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ENGINEERED BIOCATALYSTS AND METHODS FOR SYNTHESIZING CHIRAL
AMINES

{8001] The present application claims priority to co-pending US Provisional Appin, Ser. No,
61/745.219, filed December 21, 2012,

1. TECHNICAL FIELD

[00602] The disclosure relates to transaminase biocatalysts and processes using the biocatalysts for the

preparation of chiral amines.
2,

[eag3]

3. BACKGROUND

{0004] Transaminases (E.C. 2.6.1) catalyze the transfer of an amino group, a pair of electrons, and 2
proton ffom a primary amine of an amine donor substrate to the carbonyl group of an amine acceptor

molecule as shown in Scheme 1.

Scheme 1
o NH; NH, °
/U\ + )\ Transaminase )\ + /’J\
R? R2 R3 R R! * R% RrR? R4
(S)or (R
. Amino acceptor . Aming donor l{l. Chiraf Amine V. Amino acceptor
Product bprOdUCt

{6005] An amino acceptor compound (1) (which is the precursor of the desired chiral amine product
(1TD) is reacied with un amino donor compound (11). The transaminase catalyzes the transfer of the
amine group of the amino donor (1T} to the keto group of the amino acceptor (I). The reaction results
in the desired chiral amine product compound (IIT) and a new amino acceptor compound (IV) with a
ketone group as a by-product.

186006] Wild-type transaminases having the ability to catalyze a reaction of Scheme 1 have been
isolated from various microorganisms, including, but not limited to, Alcaligenes denitrificans,
Bordeiella bronchiseptica, Bordetella paraperiussis, Brucelln melitensis, Burkholderia malie,
Burkholderia pseudomallei, Chromobacterium violaceum, Ocearicola gramdosus HTCC2516,

Qceanobacter sp. REDSS, Oceanospirillum sp. MEDS2, Pseudomonas putida, Raisionia
1
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solanacearum, Rhuzobivm meliloti, Rhizohivm sp. (strain NOR234), Bacillus thuringensis, Klebsiella
preumonia, and Fibrio fluvialis (sce e.g.. Shin et al,, 2001, Biosci. Biotechnol, Blochem. 65:1782-
1788). Several of these wild-type transaminase genes and encoded polypeptides have been
sequenced, including e.g., Ralstonia solanacearum {Genbank Ace. No. YP_002257813.1,
GL207739420), Burkholderia psendomalie: 1710b {Genbank Acc. No. ABA47738.1, GL76578263),
Bordetella petrii (Genbank Ace. No. AMOG2716.1, GL 163258032, and Vibrio fluvialis (Genbank
Acc. No. ABA39183.1, GE: 327207060). Two wild-type transaminases of classes EC 2.6.1.18 and EC
2,6.1-19, bave been erystallized and structurally characterized (sce e.g., Yonaha ¢t al., 1983, Agric.
Biol. Chem. 47 (10%:2257-2265).

{88677 The wild-type transaminase from from Vibwio fluvialis 1517 is an @-amino acid:pyravate

transamminase (B.C. 2.6.1.18) that uses pyridoxal-5°-phosphate as cofactor to catalyze the reaction of

Scheme 2.

NH,
NHy O -
A OH OH o
+ +
R S 8 \\
{-alanite pyiuvic acid 1-phetylethylarmine

[8608] This wild-type transaminase from Vibrio fluvialis also has been reported to show catalytic
activity toward aliphatic amino donors that do not have a carboxyl group.

[660%] Chiral amine compounds are frequently used in the pharmaceutical, agrochemical and
chemical induostries as intermediates or synthons for the preparation of various pharmaccuticals, such
as cephalosporine or pyrrotidine derivatives. A great number of these industrial applications of chiral
amine compounds involve using only one particular optically active form, e.g., only the (R) or the (S)
cnantiomer s physiologically active. Transaminases have potential industrial use for the
stereosciective synthesis of optically pure chiral amine compounds, such as in the enantiomeric
enrichment of amino acids {see e.g., Shin etal, 2001, Biosci. Biotechnol. Biochem. 65:1782-1788;
lwasaki et al,, 2003, Biotech. Lett. 25:1843-1846; lwasald ot al,, 2004, Appl. Microb. Biostech,
69:499-303, Yun et al,, 2004, Appl. Environ. Microbiol. 70:2529-2534; and Hwang ot al, 2004,
Enzyme Microbiol. Technol. 34:429-426).

[8818] Other examples of the use of transaminases nclude the preparation of intermediates and
precursors of pregabalin (e,g.ﬁ WO 2008/127646); the cnzymatic transamination of cyclopaming

N

analogs (e.g., WO 2011/017551); the stercospecific synthesis and enantiomeric enrichment of §-

\

); the enantiomeric enrichment of amines {e.g., US Patent No. US

~0

amine acids {a.g., WO 2005/005

633
4,.950,6006; US Patent No. 5,300, 437; and 1S Patent No. 5,169,780); and the pi‘oducﬁml of amino

N
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acids and derivatives {e g, US Patent No. 5,316,943, US Patent No. 4,518,692; US Patent No.
4,826,766; US Patent No. 6,197,558; and US Patent No. 4,600,692).

[8611] However, transaminases used to catalyze reactions for the preparation of chiral amine
compovmds can have properties that are undesirable for commercial apphications, such as instability to
mdustrially usefud process conditions (e.g., solvent, temperature) and narrow substrate recognition.
Thus, there s a need for other types of transaminase biocatalysts that can be used in industrial

processes for preparing chiral amioses compounds i an optically active form.
4, SUMMARY

{B812] The present disclosure provides enginecred polypeptides having transaminase activity,
polynucleotides encoding the polypeptides, methods of the making the polypepiides, and methods of
using the polypeptides for the biocatalytic conversion of ketone substrates to amine products. The
polypeptides having transaniivase activity of the preseot disclosure have been engineered to have one
or more residue differences as compared to 8 previously engineered transanunase polypeptide (of
aming acid sequence SEQ 1D NO: 2} with enhanced solvent and thermal stability relative to the wild-
type transaminase of Fibrio fluvialis. The amino residue differences are located at residue positions
atfecting varicus enzyme properties, including among others, activity, stereoselectivity, stability,
expression, and product tolerance. In particular, the engineered transaminase polyvpeptides of the
present disclosure have been enginecred for efficicnt conversion of an exemplary large cyclopaming
analog ketone compound of compound (2) to its corresponding chiral amine product compound of

compound {1} as shown in Scheme 3.

Scheme 3

Ho&
\ooX
r‘g‘/;, ?: H
Ry .
() {1}

[8013] The evelved structural features of the enginecred transaminase polypeptides of the present
diselosure also allow for the conversion of a range of large ketone substrate compounds {other than
the compound {23}, such as cyclopamine analogs, veratramune analogs, and steroid analogs, of
Formula (11} to their corresponding chiral amine product compounds of Formula (I} as shown in

Scheme 4.

Scheme 4
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(i) )

{8614} wherein rings A-D of the compounds can be sabstiuted as follows:

Ring A is a 6-membered carbocyclic ring, optionally including an vnsaturated C-C bond
between positions 2 and 3 and/or positions 5 and 6, and/or optionally substituted independently
posttions 2, 3, 4, 5 and & with a group sclected from halo, hydroxy, and methyl;

Ring B is a 6-membered carbocyclic ring, optionally inchuding an unsaturated C-C bond
between positions 5 and 10, and/or optionally substituted independently at one or more of positions 9

and 10 with a group sclected from halo, hydroxy. and methyl;

position 10 with a group sclected from halo, hydroxy, methyl, ethyl, and carbonyl;

Ring D is a 5-, 6-, or T-membered carbocyclic ring {Ze.. n =0, 1, or 2}, optionally mcluding 1,
2, or 3 ursatyrated C-C bonds, and/or optionally substituted independently as follows:

at position 14 with a group selected from halo, hydroxy, amino, carboxy, cyano, nitro,
thio, straight-chain or branched (C,-Cyyalkyl, straight-chain or branched (C,-C.halkenyl, straighi-chain
or branched {C,-Crjalkylamino, and cyvclopropyd bridging to position 12;
at position 15 or position 16 with a group selected from halo, hydroxy, amine,

carboxy, cyane, nitro, thio, optionally substituted (C,-Cglalkyl, bydroxy(C-Cglalkyl, optionally
substituted(C,-Cglalkyloxy, optionally substituted (C,-Cglalkylamino, optionally substituted (C)-
Coiallcylamino, optionally substituted (C,-Colalkylthio, optionally substituted (C,-Cgalkylsulfonyl,
optionally substituted {C-Cglalkylsulfinyl, carboxy{C-Cglalicyl, (C-Cylalkyvioxyrarbonyl, (C)-
Cemlkvicarbonyloxy, optionally substituted aminocarbony!, aminocarbonyl{ C-Cglalkyl, optionally
substituted cyeloalkyl, optionally substituted heterocyeloalkyl, optionally substituted aryl, optionally
substituted heteroaryl, optionally substituted arvioxy, optionally substinuted arylamino, optionally
substitited arylthio, optionally substituted arylsulfonyl, optionally substituted arylsulfinyl, optionally
substituted arvloxycarbonyl, opticnally substitiied arvicarbonvioxy, optionally substituted
heteroaryloxy, optionally substituted heteroarylamine, optionally substituted heteroaryhihio,
optionally substituted hetercaryisuifonyl, optionally substituted hetercarylsulfinyl, optionally
substituted heteroaryloxycarbonyl, optionally substituted hetercaryicarbouyloxy,
alkylaminosutfony {Cy-Colalkyl, aryisulfonyi(C-Cyralkyl, and heteroarylsulfonyi(Cy-Cepalieyl
{B815] Thus, the engincered polypeptides disclosed herein display, among others, incrcased activity,

high stereoselectivity, increased solvent and thermal stability, and increased product tolerance in the
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conversion of large prochiral ketone subsirate compounds of Formula (1) to the corresponding chiral
aming product compounds of Formula (1}

[8616] Accordingly, in one aspect, the present disclosure provides enginecred polypeptides having
transarminase activity, where the engmeered polypeptide comprises an amino acid sequence having at
ieast 80% identity to SEQ IDNQ: 2 and one or more residue differences as compared to SEQ 1D
MNO:2 at residue positions selected from X19, X21, X34, X83, X36, X73, X86, X88, X107, X113,
¥147, X155, X165, X171, X178, X233, X251, X259, X268, X277, X286, X312, X316, X317, X358,
X366, X383, X390, X414, X415, X417, X426, X434, and X450, wherein the restdue differences at
residue positions X21, X356, X&6, X&8, X107, X113, X133, X147, X233, X286, X312, X316, X3&3,
X415, X417, and X434, are selected from: X21H, X56A/C, XB6C, XBRH/Y, X107G, X113L/P,
XI4TH/V, X233V, X286C/H, X312, X316C/F/G/N/S/T, X383CFA/MIT, XAISA/GHILIV,
X417V, and X4347. In some embodiments, the residoe differences at the residue positions X19, X34,
X353, X73, X155, X165, X171, X178, X251, X259, X268, X277, X317, X358, X366, X399, X414,
X426, and X450 are sclected from X19W, X34A, X53M, X73R, X155V, X165F, X171Q, X178W,
X251V, X259V, X268A, X277A, X317L, X358K, X366H, X399A, X414, X426R, and X4508.
18817} In some embodiments of the engineered polypeptides having transaminase activily, the amino
acid sequence comprises at least one or more residuc differences as compared to SEQ IDNQG: 2
selected from: X34A, X56A, X88H, X107G, X113L, X147H, X153C, X155V, X233V, X315(,
X316N, X3831, and X4508. In some embodiments, the amino acid sequence further comprises ong or
more residue differences selected from: X31M, XS57F/L, X86N/S, X133A, X2337T, X323T, X383V,
and X417T.

{8618} I some embodiments of the engineered polypeptides having transaminase activity, the amino
acid sequence comprises at least s combination of residue differences as compared to SEQ 1D NG: 2
compiising X344, X564, X871, X865, X834, X153, X155V, X163F, X315G, and X4171. In
some embodiments, the amino acid sequence further comprises the residue difference X316N. In
some cmbodiments, the aminc acid sequence further comprises the residue difference X316N and one
or more residue difforences selected from X31M, X57F, X3237T, X383V T, X415H, and X450S,
[861%] In some embodiments of the enginecred polypeptides having transaminase activity, the amino
acid sequence comprises the residue differences as compared to SEQ 1D NO: 2 X34A, X564, X571,
X¥6S5, XE8A; X153C, X155V, X163F, X315G, X316N, and X417T and further compriscs a
combination of residue differences selected frony (a) X31M, XE87F, X3237T, and X383V, {b) X31M,
XSTR, X074, X113E, X233T, X415H, and X4508; {¢) X31M, X57F, X233V, X323T, X383,
X415H, and X4508; and () X3 1IM, XSTF, XK147H, X3237, X3%31, X415H, and X4508.

[6628] In some embodiments of the enginecred polypeptides having transaminase activity, the
engineered polypeptide has at least 1.2 fold increased stability as compared to the polypeptide of SEQ
1D NO: 4, wherein the amino acid sequence comprises one or more residue differences as compare

o SEQ ID NO: 2 selected from: X34T, X 107G, X113L, X147H, X155V, X233T/V, X323T,



CA 02895752 2015-06-18
WO 2014/099730 PCT/US2013/075294

K3B3VV, and X450S.

[8821] In some embodiments of the engineered polypeptides having transaminase activity, the
engineered polypeptide has at least 1.2 fold increased activity as compared 1o the polypeptide of SEQ
1D NG: 4 in converting compotmd (2} to compound (1}, wherein the amino acid sequence comprises
one or more residue differences as compared to SEQ ID NO: 2 selected from: X56A, XE6S, X&E&H,
X153C, X415H, and X417T.

[8022] In some embodinents of the cogineered polypeptides having transaminase activity, the
engineered pelvpeptide has mercased enantioselectivity as compared to the pelypeptide of SEQ 1D
NQO: 4 in converting compound (2} to compound {1}, wherein the aminoe acid sequence comprises one
180231 In some embodiments of the engivesred polypeptides having transaminase activity, the amdino
acid secuience further comprises a residue difference as compared fo SEQ 1D NG: 2 selected from:
XIBA, X19W, X21H, X318, X34A, X83M, XS6A/C, XSTC/F/L, X73R, XB6U/N/S/Y, XE8H/Y,
X107G, X113C/L/P, X146L, X14TH/K/V, X153A/C/V, X155A/V, X163L, X165F, X171, X178W,
190K, X206K, X228(, K233T/V, X235P, X244T, X251V, X259V, X268A, X277A, X286C/H,
X3I2N, X3T4N, X315, X3I6A/C/EMN/S/T, X3175, X319N, X3237T, X358K, X366H,
X3BIC/F/VL/M/T/V, X395P, X399A, X4141, X41SA/G/H/L/V, X417T/V, X424A, X426R, X427Y,
K4347, and X4508.

180241 In some embodiments of the engivesred polypeptides having transanunase activity, the anvno
acid sequence does not comprise a residue difference as compared to SEQ 1D NO: 2 at positions X9,
X45, X177, X211, X294, X324, and X391.

{8625} In some embodiments, the engincered transaminase polypeptides can have additional residue
differences at other residue positions. In some embodiments, the engincered fransaminases can have
12, 1-3, 1.4, 8-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-15, 1-20, 121, 1-22, 1-23, 1-24, 1-25,1-30, 1-35, 1-44,
1-45, or 1-50 additional residue differences as compared to SEQ 1D NG:2. In some embodiments, the
enginecered transaminases canhave 1,2,3,4,5,6,7, 8,9, 16, 11, 12,13, 14, 15, 16, 17, 18,19, 20, 21,
22,23, 24,125, 30, 30, 35, 40, 45, or 50 additional residue differconces, Insome cmbodiments, the
amino acid sequence has additionally 1,2,3,4, 5,6, 7,8, 9, 10, 11, 12, 13, 14, 153, 15, 18, 20, 21, 22,
23, 24, or 25 residue difforences as compared to SEQ D NO: 2.

180626] Excmplary engincered polypeptides incorporating the residue differences, including various
combinations thereof, and having improved properties {e.g., capable of converting compound (2) to
compoond (1} in at least 90% diastercomeric excess under suitable reaction conditions) are disclosed
n Tables 2A and 2B, and the Examples. The aming acid sequences are provided in the Sequence
Listing and include SEQ ID NO: 4, 6, 8, 10,12, 14, 16, 18,20, 22, 24, 26, 28, 30, 32, 34, 36, 38,40,
42, 44, 46, 48, 50, 52, 54, 56, 3§, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, B2, 84, 86, §§, 90, 92, 94,
96, 98, 100, 102, 104, 106, 108, 110, 112, 114, 116, 118, 120, 122, 124, 126, 128, 130, 132, 134, 136,
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13§, 140, 142, 144, 146, 148, 150, 152, 134, 154, 156, 158, 160, 162, 164, 166, 168, 170, 172, 174,
176, 178, 180, 182, 184, 186, 188, 190, 192, 194, 196, 198, 200, 202, and 204.

{8027} In another aspect, the present disclosure provides polynucieotides encoding the engineered
polypeptides having transaminase activity, as well as expression vectors comprising the
polynucleotides, and host cells capable of expressing the polynucleotides encoding the engineered
polypeptides. Exemplary polynucleotide sequences are provided in the Sequence Listing

and include SEQIDNO: 3,5,7,9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33,

35,37,39,41, 43,45,47, 49, 51, 53, 55,57, 59, 61, 63, 65,67, 69, 71, 73,75, 77, 79, 81, §3, 85, 87,
89, 91, 93,95, 97, 99, 101, 103, 105, 107, 109, 111, 113, 115, 117, 119, 121, 123, 125, 127, 129, 131,
133,135, 137, 139, 141, 143, 145, 147, 149, 151, 153, 155, 157, 139, 161, 163, 165, 167, 169, 171,
173, 175,177, 179, 181, 183, 185, 187, 189, 191, 193, 195, 197, 199, 201, and 203.

{0028] In some embodiments, the present disclosure also provides methods of manufacturing the
engineered transaminase polypeptides, where the method can comprise culturing a host cell capable of
expressing a polynucleotide encoding the engincered transaminase polypeptide under conditions
suitable for expression of the polypeptide. In some embodiments, the method for manufacturing the
engineered transaminase polypeptide can also include: () synthesizing a polynucleotide encoding a
polypeptide comprising an amino acid sequence selected from SEQ ID NO: 4, 6, 8, 10, 12,14, 16, 18,
20,722,24,26, 28, 30, 32, 34, 36, 38,40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72,
74, 76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100, 102, 104, 106, 108, 110, 112, 114, 116, 118,
120,122, 124,126, 128, 130, 132, 134, 136, 138, 140, 142, 144, 146, 148, 150, 152, 154, 154, 156,
158, 160, 162, 164, 166, 168, 170, 172, 174, 176, 178, 180, 182, 184, 186, 188, 190, 192, 194, 194,
198, 200, 202, and 204, and having one or more residue differences as compared to SEQ ID NO:2 at
residuc positions sclecied from: X19, X21, X34, X53, X56, X73, X86, X88, X107, X113, X147,
X155, X165, X171, X178, X233, X251, X259, X268, X277, X286, X312, X316, X317, X358, X366
X383, X399, X414, X415, X417, X426, X434, and X450, wherein the residue differences at residue
positions X21, X56, X866, X88, X107, X113, X133, X147, X233, X286, X312, X316, X383, X415,
X417, and X434, are selected from: X21H, X56A/C, X86C, X88H/Y, X107G. X113L/P, X147H/V,
X233V, X286C/H, X312N, X316C/F/G/N/S/T, X383IC/F/IM/T, X415A/G/H/LIV, X417V, and

k)

X434T; and (b) expressing the transaminase polypeptide encoded by the polynucleotide. As noted
above, the residue differences at residue positions X19, X34, X53, X73, X155, X165, X171, X178,
X251, X259, X268, X277, X317, X358, X366, X399, X414, X426, and X450 can be selected from
X19W, X344, X53M, X73R, X155V, X165F, X171Q, X178W, X251V, X259V, X2684, X277A,
X317L, X358K, X366H, X399A, X414, X426R, and X450S. As further provided in the detailed
description, additional variations can be incorporated during the synthesis of the polynucleotide to
prepare engineered transaminases with corresponding differences in the expressed amino acid

SCQUERCES.

~J

CA 2895752 2019-06-13




CA 02895752 2015-06-18
WO 2014/099730 PCT/US2013/075294

[8828] The structural features of the engineered transaminase polypeptides allow for the conversion
of large prochiral ketone substrate compounds, other than compound (23, to their corresponding amine
product compounds, optionally in stereomeric excess of one chiral amine product over another chiral
amino product. Thus, another aspect of the present disclosure are processes using the engineered
transaminase polypeptides to catalyze a reaction in which an aming group from an amimo donor s
ransferred 1o an aming acceptor, wherein the process comprises contacting an enginecred
transagunase polypeptide of the disclosure with an amino accopior {e.g., a kotone subsirate
compound) inthe presence of an amino donor {e.g., sopropylamine} under reaction conditions
saitable for converting the amino acceptor to an aming compound.

[8038] Accordingly, in some embodiments, the present disclosure provides a process fior the

preparation of an amine conpound of Formula (B

H

wherein rings A, B, C, and [ are as defined above

with the proviso that the compound of Formula (1) is not compound (1)

an

wherein rings A, B, C, and D are as defined above,
with an engincered transaminase polypeptide of the present disclosure in the presence of an

amno donoy under suitable reaction conditicns.
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[8831] In some embodiments of the process for preparing an anyine compound of Formula (1), the

present disclosure provides a process for preparation of 3 compound of Formula (1a)

{ia)

wherein
Rings A and B comprise one of the following:
{a} an unsaturated C-C bond between positions 3 and 6;
() an unsaturated C-C bond between positions 5 and 10;
(¢} a hydrogen at position S ¢is to the methyl group at position 4; or
() a hydrogen at position 5 traus to the methyl group at position 4;

Ring D comprises an unsaturated C-C bond between positions 12 and 14;

R’ is selected from hydrogen, halo, hydroxy, methyl, ethyl, and carbonyl;

R” is selected from bydrogen, hale, hydroxy, amine, carboxy, cyano, nitro, thio, straight-chain
or branched {C;-Cyalkyl, straight-chain or branched (C,-Cyalkenyl, and straight-chain or branched
{C-Crralkvlamno; and

R’ is selected from hydrogen, halo, hydroxy, amine, carboxy, cyano, nitro, thio, optionally
substituted {C,-Cyalkyl, hydroxy(Ci-Ce)alkyl, optionally substituted((,-Cylalkyloxy, optionally
substituted (C-Cgalkylaminoe, optionally substituted (C,-Cgidialkylamino, optionally substituted (C:-
Ceyalkyithio, optionally substituted (C-Cglalkylsulfonyl, optionally substituted (C1-Cgalkylsulfinyi,
carboxy(C,-Coalkyl, {C-Cglalkyloxyearbonyl, {C-Colalkylcarbonyloxy, optionally substitnted
aminocarbonyl, and aminocarbonvl{(C,-Cgallyl;

wherein the method comprises contacting the ketone substrate compound of Fornuda (Ifa),

{ila}

9
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wherein rings A, B, C, and D, and R R and R’ are as defined above for the compound of
Formuls {ia),

with an enginecred fransaminase polypeptide of the present disclosure in the presence of an
amino donor under suitable reaction conditions.
(86321 In some embodiments of the process for preparing an amine compound of Formula (I}, the

present disclosare provides a process for preparation of a compound of Formula (Eb}

(b}

wherein

Rings A and B comprise one of the following:

{a} an unsaturated C-C bond between positions 5 and 6;

{b) an unsaturated C-C bond between positions § and 10;

{2} a hydrogen at position 5 ¢iv to the methyl group at position 4; or
{d) a hvdrogen at position 3 trans to the methyl group at position 4;

Ring D comprisecs an unsaturated C-C bond between positions 12 and 14, or a bridging
cyclopropyl between positions 12 and 14;

R' is sclccted from hydrogen, hale, hydroxy, methyl, othyl, and carbonyl;

R’ is selected from hydrogen, halo, hydroxy, amine, carboxy, cyang, nitro, thio, straighi-chain
or branched {(C;-Cy)alkyl, straight-chain or brasched (C,-C,)alkenyl, and straight-chain or branched
(Ci-Cyalkvlamino; and

R’ is selected from hydrogen, halo, hydroxy, amine, carboxy, cyano, nitro, thio, optionally
substituted {C-Cglalkyl, hydioxy(C-Cealkyl, optionally substituted(C, -Cslalkyloxy, optionally
substituted {C,-Cyalkylamine, optionally substituied {C,-Cg)dialkylamino, optionally substituted (C;-
Coyallylthio, optionaily substitated (C;-Cglalkylsulfonyl, optionaily substituted (C-Cealkylsulfinyl,
carboxy(C,-Coalkyl, (C-Cyatkyloxyearbonyl, (C-Cylalkylcarbonyloxy, optionally substitnted
aminocarbonyl, and aminocarbonyl{C-Celalkyl;

wherein the method comprises contacting the ketone substrate compoumnd of Formmia 3k,

1o
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(Iiby
wherein rimgs A, B, €, and 13, and R R? and R’ are as defined above for the compound of
Formula (I},
with an engincered transaminase polypeptide of the present disclosure in the presence of an
amano donoy under suitable reaction conditions.
[8633] In some embodiments of the process for preparing an amine compound of Formula (8}, the

present disclosure provides a process for preparation of a compound of Formula (Ic)

{fe)

wherein

Rings A and B comprisc one of the following:

{a) an vnsaturated C-C bond between positions S and &;

{b} an unsaturated C-C bond between positions 5 and 10;

{c} a hydrogen at position 5 cis 1o the methyl group at position 4; or
{d) a hydrogen at position 5 trans to the methyl group at position 4;

Ring D 5 aromatic;

R is selected from hydrogen, halo, hydroxy, methyl, ethyl, and carbonyl;

R’ is selected from hydrogen, halo, hydroxy, amine, carboxy, cyano, nitro, thio, straight-chain
ot branched (O -Cylalkyl, straight-chain or branched {(C;-Calkenyl, and straight-chain or branched
{C1-Csalkylamino; and

R is selected from hydrogen, halo, hydroxy, amine, carboxy, cyano, nitro, thio, optionally

substituted {Ci-Colalkyl, hydroxy(C;-Cylalkyl, optionally substituted(C-Cglabcyloxy, optionally

i
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substitted (C-Cgalkylamine, optionally substituted (C;-Cy)dialkylamino, optionally substituted (C;-
Ceralicyithio, optionally substituted {C-Cylalkylsulfonyl, optionally substituted {C,-Cg)alkylsulfinyl,
carboxy(C,-Cgalkyl, (C-Cyalkyloxyearbonyl, (C;-Cglalkylcarbonyioxy, optionally substituted
aminocarbonyl, and aminocarbonyl{C;-Cylalkyl;

wherein the method comprises contacting the ketoue substrate compound of Formula (3c),

(1ic)
wherein rings A, B, C, and D, and R, R?, and R are as defined above for the compound of
Formula (1e¢),
with an engineered transaminase polypeptide of the present disclosure in the presence of an
aming donor under suitable reaction conditions.
18034] In some embodiments of the process for preparing an amine compound of Formula (1), the

present disclosure provides a process for preparation of a compound of Formula (T}

{fd}

whereln

Ring A comprises an unsaturated C-C bood between positions 2 and 3, or positions 5 and §;

R and R* are selected independently from hydrogen, halo, hydroxy, amino, carboxy, cyane,
nitro, thio, optionally substituted (C-Coraliyl, hydroxyi{C,-Cylalkyl, optionally substituted{C -
Coralkyloxy, optionally substituted (C-Cglalkylamine, optionally substituted {C-Ce)diakkeylanmino,
optionally substituted (C,-Cgjatkylthio, optionally substituted (C-Cglalkylsulfonyl, optionally
substitpted {C-Cglatkylsulfingl, carboxy(C-Cglalkyl, (C,-Cgatkyloxyearbonyl, (C.-
Ceralkyicarbonyloxy, eptionally substituted aminocarbonyl, aminocarbonyl{C-Cglalkyl, optionally
substituted cycloalkyl, optionally substituted beterocycloalkyl, optionally substituted arvi, optionally
substituted heteroaryl, optionally substituted arvioxy, optionally substituted arvlamine, optionally

spbstittted arylthio, optionally substituted arylsubfonyi, optionally substituted arvisulfinyi, optionally
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substitited andoxyearbonyl, optionally sabstitated arylcarbonyloxy, optionally substitnted
heteroaryloxy, optionally substituted heteroarylamino, optienally substituted heteroarylthio,
optionally substituted heteroaryisulfonyl, optionally substituted heteroarylsulfinyl, optionally
substitated heteroaryloxvearbonyl, optionally substituted heteroarylcarbonyloxy,
alirylamanosulfonyl(C,-Cylalkyl, arvisolfonyl(C-Cglalkyl, and heteroarvisalfonyl(C,-Cqlalkyl;

R, R’ and R’ are selected independently from hvdrogen, halo, hydroxy, amino, carboxy,
cyano, miro, thio, straight-chain or branched (C-Cajalkyl, straight-chain or branched (C-C.jalkenyl,
and straight-chain or branched (C,-Cslalkylamino; and

R® R’ and R® are selected independently from hydrogen, halo, hydroxy, and wethyl;

whercin the method comprises contacting the ketone substrate compovnd of Formula (I1d),

(1)

L omi op? pd opd pd 7 : EREE P
wherein ', R° RY, RY, 2%, RS R, and R® are as defined above for the compound of Formula

(),

with an engineered transaminase polypeptide of the present disclosure in the presence of an
aming donwr under suitable reaction conditions.
{8635] In some embodiments of the processes for preparing the amine compounds of the presont
disclosure, the stereoselectivity of the transaminases provides for the preparation of the chiral amine
compounnds of Formula (1), Foromsla (a), Formula (Ih), Formala (Ic), and Formala (dd} in
diastercomeric cxecss. In some embodimoents, the process results in the formation of the chiral aminc
compound of Formula (1), Formula (Ia}, Formula (b}, Formwla (Ic}, and Fornwla (dd) in
diastereomeric excess of at least 90%, 95%, 96%, 97%, 95%, 99%, or greater.
180361 As provided herein, the processes using the enginecred transaminases can be dong under a
range of suttable reaction conditions, including, among others, ranges of amine donor, pH,
temperature, buffer, solvent system, substrate loading, polypeptide loading, cofactor loading, pressure,
and reaction time.
[6037] In some embodiments, the suitable reaction conditions for the transamination process can
comprise: (a) substrate loading at about 5 g/L to 200 g/L; (b about (.1 to 50 g/L of engineered
transaminase polypeptide; (c) about 0.1 10 4 M of isopropylamine (IPM); (d) about 0.1 10 10 g/L. of
pyridoxal phosphate (PLP) cofactor; (¢} pH of about 6 10 9; and (£} temperature of abowt 30 1o 60°C.
180381 In some embodiments, the suitable reaction conditions for the transamination process can

comprise: (a) substrate loading at about 10 g/L 1o 150 g/L; (b) about .5 10 20 ¢/L of engimecred

ey
()
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transaminase polypeptide; (c) about 0.1 to 3 M of isopropylamine (IPM); (d) about 0.1 to
10 g/L, of pyridoxal phosphate (PLP) cofactor; (e) about 0.05 to 020 M TEA buffer; (f) about
1% to about 45% DMSO; (g) pH, of about 6 to 9; and (h) temperature of about 30 to 65°C.

[0039] In some embodiments, the suitable reaction conditions for the transamination process
can comprise: (a) substrate loading at about 20 to 100 g/L; (b) about 1 to 5 g/L. of engineered
transaminase polypeptide; (c) about 0.5 to 2 M of isopropylamine (IPM); (d) about 0.2 to

2 g/L of pyridoxal phosphate (PLP) cofactor; (e) about 0.1 M TEA buffer; (f) about 25%
DMSO; (e) pH of about 8; and (f) temperature of about 45 to 60°C.

[0040] Guidance on the choice of engineered transaminases, preparation of the biocatalysts,
the choice of enzyme substrates, and parameters for carrying out the processes are further

described in the detailed description that follow.

[0040a] In an embodiment, there is provided an engineered polypeptide having transaminase
activity, comprising an amino acid sequence having at least 80% identity to SEQ ID NO: 2
and a residue difference as compared to SEQ ID NO: 2 at residue X316, wherein the residue
difference at residue position X316 is selected from: X316C/F/G/N/S/T.

[0040b] In an embodiment, there is provided a polynucleotide encoding the engineered

transaminase polypeptide as described herein.

[0040c] In an embodiment, there is provided a polynucleotide encoding the engineered
transaminase polypeptide as described herein, comprising a nucleotide sequence selected from
SEQ ID NO: 91, 93, 97, 99, 101, 135, 145, 147, 149, 151, 153, 155, 157, 159, 161, 163, 165,
167,169, 171, 173, 175, 177, 179, 181, 183, 185, 187, 189, 191, and 201.

[0040d] In an embodiment, there is provided an expression vector comprising the

polynucleotide as described herein.

[0040e] In an embodiment, there is provided a host cell comprising the polynucleotide as

described herein or the expression vector as described herein.

14
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[0040f] In an embodiment, there is provided a method of preparing the engineered
polypeptide as described herein, comprising culturing the host cell as described herein under

conditions suitable for expression of the polypeptide.

[0040g] In an embodiment, there is provided a process for preparing an amine compound of

Formula (I),

B8
B
HzN““‘ 0w

M

wherein Ring A is a 6-membered carbocyclic ring, optionally including an unsaturated

C-C bond between positions 2 and 3 and/or positions 5 and 6, and/or optionally substituted
independently positions 2, 3, 4, 5 and 6 with a group selected from halo, hydroxy, and methyl;
Ring B is a 6-membered carbocyclic ring, optionally including an unsaturated C-C bond
between positions 5 and 10, and/or optionally substituted independently at one or more of
positions 9 and 10 with a group selected from halo, hydroxy, and methyl; Ring C is a 5- or 6-
membered carbocyclic ring (i.e., m = 0 or 1), optionally substituted at position 10 with a
group selected from halo, hydroxy, methyl, ethyl, and carbonyl; Ring D is a 5-, 6-, or 7-
membered carbocyclic ring (i.e,, n =0, 1, or 2), optionally including 1, 2, or 3 unsaturated C-
C bonds, and/or optionally substituted independently as follows: at position 14 with a group
selected from halo, hydroxy, amino, carboxy, cyano, nitro, thio, straight-chain or branched
(C1-Ca)alkyl, straight-chain or branched (C1-Ca)alkenyl, straight-chain or branched (Ci-
Cs)alkylamino, and cyclopropyl bridging to position 12; at position 15 or position 16 with a
group selected from halo, hydroxy, amino, carboxy, cyano, nitro, thio, optionally substituted
(C1-Ce)alkyl, hydroxy(Ci-Ce)alkyl, optionally substituted(C1-Cs)alkyloxy, optionally
substituted (C1-Ce)alkylamino, optionally substituted (C1-Ce)dialkylamino, optionally
substituted (C1-Ce)alkylthio, optionally substituted (C1-Cs)alkylsulfonyl, optionally
substituted (C1-Ce)alkylsulfinyl, carboxy(C1-Ce)alkyl, (C1-Ce)alkyloxycarbonyl,
(C1-Ce)alkylcarbonyloxy, optionally substituted aminocarbonyl, aminocarbonyl(C;-Ce)alkyl,

14a
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optionally substituted cycloalkyl, optionally substituted heterocycloalkyl, optionally
substituted aryl, optionally substituted heteroaryl, optionally substituted aryloxy, optionally
substituted arylamino, optionally substituted arylthio, optionally substituted arylsulfonyl,
optionally substituted arylsulfinyl, optionally substituted aryloxycarbonyl, optionally
substituted arylcarbonyloxy, optionally substituted heteroaryloxy, optionally substituted
heteroarylamino, optionally substituted heteroarylthio, optionally substituted
heteroarylsulfonyl, optionally substituted heteroarylsulfinyl, optionally substituted
heteroaryloxycarbonyl, optionally substituted heteroarylcarbonyloxy, alkylaminosulfonyl(C;-
Co)alkyl, arylsulfonyl(Ci-Ce)alkyl, and heteroarylsulfonyl(C1-Ce)alkyl; with the proviso that

the compound of Formula (I) is not compound (1)

(D

(In)

wherein rings A, B, C, and D are as defined above for the compound of formula (I), with an
engineered transaminase polypeptide of any one of claims 1 to 16 in the presence of an amino

donor under suitable reaction conditions.

14b
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5. DETAILED DESCRIPTION

[0041] As used in this specification and the appended claims, the singular forms "a", "an" and
"the" include plural referents unless the context dearly indicates otherwise. Thus, for

example, reference to "a polypeptide” includes more than one polypeptide.

comprising” "include," "includes,”" and

[0042] Similarly, "comprise," "comprises,

"including" are interchangeable and not intended to be limiting.

[0043] It is to be further understood that where descriptions of various embodiments use the
term "comprising," those skilled in the art would understand that in sonic specific instances,
an embodiment can be alternatively described using language "consisting essentially of” or

"consisting of."

[0044] It is to be understood that both the foregoing general description, including the
drawings, and the following detailed description are exemplary and explanatory only and are

not restrictive of this disclosure.

[0045] The section headings used herein are for organizational purposes only and not to be

construed as limiting the subject matter described.
5.1 Abbreviations

[0046] The abbreviations used for the genetically encoded amino acids are conventional and

are as follows:

Aming Acid Three-Lelter Abbrevistion One-Letter Abbreviation
Alanine Ala A
Arginine Arg R
Asparagine Asn N
Aspartaie Asp D

14¢
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Cysteine Cys C
Glutamate Glo E
Glutamine Gln Q
Glycine Gly G
Histidine HIs H
Isoleucine e 1
Leucine Feu L
Lysing Lys K
Methionine Met M
Phenylalanine Phe
Proling Fro
Serine Ser R
Threonine Thr T
Tryptophan Trp W
Tyrosine Tyr Y
Valine Val A%

{86471 When the three-letter abbreviations are used, valess specifically preceded by an "L or a “D”
or ¢lear from the context in which the abbroviation is used, the aming acitd may be in either the L- or
D-counfiguration about a-carbon {C, ). For example, whercas “Ala” designates alanine without
specifying the configuration about the a-carbon, “[3-Ala” and “L-Ala” designate D-alanine and L-
alanine, respectively. When the one-ictier abbreviations are used, upper case letiers designate amino
acids in the L-configuration abowut the o-carbon and lower case letters designate amino acids in the -
configuration aboot the a~carbon. For example, “A” designates L-alanine and “a” designates D-
alanine. When polypeptide sequences are presented as a string of one-letter or three-lettor
abbreviations {or mixuures thereof), the sequences are presented in the amino (N} to carboxy (C)
direction in accordance with common convention,
18048] The sbbreviations used for the genetically encoding nucleosides are conventional and are as
follows: adenosine (A); guanosine (G); eytidine {(C); thymidine (T); and widine (U). Unless
specifically defineated, the abbreviated mcleotides may be either ribonucleosides or 2°-
deoxyribomucleosides. The nucleosides may be specified as being either ribonucleosides or 27-

eoxyribonucieosides on an individual basis or on an aggregate basis. When nucieic acid sequences
are presented as a string of one-letter abbreviations, the sequences are presented inthe 8" t0 3
direction tn accordance with common convention, and the phosphates are not indicated.

5.2 Pefinitions

180491 I reference to the present disclosure, the technical and scientific terms used in the

descriptions herein will have the meanings commonly understood by one of ordinary skill in the art,
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unless specifically defined otherwise. Accordingly, the following terms are intended to have the
following meanings.
[8656] “Protein”, “polypeptide,” and “peptide” are used interchangeably herein 1o denote a polymer
of at least two anvne acids covalently linked by an amide bond, regardless of length or post-
translational modification (e.g, glycosylation, phosphorylation, lipidation, myristilation,
abiguitination, cte.). Included within this definition are P~ and L-amino acids, and mixtures of D- and
L-amino acids.
[8051] “Polyaucleotide” or “nucleic acid” refers to two or more nucleosides that are covalenily
finked together. The polynucieotide may be wholly comprised ribonucleosides (f.e., an RNA}, whoily
comprised of 27-deoxyribonuciootides {7 e., a DNA} or mixtures of ribo- and 27-deoxyribonucieosides.
While the nucleosides will typically be linked together via standard phosphodiester linkages, the
polynacleotides may inchide one or more non-standard linkages. The polynuclectide may be single-
stranded or double-stranded, or may include both single-stranded regions and double-stranded
egions, Moreover, while a polynucleotide will typically be composed of the nawrally occurring
cncoding nucleobases (i.e., adenine, guanine, uracil, thymine and cytosine), it may include one or
more madified and/or synthetic nucleobases, such as, for example, inosine, santhume, hypoxanthine,
efc. Preferably, such modified or synthetic nucleohases will be encoding nucleobases.
180521 “Amivotransferase” and “transaminase” are used interchangeably bereinto referto a
polvpeptide having an enzymatic capability of transferring an amvino group (NH,) from s primary
amning to a carbonyl group (C=0) of an acceptor molecule. Transaminases as used herein include
naturally occumring (wild-type) transaminases as well as non-naturally occurring engineered
polypeptides generated by human manipulation.
[B853] “Amino acceptor” and “amine acceptor,” “keto substrate,” “keto,” and “ketone” are used
mterchangeably heremn to refer to a carbony! (kato, or ketone) compound which accepts an amino
group from a donor amine. In some emwbodiments, amino acceptors are molecules of the following
gencral formula,

O

T

L

R G,//\R B

amxinge acceptor

in which each of B and RP, when taken independently, is an allyl, cycloatkyl, heterocyeloatkyl, aryl,
or heteroaryl, which can be unsubstitated or substituted with one or morg enzymatically acceptable
groups. R™ may be the same or different from R” in structure or chirality. In some embodiments, R
and RP, taken together, may form a ring that is unsubstituted, substituted, or fused to other rings.
Aming acceptors mehude keto carboxylic acids and alkanones (ketones). Typical keto carboxvlic acids

arc o-keto carboxylic acids such as glyoxalic acid, pymivic acid, oxaloacetic acid, and the like, as well

16
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as salts of these acids. Amino acceptors also include substances which are converted to an amino
acceptor by other enzymes of whole cell processes, such as fumaric acid {(which can be converted to
oxaloacetic acid), glucose (which can be converted to pyruvate), lactate, maleic acid, and others
Amnnoe acceptors that can be used mclude, by way of example and not hiitation, 3,4-
dihydronaphthalen-1(2Hy-one, I-phenylbutan-2-one, 3,3-dimethylbutan-2-one, octan-2-one, ethyl 3-
oxobutancate, 4-phenylbutan-2-one, 1-(4-bromophenylicthanone, 2-methyl-cyclohexameone, 7-
methoxy-2-tetralone, 1-hydroxybutan-2-one, pyruvic acid, acetophenone, 3’-hydroxyacetophenone, 2-
methoxy-5-thiorcacetophenone, levulinie acid, 1-phenylpropan- i-one, 1-(4-bromophenylipropan-1-
one, 1-(4-nitrophenybipropan-1-one, 1-phenylpropan-2-one, 2-oxo-3-methylbutanocic acid, 13-
trifluoromethylphenylipropan-1 -one hydroxypropanonc, methoxvoxypropanong, 1-phenyibutan-1-
one, 1-(2,5-dimethoxy-4-methylpheovlbutan-2-one, 1-(4-hydroxyphenybbutan-3-one, 2-
acetylnaphthalene, phenylpyruvic acid, 2-ketoglotaric acid, and 2-ketosuccinic acid, inchiding both
{R} and (5) single isomers where possible.
(80341 “Amino donot”™ or “amine donor” refers o an amine compound which donates an aminge
group to the aming acceptor, thereby becoming a carbonyl specics. In some embodiments, amino

donors are molecoles of the following general formula,

amino donor

in which each of R® and R®, when taken independently, is an alkyl, eveloalkyl, heterocyeloalkyl, aryl,
or heteroaryl, which is unsubstituted or substituted with one or more enzymatically non-inhibiting
groups. R* can he the same or different from R in structure or chirality. In some embodiments, R® and
RY, taken together, may forma ring that is unsubstituted, substituted, or fused to other rings. Typical
mino donors that can be used include chiral and achiral anino acids, and chiral and achiral amines.
Amino donors that can be used mclude, by way of example and not Emitation, isopropylamine (also
referred to as 2-aminopropanc), o-phencthyvlamine (also termed 1-phenylethanamine), and its
enantiomers (3)-1-phenylethanamine and {(£)-1-phenylethanamine, 2-smino-4-phenyvibutane, glycine,
L-glutamic acid, L-glutarmate, monosodiom glutamate, L-alanine, D-alanine, D,L-alanine, L-aspartic
acid, E-lysing, D, L-omithune, B-alanine, taurine, n-octylanune, cyclohexylamine, 1,4-butanediamine
{also referred to as putrescing), 1,6-hexanediamine, 6-aminchexanoic actd, 4-aminobutyric acid,
tyramine, and benzyl amine, 2-amincbutane, 2-amino-1-butancl, 1-amino-1-phenylethane, 1-amino-1-
{2-methoxy-5- fluorephenvllethane, 1-amino-1-phenylpropane, 1-anmino-1-{4-
hydroxyphenylipropane, 1-amine-1-(4-bromophenylipropane, 1-amino-1-{4-nitrophenylpropane, 1-
phenyl-Z-aminopropane, T-(3-trifluoromethylphenyl}-2-aminopropane, 2-aminopropanel, 1-aming-1-

phenyibutane, 1-phenyl-2-aminobutane, 1-(2,5-dimethoxy-4-methylphenyl-2-aminobutane, {-phenylh
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J-amincbutane, 1-(4-hvdroxyphenyl)-3-aminobutane, T-amino-2-methyvlcyclopentane, -amino-3-
methylcyciopentane, 1-amino-2-methylcyclohexane, I-amino-1-(2-naphthyljethane, 3-
methyleyelopentylamine, 2-methyleyclopentylamine, 2-cthylcyclopentylamine, 2-
methyleyclohexylamine, 3-methyleyclohexylamine, T-aminotetralin, 2-aminotetraling, 2-aninoe-5-
methoxyteiralin, and -aminoindan, including both (R) and (S) single isomers where possible and
inchuding all possible salts of the amines,

[80535] “Chiral amine”™ refors to amines of genoral formula R®-CH(INH;)- R and s employved berein
in its broadest sense, including a wide variety of aliphatic and alicyclic compounds of differcnt, and
mixed, functional types, characterized by the presence of & primary aming group bound 1o a secondary
carbon atom which, in addition 1o a hydrogen atom, carries either (i) a divalent group forming a chiral
cyehic structure, or (it} two substitients {other than hydrogen) differing from cach oiber in structure or
chirality. Divalent groups forming a chiral cyclic structure include, for example, 2-methylbutans-1,4-
divl, pentane-1,4-diyl hexane-1.4-divl, hexane-1,5-diyl, 2-methylpentane-1,5-divi. The two different
substituents on the secondary carbon atom (R™ and R” above) also can vary widely and include alkyl,
aralkyl, aryl, halo, hydroxy, lower alkyl, lower alkoxy, lower alkylthio, cycloalkyl, carboxy,
carbalkoxy, carbamovl, mong- and di-(lower alkyl) substituted carbamoyl, triffooromethyl, phenyl,
nitro, amino, mono- and di-{lower alkyl) suhstitiiied amino, alkylsulfonyl, aryisulfonyl,
alkylcarboxanude, arvicarboxaroido, eic., as well as alkyl, aralkyl, or arvl substituted by the
foregoing.

[8836] “Pyridoxal-phosphate,” “PLP.” “pyridoxal-53"-phosphate,” “PYP,” and “PSP” are used
interchangeably hercin to refer to the compound that acts as & coenzyme in fransaminase reactions. In
some embodiments, pyridoxal phosphate is defined by the structure 1-(4"-formyt-3-hydroxy-2"-

methyl-S'-pyridyhimethoxyphosphonic acid, CAS number [54-47-7]. Pyridoxal-S"-phosphate can be

produced in vive by phosphorylation and oxidation of pyridoxel {also known as Vitamin Bg). In
fransamination reactions using transaminasc enzymes, the amine group of the amino donor is
transforred to the cocnzyme to produce a keto byproduct, while pyridoxal-5-phosphate 15 converted to
pyridoxaming phosphate. Pyridoxal-5-phosphate 1s regenerated by reaction with a different keto
compound (the amino acceptor. The transfer of the amine group from pyndoxamine phosphate to the
amino acceptor produces an amine and rogencrates the coenzyme. In some embodiments, the
pyridoxal-5"-phosphate can be replaced by other moembers of the vitamin B, family, including
pyridexine (PN), pyridoxal (PL), pyridoxamine (PM), and their phosphorylated counterpasts;
pyridoxine phosphate {PNP), and pyridoxamine phosphate (PMP).

18657} “Coding sequence” refers to that portion of a nucleic acid (2.2, a gene) that encodes an amino
acid sequence of & protein,

[8858] “Naturally-occurring” or “wild-type” refers to the form found in pature. For example, a

naturally occurring or wild-type polypeptide or polynucleotide sequence is a sequence present in an
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organism that can be isolated from a source in nature and which has not been intentionally modified
by human manipulation,

[#639] “Recombinant” or “enginecred” or “non-naturally occurring” when used withu reference to,
e.z., a cell, nucleic acid, or polypeptide, refers to a material, or 2 material corresponding to the natural
or native form of the material, that has been moditfied i a manner that would not otherwise exist in
nature, of 18 identical thereto but produced or derived from synthetic materials and/or by manipulation
using recombinant techriques. Non-Himiting examples include, among others, recombivant ceolls
cxpressing genes that are not found within the native (non-recombinant} form of the cell or express
native genes that are otherwise expressed at a different level.

[8868] “Porcentage of sequence identity” and “percentage bomology” are used interchangeably
herein to refer to comparisons among polvnucieotides and polypeptides, and are detormined by
comparing two optimally aligned sequences over a comparison window, wherein the portion of the
polynucleotide or polypeptide sequence 1n the comparison window may comprise additions or
delctions (i.e., gaps) as compared 1o the reference sequence for optimal aligoment of the two
sequences. The percentage may be calculated by determining the number of positions at which the
wdentical mucleic acid base or amino acid residue occurs in both sequences to vield the number of
matched positions, dividing the number of matched positions by the total number of positions i the
window of comparison and multiplying the result by 100 to yield the percentage of sequence identity.
Alternatively, the percentage may be calculated by detormining the number of positions at which
either the identical nucleic acid base or amino acid residue oecurs in both sequences or a nucleic acid
base or amino acid residue is aligned with a gap to yvield the number of matched positions, dividing
the number of matched positions by the total number of positions in the window of comparison and
multiplving the result by 100 to vield the percentage of sequence 1dentity. Those of skill in the art
approciate that there are many cstablished algorithins available to align two scquences. Optimal
alignment of sequences for comparison can be conducted, e.g., by the focal homology algorithm of
Smith and Waterman, 1981, Adv. Appl Math. 2:482, by the homology alignment algorithny of
Needleman and Wunsch, 1970, J. Mol. Biol. 45:443, by the scarch for similarity method of Pearson
and Lipman, 198R, Proc. Natl, Acad. Sc¢i. USA 85:2444, by compuierized tmplementations of these
algorithms {GAP, BESTFIT, FASTA, and TFASTA in the GCG Wisconsin Software Package), or by
visual inspection {see generally, Current Protocols in Molecular Biology, F. M. Ausubel et al., ¢ds.,
Current Protocols, & joint venture between Greene Publishing Associates, Ine. and John Wiley &
Sons, Tnc., (1995 Supplement) (Ausubel}). Examples of algorithans that are suitable for determining
percent sequence 1dentity and sequence stmilarity are the BLAST and BLAST 2.0 algorithms, which
are described in Altschul et al., 1996, J. Mol Biol 213: 403-410 and Altschul et al., 1977, Nucleic
Acids Res, 3389-3402, respectively, Software for performing BLAST analyscs is publicly available
through the National Center for Biotechnology Information website. This algorithm involves first

identifying high scoring sequence pairs {HSPs) by identitying short words of length W in the query
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sequence, which cither match or satisfy some positive-valued threshold score T when aligned with a
word of the same length i a database sequence. T is referred to as, the neighborhood word score
threshold (Altschul et i, supra). These inttial neighborhood word hits act as seeds for initiarting
searches to find longer HSPs contaiming them. The word hits are then extended in both directions
along each sequence for as far as the comulative alignment score can be increased. Cumulative scores
are calculated using, for nucleotide sequences, the parameters M {reward score for a pair of matching
residucs; always >0) and W {penalty score for musmatching residues; always <0}, For amino acid
sequences, a scoring matrix is used o calculate the cumulative score. Extension of the word hits in
each direction are halted when: the cumulative alignment score falls off by the guantity X from ity
maxium achieved valuc; the cumulative score gocs to zero or below, due to the accumulation of one
oF 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 sequences) uses as defaulis s wordlength (W) of 11, an expectation
{E} of 10, M=5, IN=-4, and a comparison of both strands. For amino acid sequences, the BLASTP
program uscs as defaults a wordlength (W) of 3, an expectation (E) of 10, and the BLOSUMGS2
scoring matnix (see Henikoff and Henikoff, 1989, Proc Nat! Acad Sei USA 89:10915). Exemplary
determination of sequence alignment and % sequence identity can employ the BESTFIT or GAP
programs in the GCG Wisconsio Software package (Accelrys, Madison W), using default parameters
provided.

180611 “Reference sequence” refers to 8 defined sequence used as a basis for 8 sequence comparison.
A reference sequence may be a subset of a larger sequence, for example, a segment of a full-length
gene or polypeptide sequence. Generally, a reference sequence is at least 20 nucleotide or amino acid
residucs in length, at least 23 residues in length, at least 50 residues in length, or the full length of the
micleic acid or polypeptide. Since two polyrucieotides or polypeptides may cach (1) comprise &
sequence (i.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 mere} polynucleotides or polypeptide arc typically performed by comparing
sequences of the two polynucleotides or polypeptides over a “comparison window” to identify and
compare local regions of sequence similarity. In some embodiments, a “reference sequence”™ can be
based on a primary aming acid sequence, where the reference sequence is a sequence that can have
one or more changes in the primary sequence. For instance, a “reference sequence based on SEQ 1D
WNO:2 having at the residue corresponding to X34 an alanine” or X34A refers to a reference sequence
n which the corresponding residue at X34 in SEQ ID NO:2Z, which is a threonine, has been changed
to zlanine,

[8662) “Comparison window” refers 10 a conceptual segment of at least about 20 contiguous
nucleotide positions or amino acids residues wherein a sequence may be compared o a reference

sequence of at least 20 contigious nucleotides or amino acids and wherein the portion of the sequence
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in the comparison window may comprise additions or deletions (7.e., gaps) of 20 percent or fess as
compared o the reference sequence for optimal alignment of the two sequences. The comparison
window can be longer than 20 contiguous residues, and includes, optionally 30, 40, 50, 100, or longer
windows.

186631 “Substantial identity” refers {0 a polynuclestide or polypeptide sequence that has at least 80
percent sequence identity, at least 85 percent identity and 39 to 98 percent sequence identity, more
usually at least 99 percent sequence identity as compared to a reference sequence over a comparison
window of at least 20 residue positions, froquently over a window of at least 30-50 rosidues, wherein
the percentage of sequence identity is calculated by comparing the reference sequence {0 a sequence
that includes deletions or additions which total 20 percent or less of the reference sequence over the
window of comparisen. fn specific embodiments applied to polypeptides, the term “substantial
identity” means that two polypeptide sequences, when optimally aligned, such as by the programs
GAP or BESTFIT using defaolt gap weights, share at least 80 percent sequence identity, preforably at
least 89 percent sequence identity, at least 95 percent sequence identity or more {e.g., 99 pereent
sequence identity). Preferably, residue positions which are not identical differ by conservative amino
acid substitutions.

[80864] “Corresponding 107, “reference t0” or “relative to” when used in the context of the numbering
of a given amino acid or polynucieotide sequence refors to the numbering of the residues of a

specified reference sequence when the given amino acid or polynucicotide sequence is comparaed 1o
the reference sequence. In other words, the residue mumber or residue position of a given polymer is
designated with respect to the reference sequence rather than by the actual numerical position of the
residue within the given amine acid or polynucieotide sequence. For example, 8 given amino acid
sequence, such as that of an engineered transaminase, can be aligned to a reference sequence by
mtroducing gaps to optintze residue matches botween the two seguences. In these cases, although the
gaps are present, the numbering of the residue in the given amine acid or polynucieotide sequence is
made with respect to the reference seeuence to which it has been aligned.

18065] “Awmino acid difference” or “residue difference” refors to a change n the amino acid residuc
at a position of a polypeptide sequence relative 1o the amino acid residue at a corresponding position
in a reference sequence. The positions of amine acid differences generally are referred to hercin as
“Xn,” where nrefors to the corresponding position in the reference sequenee upon which the residue
difference is based. For exarople, a “residue difference at position X34 as compared to SEQ 1D NO:
27 vefers to a change of the amino acid residue at the polypeptide position corresponding to position
34 of SEQ 1D NO:2. Thus, if the reference polypeptide of SEQ ID NC: 2 has a threonine at position
34, then a “residue difference at position X34 as compared to SEQ 1D NOG:2” an amine acid
substitution of any residue other than thrconine at the position of the polvpeptide corresponding to
position 34 of SEQ 1D NO: 2. In most instances herein, the specific amino acid restdue difference at a

position is indicated as “XnY” where “Xu” specified the corresponding position as described above,
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and “Y” 1s the single letter identifier of the amino acid found in the engineered polypeptide (V.e., the
different residue than in the reference polypeptide). In some embodiments, where more than one
amino acid can appear in a specified residuc position, the aliernative amino acids can be listed in the
form Xn¥Y/Z, where Y and 7 represent alternate amino acid vesidues. In some instances (e.g., in
Tables 2A and 2B), the present disclosure also provides specific amino acid differences denoted by
the conventional notation “AnB”, where A 1s the single letter identifier of the residue in the reference
sequence, “n” is the number of the residue position 1o the reference sequence, and B is the single letter
identifier of the residue substitution in the sequence of the engineered polypeptide. Furthermore, in
some instances, a polypeptide of the present disclosure can inchide one or more amino acid residue
differences relative 1o & reference sequence, which is indicated by a list of the specified positions
where changes are made relative to the reference sequence.

1886671 “Conservative aming acid substitution” refers to a substitution of a residue with a different
residuc having a similar side cham, and thus typically mvolves substituiion of the amino acid in the
polypeptide with amine acids within the same or similar defined class of aminoe acids. By way of
cxample and not limitation, an amine acid with an aliphatic side chain may be substituted with
another aliphatic amino acid, e.g., alaning, valing, leucing, and isoleucing; an amino acid with
hydroxyl side chain is substituted with another amino acid with a hydroxyl side chain, e.g., sering and
threonine; an amine acid having aromatic side chains is substituted with another amino acid having an
aromatic side chain, e.g., phenylalanine, tyrosing, tryptophan, and histidine; an aming acid witha
bagsic side chain is substituted with another amino acid with a basic side chain, e.g., lysine and
arginine; an amino acid with an acidic side chain is substituted with another aming acid with an acidie
side chain, e.g., aspartic acid or glutemic acid; and a hydrophobic or hydrophilic amino acid is
replaced with another hydrophobic or hvdrophilic amino acid, respectively. Exemplary conservative

substitutions are provided in Table 1 below,

Table §
Residue Possible Conservative Substitutions
ALV, 1 Other aliphatic (A, L, V, D)
Other non-polar (A, L, V. | G, M)
G, M Other non-polar (A, ¥, V. 1, G, M)
D E Other acidic (D, E)
K, R (ther basic (K, R}
N, 3,587 Other polar
HY W,F Ciber aromatic (H, Y, W, F)
C. P hone

[B867] “Non-conservative substitution” refers o substitotion of an amine acid in the polypeptide
with an amino acid with significantly differing side chain properties. Non-conservative substitutions
may use aminoe acids between, rather than within, the defined groups and affects (a) the structure of
the peptide backbone in the area of the substitation (e.g., prohine for glycine), (b) the charge or

hydrophobicity, or (¢} the bulk of the side chain. By way of example and not Emitation, an exemplary

o=
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non-conservative substitution can be an acidic amino acid substituted with a basic or aliphatic amino
acid; an aromatic amino acid substituted with a small aminoe acid; and a hydrophilic amine acid
substituted with a hydrophobic amino acid.

180868] “Deletion” refers to modification to the polypeptide by removal of one or more amino acids
from the reference polypeptide. Deletions can comprise removal of 1 or more amino acids, 2 or more
amino acids, 3 or more aming acids, 10 or more aming acids, 15 or more amino acids, or 20 or more
aming acids, up to 10% of the total munber of amino acids, or up to 20% of the total muuber of amino
acids making up the reference enzyme while retalning enzymatic activity and/or retaining the
improved properties of an enginecred transaminase enzyme. Deletions can be directed to the internal
portions and/or terminal portions of the polypeptide. In various embodiments, the deletion can
comprise a continuous segment or can be discontinuous.

[886%] “Insertion” refers to modification to the polypeptide by addition of one or more amino acids
from the reference polypeptide. In some embodiments, the improved engineered transaminase
enzymes comprise insertions of one of more amino acids 1o the nawrally occurring wansaminase
polypeptide as well as insertions of one or more aming acids to other improved transaminase
polypeptides. msertions can be in the internal portions of the polypeptide, or to the carboxy or amino
terminus. Insertions as used herein include fusion proteins as s known in the art. The insertion can be
a contiguons segment of amino acids or separated by one or more of the amino acids in the reference
polvpeptide.

[86706] “Fragment” as used herein refers to a polypeptide that has an amino-ternuinal and/or carboxy-
termnal deletion, but where the remaiming amino acid sequence is identical to the corresponding
positions in the sequence. Fragments can be at least 14 aming acids long, at least 2{ amino acids
tong, at least 50 amino acids long or Jonger, and up to 70%, 80%, 90%, 95%, 98%, and 99% of the
full-length transaminase polypeptide, for example the reference engineered transaminase polypeptide
of SEQ ID NQ: 2.

[6671] “Isolated polypeptide” refers to a polypeptide which is substantially separated from other
contaminants that naturally accompany i, e.g., protein, lipids, and polynucleotides. The torm
embraces polypeptides which have been removed or purified from their naturally-cocurring
environment of expression system {(e.g., host cell or in vitre synthesis}. The improved transaminase
enzymes may be present within a cell, present in the cellular medium, or prepared in various forms,
such as lysates or isolated preparations, As such, in some embodiments, the improved transaminase
enzyme can be an isolated polypeptide.

[8672] “Sobstantially pure polypeptide” refers fo & composition in which the polypeptide species is
the predominant species present (i.e., on a molar or weight basis, it is more sbundant thas any other
individual macromolecular species in the composition), and 18 gencrally a substantially purified
composition when the obiect species comprises at least about 50 percent of the macromolecular

species present by mole or % weight. Generally, a substantially pure transaminase composition will



CA 02895752 2015-06-18
WO 2014/099730 PCT/US2013/075294

comprise about 60 % or more, about 70% or more, about §0% or more, about 90% or more, about
95% o1 more, and about 98% or more of all macromelecular species by mole or % weight present in
the composition. In some embodiments, the object species is purified 1o cssential homogeneity (ie.,
contaminant species cannot be detected in the composition by conventional detection methods)
wherein the composition consists essentially of a single macromolecular specics. Solvent species,
small molecoles (<800 Daltons), and elemental ion species are not considered macromolecular
specics. In some cmbodimenis, the isolated improved trassaminase polypeptide 15 a substantially pure
polypeptide composition,

[8873] “Stereoselectivity” refers to the preferential formation in a chemical or enzymatic reaction of
one stereoisomer over another. Stercosclectivity can be partial, where the formation of oae
sterenisomer is favored over the other, or it may be complete where only one stereotsomer ts formed.
When the stercotsomers are enanfiomers, the stereoselectivity is referred to as enantiosclectivity, the
fraction {typically reported as a percentage) of one enantiomer in the sum of both. It 18 commonly
alrernazively reported in the art (typically as a percentage) as the enantiomeric excess (e.¢.) calculated
therefrom according fo the formula [major enantiomer — minor enantiomer [/[major enanticmer -+
minor enantiomer]. Where the stereoisomers are diastercoisomers, the stercoselectivity 1s referred to
as diastereoselectivity, the fraction (typically reported as a percentage) of one diastercomer in a
mixture of two diastereomers, commounly alternatively reportad as the diastereomeric excess (d.a.).
Enantiomeric excess and diastercomeric excess are types of storeomeric excess.

{8674] “Highly stercosclective” refers 1o a chemical or enzymatic reaction that is capable of
converting a substrale, e.g., compound (23, to its corresponding chiral amine product, e.g., compound
{1}, with at least about 85% stereomeric ¢xcess.

[8875) “Improved enzyme property” refors to a transaminasc polypeptide that exhibits an
Hrprovement m any enzyine property as comparcd to a reforence transaminase. For the engineored
transaminase polypeptides described herein, the comparison is generally made to the wild-type
transaminase enzyme, although in some embodiments, the reference transaminase can be another
engincerad transanyvase, Enzyme propertics for which improvement is desirable include, but are not
Hmited 1o, enzymatic activity (which can be expressed in terms of percent conversion of the
substrate}, thermo stability, solvent stability, pH activity profile, cofactor requirements, refractoringss
to inhibitors {e.g., substrate or product inhibition}, and stereoselectivity (including enantioselectivity),
[8076] “Increased enzymatic activity™ refers to an improved property of the engineered transaminase
polypeptides, which can be represented by an increased specific activity {e.z., product
produced/time/weight protein)} or an increased percent conversion of the substrate to the product (e.g.,
percent conversion of starting amount of substrate to product in a specified time period using a
specified amount of transaminasc) as coropared to the reference transaminase cnzyme, Excoplary
methods 1o determine enzyme activity are provided in the Examples. Any property relating to enzyme

activity may be affected, including the clagsical enzyme properties of £, V. 01 .y, changes of
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wlich can lead to increased enzymatic activity. Improvements in enzyme activity can be from about
1.2 fold the enzymatic activity of the corresponding wild-type transaminase enzyme, to as much as 2
fold, 5 fold, 10 fold, 20 fold, 25 fold, 50 fold, 75 fold, 100 fold, or more enzymwtic activity than the
natarally occurring transaminase or another engineered transaminase from which the transaminase
polypeptides were derived. Trapsaminase activity can be measured by any one of standard assays,
such as by monitoring changes in specirophotometric properties of reactants or products. In some
embodiments, the amoust of products produced can be meeasured by High-Performance Ligud
Chromatography (HPLC) separation combined with UV absorbance or fluorescent detection
following derivatization, such as with o-phthaldialdehvde (OPA). Comparnisons of enzyme activities
are made using & defined preparation of enzyme, & defined assay under 2 set condition, and one or
more defined substrates, as further described in detail herein, Generally, when lysates are compared,
the mumbers of cells and the amount of protein assayed are determined as well as use of identical
expression systems and identical host cells to muinimize variations in amount of enzyme produgced by
the host cells and present in the fysates,

18677 “Conversion” refers o the enzymatic conversion of the substrate(s) to the corresponding
product(s). “Percent conversion” refers to the percent of the substrate that is converted to the product
within a pericd of time under specified conditions. Thus, the “enzymatic activity” or “activity” of a
transaminase polypeptide can be expressed as “percent conversion” of the substrate to the product.
180781 “Thermostable” refors to a transaminase polypeptide that maintains stmilar activity {more
than 60% to 80% for example) afier exposuse to elevated temperatures {(e.g., 40-80°C) for a period of
tme (e.g., 0.5-24 hrs) compared to the wild-type enzyme.

{86791 “Sclvent stable”™ refers to & transaminase polypeptide that maintains similar activity (more
than e.g., 60% 10 B0%) after exposure to varying concentrations {e.g., 5-99%;) of solvent {ethanol,
sopropy] alcohol, dumethylsulfoxide (DMSQO), tetrahydrofuran, 2-moethyitctrahydrofuran, acetone,
toluene, butyl acetate, methyi tert-butyl ether, etc.) for a period of time (e.2., 0.5-24 hrs) compared to
the wild-type cazyme.

180881 “Thermo- and solvent stable” refors to a transaminase polypeptide that 1s both thermeostable
and solvent stable.

[8681] “Stringent hybridization” is used hercin to refer to conditions under which nucleic acid
hybrids are stable. As known to those of skill in the art, the stability of hybrids is reflected in the
melting temperature (7)) of the hybrids. In general, the stability of a hybrid is 2 function of ion
strength, temperatore, G/C content, and the presence of chaotropic agents. The 7, values for
polynucicotides can be calculated using known methods for predicting melting temperatures {see, e.g.,
Baldino et al,, Methods Enzymology 168:761-777; Bolton et al,, 1962, Proc. Nath. Acad. Sci. USA
48:1390; Bresslaucr ot al., 1986, Proc. Natl. Acad. Sci USA 83:8893-8897; Freier et al,, 1986, Proc.
MNatl, Acad. Scit USA 83:9373-9377, Kierzek ot al., Biochemistry 25:7840-7846; Rychlik ot al,, 1990,

Mucleic Acids Res 18:6409-6412 (arratom, 1991, Nucleic Acids Res 19:698); Sambrook et al., supra);
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Suggs et al,, 1981, In Developmental Biology Using Purified Genes (Brown et al., eds.), pp. 683-693,
Academic Press; and Wetmur, 1991, Crit Rev Biochem Mol Biol 26:227-259.

In some embodiments, the polynucleotide encodes the polypeptide

disclosed herein and hybridizes under defined conditions, such as moderately stringent or highly
stringent conditions, to the complement of a sequence encoding an engineered transaminase enzyme
of the present disclosure.

{0082] “Hybridization stringency” relates to hybridization conditions, such as washing conditions, in
the hybridization of nucleic acids. Generally, hybridization reactions are performed under conditions
ef lower stringency, followed by washes of varying but higher stringency. The term “moderately
stringent hybridization” refers to conditions that permit target-DNA to bind a complementary nucleic
acid that has about 60% identity, preferably about 75% identity, about 85% identity to the target
DNA, with greater than about 90% identity to target-polynucieotide. Exemplary moderately stringent
conditions are conditions equivalent to hybridization in 50% formamide, 5x Denhart's solution,
5xSSPE, 0.2% SDS at 42°C, followed by washing in 0.2%SSPE, 0.2% SDS, at 42°C. “High
stringency hybridization™ refers generally to conditions that are about 10°C or less from the thermal
melting temperature 7, as determined under the solution condition for a defined polynucleotide
sequence. In some embodiments, a high stringency condition refers to conditions that permit
hybridization of only those nucleic acid sequences that form stable hybrids in 0.018M NaCl at 65°C
(i.e., if a hybrid is not stable in 0.018M Na(l at 65°C, it will not be stable under high stringency
conditions, as contemplated herein). High stringency conditions can be provided, for example, by
hybridization in conditions equivalent to 50% formamide, 5% Denhart's solution, 5XSSPE, 0.2% SDS
at 42°C, followed by washing in 0.1xSSPE, and 0.1% SDS at 65°C. Another high stringency
condition is hybridizing in conditions equivalent to hybridizing in 5X SSC containing 0.1% (w:v)
SDS at 65°C and washing in 0.1x SSC containing 0.1% SDS at 65°C. Other high stringency
hybridization conditions, as well as moderately stringent conditions, are deseribed in the references
cited above.

[0683] “Heterologous” polynucleotide refers to any polynucleotide that is introduced into a bost cell
by laboratory techniques, and includes polynucleotides that are removed from a host cell, subjected to
laboratory manipulation, and then reintroduced into a host cell.

[0084] “Codon optimized™ refers to changes in the codons of the pelynucleotide encoding a protein
to those preferentially used in 2 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 is 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
26
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the transaminase enzyines may be codon optimized for optimal production from the host organism
selected for expression.

[8088] “Preferred, optimal, high codon usage bias codons” refers interchangeably to codons that are
ased at mgher frequency in the protein coding regions than other codons that code for the same amino
acid. The preferred codons may be determined in relation te 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 whaose frequency increases with the
fevel 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
preference in specific organisms, including multivariate analysis, for example, using cluster analysis
or correspondence analysis, and the effective number of codons wsed in 2 gene (see GCG
CodonPreference, Genetics Computer Group Wisconsin Package; CodonW, John Peden, University
of Noningham; Mcinerney, J. O, 1998, Bioinformatics 14:372-73; Stenico ¢t al., 1994, Nucleic Acids
Res. 222437-46; Wright, F_, 1990, Gene 87:23-29). Codon usage tables arc available for a growing
fist of orgamisms (see for exampie, Wada et al,, 1992, Nucleic Acids Res, 20:2111-2118; Nakamura et
al., 2000, Nucl. Acids Res. 28:292: Dniret, et al., supra; Henaut and Danchin, “Escherichia coli and
Salmonella,” 1996, Neidhardt, et al. Eds,, ASM Press, Washington D.C., p. 2047-2066. The data
source for obtaining codon usage may rely on any available nucleotide sequence capable of coding for
a protein. These data sets include nucleie acid sequences actually known to encode expressed proteins
{e.g., complete protein coding sequences-CDS), expressed sequence tags (ESTS), or predicted coding
regions of genomic sequences {sec for example, Mount, D, Bioinformatics: Sequence and Genome
Amnalysis, Chapter 8, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NUY ., 2001;
Uberbacher, E. €., 1996, Mcthods Enzymol. 266:259-281; Tiwari ¢t al., 1997, Comput. Appl. Biosci.
13:263-270}.

18086] “Control sequence” s defined herein to inclnde all components, which are necessary or
advantageous for the expression of a pelynucleotide and/or polypeptide of the present disclosure.
Hach control sequence may be native or foreign to the nucleic acid sequence encoding the
polypeptide. Such contrel sequences inchade, but are not limited to, a leader, polvadenylation
sequence, propeptide sequence, promotey, signal peptide sequence, and transcription terminator. At a
minimum, the control sequences include a promoter, and transcriptional and translational stop signals.
The control sequences may be provided with hinkers 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.

18687) “Opcerably linked” 15 defined herein as a configuration in which a control sequence is

appropriately placed (7.e., in a functional relationship) at a position relative 1o a polynucleotide of

-
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interest sach that the control sequence directs or regulates the expression of the polynucleotide and/or
polypeptide of interest.

[#088] “Promoter sequence” refers to 2 nucleic acid sequence that is recognized by a host cell for
expression of a polynucieotide of interest, such as a coding sequence. The promoter sequence contains
transcriptional control sequences, which mediate the expression of a polyoucleotide of interest. The
promoter may be any nucleic acid sequence which shows transcriptional activity in the host cell of
choice including mutast, truncated, and hybrd promuoters, and may be obtained from genes encoding
extraceliular or intracethular polypeptides either homologous or heterologous 1o the host cell

[8888] “Suitable reaction conditions™ refer to those conditions in the bivcatalytic reaction solution
{e.g., ranges of enzyme loading, substrate loading, cofactor loading, temperature, pH, buffers, co-
solvents, ete.) under which a transaminase polypepitde of the present disclosure is capable of

converting a substrale compound to a product compound (e.g., conversion of compound (2} (o

5

4

compovnd (1)), Exemplary “suitable reaction conditions” arg provided in the detailed description and
illustrated by the Examples.

[8698] “Loading”, such as in “compound loading” or “enzyme loading” or “cofactor loading” refers
to the concentration or amount of a component in a reaction muxture at the start of the reaction.
[8091] “Substrate” in the context of a biocatalyst mediated process refers to the compound or
molecule acted on by the biocatalyst. For example, an exemplary substrate for the enginecered
transarminase biocatalysts 1o the process disclosed herein is compound (2).

186921 “Product”™ in the context of a biocatalyst mediated process refers to the compound or molecule
resulting from the action of the biocatalyst. For example, an exemplary product for the engineered
transamingse biocatalysts in the process disclosed herein is compound {1},

[8893] “Hercroalkyl, “heteroatkenyl” and “hercroalkynyl” refer to abkyl, alkenyl and atkynyl as
defined herein in which one or more of the carbon atoms are cach mdependently replaced with the
same or different heteroatoms or heteroatomic groups. Heteroatoms and/or heteroatomic groups
which can replace the carbon atoms include, but are not Hmited 1o, -O-, -8-, -8-0-, -NR"- -PH-, -
S(OY-, -S{0)2-, -S(0) NR-, -S{O),NR-, and the like, including combinations thereof, where each
R’ is independently selected from hydrogen, alkyl, heteroaikyl, cycloalkyl, heterocycloatkyl, arvl,
heteroaryl, and other suitable substituents.

{8094} “Aryl” refers to an unsaturated aromatic carbocyelic group of from 6 to 12 carbon atoms
inclusively having a single ting (e. g, pheavl) or muliple condensed rings {e.g., naphthyl or anthryl).
Exemplary aryls include phenyl, pyvridyl, naphthyl and the like.

[8895) “Arylalkyl” refers o an alkyl substitnted with an aryl, f.e., aryl-alkyl- groups, preferably
having from 1 1o 6 carbon stoms inclusively in the alkyl moeiety and from 6 to 12 carbon atoms
mnclusively in the aryl moiety. Such arvlalkyl groups are excnplified by benzyl, phenethyl and the

fike.
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[8896] “Arylalkeny?” refers to an alkenyl substituted with an aryl, fe., arvl-alkenyl- groups,
preferably having from 2 to 6 carbon atoms inclusively in the alkenyl motety and from 6 to 12 carbon
atoms inclusively in the aryl moiety.

1808971 “Arylalkynyl” refers to an alkynyl substitated with an aryl, i e, aryl-alkynyl- groups,
preferably having from 2 to 6 carbon atoms inclustvely 1n the alkyny!t motety and from 6 to 12 carbon
atoms inclusively in the aryl moiety.

[8898] “Cycloalkyl” refors to cyclic allyl groups of from 3 to 12 carbon atoms mchasively having a
single cyelic ring or multiple condensed rings which can be optionally substituted with from fto 3
alkyl groups. Exemplary cycloalkyl groups include, but are not Himited to, single ring structures such
as cyclopropyl, cyclobutyl, cyclopentyl, cyclooctyl, T-methyleyelopropyl, 2-methyicyclopentyl, 2-
methyleyelooctyl, and the like, or multiple ring structures, including bridged ring systems, such as
adamantvl, and the hke.

186991 “Cycloalkylalkyl” refors to an allyl substituted with a cycloalkyl, i e., cycloalkyl-alkyl-
groups, preferably having from 1 10 6 carbon atoms inclusively in the alkyl moiety and from 3 10 12
carbon atoms inclusively in the cycloalkyl moiety. Such cycloalkylalkyl groups are exemplified by
cyclopropylmethyvl, cvelohexylethy! and the hike.

[8108] “Cycloalkylallienyl” refers to an alkenyl substituted with a cycloalkyl, i e, cycloalicyt -
alkenvl- groups, preferably having from 2 to 6 carbon atomns inclosively in the alkenyl moiety and
from 3 to 12 carbon atorns inclusively in the cyeloalkyl motety.

181611 “Cyeloalkylalkynyl” refers to an alkynyvl substituted with a eycloalkyl, i.e., cvcloalkyl-
alkyayl- groups, preferably having from 2 to 6 carbon atoms inchisively in the alkiynyl moiety and
from 3 t0 12 carbon atoms inclusively in the cycloalkyl moiety.

[8102] “Amino” refers to the group -NH,. Substitured amino refers to the group -NHR", NR"R", and
NR"R'R" | where each R" is independently selected from substituted or unsubstituted alkyl,
cveloalkyl, cyelobetercalkyl, alkoxy, aryl, heteroaryi, heteroarylalkyld, acyi, alcoxyearbonyl, sulfanyl,
sulfinyl, suifonyi, and the like. Typical amino groups inchude, but are funited to, dimethylamine,
diethvlamino, trimethylammonivum, tricthylemmontum, methyvlysolfonylamine, furanyl-oxy-
sulfaming, and the Hike,

[8183] “Alkylamine” refers to a —NHR® group, where R* is an alkyl, an N-oxide derivative, ora
protected derivative thereod, ez, methylamine, ethvlaming, n-propylamine, iso-propylamine, n-
butylamine, iso-butylamino, tert-butylamino, or methylamino-N-oxide, and the like.

[8164] “Arylamino” refers to -NHR", where R" is an aryl group, which can be optionally substituted.
[8105] “Heteroarylaming” refers to -NHRZ where R® is a beteroaryl group, which can be optionally
substituted.

[8186] “Aminoalkyl” refers to an atkyl group in which one or more of the hydrogen atoms is

replaced with an amine group, including a substituted amine group.
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[8107] “Oxo” refers to =0

{8108] “Oxy” refers to a divalent group -O-, which may have various substituents to form different
oxy groups, including cthers and esters,

[6108] “Alkoxy” or “alkyloxy” are used irterchangeably herein to refer to the group ~OR", wherein
R is an alkyl group, including optionally substitated alkyl groups as also defined herein.

B118] “Arylony” refers to —OR" groups, where R" is an aryl group, which can be optionally
substituted,

{81311 “Hoteroarvloxy” refers to -OR®, where R%1s a heteroaryl group, which can be optionally
substituted.

181821 “Carboxy” refers to -COOH.

18133] “Carboxyallky!l” refers to an alkyl substituted with s carboxy group.

[8114] “Carbonyl” refers to -C{O)~, which may have a variety of substituents 1o form different
carbonyl groups mchiding acids, acid halides, aldehydes, amides, esters, and ketones.

[8118] “Alkylearbonyl” refers to ~C(O)R", where R>is an alkyl group. which can be optionally
substituted.

[8116] “Arylearbonyl” refers to ~C{OR”", where R™ is an aryl group, which can be optionally
substituted.

[8117] “Heteroarylearbonyl!” refers to —~C{OWR™ where R s a heteroaryl group, which can be
optionally substituted.

181181 “Alkyvloxvearbonyl” refers to -C{OYOR", where R is an alkyl group, which can be optionally
substituted.

[8119] “Aryloxycarbonyl” refers to -C(OYOR", where R” s an aryl group, which can be optionally
substituted.

[8128] “Heteroaryloxycarbonyl” refers to -C(OOR®, where R is a heteroaryl group, which can be
optionaily substituted.

[#121] “Arvialkyloxycarbonyl” refers to -C{OYOR", where R” is an aryl-alkyl- group, which can be
optionaily substituted.

(81221 “Alkyicarbonyloxy” refers to —OU{O)-R®, where R is an alky! groap, which can be optionally
substituted,

{81231 “Arvicarbonvioxy” refers to ~OC(OIR", where R is an aryl group, which can be optionally
substituted.

[6124] “Heteroarylalkyloxycarbonyl” refers to -C{QIOR", where R” is & heteroarylalkyl group,
which can be optionally subsututed.

[8135] “Heteroarylcarbonyloxy” refers to ~OC{O)R", where R is an heteroaryl group, which can be

optionaily substituted.
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[8126] “Aminocarbonyl” refers to -C{OINH,. Substituted aminocarbonyl refers to ~C(ONRRY,
where the amino group NRR™ s as defined herein.

181271 “Aminocarbonylalkyl” refers to an alkyl substituted with an aminocarbony! group.

[#128] “Halogen” or “halo” refers to fhuoro, chlorg, brome and iodo.

[8129] “Haloalkyl” refers to an alkyl group substituted with one or more halogen. Thus, the term
“haloalkyvl” is meant to include monohaloalkyls, dihaloalkyls, trihaloalkyls, ete. up to perhaloalkyls,
For example, the expression ™(Cy ) haloalkyl” includes {-Thioromethyl, diflucromethyl,
mfluoromethyt, 1-fluorcethyl, 1,1-diffuoroethyl, 1,2-dflucroethyl, 1,1,1 uifloorosthyl,
perfluorocthvl, cic.

(8138] “Hvdroxy” refers to -OH.

{8131 “Hydroxyallyl” refers to an alkyl substituted with one or more hydroxy group.

18132] “Cyano” refers to -CN,

18133] “Nitro” refers to ~NO».

[8134] “Thio” or “sulfanyl” refers to ~SH. Substituted thio or sulfanyl refers to —S-RY, where R is an

alkeyl, aryl or other suitable substituent.

{8138] “Alkylthio” refers to —SR®, where R® is an alkyl, which can be optionally substituted. Typical
alkyithio group include, but are not Limited to, methyhino, ethylthio, n propylthio, and the ike.
[8136] “Arylthio” refers to ~-SR”, where R" is an aryl, which can be optionally substituted. Typical
arvithio groups include, but are not limited to, phenylihio, {(d-methylphenylithio, pyridinylthio, and
the hike.

[8137] “Heteroarylthio” refers to -SR”, where R% s a heteroaryl, which can be optionally substituted.
[8138] “Sulfonyl” refers 1o —80;-. Substituted sulfonyl refors to —SO.-R, where R" is an alkyl, aryl
ot other suitable substituent.

{8139] “Alkyisutfonyl” refers to —SO,-R", where R" is an alkyl, which can be optionally substituted.
Typical alkyisulfony! groups inclade, but are not himited to, methylsulfonyl, ethylsulfonyl, n-
propylsulfonyl, and the like,

[8148] “Arysulfonyl” refers to ~30,-R", where R" is an aryl, which can be optionally substitaied.
Typical arvlsuifony! growps include, but are not limited to, phenylsaifonyl, (4-methylphenvisulfonyl,
pyridinylsulfonyl, and the like.

[8141] “Heteroarylsulfonyl” refers to -SO,-R°, where R” is a heteroaryl group, which can be
optionally substituted.

[8142] “Sulfinyl” refers to —SO-. Substituted sulfinyl refers to —SO-R”, where R™ is an alkyl, aryl or
other suttable substituent,

[8143] “Alkylsulfinyl” refors to ~SO-R", where R" is an alkyl, which can be optionally substituted.
Typical alkvisulfinyl groups include, but are not Hmited to, methylsullinyd, ethylsulfinyl, n-

propylsuifinyl, and the hike.

Lsd
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[8144] “Arysulfinyl” refers o ~SO-R*, where R” is an arvl, which can be optionally substituted.
Typical arylsuifinyl groups include, but are not iimited to, phenylsuifinyl, {(4-methylphenysubfinyl,
pyridinylsulfinyl, and the fike,

[(145] “Heteroarvlsulfiny!” refers to -SO-R”, where R%is a heteroaryl group, which can be optionally
substituted.

18146] “Alkylanunosulfonylatky!” refors to an alkyl substituted with analkyl-NH-8O0»- group.
183471 “Arylsuifonyialkyl” refers to an alliyl substituted with an arvE-50,- group.

[8148] “Heteroaryisulfonylalkyl” refers to an alkyl substituted with a heteroaryl-SO,- group.

[8149] “Aminosulfonyl” refers 1o -SONH,. Substituted aminosalfonyt refers to -SO,NRR®, where
the amino group -NR"R" is as defined herein.

{8158] “Heteroaryl” refers 1o an aromatic heterocyelic group of from 1 to 1 carbon atoms
inclusively and 1 1o 4 heteroatoms inclusively selected from oxygen, nitrogen and sulfur within the
ring. Such heteroaryl groups can have a single ring {e.g., pyridyl or furyl) or multiple condensed rings
{e.g., indohizinyl or benzothienyl).

[8151] “Heteroarylalkyl” refors 1o an alkyl substituted with a heteroaryl, i.e., heteroaryl-alkyl-
aroups, preferably having from 1 to 6 carbon atoms nclusively in the alkyl moiety and from 5 10 12
ring atoms inclusively in the heteroarvl moiety. Such heteroarylalkyl groups are sxemplified by
pyridyhmethyt and the like.

[8152] “Hetcroarvialkenyl” refers to an alkenyl substituted with a heteroaryl, i.e., heteroaryl-alkenyl-
groups, preferably having from 2 to 6 carbon atoms inclusively in the alkeoyl moiety and from 510 12
ring atoms inclusively in the heteroaryl moicty.

[8#153] “Heteroarylatkynyl” refors to an alkynyl substituted with a heteroaryl, i.e., hetervaryl-alkynyl-
groups, preferably having from 2 to 6 carbon atoms inchusively inn the alkkyny! moiety and from 310 12
ring atoans isclusively in the hoteroarylt moiety.

181541 “Heterocyele”, “heterocyclic” and interchangeably “heterocycloalkyl” refer to a saturated or
unsaturated group having a single ring or mueltiple condensed rings, from 2 to 10 carbon ring atoms
inclusively and from 1 10 4 hetero ring atoms inclusively selected from niirogen, sulfur or oxygen
within the ring. Such heterocyclic groups can have & single ring {e.g., piperidinyl o tetrahydrofuryl}
ot multiple condensed rings (e.g., indolinyl, dihydrobenzofuran or quinuclidinyl). Examples of
heterocycles include, but are not Hmited to, furan, thiophene, thiazole, oxazole, pyrrole, imidazole,
pyrazele, pyridine, pyrazine, pyrimidine, pyridazine, indolizine, isoindole, indole, indazole, purine,
quinolizine, isoquincling, quinoline, phthalazine, naphthylpyridine, quinoxaline, quinazoling,
cinnoling, pteridine, carbarole, carboline, phenanthridine, acriding, phenanthroling, isothiazole,
phenazine, isoxazole, phenoxazine, phenothiazine, imidazolidine, imidazoline, piperiding, piperazine,

pyrrolidine, indeline and the like.

(]
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[8155] “Heterocycloatkylalkyl” refers to an alkyl substituted with a heterocycloalkyl, i.e.,
heterocycloalkyi-alkyl- groups, preferably having from 1 to 6 carbon atoms inclusively in the alkyl
moiety and from 3 to 12 ring atoms inclusively in the heterocycloalkyl moiety.
[0156] “Heterocycloalkylalkenyl” refers to an alkeny! substituted with a heterocycloalkyl, ie.,
heterocycloalkyl-alkenyl- groups, preferably having from 2 to 6 carbon atoms inclusively in the
allienyl moiety and from 3 to 12 ring atoms inclusively in the heterocycloalkyl moiety.
{8157] “Heterocycloalkylalkynyl” refers to an alkynyl substituted with a heterocycloalkyl, ie.,
heterocycloalkyl-alkynyl- groups, preferably having from 2 to 6 carbon atoms inclusively in the
alkynyl moiety and from 3 to 12 ring atoms inchusively in the heterocycloalkyl moiety.
{0158] “Leaving group” generally refers to any atom or moiety that is capable of being displaced by
another atom or moeiety in a chemical reaction. More specifically, a leaving group refers 1o an atom or
moiety that is readily displaced and substituted by a nucleophile (e.z., an amine, a thiol, an alcohol, or
cyanide). Such leaving groups are well known and include carboxylates, N-hydroxysuccinimide
("NHS"), N-hydroxybenzotriazole, a halogen (fluorine, chlorine, bromine, ot iodine), and alkyloxy
groups. Non-limiting characteristics and examples of leaving groups can be found, for exaniple in
Organic Chemistry, 2d ed., Francis Carey (1992), pages 328-331; Introdaction to Organic Chemisiry,
2d ed., Andrew Streitwieser and Clayton Heathcock (1981), pages 169-171; and Organic Chemistry,
5th Ed., John McMurry, Brooks/Cole Publishing (2000), pages 398 and 408.
{8159] Unless otherwise specified, positions occapied by hydrogen in the foregoing groups can be
further substituted with substituents exemplified by, but not limited to, hydroxy, oxo, nitro, methoxy,
ethoxy, alkoxy, substituted alkoxy, trifluoromethoxy, haloalkoxy, fluoro, chlore, bromo, iodo, halo,
methyl, ethyl, propyl, butyl, alkyl, alkenyl, alkynyl, substituted alkyl, trifluoromethyl, haloalkyl,
hydroxyalkyl, atkoxyalkyl, thio, alkylthio, acyl, carboxy, alkoxycarbonyl, carboxamido, substituted
carboxamido, alkylsulfonyl, alkylsulfinyl, alkylsulfonylamino, sulfonamido, substituted sulfonamido,
cyano, amino, substituted amino, alkylamino, dialkylamino, aminoalkyl, acylamine, amidino,
amidoximo, hiydroxamoyl, phenyl, aryl, substituted aryl, aryloxy, arylalkyl, arylalkenyl, arylalkynyl,
pyridyl, imidazolyl, heteroaryl, substituted heteroaryl, heteroaryloxy, heteroarylalkyl,
hetercarylalkenyl, heteroarylalkynyl, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloalkyl,
cycloalkenyl, cycloalkylalkyl, substituted cycloalkyl, cycloalkyloxy, pyrrolidinyl, piperidinyl,
morpholino, heterocycle, (heterocycle)oxy, and (heterocyele)alkyl; and preferred heteroators are
oxygen, nitrogen, and sulfur. It is understood that where open valences exist on these substituents they
can be further substituted with alkyl, cycloalkyl, aryl, hetercaryl, and/or heterocycle groups, that
where these open valences exist on carbon they can be further substituted by halogen and by oXygen-,
nitrogen-, or sulfur-bonded substituents, and where multiple such open valences exist, these groups
can be joined to form a ring, either by direct formation of a bond or by formation of bonds to a new
eteroatom, preferably oxygen, nitrogen, or sulfur. It is further understood that the above substitutions
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can be made provided that replacing the hvdrogen with the substituent does not introdace
unacceptable instability 1o the molecules of the present disclosure, and is otherwise chomically
reasonable,
18168] “Optional” or “optionally”™ means that the subsequently described event or circamstance may
or may not occur, and that the description mcludes nstances where the event or circumstance occurs
and instances in which it does not. One of ordinary skill in the art would understand that with respect
to any molecule described s containing one or more optiosal substituents, only sterically practical
and/or synthetically feasible compounds are meant to be mcluded. “Optionally substituted” refors to
all subsequent modifiers in a term or series of chemical groups. For example, in the term "optionally
substitited arylalkyl, the “allyl” portion and the “aryl™ portion of the molecuie may or may not be
substituted, and for the series “optionally substituted alkyl, cycloalkyl, aryl and heteroaryl,” the alkyl,
cycloalkyl, arvl, and hetercaryl groups, independently of the others, may or may not be substituted.
181611 “Protecting group” refers to a group of atoms that mask, reduce or prevent the reactivity of
the functional group when attached 10 a reactive functional group in a molecule, Typically, a
protecting group may be selectively removed as desired during the course of a synthesis. Examples of
protecting groups can be found im Wuts and Greene, “Greene’s Protective Groups in Orgamic
Synthesis,” 4™ Ed., Wiley Interscience (2006), and Harrison et al, Compendium of Synthetic Organic
Methods, Vols. 1-8, 1971-1996, JTohn Wiley & Sons, NY. Fanctional groups that cap have a
protecting group include, but are not iimited to, hydroxy, amino, and carboxy groups. Represeniative
amino protecting groups mclude, but are not lmited to, formyl, aceiyl, tifhuoroacetyl, benzyl,
benzyloxyearbonyl (“CBZ™), tert-butoxyearbonyl (“Boc”), tnimethylsilyl ("TMS”), 2-trimethylsilyl-
cthanesulfonyl (“SES”), tritvl and substituted trityl groups, allvloxycarbouyl, 8-
fluorenyimethyloxycarbonyl (“FMOC™), nttro-veratryloxycarbonyt ('NVOC™) and the like.
(81621 “Polvol” as used herein refers to compounds contaming vwltiple hyvdroxy groups. In refercoce
to polymers, polyol fncludes pelymers with hydroxy! functional groups. Exemplary polymeric polyols
inciude, by way of example and not imitation, polyethers and polyesters, e.g., polyethylene glycol,
polvpropyiene glveol, poly{tetramethylence) glycol and polytetrahydrofuran,

5.3 Engineered Transaminase Polypeptides
18#163] The present disclostre provides engincered polypeptides having transaminase activity,
polynucleotides encoding the polypeptides, and methods for using the polvpeptides. Where the
foregeing description relates to polypeptides, it is fo be vnderstood that it also describes the
pobynucieotides encoding the polypeptides.
{8164} Transaminases, also known as aminotransforases, catalyze the transfer of an amine group
from a primary amine of an amino donot substrate to the carbonyl group {e.g., a keto or aldchyde
group) of an amino acceptor molecule. Transaminases have been identified from a variety of

¥

microorganisms including but not limited to Alcaligenes denitrificans, Bordetella bronchiseptica,
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Bordetella parapertussis, Brucella melitensis, Burkholderia malle, Burkholderia pseudomallei,
Chromobacterium violaceum, Oceanicola granulosus HTCC2516, Oceanobacter sp. REDGS5,
Oceanospirillum sp. MED92, Pseudomonas putida, Ralstoria solanacearum, Rhizobium meliloti,
Rhizobiwm sp. (strain NGR234), Bacillus thuringensis, Klebsiella pneumoniae and Vibrio fluvialis
(see e.g.. Shin et al., 2001, Biosci. Biotechnol, Biochem. 65:1782-1788).
[0165] Transaminases are useful for the chiral resolution of racemic amines by exploiting the ability
of the transaminases to carry out the reaction in a stercospecific manner, i.e., preferential conversion
of one enantiomer to the corresponding ketone, thereby resulting in 2 mixture enriched in the other
enantiomer (see, e.g., Koselewski et al,, 2009, Org Lett. 11(21):4810-2). The stereoselectivity of
transaminascs in the conversion of a ketone to the corresponding amine also make these enzymes
useful in the asymmetric synthesis of optically purc amines from the corresponding keto compounds
(see, e.g., Hohne et al., “Biocatalytic Routes to Optically Active Amines,” Chem Cat Chem 1(1):42 —
51; Zua and Hua, 2009, Biotechnol I. 4(10):1420-31).
[8166] The wild-type w-transaminasc from Vibrio fluvialis o-VfT displays high enantioselectivity for
(S)-enantiomers of certain chiral amines and has substrate specificity for chiral aromatic amines (see
e.g., Shin and Kim, 2002, J. Org. Chem. 67:2848-2853). The high enantioselectivity of ©-V#T has
been applied to chiral resolution of amines (see e.g,, Yun, et al., 2004, Biotechnol. Bioeng,. 87:772~
778; Shin and Kim, 1997, Biotechnol. Biceng. 55:348-358; M. Hchne, et al,, 2008, Adv. Synth. Catal.
350:802-807). The w- /T transaminase has also been used in the asymmetric synihesis of optically
pure amines using a prochiral ketone substrate. However, the use of this transaminase in asymmetric
synthesis of chiral amines is limited by the unfavorable equilibrium of the reverse reaction (see e.g.,
Shin and Kim, 1999, Biotechnol. Bioeng. 65, 206-211); inhibition of by the chiral amine product (see
e.g., Shin et al,, 2001, Biotechnol Biceng 73:179—187; Yun and Kim, 2008, Biosci. Biotechnol.
Biochem. 72(11):3030-3033); low activity on amine acceptors having bulky side chains, such as
aromatic groups (see e.g., Shin and Kim, 2002, J. Org. Chem. 67:2848-2853); and low enzyme
stability (sce e.g., Yun and Kim, supra).
{#167] Variant transaminases derived from the o-¥//T transaminase of Vibrio fluvialis have been
reported that have increased resistance to aliphatic ketones (see e.g,, Yun et al., 2005, Appl Environ
Micriobiol. 71(8):4220-4224) and broadened amino donor substrate specificity (see e.g.. Cho et al.,
2008, Biotechnol Bioeng. 99(2):275-84). Patent publications W02010081053 and US201002099%1
describe engineered transaminases derived
from «-¥/T that have improved properties for use in synthesis of chiral amine compounds including
increased stability to temperature and/or organic solvent, and increased enzymatic activity towards
structurally different amino acceptor molecules. Patent publication W02011159910
describes engineered transaminases derived from - /7T that are
optimized for the enantioselective conversion of the substrate 3’-hydroxyacetophenone to the product
(8)-3-(1-aminoethyl)-phenol.
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[8168] The present disclosure relates to enginecred transaminase polypeptides devived from the

previously engineered transaminases disclosed in patent publication WO2010081053. The engineered
transaminases of the present disclosure have been engineered with anvino acid residue substitutions
that allow for conversion of particularly large amine acceptor compound substrates to the
corresponding chiral amine compoumd products.

[8169] Significantly, the present disclosure identifies amino acid residue positions and corresponding
aming ackd residue substitutions 1o the enginecred transaminase polypeptide that can increase the
enzymatic activity, cnantiosslectivity, stability, and refractoriness to product inhibition, with these
particudarly large amine acceptor substrates.

[8178] The idemtification of the specific residue positions and substitutions in the engineered
transaminase polypeptides of the present disclosure by engineering through directed evolution
methods using strvcture-based rational sequence Hbrary design with screening for improved
fonctional propertics using an activity assay based on the conversion of the prochiral ketone group of
an cxemplary large substrate amine acceptor of compound 1o its corresponding chiral amine product.
Specifically, the conversion of the ketone of the cyclopamine analog compound of compound {2} fo

the corresponding chiral ammme compound of compound (1), as shown m Scheme 3.

Scheme 3

R

18#171] The enginecred transaminase polypeptides of the present disclosure were evolved 1o

efficiently convert the ketone of the exemplary substrate compound (2} to the corresponding chiral
amine of the exemplary product compound (1}, in the presence of an amino donor under suitable
reaction conditions, and in diasteriomeric excess (V.e., in excess of other diastersomers having the
opposite cnantiomer at the chiral amine center).

[8172] The specific structural features and structure-fonction correlating information of the
enginecred transaminase polypeptides of the present diselosure also allows for engineered
transaminase polypeptides to carry out the conversion of large prochiral ketone substrate compounds,
other than compound {23, to the chiral aminge compounds, other than compound (§). In some
embodiments, the engineered transaminase polypeptides of the present disclosure are capable of

converting large prochiral ketone substrate compounds which are structural analogs of compound (2),
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to the corresponding chiral aming product compounds which are stractural analogs of compound (1)
The range of farge ketone substrate structurel analog conpounds capable of undergoing catalytic
conversion using the engincered transaminase polypeptides provided by the present disclosure is
ustrated by the conversion of compoumd of Formula (Y1) to the compound of Formuda {8} shown in

Scheme 4.

Scheme 4

H NS

(1

18173] Asshown in Scheme 4, the large substrate ketone compound of Forouila (813 has a structure
comprising four rings with the prochiral ketone group that is converted to a chiral amine located at
position 1 of ring A. Rings A and B are 6-membered carbocyelic rings optionally substitited
independently at one or more of positions 2-10; ring C 18 a 5- or f-membered carboeyelic ring (l.e, m
= or 1), optionally substituted at posttion 11; and ring D is a 3-, 6-, or 7-membered carbocyclic ving
{ie, n=0 1, or 2), optionally substituted independently at positions 14, 15, and 6. The structural
features of the engincered transaminase polypeptides of the disclosure are capable of accommodating
substrates compounds of Formula (11 that have large groups substituted at positions 14, 15, and 16 of
ring D while maintaining activity in the stercosclective conversion of the ketone at position 1 of ring
A of the compound of Formula (11} to a chiral amine. Without being bound by theory, the structure of
the engineered tramsuiuinase polypoptides of the disclosure aflows large groups substituted at
positions 14, 15, and 16 of ring D to extend into the solvent surrounding the cnzyme, while
maintaining the ketone at the 1 position of ring A i the appropriate position of the active site for
stereosciective transamination. Additionally, the binding pocket of the engincered transaminase
polypeptides of the present disclosure allows for substitutions of smaller groups at certain positions on
rings A, B, and C (as described further below), while mainaining activity o the stereoselective
conversion of the ketone at position 1 of ring A of the compound of Formula {§1) to a chiral amine.
1#174] In some embodimenis, the engineered transaminase polypeptides of the disclosure are capable
of converting the ketone substrate compounds of Formula (1} to the corresponding chirsl amine
compounds of Formula (§} whercin rings A-D of the compounds can be substituted as follows:
between positions 2 and 3 and/or positions 5 and 6, and/or optionally substituted independently

positions 2, 3,4, 5 and 6 with a group selected from halo, hydroxy, and methyl;

Lod
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Ring B is a 6-membered carbocyclic ring, optionally including an unsaturated C-C bond
between positions 5 and 10, snd/or optionally substituted independently at one or more of positions 9
and 10 with a group selected trom halo, hydroxy, and methyl

Ring € is a 5- or 6-membered carbocyelic ring (e, m= 0 or 1}, optionally substitated at
position 10 with a group selected from halo, hydroxy, methyl, ethyl, and carbonyl;

Ring B is a 5-, 6-, or T-membered carbocyclic ring (Ze., n =0, 1, or 2}, optionally including 1,
2, or 3 unsaturated C-C bonds, and/or optionally substituted independently as follows:

at position 14 with a group selected from halo, hydroxy, amino, cathoxy, cyano, nitro,
thio, straight-chain or branched (C,-Cijalkyl, straight-chain or branched (C,-C,yalkenyl, straight-chain
ot branched (O -Calallvlaminoe, and evclopropyl bridging to position 12;

at position 15 or position 16 with a group selected from hale, hydroxy, aming,
carboxy, cyano, nitro, thio, optionatly sabstitoted (O -Cglalkyl, hydroxy(C-Cylalkyl, optionally
substituted{C-Ceralkyloxy, optionally substituted (C,-Celalkylamino, optionally substituted (Cy-
Ceyttallcylamino, optionally substityted (C,-Cyjalkylthio, optionally substituted (C,-Ceralkyvisulfonyl,
optionally substituted (C-Celablcylsulfinyl, carboxy({C-Cylalkyl, (C)-Cylalkyloxyearbonyl, (C)-
Cealkyicarbonyloxy, optionally substituted aminccarbonyl, aminocarbonvi{C,-Cgjalkyl, optionally
substitited cveloalkyl, optionally substituted heterocycloalkyl, optionally substitated aryl, optionally
substituted heteroaryl, optionally substituted arvioxy, optionally substimited arylamino, optionally
substituted arylthio, optionally substituted arylsubfonyl, optionally substituted arvisulfinyl, optionally
substitpted aryloxycarbonyl, optionally substituied arvicarbonyioxy, optionally substituted
heteroaryloxy, optionally substituted heteroarylamino, optionally substituted heteroarylihio,
optionally substituted hetercarylsulfonyl, optionally substituted hetercaryisulfinyl, optionally
substituted heteroaryloxycarbonyl, optionally substituied heteroarylcarbounyvioxy,
allkviaminosultony {Ci-Coalkyl, arvisulfonyl(Ci-Caalkyd, and heteroaryvisulfonyl{Ci-Coalkyl.
[8178] In some embodiments, the engineered transaminase polypeptides of the disclosure are capable
of converting ketone substrate compounds of Fornuida (81} that are cyclopamine analog compounds
such as the compounds of Formula (Ha), wherein Ring € 15 a S-moembered carbocyclic ring,
optionally substinuted at position 11, and Ring 1 is a 7-membered carboceyelic ring substituted at
position 16, which can be converted to the chiral amine product of Fornmia (§a) as shown in Scheme

5:
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{Ia}

{Iia}

wherein

Rings A and B comprise one of the following:
(2} an unsatarated C-C bond between positions 5 and 6;
{(b) an unsaturated C-C bond between positions § and 10;
(¢} a hydrogen at position 5 ¢is to the methyl group at position 4; or
() g hydrogen at position 5 rrans 1o the methy] group at position 4,

Ring D comprises an unsatorated C-C bond between positions 12 and 14;

R’ is selected from hydrogen, halo, hydroxy, methyl, ethyl, and carbonyl;

R’ is selected from hydrogen, halo, hydroxy, aming, carboxy, cyano, nitro, thio, straight-chain
or branched {C-Cyalkyl, straight-chain or branched (C-Cy)alkenyl, and straight-chain or branched
{C-Cqalkylamino; and

R’ is selected from hydrogen, halo, hydroxy, amino, carboxy, cyano, nitro, thio, optionally
substituted {(C,-Cglalkyl, hydroxy(Ci-Celalkyl, optionally substituted{C,-Cylalkyloxy, optionally
substituted {C;-Cyalkylamine, optionally substitated {(C.-Cg)dialkylamino, optionally substituted (Cy-
Ceorallyithio, optionally substituted (O -Calkylsulfonyl, optionaily sabstituted (C-Cylalkvisulfingd,
carboxy{C -Caalkyl, (T -Cailalkyloxyearbonyl, {C-Calalkylcarbonyloxy, optionally sgbstitated
aminocarbonyl, and aminocarbonyl{C,-Cgalkyl,

[8176] In some embodiments, the engincered transaminasce polypeptides of the disclosure are capable
of converting ketone substrate compounds of Formula (E1) that are cyclopamine analog compounds

such as the compounds of Fornwla (1), wherein Ring C is S-membered carbocyclic ring and Ring D
is a b-membered carbocvelic ring, which can be converted to the chiral amine product of Formuila (b}

as shown in Scheme 6:

Schemie 6
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(11b) (ib)

wherein

Rings A and B comprise one of the following:
{a) an unsaturated C-C bond between positions 5 and 6;
{b) an unsaturated C-C bond between positions 5 and 10;
¢} a hydrogen at position 5 cis to the methyl group at position 4; or
{D) a hydrogen at position 3 trans to the methyl group at posttion 4,

Ring D comprises an unsaturated C-C bond between positions 12 and 14, or a bridging
cvclopropyl between positions 12 and 14;

R’ i3 selected from hydrogen, halo, hydroxy, methyl, ethyl, and carbonyl;

R’ is selected from hydrogen, halo, hydroxy, amine, carboxy, cyano, nitro, thio, straighi-chain
or branched {(C,-Cylalkyl, straight-chain or branched (C-C.alkenyl, and straight-chain or branched
(C-Csalkviaming; and

R’ is selected from hydrogen, hulo, hydroxy, amine, carhoxy, cyano, nitro, thio, optionally
substituted (Ci-Cglalkyl, hydroxy(C,-Cglalkyl, optionally sabatituted(C,-Colalkyloxy, optionally
substituted (C,-Cslalkyiamine, optionally substitted {C,-Cgidialkylamino, optionally substituted (C;-
Cemlkyithio, optionally substituted (C-Cglalkylsulfonyl, optionaily substituted (C-Cglalkyisulfinyl,
carboxy(C,-Coalkyl, (Ci-Colalkyloxycarbonyl, {Ci-Colalkylcarbonyloxy, optionally substinuted
amnocarbonyl, and aminocarbonyl(C,-Cgalkyl.

[8177) In some cmbodiments, the engincered transaminase polypeptides of the disclosure are capable
of converting ketone substrate compounds of Formula (1) that are veratramine analog compounds

such as the compounds of Formula (Ei¢), wherein Ring C is 3-membered carboceyelic ring and Ring D
is a G-membered carbocyelic ring, which can be converted io the chiral amine product of Formula (Ic)

as shown in Scheme 7:

Scheme 7

40
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(¥ic) (o)

wherein

Rings A and B comprise one of the following:
(2} an unsaturated C-C bond between positions 5 amd 6;
{b) an unsaturated C-C bond between positions 5 and 10;
{c} a hydrogen at position 5 cis to the methyl group at position 4; or
{d) a hydrogen at position 5 frans to the methyl group at position 4;

Ring 1} is aromatic;

R’ is selected from hydrogen, halo, hydroxy, methyl, ethyl, and carbonyl;

R7 is selected from hydrogen, halo, hydroxy, amino, carboxy, cyano, nitro, thio, straight-chain
or branched (C,-C alkyl, straight-chain or branched (C,-Cyjalkenyl, and straight-chain or branched
{C-Cyralkylamino; and

R’ is selected from hydrogen, halo, bydroxy, amine, carboxy, cyano, nitro, thio, optionally
substituted (C-Caralkyl, hydmoxy(Ci-Colalloyl, optionally substitute{C-Caralkyloxy, optionally
substituted {(Ci-Celalkylamine, optionally substituted (C,-Cy)dialkylamine, optionally substituted (-
Coralkyithio, optionally substituted (C,-Cslalkylsulfonyl, optionally substituted {(C,-Caalkylsulfinyl,
carboxy(C-Cepalkyl, (C;-Celalkyloxyearbonyl, (C~-Celalkylcarbonyioxy, optionally substituted
aminocarbonyl, and aminocarbonyl{;-Cg)alkyl.

{8178} In some embodiments, In some ormbodiments, the engineered transaminase polypoptides of
the disclosure are capable of converting ketone substrate compounds of Fermula (1) that are steroid
analog compounds such as the compouads of Formula (Fid}, wherein Ring C is 6-membered

carbocychic ring and Ring D is a S-membered carbocyclic ring, which can be converted to the chiral

amine product of Formula {Id) as shown in Schenie §:

Scheme 8

41
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H N

(Fia)

wherein

Ring A comprises an unsatorated C-C bond between positions 2 and 3, or positions 5 and 6;

R' and R” are selected independently from hydrogen, halo, hydroxy, aming, carboxy, cvano,
nitro, thio, optionally substitated (C-Cglalkyl, hydroxy(Ci-Cgalkyl, optionally substiuted(C-
Ceralkyioxy, optionally substituted (C)-Cglalkylamine, optionally substituted {(C-Cg)dialkylamino,
optionally substituted (C-Cqlalkylthio, optionally substituted (C-Cgalkylsulfonyl, optionally
substituted (C;-Coalkylsulfiny, carbony(C-Coalkyl, (C-Caalkyloxyearbonyt, (C.-
Cellyicarbonyloxy, optionally substituted aminccarbonyl, aminocarbonvi{C,-Cglalkyl, optionally
substituted cyeloalkyl, optionally substituted heterocyeloalkyl, optionally substituted aryl, optionally
substitited heteroaryl, optionally substituted arvioxy, optionally substinited arylamino, optionally
substituted arylthio, optionally substituted arylsutfonyi, optionally substituied arvisulfinyi, optionally
substituted aryloxycarbonyl, optionally substituted arvlearbonyloxy, optionally substituted
heteroaryloxy, optionally substituted heteroarylamino, optionally substituted heteroarylihio,
optionally substituted heteroarylsulfonyi, optionally substituted hetercarylsulfinyl, opticnally
substituted heteroaryloxycarbonyl, optionally substituted heteroarylcarbonyloxy,

alkylamimosulfonyl{C-Ce)alkyl, arylaulfonyl{C)-Ceialiyl, and hetervaryisulfonyl{ C,-Celalkyl;

R°, RY, and R’ are selected independently from hydrogen, halo, hydroxy, amino, carboxy,
cyano, nitro, thio, straighi-chain or branched {C-Caalkyl, straight-chain or branched (C-C)alkenyi,
and straight-chain or branched (Ci-Csjalkylamine; and

R, R’ and R’ are selected independently from hydrogen, halo, bydroxy, and methyl,

163791 The engincered transanminase polypeptides adapted for efficient conversion of large ketons
substrate compounds of Foramia (§1) to chiral amine product compounds of Formula {§) have one or
more restdue differences as compared 1o the amino acid sequence of the reference enginecred
transaninase polypeptide of SEQ I3 NG: 2. The residue difforences are associated with
enhancements In enzyme properties, including enzymatic activity, enzyme stability, and resistance to
mhibition by the product amine.

[8188] In some embodiments, the engincered transaminase polypeptides show increased activity in
the conversion of substrate compounds of Formula (11} (e.g., compound (2}) to the amino product
compotinds of Fornmila {8} (e g, compound (§}) in diastereomeric excess in a defined time with the

same amount of enzyme as compared to the wild-type or the reference engineered transaminase of
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SEQ I NO: 4. In some embodiments, the enginecred transaminase polypeptide has at least about 1.2
fold, 1.5 fold, 2 fold, 3 fold, 4 fold, 5 fold, 10 fold, 20 fold, 30 fold, 40 fold, or 50 fold or more the
activity as compared fo the reference engincered polypeptide represented by SEGQ 1D NO:4 under
suitable reaction conditions.

{81811 In some embodiments, the engineered transaninase polypeptides have increased stability to

reference engineered enzyme. In some cmboduments, the engincered trassaminase polypeptide has at
least 1.2 fold, 1.5 fold, 2 fold, 3 fold, 4 fold, 5 fold, 10 fold or more the stability as compared to the
reference polypeptide of SEQ ID NO: 4 under suitable reaction conditions.

18#182] In some cmbodiments, the engincerced transaminase polypeptides have increased
refractoriness or resistance to inhibition by product chiral amive of compound () as compared to the
wild-type or a reference engineered cozyme. In some embodiments, the enginecred transaminase
polypeptide has at least 1.2 fold, 1.5 fold, 2 fold, 3 fold, 4 fold, 5 fold, or more increased resistance to
inhibition by the product of compound (1}, as compared 10 the polypeptides represented by SEQ 1D
NO:4 under suitable reaction conditions, as further described below.

[8#183] In some embodiments, the engineered transaminase polvpeptides ave capable of converting
the substrate of compound (2) to compound {1} in diastercomeric excess of greater than 90%, 91%,
G2%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.5% or greater under suitable reaction conditions
{i.e., excess over other diastereomeric product compounds having the the opposite cnantiomer at the
chiral amine center),

[8184] In some embodiments, the engineered transanninase polypeptides are capable of converting
substrate compound (2) to product compound {1} with increased tolerance for the presence of
substrate relative to the reference polypeptide of SEQ 1D NO: 4 under suitable reaction conditions.
Thus, in some embodiments the engincered transanunase polypeptides are capable of converting the
substrate compound (2) to preduct compound (1} under a substrate loading concentration of at least
about 1 g/L, about 5 g/L, about 16 g/L, about 20 g/L, about 30 g/L, about 40 g/L, about 50 g/L, about
70 /1., about 100 g/l sbout 125 g/1., about 150 g/, about 175 g/L. or about 200 /1. or more with a
percent conversion of at least abous at least abowt 50%, at least about 60%, at least about 70%, at least
about 0%, at least abowt 90%, at least about 95%, at least about 98%, or at least about 99%, ina
reaction time of about 72 b or less, about 48 h or less, about 36 h or less, or about 24 h less, under
suitable reaction conditions.

[8185] The suitable reaction conditions ander which the above-deseribed mmproved propertics of the
engineered polypeptides carry out the conversion can be determined with respect to concentrations or
amounts of polypeptide, substrate, cofactor, buffer, co-sobvent, pH, and/or conditions including
temperature and reaction time, as further deseribed below and in the Exanples.

81861 The present disclosure provides 200 exemplary engineered transaminase polypeptides having

stractural features capable of converting large prochiral ketone substrate compounds of Formula (51},
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which are structoral analogs of compound (2}, to the corresponding chiral amine product compotnds
of Fornula (I), which are structural analogs of compound (1). The present disclosure provides the
sequence structure of the 200 exemplary engineered fransaminase polypeptides as SEQ ID NOs: 5-
204 in the electronic Sequence Listing file accompanying this disclosure.

The odd numbered sequence identifiers (i.e., SEQ ID NOs) refer to

the nucleotide sequence encoding the amino acid sequence provided by the even numbered SEQ ID
NOs. The present disclosure also provides in Tables 2A and 2B sequence structural information
correlating specific amino acid sequence features with the functional activity of the engineered
transaminase polypeptides. This structure-function correlation information is provided in the form of
speeific amino acid residues differences relative to the reference engineered polypeptide of SEQ ID
NQ: 2 and associated experimentally determined activity data for the 200 exemplary engineered
transaminases of SEQ ID NGs: 5 - 204, The amino acid residue differences are based on comparison
to the reference sequence of SEQ ID NO: 2, which has the following 10 amino acid residue
differences relative to the sequence of the wild-type o-VfT polypeptide (Accession:
gi[327207066[gbJAEA39183.1): A9T; N45H; WSTL; F86S; V153A; VI77L; R211K: M294V;
S324G; and T391A. The relative transaminase activity of each exemplary engineered transaminase
polypeptide was determined as conversion of the prototype large substrate ketone of compound (2), to
the chiral amine product of compound (1} in comparison to the transaminase activity of the
engineered transaminase polypeptide of SEQ 11> NO: 4 over a set time period and temperature in a
high-throughput (HTP) assay, which was used as the primary screen. The engineered transaminase
polypeptide of SEQ ID NO: 4 used as the activity reference has the following § amino acid residue
differences relative to the reference sequence of SEQ ID NO: 2: T34A; L56A; R88H; A153C;
A155V; K163F; E315G; and L417T. The HTP Activity assay values in Table 2A were determined
using Z. coli. clear cell lysates in 96 well-plate format of ~200 L volume per well following assay

reaction conditions as noted in the table and the Examples.

Table 2A: Engineered Polypeptides and Relative Enzyme Improvemenis Using HTP Preparations

HTP
Activity!
SEQ {relative to
ID NO: Amino Acid Differences SEQ ID NO:

(nt/aa) (relative to SEQ ID NO: 2) 4) %de
3/4 T34A; L56A;: RE8H; A153C; AISSV; KI163F; E315G; L417T; 1 98.6
5/6 T34A; N53M; L56A; S86C; R88Y; R146L; A153C; A155V; 1.57 nd.

K163F; Y165F; E315G; R366H; A383V; L417T
7/8 T34A; NS3M; L56A; S86C; R8RY; R146L; A133C; A155V: 2,19 n.d.

K163F; Y165F; A228G: 1259V; E315G; R366H; A333V;
L417T

9710 | T34A; NS3M; LS6A: S86C; R88Y; R146L; A153C:; AlS5V; 137 nd.
K163F; Y165F; 1259V; E315G; R366H; A383V; R415A:
L4177

11/12 | T34A; NS3M; L56A; S86C; R8RY: R146L; A153C: Al55V; 1.40 nd.

44
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T34A; N53M; LS6A; 586C; R8RY; R146L; A1S3C; A155V;
KI63F; YI65F; A228G; 1259V, E315G; R366H; A3R3Y;
R415V; L4177

nd.

T34A; NA3M; L56A; 586C; R8RY; R146L; A153C; Al35V,
KI63F; V165F; A228G; 1259V, E315G; R366H; A3R3V;
RATSA; LALTT

nd.

T34A; NS3M; LO6A; 886C; RRBY; RI46L.; AIS3C; ALSSY;
KI63F; V165F; Z59V; E315G; R366H; A383V; R415(;
14177

1.67

nd.

19720 | T34A; NA3M; SRGC; RE8Y: R1461; A153C; A135V; K163F; 163 .
YI65F; AD2RG: E315G: R366H; A3RIV; L417T
21/22 | T34A: NSIM: 586C; R8R]Y; R146L; A153C; A1S3V: K163, 1.90 n.d.

YI65F,; 1250V E315G; RI66H; AIR3V, R415V; L417T

T34A; NS3M; LS6A; S86C; REJY; RI46L; AIS3(C; AI53Y;
KIG3F; Y165F; A228G; HISUV, T277A; E315G; R366H;
AJB3V; R415G; L4177

nd.

25726 | T34A: N53M: LS6A: 586(; RS3Y: RI146L; A153C: A135V; 271 ad.
K163F; Y165F; 1239V; E315G; R366H; A383V; LALTT

27728 | T34A: NS3M: L96A; SR6C: RBEY: R146L; AI153C: AISSY: 1.46 n.d.
K163F: YI65F; A228G; 251V, 1259V E315G; R366H;
A8V V3IGOA: L41TT

29730 | GI8A; T34A: L56A; RRSH: A1S3C; A155V; K163F: P233T: 211 nd.
£315G; A383V: L417T

31737 T VATML T34A; LibA, RESH: A153C. A1SaV. K163F, P2AST. 157 1.
P244T: E315G; A383V, L417T;

33/34 | V3IM; T34A; L36A; RSSH: A153C; A155V; K163F,; E315G; 223 nd.

A3BIV: LALTT, T424A;

D2TH; V3TM: T34A; L56A; RESH: A153C; A1S5V; KI163F,
PRA4T: E315G; A3SIV; LA17T;

1.99

37738 | V3IM: T34A; L56A; R&]H; A153C; A1S3V: K163F; E315G; 232 .
A383V; LATTT, F427Y:

39/40 | VAIM; T34A; L36A; RBSH; A153C; A155V; K163F; P233T; 2.42 n.d.
F315G; A383V; L417T; C424A,;

41782 | D2IH; V3IM: T34A; LS6A; RESH; R146L; A153C; AISSV: 1.79 nd.

KIG3F; P2337; BE315G; A383V, LAITT;

VITM; T34A; L36A; RRBH; AI153(; AI55V; KI63F,; E3i5(;
AJRIV: 14177,

n.d.

V3IM; T34A; LS6A; REKH; A153C: A1S5V: K163F, P244T,
E315G; A383V; LA1TT;

n.d.

47748 T V3IM: T34A; L56A: RSSH; R146L; A153C; A155V: K163F; 2.00 nd.
P233T; A235P: P244T; E315G; A383V; L417T;C424A;
FA27Y;

49750 | V3IM: T34A; 1L36A: RRJH: A133C; A155V: K163F: E315G; 223 .

A3RIV; LA1TT; C424A; FA2TY,

V3IIM; T344; LS6A; RBEH; A153C; A1S5Y; KI163F; P233T;
E315G; A383V; L417T: F427Y;

240

n.d.

V3IM; T34A; LS0A; RERH; ALS3C; AISSY: KI163F, P233T;
P2447T; E315G; A383V,; LAIT7T, F427Y;

1.58

nd.

VATM: T34A; L56A; RIS A1A30: A145Y: K163F; P233T:
ER15G: LATTT: C424A,

1.46

n.d.

T34A; L36A; RERIL AL53C; AlSSV: K163F: A383V: E315G:

L417T;

1.69

n.d.
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50/60 | VIIM: T34A; L36A; RERH; A153C; A1SSV: K163F: WI47K; 1.94 nd.
P233T: P2A4T; BA15G; A383V; LALTT:
61/62 | VIIM; T34A; L56A; R38H: A1S3C; A155V; K163F; E3150; 1.44 n.d.

L417T; C424A;

63/64

D7TH, V3IIM: T34A: LS6A; RESH: A1530; A1S5V: K163F:
E315G; L41TT;

n.d.

65/66

VIIM: T34A: L56A: RSSH: R146T.: A1S30; A155V: K163F;
E315G; A383V: L417T; F427Y,

n.d.

67/68

GISA; V3IM; T344; L36A; R8SH; A153C; A155V; K163F;
P2337T; E315G; A383V; L417T; C424A;

n.d.

69/70 | D2TH: V3IM; T34A; L56A; RSRH; A1S3C; A155V; K163F; 2.61 .
E315G; A383V: LA17T: F427Y:

7172 1 FI9W: T34A: L56A; R]]H: A153C; ALS5V: K163F; B315G; 0.24 ad.
F3SRK; L417T;

73774 | T34A; L36C; RRJH; A153C: Al55V: K163F; E315G: LALTT, 0.67 wd.

75776 | T3A; L36A: L37F; RRSH: A1S3C: AI55V; K163F; E3150; 0.93 n.d.
L417T;

77778 | T34A: L36A; L37C; RSH: A1S3C: A155V; K163F; E3150: 1.30 n.d.
LA17T:

79780 | T34A; LS6A; 586N, RE¥H; A1530: AlSSV: KI63F: E315G: 072 nd.

L4i7T,;

34A; L56A; RSJH; A153C; A155V; K163L; E315G; A323T;
L417T: M434T:

n.d

T34A; LS6A; REEH; A153C; AISSY,; KI163F; E315G; R415L;
14177,

n.d.

T34A; L36A: RSRH: A1530; A1S5V: KI63E: B315G; RATSH:
LA17T;

md.

T34A; L56A; REEH; A153C; A1S5V; KIG3F; T268A; BE315G;
A3g3F; L417T;

n.d.

T34A; L36A; RS8H,; A153C; AlS5V: K163F; N2B6H; B3150,
L417T;

n.d.

T34A; L36A; RBEH; AIS3C; A155V; KI63F; B315G; E3165;
LATT;

n.d.

T34A; LS6A; RERH; AI53C; AISSV; K163F; E315G; E316(;
L4177,

n.d.

S5/96 | T34A; L36A; R8SH; A153C; A135V; K163F; E315G; G395F; ils md.
L4177;

97/98 | T34A; L56A; R8EH; A153C; AISSV: K163F: BE315G: E316T; 1.67 nd.
14177

GR/100 | T34A; L36A; REBH; AT53C; A135V; KI63F; B313G; E316N; 1.88 .
L4177,

101/102 | T34A; L36A; RBBH; A1S3C; A155V,; KIG3F; E315G; E316F; 1.73 n.d.

AT

1037104

T34A; L50A; REBE; AL153C; AISSV; KI63F; N286C; E3150;
LAY,

1.56

n.d.

105/106 | T34A: L56A; RSH: D107G: A1S3C: A155V; K163F: E3150; 124 ..
L4177,

[07/108 | T34A; LS6A: REKH; Y 113P; A153C; A1S5V: K163F: E315G: 1.51 nd.
L4177

1007110 | T34A: L56A: RSSH: Y1131, A153C: AIS5V: K163F E2150; 5% .

L417T;

Hiv/iiz

T34A; L56A; R8EH; Y1I3C; AIS3C; AISSV; KI163F; E315¢;
LA7T:

n.d.
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..

1157116

T34A: L56A; RSSH: W47 A153C; A155V; K163F; E315G;
L417T,

n.d.

1177118

T34A: LAGA: REAH: A1530: A1SSV: K163F: H178W: E3150:
L4177

n.d.

139/126

T34A: L56A; RSSH: A153C; A155V: K163F: P233V: 3150k
L417T;

n.d.

121122

T34A; L56A; R88H; A133C; AISSV; KI63EF; H315G; A323T;
L4171,

n.d.

1237124

T34A; L50A; REBH; AL153C; AIS5V; KIO3F; H315G; A383T;
LAY,

md.

125/126

T34A; L56A; RREH; AI153C; AIS5V; KIG3E; E315G; C414;
LA

n.d.

127/128

T34A; L36A: RSSH; A153C; A1S5V: KI63F: P233T, E315G,
L417T;

n.d.

129/136

T34A; L56A; RREH: AIS3C; A155V; KI63EF; BE315G; A343C;
L4177

n.d.

T34A; L56A: R&KH; A133C; ALS5V; K163F; ]
L417T;

gul
(O]
{4
@

1 A

[FS]

K31

nd.

T34A; L36A; RSSH: A1S3C; A155V; K163F; B3150s L417T;
A4S08;

md.

T34A; LAGA; RRSH; A153C; A155V: K163F; B206K; B315G:
E316A: L41TT,

n.d.

137/138

TRA; L56A: RSSIL A1530; AL55Y: K163 1315G; ASBSL,
L4177,

.

139/140

T34A: L36A; RIS A153C; A155V; KI63F, BE315G; AISIM;
L4177,

n.d.

1417142 | T34A; L56A; RSKIL A153C; A1S5V: KI163F; B315G; L417V; nd.
1437144 | T34A; L36A: 73R R8SH; A153C: A 153V K163F: B3 15G: md

AIS3L; LATTT;

V3IM; T34A; L36A; L57F; R88H; A153C; AISSY; K163F;
N286C; E315G: E316N; A383V; R415H; L417T;

95.4

147/148

V3IM; T34A; LE6A; L37F; R8SH; A153C; A155V; K163F;
E315G; E316N; A3Z3T; A3R3V; L417T,

59.4

149/156

V3IM; T34A; L36A; LS7F, R&EH; Y113C; W47V A153C;
ATSSV; KI63F; N286C; E315(; E3165; A323T; A3R3M;
RA41SH; L4177, A45085;

93.1

1517152

V3IM; T34A; L36A; L57F; RE&H; Y1I3L; AI53C; AISSV:
KI63F; BEI90K; P233V; E315G; E316N; A3E3M; R415H;
L417T; A4505;

94.8

153/154

VAIM; T34A: L56A; L37F; R&SH: D107G; Y113L; W147V,
ATS3C; A155V; K163F; P233V: E315G; E316N; A383T:
R41SH: L417T; Ad50S;

54.1

185/156

V31M; T34A; L36A: L57F; RESH; DI07G; Y113L; A153C;
AISSV; K163F; P233T: E315G; E316N; A323T: L41TT;

894

1

W

7/15%

V3IM: T34A: LA6A; L57F: RRSH: D107G: WI47V: A153C,
A155V; K163F; B315G: E316N; A323T; R4I5H; L417T:

846

159/160

VITM; T34A; L56A; L57F; RESH: A153C; A155V; K163F;
P33V 315G E316N; A323T; A383T; RAISH; L417T;
A4508;

93.5

161/162

V3IM; T344; L36A; L57F; R8SH:; W147V; A153C; A155V;
K163F; N286C; E315G; E316N; A323T; A3S3L C414L
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1637164

VIIM; T34A; L36A; L57F; R88H; A153C; A155V; K163F;
P233T N2K6C; E315G; BE316N; A3237T; A383L L417T;
A4508S;

1657166

VIIM; T34A; L36A; L57F; RBSH; W147V; AIS3C: A153V,
K163F: P233V; B315G: B316N; A323T; A3837T; R415H;
LA4177; A450S:

167/168

V3IM: T34A; L56A: L57F; RBSH; A153C; A155V; K163F;
B315G; B316N; A383T; RAISH: L417T;

169/170

VIIM: T3dA; L56A; L57F:, R]H: A1530. A155Y: KI163F,
N2R6C; B315G: F3168; A323T; A3R3L L4177,

V3IIM; T34A; L56A; L57F; RRSHL A153C; A155V; K163F;
P233V; B315G: B3165; A323T; A383V; L417T;

VIIM; T34A; L56A; LS7F; R&&H; Y1I3C; AIS3C; AIS5V;
KI63F,; P233V; E315G; E316N; A3R3E L417T; A4505;

99.4

175/176

T34A: LS6A: L57E: RSSH: W147HL A1S3C; A135V: K163F,;
N286C: B315G; E3168; A323T; R415H; L4177,

97.0

177/178

V3IIM; T34A; L36A; L37F; REEH,; A133C; AIS5V; K1a3F,
NI8AC; E316N; A323T; A4508; E315G; L417T:

5.08

99.4

179/1%0

VIIMG T34A; LS6A; L7 R88H; W147H; A153C; A155V;
KI63F; E315G; E316IN; AJ23T; A3S3L L4177, A450S;

99.0

1817182

VIIM; L37F; WI4TH; P233V; E3165; A323T, A383L A4508;
T34A; L36A; REEH; A153C; A1SSV; KI63F; H315G; L4171,

5.62

98.8

w3l

183/184

~

V3IM; T34A; L36A: L37F; R8{H; A133C; A155V: K163F:
P2IZV; N286C; B315G; B3 16N, H3ION: A323T: A3R3T;
RATSH; L4177

L
L
o)

96.4

185/186

V3G T34A; L36A; REEH; L37F; Y113C,; AIS3C; ALS5V,
KI63F, E315G; E316N; R415H,; L4171,

$6.7

187/188

V3IM: T34A; LS6A; L57T; RRSIT Wi47I: AIS3C; A155V:
KAG3F; B350 BII6N, A383L LA1TT,

899.4

189/190

VIIM; T34A: L36A: L37F; RESH: W147V: A153C: A155V:
KI63F; P233V; N286C; E315C: E316N; A323T; A383M:
L4177 A4508:

151/192 | V3IM; T34A: L56A; LS7F; RESH; A153C; A1SSV; K163F: 5.58 95.5
P23IV; B315G: E316N; F317L: A323T; A383V: R415H;
L4177

193/194 | V3IM; T34A; NS3M: L356A; L57F, 8860 RRJY: R146L 5.04 55.5

AIS3C; A155V; K163F; Y165F; 1256V E315G; R366H;
AI&3V; LA1TT; C424A;

195/186

T34A; NS3M; L56A; L57F; S86C; R8RY:; R1461; A1S3V:
ALSSV; KI63F, Y165F; 1259V E3 12N, I314N; E315G;
R366H; A3R3V: LAITT; C4244A;

890

1977195

T34A: NS3M; L56A; L57F; 586C; R8RY:; R146L: AIS3(C;
ATSSV: KI163F: Y165F; 1259V, E315G; R366H; A3R3V;
L4177, C424A,;

1997206

VIIM; T34A; NS3M: L56A; LATE; S86C; R8SY: R146L
AIS3V: A1S5V: K163F; Y165F; L171Q; 1250V; E315G;
R366H: A3RIV: L417T; C424A; PA2GR;

24:1/202

T34A; NS3M: L36A; S86C; RERY; R146L; AI53(C; AiSSV;
KI63E, YI6AF; 1259V, E312N; E315G; E316G; R366H;
AJRIV; L41TT; Ca24A;

N
4
&

243/204

V3TM; T34A: NS3M: L56A; L57F; S86C; RIJY: R1461;
A183C: A155V; K163F; Y165F; 1239V E312N; E315G;
R366H; A3R3V: L417T; C424A;

N
A
~
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“n.d.” = not determined

"HTP Activity Improvement (relative to SEQ ID NO: 4} is caleulated as the ratio of % conversion of
product formed by the engineered transaminase polypeptide of interest to the % conversion of the

reference polypeptide of SEQ ID NO: 4 under Reaction Conditions A, % Conversion was quantified
by dividing the arcas of the product peak by the sun of the areas of the substrate and product peak as
determuned by HPLC analysis.

Reaction Conditions A 20 ¢/L substrate, 10 gl lysate (prepared by adding 200 pL of Lysis Buffer (1
mg/mk bysozyme, 0.5 mg/mL polymyxin B sulfate, 1 mM PLP, 0.1 M tricthanolamine (TEA), pH 7.0)
1o F. cofi expressing polypeptide of interest grown in 96 well plates), 0.5 g/L pyridoxal-8'-phosphate
(PLP), T M isopropylamine (IPM), 25% DMSO, pH 8.0, 60°C, 24 h. Total reaction volume is 200uL.

s

[8187] In some instances, a shake-flask powder (SFP} and/or downstream processed (DSP) powder

assay werce uscd as a secondary scrocn to asscss the propertics of the exemplary engincered

transaminase polypeptides, the results of which are provided in Table 2B, The SFP and DEP formw

provide a more porified powder preparation of the engineered polypeptides. For example, the

cngincered transaminase in a SFP preparation is approximately 30% of the total protein in the

preparation while the enginecred transaminase in a DSP preparation is approximately 80% of total

protein. Asscssment of stability was made by comparing activitics at two different temperatures,

35°C and 60°C,

Tahle 2B: Engincered Transaminase Polypeptides and Relative Improvements Using Shake Flask and
DSP Enzyme Preparations

Yo
SEQ D Y Conversion
WO Aning Acid Differences Conversion Yode {24 hat Yode
{(nt/aa) {relative to SEQ IDNG: 2) (24 hat 55°C) | (55°C) 60°C) (60°C)
SFP enzyme preparation assayed using reaction conditions B
3/4 T34A; L56A; RRRH; A153C; 41.2 9%8.6 26.0 9R.4
ALSSV: KI63F: E315G; L4LTT
778 T34A; N53M; L56A; SRaC; RERY; 56.2 85.8 84.8 83.5
Ri4aLl; A153C; A155V; K1a3F,;
Y1657, AZZ8G; 1259V, E3150,
R366H; A3B3V,; L417T
25/26 | T34A; NS3M; L36A; SB6C; REBY; 95.6 92.0 95.0 a1.6
R146E; A153C; A155V; K163F;
Y108F; 1259V, E315G; R366H;
A3B3V L4ALTT
35/36 | D21H; V3IM; T34A; L36A; RESH; 7.4 Q6.4 52.7 95.3
A153C; ATSSV, K163F; P244T;
E318G; AIR3V; L4177,
39/40 | V3IIM; T34A; L56A; RESH; A153C; §5.2 L6.8 66.9 959
Al155V: K163F: P233T; E313G;
A3ZB3V; LAITT, C424A;
TUTE | TIMA; LS6A; L87C; REEH: A153C, 67.5 069 314 97.0

ALS5V: K163F; E315G; L41TT,;

49
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§9/100

T34A; L56A; RBEBH; A153(C;
ALS5V; K163F; E315G; E316N;
L417T;

86.9

G384

231

140.6

161/102

T34A; LS6A; REEH; A153C;
Al155V: KI163F; E315G: E316F;
L4177

811

20.1

100.0

SEP enzyme preparations assayed using

reaction conditions C

99/100

TI4A; L56A; RESH: A153C;
A155V: K163F; E315G; E316N;
L417T;

49.8

1040.0

13.0

100.0

147/148

V3IM; T34A: L56A; LSTF; R8RH;
A153C; A155V; K163F; E315G;
E316N: A323T; A383V: L4ITT;

93.9

104.0

94.1

1060.0

1585/1586 | V31M,; T34A; L36A; LSTF; RE8H; 93.7 993 75.4 100.0
DI07G; Y13, A1S53C; AISSY;
K 63F; P233T; E315G; E316N,
AJ23T; L417T;

159/160 | V3IM,; T34A; L36A; L5TF; RE8H; 08.3 8957 84.5 96.2
AlS3C; A155V; K163F; P233V;
E315G; BE316N; A3237T; A3831;
R415H; L4A17T; A4dS08;

1697170 | V3IIM; T34A; L56A; LSTF; RE8H; 93.9 99.4 95.6 R84

A153C; AIS5V; K163F: N2§6C;
E315G; E3168; A323T; A3S3I;

LATTTS

VATM: T34A; L56A; LA7F; RSRH;
A153C; A1S5V; K163F: P233V;
E315G; B316S; A323T; A383V;
L417T;

96.0

99.5

G943

99.5

P79/180

V3IM,; T34A; L56A; L8TF, RESH;
WI47H,; A1S3C; A1S5V; K163F;
E315G; E316N; A3237T: A3R3L;
L4F7T; A4508;

96.9

100.0

919

100.0

197/198

T34A; N53M: L36A; LATE; SS6C:
RSSY: RI146L; ATS3C; A155V;

K 163F; Y165F; 1259V; E315G;
R366H: AIBIV; LAITT; C424A;

48.1

7.2

98.0

DSP enzyme preparations assaved using reaction conditions B’

VA | TI4A; L36A; RESH; A153C: 223 986 152 98.6
A155V: K163F: E315G; L4ITT
69/100 | T34A; L56A: RRSH; A133C: 493 =59 235 =95
ALS5V; K163F; E315G; E316N;
L417T;
147/14% | V31IM: T34A; L56A: LSTF; RESH; 96.1 =99 96.8 98.9
A1S3C; A155V; K163F: E315C;
E316N; A323T; A383V: L417T:
155/156 | V31M: T34A; L56A: L57F; RESI: 96.4 =99 96.7 >99

DI07G; Y1130 A153C; A155V;
K163F; P233T; E315G; E316N;
A323T: LALTT;

159/160

J3IM; T34A; L36A; LSTF; RE&H:
A153C; A1S5V; K163F; P233V,
F315G: E316N; A323T; A3R3L

96.1

87.3

8s.7

S0
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RA1SH: L417T; A450S;

1707180 | VIIM, T34A: L36A; LaTF; RRRH; 963 938 942 99.2
W147H; A153C; A1S5V: K163F,
E315G: E316N; A3237T; A3%31L:
L417T: A4S0S;

'Reaction Conditions B: 20 /L substrate, 4 g/L SFP enzyme preparation, 0.5 ¢/L pyridoxal-5'™-
phosphate (PLP), 1 M isopropylamine (IPM), 25% v/v BDMSO, pH 5.0, S5°C and 60°C. Total reaction
velume: 10 mL.

"Reaction Conditions C; 20 ¢/L substrate, 2 g/L. SFP enzyme preparation, 0.5 g/L pyridoxal-5'-
phosphate (PLP), 1 M isopropyvlamine (IPM), 25% v/v DMSO, pH 8.0, 55°C aod 60°C. Total reaction
volume: 10 ml.

Reaction Conditions D: 20 ¢/l substrate, 2 g/L. DSP enzyme preparation, 0.5 ¢/L pyridoxal-5'-
phosphate (PLP}, 1 M isopropylamine (JFM), 25% v/v DMS0, pH 8.0, 55°C and 60°C. Total reaction
vohume: 0 mb,

[83188] Frum an mspection of the amino acid sequences, and results for the 200 exemplary
engincerad polypeptides of Tables 24 and 2B, improved properties of increased activity,
cnantiosclectivity, and/or stability, that arc associated with one or more residue differences as
compared to SEQ 1D NO4 at the following residue positions: X 18, X19, X21, X31, X34, X53, X56,
X87 X73, X86, X85, X107, X113, X133, X147, X155, X163, X163, X171, X178, X190, X206,
X228, X233, X235, X244, X251, X259, X268, X277, X2&6, X312, X314, X316, X317, X319, X323,
X358, X366, X383, X395, X399, X414, X415, X417, X424, X426, X427, X434, and X450, The
specific amino acid differences at each of these positions that are associated with the toproved
propertes inclade: X18A; X19W; X21H; X31M; X53M; XS6A/C; X5TC/F; XT3R; X86C/N;
XEH/Y; X107G; XT13C/L/P; X146k, XI4TH/K/V, X1S3V; X155A; X163L; X165F; X171(;
XI78W; X190K; X206K,; X228G; X233T/V, X235P; X2447T; X251V X259V, X268A; X2T7A;
KEBOC/H; X312N; X314N; X316A/C/FMN/S/T, X317, X31ON,; X3237T; K358K; X366H;
X3G3C/F/VLATIV, X395P; X399A; X414 XA15A/G/HIL/V, X417V X424A; X426R; X427Y;
K434T; and X43508.

[#189] In somc cmbodiments, the engincered transaminasce polypeptides of the present disclosure
comprise annino actd sequences having residue differonces as compared to the engincered
transaminase represented by SEQ 1D NO:4 af residuce positions selected from: X189, X21, X34, X583,
X556, K73, XR6, X8&&, X107, X113, X133, X147, X155, X165 X171, X178, X233, X251, X259,
X268, X377, X286, X312, X316, X317, X323, X358, X366, X383, X399, X414, X415, X417, X426,
X434, and X456, wherein the residue differences at residue positions X21, X586, X&6, &8, X107,
K13, X133, X147, X233, X286, X312, X316, X323, X383, X418, X417, and X434, are selected
from: X21H, XS6A/C, X86C, XB8H/Y, X107G, XHTISL/P, X133A, X 147TH/V, X233V, X286C/H,
KIZN, XAT6CF/G/N/S/T, X323 A, XE3B3C/E/NMIT, X4T3A/G/H/L/V, X417V, and X434T.

S1
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[819¢] In some embodiments, the engincered transaminase polypeptides of the present disclosuse
compirise aming acid sequences having restdue differences as compared to the engineered
transaminase represented by SEQ 1D NO:4 at residue positions selected from: X198, X34, X583, X73,
XS5, X168, X171, X178, X251, X259, X268, X277, X317, X358, X366, X399, X414, X426, and
X458, o some embodiments, the specific amino acid differences at positions X19, X34, X583, X73,
X188, X168, X178, X178, X251, X289, X268, X277, X317, X358, X366, X399, X414, X426, and
X458 arc sclocted from: XIOW, X34A, X53M, X73R, X155V, XI65F, X171, X178W, X251V,
XIS9V, X268A, X27TA, X317, X358K, X366H, X399A, X414, X426K, and X4508,

[8191] The specific enzyme properties associated with the residues differences as compared to SEQ
1B NO:4 at the residuc positions above include, among others, enzyme activity, and stability, Residuc
differences assoctated with increased enzyme stability are associated with residue differences at
residue positions X34, X107, X113, X147, X155, X233, X323, X383, and X430, including the
specific residue differences, X347, X107G, X131, X147H, X155V, X233T/V, X323T, X383V,
and X4503. Residue differences associated with increased activity in the conversion of large ketone
substrates of Formula (}) to the corresponding chiral amine compound of Formula (I} are associated
with residue differences at residue positions X56, X57, X86, XBR, X153, X316, X415, and X417,
including the specific residue differences, XS8A, X57F, X88H, X153C, X316N, X415H, and X417T.
Residue differcnces specifically associated with increased % og for the conversion of compounds of
Formula (1), such as compound (2}, to compounds of Formula (I}, such as compound (3}, include
XETF, X133C, and X316N.

181921 As will be appreciated by the skilled artisan, residuc differences disclosed in Tables 2A and
2B have no significant deleterious effects on the activity and/or enamtiosclectivity of the engineered
tramwanynase polypeptides, which are maijutain transaminase activity and enantioselectivity (85% d.c.
or greater) for the conversion of compound (2} to compound (13, Nearly all of the polypeptides have
enantioselectivities equal to or greater than 95% de. Accordingly, the skilled artisan will imderstand
that the residue differences at the residue positions disclosed herein can be used individually or in
various combinations o produce enginecred transaminase pofypoptides having the desired functional
properties, including, among others, transaminase activity, stercoselectivity, and stability, in
converting largs ketone substrate compounds of Fermula (1) to chiral amine compounds of Formula
(4.

(81931 In light of the guidance provided herein, it is further contemplated that any of the exemplary
engineered polypeptides of SEQ IDNG: 4, 6, 5, 16, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36,
38,40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60}, 62, 64, 66, 68,70, 72, 74, 76,78, 80, 82, 84, &6, 88, 90,
92,94, 96, 9%, 100, 102, 104, 106, 108, 110, 112, 114, 116, 118, 120, 122, 124, 126, 128, 134, 132,
134, 136, 138, 140, 142, 144, 146, 148, 150, 152, 154, 154, 156, 158, 160, 162, 164, 166, 168, 170,
172,174, 176, 178, 180, 182, 184, 186, 188, 190, 192, 194, 196, 198, 200, 202, and 204 can be used

as the starting aming acid sequence for synthesizing other engineered transaminase polypeptides, for
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example by subscquent roands of evohliution by adding new combinations of various amino acid
differences from other polypeptides in Tables 2A and 2B, and other residuc positions described
herein, Further improvements may be generated by including amino acid differences at residue
positions that had been maintained as unchanged throughout carlier rounds of evolution.

[8194] Accordingly, in some embodiments, the present disclosure provides engineered polvpeptides
having transaminase activity, and optionally improved properties in converting 8 ketone substrate
compound (2) to a chiral amine product compound {1} as compared to a reference polypeptide of SEQ
10 NO:4, wherein the polypeptide comprises an aming acid sequence having at least 80%, 85%, 86%,
37%, 88%, 89%, 9%, 91%, 92%, 93%, 94%, 95%, 96%, 9%, 98%, 99% or more sequence identity
to reference sequence SEQ 1D NO: 2 and one or more residuc differcnces as compared to SEQ 1D
NO:2 at residue positions selected from X 19, X21, X34, X33, X56, X73, X&86, X8§, X167, X113,
X133, X147, X188, X163, X171, XE78, X233, X281, X259, X268, X277, X286, X312, X316, X317,
X323, X358, X366, X383, X399, X414, X415, X417, X426, X434, and X458, wherein the residue
differences at residue positdons X211, X36, X&6, X858, X107, X113, X133, X147, X233, X286, X312,
X316, X323, X383, X415, X417, and X434, are selected from: X21H, XS6A/C, XB6C, XBEH/Y,
XI07G, X113L/P, X133A, X147H/V, X233V, X286C/H, X312N, X316CH/N/S T, X323A,
KIBIC/F/YM/T, X41SA/G/H/L/V, X417V, and X434T. In some embodiments, the specific aming
acid differences at positions X319, X34, X583, X73, X155, X165, X171, X178, X251, X259, X268,
X277, X337, X388, X366, X399, X414, X426, and X450 are selected from: X1BW, X344, X53M,
X73R, X158V, X165F, X171Q, X178W, X251V, X259V, X268A, X2774A, X317L, X358K, X366H,
X399A, X4141, X426R, and X4505. In some embodiments, the engineered transaminase
polypeptides are capable converting substraie compound (2) to product compound (1) with the
improved enantioselectivitics deseribed herein, e g, 2 90% de.

[81958] In some ombodiments, the engincered polypeptide having transaminase activity of the prosent
disclosure comprises an amine acid sequence having at feast 80%;, 85%, &6%, 87%, 88%, &9%, 90%,
G1%, 92%, 93%, 94%, 95%, 36%, 97%, 8%, 99% or more identity to a reference sequence selected
from SEQ HIY NO: 4, 6,8, 10,12, 14, 16, 18,20, 22, 24, 26, 28, 30, 32, 34, 36, 38,40, 42, 44, 46, 48,
50, 32, 34,56, 38, 60, 62, 64, 66, 68, 70, 72,74, 76, 78, RO, 82, 84, 86, &R, 90, 92, 94, 96, 08, 104,
102, 104, 106, 108, 110, 112, 114, 116, 118,120, 122, 124, 126, 128, 130, 132, 134, 136, 138, 140,
142, 144, 146, 148, 150, 152, 154, 154, 156, 158, 160, 162, 164, 166, 168, 170, 172, 174, 176, 178,
180, 183, 184, 186, 188, 100, 192, 194, 184, 198, 200, 202, and 204, and one or more residye
differences as compared to SEQ 13 NO:2 at residoe positions selected from X319, X21, X34, X53,
K56, X73, X&6, X8R, X147, X113, X133, X147, X185, X165, X171, X178, X233, X251, X259,
X268, X277, X286, X312, X316, X317, X323, X388, X366, X383, X399 X414, X415, X417, X426,
X434, and X450, wherein the residue differences at residuc positions X21, X56, X86, X88, X107,
X113, X133, X147, X233, X286, X312, X316, X323, X383, X415, X417 and X434, are selected
from: X21H, X56A/C, X86C, X8SH/Y, X 107G, X113L/P, X133A, X147H/V, X233V, X286C/H,
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KI1IN, X36C/F/GMN/SIT, X323 A, X3B3C/F/I/MY/T, X415A/G/H/L/V, X417V, and X434T. Insome
e¢mbodiments, the specific amino acid differences at positions X319, X34, X583, X73, X185, X165,
X171, XU78, X281, X259, X268, X277, X317, X388, X366, X399, X414, X426, and X450 arc
selected from: XIOW, X34A, X53M, XT73R, X155V, XT63F, XA71GQ, X178W, X251V, X259V,
X268A, X277A, X317L, X358K, X366H, X399A, X4141, X426R, and X4508. In some
embodiments, the reference sequence is selected from SEQ ID NQO: 4, 8, 26, 36, 40, 78, 100, 102, 148,
156, 160, 170, 172, 180, and 198. Tu some embodiments, the reference sequence is SEQ ID NO:4. Tn
some embodiments, the reference sequence is SEQ 1D NO:1060. In some embodiments, the reference
sequence is SEQ ID NO: 143, In some embodiments, the reference sequence is SEQ ID NQO: 156, In
somc cmbodiments, the reference sequonce is SEQ D NO:160. In some embodiments, the reference
sequence s SEQ 1D NO:180

[8196] In some embodiments, the engineered polypeptide having transaminase activity of the present
disclosure comprises an amino acid sequence having at least 80%, 85%, 86%, 879, 88%, 899%, 90%,
G1%, 92%, 93%, 9474, 95%, 96%, 977, 98%, 99% or mwore identity 10 a reference sequence selected
from SEQIDNG: 2,4, 6,8, 10, 12, 14, 16, 18, 20, 22, 24,26, 28, 30, 32, 34, 36, 38 40, 42, 44, 46,
48, 30, 52, 54, 56, 38, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, R(), 82, R4, 86, 88, 90, 92, 94, 96, 98, 104,
102, 104, 106,108, 110, 112, 114, 116, 118, 120, 122, 124, 126, 128, 130, 132, 134, 136, 138, 140,
147, 144, 146, 148, 150, 152, 154, 154, 156, 158, 160, 162, 164, 166, 168, 170, 172, 174, 176, 178,
180, 182, 184, 186, 188, 190, 192, 194, 196, 198, 200, 202, and 204, and at least the following
combination of residue differences as compared to SEQ 1D NO: 2 of X344, X364, X371, X865,
XE&RA; XI53C, X185V, X163F, X315G, and X417T. In some embodiments, the engmeered
polypeptide having transaminase activity further comprises a combination of residue differonces
selected fromu (a) X3 1M, X87F, X31aN, X3237T, and X383V, (b) X31M, X57F, X107G, X1131,
X2337, X316N, X415H, and X4508; {¢) X3IM, X57F, X233V, X316N, X3237, X3831, X415H, and
K43508; and (dy X3IM, X37F, X147H, X316N, X323T, X3831, X415H, and X430S.

181971 As will be approciated by the skilled artisan, in some embodiments, one or a combination of
residue difforcaces above that is selected can be conserved in the enginecred fransaminases as a corg
secuence {(or feature), and addifional residue differences at other residue positions fncorporated into
the core seruience to generate additional engincered transaminase polypeptides with improved
properties. Accordingly, it is to be understood for any engincered fransaminase containing one or 8
subset of the residue differences above, the present disclosure contermplates other enginecred
transaminases that comprise the one or subset of the residue differences, and additionally one or more
residue differences at the other residus positions disclosed herein. By way of example and not
Hmitation, an engineered transaminase comprising a residue difference at residue position X316, can
further incorporate one or more rosidue differences at the other residue positions, e.g., X193, X21,
X34, X83, X356, X73, X8&6, X883, X107, X113, X133, X147, X138, X658, X171, X178, X233, X251,
X288, X268, X277, X286, X312, X317, X323, X358, X366, X383, X399 X414, X415, X417, X426,
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X434, and X458, Another example is an engincered transanyinase comprising a residue difference at
residue posttion X586, which can further comprise one or more residue differences at the other residue
positions, e.g., X19, X21, X34, X853, X73, X806, X88, X107, X113, X133, X147, X185, X168, X17§,
XE78, X233, K251, X259, X268, X277, X286, X312, X316, X317, X323, X388, X366, X383, X399,
X414, X415, X417, X426, X434, and X438, For each of the foregoing embodiments, the engincered
transaminase can fiirther comprise addivional residue differences seiected frone X1&A; Xi9W; X21H;
X3TM; X53M; X56A/C; X57C/F; XTIR; XR6C/N; X&EH/Y: X107G; X113C/L/P; X 1461,
XMTH/AK/V, X153V, K155A; X163L,; X165F; X17140; X178W; XT90K; XI06K; X228G; X2337TV,
K235P; X244T; X251V, X259V, X268A; X277A; X286C/H; X312N; X314N; X3 16A/C/F/MN/S/T,
X317L; X319N; X3237T; X358K; X366H; X383C/F/VL/MT/V; X395P; X399A; X4141;
XAVSA/GH//V, X417V, X424 A, XA26R,; X427Y; X4347T; and X4508.

[8198] In some embodiments, the enginecred transaminase polypeptide is capable of converting the
substrate compound {2) to the product compound (1) with at least 1.2 fold, 1.5 fold, 2 fold, 3 fuld, 4
fold, 5 fold, 10 fold, or more activity relative 1o the activity of the reference polypeptide of SEQ 1D
NO: 4. In some cmbodiments, the engineered transaminase polypeptide capable of converting the
substrate compound (2) 1o the product compound (3) with at least 1.2 fold, 1.5 fold, 2 fold, 3 fold, 4
fold, 5 fold, 10 fold, or more activity relative to the activity of the reference polypeptide of SEQ ID
NO:4 comprises an amine acid scquence having onc or more residue differences as compared to SEQ
1D NG:4 selected fromy X34T, X107G, X13L, X147H, X185V, X23371/v, X3237T, X3831/V, and
XAS08.

(81991 In some embodiments, the engineered transaninase polypeptide capable of converting the
substrate compound {2) to the product compound (1) with at least 1.2 fold the activity relative to SEQ
1D NO:4 comprises an anvine acid sequence selected fronw SEQ IDNO: 6, 8, 10,12, 14, 16, 18, 20,
22,24, 26,28, 30, 32, 34, 36, 38,40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 78, §2,
84, 46, 88,92, 94,96, 98, 100, 102, 104, 106, 108, 114, 112, 114, 116, 120, 122124 126, 128, 130,
137,134, 130, 138, 140, 142, 144, 146, 148, 150, 152, 154, 154, 156, 158, 160, 162, 164, 166, 168,
170,172, 174, 176, 17§, 180, 182, 184, 186, 188, 190, 192, 194, 196, 198, 200, 202, and 204.

[9264] In some embodiments, the enginecred transaminase polypeptides have increased stability to
temperature and/or solvents used in the conversion reaction as compared to the reference engineered
trapsantngse of SEQ D NG: 4, In some embodiments, the enginecred transaminase polypeptide has
at least 1.2 fold, 1.5 fold, 2 fold, 3 fold, 4 fold, 5 fold, 10 fold or more stability than the reference
polypeptide of SEQ 1D NO: 4, as measured by relative activity at 60°C compared to activity at 55°C
vnder the same assay conditions. In some embodiments, the engineered transaminase polypeptide
having at least 1.2 fold incressed stability as compared to the polypeptide of SEQ ID NO: 4 comprises
an amine acid sequence having one or more residue differences as compared to SEQ 1D NG: 2

selected from: X34T, X107G, X 1131, XI147H, X155V, XI33T/V, X323T, X383UV, and X4508.
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{8201} In some embodiments, the engincered transaminase polypeptide is capable of converting at
feast 9% or more, 91% or more, 92% or more, Y39% or more, 94% or more, or 95% or more of
compound (2) to compound (3} in 24 b or fess, at a substrate loading of at feast about 20 /L. under the
Reaction Conditions B, C, or D of Table 2B. In some embodiments, the engincered transamunase
polypeptide is capable of converting at least 90% or more of compound (2) to compound (11 in 24 h
or fess at a substrate loading of at least about 20 /L at 55°C. In some embodiments, the engineered
transagunase polypeptide capable of converting at feast 90% or more of compoeund (2) to compound
{1} 1n 24 h or less at a substrate loading of at least about 20 g/1. under conditions at 55°C comprises an
amino acid sequence sclected from SEQ ID NQ: 8, 26, 40, 148, 136, 160, 170, 172, and 180

[8202] In some embodiments, the engincered polypeptide of the present disclosure having
transaminase activity, e.g., in the conversion of a substrate compound (2) to product compound (1},
has an amino acid sequence comprising a sequence selected from SEQ IDNG: 4, 6, 5, 10, 12, 14, 16,
18,20, 22,24,26, 28, 34, 32, 34, 36, 38,40, 42, 44, 46, 4%, 50, 52, 54, $6, 5§, 64}, 62, 64, 66, 68, 70,
72, 74,76, 78, 80, 82, B4, %6, 88, 90, 92, 94, 66, 98, 100, 102, 104, 106, 108, 110, 112, 114, 116, 118,
120, 122, 124,126, 128, 130, 132, 134, 136, 138, 140, 142 144, 146, 148, 150, 152, 154, 154, 156,
158, 160, 162, 164, 166, 168, 170, 172, 174, 176, 178, 180, 182, 184, 186, 188, 190, 192, 194, 196,
198, 200, 202, and 204.

182031 In some embodiments, the engineered transaminase having transaminase activity comprises
an amino acid sequence having at least 80%, 85%, 86%, 87%, 88%, 89%, 9%, 31%, 92%, 93%,
4%, 93%, 96%, 97%, Y8%, or 39% identity to one of 3EQ HINOQ: 4,6, 8§, 10, 12, 14, 16, 18, 20, 22,
24, 26, 28,30, 32, 34, 36, 38,40, 42, 44, 46, 48, 30, 52, 54, 56, 58, 60, 62,64, 66, 68, 70,72, 74, 76,
78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100, 102, 104, 106, 108, 110, 112, 114, 116, 118§, 120, 122,
124, 126, 128,130, 132, 134, 136, 138, 140, 142, 144, 146, 148, 150, 132, 154, 154, 156, 158, 160,
162, 164, 166, 168, 170, 172, 174, 176, 178, 180, 182, 184, 186, 18K, 190, 192, 194, 196, 195, 200,
202, and 204, and the amino acid residue differences as compared to SEQ ID NG:2 present in any one
of SEQ IDNG: 4, 6,8, 10,12, 14, 16, 18,20, 22, 24, 26, 28, 30, 32, 34, 36, 38,40, 42, 44, 46, 48, 30,
52, 34, 56, 58, 60, 62, 64, 66,68, 70, 72, 74,76, 78, 80, B2, 84, 86, 88, B0, 92, 94, 96, 9§, 104, 192,
104, 106, 108, 110, 112, 114, t16, 11R, 120,122, 124, 126, 128, 130, 132, 134, 136, 13§, 140, 142,
144, 146, 148,150, 152, 154, 154, 156, 158, 160, 162, 164, 166, 168, 170, 172, 174, 176, 178, 180,
182, 184, 186, 188, 190, 192, 194, 196, 198, 200, 202, and 204, as provided in Tables 2A and 28
(82841 In addition 1o the residue positions specified above, any of the engineered fransaminase
polypeptides disclosed herein can further comprise other residue differences velative to SEQ 1D NG:2
at other residue positions, i.e., residue positions other than X 18, X19, X21, X31, X34, X53, X56, X57
X73, X86, X8, X107, X113, X133, X147, X155, X163, X165, X171, X178, X190, X206, X228,
X233, X235, X244, X251, X259, X268, X277, X286, X312, X314, X316, X317, X319, X323, X358,
X366, X383, X305, X399, X414, X418, X417, X424, X426, X427, X434, and X450, Residue

differences at these other residue positions provide for additional variations in the amine acid
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sequence witheut adversely affecting the ability of the polypeptide to carry out the transaminase
reaction, such as the conversion of compound (2) to compound (1). Accordingly, in some
embodiments, in addition to the amino acid residue differences of any one of the engineered
transaminase polypeptides selected from SEQ ID NO: 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28,
30, 32, 34,36, 38,40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 60, 68, 70, 72, 74, 76, 78, &0, 82,
84, 86, 8%, 90, 92, 94, 96, 98, 100, 102, 104, 106, 108, 110, 112, 114, 116, 118, 120, 122, 124, 126,
128, 130, 132, 134, 136, 138, 140, 142, 144, 146, 148, 150, 152, 154, 154, 156, 158, 160, 162, 164,
166, 168, 170, 172, 174, 176, 178, 180, 182, 184, 186, 188, 190, 192, 194, 196, 198, 200, 202, and
204, the sequence can further comprise 1-2, 1-3, 14, 1-5, 1-6, 1-7, 1-§, 1-9, 1-10, 1-11, 1-12, 1-14, 1-
15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35, 1-40, 1-43, or 1-50 residue differences at other
amino acid residue positions as compared to the SEQ ID NO: 2. In some embodiments, the number
of amino acid residue differences as compared to the reference sequence canbe 1,2, 3,4, 5,6,7, 8,9,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,24, 25, 30, 30, 35, 40, 45 or 50 residue positions.
The residuc difference at these other positions can include conservative changes or non-conservative
changes. In some embodiments, the residue differences can comprise conservative substitutions and
non-conservative substitutions as compared to the wild-type transaminase polypeptide of V. fluvialis
or the engineered transaminase polypeptide of SEQ ID NO: 2.

{6205] Amino acid residue differences at other positions relative to the wild-type V. fluvialis or the
reference sequence of SEQ 1D NO: 2 and the effect of these differences on enzyme function are
described for other engineered transaminase polypeptides in patent publications W0Q2010081053,
US201002099&1, and WO2011159910; Yun et al., 2005, Appl Environ Micrigbiol., 71(8):4220~
4224); and Cho ct al., 2008, Biotechnol Bioeng. 99(2):275-84.

Accordingly, in some embodiments, one or more of the amino acid differences as

compared to the sequence of SEQ ID NO: 2 can also be introduced into an engineered transaminase
polypeptide of the present disclosure at residue positions selected from X4; X6; X12; X18; X30; X44;
X56; X81; X82; X85; X95; X112; X122, X127, X130; X157, X164; X166; X167; X174; X181;
X208; X228; X253; X256; X272; X285; X286; X293; X297; X302; X311; X312; X316; X317; X319;
X320; X321; X332; X385; X407; X408; X409; X415; X418; X431; X434; X438; X444; and X446.
In particular, the amino acid residues at the foregoing positions can be selected from the following:
XAR/Q/L; X6R/IVN; X12A/G/K; XI18A/V/L/L X30A; X44A; X56V; X81D; X82H;
X8SA/SVIT/N/C/G; X95T; X1121; X122E; X127L; X130G/M/A/V/L/L, X157T;
XI64N/Q/S/T/GMIANVILAL X1668; X167K/R; X174E/D; X181R; X2081; X228G/T; X253M;
X256A; X272A; X285H; X286N/Q/S/T; X293N/Q/S/T; X297A; X302K; X311V; X312D/E:
X316K/E/P; X317L/M/Y; X319Q/G/M/N/V; X320A/K; X321L/M/T; X332N/Q/S/T; X385R; X407S;
XA08A; X409G; X415M/L; X418V/N/Q/S/T; X43113; X434V, X438L; X444V; and X446V,
Guidance on the choice of the amino acid residues at these residue positions and their effect on

desirable enzyme properties can be found in the cited references.
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[8206] In some embodiments, the present disclosure also provides engineered transaminase
polypeptides that comprise a fragment of any of the engincered polypepiides described herein that
retains the functional activity and/or tmproved property of that cogineered transaniinasc.
Accordingly, in some embodiments, the present disclosure provides a polypeptide fragment having
transaminase activity, such as in converting compound {2} to compound (1} under suitable reaction
conditions, wherein the fragment comprises at least about 80%, 90%, 95%, 96%, 97%, 98%, or 99%
of a full-length amine acid sequence of an engincered transamipase polypeptide of the present
disclosure, such as an cxemplary engingered transamivase polypeptide selected from SEQ 1D NO: 4,
6,8, 10, 12, 14, 16, 18,20, 22, 24, 26, 28, 30, 32, 34, 36, 38,40, 42, 44, 46, 48, 30, 52, 34, 56, 58, 60,
62, 04, 66, 68,70, 72, 74, 76, 7K, 80, 82, 84, 86, B, 90, 92, 94, 06, 68, 100, 102, 104, 106, 108, 110,
112, 114, 116, 118, 120, 122, 124, 126, 128, 130, 132, 134, 136, 138, 140, 142, 144, 146, 148, 130,
152,154, 154, 156, 1538, 160, 162, 164, 166, 168, 170, 172, 174, 176, 178, 180, 182, 184, 186, 188,
1990, 192, 194, 196, 198, 200, 202, and 204.

[6207] In some embodiments, the engincered transaminase polypeptide can have an amino acid
sequence comprising a deletion of any one of the enginecred transaminase polypeptides described
herein, such as the exemplary engineered polypeptides of SHQ D NO: 4, 6, 8, 10, 12, 14, 16, 18, 20,
22,24,26,28,30, 32,34, 36,38,40, 42 44 46 48, 50, 52,54, 56, 58, 60,62, 64, 65, 68,70, 72, 74,
76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100, 102, 104, 106, 108, 114, 112, 114, 116, 118, 120,
122,124, 126, 128, 130, 132, 134, 136, 138, 140, 142, 144, 146, 148, 150, 152, 154, 154, 156, 15§,
160, 162, 164, 166, 168, 170, 172, 174, 176, 178, 180, 182, 184, 186, 188, 190, 192, 194, 196, 198§,
200, 202, and 204, Thus, for cach and every embodiment of the enginecred transaminase
polypeptides of the disclosure, the amine acid sequonce can comprise deletions of one or more aming
acids, 2 or more antino acids, 3 or more amine acids, 4 or more anne acids, 5 or moere amino acids, 6
OFf Tnore aming acids, 8 or more amino acids, 10 or more amino acids, 15 or more amino acids, or 20
or more aming acids, up to 10% of the total number of amino acids, up to 10% of the total number of
aming acids, up to 20% of the total number of amine acids, or up to 30% of the total number of aming
acids of the ransaminase pelypeptides, where the associated functional activity and/or improved
properties of the enginecered transaminase deseribed herein is maintained. In some embodiments, the
deletions can comprise 1-2, 1-3, 1-4, 1-5, 1.6, -7 1-8, 1-9, 1-10, 1-15, 120, 12§, §-22, 123, 1-24,
1-25, 1-30, 1-35, 140, 1-43, or 1-50 amino acid residucs. In some embodiments, the mumber of
defetions canbe 1,2, 3, 4,5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 15,20, 21, 22, 23, 24, 25, 30,
30, 35, 40, 45, or 30 amino acid residaes. In some embodiments, the deletions can comprise deletions
6f1,2,3,4,5.6,7,8,9, 10, 11,12, 13, 14, 15, 16, 18, 20, 21, 22, 23, 24, or 25 amino acid residues.
[8208] In some embodiments, the engineered transaminase polypeptide herein can have an amino
acid sequence comprising an inscrtion as compared to any once of the engincered transaminase
polvpeptides described herein, such as the exemplary engineered polypeptides of SEQ ID NQG: 4, 6, §,

10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38,40, 42, 44, 46,48, 50, 52, 54, 56, 58, 60, 62,



CA 02895752 2015-06-18
WO 2014/099730 PCT/US2013/075294

64, 66, 68, 70, 72, 74, 76, 78, 80, B2, 54, R6, BE, 00, 92, 94, 06, 98, 100, 102, 104, 106, 108, 110, 112,
114, 116, 118,120, 122, 124, 126, 128, 130, 132, 134, 136, 138, 140, 142, 144, 146, 148, 150, 152,
154, 154, 156, 158, 160, 162, 164, 166, 168, 170, 172, 174,176, 178, 180, 182, 184, 186, 188, 194,
192, 194, 196, 198, 200, 202, and 204. Thus, for cach and every embodiment of the transaminase
polypeptides of the disclosure, the insertions can comprise one or more amino acids, 2 OF More antno
acids, 3 or more amino acids, 4 or more amino acids, S or more aming acids, 6 or more aming acids, 8
or more amino acids, 10 or mere amine acids, 15 or more amine acids, 20 or more amine acids, 30 or
more amino acids, 40 or more anyino acids, or 50 or more amino acids, where the assoctated
functional activity and/or improved properties of the engineered transaminase described herein is
maintained. The inscriions can be to aming or carboxy terminus, or internal portions of the
transaminase polypeptide,
[826%9] In some embodiments, the engineered transaminase polypeptide herein can have an amino
acid sequence comprising a sequence selected from SEQ I NO: 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24,
26, 28, 30, 32, 34, 36, 38,40, 42, 44, 46, 48, S0, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78
80, 82, 84, 86, 88, 00, 62, 94, 96, 98, 100, 102, 104, 106, 1068, 116, 112, 114, 116, 118, 120, 122, 124,
126, 128, 130, 132, 134, 136, 138, 140, 142, 144, 146, 148, 150, 152, 154, 154, 156, 158, 160, 162,
164, 166, 168,170, 172, 174, 176, 178, 180, 182, 184, 186, 188, 190, 192, 194, 196, 198, 200, 202,
and 204, and optionally one or several {(e.g., up to 3, 4, 5, or up to 10} amine acid residue deletions,
mnsertions and/or substitutions. In some emwbodiments, the amine acid sequence has optionally 1-2, 1-
3,14, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-18, £-20, 1-21, 1-22, §-23, 1-24, 1-25, 1-30, 1-35, 1-40, 145, or
1-50 aming acid residue deletions, inscrtions and/or substitotions. In some embodiments, the amino
acid sequence has optionally 1, 2,3, 4,5, 6,7, 8,9, 16, 11,12, 13, 14, 15,16, 17, 1§, 19, 20, 21, 22,
23,24, 25, 30,30, 35, 40, 45, or 50 amdno acud residue deletions, insertions and/or substitutions. In
some embodiments, the amino acid sequence has optionally 1, 2,3, 4, 5,6, 7,8, 9, 10, 11, 12, 13, 14,
15, 16, 18,20, 21, 22, 23, 24, or 25 amino acid residue deletions, insertions and/or substitutions, In
some embodiments, the substitutions can be conservative or non-conservative substitutions.
[8238] In some embodiments, the present disclosure provides an engineered polypeptide having
transarninase activity, which polypeptide comprises an amine acid sequenee having at least 50%,
R5%, B0%s, BT7%, 88%, 89%, 9%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 96%, or 09% identity to a
sequence selected from SEQ 1D NG: 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 2%, 30, 32, 34, 36,
38,40, 42, 44, 46, 48, 50, 52, 34, 56, 58, 60, 62, 64, 66, 68,70, 72, T4, 76, 78, 80, 82, 84, 86, &€, 90,
92,94, 96,98, 100, 102, 104, 106, 105, 110, 112, 114, 116, 118, 120, 122,124, 126, 128, 130, 132,
134, 136, 13%, 140, 142, 144, 146, 148, 150, 152, 154, 154, 156, 158, 164, 162, 164, 166, 168, 170,
72,174, 176, 178, 180, 182, 184, 184, 188, 190, 192, 194, 196, 19§, 200, 202, and 204, with the
proviso that the amino acid sequence 1s not identical to {that is, it excludes) any of the exemplary
engincersd transaminase polypeptide amino acid sequences disclosed in patent application

publications WO2010081053, U3201(02099381, and WO2011159910; Yun et al., 2005, Appl Environ
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Micriobiol., 71(8):4220-4224); and Cho et al,, 2008, Biotechnol Biceng, 99(2):275-84.

[0211] In the above embodiments, the suitable reaction conditions for the engineered polypeptides
can be those described in Tables 2A and 2B, the Examples, and elsewhere herein.

[0212] In some embodiments, the polypeptides of the disclosure can be in the form of fusion
polypeptides in which the engineered polypeptides are fused to other polypeptides, such as, by way of
example and not limitation, antibody tags (e.g., myc epitope), purification sequences (e.g., His tags
for binding to metals), and cell localization signals (e.g., secretion signals). Thus, the engineered
polypeptides described herein can be used with or without fusions to other polypeptides.

[0213] It is to be understood that the polypeptides described herein are not restricted to the
genetically encoded amino acids. Tu addition to the genetically encoded amino acids, the polypeptides
described herein may be comprised, either in whole or in part, of naturally-occurring and/or synthetic
non-encoded amino acids. Certain commonly encountered non-encoded aming acids of which the
polypeptides described herein may be comprised include, but are not limited to: the D-stercomers of
the genetically-encoded amino acids; 2,3-diaminopropionic acid {Dpr); a-aminoisobutyric acid (Aib);
e-aminohexanocic acid (Aba); §-aminovaleric acid (Ava); N-methylglveine or sarcosine (MeGly or
Sar}; ormithine (Orn); citrulline (Cit); t-butylalanine (Bua); t-butylglycine (Bug); N-methylisoleucine
{Mcllc); phenylglycine (Phg); cyclohexylalanine (Cha); notleucine (Nle); naphthylalanine (Nal); 2-
chlorophenylalanine (Ocf); 3-chlorophenylalanine (Mcf); 4-chlorophenylalanine (Pef);
2-fluorophenylalanine (Off); 3-fluorophenylalanine (Mff); 4-fluorophenylalanine (Pff); 2-
bromophenylalanine (Obf}; 3-bromoephenylalanine (Mbf); 4-bromophenylalanine (Pbf); 2-
methylphenylalanine (Omf); 3-methylphenylalanine (Mmf); 4-methylphenylalanine (Pmi); 2-
nitrophenylalanine (Onf); 3-nitrophenylalanine (Mnf); 4-nitrophenylalanine (Pnf); 2-
cyanophenylalanine (Ocf); 3-cyanophenylalanine (Mcf); 4-cyancphenylalanine (Pef); 2-
triflucromethylphenylalanine (Otf); 3-trifluoromethylphenylalanine (Mtf); 4-
triflnoromethylphenylalanine (Ptf); 4-aminophenylalanine (Pafl); 4-iodophenylalanine (Pif); 4-
aminomethylphenylalanine (Pamf); 2,4-dichlorophenylalanine (Opef); 3,4-dichlorophenylalanine
{Mpef); 2,4-difluorophenylalanine (Opff); 3,4-difluorophenylalanine (Mpfi); pyrid-2-ylalanine
(2pAla); pyrid-3-ylalanine (3pAla); pyrid-4-ylalanine (4pAla); naphth-1-ylalanine (InAla); naphth-2-
ylalanine (2nAla}; thiazolylalanine (taAla); benzothienylalanine (bAla); thienylalanine (tAla);
furylalanine (fAla); homophenylalanine (hPhe); homotyrosine (hTyr); homotryptophan (hTrp);
pentafluorophenylalanine (Sff); styrylkalanine (sAla); authrylalanine (aAla); 3,3-diphenylalanine
(Dfa); 3-amino-5-phenypentanoic acid (Afp); penicillamine (Pen); 1,2,3,4-tetrahydroisoquinoline-3-
carboxylic acid (Tic); B-2-thienylalanine (Thi); methionine sulfoxide (Mso); N(w)-nitroarginine
(nArg); homolysine (hLys); phosphonomethylphenylalanine (pmPhe); phosphoserine {pSer);
phosphothreonine (pThr); homoaspartic acid (hAsp); homoglutanic acid (hGlu); I-aminocyclopent-(2
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or 3)-ene-4 carboxylic acid; pipecolic acid (PA), azetidine-3-carboxylic acid (ACAJ; 1-
aminocyclopentane-3-carboxyiic acid; allylglycine (aOly); propargylglvcine (pgGly): hemoalanine
(hAla); norvaline (nVal); homoleucine (hleu), homovaline (hVal); homoisoleucine (hlle);
homoarginine (hArg); N-acetyl lysine (AcLys); 2,4-diaminebutyric acid (Dbu); 2,3-diaminobutyric
acid (Dab); N-methylvaline (MeVal); homocysteine (hCvs); homoserine (hSer); hydroxyproline
(Hyp} and homoproline (hPro). Additional non-encoded amino acids of which the polypeptides
described herein may be comprised will be apparent to those of skill in the art (see, e.¢., 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).
These amino acids may be in cither the L- or D-configuration.
{0214] Those of skill in the art will recognize that amino acids or residues bearing side chain
protecting groups may also comprise the polypeptides described herein. Non-limiting examples of
such protected amino acids, which in this case belong to the aromatic category, include (protecting
groups listed in parentheses), but are not limited to: Arg(tos), Cys(methylbenzyl), Cys
(nitropyridinesulfenyl}, Glu(3-benzylester), Gin(xanthyl), Asn(N-8-xanthyl), His(bom), His(benzyl),
His(tos), Lys(fimoc), Lys(tos), Ser(O-benzyl), Thr (O-benzyl) and Tyr(Q-benzyl).
{9215} Non-encoding amino acids that are conformationally constrained of which the polypeptides
described herein may be composed include, but are not limited to, N-methvl amino acids
{L-configuration); 1-aminocyclopent-(2 or 3)-ene-4-carboxylic acid; pipecolic acid; azetidine-3-
carboxylic acid; homoproline (hPro); and 1-aminocyclopentane-3-carboxylic acid.
[0216] In some embodiments, the enginecered transaminase polypeptides can be provided on a solid
support, such as a membrane, resin, solid carrier, or other solid phase material. A solid support can be
composed of organic polymers such as polystyrenc, polycthylene, polypropylene, polyfluorocthylene,
polyethyleneoxy, and polyacrylamide, as well as co-pelymers and grafts thereof. A solid support can
also be inorganic, such as glags, silica, controlled pore glass (CPG), reverse phase silica or metal, such
as gold or platinum. The configuration of a solid support can be in the form of beads, spheres,
particles, granules, a gel, a membrane or a surface. Surfaces can be planar, substantially planar, or
non-planar. Solid supports can be porous or non-porous, and can have swelling or non-swelling
characteristics. A solid support can be configured in the form of a well, depression, or other
container, vessel, feature, or location.
[0217] In some embodiments, the engincered polypeptides having transaminase activity of the
present disclosure can be immobilized on 4 solid support such that they retain their improved activity,
stereoselectivity, and/or other improved properties relative to the reference polypeptide of SEQ ID
NO: 4. In such embodiments, the immobilized polypeptides can facilitate the biocatalytic conversion
of the substrate compounds of Formula (IF) or other suitable substrates, to the proeduct compound of
Formula (T}, or corresponding product (e.g., as shown in Schemes 4-8 described herein), and aftcr the
reaction is complete are easily retained (e.g., by retaining beads on which polypeptide is immobilized)
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and then reused or recycled in subsequent reactions. Such immobilized enzyme processes allow for
further efficiency and cost reduction. Accordingly, it is further contemplated that any of the methods
of using the enginecred transaminase polypeptides of the present disclosure can be carried out using
the same engineered transaminase polypeptides bound or immobilized on a solid support.
[0218] Methods of enzyme immobilization are well-known in the art. The engineered transaminase
polypeptide can be bound non-covalently or covalently. Various metheds for conjugation and
immobilization of enzymes to solid supports (e.g., resins, membranes, beads, glass, eic.) arc well
koown in the art and described ine.g.,: Yier al,, “Covalent immobilization of ©-transaminase from
Vibrio fluvialis JS17 on chitosan beads,” Process Biochemistry 42(5): 895-898 (May 2007); Martin et
al.. “Characterization of free and immobilized (S)-aminotransferase for acetophenone production,”
Applied Microbiology and Biotechnology 76(4): 843-851 (Sept. 2007); Koszelewski et al.,
“Immobilization of m-transaminases by encapsulation in a sol-gel/celite matrix,” Jowrnal of
Molecular Catalysis B: Enzymatic, 63: 39-44 (Apr. 2010); Truppo ef al., “Development of an
Improved Immobilized CAL-B for the Enzymatic Resolution of a Key Intermediate to Odanacatib,”
Organic Process Research & Development, published online: dx.doi.org/10.1021/0p200157c;
Hermanson, G.T., Bioconjugate Techniques, Second Edition, Academic Press (2008); Mateo ef al.,
“Epoxy sepabeads: a novel epoxy support for stabilization of industrial enzymes via very intense
multipoint covalent attachment,” Biotechrology Progress 18(3):629-34 (2002); and Bioconjugation
Protocols: Strategies and Methods, In Methods in Molecular Biology, C.M. Niemeyer ed., Humana
Press (2004).  Sohd supports
useful for immobilizing the engineered transaminases of the present disclosure include but are not
limited to beads or resins comprising polymethacrylate with epoxide functional groups,
polymethacrylate with amino epoxide functional groups, styrenc/DVB copolymer or polymethacrylate
with octadecyl functional groups. Exemplary solid supports usefu! for immobilizing the engineered
transaminases of the present disclosure include, but are riot limited to, chitosan beads, Eupergit C, and
SEPABEADs (Mitsubishi), including the following different types of SEPABEAD: EC-EP, EC-
HFA/S, EXA252, EXE119 and EXE120.
[0219] In some embodiments, the engineered polypeptides can be in various forms, for example,
such as an isolated preparation, as a substantially purified enzyme, whole cells transformed with
genc(s) encoding the enzyme, and/or as cell extracts and/or lysates of such cells. The enzymes can be
lyophilized, spray-dried, precipitated or be in the form of a crude paste, as further discussed below.
[0220] In some embodiments, the polypeptide described herein can be provided in the form of kits.
The enzymes in the kits may be present individually or as a plurality of enzymes. The kits can further
include reagents for carrying out the cnzymatic reactions, substrates for assessing the activity of
enzymes, as well as reagents for detecting the products. The kits can also include reagent dispensers
and instructions for use of the kits.
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{6221] In some embodinients, the polypeptides can be provided on the solid support in the form of an
array in which the polypeptides are arranged in positionally distinct locations. The array can be used
to test a variety of substrate compounds for conversion by the polypeptides. A plurality of supports
can be configured on an array at various locations, addressable for robotic delivery of reagents, or by
detection methods and/or instruments. Various methods for conjugation 10 substrates, e.g.,
membranes, beads, glass, efc. are described in, among others, Hermanson, G.T., Bioconjugate
Techniques, 2™ Edition, Academic Press; (200%), and Bioconjugation Protocols: Strategies and
Methods, In Methods in Molecular Biology, C.M. Niemeyer ed., Humana Press (2004).

{9222] In some embodiments, the kits of the present disclosure include arrays comprising a plurality
of different engincered ketoreductase polypeptides disclosed herein at different addressable position,
wherein the different polypeptides are different variants of a reference sequence each having at least
one different improved enzyme property. Such arrays comprising a plurality of engincered
polypeptides and methods of their use are described in WO20(9008508.

54 Polynucleotides Encoding Engineered Polypeptides, Expression Vectors and
Host Cells

[6223] In another aspect, the present disclosure provides polynucleotides encoding the engineered
transaminase polypeptides described herein. The polynucleotides may be operatively linked to one or
morg heterologous regulatory sequences that control gene expression to create a recontbinant
polynucleotide capable of expressing the polypeptide. Expression constructs containing a
heterologous polynucleotide encoding the engineered transaminase can be introduced into appropriate
host cells to express the corresponding transaminase polypeptide.
[0224] As will be apparent to the skilled artisan, availability of a protein sequence and the knowledge
of the codons corresponding to the various amine acids provide a description of all the
polynucleotides capable of encoding the subject polypeptides. The degeneracy 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 transaminase enzymes.
Thus, baving knowledge of 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 cvery possible variation of polynucleotides that could be made
encoding the polypeptides described berein by selecting combinations based on the possible codon
choices, and all such variations are to be considered specifically disclosed for any polypeptide
described herein, including the amino acid sequences presented in Tables 2A and 2B, and disclosed in
the sequence listing as SEQ ID NO: 4, 6, 8, 10, 12, 14, 16, 18, 20,

2,24, 26, 28, 30, 32, 34, 36, 38,40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74,
76, 78, §0, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100, 102, 104, 106, 108, 110, 112, 114, 116, 118, 120,
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122,124, 126,128, 130, 132, 134, 136, 138, 140, 142, 144, 146, 14R, 130, 152, 1534, 154, 156, 158,
160, 162, 164, 166, 168, 170, 172, 174, 176, 178, 180, 182, 184, 146, 188, 190, 192, 194, 196, 195,
200, 202, and 204,

182251 In various embodiments, the codons are preferably selected to it the host cell in which the
protein is being produced. For example, preferred codons used in bacteria are used for expression in
bacteria; preferred codons used in yeast are used for expression in yeast; and preferred codons used in
maouuals arc used for expressicn m maopualian cels. In some embodiments, all codons seed not be
replaced to optimdze the codon usage of the fransaminases singe the natural sequence will comprise
preferred codons and becaunse use of preferred codons may net be reguired for all amino acid residues.
Consequently, codon optimized polyuucieotides encoding the transaminase ¢nzymes may contain
preferred codons at about 40%, 50%, 60%, 70%, 80%, or greater than 90% of codon positions of the
full length coding region.

18226] In some embodiments, as described above, the polynuclestide encodes an engineered
polypeptide having transaminase activity with the propertes disclosed hetein, such as the ability 10
convert substrate compound (2} to product compound (1), where the polypeptide comprises an amino
acid sequence having at least 80%, 85%, 8%, 87%, 88%, 89%, B0%, 91%, 92%, B3%, 54%, 95%,
96%, 97%, 9&%, 99% or more identity to a reference sequence selected from SEQ ID NO: 4, 6, 8, 10,
12,14, 16, 18,20, 22, 24, 26, 28, 30, 32, 34, 36, 38,40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64,
66, 68, 70, 72,74, 76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96,98, 100, 102, 104, 106, 108, 110, 112,
114, 116, 118,120, 122, 124, 126, 128, 130, 132, 134, 136, 138, 140, 142, 144, 146, 148, 150, 152,
154, 154, 156, 158, 160, 162, 164, 166, 168, 170, 172, 174, 176, 178, 180, 182, 184, 186, 188, 190,
192, 194, 196, 198, 200, 202, and 204, and one or more residue differences as compared to the
reference polypeptide of SEQ 1D NO:2 at residue positions selected from X19, X21, X34, X353, X56,
XT3, K86, X8R, X107, X113, X133, X147, X155, X165, X171, X178, X233, X251, X239, X268,
X277, X286, X312, X316, X317, X323, X358, X366, X343, X399, X414, X415, X417, X426, X434,
and X450, wherein the residue differences at residus positions X21, X356, X&6, X88, X147, X113,
X133, X147, X233, X286, X312, X316, X323, X383, X415, X417, and X434, arc selected fromy
X21R, X56A/C, X86C, XRBH/Y, X107G, X113L/P, X1334A, X147H/V, X233V, X286C/H, X312N,
X3TOC/F/G/NIS/T, X323A, X383C/FNMIT, XK415A/G/H/L/V, X417V, and X434T. Tnsome
embodiments, the specific amino acid differences at positions X139, X34, X353, X73, X155, X163,
X171, X178, X251, X239, X268, XI77, X317, X358, X366, X399, X414, X436, and X450 are
sclected frome XTOW, X34A, XS3M, X73R, X155V, X168F, X171, XTTRW, X251V, X250V,
XIZ68A, X277A, X317L, X3358K, X366H, X399A, X4141, X426R, and X4505. In some
embodiments, the reference sequence 1s selected from SEQ I NO: 4, €, 26, 36, 40, 78, 160, 102, 14§,
156, 160, 170, 172, 180, and 198. in some embodiments, the reference sequence is SEQ D NG: 4.
In some embodiments, the reference sequence is SEQ D NO:100. In some embodiments, the

reference sequence is SEQ 1D NO: 148, In some embodiments, the reference sequence is SEQ ID
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WNG:156. In some embodiments, the reference sequence 15 3EQ D NO:160. Insome embodiments,
the reference sequence is SEQ 1D NO: IS0

[8227) In some embodiments, the polynucicotide encodes an engineered polypeptide having
transarmmnase activity with the properties disclosed herein, wherein the polypeptide comprises an
amino acid sequence having at least B0%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 36%, 97%, 98%, 99% or more sequence identity to reference sequence SEQ ID NO:2Z and one
or more residue differences as compared to SEQ 1D NO: 2 at restdue positions selected from X119,
X2, X34, X53, K56, XT3, X86, X88, X107, X113, X133, X147, X155, X165, X171, X178, X233,
X251, X259, X268, X277, X286, X312, X316, X317, X323, X358, X366, X383, X399, X414, X415,
X8R, X107, X113, X133, X147, X233, X286, X312, X316, X323, X383, K415, X417, and X434, are
selected from: X21H, X36A/C, X86C, XBRI/Y, X 107G, X1131./P, X133A, X14TH/V, X233V,
X28OC/H, X312N, X316C/HG/NS/T, X323 A, X383C/F/AMIT, X415A/G/H/L/V, X417V, and
X4347T.

{8228] In some embodiments, the polynucieotide encodes an engineered polypeptide having
transanynase sctivity, wherein the polypeptide comprises an amino acid sequence having at Jeast
B0%, B5%, 6%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 64%, 93%, 96%, 97%, 98%, 99% or more
sequence identity to reference sequence SEQ ID NO:Z and at least the following combination of
residue differences as compared to SEQ 1D NO: 2: X344, X564, X571, X865, X¥EA; X153C,
XI55V, X163F, X315G, and X417T. In some embodiments, the pelynucleotide encodes a
polypeptide that further comprises combination of residue differences as compared to SEQ 1D NO: 2
selected frony (a) X31M, XS7F, X316N, X323T, and X383V; (b) X31M, X57F, X107G, X113L,
X2337, X316N, X415H, and X4508; (¢) X31M, X57F, X233V, X316N, X3237T, X3831, X415H, and
XAS0S; and (d) X3IM, X87F, X147H, X316N, X323, X383 X415H, and X4508.

[#229] In some embodiments, the polynucieotide encodes an engineered polypeptide having
transaminase activity, wherein the polypeptide comprises an amine acid sequence having at least
B(0%, 859, 86%, 87%, 88%, 9%, 9%, 91%, 92%, 93%, 94%%, 95%, 96%, 97%, 98%, or 999
identity to a reference polypeptide selected from any one of SEQ ID NG 4, 6, 8, 10, 12, 14, 16, 18,
20,22,24,26, 28,30, 32, 34, 36, 38,40, 42 44 46,48 50,52, 54, 56, 58,60, 62, 64, 66, 68,70, 72,
74,76, 78,80, B2, ¥4, 86, 8§, 90, 92, 94, 96, 9%, 100, 102, 104, 106, 108, 110, 112, 114, 116, 118,
120, 122, 124, 126, 128, 130, 132, 134, 136, 138, 140, 142, 144, 146, 148, 150, 152, 154, 154, 136,
158, 160, 162, 164, 166, 168, 170, 172, 174, 176, 178, 180, 182, 184, 186, 188, 190, 192, 194, 194,
198, 200, 202, and 204, with the proviso that the amino acid sequence comprises any one of the set of
residue differcoces as compared to SEQ ID NO: 2 contained in any one of the polypeptide sequences
of SEG ID NG 4, 6, 8, 10,12, 14, 16, 18, 20,22, 24,26, 28, 30, 32, 34, 36, 38,40, 42, 44, 46, 48, 50,
52, 84, 56, 58, 60, 62, 64, 66,68, 70, 72, 74,76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100, 102,
104, 106, 108, 110, 112, 114, 116, 118, 120, 122, 124, 126, 128, 130, 132, 134, 136, 138, 140, 142,
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144, 146, 148,150, 152, 154, 154, 156, 1538, 160, 162, 164, 166, 168, 170, 172, 174, 176, 178, 180,
182, 184, 186, 188, 190, 192, 194, 196, 198, 200, 202, and 204, as listed in Tables 2A and 2B.
[8238] In some embodiments, the polyrnucicotide encoding the engineered transaminase comprises a
polynucleotide sequence selected from SEQ D NO: 3, 5, 7,9, 11, 13, 15,17, 19, 21, 23, 25, 27, 29,
31, 33,35,37.39,41, 43, 45,47, 49, 51, 53,55, 57, 59, 61,63, 65, 67,69, 71, 73,75, 77,79, 81, 83,
85, 87, 89,91,93,85, 67, 99, 101, 103, 105, 107, 109, 111, 113, 115, 117, 119, 121, 123, 125, 127,
129, 131, 133, 135, 137, 139, 141, 143, 145, 147, 149, 151, 153, 155, 157, 159, 161, 163, 165, 167,
169,178, 173,175, 177, 179, 181, 183, 185, 187, 189, 191, 193, 195, 197, 199, 201, and 203,
[8231] In some embodiments, the polynucieotides are capable of hybridizing under highty stringent
conditions to a reference polynuclootide scquence selected from SEQ IDNG: 3, 5,7, 9, 11, 13, 15,
17,19, 21,23,25,27,29, 31,33, 35,37, 39,41, 43, 45, 47, 49, 51, 53, 55,57, 39, 61, 63, 65, 67, 69,
T1,73,75, 77,79, 81, 83, 85,87, 89, 91, 63,05, 67, 90, 161, 103, 105, 107, 109, 111, 113, 118, 117,
119,121, 123,125, 127, 128, 131, 133, 135,137, 139, 141, 143, 145, 147, 149, 151, 153, 155, 157,
159, 161, 163, 165, 167, 169, 171, 173, 175, 177, 179, 181, 183, 185, 187, 189, 191, 193, 195, 197,

~
~J

199, 201, and 203, or a complement thereof, and encodes a polypeptide having transaminasc activity
with one or more of the improved properties deseribed herein. n some embodiments, the
polynucleotide capable of hybridizing under highly stringent conditions encodes a trapsaminase
polvpeptide comprising an amine acid sequence that has one or wore residue differences as compared
to SEQ 1D NO: 2 af residue positions selected from: X119, X211, X34, X583, X56, X73, X6, X8S,
X107, X113, X133, X147, X155, X165, X171, X178, X233, X251, X259, X268, X277, X286, X312,
X316, X317, X323, X358, X366, X383, X399, X414, X415, X417, X426, X434, and X450, whercin
the residue differonces at residue positions X217, X856, X86, X&¥, X107, X113, X133, X147, X233,
X286, W312, X316, X323, X383, X415, X417, and X434, are selected fom: X21H, X56A/C, X86C,
XE8SH/Y, X1076G, X130/, X133A, X4TH/V, X233V, X286C/H, X312N, X316C/F/GN/S/T,
K323A, X3G3C/F/IMT, XAISA/GH/L/V, X417V and X4347T,

18232] In some embodiments, the polynucleotides encode the polypeptides described herein but have
about 80% or more scquence identity, about 80%, 859, 80%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 93%, 96%, 97, B8%, or 99% or more sequence identity at the mucleotide level to a reference
polynucleotide encoding the enginecred transaminase. In some embeodiments, the reforence
polynucieotide sequence is selected from SEQ D NO: 3, 5,7, 9, 11, 13, 15, 17, 19, 21, 23, 25,27, 29,
31,33, 35,37, 39, 41, 43, 45, 47, 49, 51, 83, 55, 87, 59, 61, 63, 65, 67, 65, 71, 73, 75, 77, 79, 81, 83,
85, 87, 89,91,83,95, 97,09, 101, 103, 105, 107, 109, 111, 113, 115, 117,119, 121, 123, 125, 127,
129, 131, 133, 135, 137, 139, 141, 143, 145, 147, 149, 151, 153, 155, 187, 159, 161, 163, 165, 167,
169, 171, 173, 175, 177, 179, 181, 183, 1¥3, 187, 189, 191, 193, 195, 197, 199, 201, and 203.

182331 Ansolated polynucheotide encoding any of the engineered transaminase polypeptides herein
may be manipulated in a varisty of ways to provide for expression of the polypeptide. In some

embodiments, the polynucleotides encoding the polypeptides can be provided as expression vectors
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where one or more control sequences is present to regulate the expression of the polynucleotides
and/or polypeptides. Manipulation of the isolated polynucieotide prior to is insertion into a vector
may be desirable or necessary depending on the expression vector. The techniques for modifving
polynucleotides and nucleie acid sequences atilizing recombinant DNA methods are well known in
the art. Guidance is provided in Sambrook et al., 2001, Molecular Cloning: A Laboratory Manual, 3™
Ed., Cold Spring Harbor Laboratory Press; and Carrent Protocols in Molecular Biology, Ausubel. F.
ed., Greene Pub. Associates, 1998, updaies to 20006.

8234] In some embodiments, the control sequences include among others, promoter, leader
sequence, polyadenylation sequence, propeptide sequence, signal peptide sequence, and transcription
terminator. Suitable promoters can be selected based on the host cells used. For bactertal host cells,
suitable promoters for directing transcription of the nucleic acid constructs of the present disclosure,
inchude the promoters obtained from the £, coli lac operon, Streptomyces coelicolor agarase gene
{dagA), Bacillus subtifis lovansucrase gene (sacB), Bacillus licheniformis alpha-amylase gene
{amyL}, Bacillus stearothersmophilus maltogenic anwylase gene (amyvM), Bacillus amyloliguefaciens
alpha-amylase gene (amy(Q), Sacillus licheniformis penicillinase gene (pend), Bacillus subtifis xylA
and xyiB genes, and prokaryotic beta-lactamase gone (Villa-Kamaroff et al,, 1975, Proe. Natl Acad.
3ci USA 780 3727-3731), as well as the fac promoter {DeBoer et al, 1983, Proe, Natl Acad. Sci
USA 80: 21-25). Exemplary promoters for filamentous fungal host cells, inclade promoters obtained
from the genes for dspergillus oryzae TAKA amylase, Rhitomucor miehei aspartic proteinase,
Aspergiilus niger neutral alpha-amylase, dspergiifus niger acid stable alpha-amylase, Aspergifius

niger or Aspergillus awamori glucoamylase (glaA), Rizomucor miehei lipase, Aspergillus oryzae
alkaline protease, Aspergillus oryzae triose phosphate isomerase, Aspergillus nidulans acctamidase,
anl Fusarium oxysporum trypsin-like protease (WO 96/00787), as well as the NA2-1pi promoter (a
hvbrid of the promoters from the genes for dspergilius niger newtral alpha-amylase and dspergifius
oryzae triose phosphate isomerase}, and mutant, tnuncated, and hybrid promoters thereof. Exemplary
yeast cell promoters can be from the genes can be from the genes for Saccharomyces cerevisiae
enolase (ENO-1), Saccharomyees cerevisine galactokinase (GALL), Saccharomyces cevevisiae
alcohol dehydrogenase/glyceraldehyde-3-phosphate dehydrogenase (ADH2Z/GAP), and
Saccharomyces cerevisine 3-phosphoglycerate kinase. Other useful promoters for yeast host cells are
described by Romanos etal., 1992, Yeast 8:423-488,

{82351 The control sequence may also be a suitable transcription terminstor sequences, a sequence
recognized by a host cell to terminate transcription. The terminator seguence is operably Hinked to the
3" terminus of the nucleic acid sequence encoding the polypeptide. Any terminator which is functional
in the bost cell of choice may be used in the present invention. For example, excmplary transcription
termunators for filamentous fungal host cells can be obtained from the genes for Aspergillus orvzae
TAKA amylase, Aspergiflus niger glucoamylase, Aspergillus nidulans anthranilate synthase,

Aspergiflus niger alpha-glucoesidase, and Fusarium oxvsporum trypsin-like protease. Exemplary
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terminators for yeast host cells can be obtained from the genes for Saccharomyces cerevisiae enolase,
Saccharomyces cerevisiae cytochrome C {CYCL), and Saccharomyees cerevisiae ghyceraldehyde-3
phosphate dehydrogenase. Other usetul terminators for yeast host cells are described by Romanos ¢t
al., 1992, supra.

182361 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 mucleic acid sequence encoding the polypeptide. Any leader sequence that is
functional in the host cell of choiee roay be used. Exenmplary leaders for filamentous fungal host cells
are obtained from the genes for Aspergillus oryzae TAKA amvlase and Aspergiflus nidulans triose
ph@sphaic isomerase. Suitable leaders for yeast host cells are obtained from the genes for
Saccharomyvees cerevisiae enclase (ENO-1), Saccharomyces cerevisine 3-phosphoglycerate kinase,
Saccharomyces cerevisige alpha-factor, and Saccharomyces cerevisiae aloohol

/

dehydrogenase/glyceraldehyde-3-phosphate dehydrogenase (ADH2/GAP).
[8237] The control sequence may also be a polyadenylation sequence, a sequence 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 polyvadenosine residues to transcribed mRNA, Any polvadenylation sequence
which is functional in the host cell of choice may be used in the present invention. Exemplary
polvadenyliation sequences for filamentous fungs! host cells can he from the genes for dspergilius
oryzae TAKA amvlase, dspergillus niger glucoamylase, Awpergillus nidulans snthranilate synthase,
Fusarium oxysporum trypsin-like protease, and dspergilius niger alpha-glucosidase. Useful
polyadenylation sequences for yeast host cells are described by Guoe and Sherman, 1995, Mol Cell Bio
15:5983-59940.
[8238] The comtrol sequence may also be asignal peptide coding region that codes for an amino acid
scquence hinked to the aming tormamus of a polypeptide and dircets the encoded polypeptide into the
cell’s secretory pathway. The § end of the coding sequence of the nucleie acid sequence may
inherently contain a signal peptide coding region naturally linked in transiation reading frame with the
segment of the coding regien that encodes the secrcted polypeptide. Altersatively, the 5'end of the
coding sequence may contain 4 signal peptide coding region that is foreign to the coding sequence.
Any signal peptide coding region which directs the expressed polypeptide into the seeretory pathway
of a host cell of choice may be used for expression of the engineered polypeptides. Effective signal
peptide coding regions for bacterial host cells are the signal peptide coding regions obtained from the
genes for Bacillus NCIB 11837 maltogenic amylase, Bociflus stearothermophilys alpha-amylas
Baciflus leheniformis sobtilism, Bacillus Lcheniformis beta-tactamase, Racillus stearothe %‘rﬂapl:uas
neutral proteases (npe'T, nprS, nprM), and Bacilfus subiilis prsA. Further signal peptides are described
by Stmonen and Palva, 1993, Microbiel Rev 57:109-137. Effective signal peptide coding regions for
filamentous fungal host cells can be the signal peptide coding regions obtained from the genes for

Aspergiflus oryzae TAKA amylase, Aspergilfus niger neutral amylase, Aspergiflus niger
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glocoamylase, Rhizomucor mighei aspartc proteinase, Humicela insolens cellulase, and Humicola
lanmuginosa lipase. Useful signal peptides for yeast host colls can be from the genes for

Saccharomyces cerevisiae alpha-tactor and Saccharomyces cerevisiae invertase.

182381 The control sequence may also be a propeptide coding region that codes for an amino acid
sequence posttioned at the amino termyinus of a polypeptide. The resultant polypeptide is referred to as
a proenzyme or propolypeptide (or a Zymogen in some cases). A propolypeptide can be converted to a
matire active polypeptide by catalytic or autocatalytic cleavage of the propeptide from the
propelypeptide. The propeptide coding region may be obtained from the genes for Bacillus subiilis
alkaline protease (aptE), Bacillus subtifis neutral protease (npr'T), Saccharomyces cerevisiae alpha-
factor, Rhizomucor michei sspartic proteinase, and Myceliophthora thermophila lactase (WO
95/33834). Where both sigoal peptide and propeptide regions are present af the amino termivus of a
polvpeptide, the propeptide region s positioned next to the anuno terminos of a polypeptide and the
signal peptide region 1s positioned next to the armino teyminus of the propeptide region,

[624¢] It may also be desirable 1o add regulatory sequences, which allow the regulation of the
cxpression of the polypeptide relative to the growth of the host cell. Examples of regulatory systems
are those which caose the expression of the gene to be turned on or off 1 response to a chemical or
physical stimalus, including the presence of a regulatory compound. In prokaryotic host cells, suitable
regulatory sequences include the lac, tac, and trp operator systems. In veast host cells, suitable
regulatory systems include, as oxamples, the ADHZ system or GALT systeom. In filamentous fungi,
suitable regulatory sequences inchude the TAKA alpha-amylase promoter, Aspergillus niger
glucoamylase promoter, and Aspergillus oryzae glocoamylase promoter.

{8241} In another aspect, the present disclosure is also directed to 8 recombinant exprassion vecior
comprising a polynucleotide encoding an engiveered transaminase polypeptide, and one or more
gxprossion regulating regions such as a promoter and a terminator, @ replication origin, cfe.,
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 rocombinant expression vector
which may jnclude one or more convenient restriction sites to allow for insertion or substitution of the
nuclete acid sequence encoding the pelypeptide at such sites. Alternatively, the mueleic acid sequence
of the present disclosure may be expressed by inserting the nucleic acid sequence or a pucleic acid
construct comprising the sequence into an appropriate vector for expressicn. in creating the
expression vecter, the coding sequence is located in the vector so that the coding sequence is operably
Hnked with the appropriate control sequences for expression.

18242] The recombinant expression vector may be any vector {e.g., a plasrmd or virus), which can be
conveniently subjected to recombinant DNA procedures and can bring about the expression of the
polvaucleotide sequence. The choice of the vector will typically depond on the compatibility of the
vector with the host cell into which the vector is 1o be mtroduced. The vectors may be linear ov closed

circular plasmids.
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[8243] The expression vector may be an autonomously replicating vector, Le., 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, ot an artificial chromosome. The vector
may contain any means for assuring self-replication. Aliernatively, the vector may be one which,
when fatroduced indo the host cell, 1s integrated nto the genome and replicated together with the
chromosome(s) into which it has been integrated. Furthermore, a single vector or plasmid or two or
mene veciors or plasmids which together contain the total DNA o be introduced into the genome of
the host cell, or a transposon may be used.

[8244] The expression vector preferably containg one or more selectable markers, which permit cagy
selection of transformed cells. A selectable marker is a gene the product of which provides for biocide
or viral resistance, resistance to heavy metals, prototrophy 10 anxotrophs, and the like. Examples of
bacterial selectable markers are the daf genes from Baeillus subtilis or Bacillus licheniformis, or
markers, which confer antibiotic resistance such as ampicitlin, kanamycin, chloramphenicol (Example
1) or tetracycling resistance. Suitable markers for yeast host cells are ADEZ, HIS3, LEUZ, LYS2,
MET3, TRP, and URA3Z. Selectable markers for use in 2 filamentous fungal host cell include, but are
not mited to, amdS (acetamidase), argB (omithine carbamoyltransferase), bar {phosphinothricin
acetyltransferase), hph (hygromyein phosphotransterase), niaD {nitrate reductase), pyrG (orotidine-5"
phosphate decarboxylase), sC (sulfate adenyhransferase), and trpC (anthranilate synthase), as well as
equivalents thercof. Embodiments for use in an Aspergillus cell include the smdS and pyrG genes of
Aspergtiius nidulans or Aspergillus orvzae and the bar gene of Streptomyces hiygroscopicus.

{82451 In another aspect, the present disclosure provides a host cell comprising a polyvnucleotide
encoding en engincered transaminase polypeptide of the present disclosure, the polynucieotide being
operatively finked to one or more control sequences for expression of the rensaminase cazyme in the
host ¢edl. Host colis for use in expressing the polypeptides encoded by the expression vectors of the
present tnvention are well known tn the art and include bt are not himited to, bacterial cells, such as
E. coli, Vibrio fluvialis, Strepiomyces and Salmonella iyphinrium cells; fungal colis, such as yeast
colls {e.g., Saccharomyces cerevisiae ot Pichia pasioris (ATCC Accession No, 201178)); insect cells
such as Drosophila S2 and Spodoptera S£9 cells; animal cells such as CHO, COS, BHE, 293, and
Bowes melanoma cells; and plant cells. An exemplary host cells are Escherichio coli W3T18 (AflmA)
and BL21.

82461 Accordingly, in another aspect, the present disclosure provides methods of manufacturing the
enginecred transaminase polypeptides, where the method can comprise culturmg a host cell capable of
expressing a polymucleotide encoding the engimeered transaminase polypeptide under conditions
suitable for expression of the polypeptide. The method can further comprise isolated or purifying the
expressed transaminascs polypeptide, as deseribed herein,

182471 Appropriate culture mediums and growth conditions for the above-described host cells are

well known tn the art. Polynucleotides for expression of the transaminase may be introduced into cells
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by various methods known in the art. Techniques include, among others, electroporation, biolistic
particle bombardment, liposome mediated transfection, calcium chloride transfection, and protoplast
tusion.

10248] For the embodiments herein, the engineered polypeptides and corresponding pelynucleotides
can be obtained using methods used by those skilled in the art. The parental polynucleotide sequence
encoding the wild-type polypeptide of Vibrio fluvialis is described in Shin ef al., 2003, Appl.
Microbiol. Biotechnol. 61(5-6):463471, and methods of generating engineered transaminase
polypeptides with improved stability and substrate recognition properties are disclosed in patent
application publications WO2(10081053 and US20100209981.

[€249] The enginccred transaminases with the properties disclosed herein can be obtained by
subjecting the polynucleotide encoding the nawrally occurring or engineered transaminase to
mutagenesis and/or directed evolution methods, as discussed above. An exemplary directed evolution
technique is mutagenesis and/or DNA shuffling as described in Stemmer, 1994, Proc Natl Acad Sci
USA 91:10747-10751; WO 85/22625; WO 97/6078; WO 97/35966; WO 98/27230; WO (0/42651;
WO 01/75767 and U.S. Pat. 6,537,746, Other directed evolution procedures that can be used include,
among others, staggered extension process (StEP), in vitro recombination (Zhao et al., 1998, Nat.
Biotechnol. 16:258-261), mutagenic PCR (Caldwell et al., 1994, PCR Methods Appl. 3:5136-S140),
and cassette mutagenesis (Black et al., 1996, Proc Natl Acad Sci USA 93:3525-3529). Mutagenesis
and directed evolution techniques useful for the purposes herein are also described in the following
references: Ling, et al., 1997, Anal. Biochem. 254(2):157-78; Dale et al., 1996, “Oligonucleotide-
directed random mutagenesis using the phosphorothiocate method,” In Methods Mol. Biol. 57:369-74;
Smith, 1985, Ann. Rev. Genet. 19:423-462; Botstein et al., 1985, Science 229:1193-1201; Carter,
1986, Biochem. J. 237:1-7; Kramer et al., 1984, Cell, 38:879-887; Wclis ctal., 1985, Gene 34:315-
323; Minshull et al., 1999, Curr Opin Chem Biol 3:284-290; Christians et al., 1999, Nature Riotech
17:259-264; Crameri et al., 1998, Nature 391:288-291; Crameri et al,, 1997, Nature Biotech 15:436-
438; Zhang et al., 1997, Proc Natl Acad Sci USA 94:45-4-4509; Crameri et al., 1996, Nature Biotech
14:315-319; Stemmer, 1994, Nature 370:389-391; Stemmer, 1994, Proc Natl Acad Sci USA
91:10747-10751; WO 95/22625; WO 97/0078; WO 97/35966; WO 98/27230; WO 00/42651; WO
01/75767 and U.S. Pat. 6,537,746.

[8256] The clones obtained following mutagenesis treatment can be screened for enginecred
transaminases having a desired improved enzyme property. For example, where the improved cnzyme
property desired is thermostability, enzyme activity may be measurcd after subjecting the enzyme
preparations to a defined temperature and measuring the amount of enzyme activity remaining after
heat treatments. Clones containing a polynucleotide encoding a transaminase are then isolated,
sequenced to identify the nucleotide sequence changes (if any), and used to express the enzyme in a
host cell. Measuring enzyme activity from the expression libraries can be performed using the

1
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standard biochemistry techniques, such as HPLC analysis following derivatization, e.g., with OPA, of
the product amine,

[8251] Where the sequence of the engineered polypeptide is known, the polyaueieotides encoding
the enzyme can be prepared by standard solid-phase methods, according to known synthetic meathods.
In some embodiments, fragments of up to about 100 bases can be mdividually synthesized, then
joined {e.g., by enzymatic or chemical Htigatdon methods, or polvimerase mediated methods) to form
any desired continuons sequence. For example, polynucleotides and oligonucieotides disclosed herein
can be prepared by chemical syuthesis using, e.g., the classical phosphoramidite method described by
Beaucage et al, 1981, Tet Lett 22:1859-69, vy the method described by Matthes ot al,, 1984, EMBO 1.
3:801-05, e.g., as it is typically practiced in automated synthetic methods. According to the
phosphoramidite method, oligonucieotides are synthesized, e.g., in an automatic DNA synthesizer,
purified, amnesled, ligated and cloned in appropriate vectors.

182821 Accordingly, in some embodiments, 8 method for preparing the engincered transaminase
polypeptide can comprise: {a) synthesizing a polynucleotide encoding a polypeptide comprising an
amino acid sequence selected from SEQ IDNO: 4, 6,8, 10, 12, 14, 16, 18, 20, 22, 24, 76, 28, 34, 32,
34,36, 38,40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72,74, 76, 78, 8, 82, 84, §6,
88,90, 92, 94, 96, 98, 100, 102, 104, 106, 108, 110, 112, 114, 116, 118, 120,122, 124, 126, 128, 130,
137, 134, 136, 138, 140, 142, 144, 146, 148, 150, 152, 154,154, 156, 158, 160, 162, 164, 166, 168,
170,172, 174, 176, 178, 180, 182, 184, 186, 188, 190, 192, 194, 196, 198, 200, 202, and 204 and
having one or more residue differences as compared to SEQ ID NO: 2 at sesidue positions selected
from: X19, X21, X34, X583, X356, X73, X86, X88, X107, X113, X133, X147, X155, X165, X171,
X178, X233, X251, X259, X268, X277, X286, X312, X316, X317, X323, X358, X366, X383, X309,
X414, X415, X417, X426, X434, and X450, wherein the residue differences at residue positions X21,
X586, X86, X8R, X107, X113, X133, X147, X233, X286, X312, X316, X323, X383, X415, X417, and
X434, are selected from: X21H, X56A/C, XB6C, X8EH/Y, X107G, X113L/P, X133A, XI47H/V,
X233V, X286C/H, X312N, X316C/F/GM/S/T, X323A, XABIC/E/UM/T, X415A/G/H/LNV, X417V,
and X4347T; and (b) expressing the transarninase polypeptide encoded by the polynuclectide. In some
embodiments of the method, the residue differences at residue positions X19, X34, X33, X73, X158,
X165, X171, X178, X251, X259, X268, X277, X317, X358, X366, X399, X414, X426, and X450 are
selected from X19W, X34A, X53M, X73R. X155V, X165F, X1710Q, X178W, X251V, X254V,
XI68A, X277A, X370, X338K, X366H, XI00A, X4141, X476R, and X4308.

[8253] In some embodiments of the method, the amino acid sequence encoded by the polynucleotide
can optionally have one or several {e.g, up 10 3, 4, 5, or up ¢ 10} amine acid residue deletions,
ingertions and/or substitytions. In some embodiments, the amino acid sequence has optionally 1-2, 1-
3, 1-4,1-5,1-6, 1-7, 1-8, 1-9, 1-10, 1-15, §-20, 1-21, 1-22, §-23, 1-24, 1-25, 1-30, 1-35, 1-40, 145, or
1-80 amino acid residue deletions, insertions and/or substitations. In some embodiments, the amino

acid sequence has optionally 1,2, 3,4, 5,6,7, &, 9, 16, 11, 12, 13, 14, 15,16, 17, 1§, 19,24, 21, 22,
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23,24, 25,30, 30, 35, 40, 45, or 50 apuno acid residue deletions, insertions and/or substitutions, In
some embodiments, the amino acid sequence has optionaily 1,72, 3, 4,5, 6,7, 8,9, 10, 11, 12, 13, 14,
15, 16, 18, 20, 21, 22, 23, 24, or 25 amino acid residue deletions, insertions and/or substitutions. In
some embodiments, the substititions can be conservative of non-conservative substiutions.

825841 The expressed engineered transaminase can be measured for the desired improved property,
2.2, activity, enantioselectivity, stability, and product tolerance, in the conversion of compound (23 to
compound (1} by any of the assay conditions described herein.

[8285] In some embodiments, any of the engineered transaminase enzymes oxpressed in a host cell
can be recovered from the cells and or the culture medivm using any one or more of the well known
techniques for protein purification, including, among others, lysozyme treatment, sonication,
filtration, salting-out, ulira-cendrifugation, and chromatography. Suttable solutions for lysing and the
high efficiency extraction of proteins from bacteria, such as £, coli, are provided in Table 2A and the
Examples, and also commercially available, e.g., CelLytic B™ from Sigma-Aldrich of St. Louis MO.
[8236] Chromatographic rechaigues for isolation of the transaminase polvpeptide include, among
others, reverse phase chromatography high performance liguid chromatography, ion cxchange
chromatography, gol clectrophoresis, and affinity chromatography. Conditions for purifving a
particutar enzyme will depend, in part, on factors soch ag net charge, hydrophobicity, hydrophilicity,
molecuitar weight, molecular shape, cic., and will be apparent to those haviag skill in the art.

1825871 I some embodiments, affinity technigues may be used to tsolate the tmproved transaminase
enzymes. For affinity chromatography purification, any antibody which specifically binds the
transaminase polypeptide may be used. For the production of antibodies, various host animals,
including but sot Hmited to rabbits, mice, rats, gic., may be immunized by injection witha
tramwanynase polypeptide, or a fragment thercof. The transaminase polypeptide or fragment may be
attached to a suitable carrier, such as BSA, by means of a side chaim functional group or linkers

attached to a side chan functional group.

5.7 Methods of Using the Engineered Transaminase Engymes
[8258] As noted above, the enginecred transaminasc polypeptides of the present disclosure were
corresponding chiral amine of the exemplary product compound (1) in diastercomeric excess, in the
presence of an amino donor under suitable reaction conditions. The structural features of the
engineetred transaminase polypeptides also allow for the conversion of large prochiral kKetone substrate
compounds, other than compound (2}, to their corresponding chiral amine compounds in stereomeric
excess. Accordingly, in ancther aspect, the present disclosure provides processes using the
¢nginecred fransaminase polypeptides to carry out a transemination reaction in which an amino group
from an amino donor is fransferred to an amino accepior, e.g., a ketone substrate compound, o

produce an amine compound. Generally, the process for perfornung the transamination reaction

~d
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comprises contacting or incubating an engineered transaminase polypeptide of the disclosore with an
amino accepior {e.g., a ketone substrate compound) and an amino donor {e.g., isopropylamine} with
under reaction conditions suitable for converting the amine aceeptor 1o an amine compound.

182591 In some embodiments, the present disclosure provides a process for the preparation of an

amine compound of Formula (§}

wherein
between positions 2 and 3 and/or posttions § and 6, and/or optionally substituted independently
positions 2, 3,4, 5 and 6 with a group selected from halo, hydroxy, and methyl;

Ring B 1s a8 6-membered carbocyclic ring, optionally mncluding an vosaturated C-C bond
between positions 5 and 10, and/or optionally substituied independently at one or more of positions 9
and 10 with a group sclected from halo, hydroxy, and methyl;

Ring € is a 5- or 6-membered carbocyehc ring (Le, m=0 or 1), optionally substituted at
position 10 with a group sclected from halo, hydroxy, methyl, ethyl, and carbonyl;

2, or 3 unsaturated C-C bouds, and/or optionally substituted independently as follows:

at position 14 with a group selected from halo, hydroxy, amino, carboxy, cyane, nitro, thio,
straight-chain or branched (C,-C)alkyl, straight-chain or branched (C-Cijalkenyl, straight-chain or
branched {C,-C:alkylamino, and cyclopropyl bridging to position 12;

at position 15 or position 16 with a group selected from halo, hydroxy, amino, carboxy,
cyano, nitro, thio, optionally substinuted (C-Cgyatkyl, hvdroxy{Ci-Colalkyl, optionally substituted(C;-
Ceralkyloxy, optionally substituted (C-Celalkylamine, optionally substituted (C-Cgidialkylamino,
optionally substituted (C-Cglalkylihio, optionally substituted (C-Cyalkylsulfonyl, optionally
substituted (C-Cgalkylsulfinyl, carboxy(C-Ceialkyl, (C-Colatkyloxyearbonyl, (C;-
Ceralkyvicarbonyloxy, optionally substituted aminocarbonyl, aminocarbonvl{C-Celalkyl, optionally
substituted cycloatkyl, optionally substituted heterocycloallyvl, optionally substituted aryl, optionally
substituted heteroaryl, optionally substituted aryloxy, optionally substituted arylamino, optionally
substituted arylthio, optionally substituted arylsubfonyi, optionaily substituied arvisulfinyi, optionally
substituted aryloxycarbonyl, optionally substituted arvicarbonyloxy, optionally substituted
heteroaryloxy, optionally substituted heteroarylamino, optionally substituted heteroaryhthio,

optionalily substituted heteroarylsulfonyl, optionally substituted heteroaryisulfinyl, optionally
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substinted heteroaryloxycarbonyl, optionally substituted heteroarylcarbonvloxy,
alkviaminosubfonyl{ C-Cy)aliyl, arylsulfonyl{C -Cyalicyl, and hetercarvisulfonyl{ C-Cylalkyl;

with the proviso that the compound of Formula (1) is not compound (1)

-~
R

™

()

3

wherein the method comprises contacting the ketone substrate compound of Fornmia (H),

{0

wherein rings A, B, €, and D are as defined above for the compound of Formula (),

with an engineered transaminase polypeptide of the present disclosure in the presence of an
amino donor vnder suitable reaction conditions.
[8268] In some embodiments, the engincered transaminase polypeptides of the disclosure ave capable
of converting cyclopamine analog compounds of Formula (da), wherein Ring C 15 a S-membered
carbocyclic ring, optionally substituted at position 11, and Ring D is a 7-membered carbocyclic ring
suhstitited at position 16, which can be converted to an amine product compound of Formula (§a) as

in Scheme 5.

Scheme §

(TEa) (Ia)
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182611 Accordingly, in some exnbodiments, the present disclosare provides a process for proparation

of an amine compound of Formula (ia)

{ia)

wherein
Rings A and B comprise one of the following:
{a} an unsaturated C-C bond between positions 3 and 6;
() an unsaturated C-C bond between positions 5 and 10;
(¢} a hydrogen at position S ¢is to the methyl group at position 4; or
() a hydrogen at position 5 traus to the methyl group at position 4;

Ring D comprises an unsaturated C-C bond between positions 12 and 14;

R’ is selected from hydrogen, halo, hydroxy, methyl, ethyl, and carbonyl;

R” is selected from bydrogen, hale, hydroxy, amine, carboxy, cyano, nitro, thio, straight-chain
or branched {C;-Cyalkyl, straight-chain or branched (C,-Cyalkenyl, and straight-chain or branched
{C-Crralkvlamno; and

R’ is selected from hydrogen, halo, hydroxy, amine, carboxy, cyano, nitro, thio, optionally
substituted {C,-Cyalkyl, hydroxy(Ci-Ce)alkyl, optionally substituted((,-Cylalkyloxy, optionally
substituted (C-Cgalkylaminoe, optionally substituted (C,-Cgidialkylamino, optionally substituted (C:-
Ceyalkyithio, optionally substituted (C-Cglalkylsulfonyl, optionally substituted (C1-Cgalkylsulfinyi,
carboxy(C,-Coalkyl, {C-Cglalkyloxyearbonyl, {C-Colalkylcarbonyloxy, optionally substitnted
aminocarbonyl, and aminocarbonvl{(C,-Cgallyl;

with the proviso that the compound of Formula (1) is not compound (1)

(1)
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wherein the method comprises contacting the ketone subsirate compound of Formula

(iia),

(11a)

wherein vings A, B, ¢, and 1, and R', R?, and R’ are as defined above for the compound of

Formula (1a),

with an engincered transaminase polypeptide of the present disclosure in the presence of an
amxino donor ander suitable reaction conditions.
[8262] In some embodiments, the engineered transaninase polypeptides of the disclosure are capable
of converting cyclopamine analog compounds of Formula (11b), wheretn Ring C is 5-membered
carbocyclic ring and Ring D is a G-membered carbocycelic ring, to the chiral amine product compound

of Formula (Eb}) as shown in Scheme &

Scheme §

{1}

(b}
§263] Accordimgly, in some embodiments, the prosent disclosure provides a process for preparation
54 1

of an amine compound of Formula (Ih)
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)

wherein

Rings A and B comprise onc of the following:

(2} an unsaturated C-C bond between positions 5 and 6;

(b) an unsaturated C-C bond between positions 5 and 10;

{¢) a hydrogen at position 5 cis to the methyl group at position 4; or
{d) a hydrogen at position S rrans to the methyl group at position 4,

Ring D comprises an unsaturated C-C bond between positions 12 and 14, or a bridging
cyclopropyl between postitons 12 and 14;

R' is selected from hydrogen, halo, hydroxy, methyl, ethyl, and carbonyl:

R? is selected from hydrogen, halo, hydroxy, amino, carboxy, cyano, nitro, thio, straight-chain
or branched (C,-Cyalkyi, straight-chain or branched (C)-Cyjalkenyl, and straight-chain or branched
{C-Cyralkylamino; and

R’ is selected from hydrogen, halo, bydroxy, amine, carboxy, cyano, nitro, thio, optionally
substituted (Ci-Colalkyl, hydroxy(C-Cg)alloyl, optionally substituted{C,-Clalkyloxy, optionally
substituted (Ci-Cglalkylamine, optionally substituted (O -Cg)dialkylaming, optionally substituted (C)-
Cerallyithio, optionally substituted (C-Cqlalkylsulfonyl, optionally substituted {C1-Caalkylsulfinyl,
carboxy{C-Ceralkyl, (C;-Cglalkyloxyearbonyl, {C,-Cylalkylcarbonyloxy, optionally substitated
arninocarbonyl, and aminocarbonyl{ C:-Cglalloyl;

wherein the method comprises contacting the ketone substrate compound of Formula (3ib),




81788613

wherein rings A, B, C, and D, and RY, R? and R® are as defined above for the compound of
Formula (Ib),

with an engineered fransaminase pofvpeptide of the present disclosure in the presence of an
amino donor under suitable reaction conditions.
[0264] In some embodiments, the enginecred transaminase polypeptides can be used to prepare any
of the cyclopamine analog compounds disclosed in WO 2011017551 A1, published February 10,
2011.
{0265} Numerous other cyclopamine analog compounds (other than those encompassed by Formulas
(Ia) and (Ib)) are known in the art. In some embodiments, it is contemplated that the engineered
transaminase polypeptides of the present disclosure can be used in biocatalytic processes to prepare
any of the known veratramine analog compouands.
{0266] In some embodiments, the engineered transaminase polypeptides of the disclosure are capable
of converting veratramine analog compounds of Formula (If¢), wherein Ring C is 5-membered
carbocyclic ring and Ring D is a 6-membered carbocyclic ring, to the chiral amine product compound

of Formula (Ic) as shown in Scheme 7:

Scheme 7

(I1c) (ke)
[0267] Accordingly, in some embodiments, the present disclosure provides a process for preparation

of an amine compound of Formula (Ic)

wherein

CA 2895752 2019-06-13
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Rings A and B comprise one of the following:

{a} an unsaturated C-C bond between positions 5 and 6;

{b) an unsaturated C-C bond between positions 5 and 10;

¢} a hydrogen at position 5 cis to the methyl group at position 4; or
() a hydrogen at position 3 trans to the methyl group at position 4,

Ring D s aromatic;

R {5 selected from hydeogen, bafo, hydroxy, methyl, ethyl, and carbonyl;

R i3 selected from hydrogen, halo, hydroxy, amine, carboxy, cyano, nitro, thio, straight-chain
ot branched (C-Cylalkyl, straight-chain or branched (C;-Calkenyl, and straight-chain or branched
{C1-Csialkylaming; and

R is selocted from hydrogen, hale, hydroxy, amine, carboxy, cyano, nitro, thio, optionally
substituted { C;-Colalkyl, hydroxy(C,-Cyialkyl, optionally substituted(C-Celalkyloxy, optiopally

ychialkylamino, optionally substituted (C-

%

substituted { Ci-Cglalkylamine, optionally substituted (C.-Cy
Ceyalkvithio, optionally substituted (C-Ceralkyisulfonyl, optionally substituted (C,-Cgalkyisulfinyl,
carboxy(C, -Cejalkyl, (C;-Celalkyloxycarbonyl, (Ci-Colalkylcarbonyloxy, opticnally substituted
aminocarbonyl, and aminocarbonyl{C-Cylalkyl;

wherein the method comprises contacting the ketone substrate compound of Formula (Eey,

(Iic)

wherein rings A, B, C, and D, and R', RY, and B are as defined above for the compound of
Formula (f¢),

with an engincered transaminase polypeptide of the present disclosyire in the presence of an
amino donor under suitable reaction conditions.
[8268] Numerous other veratramine analog compounds (other than those encompassed by Formula
{Teyy are known 1 the art. In some embodiments, 1t is contemplated that the engincered fransaminase
polypeptides of the present disclosure can be used in biocatalytic processes to prepare any of the
known veratrantine analog compounds.
[826%] In some embodiments, the engincered transaniinase polypeptides of the disclosure are capable
of converting steroid analog compounds of Formula (Hd), wherein Ring C s 6-membered carbocyclic
ring and Ring D is a S-membered carbocyclic ring, to a chiral amine product of Formula (1) as

shown in Scheme 8

30
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Scheme §

H

HNY Y

(id}

(Fia)

182781 Accordingly, in some embodiments, the present disclosure provides a process for preparation
of an amine compound of Formuia (i}

4 el
R. R3 R=

RS M=y

{fd)

wherein

Ring A comprises an unssturated C- bond between positions 2 and 3, or positions 5
and 6;

R' and R’ are selected independently from hydrogen, halo, hvdroxy, aminoe, carboxy, ovano,
nitro, thio, optionally substituted (C-Calalkyl, hydrony(Ci-Cgratkyl, optionally substituted(C;-
Cealkylioxy, optionally substituted (C-Cslalkylamino, optionally substituted (C-Cg)dialkylamino,
optionalily substituted (C-Cglalkvlihio, optionally substituted (C-Cglalkylsulfonyl, optionally
substituted (C-Cglalkylsulfinyl, carboxy{(C-Colalkvl, (C;-Cglalkyloxyearbonyl, (C,-
Coallvicarbonyloxy, optionally substituted aminocarbonyl, aminocarbonyl{C,-Cg)alkyl, optionally
substituted cycloalkyl, optionally substituted heterocycloalkyl, optionally substituted aryl, opticually
substituted heteroaryl, optionally substituted aryloxy, optionally substituted aryvlamino, optionally
substitated arylthio, optionally substituted arylsulfonyl, optionatly substituted aryisulfinyl, optionally
substituted arvloxycarbonyl, optionally substituted arvlcarbonvioxy, optionally substituted
heteroaryloxy, optionally substituted heteroarylamino, optisnally substitited heteroarylthio,
optionaily substituted heternarylsulfonyl, optionally substituted heteroarylsulfinyl, optionally
substituted heteroaryloxycarbonyl, optionally substituted heteroarylcarbonvloxy,
alkylaminosulfonyl{ C -Cyalkyl, arylsulfonyl{ C|-Cglalleyl, and heteroarylsulfonyl{C-Cglalkyl;

R*, RY, and R’ are selected independently from hydrogen, halo, hydroxy, amino, carboxy,
cyano, nitro, thio, straight-chain or branched (C-Cylalkyl, straight-chain or branched (C-Cilalkenyl,

and straight-chain or branched (C;-Cy)alkylanune; and
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6 T 3 . . .
R® R, and R® are selected independently from hydrogen, halo, hydroxy, and methyl;

wherein the method comprises contacting the ketone substrate compoumd of Formula (1id),

(11

comiopl pdopd pd 7 ; .
wherein B, R%, ®°, RY, ®°, R®, R, and R arc as defined above for the compound of Formula

(id),

with an engineered fransaminase polyvpeptide of the present disclosure in the presence of an

amino donot under suitable reaction conditions.

(8271} In some embodiments of the process for preparing an amine compound of Formula (1d), the

process can be carried out using a ketone substrate conpound of Formula (Hd) selected from those

shown in Table 3.

Table 3

Ketone subsirate compound of
Formula (11d)

Chival amine produet compound of Formula
{1d}

H N
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[8272] In addition to the compounds of Fornwila (Hd), including those shown in Table 3, there arc a
multitude of steroid anslog compounds known inthe art. The present disclosure contemplates that
any steroid analog compound with a ketone group at position 1 of Ring A could be used as ketone
substrates with an engineered transaminase polypeptides of the present disclosure n a process to
prepare its corresponding steroid analog compound with a chival amine group at position 1.

[8273] In view of the stereoselectivity of the engineered transaminase polypeptides of the present
disclosure, 1n some embodunents the process results 10 the formation of the chiral amine compounds
of Formula (§), Formula (Ia}, Formwla (Ib), Formula (1), and Formala (1d) in diastercomeric oxcess.
In some embodiments, the process results in the formation of the chiral amine compomnd of Formula
{0y, Formmla (3a), Formula (Il), Formula (I¢), and Forowla (1d) in diastcrcomeric excess of at least
90%, 953%, 96%, 97%, 98%, 99%, or greater,

{8274} For the foregoing processes, auy of the engineered transaminase polypeptides described
herein can be used. By way of example and without limitation, in some embodiments, the process can
use an enginecred polypeptide having wansaminase activity of the present disclosure comprises an
amino acid sequence having at loast 80%, 85%, 86%, 879, 8%, 89%, 9(%, 91%, 92%, 93%, 94%,
959, B6%, 97%, 98%6, 99% or more identity o a reference sequence selected from SEQ [DNQ: 4, 6,
3, 10,12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38,40, 42, 44, 46, 48, 5(, 52, 54, 36, 58, 60, 62,
64, 66, 68, 70,72, 74, 76, 78, &0, 82, B4, K6, 88, 90, 92, 94, 96, 98, 100, 102, 104, 106, 108, 110, 112,
114, 116, 118, 120, 122, 124, 126, 128, 130, 132, 134, 136, 138, 140, 142, 144, 146, 148, 159, 152,
154, 154, 156, 138, 160, 162, 164, 166, 168, 170, 172, 174, 176, 178, 180, 182, 184, 186, 188, 194,
192, 194, 196, 198, 200, 202, and 204, and one or more residue differences as compared to SEQ 1D
NO:2 at residue positions selected from X19, X21, X34, X353, X56, X73, X86, X88, X107, X113,
X133, X347, X155, X165, X171, X178, X233, X251, X259 X268, X277, X286, X312, X316, X317,
X323, X388, X366, X353, X398, X414, X415, X417, K426, X434, and X488, wherein the residue
differences at residuce positions X21, X356, X86, X&&, X107, X113, X133, X147, X233, X286, X312,
K316, X323, X383, X413, X417, and X434, are sclected from: X21H, X386A/C, X86C, X88H/Y,
KIG7G, X113L/P, X133A, X14TH/V, X233V, XZ86C/MH, X312N, X316C/HF/G/MN/S/T, X323 A,
X3RIC/FAM/T, X4134/G/HA/Y, X417V, and X4347T. o some embodiments, the specific anino
acid differences at positions X19, X34, X583, X73, X155, X165, X171, X178, X251, X259, X268,
X277, X317, X358, X366, X399 X414, X426, and X450 arc sclected from: XI19W, X34A, X53M,

#

X73R, X155V, X1658, X171Q, X178W, X251V, X250V, XI68A, X277A, X317L, X358K, X366H,
X399A, X414], X426R, and X4505. In some embodiments, the reference sequence s selected from
SEQIDNQO: 4, 8, 26, 36,40, 78, 100, 102, 148, 1586, 160, 170, 172, 180, and 198. Insome
embodiments, the reference sequence is SEQ 1D NO:4. In some embodiments, the reference sequence
is SEQ ID NO166. o some ombodiments, the reference soquence is SEQ ID NO: 148, In some
embodiments, the reference sequence is SEQ 1 NO:156. In some embodiments, the reference

sequence 18 SEQ 1D NG:160. In some embodiments, the reference sequenee is SEQ ID NG 180.
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[8275] In some embodiments, exemplary transaminase polypeptides ¢ apa‘b carrying out the
processes herein can be a polypeptide comprising an amino acid sequence selected from SEQ ID NO:

4,6,8, 10,12, 14, 16, 18, 20,22, 24, 26, 28, 30, 32, 34, 36, 38,40, 42, 44, 46, 48, 50, 52, 54, 56, 58,
60, 62, 64, 66, 68,70, 72, 74, 76, 78, RO, 82, 84, 86, 88, 90, B2, 94, 96, OR, 1040, 102, 104, 106, 15,
110, 112, 114, 116, 118, 120, 122, 124, 126, 128, 134, 132, 134, 136, 138, 140, 142, 144, 146, 148,
150, 152, 154, 154, 156, 158, 160, 162, 164, 166, 168, 170, 172, 174, 176, 178, 180, 182, 184, 186,
188, 190, 192, 194, 196, 198, 200, 202, and 204. Guidance on the choice and use of the engiucerad
transaninase polypeptides is provided in the descriptions herein, for exanple Tables 2A and 2B and
the Examples.

182761 In the cmbodiments herein and illustrated in the Examples, various ranges of suitable reaction
conditions that can be used, including but not limited, to ranges of amino donor, pH, temperature,
buffer, solvent system, substrate loading, polypepiide loading, cofactor loading, pressure, and reaction
time. Further sutable reaction conditions for carrying out the process for biocatalytic conversion of
sybstrate compounds 1o product compounds using an enginected wransaminase polypeptide described
herein can be readily optimized in view of the guidance provided herein by routine experimentation
that mcluades, but 1s not lmited to, contacting the engineered transaminase polypeptide and substrate
compound under experimental reaction conditions of concentration, pH, temperature, solvent
conditions, and detocting the product compound.

182771 I some embodiments herein, the transaminase polypeptide uses an amino donor to form the
product compounds. In some embodiments, the amino donor in the reaction condition can be selected
from isopropylaming (also referred to herein as “IPM”), putrescing, L-lysing, a-phencthylamine, D-
alanine, L-alanine, or D, L-alanineg, or D,L-ormithine. In some embodimends, the amino donor is
sclected from IPM, putrescine, L-lysine, D- or L-alanine. In some cmbodiments, the amine donor is
IPM. Tn some embodiments, the suitable reaction conditions comprise the amino donor, in particular
IPM, present at a concerdration of at feast about 0.1 to about 3 M, (.2 1o about 2.5 M, about .5 to
about 2 M or about 1 to about 2 M. In some cmbodiments, the amino donor is present at a
concentration of about 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 1, 1.5, 2, 2.5 or 3 M. Higher concentrations
of amine donot, e.g., IPM, can be used to shift the equilibrium towards amine product formation,
[8278] Suitable reaction conditions using the enginecred transaminase polypeptides also typically
comprise a cofactor. Cotactors usetul for transaminase enzymes herein include, but are not limited to,
pyridoxal-5'-phosphate {also kmown as pyridoxal-phosphate, PLP, PSP}, pyridoxine (PN), pyridoxal
{PL), pyridoxamine {(PM), and their phosphorylated counterparts pyridoxine phosphate (PNP) and
pyridoxamine phosphate (PMP). In some embodiments, the cofactor PLP is present naturally in the
cell extract and does not neod to be supplemented. In some embodiments of the processes, the suitable
reaction conditions comprise cxogenous cofactor added to the enzyme reaction mixture, for example,
when using partially purified or purified transaminase enzyme. In some embodiments, the suitable

reaction conditions can comprise the presence of a cofactor selected from PLP, PN, PL, PM, PNP, and
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PMP, at a concentration of about 0.1 g/L to about 10 g/L, about 0.2 ¢/L to about 5 g/, about 0.5

to about 2.5 g/L. In some embodiments, the reaction conditions comprise 8 PLP concentration of
about 0.1 /L. or less, 0.2 g/l or less, 0.5 g/l ovless, 1 g/L or less, 2.5 g/ or fess, 5 g/l or less, or 10
o/l or less. In some embodiments, the cofactor can be added either at the beginmmg of the reaction
and/or additional cofactor 1s added duning the reaction.

82791 Suobstrate compound in the reaction mixtures can be varied, taking into consideration, for
example, the desired amount of product compound, the effect of substrate concentration on cnzyme
activity, stability of enzyme under reaction conditions, and the percent conversion of substrate 1o
product. In some embodiments, the suitable reaction conditions comprise a substrate compound
ioading of at least about 0.5 to sbout 200 g/L, 1 to about 200 g/L., about S to about 150 ¢/L, about 10
to about 100 g1, about 20 to about 100 g/L, or about 50 to about 100 ¢/L. In some embodiments, the
suitable reaction conditions comprise a substrate componnd loading of at least about 0.3 g/L, at least
about T g/L, atleast about 5 g/L, at least about 10 g/L., at least about 15 g/L, at least about 20 /L, at
least about 30 g/L, at least about SO g/L, at feast about 753 gL, at least about 100 g/L, at least about
150 g/L or at least about 200 g/L, or even greater. The values for substrate loadings provided herein
are based on the molecolar weight of compound (2), however it also contemplated that the equivalent
molar amounts of various hydrates and salts of compound (2) also can be used in the process, In
addition, ketone substrate compounds of Foramla (11}, including compounds of Formula (¥a), (),
(il¢}, and (J1d) can also be used in appropriate amounts, in ight of the amounts used for compound
{23
[8288] In carrying out the reactions described herein, the enginecred transaminase polypeptide may
be added to the reaction mixture in the form of 8 purified enzyme, whole cells transformed with
genels) encoding the enzyme, and/or as cell extracts and/or lysates of such cells. Whole cells
transformed with gene(s) cncoding the onginecred transaminase enzyme of cell exiracts, Iysates
thereof, and isolated enzymes may be emploved in a variety of different forms, including solid (e.g.,
fyophilized, spray-dried, and the like} or semisolid (e.g., a crude paste). The cell extracts or cell
fysates may be partially purified by precipitation (ammonium sulfate, polyethylencimine, heat
treatment or the hike), followed by a desalting procedure prior to lyophilization (e.g., vltrafiliration,
dialysis, and the like). Any of the cell preparations may be stabilized by crosslinking vsing known
crosslinking agents, such as, for example, glutaraldehyde, or tmumobilization 1o a solid phase (e.g.,
Eupergit C, and the like).

[8281] The gene(s) encoding the engineered transaminase polypeptides can be transformed into host
cell separately or together info the same host cell. For example, in some embodiments one set of host
cells can be transformed with gene(s) encoding one engineered transaminase polypeptide and another
set can be wranstormed with gene(s) encoding another enginecered transaminase polypeptide. Both scts
of transformed cells can be wiilized together in the reaction mixture in the form of whole cells, or in

the form of lysates or extracts derived therefrom. In other embodiments, a host cell can be
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transformed with gene(s) encoding multiple engineered transaminase polypeptide. In some
embodiments the engincered polypeptides can be expressed in the form of secreted polypeptides and
the culture roedivm containing the secreted polypeptides can be used for the transaminase reaction.
182821 The enhancements in activity and/or stercoselectivity of the engincered transamnase
polypeptides disclosed herein provide for processes wherein higher percentage conversion can be
achieved with lower concentrations of the engineered polypeptide. In some embodiments of the
process, the suitable reaction conditions comprise an engiscered polypeptide concentration of about
$.01 to about 50 g/1.; about .05 to about 50 g/L; about 0.1 o about 40 ¢/L; about 1 to about 40 g/l;
about 2 to about 40 g/L; about 5 to about 40 g/L; about 5 to about 30 g/L; about 8.1 1o about 10 g/L;
about 0.5 to about 10 g/L; about 1 to about 10 g/L; about (.1 to about 5 g/L; about 0.5 to about 5 g/L;
or about 0.1 to about 2 g/l.. In some embodiments, the transaminase polypeptide is concentration at
about 0.01, 0.05,0.1,0.2, 0.5, 1,2, 5, 10, 15,20, 25, 30, 35, 40, or 50 g/1.

182831 Duning the course of the transamimation reactions, the pH of the reaction mixture may change.
The pH of the reaction mixmre may be maintained at a desired pH or within a desired pH range. This
may be done by adding an acid or base, before and/or during the course of the reaction. Alternatively,
the pH may be controlled by using a buffer, Accordingly, m some embodiments, the reaction
condition comprises a buffer. Suitable buffers to maintain desired pH ranges are known in the art and
include, by way of example and not limitation, borate, carbonate, phosphate, tricthanclamine (TEA),
and the like. In some embodiments, the buffer is borate. In some embodiments of the process, the
suitable reaction conditions comprise 4 buffer solution of TEA, where the TEA concentration is from
about 0.01 to about 0.4 M, 0.05 to about 0.4 M, (.1 to about $.3 M, ¢r about 0.1 to about 0.2 M. In
some embodiments, the reaction condition comprises a TEA concentration of about 0.01, 0.02, 0.03,
.04, 0.05,0.07, 0.1, 0,12, 0.14, 4.16, 8,18, 6.2, 0.3, or 0.4 M. In some embodiments, the reaction
conditions comprise watcr as a suitable solvent with no butter prosent.

[8284] In the ombodiments of the process, the reaction conditions can comprise a suitable pH. The
desired pH or desired pH range can be maintained by use of an acid or base, an appropriate buffer, or
a combination of bufforing and acid or base addition. The pH of the reaction mixture can be
controlled before and/or during the course of the reaction, In some embodiments, the suitable reaction
conditions comprise a solution pH from about 6 to about 12, pH from about 6 to about 10, pH from
about 6 1o about 8, pH from about 7 to abowt 10, pH from about 7 to about B, or pH from about 7 to
about 8. In some embodiments, the reaction conditions comprise a solution pH of about 6, 6.5, 7, 7.5,
8,8.5,9,85 10, 105, 1L, 115 or 12

[8285] In the embodiments of the processes herein, a suitable temperature can be used for the
reaction conditions, for example, taking into consideration the increased reaction rate at higher
temperatures, and the activity of the enzyme during the reaction time period. For example, the
engincered polypeptides of the present disclosure have incrased stability relative to naturally

occurring transaninase polypeptide e.g., the wild-type polypeptide of SEQ 1D NQO: 2, wiich allow the
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enginecred polvpeptides o be used at higher temperatures for increased conversion rates and
inproved substrate solubility characteristics. Accordingly, in some embodiments, the suitable reaction
conditions comprise a temperature of about 10°C 1o about 70°C, about 10°C to about 65°C, abowt
15°C to abowt 60°C, about 20°C to abowt 60°C, about 20°C to about 55°C, about 30°C to about 55°C,
or about 40°C to about SO°C. In some embodiments, the suitable reaction conditions comprise a
temperature of about 10°C, 15°C, 20°C, 25°C, 30°C, 35°C, 40°C, 45°C, S0°C, 55°C, 60°C, 65°C, ar
70°C. In some embodiments, the temperature during the enzymatic reaction can be mmintained at a
temperature throughout the course of the reaction or adjusted over a temperature profile durmg the
course of the reaction,

18#286] The processes herein arc generally carricd out in a solvent. Suitable solvents include water,
aqueous buffer solutions, organic solvents, polymeric solvents, and/or co-solvent systems, which
generally comprise agueous selvents, organic solvents and/or polymeric solvents. The aqueous
solvent {water or aqueous co-solvent system) may be pH-buttered or unbuffered. In some
embodimennts, the processes are generally carried out in an aqueous co-solvent system comprising an
organic solvent (e.g., ethanol, isopropanol (IPA), dimethyl sulfoxide (DMSQO), ethyl acetate, butyl
acetate, 1-octanol, heptane, octane, methyi t-butyl ether (MTBE), toluene, and the like), iomic or polar
solvents (e.g., T ethyi 4 methylimidazcolinm tetrafluorcborate, 1 butyl 3 methyhimidazoliom
tetrafluoroborate, 1 buty! 3 wethybimidazolium bexafluorophosphate, glycerol, polyvethylene ghveod,
and the like). Tn some embodiments, the co-solvent can be & polar solvent, such as a polyol,
dimethylsulfoxide, DMSO, or lower alcohol The non-aqueous co- 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 immiscible with the aqueous conmponent, providing two liguid phases.
Exemplary aqueous co-solvent systems can comnprise water and one ot more co-solvents sclected from
an organi¢ solvent, polar solvent, and polyol solvent. In goncral, the co-solvent component of an
aqueous co-solvent system is chosen such that it does not adversely inactivate the transaminase
enzyme vider the reaction conditions. Appropriate co-selvent systems can be readily identified by
measuring the cuzymatic activity of the specified engincered transaminase enzyme with a defined
substrate of interest in the candidate solvent system, utilizing an enzyme activity assay, such as those
described herein.

18287] In some embodiments of the process, the suitable reaction conditions comprise an aquoous co-
solvent, where the co-solvent comprises TBMSO at about 194 to about 80% {(v/v), about 1 1o about 70%
{v/v), about 2% to about 60% (v/v}, about 5% to about 40% (v/v), 10% to about 40% (v/v}, 10% to
about 30% (v/v), or about 10% to about 20% (v/v). In some embodiments of the process, the suitable
reaction conditions comprise an aqueous co-solvent comprising DMSO at least about 1%, 5%, 16%,
15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, or 80% {(v/v}. Insome

embodiments of the progess, the suitable reaction conditions comprise an agueous co-solvent
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comprising DMSO of from about 18% (viv) to about 45% (v/v), from about 20% (v/v) to about 30%
(v/vy, and in some embodiments a DMSO concentration of about 25% (v/v).
[8288] In some embodiments of the process, the suitable reaction conditions comprise an agqueous co-
solvent, where the co-solvent can comprises a polymeric pelyol solvent. Examples of suntable polyol
solvents inclode, by way of example and not limitation, polvethylene ghycol, polyethylene glycol
methyl ether, diethvlene glveol dimethyl ather, tricthylene glyeol dimethy! ether, and polypropylene
glveol. In some embodincnts, the agueous co-solvent comprisces polyethylene glycol, which is
available 1o different melecudar weights, Particularly useful are lower meolecular weight polyethviene
glyeols, such as PEG200 to PEG6G0. Accordingly, in some embodiments, the aqocous co-solvent can
comprrise PEGZ00G of about 1% to about 40% v/v: about 194 to about 40% v/v; about 2% to about 40%
viv; about 5% to about 40% v/v; 2% to about 30% v/v; 5% to about 30% v/v; 1 to about 20% v/v;
about 2% to shout 20% v/v; about 5% to about 20% v/v; about 1% to about 10% vi'v; about 2% to
about 10% v/v. In some embodiments, the suttable reaction conditions comprises an agueous co-
solvent comprising PEG200 at about 19, 2%, 5%, 10%, 153%, 20%; 25%; 30%; 33%; 35% ot about
40% viv.
[8288] The quantities of reactants used in the transamination reaction will generally vary depending
on the gquantities of product desired, and concomitantly the amount of transaminase substrate
emploved. Those having ordinary skill in the art will readily voderstand how to vary these quantities
to tailor them to the deswred level of productivity and scale of production.
182981 In some embodiments, 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 agueous co-solvent
system, and the Hke}, or alternatively, some of the reactants may be added separately, and some
together at difforent time points. For example, the cofactor, transaminase, and transarvinase substrate
may be added first to the solvent,
[8291] The solid reactants {2.g., enzyme, salis, substrate compounds, ¢tC.} may be provided to the
reaction in a variety of different forms, including powder {e.g., lvophilized, spray dricd, and the like),
solution, cmulsion, suspension, and the kke. The reactants can be readily Iyophilized or spray dried
psing methods and equipment that are known to those having ordinary skiil in the art. For example,
the profein solution can be frozen at -80°C in small aliquots, then added to a pre-chilled yophilization
chamber, followed by the application of a vacuum.
82921 For improved mixing efficiency when an agueous co-solvent system is used, the transaminase
and cofactor may be added and mixed into the aqueous phase first. The organic phase may then be
added and mixed m, followed by addition of the transaminase substrate. Alternatively, the
transaminase subsiraie may be premixed in the organic phase, prior to addition to the agueoys phase.
18293] The transarnination reaction is generally allowed to proceed umtil further conversion of ketone
substrate to amine product does not change significantly with reaction time, e.g., less than 10% of

substrate being converted, or less than 5% of substrate being converted. In some embodiments, the
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reaction is allowed to procecd until there is complete or near complete conversion of substrate ketone
to product amine. Transformation of substrate to product can be monttored using known metheds by
detecting substrate and/or product. Suitable methods include gas chromatography, HPLC, and the
ke, Conversion yields of the chiral amine product generated in the reaction mixture 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 30%, may also be greater than 90%, and may be greater than abowt
97%. Tn some embodiments, the methods for preparing compounds of Formula (I} using an
engineered transaminase polypeptide under suitable reaction conditions resulis in at least about 9195,
52%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or greater conversion of ketone subsirate, e g,
compound of Formula (I}, to the amine product compound, e.g., compound of Formula (I} in about
48h or less, in about 36 h or less, in about 24 h or less, or even less time,

[8284] In some embodiments of the process, the suitable reaction conditions comprise a substrate
ioading of at least about 20 g/L, 30 g/L, 40 g/L, S0 g/L, 60 /L, 70 g/, 100 g/L, or more, and wherein
the process resulis in at least about 91%, 92%, 93%, 94%, 95%, 96%, 7%, 98%, 99% or greater
conversion of substrate compound o product compound i about 48h or less, in about 36 h or less, o1
m about 24 h or less.

[8298] The engineered transaminase polypeptides of the present disclosure when used in the process
for preparing chiral amine compounds of Formula (1} under suitable reaction conditions result in an
diastereomeric excess of the chiral amine in at least $0%, 9195, 92%, 93%, 94%, 95% 97%, 98, 99%,
99.1%, 99.2%, 99.3%, 99.4%, 99.5%, 99.6%, 99.7%, 99.8%, or ¥9.9% d.¢.

[8296] In a fiwther embodiment of the processes, the suitable reaction conditions can comprise an
initial substrate loading to the reaction solution which is then contacied by the polvpeptide. This
reaction solution is then further supplemented with additional substrate compound as a continuous
addition over time at a rate of at least about § g/L/h, at lcast about 2 g/L/h, at least about 4 g/l/h, at
feast about 6 g/L/k, or higher. Thus, according to these suitable reaction conditions, polypeptide is
added to a solution having an initial substrate loading of at least about 26 g/L, 30 g/L, or 40 g/L.. This
addition of polypeptide s then followed by continuous addition of further substrate to the solution at a
rate of about 2 g/L/h, 4 g/L/h, or 6 ¢/L/b until a much higher final substrate loading of at least about
30 /1,40 o/1, 50 ¢/1, 60 o/L, 70 ¢/L, 100 ¢/, 150 g/L, 200 g/L or morg, is reached. Accordingly, i
some embodiments of the process, the suitable reaction conditions comprise addition of the
polypeptide to 2 solution having an initial substrate loading of at least about 20 g/L, 30 g/L, or 40 g/LL
followed by addition of further sabstrate to the sohition at a rate of about 2 g/l/h, 4 g/L/h, or 6 g/l/h
unttl a final substrate loading of at feast about 30 g/L, 40 g/L, 50 g/L, 60 g/L, 70 g/L, 100 g/L or more,
is reached. This substrate supplementation reaction condition allows for higher substrate loadings o
be achieved while maintaining high rates of conversion of ketone substrate to amine product of at
ieast about 91%, 92%, 93%, 94%, 93%, 96%, 97%, 98%, 39% or greater. In some embodiments of

this process, the further substrate added is in a solution comprising isopropylamine or isopropylamine
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acetate at a concentration of at least about 0.5 M, at lcast about 1.0 M, at least about 2.3 M, at least
about 5.0 M, at least about 7.5 M, at least about 10.0 M.

[8297] In some embodiments of the processes, the transamination reaction can comprise the
following suitable reaction conditions(a) substrate loading at about § g/1. 10 200 g/1.; (b} about 1.1 1o
50 ¢/L of engingered transaminase polypeptide; (¢) about 0.1 to 4 M of sopropylamine (IPM); (d)
about 0.1 to 10 /L of pyridoxal phosphate (PLP) cofactor; {e) pH of about 6 to 9; and () temperature
of about 30 to 60°C.

[8298] In some embodiments of the processes, the transamination reaction can comprise the
following suttable reaction conditions: (a3 subsirate loading at about 10 g/L t0 1530 g/L; (b} about 0.5
to 20 g/LL of engincered transaminase polypeptide; (¢} about 6.1 to 3 M of isopropylamine (IPM}; (d)
about 0.1 10 10 g/L. of pyridoxal phosphate (PLP) cofactor; {2) about 0.05 10 0.20 M TEA buffer; ()
about 1% to about 45% DMSBO; (g) pH of about 6 1o 9; and (h) temperature of about 30 1o 65°C.
182991 In some embodiments of the processes, the transamination reaction Can comprise the
following suitable reaction conditions: {a) substrate loading at about 20 10 100 g/L: (byabout 1 10 5
o/L of enginecred transaminase polypeptide; (c) about (1.5 10 2 M of isoprogylamine (IPM); (d} about
0.2 10 2 g/L of pyridoxal phosphate (PLP) cofactor; {¢) about 0.1 M TEA buffer; {f) about 25%

DMSO; (¢) pH of about 8; and {f) temperatuwe of about 45 to 60°C.

[8308] In some embodiments, additional reaction components or additional techaniques carried out to
supplement the reaction conditions. These can include taking measures to stabilize or prevent
inactivation of the enzyme, redace product inhibition, and/or shift reaction equilibrium to product
amine formation,

{8361} Accordingly, in some embodiments of the process for preparing an amine, such as a chiral
amxine, additional quantities of the amino acceptor can be added (up to saturation) and/or the amino
acceptor (ketone) formed can be continuously removed from the reaction mixture. For example, a
solvent bridge or a4 two phase co-solvent system can be used to move the amine product t an
extraction solution, and therelyy reduce inhibition by amine product and also shift the equilibrium
towards product formation {(see, e.g., Yun and Kim, 2008, Biosci. Biotechnol. Biochem. 72(113:3030-
3033

8302] In some embodiments of the processes, the suitable reaction conditions comprise the presence
of the reduced cofactor, nicotinamide adenine dinncleotide (NADH), which can act to limit the
mactivation of the transaminase enzyme (se¢ eg., van Ophem ef al,, 1998, Biochemistry 37(93:2879-
88). In such embodiments where NADH 1s present, a cofactor regeneration system, such as glucose
dehvdrogenase (GDH) and glucose or formate dehydrogenase and formate can be used to regenerate
the NADH in the reaction medium,

18303] In some embodiments, the process can further comprise removal of the carbonyl by-product
formed from the amino group donor when the ammo group is transferred to the amino group acceptor.

Such removal in s1/u can reduce the rate of the reverse reaction such that the forward reaction
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dominates and more substrate is then converted to product. Removal of the carbonyl by-product can
be done in a number of ways. Where the amino group donor is an amine acid, such as alanine, the
carbony! by-product, a keto acid, can be removed by reaction with a peroxide (see, e.g., US
2008/0213845). Peroxides that can be used include, among others,

hydrogen peroxide; peroxyacids (peracids), such as peracetic acid (CH:CO;H), trifluoroperacetic acid
and metachloroperoxybenzoic acid; organic peroxides such as t-butyl peroxide ((CH;):COOH); or
other selective oxidants such as tetrapropylammonium perruthenate, MnQO,, KMnQO,, ruthenium
tetroxide and related compounds. Aliernatively, pyruvate removal can be achieved via its reduction to
lactate by employing lactate dehydrogenase to shift equilibrium to the product amine (see, e.g.,
Koszelewski et al., 2008, Adv. Syn. Catal. 350:2761-2766). Pyruvate removal can also be achieved
via its decarboxylation by employing pyruvate decarboxylase (see, e.g., Héhne et al., 2008, Chem
BioChem 9:363-365) or acetolactate synthase (see, e.g., Yun and Kim, supra).

{8304] Alternatively, in embodiments where an amino acid is used as amino group donor, the keto
acid carbonyl by-product can be recycled back to the amino acid by reaction with ammonia and
NADH using an appropriate dehvdrogenase enzyme, e.g., amino acid dehydrogenase, in presence of
an amine donor, such as ammonia, thereby replenishing the amino group denor.

[0305]) In some embodiments, where the choice of the amino donor results in a carbony! by-product
that has a vapor pressure higher than water {(e.g., a low boiling co-product such as a volatile organic
carbony! compound), the carbonyl by-product can be removed by sparging the reaction solution with
a non-reactive gas or by applying a vacuum to lower the reaction pressure and removing the carbonyl
by-product present in the gas phase. A non-reactive gas is any gas that does not react with the reaction
components, Various non-reactive gases include nitrogen and noble gases (e.g., inert gases). In some
embadiments, the non-reactive gas is nitrogen gas. In some embodiments, the amino donor used in the
process is isopropylamine (IPM), which forms the carbony! by-product acetone upon transfer of the
amino group to the amino group acceptor. The acetone can be removed by sparging with nitrogen gas
or applying a vacuum to the reaction solution and removing the acetone from the gas phasc by an
acetone trap, such as a condenser or other cold trap. Alternatively, the acetone can be removed by
reduction to isopropanol using a transaminasce.

[0306] In some embodiments of the processes above where the carbonyl by-product is removed, the
corresponding amino group donor can be added during the transamination reaction te replenish the
amino group donor and/or maintain the pH of the reaction. Replenishing the amino group donor also
shifts the equilibrium towards product formation, thereby increasing the conversion of substrate to
product. Thus, in some embodiments wherein the amino group donor is isopropylamine and the
acetone product is removed in situ, isopropylamine can be added to the solution to replenish the
amino group donor lost during the acetone removal and to maintain the pH of the reaction.

[9307] In further embodiments, any of the above described process for the conversion of substrate

compound to product compound can also comprise one or more steps selected from: extraction,
92

CA 2895752 2019-06-13




81788613

isolation, purification, and crystallization of product compound. Metheds, techniques, and protocols
for extracting, isolating, purifying, and/or crystallizing the product amine from biocatalytic reaction
mixtures produced by the above disclosed methods are known 1o the ordinary artisan and/or accessed
throngh routine experimentation. Additionally, illustrative methods are provided in the Examples
below.

[0308] Various features and embodiments of the disclosure are illustrated in the following

representative examples, which are intended to be illustrative, and not limiting.

6. EXAMPLES

Example1:  Synthesis, Optimization, and Screening Engineered Transaminase
Polypeptides

[0309] Gene svuthesis and optimization: The polynucleotide sequence encoding the 453 amino acid

wild-type o-transaminase polypeptide from Vibrio fluvialis JS17 {Genbank Acc. No. AEA39183.1,
GI: 327207066} previously was.codon optimized and synthesized. The sequence of this codon-
optimized . flivialis wild-type transaminase gene was disclosed as SEQ'ID NO: 1 in
W02011159910A2, published December 22, 201 1.
This codon-optimized gene was cloned into a pCK 110900 vector system (see e.g., US Patent
Application Publication 20060195947) and
subsequently expressed in E. coli W3110/huA. The E. coli W3110 expresses the transaminase
polypeptides as an intracellular protein under the control of the lac promoter. The polynucleotide of
the present disclosure with sequence of SEQ ID NO: 1 encodes an engineered transaminase
polypeptide of SEQ ID NO: 2 and was obtained by directed evolution of the codon-optimized V.
Jluvialis wild-type transaminase gene of W02011159910A2. The engincered transaminase
polypeptide of SEQ ID NO:2 has 10 amino acid residue differences (A9T; N45H; W57L; F86S;
V133A; V177L; R211K; M294V; 5324G; and T391A) as compared to the wild-type V. fluvialis
transaminase polypeptide sequence of Genbank Acc, No. AEA39183.1, GI: 327207066. The
polynucleotide of the present disclosure with sequence of SEQ I NO: 1 (encoding the engineered
polypeptide of SEQ 1D NO: 2), was further optimized to provide SEQ ID NO: 3 which encodes the
engineered transaminase polypeptide of SEQ ID NO: 4, The engineered transaminase polypeptide of
SEQ ID NO: 4 has the following 8 amino acid residue differences as compared to SEQ ID NO: 2:
T34A; L56A; R88H; A153C; A155V; K163F; E315G; and L417T. The polynucleotide of the present
disclosure with sequence of SEQ ID NO: 3 (encoding the engineered transaminase polypeptide.of
SEQID NO: 4), was used as the starting backbone for firther optimization using standard methods of
directed evolution via iterative variant library generation by gene synthesis followed by screening and
sequencing of the hits to gencrate gencs encoding enginecred transaminases capable of converting
compound (2) 1o compound (1) with enhanced enzyme properties relative to the polypeptides SEQ ID
93
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NO: 4. The resolting engineered transaminase polypeptide sequences and specific mutations and

relative activities are listed in Tables 2A and the Sequence Listing.

Example 2: Production of Engineered Transaminases
[8314] The engincered ransaminase polypeptides were produced in host £, cofi. W3110 as an
intraceliular protein expressed under the control of the lac promoter. The polvpeptide accurulates
primarily as & soluble cytosolic active enzyme. A shake-flask procedure is used to generate
enginecred polypeptide powders that can be used in activity assays or biocatalytic processes disclosed

herem.

{8311 High-throughput growth and sxpression. Cells are picked and grown overnight in LB media
contaiming 1% glucose and 30 pg/mi chloramphenicol (CAM) under culture conditions of 30°C, 200
rpm, and 85% humidity, A 20 pL aliquot of overnight growth are transicrred to a deep well plate
containing 380 uk 2xYT growth media containing 30 ug/ml CAM, 1 mM IPTG, and incubated for
~18 b at 30°C, 200 rpm, and 35% hunidity. Subculture TB media is made up of TB media (380
pl/well), 30 po/mL CAM, and 1mM IPTG. Cell colivres are cenirifuged at 4000 rpmy, 4°C for 10
minutes, and the media discarded. Cell pellets are resuspended in 250 or 400 L Lysis Buffer (01 M
tricthanclamine (TEA) buffer, pH 9.0, containing 400 ug/ml PMBS and 500 ug/ml. Lysozye) and

the lysate is used in the HTP assay as described below.

[8312] Production of shake flask powders (SFP). A shake-flask procedure was used to generate

engineerad transaminase polypeptide powders nised in secondary screening assays of in the
biocatalytic processes disclosed hersin. Shake flask powder (SFP) includes approximately 30% total
protein and accordingly provide a more purified preparation of an engineered enzyme as compared to
the cell Tysate used fn HTP assays. A single colony of £, coli containing a plasmid encoding an
engineered transaminase of interest is inoculated mto 5¢ mL Luria Bertani broth containing 30 ug/mi
chioramphenicol and 1% glucose. Cells are grown overnight (af least 16 hours) in an incubator at
30°C with shaking at 250 rpm. The culture is diluted into 250 ml Terrific Broth (12 g/L. bacto-
tryptone, 24 g/l yeast extract, 4 mL/L glycerol, 65 mM potassiom phosphate, pH 7.0, 1 mM MgS50,)
containing 30 pg/mi chloramphenicol, ina 1 liter flask to an optical density of 600 nm (ODgp) f 0.2
and alfowed to grow at 30°C. Expression of the transaminase gene is induced by addition of
isopropyl-p -D-thiogalactoside (“IPTG”) to a final concentration of 1 oM when the ODgy of the
cuttire is 0.6 1o 0.8, Incubation is then continued overmght (at feast 16 honrs). Cells are harvested by
centrifugation (5000 rpm, 15 min, 4°C) and the supernatant discarded. The cell pellet 1s resuspended
with an equal volume of cold (4°C) 100 mM triethanolamine {chloride) buffer, pH 7.0, and harvested

gation as above, The washed cells are resuspended in two volumes of the cold

)

by centrifiz
tricthanolamine (chloride) buffer and passed through a French Press twice at 12,000 psi while
maintained at 4°C. Cell debris is removed by centrifugation (9000 rpm, 45 minutes, 4°C). The clear

fysate supcrastant is collected and stored at -20°C. Lyophilization of frozen clear lysate provides a dry
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shake-flask powder of crude ransaminase polypeptide. Alternatively, the cell pellet (before or after

washing) can be stored at 4°C or -83°C.

183331 Production of downstream process (BSP)Y powders: DSP powders contain approximately

R0% total protein and accordingly provide a more purified preparation of the engineered fransaminase
enzyme as compared to the cell lysate used in the high dwoughput assay. Larger-scale (~100 - 120 g}
fermentation of the engineered transaminase for production of DSP powders can be cammied outas a
short batch followed by a fed batch process according to standard bioprocess methods. Briefly,
fransanminase expression is induced by addition of IPTG to 2 final concentration of I mM. Following
fermentation, the cells are harvested and resaspended in 100 mM Triethanolamine-H.80,; buffer, then
mechanically disrupted by homogenization. The cell debris and mucleic acid are floceutated with
polyethylenimine {PEL} and the suspension clarified by centrifugation. The resulting clear supornatant
15 concentrated using a tangential cross-flow ulivafilivation membrane to remove salts and water, The
concentrated and partially purified enzyme concentrate can then be dried in a lyophilizer and
packaged {e.g., in polyethylene containers).

Example3:  High Throughput (HYP} Screening of Transaminases for Conversion of

f.arge Kelone Substrate Compounds of Formula (11} te Chival Amine
Compounds of Formula (I

18314} HTP screening of coll lysaics was used to guide primery selection of engincered transaminase
polypeptides having tmproved properties for the conversion of large ketone substrates {e.g.,
compound (2}) to chiral aming products (e, compound (8)).

[#315] For preparing the lysates, cells were grown mn Y6-well plates as described above and lysates
prepared by dispensing 200 pL. (HTP assay for SEQ iD NOs: 4-144) or 250 ub. (HTP assay for SEQ
1D NGs: 146-204) of Lysis Buffer {1 mg/mlb lysozyme, (.5 mg/mb polyeyxin B sulfate, 1 mM PLP,
0.§ M triethanolamine (TEA), pH 7.0} into each well. Plates were sealed, shaken for 2 h, and then

centrifuged for 10 min at 4,000 rpmy, 4 °C to pellet the celi debris.

{83161 HTP assav for acuvity of polvpeptides of SEQ ID NGs: 4-144: A SO pL aliquot of a stock

substrate sohution (80 g/L compoumd (2} dissolved in DMSO) was added to cach well of a 96-well
plate along with 60 ul of a pre-mixed stock solution of isopropylamine (IPMy/pyridoxal phosphate
(PLPY (333 M IPM and 1.67 ¢/L PLP in 100 mM TEA, pH 9), and 35 ul. of 0.1 M TEA buffer at pH
9.0, Reactions were initiated by adding 55 pL of cell lysate/well. Plates were scaled and incubated
with shaking at 607C for 24 h. After 24 h, plates were cenirifuged for 3 min at 4000 rpm at 18°C.
Reactions were quenched with 400 ul. of acetonitrile and samples examined by HPLC as described in

Example 4.

183371 HTIF assay for activity of polvpeptides of SEQ 1D MOs: 146-204: A 30 ul. aliquot of a stock

substrate sohution (80 g/L compound (2) dissolved in DMSO) was added to each well of a 96-well

plate along with 60 ul of a pre-mixed stock solution of isopropylamine (IPMy/pyridoxal phosphate
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(PLPY (333 M IPM and 1.67 g/l PLP in 100 mM TEA, pH 9), and 60 pl. of 0.1 M TEA buffer at pH
9.0. Reactions were initiated by adding 30 pL of cell lysate/well, Plates were sealed and incubated
with shaking at 60°C for 24 h. After 24 h, plates were centrifuged for 3 min at 4000 rpm at 18°C.
Reactions were quenched with 400 ull of acstonitrile. Plates were further shaken for 5 min at room
temperature and then firther centrifisged for 15 min at 4000 rpm at 18°C 10 pellet all debris. Samples

were exanined by HPLC as described in Example 4.

(83881 HTP assay for % de of compound (1) produced by polvpeptides of SEQ ID NQs: 146-204: A

30 ul. aliguot of a stock substrate solution (40 g/L compouad (2} dissolved in DMSO) was added to
cach well of a 96-well plate along with 60 pl. of a pre-mixed stock solution of sopropylamine
(IPMy/pyridoxal phosphate (PLP)} (3.33 M IPM and 1.67 g/ PLP in 100 mM TEA, pH 9. Reactions
were initiated by adding 90 pll of cell lysate/well. Plates were scaled and incubated with shaking at
250 rpm at 60°C for 48 h. Afier 48 h, plates were centrifuged for 3 min at 4000 tpmiat 18°C.
Reactions were guenched with 400 ul. of acetonitrile. Plates were further shaken for 3 min at room
temperature to ensure all substrates and products were disselved. Plates were centrifuged for 15 min
at 4000 rpm at 18°C to pellet all debris. Samples were examined by HPLC as described in Example

4.

Example4:  Analytical Procedures

18318] HPLC Analvsis of Activity of HTP Reactions: Samples for HPLC analysis of activity were

prepared by taking a 20 pL aliquot of the guenched HTP reaction as in Example 3 and adding 10 140
pl of a diluent solution containing 111 acetonitrile: water and 0.37% (v/v) concentrate HCL The

samples were subject to HPLC analysis under the following conditions.

Column Water Symmetry C18, § i, 4.6 X100 s with goard column
Temperature 25°C
Mobile Phase Gradient. A Acctonitrile/0.05% TFA; B: Water/0.05% TFA
Time (min) A% B%
0 20 50
i3 55 45
235 55 43
260 20 50
2.70 26 80
Post-run = (.3 min; Total Run time = 3.0 min
Flow Rate 2.0 mL/min
Detection 210 nm
injection volume 10 ul.
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Retention Times

S-amine product: 1.33 min
R-amine product {compound {(1}): 1.52 min;
Ketone substrate {compound 23} 2.16 min

[8328] Conversion of compound {2) to compound {1} was determined from the resulting

chromatograms as follows:

Counversion (%) = Prodact Area / {Product Area + Substrate Area) x 100%

$3217 HPLC Analvsis for Product Chiral Purity (% de): Samples for HPLC analysis of chiral purity
p Y punty

ot diastercomeric excess of compound (1) were prepared by taking a 40 ub aliguot of the guenched

HTP reaction as n Example 3 and adding to 160 pl. of a diluent sohution containing 111 acetonitrile:

water and .84% (v/v} concentrate HCL The samples were subject to HPLC analysis under the

following conditions.

Columnp Water Symmetry C18, § wm, 4.6 X100 man with guard column
Temperature 25°C
Meobile Phase Gradient. A: Acetonitrile/0.05% TFA; B: Water/0.05% TFA
Time (min} A% B%
0 20 86
0.20 26 8
210 55 45
4.00 55 45
430 26 80
530 20 §0

Post-run = 0.5 min; Total Run time = 6.0 min

Flow Rate

1.3 mi/min

Detection

210 nm; reference = 360 am

Injection volume

10 uk

Betention Times

S-amine produect: 2.17 min
R-amine prodact (compounnd {1}): 2.44 nun;
4

Ketone substrate {compound (211 3.37 min

Example 52

Process for Conversion of Large Ketone Substrate Compoands ef
Formula {11} to Chiral Amine Compounds of Formula (I} at 10 mL Scale

8322} SFP preparations of the engineered transarinase polypeptides of SEQ D NGO: 4, 8, 26, 36,

40, 78, 100, 102, 148, 156, 160, 170, 172, 180, and 198 were used m 10 mL scale reactions of the

conversion of a large ketone substrate of compound (2) to chiral amine compound {1}, These

reactions demenstrate how these biocatalysts can be used for the preparation of compounds of

Formula (1), The reactions at 10 mL. scale were carried out as follows, To a 20 mi. glass vial
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equipped with a cross-shaped magnetic stirring bar was added 4 mL of 100 mM TEA bufTer (pH 8.0).
2 mL of 5 M IPM-HCI stock solution was added to the vial followed by 1 mL of 5 mM PLP stock
solution. The pH of the solution ~ 8.0. The mixture was stirred at 500 rpm (magnetic stirting). 200
myg of ketone substrate of compound (2) was dissolved in 2.5 mL of DMSO and then added to the
vial. The pH of the mixture was adjusted to 8.0 using 1.0 M NaOH solution. Finally, a 0.5 mL
aliquot of 40 g/L stock solution of a DSP preparation of engineered transaminase polypeptide was
added to start the reaction. Final concentrations of compenents were: 20 g/L of compound (2); 0.5
/L PLP; 1 MUIPM; 25% v/v DMSO; 2 g/l transaminase polypeptide preparation; and 100 mM TEA,
pH 7.0. The mixture was then stirred on a hot plate at 55°C.

10323] Samples of 10 pl were taken at different time points and diluted with 200 uL
acetonitrile:water {1:1). 1 uL. of concentrated HCI was added to the sampie and it was centiifuged for
5 mun at 20,000 rpo. These samples were analyzed by HPLC to monitor time course of the reaction.
After 24 h, the reaction mixtures were quenched with 10 1L acetonitrile and the mixture analyzed by
HPLC to get the {inal % conversion of compound (2) to product compound (1). Results for %

conversion of compound (2) to product compound (1) after 24 h are shown in Table 2B.

{03241 While various specific embodiments have been illustrated and described, it will be
appreciated that various changes can be made without departing from the spirit and scope of the

invention(s).

SEQUENCE LISTING IN ELECTRONIC FORM

In accordance with Section 111(1) of the Patent Rules, this

description contains a sequence listi i i
isting in electronic form in ASC
text format (file: 54352-31 Seq 08-~JUN-15 vl.txt). S

A copy of‘the Sequence listing in electronic form is available from
the Canadian Intellectual Property Office '
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CLAIMS:

1. An engineered polypeptide having transaminase activity, comprising an amino acid
sequence having at least 80% identity to SEQ ID NO: 2 and a residue difference as
compared to SEQ ID NO: 2 at residue X316, wherein the residue difference at residue
position X316 is selected from: X316C/F/G/N/S/T.

2. The engineered polypeptide of claim 1 further comprising one or more residue differences
at the residue positions X19, X34, X53, X73, X155, X165, X171, X178, X251, X259,
X268, X277, X317, X358, X366, X399, X414, X426, and X450 selected from X19W,
X34A, X53M, X73R, X155V, X165F, X171Q, X178W, X251V, X259V, X268A, X277A,
X317L, X358K, X366H, X399A, X4141, X426R, and X450S.

3. The engineered polypeptide of claim 1 or 2 in which the amino acid sequence further
comprises at least one or more residue differences as compared to SEQ ID NO: 2 selected
from: X34A, X56A, X88H, X107G, X113L, X147H, X153C, X155V, X233V, X315G,
X3831, and X450S.

4. The engineered polypeptide of claim 1, 2, or 3 in which the amino acid sequence further
comprises one or more residue differences as compared to SEQ ID NO: 2 selected from:

X31M, X57F/L, X86N/S, X153A, X233T, X323T, X383V, and X417T.

5. The engineered polypeptide of claim 4 in which the amino acid sequence comprises at
least the combination of residue differences as compared to SEQ ID NO: 2 comprising
X34A, X56A, X571, X86S, X88A; X153C, X155V, X163F, X315G, X316C/F/G/N/S/T,
and X417T.

6. The engineered polypeptide of claim 5 in which the amino acid sequence comprises the

residue difference as compared to SEQ ID NO: 2 of X316N.
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7. The engineered polypeptide of claim 6 in which the amino acid sequence further
comprises a residue difference as compared to SEQ ID NO: 2 selected from X31M, X57F
X323T, X3831/T, X415H, and X450S.

k-

8. The engineered polypeptide of claim 7 in which the amino acid sequence further
comprises a combination of residue differences as compared to SEQ ID NO: 2 selected
from:

X31M, X57F, X323T, and X383V;

X31M, X57F, X107G, X113L, X233T, X415H, and X450S;
X31M, X57F, X233V, X323T, X3831, X415H, and X450S; and
X31M, XS57F, X147H, X323T, X3831, X415H, and X4508S.

9. The engineered polypeptide of claim 1 in which the transaminase has at least 1.2 fold
increased stability as compared to the polypeptide of SEQ ID NO: 4, wherein the amino
acid sequence further comprises one or more residue differences as compared to SEQ ID
NO: 2 selected from: X34T, X107G, X113L, X147H, X155V, X233T/V, X323T,
X3831/V, and X450S.

10. The engineered polypeptide of claim 1 in which the transaminase has at least 1.2 fold
increased activity as compared to the polypeptide of SEQ ID NO: 4 in converting
compound (2) to compound (1), wherein the amino acid sequence further comprises one
or more residue differences as compared to SEQ ID NO: 2 selected from: X56A, X86S,
X88H, X153C, X415H, and X417T, and wherein compound (2) has the structure:
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and compound (1) has the structure:

(1)

11. The engineered polypeptide of claim 1 in which the transaminase has increased
enantioselectivity as compared to the polypeptide of SEQ ID NO: 4 in converting
compound (2) to compound (1), wherein the amino acid sequence further comprises one
or more residue differences as compared to SEQ ID NO: 2 selected from: X57F and
X153C, and wherein compound (2) has the structure:

(2

and compound (1) has the structure:
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12. The engineered polypeptide of any one of claims 1 to 11 in which the amino acid
sequence further comprises a residue difference as compared to SEQ ID NO: 2 selected
from: X18A, X19W, X21H, X31M, X34A, X53M, X56A/C, X57C/F/L, X73R,
X86C/N/S/Y, X88H/Y, X107G, X113C/L/P, X146L, X147H/K/V, X153A/C/V,
X155A/V, X163L, X165F, X171Q, X178W, X190K, X206K, X228G, X233T/V, X235P,
X244T, X251V, X259V, X268A, X277A, X286C/H, X312N, X314N, X315G, X317L,
X319N, X323T, X358K, X366H, X383C/F/I/L/M/T/V, X395P, X399A, X414,
XA415A/G/H/L/V, X417T/V, X424A, X426R, X427Y, X434T, and X450S.

13. The engineered polypeptide of any one of claims 1 to 12 in which the amino acid
sequence does not comprise a residue difference as compared to SEQ ID NO: 2 at

positions X9, X45, X177, X211, X294, X324, and X391.

14. The engineered polypeptide of claim 1 in which the amino acid sequence comprises a
sequence selected from SEQ ID NO: 92, 94, 98, 100, 102, 146, 148, 150, 152, 154, 156,
158, 160, 162, 164, 166, 168, 170, 172, 174, 176, 178, 180, 182, 184, 186, 188, 190, 192,
and 202.

15. The engineered polypeptide of any one of claims 1 to 14 in which the polypeptide is

immobilized on a solid support.

16. The engineered polypeptide of claim 15 in which the solid support is a bead or resin

comprising polymethacrylate with epoxide functional groups, polymethacrylate with
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amino epoxide functional groups, styrene/DVB copolymer or polymethacrylate with

octadecyl functional groups.

17. A polynucleotide encoding the engineered transaminase polypeptide of any one of

claims 1 to 14.

18. A polynucleotide encoding the engineered transaminase polypeptide of claim 1,
comprising a nucleotide sequence selected from SEQ ID NO: 91, 93, 97,99, 101, 135,
145, 147, 149, 151, 153, 155, 157, 159, 161, 163, 165, 167, 169, 171, 173, 175, 177, 179,
181, 183, 185, 187, 189, 191, and 201.

19. An expression vector comprising the polynucleotide of claim 17 or 18.

20. The expression vector of claim 19 comprising a control sequence.

21. A host cell comprising the polynucleotide of claim 17 or 18 or the expression vector of

claim 19 or 20.

22. A method of preparing the engineered polypeptide of any one of claims 1 to 14,
comprising culturing the host cell of claim 21 under conditions suitable for expression of

the polypeptide.

23. The method of claim 22, further comprising isolating the engineered polypeptide.
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24. A process for preparing an amine compound of Formula (I),

wherein

Ring A is a 6-membered carbocyclic ring, optionally including an
unsaturated C-C bond between positions 2 and 3 and/or positions 5 and 6, and/or optionally
substituted independently positions 2, 3, 4, 5 and 6 with a group selected from halo, hydroxy,
and methyl;

Ring B is a 6-membered carbocyclic ring, optionally including an
unsaturated C-C bond between positions 5 and 10, and/or optionally substituted independently
at one or more of positions 9 and 10 with a group selected from halo, hydroxy, and methyl;

Ring C is a 5- or 6-membered carbocyclic ring (i.e., m = 0 or 1), optionally substituted
at position 10 with a group selected from halo, hydroxy, methyl, ethyl, and carbony],

Ring D is a 5-, 6-, or 7-membered carbocyclic ring (i.e., n =0, 1, or 2), optionally
including 1, 2, or 3 unsaturated C-C bonds, and/or optionally substituted independently as
follows:

at position 14 with a group selected from halo, hydroxy, amino, carboxy,
cyano, nitro, thio, straight-chain or branched (C1-Cs)alkyl, straight-chain or branched

(C1-Cs)alkenyl, straight-chain or branched (C1-Cs)alkylamino, and cyclopropyl

bridging to position 12;

at position 15 or position 16 with a group selected from halo, hydroxy, amino,
carboxy, cyano, nitro, thio, optionally substituted (C1-Cs)alkyl, hydroxy(Ci-Ce)alkyl,
optionally substituted(C1-Ce)alkyloxy, optionally substituted (C1-Cs)alkylamino,
optionally substituted (C1-C¢)dialkylamino, optionally substituted (C1-Ce)alkylthio,
optionally substituted (C1-Ce)alkylsulfonyl, optionally substituted

(C1-Ce)alkylsulfinyl, carboxy(Ci-Ce)alkyl, (C1-Ce)alkyloxycarbonyl,

(C1-Ce)alkylcarbonyloxy, optionally substituted aminocarbonyl,
104
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aminocarbonyl(C1-Ce)alkyl, optionally substituted cycloalkyl, optionally substituted
heterocycloalkyl, optionally substituted aryl, optionally substituted heteroaryl,
optionally substituted aryloxy, optionally substituted arylamino, optionally substituted
arylthio, optionally substituted arylsulfonyl, optionally substituted arylsulfinyl,
optionally substituted aryloxycarbonyl, optionally substituted arylcarbonyloxy,
optionally substituted heteroaryloxy, optionally substituted heteroarylamino,
optionally substituted heteroarylthio, optionally substituted heteroarylsulfonyl,
optionally substituted heteroarylsulfinyl, optionally substituted heteroaryloxycarbonyl,
optionally substituted heteroarylcarbonyloxy, alkylaminosulfonyl(C;-Ce)alkyl,
arylsulfonyl(C1-Ce)alkyl, and heteroarylsulfonyl(C-Ce)alkyl;

with the proviso that the compound of Formula (I) is not compound (1)

)

(In)

wherein rings A, B, C, and D are as defined above for the compound of formula (I),

with an engineered transaminase polypeptide of any one of claims 1 to 16 in the presence of

an amino donor under suitable reaction conditions.

25. The process of claim 24, wherein the amine compound of Formula (I) is the compound of

Formula (Ia)
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wherein
Rings A and B comprise one of the following:
(a) an unsaturated C-C bond between positions 5 and 6;
(b) an unsaturated C-C bond between positions 5 and 10;
(c) a hydrogen at position 5 cis to the methyl group at position 4; or
(d) a hydrogen at position 5 frans to the methyl group at position 4;

Ring D comprises an unsaturated C-C bond between positions 12 and 14;

R!is selected from hydrogen, halo, hydroxy, methyl, ethyl, and carbonyl;

R? is selected from hydrogen, halo, hydroxy, amino, carboxy, cyano, nitro, thio,
straight-chain or branched (C1-C4)alkyl, straight-chain or branched (C1-Cs)alkenyl, and
straight-chain or branched (C1-Cs)alkylamino; and

R3 is selected from hydrogen, halo, hydroxy, amino, carboxy, cyano, nitro, thio,
optionally substituted (C1-Ce)alkyl, hydroxy(Ci-Cs)alkyl, optionally
substituted(C1-Cs)alkyloxy, optionally substituted (C1-Cs)alkylamino, optionally
substituted (C1-Ce)dialkylamino, optionally substituted (C1-Ce)alkylthio, optionally
substituted (C1-Ce)alkylsulfonyl, optionally substituted (C1-Ce)alkylsulfinyl, carboxy(C:-
Ce)alkyl, (C1-Ce)alkyloxycarbonyl, (C1-Ce)alkylcarbonyloxy, optionally substituted
aminocarbonyl, and aminocarbonyl(C1-Ce)alkyl;

and wherein the method comprises contacting the ketone substrate compound of

Formula (I1a),
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(ITa)

wherein rings A, B, C, and D, and R!, R2, and R are as defined above for the
compound of Formula (Ia),
with an engineered transaminase polypeptide of any one of claims 1 to 16 in the

presence of an amino donor under suitable reaction conditions.

26. The process of claim 24, wherein the amine compound of Formula (I) is the compound of

Formula (Ib)

(Ib)

wherein

Rings A and B comprise one of the following:
(a) an unsaturated C-C bond between positions 5 and 6;
(b) an unsaturated C-C bond between positions 5 and 10;
(c) a hydrogen at position 5 cis to the methyl group at position 4; or
(d) a hydrogen at position 5 frans to the methyl group at position 4;
Ring D comprises an unsaturated C-C bond between positions 12 and 14, or a bridging

cyclopropyl between positions 12 and 14;
107
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R!is selected from hydrogen, halo, hydroxy, methyl, ethyl, and carbonyl;

R? is selected from hydrogen, halo, hydroxy, amino, carboxy, cyano, nitro, thio,
straight-chain or branched (C1-Cs)alkyl, straight-chain or branched (Ci-Cs)alkenyl, and
straight-chain or branched (C:-Cs)alkylamino; and

R3 is selected from hydrogen, halo, hydroxy, amino, carboxy, cyano, nitro, thio,
optionally substituted (C1-Cs)alkyl, hydroxy(Ci-Ce)alkyl, optionally
substituted(C1-Ce¢)alkyloxy, optionally substituted (Ci-Cs)alkylamino, optionally substituted
(C1-Ce)dialkylamino, optionally substituted (C1-Ce)alkylthio, optionally substituted
(C1-Ce)alkylsulfonyl, optionally substituted (C1-Ce)alkylsulfinyl, carboxy(C1-Ce)alkyl,
(Ci-Ce)alkyloxycarbonyl, (C1-Ce)alkylcarbonyloxy, optionally substituted aminocarbonyl, and
aminocarbonyl(C1-Ce)alkyl;

and wherein the method comprises contacting the ketone substrate compound of

Formula (IIb),

(IIb)

wherein rings A, B, C, and D, and R!, R2, and R are as defined above for the
compound of Formula (Ib),
with an engineered transaminase polypeptide of any one of claims 1 to 16 in the

presence of an amino donor under suitable reaction conditions.

27.  The process of claim 24, wherein the amine compound of Formula (I) is the compound
Formula (Ic)
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(Ic)

wherein

Rings A and B comprise one of the following:

(a) an unsaturated C-C bond between positions 5 and 6;

(b) an unsaturated C-C bond between positions 5 and 10;

(c) a hydrogen at position 5 cis to the methyl group at position 4; or
(d) a hydrogen at position 5 frans to the methyl group at position 4;

Ring D is aromatic;

R!is selected from hydrogen, halo, hydroxy, methyl, ethyl, and carbonyl;

R? is selected from hydrogen, halo, hydroxy, amino, carboxy, cyano, nitro, thio,
straight-chain or branched (C1-Cs)alkyl, straight-chain or branched (C1-Cs)alkenyl, and
straight-chain or branched (C:-Cs)alkylamino; and

R3 is selected from hydrogen, halo, hydroxy, amino, carboxy, cyano, nitro, thio,
optionally substituted (C1-Cs)alkyl, hydroxy(Ci-Ce)alkyl, optionally
substituted(C1-Ce¢)alkyloxy, optionally substituted (Ci-Cs)alkylamino, optionally substituted
(C1-Ce)dialkylamino, optionally substituted (C1-Ce)alkylthio, optionally substituted
(C1-Ce)alkylsulfonyl, optionally substituted (C1-Ce)alkylsulfinyl, carboxy(C1-Ce)alkyl,
(Ci-Ce)alkyloxycarbonyl, (C1-Ce)alkylcarbonyloxy, optionally substituted aminocarbonyl, and
aminocarbonyl(C1-Ce)alkyl;

wherein the method comprises contacting the ketone substrate compound of

Formula (Ilc),
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(IIc)
wherein rings A, B, C, and D, and R!, R?, and R? are as defined above for the
compound of Formula (I¢),
with an engineered transaminase polypeptide of any one of claims 1 to 16 in the

presence of an amino donor under suitable reaction conditions.

28. The process of claim 24, wherein the amine compound of Formula (I) is the compound of

Formula (Id)

wherein

Ring A comprises an unsaturated C-C bond between positions 2 and 3, or positions 5
and 6;

R! and R? are selected independently from hydrogen, halo, hydroxy, amino, carboxy,
cyano, nitro, thio, optionally substituted (C1-Ce)alkyl, hydroxy(Ci-Ce)alkyl, optionally
substituted(C1-Ce¢)alkyloxy, optionally substituted (Ci-Cs)alkylamino, optionally substituted
(C1-Ce)dialkylamino, optionally substituted (C1-Ce)alkylthio, optionally substituted
(C1-Ce)alkylsulfonyl, optionally substituted (C1-Ce)alkylsulfinyl, carboxy(C1-Ce)alkyl,
(C1-Ce)alkyloxycarbonyl, (C1-Cs)alkylcarbonyloxy, optionally substituted aminocarbonyl,
aminocarbonyl(C1-Ce)alkyl, optionally substituted cycloalkyl, optionally substituted

110

Date Regue/Date Received 2020-10-06



81788613

heterocycloalkyl, optionally substituted aryl, optionally substituted heteroaryl, optionally
substituted aryloxy, optionally substituted arylamino, optionally substituted arylthio,
optionally substituted arylsulfonyl, optionally substituted arylsulfinyl, optionally substituted
aryloxycarbonyl, optionally substituted arylcarbonyloxy, optionally substituted heteroaryloxy,
optionally substituted heteroarylamino, optionally substituted heteroarylthio, optionally
substituted heteroarylsulfonyl, optionally substituted heteroarylsulfinyl, optionally substituted
heteroaryloxycarbonyl, optionally substituted heteroarylcarbonyloxy,
alkylaminosulfonyl(C1-Ce)alkyl, arylsulfonyl(C1-Ce)alkyl, and
heteroarylsulfonyl(C1-Ce)alkyl;

R3 R* and R’ are selected independently from hydrogen, halo, hydroxy, amino,
carboxy, cyano, nitro, thio, straight-chain or branched (C1-C4)alkyl, straight-chain or branched
(C1-Cs)alkenyl, and straight-chain or branched (C;-Cs)alkylamino; and

R® R7, and R® are selected independently from hydrogen, halo, hydroxy, and methyl;

wherein the method comprises contacting the ketone substrate compound of
Formula (I1d),

4
R R3 R?
..\\\R1

(11d)
wherein R!, R2, R} R* R> R® R’ and R® are as defined above for the compound of

Formula (Id),

with an engineered transaminase polypeptide of any one of claims 1 to 16 in the

presence of an amino donor under suitable reaction conditions.

29. The process of any one of claims 24 to 28 in which the substrate compound of Formula
(IT) is at a loading of about 0.5 to about 200 g/L, 1 to about 200 g/L, 5 to about 150 g/L,
about 10 to about 100 g/L, or about 20 to about 100 g/L.
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30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

The process of claim 29 in which the substrate compound of Formula (II) is at a loading
of at least about 0.5 g/L, 1 g/L, 5 g/L, 10 g/L, 20 g/L, 30 g/L, 40 g/L, 50 g/L, 100 g/L,
150 g/L, or 200 g/L.

The process of any one of claims 24 to 30 in which the amino donor is selected from the
group consisting of isopropylamine, L-lysine, a-phenethylamine, D-alanine, L-alanine, or
D,L-alanine, or D,L-ornithine.

The process of claim 31 in which the amino donor is isopropylamine (IPM).

The process of claim 32 in which the isopropylamine is at a concentration of about 0.1 to

about 3 M, 0.2 to about 2.5 M, about 0.5 to about 2 M, or about 1 to about 2 M.

The process of claim 33 in which the isopropylamine is at a concentration of about 0.1 M,

02M,03M,0.4M,0.5M,0.6M,07M,08M,1M,1.5M,2M,25M,or3 M.

The process of any one of claims 24 to 34 in which the suitable reaction conditions

comprise a buffer.

The process of claim 35 in which the buffer is selected from borate, phosphate, carbonate

triethanolamine (TEA), and Tris.

2

The process of claim 36 in which the buffer comprises TEA, wherein the TEA
concentration is about 0.01 to about 0.4 M, about 0.05 to about 0.4 M, about 0.1 to about
0.3 M, or about 0.1 to about 0.2 M.

The process of claim 37 in which the TEA concentration is about 0.01 M, 0.02 M, 0.03 M,
0.04 M, 0.05M, 0.07 M, 0.1 M, 0.12M, 0.14 M, 0.16 M, 0.18 M, 0.2 M, 0.3 M, or 0.4 M.

The process of any one of claims 24 to 38 in which the suitable reaction conditions

comprise a pH from about 6 to about 12, pH from about 6 to about 10, pH from about 6 to

112

Date Regue/Date Received 2020-10-06



81788613

about 8, pH from about 7 to about 10, pH from about 7 to about 9, or pH from about 7 to
about 8.

40. The process of claim 39 in which the suitable reaction conditions comprise a pH of about

6,6.5,7,7.5,8,8.5,9,95,10,10.5, 11, 11.5, or 12.

41. The process of any one of claims 24 to 40 in which the suitable reaction conditions
comprise a temperature of about 10°C to about 70°C, about 10°C to about 65°C, about
15°C to about 60°C, about 20°C to about 60°C, about 20°C to about 55°C, about 30°C to
about 55°C, or about 50°C to about 60°C.

42. The process of claim 41 in which the suitable reaction conditions comprise a temperature
of at least about 10°C, 15°C, 20°C, 25°C, 30°C, 35°C, 40°C, 45°C, 50°C, 55°C, 60°C,
65°C, or 70°C.

43. The process of any one of claims 24 to 42 in which the suitable reaction conditions
comprise a pyridoxal cofactor, pyridoxal-5'-phosphate (PLP), at a concentration from
about 0.1 g/L to about 10 g/L, about 0.2 g/L to about 5 g/L., or about 0.5 g/L to about
2.5 g/L.

44. The process of claim 43 in which the suitable reaction conditions comprise a PLP

concentration of about 0.1 g/L., 0.2 g/L, 0.5 g/L, 1 g/L., 2.5 g/L., 5 g/L, or 10 g/L.

45. The process of any one of claims 24 to 44 in which the suitable reaction conditions

comprise a co-solvent.

46. The process of claim 45 in which the co-solvent comprises a polar co-solvent.

47. The process of claim 46 in which the co-solvent is selected from a polyol, DMSO, or

lower alcohol.

48. The process of claim 47 in which the co-solvent is DMSO.
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49. The process of claim 48 in which the DMSO is present at a concentration of from about

1% to about 40% v/v; about 2% to about 30% v/v; or about 5% to about 25% v/v.

50. The process of claim 49 in which the DM SO is present at a concentration of about 1% v/v,
2% v/iv, 5% v/v, 10% v/v, 15% v/v, 20% v/v, 25% v/v, 30% v/v, 35% v/v, 35% v/v, or
40% v/v.

51. The process of claims 24 to 50 in which the transaminase polypeptide is at a concentration
of about 0.01 to about 50 g/L., about 0.05 to about 50 g/L., about 0.1 to about 40 g/L., about
1 to about 40 g/L, about 2 to about 40 g/L, about 5 to about 40 g/L, about 5 to about
30 g/L, about 0.1 to about 10 g/L., about 0.5 to about 10 g/L., about 1 to about 10 g/L,
about 0.1 to about 5 g/L, about 0.5 to about 5 g/L, or about 0.1 to about 2 g/L..

52. The process of claim 51 in which the transaminase polypeptide is at a concentration of
about 0.01 g/L., 0.05 g/L., 0.1 g/L, 02 g/L,05g/L, 1 g/L,2g/L,5g/L,10g/L, 15 g/L,
20 g/L, 25 g/L, 30 g/L, 35 g/L, 40 g/L, or 50 g/L.

53. The process of any one of claims 24 to 28 in which the suitable reaction conditions
comprise:
(a) substrate loading at about 5 g/L to 200 g/L;
(b) about 0.1 to 50 g/L of engineered transaminase polypeptide;
(c) about 0.1 to 4 M of isopropylamine (IPM);
(d) about 0.1 to 10 g/L of pyridoxal phosphate (PLP) cofactor;
(e) pH of about 6 to 9; and
(f) temperature of about 30 to 65°C.

54. The process of any one of claims 24 to 28 in which the suitable reaction conditions
comprise:
(a) substrate loading at about 10 g/L to 150 g/L;
(b) about 0.5 to 20 g/L of engineered transaminase polypeptide;
(c) about 0.1 to 3 M of isopropylamine (IPM);
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(d) about 0.1 to 10 g/L of pyridoxal phosphate (PLP) cofactor;
(e) about 0.05 to 0.20 M triethanolamine (TEA) buffer;

(f) about 1% to about 45% DMSO;

(g) pH of about 6 to 9; and

(h) temperature of about 30 to 65°C.

55. The process of any one of claims 24 to 28 in which the suitable reaction conditions
comprise:
(a) substrate loading at about 20 to 100 g/L;
(b) about 1 to 5 g/L of engineered transaminase polypeptide;
(c) about 0.5 to 2 M of isopropylamine (IPM);
(d) about 0.2 to 2 g/L of pyridoxal phosphate (PLP) cofactor;
(e) about 0.1 M TEA buffer;
(f) about 25% DMSO;
(g) pH of about 8; and
(h) temperature of about 45 to 60°C.
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