BIOCATALYTIC PROCESSES FOR THE PREPARATION OF SUBSTANTIALLY
STEREOMERICALLY PURE FUSED BICYCLIC PROLINE COMPOUNDS 1.TECHNICAL FIELD
100011 The present disclosure relates to substantially stereornerically pure fused bicyclic proline
compounds 3f&HUERNEEEormulae [Ito VII:  VIVIL in which A, M, M', and 1887Hf@%4¥ H8%¢ribed herein,
to biocatalytic processes for their preparation, and to the biocatalytic enzymes used in those
processes. 2. REFERENCE TO SEQUENCE LISTING, TABLE OR COMPUTER PROGRAM [00021
The "SequencBIDISHWIAT CONELIFROMESAD AF0RI EiRCARP ealiy Tnoe 37SCBS RANITBLLIW a computer
readable form (CREREGHERMELCX PZORE\WOBEIDRLS YHel Mh RSB poFateiVROENgnce. The
electronic copy of the Sequence Listing was created on June 23, 2009, with a file size of 110 Kbytes.

3. BACK ROU Qg%i’]“‘gﬁ% g proline analogues are used in the discovery and development of
peptidomimetie dr occhi et al. (2008)Amino Acids (2008) 34: 1-24). The hepatitis C virus
protease '[0'@0@ ltcfﬁeq%%rﬁyéb@%@ k&i@t@@@%ﬂbswﬂually stereomerically pure fused bicyclic proline

((IR,25,55)- %ml?q{ 1- %@8 utg % d{i%obutan -2-y1)-3-

((S)-2-(3- terlf’%u Urefdd dimeths u(’[anoyl) 6,6-dimethyl-3-azabicyclo[3.1.0]hexane-2-
carboxamide) (Malcolm et al. (2006) Antimicroh. Agents Chemother, 50(3): 1013 20), and telaprevir
(VX 950; N4S)-1-cyclohexyl1-2-((%)-141S,3aR,6aS)-14(R)-3-(2-(cyclopropylamino)-2-
oxoacetyfihexanoyfihexahydro alc]pyrrol-2( 1H)-y1)-3,3-dimethyl- | -oxobutan-2-ylamino)-2-
oxoethyl)pyrazine-2-carboxamid (P mi et at (2006) Antimicrob. Agents Chemother. 50(3): 899 909).
[00041 Boceprevir and jelaprevir am ared from e e‘i‘swpf the cis- f%;é'd,bplcycllc L-proline analogues
(1R,2S,5S5)-6,6-dime yl 8-azabicyclo[31.0]hexane ylic acig ,3aR,6aS)-
octahydrocyclopent’é gpy{Tole-I-carbexylc Cld respectively, which ar wn below: [00051 WO
2000/20824 and WO 2Q@0/218369 %gt%e numerous cﬂhe $fepatitis C}ﬁ)rot@@se inhibitors
incorporating various fuggd bicyclic L-pggline analoguesig@sresponding tasfructural formula V1. 10006]
Although methods for the synthesis of such complex molecules using the methods and tools of organic
chemistry have been reported thosessyntheses generally are multi-step, intricate, expensive,
inefficient, processeag f.d.ow overaMﬂiyleE [0007] Wuvet al (WO 2007/OM ) discloses the production

of the methyl esteq blcycll *‘hnalogueH

(IR,2S,5S)-6,6-dime ablcyc ddRexane-2 acid fr sponding
wfaaé%% &?%5”9

symmetrical (achiral) cyc c amine 8f structural form )-6,6- dlmmhy
azabicyclo[3.1.0]hexaw&) beginning with its oxidation td the correspondingiracemic iminc of structural
formula [0008] The racemic imine is subsequently reacted with cyanide to provide the raccmic

aminonitrile wiithe folovinghswiciuialifaemplmiROR9) wiishiisithendgactadnuith acigandgeethanol to
give the racem c p acid meth les rof the followmg structural fommlae [HH meO2C 11N (s)

CO2Me H (racemat fO "Fina T“,nt epﬁ)ﬁe ?é 5S) (undesired) and (1S, 2R, 5R) (desired)
stereoisomeric meth ﬁ esters are séég)arated b,% diastereomeric salt resolution, fonning either the

di-p-tolyl- B-tartaRtacig ol R Formtere Q‘Fﬁowgr(?ﬁé}%ﬁﬁgﬁﬁ?%%rtanc acid salt with
the latter ?meflgmee‘%equcnce Listing” concurrently submitted ¢lectronically under 37 CFR.§ 1.821 ina

computer readable form (CRF) as file name CX2-020WO01.txt is herein incorporated by reference.

‘The electronic copy of the Sequence Listing wag created on June 23, 2009, with a file size of 110

Kbytes.

3. BACKGROUND

[0603] Bicyclic proline analogues are used in the discovery and development of peptidomimetic
drugs. (A. Trabocchi ef al. (2008) Amino Acids (2008) 34: 1-24). The hepatitis C virus protease
inhibitors boceprevir (SCH 505034; ((1R,25,58)-N-(4-aminc- 1 -cyclobutyl-3 4-dioxobutan-2-y1)-3-
{(S)-2-(3-tert-butylureido}-3,3-dimethylbutanoyl)-6,6-dimethyl-3-azabicyclo[3.1.0Thexane-2-
carboxamide) (Malcolm ef al. (2006) Antimicrob. Agenis Chemother. 50(3): 1013 20), and telaprevir
(VX 950; N-((S)-1-cyclohexyl-2-{(S5)-1-{(15,3aR 6aS)- I -{{R}-3-(2-(cyclopropylaming)-2-



[0011] Tanoury etal. (WO 2007/022459) disclose the synthesis of racemic (t
-butoxycarbonypoctahydrocyclopenta[c]pyrrole-I-carboxylic acid from the corresponding symmetrical
(achiral) bicyclic amine by making the N-Boc derivative, and reacting it with the pyrophoric agent,
sec-butyllithimﬁ i {lE i Esence of more than a stoichiometric amount of FOTNS2 AT S chclatc, then
carbon dioxide, all at below -70C to produce the racemic N-Boc amino acids depicted below: WO
2010/008828PCT/US2009/048255 1S) HOOC (R NNCOOH BocBloc | (racemic Boc-acids) [00121
The (IR, 25,08&)(irdesirétiyahi(dy - RRBR)pidediPed)) stbredidbnedns- ohilvesarracemird3oe-acids are
then se,pas%e@ﬁ%tq@g@mm@r&mbt(rf%ggIatzg.rtmmM&%ﬁn@ns}re@w@! faspasyich as
5-1-am|not86£ alin. [0013] Although the desired stereocisomer of the amino acid derivative is obtained by
these met% s, the resolution of a mixture of enantiomers of these bicyclic proline analogues
inherently involves the waste of at least one hal{ of adk.of the material (e.g. raw materials, reagents,
solvents, catalysts) used in the production of the ggcemic mixture. 10014] Additional methods for the

chemical synthesis of amino acid (15,3aR,6aS)-0¢t: hydrgcyclgpentale]pyrrole-l-carboxylic acid and its
esters have also been reported involving (i) anodlic.oxgatieq e

atBtyl-3-azabicyclo[3.3.0]octane (EA
00090362), and (ii) a thiazolium ykde approach (L tters in )
502); 1 Org. Chem. 1994, 59, 27;(;5,—&9./? Jethads to asyy

esign & Discovery (2005) 2(7): 497

! etrically produce amino acids of
structural formula (15,3aR,6aS)- 6cta{nydr cyclepenta[c]p3madle-F-carboxylie acid and esters thereof of
structural Formula V from the correspondings crlgﬁ*l'etrical (achiral) bicyclic amines of structural formula
| (OR, 55)-6,6-dirnethyl-3- azabicyclo[3.1.0]hcxane) that avoid the formation of racemic mixtures, and
the consequent need to separate the enaatgmens gan-besmore efficient, less wasteful, and more
cost-effective than the resolution-based methods described above. [00161 Monoamine oxidase
enzymes have been used to resolve and deracemize racemic chiral amines via the stereospecific
oxidation of one enantiomer to the corresponding Milng using oxygen. Derivatives of the flavin
dependent monoamine oxidage of Aspergil r (A A N) (Shilling et al. (1995) Biochim. Biophys.
Ada. 1243: 529 37) have b&n eported aE useful, ifi comibinatiog with non specific chemical reducing
agents, for the deracemizatqy WO { ine to grovidge enantiomerically pure (93% cc)
(d) a methylbenzylamine (AIexeev0 et al. (2602) ANQgew. hem. IntfEd"4¢1z 3177-3180). Derivatives of
the flavin dependent monoamine oxigdase-of Aspergillus Riger weresalso used for deracemization of
(R/S)-2-phenypyrrolidine to provide € omerically pure (98%0) (R)-2-phenypynalidine (Carr et al.
(2005), ChemBioChem 6: 637 39; Gotor et al. "Enantioselective Bhzymatic Desymmetrization in
Organic Synthesis," Chem. Rev. (2005) 10@13@4&&&4’)@9[9@17] It is desirable therefore not only to
provide substantially-enantiomerically pure chiral compounds, particularly chiral amine compounds
that are useful as synthetic intermediates, but also to provide efficient, scalable biocatalytic processes
for their asymmetric synthesis. It is also desirable, therefore, to provide enzymes useful in those
biocatalyt@/"ﬁf‘c])c@%%e@@&l% RAleRATE Y o 0TePANA BoRY stias pEtte thefessd YradiadareiBnamine oxidase
which conweligutheé RS compmund kf-stabciwial fonThdaddto-thd imine:camaquind.af @yyctural formula
Ha, and whi f INo aci Jis.at lea % identical to SEQ ID NO: 10 and
in which ?F%%%ﬁ?%ﬁ%%%&%%@?&%ﬁ% %é%&gllﬁs%éﬁ F@K%Cg)?ﬁé)\rfsngeg?%ine, wherein '
compounds | and Ha have the stryctural formulae: wherein A is 0, CR1R2, -C=C-, or -OH2-CH2-,
wherein R1 and R2 are each indep&ndently selected from COOK, -X, -NH2, -CH2NHC(NH)NH2,
-CX2, -CH3, - CH201-13, and WhEreT™X is selected frof™, Ti*4hd Br; M and le may both be
present or may both be absent a th NI and M' are preegntM and M' are the same and are
selected from 0 and CR3R4 whereth R3 and R4 are H, or R8 or R4 of M and R3 or R4 of nip form a
methylene bridge; with the provisos that (a) when M and WV are 0, A is not 0; and when A is 0, M and
M' are nolW0fh) KR fé0se+rad OB RRIS Higestrite AumEtiseibieMientitiSRBR®and (c) when M
and tilr areGIR3R4R0GHauR 0ne @ REIBiSeRe0Gabiarsnin siesenseniansel Mwansare of opposite

stereocheisify i

[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,



[0017Db]in a second aspect, there is provided a polynucleotide encoding the monoamine oxidase as
defined above, wherein the polynucleotide optionally comprises SEQ ID NO 1, 9, 13, 15, 17, 19, or 35.
[0017c]In a third aspect, there is provided a method of preparing a substantially stereomerically pure
compound a@&?&”’@“ﬁ?’@tructural formula Il: M M' MINKNI lI(@)ll(b) inclutfit S&8 4% Ry drates
thereof, wherein: Ais 0, CR1R3, -C=C-, or, -CH2-CH2-, wherein R." and Fe are each
independently selected from -H, -COON, -X, -NH, -CH2NHC(NH)NR2, -CX2, -CH2, - CH2C1-12, and
wherein X(805¢|&6ted i g2 OF,/ Gaid9BYr discloses thDpodmdiDAT ntayniaol! bepresenigtlimay both be

absent arﬁaﬂmaggw@@sw . QECIREeSE N ragamgicM ﬁf@ﬁ%ﬁ@@%amq}@seeaaﬁlﬁ&mérom 0 and
CR3R4 wherein R3 and R4 are;é:L or R3 or R4 of M and form a methylene bridge;

with the pfSURSBL K Sy mmemca RS PIGI KR AN 8fS DR [5rD2 4R vHE ABY DA and NI are
not 0; (b) #&abanydhel 3:CHEGHE dres@ri2e Gk whenidbandiviteres@RERYIzamdc imine of (c) when NI and
M' are CR3R4.8nd:haue one or more stereocenters, the stereocenters of M and M' are of opposite
stereochemistry; the method comprising contacting an amine compound according to
structural formula wherein A, M and M{arexag defined\for structural formula Ii(a) and (llb), with oxygen
and a monoamine oxidase enzyme as @efingd above i resence of a co-factor under conditions in
which the monoamine oxidase enzyme| 6fIfiizas the mpound of structural formula Ito a
corresponding imine compound of strugtur mutka | hg dimer thereof of formula Ii(b), or a
mixture thereof, [0017d]In a fourth aspéct, t er@a'\:%lg‘rlgylded a method of preparing a mixture
comprising a substantially enantiomerically pure aminosulfonate compound according to structural
formula Il jo@gsanchersishstantially esapiiomerically pureaminasyianaie campaundiaceending to

structural fP {0 %I(!ﬂolvlvlzg@ structural formula

H H H H
Y
NG N 1:1 N CN
H

(racemate)

{0809] which is then reacted with acid and methanol to give the racemic amino acid methyl ester of

the following structural formulae

R) WA
H H H H
e
MeO,C® N 1:1 NS COMe
H H

{racemate)

[0010] Finally, these (IR, 28, 58) (undesired) and (18, 2R, 5R) (desired) stereoisomeric methyl
esters are separated by diastercomeric salt resolution, forming either the di-p-tolyl-D-tartaric acid salt

with the former enantiomer or the di-p-tolyl-L-tartaric tartaric acid salt with the latter enantiomer.

{0013] Tanoury er al. (WO 2007/022459) disclose the synthesis of racemic

(1 -butoxycarbonyloctahydrocyclopenta{c|pyrrole-1-carboxylic acid from the corresponding
symmetrical (achiral) bicyclic amine by making the N-Boc derivative, and reacting it with the
pyrophoric agent, sec-butyllithium in the presence of more than a stoichiometric amount of a bulky
diamine chelate, then carbon dioxide, all at below -70°C to produce the racemic N-Boc amino acids

depicted below:



including salts and hydrates thereof, wherein: Ais 0, CR1R2, -CC-, or, -CH2-CH2-, wherein
R" and R2 are each independently selected from -I-1, -COON, -X, -NH2, -CH2NHC(NH)NH2, -CX3,
-CI-13, - CH2CHS3, and wherein X is selected from F, Cl, and Br; M and NV may both be
present or may BB & Zbsent and when both NI and WI' are present M g5 VA2 #RESame and are
selected from 0 and CleR4 wherein R2 and R4 are H, or R2 or R4 of Mt and 172 or; R4 of N1' form a
methylene bridge; with the provisos that (a) when M and M' are 0, A is not O0; and when A is 0.

NI and WI' are not O; (b) A'can be =CH- H2-CH2- when NI and MI' are CR3R4; and
(c) when M and WI' are CR3R4 an ha\fﬁ morestefec

are of opposite stereochemistry, tHe method pyising the method as defined above and
further comprising the addition of bigtifi dér condi

gfeocenters, the stereocenters of M and M’
f]
ﬁ S WiieH lyield the mixture comprising a
substantially enantiomerically pure gminosulfgpate comb&und acg¢ording to structural formula Ili(a) and
a substantially enantiomerically pure aminosu{teaaig geyap@sind according to structural formula 111(b),

wherein the bisulfite is optionally added to the reaction before or simultaneously with the monoamine
oxidase, dfHeraddifoAef hénderednitd Gxitfas®) [0edizd] ieadifttmaspe chethereriscprovided a

method ofpreRaring asuksiantiaty enantinericallRuieARIRORIEIe.campaUngAseding to
structural g‘grmgl@_ q}/gazl: ; [c}/ga including salts and hydrates thereof 1 wherein: Ais 0, CR'R2,

-C=C-, or, &3 1 Wheréi R1 and R2 are each independently selected from-COOH, -X, -NH2,

-CH2NHGH) Niilid g %3 aGlGdit3isamd:- whereiid iR SeleHad fromb Bt v Blhemods, NI and
WI' may bgth be 1Elroensoefnt or may both be absﬂ?nt and when both NI and NI' are T:g’r_esent NI and Mt are

the same GRS B Q8 LRSI AR R RS RS PSR B S Bl orsHul 8 g RS and R3 or

R4 of M' forsicaindtayiercbblidia! efithe thatoped e sathasaterials, reaga)swdobridl catdydid) asel® A is not O;
and whengf jsfudMand gk 26800t Kure. (b) A can be -CH=CH- or -CH2-CHr when 1111 and NI'
are CR3R4; and (c) when NI and NI' are CR3R4 and have one or more stereocenters, the
stereoceni#rstbfAdand i tirdsobop obiteisteredaieriistnydhadnethod comprising: (i) the

method ag; definedsaloue,anduthen campsising.contacting the forpQuRds.AceLding f structural
formulae lll\gaf a@i.lllgbb) ngltcﬁa}gldﬁ un(iitgr conditions V\ghICh yield the substantially enantiomerically
pure aminBMHHTE O ATSE KA S NG 18 Ciru ST St AORAS) e 000903 v dhAod as defined
above anéhfurthenr cbiaprisirgiodatacting the Rovap suitis aee GREMYAG )steTcilral foprgulziert(a) or 11(b)
or the mixtuse, Hyerenf. with cyanide under conditions which yield the substantially enantiomerically pure

aminonitriie compound according to structural formula 1V(a).
{0015] Methods to asymmetrically produce amino acids of structural formula (15,3aR,6aS)-

octahydrocyclopenta[c]pyrrole- 1-carboxyiic acid and esters thereof of structural Formula V from the
corresponding symmetrical (achiral) bicyclic amines of structural formula I ((1R, 58)-6,6-dimethyl-3-
azabicyclo[3.1.0]hexane) that avoid the formation of racemic mixtures, and the consequent need to
separate the enantiomers can be more efficient, less wasteful, and more cost-effective than the

resolution-based methods described above.

[6616] Monoamine oxidase enzymes have been used to resolve and deracemize racemic chiral
amines via the stereospecific oxidation of one enantiomer to the corresponding imine using oxygen.
Derivatives of the flavin dependent monoamine oxidase of 4spergillus 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 ef al. (2002) Angew. Chem. Int.
Ed. 41:3177-3180). Derivatives of the flavin dependent monocamine oxidase of Aspergillus niger
were also used for deracemization of (R/S)-2-phenypyrrolidine to provide enantiomerically pure (98%
ee) (R)-2-phenypyrrolidine (Carr ef al. (2008), ChemBioChem 6: 637 39; Gotor et al.
“Enantioselective Enzymatic Desymmetrization in Organic Synthesis,” Chem. Rev. (2005) 105; 313-
543,



[0017f]In a sixth aspect, there is provided a method of preparing a substantially steromerically pure
amino acid compound according to structural formula VI: N COON Il VI including salts thereof,
wherein: Ais O, CR1R2 -C=C-, or -CH2-CI-42-, wherein IR1 and R2 are each independently
selected from H -COOK, -X, -NH2, -CH2NHC(NH)NH2, -CX3, -CH, - CH2CH3, and wherein Xis
‘selected M ) dasigtdsy therefore nof iy sp M“MW%?WB@‘%@%@HWV pseel@labsent and when
both M ardnijbeards presendrN kand Minawﬂpmﬂmﬁmnduw&amlgetﬁétlﬁﬁﬂ&r&m&RRBIQG\Mherem R3
and R4 aygthapLfaal E%éwaﬁé\é&%%@&amegffmlth@f%%mg%h %3?5“%915 A oﬁegﬂebg’fo‘”sos that

(@) when NI and MI' are 0, A is not 0; and when A is O, M1 and Mr are no A can be

“CH=CH- o7 R Y R R ise N Fadhese raratalyifg processes. (c) when M and are CR3R4 and have

one or more Ste&‘?ﬂ%@&% s, the stereocenters of M and NI' are of opposite stereochemistry;

the method comprlsmg the method as defined above and further comprising contacting the aminonitrile

compoungo éruct ral formula IVé %Wlth an acid and water under conditions in which the aminonitrile
MHE

compoun nveltédtS TS EUBSIA AR SR ABRIENERIRKSERE WHThE ASHBRH8LAd according to
structural FSPRAYEL Vi SJOOLEY[In a seventh aspect, there is provided a method of preparing a

SUbsm”“?s!%@i@@m'ﬂmﬁﬁ%%ﬁ%&m%%l@&%QI}Q'@ é%&m%%%@g%gag 'C\;" Aog’\' 53522 ;’

including salts thereof, whe :
wherein 21 55 é%%\“e“% pﬁd“é ‘aénﬁﬁ/ﬂ gé&i@%&é"dsf?&ﬂa NO:ABRR N¥NRH2, -CH2NHC(N H)NH2,
-CX3, .-CHe E@P%Hg?ﬁ?ﬁﬂ’w%ﬁémr%’@%éi@%@ﬁﬁ%ﬁﬁ NOCE iaadiBeink@draiay both be present or
may bothdaeyshseat antiiwher betbddtandiddhgge present NI and NI' are the same and are selected
from 0 and CR3R4 5d wherein Fe and R4 are H, orR3 or R4 of M and Ft3 or R4 of fiir form a

methylene bridge; with the provisos that (@) when NI andare 0, Ms not 0, and when A is O, NI
and Art' are not O; (b) A cq‘p‘b?w CH= Ckh ﬁrNFHZ -CH2- when M and NI' are CR3R4; and
el ox
=
H N
|

Iia)

wherein A is O, CR'R?, -C=C-, of ~-CHxCH,-, wherein R* and R® are each
independently seiected from -H, -COOH, ~X, -NH,, “CHNHC(NH)NH;, -CX3, -CH,, -
CHaCHs, and wherein X is selected from F, Cl, and Br:

R and M may both be p_r,esenfor rmay both be absent and when both M and
W are present M and M’ are the same and are selected from O and CR*R? whearein
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 Mand M are O, Aisnot O; and when A is O, M and M are not O;

(b) A can be—CH=CH- or ~CHCHz when M and M are CRR*; and

(c) when M and M are CR*R*and have one or more stereocenters, the

stereocaniers of Miand M’ are of oppbsite stereochemisiry.

[6017b] In a second aspect, there is provided a polynuclectide encoding the monocamine
oxidase as defined above,

wherein the polynucleotide optionally comorises SEQ ID NO: 11, 8,
13, 15, 17, 18, or 35.

[06017c] in & third aspect, there is provided a method of preparing a substantially

stereomerically pure compound  according fo struciural formuta i



(c) when M and NI' are CR3R4and have one or more stereocenters, the stereocenters of NI and M’ are
of opposite stereochemistry; the method comprising: i) the method as defined above and further
comprising contacting the aminonitrile compound of structural formula 1V(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, and wherein the method
optionally comprises the steps: A.A. NaHS03M MN J M'M 0-C1-13 H NSO32 (Dl(@)(lIhIv(a)(V)
Or CIO the method as defined above and further B [ Lrllg contacting a substantially stereomericaliy
pure amino acid compound according to structural fgrmiéla VI with an acid and a compound selected
from the group consisting of Rk-OH and R5DC(0)CH2unger conditions in which the amino acid
compound according to structural formuba” VIMs convertdd tg the substantially enantiomerically pure
aminoester compound according to stri rmul Wherein the method optionally comprises
the steps: 5e [0018] The present disclostuesprovides éﬁi‘rb@{ﬁntially stereomerically pure bicyclicimine
compounds of structural Formula lI(a) (an;i‘giimers there%?f structural Formula 1l(b)), which are
particularly useful as novel intermediates in the synthesis ot stereomerically defined therapeutic agents
MWI' including saltsanpdihyskpdesdhetentswhereinvdde:; CR1122, -C=C-, or -CH2-CH,-, wherein Fe
ag;izFié art(e: ﬁlz?ggepegdeﬁw@%g?&@,@?@m aﬂoﬁg@éﬂf aherdiR, a@HQMJd%HH)NﬁtZ), -CX3,

-C1213, - : , and wherein X is sele rogn : nd M. oth be present or
may both be ab88RERE WSS IR §F{é %*ésﬁgﬁt'lﬁgﬁ%%}%ﬁ%&gm%@ha are selected
from 0 and CRZR4GhereinvR8simy irceekfietiTgR R3%rale BF M and Ri2 or le of M’ form a methylene
bridge, with the provisos thais 48y wrhesy Moanick teaeai@yr Avds bath Gzaaddentwed whsn®oM and M’ are not

0; (b) A can be ;CH=GH: or -CHR-EHR- whanid anfeMnawsClaleiandchwhenkand M' are
C122124 and have one or more stereocgnteésbftpf

] I steggocepters.aof M and M are of opposite
stereochemistry" 1BEIORTHE Brelaht QiS5 e furt%mﬂ;{eé S B Jor ’flr\{l i

er provides su Stanfial yygnéntiomerically pure
aminosulfonate e@wpounds according to structural Formula lli(a) and structural Formula IH(b), which
are particularly useful as noyghimeprediatesin the synthesis of enantiomerically defined therapeutic

agents: including salts and hydrates ihereqh ig.hioAndvioatit Whede @2 dashihpciabove.

not O; .
(6) 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 sterescenters,
the stereocenters of M and M are of cppcsite"s‘eereocham'zstry;

the method comptising confacting an aming compound according 10

structural formula |

x
I=

 wherein A, I8 and M are as definad for structural formuia li(a) and (lib), with oxygen

and a monoamine oxidase enzyme as defined above in the
presence of a co-factor under conditions in which the monoamine oxidase enzyme

oxidizes the amine compound of structural formulal to a sorresponding imine
compound of structural formula [ia), the dimer thereof of farmula li(b), or a mixture

thereof,

S5a



WO 2010/008828PCT/US2009/048255 [00201 In addition, the present disclosure provides
substantially enarttiomerically pure aminonitrile compounds of structural Formula IV(a) which are
useful as novel intennediates in the synthesis of stereomerically defined therapeutic agents. The
substantially enantiomerically pure trans aminonitrile compounds of structural Formula;l\(a) may also
be provided as @&hilure ‘Ecﬁﬁ%ﬁ@iﬁa’%ﬂb@%ﬁ%ﬂiﬁ\’éﬁg U TS

ntlomerlcal?y ure cis aminonitrile compounds of
structural Formuladitiyiinetadingsighyand hydrates thereof in which A, M, and M', are as described

above. 100211 Flye Branslolepan - BERvideshe BRIl Ririastasatsiantially enantiomerically

pure compounchu%?f structural Formula V, which are Earti,{cu,[arl u%gf C%%i%%r&ﬂ%;gﬁ in the
synthesis of en&vtRSFRERN AR YR %We%rﬁeatﬁfgoasae%%:el\ﬁ\r}l%g\l} including’salts and hydrates thereof
in which A, M, domhivE, like: as described above, and wherein Rs is selected from the group consisting
of a protecting group (e.g. benzyl or trimethylsilyl and the.kke), - (Ci-C2)alkyl, -(Ct-C4)alkyl, and
-(C1-C6)alkyl. In certain non-limiting er‘ﬁbo ments RS jS\mefl Ml’ ethyl, or (-butyl. 100221 The present
disclosure also provides the optionalff/ ed subsiEJal @ enantiomerically pure compounds of
structural Formula V(b) (corresponding gés-enantio r"(jrfsme compound of structural Formula
V): M M' N 11COORS5 V(b) including sal and hydrates t ?of in which A, M, and M', are as
described above, and wherein R5 is sele®8d from the gro'fij consisting of a protecting group (e.g.

benzyl or trimethylsily anslihedisend WWER0HeTS8R8RETR1S2009/048255 (C-(Ci-C4)alkyl, and
-(C1-C6)allcyl. In certain norklimising:egmhedinentsds ismetiybratwl, 08 Rbulykd6023] The present

disclosure also provides substantially enanti rically, pure carbhoxyl-s\bstituted ggmpounds of
structural FormdT&spR RN ﬁgcbegrffgu arly %@%‘I e?é i%ﬁm@%latesy\i@ thez’syr%fehesiss’of
enantiornericallyCttefinednterbpyaiitt B geared Ronddrl #1%iRtiuding salts and hydrates thereof in

which A, M, and M', are as dgsasibrtrayovet HOPR4EAT herpre setittgistiesuredabepefides the

optionally prme%?%ﬁ%%%”&@&érﬁWm%%mysem@a@@mwm@mtmw@tmmula V1(b)

(corresponding to the cis,enantjomer of campopnd afstruat MM H) (-HN
R B e AT RS e TR RN

d
9CO2H VI(b) inHi&IHY fydrates thereot in which A, M, and M’ are as described above.
[0025] In additionyitige; present disclosure provides substantially enantiomerically pure compounds of
structural Formula VII, which are particularly useful as intermediates in the synthesis of
enantiomerically defined thergjgettioagenishal|l

a) when i and M are 0, Ais not O; and when A is O, M and ¥ are

nat O,

(o) 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 stersozenters,
the stereccenters of M and M’ are of opposiie sierecchamistry; |

the method comprising the method as defined above and further comprising
the addition of bisuliite under conditions which yield the mixture comprising a
substantially enantiomerically pure aminosulionate compound according o structural
formula {l{a) and a substantially enantiomerically pure aminosulfonate compound
according fo structiral formuta Hli(b), wherein the bisuffite is optionally added fo the
reaction before or simulianeously with the monoaming oxidase, or after addition of

. the monoamine oxidase.

[6017¢e] in a fifth aspect, there is provided a method of preparing a sui?stanﬁally_

enantiomericafly pure aminonifrile  compound according to structural formula Tv(a);
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including salts and hydrates thereof in which A, M, and M', are as described 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): M M" Htt.H N'CON H2 VII(b) including salts and hydrates thereof in which A, M, and M', are as -
described above 100271 Therefore, in specific emahodiments, the present disclosure provides the
following fused bicyclic proline compounds usgftil a8 jntermediates for the synthesis of one or more
therapeutic agents, as well as biocatalytic proce, se)@‘ or the synthesis of at least the following fused
bicyclic proline compounds: [0028] The present df$cldstire provides the following fused bicyclic proline
compounds useful as intermediates for the synthegig of one or more therapeutic agents, as well as

biocatalytic processe§n@50tiq8 gg{@tg%s%ﬁg@g ltgg‘gbtp@ggilgquing fused bicyclic proline compounds:

[0029] In other specific embodiments, the present disclosure provides the following compounds useful
as intermediates for the synfhisis %%&16‘%?%5?5 therapeutl 85EhTs 288 Wéi%®Biocatalytic processes
for the synthesiéegrtrsisatboraipaaniism HBETCH 3X At TNHGMNHDH: 36, -CH8H3C,v,CH3 H
nl-40and O-CH3Nt21]06x30) Hdheis Minespeasaniioise| aswedeavides fused bicyclic proline compounds

useful as intermediates for tﬂﬁaﬁ){rﬁhﬁﬁ{ﬁb%cﬂ%%%%@?a%‘? M%%@%mgﬂ%%e%% bioeatalytic

processes for the synthesis of these fused bicyclic proline compounds [0031] The, present disclosure
also provides mAHEHY AEREREMEITAL BFired s Al S BRI steRE8 MBrtally pure
compounds of sefuctir &’ FotiiaerettoorR’ o R ErandBinee Rt aHE resemalivéiosure provides a
method of prepagiggea substantially stereomerically pure imine compound according to structural
Formula la, including salts tr\‘:ﬁgﬁ%fe lgo\/}{pg% A, M, and M', are as WO :
2010/008828PCT/US2009/048255 described above. The method comprises contacting a symmetric
(achiral) bicyclic amine comJutBEAE8RAiNgAE Strlcfural BofRAUIES" iR WhHidA 204N &%d M, are as
described abovegirith oxygen and a monoamine oxidase enzyme in the presence of a co-factor under
conditions in which the mongaminaropdase-enzyme-exidiZesyiéh amine amrporird: ehstructural

Formula Ito the correspondiqﬁimgg Iﬁ%ﬁ@ﬂﬁ%@ @&%%H%%B@H#%U@&é@%c%m% thereof of

Formula 11(b), and mixtures thereof In c,ertalr;c embodiments, the cofactor is selected from the group
consisting of FAPE BRIRPSRIST dha RN 5P PR et AP eRMBEIRiént the co-factor is FAD. In certain
embodiments, the reaction nifigtonashiurtasngengprises a component useful for facilitating the

disproportionation of t droge roxide side pr. s I8 ' lyzed
reaction, as depicted i&%&%@ﬁﬁoga&)e %r\!/\ef()% taéj %%@gfﬁa%%f%ﬂ%%h%%&vﬁa%ﬁ r?%gg?gﬁ&éﬂfﬁ%odiments,
that component sosedigtisdsTresiraironyiashld (i Garddentyits Geaniss BidaiceNATNSE WP, and Fe and the
like while in othefegrhodientsiihabenmeonsnbisaarminayirie, cughas theeonyme catalase. In a
particular embo%{m&n;a]%maﬁgg;yﬁg ppixture further comprises the enzyme eatalase to catalyze the
disproportionation reaction depicted in Scheme 2, hydrogen peroxide Hzorf%th broken down to
molecular oxygen and WAt&™ ﬁ|ﬂeé%%?aﬁﬁ°&%?68v<§%%ﬁ&°, RS b kida58 Capable of
‘oxidizing an amimewdmposidcbiristieotues [Farmidili] oo tisarédre sSproypdingimiaridsomisund of
structural Formulgmlhisetainad frosRisnesies-ehispergiivsuls Rarisitas embegiments, the
monoamine OXid%égré?na?oA%E&ﬂ% I%%}qu{/&onoamine oxidase, while in other embodiments, the
monoamine oxidase IS an ,Rsperg| lus oryzae monoamine oxidase. In either instance the monoamine

oxidase may bepyiéed from the couespending ASRESBUSSPREIRS: OF RAXMAE isqlales @R

recombinant protein expressed in a heterologous host, such as, but not limited to E. colt.
_p steromerﬁza?ly pure am%o aCEedr sox%pound accordlilng to structural formula W
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[0033] In another embodiment, the monoamine oxidase capable of oxidizing an amine compound of
structural Faimula Ito the corresponding imine compound of structural Formula ll(a) comprises portions
of more than one monoamine oxidase, e.g., a fusion or hybrid protein comprising an amino-terminal
portion of the Aspergillus niger monoaminc oxidase and a carboxy-terminal portion from the
,/Aspergillus otyzae 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 AA'pergiIIug*ﬁ'rg@r (SEQ ID NO:2), and the carboxy-tenninal WO
20101008828PCT1US200910418255 181 amw ids correspond to the carboxy-terminal 181 amino
acids of Aspergillus oryzae (SEQ ID NO: 32). i other s iS:cific embodiments the monoamine oxidase is
a derivative of the 495 amino acid protein of SE@ IDNE 6 selected from SEQ ID NOS: 10, 12, 14, 16,
18, 20, and 36, each of which carries at least ong# amino acid substitution as compared to the amino
ac!d.s_equence of SE%{';BJG‘P:Q: Qr@é?é%f!%ﬁ?r@f?xizh embodiments the moooami_ne oxidase capable of
oxidizing an amine compouﬁ&o structyral Formula | t%;tpe cgrresq@ndlggzlmlne ompound of
structural Formula ll(a) is driséy frBrf th“gﬁ'p%rr"gﬁﬂé{ MEnOAAMeE oxidase of SEO ID NO:2 and has
two or more aminiz@sidestibstitstioripasdomparbdXo-tHe afmiht Feit Sbtlaetde ofthe Aspergillus niger
monoamine oxigase:of FEQHEMN R Jaspeciderembpdiments, the monoamine oxidase capable of
oxidizing an amine compoowao‘%]w%l\y@tg%r%@egp&% Yiesponding ing.soppound of
structural Formula Il comprises the amino acid se uence o SE% I,[Ddl}lon:]400£n§%%éD NO:8. [0035] In
other embodimeh&dife W@%‘iﬁ%"’ﬂ?i%ggé%ep%% BPRRIE SRR Amine compound of structural

Formula | to thewesmespbadirkf amirre eorpoBhar b sadRinaR e M drrtgaT R $igion protein in which
the amino-termipglamino acid sequence is derived from a first Aspergillus monoamine oxidase while
the earboxy-terminal amino %%Ldtgegr%ggggﬁﬁ derived from that of another Aspergillus monoamine
oxidase. In certain non-limiti?é embodiments, both the amj 0-ten inal and the cahoxyl-terminal
portions of such a fusion pro 650 M B%diwdéf?e%d%r‘ﬁly/% etted fiom among selected from the group
consisting of SEID;NO: 22, 24, 26, 28, 30, 32, and 34. In a particular embodiment, the amino
terminal portion of the fusionproteismis«deativet-rom-the-proteinal BER WD NOCBR e the carboxy
terminal portion of the fusion Arojei i deyiyed.repeRRE R ALOIAE SERMIDNonlda6] In certain

embodiments, the present disclosure provides a method of pre aring an aminosulfonate compound
according to stru"éﬁﬁﬁ%ﬂ‘t‘f&ﬁqﬁmé‘j‘%ﬂIﬂrﬁ)?ﬁﬁaﬁ?(ﬁ'f‘?gs?éﬁgcgﬁ@' drates thereof A, M, and M', are as
described above. These methedsbormemsassrifEchrg &pRainst it sie)d iR e esiipound
according to strugiyrakFompulitofiM canfidhdare rsctlescabeadsaliayeitvish axygen, a monoamine
oxidase enzyme, and bisulfte wader condliians whishafield i amiasiionate (e imine-bitulfte
adduct) compouﬁf&.?n parflcu ar embodiments, the oxidation re ctlonJ.'meur furth?r comprises the
enzyme catalasé%??%%@@@ﬂ?ﬂk&%%ﬁ?@%ﬁﬁlgfﬁwwé%agcﬁei%a ?)i{uﬁ}%%aring a substantially
stereomerically parewaminonitrile compound according to structural Formula IV(a), including salts and
hydrates thereof, in which A, M, and M' are as described above. The method comprises contacting a
symmetric bicyclig@angne aseudigarassiuchsialiaonsda Jinewbiodt deddianasibi-atieias described
above, with oxygen, 1@\1Omolrlo§almin§: %é! ARG enzyme ?néjmt?i tﬁjrlfitx%r r‘;P';'é?Wed by contact with cyanide
WO 2010/008828PC %&%6%4 255 undéFed iHF}cic?ns Which ylela the aminonitrile compound. In
particular embodiments, the oxidation reaction mixture further comprises the enzyme catalase. [0038]
The present disclosure further provides a methdt o¥preparing a substantially stereomerically pure
aminonitrile compound according to structural For ula v, including salts thereof; in which A, M, and
M' are as described above. The method comprises céHtagting a symmetric bicyclic amine according to
structural Formula I in which A, M, and M, are as described above, with oxygen and a monoamine
oxidase enzyme to form the imine of structural formula lI(a), a dimer thereof of structural formula Ii(b),
or mixtures thereof, followedrgyseaitritacesiithhey@mide under conditions which yield the aminonitrile
compound. In particular embegigents, fhr/exidation reaction mixture further comprises the enzyme
catalase._ [9039] The pre.sent glisc&o%geRalgo:Br_og#d_l%‘s ﬁﬂcfpie-thm%ger%f epan e}.eogat)%tqntlally
stereomerically pure amino acwﬁcom(fouh according to structural Formula \ﬂ mcfudlng salts thereof;

in which A, M, anfidvraiiently ge/8eif8d@BnovE Ltiktiky Hom-thedhipsiNds dPsrittural formula 11(a)
(or the compounds-gtisiraotushkfermiUasidziroirtrom, teaadinonitrile compounds of structural formula
IV(a). The method comprisesg%mi%)ab@ybgé%@g]y @tﬁ(@pg@g{@%@g{g@m&%rﬂyﬂe compound
according to struqural formula [, i WIS 4. M 200M. a1 a5 fleseribed abgye.uh an acid and
water under conditions ih WhiCh the amlnonl?rl?e compound Is conver ed 1o the amio acid compound
of structural Formula VI. [0040] The disclosure #tther provides a method of preparing a substantially
stereomerically pure amino acid compound according to structural Formula VI, including salts and
co-crystals (e.g. NI-14C1) thereof, in which A, M, and M' are as described above. The method
comprises contacting a symmetrical (achiral) amine compound according to structural Formula | in

which A, M, and M' are as described above, with oxygen and a monoamine oxidase enzyme, followed
hyy eontact with evanide 1inder conditinne crnitahle to vield a cirithetantiallvy ectarenmericallyy niire



100481 The present disclosure also provides polynucleotides encoding such monoamine oxidases
and methods for using the polypeptides in the biocatalytic processes disclosed. 100491 In some
embodiments, the monoamine oxidases disclosed in the present specification, are improved as
compared to the enzyme of SEQ ID NQ.2 NQO.:32 ar.S D NO:6 with respect to their rate of
enzymatic activW??f?éi%haerfP%tég %B ng%eﬁﬁg%n@?ﬁ%% gé%ﬁp%i@ of s?rﬁéf@gf‘&ormula Ito the
corresponding itfifigg:compound of structural Formula Il. In some embodiments, the monoamine
oxidases disclosed are capabhieip paxvieritagtthe substrate to the product at a rate that is at least
1.5-times, 2-times, 3-times, 4-tiges, R-ABeP. L0dINes ndtimesyRA: Wes, HAD-igRes, 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. Exemplaﬂ?b%lypeptides with such properties include, but are not limited to, polypeptides which
comprise an amino acid sedibAceaddtespbiding tSEET IDWe: M 280 1 2 CRAR 1804 8, 20, and 36.
WO 2010/008828PCT/US2Q891+6265{0 @5 Al ICESR endimbedinentsideasimenaamine oxidases
disclosed herein,are canahle- oL GRANVRINdraRranysS ComBasHash Rfstructural Formula Ito the
corresponding imine compound of structural Formula Il with a percent enantiomeric excess of at least
about 95%. Exemplary polygéep‘ﬁ‘ﬁg‘é) f\j/'vlfhmglrf(s:”gpro erties include, but are not limited to, polypeptides
which comprise an aniitis E@FﬂC@é‘ﬁf@ﬁ&%“d?ﬁ&ﬁbﬁ&ﬂﬁ‘@’ﬁ?@E@WWN@?@}%P&B@@{”@E 16, 18, 20,
and 36. [0051] In someeipthadiaeniasaa fonpdyBd=nairoamisie oxidasdcofidhedisclosure is based on
the sequence formulag QESEQ D NG BB e LrdfinkBeand, 200 fan 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% ideTRER LY STS SPHESEA RS metgoc%%“ﬁgoglﬁé’ %;}drﬁ%?%r%n iffo acid insertions,
deletions, substitutionstresteralfesiisiNagiohvatestieererECriossii s EMBBHieAREYhe amino acid
sequence differepces can comprise non-conseryative, conservativg, as well as a combination of
non-conservati¥e dhd conselvafive amam acidsulfstitutia®g, Varfbusamino acidggM idUge positions
where such ch ggchEfrTb% a € are described herein. [OOSZ]'I(sg[ﬁ{E@mbodim nt improved
monoamine oxid4se of the distifosure comprisesian &tnino acid sediience in which tHe arffitsacid
corresponding to{(}esidue 99 ofy@EQ ID NO: 2 angh'SEQ. ID NO. 6, angjresidue 97 of GEQ ID NO: 32,
glutamine, is substitutee with an acidic amino acid, i.e., aspartic acid or glutamic acid. In a particular

embodiment, that glutamiRe esidus irteniased Wit amisagdsesitng s [Q53hasome
embodiments, an improved monoamine oxidase of the disclosure comprises ap aming acid sequence
in which the amino acittEaP AR TS FS %%1398?"?0&36;?55&?8? é%r ?%@Efg’%nﬁl'o. 6, and
residue 363 of SEQ |DMYCR3ZityAers e THedisEioaer g tisImite aarspiacditfRret aromatic amino
acid, i.e., phenylalaningr@gpiapbainuhaa paditetaicmbadimentndhaidyroginentesidue is replaced
with a tryptophan residue. 100541 In sonic embodiments, an improved monoamine oxidase of the
disclosure comprises &RCEifiNFdETHLLELEABEEN [ RMREEERIAS SR AR ponding to residue 382
of SEQ ID NO: 2 and SEQitbdvicalip parckresissE380npd SE EctBrN@ 13 strphenlietavine, is substituted
with a nonpolar amino\agig; |;BerMAIRS risAIRLISHNEARRIRR-GGIesBpethionine, or leucine. In a
particular embodiment, that phenylalanine residue is replaced with a leucine residue. 10551 In some
embodiments, an improved monoamine oxidase of the disclogufre,comprises an amino acid sequence
in which the amino acid corresponding to residue 465 of SE%D.LNO: 2 and SEQ ID NO. 6, and
residue 463 ofnsff:"@_ ID NO: 32, seriney’is'8ubstituted with a n p&lar amina@cid, i.e., va@n‘;
isolcucine, alg “hethionine; feuci *@IyCTWI‘”ﬁ”nawelrticuf\J bodiment, that seéf ébidue is
replaced with a~glycine residue. WO /008828PCT/US2009 B5 [0056] In other &y bgaiments,
an improved mofioamine oxidase of the disclosure comprises a®apiino acid sequence inI hich the
amino acid corre8ponding to residue 135%f SEQ ID NO: 2 and SEQ ID NO. 6, thrednine, |sa)
conservatively substituted with another polar amino acid, i.e., serife, fRitamipe; or asparagine. In a
particular embodiment, that threonine resigue is replaced with a glutamine-fesidue. [0057] In some
embodiments, an improved monoamine 'xidase of the disclosure rises an amino acid sequence
in-which the amino acid corresponding*ft%é%ﬁlf 2876f SEQ ID% SEQ ID NO. 6,
asparagine, is substituted with an acidic ar’r}glno ci% i.e., aspartic a H or glutamic acid. In a particular
embodiment, that asparagine residue is replqggd@vllfh a glutannc acid residue. [0058] In some
embodiments, an improved monoamine dXidade otthe disclosure co(Fﬂ)pris_es an amino acid sequence
in which the amino acid corresponding to residue 289 of SEQ ID NO: 2 is conservatively substituted
with another nonpolar amino acid, i.e., glycine, valine, leucine, isoleucine, or methionine. In a particular
embodiment, that alanine residue is replaced with a valine residue. [0059] In other embodiments, an
improved monoamine oxidase of the disclosure’€omprises an amino acid sequence in which the amino
acid corresponding to residue 384 of SEQ ID NO: 2, lysine, is conservatively substituted with another
polar amino acid, i.e., serine, threonine, or glutamine. ft a particular embodiment, that lysine residue is
replaced with a glutamine residue. [0060] In some embodiments, an improved monoamine oxidase of

the disclosure is a monoamine oxidase that is a homologue of the monoamine oxidase of Aspergillus
nicdar (SEO ID NO2)Y or a homoloaiie of the monoamine nvidace nf Acnarailliic ninvzae (SEO 1D NNO:-AA4)




[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): WO
2010/0118828PCT1US2009/048255 (4) 100671 In some embodiments of the method for oxidizing a
compoung of stryctural Farmula Ito a compound of structural Formula.ll(a),.the substrate is oxidized to
the produ g Bt B B e e
comprisesf s feeratito frad doris 6T SEef pvner! F ognge i) vk asparedslior 36. [0068] In
some empedimentsoiibisdanethosforaxidizing a-compaund Biisttuttialrosamia | to a compound of
structural Formula li(a), at least about 10-20% of 1-100 giL substrate is converted to the product in
less than about 24 hours with about 1-10 g/L of the po,lyﬁe,atide, wherein the polypeptide comprises an
amino acid sequence corresponding to SEQ ID NO: 4.6, 8,10, 12, 14 16, 18, 20, or 36. [0069] In
some embodiments of this method for reducing the sulstrate to the product, at least about 95% of the
substrate is converted to the product in less than about 24 hgurs when carried out with greater than
about 25-50_g/L of substrate and Iesa’ﬁ‘l‘an about 1-5 g/L @f thg polypeptide, wherein the polypeptide
comprises an amino acid sequence @ggonding to S B: 4, 6,8, 10, 12, 14 16, 18, 20, or 36.
5.DETAILED DESCRIPTION 5.1Fuséd Bicyclic Proline Cbmpdlnds of the Disclosure 5.1.1 Fused
Bicyclic Proline Compounds of Formulﬁ)(alil(a) agg (b) [OO?O}n(E)he present disclosure provides
substantially enantiomerically pure fused bicycﬁc‘ proline compounds of structural Formula ll(a) and the
dimers therdedigonlperhtsofesthastdraltrsimbia 0. (%, Bhddd mixtiids theresieninNt’ 25i(a)and
0. Cle- o By 1L Cltge whetein 1o a0 B2 atg eagh indbpondently selactad rom i, COOM, X
, Cle-C=C-, or -C1-13-CH2-,.wherein le an ree [ endently selected from -H, - H, -X,
oo, RSO R 3 S Cr D] ARk e behar T e T and B W
and M' méay Sotht bedpresserttoM i Moie pesaiiddrea it orhes othaw arsdNscifetpreSend M and M are
the same gptkarg.selewesdaO@ngd RR3ke whersinkfe,anrt Jever et On&S RrSQ{M wad R3 or le of
M' folio a methylene bridge, with.the provisos that: when M and M' gre Q,.A is not Q: and when A is
0, M and RAPATESSEEE! ( K\ﬂ\é%n %ﬂ_é&%ﬁ_@:&lﬁé@%}_gﬁ M Wk‘%ﬁ%l gllrw Ma?éea%ggl‘tgj?and (c) when
M and M’ &reOR3ERE-HavEBneTbr erd\sriddiemer RhadicicsberéradMrmieRWR are of
opposite siereschRastiyd ARl dn-ane ermbadiment ismOn2:m. [0H3bdn-anaihenambodiment A is
"CHCHS 0 "AlIn ancher emoadiment s GIGLIR 004 I0:a000st emPodiment A is
-CH(CH2 % [ 'Pﬁ] n ano% er embodiment A Is ég Ze&aﬁé(ﬁf,nfé 761 In another embodiment A is
-C(CH2C SNCHS) 2[ODi R Aioaerarf Boh Sht g apsentidte Kivsssfected from the group
consisting,efnGiat2- usGhl (e St infii@ated 3) the G4 B39 3, eriid &) 2ty A Red-B4eb2uric CBI2-,
-C(CF3)2-, CH(COOQOH)-, -C(COOH)2-, -CH(NH2)-, and -CH(CH2NHC(NH)NH2)-. [0078] In another
embodiméRt M and M’ are absent and A is selected from the group consisting of

- A\ 'A~
M W MM
",
N Wso; N 7so

IIi{a) iti{b)

»

including saits and hydrates thereof in which A, M, and M, are as described above.
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CH2-, -C(CH3)2-, -C(CH3)2-, and -C(C2f102, [0079] In another embodiment, M and M' are -CH2- and
A is selected from the group consisting of -0-, -CH2-, -C(CH3)2-, -CH(CH3)-, -C(C2f15)2-,
-CH(C2E13).-CC1 -D-CBrZ-. -C(CF3)2-, CH(COOH)-, -C(COOH)2-, -CH NHZ%- and
-C(HZ)NHC(ﬁﬂ)ﬂﬁ -.8f66801 In a further embodiment, M and M' arc -cHZ4R {R%@“ssé?gcted from the
group consisting of -0-, -CH2-, and -C(CH3)2, [0081] It] a still further embodiment, M and NI' are -0-
and A is selected from the group consisting of -CH2-, -CH(CH3)-, -CH(C21-15)-, -C(CH3)2-,
-C(C2H5) 2t Fp additpip the oR12¢ ig{GR3)2oviGH{GOOOH)Y cCtOoBHYLLy POEIiNH)itrEnd
-CH(CHZBHﬂfgéMdi Mk k00821 Ar@iharienkadiment nd-anetM-ae:s0 aef@yﬁc1i§s|§§1ected from tze
group consisting of -CHZ:, -C(CH3)27, and -C(C22)2- 10083] Many imines of pyrralidine compounds
(e.q., 3,4-S ﬁrﬁ?] ro- ﬂggfﬁg és:)t %Faepi)?%v%ﬁc}tlds 'f(()‘Tr%ﬁ ?%%é?t%t%ﬁlﬁaaﬁﬁ@g%a@%%g ?ﬁ‘ r‘)rllatlar?u%fﬁléq{fg ring strain
in additiorf¥BPeitistbatr oAl dierara Re@dringlse hs eeridnd empouiiraesranyofbiéantisdve compounds
of Formulankif{aj:sandlgoexist imadiimerrcdorpahiay kg situeiuralmasmids 11(c) [0084] In certain
embodiments, the disclosure provides nimer of compounds of Foimula ll(a), e.g., compounds of
Formula li(c), and mixtures thereof with, jpounds ow;ﬁlcmula lI(a) and/or Formula li(b). 5.1.2
Aminosulfonate of structural Formula || N00&3 The?_[ entdisclosure further provides substantially
enantiomerically pure am nosulfonate cgmpgunds of structural Formula lll(a) and (b): including salts,
hydrates, and mixtures thereof, wherein A% OC8R1R2,}C=8Nor -CH,-CH2-, wherein le and le are
each independently selected from -H, -cabH, -X, -NH2;{-CH2NHC(NH)NH2, -CX3, -CH, -CH2CH3,
and wherein X is selected from F, Cl, and'Bf'M and M rrYzS?) both be present or may both be absent
and whenybailly aRd.AL AIR.RIEREREM, and M e Inesame and.gis.salgted from O and CR3R4
wherein R3 and R4 are H,"or R3 or R4 of M and R3 or le of M' form a met%y[ene bridge, with the

provisos thmtifa)rudieandt anddMiape G iBepiithAngradani AuisiOx M aeshMoarei Aot Qutb) A can be
-CH=CH- or -CH2-CH2- when.M and M’ CR3R4: and c% hen M and M' are CR3R4 and have one
o more < B e B SRR 6 o o
embodimépintreticaiiy defippigharapriissgrésembodiment A is -CH(CI-13)-. [00881 In another
embodiment A is --C(CH3)2-. [0089] In another gmbodiment A is -CH(CH2CI-13)-. 100901 In another
embodiment A is -C(CH2CH3)2-. [0091] In amsthasembodiment A is -C(CH2CH3)(CH3)- [00921 In

one embodiment M and M' are absent and A ted from the group consisting of -CHir,
-CH(CF13)-, -CH(C2H5)-, -C(CH3)27, -C(C2 -%%%%-,-C(CFB)Z-, -CH(COOH)-, -C(COOH)2-,
-CH(NH2)-, and -CH(CH2NHC(NH)NH2)= [009g] In anodther embodiment M and M' are absent and A

is selected from the group consisting of -CH2-, {C(CF13)2-, -C(C113)2-, and -C(C2H5)2= [0094] In
another embodiment, M and M' are -CH2- and A is selected from the group consisting of -0-, -CH2-,

-C(CI-13) ZroinGibl{ Saltd 3ol Infatbied kndap2 in VG2 VD radt OF 2 o Gl b cCBRe, afd GR3RrR*GH(COOH)-,

-C(COOH)2-, -CH(NH2)-, and -C(H2)NHC(N1-1)14H2- 100951 In a.further.embodi t, M and M' are
CF 10 m A L B R L EONE oP  a  CRE3F B8] i a st
further eniBoivatiet; 1 afioailiyarC: 6 i sens SElettidkirorin Bsdagrotip Eoaikstnbroler 8113)-,
-CH(C2HY) me{CHB)IR 61 ~6:12H5)2-,-Car, "CBr27, -C(CF3)2-5 -CH(C0011)-, -C(COOH)2-,
-CH(NH2)-, and -CH(CH2NHC(NF)INF121= [0097] In another embodiment, M and M' are -0- and A is
selected flRRthEhgreEssisting GP-CeRies- Q¢ eMRIZLY G (GRR L8R Ry SrRiBigumiivolitrile
Compounglsafostpdsivial harmuardAi0R98binaddiiamithe mesepkAissiRs urenpiovidas.sybstantially

enantlomg{gggtg%l%qgn&mpmtnIe compounds of structural Formula FV(a) and (b)

AL
MM
H H

N~ “COOR?®
H
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), -



N CN"/CN IV(a)lV(b) including salts, hydrates, and mixtures thereof, wherein A is 0, CR1R2, -0=C-, or
-CH2-CI-12-, wherein R1 and Rz are each independently selected from -H, -COOH, -X, -NFI2,
-CF2NHC(NH)NH2, -CX3, -CH3, -CH2C1113, and wherein X is selected from F, Cl, and Br. M and M’
may both be%?e"é’é?(p%ﬁs?ﬁay both be absent and when both M and M’ areP&&Eﬁ?W“é%N- are the
same and are selected from 0 and C123114.4 wherein R3 and le are H, or R3 or R4 of M and 121 or
R4 of M' form a methylene bridge, with the provisos that: (a) when M and M' are 0O, A is not 0; and
when A is(0;-fhakigl MCare: pby 0 - (B) Aen bed CE=Cllkpr 18 taRiCHR-lvfiee MbmtnMiaR ClelR4;
and (c) whenMyanrd:M R, sR3Wand have one or more stereocenters, the stereocenters of M and M’
are of opposite stereochemistry. [0099] In one embodiment, A is 101001 In another embodiment A is
-CH(CH3)06a¥] Ol el premnthisciembetimenides isb@¢{GHHB) 2raiBid 024idrlanathertembedisiantdA is
-CH(CH2GH3)5 JQ103HRra00tsH eMAoHIRE A8 FTHAGH 2 HAL04L I APthsLempodiment A
is -C(CHZCI-13LQCH%- g(e)%og] n one embodiment M and M' are absent and A is selected from the
group condiEting 8ttHZ: dféﬂﬂ 1¢ 28 F2MB)-, -C(CH3)2-, -C(C21-102-, -CF2-, -CC12-, -CBr2-,
-C(CF3)2-, -CH(COOH)-, -C(COOH)2-, -CH(NHg)-, and -CH(CH2NHC(NH)NH2)-. 101061 In another
embodiment M and M' are absent and A is sé¥ctéd from the group consisting of -CH2-, -C(0-13)2-,

-C(CH3)2-, and -C(C2H42- 101071 In anot iment, M and M' are -CH2- and A is selected
from the group consisting of -0-, -CH2-, -C(C x H3)-, -C(C2H5)2-, -CH(C2H5)-, -CF2-,
-CC12-, -CBrz2-, -C(CF3)2-, -CH(C001-1)-, -C(G®OH)2-, -CH(NI-12)-, and -C(I-12)NHC(NH)NH2-.

[0108] In a further embodiment, M and M’ are -@H2- and A is selected from the group coof -0-, -CH2-,
and -C(CH3)2-. 5.1.4 Fused Bicyclic Proline Compounds of structural Foimula V [0109] The present
disclosurénstetinges! tusedhmeyetitprofinesmpothaaidf sirranfaimbeArbars/: M M' V including salts

and hydr eof in which A, M, and M', wherein RS is selected from the group consjsting of a
orotecting bt (6 BB S TSGR B dri ) (BT RS RGIE C 1 Ak,
and -(Ci-Osjaikyipernde ebiuatmed iraiting: efibbdinmesms @R iy thedhyanatiyreopithutyhirsieding salts and
hydrates thexaefl whergin/Ais 0, CRIR2, -C=C-, or -CH2-CH2-, wherein le and le are each
independently selected from -H, -COOH, -X, -Nli2, -CH2NHC(NH)NH2, -CX3, -CH3, -CH2CH3, and
wherein X is selected from F, Cl, and Br. M aW’MWay both be present or may both be absent and
when both M and M' are present M and M’ ame and are selected from 0 and CR3A4 wherein
R3 and R4 are H, or R3 or R4 of M and R3 or fge o M' foun a methylene bridge, with the provisos that:
(&) when M and M' are 0, A is not 0; and when ‘A%’:s CRatand M' are not 0; (b) A can be -CH-CH- or
-CH2-CH2- when M and M' are CRsle; and (c) when M and M' are CR3R4 and have one or more
stereocenters, the stereocenters of M and M' aM¥leif opposite stereochemistry. [OHO] In one
embodiment,A is -CH2-. [01111 In another embodiment A is -CH(CH3)-. [01121 In another
embodim&Htyding seifcnd Bydratps espfinartthey &mpsdiert & fssobr@PREH3)-. [0114] In another
embodim IS - H2CH3)2-. [0115] In another embodiment A is -C(CH2CH3)(CH3)-. [0116] In
ORIty T R S PRI R R e
-CH(CH3puesrridomnsy-VIE rhiqB e paticaotizysfol @ppterngdes indiBrpmtbey{OE3)2-, -CH(COOH)-,
-C(COOH:2mtréatd MR ts faad tHat (it 2AE (NH)NH2)-. [0117] In another embodiment M and M' are
absent and A is selected from the group consisting of -CH2-, -C(CH3)2-, -C(CH3)2-, and -C(C2H3)2-.
[0118] In another embodiment, M and M' are Npﬁ% and A is selected from the group consisting of -0-,
-CH2-, -C(CH3)2-, -CH(CH3)-3 -C(CZH3)2H%§|S)-, -CF2-, -CCI2-, -CBr2-, -C(CF3)2-3
-CH(COOH)-, -C(COOH)2-, -CH(NH2)-, and -C(H2)NHC(NH)NH2-. [0119] In a further embodiment, M
and M’ are -CH2- and A is selected from the gr(?_Pp é8M¥isting of -0-, -CH2-, and -C(CH3)2-. [0120] In
one embodiment, R5 is benzyl. [0121] In one egbodiment, RS is trimethylsilyt [0122] in another
embodiment, R3 is methyl. [0123) In a further embodiment, Rs is ethyl. [0124] In another embodiment,

RS 1s t'buI‘X(!iuding salts and hydrates thereof in which A, M, and M, are as described above.

[0626] The present disclosure also provides the optionally protected substantially enantiomerically
pure compounds of structural Formula VIE(b) (corresponding to the cis enantiomer of the compound

of structural Formula VIE):



5.1.5 Fused Bicyclic Proline Compounds of Structural Formula VI WO
2010/008828PCT/US2009/048255 [01251 The present disclosure also provides substantially
enantiomerically pure compounds according to structural Formula VI. including salts and hydrates
thereof, Whe?%?f):z YBIB=C-, or -CH2-CH2-, wherein 124 and 142 are eZETHEFEpEERTlY selected
from -H, -000H, -X, -NH2, -0-12NHC(NH)NH2, -CX3, -CHS, - CHOC1-13, 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 sele%eﬁ‘ rom 0 and CR3R4 wherein Rs and R4 are H, Or Rs
or le of M and Rs or le of M' form a methyleg brigdge, with the provisos that: (a) when M and M' are 0,
A is not 0; and when A is 0, M and M' are not 0; () A can be -CH=CH- or -CH2-CH2- when M and M'
are CleR4; and (c) when M and M' are CR3124Naindd8\k= one or more stereocenters, the
stereocenters of M and M' are of opposite stereochemistry. [0126] In one embodiment, A is -CH2-.
[0127] In another embodiment A is -CH(CH2)-¥[@1)28] In another embodiment A is -C(CH3)2-. [0129]
In another embodiment A is -CH(CH2CH3)-. [0130] In another embodiment A is -C(CH20133)2-.
[0131] In &isbwfes Bisodindnteatisrec{ @ MPOHS)ME HB) M[04:8 2} fhserfedrhibediment M and M' are
absent a%(q@_)]sgele?ted from tge%rﬁ)lép constig,tin of Hiz -CH(CH3)-, -CH(C2H5)-,-C(C21-15)27,
_CF2-, -001% ] BB OO E 3 e 0 B i e BB 95 0 R ths e e S HC (NH)NH2) -
101331 IrhiEndiheicbm bodivieds 7964l andtMnadiatabbe ftcantasis dalactechfrothethggioup consisting of
0112-, -Cigdd) 2s il RHRNRta 9 EAQRL 13202 5 [134] dpanather emhedimestidyand M’ are -CH2-
and A is selqctecdrfnrom 1€ group consisting of 0-, - CH2-, - C(CHO 2- CH(CH3)-, C(C2H5 )2-, -
CH(C2H5)-. CEDTBOY " CH r2- -C (CF 3)2- -CH(00011)-, -C(000H)2-, -CH(NH2)-, and
-C(12)NHC(NH)NH2-. [0135] In a fw' er mbodin?ient M and Mi@sy-CH2yand A is selected from the
group consisting of -0-, -CHZ-, and -C(gF13)2-. & @gl}sed Bi@clic Prolirj,e Compounds of structural
Formula VIl 101361 In Hetgitign; the pres disgﬁ’ fre.provieessulstartialisienantiomerically pure
heterobicyclic imino acid ounds 4f gtructural kognula VII§ " VI ding salts and hydrates
thereof, wherein A is 0, Cle1112, -C:C'-\’, or -CH2-CH2-, whereil\ le and RMare each independently
selected from -H, -COOH, -X, -NJ2, -CH2NHC(NH)NH2, -CX3, -CH3, - CH2CF13, 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 sameﬁand;ar;g selected from 0 and CR3le wherein R3 and le are
H, or R3 or R4 of M ad®R3 geQAQ4 of M’ ﬁ)rrma methyl@he Jilidge, with Wrovisos that: (a) when M
and M'are 0, Ais not O; antfcwl'gen Ais O:M At M argﬁt:,Ob) A can be=CH=CH- or -CH2-CH,-
when M and M' are CR?R%; %n (c) wh n} Bnd M a e 4 4n4 hgvé o/]ﬁeHor more stereocenters,
the stereocenters of M andW' are of oppeSite stereochemistry. [01371 In“ahe embodiment, R6 and R7
are both 1-1. [0138] In one embodiment, A is [0139] In another embodiment A is -CH(CI13)-. [0140] In
another e#B8tifismAcs d3¢CHB) profde 1id folnethciexhbogiticentiAd s GGl 2EHBYs. [0142] In
another emBRiMEeRté is. GHREHRGHR:: IRt4dLipanethenembodiment Ads, & (Gd2G153) (CH3)-.
[0144] In one eglhn%%%ig%fe{gt M&%}g M' are absent and A is selected from the group consisting of -CH2-,

“CH(CH3§*® 9 (BHI Y e S BTRIPeT3e CPBIIS T (CF3)2-, -CH(COOH)-,
-C(COOH)2-, -CH(NH2)-, and -CH(CH2NHC(NH)NE12)-. 101451 In another embodiment M and M’
are absent and A is selected from the group consisting of




CH2-, -C(CH3)2-, -C(C1-102-) and -C(C2HO02- [0146] In another embodiment, M and M' are -CH= and
A is selected from the group consisting of 0-, -C 2-, -C(Cf13)2-, -CH(CH3)-, -C(C21-15)27,
-CH(C2115)-, -CF2-, -CC12-, -CHr2-, -C(CF02-, -CH(COOH)-, -C(COOH)2-, -CH(NH2)-, and
-C(HZ)NHC(WQW?‘-’?TB‘Q_M?] In a further embodiment, M and M' are -CHEGRPAH ¢ WEREted from the
group consisting of 0-, -CH2-, and -C(013)2- WO 2010/008828PCT/US2009/048255 5.2Monoamine
Oxidases of the Disclosure [0148] The monoaminc oxidases of the present disclosure, which are
capable of oxidizing ‘éggaﬁ'ﬂne cormpogne of stru@QJ/raipEormula | to the catresponding imine compound
of structural Formuialf have on afangie amipg @8id substitutionssasTompared to the amino acid
sequence of SEQ IDNOS 2, SESAD Kth.6%and ‘ ‘ thoAcid substitutions provide
the monoamine oxidasg With one drfitdremprov

EQHD

e operties including & Increase in enzyme
activity, stereospecificity, thermosta"bility, solvent stability; reddced product inhibition, reduced
substrate inhibition,“@‘?@d%bd SehsihAisto reagtion byproducts. Bush afatho acid substitutions may

also improve the e SSigrtlevalk, sthubility, a dlofthe,stability of the dleppamine oxidase in a host
cell, e.g., as a recomhina cﬁxplls ssed ein f ogous ho§t cefl’ sulh as but not limited to
an E. colt host cell. In offe'¥mbodimsfitian,gmino agidsugstitution 546§0@royides a substantial

increase in the expression level, solﬁbility, and/or the stablity of a mon&amine oxidase of the present

disclosure in coil. [(2494 Afépretent efstiosuraralsg pravides polyhtislepfaés encoding such

R
) o

monoamine oxidase%( - aabth . iNg they ptides in theral o ltic processes disclosed.
R . . R . pe .

[0150] In some embod{memscthe on e oxitlasdd losed in fife p specification, are

improved as compared } ffie enzymig 6t SEQ ID 3729 SEQ IP NO:6 ONSEQYj, NO:32 with respect to

their rate of enzymahtig actglijlty, I.e., their rate of converting an amine compound of structural Formula
Ito the corresponding hgné contlsbrugde structisfal F6Hnula I1. In sBifieefiitiodiments, the monoamine

e
-

oxidases disclosed g eagtible bhsor ting tha { sdrate to the p aé ta fate that is at least
|.5-times, 2-times, 3-ti{ge 5 eimes, 5- , 10-tine Imes, 50-ties -times, or more than
100-times the rate exhiliited by the §ofibatsine oxigfase o6 SEQ IRNOYR, SEQUD NO:6 and SEQ ID

NO:32. Exemplary polypeptides with such properties include, but are not limited to, polypeptides which
comprise @ozaminoregishaetitiensalbaie sno peing: D8RR PriVA:AnSlbwié cbthpdhad 8, 20, or 36.
(0151} In some.eHBRMEN. e Maneatyps. axidarer.drcifeadneren are. aapaple,of converting an
amine compound of structural Formula | to the corresponding imine compound 0 structural Formula Il
with a pefiBHEHSIdns SHBREEHBSS emutaesst about 95%. Exemplary polypeptides with such
properties include, but are ngt limitgd to, palypeptides which, comprise an amino acid sequence
corresponding to SEQID NO:34}J;§, 1?), 12,qi¥4,‘§i;6, f8, 20, or%@{[Ol%Z] In some embodiments, an

\\(

improved monoamine oxidase~pft isclosemefsthased o -Sevitighice found:as of SEQ ID NO: 4,
8,10, 12, 14, 16, 18, or 20 an comprise & Mo acid s e that is at least about 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, $5%, 96%, 97%,198%, & 99% identical thereto. These

differences can be an amino acid insertion, deletion, WO 2010/008828PCT/US2009/048255
substitution, or any combination of such changes. In some embodiments, the amino acid sequence
differences can comprise noﬁa@qp§@lavative, conservativé;as @l as a combination of

non-conservative and conseyyative amino acid substituﬁhosfcrious amino acid residue positions
where such changes can be made QescribedHerein. [@ ?’-]_; @ome embodiments, an improved
ure

monoamine oxidase of the disc 3rises an amino agid sequence in which the amino acid

corresponding to residue 99 of SEQ ID NO: 2 and SEQ ID NlO: 6, arid residue 97 of SEQ ID NO: 32,
glutamine, js substituted with an acidic amino acid, i.e., aspartic acid or glutamic acid. In a particular
e A P S VBB e i S FATTE SRS G154] i sorme
embodimérgnesipioh frobe oy misbafineooriekdecupehbc distiostireddompinsdalvdin Breesalid sequence
in which the gmbegsagiflconsspepgingfemasidus.aat of SEQ ID NO: 2, and SEQ ID NO: 6, and
residue 363 of SEQ ID NO: 32, tyrosine, is conservatively substituted with a different aromatic amino
acid, i.e., pfEdyEiapieteno Aipglproplakn pravid paritutbrferisdiimehtichatthysesifitiresidue is replaced
with a trypiephanifesiduies:R1B5hIR sameLmedinanisraminpievehinaneaming. @xidase of the
disclosur msprisggp%n amina acid sequ nee in which the amino acid corrﬁgﬁonding to residue 382

co
of SEQ ID'RIGTF AN SE IS RS Brand redidha 380 SP &Lt it 1565039 SHeyiaiZfihe, is substituted
with a noRfBrarahatae Hesdo reuchatiiersdiddcmdudiiastie thglyeine whisthloMinenddMleucine. In a
particular embodiment, that phenylalanine residue is replaced with a leucine residue. 10156] 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 glycinc. In a particular embodiment, that serine residue is
replaced with a glycine residue. [0157] In other embodiments, an improved monoamine oxidase of the

disclosure comprises an amino acid sequence in which the amino acid corresponding to residue 135
Nnf EO ID NO: 2 and {|EO ID NO: & threaonine ic concarnvativialvy crithetitiited with another nolar amino



[0163] "Monoamine oxidase" refers to a polypepfide having an enzymatic capability of oxidizing a
compound of structural Formula I, supra to the corresponding product of structural Formula li, supra.
The polypeptide t B)icall utilizes an oxidized cofactor, such as but not limited to flavin adenine
dinucleotide‘ﬁf’A ! %lﬁadenine mononucleotide (FMN), nicotinamide AR it Edtide (NAD),
or nicotinamide adenine dinucleotide phosphate (NADP). In a particular embodiment, the oxidized
cofactor is FAD. Monoamine oxidases as used herein include naturally occurring (wild type)
monoamidesaxidbswsadvalictinhonupaser aliyoteg ringueegineered) palygeptidescgenewaded by human
manipulatign:i8:L84kitading sadrance” refers to that portion of a nucleic acid (e.g., a gene) that
encodes an amino acid sequence of a protein. [01651 "Naturally-occurrinn” or "wild-type" refers to the
form found in nature. For example, a naturally ocofirring or wild-type polypeptide or polynueleotide
sequence is a sequence present in an WO 201Q/003828PCT/US2009/048255 organism that can be
isolated from a source in nature and which ha$ ot Batn intentionally modified by human manipulation.
[0166] "Recombinant” when used with referencetg;e.g., a cell, nucleic acid, or polypeptide, refers to a
material, or a material corresponding to the naturdf or native follll of the material, that has been
modified in a manner that would not otherwise exit in nature, or is identical thereto but produced or
derived from synthetic materials and/or by manipulation using recombinant techniques, Non-limiting
examples ineilite - A any buitses @8%%%3 YeoRItE BREraLEN Y BN AL AP LSS EEYBAE Dithin the
native (naneseasrmbinaiytornmdof thelitelson ekplets menivergenesithatnayeotheliwiss exressed at a

different lgygh LG FlrReIseRIAgE.Af SeRUERRS SRR AN rRRIGRNAGSARMelRE 3l sed

interchangeaply herein tq refer to comparisons among polynucleotides and polypeptides, and are
determneF PO TG SE A AT B B 006 A ETRANSIR SURGME wherein the
portion ofstesipdRrudiestive onpsipeeblide SedieNé®Th b obimpardseriwiadovkalispgdmprise
additions gy-glelatiopsifi.ex GaRS)AS CAMRAAIed Ietheyaicranea Baquanes-{whish degsiaticomprise
additions or ge!ftté 1952hf05il?;?timr%loqzlai nment gf élhe two sequences. dThie. ?brcenta%e may be calculated
by deteimining the Humber ol positions at which the itenticar nudieic add e 87 Afino acid residue
occurs in Hotpssetjeleridasasivicte dcrd mpehonaddbeled Posirsniyr divighmgtheasaniber of matched
positions by«thecklalindrabencfpgsitians Ritbervadawal compalisanant-nulialyingthedaesult by
100 to yield e pareeniags;of seatRnee. dentiaAlicmalval. e peraeniade, My e calculated by
determining the number of positions at whic either the Identical nucleic acid base or amino acid
residue o&BHES R sB Utk brabAdiElets ReittisHsr o BfmiNe ey resite & icrgiited with a gap to
yield the rumberofmigtchedippsifiansnydividiagithel spivrber sfvmaichrdipesitionsay thetptal number
of positions ilralgglequ(gwo%‘c gm{ag&o%mgtépultiplying the result by 100 to yield the percentage of
sequence ié)entlty. Those of skill in‘the art appreciate that there are many established algorithms
available {esadipmtviaseeuentEas.) pliimahaligngemof spapeneces dRioNRansebngRNMag conducted,

€g., by th&; l u?a! omnoao. | %riltrl’c-]:gnoOfl%n‘}m’i]nQQdmva\{l)%}l roan 9ra Aduh y 0 tklll" 482, by the
homology%“%{cnrrllggt a | ogr?{[oh%rlnf‘:51 of N eél‘fi.en%an and Wungc%%%%%]p%tgﬁ%ﬂhﬁ ,eéy the search for
similarity fROHCEc6FEPEatsidie L tonmopipeiN e Ies S B BEipdwy $eomputerized
implemeniaéensobiiesexalgorikhmsi{ Gk «Bicdiichls, HARIAANE TEAST N 666 Wisconsin
Software pagkaashfRoVIshe, ARREIAN RS OGNRLRN RN RIRGRIm Mlsgilar Biolooy, F-

M. Ausubel etal., eds., Current Protocols, a joint venture between Green 1ing Associates, Inc.
and John SAIRE)PRIBE A& 9 1{ oRyEs S B Rt P (A ds BBy e hRIES Grelgsttihis that are suitable
for deternminingopercant. secduance idethititycand:seguence similarity are the BLAST and BLAST 2.0
algorithms, which are described in Altschul etal., 1990, J. Mot Biol. 215: WO
2010/008H¥8HCTAYShOGoRME2SY Ry3nanaing KHsehtipeblar! Yodi7ingaereinAeiy ReS0B389-3402,
respectivelyuchaftwarenfor pertoimiag BlASanalysesis publichravaiable thipughpthae National Center
o o rehaisov iR malon weRsle.T lisaoar N SR L EAYE b eorng seauence

pairs (HS y identifying short words of leng In the query sequence, either match or

satisfy soRATETENARPRItEY thissHERIZEsrE P INE ARRIG SRS VEFEoST B S RO éigth in a
databa;e_mqﬂgnﬁﬁer‘gz'jafefﬁr&edx¢ﬁoamiﬂhexmk§h b@ﬁf@_@ﬂﬁ_ﬁ/@ﬁdﬁﬁﬁf@fthﬁéﬁhﬁlﬁ:ﬁ%&&ﬁlﬂﬂset al, sup_ra}). '
These initial H‘%QQB%@&QQ;&Y&M% AoNBS Sardlarde '&&ﬁf#ﬁ%ﬁﬁ%‘f@?@aﬁ%@ d.longer. Hks containing

them. The word hits are then extended in both directions along each sequence for as far as the
cumulativl® DTG EEsTE Lt ifife 54w USSR S Brd cat thafaB Ueing B nucleotide
sequences, the parameters M (reward score for a pair of matching residues; always >0) and N
(penalty score for mismatching residues; always <0). For amino acid sequences, a scoring matrix is
used to calculate the cumulative score. Extension gf the word hits in each direction are halted when:
the cumulative alignment score falls off by the quantity X from its maximum achieved value; the
cumulative score goes to zero or below, due to the accumulation of one or more negative-scoring
residue alignments; or the end of either sequence is reached. The BLAST algorithm parameters W, T,

and X determine the sensitivity and speed of the alignment. The BLASTN program (for nucleotide
canliancec) ricac ac defarilte a wordlenath (MM of 11 an avnectatinn (EY nf 10 M=K N=-4 and a




WO 2010/008828PCT/US2009/048255 oxidase from which the monoamine oxidase polypeptides were
derived. It is understood by the skilled artisan that the activity of any enzyme is diffusion Limited such
that the catalytic turnover rate cannot exceed the diffusion rate of the substrate, including any required
cofactors. T%Qﬁ%{y@?f@,ﬁf maximum of the diffusion limit, or krar/K",, is geheFAR?4BEE 03 to 109 (Mil
sil) Hence, any improvements in the enzyme activity of the monoamine oxidase will have an upper limit
related to the diffusion rate of the substrates acted on by the monoamine oxidase enzyme. Monoamine
oxidase attiVityioanche messomé d dsingpublishedanéthadsy eciddeptationd:thereof (S&mi2asuring

gonoéatmi&glaozi@.aﬁe@@ars&aﬁﬁz{awblataﬁﬁaéw% IRcthase.dissiased e{)&’?g'%(ﬁ%%f@ic @ggygﬁs %Ai"/? o
ne-Step Fluoro 10d for 0 easurement of Monoamine Oxidase Activity,
1657 Anel EIOLH I g 1y s S i St B SToF A Adsay for
Monoamier®sid et inTigduesid sibgiPdroxitaserand 2 Ryaring(@-d thylben tHE20INE Bésulfonic
Acid) as Chromogen," 1984, Anal. Biochem. 138:86-94). Comparisons of enzyme activities are made
using a dehtrEd BREPAPRBR BHERYY e S HERRE PULsayBRe P L B as i B e S more
defined substtatdd oasdiativethcesoribedlimn detaildoarsimdprUsimguher methotisapfs éegved how and
SzutowieznGRpSLEAlY, WhShRed. 3 e Camne fd. AheaHanRe s ahrelis:and-ihe amaunkqf protein

assayed are determined as wel] as use of igentical expression systems and identical host cells to
minimize Y3HRHSHE i AMBIRE SPERIYRI S IPSJIREE By Hie B ERHL P Bttt el sates.
101781 "Cosversicmbadifenysishtheconzymatic Gxidatidr: of thalgilgstrateinte ¢hepoondegponding product.
"Percent gaamersienmiglars i thengtaent ohihecsmbsiraterthatisxidliagd ipdhs,nadyct within a
period of tzimigauang r slpe%cfi:f'i:%%&?rfﬂi i%ngb;r&{?g I}? (')'%nzymatic activity" or "activity" of a monoamine
oxidase porﬁ/pepl € can be expressed'as "pércent conversion" of the substrate to the product. [0179]

"Thertnosiapig]’ efarsi9:RMAMRRMIPRSUHASE RelvReRsRhatMaintains Sipilar.activity: (more than
60% to 80% for exam ie aftt%r exposure to elevated teﬁpgatures e.g. 40-80C) for a period of time
]

(e.g. 0.5-2FHIEI  ORIBAFed 16 tHE URERAI G BHA BT SRR 0§f§‘51’e“@ﬁ;g\l%%l%{’ monoamine
oxidase ppigiseptiddithabmaintairry Bishifmmackvite(moreitanveddr®08/4ite 80%Ydfter exposure to
\Z/aryirtlﬁ iqmmt ! ﬁié?ﬂﬁii&gﬂhﬁte%%o/é?r%)épééé%ﬂﬁt&ilﬁgﬂ{tggyh@éﬁ%@ilé!:st@t%@ﬁk){?ﬁgﬂﬁ%t o)f ?nother A of

-methyltetrahydrofuran, acetong, toluene, butylacetate, methyl tert-butylether, etc.) for a period o
time (eé.féf%e-rggf ﬁ?rxsr)oggér%nﬁlgr%)a(%eth% Gn ?33%8%?5%%} eem.r%c&gﬁﬁsp%-?tgt%ﬁI%angfgfgl%alaaﬂ%gnoamine
oxidase pBiypEpricé Eaaine aintisiie Shsey hotvieyerhorekhbniedep @bty 8B dftar expasure to high
or low pH¢@cged 8@ Ok Srtaplhdena pesod 0f timefeq, &>R40r9) sempaigd tetbgsntreated

enzyme. 101821 "Thermo- and solyent stable" refers to a monoamine oxidase pol ide that is both
thennostatl e e B e e R R A LT Lo oo rom as
used hereifPir tdtd hesarbre tinsalaerinbpoapiebrigasdcisryrddemdbnifednneSEAYating
monoamingoxidase enzyme, and/or the gene encoding such monoamine oxidase enzyme, upon
which the engineering was based. For example, the engineered monoamine oxidase enzyme of SEQ
ID NO:8 Walthiairrtipyatredisients evolirg! dvdpsnanipledgensedtigng prrpagsaerencoding the
As%ergillmgﬁ;mmwﬂm@@m@hwgﬁwmaﬁ S&QulDImQ:&;iﬁtu;%tlni&@@&ﬁe@m@m?amine
oxidase enz IS ~feri from"” the wild-type monoamine oxidase of SEQ ID NO:2. [0184

yenonn oA S B R JLFCRe RTINS Rnate e bkt 01
a hydropHOBBieHs Bl seRaw S afer bty tertheorHn blixed. o dEnausiriroptibbieity scale of
Eisenbergsat aky:984 ovtabBiob:1t: b2h-14 2nGanetically € ocadeshhydrophiic amino acids include
L-Thr (T), L- -His.(H), L=Glud (E). L-Asn (N), L-GIn L-Asp (D), L-Lys (K) and L-Arg (R).
[0185] Aé%ﬂ%%“ﬁ%‘%%@g 1%1;%—518%'13!&3@?}3?&;%11 Oi%?/éﬂ%ﬂ?ﬁ% amino g(élll(?) dg#’flé%ﬁ %Ié%%ggr\]/ing a side chain

exhibiting "SRR/ ARG HTESE 4R HIss thesRrran tdasmino acid is included in a peptide or polypeptide.
Acidic amj cids typically have negatively charged side chains at sialogical pH due to loss of a
hydrogen lion. ﬁﬁ%%?cesa?% %Sncc%s ]écdg a%a}lei rﬁrﬁ%ﬁ%@?ﬁ%‘%#ﬁbﬁﬁ’eﬁf}%ﬁ% ﬁaggnag%ﬁt *’SEE’I‘EB}? 5’186] "Basic
Amino AcR¥6FRIBTHIHE rotapyndachifing BHiltecariHo e bY reskiluina vty adhidehain exhibiting a
pK value efegraatienthamabpuiSxvhentheaminnesie sHpsltaetingrpaptideanpalypeptide. Basic
amino aci ic itively: charged. side. chains at physiplogical pH due to association with
hydroniumgﬁgﬁgggﬁéﬁﬁgﬁ/n%%{%\éggl %£§§ lg%?rrl%q;%l %Ilzllﬁéfu e L‘ﬁrgg(l%éa%lg chfls%(ﬁ S%T 187] "Polar
Amino AciOF-REE e Retd et HIR AT ORI R B Gicrdeigtad P Angeat sie Rt that is
uncharged at physiological pH, but which has at least one bond in which the pair of electrons shared in
common by two atoms is held more closely by one of the atoms. Genetically encoded polar amino
acids include L-Asn (N), L-GIn (Q), L-Scr (S) and L-Thr (T). 10188] "Hydrophobic Amino Acid or
Residue” refers to an amino acid or residue having,a side chain exhibiting a hydrophobicity of greater
than zero according to the normalized consensus hydrophobicity scale of Eisenberg et at, 1984,1 Mot
Biol. 179:125-142. Genetically encoded hydrophobic amino acids include L-Pro (P), L-lle (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 laact Nnne aromatiec or heteroaronmatic rinAa Cenaticallhy \WWO 2010/0N0222QPCT/I IKR20N0/NAQOKR



Table 1: Conservative Substitutions Residue Possible Conservative Mutations A, L, V, | Other aliphatic
(A, L, V, ) Other non-polar (A, L, V, I, G, M) G, M Other non-polar (A, L, V, I, G, M) D, E Other acidic
(D, E) K, R Other basic (K, R) Other constrained (P, H) N, Q, S, T Other oIaréN, S, TYY,W, F
Other aromaii¢ &?‘Wﬁz—‘%gc None [01971 "Non-conservative substitution” tefdre iy ii&hution 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 growdps-listestheboveh Yivld e emibodinterntnaomoh-dopadrvitivelmditation Gffecitki(a) the structure
of the peptigleihackbave.imhthenQ2 AL UO08828R6:1/1182009/048255 area of the substitution (e.g.,
proline for glyeine) (b) the charge or hydrophobicity, or (c) the bulk of the side chain. [0198] "Deletion”
refers to rifiddficatiopr¢ethdpblppehtidie by relmovat bédmepopmoge srbinotatidsdrometivelieference

polypeptidg DeleieRs A AMPLRsHIaD V@Rl CEMAR AMIRAAGILS S LG FRERcacids, S or
more amino ac'(lj\% 10 or, more amino acids, 15 or more amino acids, or 20.or more amino acids, up to

10% of th& tSESI MuABE STRRTND AL PP SR IO 9B 35 8 PG HRE A IABETBF Rivirils 4ine making up
the referemserdnzyemewsihiie retaitid grevizginyatid.aotl Wty amdicieseibidinly thevithprogedapdoperties of an
engineﬁr%mﬁ%mﬁ%s@?%@ _?f}&?{m&e Q&L@@@&&.@é@&mﬁéﬁeﬂqﬁ@gd ,F&%riﬂlé%%%ﬂi%ﬁ and/or
terminal portion the polypeptide. arious embodiments, the deletion can comprise a continuous
aoment SRR L B e T S R R e S e by
addition ofteinengiinesranamihdanitsflormbulinfore e pdiyipe prideon miarrreiethb sdirmesis, the
improved gpgiragEeenpanNoamine oxidase enzymes comprise insertions of one or more amino acids to
the naturally occurring monoamine oxidase as well as insertions of one or more amino acids to other
improved iHGAbAimimecoxidasé potyremticiadssl nsettiohs, papdsedn thestntéritaltporionsadf the

polypeptige iR dnei s aHeR:OLANING 1 RiHS. IRSEIIONS axMasd beteiRingludediusion proteins as
is IcnownM] th s The nsegtlg%can be a cgﬁg&gﬁgous segment of aming ac:l?ls or%S%(?Pt%rated by one or

more of the’dmino acids in the n ?JVI’%ﬁtyf B8 urfing f)(%?f/nﬂ)eopfri%se{? fﬁﬁﬁﬁ?' e Sh Sr "differs from”
with respeetiyanded g referdn Bt say dent i efdpettridiffermecedo b Esgiwembfmimolacid or
polynucleotide segduenca whenseligneddatheueiarenceseauencsy panerallyaithe diffgenges can be

determined when the two sequences, are optimally aligned. Differences jnclude insertions, deletions, or
substitutions of ¢ E?r%méjfcf:ﬁr %LSI? ﬁ%@?ﬁ%&%%%ﬁggi 3%&12 ?{e Erehce scéjsqau%\&gnm%ilf@ragment" as
used herelfttrefefstecadpisiriapided thatnierai ansnberadifnararedde Sebokyritiparesiétion, but
where thesremaitifigaminovacid sequence is identical to the corresponding positions in the sequence.

Fragments can be at least 14 amino acids long, at least 20 amino acids long, at least 50 amino acids
long or lohYP] afier disdlesTodr 80w 0909 2 98%h DFw ceaith QDb eRthal fiickeprythissibrisagmine oxidase
polypeptide{0203lcosphatedpoimeriidai-teleredad palypantide whichisosybstantiallygaparated from
other coniamInARS g NafallkALOmRamyL, ey Praein, Ipkls, and polyucleotides. The term
embraces poﬁyf)e_ptl es _V\ihlcf'h‘have een removed or purifie from ‘lt?felr na uramy-‘bccurring
environmERTBFEKPrEsaiBh systerAneoy dresT el ©FTHOWER EyAHa &) vifRk AmPre0édhiehoamine
oxidase maydeipsesenloyvitiin.g galbngresonidnithe celidsispedimywed prepatedvnivariaus fauns,

under conditions suitable to yield a substantially stereomerically pure aminonitriie compound

according to structural Formula [V. In certain embodiments, the oxidation reaction mixture further

comprises the enzyme catalase. The aminonitrile compound so formed is contacted with an acid and

water under conditions in which the aminonitrile compound is converted to the amino acid compound

of structural Formula V1.

[0041] The disclosure further provides a method of preparing a substantially stercomerically pure
amino acid compound according to structural Formmia Vi, including salts and co-crystals (e.g. NH,Cl)
thereof, in which A, M, and M are as described above. The method comprises contacting a
symmetrical (achiral) amine compound according to structural Formula T, in which A, M, and M’ arc
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 antinonitrile



WO 2010/008828PCT/US2009/048255 such as lysates or isolated preparations. As such, in some
embodiments, the improved monoamine oxidase can be an isolated polypeptide. [0203]
"Substantiallypure polypeptide” refers to a composition in which the polypeptide species is the
predominanﬁfﬁégfgg’%g&ent (i.e., on a molar or weight basis it is more agé)ﬁf}éﬁ%f"fwg‘f'ﬁ%ﬁy other
individual macromolecular species in the composition), and is generally a substantially purified
composition when the object species comprises at least about 50 percent of the macromolecular
species presgntislemoléngrtoveigiraCiamerdd|y alsubstantiablydpungsmicnoddmine roxidase composition
will comprige:ab QiR ANMARE AR ZRMR OTROLR RRAHE80H QIEQ B ADPIL A0%R0F more, about

95% or mor% and,gpout 98% qr more of all macromoleeular species by mole or % weight present in
the compd<itidh 25 Eahe EhBOHIRRRES IR GHfAPE pRlFEtdmmenbivaustiad dhogeneity (ie.,
contaminamispaiiayopnmd vberdated tBdtinihélcdnwpissitiobobynconvbntininah détestigmmeéthods)
wherein the.campasiticRconsistaesseniialiveha-snaleNAcrampieed aLSRREES. crplgRLSPecies,
small molecules <5900 Daltons), and eleén?ntal ion %oeci sare not considered macromolecular

. converted to the mo ester gompound, of structural T W, . - . .
species. In'some embodiments, the 1solatéd improved mMohoamine oxidase polypeptide is a

substantigliy,pre RRIMRAPHES-CQMARSILOR. H0204L RIBgsALEYRIdiZaliAn LIS sed herein to refer to
conditions under which nucleic acid hybndi are stable. As known to those of skill in the art, the stability .

) | ;
of hybrids* & FEREAAY RITRERTSTHN FTANFAT SATRCPR 6P HiReHY SHeL T amatal -(hs'siSility of a hybrid
is a functisstohinms trembith, AeMp¥; atoddt’ GfC:edntehtdabovthespebencebfochmotdspiclagents. The T,

values forpalynucientifiesreanbe.salcuiaied uglogknawameihadsiar Rresicting melting temperatures
(see, e.g., Balding, et al. Meihﬁds Enzymoloqy 168:761-777; Bolton et al., 1962, Proc. Natl. Acad. Sci.

USA 48: 1350 BrESISIr et Al PEBE PIoL Niatt "REHY S&r (e G se begr ! kilt et al., 1986,
Proc. Nativitiead. McpddN 83931232987 2bidiery itk asicindBivdhdwiistdr 25 Bi0s1846icRyishlik et al.,
1990, NuclaigoAeinls BResolfie4Q86Ad R etratimh ARP&iNuGIRiG AridsRas-h%698): $ambrook et al.,
supra); Suggs et al., 1981, In Developmental Biology Using Purified Genes (Brown et al., eds.), pp.
683-693, KbAileiicPrensdiaridsWethouro1idesls BrikRel Bioohem MolBiol126r227%@68:aA) publications
incorporaigRersin hxdelaenegh=a, 3008 arbedimentsatoe pelyatcentide.encadeasdis polypeptide
disclosedﬂege%wnqh ridi eg L{)nder defir{hed corilditions, §ucq asr['n derzltely stringent or highly
stringent Conaitions. 16 the CompIamant of X 58y ieHEP R AR S oiasrad Hionoaminc oxidasc
enzyme ofiflseigybsesthdibelbsined[0205] Thy bdtivhtiorstdngetreyingelatesargigdbch washing conditions
?fl ImuclczI icm@slﬁaﬁﬂ%y@uya Mieiﬁitﬁwmmmm&ar@ IE%%JQU%B%@W@E @Fnﬁiwm@ mthiq\éf)\ﬁa stringency,
ollowe was of.varying but.higher stringency. The.term. "moderately. stringent ridization”
refers to ?B)in |%i8snse%ﬁnab[%g}?r%%’tg%[élé%%?\ﬁ' t%?g?r‘fa éﬂ(:(:gnm%ﬁfg?ﬁénn?é%ghﬁﬁ% é}lfén%%f(rj% cﬁﬂ%%%nabout 60%
identity, pieferanid Wiy 2010)008828RCT USPooYt 28?5 Ahout 75% identity, about 85% identity to
the target ; with greater than about 90% i?e tity to target-polynucleotide. Exemplary moderately
stringent é@#ﬁtiﬁ%g %%{é%csgiﬁdgfﬁoﬁ%péﬁvﬁ‘%\‘?%?e“ﬁ?t ’8411(3)/} i |%%?i%%%‘?\b§%%a gﬁﬁ%}%?alg,ﬂ‘srﬂxgﬁ%%ﬁart's solution,
5xSSPE, 10% S0 Soapdaa ackuiidngld HipdashinginoV28SRns 0ass8pSoatdiR G, PG Stringency
hybridizatipidefe x;s;égme, rﬁl,l){g@mzmd iiﬁll’bﬁcmﬁﬂ aﬁfé\@bd@tdé %@@o@rcéﬁﬁﬁi&é@%ﬁﬁ@tﬁh%m%hmelting
temperature Tm as determined un the sojution condition f efin cleotide sequence. In
some emlg(ga?r%entgc,cglﬁ?ﬁ%ﬂ%%fffﬂcégﬁ%%loggﬁai iclf?l“rre%ce%réL ’tck)/%%%{lﬁ)ﬁg ;ﬁ”lg. Sé?é%r%% offﬁ’r?‘é]itzgation of only
those nuctslat ey tisaBwes thadasrirstamtadiyEiis i Do Ed by Rae itbsendeundn hybrid is not
stable in QABIbNaGhat G5Gs1i wilbatdaaSiableurdenigh stHinganty candiiansc.agisontemplated
herein). High. stringenc nditigns. can, be. provided, for. example,.by hybridization in conditions
equivalen?%%cglé%m gﬁﬁ}érﬁdgﬂ 55 %gﬁﬁgfgtggggg dﬂ%nﬁ%ﬁgg}gg, 6‘?58/’%@1[%“?{ 43C 6lowed by washing
in 0.1x SSPE2nd . T IPBIat eI B HIghistRgerey Iy Bidkaorrdientsnsbiss firell as
moderatelyssiciigint canadiibnsparatcesaribadinn ibE telgrances cileambeyuei@206] "Heterologous”
polynucleotide refers to any polynucleotide that is introduced into a host cell by laboratory techniques,
and includ¥¥Pokprdeibonidestrstbtectenie ved Hom acivsidetienstibiecta tyialhoratory manipulation,
and then egintradseadyipiocahnstcrlbsi@200p seates.aptimizedcteiersiachangasdndbgcodons of the
polynucleqlids,encading, anprfeln 9 fiase pefsrenially ysedn a pariuiar organism, sych that the
encoded protein is efficiently expressed in the organism o ifiterest. ft%o%gﬁ the genetic tode is
degenerateFipdingthiiatasiiionstiad afectesrdserited b ativt sreptshsOdaidd ssynonyms" or
"synonymatisicatloassit iswieliinovwnuiisdneeitontsage Dy @aiiticlarorgarFsmslisivonrandom and
biased towards particular codon triplets. This codon usage bias may be higher in reference to a given
gene, genes of common function or ancestral origin, highly expressed proteins versus low copy
number proteins, and the aggregate protein codingregions of an organism's genome. In some
embodiments, the polynucleotides encoding the monoamine oxidase enzymes may be codon
optimized for optimal production from the host organism selected for expression. [0208] "Preferred,
optimal, hitth codon usage bias codons" refers interchangeably to codons that are used at higher

frequency in the protein coding regions than other codons that code for the same amino acid. The
nrafarred codnone mav bhe detelmined in relatinon to codon 11eane in 2 cinAale Anene a cat of nenac Nf



1 -hexenyl, -2-hexenyl, -3-hexenyl, -1-heptenyl, -2-heptenyl, -3-heptenyl, -1-octenyl, -2-octenyl,
-3-octenyl, -I -nonenyl, -2-nonenyl, -3-nonenyl, -I-decenyl, -2-decenyl, -3-decenyl, and the like. 102181
"-(C2-C6)alkenyl" means a straight chain or branched non cyclic hydrocarbon having from 2 to 6
carbon atom® 3R Mg at least one carbon-carbon double bond. RepfebdRHER/A* & Sight chain
and branched -(C2-C6)alkenyls include -vinyl, -allyl, -1-butenyl, -2-butenyl, -iso-butylenyl, -1-pentenyl,
-2-pentenyl, -3-methyl-1 -butenyl, -2-methyl-2-butenyl, -2,3 -dimethy1-2-butenyl, 1-hexenyl,
-2-hexenykhigh e &I, anes tirecliked [021QWIHEICyBlIGINYE medndd stiaightdhainior branched non
cyclic hydracarbenhavingfremiado carben alamsaAnd dnguging.alleastene.carhansGarbon triple
bond. A branched alkynyl means that one or more straight chain -(C1-C8)alkyl groups, such as
-methyl, -&tdd]ioThkp ropyht ieplaceigher othitvedredensfiprepatiy, = giotpiolia stiaight-abain alkynyl.
Representgfive,siraighi-capipb Atk iansh eouesG HUAURME iNalMAR sAeaRdeyly RIGRYRY!,
-1-butynyl, -2-butynyl, -l -pentynyl, 2-pentynyl, -3-methyl-I-butynyl, -4-pentynyl, -1-hexynyl, -2-hexynyl,
-5-hexyny!™-11) Jémﬁw €§§ﬁ8‘b‘i§/ﬁ’§1f?’?6ﬂk§b‘f§/ﬂ&‘)ﬁ AIBERy P BRI SRR A iy,
-2-nonynyh s@rony hiyimuldboyieptin 2-Ad cyi yke-8-dacyimd, witidothedike d[0220)d(@G22CExalkynyl" means
a straight ghain erdwRnched DenexelicHydracaRenbaving o 2488 catkenatqngand including at
least one cagaon-cartbg tri IeE ond. Replriesentative straight chain and branched (C2-C6)alkynyls
include -aC8RISAYEB) o"*p'i%%‘f, L3 WO DN CA LS HES AT oS A SO s et riA Butynyl,
-4-pentynstruciuabigmyia- D haxwyiigh ASMEWY atd aade difedikbo0 224 he@it- GB)atkoxiemeans a straight
chain or brapehraQme¥alie Nt ataoRBAKAG ANRIAGINRAEISh el ArRHBS ARASI.4 o 6 carbon
atoms. R%ng %egltlagw%§trt?igghti%hgj}n %Q;g (Ié)(r:arrlllche% gg:l-C6 glllgox include -rnethoxy, -ethoxy,
_rnethoxy ety e Rethoxy iy, A A SRS SRRy SR AR the like. [0222]
"-(C3-Clapaysloallewloibasns ARalaierd MABRIKIGBudracarben having: fram.349.La.garbon atoms.
Representative (l 31-,C12201>¢/1ﬂpalkl}/lls are -cryclo ro%yl, -cyclobutyl, -cylg:lopentyl -cyclohexyl,
_cyclohepfyPRARISE S GBI A, 2dbe &‘f@&ﬂ? R TR AB e P [ﬁ?’ﬁ%‘fﬂl—?@'ﬁl@%%ycloalkyl" or "4-
to 8-membEe eyeluatien airg midank dsaniratednprondeybtierhiyd rochyisembanviig &ropiNgte,8 carbon
atoms. Represenative (e Sicnelo!ids reeHGIP R Y REA A SuElohexybgygloheptyl, and
-cyclooctyl’ WO %9111(%{2981802\%5(:;/%8%095/ 48255%0{2‘2411:'\;- C3-C$?c_ cloallég[" means a saturated
monocycllctﬁy(rj‘rocar SR ARG FOR 5188 A Sh A s RARPEE AU S (s E8 el oalkyls include
-cyclopropyimesetdbutytveyctapbivtytduyé hésyl indhitioheptydedntistoye iobibighn[ep 28jiced
"-(C3—C7)§eyﬁ1@ﬂ(l[£§d'?dﬁt@i@ﬂ?o%fl;iﬁiw&t?dgmaﬂﬂﬁl)é@lwsﬁ}?ﬁmﬁ@l{bgﬂy?&wﬂ&lﬁfﬂmﬁéll&@h}bﬁl@iﬁon laton:jS-
Representative (C3-07)cyclo s include -cyclopr -cyclobutyl, -cyclopentyl, cyclohexyl, an
-cyclohepsta.l\f 23(% " -e}{%o 3‘%%“%%&%‘3}%%%‘&?0%?@% ig‘l'déqsf((éﬁtg'%o}é?naembered)bicycloheterocyclo"
means a FtoMrREmBeredcBiiie, halstaeiranusyiing: aticivds asibvercdiated 2ufsetlifesd
non-aromatic, or aromatic. A -(6- to | 0-membered)heterobicyclic contains from 1 to 4 heteroatoms
independently selected from nitrogen, which can be quatemized; oxygen; and sulfur, including
sulfoxide Bf#sulfsracsTralis@ostoe Banmerrieraelynasiaidrsyetie damsinh anaetwidovisidessitroden or
carbon atemhdfdeprasetaiRilpiiadk trmesheratbaisrabisvalitsdaclude -3-azabicyclo[3.1.0]hexane,
-quinolinyl, isoquinolinyl, -chromonyl, -coumarinyl, -indolyl, -indolizinyl, benzo[b]furanyl,
benzo[b]tHibiheryiorineibatipicoputinplondsniggirolizendisdogdimehd prepametytifiphttalaziny |,
-gangtZyriﬂmﬁmg 5@6@@55_&‘6&,l;ollflfe@ﬂiaﬁ)léiBVSEG%TI?PN?EESEI?(’@%%B%alsc%l_iéé%tﬁtﬁwgﬁqwiﬁp"”{: y
-1,2,3,4- tetrahydroisoquinolinyl,. pyrrolopyrrolyl and the like. [C alo)" means a methy
group whéra: %Ir)l/rea%f) ?ﬁfé]zﬁ‘;’/‘a%g‘é"%% f 'ﬁ‘fetg/r%lé]t%f/log Flp A %{edélﬁnfeﬁlgg%l\j/\ﬁthﬁ’ HaiBgen.
RepresentativdaDp fgraiajsgrodips inslteercHdp! soee] For2Bl,. dndoaHaboforasy. theH(halo)2"
E]eians a W@mmw&gr&tw?dqgab@mawgﬁn%@ﬁgh& mgé}ydggmwém@t b@gﬁé@%@ﬁgg \(/:vith a .

alogen. Representatiye. -CH(halo)2 groups include -CHF2, -CH -CHBrz,. CHBrCl|, -CHCL1lI, an
s, [Oob o e e B o5 e Wty rou
has beenfépldfeimrticatiafobbiciiephe seneative GBS IDRIZIER 1B N 32 @13, -03r3, and
-C13. [02800) Hbizloge ExanpHhaleypeans Wi Gkir Bopotid {Q23E] 5Q¥e nomdhirand, the like as used
herein m X I 0 carban or anather . 0232 en,a first group
is "substi?f?t%% @vt%t%ﬁyc?rll%e{&ﬁé?n F%&’Lé%g‘é%%gﬁégﬁé i,lcg(r}\cecg?es %}Fle&ﬁﬁeg)r%qé:}%%(éiégc?f %rﬂ}gll |F£té”group arc
replaced Withtalof¥sonding 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.
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WO 2010/008828PCT/US20091048255 [0235] In another embodiment, a first group is substituted with
only one second group. [0236] As used herein, the terms "stereoisomer," "stereoisomeric form," and
the like are general terms for all isomers of individual molecules that differ onlly in the orientation of
their atoms iff SF8EE M8 cludes enantiomers and isomers of compounds YGRS % i%ne chiral
center that are not mirror images of one another (‘diastereorners"). [0237] The term "chiral center"
refers to a carbon atom to which four different groups are attached. [0238] The term "enantiomer" or
"enantioméif réfersitembmblentigithabis monesupesinpedesieemits wirtbk infage athd; hence

optically agtive \Whske-he gﬁ@ﬂﬁﬁ@&&;ﬁﬁ@ﬁﬁa&b%ﬂ@a@@t&g%@&%'gmci'afgeﬁcqli&ﬁction and its mirror
image rotgtesatﬂ%plage of golarlzed "%ht in the op osite direction. [0239] The term "racemic” refers to
u

a mixture of B40dl pAHE BF ERARTSHIBIT GRiHSS fo&%%ﬁ RPIA Ve T4 RS eg i ution” refers
to the separhtiovpoticondedtrhtioncartiéptetion pifaretidttvdihomnaitiemeriofaihseikacmolecule.
[0241] "Substantially enantiomencally pure,” asused fctginsgeans that the indicated enantiorner of a
compound is present to a greater extent or degree than another enantiomer of the same compound.
AccordingBAsH pariow ambrribodimentspasybstantiaily endsstofibridatlyspurs eordpoulnd is present in
80%, 85%. 0%, DY 2YR A3 14%, 9500196961 Q 198U 2% ERRDLIOMERiC ExCESS Over
another enantiomer of the same corpp%%ld.#omg "Substantially s(tq)reorperlc‘g"% eJgure . as used
herein meSASTRAPIE MARLARTEARREIHer o diadtdredmer of 4’ combotnd 18 b ritth a greater
extent or Hégradthen? @ndtheicelihetiomBrer dffstereomeboithe samecompoling:rikssnoted above

with respegliRnstifasriaslivityy ERANHAMCHCCasRRN A BRI LRBRBHGRXEE SR AR tyPes of
stereomeric excess, Acco‘rd,in%!g, in particular embodiments, a subs ntialy n%[.ere.omerically pure
compound i BrESEnT RGO %. BEUR SOYR G165 "g58% GLEAY B15, “0B5h *DBGE G T BEYE B 99%
StereomeAMEXEEES ovkioasrthisreandtiond ot vise rdones vhitvegdme omrsdignsiwbettMethods for
Making theiddelerobicyslic eampeundsiefithe.lisclosure [0243] The heterobicyclic compounds of the
disclosure are assembled using the biocatalyic processes disclosed below, using the monoamine
oxidases HigEbseddereirhabntheshiologealcdatahystsinS GHEME the WO ROTER/BQ8B28REmIno
T/US2009/048338 - [Q244hSehame idenicisihaifeactioncasalyzachby the. maneaming oxidases of
the disclo%r%wh ret?/ a 576?%%%31%1@?% il.e., a heterobicyclic cgmpound according to structural

Formula IS oXidi9ed {5 iHe Hotresponding imine Ssnbound Srsi il A EoPi 1445 SCHEME 2

102451 Sthemeddesivtenitetite eramentanmtodetiongifaintogetteridpedyiddalsd witkrall net
reaction depistedisehrae 1. In the first reaction of Scheme 2, the secondary amine, a heterobicyclic
compound according to structural Foimula | is enantioselectively oxidized to the corresponding intim
compoundléidtriuctemalembadiokans. Halryyoachonoamincosidita sé thf dreldisclosupasfviicmisccomplexed
with a fla\aa@%@wﬂ% pUckeatide &gnmgrg%@s@aimﬁl@f%wﬁ@umamwmmgz?ﬂtassgetk@ ll):/AD
enantiom ure imipge, o rmula Il and the reduced monoamine oxidase

complox. (el R 0y S TR e T ST SR ARG e FAD-H2
complex) #petExadizedds Mokend eggernyieiding hapedgerpemdadagm202ussaibyproduct. In the
third reactiemiwbicpiiscaetGatalmeshy-thewgonoamine oxidase), hydrogen peroxide (H202) breaks
down to water and oxygen. [0246] Substrate secondary amines of structural Formula | are
commerciéiiy4h\aikable coradenaédily synthesizedusimpenmétted sradddeagentsmithermiaronn in the art

or read illylﬁdﬁdéﬁﬁ%(é%ﬂj%ﬁ&fﬂﬁ%ﬁﬁ%sl&% (ﬁ»@@éﬁ%&éﬁﬁg 8(5@%&&1@@33@/% %@1&?&@99 : @@J%@%%!gd%the gg (seg
e.g. Delaly et al. J, He ig C : 1 W 07 59; and WO, 2007/075790, an
referencegcztgdl}%reersé% .3@201%%%;%@&%%%?8%@% 1% SOy BRGNS gag’ﬂ%gggﬂgcgf irreversibly
inactivatirig- thelinsoliolavire dsitaseshrymhindes rdivglynin bertaiticeimsodirderns, hisomponent
useful for fagilitating.the dispreprcionationsractiondsepicted in step 3 of Scheme 2, above, hi which
hydrogen WO 2010/008828PCT/US2009/048255 :

[6655] 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 1D 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

restdue 1s replaced with a glyeine residue.
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peroxide (1202) is broken down to molecular oxygen and water. In certain embodiments, that
component is selected from among chemical agents, such as but not limited to Pd, Fe, and the like,
while in othgr embadiments, that component is an enzyme, such as the gpgya satatase. In a
particular embodiment, the reaction mixture further comprises the enzyme catalase to catalyze the
disproportionation reaction of step 3 of Scheme 2, in which two molecules of hydrogen peroxide are
broken down to provide two molecules of water and one of molecular oxygen. In particular
embodin8hiel the Cav-AEsadn s A IERIANTS MAFSTEREFAKEThE TS FRANHEE AP FeRLiBR St a
concentratiareghdicsth abeiit 1B Qifbdecabout $Yadingv), frodnal35ut SFIBY Moabeud SEBYA(W/V), or from
about 013619 GO0 276, (b AR A1 IR osenslaNess i whichihe; comnpL g ehsigctural

atile

2
Formulal'is vo IEI:‘JId, to facilitate handling, it may be provided as a salt. In one aspect of this

embodimEiePEREAmMile BHSHAEME R RY fBeanmscstidee darem atititohe Bt BRacattifvalent of acetic
acid to a 10% solution of the free base dissolved, e.q., | . lpitated. salt is collected,
washed |ﬁ1{%of\%}§% ig.nél?? eegtéiﬁgr]ﬁll_ ng‘ﬁ?l(gv Q|r(]l:(z}| t 1%&#%%%%%? ?%thglmgg J)?{é?é%%ga%ae‘%;ﬁr?d dried at
room tenﬁgﬁrafl%ﬁ@c(%@dﬂ“{@l‘:@%ﬂ‘é?‘i‘éé%@@%ﬁé&@r@?@@@]‘ﬂ&%@ig?a%‘é{g i%ag(gﬁ%% 1, the ultimate
oxidant isunolesula-axygetbdmiiaw el shedimitadrsaltibility. afaxygenior giaterianddn light of the
decrease in th t%OIé‘o@;J%Xn?%ﬁa %Slt?%rg Sé%&‘?ﬁ&'{?& %&EHQ{&(}%Q'&E&SQ@%&E‘%‘E\%Q) increase, molecular

i & gl

oxygen iﬁ%%i’ﬁ‘ 101 Tor reaction m e replenished by gas-liquid mass transfer from a gas phase.
Typically,[éb%sﬁqﬂ\a%ﬁ@éﬁ%@m%m QJﬁéﬁf&fé@ﬂlfﬂﬁﬂﬁﬁﬁdiﬂﬁiw@&ﬁﬁﬁsﬂf@ﬂiéegirﬁﬁ{swa@ﬁﬁ-%{deaction |
rates are sufficient for the reaction to hecome limite the r liquid.mass transfer. As is we
known, tﬁ&lileff’@ugf“@cal%-_‘ﬁ lﬁlillcf%ﬁ%%n?raacﬁ% é)FrFsSpgré%g% e%%%lﬁetﬁga 8%%%%%62’%}%[% of the gas in the liquid,
the solubilitysaftHeckyasbititiie igtidnethes merglsamitidsitefasiirate e iRpdaitinigisthedate of a
gas-liquid,mass drarsiarraledimitadizastionicanbaminerasad-dy.engingeriaie rvigenncnts that
provide aggressive gas-liquid mixing, including by sparging, hollow shaft impeller aspiration,
countercumsai gasthiguivboifoudation, wertical mweppuntivradasb ofabdIbeeloand thantices mdaiivnally, in any
engineeringeayitpnment: dhe.d aie.ef Al exyashaasiquitinass dransfen ratedigitad reaction can be
increased by mcr,easm%the éoartlgl a%r assure of axygen, either. bg/t@cge%g,lgggmg ngotgl gas pressure,
increasing & TPAXHS A BT DRy G SR T IR GRS Tseh a8 Enifehing or teplacing air with puritied oxygen, of
both. In ppaticularcentsooimahsivire coitetrapiercdidisselverbsriediand/or the rate of oxygen
consumption from the gas phase is continuqusly mqnitoredg an%%hed,m%%en, feed rate, Ipartial pressure,
mixing efitERcy® S EoTRBATITITNS tAATRET AP S ERtBY Yo Brovide s Berdtitial FATR 8 féaction or
overall reagiiosr théds toboowipdetiohtht 6REMMINccaitain EnbodifientieEFadetida: Ahixtire may also
comprise g least opeRyifeamminanarticularemhodiment themrifoands d.commersially-available
material such as but not ‘Iir,nited to WO 20}0/0988%8‘5’1CT/ 200%/04.82%? %%ifogn&;&%u or Antifoam
Y-30 (Sigid® &t HeGmPIE], B HEHIRE S TR SR Enib G ERtS “tha Tehction may comprras more than
one antifcarmd¥ e aatifeaim: rragee HEEIIBSHITh8EQARYA: 4t SESHEN T atfoER fRoMTaBdut 0.01% to
about 1% {uviviif gelidogydyis adiasidindrem abai: Q5% tR.Abass PuRYe, &4 figiavalout 0.1% to about

0.2%. [0251] In certain emhodiments, the oxidized imine compounds of structural Il may be
isolated froARIHETRLLHBH #&ft@ clotTs S R TRA Qe earsi%eé%? tﬁ%%%“r%%’ﬂ@@ﬁ@rf%@ﬁcribed below,
the imine SOMBoBIFA S ONStriftBFAl EoNAUlA. BHRE] B cdhvated i QgL dadifet B rermediate and
used in a gHHSEAUSSIAR MitbaY iselatianosaw ficatiandQRR] e eraRgdineRs, the
monoamine oxidase of the disclosure may be inhibited by the product iminc of structural Formula I1.
According®eif pEiEltar embodiments, the reaction in which a compound of structural Formula | is

oxidized tQyg.¢PMPQUAL. QiR Rosmula dlsfwibersonptisasanagant dhakmilreasiwithane

imine compound of structural Formula to form an adduct Wt:%h,gl,(rieduced or ?Iimilljatedd abi itIy to inhibit a
monoamifeRaRRES B4 RSEIBRIE TR RS HOERRRE IS B el S P S SR h diment, the
agent is adgeg atitherbegiiing dhtheeadtionioris inddédintennitted ifborrepimipieishyiis amounts

sufficiently highdp prevent acsumuiationef-andnhibitany:aneun.of ihe.mine-camprund of structural
Formula Il but low enough to avoid accumulation of an enzyme-in 'bit%ri_/ amount of that agent. In one
1'6%3%%8% fdes mg?ud t

embodimeRE S HGEREFLSSaTRT BIRIRNET RARH RISHAYSEBS IS 3% &5ditim
metabisulfiteitsthic REQYHraies inswater! {o Sodiuii. BisdlfitendRéaction of bisulfite with the imine
compound of structural Foiniula Il provides the sulfite adducts of structural Formula Ill. In certain
embodiments, sodium bisulfite is added continuously to the reaction at a rate whereby this reagent is
"instantaneously" consumed and the potentially inhibitory hnine product of structural Formula llls
"trapped" as the less inhibitory or non inhibitory sulfite adduct compound of structural Formula 1E.
102531 Whether the monoamine oxidase is inhibited by the hnine 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 bisu Mite adducts (the WO
2010/002222PC NI IKL20NA0/NARLPEE aminnctilfonataece) nhviatece thece anAinearina concetrainte while alen



H&H CN MMH (Dll(@)A".IV(a) timer" 11(b) 10259] 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 compaounds of Formula ll(a) may
form not onIVQ il @P,gf)zﬁt then go on to form a timer (e.g., a compound oifgépﬁﬁwg/?ﬂ%gﬁsexclusively, or
in some mixture with the monomeric and dimeric compounds. WO 2010/008828PCT/US20091048255
[0260] The favorability of formation of such timers can depend on substituent groups. However, such
timer conipithds efEmmukediveniybalertenekpieied rredaidietitRlHaRiee heredemdtsoretive to
the dimerwhen usediin {he reaclionsiabihe Preset disclosuse JihusWitheuthgigg baund by

mechanism, it is expected that any compounds of Formula It a) that ugde%) formation of the trimer of
i1 ’§

Formula FEREFEWI BRHisleRRIGAIRAEFE SEARGT S8 R S EHAEY RO T2 BREXFAEBN into a
solvent, ezg. AVFIBEr 6rdohvene, the timerformed med drdigctprSehe e Bdambel dontacted either with
NaCN and,acid (8. GorGillie.anelic. arbydiechions acid) o with 46N 1at QL0 Pridedhs trans

aminonitrile compounds of structural Fo%yula 1V(a) and the cis aminonitrile compounds of Formula

TV(b). SCHEME Y F28A Tt PR AR SHRFIS COmPBGHEE of structural Foin ula IV(a) prepared e.g.
according {9 SCRAME 4 OF AENEME 8RN PEBOMBRIEHWIR AURAUS g@%&%&%@r H9S04) to

provide the amino acids of structural Formula VI. The correspondin utyl esters of structural
Fonnula \PXifrthit ARIGRRFRBIRS ﬁ%l@éﬁ’ﬁ@a&aﬁ%ﬂhﬁ’?’%’ﬁ{&éﬁﬁ%‘%ﬁ@ THHE B8fpounds of
structural Famauiae Viiddths andsiddel.g., methane sulfonic acid) and isobutylene or a t-butyl ester (e.g.,
t-butyl acetate), as depicted in Scheme 7. SCHEMES WO 2010/008828PCTMS2009/048255 M M'M
M' 10263PHeAnberararapBdirishic mestrshdeaimbaoniihie ToMpelheic oSt firarE8reaG 1V(a)
prepared £gmpcaeidiagdandcheme:4 0rnoSeheme 6landet trtactadyyith HCI and methanol in a
Pinner reaction to provide the methyl esters of structural Formula V, in which moiety R5 is -CH3, as
shown in Scheme 8. SCHEME 9 OH (V) [0264] Scheme dpicts an overall process for the
preparation of compounds accordinguto stgictural Formuldg V ﬁd VI from the secondary amines of
ik proguct of structd tla Il is kept in aqueous solution as
the sulfite adduct of structural Formula Hl\en route to its coqvegsion to the aminonitrile of structural
Formula IV. SCHEME 10 102651 Scherie 10 depicts an ovBtall process for the preparation of
compounds according to structural Foilidlae V and VI from tH@Eecondary amines of structural Formula
[, in which the imine product of structurdl Fonnula It is dirnerized to the compound of structural

Formula Mb) en route to its conversion to the aminonitrile of structural formula IV. SCHEME 11
[0065] In a particular embodiment, the monoamine oxidase enzymes described herein are capable of

structural Formula I, in which the ipg

catalyzing the oxidation of (1R,55)-6,6-dimethyl-3-azabicycio[3.1.0]Thexane, compound (1) to
(1R,58)-6,6-dimethyl-3-azabicyclo{3.1.07hex-2-ene, compound (2):

HsC CHs HiC  CHg
H “ " H H .\‘\ “ "
; ; S R
N V
H N

1 (2)

[6066] In another particular embodiment, the moncamine oxidase enzyvmes described herein are
capabie of catalyzing the oxidation of (3aR,6aS}-octaydrocyciopenta[c]pyrrole, compound (3) to
(3a8,6aR)-1,3a,4,5,6,6a-hexahydrocyclopentajcipyrrole, compound (4):
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102661 Scheme 11 depicts an overall process for the preparation of compounds according to
structural Formula VI and structural Formula V (in which moiety R5 is -t-butyl) from the secondary
amines of structural Formula 1 that combines the reactions of Schemes 4 and 7. SCHEME 12 WO
2010/008828EFAYEEEHD/048255 M M* 803-2 [0267] Scheme 12 depictsTat BV YFatess for the
preparation of compounds according to structural Formula V (in which moiety R5 is -CHO from the
secondary amines of structural Foli[Lila | that combines the reactions of Schemes 4 and 8. [0268]
Scheme 13 depicts an overall processfokthe preparation of compounds according to structural
Formula V (in which moiety R5 is ;I{b?gltyl):‘frqq] the secondMines of structural Formula | that
combines the reactions of Schemes §and 7. SCHEMEH{4M ML, 1{0269] Scheme 14 depicts an overall
process for the preparation of compowundsaccording to strycturgl Formula V (in which moiety R5 is
-CH3) from the secondary amines of stglctural Formula 1 that£0mbines the reactions of Schemes 6
and 8. SCHEME 15 WO 2010/008828PET/US2009/048255"" [0270] Scheme 15 depicts an overall
process for the preparation of compounidls according to struakiral Formula VII from the secondary
amines of structural Formula | that includes the reactions of Scheme 4. SCHEME 16 M M'  [0271]
Scheme 18%2hitrsat sURrAMErEELL faF T Brepiffaingt ortenvisbilntscaeedieny!td Yructural
Formula \¢hifgomdhd ssecendanynamaifies, ohstusttraldoidita thapintlidesthereactionef Scheme 6.
(02721 In appther smkodimentxaih AfheRHaes5650f SEheRes %%%Q,eﬂw%\m%ago&ﬁmam'non't“'e
compounds of Formula IV(a) can be carried out with the cis-aminonitrile compounds of Formula IV(b).
Where thé FEAMiBHs t8ritd olr‘?dilr%g]t% Berérie¥7-16 are carried using the cisaminonitrile compounds
of Formuigh b, (s esilias it 8rana.Aals Pe.AMIAee BB YALEQUEHARN (RN (P). and

VII(b) are relined.
compound of structural Formula H(a), at least about 10-20% of 1-100 g/L. substrate is converted to the

product in less than about 24 hours with about 1-10 g/L of the polypeptide, wherein the polypeptide
comprises an amine acid sequence corresponding to SEQ ID NQ: 4, 6, 8, 10, 12, 14 16, 18, 20, or 36.

[06069] In some embodiments of this method for reducing the substrate to the product, at least about
95% of the substrate is converted to the product in less than about 24 hours when carried out with

greater than about 25-50_g/L of substrate and less than about 1-5 g/L of the polypeptide, wherein the
polypeptide comprises an amino acid sequence corresponding 1o SEQ ID NQO: 4, 6, 8, 10, 12, 14 16,

18, 20, or 36,
5. DETAILED DESCRIPTION
5.1 Fused Bicyclic Proline Compounds of the Disclosure

5.1.1  Fused Bicyclic Proline Compounds of Formula I1(a) and (b}

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

(b}, and to mixtures thereof:

A
MM

H H

A, NN
MM
H H H H
Z M M
N

Ma) g (b)
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VI(b)VII(b) [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 disclgsure provide an imidate
compound aygt?ﬂfc(’[’ﬁ?g’f:’ﬁormula VIII, where R6 is an H or an alkyl group.]‘ C{Bﬁ%ﬁoﬁg%zﬁingly, in some
embodiments of the methods above, an imidate compound of structural Formula VIl can used in the
preparation of a compound of structural Formula V, VI, and VII. 5.5Monoamine Oxidase Enzymes
[0275] THechwéine rtdistldstrecpronddsvbrgimadsddl AROafiife oxidHsEBnzyhwestRarede capable of
stereoseIﬁegia\éeémmé;iaégegﬁﬁw%&;ﬁiﬂgﬂhg,sawm@{m;pn@ﬁmmmgg ratomayla | (;0 a
compoun ructural Forgula JI. articular empodiments,,the present disclosure provides
engineeré%? ?r%oﬁéiﬁ(r}rjﬁ%geo%}i' ase gﬁ%fgnoé%%ha ’Slrlg]%%g{é%'l%g?fs%a &oﬁﬁ% Ve 131} Oxic ?Ei%(ghor converting
the substhagdsesmpotivd o & evhbounaresyt M arde exrfobelimeniad sresprssddtade®sure provides
engineerekRONOEANINR® axidRse.aNzyMESs: bl ave:saRABIROl SteTenseal ectivabroxidizingiar converting

the substiale, commpund (e, SPTAUNG(H). 1NBAIHNS(ANRSS, A mopaaTIRe.Xidse pf present
dISC|OSUI‘eV\H| a1so exhibi th t

an improved property when compared wi e naturally-occurfing, wild-type
monoamifté@nitasEtf Aspetdiiid migderSEDdBINe: SRR Aglrintis ol 258 SEOUB RI0:32), or a
hybrid thergof (S &R DN ;&) @EnRantompaedthy sthed enginee mpdosioseaminemaxidase enzyme
(e.g. that @Bﬁ?%'%e'\é%h%&m %fymgﬂﬁpgrties for which improvement is desirable include, but are not
limited to, enzymatic activity, thermal stability, pH activity profile, cofactor requirements, refractoriness
to inhibitqus e 0 RieALChHibhibHIeN), isteragpegificity, stereoselectivity, solvent stability, solubility, and
stability and expression level within a host cell. The improvements can relate to a single enzyme
property, WOEH ds arvthenamieodiothvitg, ior-&(Ebbination of different enzyme properties, such as
enzymatic activity and stereoi,electivi_'g/.#ozm] The polynucleotide sequence encoding the naturally

e

occurring! M&Ho e S EAS B Ad (iE%ile-and Aspergillus oryzae, and thus the
correspor]gd'lglgJ AMINGRACIH SCRUENCES, géwgyg le from Genbank accession no. L38858 for
Aspergillus niger, and Genbank accession no .XM_001822832 for Aspergillus oryzae. [0277] In some
embodim@ntg] the snoinoamingmidases discioseddrgrein can have a number of modifications to the
reference sequence (e.g., naturally occurring polypeptide or an engineered polypeptide) to result in an
improved!AidRodntirrecaRidimenptbpeiiyl resbernebbdniests dtheiimBerrormisditeations to the
amino acig¢'seqUEeRCE:RN -CRMPHSE, AIE 1)1 oXE @MiNQ TS, (2 0F, MEke aminp, acids, 3 or more amino
acids, 4 or, in ids,.5 0 mino_ acids, QR A ino acids, 8 or more amino acids,
10 or mor_ﬁgél(g@é’l&%gﬁgp Zﬁﬁbégtaﬁrﬁﬁf)r?bag%im s, egfl éﬁ% moreHEl o
2010/008§288 CiT A4 SRAQYHOABRER MmN oA Gidsbiipitand A%satthe dotabnwabesp ebamwing ¢icids, up to
20% of thg\c}_?[al_ewg%e[ of amino aci s_CnEllEH% to 30% of the total number of amino acids of the
reference €nZyme setuence. 11 some embodiments, the number of modifications to the naturally

occurring jpetypaptider amengineeveshpetypaptide that Rroducasianimpy exed popagamine oxidase

property may compri r_n_?gﬁn A-2, 1- 3, 1-4, 1-5,.1-6, 1-7, 1-8, 1-9, 1:10, 1-15,1-20, 1-21, 1-22,
1-23, 1-222,?1- Jor §&%§i’-3 Bc%?fi’ca‘]ﬁ(ocgg%rf tégi%]r%ge’nc%&éég{éﬁ’ce. he l1r:n(odf?|20’ations can
comprise 1RBEFIENS) dEIEHIHS s ubBtlition sndrcdmbinatioisthereof. [0278] In some embodiments,
the modifications comprise amino acid substitutions, to the, reference sequence. Substitutions that can
produce a{ﬁﬁléhﬁpjél\?e m%ﬁ@a%ﬁ%%’x%géée prgbce_r?fl ﬁﬁ%?/gbael%%cgeﬁté: 0?%%%5 aminG acids® qugr more
amino acids, '6r-mofe-affhird-acids, 4 or more amino acids, 5 or more amino acids, 6 or more amino

acids, 8 or more amino acjds, 10 or more amino, acids, oré? or more aminp acids, up to. 10% of the
total numBEELk g\’?‘rﬁﬁtﬂﬁgﬂ }ﬂﬁbﬁg%% of ?ﬁi%ﬁ‘ieﬁ@m@ r‘% ﬁ‘ﬁ%%dac(falst? BFUBRS3U% 6t the total

number obafithe aCllIS B theli@feéfdnce@hyime SéGubnce hisdrféermBodirhénts)the number of
substitutiopgtodbernaiiedyagcutinsrpglyReptide o amenginresed polypeptide that produces an
improved monoamine oxidases property can comprise from about 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9,
1-10, 1-15¢@A0julxRhet @2 olHad 1V dndIM SrorGlymdtAl <30 erinboacitk substitetigis offthe reference
sequence_._(:[ﬁg_?Q(];d@ﬁ3 zr_pgngrr@@g@mgnts, the improved property, as compared to wild-type or another
engineered polypeptide, of the monoamine oxidase is with respect to an increase of its
stereosel¢@iBAty ¥Vieny hreheino faniniigesennthelsteredireticydxcBseofdheaprsdeet, tfolooxidizing a
compound,gf.structiiral Fara iie 8 6omperd:ah SIriekdta! i Hta.d o£f iarticular embodiments,
oxidizing or converting compound (1) to compound (2), or oxidizing compound (3) to compound (4). In
some embodiments, the improved property of the monoamine oxidase is with respect to an increase hi
its ability to convert or reduce a greater percentage of the substrate to the product. In some
embodiments, the improved property of the monoamine oxidase is with respect to an increase in its
rate of conversion of the substrate to the product. This improvement in enzymatic activity can be
manifested by the ability to use less of the improved monoamine oxidase as compared to the wild-type
or other reference sequence to oxidize or convert the same amount of product. In some embodiments,

the improved property of the monoamine oxidase is with respect to its stability or thennostability. In
cnme embodimente the monoamine Nnvidace hace more than nne imnrovved nroneartyy TO22NT1 INn ecomMe



(SEQ ID NO:2) Activity a% ee b 3/42 + HI  7/83 +++ 4++ 9/10 64 +t-t-+ -t-t  11/12 65
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Accordingly, in certain embodiments any of the above compounds of Formula II(a) can also existina

trimer form having structural Formula 11(c)

AL
MM
H H
. v
N LA
M[‘ H M
A..M ’

i{c)

[0084] In certain embodiments, the disclosure provides trimer of compounds of Formula Tl{a), e.g.,
compounds of Formula I(c), and mixtures thereof with compounds of Formula I1(a) and/or Formula

II(b).
512 An_}inosulfonate of structural Formula 111

{0085] The present disclosure further provides substantially enantiomerically pure aminosulfonate

compounds of structural Formula (2} and (b):

AL AL

M W M M
il'\['i S0O;” {Ei I/,SO{
tHi(a) i{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,,
-CX;, -CHs, -CH,CHj;, 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 arc 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” arc 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 CR3R4; and (c¢) when M and
M’ are CR'R*and have one or more stereocenters, the stereocenters of M and M’ are of opposite
stereochemistry.

[0086] In one embodiment, A is ~CH,-.

[6687] In another embodiment A is —~CH(CHj)-.
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+-H-+-1+- [+ a Activity: + = 0-100%; -1+- =- =1500-2000% of A. niger (SEQ ID , + = 300-500%;
100-300%; 1000-1500%; ++++++ oxidase of ++++500-1000%:;! Il ++ = the activity of the engineered

monoamine WO 2010/008828P0OT/11 S2009/048255 SEQ ID NO Number of Changes
. WO 2010/008828 PCT/US2009/048255

[6088] In another embodiment A is ~C(CHaz)-
{66891 In another embodiment A is ~CH{CH,CHjs)-.
[0096] In another embodiment A is ~C{CHCH; -

_ {8091] In another embodiment A is ~C{CH,CH;)(CH;)-.

{0092} In one embodiment M and M’ arc absent and A is selected from the group consisting of
-CHj-, -CH(CHj;)-, -CH(C:Hs)-, ~-C{CHs)y-, -C{C3Hs)y-, -CF»-, -CCly-, -CBry-, -C(CFs3)a-,
-CH{COOH)-, -C{COOH),-, -CH{NH.)-, and -CH{CH,NHC{NH}NH)-.

[0093] In another cmbodiment M and M’ are absent and A is selected from the group consisting of
“CHQ', -C{CH3)2-, -C(CHg)g—, and -C(CQHQQ-.

[0094] In another embodiment, M and M’ are —-CHy- and A is selected from the group consisting of
~0-, -CHy-, -C(CHa)s-, -CH(CHs}-, -C(CsHs)o-, -CH(CoHs)-, -CFy-, -CClo-, -CBry-, ~C(CF3)s-,
-CH(COOH}-, -C{COOH),-, -CH(NH,}-, and ~C{H»)NHCNH)NH;-,

[8695] In a further embodimc_:n‘i, M and M* are —CH;- and A is selected from the group consisting of
MO-, -CHQ-, and —C(CH;g}g-.

16096] In a still further embodiment, M and M’ are ~0O- and A is selecied from the group consisting
of -CHy-, -CH(CHs)-, -CH{C;Hs)-, -C(CH3)p-, ~C(CaHs)ar, ~CFa-, -CCly-, -CBry-, -C(CF3 )z,
~CH{COOHR)-, -C{COOH).-, -CH{NH,)-, and -CH(CH,NHC{NH)NH}-.

66971 In another embodiment, M and M’ are —O- and A is selected from the group consisting of
~CH7_—, —C(CH:;)z—, and -C(C2H5)2-.

5.1.3  Aminonitrile Compounds of structural Formula I'V

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

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

1A~ IA\
MM MW
N” ¥CN N~ “cN
H H
IV(a) [V({b)

including salts, hydrates, and mixtoures thereof, wherein A is O, CR'R?, -C=C-, or -CH,-CHa-,

wherein R! and R* are cach independently selected from -H, -COOH, -X, -NH,, -CHNHC(NHINH,,
-CXs, -CHs, -CH,CHs, and wherein X is seleeted 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’ formi a methylene
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Relative to A. niger (SEQ ID NO:2) Activity a % cc b NO:2) with respect b Enantioselectivity: to
conversion of compound (1) to compound (2). enantiomeric excess *I-I- = 99-100% Table 3: List of
Sequences and Corresponding Activity Improvement With Respect to the Conversion of Compound

(3) to Compgﬁ)nfi”(%’.ﬂ% I) NO Number of Changes Relative to A. nige‘?c(gﬁﬁgﬂg’ %8.55) Activity a %
ee b 9/10 64 1ii

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 CR3R4; and {¢} when M and
M’ are CR*R* and have one or more stereocenters, the stereocenters of M and M’ are of opposite
stereochemistry.

[6099] In one embodiment, A is ~CHs-.

[0100] In another embodiment A is —CH{CH;)-.

[9161] In another embodiment A i —C(CH;),-.

[0102] In another embodiment A is ~CH(CH,CHa)-.
[8103] In another embodiment A is ~C(CH,CHs)s-.
[01064] In another embodiment A is ~C(CHyCH3 ) CHa)-

[0195] In one embodiment M and M’ are absent and A is selected from the group consisting of
-CHy-, -CH(CHs)-, -CH(CHs)-, -C{CHy)z-, -C(CyHs)y-, -CFy-, -CCle-, -CBry-, -C(CFs)o-,
~CH(COOH}-, -C(COOH),-, ~-CH(NH,}-, and -CH{CHNHC(NH)NH;}-.

[01¢6] In another embodiment M and M are absent and A is sclected from the group consisting of

-CHy-, -C{CHs)o-, -C(CHa)e-, and -C{C,Hs)a-.

10167] In another embodiment, M and M® are ~CIH,- and A is selected from the group consisting of
-O-, -CHZ-, —C(CH3)2-, ‘CH(CH3}-, -C(C2H5}2-, 'CH(C2H5)“, —C.Fg-, 'CC}Q», ~CBE'2», *C(CF3)2—,
-CH(COOR)-, -C(COOH),-, -CH(NH,)-, and ~C(H,)NHC(NH)YNH,-.

{#108] In a further embodiment, M and M are ~CH,- and A i3 selected from the group consisting of
-0-, -CH;-, and -C{CHs);-.

5.14 Fused Bicyelic Proline Compounds of stractural Formula V

[#109] The present disclosure provides fused bieyelic proline compounds of structural Formuia V:

oy
COORS®

H

v
including salts and hydrates thereof in which A, M, and M?, whercin R® is sclected from the group
consisting of a protecting group (e.g. benzyl or trimethylsiiyl and the like), -(C-Cylalkyl,
-(C1-Cayalkyl, -{C-Cyalkyl, and -(C1-Celalkyl. In certain non-limiting embodiments RSis methyi,
ethyl, or -butyl imcluding salts and hydrates thereof, wherein A is O, CR'R?, .C=C-, or -CH,-CH,-,



13/1465 -H-15/16 66 +++ 17/18 67 -H-[1  19/20 68 ++++ :11
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wherein R' and R? are each independently seleétcd from -H, -COOH, -X, -NH,, -CH,NHCINH)NH,,
-CXjs, -CHs, -CHLCHy, and wherein X is selected from F, Cl, and Br. M and M’ may both be pre'sént.
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 stereocenters, the stereocenters of M and M? are of opposite
stereochemistry,

10319 In one embodiment, A is ~CH;-,

10111} In another embodiment A is —CH{CH;)-.

[0812] In another embodiment A i3 ~C(CHz -,

{0113} In another embodiment A is ~CH(CH:CH;)-,
[0114] In another embodiment A is -C{CHCH;),-.
[0115] In another embodiment A is ~C(CHCH; {CH;)-.

{0116] In one embodiment M and M’ are absent and A is selected from the group consisting of
-CH,-, -CH(CHj)-, -CH(C.Hs)-, -C(CHs):-, -C(C3Hs),-, -CFy-, -CCly-, -CBra-, ~C{CF3)s-,
-CH(COOH)-, -C(COOH),-, -CH{NH3,)-, and -CH{CH,NHC(NH)NH,}-.

{63117] In another embodiment M and M’ are absent and A is selected from the group consisting of
*CHz-, —C(CH3)2-, -C(CHg)g-, and -C(Cgﬂj)g-.

[0118] In ancther embodiment, M and M’ arc —CH,- and A is selected from the group consisting of
-0-, -CHy-, -C(CH;)z-, -CH(CH;3)-, -C(CiHs)o-, ~-CH(C,Hs)-, -CF»-, -CCly-, -CBry-, -C(CFs)s-,
-CH(COOH}-, -C(COOH),-, -CH{NH,)-, and ~C(HINHC(NE)NH;-.

[0219] In a further embodiment, M and M’ are —CFH,- and A is sclected from the group consisting of
-O‘, 'ng-, and 'C(CH3}2'.

{0120] In one embodiment, R® is benzyl.
[0121] In one embodiment, R® is trimethylsilyl.
[6122] 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 Bicyelic Proline Compounds of Structural Formula VI
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35/36 67  HIlaActivity: + = 0-100%; ++ =100 300%; + | | = 300-500%; ++++ =500-1000%:; of
the activity of the engineered monoamine oxidase of A. niger of (SEQ ID NO:8) with respect to
conversion of compound (3) to compound (4). The wild type A. niger mongamine oxidase did not have
a detectable vl ?%@fi@ity on the substrate, compound (3). k Enantioseﬁggﬁwﬂgégﬁgﬁﬁi’omeric excess
+-H- =99-100% [0283] In sonic embodiments, a monoamine oxidase of the disclosure comprises an
amino acid sequence that is at least about 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 969913700 188%%6scor DSksidenticalaylcomptavidly pofaremetcsynencerammiising the sequence
of SEQ IR:NQiZ-mith:theprevsaithat: 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 glut , the amino acid residue corresponding to residue
position 382 is leucine, and the amino acid gotre glnding to residue 465 is glycine. In some
embodiments, these

N~ TCOOH
H

Vi

including salts and hydrates thereof, wherein A is O, CR'R?, -C=C-, or -CH,-CH,-, wherem R' and
R? are cach independently selected from -H, -COOH, -X, -NH,, -CH;NHC(NH)NH;, -CXj;, -CH;, -
CH,CH;, 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 RY 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 1s 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 stereocenters, the stereocenters of M and M’ are of opposite stereochemistry.

[0126] In one embodiment, A is ~CHz-.

[0127] In another embodiment A is ~CH{CH;)-.

[0128] In another embodiment A is —C(CHs)o-,

[0129] In another embodiment A ts —~CH{CH,CH;)-.
[0130] In another embodiment A is ~C{CH,CHs)o-.
{013%] In another embodiment A is ~C(CH,CH3){CH;)-.

{0132] In one embodiment M and M® are absent and A s selected from the group consisting of
-CH;-, -CH(CH;)-, -CH(CyHs)-, -C(CHs),-, -C(CyHs)o-, -CFs-, -CCla-, -CBro-, -C{CF3)s-,
~CH(COOH)-, -C{COOH),-, -CH(NHy)-, and -CH(CH.NHCINH)NH2)-.

[0133] In another embodiment M and M’ are absent and A 1s selected from the group consisting of
-CH;-, -C{CHs}-, -C(CHs)}s-, and -C(C;Hs)s-.

[0134] In another embodiment, M and M’ are —CH,- and A is selected from the group consisting of
-0-, -CHg-, -C(CHj)-, -CH(CHy)-, -C(C;Hs)o-, -CH(CoHs)-, -CFy-, -CClo-, -CBry-, -C(CF3)y-,
-CH{(COQH)-, -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
-0-, -CHy~, and -C{CH),~.

5.1.6 Fused Bicyclic Proline Compounds of structural Formula VII
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WO 2010/008828PCT/1JS2009/048255 monoamine oxidases can have one or more modifications to
the amino acid sequence of SEQ ID NO: 12. The modifications can include substitutions, deletions,
and insertions. The substitutions can be non-conservative substitutions, conservative substitutions, or
a combinatiShC ot A &8 Aservative and conservative substitutions. [0284fﬁT§%§ﬁ@9é%%aiments, a
monoamine oxidase of the disclosure comprises 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 as
comparedbadxdfererddei se tyancent divpnisingrthel segbuntalbf SEQoIBINGER nvitth tleopiaviso that the
polypeptiggicomprisesanAiRmacie seguenegrin 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 correspond; &Q residue position 365 is tryptophan, and the amino
acid corresponding to residue 465 is glycing, e embodiments, these monoamine oxidases can
have one or more modifications to the amino Acid, sequence of SEQ ID NO: 14. The modifications can
include substitutions, deletions, and insertions: soRstitutions can be non-conservative
substitutions, conservative substitutions, or a cmbination of non-conservative and conservative
substitutions. [0285] In some embodiments, a flbnoamine oxidase of the disclosure comprises an

amino acig-sRHUERRE HAliSAld 8RMARMML 85 %0is®6 YOR 870 88%0:r 8820, Q90w A ¥n RPH4 93%, 94%,

95%, 96% 91%, 9006, 01,804 dentical as CompRied & referenge SpQuEnce comprisipg the sequence

of SEQ | with the proviso tha polypeptide Compfises an & acid sequénce in which the
amino acfdrédiduadshrazpdnslintasdasid e @t pddiioM 99431 mtsrpiddeitethel pasigukotiorresponding

to residue28Qds anvahng siieMaminemasid fesidua earmaspRNing:te fesidue pasitian34&His a glutamine,
the amin id residue, Gorr ponﬂn resjdue Fos' Telg) IS Jyptophan,.and the aming acid residue
correspo%(?fﬁiéi t‘(ﬁcées%eﬁeaﬁ%egtigﬁ ’6% %8 y%ir(]}e._ A lgfct)!rggrem%mrﬁ%nrﬁg,l?ﬁ%%gnr%%%%m\wﬁé oxidases
can haveBhErorstrdhetnisbifibatiMraddthadrmifd aciPsauehiaetor SED aml MOre sotthiénodifications
can includecsubstitierss, seletions].ant-inseflions. hersmisitationsiecambe NeN-cOnsER/ative
substitutiggghggnservative ubstitl.{tiont? QL2 combinef\%n %fl\gon-c servative angd conservative

. . . ONG O TNOTC SICTCOCLTIECTS, Nk Slercoceniers o an L are 0 DOSITE StEreocnemisiy. |
substitutions. g02§6 In some embodiments, a monoamine oxidase of the disclosure co prises an
amino acid'séyJanee MatderaridaardBodtash 869, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96"@,@@/%98%%%%%@1 {dfrgsti_ l.as compared a reference sequence comprising the sequence

of SEQ | 2 With the proviso that thé polypeptide comprises an amino acid sequence in which the

amino acigrrggidye-eerrespousing: to xesiduerpgsition 99 is glutamic acid, the residue corresponding to
position 135 is glutamine, the residue corresponding to residue 289 is valine, the amino acid residue
corresporitiing) tdnresitigecposiliormBA4 8 isCaldlutamine, the amino acid residue corresponding to residue
WO 2010/008828PCMS2009/048255 position 365 is typtophan, and the amino acid residue
correspont Bty & BGlaepoefiBrud & i HHE B some embodiments, these monoamine oxidases
can have é@i‘&?&ﬂﬁ&%@?ﬂ%ﬁﬁﬁ&ﬁ%ﬁ? %@C@ﬂ@%gcid sequence of SEQ ID NO: 18. The modifications
can include substitutions, deletions, and insertions. The substitutions can be non-conservative
substitutigasi3¢onsanaiivv substiuaans.arm cambimation of non-conservative and conservative
substitutions [0287] . In some embodiments, a monoamine oxidase of the disclosure comprises an
amino aci@¥étdense anbedsnaet dhsrbHoateebeniands 37seasliogohs o0 @E3Hn92%, 93%, 94%,
95%, 96%: 9% 981,01 Q9% ddenticalas compared a reference segeencecemprising the sequence
of SEQ IDNQ:2 with t iSO the polypepti AL amino acid sequence in which the
amino acf%é%&’dﬁi%%&iﬁ?@%@&&e’% pdgspltn‘%%%z@%[?sﬁﬁ%ta i¢ acid, the residue corresponding to
position 1394 alvtanmiee:teiIasil Ve £ANESRORNINgAQ RORIUABR-R84 inaspaslls acidthe sesidue
correspoqg'ﬁlg tpcreﬂ%qe Zg(%ﬂf v_alidrg}g,_gggﬁ ino acid residue corresponding to residue position 348 is
a glutaming, the amino acid" e Sorr sporiding to position 356 is valine, the amino acid residue
corresponging te.rasifve-ROskian38psdtiypiaphan, andihe.anipeRcidiesidye caiesponding to

residue pasition 465 | cin me aodim ,.these mon ine_oxid 5 can have one or
more modifications 't(é?&%%ﬁrﬁ%%{%é%’sécg(u@én?f@’dﬁg@é&;}? R@’Z’Cﬁ%@e’ﬁ%ﬂfﬁg |§ﬂ§’can include
substitutionB{defdions (are@ihsertibiSHThamudfitutiblis’ ddiNbe non-conservative substitutions,
conservative substitutions, qr a combination of non-conservative and conservative substitutions 10288]
In some ARG EAE S IRRIEVEH MhOHORIRG bGAUE SoEHELEh BB AR SR Bnce that s
at least aBout8B8% 285%(87%:; 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
identical to the amino acid sequence corresponding to SEQ ID NO: 4, 8, 10, 12, 14, 16, 18, 20, or 36,
as listed in Tables 2 and 3, wherein the improved monoamine oxidase amino acid sequence includes
any one set of the specified amino acid substitutiors combinations presented in the amino acid
sequences of Tables 2 and 3. In sonic embodiments, these monoamine oxidase can have additionally
from about 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, or 1-20 mutations at other amino acid residues.
The mutations can comprise insertions, deletions, or substitutions, or combinations thereof. In some

embodiments, the additional mutations comprise conservative substitutions. [0289] As will be
annraciated by the ckilled art the nolvvnentidec deceribed herain are not ractricted to the Aaenaticallv/




an engineered monoamine oxidase comprising an amino acid sequence selected from SEQ ID NO: 4,
8, 10, 12, 14, 16, 18, 20, or 36. [0296] In various embodiments, the codons are preferably selected to
fit the host cell in which the protein is being produced For example, preferred codons used in bacteria
are used to g)ﬂ)%g]s% 5 @ene in bacteria; preferred codons used in yeas?grgwggglq%rs %%Zpressmn in
yeast; and preferred codons used in mammals are used for expression in mammalian cells. By way of
example, the polynuclemide of SEQ ID NO: 1 has been codon optimized for expression in E. coil, but
otherwise encodés theMranaraily Orclhareing ¥ndasemine oxidase of itpergillus niger. [0297] In certain
embodlments all codons need not be replaced tg optimize the codon age f the monoamlne
oxidase SRR P ERTURGUENEE Ml CarRTISE IRER <t SO A5 RMRl B ERE Kb B Breferred
codons nraypeinb e freguived Fomalladrivite ewidsesiiuesiGonsaguehtiistootion bptiwlizHd

pggnug g/}%i@%§eed3mgmﬁmam@aomin&pag@%g%@@fm@?{%m ?zrlilglfs%a@ﬁce@ggﬂg ab mot,z[to ggfg)l :50%,
0 0 t u anostl s of the full length coding region n
some em| %?née}ﬁ} ’?‘umeg p%é}}%qﬁ% (3de§u§ﬁ?§1§ ng” fJ]eogqﬁg?ﬁgésrgﬁvﬁ"lSﬁ%a{]ﬁ”?fﬁ%%d%gsgs are selected
from SEQvi NOe3ude gnargveiRrgBrticy ,HPQ}@F%@ inreaie embodisiehissttepetfitieotides are
capable ahhyREidizing sndar Jaigilmy s&ﬂﬁt@a@t&medmaﬁd@ aemad&usm@ﬁdﬁmmr&iﬂgu&m ID NO: 5
or 31, where. gh olyeggclzle%tlde e ?f h 1?({'59(;'% %) nder h stnr:?ent %neg(lt}gsrgseencode a
functlonafmo miné oXIdase. 9 v other em ments “the’ olyn Wcleotd omprise
polynuclééffﬂﬁwtér?@éé!’étfﬁétﬁﬁ%béﬁﬂﬁé‘@%%%’é@@@@éﬁbé@ﬁé@ﬁ Butah%ve about 80% or more

sequencedeetifyn@peui-85% R6Eole.IRGHa LRI doRtiR, ahauk I00pommeREanaedGadtentity, about
95% Or MIP ReCHENGS KRNI, 200ULIR QL IIe SRIBRSRAe IR RE AT AL D4R seduence

identity at the nucleot vel to a reference polynucleotide encoding an engineered monoamine
oxidase. ﬁ*f@éﬁﬁ%“é?ﬁﬁoﬁih‘i%}%é METErRIBRLR PERAGRIEBIH e & %@ﬂ%ﬁtwﬂ%ﬁamde
sequences tejpresented by SEQ ID NO: 3, 7, 9, 11, 13, 15, 17, 19, or 35. [03001 An isolated
polynucleotide encoding an improved monoamme oxidase may be manipulated in a variety of ways to
provide fdP ERbrébespoit wies Woiditiieyiltanipatieni s idBmisd: PORAEEISSHEEssHBIto its
insertion intthadyestavitpal: begesiablia Or BrReassapHLpaadingl@adhe expression vector. The
techniques for modifying polynucleotides and nucleic acid sequences utilizing recombinant DNA
methods W el kpoasmiprdhacar. Buigarreeing previdedistosdmpheskeentgpeodioatianslécular Cloning:
A Laboraﬁ@wd\/ama&bﬁmﬁ%,tﬁé@l@ﬁwmmrbwcmmamwarssssagdrﬁwenb&m@g@s in

Molecular Ztg)loga\r{ gusube F, GreeEE ] C%%gg tesah%JQQn% Mp date& tPngCQG

2010/008%3 P ?1 §%B]§ Bfg %[b%t) TIE acten I host cas suitable p promoters for directing
transcriptisanef %Hé%%@f@%&%gtwm@ @fr%@ﬁ%raﬁgéwél iftiaEIe SHEGSBRIGHERS obtained
from the moeeliniat epaian, iSileRibmyepshtog kalaiagarasegene(dagh)dBasi duststhatiis:

evansucrass ferf(cacil-baslius Ichen ommis Ao amase oo @bl Racllito.

stearothermophilus maltogenic amylase géne (amyM), Bacillus amyloliquefaciens a pha amylase gene
i'b(i?l

(amyQ), BHEHYE ﬁEﬁéH’ﬁdﬁﬁ@dﬁié’l"ﬁé|ﬂer§%81@‘é’ﬁE“(‘ﬁ€ﬁlﬂj‘S%g§ﬁQs@ ifts SERARA A8 4B genes, and
prokaryotkERataiacamasengane(Witaitamatoftehalo k878 ikkioe, NatrdwadisSotdWSA 75: 3727-3731),
as well a%&%é&%@{%&% Bﬁé%ﬁ A kR REOCoNAlLARRL 35O USAR: 2153, yrther
promoters are described in "Useful proteins from recombinant bacteria” in Scientific American, 1980,
242:74- 94 aht 3 Satfibrook et al., supra. 103021 For filamentous fungal host cells, suitable promoters
for drectipadfe {13 9&%@Q%&&Eﬁﬂeﬂ%&s&%ﬁ{g senstate AL presehdise aaue dglue promoters

obtained fromthe genes for Aspergillus oryzae TAKA amylase, Rhizomucor miehei aspartic

proteinas@mke ﬁ%’i‘@iﬂ%}? ﬁfdgl‘“i’i‘é"ﬂ]t AT éf&marﬁgésmgﬁéggm% P s alstsierd Ay lase,
Aspergillub#iigehacdspesgitus.awames ¢l uCoamyplase{glaBysRikzomiypartihiehéhlipase, Aspergillus
oryzae a'%@d%@{% page vhSRergil Hﬁﬁt@ﬂé%%@ﬁ&d@i‘@ﬁﬁh@&% QMEraG. ASREEGlHS, nidulans

acetamidase, and Fusarium o%/sporum t?/ sin-like protease (WO 96100787), as well as the NA2-tpi

promoter Y%Wi%}’il&“&g a0t froth e Geted Fo A%p8rgillus niger neutral alpha-amylase and
Aspergillyg Rnyzae, s %QQ@&BH@%‘%&?{;@S@%@&M@&%&gﬁtﬂ%?@c%sﬁﬁqsmép&%?@@mers thereof.

[0303] In a yeast host, useful gromoters can be from the genes for Saccharomyces cerevisiae enolase

(ENO-1), SaEera fBimyEs e CHra/idine g%%éfb%aléef(t;%&msz%%{@dﬁamm%&aﬁéw@?sﬁsfé alcohol
dehydrogenaseigiyassaldehyded hoSptiate detirdr8ensse (ADH2/G AT, Bid SBecitdiomyces
cerevisiag:phasphoghvsaratekinase. Qher dselulometarsfonyeastiienselsals described by
Romanos et al., 1992, Yeast 8:423-488. [0304] The control sequence may also be a suitable
transcription terminator sequence, a sequence recognized by a host cell to terminate transcription. The
terminator sequence is operably linked to the 3l-teininus of the nucleic acid sequence encoding the
polypeptide. Any terminator which is functional in the host cell of choice may be used in the methods
disclosed herein. [0138] For example, exemplary transcription temrinators for filamentous fungal host
cells can be obtained from the genes for Aspergillus oryzae TAKA amylase, Aspergillus niger

glucoamylase, Aspergillus nidulans anthranilate synthase, Aspergillus niger alpha-glucosidase, and
Ericaritim nvv cnhoriim frvneinZlike nroteace 102051 Evembpnlary tearminatore for veact hnet cealle fan he



[0314] Where both signal peptide and propeptide regions are present at the amino terminus of a
polypeptide, the propeptide region is positioned next to the amino terminus of a polypeptide and the
signal peptide region iS positioned next to the amino tenninus of the propeptide region. 103151 It may
also be desiti B {?fﬂe?ﬁ%%egulatory sequences, which allow the regulatior?%f%s@0 B?ggﬁon of the
polypeptide relative to the growth of the host cell. Examples of regulatory systems are those which
cause the expression of the gene to be turned on or off in response to a chemical or physical stimulus,
including thistprésenceryfcameyatatorysedmpognd. lnsprokanyolinhostivelisips vitdblgyeagalatory
sequencegsinchidethe e iagAndiReRe ARESYSEOMS: iyeast hostarlisrsiitable revulatory
systems include,t.as exam les, the ADH2_.1§¥1stt)Q{rp or GA\J_ l sl}/stem. In. ilanﬁentou? 1‘tmigj[i suitable
regulatory Seguencesindiide the TARR afphacamylase’ promoter. ASpergiiua niger glucoamylase
promoter Sefichiragrs gt s wrde as dterstbadripaie promoter. [0316] Other examples of regulatory
sequenceél e tlhose Whi%eh allow for gene af{n lification. lg euI%%%/fgxic;ls stems, these include the
dihydrofolafe et (RS S GRIHERHIER IS HNSHASHIATRE Breadd s Rratiot SXHEs S AT ThEe
metallothisfbitngexed whiibhharenamptifledrwitdteamty riedat? I nitHEéD WO 2 and SEQ ID

2010/008828P Gdd L3009/ Q4820 9reRses: tRMEISIG anicarquence. anerdingthegimonoamine

oxidase of the. resaent itsclosur. ould bep er%b!? Iinlt<etg ¥vi h the regu{latow sequence. 10317] Thus,
in anothef BMbodimert, the present AREIGH e 15 aidh tiretied 4 recombinant expression vector
comprisingjwepsiyedcrestide encoding an engineered monoamine oxidase or a variant thereof, and one

or more expression regulating regions such as a promoter and a terminator, a replication.origin, etc.,
depending DS 1958 BT SIS TG R ey AR b5 G AT R VHBBE oI A8 d and
control segitbtaescascribettimzovecrray e jainetrgethidntdProdhide 1B reombidaRRdipression
vector whigh maydngidaesenera:mansevennyenisaidastictionsltas ieallovnaferinsartionor substitution
of the nucleic acid sequence encoding the pol eBtidgat such sites. Alternati S‘tlgf the nucleic acid
sequencedigﬁﬁg Elrne“é%ﬁ(fidiég'l’dﬁsﬁ% Erlnaﬁ? e giéro S5 ’Bf? )ﬁsle(:}]tlaﬁé:%g Aucleic acid’ slélquence ora
nucleic acifidenstanacedmprisingméasaeiidrce into an appropriate vector for expression. In creating
the expreﬁslign vector, the ¢ ding se uenceis located in the vec ordsqlthat the coding sequence is
operably ihkad \gﬁﬁglﬁ%é;%%b OpTiate CORtrOr SEGUENEES For BXpression. T0T35 Hh&Fecsmbinant
expressiofrilecturnyray bbidripomeior @dgoreplasinictorvidus} Shiichedn e domdamigdily subjected to
ricqmbir;wr?;t: OMA @égglxleéiw_@ﬁ@ng @@Wgrim 1&143@4&1&3@1%?_ E@l&s?ﬂéb@@vlﬂ% ﬁ&l}f@ﬁﬁl&%ﬁ@@cﬁ%ﬁuenceh _TEe
choice of the vector will typic epend on the compatibility of the vector with.the host cell into whic
e vector & 15 D8 T S G e BT e e s & AR R 1) T
expressiophFstisn iRl HoksadrigusigerEsiiestry vector, i.e., a vector that exists as an
extrachromosomal entity, the replication of which is independent of }E}ro osomal replication, e.g., a
plasmid, AP SOk AEAPBI S SR ST T ARSI RED 8 PP SEI38 GRYETSORBRE The vector
may containaanymaeansjocassurivigcbatiereplicatiod. cAltespativiely idhesvectdinodp B dhe which, when
introduced. itq th Is integrated into-th : eplicated tqgether,with the
chromoso(ijrqnﬂ?e'((g)aﬁ?toE %?tlgﬁ#(ﬁakg 6%%%?1%%%%%%% %@tﬁmg,ia%ﬁ%ré%%%%ﬁ or (ipgiﬁrln% or two or
more vectorspoeprsmiteridhich telethsebontainalabitetah NN beupitreduddrrint thetgcnome of the
host cell, or.8 HAHSAORRRMAY Mg Yok 0RO L The.LxpiersionvaRiaLghihe present disclosure
preferably contains one or more selectable markers, which permit easy selection of transformed cells.
A selectalpesmarkenis angotmtae, praduei.ef whichnre videsdor biogide ervitalresisianaggydesistance
to heavy metals, prototro 0 auxatrophs, and the like, Example ial sel markers are
e el 3 B L B e e et
resistanceévStiéhtEsoahitinftswEHERIY SIS ERRs s Hisor s achl deterarsy @ifiantBsistance.
Suitable maalsersgor. yrasihastcelsadenAl Hal il&dilerddidnd ¥ S31aMETIL T RRdnaARdeMRA3. WO
2010/008828PCT/US2009/048255 [0320] Selectable markers for use in a filamentous fungal host cell
include, b(# &8k Homniradadanie 9! (aresr paseargBidamithibedealisam ey npansiara88y° bar
(phosphingthreincacety knansierasmoe hphddgponygn phasphetransierasa)o maky (sirate reductase),
pyrG (orotgine-5 -phosphale,decarboxylasel2G (Guale adenviransiarass), ari]cdayi%CE nthranilate
synthase), as well as equivalents therep?. E_mdbo_ iIments for use in an As %rgl us cell include the amdS
and pyrG et orpgdargmubhmerasioradidiginic ey Be hitHe BHT§HE- of Streptomyces
hygroscopicus. [0321] The expression vectors of the present disclosure preferably contain an
element(s) that permits integration of the vector into the host cell's genome or autonomous replication
of the vector in the cell independent of the genomc. For integration into the host cell genome, the
vector may rely on the nucleic acid sequence enceding the polypeptide or any other element of the
vector for integration of the vector into the genome by homologous or nonhomologous recombination.
[0322] Alternatively, the expression vector may contain additional nucleic acid sequences for directing
integration by homologous recombination into the genome of the host cell. The additional nucleic acid

sequences enable the vector to be integrated into the host cell genome at a precise location(s) in the
chromoenmeaefle To increace the likelihood of intearationon at a nrecice lneatinn the intearatinnal



10330] The engineered monoamine oxidases can be obtained by subjecting the polynucleotiede
encoding the naturally occurring monoamine oxidase to mutagenesis and/or directed evolution
methods, as discussed above. An exemplary directed evolution technique is mutagenesis and/or DNA
shuffling as B&SEHBEE R *stemmer, 1994, Proc Nall Acad Sci USA 91:1Offf/f§%?€0%°95/22625;
WO 97/0078; WO 97/35966; WO 98/27230; WO 00/42651; WO 01/75767 and U.S. Pat. 6,537,746.
Other directed evolution procedures that can be used include, among others, staggered extension
process (BIEM), linswitrerdodmbiratiom(Zihvad retmkni@8dNat o Blotéishinoic 612582 61 pnmmatagenic
PCR (Calghyellgbale i Q94nRE RMe thars ARl 815 1368140 andinassalts mulagenesis (Black et
al., 1996, Pro Nat] Acad Sci USA\93'352§-(§52{2). 0331 Th? clones o,gtaine(li foIIowi%q mutagenesis
treatment A seraiTet SIS BN R ISR L R AR B e TR B G s oVl &nzyme
property. keasuivigueingyimedativity. fio rptecerpradsindib rarcdaohn seide foanew dsitigpstandard
biochemistiy.techaigues, such as, but not limited to Monoamine oxidase activity can be measured
using published methods, or adaptations thereof, for measuring monoamine oxidase, such as, but not
limited to o8t Hisdlesetbbyiintu atimbr(Ztbuepahitifo@hesSieperiudreometrierietiodfanthe
Continuoys; MeasHee e @i M aRaRMIne AxidasaAelivityaud 9375 Anal 1Bigehen,2R3;d69-74) and
Szutowicz et al. (Szutowicz et al., "Colorimetric WO %010/00882 PCT1/US2009/048255 Assay for
Monoamifi&BRHREE i %E%tﬁgy%aslilﬁ%]eﬁg?o%aggg i 22" A2 G5Bty henZthalZofthé-6- sulfonic
Acid) as Cimismogerhydosy, trhbiBisskdent 1£88:86294) 2 Coparisortief enzyme activities are made
using a defined preparation of enzyme, a defined assay under a set condition, and one or more
dofinea S BOR TR P i SER MBS G e RO A Egm Phou and
Szutowiczx@Bendrally 2 Wherldgsatéharespmparadisthenlimrhe s of gelISEA R aiaent of protein

assayed a(gndigrpinedRaathas et ideptical exprassien sysiems, andidentical heskcells to
minimize var_iatifc% S in.amo.l.(int gf.?u%z me r{)rodudce(g b?gqthe dhOISt ccﬁllls andll?r%$§nt in th Iéysates. Where
the imprO\I/n&}‘3 é)nzfrﬁ%uf)erg%erstlfl degivéq SSthamarsta ﬁ’&)e/, gﬁf{’ﬁneeé%ﬁ‘\/ityu?ngflvﬁemfnngao Ufed after
subjectingathedetzymeoprarrarsites $0SEAEAMEY 18nRpey HUNE atfd ATERHUNRY e UM Sf enzyme
activity reprainingrafies:heatitteaiments, Glopes oonginingaRabpuslestideapcading sa.monoamine
oxidase are thenisolated seqyenced (aidently e pucleotide sedusnce nandes (i anyl and used to
express thepenzyme In a hos "ceﬁ.of% %%'f ere the sequence ofthe englneereo? po1§/pep Ide is
known, theEsbiPrYfeldstitiés BhdBeiig 1he EnXitnéicar Béhepdfe B Staidatts SbfitlpA4se methods,
accordingsty &a®n0 symbetic nethedsoin somne enbosiments) fregmeants ot badataut 100 bases
can be m%gg%}al{iyossexéq}gg%zed, then joined (e.g_., by enzymatic or chemical litigation methods, or
polymerase meghate methods) to form any desired continuous sequence. For example,
polynucleotides and oliggnusiaotides disclosed herein can be prepared by chemical synthesis using,
e.g., the classical phosphoramidite method described by Beaucage et al., 1981, Tel Lett 22:1859-69,
or the metPYdidéscribblkisin Nmritiberarettmogd inemMBO I3 801 follvang. maanings- typically practiced in

automated sgnthgztic methods, @ cgording to the phosphoramidite method, oligonucleotides are
synthesiz&d %8l g.; DNA YAt %%W%%Fr‘fff&ﬂ“é’ﬁﬁ‘é‘éﬁ%&ﬁ?ﬁgk‘lé% AferdioRed in
appropriatewestorsf iratddiiornessbnticliytaty rucieiodvincahde iohminedtiromlably obarvariety of
commercigh SQUEEsidYENA8y heMidlandicartiffed Reagent «ompankdMidiand.dt sl he Great

American Gefe. COMPALYRamans, A, EXplessCan lnc, Ghicago I, Opeten Feghnologies Inc.
Alameda, CA; and many-‘others. ngineered mondamine oxidases expressed in a host cell can

be recoveffadifiomnicetisanylapdortdemeitnids phedibas USHE any snaisulcrebefitheniv&ll known
techniquesderarotainp wikicptiondnshidingiamangsethersinsozume kentiantinsqrigation, filtration,
salting-ouf ullig-ceniriugayon. and ehromalography. Suitableslutions farlysing, and fie hioh
efficiency exiraction o proielné fom bacteria, such as E. Eoil-aré com etpma?fy’aval able under the
trade nam&@e|IBHIEEPHPfrom Sigma-Aldrich of St. Louis MO. [0334] Chromatographic techniques for
o O A E SKlase e, Amos Slters, eree, plase chuomaograp nof.
performar{ce | urdgch%bnf]a’rog'rap y, ion e%%ange C romafqogr pghy, %ef’e ectrophoresis, and affinity
chromatogesislaguaarditiordctor purifying a WO 2010/008828PCT/US2009/048255 particular enzyme
will depen% in part, on factors such as net charge, h 1%ro hobicity, hydrophilicity, molecular weight,
molecular SHTbe HESLHEFRATBE b Idehito (FSSe HEV IR SR e A, (G555 Sdme
embodimentsgziffinitytegnigietymayentide droolzolaiw idesimprovetntanasmirecthddase. For affinity
chromatography purification, any antibody which specifically binds the monoamine oxidase may be
used. For the production of antibodies, various host animals, including but not limited to rabbits, mice,
rats, etc., may be immunized by injection with a cegnpound. The compound may be attached to a
suitable carrier, such as BSA, by means of a side chain functional group or linkers attached to a side -
chain functional group. Various adjuvants may be used to increase the immunological response,
depending on the host species, including but not limited to Freund's (complete and incomplete);

mineral gels such as aluminum hydroxide, surface active substances such as lysolecithin, pluronic
nnoh/ole nolvvanione nantidec nil emiileinne kevhnle limnet hemoecyvvanin dinitronhennl and notentiallyv/



[0343] In another embodiment of this method for reducing the substrate to the product, at least about
50% of the substrate is converted to the product in less than about 24 hours when carried out with
greater than about 25 g/L of substrate and less than about 5 g/L of the pol tide, wherein the
pOWpGptldE‘é@fﬁ%‘ﬁ@g Zh amino acid sequence corresponding to SEQ [] ﬁ@’pﬁ 1080485312, 14, 16, 18,
or 20. [0344] In other embodiments, any one of the monamine oxidases provided herein can be used
in the production of intermediates for the synthesis of Schering 505034

((1R, 25,55 M@t e iao He rolotou tydn3: 4edioxmlnatam -2/ 4 Bl (83 12+ (B¢ rtbuitytaligico8:8-dimethylbuta
noy1)-6 q)gmgmygﬂﬁ-@gt%myclow 1.0thexane-2-carboxamide)), a protease inhibitor useful for the
treatment of viral |nfect|ons (Malcolm et al. (2006)Antimicrob. Agents Chemother. 50(3): 1013-20). An
important&tégj ifkkesyinthesidof Sehering 505034, isghe ctinverisionacal ar polypotudrefestructural

Formula E%E%QO@Q%{%%‘PE&%%H d&@'&ﬂ%%ﬂuyal%? e BRESHIGRIYGAMRAUNA {ddyto compound
(2). Thus, tﬂlﬁfresent disclosure provides methods for the praoduction of Scherln 505034, the

methods &8 "Q“Eﬁ%“éft&ﬁfd‘f"é%%r?fﬁa’%’rﬁﬁtﬁﬁhﬂd‘?ﬁ%}%ﬁﬁ?ﬁ%ﬁfﬁht@ftﬁéﬁd’ig%%ﬂSam|ne
oxidase pblypdptidesphtitecdisciosrdividthodsidibtiosethberainifortheqragyctidnrofiSchegring 505034

also may inglide RngerMae fhdhesisnsidepicied and drscrbed:incoRnReHGN MikRCchemes 3, 4, 5,
6, 8,9, 10, 12, and 14 above rE0345 J‘ other embodlments anﬁ/Fone of the mona Rge oxidases

provided TR S QX prodi OB e ATATA LR P SR ARSI 850
((N-((S)-1détretoniersl1-2-((S)-1-  S,3aR,6aS)-1-HR)-3-(2-(cyclopropylamino)-2-ox
oacetyphexanoylthexahydrocyclopenta clpyrrol2(1H)-y1)-3,3-dimethyl-1-oxobutan-2-ylamino)-2-oxoeth
yppyrazineS 7t atsaeiars el sepraes dentity ikt W@%tﬁﬁ%ﬁ%f@ﬁ%ﬁﬁ%@t%ns (Perni et al.
(2006) ArwirmiciolefAgentsi@hemcthers 5OER)cBO8I808) Pulyimpdrtamdstapliethagythesis of VX-950
is the com&tagaa%e sampaung RhstieiirbLEQMRAR RS famP R iistraliunula 11, or

more speC| ically, % lind%éﬁ%]to compaqu qd 34211 Thus, the present disclos e, rovides methods for
the produpc(ttgl o?‘V 2950 1R etot?g%mclz(%rhpﬁeslng nsote‘*f)l% convver{)mﬁﬁcsgmpbhﬁsdo(rs) to compound
(4) using gelvinoamigererdsiamerpsisaptitiécthth ecdisttostirbicvistiodtcdinpliosediiepeny for the
productioaeetib%%ﬁ%@daa m@ﬁtﬁg u,@ehe@e&ww&@fﬁmpaap@d@@@eaoamdxaassfibed in connection

with ScheJnes 3,4 1? 0, 11, and L nown b thos %Iqll in the art,
ing t ém%niﬁer 0 dsz 1ions at W 10 1 entica |1 eic a(n ase f0 at ity et
monoamine OXI ase-cata yze ase reac IOI’]S ypIcally require a cofacto da on reactlons

catalyzed®BSithis P8rieaimae &d’é“é‘é@@ deskeiiséaatahest 29?@&@0@8@8%@%93%@@@%12’55 herein also
typically r@@uinesanmfa@t@irnttawﬂtﬁtgeﬁifaesmﬂﬂteatide&m)nﬁ&meddhateiaytﬁgetmetegu!cafactor refers
to a non-pratein. ound that perate mbjnati noamine. oxi 1 Sgnherally, the
oxidized ?o@m%c?? Cl(tarﬂggfealg% agwﬂ ﬁq‘r’ﬁa‘f dem(%réﬁ%n é%%%%t yy or cbva e%t% § attac g%?t% t%eh%onoamlne
oxidase, i< SHRBHIIRRROSCADRP TS A6 Wi SRR e MR foRRicKat B B s gemERR éeidrom the
reduced fakiadk Addukd 2 byineleecular @ygerid acht ek emhotimeantssithe ioxigizeidkRADHmN could be
regeneratsd PYNBRIEM BN EAR A NARIEMIe NARIECoL i PRifgEnerated by

reduction’of a ketone to an alcohol using an N -dependent alcohol dehydrogenase/ketone
reductasé)fﬂﬁéﬁ*?]’ﬁﬁﬁéhm‘ﬁ‘ﬁé‘a‘?zrﬁﬁ‘éoﬁ’?ﬁﬁ%‘ea&ﬁféﬁ}’i aﬂwta‘at?éﬁtr‘@fat%ﬁgla@ééﬁB@&Cﬁ%ﬁ&ﬁf are
generally cantied iduitity. aTdobeertkBiiitals ersglpentse deolutlewwatergrganitsbal ventsi{iesy., ethyl acetate,
butyl ace%b&hi’&%@%%@feﬂ@ﬂ@eeo R MRt brivd ciher WJD%M%L@H@@ anghihedike), and

ionic liquids (e.g., 1-ethyl 4- met limidazolium tetrafluoroborate, 1- bu%l -3-met zllmldazollum

tetrafluorGorate1GEGRS A ASAREE Ottt HEAATBPABHOS britdte, aRt Wik 1 sbine
embodimeénts]aguéguscsoliemidpi e Nelidignwaterd Sndabueddis/chlgolignt Sysiemsharansed. [0140]

Exempla%lasqxggg}% ﬁ&%‘&'t!?ﬁééﬁ%ﬁ%ﬁﬁz\éﬁ W@%@’P@&dﬁﬁﬁﬁam%? 9@%@'@4&@"6‘?m In general, an
organic solvent component of an a?{tgE 0US C0-SO lvent system is selected eréch that |t d es not
0

completel T e IR RS RSP e S A RSL BB HY - REBrOpHate to s8N et ) ems ‘can be readily
identified Y Pri¥asemingbtiie-enBpnkatio.activis of th@%mtm@@ngﬁ%e@dmﬁe?m@n@imeioxudase enzyme

with a defingg subsirale, of interesisn ey, C@d@dieaterﬁ@tv%teyﬁem Veflizing @B aFYIRe activity assay,
e tee [ TRLTS Al o NI companent aLanaieaus oo et

system may 5 nrlﬁ fEWitn thé"aqtgous ¢ on’en I‘OVI asin aseror may be partly
miscible eﬁamﬁm:tmeaw|thlwaquieemmhtemm@ttwmqueh%@h%ﬁer%my, when an
aqueous go-59IveRtEYstem isRmplevedhitissalacteddm bediphasic, wish, water dispersed in an
organic solvent, or vice-versa. Generally, when an agueous co-solvent system is utilized, it is desirable
to select an organic solvent that can be readily separated from the aqueous phase. In general, the
ratio of water to organic solvent in the co-solvent system is typically in the range of from about 90:10 to
about 10:90 (v/v) organic solvent to water, and between 80:20 and 20:80 (v/v) organic solvent to
water. The 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 p1-1-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
ovidatinn ic carried Nniit at a nH of aboiit O ar helow 1ier1allvy in the ranne of from ahoiit &5 to ahotit O In



about 40C to about 45C . The reaction may also be carried out under ambient conditions (about 21C).-
- 103591 The oxidation reaction is generally allowed to proceed until essentially complete, or near
complete, oxidation of substrate is obtained. Oxidation of substrate to product can be monitored using
Imown meth‘ggsz%vfa%glgééting substrate and/or product. Suitable methodsﬁﬁgfﬁﬁg’?fé%sczﬁ?omatography,
HPLC, and the like. Conversion yields are generally greater than about 50%, may also be greater than
about 60%, may also be greater than about 70%, may also be greater than about 80%, may also be
greater tHEA-90ndAlbend ofténi§iéater iadcab dat: 979%.36(EXAMPLES. [08604w arious features and

em b%didmﬁé?i&ﬁlflr@ﬁLQiS@Q&il%@e@{@;laﬁmﬁgﬂi@glfiBléh%JQQlQMi{grl%ﬁ%ﬁﬁééﬂ@mmd les, which are
intended fo.be illustrative, ot limiting. Ex 1:Wild-type Monoamine OXxi ne Acquisition
andl ConJiNGRTBIV B CRire A BB T MG ST SO AR U6 ESURLTe cesigne
for expressipinehens vonisailoaiAor BVREDsaerms, thbive pdrettaghitioasicld seguence of the
monoamifgigxidase aineAgoseikaplinizationdalgarthsias fesaribeddm Bxaaplesd of US provisional
application Serial No. 60/848,950, incorporated herein by refer enes were synthesized using
oo B o T e e 110900
(depicted HEEISG LD P Oitet Srites Pt Rpplicaienighicadsy boesdi¥sgariivinger the control of
a lac promeier1khecxpressiony eatoialsoanianssieblibaanginatigplieation and the
chloramppienicol resistange gens, Resuiing plesmids wels, tansformed jnto £, 5ot W31 using
standard methods. E%Anamples of codon optlmlzeg genes and the encoding po% peptides as well are
listed in TABHEACsTHE REEIAHT DI e VIRdstYFohd PashInE e ssilishidvetnfi Vdisgatiethods
know in theariyahiadapied tbetefsommydncluclingthese disciegedcby ZhotgtaltiZhasetal. "A

One-Ste pcﬁl&:i%é’[ﬂ?éﬁi&héﬁ%éég&@rEQ(%&QH%%%%M il?ﬁssﬁrgé@})e&}ie%&‘! ‘%&%ﬁ%@%b@ﬁ?iﬁ%se Activity,”

1997 Anal. Biochein, 253:169 74) and Szutowicz et al. (Szutowicz et al., "Colorimetric Assay for
MonoarnifEe e el sasISing ks SuaEs ArerD B AARSEAHIAEEAHEISline-6-sulfonic
Ac_id) as @hmmbgemi*egawpﬁsﬂalm&iﬂmenuc;GM@mpIQEWMSoﬂm@E je_ewimaethgties were made
using a delined AERRAIALIGNRS SRZMG.AMRINEd ASSAXHNER L R8T CRRARAN, AL ARG PFMoTe

defined substrates, as further described in detailr herein or usmg the methods of, e.qg., Zhou and
Szutowic?’?‘@éﬁ‘gFEW,e\m?éﬂ’f?fé‘ﬁféé‘%é%e%m}bea‘}lé@“{ﬂ@ nUIMBEAS SIS YR hR I dtht of protein
assayed vwarendetenmined:faslivelvas!igneth §& offide rticab@pression’ $9siémshandl iddntical host cells to
o0 R e reoemiative,

a ‘ reviation rce and Citations for Representative
onoam S STHELIL RiorBRTF R ab T A H e RAEER B 5 LR B Aany
identified BaibEnkd e fegsion NodG NI Bl Poiyn Bsfouilide SEOIBINOPofipseptide8E® ID NO
MAON A%@%HMﬁ&@%@h@@%@MJM@E&STFH or GAP programs in the GCG Wisconsin Software

package (Accehys, Madison WI), using default parameters provided.

[6168] “Reference sequence” refers to a defined sequence used as a basis for a sequence

comparison. A reference sequence may be a subset of a larger sequence, for example, a
segment of a fuli-length gene or polypeptide sequence. Generally, a reference sequence is at
least 20 nucleotide or amino acid residues in length, at least 25 residues in length, at least 50
residues in length, or the full length of the nucleic acid or polypeptide. Since two
polynucleotides or polypeptides may each (1) comprise a sequence (Z.e., a portion of the
complete sequence) that is similar between the two sequences, and (2) may further comprise
a sequence that is divergent between the two sequences, sequence comparisons between two
(or more) polynucleotides or polypeptide are typically performed by comparing sequences of
the two polynucleotides over a “comparison window” to identify and compare local regions

of sequence similarity.
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MAO3 Aspergillus oryzae XM_00182283 2 169776835 31 32 [0362] Polynucleotides encoding
engineered monamine oxidases of the present disclosure are likewise cloned into vector pCK110900
for expression in E. colt W3110. Example 2: Production of Monoamine Oxidase Powders; Shake Flask
Procedure. (Y968 %18%B3&mine oxidase powders were produced from sha@e iR ENHEES as follows: A
single microbial colony of E. colt containing a plasmid with the monoamine oxidase gene of interest is
inoculated into 50 ml Luria Bertani broth containing 30 fig/m1 chloramphenicol and 1% glucose. Cells
are growntoeriighifatideasi:ticwirsifens anainoubpiel aE30C withiskedting 2t &b6gpns. The culture is

diluted intQ, 250; Bl gohs Cr8: 8tk RAGIARIONER OV s ¥EaSL SXIARL c i N ARG RELALD) , IMM
MgS0O4, 30 ng/m1 chloramphenicol in a | liter flask to an optical density at 600 nm (0D600) of 0.2 and

allowed t6°GP6H At 3blEas X Tl i DT HHE HIBh U iRR B G e IS RAUICE S VAR TR PTG when
the OD600 bf thexpultanerisd®6 1o 0:8ugnidsipddibated duletiniglit {atdensti 26 tusinCelssare harvested by
C?ntring%ﬂQJ?e(é@Qﬂﬁ@F@ﬁeQeﬁc@ﬂE@é&): apsldhgosupsnalantdissarded- ithedsellipeliphis resuspended
with an e%Ja vqurg%of cold.S4C ) l%(l) mM tr[ethaqol mlneéhﬁdrocm%r%eg b%Jffer, pH.Z.Q (optionally
including 1ﬁ?mem5’ ZBN ad %‘fre\?'este%c%?pcdélﬁ?ﬁfﬁlgna I0f s above. The washed ceiig' are:
re-susperitiédhitnaso opoiume S 6 thé oY tAekhgaotaming- (hydrochloride) buffer, pH 7.0 and passed
through a French Press twice ‘at”leO?(f)O psi while maintaining the temperature at 4C. Cell debris is
removed By WntrrbEaHEheeEy /it S KB DU MR BPé‘ﬁ)rcW@ﬁt%xé‘ﬁB‘écrﬂ’ﬁEﬁ? 1% '8 8ted and
stored at rF20S kymophiti zétioty .of frazdn pleantyEateyproMitlés'a prepovedemof crude.morroamine
oxidase epayRe: ExaTRle3nRductionafManoagine LOxidrsscEeunantatien.Rragadure. [0364]
Monoamine oxid e powders yere gptrodu%_ed bg/ fermentatlgn as fglllow b_l%an.gerateld agitated 15L
fermenter’ BOY §F §rSHt et oA 6 88 QT AMRISHICH Sttt 0 68 G S $6dium citrate:;
12.5 g/L ohdiprstagsion dupdnsg édephio sphtdatehd eatena61250 Lebfrpstasssimmiding drageaes phosphate,
6.2 g/L of{astone-dadyeas-axliast: A083:g4: fepicanmriummsitiieséd Beaadileoha trace

element solution containing 2 g/L of calcium chloride dihydrate, 2.2 g/L of zinc WO .

01010038 ORI € A R BRI Ele B8 B e R nonohy rate, |
g/L cuprolisnsififzmesave graifiye peled @adg eaapnpavRibm ok atietedr apiidrels GaereseRy/L sodium
tetraboratg glecabysirate anegtraughioatempaiaiureof SOucthedgrmerienisinnertaiadwith a late
exponentigl ure of E. colt W 0, containing a plasmid with the monoaming, oxidase gene of
el A e A
fomenter FEgRestdanEh30D 5D YR dRPaTHiens tbishete et Ermh et Peeseriat 3074.5.0 L/min to
maintain disselveth@sygen level of 30% saturation or greater. The pH of the culture is controlled at 7.0
by addition of 20% v/v ammonium hydroxide. Growth of the culture is maintained by the addition of a
feed solutibly BontaimserpBiusia. capbisaes 07 oy [ TalpidaiUhcERTsH detbirp1oaogtemagnesium sulfate
heptahydiatebLncertheculiviad eadbesoamRoR efhtcexpressian aimenqasniReraxidase is induced
by the addiion.of seRiorydlaRihionriasiosids URTEL 6 naleenssoliaian ol fmidThe culture

is then grown for another urs. The cultdre is chilled to 4C and maintained at 4C until harvested.
Cells are RaRFdstainss seatttifudatbi At BoD oS fol U MHNRGEEE RdSBIVEPRY 128P dehififlige at 4C.
Harvestedscehigarel udeddirectlytha tkferéatlowingndowistteandy écoven! process praie sfokied at 4C
until such L, 10365 % WRere e Gells,ApeiaRR dred.diaelly Ao e dawnsieam iecaygry process,

the cell pellet is resuspended in 2 volumes of 100 mM triethanolamine (hydrochloride) buffer, pH 6.8,
at 4C to eXERUAUTH &t L Ll PRERST PR THITARSIRTAP b IS ETE fE R I8  From the cells
by passingythesuspensisnothrough @shomnogehiz ectfitted withcastworstag s hemogenizithgugalve
assembly Hsing.apressurelh 12009 psiand e £RIlNAMeasnalR s Gaelediadimmegialaly after

disruption. A solution of 10% w/v polyethyleneimine, pH 7.2, is added to the lysate to a final

concentrafigH 4 HBIERIR Kb SEATSREFGF RIS REE Pk B QSEMANg Sspension is clarified by
centrifugafipn,at.-3000G in & standard JaRaraton, NS for 39 Mipy &SI Ng.Gleal supgnatant is

decanted and concentrated tén times using a cellulose ultrafiltration membrane with a molecular

weight cuP STFEFSROFIE APRIP o nEaRtPERS 1S B SR PR s BRA MRS EB RIS S Frozen at -20C and
lyophilizedttapawdeis fiheahorogmitiezoxidaseyjoweder!iscstbead aly-80G e ExampieAoardlytical
methods @i, the,cRYRESIoN O%E S:ainathy s RraRiRxeIRl3: L Olhaxans, SaRMRAURL G tR.(1K5S
)-6,6-dimejhy1-3- az_ablcyclgg%.lt.of lex-2-ene, compound ( )._L%ﬁ%] The conversion o
6,6-dimety 113 4Y RS BT T GHERERE 4R the S EPEEMATiL p b tRaD. 1t is commonly
6,6-dimethy1-3-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 (112,2S)-
imine (2) (-10.6 min), the undesired (1S,2R) iminey11.0 min) Column: Supelco Betadex 225 (part#
24348), .25mm x 30m x .25um; Oven Temperature: 85C Isothermal; Carrier Flow: 1.1 WO
2010/008828PCT/US2009/048255 mUmin; Injection volume: 4 uL; and Injection Split: 100:1; Injector
temperature=200C; F D detection. Example 5: Analytical methods for the conversion of

octahydrocyclopenta[c]pyrrole, compound (3) to
(R”RAa< AAaRY-1 294 5 A AahevahvAdroevelonentalelnvrerole comnoiind (AY [0ORAR71 The conviarcinn nf




[0371] This example demonstrates that these wild-type monoamine oxidases have a low activity on 6,6
dimethy1-3-azabicyclo[3.1.0]hexane, compound (I) and convert it to the desired (1R,5S)-imine (2).
Example?: Evaluation of a Wild-Type Monoamine Oxidase for Oxidation of

octahydrocy 884 rrole, compound (3) [0372] Wild-type monoamifté §%ici4&44§iStlosed herein
were screened for their ability to oxidize (octahydrocyclopenta[c]pyrrole, compound (3) to (3aS,6aR)
1,3a,4,5,6,6a hexahydrocyclopenta[e]pyrrole), compound (4). To a 50-mL 3-neck flask under air were
added 25airinaefiveDOrendviadhh 810 qpatassilimap hosphatech effér andtBsnngrofss (e.e.) calculated
octahydragyclopeaialclRyTol: @aéstraghtprrt%@aﬂqome ptsturra%aqwaq/ma?&@mméew 7.3with IN

NaOH. To the pH adjusted solution Was a dded 60 liL of A. niger catalase suspensio purchased from

Sigma AIGHRH: RERARBY HuriBEF Be351%) SR 86 ?%?@%F?/tﬁf)&lfypéhﬁféeﬁ%ﬁﬁﬁﬁtg B 5 Rder
(preparechibyidiie shekeiflgskhmithion 6 Bsainpleo2ydeith IBEQUARNO 29 AaségemdnipH 8.0 potassium
phosphatgbuffers fheraskiing paleysliowselutien was-stinedunderaih iae 24hows. The pH was
maintainez_fl at 7.2 via feedba écontrolled addition of 1 N aOH in 1-5id., portions. Little or no NaOH

nant }.OIHCIE CXCCES TNETIC © S8 ATC SIETEQMETIC eX0
consumption was ob&ERé RO RS Toadion Was quencft 8SW|th 10 N NaOH to bring the

pH to aIOF{'@’%‘Paﬁ@%&éﬁ@s@%@é’d%W@éa%&%ﬁ%ﬁe‘wm@gﬁéeﬁﬁg'irBh%%@lﬁ@l%Eat'on via

centrifuge (6000 rpm for 5 minutes), 111-NMR analysis o0 olution indicated little or no
conversiof BFTHBZARSi H%S(%t%oﬁli‘@‘i?ﬁﬁﬁgo(%mm%ﬁc ﬁg’égﬁﬁ?ﬁfpal]eoﬂ 6ﬁ§?§t§%§ﬁ§ﬁd -type

monoam it A dases ateuen il | AnkaRiRodabecARRealclaTR R, SRROUN (3)

Example 8: High ghput’/Assays for Monownine Oxidase Activity on

6,6- d|metﬂ’ii‘f@f%\‘?%?é‘i’&y&t’ﬁt?*T%The%ﬁﬁ@sl’écdﬂ‘fﬁtﬁﬁ?tbb?f)m’[tﬁéT&F’ﬁlﬂaﬂgﬁﬁﬂ"ﬁﬁrﬁr@%ﬂ’%tauned by directed
evolution awrdocontai i figy ewbbvedtim othoamineexdasegenedaratiansicrmeddnto &. colt and plated on
Luria-Bertapi,{LB) broth containing 1% glucose and 30 itg/mL chloramphenicol (CAM). After incubation
for at least 16 hrs at 30C, colonies are picked using a Q-bott robotic colony picker (Genetix USA, Inc.,
Beaverton¢12R) iate:BGakethvilgalawsweltanpiclfotitei: platesico htaidingidB0r phzhesrificclbndth fTB), 1%
glucose, 30.Jig/nth chlgramphenicol (CAM), and 2 mM Mg504. Cells are grown overnight at 30C with
shaking at 200 rpm. 20 gL of this culture was then transferred into 96-deep well plates containing 350
gL Terrifiqdarsih <o dehd-Meg DO and 30:g g mh G AMind hetincpligtiprdefide eghiv@llaplates at 30C
with shakingal, 20 /Rty C}%%&tgx%ﬂaﬂy & éQggger%ﬁa %%ter&%a@tm SeRgLMeRsion by the cell

cultures is induced by addition of isopropyl is gFgalactosme (IPTG) to a final concentration of | mM.

The plate& RIS oS0 Wit SHaKmG RE QRGBT ToP IR MEEetRgly made to
2010/008828RE T/ SRACHALBRTHIO BTLHRE sllthweghenpelietedtoicentifugatiomaesuspended in 400

gL lysis byfiaranghlysed Ry SRAKNG @r‘igﬁﬁ%&%&&ﬁ%ﬂy B4Rt 162552 PO N MRIE buffer

contained 50 mM sodium phosphate buffer, pH 7,0, 1 mg/mL lysozyme and 500 gg/mL polymixin B

sulfate. céﬂ%%‘ﬁﬁ%l%ﬁé’%&ﬂ%‘ﬁé&%%é’ﬁtﬁfaa&‘tf ﬂ”efd%féliy%ﬁé’a?ﬁtﬁ’e(‘ﬁ]%‘a’a‘?g% ‘tﬁ}ttflg%‘as measured
by transferriag2 0ffikreppropriatelycdihsedclear. hsatel supdtnatbntintt theflweligasidc- deep-well

mierotiter plaieswith 180-gk.al a0 aasaymbu rﬁ&%@@ﬁtﬂiﬁgo@ é@Mo%%é!ﬂHﬂtyD berrbate:bwffer (pH 7.5),

4 U/ml A. er catalase (Sigma-C3 and 40 dimeth 3.1.0jhexane provided
as its acetn IC acﬁﬁ]% alt mr%%%%’g%t ?Jﬁ e?%d§éaa fe an%°§ %ﬁqert}avr:oonrﬁ ’8ﬁ1(p%rature for 4 hours. The

reactions jypye qqﬁe?aae@cbmg 9&5%9@%9& h AsiRBiElealer AR Al e centifuged.

After centrifugation, 150 e surgernatant was transferred to g shallow plate for HPLC analysis by

the methad’ S%\é’éféﬁfﬁﬁp% E’% S BTe A TP BLE BSRaHSh RS 1 T8 i 2 B Eclipse XDB
C-18 3.5 mishondfanicisigizercolumnaat?t®@swithreramo bitevprias e ioh 686 40m Yt amdngnium

acetate/ageLonjtrile Alda S BriRarfhe imine siuied-at iaﬁryamtqn@%am)t £3RIyHR imine can be
detected and, activit ank|n of the var ants was using absolute peak area of the imine
el SO R R A TS SIS G G PO SRR AR A
extracted Witholaty et TBE derstisubiectod wtichiratc@@vakdlysise lﬁ}ftmelrﬁeﬂm@@f@rample 4,
Exarrr]lpée %ﬁﬁl@ﬂ M@Hﬁh@ﬁl&.@&ﬁ@y&fme%tw%m&% DXidASRAGHNINE Bfbperties of K, Vs %1'

octa ydar yc enta rrole,.C mpoun 03 Lysate contalnln monoamln OXI ase variants
on 96 Wel,fc fﬂa? ch can ato NCTE giggn%?rzéa(%lm(y S[[ s 10 & §

ere prepare eSEhb Riohoamine oxidase ac activity was
measuredﬁb§r<trla#sﬁrerhﬁguse e eréaﬂwsate‘rﬁwﬂﬂ@ \%trsn@fl@ee Héépzmnwermﬁ@rprare@ with 450

, of an assayhmixtiContakIng 40 MMisedivimiphosphais, afial(plod tfey odhdin| A. niger
catalase C351 0 mM ctah roc ntalclpyrrol he ass ates were sealed
and shalke I B R T
supernatant was quenched into 100 p.L. of acetonitrile in the wells of a shallow well plate for HPLC
analysis according to Example 5. 103811 The reagtions were quenched by addition of 100 ill
acetonitrile and the plates were centrifuged. After centrifugation, 100 pi. of the supernatant was 100 p1
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 40C with a mobile phase of 70:30 40mM ammonium acetate/acetonitrile at 0.5 mL/min. The
iminea \AWO 2010/002222PCT11 IKL20NA1N0AR2EE aliited at -1 2 minitite (2654 mn) Onhy the imine f~ran bhe



Example 12: Monoamine oxidase catalyzed desymmetrization of 6,6-dimethy1-3-
azabicyclo[3.1.0]hexane (1) to (1R,5 S)-6,6-dimethy1-3-azabicyclo [3.1.0]hex-2-ene (2) under a
blanket of o !;To a 50-mL 3-neck flask under air was added pH 3.0
potassium p?l{osp%(l/%ég% fer and 330 pl., of 6,6-dimethy1-3-azabicyclo[3. (31; e%];a%%g gr%%(l/e
homogeneous solution. The pH was adjusted to approximately 7.5 with concentrated H3PO4. To the
pH adjusted solution was added 60 '11_, of A. Inger catalasc suspension (Sigma Aldrich; catalog
number C3%55arRdvI50 tigrenerbine ariae BYidusEdsowHR doTEdlypEtdEs sHdEDHID NO 4, 6 or 8
(preparedibycthemathadief Examptens it piH 8.0 Motassimrqhosphaie: bufietic Hiechaadspace was
flushed iU WM& SEATLLOXYERD B INE eRY mgngagilg%%%a%%w%cwe%r%1 figpd under air for

24 hours. Trﬁqe pH was maintained at 7.4 via teedb controll itton of 1 N NaOH in 1-5 gt

portions. TREPEEGICRoWAE dereteled fwith-10 ww&@)ﬁ%*b%g%‘é 0¥ to lmprskirfately 14. A sample
of the mixture wasexiiacied wihaGioEy| 3t Adtenphase: sepasatidhivia eenpritu gai(eeddpmior 5
minutes), d&‘f&sNMﬁe%@ﬁa!é’?ﬁ%s%%g%%g éﬁé%%é I%Ma&%ve{ﬁe@ SLIE aMiRG4h g, theimine (2). Chiral

GC analysis by the method of Example 4 showed (IR,5S)-imine enantiomer (2). The (1S,2R)
enantiom& A ABPHRfEMEY "R 1@%@‘“@?%‘&%%@’&? %}’ei’%eiﬁéllfaf?’iﬁ‘ﬂa&@&}%ﬁ?ﬂ@ﬁﬁ’ﬁﬁon of
6,6-dimetinidad; arzabicyolold inffhexans:(di}doR58)e6 G-ditrathyd 3. “azabicyeto [3 .1.0]hex-2 -ene

with air sparging.indhe ALaSENEE QL RIRYINE: Q331 AL00:mhJosknag added 49-ml,of dH20 and
1.8 mL of 6,6- dlmeth%fl -3- azabicyclo[3.1. O%hexane to give homogeneous solution with a pH of

apprommgf%? e 20376 AN ST STt B AT It SO0 AT TRET KA WA HITERF 2.7 g of
Na2S2050eirevidéiathoiogshenub salutibd -dnththiecpit vastbdjusted toldppraximately 7.5 by

addition Oéequxek Mo®f &, hé@o@!meeé@é@glU@eﬂp\ﬁ{%@dﬂ@9&935&&&&@&@%&&%&Igma
catalog narcrjl er A-6226 1 0 ttl,. of g%&gfgrscatalase susgﬁ}@smn ma Aldrich; catalog number

C-35I5) a TS B R ShETRRe FOWRE? 8P PORBEpHaE ’éﬁ?(j’}fier\‘?ﬁ‘ﬁ”é (prepared by the
method ofubssateples 2)rihe Gesrribet OB M 8. 0spathssivtr phosplatepudferS Al wias sparged into
the reactioR:@bxiHreHBr QUER fgﬂ&@&g&@&ﬁ apdutherestitina.Rade: vellow solufian wasstirked with air
sparging E{)r 24, h%urs a 1room t Cﬁf E[ﬂ_‘gabout 2t1C fog 4 ho IS, ;I'h E):H was malntalned at 7.4 via
feedback Controlied adt |tia(q)h188 int i emor |onlscnlnﬁ’e ré)sac?t(fo?q was'qt quenched and the
imine-bisyHitefiagidocmahe mﬁlmﬁl@&eﬁ) Wahe%k@#%q‘#é’éﬁmiﬁe%ﬂﬁgmw NaOH to bring the pH to
approxim 14 and the pro%uct was extracted |solated extraction into MTBE Following phase
oparatio [HR et iR 8 SRl TG B e AL AHEs Uk itllaion n 8o
yield. Anaiysischy ‘M‘SEIJNMRSW‘@D@&SS(@%W@%Wpﬁ@i@}beeﬁﬁﬂhﬁed eodvetsicheafriediripound (1) to
the imine Gampopitd 2} bkt amlysisdin e Thethad etzl;mel%@hewequ’ 88)-imine
enantiomer QZ The ZR eg% can rvg;;i% nsoetddetg)g‘[ed LCO)I%%(Q 1011 of‘t ubsirate

(1R,5S)- 6“5’ ]%ﬁy- :y2 ?f:p g G%?; T ﬁ1 X-Jiené's Cbfjal was treated ﬁ1 1. 8 equiv. of NaHS03
in D20. 1IH£<I><1MR analy3|s indicated quantitative conversion to the blsulflte adduct CH-NMR (300 MHz,
D20) spe .8 (d, Jb 1,in (r ¢ (aH 503; major‘gllast eom%C)t 4t5 d J.J dgw )803 minor
diastereo er 34- % ta, I—fcmlsnSr ES %Ipe}%cn%lr 3! y?&@“ Ba llﬂnsrﬁ]g}or astéfeomer) 3.05
(dd, IH; Jﬁm%@hﬂméﬁ% didstefaonian) el 68 @rpanrniapbivaied tﬁﬂiﬁ@ﬁ@l&%fé&é@r@()cﬁfgﬁ (m, 1H, major
and minopghasiareamen., (1522 (ss)3bnminos diasiereamenyhelS (s, 3H; minor diastereomer), 1.10 (s,
3H, major diastereomer), 1.00 (s, 3H; minor diastereomer). Example 14: Monoamine oxidase
catalyzed{0eytrifuix eiratidie 0f6:16 dirvathyr:Be azEbicpolof8rlidd]theiametagrs similar activity
(1R,58)-6{1§594me£% %@z@@é@ml%kmg% & em%ymaa&@mgmeaa@@mpmuaﬁt addition of the
substrate and bIS %039 Lo h 500- rpL 4-n ﬁsk at room te t mpe é ulﬁ (tatboutTgJ]C) fitted with
an overhe&dF: ?ﬁ?er at vfloagl%}ild %c%e y f {SESr 'SRE" T 2 R aabeproxﬁately 1.0g;
approximéaetyuoieibqoiof @@dﬁm@h?ﬂ@@z&alﬁléﬁd}[g toolpresdivdrougiveted sorvgeneous solution
with a pH of 11.8. Na25205 was added in. portions u .5 was achieved. To th colorless
Solution WL B SRR St R DA g LAY LA AR DR A ABOL 0! . miger
catalasc gtapensitn (Sigfmatidriohsuoatabeg) nuimbeHC:851.5 e §ivel 2 tuledetwisdlgtiofr-at pH 7.5. To
this solutign mgq%ga%@gtmﬁqm%@m 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 waki8plaigé o antitn &t witate ofs§Qenhimirkaag itolyasphdtdatirdtothe pH of the
reaction myixtureHeoan teidrardmmediately. 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 WO 2010/008828PCT/US2009/048255 additional 10 minutes (40 minutes total), 120 mL of a
6,6-dimethy1-3- azabicyclo[3.1.0]hexane/NaHS03solution (20.8 g of
6,6-dimethy1-3-azabicyclo[3.1.0]hexane with 150 mL of dH20 and enough Na2S20.5 to reach pH 7.2)
was added to the reaction mixture at a rate of 0.25 mL/min. The pH of the reaction mixture began to
drop immediately and addition of 2 N NaOH was resumed. Addition of
6-dimethy1-3-azabicyclo[3.1.0]lhexane/NaHS03 was completed after about 8 hours (9 hours of total

raaction fime) The hace addition cantiniied and the hace addition rate increacead aftar the cirithetrate

1k I




-Time [min] NaCN added [equiv.] Total NaCN [equiv.] Time since previous addition [min] pll %cony.
[H-NMR] Trans/cis [H-NMR] 0 1.0 1.0 0 10.5 ND'ND 20 1.0201i10.592 >1002 60 1.0 60 10.6 92

WO 2010/608828 PCT/US2009/048255

[0183] “Derived from” as used herein in the context of engineered monoamine oxidase enzymes,
1dentifies the originating monoamine oxidase enzyme, and/or the gene encoding such monocamine
oxtdase enzyme, upon which the engincering was based. For example, the engineered monoamine
oxidase enzyme of SEQ ID NO:§ was obtained by artificially evolving, over multiple generations the
gene encoding the Aspergillus niger monoamine oxidase enzyme of SEQ ID NO:2. Thus, this
enginsered monoamine oxidase enzyme is “derived from” the wild-type moncamine oxidase of SEQ

ID NO:2Z,

[0184]) “Hydrophilic Amino Acid or Residue” refers to an amino acid or residue having a side chain

exhibiting a hydrophobicity of less than zero according 1o the normalized consensus hydrophobicity
scale of Eisenberg et al., 1984, J. Mol. Biol. 179:125-142. Genetically encoded hydrophilic amino
acids include L-Thr (T), L-Ser (3), L-His (H), L-Glu (E}, L-Asn (N}, L-GIn (Q}, L-Asp (D), L-Lys
{K) and L-Arg (R).

[0185]) “Acidic Amino Acid or Residue” refers to a hydrophilic amino acid or residue having a side
chain exhibiting a pK value of less than about 6 when the amino acid is included in a peptide or
polypeptide. Acidic amino acids typicaliy have negatively charged side chains at physiological pH
due to loss of a hydrogen ion. Genetically encoded acidic amino acids include L-Giu (E) and L-Asp
(D).

[0186] “Basic Aminc Acid or Residug” refers to a hydrophilic amino acid or residue having a side
chain exhibiting a pK valiue of greater than about 6 when the amino acid is included in a peptide or
polypeptide. Basic amino acids typically have positively charged side chains at physiological pH due
to association with hydronium ion, Genetically encoded basic aminoe acids include L-Arg (R) and
L-Lys (K}

[0187] “Polar Amino Acid or Residue™ refers to a hydrophilic amino acid or residue having a side

chain that is uncharged at physiological pH, but which has at least one bond in which the pair of
electrons shared in common by two atoms is held more closely by one of the atoms, Genetically

encoded polar aming acids include L-Asn (N}, L-Gln (Q), L-Ser (S} and L-Thr (T).

[0188] “Hydrophobic Amine Acid or Residue”™ refers to an amino acid or residue having a side chain
exhibiting a hydrophobicity of greater than zero according to the normalized consensus
hydrophobicity scale of Eisenberg ef al., 1984, J. Mol. Biol. 179:125-142. Genetically encoded
hydrophobic aminoe acids include L-Pro (P), L-Tle (I}, [.-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 amine acid or

residue having a side chain that includes at least one aromatic or heteroaromatic ring. Genetically
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WO 20310/608828 PCT/US2009/048255

encoded aromatic amino acids include L-Phe (F), L-Tyr (Y) and L-Trp (W). Although owing to the
pKa of its heteroaromatic nitrogen atom L-His (H) it is sometimes classified as a basic residue, or as
an aromatic residue as its side chain includes a heteroaromatic ring, herein histidine s classified as a

hydrophilic residuc or as a “constrained residue” (see below).

{0190] “Constrained amino acid or residue™ refers to an amino acid or residue that has a constrained

geometry. Herein, constrained residues include L-pro {P) and L-his (H), Histidine has a constrained
geometry because it has a relatively small imidazole ring. Proline has a constrained geometry because

it also has a five membered ring,

[0191] “Non-polar Amino Acid or Residue™ refers to a hydrophobic amino acid or residue having a

side chain that is uncharged at physiological pH and which has bonds in which the pair of electrons
shared in common by two atoms is generally held equally by cach of the two atoms (i.e., the side
chain is not polar). Genetically encoded non-polar amine acids include L-Gly {G), L-Leu (L), L-Val
{(V), L-lle (1), L-Met (M) and L-Ala (A).

[0192] “Aliphatic Amino Acid or Residue”™ refers to a hydrophobic amino acid or residue having an
aliphatic hydrocarbon side chain, Genetically encoded aliphatic amino acids include L-Ala (A), L-Val
(W), L-Leu (L) and L-Tle (D). '

[0193] “Cysteine.” The amino acid L-Cys (C) is unusual in that it can form disulfide bridges with
ather L-Cys {C) amino acids or other sulfanyl- or éulﬁlydryl»«(:@ntaining amino acids, The
“cysteine-like residues™ include cysteine and other amino acids that contain sulthydry! moieties that
are available for formation of disulfide bridges. The ability of L-Cys {C) (and other amino acids with
-SH containing side chains} to exist in a peptide 1 either the reduced free -SH or oxidized disulfide-
bridged form affects whether L-Cys (C) contributes net hydrophobic or hydrophilic character to a
peptide. While L-Cys (C) exhibits a hydrophobicity of 0.29 according to the normalized consensus
scale of Eisenberg (Eisenberg et al., 1984, supra), it is to be understood that for purposes of the

present disclosure L-Cys {C} is categorized into its own unique group.

[0194] “Small Amino Acid or Residue” refers to an amino acid or residue baving a side cham that is
composed of a total three or fewer carbon and/or heteroatoms (excluding the w-carbon and
hydrogens}. The small amino acids or residues may be further categorized ag 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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120 11.2 98 12 1. ND = not determined. 2, >100 means cis methine resonance not detected. WO
2010/008828PCT/US20091048255 [0398] After the final aliquot, the reaction mixture was extracted
with 100 mL of ethyl acetate and filtered through coarse sand to give a clean phase separation. 20 mL
of heptancs WadBH8H?D the organic phase. The organic phase was evapdratedtd Hisiiess via rotary
vacuum evaporation at 40C for 1 h. 11-I-NMR analysis indicated that the trans/cis ratio remained at
12:1. Example 19; Preparation of (1R,2S,5S)-6,6-dimethy1-3-azabicyclo[3.1.0]hexane-2- carbonitrile;
process riesitriess{O398dEtemd Afina SH0 anReddoeTleftask ab nodim dehperatine { apdut21C) fitted
with an 03@!&%&&9%&&%@&@%&%@9@@9 bl Q&MU%@%M@E@D%& &filripppyeximately 1.0 g

and 9 mmog)dof 6,6-dimethy1-3-azabicyclo[3.1.0]hexane to give a homogeneous solution with a pH of
11.8. Na2s s added in portions until the pH reached 7.5. To the colorless solution was added

3001.1 Ofeﬁ% fQ%H}xs%%z&%‘%%%?dQQb%G&B% GA‘n%%@n@@e?%%wm?gr&aﬂ%ge%iﬁ?@lase suspension

(Sigma Aldrich; catalog number C-3515) to give a colorless solution at To'this solution was
added 30‘(9%@%’?%%&%%%3@ ‘b‘iﬁ]&%t%dp‘&v\?d@%‘ﬁ(ﬁ éﬁﬁ%‘&%ﬁ}‘?ﬁ@%@tﬁgﬁ‘ﬁnﬁ%i‘ﬁ’&@ with SEQ ID
NO 12 topigptipeia wellewisoltitionidin tir sparging:robdijairflow sBdeiod «60lmBiminpwas inserted and
the pH of i FEREIIOMIBRKHE DRI HORIMMEd G M AN E R, WAR AR B RRE Yidfeedback

controlled addition of 2 N NaOH. After approxmatel 40 minutes, the pH remained stable and no

further baS& SBRABIGACJEETARP I st Sy BTS¢ Yr‘HﬁﬁXﬁé:é“t‘s‘Bnﬁﬁn‘lft%%a{bt&fjn%résiﬁ‘l’_%f 6,6
dimethy1B8: agabiesytoto [Butaid]ievanas el SO 3:sulution {26. 4ngigh6lie idimetimpdta8-non-polar to
azabicyclgl3. B, ATHEKADEWNAER. Dl kil 01K eORUANNGRSR03 (0 eRdlAbh 1,2) was added to

the reaction mixture at ar f0.12 /m|n Th H of the reactlon m|>§ture began 1o drop
mmodiatE) REAGEHIH GF3 K ALOH IR bt e TRE P Coromaal ey e
6,6-dimetinpihg- dmbiwem[@:mop@x@hwm@@@@dﬂmoﬁwm evnpleted afteplapproximately 21 hours
(approximately.22-bawtsef datal reaction time). Base addition continued at an increased rate after
substrate addition was completed. After 24 hours, the reaction was judged to be complete by NMR
analysis. [e400} Stepevaffteb4tihoirs, 13.5 g of NaCN (1.5 equiv.) was added to the reaction mixture
to give a milky reaction mixture with pH.9 9_200Q.iL_aliquots was taken after the mixture had been

stirring at r%‘iﬂ’ﬁ“t?emperature fora‘éb%ﬁqw*ﬂ’g%‘fﬁﬁfé‘s‘“q"ﬁe allquots were extracted with 1 triL of
CDC13 and 1 NMR T he-eis-StereoiSOmerwas MR
1ts.hL[° B‘ir]aﬂ?tg‘

T I IIC L;ID DLCICUIDUIIICI WAaS bCIUVV LhC 1H
detection|limit’at’both time poif 0 m nutes since the NaCN addition, the reaction was
extracted with 300 mL of MTB 50 mL)

thao
ye-extract-was-an

and the upper organic layer filt

EofREANRTA0ME0USs Plase was drained off (approximately 2
ered through 6 g (2" diameter x 1/4" height) of Celite . The Ce

rinsed withl360 mL of MTBE a
phase. The organic phases we

neitvedviiBRiE(ded.iN.thé€ Oélitet rinse was used to extract the

re comhined_and.concentrated under reduced pressure ucmn

vacuum v%’f?010/008828pc

white soli further-ariee-un
Fee-

(1R,2S,55 -dimethy1-3- az

J@%?GB@}B@@S evaporator at 40C for | hour to give a white
Uub nnnnnnnnnnn {aYar VARY e H
TR

1H-NMR [ggtgction Timit. {0402
pure form after one hour at rog

ILICSSUTT |U| UC IIIIIIULCO LU HIVC 2L J g \ U/U} 1
Diis-exampiediBSTates that this aminonitriie Temains in stere

exane-2-carbonitrile. The cis (2R) epimer was
m temperature at pH 9.9 and in the presence of 0.5 equiv exc

liteal) was
agueous
a rotatory
solid. The
Id) of
below the
romerically
ess

cyanide. EXafpler20: Prepara
carbonitrile; process robustnes

iomhofi(bR; 28, 8SY;6,6-dimethy1-3-azabicyclo[3.1.0]hexane-2-
s. [0403] Step 1. The procedure was identical to Step 1 of EX

mple 18.

[0404] Step 2 After 24 hours,

rtian miviiien wwith

1 P10 BINECN (128 equiv) was added to the reaction mixture

Aftar ctirrinat 2t ran amnaratiirn far 10 mintitnce A 20N

milky rea
was taker

CUUTT TTIITATOT O VUVTTOT PI T

n, extracted with 1 mlL

LIO(')

t
. l_\IL\.rI \JLIIIIIIH AL IU\JIII LLIIIIP\JIMLUILI TOUT J.\J mrmrTute g, LA 4UU

OPI&?DCB 11-I-NMR analysis of the extract solution indicateg

b to give a
i aliquot
| complete

conversio

nto (1T R;2S;55)-6,6-

almetnyl - azamcymop I anexane Z2-carbonitrite, the trans a

inonitrile

with no detectable cis 2R stereoisomer. [0405] The reaction mixture was stirred at room temperature
for an additiem]al‘%lhmmﬂi«hd MR @nalySisfaftes dbdiamisindicaiechafransicisalhinamitrile ratio of

-15:1 (th

trans- dou Iet 3.92 ppm, cis-

desynun e“(‘r‘f?ﬁ%’ﬁ“ﬁf’%?é’tﬁﬁfd%

Pajsis latiovam eleripd AYale MRS g&@%@fgﬁcm@s ainepitile,methine proton.

onoamine oxidase catalyzed

Example 2
Wlthm the defined groups listed above. in

-doublet at 4.22 ppm).

OO R

(3aS,6aRy:k, ahdimBibanexahysiosyeiopantafcifiswale e denstatic! die. {@4i06pabbabGanik 3-neck
flask under air was added 25 mL of 100 mM pH 8.0 potassium phosphate buffer and 375 mg of
octahydrocyclopentalc]pyrrole hydrochloride followed by adjustment of the pH to approximately 7.5 by
addition of 1 N NaOH. To the pH adjusted solution was added 60 [IL of A. niger catalase suspension
(Sigma Aldrich; catalog number C-3515) and 150 mg of monoamine oxidase powder (prepared by the
method of Example 2) with SEQ ID NO 4 in pH 8.9zpotassium phosphate buffer. The resulting pale
yellow solution was stirred under air for 24 hours during which time the pH was maintained at 7.4 via
feedback controlled addition of 1 N NaOH in 1-5uL portions. The reaction was quenched with 10 N
NaOH to bring the pH to approximately 14 and the product was isolated by extraction into CDC') and

the conversion was analyzed by 11-1-NMR, showing the formation of
1 29 A 8 A Aa_-hevahv-droecveloneantalelnvniilea TOAO71 \When the monnamine ovidace with S{EO 1D NO



[0409] To a 3-L 3-neck flask jacketed at 20C and stirred at 300 rpm was added 500 nth of dH20 and
20 mL of a 25 wt% octahydrocyclopenta[c]pyrrole solution in water. The pH was adjusted to
approximately 7.6 with concentrated. H3PO4 to give a colorless homogeneous solution. To this
solution wa4HHBYYPHEIRL of A. niger catalase suspension (Sigma Aldridi: CHEAMG HEber C-3515)
and 5.0 g of monoamine oxidase powder of the polypeptide of SEQ ID NO: 16 (prepared by the
method of Example 3) to give a pale yellow solution. The head space of the vessel was swept with dry
air at apprexinigatebyBtRukiimia g Thelpl of theireadtdn was:maintdingatati . hy)fdedbick controlled
addition of the23.W1% octahydrocyclopentalc]pyrrole solution in water in 20-100 piL portions until 380
mL have been added. (The amine in neutral solution is protonated; the imine is not. A proton is
released [# %8 ‘fBeaetion andsmusbliédasoinalizephiopspadataindhevphf thdbisexamie athe amine itself

is the ba%?ohllstﬁg I@i%rg?lgefgg E}igﬁethéa%ﬁbﬁgactagl M}'@?%%ﬂ?gm%%§o%t%hmo acids, 2 or more

octahydrocyclopentalc]pyrrole solution in water had been added, the pH was maintained by feedback
controlled™3BGiBHFof 4 NKFLSHIEEE PRt E tRe PR AUH CoreRpti Ty 15 feiditis BY(45 mmol) of
the substratap Afids, nptfurthesNae@iticonsymptomnasiobsemed fanvaliguetbfithecshinsyinvas taken,

filtered, apdahg.selidwas aitdried. WO 20t H008828RGTALLE20R/A48255:44102 1H-NMR spectra

of the solid dissolved in various solvents showed varying proportions of the mine (3aR,6aS)
octahydrdBPEISHEMERTIS 018 28 4HE & AREP ) THBH shor RSB BE BRISO'{360 MHz)
showed dirreraépdtireesimingavasahptitete ofett (spgoriim: B Salidultcdb8iRnhid) 12 &8:(m 1H), 2.33 (m,
1H), 1.854fd:odpfise 28 cheldduslsdadnpG (i vetde dbbinhiohdVIR in CDC13(300 MHz) showed a mixture of
imine and diner (spectrum: 6 3.22 (in, 1H), 2.65 (m, 1H), 2.30-2.40 (m, 2H), 1.89 (m, 1H), 1.50-1.70
(in, SH), 1043%irr1iktRiod] BMNMR i diS4iDEP @4 pORCN(BBOMidd)isholved omnly-theprotodated mine
monomerﬁ(%ﬂ%ﬁ'é%ﬁ:g p@T%)]%)&QE' %r&%ﬁ%@dﬂﬁ&x&l#ﬁe %r%i%v%c(pﬁgi%we@n%l%ﬁp&o@asg'5'1'7 (br,

6H)). 10411] To the bulk of the reaction mixture was added 100 mL of concentrated HO to give a
yellow suSHERSHT WAtK DIEPCBITES Br SO AR S [ OR rsd AT R YRR suspension was
centrifugedidts800¢ <4 @foridl aimstesnithemasultidyty ellionisoperd atamtawas dedanted and returned

to the reagfiop.v@gsehn I While RastedpeliaiefRuibererRNINMABHAN L Was FRHIREBASRIR 100 mL of
dH20 and filtered {hrou‘%h filter Qgger. .Tglg esidue was rinsed with d 2% 1%}1100 mL%. All acidic

aqueous SOTlBhs S5 OBtAREY coRtAifing (26 BARI VT34 15 B 8ahEanYdro &y doPERtaTE pyrrole
hydrochldridecopéizecse abimatioa ne s edddivesthpiethiy epanatiors eddetionno ahds daminonitrilc. [0412]
~ When theymahnaspioeigxieiaseuith SEQ ID NO. 16, used in this example, was identified in high
throughput screening, the chiral GC assay of Example 5 showed that it oxidized
octahydrdé3¢4b pénfiieipyirnleotd dHton dcrd dv{BarRBas)- inman{4yd THer¢8a8 @aRyerémtiomer was not
deteﬁtedd : cﬁﬁﬁ%&ﬂé’d%f?a?git\éﬁ’@ﬂl%ﬂag g?é&g%lc%@ih’g%ﬁgﬁ%@m%%ﬁﬁﬁ&{it?%@freference soquence.
octahydrogyclopenta[clpyrrole to aR)-1, ,5,6,6ahexahydrocyclopenta[c]pyrrole and its
corrompor A S e 3 BB I AT B SR VRN 2613 1o @ 3. 3neck
flask jackeiéigratceochde Binfea o pir WhsiaHdeto5 00 Ma0E BEidG M PO oD IEIRS Wi
octahydraeygiapentaleipyrrole solution in water. The pH was adjusted to approximately 7.6 with
concentrated H3PO4 to provide a colorless, homogeneous solution to which 2.0 mL of A. niger
catalase $0&HénSinmnibisVorypeieictSatafseorep ¢4yt dhat 029 wxfamonoamin axidaseboawder of the
polypeptidg:shs R4 NG iR MR paretiky thamethed ohixamalacs)ware addeddp give a pale
yellow solution. The head space of the vessel was swept with. dry air attl_afsatp?r{?ximatel. 0.2 Limin. The
pH of the FEACHBN WAS TAAIMainatr At 75 Via feedback Controlled ataiion of the: %g’o
octahydrdeyslapestaieipyrroteisomion ienegraterdine20 7006 Pi'pdttions tmtP3seafld haiébeen added.
(The amingiin-neutrahsakikion g eteralad: the imine is not. A proton is released by the reaction and
most be neutralized to maintain the pH. In this example, the amine itself is the base used as the titrant
for the pHIRER ) ‘Afviat@Z0imentfiehecRs: widpoler2d1 0100 8328RORIVSP0091 048255
octahydrogyclepantaielpymelesallion i water hadibepniaddedstheRicinas raaisiained by addition of

1 N NaOH to complete the reaction (corresponding to the injtial 5 g (45 mmol) of the substrate). After
no further NaGi &Sﬁge rﬁ(geﬁ’cﬁ {/(ft/f%ao' s‘grl%/leal,ofg(g% L oetdl\%ﬁ'% El%gé%%r rﬁ%ﬁ {o'the heterogeneous
reaction rifXIEERTADVPAR thaPN RERTE 46 4BE calftet filtrat srrthrotig A e éntseredtmenienmdicaqueous
phase wasdiscardesanddhedpparenganiephase extiactedwith1H%-eille agiduaneihe acidic
agueous solution containing (3aS,6aR)-1,3a,4,5,6,6a-hexahydrocyclopentalc]pyrrole hydrochloride
was used directly in the preparation of (1R,2S,5S)-6,6-dimethy1-3- '
azabicyclo[3.1.0]hexane-2-carboxylic acid according to the method of Example 29. Example 25:
Preparative scale production of the dimer of (3aR#aS) octahydrocyclopenta[c]pyrrole, Compound (3)
[0414] To a 500mL 3-neck flask jacketed at 30C under air and stirred at 300 rpm was added 100 mL of
dl-120 and 2.0 mL of a 25 vit% octahydrocyclopenta[c]pyrrole solution in water (0.5 g of the substrate).
Thewas adjusted to approximately 7.8 with concentrated. 1-13P0O4 to give a colorless homogeneous

solution. To this solution was added 0.2 mL of A. Inger catalase suspension (Novozymc "Catalyzyme
101 and O 25 a of monoamine nvidace nowder of the nolvvnentide of SEO ID NO 2A (nrenarad hy the



[0419] Step 1: To a 1650 mL thick-walled glass pressure bottle (Ace Glass, Inc., 8648-157) equipped
with a magnetic stirring bar was charged 75 g (306.9 mmol) of the (IS,3aR,6a5)-

octahydrocy, gé}%n} (%%? rrole 1-carboxylic acid hydrochloride / ammonl &91[1;% |xture
prepared in Example 375 mL dichloromethane, and 497 mL t-butyl acetate e resultlng mixture
was stirred vigorously at ambient temperature (about 21C) to break large aggregates to provide a
free-stirring suspension. This suspension was cooled to an internal temperature of OC using a brine-
WO 201016088 26Ee PSR 0TREssn8sicA ath dhtpms anhoriperso the AuToNtE thard8tifonic acid was
added dropndsecaves dbsnimdatesyshpting which the internal temperature rose to 5C. The pressure
bottle was sealed and the reactlon mlxture was allowed to warm to ambient temperature (about 21C)
with vigor82&3ktirpitgiayialins PEDAN g ARG TR R E I S bR aparli e shgp@ision of white
Inorganlctﬁaﬂednnaﬂaamhefewe&m; § henmbdurewassaopladinsanicatiatinandithe pressure bottle
carefully ven nd unc d. The m| ure was. transferred.to a,3 L f in an ice bath
with stlrrlng 1‘2%1‘@?Irjlacr?lg%§§)?ar S]\J/v'f)i eIiliaﬂOH inw 3%glrowaasmz{u§§e allgh&esﬁi%ﬁ?g %\%}9 }:%gmmutes while
maintaini AR YEATIEHR e BT WP ZORS TR I&H#r et Haltery sl thid sorageasiraréaliowed to
separate sﬂ’d@&:ﬂf@@@iﬂb@hﬁ%ﬁo@%@:@ﬂﬂ Wastdyavesktotabepatatenessel olileseemaining aqueous
phase ang (A dd mQQQo@ka e AGlRd W3R b ISR AMBIRARG, he organic

phases were combined 1250 mL ) and washed with water (2 X L). The resultlng organic phase

was filter@8E5 FePheve ¥ raisife P iduhySinsinTe thelterar o BAlHeE soitentwagTe8mbved by rotary
vacuum evapianatiantta tived8osigpoarksambentoidinidue N Bbspeptitiss iopthidiollskowrea
(1S,3aR, %@Qéﬁ&%ﬁw drocyglopentalclRy valed - cRrRlicAd i 9&1‘@6 &3 0RA% A second

preparatlon following the same procedure yielded was 50.6 g

trans(1S, SHREERSYS hvane&H}a5%?8%}89FP&fésticesﬁBﬁ}éw%&a?aa]ff BASALEBIFPEEE2 11 Step 2:
97.9 g (463818:minctjcafsirid, BaRs6aS)<owidiwdneryolopentatd loymoleed warvosylicdaritl t-butyl ester

from the tyo preparations.accarding to.Sigmdiveke gisaQlvedin A3 mkdhtyl Acetate and charged to
a 3 L four-neck flask equipped with overhead mechanical stirring, a thermometer, addition funnel, and

reflux corfiarRSaY: Wt?wsg?srﬁﬁtéﬂ%ﬁ BHfdIekP TR pEPRRIE P 1C), a solution of 44.0 g (488.6 mmol) of
oxalic acighyy4f 5% élpﬁg&mh\@@%s%q%&%mwa& RQVELAAMINLIES IR SASIRGhE mixture's

temperature to 3 pegan to precipitate after addition of -50 mL of tf%%oxallc acid solution, and

resulted |ﬁy§r{ﬁ?€k"s§ﬁ’§beh%glefﬁ{’§ﬁé? R afatibi srEb s 2R WEr AdarEk Srebehidithe oxalate
solution, thelprecipitateds@lidsttbdlsdoliedtgprovide stalidiy yelloybsolutidmeSolidsSprecipitated again
rapidly after.the, a@q&%m @Q@aa}h—a@‘ the sxalicselution.angResisted throughtheend of the oxalic

acid addltlop This susp e Was hen eated 78C rovide .a thin suspension which was allowed
to cool pas: Y\?@&eﬁ/fﬂ%ss(ia% 5“1‘“ |%?1]tl%ernr‘1)b"é’”rré} e §1 ﬁ’te%rigtﬁi (FERSFEE this &oafing began,
the precipietic gbh@s‘iﬂévém‘iﬂm@é@:b%ﬁlﬂr@t@ﬁd?ﬂitwﬁhéd Yorceasivaly With isoprdpanol (450 ml.),
isopropyl acetatedAnd.0t- 3 and swethy t Joutyhmetbw mﬁem@@@ gab); frberselids weredded in a

vacuum Oven,gi (?/O afﬁué‘é% %\;?ﬁ%eamlz th[?I’ zoc mwrr ?? (< 784{@360111 ketal,l

(1S,3aR ) octa cyclopen I‘pyrrofe i caf oxy IC acl yI es xalic acid fgffsalt (64%
yield from’\(ﬂl@lsdﬁa@é@*)3@(&%@4&%@%@1@&@{%?&@Jﬁ@é?lﬁékﬂlﬂé%?élcﬁﬂww&ﬁkﬂfd@?%;a dense, tan

free flowingowder (99. ThaRuityRy. &G analysis)s Whishexhilited W 4/, eds.), pp. 683-693,
2010/008 28§D CT/ILJSZOOg t§n2u§ ‘%B]%EX}? Ct%doci emMIngp g%r%ﬁg E) All publi caﬁons

(1S,3aR, a8 oc%ahyafocy open’ta yrrole-1-carboxylic aci ester oxalic acid (1:1) salt. [0422]

RecrystalFWWWWS@RC%@}%&W%y%B%dM B%Fé}e‘ﬁ‘?‘déﬁfﬁ@ﬁ@ﬂfé%meb‘iﬁ?l ester oxalic
acid (1:1) saltsstihe-tan powdeidmem ste piadeveddds, ugh 394 Qamnrmglyandisoprgpanol (1950 mL)
were charged, 1o, 8 3d-faurpack flask eqvinned with.ameehanical Siing. a ierpameter, and a reflux
condenser. The suspension was s rrecT and he%ted to 74C to completely dissolve the salt, resulting in
a yellow seREsCI SR 2% Slowed and the solution was allowed to cool passively to ambient

raton el e R R SR e S B oyl Louty
methyl ethebidifeiorredoRs swveiéar e sadiion %ﬁ)@ﬁ%@@@gmﬁa&!aﬁ?ﬁ bmf@fﬁéaﬁ]) to provide
110.45 g (ovaafibashociaindeocytlopantajclpyttoletiheaathoxyliatanitdrtbityl @ateiaxalic acid |:1 salt

(59.1% Y14, 5,997, 033 oripspilonsnililayale gyl i ytochiorde) as

fine, off-white needles of 99.9% purity analysis). Chiral GC analysis showed only the desired
(1S,3aR,6aS)-sterecisomer. Its (25)-epimer was not detected. [0423] All patents, patent publications,
journals, and other references cited in this disclosure are hereby incorporated-by-reference in their
entirety. CLAIMS: 1.A monoamine oxidase which3gonverts the amine compound of structural formula |
to the mine compound of structural formula Ha, and which comprises an amino acid sequence that is
at least 88% identical to SEQ ID NO: 10 and in which the amino acid corresponding to residue 465 of
SEQ ID NO: 2 is a glycine, wherein compounds | and Ha have the structural formulae: 11(a)

wherein A is 0, CR1R2, -C=C-, or -CH2-CH2-, wherein RI' and R2 are each independently selected
from -H - COOH X -NH?2 -CH2NIHC(NIKDINH?2 _C¥XYX?2 _-CH2CH?” and wherain Xic caelactad from E CI




6. The monoamine oxidase according to any preceding claim, wherein the monoamine oxidase is:
i)capable of converting the substrate (1R,5S)-6,6-dimethy1-3- azabicyclo[3.1.0Thexane, compound (1)
to (1R 55)-6,6-dimethy1-3- azabicycio[3.1.0Thex-2-ene, compound (2), with a percent stereomeric
excess of atMA2IBHSERY5% and at a rate that is improved over a refereéd g@ﬁé’ﬁ‘fﬂié’havmg the
amino acid sequence of SEQ ID NO:2, wherein compounds (1) and (2) have the structural formulae:
113CCH3 (2); Or capable of converting the substrate (3aR,6a5)- octahydrocyclopenta|c]pyrrole,
compouneh(3) 16%3é&BaR)di3a%4 86t hathexalnydrdtyclepentajcipyrrcibowoitp dlande(4), with a
percent d{%h@r&%m@cﬁ%&a@%éﬁgl%l%m@w ém%ﬂdﬁio@sr%ecﬁa@aﬁmmmﬁ%ver a reference

polypeptide having the amino acid seguence of herein compounds (3) and (4) have

the structt¥BR AR Ofs feay 7 Fhe rRSWB‘é%?ﬂ@%’(”i‘dsa@P E 0 2y S Bring 16 8% B, which
comprisegahiagrimb2a8RPEdie 368 coAZSh ot phgtto SEQ iy iNDatkd ore s gnerally (i) according to

claim 6l%owatmmm%%ﬁ&amwms§gmg%ﬁ% ﬁf&!{ﬁé%ﬂ%@%@ﬁﬁs@é&!&@ﬁd%ﬁd&4 16, 18,20
or 36. 8. Aﬁ:) g/ntucleotglte e co é IJe t(%e oxidase accordu&g % of the preceding claims,
wherein tH& FOVISTERSHYE ShtSHAIR 88 ﬁ§8§ BN PP PR 7 18R or 35. 9.A method
of preparlﬁ“glvaeyubs@aﬁmaﬂyeﬁi@rfe@mém@aﬂﬂipim@w@ha’pti@iﬁdi@zeeﬁ@dinéi@@?welewwldformuIa Il: including
salts and QMQ&@&&&M%%%%Q%%MS in0. OlSl\/PaNié“‘C@at@R-tfe(z 57 hﬁﬁﬁd@'ﬂgf@iﬂ% inwhegkein 121 and R2
are each {\?%pea ntl}(@FleCtgg f{) (Fer %) i n%mgy cléllljd’zttgr:ltl%il\lililnc crcl%< ﬁ] H3, -

CH2CH3, and Whergin Kis Setecte from may e present or
may both JEngtysEAREPISlenbbothvidEd e Wiare. bYéB’éﬂﬂM@ﬂd&Féﬂﬁé%ﬁ%la%@lﬁfégélected from
0 and CR3RBA:whereimdandR4ia e kstBz@ermathanﬂiﬁamﬁéath kxformszmmethylene

bridge with (tlibe g}rg}%% {sﬁgget O theé}f—’lgbéalgfn%em&w% ﬁa b are | fﬁ‘n Ss not N :nd %ﬁ‘fq Ais 0, M and NI'

are not 0 b) A can be en anda *and (©
when M WM“&?@@F@R&@NSSW Bribedpipge stErda@isters, the stereocenters of NI and M' are of

'?Opgtcl)‘ 32&?&?@%? ml tr > vnuc Qoetlcrire]?etp ?sdtg gn@%o'l?r'n 1eot1r(]*l at%'alpg Qo%uce (t:o a ogtucrgzg according
by laboratory tecimlques, and includes polynuclectides that are removed from a host cell, subjected to

laboratory manipulation, and then reintroduced into a host cell.

[0267] “Codon optimized” refers to changes in the codons of the polynucleotide encoding a protein

to those preferentially used in a particular organism such that the encoded protein is efficiently
expressed in the organism of interest. Although the genetic code is degenerate in that most amino
acids are represented by several codons, called “synonyms™ or “synonymous”™ codons, it i well
known that codon usage by particular organisms is nonrandom and biased towards particular codon
triplets. This codon usage bias may be higher in reference to a given gene, genes of common function
or ancestral origin, highly expressed proteins versus low copy number proteins, and the aggregate
protein coding regions of an organism's genome. In some embodiments, the polynucleotides encoding
the monoamine oxidase enzymes may be codon optimized for optimal production from the host

organism sclected for expression.

[0208] “Preferred, optimal, high codon usage bias codong™ refers mterchangeably to codons that are

used at higher frequency in the protein coding regions than other codons that code for the same amino
acid. The preferred codons may be determined in relation to 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 coding regions of the whole organism, codon frequency in the aggregate protein coding
regions of related organisms, or combinations thereof. Codons whose frequency increases 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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wherein A, M and RIP are as defined for structural formula ll(a) and (11b), with oxygen and a
monoamine oxidase enzyme according to any one of claims 1-7 in the presence of a co-factor under
conditions in which the monoamine oxidase enzyme oxidizes the amine compound of structural
formula Ito y&%?é@%‘ﬁaﬁng imine compound of structural formula li(a), tﬁéjxﬁ%ﬁé?%%%fﬁ of formula
[I(b), or a mixture thereof. 10.A method according to claim 9, which is a method of preparing a
substantially stereomerically pure compound according to structural formula Il(a): ,A Ni ll(a) including
salts andrinyfdrenesitiipee6f, ondaeiain.including mpltig«GiaGRAyIR X0t €a@plepsiBiHEH 2ualwdierein Fe and
ga géeH%@@neg@Q%e@mtggi§,ea:lgq&ge;f&mi;ms;%Qé)ﬁonxugexWa SGERNHSAH)N E'i -CX3. -CHz, -
and wherein X Is selected from F, Cl,.and Br; ) ' th be. present or may
ot b SR K e BN K AR LI B ka8 RS e o 575 Befocted from §
and CR3tD¥ajinehein MolemierR4 Qrd 498.aridiRBroeiRa I3 WEaiia SRaier 4Re-of W nvic methylene
bridge; Witbs.th@z@ﬁmﬁaosﬁ@&t, g., 1990, G633 whmzm.m%hdw'@ﬁge@abﬁéﬁre@t@@wfmwii% 0, M and IE/I')
are not 0;, Ac e -CH=CH- or - -CH2- when.M,an ar 4: an C
avhen N1 M B T e et st s SRRy e o
opposite &tePEefEHG1sHistEds Res. 28: 297 Brebtiioth comipridint tortRetdiarf &tire coirhdtihd according
to structusalferendla loowhrigind, M.ang I VAsareas detined-far sttuciurad foosalailayawith oxygen
and a mOS%O%@PQTQOQéI%%S% AN ian%%%%;r&% 10, 20Y:Q0e r?&c?e!c@’(l%ssl_ézll@etc esf%tig %?roiﬁngf & co-factor
under conditions in which the monoamine oxidase enzyme oxidizes the amihe compound of structural
formula 1t6PEESH LSRG e MpIETIRE b P eRRI AT IIERI(ER) crdere PR HTatBRIHclaim 9 or
claim 10, wheteifpthe gordaciatiig stynon-coraientlyrassosigtects\viths (ReTROnOgEdine Oxidage enzyme;
Or H) selecled 1o {1 91oNRONSISIAY QLEADAEMN A, A1, NADE 12, L énsifipd of claim 9 or

claim 10, further comprising a component catalyzing a disproportionation of hydrogen peroxide (H202)
to molecuf4F 55y dernardwate PP IR EH Y @Fﬁ’é) %ﬁ “%@é&@ﬁ’ﬁgﬁ;the group
consisting/sérPahérel andl a%6atalases éhzyme 26535 Phetlioco tprep&ihg anpixtdpe/chimplising a
substant@y;égﬂgﬂﬂpmericaliy pure aminosulfonate compound according to structural formula lli(a) and
a substantially enantiomerically pure aminosulfonate compound according to structural formula I11(b):
A. M ME [sm9891 14 (endd kéhydnetuding salieenckhydiates tbenpaipmdetadh are necessa®y is 0, CR1R2,

CoCn raptip R eI and B8 0 L3R eRe el selegled figMebleiGOOK, X

-NH2, -CH2NHC(NH)NH2, , - CH2CH3, and wherein X is selected from F, Cl, and Br;
Ni and NiT#a8F BtHaRS Sregei BF Arelyibati seumee reatias it BB ang i present NI and
Ni' are thecgamesinchareise lectedifromi @ and-0R IR addeeteinnR3amnck Rboaeetikt ©riREcar R4 of M and

R3 or R4 IS}EM)&EQV%MBQHMJ %ELEJ%@Q Qfid transcription terminator. At a minimum, the control sequences
include a promoter, and transcriptional and translational stop signals. The control sequences may be
provided with linkers for the purpose of introducing specific restriction sites facilitating ligation of the

control sequences with the coding region of the nucleic acid sequence encoding a polypeptide.

[0216] *“Operably linked” is defined herein as a configuration in which a control sequence s
appropriately placed at a position relative to the coding sequence of the DNA sequence such that the

control sequence directs the expression of a polynucleotide and/or polypeptide.

[8211] “Promofer sequence” is a nucleic acid sequence that is recognizad by a host cell for

expression of the coding region. The control sequence may comprise an appropriate promoter
sequence. The promoter sequence contains transcriptional control sequences, which mediate the
expression of the polypeptide. The promoter may be any nucleic acid sequence which shows
franscriptional activity in the host cell of choice including mutant, 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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with the provisos that (&) when M and NI" are 0, A is not 0; and when Ais 0, M and 11/1' are
not O; (b) A can be -CH=CH- or -CH2-CH2- when NI and NI' are CR3R4; and (c)
when M and NI' are CR3R4 and have one or more stereocenters, the stereocenters of M and N1' are

of opposite g‘fgre(f)lgf?@?ﬁf‘gtry, the method comprising the methodP&TéFéﬁFﬁﬂ%“gﬁH’ further
comprising the addition of bisulfite under conditions which yield the mixture comprising a substantially

enantiomerically pure aminosulfonate compound according to structural formula Ili(a) and a
substantiédlb Enadriiorielidally peae amirgsuionatdcorhpbund-adedrdingabsthaeieg diofortula 111(b),

wherein the bisuifiteds. 0@&195@1&@@@%%& the-reaction hefaraahsi mm;@mexau@hf Wihyte monoamine
oxidase, or after addltlo of the monoamine ox&dase 14 A et o o] 1?%” %substa tlaIIy

enantiomaneaty Be SminGRie SR ot SeBRING 6 struc‘iﬁ?a SRR RN (a)
including @ales stk ydehtebaihefedts alkdratmps, such as Mg, CRARD-praCh reiracgpH2-, wherein

R1and %@r@@a@e&gﬂﬂehpeﬁci%m%eelaeo@ﬁﬁghfr@mnhik{p@%d?éa M@ch@m&%mai bCx3,
-CH3, - CH2CH3, an erein Xis om F, Cl, and both be
IE'%one ot {PIOE) V\{r htc am " éé {r{;ﬁu as -meth 1 -cth Oa"n}ar%i{l {BP% %

present or may bo are pr &sent & same and are
selected ﬁbﬁ’ﬁﬂ@hé(ﬁ’d’@ﬁ3ﬂﬂ4 Wﬁe%ﬁﬁm Wlﬁﬂf&?@lmewmle Y FEBP MI"F%@@FWM of NT form a

methylene@féﬂgﬁ,{wmm&ﬁgmm thatropyl, see-buk), Wheto BRI, ag"@]ﬁnﬁiem&&yland when A is
0 M and W ha{i) ty E-r,b &yN F(-n}ef‘égn P% Nt cfrﬁ%_}]\;f eprolj])érgl_@ cg me%l%i\fvpoen Ay %':? CR3R4;

are 4’an or more stere centers t e stéreocenters

of Nl anc?meﬁ’bépé?‘@bédgﬁeyﬁﬁf’e’béﬁéﬁhglﬁ?}tﬂ#é werRee b SraprisiHy. 3- "thyt]i’jlfﬁellfﬁethod of claim 13
and furth@meampiising, cantaeingdnel campanes,accoding iamstiuctarakieryiuiaea, 111(a) and [11(b) with
cyanide under ¢ E%HSI%'&QIP(JQ%Q E%oﬁ%?%ﬁt?ﬁ%ﬁg Sqrﬂ%'&ﬁ‘%%&w & amingnitie,compound

according to structural formula’IV(a he method of claim 9 and further comprising

contactin§trhe8sipduhdrdisctyiamd %t?ﬂEﬁhﬁP‘Féthh?‘a@“ﬂfﬁ)‘/ Befiiby -SrimsiREYS thisreof with
cyanide udidethgbapktions-wihichyitigid thedstbsiantiafyepmantiomerically pure aminonitrile compound
according to structural formula 1V(a). 15.A method of preparing a substantially stereomerically pure

amino acidddmpéuntisstedrdiftiic StriUFGRER A Moy HeRidrerdandterdBr e fein:
A is 0, CRA22y 166 - Reprdsdnid s svheeein(R 1@nrikRRiaracackinde pendentypelected from -H,

“COOH, 412, GHNHCINENR, LA GHRCHR R hgreig g5 slected fom F, ),

and It may both be present or may sent and whenboth M and IN' are

present MSFBURL areP e darife: Qﬁﬁiarlé“s@fé‘é’lled“ﬁ?iﬁmlah&l@?@éww Wherdhk®%hnd R4 are H, or R3
or R4 of M-madh123ydri R4lnfciy fonpya metindenplopdg e nwitisiphenprovisdy ikaty, (@) when M

and NI' arg, Q.4 !ECHQE Q @Qf?y}?{ Ig! L%h?ibMy@Qdc%lﬁﬁ%Pth‘amyibmyl, 1,1-dReAGRRpe -CH=CH- or

-CHTCHz- when' M
1,2- dlmcthylbutyl, 1,3- dlmcthylbutyt 2 2 dlmethyibutyl 2,3-dimethylbutyl, and 2,3-dimethylbutyl.

[02314] “-(C-Caalkyl” means a straight chain or branched non cyclic hydrocarbon having from 1 t0 4
carbon atoms. Representative straight chain -(C,-Cy)alkyls include -methyl, -ethyl, -n-propyl, and -
n-butyl. Represeniative branched -(C-Calalkyls mclude -iso-propyl, -sec-butyl, -iso-butyl, and
-tert-butyi.

[0215] “-(C;-C;)alky!” means a straight chain or branched non cyclic hydrocarbon having from 1 to 3
carbon atoms. Representative straight chain (C,-Cslalkyls include -methyl, -ethyi, and -n-propyl.

Representative branched -(C;-Cs)alkyls inchude -iso-propyl.

[0216] “-(C-Coralky!” means a straight chain non cyelic hydrocarbon having 1 or 2 carbon atoms.

Representative straight chain -{C,-C;)alkyls include -methyl and -ethyl.

[0217] “-(Cy-Cio)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 alkeny! means
that one or more straight chain -(C,-Ce)alkyl groups, such as -methyl, -ethyl or -propyl, replace one or

both hvdrogens in & -CH2- or -CH= group of a straight chain alkenyl. Representative straight chain

41



(c) when M and ft are CR3R4and have one or more stereocenters, the stereocenters of M and M' are
of opposite stereochemistry; the method comprising the method of claim 14 and further
comprising contacting the aminonitrile compound of structural formula IV(%%Wlth an acid and water
under condifFh&% ¥R the aminonitrile compound is converted to the $&B&aMIAIR &S reomerically
pure amino acid compound according to structural formula VI. 16.A method of preparing a
substantially enantiomerically pure compound according to structural formula V: including salts
thereof, whébeinciRE(1S(CaB&)aldpkiude -vinyl, Alisl),| GRARE - 2GmEr lois«@I@F2-, wherein R1 and

R2 are caglpdgnendenily selseienf19mathy CORH X oA, -CHANHGOINE, -CX3, -CHS.

CH2CH3, and wherein X is selected from F, Cl may both be present or may

both be aBSEAEAd KRBT G RGN ARt eb’?éséﬁ‘tﬁmc%d ?N]I’“Bfr@%e §’§Fﬁéylanzd°8fr°é‘3§elected from 0
and CR5R4vitreteihRBeayid R¢<am3l+! -DndR2:0r- IRKwefN] anttdenpr R4lotfpirmathwdttyylene bridge;
with the prowsos that (a) when NI and NI' are 0, A is not 0; and when Also, M and NI' are not

0; 033 A 4GrGReleespiZ BRm? SEghtenais o man o208 NG €SB RaE £om 2 6y when
NI and NkodreaBR3R4anadhiavednesOlkmonre sidreccaeniedutlictstelcdgeriarsiof Mlaghd NI' are of

opposite siereaRpiisky: ecneiiadaamagsigi e metha et sim - gad fyitier comprising

contactlng the aminanitrile compound of structural formula IV(a LWIt an acid and an alcohol under

conditions iRSWRTEh theRHomtMERSTHPEING i€ ORbErHed g the subStahtay S8 omerically pure
amino estéheompodrd-aorording taystrutturakéormula V, and wherein the method optionally
comprises the ste Fps M M NaHSO03MM'NaCNM M' H --+-HH ON IV(a) or H) the method of claim 15

and furthé¥dShptisitg B REeHmy A SR AP SEBTRetR 5 P & 4G RdE BfipBund according
to structural farnbateehwitid aivladick and=at compound:sale ctptt fronh thégnched dbnsibtiegrof R5-0H and

RS00(0)Ciz yiadenerAitions S inaring AciiramRoHpd ARFATdRG 9 SifCialormula Vi s

converted to the substantiall #f enantiomerically E re aminoester compound accordlng to structural

formula VP VREPSIT this Hie BTOE ShtSHAT L6 aMeas 1 ERpuaRfmght cham an

branched -(C;-Ciplalkynyls include -acetylenyl, -propynyl, -1-butynyl, -2-butynyl, -I-pentynyl,
-Z-pentynyl, -3-methyl-1-butynyl, -4-pentynyl, -1-hexynyl, -2-hexynyl, -5-hexynyl, -1-heptynyl,
-2-heptynyl, -6-heptynyl, -i-octynyl, -2-octynyl, -7-octynyl, -1-nonynyl, -2-nonynyl, -8-nonynyl,
-1-decynyl, -Z—décynyl, -%-decynyl, and the like.

[0226] “-(Cy-Cgalkynyl” means a straight chain or branched non cyclic hydrocarbon having from 2
to 6 carbon atoms and including at least one carbon-carbon triple bond. Representative straight chain
and branched (C,-Celalkynyls include -acetylenyl, -propynyl, -1-butynyl, -2-butynyl, -1-pentynyl,
-2-pentynyl, -3-methyl-1-butyuyl, -4-pentynyl, -1-hexynyl, -2-hexynyl, -5-hexynyl, and the Iike.

[0221] “(Cy-Cejalkoxy™ means a straight chain or branched non cyche hydrocarbon having one or
more cther groups and from 1 to 6 carbon atoms. Representative straight chain and branched
{Ci-Cglalkoxys include —methoxy, -ethoxy, -methoxymethyl, -2-methoxyethyl, -5-methoxypentyl,
-3-ethoxybutyl and the like,

[0222] “-{Cs-Cyp)eycloalkyl” means a satarated monocyvelic hydrocarbon having from 3 to 12 carbon
atoms. Representative {Cs-Choleyeloalkyls are -cyclopropyl, -cyclobutyl, -cyclopentyl, -cyclohexyl,
-cycloheptyl, -cyclooctyl, -cyclononyi, -cyciodecyl, and -cyclododecyl.

[0223] “-{Cy-Cgicycloalkyl” or “4- to 8-member cycloalkyl ring” means a saturated monocyclic
hydrocarbon having from 4 to 8 carbon atoms. Representative -(Cy-Cy)eyeloalkyls are -cyclobutyl,

-cyciopentyl, -cyclohexyl, -cycioheptyl, and -cycioocivl,

42



cx2-020w01.txt SEQUENCE LISTING <110> mijts, Benjamin muley, sheela Liang, Jack Newman, Lisa
M. zhang, xiyun Lalonde, James clay, Michael D. Zhu, Jun Gruber, John M. colbeck, Jeffrey Munger,
John D., Jr. mavinhalli, 3agadeesh Sheldon, Roger <120> BIOCATALYTIC PROCESSES FOR THE
PREPARATION G EEBSTANTIALLY STEREOMERICALLY PURE FUSEBBRYCHSEPROLINE
COMPOUNDS <130> Cx2-020w01 <150> 61/075,243 <151> 2008-06-24 <160> 36 <210> 1 <211>
1485 <212> DNA <213> Atrtificial sequence <220> <223> Aspergillus Niger monoamine oxidase
(MmAON) {206k ‘1{aigatoagetittugyytggatitdatggedgduticaaianataitg tangtgtdgerttttcacgtg
acgcacgagghdoeastagie.facaagialg Jlanacaaag.raciccapehiglalagatt-ictageragdatotagtga gecgaaacgtt
gcactgtcca gtgcatgcgg aacaaattat tgcttcggga gecgttggec gtaaaggatg tgcctgcagg ttaggttggce gtactggagg
gcgacggc't‘ﬁ%i:%ﬁ’ft‘fqgé%’ ?@t‘i@@g&&&é‘gﬁ%}é’g}g@% acggttaccc gtgaaatcac gcgtgaatca cggaggatga

geegtacaghAegadRtuls SRGRON Heglonal AliARlss AaRGRAR AN AR 9aRRSTR tDtasaGcagaaccat

aagtcgataa gctacgctat cagacgcgaa aactggcgcc aatttgccaa gtctgcgcga gtagttttat aact ac
gicg ato%s. Re%resentaﬂ%e( 3 ﬂcycloa]i?ys %ciude -Ccye opropy% —C}gclgbLgyi,g-cy%iopcntyi, 9999

-cyclohexyl, and -cvcloheptyl.

[0226] “-(6- 10 10-memberediheterobicyclic” or “-(6- to 10-membered)bicycloheterocyclo™ means a
6 to 10 membered bicyclic, heterocyclic ring which is etther saturated, unsaturated non-aromatic, or
aromatic. A -(6- to 10-membered)heterobicyclic contains from 1 to 4 heteroatoms independently
selected from nitrogen, which can be quaternized; oxygen; and sulfur, including sulfoxide and
sulfone. The -(6- to 10-membered)heterobicyclic can be attached via a nitrogen or carbon atom.
Representative -(6- to 10-memberedyheterobicyclics inclade -3-azabicyclo[3.1.0}hexane, -quinolinyl,
-isoquinolinyl, -chromonyl, -coumarinyl, -indolyl, -indolizinyl, benzolbifuranyi, benzo[b]thiophenyl,
-indazolyl, -purinyl, -4H~quinolizinyl, isoquinolyi, -quinolyl, -phthalazinyl, -naphthyridinyl, -
carbazolyl, -B-carbolinvl, -indolinyl, -ispindolinyl, -1,2,3 4-tetrahydroquinobinyl, -1,2,3.4-
tetrahydroisoquinelinyl, pyrrolopyrrolyi and the like.

10227] “-CHy(halo)” means a methyl group where one of the hydrogens of the methy! group has been
replaced with a halogen. Representative -CHsy{halo} groups include -CH,F, -CH.CI, -CH,Br, and
-CH,L

{0228] “-CH{halo),” means a methyl group where two of the hydrogens of the methyl group have

been replaced with a halogen. Representative -CHthale), groups include -CHF,, -CHCL, -CHBm,
-CHBr(Cl, -CHCI, and -CHI.

{0229] “-C(halo);” means a methy! group where each of the hydrogens of the methyl group has been
replaced with a halogen. Representative -C(halo); groups include -CFs, -CCls, -CBrs, and -Cls,

[6238] *“-Halogen™ or “-halo™ means -F, -Cl, -Br, or -1

162331 “Oxo”, “=0", and the like as used hercin mean an oxygen atom doubly bonded to carbon oz

anothar element.

[6232] 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 1o three second groups.

[0234] In another embodiment, a first group is substituted with one or two second groups.
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tcagtggacc gccgactaac cgggtattgt getggaggcee gtatgagatg gegttataaa cttccaactg actgctgegt gttgecgtte
atattccgaa agaggctttc tctgcattgg ctataaattt cactggccgt cgcageacgt gattccgetg ctccgetatg taaggatatg
cggcgatgge tcatatccag tgggacttic aggcgegtgg gaaacaccgt cgatggtgct caagegcegag ccggaaacgg
atcgaagata JY e Egtgatcgta ggtggeactt atgcacaacy cgtaccaatc agl§ldttt@ddeatyata
cgcattgacc attttattat tgggcaatgt aaggatggcec ctgggctatg gttaccgcac aacgtattga caggcaggcec cgttcatgga
acgaccccag ccggacgagg ggtgtcaaac ttcttcagece ggtgtegtgt atcgaggagg gtgaaggece gtctgacccea
ccgataag@Ridaccogtha tigoidigeng giigticattyicgdigieted einoclatrgeatadatteac tgttttatgt agatccgega
gtagcggtgg cgggttacac agagtgegtt tetitggttg gtgacggteg gtactattca atgttaacat cgggtatcge cgggtaatac
acgtgcgcé%?ﬁ%bt@@tﬁﬁdd’é%dg‘t‘ﬁf’t’f‘gé&’é%féi@ﬁ'éacé?ﬁ?@??’@@é%gfo%gé@‘fé}é"cb%ﬁf%éaﬁ%ttgg 120
tttaaccgtad8e fotetitggnge 240gcaicaatti-3R0 tricdittaae 3a0Haocgtacatg 420 Ltaatgtcgan480 gccggaattt

540 cgaagigigl AQ0.GREGALAGAA @&9&@%@@9&3&9&%&%&9 GubaRiiecaatgGgl 840, 6oaattcgea 900
gtttagccca 960 gtgcaccaaa 1020 ctatccgttc 1080 gcatctggtg 1140 aacgttgaaa 1200 ccacaactgg 1260

ggtttcagalf IS Bresstd g a8gd &@j‘é&&ﬁ’f@ﬁﬁhm 1485 <210> 2 <211> 495 <212> PRT <213>

Artificial SRQUANEE. (X2:( %QYXQ%%X é%%%a%%%% A%E%r%% P‘@ﬁfffl}%%@&“ ne.oxidass (MAON)
<400> 2 met Thr Ser Arg Asp Gly Tyr Gin Trp Thr Pro Glu Thr Gly Leu Thr 151015 Gin Gly Val Pro

\S/elr IIl_euG Icidjgégplm siséﬁzfoﬁmdasﬁlafh bpe\%ﬂaﬂﬁo%%ﬁf(}%ﬁ%ﬁﬁﬂoﬁbﬁléﬁﬂt hy@ﬁ@@imﬁ@%ep;ﬁsp%gggg
al lie rc U r al S
Thr Lo L A b B e B S B e R

Pro Tyr Gtmf:rﬁfém? @wwwﬂpfg%em%s@w@qﬁrbf Pﬁéﬁ‘(‘}ﬁﬁiS@F P}@%Pm%t%%e@r@ lle Thr Arg Tyr
Lys Met @319?0_1’]195110 Asn Ala Leu Ser Pro Selgequﬁ Asn Phe Ser Argwﬁlé/l Val ASFhHIS Phe

e ferm “racemic retfers t0 a muxture o arts Of enantionier 1Ch 18 optica
1151201 P P

mactive.

[0240] The term “resolution” refers to the separation or concentration or depletion of one of the two

enantiomeric forms of a molecule.

[0241] “Substantially enantiomerically pure,” as used herein means that the indicated enantiomer of a
compound is present to a greater extent or degree than ancther enantiomer of the same compound.
Accordingly, in particular embodiments, a substantially enantiomerically pure compound is present in
80%, 85%, 90%, 91%, 92%, 93%, 94%, 5%, 96%, 97%, 98%, or 99% enantiomeric excess over

another enantiomer of the same compound,

[0242) “Substantially stereomerically pure,” as used herein means that the indicated enantiomer or
diastereomer of 2 compound is present to a greater extent or degree than another enantiomer or
diastereomer of the same compound. As noted above with respect to “stereoselectivity,” enantiomeric
excess and diastercomeric excess are types of stereomeric excess. Accordingly, in particular
embodiments, a substantially stereomerically pure compound is present in 80%, 85%, 90%, 01%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% stercomeric excess over another enantiomer 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 moncamine oxidases disclosed herein as the biological catalysts.

SCHEME 1
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Gin Leu Arg Thr Asn Pro Thr Thr Ser Thr Tyr Met Thr His Glu Ala 130135140 Glu Asp Glu Leu Leu
Arg Ser Ala Leu His Lys Phe Thr Asn Val Asp 145150155160 Gly Thr Asn Gly Arg Thr val Leu Pro
Phe Pro His Asp met Phe Tyr 165170175 val Pro Glu Phe Arg Lys Tyr Asp Glu met Ser. Tyr Ser Glu
Arg lle 1801‘591%6“’&%83’(%in lle Arg Asp Glu Leu Ser Leu Asn Glu Arg Sef SEREE GG 195200205 Ala
Phe lle Leu Leu Cys Ser Gly Gly Thr Leu Glu Asn Ser Ser Phe 210215220 Gly Glu Phe Leu His Trp
Trp Ala met Ser Gly Tyr Thr Tyr Gin Gly 225230235240 Cys met Asp Cys Leu lle Ser Tyr Lys Phe Lys
Asp Gly Gin Ser Ala 245@—?90@55 Phe Ala Arg Arg Phe Trp Glu @,Hﬁ\lMa Ala Gly Thr Gly Arg Leu Gly
260265270 Tyr ValPhe Cys Prayal Arg Ser Val Mal Asn HAsp Al 2 75280285 Ala Arg val
Thr Ala Arg Asp Gly Arg Glulf He Ala Ala Lys Arg Leu 2902953Q0 Val Cys Thr fie Pro Leu Asn val Leu
Ser Thr lle Gin Phe Ser Pr@ 365310315320 Ala Leu ser Thr Glu Atg lle Ser Ala Met Gin Ala Gly His
Val Asn 325330335 Met Cg/s Thr Lys Val His Ala Glu Val Asp Asnyl.ys Asp Met Arg ser 340345350 Trp
Thr Gly lle Ala Tyr Pro Ph JAsn Lys Leu Cys Tyr Ala lle Gly 355360365

[0244] Scheme 1 depicts the reaction catalyzed by the monocamine oxidases of the disclosure
whereby a secondary amine, i.e., a heterobicyclic compound according to structural Formula I is

oxidized to the corresponding imine compound of stractural Formula Ei(a).

SCHEME 2
VAL VAL
MW MM
Reaction {1} 2 Z—&H + 2 Ezyme-FAD 2 HeefwaH  +2 Enzyme-FAD-H,
Ny LN/)
H
Reaction {2): 20y + 2 Enzyme-FAD-H, I 2 Enzyme-FAD-H0;
Reaction (3); 2 H,0, . 2HO + Oy

10245} Scheme 2 depicts the three elementary reactions that, together, provide the overall net
reaction depicted in Scheme 1. In the first reaction of Scheme 2, the secondary amine, 2
heterobicyclic compound according to structural Formula T s enantioselectively oxidized to the
corresponding imine compound of structoral Formula I1(a) by a monoamine oxidase of the disclosure
(which is complexed with a flavin adenine nucleotide co-factor (FAD)) to provide the corresponding
substantially enantiomerically pure imine of structural Forrula IT and the reduced monoamine
oxidase FAD complex (Enzyme-FAD-H,). In the second step, the reduced monoamine oxidase
(Enzyme-FAD-H, complex) is re-oxidized by molecular oxygen, yielding hydrogen peroxide (H,0;)
as a byproduct. In the third reaction {which is not catalyzed by the monoamine oxidase), hydrogen

peroxide (H;0,) breaks down to water and oxygen.

[0246] Substrate secondary amines of structural Formuia T are commercially available or are readily
synthesized using methods and reagents either known in the art or readily adapted, in light of the
present disclosure, from methods and reagents known in the art {see e.g. Delalu ef af. (1999)

J. Heterocyclic Chem, 36, 681; WO 2007/022459; and WO 2007/075790, and references cited

therein).

02471 Hydrogen peroxide is a strong oxidizing agent capable of irreversibly inactivating the
monoatine 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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Asp Gly Thr Thr Pro Ala Gly Asn Thr His Leu Val Cys Phe Gly Thr 370375380 Asp Ala Asn His lle Gin
Pro Asp Glu Asp Val Arg Glu Thr Leu Lys 385 390 395 400 Ala Val Gly Gin Leu Ala Pro Gly Thr Phe
Gly Val Lys Arg Leu val 405410415 Phe His Asn Trp val Lys Asp Glu Phe Ala Lys Gly Ala Trp Phe
Phe 420425%8078EY0R¥2®ro Gly Met Val Ser Glu Cys Leu Gin Gly Leu ARF&RBPES/A88%10445 His Arg
Gly val val Phe Ala Asn Ser Asp Trp Ala Leu Gly Trp Arg 450455460 ser Phe lle Asp Gly Ala lle Glu
Glu Gly Thr Arg Ala Ala Arg val 465 470 475 480 val Leu Glu Glu Leu Gly Thr Lys Arg Glu Val Lys Ala
Arg Leu 4854204950 .C X 2:020\\ 04, tx heldbOmr 3 s2dd md 49tk:<2d 2etiiNAbodidendrtiticial Sequence

<220> <2232 MALMOoNeATING OXIdas6: 549053 MUREGAYGG IRIRGITRIA AcagipgRGg.cog9aaacyy
gtctgaccca gggcgtaccg 60 tccctggggtg tcatttcgcC gccgactaac atc%\aagata ccgataa%ga cgggccttgg 120

gatgtcattd TRt GHELEGa GRS JHHCITARRT CA4R CREIHS BISAELYc1BM g E48tfttdA Agacyctgct
gctggaggm@gﬂgaén@taiﬁtggmgg@mgoﬁmcﬁggmmfﬂﬁ@mgta&t&t&ghae@mmmat@agatgzggiggcactt
gggtteattggratcaall300.caraleiges 9I93aRIRAG ARdHaRRR, JlgrACRASESESIRIcIeR lgaliiaac 360

ttttcacgtg gcgtgaatca cttccaactg cgtaccaatc c%agccaccag tacgtacatg 420 acgcacgaag cggaggatga

actgotgedt SRR B Ada e ksl g Rk B 6nY Joa ST i gtassht SHSEGH ccacatgata
tgttttatgt godgdastit:3iHcegbaaytatg aeppdatyieratativeytiat cooalidatn dgatecgoya £gaactgtct 600

ttgaacgaqe.gelalaghil.aaaageiite Atk IirgeONIaYy FaccHaAaR S0, apGiceaeskHggigaalt tetgcattgg
¢ 720 tgtatggatt gtttaatctc ctataaattt aaggatggcc agagtgcegtt

tgggcaatgt cgggttacac gtatcagggg
cgcgcgtc%? ggg%&%glg(@%)aa&%gggc/@w ‘a'cactggccgt ctgggctatg tctttggttg tccggtgegt 840 tetgtggtga

acgaacgggaeocagiacgt AUAGL A% SIRCOG.AT3RLInAG-P R0 A6H33aca L iggiiiacas gattcegetg
aacgtattga gtactattca gtttagccca 960 %actgtcca cggaacgcat ctchctag{ cggqg{fglgg_cc atgttaacat

gtgcaccad TS0 GO ERgEHG 25Ty A 1Raa Y ala  tHHEA R PR fERGRELOBE aacaaattat
gctacgctas cggogatggeracgascetdy egtginataogoaictigtei4l tgattoggdé-cateicgofda featatccag
ccggacyagg-acalacacea aagatigaaail00.geaalqgrs aatlaacqesHaoRciiG gigicagac gictggtctt
ccacaact%]I 126 g%aza%qgt% E{attt?cca?ta gcg t@g técttc gc ccca%ggcg\t %gtttf% at%ti]b 0
oy _ A, - - oy

(goctgeagt BJEIRIN Gat b SO RE G T PR A A G SO0 AT AL Gtatat
cgatggtgotrdtegaygabygseieccgege agegegtgtt 1440 gtactggagg aactggggac caagcgegag gtgaaggcecc
gcctgtaat%?a 1491 <%10> 4 <211> 495 <212> PR‘Td<2,1‘3> ,IArtifiqiaI Sequence <220>. <'22d3> variant
monoamilg DXidHe8EAEe PP S RIS By ARSI 5 Ao IS TR B/ Teu Thr

solubility of oxygen in water and in light of the decrease in that solubility as the temperature and

salinity (solute concentration) increase, molecular oxygen in solution for reaction must be replenished

by gas-liquid mass transfer from a gas phase. Typically, the activity and amount of preferred

monoamine oxidases provided for practical reaction rates are sufficient for the reaction to become

limited by the rate of gas-liquid mass transfer. As 1s well known, the rate of gas-liquid mass transfer

is dependent on the partial pressure of the gas in the liquid, the solubility of the gas in the liguid, and

the gas-liquid interfacial area. According, the rate of a gas-liquid mass transfer rate-limited reaction

can be increased by engineering enviromnents that provide aggressive gas-hqmd mixing, nciuding by

sparging, hollow shaft impeller aspiration, countercurrent gas-liquid circulation, vertically serpentine

tubular flow, and the ke, Additionally, in any engineering environment, the rate of an oxygen gas-

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 1%

continuousty 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.

1025¢] In certain embodiments, the reaction mixture may also comprise at least one antifoam. Ina

particular embodiment, the antifoam is a commercially-available material such as but not hmmed o
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151015 GIn Gly Val Pro Ser Leu Gly Val lle Ser Pro Pro Thr Asn lle Glu 202530 Asp Thr Asp Lys Asp
Gly Pro Trp Asp Val lle Val lle Gly Gly Gly 354045 Tyr Cys Gly Leu Thr Ala Thr Arg Asp Leu Thr Val
Ala Gly Phe Lys 505560 Thr Leu Leu Leu Glu Ala Arg Asp Arg lle Gly Gl Ar;; Ser Trp Ser 65 70 75 80
Ser Asn lle REhZEY %o Tyr Glu Met Gly Gly Thr Trp Val His 859095%‘?6 HfiSUENMHERP His val Trp
Arg Glu lle Thr Arg Tyr Lys Met His 100105110 Asn Ala Leu Ser Pro Ser Phe Asn Phe Ser Arg Gly Val
Asn His Phe 115120125 GIn Leu Arg Thr Asn Pro Thr Thr Ser Thr Tyr Met Thr His Glu Ala 130135140
Glu Asp Qluifoat-2e ArgnSernAla1068ittis, 1Syd Plie MOy, Asthclikk Ao bdbitinbddd) &y Thr Asn Gly

Arg Thr Val Ley lﬁa{f Bhe-RraHiseaR Matdineg, T dartiflia ek RiaGlth RReARb ¥, Tyr Asp Glu
Met Ser Tyr Ser Glu @ré%?né?g&af%e 3 CX2-020WO01.txt 180185190 Asp.Gin lle Arg As(g Glu Leu Ser Leu

Asn Glu APY-EEFEE ¢ BIb6 e ML PriYird PRty v 2 s Foapbi i diu Asn Ser

Ser Phe 280215220:GlynGlrRivd teeudsist TIPdrp Ala Met Ser Gly Tyr Thr Tyr Gin Gly 225230235240
[0251} in certain embodiments, the oxidized imine compounds of structural Formula H may be
isolated from the reaction mixtare, purified, and characterized, In other embodiments, described
below, the imine compounds of structural Formula IT may be converted to another adduct or

mtermediate and used in a subsequent step without isclation or purification.

SCHEME 3
A AL A
M M N{ ;M NaHSO, N{ ;\ﬂ
T T T
s
N N N T804*
H H

0 Ii{a) (I

[6252] In certain embodiments, the monoamine oxidase of the disclosure may be inhibited by the
product imine of structural Formula II. Accordingly, in particular embodiments, the reaction in which
a compound of structural Formula Iis oxidized to a compound of structural Formula 1T further
comyprises an agent that will react with the imine compound of structural Formula IT to form an adduct
With a reduced or eliminated ability to inhibit a moncamine oxidase of the disclosure, as depicted in
Scheme 3. In one aspect of this embodiment, the agent is added at the beginning of the reaction or is
added intermittentty or continuously in amounts sufficiently high to prevent accumulation of an
inhibitory amount of the imine compound of structural Formula T but low enough to avoid
accumulation of an enzyme-inhibttory amount of that agent, In ane embodiment, the ageat is sodiun
bisulfite, which may be conveniently supplied as sodium metabisulfite, which hydrates in water to
sodium bisuaifite. Reaction of bisulfite with the imine compound of structural Formuls IT provides the
sulfite adducts of structural Formula 11, In certain embodiments, sodium bisulfite is added
continuously to the reaction at a rate whereby this reagent is “instantaneously” consumed and the
potentially inhibitory imine product of structaral Formula 1 is “frapped” as the less inhibitory or non

mhibitory sulfite adduct compound of structural Formula 131

[6253] Whether the monoamine exidase is inhibited by the fmine 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 volatiie 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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Cys Met Asp Cys Leu lle Ser Tyr Lys Phe Lys Asp Gly Gin Ser Ala 245250255 Phe Ala Arg Arg Phe
Trp Glu Glu Ala Ala Gly Thr Gly Arg Leu Gly 260265270 Tyr Val Phe Gly Cys Pro Val Arg Ser Val Val
Asn Glu Arg Asp Ala 275280285 val Arg val Thr Ala Arg Asp Gly Arg Glu Phe Ala Ala Lys Arg Leu
290295300%7&1 %&%ﬂ?ﬁsﬁﬁe Pro Leu Asn Val Leu Ser Thr lle Gin Phe Ser’Prb 308310315320 Ala Leu
Ser Thr Glu Arg lle Ser Ala Met Gin Ala Gly His Val Asn 325330335 met Cys Thr Lys Val His Ala Glu
Val Asp Asn Gin Asp Met Arg Ser 340345350 Trp Thr Gly lle Ala Tyr Pro Phe Asn Lys Leu Cys Tyr Ala
lle Gly 3553803681sH. Gy iTthr iRt PIgnadtnG BpaBainthivhie Al ety $Phidics i TrdB70375380 Asp
Ala Asn Hiis g jReRrRLem Glth ABRiYaHARGSalM by 385 390 395 400 Ala Val Gly Gin Leu
Ala Pro Gly Thr Phe Gly Val Lys Arg Leu Val 405410415 Phe His Asn Trp Val Lys Asp Glu Phe Ala

Lys Gly Al¥ip PlrerPice 20405480 &dveteopPromG rvetral abSetaGlil@yeiewSihaGly Leu Arg Glu

Lys 43544Q44%1 biis Mrerelynab¥ah B MRS SREOSPFUIRMMATLEH R4, Al 4rBdRP460 Ser Phe
lle Asp Gly Ala lle Glu Glu Gly Thr Arjg%l @IaAi{ Val 465 470 475 480 Val Le Gly.Leu Gly Thr
Ly Arg CHIVA G RPRIG s  F6E Ao DS T0s 623 o o o UGy

1o raise the pH to about 13, regenerating the imine of structural Formula IT which can be extracted,

e.g., with methyl t-butyl ether (“MBTE") and, in certain embodiments, isolated by distillation to

provide an imine of structural Formula IT as a colorless oil.

[0255] In certain embodiments, the rates of addition the substrate of structural Formula I, the
sequestration agent {e.g., sodium bisulfite), and a pH control agent (e.g. NaOH) are monitored and
comtrolled, in part, to minimize or obviate both substrate and product inhibition of the moncamine
cxidase used as the biocatalyst for conversion of a compound of structural Formula I to a compound

of structaral Formula I

SCHEME 4
N{'A'}\ﬂ' N{'A‘}Vl' NaHSO; N{'A‘}\ﬂ' NaGN N('A“j\ﬁ‘
H H - H H - H H H H
. S L et

(n fl{a) (o V{a)
[#256] In another embodiment, NaCUN is added to the reaction of Scheme 3 and the pH allowed to
rise to about pH 10, whereby the sulfite adducts of structural Formule T are stereoselectively
converted to the frans aminonitrile compounds of structural Formula IV{(a), as depicted in Scheme 4.
In aspects of this embodiment, about 1 to about 3 equivalents, about 1 to about 2, about 1.05 to about
1.3 equivalents, or about 1.1 to about 1.2 equivalents of NaCN (relative to the imine compound of
structural Formula IT are added to the reaction to convert the sulfite adducts of structural Formula ITT
to the frans aminonitrile compounds of structural Formula IV({a). Additionally, the reaction of the

compound of Formuia I1I produces the cis aminomtrile compounds of structural Formula IV(b).

[02587] The trans ammnonitrile compounds of struciural Formula TV(a} can be extracted from the
reaction mixture (1.1 organic solvent: aqueous reaction mixture) using, e.g., 2-methy! tetrahydrofuran,
MTBE, or iso-propyl acetate. The trans aminonifrile compound can be recovered from the organic
sobvent 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 5
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<212> DNA <213> Artificial Sequence <220> <223> variant monoamine oxidase <400> 5 atgaccagcc
gcgacggcta tcagtggacc ccggaaacgg gtctgaceca gggcegtaccg 60 tccctgggtg tcatttcgee geccgactaac
atcgaagata ccgataagga cgggccttgg 120 gatgtcattg tcattggggg cgggtattgt ctgaccqg caacccgtga
tttaaccgtc 1%8976’&88@&8% agacgctgct gctggaggec cgtgategta ttggtggeeg ?1‘%%{8%?3 é%ﬂﬁﬁ*”agtaatattg
acggttaccc gtatgagatg ggtggcactt gggttcattg gcatcaatct 300 cacgtgtggc gtgaaatcac gcgttataaa
atgcacaacg cgctgtctcc atcatttaac 360 ttttcacgtg gcgtgaatca cttccaactg cgtaccaatc cgaccaccag
tacgtacatg 420 acgcacgaag cggaggatga actgctgcgt agcgcattge ataaattca%e&%gtcgac 480 ggcactaatg

gcegtacagt gttgeegtte ccacatgata ttittatgt gccggaatit 540 cgcaagtatg a atattccgaa
cgcattgacc agatcegcygrcgaactgtct 600 ttgaacg@dc getctagttt agaggcttte attttattat gtagcggtgg

caccctggaa 660Wct ttggtgaatt-tetgeat aatgt-egggttaeac gtat ¢ 720 tgtatggatt
gtttaatctc ctataaattt agggatggcce agagtgegtt cgegegicge 780 tictgggaag aagccegetgy cactggecgt
ctgggctatg tetitggttgRccggtgegt 840 tetgtggtga acaacgega cgcagtacgt gttadtgead gtgacggteg
cgaattcgea 900 geggaacgtt tggtitgeac gatteegetg gaggtatiga gttctgtica tittage Cay960 ccactgtcce
cgcaacgcat ggccgctgcg aacattggcc atgttaacca gtgcgtcaaa 1020 gtgcatgcgg aagtcagtty tccggatatg
cgttcatggt cgggtatcte ctatccgttc 1080 Page 4 CX2-020WO1.txt aacaaattag ¢eBRgltat cggcgatgge

acgaccccgggggggt@@@g Seaiatiens 1i40iectiaaaaa B e9ssealaa F@ﬁ%ﬁt@@ﬁ&&@gg@ﬁﬁﬁﬁgl aggtggaagc
aacgaaga ccgttgaaa acatgtcgcc. tgggaat tcagac g

tgcaagga gg?éﬁ%tﬁ%%ﬁé“é%%lged)ﬁ%%%é% ﬁ%%?éé’cgégcgét%cz’ga%c ﬁgtgﬁggggé%%g%gg%%%%éﬁ% grgc¥gcgctg
ccgtcacgariamiziostayetnaptedegianiibiger K IS0RIGHIRFGE Gtagtithe ddgaycivattadifagg
gcacccgcgpmgeggitacidddtngtnatigaag anetgeolce lgeocHneg gigeaticct asriginalgaait491 <210> 6
<211> 495}_ 0<0231S2m> %@‘I’. <21%> @rtjﬁlgi I Seie%gee%cFe <%O > L::<%2§;> vgir‘ia%emorégaomiige ]ox.ideaslse <400> 6
Met Thr Ser ,&rg Agsp g’f‘ygﬂ}r In Trp Thr Pro Glu Thr é‘fy Leu ‘?Jlli B1015Gin G yn%/zﬂnlgro’ Ser Leu Gly
Val lle SefPyguBBy THXEAL [ ZoE B0 RERE TRAARRHM) S el BRPErMoporEpiREdlimeval lle Gly
Gly Gly 32404 pickyy ceysddily kebvdibd Ada THandegoh sit-dead thhfilValofl ax@lytiRhelys:p05560 Thr Leu
Leu Leu Gly.Ala Arg Asp.Arg I VAG e Lr 75 80 Ser As As ly Tyr Pro Tyr
T e R G LR
His 1001051410 A RFa G Sepivrh BarPhe BT PRETSEA NG SRV EPRERTHRI pefations

suitable for use in subsequent steps to produce the desired bicyclic proline analogs and derivatives.

SCHEME 6

AL AL H H AL
MM MM NaCN M M
He — 45— " = AR

{ on
N : N

IV{a)

i Ii{a}
"Dimer” li(b)
[0259] 1t 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 I1{a) may form not only a dimer, but then go on to forma
trimer (e.g., a compound of Formula I(c)) exclusively, or in some mixture with the monomeric and

dimeric compounds.
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115120125 Gin Leu Arg Thr Asn Pro Thr Thr Ser Thr Tyr Met Thr His Glu Ala 130135140 Glu Asp Glu
Leu Leu Arg Ser Ala Leu His Lys Phe Thr Asn Val Asp 145150155160 Gly Thr Asn Gly Arg Thr Val
Leu Pro Phe Pro His Asp Met Phe Tyr 165170175 val Pro Glu Phe Arg Lys Tyr Asp Glu Met Ser Tyr
Ser Glu Arg'€& 280985280 Asp Gin lle Arg Asp Glu Leu Ser Leu Asn GIUPATGUSEEES#MSESU Glu
195200205 Ala Phe lle Leu Leu Cys Ser Gly Gly Thr Leu Glu Asn Ser Ser Phe 210215220 Gly Glu
Phe Leu His Trp Trp Ala Met Ser Gly Tyr Thr Tyr Gin Gly 225230235240 Cys Met Asp Cys Leu lle Ser
Tyr Lys Phe Lys Asp Gly Gin Ser Ala 245250255 Phe Ala Arg Arg Phe Trp Glu Glu Ala Ala Gly Thr Gly
Arg Leu Gly 260265270 Tyr Val Phe Gly Ck Priy'Val Arg Ser Val Val Asn Glu Arg Asp Ala 275280285
Val Arg val Thr Ala Arg Asp Gly Arg Glu R Lys Arg Leu 290295300 Val Cys Thr lle Pro Leu
Asn Val Leu Ser Ser Val His Phe Ser Pro 3053103153201Fro Leu Ser Pro Gin Arg Met Ala Ala Ala Asn
lle Gly His Val Asn 325330335 Gin Cys Val L)% valHi lu Val Ser Cys Pro Asp Met Arg Ser
340345350 Trp Ser Gly lle Ser Tyr Pro Phid A Ali Tyr Ala lle Gly

M H M

1i(c)

{0260} The favorability of formation of such trimers can depend on substituent groups. However,
such trimer compounds of Formula TI(¢) would be expected to exhibit little difference in reactivity
relative to the dimer when used in the reactions of the present disclosure. Thus, without being bound
by mechanism, it is expected that any compounds of Formula I1(a) that undergo formation of the

trimer of Formula II(c), will exhibit equivalent reactivity to the dimer form.

[0261] Upon extraction into a solvent, e.g., MTBE or toluene, the dimer formed according to
Scheme 5 can be contacted either with NaCN and acid (e z., citric, acetic, or hiydrechloric acid) or
with HCN (at 0°C) to provide the trans aminonitrile compounds of structural Formula I'V(a) and the

cis aminonitrile compounds of Formula IV (b).

SCHEME 7
Al AL A
MM MM MM
H-Z—tH —  H Hg —————— H H o
NN N N
H H Of H O, _cH,
v{a) Vi v G o,

[0262] The trans aminonitrile compounds of structural Formula EV(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 comresponding #-butyl esters of structural Formula V, in which
moiety R® is -z-butyl, are prepared by contacting the amine compounds of structural Formula VI with
an acid {e.g., methane sulfonic acid) and isobutylene or a 1-butyl ester (e.g., -butyl acetate), as

depicted in Scheme 7.

SCHEME §
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355360365 Asp Gly Thr Thr Pro Ala Gly Asn Thr His lle Val Cys Phe Gly Gly 370375380 Ala His Asn
His lle Gin Pro Glu Glu Asp Val Glu Ala Thr Lys met 385390395400 Page 5 CX2-020WO0L1.txt Ala Val
Glu Asn Met, %leOPrmoOGI Asn Met Asp lle Lys Arg Leu Val 405410415 P%%H%?S%%Q Tsr%gys Lys ASp
‘Glu Phe AIaVY_ys éqy KA rp Phe Phe 420425430 Ala Pro Pro Gin Leu Leu Ser'Lys Ser Leu Asp Glu
Leu Arg Cys Arg 435440445 His Gly ASn Val Leu Phe Ala ASn Ser Asp Trp Ala Val Gly Trp Arg
450455460 Ser Phe lle Asp Gly Ala lle Glu Glu Gly Thr Arg Ala Ala Val Thr 465 470 475 480 Val lle
Glu Glu Leu Arg Pro Ala Pro gi&-yjal Arg Ser His Leu 485490495,<210> 7 <211> 1491 <212> DNA
<213> Artificial Sequence g%@?p variant monpami idase O<400> 7 atgaccagcc gcgacggcta
tcagtggacc ccggaaacgg gtctgaccgas-gggcgtaccg 60 tccetgggtg tc gcc gccgactaac atcgaagata
ccgataagga cgggccttgg 120 gal@tcattg tcattggggg cgggtattgt g@gctgae@@ caacccgtga tttaaccgtc 180
gcagggttca agacgctgct gctggaggcc cgtgatcgta ttggtggcecg ctcctggage 240 agtaatattg acggttaccc
gtatgagatg ggtggcactt gggttcattg/ @éatcaatct 300 cacgtgtggc gté&aatcac gcgttataaa atgcacaacg
cgctgtctcepassatitaan:BoQ titichagiy gegtgaaith aitctaactgcgtictaaicicgiEcandtadvacgtacatg 420

acgCacgap@%%%gg%&9&@&%%&%%@&%%%H&ﬁ@é%ﬁ%&%%&a@&%ﬂ%%%ﬁ%ﬁ@m gccgtacagt
gttgccgttc ccacatgata tgtttta

( tgt gccggaattt 540 cgcaagtatg acgaaatgtc atattccgaa cgcattgace
S gatcouoB RS SR B50 W r R et AL AR SO A AP ISRRiSBy atbbtdban 660

aactccageidtggigsaitrietgcattgg tgggcaatgt cgggttacac gtatcagggc 720 tgtatggatt gtttaatctc ctataaattt
aaggatggcc agagtgcgtt cgcgegtcge 780 ttctgggaag aa%ccgctgg cactggccgt ctgggctatg tctttggttg
tccggtgegt 840 tctgtggtga acgaacgcga cgcagt%{\::ﬁﬁﬁ{?a cgcac gtgacggtcg cgaattcgca 900 gcgaaacgtt

tggtttgcac gaftccgetg aacgtattga gt ttca gtttagccca 960 ctgtcca cggaacgcat ¢ ctatg

caggcag acaLgIgcacca@i;i%Q gmﬁéf%@@g.aag%tcadﬁﬁglg_cgttc ggtatcgc
ctatccgttc 1Q80 aacaaattat gctacgctat£ggcgatggc acgacccea gtaatac gcatctg 40 tgcttcggga
cagacgcgaa féatatccag ccggacgagg I‘é\cgtgcgcga aacgttgaaaﬁlz gccgttggec aactggegcec tgggacttte

ggtgtcaaac gigtggtctt ccacaactgg 126@)gtaaaggatg aatttgccadilaggcgcegtgg ticttcagccrgeccaggcat
ggtttcagag 1320 tgcctgcagg gtctgcgcga gaaacaccgt ggtgtcgtgt ttgcaaactc-cgattgggec 1380 ttaggttggce

gtggttttat cgatggtgct atcgaggagg gcacccgcgce agcgegtgtt 1440 ggactggagg aactggggar caagcgcgag
gtgaaggccc gectgtaatg a 1491 <210> 8 <211> 495 <212> PR <213> Artificial Sequence <220>
<223> variant monoamine oxidase : i o

N =t
Y O=R

) \ A
ﬁ OH

v
[6264] Scheme 9 depicts an overall process for the preparation of compounds according to structural
Formulae V and VI from the secondary amines of structural Formula I, in which the imine product of
structural Formutia I 1s kept in agqueocus solution as the sulfite adduct of structural Formula I en

route to its conversion to the aminonitrile of structural Formula IV,

SCHEME 10
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<400> 8 Met Thr Ser Arg Asp Gly Tyr Gin Trp Thr Pro Glu Thr Gly Leu Thr 151015 Gin Ely Val Pro Ser
Leu Gly Val lle Ser Pro Pro Thr Asn lle Glu 202530 Asp Thr Asp Lys Asp Gly Pro Trp Asp val lle val lle
Gly Gly Gly 354045 Tyr Cys Ely Leu Thr Ala Thr Arg Asp Leu Thr Val Ala Gly Phe Lys 505560 Thr Leu
Leu Leu GIUWAIZBPGEER Arg Ile Gly Gly Arg Ser Trp Ser Page 6 CX2-0Z8W0E I 6587580 Ser Asn
lle Asp Gly Tyr Pro Tyr Glu Met Gly Gly Thr Trp Val His 859095 Trp His Gin Ser His Val Trp Arg Glu

lle Thr Arg Tyr Lys Met His 100105110 Asn Ala Leu Ser Pro Ser Phe Asn Phe Ser Arg Gly Val Asn His
Phe 115120125 Gin Leu Arg Thr Asn Pro Thr Thr Ser Thy,-Fyy,Met Thr His Glu Ala 130135140 Glu Asp
Glu Leu Leu Arg Ser Ala Leu His Lys Phe Thr Asn Val A 150155160 Gly Thr Agn Gly Arg Thr
Val Leu Pr&'PHé Pro His Asp Met®¥hé'Tyr 165170175 Va Glu Phedrg Lys TynMAsSH Glu Met Ser
Tyr Ser GIi7ATg fle T80I85190 %‘é‘&?ﬁllemu LegjézLemmrg %&_eu Glu

195200205 "N N H H N
H M M H
{0 lia) A IV{a)
1) /
AL
MM
N o-rS
™ \ M'A‘M'
N o
Vi)

[0265] Scheme 10 depicts an overall process for the preparation of compounds according to
structural Formulae V and VI from the secondary amines of structural Formula I, in which the imine
product of structural Formula I is dimerized to the compound of structural Formula E(b) en route to

its conversion to the aminonitrile of structural formula TV.

SCHEME 11

7 NaHSO;4 ( 7 NaCN ( 7

1)) li{@) {1 / W(a)
A A
§ %ﬁ €1
H H o H H o
. (A
H H

0 Or

CH
chX ’

CHy (V1)

V)
[0266] Scheme 11 depicts an overall process for the preparation of compounds aceording to
structural Formula VI and structural Formula V (in which moicety R is -~buty]) from the secondary

amines of structural Formula I that combines the reactions of Schemes 4 and 7.

SCHEME 12
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Ala Phe lle Leu Leu Cys Ser Gly Gly Thr Leu Glu ASn Ser Ser Phe 210215220 Gly Glu Phe Leu His
Trp Trp Ala Met Ser Gly Tyr Thr Tyr Gin Gly 225230235240 Cys Met Asp Cys Leu lle Ser Tyr Lys Phe
Lys Asp Gly Gin Ser Ala 245250255 Phe Ala Arg Arg Phe Trp Glu Glu Ala Ala Gly Thr Gly Arg Leu Gly
260265270 Yot AYRI8%Ely Cys Pro Val Arg Ser Val Val Asn Glu Arg AspAIAS2BYBHES val Arg val
Thr Ala Arg Asp Gly Arg Glu Phe Ala Ala Lys Arg Leu 290295300 Val Cys Thr lle Pro Leu Asn Val Leu
Ser Thr lle Gin Phe Ser Pro 305310315320 Ala Leu Ser Thr Glu Arg lle Ser Ala Met Gin Ala Gly His

Val Asn 325380335 Met Cxs Thr Lys val HissAla Glu val Asp Asa Gin Asp met Arfy ser 340345350 Trp
PN ;

Thr Gly llg, MCPrQ R ¥y$Peu ¢ rARYEGly 355300365 Asp G AThr Pro Ala Gly

Asn Thr Hi Val Cys Gly Thr 370375380 Asp Ala Asn(Hisdg Gin Pro Asp Val Arg

Glu Thr Leu Bys 385 390 3Y5 400 Ala Val GIjf GitEeu Ala Pro &ly Thr Phe Gly \ial LyS&Fy Leu Val
405410415 Rfe His Asn Trgval Lys Asp Gluihe Ala Lys Gly Ataalrp Phe Phe 420425430 Ser Arg

Pro Gly!\{l X Isf r Gl % s Leu Gi”,?' Leu Arg.Glu Lys 435440445 His Arg Gly val val Phe Ala Asn
Ser Asp §é6 fa cgﬁn&%l; g)l%} ém 4%612 g%ﬁss for%le prerratmno compounds accogdmg 10
structural Formula V (in which moiety R’ is ~<CHs) from the secondary amines of structural Formula I

that combines the reactions of Schemes 4 and 8.

SCHEME 13

A Al H"Z_ﬁ:H A,
M }V‘ NaCN M jV%
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[0268] Scheme 13 depicts an overall process for the preparation of compounds according to
structural Formula V (in which moicty R® is -#~butyl) from the secondary amincs of structural

Formula I that combines the reactions of Schemes 6 and 7.

SCHEME 14
Al
MU
AL A Hﬁ%—l
MM MM NaCN MM MM
H_Z_TH - NN — H H — H H o
» L N
N N H H N N 0O-CHy
M\ M
a0 ii(a) S v(a) V)
“Dimer” li{b)

[§269] Scheme 14 depicts an overall process for the preparation of compounds accerding to
structural Formula V (in which moiety R® is ~CHj3) from the secondary amines of structural Formula 1

that combines the reactions of Schemes 6 and 8.

SCHEME 15
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Gly Phe lle Asp Gly Ala lle Glu Glu Gly Thr Arg Ala Ala Arg Val 465 470 475 480 Val Leu Glu Glu Leu
Gly Thr Lys Arg Glu val Lys Ala Arg Leu 485490495 <210> 9 <211> 1491 <212> DNA <213> Atrtificial
Sequence < O%>0 ﬁ%}%ggzélariant monoamine oxidase <400> 9 atgaccagcg %g&g%{%igggtggacc
ccggaaacgg gictgaccca gggcgtaccg 60 tccetgggtg tecatttcgec gecgactaac atcgaagata ccgataagga
cgggccttgg 120 gatgtcattg tcattggggg cgggtattgt gggctgaccg caacccgtga tttaaccgtc 180 gcagggttca
agacgctgct gctggaggcc cgtgatcgta ttggtggecg ctcctggage 240 Page 7 CX2-020WO1.txt agtaatattg

acggttaccc gtaigagatg ggigticactt gggttcattgﬂg‘b@tcaatqaggo caggtofggc gtgaaatcag ypgttataaa

atg cacaa&g-fgf&gtetee-atefcnﬁaa 3 H-Z—ﬁ:H H H H H o
o
N N N

s0,7 CN

N° NH,
(0 [H{a) {1t V{a) (V1)
[0278] Scheme 15 dépicts an overall process for the preparation of compounds according to

structural Formula VII from the secondary amines of structural Formula I that includes the reactions
of Scheme 4.

SCHEME 16

. N N NH,
0 l1{a) M\AfM V() I
"Gimer" {l(b)

[0271} Scheme 16 depicts an overall process for the preparation of compounds according to
structural Formula VI from the secondary amines of structural Formula I that includes the reactions

of Scheme 6.

10272] In another embodiment, any of the processes of Schemes 7-16 involving the trans-
aminonitrile compounds of Formula FV(a) can be carried out with the cis-aminositrile compounds of
Formula IV{b). Where the reactions corresponding to Schemes 7-16 are carried using the cis-
aminonitrile compounds of Formula IV(b), the resulting cis amino acids and amides of structural

Formulae V(b), VI(b), and VII(b) are formed.

AL AL AL
MM MM MW
T ", T
N~ “COORS N7 “CO,H N7 “CONH,
H H H
V(b) Vi(b) Vii(b)

[6273] Without being bound by mechanism, it is recognized that an tmidate intermediate forms
during the reaction to form the compounds of structural Formuias V, VI, VII of Schemes 8, 9, 14, 11,
12,13, 14, 15, and 16. Accordingly, in another embodiment the disclosure provide an imidate

compound of structural Formula VIIL where R® is an H or an alkyl group.
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ttttcacgtg gcgtgaatca cttccaactg cgtaccaatc cgaccaccag tacgtacatg 420 acgcacgaag cggaggatga
actgctgcgt agcgeattge ataaattcac caatgtcgac 480 ggcactaatg gccgtacagt gttgecgttc ccacatgata

tgttttatgt gccggaattt 540 cgcaagtatg acgaaatgtc atattccgaa cgcattgacc agatccgcga cgaactgtct 600
ttgaacgaac JEEaWtiEF8ggcttic attttattat gtagcggtgg PCT/US2009/048255

Wil

[8274] Accordingly, in some embodiments of the methods above, an irmdate compound of structural

Formula VIIH can used in the preparation of a compound of structural Formula V, VI, and VIL
35 Monoamine Oxidase Enzymes

[0275] The present disclosure provides engineered monoamine oxidase enzymes that are capable of
stereoselectively oxidizing or converting the substrate, a compound of structural Formula T to a
compound of structural Formula L In particular embodiments, the present disclosure provides
engineered monoamine oxidase enzymes that are capable of stereoselectively oxidizing or converting
the substrate, compound (1) to compound {2). In other embodiments, the present disclosure provides
engineered monoamine oxidase enzymes that are capable of stercoselectively oxidizing or converting
the substrate, compound (3) to compound (4). In both instances, a monoamine oxidase of present
disclosure will also exhibit an improved property when compared with the naturally-occurring,
wild-type monoamine oxidase of Aspergillus niger (SEQ ID NO:2) or Aspergillus oryzae (SEQ 1D
NQO:32), or a hybrid thereof (SEQ 1D NO:6) or when compared with other enginesred monoamine
oxidase enzyme {e.g. that of SEQ ID NO:8). Enzyme properties for which improvement is desirable
include, but are not limited to, enzymatic activity, thermal stability, pH activity profile, cofactor
requirements, refractoriness to inhibitors (e.g., product inhibition), sterospecificity, stereoselectivity,
solvent stability, solubility, and stability and expression ievel within a host cell. The improvements
can relate to a single enzyme property, such as enzymatic activity, or a combination of different

enzyme properties, such as enzymatic activity and stereoselectivity,

[0276] The polynucleotide sequence encoding the naturally occurring monoamine oxidases of
Aspergillus niger and Aspergillus oryzae, and thus the corresponding amino acid sequences, are
available from Genbank accession no. L38858 for Aspergilius niger, and Genbank accession

no XM (01822832 for Aspergillus oryzae.

[0277) In some embodiments, the monoamine oxidases disclosed herein can have a namber of
modifications o the reference sequence (e.g., naturally oceurring polypeptide or an engingered
polypeptide) to result in an improved monoamine oxidase property. In such embodiments, the
number of modifications 10 the amino acid sequence can comprise one or more amino acids, 2 or
more aminoe acids, 3 or more amine acids, 4 or more amino acids, 5 or more aming acids, & or more

aminoe acids, 8 or more amino acids, 10 or more amino acids, 15 or more amino acids, or 20 or more
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caccctggaa 660 aactccagct ttggtgaatt tctgcattgg tgggcaatgt cgggttacac gtatcagggc 720 tgtatggatt

. gtttaatctc ctataaattt aaggatggcc agagtgcgtt cgcgegtcge 780 ttctgggaag aagccgctgg cactggecgt
ctgggctatg tcttt tcc tgcgt 840 tctgtggtga acgaacgcga cgcagtacgt gttaccgcac gtgacggtcg

cgaattcgca 360 %31: %§§ git tggtttgcac RSO ARSS

amino acids, up to 10% of the total number of amine acids, up to 20% of the total number of amino
acids, or up o 30% of the total number of amino acids of the reference enzyme sequence. In some
embodiments, the number of modifications to the naturally occurring polypeptide or an engineered
polypeptide that produces an improved monoamine oxidase property may comprise from about 1-2, 1-
3, 1-4,1-5,1-6, 1-7, -8, 1-9, 1-14, 1-15, 1-20, 1-21, 1-22, 1-23, 1-24, 1-25, or about 1-30
modifications on the reference sequence. The modifications can comprise insertions, deletions,

substitutions, or combinations thereof.

[0278] In some embodiments, the modifications comprise amino acid substitutions to the reference
sequence. Substitutions that can produce an improved monoamine oxidase property may be at 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 amine acids, 8 or more amino acids, 10 or more amino acids, or 20 or more
amino acids, up 1o 10% of the total number of aming acids, up to 20% of the total number of amino
acids, or up to 30% of the total number of amino acids of the reference enzyme sequence. In some
embodiments, the number of substitutions to the naturally occurring polypeptide or an engineered
polypeptide that produces an improved monoamine oxidases property can comprise from about 1-2,
1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-15, 1-20, 1-21, 1-22, 1-23, 1-24, 1-25, or about 1-30 amino

acid substitutions of the reference sequence.

{02791 In some embodiments, the improved property, as compared to wild-type or another
engineered polypeptide, of the monoamine oxidase is with respect to an increase of its
stercoselectivity i.e., herein, an increase in the st@reomcric excess of the product, for oxidizing a
compound of structural Formula I to a compounéi of structural Formula 1L, or in particular
embodiments, oxidizing or converting compound (1) to compound (2), or oxidizing compound (3} to
compound (4). In some embodiments, the improved property of the monoamine oxidase s with
respect to an increase in its ability to convert or reduce a greater percentage of the substrate to the
product. In some embodiments, the improved property of the monoamine oxidase is with respect to
an increase in its rate of conversion of the substrate to the product. This improvement in enzymatic
activity can be manifested by the ability to use less of the improved monocamine oxidase as compared
1o the wild-type or other reference sequence to oxidize or convert the same amount of product. In
some embodiments, the improved property of the monoamine oxidase is with respect to its stability or
thermostability. In some embodiments, the monoamine oxidase has more than one mmproved
property.

[6280] In some embodiments, a moncamine oxidase of the disclosare is capabic of converting the
substrate (1R,55)-6,6-dimethyl-3-azabicyclo[3.1.0Thexane, compound (1) to (1R,55)-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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gattccgctg aacgtattga gttctgttca ttttagccca 960 ccactgtccc cgcaacgcat ggccgcetgeg aacattggec
atgttaacca gtgcgtcaaa 1020 gtgcatgcgg aagtcagttg tccggatatg cgttcatggt cgggtatctc ctatccgttc 1080

aacaaattag cctacgctat cggcgatggce acgaccccag ¢ taatac gcatattgtg 1140 tgcttcgg cccataa
e g - 00° 8CGaCCecag COg0aaiac gearatgld L A"

and at a rate that is improved over a reference polypeptide having the amino acid sequence of SEQ ID
NQO: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 and 10. |

{0281] In some embodiments, a monoamine oxidase of the disclosure is capable of converting the
substrate (3aR,6aS5)-octahydrocyclopentafc]pyrrole, compound (3) to (3aS5,6aR}-1,3a,4,5,6,6a-
hexahydrocyclopenta[c]pyrrole, compound (4), with a percent diastercomeric excess of at least about
95% and at a rate that is improved over a reference polypeptide having the amino acid sequence 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: 10, 14, 16, 18, 20, and 36.

[0282] Tables 2 and 3, below provide a hist of the SEQ ID NOs disclosed herein with associated
activities. The sequences below are based on the wild-type Aspergillus niger monoamine oxidase
sequences (SEQ 1D NO: 1 and 2) unless otherwise specified. In Tables 2 and 3 below, each row lists
two SEQ ID NOs, where the odd number refers to the nucleotide sequence that codes for the amino
acid sequence provided by the even number. The column listing the number of mutations (i.e.,
residue changes) refers to the number of amino acid substitutions as compared to the wild-type
Aspergilius niger monoamine oxidase amino acid sequence of SEQ 1D NO:1 and 2. Each Table is
followed by a caption indicating the meaning of the symbols “+ “++ “4+++" and “4+—+++" in cach

context.

Table 2: List of Sequences and Corresponding Activity Improvement With Respect to the

Conversion of Compound (1) to Compound (2):

Number of
Changes
Relative to
SEQ ID NO (SE‘é' Ifgngxg;z) Activity * % ee "
3/4 2 + SR
118 3 ot A+t
9/10 64 et .
11/12 63 e et
= Activity: + = 0-100%; ++ = 100-300%; -+ = 300-500%;
oot = 500-1000%; -+ = 1000-1500%; ++++++ = 1500-2000% of
the activity of the enginsered monoamine oxidase of A. niger (SEQ ID
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acgtggaagc aacgaagatg 1200 gccgttgaaa acatgtcgcc tgggaatatg gatatcaaac gtctggtctt ccacaactgg
1260 tgcaaggatg aatttgccaa aggcgcgtgg ttcttcgecc ctccacagct getgtcaaag 1320 agcectggatg aactgcgcetg
ccgtcacggt aatgtcctgt tt caaactc cgattgggcc 1380 ttaggttggc gtggttttat cgat ct atcgaggagg
gcacccgcgc § & %40 gtaattgagg Cq]g’[’ 2009/0 32%

Number of
Changes

Relative to
A. niger

SEQIDNO | «piy 1D NO2)

Activity * % ee”

NQO:2) with respect to conversion of compound (1) to compound (2).

* Enantioselectivity: +++ = 99-100% enantiomeric excess

Table 3: List of Sequences and Corresponding Activity Improvement With Respect to the

Conversion of Compound {3} to Compound (4);

Number of
Changes
Relative to
SEQ D NO (SEg' Iggzi"g:z) Activity * % ee”

- %10 64 + S
13/14 65 - e
15/16 66 et et
17/18 67 -+ S,
19/20 68 e et
35/36 67 +t ——

* Activity: + = 0-100%; ++ = 100-300%; +++ = 300-500%;

A+ = 500-1000%; of the activity of the engincered monoamine oxidase
of A. niger of (SEQ 1D NQO:8) with respect to conversion of compound (3)
to compound {4). The wild type 4. niger monoamine oxidase did not

have a detectable level of activity on the substrate, compound (3).

" Enantioselectivity: ++ = 99-100% enantiomeric excess

[0283] In some embodiments, a monoamine oxidase of the disclosure comprises an amino acid
sequence that is at least about 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or Y9% 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 463 is glyeine. In some embodiments, these
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aactgcgtcc tgcgcectgeg gtgegttcce acctgtaatg a 1491 <210> 10 <211> 495 <212> PRT <213> Attificial
Sequence <220> <223> variant monoamine oxidase <400> 10 Met Thr Ser Arg Asp Gly Tyr Gin Trp
Thr Pro Glu Thr Gly Leu Thr 151015 Gin Gly Val Pro Ser Leu Gly Val lle Ser Pro Pro Thr Asn lle Glu
202530 AspRPNEHI§B Asp Gly Pro Trp Asp Val lle Val lle Gly Gly Gly BSA848M8/P483% Gly Leu Thr
Ala Thr Arg Asp Leu Thr Val Ala Gly Phe Lys 505560 Thr Leu Leu Leu Glu Ala Arg Asp Arg lle Gly Gly
Arg Ser Trp Ser 65 70 75 80 Ser Asn lle Asp Gly Tyr Pro Tyr Glu Met Gly Gly Thr Trp Val His 859095
Trp His Gin®emidisoVidhskspaAigvGlndle hreArgifgatiors Wl ételdisi k00 k0s4ddRAsN AIA Teu Ser Pro Ser

Phe Asn Rbe Serfyg Gl @l A s RIS a0 ddatR01 22 G L et MGk ABhe RislBichgEaaer Thr Tyr
Met Thr His Glu Ala 130135140

e non-conservative substitutions, conservative substitutions, or a combination of non-conservative

and conservative substitutions.

[0284] In some embodiments, a monoamine oxidase of the disclosure comprises an amino acid
sequence that is at least about R5%, R6%, 87%, 8R%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,

. 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 amine acid sequence i 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 365 is
tryptophan, and the amino acid corresponding to residue 465 is glycine. In some embodiments, these
moenoamine oxidases can have one or more modifications to the amino acid sequence of SEQ 1D
NO: 14. The modifications can include substitutions, deletions, and insertions. The substitutions can
be non-conservative substitutions, conservative substitudions, or a combination of non-conservative

and conservative substitutions.

{0285] In some embodiments, 2 monoaming oxidase of the disclosure comprises 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 as compared a reference sequence comprising the sequence of SEQ 1D
NOQ:2 with the proviso that the polypeptide comprises an amino acid sequence in which the amino
acid residue corresponding to residuc at position 99 is glutamic acid, the residue corresponding to
residue 289 is a valine, the amino acid residue corresponding to residue position 348 is a glutamine,
the amino acid residue corresponding to residue position 365 is tryptophan, and the amino acid
residue corresponding to residue position 465 is glycine. Tn some embodiments, these monoamine
oxidases can have one or more modifications 1o the amino acid sequence of SEQ ID NO: 16. The
modifications can include substitutions, deletions, and insertions. The substitutions can be non-
conservative substitutions, conservative substitutions, or a combination of non-conservative and

conservative substituiions.

[4286] In some embodiments, a monoamine oxidase of the disclosure comprises an amino acid
sequence that is at least about 85%, 86%, 87%, 88%, 89%, 60%, 91%, 92%, 93%, 94%, 95%, 96%,
7%, 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 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 giutamine, the amino acid residue corresponding to residue
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Glu Asp Glu Leu Leu Arg Ser Ala Leu His Lys Phe Thr Asn Val Asp 145150155160 Gly Thr Asn Gly
Arg Thr Val Leu Pro Phe Pro His Asp Met Phe Tyr 165170175 Val Pro Glu Phe Arg Lys Tyr Asp Glu
Met Ser Tyr SerzGIlf Arﬁg lle 180185190 Asp Gin lle Arg Asp Glu Leu Ser Leu /TA\SI"I) (/3Iu Arg Ser Ser Leu
Glu 195200598 R4 ¥E¥%e Leu Leu Cys Ser Gly Gly Thr Leu Glu Asn SérserBhe/ $%6215220 Gly Glu
Phe Leu His Trp Trp Ala Met Ser Gly Tyr Thr Tyr Gin Gly 225230235240 Cys Met Asp Cys Leu lle Ser
Tyr Lys Phe Lys Asp Gly GIn Ser Ala 245250255 Phe Ala Arg Arg Phe Trp Glu Glu Ala Ala Gly Thr Gly
Arg Leu Glifig03655 Tepopharatiks @NnC 9 ProiltalcArgs Serdivalnalifsh GlioAr§ Asp Ala 275280285
Page 8 GX2rQ20MUOhIstyalinvgs ol MlaaArg: ARGl A 8:luHR bertla Alriysiongid-ed 290295300
val Cys Thrille g;'r(%)sléeu% Iﬁsgfgﬁbhsl@_e%e[r Val Hig Phe Sgr.PgQ@OSéSS%Q‘%%S\’S%% Pigcg L%J Ser Pro GIn
Arg Met K_‘fgf&]a A ﬂsncﬁe sly"His Val Asn 1?2‘%%@ g?élgnéfn.né%/s aTuLy_s an—’l;s ,gla ef[ Q/al Ser Cys
Pro Asp M&tAPE SERTIDIUEBEOCTHSER Gl AR aSes SPHFIFEP P eomSTY S EOSIMBOTYOMa lle Gly

combination of non-conservative and conservative substitutions

[0287]) . In some embodiments, 2 monoaming oxidase of the disclosure comprises an amino acid

sequence that is af least about 85%, 86%, 87%, 88%, 89%, 90%, %1%, 92%, 93%, 94%, 95%, 96%,

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 n which the amino

acid residuc corresponding to residue position 99 is glutamic acid, the residue corresponding to

position 135 is ghutamine, the residue corresponding to position 284 is aspartic acid, the residue

corresponding to residue 28% is valine, the amino acid residue corresponding to residue position 348

is a glutamine, the amino acid residue corresponding to position 356 is valine, the amino acid residue

corresponding to residue position 365 is tryptophan, and the amino acid residue corresponding to

residue position 465 is glycine. In some embodiments, these monoamine oxidases can have one or

more modifications to the amino acid sequence of SEQ ID NO: 20. The modifications can include

substitutions, deletions, and insertions. The substitutions ¢an be non-conservative substitutions,

conservative substitutions, or a combination of non-conservative and conscrvative substitutions

[0288] In some embodiments, an improved monoamine oxidases comprises an amino acid sequence
that 1s at least about 85%, 86%, 87%, 88%, §9%, 90%, 01%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or Y9% identical to the amino acid sequence corresponding to SEQ ID NO: 4, &, 10, 12, 14, 16, 18,
20, or 36, as listed in Tables 2 and 3, wherein the improved monoamine oxidase amino acid sequence
includes any one set of the specified amino acid substitution combinations presented in the amino acid
sequences of Tables 2 and 3. In some embodiments, these monoamine oxidase can have additionally
from about 1-2, 1-3, 1-4, 1-53, 1-6, 1-7, 1-8, 1-G, I-10, or 1-20 nurtations at other amino acid residues.
The mutations can comprise insertions, deletions, or substitutions, or combinations thereof, In some

embodiments, the additional mutations comprise conservative substifitions.

[0289] As will be appreciated by the skilled art, the polypeptides described herein are not restricted
to the genetically encoded 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 cornmonly encountered non-encoded amino acids which
the moncamine oxidases described herein may comprise include, but-are not limited to: the D-
stercomers of the genctically-encoded amino acids; 2,3-diaminopropionic acid (Dpr);

a-aminoisobutyric acid (Aib); e-aminchexanoic acid {Aha); é-aminovaleric acid (Ava); N-
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355360365 Asp Gly Thr Thr Pro Ala Gly Asn Thr His lle Val Cys Phe Gly Gly 370375380 Ala His Asn
His lle GIn Pro Glu Glu Asp Val Glu Ala Thr Lys Met 385 390 395 400 Ala Val Glu Asn Met Ser Pro Gly
Asn Met ASQVIIe Lys Arg Leu Val 405410415 Phe His Asn Trp Cys Lys Asp Glu Phe Ala Lys Gly Ala
Trp Phe Phe ﬁl%ﬂ Ala Pro Pro GIn Leu Leu Ser Lys Ser Leu Asp @FEH%%?@WSR Arg
435440445 His Gly Asn Val Leu Phe Ala Asn Ser Asp Trp Ala Leu Gly Trp Arg 450455460 Gly Phe lle
Asp Gly Ala lle Glu Glu Gly Thr Arg Ala Ala Val Thr 465 470 475 480 Val lle Glu Glu Leu Arg Pro Ala
Pro Ala \atthrlg!Serdissirees 48 SO0 95 Sepl Orsithine fQrnys diggline 2413 EhNAaaiBBrtificial Sequence

<220> <22320%R5iR (HUBPROABHIR XGRS EVRA0) Prlhy g AIGREORICS B6aaG ISR Icagiggacc

CngaaaCI%%e%Eg;[l%?ﬁfe(j?-ngﬁ%?ﬁg%%%% 89 al); 2-chlorophenylalanine (Oct); 3-chlorophenylalanine (Mcf);
4-chlorophenylalanine (Pef); 2-fluorophenylalanine (Off); 3-fluorophenylalanine (Mff);
4-flugrophenylalanine (PD); 2-bromophenylalanme (Obf); 3-bromoephenylakanine (Mbf); 4-
bromophenylalanine (Pbf); 2-methyiphenylalanine (Omf); 3-methylphenylalanine (Mmf); 4-
methylphenylalanine (Pmi); 2-nitrophenylalanine (Onf); 3-nitrophenylalanine (Mnf); 4-
nitrophenylalanine (Pnf); 2-cyanophenylalanine (Ocf); 3-cyanophenylalanine (Mcf); 4-
cyanophenylalanine (Pcf); 2-trifluoromethyiphenylalanine (Gtf); 3-trifluoromethylphenylalanine
(Mth); 4-trifluoromethylphenylalanine (Ptf); 4-aminophenylalanine (Paf); 4-todophenylalanine (Pif);
4-aminomethylphenylalanme (Pamf); 2,4-dichlorophenylalanine (Opef); 3,4-dichlorophenylalanine
{Mpct); 2,4-difluorophenylalanine (Opfh); 3,4-difluorophenylalanine (Mpfl); pyrid-2-ylalanine
2pAla); pyrid-3-ylalanine (3pAla); pyrid-4-ylalanine (4pAla); naphth-I-ylalanine (1nAla); naphth-2-
ylalanine (2nAla); thiazolylalanine (taAla); benzothienylalanine (bAla); thienylalanine (tAla);
furylalanine (fAla); homophenylalanine (hPhe); homotyrosine (hTyr); homotryptophan (hTrp);
pentafluorophenylalanine (511); styrylkalanine (sAla); anthrylalanine (aAla); 3,3-diphenylalanine
{Dfa); 3-amino-5-phenypentanoic acid (Afp); penicillamine (Pen); 1,2,3,4-tetrahydroisoquinoline-3-
carboxylic acid (Tic); p-2-thienylalanine (Thi); methionine sulfoxide (Mso); N{w)-nitroarginine
{nArg); homolysine (hlys); phosphonomethylphenylalanine (pmPhe); phosphoserine (pSer);
phosphothreonine (pThr); homoaspartic acid (hAsp); homoglutanic acid (hGlu); 1-aminocyclopeni-(2
or 3}-ene-4 carboxylic acid; pipecolic acid (PA), azetidne-3-carboxylic acid (ACA); 1-
aminocyclopentane-3-carboxylic acid; allylglveine (aOly); propargylglycine (pgGly); homoalanine
(hAla); norvaline {nVal); homoleucine (hLeu), homovaline (hVal); homoisolencine (hlle);
homoarginine (hArg); N-acetyl fysine (AcLys); 2,4-diaminobutyric acid (Dbu); 2,3-diamincbutyric
acid (Dab); N-methylvaline (MeVal); homocysteine (hCys); homoserine (hSer); hydroxyproline
(Hyp) and homoproline (hPro). Additional non-encoded amino acids that the moncamine oxidases
described herein may comprise will be apparent to those of skill in the art {see, e.g., the various amino
acids provided in Fasman, 1989, CRC Practical Handbook of Biochemistry and Molecular Biology,
CRC Press, Boca Raton, FL, at pp. 3-70 and the references cited therein, all of which are incorporated

by reference). These amino acids may be in either the L- or D-configuration.

[0296] Those of skill in the art will recognize that the monoaming 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 Hsted in parentheses), but are not limited t0: Arg{tos), Cys(methylbenzyl}, Cys
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tccetgggtg teatttcgee gecgactaac atcgaagata ccgataagga cgggecttgg 120 gatgtcattg tcattggggg
cgggtattgt gggctgaccg caacccgtga tttaaccgtc 180 gcagggttca agacgctgct gctggaggcec cgtgatcgta

ttggtggccg %&%9%9&8 éﬁéo agtaatattg acggttaccc gtatgagatg ggtggcactt glg&%%t&gg&%ggatct 300
cacgtgtggc gtgaaatcac ) 35

(nitropyridinesulfenyl), Glu(d-benzylester), Gin(xanthyl), Asn(N-d-xanthyl}, His(bom), His(benzyl),
His(tos), Lys(fmoc), Lys(tos), Ser(O-benzyl), Thr (O-benzyl) and Tyr(O-benzyl).

[0291] Non-encoded amine acids that are conformationally constrained that the monoamine oxidases
described herein may compose include, but are not limited to, N-methyl amino acids
(L-configuration); 1-ammocyciopent-(2 or 3)-ene-4-carboxylic acid; pipecolic acid; azetidine-3-

~ carboxylic acid; homoproline (hPro); and l-aminocyclopentane-3-carboxylic acid.

[0292] As described above the various modifications introduced into the naturally occurring
polypeptide to generate an engineercd monoamine oxidase can be targeted to a specific property of

the enzyme.
5.6 Polynucleofides Encoding Engineered Monoamine Oxidases

[0293] In another aspect, the present disclosure provides polynucieotides encoding the engineered
monoeamine oxidases disclosed herein. The polynucleotides may be operatively linked to one or more
heterologous regulatory sequences that control gene expression to create a recombinant
polynucleotide capable of expressing the polypeptide. Expression consfructs containing a
heterologous polymucleotide encoding the engineered monoamine oxidase can be introduced nto

appropriate host cells to express the corresponding monoamine oxidase polypeptide.

[0294] Because of the knowledge of the codons corresponding to the various amino acids,
availability of a protein sequence provides a description of all the polynucleotides capable of
encoding the subject. The degencracy of the genetic code, where the same amino acids are encoded
by alternative or synonymous codons allows an extremely large number of nucleic acids to be made,
all of which encode the improved monoamine oxidase disclosed herein, Thus, having identified a
particular amino acid sequence, those skilled in the art could make any number of different nucleic
acids by simply modifying the sequence of one or more codons in a way which does not change the
amino acid sequence of the protein. In this regard, the present disclosure specifically contemplates
each and every possible variation of polynucleotides that could be made by selecting combinations
based on the possible codon choices, and all such variations are to be considered specifically
disclosed for any polypeptide disclosed herein, including the amino acid sequences presented in

Tables 2 and 3.

[0295] In some embodiments, the polyrucleotide comprises a nucieotide sequence encoding a
monocamine 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
q V. 4
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gcgttataaa atgcacaacg cgctgtctce atcatttaac 360 ttttcacgtg gegtgaatca cttccaactg cgtaccaatc
cgaccaccag tacgtacatg 420 acgcacgaag cggaggatga actgctgcgt agcgcattge ataaattcac caatgtcgac 480

ggcactaatg gec {)zil&&%tsgsttgccgttc ccacatgata tgttttatgt gccggaattt 540 c9Gaa0iAlg AGgaaatate
atattccgaa cgcattgacc agatccgcga cgaactgtct

engineered monoamine oxidase described herein. In some embodiments, the polynucleotides encode
an engineered monoamine oxidase comprising an amino acid sequence selected from SEQ ID NG: 4,

8, 10, 12, 14, 16, 18, 20, or 36.

[0296] In various embodiments, the codons are preferably selected to fit the host cell in which the
protein is being produced. For example, preferred codons used in bacteria are used to express the
gene in bacteria; preferred codons used in veast are used for expression in veast; and preferred codons
used in mammals are used for expression in mammalian cells. By way of example, the
polynucieotide of SEQ ID NO: | has been codon optimized for expression in E. coli, but otherwise

encodes the naturally occwring monoamine oxidase of Aspergillus niger.

[0297] In certain embodiments, all codons need not be replaced to optimize the codon usage of the
mongamine oxidase since the natural sequence will comprise preferred codons and because use of
preferred codons may not be required for all amino acid residues. Consequently, codon optimized
polynucleotides encoding the monoamine oxidases may contain preferred codons at about 40%, 50%,

60%, 70%, &0%, or greater than 90% of codon positions of the full length coding region.

[0298] In some embodiments, the polynucleotides encoding the engineered monoamine oxidases are
selected from SEQ ID NQ: 3,7, 9, 11,13, 15, 17, 19, or 35, In some embodiments, the
polymucleotides are capable of hybridizing under highly stringent conditions to a polynucleotide
comprising SEQ ID NO: 5 or 31, where the polynucleotide capable of hybridizing under highly

stringent conditions encode a functional monoamine oxidase,

[0299] In other embodiments, the polynucleotides comprise polynucleotides that encode the
moenoamme oxidases described herein but have 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 98% or more sequence identity, or 99% or more sequence identity at the nucleotide leveito a
reference polynucleotide encoding an engineered moncamine oxidase. In some embodiments, the
reference polynucleotide is selected from polynucleotide sequences represented by SEQ ID NO: 3, 7,
9, 11,13, 15,17, 19, or 35.

[6380] Amn isolated polvnucleotide encoding an improved monoamine oxidase may be manipulated in
a variety of ways to provide for expression of the polypeptide. Manipulation of the isolated
polynucleotide prior to its insertion 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 et «f., 2001,
Molecular Cloning: A Lahoratory Manual, 3 Ed., Cold Spring Harbor Laboratory Press; and
Current Profocols in Molecular Biology, Ausubel. F. ed., Greene Pub. Associates, 1998, updates to
2006.
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600 ttgaacgaac gctctagttt agaggctttc attttattat gtagcggtgg caccctggaa 660 aactccagct ttggtgaatt
tctgcattgg tgggcaatgt cgggttacac gtatcagggce 720 tgtatggatt gtttaatctc ctataaattt aaggatggcc agagtgcegtt

cgcgcegtegce &%)zt{}%%gf%%sag aagccgctgg cactggccgt ctgggctatg tctttggttg t%%g]g{]%gggg%ﬁsozggtgtggtga

[6381] For bacterial host cells, suitable promoters for directing franseription of the nucleic acid
constructs of the present disclosure, include the promoters obtained from the E. coli lac operon,
Streptomyces coelicolor agarase gene (dagA), Bacillus subtilis levansucrase gene (sacB), Bacillus
licheniformis alpha-amylase gene (amyl.), Bacillus stearothermophilus maltogenic amylase gene
(amyM), Bacilius amyioliquefaciens alpha-amylase gene (amy(Q), Bacillus licheniformis penicillinase
gene (penP), Bacillus subtilis xy1A and xv1B genes, and prokaryotic beta-lactamase gene (Villa-
Kamaroff ef al., 1978, Proc. Natl Acad, Sci. USA 75: 3727-3731), as well as the rac promoter
(DeBoer et al., 1983, Proc. Nat! Acad. Sci. US4 80: 21-25). Further promoters are described in
“Useful proteins from recombinant bacteria™ in Scientific American, 1980, 242:74-94; and in

Sambrook et al., supra.

[6302] For filamentous fungal host cells, suitable promoters for directing the transcription of the
nucleic acid constructs of the present disclosure include promoters obtained from the genes for
Aspergilius orvzae TAKA amylase, Rhizomucor miehel aspartic proteinase, Aspergillus niger neutral
alpha-amylase, Aspergillus niger acid stable alpha-amylase, Aspergillus niger or Aspergillus awamori
glucoamylase (glaA), Rhizomucor miehei hipase, Aspergillus oryzae alkaline protease, Aspergillus
orvzae triose phosphate isomerase, dspergillus nidulans acetamidase, and Fusarium oxysporum
trypsin-like protease (WO 96/00787), as well as the NA2-tpi promoter (a hybrid of the promoters
from the genes for Aspergillus niger neutral alpha-amylase and Aspergillus oryzae triose phosphate

isomerase), and mutant, truncated, and hybrid promoters thereof,

{0303] In a yeast host, useful promoters can be from the genes for Succharomyces cerevisiae enolase
{ENG- 1), Saccharomyces cerevisiae galactokinase (GAL1), Saccharomyces cerevisiae alcohol
dehydrogenase/glyceraldehyde-3-phosphate dehvdrogenase (ADHZ2/GAP), and Saccharomyces
cerevisiae 3-phosphoglycerate kinase. Other useful promoters for yeast host cells arc described by
Romanos ef al., 1992, Yeast 8:423-488,

[0304] The control sequence may also be a suitable transcription terminator sequence, a sequence
recognized by a host cell to terminate transcription. The terminator sequence is operably linked to the
3'-terminus of the nucleic acid sequence encoding the polypeptide. Any terminator which is functional

i the host cell of choice may be used in the methods disclosed herein.

[6138] For example, exemplary transcription tcrminators for filamentous fungal host cells can be
obtained from the genes for Aspergillus oryvzae TAKA amylase, Aspergillus niger glucoamylase,
Aspergillus nidulans anthranilate synthase, Aspergillus niger alpha-glucosidase, and Fusarium

oxysporum trypsin-like protease.

[6305] Exemplary terminators for yeast host cells can be obiained from the genes for Saccharomyces

cerevisine enolase, Saccharomyces cerevisiae cytochrome C (CYCI1), and Saccharomycey cerevisiae
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acgaacgcga cgcagtacgt gttaccgcac gtgacggtcg cgaattcgca 900 gcgaaacgtt tggtttgcac gattccgcetg
aacgtattga gttctgttca ttttagccca 960 ecactgtccc cgcaacgcat ggccgcetgeg aacattggcec atgttaacca
gtgcgtcaaa 1020 gtgcatgcgg aagtcagttg tccggatatg cgttcatggt cgggtatctc ctatc ttc 1080 aacaaattag
cctacgctat c c iné%f gggaccccag cgggtaatac gcatattgtg ¥ US%G{JW 048235

glyceraldehyde-3-phosphate dehydrogenase. Other useful terminators for yeast host cells are
described by Romanos ef al., 1992, supra.

[6306] The control sequence may also be a suitable leader sequence, a nontranslated region of an
mRNA that is important for translation by the host cell. The leader sequence is operably linked to the
5-terminus of the nucleic acid sequence encoding the polypeptide. Any leader sequence that is
functional in the host cell of choice may be used. Exemplary leaders for filamentous fungal host cells
are obtained from the genes for Aspergillus orvzae TAKA amylase and Aspergillus nidulans triose
phosphate isomerase. Suitable leaders for yeast host cells are obtained from the genes for
Saccharomyces cerevisiae enolase (ENO-1), Saccharomyces cerevisiae 3-phosphoglyceraie kinase,
Saccharomyces cerevisiqe alpha-factor, and Saccharomyces cevevisiae alcohol

debrydrogenase/glyceraldehyde-3-phosphate dehydrogenase (ADH2/GAP).

[0307] The control sequence may also be a polyadenylation sequence, a sequeﬁce operably linked to
the 3™-terminus of the nucleic acid sequence and which, when transcribed, is recognized by the host
cell as a signal to add polyadenosine residues to transcribed mRNA. Any polyadenylation sequence
which is functional in the host cell of choice may be used in the methods disclosed herein. Exemplary
polyadenylation sequences for filamentous fungat host cells can be from the genes for Aspergiflus
orvzae TAKA amylase, dspergilius niger glucoamylase, Aspergillus nidulans anthranilate synthase,
Fusarium oxysporum trypsin-like protease, and Aspergilius niger alpha-glucosidase. Useful
polyadenylation sequences for veast host cells are described by Guo and Sherman, 1995, Mol Cell Bio
15:5983-5990. ‘

[0368] The control sequence may also be a signal peptide coding region that codes for an amino acid
sequence linked to the amino terminus of a polypeptide and directs the encoded polypeptide into the
cell's secretory pathway, The 5" end of the coding sequence of the nucleic acid sequence may
inherently contain a signal peptide coding region naturally linked in translation reading frame with the
segment of the coding region that encodes the secreted polypeptide. Alternatively, the 5’ end of the
coding scquence 1ay contain a signal peptide coding region that is foreign to the coding sequence,
The foreign signal peptide coding region may be required where the coding sequence does not

naturally contain a signal peptide coding region.

[0309] Alternatively, the foreign signal peptide coding region may simply replace the natural signal
peptide coding region in order to enhance secretion of the polypeptide. However, any signal peptide
coding region which directs the expressed polypeptide into the secretory pathway of a host cell of

choice may be used in the methods disclosed herein.

[6316] Effcctive signai peptide coding regions for bacterial host cells are the signal peptide coding

regions obtained from the genes for Baciilus NCIB 11837 maltogenic amylase, Bacillus
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1140 tgccttgggg gggceccataa tcatatccag ccggaagagg acgtggaage aacgaagatg 1200 gecgttgaaa
acatgtcgcee tgggaatatg gatatcaaac gtctggtctt ccacaactgg 1260 tgcaaggatg aatttgccaa aggcgegtgg

ttcttcgecee ctﬁgggﬁg&ogé:}gtcaaag 1320 agcctggatg aactgegetg cegtcacggt,aatatectat tacaaactc
cgattgggcc aggattggc

stearothermophilus alpha-amylase, Bacillus licheniformis subtilisin, Bacillus licheniformis beta-
lactamase, Bacillus siearothermophilus newiral proteases (npr'T, nprS, nprM), and Bacilfus subitilis

prsA. Further signal peptides are described by Simonen and Palva, 1993, Microbio! Rev 57: 109-137.

[0311] Effective signal peptide coding regions for filamentous fungal host cells can be the signal
peptide coding regions obtained from the genes for Aspergillus oryzae TAKA amylase, Aspergillus
niger neatral amylase, dspergilius niger gucoamylase, Rhizomucor michel aspartic proteinase,

Humicola insolens cellulase, and Humicola lanuginosa lipase.

{0312} Useful signal peptides for yeast Host cells can be from the genes for Saccharomyees
cerevisige alpha-factor and Saccharomyces cerevisiae invertase. Other useful signal peptide coding

regions are described by Romanos ef al., 1992, supra.

[6313] The control sequence may also be a propeptide coding region that codes for an amino acid
sequence positioned at the amino terminus of a polypeptide. The resultant polypeptide is known as a
proenzyme or propolypeptide (or a zymogen in some cases). A propolypeptide is generally inactive
and can be converted to a mature active polypeptide by catalytic or autocatalytic cleavage of the
propeptide from the propolypeptide. The propeptide coding region may be obtained from the genes
for Bacillus subtilis alkaline protease (aprE), Bacillus subtilis neutral protease (nprT), Saccharomyces
cerel}isiae alpha-factor, Rhizomucor miehei aspartic proteinase, and Myceliophthora thermophila
lactase (WO 95/33836}.

[6314] Where both signal peptide and propeptide regions are present at the amino terminus of a
polypeptide, the propeptide region is positioned next to the amino terminus of a polypeptide and the

signal peptide region is positioned next to the amino terminus of the propeptide region.

[0315] Itmay also be desirable to add regulatory sequences, which allow the regulation of the
expression of the polypeptide relative to the growth of the host cell. Examples of regulatory systems
are those which cause the expression of the gene to be turned on or off in response to a chemical or
physical stimulus, including the presence of a regulatory compound. In prokaryotic host cells,
suitable regulatory sequences include the lac, tac, and frp operator systems. In yeast host cells,
suitable regulatory systems include, as examples, the ADH?2 system or GAL system. In filamentous
fungi, suitable regulatory sequences include the TAKA alpha-amylase promoter, Aspergillus niger

glacoamylase promoter, and Aspergiilus oryzae glacoamylase promoter.

[0316] Other examples of regulatory sequences are those which allow for gene amiplification. in
eukaryotic 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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gtggttttat cgatggtgct atcgaggagg gcacccgcgce agcggttact 1440 gtaattgagg aactgcgtcc tgcgectgeg
gtgcgttcce acctg 1485 <210> 12 <211> 495 <212> PRT <213> Atrtificial Sequence CX2-020WO01.txt
<220> <223> variant monoamine oxidase <400> 12 Met Thr Ser Arg Asp Gly Tyr Gin Trp Thr Pro Glu
Thr Gly LeuRPAIE{ B Gin Gly val Pro Ser Leu Gly Val lle Ser Pro Pro ?ﬁﬁ&%‘;{?q%ﬂ@ﬁ%m%o Asp
Thr Asp Lys Asp Gly Pro Trp Asp val lle val lle Gly Gly Gly 354045 Tyr Cys Gly Leu Thr Ala Thr Arg
Asp Leu Thr Val Ala Gly Phe Lys

cases, the nucleic acid sequence encoding the monoamine oxidase of the present disclosure would be

operably linked with the regulatory sequence.

{0317} Thus, in another embodiment, the present disclosure is also directed to a recombinant
expression vector comprising a polynucleotide encoding an enginecred monoamine oxidase or a
variant thereof, and one or more expression regulating regions such as a promoter and a terminator, o
replication origin, eic., depending on the type of hosts into which they are to be introduced. The
various nucleic acid and control sequences described above may be joined together to produce a
recombinant expression vector which may include one or more convenient restriction sites to allow
for insertion or substitution of the nucieic acid sequence encoding the polypeptide at such sites.
Alternatively, the nucleic acid sequence of the present disclosure may be expressed by inscrting the
mucleic acid sequence or a macletc acid constiuct comprising the sequence into an appropriate vector
for expression. In creating the expression vector, the coding sequence 1s located in the vector so that

the coding sequence is cperably linked with the appropriate control sequences for expression.

[6139] The recombinant expression vector may be any vector (e.g., a plasmid or viras), which can be
conveniently subjected to recombinant DNA procedures and can bring about the expression of the
polynucleotide sequence. The choice of the vector will typically depend on the compatibility of the
vector with the host cell into which the vector is to be introduced. The vectors may be linear or closed

circular plasmids.

[0318] The expression vector may be an autonomously replicating vector, i.e., a vector that exists as
an extrachromosomal entity, the replication of which is independent of chromosomal replication, e.g.,
a plasmid, an extrachromosomal element, a minichromosome, or an artificial chromosome. The
vector may contain any means for assuring self-replication, Alternatively, the vector may be one
which, when introduced inie the host cell, is integrated into the genome and replicated together with
the chromosome(s) into which it has been integrated. Furthermore, a single vector or plasmid or two
or more vectors or plasmids which together contain the total DNA 1o be introduced into the genome of

the host cell, or a transposon may be used.

18319} The expression vector of the present disclosure preferably containg ene or more selectable
markers, which permit easy selection of transformed cells. A selectable marker i3 a gene the product
of which provides for biocide or viral resistance, resistance to heavy metals, prototrophy to
amxotrophs, 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, LYSZ, MET3, TRPI, and URAZ3.
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505560 Thr Leu Leu Leu Glu Ala Arg Asp Arg lle Gly Gly Arg Ser Trp ser 65 70 75 80 Ser Asn lle Asp
Gly Tyr Pro Tyr Glu Met Gly Gly Thr Trp Val His 859095 Trp His Gin Ser His Val Trp Arg Glu He Thr
Arg Tyr Lys met His 100105110 Asn Ala Leu Ser Pro Ser Phe Asn Phe |_ Asn His Phe
u Ala
SR P

115120125 Gin'Leu Arg Thr Asn Pro Thr Thr Ser Thr Tyr Met Thr His Gl 20 Glu Asp Glu

Leu Leu Arg Ser Ala Leu His Lys Phe Thr Asn Val Asp 145150155160 Gly Thr Asn Gly Arg Thr Val
Leu Pro Phe Pro His Asp Met Phe Tyr 165170175 Val Pro Glu Phe Arg Lys Tyr Asp Glu Met Ser Tyr
Ser Glu Af§2lé teer8davatkespic irdle AflASE G dupe) sercel inplade-GHl 8¢ §o5BRSE%eu Glu
195200205 BlaRhalaskebr die (haysi et tliydslyahiTek ey BiuhspeatheiPheAdaiibi2) Gly Glu
Phe Leu His Trp Trp Ala,Met Ser Gly Tyr Thr Tyr Gin . Gly 225230235240 ¢ys met Asp Cys Leu lle Ser
o Lye FE (B D B S B 2 oy Tor Gy
Arg Leu Gi8nnesr 26 TyHvarsmelars oy PrsdraCArg s vabas ey ARp a2 75280285
Val Arg MatrEsn AlabAdEhASPRE iy AfgrioliPae/AlaeAlackhys hegiketia29029b306s waldgyscdhs lle Pro Leu

Asn Val Lh%‘ité%r 0§§Ep\é@i)ﬂ|tisso@2§e %?({ tﬁ{! 82& gene of Strepionyces hygroscopicus,

[0321] The expression vectors of the present disclosure preferably contain an clement(s) that permits
integration of the vector into the host cell's genome or antonomous rephication of the vector in the cell
independent of the genome., For integration into the host cell genome, the vector may rely on the
nueleic acid sequence encoding the polypeptide or any other element of the vector for integration of

the vector into the genome by homologous or nonhomologous recombination.

[0322] Alternatively, the expression vector may contain additional nucleic acid sequences for
directing integration by homologous recombination into the genome of the host cell. The additional
nucieic acid sequences enable the vector to be integrated into the host cell genome at a precise
location(s) in the chromosome(s). To increase the likelihood of integration at a precise location, the
integrational elements should preferably contain a sufficient number of nucleic acids, such as 100 to
10,000 base pairs, preferably 400 to 10,000 base pairs, and most preferably 800 to 10,600 base pairs,

_ which are highly homologous with the corresponding target sequence to enhance the probability of
homologous recombination. The integrational clements may be any sequence that is homologous
with the target sequence in the genome of the host cell. Furthermore, the integrational elements may
be non~encoding or encoding nucieic actd sequences. On the other hand, the vector may be integrated

into the genome of the host cell by non-homologous recombination.

[0323] For autonomous replication, the vector may further comprise an origin of replication enabling
the vector to replicate autonomously in the host cell in question. Examples of bacterial origins of
replication are P15A ori (as shown in the plasmid of FIG, 5) or the origins of replication of plasmids
pBR322, pUC19, pACY C177 (which plasmid has the P15A ori), or pACYC184 permitting replication
m E. coli, and pUB110, pE194, pTA1060, or pAM.beta. | permitting replication i Bacillus.
Examples of origins of replication for use in a veast host cell are the 2 micron origin of replication,
ARSI, ARS4, the combination of ARS1 and CEN3, and the combination of ARS4 and CEN6. The
origin of replication may be one having a mutation which makes it’s functioning temperature-

sensitive m the host cell (see, e.g., Ehrlich, 1978, Proc Natl Acad Sci. US4 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

nucieic acid sequence can be obtained by integrating at least one additional copy of the sequence into
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305310315320 Pro Leu Ser Pro GIn Arg met Ala Ala Ala Asn lle Gly His Val Asn 325330335 GIn Cys
Val Lys Val His Ala Glu Val Ser Cys Pro Asp Met Arg Ser 340345350 Trp Ser Gly lle Ser Tyr Pro Phe
Asn Lys Leu Ala Tyr Ala lle Gly 355360365 Asp Gly Thr Thr Pro Ala Gly Asn Thr His lle Val Cys Leu
Gly Gly 3703 #5388/ °%482 s Asn His lle Gin Pro Glu Glu Asp Val Glu Ala ThFE§&"&E%88 390 395 400
Ala val Glu Asn Met Ser Pro Gly Asn met Asp lle Lys Arg Leu Val 405410415 Phe His Asn Trp Cys
Lys Asp Glu Phe Ala Lys Gly Ala Trp Phe Phe 420425430 Ala Pro Pro GIn Leu Leu Ser Lys Ser Leu
Asp Glu dehésrgal ysnbng 435440445 Hisa@hjifebie Vadclable Pl xvisniBee AspeiTrmidla Leu Gly Trp

Arg 4504 é&@&Jb{J&Q@n@%a%é&@%ﬁﬁ{ﬁﬁk% GGl dalve EhE AN Al Al Y bl dHEAGS 470 475 480 Val
lle Glu Glu Leu Arg Pro Ala Pro Ala Val Arg Ser HE L§%4§§(§f§§495. CX2-020W01 txt <210> 13

<211> 14T WHIUORR A 05 P4k pderadusea-s SYRYRARE O RIS MRS oxidase <400>

13 atgaccegee-todctygorypatgteatitrbjecagyytica agtaatattg cacgtgtggc ttttcacgtg acgcacgaag

ggcactaatgag caagtatg ttgaacgaac aactccagct tgtatggatt ttc%];g agﬁg tctgtggtga gcgaaacgtt ccactgtecc
a g

gtgcatgedt acA4EH AR CHNGHHT gedaRduAs GrEa g aRS b ARG GEAgagg

available. Suitable commercial expression vectors include p3xFLAGTM™ expression vectors from
Sigma-Aldrich Chemicals, St. Louis MO., which includes 2 CMV promoter and hGH polyadenylation
site for expression in manumalian host cells and a pBR322 origin of replication and ampicillin
resistance markers for amplification in E. coli. Other suitable expression vectors are pBluescriptli
SK{-) and pBK-CMV, which are commercially available from Stratagene, Lalolla CA, and plasmids
which are derived from pBR322 (Gibeo BRL), pUC (Gibco BRL), pREP4, pCEP4 (Invitrogen) or
pPoly (Lathe ef al., 1987, Gene 57:193-201).

57 Host Cells for Expression of Monoamine Oxidases

[0326] In another aspect, the present disclosure provides a host cell comprising a polynucleotide
encoding an improved monoamine oxidase of the present disclosure, the polynucleotide being
operatively linked to one or more control sequences for expression of the monoamine oxidase in the
host cell. Host cells for use in expressing the monocamine oxidase polypeptides encoded by the
expression vectors of the present disclosure are well known in the art and include but are not limited
t0, bacterial cells, such as E. coli, Laciobacillus keftr, Lactobacillus brevis, Lactobacillus minor,
Streptomyces and Salmonella typhimurium cells; fungal cells, such as yeast cells (e.g.,
Saccharomyces cerevisiae or Pichia pastoris (ATCC Accession No. 201178)); insect cells such as
Drosophila S2 and Spodoptera S9 cells; animal cells such as CHO, COS, BHK, 293, and Bowes
melanoma cells; and plant cells. Appropriate culture mediums and growth conditions for the above-

described host cells are well known in the art.

[6327] Polynucleotides for expression of the monoamine oxidase may be introduced into cells by
various methods known in the art. Techniques include among others, electroporation, biolistic
pariicle bombardment, liposome mediated transfection, calcium chloride transfection, and protoplast
fusion, Various methods for introducing polynucleotides into cells will be apparent to the skilled

artisan.

[0328] An exemplary host cell is Escherichia coli W3110. The expression vector was created by
operatively linking a polynucleotide encoding an improved monoamine oxidase into the plasmid
pCK 110900 operatively linked to the luc promoter under control of the /acl repressor. The expression

vector also contained the P13a origin of replication and the chioramphenicol resistance gene. Cells
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gcgacggcta tcatttcgee tcattggggg agacgctgcet acggttacce gtgaaatcac gegtgaatca cggaggatga
gccgtacagt acgaaatgtc getctagttt ttggtgaatt gtttaatctc aagccgcetgg acgaacgcga tggtttgcac cgcaacgcat
aagtcagttg cctgggctat gggcccataa acatgtcgec aatttgccaa aactgegctg gtggttttat aactgegtee tcagtggacc
gccgactaac ‘é’é%%%i'f Jt%ttggaggce gtatgagaty gegttataaa cticcaactg actg ? ﬁ”dq%%&&% atattccgaa
agaggctttc tctgcattgg ctataaattt cactggccgt cgcagtacgt gattccgetg ggecgetgeg tccggatatg cggegatgge
tcatatccag tgggaatatg aggcgegtgg ccgtcacggt cgatggtgct tgcgectgeg ccggaaacgg atcgaagata
gggctgacegregtpatby tatyetgybactiatisde dadgrediace W6 Hfcgeatitgiried deathmeieybattgiice attttattat
tgggcaatg} aagaaiagsedi@gestaty gitaccgecac aacgtattga aacattggec cgttcatggt acgaccccag
ccggaagagg gatatcaaac ttcttcgccc aatgtcetgt atcgaggagg gtgegttcee gtctgaccca ccgataagga

caacccgtga ttggidygccoMggttcati§ogotgictowvgact Abvagnatadatidaestgttttatgt agatccgcga gtageggtgg
cgggttacac agagtgcgtt tctttggttg gtgacggtcg gttctgttca atgttaacca cgggtatctc cgggtaatac acgtggaagce
gtctggtett @?@gbga@%ﬁ&&ﬁ%%f@@ﬁga&%%éb%lﬁeﬁﬁﬁa}EO@Wﬁééﬁ BOPEYEY %Féé“fzo tttaaccgtc 180
ctcctggage Ridrgiatdabtctr 300 ditcatitaach8 6O atgtacatgd 2 uamtgic ged480ay coglyaattbH40

cgaactgtch 800 £ACESIIoRRAL-IBIRANAE Fah £ICASHICILAAD JcLogianal 840 qaagticgca 900
ttttagccca 960 gtgc tcaaa 1020 ctatcc%ttc 1080 cata{g%%lmo aacgggquat%plzo_o cc{aﬂcaactgg 1260

qetgtoan s A EEA G SHEE DB A SR IAR T S ISP B0 A S5t PSR IE PRT <3135
Artificial Seguenive «2R8>x2 a8 iattant wvibontamitiestxidasé <m0 1 KtetiTHdSwEnwrgsAsp Gly Tyr
T G R e e e
e Glu sp.Thr Asp Lys o Trp. Asp Val lle Val lle.Gly Gly Gly yr Cys Gly
Lo Thr AT R PR P A PRATIR KR Al Lt Lol B Al Avg fias Are e
Gly Gly Ary'SenTgySés6870T586vSEb sh(rabash @hpary FrdaeahisietGhAEBRAT T rp Val His

859095 Tprdiial HRaekdiis ValdiR Argidedudles EROAMONDYN Lyssmrbhlis 30030k 1AsmAla Leu Ser-
Pro Ser P.h%Asp Ph<{='l SerArg %Ily Vgl sn His Phe 11
mn k. coll 1 -optimized po

oir and the codon ynuclettide glone(? %}%(9 c]ihz eSXpression vector, placing the
expression of the monoamine oxidase gene under the control of the lac promoter and lacl repressor
gene. Clones expressing the active monoamine oxidases in £. coli were identified and the genes
sequenced to confirm their identity, The sequence designated (SEQ ID NO: 2) was the parent

sequence utilized as the starting point for most experiments and Hbrary construetion of engineered

monoamine oxidases evolved from the dspergillus niger monoamine oxidase.

[0330] The engineered monoamine oxidases can be obtained by subjecting the polynucleoticde
encoding the naturally occurring monoaming oxidase to mutagenesis and/or directed evolution
methods, as discussed above. An exemplary directed evolution technique is mutagenesis and/or DNA
shuffling as described in Stemumer, 1994, Proc Natl Acad Sci US4 91:10747-10751, WO 95/22625;
WO 97/0078; WO 67/35966; WO 98/27230; WO 00/42651; WO 01/75767 and U S. Pat. 6,537,746,
Other directed evolution procedures that can be used include, among others, staggered extension
process (StEPY, in vitro recombination (Zhac et al., 1998, Nar. Biotechnol 16:258-261), mutagenic
PCR (Caldwell et al., 1994, PCR Methods Appl. 3:5136-S140), and cassette mutagenesis (Black er al.,
1996, Proc Natl Acad Sci US4 93:3525-3529).

[033%] The clones obtained following mutagenssis 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 iimited to
Monoamine oxidase activity can be measured using published methods, or adaptations thereof, for
measuring monoamine oxidase, such as, but not limited to those disclosed by Zhou et al. (Zhou et al.
“A One-Step Fluorometric Method for the Continuous Measurement of Monoamine Oxidase

Activity,” 1997 Anal. Biochem. 253:169-74) and Szutowicz ef al. (Szutowicz et al., “Colorimetric
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GIn Leu Arg Thr Asn Pro Thr Thr Ser Thr Tyr Met Thr His Glu Ala 130135140 Glu Asp Glu Leu Leu
Arg Ser Ala LeuHis Lys Phe Thr Asn Val Asp 145150155160 Gly Thr Asn Gly Arg Thr Val Leu Pro
Phe Pro His Asp Met Phe Tyr 165170175 Page 11 CX2-020WO01.txt Val Pro Glu Phe Arg Lys Tyr Asp
Glu Met Ser“f?tzgg’mﬁfﬁsArg lle 180185190 Asp Gin lle Arg Asp Glu Leu PR B Arg Ser Ser
Leu Glu 195200205 Ala Phe lle Leu Leu Cys Ser Gly Gly Thr Leu Glu ASn Ser Ser Phe 210215220
Gly Glu Phe Leu His Trp Trp Ala Met Ser Gly Tyr Thr Tyr Gln Gly 225230235240 Cys Met Asp Cys
Leu lle SésFyrityd@harinsOxsisGly BimSéishipl24526¢288 PHe\ikn ArghtvigePiiiFopiGlu Glu Ala Ala

Gly Thr Glyibwg heidyGly 2886827 Iyl BDelaly16/86Rin. MalAygiel dfahMalAsnGly Arg Asp Ala
275280285 VaIdArsq Val dT r ﬁda AQr}g‘ Asp 1%}I%Ar GéeuﬁP%? Ala ’é‘li%%s' Arﬁgl eu 29(329_5300 Val Cys Thr
lle Pro LEUCABAVAE 80 SR SEFVAT TS B el Pro 3083 0P 528 Bro T aU-SE! Bio Gin Arg Met Ala
Ala Ala AsnrHelBnpd4idsaten gn 3253 I0885eGin Epd headin ps uiiak His ith@vil/ag SEraBYRIPro Asp Met

Arg Ser  Szutowicz. Generally, when lysates are compared, the numbers of cells and the amount of protein
assayed are determined as well as 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.
Where the improved enzyme property desired is thermal stability, enzyme activity may be measured
after subjecting the enzyme preparations o a defined temperature and measuring the amount of
enzyme activity remaining afier heat treatments. Clones containing a polynucleotide encoding a
monoamine oxidase are then isolated, sequenced to identify the mucleotide sequence changes (if any),

and used to express the enzyme in a host cell.

[6332] Where the sequence of the engineered polypeptide is known, the polynucleotides encoding
the enzyme can be prepared by standard solid-phase methods, according to known synthetic methods.
In some embodiments, fragments of up to about 100 bases can be individually synthesized, then
joined (e.g., by enzymatic or chemical litigation methods, or polymerase mediated methods) to form
any desired continuous sequence. For example, polynucleotides and oligonucleotides disclosed herein
can be prepared by chemical synthesis using, e.g., the classical phosphoramidite method described by
Beaucage ef al., 1981, Tet Lett 22:1859-69, or the method described By Matthes ef al., 1984, EMBO J.
3:801-05, e.g., as it is typically practiced in automated synthetic methods. According to the
phosphoramidite method, oligonucleotides are synthesized, e.g., in an automatic DNA synthesizer,
purified, annealed, ligated and cloned in appropriate vectors. in addition, essentially any nucleic acid
can be obtained from any of a variety of commercial sources, such as The Midland Certified Reagent
Company, Midland, TX, The Great American Gene Company, Ramona, CA, ExpressGen Inc,
Chicago, 1L, Operon Technologies Inc., Alameda, CA, and many others.

[8333] Engincered monoamine oxidases expressed in a host cell can be recovered from the cells and
ot the culture medium using any one or more of the well known techniques for protein purification,
including, among others, lysozyme treatment, sonication, filtration, salting-out, ultra-centrifugation,
and chromatography. Suitable solutions for lysing and the high efficiency extraction of proteins from
bacteria, such as £, coli, are commercially available under the trade name Cellytic B™

Aldrich of St. Louis MO.

from Sigma-

[0334] Chromatographic techniques for isolation of the monoamine oxidase include, among others,
reverse phase chromatography high performance iquid chromatography, 1on exchange

chromatography, gel eiectrophoresis, and affinity chromatography. Conditions for purifying 2
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340345350 Trp Ser Gly lle Ser Tyr Pro Phe Asn Lys Leu Ala Trp Ala lle Gly 355360365 Asp Gly Thr
Thr Pro Ala Gly Asn Thr His lle Val Cys Phe Gly Gly 370375380 Ala His Asn His lle Gin Pro Glu Glu
Asp Val Glu Ala Thr Lys Met 385 390 395 400 Ala val Glu Asn Met Ser Pro Gly ASn Met ASp lle Lys
Arg Leu Val‘ﬁﬁgﬂlﬁﬂg%%he His Asn Trp Cys Lys Asp Glu Phe Ala Lys C%TA Wg%?%é%he
420425430 Ala Pro Pro Gin Leu Leu Ser Lys Ser Leu ASp Glu Leu Arg Cys Arg 435440445 His Gly
Asn Val Leu Phe Ala Asn Ser Asp Trp Ala Leu Gly Trp Arg 450455460 Gly Phe lle Asp Gly Ala lle Glu
Glu Gly Thartiwiprcheryiia WitlSEpnd 68 ph70 A7 8wl die G hhatiu hatopirghRity. AvdrPrislinle.Val Arg Ser
His Leu 4854904951031 daisdhdnz, 1A b2l s DA Idm AL tificial Saancs<220> <223>
variant monoamine oxidase <400> 15 atgaccagcc gcgacggcta tcagtggacc ccggaaacgg gtctgaccca
gggcgtacii®i tecetgggid ddaittugedigosgadiaacatcydagatd tocgdiadhgarogygtottggri2@ gatgtcattg
g B o ot aoglioatly.
cgtgatcgta ccq cteetggagce agtaatattg acggjtaccc gta a cac cattg

gcatg aat&?‘g’ggngg%ﬂff&ﬁﬁ&n%f§§§5?%ag°égé§tf’§?§§%{l ‘?§ét§%‘éé’é‘?f %@9%?‘3%&%89%’%‘%3?%&8 ftttcacgtg
gcgtgaatbatertbmictyccythveani.cgactactay taoytaoeteyld2 nictcavdhageygagdalda actgctgegt
aQCQCatt%ﬁ%ﬁ’@ﬂﬁ%b@%ﬁ%@@ﬁpa%%gﬁ%%{@@ﬁgcﬁ‘é@@@Qﬁ%ﬁ&tﬂ?ﬁé@ﬁt@i&&mmﬁ%&éﬁéatgt
gccggaattt cgcaagtatg acgaaatgtc atattccgaa cgcattgacc agatccgega cgaactgtct ttgaacgaac
etotagH g e AL QB a5 e LR B0 s el ROty ot S g tgggomatot
cgggttacabegrareagigged’ pongERggetidaatbrchortasats haydagteddayitigttegedegtcge 780
ttctgggaag angecastag-captaesethstggactaty tetilgaiteosaaione! SAtclaiggignacgassgcda
cgcagtacgt gttaccqgcac gtgacqggtcg cgaattcgca 900, gcgaaacgtt tggttt .gattccgctg aacgtattga
gttctgttcagtstt asé)a}ce(c:éaubgﬁ rcggg g%"g% g&%‘*é‘g& ?pélgégég%%%g%%ngé%e g(glg%%ﬁé%%g&%%%cngtcaaa 1020
Page 12 xgrovyendnetetithtyedy Ragteagiarieshny coiesilyt tayytdisseratécgtic 1080
aacaaattagseigggetal:caggegatggc acgaccccag cgggtaatac geatattgtg 1140 tgcettcgggg gegctcataa
tcatatccag ccggaagagg acgtggaagc aacgaagatg 1200 gccgttgaaa acatgtcgcec tgggaatatg gatatcaaac

gtctggtctt ccacadétgg MertycabiggatycdariorcabMyyyenétedditetsged Cemardyicgetitcaaag 1320
agcctggatg aactgegcetg'GEGREtggt aatgtcetgt ttgcaaacte cgattgggee 1380 ttaggttgge gtggtittat
tgatggtgctaleg aﬂ%alg&ga%%%g%%%es%e%@%%%%%@%é%%&?ﬁ}@@% RAGIIGIGS 9696EIA6E Qldagticee

acctgtaatg a 1491 <210> 16 <211> 495 <212> P Artificial Sequence <220> <223> variant
monoamifies e ormula 1 to a stereoisomer product of structural Formula H(a):

PA A A
MM | LN
3 tF

P
N N
(I 1i(a)

[6337] in which each A, M, and M’ are as described above.

{6338] In a particular embodiment, monoamine oxidases described herein can catalyze the oxidation
of the substrate {1R,58)-6,6-dimethyl-3-azabicyclo[3.1.0]hexane, compound (1) to the stereoisomeric
product, (1R, 58)-6,6-dimethyl-3-azabicyciof3.1.0thex-2-ene, compound (2):

H3C\’/CH3 ch\V/CHa
H N H H R H
[®) (@)
N N
1 @)
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<400> 16 met Thr Ser Arg Asp Gly Tyr GIn Trp Thr Pro Glu Thr Gly Leu Thr 151015 GIn Gly Val Pro
Ser Leu Gly Val lle Ser Pro Pro Thr Asn lle Glu 202530 Asp Thr Asp Lys Asp Gly Pro Trp Asp Val lle
Val lle Gly Gly Gly 354045 Tyr cys Gly Leu Thr Ala Thr Arg Asp Leu Thr Val Ala Gly Phe Lys 505560
Thr Leu Leu‘{%ﬁ@ﬂoﬁésArg Asp Arg lle Gly Gly Arg Ser Trp Ser 65 70 7‘?56]%28?%%2% Asp Gly Tyr
Pro Tyr Glu Met Gly Gly Thr Trp Val His 859095 Trp His Glu Ser His val Trp Arg Glu lle Thr Arg Tyr
Lys met His 100105110 Asn Ala Leu Ser Pro Ser Phe Asn Phe Ser Arg Gly Val Asn His Phe
1151201263889 eaXrepibhdnasrsPEcBhmeTind SeroTidizbgriv etbFhntt o Glouadd 130185140 Glu Asp Glu

Leu Leu AreiRerctdhsaid Hishysdabanlidiodunsy alifRpakt 21 3048a 160 Ghwilrhsn Gly.Arg Thr Val

Leu Pro Phe Pro Hi t.Phe Tyr 165170173 Val Pro Glu Phe Arg Lys Tyr Asp.Glu Met ser Tyr
Ser Gl AT L0 HB B0 R L T g R S DA et S HITARY S0 SEPL AL Gl
195200205 kIPHE) Hesidea 2B it BYisesEr GHAGIFSF iy dletendie s “Sesider 18Ré 210245220 Gly Glu

Phe L i i Top Al Mot Ser Ch Ty Thn Ty G G4 225730735240.Cs Mt Asp Cys Le e Ser

axidation of the substrate (3aR,6aS)-octahydrocyclopentalclpyrrole, compound (3) to the
stereoisomeric product, (3a8,6aR)-1,3a,4,5,6,6a-hexahydrocyclopentalcipyrrole, compound (4),

which can underge further dimerization to form compound (5):
PO
H i—i H
2 ™ N\
H LZ“‘ H
N

(3) (4) (5)

0341} In one embodiment of this method for oxidizing the substrate, compound (3) to the product,
compound (4), the monoamine oxidase polypeptide, as compared to the wild-type A. niger sequence
of SEQ ID NO:1, must have at least one of the following amino acid substitutions: (1) residue 465 is
glyeine, (2) residue 289 is valine, (3} residue 384 is glutamine, and (4) restdue 365 is tryptophan, In
another embodiment of this method for reducing the substrate, compound (3) to the product,
compound (4), the monocamine oxidase polypeptide, as compared to the wild-type 4. niger sequence
of SEQ ID NO: I, must have at least two of the following amino acid substitutions: (1) residue 465 is
glycine, (2} residue 289 is valine, (3} residue 384 is glutamine, (4) residue 365 is tryptophan, and

{3) residue 99 is glutamic acid. In another embodiment, the moncamine oxidase as compared to the
wild-type A. niger sequence of SEQ ID NO: 1, must have at least three of the following amino acid
substitutions: (1} residue 465 is glycine, (2) residue 289 is valine, (3) residue 384 is glutamine,

{4) residue 365 is tryptophan, (5) residue 99 is glutamic acid, and (4) residue 135 is glutamine. Ina
farther embodiment, the moncamine oxidase as compared to the wild-type 4. niger sequence of SEQ
TD NO:1, must have at least the following amino acid substitutions: (1) residue 465 is glycine,

(2) residue 289 is valine, (3) residue 99 is ghrtamic acid and (4) residue 135 is giutamine and/or

residue 248 i agpartic acid.
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245250255 Phe Ala Arg Arg Phe Trp Glu Glu Ala Ala Gly Thr Gly Arg Leu Gly 260265270 Tyr Val Phe
Gly Cys Pro Val Arg Ser Val val Asn Glu Arg Asp Ala 275280285 val Arg val Thr Ala Arg Asp Gly Arg
Glu Phe Ala A(éaéL S Ar‘B%_Leu 290295300 Val Cys Thr lle Pro Leu Asn Val Leu Ser Ser Val His Phe Ser

Pro 305310315390 B¥8Teu Ser Pro Gin Arg Met Ala Ala Ala Asn lle Gly His VAT Aeh 325330335 Glin

Cys Val Lys Val His Ala Glu Val Ser Cys Pro Asp Met Arg ser 340345350 Trp Ser Gly lle Ser Tyr Pro
Phe Asn Lys Leu Ala Trp Ala lle Gly 355360365 Asp Gly Thr Thr Pro Ala Gly Asn Thr His lle Val Cys
Phe Gly d§43l7 03 Pe380bAdirFIsoALYs PiKe C1ePie GIthGrPHsE wahGipdnk: Phstisaitdt Page 13

CX2-020uhdidxd B3aSHO3Rp400Aa Mad £BhiAsn MetaenPrackly AsitiMat Aspdiedys Arg Leu Val

405410415.Phe His Asn Trp Cys Asp Glu Ph Gly,Ala T. h P%1e 0425430 Ala Pro
g Gin L A B D A 8 BT,V Lo Phe A
Asn Ser As3|rprAld ety e\ oS A4BRAEGR reducing the substrate to the product, at least about

50% of the substrate is converted to the product in less than about 24 hours when carried out with
greater than about 25 g/L of substrate and less than about 5 g/L of the polypeptide, wherein the
polypeptide comprises an amino acid sequence corresponding to SEQ D NO: 4, 8, 10, 12, 14, 16, 18,
or 20.

[0344] In other embodiments, any one of the monamine oxidases provided herein can be used in the
production of intermediates for the synthesis of Schering 505034 ((1R,28,53)-N-(4-amino-1-
cvclobutyl-3,4-dioxobutan-2-y1)-3-((8)-2-(3-tert-butylureido)-3,3-dimethylbutanoyl}-6,6-dimethyi-3-
azabicycio[3.1.0Thexane-2-carboxamids)), a protease inhibitor useful for the freatment of viral
infections (Malcolm ef al, (2006) Aniimicrob. Agents Chemother. 30(3): 1013-20). An important step
in the synthesis of Schering 503034 is the conversion of a compound of structural Formula I to the
compound of structaral Formula [T, or more specifically, compound (1) to compound (2). Thus, the
present disclosure provides methods for the production of Schering 505034, the methods comprising
the step of converting compound {1) to compound (2) using a monoamine oxidase polypeptide of the
disciosure. Methods disclosed herein for the production of Schering 505034 also may include one or
more of the steps depicted and described in connection with Schemes 3, 4,5, 6, 8, 9, 18, 12, and 14

above.

[6345] In other embodiments, any one of the monamine oxidases provided herein can be used in the
production of intermediates for the synthesis of VX-950 (N-((S)-1-cvclohexyl-2-{(S)-1-
((18,3aR,6a8)-1-{(R)-3-(2-(cyclopropylamino)-2-oxoacetyl }hexanoylhexahydrocyclopenta[cjpyrrol-
2(1H)-yh-3,3-dimethyl-1-oxobutan-2-ylamino)-2-oxocthylypyrazine-2-carboxamide, a protease
inhibitor usefal for the treatment of viral infections (Perni et al. (2006) Antimicrob. Agents
Chemother. 50(3): 869-909). An important step in the synthesis of VX-950 is the conversion of a
compound of structural Formula I to the compound of structural Formula 11, or more specifically,
compound (3) to compound (4), Thus, the present disclosure provides methods for the production of
VX-950, the method comprising the step of converting compound (3) to compound (4) using a
monoamine oxidase polypeptide of the disclosure. Methods disciosed herein for the production of
VX-950 also may include one or more of the steps depicted and described in connection with
Schemes 3,4,5,6,7,9, 10, 11, and 13 above,

[6346] As is known by those of skill in the art, monoamine oxidase-catalyzed oxidase reactions

iypically require a cofactor. Oxidation reactions catalyzed by the monoamine oxidases described
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Gly Phe lle Asp Gly Ala lle Glu Glu Gly Thr Arg Ala Ala Val Thr 465470475480 Val lle Glu Glu Leu Arg
Pro Ala Pro Ala Val Arg Ser His Leu 485490495-<210> 17 <211> 1491 <212> DNA <213>
ArtificialSequence <220> <223> variant monoamine oxidase <400> 17 _atgaccagcc gcgacggcta
tcagtggacc 3@8@3§é%8§825tctgaccca gggcgtaccg 60 tccetgggtg tcatttcgec 5832%3& ggé' ﬁ%ﬁ%agata
ccgataagga cgggccttgg 120 gatgtcattg tcattggggg cgggtattgt gggctgaccg caacccgtga tttaaccgtc 180

herein also typically require a cofactor, flavin-adenine nucleotide (FAD). As used herein, the term
“cofactor” refers to a non-protein compound that operates in combination with a monoamine oxidase.
Generally, the oxidized form of the cofactor, which may be non-covalently or covalently attached to
the monoamine oxidase, is added to the reaction mixture. The oxidized FAD form can be regenerated
from the reduced form FAD-H; by molecular oxygen. In other embodiments, the oxidized FAD form
could be regenerated by NAD(P) to provide FAD and NAD(PYH. The NAD(P) could, in turn, be
regenerated by reduction of a ketone to an alcohol using an NAD{P)H-dependent alcohol

dehydrogenase/ketone reductase.

[0347] Th§: monoamine oxidase-catalyzed oxidation reactions described hercin are generally carried
out in a solvent, Suitable solvents include water, organic solvents (e.g., ethyl acetate, butyl acetate,
I-octacnol, heptane, octane, methyl t-butyl ether (MTBE), toluene, and the like), and ionic liquids
(e.g., 1-ethyl 4-methvlimidazolinm tetrafluoroborate, 1-butyl-3-methylimidazolium tetrafluoroborate,
1-butyl-3-methylimidazolium hexafluorophosphate, and the like). 1n some embodiments, aqueous

solvents, including water and aqueous co-solvent systems, are used.

[0348] Exemplary aquecus co-solvent systems have water and one or more organic solvent. In
general, an organic soivent component of an aqueous co-solvent system is selected such that it does
not completely inactivate the monoamine oxidase enzyme. Appropriate co-solvent systems can be
readily identified by measuring the enzymatic activity of the specified engineered monoamine oxidase
enzyme with a defined substrate of interest in the candidate solvent system, utilizing an enzyme

activity assay, such as those described herein.

[4348] The organic solvent component of an aqueous co-solvent system may be miscible with the
aqueous component, providing a single hquid phase, or may be partly miscible or immmiscible with the
aqucous component, providing two liquid phases. Generally, when an aqueous co-selvent system is
employed, it 15 selected to be biphasic, with water dispersed in an organic sclvent, or vice-versa.
Generally, when an aqueous co-solvent system is utilized, it is desirable to select an organic solvent
that can be readily scparated from the aqueous phase. In general, the ratio of water to organic solvent
in the co-solvent system is typically in the range of from about 90:10 to about 10:90 (v/v) organic
solvent to water, and between 8(:20 and 20:80 (v/v) organic solvent to water. The co-solvent system
may be pre~-formed prior to addition to the reaction nrixture, or it may be formed in sifu in the reaction

vessel.

[034%] The agueous solvent (water or agqueous co-solvent system) may be pH-buffered or umbuffered.
Generally, the oxidation ¢an be carried out at a pH of about 10 or below, ustally 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 abourt 5 to about 9. In some embodiments, the oxidation is carried out at
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gcagggttca agacgctgct gctggaggec cgtgatcgta ttggtggecg ctecctggage 240 agtaatattg acggttaccc
gtatgagatg ggtggcactt-gggttcattg gcatgaatct 300 cacgtgtgge gtgaaatcac gegttataaa atgcacaacg

cgctgtctcc a{tﬁggt%taac 360 ttttcacgtg gcgtgaatca cttccaactg cgtaccaatc cgg%%% ?n% % t catg 420
acgcacgaag cggagga%ga actgctgcgt agcgcattgc ataaattcac caatgtcgac 480 ggcactaatg gccgtacagt

gttgcegtte

apht of about 8 or below, often in the range of from about 5 to about 8, and usually in the range of
from about 6 to about 8. The oxidation may also be carried out at a pH of about 7.8 or below, or 7.5

or below. Alternatively, the oxidation may be carried out a neutral pH, i.e., about 7.

{0356]) During the course of the oxidation reactions, the pH of the reaction mixture may change.
Typical amines of structural Formula I are protonated at and about neutral pH, while the imine
products of structural Formula TI are typically not protonated at and about neutral pH. Accordingly,
in typical embodiments wherein the reaction is conducted at or about neutral pH, the oxidation of the
protonated amine to the un-protonated imine releases a proton inte the aqueous solution. The pl of
the reaction mixture or may be maintained at a desired pH or within a desired pH range by the
addition of a base during the course of the reaction. Alternatively, the pH may be controlled by using
an aqueous solvent that comprises a buffer. Suitable buffers to maintain desired pll ranges are known
in the art and include, for example, phosphate buffer, triethanolamine buffer, and the like,

Combinations of buffering or base addition may also be used.

[6351] Suitable bases for neutralization of acid are organic bases, for example amines, alkoxides and
the like, and inorganic bases, for example, hydroxide salts (e.g., NaOH), carbonate salts {e.g.,
NaHCO;), bicarbonate salts (e.g., K,COs), basic phosphate salts (e.g., K;HPO,, NasPO,), and the like.
A preferred base for the neutralizing protons released from oxidation of the amine to the imine over
the course of the reaction is the amine substrate itsclf. The addition of a base concurrent with the
course of the conversion may be done manually while monitoring the reaction mixture pH or, more
conveniently, by using an automatic titrator as a pH stat. A combination of partial buffering capacity
and base addition can also be used for process control, Typically, bases added to unbuffered or

partially buffered reaction mixtures over the course of the oxidation are added in aqueous solutions.

[6352] In carrying out the stercoseloctive oxidation reactions described herein, the engineered
monoamine oxidases may be added to the reaction mixture m the form of the purified enzymes, whole
cells transformed with gene(s) encoding the moncamine oxidase, and/or cell extracis and/or lysates of
such cells. Whole cells transformed with gene(s} encoding the engineered monoamine oxidase or cell
extracts and/or lysates thereof, may be employed in a variety of different forms, including solid (e.g.,

lyophilized, spray-dried, and the like) or semisoiid (e.g., a crude paste).

{0353} The cell extracts or cell fysates may be partially purified by precipitation (ammonium sulfate,
polyethyleneimine, heat treatment or the like, followed by a desalting procedure prior to
Iyophilization (e.g., ultrafiliration, dialysis, and the like). Any of the cell preparations may be
stabilized by crosslinking using known crosslinking agents, such as, for example, ghutaraldehyde or

immobilization to & solid phase {e.g., Eupergit C, and the hike).
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ccacatgata tgttttatgt gccggaattt 540 cgcaagtatg acgaaatgtc atattccgaa cgcattgacc agatccgcga
‘cgaactgtct 600 ttgaacgaac gctctagttt agaggctttc attttattat gtagcggtgg caccctggaa 660 aactccagct

ttggtgaatt telgeattaa 19[ g%caatgt cgggttacac gtatcagggc 720 tgtatggatt gtt@@}%gﬂﬁ}@&%&t aaggatggcc
agagtgcgtt cgcgcegtcgce 780 ttctgggaag aagccgetgg cactggecgt

10354] The solid reactants (e.g., enzyme, salts, efc.) may be provided to the reaction in a variety of
different forms, including powder (e.g., lyophilized, spray dried, and the like), solution, emulsion,
suspension, and the like. The reactants can be readily lyophilized or spray dried using methods and
equipment that are known {o those having ordinary skill in the art. For example, the protein solution
can be frozen at -80°C in small portions, then added to a prechilled lyophilization chamber, followed
by the application of a vacuum. Afterthe removal of water from the samples, the temperature is
typically raised to 4°C for two hours before release of the vacuum and retrieval of the lyophilized

samples.

{0355] The quantities of reactants used in the oxidation reaction will generally vary depending on the
quantities of product desired, and concomitantly the amount of monoamine oxidase substrate
employed. Generally, substrates can be employed at a concentration of about 5 grams/liter to 50
grams/liter using from about 50 mg/liter to about 5 g/liter of monoamine oxidase. Those having
ordinary skill in the art will readily understand how to vary these quantities to tailor them to the
desired level of productivity and scale of production. Appropriate quantities of optional agents, such
as catalase, antifoam, and sodium bisulfite or sodium metabisulfite may be readily determined by

routine experimentation.

[0356] The order of addition of reactants is not critical. The reactants may be added together at the
same time to a solvent (e.g., monophasic solvent, biphasic agqueous co-solvent system, and the like},
or alternatively, some of the reactants may be added separately, and some together at different time
peints. In certain embodiments, one or more of the components of the reaction may be added
continuously (“fed”) to the reaction at levels that minimize or obviate substrate and/or product
inhibition of the monoamine oxidase. In certain embodiments, the monoamine oxidase can be added
at intervals over the course of the reaction, for example addition at about every 1 hour, about every 2

hours, about every 3 hours, or about every 4 hours.

[0357] Suitable conditions for carrying out the monoamine oxidase catalyzed oxidation reactions
described herein include a wide variety of conditions which can be readily optimized by routine
experimentation that includes, but is not limited to, contacting the engineered monoamine oxidase and
substrate at an experimental pH and temperature and detecting product, for example, using the

methods described in the Examples provided herein.

[0358] The monoamine oxidase catalyzed oxidation is typically carried out at a temperature in the
range of from about 5°C to about 73°C. For some embodiments, the reaction is carried out ata
temperatyure in the range of from about 20°C {0 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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ctgggctatg tctttggttg tccggtgegt 840 tctgtggtga acgaacgcga cgcagtacgt gttaccgcac gtgacggtcg
cgaattcgca 900 gcgaaacgtt tggtttgcac gattccgetg aacgtattga gttctgttca ttttagccca 960 ccactgtccce

cgcaacgcat ggccgctgcg aacattggcc atgttaacca gtgcgtcaaa 1020 gtgcatgcgg aagtcagttg tccggatatg
cgttcatggt c&%fé‘%@f@ﬁg?ﬁccgttc 1080 aacaaattag cctgggctat cggcgatggc :?6955%%&83%4 gtaatac

about 40°C to about 45°C . The reaction may also be carried out under ambient conditions (about
21°C).

{0359] The oxidation reaction is generally allowed to proceed until essentially complete, or near
complete, oxidation of substrate is obtained. Oxidation of substrate to product can be monitored using
known methods by detecting substrate and/or prodect. Suitable methods include gas chromatography,
HPLC, and the lilke. Conversion yields are generally greater than about 50%, may also be greater than
about 60%, may also be greater than about 70%, may also be greater than about 80%, may also be

greater than 90%, and are often greater than about 97%.
6. EXAMPLES

{0366] Various features and embodiments of the disclosure are illustrated in the following
representative examples, which are intended to be ilustrative, and not Iimiting.

Example 1: Wild-type Monoamine Oxidase Gene Acquisition and Construction

of Expression Vectors.
[0361] Monoamine oxidase encoding genes were designed for expression in E. coli (W31 fhuA or
UM?2) based on the reported amino acid sequence of the monoamine oxidase and a codon
optimization algorithm as described in Example 1 of US provisional application Serial No.
60/848,950, incorporated herein by reference. Genes were synthesized using oligonucleotides
composed, e £., of 42 nucleotides and cloned into expression vector pCK 110900 (depicted as F1G. 3
in United States Patent Application Publication 20060195947) under the control of a fac promoter,
The expression vector also contains the P135a origin of replication and the chloramphenicol resistance
gene. Resulting plasmids were transformed into E. coli W3 110 using standard methods. Examples of
codon optimized genes and the encoding polypeptides as well are listed in Table 4. The activity of the
wild-type monoamine oxidases was confirmed using methods know in the art, or adapted therefrom,
inchuding those disclosed by Zhow et ¢, (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 Assay for Monoamine Oxidase in Tissues Using
Peroxidase and 2,2' Azino(3 ethiylbenzthaizoline-6-sulfonic Acid) as Chromogen,” 1984, 4nal,
Biochem. 138:86-94). Comparisons of enzyme sctivities were made using a defined preparation of
enzyme, a defined assay under a sct condition, and one or more defined substrates, as further
deseribed in detail herein or using the methods of, e.g., Zhou and Szutowicz. Generally, when ysates
were compared, the numbers of cells and the amount of protein assaved were determined 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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gcatattgtg 1140 tgcttcgggg gcgctcataa tcatatccag ccggaagagg acgtggaage aacgaagatg 1200
gccgttgaaa acatgtcgec tgggaatatg gatatcaaac gtctggtctt ccacaactgg 1260 tgcaaggatg aatttgccaa
aggegettgg (cticacce ctecacaget getgtcaaag 1320 agectggatg aactgegetg,cedteacaat aatgtectgt

ttgcaaactc c‘ga tgggcc 1480 ttaggttggc gtggttttat tgatggtgct atcgaggagg gcacccgege 4823

Tabie 4: Abbrevizitions, Source and Citatiens for Representative Monoamine Oxidases

Moneamin Microorganism Genbank GI Number | Polynucleotide | Polypeptide

e Oxidase | from which enzyme | Accession No. SEQ ID NO SEQ ID NO

was originally
identified
MAGN Aspergillus niger 138838 619754 1 2
MAQO3 Aspergillus oryzae | XM_00182283 | 169776835 31 32
2

[0362] Polynucleotides encoding engineered monamine oxidases of the present disclosure are

Hkewise cloned into vector pCK 110900 for expression in E, coli W3110.
Example 2: Production of Monocamine Oxidase Powders; Shake Flask Procedure,

[6363] Monoamine oxidase powders were produced from shake flask cultures as follows: A single

microbial colony of E. ¢oli containing a plasmid with the monoamine oxidase gene of interest is
inoculated into 50 ml Luria Bertani broth containing 30 pg/ml chloramphenicol and 1% glucose.
Cells are grown overnight {(at least 16 hirs) in an incubator at 30°C with shaking at 250 1pn1. The
culture is diluted into 250 ml 2XY'T (16 g/l bacto-tryptone, 10g/L yeast extract, 5 g/L. NaCl, pH 7.0) ,
lmM MgS0O,, 30 pg/ml chleramphenicol in a 1 liter flask to an optical density at 600 nm (OD600) of
0.2 and allowed to grow at 30°C. Expression of the monoamine oxidase gene is induced with ITmM
PTG when the OD600 of the culture is (1.6 to (.8 and incubated overnight (at least 16 hrs). Cells are
harvested by centrifugation {5000 rpm, 13 min, 4°C}) and the supernatant discarded. The cell pellet is
resuspended with an equal volume of cold (4°C ) 100 mM triethanclamine (hydrochloride) buffer, pH
7.0 (optionally including 2 mM MgSQy), and harvested by centrifugation as above. The washed cells
are re-suspended in two vohumes of the cold triethanolamine (hydrochioride) buffer, pH 7.0 and
passed through a French Press twice at 12000 psi while maintaining the teomperature at 4°C. Cell
debris is removed by centrifugation (9000 rpm, 45 min., 4°C). The clear lysate supernatant is
collected and stored at -20°C. Lyophilization of frozen clear lysate provides a dry powder of crude

monoaming oxidase enzyme,
Example 3: Production of Monoamine Oxidase; Fermentation Procedure.

[6364] Mongamine oxidase powders were produced by fermentation as follows: In an aerated

agitated 151 fermenter, 6.0L of growth medium containing 0.88 g/I. ammonium sulfate, (.98 o/ of
sodinm cifrate; 12.5 g/L of dipotassium hydrogen phosphate trihydrate, 6.25g/1. of potassium
dihydrogen phosphate, 6.2 g/1. 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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agcggttact 1440 gtaattgagg aactgcgtcc tgcgcctgeg gtgegttcce acctgtaatg a 1491 <210> 18 <211> 495
<212> PRT <213> Atrtificial Sequence <220> <223> variant monoamine oxidase <400> 18 Met Thr
Ser Arg Asp Gly Txr Gin Trp Thr Pro Glu Thr Gly Leu Thr 151015 Gin GI¥ Val Pro Ser Leu Gly Val lle
Ser Pro Pro ThPAS&E1u 202530 Asp Thr Asp Lys Asp Gly Pro Trp Aspc\]]almg[}?/gﬁ?gsGly Gly Gly
354045 Tyr Cys Gly Leu Thr Ala Thr Arg Asp Leu Thr Val Ala Gly Phe Lys 505560 Page 14
CX2-020WO01.txt Thr Lea Lea Lea Glu Ala Arg Asp Arg lle Gly Gly Arg Ser Trp Ser 65 70 75 80 Ser
Asn lle AspiaphayalpdesTyt GIl MetaKs GllfFhnPRebydkiHid 859098 Frpltis Briaberatis™Val Trp Arg

Glu lle ThyAsgdhysibysMet datis: Q01851 104AsN Al sbaunSRrie.2ekRhciAeRiheSat HEg Gly Val
Asn His Phe 11%120

temperafure 0%5C. The fermenter 1§ inoculated with a late exponential cultare of E. cali W3110,
containing a plasmid with the monoamine oxidase gene of interest, grown in a shake flask as
described in Example 3 to a starting OD600 of 0.5 to 2.0. The fermenter is agitated at 500 1500 rpm
and air is supplied to the fermentation vessel at 1.0-15.0 L/min to maintain dissolved oxygen level of
30% saturation or greater. The pH of the culture is controfled at 7.0 by addition of 20% v/v
ammonivmn hydroxide. Growth of the culture is maintained by the addition of a feed solution
containing 500g/L cerelose, 12 g/L ammonium chloride and 10.4 g/L magnesium sulfate
heptahydrate. Once the culture reaches an OD600 of 50, expression of moncamine oxidase is induced
by the addition of isopropyl-B-D-thiogalactoside (IPTG} to a final concentration of 1 mM. The
culture is then grown for another 14 hours. The culture is chilled to 4°C and maintained at 4°C until
harvested. Cells are harvested by centrifugation at 5000G for 40 minutes in a Sorval RC12BP
centrifuge at 4°C. Harvested cells are used directly in the following downstream recovery process or

are stored at 4°C until such use.

{0365] Where the cells are to be used directly in the downstream recovery process, the cell peliet is
resuspended in 2 volumes of 100 mM triethanolamine (hydrochloride) butfer, pH 6.8, at 4°C to cach
volume of wei ¢ell paste. The intracellular monoamine oxidase is released from the cells by passing
the suspension through a homogenizer fitted with a two-stage homogenizing valve assembly using a
pressure of 12000 psig. The cell bomogenate is cooled to 4°C immediately after disruption. A
solution of 10% w/v polyethylencimine, pH 7.2, is added to the lysate to a final concentration of 0.5%
w/v and stirred for 30 minutes. The resulting suspension is clarified by centrifuugation at 5000G in a
standard laboratory centrifuge for 30 minutes. The clear supernatant is decanted and concentrated ten
times using a cellulose witrafiltration membrane with a molecular weight cut off of 30Kd. The final
concentrate is dispensed into shallow containers, frozen at —20°C and lyophilized to powder. The
moneoamine oxidase powder is stored at —80°C.

Example 4: Analytical methods for the conversion of 6,6-dimethyl-3-

azabicyclo[3.1.0Thexane, compound (1) to (1R,55)-6,6-dimethyl-3-

azabicyclo[3.1.01hex-2-ene, compound (2).
[0366] The conversion of 6,6-dimethyl-3-azabicyclo[3.1.0Thexane and the stercomeric purity of the
§,6-dimethyi-3-azabicyelol3. 1.0Thex-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 (23 (~10.6 min), the undesired (18,2R) imine (~11.0 min} Colummn: Supelce Betadex 225

{part¥ 24348}, .25mm x 30m x 25um; Oven Temperature: 85°C Isothermal; Carrier Flow: 1.1
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Gin Leu Arg Thr Asn Pro GIn Thr Ser Thr Tyr Met Thr His Glu Ala 130135140 Glu Asp Glu Lea Lea
Arg Ser Ala Lea His Lys Phe Thr Asn Val Asp 145150155160 Gly Thr Asn Gly Arg Thr Val Lea Pro

Phe Pro His A§ Met Phe Tyr 165170175 Val Pro Glu Phe Arg Lys Tyr ] éﬂ% Tyr Ser Glu
Arg lle 18018 1%60,?&038[)82éin lle Arg Asp Glu Leu Ser Lea ASP Glu Arg sﬁ%@%le‘}aég’ u%sgszoozos Ala

Phe lle Lea Leta Cys Ser Gly Gly Thr Lea Glu Asn Ser Ser Phe 210215220 Gly Glu Phe Lea His Trp
Trp Ala Met Ser Gly Tyr Thr Tyr Gin Gly 225230235240 Cys Met Asp Cys Lea lle Ser Tyr Lys Phe Lys
ASp Gly sifinderimistzazehozstubhend miardnrg HE0T gt g ag R thFBly Arg Lea Gly
2602652 ¢eckypVal Phe Gly Cys Pro val Arg Ser Val Val Asn Glu Arg Asp Ala 275280285 Val Arg Val
Thr Ala Arg Asp Gly Arg Glu Phe Ala Ala Lys Arg Lea 290295300 Val Cys Thr lle Pro Lea Asn Val Lea
Ser Ser Val His Phe SEramude3053208%% 32t ®edqrder SuwPryGihcarg Nietalepalalaiyags lle Gly His
Val Asn 325330335 GFi? AP Lp$3parihs Aia GG P ehveys ProRelF st%hg Ser 340345350 Trp-
Ser Gly lle Ser Tyr Pré BRI ys Lea Ala Trp Ala lle Gly 355360365

[0367] The conversion of octahydrocyclopentalc]pyrreole and the sterecmeric purity of the product
were determined using the chiral GC method described below. The order of elition was; subsirate (3)
{retention time ~2.7 min}, the desired(3aS,6aR) imine (4} (~3.5 min), the undesired (3aR, 6aS)-imine
(~5.8 min). The imine dimer of imine {4) thermolyzes to the imine in the injector port. Column:
Supelco Betadex 223 (part# 24348), 25mm x 30m x .25um; Oven Temperature: 120°C Isothermal;
Carrier Flow: 1.1 m¥min; Injection volume: 4 ul; and Injection Split: 100:1; Injector
temperature=200°C; FID detection,

Example 6: Evaluation of Wild-Type Monoamine Oxidases for Oxidation of

6,6-dimethyl-3-azabicycle[3, 1.0Thexane, compound (1)
[0368] Wild-type monoamine oxidases disclosed herein were screened for their ability to oxidize
6,6 dimethyl-3-azabicyclo[3.1.0]hexane, compound (1) to 6,6-dimethyl-3-azabicyclo{3.1.0]hex-2-ene,
compound (2). To a 50-mL 3-neck flask ander air were added 25 mL of 100 mM pH 3.0 potassium
phosphate buffer and 330 ul of 6,6-dimethyl-3-azabicyclof3.1.(Thexane to give homogeneous
solution. The pH was adjusted to approximately 7.3 via cone. H;PO,. To the pil adjusted solution
was added 60 uL. of 4. niger catalase suspension {Sigma Aldrich; catalog number C-3515) and 150
mg of wild-type monoamine oxidase powder (prepared by the shake flask method of Example 2) with
SEQ ID NO 2 (4. niger) or SEQ ID NO 32 (4. oryzae) in pH 8.0 potassivm phosphate botfer. The
resulting pale yellow solution was stirred under air for 24 hours. The pH was maintained at 7.2 via
feedback controlled addition of 1 N NaOH in 1-5 ul. portions, (The amine reactant is protonated at
neutral pH; the imine product is not. The action refcases a proton which must be neutralized to

maintain the pH.).

[0369] The reactions quenched with 10 N NaOH to bring the pId to approximately 14 and the mixture
was exiracted with CDCI3 using cenirifugation for phase separation. 'H-NMR analysis of the CDCl;
solution from the reaction using the A. niger wild type monoamine oxidase indicated ~20%
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 NaQH solution as the reaction with the 4. niger wild

type monoamine oxidase, indicating about twice the amount of amine (1) was converted. .

{0378] Chiral GC analysis according to the method of Example 4 showed the desired (1R,58)-imine

(2). The undesired (15,5R}-imine enantiomer was not detected.
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Example 7: Evaloation of 2 Wild-Type Monoamine Oxidase for Oxidation of

octahydrocyclopenta[cipyrrole, compound (3)
{0372] Wild-type monoamine oxidases disclosed herein were screened for their ability to oxidize
{octahydrocyclopentaic]pyrrole, compound (3) to (3a8,6aR) 1,32.4,5,6,6a
hexahydrocyclopentalclpyrrole), compound (4). To a 50-ml. 3-neck flask under air were added 25
mL of 100 mM pH 8.0 potassium phosphate buffer and 375 mg of octahydrocyclopentafcipyrrole
hydrochioride and the pH was adjusted to approximately 7.3 with 1 N NaOH. To the pH adjusted
solution was added 60 pL of 4. niger catalase suspension (purchased from Sigma Aldrich; catalog
number C-3515) and 150 mg of wild type monoamine oxidase powder (prepared by the shake flask
method of Example 2) with SEQ ID NO 2 (4. niger) in pH 8.0 potassium phosphate buffer. The
resulting pale yellow solution was stirred under air for 24 hours. The pH was maintained at 7.2 via
foedback controlled addition of 1 N NaOIT in 1-5 pl portions. Little or no NaOH consumption was
observed after 24 hours. The reaction was quenched with 10 N NaOH to bring the pH to
approximately 14 and the mixture was extracted with CDCl;. After phase separation via centrifuge
{6000 rpm for 5 minutes), 'H-NMR analysis of the CDCI; solution indicated little or no conversion of

the amine (3} to the imine (4},

[8373] This example demonstrates that wild-type monoamine oxidases have very little if any activity
on octahydrocyclopentalc]pyrrole, compound (3).

Example 8: High Throughput Assays for Monoamine Oxidase Activity on

6,6-dimethyl-3-azabicyclo{3.1.0]hexane, Compound ().
f6374] Plasmid libraries obtained by directed evolution and containing evolved monoamine oxidase
genes are transformed into E. coli and plated on Luria-Bertani (LB) broth containing 1% glucose and
30 pg/ml chloramphenicol (CAM). After incubation for at least 16 hrs at 30°C, colonies are picked
using a Q-bot® robofic colony picker (Genetix USA, Inc., Beaverton, OR) into 96-well shallow well
microtiter plates confaining 180 pL Terrific broth (TB), 1% glucose, 30 pg/mL chloramphenicol
{CAM), and 2 mM MgSQ;. Cells are grown overnight at 30°C with shaking at 200 rpm. 20 uL of
this culture was then transferred into 96-deep well plates containing 350 ul. Terrific broth (TB), 2
mM MgS5Q, and 30 pg/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 § D thiogalactoside (iPTG) to a final concentration of | mM. The plates are
then incubated at 30°C with shaking at 250 rpm for 15-23 hrs,
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[0375] Cells were pelicted by centrifugation, resuspended in 400 uL lysis buffer and lysed by
shaking at room temperature for at least 2 hotrs. The lysis buffer contained 50 mM sodizm
phosphate buffer, pH 7.0, 1 mg/mL lysozyme and 500 ug/mL polymixin B sulfate. Cell debris was
pelleted by centrifugation.

[6376] Monoamine oxidase activity was measured by transferring 20 ul. appropriately diluted clear
lysate supernatant into the wells of 96- decp-well microtiter plates with 180 uL. of an assay mixture
containing 50 mM sodium phosphate buffer (pH 7.5), 4 U/ml 4. niger catalase (Sigma-C3515) and 40
mM 6,6-dimethyl-3-azabicyclo[3.1.0Thexane provided as its acetic acid salt, The assay plates were
sealed and shaken at room temperature for 4 hours. The reactions were quenched by addition of

500 pl. 1:1 acetonitrile:water and the plates were centrifuged. After centrifugation, 150 pL of the
supernatant was transferred to a shallow plate for HPLC analysis by the method of .accordimg to

Example 4.

{0377} HPLC conditions: 2.1 x 75 mm Zorbax Eclipse XDB C-18 3.5 micron particle size column at
40°C with 2 mobile phase of 60:40 40mM ammonium acetate/acetonitrile at (.5 mL/min, The imine
ehuted at ~1 minute (254 nm), Only the imine can be detected and the activity ranking of the variants

was done using absolute peak area of the imine signal.

{0378] Alternatively, the assay reactions were quenched with 100 pl of 10 N NaOH and extracted
with 1:1 v/v MTBE and subjected to chirai GC analysis by the method of Example 4,
Example 9: High Throughput Agsays for Moncamine Oxidase Activity on
octahydrocyclopenta[cipyrrole, Compound (3)
[0379] ILysates containing monoamine oxidase variants on 96-well plates were prepared as described

in Example 8.

[0388] Monocamine oxidase activity was measared by transferring 50 pL clear bysate into the wells of
96- deep-well microtiter plates with 450 pl of an assay mixture containing 100 mM sodium
phosphate buffer (pH 7.5), 4 U/ml 4. niger catalase (Sigma-C3515} and 50 mM
octahydrocyclopentalc|pyrrole . The assay plates were sealed and shaken at room temperature for 16
hours. The plates were centrifuged and 100 pL of the supernatant was quenched into 100 ul. of

acetonitrile in the wells of a shallow well plate for HPL.C analysis according to Example 5.

[038%] The reactions were quenched by addition of 100 uL acetonitrile and the plates were
centrifuged. After centrifugation, 100 uL of the superatant was 100 wl. of acetonitrile and

transferred to a shallow plate for HPLC analysis by the methed according to Example 4.

[6E41] HPLC conditions: 2.1 x 75 mm Zorbax Eclipse XDB C-18 3.5 micron particle size column at

4G°C with a mobile phase of 70:30 40mM ammonium acetate/acetonitrile at 0.5 mL/min. The imine
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eluted at ~1.3 minute (254 nm). Only the imine can be detected and the ranking of the variants were

done using absolute peak arca of the imine signal.

10382] Alternatively, the reaction was quenched with 106 L of 10 N NaOH and extracted with 1.1
v/v MTBE and subjected to chiral GC analysis Example 5.

[6383] This example describes the method that was used to identify monoamine oxidase variants
improved for oxidation of octahydrocyclopentaic]pyirote, Compound (3).

Example 10: Preparative scale procduction of (1R,55)-6,6-dimethyl1-3-

azabicyclof3.1.0thex-2-ene, Compound (2).
[0384] To a 300-mL 4-neck flask fitted with an overhead siirrer at 300 tpm was added 150 mL of
Milli-Q water at about 25°C, and 1.2 mL (approximately 1.0 g; approximately 9 mmol) of 6,6-
dimethyl-3-azabicyclo[3.1.0thexane to give a homogeneous solution with a pH of 11.8. NayS,0: was
added portion-wise until pH 7.5 was reached. To the colorless solution was added 300 pL of an
Antifoam-204 (Sigma catalog number A-6226) and 600 pl. of 4. niger catalase suspension {Sigma
Aldrich; catalog number C-3515} o give a coloriess solution at pH 7.5, To this solution was added
1.5 g of a monoamine oxidase powder (produced by fermentation according to Example 3) with SEQ
ID NO 10 to give & yellow solution. An air sparging probe was inserted (airflow rate ~60 mL/min)
and the pH of the reaction mixture began to drop immediately. The pH was maintained via feedback
controlied dosing of 2 N NaOH. After approximately 30 minutes, the pH remained stable and no
further base dosing occurred. After an additional 10 minutes (40 mumutes total), 120 mL of 6,6-
dimethyl-3-azabicyclo[3.1.0Thexane NaHSO; solution (prepared by adding 20.8 g of 6,6-dimethyl-3-
azabicyclo[3.1.0thexane to 150 mL of dH,0 and adding enough Na,S,0; to reach pH 7.2) was added
to the reaction at a rate of 0.25 mlL/min. The pH of the reaction mixture began to drop immediately
and dosing of 2 N NaOH resumed. The addition of the solution of 6,6-dimethyl-3-
azabicyclo{3.1.0]hexane and NaHSO; was completed after approximately § houars (9 hours of total
reaction time). The base addition continued and the base addition rate increased after the substrate
addition was completed. A 200 ul. aliquot was taken, quenched with 200 uf of 8 N NaOH (to break
the aminosulfonate to the free imine) and extracted with 600 uL of CDCl;. 'H-NMR analysis of the
CDCl; extract showed complete conversion of the substrate (1) to azabicyclo[3.1.0thex-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; }=2.1, 17.8; 1H), 2.06 (m; 1H), 1.62 (m, [H), 1.03 (s, 3), 0.80 (s, 3H)).

[6385] Chiral GC analysis showed the (1R, 5S) enantiomer (2)with no detectable (15,2R) enantiomer.

[6386] The reaction mixture was used “as is” for the ¢yanation reaction to the aminonitrile),
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Example 11: Monoamine oxidase catalyzed desymmetrization of 6,6-dimethyl-3-

azabicyclo[3. 1.0Thexane (1) to (1R,55)-6,6-dimethyl-3-azabicyclo[3.1.0hex-2-ene

(2) under a static blanket of air.
[6387] To a 50-mL 3-neck flask under air was added 25 mL of 100 mM pH 3.0 potassium phosphate
buffer and 330 pl of 6,6-dimethyl-3-azabicyclo[3.1.0]hexane to give a homogeneous solution, The
pH was adjusted to approximately 7.5 using concentrated HaPOy. To the pH adjusted solution was
added 60 uL of 4. niger catalase suspension (Sigma Aldrich; catalog number C-3515) and 150 mg of
monoamine oxidase powder (prepared by the method of Example 2) with SEQ ID NO 4, 6 or & in pH
8.0 potassium phosphate buffer. The resulting pale vellow solution was stirred under air for 24 hours,
The pH was maintained at 7.4 via feedback controiied addition of 1 N'NaOH in 1-5 uL. portions. The
reaction was then quenched with 10 N NaOH to bring the pH to approximately 14. A sample of the
mixture was extracted with CDCl;. After phase separation via centrifuge (6000 rpm for 5 minutes},
"H-NMR analysis indicated at least 95% conversion of the amine (1) to the imine (2). Chiral GC
analysis by the method of Example 4 showed (1R, 58}-imine enantiomer (2). The (15,2R) enantiomer
was not detected.

Example 12: Monoamine oxidase catalyzed desymunetrization of 6,6-dimethy]-3-

azabicyclo{3.1.0]hexane (1) to (1R,58)-6,6-dimethyl-3-azabicyclo[3.1.0Thex-2-ene

(2) under a blanket of oxygen.
[6388] To a 50-mi. 3-neck flask under air was added 25 mI. of 100 mM pH 3.0 potassium phosphate
buffer and 330 uL of 6,6-dimethyl-3-azabicyclo[3.1.0}hexane to give homogeneous solution. The pH
was adjusted to approximately 7.5 with concentrated H;PO., To the pH adjusted solution was added
60 UL of 4. niger catalasc suspension (Sigma Aldrich; catalog number C-3515) and 150 mg of
menoamine oxidase powder of polypeptides of SEQ ID NO 4, 6 or 8 {(prepared by the method of
Example 2) in pH 8.0 potassium phosphate buffer. The headspace was flushed through with a stream
of oxygen and the resulting pale yellow solation was stirred under air for 24 hours, The pH was
maintained at 7.4 via feedback controtied addition of 1 N NaOH in 1-5 uL portions. The reaction was
quenched with 10 N NaOH to bring the pH to approximately 14. A sample of the mixture was
extracted with CDCL. After phase separation via centrifuge (6000 rpm for 5 minutes), 'H-NMR
analysis indicated at least 95% conversion of the amine (1) to the imine (2). Chiral GC analysis by
the method of Example 4 showed (1R,55)-imine enantiomer (2). The (1S,2R) enantiomer was not
detected.

Example 13; Monoamine oxidase catalyzed desymmetrization of 6,6-dimethyi-3-

azabicyclo[3.1.0thexane (1) to (IR,58)-6,6-dimethyl-3-azabicyclof3.1.0]hex-2-ene

with air sparging in the presence of bisulfite.
[0389] To a 100-mL flask was added 40 mL of dH20 and 1.8 mL of 6,6-dimethyl-3-

azabicyclo[3.1.0]hexane to give homogencous solution with & pH of approximately 11.4. To this
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solution was added 2.7 g of Na23203 to provide a homogencous solution and the pH was adjusted 1o
approximately 7.5 by addition of about 1 mL of 8 N NaOH. To this solution was added 60 uL of
Antifoam-204 (Sigma, catalog number A-6226} 120 ul of A niger catalase suspension {Sigma
Aldrich; catalog number C-3515) and 300 mg of monoamine oxidase powder of polypeptide of SEQ
1D NO: 8 (prepared by the method of Example 2) in 10 ml. of 100 mM pH 8.0 potassium phosphate
buffer. Air was sparged into the reaction mixture through fritted glass and the resulting pale yellow
solution was stirred with air sparging for 24 hours at room temperature (about 21°C) for 24 hours,
The pH was maintained at 7.4 via feedback controlled addition of 2.5 N NaOH in | uL portions. The
reaction was quencileé and the imine-bisulfite adduct (the ammosulfonate) was broken to free imine
with 10 N NaOH to bring the pH to approximately 14 and the product was extracted isolated by
extraction intc MTBE. Foliowing phase separation, (1R,55}-6,6-dimethyl-3-azabicyclo[3.1.0thex-2-
ene was isolated via distillation in 86% yield. Analysis by "H-NMR in CDCl; (as in Example 10}
confirmed conversion of compound (1) to the imine compound (2). Chiral GC analysis by the method

of Example 4 showed (1R,55)-imine enantiomer (2). The (18,2R) enantiomer was not detected.

[0390] The (1R,55)-6,6-dimethyl-3-azabicyclo[3.1.0Jhex-2-ene so obtained was treated with 1.0
equiv. of NaFSQ; in D,Q, "H-NMR analysis indicated quantitative conversion to the bisulfite adduct
("H-NMR (300 MHz, D,0) spectrum: 3 4.8 (d, J=1, 1H (NC(H)SO3; major diastercomer), 4.5 (d, J=5,
1H (NC{H)S03; minor diastereomer), 3.4-3.6 (m, 2H; minor diastereomer), 3.25 (dd, =3, 10, 14,
major diastereomer), 3.05 {dd, 1H; J=1, 10; major diastereomer), 1.65 (m, 1H; major and nﬁnor
diagtercomer), 1.55 (m, 1H, major and minor diastereomer), 1.22 (s, 3H; minor diastercomer), 1.15 (s,
3H; mincr diastereomer), 1.10 (s, 3H, major diastercomer}, 1.00 (s, 3H; minor diastercomer).
Example 14: Monoamine oxidase catalyzed desynmetrization of 6,6-dimethyl-3-
azabicyclo[3.1.0thexane to (1R,5S5)-6,6-dimethyl-3-azabicyclo3.1.0]hex-2-ene with
air sparging and concomitant addition of the substrate and bisulfite.
[0361] To the 500-mL 4-neck flask at room temperature (about 21°C) fitted with an overhead stirrer
at 300 rpm was added 150 mL of Milli-Q water and 1.2 mL (approximately 1.0 g; approximately %
mmol) of 6,6-dimethyl-3-azabicyclo[3.1.0]hexane to give a homogeneous solution with a pH of 11.8.
NapS20; was added in portions until a pH 7.5 was achieved. To the colorless solution was added 300
vl of Antifeam-204 {Sigma catalog number A-6226) and 600 L. of 4, niger catalase suspension
(Sigma Aldrich; catalog number C-3515) to give a colorless solution at pH 7.5, To this solution was
added 1.5 g of a monoamine oxidase powder of polypeptide of SEQ ID NO: § (prepared by the
method of Example 3) to give a vellow 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 mixtfure
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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additional 10 minutes (40 minutes total), 120 mL of a 6,6-dimethyl-3-
azabicyclo{3.1.0]hexane/NaHSO; solution {20.8 g of 6,6-dimethyl-3-azabicyeclo[3.1.0]hexane with
150 mL of dH;0 and enough Na,5,0; to reach pH 7.2) was added to the reaction mixture at a rate of
0.25 mL/min. The pH of the reaction mixture began to drop immediately and addition of 2 N NaOH
was resumed. Addition of 6-dimethyl-3-azabicyelo[3.1.0]hexane/NaHSO3 was completed after about
8 hours (9 hours of total reaction time). The base addition continued and the base addition rate
increased after the substrate addition was completed. The reaction was quenched with 10 N NaQOH to
bring the pH to approximately 14 {and break the imine-bisulfite adduct) and the mixture extracted
with MTBE. Following phase separation, (1R,58)-6,6-dimethyl-3-azabicyclo[3.1.0Thex-2-ene was
isolated via distiliation of the MTBE solution in 72% yield. Analysis by "H-NMR in CDCL (as in
Example 10) confirmed conversion of compound (1) to the imine compound (2). Chiral GC analysis
by the method of Example 4 showed (IR,55)-imine enantiomer {2). The (15,2R) enantiomer was not
detected.

Example 15: Preparation of (iR,28,55)-6,6-dimethyi-3-azabicyclo[3.1.0]hexane-2-

carbonitrile (static substrate mode).
[0392] To a 100-mL flask was added 40 mL. of dH;O and 1.8 mL of 6,6-dimethyl-3-
azabicyclo[3.1.0Thexane to provide a homogensous solution with a pH of approximately 11.4. To this
soluation Wlas added 2.7 g of Na,5,0; to provide @ homogeneous solution and the pH was adjusted 1o
about 7.5 with approximately 1 mL of 8 N NaOH. To this solution was added 60 ul. of Antifoam-204
(Sigma catalog number A-6226),120 pL of 4. niger catalase suspension (Sigma Aldrich; catalog
number C-3515) and 300 mg of monoamine oxidase powder of the polypeptide of SEQ 1D NO §
{prepared by the method of Example 2) in 10 mL of 160 mM pH 8.0 potassium phosphate buffer. Air
was sparged into the reaction mixtare through fritted glass at a rate of ~10 mL/min and the resulting
pale yeliow solution was stirred under air for 24 hours at room temperatare (about 21°C) for 24 hours,
Throughout, the pH was maintained at 7.4 vig feedback controlled addition of 2.5 N NaOHin I ul.
portions. Afier 24 hours, 1.0 g (1.3 equiv) of NaCN was added to the reaction mixture then
comprising (1R,2S5,58)-6,6-dimethyl-3-azabicyclo[3.1.0Thexane-2-sulfonate. After stitring at room
temperature (about 21°C) for an additional 15 minutes, the mixture was extracted with MTBE.
(2-Me-THF can aiso be used for the extraction.) Following phase separation and sokvent removal,
1.78 g (90% vield) of (1R,28,55)-6,6-dimethyi-3-azebicyclo[3.1.0]hexane-2-carbonitrile was isolated
a pale vellow solid. Analysis by "H-NMR in CDC}; confirmed preparation of (1R,28,58)-6,6-
dimethyl-3-azabicyclo[3.1.0]Thexane-2-carbonitrile (‘"H-NMR (300 MHz, CDCl;) spectrum: § 3.92 (d,
J=1.2, TH, NC(HHCN)}, 3.25 (m, 1H), 2.96 (dd, J=2.1, 17.0), 1.48 {dd; J=1,2, 12.2; [H), 1.42 (m,
1H), 1.13 (s, 3H), 1.11 (8, 3H)).
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gctgtcaaag 1320 agcctggatg aactgcgctg ccgtcacggt aatgtcctgt ttgcaaactc cgattgggec 1380 ttaggttggce
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<223> varlam%ghég%lﬁe oxidase <400> 20 Met Thr Ser Arg Asp Gly T rcélﬂsﬁﬁ)ﬁ?ﬁgr’ﬁ'o Glu Thr Gly
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[0393] When a reaction mixture comprising (IR,2$,55)-6,6-dimethyl-3-azabicycto[3.1.0]hexane-2-
sulfonate was so produced and treated with 3.0 equiv. of NaCN at room temperature for 12 hours,
~25% of the undesired cis stereoisomer (1R,2R,55)-6,6-dimethyl-3-azabicyclo[3.1.0thexane-2-
carbonitrile was observed in mixture with the desired trans ((1R,28,5S) stereoisomer. "H-NMR in
CDCl; showed the cis-aminonitrile methine proton as a doublet (J=4.2) at 4.22 ppm.

Example 16: Preparation of (1R,25,55)-6,6-dimethyl-3-azabicyclo[3.1.0]hexane-2-

carbonitrite (continuous substrate addition mode),
[0394] Step 1, To a 500-mLl 4-neck flask af room temperature (about 21°C) fitted with an overhead
stirrer (300 rpm} was added 150 mL of Mili-Q water and 1.2 mL {(approximately 1.0 g and 9 mmol)
of 6,6-dimethyl-3-azabicycio[3.1.0Jhexane to give a homogeneous solution with a pH of 11.8,
Na,5,0s was added in portions until the pH reached 7.5. To the colorless solution was added 300 pL
of Antifoam-204 (Sigma catalog number A-6226) and 600 pL of 4. niger catalase suspension (Sigma

| Aldrich; catalog number C-3515) to give a coiorless solution at pH 7.5, To this solution was added

300 mg of a monoamine oxidase powder {prepared by the method of Example 3} with SEQ ID NO 12
to provide a yellow solution. An air sparging probe (airflow rate of ~60 mL/min) was inserted and the
pH of the reaction mixture began to drop immediately. The pH was maintained via feedback
controlled addition of 2 N NaOH. Afier approximately 40 minutes, the pH remained stable and no
further base addition occurred. After aﬁ additional 10 minutes (50 minutes total), 130 mL of 6,6-
dimethyl-3-azabicyelo[3.1 .O]hexane NaHSO; solution (26.1 g of 6,6-dimethyl-3-
azabicyclo[3.1.0Thexane with 160 mL of dH.O and enough Na,S,0; to reach pH 7.2) was added to the
Teaction mixture at a rate of 0.12 mL/min. The pH of the reaction mixture began to drop immediately
and addition of 2 N NaOH was resumed, The 6,6-dimethyl-3-azabicyclo[3.1.0Thexane/NaHS0;
addition was completed after approximately 21 hours (approximately 22 hours of total reaction time).
Base addition continued at an increased rate after substrate addition was completed. After 24 hours,

the reaction was judged to be complete by "H NMR analysis.

[0395] Step 2. After 24 hours, the reaction was judged to be complete by "H-NMR analysis, 10.0 g
of NaCN (1.11 equiv.) was added te the reaction mixéure to give 2 milky reaction mixture with pH
9.9. After 24 hours, the reaction was judged to be complete by 'H NMR analysis. After 30 minutes,
the reaction was extracted with 300 mL of MTBE. The lower aqueous phase was drained off
(approximately 250 mL} and the upper crganic layer fiitered through 6 g (27 diameter x %7 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 evaporator at 40°C for 1 hour to give a white sold. The white solid
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151015 Gin Gly Val Pro Ser Leu Gly Val lle Ser Pro Pro Thr Asn lle Glu 202530 Asp Thr Asp Lys Asp
Gly Pro Trp Asp Val lle Val lle Gly Gly Gly 354045 Tyr Cys Gly Leu Thr Ala Thr Arg Asp Leud Thr val
Ala Gly Phe Lys 505560 Thr Leu Leu Leu Glu Ala Arg Asp Arg lle Gly Gly Arg Ser Tg) Ser 65 70 75 80
Ser Asn lle gp Pro Tyr Glu Met Gly Gly Thr Trp Val His 859095#5’%?@@ & His val Trp
Arg Glu lle Thr Arg Tyr Lys Met His 100105110 Asn Ala Leu Ser Pro Ser Phe Asn Phe Ser Arg Gly Val
Asn His Phe 115120125 Gin Leu Arg Thr Asn Pro Gin Thr Ser Thr Tyr Met Thr His Glu Ala 130135140
Glu Asp Ghs fuether ducA rgdBeredieed pigskiis foys PhisFertagre VAP ALpS 14848DaBEREE. Gl Thr Asn Gly
Arg Thr Viahbauw Bro.Bhede. HiméshMetBherkir 165170175 Val Pro Glu Phe Arg Lys Tyr Asp Glu
Met Ser Tyr ser Glu Arg lle 180185190 Asp Gin lle Arg Asp Glu Leu Ser Leu Asn Glu Arg Ser Ser Leu
Glu 195200205 Ala PH&dlepleli | Bur@yps@ef Gh@IvtiFhi {aeabGicobsh Berx8erlRhv@10215220 Gly Glu
Phe Leu His Trp Trp Ataidietisépeststy Tyr Thr Tyr Gin Gly 225230235240 Cys Met Asp Cys Leu lle Ser

1LY Pl S iR 6 SN SeAR 245200258 PR AR MO AMERE TR S Rl A g O Thr Gl

Example 16 or 17 is converted to the corresponding substantially enantiomerically pure (1R,25,55)-
6,6-dimethyl-3-azabicyclo[3.1,0]hexane-2-carboxylic acid methyl ester by the procedure described in
PCT International Application Publication WO 2007/07579¢.
Example 18: Preparation of {1R,25,55)-6,6-dimethyl-3-azabicyclo[3.1.01hexane-2-
carbonitrile, effect of NaCN equivalents and reaction time on the rans/cis ratio of the
aminonitrile.
[0397] The procedure was the identical to that of Example 15 up to the addition of NaCN, with the
exceptions that the monoamine oxidase power of SEQ 1D NO 8 was prepared by the method of
Example 3. After 24 hours, NaCN was added portion-wise to the reaction mixfure as shown in
Table 5 (1.0 equivalent of NaCN was 720 mg of 95% NaCN}. After each prescribed time interval, a
200 pL aliquot was taken, extracted with 1 mL of CDCl; and then analyzed by "H-NMR. The
trans/cis ratio between (the ratio between the desired 25 and undesired 2R epimers of (1R,55)-6,6-
dimethyl-3-azabicyelo[3.1.0]hexane-2-carbonitrile) of was determined by the 'H-NMR integration of

the aminonitrile methine proton resonance (frans=doublet at 3.92 ppm; cis=doublet at 4.22 ppm).

Table 5
Time | NaCN added | Total NaCN | Time since previous Yaconv. Trans/cis
[min] | [equiv.] [equiv.] addition [min] pi ['H-NMR] | ['H-NMR]
0 1.0 1.0 0 10.5 ND' ND
20 - 1.0 20 10.5 92 =100
60 - 1.0 60 10.6 92 =100
90 0.5 L5 30 | 16.8 97 >100
150 -- 1.5 60 10.8 96 26
210 0.5 2.0 50 11.0 98 19
230 1.0 3.0 20 11.1 98 16
350 e 3.0 120 11.2 98 12

' ND = not determined.  >100 means cis methine resonance not detected.
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Xamplc reparation 0 unef yi -3-azabicyc
carbomtnle process robustness

[0399] Step 1. To a 500-mL 4-neck flask at room temperature (about 21°C) fitted with an overhead
stirrer (300 rpm) was added 150 mL of Milli-Q water and 1.2 mL {approximately 1.0 g and 9 mmol)
of 6,6-dimethyl-3-azabicyclo[3. 1 Olhexane to give a homogeneous solution with a pH of 11.8.
N2,8,05 was added in portions until the pH reached 7.5. To the colorless soiution was added 300 uL
of Antifoam-204 (Sigma catalog number A-6226) and 600 ul. of 4. niger catalase suspension {Sigma
Aldrich; catalog number C-3515) to give a ¢colorless solution at pH 7.5, To this solution was added
300 mg of a moncamine oxidase powder (prepared by the method of Example 3) with SEQ ID NO 12
to provide a yellow solution. An air sparging probe (airflow rate of ~60 mL/min} was inserted and the
pH of the reaction mixture began to drop immediately, The pH was maintained via feedback
controlled addition of 2 N NaOH. After approximately 40 minutes, the pH remained stable and no
further base addition occurred. After an additional 10 minutes (50 minutes total), 150 mL of 6,6
dimethyl-3-azabicycio[3.1.0tThexane NaHSOs solution (26.1 g of 6,6-dimethyl-3-
azabicyclo[3.1.0Thexane with 160 mL of dH,O and enough Na,5,0; to reach pH 7.2} was added to the
Teaction mixture at a rate of (.12 mL/min, The pH of the reaction mixture began to drop immediately
and addition of 2 N NaQH was resumed. The 6,6-dimethyl-3-azabicyelof3.1.0Thexane/NaFHS03
addition was completed after approximately 21 hows (approximately 22 hours of total reaction time).
Base addifion continued at an increased rate after substrate addition was completed. After 24 hours,

the reaction was judged to be complete by ' NMR analysis.

{0406] Step 2. After 24 hours, 13.5 g of NaCN (1.5 equiv.) was added to the reaction mixture to give
a milky reaction mixture with pH 9.9, 200 pL aliquots was taken after the mixture had been stirring at
room temperature for 15 and for 45 minutes. The aliquots were extracted with 1 mL of CDCl; and the

extract was analyzed by “H-NMR. The cis-stercoisomer was below the ‘H-NMR detection limit at

both time points.

[6401] 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 agueous phase. The

organic phases were combined and concenfrated under reduced pressure using a rotatory vacuum
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<213> Artificial Sequence <220> <223> monoamine oxidase MADA <400> 21  atgggaagcc
cctctetgta ttctgecegt aaaacaaccce tggegttgge agtcgcectta 60 agtttcgect ggcaagcegcec ggtatttgee cacggtggtg

:23;%?:? %%%%;}%gs 21820 gataaaacgc ttaaagaatt _tggtgccgat gtgcagtgg% g%%as%%g 4cszcscsagctcttt 180

evaporator at 40°C for 1 hour to give a white solid. The white solid was further dried under reduced
pressure for 30 minutes to give 22.5 g (90% vield) of (1R,28,38)-6,6-dimethyl-3-
azabicycio[3.1.0thexane-2-carbonitrile. The cis (2R) epimer was below the 'H-NMR detection Limit,

[0402] This example illustrates that this aminonitrile remains in stereomerically pure form after one
hour at room temperature at pH 9.9 and in the presence of 0.5 equiv excess cyanide.

Example 20: Preparation of (IR,25,58)-6,6-dimethyl-3-azabicyclo[3.1.0]hexane-2-
carbonitrile; process robustness.

[0403] Step 1. The procedure was identical to Step | of Example 18.

[0404] Step 2. After 24 hours, 11.0 g of NaCN (1.22 equiv) was added to the reaction mixture to
give a milky reaction mixture with pH 9.9. After stirring at room temperature for 10 minutes, a 200
uL aliguot was taken, extracted with 1 mL of CDCl;. "H-NMR analysis of the extract solution
indicated complete conversion to (I1R,28,55)-6,6-dimethyl-3-azabicyclo]3.1.0Thexane-2-carbonitrile,

the trans aminonitrile with no detectable ¢is 2R sterepisomer,

{0483] The reaction mixture was stirred at room temperature for an additional 16 hours, '"H-NMR.
analysis after 16 hours indicated a trans/cis aminonitrile ratio of ~135:1 (the trans/cis ratic was .
determined by the 'H-NMR integration of the aminonitrile methine proton: trans=doublet at 3,92
ppm; cis=doublet at 4.22 ppm).

Example 21: Monoamine oxidase catalyzed desymmetrization of

octahydrocyclopenta[cjpyrrole to (3aS,6aR)-1,34,4,5,6,0a-

hexahydrocyclopentalc]pyrrole under static air.
[6406] To a 50-mL 3-neck flask under air was added 25 mL. of 160 mM pH 8.0 potassium phosphate
buffer and 375 mg of octahydrocyclopentacipyrrole hydrochioride followed by adjustment of the pH
to approximately 7.5 by addition of I N NaOH. To the pH adjusted solution was added 60 uL of 4.
niger catalase suspension (Sigma Aldrich; catalog number C-3515) and 150 mg of monoamine
oxidase powder (prepared by the method of Example 2} with SEQ ID NO 4 m pH 8.0 potassium
phosphate buffer, The resulting pale yellow solution was stirred under air for 24 hours during which
time the pH was maintained at 7.4 via feedback controlled addition of 1 N NaOH in 1-5ul portions.
The reaction was quenched with 10 N NaOH to bring the pH to approximately 14 and the product was
isolated by extraction into CDCls and the conversion was analyzed by "H-NMR, showing the

formation of 1,32,4,5,6,6a-hexahydrocyclopentalcpyrroie.

[0467] 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
octahydrocyclopentafcpyrrole to the desired (3aR,6aS)-imine (4), The (3a5,6aR) enantiomer was not
detected.
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aagatggcgc gtacgtgaaa gtgaagcctg gtgcgcaaac agcaattgtt 240 aatggtcagce ctctggeact gcaagtaccg
gtagtgatga aagacaataa agcctgggtt 300 tctgacacct ttattaacga tgttttccag tccgggcetgg atcaaacctt

tcaggtagaa %Ggngiao%cagcgsctc acccacttaa tgcgctaact gcggacgaaa ttaaacag%% Ly tSt %g%% gfszso gttaaagctt
ccgcggactt caaacccaa

Example 22: Preparation of (15,34R, 6aS)-octahydrocyclopenta[cipyrrole-1-
carbonitrile
[0438] To a 50-mL 3-neck flask under air was added 25 mL of 100 mM pH 8.0 potassium phosphate
buffer and 400 mg of octahydrecyclopenta[cipyrrole hydrochloride, 300 mg of Na,$,0;5 and the pH
was adjusted to approximately 7.5 with 10 N NaOH. To the pH adjusted solution was added 30 pL of
A, niger catalase suspension (Sigma Aldrich; cataiog number C-3515) and 300 mg of monoamme
oxidase powder (prepared by the method of Example 2 (with SEQ ID NO 10 in pH 8.0 potassinm
phosphate buffer. The resulting pale yellow solution was stirred under air for 24 hours during which
time the pH was maintained at 7.5 vig feedback controlled addition of 1 N NaOH in [-5 pL portions.
After stirring for 48 hours, 300 mg of NaCN was added to the reaction mixture raising the pH to ~5.9.
After stirring at room temperature (about 21°C) for an additional | hour, the mixture was extracted
with ethyl acetate. After phase separation and solvent evaporation, 316 mg of
octahydrocyclopentalcipyrrole-1-carbonitrile was isolated (82% yield). 'H-NMR showed ~90%
(15,3aR,6a8), “trans” and ~10% of the (1R, 3aR,6aS) epimer, “cis.” (lH-NMR (300 MHz, CDCl3)
spectrum: 6 3.95 (4, J=6.6, cis amimonitrile methine H), 3.62 {4, J=1.2; trans aminonitrile methine H),
315 (m, 1H), 2.71 (m, 2H), 2.62 (m, 1H), 1.63-1.92 {m, 3H), 1.55 (m, 1H), 1.22-1.45 (m, 3H)).
Example 23: Preparative scale production of {3aR,6aS8)-1,3a,4,5,6,6a-
hexahydro—cyclo—pentafci—pyrrole, Compound (4), and its corresponding dimer,
Compound (5).
[0409] To a 3-1. 3-neck flask jacketed at 20°C and stirred at 300 rpm was added 500 mL of dFL,O and
20 mL of a 25 wt% octahydrocyclopentajcipyrrole solution in water. The pH was adjusted to
approximately 7.6 with concentrated. HsPO, to give a colorless homogeneous solution. To this
solution was added 2.0 mL of 4. riger catalase suspension (Sigma Aldrich; calalog number C-3513)
and 5.0 g of monoamine oxidase powder of the polypeptide of SEQ 1D NO: 16 (prepared by the
method of Example 3) 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 by feedback
controlled addition of the 25 wt% octahydrocyclopenta|c|pyrrole solution in water in 20-100 pL
portions until 380 mL have been added. (The amine in neutral solation is protonated; the imine is not.
A proton is released by the reaction and mwst 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%
octahydrocyclopentacjpyrrole solution in water had been added, the pH was maintained by feedback
controlled addition of 1 N NaOH to complete the reaction {corresponding 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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acccgtttta ctgagatctc cctgctaccg 480 ccagataaag aagctgtctg ggegtttgecg ctggaaaaca aaccggttga:
ccagccgege 540 aaagccgacg tcattatgct cgacggcaaa catatcatcg aageggtggt ggatctgcaa 600

aacaacaaac tgctctcetg gecaacccatt aaagacgece acggtatggt gttgetggat 660 gatttcgeea gtgtgcagaa
cattattaac ag‘(rzgéé%(gg‘ggggtttgccgc PRT/US 00525

[0410] "H-NMR spectra of the solid dissolved in various solvents showed varying proportions of the
imine (32R,6aS) octahydrocyclopentaclpyrrole (4) and its dimer (5) in solution. "H-NMR in Ds-
DMSO (300 MHz) showed dimer and free imine was not detected (spectrum: ¢ 3.11 (t, J=8.2; 1H),
2.45 (m, 1H), 2.33 (m, 1H), 1.85 (dd, J=7.2, 8.1, 1H), 1.31-1.58 (m, 7H)). 'H-NMR in CDCL(300
MHz) showed a mixture of imine and dimer {spectrum: 8 3.22 (m, 1H), 2.65 {m, 1H), 2.30-2.40 (m,
2H), 1.89 (m, 1F), 1.50-1.70 (m, $H), 1.43 (m, 1H)). 'H-NMR in 17% D;P0./D,0O (300 MHz)
showed only the protopated imine monomer (spectrum: & 7.6-8.2 (br, 1H), 3.5-3.8 (br, 1H), 2.8-3.5
{br, 2H}, 2.2-2.8 (br, 11D, 0.5-1.7 (br, 6H)).

16411] To the bulk of the reaction mixture was added [00 mL of concentrated HCl o give a yellow
suspension with pH ~0 {to break the dimer to the protonated imine). The vellow suspension was
centrifuged at 8000 at 4°C for 10 minutes. The resulting yellow supernatant was decanted and
returned to the reaction vessel. The white paste (pelleted by the centrifugation) was resuspended in
100 mL of dH,O and filtered through filter paper. The residue was rinsed with dH.O (1 x 100 mL).
All acidic agueous solutions so obtained, containing (3aS5,6aR)-1,3a,4,5,6,6a-
hexahydrocyclopentalc]opyrrole hydrochloride were combined and used directly in the cyanation

reaction to the aminonitrile.

[0412] When the monoamine oxidase with SEQ ID NQ. 16, used in this example, was identified in
high throughput screening, the chiral GC assay of Example 5 showed that it oxidized
octahydrocyclopenta[clpyrrole to the desired (3aR,6aS)-imine (4). The (3aS,6aR) enantiomer was not
detected.
Example 24: Monoamine oxidase catalyzed desymmetrization of
octahydrocyclopentafclpyrroke to (3a5,6aR)-1,3a,4,5,6,6a-
hexahydrocyclopenta[c]pyrrole and its corresponding dimer under static air or
oxygen; product isolation via extraction.
[86413] Toa 3-L 3-neck flask jacketed at 20°C and stirred at 300 rpm was added 500 mL of dH:0 and
20 mL of a 25 wt% octahydrocyclopentalc]pyrrole solution in water. The pH was adjusted to
approximately 7.6 with concentrated HsPO, to provide a colorless, homogeneous solution to which .
2.0 mL of 4. niger catalase suspension (Novozyme; “Catalyzyme 101) and 5.0 g of monoamine
oxidase powder of the polypeptide of SEQ 1D 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 pIH of the reaction was maintained at 7.5 vig feedback controlied
addition of the 25 wt% octahydrocyclopenta[c]pyrroie solution in water in 20-1G0 pL. portions umntil
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 iself

ig the base used as the titrant for the pH-stat.) After 380 mL ofthe 25 wt%

93



tgccgtgaag 720 aaacgcggta ttactgatgc gaaaaaagtg attaccacgc cgctgaccgt aggttatttc 780 gatggtaaag
atggcctgaa acaagatgcc cggttgctca aagtcatcag ctatcttgat 840 gtcggtgatg gcaactactg ggcacatCCC -

atcgaaaacc %gggg’%&%tsggttgattta 900 gaacagaaaa aaatcgttaa gattgaaga% g%tgsczcb%% 8tztgscggtgcc
aatgaccgca

octahydrogyclopentalc]pyrrole solution in water had been added, the pH was maintained by addition
of 1 N NaOH to complete the reaction (corresponding to the initial 5 g (45 mmol) of the substrate).
After no further NaOH consumption was observed, 1800 mL of MTBE was added to the
heterogeneous reaction mixture that was then heated to 45°C. After filtration through Celite® , the
lower agueous phase was discarded and the upper organic phase extracted with 10% citric acid, and
the acidic aqueous solution containing {3aS,6aR)-1,3a,4,5,6.6a-hexahydrocyclopentalclpyrrole
hydrochloride was used directly in the preparation of (1R,28,55)-6,6-dimethyl-3-
azabicyclo{3.1.0]hexane-2-carboxylic acid according to the method of Example 29.

Example 25: Preparative scale production of the dimer of (3aR,06aS)

octahydrocyclopenta[cipyrrote, Compound (3)
{0414] To a 500mL 3-neck flask jacketed at 30°C under air and stirred at 300 rpm was added 100 mL
of dHO and 2.0 mL of a 25 wi% octahydrocyclopenta[cipyrrole solution in water (0.5 g of the
substrate). The pI was adjusted to approximately 7.8 with concentrated. HsPOs to give a colorless
homogeneous solution. To this solution was added 0.2 mL of 4. niger catalase suspension
{Novozyme “Catalyzyme 101) and 0.25 g of monoamine oxidase powder of the polypeptide of SEQ
ID NO 36 (prepared by the method of Example 3). The pH of the reaction began to drop immediately
and the pH was maintained at pH 7.7 vig feedback-controlled addition of the 25 wt%
octabydrocyclopentajcjpyrrole solution in water. After 2 hours, an additional 0.25 g of the
ménoamine oxidase powder was added. The dimer of (3aR,628) octehydrocyclopentalclpyrrole
began to precipitate from the reaction and the reaction mixture became a white slurry for the duration
of the experiment. After an additional 2 hours (4 hours total), the head space was swept with ~0.6
ml/min of oxygen and the oxygen sweep was maintatned for the duration of the experiment. After 24
hours of total reaction time, an additional 0.5 g of the monocamine oxidase was added. After a total
reaction time of 48.5 hours, a total of 32.3 mL of the 25 wt% octahydrocyclopenta[cipyrrole solution
in water had been added (total substrate reacted was 8.58 g). The reaction mixture was transferred to
a 500mL one-neck flask fitted with a short path distilation head and the set-up was placed ina
heating mantle. Upon heating the heating mantle to 160°C, the dimer began to steam distill to the
receiving flask immersed in an ice bath. The temperature of the vapor phase was ~96°C, After ~30
minutes, ~1/2 of the reaction mass had been distilled over and the temperature of the vapor phase was
~98°C. Distiiation was stopped at this point. The suspension of the white solid in water in the
recetving flask was filtered through a coarse fritted fumnel and the white solid was allowed to air dry
for 2 howrs to give 7.17 g (84% yield) of the dimer of (3aR,6aSj octahydrocyclopentalclpymrole

Example 26: Monoamine oxidase catalyzed desymmetrization of
octahiydrocyclopenta[c|pyrrole to (3a8,6aR})-1,32,4,5,0,68-
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cgcccatttg atggecgtga ccgegttget ccggeagtta agectatgca aatcattgag 1020 cctgaaggta aaaattacac
cattactggc gatatgattc actggcggaa ctgggatttt 1080 cacctcagca tgaactctcg cgtcgggecg atgatctcca

ccgtgactta t%%& ?o%ts gzjg40 ggcaccaaac gcaaagtcat gtacgaaggt tctctcgggggﬁg&g@k%%%cttacggt 1200
gatcctgata ttggctggta )

hexahydrocyclopentaje]pyrrole and its corresponding dimer under static air; product

separation via steam distillation.
{0415} To a 3-L 3-neck flask jacketed at 20°C and stirred at 300 rpm was added 500 mL of dH,0 and
20 mL of a 25 wi% octahydrocyclopentalc]pyrrole solution in water. The pH was adjusted to
approximately 7.6 with concentrated H;PO, to give a colorless, homogeneous solution, to which 2.0
ml. of 4. 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 25wt%
octahydrocyclopenta[cipyirole solution in water in 20-100 uL portions. The dimer of (3aR,6aS)
octahydrocyclopenta[cipyrrole to precipitated from the reaction and the reaction mixture became 2
white shurry. After 380 mL of the 25 wt% octahydrocyclopentaic)pyrrole solution in water had been
added, the product was separated from the reaction mixture via steam: distillation (still head
temperature ~98°C). The receiver pot contained a suspension of the dimer of (3a5,6aR)-1,3a,4,5,6,6a-
hexahydrocyclopentalcipyrrole in water, 1,1-1.2 equivalent of concentrated HCI was added to the
receiver pot break the dimer and give a homogeneous solution of (3a5,6aR)-1,3a,4,5,6,6a-
hexahydrocyclopentalclpyrrole hydrochloride in water. This solution was used directly to make
(18,3aR,6aS)-actahydrocyclopenta[cpyrrole-1-carbonitrile in Example 27,

Example 27: Preparation of (1S,3aR,6aS)-octahydrocyclopentajc]pyrrole-1-

carbonitrile
[0416] The aqueous acidic solution of (3a8,6aR)-1,3a,4,5,6,6a-hexahydrocyclopentalcipyrrole
hydrochloride prepared in Example 26 was cooled to 0°C and stirred at 300 rpm. To the chilled
solution at (°C wag added 50 g NaCN in 100 mL of dH,0 at 3 mL/min. (Neutralization of the
hydrochloride salt solution by cyanide generated FICN in situ). 2 hours afier the NaCN addition
began, 1000 mL of toluene {pre-chilled in an ice bath) was added to give a bi-phasic mixture, to
which a saturated solution of K,CO; was added a rate of 10 mL/min wntil the pH of the agueous phase
reached 9.8. The lower, agueous phase was then removed using a cannula and treated with bleach (to
destroy remaining cvanide} prior to disposal. The upper organic suspension/emulsion was filtered
through a 20 g bed (~'4” height x ~3” diameter) of Celite® 545 at room temperature (about 21°C)
over approximately 15 minutes to give ~1000 mi of colorless organic phase and ~300 mL of yeliow
agueous phase along with approximately ~100 mL of a “rag phase” (an inermediate layer disposed
between the upper organic phase and the lower aqueous phase). The Celite® pad was rinsed with
toluene 2 x 160 mL.. The solutions were combined in a separatory funnel and the aqueous phase and
rag layer \x}ere 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, CDCl;) analysis
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ctttaaagcg tatctggact ctggtgacta cggtatgggc 1260 acgctaacct caccaattgc tcgtggtaaa gatgccccgt
ctaacgcagt gctccttaat 1320 gaaaccatcg ccgactacac tggcgtgccg atggagatcc ctcgcgctat cgeggtattt 1380

gaacgttatg Geadgeenaa gtataageat caggaaatgg gecageccaa cgtcagtace 1440 aaacdcedag agttagtgat
gcgctggate agtacagtgg : '

showed (18,3aR,6a8)-octahydrocyclopentale]pyrrole-1-carbonitrile (“trans”) and the its IR epimer
(“cis™) present in a ~30:1 ratio ("H-NMR (300 MHz, CDCls) spectram: 3 3.95 (d, J=6.6, cis
aminonitrile methine H), 3.62 {d, J=1.2; rans aminonitrile methine H), 3.15 (m, 1H), 2.71 {m, 2H),
2.62 (m, IH), 1.63-1.92 (m, 3H), 1.55 (m, 1H}, 1.22-1.45 (m, 3H).). The organic phase was cooled to
approximately 0°C and extracted twice with 250 mL of concentrated HCI (pre-chilled in an ice bath)
after which a clean and immediate phase split occurred. {1t was necessary to pre-chill the extraction
solutions as the extractions were exothermic. The temperature of the solutions rose from ~ 4°C to ~
room temperature). The combined concentrated HC extracts (approximately 600 mL total)
containing (15,3aR, 6aS)-octahydrocyclopenta[cipyrrole-1-carbonitrile hydrochloride were combined
and used directly to make (15,3aR,6a5)-octahydrocyelopenta[cjpyrrole-1-carboxylic acid
hydrochleride in Example 28,

6.1 Example 28: Preparation of (15,3aR,6aS}-octahydrocyciopentalc|pyrrole-1-

carboxylic acid hydrochloride.

[0417F The {1S,3aR,6aS)-cctahydrocyclopentalcpyrrole- 1 -carbonitrile hydrochloride solution from
the Example 27 was heated to reflux for 24 hours, afier which time, approximately 300 mL of
water/HCl was distilled off and the remaining solution cooled to approximately 50-60°C. To the
warm solution was added 500 mL of toluene and the remaining water (approximately 100-120 mL)
wag distilled off as a toluene azeotrope. After ali of water had been removed, the resulting heavy
sharry suspension of brown solid and pale yellow toluene was cooled to room temperature (about
21°C). The solid was collected on a filter funnel and rinsed with toluene (2 x 200 mL). The tan solid
was air dried for 2 hours and further dried under vacuum overnight to give 139 g (72% overall yield
from octahydrocyclopentalcipyrrole) of (18,3aR,6a8)-octahydrocyclopentalc]pyrrole-1-carboxylic
acid hydrochioride in 1.1 admixture with the NH,CI co-product.

[0418] ‘H-NMR of the salt admixture dissolved in D, showed a trans/cis (1S/1R) ratio of
approximately 17:1. (‘H-NMR (300 MHz, D,O) spectrum: 8 4.32 (d, J=5.5; cis-amino acid methine),
3.85 (d, 7=2.3; trans-amino acid methine), 3.50 (m, 1H), 3.65-3.88 (m, 3H), 1.20-1.80 (m, 6H)).

6.2 Example 29: Preparation of (15,3aR,6aS}-octahydrocyclopentalclpyrrale-1-
carboxylic acid t-butyl ester oxalic acid 1:1 salt from (15,3aR 6aS)-
octahydrocyclopentalcpyrrole-1-carboxylic acid hydrochlioride.

[0419] Step 1. To a 1650 mL thick-walled glass pressure bottle (Ace Glass, Inc., 8648-157)
equipped with a magnetic stirring bar was charged 73 g (306.9 mmol) of the (15,3aR,6a5)-
octahydrocyclopenta[c]pyrrole-1-carboxylic acid hydrochloride / ammonium chloride admixture
prepared in Example 28, 375 mL dichioromethane, 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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gtaactatga ctacattttt 1500 gactggatct tccatgaaaa cggcactatt ggcatcgatg ccggtgctac gggcatcgaa 1560
gcggtgaaag gtgttaaagc-gaaaaccatg cacgatgaga cggcgaaaga tgacacgege 1620 tacggcacgc ttatcgatca

caatatcgtg ggfactacac accaacatat ttataatttc 1680 cgcctcgatc tggatgtaga tggegagaat aacagectgg

tggcgatgga cccagtggta

ice bath and 75.4 mL (1162 mmol) methanesulfonic acid was added dropwise over 15 minutes, during
which the internal temperature rase to 5°C. The pressure bottle was sealed and the reaction mixture
was allowed to warm to ambient temperature {about 21°C) with vigorous stirring over 18 hours,
during which the reaction mixture became a suspension of white inorganic salts in an amber solution.
The mixture was ¢cocled in an ice bath and the pressure bottle carefully vented and uncapped. The
mixture was transferred to & 3 L flask and cooled in an ice bath with stirring, 400 mL of 50% (wtwt)
NaQH in water was added to the mixture over 35 minutes while maintaining its temperature below
20°C. The stirring was halted and the phases were allowed to separate. The organic phase (~850 mL)
was Temoved to a separate vessel, The remaining aqueous phase and rag layer (pH 13, ~800 mL)
were exiracted with 3735 mL dichloromethane. The organic phases were combined (~1250 mL.) and
washed with water (2 x 225 mL). The resulting organic phase was filtered to remove a rag layer and
any insoluble material, and the solvent was removed by rotary vacuum evaporation to give 48.3 g
dark-amber oil. The "H NMR spectrum of the oil showed (15,3aR,6a5)-

cctahydrocyelopentalclpyrrole-1-carboxylic acid 1-butyi ester.

{04201 A second preparation following the same procedure yielded was 50.6 g of the trans-

(18,3aR,6aS)-octahydrocyclopenta[c]pyrrole- I -carboxylic acid t-butyl ester oil.

[0421] Step 2: 97.9 g (463.3 mmol) of (1S,3aR,6aS)-octahydrocyclopentajclpyrrole-1-carboxylic
acid t-butyl ester from the two preparations according to Step 1 were dissolved in 750 mL tbutyl
acetate and charged to 2 3 L four-neck flask equipped with overhead mechanical stirring, a
thermometer, addition funnel, and reflux condenser, With stirring at ambient temperature (~21°C), a
solution of 44.0 g (488.6 mmol} of oxalic acid in 750 mL 2-propanol was added dropwise over 37
minutes, increasing the mixture's temperature to 31°C. Solids began to precipitate after addition of
~50 mL of the oxalic acid solution, and resulted in a thick suspension after the addition of 450 mL.
After addition of 500 mL of the oxalate sokution, the precipitated solids redissolved to provide a dark
yellow solution. Solids precipitated again rapidly after the addition of 600 mL of the oxalic solution
and persisted through the end of the oxalic acid addition. This suspension was then heated 78°C to
provide a thin suspension which was allowed to cobl passively with stirring to ambient temperature
(~21°C). After 16 hours since the cooling began, the precipitated solids were collected by filtration
and washed successively with isopropanol (450 mL), isopropyl acetate (450 mL), and methy! t-buty!
methyl ether (450 mL). The solids were dried in 2 vacuum oven (30°C, 25" vacuum, N, stream} to
provide 118.1 g (18,3aR 6a8)-octahydrocyclopentajcipyrrole-1-carboxylic acid t-butyl ester oxalic
acid 1:1 salt (64% yield from (15,3aR, 6aS)-octahydrocyclopentalclpyrrole-1-carboxylic acid
hydrochloride) as a dense, tan free flowing powder (99.7% purity by GC analysis), which exhibited
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1740 aaaccgaata ctgccggtgg cccacgcacc agtaccatgc aagttaatca gtacaacatc 1800 CX2-020wO01.txt
ggcaatgaac aggatgccgc acagaaattt gatccgggca cgattcgtct gttgagtaac 1860 ccgaacaaag agaaccgcat
gggcaatccg gtttcctatc aaattattcc ttatgcaggt 1920 ggtactcacc cggtagcaaa aggtgcccaq ttcgcgecgg
acgagtggat t%(gt%&(fsﬁ%o ttaagcttta tggacaagca gctctgggta acgcgttatc 5’&%@%}6’ ﬂ%ﬁ tcccg 2040
gaaggcaaat atccgaaccg ttctactcat gacaccggtc ttggacaata cagtaaggat 2100 aacgagtcgc tggacaacac
cgacgccgtt gtctggatga ccaccggeac cacacatgtg 2160 gcccgegecg aagagtggec gattatgccg accgaatggg

tacatactctigeiasiad da-Br00stgeetivt g adyasbo genabiogclergyggiyotde hgabergditamid 2271 <210>
22 <211> palicddnmRakia 2k BreAvtificial Sequence <220> <223> monoamine oxidase MAOA <400>
22 Met Gly Ser Pro Ser Leu Tyr Ser Ala Arg Lys Thr Thr Lea Ala Lea 151015 Ala Val Ala Lea Ser Phe
Ala Trp CiRib Rrayval Riien e HisBlya3 D 2530yGhrGlepAtal i st ValrRno MetiAsputyls Thr Leu Lys

Glu Phe Gly,354042i01a. ASBIVahGin, TERASRASBIEY HAGINL£a B T dpmlR dpysaR560 Asp
Gly Ala R]rgi/?al @s Val L%s (I?ro lX fA a Gl%gh[(Ala, lle VaJt65 701125,8 Asn GIQ/ GIn Pro Lea Ala Lea
Gln Val Pro Val va erlf?e‘;{‘ 5,&%6 Asn 8590 aﬁy§%¥§)ﬁdr‘p" 3l BEY ﬁls“ﬁ“‘ AFBRe | leel}i‘s?ﬁl%gp Val Phe
GIn Ser Gy 206165 B1sel AgprGheFion PhcsBirndvel Gheljs7ATg ProrisProdiseevadie Ala
115120125 @a:ThE AlaAeGlulle S GlirhaNakiGhid e yak kysdanSekliowed to cool

passively to ambient temperature (~21°C), After 20 hours since the cooling began, the precipitated
solids collected by filtration and washed successively with isopropanol (1 L), isopropy] acetate (1 L),
and methyl r~-buty methyl ether (1 1), The solids were dried in 2 vacuum oven (40°C, 28" vacuum,
N stream) to provide 110.45 g {18,3aR,6aS)-octahydrocyclopenta[clpyrrole- 1 -carboxylic acid t-butyl
ester oxalic acid 1:1 salt (59.7% yield from (1S,3aR 6aS)-octahydrocyclopentalc]pyrrole-1-carboxylic
acid hydrochloride) as fine, off-white needles of 99.9% purity by GCranalysis). Chiral GC analysis

showed only the desired {1S,3aR,6aS)-stercoisomer. Its (25)-cpimer was not detected.

[6423] All patents, patent publications, journals, and other references cited in this disclosure are

hereby incorporated-by-reference in their entirety.
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130135140 Ala Asp Phe Lys Pro Asn Thr Arg Phe Thr Glu lle Ser Leu Lea Pro 145150155160 Pro Asp
Lys Glu Ala Val Trp Ala Phe Ala Lea Glu Asn Lys Pro val 165170175 Asp GIn Pro Arg Lys Ala Asp Val
lle Met Leu Asp Gly Lys His lle 180185190 lle Glu Ala Val val Asp Leu GIn Asn Asn Lys Leu Leu Ser
Trp Gln 195200205 Pro lle Lys Asp Ala His Gly Met Val Lea Lea Asp Asp Phe Ala Ser 210215220 Val
GIn Asn lle lle Asn Asn Ser Glu Glu Phe Ala Ala Ala Val Lys 225 230 235 240 Lys Arg Gly lle Thr Asp
Ala Lys Lys Val lle Thr Thr Pro Lea Thr 245250255 Val Gly Tyr Phe Asp Gly Lys Asp Gly Lea Lys GIn
Asp Ala Arg Lez26@r5270 Lea Lys Val lle Ser Tyr Lea Asp Val Gly Asp Gly Asn Tyr Trp Ala
275280285 His Pro lle Glu Asn Lea Val Ala Val Val Asp Leu Glu GIn Lys Lys 290295300 lle Val Lys lle
Glu Glu Gly Pro Val Val Pro Val Pro Met Thr Ala 305310315320 Arg Pro Phe Asp Gly Arg Asp Arg Val
Ala Pro Ala Val Lys PforietassBsaxiass wiich eofssaii e sk e RPRYRIRSAFGBhr Ile Thr Gly Asp
met 340345350ihentdas HripsAingndsarirpuAspl BhetHis foeai SeliaVisidAgncB epApgsbad855360365 Gly Pro

Met lle Ser Thr Mahd Beid YeDsR-AaRASH: (ahé: Band e hikg 3793838801 Y8 yat mehibyr Glu Gly Ser Lea
Gly Gly Met lle al Bro Tyl Gl esponding to residue 465 of SEQ ID NO: 2 is a glycine, whersin

mino
compounds | and lla have the structural formulae:

A, A
MO M M
P
H N
I

ll{a)

wherein A is O, CR'R?, -C=C-, or -CH,-CH,-, wherein R' and R* are each
independently selected from ~H, ~<COOH, -X, -NH,, ~CHNHC(NHINH;, -CX;, -CH;, -
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 thé 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, Ais 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 stereccenters, the

stereccenters of M and M’ are of opposite stereochemistry.

2. The monocamine oxidase according to claim 1 which converis the amine
compound of structural formuia | fo the imine compound of structural formula lla at'a
rate at least 1.5-times, at least 2-times, at least 3-times, at least 4-times, af least
5-4imes, at least 10-times, at least 25-times, at least 50-limes, af least 100-times or
more than 100-fimes the rate exhibited by the monocamine oxidase of SEQ 1D NO: 2.

3. The monoamine oxidase according to claim 1 which is at least 89%, 90%,
81%, 62%, 93%, 94%, 85%, 96%, §7%, 98% or 99% ideniical fo SEQ ID NO: 10.

4, The monoamine oxidase according o claim 1 which comprises an amino acid
seguence that is af least BB% idenfical io SEQ ID NO: 410 and ig af lsast 82%, 90%,
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Page 18 CX2-020WO0L1.txt 385390395400 Asp Pro Asp lle Gly Trp Tyr Phe Lys Ala Tyr Leu Asp Ser
Gly Asp 405410415 Tyr Gly Met Gly Thr Leu Thr Ser Pro lle Ala Arg Gly Lys AS Ala 420425430 Pro
Ser Asn Ala val Leu Leu Asn Glu Thr lle Ala Asp Tyr Thr Gly 435440445 val Pro Met Glu lle Pro Arg
Ala lle Ala Val Phe Glu Arg Tyr Ala 450455460 Gly Pro Glu Tyr Lys HiS GIn Glu Met Gly GIn Pro Asn
Val Ser Thr 465470475480 Glu Arg Arg Glu Leu Val Val Arg Trp lle Ser Thr Val Gly Asn Tyr
485490495 Asp Tyr lle Phe Asp Trp lle Phe His Glu Asn Gly Thr lle Gly lle 500505510 Asp Ala Gly Ala
Thr Gly lle Glu ATy 83&8IPYal 8575, AR, P 5185206 987 isenied S ASIBIR TRr a Lys Asp Asp
Thr Arg Tyr Gly #hr & et 538535540 lle Asp His Asn lle Val Gly Thr Thr His GIn His lle Tyr Asn Phe
545550555560 Arg Leu Asp Leu Asp val Asp Gly Glu Asn Asn Ser Leu Val Ala Met 565570575 Asp
Pro val Val Lys Pro Asn Thr Ala GI% Gly Pro Arg Thr Ser Thr 580585590 Met GIn Val Asn GIn Tyr Asn

lle Gly Asn Glu é%ln AST&%%OW@"@ 8356 ding o any preceding claim, which comprises
an amino acid seguance corresponding fo SEQ 1D NO: 12, 10, 14, 16, 18, 20 or 36,

6. The monoaming oxidase according to any preceding claim, wherein the
monoamine oxidase is:

) capable of converting the substrate (1R,53)6,6-dimethyl-3-
azabicycio[3.1.0hexane, compound {1} to {1R,55}6,6-dimathyl-3-
azabicyciof3.1.0thex-2-ene, compound (2), with a percent stereomeric
excess of at least about 85% and at a rate that is improved ocver a
reference polypeptide having the amino acid sequence of SEQ 1D
NC:2, wherein compounds (1) and (2) have the structural formulae;

H:C CH. HiC  CH;

HEo el H oot
5 R
&

N N

\\\\{

%<

r,’,,

&) (2) Cor

i capable of converting the subsirate (3aR,6aS)
octahydrocyclopenta[clpyrroie, compound {3} to (3aS,6aR)
1,3a.4,5,6, 8a-hexahydrocyclopentalc]pyrrole, compaund (4), with 2
percent diastereomeric excess of af least about 35% and at a rate hat
is improved over a reference polypeptide having the amino acid
sequence of SEQ 1D NO:2, wherein compeunds (3} and (4) have the

structural formulae;

- -

2N
Hal o ZaH H.z': YH
e

N N
H
(3) (4)-
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Lys Phe Asp Pro Gly Thr lle Arg Leu Leu Ser Asn Pro Asn Lys Glu 610615620 Asn Arg Met Gly Asn
Pro Val Ser Tyr Gin lle lle Pro Tyr Ala Gly 625630635640 Gly Thr His Pro Val Ala Lys Gly Ala GIn Phe
Ala Pro Asp Glu Trp 645650655 lle Tyr His Arg Leu Ser Phe Met Asp Lys GIn Leu Trp Val Thr Arg
660665670 Tyr His Pro Gly Glu Arg Phe Pro Glu Gly Lys Tyr Pro Asn Arg Ser 675680685 Thr His Asp
Thr Gly Leu Gly GIn Tyr Ser Lys Asp Asn Glu Ser Leu 690695700 Asp Asn Thr Asp Ala val Val Trp
Met Thr Thr Gly Thr Thr His Val 705 710 715 720 Ala Arg Ala Glu Glu Trp Pro lle Met Pro Thr Glu Trp
Val His Thr 7257307 35%Mesucheantiys RS p Asn Phe Phe Asp Glu Thr Pro Thr Leu Gly Ala

740745750 Leu Lys Lys Asphdivg 162Rirdi0%hch cahbrs208r siihe3diNAy5k3> Artificial Sequence

<220> <223> mgorg_lgeasggrr;&ng ;'Jdgéﬁ w%sﬂ%ﬁ E% i atgggaacca ccaccatggg

(i) according fo claim 6ii), which comprises an amino acid seguence
cofresponding o SEQ 1D NO: 10, 14, 18, 18, 20 or 346.

8. A polynucieotide encoding the menoamine oxidase according fo any of the
preceding claims, wherein the polynuclectide optionally comprises SEQ 1D NO: 11, g,
13, 15, 17, 18, or 35.

9. A method of preparing a substantially stereomerically pure compound
according fo structural formula il

A,
M M
KDY
A, NN
W M
HD\—?H H H
' fut M
LN/ \A/
ti{a) thii}

including salts and hydrates thereof, wherein:

Ais D, CR'R?, -C=C-, or ~CH,-ClH.-, wherein R and R? are each
independently selected from -H, -COOH, -X, -NH,, -CHNHC{NHINM;, -CX;, -CH3, -
CHoCHs, and wherein X is selected from F, C[, 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

(a8) whenMand M are O, Alsnot O; and when Ais O, M and W 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 stereocenters,
the stereccentars of M and M are of opposiie stereochemistry;

the method comprising contacting an amine compound according 1o
structural formula |
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ggttaagctg gacgacgcga cgcgtgagceg tattaagtct 60 gccgegacac gtatcgatcg cacaccacac tggttaatta
agcaggcgat tttttcttat 120 ctcgaacaac tggaaaacag cgatactctg ccggagctac ctgcgctgct ttctggegeg 180
gccaatgaga gcgatgaagc accgactccg gcagaggaac cacaccagcc attcctcgac 240 tttgccgage aaatattgec
ccagtcggtt tcccgegeceg cgatcaccgce ggectatcge 300 cgecccggaaa ccgaageggt ttctatgetg ctggaacaag
cccgcctgec gcagcecagtt 360

wherein A, M and M’ are as defined for structural formula [l{a} and (llb}, with oxygen
and a monoamine oxidase enzyme according to any one of claims 1-7 in the
presence of a co-factor under conditions in which the moncamine oxidase enzyme
oxidizes the amine compound of structural formula [ to a corresponding imine
compound of structurat formula li(a}, the dimer thereof of formula li(b), or a mixture
thereof,

10. A method according to ciaim 8, which is a method of preparing a substantially
stereomerically pure compound according fo structural formula H(a):

H{a} .
including salis and hydrates thereof, wherein:

Ais O, CR'R?, -C=C-, or ~CHa-CHo-, wherein R" and R? are each
independently seiected from -H, -COOH, -X, -NH,, ~“CHNHC(NH)NH;, -CXs, -CHa, -
CH,CH3, 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
Wi and M’ are present M and M’ are the same and are selecied 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 W are O, A is not D and when A is O, M and &’ 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 siereccenters,
the stereocenters of M and M are of opposite stereochemistry;

_ the method comprising contacting an amine compound according fo
structural formuta |

102



ctggccgata aactgcgtaa gctgaacagg cgcacaaact ggcgtatcag tcaaaaaaat 420 gccagtggtc gcgcaggtat
ggtccagggg ttattgcagg agttttcgcet gtcatcgcag 480 gaaggegtgg cgctgatgtg tctggcggaa gegttgttge
gtattcccga caaagccacc 540 cgcgacgcgt taattcgcga caaaatcagc aacggtaact ggcagtcaca cattggtcgt 600

HﬁH

N
H
i

wherein A M and M are as definad for structural formula li{a), with oxygen and a
monoamine oxidase enzyme according fo any one of claims 1-7 in the presence of &
co-factor under conditions in which the moncamine oxidase enzyme oxidizes the
amine compound of structural formula | to a correspanding imine compound of
structural formula il{a).

11.  The method of claim 9 or claim 10, wherein the co-fasior is:
iy non-covalently associated with the monoamine oxidase enzyme; or
ii) selected from the group consisting of FAD, FMN, NAD, and NADP.

12, The methed of claim 9 or claim 10, further comprising a component cétalyzing
a disproportionation of hydrogen peroxide (H>G,) to molecular oxygen and water, in
which the componént is optionally selected from the group consisting of Pd, Fe, and
a catalase enzyme.

13. A method of preparing a mixiure comprising a substaniially enanfiomerically
pure aminosulfonate compound according to structural formuta Hi(a) and a

substantially enantiomerically pure aminosulfonate compound accarding to structural

formiula Hi(b):
A A
M A M W .
T s
ﬁ 5Cq” ﬁ 504"

HIUTEY fil{h)
including salts and hydrates thereof, wherein:

Ais O, CR'R?, -C=C-, or ~CH,-CHg-, wherein R' and R? are each
independently selected from -H, -COOH, -X, -NHz, -CHNHC(NH)NH;, -CXs, -CHs, -
CH.CHa, and whertein X is selecied from F, C[, and Br;

i 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;
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CX2-020w01.txt agcccgtcac tgtttgttaa tgccgecacc tgggggcetgce tgtttactgg caaactggtt 660 tccacccata
acgaagccag cctctceegc tcgectgaacc geattatcgg taaaageggt 720 gaaccgctga tccgcaaagg tgtggatatg
gcgatgcgcec tgatgggtga gcagttcgtc 780 actggcgaaa ccatcgcgga agcgttagcc aatgcccgca agctggaaga
gaaaggtttc 840 cgttactctt acgatatgct gggcgaagcc gcgctgaccg ccgcagatgce acaggcgtat 900 atggtttcct
atcagcaggc gattcacgcc atcggtaaag cgtctaacgg tcgtggcatc 960 tatgaagggc cgggcatttc aatcaaactg
tcggcgctge atccgegtta tageccgegee 1020 cagtatgacc gggtaatgga agagctttac ccgcgtctga aatcactcac
cctgetggeg 1080 cgtcagtacgdtattdiaveasédtgac geccgaagagt cegategect ggagatetce 1140 ctegatetge
tggaaaaact ctgtttcgag ccgga@tgferdd gothamre g éatogytCl, 200 titgtidtite agicitaten aaaacgctge
ccgttggtga tcgatipeet gattgatctc 1260 gecacccgea geegtegecg tetgatgatt cgectggtga aaggegegta

ctgggatagt 1320 gaaattaagc gtgggcagat ggacggcectt ttatc cggtttatag ccg tg 1380 tataccgacg.
tttcttatct cgectgtgeg aaaaagé? c'%ga%é%g%c%é&ggt%rta}aj?ﬁf@‘%518&'%gﬁéﬁcggggﬁ%%%a%gacgcccat
acgctggegg cgatttatca actggCadyy Boe ¥yttt tfacee diytca g richrigietaagaita g c atggtatggg
cgagccactg 1560¢atigagcate tcddtgo) iih g tiluggatggeanacttaggecgtccgtg tecgtatttat 1620 getcecggttg

gcacacatga aacgcigitg gegigelaaioadinasciurinoarars 16894905 RasmErioaitiddaaccatatt

gccgacacct ctitgecact agatgaactn 1740 gtcaccgate cggtcactac tqtagaaaaa ctggegcaac aggaagggea
aactggatta 180%%ceca%cﬁggé%ggﬁtec%cef‘rg"&fggﬁtcté%qsg\gp C tg%gg & gﬁﬁ?bggecﬁoé@%{'%ggétcggca 1860

gggctggate tegcBYaRgaalRIRIEeTIeHeR I et pEtMe Ryt prigtemaragE BoRdinsHletgemidatggcaggc
cttgccaatg ctggdacade by tagcos b stggisiygstanilttilitetc pogitariaantoige gompeegi2007 <210> 24

<211> 669 <212z BRif 1R BxAHileRLBAILE AR <R20R 5iddis TONRAMING @Y dage PUtA <400> 24
Met Gly Thr Thr Tgr.l\él]ebtﬁ_gl Vraslrln‘Xl? Leu As {%%PeAla Thr Arg Glu 151015 Arg lle Lys Ser Ala Ala Thr
IS

Arg lle Asp Arg TRr Pro %ﬁp_ euaﬂﬁ%ﬂbﬁfe Lys’@fﬁoiﬂ'gﬂ e""ﬁ%aes%SH*EﬁfE B19'Gin Leu Glu Asn
Ser Asp 354045PFHPYTOETRE @XBPERU Pro Ala Leu Leu Ser Gly Ala Ala Asn Glu Ser 505560 Asp Glu
Ala Pro Thr Pro Ala Glu Glu Pro His Gin Pro Phe Leu Asp 65 70 75 80 Phe Ala Glu GIn lle Leu Pro

GIn Ser Val Ser frg Al-AdieoT B 898 5:Maraya- AR ATSHEAR Glk: Thi-GiiAla Val Ser Met Leu
Leu Glu 100105110 Gin,Ala Aig Pro Val Ala Glu Gin Ala His Lys Leu Ala 115120125 Tyr

. c?_mgolt_md agcor! Lt%%tﬂc?u%ﬁor IIa éa) . :
Gin Leu Ala Asp LyS Leu Arg h |n(i_ys ShAR Sét Gly Arg 130135140 Ala Gly Met Val Gin Gly

Leu Leu Gin Glu Phe Ser Leu Ser Ser Gin 1451561$6160 Glu Gly Val Ala Leu Met Cys Leu Ala Glu
Ala Leu Leu Arg lle Pro 165170175 Asp Lys Ale= g Asp Ala Leu lle Arg Asp Lys lle Ser ASn Gly
180185190 Asn Trp Gin Ser His lle Gly Arg Ser [, Leu Phe Val Asn Ala 195200205
| e
including salts and hydrates thereof, wherein:
Ais O, CR'R?, -C=C-, or ~CH,-CH,-, wherein R and R? are each
independently selected from ~M, ~-COOHM, -X, -NHj,, -CHNHC(NH)NH;z, -CXs, -CHs, -
CH,CH;, and wherein X is selecied from F, Cl, and Br:
M and M’ may both be present or may both be absent and when both
i 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 Mand 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 stereocenters,
the siereocenters of M and M’ are of opposiie stereochemistry;

the method camprising.

104



Ala Thr Trp Gly Leu Leu Phe Thr Gly Lys Leu Val Ser Thr His Mn 210215220 Glu Ala Ser Leu Ser Arg
Ser Leu Asn Arg lle lle Gly Lys Ser Gly 225230235240 Glu Pro Leu lle Arg Lys Gly Val Asp Met Ala
Met Arg Leu Met Gly 245250255 Glu Gin Pile Val Thr Gly Glu Thr lle Ala Glu Ala Leu Ala Asn Ala
Page 20 CX2-020WO0L1.txt 260265270 Arg Lys Leu Glu Glu Lys Gly Phe Arg Tyr Ser Tyr Asp Met Leu
Gly 275280285 Glu Ala Ala Leu Thr Ala Ala Asp Ala Gin Ala Tyr Met Val Ser Tyr 290295300 Gin Gin

Ala lle His Ala lle Gly Lys Ala Ser.Asn GI Gly lle 30531031 Glu G Pro Gly lle Ser lle
Lys Leu Ser Ala Leu Hﬁ‘?’?&?,&? %5543 gpré%? RIFARG GQ' {)e 7y e Vet Glu Glu Leu Tyr

Pro Arg 340345@5@_@;%@:@@@:;@1@@ Lika) lead B A @i@f“p?rul-\%‘if n@né;’fs?fwew}&% 355360365 lle
Asp Ala Glu G|Vlacziﬁhéﬁﬁbé’tﬁgtia%%@dun&&@%wWihiﬂﬁﬁﬁBﬂ;ﬁBﬁ@ﬁtﬂx@.ﬁ Leu Cys Phe Glu

Pro Glu Leu Al (é&(u rgom q\/{ ply 385390395400 Phe val lle Gin Ala Tyr Gin Lys Arg Cys Pro
1

Leu Val lle As :'I[ r4 54104 eu lle Asp Leu Ala Thr Arg Ser Ar Ar
Py (i) the method of claim ¢ and further compris %Jng contagnn he ¢ ngcgJun g tlle Arg Leu

according to structural formuiae ll(a) or li(b) or the mixture thereof with cyanide under
conditions which vield the substantially enantiomerically pure aminonifrile compound
according to struetural formula 1V(a).

15, A method of preparing a substantially stereomerically pure amino acid
sompound according fo structural formula VI

inciudifig salts thareaf, wherein:

Ais O, CR'R? -C=C-, or ~CHy-CHy-, wherein R and R? are each
indépendentiy selacted from -H, <COOH, -X, -NH;, ~CHNHC(NH)NH,, -CXs, -CHs, -
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 N 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 & methylene
bridge;

with the provisos thal

(@) when M and NI' are O, Ais not O; and when A is O, M and W are
not O;

(b) A can be —~CH=CH- or ~CHzCH- when M and M’ are CR'R®; and

(c) when M and M’ are CR*R*and have one or more stereocenters, '

| the stereocenters of M and M’ are of opposite stereochemistry,

the method comprising the method of claim 14 and further comprising
contacting the aminonitrile compound of structural formula IV(a) with an acid and

" water under conditions in which the aminonitrile compound is converted to the
substantially stereomerically pure amino acid compound according to structural
formuta V%
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420425430 val Lys Gly Ala Tyr Trp Asp Ser Glu lle Lys Arg Ala Gin met Asp 435440445 Gly Leu Glu
Gly Tyr Pro Val Tyr Thr Arg Lys Val Tyr Thr Asp Val 450455460 Ser Tyr Leu Ala Cys Ala Lys Lys Leu
Leu Ala Val Pro Asn Leu lle 465470475480 Tyr Pro Gin Phe Ala Thr His Asn Ala His Thr Leu Ala Ala
lle Tyr 485490495 Gin Leu Ala Gly Gin Asn Tyr Tyr Pro Gly Gin Tyr Glu Phe Gin Cys 500505510 Leu
His Gly Met Gly Glu Pro Leu Tyr Glu Gin Val Thr Gly Lys Val 515520525 Ala Asp Gly Lys Leu Asn Arg
Pro Cys Arg lle Tyr Ala Pro Val Gly 530535540 Thr His Glu Thr Leu Leu Ala Tyr Leu Val Arg Arg Leu
Leu Glu Asn 54855055 5B8B ¢ Hgaanss THbSEpiaHecantRaie e RURI EMEPIRr Ser Leu Pro
565570575 LeusAspiGiud etudladafismigp Vro Val Thr Ala Val Glu Lys Leu Ala 580585590 Gin Gin Glu
Gly Gin Thr Gly Leu Pro His Pro Lys lle Pro Leu Pro 595600605 Arg Asp Leu Tyr Gly HiS Gly Arg Asp
Asn Ser Ala Gly Leu Asp Leu 610615620 Ala Msn'Glu His Arg Lea Ala Ser Lea Ser Ser Ala Leu Lea
Asn Ser 625630635640 Ala Lieu Gin Lys Trﬁ*%ﬁ Leu Pro Met Leu Glu Gin Pro Val Ala
645650655 Ala Gly Glu Met Ser Pro Val lle Asn K ré'¢darGlu Pro

~ including salts thereof, wherein:

RY is (C-Co)alkyl;

Ais O, CR'R?, -C=C-, or ~CHxCH,-, wherein R' and R2 are each
independently seiecied from -H, -COOM, -X, -NH., ~CHNHC(NMH)NH,, -CX,, -CHs, -
CH2CHs, and wherein X is selected from F, Cl, and Br;

W 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

(@) when M and W’ are O, Als not O; and'when A is O, M and I are
not O;

(b) A can be —~CH=CH- or ~CHxCH,- when M and M are CR*RY; and

(c) when M and M’ are CR*R* and have one or more stereocenters,
the stersocenters of M and M’ are of oppo_site stereochemisiry;

the method comprising:

iy the methad of claim 14 and further comprising contacting the aminonitrile
compound of structural formula IV{a) with an acid and an alcohol under
conditions in which the aminonitrile compound is converted o the
substantially stereomerically pure amino ester compound according to
structural formula V, and wherein the method optionally comprises the steps:

A AL A AL A
M MM gamso. O MM NaON MM Mo
md L Nodabd 3 ISP N 4 NI H H
rn H H 1L} it H 1 H O
LN) LN) LN $0572 LN%CN N b-cH
H Hoooo H H s
" Ii{a) () : V(@) ' v

or
ii) the method of claim 15 and further comprising contacting a substantially
stereamerically pure amino acid compound according o structural formula Vi
with an acid and a compound selected from the group consisting of R*-OH
and R®*OC(0)CH; under conditions in which the amino acid compound
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660665 <210> 25 <211> 1110 <212> DNA <213> Artificial Sequence <220> <223> monoamine
oxidase goxB 1 <400> 25 atgaaaaggc attatgaagc agttgtcatt ggaggcggaa ttattggttc cgcgattgct 60
tatcagttgg caaaagaaaa gaaaaacacc gcattgcttg aaagcggaac aatcggcggce 120 agaacaacaa gcgccgegge
agggatgctt ggcgcccatg ccgagtgcga ggaacgggat 180 gcegttttttg atttcgccat gcacagtcag cgtatgtacc
gaggtcttgg agaggagcta 240 tttgcattat ccggtatcga tattagaagg catgatggcg gtatgtttaa gcttgcattc 300
tccgaagaag acgtgtcacg cctcagacgg atggacgatt tggattctgt cagctggcat 360 Page 21 CX2-020WO1.txt
acaaaagaag aagtgctggeredagdagteuatirgyted diqagriacdydapegarnidy tattcagg atgatgtica
tgttgagcect tattttgtat gcaaggeaiericgtipaatagidbtsgctanagond Hogtgrgga dattittigsdocatéctcctg ttctcgatgt
gacatgtggc 540 ggtgagicea HHggirar %@@&c‘gﬁgﬂgg}%ﬁ%gggggggca tgtcgtggtt 600 gccagcgggg
tctggagcgg gatgtttttt aagcagctcg ggctgaatca gtcatttttt 660 cctgtaaaag gagagtgcct gtctgtttgg aatgatgaca
tticcgctgac aaaaacactt 720 tatcatgatc attgctatat cgtaccgaga agdggcggca gactggttgt cggcgegacg 780
atgaagcctg gtgaActggag cgagaaggcg gajcttggcg gacttcagtc a 840 aaagcgaaaa cgatgctgcc

ggcgattcag aatatgaagg ttgatcgttt ttgggcggga 900 ctgegtcegg aaaggangggaaagcca ticattggca
agcaccctca mﬁ%cmﬂaﬂ@gﬁgggﬁmfﬁgﬁam

dttctgcttgeteTige a t 1020
ttaattggtg atctcajtat gaataaagag gtcaayggfcgg actggctgea cgectt

0 attgatcgca agg gc%t
tcagatatga 1110'<210> 26 <211> 369 <212> PRT <213> Artifiotal Sequence <220> <22

monoamine oxiflase goxB 1 <400> 26 Mt Lys Arg His Tyr Glu Ala Val val lle Gl y GI)}VI(iaé lle Gly
151015 Ser Ala lle Ala Tyr GIn Leu Ala Lys Glu Lys Lys Asn ThP&f [@u 202530 Leu Glu Ser Gly Thr
lle Gly Gly Arg Thr Thr Ser Ala Ala Ala Gly 354045 Met Leu Gly Ala,His Glu Cys Glu Glu Arg Asp
Ala Phe Phe Asp 505560 Phe Ala Met Biis er GIn Arg Met Tyr At G Leu Gly Glu Glu Leu 65 70 75
80 Phe Ala Leu Ser Gly lle Asp lle Ard”%%%sp Gly Gly Met FQ%}E%S Lys Leu Ala Phe Ser Glu
Glu Asp Val Ser Arg Leu Arg Arg Met Asqjloo 5&?}30 Asp Leu AspH er ¥al Ser Trp His Thr Lys Glu

Glu Val Leu Glu Lys
y R (Vi)
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115120125 Glu Pro Tyr Thr Ala Ser Glu lle Tyr Gly Ala Ser Phe lle GIn Asp 130135140 Asp Val His
Val Glu Pro Tyr Phe Val Cys Lys Ala Tyr Ala Lys Ser 145150155160 Ala Lys Ala Leu Gly Ala Asp lle
Phe Glu His Thr Pro Val Leu Asp 165170175 Val Thr Cys Gly Gly Glu Ser lle Leu Val Lys Thr Ala Ser
Gly Asp 180185190 Met His Ala Asp His Val Val Val Ala Ser Gly Val Trp Ser Gly Met 195200205 Phe
Phe Lys GIn Leu Gly Leu Asn Glp §Eﬁ&h§%‘ﬁ%%°@arﬂ/s Gly 210215220 Glu Cys Leu Ser Val Trp
Asn Asp Asp lle Pro Leu Thr Lys 'Phr Leu 225230235240 Tyr His Asp His Cys Tyr lle Val Pro Arg Lys
Ser @1}%31' 'USVaEF@ZZﬁ?EE'BOZSS Val Gly Ala Thr Met Lys Pro Gly Asp Trp Ser Glu Lys Ala Asp Leu
26026527 L@ﬁ&lﬁgéﬁ &ln Ser Val Met Glu Lys Ala Lys Thr Met Leu Pro Ala 275280285 lle GIn Asn
Met Lys Valddsprirg Plze rp Ala Gly Leu Arg Pro Gly 290295300 Thr Lys Asp Gly Lys Pro Tyr lle Gly

Lys His Pr Hgg%ﬁgg’ Arg 305310315320 lle Leu Phe Ala Ala Gly His Phe Arg Asn Gly lle Leu Leu
Ala Pro 32553935%; AkadhinGly Ala Leu lle Gly Asp Leu lle Met Asn Lys Glu Val Lys 340345350 Page
22 Zhu, 3un

Gruber, John M.
Colbeck, Jeffrey
Munger, John D., Ir.
Mavinhalli, Jagadeesh
sheldon, Roger
<120> BIOCATALYTIC PROCESSES FOR THE PREPARATION OF SUBSTANTIALLY
STEREOMERICALLY PURE FUSED BICYCLIC PROLINE COMPOUNDS

<130>

<150>
<151>

CX2-020wol

61/075, 243
2008-06-24

<160> 36

<210> 1

<211> 1485
<Z212> DNA
<213>

<220>
<223>

<400> 1

atgaccagece
tccctgugty
gatgtcattg
gcagggttca
agtaatattg
cacgtgtggc
ttttcacgty
acgcacgaag
ggcactaatg
cgcaagtatg
ttgaacgaac
aactccaget
tgtatggatt
ttctgggaag
tctgtgotga
gcgaaacgtt
gcactgtcca
gtgcatgcgg
aacaaattat
tgcttcggga
gcogttggec
gtaaaggatg
tgcctycagy
ttaggitggc
gtactggagg

<210> 2

<211> 495
<212> PRT
<213>

gcgacggeta
tcatttcgee
tcattggggg
agacgctgct
acggttaccce
gtgaaatcac
gcgtgaatca
cggaggatga
gccgtacagt
acgaaatgtc
gctctagttt
ttggtgaatt
gtttaatctc
aagcecgetgg
acgaacgcga
tggtrtgcac
cggaacgcat
aagtcgataa
gctacgctat
cagacgcgaa
aactggegec
aatttgccaa
gtctgegega
gtagttttat
aactggggac

Artificial Sequence

tcagtggacc
gccgactaac
cgggtattgt
gctggaggec
gtatgagatg
gcgtrtataaa
cttecaactyg
actgctgegt
grttgccgttc
atattccgaa
agaggcttic
tctgeattyyg
ctataaattt
cactggeegt
cgcagcacgt
gattccgctg
ctccgetatg
taaggatatg
€ggegatgge
tcatatccag
tgggactttc
aggegegtgg
gaaacaccgt
cgatggtgct
caagcgcgag

Artificial Sequence

ccggaaacgy
atcgaagata
gggctgaccy
cgtgatcgta
ggtggcactt
atgcacaacg
cgtaccaatc
agcgcattge
ccacatgata
cgcattgacce
atttitattat
tgggcaatgt
aaggatggcc
ctgggctatg
gttaccgcac
aacgtattga
caggcaggece
cgttcatgga
acgaccecag
ccggacgagg
ggtgtcaaac
ttcttecagec
ggtgtcgtgt
atcgaggagg
gtgaaggecc

Page 1

Aspergillus Niger monoamine oxidase (MAON)

gtctgaccca
ccgataagga
caacccgtga
ttggtggccy
gggttcattg
cgctgtcetec
cgaccaccag
ataaattcac
tgttttatgt
agatccgega
gtagcggtgy
cgggrtacac
agagtgcgtt
tctttggtty
gtgacggtcg
gtactattca
atgttaacat
cgggtatcge
cggotaatac
acgtgcgega
gtctggtctt
gcccaggeat
ttgcaaactc
geaccegege
gectg

gggcgtaccyg

cgggceettgg
tttaaccgtc

ctcetggage
gcatcaatct
atcatttaac
tacgtacatg
caatgtcgac
gccggaattt
cgaactgtct
caccctggaa
gtatcagggc
cgcgegtege
tccggtgegt
cgaattcgea
gtttagccca
gtgcaccaaa
cratcegttc
gcatctggtyg
aacgttgaaa
ccacaactgg
ggtttcagag
cgattgggec
agegegtgtt

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1485



CX2-020w01.txt Ala Asp Trp Leu His Ala Phe Arg lle Asp Arg Lys Glu Ala Val Gin 355360365 lle
<210> 27 <211> 1110 <212> DNA <213> Artificial Sequence <220> <223> monoamine oxidase goxB
5 <400> 27 atgaaaaggc attatgaagc agtggtgatt ggaggcggaa ttatcggttc cgcaattgct 60 tattatttgg
caaaggaaaa caaaaacacc gcattgtttg aaagcggaac aatgggcggc 120 agaacgacaa gtgccgcetge cggaatgctg
ggcgcssaty ccgaatgega ggaacgtgac 180 gegtntPdteditat geacagecag cgtetgtaca aaggtettgg

agaagegstt 24Q tgigaatiak cgegtatagarateagecasscai@aefgcg gtatgtitaa gettgcattt 300 tctgaagaag
atgtgctgca ctgagacag atggacgatt tggactctgt cagctggtat 360 tcaaaagaag aggtgttaga aaaagagccg

tatg gagatalt doatgcatst 490 Waltcagd-alpaloloea jotggagsst [atgl gcaaggcata tgtgaaagea
480 dcaaaaatgc ttggggegga gatttttgag catacgtecg tcctgcatgt cgaacgtgac 540 ggtgaagccc tgtccatcaa

gacc%?:‘f‘aé&@d&éagg‘?aﬁagdﬁaa@&d tﬁﬁbté@ﬁ 660 d’é‘@a@é@g@@“@@@a@cﬁg@batgtttttt aaacagcttg

gactgaacar-gatéie 680 cetgfapang B dagtaset atreaiiggraatdaipain tegapctac aaaaacyctt 720
taccatgatc ac%ﬁctatat cgtaccgaga aad@gcggca aactggtt tcdt_ilcgc aca 780 atgaagccgg gggactggag
tgaad¥actyodtettgty G4t %agg‘“cg"tfﬁtg“éga@&b a géaé & Egétﬁ%dé’ §gctatacag aatatgaagg

tggatagitt kgggegaga: 3D cideginag g gaacanaggacijgadgaseg eeateggceegacatcctga ggacagecgt 960
attttagtg_tg Gggctggcaa titca Hhat gggatcctglir1 ngcéccé C aa}cgg%cg%t 102Q tfghtcagtg atctcatcat

gaataaagag g caacfci%a@ c?&grctgcaT ca tcc%tl o ac’tté’atc ca 5%9}%;9 at tcagatatga 1110 <210>

28 <2tg+H36k2 1er PRT ¥213nrArtifigial Seqlente <20 w2235 menodmine oxidase goxB 5 <400>

28 Mgt | ro Hi L,Glu Il O%I ly. Gly lie Il I)}I_L% 15 ger Ala lle Ala Tyr Tyr Leu
Ala If\ysn éi%%?éggr%ﬁ%%gﬁé%z% O%I-e’%eAg(%ué&r z%q; ‘?ﬁ? Vﬁts IyeGIy Arg Thr Thr Ser Ala
Ala AEnCyeg85404 5 Metse PGy TBia FIis AlerGIOrCY%rGHg GIthAry iAsp IAla Bhe Phe Asp 505560 Phe

Ala Mt HigSer Sin Argeken BYELY sl Lan Gl Gy GHL Ly 65707580,Lyr Ala Leu Ser Gly Val Asp
lle Aigsin His Asn Gly Gly1¥iet Phe 859095 Lgs beg Ala Phe Ser Glu Gliedsp Val Leu Gin Leu Arg
Gin ﬂ@ﬁ Asn Gly Arg Thr val Leu Pro Phe Pro His Asp Met Phe Tyr
165 170 175
val Pro Glu Phe Arg Lys Tyr Asp Glu Met Ser Tyr Ser Glu Arg Ile
180 185 190
Asp GIn Ile Arg Asp Glu Leu Ser Leu Asn Glu Arg Ser Ser Leu Glu
195 200 205
Ala Phe Ile Leu Leu Cys Ser Gty Gly Thr Leu Gluy Asn Ser Ser pPhe
210 _ 215 220
Gly Glu Phe Leu His Trp Trp Ala Met Ser Gly Tyr Thr Tyr Gin Gly
225 230 235 240
Cys Met Asp Cys Leu Ile Ser Tyr Lys Phe Lys Asp Gly GIn Ser Ala
245 250 : 255
Phe Ala Arg Arg Phe Trp Glu Glu Ala Ala Gly Thr Gly Arg Leu Gly
260 265 270
Tyr val Phe Gly Cys Pro val Arg Ser val val Asa Glu Arg Asp Ala
275 280 285
Ala Arg val Thr Ala Arg Asp Gly Arg Giu Phe Ala Ala Lys Arg Leu
290 295 300
val Cys Thr Ile Pro Leu Asn val Leu Ser Thr Ile Gln Phe Ser Pro
305 310 315 320
Ala Leu Ser Thr Glu Arg Ile Ser Ala Met Gln Ala Gly His val Asn
325 330 335
Met Cys Thr Lys val His Ala Glu val Asp Asn Lys Asp Met Arg Ser
340 345 350
Trp Thr Gly Ile Ala Tyr Pro Phe Asn Lys Leu Cys Tyr Ala Ile Gly
355 360 365
Asp Gly Thr Thr Pro Ala Gly Asn Thr His Leu val Cys Phe Gly Thr
370 375 380
Asp Ala Asn His Ite Gln Pro Asp Glu Asp val Arg Glu Thr Leu Lys
385 390 395 400
Ala val Gly GIn Leu Ala Pro Gly Thr Phe Gly val Lys Arg Leu val
405 410 415
Phe His Asn Trp val Lys Asp Glu Phe Ala Lys Gly Ala Trp Phe Phe
420 425 430
Ser Arg Pro Gly Met val Ser Glu Cys Leu Gln Gly Leu Arg Glu Lys
435 440 445
His Arg Gly val val Phe Ala Asn Ser Asp Trp Ala teu Gly Trp Arg
450 455 460
Ser Phe ITe Asp Gly Ala ITe Glu Glu Gly Thr Arg Ala Ala Arg val
465 470 475 480
val Leu Glu Glu Leu Gly Thr Lys Arg Glu val Lys Ala Arg Leu
485 450 495
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100105110 Asp Leu Asp Ser Val Ser Trp Tyr Ser Lys Glu Glu Val Leu Glu Lys 115120125 Glu Pro Tyr
Ala Ser Gly Asp lle Phe Gly Ala Ser Phe lle Gin Asp 130135140 Asp Val His val Glu Pro Tyr Phe Val
Cys Lys Ala Tyr val Lys Ala 145150155160 Ala Lys Met Leu Gly Ala Glu lle Phe Glu His Thr Pro Val
Leu His 165170175 Val Glu Arg Asp Gly Glu Ala Leu Ser lle Lys Thr Pro Ser Gly Asp Page 23
CX2-020WQ1.txt 180185190 Val Trp Ala ASKPFISMEVEX Val Ala Ser Gly Val Trp Ser Gly Met
1952002051Rbe Phe Lys GIn Leu Gly Leu Asn Asn Ala Phe Leu Pro val Lys Gly 210215220 Glu Cys
Leu S&Z‘#aplﬁtgﬁsn Asp Asp lle Pro Leu Thr Lys Thr Leu 225 230 235 240 Tyr His Asp His Cys Tyr
lle V&f PYo AF§ yS Ser %l?‘t%‘&eu val 245250255 Val Gly Ala Thr Met Lys Pro Gly Asp Trp Ser Glu
Thr Reasp Leu 260265270 Gly Gly Leu Glu Ser Val Met Lys Lys Ala Lys Thr Met Leu Pro Ala
275283385\ BT AW RASE D§sOYAFRASD Arg Phe Trp Ala Gly Leu Arg Pro Gly 290295300 Thr Lys Asp
Gly LypdrosTyr lle Gly Arg His Pro Glu Asp Ser Arg 305310315320 Ille Leu Phe Ala Ala Gly His Phe

teccectgggty
gatgtcattg
gcagggttca
agtaatattg
cacgtgtggce
tittcacgtyg
acgcacgaag
ggcactaatg
cgcaagtatg
ttgaacgaac
aactccagct
tgtatggatt
ttctgggaag
tctgtggtga
gcgaaacgtt
gcactgtcca
gtgcatgegy
aacaaattat
tgcttcggga
gccgttggcec
gtaaaggatg
tgcctgcagg
ttaggttggce
gtactggagg

<210>
<211>
<21Z2>
<213>

<220>
<223>

4
495
PRT

<d400> 4
Met Thr
1

Gln

Ser

Gly val

Asp Thr Asp

35

Tyr Cys Gly
50

Thr Leu
65

Ser

Leu

Asn Iie

Trp His Gin

Asn Ala Leu

115

Gln Leu Arg

130

Glu Asp Glu

145

Gly Thr Asn

val Pro Glu

tcatttcgee
tcattggggy
agacgctget
acggttaccc
gtgaaatcac
gcgtgaatca
cggaggatga
gccgtacagt
acgaaatgtce
gctctagttt
ttggtgaatt
gtttaatctc
aageegetgg
acgaacgcga
tggtttgcac
cggaacgcat
aagtcgataa
gctacgcetat
cagacgcgaa
aactggcegec
aatttgccaa
gtctgcgega
gtagttttat
aactggggac

Arg Asp
>

Pro
20
Lys

Ser
ASD

L.eu Thr

Leu Glu

Asp Gly
85

Ser His
100
ser Pro

Thr Asn

Leu Leu

Gly
Leu
Gly
Ala
Ala
70

Tyt
val
Ser

Pro

Arg

gccgactaac
cgggtattgt
gctggaggee
gtatgagatg
gcgttataaa
cttccaactg
actgctgegt
gttgcegttc
atattccgaa
agaggetttc
tctgeattyg
Cctataaattt
cactggeegt
cgcagtacgt
gattccgctg
ctccgetatg
tcaggatatg
cggegatgge
tcatatccag
tgggactttc
aggcgegrgg
gaaacaccgt
cgatggtgct
caagcgcgag

Artificial Sequence

variant monoamine oxidase

Tyr Gln

Gly val

Pro Trp
40
Thr Arg
55
Arg Asp

Pro Tyr

Trp Arg

Phe Asn
120
Thr Thr
135

Ser Ala

156

Gly Arg
165

Phe Arg

Thr

Lys

val Leu

Tyr Asp

Arg AtpaGHpdlec ecobegoAta P BREBBB386903aacdg

atcgaagata
gggctgaccy
cgtgatcgta
ggtggcactt
atgcacaacg
cgtaccaatc
agcgecattgce
ccacatgata
cgcattgacc
attttattat
tgggcaatgt
aaggatggec
ctgggctatyg
gttaccgcac
aacgtattga
caggcaggcec
cgttcatgga
acgaccccag
ccggacgagyg
ggtgtcaaac
ttcttcagec
ggrgrcgtgt
atcgaggagg
gtgaaggccc

Thr
10
Ser

Trp Pro
Ile
25

ASp

Pro

val Ile

Asp Leu Thr

Ile Gly
75
Gly

Arg
Glu Met
90
Gtu Ile Thr
105
Phe

Ser Arg

ser Thr Tyr

Leu His Lys
155
Phe Pro
170

Met

Pro

Glu Ser

Page 3

gtctgaccca
ccgataagga
caacccgtga
ttggtggceg
gggttcattg
cgctgtctec
cgaccaccag
ataaattcac
tgttttatgt
agatccgcga
gtagcggtag
cgggttacac
agagtgcgty
tctttggttg
gtgacggtcg
gtactattca
atgrtaacat
cgggtatcge
cgggtaatac
acgtgcgega
gtctggtctt
gcccaggeat
ttygcaaactc
gcacccgege
gcctgtaatg

Glu Thr Gly

Pro Thr Asn
Ile
45

Ala

val Gly

val Gly

Gly Arg ser

Gly Thr Trp

Arg Tyr Lys
110
val Asn
125

Thr

Gly

Met His

140

Phe Thr Asn

His Asp Met

Tyr Ser Glu

gggcgtaccg

cgggeettyg
tttaaccgtc

ctcctggage
gcatcaatct
atcatttaac
tacgtacatg
caatgtcgac
gccggaarttt
cgaactgict
caccctggaa
gtatcagggce
cgcgegtege
tccggtgegt
cgaattcgca
gtttagccca
gtgcaccaaa
ctatccgttc
gcatctggtyg
aacgrtgaaa
ccacaactgg
ggtticagag
cgattgggec
agcgegtgtt
a

Leu Thr

Ile Glu

Gly Gly

Phe Lys

Ser
80
Hts

Trp
val

Met His

His Phe

Glu Ala

val Asp
160
Phe Tyr
175

Arg Ile

60
120
180
240
300
360
420
480
540
600
660
720
780
840
200
960
1020
1080
1140
1200
1260
1320
1380
1440
1491



Ala Thr Gly Ala Leu lle Ser Asp Leu lle Met Asn Lys Glu val Asn 340345350 GIn Asp Trp Leu His Ala
Phe Arg lle Asp Arg Lys Glu Ala Val GIn 355360365 Ile <210> 29 <211> 1479 <212> DNA <213>
ArtificialSequence <220> <223> monoamine oxidase MAO-2 <400> 29 atgaccaccc aggacggctg
tcattatcac attaacgagg gtctgaccca tggcgtaccg 60 tccecgtgcta aaatttatcc ggcggaacgce ctggcacagg
gccageagac cttggaigee 120 CX2-020wW01. txt 190

185

Asp GIn Ile Arg Asp Glu Leu Ser
195

Ite

Ser Asn Glu Glu

200
Gly

Leu ser Leu
205

ASn

‘Arg
Glu Phe
220
Tyr

Phe Thr
210

Glu

Ala Leu Ser
215

Trp

tey Cys Gly Leu ser ser

Gly Phe His Ala Met Ser Thr GIn

225
cys

Leu Gly
235

Lys

Tyr Gly
240

Ala

Trp
230
Tle Phe Gln
250

Ala

Met Ley
245

Phe

Ser Ser
255

Leu

Asp Cys Tyr Lys Asp Gly

Ala Thr
265

ser

phe Ala Arg Arg Glu Glu

260
Gly

Trp Gly Gly Arg

270
Arg

Gly
Glu Ala
285
Ala

Phe val val val

275
val

Tyr val Cys Pro Arg

280
Gly

Asnh ASD

Giu Phe Ala
300

Ile

val Arg Thr Ala

290
Cys

Arg Arg Lys Arg Leu

Asp
295
Asn Thr Gln Phe
315

Gin

val Thr Ile val

305
Ala

Pro Leu Leu Ser

310
Arg

sSer Pro
320
Ala val Asn
335

Arg

Glu ITe Ala His

325
val

Thr Met
330

ASp

l.eu Ser Ser Gly

val Gin
345

Asn

Met Cys Thr Lys His Ala Glu Asn

340
Ile

Met
350
Ala

ASp Ser

phe Ile
360

Asn

Trp Thr Gly Ala Pro Leu

355
Thr

Tyr Lys Cys Tyr

365
Cys

Gly

val Phe Thr
380

Arg

Gly Thr Pro Ala Thr His Leu

370
Ala

Asp Gly
375

Pro

Gly

Glu val Glu Thr

395
Gly

GIn
390
Ala

Asp His Ile
385

Ala

Asn Asp Asp Leu Lys

400
Phe val val
410

Ala

val Gly GlIn Leu Pro Gly Thr

405
val

Leu
415
Phe

Lys Arg
Phe
425
Cys

Phe His Asn Trp Glu Ala Phe

420
Gly

Lys Asp Lys Gly

Trp
430
Glu Gln Arg Glu
440

Asn

Ser Arg Pro val

435
Gly

Met Ser Leu Gly Leu

445
Leu

Lys

Ala
460
Arg

Ala
455
Ile

His Arg val val Phe

450
Phe

Ser Asp Trp Gly Trp Arg

Thr
475
val

Glu Glu val
480
l.eu

495

Ala Ala Ala
470

Gly

ser Ile
465

val

Asp Gly Gly Arg

Glu Ala

490

Leu Glu Glu Leu Thr

485

Lys Arg Lys Arg

<210>
<211>
<212>
<213>

5

1491

DNA

Artificial Sequence

<220> . ) )
<223> variant monoamine oxidase

<400> 5

atgaccagcc
tcectgggtyg
gatgtcattg
gcagggttea
agtaatattg
cacgtgtgge
ttttcacgtyg
acgcacgaag
ggcactaatg
cgcaagtatg
ttgaacgaac
aactccagct
tgtatggatt
ttctgggaag
tctgtggtga
gcgaaacgtt
ccactgtccc
gtgcatgcgg

gcgacggceta
tcatttegec
tcattggggg
agacgctget
acggttacce
gtgaaatcac
gcgtgaatca
cggaggatga
gccgtacagt
acgaaatgtc
gctctagttt
ttggtgaatt
gtttaatctc
aagcecgetgg
acgaacgcga
tggtitgcac
cgcaacgeat
aagtcagttg

tcagtggacc
gccgactaac
cgggtattgt
gctggaggec
gratgagatg
gcgttataaa
cttccaactg
actgctgegt
gttgccgttc
atattccgaa
agaggettte
tectgeattgy
Ctataaattt
cactggccgt
cgcagtacgt
gattcegetg
ggcegetgeg
tecggatatg

ccggaaacqqg
atcgaagata
gggctgaccg
cgtgatcgta
ggtggeactt
atgcacaacg
cgtaccaatc
agcgcattge
ccacatgata
cgcattgacc
attttattat
tgggcaatgt
aaggatggcec
ctgggctatg
gttaccgcac
aacgtattga
aacattggec
cgrtcatggt

Page 4

gtctgaccca
ccgataagga
caacccgtga
ttggtggeeg
gggttcatty
cgctgtetec
cgaccaccag
ataaattcac
tgttttatgt
agatccgcga
gtagcggtgg
cgggttacac
agagtgegtt
tctttggtty
gtgacggtcg
gttctgttca
atgttaacca
cgggtatctc

gggcgtaccg

cgggccttag
tttaaccgtc

cteetggage
gcatcaatct
atcatttaac
tacgtacatg
caatgtcgac
gccggaattt
cgaactgtct
caccctggaa
gtatcagggc
cgcgegtege
tceggtgegt
cgaattcgca
ttttagccca
gtgcgtcaaa
ctatccgtte

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080



attgtcattg gggccgggta tgctgggctg atcgcagccc gtaatttagc cctgcaaggg 180 aaacgtgtgg tgctgctgga
ggcccegtgat cgtattggtg gccgceacctt taccagtgat 240 attgacggtt acgggtatga gatgggtggc aattggattc
attggggtca acctcacgtg 300 tatgctgaag tctcgcgtta tagcatggcec aacgagcetgg tttcatcaca ggactataca 360
tatgaagagg gtaactactg

aacaaattag
tgcttcgggg
gccgttgaaa
tgcaaggatg
agcctggatg
gtaggttgge
gtaattgagg

<210> 6

<211> 495
<212> PRT
<213>

<220>
<223>

<400> 6
Met Thr Ser
1

GIn Gly val

Asp Thr Asp

35

Tyr Cys Gly
50

Thr Leu
65

Ser

Leu

Asn Ile

Trp His Glin

Ala Leu
115

Arg

Asn
GIn Leu
130
Glu Asp Glu
145
Gly

Thr Asn

val pPro Glu
Ile
195

Ile

Asp Gln
Phe
210
Glu

Ala
Gly Phe
225
Cys

Met Asp

Phe Ala Arg
Phe
275

val

Tyr val

val Arg
290
val Cys Thr
305
Pro

Leu Ser

Gin Cys val
Gly
355
Thr

Trp Ser
Gly
370
His

Asp

Ala
385

AsSh

cctacgcetat
gggcccataa
acatgtegec
aatttgccaa
aactgcgctg
gtagttttat
aactgegtec

Arg

Pro
20
LyS

Ser
Asp

L.eu Thr

Leu Glu

Asp Gly
85

Ser His
100
ser Pro

Thr aAsn

Ley Leu

Asp Gly
5

Leu
Gly
Ala
Ala
70
Tyr
val
ser

Pro

Arg

cggcgatggce
tcatatccag
tgggaatatg
aggcgcgtag
ccgtcacggt
cgatggtgcet
tgegeetgeg

Artificial Seguence

variant monoamine oxidase

Tyr Gin

Gly val

Pro Trp
40
Thr Arg
55
Arg Asp

Pro Tyr

Trp Arg

Phe Asn
120
Thr Thr
135

Ser Ala

150

Gly Arg
165
Phe Arg
180
Arg Asp

Leu Leu

L.eu His

Thr
Lys
Glu
Cys
Trp

val Leu

Tyr Asp
Ser
200
Gly

Leu

Ser
215

Trp Ala

230

Leu
245
Phe

Cys

Arg
260
Gly Cys

Thr Ala

Ile Pro

Ile
Trp
Pro
Arg

Leu

ser Tyr

Glu Glu

val Arg
280
Asp Gly
295

Asn val

310

Gln
325
val

Pro

Lys
340
Ile ser

Thr Pro

His Ile

Arg
His
Tyr
Ala

G1n

Met Ala

Ala Glu

Phe
360
Asn

Pro

Gly
375

Pro Glu

390

CX2-020wol. txt

acgaccccag
c€cggaagagg
gatatcaaac
ttcttcgecc
aatgtcctygt
atcgaggagg
gtgcgttccc

Thr
10
Ser

Trp Pro

ITe
25
ASD

Pro

val Ile

Asp Leu Thr

Arg Ile Gly

Glu Met
90
Ile

Gly
Glu Thr
105
Phe

ser Arg

Ser Thr Tyr

Leu His Lys
155
Phe Pro
170

Met

Pro

Glu
185
Leu

Ser

Asn Glu

Gly Thr Leu

Met Ser Gly
235
Phe Lys
250

Ala

LysS

Ala
265
Ser

Gly

val val

Arg Glu Phe

Leu ‘Ser Ser
315
Ala Asn
330

Ser

Ala

val
345
Asn

Cys

Lys Leu

Thr His Ile
val

395

Glu Asp

Page 5

cgggtaatac
acgtggaagce
gtctggtett
ctccacaget
ttgcaaactc
gcacccgege
acctgtaatrg

Glu Thr

Pro Thr
Ile
45

Ala

val
val
Gly Arg
Gly Thr
Arg Tyr
va'l

125
Thr

Gly

Met
140
Phe

Thr Asn

His Asp Met
Glu
190

Ser

Tyr Ser

Ser
205
Asn

Arg

Giu
220
Tyr

ser

Thr Tyr

Asp Gly Gln

Thr Gly Arg
270
Glu Arg
285

Ala

Asn

Ala
300
val

Lys

His Phe

ITe Gly His

Pro mMet
350
Ata

ASp

Ala Tyr

365
Cys

vai Phe

380
Glu

Alta Thr

gcatattgtg
aacgaagatyg
ccacaactgg
gctgtcaaag
cgattgggec
agcggttact
a

Leu Thr
15
ITe Glu

Gly Gly

phe Lys
Ser
80
His

?rp
val

Met His

His Phe

clu Ala

val Asp
160
Phe Tyr
175
Arg Ile

Leu Giu

Ser Phe

Gin Gly
240
ser Ala
255
Leu Gly

Asp Ala

Arg Leu

Ser Pro
320
val Asn
335
Arg Sser

ite Gly

Gly Gly

Metl
400

Lys

1140
1200
1260
1320
1380
1440
1491



ctcgactatg attcatggcg tcggtgggeg cctgacgcac 420 caagaggagg aacatattgg ggaaaccgca atgtctattt
tctgcaatgt cgacggtcag 480 gatggccgtg gggtggtgec gttcccacat aatgcgactce ataacgcgga ggcatttgee 540
acgtgggaca aagtgtcatg tcaggatcgc ctggaccaga tcaaagacaa actgtctccg 600 ctgcaactgg cttttttaac

gtctaccctg atgcatatta

CX2-020wW0l. txt
Asn Met Asp Ile
410
Ala

val GTu Asn Met Ser val
405

Cys

Ata Pro Gly Leu

415
Phe

Lys Arg

Phe Ala Phe
425

Ser

phe His Asn Trp Glu

420
Gln

LyS ASp Lys Gly Trp

430

Pro Leu Leu Ser Leu Glu Arg

435
Asn

Ala Pro Lys
440

Ast

ASp Leu
445

val

Cys Arg
Ala
460
Arg

Ala
455
Ile

His Gly val Leu Phe Ser

450
Phe

Asp Trp Gly Trp Arg

Thr
480
Ley

Thr Ala Ala val

475
val

Ala Glu Glu
470

Arg

ser Ile Gly
465

val

Asp Gly

Ile Glu Glu lLeu Pro Ala Pro Ala Arg Sser His

<210>
<211>
<212>
<213>

<220>
<223>

<400> 7

atgaccagcec
tecetgggty
gatgtcattg
gcagggttca
agtaatattg
cacgtgtggc
trttcacgtg
acgcacgaag
ggcactaatg
cgcaagtatyg
ttgaacgaac
aactccagcet
tgtatggatt
ttctgggaag
tctgtggtga
gcgaaacgtt
gcactgtcca
gtgcatgegg
aacaaattat
tgcttcggga
gcegttggec
gtaaaggatg
tgcctgeagg
ttaggttggc
gtactggagg

7
1491
DNA

<210>
<211>
<212>
<213>

<220>
<223>

<400> 8§

8
495
PRT

485

gcgacggeta
tcatrtcgece
tcattgggyy
agacgctgcet
acggttaccc
gtgaaatcac
gcgtgaatca
cggaggatga
gccgtacagt
acgaaatgrc
gctctagttt
ttggtgaatt
gtttaatctc
aagccgetygg
acgaacgcga
tggtttgcac
cggaacgcat
aagtcgataa
gctacgctat
cagacgcgaa
aactggegee
aatttgccaa
gtctgegega
gtggttttat
aactggggac

Artificial Sequence

variant monoamine oxidase

tcagtggacc
gccgactaac
cgogtatigt
gctggaggec
gratgagatg
gcgttataaa
cttccaacty
actgctgegt
gttgcegttc
atattccgaa
agaggctttc
TCtgcattgg
ctataaattt
cactggceegt
cgcagtacgt
gartccgctg
ctcegetatg
tcaggatatg
cggcgatggce
tcatatccag
tgggactttc
aggycgegtyg
gaaacaccgt
cgatggtogct
caagcgegag

Artificial Sequence

variant monocamine oxidase

490

ccggaaacgg
atcgaagata
gggctgaccy
cgtgatcgta
ggtggcactt
atgcacaacg
cgtaccaatc
agcgcattge
ccacatgata
cgcattgacc
attrtattat
tgggcaatgt
aaggatggcec
ctgggctatg
grttaccgcac
aacgrtattga
caggcaggcc
cgttcatgga
acgaccccag
ccggacgagag
ggtgtcaaac
ttcttcagece
ggtgtcgtgt
atcgaggagg
gtgaaggccc

gtctgaccca
ccgataagga
caacccgtga
ttggtggccg
gggitcattg
cgetgtetec
cgaccaccag
ataaattcac
tgttttratgt
agatccgcga
gtagcggtag
cgagttacac
agagtgegtt
tcrttyggtty
gtgacggtcg
gtactattca
atgttaacat
cgggtatcgc
cgggtaatac
acgrgcgega
gtctyggtctt
gcccaggeat
ttgcaaactc
gcacccgegc
gcctgtaaty

495

gggcgtaccg

cgggcettgg
tttaaccgtc

ctectggagc
gcatcaatct
atcatttaac
tacgtacatg
caatgtcgac
gccggaattt
cgaactgict
caccctggaa
gtatcagggc
cygcgegtege
teeggtygegt
cgaattcgea
gtttagccca
gtgcaccaaa
ctatccgric
gcatctggtg
aacgttgaaa
ccacaactygg
ggtttcagag
cgattgggcc
agcgcgrgty
a

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1491

Thr Glu Thr Thr

10
ser

Met Thr
1
Gln

ser Arg Asp Gly Tyr GIn Trp Pro Gly Leu
5

Ile Thr Ile Glu

25
Asp

Gly val Pro Ser Leu Gly val Pro Pro

20
Lys

ASN
30
Ite Gly
45

Ala

Asp Thr Asp Asp Gly val rle val

35
Gly

Pro Trp

40
Thr Arg
55

Gly Gly

Tyr Cys Ley Thr Ala Leu Thr val Gly phe

50
Leu

Asp Lys

Thr Leu Leu Glu Ala Ile Gly

Page ©

Arg Asp Arg Gly Arg Ser Trp Ser



gcggtgccaa caacgaagac 660 gtcagcgttg ctgaattgct gegttggtgg gcactgtgeg attaccgtaa ttcgggcatt 720
acggattatg ggctgttgta taaattgaag tgtggccaga ctgggttggc gaaagccatc 780 tttaacgaag gcgttctget
gggcaatctg cagtataaat ttagtgctcc ggtggttact 840 attcgtgacg aaggcgcctc agtagaagtt accacacgtg
cggtcagca attccgtgc
geggiead 919¢9 CX2-020wol. txt
65 70 75 80
Ser Asn Ile Asp Gly Tyr Pro Tyr Glu Met Gly Gly Thr Trp val His
85 90 95
Trp His GIn Ser His val Trp Arg Glu ITe Thr Arg Tyr Lys Met His
100 105 110
Asn Ala Leu Ser Pro Ser Phe Asn Phe Ser Arg Gly val Asn His Phe
115 120 125
GIn Ley Arg Thr Asn Pro Thr Thr Ser Thr Tyr Met Thr #His Glu Ala
130 135 140
Glu Asp Glu Leu Leu Arg Ser Ala Leu His Lys Phe Thr Asn val Asp
145 150 155 160
Gly Thr Asn Gly Arg Thr val Leu Pro Phe Pro His Asp Met Phe Tyr
165 170 175
val Pro Glu Phe Arg Lys Tyr Asp Glu Met Ser Tyr Ser Glu Arg Ile
180 185 190
Asp Gln Ile Arg Asp Glu Leu Ser Leu Asn Glu Arg Ser Ser Leu Glu
195 200 205
Ala Phe ITe tLeu Leu Cys Ser Gly Gly Thr Leu Gilu Asn ser Ser Phe
210 215 220
Gly Glu Phe Leu His Trp Trp Ala Met Ser Gly Tyr Thr Tyr Gln Gly
225 230 235 240
Cys Met Asp Cys Leu Ile Ser Tyr Lys Phe Lys Asp Gly GIn Ser Ala
245 250 255
Arg Phe Trp Glu Glu Ala Ala Gly Thr Gly Arg Leu Gly
260 265 270
Tyr val Phe Gly Cys Pro val Arg Ser val val Asn Glu Arg Asp Ala
275 280 . 285
val Arg val Thr Ala Arg Asp Gly Arg Giu Phe Ala Ata Lys Arg Leu
290 295 300
val Cys Thr ITe Pro Leu Asn val Leu Ser Thr Ile GIn Phe Ser Pro
305 310 315 320
Ala Leu Ser Thr Glu Arg Ile Ser Ala Met GIn Ala Giy His val Asn
325 330 335
Met Cys Thr Lys val His Ala Glu val Asp Asn Gln Asp Met Arg Ser
340 345 350
Trp Thr Gly Ile Aja Tyr Pro Phe Asn Lys Leu Cys Tyr Ala Ile Gly
355 360 365
Asp Gly Thr Thr pPro Ala Gly Asn Thr #is Leu val Cys phe Gly Thr
370 : 375 380
Asp Ala Asn His ITle Gln Pro Asp Giu Asp val Arg Glu Thr Leu Lys
385 390 395 400
Ala val Gly Gln Leu Ala Pro Gly Thr Phe Gly val Lys Arg Leu val
405 410 415
Phe Phe

Phe Ala Arg

Phe His Asn Trp val Lys Asp Glu Phe Ala Lys Gly Ala Trp

420 425 430

Ser Arg Pro Gly Met val Ser Glu Cys Leu Gln Gly Leu Arg Glu Lys

435 440 445
His Arg Gly val val Phe Ala Asn Ser Asp Trp Ala Leu Gly Trp Arg
450 455 460

Gly phe I7e asp Giy Ala Ile Glu Glu Gly Thr Arg Ala Ala Arg val

465 470 475 480
val Leu Glu Giu Leu Gly Thr Lys Arg Glu val Lys Ala Arg Leu
485 490 495

<210> 9

<211> 1491

<212> DNA

<213> Artificial Ssequence

<220 ) ' i
<223> variant monoamine oxidase

<400> 9

atgaccagcc gcgacggcta tcagtggacc ccggaaacgg gtctgaccca gggegtaccg 60

tcectgggtg teatttcgec gecgactaac atcgaagata ccgataagga cgggecttgg 120

gatgtcattg tcattggggg cgggtattgt gggctgaccg caacccgtga tttaaccgte 180

gcagggtica agacgctget gctggaggec cgtgatcgtirttggtggccg ctcctggage 240
Page



900 aaaactgtga ttagcacgat tccgctgaac gtattgagtt ctattcagtt taccccacca 960 ctgcctacgg ggaaagtctt
ggctgcgcegt caaggccatg ttaacaaggc caccaaaacg 1020 cattttgaag tcgaaggtac ggctatgcgt tcatggtcgg
gtgtcgccta tccgtccaaa 1080 gggcaaatgt acctgtacgg cgatggcectg accccagcegg gtaatacgca tattattgec 1140

ttcgggccag

agtaatattg
cacgtgtggc
ttttcacgty
acgcacgaag
ggcactaatg
cgcaagtatg
ttgaacgaac
aactccagcet
Tgtatggatt
ttctgggaag
tctgtggtyga
gcgaaacgtt
ccactgtccc
gtgcatgcgg
aacaaattag
tgcttcgggg
gccgttgaaa
tgcaaggatg
agcctggatg
ttaggttggc
gtaattgagg

<210>
<211>
<212>
<213>

10
495
PRT

<220>
<223>

<400> 10

acggttaccc
gtgaaatcac
gcgtgaatca
cggaggatga
gccgtacagt
acgaaatgtc
gcrctagtet
ttggtgaatt
gtttaatctc
aagccgctgg
acgaacgcga
tggtttgcac
cgcaacgcat
aagtcagttg
cctacgctat
gggcccataa
acatgtcgcc
aatttgccaa
aactgecgcty
gtggttttat
aactgcgtcc

gtatgagatg
gcgttataaa
cttccaactg
actgctgegt
gttgcecgttce
atattccgaa
agaggectttc
tctgcatiogy
ctataaattt
cactggccgt
cgcagtacgt
gattccgetg
ggccgetgcy
tccggatatg
cggcgatgge
tcatatccag
tgggaatatg
aggcgcegrayg
ccgtcacggt
cgatggtoct
rgcgectgeg

Artificial Sequence

variant monoamine oxidase

X2-020wW0L . txt

ggrggcactt
atgcacaacg
cgtaccaatc
agcgeattge
ccacatgata
cgcattgacc
atttrattat
tgggcaatgt
aaggatggcc
ctgggctatg
gttaccgcac
aacgtattga
aacattggec
cgttrcatggt
acgaccccag
ccggaagagyg
gatatcaaac
trecttogecc
aatgtcctgt
atcgaggagg
gtgcgttcee

gggttcattyg
cgctgtctcc
cgaccaccag
ataaattcac
tgttttatgt
agatcegega
gtagcggtgg
cgggttacac
agagtgcgtt
tctttggtty
gtgacggtcy
gtrtctgttca
atgttaacca
cgggtatctc
cgggtaatac
acgtggaagc
gtctggtctt
ctccacaget
ttgcaaactc
gcacccgegce
acctgtaatg

gcatcaatct
atcatttaac
tacgtacatyg
caatgtcgac
gccggaattt
cgaactgtct
caccctggaa
gtatcaggge
cgcgegregc
tceggtgegt
cgaattcgea
ttttagccca
gtgcgtcaaa
ctatccgtte
gcatattgtg
aacgaagatg
ccacaactgg
gctgtcaaag
cgattgggcee
agcggttact
a

300
360
420
480
540
600
660
720
780
840
900
260
1020
1080
1140
1200
1260
1320
1380
1440
1491

Thr Glu Thr Thr

10
ser

Met Thr Gln
1

Gin

Ser Arg Gly Tyr Trp Pro Gly Leu

15
Ile

Asp
5

Ite Thr Glu
25

Asp

Gly val Pro Ser Leu val

20
Lys

Gly Pro Pro Asn
Iie
45

Ala

Asp Thr Asp Gly Pro val Ile val

35
Gly

Asp Trp
40

Arg

Gly Gly Gly

val Phe
60

Gly

Thr Thr
55

Arg

Tyr Cys Leu Thr ala

50
Leu

Asp Leu Gly Lys

Ala Ile
70
Tyr

Thr GTu
65

Ser

Leu Leu Ser sSer

80
His

AsSp Arg Gly Arg Trp

Asn Ile Gly Pro Glu Thr

85
His

Met
40
Ile

Asp Tyr Gly Gly Trp val

val Glu Thr His
105

Phe

Gln Ser
100

Ser

Trp His Trp Arg Arg Tyr Lys Met

110

Ala Pro Ser Phe val Asn His Pha

125
Thr

Asn
120
Thr

Leu
115
Arg

Asn Ser Arg Gly

Thr Thr His Glu Ala

135
Ser

Gin Leu Thr Pro

130
ASD

Asn ser Tyr Met

140

Glu Glu Ala His Phe Thr val

145
Gly

Leu Leu Arg
150

Thr

Leu LyS
155

pro

Asn Asp
160
Phe Tyr
175

Arg

Phe
170
Met

Thr Asn Gly Arg val

165
Arg

Leu Pro ASp Met

Glu Ile
190
Ser

Glu
185
Leu

Phe
180
Arg

val pro Glu Lys Tyr Asp Ser Tyr Ser

Ile Glu Glu
195

Ile

GIn Ser
200

Gly

Leu Asn Ser
205

Asn

ASp Asp Arg Leu Glu

Glu Phe
220

Tyr

Phe Thr
210

Glu

Ala Leu Leuy Sar

215
Trp

Cys Gly Leu ser ser

Gly Phe His Ala Thr GIn

225
Cys

Ley Trp
230

Ile

Met Gly
235

Lys

ser Tyr Gly
240
Phe Gin Ala
250

Ala

Met Leu
245

Phe

Asp Cys ser Tyr Lys Asp Gly ser

255
Arg Leu
270
Arg

Ala Thr
265

Ser

Phe Ala Arg Arg Glu Glu

260
Gly

Trp Gly Gly Gly

Glu
285

Phe val val val

275

Tyr val Cys Pro Arg Ala

280

Asn Asp
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acccggaact gctggcgggce aaggacgtgg aaaaaattaa gggggccctg 1200 acccatgtga aggatgccga agtcaaacgt
attgtcttcc acgactggaa ccaggatgaa 1260 ttttcccaag gcacgtgggc cgtctaccct ccaaactttg ctacaaagta
cctggataat 1320 ctgcagaagc cagtcggtcg tatccatttt gcaagcgccg attgggccga aggttggegt 1380 ggttttatcg
atggtgctat cgagcagggc
99 dageagdy CX2-020W0Ll. txt
val Arg val Thr Ala Arg Asp Gly Arg Giu Phe Ala Ala Lys Arg Leu
290 295 300
val Cys Thr ITe Pro Leu Asn val Leu Ser Ser val His Phe Ser Pro
305 310 315 320
Pro Leu Ser Pro Gln Arg Met Ala Ala Ala Asn Ile Gly His val Asn
325 330 335
GIn Cys val Lys val His Ala Glu val Ser Cys Pro Asp Met Arg Ser
340 345 350
Trp Ser Gly Ile Ser Tyr Pro Phe Asn Lys Leu Ala Tyr Ala Ile Gly
355 360 365
Asp Gly Thr Thr Pro Ala Gly Asn Thr His Ile val Cys Phe Gly Gly
370 375 380
Ala His Asn His Ile GIn Pro Glu Glu Asp val Glu Ala Thr Lys Met
385 390 395 400
Ala val Glu Asn Met Ser Pro Gly Asn Met Asp Ile Lys Arg Leu val
405 410 415
Phe His Asn Trp Cys Lys Asp Glu Phe Ala Lys Gly Ala Trp Phe phe
420 425 430
Ala Pro Pro GIn Leu Leu Ser Lys Ser Leu Asp Glu Leu Arg Cys Arg
: 435 440 445
His Gly Asn val Leu Phe Ala Ash Ser Asp Trp Ala Leu Gly Trp Arg
450 455 460
Gly Phe Ile Asp Gly Ala Ile Glu Glu Gly Thr Arg Ala Ala val Thr
465 470 475 480
val Ile Glu Glu Leu Arg Pro Ala Pro Ala val Arg Ser His Leu
485 490 495

<210> 11

<211> 1485

<212> DNA

<213> artificial Sequence

<220> . . .
<223> variant monoamine oxidase

<400> 11

atgaccagcc gcgacggcta tcagtggacc ccggaaacgg gtctgaccca gggcgtaccg 60
tccetgggty tcatttcgec gccgactaac atcgaagata ccgataagga cgggecttga 120

gatgtcatty tcattggggg cgggtattgt gggctgaccy caacccgrtga tttaaccgte 180

gcagggttca agacgctgct getggaggec cgtgatcgta ttggtggecg ctcectggage 240

agtaatattg acggttaccc gtatgagatg ggtggcactt gggttcattg gcatcaatct 300

cacgtgtggc gtgaaatcac gcgttataaa atgcacaacg cgetgtctec atcatttaac 360

ttttcacgty gegtgaatca cttccaactg cgtaccaatc cgaccaccag tacgtacatg 420

acgcacgaag cggaggatga actgctgcegt agegeattge ataaattcac caatgtcgac 480

ggcactaatg gccgtacagt gttgccgttc ccacatgata tgttttatgt gecggaattt 540

cgcaagtatg acgaaatgtc atattccgaa cgcattgacc agatccgcga cgaactgtet 600

ttgaacgaac gctctagtit agaggctttc attttattat gtagcggtgg caccctggaa 660

aactccaget ttggtgaatt tctgcattgg tgggcaatgt cgggttacac gtatcaggge 720

tgtatggatt gtttaatctc ctataaattt aaggatggcc agagtgcegtt cgcgegtcge 780

ttctgggaag aagccgetgg cactggecgt ctgggetatg tetttggttg tcecggtgegt 840

tctgtggtga acgaacgcga cgcagtacgt gttaccgeac gtgacggteg cgaattcgea 900

gcgaaacgtt tggtttgcac gattecgety aacgtattga gttcectgitea ttitagoccca 960

‘ccactgtcec cgraacgeat ggocgetgoy aacattggec atgttaacca gtgegtcaaa 1020
gtgcatgcgg aagtcagttg tccggatatg cgttcatggt cgggtatcte ctatccgtte 1080
aacaaattag cctacgctat cggcgatyggce acgaccccag cgggtaatac gecatattgtg 1140
tgccttgygy gggeccataa tcatatccag ccggaagagg acgtggaage aacgaagatg 1200
gccgttgaaa acatgtcgec tgggaatatg gatatcaaac gtctggtctt ccacaactgg 1260
tgcaaggatg aatttgccaa aggcgegtygg ttettegece ctecacaget getgtcaaag 1320
agcctggatg aactgogetg ccgtcacggl aatgtcetgt ttgecaaactc cgattgggece 1380
ttaggttggc gtggitttat cgatggtgct atcgaggagg gcacccegege ageggttact 1440
gtaattgagg aactgcgtcc tgogectgeg gtgoegttcce acctg 1485

<210> 12
<2311> 495
<212> PRT
<213> artificial Sequence
Page 9



gtccgegceat cgetggcetgt atcgaaggaa 1440 ctggcgagcec atcgegeggce geccgaaacgt tcccacctg 1479 <210>
30 <211> 493 <212> PRT <213> Artificial Sequence CX2-020WO01.txt <220> <223> monoamine
oxidase MAO-2 <400> 30 Met Thr Thr Gin Asp Gly Cys His Tyr His lle Asn Glu Gly Leu Thr 151015
His Gly Val Pro Ser Arg Ala Lys lle Tyr Pro Ala Glu Arg Leu Ala 202530 Gin Gly Gin Gin Thr Leu Asp
Thr lle Val lle Gly Ala Gly Tyr Ala 354045 GKAL@¢PRIARKAla Arg Asn Leu Ala Leu Gin Gly Lys Arg val
val 505560 Leu Leu Glu Ala Arg Asp Arg lle Gly Gly Arg Thr Phe Thr Ser Asp 65707580 Ile Asp Gly
Tyr GRZFyr\Glui Mét @Blyoaihy mserpalse His Trp Gly 859095

<400> 12
Met Thr Ser Arg ésp Gly Tyr Gln Trp Tgr pro Glu Thr Gly Leu Thr
1 1 15
GIn Gly val ggo Ser Leu Gly val %%e Ser Pro Pro Thr Asn Ile Glu
30
Asp Thr égp Lys Asp Gly Pro Igp asp val Ile val Ige Gly Gly Gly
4
Tyr C%s Gly Leu Thr Ala Thr Arg Asp Leu Thr gg? Ala Gly Phe Lys
5 55
Thr Leu Leu Leu GTu Ala Arg Asp Arg Ile Gly Gly Arg Ser Trp Ser
65 70 75 80
Ser Asn Iie Asp géy Tyr Pro Tyr Giu ggt Gly Gly Thr Trp val His
g5
Trp His Gin Ser His val Trp Arg Glu Ile Thr Arg Tyr Lys Met His
100 105 110
Asn Ala Leu Ser Pro Ser Phe Asn Phe Ser Arg Gly val Asn His Phe
115 120 125
GIn Leu Arg Thr Asn Pro Thr Thr Ser Thr Tyr Met Thr His Glu Ala
130 135 140
Glu Asp Giu Leu Leu Arg Ser Ala Leu His Lys Phe Thr Asn val Asp
145 150 155 160
Gly Thr Asn Gly Arg Thr val Leu Pro Phe Pro His Asp Met Phe Tyr
165 170 175
val Pro Glu Phe Arg Lys Tyr Asp Glu Met Ser Tyr Ser Glu Arg Ile
180 185 190
Asp GlIn Ile Arg Asp Glu Leu Ser Leu Asn Glu Arg Ser Ser Leu Glu
195 200 205
Ala pPhe Ile Leu Leu Cys Ser Gly Gly Thr Leu Glu Asn Ser Ser Phe
210 215 220
Gly Glu Phe teu His Trp Trp Ala Met Ser Gly Tyr Thr Tyr Gln Gly
225 230 235 240
Cys Met Asp Cys Leu Ile Ser Tyr Lys Phe Lys Asp Gly GIn Ser Ala
245 250 255
Arg Phe Trp Glu Glu Ala Ala Gly Thr Gly Arg Leu Gly
260 265 270
Tyr val Phe Gly Cys Pro val Arg Ser val val Asn Glu Arg Asp Ala
275 280 285
val Arg val Thr Ala Arg Asp Gly Arg Glu Phe Ala Ala Lys Arg Leu
290 295 300
val Cys Thr ITe Pro Leu Asn val Leu Ser Ser val His Phe Ser Pro
305 310 315 320
Pro Leu Ser Pro GIn Arg Met Ala Ala Ala Asn Ile Gly His val Asn
325 _ 330 335
GIn Cys val Lys val His Ala Glu val Ser Cys Pro Asp Met Arg Ser
340 345 350
Trp Ser Gly Ile Ser Tyr Pro Phe Asn Lys Leu Ala Tyr Ala ITe Gly
355 360 365
Asp Gly Thr Thr Pro Ala Gly Asn Thr His Ile val Cys Leu Gly Gly
370 375 380
Ala His Asn His Ile GIn Pro Glu Glu Asp val Glu Ala Thr Lys Met
385 390 395 B 400
Ala val Glu Asn Met Ser Pro Gly Asn Met Asp Ile Lys Arg Leu val
405 410 415
Phe His Asn Trp Cys Lys Asp Glu Phe Ala Lys Gly Ala Trp Phe pPhe
420 425 430
Ala Pro Pro Gln Leu Leu Ser Lys Ser Leu Asp Giu Leu Arg Cys Arg
435 440 445
His Gly Asn val Leu Phe Ala Asn Ser Asp Trp Ala Leu Gly Trp Arg
450 455 460
Gly Phe ITe Asp Gly Ala Ile Glu Glu Gly Thr Arg Ala Ala val Thr
465 470 475 480
val Ile Glu Glu Leu Arg Pro Ala Pro Ala val Arg Ser His tey
485 490 495

Phe Ala Arg
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Gin Pro His val Tyr Ala Glu Val Ser Arg Tyr Ser Met Ala Asn Glu 100105110 Leu val Ser Ser Gin Asp
Tyr Thr Tyr Glu Glu Gly Asn Tyr Cys Ser 115120125 Thr Met lle His Gly Val Gly Gly Arg Leu Thr His
Gin Glu Glu Glu 130135140 His lle Gly Glu Thr Ala Met Ser lle Phe Cys Asn Val Asp Gly Gin
145150155160 Asp Gly Arg Gly Val Val Pro Phe Pro His Asn Ala Thr His Asn Ala 165170175 Glu Ala
Phe Ala Thr Trp Asp Lys Val Ser Cys Gin ASpR(G¥u Bp 180185190 Gin lle Lys Asp Lys Leu Ser
Pro kewgsinieu Ala Phe Leu Thr Ser 195200205 Thr Leu Met His lle Ser Gly Ala Asn Asn Glu Asp
Val Sélial K181210215220 Glu Leu Leu Arg Trp Trp Ala Leu Cys Asp Tyr Arg Asn Ser Gly lle

2252;%@_‘535?;@ FheAspsbyuGlyd-eu Leu Tyr Lys Leu Lys Cys Gly Gin Thr Gly Leu 245250255 Ala Lys
Ala lle Phe Asn Glu Gly Val Leu Leu Gly Asn Leu Gin Tyr 260265270 Lys Phe ser Ala Pro Val Val Thr
lle Aﬁég;p Glu Gly Ala Ser.Val 275280285 Glu val Thr Thr Arg Gly Gly Gin Gin Phe Arg Ala Lys Thr
val IIE 290265360 'sér Thr 11é Pro Leu Asn Val Leu Ser Ser lle Gin Phe Thr Pro Pro 305310315320

Leu P¥6OFhE&ly Lys val Leu Ala Ala Arg Gin Gly His Val Asn Lys 325330335

atgaccaged
tccctgggtg
gatgtcattg
gcagggttca
agtaatatty
cacgtgtgge
ttttcacgty
acgcacgaag
ggcactaatg
cgcaagtatg
ttgaacgaac
aactccagcet
tgtatggatt
ttctgggaag
tctgtggtga
gcgaaacgtt
ccactgtccc
gtgcatgegg
aacaaattag
tgcttcgggy
gccgttgaaa
tgcaaggatyg
agcetggatg
ttaggttggce
gtaattgagg

<210>
<211>
<212>
<213>

<220>
<223>

<400> 14
Met Thr Ser
1
Gln

14
495
PRT

Gly val

Asp Thr Asp

35

Tyr Cys Gly
50

Thr Leu
65

Sar

Leu

Asn Ile

Trp His GIn

Ala Leu
115
Arg

Asn

Gln Leu

130
Glu Asp Glu
145
Gly

Thr Asn

gcgacggceta
tcatttcgec
tcattggggg
agacgcetget
acggttaccc
gtgaaatcac
gcgtgaatca
Cggaggatga
gccgtacagt
acgaaatgtc
gctcragttt
ttggtgaatt
gtttaatctc
aagccgetgg
acgaacgcga
tggtrtgcac
cgcaacgcat
aagtcagttg
cctgggcetat
gggccecataa
acatgtcgec
aatttgccaa
aactgcgetg
gtggtritat
aactgecgtcc

Arg Asp
5

Pro Ser
20
LYS Asp

teu Thr

Leu Glu
Gly
85

His

Asp

Ser
100
ser Pro

Thr Asn

Leu Leu

Gly
Leu
Gly
Ala
Ala
70

Tyr
val
Ser

Pro

Arg

tcagtggacc
gccgactaac
cgggtattgt
gcrggaggec
gtatgagatg
gegttataaa
cttccaactyg
actgctgegt
gttgcecgttce
atattccgaa
agaggctttc
tctgecattagg
ctataaattt
cactggccgt
cgcagtacgt
gattccogctg
ggccgetgeg
tccgoatatg
cggcgatggce
tcatatccag
tgggaataty
aggcgegtag
ccgtcacggr
cgatggtgct
tgcgectgeg

Artificial Seguence

variant monoamine oxidase

Tyr Gln

Gly val

Pro Trp
40
Thr Arg
55
Arg Asp

Pro Tyr

Trp Arg

Phe Asn
120
Thr Thr
135

ser Ala

150

Gly Ar
165

g Thr

val Leu

ccggaaacgg
atcgaagata
gggctgaccy
cgtgatcgta
ggtggcactt
atgcacaacy
cgtaccaatc
agcgeattgc
ccacatgata
cgcattgacc
attttattat
tgggcaatgt
aaggatggec
ctgggcetaty
gttaccgeac
aacgtattga
aacattggcc
cgttcatggt
acgaccccag
ccggaagagg
gatatcaaac
ttcttegeec
aatgtcctgt
atcgaggagyg
gtgcgttecc

Thr
10
ser

Trp Pro
Ile
25

ASp

Pro

val 1le

Asp Leu Thr

Ite Gly
75
Gly

Arg

Glu Met

90

Glu Ile Thr

105

Phe Ser Arg

Ser Thr Tyr

Leu His Lys
155

Phe Pro

170

Pro

gtctgaccca
ccgataagga
caacccgtga
ttggtggcecy
gggttcattg
cgcrgtetcce
cgaccaccag
ataaattcac
tgttttatgt
agatccgcga
gtagcggtgy
caggttacac
agagtgcgtt
tctttggtty
gtgacggtcg
grtctgrtca
atgttaacca
cgggtatctc
cgggtaatac
acgtggaagc
gtctggtctt
ctccacaget
ttgcaaactc
gcaccecgegce
acctgtaatg

Glu Thr Gly

Pro Thr Asn
30
ilte Gly
45

Ala

val

val Gly

Gly Arg Ser

Gly Thr Trp

Arg Tyr Lys
110
val Asn
125

Thr

Gly

Met His

140

Phe Thr Asn

His Asp Met

Page 11

gggcgtaccy

cgggeettgg
trtaaccgtc

ctcetggage
gcatcaatct
atcatttaac
tacgtacatg
caatgtcgac
gceggaattt
cgaactgtct
caccctggaa
gtatcagggc
cgcgegtogce
tceggtgegt
cgaattcgea
ttttagecca
gtgcgtcaaa
ctatccgttc
gcatattgtg
aacgaagatg
ccacaactgg
gctgtcaaag
cgattggycec
agcggttact
a

Leu Thr

Ile Glu

Gly Gly

Phe Lys
ser
80
His

Trp

val
95
Met

His Phe

Gilu Ala

val Asp
160
Phe Tyr
175

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1491



Ala Thr Lys Thr His Phe Glu Val Glu Gly Thr Ala met Arg Ser Trp 340345350 Ser Gly Val Ala Tyr Pro
Ser Lys Gly Gin Met Tyr Leu Tyr Gly Asp 355360365 Gly Leu Thr Pro Ala Gly Asn Thr His lle lle Ala
Phe Gly Pro Asp 370375380 Pro Glu Leu Leu Ala Gly Lys Asp Val Glu Lys lle Lys Gly Ala Leu
385390395400 Thr His val Lys Asp Ala Glu Vzilpéys Arg lle val Phe His Asp Trp 405410415 Asn Gin
Asp Glu Phe Ser Gjn Gl TFr Trp Ala Val PR ASH 420425430 Phe Ala Thr Lys Tyr Leu Asp
Asn aélllj &ﬁﬁ I?;?su r%ﬁ a¥%; )}’ irglee%fngngﬂ 3 IS %’ﬁ(g %f%zeée? aA,&gp Fp Ala Glu Gly Trp Arg Gly
Phe #epAgp4 50455460 BlycAlalli GlerGin GhsW b larg rdas8er teu ida vidiSer Lys Glu 465 470 475
480 Ly pla, SEHis Mgl AlasBrodis Arg Ser His, Ley, 485290, C2-02wOL.txt <210> 31 <211>
1479 <212 DNA <213> ArtificiatSequence <220> <223% Aspergillus oryzae monoamine oxidase
(MA?%%) th@j;egi_elatg'a&c%a’rp Ala Met Ser Gly Tyr Thr Tyr Gln Gly

235 240
Cys Met Iie Phe Lys GIn Ala

250
Ala

ASp Leu
245
Arg Phe
260

Gly

Cys ser Gly Ser

255
Leu

Tyr LYyS AsSp

Ala Thr
265

Ser

Phe Ala Arg Trp Glu Glu Gly Gly Arg

270
Arg

Gly

Glu Ala
285

Ala

Phe val val val

275
val

Tyr val Cys Pro Arg Asn

280
Gly

Asp

Ata
300
val

val Arg Thr Ala Glu Phe Leu

290
Cys

Arg Asp
295

Asn

Arg Lys Arg

Ser His Phe Ser

315
Asn

val Thr Ile val

305
Pro

Pro Leu Leu Ser

310
Arg

Pro
320
val Asn
335

Arg

Ala I'le His
330

Ser

Glin Ala Ala
325

val

Leu Ser Pro Met Gly

val
345
Asn

GIn Cys val Lys His Ala Glu

340
Ile

Pro Met
350

Ala

Cys Asp Ser

Phe Ala Ile
360

Asn

Ser Gly
355

Thr

Trp ser Tyr Pro Lys Leu Trp

365
Cys

Gly

Thr val Phe
380

Glu

Gly Ala Thr His Ile

370
His

ASD Pro Gly
375

Pro

Gly Gly

val Ala Thr
395

ASp

Gln Glu Glu
390

Ser

Ala His Ile
385

Ala

Asn Asp Met
400

va'l

Lys

val Glu Met Ile

405
Cys

Asn Pro Gly Asn Met

410
Ala

lLeu
415
Phe

Lys Arg

Phe Ala Phe
425

Ser

Phe His Asn Trp Glu

420
Gln

LYS Asp Lys Gly Trp

430
Pro Glu Arg
435

Asn

Ala Pro Leu Leu Ser Leu ey

445
Leu

Lys
440
Asn

AsSD Cys Arg
Ala
460

Arg

Ala
455
Ile

His Gly val Phe

450
Phe

Leu Ser Asp Trp Gly Trp Arg

Thr
480

Leu
495

Thr Ala Ala val

475
val

Ala Glu Glu
470

Arg

Gly Ile
465

val

Asp Gly Gly

Ite Ala His

490

Glu Glu Leu Ala

485

Pro Pro Arg Ser

<210>
<211>
<212>
<213>

<220>
<223>

15
1491
DNA

<400> 15

atgaccagcc
tccctgggty
gatgtcattg
gcagggtrtca
agtaatattg
cacgtgtgge
tittcacgig
acgcacgaag
ggcactaatg
cgcaagtatg
ttgaacgaac
aactccagcet
tgtatggatt
ttectgggaag
tetgtagtga
gcgaaacgtt
ccactgtccc

gcgacggcta
tcatttegec
tcattggggg
agacgctgcet
acggttacce
gtgaaatcac
gecgtgaatca
cggaggatga
gccgtacagt
acgaaatgtic
gctctagitt
ttggtgaatt
gittaatctc
aagceegetgy
acgaacgcga
tggtttgcac
cgcaacgcat

Artiticial sequence

variant monoamine oxidase

tcagtggace
gccgactaac
cgggtattgt
gctggaggec
gtatgagatg
gcgttataaa
cttccaacty
actgctgegt
gtrgcegtic
atattccgaa
agaggctite
tctgcattgg
ctataaattt
cactggeegt
cgcagtacgt
gartccgctg
ggcegetyeg

ccggaaacgg
atcgaagata
gggctgaccy
cgtgatcgta
ggtggcactt
atgcacaacg
cgtaccaatc
agcgeattac
ccacatgata
cgcattgacc
attttattat
tgggcaatgt
aaggatggcc
ctgggctatyg
gttaccgcac
aacgtattga
aacattggcc

gtctgaccca
ccgataagga
caacccgtga
TTggtggecy
gggttcattg
cgctgtctec
cgaccaccag
ataaattcac
tgttrtatgt
agatccgega
gtagcgotgg
cgggttacac
agagtgcgtt
tctttggttg
gtgacggteg
gttctgttca
atgttaacca

Page 12

gggegtaccg

cgggecttyg
tttaaccgtc

ctcetggage
gcatgaatct
atcatttaac
tacgtacatg
caatgtcgac
gccggaattt
cgaactgtct
caccctggaa
gtatcagggc
cgcgegtcge
tccggigegt
cgaattcgca
ttttagccca
gtgcgtcaaa

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020



gcgacggcta tcagtggacc gcgacaacgg gtctgcgcca gggcgtaccg 60 tccattggtg tcatttcgcc geccgactaac
gtcttaagta ccactgagga ctgggatgtc 120 gttgtcgttg gggccgggta ttctgggcetg accgcaagcec gtgatgcatg
cctggcaggg 180 ttgaaggtgc tgctgattga ggcccgtgat cgtattggtg geccgcetectg gagcagtaat 240 attggeggtt
acccgtttga gatgggtggc acttggctgt cttggggtca acctcacatt 300 tggcgtgaag tctcgcgtta tcaaatgcgce

coesanianpacaloctgeelen SR calo R I L celacolagt atearggg peaatooa
Cttttc ag at cggcgatgge acgaccccag cgggtaatac gcatattgtg 1140
tgcttcggyy gegetcataa tcatatccag ccggaagagg acgtggaagce aacgaagatg 1200
gccgttgaaa acatgtcgcec tgggaatatg gatatcaaac gtotggictt ccacaactgg 1260
Tgcaaggatyg aatttgccaa aggcgettgg ttcttecgecce ctccacaget gctgtcaaag 1320
agcctggatg aactgegetg ccgicacggt aatgtcoctgt ttgcaaactc cgattgggee 1380
ttaggttgge gtggtitiat tgatggtgct atcgaggagg gcacccgcge ageggttact 1440
gtaattgagg aactgcgicc tgcgoctgeg gtgegticee acctgtaatg a 1491

<210> 16

<211> 495

<212> PRT

<213> Artificial Sequence

<220> ) )
<223> variant moncamine oxidase

<400> 16
Met Thr Ser Arg Asp Gly Tyr Gln Trp Thr Pro Glu Thr Gly Leu Thr
1 5 10 15
Gln Gly val SSO Ser Leu Gly val §1e Ser Pro Pro Thr Asn Ile Glu
5 30
Asp Thr %Ep Lys Asp Gly Pro zgp Asp val Ile val Ige Gly Gly Gly
4
Tyr Cys Gly Leu Thr Ala E?r Arg Asp Leu Thr EST Ala Gly pPhe Lys
50
Thr Leu Leu Leu Glu Ala Arg Asp Arg Ile Gly Gly Arg Ser Trp Ser
65 70 75 80
Ser Asnh Ile Asp g;y Tyr Pro Tyr Glu Mgt Gly Gly Thr Trp ggi His
9
Trp His Glu Ser His val Trp Arg Glu Ile Thr Arg Tyr Lys Met His
100 105 110
Asn Ala Leu Ser Pro Ser Phe Asn Phe Ser Arg Gly val Asn His Phe
115 ' 120 125
GIn Leu Arg Thr Asn Pro Thr Thr Ser Thr Tyr Met Thr His Glu Ala
130 135 140
Glu Asp Glu Leu Leu Arg Ser Ala teu His Lys Phe Thr Asn val Asp-
145 150 155 160
Gly Thr Asn Gly Arg Thr val Leu Pro Phe Pro His Asp Met phe Tyr
165 170 175
val Pro Glu Phe Arg Lys Tyr Asp Glu Met Ser Tyr Ser Glu Arg Ile
180 185 180
Asp GIn Ile Arg Asp Glu Leu Ser Leu Asn Glu Arg Ser Ser lLeu Glu
195 200 2035
Ala Phe Ile teu Leu Cys Ser Gly Gly Thr Leu Glu Asn Ser Ser Phe
210 215 220
Gly Glu Phe Leu His Trp Trp Ala Met Ser Gly Tyr Thr Tyr Gln Gly
225 230 235 240
Cys Met Asp Cys Leu Ile Ser Tyr Lys Phe Lys Asp Gly Gin Ser Ala
245 250 255
Phe Ala Arg Arg Phe Trp Glu Glu Ala Ala Gly Thr Gly Arg Leu Gly
260 265 270
Tyr val Phe Gly Cys Pro val Arg Ser val val Asn Glu Arg Asp Ala
275 280 285
val Arg val Thr Ala Arg Asp Gly Arg Glu Phe Ala Ala Lys Arg Leu
290 295 300
val Cys Thr Ile Pro Leu Asn val Leu Ser $Ser val His Phe Ser Pro
305 310 315 320
Pro Leu Ser Pro GIn Arg Met Ala Ala Ala Asn Ile Gly His val Asn
325 330 335
Lys val His Ala Glu val Ser Cys Pro Asp Met Arg Ser
340 345 350
Trp Ser Gly Ile Ser Tyr Pro Phe Asn Lys Leu Ala Trp Ala Ile Gly
355 360 365
Asp Gly Thr Thr Pro Ala Gly Asn Thr His Ile val Cys Phe Gly Gly
370 375 380
Ala His Asn His ITe GIn Pro Glu Glu Asp val Glu Ala Thr Lys Met
: Page 13
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atgcactgct ggctagcgca ttggaaaaat tcgtcgatgt cgacggcgct 480 atgggccgtc aaattattcc gtacccacat
gatgcgtttc ataacccggc agctcgccag 540 tatgacgata tgtcagcttt ggatcgcctg aacgcgetgg cccagagcect
gactccgaac 600 gaacgcgctg ttttagagtc tttcatttta ttatgtagct gtggcaccct ggaaaccacc 660 agcttttttg
aatttctgca ttggtgggca ctgtgcgatt actcgtataa gggctgtctg 720 cagcatttaa tctcctataa atttaagggt ggccagagtt

cgttcgggat taaatictit 780 cgtgaatcec tgcgca%g(t?%igﬁgé tatgcctita attejceat

Ala val Glu Asn Met Ser Pro Gly Asn Met Asp Ile Lys Arg Leu val
405 410 415
Cys igg Ala Ala Phe Phe

ser

Phe His Glu Trp
430
Arg

Asn Trp
420

Gln

Lys Asp Lys Gly

Ala Pro Pro Glu

435
Asnh

Leu Leu Ser Leu Leu

445
Ley

Lys
440
Asn

Asp Cys Arg
Ala
460

Arg

Ala
455
Ile

Gly val phe
450

Phe

His Leu Ser Asp Trp Gly Trp Arg

Thr
480
Leu

Thr
475
val

Ala Glu Glu Ata val

470
Arg

Gly Ile
465

va'l

Asp Gly Gly Ala

Ile Glu Glu Leu Pro Ala Pro Ala Arg Ser His

<210> 17
<211> 1491
<2172> DNA
<213>

<220>
<223>

<400> 17

atgaccagcec
tccctgggtg
gatgtcattg
gcagggttca
agtaatattg
cacgtgtggce
rtttcacgty
acgcacgaag
ggcactaaty
cgcaagtatg
ttgaacgaac
aactecagcet
tgtratggatt
ttctygggaag
tctgtggtga
gcgaaacgtt
ccactgtccc
gtgcatgcgg
aacaaattag
rgcttcggyg
gcecgttgaaa
tgcaaggatg
agcctggatg
ttaggttgge
gtaattgagg

<Z210> 18
<211> 495
<212> PRT

485

gcgacggcta
tcatttegec
tcattggggg
agacgctget
acggttaccc
gtgaaatcac
gcgtgaatca
cggaggatga
gcecgracagt
acgaaatgtc
gctctagtitt
ttggtgaatt
gtttaatctc
aagcegetgg
acgaacgcga
tggtttgcac
cgcaacgcat
aagtcagttg
cctgggetat
gcgctcataa
acatgtcgec
aatttgccaa
aactgcgctyg
gtggtittat
aactgcgtcc

Artificial Seguence

variant monoamine oxidase

tcagtggacc
gccgactaac
cgggtattgt
gctggaggcce
gtatgagatg
gcgttataaa
cttecaactg
actgctgegt
gttgccgtic
atattrccgaa
agaggcttic
tctgeattgg
ctataaattt
cactggeegt
cgcagtacgt
gattccgctg
ggcegetgey
tccggatatg
cggcgatgge
tcatatccag
tgggaatatg
aggcgettyy
ccgtecacggt
tgatggtgct
tgcgeetgeg

<213> Artificial Sequence

<220
<223>
<400> 18

1

variant monoamine oxidase

490

ccggaaacgy
atcgaagata
gggctgaccy
cgtgatcgta
ggtggcactt
atgcacaacyg
cgtaccaatc
agcgcattac
ccacatgata
cgcattgacc
attttattat
tgggcaatgt
aaggatggcc
ctgggctaty
gttaccgcac
aacgtattga
aacattggcc
cgttcatggt
acgaccccag
ccggaagagg
gatatcaaac
ttcttcgecce
aatgtcctgt
atcgaggagg
gtgcgttcec

Met Thr Ser Arg ﬁ;sp Gly Tyr Gln Trp Thr Pro
10

Gin Gty val pro Ser Leu Gly val Ile Ser Pro
25

20

Asp Thr é\Ep Lys Asp Gly Pro Trp Asp val Ile
40

Tyr ggs Gly Leu Thr Ala Egr Arg Asp Leu Thr

gtctgaccca
ccgataagga
caacccgtga
ttggtggecg
gggttcattg
cgctgtetec
cgcagaccag
ataaattcac
tgttttatgt
agatccgega
gtagcggtgy
cgggttacac
agagtgegtt
TCtttggtty
gtgacggrcg
gttctgttca
atgttaacca
cgggtatctc
cgggtaatac
acgtggaagce
gtctggtett
ctccacaget
ttgcaaactc
gcacccgege
acctgtaatg

Glu Thr Gly

Pro Thr Asn
30
val 1le Gly
45
val Ala Gly
60

Page 14

495

gggegtaceg

cgggcectigy
tttaaccgtc

ctecctggage
gcatgaatct
atcatttaac
tacgtacatg
caatgtcgac
gccggaattt
cgaactgtct
caccctggaa
gtatcagggce
cgegegtege
tceggtgegt
cgaattcgea
ttttagecca
gtgcgtcaaa
ctatccgtic
gcatattygty
aacgaagatg
ccacaactgg
gctgtcaaag
cgattgggec
agcggttact
a

tey Thr
15

Ile Giu
Gly Gly
Phe Lys

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1491



gcagtctatt 840 aacgaccatg gcgaccgtgt agttgttaaa acacgtgacg gtcgccaata ctcaggggca 900 cgtttgatta
gcacgattcc gctgaacgta ttgagttctg ttcattttag cccaccactg 960 tccccgcaac gecatggcecgce tgcgaacatt
ggccatgtta accagtgcgt caaagtgcat 1020 gcggaagtca gttgtccgga tatgcgttca tggtcgggta tctcctatce
gttcaacaaa 1080 ttagcctacg ctatcggcga tggcag?ﬁgcc ccagcgggta atacgcatat tgtgtgcttc 1140

0999999¢ee gtaateatat ceagecggaa ga ¢ 3a g%tgrgcg%tt &200 gaaaacatgt cgcctgggaa
tatggsgatc aaacgtctgg tcttccaraa c ggt caa tga tttg

Ser Asit Ile Asp Ggy Tyr Pro Tyr Glu Met G1y Gly Thr Trp gaW His
8 5
Trp His Glu Ser His val Trp Arg Glu 11e Thr Arg Tyr Lys Met His
100 105 110
Asn Ala Leu Ser Pro Ser Phe Asn Phe Ser Arg Gly val Asn His phe
115 120 125
GIn Leu Arg Thr Asn Pro Gln Thr Ser Thr Tyr Met Thr His Glu Ala
130 135 140
Glu Asp Glu Leu Leu Arg Ser Ala Leu His Lys Phe Thr Asn val Asp
145 150 155 160
Gly Thr Asn Gly Arg Thr val Leu Pro Phe Pro His Asp Met Phe Tyr
165 170 175
val Pro Glu Phe Arg Lys Tyr Asp Glu Met Ser Tyr Ser Glu Arg Ile
180 185 190
Asp GIn Ile Arg Asp Glu Leu Ser Leu Ash Glu Arg Ser Ser Leu Glu
195 200 205
Ala phe Tle Leu Leu Cys Ser Gly Gly Thr Leu Glu Asn Ser Ser pPhe
210 215 220
Gly Glu Phe Leu His Trp Trp Ala Met Ser Gly Tyr Thr Tyr Gin Gly
225 230 235 240
Cys Met Asp Cys Ley Ile Ser Tyr Lys Phe Lys Asp Gly Gln Ser Ala
245 250 255
Phe Ala Arg Arg Phe Trp Glu Giu Ala Ala Gly Thr Gly Arg Leu Gly
260 265 270
Tyr val Phe Gly Cys Pro val Arg Ser val val Asn Glu Arg Asp Ala
275 280 285
val Arg va'l Thr Ala Arg Asp Gly Arg Glu Phe Ala Ala Lvs Arg Leu
290 295 300
val Cys Thr Ile Pro Leu Asn Val Leu Ser Ser val His Phe Ser Pro
305 310 315 320
Pro Leu Ser Pro Glin Arg Met Ala Ala ATa Asn Ile Gly HMis val Asn
325 330 335
Gln Cys val Lys val His Ala Glu val Ser Cys Pro Asp Met Arg Ser
340 345 350
Trp Ser Gly I1e Ser Tyr Pro Phe Asn Lys Leu Ala Trp Ala Ile Gly
355 360 365
Asp Gly Thr Thr pro Ala Gly Asn Thr His Ile val Cys Phe Gly Gly
370 375 380
Ala His Asn His Ile Gln Pro Glu Glu Asp val Glu Ala Thr Lys Met
385 390 395 400
Ala val Glu Asn Met Ser Pro Gly Asn Met Asp Ile Lys Arg Leu val
405 410 415
Phe His Asn Trp Cys Lys Asp Glu Phe Ala Lys Gly Ala Trp Phe phe
420 425 430
Ala Pro Pro GIn Leu Leu Ser Lys Ser Leu Asp Glu Leu Arg Cys Arg
435 440 445
His Gly Asn val Leu Phe Ala Asn Ser Asp Trp Ala Leu Gly Trp Arg
450 455 460
Gly Phe I7e Asp Gly Ala Ile Glu Glu Gly Thr Arg Ala Ala val Thr
465 470 475 480
val ITe Giu Glu Leu Arg Pro Ala Pro Ala val Arg Ser His Leu
485 490 495

<210> 19

<211> 1491

<212> DNA

<213> Artificial sequence

<220>
<223> variant monoamine oxidase

<400> 19

atgaccagcc gcgacggtta tcagtggacc ccggaaacgg gtctgaccca gggegtaccg 60

tccctggotyg tcatttcgec gocgactaac atcgaagata ccgataagga cgggoctigg 120

gatgtcattg tcattggggg cgggtattgt gggetgaccg caacccgiga tttaaccgtc 180
Page 15



ccaaaggcgc gtggttcttc gccectecac agcetgcetgtc aaagagcectg 1320 gatgaactgce gectgecgtca cggtaatgtc

ctgtttgcaa actccgattg ggccgtaggt 1380 tggcgtagtt ttatcgatgg tgctatcgag gagggcaccc gcgcagceggt

tactgtaatt 1440 gaggaactgc gtcctgcgcece tgeggtgegt tcccacctg 1479 <210> 32 <211> 493 <212> PRT

<213> Artificial Sequence <220> <223> A%%? illus oryzae monoamine oxidase (MAO-3) <400> 32
A

et JoIGR5EAS Sn Ty Glec gl o eR beyyrg 151015, le GhoVal Pro Ser lle Gly
Val | tRregPEQgtr At Viddi€lagaty gotggecactt gggttcattg gcatgaatct 300
cacgtgtgge gtgaaatcac gcgitataaa atgcacaacg cgotghtctcc atcatttaac 360
ttttcacgtg gogtgaatca cttccaactg cgtaccaatc cgcagaccag tacgtacatg 420
acgcacgaag Cggaggatga actgctgcgt agcgcattgc ataaattcac caatgtcgac 480
ggcactaatg gccgtacagt gttgecgtte ccacatgata tgttttatgt gecggaattt 540
cgcaagtatg acgaaatgtc atattccgaa cgcatigacc agatccgega cgaactgtcet 600
ttgaacgaac gctctagitt agagoctttc attttattat gtagcggtgg caccctggaa 660
aactccagcet ttggtgaatt tctgcattgg tgggcaatat cgggttacac gtatcaggge 720
tgtatggatt gtttaatctc ctataaattt aaggatggcc agagtgegtt cgcgegtege 780
ttctgggaag aagccgotgg cactggecgt ctgggttatg tetitggttg tocggtgegt 840
tctgtggtgyg atgaacgcga cgcagtacgt gttaccgcac gtgacggtcg cgaattcgeca 900
gcgaaacgtt tggttitgcac gattccgctg aacgtattga gttctgttca gtttagecca 960
ccactgtccc cgcaacgcat ggcecgetgeg aacattggee atgttaacca gtgegtcaaa 1020
gtgcatgcgg aagtcagttg tccggatatg cgttcatggt cgggtgtgte ctatccgtte 1080
aacaaattag cctgggctat cggcgatgge acgaccccag cgggtaatac gcatattgtg 1140
tgcttecgygy gegetcataa tcatatccag ccggaagagg acgtggaagce aacgaagatg 1200
gccgttgaaa acatgtcgcc tgggaatatg gatatcaaac gtotggtett ccacaactgyg 1260
tgcaaggatg aatttgccaa aggcgetitgg ticticgoce ctccacaget gctgtcaaag 1320
agcctggatg aactgcgotg ccgtcacggt aatgtcctgt ttgcaaactc cgattgggee 1380
ttaggitggc gtggttttat tgatggtgct atcgaggagg gcacccgege ageggttact 1440
gtaattgagg aactgcgtcc tgegectgeg gtgegttece acctgtaatyg a 1491

<210> 20
<211> 495
<212> PRT
<213> Artificial Seguence

<220> ) ) )
<223> variant monoamine oxidase

<400> 20
Met Thr Ser Arg ?sp Gly Tyr GIn Trp ggr Pro Glu Thr Gly Leu Thr
1 15
Gln Gly val Sro Ser teu Gly val Ile Ser Pro Pro Thr Asn Ile Glu
0 25 30
Asp Thr Asp Lys Asp Gly Pro Tgp Asp val Iie val Iée Gly Gly Gly
35 4 4
Tyr C%s Gly Leu Thr Ala g?r Arg Asp Leu Thr g81 Ala Gly pPhe Lys
5
Thr Leu Leu Leu Glu Ala Arg Asp Arg Ile Gly Gly Arg Ser Trp Ser
65 70 75 80
ser Asn Ile Asp Gly Tyr Pro Tyr Glu Met Gly Gly Thr Trp ga] His
85 90 5
Trp His Glu Ser His val Trp Arg Glu ITe Thr Arg Tyr Lys Met His
100 105 110
Asn Ala Leu Ser Pro Ser Phe Asn Phe Ser Arg Gly val Asn His Phe
115 120 125
GIn Leu Arg Thr Asn Pro GIn Thr Ser Thr Tyr Met Thr His Giu Ala
130 135 140
Glu Asp Glu Leu Leu Arg Ser Ala Leu His Lys Phe Thr Asn val Asp
145 150 155 160
Gly Thr Asn Gly Arg Thr val Leu Pro Phe Pro His Asp Met Phe Tyr
165 170 175
val Pro Glu Phe Arg Lys Tyr Asp Glu Met Ser Tyr Ser Glu Arg Ile
180 185 190
Asp Gln Ile Arg Asp Glu Leu Ser Leu Asn Glu Arg Ser Ser Leu Glu
195 200 205
Ala Phe Ile Leu Leu Cys Ser Gly Gly Thr Leu Glu Asn Ser Ser Phe
210 215 220
Gly Glu Phe Leu His Trp Trp Ala Met Ser Gly Tyr Thr Tyr GlIn Gly
225 230 235 240
Cys Met Asp Cys Leu Ile Ser Tyr Lys Phe Lys Asp Gly GIn Ser Ala
245 250 255
Phe Ala Arg Arg Phe Trp Glu Glu Ala Ala Gly Thr Gly Arg Leu Gly
260 265 270
Tyr val Phe Gly Cys Pro val Arg Ser val val Asp Glu Arg Asp Ala
page 16



202530 Ser Thr Thr Glu Asp Trp Asp Val Val val Val Gly Ala Gly Tyr ser 354045 Gly Leu Thr Ala Ser
Arg Asp Ala Cys Leu Ala Gly Leu Lys Val Leu 505560 Leu lle Glu Ala Arg Asp Arg lle Gly Gly Arg Ser
Trp Ser Ser Asn 65 70 75 80 lle Gly Gly Tyr Pro Phe Glu Met Gly Gly Thr Trp Leu Ser Trp Gly 859095
GIn Pro His lle Trp Arg Glu Val Ser Arg Tyr GIn Met Arg Ser Glu 100105110 Leu Glu Pro Cys Phe Asp
Phe Ser Arg Gly.Val Asn His Phe Gly eu PI51PENOL - AP@'G{E [ Gly Ser GIn Gly Ser Ser lle Phe Ser His
Leu Gl Ghy ARD 1%&534%@4@@@%%3@ Ala Loy GHL LyssPhigValiAsp Val Asp Gly Ala
145150135260 Met Gly Arg GInZBé lle Pro Tyr Pro His 3$p Ala Phe His Asn Pro 165170175 Ala Ala
Arg WPAEB'"AEEFNF@PS?%M%{SEe\ﬁa/lsbeﬂré‘L @%gsﬁ‘Alg'Panéezéet%g}ozoW01 txt 180185190
Leu Ata GkuSesd eucT bn PrardseCluiArg Alaval hev Slu Sey Rhe 1852 05 lle Leu Leu Cys Ser
Cys Gly Thr Leu]:GIu TREThr.Ser Phe Phe G Iﬁ@_l0215220 Phe Leu Bf§ Trp Trp Ala Leu Cys Asp Tyr
ser Fyf'L7E°GH Cydd.el alzf?,fsﬁ%%s%sz ﬁlg\ I§ﬁ§ LC(-:YL? I8 *PyEEys Phe> Ig/s Gly Gly Gin Ser Ser Phe

Ala 24525625@)/ val Ser Ty o Phe Asn u Ala Trp Ala Ile Gly

355 360 365
Thr ASN val Cys
380

Glu

Gly Thr Ala Thr His Ile Phe

370
His

Gly
‘375
Pro

ASp Pro Gly Gly

val Ala Thr
395

Asp

Gln Glu Glu
390

Ser

Ala Asn His Ile
385

Ala

Met
400
va'l

Asp Lys

val Glu Asn Met Pro Ile

405
cys

Asn Met
410

Ala

Leu
415
vhe

Gly Lys Arg

Phe Ala Phe
425

Ser

Phe His Asn Trp Glu Gly

420
Gln

Lys ASp LYS Trp

430
Glu Arg

ser Leu

445
Leu

Ala Pro Pro

435
Asn

Leu Leu Lys Leu

440
Asn

Asp Cys Arg
Ala
460

Arg

Ala
455
Ile

Gly val Phe
450

Phe

His Leu Ser Asp Trp Gly Trp Arg

Thr
480
Leu

Glu Glu Thr Ala Ala val

475
val

Ala
470
Arg

Gly Ile
465

val

Asp Gly Gly

Ile Glu Glu Leu Pro Ala Pro Ala Arg Ser His

<210>
<211
<212>
<213>

<220>
<223>

<400> 21

atgggaagcc
agtrtcgcct
gataaaacgc
accctgatta
aatggtcagce
tctgacacct
aagcgcecte
gttaaagctt
ccagataaag
aaagccgacyg
aacaacaaac
gatttcgceca
aaacgcggta
gatggtaaag
gtcggtgaty
gaacagaaaa
cgceccatttg
cctgaaggta
cacctcagcea
ggcaccaaac
gatcctgata
acgctaacct
gaaaccatcg
gaacgttatg
gaacgecggy
gactggatct
gcggtgaaag
tacggcacgc
cgcctcgate
aaaccgaata

21
2271
DNA

485

cctetetgta
ggcaagecgec
ttaaagaattr
aagatggcgc
ctctggeact
ttattaacga
acccacttaa
ccgecggactt
aagctgtctyg
tcattatget
tgetctecty
gtgtgcagaa
ttactgatgc
atggcctgaa
gcaactactg
aaatcgttaa

atggecgtga:

aaaattacac
tgaactcrcg
gcaaagtcat
ttggctggta
caccaattgc
ccgactacac
ccgggeegga
agttagtggt
tccatgaaaa
gtgttaaagc
ttatcgatca
tggatgtaga
ctgceggtgg

Artificial Seguence

monoamine oxidase MAOA

ttectgeeegt
ggtatttgce
tggtgccgat
gtacgtgaaa
gcaagtaccyg
tgttttccag
tgcgctaact
caaacccaat
ggcgtttgeg
cgacggcaaa
gcaacccatt
cattattaac
gaaaaaagty
acaagatgcc
ggcacatccc
gattgaagaa
ccgegttget
cattractgyc
cgtcgggeey
gtacgaaggt
ctttaaagcg
tcgtggtaaa
tggcegtgecg
gtataagcat
gcgetggate
cggcactatt
gaaaaccatyg
caatatcgtyg
tggcgagaat
cccacgeace

490

aaaacaaccc
cacggtggtg
gtgcagtggg
gtgaagccty
gtagtgatga
tccgggctyy
gcggacgaaa
acccgtttta
ctggaaaaca
tatatcatcg
aaagacgecc
aacagtgaag
attaccacgc
cggttgcrca
atcgaaaacc
ggrccggtag
ccggcagtta
gatatgattc
atgatctcca
tcteteggeyg
tatctggact
gatgcceegt
atggagatcc
caggaaatgg
agtacagtgg
ggcatcgatg
cacgatgaga
ggractacac
aacagectgg
agtaccatge

tggcgrrgge
aagcgcatat
acgactacgc
gtgcgcaaac
aagacaataa
atcaaacctt
ttaaacaggc
ctgagatctc
aaccggttga
aagcggtggt
acggtatggt
aatttgccgce
cgctgaccgt
aagtcatcag
tggtggeggt
ttcecggtgee
agcctataca
actggcggaa
ccgtgactta
gecatgattgt
ctggtgacta
ctaacgcagt
ctcgegetat
gccageccaa
gtaactatga
ccggtgcetac
cggcgaaaga
accaacatat
tggcgatgga
aagttaatca
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495

agtcgectta
ggtgccaatyg
ccagctcttt
agcaattgrt
agcctgggtt
tcaggtagaa
cgttgaaatt
cctgetaccg
ccageegege
ggatctgcaa
gttgctggat
tgccgtgaag
aggttatttc
ctatcttgat
cgttgattta
aatgaccgca
aatcattgag
ctgggatttt
taacgacaat
gccttacggt
cggtatgggce
gctecttaat
cgcggtattt
cgtcagtacc
ctacattttt
gggcatcgaa
tgacacgcgce
ttataatttc
cccagtggta
gtacaacatc

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800



lle Lys Phe Phe Arg Glu Ser Leu Arg Thr Gly Arg Leu ser Tyr Ala 260265270 Phe Asn Ser Pro Val Gin
Ser lle Asn Asp His Gly Asp Arg Val val 275280285 Val Lys Thr Arg Asp Gly Arg Gin Tyr Ser Gly Ala
Arg Leu lle Ser 290295300 Thr lle Pro Leu Asn Val Leu Ser Ser Val His Phe Ser Pro Pro Leu
305310315320 Ser Pro Gin Arg Met Ala Ala Ala Asn lle Gly His Val Asn Gin Cys 325330335 Val Lys

Val His Ala Glu v é% s Pro,As Aﬁ%%‘ atdé:%ig%o lle é@i% yr Pro Phe Asn Lys
Leu ﬁéaﬁ\ﬁﬁ@ @ 3‘5@ %&%%e& BEH: Prashler géﬁ Jfe 4&3Cys Phe Gly Gly
Ala Hgsm%g&ggqﬁﬁml@mg@l@@lm@@ﬁg o/akGHaaRRThrtars et Alad38l 385 390 395 400

Glu f@%k &%yf@%@%@%ﬁ%ﬁ%@@y@é%@%ﬂ% 3%@39@%@%& Trp Cys Lys Asp

GIu tea dap RPhacBbegAta tain Letaketgser 1y®Ser Leu Asp Glu
Leu %ﬁ %ﬂ@@@ ; ‘éh %%qﬂ_caé’l’}%ﬂg F&I‘égé%ﬁts‘ér%%%%%? Gly Trp Arg Ser
Phe 460 116 RS ﬁ/ Agiaﬁf %’Iu élggéﬂ/ % g&rg% ﬁj\aValgThr Val lle 70 475 480 Glu
Glu Leu Ar%Pro Ala Pro Ala Val Arg Ser His Leu 485490 <210> 33 <211> 1476 <212> DNA <213>

Artif@ﬁi%e Ejgnce

<212> PRT
<213> Artificial seguence

<220> ) _
<223> monoamine oxidase MAOA

<400> 22
Met Gly Ser Pro ger Leu Tyr Ser Ala igg L.ys Thr Thr Leu ;ga Leu
1
Ala val Ala Leu Ser Phe Ala Trp Gin Ala pPro val pPhe Ala His Gly
20 25 30
Gly Glu Ala His Met val Pro Met Asp Lys Thr Leu Lys Glu Phe Gly
35 40 45
Ala Asp val Gin Trp Asp Asp Tyr Ala Gln Leu Ege Thr Leu Ile Lys
50 55
Asp Gly Ala Tyr val Lys val Lys Pro Gly Ala Gln Thr Ala ITe val
65 70 75 80
Asn Gly GIn Pro Leu Ala Leu Gin val pro val val Met Lys Asp Asn
835 90 95
Lys Ala Trp val Ser Asp Thr pPhe Ile Asn Asp val Phe Glin Ser Gly
100 105 110
Leu Asp GIn Thr pPhe GIn val Glu Lys Arg Pro His Pro Leu Asn Ala
115 120 125
Leu Thr Ala Asp Glu Ile Lys GIn Ala val Glu ITe val Lys Ala Ser
130 135 140
Ala Asp Phe Lys Pro Asn Thr Arg Phe Thr Glu Ile Ser Leu Leu Pro
145 150 155 160
Pro Asp Lys Glu Ala val Trp Ala pPhe Ala Leu Glu Asn Lys Pro val
165 170 175
Asp Gin Pro Arg Lys Ala Asp val Ile Met Leu Asp Gly Lys His Ile
180 185 190
Ile Glu Ala val val Asp Leu Glin Asn Asn Lys Leu Leu Ser Trp Gln
195 200 205
Pro Ile Lys Asp Ala #His Gly Met val Leu teu Asp Asp Phe Ala Ser
210 215 220
val GIn Asn Ile ITe Asn Asn Ser Glu Glu Phe Ala Ala ala val Lys
225 230 235 240
Lys Arg Gly Ile Thyr Asp Ala tys Lys val Iie Thr Thr Pro Leu Thr
245 250 255
val Gly Tyr Phe Asp Gly Lys Asp Gly Leu Lys Gin Asp Ala Arg Leu
260 265 270
teu Lys val Ile Ser Tyr Leu Asp val Gly Asp Gly Asn Tyr Trp Ala
275 280 285
His Pro ITe Glu Asn Leu val Ala val val Asp Leu Glu GIn Lys Lvys
290 295 300
Ile val Lys Ile Glu Glu Gly Pro val val Pro val Pro Met Thr Ala
305 310 315 320
Arg Pro Phe Asp Gly Arg Asp Arg val Ala Pro Ala val Lys Pro Met
325 330 335
Gln the 1le Glu Pro Glu Gly Lys Asn Tyr Thr Ile Thr Gly Asp Met
340 345 350
Ite His Trp Arg Asn Trp Asp Phe His Leu Ser Met Asn Ser Arg val
355 360 365
Gly Pro Met ITe Ser Thr val Thr Tyr Asn Asp Asn Gly Thr Lys Arg
370 375 380
Lys val Met Tyr Glu Gly Ser Leu Gly Gly Met Ile val Pro Tyr Gly
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<220> <223> monoamine oxidase MAO-4 <400> 33 atgaccagcc gcgacggcta tcagtggacc gcggaaacgg
gtctggtcca gggcegtaccg 60 tccattagtg tcatttcgec gecgactaac atcagecctg aaagtcgtca gtatgatgtc 120
gttgtcgttg gggccegggta ttctgggetg accgcagcecc gtgatacatg cctggcaggg 180 ttgaaggtgce tgctgetgga

ggcccgtgat cgtattggtg gccgctectg gagcagtgat 240 attggeggtt accegtttga gatgggtggce acttgggttc
attggggica acctcacgtg 300 ggcotgaaa tctcﬁééﬂ%z@égaﬁj@gc aacgagctgg &%tcatcatt tgacttttca 360

Cotogegigaataasticha 2@:%?6@&1@@/aaiﬁagg@:cqcptgqgatq&ghgwag@a?&?agﬁggaggatg aactgctggc
tgccgcattg cataaattcg té§atgtcga cggcgatct ggccqgtcgtg._cggtgce cccacatgat tcgtttcatg
tgccgdga%ptc'\&%E t 540 gﬁ'égagf’ge[ cgégtﬁggﬁqﬁg%rﬁgg& %éaft?é’cé& Heacagtgtc tccgegegaa 600
cgcgetgctdagagiciil zgtttiattaugtagcggigdeactetgre aateacongy b othHtdigaat ttctgcattg gtgggcactg

tgcggttact cotdtca tctggat 720°GEtttaatct cotataaatt t tggc cagagttcgt tcgegetgeg cttctttegt
780 g/gzgﬁtggtg%ggt%%atﬁ%tﬁgéc?gtag(t‘{?:ﬁté&eﬁ? C%E(}:g%é@‘a g C%l? grty §4§%accaaggcg ccaaagtagt

tgttaGdacareyghagyte amggtba:g?d adggytatgt Wity attagdacgaticsget ghaegtattg aatactgtta
cgatelivss.a0gAs1a9gc AANANOGaRcay crgcegetdCbacagagua calaiadtl agoctcaa agigeatyeg
1020 gaaatcgcta gtcgtgatat gcgticatgg acgggest cctatccgtt caacaaatia 1080 Page 27

CX26620WO1 ke ggtéé@cf%l" feddegBgg s gdecaea gﬂg’g'g"m"atg geavatigegtgcttcggg 1140
g99aggrathaleaialeadrCcaIFagng gacH3nls AAgLIanganadclptiona 1200 tecactgtcge ctgggaatat
ggatatcaaa cditfiggtct tccacaactg_gtcadaggat 1260 gaatttgcezbaa gcg;:rgtg gttcttcagc cctccagaaa
tgcthEéa'é%a (’:Etéﬁ&gﬁ@ﬁ'ﬁc&gcb&% géegﬁ,sé’cﬁ Tafgtcth &3 ch¥adt®gattgggce cttaggttgg 1380

cgtagtittasggatggtgetatagagand: Bg Cancoaig Kagagaioacs Phe
545 550 555 560
Asn Ser Met

ITe Tyr Asn

Ala
575
Ser

val Glu Asn val

570
Gly

Arg Leu Asp Leu Asp
565

Lys

Asp Gly Leu
Thr
590

Ala

Ala Thr
585

Gly

val Thr
580

Asn

Asp Pro val Pro Asn Gly Pro Arg

GIn Ile Glu GlIn Ala G1n

600
Arg

val
595
Asp

Met Gln Tyr Asn Asn Asp

605
Ile Pro Glu
615

val

Phe Thr
610

Arg

Lys Pro Gly Leu Leu Ser Asn Ash

620
Ile

Lys
Ile Ala
635
Phe

AsSn Met Gly Asn Ser Gln

623
Gly

Pro
630
Ala

Tyr Pro Gly
640

Trp

Tyr

Glu
655
Thr

Gln Ala
650

LYS

val Ala
645

Leu

Thr His Pro Lys Gly Pro Asp

Phe val
670

Asn

ITe Tyr His Arg Ser Gln

660
Gly

Met Asp
665

Glu

Leu Trp Arg

His Pro Glu Phe

675
Asp

Pro
680
Glin

Tyr Arg Gly Pro

685
Asn

Lys Tyr Arg ser

Thr Thr Gly Gly Glu

695
val

His Leu Ser
690
Asn

Tvr Lys Asp ser

700
Gly

ley

val
720
Thr

Thr Thr Thr His

715
The

val Thr
710

Trp

Asp Thr Ala
705

Ala

AsSp Trp Met
His
735
Gly

Glu Ile Glu val

725
Trp

Ala Glu Met Pro

730
Glu

Arg Pro Trp

Pro Asn Phe Phe Thr Thr Ala

740
Asp

Leu Leu Lys Asp

745

Leu
750

Pro

Leu Lys Lys

755

Lys

<210>
<211>
<21Z2>
<213>

<220>
<223> monoamine oxidase putA

<400> 23

23

2007

DNA

Artificial Seguence

atgggaacca
gccgegacac
ctcgaacaac
gccaatgaga
tttgecgage
cgcccggaaa
gctgaacagg
gccagrtggtc
gaaggcgtog
cgcgacgegt

ccaccatggg
gtatcgatcg
tggaaaacag
gcgatgaagce
aaatattgce
ccgaagcggt
cgcacaaact
gcgeaggtat
cgctgatgtg
taattcgcga

ggttaagety
cacaccacac
cgatactctyg
accgactecg
ccagtcggtt
ttctatgctg
ggcgtatcag
ggtccagggg
tctggeggaa
caaaatcagc

gacgacgcga
tggttaatta
ccggagetac
gcagaggaac
tceccgegeey
ctggaacaag
ctggcecgata
ttattgcagg
gcgttgttgc
aacggtaact

cgcgrgageg
agcaggcgat
ctgcgctget
cacaccagec
cgatcaccgce
ccegectygec
aactgcgtaa
agtrtrcgct
gtattccega
ggcagtcaca

Page 19

tattaagtct
tttttcttat
ttctggegceg
attcctegac
ggcctatcge
gragceagtt
tcaaaaadaat
gtcatcgeag
caaagccacc
cattggtcgt

60

120
180
240
300
360
420
480
540
600



tgtagtggag 1440 gaactgcgtc ctcagectge ggtgegtgaa cacctg 1476 <210> 34 <211> 492 <212> PRT
<213> Artificial Sequence <220> <223> monoamine oxidase MAO-4 <400> 34 Met Thr Ser Arg Asp
Gly Tyr Gin Trp Thr Ala Glu Thr Gly Leu Val 151015 Gin Gly Val Pro Ser lle Ser Val lle Ser Pro Pro
Thr Asn lle Ser 202530 Pro Glu Ser Arg Gin Tyr Asp Val Val Val Val Gly Ala Gly Tyr Ser 354045 Gly

RS e PR e e e
HllsJ Dgﬁ@ 9859096cqiARaY FHQW%TF# g@l’wg{g@eégﬁg Egﬁ%ggﬂ@ﬂ:mﬁ gﬁ%lruAls%Oé?féﬁo II;(;:-éJ
o o A e y

gdeeadExslys Phe Val Asp Val
Asp Céggtaggg_g%a;%gggg? A c@ﬁ%{‘?g AE@ %g\?&‘F %P@@Wé ﬂ@g%g{%?r %BI?SHIS Val Pro Glu

adtcactcac

cgtcagracg
ctcgatetge
Ttigttatic
geccacecgea
gaaattaagc
tataccgacg
taccegeagt
cagaactact
tatgagcagy
gctceggttg
ggtgctaaca
gtcgecgatc
ccgcatcega
gggctggatc
gcactgcaaa
tegeecgtta

<210>
<211>
<212>
<213>

24
669
PRT

<220>
<223>

<400> 24
Met Gly
1

Arg

Thr

Ile Lys
Gln
35

Pro

Ile LyS

Thr Leu
50
Asp Giu Ala
65
Phe

Ala Glu

Ala Ala Tyr
Ala Ar
115

Leu

Glin

Glin
130
Gly

Tyr

Ala
145
Glu

Met

Gly val

Asp Lys Ala
Gln
195

Trp

Asn Trp
Thr
210
Ala

Ala

Glu
225
Glu

Ser

Pro Leu

Glu Glin phe

g Leu

atattggrat
tggaaaaact
aggcttatca
gcecgtcgecg
gtgcgcagat
tttecttatct
tcgegacgea
acccgggtca
tcaccgggaa
gcacacatga
cctegtitgt
cggtcactgc
aaattceccct
tcgctaacga
aatggcaggc
ttaaccctgo

Thr
5
Ala

Thr

Ser
20
Ala Ile

Glu Leu

Pro Thr

Ile
85
Arg

GIn

Arg
100
Pro
Ala Asp

val GIn

Met
Ala
Phe
Pro
Pro
70

Leu
Pro
Gln
Lys

Gly

caacattgac
ctgtttcgag
aaaacgctgce
tctgatgatt
ggacggectt
cgectgtgey
caacgcccat
gtacgagttc
agttgccgac
aacgctgttyg
taaccgtatt
tgtagaaaaa
gcegegegat
acaccgectg
ctrgccaaty
ggaaccy

Artificial Seguence

monoamine oxidase puta

Gly val

Thr Arg

Ser Tyr
40
Ala leu
55
Ala Glu

Pro Gln

Glu Thr

val
120
Arg

Pro

Leu
135

l.eu Leu

150

Ala Leu
165
Thr Arg
180
ser His

Gly Leu

Leu

Met
Asp
Ile
Leu

ser Ar

Cys Leu

Ala Leu

Gly Arg
200
Phe Thr
215

g Ser Leu

230

ITe Arg
245

val thr

Lys
Gly

Gly val

Glu Thr

gccgaagagt
ccggaactgg
ccgttggtga
cgcetggtga
gaaggttatc
aaaaagctgc
acgctggegy
cagtgcctge
ggcaaactta
gcgtatctgg
gccgacacct
ctggcgceaac
ctttacggtc
gcectegetet
ctggaacaac

Leu
10
ASD

Lys ASD
Ile
25

Leu

Arg

Glu Gln

Leu Ser Gly
His
75

ser

Gilu Pro
val
90
Ala

Ser
Glu val
105
Ala

Glu Gln

Asn Gln Lys
Phe
155

Ala

GIn Gly

Glu
170
Arg

Ala

Ile
185
ser

ASp

Pro Ser

Gly Lys Leu
Ile
235

ala

Asn Arg
Met
250
Ala

ASp

Ile Glu

ccgatcgect
caggctggaa
tcgattacct
aaggcgegta
cggtttatac
tggcggtgece
cgatttatca
atggtatggy
accgtccgtyg
tgegtegect
ctttgccact
aggaagggca
acgggegega
cctetgeect
cggtageggc

Asp Ala Thr
His
30
Asn

Thr Pro
Glu
45

Ala

Leu

Ala Asn

GIn Pro Phe

Arg Ala Ala

Ser Met Leu
110
His Lys
125
Ala

Ala

Asn Ser

140
ser

Leu Ser

teu Leu Arg

Ile ser
190
val

Lys

Phe
205
ser

Leu

val Thr

220

Ile Gly Lys

Met Arg Leu

Ala Leu Ala

page 20

ggagatctec
cggcatcggt
gattgatctce
ctgggatagt
ccgcaaggty
gaatctaatc
actggcgogyy
cgagccactg
tcgtatttat
gctggaaaac
ggatgaactg
aactggatta
caactcggea
gctcaatagt

aggtgagatyg

Arg
15
Trp Leu

Ser Asp

Glu ser

Leu Asp

Ile Thr
a5
Leu Glu

Leu Ala

Gly Arg

Gin
160
Pro

ser

Ite
175
Asn Gly

Asn Ala

His Asn
Gly
240
Gly

Ser

Met
255

Asn Ala

1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2007



165170175 Ala Arg Gin Tyr Asp Gin Met Ser Ala Lys Asp Arg met Thr Gin Ile 180185190 Ala Asp Thr
Val Ser Pro Arg Glu Arg Ala Ala Lea Glu Ser Phe Val 195200205 Leta Lea Cys Ser Gly Gly Thr Leu
Ala Thr Thr Ser Phe Phe Glu Phe 210215220 Leu His Trp Trp Ala Lea Cys Gly Tyr Ser Tyr Gin Gly
Cys Leu Asp 225230235240 Ala Lea lle Ser Tyr Iﬁ/s Phe Lys Arg Gly Gin Ser Ser Phe Ala Lea
245250255 Arg Phg Phe Arg Glu Ala Ley SEF FROEN A3 Leu Sgr Tyr Ala Phe 260265270 Asn Ser
Pro lie@iry Sarelie AspdspiGin ly Al Lyks\Vay Valerah2 75R89 445 ThiuThrArg Glu Gly His Arg Tyr Ala
Gly A Arg Lé%ﬁlle Ser Thr 29029530 lle Pro Leaﬁsn Val2Beéa Asn Thr Val Thr lle Ser Pro Pro Lea
Gly 505 318 318 350 THY M Ak T RI4 KaSAl Alh 35 ERF HBVAPASTY Bin Cys Val 325330335 Lys
Val BismAtaGhi HetAta iSer Atg Asp et Ak %ranggg s 1340345350 %fer Tyr Pro Phe Asn Lys
Lea r lle Gly.As y.IThr 355360365 T ro, Ala Gly Asn. Thr lle Val Cys Phe Gly Gly
o B A A e T S e eV 2
3853903984007 4% P rcm:ommvg%g Met Glu Glu Leu ?gg Pro Arg

Thr Ala Gln Gly Ile

360
Arg

Ile
365
Leu

ser Leu Leu Leu
355

Ala Glu

Leu Lys Arg TYr ASp Asn

Ile Asp Glu Glu Tle

370
Lys

ser Ser
380

Trp

ASp Leu
375

Pro

Asp Leu Leu
Glu
390

Tyr

Glu Phe Glu Ala Ile

385
Phe

Leu Cys Leu Gly

395
Pro

Asn Gly Gly

400
Ala GIn val tle Tyr
405

Ala

val Ile G1n Lys Arg Cys

410
Arg

Leu Asp
415
Thr Ite Arg
430

Gin

Ile Leu ser
420

Ala

Leu ASp Arg Arg

425
Glu

Arg Leu Met Leu
Ala
445

Tyr

val Gly Ile
435

Glu

Ser
440
Tyr

LysS Tyr Trp Asp LyS Arg Met AsSp

val
455
Lys

val Thr val
460

val

Gly Leu Gly Pro Thr

450
Tyr

Tyr Arg Lys Asp
Ile
480

Tyr

Ala
475
Thr

Ala
470
Thr

Ser Ala Leu Leu

465
Tyr

Leu Cys Lys Pro Asn Leu

Ite
495
GIn

His Ala Ala
490
Gly

Ala His Ala
485

GlIn

Pro GIn Phe ASnN Leu

Phe
510
Gly

Gln Ala Gly Gln Glu

500
Met

Asn Pro
505

Tyr

Leu TYr Tyr Tyr Cys

Glu Thr val
525

Ala

Leu His Gly Pro Glu G1n val

515
Gly

Gly Ley
520

Pro

Lys

Ala Asp Leu Ash Tle val

530
His

Lys Arg
535

Ala

Cys Arg Tyr
540

Arg

Pro Gly

Gilu Thr Leu Leu val Glu

550
Phe

Thr Leu
545

Gly

Tyr Arg
555

Ala

Leu Leu AsSh

560

Thr val Ile Thr Pro

570
Thr

Ala sSer
565

val

Asn Ash Arg Leu

575
Leu

Asp ser

val Ata val Glu Ala

585
Pro

Glu Leu Ala
580

Gly

Leu Asp Asp Pro LYS

590
Thr Ile Pro
605

Gly

Glu GIn His
505

Leu

Gln Gln Leu
600

Arg

Gly Pro Lys Leu Pro

Ala
620
Ala

Gly His Gly
615

Ala

Arg Asp Asn Ser Leu

610
Asn

Tyr Asp Asp Leu
Leu
630

Gin

Ala Glu His
625

Ata

Ser
635
Leu

Ser Leu Ser Asn Ser

640
Ala

Arg Leu Leu
val

655

teu GIn Ala Leu Pro Met Glu G1n

650
Pro

Lys Trp Pro

645

Ala Glu Met Ser val Ile Ala Glu

660

Pro Asn

665

Gly Pro

<210>
<211>
<212>
<213>

<220>
<223> monoamine oxidase goxB 1

<400> 25

25

1110

DNA

Artificial Sequence

atgaaaaggc
ratcagtigg
agaacaacaa
gcgtettttg
tttgcattat
tccgaagaag

attatgaagce
caaaagaaaa
gcgeegegge
atttcgecat
ccggtatega
acgtgtcacg

agttgtcatt
gaaaaacacc
agggatgett
gcacagtcag
tattagaagg
cctcagacyg

ggaggcggaa
gcattgcttg
ggcgeccaty
cgtatgtacc
catgatggcg
atggacgatt

trattggttc
aaagcggaac
ccgagtgcga
gaggtctigg
gtatgtttaa
tggattctgt

Page 21

cgcgattget
aarcggcggce
ggaacgggat
agaggagcta
gcttgeattce
cagctggeat

60

120
180
240
300
360



Ser Leu Ser Pro Gly Asn Met Asp lle Lys Arg Leu Val Phe His Asn 405410415 Trp Ser Lys Asp Glu
Phe Ala Lys Gly Ala Trp Phe Phe Ser Pro Pro 420425430 Glu Met Leu Ser Thr Ser Leu Glu Ala Leu
Arg Ser Arg His Gly Asn 435440445 val Val Leu Ala Asn Ser Asp Trp Ala Leu Gly Trp Arg Ser Phe lle
450455460 Asp GIy Ala lle Glu Glu Gly Thr Arg Ala Ala Met Thr Val Val Glu 465 470 475 480 Glu Leu
4854 > 1491 <212> PNA <213> Artificial

Seqdoneaatd sB R %@m&&

gccagegggg
cctgtadaag
tatcatgatc
atgaagcectg
aaagcgaaaa
ctgcgtccyg
attttatitg
ttaattggtg
attgatcgca

tctggagegg
gagagtgcect
attgctatat
gtgactggag
cgatgctgec
ggacaaagga
€ggegygoeca
atctcattat

aggaggcggt

ccg gggtga%@?ét%%%gg%c gacag gtcc

gatgttttet
gtctgtttgg
cgtaccgaga
cgagaaggcy
ggcgattcag
cggaaagcca
tttcagaaac
gaataaagag
tcagatatga

gg gacatgc
aagcagcetcg
aatgatgaca
aaaagcggca
gatcttggeg
aatatgaagg
tacattggca
gggattctge

gtcaaggcag

g e

|B§kQX

thegecogtogagiatgtogc 5

atgcggatca
ggctgaatca
ttcegetgac
gactggttgt
gacttcagtc
ttgatcgttt
agcacectea
ttgctectge
actggctyca

tgtcgtggtt
gtcatttttt
aaaaacactt
cggcgcgacy
ggttatggaa
ttgggcggga
ggacagccgce
aacgggtgcet
cgcctttega

- alfethatict grgegglta teagiggace

200
660
720
780
840
900
960
1020
1080
1110

<210>
<211>
<212>
<213>

<220>
<223>

26

369

PRT

Artificial Sseguence

monoamine oxidase goxiB 1

<400> 26
Met Lys Arg Ile
1 15

Ala

Tyr Glu Ala val val Ile e
5 10
Tyr Gin Leu Ala Egs Glu

Arg

His Gly Gly Gly Gly

Ala Thr
20
Gly

ser Ala Ile LyS Lys Asn Leu

Ile Ala Ala Ala

45
Ala

Glu Thr Gly Gly Thr Thr

40
Cys

ser
35
Gly

Leu ser Gly

Glu Glu Glu
55

Arg

Met Leu Ala His Ala Phe Phe

50
Ala

Arg Asp
60

Leu

ASD

Gln Glu Glu
70

Ile

Phe His Ser Met

65
Phe

Met Tyr Arg Gly

75
His

Gly Leu

80

Ala Leu Ser Gly Ile Phe

85
Ser

Asp Arg Arg
90

Ser

Asp Gly Gly Met
va'l
105

Thr

Phe Glu Glu
100

Ser

Lys Leu Ala Asp Arg Leu Arg Arg Met

110
Leu

ASD

val
125
Phe

His Glu Glu Glu

120
Ile

Leu Asp val ser

115
Tyr

Asp Trp Lys LYS

Glu Ala ITe G1n

135
Tyr

Glu Thr Ala Ser ser

140
Ala

Pro
130
val

TYr Gly Asp

val Glu Pro Phe val Ala

150
Ala

ASp His
145

Ala

Cys Lys
i55

His

ser
160
Asp

Tyr Lys

Gclu Thr val
170

val

Lys Ala Leu Gly ITe phe

165
Gly

Asp Pro Leu

175

val Thr Gly Glu Ser Ile The Ala Gly

180
AsSp

Ley
185
Ala

Cys Lys Ser
190

ser

ASp

val val
200

Asn

Ala His val val Ser

195
Lys

Met His Gly Trp Met

205
Pro

Gly

Gln Phe val
220

Leu

Phe G1In Phe
210

Cys

Phe Gly Leu
215

Asn

Leu Ser Lys Gly

Glu val ITe Thr Thr

225
Tyr

Pro

235
Lys

Leu Ser Trp
230

Tyr

Asp Asp 528

val

LYS

His Asp His Cys Ite val Pro Ser

245
Met

Arg
250
Trp

Gly Leu
255

Asp

Arg

Ala
270
Leu

Thr Glu
260

Gln

val Gly Ala Lys Pro Gly Asp Ser

265
Lys

Lys Leu
Glu
280
Arg

Gly Gly Leu Ser val Met Ala Thr Ala

275
Asn

Met
285
Leu

Lys Pro

Gln vai Phe Ala

250
Lys

Ile Met Gly
300

Pro

Lys ASp
295

Tyr

Trp Arg Pro Gly

His Gln
315
Gly

Thr Ile
305

ite

Pro
310
Gly

Asp Gly Lys Gly Lys Asp Ser Arg

320
Ala Pro
335

val

Ala His Phe Ile

325
Leu

Phe Ala Asn Leu

330
Ile

Leu Arg Ley
Glu

350

Ala Ile

340

Ala Thr Leu

345

Gly Gly Asp Met Asnh Lys Lys

Page 22



atcgaagata ccgataagga cgggccttgg 120 gatgtcattg tcattggggg cgggtattgt gggctgaccg caacccgtga
tttaaccgtc 180 gcagggttca agacgctgct gctggaggcec cgtgatcgta ttggtggecg ctectggage 240 agtaatattg
acggttaccc gtatgagatg ggtggcactt gggttcattg gcatgaatct 300 cacgtgtgge

CX2-020w0l. txt
Ala Asp Trp Leu His Ala Phe Arg ITe Asp Arg Lys Glu Ala val Gln
355 360 365

Ite

<210> 27

<211> 1110

<212> DNA

<213> Artificial Sequence

<220>
<223> monoamine oxidase goxB 5

<400> 27

atgadaaggc attatgaagc agtggtgatt ggaggcggaa ttatcggitc cgcaattget 60
tattatttge caaaggaaaa caaaaacacc gcattgtitg aaageggaac aatgggogge 120
agaacgacaa gtgccgctge cggaatgetg ggegeccatg ccgaatgega ggaacgtgac 180
gcgtrttttg atttcgecat gcacagocag cgtctgtaca aaggtcttgg agaagagett 240
tatgcattat ccggtgtgga tatcaggceag cataacggcg gtatgtttaa gottgeattt 300
tctgaagaag atgtgctgca gctgagacag atggacgatt tggactctgt cagctggtat 360
tcaaaagaag aggtgitaga aaaagagceceg tatgegtetg gtgacatctit tggtgcatct 420
tttattcagg atgatgtgca tgtggagoct tattttgttt gcaaggcata tgtgaaagca 480
gcaaaaatyc ttggggcgga gatttitgag catacgcccg tcctgeatgt cgaacgtgac 540
ggtgaagcce tygtccatcaa gacccctage ggagacgtat gggctaatca tgttgtegtt 600
gccagogggg tytggagegg aatgtttttt aaacagettyg gactgaacaa tgettticte 660
cctgtaaaag ggygagtgect gtecgtttgg aatgatgata tcccgetgac aaaaacgctt 720
taccatgatc actgetatat cgtaccgaga aaaagcggea aactggtritgt cggegegaca 780
atgaagccygg gggactggag tgaaacaccg gatcttggeg gattggaatc cgttatgaaa 840
daagcaaaaa cgatgctgoc ggetatacag aatatgaagg tggatcgttt ttgggoggga 900
ctccgtoocgy gaacaaagga tggaaaaccg tacatcggca gacatcctga ggacagcecgt 960
attttattty cggctggecca tttcagaaat gggatcctge tigoetcccge aacggacget 1020
ttgatcagtg atctcatcat gaataaagag gtcaaccaag actggetgca cgcattccga 1080
attgatcgcea aggaggegot tcagatatga 1110

<21(> 28

<211> 369

<212> PRT

<213> Artificial Sequence

<220> _
<223> monoamine oxidase goxB 5

<400> 28

Met Lys Arg His Tyr Glu Ala val val iée Gly Gly Gly Ile TIle Gly

1 5 15

Ser Ala Ile Ala Tyr Tyr Leu Ala Lys Glu Asn Lys Asn Tgr Ala Leu

20 25 3
Phe Glu Ser Gly Thr Met Gly Gly Arg Thr Thr Ser Ala Ala Ala Gly
35 40 45
Met Leu Gly Ala His Ala ggu Cys Glu Glu Arg Asp Ala Phe Phe Asp
50 60

Phe Ala Met His Ser GIn Arg Leu Tyr Lys Gly Leu Gly Glu Glu teu

65 70 75 80

Tyr Ala Leu Ser Gly val Asp Ile Arg Sgn His Asn Gly Gly Met Phe
85 95

Lys Leu Ala Phe Ser Glu Glu Asp val Leu Gln Leu Arg Gln Met Asp

100 105 110
Asp Leu Asp Ser val Ser Trp Tyr Ser Lys Glu Glu val Leu Glu Lys
115 120 125
Glu Pro Tyr Ala Ser Gly Asp ITe Phe Gly Ala Ser Phe Ile Gln Asp
130 135 140

Asp val His val Glu Pro Tyr Phe val Cys Lys Ala Tyr val Lys Ala

145 150 135 160

Ala Lys Met Leu Gly Ala GTu Ile Phe Glu His Thr Pro val Leu His
165 170 175

val Glu Arg Asp Gly Glu Ala Leu Ser Ile Lys Thr Pro Ser Gly Asp

Page 23



gtgaaatcac gcgttataaa atgcacaacg cgctgtctcc atcatttaac 360 ttttcacgtg gcgtgaatca cttccaactg
cgtaccaatc cgcagaccag tacgtacatg 420 acgcacgaag cggaggatga actgctgcgt agcgcattgc ataaattcac
caatgtcgac 480 ggcactaatg gccgtacagt gttgccgttc ccacatgata tgttttatgt gccggaattt 540

CXZ2-020W01. txt
185
Ala

180
Asn

190

val val ser
200

Asn

Ala His val val Sar

195
LYS

val Trp Gly Trp

205
Pro

Gly Met

Phe Gln Ala pPhe val

210
Cys

Phe Leu Asn

215
Asn

Leu Gly ESS

Leu

LYS Gly

Glu val Ile Thr Thr

225
Tyr

Pro
235
LyS

Leu Ser Trp
230

Tyr

Asp Asp 523

val

Lys

His Asp His ITe val Pro Ser Leu

255
Asp

Cys Gly
245

Mat

Arg
250
Trp

Lys

Thr Glu Thr
260

Glu

val Ala Pro Ser Pro

270
Leu

Gly LYyS Gly Asp Leu

265

Giy Gly Leu val set Lys Ala thr Ala

275
Asn

Ser Lys
280

Arg

Met
285
Leu

Lys Pro

Gln va'l Phe Ala

290
Lys

1le Met Lys Asp

295
Tyr

Trp Gly
300

Pro

Arg Pro Gly

His Glu Asp
315
Gly

Th Ile
305

Ile

Pro
310
Gly

Asp Gly Lys Gly Arg Ser Arg

320
Ala pro
335

val

Ala His Phe ITe

325
Leu

Leu Phe Ala Asn

330
Ile

Arg Leu Leu

Thr Glu
350
Ala

Ala
340
Leu

Ala Gly Ser Leu

345
Ile

Asp Met Asn Lys Asn

Gln Asp Trp His Ala Phe Arg Asp Arg Lys Glu val Gln

355
Ile

<210>
<211>
<212>
<213>

<220>
<223>

<400> 29

atgaccacce
teceegtgeta
attgtcatty
aaacgrgtgg
attgacggtt
tatgctgaag
tatgaagagg
Caagaggagg
gatggcecgtg
acgtgggaca
ctgcaactgg
gtcagcgttg
acggattatg
tttaacgaag
attcgtgacg
aaaactgtga
ctgectacyg
cattttgaag
gggcaaatgt
ttcgggccag
acccatgtga
trttececcaag
ctgcagaagc
ggttttatcg
ctggcgagec

29
1479
DNA

<210>
<211>
<212>
<213>

30
493
PRT

aggacggctg
aaatttatcc
gggccgggra
tgctgctaga
acgggtatga
tctcgegtta
gtaactactg
aacatattgg
gggtggtgec
aagtgtcatg
cttttttaac
ctgaattgct
ggctgtigta
gcgttoiget
aaggcgcctce
ttagcacgat
ggaaagtett
tcgaaggtac
accrgracgg
acccggaact
aggatgccga
gcacgtgggc
cagtcggtey
atggtgctat
atcgegegge

360

Artificial sequence

monoamine oxidase MAO-2

tcattatcac
ggcggaacgc
tgctgggctg
ggccecgtgat
gatgggtggc
tagcatggcc
ctcgactatg
ggaaaccgca
gttcccacat
tcaggatcge
gtctaccctyg
gcgtrggtgg
taaattgaag
gggcaatctg
agtagaagtt
tcecgetgaac
ggctgcgegt
ggctatgegt
cgatggccty
gctggcggge
agtcaaacgt
cgtctacect
tatccatttt
cgagcagggc
gccgaaacgt

Artificial sequence

attaacgagg
ctggcacagyg
atcgcagccc
cgtattggty
aattggattc
aacgagctygg
attcatggeg
atgtctattt
aatgcgactc
ctggaccaga
atgcatatta
gcactgtgeg
tgtggccaga
cagtataaat
accacacgtg
gtattgagtt
caaggccatyg
tcatggtcgg
accceagegg
aaggacgtgg
attgtcttcc
ccaaactttyg
gcaagegeceg
gtcegegeat
tcceaccty

365

gtctgaccea
gccagceagac
gtaatttagce
gccgeacctt
attggggtca
tttcatcaca
tcggtgggcy
tctgeaatgt
ataacgcgga
tcaaagacaa
gcggtgecaa
attaccgtaa
ctoggtiggc
ttagtgctec
gcggtcagea
ctattcagtt
ttaacaaggc
gtgtcgecta
gtaatacgca
aaaaaattaa
acgactggaa
ctacaaagta
attgggccga
cgetggetgt

Page 24

tggcgtaccg
cttggatacc
cctgcaaggg
taccagtgat
acctcacgty
ggactataca
cctgacgcac
cgacggtcag
ggcatttgee
actgtctcceg
caacgaagac
ttegggeatt
gaaagccatc
ggtggttact
attccgtgeg
taccccacca
caccaaaacg
tcegtecaaa
tattattgec
gggggeectg
ccaggatgaa
cctggataat
aggttggcgt
atcgaaggaa

60
120
180
240
300
360
420
480
540
600
660
720
780
840
9200
960
1020
1080
1140
1200
1260
1320
1380
1440
1479



cgcaagtatg acgaaatgtc atattccgaa cgcattgacc agatccgcga cgaactgtct 600 ttgaacgaac gctctagttt
agaggctttc attttattat gtagcggtgg caccctggaa 660 aactccagct ttggtgaatt tctgcattgg tgggcaatgt cgggttacac
gtatcagggc 720 tgtatggatt gtttaatctc ctataaattt aaggatggcc agagtgcgtt cgcgcegtcge 780 ttctgggaag
aagccgctgg cactggcecgt ctgggttatg

<220>
<223>7mon0amine oxidase MAO-2

<400> 30
Met Thr Thr GIn Asp Gly Cys His Tyr ggs Ile Asp Glu Gly Lgu Thr
i 5 1
His Gly val ;50 Ser Arg.Ala Lys Ile Tyr Pro Ala Glu égg Leu Ala
25
GIn Gly Gin GIn Thr teu Asp Tgr I1e val Tle Gly Ala Gly Tyr Ala
35 4 45
Gly Leu Ile Ala Ala Arg Agn teu Ala Leu Gln ggy Lys Arg val val
50 5
Leu Leu Glu Ala Arg Asp Arg Ite Gly Gly Arg Thr Phe Thr Ser Asp
65 70 75 80
Ile Asp Gly Tyr géy Tyr Glu Met Gly Ggy Asn Trp Iie His ggp Gly
9
Gin Pro His val Tyr Ala Glu val Ser Arg Tyr Ser Met Ala Asn Glu
100 1065 110
Leu val Ser Ser GlIn Asp Tyr Thr Tyr Glu Glu Gly Asn Tyr Cys Ser
115 120 125
Thr Met ITe His Gly val Gly Gly Arg Leu Thr His GIn Glu Glu Glu
130 135 140
His Ile Gly Glu Thr Ala Met Ser Ile Phe Cys Asn val Asp Gly Gin
145 150 155 160
Asp Gly Arg Gly val val Pro Phe Pro His Asn Ala Thr His Asn Ala
165 170 175
Glu Ala phe Ala Thr Trp Asp Lys val Ser Cys GIn Asp Arg Leu Asp
180 i85 190
Gin Ile Lys Asp Lys Leu Ser Pro Leu Gln Leu Ala Phe Leu Thr Ser
195 200 205
Thr Leu Met His ITe Ser Gly Ala Asn Asn Glu Asp val ser val Ala
210 215 220
Glu Leu Leu Arg Trp Trp Ala Leu Cys Asp Tyr Arg Asn Ser Gly Ile
225 230 235 240
Thr Asp Tyr Gly Leu Leu Tyr Lys Leu Lys Cys Gly GIn Thr Gly Leu
245 250 255
Ala Lys Ala Ile Phe Asn Glu Gly val teu Leu Gly Asn Leu Gin Tyr
260 265 270 :
Lys Phe ser Ala Pro val val Thr Ile Arg Asp Glu Gly Ala Ser val
275 280 285
Glu val Thr Thr Arg Gly Gly GIn GIn Phe Arg Ala Lys Thr val Ile
290 295 300
‘Ser Thr ITle Pro Leu Asn val Leu Ser Ser Ile Gln pPhe Thr Pro Pro
305 310 315 320
teu Pro Thr Gly Lys val Leu Ala Ala Arg GlIn Gly His val Asn Lys
325 330 335
Ala Thr tys Thr His Phe Glu val Glu Gly Thr Ala Met Arg Ser Trp
340 345 350
ser Gly val Ala Tyr Pro Ser Lys Gly GIn Met Tyr Leu Tyr Gly Asp
355 360 365
Gly Leu Thr Pro Ala Gly Asn Thr His Ile Ile Ala Phe Gly Pro Asp
370 375 380
Pro Glu Leu Leu Ala Gly Lys Asp val Glu Lys Ile Lys Gly Ala Leu
385 390 395 400
Thr His val Lys Asp Ala Glu val Lys Arg Ile val Phe His Asp Trp
405 410 415
Asn Gln Asp Glu Phe Ser Gin Gly Thr Trp Ala val Tyr Pro Pro Asn
420 425 430
Phe Ala Thr Lys Tyr Leu Asp Asn Leu Gln Lys Pro val Gly Arg Ile
435 440 445
His Phe Ala Ser Ala Asp Trp Ala Glu Gly Trp Arg Gly Phe Ile Asp
450 455 460
Gly Ala I1e Glu GIn Gly val Aarg Ala Ser Leu Ala val Ser Lys Glu
465 470 475 480
Leu Ala Ser His Arg Ala Ala Pro Lys Arg Ser His Leu
485 490

CX2-~-020wol. txt
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tctttggttg tccggtgegt 840 tectgtggtgg atgaacgcga cgcagtacgt gttaccgcac gtgacggtcg cgaattcgca 900
gcgaaacgtt tggtttgcac gattccgctg aacgtattga gttctgttca gtttagccca 960 ccactgtcce cgcaacgcat
ggccgctgeg aacattggcc atgttaacca gtgcgtcaaa 1020 gtgcatgcgg aagtcagttg tccggatatg cgttcatggt
cgggtgtgtc ctatccgttc

CX2-020wWol. txt

<210> 31
<211> 1479
<212> DNA
<213> Artificial seqguence
<220>
.<223> Aspergillus oryzae monoamine oxidase (MAO-3)
<400> 31
atgaccagcc gcgacggoeta tcagtggacce gegacaacgg gtctgogeca gggegtaccg 60
tcecattgygtyg tcatttcgoc gccgactaac gicttaagta ccactgagga ctgggatgtc 120
gttgtcgitg gggccgggta ttctgggetg accgeaagec gtgatgeatg cetggeaggg 180
ttgaaggtge togctgattga ggeccgtgat cgtattggtg gocgetoctg gagecagtaat 240
attggeggtt acccgttiga gatgggtgge acttggctgt cttggggtca acctcacatt 300
tggcgtgaag tctcgogtta tcaaatygcyge agegagetgg aaccatgoit tgacttttca 360
cgtoggcgtga atcacticga actgograce ggttcgeagy geagttcgat crtticgcac 420
ttagaggagg atgcactgct ggctagcgca ttggaaaaat tcgtcgatgt cgacggoget 480
atgggccgtc aaattattce gtacccacat gatgegtttc ataacccgac agctcgecag 540
tatgacgata tgtcagcttt ggatcgoctg aacgegetgg cccagagect gactceccgaac 600
gaacgcygctg ttttagagtce tttcatttta ttatgtagct gtggcaccct ggaaaccacc 660
agcttttttg aatttctgea ttggtgggea ctgtgegatt actcgtataa gggetgtectg 720
cagcatttaa tctcctataa atttaagggt ggccagagtt cgticgegat taaartcttt 780
cgtgaatccc tgcgcactgg ccgtctgage tatgecttta attctcocggt gcagtcetatt 840
aacgaccatg gcgaccgtgt agttgttaaa acacgtgacy gtcgccaata ctcaggggca 900
cgtttgatta gcacgattce getgaacgta trgagttcotg ttcattttag cccaccactg 960
tccccgcaac gcatggocge tgcgaacatt ggccatgtta accagtgegr caaagtgcat 1020
gcyggaagtca gttgtccgga tatgcgttca tggtcgggta tctcctatce gttcaacaaa 1080
ttagcctacg ctatcggcga tggcacgacc ccagcgggta atacgcatat tgtgtgettc 1140
gggggggccc ataatcatat ccagcecggaa gaggacgtgg aagcaacgaa gatggecgtt 1200
gazaacatgt cgcctgggaa tatggatatc aaacgtctgg tcttccacaa ctggtgcaag 1260
gatgaaittg ccaaaggcge grggttottc geccoctecac agetgeigtc aaagagectg 1320
gatgaactgc gctgccgtca cggtaatgtc ctgtttgeaa actccgattg ggecgtaggt 1380
tggcgtagtt ttatcgatgg tgcetatcgag gagggeacce gogcagegyt tactgtaatt 1440
gaggaactge gtcctgcegec tgecggtgegt toccacctg 1479
<210> 32
<211> 493
<212> PRT :
<213> Artificial Sequence
<220>
<223> Aspergillus oryzae monoamine oxidase (MAD-3)
<400> 32
Met Thr Ser Arg ?sp Gly Tyr Gln Trp Tgr Ala Thr Thr Gly Leu Arg
1 1 i5
Gln Gly val Pro Ser Ile Gly val Ile Ser Pro Pro Thr Asn val Leu
20 25 30
Ser Thr ghr Glu Asp Trp Asp Vgi val val val Gly ﬁéa Gly Tyr Ser
5 4
Gly %gu Thr Ala Ser Arg Asp Ala Cys Leu Ala ggy Leu Lys val Leu
55
Leu ITe Glu Ala Arg Asp Arg Ile Gly Gly Arg Ser Trp Ser Ser Asn
65 70 75 80
Ile Gly Gly Tyr ggo phe Glu Met Gly g%y Thr Trp Leu Ser Trp Gly
95
Gln Pro His Ite Trp Arg Glu val Ser Arg Tyr GIn Met Arg Ser Glu
100 105 110

Leu Glu Pro Cys Phe Asp Phe Ser Arg Gly val Asn His phe Glu Leu

1315 120 125 :
Arg Thr Gly Ser GIn Gly Ser Ser Ile Phe Ser His Leu Glu Glu Asp

130 135 140
Ala Leu Leu Ala Ser Ala Leu Glu Lys Phe val Asp val Asp Gly Ala
145 150 155 160
Met Gly Arg GlIn Ile Ile Pro Tyr Pro His Asp Ala Phe His Asn Pro
165 170 175

Ala Ala Arg GIn Tyr Asp Asp Met Ser Ala Leu Asp Arg Leu Asn Ala
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1080 aacaaattag cctacgctat cggcgatggc acgaccccag cgggtaatac gcatattgtg 1140 tgcttcgggg
gcgctcataa tcatatccag ccggaagagg acgtggaagc aacgaagatg 1200 gccgttgaaa acatgtcgec tgggaatatg
gatatcaaac gtctggtctt ccacaactgg 1260 tgcaaggatg aatttgccaa aggcgcttgg ttcttcgecc ctccacagct
gctgtcaaag 1320 agcctggatg

180
Ser

CX2-020w0l. txt
185
Glu

190

Glin Thr Ala val Glu Phe

195
Leu

Ala Leuy Pro Asn ser

200
Thr

Leu Arg Leu

205

Thr ser phe Phe Glu

220
Tyr

Ile Leu ser Glu Thr

210
Leu

Cys Cvs Gly Leu
215

Ala Leu

230

Tyr

Ser
235
Gly

Phe His
225

Gin

Trp Trp Leu
240

Ala

Cys Asp Tyr Lys Gly Cys

Phe
255
Tyr

ITe ser Phe Gln

245
Arg

His Leu Gly
250

Thr

LYs LYysS ser ser

Phe Glu Ala
260

Pro

Ile Phe Ser Leu Leu Ser

270
Arg

Lys Gly Arg

Arg
265
Ile Asn His val val

280
Gln

Phe Asn Ser val GIn

275
Thr

Ser Asp Gly Asp

285
Ala Arg Ile
300

Phe

val Lys Gly Ser

290
Ile

Arg Asp Arg
295

Leuy

Tyr Gly Leu ser

His
315
Gly

val val
310

Ala

Thr
305
Ser

Pro Leu Asn Ser ser Ley

320
Cys

Ser Pro Pro
Gln
335

Trp

Ile His val
330

Pro

Pro Gin Met Ala Ala

325
Ala

Arg Ash Asn

His Glu val ser

340
Tyr

val val Met Ser

350
Gly

Lys Cys
345

Leu

Asp Arg Ser
Ile
365

Gly

Gly Ile Ser Pro Phe Asn Ala Ala

355
Pro

Lys
360
His

Tyr Asp Gly

Phe Ala His
380

Thr

Thr I1e val
375

Glu

Thr Ala
370

His

Thr Gly Asn Cys Gly

Glu val Glu
390

Gly

Asn ITe GIn Pro

385
Glu

val
400
His

Ala Ala
395

Lys

ASD Lys Met
Phe
415

Ala

Ile va’l
410

Gly

Asn Met 5er Pro

405
ASD

Asn Met Asp Arg Leu

Phe
430
Arg

Ash Trp Cys Lys Glu Phe Ala Ala Phe

420
Leu

Lys
425
ASD

Trp Pro

Pro Gln Leu Ser ser Glu His Gly

435
Leu

Leu
440
AsSp

Lys Leu Arg Cys

445

val Phe Ala Ala val Trp

450
ASD

Asn Ser Phe
455

Glu

Asn Trp Gly
460

Ala

Arg ser

Ile
480

Ala val Thr val

475
ser

Glu Thr
470

Ala

Ile Ala Ile
465

Glu

Gly Gly Arg

Glu Leu Arg Pro Ala val

485

Pro Arg Leu

490

<210>
<211>
<212>
<213>

<220>
<223> moncamine oxidase MAO-4

<400> 33

33

1476

DNA

Artificial sequence

atgaccagcc
rccattagrty
gttgtcgtty
ttgaaggtgc
attggcggtt
tggcgtgaaa
cgtggegtga
gaggaggatg
ggccgtegtyg
gaccaaatgt
cgcgetgctt
ttttttgaat
gctttaatct
gaagcectga
gaccaaggceg
ttgattagca
acgcaacgca
gaaatcgcta

gcgacggcta
tcatrtegec
gggccgggta
tgctgctgga
acccgtitga
tctegegtta
atcacttcga
aactgctggc
cggtgceegtt
cagctaaaga
tagagtcttt
ttctgcatty
cctataaatt
gcactggcaa
ccaaagtagt
cgattccyget
ccgeegetge
gtcgtgatat

tcagtggacc
gccgactaac
ttctgggcty
ggcccgtgat
gatgggtggce
tcaaatgege
actgcegtacce
tgecgeattg
cccacatgat
tcgeatgace
cgttttatta
gtgggcactg
taagcgtggce
tctgagetat
tgttaccaca
gaacgtatty
gaacacaggc
gcgttcatgg

gcggaaacgy
atcagccctg

accgeagecec
cgtattggtyg
acttgggttc
aacgagctgg
aatcagggcc
cataaattcy
tcgtttecatg
cagatcgcecg
tgtagcggtg
tgcggttact
cagagttcgt
gcetttaatt
cgtgaaggtc
aatactgtta
catgttaacc
acgggtatct

gtctggteca
aaagtcgtca
gtgatacatg
googetectg
attggggtca
aatcatcatt
ctgcgatcat
tecgatgtega
tgccggaage
acacagtgtc
gcaccctgge
cgtatcaggg
tcgcgctgcy
ctccgattca
accgttacge
cgattagecc
agtgcgtcaa
cctatcegtrt

Page 27

gggcgraccg
gtatgatgtc
cctggcaggg
gagcagtgat
acctcacgtg
tgacttttca
gtcgcacaaa
cggcgatctg
tcgecagtat
tccgegegaa
aaccaccage
ctgtctggat
cttcrticgt
gtctattgat
aggggcacgt
accactgggc
agtgcatgeg
caacaaatta

60
120
180
240
300
360
420
480
540
600
660
720
780
840
300
960
1020
1030



aactgcgctg ccgtcacggt aatgtcctgt ttgcaaactc cgattgggec 1380 ttaggttgge gtggttttat tgatggtgct
atcgaggagg gcacccgcgc agcggttact 1440 gtaattgagg aactgcgtcc tgcgectgeg gtgegttcee acctgtaatg a
1491 <210> 36 <211> 495 <212> PRT <213> Artificial Sequence <220> <223> variant monoamine

oxidase <400> 36 met Thr Ser Arg Asp Gly Tyr Gin Trp Thr Pro Glu Thr Gly Leu Thr 151015
Cx2-020wol. txt
tgctacgeta tcggegatgg cacgacccca gcgggtaata cgecatattgt gtgcttceggg 1140
gggagccata atcatatcca gccggaagag gacattaaac aaacgaagac agccgttgaa 1200
tcactgtcgec ctgggaatat ggatatcaaa cgtctggtct tccacaactg gtcaaaggat 1260
gaatttgcca aaggcegegtyg gttcttcage cctecagaaa tgcetgtcaac gagectggag 1320
gctetgegea gocgrcacgg taatgtcgty ttggcaaact ccgattggge cttaggttgg 1380
cgtagtttta tcgatggtgc tatcgaggag ggcacccgeg cagcgatgac tgtagtggag 1440
gaactgcgic ctcagecige ggtgcgtgaa cacctg 1476

<210> 34

<211> 492

<212> PRT

<213> Artificial Seqguence

<220>
<223> monoamine oxidase MAO-4

<400> 34
Met Thr Ser Arg %sp Gly Tyr Gln Trp {hr Ala Glu Thr Gly ieu val
1 0 5
Gln Gly val Sgo Ser Ile ser val Ile Ser Pro Pro Thr Asn Ile Ser
25 30
Pro Glu ggr Arg Gln Tyr Asp VgT val val val Gly Aga Gly Tyr Ser
4 4
Gly Leu Thr Ala Ala aArg ggp Thr Cys Leu Ala Gly Leu Lys val Leu
50 60
Leu Leu GTu Ala Arg Asp Arg Ile Gly Gly Arg Ser Trp Ser Ser Asp
63 70 75 80
Tie Gly Gly Tyr ggo phe Glu Met Gly géy Thr Trp val His ggp Gly
Gln Pro His val Trp Arg Glu Ile Ser Arg Tyr Gin Met Arg Asn Glu
100 105 110
teu Glu ser Ser Phe Asp Phe ser Arg Gly val Asn His Phe Glu Leu
115 120 125
Arg Thr Asn GIn Gly Pro Ala Ile Met Ser His Lys Glu Glu Asp Glu
130 135 140
Leu Leu Ala ATa Ala Leu His Lys Phe val Asp val Asp Gly Asp Leu
145 150 155 160
Gly Arg Arg Ala val Pro Phe Pro His Asp Ser Phe His val Pro Glu
165 170 175
Ala Arg Gln Tyr Asp Gln Met Ser Ala Lys Asp Arg Met Thr GIn Ile
180 185 190
Ala Asp Thr val Ser Pro Arg Glu Arg Ala Ala Leu Glu Ser Phe val
195 200 205
Leu Leu Cys Ser Gly Gly Thr Leu Ala Thr Thr Ser Phe Phe Glu Phe
210 215 220
Leu His Trp Trp Ala Leu Cys Gly Tyr Ser Tyr GIn Gly Cys Leu Asp
225 230 235 240
Ala Leu Ile Ser Tyr Lys Phe Lys Arg Gly Gin Ser Ser Phe Ala Leu
245 250 255
Arg Phe Phe Arg Glu Ala Leu Ser Thr Gly Asn Leu Ser Tyr Ala Phe
260 265 270
Asn Ser Pro ITe Gln Ser Ile Asp Asp GIn Gly Ala Lys val val val
275 280 285
Thr Thr Arg Glu Gly His Arg Tyr Ala Gly Ala Arg Leu Ile Ser Thr
290 295 300
I1Te Pro teu Asn val Leu Asn Thr val Thr Ile Ser Pro Pro Leu Gly
305 310 315 320
Thr GIn Arg Thr Ala Ala Ala Asn Thr Gly His val Asn Gln Cys val
325 330 335
Lys val His Ala Glu Ile Ala Ser Arg Asp Met Arg Ser Trp Thr Gly
340 345 350
Ile Ser Tyr Pro Phe Asn Lys Leu Cys Tyr Ala Ile Gly Asp Gty Thr
355 360 365
Thr pro Ala Gly Asn Thr His Ile val Cys Phe Gly Gty Ser His Asn
370 375 380
His Tle G¢In Pro Glu Glu Asp Ile Lys Gln Thr Lys Thr Ala val Glu
385 390 395 400
Page 28



Gin Gly Val Pro ser Leu Gly Val lle Ser Pro Pro Thr Asn lle Glu 202530 Asp Thr Asp Lys Asp Gly Pro
Trp Asp Val lle Val lle Gly Gly Gly 354045 Tyr Cys Gly Leu Thr Ala Thr Arg Asp Leu Thr Val Ala Gly
Phe Lys 505560 Thr Leu Leu Leu Glu Ala Arg Asp Arg lle Gly Gly Arg Ser Trp Ser Page 29
CX2-020W01.txt 65707580 Ser Asn lle Asp Gly Tyr Pro Tyr Glu Met Gly Gly Thr Trp Val His 859095
Trp His Glu ser His val Tr Arlg Glu lle Thr}sl\kir ik W_‘gb [ HLF 100105110 Asn Ala Leu Ser Pro Ser
Phe Agh Pt ¥&r AT§ é@f\f‘aﬁ ASHHIS PHe 4 15520125 81n %eu Ry 1§ ASA Pro Gin Thr Ser Thr Tyr
Met Thp His*GlusAl&zgnaﬂ)”ﬂleOAGw Asp Gl bew Cep Alg %eAﬂa&.wd—li&bys Phe Thr Asn val Asp
145 60 Gl y A r eu Pro Phe Pro Hsfg sp Met Phe Tyr 165170175 Val Pro
Glu ]I:’ér%lﬁ% @%?T%?FA;F?G%L? rlj\/lé?‘;ge;grlh yg eLrL%ﬂuA,&gg Ferlégﬂ f9§ ,Xspséin lle Arg Asp Glu La Ser
Leu X&h &t Agy SerSEFLE6GRE1IBZ08285 A Fhe Thp Letol 8erCyseSErGly Gly Thr Leu Glu ASn
Ser 5igp ity 240247229 ngglé%ﬁw%ewsﬂspgg ] Mg Sen Gl T Thr Tyr Gin Gly

480

Glu Leu Arg Pro Gln Pro Ala val Arg Giu His Leu

<210>
<211>
<212>

35
1491
DNA

485

<213> Artificial Seguence

<220>
<223>

<400> 35

atgaccagcc
tcectgggty
gargtcattg
gcagggttca
agtaatattyg
cacgtgtgge
ttttcacgtg
acgcacgaag
ggcactaatyg
cgcaagtatg
ttgaacgaac
aactccagcet
tgtatggatt:
ttctgggaag
tctgtggtyg
gcgaaacgtt
ccactgtccc
gtgcatgcgg
aacaaattag
tgcrtcgggg
geegttgaaa
tgcaaggatg
agectggaty
ttaggttgge
gtaattgagg

<210>
<21il>
<212>
<Z213>

<220>
<223>

<400> 36
Met Thr Ser
1
Gin

36
495
PRT

Gly val

Thr Asp
35

Cys Gly

50

Leu Leu

AsSp
Tyr

Thr

gcgacggtta
tcatttegec
tcattggggyg
agacgctgcet
acggttaccc
gtgaaatcac
gcgrgaatca
cggaggatga
gcegtacagt
acgaaatgtc
gctctagttt
ttggtgaatt
gtttaatctc
aagccgetgg
atgaacgcga
tggtttgcac
cgcaacgcat
aagtcagttg
cctacgetat
gcgctcataa
acatgtcgec
aatttgccaa
aactgegcetg
gtggttttat
aactgcgtcc

Arg Asp Gly
5

Pro 5Ser Leu

20

Lys Asp Gly
Leu Thr Ala

Leu Glu Ala

variant monoamine oxidase

tcagtggacce
gcecgactaac
cgggtattgt
gctggaggec
gtatgagatg
gcgttataaa
cttccaacty
actgctgegt
gttgccgttc
atattccgaa
agaggctttce
tctgcattgg
ctataaattt
cactggccot
cgcagtacgt
gattccgety
ggcegetgeg
tccggatatyg
cggcgatggc
tcatatccag
tgggaatatg
aggcgettag
ccgtecacggt
tgatggtgcet
tgcgectygcy

Artificial Sequence

variant monoamine oxidase

Fyr
Gly
Pro
Thr

55
Arg

Gin Trp

val Ile
25

Trp Asp

40

Arg ASp

ASp Arg

490

ccggaaacgg
atcgaagata
gggctgaccg
cgtgatcgta
ggtggcactt
atgcacaacyg
cgtaccaatc
agcgcattyc
ccacatgata
cgcattgacc
attttattat
tgggcaatgt
aaggatggcc
ctgggttatg
grtaccgcac
aacgtattga
aacattggeo
cgttcatggt
acgaccccag
ccggaagagg
gatatcaaac
ttcttcgecc
aatgtcctgt
atcgaggagg
gtgcgttecec

Thr Pro
10

Ser Pro
val Ile
teu Thr

ITe Gly

gtctgaccea
ccgataagga
caacccgtga
ttggtggccg
gggttcattg
cgctgtctcec
cgcagaccag
ataaattcac
tgttttargt
agatccacga
gtagcggtgg
cgggttacac
agagtgegtt
Tectttggtty
gtgacggtcg
gttctgttca
atgttaacca
cgggtgtgtc
cgggtaatac
acgtggaagce
gtctggtctt
ctccacagcet
ttgcaaactc
gcacccgege
acctgtaatg

Glu Thr

Pro Thr

30
val Ile
45
val Ala
60

Gly Arg
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Gly
Asn
Gly
Gly

Ser

gggegtacey

cgggecttygy
tttaaccgtc

cteetggage
gcatgaatct
atcatttaac
tacgtacatg
caatgtcgac
gccggaattt
cgaactgtct
caccctggaa
gtatcagggce
cgcgegtege
tceggtgegt
cgaattcgcea
gtttageccca
gtgcgtcaaa
ctatcegttc
gcatattygtg
aacgaagatg
ccacaactgg
gctytcaaag
cgattgggec
agcggttact
a

Leu Thr
15

Ile Glu
Gly Gly
Phe Lys

Trp Ser

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1491



225230235240 Cys met Asp Cys Leu lle Ser Tyr Lys Phe Lys Asp Gly Gin Ser Ala 245250255 Phe Ala
Arg Arg Phe Trp Glu Glu Ala Ala Gly Thr Gly Arg Leu Gly 260265270 Tyr Val Phe Gly Cys Pro val Arg
Ser Val Val Asp Glu Arg Asp Ala 275280285 val Arg Val Thr Ala Arg Asp Gly Arg Glu Phe Ala Ala Lys
Arg Leu 290295300 val cys Thr lle Pro Leu Asn val Leu Ser Ser Val Gin Phe Ser Pro 305310315320
Pro keu Ser Pro Gin Arg Mg{ Ala Ala Ala &&T%Z% 1&Val Asn 325330435 Gin cys val Lys Val His
Ala & iahSer CysPml Asy Met Argy8er 1340845360 dTp garGlypvalaSerilsyr Pro Phe Asn Lys Leu Ala

Tyr Ala lle.Gly 355360865 Asp Gly Thr Thr PC? Alg Gly Asn. Thr His3f val Cys Phe Gly Gly
370:383%%%5 HiRShsH %%2%% %’F & ﬁfAL@‘p'"vXaﬁgG?J '"Alé‘;{jéhéx Vs Met 385 390 395 400 Ala val
Glu Asm riet Sew Prr GisoASerniiteASs Herhys o Aew Gal 4054 13415 Rhehdis Asn Trp Cys Lys Asp

Glu e Alp L Gly Al T1p Bhe P 1204284 70,002 10 7Y GifL LetLetwSer Lys Ser Leu Asp Gl

Leu Arg @ys Arg 435440445 His3Gly Asn val Leu Phe #ila Asn Ser Asp Trp Ala Leu Gly Trp Arg
45048%46@6@@&#@%}%@ AT A2 GlauGH fcgzgrﬁh&:@ Mar&ra Vel THPA65 470 475 480 Val lle
\4

Glu §19 e A Ren, Alp PrebAlaMal AiorSer i BRD 48549949 ¢ Phe Tyr
165 170
val Pro Glu Phe Arg Lys Tyr Asp Glu Met Ser Tyr Ser Glu Arg Ile
180 185 190
Asp GIn Ile Arg Asp Glu Leu Ser Leu Asn Giu Arg Ser Ser teu Glu
195 200 205
Ala Phe Ile Leu Leu Cys Ser Gly Gly Thr Leu Glu Asn Ser Ser Phe
210 215 220
Gly Glu Phe Leu His Trp Trp Ala Met Ser Gly Tyr Thr Tyr GIn Gly
225 230 235 240
Cys Met Asp Cys Leu Ile Ser Tyr Lys Phe Lys Asp Gly GIn Ser Ala
245 250 255
Phe Ala Arg Arg Phe Trp Glu Glu Ala Ala Gly Thr Gly Arg Leu Gly
260 265 270
Tyr val Phe Gly Cys Pro val Arg Ser val val Asp Glu Arg Asp Ala
275 280 285
val Arg val Thr Ala Arg Asp Gly Arg Glu Phe Ala Ala Lys Arg teu
290 295 300
val Cys Thr Ile Pro Leu Asn val Leu Ser Ser val Gln Phe Ser Pro
305 310 315 320
Pro Leu Ser Pro Gin Arg Met Ala Ala Ala Asn Ile Gly His val Asn
325 330 335
GIn Cys val Lys val His Ala Glu val Ser Cys Pro Asp Met Arg Ser
340 345 350
Trp Ser Gly val Ser Tyr Pro Phe Asn Lys Leu Ala Tyr Ala Ile Gly
355 360 365
Asp Gly Thr Thr pro Ala Gly Asn Thr His Ile val Cys pPhe Gly Gly
370 375 380
Ala His Asn His Ile GIn Pro Glu Glu Asp val Glu Ala Thr Lys Met
385 390 395 400
Ala val Glu Asn Met Ser Pro Gly Asn Met Asp Ile Lys Arg Leu val
405 410 . 415
Phe His Asn Trp Cys Lys Asp Glu Phe Ala Lys Gty Ala Trp Phe Phe
420 425 430
“Ala Prg Pro Gln Leu Leu Ser Lys Ser Leu Asp Glu Leu Arg Cys Arg
435 440 445
His Gly Asn val Leu Phe Ala Asn Ser Asp Trp Ala Leu Gly Trp Arg
450 455 460
Gly Phe ITe Asp Gly Ala tle Glu Glu Gly Thr Arg Ala Ala val Thr
465 470 475 480
val I7e Glu Glu Leu Arg Pro Ala Pro Ala val Arg Ser His Leu
485 490 495
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