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ENGINEERED BIOCCATALYSTS AND METHODS FOR SYNTHESIZING CHIRAL
AMINES

[8081] The present application clatms priority to co-pending US Provisional Appin, Ser. No,
61/745,219, filed December 21, 2012, which is incorporated for all purposes in ifs entivety,

1. TECHNICAL FIRED

#6821 The disclosure relates o transaminase biocatalysts and processes using the biocatalysts for the
preparation of chiral amines,

2, REFERENCE TO SEQUENCE LISTING, TABLE OR COMPUTER PROGRAM
160631 The official copy of the Sequence Listing is submitied concurrently with the specification ag
an ASCII formatted text file via BFS-Web, with a file name of “CX2-126USP1_5T25. 17, a creation
date of December 21, 2012, and a size of 606,099 kilobytes. The Sequence Listing filed via EF3-Web
is part of the specification and is incorporated in its entirety by reference herein.

3. BACKGROUND

[8084] Transaminases (E.C. 2.6.1) catalyze the transfer of an amino group, a pair of electrong, and a
proton from a primary amine of an amino donor substrate to the carbony! group of an amino acceptor

molecule as shown in Schome 1.
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[8685] An amino acceptor compound (1) (which is the precursor of the desired chiral amine produc

(1)) is reacted with an amine donor compound (). The transanminase catalyzes the transfor of the

amine group of the anmno denor (85} to the keto group of the amine acceptor (I). The reaction results
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T

in the desired chiral amine product compound (111} and 2 new amino acceptor compound (IV) with a
ketone group as a by-product.

166661 Wild-type transansinases having the ability to catalyze a reaction of Scheme 1 bave been
isolated from various mucroorganisms, inchuding, but not Iimited to, 4lcaligenes denilrificans,
Bordetelia bronchiseptica, Bordeteila paraperiussis, Brucella melitensis, Burkholderia malle,
Burkholderia pseudomalilei, Chromobacierium violacewn, Oceanicola gramilosus HTCL2516,

Oceancbacter sp. REDSS, Ocegnospivithon sp, MIEDS2, Pseudomonas putida, Ralstonia
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solanacearum, Rbizobium meliloti, Rhizobium sp. (strain NGR234), Bacillus thuringensis, Klebsiella
preymonic, and Fibrio fluvialis {(see e.g.. Shin et al., 2001, Biosci. Biotechnol, Biochem. 65:1782-
1788). Several of these wild-type transaminase genes and encoded polypeptides have been
sequenced, Including e.g., Ralstonia solanacearum (Genbank Acc. No. YP_002257813.1,
GL207739420), Buriholderia pseudemallei 17100 {Genbank Ace. No. ABA47738.1, GL76578263),
Bordetella peirii (Genbank Acc. No, AM902716.1, GL 163258032}, and Vibrio fluvialis {Genbank
Acc. No. AEA3G183.1, GI: 327207066). Two wild-type transaminases of classes BC 2.6.1.18 and EC
2.6.1-19, bave been erystallized and structurally characterized (sco e.g., Yonaha ot al, 1983, Agric.
Biol. Chem, 47 (10):2257-2265).

{8887) The wild-type transaminase from from Fibrio fluvialis IS17 is an ¢-amino acidipyruvate
transaminase (B.C. 2.6.1.18) that uses pyridoxal-3’-phosphate as cofactor 10 catalyze the reaction of

Scheme 2.
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{86881 This wild-type transaminase from Fibrio fuvialis also has been repotted to show catalytic
activity toward aliphatic amine doners that do not bave a carboxyl group.
{8809] Chiral amine compounds are frequently used in the pharmaceutical, agrocherical and
chemical industries 88 intermediates o synthons for the preparation of various pharmaccuticals, such
as cephalosporine or pyrrolidine 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 (5}
enantiomer is physiologically active. Transaminases have potential indusitial use for the
stereoselective synihesis of optically pure chiral amine compounds, such as in the enantiomeric
enrichment of amino acids (see e.g.. Shin et al., 2001, Biosci. Biotechnol. Biochem. 65:1782-1788;
fwasaki et al., 2003, Biotech, Leit. 25:1843-1846; lwasald ef al,, 2004, Appl. Microb. Biotech,
69:499-505, Yun et al,, 2004, Appl. Environ. Microbiol. 70:2529-2534; and Hwang et al., 2004,
Enzvme Microbiol. Technol. 34:429-426),
{68107 Other examples of the use of fransaminases include the preparation of intermediates and
precursors of pregabalin (e.g., WO 2008/127646); the enzymatic fransamination of cyclopamine
analogs {e.g., WO 201 L/017551); the stersospecific synthesis and enantiomeric ennichment of B-
aming acids {e.g., WO 2005/005633); the epanticmeric enrichment of amines {e.g., US Patent No, US

4,950,606; US Patent Mo, 5,300,437; and US Patent No. 3,169,780}, and the produciion of amino

]
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acids and derivatives {e.g., US Patent No. 5,316,943 U8 Patent No. 4,518,692; US Patent No.
4,826,766, US Patent No, 6,197,558; and US Patent No, 4,600,692).

{80111 However, ransaminases used to catalyze reactions for the preparation of chiral amine
compounds can bave propertics that are undesirable for commercial applications, such as instability to
mdustrially usefud process conditions (e g., solvent, temperature} and parrow substrate recognition.
Thus, there is a need for other types of transaminase biocatalysts that can be nsed in indostrial

processes for preparing chiral amines compounds in an optically active form.
4, SUMMARY

{B812] The present disclosure provides engincered polypeptides having transaminase activity,
polynucicotides encoding the polypeptides, methods of the making the polypeptides, and methods of
using the polypeptides for the biocatalytic conversion of ketone substrates to amine products. The
polvpeptides having fransaminase activity of the present disclosure have been engineered to have one
or mote residue differences as compared to a previously engineered transaminase polypeptide (of
amino acid sequence SEQ ID NO: 2) with enhanced solvent and thermal stability relative to the wild-
type transaminase of Vibrio fluvialis. The amino residuc differences are located at residue positions
affecting various enzyme properties, incloding among others, activity, stereoselectivity, stability,
expression, and product tolerance. In particolar, the engimeered transaminase polypeptides of the
present disclosure hava been enginecred for efficient conversion of an exemplary large cyclopamine
analog ketone compound of compound (2} to its corresponding cbiral amine product compound of

compound (1} as shown in Scheme 3.

Scheme 3
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88131 The evolved structural features of the engineered transaminase polypeptides of the present
disclosure also atlow for the conversion of a range of large ketone substrate compounds {other than
the compoured (23}, such as cyclopamine analogs, veratranmng analogs, and steroid analogs, of
Formulae (E} to their corresponding chiral amine product compounds of Formula {1} as shown in

Scheme 4.

Scheme 4
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{60147 wherein rings A-D of the compounds can be substituted as follows:
Ring A is a 6-membered carboeyclic ring, optionally inclading an ansaturated C-C bond
etween 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 carboeyclic ring, optionally including an unsaturated C-C bond
between positions 5 and 10, and/or optionally substituted independenily at one or more of positions 9
and 10 with a group sclected from hale, hydroxy, and mothyl

Ring C is 2 5- or 6-membered carbocyclic ring (e.. m= U or 1), optionally substituted at
position 10 with a group selected from halo, hydroxy, methyl, ethyl, and carbonyh:

Ring D is 8 5-, 6-, or 7-membered carbocyelic ring (le. n=10, I, or 2}, optionally including 1,
2, or 3 unsaturated C-C bonds, and/or opticnally substituted independently as follows:

at position 14 with a group sclected fiom halo, hydroxy, amino, carboxy, cyano, mitro,
thio, straight-chain or branched (C,-Ca)alkyl, straight-chain or branched (C,-Cyjalkenyl, straight-chain
or branched {C;-Caalkylamino, and cyclopropyl bridging to position 12

at position 15 or position 16 with a group selected from halo, hydroxy, amino,
carboxy, cyang, nitro, thio, optionally substituted (Ci-Colalkyl, bydroxy(C-Cealkyl, optionally
substituted{C-Cqlalkyloxy, optionally substituted (C,-Cy)alkylamino, optionally substituted (C;
Ceydiatkylamino, optionally substituted (C,-Cgalkylthio, optionally substituted (C,-Celalkylsulfomyl,
optionally substitied (C-Celalkylsulfinvl, carboxv(C-Coialkyl, (C;-Cylatkyloxyearbonyl, (-
Coalkvicarbonyloxy, eptionally substituted aminocarbonyl, aminocarbonyvl{C,-Celalkyl, optionally
substinuted cycloalkyl, optionally substitoted heterocycloalicyl, optionally substituted aryl, optionally
substituted hetercaryl, optionally substituted aryioxy, optiopally substifited arylamine, optionally
substityted arvithio, optionally substituted arvisulfonyl, optionally substituted arvisulfiayvl, optionally
substituted aryloxycarbonyl, optionally substituted arvicarbonyioxy, optionally substituted
heteroarylony, optionally substituted heteroarylamine, optionally substituted heteroarylthio,
optionally substituted hetercarylsulfonyl, optionally substitited heteroarylsulfinyl, optionally
substituted heteroaryioxycarbonyl, optionally substituted heteroarylcarbonyloxy,
alkylaminosulfonyl{C,-Caalkyl, arvisubfonyl{C,-Cglalkyl, and heteroarylsulfonyl{C, -Cglalkyl,
{0015] Thus, the engincered polypeptides disclosed herein display, among others, increased activity,

high stereoselectivity, increased solvent and thermal stability, and increased product tolerance in the

£n



conversion of large prochiral ketone substrate compounds of Formula (I} to the corresponding chiral
amine product compounds of Formula (1).

[0616] Accordingly, in one aspect, the present invention provides an engineered polypeptide having
transaminase activity, comprising an amino acid sequence (a) having at least 80% identity to SEQ ID
NO: 2, (b) comprising residue differences as compared to SEQ ID NO:2 at residue positions X34,
X56, X88, X155, and X417, wherein the residue differences at residue positions X56, and X88, are
selected from: X56A/C, and (¢) further comprising residue differences as compared to SEQ ID NO:2
at residue positions X31M, X57F/L, X153C, X163F, and X323T. In some embodiments , the 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 are selected from X19W, X34A,
X53M, X73R, X155V, X165F, X171Q, X178W, X251V, X259V, X268A, X277A, X317L, X358K,
X366H, X399A, X4141, X426R, and X4508S.

[0017] In some embodiments of the engineered polypeptides having transaminase activity, the amino
acid sequence 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,
X316N, X3831, and X450S. In some embodiments, the amino acid sequence further comprises one or
more residue differences selected from: X31M, X57F/L, X86N/S, X153A, X233T, X323T, X383V,
and X417T.

[0618] In some embodiments of the engineered polypeptides having transaminase activity, the amino
acid sequence comprises at least a combination of residue differences as compared to SEQ ID NO: 2
comprising X34A, X56A, X571, X86S, X88A; X153C, X155V, X163F, X315G, and X417T. In
some embodiments, the amino acid sequence further comprises the residue difference X316N. In
some embodiments, the amino acid sequence further comprises the residue difference X316N and one
or more residue differences selected from X31M, X57F, X323T, X383VT, X415H, and X450S.
{6619] In some embodiments of the engineered polypeptides having transaminase activity, the amino
acid sequence comprises the residue differences as compared to SEQ ID NO: 2 X34A, X356A, X57L,
X868, X88A; X153C, X155V, X163F, X315G, X316N, and X417T and further comprises a
combination of residue differences selected from: (a) X31M, X57F, X323T, and X383V (b} X31M,
X57F, X107G, X113L, X233T, X415H, and X4508S; (c) X31M, X57F, X233V, X323T, X3831,
X415H, and X4508S; and (d) X31M, X57F, X147H, X323T, X3831, X415H, and X4508.

[0020] In some embodiments of the engineered polypeptides having transaminase activity, the
engineered polypeptide has at least 1.2 fold increased stability as compared to the polypeptide of SEQ
ID NO: 4, wherein the amino acid sequence comprises one or more residue differences as compared
to SEQ ID NO: 2 selected from: X34T, X107G, X113L, X147H, X155V, X233T/V, X323T,
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K3IBIVV, and X4508.

{68231 In some embodiments of the engineered polypeptides having transaminase sctivity, the
engineered polypeptide has af least 1.2 fold inereased activity as compared fo the polyvpeptide of SEQ
1D NG: 4 in converting compound (2} to compound {1}, wherein the amino acid sequence comprises
one or more residue differences as compared to SEQ ID NO: 2 selected from: X564, XE6S, XERH,
X1353C, X415H, and X4177.

{86221 In some embodiments of the euginecred polypeptides having transaminase activity, the
engincered polypeptide has jucrcased enantioscloctivity as compared to the polypeptide of SEQ 1D
NQO: 4 in converting compound (2} to compound {1}, wherein the amino acid sequence comprises one
or more residue differences as compared to SEQ ID NG: 2 selected fromy X57F, X153C, and X316N.
{88231 In some embodiments of the engineered polypeptides baving transaminase activity, the amino
acid sequence further comprises a residue difference as compared to SEQ 1D NG: 2 selected from:
N18A, X19W, M21H, X318, X34A, X53M, X56A/C, XKSTCF/L, XT73R, XBC/N/S/Y, X88H/Y,
NI07G, XI13C/L/P, X461, X14TH/R/V, X153A/CV, XE35A/V, X163L, X165F, X171, X178W,
XI190K, X206K, X228G, X233T/V, X235P, X244T, X251V, X259V, X268A, X2T7A, X286C/H,
KII2N, H3E4N, X315G, X3BA/C/FN/S/T, 3170, X319, X3237, X358K, X366H.
KIBIC/F/VLMITIV, X395P, X399A, X414, X4I15A/G/H/LV, X41TT/V, X424A, X426R, X427Y,
X434T, and X4308.

{83241 In some embodiments of the engincered polypeptides having transaminase activity, the amino
acid sequence does not comprise a residue difference as compared to SEQ 1D NO: 2 at positions X9,
X45, X177, X211, X284, X324, and X391,

[86258] In some embodiments, the engineered transaminase polypeptides can have additional residue
differences at other residuc positions. In some embeodiments, the enginecred transaminases can bave
1-2, -3, 14, 1.5, 1.6, 1-7, -8, 1.9, 1-10, 1-15, 1-20, 1-21, 1-22, 1-23, 1-24, 1.25, 1-30, 1-35, 1-40,
1-45, or 1-50 additional residue differences as comparad to SEQ ID NO:2. In some embodiments, the
engineered tramsaminases can have 1,2, 3.4, 5,6, 7,8, 8, 10, 11, 12, 13, 14, 15, 16, 17, 1§, 19, 20, 21,
272,23, 24,75, 30, 30, 33, 40, 45, or 50 additional residue difforences. In some embodiments, the
amino acid sequence has addiionally 1, 2,3, 4, 5,6, 7,8, 9, 10, 11, 12,13, 14, 15, 16, 1§, 206, 21, 22,
23, 24, or 25 residue differences as compared to SEQ 1D NO: 2.

{88261 Exemplary engineered polypeptides incorporating the residue differences, including vasious
combinations thereof, and having inproved propertics {e.g., capable of converting compound {2) to
compound (1} in at least 90% diastereomeric excess under suitable reaction conditions) are disclosed
in Tables ZA and 2B, and the Examples. The amine 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, 30, 52, 34, 56, 5§, 60, 62, 64, 66, 08, 70, 72, 74,76, 78, 80, 82, 84, 86, §8, 60, 92, 94,
06, 98, 106, 102, 104, 106, 108, 110, 112, 114, 116, 118, 120, 122, 124, 125, 12§, 130, 132, 134, 134,



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,

In another aspect, the present invention provides a polynucleotide encoding the
engineered transaminase polypeptide as described herein.

In another aspect, the present invention provides a polynucleotide encoding the
engineered transaminase polypeptide as described herein, comprising a nucleotide sequence
selected from SEQ ID 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, 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, 159, 161, 163, 165,
167, 169, 171, 173, 175, 177, 179, 181, 183, 185, 187, 189, 191, 193, 195, 197, 199, 201, and
203.

In yet another aspect, the present invention provides an expression vector comprising
the polynucleotide as described herein,

In a further aspect, the present invention provides a host cell comprising the
polynucleotide or the expression vector as described herein.

[0027] In another embodiment, the present disclosure provides polynucleotides 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 incorporated
by reference herein and include SEQ ID 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, 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, 159, 161, 163, 165, 167, 169, 171,
173,175,177, 179, 181, 183, 185, 187, 189, 191, 193, 195, 197, 199, 201, and 203.

In one aspect, the present invention provides 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.

[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 engineered transaminase polypeptide under conditions
suitable for expression of the polypeptide. In some embodiments, the method for manufacturing the
engineered transaminase polypeptide can also include: (a) 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, 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,

7



158, 160, 162, 164, 166, 168, 1706, 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
residue positions selected 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, X86, 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, X147TH/V,
X233V, X286C/H, X312N, X316C/F/G/N/S/T, X383C/F/UM/T, X415A/G/H/L/V, X417V, and
XA434T; 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, X34A, X53M, X73R, X155V, X165F, X171Q, X178W, X251V, X259V, X268A, 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

sequences.

T7a



[0029] The structural features of the engineered transaminase polypeptides allow for the conversion
of large prochiral ketone substrate compounds, other than compound (2}, to their corresponding amine
product compounds, optionally in stereomeric excess of one chiral amine product over another chiral
amino product. Thus the present disclosure also provides processes using the engineered transaminase
polypeptides to catalyze a reaction in which an amino group from an amino donor is transferred to an
amino acceptor, wherein the process comprises contacting an engineered transaminase polypeptide of
the disclosure with an amino acceptor (e.g., a ketone substrate compound) in the presence of an amino
donor (e.g., isopropylamine) under reaction conditions suitable for converting the amino acceptor to
an amine compound.

In one aspect, the present invention provides a process for preparing an amine compound of Formula

®,

§
B ()
HZN\\“‘ a k() ’

@
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 11 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 optionalily substituted independently as follows:

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

straight-chain or branched (C,-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 (C;-Ce)alkyl, hydroxy(C,-Cs)alkyl,
optionally substituted(C;-Ces)alkyloxy, optionally substituted (C,-Cq)atkylamino, optionally
substituted (C,-C¢)dialkylamino, optionally substituted (C,-Cg)alkylthio, optionally
substituted (C;-Cg)alkylsulfonyl, optionally substituted (C;-Ce)alkylsulfinyl, carboxy(C;-

Celalkyl, (C;-Cglalkyloxycarbonyl, (C;-Ce)alkylcarbonyloxy, optionally substituted

aminocarbonyl, aminocarbony}{C;-C¢)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(C;-Cs)alkyl, and heteroarylsulfonyl(C;-
Ce)alkyl;

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

1

Uy

wherein rings A, B, C, and D are as defined above for the compound of formula (I},
with an engineered transaminase polypeptide as described herein in the presence of an amino donor

under suitable reaction conditions.

{00301 Accordingly, in some embodiments, the present disclosure provides a process for the

SO
HZN\\“‘ 19
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preparation of an amine compound of Formula ()

8a



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

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

@)

ey

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

amino donor under suitable reaction conditions.
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8031] In some embodiments of the process for preparing an amine compound of Formula (¥}, the

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

wherein
Rings A and B comprise ove of the following:
(2} an pnsaturated C-C bond between positions 5 and 6;
{(b) an unsaturated C-C bond between positions S and 3,
{c} a hydrogen at position 5 cis t¢ the methyl group at position 4; or
{d) a hydrogen af position 5 fraws 1o 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 catbonyl;

R? is selocted from bydrogen, halo, liydroxy, aming, carboxy, cyano, nitro, thic, straight-chai
or branched (C,-Cajalkyl, straight-chain or branched (C,-Caalkenyl, and straight-chain or branched
(C-Coalicylamino; and

R’ is selected from hydrogen, halo, hydroxy, amino, carboxy, cyano, nitro, thio, optionally
substituted (C,-Csalkyl, hydroxy(C-Celalkyl, optionally substitzied(C,-Coalkyloxy, optionally
substituted {C;-Cqlalkylamine, optionally substitined (C;-Cg)dialkylumine, optionally substituted (Ci-
Cgyalkylthio, optonally substituted (C-Colalkylsulfonyl, optionally subsiituted (C;-Coalkylsulfinyl,
carboxy(C,-Coalkyl, (C-Cyalkyloxyearbonyl, {C-Coalkylcarbonyloxy, optionally substituted
aminocarbonyl, and aminocarbonyl{C-Cealatkyl

whetein the method comprises contacting the ketone substrate compound of Formula (¥a),

{iia}
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wherein rings A, B, C, and D, and R! R? and R are as defined above for the componnd of
Formula (Ia),

with an enginecred fransaminase polypeptide of the present disclosure in the presence of an
aming donor under suitable reaction conditions.
[8632] b some embodiments of the process for preparing an amine compound of Fonmula (§), the

present disclosure provides 4 process for preparation of & compound of Formula (Ih)

(Ib)

wherein

Rings A and B comprise one of the following:

{a} an nmsaturated C-C bond between positions 5 and 6:
(b} an unsaturated C-C bond between positions 5 and 10:
(¢} a hydrogen at position 5 ¢is to the methy! group st position 4; or
(d) a hydrogen at position 5 frans 1o the methyl group at position 4;

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

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

R” is selected from hydrogen, halo, hydroxy, amine, carboxy, cvanoe, nitro, thio, straight-chain
or branched (C,-Cylalleyl, straight-chain or branched (C,-Cylaikenyl, and straight-chain or branched
{C1-Cyalkvlaming; and

R? is selected from hvdrogen, halo, hydroxy, amine, carboxy, eyano, witro, thio, opticnally
substituted (;-Cealkyl, hydroxy(Ci-Celalkyl, optionally substituted(C,-Cylalkyloxy, optionaily
substituted (C;-Cylalkylamine, optionaily substituted (C-Cgidialkylamino, optionally substitared (Ci-
Cerallylthio, optionally substituted (C-Cglalkylaulfonyl, optionally substituted (C-Cglalkylsulfinyt,
carboxy(C-Cealkyl, (C-Colalkvioxvearbonyl, (C-Colalkvicarbonyioxy, optionally substifuted
sminocarbonyl, and aminocarbonyl{C,-Cgalkyl;

wherein the method comprises contacting the ketone substrate compound of Formula {(11h),

3%
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{Eib)
wherein rings A, B, C, and I, and R', R?, and R’ are as defined above for the compound of
Formmula (Ih),
with an enginecred transaminasc polypeptide of the presont disclosure in the presence of an
aring donor under suitable reaction conditions.
[8833] In some embodiments of the process for preparing an amine compound of Formula (I}, the

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

{Ic)

wherein

Riugs A and B comprise one of the following:

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

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

{c) a bydrogen at position 5 ¢is to the methyl group at position 4; or
(d) a hydrogen ai position 5 trans 1o the methyl group at position 4;

Ring D is aromatic;

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

R’ is selected from hydrogen, hale, hydroxy, amine, carboxy, eyane, nitro, thio, straight-chain
ot branched (C;-Calkyl, straight-chain or branched (C;-Cylalkenyl, and straight-chain or branched
(C-Cslalkylaming; and

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

substituted {C;-Cglalkyl, hydroxy(Ci-Cylallkyl, opticnally substituted(C,-Cglalkyloxy, optionally

i
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substinuted (C;-Cgalkylamine., optonally substitated {C-Cg)dialkylwmine, optionally substitated (C;-
Ceralkylthio, optionally substituted (C-Cylalkylsulfonyl, optionally substituted (C-Cglalkylsulfinyd,
carboxy{C-Calalkyl, (C-Csalkyloxyearbonyl, {(C-Cylalkylcarbonylory, optionally substituted
aminocarbonyl, and aminocarbonyl{C;-Cylalkyl;

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

R3

. o, H N-
R
?/\\E/j )

H

{1fc)
wherein rings A, B, C, and D, and R', R?, and R® are as defined above for the compound of
Formula (fe),
with an engineered transaminase polypeptide of the present disclosure in the presence of an
aming donor under suitable reaction conditions.
{8834} In some embodiments of the process for preparing an avvne compound of Formula (1}, the

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

wherein

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

R’ and R” are selected independently from hydrogen, halo, hydroxy, amine, carboxy, cyane,
nifro, thio, optionally substituted (C-Ceralleyl, bydroxy(C-Cs)alloyl, optionally substituted(C,-
Coralkyloxy, optionally substituied (C-Celalkylamine, optionally substituted {C,-Cejdiatiylanine,
optionally substinsted {C;-Cealkyithio, optionally substtuted (C,-Cglalkyisulfony], optionally
substituied (C-Cglalkylsulfingi, carboxy(C,-Cslalkyl, (C,-Cealkyloxycarbonyl, {Ce-
Ceslalkyicarbonyloxy, optionally substiated aminocarbonyl, aminocarbonyl{C-Cglaliyl, optionally
substituted cycloatkyl, optionally substituted beterocyeloalkyl, optionally substitated aryl, optionally
substinited heteroaryl, optionally substituted arvioxy, optionally substituted arylamino, optionally

substituted arvithio, optionally substituted arylsulfonyl, optionally substituted aryisuliinyl, optionally
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substinsted aryvioxyearbonyl, optionally substituted arylcarbonyloxy, oplionally substitated
hetercaryioxy, optionally substituted hetercarviamino, optionally substituted heteroarylthio,
eptionally substituted heteroaryisulfonyl, optionally substituted heteroaryisulfinyl, optionally
substitnted heteroaryloxycarbonyl, optionally substinted heteroarylearbonyloxy,
alkylaminosuifonyi{Ci-Colalkyl, arylsalfonyl{(C-Celalkyl, and heteroarvisolfonvli{{-Cealkyl;

R, RY, and R® are selected independently from hydrogen, halo, hvdroxy, emino, carboxy,
cyano, nitro, thio, straight-chain or branched (C,-Cyialkyl, straight-chain or branched (C)-Cy)alkenyl,
and straighi-chain or branched (C,~Cyalkylamino; and

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

wherein the method comprises contacting the ketone substrate compound of Formula (114),

R &2 =¥
H .m'.RT

L

wherein R, R, R*, RY, R®, R®, 17, and R® are as defined above for the compound of Formula

(¥a),

with an engineered transaminese polvpeptide of the present disclosure in the presence of an
aming donor under suitable reaction conditions.
{09381 In some embodiments of the processes for preparing the amine compounds of the present
disclosure, the stereosclectivity of the transaminases provides for the preparation of the chiral amine
compounds of Formula ), Foronile Ja}, Fomula (38}, Formala (Ic}, and Formala (8} in
diastereomeric excess. In some embodiments, the process results in the formation of the chiral amine
compound of Formula (1), Formula (Ia}, Formula (Ib}, Formula (Ig), and Formula (Id} in
diastereomeric excess of at least 90%, 959%, 96%, 97%, 98%, 99%, or greater.
[8036] As provided herein, the processes using the engineered frangaminasss can be dong under a
range of suitable reaction conditions, including, among others, ranges of aming donor, pH,
temperature, buffer, solvent system, substrate loading, pelypeptide loading, cofactor loading, pressure,
and] reaction time.
[B837] In some embodiments, the suiteble 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; (¢} about 0.1 10 4 M of isopropylamine (IPM); (d) about 0.1 10 10 g/l of
pyridoxal phosphate (PLP) cofactor; (e} pH of about 6 to 9; and (f} temperature of about 30 to 66°C.
{66381 In some embodiments, the suitable reaction conditions for the transamination process can

comprise: (a) substrate loading at about 10 g/ to 150 g/L; {b) about 0.5 10 20 ¢/L of enginecred
S5 r=1 & = / & &
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transantinase polypeptide; (¢} about 0.1 to 3 M of isopropyltamine (IPM); (d) about (.1 t0 10 g/L of
pyridoxal phosphate (PLP) cofactor; (2} about {(1.05 to 0.20 M TEA buiffer; (1) about 1% tw about 45%
DMSO; (g) pH of about 6 10 9; and (h) temperature of about 30 10 65°C,

[86391 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; (¢) about 0.5 to 2 M of isopropylamine (IPM); (d) about 0.2 to 2 ¢/L of pyridoxal
phosphate (PLP) cofacior; (¢} about (.1 M TEA buffer; (f} about 25% DMSO; (e} pH of about 8; and
{f} 1evoperature of about 45 to 60°C.

{80481 Guidance on the choice of engineered transaminases, preparation of the biocatalysts, the
choice of enzyme substrates, and parameters for carrying cut the processes are further described in the

detailed description that follow.

5, DBETAILED DESCRIPTION

86, 2% el

{6948 As used in this specification and the appended claims, the singolar forms “a”, “an” and “the”
inchade plural referents unless the context clearly indicates otherwise. Thus, for axamp}e, reference to

“a polypeptide” includes more than one polypeptide.

Y e, LA

8042 Similarly, “comprise,” “comprises,” “comprising” “imclude,” “ncludes,” and “including” are
inerchangesble and not intended to be Hmiting.
188431 T is to be further onderstood that where descriptions of various embodiments use the term

s

“comprising,” those skilled in the art would understand that in sonse specific instances, an
embodiment can be alternatively described using language “consisting cssentially of” or “consisting
of”

[8644] It is to be understood that both the foregoing general description, mcluding the drawings, and
the following detailed description are cxemplary and explanatory only and are not restrictive of this
disclosure.

{80431 The section headings used herein are for organizational purposes only and not to be construed

as limiting the subject matter described.

5.1 Abbreviations

18846] The abbrevistions used for the genetically encoded amino acids are conventional and are as
follows:

Arnine Acid Three-Letier Abbreviation One-Letier Abbreviation

Alaning Ala A

Arginine Arg R

Asparagine Asn N

Agpartate Asp D

t4
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{ysteine Cys C
Glutamate Gla B
Glutamine Gin Q
Glycing Gly G
Histidine His H
Isoleucing He i

Leucine Leu L
Lysine Lys K
Methionine Mot M
Phenylalanine Phe F
Proline Pro P
Serine Ser S

Threonine Thr T
Tryptophan Trp W
Tyrosine Tyr b4
Valing Val R

{6647] When the three-letter abbreviations are used, uniess specifically preceded by an “L” ur a “D”
or clear from the context in which the abbreviation is used, the amino acid may be in cither the L- or
D-configuration about a-carbon {C), For example, whereas “Ala” designates alanine without
specifying the configuration about the a-~carbon, “D-Ala” and “L-Ala” designate D-alanine and L-
alaning, respectively. When the onc-letter abbreviations are used, upper case letiers designaie amino
acids in the L-configuration abowt the v-carbon and lower case letters designate amino acids in the D-
configuration about the a~carborn. For example, “A” designates L-alanine and “a” designates D-
alanine. When polypeptide sequences are presented s a string of one-letter or three-letter
abbreviations {or mixtures thereof), the sequences are presented in the amno (N} to carboxy (C)
direction in accordance with common convention.
{#848] The sbbreviations used for the genetically encoding nucleosides are conventional and arc as
follows: adenosine (A): guanosine (G); eytidine (C); thymidine (T); and widing (U). Unless
specifically delineated, the abbreviated nucleotides may be either ribonuclecsides or 2°-
deoxyribonucicosides. The nucleosides may be specified as being either ribonucleosides or 27-
deoxyribomcieosides on an individual basis ot on an aggregate basis. When nucleic acid sequences
are presented as a string of one-letier abbreviations, the sequences arg presented inthe 57 to 37
direction in accordance with common convention, and the phosphates are not indicated.

3.2 Definitions

188497 Tn reference to the present disclosure, the technical and scientific terms used in the

descriptions herein will bave the meanings commonly understood by one of ordinary skifl in the art,
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unless specifically defined otherwise, Accordingly, the foliowing terms are intended to have the
following meanings.

{80361 “Protein”, “polypeptide,” and “peptide” are used interchangeably herein to denote a polymer
of at least two amino acids covalently Hnked by an amide bond, regardiess of length or post-
franslational modification {e.g., glvcosylation, phosphorylation, lipidation, myristilation,
gbiguitination, etc.). Included within this definition are D- and L-amino acids, and mixtures of D- and
L-amino acids,

{805} “Polynucicotide” or “nucleic acid” refers to two or more vucieosides that are covalently
tinked together. The polynucleotide may be wholly comprised ribonucleosides {(i.e., an RNA}, wholly
comprised of 2 -deoxyribonucleotides {i.e., a DNA) or mixtures of ribo- and 2'-deoxyribonucleosides.
While the nucleosides will typically be linked together vis standard phosphodiester linkages, the
polynucieotides may inclhide one or more non-standard linkages. The polynucleotide may be single-
stranded or double-stranded, or may include both single-stranded regions and double-stranded
regions, Moreover, while a polynuclestide will typically be composed of the naturally occurring
encoding nucleobases (i.e., adenine, guanine, vracil, thymine and cytosine), it may inclade one or
more medified and/or synthetic nucleobases, such as, for example, inosine, xanthine, hypoxanthine,
efc. Preferably, such modified or synthetic nuclesbases will be encoding nacleobases.

{8452] “Aminotransferase” and “transaminase” are used interchangeably bereinto referto a
polypeptide having an enmymatic capability of transferring an amino group (NHy) from 2 primary
aming to a carbenyl group (C=0) of an acceptor molecule. Transaminases as used herein include
natarally ocowrring (wild-iype) transaminases as well as non-naturally ocourring engineered
polypeptides generated by human manipulation.

{80531 “Amino acceptor” and “amine acceptor,” “keto substrate,” “kete,” and “ketone” are used
mterchangeably herein to refer to a carbony! (keto, or ketone) compound which accepts an amino

group from a donor anine. 1o some embodiments, amino acceptors are molecules of the following

O
t

amino acceplor

general formula,

in which cach of R® and R®, when taken indopendently, is an alkyl, cycloalkyl, heterocvcloalkyl, aryl,
or heteroaryl, which can be unsubstitted or substituted with one or more enzymatically accepiable
groups. R* may be the same or different from R” in structure or chirality. In some embodiments, R®
and R® taken together, may form a ring that is unsubstituted, substituted, or fused o other rings.
Amning acceptors imchude keto carboxyle acids and alkanones {ketones). Typical keto carboxylic acids

are g-keto carboxylic acids such as glyoxalic acid, pyruvic acid, oxaloacetic acid. and the like, as well

16
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as salis of these acids. Amino acceptors also include substances which are converted to an amino
acceptor by other enzymes or whole cell processes, such as fumaric acid (which can be converted fo
oxaloacetic acid), glucose {which can be converied to pyruvate), lactate, maleic acid, and others,
Amino acceptors that can be used include, by way of example and not limnitation, 3,4~
dilydronaphthaien-1(2/)-one, I-phenyibutan-2-one, 3,3-dimethylbutan-2-one, octan-Z-one, ethyl 3-
oxobutanoate, 4-phenyibetan-2-one, 1<{4-bromophenyhethanone, 2-methyl-cyclohexamone, 7-
methoxy-2-tetralone, 3-hydroxybutan-2-one, pyruvic acid, acetophenone, 3’-hydroxyacetophenone, 2-
methoxy-5-flucroacetophenone, levulinie acid, 1-phenylpropan-i-one, 1-(4-bromophenyllpropan-1-
one, -{4-nitrophenylipropan-1-one, 1-phenylpropan-2-one, 2-oxo-3-methylbotanoic acid, 143~
wiflucromethylphenylpropan- 1-one hydroxypropanone, methoxyoxypropancne, 1-phenylbutan-1-
ong, 1-(2,5-dimethoxy-4-methyiphenyhbutan-2-one, 1-{4-hydroxyphenylibutan-3-one, 2-
acetylnaphthalene, phenylpyruvic acid, 2-ketoglotaric acid, and 2-ketosuecinic acld, inchuding both
{R} and (S} single isomers where possible.

{8054} “Amino donor™ or “amine donor” refers to an amino compound which donates an amino
group to the amino acceptor, thereby becoming a carbonyl species. In some embodiments, aming

donors are molecules of the following general formula,

N

A

e

R

amne donor

in which cach of R® and B%, when taken independently, is an alkyl, cveloalkyl, heterocycloalkyl, arvi,
or heteroaryl, which is unsubstituted or substituted with one or oore enzymatically nop-inhibiting
groups. R® can be the same or different from R’ in structure or chirality, In some embediments, R® and
RY, taken together, may form a ring that is unsubstituted, substituted, or fused to other rings. Typical
amine donots that can be used include chiral and achiral ammo acids, and chiral and achiral amines.
Antino donors that can be used include, by way of example and not hmitation, isopropylanune {also
referred to as 2-aminopropane), o-phenethylamine (also termed 1-phenylethanamine), and its
cnantiomers {5)-1-phenyiethanamine and (R)-1-phenylethanamine, Z-amino-4-phenyibutane, glyeine,
L~glutamic aeid, L-glutamate, monosodiom ghutamate, L-alanine, D-alenine, D, L-alavine, L-aspartic
acid, L-lysing, D, L-ormithine, B-alanine, taurine, n-octylamiine, cyclohexylannne, 1.4-butanediamine
{also referred to as puirescine), 1,6-hexanediamine, 6-aminohexanoic acid, 4-aminobutyric acid,
tyrarine, and benzyl amine, 2-amincbutane, 2-amino-1-butanct, 1-amino-1-phenylethane, I-amino-i-
(2-methoxy-5- fluorophenyilethane, [-amino-1-phenylpropane, -amdno-1-{4-
hydroxyphenylypropane, 1-amino-1-(4-bromophenylpropane, f-anuno-1-{(4-nitrophenvi)propane, 1-
phenyl-2Z-aminopropane, -(3-riflocromethyiphenyl)-2-aminopropang, 2-aminopropanol, -amino-1-

phenylbutane, 1-phenyl-2-aminobutane, 1+(2,5-dimethoxy-4-methylphenyli-Z-amincbutane, 1-phenyl-
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J-aminobutane, [-(4-hydroxyphenyl)-3-aminobutane, T-amine-2-methyleyclopentiane, 1-amine-3-
methyvleyclopentane, 1-amine-Z-methylcyciohexane, 1-amino-1-(2-naphthyljethane, 3-
nethyleyelopentylanine, 2-methyloyclopentylamine, 2-ethyleyelopentylamine, 2-
mothyleyvelohexylamine, 3-methyleyclohexviamine, {-aminotetralin, 2-aminotetraling 2-amino-5-
methoxytetralin, and I-aminoindan, inclading both (R) and (S) single isomers wheve possible and
inclhuding all possible salts of the amines.

180551 “Chiral amine” refors to amines of general formula R%-CH(NH,)- RY and 15 employed herein

in its broadest sense, including 8 wide varicty of aliphatic and alicyelic compounds of different, and

mixed, functional types, characterized by the presence of 2 primaery amine group bound 1o a secondary

carbon atom which, in addition to a hydrogen atom, carries either (i) a divalent group forming a chiral

cychc structure, or (it} tweo substituents (other than hydrogen) differing from each other in strocture or
e 1

chirality. Divalent groups forming a chiral cyclic structure inchade, for example, 2-methyibutane-1 4-

divl, pentane-1,4-diyl bexane-1,4-divl, hexane-1,5-diyl, 2-methylpentane-1,5-diyl. The two different
substituents on the secondary carbon atom (R” and R” above) also can vary widely and include afkyl,
aralkyl, aryl, halo, bydroxy, lower alkyl, lower alkoxy, lower alkylthio, cycloalkyl, carboxy,
carbalkoxy, carbamoyl, mono- and di-(lower alkyl) substitoted carbamoyi, trifluoromethyl, phenyvl,
nifro, amino, mono- and di-(lower alkyl) substituted amino, alkylsulfonyi, arvisulfonyl,
alkylcarboxamide, arylcarboxarido, ete., as well as alkyl, aralkyl, or ary! substituted by the
foregoing,
{8856] “Pyridoxal-phosphate,” “PLP.” “pyridoxal-5 -phosphate,” “PYD,” and “P5P” are used
interchangeably hercin to refer to the compound that acts as a coenzyme in transaminase reactions. In
some embodiments, pyridoxal phospbate is defined by the structure 1-(4'-formyl-3-hydroxy-2"-
wthy-5-pyridyDmethoxyphosphonic acid, CAS number {54-47-71. Pyridoxal-5'-phosphate can be
produced i vive by phosphorylation and oxidation of pyridoxol (also known as Vitamin Be). In
frangamination reactions using transaiminase enzymes, the amine group of the amino donor is
fransferred to the coenzyme to produce a keto byproduct, while pyridoxal-5'-phosphate is converted to
pyridoxamine phosphate. Pyridoxal-5-phosphate is regenerated by reaction with a different keto
compound {the amino acceptor). The transfer of the amine group from pyridoxamine phosphate t¢ the
amino acceptor produces an amine and regencrates the coenzyme, In some embodiments, the
pyridoxal-5-phosphate can be replaced by other mernbers of the vitamin B, family, including
pyridoxine (PN}, pyridoxal (PL), pyridoxamine (PM), and thelr phosphoryiated counterparts;
pyridoxine phosphate (PNP), and pyridoxamine phosphate (PMP).
18857] “Coding sequence” refers to that portion of a nucleic acid (e.g., a gene) that encodes an amino
acid sequence of a protein,
{80381 “Nawraliy-occurring” or “wild-type” refers to the form found in natore. For example, a

naturally occurring or wild-type polypeptide or polynuclectide sequence is a sequence present in an
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organism that can be isolated from a sowrce in natwre and which has not been intentionally modified
by hzman nwnipulation,
[665%] “Recombinant” or “engineered” or “non-naturally occurring” when used with reference fo,
e.g., a cell, nuclele acid, or polypeptide, refers to a material, or 2 material corresponding to the natural
or native form of the material, that has been modified in a anner that would not otherwise exist in
natare, or is identical thereio but produced or derived from synthetic materials and/or by manipulation
using recombinant techniques. Non-Hmiting examples include, among others, recombinant cells
cxpressing genes that arc not found within the native (non-recombinant) form of the cell or expres
native genes that are otherwise expressed at a different level.
[8868] “Percentage of sequence identity” and “percentage bomology”™ are used interchangeably
herein 1o refer 1o comparisons smong polynucieotides and polypeptides, and are determined by
comparing two optimally aligned sequences over a comparison window, wherein the portion of the
polynuclestide or polypeptide sequence in the compatison window may comprise additions or
cletions {i.e., gaps) as compared to the reference sequence for optimal alignment of the two
sequences. The percentage may be calculated by determining the pumber of positions at which the
identical nucleic acid base or amino acid residue occurs n both sequences fo yield the number of
maiched positions, dividing the number of matched positions by the total number of positions in the
window of comparisen and multiplying the result by 100 to yield the percentage of sequence identity.
Alternatively, the percentage may be calenlated by determining the number of positions &t which
either the identical nucleic acid base or amino acid residue occurs in both sequences or a pucleie acid
base or amino acid residue is aligned with a gap 1o vield the number of matched positions, dividing
the number of matched positions by the total number of positions in the window of comparison and
muitiptving the result by 100 to yield the percentage of sequence identity. Those of skill in the art
appreciate that there are many established algorithuns available to align two sequences. Optimal

1

alignment of sequences for comparison can be conducted, e.g., by the local homology algorithm of
Smith and Waterman, 1981, Adv. Appl. Math. 2:482, by the homology slignment algorithm of
Needleman and Wunsch, 1970, J. Mol. Biol, 48:443, by the search for similarity method of Pearson
and Lipman, 1988, Proc. Natl, Acad. Sci. USA 85:2444, by computerized 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,, eds.,
Current Protocols, 2 joint venture between Greene Puablishing Associates, Inc. and John Wiley &
Sons, Tuc., (1995 Supplement) (Ausubel)), Examples of algorithms that are suitable for determining
percent sequence identity and sequence similarity are the BLAST and BLAST 2.0 algoriilons, which
are described in Altschmal ot gl., 1994, 1. Mol Biol 213: 403-410 and Altschul et al., 1977, Nucleic
Acids Res. 3389-3402, respectively. Software for performing BLAST analyses is publicly available
through the National Conier for Biotechnology Information website, This algorithm involves first

identifying high scoring sequence pairs (FISPs) by identifying short words of length W in the query

oo
NS
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sequence, which either malch or satisfy some positive-valued threshold score T when aligned with a
word of the same length in a database sequence. T is referred to as, the neighborhood word score
threshold {Alschul ot al, supra). These initial neighborhood word bits got as seeds for mitiating
searches 1o find longer FSPs containing thens. The word hits are then extended in both divections
along each sequence fur as far as the comulative alignment score can be increased. Cumnulative scotes
arg caloulated using, for nucleotide sequences, the parameters M {rewurd score for a pair of matching
residues; always >0 and N (penalty score for mismatching residoes; always <0}, For amino acid
sequences, a scoting roatrix is used to calculate the cumulative score. Bxtension of the word bits in
cach direction are halted when: the cumulative alignment score falls off by the quantity X from iis
waximumm achieved value; the cumulative score goes to zero or below, due fo the accunulation of one
or more negative-scoring residue alignments; or the end of either sequence is reached. The BLAST
algorithm parameters W, T, and X detennine the sensitivity and speed of the aligoment. The
BLASTN program {for nucteotide sequences) uses as defaults a wordlength (W) of 11, an expectation
(E) of 10, M=5, N=-4, and a comparison of both strands. For amino acid sequences, the BLASTP
program uses as defaults a wordlength (W) of 3, an expectation (E} of 10, and the BLOSUMS2
scoring matrix (see Henikoff and Henikoff, 1989, Proc Natl Acad Sci USA 89:109158). Exemplary
determination of sequence alignment and % sequence identily can employ the BESTFIT or GAP
programs in the GCG Wisconsin Software package (Accelrys, Madison W1}, using defauit parameters
provided.
{86611 “Reference sequence” refers to a defined sequence used as a basis for a sequence comparison,
A reference sequence may be a subset of & 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
esidues in length, at least 25 residues in length, at least 50 residues n length, ot the full length of the
nucleic acid or polypeptide. Since two polynucleotides or polypeptides may ezch (1) comprise 8
sequence {(Le., a portion of the complete sequence) that is similar between the two sequences, and (2)
may further comprise a sequence that is divergent between the two sequences, Sequence comparisons
between two {or more) polynucleotides or polypeptide are typically performed by comparing
sequences of the two polynucleotides or polypeptides over & “comparison window” to identify and
compare local regions of sequence similarity. In some embodiments, a “reference sequence” can be
based on a primery amino 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 8EQ ID
N2 having at the residue corresponding to X34 an alanine” or X34 A refers to 2 reference sequence
in which the corresponding residue at X34 in SEQ ID NO:2, which is a threonine, has been changed
o alapine,
180621 “Comparison window” refers to a conceptual segment of at least about 2 contiguous
nucleotide posittions or amino acids residues wherein a seguence may be compared to g refercoce

sequence of at least 20 contiguous nucleotides or amino acids and wherein the portion of the sequence
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in the comparison window may comprise additions or deletions {i.e., gaps) of 20 percent or less as
compared to 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,

18663] “Substantial identity” refers to a polynuciestide or polypeptide sequence that has at least 80
percent sequence identity, at least 85 percent identity and 89 to 95 percent sequence identity, more
usually at least 99 percent soquence identity as compared 10 a reference sequence over a comparison
window of at least 20 residue positions, freguently over a window of at Joast 30-59 residues, wherein
the percentage of sequence identity is calculated by comparing the reference sequence to a sequence
that includes deictions or additions which total 20 percent or less of the reference sequence over the
window of comparison. In specific embodiments applied to polypeptides, the term “substantial
identity” means that two polypeptide sequences, when optimally ahigned, such as by the programs
GAP or BESTFIT using default 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 percent
sequence identity). Preferably, residue positions which are not identical differ by conservative amino
acid substinutions.

[8864] “Corresponding 107, “reference to” or “relative 10” when used in the context of the numbering
of a given amino acid or polynucleotide sequence refers to the numbering of the residues of a
specified reference sequence when the given amino acid or polynucleotide sequence is compared 1o
the reference sequence. In other words, the residue mumber or restdue position of a given polymer is
designated with respect to the reference sequence rather than by the actoal numerical position of the
residue within the given amino acid or polynucieotide sequence. For example, a given amino acid
sequence, such as that of an enginecred transaminase, can be aligned to a reference sequence by
introducing gaps to optimize residue watches between the two sequences. In these cases, although the
gaps are present, the numbering of the residue in the given amine acid or polynuclectide sequence is
made with respect to the reference sequence to which it has boen aligned.

{B665] “Amino acid difference” or “residue difference” refers to 2 change in the aming acid residue
at a posiion of a polypepiide sequence relative to the amino acid residue at a corresponding position
in a reference sequence. The positions of amino acid differences gencrally are referred to herein as
“Xn,” where n refers to the corresponding position in the reference sequence upon which the residue
difference is based. For example, a “residue difference af position X34 as compared to SEQ 1D NO:
2" vefers to a change of the amino acid residue at the polypeptide position corresponding 1o position
34 of SEQ ID NO:2. Thus, if the reference polypeptide of SEQ ID NO: 2 has & threonine at position
34, then a “residue difference at position X34 as compared to SEQ 1D NO:2Z” an amino acid
substitution of any residue other than threonine at the position of the polypeptide corresponding 0
position 34 of SEQ 1D NO: 2. In most ustances herein, the specific amine acid residue difference at a

position s indicated as “XnY” where “Xn” specified the corresponding position as described above,
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and “Y™ is the single letter identifier of the amino acid found in the engineered polypeptide (L., the
different residue than in the reference polypeptide). In some embodiments, where more than one
amino acid can appear io a specified residue position, the alternative amino acids can be listed in the
form Xn'V/Z, where Y and Z represent alternate amino acid residues. In some instances {e.g., in
Tables 24 and 2B), the present discloswre also provides specific amino acid differences denoted by
the conventional notation “AnB”, where A is the single letter identifier of the residus in the reference
sequence, “n” is the rumber of the residue position in the reference sequence, and B is the single letser
identificr of the restduc substitution in the sequence of the enginecred polypeptide. Furthermore, in
some instances, a polypeptide of the present disclosure can inchude one or more amine acid residue
differences relative to a reference sequence, which is indicated by a list of the specified positions
where changes are made relative 1o the reference sequence.

180667 “Conservative amino acid substitution” refers 1o a substitution of a residue with a different
residue having a similar side chain, and thus typically involves substitution of the amino acid in the
polypeptide with amino acids within the same or similar defined class of amino acids. By way of
example and not {imitation, an amine acid with an aliphatic side chain may be substituted with
angther sliphatic amino acid, e.g., alanine, valine, leucine, and isoleucing; an amino acid with
hydroxyl side chain is substinned with anocther amino acid with a hydroxyl side chain, e.g., serine and
threonine; an aming ackd baving aromatic side chains is substituted with another amino acid having an
arovratic side chain, e.g., phenylafanine, tyrosine, wyptophan, and bistiding; an amino acid with a
basic side chain is substituted with another arsino acid with a basic side chein, e.g., lysine and
arginine; an amino acid with an acidic side chain is substiruted with another amine acid with an acidie
side chain, e.g., aspartic acid or glutamic acid; and a hydrophobic or hydraphilic smine acid is
replaced with another hydrophobic or hydrophilic amino acid, respectively. Exemplary conservative
substitutions are provided in Table 1 below,

Table 1

Residue Foxsible Conservative Substitutions
A, L, VT Other aliphatic (A, L, V, D
Other non-polar (A, L, V, 1, G, M)
G. M Other non-polar (A, L, V, L, G, M)
o E Other acidic (B, E)
K.R {ther basic (K, B
N, O, 87T Other polar
H,Y,  WF Other aromatic (H, ¥, W, F)
C,p None

{88671 “Non-conservative substitution” refers to substitation of an amine acid in the polypeptide
with an amino actd with significantly differing side chain properties. Non-conservaiive substitutions
may use amino acids between, rather than within, the defined groups and affects {a) the steucture of
the peptide backbone in the area of the substitution (e.g., proline for glycine), (b) the charge or

hydrophobicity, or (€) the bulk of the side chain. By way of example and not Bmitation, an exemplary

e
)
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non-conservative substitution can be an acidic amino acid substitided with g basic or aliphatic amine
acid; an aromatic amino acid substituted with & small amino acid; and a hydrophilic smine acid
substituted with 2 hydrophobic amine acid,

{88681 “Deiction” refors to modification wo 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, 5 or more aming acids, 10 or more amine acids, 15 or more amino acids, or 20 or more
aming acids, up to 10% of the total number of amino acids, or up to 20% of the total number of amino
acids making up the refercoce cozyme while retaining eozyratic activity and/or retaining the
improved properties of an engincered transaminase enzyme. Deletions can be directed to the internal
portions and/or terminal portions of the polypeptide. In various embodiments, the deletion can
copprise a continuous segment or can be discontinuous.

{86891 “Insertion” refers w modification to the polypeptide by addition of one or more awino acids
from the reference polypeptide. In some embodiments, the improved engineered transaminase
enzymes comprise insertions of one or more amino acids 1o the naturafly occurring fransaminase
polypeptide as well as insertions of one or more amino acids to other improved transaminase
polypepudes, Tnsertons can be in the infernal portions of the polypeptide, or 1o the carboxy of amino
terminus. Insertions as used herein include fusion proteins as is known in the art. The insertion can be
& contiguous segment of amino acids or separated by one or more of the amino acids in the reference
polypeptide.

[8976] “Fragment” as used herein refers to & polypeptide that has an amino-terminal and/or carboxy-
teriminal deletion, but where the remaining amine acid sequence is identical to the corresponding
positions in the sequence. Fragments can be at least 14 aminoe acids long, at least 20 amino acids
long, at least 50 amino acids long or longer, and up to 70%, 80%, 90%, 95%, 98%, and 99% of the
full-length transaminase polypeptide, for example the reference engineered wansaminase polypeptide
of SEQ ID NO: 2,

{69717 “Isolated polypeptide” refers to a polypeptide which is substantially separsted from other
contaminanis that naturally accompany i, e.g., protein, lipids, and polynucieotides. The term
embraces polypeptides which have been removed or purified from their naturally-cecurring

environment or expression system (e.g., host cell or in vifro synthesis}. The improved transaminase
enzynies may be present within a cell, present in the cellular medium, or prepared in various Jorms,
such as lysates or isolated preparations. As such, in some cmbodimerns, the improved transanyinase
enzyme can be an isolated polypeptide.

[8872F “Substantially pure polypeptide” refers io a composition in which the polypeptide species is
the predominant species present {7.e., on a molar or weight basis, it is more sbundant thun any other
individual macromelecular species in the composition), and s generally a substantially purified
composition when the object species comprises at least about 56 percent of the macromolecular

species present by mole or % weight. Generally, a substantially pure fransaminase composition will
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comprise about 66 9% or more, about 70% or more, aboud §0% or more, about 90% or more, abowt
§5% or more, and about 98% or more of all macromoelecular species by mole or % weight present in
the composition, in seme embodiments, the object species is purified 1o essential homogeneity (Ze.,
contaminant spocies cannot be detected n the composition by conventional detection methods}
vherein the composition consists essentially of a single macromolecular species. Solvent species,
small molecoles (<500 Dalions), and elemental on species are not considersd macromolecular
species. n some embodiments, the isolated improved transaminase polypeptide is a substantially pure
polypeptide composition.
{88731 “Stercoselectivity” refers to the preferential formation im a chemical or enzymatic reaction of
one stereoisomor over ancther, Stereoselectivity can be partial, where the formation of one
stereoisomer is favored over the other, ot it may be complete where only one sterecisoner is formed.
When the stereoisomers are enanttomers, the stereoselectivity s referred to a5 enantioselectivity, the
fraction (typically reported as & percentage) of one enantiomer in the sum of both. Tt is commonly
alternatively reported in the art {typically as a percentage) as the enantiomeric cxcess (e.¢.) calenlated
therefyom according to the formula [major enanticmer ~ minor enantiomer}/[major enantiomer +
minor enantiomer]. Where the stereoisomers are diastereotsomers, the stereoselectivity is referred 1o

N

as diasterecselectivity, the fraction (typically reported as a percentage) of one diastereomer in 2
mixture of two diastereomers, commonly alternatively reported as the diastercomeric excess {d.e.).
Enantiomeric cxeess and diastersomeric exeess are types of stereomeric excess.

{8074) “Highly sterecselective” refers 10 a chemical or enzymatic reaction that is capable of
converting a subsirate, e.g., compound (23, to its corresponding chiral amine product, e.g., compound
(1}, with at least about 85% stereomeric excess.

[B875] “Improved enzyme property” refers to a transaminase polypeptide that exhibits an
improvernent in any enzyme property as compared to a reference transarinase. For the enginesred
transaminase polypeptides described herein, the comparison is generally made to the wild-type
transaminase enzyme, sithough in some embodiments, the reference fransaminase can be another
engineered transaminase. Bnzyme propertics for which tmprovement is desirable include, but are not
himited fo, enzymatic scuvity (which can be expressed in terms of percent conversion of the
substrate), thering stability, solvent stability, pH activity profile, cofacior requirements, refractoriness
to inhibitors {e.g., subgirate or product inhibition), and stereoselectivity (including enantioselectivity).
{8076} “increased enzyrpatic activity” refers to an improved property of the engineered ransaminase
polypepiides, which can be represented by an increased specific activity {e.g., produe
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  specified time period using a
specified amount of ransaminase) as compared to the reference tranpsaminase enzyme, Exemplary
methods 1o deterpune enzyme activity are provided in the Examples. Any property relating to enzyme

activity may be affected, including the classical enzyine properties of £, Far OF &g, changes of
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which can lead o 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 enzymatic activity than the
natarally occurring transaruinase or another engineered transaminase from which the transaminase
polvpeptides were derived. Transaminase activity can be measured by any one of standard assays,
such as by montioring changes in specivopholometric properties of reactants or products. In some
embodiments, the amount of products produced can be measured by High-Performance Liguid
Chromatography (HPLC) separation combined with UV absorbance or fluorescent detection
followwing derivatization, such as with o-phthaldialdehyde {OPA). Comparisons of enzyme activities
are made using a 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 comparad,
the numbers of celis and the amount of protein assayed are detevmined as well as use of identical
expression systems and identical host cells to minhmize variations in amount of enzyme produced by
the host cells and present in the fysates.
[8077] “Conversion” refers 1o the enzymatic conversion of the substrate(s) to the corresponding
product(s). “Percent conversion” refers to the percent of the substrate that is converted 1o the product
within a period of time under specified conditions. Thus, the “enzymatic activity” or “activity” of a
transaminase poivpeptide can be expressed as “percent conversion” of the subsirate to the product.
18978 “Thermostable” refers to a transaminase polypeptide that maintains similar activity (move
than 60% to 80% for example) afier exposare (o elevated temperatires (e.g., 40-80°C) for a period of
time (e.g., 0.5-24 hrs) comparad to the wild-type enzyme.
[8879] “Solvent stable” refers to a transaminase polypeptide that maintains similar activity {(more
than e.g,, 6% 1o 80%) aficr exposure fo varying concentrations {e.g., 5-99%; of solvent (sthanol,
isopropy! alcohol, dimethylsulfoxide (DMSG), terrahydrofuran, 2-methyitetrahydrofuran, acetone,
tohuene, buty! acetate, methyi tert-butyl ether, etc.) for a period of time (2. g, 0.5-24 hrs) compared to
the wild-type enzyme.
6680} “Thermo- and solvent stable” refers to a ransaminase polypeptide that is both thermostable
and solvent stable,
{86811 “Stringent hybridization™ is used herein 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, wemperature, G/C content, and the presence of chaotrapic agents. The T, valnes for
potyaucieotides can be calculated wsing known methods for predicting melting temperatures (see, e.g.,
Baldineo et al., Methods Enzymology 168:761-777; Bolton et al., 1962, Proc. Natl. Acad. Sci. USA
48:139(; Bressiauver et al., 1986, Proc. Natl. Acad. Sci USA §3:8893-8897; Freier et al,, 1986, Proc.
MNatl, Acad. Sci USA 83:9373-5377; Kierzek of al., Biochenistyy 25:7840-7846; Rychhik et al,, 1990,
Nucleic Acids Res 18:6409-6412 (erratum, 1991, Nucleic Acids Res 19:698); Sambrook et al., supra);

s
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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. All publications
incorporated herein by reference). In some embodiments, the polynucleotide encodes the polypeptide
disclosed herein and hybridizes under defined conditions, such as moderately atvingent or highly
strinigent conditions, to the complement of 2 sequence encoding an engineered transaminase enzyme
of the present disclusure,

{6682] “Hybridization stringency” relates to hybridization conditions, such as washing conditions, in
the hybridization of nucleic acids. Genorally, hybridization reactions are performed under conditions
of lower stringency, followed by washes of varying but higher siringency. The term “moderately
stringent hybridization” refors t0 conditions that permit target-DINA to bind 2 complementary sucleic

v
i

acid that hag about 60% identity, preferably about 75% identity, about 85% identity to the target
DNA, with greater than about 90% identity to target-polymucleotide. Exemplary moderately stringent
conditions are conditions cquivalent to hybridization in 50% formamide, 5% Denbart'y solution,
SXSEPE, 0.2% 3DS at 42°C, followed by washing in 0.2#55PE, 0.2% SDS, at 42°C. “High
stringency hybridization” refers generally to conditions that are about 10°C or Iess from the thermal
melting temperanwe 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
{f.€., 1 a hybrid is vot stable f8 0.018M Nal(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% formeamide, 5x Denhart's sohution, 5%SSPE, 0.29% SDS
at 42°C, followed by washing in 0.1xE3PE, and (.1% SDS at 65°C. Another high stringency
condition is hybridizing in conditions equivalent to hybridizing in 5X SSC containing 0.1% (w:v)
S8 a1 65°C and washing i 0.1% SSC containing 0.1% SDS at 65°C. Other high stringency
hybridization conditions, as well as moderately stringent conditions, are described in the veferences
cited above.

160837 “Heterologous” polynacieotide refers to any polynucieotide that is introduced into a host ceil
by laboratory techniques, and includes polynucleotides that are removed from a host cell, subjected to
faboratory manipulation, and then reintroduced into a host cell

[8084] “Codon optimized” refers o changes in the codons of the polyaucieotide encoding s protein
to those preferemially ased in a particular organism such that the encoded protein is efficiently
expressed in the organism of interest. Although the genetic code is degenerate in that most amine
acids are represented by several codons, called “synonyms™ or “synonymous” codons, it 1s well
known that codon usage by particular organisms I8 nonrandom and biased towards particular codon
triplets. This codon usage bias may be higher in reference 10 a given gene, genes of cotamon function
or ancestral origin, highly expressed proteins versus low copy number proteius, and the aggrogate

protein coding regions of an organism’s genome, In some embodiments, the polvauciestides enceding



WO 2014/999730 PCT/US2013/073294

the transaminase enzymes may be codon optimized for optimal production from the host organism
selected for expression.

1085] “Preferred, optimal, high codon usage bias codons™ refers interchangeably to codons that are
used at higher frequency in the protein coding regions than other codons that code for the same aming
acid. The preferred codons may be determined in relation to codon usage in a single gene, a set of
genes of common function or origin, highly expressed genes, the codon frequency in the aggregate
protein coding regions of the whele organism, codon frequency in the aggregate protein coding
rogions 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 fraquency {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 used in g gene (see GQG
CodonPreference, Genetios Computer Group Wisconsin Package; CodonW, John Peden, University
of Nottingham; Mcinerney, §. O, 1998, Bioinformaties 14:372-73; Stenico et al., 1994, Nuckeic Acids
Res, 222437-46; Wright, F., 1990, Gene 87:23-29). Codon usage tables are available for a growing
list of organisms (see for example, Wada ot al,, 1992, Nucleic Acids Res, 20:2111-2118; Nakamura et
al., 2000, Nucl. Acids Res. 28:292; Duret, et al., suprg; Henawt and Danchin, “Escherichia coli and
Salmonella,” 1996, Neidhards, et al. Eds., ASM Press, Washington D.C., p. 2047-2066. The data
source for obtaining codon usage wmay rely on any available nucleotide sequence capable of coding for
a protein. These data sets include nucleic acid sequences actually known to encode expressed proteing
{e.g., complete protein coding sequences-CDS), expressed sequence tags (ESTS), or predicted coding
regions of genomic sequences (see for example, Mount, D., Bioinformatics: Sequence and Genome
Analysis, Chapter 8, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NUY,, 2001,
Uberbacher, B. C., 1996, Methods Enzvimol. 286:259-281; Tiwari et al,, 1997, Compat. Appl. Blosci.
13:263-270).

{6686] “Control sequence”™ ts defined herein to include all components, which are necessary or
advantageous for the expression of a polynucleotide and/or polypeptide of the present disclosure.
Each contro] sequence may be native or forgign to the nucleic acid sequence encoding the
polypeptide. Such control sequences inchude, but are sot Limited te, a leader, polyadenylation
sequence, propeptide sequence, promoter, signal peptide sequence, and transcription terminator. At &
mininum, the control sequences nclude a promoter, and transeriptions] and translational stop sigrals.
The control sequences may be provided with linkers for the purpose of mtroducing speeific restriction
sites facilitating ligation of the conirol sequences with the coding region of the nucleic acid sequence
encoding a polypeptide.

166871 “Operably linked” is defined herein as s configuration in which a control sequence is

appropriately placed (i.e., in a fonctional relationghip) at a posttion refative o a polynucleotide of

o
~
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terest such that the euntrol sequence directs or regulates the expression of the polynucleotide and/or
polypeptide of interest,

[6088] “Promoter sequence™ refors fo a nucleic acid sequence that is recognized by a host cell for
cxpression of a polynuciestide of interest, such as a coding sequence. The promoter Sequence containg
transcriptional control sequences, which mediate the expression of a polynucleotide of interest. The
promoter may be any nucleic acid sequence which shows transcripuional activity in the host cell of
choice inctuding mutant, truncated, and hybrid promoters, and may be obtained from genes encoding
extraceilular or intraceliular polypeptides cither homologous or heterologous to the bost cell.

{8889 “Suitable reaction conditions” refer to those conditions in the bivcatalytic reaction solotion
{e.g., ranges of enzyme loading, substrate loading, cofactor loading, temperature, pH, buffers, co-
solvents, ete,) under wiich a transaminase polypeptide of the present disclosure is capable of
converting & substrate compound to 2 product compound (e.g., conversion of compoond (2} o
compound (1)). Exemplary “suitable reaction conditions” are provided in the detailed doscription and
ilfnstrated by the Examgples.

[8098] “Loading”, such as in “compound loading™ or “enzyme loading” or “cofactor loading” refers
to the concentration or amount of 2 compenent in a reaction mixture at the start of the reaction,
{80921 “Substrate” in the context of a bilocatalyst mediated process refers to the compound or
molecule acted on by the biocatalyst. For example, an exemplary substrate for the engineered
transaminase biocatalysts in the process disclosed berein is compound (2).

{68921 “Product” in the context of & biocatalyst mediated process refers to the compound or molecule
resulting from the action of the biocatalyst. For example, an exemplary product for the enginesrad
transaminase biocatalysts in the process disclosed herein is compound (1)

{80931 “Heteroalkyl, “heteroatkenyl,” and “beteroalkynyl,” refer to alkyl, alkenyl and alkyoyl as
dafined hergin in which ane or more of the carbon atoms are each independently replaced with the
same or different heteroatoms of hetercutomic groups. Heteroatoms and/or heteroatomic groups
which can replace the carbon atoms include, but are not Hmited to, -O-, -S-, -8-0-, -NR'-, -PH-, -
SO, -5(042-, -S(0) NRY-, -S{O1L,NRY-, and the like, including combinations thereof, where each

R' is independently selected from hydrogen, alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, arvl,
hetergaryl, and other suitable substituents.

{6094] “Aryl” refors to an unsaturated aromatic carbocyelic group of from 6 to 12 carbon atoms
inclusively having a single dng {e.g., phenyvi) or multiple condensed rings (e.g.. naphthyl or anthryl}.
Exemplary aryls include phenyl, pyridyl, naphthyl and the like.

{8095} “Arylalky?” refers to an alky] substituted with an aryl, ie., aryl-alkyl- groups, preferably
having from 1 o 6 carbon atoms inclusively in the alkyl molety and from 6 10 12 carbon atoms
inclusively in the arvl moiety. Such arvlalkyl groups are exemplified by benzyl, phevethyl and the

fike.
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[B896] “Arvialkeny!” refers to an alkeny! substituted with an aryl, ie., aryl-alkenyl- groups,
preferably having from 2 1o 6 carbon stoms inclusively in the alkenyl moiety and from 6 to 12 carbon
atoms inclusively in the aryl moisty.
180971 “Arvlalkynyl” refers to an alkynyl substituted with an aryl, ie, aryl-alkynyl- groups,
preferably having from 2 to 6 carbon atoms inclusively in the allynyl moiety and from 6 to 12 carbon
atoms inclusively in the arvl moiety.
{8698] “Cycloalkyl” refers to cyelic alkyl groups of from 3 to 12 carbon atoms inclusively having a
single cvelic ring or multiple condensed rings which can be optionally substituted with from 1 t0 3
alkyl groups. Exemplary cycloalkyl groups inclade, but are not limited to, single ring siructares such
as cyclopropyl, cyelobutyl, cyclopentyl, cyclooctyl, I-methyleyclopropyl, 2-methyleyclopentyl, 2-
sethyloveloontyl, and the fike, or multiple ring structures, including bridged ring systems, such as
adamantyl, and the Ele,
{80997 “Cycloalioylalkyl” refers to an alkyl substituted with a cyeloatkyl, Le., cycloalkyl-alkyl-
groups, preferably having from ! 1o 6 carbon atoms inclusively in the alkyl moiety and from 3 t0 12
carbon atoms inclusively in the cyclealkyl motety. Such cycloalkylalkyl groups are exempdified by
cyclopropyimethyl, cyclohexylethy! and the like.
[#188] “Cycloalkylatitenyvl” refers 1o an allenyl substitated with a cyeloalkyl, i.e., cycloalkyl -
alkenvl- groups, preferably having from 2 to 6 carbon atoms inclusively in the alkenyl moiety and
from 3 10 12 carbon stoms inclusively in the cycloalkyl moiety.
81011 “Cycloalkylalkynyl” refers t an alkynyl substitided with a cycloalkyl, i.e., cycloalkyl-
allynyl- groups, preferably having from 2 to 6 carbon atoms melusively in the alkynyl moiety and
from 3 to 12 carbon atoms inclusively in the cycloalkyl moiety.
181621 “Amino” refers 1o the groop -NH,. Substitined amino refers to the group —-NHR", NR"R", and
NRE'RR" | where each R™ is independently selected from substituicd or unsubstinuted atkyl,
cycloalkyl, cycloheiercalkyl, alkoxy, aryl, hetercaryl, beteroaryialkyl, acyl, alkoxycarbonyl, sulfanyl,
sulfinyl, sulfonyi, and the Hike, Typical amino groups include, but are limited to, dimethylanino,
digthylamino, trimethylanmoniven, tristhylwmmoentom, methylyselfonylamine, furanyl-oxy-
suifamine, and the like,
[8103] “Alkyvlamivo” refers to a -NHR” group, where R® is an alkyl, an N-oxide derivative, or a
protected derivative thereod, e g., methylamine, ethylamino, n-propylamino, iso-propylamino, n-
butylamine, iso-butvlamine, tert-butylamino, or methylamine-N-oxide, and the like.
[6104] “Arylamino” refers to -NHR”, where R” is an aryl group, which can be optionally substituted.
{8185] “Heteroarylamineg” refers to -WHR® where R” is a heteroaryl group, which can be optionally
subgtinged,
[8186) “Aminoalky?l” refers to an alky} group in which one or more of the hydrogen atoms is

raplaced with an amine group, including a sebstitated anine group.
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31971 “Oxo” refers o =0

{8108 “Oxy” refers to 2 divalest group -O-, which may have various substituents to form different
oxy groups, inclading cthers and esters,

81891 “Alkoxy” or “alkyloxy” are used interchangeably herein to refer 1o the group ~OR”, whegein
R" is an alkyl group, including optionally substituted alkyl groups as also defined hersin,

{B110] “Arvioxy” refers to ~OR groups, where R* s an aryl group, which can be optionally
substituted.

181111 “Heteroarvioxy™ refers to -OR, where R i g hetercary! group, which can be optionally
substitgted.

{81827 “Carboxy” refors to -<COOH.

8113] “Carboxyallyl” refers to an alkyl substituted with a carboxy group.

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

[8115] “Alkylcarbonyl” refers to -C(O)R", where R™ is an alkvl group, which can be optionally
substitpied.

18116] “Arylcarbonyl” refers to ~C{0O)R*, where R” is an ary! group, which can be optionally
substituted.

{81171 “Heteroaryicarbonyl” refers to ~C{OIR™ where R” s a heteroarvl group, which can be
optionally substituied.

{81181 “Alkyloxyearbonyl” refers to -C{O)OR®, where R® is an alkyl group, which can be optionally
substituted.

[8118] “Arvioxycarbonyl” refers to -C{O)OR", where R* is an aryl group, which can be optionally
substituted.

{8126] “Heteroaryloxycarbonyl” refers to -C{OYOR®, where R is & heteroaryl group, which can be
optionally substituted.

{9121 “Arvialkyloxycarbonyl” refers to -C{OYOR”, where R” Is an aryl-alkyl- group, which can be
optionally substituted.

18122] “Alkylcarbonyloxy” refers to —OC(0)-RE, where R is an alky! groop, which can be optionally
substitufed,

163231 “Arvicarbonyloxy” refers to ~OC(O)R”, where R is an aryl group, which can be optionally
substituted.

{81241 “Heteroarylalkyioxycarbomyl™ refers to ~C{O}OR“’, where R” is a heteroarylalkyl growy,
which can be optionally substituted.

{8128] “Hetercarylearbonyloxy” refors to ~OC(O)R", where R” is an heteroaryl group, which can be

optionally substinuted.
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{8126] “Aminocarbonyl” refers to -C(O)NH,. Substituted aminocarbonyl refers to ~C(OINRR",
where the amino group NRR™ is as defined herein.

{81271 “Aminocarbonylalky!” refers to an alkyl substitated with an aminocarbony! group.

{8128] “Halogen” or “halo” refers o fluoro, chloro, bromo and iedo.

{81291 “Haloalkyl” refers to an alky! group substituted with one or more halogen. Thus, the term
“baloalkyl” is meant o inclade monohaloaltkyls, dihaloalkyls, tribaloalkyls, cic. up to perbaloalkyls.
For example, the expression “(C; C,) haloalkyl” inchudes 1-fluoromethyl, diflucromethyl,
wiflucromethyi, 1-fluoroethyl, 1.1-difluorcethyl, 1, 2-difluoroethyi, 1,3,1 wriffuorcethyl,
perfluoroethyl, etc.

{81381 “Hydroxy” refers to -OH.

[8131] “Hydroxyalkyl” refers to an alkyl substituted with one o more hydrogy group.

{8132] “Cyano” refers to -CN.

{6133] “Niwro™ refers to ~NO,.

[8134] “Thio” or “sulfanyl” refers to -SH. Substituted thio or sulfany] refers 1o ~S-R*, where R" is an
alkyl, arvl or other suitable substituent.

18335} “Alkylthio” refers to —SRE, where R is an alkyl, which can be optionaily substitated. Typical
alkyithic group include, but are not imited to, methylthio, ethylthio, n-propyithio, and the like.
[8136] “Arylthio” refers to ~SR”, where R” is an aryl, which can be optionally substitated. Typical
arylthio groups include, but are not tinited o, phenyhihio, {4-methylphenylithio, pyridinyithio, and
the like.

[8137] “Heteroarylthio” refers o -SR°, where R”is a heteroaryl, which can be optionally substituted.

{6138} “Sulfonyl” refers 1o -80,-. Substinuted sulfonyl refers to —SO-R", where R" is an alkyl, aryl
or other suitable substitnent,

181391 “Alkylsulfonyl” refers to ~SO,-R5, where R™ is an alkyl. which can be optienally substituted.
Typical alkylsulfony! groups include, but are ot limited 10, methyisulfonyl, ethylsulfonyl, n-
propylisuifonyl, and the like.

(81401 “Arysulfonyl” refers to ~SO,-R”, where R* is an aryl, which can be opticnally substitated.
Typical arylsulfony! groups include, bt are not limited to, phenylsalfonyl, (4-methylphenylisuifonyl,
pyridinytsulfonyl, and the like.

18143] “Heteroarylsulfony!” refers to -S0,-R, where R” is a heteroaryt group, which can be
optionally substitoted.

16142] “Sulfinyl” refers 1o 8O-, Substituted sulfinyl refers to -SO-R”, where R 1s an alkyl, aryl or
other suttable substituent,

181431 “Alkylsulfinyl” refers 1o ~SO-R®, where R” is an alicyl, which can be optionally substinated.
Typical alkylsalfinyl groups inchude, but are not limited to, methyisulfuyl, ethylsuifinyd, n-

propysulfinyt, and the like.
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18344] “Arysulfinyl” refers to ~SO-R", where R” is an aryl, which can be optionally substituted.
Typical arvisulfinyl groups include, but are not limited to, phenylsulfinyl, {(4-methylphenyhisulfinyl,
pyridinylsulfinyl, and the like.

[#148] “Hetercarylsulfiny!™ refers 10 -SO-R°, where R% s a heteroary! group, which can be optionally
substituted.

{8146]

16147

{61481 “Hewroaryisulfonylalkyl” refers to an alkyl substituted with a heteroaryi-SOo- group.
[§149]

“Alcylaninosulfonvialkyl”™ refers to an alkyl substituted with an alkyl-NH-SOs- group,

6

Arylselfonylalkyl” refers 1o an alkyl substitoted with an aryi-5O,- group.

“Aminosulfonyl” refers to -SUNH,. Substituted aminosulfonyl refers to “SG,NRR®, where
the amino group -NR'R” is ag defined herein.
{ﬁi&iﬂ “Heteroaryl” refers 10 an aromatic heterocyclic group of from 1 to 10 carbon atoms

nctusively and 1 1o 4 heteroatoms inclusively selected from oxvgen, vifrogen and sulfur within the
ring. Such heteroarvi groups can have a single ring (e.g., pyridy! or furyl) or multiple condensed rings
{e.g., indolizinyl or benzothienyl).
{8151] “Heteroarylalky!” refers to an alkyl substituted with a heteroaryl, i.e., beteroaryi-alikyl-
groups, preferably having from 1 to 6 carbon atoms inclusively in the alky! moiety and from: 5 10 12
ring aloms inclusively in the heteroaryl moiety. Such heterparylalleyl groups are exenplified by
pyridyvimethyt and the jike.
{8152} “Heteroarylalkenyl” refers to an alkenv! substituted with a heteroaryl, i.e., heteroaryi-atkenyl-
groups, preferably having from 2 to 6 carbon atoms inclusively in the alkenyl moiety and fom 510 12
ring atoms nclusively in the heteroaryl moiety,
{8153} "Hetervaryialkynyl” refers to an alkynyi substituted with a hetercaryl, i.e., hetercaryl-afkynyl-
groups, preferably having from 2 to 6 carbon atoms inclusively in the alkyoyl moiety and from 510 12
ring atoms inclusively in the heteroaryl moiety.
{8154] “Helerocycle”, “hetorocyclic” and imerchangeably “heterocycloalky?” refer to a saturated or
unsaturated group having a single ring or multiple condensed rings, from 2 to 10 carbon ring atoms
inchisively and from 1 10 4 hetero ring atoms inclusively selected from nitrogen, sulfur or oxvgen
within the ring. Such hetercoyolic groups can have a single ring {e.g., piperidinyl or tetrahydrofiryl)
or multiple condensed rings {e.g., indolinyl, dthydrobenzofiran or quinuchdinyi). Examples of
heterooyeles include, but are not limited to, furan, thicphene, thiazole, oxazole, pyrrole, imidazole,
pyrazoele, pyridine, pyrazine, pyrimidine, pyridazine, indolizine, isoindole, indoie, indazole, purine,
guinolizine, isoquinoline, quincling, phthalazine, naphthyipyridioe, quinoxaline, quinazoline,
cinnoling, pieridine, carbarzole, carholine, phenamhbridine, acridine, phevanthroling, isothiazole,
phenazine, isoxazole, phenoxazine, phenothiazine, imdazolidine, imidazoline, piperidine, piperazine,

pyrrofidine, indoline and the like.
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[6158] “Heterocveloalkylalkyl” refers to an alkyl substituted with a heteroeycloalkyl, ie.,
keterocyeloatkyl-aliyl- groups, preferably having from 1 to 6 carbon atoms inclusively in the alkyl
moiety and from 3 to 12 ring atoms inclusively in the hoterocyeloalkyl motety,
1815867 “Hewerocycloalkylalkenyl” refers o an alkenyl substituted with a heworoeycloalkyl, e,
heterveycloalkyl-alkenyl- groups, preferably having from 2 to 6 carbon atoms inclusively in the
allienyl motety and from 3 10 12 ring atoms inchusively in the heterocycloalkyl moiaty.
{81571 “Heterocycloalkylalkynyl™ refers to an alkynyl substituted with a heterocycloalkyl, ie.,
hoterocycloalkyl-alkynyl- groups, preforably having from 2 to 6 carbon atoms inclusively inthe
alkynyl modety and from 3 to 12 ring atoms inclusively in the heterocycloaikyl moiety.
18138] “Leaving gronp” generally refers to any atom or meiety that is capable of being displaced by
another atom ot moicty it 2 chemical reaction, More specifically, & leaving group refers to an atom or
motety that is readily displaced and substituted by a nucleophile (e.z., an amine, a thiol, an alcohel, or
cvanide). Such leaving groups are well known and inclade carboxylates, N-hydroxysuccinimide
{"NHS™), N-hydroxybenzoiriazole, a halogen (fluoring, chlorine, bromine, or todine), and alkyloxy
groups, Non-limiting characteristics and examples of leaving groups can be found, for example in
Organic Chemistry, 2d ed., Francis Carey (1992), pages 328-331; Introduction to Organic Chemistry,
2d ed., Andrew Streitwieser and Clayton Feathoock (1981}, pages 169-171; and Organic Chemistry,
3th Ed., John McMurry, Brooks/Cele Publishing (2000), pages 398 and 408; all of which are
incorporated bherein by teference,
161589] Unless otherwise specified, positions occupied by hydrogen in the foregoing groups can be
forther substituted with spbstituents exemplified by, but not Himited 10, hydroxy, oxo, nitro, methoxy,
ethoxy, aikoxy, substituted atkowy, wrifluoromethoxy, haloatkoxy, fluore, chlorn, bromo, todo, balo,
methyl, ethyl, propyl, butyl, alkyl, alkenyl, alkynyl, substitined alkyl, ttifluororethyl, baloalkyl,
hvdroxyalkyl, alkoxyalkyl, thio, alkylthic, acyl, carboxy, alkoxycarbonyl, carboxamido, substituted
carboxamido, alkylsutfonyl, alkylsulfinyl, alkylsulfonylamino, suifopamide, substituted sulfonamido,
cyano, aming, substituted amino, alkylamine, dialkyiamino, aminoslicyl, acylamine, amidine,
armidoxime, hydroxamoyl, phenyl, aryl, substiiuted aryl, aryloxy, arvlatkyl, arylalkenyl, arylalkynyl,
pyridyl, inndazolyl, heteroaryl, substituted heteroaryl, heteroaryioxy, heteroarylalkyl,
heteroarylalkenyl, heteroarylalkyuyl, cyelopropyl. cyclobutyl, eyclopentyl, cyelohexyl, cyeloalkyl,
cyeloatkenvl, cycloalkylaikyl, substituted cycloalkyl, cycloalkyloxy, pyrrolidinyi, piperidinyl,
morpholino, heterocycle, (heterocyele)oxy, and (heterocyele)alkyl; and preferred beferoatoms are
oxvgen, nitrogen, and subfirr. It 15 understood thal where open valences exist on these substituents they
can be further substitted with alkyl, cyeloalkyl, arvl, heteroaryl, and/or heterocycle groups, that
where these open valences exist on carbon they can be further substituted by balogen and by oxygen-,
itrogen-, o7 sulfur-bonded substitients, 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

hetercatem, preferably oxvgen, nitrogen, or sulfur, It is further understood that the above substitutions

Ls2
s

¢



WO 20614/099730 PCT/US2013/075294

can be made provided that replacing the hydrogen with the substituent does not introdoce
unacceptable instability to the molecules of the present disciosure, and is otherwise chemically
réasonable.
{81687 “Optional™ or “optionally” means that the subsequently described event of circumstance may
of may not occur, and that the description inchudes mstances where the event or circumstance ocours
angd instances in which it does not. One of ordinary skill in the art would understand that with respect
to any molecule described as containing one or more optional substituents, only sterically practical
and/or synthetically feasible compounds are meant to be included. “Qptionally substituted” refers to
all subsequent modifiers In a term or series of chemical groups. For example, n the term "optionaily
substituted arvialkyl, the “alkyl” portion and the “aryl” portion of the molecule may or may not be
substituted, and for the series “optionally substituted alkyl, cycloaikyl, aryl and heteroaryl,” the alkyl,
cyeloalkyl, aryl, and hetercaryl groups, independently of the others, may or may not be substituted.
{81617 “Protecting group” refers 1o 2 group of atoms that mask, reduce or prevent the reactivity of
the functional group when attached to a reactive functional group in 2 molecule. Typically, &
protecting group may be selectively removed as desired during the course of a synthesis. Examples of
protecting groups can be found in Wuts and Greene, “Greene’s Protective Groups in Organic
Synthesis,” 4” Fd., Wiley Interscience (2006), and Harrison et al., Compendium of Synthetic Organic
Methods, Vols. 1-8, 1971-1996, John Wiley & Sons, NY. Functional grovps that can have a
protecting group include, but are ot limited to, hydroxy, amino, and carboxy groups. Representative
amino protecting groups include, but are not indted to, formyl, acetyl, wifluoroacetyl, benzyl,
benzyloxycarbonyl (“CBZ"), tert-butoxycarbonyl (“Boc™), trimethylsityl (“TMS”), 2-trimethylsilyl-
ethanesulfonyl (“SES™), trity! and substituted trityl groups, allyloxycarbonyl, 8-
floorenvimethyloxyearbonyl (“FMOC™), nitro-veratryloxycarbonyl (' NVOC™) and the like.
{5162] “Polyol” as used herein refors 1o compounds containing multiple hydroxy groups. in reference
to polymers, polyol includes polymers with bydroxy! functional groups. Exemplary polymeric polyols
include, by way of example and not limitation, polyethers and polyesters, e.g., polyethylene glycol,
polypropylene ghyeol, poly(iewameihylens} glyeol and polytetrahydrofuran.

5.3 Engineered Transaminase Polypeptides
{81631 The present disclosure provides enginecred polypeptides having transaminase activity,
polynucleotides encoding the polypeptides, and methods for using the polypeptides. Where the
furegoing description relates to polypeptides, it is fo be understood that it also describes the
polynucieotides encoding the polypeptides.
{81641 Transarninases, also known as aminotransferases, catalyze the transfer of an amine group
from & primary anune of an amino donor substrate to the carbouy! group (e.g., 2 keto or aldehyde
group} of an amino sccepior moiecule. Transaminases have been identified from & variety of

microorganisms including but not limited to Alealigenes denitrificans, Bordetella bronchiseptica,
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Bordetells parapertussis, Brucella melitensis, Burkholderic malle, Buvkholderia pseudomallei,
Chromobacterium violaceum, Oceanicola gramulosus HTCC2516, Oceanobacter sp. REDSS,
Oceanospivillum sp. MEDY2, Pseudomonas putida, Ralstonia solanacearum, Riizabivm meliloti,
Rhizobivm sp. (strain NGR234), Bocillus thuringensis, Klebsiella preumoniae and Vibrio fluvialis
{see e.g.. Shin et al,, 2001, Biosci. Biotechnol, Biochem. 65:17&2-1788).
[8365] Transaminases are useful for the chival resolution of racemic amines by exploiting the ability
of the transaminases to carry out the reaction in a stercospecific manner, ie., preferential conversion
of onc cnantiomer to the corresponding ketong, thereby resulting in a mixture enriched in the other
enantiomer (see, e.g., Koselewskd et al., 2009, Org Lett. 11{21):4810-2). The stereoselectivity of
transaminases in the conversion of a ketone to the corresponding amine also make these enzymes
uscful in the asymmeiric synthesis of optically pure amines from the corresponding keto compounds
{see, e.z., Hihne et al,, “Blocatalytic Routes to Optically Active Amines,” Chern Cat Chem 1{1:42 ~
51; Zua and Hoa, 2009, Biotechnol 1. 4{10%1420-31).
{8166] The wild-type w-transaminase from Vibrio fluvialis ©-¥fT displays high enantioselectivity for
{S)-enantiomers of certain chiral amines and has substrate specificity for chiral aromatic amines {sce
., Shin and Kim, 2002, 1. Org. Chem. 67:2848-2853). The high enantioselectivity of @-VfT has
baen applied to chiral resolution of amines (see e.g, Yun, et al., 2004, Biotechnol. Bioeng, 87:772-
778%; Shin and Kim, 1997, Biotechnol. Bioeng. 55:348-358; M. Hehne, et al., 2008, Adv. Synth. Catal.
350:802-807). The w-FfT transaminase has also been used in the asymmetric synthesis of optically
pure antines using 8 prochival ketone substrate, However, the use of this transaminage n asynunetric
synthesis of chiral amines is limited by the unfavorable equilibrium of the reverse reaction (see e.g.,
Shin and Kim, 1999, Biotechnol. Biceng. 65, 206~211); inhibition of by the chiral amine product (see
e.g., Shin et al,, 2001, Biotechnol Bloeng 73:179-187; Yun and Kim, 2008, Bioscl. Biotechnol.
Biochem. 72(111:3030-3033); low activity on anune 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, suprg).
181671 Variant transaminases derived from the o-§/T transaminase of Vibrio fluvialis have been

3, '

reported that have mcreased resistance to aliphatic ketones (see e.g., Yun et al, 2605, Appl Environ
Micriobiol. 71{R):4220-4224) and broadened amino donor subsirate specificity {see e.g., Cho et al.,
2008, Biotechnol Bioeng. 99(2%:275-84), Patent publications WOZ010081{53 and US201002059¢1
{zach of which is hereby incorporated by reference berein) describe engineered transarninases derived
from o-FfT that have improved properties for use in synthesis of chiral amine compounds including
increased stability to temperature and/or organic solvent, and increased enzymatic aciivity towards
structurally different aming acceptor molecules. Patent publicatiop W(201115991{ (which is hereby
incorporated by reference herein) describes enginecred transaminases derived from ee-¥fT that are
optimized for the enantiosclective conversion of the substrate 3’-hydrox yacetophenone to the product

{S)-3-( L-aminoethyi}-phenol.
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{8168] The present disclosure relates to engineered transaminase polypeptides derived from the
previously engineered transaminases disclesed i patent publication WO2010081053. The engineered
wansaminasces of the present disclosure have boon engineered with amino actd residue substitutions
that allow for conversion of particalarly large amine acceptor compound substrates 1o the
corresponding chiral amine compound products.

[8169%] Significantly, the present disclosure identifies amino acid residoe positions and corresponding
aming acid residue substitutions in the engineered fransaminase polypeptide that can increase the
enzymatic activity, cnantiosclectivity, stability, and refractoriness to product imhiibition, with these
particutarly large amine acceptor substrates.

{6178] The identification of the specific residue positions and substitutions in the engineered
transaminase polypeptides of the present disclosure by engineering through divected evolution
methods using structure-based rational sequence library design with screening for imptoved
functional prepertics using an activity assay based on the conversion of the prochiral ketone group of
an exemplary farge substrate amine acceptor of compound to ifs corresponding chiral amine product.
Specifically, the conversion of the ketone of the cyclopamine analog compound of compound (2} to

the corresponding chiral amine compound of compound (1), as shown in Scheme 3.

Scheme 3
N
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{8171 The engimecred 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 tnder suiiable
reaction conditions, and in diasteriomeric excess {(Le., i excess of other disstersomers having the
opposite enantiomer at the chiral amine center),

BL72] The specific structural features and structure-fonction cosrelating information of the
engineered transaminase polypeptides of the present disclosure also allows for enginecred
transaminase polypeptides to carry out the conversion of large prochiral ketone substrate compounds,
other than compound (2}, 10 the chiral amine compounds, other than compound (1}, 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 amine product compounds which are structaral analogs of compound (1),
The range of large ketone substrate structural analog compounds capable of undergoing catalytic
conversion using the engincered trapsaminase polypeptides provided by the present disclosure ts
illustrated by the conversion of compound of Formula (¥} to the compound of Formula (8} shown in

Scheme 4.

Scheme 4

[#173] As shown in Scheme 4, the large substrate ketone compound of Forowla (1} has a stricture
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 $-membered carbocyelic rings optionslly substituted
mdependently at one or more of positions 2-10; ring C is a 5- or f-~membered carbooyelic ring (le. m
=0 or 1), optionally substituted at position 11; and ving D 18 & 5-, 6-, or 7-membered carbocyelic ving
{ie, n=10, 1, or 2), optionally substituted independently at positions 14, 15, and 16. The structural
festures of the engineered fransaminase polypeptides of the disclosure are capable of acconmmodating
substrates compounds of Formula (£ that have large groups substifuted at positions 14, 15, and 16 of
ring > while maintaining activity in the stereoselective conversion of the ketone at position 1 of ving
A of the compound of Formula (J1} 10 a chiral amine. Without being bound by theory, the structure of
the engineered transaminase polypeptides of the disclosure allows large groups substituted at
positions 14, 15, and 16 of ring I to extend into the solvent surrounding the enzyme, while
maintaining the ketone at the 1 position of ring A 1 the appropriate position of the active site for
stereoselective iransamination. Additionally, the binding pocket of the engineered transaminase
polypeptides of the present disclosurce aliows for substitutions of smaller groups at cortain posttions on
rings A, B, and C (as described further below), while maintaining activity in the stercoselective
conversion of the ketone at position 1 of ring A of the compound of Formuda (13} to 2 chiral amine,
81741 In some embodiments, the engineered fransaminase polypeptides of the disclosure are capable
of converting the ketone substrate compounds of Formwita (18} to the corresponding chiral aming
compounds of Formwla (£} wherein rings A-D of the compounds can be substituted as follows:
Ring A is a 6-membered carboeyclic ring, optionally inchuding an unsaturated C-C bound
between positions 2 and 3 and/or positions 5 and 6, and/or optionally substituted independenily

positions 2, 3, 4, 5 and 6 with a group selected from halu, hydroxy, and methyl
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Ring B is 2 6-membered carboeychic ving, optionally including an ensaturated C-C bond

between positions 3 and 10, and/or optionally substituted independently at one or more of positions ¢
and 10 with a group selected from halo, hydroxy, and methyl

Ring € is & 3- or 6-membered carboeyclic ring (L.e. m=0 or 1), optionally substitated at
position 10 with a group sclected from halo, hydroxy, methyl, ethyl, and carbonyl;

Ripg D i8 a 5-, 6-, or 7-membered carbocyclic ring (e, n=10, 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 balo, hydroxy, amine, catboxy, cyane, nitro,
thio, straight-chain or branched (C,-Cy)alkyl, straight-chain or branched (C,-Cyalkenyl, straight-chain
or branched {C-Cyalkylamino, and cyclopropyl bridging to position 12;
at position 135 or position 16 with 2 group selected from halo, hydroxy, amino,

carhoxy, cyano, nitro, thio, optionally substituted (Ci-Cealkyl, bydroxy(Ci-Cglalkyl, optionally
substituted({C -Cglatkyloxy, optionally substituted (C,-Cqlalkylaming, optionally sabsttnted (C;-
Coydiaikylamino, optionally substituted (C,-Cglalkylthio, optionally substituted (C;-Cqlalkylsulfonyl,
optionally substituted {C-Celalkyisutfinyl, carboxy(C,-Colalkyl, {C)-Colatkyloxycarbonyl, {C)-
Ceaislkylcarbonyloxy, optionally substinuted aminocarbonyl, aminocarbonyl(C-Celaliyl, optionally
substituted cycloalkyl, opuionally substituted heterocycloalkyl, optionally substituted aryl, optionally
substituted heteroarvl, optionally substituied aryloxy, optionally substituted arylamino, optionally
substituted aryithio, m‘mmaiiy substituted aryvisulfonyl, optionally substituted aryisulfinyl, optionally
substituted aryloxycarbonyl, optionally substituted arvlcarbonyloxy, optionally substituted
hetercarylony, optionally substituted heteroarylamino, optionally substituted hetercarylihio,
optionally substituted hetorcaryisulfonyl, optionally substitnted heteroarylsulfinyl, optionally
substituted heteroarvioxyearbonyl, optionally substituted heteroaryicarbonyioxy,
alkylaminosulfony {C-Caalkyl, arylisubfonyl{(C-Coalkyl, and heteroarylsulfonyH{C,-Celalkyl.
1G175] In some smbodiments, the engineered transaminase polypeptides of the disclosure are capable
uf converting ketone substrate compounds of Formula (B1) that are eyclopamine analog compounds
such as the compounds of Formula (Ela), wherein Ring C is 2 S-membered carbocyclic ring,
optionally substinuted at position 11, and Ring D is & 7-membered carbocyclic ring sobstituted at
position 16, which can be converted io the chirs] amine prodoct of Formula (Ia) as shown in Scheme

g
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(fia}

wherein

Rings A and B comprise one 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 posttion 5 ¢is to the methy! group at posttion 4; or
() a hydrogen at position 5 trawms to the methy!l group at position 4,

Ring I 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,-Cgjalkenyl, and straight-chain or branched
(C-Catkyviannno; and

R is selected from hydrogen, halo, hydroxy, amino, carboxy, cyane, nitro, thio, optionally
substiuted (C-Celalkyl, hydrony(C-Celalkyl, optionally substituied(C,-Cgjatkyioxy, optionally
substituted {C,-Colalkylaming, optionally substitoted (C;-Cyidilalkyiamine, optionaily substitated {C;-
Ceyalkyithio, optionally substituted (C-Cylalkyisulfonyl, optionally sabstituted (C;-Cglalkylsulfiny,
garbony(C-Ceralkyl, (C-Cylalkyloxyearbonyl, {C-Colallivicarbonyioxy, optionally sobstituted
aminocarbounyl, and aminocarbonyl{ Ci-Celalkyl.

181761 fn some embodiments, the engincered transaminase polypeptides of the disclosure are capable
of converting ketone substrate compounds of Formula (1) that are cyclopamine analog compounds

such as the compounds of Formula (Eb), wherein Ring C is S-membered carbocyclic ring and Ring I
is a S-membered catbocyelic ring, which can be converted 1o the chiral amine product of Formula (k)

as shown in Scheme 6

Scheme 6
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{Eib}

wherein

Rings A and B comprise one of the following:
(a) an unsaturated C-C bond between positions § and &
{b} an unsanrated C-C bond between positions § and 10;
(¢} @ hydrogen at position 5 cis 1o the methyl group at position 4; or
(d) 2 hvdrogen at position 5 trans 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;

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

R? is selected from hydrogen, hale, hydroxy, amine, carboxy, cyano, nitro, thio, straighi-chain
or branched (C;-Cylalkyl, straight-chain or branched (C-Cylalkenyl, and straight-chain or branched
{C)-Csalkviaming; and

R’ is selected from hydrogen, halo, hydroxy, antine, carboxy, cyano, nitro, thio, optionally
substitnted (C,-Coatkyl, hydroxy(C,-Calalkyl, optionally sabstituted(C;-Celalkylogy, optionally
substituted {C-Cy)alkylamino, optionally substitited {C,-Cgidialkylamino, optionally substituted (Cy-
Cealkylthio, optionally substituted (C;-Cglalkyisulfonyl, optionally substituted (C)-Cgjalkylsulfinyl,
carboxy{C,-Cyalkyl, (C-Cylatkvioxyearbonyl, {C-Colallylearbonyloxy, optienally substituted
aminocarbonyl, and aminocarbonyl{C,-Cglalkyl
#1777 In some embodiments, the enginesred transaminase polypeptides of the disclosure are capable
of converting ketone substrate compounds of Formuia (Y1) that arc veratramine analog compounds
such as the compounds of Formula (kic), wherein King C 18 5-membered carbocyclic ring and Ring [
is a 6-membered carbocyelic ring, which can be converted io the chiral amine product of Formula (Ic)

as shown i Scheme 7:

Scheme 7
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(ie) ke

wherein

Rings A and B comprise one of the following:

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

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

{c} a hydrogen at position 5 ¢is to the methyl group at position 4; of

{d) a hvdrogen at position § trans to the methyl group at position 4;

Ring D is aromatic;

R' is selected from hydrogen, halo, hydroxy, methyl, sthyl, and carbonyk

R? is selected from hydrogen, halo, hydroxy, amino, carboxy, cyano, nitro, thio, straight-chain
or branched (C,-Cyalkyl, straight-chain or branched (C,-Cqlalkenyvi, and straight-chain ot branched
{C-Cyyalkylamino; and

R” 15 selecied from hydrogen, halo, hydroxy, amine, carboxy, cyane, nitro, thio, optionally
substituted (C-Celalkyl, hydroxy(C-Cy)alkyl, optionally substitted(C-Colalkyloxy, optionally
substituted {C;-Celalkylaming, optionally substituted {C;-Ce)dialkylamine, optionally substituted (-
Coyalkylilsio, optionally substituted {C-Cyyalkylsulfonyl, optionally substituted (C)-Colalkylsulfinyi,
carboxy(C,-Celalkyl, {C,-Caalkyloxyearbonyl, (Ci-Celatkylcarbonyloxy, optionally substituted
aminocarbonyl, and aminocarbonyi < -Cyalkyl.
{6178] In some embodiments, In some embodiments, the engineered transaminase polypeptides of
the disclosure are capable of converting ketone substrate compounds of Formula (11) that are steroid
analog compounds such as the compeuonds of Formula (Yid), wherein Ring C 15 6-membered
carbocyclic ring and Ring D is & S-membered carbocyclic ring, which can be converted to the chiral

amine product of Formula (Id) as shown in Scheme &:

Scheme 8

41



WO 2014/099730 PCT/OS2013/675294

(14}

wherein

Ring A comprises an unsatorated C-C bond between positions 2 and 3, or positions 5 and 6,
R and R* are selocted independently from hydrogen, halo, hydroxy, amina, carboxy, cyano,
nitro, thio, optionally substituted {C-Cealkyl, hydroxy(C;-Cglalkyl, optionally substimuted(C,-
Coalkyloxy, optionally substituted (C-Celatkylamino, optionally substituted (C;-Cgldialikylamina,
optionally substituted {C-Cglalkylibio, optionally substituted {C-Cglalkylsulfonyl, optionally
substituted {C;-Cylalkyisulfinyi, carbox y(C-Celalkyl, (C-Cglatkyloxycarbonyl, (C:-
Coialkyicarbonyiony, optionally substituted aminocarbonyl. eminocarbony(C,-Celalkyl, optionally
substituted cycloalkyl, optionally substituted heterocycloalkyl, optionally substitated aryl, optionally
substituted heteroaryl, optionally substitited aryioxy, optionally subatituted arylamino, optionally
substituted arylthio, eptionally substituted arvisulfonyl, optionally substituted arvisulfinyl, optionally
substitated aryloxycarbouyl, optionally substituted arvlcarbonyloxy, optionally substitdted
hetervarylony, optionally substiited heteroarylamino, optionally sebstituted heteroaryithio,
optionally substifuted hetoroarylsulfonyl, optionally substituted heteroarylsuifinyl, optionally
substituted heteroaryloxyearbonyl, optionally substituted beteroarylcarbonyloxy,
alkylaminosutfony}(C-Cealkyl, aryisutfonyl{C -Caalkyl, and heteroarylsulfonyl C-Cgalkyl
R®, R, and R are selected independently from hydrogen, halo, hydroxy, amino, carbosy,
cyano, nitro, thio, L,’{mig.,hi ~chain or branched {C-Coalkyl, straight-chain or branched (C-Calalkenyl,
and straight-chain or branched (C-Usjalkylamino; and
R®, R, and R? are selected independently from hydrogen, haio, bydroxy, and methyl,
181791 The engineered transaminase polypeptides adapted for efficient conversion of large ketone
subsiraic compounds of Fornwla {8) to chiral amine product compoundds of Formuia {I) have one or
more restdue differences as compared to the amino acid sequence of the reference engineered
transaminase polypeptide of SEQ ID NO: 2. The residue differences are associated with
enhancements in enzyme properties, incloding enzymatic activity, enzyme stability, and resistance to
inhibition by the product amine.
11881 In some embodiments, the engineered transaminase polypeptides show increased activity in
the conversion of substrate compounds of Fornula (8} (e.g., compound (2)) to the amino product
compounds of Formula {I} {e.g., compound (1)) in diastersomeric excess in a defined time with the

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

{8181] Insome embodiments, the engineered transansinase polypeptides have increased stability to
temperature and/or solvents used in the conversion reaction as compared to the wild-type vr 2
reference enginecred enzyme. In some embodiments, the engineered trapsaminase polypeptide has at
feast 1.2 fold, 1.5 foid, 2 fold, 3 fold, 4 fold, 5 fold, 10 fold or more the stability as compared to the
reforence polypeptide of SEQ 1D W(: 4 ander suitable reaction conditions.

{6182} In some embodiments, the engineered transaminase polypeptides have increased
refractoriness or resistance 10 inhibition by product chiral amine of compound (1) as corupared to the
wild-type or a refevence engineered enzyme. In some embodiments, the engineered transaminase
polypeptide has at jeast 1.2 fold, 1.5 fold, 2 fold, 3 fold, 4 fold, 5 fold, or more increased resistance 1o
inhibition by the product of compound {1}, as compared to the polypeptide represented by SEQ ID
NO:4 under suitable reaction conditions, as further described below.

{#183] In some embodiments, the engineered transaminase polypeptides are capable of converting
the substrate of compound (2} to compound (1} in diastereomeric excess of greater than 90%, 91%,
92%, 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 enantiomer at the
chiral amine center),

[8184] In some embodiments, the engineered transaminase polypeptides are capable of converting
subsirate 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 engineered transaminase polypeptides are capable of converting the
substrate compound {2) to product compound (1) under a substrate Joading concentration of at least
about 1 ¢/L, about 5 g/L, about 10 g/L, about 20 gL, about 30 g/L., about 40 g/L, about S0 ¢/L., about
70 g/1., about 100 g/, sbout 125 g/L., sbout 150 g/L.. about 175 g/L. or about 200 g/L. or more with a
percent conversion of at least about at least about 50%, at least about 60%, at least about 70%, at least
about 80%, at least about 90%, at least about 95%, at least about 98%, or at least about $9%, ina
reaction time of about 72 h or less, about 48 h or less, about 36 & or less, or about 24 h less, under
suitable reaction conditions.

{B185] The suitable reaction conditions under which the above-deseribed tmproved properties of the
engineered polypeptides carry cut the conversion can be determined with respect 10 concentrations or
amounts of polypeptide, substrate, cofactor, buffer, co-solvent, pH, and/or conditions including
temperature and reaction time, as further described below and in the Examples.

{6186] The prosent disclosure provides 200 exemplary enginecred transaminase polypeptides having

structural features capable of converting large prochiral ketone substrate compounds of Formula {11},
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which are structural analogs of compound (2}, to the corresponding chiral anine product compounds
of Fornwla (I}, which are structural enalogs of compound (1}, The present disclosure provides the
sequence structare of the 200 exemplary enginecred fransaminase polvpeptides as SEQ ID NOs: 5-
204 in the electronic Seqoence Listing file accompanying this disclosurc, which is hereby
mcorporaied by reference herein. The odd numbered sequence identifiers (Le., SEQ 1D NOs) refer 1o
the nucleotide sequence encoding the amine acid sequence provided by the even munbered SEQ ID
N©Gs. The present disclosure also provides in Tables 2A and 2B sequence structural information
correlating specific mmino acid sequence features with the functional activity of the engincered
transaminase polypeptides. This structure-fonction correlation information is provided in the form of
specific amino acid residues differences relative to the reference engineered polypeptide of SEQ 1D
NO: 2 and associated expertmentally determined activity data for the 200 exemplary engineered
wransarninases of SEQ ID NGs: 5 - 204, The amino acid residue differences are based on comparison
io the reference sequence of SEQ 1D NO: 2, which has the following 10 amine acid residue
differences relative to the sequence of the wild-type ©-¥fT polypeptide {Accession:
0i{327207066/gbiAEA3YIRA 10 AT, N4SH; WS7L, F&6S; VIS3A; VIT7L, R2TTIK: M294V;
S324G; and T391A. The relative transaminase activity of each exemplary engineered fransaminase
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 transamipase activity of the
engineered transaminase polypeptide of SEQ 113 NO: 4 over a set time period and feroperanee ina
high-throughput (HTP) assay, which was used as the primary screen. The engineered transaminase
polypeptide of SEC ID NO: 4 used as the activity reference has the following 8 amine acid residae
differences relative 1o the reference sequence of SEQ 1D NOG: 20 T34A,; L56A: REBH; AT53C;
A135V, K163F; B315G; and L417T. The HTP Activity assay values in Table 2A were determined
using B coli. clear cell lysates in 96 well-plate format of ~200 ul. volome per well following assay

reaction conditions as noted in the table and the Examples.

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

HTP
Activity'
SEQ {relative to
FE NG Aming Acid Differences SEQ D NO:

{(nt/aa) {relative 1o SEQ IDNO: 2 4} Yode
3/4 T34A; L36A: RERH; A153C; A1S5V, KI163F; E315G; L4177, i 9R.6
5/6 T34A; N53M,; L36A; SB6C; REBY; R146L; A153C; A1S3V; 1.57 nd.

KIG3F; Y165F, E3150; R366H; A3B3IV; L4177
778 T34A; WE3M; L36A: S86C; RE8Y; R146L; A153C; A155VY, 2.19 rd

KI63F; Y165F; A228G; 1259V; BE315G; R366H; A3B3V;
L4177

910 | T34A; NS3M: L56A; S86C; REEY; R146L; AY53C; A155V: 1.37 nd
K163F; Y165F; 1259V; E315G; R366H; A383V; R415A;
L4177

11712 | T34A; WN53M; L56A; S86C; REEBY; R146L; A153C; A155V: 1.40 n.d.
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13/i4

T34A; NE3M; LE6A; S86C; R8BY:; R146L; A153C; A1S5V;
KI63F; Y165F; A228G; 1259V; E315G; R366H; A383V:
R415V L417T

15/16

T34A; N3N L36A: 586C; RRY: R146L: A153C; ALS5V:
K163F; Y165F; A228G; 1250V: E315G; R3GGH; A3R3V,
R41SA; L41TT

nd.

T344A; N33M; L36A; 586C; R8BY:; R146L; A153(; AL55V;
KI63F; YI65F; 1259V; E315G; R3606H; A383V: R415G;
14177

wd.

T34A; N33M; S86C; RBEY; R146L; AIS3C; ALSSV; K163E;
Y165F; A228G; E315G; R366H; A383V, LA17T

1.63

w.d.

T34A; N53M; 886C; RERY; R146L,; A1S3C, AISSV, KI63F,
Y165F; 1259V E315G; R366H; A383V; R415V, 1417T

1.90

n.d.

T34A; N53M. L56A; S86C; RRSY: R146L; A153C: Al55V:
K163F: Y165F; A228G; 1259V, T277A; E3150; R366H;
A38IV: R4150; LALTT

2.25

nd.

T34A; MN53M; LESA, 586(; REVY; R146L; A153C; ALS5V;
KI63F; Y165F, 1259V, 3150, R366H: A3E3V; L41TT

E315G; A383V: L417T

27728 1 T34A; NS3M; L36A; S88C; REEY,; R146L,; A153C; AT1S5V, 1.46 n.d.
K163F; Y165F; AZ28G; 1251V, 12536V: E315G; R3I66H;
A3R3IV; VIOOA; L417T

29/30 | GI8A; T34A; L36A; RY8H; A153C; A155V; KI63F, P233T; 2.11 nd

V3IIM; T34A; L56A; R&EH; A153C; AISSV, KI163F; PZ33T;
P244T, E315G: A3R3V,; L4177,

nd.

V3IM; T34A; L56A; R88H: A153(C; AIS5V; KI63F; E315G;
A3IRIV, LA1TT, C424A;

.

D2TH; V31IM; T34A; L56A; RBBH; A153C; A155V; K163F,;
P244T; E315G; A3S3V, L417T,

nd.

VIIM; T34A; L36A; RERH; A133C; A1S5V; KI63F, E315G;
AJR3V, L417T; F42TY,

.

VITM; T34A; L5GA: REGH: A1S30; A153V: K163F; P233T;
E315G: A38IV: LA1TT: C424A;

nd.

D21H; V3IIM; T34A; LS6A; REBH; R146L; A153C; ALS5V]
KI163F; P2337T, B31SG; A383V, L4177,

n.d.

V1M, T34A: L56A: RRSH: A153C; A155V; K163F; BE315G:
A383IV; LAITT:

n.d.

V3IM; T34A; L56A; REEH; A153C: AISSV; KI163F: P244T;
E3I5G; A8V, L417T;

nd.

R

A3I83V: L41TT; C424A: FA2TY;

47748 | VIIM, T34A; L36A; REBH; R146L,; AT153C; A155V; K163F; 2.00 n.d.
P233T; A235P; P244T; E315G; AZE3V, LAITT;C4244;
F427Y;

40/50 | V3IM; T344; L36A; R88H; A153C; A135V; KI163F: H315G; 2,23 n.d.

51/52

V3IM: T34A: L3GA; REGH: A153C: A155V: K163F, P233T:
E315G; A383V: L417T: F427Y:

2.40

n.d.

YVIIM; T34A; L36A; R, A1S3C; AISSV KI63F, P33T,
P244T; B315G; A383V; LATTT, F427Y,

1.58

nd.

58/56 | V3IM; T34A; L56A; RBEH; A1S3C; AT55V; K163F; P233T; 1.40 nd
- EX15G; L4ITT; C424A;

T34A; L36A; REEH,; AIS3C; AISSV; KI63F; A3B3V, E315G;

L4177,

1.69

nd.
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59/60 | VIIMG T34A; LS6A; RE]H; A153C; A155V: KI63F; WI4TK: 1.94 n.d.
P233T: P244T; E315G; A3R3V; LAITT:
61/62 | VAIM; T34A: L56A. RIS A1S3C; At55V: K163F; E3150 1.44 .
LATTT: C424A;
63/64 | DZ1H; V3INM; T34A; L56A; RESH; A153C: A155V; K163F, 148 nd,
E315G; LA1TT;
63/66 | V3IM; T34A; L56A: RASH: R146L: A153C: A155V: K163F; 162 na.
E315G: A383V: L417T; FA27Y:
67/68 | G1SA: V3IM: T34A; La6A; RBGH; A1530: A155V; K163F, 233 nd.
P233T: E315G: A383V: LAITT: C424A:
69770 | D2IH; V3IM; T34A; T56A; RRRH; ATS3C; A155V; KI63F; 2.61 .
2315G: A382Y: LAITT: PA2TY:
71772 | F1OW: T34A; L36A; RESH: A153C: A155V: RI63F: B315G; .04 nd.
E358K; L4T7T:
73774 | TadA; LS6C; RRBH: A1S3C; A135V; KAGAF; B3150; LALTT; 0.67 nd.
75176 | T34A; LS6A: L57F: R8BI A153C; A155V; K163F; E3150, 0.93 nd,
L417T;
7778 | T34A: L56A; L37C; R8SH: A153C; A155V; K163F; E3150; 130 nd.
LAT7TS
79/80 | T34A; LS6A; SS6N: RE&H; A153C: A155V: K163F; E315C; 072 nd.
LA17T:
(1782 | T34A; L56A: RSSH: A1530: A155V; KI163L; 315G, A323T: 138 .
L417T: MA34T:
§3/84 | T34A; L56A; REEH: A153C; A155V; K163F; E315G; R415L: 139 7.
LA17T;
R5/86 | T34A; L56A: RSJH: A153C; A155V; K163F; E3150; RA15H; 131 nd.
L417T;
G7/8% | T34A: L3GA, RAJHL A153C; A155Y. K163F; T268A; B3150: 171 nd.
A3B3F: I m
RO/90 | T34A; LSGA: RERH: A153C; A1SSY; K163F; N2Z8GH; B3 150 1.00 1.
L4{7T:
G1/92 | T34A; L56A; R88H: A153C; A155V: K163F; E3150; E3165, 185 nd.
LA17TS
93/94 | T34A; L56A; RRH; A153C: A155V; K163F: E313G, E316C: 161 nd.
LAITT:
G3/96 | T34A; L56A; RS8H: A153C: A155V: K163F: E3150: G395P; 116 nd.
LAVTT;
87/9% | T34A; L56A: RYSH; A153C; A1SaV; K163F; E315C: E316T; 167 nd.
LAI7T:
GHIT00 | T34A; LA6A: RESH: A1530: A155Y: K163F; E3150: EA16N, 1.88 .
L417T,
T01/102 | T34A: L36GA: RRSHL A153C; A155Y: KI6AF, BA1A0; E316T; i3 .
LAT7T:
(037104 | T34A; LS6A: REQH: A153C; A155Y: K163F; NZB6C; B3150; 156 nd,
L4177
105/106 | T34A: L36A; RESH; D107G: A153C: A155V; K163F,; E3150, 1.28 nd.
LA17T:
T07/10% | T34A,; L36A, RESH; Y 113P; A153C; A1S8V; K163F: E315G: 151 nd.
LA17T:
T0G/110 | T34A; L56A: RSSH: Y113L: A153C: A155V; K163F; E315G 1.58 .
L417T:
T11/112 | T34A: LAGA; RAGH; Y113C: A153C; A135V: K163F; E3150; 171 a.d.
= LA1TT;
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1.4%

nd.

115/116 | T34A: L56A; RRSH: W147H: A1S3C; A155V; K163F; E315G: 1.34 nd.
L417T;

117/11% | T34A; LS6A; RESH; A153C; A1S5V: K163F; H178W: E315G; {12 nd.
L417T;

119/126 | T34A; L56A; RSSH; A153C; A155V; K163F, P233V; B315G; 135 i,

L417T;

1217127 | T34A; LAGA; RBEH; A153C; A155V; K163F, B315G; A323T, 181 nd.
LA17T

123/124 | T34A; L36A: RSRH; A1530; A155V: K163F: E315G; A3R3T, 267 .
L41TT;

125/126 | T34A; L56A; RIS A153C; A155V; KI63F, B315G; C4141; 2.56 a4,
LA17T:

127/128 | T34A; L56A; RESH,; A153C; A155V; K163F; P233T; E315G; 267 nd,
L417T;

1297130 | T34A: L56A; R8SH: A1530; AL55V; K163F; E3150; A3R3C; 143 nd.
TA17T:

131/132 | T34A; Lo6A; RESH; A153C: A155V: K163F; E315G; A3831; 750 nd,
L4I7T:

133/134 | T34A; L56A; RS8H; A153C; A155V; K163F; E315G; L417T; 261 nd
A4508;

135/136 | T34A; LoGA; RBSH; A1530: ALS5V: K 163F; E206K; E315G, 1.44 nd,

E316A; L417T,;

137/138 | T34A; L36A: RSJH; A153C: A155V: K163F; E315G; A3G3F, 172 .
L4177,

139/140 | T34A; Lo6A; RASH; A153C; AL55V; K163F; E315G; A383M; 177 o,
LAITT,

1417147 | T34A; LSGA: RERH: A153C: AISSV: KI6AF: E315G; L417V; nd.

143/144 | T34A; L36A,; KT3R; R&RH; A153C; A155V; KUI63F; E315G; £.34 nd.
AZR3L; LALTT,

145/146 | VAIM; T34A,; L36A; L57F;, R88H; A133C; ALSSV, KI63F; 5.61 854
N286C; E315G; E316N; A8V, R415H; L4171,

1477148 | VIIM; T34A; L36A; L57F; RR8H; A153C; AI55V; K163, 5.79 99.4
B350 BE316N; A323T: A383V; L41TT,

1489/150 | V31M; T34A; L56A; L57F, RE8H; Y113C, W147V; A1583(; 7.82 93.1

ATS5V: K163F, N286C; E3150; E3165; A323T; A383M;
R415H; L417T; A450S;

V3IM; T34A; L36A; L37F; R8EH; Y113L; AI53C; AISSV:
K163F; E190K; P/.%‘v E315G; B316N; A383M; R415H,
L4177, A4505;

5.96

153/154 | V3IM; T34A; L56A; L37F, REEH; DI107G; Y1131, W147V, 5.84 94.1
AIS3C; A153V, KIA3E; P 33V E3150; E316N; A3R3T;
Ré‘lgli LA1TT; A4508;

I55/186 | V3IM, T34A; L36A; LI7F, R&EH; DI107G; Y1131, A153C; 6.07 59.4
A‘i“‘v F.163F; "’7""5"" E315G; E316N; A323T; L417T;

157/138 | V31IM; T34A; L6A; LS7F: R88H, D107G; WI47V; A1S3(; 7.61 94.6
AI 55V; K163F; E315(G; E316N; A323T; R415H,; L4177,

1597180 VQU\/E T34A; L36A; L7, RS‘%H Ali?a{?; ATSEV; K163F, 8.83 93.9
P233V; E315G; E316N; A3237T; A3831; R4ISH; L4ITT;
A4505,

1617162 | V31IM; T34A; L36A: L37F; RE8EH; WI47V,; A153C; AISSV, 5.75 8g8.9

KI163F, N286C, HE315G E 3161\’ A323T; A383L; C414L

£
3
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[ L4177, A4508;
1637164 | V3IM; T34A; L36A; L37F; RBSH, AIS3C; AIS5Y; K163F; 542 88.9
P233T N286C; B315G; .E.316N, A323T; ASR3L LAYTT,
A4308,
[65/166 | V3IM; T34A; LS6A; L5TF; RBEH, Wi47TV; A153C; A155V; 7.41 937
KI63F; P233V; FE315G; E316N; A323T; A383T; R415H;
TAYTT:, A4508S;
167/168 VSIM T34A; L36A; 157F; RE8H; A153C; ALS5V; K163F; .81 895.6
23150 E316N; A383L RAISH, L41TT
169/170 \HEM T3dA; L36A; LTF; RE&H; A1S3C; AISSV, KIG3F; 6.04 98.5
“«i’?{;{‘ b?l“(x, 3168, A323T; A3R3L L4171,
171/172 | V3IM; T34A; LS6A; LS7F: R88H; AI53(; ALISSV; K163F; 5.68 98.7
P233V; E315G; B3165; A323T; A383V: LAITT,
1737174 § V3IM; T34A: L36A; L57F; RE8H; Y113C; AIS3C; ALSS5V; 5.23 99.4
Ki63F: 1 “'3'%‘\” E315Cr E316N; A3R3L L4177, A4505;
1757176 § T34A; L56A; LS7F, R8RH; W147H,; A183C; AIS5V; K163F; 6.80 87.06
N2&6C: E315G; 1‘“331(38, A323T, R413H; L4171
PRI | VIIM; T34A; L38A; T57F; R88H; A153C; A155V, K163F; 5.08 99.4
N2B&, Eﬁlél\? A323T: A4S0S: E315G; L4LTT,
1794180 | V3IM; T34A; La6A; LA7F, RS8H; WI4TH,; A153C; A155V, 6,22 99.0
K163F; msli)(: E31E6N; A3I3T: A3E3L LATTT, A4508S,
FRIVIS2 | V3IM; LA7F, WHATH,; P233V; E3168; A3237T; A383T, A450S; 5.62 98.&
T34A; L36A; RBBH; A153C; A153V: KI63F; E315G; L417T;
I83/184 1 V3IM; T34A: LS6A; LA7F, R&8H, ALS3C; A155V K 1603H; 5.39 96.4
P"“‘W N286C; E315G: ‘?“5101\ H31ON; A323T; A3R3T,
R’HJH L4177,
1857186 | V3IM; T34A; L REBH: L37F; YT13C: AI153C; A155Y; 5.7G 96.7
K163 E315G; J:_ﬂ ﬁm R41SH; 14171,
187/18% § V3IM; T34A,; L56A; L37F; R88H; W4T AIS3C; AI55Y; 5.38 59.4
KI63F; E3150G: B316N; A383% L4177
189/190 | V3IM; T34A; L36A; LSTF; REEH; Wi47V; A153C; A155V; 5.17 993
KI163F; P233V, W286(C; ES 150G, E3I6N; A323T; A383M
L4177, A4508;
1917192 | V3IM; T34 4; L36A; L57F, REEH; A153C; AISSV, K163F; 5.58 95.5
P233V; E315G; E3TON; F317L; A323T; ARV R415H,
141 /'l,
193/194 V31M; T34A; NE3M; L56A; LE7F; 586C; REBY: Ri46L; 5.04 959
153 AL55V; KI63F; Y165F; 1259V E315G; R366H:
A%%V LALTY; CAZ24A;
195/196 | T34A; WE3M; LS6A; LI7F, S86C; R&BY; RI46L; A153V; 5.11 99.0
AISEV KI63F; VI65F; 1259V, B3 12N 1314N; E315G;
R366H; A3R3IV, 14177, C424A
1977198 | T34A; NSIM; L55A; Iﬁ"k*, SH6C; R8VY; RI46L: AIS3C, 6.38 98.6
ALSEVY: K163F; Y165F; 1259V, E31 533; R366H; A3R3V;
L4177, C424A,;
1997200 | V3IM; T34A: NSIM; L36A; LA7F; 886C; R8RY; R146L; 4.85 95.4
AIS3Y: A155V; KI83F, YiRAF, I_E 1Q; 1259V; E315G;
R366H; A3RIV, L4I7T; C424A; P4ISR,
201/202 § T34A; NS3M; L56A, S86C; RB8Y; R146L; A153C; A155V; 5.56 95.8
KI63F Y165F; 1250V, B3 12N: B315G: E316G,; R%(}f}H
AJRIV: LATTT; C4Z4 A,
203/204 | V3IM,; T34A NS3IM, L56A; LATF; SB6C; RERY; R146L; 5.40 95.7
AYS3C; ALSSVY; KI63F; Y165F; 1289V; E3TIN; E315G;
R3656H; A3R3V, L4177, C424 A,
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HTP Activity Improvement (relative to SEG 1D NO: 4} is calculated as the ratio of % conversion of
produoct formed by the engineersd 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 areas of the product peak by the sum of the areas of the substrate and product peak as
determined by HPLC analysis.

mg/mlL lysozyme, 0.5 mg/mL polymyxin B sulfate, I mM PLP, 0.1 M triethanolamine (TEA}), pH 7.0}
10 E. eoli expressing polypeptide of interest grown in 96 well plates), 0.5 /L pyridoxal-5-phosphate
(PLP), | M isopropylamine (IPM), 25% DIMSO, pH 8.0, 60°C, 24 k. Total reaction volume is 200l

“n.d.” = not defermined

[#387] In some instances, a shake-flask powder (SFP) and/or downstream processed (DSF) powder
assay were used as a secondary screcn to assess the properties of the exemplary engineered
transamyinase polypeptides, the results of which are provided in Table 2B. The SFP and DEP forms
provide 2 more purified powder preparation of the engineered polypeptides. For example, the
engineared transaminase in a SFP preparation is approximately 30% of the total protein in the
preparation while the engineered transaminase in a DSP preparation is approximately 80% of total
protein. Assessment of stability was made by comparing activities at two different temperatures,

35°C and 60°C.

Table 2B: Engineered Transaminase Polypeptides and Relative Improvements Using Shake Flask and
DEP Enzymo Preparations

Y
SEG D %% Conversion
MO Amine Acid Differences Conversion Sade {24 b at Ysde
(nt/an) (velative to SEQ D NO: 3) {24 hoat 35°C) | (55°C) 60°CH (64°C)
SFP enzyme preparation assayed nsing reaction conditions B
3/4 T34A; L36A; RE8H; A153C; 412 9R.6 26.9 9%.4
AIS5V; K163F; E315G; L4177
78 T344; N53M; LS6A; 886C; RERY; 86.2 85.8 84.8 83.3
R146L; A153C; A155V; K163F;
Y165F; AZZ8G, 1259V; E315G,
366H; A3RIV L417T
25/25 | T34A; N53M; L56A; S86C; RRBY; 856 920 98.0 91.6
RI461; A153C; ATS85V, R163F,
Y1655 1239V B315G; R366H;
A3B3V; 14177
35/36 | B2YH; V3TM; T34A; L36A; RESH,; 79.4 86.4 52,7 053
A153C; A155V:, KI63F, P2447T,
E315G: A383V; L4177,
3%/40 | V3IM; T34A; L564; RE8H; A153C; 952 96.8 66.9 939
A155Y; K163F: PR33T,; E3154%,
A3B83V; L4177, C424 4,
TUTS | T34A; L56A; LETC; REEH; A153C; 67.5 96.9 314 97.0
A158V:K163F: E315G; LALITT,
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99/100 | T34A; LS6A: RRSH: AI53C: 6.9 684 231 100.0
A155V; K163F; E315G; E316N;
L417T:

101/102 | T34A; L56A; RE8H; A153C; 811 575 201 100.0

ALS5V; KI63F,; E315G; BE316F;
L417T;

SFY engyme prepavations assayed uwsing reaction eounditions C°

99/100

T34A; L56A; REEH; A153(;
A155Y; K163F: E315G; E316N;
14Y7T;

46.8

160.0

13.6

10.6

147/148 | V3IM; T34A; L36A; LSTF; RBEH; 93.9 104.0 841 100.0
A153C; AISSV K163F, H315G;
E3I6N; A3Z3T, AR3IV LAITT,

155/156 | V3IM; T34A; L56A; LSTF; REEH; 93.7 99.3 75.4 00.6

DI07G; Y113L; A153C; A1S5V,
K 163F; P233T: E3150; E316N;
A323T; LALTT:

159/160

V3IM; T34A; L56A; L57F; RE8H;
AIS3(; ATSSY; KI63F; P233V;
E315G; E3TON; A3237T; A3R3Y,
R4TSH; LAITT; A4508;

08.3

2
(3
~J3

20.5

96.2

169/170

V3IM,; T34A; L36A; LSTF; RE8H;
AYS3C; ATSSV K163 N2B6C;
E313G; 3165, A323T, A3R3L
L41TT,

N
452
o

95.6

98.4

VAITM; T34 A, LS6A; L3TF,; RERH;
A153C; ATS5V; K163F; P233V,;
E315C; B3165; A323T; A383V,
L4Y7T:

56.0

936

94.2

99.5

V797180

V3IIM; T34A; LA6A; LSTF; RERH;
WI4TH, AT830; ATS3V K163F:
EB313G; E316N; A323T: A3B3];
L417T: A450S;

96.9

130.0

100.0

197/198

T34A NEIM: L36A; LSTF; S86C,
RE8Y: R1461L: AIR3C; A1S5V;
KI63F, YI65F, 1250V, B315G;
R366F: A3B3V: L417T; C4244;

48.1

97.2

98.0

DSP enzvme preparations assaved using

reaction conditions I’

3/4

T34A: L56A; RE8H; AI1S3C;
AISSV; K1637; E313G; L41T7T

22.3

48.6

i5.2

88.6

99/100

T34A; Lo6A; RBRH; A153C,
ALS55V; KI163F; E315G; E316IN;
L4I7T,

493

>99

235

»99

1477148

V3IM; T344; L56A; L57F; RESH:
AIS3C AIS5Y; KI63F: BE315G;
E3I6N; A323T, A3B3V; T417T;

~99

889

155/156

V3IMUT344; L56A; LSTF; RESH;

D107G; Y1131 A1S3C; ALS5V;

K163F; P233T; E315G; E3I6N;
323T: LAITT,

>99

>95

159/160

T3IM: T34A: L56A; 157E: RAAH;
A153C; A1S5V: K163F; P233V,
E315G: E3L6N; A323T: A383L:

96.1

97.0

9s.7
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RA1SH: L417T; A450S;

o
=t
)

1797180 | V3IM,; T34A; L56A; LETF, RERH; 86.3 D¥.8 84.3
W147H; A153C; A1S5V; K163F;
B315G; E316N; A323T; A3¥3L
L41TT: A4SOS;

T : S s s e N : ) oy
Reaction Conditions B: 20 g/1. substrate, 4 g/L SFP enzyine preparation, 0.5 g/L pyridoxal-5'-

phosphate (PLP), | M isopropylamine (IPM), 25% v/v DMSO, pH 8.0, 55°C and 60°C. Total reaction
volame: 10 mL.

"Reaction Conditions C; 20 ¢/L substrate, 2 ¢/ SFP enzyme preparation, 0.5 g/l pyridoxal-5'
phosphate {PLF), 1 M isepropylamine (IPM), 25% v/v DMSQ, pH 8.0, 55°C and 60°C. Total reaction
velime: 10 mi,

Reaction Conditions [ 20 /L substrate, 2 g/l DEP enzyme preparation, 0.5 g/L. pyridoxal-5'-
phosphate (PLP), 1 M isopropylamine (IPM), 25% v/v DMSO, pH .0, 55°C and 60°C. Total reaction
volume: 10 mL.

[83188] From an inspection of the amino acid sequences, and results for the 200 exemplary
engineered polypeptides of Tables ZA and 2B, improved properties of increased activity,
chantioselectivity, and/or stability, that are associated with one or more residuae differences ag
compared to SEQ 1D NO:4 at the following residue positions: X18, X19, X21, K31, X34, X353, X356,
K57 X773, X836, X88, 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,
K358, 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 improved
properties include: X18A; X19W X2 1H; X3 1M X83M: XS6A/C; XE7C/F; XT3R; XE6CMN;
HERHY; X107G: X1T13C/L/P; X 1461 X147H/EK/V: X153V, X15854; X163L; XI165F; X171,
X178W; X 190K X206K; X228G; X2337T/V, X2357; X2447T; X251V, X259V, X268A; X2T7A,;
K286C/H; X312N; X34N; X318 A/C/FN/S/T, X3171; X319N; X3237; K358 X366H;
KIRAIC/FVLAITIV, X308P; X399A; X414T, X415A/G/M/L/V X417V, X424 A, X426R; X427Y,
KA434T; and X45085.
1818%] In some embodiments, the engineered transaminase polypeptides of the present disciosure
comprise aming acid sequonces having residue differences as compared fo the engincered
transaminase represented by SEQ 1D NO4 af residue positions selected from: X198, X271, X34, K53,
X560, X73, X86, X88, X107, X113, X133, X147, X185, X165, X171, X178, X233, X251, X259,
268, X277, X286, X312, X316, X317, X323, X358, X366, X383, X399, X414, X415, X417, X426,
K434, and X454, wherein the residue differences at residue positions X271, X356, X86, X&8, X107,
K13, X133, X147, X233, X286, X312, X316, X323, X383, X415, X417, and X434, are selected
from: X21H, XS6A/C, X86C, XE8H/Y, X 107G, XT13L/P, X133A, X147H/V, X233V, X2Z86C/H,
X312N, KITSC/F/G/MN/S/T, X323A, X38IC/F/UMIT, XATSA/GH/L/NV, X417V, and X434T.
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{81901 In some embodiments, the engineered transaminase polypeptides of the present disclosure
comprise aming acid sequences having residue differences as compared to the engineered
transarminase represented by SEQ 1D NO:w4 at residue positions selected froo X19¢, X34, X583, X73,
KI85, X365, X171, K178, X251, X288, X268, X277, X317, X358, X366, X399, X414, X426, and
X458, In some embodiments, the specific aming acid differences af positions X19, X34, X583, X73,
X188, X165, X171, X178, X251, X259 X268, X277, X317, X358, X366, X399, X414, X426, and
X458 arc selected from: X19W, X34A, X53M, XT73R, X155V, X165F, X1714, X178W, X251V,
K239V, K268A, X27TA, X3171., X358K, X366H, X3994, X414], X426R, and X4508.

181911 The specific enzyme properties associated with the residues differences as compared to SEQ
1 NO:4 at the residue positions above include, among others, enzynie activity, and stability. Residue
differences associated with incressed enzyme stability are associated with residue differences at
residue positions X34, X107, X113, X147, X155, X233, X323, X383, and X450, including the
specifie residue differences, X347, X107G, X131, X147H, Xi55V, X2337T/V, X323T, X383V,
and X4505. Residue differences associated with increased activity in the conversion of large ketone
substrates of Formula (I} to the corresponding chiral amine compound of Formula (£} are associated
with residue differences at residue posttions X356, X387, X&6, K88, X153, X316, X415, and X417,
including the specific residue differences, X86A, X57F, X88H, X153C, X316N, X415H, and X417T.
Residuc differences specifically associated with increased % ee for the conversion of compounds of
Formula (1), such as compound {2}, to compounds of Formula (1), such as compound {1}, include
METF, X153C, and X316N,

16192] As will be appreciated by the skilled artisan, residue differences disclosed in Tables 24 and
2B have no significant deleterious effects on the activity and/or enantioselectivity of the engineered
transaminase polypeptides, which are maintain transaminase activity and enantioselectivity (85% d.e.
or greater) for the conversion of compound {2} to compound (1). Nearly all of the polypeptides have
enantinselectivities equal to or greater than 95% de. Accordingly, the skilled artisan will understand
that the residue differences at the residue positions disclosed herein can be used individually or in
various combinations 1o produce engincered transaminase polypeptides having the desired fonctional
properties, including, among others, ransaminase activity, stereoselectivity, and stability, in
converting large keione substrate compounds of Formula (B} to chiral amine compounds of Formula
{H.

[6193] In light of the guidance provided herein, it is further contemplated that any of the exemplary
enginesred ps}ypcpndes of SEQ ID NG 4, 6, §, 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, 84, 82, 84, €6, 88, 90,
G2, 94, 96, 9%, 100, 102, 104, 106, 108, 110, 112, 114, 116, 118, 1206, 122, 124, 126, 128, 130, 132,
134, 136, 138, 140, 142, 144, 146, 148, 150, 152, 154, 154, 156, 158, 160, 162, 164, 166, 163, 174,
172, 174, 176, 178, 180, 182, 184, 186, 188, 190, 192, 194, 196, 198, 200, 202, and 204 can be used

as the starting amino acid sequence for synthesizing other engineered transaminase polypeptides, for
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example by subsequent rounds of evolution by adding new combinations of various amine acid
differences from other polypeptides in Tables 2A and 2B, and other residue positions described
herein, Further improvernents may be generated by including amino acid differences at residue
positions that had been maintained as unchanged throughout earbier rounds of evolution,
{81947 Accordingly, in some embodiments, the present disclosure provides engineered polypeptides
having transaminase activity, and optionally improved properties in converting a ketone subsirale
compound (2} to a chirsl amine product compound {1} as compared to a reference polypeptide of SEQ
113 NO4, wherein the polypeptide comprises an amino acid sequence having at least 80%, 85%, 86%,
87%, 88%, 89%, 5%, 91%, 92%, 93%, 94%. 95%, 96%, 97%. 98%, 99% or more sequence identity
to reference sequence SEQ ID NG: 2 and one or more residue differences as compared to SEQ 1D
NO2 at residue positions sclected from X189, X21, X34, X583, X56, X73, X86, X8, X107, X113,
X133, X147, X155, X163, X171, X178, X233, X251, X289, X268, X277, X286, X312, X316, X317,
323, X358, X366, X383, X399, X414, X415, X417, X428, X434, and X458, wherein the residue
differences at residue positions X21, X56, X&6, X88, X107, X113, X133, X147, X233, X286, X312,
X316, X323, X383, X415, X417, and X434, are selected from: X21H, XS6A/C, X86C, X8EH/Y,
KIOT7G, XI131/P, X133A, X1470/V, X233V, X286C/H, 12N, X316CHF/G/N/S/T, X323A,
KIBIC/FUNIT, SA1SA/GE/LIV, X417V, and X434T. In some embodiments, the specific amino
acid differences af positions X19, X34, X&3, X73, X158, X165, X171, X178, X251, X259, X268,
X277, X317, X358, X366, X399, X414, K426, and X456 are selected from X19W, X344, X53M,
XT3R, X158V, X165F, X171Q, X178W, X251V, X259V, X268A, X2774, X317L, X358K, X366H,
X390A, X4141, X426R, and X4508. In some embodiments, the engineered transaminase
polypeptides are capable converting substrate compound (Z) to product compound (1) with the
inproved enantioselectivities described herein, e.g., 2 90% de.
[8195] In some embodiments, the engineered polypeptide having transaminase activity of the present
disclosure comprises an amine acid sequence having at least 80%, 85%, 86%, §7%, 88%, 89%, 90%,
§1%, 92%, 93%, 94%, 85%%, 96%, 97%, 98%., 99% or more identity to a reference sequence selected
from SEQ ID NO: 4, 6,8, 10,12, 14, 16, 1R, 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, B, 82, 84, 86, 8R, 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,
142, 144, 146, 148, 150, 152, 154, 154, 156, 158, 168, 162, 164, 166, 168, 170, 172, 174, 176, 178,
180, 182, 184, 186, 188, 190, 192, 194, 164, 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, X53,
XS6, X73, X&6, X883, 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 X458, wherein the residue differences st residue positions K21, X356, X86, X88, X107,
X113, X133, X147, X233, X286, X312, X316, X323, X383, X413, X417, and X434, are sclected
from: X21H, X56A/C, X86C, X88H/Y, X107G, XIT3L/P, X133A, X147H/V, X233V, X286C/H,
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X3I2N, X36CIGMNIRIT, X323 A, XIRAC/FAMIT, ZA1SA/GR/L/V, KATTV, and X434T. In some
embodiments, the specific amino acid differences at positions X18, X34, X583, X73, X158, X168,
X173, X378, X251, X259, X268, X277, X317, X358, X366, X399, X414, X426, and X450 are
selected from: XI10W, X34A, XE3M, X73R, X135V, XT63F, X171Q, X178W, K281V, X250V,
X268A4, X277A, X317L, X358K, X366H, X399A, X4141, X426R, and X4508. In some
embodiments, the reference sequence 18 selected from SEQ ID NO: 4, 8, 26, 36, 48, 78, 100, 102, 148,
156, 160, 170, 172, 180, and 198, In some embodiments, the reference sequence 1s SEQIDNQO:A4, In
some embodiments, the reference sequence is SEQ 1D NO:1G). In some embodiments, the reference
sequence i3 SEQ ID NG:148. In some embodiments, the reference sequence is SEQ ID NG:156. In
some embodiments, the reference sequence is SEQ ID NO:160. In some embodiments, the refercuce
sequence 1s SEQ 1D MO8,

{81961 In some embodiments, the engineered polypeptide having transaminase activity of the present
disclosure compriscs an amine acid sequence having at least 80%, 85%, 86%, 87%, &8%, 89%, 90%,
Q1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more identity {0 a reference sequence selected
fromy 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, 50, 52, 34, 56, 38, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, RO, 82, &4, RS, 8§, 90, 92, 94, 946, 98, 10(,
102, 104, 106, 108, 110, 112, 114, 116, 118, 120, 122, 124, 126, 128, 130, 132, 134, 136, 13§, 140,
142, 144, 146, 148, 130, 152, 154, 154, 156, 158, 160, 162, 164, 166, 168, 170, 172, 174, 176, 178,
1880, 182, 184, 186, 188, 190, 192, 194, 196, 198, 200, 202, and 204, and at leagt the following
combination of residue differences as compared 1o SEQ 1D NO: 2 of X344, X364, X571, X865,
XE8A; X153C, X155V, X163F, X315G, and X417T. In some embodiments, the engineered
polypeptide having transaminase activity further comprises a combination of residue differences
selocted from: (a) X31M, XE87F, X316N, X3237T, and X38IV; {b) X31M, X578, 107G, X1131,
K23IT, X316N, X415H, and X450S: () X31M, X57F, X233V, X316N, X323T, X383, X415, and
XAR08; and (d} X31M, X57F, X147H, X316N, X323T, X383, X415H, and X450S.

#1971 As will be appreciated by the skilled artisan, in some embodiments, one or 8 combination of
residue differences above that is selected can be conserved in the enginecred fransaminases as a core
sequence {or feature), and additional residue differences at other residue positions ncorporated nto
the core sequence 1o generate additional engineered transaminase polypeptides with hmproved
properties. Accordingly, it is to be understood for any engineered transaminase containing one or a
subset of the residue differences above, the present disclosure conternplates other engineered
transaminases that comprise the one or subset of the residue differences, and additionally one or more
residue differences at the other residue positions disclosed herein. By way of example and not
Himitation, an engineered transaminase comprising 4 residue difference at residue position X316, can
further incorporaie one or more residue differences at the other residue positions, e.g., X19, X271,
X34, 83, X586, X73, K86, XK, K107, X113, X133, X147, K153, X165, X171, X178, X233, X251,
X259, X268, X277, X286, X312, X317, K323, X358, X366, X383, X398, X414, X415, X417, X424,
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X434, and X458, Another example is an engineered fransaniinase comprising a residue difference at
residue position X586, which cas further comprise one ot more residue differences at the other residue
positions, e.g., X19, X21, X34, X583, X73, X86, X88, X107, X113, X133, X147, X155, X165, X171,
K178, X233, X251, X259, X268, X277, K286, X312, X316, X317, X323, X388, X366, X383, X399,
X414, X415, M4A17, X426, X434, and X458, For each of the foregoing embodiments, the engineered
transaminase can further comprise additional residue differences selected from: XI18A; X19W; X21H;
X31M; X53M; X56A/C; XETC/F, XT3R; X86C/N; X88E/Y: X107G; X113C/L/P; X146,
KI4THR/V, X153V, X155A; X163L,; XI65F,; X1710Q; X1T8W; XI190K; 206K, K228G, X233T/V,
X235P; K244T; X251V X259V, K2684; X277A; X286C/H; K312N; X314N; X3 16A/C/F/MN/SIT,
X3171: X319N: X323T; X358K; X366H: X383C/F/VL/M/TIV, X395P; X399A; X414L
XATSA/GHILIV, X417V, X424 A; XAR6R, X427Y; X434T; and X4508.

161981 In some embodiments, the engineered transaminase polypeptide is capable of converting the
substraie compound (2) to the product compound (3) with at least 1.2 fold, 1.5 fold, 2 fold, 3 fold, 4
fold, 5 foid, 10 fold, or more activity relative to the activity of the reference polypeptide of SEQ 1D

N 4. In some embodiments, the engineered transanunase polypeptide capable of canverting the

@45

ubstrate compound (2) to the produci compound (1) with at least 1.2 fold, 1.5 fold, 2 fold, 3 fold, 4
fuld, § fold, 10 fold, or more activity relative to the activity of the reference polypeptide of SEQ 1D
NQO:4 comprises an amino acid sequence having one or more residue differences as compared to SEQ
13 NO4 selected frony X347, XA07G, X131, X147H, X155V, X2337/v, 3237, X383V, and
X4508.
181991 In some embodiments, the engineered transaminase polypeptide capable of converting the
subsirate compound (2) to the product compound (1) with at least 1.2 fold the activity relative to SEQ
1D WG4 comprises an amine actd soquence sclected froon SEQ IDNO: 6, 8, 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, 65, 68, 70, 78, 82,
84, &6, 88,92, 94, 96, 08, 100, 102, 104, 106, 10§, 110, 112, 114, 116, 120, 122, 124, 126, 12§, 130,
132, 134, 136, 138, 140, 142, 144, 146, 148, 150, 152, 154, 154, 156, 158, 160, 162, 164, 166, 163,
70,172,174, 176, 178, 180, 182, 184, 186, 188, 190, 192, 194, 196, 198, 200, 202, and 204,
18200] In some embodiments, the engineered transaminase polypeptides have increased stability to
temperature and/or solvents used in the conversion reaction as compared 1o the reference engineered
transaminase of SEQ IDNO: 4. In some embodiments, the engincered fransaminase polypeptide has
at least 1.2 fold, 1.5 fold, 2 fold, 3 fold, 4 fold, 5 fold, 10 fold or move stability than the reference
polypeptide of SEQ 1D NO: 4, as measured by relative activity at 60°C compared to activity at 55°C
under the same assay conditions. In some embodiments, the engineered trapsaminase polypeptide
baving at least 1.2 fold increased stability as compared to the polypeptide of SEQ ID NO: 4 comprises
an amino acid sequence having one or more residue differences as compared to SE(Q 1D NO: 2

selected from: X347, X3107G, X130, X147H, X155V, X233T/V, X323, X3831/V, and X4508.

L



WO 2014/099730 PCT/US2013/075294

#2011 Tn some embodiments, the engineered fransaminase polypeptide is capable of converting at
feast 80% or more, 91% or more, 92% or more, 93% or more, 94% or more, or 95% or more of
compound (2} fo compound (1) in 24 b or less, at a substrate loading of at least about 20 g/l under the
Reaction Conditions B, C, or D of Table 2B. In some embodiments, the engincered transaninase
polypeptide is capable of converting at least 90% or more of compound {2) to compound {1} in 24
or less at 4 substraie loading of at least about 20 g/L at 35°C. In sume embodiments, the engineered
transaminase polypeptide capable of converting at feast 90% or more of compound (2) to compound
{1} ¥0 24 h or less at 2 substrate loading of at least about 20 /L under conditions at 55°C comprises an
amino acid sequence selected from SEQ ID NO: §, 26, 40, 148, 156, 160, 170, 172, and 180

{2021 In some embodiments, the ongineered polypeptide of the present disclosure having
fransgminase activity, e.g., in the conversion of a substrate compeund (3) to product compound {1},
hag an amino acid sequence comprising a sequence selected from SEQ 1D NO: 4, 6, 8, 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, B4, &6, 88, 90, 92, 64, 96, 98, 104, 102, 104, 106, 108,110, 112, 114, 116, 11§,
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, 18K, 190, 192, 194, 196,
198, 200, 242, and 204.

{82831 In some embodiments, the enginecred transaminase having transaminase activity comprises
an amino acid sequence having at least 80%, 83%, 86%, ¥7%, 88%, 89%, 90%, 91%, 92%, ¥3%,
04%, 95%, 96%, 7%, 9%, or 99% identity to one of SEQ I3 NO: 4,6, §, 10, 12, 14, 16, 18, 20, 22,
24,26, 28,30, 32, 34, 36, 38,40, 42, 44, 45, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 75,
78, 80, 82, 84, 86, 88, 90, 92,94, 96, 98, 100, 102, 104, 106, 108, 114, 112, 114, 116, 11§, 120, 122,
124, 126, 128, 130, 132, 134, 136, 138, 140, 142, 144, 146, 148, 156, 152, 154, 154, 156, 158, 160,
162, 164, 166, 168, 170, 172, 174, 176, 178, 180, 182, 184, 186, 188, 190, 192, 194, 196, 195, 200,
242, and 204, and the amino acid residue differences as compared to SEQ ID NO:2 pragent in any one
of SEQID N 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, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 85, 90, 92, 94, 96, 98, 160, 102,
104, 106, 108, 110, 112, 114, 116, 118, 124, 122, 124, 126, 128, 130, 132, 134, 135, 138§, 140, 142,
144, 146, 148, 150, 152, 134, 154, 136, 158, 160, 162, 164, 166, 168, 170, 172, 174, 176, 178, 180,
182, 184, 186, 18%, 190, 192, 194, 196, 198, 200, 202, and 204, as provided in Tables ZA and 2B.
[{8284] In addition to the residue positions specified above, any of the engineered transaninase
polypeptides disclosed heorein can further comprise other residue differences relative 1o SEQ 1D NO:2
at other residue positions, [e., residue positions other thap X18, X119, X21, X31, X34, X53, X586, X57
K73, X6, X88, X107, K113, X133, X147, X155, X163, X163, X171, X17%, X190, X206, X328,
K233, X235, X244, X251, X259, X268, X377, X286, X312, X314, X316, X317, X319, X323, X358,
X366, X383, X205, K396, X414, X415, K417, X424, K426, X427, X434, and X450, Residue

differences at these other residue positions provide for additional vanations tn the amino acid
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sequence withouot adversely affecting the ability of the polvpeptide 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 engincered
transaminase polypeptides selected from SEQ IDNO: 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, IR,
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, §0, 82,
&4, 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, 154, 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, 16, 1-7, 1-§, 1.9, 110, 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, 1-45, or 1-50 residue differences at other
amine acid residue positions as compared 1o the SEQ ID NO: 2. In some embodiments, the number
of amino acid residoe differences as compared 1o 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 residue difference at these other positions can include conservative changes or non-conservative
changes. In some embodiments, the residue differences can cornprise conservative substitutions and
non-conservative substthiions as compared to the wild-type transaminase polypeptide of V. fhwvialis
or the engineered transaminase polypeptide of SEG 1D NO: 2.

{€205] Amino acid residue differences at other positions relative to the wild-type V. fluvialis or the
reference sequence of SEQ TD NO» 2 and the effect of these differences on enzyme function are
described for other engineered transaminase polypeptides n patent publications WO2010081053,
UB20100209981, and WO2011159910; Yun et al., 2005, Appl Environ Micriobiol., 71{8):4220-
42243 and Cho et al.,, 2008, Biotechnol Bineng. 99(2):275-84; all of which are incorporated herein by
reference. Accordingly, in some embodiments, one or more of the amino acid differeoces as
commpared to the sequence of SEQ 1D MN(: 2 can also be introduced into an engineered vransaminase
polypeptide of the present disclosure at restdue pusitions selected from X4; X6: X12; X18; X30; 44,
X56; X81; X82; X&5; X95; X112; X122, X127, X130: X157; X164, X166; X167 X174, X181,
K208; XZ28; X253, X256, X272; X285, X286, X293; X297; K302; X311, X312; X316; K317: ¥319;
H320; X321; X332; X385, X407; X408, X409, X415, X418; K431, X434; X438; X444; and X446,
In particular, the amino acid residues at the foregoing positions can be selected from the following:
HKAR/YL; XOR/A/N; KIZA/GES X18A/V/L/A, X30A; X44A; K56V, X810, X87H;
KESASNIUNICIG, X957, X121 X122E; X127 X130GMYANVIL, X15TT,
KAIGAN/Q/S/TIGIMIAIVIL, X166S; X16TK/R; XTT4E/D; X1IBIR, X208, X228G/T; X253M;
K256A; X272A; X285H; X286MN/Q/S/T; X29AN/Q/S/T; X297A; X302K; X311V X312DVE;
XIVGKR/H/P 331TLAWY, X3 19Q/GM/N/Y, XAZ0A/K; X321L/M/1; X332N/Q/S/T: X385R; X4(078;
KAORA; X409G; X413M/L; RATEV/N/Q/S/T, X431D; X434V, K438L,; X444V, and X446V,
Guidance on the choice of the amino acld residues at these residue positions and their offcet on

desirable enzyme propertics can be found in the cited references.



WO 2014/099730 PCT/US2013/075294

{8206] In some embodiments, the present disclosure also provides engiveerad transaminase
polvpeptides that comprise a fragment of any of the enginecred polypeplides described herein that
refains the functional activity and/or tmproved property of that engineered transaminase,
Accordingly. in some embodiments, the present disclosure provides a polypeptide fragment baving
iransaminase 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 95%
of a full-length amino acid sequence of an enginesred transaminase polypeptide of the present
disclosure, such as an exemplary engincered transaminase polypeptide sclected from SEQ W NG 4
6, 8,10, 12, 14, 16, 1%, 20,22, 24, 26, 2%, 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, 66, 9F, 160, 102, 104, 106, 108, 110,
112, 114, 116, 118, 120, 122, 124, 126, 128, 130, 132, 134, 136, 13§, 140, 142, 144, 146, 148, 134,
152, 154, 154, 136, 158, 160, 162, 164, 166, 168, 170, 172, 174, 176, 178, 180, 182, 184, 185, 185,
190, 192, 194, 196, 198, 200, 202, and 204.
182471 It some embodiments, the enginecred fransaminase polypeptide can have an amino acid
sequence comprising a deletion of any one of the engineered transaminase polypeptides described
herein, such as the exemplary enginsered polypeptides of SEQ 1D NO: 4, 6, 8, 10, 12, 14, 16, 18, 20,
22,24, 726 2%, 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, &8, 90, 92, 94, 96, 08, 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, 19§,
200, 202, and 204, Thus, for each and every embodiment of the engineered transaminase
polypeptides of the disclosure, the amino acid sequence can comprise deletions of one or more anine
acids, 2 or more apnino acids, 3 or more anino acids, 4 or more amine acids, 5 or more apyno acids, 6
oF more amino acids, § or more amino acids, 10 or more amino acids, 15 or more amine acids, or 20
or more amino acids, up to 10% of the total number of amino acids, op to 10% of the total nusnber of
amino acids, up to 20% of the total number of amine acids, or up to 30% of the total sumber of amine
acids of the transaminase polypeptides, where the associated functional activity and/or tmproved
properties of the engineered transaminase described herein is maintained. In some embodiments, the
deletions can comprise 1-2, 1-3, 1-4, i-5, 1-6, 1.7, 1-8, 1-9, 1-10, 1-15, 1-20, 1-21, 122, 1-23, 1-24,
1-25, 1-30, 1-33, 140, 1-45, or 1-50 amino acid residues. In some embodiments, the mumber of
cletionscanbe 1,72,3,4,5,.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 amino zcid residues. In some embodiments, the deletions can comprise deletions
of1,2,3,4,5,6,7,8.9,10, 1, 12,13, 14, 15, 16, 18, 20, 21, 22, 23, 24, or 235 amine acid residoes.
16208] In some embodiments, the engineered transaminase polypeptide herein can have an amino
acid sequence comprising an insertion as compared fo any ove of the engineered transaminase
polypeptides described herein, such as the oxemplary engineered polypeptides of SEQ 1D NO: 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,
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64, 66, 68,70, 72, 74,76, 78, 80, 82, 84, RE, B8, 90, 92, 94, 96, 0, 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, 19§, 200, 202, and 204, Thus, for sach and every embodiment of the transaminase
polypeptides of the disclosure, the insertions can comprise one or more amino acids, 2 or more amino
acids, 3 or more amino acids, 4 or more amine acids, 5 or more amino acids, 6 of more amino acids, 8
or more amino acids, 10 or more aming acids, 13 or mare aming acids, 20 or more amine acids, 30 or
MOTe anuno acids, 40 or more aviivo acids, or 3G or more aning acids, where the associated
functional activity and/or improved properties of the engineered transaminase described herein is
maintsined. The insertions can be to amino oy carboxy terminus, or internal portions of the
ransaminase polypeptide.

18209 In some embodiments, the engineered transaminase polypeptide herein can have an amino
acid sequence comprising a scquence 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, 50, 32, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78,
80, 82, 84, 86, 88, 80, 92, 94, 94, 98, 100, 102, 104, 106, 168, 110, 112, 114, 116, 118, 120, 122, 124,
126, 128, 130, 132, 134, 136, 138, 140, 142, 144, 146, 148, 150, 152, 154, 134, 136, 158, 160, 162,
164, 166, 168, 170, 172, 174, 176, 178, 180, 182, 184, 186, 18R, 190, 192, 194, 196, 198, 20, 202,
and 204, and optionally one or several (e.g., up to 3, 4, 5, or up to 10} amine acid residue deletions,
insertions and/or substitutions. 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, 1-20, 1-24, 1-22, 1-23, 1-24, 1-25, 1-30, 1-35, 1-40, 1-45, or
1-50 amino acid residue deletions, nsertions and/or substitutions. In some embodiments, the amine
acid sequence has optionally 1,2, 3,4, 5,6, 7,8, 9, 10, 11, 12, 13,34, 15,16, 17, 18, 19, 20, 21, 22,
23, 24, 25, 30, 30, 35, 40, 45, or 50 amino acid residue deletions, fnsertions 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 congervative or non-conservative substitutions.

{82167 In some embodiments, the present disclosure provides an engineered polypeptide having
wansaminase activity, winch polypeptide comprises an amine acid sequence having at least 80%,
85%., 86%, 87%, 88%, 89%, 90%, 91%., 92%, 93%, 94%, 95%, 96%, 97%, H8%, or 99% identity to a
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, 8, 90,
92,94, 96,98, 100G, 102, 164, 106, 108, 110, 112, 114, 116, 118, 120, 122, 124, 126, 128, 138, 132,
134, 136, 138, 140, 142, 144, 146, 148, 150, 152, 154, 154, 156, 138, 160, 162, 164, 166, 168, 170,
172,174, 176, 178, 18G, 182, 184, 186, 188, 190, 192, 194, 196, 19§, 200, 202, and 204, with the
proviso that the amino acid seguence is not identical to {that is, it excludes) any of the exemplary
engineered transaminase polypeptide amino acid sequences diselosed n patent apphication

publications WO2010081053, US2Z0100209981, and WOZ2011159910; Yun et al., 2005, Appl Environ
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Micriebiol., 7HR%:4220-4224); and Cho el al., 2008, Biotechno! Bioeng, 99{2):275-84; ull of which
are incorporated by reference herein,
182111 Inthe above embodiments, the suitable reaction conditions for the engineered polypeptides
can be those described in Tables 24 and 2B, the Examples, and clsewhere horein,
{62121 In some embodiments, the polypeptides of the disclosure can be in the form of fusion
polypeptides in which the enginesred polypeptides are fused to other polypeptides, such as, by way of
example and not limitation, antibody tags (e.g., niyc epitope), purification sequences (e.g., His tags
for binding to metals), and cell localization signals {e.g., sceretion signals). Thus, the enginecred
polypeptides described herein can be used with or without fusions io other polypeptides.
{82331 It is to be understood that the polypeptides described herein are not restricted 1o the
genetically encoded amino acids. Tu addition to the genetically encoded amino acids, the polypeptides
described herein may be comprised, either in whele or in part, of naturallv-oceurring and/or synthetic
non-cncoded aming acids. Certain commonly encountered non-encoded amine 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-dimminopropionic acid (Dpr); c-aminoisebutyric acid (Aib);
g-aminohexancic acid {Aha); S-aminovaleric acid {Ava); N-methylglycine or sarcosine (MeGly or
Sary; omithine (Om); ctrulline (City; t-burylalanine (Bua): t-butyiglyeine (Bug): N-methylisoleucine
{(Meclle); phenylglyeine {Phgy; cyclohexylalanine (Cha); rorleucine (Nie); naphthylalanine (Nal); 2-
chiorophenylalaning (Ocf); 3-chlorophenyialanine (Mcf); 4-chiorophenylalanine (Pef);
2-flaoraphenylalanine {Off); 3-flocrophenylalanine (MIf); 4-fluorephenyialanine (Pf): 2-
bromephenylalanine (Obf); 3-bromophenylalanine (Mbf): 4-bromophenylalanine (Pbf); 2
methylphenylalanine (Omi); 3-methviphenylalanine (Mmf); 4-methylpheuylalanine (Pmfy; 2-
sitrophenylalanine (Onf); 3-nitrophenylalanine (Mnf); 4-nitrophenylalanine (Pnf); 2
cyvanophenylalanine (Ocf): 3-cyanophenyialanine (Mcf); 4-cyanophenyialanine {Pcfy; 2-
triftooromethylphenylalanine (Ot 3-trifluoromethyiphenylalanine (Vi) 4-
triflucromethyiphenylalanine (Ptf); 4-aminophenylalanive (Paf); 4-iodophenylalanine (Pif); 4-
aminomethylphenylalanine (Pamf); 2,4-dichlorophenylalamine (Opef); 3,4-dichiorophenylalanine
{Mpef); 2.4-difluorophenylalanine (Opff), 3 4-difluorophenylalanine (Mpif); pyrid-2-ylalanine
(2pAla); pyrid-3-yvizlaning (3pAla); pyrid-4-vlalanine (dpAla); naphth- I-vialanine (InAla); naphth-2-
vialanine (2nAla); thiazolylalanine (taAla); benzothienylalanine (bAla); thienylalanine (1Ala);
fiurylalanine (fAla); homophenvialanine (hPhe); homotyrosine (B Tyr); homotrypiophan (hTrp);
pentafiuorophenylalanine (5f}: styrylkalanine (sAla); authrylaianine (aAla); 3,3-diphenyialanine
{Dfa}; 3-amino-3-phenypentancic acid (Afp); peuicillarine (Pen); 1,2,3,4-tetrahydroisoquinoline-3-
carboxylic acid (Tic); §-2-thienylalanine (Thi); methionine sulfoxide (Mso), N{(w)-nitroarginine
{nArg); homolysine (hlys); phosphonomethyliphenylalanine (pmPhe); phosphoserine {(pSer);

phosphothreonine (pThr); homoaspartic acid (hAsp); bomoglatanic acid (hGio); -aminocyclopent-(2
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ot 3yene-4 carboxylic acid; pipecolic acid (PA), azetidine-3-carboxvhic acid (ACA); 1-
aminocvelopentane-3-carboxylic acid: allviglyeine (aOly); propargyvlziveine (pgGlv); homoafanine
(hAla); norvaiine (nVal); homoleocine (hieu), homovaline (hVal); homoisoleucine (hile);
homoarginine (hArg); N-acetyl Iysine (AcLys); 2,4-diaminobutyric acid (Dbu); 2,3-diaminobutyric
acid {Dab); N-methylvaline (MeVal): homocysteine (hCys); 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 ar (see, e.g., the various
amitno acids provided tn Fasman, 1989, CRC Practical Handbook of Biochewustry and Molecular
Biology, CRC Press, Boca Raton, FL, at pp. 3-70 and the references cited therein, afl of which are
incorporated by reference). These amino acids may be in either the L- or D-configuration,

{92141 Those of skill 1n the art will recognize that anine acids or residues bearing side chain
protecting groups may also comprise the polypeptides described herein, Non-limiting exarples of
such protecied 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), {vs
(nitropyridinesotfenyl), Glu(3-benzyiester), Gln{xantbyl), Asnd{N-8-xanthyl), His(bom), His(benzyl),
His(tos}, Lys(fimoc), Lysitos), Ser{O-beozyt), Thr (O-benzyl) and Tyr(O-bonzyl).

{82131 Non-encoding amino acids that ave conformationally constraived of which the polypeptides
described herein may be composed inchude, but are not lmited to, Numethvl amino acids
(L-configuration); 1-aminocyclopent-(2 or 3)-ene-4-carboxyiic acid; pipecolic acid; azetidine-3-
carboxylic acid; homoproline (hPro}; and 1-aminocyclopentane-3-carboxylic acid.

[8286] In some embodiments, the engineered transaninase polypeptides can be provided on a solid
support, such as a membrane, resin, solid carrer, or other solid phase material. A solid support can be
composed of urganic polymers such as polystyrene, polyethylene, polypropylene, polyfluorocthylene,
polyethyleneoxy, and polyrcrylamide, as well as co-polymers and grafis thereof. A solid support can
also be inorganic, such as glass, siliea, controfled pore glass (CPG), reverse phase silica or metal, such
as gobd or platinam. The configuration of a solid support can be in the form of beads, spheres,
particies, granules, a gel, a membrane or a surface. Surfaces can be planar, substantially planar, or
non-planar. Solid supports can be perous or pon-porous, and can bave swelling or non-swelling
characteristics. A solid support can be configured in the form of a well, depression, oy other
container, vessel, feature, or location.

#2171 In some embodiments, the engineered polypeptides having transaminase activity of the
present disclosure can be immobilized on a solid support such that they retain thelr improved activity,
tereoselectivity, and/or other tmproved properties relative 10 the reference polypeptide of SEQ ID
NO: 4. Tnosoch ombodiments, the irmmobiiized polypeptides can facilitaie the biocatalyiic conversion

of the substrate compounds of Formula (2 or other suitable substrates, to the product compound of
Formula (¥}, or corresponding product {e.g., as shown in Schemes 4-8 described herein), and after the

reaction 1s conplete are casily retained {e.g., by retaining beads on which polypeptide is tmmobilized)
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and then reused or recyeled in subsequent reactions. Such immobilized enzyme processes allow for
further efficiency and cost reduction. Accordingly, it s further contemplated that any of the methods
of using the engineered transaminase polypeptides of the present disclosure can be carried out using
the same engineerad transaminase polypeptides bound or immobilized on a solid support.
[8218] Methods of enzyme immobilization are well-known in the art. The engineered transaminase
polypeptide can be bound non-covalently or covalently. Various methods for conjugation and
immobilization of enzymes to solid supports {e.g., resins, membranes, beads, glass, eic.) are well
known in the art and doscribed ineg,. Yier af, “Covalont immobilization of @-ransaminasc from
Vibgio flyvialis JS17 on chitosan heads,” Process Biochemistry 42{5): 893-898 (May 2007); Mastin ef
el.. “Characterization of free and immobilized (S)-aminotransferase for acetophenone production,”
Applied Microbiology and Biotechnology 76{4): 843-851 (Sept, 2007); Koszelewski ef al.,
“Tmmobilization of w-transaminases by encapsulation in a sol-gel/celite matrix,” Jowrnal of
Molecular Catalvsis B: Enzymaltic, 63: 39-44 {Apr. 2010); Truppo ef of,, “Development of an
Tmproved Immobilized CAL-B for the Enzymatic Resolution of a Key Intermediate to Odanacatib,”
Organic Process Research & Development, publisbed online: dx.dol.org/10.1021/0p200157¢;
Hemanson, G.T., Bioconjugate Techniques, Second Edition, Academic Press (2008); Mateo et af
“Epoxy sepabeads: a novel epoxy support for stabilization of industrial enzymes via very mtense
multipoint covalent attachment,” Riotechnology Progress 18(3):629-34 {2002}, and Bioconjugation
Protocols: Strategies and Methods, In Methods in Molecular Biology, C.M. Niemeyer ed., Humana
Press (2004}; the disclosures of each which are incorporated by reference beretn. Solid suppors
usefuil for inmmobilizing the engineered transaminases of the present disclosure include but are not
timnited to beads ot resins comprising polymethacrylate with epoxide functional groups,
polymethacryiate with amino epoxide functional groups, styrene/IDVE copolymer or polymethacrylate
with ogtadecyl functional groups. Exemplary solid supports useful for immobilizing the engimeered
transarminasss of the present disclosure include, but are not Hmiied to, chitosan beads, Eupergit C, and
SEPAREADs (Mitsubishi), including the following different types of SEPABEAD: EC-EP, EC-
HEA/S, EXAZ52, EXEL119 and EXE120.
16219] In some embodiments, the engineered polypeptides can be in various forms, for example,
such as an isolated preparation, as a substantially purified epzyme, whole cells transformed with
gene(s) encoding the enzyme, and/or as cell exiracts and/or Iysates of such cells. The enzymes can be
ivophilized, spray-dried, precipitated or be in the form of a crude paste, as further discussed below.
{8228] n 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 phurality of enzymes. The kits can further
include reagents for carrying out the enzymatic reactions, substrates for assessing the activity of
enzymes, as well as reagents for detecting the products. The kits can also include reagent dispensers

and Ingtructions for use of the kiis.

o
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{6221} In some embodiments, the polypeptides can be provided on the solid support in the form of an
array in which the polypeptides are arranged in positionally distinet locations. The array can be used
10 test a variety of substrate compounds for conversion by the polypeptides. A plurality of supports
can be configured on an array at various locatons, addressable for robotic delivery of reagents, or by
detection methods and/or insinanents. Various methods for conjugation to substrates, ez,
membranes, beads, glags, ete. are described in, among others, Hermanson, G.T., Bioconjugate
Techniques, 2™ Edition, Academic Press: (2008), and Bioconjugation Protocols: Strategies and
Methods, In Methods in Molecutar Biology, C.M. Niemcyer od., Humana Press (2004); the
disclosures of which are incorporated herein by reference.
{82221 In some embodiments, the kits of the present disclosure include arrays comprising a plurality
of differcnt engineered ketoredactase polypeptides disclosed herein st different addressable position,
wherein the different polypeptides are different variants of a reference sequence each having at least
one different improved enzyme property. Sach arrays comprising a plurality of engineered
polvpeptides and methods of their use are deseribed in WO2009008508.

5.4 Polynucleotides Encoding Enginecred Polypeptides, Expression Vectors and

Hast Cells

{8223] n another aspect, the present disclosure provides polynuclectides encoding the engineered
transaminase polypeptides described berein. The polynucleotides may be operatively linked to one or
more heterologous regulatory sequences that control gene expression o create a recombinant
polynucleotide capable of expressing the polypeptide. Expression constructs confaining a
heterologous polynuclestide encoding the engineered transaminase can be introduced into appropriate
host cells to express the corresponding transaminase polypeptide.
182241 As will be apparent to the skilied artisan, availability of a protein sequence and the knowledge
of the codons comresponding to the various andne acids provide a description of all the
polymucieotides capable of encoding the subject polypeptides. The degeneracy of the genetic code,
where the same amino acids are encoded by alternative or synonymous codens, allows an extremely
large number of nucleic acids to be made, all of which encode the improved fransaminase enzymss.
Thus, baving knowledge of a particular amino acid sequence, those skilled in the art could make any
mumber of different nucleie acids by simply modifying the sequence of one or more codons in a way
which does not change the amine acid sequence of the protein. In this regard, the present disclosure
specifically contemplates each and every possible variation of polynucleotides that could be made
encoding the polypeptides described herein by sclecting combivations based on the possible codon
choices, and all such variations are o be considered specifically disclosed for any polypeptide
described herein, inchiding the amino acid sequences presented in Tables ZA and 2B, and disclosed in
the sequence Hating incorporated by reference horein as SEQ D NO: 4, 6, 8, 10, 12, 14, 16, 18, 20,
22, 24,26,78, 30, 32, 34, 36, 38,40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 73, 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,

-y
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122, 124, 126, 128, 130, 132, 134, 136, 138, 140, 142, 144, 1406, 148, 150, 152, 154, 154, 154, 158,
160, 162, 164, 166, 168, 170, 172, 174, 176, 178, 180, 182, 184, 186, 188, 180, 192, 194, 194, 198,
200, 202, and 204,

{82281 In various crobodiments, the codons are preferably sclected to £it the host ccll in which the
protein is being produced. For example, preferred codons used in bacteria are used for expression in
bucieria; preferred codons used in yeast are used for expression in yeast; and preferred codons used in
mammals are used for cxpression in mammalian cells. In some embodiments, all codons need not be
replaced to optimize the codon usage of the fransaminases since the natural sequence will comprise
preferred codons and because use of preferred codons may not be required for all amine acid residues.
Consequently, codon optimized polyoncleoiides encoding the fransaminase ¢nzymes may contain
preferred codons at about 40%, 30%, 60%, 70%, 80%, ot greater than 90% of codon positions of the
full length coding region,

[8226] In some embodiments, as described above, the polynucientide encodes an engineered
polvpeptide having transaminase activity with the properties disclosed herein, such as the ability to
convert substrate compound {2) o product compound (8}, where the polypeptide comprises an amine
acid sequence having at least 80%, 85%, 6%, §7%, 88%, 89%., 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 9&%, 99% or more identity to a reference sequence sclected from SEQ IDNO: 4, 6, 8, 14,
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, §8, 90, 92, 94, 96, 98, 100, 102, 104, 106, 108, 119, 112,
114, 116, 118,120, 122, 124, 126, 128, 130, 132, 134, 136, 138, 140, 142, 144, 146, 148, 150, 152,
154, 154, 156, 138, 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 pelypeptide of SHQ 1D NO:2 at residue positions selected from X139, X21, X34, X53, K56,
X73, X886, X8R, X107, X113, X133, X147, X155, X165, X171, X178, K233, X251, X259, X268,
X277, X286, X312, X316, X317, X323, X338, X366, X3K3, X399, X414, X415, K417, X426, X434,
and X450, wherein the residue differences at residue positions X271, K36, X&6, X88, X107, X113,
X133, X147, X233, X286, X312, X316, X323, X383, X415, X417, and X434, arc sclected from:
X21H, X56A/C, X860, XB3H/Y, X107G, X113L/P, X133A, X147HYY, X233V, X286C/H, X313N,
X316C/F/GNISIT, X323 A, XAE3C/F/IM/T, X415A/G/E/LIV, X417V, and X434T. In some
embodiments, the specific amino acid differences at positions X19, X34, X353, X73, X155, X165,
K171, X178, K251, X259, X268, X277, X317, X358, X366, X399, X414, X426, and X450 are
selected fron: X19W, X344, X53M, X73R, X155V, X165F, X171Q, XI78W, X251V, X259V,
K268A, K277A, X317L, X358K, X366H, X399A, X414]1, X426R, and X4508. In some
embodiments, the reference sequence s selected from SEQ IDNO: 4, B, 26, 36, 40, 78, 100, 102, 148,
156, 160, 170. 172, 180, and 198, In some embodiments, the reference sequence is SEQ I NO: 4,
In some embodunents, the reforence soquence is SEQ 1D NOG:100. In some embodiments, the

reference sequence is SEQ 1D NO1148. In some embodiments, the reference sequence is SEQ ID
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N 156, In some embodiments, the reference sequence is SEQ ID NO:160. In some embodiments,
the reference sequence is SEQ 1D NO:180,

{62271 In some embodiments, the polynucicotde encodes an engineered polypeptide having
transaminase activity with the properties disclosed herein, wherein the polypeptide comprises an
aming actd sequence having at least 8%, 85%, B6Y, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
05%, 96%, 97%, 98%, 99% or more sequence identity to reference sequence SEQ ID NO:2 and one
or more residue differences as compared to SEQ 1D NO: 2 at residue positions selected from X19,
K21, X34, X53, K56, X 73, X86, X&8, K107, 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, wherein the residue differences at residue positions X21, X356, X6,
X88, X107, X113, X133, X147, X233, X286, X312, X316, X323, X383, K415, X417, and X434, are
selected from: X21H, X56AJC, XE6C, XRRH/Y, X 107G, X113L/P, X133A, XK147H/V, X233V,
X2&GC/MH, X312N, X316C/F/GIN/S/T, X323A, X3R3CEIM/T, XK415A/GHL/V, X417V, and
X4347T.

162281 In some embodiments, the polvoucleotide encodes an engineered polypeptide having
transaminase activity, wherein the polypeptide comprises an amino acid sequence having af least
8%, 85%, 86%, B7%, 8R%, 89, D%, G1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 95% or more
sequence identity to reference sequence SEQ 1D NO:2 and st jeast the following combination of
residue differences as compared 1o SEQ 1D NG: 20 X344, X564, X571, X865, X8¥A; X153C,
X155V, X163F, X315G, and X4177, Tn some emnbodiments, the polynucleotide encodes a
polypentide that further comprises combination of residue differences as compared to SEQ IDNO: 2
selected fromy: (a) X31TM, X&7F, X316N, X323T, and X383V, (b) X31M, X57F, X107G, X113L,
X2337T, X316N, X413H, and X4308; (¢) X3 1M, X57F, X233V, X316N, X323T, X3831, X415H, and
K4308; and (d) X31M, X378, X147H, X316N, X323T, X3431, X415H, and X4508.

#2297 In some embodiments, the polynucieotide encodes an engineered polypeptide having
transarninase activity, wherein the polypeptide comprises an amino acid sequence having at least
RO%, 853%, B6%, 7%, 889%, 89%, 00%, 919%, 92%. 93%, 94%, 95%, 96%, ¥7%, 98%, or #9%
identity to a reference polypeptide selected from any one of SEQ ID NG: 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, 64, 66, 68, 70, 72,
74,76, 78,80, 82, 84, BA, €8, 90, 92, 94, 94, 98, 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, 182, 184, 186, 188, 190, 192, 194, 195,
198, 200, 202, and 204, with the proviso that the amino acid sequence comprises any one of the set of
residue differences as compared to SEQ ID NO: 2 contained in any one of the polypeptide sequences
of SEQ TDNO: 4,6, 8, 10,12, 14, 16, 18, 20,272, 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, 776, 78, 80, 82, &4, 84, §§, 90, 92, 94, 96, 9§, 100, 102,
104, 106, 108, 110, 112, 114, 116, 118, 120, 122, 124, 126, 12§, 130, 132, 134, 136, 13§, 140, 142,
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144, 146, 148, 156, 152, 154, 154, 156, 138, 160, 162, 164, 166, 168, 170, 172, 174, 176, 17§, 180,
182, 184, 186, 188, 190, 192, 194, 186, 198, 200, 202, and 204, as listed in Tables 2A and ZB.
18236] In some emwbodiments, the polynucleotide encoding the engineered transaminase conmprises a
polynocieostide sequence selected from SEG MDINO: 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, 95,67, 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, 1585, 157, 159, 161, 163, 165, 167,
169, 171, 173, 175, 177, 179, 181, 183, 185, 187, 189, 191, 193, 195, 197, 199, 201, and 203,
{82317 In some embodiments, the polynucleotides are capable of hybridizing under highly stringent
conditions to a reference polymucleotide sequence 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, 87, 59, 61, 63, 65, 67, 69,
7Y, 73,75, 77,79, 81, 83, &5, 87, 89, 81, 93, 95, 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, 171, 173, 175, 177, 179, 181, 183, 185, 187, 189, 191, 193, 195, 197,
199, 201, and 203, or a complement thereof, and encodes a polypeptide having transaminase activily
with one or more of the improved properties described herein. [ some embodiments, the
polynucleotide capable of hvbridizing under highly stringent conditions encodes a transaminase
polypeptide comprising an amino acid sequence that has one or more residue differences as compared
10 SEQ ID NO: 2 at residue positions selected froun K19, K21, 334, X53, X356, X73, X86, X88,
X107, KTI3, X133, X147, X155, X165, X171, X178, X233, X251, X250, X268, X277, K286, ¥312,
X316, X317, X323, X358, X366, X383, X399, X414, X415, X417, X426, X434, and X450, wherein
the residue differences at residoe positians X271, X6&6, X86, X&§, X107, X113, X133, X147, X233,
X286, X312, X316, X323, X383, X415, X417, and X434, ave selected from: X21H, X&56A/C, X&6C,
KBEH/Y, X1070, XT13L/P, XA33A, XI4TH/V, X233V, X286C/H, XB 12N, X3T6CH/G/N/S/T,
X3234, X3RICFIMT, XAISA/GE/LIV, X417V, and X 4347,
{8232} In some embodiments, the polynucleotides encode the polypeptides described herein but have
about 80% or more sequence identity, about 80%, 85%, 86%, 7%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 385%, or 59% or more sequence identity at the mucleotide level to 2 reference
polynocieotide encoding the engineered transaminase. In some embodiments, the reference
polynuciestide sequence is selected from SEQ IDNNG: 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, 63, 67, 6%, 71, 73,75, 77, 19, §1, 83,
85, 87,89, 91, 93,95, 67,99, 101, 103, 105, 107, 109, 111, Y13, i15, 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, 171,173, 175,177, 179, 181, 183, 183, 187, 1?9 191, 193, 195, 197, 199, 201, and 203,

82331 Anisclated polynuciwum cocoding any of the engineared transaminase polypeptides herein

La

may be manipulated in a variety of ways to provide for expression of the polypeptide. In some

embodimentis, the polynucleotides encoding the polypentides can be provided as expression vectors
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where one or more control sequences Is present to reguiate the expression of the polynucleotides
and/or polvpeptides. Manipulation of the isclated polynuciectide prior to its insertion into a vecior
may be desirable or necessary depending on the expression vectotr. The techniques for modifving
polynucicotides and nuclele acid scquences viilizing 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 Current Protocols in Moleeular Biology, Ausubel. F.
ed., Greene Pub. Associates, 1998, updates to 2006,

8234} In some embodiments, the control sequences include among othoers, promoter, feade
sequence, polyadenylation sequence, propeptide sequence, signal peptide sequence, and transceription
terminator, Suitable promuoters can be selected based on the host cells used. For bacterial host cells,
suitable promoters for directing franscription of the nucieic acid constructs of the present disclosure,
inchude the promoters obtained from the E. coli lac operon, Strepiomyces coelicolor agarase gene
{dagA), Bacillus subrsilis levansocrase gene (sacB), Bacillus lickeniformis alpha-amylase gene
(amyL), Bacilius stearothermophilus maltogenic antylase gone {amyM), Bacillus amyloliguelaciens
aipha-amylase gene (amyQ), Bacillus licheniformis penicillinase gene (pend”), Bocillus subtilis xylA
and xyiB genes, and prokaryotic beta-lactamase gone {Villa-Kamaroff et al,, 1978, Proc. Nat! Acad.
Sci. USA 75 3727-3731), as well as the {oc promoter (DeBoer et al., 1983, Proc. Natl Acad. Sci
USA &0 21-25). Excmplary promoters for filamentous fungal host cells, include promoters obtained
from the genes for dspergifius oryzae TAK A amylase, Rhizomucor miehei aspartic proteinase,
Aspergillus niger newral alpha-amytase, dspergillus niger acid stable alphe-anylase, Aspergillus
niger or Aspergillus awamori ghucoamylase (glad), Rhizomucor miehel lipase, Aspergillus oryzae
alkaline protease, dspergilfus oryzae triose phosphate isomerase, 4spergillus nidulans acetamidase,
and Fusarium oxvsporum trypsin-like protease {WO 96/G0787), ag well as the NA2-tpi promoter (a
hvbrid of the promoters from the genes for dspergillus niger neutral alpha-amylase and Aspergifivg
oivzae triose phosphate isomerase), and rmoutant, uncated, and hybrid promoters therecf, Exemplary
yeast cell promoters can be from the genes can be from the genes for Saccharomyces cerevisiae
enolase (ENQ-1}, Saccharomyces cerevisiae galaciokinase (GALY), Saccharomyces cerevisiae
alcohol dehydrogenase/glyceraldehyde-3-phosphate dehydrogenase (ADH2/GAP), and
Saccharomyees cerevisiae 3-phosphoglyeerate kinase. Other usefol promoters for yeass host cells are
doscribed by Romanos et al., 1992, Yeast 8:423-488,

{8235) The control sequence may also be a suitable franscription ierminafor SEQUEDOE, 4 Sequence
recognized by a host cell to terminate transcription. The terminator sequence is operably binked to the
3" terminus of the nucleic acid sequence encoding the polvpeptide. Any terminator which is functional
in the host ceil of choice may be used in the present invention. For exampie, exemplary transcription
termyinators for filamentous fungal host cells can be obained fron the genes for Aspergillus orvzae
TAKA amylase, Aspergillus niger glucoamylase, Aspergillus nidulans anthranilate synthase,

Aspergilius niger alpha-glucosiduse, and Fusarium oxysporum wypsin-like protease. Exemplary
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tersmnators for veast host cells can be obtained from the genes for Saccharomyces cerevisiae enolass,
Saccharomyces cerevisiae cytochrotoe C (CYC1Y, and Saccharomyces cevevisiae gi}fce;'aidehyde«}-
phusphate dehydrogenase, Other useful terminators for veast host cells are deoseribed by Romanos et
al., 1992, supra.

{62361 The control sequence may also be a suitable leader sequence, s nontransiated region of an
mRNA that is important for wangslation by the host cell. The leader sequence is operably linked to the
5" terminus of the nucleic acid sequence encoding the polypeptide. Any leader sequence that is
finctional in the host cell of cholee may be used. Exemplary leaders for filamentous fungal host cells
are obtained from the genes for Aspergillus oryzae TAKA amylase and Aspergiflus nidulans triose
phosphate isomerase. Suitable leaders for veast host cells are pbiained from the genes for
Saccharomyces cerevisiae ecnolase (ENO-1), Saccharomyces cerevisiae 3-phosphoglycerate kinase,
Saccharomyees cerevisine alpha-facior, and Succharomyces cerevisige alcohol

Py

dehvdrogenase/glyeeraldehyde-3-phosphate dehydrogenase (ADHZ/GAP).
182371 The conirol sequence may also be a polyadenylation sequence, a sequence operably linked to
the 3' terminus of the nucleic acid sequence and which, when ranscribed, is recoguized by the host
cell as a signal to add polyadenosine residues to ranscribed mRNA, Any polyadenylation sequence
hich is functional in the bost cell of choice may be used in the present invention. Exemplary
polvadenylation sequences for filamentous fungal krost cells can be from the genes for Aspergilius
oryzae TAKA amylase, dspergillus niger ghucoanylase, Aspergillus nidulans anthranitate synthase,
Fusarium oxysporum trypsin-like protease, and 4spergillus niger alpha-glucosidase. Useful
polvadenvlation sequences for veast host cells are described by Guo and Sherman, 1995, Mol Cell Bio
15:5943-5690.
{6238] The comtrol sequence may also be a signal peptide coding region that codes for an amino acid
sequence linked to the amino terminus of a polypephide and dirscts the encoded polypeptide inlo the
cell’s secretory pathway. The 5" end of the coding sequence of the nucleic acid sequence may
inherently contain 2 signal peptide coding region naturally linked in transiation reading frame with the
segment of the coding region that encodes the secreted polypeptide. Alterpatively, the 5" end of the
coding sequence may contain 4 signal peptide coding region thut is foreign to the coding sequence.
Any signal peptide coding region which directs the expressed polypeptide inio the seoretory pathway
of a host cell of choice may be used for expression of the enginecered polypeptides, Effective signal
peptide coding regions for bacierial bost cells are the signal peptide coding regions obtained from the
genes for Bacillus NCIB 11837 maltogenic amylase, Bacillus stearothermophilus alpha-amylase,
Baciflus fickeniforans subtilisin, Bacillus lickeniformis beta-lactamase, Racillus stearothermophifus
neutral proteases (aprT, nprS, nprM), and Bacillus subtifis prsA. Further signal pepitdes are described
by Simonen and Palva, 1993, Microbiol Rev 57:109-137. Effective signal peptide coding regions for
flamentous fungal host cells can be the signal peptide coding regions obtained frowm the genes for

Aspergilhes orvzae TAKA amylase, Aspergilhes niger neutral amylase, dspergillus niger
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glucoamylase, Rhizomucor michel aspartic proteinase, Humicola insolens cellalase, and Humicola
lanuginosa lipase. Useful signal peptides for yeast host cells can be from the genes for
Saccharomyces cerevisiae alpha-factor and Saccharomyces cerevisioe tvertase,

{82391 The control sequence may also be a propeptide coding region that codes for an amino acid
sequence positioned at the amino termimss of a polypeptide. The resultant polypeptide is referred to as
a prognzyme or propulypeptide (or a Zymogen m some cases), A propolypeptide can be converted to a
mature active polvpeptide by catalytic or autocatalytic cleavage of the propeptide from the
propolypeptide. The propeptide coding region may be obtained from the genes for Bacillus subrilis
alkaline protease (aprE), Bactllus subtilis newtral protease (nprT), Saccharomyces cerevisiae alpha-
factor, Rhizomuecor michei sspartic proteinase, and Myceliophthora thermophila lactase (WO
95/33836). Where both signal peptide and propepiids regions are present at the amine ternysus of 2
polypeptide, the propeptide region is positioned next to the amine terminus of a polypeptide and the
signal peptide region is positioned next to the amino terminus of the propeptide region.

8246] I may aiso be desirable to add regulatory sequences, which allow the regulation of the
expression of the polypepiide relative to the growth of the host cell. Examples of regulatory systems
are those which cause the expression of the gene to be turned on or off in response to a chemical oy
physical stimulus, including the presence of a regulatory compound. In prokaryotic host cells, suitable
regulatory sequences include the lac, tac, and trp operator systems. In yeast host cells, suitable
regulatory systems include, as examples, the ADH2 system or GALT systent. In filamentous fungi,
suitable regulatory sequences include the TAKA alpha-amylase promwter, Aspergilius niger
glucoamylase promoter, and dspergillus oryzae glucoanmylase promoter.

{62411 In another aspect, the present disclosure is also directed to a recombinant expression vector
comprising 2 polynucleotide encoding an enginecred transaminase polypeptide, and one or more
expression regulating regions such as 2 promoter and a terminator, a replication origin, ete.,
depending on the type of hosts imto which they are to be introdoced. The various nucleie acid and
control sequences described above may be joined together to produce a recombinant expression vector
whick may include one or mpore convenient restriction sites 1o atlow for insertion or substitution of the
nucleie acid sequence encoding the polypeptide at such sites, Alternatively, the nucleic acid sequence
of the present disclosure may be expressed by inserting the nucleic acid sequence or a nucleic acid
construct comprising the sequence inte an appropriate vector for expression. In cresting the
expression vector, the coding sequence is located ip the vector so that the coding sequence is operably
linked with the appropriate contyol sequences for expression.

{62421 The recombinant expression vector may be any vector (e.g., a plasmid or vizus), which can be
conveniently subjected to recombinant DNA procedures and can bring about the expression of the
polvaucieotide sequence. The choice of the vector will fypically depend on the compatibility of the
vector with the host cell mto which the vector is to be introdoced. The vectors may be Hincar or closed

circular plasmids.
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{82431 The expression vector may be an autonomously rephicating veetor, f.e., a vector that exists as
an extrachromusomal entity, the replication of which is independent of chromosomal replication, e.g.,
a plasmid, an extrachromosomal element, a minichromosoerue, or an arttificial chromosome. The vector
may contain any means for assuring self-replication. Allernatively, the vector may be one whicl,
when mtroduced info the host cell, is integrated info the genome and replicated together with the
chromosome(s) into which it has been integrated. Furthermore, a single vector or plasmid or twu or
mote vertors or plasmids which together contain the total DINA to be imtroduced into the genome of
the host cell, or a transposon may be used,
{8244] The expression vector preferably contains one or more selectable markers, which permit easy
selection of transformed cells. A selectable marker is 2 gene the product of which provides for biocide
or viral resistance, resistance t beavy wmetals, prototrophy to auxotrophs, snd the like. Examples of
baeterial selectable markers ave the dal genes frovo Bacillus subtilis or Bacillus licheniformis, or
markers, which confer antibiotic resistance such as ampicillin, kanamycin, chloramphenicol (Example
1} or tetracycline resistance. Suitable markers for veast host cells are ADEZ, HIS3, LEUZ, LYSZ,
MET3, TRPI, and URA3. Selectable markers for use in a filamentous fungal host cell include, but arc
not limited to, amdS (acetamidase), argB {ornithine carbamoyhransferase), bar (phosphinothricin

4

acetyliransferase), hph (hygromyein phosphotransferase), niaD (nifrate reductase), pyrG (orotidine-5™
phosphate decarboxylase), sC (sulfate adenyitransferase}, and trpC (anthranilate synthase}, as well ag
equivalents thereof, Embodiments for use in an Aspergiilos cell include the amdS and pyrQ genes of
Aspergillus nidulans or Aspergillus oryzae snd the bar gene of Streptomyces hygroscopicus.
182481 In another aspect, the present disclosure provides a host cell comprising a polyoucleotide
encoding an engincered transaminase polypeptide of the present disclosure, the polysucicotide being
operatively finked to one or more control sequences for expression of the transaminase enzyme jno the
host cell. Host cells for use in expressing the polypeptides encoded by the expression vectors of the
present invention are well known in the art and inchude but are not limiled to, bacterial cells, such as
E. coli, Vibrio fluvialis, Streptomyees and Salmonella prphimaium cells; fungel cells, such as yeast
eells {e.g., Saccharomyces cerevisiae or Pichin pastoris (ATCC Accession No. 205178)); insect cells
such as Drosophila S2 and Spodoptera 89 cells; animal cells such as CHO, COS, BHEK, 293, and
Bowes melanoma cells; and plant colis. An exerplary host cells are Escherichia coli W3T110 {AflmA)
and BL21
18246} Accordingly, in anctber aspect, the present disclosure provides metheds of manufacturing the
engineered transaminase polypeptides, where the method can comprise culfuring a host cell capable of
expressing a polynucieotide encoding the engineered fransaminase polypeptide under conditions
suitable for expression of the polypeptide. The method can further comprise isolated or purifying the
expressed transaminases polypeptide, as deseribed herein,
82471 Appropriate culture mediums and growth conditions for the above-described host cells are

well known in the art, Polynuclestides for expression of the transaminase may be introduced into celis
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by varicus methods known in the art. Technigues include, among others, electroporation, biolistic
particle bombardment, liposome mediated transfection, calcimm chioride fransfection, and protoplast
fusion,
{8248] For the embodiments herein, the enginecred polypeptides and corresponding polynucleotides
can be obtained using methods used by those skilled in the art. The parental polymucleotide sequence
encoding the wild-type polypeptide of Vibrio fluvialis is described in Shin et al., 2003, Appl.
Microbicl, Biotechnol. 61(5-6}:463-471, and methods of generating engineered transaminase
polypeptides with improved stability and substrate recognition properties are disclosed in patent
application publications WO2010081053 and US2(0100209981, incorporated herein by reference.
{82497 The engineered fransaminases with the properties disclosed herein can be obtained by
subiecting the polynucleotide encoding the nasurally occurring or engineered transaminase 1o
mutagenesis and/or divected evohition methods, as discussed above. An exemplary divected evolution
rec}mique is mutagenesis and/or DNA shuffling as described in Stemmer, 1994, Proc Natl Acad Sci
USA 91:10747-10751; W 95/22625, WO 97/0078; WO 97/35966; WO 98/27230; WO {(0/42651;
WO 01775767 and U.S. Pat, 6,537,746, Cther directed evolution procedures that can be used include,
among others, staggersd exiension process (StEP), in vitro recombination (Zhao et al,, 1998, Nat.
Biotechnol. 16:258-261), mutagenic PCR (Caldwell et al., 1994, PCR Methods Appl. 3:S136-5140),
and casseite mutagenesis (Black et al., 1996, Proc Natl Acad Sct USA 93:3525-3529). Mutagenesis
and directed evolution techniques useful for the purpeses berein are also described in the following
references: Ling, et al., 1997, Anal. Biochem. 254(21157-78; Dale et al., 1996, “Oligonucleotide-
directed random mutagenesis using the phosphorothioate method,” In Methods Mel. Biol. 57:369-74;
Smnith, 1985, Ann. Rev. Genet. 19:423-462; Botsteln et al,, 1985, Science 229:1193-1201; Carter,
1986, Biochem, §. 237:1-7; Kramer et al., 1984, Cell, 32:876-887; Wells of al., 1985, Gene 34:315-
323; Minshult et al,, 1999, Curr Opin Chew Biol 3:284-290; Christians et al., 1999, Nature Bictech
17:259-264; Crameri et al., 1998, Nature 391:288-291; Crameri ¢t 2L, 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, Nawure 370:389-391; Steyomer, 1994, Proc Natl Acad S¢i USA
01:10747-10751; WO 95/22625; WO 97/0078, W 97/35966; WO 98/27230; WO 00/42631;, WO
01775767 and U.S. Pal. 6,537,746, All publications are mcorporated herein by reference.
{8284} The clones obtained following mutagenesis treatment can be screened for engineered
transaminases having @ desired improved enzyme property. For example, where the improved enzyime
property desired is thermostability, enzyme activity may be measured afier subjecting the enzyme
preparations to a defined temperature and measuring the amount of enzyme activity vemaining after
heat treatments. Clones containing a polynucleotide encoding a transaminase are then isolated,
sequenced to Wdentify the nucleotide sequence changes (if any), and used to express the cnzyme in &

host cell. Measuring enzyme activity from the expression libraries can be performed using the
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standard biochemistry technigues, such as HPLC analysis following derivatization, e.g., with OPA, of
the product amine,

182311 Where the sequence of the engineered polypeptide is knawn, the pelynuciestides encoding
the enzyme can be prepaved by standard solid-phase methods, according o known synthetic methods,
In some embodiments, fragments of op to about 100 bases can be individually synthesized, then
joined (e.g., by enzymatic or chemical litigation methods, or polymerase mediated methods) to form
any desired continuous sequence. For example, polynucleotides and oligonucleotides disclosed herein
can be prepared by chemical synthesis using, e.g., the classical phosphoramidite method deseribed by
Beavcage et al,, 1981, Tet Lett 22:1859-69, or the method described by Matthes et al., 1984, EMBG L
3:801-05, e.g., as it is typically practiced in automated synthetic methods. According to the
phosphoramidite method, oligonucleotides are synthesized, e g., n an automatic DNA synthesizer,
purified, anmealed, tgated and cloned in appropriate vectors.

162521 Accordingly, in some cmbodiments, a method for preparing the engineered transaminase
polypeptide can comprise: (a) synthesizing a polynucleotide encoding a polypeptide comprising an
aming ackd sequence selected from SEQ I NO: 4, 6,8, 16, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32,
34, 36, 38,40, 42, 44, 46, 4R, 30, 52, 54, 36, 3R, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 8(, &2, 84, 84,
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, 165, 168,
170, 172, 174, 176, 178, 180, 182, 184, 186, 188, 190, 192, 194, 196, 198, 200, 202, and 204 and
having ong or more restdue differences as compared to SEQ 1D NO: 2 at residus positions selected
frome X19, X21, X34, X583, 356, X73, XB86, X88, X107, X113, X133, X147, K155, X165, X171,
X178, X233, X251, X259, X268, X277, X286, X312, X316, X317, X323, X358, X366, X383, X399,
K414, X415, K417, X426, X434, and X45Q, wherein the residae differences at residue positions X21,
K56, X86, K&, X107, X113, X133, X147, X233, X286, X312, X318, X323, X3R3, X415, X417, and
K434, are selected from: XZ1H, XS6A/C, XB6C, XEEH/Y, X107G, X113L/P, X133A, X147TH/V,
X233V, X286C/H, X312N, X316C/F/G/N/S/T, X323A, X383C/F/UNIT, XATSA/G/H/L/V, X417V,
and X4347T; and (b} expressing the transaminase polypeptide encoded by the polynucteotide. Tn some
embodiments of the method, the residue differences at residue positions X19, X34, X583, X73, X155,
2165, X7, X178, X251, X259, X268, X277, X317, X358, X366, X399, X414, X426, and X450 are
seleoted from X19W, X34A, X53M, X73R, X155V, X165F, X171, X178W, X251V, X255V,
X268, X2TTA, X3171., X358K, X366H, X3994, X414], X426R, and X4508.

[8253] In some embodiments of the method, the amino acid sequence encoded by the polynucieotide
can optionally heve one or several {e.g., up to 3, 4, 5, or up to 10) amino acid residue deletions,
insertions and/or substitutions. In some embodiments, the amine acid sequence has optionally 1-2, 1-
3,1-4,1-5,1-6, 1-7, 18, 1-9, 1-10, 1-15, 1-20, 1-21, 1-22, 1-23, 1-24, 1-25, 1-30, 1-35, 1-40, 145, or
1-50 amino acid residue deletions, insertions and/or substitutions. n some ombodiments, the amino

acid sequence has optionaily 1,2, 3, 4,5, 6,7, %, 9, 10, 11, 12, 13, 14, 15, 16, 17, 1§, 19, 20, 21, 22,
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23,24, 25,30, 30, 33, 40, 45, or 50 anyino acid residue deletions, insertions and/or substititions. In
somie 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 ot non-conservative snbatinitions.

1825841 The expressed engineered transaminase can be measured for the desired bmproved property,
e.g., activity, enantioselectivity, stability, and product tolerance, in the conversion of compound (2} to
compound {1} by any of the assay conditions described hereia,

{8255] T some cmbodiments, any of the engineered fransaminase cozymces expressed in a host eell
can be recovered from the cells and or the culture mediinn using any one or more of the well known
techaiques for protein purification, including, among others, lysozyme treatuient, sonication,
filtration, salting-out, ulira-cenirifugation, 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 alse commercially available, e.g., CelLytic B™ from Sigma-Aldrich of St. Louis MO.
8256} Chromatographic techuigues for isolation of the transaminase polypeptide include, among
others, reverse phase chromatography kigh performance liguid chromatography, ion exchange
chromatography, gel electrophoresis, and affinity chromatograpby. Conditions for purifying a
particutar enzyme will depend, in part, on factors such as net charge, hydrophobicity, hydrophilicity,
molecular weight, molecular shape, eic., and will be apparent to those having skill in the art.

16257] In some embodiments, affinity technigues may be used to tsolate the tmproved transaminase
enzymes, For affinity chromstography purification, any antibody which specifically binds the
iransaminase polypeptide may be used. For the prodiction of antibodies, various host animals,
inchading but not limited to rabbits, mice, rats, etc., may be immunized by injection witha
transanmnase polypeptide, or a fragment thereof. The transaminase polypeptide or fragment may be
attached 1o 2 suitable carrier, such as BSA, by means of a side chain functional group or Hukers

attached 10 a side chain fimctional group.

87 Metheds of Using the Engineered Transaminase Eanrymes
182581 As noted above, the engineered transaminase polypeptides of the present disclosure were
evolved fo efficiendy convert the ketone of the exemplary substrate compound {2) to the
correspouding chiral aygine of the exemplary product compound {3} in diestereomeric excess, in the
presence of an amine donor under suitable reaction conditions. The structural features of the
engineered transaminase polypeptides also allow for the conversion of large prochiral ketone substrate
commpounds, other than compound (2), to their corresponding chiral amine compounds in stereomeric
excess. Accordingly, in another aspect, the present disclosure provides processes using the
engineered transaminase polypeptides to carry out a ransamination reaction in which an amino group
from an amino donor is transforred 1o an amino acceptor, e.£., & ketone substrate compound, 1o

prodice an anine compound. Generally, the process for performing the fransamination reaction
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comprises contacting or incubating an engineered transamivase polypeptide of the disclosure with an
amino accepior (e.g., a ketone substrate compound) and an amine donor {e.g., isopropylamine) with
under reaction conditions suitable for converting the amino scceptor 10 an amine compound.

{92591 In some embodiments, the present disclosure provides a process for the preparation of an

amine componnd of Formula ()

wherein
between positions 2 andd 3 and/or positions 5 and 6, and/or optionally substitined independently
positions 2, 3, 4, 5 and 6 with a group selected from halo, hydroxy, and methyi;

Ring B 15 a 6-membered carboeyelic ring, optionally including an unsaturated C-C bond
between positions 5 and 10, and/or optionaily 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 carbooyelic ring (Fe. =0 or 1), optionally substituied at
position 10 with a group selected from halo, hydroxy, methyl, ethyl, and carbonyl;

Ring D 1s a 5-, 6-, or 7-membered carbocychic ring {i.e. n=0, 1, or 2), optionally inclading 1,

2, or 3 unsaturated C-C bonds, snd/or optionally substituted mdependently as follows:

at position 14 with a group selected from halo, bydroxy, amino, carboxy, cvanoe, nitro, thio,
straight-chain or branched (C-Cyalkyl, straight-chain or branched (C,-C.Julkenyl, straight-chain or
branched {C-Caalkylamino, and eyclopropyl bridging fo position 12;

at position 15 or position 16 with a group selected from halo, hydroxy, amino, carboxy,
cyano, nitro, thio, optionally substituted {C-Celalkyl, hydroxy(Ci-Colalkyl, optionally substituted(Cy-
Coralkyloxy, optionally substituted (C)-Colatkylamine, optionally substitited (C-Ceidialkylamine,
optionally substituted (C-Cglalkylthio, optionally substituted (C-Cgalkylsuifonyl, optionally
substituted (C;-Cylalkylsulfinyl, carboxy(C,-Cylalkyl, (Ci-Cplalkyloxyearbonyi, (Ci-
Coyalkylcarbonyloxy, optionally substituted aminocarbonyl, aminocarbonyl{C,-Cealkyl, optionally
substittted cvcloalkyl, optionally substituted heterocycloalityl, optionally substituted aryl, optionally
substituted heteroaryl, optionally substituted aryloxy, optionally substituted aryviamine, optionally
substituted aryithio, optionally substituted arylsulfonyl, optionally substituted aryisulfinyi, optionally
substitited aryloxyearbonyl, optionally substituted arvicarbonyloxy, optionally substituted
heteroaryiony, optionally substititied heterourylamino, optionally substinuted hetevoarylthio,

epticnally substituted heteroarylsulfony, optionaily substituted heteroaryisulfinyl, optionally
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substituted heteroaryloxycarbonyl, opionally substituted heteroaryicarbonyioxy,
alkylaminosuifonyl(C-Cealieyl, arvlsutfonvi{ C,-Cgalkyl, and heteroaryisulfonyl(C-Cqlalicyl;

with the proviso that the compound of Formula (1) is vet compound (1)

(3}

(I}

wherein rings A, B, C, and D are as defined above for the compound of Formala (I},
with an engineered transaminase polypeptide of the present disclosure in the presence of an

amine donor urder suitable reaction conditions,

{8266} In some embodiments, the engincered fransaminase polypeptides of the disclosure are capable

of converting cyclopamine analog compounds of Formula (Fia), wherein Ring C is a S-membered

carbocyclic ring, optionally subsiituted at position {1, and Ring I is a 7-membered carbocyelic ring

substituted at position 16, which can be converted to an amine product compound of Formuda (Ia) as

in Schenme 5.

Scheme 5

(Fia)
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{62611 Accordingly, in some embodiments, the present disclosure provides a process for preparation

fan amine compound of Formula {¥a)

wherein
Rings A and B comprise one of the following:
{8} an unsaturated C-C bond between positions 5 and 6;
(b} an unsaturated C-C bond between positions 5 and 1
(¢} a hydrogen at position 5 cis to the methyl group at position 4; or
(d) 2 hydrogen at position S frans to the methyl group at position 4;

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

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

R* is sefected from bydrogen, halo, hydroxy, amine, carboxy, cyano, aitro, thio, straighi-chain
or branched (C,-Cyalkyl, straight-chain or branched (C-Cglaikenyl, and straight-chain or branched
{C-Cqlalkylamino; and

R is selected from hydrogen, halo, hydroxy, amino, carboxy, cyano, nitro, thio, optionally
substituted (C)-Colalkyl, hydrexy(C,-Celalkyi, optionally substituied(C, -Cylalkyloxy, optionally
substituted (O,-Celalkylamino, optionally substituted (C;-Celdialkylamino, optionally sgbstitiied (Cs-
Coyalioylthio, optionaily substituted (C;-Celalkylsulfonyl, optionally substituted (C-Cgrallylsulfinyi,
carbony{C-Leralkyl, (C-Cylalkyloxyearbonyl, (T-Colalkyicarbonyloxy, optionally sabstituted
aminocarbonyl, and aminocarbonyl{C,-Celalkyl;

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

H NS
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wherein the method comprises contacting the ketone substraie compound of Formula

(Eia),

{ifa)

wherein rings A, B, C, and D, and R UR? and R’ are as defined above for the compound of

Formula (Ia),

with an engineered transaminase polypeptide of the present disclosure in the presence of an
anying donor under suitable reaction conditions.
8262} In some embodiments, the engineered fransaminase polypeptides of the disclosure are capable
of converting cyclopamine analog compounds of Formula (E¥b), whereln Ring C is 5-membered

carbocyelic ring and Ring D is a 6-membered carbocyclic ring, to the chiral amine product compound

of Formuia (Ib) as shown in Scheme 6

-

Scheme §
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1$163] Accordingly, in some embodirnents, the present disclosure provides a process for preparation

of an amine cempound of Formula (39}
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{1}

wherein
Rings A and B comprise one of the following:
{a) an unsaturated C-C bond betwesn positions 5 and &;
(b) an unsaturated C-C bond berween positions 5 and 10;
(¢} a hydrogen at position 5 ¢is to the methyl group at position 4; or
{d) a hydrogen at position S frans to the methy! group at position 4;

Ring D comprises an unsatarated C-C bond between positions 12 and 14, or a bridging
cyclopropy! between positions 12 and 14;

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

R s selected from hydrogen, hale, hydroxy, amine, carboxy, cyano, nitro, thio, straight-chain
or branched (C,-Cyalkyl, straight-chain or branched (C,-Cyjalkenyl, and straight-chain or branched
{C-Cyyalkylamine; and

R® is selected from hydrogen, halo, hydroxy, aming, catboxy, cyane, nitro, thio, optionally
substituted {C,-Calalkyl, hydroxy(C-Cyalkyl, optionally substituted(C,-Colalkyloxy, optionaily
substituied (C,-Celalkyiaming, optionally substituted {C;-Cy)dialkylamine, optionally substituted (C;-
Cejalkylthio, optionally substituted (C;-Cqlalkylsulfonyl, optionally substituted {C)-Cqalkylsulfinyl,
carboxy(C)-Colalkyl, (C-Celalkyloxyearbonyl, (Ci-Cylalkylcarbonyloxy, optionally substituied
aminocarbonyl, and aminocarbonyl(C-Ceallyl;

wherein the method comprises contacting the ketone substrate compound of Formula (11b3,

ey
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wherein rings A, B, C, and D, and R, R, and R’ are as defined above for the compound of
Formula {Ib),

with an engineered fransaviinase polvpeptide of the present disclosure in the presence of an
gmino donor under suitable reaction conditions,
{8264 In some embodiments, the engineered irapsaminase polypeptides can be used fo prepare any
of the cyclopamine analog compounds disclosed in WO 2011017551 A1, published February 10,
2011, which is hereby incorporated by reference herein.
[8263] Numcrous other cyclopamine analog compounds (other than those encompassed by Forrulas
{Ea) and (Ib)) are known in the art. In some embodiments, it is contemplated that the enginecred
transaminase polypeptides of the present disclosure can be used in biocatalytic processes to prepare
any of the known veratramine analog compounds.
{82661 In some embodiments, the enginecred Uransaminase polypeptides of the disclosure are capable
of converting veratramine analog compounds of Formula (Efc), wherein Ring C is S-membercd
carbocyelic ring and Ring D is a 6-membered carbocyelic ring, to the chiral amine product compound

of Formuia (3¢} as shown in Scheme 7

Scheme 7
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82677 Accordingly, in some embodiments, the present disclosure provides a process for preparation

of an amine compound of Formula (e}
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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 unsawrated C-C bond between positions 5 and 10;

(¢} a bydrogen at position 5 cis to the methy! group at position 4; or
(d) a hydrogen al position 5 trans 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, hato, hydroxy, amine, carboxy, cyano, nitro, thio, straight-chain
or branched (C;-Cgalkyl, straight-chain or branched (C-Cyjalkenyl, and straight-chain or branched
(Ci-Calalkyvlaming; and

1Y is selected from hydrogen, halo, hydroxy, amino, carboyy, cyane, nitro, thio, optionally
substitgted (C-Cylalkyl, bydroxy(C,-Cslalkyl, optionally substinuted(C,-Cqlalkyloxy, optionally
substituted (C;-Cgalkylamine, optionaily substituted {C,-Ce)dialkylamine, optionally substituted {C,-
Cealkylthio, optionally substituted (C,-Ceralkylsulfonyl. optionally substituied (C)-Cealkylsulfinyl,
carboxy{C,-Cslalkvl, (C-Caalkyloxvearbonyl, (Ci-Cialkylcarbonyloxy, opticnally substituted
aminocarbonyl, and aminocarbonyl{C,-Cylalkyl;

wherein the method comprises contacting the ketone subgstrate compound of Formula (§Te),

{ike)

. . . - 2 3 < N ~ y ~
wheretn rings A, B, C, and D, and R', R%, and B arc as defined above for the compound of

e

Formula (¥},

with an engineered transaminase polypeptide of the present discloswre in the presence of an
aming donor under suitable reaction conditions,
162687 Numevous other veratramine analog compounds {other than those encompassed by Formula
{Fey) are known in the art. In some smbodiments, it is contemplated that the engineered transaminase
polypeptides of the present disclosuare can be used in biocatalytic processes to prepare any of the
known veratramine analog compounds,
{6268] In some embodiments, the enginecred fransaminase polypeptides of the disclosure are capable
of converting steroid analog compovmds of Formula (1), wheretn Ring € s 6-membered carbooyehic
ring and Ring D is a S-membered carbocyclic ring, to a chiral amine product of Furmula (3d) as

shown In Scheme §:

o0

e
priie
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Scheme 8

- fd
{iid} (k)
182781 Accordingly, in some embodiments, the present disclosure provides a process for preparation

of an amine compound of Foromla (Id)

wherein

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

R' and R” are selected mdependently from bydrogen, halo, hydroxy, amino, carboxy, oveno,
nitro, thio, optionally substituted (C-Cylalkyl, hydroxy(C.-Celalkyi, optionally sabstituted(C)-
Ceralkyioxy, eptionally substituted (C-Cylalkyvlamino, optionally substituted (C-Cg)diatkylamino,
optionally substituted {C-Cglalkylibio, optionally substituted (C,-Cgralikylsulfonyl, optionally
substituted (C,-Cealkylsulfinyl, carboxy(C-Cglalkyl, {C;-Colalkyloxycarbonyl, (C;-
Ceyallcylearbonyloxy, optionally sabstitted aminocarbonyl, aminocarbonyl(C,-Celalkyl, optionally
substituted cycloalkyl, optionally substituted heterocycloalkyl, optionally substituted aryi, optionally
substituted heteroaryl, optionally substituted aryioxy, optionally substituied arylamino, opticually
substitoted aryihio, optionally substituted arylsolfonyl, optionally substiteted aryisudfinyl, optionally
substituted arvioxycarbonyl, optionally substituted arvlicarbonyloxy, optionally substituted
heterasrylony, optionally substitited heteroarviamine, optionally substituied heteroarvithio,
optionally substituted heteroarylsulfonyl, optionally spbstituted hetercaryisulfinyl, optionally
substituted heteroarylosyearbonyl, optionally substituied hetercarvicarbonyloxy,
alkvlaminosulfony K C -Cgaalkyl, arylsutfonyl{ C-Coalicyl, and hetervaryisulfony{C-Cealkyl;

R’ RY, and R’ are selected independently from hydrogen, ralo, hydroxy, amine, carboxy,
cyano, nitro, thio, stratght-chain or bravched (C-Cyalkyl, straight-chain or branched (C-Co)alkenyl,

and straight-chain or branched (C-Cyalkylamine; and
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5 8T 3 . - .
R® R, and R® are selected independently from hydrogen, halo, hydroxy, and methyl;

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

(1)
wherein R’ R, RY, BY, R®, R®, R, and R® arc as defined above for the compound of Formula
(i),
with an engimeered transaminase polypeptide of the present disclosare in the presence of an
amino donor under suitable reaction conditions,
{8271] In some embodiments of the process for proparing an amine compound of Formula (Id), the
process can be carried out using a ketone substrate compound of Formula (11d) selected from those

shown in Table 3,

Table 3

Ketone substrate compound of Chiral amine product compousnd of Formula
Formula ((1d) (id)

..
\"
foe]
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{82721 In addition to the compounds of Formuda (Td), including those shown in Table 3, there are a
multitude of steroid analog compounds known in the art. The present disclosure contenplates that
any steroid analog compoeund with a ketone group at position 1 of Ring A could be ased as ketone
substrates with an engineered transaminase polypeptides of the present disclosure in a process 1o
prepare its corresponding steroid analog compound with a chival amine group at position 1.
{92731 In view of' the stereoselectivity of the engineered transaminase polypeptides of the present
disclosure, in some embodiments the process results in the formation of the chiral amine compounds
of Formula (1}, Formula (a3, Formula (Ib), Fornula (o), and Formula (3d) in diastercomeric oxcess.
In some embodiments, the process results in the formation of the chiral amine compound of Formula
{I}, Formula {¥a}, Formula (Ib}, Formula (Ic}, and Formula (Ed) in diastercomeric excess of at least
G0%, 93%, 96%, §7%, 98%, 99%, or greater.
[8274] For the foregoing processes, any 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 engincered polypeptide having transaminase activity of the present disclosure comyprises an
aming acil sequence having at least 80%, 85%, 86%, 87%, 88%%, 89%. 90%, 21%, 92%, 93%, 94%,
95%, 9%, 97%, 98%, 99% oy more idemity to a reference sequence selected from SEQ IDNO: 4,
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, 1306, 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, 18R, 194,
192, 194, 196, 198, 200, 202, and 204, and one or more residue differences as compared to SEQ ID
N2 at residue positions selected from X19, X21, X34, X83, X56, X73, X86, X88, X107, X113,
X133? 14T, X155, K165, X173, XI78, X233, X28), X258, X268, X277, X286, X312, X316, X317,
323, K388, K366, X383, X399, X414, X415, X417, K426, X434, and X458, wherein the residue
differences at residue positions X21, X56, X86, X8, X147, X113, X133, X147, X233, X286, X312,
X316, X323, X383, K415, X417, and X434, are selected from: X21H, X56A/C, X86C, X88H/Y,
XIG7G, XI13L/P, X133A, X14TH/V, X233V, X286C/H, K31IN, X316CF/GMN/S/T, X323A,
K3BICHFAM/IT, X415A/GLIV, X417V, and X4347. In some embodiments, the specific amino
acid differences at positions X19, X34, X583, X73, X155, X165, X171, X178, X281, X259, X248,
HKETT, X317, X388, X366, X399, X414, X426, and X458 are sclected from: X19W, X34A, X53M,
X73R, X155V, X165F, X171Q, X178W, X251V, X259V, X2684, X277A, X3171., X358K, X3661,
KIOVA, X4141, X426R, and X4305. In some embodiments, the reference sequence s selected from
SEQIDNG: 4, 8,26, 36, 40, 78, 100, 102, 148, 156, 160, 170, 172, 180, and 198, In some
embodiments, the reference sequence is SEQ ID NG:4. In some embodiments, the reference sequence
is SEQ D WNO:100. In some embodiments, the reference sequence is SEQ ID NO:148. In some
embaodiments, the reference sequence is SEQ 1D NO:136. In some embodiments, the reference

sequence 18 SEQ ID NG:160. In some embodiments, the reference sequence s SEQ ID NO: 180,

&4
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[8275] In some embodiments, exemplary transaminase polypeptides capable of 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, 38,
60, 62, 64, 66, 68,70, 72, 14, 76,778, 80, 82, 84, 86, 88, 90, 92, 94, 96, 08, 100, 102, 104, 106, 10§,
1310, 112, 114, 116, 118, 120, 122, 124, 126, 128, 130, 132, 134, 136, 138, 140, 142, 144, 146, 14§,
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 engineered
transaminasc polypeptides is provided in the descriptions herein, for oxample Tables 2A and 28 and
the Examples.

{82761 In the embodiments herein and illustrated in the Examples, various ranges of suitable reaction
conditions that can be used, including but not limited, to ranges of smino dovor, pH, femperature,
buffer, solvent system, substrate loading, polypeptide loading, cofactor loading, pressure, and reaction
time. Further suitable reaction conditions for carrying out the process for biocatalytic conversion of
substrate compounds to product compounds using an engineered transaminase polypepiide described
herein can be readily optimized in view of the guidance provided herein by routine experimentation
that includes, but is not Hmited to, contacting the engineered transaminase polypeptide and substrate
compouond under experimental reaction conditions of concentration, pH, temperature, solvent
conditions, and detecting the product compound.

182771 In some cmbodiments 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 isepropyiamine (also referred to herein as “IPM”), puirescine, L-lysine, o-phenethylamine, D-
alanine, L-alanine, or D,L-alanine, or D,L-omithine. In some embodiments, the amino donor is
selected from IPM, putrescine, L-fysine, D- or L-alanine. In some emwbodiments, the amine donor is
{PM. Tu some embodiments, the suitable reaction conditions comprise the amino donor, in particular
IPM, present ai & concendration of at least about (.1 to about 3 M, 0.2 to about 2.5 M, about 0.5 t0
about 2 M or about 1 0 about 2 M. In some cmbodiments, the amino dovor 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 amino donot, e.g., IPM, can be used to shift the squilibrivm towards amine product formation,
[8278] Suitable reaction conditions using the engineered transaminase polypeptides also typically
comprise a cofactor, Cofactors usetil for transaminase enzymes herein include, but are not limited to,
pyridoxal-5-phosphate {alse known as pyridoxal-phosphate, PLP, P5P), pyridoxine (PN), pyridoxal
(PL), pyridexamine (PM), and their phosphorylaied counterparts pyridoxine phosphate (PNP) and
pyridexamine phosphate (PMP). In some embodiments, the cofactor PLP s present naturally in the
cell extract and does not need to be supplemented. In some embodiments of the processes, the suitable
reaction conditions comprise exogenous cofactor added to the enzyme reaction mixwre, for example,
when using partially purified or purified ransaminase enzyme. Tn 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 /L to about 10 g/L, about 0.2 g/L to abowt 5 g/L, about 0.5 g/L
to about 2.5 ¢/L. In some embodiments, the reaction conditions comprise a PLP concentration of
about 0.1 g/L or Tess, 0.2 g/L. or less, 0.5 /L or less, 1 /L or less, 2.5 &/l otless, 3 g/l or less, or 10
g/t or less. In some embodiments, the cofactor can be added either at the beginning of the reaction
anl/or additional cofactor s added during the reaction.

{62797 Substrate compound in the reaction mixtures can be varied, taking imto consideration, for
example, the desired amount of product compound, the effect of substrate concentration on enzyme
activity, stability of enzyme under reaction conditions, and the percent conversion of substrate 1o
product. In some embodiments, the suitable reaction conditions comprise a sabstrate compound
loading of at least about 0.5 to about 200 g/L., 1 to sbout Z0{ g/L, about 5 to about 150 g/L., about 10
10 about 100 g/1., about 20 o about 106 g/L., or about 30 to about 100 /L. fn sorse embodiments, the
suitable reaction conditions comprise 2 substrate compound loading of at least about 0.5 g/L, at least
about 1 g/L, at feast about 5 ¢/, at least about 10 ¢/L, at least about 15 /L, at least about 20 ¢/, at
least about 3¢ g/L, at least sbout 50 g/L. at least about 75 g/L, at keast 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 molecular 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 Formula (I}, including compounds of Fornmula (£la}, (Ib),
(1tc}, and (11d) can also be used in appropriate amounts, in light of the amwounts used for compound
(Z1

18286] In carrying out the reactions described hereln, the engineered transaminase polypeptide may
be added to the reaction mixmure in the form of a purified enzyme, whole cells transformed with
gene{s) encoding the enzyme, and/or as cell extracts and/or lysates of such cells. Whole cells
transformed with genels) encoding the engineered transaminase enzyme or cell extracts, lysaies
thereof, and isolated enzymes may be emploved in a variety of different forms, including solid (e.g.,
Iyophilized, spray-dried, and the like) or semisolid (e.g.. 2 crude paste). The cell extracts or cell
jysates may be partialfy purified by precipitation (ammenium sulfate, polyethyleneimine, heat
treatment or the like), followed by a desalting procedure prior to lyvophilization (e.g., elirafiliration,
dialysis, and the like). Any of the cell preparations may be stabilized by crossiinking using known
crosslinking agents, such as, for example, glutaraldebyde, or immobilization to a sulid phase {e.g.,
Fupergit O, and the like).

{82817 The geno(s) encoding the engineersd transaminase polypeptides can be transformed into host
cell separately ot together into the saine host cell. For example, in some embodiments one set of host
cells can be transformed with gene(s) encoding one enginecred transaminase polypeptide and anvther
set can be wansformed with gene(s) encoding another engineered transanyinase poiypeptide. Both scis
of transformed colls can be wilized together 1 the resction mixture in the form of whole cells, or in

the form of Iysates 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 engineered polypeptides can be expressed in the form of secreted polypeptides and
the cuiture mediom containing the secreted polypeptides can be used for the transaniinase reaction,
{6282] The enhancements in activity and/or stereosclectivity of the epgineered transaminase
volvpeptides 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 engineered polypeptide concentration of about
0.01 1o about 30 g/1; about 0.05 1o about 50 g/L; abowt 0.1 to about 40 g/L; about 1 to about 40 g/L:
about 2 10 about 40 ¢/L; about 5 to about 40 g/L; about 5 to abowt 30 g/L; about 0.1 to about 10 g/L;
about 0.5 1o about 10 g/L; about 1 to about 10 ¢/L; about 0.1 to about 5 ¢/L; about 0.5 to about 5 g/L;
or about 0.1 to about 2 g/L.. In some embodiments, the fransaminase polypepiide 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 S0 g/L.
[6283] During the course of the transamination reactions, the pH of the reaction mixture may change.
The pH of the reaction mixture 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. Alterpatively,
the pH may be controlled by using a buffer. Accordingly, in some embodiments, the reaction
condition comprises a buffer. Suitable buffers 1o maintain desived pH ranges are known in the art and
include, by way of example and not Hmitation, borate, carbopate, phosphaie, iricthanolamine (TEA),
and the ke, fn some embodiments, the bufter is borate. In some embodiments of the process, the
suitable reaction conditions cormprise a buffer solution of TEA, where the TEA concentration s from
aboui 0.01 1o about 0.4 M, 0.05 to sbout 0.4 M, 0.1 10 gbout 0.3 M, or about 0.1 to abowt 8.2 M. In
some embodiments, the reaction condition comprises a TEA concentration of about 0.01, 0.02, 0.03,
0.04,0.05,0.07, 0.1, 0.12, 0,14, 0,16, 0.18, 0.2, 0.3, or 0.4 M. To some embodiments, the reaction
conditions comprise waler as a suitable solvent with no buffer present.
[8284] In the embodiments 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
& combination of buffering 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 10 about 8, pH from abowt 7 to about 10, pH from about 7 to about 9, or pH from about 7 fo
about 8. In some embodiments, the reaction conditions comprise a solution pH of about 6, 6.5, 7, 7.5,
8, 8.5 9,95 10,105, 11, 11.50r 12,
[628%] In the embodiments of the processes herein, a suttable temperature can be used for the
reaction conditions, for example, taking into consideration the increased reaction rate at higher
temperatares, and the activity of the enzyme during the reaction time period. For exanple, the
engincered polypeptides of the presemt disclosure have increased stability relative to naturally

occurring transaminase polypeptide e.g., the wild-type polypeptide of SEQ ID NG: 2, which allow the
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engineered polypeptides to be used at higher wemperatores for increased conversion rates and
improved subsirate solubility characteristics. Accordingly, in some embodiments, the suitable reaction
conditions comprise a femperature of about 10°C 1o about 70°C, about 10°C to about 65°C, sbout
150 to about 60°C, about 20°C to sbowut 60°C, abowt 20°C to about 55°C, sbout 30°C 10 about 55°C,
or about 40°C to about 50°C. In some embodiments, the suitable reaction conditions comprise a
temperatare of about 10°C, 15°C, 20°C, 23°C, 30°C, 35°C, 40°C, 45°C, 50°C, 55°C, 60°C, 65°C, or
70°C. In some embodiments, the temperature during the enzymatic reaction can be maintained at a
temperature throughout the course of the reaction or adjusted over a temperature profile during the
course of the reaction.

[#286] The processes herein are generally carried out in 2 solvent. Suitable solvents include water,
agqueocus buffer solutions, organic sefvents, polymeric solvents, and/or co-solvent systems, which
generally comprise aqueous solvents, organic solvents and/or polymeric solvents. The aqueous
solvent (water or aqueons co-solvent system) may be pH-buffercd or unbuffered. In some
embodiments, the processes are generally carried out in an agueous co-solvest sysiem comprising an
organic solvent (e.g., ethanol, isopropanct {IPA), dimethy! sulfoxide (DMSO), ethyl acetate, butyl
acetate, 1-octanol, heptane, octane, methyl t-butyl ether (MTBE), toluene, and the like), lonic or polar
solvents (e.g., 1 ethyl 4 methylimidazolium tetrafluoroborate, 1 butyl 3 methybimidazolium
tetraflyoroborate, 1 butyl 3 methylimidazolium bexafluorophoesphate, glycerol, polyethylene glycol,
and the like). In some embodiments, the co-solvent can be a polar solvent, such as a polyoi,
dimethylsulfoxide, DMSO, or lower alcohol. The nov-aqueous co- solvent component of an aqueous
co-solvent system may be miscible with the agueous component, providing a single Hquid phase, ov
may be partly miscible or immiscible with the acqueous component, providing two liguid phases.
Exemplary aqueous co-solvent systems can comprise water and one or more co-solvents selected from
an organic sojvent, polar solvent, and polyol solvent. In general, the co-solvent component of an
agueous co-solvent system is chosen such that it does not adversely inactivate the transaminase
enzyme under the reaction conditions. Appropriate co-solvent systems can be readily identified by
measuring the enzymatic activity of the specified engineered transaminase enzyme with 2 defined
substrate of ftevest 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 aqueous co-
solvent, where the co-solvent comprises DMSO at about 194 to about 80% (v/v), about 1 1o about 70%
(viv), about 2% to about 56% (v/v}, about 5% 1o about 40% (v/v}, 10% to about 40% {v/v}, 10% to
about 30% (v/vi, or about 10% to about 20% (v/v). In some embodimenis of the process, the suitable
reaction conditions comprise an agueous co-soivent comprising DMSO at least about 1%, 5%, 10%,
15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, or 80% (v/v). Insome

embodiments of the process, the suitable reaction conditions comprise an agueous co-solvent

38
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comprising DMSQ of from about 15% (v/v) to about 45% (v/v), from about 20% (v/v) to about 30%
(v/v}, and In some embodiments a DMSO concentration of about 25% {(v/v).

9288] In some embodiments of the process, the suitable reaction conditions Ccomprise an agueous ¢o-
solvent, where the co-solvent can comprises a polymeric polyol solvent. Exarples of suitable polyol
solvents inclade, by way of example and not limitation, polyvethylene glycol, polyethiviene glyeol
methyl ether, diethylene glycol dimethy! ether, tricthylene glycol dimethyl ether, and polypropylene
glyeol, In some embodiments, the aqueous co-solvent comprises polyethylene glycol, which is
available ju difforent molecutar weights. Particwlarly useful ave lower molecular weight polyethyiene
glycols, such as PEG200 to PEG600. Accordingly, in some embodivnents, the aqueouns co-solvent can
comprise PEG200 of about 1% to about 40% v/v; about 1% to about 409 v/v; about 2% to about 40%
v/v; about 5% to about 40% v/v; 2% 1o about 30% viv; 5% to about 30% v/v; 1 1o about 20% v/iv;
about 2% to about 20% v/v; about 5% 1o about 20% v/v; about 1% to abowt 16% viv; about 2% to
about 10% v/v. In some embodiments, the suitable reaction conditions compriscs an agueous co-
solvent comprising PEG200 at about 1%, 2%, 5%, 10%, 15%, 20%,; 25%; 30%; 35%; 35% or about
40%% viv.

{8289] The quantities of reactants used in the transamination reaction will generally vary depending
o1 the quantities of product desired, and concomitantly the amount of transaminase substrate
emploved. Those having ordinary skill in the art will readily understand how to vary these quantities
to taijor them to the desired level of productivity and scale of production,

(83941 In some embodimnents, the order of addition of veactanis s not critical. The reaciants may be
added together at the same time 10 a solvent {e.g., monophasic solvent, biphasic agueous co-solvent
system, and the Hkel, or slternatively, some of the reactants may be added separately, and some
together at different time poiots. For example, the cofactor, transaminase, and transaminase substrate
may be added first to the solvent.

{6291 The solid reactants {e.g., enzyme, salis, substrate compounds, etc.} may be provided fo the
reaction in a variety of different forms, including powder {e.g., lyophilized, spray dried, and the like),
solution, emulsion, suspension, and the bike. The reactants can be readily fvophilized or spray dried
using methods and equipment that are known to those having ordinary skill in the art, For example,
the protein solution can be frozen at -80°C in small aliguots, then added to a pre-chilied lyophilization
chamber, followed by the application of a vacuum,

{6292] For improved mixing efficiency when an aqueous co-solvent system is used, the ransaninase
and cofactor may be added and mixed into the aqueous phase first. The organic phase may then be
added and mixed i, followed by addition of the transaminase substrate. Alternatively, the
transaminase substrate may be premixed in the organic phase, prior to addition 1o the agueous phase.
{#293] The transamination reaction is generally aliowed to proceed until further conversion of ketone
subsirate 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 {o proceed unti! thers is complete of near complete conversion of substrate ketone
to product amine. Transformation of substrate 1o product can be monitored using known methods by
detecting substrate and/or product. Suitable methods include gas chromatography, HFLC, and the
Hke. Conversion vields of the chiral amine product generated in the reaction mixture ave generally
greater than about 50%, may also be greater than about 60%, may also be greater than sbout 70%,
may also be greater than about 8%, may alse be greater than 90%, and may be greater than abowt
97%. In some embodiments, the methods for preparing comwpounds of Formula (I} using an
engincered transarninase polypeptide under suitable reaction conditions results in af ieast about 91%,
82%, 93%, 94%, G539, 96%, 97%, 98%, 99% or greater conversion of ketone subsirate, e g,
compound of Formula (11}, to the amine product compound, e.g., componnd of Formula (I} in about
48% or tess, In about 36 h or tess, in about 24 h or less, or even less time,

[8294] I some embodiments of the process, the suiteble reaction conditions comprise a substrate
ioading of at least about 20 g/L, 30 w/L, 40 g/L, 50 g/L, 60 /L, 70 g/L, 100 g/L, or more, and whercin
the process results in at least about 919, 92%, 93%, 94%, 95%, 96%, 7%, 98%, 99% or greater
coenversion of substrate compound fo product compound in about 48h or less, in about 36 h or less, or
n about 24 hoor less.

{6295] The engimeerad transaminase polypeptides of the present disclosure when used in the process
for preparing chiral amine compeunds of Formula (I} under suitable reaction conditions result in an
diastereomeric excess of the chirad amine i at lcast 90%, 9195, 2%, 93%, 94%, 95% 7%, 98, 9%,
99.1%, 99.2%, 99.3%, 99.4%, 99.5%, 99.6%, 99.7%, 99.8%, or 99.9% d.e.

{82961 In a further embodiment of the processes, the suitable reaction conditions can comprise an
initial substrate loading to the reaction solution which is then contacted by the polypeptide. This
reaction solution is then further supplemented with addifional) substrate compoumnd a5 a continuous
addition over time at a vate of at least shout 1 ¢/L/h, at least about 2 g/U/h, at least about 4 g/L/h, at
least sbout 6 g/L/h, or higher. Thus, according to these suitable reaction condiions, polypeptide is
added 1o & solution having an initial substrate loading of at least about 20 ¢/L, 30 g/L, or 40 L. This
addition of polypeptide is then followad by continuous addition of further substrate 1o the solution at
rate of about 2 ¢/L/h, 4 ¢/L/h, or 6 g/L/h unti] 2 much higher final substrate loading of at Jeast about
30 ¢/L, 40 /L, 50 p/L, 60 /L, 70 ¢/L, 100 /L, 1530 g/L., 200 ¢/L or more, is reached. Accordingly, in
some embodiments of the process, the suitable reaction conditions comprise addition of the
polypeptide 10 a solution having an initial substrate loading of at Jeast about 20 ¢/L, 30 @/L, or 40 g/l
followed by addition of further subsirate to the sohution at a rate of about 2 g/L/h, 4 g/L/h, or 6 g/L/h
until a final substrate loading of at least about 30 g/L, 40 /L, 50 g/L, 60 g/L, 70 ¢/L, 100 g/L or more,
is reached. This substrate supplementation reaction condition allows for higher substrate loadings to
be achieved while majntabning high rates of conversion of ketone substrate to amine product of at
ieast sbout 91%, 92%, 93%, 94%, 9539, 96%, 97%, 98%, 39% or greater. In sone 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 least about 1.0 M, at least abowt 2.5 M, at leagt
about 5.0 M, at least about 7.5 M, at least about 10.0 M,

2971 [n some embodiments of the processes, the transamination reaction can comprise the
following suitable reaction conditions(a) substrate loading at about § g/l to 200 g/L,; (b} sbout 0.1 w0
50 g/t of engineered transaminase polypeptide; {c) about 0.1 to 4 M of isopropylamine (IPM}; {d)
about 0.1 10 10 g/L of pyridoxal phosphate (PLP) cofuctor; {e) pH of about 6 10 9; and (f) temperature
of about 30 o 60°C.

{62%98] W some embodiments of the processes, the transamination roaction can conyptise the

following suitable reaction conditions: {a) substrate loading at about 10 g/L to 150 g/L; (b) about 0.5
to 20 g/L of engincered wransaminase polypeptide; (¢) about 0.1 to 3 M of isopropylamine (IPM}; (d)
about 0.1 o 10 g/l of pyridoxal phosphate (PLP) cofactor; (¢} about 0.05 10 0.20 M TEA buffer; (f)
about 19 1o about 45% DMSQ; (g} pH of sbout & 1o 9; and (h) temperange of about 30 1o 63°C.
{829%] In some embodiments of the processes, the transamination reaction can comprise the
folfowing suitable reaction conditions: (a) substrate Joading at about 20 to 100 g/L; (b) about 1 to 5
g/L. of engineered fransaminase polypeptide; (¢) about 0.5 to 2 M of isopropylamine (IPM); {d) about
G212¢g yi of pyridoxal phosphate (PLP) cofactor; () about 0.1 M TEA buffer; () about 25%
DMSO; (e) pH of about 8: and (f) temperature of about 45 to 60°C.

{83067 In some embodiments, additional reaction components or additional techniques carried out to
supplement the reaction conditions, These can include taking measures to stabilize or prevent
inactivation of the enzyrve, reduce product inhibition, and/or shift reaction equilibrium Lo product
amine formation.

16301] Accordingly, in some embodiments of the process for preparing an amine, such as a chiral
amine, additional quantitics of the amino acceptor can be added (up to saturation) and/oy the amino
acceptor {ketone) formed can be continuously removed from the reaction mixture. For example,
solvent bridge or a two phase co-solvent system can be used to move the smine product 0 an
extraction solution, and thereby reduce inhibition by amine product and also shift the equilibrium
towards product formation (see, e.g., Yun and Kim, 2008, Biosci. Biotechnol. Biochem. 72{11):3030-
3033

{83621 In some cmbodiments of the processes, the suitable reaction conditions comprise the presence
of the reduced cofactor, nicotinamide adenine dimncleotide (NADH), which can act to limii the
mmactivation of the fransaminase enzyme {(see e.g., van Ophen et al, 1998, Biochemistry 37(93:2879-
£8). In such embodiments where NAD s present, a cofactor regeneration system, such as glucose
dehydrogenase (GDH) and glucose or formate dehydrogenase and formate can be ased to regencrate
the NADH in the reaction medium,

193637 In some cmbodiments, the process can further comprise removal of the carbonyl by-product
formed from the amino group donor when the amine grouop is transferred to the amino group acceptor,

Such removal in siu can reduce the rate of the reverse reaction such that the forward reaction
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dominates and more substrate is then converied to product. Removal of the carbony! by-product can
be done in a number of ways. Where the amino group donor is an amino acid, such as alanine, the
carbonyl by-produgt, a kero acid, can be remuoved by reaction with 2 peroxide (see, e.g., US
2008/0213845, incorporated herein by reforence). Peroxides that can be used include, among others,
hydrogen peroxide; peroxvacids {peracids), such as peracetic acid (CH.CGOsH), triflucroperacetic acid
and metachloroperoxybenzoic acid; organic peroxides such as t-butyl peroxide ((CH.3:COOH); or
other selective oxidants such as tetrapropylammonivm perruthenate, MnGo, KiMinQ,, rutheniom
tetroxide and related compounds, Alernatively, pyruvate removal can be achicved via its reduction to
lactate by cmploying lactate dehydrogenase (o shift equilibrium to the product amine (see, e.g.,
Koszelewski et al., 2008, Adv. Sya. Catal. 350:2761-2766). Pymivate removal can alse be achieved
via tts decarboxylation by employing pyruvate decarboxylase (see, e.g., Hohue et al., 2008, Chemn
BioChem 9:363-365) or acetolactate synthase (see, e.g., Yun and Kim, supre).
183641 Alternatively, in embodiments where an amino acid is used as amino group donor, the ket
acid carbony! by-product can be recycied back to the amino acid by reaction with ammonia and
NADH uvsing an appropriate dehydrogenase enzyme, ¢.g.. amino scid debydrogenase, in presence of
an amine donor, such as ammonia, thereby replenishing the amino group dovor,
{13051 In some embodiments, where the choice of the amino donor resuits in a carbonyl by-product
that has 2 vapor pressure higher than waier {e.g., a low boiling co-product such as a volatile orgenic
carbony! compound), the carbonyl by-product can be removed by sparging the reaction solution with
a non-reactve gas of by applying 4 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 nop-reactive gases inchinde nittogen and noble gases {e.g., inert gases). In some
mbodiments, the non-reactive gas is mitrogen gas. In some embodiments, the amino donor used in the
process is isopropylaming (TPM), which forms the carbouyl by-product acetone upon franafer of the
amino group (o the amino group acceptor. The aceione can be removed by sparging with nifrogen gas
or applying a vacuum to the reaction solution and removing the acetone from the gas phase by an
acetone trap, such as a condenser ot other cold trap. Alternatively, the acetone can be removed by
reduction to wopropano! using a transaminase,
[8306] I some enthodiments of the processes above where the carbonyl by-product is removed, the
corresponding amino group donor can be added during the transamination reaction to replenish the
amino group donor and/or maintain the pH of the reaction. Reoplenishing the amino group dovor also
shifts the equifibriom towards product formation, thereby increasing the conversion of substrate to
product. Thus, in some embodiments wherein the amino group donor 18 isopropylamine and the
acetone product is removed in sity, isopropylamine can be added to the solution to replenish the
aminoe group donor lost during the acctone removal sud to maintain the pH of the reaction.
18367] In firther embodiments, any of the above deseribed process for the conversion of substrate

compound to product compound can also comprise one or more steps selected from: extraction,
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isolation, purification, and erystalfization of product compound. Methods, technigoes, and protecols
for extracting, isolating, purifyving, 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
trough routine experimentation. Additionally, itlustrative methods are provided in the Examples
below.,

[8388] Varions featares and embodiments of the disclosure are lustrated in the foliowing

representative examples, which are intended 1o be iliustrative, and not limiting.

6. EXAMPLES

Example 11 Synthesis, Optimization, and Screening Engineered Transaminase
Polypeptides

{8389] Gene synthesis and optimization: The polynuclestide seguence encoding the 453 amino acid

wild-type o-transaminase polypeptide from Vibrio fluviaiis JS17 (Genbank Acc. No, AEA3GIR3.1,
GI: 327207066) previously was codon optimized and synthesized. The sequence of this codon-
optimized V. fluvialis wild-type transaminase gene was disclosed as SEQ D NO: 1 in
WO2011159910A2, published December 22, 2011, which is hereby incorporated by reference hergin,
This codon-optimized gene was cloned into a pCK 110900 vector system (see e.g.. US Paten
Apphication Publication 20060195947, which Is hereby mcorporated by reference herein) and
subsequently expressed in £, coli W3110/uA. The E. coli W3110 expresses the transaminase
polypeptides as an intracellolar protein under the control of the loc promoter. The polynucleotide of
the present disclosure with sequence of SEQ ID NG: | encodes an engingered transaminase
polypeptide of SEQ ID NO: 2 and was obiained by directed evolution of the codon-optimized V.
fluvialis wild-ype ransaminase gene of WO2011159910A2. The engincered transaminase
polypeptide of SEQ I NOG:2 has [0 amino acid residue differences (A9T; N4SH; WATL: F86S;
V1534, V1770, R2TIR, M294V; 8324G; and T3914) as compared to the wild-type ¥ fhnvialis
trangaminase polypeptide sequence of Genbank Ace. No. AEA39183.1, GL: 327207066, The
polynucicotide of the present disclosure with sequence of SEQ 1D NO: 1 {encoding the enginesred
polypeptide of SEQ 1D NO: 2), was further optimized to provide SEQ 1D NO: 3 which encodes the
engineered transaminase polypeptide of SEQ ID NO: 4. The engineered transaminase polypeptide of
SE( ID NO: 4 has the following 8 amino acid residuc differences as compared to SEQ ID NO: 2
T34A; L36A; REEH; A153C; A183V,; K163F; E315G; and LA4A17T. The polyoucleotide of the present
disclosure with sequence of SEQ 1D NQO: 3 {encoding the engineered transaminase polypeptide of
SEG ID WO: 4), was used as the starting backbone for further upimuzat;o*z using standard methods of
directed evolution via iterative variant library generation by gene syathesis followed by screening and
sequencing of the hiis to generate gones encoding cogineered transamninases capabie of converting

compound (2} o compound (1} with enhanced enzyme properties relative o the polypeptides SEQ 1D
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NO: 4. The resolting engineered travsaminase polypepiide sequences and specific mutations and

refative activities are listed in Tables 24 and the Sequence Listing.

Example 2:  Prodaction of Engineered Transaminases
{63181 The enginesred transaminase polypeptides were produced in host £, coli, W3T10 as an
intracellular protein expressed under the control of the lac promoter. The polypeptide accumulates
primarily as a seluble cytosolic active enzyme. A shake-flask procedure is used to generate
enginecred pelypeptide powders that can be used in activity assays or biocatalytic processes disclosed

< -
narem,

{8381} High-throughput growth and gxpression. Cells are picked and grown overnight in LB media

containing 1% ghicose and 30 pg/mL chloramphenicol (CAM) under culture conditions of 30°C, 200
rpm, and 85% humidity, A 20 pL aliguot of overnight growth are transferred to a deep well plate
containing 380 ul 2xY'T growth media containing 30 pg/ml CAM, 1 mM PTG, and incubated for
--18 b at 36°C, 200 rpm, and 85% lumudity. Subcalture TB media is made up of TB media (380
pL/well), 30 ug/mi CAM, and ImM IPTG. Cell cultares are centrifuged at 4000 rpm, 4°C for 10
minutes, and the media discarded. Cell pellets are resuspended in 250 or 400 L Lysis Buffer (0.1 M
tricthanclamine {TEA) buffer, pH 9.0, containing 400 pg/ml. PMBS and 500 ng/mi Lysozyme) and

the lysate is used in the HIP assay as deseribed below,

{83121 Production of shake flask powders (SEFP). A shake-flask procedure was used 1o geverate
engineered {ransaminase polypeptide powders used in secondary screening assays of in the
tocatalytic processes disclosed herein. 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 lysate osed in HTP assays. A single colony of £ coli contaming a plasmid encoding an
engincercd transarinase of interest is inoculated into 50 mL Luria Bertant broth containing 30 pg/mi
chioramphenicol and 1% giucose. Cells are grown overnight (at lcast 16 hours) in an incubator at
30°C with shakiog at 250 rpro. The culture 1s diluted inte 250 ml Terrific Broth (12 g/L bacto-
tryptone, 24 g/L. veast extract, 4 mL/L glycerol, 65 mM potassiom phosphate, pH 7.0, 1 mM MgS0,)
containing 30 ug/ml chioramphenicol, in a 1 Her flask to an optical density of 600 nm (ODgy) 0 0.2
and alfowed to grow at 3(0°C. Expression of the transaminase gene is induced by addition of
isopropyi-f -D-tbiogalacioside {“IPTG™) to a fival concentraiion of 1 oM when the Olew of the
culwe is 0.6 10 0.8, Incubation is then continned overnight {at feast 16 hours). Cells are harvesied by
ceatrifugation (3000 rpm. 15 min, 4°C) and the supernatant discarded. The cell pellet is resuspended
with an equal volume of cold (4°C) 1060 mM tricthanolamine {chloride} buffer, pH 7.0, and barvested
by centrifugation as above. The washed cells are resuspended in two volumes of the cold
triethanolamine (chioride) buffer and passed through a French Press twice at 12,000 psi while
maintained at 4°C. Cell debris is removed by centrifogation (8000 rpm. 45 minutes, 4°C). The cleay

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

waghing} can be stored at 4°C or -80°C.,

193131 Production of downstream process (DSP) powders: DSP powders contain approximately

R0% total protoin and accordingly provide a more purified preparation of the engineered transaminasc
enzyme as compared to the celf lysate used in the high throughput assay. Larger-scale (~100- 120 g)
fermentation of the enginecred transaminase for production of ISP powders can be carried outas a
short batch followed by a fed bateh process according to standard bioprocess methods. Briefly,
transaminase expression is induced by addition of IPTG to a final concentration of | mM. Following
fermentation, the cells ave harvested and resuspended in 100 mM Triethanolamine-I1, S04 buffer, then
mechanically disrepted by homogenization. The celi debris and nucleic acid are Hoceulated with
polvethylenimine (PEL and the suspension clarified by centrifugation. The resulting clear supernatant
is concentrated using a fangential cross-flow ultrafiliration membrane 10 remove salts and water, The
concentrated and partially purified enzyme concentrate can then be dried in a Iyophilizer and

packaged {e.g., In polyethylene containers),

&

Exampie3:  High Throughput (HTP) Screentng of Transaminases for Conversion of
Large Ketone Substrate Compounds of Formula (1) to Chival Amine
Compounnds of Formula (I}

[8384] HTP screening of cell lysates was used to guide primary selection of engineered transaminase
polypeptides having improved properties for the conversion of large ketone substrates (e.g.,
compouand {13) o chiral amine products {e.g., compound (3)).

[83%5] For preparing the lysates, cells were grown in 96-well plates as described above and lysates
prepared by dispensing 200 L (HTP assay for SEQ 1D NOs: 4-144) or 250 L (HTP assay for SEQ
ID NOs: 146-204) of Lysis Buffer (1 mg/ml lysozyme, 0.5 mg/mb polymyxin B sulfate, 1 mM PLP,
0.1 M triethanolaming (TEA), pH 7.0} into each well. Plates were sealed, shaken for 2 b, and then

centrifuged for 16 min at 4,000 rpm, 4 °C to pellet the cell debris.

[0316] HTP assay for activity of polvpeptides of SEQ ID NOw: 4-144: A 50 ub aliguot of a stock

substrate sohution (80 g/L compound (2) dissolved in DMSO) was added 1o cach well of a 96-well
plate along with 60 L of 2 pre-mixed stock solution of isopropylamine (IPM)/pyridoxal phosphate
(PLPY (3.33 M IPM and 1.67 o/L PLP in 100 mM TEA, pH 9), and 35 gl of 0.1 M TEA buffer at pH
$.0. Reactions were initiated by adding S5 pL of cell lysate/well. Plates were sealed and incobated
with shaking at 50°C for 24 h. Afier 24 b, plates were centrifuged 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.

{3177 HTP assay for activity of polvpentides of SEQ HI NOs: 146-204: A 50 ul aliguot of a stock
substrate sohution (80 g/L compound (2) dissoived in DMSO} was added (o each well of a 96-well

plate along with 60 pL of a pre-mixed stock solution of isopropylamine (IPM)/pyridoxal phosphate
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{(PLP} (3.33 M TPM and 1.67 ¢/L PLP in 100 mM TEA, pfl 9}, and 60 ul 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. Afier 24 h, plates were centrifuged for 3 min at 4600 rpm at 18°C,
Reactions were quenched with 400 gL of acetonifrile. Plates were further shaken for 5 vun at room
temperature and then fiwther centrifuged for 15 min at 4000 rpm at 18°C to pellet all debris. Samples

were examined by HPLC as described in Example 4.

[8318] HTP assav for % de of compound (1) produced by polypeptides of SEQ ID NOw: 146-204: A

50 uL aliquot of a stock substrate solution (40 g/L compound (2) dissolved in BMSO) was added to
cach well of a 96-wel plate along with 60 pl. of a pre-mixed stock solution of isopropylamine
IPMypyridoxal phosphate (PLE) (3.33 M IPM and 1.67 g/L PLP i 100 mM TEA, pH 9). Reactions
were initiated by adding 90 pL of cell lysate/well. Plates were sealed and incubated with shaking at
250 rpm at 60°C for 48 h. Afler 48 b, plates were contrifaged for 3 min af 4000 rpm at 18°C.
Reactions were guenched with 400 pL of acetonitrile. Plates were further shaken for 5 min at room
temperature 1o ensure all substrates and products were dissolved. Plates were centrifuged for 15 min
at 4000 pm at 13°C {6 pellet all debris. Samples were examined by HPLC as described in Example
4.,

Exampie4:  Analytical Procedurss

{8319] HPLC Analvsis of Activity of HTP Reactions: Samples for HPLC analysis of activity were

prepared by taking a 20 pL aliguot of the quenched HTP reaction as in Example 3 and adding to 180
uL of 2 diluent solution containing 1:1 acetonitrile: water and 0.37% (v/v} concentrate HCL The

samples were subject 1o HPFLC analysis under the following conditions.

Column Water Symmetry C18, 5 pm, 4.6 X100 mum with guard column
Temperature 25°C
Mobile Phase Gradient. A: Acetonitrile/0.05% TFA; B Water/0.05% TFA
Time (min} A% B%
0 20 80
i3 55 45
2.35 35 45
2.60 20 &0
2.70 260 80
Post-run = 0.3 min; Total Run time = 3.0 min
Flow Rate 2.0 mL/min
Dietection 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 (2)): 2.16 min

{83267 Conversien of compound (2) 1o compound {§} was determined from the resulting

chromatograms as follows:

Conversion (%) = Product Area / (Product Area + Substrate Area) x 100%

{63221 HPLC Apalysis Tor Product Chiral Purity (%o de): Samples for HPLC analysis of chiral purity

or diastercomeric excess of compound {1} were prepared by taking a 40 gL aliquot of the quenched
HTP reaction as in Example 3 and adding to 160 pL of a diluent solution containing 1.7 acetonifrile:
water and (.84% (v/v) concentrate HCL The samples were subject to HPLC analysis under the

following conditions.

Colump Water Symmetry C18, 5 wm, 4.6 X100 mum with guard cohsmm

Temperature 25°C

Mobile Phase Gradient. A: Acetonitrile/00.05% TFA; B: Water/0.05% TFA

Time {min} A% B%
0 20 §0
0.20 20 20
210 55 45
4.00 55 45
4.30 20 80
5.50 20 50
Post-run = 0.5 min: Totad Run time = 6.0 min

¥low Rate 1.3 mi/min

Detection 210 nmy; reference = 360 nm

Tajection volume 10 ul

Retention Times S-amine product: 2.17 min

Reamine product (compound (1)) 2.44 min;
Ketone substrate (compound (23 3.37 min

Example 5t Process for Conversion of Large Ketone Substrate Compounnds of
Formula (I7) to Chiral Amine Compounds of Formala (1) at 1§ wl Scalke

{0322] SFP preparations of the cnginecred transaminase polypeptides of SEQ D NO: 4, ], 286, 36,
40, 7R, 100, 102, 148, 156, 160, 170, 172, 180, and 198 were used mn 10 mi scale reactions of the
conversion of a large ketone substrate of compound {2} to chiral amine compound {1). These
reactions demonstrate how these biocatalysts can be used for the preparation of compounds of

Formula (). The reactions at 10 mL scale were carried out as follows. To a 20 ml glasg vial
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equipped with a cross-shaped magnetic stirring bar was added 4 mL of 100 mdM TEA buffer (pH 8.0).
2 ml of 5 M IPMHC! stock solution was added 1o the vial followed by 1 mL of 5 miM PLP stock
solution. The pH of the solution ~ 8.0, The mixture was stivred at 500 rpm (magnetic stirring). 200
mg of ketone substrate of compound (2} was dissolved in 2.5 mL of DMSO and then added 1o the
vial. The pH of the muoxtare was adjusted to 8.0 using 1.0 M NaOH solution. Finally, a 6.5 miL
aliquot of 40 g/L stock solution of 2 DSP preparation of engineered transaminase polypeptide was
added to start the reaction, Final concentrations of components were: 20 g/L of compound (2); 0.5
¢/L PLP; 1 MIPM; 25% v/v DMB(; 2 o/ transamivase polypeptide preparation; and 100 mM TEA,
pH 7.0, The mixture was then stured on a hot plate at 55°C.

{63237 Samples of 10 pl were taken a1 different time points and diluted with 200 ul.
acetonitrilerwater (1:1). 1 pl. of concentrated HCI was added to the sample and if was cenirifuged for
5 min at 20,000 rpm. These samples were analyzed by HPLC to monitor time course of the reaction.
After 24 b, the reaction mixtarcs were quenched with 10 mL acetonitrile and the mixture analyzed by
HPLC fo get the final % conversion of comapound (2} to product compound {1}, Results for %

conversion of compound (2) to product compound {1} after 24 b are shown in Table 2B,

{8324] Al publications, patents, patent applications and other documents cited tn this application are
hereby incorporated by reference in their entireties for all purposes fo the same extent as if each
individual publication, patent, patent application or other document were individually indicated to be
incorporated by reference for all purposes.

183281 While varions specific embodiments have been llustrated and described, #t will be
appreciated that various changes can be made without departing from the spirit and scope of the

invention(s).



What is claimed is:

1

P

An engineered polypeptide having transaminase activity, comprising an amino acid sequence (a)
having at least 80% identity to SEQ ID NO: 2, (b) comprising residue differences as compared to
SEQ ID NO: 2 at residue positions X34, X56, X88, X135, and X417, wherein the residue
differences at residue positions X56, andX88, are selected from: X56A/C, and X88H/Y, and {c}
further comprising residue differences as compared to SEQ ID NO:2 at residue positions X31M,
K3TP/L, X153C, X163F, and X323T.

The engineered polypeptide of claim 1 in which the residue differences at the residue positions
X34, and X155, are selected from X34A, and X155V |

The engineered polypeptide of claim 1 or 2 in which the amino acid sequence comprises at [sast
one or more residue differences as compared to SEQ ID NO: 2 selected from: X34A, X564,
XBRH, X153C, and X155V,

The engineered polypeptide of elaim 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: X86N/S,
X2337, X383V, and X417T.

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,
XS7L, X868, X153C, X155V, X163F, and X417T.

The engineered polypeptide of claim 5 in which the amino acid sequence further comprises the
residue difference as compared to SEQ ID NO: 2 of X316N.

The engineered pofypeptide of claim 6 in which the amino acid sequence further comprises a
residue difference as compared to SEQ ID NO: 2 selected from X3831/T, X415H, and X4308.

The engineered polypeptide of claim 7 in which the amino acid sequence further comprises a
residue difference or combination of residue differences as compared to SEQ 1D NO: 2 selected

from:
X107G, X113L, X233T, and;

X383 and
X147H, and X383L
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13.

14.

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
comprises one or more residue differences as compared to SEQ ID NO: 2 selected from: X347,
X155V, and X323T.

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),

H
\\‘ BN O’“"{ ‘>
VA N
"I'MQ \\ " H H
/"'“‘w.. /,,i\ \L l,;«».../ i
[olBH
HEN?"' . .,,/‘é\.\/ ar”
(2} to compound (1}, H

(1), wherein the amino acid sequence comprises one of more residue differences as compared fo
SEQ ID NO: 2 selected from: X56A, X88H, X153C, and X417T,

The engineered polypeptide of claim 1 in which the transaminase has increased enantioselectivity
as compared to the polypeptide of SEQ I NO: 4 in converting compound (2) to compound (1),
wherein the amino acid sequence comprises one or more residue differences as compared to SEQ
ID NG: 7 selected from: X37F, and X153C.

. 'The enginecred 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, X34A, X533M, X73R, X86C/N/S/Y, X107G, X113C/L/P, X146L, X147H/R/V,
X155A/v, X165F, X171Q, X178W, X190K, X206K, X228G, X233T/V, X235P, X244T, X251V,
K259V, X268A, X27T7A, ¥X286C/H, X312N, X314N, X315G, X316 A/CHEMNS/T, X317L,
X319N, X358K., X366H, X3§IC/F/H/LI/M/TIV, X395P, X3994, X4141, X415A/GH/LIV,
X4I1TTIV, X424, X426R, X427Y, X434T, and X4508.

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.

The engineered polypeptide of ciaim 1 in which the amino acid sequence comprises a sequence

selected from SEQ ID NO: 148, 150, 156, 158, 160, 162, 164, 166, 170, 172, 178, 180, 182, 184,
190, and 192.
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16.

17.

18.

19.

24,

. The engineered polypeptide of any one of claims 1 1o 14 in which the polypeptide is immobilized

on a solid support.

The engineered polypeptide of claim 15 in which the solid support is a bead or resin comprising
polymethacrylate with epoxide functional groups, polymethacrylate with amino epoxide
fonctional groups, styrene/DVR copolymer or polymethacrylate with octadecy! functional groups
A polynucleotide encoding the engineered transaminase polypeptide of any one of claims 1 fo 14.
A polynucleotide encoding the engineered transaminase polypeptide of claim 1, comprising a
nucleotide sequence selected from SEQ D NO: 147, 149, 155, 157, 1539, 161, 163, 165, 169, 171,

177,179, 181, 183,189, and 191.

An expression vector comprising the polynucieotide of claim 17 or 18,

. The expression vector of clabm 19 comprising a control sequence

. A host cell comprising the polynucleotide of claim 17 or 18 or the expression vector of claim 19

or 2.

. A method of preparing the engineered polypeptide of any one of clabms 1 to 14, comprising

culturing the host cell of clatm 21 under conditions suitable for expression of the polypeptide.

. The method of ciaim 22, further comprising isolating the engineered polypeptide.

A process for preparing an amine compound of Formula (¥},

@

wherein

Ring A is a 6-membered carbocyclic ring, optionally including an wnsaturated 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
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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 methyt;

Rine C is a 5- or 6-membered carbocyclic ring (i.e., m = 0 or 1), optionally substituted at

position 11 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 (C;-Cgalkyl, straight-chain or branched (C,-Cy)alkenyl,
straight-chain or branched (C,-C;)alkylamino, and cyclopropyl bridging 1o position 12;

at position 15 or position 16 with a group selected from halo, hydroxy, amino,
carboxy, cyano, nitro, thio, optionally substituted (C;-Cglalkyl, hydroxy{C,-Cg)alkyl,
optionally substituted({C,-Cgjalkyloxy, optionally substituted (C;-Cgalkylamino, optionally
substituted (C;-Cg)dialkylaminoe, optionally substituted (C,-Cglalkylthio, optionally
substituted (C,-Coalkylsutfonyl, optionally substituted (C,-Coalkylsulfinyl, carboxy(C;-
Cyalkyl, (C-Cg)alkyloxycarbonyl, (C)-Cglalkylcarbonyloxy, optionally substituted
aminocarbonyl, aminocarbonyl(C,-Cglalkyl, optionally substituted cycloalkyl, optionally
substituted heterocycloalkyl, optionally substituted aryl, optionally substituted heteroaryl,
optionally substituted aryloxy, optionally substituted arylamino, optionally substituted
arylthio, optionally substituted aryisulfonyl, optionally substituted arylsulfinyl, optionally
substituted aryloxycarbonyl, optionally substitated arylcarbonyloxy, optionally substituted
heteroaryloxy, optionally substituted heteroarylamino, optionally substituted heteroaryithio,
optionally substituted heteroarylsutfonyl, optionally substituted heteroarylsulfinyl, optionally
substituted heteroaryloxycarbonyl, optionally substituted heterocarylcarbonyloxy,
alkkylaminosulfonyl{Ci-Cg)alkyl, arylsulfonyl(C,-Cglalkyl, and heteroarylsulfonyl(C;-
Ceyalkyl;

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

HoNY

(B

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

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 (¥) is the compound of

Formula (Ia)

(i)

wherein
Rings A and B comprise one of the following:
(a) an umsaturated C-C bond between positions 5 and &6;
{(b) an unsatarated C-C bond between positions 5 and 10;
¢) a hydrogen at position 5 ¢is to the methyl group at position 4; or
(d) a2 hydrogen at position 3 zrans 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
orbranched (C)-Calkyl, straight-chain or branched {C;-Clalkenyl, and straight-chain or
branched (C,-Cy)alkylamino; and

R* is selected from hydrogen, halo, hydroxy, amino, carboxy, cyano, nitro, thie, optionally
sabstituted (C,-Cglalkyl, hydroxy(C,-Cg)alkyl, opticnally substituted(C,-Cg)alkyloxy, optionally
substituted (C,-Cgalkylamino, optionally substituted (C,;-Cg)dialkylamino, optionally substituted
(C)-Cy)alkylthio, optionally substituted (C,-Cy)alkylsulfonyl, optionally substituted (C-
Coralkylsulfinyl, carboxy(C,-Cealkyl, (C;-Cealkyloxycarbonyl, (C-Celalkylcarbonyloxy,
optionally substituted aminocarbonyl, and aminocarbonyl(C;~Cgalkyl;
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and wherein the method comprises contacting the ketone substrate compound of Formula
(Ila),

{Iia)

wherein rings A, B, C, and D, and R', R?, 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 (£} 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 af position 4; or
(d) a hydrogen at position 3 frans to the methyl group at position 4;
Ring I comprises an unsaturated C-C bond between positions 12 and 14, or a bridging
cyclopropyl between positions 12 and 14;

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



R? is selected from hydrogern, halo, hydroxy, amino, carboxy, cyano, nitro, thio, straight-chain
or branched (C,-Cyalkyl, straight-chain or branched (C;-C,)alkenyl, and straight-chain or branched
(C1-Cy)alkylamino; and

R? is selected from hydrogen, halo, hydroxy, amino, carboxy, cyano, nitro, thio, optionally
substituted (C;-Cg)alkyl, hydroxy(C;-Cylalkyl, optionally substituted(C;-Csalkyloxy, optionally
substituted (C,;-Cq)alkylamino, optionally substituted (C;-Cg)dialkylamino, optionally substituted (C;-
Ce)alkylthio, optionally substituted (C,-Cq)alkylsulfonyl, optionally substituted (C,-Cq)alkylsulfinyl,
carboxy(C,-Cglalkyl, (C,-Celalkyloxycarbonyl, (C;-Cealkylcarbonyloxy, optionally substituted

aminocarbonyl, and aminocarbonyl{C,-Cglalkyl;

and wherein the method comprises contacting the ketone substrate compound of Formula

-

(1Ib),

(b}
wherein rings A, B, C, and D, and R', R?, and R® are as defined above for the compound of
Formuta {Eb),
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)

(e}

wherein
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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 3 eis to the methyl group at position 4; or
{d) a hydrogen at position 5 trans to the methy] 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 (C,-Cy)alkyl, straight-chain or branched (C,-Cgjalkenyl, and straighi-chain or branched
(C-Cslalkylaming; and

R? is selected from hydrogen, halo, hydroxy, amino, carboxy, cyano, nitro, thio, optionally
substituted (C-Cgalkyl, hydroxy(C;-Ce)alkyl, optionally substituted(C,-Cs)alkyioxy, optionally
substituted (C;-Cgjalkylamino, optionally substituted (C,-Cy)dialkylamino, optionally substituted (C;-
Cyralkyithio, optionally substituted (C,-Cgalkylsulfonyl, optionally substituted {C;-Cqjalkyisnlfinyl,
carboxy(Cy-Colalkyl, (C~Celalkyloxycarbonyl, (Ci-Celalkylcarbonyloxy, optionally substituted
aminocarbonyl, and aminocarbonyl(C,-Cylalkyl;

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

(Hic)

wherein rings A, B, C, and D, and R!, R’ and R’ are as defined above for the compound of

Formula (fe),
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 (E) is the compound of

Formula (id)
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(Idj

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 {C;-Celalkyl, hydroxy(C;-Cglalkyl, optionally substituted(C;-
Cyralkyloxy, optionally substituted (C;-Cglalkytamino, optionally substituted (C,-Cy)dialkylamino,
optionally substituted (C,-Cqjalkylthio, optionally substituted (C,;-Cgalkylsulfonyl, optionalty
substituted (C;-Cglalkylsulfinyl, carboxy(C-Celalkyl, (Ci-Cqlalkyloxycarbonyl, (C,-
Cealkylcarbonyloxy, optionally substituted aminocarbonyl, aminocarbonyl(C;-Cslalkyl, 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 substitted heteroarylthio,
optionally substituted heteroarylsulfonyl, optionally substituted heteroarylsuifinyl, optionaily
substituted heteroaryloxycarbonyl, optionally substituted heteroaryicarbonyloxy,
alkylaminosulfonyl(C-Cg)alkyl, aryisulfonyl(C,-Celalicyl, and heteroaryisulfonyl{(C;-Cgatkyl;

RY, RY, and R’ are selected independently from hydrogen, halo, hydroxy, amino, carboxy,
cyano, nitro, thio, straight-chain or branched (C,-Cyyalkyl, straight-chain or branched (C,-Cyalkenyl,
and straight-chain or branched {C,-Cy)alkylamino; and

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

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

R4 2
: meR
b F; el R‘;

(Iid)
wherein R', RZ R, R R, 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 1o 16 in the presence of
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30.

32.

33,

34,

35.

36.

37.

38.

39.

an amino donor under suitable reaction conditions.

. The process of any one of claims 24 to 28 in which the substrate compound of Formula (8f) isata

loading of 0.5t0 200g/L, 110 200/1, 5t 150¢g/L, 10t 100g/1,or 20to 100 g/L.

The process of clabm 28 'in which the substrate compound of Formula (IT) is at a loading of at
least about 0.5 /L, 1 g/L, 5 ¢/L, 10 g/L, 20 gL, 30 g/L, 40 g/L, 50 g/L, 100 g/L, 150 /L, or 200
g/l

. The process of any one of ciaims 24 to 30 i which the amino donor is selected from the group

consisting of isopropylamine, L-lysine, o-phenethylamine, D-alanine, L-alanine, or D,L-alanine,

or D,L-omithine.
The process of clafm 31 in which the amino donor is isopropylamine (IPM).

The process of claim 32 in which the isopropylamine is at a concentration of 0.1tc 3M,0.2t0
25M, 05t0 2M,0r 110 2M.

The process of claim 33 in which the isopropylamine is at a concentration of about 0.1 M, 0.2 M,
03M,04M,05M,06MO7M08M IMISM2M 25M,0or3M.

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.

The process of claim 36 in which the buffer comprises TEA, wherein the TEA concentration is
00110 04M, 00510 04M, 0.1t0 03M,0or 0.1to 0.2M.

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,0.07M, 0.1 M, 012 M, 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 ffom 6to 12,pH from 6to 10,pH from 6to § pHfrom 7to 10, pH from 7t 9,
orpH from 710 8.
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40.

41,

43,

46.

47.

48.

49,

50.

51.

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.

The process of any one of claims 24 to 40 in which the suitable reaction conditions comprise a
temperature of 10°Cto 70°C, 10°Cto 65°C, 15°Cto 60°C, 20°Cto 60°C, 20°Cto
55°C, 30°Cio 35°C, or 50°Cto 60°C.

. The process of claim 41 in which the suitable reaction conditions comprise a temperature of at

Teast 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.

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 0.1 g/Lto 10 g/L,
02g/lto 5g/l,or 05g/lto 2.5¢g/L.

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

ofabout 0.1 /L, 0.2 ¢g/L, 0.5 /L, 1 g/L, 2.5 ¢/L, 5 g/L,, or 10 g/L.

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

co-solvent.

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

The process of claim 46 in which the co-solvent is selected from a polyol, DMSQO, or lower

alcohol.

The process of claim 47 in which the co-solvent is DMSO

The process of claim 44 in which the DMSO is present at a concentration of from 1% to  40%

viv, 2% to 30% vivior 5% to 25% viv.

The process of claim 49 in which the DM SO is present at a concentration of about 1% v/v, 2%

viv, 5% viv, 10% v/v, 15% viv, 20% viv, 25% viv, 30% viv, 35% viv, 35% viv, or 40% viv.

The process of ckaims 24 to 3¢ in which the transaminase polypeptide is at a concentration of
0.0l to 50g/L, 0.05t0 50¢g/L, O.1to 40g/L, Tto 40¢/L, 2t 40g/lL, 5to 40¢L, 3
10 30g/l, Oltwo 10¢/dL, 05t 10gl, 1to 10gL, 01t 5S¢/, 05t 5S¢/, or 0.1

to 2 g/L.
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52. The process of clatm 531 in which the transaminase potypeptide is at a concentration of about (.01
/L, 0.05gL,01 /1, 02¢/L,05¢M,1eL,2g/L,5g/L,10¢L,15¢/L,20¢L,25gL,30¢gL,
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 5 g/L to 200 g/L;
(b) 0.11t0 30 g/L of engineered transaminase polypeptide;
(c) 0.1to4 M of isopropylamine (IPM);
(d) 0.110 10 g/L of pyridoxal phosphate (PLP) cofactor;
(eypHof 6109; and

{f} temperature of 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 10 g/L to 150 g/L;
{b) 0.510 20 g/L of engincered transaminase polypeptide;
{¢) 0.1to3 M ofisopropylamine (IPM);
(@) 0.1to 10 ¢/L of pyridoxal phosphate (PLP) cofactor;
(e} 0.05 to 0.20 M triethanolamine (TEA) budffer;
{fy 1%to 45% DMSO;
() pHof 6to9; and
(h) temperature of 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 20 to 100 g/L;
(b) 1103 g/L of engineered transaminase polypeptide;
(cy 0.5t02 M of isopropylamine {IPM);
{d) 0.2to2 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 45 to 60°C.
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