) Angew. em H : H7-3180) .
Derivatives of C{ depeqdendy nonojan ne oxi dase
of Aspergillus ege Wenve dfSo weg®d T8 der aceni zat i on

of (R/'S)-2-phenypyrrol i g, gt ;ﬂovi de
enantionerically pure (98% ee) (R)-2-phenypyrrolidine

[0010];?%51&%21%% 41R ﬁf f)und E%d@’?ﬁ&(?@ %Rl/%grsgred) or al%‘éﬁl%fl%c Sbthyl

esters @eggqara@ed@mﬁda@gzpmeﬂc @heem)luﬁiml forhB@@Bher HE5h- pBG_ISL]p@zﬁmﬁ]: acid salt
with tﬂeth er ?a%tl{rﬁgloﬁhtela I‘ taﬂ%ﬁc t%@ér?é 21518 sHf o\{lll ﬁilg latter enantiomer.
Supst an

“enant chiral
' I f I
v iy Sk o
(1 -butefyfcarborgpstalydaicadidrentaictryabiat lyctarlxoxyircca@elsfsmsthé orrrespreiding
symm%%éqg@ Aé)cb é%gé !ﬂnglgie Eyslélklzlflé the @II C cgﬁ%it{vg k?llng fea%tlnlg rite\I/i(a{tﬁe

In t ose bl ocata
pyroplprioegss @@—butylhthlum in the presence of more than a st01ch10metric amount of a bulky

diamine chelate, then carbon dioxide, all at below -70°C to produce the racemic N-Boc amino acids

depicted below:



4 . SUWMMARY [0018] The present disclosure provides
substantially stereonerically pure bicyclicimne
w@oempoossds of structural Fornula Il (a) (and di PET/ES2009/048255
t hereof of structural Formula 11 (b)), which are
particularly useful as novel internediates in the
synthesis of stereonerically defined therapeutic
agents "(a) and ['(b) i ts and hydrat es
thereof, whereinf A , lor -CH2-CH2-,
wherein Rl and are I ndg Jentl sel ected from
-H, -COOH, -X, -|[NERCPR M XAY200H|CX3, - CH3, -
CH2CH3, and wherfein X |s seI ected from|F, Cd, and Br.
Mand M may both be pr%{_?} 9y, both be absent and
when both Mand M are pP&&Bj "W%{ﬁa M are the sane

oo SRS ) G Rl A B
Boc-a¢ty iy thenephticd 8¢ diabrt dindritQalpfelitioasisin sibgle Cidhtinvhi@RhiMI1 bases

b a? M. arelo Ais not O and when Ais O Mand M
such ag py "‘PilBPOt%Hfaltlb) A can be -CH:CH- or -CH 2-CH2- when M

M ar 4 and
00137 At ST oo PBRe b i 4 Bt BB by o hjthods.
the resafi@odvbf aﬁlﬁﬁuﬁ:’ef ofRpRBiSinte o8 thededy bR Prslineyinal P& Dherdii involves the
ent dj sclosure further provides substantjally .
waste B ER s b ot B it o PSS ERouRA g Catalysts) sed i
the praipcindif fig ricomitminaitaur al Formula 11 (a) and structural
Formula 111 (b), which are particularly useful as novel
[0014] ideitioedi@theds fontht biengssahtynessis ofmisnant i oneri cal |y

(1S 3aga(1f E)Soc ! (E]rﬁ%)/g: Oi? ¢ !%[g][pﬁlg&ngfcalibﬂx% %ﬁl |%! 1(tﬁstegﬂ1§ q%orl%FIéreported

involvag ( @swlid dxédtdtiabaine adeB0-3Qaticycil.0loamme (EA®0QI086B NN (ii) a

iy O RET PY1€ T Ronnae 6P etz UPAr] P a0 Chem

1994, by/Qa)3-8hi ch are usef uI as novel internediates in the
synthesis of stereonerically defined therapeutic
[0015]a y&ritods toﬁbﬁnmeﬂj&ﬂla mtddactel aynimnmtﬁs iobstRIciuch Ifdrmﬂatﬂt&ﬁdRr@S}s

octaby 3By Gt st “ohpreal R M ipm e
correspunding ispmetrica l( dcyirgsieyctie mnaas GfGﬁudtuira]l fernadenf(OLR) 4S)-@6- dlmethyl 3-
azablcgélléﬂ qsoglgeg!flrleeg&%ﬁale{/:o%oé Vf%n)lat ﬁl)a(’&Jm\{Wxnhrgsc lmldd thea?onseggen% need to
separatb&h@fﬁiahmﬁle&mrl éc mbﬁﬁ:iﬂdlenThﬁs predehninddhac b@stffetive than the
resolu&g]n%l d sw%tfl dggrﬁ%ﬂbe% BI Iey protected substantially

& conpounds of structural Fornula

oot poAale BB B LEDE bbb 1o MR bR R P
amincfge rlte$tereospemﬁc oxidation of one enantiomer to the corresponding imine using oxygen.
Derivatives of the flavin dependent monoamine oxidase of Aspergillus niger (MAQ N) (Shilling et al.
(1995) Biochim. Biophys. Acta. 1243: 529 37) have been reported as useful, in combination with non
specific chemical reducing agents, for the deracemization of (d/1) o methylbenzylamine to provide
enantiomerically pure (93% ee) (d) o methylbenzylamine (Alexeeva et al. (2002) Angew. Chem. Int.
Ed. 41:3177-3180). Derivatives of the flavin dependent monoamine oxidase of Aspergillus niger
were also used for deracemization of (R/S)-2-phenypyrrolidine to provide enantiomerically pure (98%
ee) (R)-2-phenypyrrolidine (Carr et al. (2005), ChemBioChem 6: 637 39; Gotor et al.
“Enantioselective Enzymatic Desymmetrization in Organic Synthesis,” Chem. Rev. (2005) 105: 313-

54),



V including salts and hydrates thereof in which A, M
and M, are as described above, and wherein R5 is
w@edleoossas f rom t he group consi sting of a prot eRCT/N§2009/048255
group (e.g. benzyl or trinethylsilyl and the like), -
(G - C2) aI kyl, -(CG-C3)al kyl, -(C -CzCal kyl, and
i aIkyI In certain non-limting errbodlmsnts R5
[0017] &t 1ﬁéqs]ﬁhle th@tpmq not gily fa mgl‘fqu subf{t@@@lisj enpﬁ‘réongﬁr@glélrﬁure chiral

compﬁh&scké?ﬁé{ﬁa(?ly%hﬁﬁ aﬁ’l‘hfé\éb&lﬁémﬁi"ﬁat% UsORPds! syntRERt REhRiates, but also to
subst anti al )é enanti onerically pure compounds of
¥

providg effigienty pglablediqepiplyticpieyesyes &t thedsormeige patheie ¢ isglso desirable,
theref§8 Q@Eﬂo@ﬁ@ EnAhed REREAMRAL B cfly®tgroietg al Formula V):
V(b) including salts and hydrates thereof in which A
4. Msuandaly., are as described above, and wherein RS is
sel ected fromthe group consisting of a protecting
[00189 Erﬁypreéeﬁt (g?(d(fa@l@ %)dedéi sdbgthﬁffahin ytk&brhaﬁca ﬁn& &@ydhhiﬁﬁﬂe compounds
y
of strusml FQl‘B’)“%’f‘I i) (and (iiméré rﬂ%e&ioiﬁ %@@Hctmahﬁqnﬁlg Hé%d@l%ﬁft Rortiglarly
usefulla$ ndVRE i¥tmed@kdYh the HntlcsiDYE Wreoh PRAR] deﬁﬂ&l tREGREM agents
di scl osure al so provi des substanti al
enantionerically pure carboxyl - substltuted conmpounds
of structural Formula VI, whicHar¥ particularly
useful as internedi ates in thd sis of
enantionerically defined therap&utAc agents: VI
including salts andyhydrates the N.in which A M
and M, are as deﬂbrmbed above. LO 2 The present
disclosure also p es the opt pr ot ect ed
substantially enandignerically dee\d%npounds of
structural Fornul a N (b) (corresponélng to the cis
enantiomer of the dPpounehdof struct®ral Formula w):

I S r 1
1ncludi‘\(}‘g (sgﬂ S (?h?\]/ﬁgrdﬂgésqge@oq’ d\glze(r:é?]?% elgég%O\}g CLg é)g (%I? Wlfetbélﬁli and
R’ mrmhéipkegehmbdwb@$©§mner£§MHﬁegféﬁbsﬁéhMHﬁﬂﬂ@NHz -CXs, -CH;, -
Cr.CENANHLATEE KGBL LAY 1 TRAH BN BTG e oFRLAYL By botn

, Ich are particul’arly use termed i
be abstiiend yhinHedi M aofl VEparesonteM iaedM’ predled same dnd e seé@mdtfrom O and

cRReREDLS by ROGLIGLTD 2L SRS P e
the preyises élnt (i wb¢1d§wné1\’ﬁlamﬁ,p% Bptesntl macoptig oM apng M’ are not O; (b)
A can BE Qéﬁgéﬁﬁor%&lé_tc%ﬂi \izvﬂénll\\f 2N ta%e%f?h“,caﬂh kc)f when M and M are CR’R?
and have one or more stereocenters, the stercocenters of M and M’ are of opposite stereochemistry.
[0019] The present disclosure further provides substantially enantiomerically pure aminosulfonate

compounds according to structural Formula III(a) and structural Formula ITI(b), which are

particularly useful as novel intermediates in the synthesis of enantiomerically defined therapeutic

agents:
IA\ IA\
M M M M
“,
N" ¥so; N 7so,

Ii(a) (b)

2

including salts and hydrates thereof in which A, M, and M”, are as described above.



pure conpounds of structural Forrmula VII(b)
(corresponding to the cis enantioner of the conpound
w@poiswosses ural Fornmula VII1I): VI (b) includi ng seCT/ESz02048255
hydrates thereof in which A M and M, are as
descri bed above [0027] Therefore, in specific
enbodi nents, the present disclosure provides the
[0020) & 3dgitionghs Rrsssat disckoppe PEOViseoiubranteBrprsntrmacrigelifnyre gainonitrile
compduldseIrIBCtnah 18 rh@s IVALWEYNER SIS a@hov@Gtefthedis8n the synthesis of
therapeutic agents, as well as biocatal ytic processes
stereomggiically, éefgtgqi]thﬁ@gquélc agenﬁt Thegbstantigly F@p}lmrﬁ@lyf RY&igans aminonitrile
compd%@mlstr&uﬁmtohnﬁa PAEPRAKNAS b RGBS F3Me C5dp Qi sdbsantially
N N [0028] The present di scl osure provides the
enantlwatrtcaw S fit SBEOHTEgeamneusls oF sttued Fpauwidy Msef ul  as
internmedi ates for the syntheS|s of one or nore
t her apeutic agents taIytlc processes
for the synthesls east Ilomﬁng fused
bi cyclic proline c %Eoﬁn S: [d6 ] In ot her specific
enbodi ments, the pre ci scl osyr'é/ gy ovi des the
fol |l owi ng conpounds UBefuI as |nHerned|ates for the
synthesis of one or nu{g therapewib)c agents, as well
as biocatal ytic processes for the synthesis of these

includ @ RMBURAE By dritBABAof ThBich Wher, BiEMe Rte AidselRsiubeve.
provides fused bicyclic prollne conpounds useful as

[0021] E"h@f)ﬂéﬁﬂi @tcsuk Providaeths &Sﬂﬂidﬁ@ﬂi}} ﬁg@éte@ﬁt@lstﬁh{tlaﬂpEtﬁntlomerlcally pure
t hergpeuti c agents, as as biocatalytic process
compqva5 s qf ﬁ%“cé‘tf'ﬂtFHE%‘tl% Vo‘l"hlfli‘t e 831?18%8’ ysptulasiifternseigiey pethe synthesis of
enmm@@ﬁﬁ@gﬁ&gm&ﬂ@a@ﬁaﬁbgxﬁgesent di scl osure al so provides
thods for the biocatalytic synthesis of the
substantially stereonerically pure conpounds of
structural Fornul ae I W1 . In one enbodinment, the
present discl osure proW d net hod of preparing a
substantially stereoneri £ 1 mne conpound
according to structural Fl%ﬂﬁé?ﬁ including salts
thereof, in which AA M and M, are asdescri bed above.
The et hod conpri ses contXctlng a symmetric (achiral)

blcycllc am ne conmpound according to structura
including spifsiagd hydratpshegnf dnwinicivy, MaandW, ageras dgssribrdsbpycpng wherein R is

selectc@%\ﬁ?the Whobip c&?éﬁéﬁ’@g'b @ %Qot@:tlﬁg? ﬁ@@ﬂﬂe@eb%l@ SRR AYIYBanti 'thhe like), -

presence under con Itl ons 1 n

(Cr- Czt)ﬂtle‘/l Sr e &r%&@@l éndzsiﬁecéaékﬂi Jocsrizin ngirfpiing embodiments R

is met@ANARUNE 1 Bftyist ructural Fornula | to the correspondi ng
i'mne conmpound of structural Formula Il(a), the diner

(00221t e¢ pedenndisdrRRulsa ptolv{deg the a;gtgnmygrneaad Jubgsiefly enhftiomerically

certai n enbodi nents, the cofactor is
pure compounds of structural Formula V(b) (corresponding to the cis enantiomer of the compound of

structural Formula V):

AL
M M

H-Z—frH
N~
H

‘COOR®

V(b)

including salts and hydrates thereof in which A, M, and M, are as described above, and wherein R® is

selected from the group consisting of a protecting group (e.g. benzyl or trimethylsilyl and the like), -



selected fromthe group consisting of FAD, FMN, NADP
and NAD. In a particular enbodi nent the co-factor is
wo-200/00882€ er t ai n enbodi ments, the reaction m XPCF/ES2009/048255
further conprises a conponent useful for facilitating
the disproportionation of the hydrogen peroxide side
roduct of the nonoam ne oxi dase catal yzed reacti on,
(Cr-Codkdheffi sl n(Glrifiel. 20¢ el-bepkylo Iwrt@@@%ilmawg@ﬁodlmems R’
is metRNCtWRt8Fput N certain enmbodi nents, that component is
sel ected from anpong chenical agents, such as but not

[0023] AR phnt AscRfurcARM pfofide@ibithRially &RnidhdriBallypust (J'z\ﬁfoxyl— substituted
enbodi ments, that_ conponent is an enzyne, such

comp%lﬁ%t%r%“Fgg)éula Vk V\éplcé]eﬁrq pastiquigely éﬁ@é{é&ﬁ Wéqxilinedqtﬁén tl}er;ynthesw of
cnantibB@fchilPM ARt Xhbhseufibidchgr conprises the enzyne catal ase
to catal yze the disproportionation reaction depicted
in Scheme 2, hydrogen pergxide (H2Q2) is broken down
to nol ecul ar oxygen and MatMr. [0032] In certain
enbodi nents, the nonoahi dase capabl e of
oxi di zi ng an am ne conpo{n f structural Formula | to
the correspondi ng inine cOhpot®B8Hof structural Fornul a
I1(a) is obtained froma ipecies of Aspergillus. In
particul ar enbodinents, e nonoam ne oxidase is an

t
1ncludglﬁt§gl§%ﬁ%h¥c§ testt eée‘}fﬂlhm‘g ]fa}]ilm n OX. a%req’ag\ghl Il'le | B?V&: rleLS

[0024]n,3'ﬁ%§r§§eﬁ cﬂ%c (irpargggg )élg)sllad%sethﬁaﬁ Oflillé’&)r?t?(lg?ﬂs ﬁuﬁﬁgan%altly eenantiomerically
pure coapduasPERtudtgalAnpenly Mi(b) &ospoidiss 1o therByenhionsobfabe@mpound of
fruct %ga ‘ﬁ gﬁbinant protein expressed in a heterol ogous
STUCIRHSPTMEY but not linmited to E. coli. [0033] In
anot her enbodi ment, the rmppoanm ne oxi dase capabl e of
oxi di zing an am ne conpoMmhdmMof structural Formula | to
the corresponding in ney nd of structural Fornula
I1(a) conprises portions{of ypnore than one nonoam ne
oxi dase, e.g., a fusion oNhy6P:H protein conpri si ng
an am no-term nal portion'$f the Aspergillus niger
nonoani ne oxi dase and a c@fdyoxy-terninal portion from
t he Aspergillus oryzae nonoam ne oxidase. In a
1ncludﬁ1@%§1{s ah&: hﬁﬂy&qhggﬁtm WBl@ﬁAnpp len Greds 'dgsé‘ﬁ@edl ok, 495

am no-acid protein (SEQ D NO I'n which the am no
[0025]t & 'mdﬁf%h tﬁé—ﬁ‘reém (ﬁQ:ld%ﬁ:ﬂe Qﬁwﬁﬁ{ :{u%§t919fdf# E&nﬁ&ﬁerﬁ!ﬁﬂ%re compounds of
termnal 314 am no acid [us nig IB
stmctntbFzyﬂnulfaﬁH whieh gig rpblwbilalisetﬁﬂiuhw 111t811nediﬁeﬁ@1 ta%; mﬁlws 0
enantl&ﬁéﬁcgﬁf}p&@ﬂe&t‘ﬁe&ﬂﬂﬁﬁ@@%ﬁ@xy termnal 181 am no aci d_s Qf
Aspergillus oryzae (SEQ ID NO 32). In other specific
enmbodi ments the nonoam neaoxi dase is a derivative of
the 495 anmino acid protéfnMf SEQ ID NO. 6 sel ected
from SEQ I D NOS: 10, 1B® =H16, 18, 20, and 36, each
of which carries at |eas am no acid substitution
as conpared to the amino Bci #Q¥tuence of SEQ I D NO 6.
[0034] In certain enmbodi ngpts the nonoani ne oxi dase
capable of oxidizing an am ne conpound of structura

rmula | to the correspondi ng imne conpound of
includigg gl by ire wigh Ay ¥ arEE YL, g6 9 (dgiiibed above.

[0026] The present disclosure also provides the optionally protected substantially enantiomerically
pure compounds of structural Formula VII(b) (corresponding to the cis enantiomer of the compound

of structural Formula VII):



the Aspergillus nonoam ne oxi dase of SEQ ID NO 2 and
has two or nore am no acid substitutions as conpared
W eo1vjessasri no aci d sequence of the Aspergil | usPai/yg2009/048255
nonoan ne oxi dase of SEQ ID NO 2. In specific
enbodi nents, the nonoam ne oxi dase capabl e of
oxi di zi ng an am ne conpound of structural Fornmula | to
the corresponding |n1ne“péq@ound of structural Formula
Il conprises the anlnoHaf_éFﬁequence of SEQ ID NG 4 or
SEQ ID NO: 8. [0035] In ofhey enbodinents, the
nmonoam ne oxi dase capabl eNo6f“GDNH]I zi ng an am ne
compound of structural FoHmula | to the corresponding
i m ne conpound of structuyx & Formula Il1(a) is a fusion
protein in which the an1no eerninal anino acid

1nclud8%%§§ 3 W‘ﬂs"ft t{‘ﬂ%& ORI é(neawfe b |ar é‘lcésaa(r)‘r\p noamni ne

[0027]?{&%38 r(h‘(r: egl s|8§01 bcgeéllébv ?nﬁn%etg% %Q%tn (g%lq%ﬁr%p?o%%dﬁﬁig ?olg\xllirlgl'iﬁsed
blcyclfemhﬂﬁib naEmposndsheefhl ds hecrarilines foe thaflsylﬁhesﬁ o€l oiehve more therapeutic

X rm na ar a f r
seensc B3 S Lo AR b BR Rt T RS Bl BBl et
proling ¢ampotB: gr oup consi sting of SEQ I D NO 22 24, 26,
28, 30, 32, and 34. In a particular enbodinent t he
anmno term nal pogtiep,of ¢he &p5|on i n i
derived fremthe phdteln of° SEQ D NOg, 32 MM|Lk t he
car boxyH HalH on of H usi t
derived f t he ei n of IDIQ@ E [06362 In
certain entodi nents\ the preé%nt di sclNosure prbvides a
met hod of preparing an am nosul fonate conpound
according to structural Fornula Ill(a) or 111(b),
i ncluding salts and hygrates thereof, A, M and M,
are as descrlbed aboidtmIﬁése nethods conprlse

cont a¢ bi cycl Pb_dtti ne conp
accordlg T tructuralhﬁbrnul I“ M an

as desc E § bov@ TH oxyge no£ﬂ1 ox ase
enzyne, bi sul fi under cond|N ons mhlch el d the

an1nosu|fonate (the |n1ne bi ful fite adduct) conpound.
[0028]|mﬁ"h$ ﬁrregenf &{sc?({%ur% %poggdegﬁle té‘(iilot I;]néefuseé Ibﬁg(t:l{c%trolrng ggrﬁpo?la%sﬁjtﬁﬂ as
interm?é'cﬂieteqofoeﬂle N ntlghsis of ms:uxr mofeuhd:rhmutlcmgwts ce s'eB antbdacdlytiofprocesses for
the sylptfl Ii‘atr]gasﬁhg’ Po?l%%v%%&ill {él% {c):%\éc%ta I%%‘o 18??5m§)%?% é%/ u rp:llr e For nul a

IV(a), |nclud|ng salts and hydrates thereof, in which

A, M and M are as described above. The net hod

conprises contacting a synmmetric bicyclic am ne

according to structural Fornmula | in which A, M and

M, are as descri bed above, with oxygen, a nonoam ne

oxi dase enzyne, and bisulfite, followed by contact

wi t h cyani deunder conditions which yield the

amnonitrile conmpound. In particular enbodi nents, the

oxi dation reaction m xture further conprises the

enzyme cat al ase.



[0038] The present disclosure further provides a
nmet hod of preparing a substantially stereonerically
w@ooie/oessesioni tril e conpound accordi ng to str ucPCF/ab2009/048255
Formula 1V, including salts thereof, in which AA M
and M are as described above. The nmethod conpri ses
contacti nﬁ a symmetric bicyclic amne according to
3

structyra Foruyl&Hs in whighch M and Mh_d&He as

.
N

des b Y 4Hab Oy, Santih oxyges?, a nonoai A& _exi dase
enzyfig t %) farnft hdli gPne s ug? ur al fo‘?eru!g'ﬁ l\/P(a),
a di nreyw” tsher eo (sSN\ruct u ( mul a |1 (DYyy~1@r
m xturds thereofH folPbwed by coR¥h with Ryanijk

undeg.ccongjut i ich yieldt am noni {rd l e
conpoursd, %tﬁ g‘éq?‘tgycyﬁlﬁsar enbogr oAt s, t he ?))?[gag'gfzson

r eact WP @ xt tiesfimh her 4 prjasies the efifyrea@” o
cat al ase =wOQ39] T rese osure al §o I des
a et hol{ BF prepdy iy gy subSnaktigl .y ster el i kally

pure am no aci d conmpound accBrding to®structural
For ula MCHd nglsudiogs sald,a; L hengof , 1n adsch BHs M

and Ma dteps des¥r ihed above? starting fyon¥ by
conpout Bf st shciyar ajo forurw |l 1 6a) (or She(R o0
conpoungs @rhst rug | forkul (b)) or 3

e
am nonithile corrpEundsOtl)f st ict urcatcH;or mul ax | V( ayH:
The t hod, conpri ses, contacting a substaptj al |
st er@gﬁgfg%sal |”95M°3'3am n'&ﬁi\yg'l'% corrpouH?Jd %i‘ di ng

N

T
to stimetafal : P it LV, Hi T AMaHCh A, M Hagllhd
descrilbbedabeve! W an aff d §hglwat er un

conditi §NS i n wh 't am hrist N1 e coppoumd @ s\ ,
convert&d to the mino acid HonpolBndHof st rdtt ural 2 -
Formula VI, [0040] The disclgsure further provides a
(002914 ofB sBeiflsrcdbadipisgs-dhashpshtadiclosyrp Proxidgy 1B fdlpving cpypounds
useful QU E BB BLhE syHERROUNGhe BE SO AhdigeliRt a3Eiftd) 6 WEIRSs biocatalytic
Formula VI, .including salts and co-crystals (e.qg.

procesigyfey the pyRBPEDIE thesheqpIovrsA, M and M " are as descri bed
above. The th conpy,i se ont actj ng symmet ri cal
(achiral) an%ngggérrpouﬁbcs\gg%gr di ng I_Lsg\\ﬁs{?'?ftjct ur al

Formula | i A, “andyM  ar ¢.a8> cri bed
above, with gxygen and i ne oxid Oenzym=.~,
foll owed by comtact with ani de undem‘congdjtions

suitable to yield a substlntially sterfktomerically pure
amnonitrile conmpound according to structural Fornula
V. In certain enbodi nents, the oxidation reaction

m xture furldder Celonprises the enzgpeceatal ase. The
amnonitrile ecanpound so forned i s}é_ont acted with an

acid and wdt condi #ridons HTywirhthot he
am nonitrile nd i s converte e am no acid
conpound of st@uct @&HsFornul a VI. j004NH,The

di scl osure further provides a nmethod of preparing a

t ' . ' by ' ' und
onof 0588841 GHRTREA 8L A A LS o
intermgdhigtecior the ywttlabis of encgr migk4Birypeutic agents, as well as biocatalytic processes for

the synthesis of these fused bicyclic proline compounds

[0031] The present disclosure also provides methods for the biocatalytic synthesis of the
substantially stereomerically pure compounds of structural Formulae II to VII. In one embodiment,
the present disclosure provides a method of preparing a substantially stereomerically pure imine

compound according to structural Formula I, including salts thereof, in which A, M, and M”, are as



thereof, in which AA M and M are as described above.
The nmet hod conprises contacting a symetrica
W@ aohioossk§ am ne conmpound accordi ng to struct uPEl/US2009/048255

Formula I, in which AA M and M are as descri bed

above, with oxygen, a nonoani ne oxi dase enzyne and

bi sulfite, followed by contact with cyani de under
describegpbipvei JHE meWpd esmnsiseSEOYPEing a syRUBEe 5hira) pigyclic amine compound
accord@A0 tinRER4liFeAhIyT PUre amninonitril econpound according

to structural Formula IV. In certain enbodi nents, the

oxidation reaction mxture further conprises the

enzyme catal ase. The ami ndhi tMile conpound so for nmed

is contacted with an acid ter under conditions

in which the amnonitrile compound is converted to the

am no acid conpound of struNtural Formula VI. In other

enbodi ments, the aninonitrile conmpound so fornmed is

contacted with an acid and &l cohol under conditions in

which the amnonitrile conmpound is converted to the
in whighf\n¥. ek M. agesngesarerdgbovst vitlke etreel and@mpappgniye ofidegg gjzyme in the

presenk@o@a%Hﬁét%ndérQ@n(ﬁﬁ(ﬁé e\ hicH SE hORHEnd VML A8 Sy Re FBENRUN amine
prep arlnﬁia substantially stereonerically pure

Comp%lﬂéﬁ%%ltl@afab riglad & te egresRndiag deiee pannognd of sgqutg@{ Royrgpla 11(a),
the dnllzé}rtlﬁ'@l‘éo@ oMrorlG |Ill€195| ) 1§1§'Ju¥e§ tHeRSF: elgfcertdnpeﬂMUdﬁlliEné th&eoMrtor is

and R5 are as described above, using the novel
selecteddranpiia deup pensivire RS FAD, FHEY, DiDRy and A B braapatiqpar gmbodiment the
co-factBRisNAAS , ndbSfeh Qﬁl%énﬁ\z%’fseihg readtitf niRLRAGHEP @Bﬁﬁrﬁ@ssa component useful
contacting a substanti al ﬁ% stereonerically pure
for facglitptig e disprepoionvn nétha srdeesinmgroride side predust af theyprazmine
oxidask yatal&ﬂ:d‘%ﬂcﬁ&h Ay deg/lcte@ Rfs Mm@ b ?oe"ﬁﬁ)v) Q@ﬁ’l@fehhﬁ%x QUEd wikkt hn
aci d and an al cohol under conditi'ons in which the o
certainggbipdimionts; thet cempynsirieisalested dirirerntoag clhemni¢ah ageatyi yeh adiuginot limited
to Pd, et B anf AERRYAi10Fn ek Hﬁl@dﬂﬁrﬁénts’zﬁlra{@éhéoﬁént 90 él%]ymzrbﬁch as the
present disclosure also provides a nethod of preparing
enzymg cafpleset dhe Patiguler spbedimeiteths wagtion npyyie fgthenenyipes the enzyme
catala&qmm tl?ec(ﬁ%%iyoﬂgm&tfén%ae%t depfe}!ed oS dh &2 \ﬂlydmgalcge%da 9H,0,)
ts thereo A, and M are as describ
is bml‘% 69‘@“ toaglerglar ey s W*’é‘énpou nds and met hods,
i ncluding the biocatal ytic nethods di scl osed her ei n.
003217 feceriginBRo @R tlhcasonoaming exidirg capablgo pxiiging pp gmine compound of

structu4] FBEMTE{! (6 ok ks pokidi e RITANQRpbiidd s&&m O AE AR 6 PBehined
to structural Formula IV, inwhich A M and M are as

from apgecissiobdepergie In Wity an gbpditaenes, theatopogiiaesxidashiian deiegeilus

niger BnodiRdx IR, RANNA BIhkY dnktR IRRABRAHO R oAMERIRE{AH aﬂ Dopbl@ius
am no aci d compound of structural Formula VI. [0 f]

oryzaeTRENOGNEE OHEYE e IF GheTHBTANEF the MPBLINHNG R ReTIMBF mﬁs(# frpry the

corresﬁorﬁﬂl@%ﬁéﬂgzl’l@sl §p¥c1<%%ﬁ¥a& QORbbe@hd ¥re@HiEnAMDRINAGp@ssed in a
onpound accor |n%»to structural Fornmula VI, including

hﬁm“@ﬁ@#§m§n%w%6% bytygtlinisedteErolindad ) t hereof, in which
are as described above. The method
[0033] %fhﬁwt@‘egnb?ém% thergpnaaming redese rpebinal aidigpgihgnippeompound of

structu3{1FYEhE Blo tf@o%ép@ndmg ilrﬁne\/\'fﬂ)hff)tiurﬁ of Mruc@g FMmad A(238omprises
descri bed above, th gen and a nonoam ne oxi dase

portiogspf yiypge %ﬁuoqqérmeﬂmn? %?111196%&}? By Ut RRridRrotRin Comping an

aminoUEYefal portion of the Aspergillus niger monoamine oxidase and a carboxy-terminal portion
from the Aspergillus oryzae monoamine oxidase. In a specific embodiment, the monoamine oxidase
is a 495 amino-acid protein (SEQ ID NO: 6) in which the amino terminal 314 amino acids correspond

to the amino terminal 314 amino acids of Aspergillus niger (SEQ ID NO:2), and the carboxy-terminal
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conditions suitable to yield a substantially
enantionericaly pure amnonitrile conpound accordi ng
wo 00180088eg ural Forrmula |V. In certain enbodi mEPCEHUS100E048255
reaction m xture further conprises the enzyne
catal ase. The aminonitrile conpound so fornmed is
contacted wth HC wunder conditions in which the
181 amaiyp pradi OFrpIPentis tfsadexy-sreigphidi paopeids ofelsasifes aereg (SEQID

NO: 38PN OMAd p QifiSdnivéainth @ ihFRsHdkth Re Widask RQOAR VAR e BEEE kdDPfino acid
the present disclosure provides a method of preparin

proteirgo NP @palspted digpn § Neal 14 1pdtelbatd: 3B 2ad P eé@t(%which

carrieCR TRQWAGaRHE 88 kubSrith®onsh CoaSERD tHQMMY Rid\equeh&! HE4EQID NO:6.
salts thereof, in which A M and R5 are as

[0034)0 BS &S ARELBNALRs 1S nfdPodniife HQWEE cAHMIPORUREEZiRNh SMBANREDound of
|nclud|ng@the bi ocat.al ytic nethods, disclosed herein

structurpl ot by thesiopripepding BRcropPAY T Sisaral Fomaply [(a) is derived from

the AsSHeiMkd AERanGRlok MadWr SE@MDMNIND hikd Ha€ tEOSRRAHO S A6 608 SibB@tutions as
to structural Formula IV, inwhich A M M are as

compagrsie fheigaunoaasishrequenserH thectserrgdugyrisqaapopoapige aridage et} 1D NO:2.

In spetAE &hbdeidst 1hQ AfonbdiiNd1b:Gdhsd HPatAEbMNRNiLifd InQnERIGRIO¢hd 0%
converted to the anmi.no ester conmpaound of structural

structusg] Figfppua Mo thepomeipondies gY@ mpOwidoé s tirad Fpiguladcomprises the

aminoREAEfeR A SBY MO oi¥mpas NO®. @ substantially
enantionerically pure amno am de conpound accordi ng

[0035] O SthérabbdiRbntE A MbRdadink oxidie adbR O salilBg bi@hBOtompolnd of
[ are as descri bed above. The nethod

which AA. M and M, : |
structyrg) Fopmua b todhsiosetrerynainingRopwowshib st ra Fetuk HEp) dsg fusion
protei® iU h&Amife it Inal dmindMI&T Ripiends is ¥briMll fi3h@ B8 Aspergillus

descri bed, wth oxygen and a nonoan ne oxi dase_enz

: yme
monoTgHEE OxfsET Whith (o KT AMHSEA A §es AN Hi s dar pd om that of another

Asper il RMISmAY 0£iQANE Al ccibih Rort M ting embetaEnts; OO itHcl a@iifo-terminal and
suitable to yield a substanti a I% enanti oneri cal

the cagerpd-ARMRORITE 4 PESUE D AP IR @rosT R et bgndogendeptiycelgriad from among
selectddQromHha gloMp cdmisidy FISES, IDMION?2, 24, 86,23, TESERLhded BRPYEcular

and thereafter contacting the amnonjtrile conpound
embodjmnery. thcdmize e dioTtisRGE T SsiiPFStaRE deHVvegdHToehthe pretein of SEQ ID
NO: 32Ot bbb (&RIMRORIEon AR RQICHOMENE 8FivEOLrEh ehedMdt8I of SEQ ID

acid am de compound of structural Forrmula VII. [0047]
NO:27he nonoani ne oxi dases of the present discl osure,

whi ch are capabl e of oxidi zi ng an _am ne conpound of
[0036)5 {1 GretpihemP OB Ry T Nresey dﬁﬁéﬂl&%m}ém?tﬁ@d T RSRRrng an

aminoSUMTRAY Bindlindct stding k@dtrub@falBéranulal TII() BVEI(ONRCIQding Bt and hydrates

mno acjid substitutigQns as co red to.the am no acid.
thefeogéq%ﬁeiNﬁfaf%ﬁéef%%m& oxe. lheys MEGdecpprisg Feptasges § pynjeirical
bicyclﬁ-a_n?hé%m@&hﬁ@c@@diﬁ’g 1 Whsdnirh ok S <15| P, 0¥, iafl@ M’ e mlgﬂmm)ove,
. oXl dase Wt ong Or nore | nprove pro rtl1es.Lng I Ng
with oxygep.pupeaoaming gxidess ¢pgymy cgnd\pisplfite Wsrrcggfga?lwﬁal% gl fhe
aminobUMRh4T® Gh&iliihd-Bijulfits eddvemtorsioad. | Tnp¥rtickladu®edinRhit® dhCdxidation

cinhibitjon, reduced substrate inhibition, or reduced
reactionapxiups fY5they cQUpPTISERe PIEHME MK duct s. Such ami no aci d

sybstitutions al so inmprove the solubility, .
(0037l & E%Prle?eflﬁ/ o Hr%’é%@‘(lﬂ%pai B ng’ref’ﬂ@gﬁéﬂl@?&%‘flﬂ@ stercomerically
pure apkdodiasle cofipcRnd @S brdigltd strietughl FordlaalV(a), including salts and hydrates

recopbi napnt | y-expressed. protein_in a heteral ogous host
thereofy dip I lcgﬁgﬂﬁ S%d @ﬂ e ﬁ%?es?ri‘b%fl Ry et BheARetRod qoBPTisH fatacting a
symmetric bicyclic amine according to structural Formula I in which A, M, and M”, are as described

above, with oxygen, a monoamine oxidase enzyme, and bisulfite, followed by contact with cyanide
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cell. [0048] The present disclosure also provides

pol ynucl eoti des encodi ng such nonoam ne oxi dases and
woredloooks28 or usi ng the pol ypeptides in the bi orEr/abyong/e48255

processes disclosed. [0049] In sone enbodi nents, the

nonoam ne oxi dases disclosed in the present

specification, are inproved as conpared to the enzyne

under @ﬁnd@g@ WBCIN@elg thegEqunDn]qgorng@ﬂ gﬂeﬁ}cgaml@dwlqnﬁ the oxidation

reactidnGSIREEL fultRer LoEhlsed @t En-Phe BRAYRAL I C activity, i.e.,
their rate of converting an am ne conpound of

[0038]S trh&lresbhdishRlrehet prbAdéshen&RIdr 2 §ﬁ?§1’ﬁigr&gul‘)srfﬂnﬁﬁly stereomerically
conpound of structural Formula I

pure a@iReBIHlFEMIROUNG MEOIHIgSAHUSRT Kpiaddy . ficliding st thereof, in which A,

M, an& 8PARI £ dkribQRY St TR mteﬁlgd S Esboftadife lREm RS Hféglclﬁtamlne
arate that is at least 1.5-tines, 2-tines, 3-tinme

according tp ﬁtg.gturg Fpp}ﬁ%@l in f@llo{hlw ang A1’y ?rﬁé%descg@e@ 'fllﬁ;ég Wlth oxygen and a

monoalqgﬁ)e Jﬂldﬁﬁesenzﬁﬁe 068 thbahind Q&T&&tﬂﬁﬁfoﬁﬂlﬂa ah.& (ﬁ‘ﬁiﬂ* tRrd@df structural
e nopnoani ne oxi dase of SEQ ID NO 2, SEQ

D NO 32
formu]@%l(@E@ m@umt]@reo@f@l}m\[eg Iby c%qc&wgbgyaa@g uwlef Honggl@ﬁs which yield the
ammoQﬂhﬂ@ @Jrﬁﬂo%ﬁd I TAGhiERar dRibbdidtets NAY oxlidafibl Rt mixture further comprises

pol ypepti des whi ch conprise an am no acid sequence
theen%}@?@r%%‘ ding to SEQ 1D NO 4, 8, 10, 12, 14, 16, 18,
and 36.[0050] In sone enbodlnents the npnoam ne
1003910>T ?ﬂ%@%@gt discdospigalse PRoxidet hmahed ofppaBYiRg b Righy ttergmetically

pure aﬁ*ﬁHorﬂl@ld(‘e@ﬁP&iﬁﬁ dcdéfdnﬁgt 16 Wedcdiral FofraV, dncludi® sﬁlhs&hereof in wh1ch A,
correspondi.n |n1ne cﬁggound of structural Formul

M, angy W’ gres descriadab@ysasitriipmhon theggppgudyef Sgtlctvrébfgfm%{%@% <°r the

compc%a@ of EXRQARhIFE YU (¥ PP bl @5 aMifidhitHikCBmPERRES tstr8Sural formula
nclude, but are not limted to, polypegfldes whi ch

V(). cﬂﬁﬁlﬁt@é CERPNT OSSR WAL B PESPHIF TR PRt gompound
accordifg tD&¥ructbral&Forndfla 1V 20 wiliéh AR, arkBV 20 as @R€b36 abdvO it anlaBid and

some enbodi nments, an |nproved nonoam ne oxi dase of .t he
water pdetgagdifiprs ip @/high dheqminpntrile campoIRA ot fose Bringpedy! fqpound

of strul@¥al Bornla VIO, 12, 14, 16, 18 and 20 and can conpri se
an am no acid sequence that is at | east about 85%

1004039 oB136uro238fcr BAUIOADM S0P £3MoraiB) 106 Hacr RN
q . Or ol dentical thereto ese dai erenc
amino O cpBb oS s ST O LR T RPN S e et e 2 NHCD

thereo$ WPWhich Wt MOBE, MOfire 81¥es &R btaL] Vit BéthGLUOMpELB DGR ting &
dlnEnts the am no acid sgquence di fferences

Smmi‘:tagﬁ Eas i) wung coipeHkasrrdipg (re ruciyRbisrpaial ipwhigh Ay, pnd M” are

as des@fbe@ alf@BHI ity @ 28l 2 RRAGANELIV@LI 3ey1ad dolARE BY VédcVRith cyanide
Vari ous am no acid residue

am _ no aci substituti ons
under ﬁ%@}twwg%@r-‘/éd% Stapfiaify SerepRFricply PHigAMBPE iR eamopY
accordgy 1€ ktfuctrdl %laﬁdulzl v. SI? T&B“cha@rﬂé}ﬁldid{ﬁ%ﬂts§me axidd iR VG mixture further
mn an1ne oxl dase of the | SCl Oosure co [1Ses a
compriges e eHe Frfelasen Twnalﬁmtl\ﬁ@ ¢ COMPRYIE fRme fsrcﬁgtﬁ%}?FEWﬁba"t qgid and
water (iRfSH €)A@iti0% i fvhPE@Qcl dd iNDitriR campouRER o INQY tobhe @Riflo acid compound

resi due gb of SEQID NO 32, glutamine, is substituted
of strugutah ForulaYlyi ¢ amino acid, i.e.,

[0041] The disclosure further provides a method of preparing a substantially stereomerically pure
amino acid compound according to structural Formula VI, including salts and co-crystals (e.g. NH4Cl)
thereof, in which A, M, and M’ are as described above. The method comprises contacting a
symmetrical (achiral) amine compound according to structural Formula I, in which A, M, and M’ are
as described above, with oxygen, a monoamine oxidase enzyme and bisulfite, followed by contact

with cyanide under conditions suitable to yield a substantially enantiomerically pure aminonitrile
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aspartic acid or glutamc acid. In a particular
enbodi nent, that glutamne residue is replaced with a
w@bubansses aci d resi due. [0053] In sonme enbodi MEEL/ES20891048255

i mproved nonoani ne oxi dase of the disclosure conprises

an am no acid sequence in which the am no acid

corresponding to residue 365 of SEQ 1D NO 2, and SEQ
compqupyl pgoprdg1g tepfec g Fermlaly3 1p pergmenbpdigonts e oxidatigs reaghion
m1xtuﬂe$urﬁféﬂ§(ﬁ{pY1§és|tNeeén¥yI§éJ&§ﬂdsE ufl%dani%(;nlﬁrlfé cBinp Bl 88 formed is contacted

aromatic amno acid, i.e E@en yl al ani ne or

with ap pishprslyraer unflsy candifigng inoutieh thespige b omPERIkis gqpv i drip the

amino ra@%'cgﬁ’lﬁouln§ of @RLAREHorWutahy1a It SHBABO@MAE ThOEnonitBR%Ipound so
In some enbodi nents, an i roved nonoani ne oxi dase of

formeq joppeied Wi Anecidgnth plcahosunger eantlisionsdp péich g erasitiily compound is
convel\mi t6 Iﬂletahﬁnoaemef‘&)n%ln% &@frﬁ&&ﬂ%ﬂhﬁlg\ft o0 residue 382 of

SEQID NGO 2 and SEQ ID 6, and residue 380 of SEQ
[0042] B NQ@itiod2he PERAYIIRIBME @ﬁmde§a MBS bt pidpengM $uBstantially
nonpol ar amno acid, i.e., valine, isoleucine,

stereogprg‘ml}ﬁ pure gyoitﬁe‘pﬁ émmﬁéglﬁ pglﬁp(ﬂ]@d a@prdpr@de pisturgl g O%nula V, including

salts t&@eroﬁv it Whdh ASND S SRS ard Ja@tescﬂia&mb@el A 8e hE21 GHPohiRls and
pl'aced wi th a i eucine residue. [0055] In some

methOéwsWWé thediocaiglytinrhode disdorsahsria Sk Hetbed eompfipgs contacting a

substafia3I§ lsRRMMBriGANPIL SR oA 180 MRduACIHorARg ltteml@mfamqucahv in
the am no acid correspondi ng.to residue 465 of SEQ ID

Whlchre@M 2N aspedperipgd, ab@ve wiisid 81 gaalclsd veder gedjtiopy eyhich the
aminoRigile SERPONR isleSnvEHES itfetihifith M d BteRcIMPIRR] Gfstr@d¥irRIO oRGHIE W
i.e., valine, isoleucine, alanine, methionine,

[0043] EHEpRnt Abcl@lidGisO Brovides AmPBsd d>fwépaﬁngearm@mrfﬁem§ enahifiiderically
serine residue is replaced with

ly
pure S agide O POYBE PR srucEdarRdAY L i m“é‘ﬁl“}grfﬁ]rtsotb%fﬁf’f in which A,

anm qacms A8scA¥dddBSR, Hfingtthen e BRGPSEHIE afARRKd IS Qﬁcl@iﬁngatﬁ& no
sequence in whi ch t he an1no acid corresgondln

blocatixl@%cl yefhods ggsc&ﬂsedé]gtsnr D heapethed gﬂ@pr%qn@cm a sbstantially

enannblhérﬁ;@my Pe arhi%oﬁ@ﬂ'@&ﬁﬂp@hﬂd/a@&dfdﬁglQ)%Em&tu&%rfﬁ‘hlfailValﬁQ\Hﬁ‘tﬂ—lfA M, and
ol ar anj no seri ne, Hglutanlne

M’ area@&ﬁ%ﬁ&b?dr?évovq W“B aﬁ%ﬁa HeDapdenss ‘il‘?PéH%WhlPWé‘F alPH‘P%IHHF fgnpound

is conVe@®dl BUBe drfinb &RY asgduid dhindct@hitoanilne1r esi due. [0057]
In some enbodi nents, an inproved nonoam ne oxi dase of

[0044]t ree ﬂilb(ﬂ&‘duwl%r BRNTAE aﬁlﬁ&h@d'bf@)%pﬁﬂlg&pduﬂstaﬁﬁﬁl%eﬁﬁﬁudn{éncally pure
whi.ch the am no acid corresggydlng to residye 28

amino g@é(’?lﬁ"ﬁ@d aciog]ﬁ[g tgg@cpﬁl Vﬁélﬂ%ﬂdgﬁlsﬁlég angl go- crystals (e g NH,C])
thereo§ urbgmbm At 1}31;1 atdl MhardBs @Zecs‘dndjea algvt, mDhe&ﬁdlttﬁbd donnl?;nses asPakihg £amine
aci d or ut am c  aci ticular. e
comp%lﬁ%\tma%%ﬁ%\@m@fﬂl Eeimnil. ooVl gmehéleﬂ“% He & %ﬁ%@&iﬁb@% with
oxyge Ghdh h&BaftR ox{d8R28ynlcning SEES ORI IVORBY &)ntaaﬂmltm@ﬁﬁiﬁ@ﬁhder
nonoani ne Oélda e of the dlsclogure cqQnp ées annan1no
conditiga YitaRlg iparicda PHPSRRTALK CRANEOBIFAl PYES KRG SPBRLHA geqling to
structr@ Fohi@a A8 AnQErtaBEEhbddidNGts, the k@ cEMSIRIMAHINE h()’mprlses the enzyme
tituted w th another nonpolar ami

sub n
I i
catalagg 3? painogitrilg gompoyng sejtormed iscapiacieq Wikh H@PH%&%%P@H?%H which the

aminohiftil@c@fouh€id loadve e dictiiito actddmpakrArdf feuctues IFdth@uld BI.
replaced with a valine residue.

[0045] In addition, the present disclosure provides a method of preparing a substantially
enantiomerically pure amino acid ester compound according to structural Formula V, including salts
thereof, in which A, M, M’ and R’ arc as described above using the novel compounds and methods,
including the biocatalytic methods, disclosed herein. The method comprises contacting a

substantially enantiomerically pure aminonitrile compound according to structural Formula IV, in
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[0059] In other enbodi nents, an inproved nonoan ne

oxi dase of the disclosure conprises an am no acid
wa@equeesses i n whi ch the am no aci d correspondi NBCT/US2009/048255

residue 384 of SEQID NO 2, lysine, is conservatively

substituted with another polar amno acid, i.e.,

serine, threonine, or glutamne. In a artlcular

which ghyih M snes depgiked 3bpxs. mathaeid (g d1Glsandap %e@é uglef ppngitions in

which S AROnRB1cBRp AR is JoRRBRY to the SRIAE RFROEHFRA b Bstrubfiral Formula V.
I mproved nonoam ne oxi dase of the disclosure is a

[0046]TXAO ARANELI RXIsHRFE HAPRbVIUS B IRt Qﬂzgﬁi'%fa sﬁﬁb@anﬂﬁ@%ﬁﬂtﬁﬁlerwally
oxi dase of Aspergillus ni I

pure aWéthﬁ‘F‘b‘&lf@m@PuﬁdﬁéC%%‘éﬁf éle( Og‘g% & VéF “}&Bﬁééllg@?lfslt%%e"f in which A,
M, an@W Za8ad RERbEPUIR. 47k naied dteb@prise @& dnka@Bin OMQnfike J¥RIpBurfaccording

the am no acid substitutions corresEon Ing to those
to strugfprab Foyawly Inwharip A, M. Misrs asrdesraibeto i 8%eeR apdanepgaming gxidase

enzymidRAQP %Bﬁd?ﬁll@%&ﬂa’i&s@ SnzpEQahdbiNRite 281owdd By lcBhiNPwitB dyantfe@nder
| D NGO 26, SEQ 28, SEQ 1D NO 30, SEQ I D NO
condltg)gs suifalje mlqi Dsqk@antgx,}ﬂy epaﬁltlglpﬁé;lalhé%% %Hl]ﬁlé]ﬁfrge cogppound according to

structdrATFOAMBLSTVIBN R 8h REVOXIARsSR defcribfiBibeN S SAdABELtcl &)n@tctlng the
nonoam ne oxi dase sel ected fromthe enzynmes of SEQ I

aminopjile Q(anoggbv]tlbl-lﬁ@ndz&pter Bp_xésr Feydpons o GVhl@E‘a\y qrgnw@rllezg)mpound,
can be6hd kbl Nhe aA¥ino REfdrhide Nehpodrd of%[}gct@m oL@, 34, and

that carry one or nore of the am no acid substitutions

[0047C Thé RSRARGHNG i daes bNBS Brestind G DGR, WRIELAD carlab@ @M)xﬂhﬁmg an amine
anot her asFect t he present disclosure provides

compaya(l ghurteEt Fyeylad FR:%‘El FOIEFSRIREING fBInA BURRIYN G 3 HF A EF ormula IT,

have o% bﬁa&e Smdﬁ%@lﬁ's@&,dtuh&{s%h BorffardQb i ldﬁlhrﬁ)@%id@@cﬁeﬁd'éa)tf SEQ ID NO: 2,
i ze to _such pal ynucl eotjdes, under hi

SEQ 19)41“? ‘ARt SESAANG: 6nsuchmmungrstd hrtindiops H@Vlé%ﬁli‘e MRBeaFHRe oxidase

with o STRSE rSprévdd pRipbidies inelBdh@4inyre &t @I He dt&@lﬁ}u |stefe@§elect1v1ty,
ressi on of the encoded eaglneered nmonoam

theﬂn%%a% golveph gfability. rgeycpqd pradych ‘rl’?gl"Ber?thF‘%%JBSt?a&‘rm@B]é@? fof geduced

sensmdﬁyg!orr@étl&?%[[ﬁ&ﬁic@ n smhﬁﬂssamdiﬁsmai@ﬁymmlwu@mmued@lablhty,
clude, but are not limted to, SEQID NO 1, 5

Stabﬂl@y a@fxprf%mni@el of fhe menoamipe oxidape 3%a '[“Gb%‘ﬁ] e rPsdnot ’her

recomBiB AR texplefid ﬁrb%ﬁﬁﬁ% heleSCIgOSE:UH0e: Bl QYR Hut 1S limB&] tb Sn E. coli host
conprising the polynucl eoti des and/ or expression

cell. yectors described herein. The host cells may be cells

of an As |IIu eci es, .. ergillus nig
l“““’%b%?f@%qnf (ﬁ %Pﬂ‘/‘i‘gg pho aﬂe%&ﬂ&@w@g?t}@&ﬁ Peieg %ﬁ%m%?antﬂﬁéyﬂdases and
methoB@fr BEng@h&pIFRpaRt indh@Bibda®RticPra@essEs dieWséd. or  S.

cerevi siae. The host cells can be used for the

[0049e XPoakShbBdiaitls i tiOhaiohMihe Okidhdde dig@e d BEhESed¥RNPEIITidakoN, are

oS DR TS RS0G5 oS PSR L o

to theif thRSdfletythatiOadtinRy, $ b.E1hEd r3OsRbh@rthig @Al d@ine cHARRRBY of structural

Formufy{ i cor PO OB HE B AR 1 o eiabSmens,
monod OIS dﬁb&loﬁ’@l&@e FAPIbIDEr cupeetinglihe sabdoarenaihi y&JdMct at a rate that is at

xt ur s of or .nor e .nongam ne oxj dases. mnay
least lnLPjS tlmes 3 tlmes z{ times, ? times, qgtlmes 29 times, 50-times; IOB times, or more

than 100-times the rate exhibited by the monoamine oxidase of SEQ ID NO:2, SEQ ID NO:32 or

SEQ ID NO:6. Exemplary polypeptides with such properties include, but are not limited to,
polypeptides which comprise an amino acid sequence corresponding to SEQ ID NO: 4, 8, 10, 12, 14,
16, 18, 20, and 36.
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[ 0064] The nobnoam ne oxi dase enzynes descri bed herein
are capabl e of catal yzing the oxidation of a conpound
wo@Rosoesseg ural Forrmula ) to a conmpound of str uRCT/USL009/048255
formula Il (a): | [0065] In a particular enbodi nent,
the nonoam ne oxi dase enzynes descri bed herein are
abl e of catal¥2|n t he oxi dation of

[0050]( ﬂr@ogg)enéo@n@ptﬁé chtpq)nogmglf Qb]d%%?% ﬂléc[l(ggeq_hg}:lﬁ ég@é:ﬁ@ble of converting an
amine© At b tufaPFormula I to the correspondin, 1m1ne compound of structural

, 5S) - 6, 6- di net hyl - 3-azabi cycl o[ 3. 1. 0] hex- 2- ene
Form tllj\ﬁd)ey(cgl}t en;(nil))merg) exE:@@ emt lqapt ah%t%lér bg}flﬁl:iil’é Qplapeptldes with

such pESpRREL MBINYo, b&tn@e Ima NRRE BEoRPARBEWRIRR YoEHisd &S &hihORAd sequence
herein are C?&hﬁ e of catal yzing the oxidation of

correspapg e 6 SHQ Ho dt-deyidi lﬁaé@rt@{?@} #r3%l e, conpound (3)

{
[0051], %h@n@gmboqhn@gs An gmpropcA IRNRARINE PHESRE Poihe ABEPTy Pased en the

sequer@ FRAMAL £ B fD’BNo( 4)3, 16967k, 1611§91i11320%ﬂ‘@@§i tise asafanﬁmmd
met hod for oxid of structura

Sequere {150 8 SLTHLHL S SEto e o Vit 417 S5terer 955, 96%,

97%, SRIDDE OB, RichFoaPhbdioZ Gest QiffcRBCRICAHBCIneloPmBFfeRB IR actd 18R rtions,
about 99% st er eomeri c excess, wherein the npnoamn ne

deletiqny.jsebstimtiepsmpirany sambination abich changes. Mhiomsspbadiaenty thegmyino acid
sequeﬂc@dﬁ@rené‘es chn cd%lpngé)non]e%nseMtw@- 6@nsé183tlvgoas wWRll a$Beon 28] of non-

I n. sone enbodi nents of this met hod f or oxidi zing a
consery iy GUhePIeRTVaLiVe g0 AE SbBHHIANS. Variqys 3‘“8’8%16&??61“6?05“10“5 where

such cBingbCdal bahafOsreds@videl b@din. at | east about 10-20% of
fOO g/L substrate is converted to the product in

[0052]I %é’bnie%ibo&bl@h& ag‘ﬂmﬁ@{ﬂdsmdﬁdoﬁlhm@bﬂﬂise bt hO dﬁélbsu&f cohlli}ﬁses an amino
ol ypepti.de wherei.n the pol ypept.i de conprises an
acid Seélﬁ?"r% inwhigh he anen ad eyFrROIBEE wgdﬁ@%ﬁpm@ Znd §EQ ID

NO. 68and }8idud 87 oISEQ B N®832, 2Rantiic, RBubshiQRAN ithl A aSiARBmIno acid, i.e.,
enbodlnents of this nethod for reduci ng the substrate

aspartic geif Rpelpfaggactd. Ing pyriicpdar e%%we@g%t&ut%%e 1Sty gpleqdgvith a
glutanf@RAYEFti@6k. t 0 the product in | ess than about 24 hours
when carried out with greater than about 25-50 g/L of

[0053]5 Hibﬁrfe&hfbg&ﬂﬁ%lsq Qﬁ%nﬁlhafﬁl Iﬁbﬁlhﬁlin& oﬁd%é bf @ dikdl&sure comprises an amino
pept i.de erei.n the pol ypept.ide conprises an
acid S‘%ﬂff% inhigh ‘%‘%&‘H’é‘ﬂé@g EPFFR %ﬁdleeé%egg%lwo 4; ang SEQ ID
NO. 68and }3idud 263 (Jf‘SElﬁID NG 322@msﬁk i9 &ns&va@&l}&ﬂs&@ted w1th a different
DESCRIPTION 5.1 Fused Bic ic Proli.n 8
aromafig,amigp acig, dgupléensla nife o o b Ty p et *HIGP”‘H% lezswp%em}sfgsme

residu®fs répdcedilvan b tr{@pphaneksidy. [ 0070] The present di sclosure
provi des substantially enantionerically pure fused

[0054]DIC§0B el ctnbpdliflehthl@n Glﬁﬁlﬁ@ddlﬁﬁkﬁloﬁfnns bridat uf @b dicasdmd @mipti§ed hn amino
acid sqagg?t}?ta thwlg%hnﬁg gmltng %glg corresponm%lg lflcl)’] r%gldgef 3 83t0¥ gﬁ& lfIB ?JO: 2 and SEQ ID
NO. 6, and residue 380 of SEQ ID NO: 32, phenylalanine, is substituted with a nonpolar amino acid,
i.e., valing, isoleucine, alanine, glycine, methionine, or leucine. In a particular embodiment, that

phenylalanine residue is replaced with a leucine residue.

[0055] In some embodiments, an improved monoamine oxidase of the disclosure comprises an amino
acid sequence in which the amino acid corresponding to residue 465 of SEQ ID NO: 2 and SEQ ID
NO. 6, and residue 463 of SEQ ID NO: 32, serine, is substituted with a nonpolar amino acid, i.e.,
valine, isoleucine, alanine, methionine, leucine, or glycine. In a particular embodiment, that serine

residue is replaced with a glycine residue.
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(b), and to m xtures thereof:including salts and
hydrates thereof, wherein Ais O CRLR2, -C=C, or
WO gHA/O@E28 , wherein RL and R2 are each i ndepenPl&rnub3009/048255
selected from-H, -COOH, -X, -NH2, -CH2NHC(NH) NH2,
-CXS -CH3, - CH2CH3, and wherein X is selected from
and Br. Mand M may both be present or nay
[0056]bélt ﬁhﬂénﬁ%@ﬁm&éﬁ MR DEPHNING aridpserf the disgipsareqmPrises an amino

acid sﬁ[jléhc%n Wi€h thP EmBHB A8 d @&gesﬁ(fnﬁln%gé RGH&d 3K LeREQ@IBRAD: CR3REQ ID
erein R3 and R4 are H, or R4 of Mand R3 or R4

NO. 6 hregping, dygepse YAy 1ubHEvE¢ My anothgr pelatapdngrcisly | g osring, glutamine,
or aspz{rﬁ'émé/\hﬁ A phkigng (Mbo@hintOhathesniftOksi®e 1%{_&?121(\!%%‘[% ghﬁalgne residue.

Mand M are not G (bj) A can be - or -

[0057]"“1’&?@)11%I cbddiMent@ a8 ifeh3 R m IS InG bx e Bf ik %@QoMe c%fn%rlses an amino

and have one or nore stereocenters
acid Seéltl%nr"% &%lﬂ%ﬁh% AP0 BFiQ AYTIRPONAI tOFsT of %EQ I3 NO: 2 and SEQ 1D

NO. 654spdrRQeN BRIt fued WilQiA htidic Am@Hde RO Ak it acidhdr s frtanfi heid. 1
- 0072] Ir: anotlher elnbodl rreﬁt A |S,I;E;Et it r§ : o e

pamet[lmmgpdlmﬁntaﬁﬁtaﬁ@ragé%%@&uﬁéﬁﬁplﬁqefi ith @(gtat@ngy %ﬂd reﬁléw 4]
anot her enbodi nent A is -CH(CH 2CH3 [0075] In
IOOSSbe%Oﬁ@ﬁn@%Bﬂamﬁéﬁemmw%d m@e@mng eX1d4°9 of the dise)yura Gomprises an amino

acid sc0&Hch ﬁ{wlﬂﬂbﬁﬁg hiRD bicid\c brfesp Saldfal t2fekidl L83 Y SEQ O®¢h id n

one enbodi nent. Mand M are absent and A is sel ected
conseqv?tBIIeAytsHlésu@lItWthc’agH@Frsqop%arapmo ze ,_g@[.qfrg_@)hne leucme isoleucine,

or meth@hﬁl@ziﬂ@p'amcuﬂ ShbdtAnont, 1Hal St remdLQE:gre lacdd@ithra valine residue.
-CBr2-, -C(CF3)2-, - CH( CoOoH) -, - 2-, -CH(NH2) -

[0059]aMOth@|éﬁ1@5@ﬁll§1@§ Mﬁﬂrﬁ{ﬁ'&)eﬂ mdn@ﬁﬂlﬁé oil&saﬂﬂh@&ﬁclmmﬁﬁﬁh an amino

absent. and A is selected fromthe

acid s%ﬁgp gﬂvlﬁ% tgf amjeplgmd coré*(sggllg)ng to res@(eéﬁé)oé SEQ AR Oq 2, lysme is

conservhiveRHEDsétuted ARAAbthbrpodn ah e heig Vo diriie rﬁn;eoer@ BflgMamakc€1n a

particdl@_em%o@%g% tAatldj? Sele ute?sd fr(‘éa:gx)]tt ag_lgnlég?_ge?lg& sting of

[0060]: %@@#odlm_e%g éw;yrg\%dzmwrﬂm?mdasgﬁ t%':é%cf_f)sure 1S a monoamine
oxidas@ llﬁik‘@(ah‘ibl)nbldgue of [¥0B&Hoarhine Bxiflate bhespeiho digoRisEQ 1M Nemd) or a
homolg@;r?ﬁf gleln?,f)élo%li_nnea giqdaée zsae%flg égg@%&gﬁw?\lc%ﬁ gﬁc} th'[ltﬁ:algles one or
more (ﬁTtlhe] dmlﬁdlicﬁd’@bstMQdedﬂi%Eﬁondl% anhbsbdisabRd h&einaMthshative homologues
inctad? G Eh il SIS RSl 8 bG, S 8 o 3 Sirno 25,
SEQ IDCRY: 30, SEE(IERS) 22, and SE) GONG): 34. }n@(ﬂ@@@hbcﬂhmemm iMp2gved
monoml%ﬂ% ol SRslo-biscr BB GSLBH R EHR TG PGEHe of SEQ D
NO: 22 BES) 51 NOQR4QBEQ ID NO: 26, SEQ ID NO: 28, SEQ ID NO: 30, SEQ ID NO: 32, and
SEQ ID NO: 34, and that carry one or more of the amino acid substitutions corresponding to those

disclosed herein.

[0061] In another aspect, the present disclosure provides polynucleotides encoding the engineered
monoamine oxidases described herein or polynucleotides that hybridize to such polynucleotides under
highly stringent conditions. The polynucleotide can include promoters and other regulatory elements
useful for expression of the encoded engineered monoamine oxidase, and can utilize codons
optimized for specific desired expression systems. Exemplary polynucleotides include, but are not

limited to, SEQ IDNO: 1, 5,7,9, 11, 13, 15, 17, 19, 31, and 35.

16



-CH2-, -C(CHs)2-, and -C(C2Hs)2-. [0083] Many i m nes
of pyrrolidine conpounds (e.qg.,

W@ 2ehoaodsyrir o- 2H pyrrol e) are known to forma PCT/US2009/048255
t hernodynami cally favored trinmer due to ring strain in
addition to, or instead of a diner.Accordingly, in

certain enbodi nents an%/ of the above conpounds of
[0062] &t 3a9thsr 3spech)thegrppent| disglogses Biovides hestaellygomprisipgihg 0lypygleotides

and/or*% Iléﬁtdﬂr\/@(lﬁtmg QeI hblelC)ThEGS ) cd1RARG be Lol G4t A ]pgrgzllus species, e.g.

odi ments, the disclosure provides trimer o
Aspergf@Wﬁd@p@glﬂmrﬁiﬂeeﬁv‘lweeéglﬂuw@lamcqmlwm§6aidlfﬁ%f‘rnﬁengansm
e.g E. ch& ) 5. BRI XEHMB§ ctiehLr os us\éﬁ E‘Jﬂ t&%ﬁﬁ@é&ﬂﬂ%n@fsol&ﬁfﬂmlt&

I (a) and/or Fornmula I]( @%} 2 Am nosul f onat e of
engme@t@ﬁ (ROPOFIANC Eodare prgy ey dep gSﬂler%é)r presahelydihscragdgpeed directly

for thd dehi dA&n MIRVLERBtcTH IS tRRbIs@hdnt paRt | omerical Iy pure
am nosul fonat e conpounds of structural Formula Il1(a)

[00632W¢hefHR) cardy g lodGthOBleBad tvih whNe bak 81l e ts B Ylrkle@ $nonoamine
t hereof, wherein Ais O CRIR2, -C=C-, or -CH2-CHz2-
oxidasgh @ papls nrRToAREC Rodass wawbysed %%‘ff@ﬁ&éﬂl’ IYXIYESH BEPOPT MOEm

monoantihe ox5dasds maybe usddH2, - CHZNHC( NH) NH2, - CX3, - CHB,
-CH2CH3, and wherein X is selected fromF, d, and Br.

[0064]Ml“ﬁ@ﬂ10ﬁ6anﬁm%xpﬁ§erbn9ﬁnd§ e AR Rfcid @Y cdpablh of’@ta@ﬁﬁ@mﬁe &iftion of
when both M a are present Mand M are the sane

a compyyyd a#%mgtéwaé&r@alaﬁ tohfereHe ErerUierIhIRY and R4
are H or R3 or R4 of Mand R3 or R4 of M forma
net hyl ene bridge, wyth the provis Apat : (a) when M
and M are O A i ndy' O and whefy A O Mand M
are not O (b) ﬁﬁi CH=CH- = B- CH2- when M
and M are CR3R4; /and (C) when M apd are CR3R4 and
have one or nore ﬁ ocenters, theNstereocenters of M
and M are of opposjte stereochem qjgy. [0086] In one
enbodi ment, Ais dﬁ 2-. [0087] In another enbodi nment
Ais -CH(CH 3)-.[0088] In another enbodinent Ais

C(CH 3) 2-. 089] I n anot her enbodi ment A is -CH(CH
[0065]2 @-Bpamcuﬂagglg dithent. 4o prroemggiesdeseEntyngs Figﬁcml&d@prem are capable of
catalygggl x1dat{09g 11 5|SE 6%%&?&1 S‘eggﬂgy;cﬁ@@ﬁ 0fhckate c%%nd (1) to

I'n one enbodi ment” M and M
(1R5S§t§s®ﬁmeﬁlﬁ 3i¥ §y<§ ey qunemomeungr(ébp consi stl ng of
-CH2-, -CH(CH3)-, -CH(C2H5)-, Cig) 2, - O(C2HB) 2-,
_CF2-, -COl 2-, -BE2CH;- C(CF3)2 3CCHE
- C( COOH) 2- , -CH(NH?¥ and - CH( CH2NNE( NE) NH2) -

N
\\’a

H
2 ; sZ SR
V
N
(1)

[0066] In another particular embodiment, the monoamine oxidase enzymes described herein are
capable of catalyzing the oxidation of (3aR,6aS)-octahydrocyclopenta[c]pyrrole, compound (3) to
(3aS,6aR)-1,3a,4,5,6,6a-hexahydrocyclopenta[c]pyrrole, compound (4):
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[0093] In another embodiment Mand M are absent and A
is selected fromthe group consisting of -CH2-,

WO g(106ie8828 , - C(CH3) 2-, and - C(C2Hs) 2-. [0094] PEIT/US2009/048255
anot her enbodi nent, Mand M are -CH 2- and A is
selected fromthe group consisting of -O, -CH2-,

-C(CH3)2-, -CH(CH3)-, -C(C2Hb) 2-, -CH(CZHS) - CF2-,
-cd 2-, -CBr2-, -Q(CR3)2-, -CH( _ ¢ CO0H) 2-
-CH(NH2) -, and HCE_H 2§IWC(NH)NH2-., [O 95] In a further
embodi ment, M anc’zrm_gre -CH 2- 1pgd A-jpfselected from
t he group conS|st ng of -0, -CH2-/ akd - C(CH3) 2-.
[0096] In a still TNrther embodi t, Mand M are -O
and A is selected fHomthe group coNsi sting O - CH2-,

- CH(CH3) -, -CH(C2 -C(CH3) 2-, C2H5) 2-, -CF2-,
-Cd 2-, -CBr2-, 3)2- -CH( , -C(COOH) 2-,

P

l00671e%'%>mer%wf>dlmmt5ﬂ§%0%9€ﬁ DG « komhotg vy Pl 1o a

compdulié ogmaupracmu&tn(n)g tief subdttiz-is 0x1ﬁéeﬁl‘t8)lﬁ-prod&df’tdn greater than about
99% % 2 3t Am noni.tri I glpounds of st lgct ur al ds t
o SEEPRGTS "l"?ﬁs b ogering ‘B‘ﬁ 25§ fPElPE P e LSRRIy GY RN to
SEQ IpMYiddess, $(mh311ama ak|2, @santi onerically pure
amnonitrile conmpounds of structural Fornula IV(a) and
[0068( ) soké(cabodiiviing of this |mtdloﬂgor8)aidliz$ng dupdipairesf stareeiral Formula I to a

compou é}f@y W t P%%’I V\g%rlga:ﬁ qabﬁf 1§r2§4 ogR]T%% Ig&esblgﬁg%eﬁf F%;lverted to the

producsei lessttbmh abmnrm -hb'hrs W(M’dgt fMIfO gA Nifithe poGhiINHIE(WilichcdHRe polypeptlde
comris SRR KR We%9dl%§§%0@%§eﬁf .86 Ray ol 2036

be absen n M ar t
00690 o BRE o AR B a0l N Rftet o B B RERS oy B abou
95% olRBle antgdtridd isasveveed mrthd:isom:t 1R4es9fha1&/hlmud24R&umrw}R4 cafiedbut with

greater an ab'%ltr% 0;%/]? OF Sél[) %%‘nd Wss tlﬂ% out};lL%) V}\INrS] gﬁlekg@gép&%gbfherein the
polyp@ndie dMmpais@ an amlr@acﬂbéquénoeaméapond(ﬂgrc@Eleb NOCH, @ 3CHR42, 14 16,
13 20\&,@@% Mand M are CR3R4; and (c) when Mand M are

’ 4 and have one or nore stereocenters, the

5 E@ﬁg‘gﬁﬁﬁiﬁ%@?@“{yﬁ%gg] U one enbodiment, A Qs -CH
2. A js -CH(CH 3
[8]!0&] r?]dégﬁ"c‘{t’ﬁgpﬁ“’gnﬁbc"é“p"“ndt TRk UIAS-"EE‘EE 3§ 2. %0102]

In ano%qef %usegglc%l?ct Proﬁlne%ompm(lrg;' oglgf)h'?rlzlla ‘1i(a) and (b)

[0070] The present disclosure provides substantially enantiomerically pure fused bicyclic proline
compounds of structural Formula II(a) and the dimers thercof, compounds of structural Formula IT

(b), and to mixtures thereof:

/A\
MM
Hi—tH
AL NN
MM
H H H H
j ; M M
N/ \A/
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[0103] In another enbodinment Ais -C(CH 2CH3) 2-.
[0104] In another enbodinent Ais -C(CH 2CH3) (CH3) -.
wQ 005P8sksr one enbodi ment M and M are absent BOTUS00%048255
sel ected fromthe group consisting of -CH2-,
-CH(CH3) -CH(C2H5) -, -C(CH3)2-, -C(C2H5)2-, -CF2-,
_, -cBro-, - CF3 2- NS-II -, %TCOO—DZ o

11101“‘111’@}3!(1?*%}4291 hydrﬁ?ﬁdhﬂaﬁ(@rwécm Ry -C=Cr.01 661G - arhistaieR and
R are%mgdle'ﬂ%tentw s@fégte(M‘roﬁrﬁ @WtXaT@i ACH%Nﬁ@h\@@)‘N@Q EKQ NCH;, -

CLgrou consi sting - C( CH3) 2 - C(CH3

CHzCIén and whergp)ipselected fl@ij Gh aa% Bt. H‘é[rané%@eﬂﬁ.‘/rb@%be pRﬂS%m gr wpy both

be absa{t %na \%&n%otm%d\M SrSebering dclﬁlé MO Mt Bk Qégu;alsrs gem&;keatﬂoago and

CR3R @H(r@g iq5)and R4 Ecér R @)Q:Bé bf M a&cglgr) 1-24’ (éil\@cj(ﬁgma 211e{h’ylene bridge, with

the prdvgdg @@g ¥ wherdGRPW 2re O, Q"(nN'@) and wABEA O M and M are not O; (b)
NH 2- 0108] I1n a further enbodi ment ,

M and
A can P/F %IrléCHcsm ~SHohl- whandl gid MR e R Rond (8 viesdband MY are CR'R!

and hav® 0% & iloRDst@bocertters, thilzoce R of M(dR) Zire of{'_bpﬂ‘osﬁe Etb't%&ﬁilemlstry
Bicyclic Proline Conpounds of structural Fornula

[0071][ @Ti@@]empﬁ@mﬁ?teéésm@&rscl osure provi des fused bi cycl iC

i ne conmpounds of structural Formula V: V including
[0072]séfr1‘“§’thﬁh%lntr?§‘ﬂl?e§f‘éés tHEFEDE in which A M and M,

ein R5 is selected fromthe group consisti ng of a
[0073]p|hbi“’é?3‘le]f?’i’©b°§’r“%?ﬂ}bACSe (ij EQénzyI or trinmethylsilyl and

i ke), G -C3)al kyl, and
[0074]- éftﬁ‘n"@s‘j %{?W}menml%&li éﬂﬁdﬁ n-limting enbodi nents R5

S t hyl butyl including salts and
[00751h;‘fa?-“£{h§ge‘?‘}?éil%‘f“IWFE‘P‘ﬁHX% is O CRIR2, -C=C-, or

10076 %&gﬂmﬁ’gmﬂw koA LR eé““dé%ﬁ.q"eﬁﬂ?&h' 2,

10077 St O ML A oipdgHpt A L REm G ity i o
-CH,-peCtasignt -@and.mperc(orbh, M @ad;)M cafseqmlzeserz M(ma)z !

cr g e R §Fiatg; 6%&%&% 55322‘ of M
W“”‘hﬁbﬂ” ermt h%)@{ngeenf%'b%d%& "ﬁf%abﬁ ‘gqg ég%e?‘iﬁ?a "}ZQ esgfeilp ‘i\ﬂ)“mtmg of

-CH,- arCNt),-ar-€(Qigd),- Qund(-b)C.Hsean be - CH=CH or -CH 2- CH2-
when Mand M are CR3R4; and (c) when Mand M are
[0079|CR3R4 thanembvdingeno M ait Mivxe e CHt- emdaeoemlcereﬂ JfrotahtBe group consisting of

L R S
_CH(CDOH),0CC)OH -, arieiNiB)-, etbodiMenc(NE)NSL,- CH( CH 3)

[0080] In a further embodiment, M and M’ are —CH,- and A is selected from the group consisting of
-O-, -CHQ-, and -C(CH3)2-.

[0081] In a still further embodiment, M and M’ are —O- and A is selected from the group consisting
of -CHQ-, -CH(CH3)-, -CH(C2H5)-, -C(CH3)2-, -C(C2H5)2-, 'CFQ', -CCIQ-, -CBI'Q-, -C(CF3)2-,
-CH(COOH)-, -C(COOH),-, -CH(NH,)-, and -CH(CH,NHC(NH)NH,)-.

[0082] In another embodiment, M and M’ are —O- and A is selected from the group consisting of
-CHQ-, -C(CH3)2-, and -C(C2H5)2-.

[0083] Many imines of pyrrolidine compounds (e.g., 3,4-dihydro-2H-pyrrole) are known to form a

thermodynamically favored trimer due to ring strain in addition to, or instead of a dimer.
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[0112] In another enmbodiment Ais -C(CH 3)2-. [0113]

I n anot her enbodinment Ais -CH(CH 2CH3)-. [0114] In
wa@rabhess2enbodi mrent A is -C(CH 2CH3) 2-. [ 0115] PCTUS2009/048255

anot her enbodiment Ais -C(CH 2CH3) (CH3)-. [0116] In

one enbodi rent Mand M are absent and Ais selected

fromthe group consistin

Accord@w,@g pg‘)am eml@é@qg}s a0y of_tgx @Q}Lﬁcomp_o@’:lz _of I'g' r@grajl(a) can also exist in a
trlmer'f&:ﬁf h?avm stk Férmula § CooH) -, - O(I}D 2-, - CH(NH2) -

and - CH{CH2NHC(NH)NH 2)-. [0117] In anot her enbodi rrent
Mand M are absent and is selected fromthe group
consi sting of -CH2-, y2-, -C(CHs)2-, and

-C(C2Hs) 2-. [0118] | not/h
-CH 2- and A is sel

-0, -CH2-, -C(CHs)2-,

S_:ln enbodi nent, Mand M are
t he I__glroup consi st i ng of
C( C2Hs) 2-,

_CH( C2HB) - . -CF2- _CO N’ r oG CFs) 2-
- CH( COOH) - |, |]2] " CH Mand - c(H
2) NHC( NH) NH 2- [0119 NN fur [-Aenmbodi nent, M and

M are -CH 2- and Mjs ctdd fYom the group

consi sting of -O, ACHZ and -C(CHs)2-. [0120] In one

enbodi ment, R5 is benayll .H[ 0121] In one enbodi nent, R5

s trinmet hyI silyl. [0122] In another enbodinent, RS is

methyl . [0123] In a furthell(@hbodi nent, R5 is ethyl.

[0124] In another enbodinent, R5 is -butyl 5.1.5
icyclic Proline Conpounds of Structural Fornmu

Fused Bi c
10084k /oy @Itze]e"%ﬂ@mﬁwéé@ﬂwcmw& PEYiFeriaIcs 8l GIppoT e s’ Formuls 13, e

compduHBSIF & T1)¢), AREM X RERhdrEEvith cPMpRINBOSIFRHAEIS 11(2) and/or Formula
according to structural Fornmula VT: VI including salts

I(®)- and hydrates thereof, wherein Ais O CRLR2, -C=C-, or
_CH2-CH2-, wherein Rl and R2 are each |ndependently
seI ect éd 3r é*mm%u One@@lﬁistm%fal Frimpla TicH2 NHC( NH) NH - 2,
d wher e] n Xis sel ected from
[0085],: Th@pres% alstgpsurq\ﬁugpﬁﬂ pmwdﬁsa%}lbﬁ?ﬁtﬁ %%naﬁt[l(g%? yd]urehaélynosulfonate

compdﬁﬁasfbfb@uoabﬁ%hmﬁmﬁIMﬁm(bpth Mand M are present M
and M are the sane and are selected from O and CR3R4

wherein R3 and R4 gge H, or R3 orAR4 of Mand R3 or R4
of M forma methMi e bridge, the provisos that:
(a) when Mand M B Ais mHand when A is O
Mand M are not Q ) % E’,

N" ¥so;- N 7305

lii{a) lli{b)

including salts, hydrates, and mixtures thereof, wherein A is O, CR'R?, -C=C-, or -CH,-CH,-,
wherein R and R? are each independently selected from -H, -COOH, -X, -NH,, -CH,NHC(NH)NH,,
-CXj;, -CHj3, -CH,CHs, and wherein X is selected from F, Cl, and Br. M and M’ may both be present
or may both be absent and when both M and M’ are present M and M’ are the same and are selected
from O and CR’R* wherein R? and R* are H, or R® or R* of M and R® or R* of M form a methylene
bridge, with the provisos that: (a) when M and M’ are O, A is not O; and when A is O, M and M’
are not O; (b) A can be -CH=CH- or -CH,-CH,- when M and M’ are CR’R?; and (¢) when M and
M’ are CR’R* and have one or more stercocenters, the stereocenters of M and M” are of opposite
stereochemistry.

[0086] In one embodiment, A is —CH,-.

[0087] In another embodiment A is -CH(CHj3)-.
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A can be -CH=CH or -CH 2-CH2- when Mand M are
CR3R4; and (c) when Mand M are CR3R4 and have one or
wWOonRee/08s8es eocent ers, the stereocenters of M anBCMUSZEN®048255
of opposite stereochem stry. [0126] In one enbodi nent,
A Is -CH 2-. [0127] In another enbodinent Ais -CH(CH
128] I n another enbodinent Ais -C(CH 3)2-.
100881[ @%hq smbodianbp ierioliment A is - CH(CH 2CH3) -
[ In anot her enbodi nent A is -C(CH 2CH3) 2.
l00891[ é‘wjﬂhﬂf yinbodBrabt erdYGERY- A is - C(CH 2CHB) (CHB) -

n one enbodi nent M and M are absent and A |s

l009013é1} @@%héaem@ém@h% igrdtpddmsi sting of -CHz-,
[0091] édmfther é@@%m A&sgggzc%ﬁ_c%f L CG2ks C(I)(—:i)F %: !

H 133 I n_anot her
l““”hﬂfb%i&ﬁﬁ%ﬂ@mm%an_ A P{A%f)aleﬁe$ 018 IS R G Of
-CH,-1 EH(QHOUP-(GRUSH $ 4019H9£— '@Hgﬂff)z', CFCHE)E-, -CBRL Q2

@R KI5 b et B R G oup. cons: st ng

[0093]?%'_&18%@53}%;)%:@%1&(%@ aﬁe_ a’lbse_rt%%égls §e&§€gé§;_st?lez group consisting of

-CH,-; @HCEQOH)-C(CHOL GRXAHL R, Hs,-CH(NH2) -, and - C( H
2) NHC(NH)NH 2-. [0135] In a further enbodi nent, M and
[0094]|V|In @lother &irbodimeat) M dnd M’ sel-€Ht-add Ariosaldchre figmatiPgroup consisting of

ey ETB SH G oofotihts WO S Vact b Bor e CCr-

-CH(CﬂO}H)OlG@]O(bH)zaMﬂ(N}Q}J, antl hE(HpMeseMH)iEsCl osur e provi des
substantially enantionerically pure heterobicyclic
[0095)i MA Nfurthai echbChimpaNICke:d 0 54 FCIELE tiidBA iskseletred fotkHe: grddplconsisting of

incl udi Its and hydrates thereof, wherein Ais O
'O"'%ﬁ?g e&%% or -CH2-CH2-, wherein R1L and R2 are each

[0096]i_ %Wﬁ% k}é})%]?tlnger%@%ncf_i %e_—_'a— Meleg%(% ﬁ;%ﬁlggdegr%uggonsisting

of -CH,s -S&l(€id1)edCHCi F, - C@Hs).and(B1H;),M-@fvd -0CLeyBhotdiChe,-,

-CH(C'%I% PRy Nt Ray b@‘ﬁ@%ﬁﬁ‘g 1% gt2e|M ect ng

[0097] ’gﬁer r%f%i?ns Mmt%dr lﬁ:’ arg SO anr(ll A 1s S lgﬁlz‘tgd fH dr% &Eﬁ] up cons%sﬂng of

mearnd® orm a ene
-CHz,tKE-{CHE)QVM@Ofﬁ(Cﬁ‘Bh: (a) when M and M are O A i s not
O and when Ais O Mand M are not O (b) A can be
- CH=CHS. 103 AGhhdhitEHZomploemis M envdtuMl FamalaOR3R4; and ( ¢)
when M and M are CR3R4

[0098] In addition, the present disclosure provides substantially enantiomerically pure aminonitrile

compounds of structural Formula I'V(a) and (b)

A

MM

T h“
N~ YCN “IcN

IV(a) IV(b)
including salts, hydrates, and mixtures thereof, wherein A is O, CR'R?, -C=C-, or -CH,-CH,-,
wherein R and R? are each independently selected from -H, -COOH, -X, -NH,, -CH,NHC(NH)NH,,
-CXj;, -CHj3, -CH,CHs, and wherein X is selected from F, Cl, and Br. M and M’ may both be present
or may both be absent and when both M and M’ are present M and M’ are the same and are selected

from O and CR’R* wherein R? and R* are H, or R® or R* of M and R® or R* of M form a methylene
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and have one or nore stereocenters, the stereocenters
of Mand M are of opposite stereochem stry. [0137] In
woreommsesli rent, R6 and R7 are both H [0138] PCT/ORm®09/048255
enmbodi nent, Ais -CH 2-. [0139] In another enbodi nent
Ais -CH(CH 3)-. [0140] In another enbodinment Ais
C(CH 3) 2-. 50141 I n anot her enbodinent Ais -CH(CH
bﬂdgemllssh@ pm[vm&tt (R et and MABE @, dein otLsiaad wignahis O, M and M
are no éi% can b® léﬁ%Cﬂ{nora-@@iz@f SRR iAEN oR dIFR, %m) when M and
-. [0144] In one enbodi nent M and are
w area%g @n%l??de 204 O MOEt WEPQsanteT SR YHeocgRtery of Moaﬁléul\@tairmf qgposite
stereoc}Qﬂ?stry CH( CH3)-, -CH(C2H5)-, -C(CH3)2-, -C(C2H5 ,
Cd 2- -CBr2- -C(CF3)2-, -CH(OOO—I)-,
l0099l é(@&gﬂadelmemeﬂmr@}z- and - CH( CH2NHC( NH) NH 2) -

1 I n anot her enbodi nent Mand M are absent and A
[0100]| %n%hébfnéll? Fl?eé}hﬁ‘tlf‘né}&%@p consi sting of -CH2-,

- ] and -C(C2Hs)2-. [0146] In
lﬂlﬂllaﬁbmgwr%ﬁ%@i%ﬁes—wgﬁer M are -CH 2- and A is

sel ected fromthe grouggcéonsmtlng of -O, -CH2-,

[0102] @j(@qg})elzembod@_qe@@ ) 2, - OH C2H5) oo
- CH 2.
01031 éhmﬂﬁ en%%gwm ‘é(“ﬁciék@ ) e [ 014%( Olor(l}l)a

rt di ment re -CH 2- and Ais
[01041329 Hel?rg%gmeflh‘élsgr&h%% ing of -O, -CH2-, and
5. ne OXi ses 0] D| scl os
(0105} gﬂﬁ%ﬁ%ﬂ@mﬁmﬁm‘) REGRpikad o ¢ g@%ﬁ@& STt Coising of
-CH,- diqCois)r @H(Mﬂssvh—cacas)@apabﬂzﬂs)pf COxj diCLi,ngBAY) -QTFE,

RO B L F°¢ﬁ15%§h§99aﬁ#‘%>cﬂ£523322d$9
oros ) 50 ARG BN R0 R0 ST G b ST e o

-CH,-NQ(CB2.-, SGetHAN] il -a@d-bs)subst i | t ut | ons provi de the

nonoam ne oxi dase with one or nore inproved properties
[0107] mcidnothengntaidinhanc MeagEMT fre eOHy-rmd Adt seldeteyl from the group consisting of

er ci ficht.y, st abi i e oI t abl
SauRa B oty 11 B P ea Rt e B (-
-CH(AQOHDBI-C{@OH o1, -CH@UG e thnd e ANNCONH)NGLL1. eact | on
by- products. Such am no acid substitutions may al so
[0108] hoox fwthertehﬁoda'mpntemndM’l aav-elHo- 80l Al skiettyd fram die@roupleensisting of
O, _Cs[_tlgbl E?’CP?E) t he nonoam ne oxi dase in a host cell,
g., as a reconbinant!|y-expressed protein in a

et e kg ot S e B Rl B o™

[0109f l"f"gg ]%)regelrjl{ c!hscﬁ‘om?rzeL p?océl(fc)tg Rl\éeﬂlcycﬁc gr% 1r§etc%1q1tpé)1ianlds bt s%rucetgrsaﬁFormula V:

including salts and hydrates thereof in which A, M, and M’, wherein R® is selected from the group
consisting of a protecting group (e.g. benzyl or trimethylsilyl and the like), -(C;-C;)alkyl,
«(C1-Cs)alkyl, -(C1-Cy)alkyl, and -(C1-Cg)alkyl. In certain non-limiting embodiments R® is methyl,
ethyl, or -butyl including salts and hydrates thercof, wherein A is O, CR'R?, -C=C-, or -CH,-CH>-,
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expression level, solubility, and/or the stability of

a nonoanm ne oxi dase of the present disclosure in E
w@10/00§8@8.49] The present discl osure al so provPdEES2009/048255

pol ynucl eoti des encodi ng such nonoam ne oxi dases and

nmet hods for using the polypeptides in the biocatal ytic

prqgcesses disclosed. [0150] In sone enbodinents, the
wherefidh gadRnare §3ghdadsagn et éFlé%t%ffﬁ’Iﬁ - EOpHe %N H:, -CH:NHC(NH)NH,,

-CXs, SO 1@}5@?{‘; 2080 whettid X HBEIQYRIG ASF chma@@dM OdNIEM B FNR: present
SEQ ID'NO 2, SEQID NO. 6 or SglIDNOSZ wi t h
or may 'éoglpbf‘c%m% andghep bp%iltl\é agt Me aiypriae Tt &1 ard MV e fhe spmeand are selected

from O BRI FRI LRI RORY R hicng 0AR® &MRNE VAN W & @fM’ form a methylene
structural Formula | to the corresponding imn

bridgeewith g Repvises Sty (R reaIM et MR Q. A 1S pef G@pgwhen Ais O, Mand M

are noPONB 'Ar@?amb@ ~Clibegneanidie- AXdndaS8e Ml xR TOREAn@(E when M and
converting the substrate to the product at

of

w arf‘acﬁd% én¢ lﬁ%f@ OREOT AHOTY Hefgqeentens, thy figgocenter Pﬁ%anw T efpposite
stereoéhehﬁsﬁ?& 5-tines, 10-tinmes, 25-tines, 50-tines,

100-tinmes, or nore than 100-tines the rate exhl bi ted
lﬂllﬂlb}n PsembaiiBans AdS ddase of SEQ ID NO 2, SEQ ID NO 6

and SEQ I D NO 32. Exenpl ary pol ypeptides with such
lﬂllllpﬂrbﬁ@fhex@%qumqnbﬁé@ C&% Hake not linmted to,

pol ypepti des. which ¢ rise an am no aci d sequence
Wllzlcél}?ﬂé?&‘ﬁb%‘i%@bf*%@(gg NO 4, 8, 10, 12, 14, 16, 18,

or 36. [0151] .In_sonme enbodi nents, the nonoani ne
[0113]o>]<ri%i"8§’§§en6t?°§l?i‘eé‘§ & Hdi&fiCHYe capabl e of converting an

am ne conpound of st Formula | to the
mll“cé‘f?‘“é@‘ﬁbﬁ’&?“H@“@h‘i‘ﬁ% ({(g ﬂg%%d of structural Fornula II
erc nt di ast 0 excess of at | east about
[0115&1@/”0%?&%‘?0 P@Fnb%llilﬁgﬁﬁi“@cgﬂ)th such properties

01161, GG o ieny N Sl B e ik a0t B AR BB bt o ghegne of
-CH,-| IOCHYOH; ¥4, CB-I(CJIQ) IZCHJ)Q' G(@szllzg,, -CRBQ, -can,-,36Br,[,0d®2]),1 n

ey ogﬁ@ %@?hn%héﬁ@uﬁg#@%@? W as of %fEQt D

on7R aisbenrin SEM L Pt e oo iRR FOgRY, Lisine o
-CH,- 88YCHY 7% -C88%),- 88HH-CBO ), 91% 92% 93% 94% 95% 96%

97% 98% or 99% identical thereto. These differences
[0118]c &marnbéheagmiadinmnt, A kil Mhae -CHorapd det slldeed fismbbd grbupt donsisting of

a nbi i.Qn of ch s. LN
gﬁﬁﬁo%ﬁgﬁfsj&ﬁﬁgga Belen it a@@&}%ﬁh S6P B FRIR s Qg
-CH(CEMRYF,i- S € 0ty ¢ eCH@H L dand e C(HE QRS EMNEANHYe, as well as a
conmbi nati on of nonconservative and conservative am no
[0119]a i dfustiysimbdditniennl an¥aM | aperSCHRurrmbA &cseldete@Bord tie group consisting of
0. -Agsi tiop ere such changes can be nade are descri bed
HEEM ’53] I n some enbodi nents, an inproved

[0120]”%(‘%%’&%‘8@%&‘1&5& pfthe disclosure comprises an anino

equence the ami no acid corresponding to

o121f %%n‘%%%bgc%m%’ﬁt, RESurt R NP g and SEQ I D

[0122] In another embodiment, R is methyl.
[0123] In a further embodiment, R’ is ethyl.
[0124] In another embodiment, R® is #-butyl.

5.1.5 Fused Bicyclic Proline Compounds of Structural Formula VI
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NO 6, and residue 97 of SEQID NO 32, glutamne, is
substituted with an acidic amno acid, i.e., aspartic
wa@eoid/oass2g)l utam c acid. In a particul ar enbodi PENUS2009/048255

that glutam ne residue is replaced with a glutamc

acid residue. [0154] In sonme enbodi nents, an inproved

nmonoam ne oxi dase of the disclosure conprises an am no
[0125]; dheiprswsgtdsrdesuie glsgproyidlet festaip hoengpiiamesiss besonaiPagds o
accordif2Sth YR 13 FoRfuiabf | D NO 2, and SEQ ID NGO 6, and

resi due 363 of SEQ ID NO 32, tyrosine, is

conservatively substitutedwth a different aromatic

amino acid, i.e., phenylMl aMine or tryptophan. In a

particul ar enbodi nment, Hrosine residue is

replaced with a tryptophqn si due. [0155] In sone

enbodi ments, an i nproved @Pno%ﬂ?ﬁe oxi dase of the

di scl osure conprises an i no aci d sequence in which

the ami no acid corresponding to residue 382 of SEQ ID
includgigsalﬁr?ﬂm HT@E@ thdPed¥Qvheein Angi(_);(emnjue:_zaﬁ,% @Hﬁ(ﬁ@l-,l Vel R' and
BRSO Aot et PR ARIERE cx, i,

CH,CHI, ¥d Wisrcii&Lifliddted Esomd, (I, &UE BNEM ahfl MR nft@both®elpddsent or may both

enbodi t, that phenyl al ani ne residue is repl ace
be absawttaﬁg whinehot Mg 2L besopid s M Aredbams aubeir ﬁ%ﬁeg,fmaho and
CR’R1 WhdréiM ] aDROROHNE B0 BASEMAhd Rh6r R SOIIOB 1 € medRRAd SRIge, with

an anming acjd se ce in which the amno acid _
the preyisey B8 SR AY! Yy 8L %51%‘5; %E@%Ar{fdﬁﬂ 2 T’ ggggot O: (®)
A can bO-N@=C18, ora@, 10851 Wi M@dd P aSER’RD BNOc) Idhen DR AAIM] ark ER'R?
substituted with a pon ol ar an£ 0 g@%d, %,e.,.vali&%,.
and have gees QORESera e PN TP YT AEM and (T 450t ogposyp Seseprdomistry.
[0126] M éheRBbLAGhAN ierdIodi nent, that serine residue is
replaced with a glycine residue. [0157] In other
[0127e Mbadthseshisndingnt A IPHE@YET;)pnoan ne oxi dase of the
di scl osure conprises an am no acid sequence in which
[0128] Meardfficn@ntadinetncAniy-egpBREl Nng to resi due 135 of SEQ ID
NO 2 and SEQ ID NO 6, threonine, is conservatively
[0129]s WbstotHetidnateb dimetnhA anatH€H,@iB))ar am no acid, i.e.,
serine, glutam ne, or asparagine. In a particular
[0130} ibodiheeathodinat A tihr@&OHLCHE,)xr.esi due is replaced with a
gl utam ne residue. [0158] In sone enbodi nents, an
[0131]i mparothedemtpxdmant Ads SXCHaskd:)@H:t-he di scl osure conpri ses
an am no acid sequence in which the am no acid
[0132]c & orespdndimagt M end BE kgupbscBBrhdaf isSEIRQttOfr NOtheZraupd oBiEdng of
I 6, gi i S tituted w th-gn iglic
it B IRPALFN e S S e R
-CH(GeEH - ,c GOl nh eCHL(EN -, ant] hAH (GERNEACAFHMNH-esi due i s
replaced with a glutamc acid residue.[0159] In sone
[0133]e ibowiheeenimdingemt Mrand & 'exde absend amd A es stdctd somahe grep consisting of
. di Sur Or j_Se am no acid sequence in which
CHZTﬁgegg?ho%ggﬁgpb%gkgg%gﬁaing to residue 289 of SEQ ID

[0134]2&%11%th%pgnb§§1v%e{nﬁ I\JI\Q'ld ? ard l—éﬁlz—gﬁd Ai iS st %ro%ﬁjpé %lrglé[y (fonsisting of

titute anot her nonpol ar am no ac
-O-, -@Hy.ciGiets)valGHieHs)-, -C(C:Hs)o-, -CH(CHs)-, -CFs-, -CClo-, -CBry-, -C(CFs)e-,

-CH(COOH)-, -C(COOH),-, -CH(NH,)-, and —~C(H)NHC(NH)NH,-.

[0135] In a further embodiment, M and M’ are —CH,- and A is selected from the group consisting of
-O-, -CHQ-, and -C(CH3)2-.

5.1.6  Fused Bicyclic Proline Compounds of structural Formula VII
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| euci ne, isoleucine, or nethionine. In a particular
enbodi nent, that alanine residue is replaced with a
wao adioasseesi due. [0160] I n ot her enbodi nents, BET/US2009/048255

i mproved nonoani ne oxi dase of the disclosure conprises

an am no acid sequence in which the am no acid

corresponding to residue 384 of SEQID NO 2, lysine, =
[0136] dn ddifivnrtharseal disciasts Proviseetrbiiptiilly prsntiamerisy|yaturealefeiepicyclic
imino 8G# Bompoufds of Sk Foldi£PMNE ne, or glutamne. In a

particul ar enbodi nent, that |ysine residue is replaced

with a glutam ne residue. A[0161] In sonme enbodi nents,

an i nproved nonoamni ne o¥ dadde of the disclosure is a

nonoam ne oxi dase thatH»# Honol ogue of the nonoam ne

oxi dase of Aspergillus g (SEQ ID NO2) or a

horol ogue of the monoani nf 0GPHIe of Aspergillus

oryzae (SEQ I D NO 32) anq,that carries one or nore of

the amino acid substitutighs correspondi ng to those
. i ' I Rat hv, plogues-d nek u 1651
clud e SO B Thdal LY QY RRIETS PRI Gy AP and

R areQm() indoppidientheicleSEEFro-INCCOLBI. -SEQH DCNOYHGOVH)SER -(B¥s, -CHs, -
CHzCﬂg%ncg’\gheréﬁ'g i§§:@c{e@ﬁ%ﬁ F, ,'ana- B? rlﬁfa(ﬂﬁ ®1° b%ﬁlrl}e%%eﬁeent or may both

odl nents, an | nmproved npbnoam ne oxl se of
be absgiitged whanrbeth M aad M meramesaet M xididE aredled save eed fre ealectdddrom O and
e 3 D POV | ) , : i
CRROFRATER- Bhd KR o arf WA KoM ot soRfRk By bidge, wieh
the premEes they: NO: wBah Mriad ME ara @.e5isaneO:omnd mibeeAdf Ot Meamd M’ e not O; (b)
1 @rrSERss i ot NS A LHRIR® ' d,e CRR
Ay M R DA B e PRI Rt P B CRR
and hafve phegwinivge steravsntes.ghd viereaveers obMrvad @1'taneoffoppdsgabtergochemistry.
10137 [ B Boa bEHORT andWoRRANE ox! dase” refers Lo a
pol ypepti de having an enzymatic capability of

[0138P>fﬂ61{'e7eh{%9diﬂ1eﬁtoﬂﬁso—lﬁ}ﬂ-.°f structural Formula | , supra
to the correspondi ng product of structural Formula Il

(0139 WPER the! b RMMPERL i chypi cal |y utilizes an oxidized
cofactor, such as but not"  limted to fl avin adeni ne

(01400 D MtRPLhIRIEAY)s -dCayLn adeni ne nononucl eoti de
(F , hicotinam de adeni ne di nucl eoti de (NAD), or

[0141NeQhiRARRIRAeR N chych§ot | de phosphate (NADP). In
a particular enbodi nent, the oxidized cofactor is FAD.

[0142MRNARMNEEAInEhAB 8 S -AFCHS@E ) herei n include naturally
occurring (wld type) nonoani ne oxi dases as well as

[0143]N DandBlckénd dddnDAE L W -1d (0 EL,EDGICRELr ed pol ypepti des
generated by human mani pul ati on. [0164] " Coding

[014415 BOGRREBOdif@HEVI Snd B’ bRabs ROk A0 sofectdd AME kIR BoupGbsbisting of
(e.qg.. a %gne) t hat encodes an ani no acid _sequence of
-CHz-,a-CF;?(gpé)i-,n-_ H(C)Hs)-, -C(CH;)s-, -C(CoHs)o-, -CFs-, -CCL-, ~CBr-, -C(CF3)o-,

-CH(COOH)-, -C(COOH),-, -CH(NH,)-, and -CH(CH,NHC(NH)NH,)-.

[0145] In another embodiment M and M’ are absent and A is selected from the group consisting of
-CHQ-, -C(CH3)2-, -C(CH3)2-, and -C(C2H5)2-.

[0146] In another embodiment, M and M’ are —CH,- and A is selected from the group consisting of
-0-, -CH,-, -C(CHs),-, -CH(CHs)-, -C(C,Hs),-, -CH(C,Hs)-, -CF,-, -CCly-, -CB1,-, -C(CF3),-,
-CH(COOH)-, -C(COOH),-, -CH(NH,)-, and —C(H,)NHC(NH)NH,-.

[0147] In a further embodiment, M and M’ are —-CH,- and A is selected from the group consisting of
-O-, -CHQ-, and -C(CH3)2-.
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[0165] "Naturally-occurring " or "wild-type " refers
to the formfound in nature. For exanple, a naturally
wo@e@onodseg)y or wil d-type pol ypeptide or pol ynucP@nuszes/048255
sequence i s a sequence present in anorgani smthat can
be isolated froma source in nature and whi ch has not
been intentionally nodified by human mani pul ati on.
[ 6266] MamewpinhPridntes of thihRisclos®d with reference to,
cell, nucleic acid, or peptide, refers to
(014814 Tﬁ%ﬁnevqamme aidases phihe presgnt @éfﬂ?sggepw%slil g cargble REoidiging ap amine

compddhd BadituMBral VSRR t8 e cHBd:Fnd Al 1minB @&mﬁlﬁﬁd Qﬁ%ﬂctﬁi@ﬂlﬁcfrinﬁﬁ II,
in a manner that would not otherw se exist in natur

have og of ot gupojagidSuksHMEHEISSS BRIEPAIdR the dpringracidepqusrg of §EWD NO:2,

SEQ IBWN:B et SEgEDEND:ahs Sadhihnffio Ry BRinRIshaprb@le #8 dBoamine oxidase
recombi nant techni gues. Non-limting exanples include,

with onqefReTe fopRped Pf@&%lﬁ%mﬂaﬁtlg peingreasg %‘p‘i"é%‘g‘f HViGe esotRgficity.

therm @Bl ko1l G gtebiMdyt BiRed RS dwkaihibRioh NedcEL&BERKdTARbkioh, Ok MBduced
of the cell or express native genes that are otherw se

sensitigipyjodeactien byrpradugist Peherting asideyubstityiippsay gy imFRvE s cgipression

level, SEREUMENGRJ/LAEE staﬁluty 081hd moREGRNS S MAMBLIQENY, ¢.gaEa USEd
i nt er chang eablé erein to refer to conmparisgns a

recompspifEPIEDET BakIaAd "pEIoseptiodes!! Syl BReOR BB P AB g coli host

cell. IR¥nCERRAMhIAL ah WRin® REIH BBIstinitidd 34856 @r(ﬁlﬁﬁyﬁﬁfbﬁt&ntﬁl@iﬁre@se in the
ari son w ndow, wherein the portion of th
expres’g]@{l%

E}C:fo&pel}tﬂ éln%;r tb%w%]étﬁlof 'ﬂ]élog(@augﬁ)égla?erpf tt}ﬁ:é)resent disclosure in
E. colonpari son wi ndow may conprise additions or deletions
(i.e., gaps) as conpared to the reference sequence

[0149]( Whé ﬁllaseﬂﬁ(ﬁ&l(ﬂ@ﬁe a0 PRVidsEpAdRLbotRIBS cRbdifledueh mBRSamifcQIxidases and
|nal ne of the two, sequences, The percentage

methog%{? s pyhaperabtisibrRycrRelivifter of

pos t|on t mhlch the | denti cal ucl ei aci d bas
01505 il Waleé&%aglws@ﬁ dRremeneaTng Oﬁﬂaﬂsﬁﬂlﬁcq%*sﬁHléﬁec@fgsetﬁo*p%ﬁqaaon are
impro¥dd@s BéHaesd 10 the RRdyaRted SBQIDIN@ASEQID/NGioNG SEQEDINOBRvith respect
of qﬁ t ched g03|1|on b¥ t he total nunmber of $ é élons .
to theif pic NGO SHY: ¢ 6niIat FLOH CARETIRGIPE PRI CRgPTHE OF Wt
FonmhAIM O doﬁes)plbﬁinﬁt 1%1% RepeebAgrucaikal gsmuﬂannl e sa&efatembydlmems the
ter tive t he rcent a e CalcC at ed
mmOaﬂ‘EPee‘?’W?aﬁ‘fsﬁ’&"\%FFéi aﬁiﬁ?ﬁ%’e %"Jfl‘”b‘%ﬁt}nﬁ b%ﬁate\%ﬁ% Rrogpgt ﬁé’r rate that is at
least 1t5h@n¢sd:g->ﬁtnlesk;) altin - @h &, aeiinds, hasigic rzsaMe@ Goakhed, 100sindkler more
ceurs. I n (0] .sequences or a UC
than 100:1es thefagp eﬁ‘h‘g}tﬁl}g’ tﬁ%mﬁl’l“’iaﬁ’ﬂ’éd’x 1P §ﬁ837§ 1‘?%9%552? ’ch) MR and
SEQ IDlN'(b)SI E;ten@s&hcﬂstﬂﬁaepm&is with Agh plﬁhpvmﬁs}o mguach ButRty e imAéd to,
pOSItIOI’]S e tota nu e ons |1
P"lyp‘?tpﬂé GRM8FSE8 |a§@ﬁe‘&ﬁ6°er?ﬂﬁs?%1?@l Sgﬁgb&‘&dk § 1@y12, 14,

1@13;ﬂpoigsy|eld t he percentage of sequence |dentity.
Those of skill in the art appreciate that there are
[01 51]nansone&mbdiihﬁﬂe,dhahg@aintﬂa Ridaséailib@dre@ hdréin alel cgpublesd converting an

uen . tipal alignment of sequences for

amine 88 ﬁggﬁﬁm%{»?ll E%mg%r{ag&e 8rresgonéhng We{:ﬁ[@pquag 8:f structural Formula
11 withopatcagdiastdr@dierit bxoe@fof SﬂIi:ztshab@ﬁ(DS%tE{eﬂi@Iﬁry po®PEptiddehwith such

\opl . %?éh. 2: %n Q al i. nnent aI rithm
proveigPPgludi b Tigh b Pard e, 5N s gt
correspyhdingeo SBQID INO: 4, 8, 10, 12, 14, 16, 18, 20, or 36.
[0152] In some embodiments, an improved monoamine oxidase of the disclosure is based on the
sequence formulas of SEQ ID NO: 4, 8, 10, 12, 14, 16, 18, or 20 and can comprise an amino acid
sequence that is at least about 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,

97%, 98%, or 99% identical thereto. These differences can be an amino acid insertion, deletion,

26



for simlarity nethod of Pearson and Li pman, 1988,
Proc. Natl. Acad. ScL USA 85: 2444, by conputerized
w0 pqpbeosseg at i ons of these al gorithnms (GAP, BESHET/US2009/048255

FASTA, and TFASTA in the GCG W sconsin Software

Package), or by visual inspection (see generally,

Current Protocols in Mlecular Biology, F. M Ausube
substitgtiony Bt ané@gmbm@mnrog fHch Phaggese o @meai:n}b@q%ment@ dhg aypigo acid sequence
diffordAEds WREQnFrEERH- BHRIa8 I, BehsASHAE] ALRE as 4 Bfmbiifith JORA-

Wley & Sons, Inc., (1995 Supplenent) (Ausube
conserggga/ﬁﬁp(égonéefrvaélwg gpmf) B sybpidptions o Vaiiqus appne agigpesidue positions where

such cHELEY dth BE RAIPRE G8BIH-aBGEANCe i dentity and sequence
simlarity are the BLAST and BLAST 2.0 al gorithns,

[0153]MM GoheRBoBRISELE, 1aB @pro e dM D&k oliasa Bf théL &Qﬁosm;e- coh@hses an amino
Biol. 215:403- 410 and Altschul et a

acid soqupngs inRKych B BYINg 4G9 corFsRPIRE I EHiguc 9§c9rf 1Sﬁ8r19 1‘1“25r2 “and SEQ 1D

NO: 6Pﬁ1ﬁfr§&fdﬁb 99 o BAPID ROABY $RSantife, RUBbd G ANl a8l cR®mino acid, ie.,
through the Nati onal Center for Bi ot echnol ogy

aspartic 3¢ig Pﬁ&ltl‘ia@n‘*? kb 47 ¢ Barticriar smaPBFT!t hithelWargne /ey ip gplaced with a

gmmnhggmikgﬁwpg hi gh scoring sequence pairs (HSPs) by
identifying short words of length Win the query

[0154]5 BOBRGEboNHHeAE 28 |11¥1ﬂ5‘16§ed|'fﬁ§n‘551nﬁ5 oﬁéztsb sf e &@é[@sure comprlses an amino
positive- valued threshold score T

acid S%B?IHGB’fWIPH“et & &0 peid geTFsppd glga%lteas%fé@@éa%@ﬁwo 12 frn& QD

NO: 6! Sli@ésidre 36 VofdEQ e, gRkak e 8chsWoitH 1§ GsBtutdarnvamhQlitkrent
Al tschul et al, su ra) These initial neighborhood

aromaiig,3rping a¢id, i4e Ph%la%l@@a &' thgfopfigy. ¢Ip ap?rﬂaﬂ@éaabeﬂ@gmt tHattyiagine
residub RRERACcISRE 2 6ORbRaRtR@ué. hem The word hits are then
extended in both directions along each sequence for as

[0155f & sodf chibBdifidhtllad ithMEvellth GOABINE 0SEAE Bf BaBiskSsure comprises an amino
|ncreasedgréynu]at|ve scores are cal cul ated usin
: ]

for
acid sqgfence gt Wiy AR @EE corfaseongine Aprstidvesd Siuof PEQAP ' %&P%SEQ ID
NO: 6f 9 réidaai 8o &f SEK@U:I{M)@ plesidMeise, iddus@iePOth @Rghpdar amino acid,

penal ty score for. m snatching residues,; way
Le. V%S-*a? isolrutige: alepige.chyins ripgiaionige, §%19P?1Pﬁ‘g Iﬁﬁ&’i’mRUIf‘fse“lsng@H)e{‘t that
phenyBahib kadidge 1shel&bdwliat icveénsegide. Extension of the word
hits in each direction are halted when: the cunul ati ve

[0156 1A goeahbSdimkttsf & infrré¥dd Myndahensissdiseloy thé disddButd Somprises
maxi mum achi eved val ue; the cunul ative score goes to

an amyigy %s:ubiieqy@mc‘@\m wiih the amie aced eaITASEEIARE ©fregfes 415 ¢forkRQ 1D

- BRI 00 U LR B SO 0 Al i

nonpdd@taaind ecid, MY, vhlinarisblXicies, elafine emtth&nsen futing] drygladite. In a
ﬁ/ ed of the allgnnent The BLASTN progran1(for

pamCH £ Frabedipent g srinedysidiss refacd it 4 glyaingsmsiflusngt h

of 11, an expectation (E) of 10, M5, N=-4, and a
[015710 Mh‘meg’@ﬁdl@?mb b i Yediproamige oxitish of the fligtlestremprss an amino
acid séqfhﬁlcgmal 1Ak QB Al %&%sﬁéldﬂlgﬁ@&bla& B5WP sédgga §id? 26MI SEQ 1D

,. an expectation (E) and the BL
NO: 6gbrsphing ivreniersatiyaheaibpEwed with anpiier Pelp dadng acidy ¢ gweﬂm glgtamine,
or asp&l@éﬂle Af @darfiGliardRBo &k ORd@hre o ERRIASY refBREQIWINALL Mine residue.

sequence al i gnnent and % sequence identity can

[0158 ‘Tﬂ):lo%é chidBdiBERY fah TmQHov @GN HBAAHE 8XBast Bf thb @15%6 comprises an amino
sconsi n Software package (Accelrys, Madis

W
acid SGYEFI5E inqwhigh the arﬁlalp aﬁéf:@f@p(md@g itesgidue 784 of SEQ ID NO: )2 and SEQ ID

NO: 6, asparagine, is substituted with an acidic amino acid, i.e., aspartic acid or glutamic acid. Ina

particular embodiment, that asparagine residue is replaced with a glutamic acid residue.
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[0168] "Reference sequence " refers to a defined
sequence used as a basis for a sequence conparison. A
WO edle/essee sequence may be a subset of a | ar gePCT/US2009/048255
sequence, for exanple, a segnent of a full-length gene
or pol ypepti de sequence. Cenerally, a reference
guence is at |east 20 nucl eotide or am no acid
[0159]r &%Wé@bpﬁnﬂlﬂ@ﬁ@p fmprayed neepgpming oxidase gfde disglogugsrrgpriseg an amino
acid sdq8ARE iPPhibILSE FHES abill cbRRFIAing ¥ retif& F39lok SE€MIND: 0fand BEQ ID
nucl eic acid or polypeptide. Since two pol ynucl eoti des
NO: 6oqflan¢r§|, vﬁw@qvaté\@lyns&pst%%WQMa)no@ngg aanwujeh%eglycme valine,
leucing, lisofouein@ oPRkthidahe Ofn atﬂ'&%cﬁQﬂE}h@dﬁné@ME‘lﬁﬁﬁe fefidde it &placed with a
simlar between the two sequences, and (2) nay further
valinegsiyei se a sequence that is divergent between the two
sequences, uence conparisons between two (or nore)
1016015 & 9}%@%6@@8@% ap impgysFaBeiiac aigase giine disglgpuisermpritee gn amino

acid sé@lﬁeﬂé@ PRk Ge S8MHYanE Q&Tééﬁonfdﬁh@ 18 WRAROIY RESEQOD NEL'S, IQVIRY, is
onparison wi ndow' to |dent|fy and conpare | oca

cOnserrf@gfewgbsafut%ieaﬁﬁéwe@e@qo}w FRP Agd]iF 69Tne: thispRIAG: PEgRfamine. Ina

particOMrREBYIimehtehe 15sideQeddue MR HithseUBmhe REiddd | east
about 20 contiguous nucl eotide positions or am no

[0161/2Gk SnelcDbAHB S WA &hFb edInSRGHRD eﬁdﬁaysfﬂa@ dBQHR €8 nfoBoathine
reference sequence of at | east conti guous

oxidasg thef is Gthrpelosysyof dhamenoaning exidssg OWF@FZH‘S t'1%¢" ERIPIYO:8t or a

homolbHR o BRURACEihOoLilkEe 60 %llﬁ@ﬂryweQQWIm TORR th§@arries one or
addi tions _or del etions percent  or

more gf dhcamigo @&ﬂq@ﬁ%@%ﬁl%cqrﬁwl@%@éﬁ% d@@aﬁé ﬁ&f@ln( WHise4iivg fergologues

mcludame nmmlh§@<l@4§@!;| othSEQSDCNO oel st ansD: bor SEpin Kk 26, SEQ ID NO:
nment of se ue1 ces. The cqnparison Wi ndow

28, S%%Hg b ﬁ%é&&rlqlﬂ%’[rﬁz@n DAL r“é@lfe&lﬁ%én Cefy embodiments, an

1mpr0'llda‘-'i1|1d1|16ﬁﬁme eRlidse Bﬂhé Viscdhurc4Da m5ﬁ)0anﬂ-&Q)x1d§§e sleléﬂg@from the enzymes of
Substantial identij

SEQ sy Ge ol G0 ot ot ot P lhles. i 80! & do w o

32, anll SBOUDBD): BE KIGE M SRYH BNES e bEBA bihinY acidbubs8@88ns 8Srresponding to
ercent identity and 89 to 95 percent sequence
those H@ﬁfq¥?mnnnre usual ly at |east 99 percent sequence
ntliy as conpared to a reference sequence over a
%p SBNSNdow of at |east 20 residue positions,

f d f I t -50 . id

101620, A8 ?éq%ﬂwfeﬁb%ﬁirlkogvmvgégl@%gf&&ts%& OB BT e

| cul at ed t h f 1 s
o6 s TR LG 1 535 SRS i
compdu@dl afstrﬁ&ulﬁel"(g&lnla I?q"up)raets ﬂae@ﬁrrésbﬁadi@f;ﬁdmmccﬁ“ sﬁlﬁﬂuﬂ%ﬁnula II, supra.

. ow of co N Speci
The qu%%hl(&%}efgl(\é\gllg 8}1%&&1} ﬁ»a(ggead ctof;«ligtO{ é?%asg {lérﬁlgeiedgb ﬁavm a enme
dinuclbcdﬁll(ﬁAD’) ﬂﬁﬁﬁﬁt&nhh&bndﬂﬂ@le@ﬁie%ﬁﬂﬁb Indﬁﬁﬁeﬁﬁdheﬂleﬁﬁe didoddatide
h

N AD BB B o ot TRl B P S £PR s sEpodigren. the

oxidizwaf@mr 1§1eaqmemosoand1mmida5es aspﬁseﬂ beraib |11y:1Lﬂ1E nhtelaﬂjz od®@8rring (wild

‘ )g ent se % uence | dent i Ly, east pg . ted b

ype %‘b?ﬂlgﬁlé SXUBERTT S B P"%’? a’(%""é‘““% @“%‘EF&‘ AP y%eé’aﬂueé FEETHCEDY

humar @afipuldtiph. Preferably, residue positions which are not
identical differ by conservative am no

[0164] “Coding sequence” refers to that portion of a nucleic acid (e.g., a gene) that encodes an amino

acid sequence of a protein.

[0165] “Naturally-occurring” or “wild-type” refers to the form found in nature. For example, a

naturally occurring or wild-type polypeptide or polynucleotide sequence is a sequence present in an
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acid substitutions. [0171] "Corresponding to,"

"reference to," or "relative to" when used in the
w@ornvmsgs2of t he nunbering of a given anmi no aci PCDUS2009/048255
pol ynucl eoti de sequence refers to the nunbering of the
resi dues of a specified reference sequence when the

given amno acid or polynucl eotide sequence is

organigiy thyheadde isglafaddromes wpesh denageeeidyduch hap nesbray intrpticpally modified

by huhd¥emigilidg number or residue position of a given
pol ymer is designated wth respect to the reference

[0166]S ER&BRG Mak@ LRSS ustda1h RYertlie tAs LU kel NHiERSid &@d p&ﬁ&ﬂebt‘ﬂfé refers to
of the reS|due wi thin the given am no acjd

a mateﬁléll grrueredi peesradite ﬁbfée ngtgral Qupating ferm of thy %ﬁlaéﬁlil% bas been

modifRe irth BARMERARoukURNotBSWIsB 3ListAh natire SR i0QRIEAhIROBAFEJABCced or
oxi dase, can be aligned to a ref erence sequence by

derivefl fomsepthsticanadeaisls afl@foro‘mm%wpz%aﬂ%gﬁﬂaﬁfécWeﬁb@d’&a% dYpn-limiting

exampldd@nclie, SRMY 6MERSrecdntbifaheR8s &EPEBFng @nbNaM AR dohRuB@RShin the
are present t he nunberlng of the reS|due in the given

native ApAnpgcomtingnt forpaif e el eiotcPises ety gshesehat arepshseving gxressed at a

differdnEpfract to the reference sequence to which it has been
aligned. [0172] "Stereoselectivity " refers to the

[0167PFRI&MeBE bRleqlc@éd TBHBMN ahdRceRESHE H@)ﬂiolﬁfl ﬁ"@ Z¥@dtérGhangcably
reacti on of one stereoi soner over anot

hereindp gefes MPRLSOPT BPONERRIYBRCIEEsiaaf Polm%esmé apesletrgpinghby

compa@iﬁlg Qﬂﬁop‘iﬁrﬁﬂf igh O RLudnSesl@MA RehpAYBhH W‘il’ﬁﬂ@w%iﬁém tiRfpottion of the
be co ete where only one st er eoi soner i.s f.or.ned.

polanF@Hdet %@0@?%11%?6%%? 0 the oMPRENOR MRS Nayqpaprise additions or

deletichk B1e€ @%b @Q:toinléhﬂe&’ tol the feRE@EE @Quén@e Whlch does not comprise additions or
enantloselect|V|tgﬁhthe fraction (typically reported

deletions) Tgr opaipREdicament obfthegiva semaifes: orASPeTcrnagsdnay beresulaert by

detemhﬁmg the GORBRBF YR ltos! Nthichehdid&RPAMb@8c bdld b€ oPdrhino acid residue
pically fil)(gercentage) as the enanptioneric excess

OCCWS(%%%th)%Oee}Cemoaf the fupksr PR shed GPUTHY dYdipg demgmpgyiof matched

posmdnﬁrﬁjl 0k R4 20Ib&IVR positiold MAhe \ﬁﬁiﬂ(ﬁw bm{pbﬂs[oﬁah@hultlplymg the result by
antioner + mnor enant] omer

100 gy W5 PEETHES OLFEIAFHaTISG d’*@&f?ﬁ?’@ya "greentage may be calulated by

detern§hiBE BOHBMRE bF Mdsitdond & wheheithe (tiletl@enﬁ&al nuclelc acid base or amino acid
di ast ereosel ectivity, the fraction glcally repgrte

residug aceyrs g bothy pRAYGSS ranaﬂec a@%.?&se%mﬁ? aqidyresidyg iy phigngd ypth a gap to

yield thVRungHe st B4 €HIB hSsiti o), rnﬁmdﬁhgtha hﬁlﬁw 3t m¥Bhedl poSRGT b @hea@tal number
t he di astereongeric excess ONEeri c_exce

of posiiqre igithesYiafwbphermparsee e@sm“alPlely‘P% theg eSB]? E’% { UHagirkt the petcentage of

sequer®¥ &R ey, TRk 31 skilHn @kt ayt ppiREiRe SRt @6iciadnany cEEFIRAG al @rithms
nonoam ne oxi dase polygggt|de hat i s _capabl e of

available i Aliep Ppysefipracesy Qetmaladspenf e?s‘%?P?eé%dﬂla‘P%me?aBéPﬁ genducted,

e.g., byHehocat hdnﬁ’)ﬂ)%%r aBOAMn (7 8% 8 bed RRTERAdC 1B CEBS 4pll OMdi#]2:482, by the
StereospeC| ICIt refers to the referentla

homolagyaligpwpty glgptithy Oclf A leragn g Ve e/ MOAKGIGT 458, tyrfhe search

for 51rﬁtaﬁfyeﬂ¢tmrmme@y<ﬁran@n@hﬁﬁ r198§t1%ce@/§@ echdisel Ug4 8@Q4ébleby
partial, where the conversion of one stereoisoner

compitise) BRI PHG! e Eor IS (OARR DL Rt ot 8T ETA in the
GCG wnﬁcynsﬁmmvberpe@ltag@rr&rb hSsuSlIaRyedto 8 thee %&l&ﬁ} Current Protocols in
sel ectivity!' ers to the pre erenti al

Molecvlefﬁlg? i %Aé}s‘ﬁ’ﬁ]eﬁ’rﬂgéﬁs -SrU BRI RRESIS 2P ERiEREs bgfveen Greene

Publishing Associates, Inc. and John Wiley & Sons, Inc., (1995 Supplement) (Ausubel)). Examples of

algorithms that are suitable for determining percent sequence identity and sequence similarity are the

BLAST and BLAST 2.0 algorithms, which are described in Altschul ez al., 1990, J. Mol. Biol. 215:
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one product over another. [0176] "Inproved enzyne
property" refers to a nonoanm ne oxi dase pol ypepti de
w0 bav/oessks bi t s an i nprovenent in any enzyme prPEEUS300HE48255
conpared to a reference nonoani ne oxi dase. For the
engineered nonoam ne oxi dase pol ypepti des descri bed
rein, the conparison is generally made to the

403- 4w 4116&1%@1 HEnoAMT Mbeisicideis Eee A0 aripRoivgh- SAtEBrmbr

perfor@iRast NSy s RS ubBIE HRNSSR: RRLRMH: ROl dass f&%ot‘@&nology
anot her i nproved engi neer ed nonoam ne oxi dase. Enzy

Informgfigihwehsite sTHio gk HWPlffﬁﬁ%@téﬁeéﬁfymgshlgib@gwrwwepmawﬂ@SPS) by
1denmghhg sRIrEw 1A of 1EdBH Wdh tHR quEH Z8GB ek, GviRGE élt‘i’lértrﬁ{at((hm%ﬁﬂfyﬁééﬂle

e expressed in terns of percent conversion of
POS““@LYBEW threshold ﬁ"rﬁ’éfrT‘rHPeUsﬁhé’éqdl wigha wesdiofe pappe lnghl B qa@base

sequerﬁ:@f A6 Rferrb € QUL BRI orhb & W38 Rk MRSDId (‘Alﬂsé}ﬂl &gt Qfpta). These
product inhibition), stereospecificit

initial §flel?gb@6§e11 weRdhjib pgf ag soRdy form gt ingaiehos defirdlpragr ¥1§5’s containing
them. SIOk WR Hids ¥re tﬁéﬁ‘%x&h@éﬂ'nﬁ bt dRQE R RINE SR QABG RN GDr ds Bar@s the

host cell. [0177] "lIncreased enzymatic activity" )
cumulatgqe@}-lgnn@e@t @ﬁrelc% eb}p@raassql o%gpql@}lvgpcqr%@reéﬁ&plﬁ@é page, for nucleotide
sequed¥Bd] %rﬂaﬁﬁle@?‘s' I A2 €l HORR b hHLSE mMHiC Y G@Rs;BByvays >0) and N (penalty

represent ed U%an increase in specific activity (e.g
score {9 e&wtchﬁg sdisbedripReT el gritmigy astderaeness. aa@ﬁom%dvaé%lé used to
calculdtd th@ RUR IRy GO, EF SR OF tht RBrEIMRSH £k Girdcodt 1€ hﬂfe@ QUEH: the

(e percent conversion of starting anount of
cumul%%eilgwe@t fegregrlbabichy thgaugntéfy Sclrem Bametinem3ehievse velus fley
cumul@iv3RESE Edegeh RAPUHDBLIRT dERE AR ARG UAKDISSRE br ASre ‘ﬁ@g’ﬁﬁ% ?&inng

to the reference nonoam ne oxi dase en

residugplignpgatsitos thsshe phaither sedizyseds wahed:i T ]%fr/"eSTp?’rl%‘iﬂﬂa’e aarﬁrﬁeters W, T,
and X UBEmEXSMPL&Sitivi ﬁrb\ﬁd RFROSF thy al‘I lm%ﬁt' N@e BQASWW@rﬁ%fbﬁﬂu&Moude

be affecte |nclud|n e cl assical en

Sequerwﬁ% e s faudip medlwﬁw@ro &bétl CXRERATRYES) %ﬁl%{ﬁ ~erNTArpnd a

compari€&hfib8thi sBEId8: aﬁ&@nﬁrﬂ)za\émastedl&nég tthé‘/lBltJA(STPl ﬁl’@g@fﬁ%@& At Sethuikts a
enzynme activity can be fromabout 1.5 tines th

Ordlelﬁ%waﬂf & aa@we\ﬂatlgﬁ & ot Heardghe %%96%6% §CARIE alatrwee Henikoff and

Henik ST NORITIPNS. % A3 @a zm 810 th?e?anarfy B Sinafiof | be% enéeoahgnmem
times, 20 tines, times nmes, 75 tines

0 t
and Yospqpsace ddenfigycan W?ﬁﬁ‘? BESKE %Ctz%l’ PRy Mhe{at G Mélﬁqoysm Software

packag%(‘(wéelhw 31dMR0L WI} 'ﬂﬁn@&éf&iﬁﬁﬁmﬁ{ete@sr}%\h&’efd engi neer ed
monoami neoxi dase” from whi ch t he nonoam ne oxi dase

[0168PORY¥RERE dQRIHMERY SR th URRfindd sdgficttRABEFLLPBhsRY ot Aecquence
skiTTed artisan that the act|V|t% of any enzyne is
compgtifohu gy wferenagisceuinseiglay bh atsubsseocatasgey seqienen; menexpmple, a

segrnen‘?8§ g ?15[1[] ngth?&xeﬁﬁ gld %19;3??31(1% fg%qaletrq%e @%nfeéag{yo?, eefenlaﬁ%e sequence is at
least 20QRIRkE 8f arBl adldeSitudshe 1eHgtH, usicas 25irBlidues @ length, at least 50
kcat / K qk is generally about 108 to 109 (M1 s4 )
8

residuep Helengtangr theprblgegts @ltf &hqj Hicleheacih oy pRlyRRUNGT Biiceiwe he
polynTREARIE: PERAhARTE M bo M e RBpRACeal Ty 3] Rfidy bPune

compnsta"mqmme) bt idaseilahzyveen thdmaastnmcoss add6d) gt furthtrycomprise

QF nmeasur ed_usi ng published nethods, or
a Seq%aaﬁﬁ £ 15 ShSTEIRE PeBeen S WRSERISPF g S Sy AR FOAWaEisqd fsiveen two

(or m&é?ﬁol%&xcl@ﬂﬁde@?rt pdlﬂ&ggg]lg? aslieg#l@ﬁﬁﬁpé?fof‘ﬁ&@ 86 dompardttOlqidnces of

hou et
the two polynucleotldes over a “comparison window” to identify and compare local regions

of sequence similarity.
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Fl uoronetric Method for the Continuous Measurenent of
Monoam ne Oxi dase Activity," 1997 Anal. Biochem 253
WO 189478828 and Szutowi cz et al. (Szutow cz et aPCT/US2009/048255
"Colorinmetric Assay for Monoanm ne Oxi dase in Tissues
USing Per oxi dase and
2' - Azino( 3- ethtylbenzthaizoline-6-su|fonic Acid2 as
CIC

l““”cfﬁ@ﬁ@g@ﬂ%i% Pri@ R COBFRIEH segmentyy at gt ghppt 20 contiguous

nucledHAEPRHoRONS o LRR YORIACSH Yt 4 RJudHE mIPBE o tPa reference
defined preparation of enzyne, a_ defined assay under a

sequengg pf @ deseti 20iconfiguaysduglptidsy orpgyne aqide ppbphaeip depgrties of the sequence
in the f:diﬁﬂahé’(fn WR&SF ﬂnpﬁéi)nipﬁséjﬁidﬁiohs &%@tl&swe U%%é? gfﬁd"&rcent or less as
met hods of, Zhou and Szutow cz. ner al when
compqriﬂstaff@gefsﬁe@ceémmmeéarhwb Hess RoiragBIpEseardigiens ag d@lﬁfepn@}ifér optimal
ahgnn?éﬂpdf'ﬁﬁe thB &{u@ﬁc@é nl“lfé%&ﬁﬁaﬁﬂo@&lﬁldgﬁ tarvw l&ggr @&n Mﬁ!ohtlﬁl%us residues,
i cal &{e55|on systens and identical host
and m%léqiquopflen%lv AP0z, Vb prlergsh ¥ idawanmount of enzyme

produced by the host cells and present. in the |ysa
[0170] @sbs?mc%w stetsfto a pplypusiegtifeorpRiPEIA earGnee that Has ot east 80
percer®¥dqtléict RBnAY, ot REst SS‘P&EJn@Id@ntIt? aﬁdr@ t6 95 pRSRPRGhIAGe identity, more
product. "Percent conversion” refers to the percent of

usuaﬂaf Hdeas{9gereantacquenge ifeatieas apopagedite a fHfeesr sevetce W i icAmgarison

windoR&f hi06hsPI0 kel ﬁéﬁqgﬂs ﬁ&ﬁ@ﬂtfy' 006k a%’iﬂ@dv& bOR Fast BYS restdd&, wherein
"enzymatic actjvity" or "activity" of a nonoam ne

the peggehtpgsod Seﬂa?%edﬁﬁw & calgplatgd by sginnasiag the gferenss sequpice to a sequence

that ine1Q804 QERHANR or RAditloRewBR &l 86 Fortt & BF @6 Ha@érencé Odgd&ce over the
"Thernostable " refers to a npnoanm ne oxid

windoyoif geyansriere 1 prseifiggmhedinends @keq tqpolypeptigsst s?e (eﬁ% “WibstRR{ig!
1dent1t§’@1%b$n@ 113080l 2 gp@@@ﬁ@@éqﬁénc@@c WBEn SHHRABY AL s&IhaY B ﬁl@ pro grams

E%peratures . 40-800C) for a period of tine %
GAP ¢ BESF R Tjpsing de H%&%Pe%ﬂ%s ffh*ée %Fﬂa?tégﬂ’éfeﬂé Ay RS lcteetitgoare crably at

least 89 §@Jca¢1ﬁ qusica hieﬁmy,raefee{t 95 h&céht FRNARETIBRIPBI HAS €e.g., 99 percent
ol ypeptide that nmaintains simlar act|V|t¥ nore than
sequenge é(}/ fer

en‘rg@)%Prgergbl%re%@qeé)pmgg&ﬁ geiharg not p%% y conservative amino

acid ssbRiGesHsr ations (e.g. 5-99% of solvent (isopropyl
al cohol , tetrahydrofuran, 2-nmethyltetrahydrofuran,

[0171RE€b8RBondin@ tdIen8terdatt () @6 abRii® toMWhdsed in the context of the
tert-butylether, etc,) for a period _of tine

numbgging Oéaglﬁ?nsz)m%wmr&awwwee i?ﬁtl%%ﬁe&‘as t@ﬁlfyﬁ‘ﬁ”‘%el[‘rtgl"é fye residues
of a spefifl Gl BRdnEe sc@fnef FhdnQhSgivONSAR N1 PpbHaEE0nN ééﬁl%ﬁi&d #d@ompared
that maintains simlar activity (nore than e, gowato

to the mncgf%?nc%XBmF woids; thy rﬁﬁd UMY 95 F;izstd@e @051‘%)n5) peypn pelymer

is desizfutclidyithf Bpe@ tPBE k@Rt séqubRe ea@heg thald b thé Al SmERAPIs RGN of the
to. the untreated enzyne %P‘g "Therno- and sal vent

residug piflip dhe givep @ninoagid T RefRAS IR SERICBSEs & OpBPPBIE SR At acid

sequeﬂc% 06t R thdp 6f LR &1 AeHdamRk bLikhse Sdar b BighBdlB3]reference sequence
'Derived front. as used herein in the context of

by intrgduciingcapsig ORYRIBRTFHES BXFRFa SEWEHAYHEG sequgasrei Fnjthese £49gs, although

the gaf¥ dr@hrécthi, Bg nIMBERR O e B Kl@HhEAZI BN in PR @poly eI @DEREsequence
enggdln such nonoam ne oxi dase enzyne, upon which the
is ma AEBTS! g horsEriss rguenes o vaidhiphas beqnpdisadgi neer ed

[0172]np§]tereosepectw1tv refers to the preferential formation in a chemical or enzymatic reaction of

one stereoisomer over another. Stercoselectivity can be partial, where the formation of one
stereoisomer is favored over the other, or it may be complete where only one stercoisomer is formed.
When the stereoisomers are enantiomers, the stereoselectivity is referred to as enantioselectivity, the

fraction (typically reported as a percentage) of one enantiomer in the sum of both. It is commonly
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oxi dase enzynme of SEQ ID NO 8 was obtai ned by
artificially evolving, over nultiple generations the
w@eae/oesseodi ng t he Aspergillus niger nonoam nePORUSHEB048255

enzyme of SEQ ID I\IQ 2. Thus, this engi neered nonoarm ne

oxi dase enzyne is "derived from' the wld-type

nonoam ne oxi dase of SEQ | D NO 2. k0184] "Hydrophilic
alternagipply gepABTLIN de ARESPHHE" 2s pPPEPEagehasdhc eniancaE exrceyr(c-c.) calculated
therefloBSIc S4@ind AMhOBrRuld P%o&hﬁitfdm@?mhllﬁi& bdd@tidher]/[major enantiomer +

hydr ophobi city of leSs than zero according to the
minor gggnfigingry oW hete s strsagisomgta pisphrotsTecisprers.dhy dereselestiyity isapfgrred to
as dlas%re(ﬁ&eotlvi]tyg 8t fradtiodMMpicaB Rbortci 494 %%erﬂ%g) of@ﬁé‘ @’ hdtG8dmhet in a

encoded hydrophilic amno acids incl (m,
mixtune o&pyo (tr@)eroqle_rHcgmlelp.]} y a]|t_e_r1@tlmely |:_ep0rtq_ andhe d(lqef)ereogl_e@ ch@d e.).
EnantibmA$PexcEd and-didsySedntlic @i&ss%?f@ﬂes%@tere&rgér&%cesﬁm dic

Ami no Acid or Residue" refers to a hydrophilic am no
[01732EHEhR sk 8IS h aMbR & AmShddMieldRidBsece¥INRpiideBhat & dafable of

val ue of less than about 6 when the amino acid is
COHVGW“H% thg dekstrats togthpeqstesrpadige piodysy pthet lawst abset WesteiRemprsic excess.

I ds typically have nepatlvel y charged side chai ns, at

[0174]p “%L@qp%f_@gq rﬁells ke prgteregtal cgl?velgloﬁyrd? ggg‘wzai Qfrfnzymatic reaction of
one stée@NInicE ek Hno@rﬁt@ OS?t@l‘é{o leﬂdlfil c&ﬂb%ﬂi’a@ IvilRrd tREd ddk@sibir 6 dde

(E) and L-As D) "Basic Am no Acid or
stereoRRFT R BmOTF LGF ef’%‘eraoh‘y{ﬂl%b%‘?qnipéet%\‘ﬂl%%o%% PR SHCOIOEHiS
convel@Vi Nng a side chain exhibiting a pK value of greater

t han about 6 when the amno acid is included in a
[0175]PePhdntlBe10ivRE ¥RABAS tRQrefBafiaCloAmatinn irLdhdmichly®@ictAmlalic reaction of

have p05|t|vely charged side chains at physiol ogica
one PrfcHRNsT 91eEsoci ati on with hydr oni um i on CGenetically

encoded basic amn i ds include L-

[0176]( M@%S%Y—@éqﬁéﬁﬂq Aﬁﬁgﬁd" Adegeagrm EFL%’ YPF@fdg q?t ?’iLJF“bétS an

improVet@hOpRhy ety BEhRPerBCis dorﬁ;ﬁaré'(ﬁs la Gifere iR i oAGanding bxd@as € NEJr fhe

that is uncharged at Sj o cal. pH, but which h
engincgfed monagmipgexigase gof Yﬂep\}ﬁ%/éiﬁ‘ “Fﬁ% hesgin: ﬂE?fCOE‘P%FtSPP dr%nerﬁ% made to
the wiklgpEforom B FRM R c b3hz{ME aHKo@QlE inlsSmb emBodiméms, eHe @&Qeijceblyonoamine
one of the .atons Genet cal | }4 encoded poI ar amn

oxidasg catphe angy Frdlalgrotle%glﬁmﬁ{l? mpn e(()@ ascy 1 e([g?peg],ea for which
impro¥embhf is (ds)rablf HEBE, buﬂ"«b‘@ﬁ(ﬁ ol ©, &MﬂlCA@h\dtyQﬁvhBE sdnHe@xpressed

refers to an am a res a SI e chain
in terms, A pEFF Nt RYVESHY 8?‘3& ng?BtFaé? t‘;l?erH’F‘l iﬁ%él%ﬂ ac" Ko & cofactor

requir@a@! ffgorisd th enhiorsad. k. Z@dd@@ﬂﬁifbﬁﬁ)ﬂ)& sthl}édd‘p@(ﬂﬁ@’@l abrbdselectivity
Ei Se

al f b J.
(m"lucﬁ%en%?tgos‘ficéwu : r‘?’FIE-‘éIaP@ St%‘ﬂﬁtéf a2y e’?Wd%‘b]ﬁ‘éed ﬂ‘ba bt 550

[0177]( \Q%ggrse% ! gn nggl FX?Udegs L cEFl)\rllﬁo X P t% a1|E nwpééve)(l moperty (R‘I F%g)ne%{ﬁcﬁmonoamme

oxidask -pb¥pelktides, which can be represented by an increase in specific activity (e.g., product

produced/time/weight protein) or an increase in percent conversion of the substrate to the product
(e.g., percent conversion of starting amount of substrate to product in a specified time period using a
specified amount of monoamine oxidase ) as compared to the reference monoamine oxidase enzyme.
Exemplary methods to determine enzyme activity are provided in the Examples. Any property
relating to enzyme activity may be affected, including the classical enzyme properties of Ky, Viar OT
k.ar, changes of which can lead to increased enzymatic activity. Improvements in enzyme activity can
be from about 1.5 times the enzymatic activity of the corresponding wild-type monoamine oxidase, to
as much as 2 times. 5 times, 10 times, 20 times, 25 times, 50 times, 75 times, 100 times or more

enzymatic activity than the naturally occurring monoamine oxidase or another engineered monoamine
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[0189] "Aromatic Am no Acid or Residue" refers to a
hydr ophi li ¢ or hydrophobic am no acid or residue
whampgssas si de chain that includes at | east onBCT/US2009/048255
aromatic or heteroaromatic ring. Geneticallyencoded
aromatic am no acids include L-Phe (F), L-Tyr (Y) and
L-Trp (W. Al though owing to the pKa of its
oxidasg é@@r%la?fbthﬁm%oamnter%gﬂ@w peboartideHivae degjved.t Itisqmdepteed hrethe
skilledCdr@as tHal B6a@SitRoLAS efzyiR S dEEsioimifY sAdh (Rt @Rbaltic turnover rate
residue as its side chain includes a heteroaromatic
cannot gxpegd theediffisipnpinte of e pHbstrase, dnclidingppetedgisedgoRyigiso phs thperetical
maxm{u@f%fdh’eemﬁﬁsuﬁlshnﬁt ofRNEL IidbARAIY BSJud UL'to ((BeR'RE) @Wbhee, any
[ 0190] "Constrained am no acid or resjdue" refers to
improygegisithge eyere getivits of ha groperatingaddage wiblrers ag upegr limit related to the
diffusigf Pdff@e(;fftﬂe subﬁlra%k H@te@&nﬁﬁtﬁ@h&%@mflﬁ%kﬂh@%niy%l WelSodmiRE Oxidase
P Hi sti di ne has a constrai ned
activity émm%?%%%ug@upleshﬁ’a@etboqseqréfiar\fﬂélpv there0f] for pearaRg monoamine

0x1das%' s06h asPhiR lnbtnﬁnlﬁta% t@os@@%@foﬁe@'b@%o@ @Qﬂ?@tﬁdﬁ é?@ﬁa&@%eJSjéep
al so has a five nmenbered ring 5019 Non- pol ar Am

Fluorometriy Mepthqeefer ¢ @mtrr@ﬁl@rl\éewelaew MoptrgrecOsfsh dChdy d 18P7 Anal.

Bzoché‘n? Skeye- ‘h@‘éhcﬂ&uﬁmﬁéz@ al @h@wtc‘ﬂ alall SCM&%H@ﬁQ@Qsaﬁgbr Monoamine
S|olo%,cal pH and whi ch has bonds in which thelfalr
)

Ox1da%53f1n aIseeh Poing Pagsidesy andy2. & ohieni3- Btg;ltyﬂl}%zﬂéﬁl@ﬁge p-gulfonic Acid) as
Chronfi8LT gl Y4 e b BeH abh ¥o by) €RGMaRond fRniMR REAHS abd m&desusing a

e side chain is not polar) Gbnetlcally encoded
defined grepgyafioarof spvas. adefiged 48??&%%%@@19@{@) andjong gymerp flefined

substrthésvﬁsl fuftﬁ@r deseribddgn (dtdil heeiVBitusfnl heaxﬂéjhdd’s O, 2 o( Ahou dnd59dbwics.

g hatic Amino Acid or Resi refers to a
Generﬂw phsstce aiecrmparad ithe nymbere of ?fﬂéarﬁiatb? HePuahofargtein appxed are

deternfiYedra@ 621l RORe SF fé@ntﬁﬂ%ﬁess@@%‘[érﬂs‘ﬂnh YdeBMGORR AR forhiainise

am no acids include L-Ala L-val (V), L-Leu (L)
Vaﬂaﬂa?ﬁdn EmP‘F’é ofgupymg mz%?d bythg %ﬁt prdls and prEwntiRithedysates-
is unusual inthat it can formdisulfide
o178k, F‘Q@F@@M tRest i die cpzpypdc peylatiofiohbe st e Brthoiogsponding

produét! Ul bR con@rsiGkt B 6 b Pé«‘r@e@ﬁ &t thd (B stARE e i@&didlSed td T product
cysteine-like residues’ include cysteine and ot her

Wlthlnérﬂeﬁ%d ofdimsindergpecilisdeanditiong TRY IR Tenpanadic palyity hof agfivily” of a

monodAMAd é)@(ﬁls@pdclﬁfeptﬁ&rcﬂiﬁt)é &Bre@ed %ﬂéic%ﬁt@@n\}éfsﬁdig 88the JUbStrate to the
ability of L-Cys (C (and other amno acids with -SH

produ¢ont aj ni ng side chains) to exist in a peptide in

[0179]3 :“tglghﬂr_mke ' g_sé@t n &r rr%grg goezg @El{ﬂ%&p{ﬁ??{d&%ﬁ%&%&]ﬁg Ehatg}%mt(ney similar activity
(more mn%o%b&f@s fdr@kanié ra&afb@pcbsaré;w elb%gf}egq?lapdrdtﬁes:da@r HLY®C) for a
pepti d Ibits a

periodip g g i et ly%meaf%bwéwrmt "7¥"% he nor mal i zed

[0180]S u%g}n s%%ne 5 g[gsbtles Crg e{es d(()) ]é) gll(z)lel I(ﬁlggs o n;Fb o éeEl Ol'fﬁ)? be r ag{ﬁlﬁlggg]é él?ralfar activity

(more tHag e R @B RLR00H) SRrQEpUsErekto @Fping EancérFratdts €GO I5LBeY of sl ent

o MR b b e s g et

tert-budy1€lBer CAA@) fr & patod o516 O (O 9 8D 4ks) dorhral to tRrageaId chap@y,
carbon and/ or heteroatons (excluding the a-carbon and

[0181] “pH stable” refers to a monoamine oxidase polypeptide that maintains similar activity (more
than e.g 60% to 80%) after exposure to high or low pH (e.g. 4.5-6 or 8 to 12) for a period of time (e.g.
0.5-24 hrs) compared to the untreated enzyme.

[0182] “Thermo- and solvent stable” refers to a monoamine oxidase polypeptide that is both

thermostable and solvent stable.
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hydrogens). The small am no acids or residues may be
further categorized as aliphatic, non-polar, polar or
wa@edidioessgsral | ami no aci ds or residues, in accoPUEOSE09/048255
with the above definitions. Geneticallyencoded snal
am no acids include L-Ala (A, L-Val (V), L-Cys (O,
L-Asn (N), L-Ser (9), L-Thr%éﬂ& and L-Asp (D).[0195]
[0183} @a&&@o_mcv anesaf RFTRIY AR HNTAE plpngineqdsmengamine @xidpss cpgymes,
identiffd tRMrBRaffl Moo nBbRiAY cfryME Y the e fddhe JRg&LYh monoamine
. Genetically-encoded hydroxyl-containing am ng acids )
oxidase §pqyigeunon ghich (tlg)engl_nqqﬁllng W) bagey Hor mep?eysh_e 611@116@@}1 monoaminge
oxidasc SRARRIY 8EH VB NO: QWb Ay SbtERtal 1l BEIIARS 00 nfliAL EQRStions the
refer to the interchangeability of residues having
gene cggqdingahe pergilieh &icrismoneARing Ridase ypivas|of YERAY HiQiésThus, this
enginc3HASonbdtlihO8ki@he DPmAN 036 FImP hetWIR-PR HRRRInd Sxivhst Bf SEQ
am no acids within the sane or simlar defined class
IDNQs#- amino acids. However, as used herein, conservative
mut ati ons do. not i nclude _substitutions froma ) ) )
y gepiiilng Aming Aeidpr Resid ”éﬁ:ferﬁwrl@ﬁwapochl qr gesidue having a side chain
exhibift¥EH BRIRPAb G eity Y WM 2LORe Sd e AOthE Qormalized consensus hydrophobicity
hydr oxyl - cont ai ni n or small to small residue, if the .
scale %%ﬁ%]é‘?%%f i{rel 9%1:’&144843ﬁwédﬁ9ii1%ﬁs%”é’«a@es%tlcaﬂss%%eﬁﬂlmfPlaww amino
acids 1h&1048 2MhAlTH, RhSd: (9, L P1iaH) al-GRNESH I1C As@N; IRGIAQ) IR Asp (D), L-Lys
non- pol ar, polar to polar, acidic to acidic, basic to
(K) anddsphg Ryromatic to aromatic, or constrained to
constrai ned residue, Further, as used herein, A V, L, .
(0185}, ' Agidic Amino Agid .ok ResidueT (rErs,to i by dioplilic gnigy peidpr raviditerhaying a side
chain édhitfiatal pK Va@fl o Wes Min dRuRWhdAeke MR AX Bincl@sd HUSeptide or
Tabl e 1 bel ow shows exenpl ary conservative

polypeptifhs t/hqidis pBing acifsippigally- harsprgtivglyichergedsidscppipy gtipByséological pH
due to[184 97 hydN@Bn HAN&eRNiadlly“ac&PEdidit hindBcids L@ S GIOE) and L-Asp
substitution or nutation of an amno acid in the

(D). pol ypeptide with an amino acid with significantly
differing si de chgin”properties. Non- conservatjve

(018615 [ Basiq Amino Aeid qrResiducy refers i hydrapbilis apiadrid of sepifies hayipg g side
chain ¥hib¥ing,a prhe el bRedr @504ba6t d wishelth ARRYLid b hcRI in a peptide or

enbodi nent, a non-conservative tatjo ffect a) .
polyp%p%e- dtasigeminogeds piealnuye P%Pé“VBIé(gEHS?fJeSl‘Feﬁ?’IPH%%{ Pﬁ%fg%%gwal pH due
to assdcl@o® Whs hydrédin® on( SefeoticalBr dbdde bAs@r anghy lidignclfde ) - ARER) and

charge or hydrophobicity, or (c) the bulk of the side
L-Lys&khi n. [0198] "Deletion" refers to nodification to the

T R VR R T i R
chain ﬂl@ﬂ'lgtﬁiislha@éd at pBysidlddical S bIOwWRCH KBS at 12asﬁ")lSneI'H@l’léEiniil)l'/ﬂict’lﬁthfj pair of
acids,, .5 or nore am no.acids, 1 r.more _amno acjds,
coctr D8 MG I BT MO BOIOHS i G4 e SR PEOR 6 “HeIs Lol
encodédpoldd ¥mbh atideintialial - ARk (MEL-Glh (@YYLI%er @&F hihSL-Th (THP t O
20% of the total nunber of am no acids making up the

[0188] efigdrepioBic TR ciddr Residuet Rifdhd 10Gn @My RBil o€ redidiid Miving a side chain
...and/ or, retai.ni the inproved properties of an

exhiviB RSP A1 e Bk o RS MBBRUEH SRERHR be

hydrogghiob® ity @dlelo®Eiskiderg ef al., 1984, J. Mol. Biol. 179:125-142. Genetically encoded

hydrophobic amino acids include L-Pro (P), L-1Ile (1), L-Phe (F), L-Val (V), L-Leu (L), L-Trp (W),

L-Met (M), L-Ala (A) and L-Tyr (Y).

[0189] “Aromatic Amino Acid or Residue” refers to a hydrophilic or hydrophobic amino acid or

residue having a side chain that includes at least one aromatic or heteroaromatic ring. Genetically
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internal portions and/or term nal portions of the
pol ypeptide. In various enbodi nents, the deletion can
W@ orIp/osses a cont i nuous segnent or can be di scoPCT/NRIINY048255
[0199] "Insertion " refers to nodification to the
pol ypeptide by addition of one or nore am no acids
fromthe reference po%%pggtide. | n sone enbodi nents,
Ed@e

encodgdfgomiisiapNAocicidh gickide nlodit (e 2okt das eV erf{fragh owing to the
pKa o£i@MRckcafontdte 8tk @NRo@ L IANET)AN is IR &inRILIAQifRE hfSbdsR rEfic, or as
natural ly occurring nonoam ne oxi dase as wel | as )
an aromatdiesidys s ity pidgehaingpclydss @ hefproarematiq iing. hegeip higigdine is classified as a
hydrop IR/ OM&R ABNORBAAGINEXIGASe (REbYIPEPL i des. I nsertions
can be in the internal portions of the polypeptide, or

[0190] ©CERBIEAS BAXY 2 ordEHANE” Felid Mo RH Sminb RSB0 }eQi0Se B hHSLEnstrained
herei n 1 nclude fusion proteins as is known in the art.

geomettyo Hetgite pqrsipineddpsidyes meludmbprpublanddelipdiy Foytidipgihpsge constrained
geomc@§ IbeGu it S RAIANVEE sBIl AiBale rTRI erdfhe hRQ cBMiBRcAEdoHSiry because
) in the naturally occurring pol ypeptide. [0200]

it also'hpy # fiveagibered 6iRg- or "differs from with respect to a
designa;gd reference sequence refers to difference of

0191}, dugo FFh i yiopRobierianed! girgyiduc having a

side cl?h!iﬂ BReHudcRarb it ﬁ@sﬁ[@%@ﬁﬁﬂuﬁﬁ&ﬁ)% tHae Al hidh thé P8r of electrons
di fferences can he determ ned when the two sequence

nces .
shared:ip gorgien iMool p#raaraoheld epaihelscar el o oiaawert ¢ dngside
chain H@b&Iol®)N Siendital HWRSIded B I ainoABIdN e RGE g-cniem)gly%u (), L-val

conparison to the reference sequence. [0201
(V), Lelfe( gh%ﬁ?fMégmGS@H(ﬁ%rein refers to a polypeptide that
19 T A L L B P e el S ing an
aliphali@@itdc@Bbn §i@ dHAR. GOIcH@SIP RDUATAIPRRictahddSacidd idchi@e L-Ala (A), L-Val
sequence. Frggnents can be at |east 14 am no acids
(VLLﬂGHgP“Q Lt 20 amino acids long, at |least 50 am no

acids .1 qng or |onger, and .up to 70% .80%. 90%  95%. :
01935 56 5sine" S FEL IR T Ryl ARG o Lo By iile bidees with
other POk Y @ pMibecids 02806 sultas gl at wihwRYypapinind@minoraefdemhet 0

. a pol ypept i de ich.is substantial separ at rom, .
CySteB‘Fﬁ%F Yeélélﬁ Sa }HCH’QQ f@ef‘ﬁéflg ﬂtg?rlffnéli‘q vlﬁﬁvbﬁyﬂvﬁq‘(gf&@@tws that
are avﬂﬁgk Qbrrfonﬂaiijﬁﬁ aﬁdisuﬁg& bﬁ%ey.nﬁﬁ‘dh@ﬂttﬂl SHSCysT e (:Inﬁg)fﬁer amino acids with

enbr.ace o] ypept.i des i.C ve been no or. .. .
-SH COATRS %éﬁ ‘ﬁ’?lé‘gﬁ P Frgiten ﬁ%?plt}fi%llnlei}ﬁ%éll?d F(ﬁﬁcﬁ{fg"é’ﬁ éﬁ Pb TR Qiulfide-
bridge@ X@meSRttO WhSHST L0y s((€) Gontridaas het@@lioplbici of hydrbgh@lic character to a

pepidf BRI CY P aap Tor BPBCRAL | P rEnea T paelfgdopens

scale AEiRARPAIEREntcr M al | 1088, sfimt)1k,iStd©b uaderdtaodaliag for Plirposes of the
IMa%ye rmimmﬂAssmh,lnsmmeMmmnmn&
ro SCRTHEY B9

i SO
prosen {acloWGb Bt b et i BBBn | sol at ed

IR R e e TS TN L

compdBRESa86tall thret BEfcRERADTH BN hSPREIRS (RERBAR the (d-catbon a8 A

nmol ar_or weight basis it is nore abundant than any
hydroggng)e Fhe small antno acids or residues may be further categorized as aliphatic; non-polar,

polar or acidic small amino acids or residues, in accordance with the above definitions. Genetically-
encoded small amino acids include L-Ala (A), L-Val (V), L-Cys (C), L-Asn (N), L-Ser (S), L-Thr (T)
and L-Asp (D).
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i ndi vi dual macronol ecul ar species in the conposition),
and is generally a substantially purified conposition
wok@n/008ses8 obj ect speci es conprises at | east abpCr/USI09/048255

percent of the macronol ecul ar species present by nole

or %weight. Generally, a substantially pure nonoam ne

oxi dase conp03|t|on W |1 conprise about 60 % or nore,
[0195]a dudroxtegnigining Agninoyheid, pr Rayudug rref?ﬁ;rt@ an g@@aﬁc@g%t%mng a hydroxyl
(-OH) TRy C?&H&iéhllﬁél&&ﬁ gLy - caﬁgknﬁg QMo A8 AL 1AL 8QK) BlThr (T) and

macronol ecul’ar species by nole or % wei ght present in
LTW{Fb conposition. In some enmbodi nents, the obj ect

pecies is purified to essential honD eneity (i

[0196]c oﬁﬂgﬁﬁzﬁgﬁt amfje aid substityiiRsy opBUighens é?f%féo ths mtﬁéhangeablhty of

residuSsHAPRS kitdi @k idYeheiR ) YRNIhLOHFikalHah RN AbstiBlidhAt$he QY Ridn the
t he conposition consi sts essenti al | of a single

polypepgids withiraing peds i the samogy sipaifar ddipetvlas of apigp feids. However, s

used hBRINEEIHk@Fatiy & RBRLHHR! do QS helu@NUb L RIBBNEGh a hRRofHARGH 8$drophilic,
are not consi dered macronpl ecul ar speC|es I'n sone

hydrophebis &t herprgobie, hadosdicantaiging fpbdieasyl-sra e ensditaeadl residue, if

the coﬁ’s@fvﬁ@&’eﬂﬁdtgﬁ)n'c% RAstSd taaBbstiakiby oM raﬁ a LP@RhL ishatic, non-polar to
onpositiaon. [0204]. "Stringent hy ization " is used

non- P‘H@r RA13 t¢ Boljredeiic wmézfn'eﬂw%@l%ma@?ﬂ%ﬂ PEORaHE OF eqnetraiegddo
constriM&A eHucarerith abl&d h@f%lnkﬂom,togl $A B8 Borrv&kielyl mitdied 0 ither
art, the stability of hybrids is reflected in the
anothegaliphatigyresidyas r“b%n@%/hér o ryolaesfeSth% Tiplseli Rpow shawgerrawkirny
consetv Ve StRRBIlibdsy of a hybrid is a function of ion
strength, tenperature, G C content, and the presence

Table Of CERBALERMUEstAGRAL S. The Tm val ues for
pol ynucl eoti des can be cal cul ated usi ng known net hods

Residuel  Ppredi ct | N@odiid ¢ sderl RWP 8IBkIdhLS (See, e.g.,
Bal dino et al, Methods Enzynol ogy 168: 761-777; Bolton

A, L6t 1al, 1962, &&@alld}laﬁd(A Acedy Sci. USA 4871390,
Br essl auer ef 986, Proc. Natl. Acad. Sci USA

83: 8893- 8897 Ok h&f-p&dr (Al L, U986, MProc. Natl. Acad.
Sci USA 83: 9373- 9377 Kierzek et al, Biochem stry

G, M25: 7840- 7846; cﬁ%@ﬁ&iﬁﬂ@qAaiA/1Q9QA)Nuclelc Aci ds Res
18: 6409-6412|(erratum 1991 , Nucleic Acids Res

D,E19:698); Sanmboaek.&dic ab,Eysupra); Suggs et al, 1981, Tn
Devel opnental Bi ol ogy Using Purified CGenes (Bromn et

K, Ral, eds.), ppoulBsasRIRk, RACadem ¢ Press; and Vetnur,
1991 Crit Rev Biochem Mol Biol 26:227-259. Al

p, Hpubl'T cat i ons|oncptaRkatd (Banel n by reference). Tn sone
enbodi ment s, [t he pol ynucl eoti de encodes the

N, QPohypeptide dtﬁ&*@@%Q}ﬁ@F@hﬁ and hybridi zes under
defined conditions, such as noderately stringent or

Y’WDthl y stri n(]@ﬂﬁerglgﬂlqﬁédyow,}?)t o the COITp| ement of a
sequence encodi ng an engi neer ed nonoani ne oxi dase

C enzyne of [ hengheSent disclosure. [ 0Z205]
"Hybridizati on stringency " relates to such washi ng

conditions of nucleic acids. Cenerally, hybridization
reactions are performed under conditions of |ower

[01978 ERbANESRGYativE Qlbs@NEsh” Riferd@SNBsit@fon or mutation of an amino acid in the

polypeptide with an amino acid with significantly differing side chain properties. Non-conservative

substitutions may use amino acids between, rather than within, the defined groups listed above. In

one embodiment, a non-conservative mutation affects (a) the structure of the peptide backbone in the
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varyi ng but higher stringency. The term "noderately
stringent hybridization" refers to conditions that
w@eormioossear get - DNA t o bi nd a conpl enent ary nucPEi/tSzo9/048255
that has about 60% i dentity, preferablyabout 75%
identity, about 85%identity to the target DNA;, with
reater than about 90% i dentity to
area of the pbpttPHMY AGe POBRG ey Ena ﬁliﬂt%f-‘rghali% geyataphgbigtyy pirgehe bulk of
the side@Rghtions are conditions eqU|vaIent to hybridization
in 50% formam de, 5x Denhart's solution, 5xSSPE, 0.2%
[0198§%el@ﬁ0n42&rs foahdemdoby MgRINpatide By CondX S Ene & ntore SR acids

at 42C. gh strlngenc hybridi zati on" refers
from theigEcreare @phfp&p%n Peclefionssan ?fé‘TP“é? emend of | eoperc am1110é§1§18 2 or more

am1n0fa51@§n5to|i‘ ﬁlotrerh%{ﬂi@icuﬁei (tdrAerd SRS h@dsU [ﬁoﬂfﬁ@r@&nﬁi@ ta&ﬂffrblnﬁﬁor more
under the solution condition for a defi

amino3gids, &9 Kige pidhe g iraphos of anpneaeigs. 4B 6@?% ﬁf the topl pughpr of amino

acids ﬁﬁmﬁg’tgﬁﬂe:eefe@&le@leﬂzyﬁ@ whitd RfafitgenSRRdic bbinS ahDet reRBINGItie
hybr zation of only those nucleic acid sequences

lmpromﬂopﬁlaﬁemfs@éagleeerﬁﬁbvqne%minﬁ 0xdeyg gMyNgCPelations sem bediregied to the
1nternallﬁooﬁoﬁkyz*ﬁﬂ/logtehﬁmﬁl%)rtﬁhﬁﬁltﬁe Bl pBptRib 8 MaGhs cdtboiftfents, the deletion

not be stable under high stringency conditions,
can CO&%’“W"@HWOH% CEMFY PBFHbe dHF‘?jWn‘é‘tuP ingency conditions

can be provided, for exanple, by hybridization in
(0199} Ghasgriions fefers fmodifieatipn toahGnehsPerionsst ope piragTE agino acids
from tBOlckbkdn@dpol e HRREIn &% En@hts 4RGmptbd @i&@ﬁ@e@& moRSRiDxidase
in 0.1xSSPE, and 0. 1% SDS .at 65C. her hig

onzymes ¢quRpist ByerigNs Of efCLA MOBIH B dSito The nata@ﬂweqcrﬂr&g monoamine

oxidasRIQERAGhKrtibh{ bNEEBF mEQARMioI QRS to R kRSl inkBBarhife H-0sc
ref erences cited above. [0206 "Het er ol ggous’

polypepdifiarn dftsFaians (de Of Brtes gietrg! Royop of PR BRIVt e er t ffigrcasbgxy or amino

terminb§t Th Q@RS & hsBd Rerén RRRMe GBloh pRYcihsal @ri@beh th thesh NTIURSstion can
and i ncludes polynucl eotides that are renoved froma

be a copgigpoug sggmeniqi gmistorasids piepaspet Bt Greyr waTsi9 &e&mlwmdéﬁbthe
naturall{6RufrB RoKAGuEed into a host cell. [0207] " Codon
optim zed" refers to changes in the codons of the

[0200]P O}t BOHT ste dBRENEINNOvith RSpREtEd A déscgnhtb@ﬁe@erenee sequence refers to

preferentially used in rticul ar, or anls h t hat
Aifer O BB S TG o7 Holwglcgfﬂfffeé%ﬁw@ e foghs Wieramee Scauence.
Gener§llyg @B dgfrdbesicht By ®&Iminfl Whaghwtoneq@ane tal&ecepﬁﬁ@ley dligned.

... de nerg in tq nost am.nQ acids. are represented b
lefergtg P(éll}l eClBﬁgH)gs a]ﬁﬁl(rné,oor s Htaﬂ(g;ﬁ,gf arallno -aggheé ol g@mparls n to the
refere@@d@psncei t 1S well known that codon usage by

particul ar organi sns i s nonrandom and bi ased t owards
[0201 P aF ittt ads vwaRRit fofep ©Polyddpitige hadap aﬁlﬁﬁg@tdﬁhﬁtﬁl dWB)pr carboxy-

be rinr ference toQ a ene e
terming e e Gttt Rlegfel S dy o rearing
positidk Of 8¢ EGudhes. SH-ngﬂldﬂW campyat Hk&zlﬁmﬂfanﬂ{o%ﬁlb RSg, AAREst20@mino acids

aggregate protein codin ., an organi S . nao
on, B S S BB ATt 87 oC NG B R P BBt T iband 99% of the
full-leBAE 8dhdaghitnRidaBNAFefRRIcOXi dase enzynes nay be codon
optim zed for optimal production fromthe host
[0202]0F B alaics PolISRdpead ecferk &F a golyepisdei vittich if QBO@tiallPsph@ted &@m other
aﬁtingl, high codon usa%e bi as .c
contanifgrdy BHAAYERB A OB 6

embraces polypeptides which have been removed or purified from their naturally-occurring

o PIOfEAY: 11glggoaﬂdq polyrlr%tzlee{)t?des. The term

environment or expression system (e.g., host cell or in vitro synthesis). The improved monoamine

oxidase may be present within a cell, present in the cellular medium, or prepared in various forms,
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used at higher frequency in the protein coding regions
than ot her codons that code for the sane am no acid.
wab@opossterred codons nay be determ ned in rel BET/OR00D048255
codon usage in a single gene, a set of genes of common
function or origin, highly expressed genes, the codon
frequency in the aggregate protein codi ng regions of
such ap bysalgis sl PERPIEHYTS c A8 8¥FDf i SefiprRSP dimenishibe Hprjpegaqgoamine

oxidasR R B A iPMdNBLH&digens of related organi sms, or
conmbi nati ons thereof. Codons whose frequency increases

[0203 WS dbsta @il ¥R lpoRbe i8N R%RE @@&h}&ﬁltl@ﬁ & WieH tﬁ@bélypeptlde species is
opti mal codons for expression. A varjety of metho
the prf‘éieelqaﬁfowqu BFeSEE fer 1 ARlRT PR BCigh davis it rSéleﬂﬁe ?hflyda(néth@n any other
indivi@RAOAR S8 A& lar E&h@i V& M‘]f’(b@ﬁﬁi’é@ Wad %%%al&%@tanﬁﬁ‘l@ purified
codogsreference in specific organi sns, including
compqsiiop Mhgft the pbigh! sirsyiss eomiyises aéi@aﬁﬁb@t 5Q,Rgreryt %ﬂtlafs%mmolecular

spec1e§1ﬁl@5;el/1§‘tby5m6l5 oL RSP Od?éiﬁﬂi‘ll? aasﬂﬁété’fﬁhlﬁa pu@é"ﬁoﬁdﬁﬁnrﬁfo&ﬁﬁgd ve
unber of codons used in gene (se

compoeﬁlea WBH emprishitheut @8 &t mes, @@w&%@r n@re abow/@%/e Gh@pis, about 90%

or molRMBSRIBYs SrRRE Wid HRHVSPES S ore MilMBAcEItNectfar {}5@&@ HARAEbr %
Nblnerne J . O 1998, Bioinformatics 14:372

weighigyresspide ﬂ@tcmaposwgglp SORIG EmBpEmpps, e qisst speeAgurifigd to essential

homog8hdight.e., dontamidBpc GRNENBY b AR 1ER) in HOEMHMiBBOEy ¢@APL@iSnal

are available for a growing list of organisms (see for .
detectign g)ﬁﬁqogs whaigm the cog}pomt_r[@g@nmm%spgmall}m aginglauacropgplegylar species.
Solvenk J.&pe%&s 181 MRk @s @"I Daons), #QRmeMNICba sp6ibde Rfi®onsidered

92: Duret, et al supr a;. Henaut and Danchi n,
macromegeeﬂersr’%qlﬁs Insgpie ealﬁad@slllt?rﬁlﬁ’éfql%{ed impenyed mpggagtRg idascet

polyp%ltlde Ed SubstafiMy BuRlyp b tigoeimo®. C., p. 2047-2066.
he data source for obtaining codon usage may rely on

[0204]a AYriadaL hydBlBatiC s@odd IR 1SR qeeNe @orﬁiﬂﬂﬁbhlﬁle%hlﬁloﬁﬂcﬁ% acid
rotein. These data sets include nucleic ac

hybridg éﬁ&@ﬁ@e &s Kpavmie tipse ol 1p drear chaaiatiliy ob hybaids ﬁrr%f{eéﬁeﬁgl the

melting @ntperat GO iR wbﬁusellﬂ cEREH N SHUUE LS HEIPR)a, function of ion
ressed sequence (ESTS), or predicted coding

streng}hegma?fgmef derdifit a@gﬁgeﬁe@e (fshwipRf agsnpe’ K?é‘&ﬁ%tfor

olynd@leotl&s leﬂlfleaIéﬁlﬁie@ %mngﬁ@%%ﬁ‘ﬁ‘cﬁm@@ﬂ)r FRbRHR: Iﬁﬂﬁlllgytéllnﬁeratures (see, e.g.,
apt er Spr Har bor Laboratory Pres

Baldmgﬁf ‘illn é//eltlfgp’.b@fzymﬂo&/ 168%@&737_77 @[9&?%%@{19%’962 é’m@Natl fggé Scz US4

48:139e BhadsicENZY MIk6, f%@Naﬂ%ca&]sczz %Af\@x $8981880t; Frel@97al., 1986, Proc.

o]
Natl. @é&ugéhg%‘ﬁgf%ﬁ Faf 1 ﬁ(léﬁqufélt @ #zqc@e@ﬁ@{ %ﬁd@4é-|7§46 Rtychhk et al., 1990,

Nucle H0RIORGNSHA0NB meladten NSO EGRIN: Qlds RV BNERY SamErobRE! al., supra);

the expressio onpeptlde of the present
Sugesf Qo S0ulre)e ERe R EOHT LGl el Gey BEOWAE: Apesdsy: . 6583-693.
Acadefrﬁtﬂ&"e@narﬁo)vétﬂﬁr Nk, e-ERAPBiSLISR AR BLE2E@PEOEHIN A It PaBlications
pepti de, Such control sequences |nclude but are

mcorpﬂrafe hewﬁ fvggieregee) aln sema smbodigenss ey varlentide ensades dhe polypeptide

disclofdd BpeRlahd 8y S RHYENTIE: defh QG @fionsSdugin R m&ﬁﬂﬁdl}dﬁnngent or highly
sequence, and tranSCHthl on term nator. At m ni mum

Stﬂngftnh%)nélélﬁ{lﬁ, it %@awéeﬁteétgo ASEIUGHS egc%rgﬁﬁtelég;meegﬁdnonoamlne oxidase

enzynieloBINS kg Hd@huraand transl ational stop signals. The
control sequences nmay be provided with linkers for the

[0205]P YH PR EEza0n énrﬁ_g@u €dlNg t5 PRG ivxfai;}ﬁng’ ®alifibktdf aicl&é 8%, Generally,

facilitatin ation of t
hybndlzagon reac?ions ge perf%rmed under con 1t10ns of lower stringency, followed by washes of

varying but higher stringency. The term “moderately stringent hybridization” refers to conditions that

permit target-DNA to bind a complementary nucleic acid that has about 60% identity, preferably
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control sequences with the coding region of the
nucl ei ¢ aci d sequence encodi ng a pol ypeptide. [0210]
wO apesedsky | i nked" is defined herein as a confPQUUs10096M8255
in which a control sequence is appropriately placed at
a position relative to the coding sequence of the DNA
sequence such that the control sequence directs the
about é%é’/p idstity oy RS % idtipro diedyest PN ardihareatss fhyp alput Yo identity to
target- {p&%&]eotuﬁr @%@ﬂ]ﬁlﬁrysrﬁtﬁi'éﬁ&%estrmgeﬁ c@nd’iﬁ’(ﬁls SlcCoRhiichs SQAUENER

i s recognized by host cell for expression of
hybridizgdonig &P rdormegiidsn S l?ﬁéla%mlwtﬂn %@éﬁﬁn@%/ KRy & Hprifdlewed by
washifin RREQHE, 03bLSIHS, APi-er “ARAUSRES cy TIRIIRLIPt&¥rs generally to

sequence contai ns transcriptional control sequences,
condﬂm At Hpiodt W°¢ Relew ey ﬂ)@ﬁméfne%twé teIeED 4 Heleterpiged under

the so BT &ifioNFY a Q@ﬁn@ﬂ‘ ?olﬁl‘xﬂlﬁle@ﬁ&‘e lefloeS @RIUARCE DO hts SNEWS
transcripti onal ivity in the host cell of choice

stringqnay pqiditing et ﬁ’rﬂ‘mdltl?“@ ﬁl@évf‘é@lt hybiglizsion ofpnprtbose nesldc achd

sequeﬂE@é’thQ%ﬁMtﬁJlé"l%@nﬁsf iR M I SN CE RCHBE NGe. SXE hfiRlid tbk §Eb1OTn 0.018M
intracel | ul ar pepti des either honol ogous or

NaCl #&6%r. §1v6l aatsbetsgbke Hédeﬁ bigh sgigpqncy epmipions; ay Entegplyyed|bripim. High

stringdBREshdRiofd daRbd Bltovﬁgtﬁ i} cREmE, %9 Wl?rdhé’d%h 1 )6hdions equivalent to 50%
ydrocarbon having from1 to car bon at ons.

fomaméiﬁ{%%ww %P@lt@{lar%ﬁé?ﬁ Oc%ﬁlﬁs ak”é”C@I&wd@|“@Shl%m&dé SSPE,
and 0. 17D 65 OCetd?]Yér hlg'h @trﬂﬁé?)@y hybridBatit Bhditiod; RERML moderately
-n-hexyl, -n-h g , -nh-octyl, -n-nonyl, and -n-decyl:
stringeat %ﬂnéﬁl@ﬁ% are gpsey edrFé Hhegelennges oiisd 2bevenore st r a. ght chain
al kyl grou such as -nethyl, -ethyl or
[0206]_ pﬂag&go_p_sesplé@@ leg r@fersk;@)tnﬁl W@@%ﬂg thatyis éntroétpqu nto a host cell
by 1abglra@)b5pteafm@ess bk Bthdtdes pORhURIBHideY khat e RIARENES BABGSt 6ME Isdb‘jected to

ydrocar bon nmeans that one or nDre strai ght chain -(Cr

hbmﬁ@ﬁ@?ﬁPﬁﬂW“@f%ﬂﬂ§nr@ﬁ%ﬁmﬁ§‘mﬁéﬁﬁ¥Fe -ethyl or -propyl

epl ace one or both hydrogens jn a - a
0207 lst E%Q—&Mﬁ%q el e ehphess &g Ei‘?dGESa‘?fBIEﬁPOIYF?é%FOé@% ﬁ?"éfhf“% a protein
to thod@ rp@dfé‘r&ﬁﬁlly ﬁs@ﬂ ifd ﬁh}tﬁJulﬁy biSahifif butdehak £ eﬂfo@&ifﬂrotem is efficiently
sec- buty ,,|so butyl, tert-butyl, iso-penty

expresH%B gﬁtoll)gamslil 0 H’é%r?ﬁlpﬂ%%h th?gqqéttorﬁ?pebﬁ tdﬁgenerate n that most amino

acids a¥e f@ieﬁ%'te*d%&)ééweraleéﬁ'oﬁd Uﬁleﬂ'%yﬂér@fﬂiéi or ‘by@mChin BB B(Ydoﬂi @Ry vell
1- et hyl pentyl , 2-nmet hy| penty - met hyl penty

knomnth%f)qlm %%gﬁtb?/ Parﬁg_ul@qqqgangalts Va nonrzn %d&ﬁsw towards particular codon
triplets3 T8is laydldalt%agle biad mliy bl hia®d: ylcRddnyd o a]glv?en%bﬁéegdﬁ)éé HEbyinon function
1, 3-dj e | butyl, 2,2-dinmethyl buty
or ancestrg mg%@ﬁéwmwe d potgingSRISHOY B?Pt‘ywmb?l’ﬁ%?ﬁ% PRER pegregate
proteicdMeichydifiR %Y hn ordanidt' fhgélnbhﬁé()ﬂln sofic &Elﬁd'dﬁ’thé'iﬁxm'e polynucleotides encoding
the m(glO%InEItB? )ﬂlplgg'%g %%é{ﬁl%@l"%ay lg_el %E %l}h(%/glé@ﬁ{];h ﬁcg)gmlmal production from the host
organidm JelédmEbiskbhesod. . 3, 3-di net hyl hexyl, 1, 2-
di net hyl heptyl, 1, 3-di nethyl heptyl, and
[0208]3 “Breféha@tobuﬂahemmy&odoLgéﬁ}las coll6ds® L&y ﬁhkel@hhngeatﬂgzlfbscoaons that are
st.raight chain or branched non cyclic hydrocarb
used ah]ggl?eﬁ eqLPeB(m 14 t 6)1‘%618 59 eglf)%an g@)gw[h%‘ttcp or the same amino
acid. $lﬁef]gﬂd:f§1|ﬂédl ©B@s %ay(b@det%)n@édklﬂe&tlbﬂﬁi dédén usﬁ@ﬂ'ﬂid kingte @bdRy4 sct of
- opyl , .- . ent , and -n-hexyl.
genes Pzg‘iﬁ?imé‘g’é‘rf?%?flf’%r ke GWSS Jc%r%ﬂa \%ﬁ Fiop defiisagy i the ageregate
proteih &Ql'lrigrr@gi(yﬂs of the 8GR l@btrgéhlsm ¢og6n Reduhey in the ﬁggrbgzﬁe)ﬁrotein coding

- neopent met hyl but met hyl but yl ,
regions ofs relapeﬁ orgamsms orc 1na¥1ons tl]fereof Eodons ¥mse frequency Prllcreasegl with the

level of gene expression are typically optimal codons for expression. A variety of methods are known

for determining the codon frequency (e.g., codon usage, relative synonymous codon usage) and codon
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3-net hyl butyl, 1,1-dinmethyl propyl, 1,2-dinethyl propyl,

1- et hyl pentyl, 2-nethyl pentyl, 3-nethyl pentyl,
wdad20menbssbpent yl , 1-et hyl butyl, 2-ethyl butyl, PCT/US2009/048255

3-ethyl butyl, 1,1-dinmethtylbutyl, 1,2-dinethylbutyl,

1, 3-di et hyl butyl , 2, 2-di net hyl butyl,

2, 3-di net hyl but yl and 3, 3- dlnethylbutyl {0214] )
preferericg iy spesiiag GRS, Heladiag BUKiviE aRlYSBHIAT Frapplepysiigcinstr analysis or
corresPMAcricY GhdlzishANRCAPAR niAYEE cddoBMisdd I n@@é@@@G

atons. Representative straight chain -(CG-C4)a
CodonPgferenge. Gerpﬁtgqqﬁompm@{ @psppp Wlwpmnbwmgeaﬁwonwn J (ﬁlll}tPﬁ en Un1vers1ty
of Notﬁzﬁ@faﬁls %fn’éiﬂey q @ r @@g @anoﬁgatlc%é) ?’}2"73’ Stchidg bade1994, N1|1clelc Acids

% -i so-buty and -terf-buty
Res. 2?%51231@]5 an]@ E. d%9g| Gi«’:‘)np 7: ﬁ%—g?ps Codes qsagegthlflescqﬁ%qvlqﬂ@[le for a growing

list of Q{gaﬁl&ﬂse@eer‘f@kaﬁﬁﬁﬁiel WallyA L0839 D R BRVARE RES 900 1 11 18 Nakamura e
ons. Rep resentative strai ght chain

al. 200@\51454 {gg;plsqusn?& Z{j)aeDurﬁtegwl, Suprc@ﬁﬁg,a[u atélr{aanckﬂn,p%gﬁﬂzchza coli and
SalmoRERY ﬂ@@@%ﬁdh&ﬁt br anced sm Qesscﬁl)aﬁhﬂgydnﬁ) tne!l 10d€-2066. The data
-1 so-pro [0216] "-(C -C 2)al ' neans a straight
sourcecfﬁraqhtanﬂ%cqg% P5age WyTelycar By ﬁVaﬁlal?)F ﬁ@cleptléersegue@af‘r B#ple of coding for
a proté@h. OfRse BReBIRMRLLMSEC §(,tldi ?e‘q%t:es‘%@ﬁhl‘[& k&@n’t%@&e@éb§ssed proteins
i nclude -nethyl and -et [0217] "-( T)alken
(e.g.. GopRlste raoféwaqhgweqewa%rp%% W&‘ﬁ%?ﬁ é?ﬂuﬁl%?ﬁ tacg9 €fSTe), or predicted coding
regionf) Md%eﬁ&ﬁfck@&ﬁlemy{s@ﬁgfof EQMpR, 18udOD carobwma&m@eqame and Genome

udi n | east one carbon-carbon doubl e bond

Analy%% Qh%ﬂﬁfé& Gold Spne rsberd-aberatorydiess drolddmmediarber.ghy - 89&%»
Uberba((hg;' Ecgl @%YMengBd}l}Pl%xm(ﬁ weH: 2@3281”?{“';%'6{ al., QQW o ut Appl Biosci.
ropyl, replace one or both hydrogens in a -
13:263: group of a straight chain alkenyl Representatlve
strai ght chai nand, branched (C2-C o)al kenyl s i ncl ude

[0209]_ v§ 29}3}101 seggqg‘(_;g, |18 18 q’ginsqu{leéﬁy [to 1nc12dec?ult0@ﬁ191)nents,| welychyie Picetiyy or

advantadeoR €1k ﬁ{é)éic esm%n Bﬁi‘f)(ﬁ&z}iégmde o R AWt disdio Q. be)éil eontrol sequence
2- et hyl - 2- uten di met hyl - 2- but eny

may be gatiyg Ql‘eﬁﬂfpgn to ﬁleﬁ]@g(lélﬁ gqnd seqyene ilgﬁgqng the Pob@?ﬂtléﬁ y$uch control

sequeticés ﬁl@lﬁ&ee'&)’t'are moBHARRE 8 Wikader, pol9&dcBNMon secﬁre@dét Iﬁ‘Blyelptlde sequence,
- 3- octen - 1- noneny 1, -2- nonenyl , noneny

promotei,_sgsgéla]éﬁmlde se@eg@cgﬁwanscrlgthﬂlé@*gwgppor éﬁamlnﬁ@u% tk%control sequences

1ncludE @ 3dRoter, aﬁ@aﬁ@a@iokzﬁ AN frafdBAGSI :ﬁoﬁstigrﬁlsg he &Hﬁ&blrhe@fences may be
branched non cyclic hydrocarbon_having from2 to

provided W Hnkeroffsthg Awress o %P%lngtqucggsrﬁst n pitgs %Hltaélag biggtion of the

controflQ@dBdnBesiamdhe (R%ﬂfg@&gﬁéﬂ FlihMRicBic aditl gbHucrid @hd’(‘) ABd polypeptide.
branched - (C2-C6) al kenyl s include -vinyl, ?

[0210F *oRdHiENMhked™ i dBite@ Ayibin as hs&ﬁ'lguﬁawrﬁBWhachaJeoﬁmh@lﬂwce is

approﬁr%ieﬁbqq%g& gt!za Hﬁ)é]g%n%ﬁanve L) téﬁ (@H]&E{S‘@Fm? OB@F g)ll}% sequence such that the
controt Seq@¥EMYcts tholex PRIEIMNF a ol%&%‘éﬁ&b}’dnd/oﬁﬁkﬂyﬁebﬁ‘de] i ke.
[0219] "-(C2-C o)aIkynyP means a straight chain or

[0211pFRRERRHsAMcEYISH hecldiy iDL qidaeNthtayictgnfEOB) 2hdsocellQor
carbfn at ons and |nclud|ng at | east one carbon-carbon
expressiop B e FSg regioth LN CHUEP! STRSIGS MK EURTISE APPEREE Promsfes

sequeribr "ﬁhelghbm&&ade{lhen&e(aon@ﬂﬁ; ahikyliptongl lé@l%rol ﬁdqﬁdihgass white tld¥fite the

- et or, - | ace or ot rogens. i a
expres_sw%l th@P?}HﬁPB‘? pé‘hgp bemnax E%\?Iﬁ' I]g.F]ﬁ&(/‘ ﬁy)lp é/quenc which sﬂows
transciiR RhASEMiEtih 1he h&d tal @hhoiediatladiad@utant, truncated, and hybrid promoters,

and may be obtained from genes encoding extracellular or intracellular polypeptides either

homologous or heterologous to the host cell.
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branched - (C2-Ci o)al kynyls include -acetyl enyl,
-propynyl, -1-butynyl, -2-butynyl, -1-pentynyl,
WO 201p@088981y| , - 3-net hyl - 1-butynyl, -4-pentynyPCT/US2009/048255
-1- hexynyl, -2-hexynyl, -5-hexynyl, -1-heptynyl,
- 2- heptynyl - 6- heptynyl -1-octynyl, -2-octynyl,

-7-0 -1-nonynyl, -2 nonynyl , -8 nonyny
[0212] 1*- @eg(ﬁ%}kyl moangaes zﬂgl}t chahugord@whﬁﬂ non Syrdic oanh@@ having from 1 to
10 carﬁ&zaz&ﬂl "Repfedenfdbil @l oy g;wéhamrr@@r@m)@kﬁg hﬁlug@tm&m| B, -n propy.

br anched non cyclic dr ocar bon aV|g% rom2
-n- butﬂaﬂlﬂ@ﬁ?f&rlﬁh@ﬂaﬂahmw wptmb -pony b gad -ngleeylc Arbirasbedatkybppeans that

one ortn'idrplst?méfh%}ﬁm ?ﬁl%ngl%hbsv Such by MR, -&haiop p%b@'l replace one or
branched % ynyl s include -acetyleny
ﬁp@eﬁyﬁw H_zj_grgm %f ﬁy}ralghtgh%@g yy]ly |A rangt ?pelwp)gzw]c hydrocarbon means

that orre%'r %fkt s‘ﬁﬁ%hb chaid- ('@I(h(}ﬁlkyléf E§ Xﬁlﬁﬂlas mé}hyﬂ’ e&hylrby Lpropyl, replace one
exynyl, - 2- hexyny exynyl nd the |ike

or botlr @Mns nec ctHe B8 |0R§)§<t§p1ghﬁ@lgﬂasnoa cg(t i ély@tﬁfaﬂ@ﬁa |Rﬁpr6?entatlve
brancHRl a(@?h%?allﬂ@snm&ﬂ&l 1§&pllaﬁf)qrs@@-§ﬁt?p ﬁojﬁﬁf'_(ll It- lﬁﬁ‘ﬁ i-pdif &eopentyl, 1-

et her group carbon ato

methy [y}, 2saribdbes glﬁmbgtm ldﬁjémﬁh?dﬁl‘d’l’ﬂr by lpropy!. lmethylpentyl
2- meﬂ()@en&}%ahé%ﬁgxp'e%tﬂ a%é{ﬁ*ﬁ enfgﬁtlhawbutylej l@tﬂ%}éutyl 3- eth lbutyl

- 2- met - 5- net hox

dlmethy:]j)uéytl h]&s}lmgthy bu‘ahd 3t—(H@eqhy létyl ,@mithylbutyl 2 %l dlmethylbutyl
33- dlmetﬁ@u@ ?_}rfeuﬁgl%h kzzlnethpiﬁ@ms 3%&@1&&@ @%emma@icfi in@thylhexyl
Vi

dr ocar bon from3

dlmeﬂr-! Pk drdippipdretd. (G- él)“&?ilaihé@rlkw élnl’a??hélhe@glc’il Smsgyihexyl, 1,

dimethy®¥ply 0 B Ut dihethy16ff1 ORE BBYdimethPM&rAhexyl , - cycl oheptyl,
“cyclooctyl, -cyclononyl, -cyclodecyl, and

[0213]’ ey cl-ogad@citlkans [aQ@%}ﬁﬂt chanﬁ %rﬁﬁ)l&%ﬁ)'n‘é%ﬂémbdro@arrbon‘hawh from 1to6

menber cycl oal ky ans a saturated nonocyc

CabeWHP%é%FPf?é‘Hlt%%’tWtﬁggW ?farﬁ &Cw%)aék.‘/&SaleJB# g, -ethyl, -0 propy,

- butﬁe&[&ﬁ@ﬂhﬂd Lﬂzneexy( @epfége)ncaxﬁcé &allldﬁyd %C@Cﬁalkﬁé/ﬁjslﬁ@emsﬁjpropyl
cl openty cl.ohex -cycl ohept yl
sec-butgly civgy Bw1- te[ﬂd@lzfi] -iso:pe c@ﬁqpﬁwlo éﬂewylbuﬁ‘é&ﬂg%ﬂbutyl

3 meﬂ%amgnaﬁ E&nﬁﬂﬂ%&f@l I1 e- &M&hﬂg@bmnnﬁ%lp@ﬁyﬂ ) @m@lptel@tyﬁ

carbon ato sent at
3-methypeniyd d- m?f%béweaaﬂ dp?ﬂlylbut%y?cf%ﬂdhﬂtylr 3- eth&%‘w’@ bé rﬁﬂ}??thtylbutyl
1,2- dlm@tﬂﬁbﬁﬂeXYJdima&M&ltﬁhﬁpﬂﬂﬂethyﬂﬁl@l maahmc;powyl ab P22 ]methylbutyl.

'"-(C3-C7)cycl oal kyl " nmeans a saturated nonocyclic

[0214]23/%09@951@1’1 mBﬂiéla@ﬁm%lg[QHdlﬁ lmt &a&hfiﬂ’fo‘ﬁ@?clf@%@ﬂ%earbon having from 1 to 4
eresentatlve clo S. I.n
carbon . dHFpBpYHave mhbﬂ%ﬁf%ﬁ G- 4&11% Mopeh eyrmethy&y Cfhghaxyopyl, and -

n-buty®NRepr&yiRatRB 8RMMed - (EQZZ)@ s irfclirde t-@o-propyl, -sec-butyl, -iso-butyl, and
10- menber ed) hetero |cyc%?c or "-(6- to
-tert-byfl menber ed) bi cycl ohet erocycl 0" neans a6 to 10

bj, cycl het er.ocycl i ng ich is either
10215l at?Er gS%ayl P&ifagla&ﬁ%ﬂ bypag l?oe cygic hé{iifa?ﬁa‘?qnélawﬁs from 1 to 3

carbonh 4t6ins. tRepeniai ngﬁfa@giﬂ mtrfl(@mg?‘ﬂl@ﬂsl 1gc1§&ntnadﬂ_ry$, -th@nandt-a-pfopyl.
et eroato in ndent sel ect rom ni trogen
Repreyigrs B R 2O SRR and sulf ur

i nc sul foxi de and sul fone. The
[0216}; 5 %ﬁa@%@ @Fé%?}fgl&tﬁg’ﬂl E"“c%‘(ﬁh“oléydﬁic?%lé‘hléadl% Igr g carbon atoms.
Repredthiati@O@@ighi chaial PONC AR include -methyl and -ethyl.

[0217] “-(C,-Cyp)alkenyl” means a straight chain or branched non cyclic hydrocarbon having from 2

to 10 carbon atoms and including at least one carbon-carbon double bond. A branched alkenyl means
that one or more straight chain -(C;-Cg)alkyl groups, such as -methyl, -ethyl or -propyl, replace one or
both hydrogens in a -CH2- or -CH= group of a straight chain alkenyl. Representative straight chain
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Representative -(6- to 10-nenbered) het erobi cyclics
i ncl ude -3-azabicycl o[ 3. 1. 0] hexane, -qui nolinyl,

WO pEoqesse®l i nyl , -chrononyl, -counmarinyl, -indBCTUS2009/048255
-indolizinyl, benzo[b]furanyl, benzo[b]thiophenyl,
-indazolyl -purinyl, -4H quinolizinyl, isoquinolyl,

qgui noly phthala2|nyl -naﬁhthyrldlnél, -
and bret&hffh(fmcyq)alkmwls anshuss YR -allylj frifeeisthy -butend oisqchyivicayl

-1- pen’c %/12 23peirchlt [ﬁMQSIpﬂH&t&QJI | Mkt ?/1' Lowendd, 42 3-dimethyl-2- butenyl
rah dr0|squ|noI|né pyrrolopyrrolyl and the Iike

-1- hemeaz?rhexermhlz% Reepyls irayla-2nhspeyyL érh@%nx}méﬁéte@ﬁezé’ﬁtenyl
3-0ctdE - hﬂ&iﬁ@ge [Lsnd?lfen 1h8-n0&h P]Yll &ee@p NagRAED-de&Rl A& RMhe like.
with a hal ogen. epresen ative -CH2(halo) groups

[0218]I n%H}J@galk Fncan{H el ght chetd2BbranaiRd no@i@hc hydi&al%gﬂ having from 2

| 0)2" neans a netﬁ% group where two of the
to 6 cakay r‘i‘§d grluding ahlgishgne cgivgirparhepAouble dpnd Kspisecatptivf irisht
chain ﬁldhﬁdn@%g_%@}ﬂl@%flﬁ tnfubly 1i‘/l Q’Kl@'ﬂl @)bateﬂjﬂmln)%tehﬂcjl%%tylenyl

-1-pentqyly g pontepylarmgthyi- lrl%lgml a’- Wéthbiw b@?%pZ \%Ném@hsééchweavl
1he>&ﬁy3 bmelfeggemhesaén JAgd metiky! group has been replaced
a hal ogen epresent ati ve - C(hal 0)3 groups

[0219]I nﬁg}ﬁdﬁ)aﬂ&ﬁﬁ nre@@a%trmgl@%hﬁn oﬂﬂﬁjnchéa a ¢ (Ql%%%lrocarbon having from 2

nmeans -

to 10 ({aﬂ)gg ﬂoms %mcludlg.@t leaétn(ale €#boy- q:qgl@né}gpla g@dl ﬁ,el}r@}cheq.laélgﬁyl means

that orRIbr 6Y0@Ri B B @], 11@ g8, dubh &saﬁlgﬂigll Cbﬁhyaﬂlabf‘b@f'l replace one or
el ement . 0232] Vhen a flrst IS "substituted
both hiygirpgeng i -G ngpw-of astag cha a%w @I SFIHIF Sraight £ pgusnd

brancltl q@coof)angmglsfiﬁcm& a@Et?léﬂylaf[ﬁop’yﬁW aqﬁl@qm tilbLﬂynyl -1 pentynyl
n

correspon %ﬁnul second groups. Wien the nunb

-2-penfnyks eX By I ks n%nyaf lé’F’éVé‘V]e P2 heé&% -sdeemyl glrIEﬁHBfnyl
-2- hep@;?:gl bendyRay s amBetpiyl, db by -oclyRd 33 Inohfhy® B nonynyl, -8-nonynyl,

odinent, a first group is substituted with up to
ldﬁyﬁ?eézﬁﬁﬂﬁﬁd Sgﬁﬁﬁémgf k525%8] | n anot her embodinent, a
fir I S substltuted W th one or two sec
[0220] 6@139%?1@%5]11%8 HHEIIREThaE Bffflﬁ@ﬁfm cyebf ko f?)ala prviing from 2
to 6 casbUaSkdntstih@ theMiding aaezlsyo&ra:arbw@ﬁnal pRBPad. [R3R6dntASe 4@t chain
oner, stereo sone

h th t
and brﬂ%ﬁlﬁ@l &, ﬁwwﬁrwﬂe@es a? iy 3@ PPy &sbur-‘/&?f 2 ‘Puwgnlep?tynyl

-2-pen@fnyl, invth@uabutyil, eaipemsnfLh at hedlidyll,ep-hewdhyl, 15thekiig/l, and the like.
orientation of their atonms in space. It includes

[0221)eNA0L-CHARS:S” aRehsiaseiightshalh ociRBRANES cyélichydltabdnARing one or
one chiral center that are €Ot mrror |g$%§s of .one

more Gihes gxpups 44 iogisk 18 Oeahan aws. ‘t’i’é%s?‘]ta“f"ﬁ &trqt ai | dybggnched

(Ci- Cé)zﬂlfﬂx?;f incln@f efidhdx9, -ath6:ar, RedhalMmBthyI0-2Whéthdky @Yl -5-methoxypentyl,
b fe(eg a&pups are attached. [0238] The term

36t°@’%ﬁ*@’ﬂ§ “or "enantioneric" refers to a nDIecuIe

02220, S0 b R e P s Pt n e B PR 12 carbon

atomst Reprideane eqC:-polcaclbards dre @igtlopidpyl, -cyclobutyl, -cyclopentyl, -cyclohexyl,
-cycloheptyl, -cyclooctyl, -cyclononyl, -cyclodecyl, and -cyclododecyl.

[0223] “-(C4-Cg)cycloalkyl” or “4- to 8-member cycloalkyl ring” means a saturated monocyclic
hydrocarbon having from 4 to 8 carbon atoms. Representative -(C4-Cs)cycloalkyls are -cyclobutyl,
-cyclopentyl, -cyclohexyl, -cycloheptyl, and -cyclooctyl.
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one direction and its mrror inmage rotates the pl ane

of polarized light in the opposite direction. [0239]
wab@owesses "racenmi c" refers to a mxture of equBCT/pPa2MS 048255

of enantionmers which is optically inactive. [0240] The

term"resolution"” refers to the separation or

concentration or depletion of one of the two
[0224]e nAabrEomeiorikyF greams optugtsdgnereaycdc hp@g@gﬂon having from 3 to 8 carbon

atoms. ﬁeﬂ}ésfeﬁaﬁdeal(tycga@mal ?ﬁa{cwaetdymopf%ﬁ cy@bubi$, egy(hﬁfeﬁﬂyp
means that the indicated enantioner of a compoun
'CYCIOB‘FXéfbe‘W?lO?QP% e eatlepctdxt ent or degree than anot her

ionmer of the same conpound. Accordi n% /
[0225]p a‘r(ﬁ cursloaksh éleﬁawglrat%l Ig(mggxcgﬁpy(gpqax})on aving from 3 to 7 carbon

atoms ERENEI BBl (€Al Yy R k1S GRITRE lohp! £ 1,N-¢ en 5%
%ﬁ 91% 9(2% )gy3% I:kg4% 95&?’@ l%})ﬁ97g/(§ g 2‘90@99

'CYCIOE%LP?%W?IEP‘&C%S over anot her enantioner of the

onmpound. [10242 "Substantially stereonericall
[0226]p r(@ to lggleglggad) Fr@]i)lﬁycllllﬁ (phtgt Otnpf:glqeﬁa] t:l@]aeterocyc 0” means a

6 to l(ﬁllﬁélﬁﬁdraim&yc% heteR&HAE ﬁﬁg‘fﬁﬁlcl@fs cBh& QARALA %nha%ur@tfe@ﬁ@mro&ﬁlc or
greater extent or degree than another enantioner

aromaa? a%f(ér@&Hﬁer@ﬁreé}héteg@%clwﬁﬁ@ahaomAéo fhaft%raatalﬁwéewéqaﬂy

selectefd%?ﬁtroée@ wBtIEER 08 ghR&Ghizad; b¥ygen; QR@AHITUL rﬁﬁﬂddﬁlg%ﬁ@&% and
di ast ereoneri c excess are types of stereoneric

and
sulfong,y Ehes €0~ tonHEBFab g heterobicys g 'fafﬂ@ara hedrivaniffagrngr cagbon atom.

Represeffited (d-it@l d- Meﬁb&&gwfv&smgﬁllwn@wees GRBROUHM. 1 (3hdRERS {Dinolinyl,
in 80% 85% 90% 1% 92% 93% 94% 95% 96% 97%
-isoquigbipy L. Fhremenyd - equaBHRY!; e:nd@&/l el@doligipx} bgﬁ@mﬁvanéh d)ﬁfl%oéhi@fophenyl

-mdaz@1ry1 diudisi{1e 4e0qRo iyt 'ih%qﬁﬂd[?l Qlaﬁi@@u nghthﬁazqnyl}/eﬁdi‘)ﬁd@mﬂlﬁﬁ -

king the Heterobicyclic ounds of the Disclosure

CarbaZpbm%farW@y}a dpdyligpl dv&dpk%o &&o%tfgalaﬁdrqqﬂ@olmyw osdr e
tetrahyRl s QEBEIHN, @?In@lspﬁm}naﬁnhé REat al yi c processes
e

di scl osed bel ow, using the nonoam ne oxi dases

[02270 S, QSR Heneh medS] drig Wil @@lomle hszcﬁbga:lnysﬂtﬁe m&GHEMTp has been
replaCiJr\cAﬁyth § b%ﬁ&]l %&Hﬁéﬁ%gtivedgﬁghaﬁ@ s Fé%ﬂéff i %Hz EHF% 6%3"2%& and

-CH,It he nonoam ne oxi dases of the disclosure whereby a
secondary amne, i.e., a heterobicyclic conmpound
[ozzspcm{(ﬂdmg th@nSh idtity Ldradp Wikdiwloaf theihgdroxdnél bzi@eimt @yt digup have

been r alogen. Representative alo), groups 1nc -C l,, -CHBr,,
?Hq “ﬂl)n?l ng IE' ne co %?1%1 f struct raI EI% mélH%

-CHBrCl, -CHCII, and -CHI,.

[0229] “-C(halo);” means a methyl group where each of the hydrogens of the methyl group has been
replaced with a halogen. Representative -C(halo); groups include -CF;, -CCl;, -CBr;, and -Cls.

[0230] “-Halogen” or “-halo” means -F, -Cl, -Br, or -1.

[0231] “Ox0”, “=0”, and the like as used herein mean an oxygen atom doubly bonded to carbon or

another element.

[0232] When a first group is “substituted with one or more” second groups, one or more hydrogen
atoms of the first group are replaced with a corresponding number of second groups. When the

number of second groups is two or greater, each second group can be the same or different.
[0233] In one embodiment, a first group is substituted with up to three second groups.

[0234] In another embodiment, a first group is substituted with one or two second groups.

43



SCHEME 2 Reaction ( 1) . 2 H+ 2 Enzyne-FAD-H2 (1)
"(a) Reaction (2). 2 Q2 + 2 Enzyne-FAD-H 2 * 2
weEomgesse\D- H 202 Reaction (3). 2 H2O2 2 H20 +PCRUS2009/048255
[ 0245] Schene 2 depicts the three elenentary reactions
that together, provide the overall net reaction
|cted in Schene 1. In the first reaction of Schene
1023512 i QW@GE%MWy a &t geoUp i SHistiBedpTityamly ene sesapbeine-
ding to structural Formula | is .

[0236]e ﬁéﬁfqd&g@rneewv@ﬁ VIESAIWnEe 0 tEcHRacEs Fras 38hthF Hke MRBsral

terms R AP QUMEks Of indi WMt @blcS Ma e ohly(lﬁ)he RYicRatPRRO M Bms in space.
oxi dase of the disclosure is conplexed with a

It inclydeg gHaptioferahiddsomges of Gt’mlafémésowﬂblét’fé thap Pmlslrat GiSE B agrenot

mirrorlifiGecS OF SRIRGNEH PBaskdfleANL i al | y enantionerically pure
i mne of structural Fornmula Il and the reduced

[0237]TOROR RéhiakicARSaEAR £eiRIneXon{ BRaNERLIARTRED: groupdlart Miched.
second step, the reduced nonoam ne oxi dase

[0238]( EERZ M P “dnAldidnr C&H’Eﬂlaﬁﬁamérﬁz Eer®¥l adh A apat lmtoﬁcsulbealmposeable on
i el di ng hydrogen peroxi de (H2Q2) as

its mlrb%; ﬂpw&eg henpﬁogtﬁ%llyt AHygvheacy e Fl@ﬁtl((wlrgﬁteq the H]a?e of polarized light in

one difedficH d @Sl mYor 8 FRBRAMKL PRNOX pdASEId, ighdid &&%ﬁosﬂ@ BPeckice
(H2Q®2) breaks down to water and oxygen. [0246]

[0239]Suhs tert@cHBEOBRAIY a AR DT &fuaBalttl 61 dhb@lonferwRidt s bptRady
commercially available or are readily synthesized
lIlaCt“i?smg met hods and reagents ei ther known in the art or

ted, ht of the present
10240 B e R oo g PR B oA o e i QLo of the wo
cnanti®@déral furn@tofalmolecd®99) J. Heterocyclic Chem 36, 681; WO
2007/ 022459; and WO 2007/ 075790, and references cited
[0241] h&[b@tiaﬁt)a.lly eu2ddtherkdyity p@enagpeedidréle mesnsahas the @iiitated enantiomer of a

oxi di zi ng agent capable of irrev I‘SI bl |vat|n
comp il SR P i bR Sr b R S Wl cpound
Accoréinglodh pafitidar ealbﬁdﬁﬁibﬁmamﬁbs%ﬁillﬂ enﬁtﬁi‘oni%ﬁ@\lllb iptucompouintl & present in

sors, SR RA B L BOTR O SR T er Nl SRRy bl B PrBiyenpep over

anothdd e@esmd@frhe samd@ingouhdr oxygen and water. In certain
enbodi nents, that conponent is selected from anong
[0242]c h&rﬁsﬁﬁﬁallagembﬁmn@llﬁ bura,S apused hatin niemstted tHedndRehtedfe@gntiomer or

nbodi , t t )
diaste et comicin A Digs Sy b Sl RI P AR b sypogiomer or
dlasteﬂemma omafetsarﬁm&mpoem)oach roedtabovie h\ethrrmedt toD'f3tepdoxdlderieity,” enantiomeric
er Cco

t al. th
excess L AGHGN T Bt D BUSCt FBROBF S LR e b S e
embodidérad) akﬂhﬁtaﬁﬁﬂll@smteeﬁleﬂcfallhpde ogepoupe isqxdsele 1800, BB 800, 91%,

92%, %é%?%ﬂ?%%ﬁ% %} V%% n/(f]D 559,?)" %tgrﬁ%nr?erlcvé@(tzessr ov%t1 gno %re enoaImomer or

diastereomer of the same compound.
54 Methods for Making the Heterobicyclic Compounds of the Disclosure

[0243] The heterobicyclic compounds of the disclosure are assembled using the biocatalyic processes

disclosed below, using the monoamine oxidases disclosed herein as the biological catalysts.

SCHEME 1
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enbodi nents the catal ase is an Aspergillus niger
catalase that is included in the reaction at a
wa@omnomogseat i on of from about 0.01% to about 19%¢MUS009/048255

from about 0.05%to about 0.5% (wv), or from about
0.1%to about 0.2% (w v). [0248] In those instances in
whi ch the conpound of structural Formula | is volatile
l'iquid, ,\ﬁ@ fiacilitate handling, it may, ﬁqur ovi ded as
a salt. Nn pone asgect of this embadi he anjne,
subsTr at gghtonve?ted to an acetate sgl té y ad |t2| on
of one equi'Vg] ent of acetic acid to a 2% sol uti on of
the free bhse dissolved, e.g., in heptane. The
precipitaygd salt is col | ect ed, washed Wah sol vent
(e.g., the solvent from which the salt is

[0244]p ﬁglgqnpq & depisty theereg:twn bredyzen Y the mpngamiingloxadasesed the disclosure

r r

where%yemgﬁrﬁl Allé aﬁn E%%hg?er&o@cg): %Bul{deag%(f‘(%ﬁ% f% nsgr{;ct(zﬁ’lrggr;o a%lta Lis

oxidizpdtorties] @@aﬂpandmg(wmompnur\dwéwnmural ernpiladIfagd sol ubility
of oxygen in water and in light of the decrease in
that solubility as the t¥/#eM&ire and salinity
(solute concentmation) increase, nolecul arn, oxygen in

solution for r¥adfion rmust be repl eni sheY by
Reactiognd®- | i qui d ﬁas%ﬁ’amsf eFzvfe-bMR agag ph Ypi cted Bngyme-FAD-H,
the activity a agount of preferred non ne
oxi dases providéd for practical reaction rates are
sufficient for the reaction to become |ini't%ed by the
rate of gas-liquid mass transfer. As is well known,
Reaclip{@: r at e of 2 Jas- PEGUTe™Rdds transter f524egéRdett on
the partial pressure of the gas in the liquid, the
Reacti®®O@Bubi | i ty afi,d,he gas in the Liqui.d, andot heo,
gas quuid interfacial area. According, the rate of a

uid nmass transfer rate-limted reacti on can be
102451| ﬁelr Pis{p teigich elemPhigyy &3761i906 itk Mesthemaiovige digioyaall net

reactlcﬁ‘lgg 8R8 inVRheAs 1! It Frsifeachibf of SREhY 8] (RGscBh e AREHNY
ow shaft inpeller aspiration, countercurrent

hetemblagzhp cofupayng Pc‘rcemilmgtt? SFrCtugad Feingda § iy crBrpaise sl axistg 4 the

correshdrditlg 1BRE céRfouhd kestrubddi Fdrﬁﬁﬁ@lﬂ(ﬂ) b}J aﬂm@’ﬂ)ﬁmﬁl@ g!xlﬁﬁ‘s% rof 1hg disclosure
envi ronnent, the rate of an oxy gFeA iquid

(which is gerapleyed puithe flayinadeninerugleetids ﬁo %)r Ph &réa%f‘dthbyomspondmg

substahtMEl, @At Beled Ay PRE frhiRd oﬁﬁﬁa&urfeorﬁma@mmﬁb re@icbdROndMhine
i ncreasing the total % ressure i ncreasi ng

t he
oxidasp Fé&qoawleéf@wvl@ dR0-H 5@?@%%%% sgedé?ﬁduwpﬁgm%?mdase
(Enzyih@-lPlA@CH{lQ) ié"ré Bxiliéd Byl RSl 88/xen, QfelddM Ky drd g@n perox1de (H,0,)

articu od| ments, the concentration of dissal ved
as a bmgﬂg@n Iythe ﬂblid regqor (athish 4y no saefered O HisipRPIBIRC Pridhre ) hedrogen
per0x1g@§{2@DQ§@aké SovaD WWaRb HiSIxyedioNi t ored and the oxygen

feed rate, partial pressure, m xing efficiency, or

[0246]C SRR kOGN HBhaQSt sdicBratoHsil£Dart Corh@¥iatavdilable or are readily
beneficial rate of reaction or overall reaction ti

synthegigedgsipgnaathodhand repssifs cifhqr knopndn fe arsbisprdtiyimdepted Hlehght of the

presenk @1@&1&%@1&%)&{&}{0@5 Me%ElﬁQk&%ﬁﬁ th% @rt@stee Egaﬁélalﬁ’ Bl ( 1999)
antifoam In a particu

J. Hetgrogefigloheet 36 15§12V ?09640%2‘%8{ él?q Yo @8@975380 ad feﬁf‘é%nces cited
thereid)l M ted toAntifoam 204 or Antifoam Y-30 (Sigma, St.
Louis M), or the like. In other enbodinents, the

[0247] Hydrogen peroxide is a strong oxidizing agent capable of irreversibly inactivating the
monoamine oxidase enzyme. Accordingly, in certain embodiments, a component useful for

facilitating the disproportionation reaction depicted in step 3 of Scheme 2, above, in which hydrogen
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reacti on may conprise nore than one antifoam The

anti foam may be included in the reaction at a
wa@oenomossest i on of from about 0.01% to about 1%BCMUS2009/048255

solid or v/ivif aliquid), fromabout 0.05%to about

0.5% or fromabout 0.1%to about 0.2% [0251] In

certain enbodi nents, the oxidized i m ne conpounds of

peroxig ¢HzOp )it bokenglopr taumplecukipxygsn padvateie dn por@Hn quipgdiments, that

compdnBRGE JeRBtclFr¥h UhRng Méhdidal £4nts A06h LAY RE Rl ZSPd, Bd)and the like,
ot her enbodi nents, descri ed bel ow, the imne

while pigiss bRl BNt hat omperant @R RRAYEIS] SclhapyhpazwahEtedinto

partio I RhBEdinREOME tea@loninik @fBMALEnRREL HS&ByhO cdalase to catalyze the
subsequent step w thout isolation or purification.

dispropgrfipmotromrepgiiong stm % of] ﬁctlgye % i w}nctl MTleqqlps ©bhydspgsn peroxide are

brokerﬁMb PRI twd R61cONRQR WaRkLarPond 8880 18duldr By Bh Skl RFKISB!
be inhibited by the product im ne of structura

emboqna?%qhacatalaseA@ca@e%sa@rﬁaffvsfmgwafﬁlaﬁet thatdy igeludedinthr fesefia at a
conceﬁtﬁlﬁoﬁ S&FInh dud 00 WhicCBo@ IW@UR% Qbousb.0 8% ks RL 9% '(W)V% or

is oxidized to a conpound of structural Fornula
ﬁ”““@@ﬁ@ﬂé?mééﬁﬁpﬁé@@”@n agent that will react wth the
ne conpound of structural Formula Il to form an
102481ada those iRpteneeninradibdacogpond afsctud Fapnuls t i velgtile kpvigi te

facilitdlc FRARUT ARy O pARI8d &fa aeIWing dpRSUF fhis AbodiBRhCIHE dmiﬂa substrate
Schenme 3. In one asPect of this enbodiment, the a
1

is conyegted fpcpadeatte sy MR Tge etuivalrat ofasticiagh top 16% S%&@&f the free
base disEHl%dn& L1 @MEH¥ncOThE plraéllpm&psah % cbnec@eraomh& wiaf io'l\%hﬁ(@ gl Yhe
I tO prevent accunul ation of an_ in |b|tory

Solvenéfrom reighihralt sgipsdiitdare diepiged) arddricd gt Wﬁméemner%lms <%1b6%21°0)
under RAGKEPrd@ravoi d accunul ation of an enzyne-inhibitory
amount of that agent. In one enbodi ment, the agent is

[024915 Ad iind0all $Mbdhlefn@ 1, O LG halFRYidBS 1§1ﬁ611‘d&i1’dr@ﬂ§§eﬂ ﬁluw d)f&ﬁ’e limited
as sodlun1netab|sulf|te whi ch hydrates_in wate

solubility ¢f prrvgp @ovatsr ppd inighiaf ithslegseasg P‘s}B‘I‘tFPLP'é‘h% % Hlett%per%lrﬁ and

salinit¢ QIRQLdHcAfratRh) Mekate ahol&laiUkyded In sBlOY B€Fadth@ nfld YeirkBenished
adduct s of structural Formula 111 In certain

by gasgiytsmave Hensfer Sadtia gy Bhass| Tipteally, dhegaiidyy ae%?ffl?%aeﬁmfw%

monoetnhﬁ’e &ERESsI pRIVidRY f@ prati€l YWaaToaked @fﬁ&@l@ﬁﬁihelr&ctlon to become
n tantaneoaiw%m>consuned and the potenti al

.o
limited 'Pphﬁia ratoyeey- P YAt 6f stlwewprdhe rﬁ@ﬂi}ﬁ?sahqu}d mags transfer
is depé'ﬂdérﬂ RRE™ parEl fri8urt 85 bAdh bielighi, 8¢ soldilit) BhthO} gats(i’ﬂi e liquid, and

sul fi dduct conmpound of structural Formul a |
the gag- ﬂ% 1ntﬂe7§@méﬁia eOrdiBR bR Of p kasdigyid mass Fﬂﬁfemafeelanw reaction

can betlfﬂ(ﬁ‘edséﬂ B’?,&ngﬁl@éﬂiﬂg En@fonMeNts thhtPRovadiChgbicyicQhs- bd;lLﬁdenfmﬁgemtcmdmg by
e I.mne product al so provides practica

Spafgﬂeﬁe - ol Rgrrrder PREIgptryHecurEat g4I fiTEiop v eftigelly serpentine

tubulal NG rahu £ [iRE. CA Mii@hk Yy, WDAnRehiBecARE e BBAGer IRS@te 0 8MBXxygen gas-
are mal odor Qus and/ or noxi ous.

liquid mass transfer rate-limited reaction can be increased by increasing the partial pressure of

oxygen, either by increasing the total gas pressure, increasing the fraction of oxygen in the gas (such

as enriching or replacing air with purified oxygen, of both. In particular embodiments, the

concentration of dissolved oxygen and/or the rate of oxygen consumption from the gas phase is

continuously monitored and the oxygen feed rate, partial pressure, mixing efficiency, or combinations

thereof are adjusted to provide a beneficial rate of reaction or overall reaction time to completion.

[0250] In certain embodiments, the reaction mixture may also comprise at least one antifoam. In a

particular embodiment, the antifoam is a commercially-available material such as but not limited to
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Their contai nment as free bases requires closed

reactions, without gas flow, or efficient condensation
wobololessexal trapping (e.g. by a bisulfite sol BPCT/U8)009/048255

In situ reaction to their bisulfite adducts

(t heam nosul fonates), obvi ates these engi neering

constraints while also providing the option to conduct

Antifoppe? 04 ghaaifoEm Y -1 tgmeo®: WHHMEY-ah thgdike-nintoher gmbpdiments, the

reactidnGRE doMPridteS5t8 than biiZmtttoaio MBSt @8 nPhayt BRendth @M i tht Raction at a
adduct conmpound structural Forrmula 111 _can be reversed

concengtatign ehfEnpbogHy)-0 \ih iorabpyt 1WHe ¢ Bselisky arvdf mbayidhi fiem gpout 0.05% to

about §B%U&tMn@£boEm Mk@aboht 0.8 r egener at ed. Accor di ngI y, in
certai n enbodi ments, the reaction of Scheme 3 is

[0251 0 WeASHRAMBYJiREALL, ttlheQﬁlcﬁ’fed RARE cofpdinds Jf sENtNABGEMAIPIT may be

raise the pH to ‘about_ 13, regenerating the imne of

isolated fopthg feagtior grxfpe apificdane phagagisripss- &xtiPectbadimgnty d described
below¥h¢ fniiEEMpourkts BEdL Rl Reula TMBREDY c@Rehcditharfo@ict &dct or
enbodi ment's, isolated by distillation to provide an
intermp pta andygsed frya RbsgRUE i Kighoyt ipqlatios osPwHicatiqness oi | |
[0255] In certain enbodi nents, the rates of addition
the substrate of struct WGHEME ula | , the
sequestration agent (e.g.A, sodiumbisulfite), Aaand a

ar e Nabts$OL or ed a
th ze—or—obviat eH H

pH &bntfol agent (e.g. oy’ W

cof Bd, T parts tY=pri

subs e and product i nkipition of the nonoa SO
OX|daEe used as the blocayalyst for conver3|onHof 3
conpound of structural Foypyla I to a conpound (A
structural Formula I1. CH%%E 4 (1) Il(a) (III) IV(a)

[0252] A2RBthin! eﬁb@&lﬁ’l@l‘ﬁ@ &heerﬂafagﬁlfﬁ@ G&ldaslél%gﬂe Hﬁcl@s@geelan ® ihildBited by the

reaction of Sch ene he pH allowed to rise to
produg fypine oftugigral E\m@p@ﬂy @W@rdslwbr, i @ﬂm&u elodgpendy, thq geaghiqy| in which

a compSU B @rubtbital PJr{%uﬁtIq{ SRS IRG 1 bUE Nin HWEEHEGOr JrRuth Iif'ﬁlrther
rans amnonitrile conmpounds of structural Fornula
comprisey g agerfhagepl isecawith Hhedmine semaound af ywpfaet Borgplatlhjogform an adduct

with a%ﬁ@t@éﬂi‘ di‘%pﬁnnat@@ ity to InRibh Q%oﬁmﬁg!ﬂlé{a@& @ﬂh@dlscﬁ&gfét as]deﬁlgted in
about 2, about 65 to about 1.5 equival ents, or about

Schemge 31 Tp gnostsbist Offhlz e@h@ﬁlm%ﬂtéh‘t agepfis ?@@W(theebeammé of e feaetion or is
added Hﬂﬁrﬂl@cteﬁm%u‘aﬁslysﬁlra%ﬁﬁﬁ alrds %l%hgﬁ td f)re@ern?a&gxqﬁgu&ncbf an
he reaction to convert the sul ducts of
mhlbltgmwutr% theyinggpapqung of %metﬁ@l E@raw!? I&h‘iltﬁ@)‘ﬁ FRqueh to avoid
accumﬁﬁﬂ&PMQ%nglﬁneslhﬁlbﬁﬁ;ry ﬁn%un{: of tHﬁ%l n't \'ﬁl%}le eMitﬁén@% 'Jg}!nt is sodium
the reaction of the conpound of Fornmnul a Ero uces
bisulfifenwhich g1an h¢ eromeently sunpbersuediam sretadisplfie whlah Fbrtpr N avater to

sodiurh Ms@kite. RO of-Bﬁﬁlf ttcr V@lﬁ?‘th@[ﬂllﬁ@&lﬁﬂohﬂl(ﬁof{égﬁm&m%%nﬁg II provides the
structural Formula |IV(a) can be extracted fromthe

sulfiteagddpetsi of prrygfukal @Plénv(lallll Iocgriain embodinges sodaguidgnite is added

contmﬁ(ﬁﬁf&ttb 4 1Lk € YatdbShddy this &agen%s r“I-?ltstlélﬂlthneously consumed and the
tetrahydrofuran, MIBE, 0Or zso-propyl acetate. The

potentiafly ibibaaiyriBHIcPrddue of trrsBEM & o e epnsd e?séble leysdphikitpey or non

1nh1b1t9f;&ﬂﬁ1t&ac§l@ét\é§rﬁ;§ou%5f AebturaBF@mulaNg. Or gani ¢ extract,
wi'th optional internmediate further clarifications, can

[0253]b & hether the monoamine oxidase is inhibited by the imine product or not, the addition of

bisulfite to react the imine product also provides practical process engineering options. Certain
imines of the invention are highly volatile and among those, some are malodorous and/or noxious.
Their containment as free bases requires closed reactions, without gas flow, or efficient condensation

of chemical trapping (e.g. by a bisulfite solution). In situ reaction to their bisulfite adducts (the
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concentrated under reduced pressure to provide the
am nonitrile conmpounds of structural Fornula IV.
WOEOHBENESS2S Di mer ™ |1 (b) [0258] I n certain enbodP@EOER09/048255
the i m ne conpounds of structural Formula Il react to
formthe dineric structures depicted in Schene 5 (see
~e.g., Int. J. Chem_ Kinet. 1998, 30(2), 129-136),
ammow%%flew oy inerihesersgeineriag ¢onakaingy WhHodotroyiAg tie Pt te onduct
the subsB§ucADBRATA REh ehRid 8O fantchacHbsek@sur e. Wet her the
nonoam ne oxi dase is inhibited by the imne product or

[0254]N Oftorméi{io%f hé BlshPie Lt @drﬁi%uﬁd AMCAES FONRAGIITC& bPFREL8&Sat
e at‘?df%%‘neerln options, The dinmers are far _|ess volatile,
clev

tvhgrepy ﬁ%{hequ;pémé dPine §§W%Fq)rmuﬁel§ is regenerated. Accordingly,

in cert@id REbaNMbAL, ihe rBActibIMdcAdné HE PERH-d Braditigh HERLd, BY., 10 N NaOH,
cont ai nment’ vol atil e im.nes. reover, the di mers_can

to raisg {pipEIAp pRPUR B3. Fegareratipe thedipg oberue s priular i abich pn be extracted,
e.g., withXlckfyer- Ry ifetrlef ¢ MHT‘E"') arXih c@@did @bodRMientit BBk by distillation to
distillation, and t |caIIY can be used directly in
provide ﬁenelaf)e%&u@hrﬁl Ryrapladf astaelopes©dss. Al ternatively, the
imers, can typically be dissolved in acidic solutjons

l02551t & GFBIRicHEOHB YRl Tates o adrlitinn dig pybser o SysiurabiqringlsLethe

sequeé‘tlﬁﬁoﬂeh%@nt'(@g S%Qﬁlﬁﬂﬁﬁﬂ‘ﬁte)s ﬁrﬁiFhspH &)nﬁf)lq}éé'rﬁ €e.&. h@(ﬁiﬁ %ferrﬁ‘(ﬂutored and
yclic proline analog and derivatives.
P

controllfﬂ Hsegart '10|nElBI)mu['eO)2 Qb‘jlat otp §uq,gﬁ@wdtmoa4uctlm]aglitlog 6%6 monoamlne
0x1das@ QEdiat e 'Bﬁ)chtmblﬁ@& Bhv Pyl Bl ISP RNIBNARBraE PERAKNGS a compound
4- di hydro-2Hpyrrole) forma dinmer and then
Of““%PWﬁEWﬁHEVﬁan1cally favorable triner structure.
Accordingly, certain coggfunds of Forrmula Il (a) may
formnot only a diner go on to forma trinmer

- B conpoundaof For mul a Il(c) /exclu3|vely, or mpkM
’ me_nixture wi e noVagPri r i aCN e\ L
onmpounds. H( C) The favorabl of formation q{ )_CN
Nsuch trimers can epend on substit uait sgedups.

Hhowever, such triner conpounds of Fdfpula I1(c) woul d g
(Dbe expected to exlifhit little differ®hce in react|V|tyN()

[0256]t Elle %to'thelg eerﬁl%od%nﬂg ?UOS ) r emgﬂtolﬁ?e r%actlﬁ {@%gﬁggéta%(gtﬁg Bﬁgi}owed to
rise to@bait aH| IQthqretby it sabﬁgfeaﬂdecds ¢fhratctamlf ocontp U pdsstapdoselectively

COHVGIEEOC{ to e%fa {1%%101%1{1]&“[ (foﬂ‘% er{c%?{ Jtl%%tn%tli: ff\@gt%stc{e 1{:”%5 nqgcheme 4

eqU|va
In aSptdweofdhmenbddomm ap@R 6 1q bblpt(ﬂweqewalmae;tab@n litmateue2, sbxiuveﬂﬁ to about

5oy s VI 1) LU 00 L ARG R o
structl(r@ Fgrn;lul:cIItard agldedhto eltq rca}ctl(m toh:ym\rec(ﬂlrr:l sol’ﬁt@a(kimtmf sgpctywiat Fprmula ITT

to the HS:NS aQﬁfﬂltlo glqg) 011-11? ) UC g'ﬁct or rru ﬁQ ?V\@g; R&’d}{d(gntaln}é GEhe reactlon of the

npoun
comp(almi nﬁqmnuha IHé ptodmp.tjn ds amﬁnoﬁmmlﬁud)rapduvqu structural Formula IV(b).

[0257] The trans aminonitrile compounds of structural Formula I'V(a) can be extracted from the
reaction mixture (1:1 organic solvent: aqueous reaction mixture) using, e.g., 2-methyl tetrahydrofuran,
MTBE, or iso-propyl acetate. The trans aminonitrile compound can be recovered from the organic
solvent extract, e.g. the organic extract, with optional intermediate further clarifications, can be

concentrated under reduced pressure to provide the aminonitrile compounds of structural Formula IV.

SCHEME 35

48



SCHEME 7 [0262] The trans am nonitrile conpounds of
structural Fornula IV(a) prepared e.g. according to
w®edienessds or Schene 6 can be contacted w th ageeDuS2009/048255

acid (e.g. HO or H2SO4) to provide the am no aci ds of
structural Formula VT. The correspondi ng ?-butyl

esters of structural Formula V, in which noiety R5 is
-?-butyl, are prepared by contacting the am nﬁAAM-
conpounds of structural Fornul a VT with an a g.,
rret,\ﬁréﬁ,@ sul foni c aci d) aq\q ‘§obutyl ene or a ?-jput 'I-|

eqi' . g. te), as depicted in
VE 8l V( a) (V) anot her enbodi men¥; YHhe
un

tran$1 amnonitrile conpo of structural For H

| V(af! prepared e.g., according to Schene 4 or Sgfe 6

can ¢ contacted with HO di@ nethanol in a Pi nnerA”

reaction to provide the nmethyl esters of structural

Formula V, in which noiety R5 is -CH 3, as showdimen !l(b)
[0258]S%hmm%mb§gﬂ% tl?e 1(n\ﬂe)c0£1?glﬁlﬂl 0f§‘ﬁﬁ(§9§l }9014{{@19 IIP1t€§Ct #orm the

over al rocess for th eparati on of conpounds
dlmerla@tlslmﬂmt picigd gt yoheme p &lce F@F fmlJaé’héw v, \??98, poR. t1 A 136), thereby
]
mmlm?z?ln‘f:gﬁdgggf%tg%?r(f?@?t 1%{11?151%1{ %iﬁfé%%{é)?lﬁg{e %d@se of th'e lalsméu&“@ \K’H&her the
mONoZAYy s&ig linhititigh bythe irniac gigkft p@loadi@tu@"tzafeﬁn cgn placprgyidés practical
procesggﬁgﬁgeﬁné (!pltlof’?sn The Hinferd e fa¥ %sscxg)ﬁ]a\ﬁ?er ?f'apﬂl hﬁn hﬁ%orres onding imines,
mnoni ttile of structural Formula F\/I)
substa[lmlw}lt@@h@*rhe nqq feleqpizineasing nonsyiamelt Ivolptnle @@1999 fl\éqrecwhle the dimers
can ty@[‘:aﬁﬁ%’é ‘%a'd%nregctvefeg 'ﬁBQHHéjl%a&fBﬁ %Q{ﬂg Yy R radibs, lé%rééﬁé’ﬂ or steam
or rrul ae fromthe secondafy am nes of
distillagiop.ped trpihllyFesn b bsed direqtly lwlilp sibsecyentisigh pbthp prodeset Alrnatively, the
dlmer§(;a5 %‘iéﬂfly’@‘te & %BH?B& ﬁ\ al:ﬂdlc Slutlbi¥RE bl%@ﬂe h%n&rﬂ&w%iﬁﬁlﬁ&* &qjt sBlutions

tructural Formul I'(b) en route to Its conversion to
sultabke Her vagrinrsabrequent séep@) fo ryeduge tha dedfired bieyalic aroliye amgtogrEyE dprivatives.
[0266] Schene 11 depicts an overall process for the
preparation of conpoundsSEEEMER ng to structural
Formula VI and structural Formula M (in which noiety
R5 is -?-butyl) fromthe secondar i nes of

A.structural Formy that combi né react| ons of A
Z_ﬁgheﬂes_af_a_nd z.fgﬂ—qENleu_)_.U(a W) SRy (V) |, i_t
N™ “H H
H MM

"Dimer" ll(b)
[0259] It is known that under some conditions imines of pyrrolidine monomer compounds (e.g., 3,4-
dihydro-2H-pyrrole) form a dimer and then a thermodynamically favorable trimer structure.
Accordingly, certain compounds of Formula II(a) may form not only a dimer, but then go on to form a
trimer (e.g., a compound of Formula I1(c)) exclusively, or in some mixture with the monomeric and

dimeric compounds.
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[0267] Schene 12 depicts an overall process for the
preparati on of conmpounds according to structura
wWo-0i00ss28/ (i n which nmoiety R5 is -CH 3) from PE&EUS2009/048255
secondary am nes of structural Fornula | that conbines
the reactions of Schenmes 4 and 8. SCHEME 13 [ 0268]
Schene 13 depicts an overaII process for the
preparation of conpOﬁgﬂ cording to structura
Formula V (in which etawRS is -?-butyl) fromthe
secondary am nes of &t Formul a | that conbi nes
the reactions of Schemgs 6 and 7. HSCHEME 14 H "Di ner"
Il (b) [0269] Schene 14 dWpi clNs erall process for
the preparation of coppo nds orgfng to structura

Formula V (in which nD @4 3) fromthe

secondary am nes of r ct ﬁ*F54nuIa | that conbines
the reacti ons of SchA 6 and 8. SCHEME 15HH H!'HH
(D) trca) ey )H(VII) [0270] Schene 15

depicts an overal | processI r the preparation of
conmpounds according to stru uraI Formula VIl fromthe
secondary am nes of structural Fornula I that includes

[0260]t[ e F20a6biliQNS fhamNe TR h4rimSCHENS, on BhB¥BfuentlgtduBd. However,

0271] Schenme 16 dep |cts an overal | rocess for the

such %ffl@;famawnéhofo?fone%ﬁ&) Melde coregion i xaibE {iflgckfffrepee in reactivity

relatlvgﬂftﬁélhlﬂle}/%henflfs@dnntﬂ'iberezﬁ:ﬁ&%nﬁﬁ{e)f)ré%éﬂt _RSloRfe. SEHUY %ﬂhb@lbemg bound
Fornmula | that includes the reactions of Sch

by mephgpipny it fsiexpagisel et 2y emarRgh et Fosnyla dfa) tﬂﬁléuf&%e é@@é&%f the
trimer 9€ REHRR Ic)L Gill AXYDit\eligaléld Rabihvak) SRIRE BRI tiinl € conpounds
of Forrmula IV(a) can be carried out with the

[02611C TpoRBAtRGRntifith |a(§016&m}%u NEBObr GREMBHRS dInVd bamea/\mfasﬁuig he
reactlons correspong to, Sch s 7-16 are carried

Schemg3 ¢3g be pntacted §Hheh & Néme B ﬁﬂ&rﬂ%ﬁ&%ﬁ%f%&am@ or
with HdNi(a[ eskd [brﬂﬁd&tlh§ zrauzp AfncGtidToRApshnaNd dasei@hl ke TvifaRhnd the

For mul ae V’ba % and VII(b) are forned.
cis aminonitrile compounds of Form a IV(b).
SCHEME 7
AL AL AL
M™ M M™ M M™ M

Hji_ﬁ:T ———— H Hg —————— H H o

N eN N N

H H o OH H O _cH,

IV(a) v v HC op,

[0262] The trans aminonitrile compounds of structural Formula IV(a) prepared e.g. according to
Scheme 4 or Scheme 6 can be contacted with aqueous acid (e.g. HCl or H,SOy) to provide the amino
acids of structural Formula VI. The corresponding #-butyl esters of structural Formula V, in which
moiety R® is -~butyl, are prepared by contacting the amine compounds of structural Formula VI with
an acid (e.g., methane sulfonic acid) and isobutylene or a ¢-butyl ester (e.g., ¢-butyl acetate), as

depicted in Scheme 7.

SCHEME 8
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V(b) M (b) VIl (b) [0273] Wthout being bound by
mechanism it is recognized that an imdate

WO pa1e/n00ssas at e forns during the reaction to forPCT/082009/048255
conmpounds of structural Fornmulas V, VI, VIl of Schenes
8, 9, 10, 11, 12, 13, 14, 15, and 16. Accordingly, in
anot her enbodi nent the disclosure provide an im date
conpound ofhﬁﬁnwctural For mul a VIIIM/MMere R6 is an H

or an alkyh.grqup. M _yr VII1 [0274])Ackgrdingly, in
sonme enbodlﬁg g t he nmet hods abo ap/d m dat e
conpound of uctural Formula VIII uodn eﬁ in the
preparation ot a conmpound of structuﬁbl For mil a VvV, VI,
and VI1. 5.5 am ne Oxi dase Enzyngg) [ 0275] The

present disclosure provides englneered nonoam ne
[026310 i thather anbogivest, thyatanapeineripdbiompofinds véstagell EemivladVa)
preparga(é Zc'c&ging o §EM %r4t0|r §91em% calt pcsEJ AL Bd wikh HRTER d”lﬁgthéhfol ina
ict ural “For mu ounél structur
PmnerFrezrcmn t@ prqvide|the Ipqhxlle@taﬂs af st@lﬁlbtvdi F@rewtasV ip hich moissnR’ is —CHs, as
showndh SEleARW € provi des engi neered nonoam ne oxi dase
enzynes that are capable of stereoselectively

oxi di zing or converting ¢ é@ﬁE Sstrate, conpound (1) to
conmpound (2). In other e di mrent s, the pr esent

A .
i scl osure provi engin ed non ne ase
ynes_LhaL.anﬁgégnabLgfﬁﬁisLe Lﬁﬁtg___+. %g_gl
t

xi di zing or co ting the substrat npound (3)
Nconpound (4). In both instances, a Non§8ﬁ1ne oxi dase N
UPf present disclogwe wll also exhk@jt an inprov V()

property when conpared with the naturally-occuyrring,
ger (SEQ

wi | d-type nonoani ne oxi dase of Aspergillus
I D NO 2) or Aspergillus oryzae (SEQ I
hybrid thereof (SEQ ID NGO 6) or whep
ot her engi neered nonoam ne oxi dase enzy
of SEQ ID NG 8). Enzyme properties fOFNMhI
I mprovenent is desirable include, but'ﬁre n |n1ted
to, enzymatic activity, thernal stab|Hka p tivi
profile, cofactor requirenents, refractoriness t %g_gjlga
inhibitors (e.g., product inhibition),
sterospecificity, stereoselectivity, solvent
stability, solubility, and stability and expression
| evel within a host cell. The inprovenents can rel ate
[0264]t Scl&nﬁei N@hRtsen YR poeRefot he pepaliti@Sof e fidjydmld fecording to structural
Formugqﬁ VI t 0% g‘lg ée%:glé Iryg%t}llﬁ}%g)tf ?t%mﬁ%{l glirn"!el{ﬂat Iallei(gv%ll}(lg‘? the imine product of
structugil %ﬁmﬂzetlegkdp\/inta)queo[l@sfbﬂﬁl]on e pofity AdGkedtsirat@urSIEQuUes Bl en

nco t he naturall curr am ne oxi dases of
’”We%@%éwﬁFgPB§yWF§@P0§' %§$€?@?lﬁ%@’ §zae and thus the

correspondi ng am no a0|%§%§%“gg are avail able from

Genbank accessi on no Asperglllus ni ger,

and Genbank accessi on

(V)
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no. XM 00 1822832 r Aspergillus oryzae. [0277] In sone
enbodi nents, the nonoam ne oxi dases di scl osed herein
w@a010/088828 a nunber of nodifications to the refPCEOSM09/048255
sequence (e.g., naturally occurring pol ypeptide or an
engi neered pol ypeptide) to result in an inproved
nonoam ne oxi dase property. In such enbodi nents, the
nunber of nodifications to the amyforacid sequence can
AConprise one or npre am no aci ds more am no A
M dcids, 3 or nor ino acids, 4 o re anmksun aci ds, M M
HT§TLH more amho HoidsH 6 or more ani Hﬁi ds—8—or—noH H

nam no acids, 10 more ami no aci dg HOr nore am nos~—~CN

Haci ds, or 20 or noream no acids, upsloyl0% of the H

mtotal number of d¥Wno acids, up to 209 of the tot IV(a)
number of amino acids, or up to 30% pfy the tot
nunber of am no acids of the reference enzy
sequence. | n sonme enbodi ments, the numher «of
nodi fications to the naturally occurryng polypeptide
or an engi neered pol ypeptide that p Oan i nproved
nonoam ne oxi dase property may conpri f s about
1-2, 1- 3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-B, 1-10, 1-15,
1-20, 1-21, 1-22, 1-23, 1-24, 1-25, or(V)abouN VAW
nodi fi cations on the reference sequence. The H
nodi fi cations can conprise insertions, deletions,
substitutions, or conbinations thereof. [0278] In son# ©OH
enbodi nents, the nodifications conprise amno acid
substitutions to the reference sequence. Substi tuti ond

[0265]t Salenteald dopiodue Bverdll roqREOVLUe PRAL@MTINRE caNiodaG@ccording to
nore ani no aci ds,

roperty nm e at .one or 2.0r m .
Stm"“g?h%ﬁﬂmﬁ%ﬂﬁ ,d‘g‘ f5om Hhg SeeoRdANhMiges g struchurgl o ‘P%I’Mﬁlgﬂ the imine
produ@6f dfuctubal B 1@ isdhih e € tHSconfpotiid ¢RIre 1@l FRENAE UIES), enoute to
) or nore. an no 'ﬁ’ﬁi s, 10 1oer rIErIeV am no acids, or 20 or
its conygysign fpghe, amigeni e,OlEB”‘F 2189%8%T 't he total number of

am no acids, up to 20% qf total nunber of am no
Scahdiie

acids, or up to 30% of nunber of am no aci ds
EAgf the reference #gzyme sequence. |m sone enbodi nents,A

H o

he nunber qof %ugs it ut iNgH=Ost 0t he na7t Eral’ﬂ%Woccurr'th 7H

ol ypeptide or a@ngngineered pol ypegpt\ de that produc N

Nan i nproved nonoari ne oxi dases prop®ar't{gogan conpri se N
1-9

Hf r om about 1-2, 1-3, 1-4, 1-5, 1-6, M-7, 1-8, ,
(1-10, 1-15, 1-20, "®.21, 1-22, 1-23, Wl24, 1-25, of V(@)
about 1-30 am no acid substitutions of the reference
’npr oved

sequence. [0279] Al n some enbodi nents, fhe

property, as co red to wild-type or{ apot her

engi neered polypeRt ge, ©F The nono&Mmn i dase is

with respect to>gn 1ycrease of its st osel ectivity

i.e., herein, anHincr in the steredmer?¢ excess of

the product, foryoRidigi,ng a conpound ©ff structura

Formula | to a conpound of structural Formula Il, or
[0266) Schpare fligpigts 2 atsardl nregssssion B Pgpantivg o eorgoHIds REGORYNE to

structdéf‘% 'FE?%{HQVf dd stActGAMReMid W (%) whiBh me?é{ﬂ@b NS%us PG fid secondary

amines of) structural Formula I that combines the reactions of Schemes 4 and 7.

SCHEME 12
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conmpound (4). In sone enbodi nents, the inproved
property of the nobnoam ne oxidase is wth respect to
wa@poioessegse in its ability to convert or reduP€I/aS2009/048255
greater percentage of the substrate to the product. In
sonme enbodi nents, the inproved property of the
nonoam ne oxidase is wth respect to an increase in
w ik s rat eydfy canver si on,Of, t he sypst r gtleyt o the Y
HT;MH ',sﬂiﬂfb%ov%qnenz—ynap' gtivity e o
ni festéd by the abil (ty.to use | ess gl-dNre inpr
Nmonoani neNoxi dase as coPfpaf®d to the WId-type or 1 ©O-CHs
(I)ot her ref epgnce sequencgyt o oxidize orygpnvert the W)
same anount of product. In some enbodi nents, the
[0267]i Spemwecid dopiotsen dyeradfprodess fiontho prpagionxif dag@unds antording to
s IR0 L e S AN B A P LR ARS e g B pormata
that canriydres the deaptiop of SehemfeOL8GQ8.1 N sonme enbodi nents, a
nonoam ne oxi dase of the disclosure is capable of
converting the substrat @CHEME 13
(I R 5S)-6, 6-di met hyl - 3-azabi cycl o[ 3. 1. 0] hexane,
conpound (1) to (IR 5S)-6, 6-di netfyIM 3-

yAggabicyclof 3. 1. Olhex- 2-ene, co nyf2), with a AL
H ercent stereopgyic excess of at aboli#CN95%and MH
rate that is i/mpyoved over a refe e pol ypepti dé N

N avi ng the am no'nci d sequence of B NO 2, SEQ I DN
NO 32 or SEQ ID NOx6. Exenplary polMypeptides with such!
Oproperties includ Y but are not linmited to, V(@)
pol ypepti des which conprise an am rigmetitd seq
corresponding to SEQID NO 4, 8 and 10. |
sone enbodi nent s, yd wonoani ne oxi dasg;dfy The

di sclosure is c HQf cenvertingy strate
(3aR, 6aS) - oct ahydrg opent a[ c] pyrrol e onpound ( 3)
to (3aS, 6aR) -1, 3a, 45 6 Gahexahydr ocycl opet a[

c] pyrrol e, compound (HglaXWI th a per cent, di astereoneric

excess of at |east™about “85% and at a (réte that is

[0268] spx(ij@veeﬂ deyiets aﬁ?‘fe%efé%frf%é‘sqoptgk MlgﬁE:H&t%o%%I{D lstalvps ;ﬁﬂdstag@)r(ﬂili@l)trdo
acl sequence . . . or

Structy(RhFgr %‘ém@@ %%Fty&e&t-fN—gg@1>vﬁxo hetreendpy Gpdce P‘Egmcmfal

FormuldWCthat@embie théfegotidBs oflSchirh®® 4n@ 7. pol ypepti des whi ch
conprise an am no aci d sequence correspondi ng to SEQ
ID NO 10, 14, 16, 18, 3¢HEME136. [0282] Tables 2 and

3, below provide a | is;\ of the SEQ I D NGs discl osed
herein with associ ated activities. The sequences bel ow

re basedagn the wi Iw Asper gi | | us\ ni ger nonoappe
y jdase Sedliences (SEQ MD NO Nand Unless H o
therwi's¢ gpecified. In les 2 and @ANOW, each/ r
NTists twoNSEQ | D NGs, nt he odd n er refers tﬁ) O-CHs

"t he nucl eﬂ{ai}de sequencen hat codes for! the am no acjd
Wsequence provi ded by the even number. "ffe col um
l'isting the nunber of 'Dutratt)ons (i.e., residue
changes) refers to the nunber of am no acid

[0269]S gc Setnllet ﬂtde&&% afy gve(r:ﬁfg%gcregsdfog t%e ]tprre]t[e)aramoln%_f Ec}/n?peounds according to
structural Formula V (in which moiety R® is -CHs) from the secondary amines of structural Formula I

that combines the reactions of Schemes 6 and 8.

SCHEME 15
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Aspergillus niger nonoam ne oxi dase am no acid

sequence of SEQID NO 1 and 2. Each Table is foll owed
wbyo1e/0e88pg | on i ndicati ng the nmeani ng of the syPdDUS2009/048255

"++" "+++" and "++++" in each context. Table 2 : List

of Sequences and Correspondi ng Activity | nprovenent

Wth Respect to the Conversion of Conpound (1) to

v Genpound (“2),: Nunber oprh nges gglatl 10 A ni gery

H 3%ﬂ Z)JNLH’H H o
pespect t{o onverS|on ound (1) &olcappound (
Nb Enantiosélectivity: +#f =89- 100% erfantiomeric N NH,
excess Tah| 3: List of %@quences and 2gsponding 0
Oactivity Inprovenent Wth Respect to the Conversion &f

[0270]C@@M depibts bR o £RNMAbIEL foAthe pl[e%gtﬁ)ll of Ebn?bﬁﬁ‘ds according to

enbodi nents, a nonoam ne oxi dase of the cl.osure
structys) grpula X IfFpmy the sesondanganaingspd peustwrg] prmpuda Lihatjipehudes the reactions
of SchaReut 85% 86% 87% 88% 89% 90% 91% 92% 93%
94% 95% 96% 97% 98% or 99% i dentical as conpared
a reference sequence compHENRget he sequence of SEQ ID
NO 2 with the proviso that the polypeptide conprises
an am no acid sequencermnwhlch the am no acid residue
Acorresponding to resnd2e§593|t|on 289 igs a valine, the

M no aci™ fesidue corKesypondi NgCh o r&ki Mue positi M
H'? ?Zg Ts g ' ne, the a aci d resig%fgébrresbonﬁln
o residuenf osition 382 uci ne, an &Nani no acin NH

Hcorrespondlng to re3|duqn46 IS egC|neH In sone

menbodi nent §@) t hesenpnoam ¥ oxi dases calf@ave one or (V)

more nodifications to thgeaifhno aci d sequence of SEQ

ID NGO 12. The nodifications can include

substitutions, deletions, and insertions. The ,
[0271]s §pfeampe; hgrdepipts ae ayeradlprersis-febhe Bicpattiopet sampopnds gegopdiag to
structfrfl %ﬁﬁdi@"tlvf?oﬁﬂﬁ@ §écblt1déw MiRes 0P Stnidndrdl FRINAL | AR iffludes the reactions

non- conservative and conservative substitutions.
0deF@@é4] In some enbodi nents, a nonoani ne oxi dase of the

di scl osure conprlses an am no acid sequence that is at

[0272] &@ptlﬁb@{{ho a%(%theg);r%essgg% chg%s 79{@/5“@'11% thg paygs-
ammo%%i’f% cc%ﬂp@nc%%q/q:o%%) VA1) %6an B8%riouP R ind R lahGihit@ compounds of

Rpare a reference sequence conprising the sequence
Formuk IVEpe) WhsTibe soagli ok carFreP 9 g s ¥ hemat 7-1 e poTighesitei thpects-
aminoRBNPLrFRInRDf B0 BRb)IthS SAHBAE &5 hin¥hE 8 arddREIRELNGructural

Formulae V(b), VI(b), and VII(b) arc formed.

ﬁ ‘F&ﬂ‘

“COOR® “CO,H “CONH,
V(b) VI(b) VIi(b)

2

[0273] Without being bound by mechanism, it is recognized that an imidate intermediate forms
during the reaction to form the compounds of structural Formulas V, VI, VII of Schemes 8,9, 10, 11,
12,13, 14, 15, and 16. Accordingly, in another embodiment the disclosure provide an imidate

compound of structural Formula VIII, where R® is an H or an alkyl group.
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acid residue corresponding to residue position 289 is
a valine, the amno acid residue corresponding to
WO e®b@ss290si tion 348 is glutam ne, the am no BCT/US2009/048255
resi due corresponding to residue position 365 is
trypt ophan, and the am no acid corresponding to
residue 465 is glycine. In sonme enbodi nents, these
nonoam ne oxi dases can fe one or nore nodifications
to the am no acid sequance-o SEQ I D NO 14. The
nodi fications can incl sty utions, deletions,
and insertions. The subs ns can be
non- conservati ve substituHi ongRréconservati ve
substitutions, or a conbipnati on of non-conservative
and conservative substitutions. [0285] In sone
enbodi nents, a nonoam ne oxi dase of the disclosure
10274]; dweprriliagh, ia ForammpRodiments of g insiiods 1094e 2p Eniggte peappppnd of structural
Formu&PPlt ca 294 i ﬁle/‘?pr %o %%oﬁgo&d gps()(ﬂuct%ga?/Tor%%V gﬁo/ﬁnd VIL
94% 95% 96% % 98% or 99%identical as conpared
a5$efemﬁﬁ@ﬁmﬁgggﬁﬂ§ngﬁﬂerSIng the sequence of SEQ ID
NO 2 with the proviso that the pol ypeptide conprises

[0275]a|Th@ﬁﬂe§Eﬂt B Hu PEVRRE @1g|1ﬂée1‘6@ ieRodntife Aidafenafhdd th@ GledbRble of
pon i.ng to residue gl utam c

g¥ g P03|t|on 99 is
stereoggigeidyelt l%lg%wcf@ave&a}grt et @CQI%POP%%?%H@C%@F%H%I foa
compotadl bnsemcttnlaemﬁihraql alﬁ‘alpdrtlfzﬁiﬁﬂ MR JIGRAK &ﬁ@ﬁeﬂhﬂgsclo@ure provides

resi due p05|t|on 348 Hﬁ a glutgg} e .anm no _acid
engingeged imyieanips P oY RE the aFceapay fﬁﬁgepﬁleaﬂveépe%lﬁi%mg or converting

the suEsEr}{t@tdéHﬁ}&!ihd (ﬂ)nd cbhigouad )0 mashdd cihBsdidets, BRMHFRER ARELAG: provides
to residue |t|on 4Gg§|s gl

engincgted 6‘8%“%‘?1‘{1%0’“ meﬁép%fﬁ qril a@&gseéfsﬂ@%dlaﬂ% offonverting

the subkah@, J¥RGPbaddGRf tb @&ﬁpduad themapaiiastaebs a SRARNEE XA ascH Qresent
16. The nodi fications can inc

| D ud
discloggul Adsqeer RS an ERBreet! BRBSTOARREY, CH%FTQ! HiLthe ffgally-occuring,

wild- tﬁiébﬁdnb&rﬂfhb 618as€ anAsp@rgn@m @@BrS(SEQaDINwzwbﬁpérng e (SEQ ID
| ve titutions, or a cqombination. o

NO it SyEbb ST 26 IO O e Shotarp e g dRLOTeL CikRued monoamine

ox1das[e @&%ﬁie (¢.8 {50 OESEO D0 nEﬁzyn& pmﬁﬁﬁmcm &/hRK ieRS entht & d&sirable
i scl osure conprises. an an1 equence. t ha
includf G364 A0 Kbgresic Biv- s @f@@ﬁwgﬁﬂ/&ct@mmémofmr

requiréds, &ﬁ%toﬁﬁ%%to 9{51%1‘[0&18@ &8%0‘[ thlbaﬁ% lstéﬁ)léﬁebﬁ" dity, 8reoselectivity,

rerere uence CcO uence
Solvenaftﬁg@@ ISPHe 2ty R PR R O%G?Il/ pHmprgvements
can reRRTPH RS e@BHma Ftopertyd Shol a5 EEHRRGSactiVitVBi LddnibRRtiGNd M erent

acid residue corresponding to residuye position 99 is
“mymGPUPQW?%S 3aaﬂuvﬁ%mvﬁgwau@»€@WP zﬁgﬁﬁing to position

ne, the residue c onding to residue
0276}, %ge Péy‘g‘ﬁiei) Se‘t“ﬁlécea?ﬂ‘f‘ﬂ&lgé%q ‘B‘mfag@ Y}Emtgo‘P‘?Ilé’%‘BB]ﬁ 8?“%%% of
Aspergzﬂ@rﬂgéeamwptzﬂgams gﬁ&la aadahlglth%@ﬁk@endlﬁ@ﬁmamm@seqﬁdndes are
L e res ondi n resi dueposi tion i S )
aVaﬂa‘le?T g%ﬂg a&‘i‘? g%ﬁ g% fon dingr g 48 iRsE aB%%F@?B%?F&F%ﬁ@“
no.XM_@ormmuErmsﬂgmu@ar)é&S is glycine. In sonme
enbodi nents, these npbnoani ne oxi dases can have one or

[0277]mmr @nmdibﬁdhmaﬁth aRsmédamine oRidhROdigtdsdd Beejh encleveh mphQr of
8. .The nodificati ons. .can incl ude

mOdlf]g%}b)glf ‘[0 é lieffﬁeélce AYSLES 618 natgﬁlgy occurring pogfpeptide or an engineered

polypeptide) to result in an improved monoamine oxidase property. In such embodiments, the
number of modifications to the amino acid sequence can comprise one or more amino acids, 2 or
more amino acids, 3 or more amino acids, 4 or more amino acids, 5 or more amino acids, 6 or more

amino acids, 8 or more amino acids, 10 or more amino acids, 15 or more amino acids, or 20 or more
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insertions. The substitutions can be non-conservative
substitutions, conservative substitutions, or a
W@ oobioosses on of non-conservati ve and conser vat POBUS2009/048255
substitutions [0287] . In sone enbodinents, a
nonoam ne oxi dase of the disclosure conprises an am no
aci d sequence that is at |east about 85% 86% 87%
amino 881% ug gDAO‘Vg @ﬁ)@le @@(}/&UIW/&f 2913% acgi@%p t9 QG}’Q/ 0@ g%totg-,%lbgguf@mlno

acids, erupgtg %0908 He itG Al nuABerS? FRAL 8iddo (RS @fe%@@er&ﬁrﬂ@%&@lce In some
onprising the se]gigence of SEQID NO.2 wt

embodgm@vﬁ s npmber of ped ?tgppawtthf‘d@t%hwp%%g RAWYPSAHdeET Ak rgineered
polype%ﬁ%ﬁ‘t%odu&s% h&ﬁoééa%@mlﬂ@e éﬁﬂe@e 5@9&%@%@%&%& 12, 1-

esi due position 99 is % aci d, 'the residue
3, 1- 4aclo$ rleés éﬂn&gnlg%lolopéé?t §-3h 145! ?% 1g%3u% & I, o aeut 1-30
modifcRPnfMehe VREERP ORMERS. TR ROEHlaioR 4B nhpis@mB&Hidds Cdeletions,
acid, the residue corresponding to residue 289 is
Sm”“W%@FﬂECOWh@mﬁﬁfﬂ@ra%ld resi due corresponding to
i due position 348 is a glutamne, the am no acid
l02781r é%?Oalfé’m(‘i’eﬁhfné%tbd]i*f‘dfl?f’gﬁ%a&0I&<9§1“P?%9r?“8‘5’6acld§u\)/%1ﬁ“ﬁ]és to thggeference
sequer®B] Bbs@Glichs (RS EAURoOE fBmPRITEN ﬁgnotaﬁurfe%%idgéég)rcﬁﬁﬁy blaPBe at one or
365 is tryptophan, and the am no acjid resi
more HRpe ddsohel HYC LBINP asiiy dOr POt aighacklyst praneye grminpacidy, f or more
amino 2O 6RTRREH FHBRS Kids! PESFordRARBRLINE 1@29 A& eRioAbidy QO or more
one or more nodifications to the amino acid sequen

aman@FIdSSEth w%\@ thQ‘@tal mﬁ@)eﬁa’@mlp(b%ﬁqso%to ggﬁ) 0|'f H@tq}@élumber of amino

acids, SkpSth B0l R SotalGBMBEH 0P BSino ABIs bMBEIktk DBSenzyii€sequence. In some
substituti ons can be non-conservative substitutions,

embodigeidt fhpapmber of SRS QRS otk natgallyocewiige A PeRHdET an engineered

polypd@)eale tﬁﬁﬁﬁ&iht!e%tah wﬁpram n%@sﬁﬁiﬁé/ @)Elﬂéé% pswz:ap biﬂﬂoh@yﬁ& M@ 88t 1-2,
m ne oxid

13, léolméﬂ @és7 ér? W héo debd! §%du%1né82at hat 124, 55 opghgnt 130 amino

acid sIOMtion8 9¥the &8%enc8 {%ueR8% 89% 90% 91% 92% 93%
94% 95% 96% 97% 98% or 99% identical to the am no
[0279]39[?11 ShnRABOMERNS AR 1ﬁ1%ﬂﬁe(ﬂjplﬁﬂeﬁy0as$ﬁgpﬁrai NildtypBor adther
14, 16, 18, 20, or 36 lListed in Tables 2 and
engln@sredmé?eéaﬂﬂe ehie F‘Wﬁ?aé‘%}’éf‘d‘”‘ﬁ‘ii‘ﬁ%’é HiltH &SB! tpALdE BT e d

stercoSeRAHMANGER., h&t6in UG8 Berdly inQREst&Imdk ek FRRGIddued for 0%iBRIng a
|d substitution combinations presented in the am no

compoaleii of Sueftiehtaaus tragrgeund ofsgudural pragadl enaaitigit s,
embodi@&E oRIARAR Bk &ﬁw&iﬁh@&ﬁ@oﬁﬁﬂ(lh@%@m@&ﬂlﬂt@)owxi(ﬂmﬂg’d@gﬁpound (3) to

1-2, 1-3, ,.
Comp%m% 5‘5 i s8fe Grbodimends. therimpay stpraperty of be rypeaninergyidase is with
respeciétad incBdaSe i6 AP a6iDHRG ESRert BSEIcE @Q&ateﬂ%&&hﬂaw theQibstrate to the
substltuthp or conblgﬁglons hereof. .In e,

produt Bmgsmpedimes thedppioy edhprpperyok the BW§°*’6‘BP&3‘P%1 ¢ is with respect to

an incRARSLNYAte of Gorﬁléhbﬁ)h ot tht kudRate {0QRSFDAOE ™id inpREement in enzymatic
appreciated by the skilled art, the pol ypeptides

activity sarche; ppagfestedy by the abilly fogse fegssgf rﬂi‘ec‘{n@{ﬂ’Vf‘bm?li‘Pé‘mﬁ’éﬁ’é{d?%‘F pgppared

to the Gfﬂ@-@gﬁ dr aﬁerr}@f‘e@ﬁde@équehd’é 1@ 6diizé toh@rithesagRARbInG @kbﬁzsduct In
ncoded am no aci ds, e ypepti des described here
some W E‘Eﬁ?ﬁrﬁhé gnpr%\fefi ﬁg)rpeqt%oﬂkﬁﬁfpgloaplqe ﬁx ayeds with respect to 1ts stablhty or

thermd¥@bUi@| Th ¥oRE &b ddinR@its 2hEl hdhoaSiit dx&tabChald HdreAGOEHR G Rl A0
acids. Certain connDnIy encount ered non-encoded am no

properliei ds whi ch
[0280] In some embodiments, a monoamine oxidase of the disclosure is capable of converting the
substrate (1R,5S5)-6,6-dimethyl-3-azabicyclo[3.1.0]hexane, compound (1) to (1R,58)-6,6-dimethyl-3-

azabicyclo[3.1.0]hex-2-ene, compound (2), with a percent stereomeric excess of at least about 95%
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t he nonoam ne oxi dases descri bed herein may conprise
i nclude, but are not limted to: the Dstereoners of
wo b@ogesses i cal | y- encoded am no aci ds; PCT/US2009/048255

2, 3-di am nopropi onic acid (Dpr); a-am noisobutyric

acid (A b); e-am nohexanoic acid (Aha); d aninovaleric

acid (Ava); Nnethyl glycine or sarcosine
and at ga:fte tha‘rolp H‘pﬁrﬁ‘feﬁ @Ver@rﬁfyrenqel nopentida gaV(n@ t{19 amlno aci
NO:2 tSE@Jﬁ)YﬂI@%QBf o) (Br@)s. KR %M%ﬂﬁ)'e;?\ﬁieé BlYuch roperties include, but

nethyllsoleu0|ne (Melle henyl gl yci ne ( B

are noblygqtegﬁ%)p}() yaepgﬁe%@le@egpnswwqc AN S oorrespondmg to SEQ ID
NO: 4n@pfatilpy! al ani ne (Nal); 2-chl orophenyl al ani ne (Ccf);

3-chl or ophenyl al ani ne (Mcf); 4-chl orophenyl al ani ne

[0281]( E’Iﬁo}ne cRibhHiHHRAS, Qhﬁ(ﬁ%ﬁrﬁiné‘@klﬂﬁse OfhE Yisclosure is capable of convertmg the
| uor o henylalanlne 4-f 1 uorop heng
,6aR)- 1 3a4566a

Substfftpfﬂ 6a9): %f%ﬁ%ﬁém?%[aﬁme cepgund (3) to (3a

21/ sequence of SEQ ID

hexah,?&r&rfyaep&w]yﬁmlﬁ eérﬂ&)uﬁ&/nf))wumerpewemﬁ%weﬁ& SRERBT at least about

SEQ IDRW:2; s
3-nitr

E;bthN

nmet hyl phenyl al ani ne

95% asd 'f‘fé‘trPf? thehis AyPray ssrpvRrer 1eforange

ni trophenyl al

ijewéie oY BB A IEP A seduence of

P@Ph)@ 3J00) Qb@f@ 5' eE}(engﬁa)ry polypeptides with such properties
al ani ne

ani ne

1nc1ud€ Y gre n(g 11@3} ﬁ%ﬁ@ﬁ@ﬁpgqg I"ﬁhf?é 0()1@1119}3 -an amino acid sequence corresponding to

SEQ IB-Nwy-anophenykaoamiase. (Mf) ;

(Pcf);

4-trjfl

4-

cyanophenyl al

2-trifluoronethyl phenyl al anine (Otf);
[028213 This1ed 1 d4@0p@ENYloPRE B Yk BRISES I()M(ﬁs) dlsclosed herein with associated

uoronethl

phenyl al ani ne

ani ne

activitigs.o RS S6HTacH P slp\éi ﬁrerbésefirﬁafﬂ)e wik- %?jféyﬁﬁré’f{% Hiegnmppoapisicoxidase
sequelfee:ﬁ(rSEQQEQ‘I(b‘)ﬂl aﬂlﬁ@%ﬁhéﬂs @ihleﬁ@se(sﬁ’@iﬂe)i In Tables 2 and 3 below, each row lists

4-di c

hi
two SEO 3D BT OB

| al ani ne
qlf%l/rrug}bgﬁefeés t() %@psleonde sequence that codes for the amino

acid se%lué‘n'cg blfolvidl@d BPiRe Byh alAbérnahé Ly Ilstmg the number of mutations (i.e.,

dlfluorophenylalanlne
reSIdui %‘&ﬁﬁ) refepyip ihe-nsmp et AR EC

yrid-2-yl

1(13*19&?1%1 10ns’9§ FQIRaze

al ani ne
dyip the pilidrepe

Asper§ithpAiar) moﬁ@a@hﬁé‘bxuﬂasé’zhﬁh@ﬁﬁl(ﬂ@qﬁdn&%@EQ Iﬂﬁlﬂbtlhmaﬂ Each Table is

yl al ani

fOHOWB%PPZ%?%’P%‘h&?fhﬁ?tﬁlﬁuﬂﬁénf(aﬁﬂg3
context uryl al ani ne (fAl a);
honot yr osi ne (hTyr);

ne (2nAl a)

t hi azol yl al

&

honot r ypt

ani ne

ophan (hTrp);

§ e DY Al Sy Ha X o " i cach

honophenyl al ani ne (hPhe);

TableRe Nisabf Stqt@phreny ba}rasabﬂuqu(@‘tﬁ/i)ty Insdrveytlchal AN R BPedt SAha) ;
3 3- di phenyl al ani ne (Dfa);

aut hry
Conveéslil(gltﬁf

/ Dan\

i

wdéaci d (Afp);

- nh\lrlr n| SOaH
P A MY

peni ci |

II nr\r| na faXal
\~A

| am ne
boxylic

aC|d (T
sul f oxi

(hLys);

s

onoasp

T = 95 T

c Nuntbepot h
de Cheges N
pRekpinoeom
ser UneigémpSer )
a@EQddeDd)

enyl al ani ne
W) - ni troar g
et hyl phenyl

phot
hASP%W

(Thi); nmethi
)i ni ne (nArg);
al ani ne (pnPhe);
hreonj ng» (pTh
glutanlc aC|d

bNi ne
honnlysine

)
(h@u);

I —atit 1o

ps/decol

ybIUpCHL'

c acizd (PA

\_

honm
UI O)'CIIC

, azetiding

"|' caf UU}\yI I |9

- 3- carthoxyl i c

cid;
aci d

(ACA);
alPyl ql

T-—am_nocyc

vcine (ad y):

openLgne-s-
pr opar gyl

carbox¥||c acl
qIVC|ne (paG

d;
),

al a

ni ne ghAl a)

hnnh\/al i ne

noryal i ne

/h\/al \ hnr

(nval )+ honol ¢

| cnl anrw ne /

BUCi ne

||||||

n|ne61hA«g ;

NHaee{yI

Iy3|ne+fAeLys

1IIe);

4UId

haonopr

the qcfixity ¢f

T TTobut

= Relgehy

TTC

gt

valPnee

ﬁoqgtioas{lpﬁé)é]éigse of A. niger (SE

aCl

Addi tj onal

w%%r)%oo F%

+++he:nszz)eaob(we (Lh»S@H IOObMGO@/Xy{BFQ#H+n£IS(OWD()O%Bﬂ
(0]
ﬁé" P %’E

dranr mon
cystelne

non- enc

Jtyric acid

(hCys);

am no aci ds

SdBd‘
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descri bed herein may conprise wl|
in the art (see,
wa@pinoosses ds provi ded i n Fasman,

Handbook of Bi ochem stry and Ml ecul ar

t hose of skill

e.g.

be apparent to
t he vari ous
1989, CRC Pr ap€T/081009/048255
Bi ol ogy,

CRC

Press, Boca Raton, FL, at pp. 3-70 and the references

cited therein_all of which are incorporated by

r ef er enceNumbees® ami no acids|may be in either the L-

or D-copfi @hamdes on] [ 0290] Thgse of skill in the art

wi | | recodrelaziee tohat t he nonoami ne oxidases i scl osed

I N Iy Aahiger coppri se.am ng aci q resi dues

SE@?ES“ SEdeDak@i2n | p éf%ésnng gr oupd hbn I {niting

avgnhl els n'F SUCh n'nf actad amlnn an1 Ac \Ah| '\h in th| [
NOZRwih fraresiig coryeries ohrampstint e rcamBrypd Pncl ufie

" EpHOLAERIA0 O] OPS0bl SER MAARIEN! heses) . put are ot

Cys(nltropyridlnesulfenyl)

xant hyl ), Asn(N-d-xant hy] ),

Hi

Table I-’ir gcs[t BsYeauqnes@nd ﬁ@l@rﬁsmr}_(gl;g(z%%lg)ty h@g?‘(e@}%te‘?{%]&/
Convel 3 TBYHpdurAng) 3 Yomboibanay! ) .

acids that are conformationally constrained that the

€] u(d benzylester)

s(benz

7speef-Fprt e

[ 0291] Non-encoded am no

nonoam
i ncl ude
(L-conf
3) - ene-
SEQ &P DX y| |
I-anino

”eg%?b%{?‘&e S

IRe bé’{b)

[ s

descri bed T
pt limted t
1- am nocycl
aci d; pi pq
)nopcﬁﬂﬁyﬁe

p- 3- carboxyl

~
L

erein may com
o, N-nethyl a
opent-(2 or
bcol i ¢ aci d;
hPr 0)% eahd
ic acid. [029]

ail

gﬂ%crlb

ICnto th

ed ab Ve th

nat ||r nl | Vi

2 vaerus my

pdi fications i

aniengi

neeredsnnno

QCCUrri ng{
M ne+oxi dag

ol ypept Lde to
e can+pe tar ge

S MUl I I

Brtodi n

property
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The degene

acy of the

genetic

code,

where the sane am no aci ds are encoded

by alternative or synonynous codons allows an
[0283]exﬁ Joatteihpolide e abiioghin® bxifase beihe disdbsige domphies amalRino acid

o oot G G9ES el TBEOUSS IBRGED 0, 09,9858 o, o,

97%., 98%, or 99% identical as compared a reference sequence comprising the sequence of SEQ ID

NO:2 with the proviso that the polypeptide comprises an amino acid sequence in which the amino

acid residue corresponding to residue position 289 is a valine, the amino acid residue corresponding to

residue position 348 is glutamine, the amino acid residue corresponding to residue position 382 is

leucine, and the amino acid corresponding to residue 465 is glycine. In some embodiments, these
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particul ar am no acid sequence, those skilled in the
art could nmake any nunber of different nucleic acids
who18i00§3L8 nodi fyi ng the sequence of one or nOPET/TAWONGL8255

in a way which does not change the am no acid sequence
of the protein. In this regard, the present disclosure
specifically contenpl ates each and every possib

monoapKpG s cait hqys PRI B Pdastionyl thesumin el %&f@cebgf SEQ ID

NO: 12eTRGhbIMLaGOIRLNAL LN RARRs, ABctidS, ROFRERLR. TRHQDstitutions can
choi ces, and all such variations are to be considered

be norw@aqwaiﬂaswbwveﬁ%lmcessea/awrsulaﬁwﬂﬁw Jiresonbanatien f tpgsangervative

and con§dr@itife subSfthtddi.Ng the amino acid sequences presented
in Tables 2 and 3. [0295] In sone enbodinents, the

[02841P B 6MECh DGR, %Qﬁ@ﬁ)hrﬁﬁ@ oﬁdzﬁél 6{‘ tﬁ@ﬁﬂs@i@su&%ﬂ@ﬂ&@ an amino acid
enCOd|n%>a nmonoam ne oxi

e L HAON 1o 3076 SN b B0 . g 85 SetlerdE%. 96%.

97%, 9Lt DI ideARAVEs cORYared a RS QYUERE SonhpIRAL kie)equdRRWE SEQ ID
90% or nore sequence identity, about 95% or nore

NO:2 with the wevisp dshthe PYlyPRESRIONPESE 3R 2o dCcid Seflyepfedn which the amino

acid rdsRBOEIrieYpon@RO W re ST P0pRLiti SDISO iSLEHKBA IR dnHRdcid Msid@RMEsponding to
98% or nore sequence identity, or 99% or nore sequence

residug pRsfon£9® F@I%mn%ﬁhetaﬁenq %f@?%%é’éﬁ@sp?f@&géﬂ I5¥dHOREtgR 305 is

tryptofhah A8 theABHES dcRRArrBB b R1ikk: to kRidBOIBS i€ 8RGHE MBNbSe erthbfiments, these
pol ynucl eoti des encode an egglneere nonoam ne oxi dase

monoAGLPNIdesGigahhave AR Mt prodifigriiantia thearmieg il serwsheeSESERLBD
NO: 1]NCr hCAmO(ﬁﬁcaal&lS cdincihdo subQitutibBs, d&BrionQrand $hserti®R9 Ghe ddbstitutions can

vari ous enbodi nents, the codons are preferably
be nonsgegsyadye $UBs i Hont.1fENFBAY e BT IIANSAA, CgmbHtIR Ser-fonsgrvarive

and cASINEvPELBsUGRR[s. For exanpl e, preferred codons used in
bacteria are used to express the gene in bacteria;

[0285]|Or Bf Bhk eﬁb&ﬁﬁengs alﬁﬁ)ﬁganhlﬂe M@@asé oﬁn@dlmdrefc@l&p@%pmﬁﬁm@ Reid
east and E ferred codon

scauensg i ot ek RuLE oRolont ahich A i Lo B gy G 976, 96%

97%, BRRARPHR, 1deﬁtﬂ:ap@|cMﬁidﬁl:&@iefdﬂ@lc@ieq%@ tdahpNGIng IheRBgueRR&M SEQ ID
codon optim zed for expres5|on in E. coli, but

NO:2 with e prayiso St e ely PaRadcompFisgs|a) 2Bine 3Fidis ey cHis A R Rich the amino

acid ré@?@h@&ﬁﬁs@ﬁldlﬁ@ ﬂﬁ’éﬁdde'aﬂﬁosﬁioﬁ 89 is JilZRé heill MhEREIHR darrespondlng to
nbodi nents, all gons need not. be repl aced t
resﬂua%%% s yliner{Be amine Acid Eaigue rrermadingiogasidus @O%&qn&éé & @ glutamine,

the anSA0HRI rbdidicRBLrésp@ dirBR6I HERGEpIMtioh 36DRMK HiSFhaR) Rl Gera@fino acid
codons and because use of preferred codons may not be

residug i iFPROBENE éresiiye PN O %ly?l’é% iTH e creodsyvethiseynonoamine

oxidaseO&aMa@nk 81 A6@ nAlNcRitek @othé 8e%o 808 adu&i@e bISEQMNRAN A E€The
oxldases na% contain greferred codons_at about 40@%
n npe non-

modifi gg%ns %e@%c d}blbsgbl%ns ﬁ]logsafug, Ingepf1ans. 9"51% sBlFsu&]élal&,f:a

conseR@Se kiR At s, doRgerfadl ¢ subSigoRs, 68 tdbihdigh 0Nmon[BRRBhtivdlnd
sone enhodi ments, the polynucleotldes encodi ng the

Cm““%ﬁﬁwﬁgeP@Hmﬁnnoan1ne oxi dases are selected fron1SEQ | D
9. 11, 13, 15, 17, 19, . or In so
[0286], an*&WFrEP?P%dlm‘f‘H% 2 OROAHRIES Sutageidhedise earﬁﬁsmeﬂsaf an amino acid

sequerdy Bfat © IaZlbﬂQaHd)ﬁdS‘lSPA), RE@N$ K6, 384, RYSV0YS; O1vd] I2POQRSYe! PR 95%, 96%,
7%, 8%, 9(%%) ?d%%tlcafas compared a reference sequence comprising the sequence of SEQ ID
NO:2 with the proviso that the polypeptide comprises an amino acid sequence in which the amino
acid residue corresponding to residue position 99 is glutamic acid, the residue corresponding to
position 135 is glutamine, the residue corresponding to residue 289 is valine, the amino acid residue

corresponding to residue position 348 is a glutamine, the amino acid residue corresponding to residue
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conprising SEQ 1D NO 5 or 31, where the

pol ynucl eoti de capabl e of hybridi zi ng under highly
wa@eoogsseg conditi ons encode a functional nDNORBMT/NE2009/048255

oxi dase. [0299] In other enbodi ments, the

pol ynucl eoti des conprise pol ynucl eotides that encode

t he nonoam ne oxi dases descri bed herein but have about

positiogGge Srtryipphans e ERng grihiepidye cogppardiBsyresidugppsition 465 is

glycm§ CRUBRE EmbElBALtd YhescARUSEmM PO ¥R Qhsc IO BaREAE SP6re mod1ﬁcat1ons to the
identity, about 95% or nore sequence_ identity, about

aminoggigsesicins 06 SEQ MR 43 Bhsrnedifications coni lyde we?téut@@a Jelsdqns, and
insertibfd€Mhé §0bs@htidnd BartBéGloBRbsE® ativ@\Bbstifuflo, §faEVANE Qubstitutions, or a
pol ynucl eoti de encodi ng an englneered nonoamni ne
combla%aoa A5RON-QORSCEFHE WHISORFHRECSUDIAEORef er ence
ynucleotlde IS selected fron1 ynucl eoti de
1028713 e{w@ﬁl@ SubpENFES @ MOBERIH)C Tty tﬁ@ chosurp corgprispy an apmino acid

sequer;ké thafllz at 168t afdlt $9,, sEQ3O0), s4m, g@/glg@t%edm@m UQ%G@M ,08%, 96%,
codi ng.an_inproved nonoam ne oxi dase nmy
o7%, %(mobﬁ? atdeariGahasgoppgrpdt Vf%@cwge%coglﬁwma éhefsequence of SEQ ID
NO:2 f¥R Eh%%%dv% 110k tht BBy RPN PRI -an ¥RHoRBALJuete & whibBthe amino
i sol ated pol ynucl eotide prior to_ its insertion into a

acid re5idpg Weﬁmydlaet%é%qlwe%mb% ip glupmicacld. tepoilr pyreoreneing to

posm(ﬁleQS RSHhtinY, fkd @ilduezbﬁesﬁj&ﬁﬁﬁg' 16 P63t Fn R4 NOEprYd 4o, the residue
ynucl eotides and nucleic acid sequences utiljzing.

comsm%@e%? esidee 190 YAPH dgeminaacigaeyidyesainpsppiling e regidpe position 348

is a glGBkh B8 NELanhifio &ﬁ@l‘éhl@l‘i‘edcok@spgm RBYKsifdn Bl is vafifO Ihe amino acid residue
Mol ecul ar, Cl onj ng: A Laboratorgtwhnual 3rd Ed., Cold

corresggpling do ﬁé}éwsuab 8754 BYRfomyap.2ad thy gppine seidaeridupeerfespyiasg to

residué Bosmhagyls%ﬂycﬁﬂe Oli0@he cAYSHRBLts, these BBhoamidc@R1ABPLR:- have one or
Associ at es, updates to 2008V£0301 For _bacteri al

more 1C st the dse I fications can include
eiticatipns)te ! sfl{zililrt%& el 8EQ P OO dr Ebt e

substiftfi RSB, MY iRfertfol® THGLIRtRitia cn BOMLdoHERR RS subdiRutions,
present di scl osure,  include the pronot ers obt ai ned

conscrv gyl tupionsej| i combinatinger BRn-CagpGrsh e AYLLQBSEFEY S Whtigsions
gﬁrase ene (dagA), Bacillus subtilis |evansucrase
[0288]g ES lmeﬁér@i“ FPRFS i RINaAM g Pﬁfl%gesa‘loﬁ}li’gseéﬁ? pase a&é Agluence

that is (aﬂeaéhaboua@% 1369453 B, 8890896 rawpp b | mk%p@@m%%a%% 3;5'% 98%,
9 Baci | | us any Iollqggfa0|ens al pha- a

or 99°g@ﬁ’é“"f‘]afﬁmaml@a9€idl RN CHERP RGN SERIRI NG 14, M&% devnlé 18,

20, or é@e@ Bted BaAGHIL] 2gndSU RhékinShodpAvadBloxdhhePR MBS, anfktacid sequence
prokaryotic beta-I| act anmas e (Vill]a-. Kamaroff e%

includ any Pyt ropecfefimiacay ugﬁﬁutweﬂom%ma@?wee?@i}n gamino acid

sequeﬁ@ed (Lf Tablet Nend ﬁCIn m@mﬁtﬁ)ﬁuﬁe@e Baek nfhodhine &9&3e cdi@es additionally

Nat | Acad. ScL 1-25 Furt her. pronpters are
from aaglgclr% Bédl 1-5 ds%flu] I&F bt9€ - Of } 8%@@8%‘[ pthpframimo ac1d residues.

The mbﬁﬁ&r@ rchlacorﬂ[ﬁlsegﬁke@tﬁﬁnb fdefetiOM¥EEH sGMitutid RSO codbRatldts bicoBNE some
Sanbrook et al, supra. [0302] For f.il.anmentous

n
emb@laﬁ@%Fheﬁsetwreém}l@fwewefb%eéowlaﬁtb\teé?@ﬂfuwmd. recti ng

the tr nscr| n of the nucleic acid constructs of
0289]t fs Wil %@mec V&}wlﬂi‘ (f #He Iﬂt?d’é?IYBFFBWB%‘EF@bB(M%?IﬂéT& nptigyicted

to the ERti@BNEFofl@ amino acids. In addition to the genetically encoded amino acids, the
polypeptides described herein may comprise, either in whole or in part, naturally-occurring and/or
synthetic non-encoded amino acids. Certain commonly encountered non-encoded amino acids which
the monoamine oxidases described herein may comprise include, but are not limited to: the D-
stereomers of the genetically-encoded amino acids; 2,3-diaminopropionic acid (Dpr);

o-aminoisobutyric acid (Aib); e-aminohexanoic acid (Aha); 6-aminovaleric acid (Ava); N-
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Aspergillus oryzae TAKA anyl ase, Rhi zonmucor m ehe
aspartic proteinase, Aspergillus niger neutra

w@bphaessey/ | ase, Aspergillus niger acid stabl e PCT/US2009/048255
al pha-anyl ase, Aspergillus niger or Aspergillus
awanori gl ucoanyl ase (gl aA), Rhizonucor n1ehe| l'i pase,
Aspergillus oryzae al kal i ne pr ot ease, Il us

methytﬁlwlﬁ@r pargopise (Wefolx Sh3trs omuBing f Qs clmdpng K@F)I; {-bpgylalanine (Bua); t-
butylchﬁIlH Bns; ReRIHMASEe (Mﬂfg) éﬂi&gfﬁog}}?lﬁﬂeQPE{@P@Elléﬁéxylalanlne (Cha);

Ti k t
norteurag NIgE nphEwBLAEIne (S Th iShIoEPPB IS AR B SBCaopT e (Mo
4- chlo%ﬁﬁﬁrlaﬁéﬂfne@ﬁﬂﬁ b SHubto Pﬁengllagiﬁﬁle (@ﬁf} 8 AuoRdp RAGAIME @ﬁﬁ) and

| us or¥zae ri ose phosphate isonerase)

4- ﬂuowag glantnrs (O at-Bepmonkrary Ripping PRk éﬁaé%?r%lelml?é%n@@f(Mbﬂ 4-
bromo%%gﬁ]aning (b)Y Q%?etthym%ﬁylalé%ﬁfef@lmfp B oAty E S nydARhiRe M G-

enes for Sacch aron?éces cerevi si ae enol ase

methykpl‘iﬂtﬁ?ql*)“me@%@@h%mﬁgﬁ@égl wpendr dwitpaheelabring §dab: 4-
mtropﬁe@ﬁilaia)lme aaec E‘@ffﬁ@%ﬁﬁalﬁﬁﬁ@w&)‘ @%yﬁbﬁ{%ﬁﬁblamne (Mcf); 4-

dro enase/ cerald S hat e

cyanoal@ﬁyalﬁ@gf‘e@a@é rne&wphenah&nsaé@ﬁ)a diosamcthyiphgnidsladne
(MtD); 3-RAKS HRQE YRR fl@lﬁﬁné(dm&eamlgﬂﬂ@ﬁylﬂéﬁféwafP r4qgwpﬁér§11aﬁaﬁﬂne (Pif);

yeast host cells are descri b Romanos et a

4- aml%&ylpéem%anmﬁar{lf@é’@‘mhcmh@p@@ﬁl@ Bine g&tﬁ@eﬁé@wwpaw@'lamne
(Mpcpr @dlﬁﬁﬁr&[ﬁl@ﬁﬁalﬁrﬁmfﬂ Qt4j &iﬂudr@ﬂh%ﬂzﬁﬁrﬁ’ﬁe @\@ﬁ’f‘ﬂ)eﬂy@rﬁﬂ PAalanine

uence rec nize host cel totermn
(2PA1%)r1@ﬁ1§c3rﬁr1 Heninr(OrArgs pwé(a/ fivivdanie (@éﬁ%}e Aephth- kymfémabwla) naphth-2-
ylalanink mqia)ttﬁlahhﬁaﬁmh@ @Jﬂh)nb’e%z@tfneﬁﬁﬁalﬁﬁ’é:(lbﬁla? tﬁ@ﬁﬂhlﬁ%@%@e

enco t erm nat or whi

Ry la e B HAHBS {7621 R T BB/ B T (57
pentaﬂuh%p%&ﬁﬁ%w HpClpSRAahBE @AMY; a[l&mJHIIFGQBAﬁT 3MPdighenylalanine

ranscrl tI on termnators anment ous
(Dfa); f3 %ﬂ s ﬁ BENpig a@éﬁA@Bé PeBeidiAas (Fepb hiHtchedepispginoline-3-

carbo;&'ﬁp adid {F[l'l(l,‘) Ug- 29ﬁ1¥1¥ﬂa{5}‘an3_n%|@h1 Wéﬂﬁ&ﬁme s’ﬁ‘?f@ﬁﬁé]('l\ksloy N (Q) Bifibarginine

| ucoanyl ase, pergi 'l us nidulans anthran

(nArg)s VomelzEses (hhwmhgmhpweﬁiy@épnyéqlm (gmblﬁé»sqhqwb@sen@ﬂmsﬂ)
phospl’fd’ﬂl?r@(gﬂlﬁé%%y %Qﬁll')éépa&lé y&@(hﬁsﬂ)l K(ﬁn(%q@%ﬁaa%ﬁl hb%oﬁgmmocyclopent (2

enplary térmnators for yeast host ceIIs can

or 3)- e@bﬂapﬁb@eyhﬁ peih nippsoligeargisls PAY pzesdweﬁwﬂ@nyﬁdwméé@@ﬂ ér ae
ammo@ﬂ:@p@rft@ne 3&9&%915%& %ﬁll@?(fll?ev(laéiﬁ %r(ﬁﬁé%?ﬁgw’cﬁlggp g%l&)q(gl&alamne

Sacchar onyces cer €vi Si aegl ycera

(hAla) mfwwh arveDakenydeustie hdse), hangraring ¥ pl homtsﬁhewaltedhge)f or
homoa)f%ﬁﬁE (ﬂA%?)t N%Etgﬁlesﬁﬁeeﬁrqg%c)‘ ) pgﬁm%bm D%E Q 3 (hamlnobutyric

supra he” cont r ol sequence

acid (I3ap) tl\éme@ylvelméMey eneeysteanehpsy; &ﬁ@pﬁﬂe@(hﬁe@ﬂwﬁromrdme
(Hyp) gfg:ll\ll%rﬁ#ﬂ;hné ?hPhﬂp Qlikiaal QL en(:&ﬁﬁ %Jn?rto'agﬂ’ds Mt th@ﬁomﬁﬁltme oxidases

' | eader sequence 1s operably |inked to
descrilgd hersirmay empfise Wil ba apnagsngtodledsel ok Lia theartd rreois. ntge vam@us amino
acids ﬁQvﬂé%ﬁHFésﬂ{%n ARY drRapEL;SERHERGR o Bﬁ)khénﬁstry%g AR Bar BRlogy,

host cell of choice may be used. Exenplary |eaders
CRC Hr@ﬁs Bqch Raentfdu 8t moubrg@ndibetefeaeicgssita derging all eferchidhragpincorporated

by ety BRePES o ARRERIbL Litdngrie: DAnamHAse and

Aspergil lus nidulans triose
[0290] Those of skill in the art will recognize that the monoamine oxidases disclosed herein may also

comprise amino acids or residues bearing side chain protecting groups. Non-limiting examples of
such protected amino acids, which in this case belong to the aromatic category, include (protecting

groups listed in parentheses), but are not limited to: Arg(tos), Cys(methylbenzyl), Cys
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phosphat e i sonerase. Suitable | eaders for yeast host

cells are obtained fromthe genes for Saccharonyces
wa@eriewisseae enol ase (ENO- 1), Saccharonmyces cerRUI/EBR69/048255

3- phosphogl ycer at e ki nase, Saccharomyces cerevisi ae

al pha-factor, and Saccharomyces cerevisiae al coho

dehydrogenase/ | ycer al dehyde- 3 - phosphat e
(mtronyeﬁl}a@ﬁukf@féfﬁa@bl(% W¢Wﬁln(an@®©7$snmé xeothy b.dlisbeml Birglenzy]),

Hls(togsall’ysgflm%g) Q?s(f%s)p g’ér%?gﬁﬂylgafth'r b QﬁH}f}y bagHyence

[T nked t n1nus of t e nucleic acid

[0291]tS KQH %H&%e@ﬂﬁtn%1&hhat %%Bn%ﬁ%%ﬁll‘y@%trah@d ﬁlﬁqggtﬂblﬁgglnm()mdases

he host cell as a signal to add pol yadenosi ne

describeddierginenan C@HWPW@C&NGM afﬁRMlmlmdyo Pomgthrlempnaacidon
(L- corﬁi%glléﬁ&ﬁ g Mﬁlgalcioﬁeﬂ‘t '(‘?&%') gﬂ@h cérBoM@ a(n@%ﬁpeg(ﬁic I'?Clgf azetidine-3-

di scl osed
carbOHk@ mqu éilplywlpr@hl}ﬁa(h%rﬁ» Iaaft 1 emmﬁ@c@u@mf@@ 3 esebokylicaasisint ous
fungal host cells can be fromthe genes for ,
[0292]adys épsgandlﬁbowbez@éw ifigeypagderodpesd dipte fhengigraffy gegurring
polypéi})ltll':l'é:tg %@/elraﬁ@ﬁi et@%@&&gllnlnllddﬁlﬂyoq}dlaﬁ%n B RAtd Ap€eific property of
thase, Fusarium oxysporumtrypsin-like protease,
ﬂwen@ﬁ@ Aspergil lus ni ger al pha-glucosi dase. Usef ul
pol yadenyl ati on sequences for yeast host cells are
dédcr i Belnysleotiyles EapflingHameipgeied %ffgwmnwb@m@?a Bi o
15:5983-5990. [0308] . The control sequence nay so be
[0293] Insgnghgy ase%tﬂileoréese@diﬂ%ﬁ@w%@%ﬁe% m&tnu%}aa@gs %9011%11%1%%%01
monoﬁﬁh@ox&ﬁﬁé&@l&@%séd‘ ket 1he pbiRucBliMA nta®bEbLMSIVER IBked to one or more
ypeptide and directs the encoded pol ypeptide into

hetemf @Sé@%ﬂﬂat@y 80BPSe I3t CpRfToh B SXPIRRSIOR 10 IR HFCemRIngghdi ng

polyn&%ﬂ&r&ﬁab%f oﬁetaﬁegahhg iR folypEitde SELHERIER c&ﬁt‘x‘udtsruaﬁtraﬁlﬂfgl ay
tain a signal peptide coding region natural

hetemlqgmé@elywlﬁop hecadingthe FrERACITY TFORGATEINGP GRS ¢8 bs @gwévﬂed into
appm@fatetﬂa@t ceRAb BEhrésS HeRBrrésPaidiNEaRaEInk LSS ?519,% Hflde.
pol ypeptide. Alternatively, the 5 end o e coding

[0294]5 BYLRBECS B0 & RAEAI e 081 Qadres P&t dS the Qliug ath Y |a§lﬂs
that is foreign to the codlng sequence., The forei

availalyfily,0f p PERESH $eIEENEORIPYHEeS el esiRtipRSS 28 éherpé?&i‘}}l‘il%oéld%? let He
encodi‘fag’ die@%]&ﬁ‘l@l&l’lfe@eﬂé&@ﬁ oA gdndlidioad, WheRaRd @ind aﬁm%lagﬁéﬂlre encoded
eptide coding region. [0309] Alternatively

by altquaﬁn&: HrivagnyRars cﬁg?ﬁs aH%w%@Cﬁngn?lé %;ﬁluﬁxg?r aof Inﬂﬁ?lg/ a01ds to be made,
all of WPk @REdd the€inipasvidd BlonSanGadxidaedisc i e CIRMIN OTHUE Jia®iRg identified a
order to. enhance secggﬁlon of the pol ypepti de.

partlcl}lg\ﬂg\lllé)ramdéﬁgpegqeg%qe skidlgd inghe %(aﬁuwdnq.ké @PWFP%¥ ethfferent nucleic

acids w sﬁrﬁlgp &oaﬂﬁngﬁh@ kRusRd op&ley)p ﬁll@fe' d@orls M Owh@hiSILEdee h@trcuange the
of _a host cel |l hoi ce may be used. in th

ammor?él@ﬁ%lgma io§ the Beoddn- nia s Wgarﬁdémfse@f ICop TG aPesifigl) contemplates

cach aR@PletytiRs G018 kv gtib L 8 PIRSud 1t dBaBitRbuldbe ﬁ@@dby@eﬂe&t&g%ﬁbmmm
[ epti de codi hg regions obtained. fr

t he signal
based @%ﬁl@gowﬁ B qhmffgs Ri ol spatgvesiations g e b sy rhwes Pacincally
disclof3a Gérlahy AV RpH @ hRIIEPREdit $ncBldpahAmih@sed se@@fabés'pké%ented in
eniforms subtilisin, Bacillus licheniforms

Tableso?e*i“glactanase BaC|IIus stearothernophilus neutra
pr ot ease énprT and Bacjllus subtili

[0295] In some embodiments, the 1P lynucle tlde comprises a nucleotide sequence encodlng a
monoamine oxidase with an amino acid sequence that has at least about 80% or more sequence
identity, about 85% or more sequence identity, about 90% or more sequence identity, about 95% or

more sequence identity, about 96% or more sequence identity, about 97% or more sequence identity,

about 98% or more sequence identity, or 99% or more sequence identity to any of the reference

62



prsA. Further signal peptides are described by Sinonen
and Pal va, 1993, Mcrobiol Rev 57: 109-137. [0311]
wEbdleoossee si gnal peptide coding regions for PCT/US2009/048255
filamentous fungal host cells can be the signa
pepti de codi ng regions obtained fromthe genes for
Aspergillus oryzae TAKA anyl ase, Aspergillus niger
engmqq@ggrfogpanaﬁqjq);a@aée dgggrﬂ@fl @i:rpqnu &n Wrngéf—nb@(ﬂl{ljlélaﬁﬁ% @b@ucleotldes encode
an engftbe@ HEImifH &itRbe (ﬁ)%fﬂﬁﬁlh%'% Phiad 8lid@gBoncE M £@m SEQ ID NO: 4,
I nsol ens cel | ul ase, and Hum col a | anugi nosa | i pase.
8, “)E@312¥3U%89d¥3@|gnal peptides for yeast host cells can
om the genes for Saccharonyces cerevisiae
[0296]aﬂrbf?élof‘%?ﬁll9¢mé?ﬁ@ the eQdnay Brie b ng/éﬁléw%wa% therhggcplhigvhich the
prote11QS &g gﬁ)ﬁlfldéh Bb: QR IH ORI A cERAL ﬁ@d FEGH-RAS ardufed to express the
descri bed by Romanos et al 199 supra., [0313] The
gene ip Beferig) Preferienedens gyl inyeast asgusgd fﬂraﬁ%ﬁﬂoa & ¥egtl; qig preferred codons

used ik B8hAALs bRAke CRASHrEAbn AMaAFhdlian &tk dB$ Qe 6NKEmple, the
positioned at the am no termnus of a polyshgtlde The

polynq@&‘@tﬂiet AREQIB NPelhas Beenicedqarngiiiizad fos cpreseind Yinfe ol but otherwise

encodRtAPRYABRICE B AbnAmINIREBR Jf A RPNRLGASLS) . A
propol ypeptide 1s generally inactive and can be

[0297C DMLt T @Fhbb AmentERl b @nafdcl Vit RAEMREPLI HEmY ticdbddilshge of the
or autocatalytlc cl eavage of the propeptide fromthe

monoasiphBYIdAETIRGC AR natd SEIuEe Bl SRENEBEPTRETTFEEd8RS dRayeqgRse use of

preferRBt&donetlaf B Ifeﬂﬁlregﬁﬁleeﬁl dnfifio Bardedilines. @bﬂ%t:?deht%z @dd‘éﬁ bbtﬁﬁlzed
pr ot ease (aprE Bacillus subtilis neutra rote

polymtcllﬁgpdlef enag4qg ngnaﬂﬂg%]ge xfases Ig?ya(é)n‘g}nm{%‘fey (Pns at about 40%, 50%,

60%, TR%, BOMUEQrcaftr BRARD0BDPIdoh Bostioat 6f AR, ler%ﬂﬂ:odm region.
Nycellophthora t hernophila | actase (WO 5/338%

[0298] B3dbd]e Mbedigichotthe [ﬁil}@lﬁabotﬂ@@énb&ﬁn@ﬁéj e@ﬁ&aewmoﬂ@mlne oxidases are
i ons are rese am no_ term nus
selecteﬁld-?

RN F%I plrlob%a?a Hel% 8biorn ﬁ(gnf‘p%%wn&ﬁ@dthﬁext
polyndc%ofl(lﬂsﬁ a@malsumet@hmrmmngafnda mghllwle@ehtdﬁncafkdls ttdwpcﬁyl@lelabnde
epti de re ion is @gSltloned next t

compiEREALD NP ‘3 e’ I py Bpebe pelknyelegiidsfary g*ybfr 12%@}101511 highly
stringdd€cdh@Bibfitddk &lctaGuidtithal 8@hdali okideguences, which al | ow
the regul ation of the expression of the polypeptide

[0299] @&l &hdré@mbbdimbhite t]@rm%hc1&ftidé§t@mlpa§etpo@@h&leotﬁxmleﬁ@defhe

mono ! e%? (lggéag%%ie%%{lg%dﬁlg}seg%% h%vgoag(gut ??2 al%%%%&ﬁ%%flfienltlﬁl about 85% or

more de R Idéntityg alibu]? depbCdbre 9fquplty sdeﬁaﬂy Hbutmadirs ,mdlid’lt&hlwﬂbd’\@entlty,
resence ol a re 0 oun In ro otlc

about %@gf”p@%‘ielsgque%ﬁi idegtiye 1%88“& "ber %?q ?ﬂf]é‘/satl 1}?61“??8 ide t'ﬁé(el toa

referethoa@)olyﬁtﬂﬂe,otlaemﬂlcé(ﬁlﬁg DRAgiatdEd BYBhAINS ox1k1£1;eyﬁass>tne R@Sbdiments, the

referelézﬁ Qﬂleﬂué: eotléeﬁg lseiﬁtﬁrﬁg ul at gﬂ;ﬁvu %,tg‘%gl%glipgg rlglp'lﬁeselnﬁgiy SEQ ID NO: 3,7,

9,11, 13, lanentnys3s. ungi , SU|tabIe regul at ory sequences
i ncl ude the TAKA al pha-anyl ase pronoter, Aspergillus

[03001N LA@&iol@éd%Q&lﬁMé(ﬂﬁe RO IAD hnaﬁnpr@raai mASReTigH dxlidase Iﬁﬁ}ylieaﬁampulated in
aseggﬁonnten 16 O her

.alu
a variqty, NG IETRES g e G ERPIBS o e egted

polym&lﬂahcﬂef prﬁ)atol iBlinsettion into a Vector may be desirable or necessary depending on the
expression vector. The techniques for modifying polynucleotides and nucleic acid sequences utilizing
recombinant DNA methods are well known in the art. Guidance is provided in Sambrook ef al., 2001,
Molecular Cloning: A Laboratory Manual, 3* Ed., Cold Spring Harbor Laboratory Press; and
Current Protocols in Molecular Biology, Ausubel. F. ed., Greene Pub. Associates, 1998, updates to
2006.
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eukaryotic systens, these include the dihydrofol ate

reduct ase gene, which is anplified in the presence of

woreilhoossexat e, and the netal |l ot hi onei n genes, MII/UR2089/@48255
anplified wth heavy netals. In thesecases, the

nucleic aci d sequence encodi ng the nonoam ne oxi dase

of present discl osure woul d be operably |inked
10301W9lrba€ﬁ@al ey el BitgbIs RIquetsedor iogting ramigtion o themyelkisacid
constrEAPFIRIBREnt LR sRE, 8RER 1l BEhASY bBraing] Bbrd @he@' ESELEht A,

a reconbi nant expression vector conprising a
Streplgsiicgrigelioby pgaass ﬁ@l@dﬁ%@)aﬁfwhfgf%@? levpnpisiroagang ésacB), Bacillus
lichen9o% &3 shaQlny s @k Afkty1 b Nk 20§ sze@meﬁﬁghz% ARERnic amylas genc

ression regul ating regi ons such as a pronoter and
(amyl\{[)engﬁzlllfﬁtagzyloh%efc@ﬁm Q:lgl}araéqy lase BYic rﬁame)CBaczlzzé lgéfmj q{@zsdﬁmcllhnase
gene (bd®), %Qﬁusosfubm%% hﬂ'ﬂtx@IB/\QEn&h aﬁcﬂﬁbfka@oﬁc b&aPRtamase gene (Villa-

I nt roduced. The various nucleic acid and contro

Kamapffiiehd88. é’éyc?f@fbféwda%\lé?flﬂéy%’é 3781 )n@d’*’@c“c?@ deggpremoter

(DeBdef QQIW CO3R FE6LARPANT NP 8591 98). ¥EMP prodiefhhrd®Ycribed in
i ncl Ude one or nore convenient restriction sites to

“Usefi|praseins fm rengrahipang brctsyia simpsier dfiseAmesticet. 19%e 2hied-&: gnd in
Sambid6lt & s2e@peNCce encoding the pol ypeptide at such sites.
Al'ternatively, the nucleic acid sequence of the

unompﬁ&ﬂﬁ&hmﬁ&ﬁ%h%&HBQc@ﬁ¥mﬁﬁb@éﬂﬁﬁﬁ§§@r&%mhﬂ?@éﬁ&ﬂ@mﬁﬁﬁofﬂm
nucl ei c acid sequence or a nucleic acid construct

nucleig g FeT e of M P§f‘é?;flli SRelesningudiPrappiFs shraed Ty degrne der

Asperﬁﬂzﬁr Rk PAK Al dnytds€ FiDBudoR 8%l 6d RO MBL! KpergtiN niger neutral
codi ng sequence is_|ocated in the vector so that the

alpha- %IBHPSﬁgA%é@d@ﬁ Bigei @1%5&@}%}19 amy Rk  SRAT $ fustrpger or Aspergzllus awamori

glucoRPME O AT BnisAL §r0hie/R IS8 CRSer§iDhs SYE Qlﬁﬁin@ Brotda®l A ergilius
The reconbi nant expression vector ng% any vector

oryzaq tosg Phosphaip isemergscof spgigii(is yridulgki wRtapifisg éndc%ﬁwm eunKum

trypsitS HRY (R6tbR6 (WO J6R0egmi HanRk aMé\NmmglqﬂMﬁ&& @AGbrT tRprdbters
about the expression of the ynucl eoti de sequence.

from thegenesfgy dwerst/iug H@ewetr%lralnn??myl@wne émeygl@@p)éwae Btsg iphesphate
isomefaSdY Al fdkahnt, tin@fedt MG hYREEREmMb ekl host cell into
which the vector is to be introduced. The vectors nay

[030310&n & ydAQA0stOise ol HSMBtefichOb Bém PHesibs 4 -Saf DB %ce}-b@’ewszae enolase
expressi on vector na be an aut ononousl y repli catin

(ENO; \}éé’gfﬁharornygs cergvz\yé%g tokppase (GMLd 4, sacghargpyces cerevzszae alcohol

dehydﬁg&ﬂaa@gw&mwab -FHtdkp Hade, dehy o de ARk [ 2/GRA PY fandbdcehlirbiByces
i ndep enden hrompsomal _replicatji on

cerevzvfﬂzea% H]ilodp 0g cgg(tg ﬁg}&ﬁ:r 9%&1&??@} pr@mgtﬁ{gr{?r yeg.tst ﬁosgcells are described by

Romafls 3t @Nnoymsanes.4mraggn artificial chronmosone. The
vect or may contain any neans for assuring

[0304]5 &“hé cd'n@fbl ée@lﬂ:hd:eﬁﬁay ANottR aRaitdbleatayiscriptiéh tvR G sERi¥nddca Rf&ence
é |ntroduced into the host cell, is
fecogl}l%ﬂd ?jf‘&f’sé g l RGN FBIHERET THC FEBINFORICAEDI§ QPHhlY linked to the

3 tenfﬁh&sfbftﬂaeluglbﬁfz ,@:m sﬁlﬁa{cs Fncoling tHMpr(be]dtlﬂe has tebﬁﬁﬁ‘lcor Whlcg is functional
nte te urt her nor.e, S ct.or or plasm or
in the pgab ool s GRS 1B fheppethody lﬂ’ﬁﬁﬁy ﬁ?’felfloget her cont a| n

DNA to be i.ntroduced iptq the
0138}, E 8% ex&‘@I?]F exsmplawttwawgs%%ﬂﬁmw%g glﬁ‘&’&mol%o@liggf h"Fh%e 15 Gan be
obtainEK P61 AR g@ﬁbs\f@(}{yp&rgm’&s ShRe grAwemywhe SLpesule nigbaiflebahylysc,

ntains on Ii nor e sel ectalu

Aspergzﬁus mdulans anthranilate synthase, Aspergillus niger alpha-glucosidase, and Fusarium

oxysporum trypsin-like protease.

[0305] Exemplary terminators for yeast host cells can be obtained from the genes for Saccharomyces

cerevisiae enolase, Saccharomyces cerevisiae cytochrome C (CYC1), and Saccharomyces cerevisiae
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mar kers, which permt easy selection of transforned

cells. A selectable marker is a gene the product of
wobkiiokogseovi des for biocide or viral resistanceCT/US2009/048255

resi stance to heavy netals, prototrophy to auxotrophs,

and the |ike. Exanples of bacterial selectable markers

are the dal genes fromBacillus subtilis or Bacillus

glycerpldelyyderppbesphade dehydipganpssr theyaich teapinpters farpepsh hest pells are

descrllge%sblysﬂoﬁﬂﬁ@s e‘?&'lch9@25 sl cillin, kanamycin,
chl oranphenlcol (Exanple 1) or tetracycllne

[0306]" €5é SInAOCBquentt habIR vARLKELR 1EQEr H§RALe, NASTraf@ltdSre@bRof an
ADE2, HISS LEU2,” LYS2, MET3, TRPl, and URA3.[0320

mRNAsthpids fapgriant fesraatlation by thediestichll. T Ipadeissaysnies is aw@%hly linked to the

5' ternhﬁ’t?stof aRlnbclbibadiy Q&lueﬂ%é' tncdllifg MRYolypdptiti€ dadydcad@TGuence that is
acetan1dase) argB (orn |t%|ne carbannyltransfera

e)
functigpg} m(dﬁﬂt%tﬁﬁ‘ ﬁ%(thﬁ]fCF g1y by psetl yF‘}f‘% 5?%%1}“ 1]ﬁ1615nt0us fungal host cells
are obfalht@ HOMMEd nBNBSBROIAR §1&%€313@A af 1842 aa 4l JeRdiBus nidulans triose

reduct ase) g'rG orotidi ne-5'-phos hate
phosplpdcishassy] e igle leaders &qs1yeast 1@5%8%%9 ifed @om gsyzenes fey
SacchoR§eek N @b REQERNN)NQR E)ar 0BT edVR)dvisAS 3%5@14@@%&& kinase,
t her eof . Enbodi ments for use in an Aspergillus cel
Sacchgrguyige eereviaaeamia Tagel. Pylies Geinascesrernger thl"hs
dehydfb'g%k@él?‘»ce@dldeﬁﬁ&ef _liokpHdg &BW@%M’%B?AEH@G@&M gene of

Streptonyces hygroscopi cus. [0321] The expression

[0307)V&&E &fn&om‘e Jeh@e 3 RMe aoBedAFkiich LHLRHES abdquerfé@ BeBdbly linked to
an el enent s% that permts integration of the vector

the 3*-feppigus ¢ dhayie 10&@@56@6@@&6% ish ?Hﬁ%ﬁ%‘zfé ip E5Pgnazsel Py phe host

cell ascafmgﬁlbneo HETE M adérdsihdRsiBs ko irEH@ DM HRNMA . Ofnyt JoB/ 18@HRABY sequence
or integration into the host cell genone, the vector

which ﬁ%@}n%t@w tisfhe b ot cle e R \SBHO TR e Bar g P Exemplary

polyadRRY I¥RAREJUER O for Al cBlobefun@ll BERAIIS 0dn Beffﬁmms g@{es foRlUspergillus
inte ratlon of the vector into the g

oryzaq HoR

aglase. direrrdnn gt BiyeRIRy e éfﬂfr%weﬁvlanf grfbrapilate synthase,

Fusaritdnt &9 spatubmBlp¥in-11B BroR% ! ﬁﬁi&sﬁ&gﬂl@ﬁﬁz?& 7 alPAY-gROEHidAkd) Useful
addi t1onal nucgleic acid _sequences for directing

polyadepylafifapquarropieT Hetoloadslisare eseitst R4 Gug And Hhegnith &995. Mol Cell Bio

15:590es00e of the host cell. The additional nucleic acid
sequences enable the vector to be integrated into the

[0308]h Qﬁ& cén@bl scgRAcBayadlsode ﬁrs%ﬁiﬂ?p%pti(ﬁ @admgmgm tHaticddBEfor an amino acid

onpso . To.inc ea eth el1 hoo
Sequefwﬁ &lslgeﬂéfe {Lg%maﬂp temips 1 & ef RPlynse |38?1 51f%¢ﬁéhq Wf%%ﬁ elypspgfle into the
cell's ®¢refdBHathwal OThdls' piicedfelicaldlie CetRt Bf @e Suldid LidRbudntdiagy

1nheregt|flye(?)g}%%1(eﬁl %gng&(?%{l@ (‘/fgl%g ff%lsogglg‘glr gl 1%1]26 qlg%ﬂg Sglzt eaémg frame with the

segmef &Ry RBinY r3QA 1@ crlkQd LR hased palFeptidoMNiGhatvddy, ficGhénd of the
honol ogous with the corres ondln%»tar t sequence to
COdmgeﬁ‘fﬂ%Eeem%‘é’nBF’cﬂfé%ﬂ I?eP GRS HEIC é PrateB by ﬁ%‘fq“tﬁfequence

The fofdigh dighaBighadd RBRL r@iRMRBILS réfieDRhAMhe SRAMERGRNE REs h
QQgous th the tar et sequence in the genone of

nmumﬂ%@“ﬁ@%?“ peptig sadigr t he |ntegrat|onal el enent s

b8 R o g niel e € acle, ST
peptidt DS 1agieitlini ofded tof dhBar@e R0 Db thé'llﬁ)lﬁﬁpﬁdec (Holwe'b:y any signal peptide
ous. reconbi nat For t ono

. hon- ho
COdmgrr@%‘P]il o Fl‘g ccts e PEETeE PO %P“fiﬁ%{oﬁ ¢ e&famﬁ’ aﬁﬁ’rtm ﬁ?sé peil of
choiceGhay' R pkddGA thc@ittidalikdlekdd herein.

[0310] Effective signal peptide coding regions for bacterial host cells are the signal peptide coding

regions obtained from the genes for Bacillus NCIB 11837 maltogenic amylase, Bacillus
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the vector to replicate autononously in the host cel
i n question. Exanples of bacterial origins of
wo epbioesses on are P15A ori (as shown in the pl aBei/dSmwno 048255
FIG 5) or the origins of replication of plasmds
pBR322, pUC19, pACYCLl77 (which plasm d has the P15A

ori), orpACYC184 perm tting replication in E. coli
Stearogiﬁ@nog@@s:gﬂ@a aglE]aseggaczlﬁzMach@e’@Vm%wbbm wegibus lgghenzformzs beta-

lactanid &, B]z&l‘?ds@%afo%@”z&ﬁtl&sq{euﬂrﬂ pRAGLs (MR T, @@ﬂ?&h\@smﬁﬁ?aaﬂus subtilis
ori gins of rellcatlon for use in a yeas host

cel
prsA. 5#176  Rignz P?ﬁt@F%ﬂ‘ie tstiged by Pinpasph ?@d’talvanl 99 ARG TobigREgy 57: 109-137.
conbi nation of ARSI and CEN3, and the conbi nation
103lllofEffA¢t§a sigpal pentide codingegipisdpflgneniteus fiymgal oghsehrespn Be the ignal

peptidB 8¥diRiGre@omiibtde® froMhhChn 8B L35 pbisiiBis HHDsL T A0A Bflylase, Aspergillus
tenperaturesen3|t|ve in the host cell (see, e.g

niger yepprpliagyylase dygreifbpsgggenglupoamylage. Séizonusar msﬂ»hil@seﬁlc Te/SIDAE:

HumiRF sl AL 1RRS:, 6RPONwALo /R IANEI&L tipae] d sequence of the
present di scl osure may be inserted into the host cel

[0312]t @séfﬁ@ig@ﬂﬁ&pﬁ’de@ @d#%ltedsplﬁbspcfells O I ERG (RE Q&L%ﬁ)r Sa%@haromyces
i ncrease in the copy nunber of the nucleic ac

cereviggapiiRclactergid E@C@HPW%&FVW“W{“@&?% Oty ggefyl é%fg%l Pejifide coding
region@ @didkdcAPI byGMan&f er LB 9sEQMARACE | nt ot he host cel |
genone or by |nclud|ng an anplifiable selectable

[0313)MEhK &JntrgPsRGuentd hayt A bR WGkl ftidd CbdinSREWE RREcOMREHLart ihSacid
cont ai ning anpl.ified coples of the sel ectabl e marker

sequengg H%S““ﬁ‘ﬁ%iattﬂilf‘eﬂl%ﬁ‘i/teﬁﬁa?stq SRAPPPHAT- eTredesutians PofyRapHilcds known as a
proenz@zﬁie @r §1®§Mﬁ?z§ﬁde CRNZ R g&ﬁin@@ﬁl@ Ehst)r ARYopeybétiatsigBgerilyanactive

s int resence the ap ri ate selectab
and Caa§5 Ronventey3o smvﬁwt%? p@mpt&%&wégtgvﬁwr\ﬁé@ee? ¥tig %?aV%%?@f the
propeptide FOM thEejrhtpeptideC Irﬁ@@dpdpﬁa@oﬂl@ € iHARAETc@baldeY from the genes

for Ba?z\{?gs} L{ﬁtg/é)zsmgﬁ;égg’%!tsg I(f;:p(r) é) Iszééﬁz prgeeﬂ?rghggtp'%/sg qurT) Saccharomyces
cereviShQNBraAhdb, RN-Sheb Shs aspatnc pkeddihaSc, Whal 31y 5dhb SR dr i HerihlBila

a vaggronoter and hGH pol yadenyl ation site for
lactase P ¥7%R) i n mammal i an host cells and a pBR322 origin

of replicati icillin. resistance rkers for
0314 TR E P o0 BBy i S PLaBY & BBP B TR of 3
polype\pead Heprapepride BEi@Si€ pospiontd I to khoamdnOiHaitdMof a pbllypdptiad £nd the

I ngerctal%é)ayallable from Stratagene, Ladolla. CA,
signa BFﬂi BRI HPS AN HeRT @ thiSFTRPEr RS }5‘%%’?%”@@“’&8’6‘

1031530y oS HETRES i 20 g B 1ish Dl hO BEHgaf he

expresﬁeh bsthé p&lylﬁpﬁdeaﬁﬁil‘m”to ﬁfe ghdarth afnfihe BosExdlid &S{ﬁﬁplﬁfﬂﬁ?@ﬂald’ﬂy systems
b L r as ect t he F esent discl sure rOV|des ad@ I
are t "é%iw B*HE?‘ SF’l‘Pdesé“’BB ‘%ﬁ BC TS tH%le ALY S 6 TSRO HSrgeygicat of
physlcﬁmﬂlﬁﬁlm,nﬁclﬁi{hghas pre@hcd dfe rgubsen borﬁb(ﬁﬁdl Ol prakarybiichost cells,
erative i nked to

ucl eoti de I n nor
suiab Gl Y SR e B et orgrt Rt Shsiertgo Cof,
sultablé)td:gﬁiatﬁdiy byRted énchi@s tas eﬁiniples HB&ADBIQMIﬁenﬁ o GAJBEsyIslam In ﬁlamentous
. ESSI t he nona Eg eptldes 2
fungi, B bR bt SGr SR e R A B ey Gt niger
glucoaafy@sy\plomoten @i AipardiMe oakle gidampladeydendert are not
limted
[0316] Other examples of regulatory sequences are those which allow for gene amplification. In
cukaryotic systems, these include the dihydrofolate reductase gene, which is amplified in the presence

of methotrexate, and the metallothionein genes, which are amplified with heavy metals. In these
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to, bacterial cells, such as E. coli, Lactobacillus
kefir, Lactobacillus brevis, Lactobacillus m nor,
w®Ro1e/08328/ces and Sal nonel | a typhi muri um cel | sPCT/uRpad/048255
cells, such as yeast cells (e.g., Saccharonyces
cerevisiae or Pichia pastoris (ATCC Accession No. 201
178)); insect cells such as Drosophila S2 and
cases, s HHEIBiE a¢id seopgice gnqoding Hiimpmparpigs pridase pfhgprerepialiscysge would be
operatff Haked Qih (RACLUBANE ScqiBl.@anoma cel |'s; and plant cells.

Appropriate cul ture nediuns and gromﬁh conditions for

[0317] heua o edesaboBaRnhIBS bre@e@llt hiSclg¥u ivabd dﬂ%@@&‘ﬂ) d RcdnkMnant
art. [0327] . Polynucfeotldes for expression of the

CXPIESSISR HEHAT IS RMPHTIEFSRO DRES C e PRerfligg ait er inerfedmerapnepxidase or a

varianV@EreQUsnd IR BOES  kRWRIoh ?eghfﬁﬁngﬂre%lons-rs%&hﬁ' A& Rotbriall B @8minator, a
anong others, electroporation, biolistic particle

replicayigppBg i Akitderniing o His tRs@f hesisdnte pirbtheyeredn be ingodiyegdn The

variou§ Bhcid 84 dnaaoste 6%1'{1&136:5 REGibBd ﬂio@@in@y‘f’t)e jﬁ)h‘l%dl RBethda$ bl@&'&:e a
nmet hods for introducing polynucleotides into cells

recomiynprjt cECsaigp APV hiCh mayandudeiopeer e paypRict gr3piglionaites to allow

for insEHBA B AbHithRE lof B8 hlic14iS adi &hSnbEMcadif Ot p fde af B h sites.
expressi on vector was created by operatlve y linking a

Altemofoweiynﬂ’e nedeis add equaar Alfhapreschiilnsere msh da ﬁ%%@se&%yd%@ng the
nucleit Ai@sei@cPbrastit BicREHlc o8 8Q ot thy/&lYentd teaH abfo ﬁh@e vector

| ac. pronoter under control of the |ad repressor
for exrgssioas §1 Gertip@ e S¥PTEFIOB Vet the ?P@&&Sﬁ@emfs%l OB rtheo@ctor so that

the coﬂlﬁ? bdgaalt RIp&ALly 1N d Ghih AR AHFPRBAE Antrb BRlth@R 68 9RBRion.
| scontai ni ng the subject pol ynucleotide in

[0139[ESENRE bifitthaht @)@Irdsmm‘l&%r WRY Be hisOlabed. gby pEkRides Lirikg viHk@ can be
cells to chloranpheni col sel ection. 8 Met hods o

convergHlysHbIPGiG! (EAGPHREIE DIWHHESHIH R RS Y B%l&abﬁ%félfgﬁ]xpieﬁﬁl‘m of the

polymERIBILRIQRAETBIME ShoideQf FRKGCtbNEillityfir0Y @ eﬁwmewiﬁoanbmty of the
oxi dase &ilynucleotldes and pol ypepti des of the

vectoryyithdhgfosriel @it ghich th etVﬁféorﬁafOlPFalthu@éo GRS YRGS o closed
cﬁmﬂgghgaﬂg that catal yzes the oxidation reaction is
obt ai ned (or derived) from Aspergillus niger or

[0318}°~S’B@E>@)irdss|;1bhi5ve@foy #AE be dMautMORoNDRHABIY ectof, NE., PAdcBthat exists as
ynucl epoti de seguence i s codon opti nlged to enhanc

an ext@%ﬁ?@%@@& Crtiy. R GGG 4 WSl ilsadr o @%%Pmﬁléaoqwatwn €8
a plasrhﬂsin &@hdhronAS0@#l cldnlchS b Madit@Enosbhe, ddak @ﬂﬁﬁalal chromosome The

ynuc| eoti de %uence nc the w
Ve"“’rrﬁi’ﬁ 68???%%’98?&’52‘8 FBF%S@Etrng’éat - Altpap Vef-‘lfl’ Vﬁ‘itﬁé‘i‘a-‘/\kﬁé’ne
whichCoI titkb@t@d irfté chmhoét iogg ot | dﬁsmp c@Rakafld RpSRed WReher with
the known amngét sequence of pergi.llus ni

the chwawo%?ﬁ@ dnte pihyy a%%faﬁ Syiregated, £ Fla\eoangrei %Sﬂagémem S plasmid or two

or moidataha spliuRMdAIE DERIRS Sbrddin e t0tdl3BBOB)be idthrlu@Anao tirlgenome of
%2I¥nucleotide seguen e, designated as SEQID NO 1
the hogf.cell, Opy BAPSBYOR FEY BYUFSr expression in E. coli and the

Cc t.im zed | ynuc| i de cloned into an
[0319] 3 g? %?%408?1“ Vst 8&,86 é‘le%‘ﬁ (ﬁﬁctl"tsﬁré PEKPR R SRS one prygore selectable
markempwmampmlt@xéydalsalog ehandfvdesd dehe £ edéctable frkdr ken de@€the product
pr onot er q) ad repressor
of Whlch provides for biocide or Vlral resistance, resistance to heavy metals, prototrophy to
auxotrophs, and the like. Examples of bacterial selectable markers are the dal genes from Bacillus
subtilis or Bacillus licheniformis, or markers, which confer antibiotic resistance such as ampicillin,

kanamycin, chloramphenicol (Example 1) or tetracycline resistance. Suitable markers for yeast host

cells are ADE2, HIS3, LEU2, LYS2, MET3, TRP1, and URA3.
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gene. Cl ones expressing the active nonoam ne oxi dases
in E. coli were identified and the genes sequenced to
wa@onbionsseg heir i dentity. The sequence desi gnat BAI/{SHQY/048255
ID NO 2) was the parent sequence utilized as the
starting point for nost experiments and library
construction of engi neered npnoam ne oxi dases evol ved
[0320F Selsstthemakers fyiupq ¢ angarounBned Mt eclbigsludes but apegmghmited to,

amdS a_ah@talﬁﬂgée)" QEBAE IR A AR yANhHRSRS, bﬁ%h&ﬁhlﬁ&h@l@ £dty®¥ansferase),
ubj ecting the pol ynucl edti cde encod |%g the naturally

hph (hésg:remwm RROSHRAYRRYITS). BlaPd Bidiaterglupatcagu e T yidingd)-phosphate

decarb@m&s@f od (@URb HidnOaAB-ed8nd RS @htﬁfauﬁas@gmgm s whilas cquivalents
exe ary directed evolution technique i's nutagenesis

thereof et I HHF A1 e/ e tiinabil thepmdSephy S spogaf Aspergillus

nzdulaEf&CA %@‘% lu gze%ﬁdthy% Qe K74 tor;lr)Qé5 gré@@ 9k 22625; WO
7/ 35966; 98/2 230; 00/ 42651; WO

[0321]O -’F 'hg é(%@é&l@fnaec{érs%f t1RHrescit R3I6sufd prefefdb I on@inra8 Clefdnt(s) that permits

evol ution procedures that can be used include, anon

integrggion gt e Vet adye edodselevsnone Pragtoagmoys aerptionjof thg Wt:Crﬂa in the cell

mdepéhe&@rmh@ noRB. F&NRgr@tondhto thkI3& cel nomBl B RERP By rely on the
16:258-261), nutagenic PCR (Cal dwe et al, 1994, PCR

nucle%tl%%?ﬁ%ﬁ%ﬁ}codlsg 43 EvESPld) Or 28N ath%rae@@m o thRjegigefrpigicgration of

the vedtB i8©khElendthe byliRA10d06OE nbomoEaE: rembiiafon.
93: 3525- 3529) [ 033 The cl ones obtai ned foll ow ng

[0322]MAIBBRINRS), fhe ek d[ﬁéHsﬂ'ﬁK}Ect(ﬁfrnﬁiy%&ﬁt@iﬁﬁ@(ﬁtlérﬁfmﬁﬁtw ARBEQ[nces for
nmonoam ne oxi dase havin desired inproved en

dlrectlag @&éfatt19n MQgOHbreQWWO%Hq \l}F gg}mfnie SFﬁhf: ﬁ%st cel%/ The additional

nuclei@¥dM Q5808 chi) AL b &SorGabt BRRRH i 18 Hodd SéINGEnShandahdise
bi ochem stry techni ques, such as, but not Timted to

locatiopis) Sxthe HEoBaPRssl Tocpsredse e likelihgad phintegrpting & piegjse location, the

1ntegrzﬂiémlleﬁtﬁ1%ﬁits @%M@fera&& c@fdzﬂf’)ﬁ §&ﬁ'1&81§ nhﬁBé’r%@flucld‘l@imds such as 100 to
I Nng nonoam ne Oxl ut not

10,006 ‘8‘5? %@@r?)f%@rfée%@ 118390%% Dgifs; %Hd m@w&fﬁra@{y 8P to {0&00 base pairs,

which @R ghlyeRonkd | 8B LOWER tht GorldBpdhaRhg fidget EddBeried RY dnRAHOE he probability of
Nbasurenent of _Monoam ne Oxi dase Activity," 1997 Ana

homolpgqys Frepmbingiyn. Thaynteasationslclepepioiimehe ay segiuence &t haelogous

with tlﬁtta@ét,sequ@ﬁde% ihBBEdon A 8R Yot @éll Man@aHoRe thXitehagRBnilRlements may
Ti ssyes Usi ng Per oxi dase an

be norpengo %W&WI@M@W Bef E?QH%HCE%IQWQG gtherdiang. s vectpicpgy) bedutegrated

into th@@éﬂbﬁﬁ_@)@ﬂw hosk98#by pﬁﬂﬂlomoﬁ!g@l_fsh;&f&nbiﬁﬁon 86-94) . :
Conpari sons of enzyne activities are nmade using a

[032310€bi eGoROH@RBFIREADNHO Fect} DR EurtiRr ERipridesth @B ré{ﬂhdz&fon @nabling
set condition, and one or(?ﬁre defi ned s bst at es

the Ve(ftEIrl’tP ﬁeé)lhcaa%%qqoglgas Y iR t]&eel%ogi htéﬁ}u@fth)no Fx ?f:éerlal orlglns of
rephcaﬁﬁﬁ BR®3 5 ks (@ sBown ﬁhmkﬁﬁdd &ZBJGowoe ]ghe oﬁlglﬁesﬁklgmatammasmlds

S are rs of cells and the
pBR3%f’¥rBHéf f\CEfrC 7e(| ﬁ EQE‘ ’égla%#% Pt e n ey ! Sepmitiag replication
in E. 486 Ehn@bUBdHﬂbEm| pEXDBE DS p ANLIYLST @ﬁﬁmﬂfgdeplfdm&mﬁ Bhciln@st

cel | nimze variations. in enz
Examqi?sooci aealas @,{; cRliqaiondat use B9 Xeas hept 5@%% zunﬂ"ft’ﬁ @}4@9 gheplication,

ARS1 VKRS £ tHeh:meﬁ'@t[dﬂ\b@ ARSNZYNEERS, Qﬁ@fhte Yorelbigdtiog df ARSJL heroml6. The
.. stabjlit &Nz activit asyred after

origin Sl oo neaies BBt ST TORUE § S egmerature

sensitit € MARY ke (s%ﬂ,de. JTERSIh] V8 A8 AUl Sof USA 75:1433).

[0324] More than one copy of a nucleic acid sequence of the present disclosure may be inserted into

the host cell to increase production of the gene product. An increase in the copy number of the

nucleic acid sequence can be obtained by integrating at least one additional copy of the sequence into
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enzynme activity remaining after heat treatnents.
Cl ones contai ning a pol ynucl eoti de encodi ng a

womoamsee oxi dase are then isol ated, sequencePICT/0S2009/048255
identify the nucl eoti de sequence changes (if any), and
used to express the enzyme in a host cell. [0332]
Where the sequence of the engi neered pol ypeptide is

the hogtgeiheenomp ar Boingipdieg anndidiable prlesérblegnarkra sasjhehatglelsecid

sequerRE SMRak @ElIsRYnEh ABUA gﬁ&l%bl@s m%ss%le@‘ﬁﬁlg ﬁgﬁcer ?&9 QhdtHeebY O
known synthetic nethods. In sone enbodi nen

additiqnaleonisnpisthouciss acts sqirstiee. qde pelesse! fenhy livting the erllain tye

preserﬁé/@fttﬂ@eﬁ)‘[p?dﬁgatetsa&%bleodg&ﬁd (e.g., by enzymatic or
chem cal [itigation nethods, or pol ynerase nedi ated

[0325]”Ma|ﬂ?65ﬂle EQrdsabmRnys fdesde neﬁile %&Bﬂw&%ecﬁ&%ﬁ% GomMmeiially
pol ynucl eot i des and oI|gonucIeot

avaﬂa‘drs s%‘P@E]é GORBFTEIhePERS Y ploBpat el PBYF lHehYc a?xpgeyﬂ%ﬂéegﬁogs from

SigmalSliAch ClRnfkals, St DELIEMBS SIS inddRS P 0ONAHL AlbleLadiBidIOsblyadenylation
: descri bed by;Beauca e et al, 1981, Te?bLett 22: VR

site fon gaersgon ingpamupdiatptshesdls ardsotiiFad opgin phtep ratorsand gmpicillin

resistah&8flark EVRBPamplifRa®@ilin @Dco/€ Bhor s@fbletexprSssiod REGRL h¥ pBluescriptll
practiced in, automated iéﬂthet'c nmet hods. According to

SK(-) pikkp B YD sthighiars commessiflydvailsple GigrLragseicebal ol @A, and plasmids

whlch%Heheesﬂ chﬁde@Zg (Glwaﬁn) uqoBich QRDB\IgREvmtpl@@u Z@Vitrogen) or
rified, anneal ated and clon in appropriate

PPNYQ%%¥6¥§Z19%75%6157%ﬁ1“’ ssential ly any nucleic acid can
be obtaj ned from any of a varlet¥_of commer ci a
séUr ceslostdsy %@Xmﬁ%wmoawﬁ%a%er Y4561 Reagent

[0326]%%r @J&ec(t:I ge&q%sgéééﬁquﬁg goaafzscag?fgt ce %Qm%g}%&%%%gggdﬁde

encodihg GRPrOGU @fnddifine 02818 Re présdnt AR RN PIAREISotide being

3 i neered nonoani ne Qxi dases expressed .in
Opefathsgft ﬂ]eiéﬁf) %aea?{ pEe puErglAsEgee Hﬂ?fﬁsgloe@?ﬁ@ MORPENYpe ?Xﬁ%ase in the
host c€lUHddr @umwl uéTh EHIrAGin@ Y ndRCantific SRdSe flyfepicweicodddywie

technl _égfor &ﬁ% in purification, 1ncludin

eXpIeSSiPR, &?Cé SerratTeelldgnn e Bthont anfi.llvfﬂwdgib}%ﬁ”?&q limited
to, bac"ofﬂiat ¢eglgsauhtals Fudix aacg@a&zlnusfmzatu&zmacambr@h? qmbf B@VIBP Riytnor,
Ita e (0] u i ons or S e i Ci ency
Stfept@szﬁf%%ﬂd] 4 "8F CYREBYTHE ¢ I&rﬁgl%a@%e f.sac t%?i' SE8acol i,
Sacch@oRy&® B@remﬁ&airlf?chawﬁagoabtﬂ@m%eqesidaﬁ}% Qaﬂl€8)’),_aﬁi%ct cells such as
r.o I gha- r cC S )
Dr"s"f’qg%é]an r&& ?98%E‘B‘l:fﬁﬁlﬁ éﬂ?b&s Fg‘P’ &Qéiﬁ#ﬂ(&?y&“dﬁ?g“

melan5MNEAST AAE pxaxﬂ ke QAppﬂﬁthtG ulnAdMBPudt HrSowth HRlithas Pphasabove-

r omat [ erformance |iquid chronmatography,
d“mﬂ?gﬁogf@’ gqﬁ 8%&?@§Fﬁphy, gel electrophoresis, and

hronato Cbndltlon for ur|f
03278 el R G TS LRSI e piiiiine Pase ey Birp sl Gt cets by
vmﬂmsuﬁhmasqmeﬁuﬂhamgeanmdw?mhﬁhimhmxyanﬁe@@h?bmﬁmtymhmm
. ecu Ccu r .sna an Wi |
partil RS By U5 e Tt e St e topri o BF 58lem anfprotoplas
fusions OaEoB MREhdsTRR trtroddfifg polyhyclé@idbiintg welss witlpe bigpattaed thedkilled

i solate the inproved nonoam ne oxi dase. For affinity
4chr omat ogr aphy purlflcatlon any anti body which

artisa

[0328]S %%Celxgr{lp al thst 1{11%i %Scherzchza coli W3110. The expression vector was created by
operatively linking a polynucleotide encoding an improved monoamine oxidase into the plasmid
pCK110900 operatively linked to the lac promoter under control of the lacl repressor. The expression

vector also contained the P15a origin of replication and the chloramphenicol resistance gene. Cells
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nonoam ne oxi dase may be used. For the production of
anti bodi es, various host aninmals, including but not

wO powotess2g o rabbits, mce, rats, etc., nmay be POTURIALMS255
by injection with a conpound. The conpound may be
attached to a suitable carrier, such as BSA, by neans
of a side chain functional group or linkers attached

contaipige gogphiest prigiusleptifisdn Feshieic/ g @lipy 3 Namictise e tivabipging the cells

to chld¥MpHRBicHS8E:tof. | Ncrease the immunol ogi cal response,
dependi ng on the host species, including but not

lisgi t edrduRafbuiitraiind EQMRLRY R1BHhihhogaRLet €) , m ner al
gel s such as al um num hydroxi de, surface active

[032915 WDSRNREDSJiFUEE @ hakdBOInGEdel ndnoddhibk §XdaCe ﬁtl@lle&ldes and
pal yani ons, pep tldes oi | enul si ons, keyhol e
POIYPW&%&@QWPFFSG“& AisglpuEp s matrallyRerupieapmeaing Oﬂéaéf mat Catalyzes the

oxidatiod FRuGti@l UMARE S 0B UERe®FroBCBpERARE higkr Sealspmbiligy SAHET M)some
and Corynebacteri um parvum 5. g thhodg of Using the
embodﬁ%@t}%&@rpéﬁnw 6‘5?1‘?%1@6 ESAMEISE BLOIHP (P fephanes @ﬁ’a%@an of the

monoalkl8 @Mabdin[aQ3@Ecd hb comnoam 1I]1%t1@t¥dndﬁ1§ Qﬁeﬂﬁ%fylnblﬂa)tlde sequence
herein can catal yze the oxi dat substrate

tio
encodiag He V1Y MYTORRE Gridpse g ﬂae ?P 4S6€rg§ lug RGOS Gpstructed from

oligonpéledided preJareﬂtbaséahpérahe kwilahand dc(d%)equeb&?o’m]ypargﬂmz geh
each A and M _are as %ggcrlbed abov [ 0338]

monoaﬁam Wé?ﬁ%wmwamlﬁm R RROE socroRer Y. The
parentlI§oBinik1&Rbe Sabaky Zesiglard @%SE@‘ID O0: Of wdshed sUPEIEARY &r expression
i E. 6(8%5 ?R&fgtﬁﬁao%egygt%rggé%llglﬁg?é ]gﬂﬁéi'lgtog}n éﬂ% hl?)l)’l( %Qc?or placing the
expresbiloRoBB} mon@mhd BRIV gede ﬁi”Zd@bﬂh@ yéukrof oF-tHe 184 ﬂﬁﬁﬁﬁotgr &d@acl repressor

compound (2): (1) (2)[0339 In some enbodi nent
gene. ngs FEERTRE hHRCY% MANATHY diflascs itb&phare le%wf&eim theygenes

sequeﬁc@d tor&@nmptﬂ@iﬁidemﬁp MRRWBEhehed)desiEhAed THRO ANNTE 2 P¥hsARSSarent
as caonpared to the wil pe AL nig

sequengg aﬁ%@ fgf Stpg pEiNges most W§Fmﬁ3%@dgibrﬂ“é%f§‘€mtcﬁén o1 engincered

monodnithd M@ A EHOreRe thd ASpHR& 17kt Miker @dR6antidd odid®Sd. due 465 is
glycine, (2) residue 289 is valine, (3) residue 384 is

[033010TU¢ afgifdered Mdfoatiile dx@Bkdd dan li’a&%tdnfed Ibe bihj st Eng {hO BdPduclebticde
anotherg@artlcular enbodi nDnoanlneggX|das

encodigg Shemayrally Requging RACHPYZ 8! "ﬁ& R RAENFSGYROG T thFéteg evolution
metho84) BSdiscatsed (AR, ARG enPirpliydic cydhipethaled iPufa@tRsis and/or DNA

shor3E B sy ey B SEero DAL APE B A%, LEbRbO D F T Nens:

WO 9W&W8UW9’Q3§%&WO@B/Z¢I3@EWC¥6(1/42681 ;tWOf00r787 7P OB that( 6,537,746
In.one enbodj nmet hod for oxidi zi nl%lon

Other %%%ﬁe GPS%‘P?"é?tpé"ce%‘E?Pﬁhﬂ ﬁ?;“l( Q[IBCWFe SRR, SREHTTH GG

procesk NEPY, 8 iRO@EB i NioN KA Hda 8@ /. plﬂ%pﬁﬁtﬂ?zdz@chnaﬁ 16258226 18 Anilit@zenic

e 50 SR A 5L BSPUSPSE Rp Sed Ol BBl r o,

1996, PubSNirt 4dad SASTSA BY3nessoye 465 is

[0331] The clones obtained following mutagenesis treatment are screened for engineered monoamine
oxidase having a desired improved enzyme property. Measuring enzyme activity from the expression
libraries can be performed using standard biochemistry techniques, such as, but not limited to
Monoamine oxidase activity can be measured using published methods, or adaptations thereof, for
measuring monoaming oxidase, such as, but not limited to those disclosed by Zhou et al. (Zhou ef al.
“A One-Step Fluorometric Method for the Continuous Measurement of Monoamine Oxidase

Activity,” 1997 Anal. Biochem. 253:169-74) and Szutowicz et al. (Szutowicz et al., “Colorimetric
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glycine, (2) residue 289 is valine, (3) residue 384 is
glutam ne, and (4) residue 365 is tryptophan. In
wa@rabhess2e&nbodi ment of this nmethod for reduci NBCT/II82009/048255
substrate, conpound (3) to the product, conpound (4),
t he nonoam ne oxi dase pol ypeptide, as conpared to the
w | d-type A niger sequence of SEQ ID NO. 1, nust hav
Assay for Nlenpaming (hyidgse 1p fgssyes U S@%Pﬁ‘@xlé?ﬁe Aed 32 r@z1n0(3 ethtylbenzthalzohne 6-
sulfonﬁ:l'lﬁtb%)'ag EhioRiRdgen, { 1bR4 681 BHLAAPI34:86-H)Y CoRBarisbrd ofcRShfdWtivitics
i's valine, (3) residue 384 is glutam ne, (4)
are m‘c\dé §$lwede§esd PIEPAipp LbHHRRAC. a4lsfnedaysay wadegyest gadition, and one or
more GRS BNbGraRS, ad furfhBr RAQLBEM @R Acte AR bisind MEMIMOQAT 1€, Zhou and
oxi dase as co ared to the mnld type A er sequence
Szutowgiez. @geqa Ncien lyspigisare spannaredt the pupaliers (i celds aag the ﬁglount of protein
assayeld @td RWHR—e AL DY 86l SiéBidal @x‘&e’sﬁ&ﬁsys‘[@ﬂag aftdBi8d b hd & ellsSo
glycine, (2) residue 289 is valine, (3) residue 384 is
minimgge yprEHioRBIn apeynt ogeizye Prdererl By theyipst Giﬂ?éﬁd presspt in dlg lygees-
Wheregtge im?pr&lJeH' tARE pRpEdy dRRdh 1§ ﬁl)ern'ia@ Shislie, d3pmd St bdi8easured
further enbodinent, the nonoam ne oxi dase as
after sela?ﬁﬁlag g etlww&epwarlﬂlst%éefwed fsgeptusard siseeriag thspoeynhof
enzym¥ebtiviy rdRiStin)A%E hdk trbLdsks. Id16nch 0bdtah P pAPTMRR @Rl Hcoding a
substi tutions: (1; residue 465 is glycine, (2) residue
monoapge gxidayedre fen isphiedyseayensrd togentdy gicupepatide srapencaphngss (if any),
and ust@Rl qul@ss]tﬁb'senbﬁnegin%tlﬂmceﬁ and/ or residue 248 is
aspartic acid.[0342] In one enbodi nent of this nethod

[0332]f WheRXhélicghdige B &@ﬁ%&ré(ﬁﬁ&yﬂe@tﬂeh@k&%dﬁg bolytudRotides encoding
substrate is oxidized to the product in greater than

the enzypng ren oo Rt bystRdard SQ%B@CI%‘%S:? mqmé? Srgordingto kpeisasntistic methods.

In sonfR¥%hBBSiMchS rmgin&%oialp&@ Mﬂﬁﬁ) Ha&@tcarp&rlﬁ&&la@dm% tﬁes%egthen
ID NO 4, 8, 10, 12, 14 or 20.

joined4e gt BerzWREis ﬁlﬁmwa%hﬂ&aﬁp%mﬁ%?%o%r mlymefaé?[jm&qhﬁ@d ppigods) to form

any de‘éi‘ﬂ&ﬁfoﬁtﬂlu@ust Rquiche:. BoPedaDIe, ﬁilydu@l@&(de@ﬁﬂuﬂlgé&%&fdeﬁ H‘l@(zlosed herein
substrate is converted to the product in less t

can begpengied by chigtivad sxphss BiRg p-&d ths Gtassiget ﬂwgwl@mﬁhtetmralwd described by

Beauc QaltJEzl 2158 O/ 1041 23: lﬂ@ﬁiéﬁbﬁh@ﬁ@tbb&&e‘écﬁﬂaa By &Rk ePa/91Y840EMBO .
| ypept.i de, wherei n t he ékeptlde conpri.ses an

e
3:801 Q?nergo aaellﬁtygléﬁwﬁ%ceéd? AHAPY cticgnethads) Heggedingto tige
phospﬂ(QamlaRe mdtfted, lﬁgon&@eotl@és ﬁ@syn{h@ﬁfeﬂ] 4 NinQh B&bmatic DNA synthesizer,

i ments, any one of nmonam ne oxi dases provi ded
puﬂﬁqéie%n@fs%ede ligntggeand) gl@aedl ip amrﬁ%prﬁredaﬂe&% Brpdgitionsessptipblyemy isleic acid

can bef Bfaide @ofARY BﬁaS‘ifa‘ile@fof &ﬁﬁhﬁérblﬁgsoﬁlgébo Sfth as The Midland Certified Reagent

R, 2S, 5 4- am no-| cycl gbuty
Comp@mlv%#lﬁs@oE%tHﬁ(Cze%} ﬁyn@gca(n(%f)n Eotnsa%lifmm (A UPergtendne
cmcagcd leeipBﬁéh butABRYie) mb., BtadhiciB Y hndBnadzakicycl of 3.

. 0] hexane- 2- carboxan1de)) a protease inhibitor

[0333U Eﬁélﬁéerdcdciﬁmﬂ)ﬁlﬁmt: bgiadsBRbredfed W 4 st deNfc@CBd 108 ercd/Bb&H@hdVells and
et al. (2006) Antimcro Ag ents Chenpt her. 50(3):

or the giipse esfim Kng HHBGPE ArTEOTe S M FHEMSGHRE B fa topici purificaton,

includPg@idnad gth'élQ 519304y1h§ tr&a‘ﬁﬁerﬁ QONe4tDh oMtr&fon %aﬁﬂg-’fé@tl'l figka @€ntrifugation,
structural For mul a | t he cgﬂygynd structura

and chegypategraphy Sul@]ple Fplpons 6(géysmg@g 1gh ¢ e)ttrfftlotnd)f proteins from

bacterROWPRMW 62 )are chitercidlljQyvAl88 @Rder SHoSHOSMAC PR IBIE From Sigma-
hods .for the production of Schering 505034, the

Ald“"ﬁ@% Pobit¥ori si ng

[0334] Chromatographic techniques for isolation of the monoamine oxidase include, among others,
reverse phase chromatography high performance liquid chromatography, ion exchange

chromatography, gel electrophoresis, and affinity chromatography. Conditions for purifying a
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the step of converting conmpound (1) to conpound (2)
usi ng a nonoam ne oxi dase pol ypepti de of the
waleaoloasses e. Met hods di scl osed herein for the PCT/US2009/048255
production of Schering 505034 al so may i nclude one or
nore of the steps depicted and described in connection
wth Schenes 3, 4, 5, 6, 8, 9, 10, 12, and 14 above.
pamcqlmae]memﬂéﬁmﬂ i b @R F?émSs%uclawlebqhérgefthiweh%ﬁamYHephﬂwﬂ%

molec@w \Q@i?ﬁ SmAERW eFe RRY Bhdw iR aﬁ&aréh% Bnbs8 hﬁﬂ%&ﬁlpﬁ% drON
ermedi ates for the synthesis of VX-9

[0335]( ﬁl{\koﬁ{e@ﬁbbdlﬁﬁéﬁh chﬁ?f |tecgmgl§e§}ﬁakl'be used to isolate the im roved monoamine
(1S, 3aR 6aS) -1 - (( (cycl opropyl am no) - 2- acet
0x1das§1 ﬂ){@i éﬂﬁ‘whl)"ﬁ’é%’ﬁﬁ?]@f E}E‘;fle?twﬁé}w é{ltgﬂoﬂglwplﬁh spemﬁcally b1nds the
monoad{ihd Dxidkkd mé’y Rrbdretoh Mieé)kddﬁé‘tﬁﬁlé‘f aNibddidd, ARRNPhosPardx A iYuding
| ) pyrazi ne- 2- car boxam a protease i nhi bitor useful
but not [ypitgddg r"lelé“afnr‘FénﬁatSoﬁftc vvAe inAraied bynaictapyith agomgpund. The
comp&g@Qﬁ}) bAab KB G D uitalh)e €L, OB RPN Iy nRBAsD'a sRIS InPDBhetional
nportant step in the synthe3|s of VX-950 is the
group éblﬂﬂ}‘é‘is é‘Ft%?ﬁe%‘P agide shiv firetionp! Beupu Metipwladioyiniimay e ysed to increase
the imif}fo16Q6HP s@ﬁep%hdlﬁgg bthhodr @FebMd, drcluding®ht ABRliited to Freund’s
speci |cal é npound (3) to. conpound (4). Thus, the
<<>0mpkﬁteeaélé ieoaplsth g gplE SNSh AR &IPS o e seﬁeeﬁ%vweltsraa?ﬁs such
as lysdMcitMi; Hp@nic b@?olg%ggﬂoﬁoﬁ%ﬁﬂe‘y ABerhllorR ! IRPhAE limpet hemocyanin,

convert|n9 oun t 0 conpound ?
dinitropeigh AR %l%?l&deefubla}%éﬁwme sgeh G béellb%q%mete Guerin) and
CorynblRichags pdhem! osed herein for the production of VX-950
al so may include one or nore of the steps depicted and
descr i mesholdfoOMpaRE Efinddicl IVoa6dHEIREOxidascdandTC onfpourlds PRpared
10, 1lhabeitl3 above. 0346] As is known by those of
skill in the art, nonoam ne oxi dase-catal yzed oxi dase
[0336] era@inbmﬁnﬁemm@k yscriRQUiefet dan COAIRLLURY oxidAibiklaftd s@Bstrate compound

eaction catal zed by the noan1 e 0X
OfStma?%ailg é? %?tﬁ cgIYBeTPYIH laaﬁ@if act or,

flavin- adenlge nucleotlde (FAD) As used her ei n, the
term " cof agt refers to a non-protein compound t hat
operates | i nation with a nonoani neMoxi Mase.
General | i di zed form of the cof Mhi ch
may be non<{coval ently or covalently attaghed\to the
monoani ne oxNdase, is added to the reactiwpAr xture.
The oxi di zed " FAD form can be regenerated fromthe
reduced forfFAD-H2 by nol ecul ar oxygen. HHabt her
enbodi nents, the oxidized FAD form could be
[0337]r egemelr ackd, My aNAYK B at desprtgd rlecFAD and NAD(P) H. The
NAD(P) could, in turn, be regenerated by reduction of
[0338]a Iikepagtilar embeliménd. ghwioamine nyfdases dNMDORY kérde panwtahize the oxidation
o e B LA P2 Erpa il Bl ercoisomeric
produdedB S5 hed- dhmﬂeilﬁ-aaﬂecygefﬁek@]ﬂlbw -cia; ednepuedi2):i n a
solvent. Suitable solvents include water, organic
sol vent sHGE g.CHat hyl acetate, butyl ab@CataDH

1-octacnol, Weptane, octane, nethyl t- bthR(ether
(MIBE) , Hand the like), and i oH [Hds
V7 V7
N N
0y 2
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(e.g., l-ethyl 4-methylimdazoliumtetrafluoroborate,
| -butyl-3-nethylimdazoliumtetrafl uoroborate,
wo 2010098828- et hyl i m dazol i um hexaf | uor ophosphaP&r/Uus2Vd9/048255
the like). In sonme enbodi nents, aqueous sol vents,
i ncl udi ng wat er and aqueous co-solvent systens, are
used. [0140] Exenpl ary aqueous co-solvent systens have
10339}t %’Fneéﬁ’@o@)‘ﬁ’éméf’ B iesthod derrvridizing thenbstragen coymound(l) toghe

produ@! @apbEdS D), 8 MonSANRONE Mk ﬁ’le@Ftl(ﬁQééQ:@hﬁﬁarG@fostﬁ’é M%Iype A. niger
systemis selected such that does not conpl et el

sequetjch QEW%? N hausdivattileiet thadodesias anpg peid spispdensi éﬁs desidue 465

is glycGR; @9l NRN 2SI LME, (SAKiIRR 38L AL tImihd R i4h t8-udIB? is leucine.
measuring the enzynatlc activity of the specified

[0340]e mganraﬁﬁf SekGIRR B3R e FHISRInE DAYV Whdribe@hd@h bnBGze the
rate of interest in the candi date sol vent systen]

Odeatu)P.Olf rhf PRstrath (eR P9 Peockby droeyelprea glpyrrale cpmpmg fhdthe
stereo@R&Tc PpRBcBEEShAR)- [ 34834, 6Jﬁ@<al@fdﬁ%9é1§pe§@[cyl%%lec&ﬁﬁ%ﬂmf4)

of an aqueous co-sal vent systen1na be mscibie wth
whichicppundgige Gtthetdimpidraant to fomsrnewy @):si ngl e 1i qui d
phase, or may be partly mscible or immscible with
t he aqueous conponent, providing two |iquid phdses
General ly, when an aqueous co-sol vent systemi=s *
enpl oyed, it is selected to be biphasic, w terH
di spegrsed in an organic solv , Or vice-vers
GEqﬁhally when an aqueous/fgg&olvent systemisN
[

uti He s desirabl gjf0 sekeft an organic sﬁ 7
that [canl\be readily separatged Kromthe aqueous phase
In ge al, the ratio of {ersto organic solve Ik

t he co+5o|vent systemis typNally in the range o

froma out 90:10 to about 10;90 (v/v) organic solg
to wat and bet ween 80: 20 @hd 20: 80 (v/v) orgaﬁ

| vent t r. ven stem ma
10341 P S g it i O ot SO e e AU P PP Rep R g produc,
compdhd (4), tHall)']ﬁmhﬁmﬁr@roﬂﬁldselpﬁly@éﬂtllde Jlaf cdry@rddad tke mald-tyiRSs @lger sequence
The .aqueoqus SO n wat er . or ueous. . .
of SEQ I NEH | Aiet BT ot 20! B b Ble P b HB AR &P dgridue 465 i
glycinanaeadley289 ishaligex (30 adsidos 3 Lian glbﬁrﬁﬁr&[ fridedl) I@E]%iﬂue%S & qgjlpltopﬁan. In
in the range o ma

about .10 or bel usu

anothed SO B h M SBHEstob iHeviEs, PRGN AR gt
compduiad (4).abk ﬁdﬁoaﬁhﬁne&xﬁlh&g@%ly@&@lﬂé ad g@ﬁpak&ﬂ tOMe wikluadel A/ niglr sequence

a m about . 5_.to about 9..ln sone ) )
of SE(gﬂgBlréD aV? Hdeasghivg g% ﬁhg ﬁ(}l]ioglngmrfoeaaldosal?stlgitlgnsp lfll)otFmdue 465 is
glycinagDutsi@ic@89 Belabiv, (30 tdsklne B8¥ it Elﬁtafrﬁlﬁg@f) &fﬁldﬁé’ BHD@b@JkBph?vn and

an n.the range o
@ res e BB Bidhorgnie 3 BTt TafoE BBt R B oo the
wild- tﬁ}d A)fizgaib@qlﬁenge SEQ IDaNOW, met haveat Riist Bede@tVthe following amino acid
OXI

Al.ternati vel th at i.
substifgtiore! 0 kst Yoo BE B S AR TR s B e S Batamipe
(4) residue 365is d@ptbplﬂn,l‘ (S)ﬂl@ﬁldm is gllbﬁmp:hlcﬁtf aﬂ:d::(e) feSidGd lﬁﬁs glutamine. Ina
m Xt yr e n |Ca am nes. o ructura
furthofSytotintent T nERERERS ol IR o g T B AOTIE bl gt seauence of SEQ
ID NOahjinht ltaheatl levsinie fotloaing hﬁurmfacﬁtsﬁhsﬁmumal ( Eoésﬁﬂmle a61 is ghicie,

(2) res@g 8? s ﬂ? &) 1%5181tleo®a1£ gl(ljlta%tlc a%pcfj ana ?48 1'6816{1116 lllgg 18 glu‘t)amme and/or

residue 248 is aspartic acid.
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in typical enbodi ments wherein the reaction is

conducted at or about neutral pH, the oxidation of the
w@ravosseed amine to the un-protonated i m ne rECHESHE9/648255

proton into the aqgueous solution. The pH of the

reaction m xture or may be maintained at a desired pH

or within a desired pH range by the addition of a base

103421 I prsgmbREMERff des wgthedfer waélﬂg the subsfrite forfhg prodicy thegsystrate is

0x1dlzpd'loqperrg’(ﬁlcplﬁ 3t R ety 9984 De@rRANKAU %h&@in\fﬁmhoﬂogﬁine
onprises a buffer. Suitable buffers to main

OdeaSGé%ml?féséS wq\aealﬁ@@gt CAPRSPREFShSER 1P NO: 4r% 18rid: l4né@ déé)r 20.
exanpl e, hate buffer, triethanol anine buffer,
[0343]a ot mb@élmeebwﬁhlﬁ setheh o srdugng the pibrigaip o harraduct, atleast about

50% oR @i lsﬁlisﬁﬂe Eﬁﬂ%n@h@@tobﬁ‘e pi&ﬁﬁ!t m[l&'s%ﬁl%]}l about 1ARLE VRS 6§m£c@6ut with
neutralization of acid or gani c. bases, for exanple

greatenihpihghout 23| 9o of ybsgraterigd %%thm %@ut St of the P@}&ﬁﬁpedwé@gm the
lypdp@dl PRl @n a0 isEficRRlcbiFesp Shdehg to NBGHD N ar Havater4, 16, 18,
pprspaletés%?) ) naI\IaI—éOzs)S&félB| cgr beg?lategsgl ts (e.g., K2CXM),
baS| c phosphate salts (e.g., K2HPO4, Na3PO, and the
%referred base for the neutral i mgfghproto
[0344]r él} el SEPDP BRI O FheHOn R SIS P8V HIHEICF G 78 Dg s i the

produ&daﬁ of?ﬁtéhﬁ&haﬁ’és f&ﬂﬁe fyamedid mch&mtgises(@m(m 2SL5ls;th(ataﬁnno 1-
dition of a concurrent with

CYCIObGHu Pé‘edl%l"b‘ftﬁéz ¥BrvE)st @rfelﬁrﬁg}tybléel%ﬁé %FFB&PWHWM Ggdimethy-3-

azablcEJQBI[BtlQ’]lhd?lﬁhetij&rw(ﬁ@Iﬁfdhﬁ M b esdsbl Bibibh @Eful fPIR treatment of Vlral
conveni ent | an automatic titrataor aS a

infectigps{Malcglng ¢ .<%%ﬂy6 «é'ffmgfm&a‘lrgfv%@mﬁ% 1396y 4p28) tAn lawartam step

in the BASRsiRGHchbrHy 5080843 $O chRcRAYS &ﬁnp@ﬁ&ﬁ(ﬁ%ﬁu&tﬁﬂtﬂoﬁhula I to the
Typi cal ly, bases added to unbuffered or parti al

compasif pEEIbERTHBAL i R0 R R59h ComRoESR éPeCOH’fPO‘tl 2). Thus, the

presen®dikd@futePRoaded nReHdadf ol the BRMEANE oSN helingNS034] B8 BR}holidlcomprising
ca rrylgg out the stereoselectlve oxi dati.on reactions

the steg @& eqnveipe ¢raarRfl (1} 19 OBAYINA B80S ABIBAR Preoxides rpbapgptide of the

disclo$¥y NM&h@HdRelotca hbRE MHEREblo@ittibh it ILh&ingF05(32 afs@'hfi’y‘iﬁclude one or
t he purl fied enzynes, whole cells transforned w

more Qfdheesepy %alré%ﬂnﬁdeseﬂ'éedﬁ%ﬁ%ﬁmnﬁw&kﬁws 3ehdr o8 %ém 12, and 14

aboveextracts and/or |ysates of such cells. Wole cells
transformed with gene(s) encodi ng the engi neered
[0345]rrmn@taéﬂeﬁ@omﬁbﬁasﬁy orc ocfﬁ{elmcﬁlxﬁﬂna@masam/oolﬂed DeSt €% be used in the

produ#tlaﬁ ' 1nte|’(1H{Lr1B %ﬁ’l fﬂrgtﬁggrpﬁ%seli %‘[J %X %5 &ggﬁasﬁrq%g]@gexy f ((%5“1

(18,380 bRy -1d (R )T 2- (?ﬁ'?'?] (B@ldnink(ﬁ)Z (dea&@Whé@héy@hé@h@rocy@loﬁd’n‘tﬂﬂ@pyﬂo1—
e

paste). [0353 c xtrac or cel]l lysates na
2<1H>ﬁ§-3p%ﬁlme£twﬁ§ Omhufaflﬁéga%lyo pr @zﬂ%ﬂ RGBT e Potease
1nh1b1t$ﬂ1hsfeﬂﬂl ﬁ);r lﬂfa@ﬂeytﬁfeigt}dfeﬂghmcimns (read eztdl.gmmﬂﬁtmﬂﬁrob Nents
(0) a desalt| ceaure prior to
Chemfr%pﬁmﬁr)r %%?f?m@ Ac%myortalﬁ Siep vty Bp %?f,rw&gaq §j dheconyggiipn of a
compduli@ of dthgeral wuraﬁ td the c&ﬁ;&dun@mﬁa&tglm S Y 01|b1ﬁ0re specifically,
usi no Crossii.n

compoélaggb.r’{)g(; czogg)e da(g) Tf l I K a&gqltglscgglﬁ? Bo¥ Bséﬁ%}]&%is Sq,rl%h ngoductlon of
VX-9500Ke laiethloa %mmlkoh@tmfb&Mag Eorhufid (3) ELRIHGId (B usaid

thell 5 e solid react nts
monoamyng <§<l Rﬂlﬁpe%{? %ﬂ’ &P@@ftﬁ%&wﬁtﬁ P&éé?ﬁe&qf% fﬁgamductwn of
VX- 9soad1§oeﬁa)y 1ma‘1udéloﬁé it oftﬁé §prs depictd ﬁiidrt@s@@wﬁfcoﬁrﬁz‘ct@m,wnh

SR G g 20, bt 2 he 118} 01 bt on.

[0346] As is known by those of skill in the art, monoamine oxidase-catalyzed oxidase reactions

typically require a cofactor. Oxidation reactions catalyzed by the monoamine oxidases described

74



suspension, and the |ike. The reactants can be readily
| yophilized or spray dried using nethods and equi pnent
wo bav/oesses known to those having ordi nary ski | | P€TYUB1969/048255
art. For exanple, the protein solution can be frozen
at -800C in small portions, then added to a prechilled
ophi |l i zati on chanber, foll owed %&;he application of

heremé}/w Aeiraly reavircer cofastoriavgrdpnipgnugispiade (FABM Aised barpin.dle term

“cofackd?ercf@IMPBEBhPFReih SontpoRAERht YehiRl HRImbRathfa it a h¥¥Ramine oxidase.
hours before rel ease of the vacuum and retrieval of

Genergllypthe puigifpd form 9f hiappfeer, Whighmay berppa-covialetivior @yakﬁﬁﬂy attached to

the mdnBaRhADLidast SELdEMottREAXbAREI@B. TRAKIIRA FMD form can | be regenerated
g@@ raIIy vaEg dependi ng on the quantities of produ

from thrstlycad) forg i L Hnomp e 0yy ehe [ pHErAMbed Wﬁd%ﬁﬁ%zed FAD form

could gé(ﬂegﬁl&%te% b SATRD Bro SRRARYAD n@@mﬁ@bfﬁ yTheSN'zb@EP') ab 8§ iSRM, be

| oyed at a concentration of 5 grams/liter
regenqr%edslty r@ﬁivéﬁ%lr PiakstoneiSian glophad HI%WAQ@)WFP@@@F ajcghol
dehyd%@%&e/@ug{e Irédqlggseof nonoam ne oxi dase. Those havi ng
ordinary skill in the art will readily understand how

[0347]t Qhé/ﬁBNoahﬁi’es(ﬁldaMbﬂ}Izb&é‘m&aﬁoﬁ faltRhs §QeHPel ﬁerelh%redg%ﬁéralgdcamed
| evel of productivity and scale of productio

out in Aslyhr PupRle tumts ipqleds Ve c%%nb’r?al"ef&@@r& §thylsﬁ?€ﬁtea'§“yl acetate,

1-octabil, AbReR, o@dHe] hQRIM-bak) FotB@ A1t BEDkcitnk 1ah th@ Nik&§OLHIUSRic liquids
metabi sul fite may be readily determ ned routine

(e.g., ]egtb@ﬁrlﬁgmhéqliiagﬂhuql @gs@iorohq@teeﬂ quyl- %fneg@[agnt(%aéq%lugxftetraﬂuoroborate

1-butyl-8 B MinSdal-QiviPex£ildotdphidiphatd REd 1he Bkd)a N SnidRYbEEMBEE @Gucous
together at the sane tine to a solvent (e.g.

Solvenﬁﬁowekgﬂlag ates AABRROUS ¢o1-3olveRt SYStemu 85 Ek o- sol vent
é tem and the |jke), or alternatively, sonme of the
[0140], Exermplsy adyrgys Wesolyarfsit ey ardryAnd QRHOTIRIE Ofgaye it n

generaltan Qtdahi@ k810Nt EdriRNER bPirSaquédiis 6€EJIRINNsySEIQE IR Such @it does
or nore of the conponents of the reaction nay be added

not coprgftehniRsitatty themogernying gri¢mecERE t RO Wralventsrggms can be

readilyidBiitified By ﬁaeasaﬂvg tﬁ& EnzSMbst deatisy @Ws@é@fﬁ&i%ﬁg&ﬁéered monoamine oxidase
i nhibition of the nobnoam ne oxidase. In certain

enzymg i 4 deprdsubstrpts Oﬁﬁ‘ﬁéeémnﬁlée Inqieis o NeRIPYHEm dfifzige &p cnzyme

activitl BYs8Y, YathSs M debdiBedRiigise of the reaction, for exanple
addi tion at about every 1 hour, about every 2 hours,

[0348]; trael I)rkg)fﬁﬂ@%)hegt d’d)ﬂipbﬁanF Sfanaluidts @vs@[vyntékyh@ﬂ iy b A&GiBe with the

ui ta eCOHLtIODS or rryirn ut oam n

aqueoy,Goganent; groxiKngddingle g id pg?ﬁer%%:y%s ﬁ%“léﬂ &%‘ﬁl%%dmw@ienwh the

aqueoﬁsﬂﬁinlpdl&nﬁ pHdv g VRO lh@lh& pifsesC @REérhlly) A 4glcotfbo-Rfvent system is
read

employeﬁle}t glgcteca)ﬁ)t 6756?1?]56 W|1 umta.lteggl fe)ésf)ce{%{)%lfog%q%%clﬁggft h(?rtVlce -versa.
Generﬁngwmﬁdnaqudmm@ﬁmm 9kl asgiliadidit kR SitabRtte s@dct @lorganic solvent
experi ent al and tenperature and detect%p r oduct
vtzaﬁ% to organic solvent

that cap b readidns aéateﬁ EpR dheraqreotp ey s gl thedte
in the E@cwms@s@myﬂypheﬂlyhﬁﬂ@lrihge bPR&S hbolingn: NI @Bétit NEI@KIND dERnic

catal yz oxi dation i ally carried out a
olvenf @ aa[na Ibé ween %0[1%0 and%O 83 PV/\(/:) 0rga¥1lc solvent to water. T%e co-solvent system
may be pre-formed prior to addition to the reaction mixture, or it may be formed in situ in the reaction

vessel.

[0349] The aqueous solvent (water or aqueous co-solvent system) may be pH-buffered or unbuffered.
Generally, the oxidation can be carried out at a pH of about 10 or below, usually in the range of from
about 5 to about 10. In some embodiments, the oxidation is carried out at a pH of about 9 or below,

usually in the range of from about 5 to about 9. In some embodiments, the oxidation is carried out at
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range of from about 5C to about 75C. For sone
enbodi nents, the reaction is carried out at a
w0 esipoossegire in the range of from about 200C t PCHDS2009/048255
55C. In still other enbodinents, it is carried out at
a tenperature in the range of from about 200C to about
45C, about 30 0OC to about 45 0C, orabout 400C to about
a pH of glout 8 gielowe gften Bkherraggeaf Sempbos 4 ¢ 1hont o and yhglyrin the range of
from aBORI6EH hboePE ditel RRG (ARBUIs 0Bt Chrricd B3 204 pgbﬁab@ﬁt' TSR RBw, or 7.5

reaction is generally allomed to proceed until
or bel%s@%ﬁmww thotpdagpemaybe ¢igd ogohisiBtieH. p%i ¥avti’on of
strate is obtained. Oxidation of substrate to
[0350]p P&a&%&he saptserd thewridptitagrctiansnige RA GRS ireetiRdaixtyye may change.

TypicAl @@l bNGuSHABEIrALR 1 3RGrAbnaRidAetabouP bl I@ vﬂﬁ’lte RRAine
i ncl ude gas chromat ogr aphy, HPLC, and the

produgthefsEpaiigh oyl dkarg pygic Arofapatgd aingd ?b%lh%mtr%lw& tAccordingly,

in typiofl UnbO@Micdd $Rerbif 138RLET is LHRNC 1P B st AcuBYpHALS @xfdion of the
greater than about 70% nmmy al so be greater t han. about

protongigdamigg {0 the eRDIGEONGEG HRIBT relchish 2 PN 1B{A dhegrecoys yobition. The pH of
the rea@ﬁ&ﬁh&furé SraRayaR it SPat B desEEAMPbESitHiD 3 6Ll re VAH kRS by the

features and enbodi nents of the disclosure a

additign qf g bpse4lpeRg thecqurs of Ber gl Mt@maté‘seésh f@tmﬂﬁéayrebeéﬁﬁtr%d by using

an aqu‘édi\ls“sb‘lvéft hat (mnﬁﬁ‘lg&dl Hulred %uit:!lﬂlélﬁiffe@ttb HRinta@NEbs AL pH ran es are known
pe NMonoan ne Oxi dase

in the ﬂé Eftﬁ lgqlv%fvr Q’W@P@oﬂ:&ﬂ?}@&eﬂu R Bicthenglpraiag byfferaad the rh§e

Comb{n@RRd b VERARMMAs QXSS Maf MSOBH RREJ.genes wer e desi gned
for expression in E. coli (WB 11 OliuA or UM) based

[0351108uftdbe JaQRPErtn@EtraRDAN 0 8L TarS BGHEE sa@emortemplmﬁﬂm fRoxides and
oxi dase and a codon optim zation a

orli
the likgad fopsapic dpseitfestrarle, hyfroxige sty (4 %ﬁ%ﬁ@éﬁ ‘z‘fﬁ‘iﬂ“f‘% A1 bg

NaHCO8Y, biddrbdMate s@l@’/(8§8K%5@3) Hakl€ déﬂ{a&tsﬁﬂs (Q%r ®L,APOY Na;PO,), and the like.
ref erence. Genes were Synt esl zed usi ng

A prefgiredhasrufor %P?%EZI%PFB@%T& caggd drom Oafdaa@ e auHig tg e g over

the coGbOFTEL edtkiOn RXRY D56 ABstMBGHEOIF. PO Haske@inudrRd: i the
FIG 3 in United States Patent Appl.ication, Publicatjon

coursex B FSELOSTLM MUTISP IS RS Rt MYFIOBNg HE FBFIIRBTIEIC PrHY, more

onveﬁ&mye@sms@ig MaGhAhtAktRQOr6ONpALEAs AREmRARRNQF pGiid beffering capacity
plication and the chloranﬁhenlcol resi st ance

and baﬁe‘é%(lﬁlrtw e Profsmasonrpeest sogiels dypisdlyi bse addeddg Pi%‘\'?@ﬂ o

partialSiuff@red hABGLANBix s RO She Jo¥REDH tBS 0:0datieR k@ AdRATH Mug&HM solutions.
genes and the encodi ng pol ypeptides as well are listed

[0352] M dadHn@ ot thd fiere@@lettitic toyid@fontrEuRtivs|dekctilydihe o) ER FhiBeered

oo G S5 RES I ATRS Sl SR TELNEHR UL L & v
cells tAhg@oinRl wath gereddy Ontoing @e. monbarkMEoMRH alrd/tided Bt dcisGnd/or lysates of
such c%g nod e]c (%ilf %r%}%fogggc} \&%gge%%ls')a%goc%;gt %}fgfﬂ%&g%/bmgg%gnl%%xmase or cell
extrac raﬂd/&aysta&wﬁzsoe&nasl Ibe cth§iaytdaih 6&ic8t ofdifferent RME ihdWRlide s61id (e.g.,

1y0ph1hzed Q]Ig)ray c{neg/b n8 ailrert]hkg) o%érr%?(i% (Ieg ;I' !:r?ﬁeupea%te Jsing

[0353] The cell extracts or cell lysates may be partially purified by precipitation (ammonium sulfate,
polyethyleneimine, heat treatment or the like, followed by a desalting procedure prior to
lyophilization (e.g., ultrafiltration, dialysis, and the like). Any of the cell preparations may be
stabilized by crosslinking using known crosslinking agents, such as, for example, glutaraldehyde or

immobilization to a solid phase (e.g., Eupergit C, and the like).
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Per oxi dase and 2,2' Azino(3
et htyl benzt hai zol i ne- 6-sul fonic Acid) as Chronogen, "
wa984/008%2@l . Bi ochem 138 :86-94). Conpari sonsPOf/US2009/048255
enzyne activities were made using a defined
preparation of enzyme, a defined assay under a set
condi tion, and one or nore defined substrates, as
0354 The FRliF repeBtp (PPN i) 4/c HBpdierotided 49 the roppfion in a variety of
differdBBoRRY $cRlding@o@dor (LB 0190@ﬁ1@ze§%b%9%&12 and@ﬁ@ﬁlfe? lsbWsiodMBGRsion,

ysat és wer e _conpar ed he nunbers of cells and the

|
suspengiopanel theflikgr Elﬁeefﬁwt%%ybfar%%ywéthé?drﬁrﬁ@fay ddedgsing meghods and

equipthd}® thds8c Rownds ol Ok in€ X RIBHSIKANin SHESE € FBr &Afhple0BPpiofd solution
host cells to mninmze variations in anmount of

can bepff"é?fb"ée%? %g,n dl PREops, ghep pdded e H@@g@qtlyqphlhgﬁ@n c}?argb%r followed

by the a}!}%ﬁhﬁﬁl dr@382LmPalreNuUe L BRVAIGE N aRNEOH RGBSR, AREE R rature is
nonam ne oxi dases of the present disclosure are

typically faisgi W&t fAhuehewst efere td@re ¢t vaqyopmdrgricvakpfrtbslypriized
samplésh E. coli WB 110. Exanple 2 : Production of Mnoam ne
Oxi dase Powders; Shake Fl ask Procedure. [0363]

[0355MIAO @S QXicHasss &@M&H@oﬂ\ﬁ'ﬁ@n RLABH Gl kR 4 h@pendmg on the
flask cultures as follo . A single mcrobial col ony
(V]

quantifigs o prodegtidesizghad ?ﬂnﬁ@}mé?nﬁy Hepmguitiof RoRRENRFERTEATH SHRstra

emploﬁ | AREE UL BsRited Jah BE &ffloyed al J‘&ﬁb@nﬂ’ﬁ% drabut 5@rak/liter to 50
uria Bertani broth containin

grams ity ying{iom AP PV waditer o @Pw&o‘%@er Oéétrqngangrl%owaé%mThose having
ordina@VE&E1 Nin Gk art( vl réa@B$ tindbBtahdl Bdw tdVaRNthésd GBI 1o BliloB @&t the

with shaking at 250 rpm _ The culture is diluted into
desired lgmel jof pIQpr(c)l@dépaLe é)éqdélctgqny rﬂp@ﬁ)@natg_ glgapttlei?é)ggﬁtlonal agents, such
as catdak fa@foam 2@k bdiVR Ssul fiRHr dod®m metabibhiie S84 be 3QdMRPdd®rmined by
chloranphenicol ina 1 liter flask to an optica
rm“mﬂ%%§?@Vﬁ%Pn600 nm (0D600) of 0.2 and allowed to grow
ressjion of the ppnoam ne oxi dase gene is

103561 TR 86 GRS SHTIRE. ABBU0 g1 THebecnetpesiesat th
same fn&totaQoRerd (28 dtnbﬂb@hﬂ@@tSSQerﬁVlﬁﬁHﬁhll Blucb@tcolseRsit sﬂs@nh raﬁﬁ the like),

Cells are harvested by centrifugation (5000 rp
or alte}:ﬁaﬂvelﬂ ésmeaﬁfd & rﬁ@;taéllfﬁjéq.yﬁgtagﬁlﬂd sgfakately. gad somﬂ.{%geggr pt dlfferent time

01ntspﬁ1 deaﬁm leBb6 @S TN BREGINIM bIth@fongRH&s M @hLBR tief m@@bedadeékc
rﬂﬂtrlethanolan1ne (hydrochl oride) buffer,

contm?m@l.‘/((zsfﬁ% ) il regetionel lamlﬁqtaatznlﬂlmlwgos@‘jlate al}?atr%%ﬁvé% P@éuct
inhibityh oF @Rtidnbatgiat badksasSmabee emﬁdmmmh@%oﬁsdrﬁlﬁe Sid@se can be added
re-suspended ip two volunmes of the

col
ot intepyis @t HEIOARF PEE FIPBCRT BRI Ig iy F‘b"“b B op, bhoggbout every 2

hours, AB&E 6¢br§ Y br @olt 8B HBuLSS twice at 12000 psi while
mai ntai ning the tenperature at 4C. Cell debris is

[0357) SGRbRLoRYitiGR B chifrig@abiut @it thHIOink Pritiasd DatillyFed oxHi&dlon rddeBons
er nat S CO st ored at

.Cl l.ysa | ected a
describogfiein ipg) RIS ?ndrtwa%alawww f??@?ﬁét)@mﬁ%e&\hya@gme
expenaleﬁtatyonpm&iﬁrud@s‘ b@hidiee hﬂiﬁ&p@rﬂoﬂacmgl | tBAGRineA&Y MBnoamine oxidase and
le 3. Production of %ﬁ$n1ne Oxi dase

Su"““ﬁ%?H?Eﬁflﬁ’f“?’&ﬂtaﬁ%@@dwl@mt‘fréé t%%@?ﬂ%ﬁ%é@ﬁ%}%% using the

methoPOWEEbSd WBhEERNPIY pREdOY hdreihment ation as follows : In
an aerated agitated 15L fernenter, 6.0L of growth

[0358)MEdE hhohcaaidetixtiastdafdlyB&] @idatianiyBypidany sdtiddedu@at aQer@Sergirk in the
range gtf from about 5°C to about 75°C. For some embodiments, the reaction is carried out at a
temperature in the range of from about 20°C to about 55°C. In still other embodiments, it is carried

out at a temperature in the range of from about 20°C to about 45°C, about 30 °C to about 45 °C, or
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sodiumcitrate; 12.5 g/L of dipotassi um hydrogen
phosphate trihydrate, 6.25g/L of potassium di hydrogen
w@baspbssee, 6.2 g/ L of Tastone- 154 yeast extrBCI/US2009/048255
0.083 g/L ferric anmoniumcitrate, and 8.3 m /L of a
trace el ement solution containing 2 g/L of calcium
chloride dihydrate, 2.2 g/L of zincsulfate
about {EGQRAYTBLe; The Hagiop %ﬁﬁaﬁ@ gwrighauf wrder sratiemgendiioas (agout
21°)9/ L cuprous sul fate heptahydrate, 0.1 g/L anmoni um
nol ybdate tetrahydrate and 0.02 g/L sodiumtetraborate

[0359daaabManidh Fea o 1@g&é&gm§ alfoedtd Iﬁ&}%@d @t Es%e&’%llﬁ&%@letér REncar
fermenter is inoculated with a late exPonentl al
O

complgtg) qxiflaorygt spbstratg s ObmiOOX@W(ﬂf ﬁfh%@at% FHI‘%IFH cgn {ig ppnitored using

knowt A&hER IB? AR QUsHAS BrdBB PR IS BMMtaBleaRdthodd ONe kR cﬂromato graphy,
shake flask as described in Exanple 3 to a startin

HPLComgdr g & onversipnyiqds apgenpiallygraterthanabayiSp 4, way %ifo @c%eater than

about 30 ndyiBodB dreicf thinSabduPiRd, 8fly bRo bO@ L&t HRNMbALIZ0N, may also be
vessel at 1.0-15.0 L/mn to maintain di ssol ved oxygen

greate] @ 0% fnd s et Pt 2Bevt§F@at er. The pH of the
culture is controlled at 7.0 by addition of 20% v/v

6. affiihShydr oxi de. Growth of the culture is
mai nt ai ned by the addition of a feed solution

[0360]. a(ﬁfl%HSrf?%*rge%é gmbodimpds @fdle dischosyre pregipngaicd iy thhfolpy e

repres@ivd Oxenplls L NBRE Shddir 5 Ibf aluSrdtieplaadisiniating. Once t he
cul ture reaches an OD600 of 50, expression of

nMonoaniERgm@X i das evllcpg,?muﬁ&ﬂn&mmd{b@e aekhi AdqoRitioh and Construction
i sopr opytxpras@lt\/gét actoside (I PTG) to a final
concentration of 1nM The culture is then grown for

[0361 /2 MUnb&Hind dxilRbl Bt odifl ) Genbiivird esidnSd € ekdrédioh e B CoR W3 110/7uA or
i ntained at 4C unt|I harv?ébed Cells re h r\é%féted

mal
UMZ)B@SGE anheirgnaged aRe adid sepdes e%“‘ﬁ{nﬁﬁt"é ajepnda egslog 5|
optimidm_ Blgloﬁmﬁlt a5 |dég¢g3edaﬁ EddmplHBoVES pedisioadl lafplRit@nseas No.
rect

ol I oW ng downst r ea ove proces
60/ 84%% Oa]rn%"ré?rﬁtfe% Telp Dy st Ogire We{ﬁ’§§ntﬂgfs %3’]1 g\/ﬁﬁ’@?@" Chdes
compd3é&l, b@ e ﬁu@lebtﬁiebl sieikiched eed éx}brdsiiort Vietofl UK BI0DER@Lpicted as FIG. 3
IS resuspe

r roc cel | ded . in 2
in Unfeg SRS s h AT Cion Pt shaalel ST g Bt gt e bromorer
The edpdséied Vec’@)Halﬁo Sintadts tl%@] 150 o6 bf Mplliddﬁﬁl aﬁhgl t%&ihlo@a@iﬂhlemcol resistance
ntracel | ul ar, oam ne oxi dase, i ea
gene. Eﬁeﬁ\ﬁﬂﬁgﬁ’ IWserWnﬁJ&%%ﬁi ﬁ@“r’rﬁ@%s glplg USR] ﬁta?‘}"ﬂdg‘ﬂﬁﬁ Pds Examples of
codon bpﬁmg&ngeaey antl itﬁeteﬁ@od\iﬂgtﬂalﬁeﬁtw@s Stagard R GEeTIbId 4 gTHéahtV\ety of the
assenbﬂé?u3|n

wild- %%ﬁl@ eémflga%&so% sré:gr? rale Etls?]iﬁgﬁ]:iétgﬁ?dgtkg %- g?e og g apted therefrom,
1ncluddﬂg$l[ds]@&1lsc9dﬂsed 19y zmduwtz blO (Zh@ﬁ e YA Ne- frep Mablbmkme Bidffiod Eor the
Ct1J -~ gg/lg ;}/%a tQ]g%AagB 169 74) and
ontt MBW%WWS?FIBH “?fm%@/% ifasg AGUNED; T IPRGAF G Biaen #2d 162 74) an
Szutovﬂaﬁetrae $Sdu‘tdvﬁ@z aUusk, p‘eﬁﬁ)hﬁﬁtricS\s@dy&Bﬂ l‘f(/j[blﬁ)dmlbﬁé Oxidase in Tissues Using
centr gatl t 50 anaar oratory
perox SEIER 1o To0r BRIl SalER e ey B Rat 19 Anal
Bz‘ochéal;lsaqam@m)a mdm@meﬁsrﬁfreaiyﬁﬂ abt@xﬁﬂ&slmmat&iu@lgg a defarlell pleps@tion of
ul t rati nevvltharmlec r wei t u
enzyn’(‘if*’f‘q%f1 iﬁﬁ?@éf ‘m S?t CH ltl%?ftde"ﬁ‘F PETEc dgy‘%i’s%)éﬁgt 4 ﬁ?&“
descrﬂselaah hesm m aﬂ u’sﬁlgsm thétue bf, alg., ZREU ﬁl@salﬁtdwicy oQ&ietl1z, adhen lysates

o po pe, oxi d%s gowder si.or ed
were co% gt e num ers ofce s an the amount of protén assayed were etermine as well as

the use of identical expression systems and identical host cells to minimize variations in amount of

enzyme produced by the host cells and present in the lysates.
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Exanple 4 : Analytical nmethods for the conversion of
6, 6- di et hyl - 3- azabi cycl o[ 3. 1. 0] hexane, conpound (1)
W 2010/088828) - 6, 6- di net hyl - 3- azabi cycl o[ 3. 1. 0] heRF/RSHENL(48255
conmpound (2). [0366] The conversion of
6, 6- di met hyl - 3-azabi cycl o[ 3. 1. 0] hexane and the

stereoneric nllrlt\/ of the 6_6-dinet h\/I 3- azabi ("\I("| nf?

icam heAbb%eﬁmﬁolﬁ rsm!.u&etanwlﬁandﬁ; B meﬂ%gienwwb WRorfo iRl 0xRases

described below The order of elution was:

Mon§z¥lﬁ’i§t r a!\/ﬁ(_:rG(;r)gaIﬁsrn?t ent | @pddk™e ~@1 Nior tm Vi€ Polypeptide

e 0XiddRe 29 om WilcRenAydk |(AdQsnMd))| the unde (gﬁb NS, 28EQ ID NO
i M ne (o brifinfllyn) |Col um:  Supel co Bet gdex 225 (part#

24348) , %@gﬁkg 30m x . 25um en Tenperature: 850

[ m n,—| rj ection vollume:

MACN ni; A‘f})@gllﬂk %%Eﬂ on r3pk4st 1 100y ¢hg744nj ector 2
t enper ure=20 ElD detecti l:ynrrpl e §

MagAnal Ytk Gl zmb}}%s a1 done2289NVERST 6385 Of 31 32
octahydrocyclopentcmp]pyrrole compound (3) to ( &S aR
| _a S P'Inyrrnl el comound (14)

[0367] The conver si on of octéhydrocyclopenta[c]pyrrole
he stereoneric purity of the product wer

l03621d e%’@w?ﬁc}?%dea SERE ﬁon@nwl%eﬁ o élgedqrffsalédlw@@%wre

likewidd@orfl §fd véefor ﬁtm 10000 WRSxpr&kibs tnf Ate; (31 r et ention
time -2.7 mn), the desired(3aS,6aR) imne (4) (-5.5

mn), ERempedesbdeton FaRNAAR OklMhePolvisrs:BhalkdPlask PR&edure.
imne dinmer of imne (4) thernolyzes to the imne in

[0363]t MOnbathiBE b:llas® pévt dersGRdr&ipid ducSll f6h G BakBEb kAR urd?R FHINAMsT A single

microl?zlél ﬁé}; H%% 0o @%}Fq%g{lrg] z})épl 2513 g}lt& en?orlil-i(l)-%nms ‘rﬂ(ai %{r: gﬂﬁ O%mterest 18
inocul¥ted 1hFE50 Ml IMkia Baftghi bivjtlechta@iingSl gl c]aQ)@anipheﬂlﬂleﬁd D glucose.
eraturewﬁqag FI. D det ecti on

te
Cells *’é?/glll‘)’%t"i“if?fg P W%éﬂ Wdﬁ%’é??ﬁ"ﬁ@%gﬁ]é ghakipg pt 250 rpm. The
culturX idtdatd @ 230 nfl 2&vdi (m@g/ﬂl}ﬂacta-'t@ﬁtaﬁ)d ¢y@l 9fast e]xtr&]t heyBma(Cl, pH 7.0),

036 t noan1ne
tmvt GSBY LG b brn basied! o MR Gn PRGRF AP F0P 1 OD600) of
0.2 an@XllcHcd@o Go® abl3ovel EypreSioanabic eyoabmfise dxidkhgonananduced with ImM

C u to . . .
1076 Gy BN A a1 oo el ot (AR Collsae
harves@ea)byfca_lﬁnﬂlgﬁﬂml(YmOB-rmﬁQK nhih,aiSK) ahadiey suﬁérﬁatadﬂk; ﬂlf@(%a&!ideﬂfhé&ll pellet is
mL . t assi um phosphat e bu
resuspREg i SR G o ST S R RY S0y Heiea e g o urer i
7.0 (oﬁ“ﬁbﬂﬂgﬂﬂ(ﬂﬁlﬁﬁgl Sﬁl\/IJMgS(D4) ahb Barptdtadas cadjifigitRd at §bove. The washed cells
appr ox| jmat e via con
arc re—g@B?ﬁdF ] tmgglglaaseﬁ tlg@ofﬂ_tnﬁ%lanlg\ anmeg(@;cg%%rogldg ?fdtl pI§It7 0and
passe&tﬁ%ﬁ@ﬂzﬁhf@ﬁbh(l’l&s fEicAtdR0Dpsi widleahadgainidgbe ﬁen@re&'ﬁik5)t 4a0d Sell
.15 W |.d-t) noami_ne oxi da prepare
debris oo bR THEDAGE B i Lo ete Sherian

collected and stored at -20°C. Lyophilization of frozen clear lysate provides a dry powder of crude

monoamine oxidase enzyme.
Example 3: Production of Monoamine Oxidase; Fermentation Procedure.

[0364] Monoamine oxidase powders were produced by fermentation as follows: In an acrated

agitated 15L fermenter, 6.0L of growth medium containing 0.88 g/[. ammonium sulfate, 0.98 g/L of
sodium citrate; 12.5 g/L of dipotassium hydrogen phosphate trihydrate, 6.25g/L of potassium
dihydrogen phosphate, 6.2 g/L. of Tastone-154 yeast extract, 0.083 g/L. ferric ammonium citrate, and

8.3 ml/L of a trace element solution containing 2 g/L of calcium chloride dihydrate, 2.2 g/L of zinc
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SEQ ID NO 2 (A niger) or SEQID NO 32 (A oryzae) in
pH 8.0 potassi um phosphate buffer. The resulting pale

wQ@ 0100883l uti on was stirred under air for 24 POIES2009/048255
The pH was maintained at 7.2 via feedback controlled
addition of 1IN NaCH in 1-5 nL portions (The am ne
reactant is protonated at neutral pH the im ne

sulfatefrepghiecate. §- Sk mangpaesy sylfagmonohpdizes! Hl syrsewuiiis kaptahydrate, 0.1
/L anfi&tiunP S0 B4kt t%{réh%/@ﬁteta‘ﬁd 0®b BiraloBium&rdBblale: del PG arltMBought to a

reacti ons guenched with | NaOH to brlnq the pHto
temperghit ehd0fat Ehefermentshig itagelatss ith p dtemeonsrti aeltﬂ%low et W3110,

contanggéza ladhBitl %h@l?eﬂh&ﬂoﬁﬂﬁl@%k@ﬁbe &e dPhASE!t Wlatalsme flask as
anal¥5|s of the § solution fromth

descripedd Exagiplud fofgtarting QP@Q.O@@? oo The fsemaitsh éé‘ﬂit%@ at 500 1500 rpm

and aiPi kEHRRE to M ER1eBBticrPRQ%eEANVET S0 OhiPlo ntldﬂﬁala msgtﬁvehﬂe)%geﬁ level of
the imne (2). The reaction with the A zae W

or
30% S%tyrﬁéowmfﬁ nEhegit] %fééf‘ecuétblﬁéiﬁ?%"l%@b? 0 bypddétionod 2 iint
ammo&tlmtﬂﬂl@ro%g‘bﬁﬁlﬂyw tﬁ@cdi’tﬁretlpl%alﬁﬁﬂl@& bPthe Widifbont 18 fRd sOLBISS
ype nonoam ne oXi dase i ndi cati ng about tw ce
Contal’tﬂﬁé 5 %9@6{1?%61% 1318/ Inampeniunshlogidaang 1P 4 /L magnggmppuléss r al

heptah@@raﬁzn WY SihS ARGt EDEdR 1 BB tek'[ﬂgssféfl o8I eDxidase is induced
Showed the desired (IR 55)-imne (2). The undesired

by thepfldtigryfisopfonsl-feRahioeadinasidaals TR o afitebeneptrpiépaof L myhj Ehe

cultureel)é@{Eﬁlgﬁmﬁllqm%ﬁl&alu%ufsh@he Le=8s arnﬂheq 18 YREAnIRRAAMTh WGt 4°C until
oxi dases have a |ow activity on

harvesgrdngethyare hargesigp by getgpaation a@]oﬂ%& 5%@0 e dun oy RGEREP
centrifa@Mard. irvisRdlchR agcel:‘fs'eéi gittcll) R (RSot1bWink Qomslrean¥ @8R Eprécess or
: Evaluation of a WId-Type Monoani ne Oxi dase for
mfs“{%kﬂéﬁ?@ﬁlﬁﬁ 8% ahydr ocycl opent a[ ¢] pyrrol e, conpound
[0372] WI d-type nonoam ne oxi dases di scl ose
[0365]he dFs theicls @e facksrises ditsetht IR dherdoRBstIeRIecOBeTy RIOGESS: éhe cell pellet is
resuspélgﬁ% ﬂm/%ﬂlﬁﬁéé%k @@IﬁrﬁM&h@ﬂlﬁ%[aﬁrﬂﬁee(hydimﬁid@dou@fgﬁ pH®.8, at 4°C to each
as, 6a a,
Volwnﬁ akuphyal B?l%?c T8 E’I‘FP%[“BIPWPI?"BW@)‘? oxidgiribisisascd fypm theeelfs by passing
the su@@ns‘iﬂn tﬁl’bﬁ@ﬁi‘h(ﬁﬂ@&hzeﬂ ndear witl 4 tWoBkide ﬁ&ﬂ@é@ngﬁg WHV@ﬁsséxﬁ)(Qy using a

pot assi um phosphate buffer and 3
pressu&‘cﬂtfé ﬁWrPé’éy d P%&é‘ﬁtogp&ﬁrﬁwfr @ekd nyﬁﬁdeﬂmeéwe&@ffﬁg%wwnp A
solutioh@F 1@%]W§b@?€tﬁﬂer@ﬁﬁﬁ@ YHMRE &laded-t8 thailfshie 1\ ﬁ\l@a_(l)ibnca_lﬁraﬁ&ﬁof 0.5%
usted sol ution was added 60 nL_of A nig
wiv a"éé?ﬂ?&a@é%ﬂ%@ﬁsﬂ%?ﬁes(uﬁﬁ‘g Syraensipnis Jaritise @nﬁewfagaﬂeﬁ at 5000G ina
standaﬁﬁlﬁl@drﬁ@ryr&bhﬁh fa)e for 36 AMutdNadthd &éir B‘iﬁ)eﬁlfatam ik BechtB®and concentrated ten

nmpnoam ne oxi dase powder (prepared by the shake fla
times yRsHG s R ERHTAE O ORI Sty MRICRET2V Rt o oot )"011’41 Bﬁ final
concerral POk RHSdUD IROSR RattEnY ffoedn at TR Cra88 WoblhiRgd RApEvder. The

yel | ow sol utj on was stirred under air for 24 hours.
monodnHpe xfiflazeROWHgH lﬁﬁﬁeﬂéﬂ’gg@? 2 via feedback controll ed

addi tion of 1N ons. Little ar no

NaCH cEN&TipE: .%t}'}'?mﬁ@ nt?ﬂ*soé% f?nb’leafbltvsw%[@f frguiacthytie

u. 1-
[ gaCt | gﬁb@clo[@ 1.0 hex%}fen?éalgglpl!)und (2). Weﬁ@, the PH

[0366] The conversion of 6,6-dimethyl-3-azabicyclo[3.1.0]hexane and the stereomeric purity of the
6,6-dimethyl-3-azabicyclo[3.1.0]hex-2-ene product were determined by the chiral GC method
described below. The order of elution was: substrate (1) (retention time ~7 min), the desired (1R,28)-
imine (2) (~10.6 min), the undesired (1S,2R) imine (~11.0 min) Column: Supelco Betadex 225
(part# 24348), .25mm x 30m x .25um; Oven Temperature: 85°C Isothermal; Carrier Flow: 1.1
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approximately 14 and the m xture was extracted with
CDC 3. After phase separation via centrifuge (6000 rpm
wo or10/H0882$1ut es), 1H NVR anal ysis of the CDCO 3 BOI/US10091048255

indicated little or no conversion of the amne (3) to

the imne (4). [0373] This exanple denonstrates that

w | d-type nonoam ne oxi dases have very little if any
ml/mig;cfnjegiignyvolpnen t thh it IBieGEanopEh t &) &) WF%&F@P“@WPQ%%@ FID
detection) - Exampl e 8: Hi gh Throughput Assays for Monoan ne

Oxi dase Activity on

6, 6- di ERIAME 5 3xRRABLGeHoR] Br he@bRRXANRS o@fyﬁfb@%p@ﬂ&[c Ipyrrole,

[ 0374] Bhpsuil ) kd BEA6IRGS, Fahtd, ek« iy dfbc gd[clpyrrole,

eVO|utb&ﬁmﬁﬁ@490ntalnlng evol ved nDnoanlne oxl ase
genes are transforned into E. coli and plated on

[0367]L urh@coﬁeerrglan of &&a@}/d@mw@e&q%%ae g ta%t@ls&ﬁ@ﬁ@uaﬁ%f 8 product
hl or anpheni ¢ ter incubatio

were gglfle%l%rtge rals%%@ethegA ﬁﬁ‘iﬂlfg bS\]P‘éf preRder g UH@H %{as Fubstrate 3)

(retentidnlRid(+2)7 Iﬁﬁab Qﬁd desi€A B Yap) 151151@«4)((6@ B &tih)Xthb/oResitddq3aR, 6aS)-imine
Beaverton, into 96-well shal ]l ow wel | mcrotiter

(~5.8 mind¢ Ble IE’H}?tdétP?ﬂ of gring) tcrmelyzes fo;the igping 1A theppigctorppyt. Column:
Supel@| M@ﬁzzs&?aﬁmz4m) C.bi 1k &HReND Sigh; @%memp&ﬁfﬂlrez 10C Isothermal;
S are grown over ni ght at 300C wi th shaking

Cameggloyoé 1 Iblmnn»z@wfu%vo FRE: st Kl %I@rh@e%ag Spher 0¢:{:aldselr r ed

tempetaitlr @200 CdERDPIMRIbn. Pl at es containing 350 nL Terrific
broth (TB), 2 mM MgSO and 30 ng/nL CAM After

I ncubatkatiplob: KarpHeIf WiRl- Bie 31@ba3ile Oxitdeh fos bakiatich @t
250 r p@6etdihetBy 1S -4abidy i3Il 51he£IB6A8mPorbrd(1)8) |
reconbi nant gene expression by the cell cultures is

[0368]i nd«ﬁkd&ﬁbebﬂorﬁﬁidin% baifased discSRpd Igpyih whrelScrbdtie® a lentabBiiyde oxidize

66 ity D elipRotT QeS80 comp e frg e s RGeS 2-ne.
compalipd ?3 Pﬂ 5 5(- Q%?ﬁﬂlecﬁfhikﬁmd&rea& v@ﬁd djriﬁéo‘i@'ﬁ By of 100 mM pre3r.O g(;;[aassium
phOSpﬁﬁi{l@ﬁ e]b?%gsh gﬁﬂ’r‘?& tdn}lggﬂ’g éﬂﬂ@ﬂ?ﬁ%]’ @15?’8% 1é’tgl‘fe gpsgieous
solutid?n(ﬁ hs pH tﬁhe g(ﬂ?lfd'edfo b{h{i&(ﬁxsrﬁagel@ nmt3alinemc. EEQPOM 'Ewtgd;] plinadjusted solution
was o7 APREREY et oo Bhepirilon R A BRE MG BBBr Rt iy 150
mg of Q&lﬂttyﬂefmtglaimma oxifl33 ﬁ@/}deNQﬂ@aﬂiﬂ e tlm)shﬂcaﬁleslﬁlﬁéthod dfExsvagle 2) with
seQ RS (7 gt er SERIPRL 4 Pites P BERP RS dhgtomitbifie The
resultldgﬁbe Yoy sﬁhlﬁcﬁroxilzistsﬁfred)hﬁh%r foi 14hodB0 ThE plafvagaidssRY at 7.2 via
feedbar;]( g%nlflrro 1-‘cltﬁ)ln 0 g]gil\? gg{ﬂ\/l > pﬂi lz(%nﬁl(&qg&%g%%l%e tr’%a{;i%g{éb[g%ated at
neutrabpf-thl iricyddudt inaa@b Tay sdtioh dleades @ phaoasmigicipihey beleahtrakized to
nmnn§$§f8ﬁ:tlc acid salt. The assay plates were seal ed and

roomtenperature for 4 hours. The reactions
500

enched .b It 1 . .
0369 AR Erilt &P AhY Thu” b ZARL RS Feramipiplyddgnd the mivue
was exdfatted witk ODICIT wiygtcemrifugdthi fodphade stjaeation pet- NatRaunialywig sf the CDCly
soluti%%? ir;]e:g%gog#ugm% @824?%2527%1?4 %eemgr%gmﬂle%%dgs%qul cate%i NBXO 0
conversion of the amine (1) to the imine (2). The reaction with the 4. oryzae wild type monoamine

oxidase consumed about twice the amount of the NaOH solution as the reaction with the 4. niger wild

type monoamine oxidase, indicating about twice the amount of amine (1) was converted. .

[0370] Chiral GC analysis according to the method of Example 4 showed the desired (1R,5S)-imine

(2). The undesired (1S,5R)-imine enantiomer was not detected.
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Exanple 4. [0377] HPLC conditions: 2.1 x 75 nm Zor bax

Eclipse XDB C- 18 3.5 mcron particle size columm at
wdadeaoovdseh a nobil e phase of 60: 40 40rM ammoni BPOT/US2009/048255

acetate/acetonitrile at 0.5 nmL/mn. The imne eluted

at ~ 1 mnute (254 nm. Only the imne can be detected

and the activity ranking of the variants was done

103711y his xamdotlamtonstics khahthew votd-typrempiopmie oxigass have @ opggctivity on
6,6 difbth@0BHEIMRIY3. 1.0 /AEx-AS SBMpERAET)IRNSIEE B tPUEBGHEH 1Sk

L L o & e e TN sK P imine
2). and subj ected to chiral GC anal ysis by the method of

anple 4. Exanple 9 : h Thr oughput Assays for
anoamEﬁ@an @g@a%qf@ IW -bype Monoamine Oxidase for Oxidation of
oct ahy FeRyeIcspertacapayier srweuddibound (3) [0379]
ysat es contai ni ng ,nongam ne oxi dase varlants on

l037219 6“<A}értypeﬁv<510@§mﬁe¥léa85% dirdpsediheaan yerssrrgsd fr theinelilig) tg oxidize

(octah&dro&ﬁ%ﬁ&lta[&@mmcaﬁp@m @Izas@(sas bARYi 1134 avEseaTeasur ed by
transferring cl ear §§ate into tﬁf wel | s of

hexahyygeqyclgpgnfal ﬂPmogﬁth gPoyIddte Lo Prmla soe flask uigdsr sfswegy 5 added 25

mL ofmo@( tnw; §H @@%&gmﬂﬂ ghois@&taﬁwffépﬁmm ﬁ@@&s @(!'iﬂiy&robjﬂl(%@ﬁta[@ﬁ)bhole
ger cat al as

hydrochilh %dr%?:gﬂé :Wéfo ey mﬂr%m%ely TG oS g&?%%% Joat b fised

solunosleiads addcand umalqe;ng@tcatalami ARG BldRBed Bfm $BnAGUASh; catalog

| ates were ce trifuge and 00 nL of the
numb%Ep%f Shenihto0 e Griduer totpiee PRI QEREGA Y ke flask
metholl 8f ERenptet) WathGEQapshabl @vmgﬁj ih ppl 20 PotdsSitm IPRbsphAOBIES] Bhe
rding to Exanple 5. 1; The regctlons wer e

.ac
resultf B YU G SieGindbih T 24080 bt PH e G e a 72 vi
feedbadk ad@S1IMRIdGItI6R BE I NTNAQEDn 1A ;Helﬁorﬁ(ﬁfé.t Litfidgab NaOH ch@m@shon was

of th uperpat ant. was 1 acetonitrile a
obseny s P4y 1l f%ﬁcg%wswwh% with (N RO HHP%/‘%‘F gH B3
appro;hﬁi@tellyﬁtl hedltha ﬁﬁ)ﬁﬁl@ kxfz\g edt@cteX agp b@gﬂgl A[f@llﬂﬂa];e ééﬁ’zl-rﬁlon V1a centrlfuge

Qns: or bax [Eclipse

(6000 g ?Oaﬁ IHGS). CH§¥ngalm % @QCIA%@ iR atgdﬁ&l&. 9r go cOmversion of
the anf®aS ero @ ihdhic3§). 40 ammoni um acet ate/ acetonitrile at

0.5 nmL/mn. The imneeluted at -1.3 mnute (254 nn).
[037310Thi ekdigpld dEnfv@stedd thewdetye doaiite d@sésaakd gy Bifle gy activity

vari ants ME{? do ge u3|n%%?£solute peak area of the
OHO“WH?HEW§W§H% PYIY GiTmﬂwl atively the reacti on was

hed t t ted with
v %ﬁﬁ%'}% s Ot At bn
Exampl 8s lmft 1221%* Dlaxamprae DAL he net hod

xi.dase.vari ants

[0374]i ng?%%zlblf%%d"&ﬁ IQ?W :S]t écg%é evo rllt?oanrgn orgalmng evolved monoaniine oxidase
genes ae trahyfetmed jntd Bpenta] witpy o Dire, B@amﬂDBhbioﬂl&))ntaﬁm@ﬂ% gucose and

30 ug%q%%sh@rsserg Lal (g\fﬁéﬁ/lﬁ ;A?t%\pmcu utg:otn fgrnat Peast 16 hrs at 30°C, colonies are picked

using a Q-bot® robotlc colony plcker (Genetix USA, Inc., Beaverton, OR) into 96-well shallow well

microtiter plates containing 180 pL Terrific broth (TB), 1% glucose, 30 pg/mL chloramphenicol
(CAM), and 2 mM MgS0O,. Cells are grown overnight at 30°C with shaking at 200 rpm. 20 pL of
this culture was then transferred into 96-deep well plates containing 350 uL. Terrific broth (TB), 2
mM MgS0O, and 30 ng/mL CAM. After incubation of deep-well plates at 30°C with shaking at 250
rpm for 2.5 to 3 hours (OD600 0.6-0.8), recombinant gene expression by the cell cultures is induced
by addition of isopropyl p D thiogalactoside (IPTG) to a final concentration of 1 mM. The plates are
then incubated at 30°C with shaking at 250 rpm for 15-23 hrs.
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azabi cycl o[ 3. 1. 0] hex- 2-ene, Conpound (2). [0384] To a
500-nmL 4-neck flask fitted with an overhead stirrer at
w@oaonssevas added 150 nk of MI1i-Q water at PODUB2009/048255
25C, and 1.2 nL (approximately 1.0 g; approximtely 9
nnDI) of 6, 6- dinethyl-3-azabicyclo[3.1.0]hexane to
ive a honngeneous solution wwth a pH of 11.8. Na2S2q
1037515 Crbssvere Bdlgted &y ceibieatios.aesyprendeddnriop - bisis b‘Fféﬁ‘ééIPﬁe‘éisedJP@
shakin Qﬁroﬁﬁlt&ﬁﬂe@oﬁ@re gRktitiPN RS BRARES BREO: d¥htabd 80'\mM sodium
f oam 204 (Si gma catal og_nunber A—6226é and 600 nL
phosp]aﬁte Wffehpagro émgﬁph%ogg@g@%é@%ﬁ/@gp@wlw rSlfllng;P Cell debris was
pdkﬁg@&@&ggﬂlgﬂger C-3515) to give a colorless solution at
pH . To this solution was added 1.5 g of a

[0376]”@/[&%13@0)9&59 %@1‘[@@%&5&@& E’ydﬁ‘é‘n@firr 20 ?L%ﬂ%@‘idt&ﬁ diluted clear
according to ngﬁf 3) with ive a

lysate senegignidaiothe Vber#ls 8pp- ‘@f‘élamjm&r 5%5@1%%0 HlIn%féntaéS&Y mixture

contaikig 56 hmoﬁﬁlhﬁphoﬁﬂlambﬁmrm ang stigi p sz gefr cathﬁser(s@ﬁfal@rs 15) and 40
m xture drop i mmed) at el

a
mM 6ﬁﬁ111ﬁfﬂé\¥lr§e?fglw3§lorf% éelﬁlswe eomidedrs lé acedls §?lﬁ @albfThz @ were
scaled@hd Qfak PR ERY BRHE m{re?r& A §8e rebiRnPIerk %ﬁ&bﬁb%d)y%ﬁ@%rﬁof
and no further base dosing occurred. After_ an

500 ulaaauafqt%%lle vigderyandh the @letep AgTorrepiTifugsd ¢ Ao rcgntrifugasiopy 1 S§pL of the

supertﬁtaﬁt‘w@tﬁﬁéf&yeld"té”a aHab exe! 1ol Brrlc Hahiex d ﬁle%’eldﬁ@ 08. accordlng to
sol ution (prepared by adding 20.8 g o 6- di met hyl - 3-

Exmméiéblcyclo[s 1. 0] hexane to 150 mL of dHZO and addi ng

Na2S 6 to reach pH._ 7, was added .to the
[0377], é‘é’éﬁu cep‘dl‘ré(tnsaZ d &7 nyp Zger)SE?HP/sqﬁ(PB Ghe3 E)pp(g?n Qqﬁtg:le size column at

40°C Vvlﬁa&ﬁlbm pAass LHEE4(DER[M afntroBiRRcEREH @litdlc)at ABGhITRAR NMYe imine
NaOH resuned, The addition of the solution of

elutedet B IBWH’@@R/‘H nny. ngYaiB? @ym G 8e deterfrd His 2ty Kepkine ol variants

was déiRPhhiReluRfipe@l ar@RFRXniRisehyl. 8 hours (9 hours of
total reaction tine). The base addition continued and

[0378]t P@chaseyathdi |a§sh@fb|a¢’tibh@éwb1€ Qﬁﬁﬂl&ﬁdmﬂlf ftoe L toheo NMSJE{ ali@xtracted
It on conpl et e was taken,
with lqlughwg@ WW%@ tmhlra Gga qwa%‘i ?%186 E?dte%f@f“ﬂ@e “.

e free |n1n ) and. extracted. with

an1nos ona

600 6‘% E%?ﬁ)g al’PH’E AANTY Q¢

shomedog fosy q@@ﬁ yEP p ubstrate (1) to
ne co 1H—NNR

[0379] %}ﬂ@ 1%@%1&00 ?Iﬁi:](}? g}& age zﬁia(l Fg]“%ﬁ'g@ eﬁbwereg)r@%regéadescnbed
inExath&gl 17.8; IH), 3.50 (dd, J21 17.8; IH), 2.06 (m

IH, 1.62 (m IH, 1.03 (s, 3), 0.80 (s, 3H)). [0385]
[03801CIM chad miGoddat ¥Sivay S'bkxmeﬁluﬁ:dnby fdosiebr) 56 partchol®ite 1nt0 the wells of

o6- debERE P Rrseitin e g0 s S G PERRReGPRE Rired DR it
phosp]ﬂaeealmffeoqutbS)t he/malm. nat takdldse )Signaaps 16) éln]i 50Mivioam ne

octahy; anc%(i %%67811% ﬁpém%/ﬁlzeo] g)e%gs g{)rl%tfr Wgrgtsea?e% and shaken aq room tel¥1perature for 16
hours. ( THE, ple8ds-v@rGeedirifiich yhd Bat alfileyapediadinl wil] duench2d arel 00 2. of
sceonf G 2 RUEH Gl ST o S elmea s e B e SOE R

[0381]3 Tge Peg(t:tla(l)%ss wgrlénqgencﬁé%rf)y addition of 100 uL acetonitrile and the plates were
centrifuged. After centrifugation, 100 pL of the supernatant was 100 pL of acetonitrile and
transferred to a shallow plate for HPLC analysis by the method according to Example 4.

[0141] HPLC conditions: 2.1 x 75 mm Zorbax Eclipse XDB C-18 3.5 micron particle size column at

40°C with a mobile phase of 70:30 40mM ammonium acetate/acetonitrile at 0.5 mL/min. The imine
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buffer and 330 nL of

6, 6- di et hyl - 3-azabi cycl o[ 3. 1. 0] hexane to give a
whomogesseous sol ution. The pH was adj usted t o PCT/US2009/048255

approximately 7.5 using concentrated H3PO4. To the pH

adj usted sol ution was added 60 nL of A. niger catalase

suspensi on (Sigma Al drich; catalgg nunber C-3515) and

eluted pol - Hgingte ( O B5 e en he detested 39 disardingsy thetyariants were

doneﬁﬁ%tﬁ&qlﬁpeﬁxml)ﬁh@]}mﬂ@sﬁ aSEQ ID NO 4, 6 or 8 in pH
pot assi um phosphate buffer. The resultlng pal e

[0382)Y %1&&%@131 He ik QBtiMASas gbéﬂcﬁ&ﬂwlﬁﬁﬂ)@ L 110 NNaOHrarddQirfeted with 1:1
was mai nt ai ne 4 via feedback controll ed

The
VIV M“é%% F“fdr whicgied phigl G ?‘\3}1-‘/115 Ex#rlpdrti ons. The reaction

then quenched with I ON NaOH to bring the pH to
[0383]a B" BIIS Gﬁqmpéq %qsgpbfgrthe p'\legag‘irﬁ]abw%fusﬂqt@ 14@&%@@0@6 oxidase variants

impro@XtEASA RN flobta bded FelofintaRpyRFv&S € oSpRAl @)l on Vi a
centrifuge (6000 rpmfor 5 mnutes), 1H NVR analysis

i ndi catesh@t 10:casfarfiSYsLRYQIuEHEADF IR $)% Adiddy (L) to
t he i Man@ic(Ad[3. 1 hdxa-crldT@RRuNSi25. by the method of
Exanpl e 4 showed (IR 5S)-inm ne enantionmer (2). The
[0384)( 1o 2 R)0-mnandetiofmk fivadwikin Getieed fidrer &amﬁi@was&dded 150 mL of

noa zed des trization o
Ml MR PR o L, & B L S Sigy ] T R P 9hmol) of 66-
dimetH{ll- Ef,a%)cygllo@ 1d0] Hﬁ&?ﬁ/ﬂo g&e&b&hb%@l%g@ [s@uﬁonQﬂflgﬁXpHZoﬂrlEB (N2 S,05 was
under a n of o To.a 5 Cc

added PPSGR scrai T 5 St AT o Rlones SUBoRRe g 0 i ofan
Antifop@t2ag $$ikhih &il'ﬁﬂﬁgﬁlhfﬁlﬁr J&lﬁleﬁ(ﬁran(aﬂ(ﬂ) @ﬁ&‘ AVligef catalase suspension (Sigma

.6, 6-di net abi.cyc exa [ve . .
Aldncﬁ;o%gogﬁlélwgé g.?? 135 fogv a-ﬁqgo[r]ﬁﬁ swﬁéonaqi JpﬁgtStegrotg[hls solution was added
15¢ (ﬁ“ﬁ@ﬂdﬁ&iﬂgﬁ& e;lh&asap&zvdbt Cﬂ%(ﬁlgdﬂg@%rﬁﬁﬁt@ﬁt%n%mng toExatw@leBhiwith SEQ

ust ed sol ution s added 60 nlL of A r catal a
0 NEf L EhER s AR R AT g el oyt ey 58 AR min
and thé. PR offhe Bfacticdoiafiid R gaxth dﬁ)‘{:)emﬁﬁ&ﬂtelyh The pi@ Wgﬁﬁi]tcntadﬁﬁ viaffeedback
| D 4, r repare y .t he od aof EX

controlsioing b B NN uE B SR ERBRER it BE PR e ShE R Eno
furtheM@Se fdsﬂlg l’(becdlnl%&’lrmﬂalglhn ‘ﬂﬂdlﬁkinal Bihieans @b nﬁmy@emalando nfleof 6,6-

. resul tin e uti.on was Ir er. alr.
dlmetl}yg—!s—aéajncp(glﬁ &?Oﬁlﬁ%én Np 3 SPI]&P?'H: (Bfeﬁgradq g’f 1n§ of 6%—c{1methyl—3—
azabich€e[dNagkexa@nb 18 hEdf sldd dndandind en])b%H\H%Osrﬂo l?eacﬁl PH7.2) was added

nched wt

to the %I%Et}’?a%{] zfs.lrét I}%tZ n'g_g%ing ﬂ]hyﬁ\g]?[ é)?@le JSRCtion Igléw.bel l@g?ﬂ; to {Blfa{)g;lm%l%diately
and do¥ink B2 & Nu@s] exinicC traéladdition oEBCSk Sutidf df 616- Jinasd-3-

.S r 1 on vi C rifu m f.or nut
wrabic SRR BRIyl SSTNG engp 0 PPt b G b of ot
reactidnREnedNTIebagelgddition téiinbdi ane the BDhse adliitirinlateGheral@l afst Be Rybstrate

..the net hod, of e 4 showe | R 5S) -1 M ne

g ET BB AP0 Bl S BT SRV KRGrRS N NaOH (o break
the anfii@isel€ined to 1 &8Pinencl 3nd é‘ﬂﬂﬂ@&l’ﬂviﬁlﬁ6@®)§lﬂdﬂ$ﬁ)@ﬁt aly™@dnalysis of the
CDCls extrX mﬂ[i?ot\x[eld %(?I%]g)leottg cc())rfversmn ogthe subs%ate ?1) to azabicyclo[3.1.0]hex-2-ene
compound (2) (‘"H-NMR (300 MHz, CDCls) spectrum: & 7.42 (s, 1H, N=C-H), 3.81 (dd; J=6.1, 17.8;
1H), 3.50 (dd; J=2.1, 17.8; 1H), 2.06 (m; 1H), 1.62 (m, 1H), 1.03 (s, 3), 0.80 (s, 3H)).

[0385] Chiral GC analysis showed the (1R,55) enantiomer (2)with no detectable (1S,2R) enantiomer.

[0386] The reaction mixture was used “as is” for the cyanation reaction to the aminonitrile).
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azabi cycl o[ 3. 1. 0] hexane (1) to
(I R, 5S)-6, 6-di net hyl - 3-azabi cycl o[ 3. 1. 0] hex-2-ene with
wa@po1ospsseg)i ng in the presence of bisulfite. [OBSRPSZ09/648255
100-nmL flask was added 40 nL of dH20 and 1.8 ni of
6, 6-di et hyl - 3- azabi cycl o[ 3. 1.0] hexane to give
honogeneous solution with a pH of approximtely 11.4.
To t hi §s¥nrle i brMpresmigaifas cptalyzesk dengpagttirtion off G imgehy1-3-
a honpgehistel3ddlirsd Detp 1] fo- gty hipwdicseold d -Olhex-2-ene
approx %ﬁ?@ﬁ?svﬂgmﬁ%f%&&ﬁtlon of about 1nL of 8 N
To this solution was added 60 ni of Antlfoan}204
[0387]( dp 6&9 mIC%lP%kJBSIﬁWr ngé%)% 1ot {00 ng pH 34 @é‘a‘ssmm phosphate
buffer@Ad 3038 CofSUSRRBMHYION A SN AofiHek £ to £idd /h&Hb méewmﬂolutlon The
C-3515) and 300 of nonoam ne oxi dase po
pH was g J%@%‘P am;wamtslz - pyingeenasnirdicddihd PedT hihe pPHadNEEhiodptign was
added BX @RE 2. der kMaldfd saépeﬁz;ﬁonlg@fgmmlmdh&a@hldgqﬁﬁ%ﬂ @©9%15) and 150 mg of
phosphate buffer. Air was nto the reactio

monoqﬁw& w@w PrwisE Rt pythe 5163@% g%’&‘“tpf?ez) PESEQ RN éi @or 8 in pH

8.0 poié@éﬂr@ﬁho%ﬁﬁawﬁu@f@r Vi3S r&bilting ﬁ’&je ol saluﬁorﬁxp@rsﬁfr&gmfd@[ranzfﬂr 24 hours.
urs at roomtenperature 100) faor 24 hou

a out
The pHWéS peinkésd aad-hyia if‘i’?é‘&"]é?o“?mﬂe‘\ﬂdél“f”é%ﬁ NeOEGRt ot Mlons The
reacu@dzahsttﬂeﬁ Qué&hed- withN ONa kD HRo BridBLhPSH L DPSximbiBy 1423C anfilk of the

uenched and the i m ne-bisulfite adduct hthe

mlxtura maﬁ 6’§I§‘F‘F6 With £PGhaMISF Blashsepyatiqngdr Gepirifege\ip GO mm gy S minutes),

'H- NM@%I}ISQ iR at REst P56 ONARINOX tHeB @Y 1)44 tiRAMink I(@ Chiral GC
duct was extracted |solated by extraction

analysm]bBEhe r}i?thd(ﬂﬁEﬁ@mIﬁﬁ éélg)“éeéélaﬁ: ) |161H16 enantiomer (2). The (1 S ,2R) enantiomer
was nétldBe&&). - 6, 6- di met hyl - 3- azabi cycl o[ 3. 1. 0] hex-2- ene was
isolated via distillation in 86%yield. Analysis by
1H NVREk i : Vb@smind? dexiasithly2&) des@ithétfiamion of 6,6-dimethyl-3-
conver giBiy@b[3aQRaLed1)td ) 1K, oS)td e dint¥ihge3-emRot16d. 1(0@ex-2-cne
Chi r al (Fendnalysks obykybfie met hod of Exanple 4 showed
(IR 5S)-imne enantioner (2). The (1S,2R) enanti oner
[0388Was aBOIdeEh&ﬂ‘dfﬁdc urldO3D0F as hhged 25 mL of 100 mM pH 3.0 potassium phosphate

6 0 1. 0] hex-2-e
bufter g Sl WS TP BAE SRt 19 GBI Zif Mg ogofpon. The pi
was adp€d ﬁa kpg)NMRnl ?ag W)ﬁSﬂgﬂl doﬁ@?@ﬁ&&ﬂgmgg% the @Hi Mpiste @ sVI&T08 AR added

the bisulfite a ct - NVR

60 uL é)gzé J¥$4 lcﬁtalase Afu@elas&)nc%gl_gfn,a ﬁ%@c?@%w&%&ﬁ gégmd 150 mg of
monodhiASExEda8OFEBRYdex of%)o@pg[diges](&“ SEQITH NNG( &Br?@fepﬁ*i:dlw the method of

i ast ereoner),. 3. 4- - .m nor di astereoner), .
examife 35h PG Tidhsion gto-fste hilen The el Riea SO FESOTEER i o sream
of oxyktt and Hle, resllgmgli’mlje @ellocht sitieh eanRiied uddebhir {4 hdrtl:rsc.I Metie H was

..an nor di er eo .1.5 jor an ] nor

i af LF St ok pompnpAddip opt SOVl tagreh Ebmdp; The Facton was
quenclgdii,wiﬁll'l )0 NTNROH t@dlbrassitey gotaipproxilmakl; (45 ,A Sidplendjti@rmixture was

i.as eqgmer), 1.00 (s, 3H m nor dj stere
extractl) APl AN AT R 50 (Raab o (D 3y 15 S TR, 'H MR
analys@ﬁﬁ@imta[ ieZs"RDS% fdoﬁﬁfersﬁmﬁrf die ARiideY1)-t3 the imine (2). Chiral GC analysis by

to
the R s B PTG T vl 1 TR sy @ Thef 1R s iy o
detect&i. r sparglng and conconitant addition of the substrate
and bisulfite. [0391] To the 500-nL 4-neck flask at
room t Erpeplat ir dofa@abinstoxdladeQaiplyl-¢d degnmettikutiam oti/@dinedy1-3-
St i rr enzabicyclo[3.1.0Thexane (1) to (1R,5S)-6,6-dimethyl-3-azabicyclo[3.1.0]hex-2-ene
with air sparging in the presence of bisulfite.

[0389] To a 100-mL flask was added 40 mL of dH20O and 1.8 mL of 6,6-dimethyl-3-

azabicyclo[3.1.0]hexane to give homogeneous solution with a pH of approximately 11.4. To this

&5



at 300 rpm was added 150 nL of MIIli-Q water and 1.2
nmL (approximately 1.0 g; approximately 9 mml) of
W® 260008328 hyl - 3- azabi cycl o[ 3. 1. 0] hexane to Qi RET/HS2009/048255
honbgeneous solution with a pH of 11.8. Na2S205 was
added in portions until a pH 7.5 was achieved. To the
~colorless solution was added 300 niL of Antifoam 204
solutiqnayag geded 4t 7s8 FGadvtdete PrveE2drmagrreapeoltionsnd e phf ysradjusted to

appm;gﬁa !Ia;Sﬁoy%&ﬁ@@ St B0ut(1Shig B8 RINAOIEC Mo (62 L AhRE W ABKE 60 uL of
ive a colorless solution at pH 7.5. To

Antlfoeﬁr?@% Elﬂ}i‘alcé‘)‘ﬁloﬁ/&%m%?dé‘e@zz@ BOqLat Aq nigBir@isheseetpign sagma
Aldncﬁ%ﬁrg Rhbaat- m%p&ﬂd%o qa{g &EQn!)Aanmm&s& w\ﬁﬁ%ﬁfély%ptfda 8f SEQ

of Exanp 9 give a yellow sol ution
1D NGy § 4prgarics! H@/r%@o@e%@so EXaRplE &l kb pF TQeaM bl ¢ efass imgphosphate

buffert RG W 3Fdré@ntd theFedeASEmRure BRUBM-frHed sRQGNI the\i\@sauagbﬁgyeuow
that the pH of the reaction m xture %e an

solutiqnpyas dﬁl detith airmRarehe foleld haws AtTaPH éﬁ‘dnr\fnaalr? @é% 8&1@ Por 24 hours
The pl§¢ Qg ﬁl@in{aﬁféd @fjﬂl $ib @Rk godhloh@f?ddméﬁ ber s Ao R0 uL portions. The

m nutes, the pH renained stable and no further base
reactl%lc?tﬁsw%ﬁhe&@e@ the diggine-Rispdite agdducd fhe painetulfemtalivia breken tg dree imine

with 10N SIS o B?fn% ke, pled Qpﬂbxﬁlfate@ 1@.284 the PRIO% a3 extracted 1solated by
azabi cycl o 0] hexane/ NaHSG3 sol uti on

extracaorenwuW%yfql@wggyaﬁwmabﬁﬂsn 11 Weé(%ﬁ@le\m(.‘/i B- ai@@.‘/ﬁeﬁolfo Jhex-2-
ene WQI-L%Q@% SN NRER 1£8d.t AndRAGH 191‘1{IMR%) cmg (@sqﬁl gsalanme 10)

the reaction m xture at a rate of
confirged ¢opuerpign ek GommorAd e eedviyps ﬁ"l?l’c’f’“éii é?@ Phﬁ@é ﬁca%nélyw Bhﬂlle method

of Exaﬂ@‘ljé 4 18R ePf1RS SNidNAOH ABSndr €U MRE (1 SARY ktan@8m&@fwas not detected.
di met hyl - 3-azabi cycl o[ 3. 1.0] hexane/ NaHSG3 was

[0390C tTH@h@J %@L@f&ﬁet@@%bl&yduw 19 2hay §oSob@a‘met1Q\ta§|treated with 1.0
reaction he base addition conti nued and

tine
equiv. wé%TéH%%adlthan HAPER prpbysis dadicted apaptitating canygygion %ﬂt&e blsulﬁte adduct

(‘H- Nmkokgbo pﬂmzwa;oyépdmhﬁt 5%418 (dT ey ﬂH@C(I@BO@?ﬁ?J%&%%%P&%eW 494, 1=5,
roxi mat e

ON NaCH
1H<NSF%>§Q3tIﬁ@Oﬁ W%Fééog}e%wﬁt%%aﬁu@mr %l'f%erm@r)n% x{ {fide’=3, 10, 1H;

major 8%§E36h & 3\/6155&1 MiBE1, F@Haﬁ)%ﬁge@&ﬁé? 138 RA! B rfor and mlnor
(IR 59) - |neth | 23- azabi cy cloh@ %hex 2- en
diastereamratl e 0% LT rediian OB A FoeTie ) WP SB1 TR beseonsgl 115 6,

3H; mtlofligktereShdry $16 (HYH fthjoiNRistere ol Bod @S3H; Mnifos AMBleR ohbh).

confirmed conversion of conpound (1) to the imne

conpoumdaripl 14: AbhiamifoxRAR HiySediesiiBetBEBROf Of-dimethyl-3-
Exanpl azicshopad]kdxmeas) 1R, 95) 1665 @RIRY L DERbic{@)[3.1 DMRx-2-cne with
é 1S, 2Ryir _emgaﬁgf QRRbnESRAldidet sekedbstaeanpbeuliif:

reparation o

[0391 rrRél%So%_)Ll- ﬁn&k:ﬂafl@tt h@dl%ﬁ?partanbfeqy@ho;{ 13CL ﬁ&};_dwmamﬁovzrhead stirrer
w300 AL AP GRST i S o s b feovimarcty 9

mmol)of@:ccdifedhiiyd- azalljll(jyt'zﬂ(ﬂb i1 nytéiﬁ@[; % %Iiteoz?]]ld'iﬁ)gralg&ui s;a)tmglr)@wmd @pHof 11.8.
Nazszgé Wf‘%‘?‘@e(glg‘ﬁ’ﬂ’?q(‘)’%}%u‘wg% Pg& Jes 3¢ 1‘7€V§d &g‘ﬁ g%gn 1{%"8\?{ agadded 300

L of AnfOARQON ENEHa &l Hudidednd22d)andPédonasorard jideit @ehlabOsuspension
5 wth a [

(Slgm% 8?#11{:*1 &ﬁtam gu]ﬁmglpgﬁg)l tﬁnfggvg:a% {I}:—s's g&Ht‘}S(ﬁl(N?&'[}E % T-!)-Q[hig Is']ollgtion was
added 1.5 g of a monoamine oxidase powder of polypeptide of SEQ ID NO: 8§ (prepared by the
method of Example 3) to give a yellow solution. An air sparging probe was inserted and air was
sparged into the reaction at a rate of ~60 mL/min and it was noted that the pH of the reaction mixture

began to drop immediately. The pH was maintained via feedback controlled addition of 2 N NaOH.

After about 30 minutes, the pH remained stable and no further base addition occurred. After an
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(Sigma catal og nunber A-6226),120 nL of A. niger

cat al ase suspension (Sigma Al drich; catal og nunber
w@2@b08882eand 300 ng of nonoam ne oxi dase powdePCDUS100L048255

pol ypeptide of SEQ ID NO 8 (prepared by the nethod of

Exanple 2) in 10 nL of 100 m\/l pH 8.0 potassium

phosphate buffer. Air was ed into the reaction

addltl?’f’?kk%@“"?h@@H@Wt?srt?tﬁlt) édo §1La0§§ ¢-dinethyd-é of -10 i/ min

azablcwg[stmh&ﬁfewﬁsw Qi (Y8R LG & A rhidthyd)3- a‘ﬁﬁﬁcy@fog f@]@lexane with
under air for 24 hours at roomteg)erature

150 mi. oE§HQ#nd zaoygh iNeeSO710rensh REUL2) weheddgiitothgsTepsiion fnazftvré gt a rate of

0.25 nﬁt/mlzl 4‘h¥ ba of gedhagd wiRRtd Rk daﬁ;dﬂnme@iate ang aémmnl}!@@ﬂ NaOH
nL portions. After 24 hours, gﬁ 3 equi v

was reNa@Q welditign getrdimsthy hé-agadigyelplgn - q}lile%ﬁft?ﬂ‘éa V3 GABPIE ﬂﬁ%@r about
8 houllg P:iio%g o Dtal Seabridh tIRY N he Bhs@ZRRIoR X6 1Rl ahd Qlefbﬁ%aaﬂ%n@ﬁ ikt

onate. After stirring at roomtenperature (a
increaged @fterth subriratearditipw 1vay complatdn e eactionavapfisanglcd N0 N NaOH 0

bring t%%‘ f)H ¢4 pebxthdidly M Ed bledk B 111:1_ h@: bRARteAUSRHARI e %gxtfn%rextracted
he extraction. ) ol low n hase SePar ation and

with 1\@'8:}&/ dittlovmgwhase sepfrat;agn éll% %@ﬁ@e@y Hfzabicyclo[3.1.0]hex-2-ene was
isolated Vi BBl of R N BBt ditlon 31 ARADiRY Alnalyds dy H-ReXNERATICAs in

rbonitrile was isolated a pale yellow solid. Analysis
Examlﬁgl 10D igondivpes] pONEERSIOB O EPHFOR ) t,grt iRyinstcoppoysd (2). Chiral GC analysis

by the hefthod Of E@mp@e Bshowed flR 58)-i 1m1ne enantiomer (2). The (1S,2R) enantiomer was not
di met hyl - 3-azabi cycl o[ 3. 1. 0] hexane-2-carboni tril e

detectidm NMR (300 MHz, CDOl 3) spectrum d 3 92 (0I J= ' 2,

1 48 Ncéaaméj\?g 1§epa1a2102n}q1@|_zl)s 59) ﬁé d(nﬁi:thylﬁ)-azala}cmg)[?( gO])hexane 2-
3H), 1"@)‘1“{@ (stafiy ibstrytegqdelmnen a reaction ni xture

oo RSl S T D L.,

azablcw:lt)[b 13 &x@@ub Yroviat a hakdEcadous QM dneMQIRE dMaBprb@imatB 11.4. To this
- 25% of thﬁéundesl red cis stereqi somer

solutlo(n| VT’_-?S Qﬁéleé é) g60fé\1 aéﬁz {Otﬂli(l“’lq‘? Wgwgweqs&f)lgtlan @ﬂdﬁ%gaszadjusted to
about C3REAAPHOkiBteWAISMD BSSNVEM H. NTdthi tsslu@onMdsAdddaaso qies)&‘ RN@ffoam-204
oi soner.. 1H NVR.i n_CDC a(flog

<Sigm% ??ga %&@@ﬁﬁ%ﬁ?ﬁ IP@L ﬁ.'ﬂ%er ?t@fﬁﬁusggn%nééﬁmaéﬁdﬂch cat

numbdr £=%512) andB30@m@ 2f ﬁ@ﬁﬁanﬁﬁ%&fiﬂia% pb&/deFt@RMoBHERIde 6f SEQ ID NO 8

| R 2S, 5S) - 6, 6- di et hy! hi cycl o[ 3. 1.0l h 2
(rersted o ST ALIBUL TR0 S EPR QA i i buffr. A

was sfafb3@ 4o Gk Gq@cti'on iRt tﬁ[?@gcl:ﬁhtt&i' gl@g It ﬂaﬁ&% ~80 mLﬁhﬁﬂhnd the resulting
ature itted wt an over nea

pale yglﬁﬁwrﬁoé?wle ’f¥'€*f09 ﬁi?r)‘“%%“ fga é‘é@oqﬂsﬁ oM GRPRRIC <al@%h g} for 24 hours.

Througl{bdt ihe%HKﬁas(naﬂﬁﬁlﬁéﬂ dﬁﬂﬂ@}ﬂfeédb%l%]oﬁﬂﬂlea ad@i@n)of @5 N NaOH in 1 L
et cyclo

pomowo r&f@é%‘é%@s égﬁﬁﬂ 3891“% of # §N S fded 0 the fmg)gzlaxtsf%@

compr@diléQﬂR 28 5906, |6 UMyUBIakdbldg;gla [gplgl)og@ﬁféﬂﬁfgiﬂ%;lﬁe . Kﬂertshgmg at room

col o utlonwasa e 0 ti foam

tempewf@% W TP 6 RGBS GBS ZRaTBHG i CoFeR] Nibgd GeFBE:

(2-Me61a{faéfgsgo stisQee mntmxl{m%ngw FAlieWihg bﬁas@@bﬂbﬁ@;ﬂ&l ml_a?erm removal,

- k t lve a Col or S SQluUrLo tp .
1.78 gt%%q%fg ygefs‘? Bt B aske é&a%f‘dilﬁ%oﬂﬁbgcya [%Pﬂﬁﬁﬁaﬁ?-ﬁ%f%%rﬁ%\w isolated
a pale pAWSEYli{. PARDPRIES HYNVREen aBChRInfaheEyapRht@ndY (M, 19)5SHEQ-
dimet}ly?}';l?ab%c%clo[&l.O]hexane—2—carbonitrile (‘"H-NMR (300 MHz, CDCls) spectrum: & 3.92 (d,
J=1.2, 1H, NC(H)(CN)), 3.25 (m, 1H), 2.96 (dd, J=2.1, 17.0), 1.48 (dd; J=1,2, 12.2; 1H), 1.42 (m,
1H), 1.13 (s, 3H), 1.11 (S, 3H)).
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to provide a yellow solution. An air spargi ng probe
(airflowrate of -60 nL/mn) was inserted and the pH
w@pRothioasseeact i on m xture began to drop i mredi aP€l/yS20091@48255

pH was mai ntai ned via feedback controlled addition of

2 N NaOH After approximately 40 m nutes, the pH

remai ned stable and no further base addition occurred.
[0393]af¥hep a ggactiondiixfugremplig ng (R 285 G dimethyt-égzabisyelply, 1. O yane-2-
sulfonfite waf sPbrBduce a{ﬁ@ttltéé/tled @1‘[1@? @*éhLﬁV Q)If QIB@N Lt @Lﬁ%&ﬁﬁ&@a‘u’h‘@ K32 hours,

solution (26.1 - 3- azabi cycl %
~25% of tp wedesiFrd <t Sferﬁ01sem%€L1Réﬁ ﬁM@%ahﬁérﬁo%@lﬂcm*s Bfhcxape-2-

carborliBiRCasRbbcfved n WBur&d4lg dletdesuteh\ eraﬁsqacktz t) SO9%) Bepebd6Bera HAMR in
rate of 0.12 nmL/min. The reaction m xture

CDClysbgase thecigpyponiie tickine IPEPt‘%i‘r?d aaie\éhlftu(bﬁ 20t 220PRaOH was
resuned. The
6, 6- di ﬁé%@}? 16 Byspamtiop ef RSSO PRelnstby Nagageryglol3.1.0]hexane-2-
addi t i 6¥DMEERsmeus dubstte pdditipgepdehat el y 2 1 hour s
(appr.oxi mately 22 hours of total reaction time Bas

[0394] é???tlr SR 2Otk dpskahraopdParderel dont ?df@efetted with ah overhead

stirrer %3603!)1’&}1\5@ a@d&ﬂ ItSO afL MIIﬁQWk&Eﬁm 2 AL @FprédmBe®, ¢ 400® mmol)
reacti qn was npl ete by 1H NWVR analégls

of 6.6y 3@?@&-‘/2%[3/4? oo dompgrepi Bt Y

Na, S, OwRe d6QINR b&hsnsbmumhl: VR aaal7yss e, theldidle s@mtlm a{daedlsoo uL
1 eqyivgg was ?dded o the reaction mxture to give a

of Antifpamg01 3544 GRIGEH PR RE10n 21008 1 of Af fige” Cztalaff-‘oﬁuf@nsm (Sigma

Aldnchhﬁita[@&ﬁfnb%ﬁ B\@IS) io@@%oto@le@%ol@ﬁ@@dt gt Yrokhls MiRion was added
anal ysi s e

nut es, i on was extracted

300 mg TSRS B eaPBE DT %aa@%%%f el Jauh SEQTD NO 12
to prodﬂaa f&ldwl(éf)lhtl&rﬁ P@f @p@paigmglgyobz mﬂzsiw)rat(a gﬂN%mﬁL/uﬂgwas moserted and the

ani.c | ayer Ifterea throu " | anet er ()
pH of H@.f@aﬁmn s vgsshagEiedyop tppied 1@@%4 tTgE’ 3151 Wig@a f%éalav‘e?idﬁack
controﬁ&Qad’(ﬁtloﬁf)f MU BEO’EHW dafidn @pﬂ\/ﬂ_p&ﬁaﬂéﬁﬂd nhifutéshe §H|rérﬁzﬁ1ﬁffd)stable and no

nse was used_ to_extr ueo ase.

ﬁmhero‘?a@f‘a?ﬁdewa RegEed it ap 3 ‘F‘Fi‘é awgut& Q%@@‘ﬁ?‘?eétt%tﬁl) dnggk of 6.6-
dlmetﬁyedu@wyplbgsmn@awm@ sbtiad (QBy g@Yapafiaétbyl-3at 4OOC

hour to ol i The white so
mbl%?@ﬁeqihea?freew ggiaéé Qs 6t resgy i f ‘%*’§ gy to the
reactid@i Vi€tuzbat Q rfe 6&5%%/&111(1)T}@pr(df fhed&ci&) mbnfe began to drop immediately

and ad%}pgﬁ.tﬁfh %l jl_\sl;a, %ﬁ%gsbgs?{%{eg [3 'Iqheoq: 6- Ei)l]mhethy?3 aza%lcyﬂf)[%oln()l Itlerxlarlle?NaHsog

additich, Was @blﬁpﬁﬁﬂa& bfte?ap@ainey sl 20 [h3url (pphexanty 2 GafTxdliréction time).
net ester

Base a?ﬁiﬁo%@ngged@t L 1a(frﬁ%fcﬁsﬂe a@eraskl%liawgihafrgwas completed. After 24 hours,

the reabtiél] W@jaRd 2reabRpRictol/ ' HANIR epdysed according to
Exanple 16 or 17 is converted to the correspondi ng

[0395]s Bk anificad Mu@nme tda@iGRIWaS Aldeyd P BE CorilRe BB, FPSMR analysis, 10.0 g

, |nethyl abi cycl o hexane- 2- car boxyl i c .
OfNa(g% E]d TRdPRy Tvag %?dgé eﬁ%“"b PB%%WG$ gvea gy rragiop r‘?“%ﬂf? with pH
9.9. Afiet BY vatsi g&@ adacthippids Grligb Do bPukhpleaby CENNWR 20 ¢k OXEAND. minutes,

el Pr

the rea(cf“?-?ng%s SRR Vgﬁ’dﬁ%ﬂﬁﬁhgf%gé%z% IRy gyogus PRy RER glFdncs off
(appro&ﬁhﬁd%l’;ﬂ]!ior thil)@and ﬂfefugﬁdr ofg‘amb@@&t fRlgddvdo g g @ndianReEk LOMeight) of

b he trans/ rati f . o ®
Cehteé. ﬂ% Coelﬂte% was rinsed Wltﬁ 380 mﬁtof 8/['1%E atng ?he MTBE used in the Celite® rinse was
used to extract the aqueous phase. The organic phases were combined and concentrated under

reduced pressure using a rotatory evaporator at 40°C for 1 hour to give a white solid. The white solid
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am nonitrile.

[0397] The procedure was the identical

to that of Exanple 15 up to the addition of NaCN, with
w0 b@eomsssept i ons that the nonoam ne oxi dase poweCT/OB208#038255
ID NO 8 was prepared by the nethod of Exanple 3. After

24 hours,

m xture as shown in Table 5 (1.0 equival ent of

was fufigher dyigdyupdgr tsflucgd pgepgsenpt 30apintes @Lkvs 25&@‘48?%5@&1)10? hl@ 28,58)-6,6-

1200 xhe- akifudtiinas taken,

extracted wit

dimetlh Bf‘a%éb@é I
e fm 558F3 and then anal yzed by 1H NVR. The
tr ans/ @xﬁréﬁ@élﬁ‘}’ opBREBE Of &, 6 aBndiRl- Brazatwctymgm b1h&aftesbarBskylic

2S andup

di met hyl -
[0396Warsie (IRt 2y,

am noni tr

3

e net hi ne

i & 2R epiners of (IR 5S)-
3- azabrcyclo[3 1. 0] hexane- 2- carbonrtrrle) of

eciRythy LazAbk PR 11 DI @mBLL @b oRikrilt PRpared according to
protan resonance

Exampje 1630197 i eqypyertepl dothe, a%reéronﬂrlg by B

(t.rans=doubl et

NaCN was added portion- wise to the reaction

h

gAY PUREIR2S.55)-

6,6-dimehy 104 8BiBF Sl 1.0 ThexuhO 0 -ABBRTicGLid PRy NERE b BRPRRBGER: MBéribed in

detected. [

)398] After the fina

aliq

uot, the reacti

on

PCT I’r’rtFI%f‘ttﬂnélW C*’é‘k’fl rP QIEFQWWPHOQHWSE%O of ethyl acetate and

frltered t r
separ at¥

%b
phase. FRY W?

rotary RVETUY

030722, 5 Sl

th

cal

coarse

£10 1 S
oS B NGaE

|ve

alep apb F%ﬁ“@%l t“PS °u

cIe

W

evaporatron at 400C for 1H NVR
%ﬁt&%g?g}%a{nﬁoﬁes glllpsto trhaé adc({]mon (l)ﬂﬁ\& a

ed
ef

RGP Eappyane-2-
pranc-
ﬁré c1§/1iatéo of the

 with the

exceptﬁanch&h5ﬁbn@;ﬁndﬁxﬁtﬁt&p&mﬁetﬁ&@]lﬁb@|80)[/a'3 pﬂepﬁ)r]sﬁlby(ﬂhﬁ @hrethod of

itrile;

Examli. LR stk

NS

ot

t ness

b

0399
AaUF “?‘é‘ﬂ?

gw]f'e %STS%B% n

Table § i (1 Dequivdlédt o BNa @V eaERAMn S 351X a(N30 foepé’ﬁ):h m&naéﬂjtﬁﬁle interval, a

200 u]é glgqﬁlg‘!_\ga%&?%ﬂrl,l)elx%éc(t%dv&%helr mE 9 CE)CE ag} thgn QIB yze

IX[R:.L 'T(I)le

trans/dfs, i dbei@écn Yihe Brtia badie@ytit dfsded2Vddexdned IR gimes af (1R,5S)-6,6-

neou

IHCIS

I

bbb Bl

of  11.

PaieHuge

8.

dﬁ%ﬁe N, V\friﬁsegration of

the anti@ndfile @&shiseqirotbh LonsAaS (adedbuBRDat 3192 ppmAtis=dbaaemaP032 ppm).

(Sigma catal og nunber A-6226) and 600 ni of A
Table 6at al ase suspension (Sigma Al drich;

ni ge

cat al og nunber

r

C-3515) to give a colorless solution at pH 7.5. To

Timé Nit¢a(30hddtd grTonaNaaNdeTindQthcapreoibua rrg{goam Po®X i dasErans/cis
. prep red ﬁy t he nEt&Pd of ExabPpl e SEQ,

[mi Evtdfiﬁl‘i F8W-de glrl)l uti op )[ﬁl\g g NMR]
n 'F | At A A br+ A

\al I T UV I at C U UU III_I III II} v TS \w 4V | allu

0 th1 H of tHeYeaction’nmixture began P%Sdro ND
Hrediateby-—Fhe—pH Was rat-Rtat-ned—v feeghack 3

20 cdritrol I ed dddition of 22 N NaOH Afte ﬂ)épprg;inately>um
480—hutes—the—pH+efpined—stable—anp further—base

60 addition ocqurfed. Aft an additionaﬁ) mP utes (SE(m
rHaugtes—tot gl —3150m—of 6.6

20 di %hyI-B-a 2bi cycl o[ ¥ 1. 0] hexane Nalsts $87ution | 100

(26—1—g-of 6—di-rethyl—3

150 Y = ¥ 15 60 10.8 96 26

210 0.5 2.0 60 11.0 98 19

230 1.0 3.0 20 11.1 98 16

350 3.0 120 11.2 98 12

' ND = not determined.

) ’ .
.>100 means cis methine resonance not detected.
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azabi cycl o[ 3. 1.0] hexane with 160 nL of dH2O and
enough Na2S2Cb to reach pH 7.2) was added to the
WO e@oisses m xture at a rate of 0.12 nl/m n. TheCPHSN9/048255
the reaction m xture began to drop i nmedi ately and
addition of 2 N NaOH was resuned. The
6- di net hyl - 3- azabi cycl o[ 3. 1. 0] hexane/ NaHSO3 addi ti on
[0398%6@1@@5{1@@]éqyoéﬁlﬂteé?acggbmg rwgseqxgaCZedlwﬂmeE;nL of ethyl acetate and

filtered ARRIER ¥bAREE Mo 2Re BOMESpHREe defirtlon RGILI BNeftdndENas L8&Ero the
addi ti on continued at an increased rate after

organig ghpse-r Bieeo g PhAS AV AN RIBIF FRriRess Yip Fas31Y DUy Gy aporafipipat 40°C

for 1 H, eANNRANMRS hHeFQ&ANL IR GOTRKiS t@ndied HHINVR anal ySI S.
[0400] Step 2. After 24 hours, 13.5 g of NaCN (1.5

equi V. Exiasc #ldefataBod SIR1E, Q@@S)‘-@@dﬁﬂe’ﬂ%ﬂ% R74bRyBlo 881 Bhexane-2-

m | Ky Eﬁﬁ&ﬁﬁ&ﬁpﬂk%&ﬂ%&ﬁmﬂ mL aliquots
was taken after the mi xture had been stirring at room

[0399]t SfEBQ I at urse0-idr4-ddek aagk af wonﬂtémgsermuﬁe @Soout P eC AHitted WathSn overhead
re extracted with 1ni nd the extract

CDd
sirrer S B LI Lotk OEMI-GGIE P Lo e RsFoHae Al egne ganmoD

of 6 6~HﬁhéﬂMR3¢@£lﬂ@Elogll 0]hé¥ahe t@tgwké(ath'ambgdﬁﬁodé Qb1 w1E10£191]>f 11.8.
-60 m nutes .since

1 0
Nazsz%%ﬁdéﬂ lwa%m@%mnalctb%ﬁﬁ \’iﬁaﬁl}‘?diéo Tﬁﬂheo%oﬁorﬁméolumwm%?d 300 pL.
of AntﬂGMﬁQ%(S@Mta\l@&u&ba{ A8tbaphdd dodRRrdxi Wr@:h%la?e’i@sﬁ&élon (Sigma

per or ani.c layer filtered thraoug
Aldricfy. c&ﬁlﬁ% Sefs3HisT e sPlaeers splatien) at PH e T@éF}? ts%lt‘%“ W gdded
300 mb loﬂﬁﬁldnd/é&rﬁﬂ& o3soPowaér (ME&Eecawgdhé REthdAT. &@xuﬁlpra 39 Wwith BEQ ID NO 12
rinse was used t act the a s phase.

to provt eea Bﬁ]@\é{ﬁpletl% a%tbaér SRASIE B ( WA OE fol s t\@a inserted and the

pH of tRAQKti SR aEL RHEG SdpamdHiRgya Tlrllq@pﬁt“% Yhaintained via feedback
our to |ve a

a mevapor.at or at 400C for
Contmlﬂeqc ?dgltwfrﬁ 2 ATAOEL. Sofirsr apmm?ta&t“ﬂ QHIHES; pHﬁH@*}meﬂé&EE@Bd no
ﬁlrthelﬂfagésﬁidftﬁn bevurrd@ dmwa uh @@dlﬂi(ﬂlagl' OMEind:ds G0 ehik¥Q%Yo), akonLaft 6,6
|net aza
dimetty)- Gt RR BB H G SOl 36 & o SR UBEYET vas
azabich@boW. d]lﬁb&arﬂe"x'vlﬂil\ﬁo(ﬂﬁl (ﬁl’ale@ And ¢d¥ugh N§,0402] reddh 1 BXAMRla8ded to the
illustrates t a nonltrlle remai ns in

reactiqTiX WIS AL P Fcp am% o}“ PR qf dhe TeaelogiRture begpiy yfirop immediately

and addRIGRGF @Nq«ra@masﬂ%éu&ea ARk, 6-BinfchB 1- @fa%QJS}GISBQfO EbxBnAAHSO3
excess cyanl e. npl e 2%8 Prepar at i

n
additiqny gs sempleied gftes aﬂﬁfﬂ?ﬁ{nﬁﬂﬂy 2 Eraﬁﬁpw&n@f@?;f Zahoyyswé%ﬂéeasﬂon time).
Base a@alrtlblownhﬁmeldat arh@688ErafcARUISURRS R ad{i040WEs ShPRtcll. ATBE24 hours,
ocedugf was identi cal to SteQ 1 of Exanple 18.
the feﬁcb%bwﬁs gathtoe camplafe by AH MK analysi. of NaCN ( 1.22

a0 S5y AR PETY A ea0: >3'Va§t Hellzo B Rofmgpspre o eive
a mllk%’,l gékhgﬁ;]dnﬁﬁﬁﬂ?lfe:?ﬂﬁﬁ{ b. 9{ ﬁd(fthnhlﬁﬁth Svas AkehQftenthe ﬁlh)ir‘;ﬁgla @id MRS stlmng at
room feppergippe aris agg ?(ﬁt“%m qtﬁ%é’ﬁlgﬁm%‘ﬁ?fﬁ F%faétea/Rﬁs & rn%[?/ %’fjr{ﬁi’ @3 and the

extrac{ Wi, a8y 23y OH-OMIR MELd Y- stSedlZamkdic 6 Chwdthd ' IOINMEK d&rectidn Gt at

bthtrbonltrlle the trans amnonitrile with no detectable
oth imePoBts. st or eoi soner .

[0401] After ~60 minutes since the NaCN addition, the reaction was extracted with 300 mL of
MTBE. The lower aqueous phase was drained off (approximately 250 mL) and the upper organic
layer filtered through 6 g (2” diameter x %" height) of Celite® . The Celite® was rinsed with 300 mL
of MTBE and the MTBE used in the Celite® rinse was used to extract the aqueous phase. The

organic phases were combined and concentrated under reduced pressure using a rotatory vacuum
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[ 0405] The reaction m xture was stirred at room

tenperature for an additional 16 hours. 1H NWR
war@abypedsss af ter 16 hours indicated a trans/ci SPCT/US2009/048255

amnonitrile ratio of -15:1 (the trans/cis ratio was

determ ned by the 1H NVR integration of the

amnonitrile nmethine proton: trans=doublet at 3.

evapoigtaipt 47 £1d e sive 2 avhito shigmyThe whisgglid wes fllﬂhwdﬁe%vﬁdﬁeeduced

pressufXof 8B RinGRY fl Hv%ed. YOVRLd)iof ARl B9559%6,6-dimethyl-3-
oct ahydr ocycl opent a c%g yrrole to
h

azablcyea[é Igalreycatie; 23¢prbpnigri Ex Ry ariBeyEdebntthy TENMR degcgon limit
der static air. [0406] To.a 50-nl 3-neck, flask under
[0402]a|Tpls\Réegnpéej1aléﬂraze5 t th@@mj_@@ltﬂ]ﬂrmu@ ip stﬁl‘@t)rgglgpmure form after one

hour aPRYOSRAATatlb b (21 9.8881 B AR pi8eRE of 0.5 equiv excess cyanide.

oct ahydr ocycl opent a[ c] pyrrol e hydrochl ori de fol |l owed

by adJ BSAAROL0: Ofrefai@ioR b t1R,2313185-06LdHBERY 133 -akaBicyRY0[3. 1.0]hexane-2-
add|t|@ﬁb@ﬁu¢$bﬁ@&$tdﬂ§m&@e pH adj usted sol ution mas
added 60 nL of A. niger catal ase suspension (Signma

[0403AKSEHI1C The piat@LRGYR ilEhadal 6-SEplinf Famdpld 59 ng of
nonoam ne oxi dase powder (prepared by the nethod of

[0404]&@&({5}2}1 afid) %mv}cﬁﬁm BEEY: bINNN leh A2reqpieh ?aﬁdﬂﬂt@ﬂ&ir&m‘hon mixture to
ate butfer resul tin al e yel |l ow ti.on

give a%ﬁ‘gyg PP YHRih &??‘91‘ cr E“H%L?F §’°d’d¥‘f‘1i’1e§at%ﬁ frf“i‘.‘iées 2200
uL alifuve waHaN@sefaited it e ehLadf CDC. VHaNNIR @AKo rei bk tradt k@ttion
N N A BRI N S D

the traBgi0Xdifibd veikynoldbteafable tReRpeDisciervas i sol at ed by
extraction into CDCl 3 and the conversion was analyzed
[0405]0 W hd HaddVRmishiewiag gtlrtddat fo@ﬁlﬁ&hﬂ)dﬁa’im@ffor an additional 16 hours. 'H-NMR

4 5 6,6a-hexah C opental c rrole. 040
amalysplR R B A s G RO & T e Fan e vt
detenﬁlﬁHdSoyehedmpNMR in@gratidhesd thicfangigbnitiile i cftind frotont it doublet at 3.92

r.eenin he .chiral GC assay nmethod of Exanple 5
pmﬂ‘§%8ﬁ§’ %E&}QH#OOXIdIZGd octahydrocyclopenta[c]pyrrole

3aR 6aS |n1n

éﬁa;hf desuégg (ﬂgs Z % a |on 0
( 1st3 %r"% y%%&%‘ﬁﬁ%&éf%% Ex? Py ?%% pa thon o

car boni't °Aeck fl ask under air

[0406]\/\@’S ]a%g meL 3 nezf:&g%sk und]er alr oy aﬁg| d%S m (())fI 195 3 I\/Flni]]fl Pa]ssmm phosphate

buf and ahy rocyc open
bufferhydiBTSC[hlg off dcdlhydr&&@lop@ta@cf phaRSRAgrdshlaride ﬁohmqnll-liy\m;mstment of the pH

to appr ma?fglﬁz tS‘i)a a(zcg tlg) X ﬁ%ﬁ 17"0 %ﬁﬁ]ﬁteg\(l)hgaon was a(?ded E& uL of 4.

9 on was added?
niger @mmb ABpenSios (ﬂagtsat atdn(:l&cgmrEg Alndbdr €35 16ptal g ntgn’ﬂm&lnoamme

0x1das€ d)rOéVégI)r (g%B‘%ed?‘? hggle g Qﬁ»‘&“ﬁ IS%@%B I‘R?X\d il 8 BOtﬁﬁlum
phosplia(ﬁe bufifep H'I. ré)submg aﬁs ya:llmrshlm%wasembﬁd ﬁI&kr aifffoe24 ks during which
time the doHeWXs d(namtalnescg&,' l')t4lvci)anfe\e,%ack controlleeg add tcljoenrof qll\f Ng(s)ltl inzf"—S uL portions.
The reaction was quenched with 10 N NaOH to bring the pH to approximately 14 and the product was
isolated by extraction into CDCl; and the conversion was analyzed by "H-NMR, showing the
formation of 1,3a,4,5,6,6a-hexahydrocyclopentalc]pyrrole.

[0407] When the monoamine oxidase with SEQ ID NO. 4, used in this example, was identified in
high throughput screening, the chiral GC assay method of Example 5 showed that it oxidized
octahydrocyclopenta[c]pyrrole to the desired (3aR,6aS)-imine (4). The (3aS,6aR) enantiomer was not
detected.
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time the pH was nmaintained at 7.5 via feedback

controlled addition of 1IN NaOH in 1-5 nlL portions.
wa@\Rd1eo0sses rri ng for 48 hours, 300 ng of NaCN weST/afsmee048255

to the reaction mxture raising the pHto -9.9. After

stirring at roomtenperature (about 2 10C) for an

additional 1 hour, the m xture was extracted w.th

et hyl &xwnple 82 Dippagtiopphd 8. 38R A wriabyiresyelorssraldprole-1-
evaporﬁ@b@%“m816 nmy of octahydrocycl opentafc]pyrrol e-|
bonitrile was |solated 82% yi el d 1H NMR showed
[0408]_ @“ 9%5@1@ %gwké’lggﬁ undert gigppasadded 45 mlgef 19 mtl\{[]gH 8.0 potassium phosphate

bufferhd4 @Ry @ﬁ)&ahﬁﬁbdy@%pent&é ﬁyrrole( ﬂf,)deNPYBI‘l&e?’ Q6b MFBf N&;@g %ﬁd the pH

spectrum d (d cis amnonitr

was adlg.]}stedgo @@rqx&matgbgﬁ 5 Vgth ltOrI\élﬁg(bIéT Hgﬁlpﬁqdy%teﬁéqlﬁqqﬁléwwdded 30 pL of
A. nigd- c&élagd‘@usﬂehglon (%1g¥1i|a Alfick? Btalo@mbdbef 13513)) andl?;O@?n'g 1)f %noamme

ox1das(pr[é)ﬁ/gprépll'egege(§lbyat|h%mﬁtlh%i)f&)g‘laglﬁlegf( Wlt(hrrS]EQ I@ 1210 10 in [I)TIE 8% potassmm

phospRadR A el resdRind pile ?el@éms@?ﬁﬂbﬂ/ @iQfirred under a1r for 24 hours during which
cycl o®pent af cp ¥rro

time g wEgBHrAg di vt fe?ﬂ?ﬁﬁ%ﬁ?ﬁ‘ﬂ"lb’é?df}lf% é]N WO gl KL porons.

After Smi@Ckr 49 1R8Ik, 3akesehcat wa?s%@edaa %e@&dcﬁ&rﬁrﬂlxﬁﬁe BRAHYPH t0 ~9.9.
was added 500 nL of dH20 a a 25 wt%

After {ERNGA FROBLIGRPSHBIG Ao ?ply@r f@r a @smeml éﬁww thggpigpre wep gxtracted

with itk WBEtcadjfdsHac s‘éﬁhrzﬂfbﬁ RRAXJRRhEdVY o?at@nvmts g of
concentr at ed. to gl ve a col orl ess hO

Octahygmcml?nﬁﬁtaiciraﬂpﬁl lscaﬁlzﬂnmﬂﬁ 31 {Related gifenyidldp HLNB%P Showed ~90%

as 3aR| egs)r “ a&rﬁseo%uﬁﬂﬁraﬁt @dR éa‘sb RN @y T ¢l NM@I (@b@]g[Hz CDCL)
nber C-3515). and noani ne oxi dase

powde
Spectrggp 4 FolS éﬁeﬁf ?Ia@mafrﬂﬂgﬁehm% 6218 \rhrelrar élameg»m%lﬁ@ethme H),
3.15 (ﬂenboghpa‘m Bxgmp2am3) Hf, 9.6911%8 (@, Pd), €55 ah 10w SDI-ULs @R 3H)).
The head space of the vessel was swept with dry air at
appr oxiER@heé ¥3: Propatalive Sdale po@uddich of (3hiBad) M TR MaS
mai nt ahs@dy@b—clclo—ftafcdagBarkc aaun®li4),edd agdebriesRAdias dimer,
the 250mpo@@ihydrocycl opentalc] pyrrole solution in
water in 20-100 nL portions until 380 nL have been
[0409jaddaqd L §-hbk fRKE facketed aNBIC aad stiel bt 300 Rprh Svapidat @ p@EL .U of dH,0 and
ton is released % t he re ction

ot.. A

20 m gt 24 Ry g D P R B e T PET ! g 0
approﬂl?ﬁam?W&i \;fﬁﬁl@)nﬁdﬂrﬁnﬁi iH;B@l b gz%& a&bbrl&@&&nb@?&uﬁ&lﬁthﬁ To this

.titran r st at te t he. 25
souigpy e Bt BT Lk s P og i e mB A Pk ABE PR C3515)
and sko)%aﬂn@idsbeldne %%@smm’?oﬂrlmd %@eﬂem obgEH &P dinjacIk (prepared by the

ro a 1t \ t
methol QhRtAlE D b by DBt d e BN R &T e tagelpgopyent with
dry aitoft appiexigatbig orat/min. Afhk @H ofi hefrebictidrewas Nabkthieans UE}b&If@ﬂbaCk
was. t aken

bserved, _an ali f the slu

conmofled 1R oF B e U VR R IR GO TR 00 nL
portiosa@€il 388 nalf hdvb Becmalid. dTisSmlived nbwiraVaiitioh $ Bebne@ddt the imine is not.

showed varyin rop t|o s of
A proR R SR Salin ARy B sl b SRl B prampl, he
amine $t831Lik iR MasclistdNIVithd thrab¥for ﬂ%/@@s(aap O fivHR0 nsih ofveel2 Thviver
octahy?g)gycfégpeefel CEBY?I’OIG%%U(?HOI‘I:’I w%teetr E been Scﬁigc? % r was malntamec{by feedback
controlled addition of 1 N NaOH to complete the reaction (correspondmg to the initial 5 g (45 mmol)

of the substrate. After no further NaOH consumption was observed, an aliquot of the slurry was

taken, filtered, and the solid was air-dried.
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2.45 (m IH), 2.33 (m IH, 1.85 (dd, J=7.2, 8.1, |IH),
1.31-1.58 (m 7H)). 1HNWVR mCDd 3( OO MHz) showed a
worzub008820f i mine and di nmer (spectrum d 3. 22 por/Uub1dp9/048255

2. 65 (m IH, 2.30-2.40 (m 2H), 1.89 (m IH),

1.50-1.70 (m 5H), 1.43 (m IH)). 1HNVWVR m 17%

D$PO4/D20 (300 MHz) showed only the protonated im ne
[0410]piADORER sqeg%@ftt}aqﬁﬁld dissplysd gn OBy SOlV'Gp."f shogveg vaymg @g),portlons of the
imine j’h{ga% &faﬁy(ﬁoéFQfo%)enZdw pﬁ/riol 4?&&1 1{5Qﬁmer|($'j)m S(Qutﬁ)n 'H- \ﬁ\}ﬂf in D¢-

of the reaction m xture
DMSQ de §! @@hwdéﬂn%a%@?wm&tewsHeﬂdete@te@(sv%ctramy@3 bwt 5.2 1H),
2.45 (RURPENSE QR 114 igsREh, 7Q7§t801 brgaleting @i m@j) t}@—NMI@m CDCL(300
protonated i mne). The yell ow suspensi o

MH?z) é@weﬁ PALYEE CAIMigouE! damerz(@eﬁf&rm 6> (Hht“é)s 2. 61161@ 1H), 2.30-2.40 (m

2H), mmfﬁl L)@ sy-el7h ew ﬁgpﬁw@ﬁ a}ﬂt)) WANMRGRANME S 1&514 m’gw
the reaction vessel. The white paste

Showefi ﬁélyéléerﬁf?tPWngdﬂUGrﬁl}onﬁ%? (ﬁ@gfa%&qaé& 3 138 3r3- %fbrdliléo? 8-3.5
(br, zfgnngzlgl(glerlgpl 0t5hfp th‘)) | ter paper. The residue was
rinsed with Ebg 100 nL). Al acidic aqueous
[041175 Qb Wiel lﬁ[ksof% r@o{éh@d ﬁiﬁ(@{lre &AL 00GNL of concentrated HC to glve a yellow
(3aS, 6aﬁzqu 6, 6ahexahydrocycl| openta[ c]pyrrale
Suspewa%f@w QPéDrwérﬂée digRP H@d)r%waﬂ%ié@ale i The gellqy suppepgign was

centrlfﬁ @nakHdNt 1eael | ERinhRs.t T r@srﬁltfﬁg PEI!JVJ duBernd it 12l d0MBREY and
e nonoani ne oxidase with SEQID NO 16, used in this

retum%@éa I TeActiggaeesiel ehhei rhite aaﬁtq{pﬂie&ﬁ by HhersRiplsetians Mawisppended in

100 mtRe 480 £l fillfed AT SN fEr Iﬁﬁmgr&ldﬁmmsédmh dH,0 (1 x 100 mL).
oxi di zed oct ahydrocycl openta[c]p ¥rrole to the desired

Allacdggrueas)olytionhy Qmicd B rIESIBLR]-¢dafdidditer was not

hexahﬂﬁ&@r@%ﬁ&lﬁa[cﬁﬁﬁm 18/ d2A Lo NRNOAB T AEbi M @ §R d ARt Y2 @6 cyanation
mretri zati on of octahydrocycl opentalc]pyrrole to

rea"tl"(né%té’e@glﬁ)ommlga 4,5, 6, 6ahexahydr ocycl opent a] c] pyrrol e
and its correspondin under static air

[0412],Xhsa the mpnggiyipe oxidase éwth éHQJPaN @xXOruged inghis e}[a@wiesyva&rlée%lﬁed in

high ﬂaoﬁghgut@a@&nﬁgl ﬁ@k@hmc;l@eats@@l anxa%QQ& ﬁme@thlatrlf &ddiadd 300
m was adde a 25 wm %

Octahy(s‘&czaﬂwmamrfeﬁémha F&%]lrm ﬁa846és>sla1ﬂtﬁ(4>o " hF mﬁéﬁ%} craffpgner was not

detect@i] was adj usted to approximately 7.6 with concentrated
H3PO4 to provide a col orl ess, honpbgeneous solution to
whi ch Exadnfle pM4: MbnoAmindi g RlbscGataBlab®symERBASILO B
( Nov oz yemehydrdeddledei@ e bR 1o )3a8,88R )51, $h 495, ©ba-mONoOam ne
oxi das @cpaydedyclopentd)dpRlymaps coieecsedndBE@nhdPulN@r stdfe air or
( pr epabegehypréduer isidthadi.Rktrdsanpl € 3) were added to
give a pale yellow solution. The head space of the

[0413)V @S a6lL vasckSaeipiachetetiat T0°Y aad mrﬁﬂ aBOPrex mﬁ@ﬂe&s@ L of dH,0 and
t he act |1 was. nai n

20 ml\%f 3122 %%Eg@ﬁy}jé%;mlpmnfa yirole solutlon n watert ﬂle pelgi was adjustsed to

approximately 7.6 with concentrated H;PO, to provide a colorless, homogeneous solution to which .
2.0 mL of A. niger catalase suspension (Novozyme; “Catalyzyme 101°) and 5.0 g of monoamine
oxidase powder of the polypeptide of SEQ ID NO: 16 (prepared by the method of Example 3) were
added to give a pale yellow solution. The head space of the vessel was swept with dry air at
approximately 0.2 L/min. The pH of the reaction was maintained at 7.5 via feedback controlled
addition of the 25 wt% octahydrocyclopentac]pyrrole solution in water in 20-100 uL portions until
380 mL have been added. (The amine in neutral solution is protonated; the imine is not. A proton is
released by the reaction and must be neutralized to maintain the pH. In this example, the amine itself

is the base used as the titrant for the pH-stat.) After 380 mL of the 25 wt%
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addi tion of the 25 wt % oct ahydrocycl openta[c] pyrrole
solution in water in 20-100 nL portions until 380 nL
whawve/ossesr added. (The amine in neutral sol utiPeT/US2009/048255
protonated; the imne is not. A proton is released by
the reaction and nust be neutralized to nmaintain the
In this exanple, the amne itself is the base used

OCtahYéédCY%@’efl‘iaEcﬂfé(ﬁf’lefsélﬂtl‘?% watqr Badcheen added. de pERGRsHR2IRfpingdy addition

of 1 N3OM P&%ﬁ@l@%dﬁ&e%ﬁb@@@ﬁl&s@m}@s 'Elféhﬁtlﬁ@' gtms ﬁﬂmu)rbm@ts@wstrate)
had been added, the pH was mal nt ai ned %é addi ti on of

After no\funpeoiyaPd! C@awmpé%wwsw%% §09rnL( Y F1BE panwidadytortee t he

hetero?ﬁe&ds@éacéorgmﬁc&&e IR a) (1Rh ht &l S Ubst rade }'ﬂtraﬁ{)ﬁ ﬁfou@ﬁ) Celite® , the
urther NaOH consunption was observed, 180 MTBE’

lower gggisouspliasg Voo disgreded apdihe yasise oiganis phyet Porcted ‘X’tﬂb }Q:ﬁ Plﬁé?t acid, and
the acfﬂ@saqﬁé'&ﬁ@soﬁlﬁﬁh 86htdiRndBES, 68D €3a,4 4.6, b4 B xa RN DEIGHER cIpyrrole

te(r) , the |ower aqueous phase was di Scarded an

Cel i
hydm(thll%lda ppepsed ﬂ@%ﬂw Brarseardtiop oh R - WOR-dooditri ¢

azablc%b[@;l @lﬁqaﬂet@ca@&ixwl&acﬁp&@&% sothdink@6d @@3{5@%1&'299 ( aS
S a- hexahydrocyclopentachpyrro e

hyd r oc lﬁmﬁplg,@s WapaaiREcat pRAMN bitht BghcPEERAL8dF) 0N Of
(I'R 2S,&dyifoche I%ieﬁﬁfc ko 3; Compbound 3)

azablcyclo[S 1. 0] hexane- 2- carboxylic acid according to

[04141 8 a¥BOH0G-neék ﬁxajﬁplke@ed%%oo@iﬁaalaﬁ aaésmi%a apwoapm\aas added 100 mL
scal e production of the dinmer of

of de&&né Ry dPloglAtx ‘ﬁﬁ‘e(ﬁ?“é‘thé(?rﬁ@ch"@F‘éa[c]@%S‘ﬁﬁB ﬁmw&wegl} wpigud4e ofghe
substrate) AGEBH $rah &G stddl tasfpro-asiel, o aith 3QQatratbd &1,P@l tb ¢ARd colorless
stirrgg at 300 .r pm was add%g 100 nL of dH20O and 2.0 nL
homoggpeays sejuting Iy &l%w%% AS R e 3’[10‘]f gy P8l @t (RGN n
(Novorah &FCaldly-Hpmg 1@16 ahde 25 gl bﬁﬁlélﬂ)faﬁ)ne oXfagsepbivwa st adjpbisp@adé 6f SEQ

oxi mat el y entra A to
ID Nocgﬁp @epgg@bmﬁﬁﬁ@ﬁ% P%fdtbwe%ct@a Pegep gqﬁ’%gnmedlately
and thagclg mf Qla&tamecli gf pH\7.7 giag&gigﬁﬁtoahtﬁﬂl%d SUBRANT RS (WNavozyne
" Cat z an g noanl .0Xl dase
OctahY&Emszcepyeaf%flfWOéaP%@m g o%f?%ég%}lr@ 01(%8265@&@6 by
monodnilfe §BdabOsbvalker ¥exaamdde T8y dimbhef (pkk 64S) obehydergélbRAtaRGGADIe

to dr.o and the mas mai ntai ped at pH
began J0 req e B R Gt O R SR § N 240 g the durcion
of the GGicARYEr Mtylcdn%@lﬁb@[l 2 hputs (Moarss&hw tﬂheﬂﬁad pa¥lRlswehvlifr~0.6
ours addltlonal 0. g. of 't nonoam ne ox| dase
mL/m]ﬁl&l’}\lﬁ %m%laen SFYeaD maq,lrg?mta][ne(t @a 61 10n of the experiment. After 24
hours CbRNYEHieE ML cRandia¢E] Py &belhe niaﬁ@aﬁna @mgeemswuu@t e\fter a total
om the reac eaction m xture beca

rea"“%ﬁ%"%eé’fégéPPVS’fadPta]tcl}égé&‘?Ia‘ffr t o‘f’t/‘t w&h@%ﬁ@wi%@ﬁik pmls polution

in wat&fhaaﬂéﬂntaﬂ&qu{mﬁ sdlb@tbbftésreﬁc‘le(h%é 35 8tedt Aho) reacglhﬁrﬁlb@tﬁél w&@@ﬁﬁferred to
na the ox

was swe oxyge
as 00%1&;“%5@ %ﬁﬁﬁ! githéahomatht %%llla%ﬂnal%?@w%&e SFh was placed in a
heatin@ ¥Red, rumfl heafthi &k h&émg @ahe 10fl60°01 @b dﬁ%aségla@fb sftdaﬁiﬁhsélﬂrﬂo the
. I ti.ona noani ne. oxi das was a .
receis R g IS0 e o] i FRROGT g 5 O ascayap UL pfter30
minute32~ 132 BtthOfeadtios mdss natl Yedclisailydseeyal tepenpahtcleRy thlé ah@r phase was

osolution in water had been added (total subst
G é)d%'ﬁlé%"% StPBas' aihis PG TléeaSBfHeBsﬁoqﬁfi]ﬁW}B \R&‘éJ i water in the

receiving AASKE Vs F@@rell €hrough a coarse fritted funnel and the white solid was allowed to air dry
for 2 hours to give 7.17 g (84% yield) of the dimer of (3aR,6aS) octahydrocyclopentac|pyrrole

Example 26: Monoamine oxidase catalyzed desymmetrization of
octahydrocyclopenta[c]pyrrole to (3aS,6aR)-1,3a,4,5,6,6a-
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a 5001 one-neck flask fitted with a short path

distillation head and the set-up was placed in a
wheabiossg2srant | e. Upon heating the heating nant PET/U82009/048255

1600C, the diner began to steamdistill to the

receiving flask imersed in an ice bath. The

tenperature of the vapor phase was ~96C. After -30

mi nut edexabygracyglppentaielpXatpls ang s rerssP e igiwess uades spiiq aig product

over aﬁﬁmﬁﬁ@lﬂéﬁ%@¥5§UF@0%f the vapor phase was ~98C.

| ati on, was staop Ped at this point. The sus&§£3|on
[0415]ofT OtaﬁeL spgkdlagiopekgted gt 5 € apd stisred a3 00 gt rlgied PULRL @0 and

20 mLfdflaberedd OEQYQQH(Q)S)Clape%f&ﬁ!]}%@roiefsbtuh&gmf%e IThe PH B adjuhéd ©
solid was _allowed to air for hours to give

7.17
appro;@metg]gg%(ywél} mlceéxfrat]eql]ggPd%ﬁ% gw%? C((lgrgw @atg?geneous solution, to which 2.0
mL of0Ch bydresy ﬁfs&ﬁﬁﬂﬁ @ﬁdi/])ﬂbﬁ{er %a@al@&ﬁﬁnbﬁ ) 2Rd 5.0/ BPABRJAGIne oxidase

ase cat al yzZe metri zat

powdeg)élf the, g)%lme@?q:q ¢ ég@tlg[%ﬁg plyr(plapaée(%lzy the mgthod of Example 3) were added to
give a@aa%lﬁﬁ%ohhm@ arik, I@a(ﬁsp@@bhﬂﬂ@hf)é@é%%bv@[ﬂ%ﬂl@l[fﬁ&lpéﬂaﬁ@bﬁmately 0.2

and its correspondi ng diner_under static air; .
L/ming £ ef BArogstien st Hﬁarﬁn&?il@? 2 1-are 6??db1Cl9a<1151]°11qdoad&msn ef the 25w1%

tahydrdd fid bRGKRE&n &Mate? HOG- WOGLSoktiohe ATRiRQ G f (FAR6aS
Oca3%h ﬁﬁﬁgeS@S mL o# dﬁQO and 20 ql/SJ(())an.ZS mf/b ( 25)

Octah.‘/&aqcxﬂ%wrﬂa@Meﬁémrafle%%ﬂrff%lv the &3rtifmagd the feaghgngpixtugg hecame a

white ﬁﬁlT}V\@&fte’a\@B@lﬁlLQﬁ tHe@5 mro@eﬁhm&c@bmpe?na@c Wik seﬁﬁseﬁltwaaéredd been
give a colorless, honpbgeneous sol utio

addedwhe ]&rﬁd@t Vs sergstedarom; h@éeace%ﬂ Igpcgg%wg atg%ﬁ]é ﬁ]gﬁﬂ@ﬂon (st111 head

tempeﬁahkaéwsixyo)e The G@%@hypz)ywtama ‘abuspBion 0@ thg der HD@QS\HAK)EI 3a,4,5,6,6a-
dase pomder of Bo ypeptlde of SEQ | D NG

heXahﬁ("ﬁ?“éfﬁ]ﬁP“é‘éﬁ ‘BQ/erquemr‘?@fqﬁo 142 sauixpiptet @f)ncw@rﬁ@d 5&6@!&5 %d&ed to the

recelv&| p\b&braakaﬁé @nﬁéﬁ&ddcgwewombg&e@usmeuéaﬁﬂt@ls SHARE 1,04 4 ts Iaea
was _swe dry air at apprOX|natm

Wi t

hexah&@f?ﬁ.‘/ﬁlopepﬁéc W%ﬁr hY@FPéhIP@%FdP MGl retion Jienegd étrec?lw make

(18,32R1AS |- QLMD &6y cCpBitti[Olpl @6l c-addibbhigNe RIExhRBle29W %
octahydrocyclopenta c]pyrrole solution in water in

20- 100 Erdmpert:i mBsaratibh6f SR, 668)-ocBBFRAr&3Sbpentalcpyrrole-1-
oct ahydssygilcopent a[ c] pyrrole to precipitated fromthe
reaction and the reaction m xture becane a white

[0416]S THE ﬁc}ﬁeou@\fafslﬂfc s3lGRondf (S, daRp 1,204 %%a hexahydrocyclopenta[c]pyrrole

hydr ocyc | e tion | wat er
hyro e KRt Py o et g Cad oot S Bhe o Fthinea
Solutidhei@ 01 0&k ailodt J0reEN AN inSID@ &I idsit® bl b L ofn. (Stdthalizdtieadr the
hydrocgh&gg]g ﬁagtl 58[\] 18]; l?}ES ﬂ)éml&er E%rerra%ﬁ?iéi\? zrn sgu t 2 %Q}s a%ter the IeaCN addition
began| ( 13)&@111@&)?)011[1%3 gorécihlldl ifah l&x ahyﬂ?@ey@dda@ givt api-gagy mi:ahre, to
ulvalent o entrate was
which b e piis i e Copar i hredt ERETER et i GicpRBeous phase
reachcd ORD g'éhl BOKS aqlﬂ?dotﬁ ph:m: vods ﬁhen rem(aved usmgI a cannula and treated w1t|h bleach (to
S, 6aR roc c opent.a rro
destrol SARBRR T P GAPRRET T AP EToN GRS O gBHEh W) fitred
througlliar2e @tbley (~14° H¥kkex ~3” dlameter) of Celite® 545 at room temperature (about 21°C)
over a IrrganﬁtRlExlg%P%gstztgrg] Cl og&n oa[e ata{cl% ﬁse ?c? %Olagnrﬂ (t)tr yellow

aqueos phaszaRn@ a&h —ap;ﬁb;ahlyﬁryeay@ nopgatag e]myr (@0 irtermeditit Giyert didposed
The .a uegg%éa0|d|c sol uti

benvep SRR SR 6 EdS BT B ol AL By it

toluene 2 x 100 mL. The solutions were combined in a separatory funnel and the aqueous phase and
rag layer were drained out and treated with bleach for disposal. An aliquot of the organic phase was

taken from the organic phase and evaporated to dryness. 1H-NMR (300 MHz, CDCls) analysis

95



hydrochl ori de prepared in Exanple 26 was cool ed to 00C
and stirred at 300 rpm To the chilled solution at 00C
worsoaassesl 50 g NaCN in 100 nL of dH20 at 3 nlP@i/nS2009/048255
(Neutralization of the hydrochloride salt solution by
cyani de generated HCN in situ). 2 hours after the NaCN

addi ti on began, 1000 nL of toluene (pre-chilled in an
showefl 1S, 358 435)- wgaéiyarea@abpeﬁa[g pyEoler ltﬁatbeww € sk A éhe isd R epimer

(“cis’ )V}i?és‘éﬁ't iRa SBHURALQ KR {300 Mref, CISEFH RS BABT dar=6 Bt &s
O mb/mn until the pH of the agﬁgous ﬁgase reached

ammogltrée mpthine|Fhyh¢2 (dghi @@H%ﬂs pRawaitif gethinedDr & hdVed Fisd Hdma2H):

2.62 (@annyl g-a0d (hrest £sh W, th) hleacy & oade StKQ gmRPRbRIWAL cooled to
cyanlde prior to disposal. The upper organfc

apPrOXRABY S aw eiragted Wﬂpe\m&@ »p mleqf@elqemwg*ﬁaép@dhﬁl%e&n ice bath)

after wiid¥a di@h SRt imnedidte Iﬁilbﬁrlgl itQkdurRfl. GelvastRldsdarPdPralhill @€ Fktraction

t enperature (about C) over apprOX|nater 15 .
solutiqpp m@leexntaetw@ﬁ veree1gbomif. Té*r: tEHeHYr eefdhoiofainnropszge~ 4°C to ~

room engerrgﬁféga ?ﬁg cefnbmeél &&%ﬁ%@m emé\e %@4&&%{\9 600 mL total)

contalmﬁg élrsr%éai63@@%@%@@61%%@6%@ Meﬁomﬁlée liyﬁfpéhloeﬁiegw? gombined
and usPP &SR AR KRS, %WaSﬁQdﬂﬁ%H&c%‘ﬂ%@ﬁﬁ[c pI8le Pahibh&lifc)acinad
X

was rinsed with tol uene he sol utions were
hydrochiide feféramlez8separ at ory funnel and the aqueous phase
and rag | ayer were drained out and treated with bl each
f 8l d.% yaplp 28: &re@ntﬁaefﬂéﬁa%ﬁ@&ﬁ@%ﬁfﬂrwﬁlﬁ% Ghpgrole-1-
taken F?BWWPﬁ@“%?@%%?@“B%ase and evaporated to
| ysi sshowed

[0417] |T§€ §§éa%lé§>N%/§ngﬁwﬂaew[ E@ﬂlﬁl’l&ﬂ hydyochlgrigssgfufipn from

the Exlallnﬁle (2*7 vaaR&tcH taRBut 1ve 24 hurd, Eﬁ@mhﬁmrtm{e pﬁox)miﬂél?S@mﬁlL lof
ectr

H NVR (300
Watef/él%éfa% %Stﬂls&ef% endl f ‘éﬁnﬁiﬁgl}go*mufl?ff foglette ﬁ?PFPé%tely 3U-6¢ C( d.0 the
warm dotbtion2vas hdRASORML RO RIdché A thekhbiaRg Mater GppPxintiiely HD-120 mL)

was dig_tli]l*lgi P&)g]’s a %05%52@ %zegt%op%;m%ftlg;%‘f ()f _%v'at?eﬁ -ga}c{:})rgeé%rf(ﬂq}ev%:%@ ée%wggg heavy

slurry §1@9ér@ﬁnb?br@{x}ﬁ k&Il aﬂabzﬁla YelRQGoRAR X tsasd © @lodnvweﬁl@eru\ﬂuier(about
0 concentrate .
21°C>b5tl%5ryféma%?° e atiter E%Helaﬁ@ Sﬁ&rﬁ’&" é@éenﬁ ﬂ’azsgo S b {The tan solid

was alﬁaﬁddrfﬁleﬂhoufs| dnd Wathe @@ SBE@F YachOm R @nightith kivk N ¢ (72% overall yield
xtr I oNns we

ction solutions _as the
from qgfa Ewﬁ%frymoee.mafﬂw@aﬁéaééaﬁéa rocteh }éJr%‘dFlﬂP?nEﬂ@P%eel FBonylic
acid hydrddBldride in I: DEMik@FRGEIALLINE)C] cdhpevda@nbi ned concentrat ed
HC extracts (approximately 600 nL total) containing
[0418)( TS NBAIR BRS al @ indtyrd IREHEU APBIT SHoGkPY trimlca-(l S/m)rﬂa@mbﬂ r

approm&tgpyqr 0((: IH IQIMRd@OWHez 0 sber(]:?lgmag]q 33 g q 9 I5 rc?scgml}{o acid methine),

3.85 ({, 1. 3aRnbadho a6l abdicnG)ol(@pEN; Ab£H BY (H.OB; 1.2¢ agbax)dH)).
c acid hydrochloride in Exanple 28. 6.1 Exanple 28:

Poapar @kamyfle 0J: Preparation of (1S,3aR 6aS)-octahydrocyclopenta[c]pyrrole-1-

(1S, 3abybas)ic add ahydreneyahbpent Bl sdiftyont ASSaR cas)boxyl i c

aci d hycduagardcorldpdeatalc[i34dié] 1-kit®xylic acid hydrochloride.

(1S, 3aR, 6aS) - oct ahydr ocycl opent a[ c] pyrrol e-1-carbonitr
UM1%|Bephydb@dhﬂﬁde&d&@Muﬂghnsmf@mrbmﬂeE&&nﬁwejaa,MESJSU
equlppgg B?tgx |n$‘?§{leré]|%§§ 1%%L%£wa§§ha@ge% 7§ foy (%é&&m\{)\ﬁ IO%E!IG t(fS{%RﬁaS)—
octahydrocyclopenta[c]pyrrole-1-carboxylic acid hydrochloride / ammonium chloride admixture
prepared in Example 28, 375 mL dichloromethane, and 497 mL t-butyl acetate. The resulting mixture
was stirred vigorously at ambient temperature (about 21°C) to break large aggregates to provide a

free-stirring suspension. This suspension was cooled to an internal temperature of 0°C using a brine-
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water/ HCO was distilled off and the remaining solution

cool ed to approxi mately 50-600C. To the warm sol ution
worsoacksesl 500 nL of tol uene and the renmai ni NgPGEUB2009/048255

(approxi mately 100-120 nL) was distilled off as a

tol uene azeotrope. After all of water had been

renmoved, the resulting heavy slurry suspension of

ice bty & BILi (41 %ﬁ@n?}bméthwﬁql@wqa@ri&@ﬁ addgg dropyise ever tl & MiRT during
Whlchttl%'mt@ﬁlaf[t%ﬁerz{téi*é‘ bk t25°E0 Ghe prEhiGreRtticval@sicaahd £ tfe%gtld?lrinlxture
filter funnel and rinsed with toluene (2 x 20

was aﬂm@df%a@ép PRIDIRRISCTARCFaterp (aBgut2d rO)ViRglggous HtTing F’Yeﬁé? ours,

during@FHi@LhMREGTon YiREH %&%ra@h%gﬁsﬁncbf IhHEindnid sdit€ 2Van amber solution.
overall yield from oct ahy rocyclopenta c]pyrrole of

The mpgirg yps @aisyl et iahbedt Hlyed pewe BPET ek by eante

mixturk wad FrRQXMell fo AT1 Hadbidlll 0SS bERe bith ith sﬁ%ﬁg )qdébrﬁ ¥t 30B5 (wiiwt)
t he NHACl co-product. [0418] 1H NMR of the salt

NaOHp et Wrerddpdse deviigmrepvepdd eyl mynaamgiit tqmpgrpurgyelow

20°C. it k@rid w@sq{&[t&i(dtﬂ%eeﬂh){seg- Xleﬂe allbvidd tNQ@al(a%o@hé\Méam%@e (~850 mL)
spectrum d 4.32 (d .5; cis-amno acid

was regiogel tp g seppeage @Sset erﬁgeIW%aO&é% Phise ARdvay laygf (BTG lém800 mL)

were elxﬁaotedﬁmﬁlgégg n%sdlém&o%wmnel ngor%alﬁgpl(a@és v dombfhred (~1250 mL) and

e repar ati on of
Washei Sllté &Rtesgg) 22&6‘{1 h)Ttlj? %g}gpwwcdﬂ)@?eﬁw rﬁétp]@d tojremove a rag layer and
any mm;btpeoa%ﬂwq aa@ koo RbH: Yhas REHSEd 19X Bl aﬁindev$p&at§)alt$ g 08 o
3aR, 6aS) - oct ahydrocycl opentalc gyrro e-|

dark- an@srr%lo@rsu% YR eperiyr oichy of shqwed (1549828t ep 10 To a

tahylife PcléPenta d%lmmlé% AR Rl MBS sMre bottle (Ace d ass,
m:ayh 93&%%4 7) e&hléggd MAthgg négnetlc stirring bar

[0420]‘“@%6@(5?1@ hePekatich fgll({vagéthg sdiDrdcctiire RRIE W $BEg 688 trans-
octahydrocyclopen%ﬁ%c pyrrol e-1 -carboxylic acid

(18, 3%%%&11@5111‘9%1%615 Wirelin! cribarilig acid fhity reémbr epar ed
‘ng 375.m_ di chl oronet hane, and 49
l04211t S@a@w gééi‘@t%mm‘?ﬂ@f ?lééaBé?%gocr?Px&reﬁyeoméa[@mqleebrcarboxyhc

acid t-BhtGIREGbH tiRttwa pRp&Ront BIFBRIALYBRp ( ARUisselvddia)750 AL t-butyl
break | arge _aggregates to provide a free- stlrrln

acctatHesaHEI A 2 SThiPur5ts PesksypParad hoyehe mashara| %ﬁlfﬂéfrgn%u
thenn&ﬁdi@eardatnuﬁ eun@él, Qﬁ@efuﬁlcﬁﬂdeﬁsebrwlﬂﬁ stikiG @ ataamnateﬁp&&u& (n24 °C), a

esul fonic acid was added, dr opw
Solutl%\Pé i 95 %ﬁ%n@elt) gﬁﬁa}lwlm éﬂ%PrPPﬂn@m%ﬂadiieér%wawwg 37
minutdsOf€redsthgfe mikie PERBSMIR tHU] BoMBDegRAb gﬁc@mie i@ addition of
reactlon mxture was, al lowed to warmto

~50 mi- ok s oxgligagid salpion aml repird arthick suyRmpie a@f ﬂ}eraﬁﬁambefé‘é 0 mL.
After ékﬁrd&ﬁ U $00 iU b1 tRE 0N LI 1O, tlﬁeﬁ;ﬁ&ﬁplﬁféd b1k wam&esaa&gmalde a dark
fpenSI on of white inor g nc sa ah%tll n an

yello yhien O$'P ldﬁ'ﬂrémﬁlit%ﬁdlﬂg@n\ﬁﬁ’é %%r %thf 688 m&a(tf |1|heéﬁahc solution

and petrmed%@aguth@ e&n)tfttﬂee)x@la:ra@fdtahhmow erdiefsRndonREARRaated NEC to
m xture was transferred to a L flask and cooled in

providgg thig g1SpEP RN WMCH W&t PP caabiye o T BB RN A0 I INGERErature
(~21 oem AWRE €8 hobasSsid dﬁ@o&lﬁlgw@nmhx bﬂé£1§1td@é@bl1<%5vdi& @8 by filtration
while maintaining its erature Qelom1200

and wesied. WFW@SW@&S‘V%F?%W%&%% hawery! gestate @GPy B%an? gethyl t-butyl

methyS&RA(40anL ) Tae gﬂﬁmel@ dREPBA vacBaoveh )309@ 25T RIIBME N, tsBeat) to
arate vessel renalnlﬁgynaueou phase and ra

e
provid? é@%} g ( Wa&géaS)_ Wyﬁ;ﬁsyclopenta[c ¢-1-carboxylic acid t-butyl est%r oxalic

acid 1:1 salt (64% yield from (1S,3aR,6aS)-octahydrocyclopenta[c[pyrrole-1-carboxylic acid

d and uncapped. The

hydrochloride) as a dense, tan free flowing powder (99.7% purity by GC analysis), which exhibited
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were extracted with 375 nL di chl oronmet hane. The
organi ¢ phases were conbi ned (-1250 nL) and washed
wowdlo/oogseer (2 x 225 nl). The resul ting or gani BCPO&xE9/048255
was filtered to renove a rag |ayer and any insol uble
material, and the solvent was renoved by rotary vacuum
evap Qratlon to give 48.3 dark-anber oil. The 1H NVMR
the exgeﬁgét HOWR prectyam &r|(1S )- ()qt@ygré)py(%(g)g}ta[c pyrrole-1-carboxylic acid

meyggka&%Q5g§ngg@gpta[c]pyrrole | - carboxylic acid
butyl ester. [0420] A second preparation follow ng

[0422]t R%crgﬁﬂﬁzaﬁw@ﬁ@y BER Wise! dé%ﬂydﬁ@c%ché en@a[cﬂpﬁ’folé NGarb6:3M8 acid t butyl
(1S, 3aR, 6aS) - oct ahy droc%p ent a ¥rro|e | - car boxy
ester oaligccigh(1 hutalfi The g povdar fro mﬁ ul abs*a%@ $1e. B7-Ignmgoly apei3sogropanol
(1950 mlglw):reQ:ilar ged to a 3 L four neck flask equipped with a mechanical stirring, a thermometer,
3aR 6aS% oct ahydr ocyc] opent a[ cé?brrole | -carboxyli
and a r@ﬂ%wald%mﬁu JF SUSRYIEPN PRGTHICH NG REBICH efdal &t ogmistely dissolve the

salt, r@GI6RS BiaR@11dwRsoRitRR. ihé/\ﬁﬁﬁngd;l/a%%%kx?é@ @nd tAe onRioAtwal alRked ko cool
acetate and charged to a L four-neck fl ask equi pped

passivgly thargRjgit Ffé‘a’ﬁfaﬂ)é%ﬁéh ﬁe}aﬁﬂ%rtw ey gincegth ¢potiphrgaip the precipitated
solids 86iRbedl O fifdRGeInd vABKd %@&ks@f&elgan@l%@%anowm i§$ﬁraﬁn AGtate (1 L),

at anbient tenperature (-21 sol ution of
and methdg-bgtyhieihy! cfer d¥al iThe sbidyveta d‘?@bm Y QU Br G EAHETC: \iéésvacuum
N, str@gf ﬁﬁpr%@@m&@ 2QY$Bar3dasib&t g@ﬁ)cydléﬂéﬁtﬁ%ﬁiyﬁglet 1N&rboxylic acid t-butyl

m xture's tenperature to 31 Sol i ds began
ester Oﬁii"l&ﬁcﬁ It hyalt (g%) TP yickifym f1§r§a%ﬁas)wtaﬁ{dr%ycloﬁ@t%%m%e 1-carboxylic

acid h@drbdhloriab Uk a8 aoffaﬁlﬂtern@&il@stoe d9 D9 n@ri ¢ s IRl GC analysis
g?ter tﬁgﬁad ition of Xafg?&addltﬁgﬁﬁof 500 ni.y

showedpnlythe doxirad4t B3Retat- ﬁtarﬁmsqu‘é Bt @ci-primst wat nebictegisd
redi ssolved to provide a dark yell ow sol ution. Solids
l04231p AERISP Pttt RIGATHOPalorary- B O Thenstidited Bhipfisgesgro are
hereb;’ﬁhc&lﬁoritﬁﬁb}ﬂwré&e sahdit édirbt@and persi sted through the
end of the oxalic acid addition. This suspensi on was
then heated 78C to provide a thin suspension which was
all owed to cool passively with stirring to anbi ent
tenperature (-21 0C). After 16 hours since the cooling
began, the precipitated solids were collected by
filtration and washed successively w th isopropano
(450 nlL), isopropyl acetate (450 nL), and nethyl
t-butyl nethyl ether (450 nL). The solids were dried
in a vacuum oven (300C, 25" vacuum N2 strean) to
provide 118.1 g
(1S, 3aR, 6aS) - oct ahydr ocycl opent a[ c] pyrrol e-1-carboxyl i
c acid t-butyl ester oxalic acid 1:1 salt (64%yvyield
from
(1S, 3aR, 6aS) - oct ahydr ocycl opent a[ c] pyrrol e-1-carboxyl i
c acid hydrochloride) as a dense, tan free fl ow ng
powder (99.7% purity by GC anal ysis), which
exhi bi t edt he expected 1H NMR spectrum for
(1S, 3aR, 6aS) - oct ahydr ocycl opent a[ c] pyrrol e-1-carboxyl i
c acid ?-butyl ester oxalic acid (1:1) salt. [0422]
Recrystallization of ( 1S, 3aR, 6aS) -
oct ahydr ocycl openta[ c] pyrrol e- 1-carboxylic acid
t-butyl ester oxalic acid (1:1) salt: The tan powder
fromStep 2 above ( 118. | g, 391.9 nmol) and
i sopropanol (1950 nL) were charged to a 3 L four neck
flask equi pped with a nmechanical stirring, a
t her nonet er,
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and a reflux condenser. The suspension was stirred and
heated to 74C to conpletely dissolve the salt,
WO e®0loodseg) i n a yel l ow sol ution. The stirring MNBUS2009/048255
sl owed and the solution was all owed to cool passively
to anbient tenperature (-21 0C). After 20 hours since
the cooling began, the precipitated solids collected
WHARS @LHM%IPS%n and washed successively w th i sopropanol
( 1L), isopropyl acetate ( 1 L), and nethyl ?-butyl
met hyl aelub@ntibllylstédsdomeliafl Nyzpa}d GspvRidaceidifdtol shu@udBEMMAS 11(a),
oven §4OOC 28" vacuum stream) to provide 110.45 g
II(b), ](q(@,‘?é‘ WaéaS) oct ahydr ocycl opent a[ c] pyrrol e-1-carboxyl i
c acid t-butyl ester onallc acid 1:1 salt (59.7%yield
from (IS, 3aR, 6aS) - ﬁdr ocycl opent a[ c] pyrrol e- |
-carboxylic acid Iorlde) as fine, off-white
needl es of 99. 9% puniy by GC wafh & ySi s) M/élw ral GC
anal ysi s shgfeg only 5 desmbfdg
(1S, 3aR, 6 = reoi 8 HIt %] ep| s not
detected. [Q428] Al wmpatents, the 3 publ ,qca'\fons
journals, and\ ot her ref&rences cited in this
di scl osure al® hereby i"Mor por d¢®Rd- by-r et ence in
their enti rety VWHAT IS CLAIMED I S: 1. A substantially
stereonerically pure conpound according to structural
f&ffCH\ﬂ}%alma(l%lydW? {hsaeot. %?fela) or 1V(a): Il(a) I1(b)
| 'l (a) Ally()atRil@zClGinj rtﬂ -gal, tﬁzﬁafﬂergﬁﬁd{l@ﬁ&Rt H@E@ﬁfmdependently
ein: Ais -C=C-, or_-
Selectqﬂlfm&h&{ FEOQHe Xea%ﬁz: ?%%BI&{H&NW ¥y e%‘ihecFHZFHmanﬁwhefemXIS
selected@datF, C12and BNH2, - CHZNHC( NH) NH2 - CX3 CH3 CHZCHS
and wherein X is selected from and ,
may botthaKeMpmasketh b%?fﬁ%?agprmm%é?eab%wd E’HEP mw and M are
presenbM dhdWradrel thWksardd SdRfesSRAtd VB thn¥CRERE wh&tEin FERB] RN&le H, or R® or
selected fromO and CR3R4 wherein R3 and R4 are H,
R’ Oeranﬁ@ o Rrof Mt fopn 3 pgthlsngprides: of M form a net hyl ene
bri dgerﬂMtﬁefbr(SVh@sﬂ{apVI sos t hat (a) when M and M are
O A is not and\/\henAlsO and M _are
(b) A éaanwlt?@ T e are ). A igpptg); mwhmﬁ %1‘3%‘1% ararneto

CR3R4; (®nAl cdrtde et HMoaNOH M HA R ANBIRA MNde DRYR'; gne or

nore stereocenters, the,st ereocenters of Mand M are

of opp&3i Yiend anb¥e e RS Br gpd hgve opg gr @Bﬁﬁﬁmqaenge& redierrgeenters

ofMJn@M"a@ééﬂ«%pésﬁeWe@dhelMs&?d M are absent and Ais
sel ect ed romthe group consi sting of -

CH2-,
- CH;ﬂ 2. . -
} %( 5. The compou d acc 1)d1ng to c?slm 1 Pn which 1\%(&’?(?1- ll\_/IE)are a’bseng;l% A is selected
from the group consisting of -CH,-, -CH(CH3)-, -CH(C,Hs)-, -C(CHs),-, -C(C,Hs),-, -CF,-, -CCl,-,
-CBry-, -C(CF3),-, -CH(COOH)-, -C(COOH),-, -CH(NH,)-, and -CH(CH,NHC(NH)NH,)-.

3. The compound according to claim 1 in which M and M’ are O, and A is selected

from the group consisting of -CH,-, -C(CHj),-, and -C(C,Hs),-.

4. The compound according to elaim 1 in which M and M” are -CH,- and A is selected
from the group consisting of -O-, -CH,-, -C(CH3),-, -CH(CHj5)-, -C(C;Hs),-, -CH(C,Hs)-, -CF»-,
-CCly-, -CBry-, -C(CF3),-, -CH(COOH)-, -C(COOH),-, -CH(NH,)-, and —C(H,)NHC(NH)NH,-.

5. The compound according to claim 1 in which M and M’ are -CH,- and A is selected

from the group consisting of -O-, -CH»-, and -C(CHjs),-.
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-CBr2-, -C(CF3)2-, -CH(COOH)-, -C(COCH)2-, -CH(NH2)-

and - CH( CH2ZNHC( NH) NH2) -. 3. The conpound according to
w@b@aomose2s n which Mand M are O and A is sel PCT/882009/048255

fromthe group consisting OF-CH2-, -C(CH3)2-, and

-C(C2H5) 2-. 4. The conpound according to claim1l1 in

which Mand M are -CH2- and A is selected fromthe

gPoup dBR&IOPRbaceerdingto claipybin whichMand YL areabsgncHa) -

-C(C2H5) 2-, -CH(C2H5)-, -CF2-, -Cd 2-, -CBr2-,

- € CF3)r&e com }_ngiﬁ(ﬁm—ﬁimg tG@ilgmﬁ')vanoh W Ghif M2)e- CH‘E‘md C(H
2) NHC( NH) N 5. The corrpound according to claiml in
which M and M and A is selected fromthe
gfoup %ﬁ%‘i‘%’fl acs?fdméto clslgy bin whigheh 1 Cf(%%FB) 2- .6. The
conmpound according to claim1 in which M and M are
absent Thaconiamenm@ﬂmﬁmgeb asiaor adiwtgcht OiscCaim,. i n whi ch
Mand M are - - 8. The corrpound according to

claim nd
a&@or d&ﬂ%"‘i“?ﬂ”"&ﬁl&cﬁ?ﬁ‘}“ﬁﬁ" OHm c?w“Wh“’ AE(@@% 10. The
conpound according to claim7 in which Ais -C(CH3)2-.
111. Thé&hconpeumbthcaadog di dgint Dinoyhéihm 8 -C(CRahi.ch A i s
-C(CF3)2-. 12. The conpound according to claim8 in
wWhi ch d, acegrding to claim
bmhe?g% ﬁor?q%g&sﬁggrta glﬁtml Ja]ﬂ% 30;9 gﬁ@lr%eﬂoAngr ?gél ly pure
corrpound is selected fromthe group consisting of: 14.
Tha copoumboantwrdiling ta daigl hiwierkin thihsbginialhgercomerically pure
t y pure conpound is
Compozlﬁ?gcsgi gﬁéﬁ%‘%}é%%g?%g‘@%ﬁf{m sting of: 15. The
compound according to claim1, wherein the
substantially Stl-ﬂ%DEOU.’EEI catty prre coffbtihd i 6. The
con‘poung am:or di ng : o claim erei gt he >
subst an st [ ca-H-Zy;g!H Wﬁh 'Zs—;
sel ect ed |(Imtheggup con ing oN, zand 1 he
conpound according Yo claimN wherei N t he
substantially stereonerically pure conmpound is: 18. A
m xture conprising a pair of substantially
stereonerically pure (:H)rrpounds of claim1, wherein the

air S se dHero (i) conpounds of
gtruc?‘ﬁ)@;\%@ﬁ%ﬁl as and | |( e' (i |n;3 cGhpetinds of

structu alfs andyLl: L ARd
corrpoun'(r':ll?[ gstruthEg formul as/ | \ a) aﬁd z(b§

N
14. The compound according to elaim 1, wherein the substantially stereomerically pure
compound is selected from the group consisting of:
HsC_ CH
HayC. CHs M
M Hal s aH
e e
CN
Z N
N and H
15. The compound according to elaim 1, wherein the substantially stereomerically pure

compound is:
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19. The m xture of claim 18, wherein the pair of
conpounds is of structural forrmulas Ill(a) and [11(b)
waedonbss2&amount of the conpound of structural POT/IB1089/048255
[11(a) in the mxture is greater than the anmount of
t he compound of structural forrmula I11(b) in the
m xture. 20. The m xture of claim19, wherein the
ratio of the anmount of tH&gdMpound of structural
formula 111 (a) to the anguat- off t he conmpound of
structural formula I11(b) asSat | east 5:1. 2 1. The
m xture of claim18, where ,q/the pai r of conpounds is
of structural forrmulas IV(a) and |1V(b) and the anount
of the conpound of structural formula IV(a) in the
mil&t ur éh¢ eongpowad ascortling e dldim abensin the subjtentie nporaeekerighlly pure
l . lhethe mxture. 22. The
Compor%ﬁ}lg%é %%lggt%#ﬁ{ﬂqg%@?,cyl&&é?ée&h the ratio of the anopunt
of the conpound of structural formula IV(a) to the
amount of the con‘po%of struc{lh';al formula I1'V(b) is
at least 10:1.23. Il_(ﬂc > Pod of H >ari ng a
substantially ste ezmi‘r cally m(ﬁ\gpound accor di ng
to structural formukaAl(a): |1( i"ficl udi ng salts and
hydrates thereof, whérein?@d is O CRIR2, -C=C, or
-CH 2-CH2-, wherein RL and R2 are each i ndependently
sebect adc {o ndhccorROR claith 1, WNERin thCaR M N merically pure
Seia" Tt LB hecoBEtS cluite 1y ey th A N o D ncrically
compepdisang Br; M and M may both be present or may both
be absent and when both Mand M are present Mand M
are the sane and are selected from O and CR3R4 wherein
R3 and R4 are H, or R3 o R4:off Mand R3 or R4 of M
forma nethyl ene bridge; tN the provisos that (a)
when Mand M are O Ais O and when Ais O M
and M are not O (b) A can be -CH=CH or -CH 2-CH2-
when Mand M are CR3R4; and (c) when Mand M are
CRBR4 anmdixhawe@npnising p parpeisultantislboemtaaresicallytpgre compounds of
claim $L§HE8E ﬁgh}gﬁ Sf c@?np%ﬂglp ?reé%eg 0?1(:) ﬁ_é(r:(%gjl%ﬁlgdsto? structural formulas II(a) and

st ereoc str contacti ng an
11(b); @inremepovadsd st tuad domalam ¢f1(eoand i (b tand 11 doowpurids of stiuctural

fomu%?\;ﬁ%dﬁ,g)gﬂ) and M are as defined for structural

and Il (b), with oxygen in the presence

19. The mixture of claim 18, wherein the pair of compounds is of structural formulas
ITI(a) and 1II(b) and the amount of the compound of structural formula I1I(a) in the mixture is greater

than the amount of the compound of structural formula I11(b) in the mixture.

20. The mixture of claim 19, wherein the ratio of the amount of the compound of

structural formula 1Tl(a) to the amount of the compound of structural formula ITI(b) is at least 5:1.

21. The mixture of claim 18, wherein the pair of compounds is of structural formulas
IV(a) and IV(b) and the amount of the compound of structural formula 1V (a) in the mixture is greater

than the amount of the compound of structural formula [V(b) in the mixture.

22. The mixture of claim 21, wherein the ratio of the amount of the compound of

structural formula IV (a) to the amount of the compound of structural formula IV(b) is at least 10:1.
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of a nonoam ne oxi dase enzyne with a co-factor under
conditions in which the nonoam ne oxi dase enzyne
w@zi1diogssgs t he am ne conpound of structural forpCl/aS1009/048255

a correspondi ng i m ne conmpound of structural formula

Il1(a). 24. The nmethod of claim 23, wherein the

co-factor is non-covalently associated with the )

nBhoaniriacthed daspaiigAsestantiglly sipgomgsicHlyPutsicoppaynghageprding to
structM1€6:8iut 1§Be co-factor is selected fromthe group

consi sting of FAD, FMN, NAD, and NADP. 26. The net hod

of claim 23, further corrpliviféklﬂ.g a conponent catal yzi ng

a di sproportionation of r peroxi de (H2Q2) to
nol ecul ar oxygen and wat'er . The method of claim26
in which the conponent is ected fromthe group

consi sting of Pd, Fe, and e}l(é:)at al ase enzyne. 28. The

met hod of claim 23, wherein t'he nonoam ne oxi dase

enejudihgisaltsclbd bydnech therecdewhevend from Aspergil | us ni ger

or Asper.gi oryzae. 29. The nethod of £l aim 23,

aher o1 L f R RO o€ PGB wE R oL RSB sl ensorepy
selecteslifigpment eCOQH! -X, SNEY, -CIEAFIC(NOHd e®Xi, oG, t@H,CHe anl Ivtlerein X is

type A . ni . honanm ne oxi dase of SEQ ID NO 2 or at
Selemﬁ%@ﬁﬁ%"ﬁ%%’nti cal tothe wld type A oryzae

nonam Meaekvitdasebah bSEEchdrN@y b3®.be 3bsentTné wiext kuoldModnd M are

i 3 erein . the noani ne idg3se, enz $_a 3

Presengn%?%“? “ﬁcﬁr%wgé%ee%l é‘retsﬁgote‘i?@"nétr‘]) "}ng)aesf{j ﬁgﬁ%r%‘?gt%?%‘gl F gl orR-or
R of Brend iR’ noR& M’ foaguertglesebrizted from t he group

consi switg%heofél%g hh%t NCS: 4, 8, 10, 12, 14, 16, 18, 20,

and 36. CPRYWEE h8d of preparing a mxture conprising
a subsi{@anwhcalM ynd&Ma arteiCy Aeis natd); layd phieneA &, M sad Mo a@tnet O;
conpou ccor di ) stryctyral f la, |1 sand a
subat ant: SFTSSCiRGE Br S HEFHY ok BT Bt RO, AR
conpound aleaM dad’ tie R RUstdhead onf of mueatetdobdniz)s, the stereocenters

i udi salts and hydrates thereof, wherein: Ais O

of M ,re? pgfs}tets)t?reg%ﬂn}gr&l—&-, wherein R1 and R2 are
each i fceptindentmpysigsioetted ah kmime-cbinpevt@@bdording to stNkdRiral

formul'ag_QNHC( NH) NH2, -CX3, -CH3, -CH2CH3, and wherein X is
selected fromF, d, and Br; Mand M nay both be
present or may both be abseAt and when both M and M
are present Mand M are e ;Sane and are sel ected
from O and CR3R4 wherei nH # R4 are H or R3 or R4
of Mand R3 or R4 of M f \ nmet hyl ene bri dge;

H
I

wherein A, M and M’ are as defined for structural formula Il(a) and II(b), with oxygen in the presence
of a monoamine oxidase enzyme with a co-factor under conditions in which the monoamine oxidase
enzyme oxidizes the amine compound of structural formula I to a corresponding imine compound of

structural formula II(a).

24, The method of claim 23, wherein the co-factor is non-covalently associated with the

monoamine oxidase enzyme.

25. The method of claim 23, wherein the co-factor is selected from the group consisting

of FAD, FMN, NAD, and NADP.
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with the provisos that (a) when Mand M are O Ais
not G and when Ais O Mand M are not O (b) A can
WheooohsssH or -CH 2- CH2- when Mand M are CRBERAUSZNL048255
(c) when Mand M are CR3R4 and have one or nore
stereocenters, the stereocenters of Mand M are of
opgosite stereochem stry; the nmethod conprising,
ceht actihnpethpd efrlHm 23ohbrisemaisns oAy oRedt efalziEr al
disprop SHibaatien b Hyd\B&! Ridxidd (1. 8RMndYbcufik 6x@sn SRifVdgd for
structural formula Il with oxygen in the presence of
a_nonoam ne oxi dase enzyne associated with a co-factor
add wi tthe mriéed of dlaim 204e phich Higicompensntihsedagted ifiemdhs giaup
consisThe(SFUNIER G BRI dailRGerBy@bbst anti al |y enanti onerical |y
am nosul fonat e conpound according to structura

formula Il (a nd supstantially enantionerically.

antnosdhs @ﬁé?%of@&wg’anw gR &?%@Xnelae %iﬁaa&?wars i obfained or
derivell @omMMsperbdili{ Myer 08 AsperhBusizhod of claim 31 in which

the bisulfite is added to the reaction before or

si.jul t aneousl i t.h the nmnqgan ne oxi dase. 33. The ) )

2T hoa 185 Tead i ciim 2 Tan TE RO BHOLs PHIE FEYigg i amino acid
sequert HAF is adidast Y@ idehtidahte tIDNQBHPHNE npel Alateninsdkidaldie SEQ ID NO: 2

met hod of. cl aj m in which the amne co ,
or et A Pagifetied LE SRR A O e MATAm e PRt S 6 N o7
oxygen and the nonoam ne oxi dase enzyme associ at ed
w30.h aTaomtthed of clddmf23) €haeld theinamoafing breddsé sitlyink has. an3mino acid

Th t hod of, claim31l, wherein the n 1 ne,oxi dase . .
sequengt SR Sl 883 B oA 5 b G rebyon S e Ko Shsisting
of SEQID AS)sed i, 10,U8, idr &z ae.203md 36he nmet hod of claim 31,

wherei n t he nonoani ne oxi dase enzyne has an am no acid

. o . .

2Byl o e Sk U ST R e

aminobudfasdte &@fpountentordmp td vruttoml firhala {(prand.a sorsyamadly enantiomerically

pure acrqi‘ﬁng)?u%}og%e o i %%%(? ac%f SE% SItI'llDJ.CtII\J.IIOa:I foPr’I%ula 31;@ 'Tg ﬁ . ;/mrrte h g gs O];ln

erein ?rﬁlggrmnoam ne oxi
am no acid sequenceAthat is at | gast 90%identical to
an am no acid sequgn sel ect edMf r the group
consi sting of SEQH - 4, 8H B 14, 16, 18, 20,
and 36. 38. A nethqd prepari wgubstantially
enantionerically puﬂe APonitril cé‘if&abund

Ii(a) (b)

including salts and hydrates thereof, wherein:

Ais O, CRIRZ, -C=C-, or —CH,-CH>»-, wherein R' and R? are cach independently
selected from -H, -COOH, -X, -NH,, -CH,NHC(NH)NH,, -CXj, -CHs, -CH,CHj3, and wherein X is
selected from F, CI, and Br;

M and M’ may both be present or may both be absent and when both M and M’ are
present M and M” are the same and are selected from O and CR’R? wherein R* and R are H, or R? or
R* of M and R? or R? of M’ form a methylene bridge;

with the provisos that

(a) when M and M’ are O, A is not O; and when A is O, M and M” are not O;

(b) A can be -CH=CH- or -CH,-CH,- when M and M’ are CR’R*; and

(¢c) when M and M? are CR’R* and have one or more stercocenters, the stereocenters

of M and M’ are of opposite stereochemistry;
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according to structural formula I'V(a):1V(a) including
salts and hydrates thereof, wherein: Ais O CRLR2,
WO 31000888 - CH 2- CH2-, wherein RlL and R2 are eRCIUS2009/048255
i ndependently selected from-H, -COOH, -X, -NH2,
- CH2ZNHC( NH) NH2, -CX3, -CH3, -CH2CH3, and wherein X is
selected fromF, C, and Br; Mand M nmay both be
pr es enthegnetipgdyoBpingrentasiign 2@y COMBNIE d¢crrdingdn girygtural
formud1€ present Mand M are the sane and are sel ected
fromO and CR3R4 wherein R3 and R4 are H, or R3 or R4
of Mand R3 or R4 of M f(Mfﬁ‘r,ﬁ. nmet hyl ene bridge; with
the provisos that (a) \ml\ﬁ Mand M are O A is not O
and when Ais O M and r ot G (b) A can be
-CH=CH or -CH 2-CH2- when and M are CR3R4; and (c)
when M and M are CR3R4 andHhave one or nore
stereocenters, the stereocemters of Mand M are of
oppasite stereqgchem stry; the nethod conprising
wheregghMand Mo 2@t drHinAe g st doraeadH diithg v endt g eeags of 2
monoefn?ﬁd'l@ﬁti@sd Tnlzym@f @@@?ﬂiaﬂeldovitﬁ_\d (ﬁ)nidctM and Rﬁth%ﬁsﬁﬂi@ef lilﬂa@ldlofl&lﬁor%s which
, ructural formul a with oxygen in t presence of a .
yield fomedie FransRing é@ébsé‘ﬁ’i%}lﬁfén%‘@’é‘@il‘é‘ﬂ% AR HOBE PR dfecording to
structu4] GoriulaNT1H) St £ dubGadRDE EnaG@IMEHrcAIB NS iNGRLEdhadsicBBoudd according to

m xture conprising a substantially enantionerically
Stmcmﬁﬂ?%‘mélfeﬂlﬂﬁgul fonate conpound according to structural

formula Il1l1(a) and a substantially enantionerically
f|on.e larrhamsmlgd @flrblaaltii(ﬁ noﬁwﬁM (igl)‘ﬂ the G0 Bl B@let @ thé fed@lodbafore or
. or a lll d(a . and contacting the
Slmu“&??ﬂ%&bﬁﬂ%thﬁ%@%i?aﬂl?lﬁego’%‘gs%t ructural fornulae Il1(a) and
[11(b) with cyanide under conditions which yield the
sabst amhé akihyd efdiin 3aietvhichtHepispliate isaddadaiitd adiitien of the
canpound according to structural forrmula IV(a).39. The
mono%{‘rﬁ%‘d‘%ﬁ‘ claim38, wherein the co-factor is

non-coval ently associated with the nonoam ne oxi dase
eAzy me Thdhethdhef addmlBddn ehick HgiamiBompderd @cdqordilpeto structural

formuéi\_ﬂ?f caocfg/i%red ]I%ilngeylggrg% lﬁfz;gl(())nr(r)]altnllqnee oglrdgslél%nzcy(r)l{]esalsssotclja i W(IDtEI a co-factor

before addition of the bisulfite.

35. The method of claim 31, wherein the monoamine oxidase enzyme is obtained or

derived from Aspergillus niger or Aspergillus oryzae.

36. The method of claim 31, wherein the monoamine oxidase enzyme has an amino acid
sequence that is at least 90% identical to the wild type 4. niger monamine oxidase of SEQ ID NO: 2
or at least 90% identical to the wild type A. oryzae monamine oxidase of SEQ ID NO: 32.

37. The method of claim 31, wherein the monoamine oxidase enzyme has an amino acid
sequence that is at least 90% identical to an amino acid sequence selected from the group consisting

of SEQ ID NOS: 4, 8, 10, 12, 14, 16, 18, 20, and 36.

38. A method of preparing a substantially enantiomerically pure aminonitrile compound

according to structural formula IV(a):
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41. The nethod of claim 38, wherein the nonoam ne
oxi dase enzyne is obtained or derived from Aspergillus
wWoR@enosses Aspergil l us oryzae. 42. The net hod oPCT/IUS2009/048255
38, wherein the nonoam ne oxi dase enzyne has an am no
acid sequence that is at |east 90% i dentical to the
wild type A niger nonam ne oxi dase of SEQ ID NO 2 or
at | east 90% i denti cal tOMtAhﬂ wild type A oryzae
nonam ne oxi dase of SEQ 32. 43. The net hod of
claim 38, wherein the rmngaﬁf[?e oxi dase enzyne has an
am no acid sequence that i CN east 90% i dentical to
an am no acid sequence sel q\p(;ed fromthe group
consi sting of SEQ | D NOCS: 4, Eg 10, 12, 14, 16, 18, 20,
anah@dtyg sdis. andhyreatbsaberaff, xplneeeplarl ng a subst ant i al | y
st er eoner (cabl I a
St Uot r s Rt R AR R BafRE ARy R e et yodenny
selectadifameith -CAOHs-XO, NICRIF2ZNBCNGNHo rFCXLHT2; CHRCH; wheéwbemin X is
each independently selected from-H,
Sele"tew d?ff‘n%ﬁw - CH2NHC( NH) NH2, - CX3, - CH3, - CH2CH3,
and whaf mdMXm%szthz beptedt érm@mbﬁt;h b@labseatrmid Bthf;n BtiaMoaniyIM” are

presengﬁ’%/ #ﬂ%ﬁh %ﬁ/lw aer agllataFeos;elét&?é/ f\rf danﬁﬂ%lgrﬁz% rgi%?g ra%cﬁﬂg‘nage H, or R’ or
R’ oeraedi?ébeM@(M’fﬁoom @eﬂlmhtnﬁﬁiii@*L wherein R3 and R4 are H,

or R3 R3 or RA of M forma nethyl ene
brid e%tﬁf&ﬁ%ﬁ%ﬂsg@gvu sos that (a) when Mand M are

O, A i &)nolien®™ ahM’ whéh AAs ngt andivhendA W O, M endhlf ai@not O;

b) A C\iﬁf}é - 3 e
E:Rg%R4 %18%013 dI%DFI% %Pé}é\%? &Qﬁgvlg %Iﬁ{e or
nor e s(@ reloo o aedt N altehi‘fR B{ mdél@wsmt er momfstemoaﬂm(gbrdvltheateesocenters
ot M s \PPOSI 6o 5L SEROAORM ! Tv: the et hod conpr si ng
Ing a su

cont ac antially enantionerically pure
am noniltermidtiedecompaurraoavciogdn agirceowpeud teporlingf to staghaal
fOrmufa\{(a) IV(a) wherein AA Mand M are as defined for the
m no conpound of structural formula VI, wwth an acid

and wat er under condition Ry Whi ch the amnonitrile
conmpound is converted to | ﬂbst antially
stereonerically pure am no a i d conpound according to
structural formula VI.

H

I
wherein A, M and M’ are as defined for structural formula I'V with oxygen in the presence of a
monoamine oxidase enzyme associated with a co-factor and with bisulfite under conditions which
yield a mixture comprising a substantially enantiomerically pure aminosulfonate compound according
to structural formula I11(a) and a substantially enantiomerically pure aminosulfonate compound

according to structural formula II1(b)

N~ Vso,- N 50,

lli(a) me) .4

contacting the compounds according to structural formulae 1I1(a) and 11I(b) with
cyanide under conditions which yield the substantially enantiomerically pure aminonitrile compound

according to structural formula IV(a).
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45. A nethod of preparing a substantially
stereonerically pure am no acid conpound according to
warewoossesl formula VI: VI including salts theP€Diis2009/048255

wherein: Ais O CRLIR2, -C=C, or -CH 2-CH2-, wherein

R1 and R2 are each i ndependent |y sel ected from H

- COCH, CH2NHC( NH) NH2, - CX3, - CH3,

2B whahe e Pl Sov g s P EaCtQEls nogrsgvanily it the
monodiB¥e HQdbe Reesent or may both be absent and when

both M and are present Mand M are the sanme and

are selected from CR3R4 wherein R3 and R4 are

ofVR3 dhe mathpd Ofmlaawoﬁsngh%?mrb& caffacmr lsrsakwefrﬂ%ﬁmrewonmﬂng

OfFA]brFMEeNAW ddaNAwep provi sos that (a) when Mand M are
o] |snothndvvhenA|sO Mand M are not O

CH 2-CH2- when M and M
c%@%m Tﬁﬁﬁw‘f"eﬁ %_M!:]f’é?? 3 %ihﬁaelmhee?oeoeﬁgw%ﬁﬁa%% st or
derivedBof ShELRNCRPE L Aspek HRusHrRELOCENters of Mand M are
of opposite stereocherri stry; the nethod conprising

S et The Dol RTRn Riatie e R Ttag St g e an amino acid
sequeﬂcls tHagu) ,a‘:,j lgﬁb?a%g&h@%% tliv?gftg]?&f{ Infg?f {Sr’ltysrrldjrgﬁ@o;@dasw)ff SETQlé‘I;) NO: 2
or at I DBy ARG o g P S e Ha P St hePimty oF i B N 1D Ak e

under conditions which yield the substantially
stgr eofmae medhbd yf qrime38awhaacin tiemidnearsioepadisel eragme haki an@gmino acid

to structural formula [V(a) 1.\Y(a) wherei , and M . .
sequeney dapis At ﬁde/a 1‘%&?"4 " 8‘%-]‘%% 8"1\{{%?%8‘&8 861%‘?6%&?’%&4? gogp consisting
of SEQ @ i¥ISa4 \4, 10,dadi4c ontl &cwi ang 3bhe am nonitril e compound

of structural forrmula IV(a) with an acid and wat er

uager SORdbdd @Roh L ERAR, ATLARALLLILE GRIPRURG i Suna
accor(mrgtnetr@mrdfmﬁmbdand accordi ng to structural for rrul a
VI. 46. A nmethod of pr eparA ng a substantially
enantionerically pure compomnd according to structural
formula V: V H H

COOH
H
Vi
including salts thereof, wherein:

Ais O, CRIRZ, -C=C-, or —CH,-CH>»-, wherein R' and R? are cach independently
selected from -H, -COOH, -X, -NH,, -CH,NHC(NH)NH,, -CXj, -CHs, -CH,CHj3, and wherein X is
selected from F, CI, and Br;

M and M’ may both be present or may both be absent and when both M and M’ are
present M and M’ are the same and are selected from O and CR'R* wherein R* and R* are H, or R® or
R* of M and R? or R* of M form a methylene bridge;

with the provisos that

(a) when M and M’ are O, A is not O; and when A is O, M and M” are not O;

(b) A can be -CH=CH- or -CH,-CH,- when M and M’ are CR’R*; and

(¢c) when M and M? are CR’R* and have one or more stercocenters, the stereocenters
of M and M’ are of opposite stereochemistry;

the method comprising contacting a substantially enantiomerically pure aminonitrile

compound according to structural formula IV (a):
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including salts thereof, wherein: RS is (G -C6)alkyl;

Ais O CRIR2, -CC, or -CH 2-CH2-, wherein RL and R2
w@e@omessks i ndependently selected from-H, -COPCTAUX009/048255

-NH2, - CH2NHC(NH) NH2, -CX3, -CH3, -CH2CH3, and wherein

Xis selected fromF, d, and Br; Mand M nmay both be

present or may both be absent and when both Mand M

are present Mand M are jHeysane and are sel ected

from O and CR3R4 wherein R4 are H or R3 or R4
of Mand R3 or R4 of M f@rma nethylene bridge; wth
the provisos that (a) when M are O Ais not G

and when Ais O Mand M i5\re not O (b) A can be
-CH=CH or -CH 2-CH2- whenWfand M are CR3R4; and (c)
wheree™ Wh@Emd ailas a¢ReCR3RE agitd ddapEuraRe stictuf@ f@mula VI, with an acid

stereocenters, the stereocenters of Mand M re of .
and wipBdTTCan i Qp arotheh) & SO TR EBTHERISP g Substantaly

stercoMBiaBe bird @miho 9610 SbBHYund hdcYrdsiz@s QAR Estnbid aUr € ani no
aci d conpound according to structural fornmula VIV

rein A, nd M are as .defined for the anino.acid

e dmouniskodkst iretrines Sp gt Gy P i yrmpound
accordbp omprthrs gdremtaed: f rom t he group consi sting of R5-COH

and R50C( O CH3 under conditions in which the am no

aci d conpound according m«f“ﬁt ructural formula VI is

converted to the subst ' B enantionerically pure

am noest er conmpound accofdi g to structural fornula V.

47. A nethod of preparing coeantial |y

stereonerically pure aninél ester conpound according to

structural formula V: V i¥cluding salts thereof,

M%[Lﬁin%:salgﬁhéﬁﬂ(&efe%) alkyl, Ais O CRIR2, -C=C., or

-CH 2-CH2-, wherein Rl and R2 are each independently

sel ect ads P 6B RHC=ComHCHa-KH- Nbgrein ROppdRGENechizlcpendently
lected$t5Hh -1, E8on: SH2ET3 . ciaRdy &N -1 Soisel@ekrd o %%E X i

> ecteCI, and Br; Mand M may (‘[’)@?2 bé preésent or nﬁf f)ot A

selectqglefroabB&rtand e when both Mand M are

M and M’ may both be present or may both be absent and when both M and M’ are
present M and M’ are the same and are selected from O and CR'R* wherein R* and R* are H, or R® or
R* of M and R? or R* of M form a methylene bridge;

with the provisos that

(a) when M and M’ are O, A is not O; and when A is O, M and M” are not O;

(b) A can be -CH=CH- or -CH,-CH,- when M and M’ are CR’R*; and

(c) when M and M’ are CR’R* and have one or more stercocenters, the stereocenters
of M and M’ are of opposite stereochemistry;

the method comprising contacting a stereomerically pure bisulfite amine adduct
compound according to structural formula I1I(a), substantially sterecomerically pure bisulfite amine

adduct compound according to structural formula ITI(b) or a mixture thereof

A, AL
M ™ M ™
-
H oy H 730,

l1i(a) l1(b)
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present Mand M are the sane and are selected fromO
and CR3R4 wherein R3 and R4 are H, or R3 or R4 of M
wa@pdomssses R4 of M forma methyl ene bridge; we€TUs1v69/048255

provi sos that (a) when Mand M are O Ais not O and

when Ais O Mand M are not G (b) A can be -CH=CH

or -CH 2-CH2- when Mand M are CR3R4; and (c) when M

and M WatheyRrade sendifiops whish viskd thbyubstartialegeieemeically pure
aminohifle SSRIERERRAMS tPSruMuphriYlla @V @) Of oOpposite

stereochem stry; "the nethod conprising contacting a

stereonerically pure bi su,{,,f‘t fi€ am ne adduct conpound

according to structural w11 (a), substantially

stereonerically pure bisul/fife am ne adduct conpound

according to structural fo GNIIlI(b) or a mxture

thereof 11 (a) I11(b) with ani de under conditions

whi ch yield the substanti al ?) stereonerically pure
whereRA, M BAd B’ bR o QTROU RS t}@%ﬁﬁi{odioﬁlgoﬁrﬂ o$ btfudfrdl FétmufaOrTmatda

IV(a) 1V(a), wherein A, Ma are as_defined for the

am no CORprGante 8?1“@{“?1‘&}6?%?%“114 Rfrstutttaraliormudhy (2) with an acid and

water GiRIRE @@tiiogs ih R@ica Micn@hdnithle@ oBPEIAA WEnRited tof thiE S §taltially
for Ia IV(a) with an acid and an al cghol under

stercorpyify wv:rﬁgm}nﬁ G CRAPYUAS 2RTHSAP PRICTuEr S8mEBAAd i s
converted to the substantially stereonerically pure
anb.No @sh&hodCAPRP.GE a0ERmelhINOenbftioBieFitktl Yo comPsuid laécording to
V.1 48. ,%mst hod of preparing a substantially

structulgl OrWReY- cal Iy pure amino ani de conpound according to

structural fornmula VII: VlAL i ncludi ng salts thereof,
wherein: Ais O CRLR2, % or -CH 2-CH2-, wherein
RL and R2 are each ind® Htly sel ected from-H,
-COCH, -X, -NH2, -CH2N N rs- CX3, -CH3, -CH2CHS,

and wherein X is selecteddfromF, d, and Br; Mand M

may both be present or may, both be absent and when

both Mand M are present Mand M are the sane and

anelugwigedtsglbréof.orhe@imnd CR3R4 wherein R3 and R4 are H,

or R3 %15'%[6 @f)ﬁ and R3 or R4 of M forma nethylene
e

bri dge; br ovi sos t hat
Ais O, CR! R -C=C-, or —CH,-CH>»-, wherein R! and R? are each independently

selected from -H, -COOH, -X, -NH,, -CH,NHC(NH)NH,, -CXj, -CHs, -CH,CHj3, and wherein X is
selected from F, CI, and Br;

M and M’ may both be present or may both be absent and when both M and M’ are
present M and M’ are the same and are selected from O and CR'R* wherein R* and R* are H, or R® or
R* of M and R? or R* of M form a methylene bridge;

with the provisos that

(a) when M and M” are O, A is not O; and when A is O, M and M” are not O;

(b) A can be -CH=CH- or -CH,-CH,- when M and M’ are CR’R*; and

(¢c) when M and M? are CR’R* and have one or more stercocenters, the stereocenters
of M and M’ are of opposite stereochemistry;

the method comprising contacting a substantially stereomerically pure amino acid

compound according to structural formula VI
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(a) when Mand M are O Ais not O and when Ais O
Mand M are not O (b) A can be -CH=CH or -CH 2-CH2-
woben/oddsand M are CR3R4; and (c) when M and MCHIS2009/048255
CR3R4 and have one or nore stereocenters, the
stereocenters of Mand M are of opposite
stereochem stry; the nethod conprising contacting a
stereonerically pure bi V%Mte am ne adduct conpound
according to structuralgor alll(a), substantially
stereonerically pure bis te am ne adduct conpound
according to structural @Hll(b) or a mxture
thereof Il11(a) I11(b) wth cyanide under conditions
which yield the substanti¥lly stereonmerically pure
am noni trile conmpound according to structural fornula

IV(a) LR AMELE] 1 Ave MiaREd Mr tlﬁraﬁmﬁ)sacfdl%fofnﬁﬁgldfo@ StrdcRRal

am no compound of structural formula VI;
formulgoW taidtap agjd e PRI selertediremd Mg cenm%lpg 9%18 uPH|and

SOC{@CF@ {nﬁie} é()(nal)tlow ih kllhﬁ:ﬂ tlﬁca.'ngnd%%onﬁ)gﬁ}gl' a‘éédi’&lﬁ%]io@trﬁ\@ﬁnﬁnormula VI

he am nonitrijl onmpound is converted to t '
is conyyjipd toghe fiuaqstﬁrylagx @Wé’@ﬂ?@ﬂc@b’l NU§e BRSSO O ageording to structural
formufa®pound according to structural formula VII. | | |

47. A method of preparing a substantially stereomerically pure amino ester compound

according to structural formula V:

including salts thereof, wherein:

R’ is (Ci-Colalkyl, Ais O, CRIRZ, -C=C-, or -CH,-CH,-, wherein R' and R? are
each independently selected from -H, -COOH, -X, -NH,, -CH.NHC(NH)NH,, -CX;, -CHj;, -CH,CHs,
and wherein X is selected from F, Cl, and Br;

M and M’ may both be present or may both be absent and when both M and M’ are
present M and M’ are the same and are selected from O and CR'R* wherein R* and R* are H, or R® or
R* of M and R? or R* of M form a methylene bridge;

with the provisos that

(a) when M and M” are O, A is not O; and when A is O, M and M” are not O;

(b) A can be -CH=CH- or -CH,-CH,- when M and M’ are CR'R*; and

(c) when M and M’ are CR’R* and have one or more stercocenters, the stereocenters
of M and M’ are of opposite stereochemistry;

the method comprising contacting a stereomerically pure bisulfite amine adduct
compound according to structural formula I1I(a), substantially sterecomerically pure bisulfite amine

adduct compound according to structural formula ITI(b) or a mixture thereof
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AL A
MW M m
)
H S0;” H 750,
l(a) li(b)

with cyanide under conditions which yield the substantially stercomerically pure

aminonitrile compound according to structural formula IV (a)

IV(a)

wherein A, M and M” are as defined for the amino compound of structural formula VI; and

contacting the aminonitrile compound of structural formula IV(a) with an acid and an
alcohol under conditions in which the aminonitrile compound is converted to the substantially

stereomerically pure amino ester compound according to structural formula V.

48. A method of preparing a substantially stereomerically pure amino amide compound

according to structural formula VII:

including salts thereof, wherein:

Ais O, CRIRZ, -C=C-, or —CH,-CH>»-, wherein R' and R? are cach independently
selected from -H, -COOH, -X, -NH,, -CH,NHC(NH)NH,, -CXj, -CHs, -CH,CHj3, and wherein X is
selected from F, CI, and Br;

M and M’ may both be present or may both be absent and when both M and M’ are
present M and M’ are the same and are selected from O and CR'R* wherein R* and R* are H, or R® or
R* of M and R? or R* of M form a methylene bridge;

with the provisos that

(a) when M and M’ are O, A is not O; and when A is O, M and M” are not O;

(b) A can be -CH=CH- or -CH,-CH,- when M and M’ are CR'R*; and

(c) when M and M’ are CR’R* and have one or more stercocenters, the stereocenters

of M and M’ are of opposite stereochemistry;
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the method comprising contacting a stereomerically pure bisulfite amine adduct
compound according to structural formula I1I(a), substantially sterecomerically pure bisulfite amine

adduct compound according to structural formula ITI(b) or a mixture thereof

A AL
M ' M W
5
ﬂ SO, ﬂ 7s0,"

lli(a) li{b)
with cyanide under conditions which yield the substantially stercomerically pure

aminonitrile compound according to structural formula IV (a)

IV(a)

wherein A, M and M” are as defined for the amino compound of structural formula VI; and

contacting the aminonitrile compound of structural formula [V(a) with an acid under
conditions in which the aminonitrile compound is converted to the substantially stereomerically pure

amino amide compound according to structural formula VII.
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