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ENGINEERED TRANSAMINASE POLYPEPTIDES FOR INDUSTRIAL BIOCATALYSIS

{0091] The present application claims priority to co-pending US Provisional Apphn, Ser. No.

61/770,8 14, filed February 28, 2013, which is incorporated for all purposes in its entirety.

1. TECHNICAL FIELD
{0602] The disclosure relates to engineered transaminase polypeptides useful umder industrial process

conditions {or the production of pharmaceutical and fine chemical amine compounds.

2 REFERENCE TO SEQUENCE LISTING, TABLE OR COMPUTER PROGRAM

{0803] The official copy of ihe Sequence Listing is submitted concurrently with the specification as an
ASCI formatted text file via EFS-Web, with a file name of “CX2-129W02_ST25.4xt”, a creation date of
January 29, 2014 and a size of 647,890 byies. The Sequence Listing filed via EFS-Web is part of the

specification and incorporated in its entirety by reference herein.

3 BACKGROUND

[0064] Transuminases (B.C. 2.6.13 catalyze the transfor of an amino group, a pair of electrons, snd a
proton from an amino donor compound to the keto group of an amino acceptor compowmd. Transaminase
teactions can result in the formation of 2 chiral amine product compound. ‘As shown in Scheme 1, an
amino acceptor compound (B) (which is the keto substrate precursorofa desired chiral amine product
(D)) is reacted with an-amino donor compound {A) in the presence of a transaminase. The transaminase
catalyzes the transfer of the primary amine group of the amino dosor compound (A) (o the keto group of
the amino acceptor compound (B). The transaminase reaction results in a chiral amine product
compound (D} (assuming R’ is not the same as R”) and a new amino acceptor byproduct (or “carbonyl

byproduct”) compound (C) which has a keto group.
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[6805] Chiral mirine compounds are frequently used in the pharmaceutical, agrochemical and chemical
industries as intetmediates or synthons for the preparation of wide range of commercially desired
compounds, such as cephalosporine or pyrroliding derivatives. Typically these industrial applications of

chiral amine compounds involve using only one particular stercomeric form of the molecule, e.g., only
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the (&) or the (5) enantiomer is physiologically active. Transaminases are highly stereosclective and

have many potential industriai nses for the synthesis of optically pure chiral amine compounds.

[0606] Examples of the uses of transaminases to make chiral amine compounds include: the
enantiomeric enrichment of anino acids (See e.g., Shin et al., 2001, Biosei. Biotechnol. Biochem.
65:1782-1788; Twasaki etal, 2003, Biotech. Lett. 25:1843-1846; Twasaki et al., 2004, Appl. Microb.
Bictech. 69:499-508, Yun et al,, 2004, Appl. Environ. Microbiol. 70:2529-2534; and Hwang et al., 2004,
Enzym Microbiol. Techuol. 34:429-426); the preparation of intermediates and precursors of pregabalin
{e.g., WO 2008/127646); the enzymatic transamination of cyclopamine analogs {e.g., WO 2011/017551);
the stereospecific synthesis and enantiomeric enrichment of B-amino acids {e.g., WO 2005/005633); the
enantiomeric-entichment of amines (e.g., US Patent No. US 4,950,606; US Patent No. 5,300,437; snd US
Patent No. 5,169,780); the production of amino acids and derivatives (e. &, US Patent No. 5,316,943; US
Patent MNo. 4,518,692; US Patent No. 4,826,766; US Patent No. 6,197,558; and US Patent No.
4,600,692, and in the production of the pharmaceuntical compounds, sitagliptin, rivastigmine, and
vermnakalant (See e.g., US Pat, No. 8,293,507 B2, issued Qct. 23, 2012; Savile, ez al., 2010, “Biocatalytic
asymmelric synihesis of chiral amines from kelones applhied to sitagliptin manufacture,” Science
328(5989): 305-9; WO2011/159910, published Dee. 22, 2011; and W(2012/024104, published Feb. 23,
2012).

0007} Wild-type transaminases having the ability to catalyze a reaction of Scheme 1 have been isolated
from various microorganisms, including, but not limited to, dicaligenes denitrificans, Bordetelly
bronchiseptica, Bordetella parapertussis, Brucella melitensis, Rurkholderia malle, Burkholderia
pseudomaliei, Chromobacterium violaceum, Oceanicola granulosus HTCC2516, Oceanobacter sp.
REDGS, Oceanospiriilum sp. MEDY2, Pseudomonas putida, Ralstonia solanacearum, Rhizobium
meliloti, Rhizobium sp. (strain NGR234), Bacillus thuringensis, Klebsiella pnewowonia, Vibrio fluvialis
(Sec ¢.g. Shin et al, 2001, Biosci. Biotechnol, Biochem. 65:1782-1788), and Arthrobacter sp. KNKI168
(Seee.g, Iwasaki ctal, dppl. Microbiol. Biotechnol., 2006, 69 499-505, U.8. Pat. No. 7,169,592).
Several of these wild-type transmininase genes and encoded polypeptides have been sequenced, inchuding
e.g. Ralstonia solanacearum (Genbank Ace. No. YP_002257813.1, GE:207739420), Buskholderia
pseudomaflel 1710b (Genbank Acc. No. ABA47738.1, G1:76578263), Bordetella petrii (Genbank Ace.
No. AM02716.1, GL163258032), Vibrio fluvialis JS17 ((Genbank Acc. No. ABA39183.1, GL:
327207066}, and Arthrobacter sp. KNKI168 (GenBank Ace. No. BAK39753.1, GL336088341). At least
two wild-type transaminases of clagses EC 2.6.1.18 and EC 2.6.1-19, have been erystallized and
structurally characterized (See e.g., Yonaha etal, 1983, Agric. Biol. Chem, 47 (10)%:2257-2265).

[0008] Transaminases are known that have (R)-selective or (S)-selective siercoselectively. For cxample,
the wild-type transaminasc from Arthrobacter sp. KNK 168 is considered (R)-selective and produces
primatily (&)-avsine compounds from certain substrates (See e.g., Iwasaki et al., Appl. Microbiol.

Biotechnol., 2006, 69: 499-503, 11.5. Pat. Ne. 7,169,592), whereas the wild-type transaminase from
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Vibrio fluvialis J§17 is considered (S)-selective and produces primarily ($)-amine compounds from
certain substrates (See e.g, Shin ef af, “Purification, characterization, and molecular cloning of a novel
amine:pyruvate transaminase from ¥ibrio fluvialis J§17." Appl. Microbiol. Biotechnol. G1 (5-6), 463-471
(2003)).

[6089] Non-naturally cccurring transaminases having (R)-selectivity, mereased solvent and thermal
stability, and other improved properties for the conversion of & wide range of amino acceptor substrates,
have been generated by mutagenesis and/or directed evelution of wild-type and other engineered
transaminase backbone sequences (Sce c.g, US Pat. No. 8,293,507 B2, issued Oct, 23, 2012;
W02011/005477 A1, published Jan. 13, 2011; W02012/024104, published Eeb. 23, 2012; and Savile, ef
al., 2010, “Biocatalytic asymmetric synthesis of chiral anines from ketones applied to sitagliptin

manufacture,” Science 329(5989): 305-9).

[00318] However, transaminascs generally kave properties that are undesirable for commercial
application n the preparation of chiral amine compounds, such as instability to industriafly usefu
process conditions (e.g., selvent, temperature), poor recognition of, and stereoselectivity for,
commercially useful amino acceptor and/or aming donor substrates, and low product yields due to
unfavorable reaction equilibrium. Thus, there is a need for engincered transaminases that can be used in

industrial processes for preparing chiral amines compounds in an optically active form.

4, SUMMARY

{0011] The present disclosure provides engincered polypeptides having transaminase activity,
polynucleotides encoding the polypeptides, methods of the making the polypeptides, and methods of
using the polypeptides for the biocatalytic conversion of amino acceptor substrate compounds (z.e., keto
group containing compounds) to chiral amine product compounds. The transaminasce polypeptides of the
present disclosure have been engineered to have one or more residue differences us compared o a.
previously engineered transaminase polypeptide (of amino acid sequence SEQ 1D NO:2) and associated
enfianced solvént and thermal stability relative to previously engineered transaminase polypoptides (See
e.g., US 8,293,507 B2, issued Oct. 23, 2012; PCT Publication WO2011005477A1, published Jan, 13,
2011, and PCT publication WO2012024104, published Feb. 23, 2012). The amine residue differences
are located at residue positions that result in improvement of various ensyme properties, inctuding among
others, activity, stereoselectivity, stability, expression, and product iolerance.

{0812} In particular, the engineered transaminase polypeptides of the present disclosure have been
engineered for efficient conversion of the substrate, 4-ox0-4-{3-(trifluoromethyl)-5,6-
dihydro{1,2,4]triazolo{ 4,3-alpyrazin-7(8/1)-yi]-1-(2,4,5-triflucrophenyi)butan-2-one (referred to herein
as “compound (2)”) to its corresponding chiral amine product compound, (ZR)-4-0x0-4-[3-
(ﬂ*iﬁuammcthyi)-S,é»d.ih_ydro[l,2._4]?1’132010!_’4,}51] pyrazin-7{8H)-y1]-1-(2,4,5-trifluorophenylbutan-2-

amine {refeired to herein as “compound (1Y) as shown in Scheme 2,
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[0813] Compound (1}, also known by the name “sitaghiptin,” is the active ingredient in JANUVIA®, a
pharmaceuatical product which has received marketing approval in the U.S. and other countries for the
treatment of Type 2 diabetes.

[0834] The evolved structural features of the engineered transaminase polypeptides of the present-
disclosure, however, also allow for the biocatalytic conversion of a range of ketone substrate compounds
of Formala (IT} (including compounds other than compound (2)} to their correspending chiral amine
produet compounds of Formula (E) (including compounds other than compound (1)) as shown in Scheme
3,

Scheme 3
O O NH, ©O
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wherein

Zis OR? orNRZR3;

RE s C1.g alkyl, aryl, heteroaryl, aryl-C1.2 alkyl, heteroatyl-C .2 alkyl, or a 5- to 6-membered
heterocyclic ring system optionally containing an additional heteroatom selected from O, 8, and N, the
heterocyclic ring being unsubstituted or substituted with one 10 three substituents independently selected
from oxo, hydroxy, halogen, (1.4 alkoxy, and C1_4 alkyl, wherein alkyl and alkoxy are unsubstituted or
substituted with ong to five fluorines;;

R2 and R3 are each independently hydrogen, C1-g alkyl, aryl, or aryl-Cro alkyl; or

®2 and R3 together with the nitrogen alom to which they are attached form a 4- to 7-membered
heterocyclic ring Sysieﬁl optionally containing an additional heteroatom sclected from O, S, and N, the
heterocyelic ring being unsubstituted or substituted with one fo thres substituents independenily selected
from oxo, hydroxy, halogen, Cj-4 alkoxy, and Cy.4 alkyl, whercin alkyl and alkoxy are unsubstituted or
substituted with one to five fluorines; and the heterocyclic ring system being optionally fused with a 5- to

6-membered saturated or aromatic carbocyclic ring system or 2 5- to 6-membered saturated or aromatic



heteroeyclic ring system containing one to two heteroatoms selected from O, 8, and N, the fused ting
system being unsubstituted or substituied with one to two substituents selected from hydroxy, amino,

fuorine, C1-4 alkyl, C1-4 atkoxy, and trifluoromethyl.

[0015] In some.embodiments, the engincered fransaminase polypeptide are capable. of biocatalytic
conversion of compounds of Formula (IT) to compounds of Formula (I} having the indicated
stereochemical configuration at the stereogenic center marked with an *; in an enantiomeric excess of
at least 10% over the opposite enantiomer.

[0016] In one aspect, there is provided an engineered polypeptide having transaminase activity
comprising an amino acid sequence having at least 95% sequence identity to reference sequénce of SEQ
ID NO:2, an amino acid residue difference as compared to SEQID NO'2 at position 126, wherein said
amino acid residue af position 126 is alaninc, and () an amino acid residue difference as compared to
SEQ ID NO:2 selected from X33L, X36C, X41C/F/K/MMN/R, X42G, X483D/E/G/K/T, X51K, X54P,
X768, X122F/Q, X148Q, X152T, X155A//K/T/V, X156R, X160P, X215G/H/L, X241R, X270T,
X273H, X325M; and X241R, or (b) a combination of residue differences selested from: X42G, X54P,

X 1528, and X155T; X42G, X54P, X 1328, X155T, and R164P; X42G, X54P, X150F, X 1528, and
X155T; X424, X54P, X150F, X1528, X155T, and X267V; X42G, X54P, X150F, X1528, X135L,
W156Q, and C215G; X42G, X54P, X150F, X1528, X 155T, X215G, and X267V; X33L; X42G, X54P,
X117G; X150F, X1528, X155[, X156Q, and C215G; and X41K, X42G, X54P, X150F, X1528, X155K,
X156Q, and C215G; X33L, X42G, X54P, X109S, X150F, X1528, X155K, X156Q, and X215H: X33L,
X42G, X54P, X150F, X1528, X155, X156Q, and X215G; X331, X42G, X54P, X150F, X 1528, X155K,
X156, and X215H; X33L, X42G, X54P, X150F, X1528, X155L, X156Q, and X215H; X33L, X42G,
X54P, X150F, X1528, X155L, X156Q, X215H, and X241R; X41F, X42G, X54P, X122Q, X150F,
X152T, X155V, X156Q}, and X215G; X41F, X42G, X54P, X150F, X152, X155L, X156Q, X1711,
X215G, and X241R; X41F, X42G, X54P, X150F, X1528, X 1551, X156Q, V1711, and X215G; X41F,
X426, X54P, X150F, X1528, X1551, X156Q, and X215G; X41F, X42G, X54P, X150F, X1528, X155,
X156Q, X1711,-and X215G; X41F, X42G, X54P, X150F, X1528, X155L, X1560, and X215G; X42G,
X48G, X54P, X150F, X528, X155L, X156Q, and X21511; X42G, X54P, X60V, X150F, X1528,
X1551, X156Q, and X215G; X42G, X54P, X68A, X150F, X1528, X1535L, X156Q, and X215G; X423,
X54P, X698, X150F, X1528, X1551, X1560Q, and X215G; X42G, X54P, X122Q, X150F, X1528,
X1551,. X156Q, X215G, and X241R; X42G, X54P, X1220Q, X150F, X1528, X155L, X156Q, X1711,
X215G, and X241R; X42G, X54P, X122Q, X150F, X152T, X155V, X156Q, X1711, X215G, and
X241R; X42G, X54P, X1351, X136Y, X150F, X1528, X155L,



X1560Q, X215G, X282V, and X284P; X42G, X54P, X150F, X1528, X1551, X156Q, X1711, X215G, and
X241R; X42G, X54P, X150F, X1528, X155L, X156Q, X193M, and X215G; X42G, X54P, X150F,
X1528, X155L, X156Q, X215G, X282V, and X284I; X42G, X54P, X150F, X1528, X155L, X156Q,
X215G, and X283S; X42G, X54P, X150F, X1528, X155L, X156Q, X215G, and X284[; and X42G,
X54P, X150F, X1528, X155L, X156Y, and X215G.

[0017] In some embodiments of the engineered polypeptides having transaminase activity of the present
disclosure, the amino acid sequence can further comprise one or more residue differences as compared to
SEQ ID NO:2 selected from: X5K, X331, X36C, X41C/F/K/M/N/R, X42A/G, X44Q, X48D/E/G/K/T,
X49T, X51K, X54P, X551, X765, X108V, X117G, X122F/Q, X126A, X148Q, X150A/F, X152S/T,
XIS5AN/K/LITIV, X156Q/R/S, X160P, X164P, X165N, X182T, X215G/H/L, X218M, X241R, X267V,
X270T, X273H, X325M, and X328I.

[0018] Disclosed is an engineered polypeptide having transaminase activity comprising an amino acid
sequence having at least 80% sequence identity to reference sequence of SEQ ID NO:2 and (a) an amino
acid residue difference as compared to SEQ ID NO:2 selected from G36C, 141C, I41F, 41K, 141M,
141N, I41R, E42G, P48D, P48E, P48G, P48K, P48T, AS1K, S54P, M122F, M122Q, Y148Q, C152T,.
Q155A, Q1551, Q155K, Q155T, Q155V, C215H, C2151., Y273H, L325M, and A241R; or (b)a
combination of residue differences selected from: ASK, E42G, S49T, $54P, C1528, Q155T, and
W156Q; P33L, 41C, E42G, S54P, S150F, C1528, Q155K, F160P, and C215G; P33L, 41K, E42G,
S54P, S150F, C1528, Q1551, F160P, and C215L; P33L, E42G, P48G, S54P, S150F, C1528, Q155T, and
C215H; P33L, E42G, S54P, A109S, S150F, C1528, Q155K, W156Q, and C215H; P33L, E42G, S54P,
E117G, S150F, C1528, Q1551, W156Q, and C215G; P331., E42G, S54P, S150F, C1528, Q1551,
W156Q, and C215G; P33L, E42G, S54P, S150F, C1528, Q155K, W156Q, and C215H; P33L, E42G,
S54P, S150F, C1528, Q155L, W156Q, and C215H; P33L, E42G, S54P, S150F, C1528, Q1551., W156Q,
C215H, and A241R; G36C, E42G, P48G, S54P, S150F, C1528, Q1551. and C215H; G36C, E42G,
P48K, S54P, S150F, C1528, Q155T, and C215H; G36C, E42G, S54P, S150F, C1528, Q1551, C215H,
and A241R; G36C, E42G, S54P, S150F, C1528, Q155K, C215H, and A241R; G36C, E42G, S54P,
S150F, C1528, Q155T, and A241R; G36C, E42G, S54P, S150F, C1528, Q155V, and C215H; I41C,
E42G, S49T, S54P, S150F, C1528, Q1551, F160P, C215G, and 1267V; 141C, E42G, S49T, S54P, S150F,
C1528, QI535K, W156Q, C215G and 1267V; M1C, E42G, S54P, 1108V, S150F, C1528, and Q155K;
141C, E42G, S54P, 1108V, SI150F, C1528, Q155K, W156Q, C215G, and [267V; 141C, E42G, S54P,
1108V, ST50F, C1528, Q155T, W156Q, and C215G; 141C, E42G, S54P, E117G, S150F, C1528, Q155K,
and F160P; 141C, E42G, S54P, E117G, S150F, C1528, Q155K, and C215L; 141C, E42G, S54P, E117G,
S150F, C1528, Q155L, and C215L; 141C, E42G, S54P, S150F, C1528, Q1551, and C215G; 141C, E42G,
S54P, S150F, C1528, Q155], and C215L; [41C, E42G, S54P, S150F, C1528, Q155K, W156Q), C215G,
and 1267V; 141C, E42G, S54P, S150F, C1528, Q155K, and
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C2151,; M1C, E42G, S54P, S150F, C1528, Q155K, and C215G: 41C, E42G, S54P, S150F, (1528,
Q155L, F160P, C215G, and 1267V; 141C, E42G, S54P, S130F, C1528, Q155T, W156Q, F160P, and
C2151; HIC, B42G, S54P, S150F, C1528, QI55T, W156Q, and C215L; 141F, B42G, S54P, M122Q,
S150F, C1527T, Q155V, W156Q, and C215G; I41F, B42G, $54P, S150F, C1528, Q1551, W156Q,
V1711, and C215G; 141F, B42G, $54P, S150F, C1528, QI55L,W156Q,VI71L C215G, and A241R;
I41F, E42G, S54P, S150F, C1525, Q1551, W156Q, and C2150; 141K, E42G, P4E, S54P, S150F,
C1528, Q155K, and W1560Q; 141K, E42G, P48E, 854P, S150F, C1528. Q185L, and C215L; 141K,
E42G, $54P, 1108V, E117G, S150F, 1528, Q155K and C215L; 11K, E42G, S54P, 1108V, $§150F,
C1528, Q155T, and C215G; 1K, E42G, S54P, E117G, S150F, C1528, Q155L, and C215G; M1K,
E42G, 854P, E117G, S150F, C1528, Q155K, C215L, and 1267V; 1K, E42G, §54P, S150F, C1528,
Q155K, W156Q, and C215G; 1K, E42G, $54P, S150F, C1528, Q155K, FI160P, C215G, and 1267V;
MK, E42G, S54P, S130F, C1528, Q155K, andC215L; MK, E42G, $54P, S150F, C1528, and Q155T;
MK, B42G, $54P, §150F, C1528, QI55T, and F160P; 41K, E42G, §54P, S150F, C1528, Qi55T, and
C215G; 141K, E42G, §54P, S150F, C1528, Q155T, C215G, and 1267V; 141K, F42G, S54P, 8150F,
C1528, Q15SK, W156Q, and C215G; M1N, E42G, 854P, S150F, C1528, Q1551 and F160P; 41N,
E42G, §54P, E117G, SIS0F, C1528, Q155T; and W156(); 141N, S49T, E42G, S54P, S150F, C1528,
Q155L, F160P, D165N, and C215L; E42A, A440Q, S54P, T108V, S150F, C1528, Q155T, and 1267V,
E42(, A44Q), S54P, 1108V, S150F, C1528, and Q155T; B42G, A44(), 854D, 1108V, S150F, 1528,
QI55T, and 1267V; £42G, A44Q, 854P, S1504, C1528, aud Q155T; E42G, A44Q, §54P, S150F,
C1528, and Q155T; E42G, P4RG, 554P, S150F, C1528, Q155L, W156Q, and C215H: B42G, P43G,
§54P, S150F, C1528, and Q155T; E42G, S49T, S34P, 1108V, E117G, SI50F, C1528, Q155L, F160P,
and C215L; B42G, S49T, $54P, 1108V, B117G, S150F, C1525, Q155K, W156(, and C215G; E42G,
S497T, S54P, 1108V, B117G, S150F, C1528, Q155T, W156(, C215G, and 1267V, E42G, 8497, S54P,
C1528, Q155T, and W156Q; E42G, 854P, 1551, T126A, C1528, Q155T, L218M, and A270T; E42G,
S547, F60V, S150F, C1528, Q155L, W156Q, and C215G; B42G, S$54P, T68A, S150F, C1528, Q155L,
W156Q, and C215G; B42G, $54P, T6YS, S150F, C1528, Q155L, W156Q, and C215G; E42G, 854D,
N768, T126A, C1328, Q155T, 8182T, L218M, A270T, and V3281, B42G, 854, 1108V, S150F, C1528,
(155K, and C215H; B42G, S54P, 1108V, S150F, C1528, and Q155T; B42G, $54P, 1108V, 81501,
C1528, Q155T, and 267V; B42G, $54P, 1108V, S150F, C1528, Q155V, W156Q, and F160F: E42G,
854P, E117G, C1528, and Q155T; B42G, S54P, E117G, €1528, Q155T, and W156Q; E42G, S54P,
M122Q, S150F, C1528, Q1551, W156Q, C215G, and A241R; E42G, 854P, M122Q, S150F, 1528,
Q1SSL,WI56Q, V1711, C215G, and A241R; F42G, §54P, M122Q, S150F, C152T, 155V, W156(Q,
V1711, C215G, and A241R; E42G, S54P, T126M, S150F, C1525, QI55L, W156Q, and C215G; E42G,
S54P, P13SI, F136Y, S150F, C1528, Q155L, W156Q, W102F, and C215G; B42G, $54P, ¥F1361, S150F,
(1528, Q155L, WI1560Q, and C215G; B42G, $54P, F1361, 81507, C1528, Q155L, W156Q, C215G, and
(2241; B42G, $34P, F1361, SIS0F, 1528, Q155L, W156Y, C215G, $282V, and G2841; B42G, S54P,
F1361, S150F, C1528, Q155L, WIS6Y, C215G, and G284P; F42G, S54P, FI36Y, S150F, (1528,
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QI55L, WI56Q, C215G, $282V, and G284P; E42G, S54P, S1304A, C1528, Q155T, and 1267V, E42G,
S54P, S150F, C1528, Q1551, W156Q, F160P, C215L, and I267V; B42G, 8549, S150F, C1528, (31551,
W1560Q, V1714, C215G, and A241R; B4A2G, 854, 8150F, (1528, Q1551, W156Q, and C215L; B42G,
S54P, S150F, C1528, Q155 F160P, and C215(; E42G, 354P, S150F, C1528, Q1551, and C215H;
E42G, 854P, 8150F, C1528, QISSK, and W1560Q); E42G, $54P, SI50F, C1528, Q155K, W156Q, and
1267V; E42G, 554P, S150F, C1528, Q155L, W156Q, G193M, and C215G; E42G, S54P, S150F, C1528,
QI55L, W156Q, and C215G; E42G, S54P, SI50F, C1528, Q155L, W156(Q, C215G, 8282V, and G284T;
EA2G, S54P, S150F, C1528, QIS5L, W156Q), C215G, and T2838; E42G, 854P, S150F, 1528, Q155L,
W156Q, C215G, and G2841; E42G, S54P, S150F, C1528, Q155L, W156Y, and C215G: F4A2G, $54P,
S1S0F, C1528, Q155L, and C215H, E42G, S54P, S150F, C1528, and Q1557 F42(3, §54P, S150F,
CI1525, Qi55T, C215G, and 1267V; B42G, 354P, S150F, C1528, Q1557, and 1267V; E423, $54P,
S150F, C1528, QI55T, W156Q, F160P, C215L, and 1267V; £42G, 8§54P, S150F, C1528, Q155T,
WIS6Q, C215G, and 1267V, B42G, S54P, SI50F, C1528, Q155T, and Wi56R; E42G, $54P, S150F,
C1528, Q1S5T, F160P, and C215G; E42G, $54P, S150F, C1528, Q1557T, F160P, and C215L; E420,
854P, 8150F, C1528, Q155T, C215G, and 1267V; E42G, S54P, S150F, C1528, (3155T, and 267V,
EA2G, S54P, C1525, QI551, and W1568; E42G, S54P, C1528, Q155K and W136S8; E42(, 54D,
C1528, Q155L, and W156S; E42G, S54P, C1528, and Q155T; E42G, $54P, C1528, Q155T, and F160P;
E42G, $54F, C1528, Q155T, and R164P; E42G, S54P, C1528, Q155T, and W156(); E42G, §54P,
C1528, Q155T, and W1508; E42G, S54P, C1525, Q1557T, and R164P; E42G, 854P,C1528, 01551,
SI82T, L218M, and A270T; B42G, 554P, C1528, Q155T, and C215G; B42G, $54P, C1528, Q155T, and
C215L; and B42G, S54P, C1528, G155V, and W156S.

[0019] In some embodiments of the engineered polypeptides having transeminase activity of the present
disclosure, the enginecred polypeptide is capable of converting a substrate of compound (2) to a product
of compound (1) under suitable reaction conditions. Tn some embodiments, the engineered polypepide is
capable of converting compound (2} to compound (1) with at least 1.2 fold, 2 fold, 5 fold, 10 fold, 20
fold, 25 fold, 50 fold, 75 fold, 100 fold, or greater the activity of 8E() ID NO:2 under suitable reaction
conditions. Tn some embodiments, the engincered polypeptide is capable of converting compound (2) to
compound (1} with increased activity relative to SEQ ID NO:2 in which the suitable reaction conditions
comprise compound (1) at a loading of at least 50 g/L, 1 mM PLP, 50% DMSO (v/v), 1.5 M
isopropylamine, pH 11, and 55°C.

[0820] In some embodiments of the present diselosure, the amine acid sequence of the engineered
polypeptide comprises a sequence selected from the following exemplary sequences of 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, 52, 54, 56, 58, 60; 62,
64, 66, 68, 70, 72, 74,76, 78, 80, 82, 84, §6, 88, 90, 92, 94, 96, 98, 100, 102, 104, 106, 108, 110, 112,
Hd, 116, 118, 120, 122, 124, 126, 128, 130, 132, 134, 136, 138, 140, 142, 144, 146, 148, 150, 152, 154,
154, 156, 158, 160, 162, 164, 166, 168, 170, 172, 174, 176, 178, 180, 182, 184, 186, 188, 190, 192, 194,



196, 198, 200, 202, 204, 206, 208, 210,212,214, 216, 218, 220, 222, 224, 226, 228, 230, 232, 234, 236, 238, 240,
242,244, 246, 248, 250, 252,254, 256, 258, 260, 262, 264, 266, 268, 270, 272, 274,276, 278, 280, 282, 284, 286,
288,290, 292, 294, 296, 298, 300, 302, 304, and 306. Each of these exemplary polypeptide sequences comprises a
different combination of the amino acid differences relative to SEQ ID NO:2 as disclosed herein (See.e.g., Tables
ZA, 2B, and 2C). In some embodiments, the engineered polypeptide comprises a sequence having at least 80%,
85%%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more identity to any one
of these exemplary sequences, and further comprising a combination of amino acid differences relative to SEQ ID
NO:2, as found in any one of these exemplary amino acid sequences. In some embodiments, the engineered
polypeptide comprising a combination of amino acid differences relative to SEQ ID NO:2, as found in any one of
these exemplary aminoe acid sequences can further comprise additional amino acid differences as compared to SEQ
ID NO:2 selected from: X5K, X33L, X36C, X41C/FIK/M/N/R, X42A/G, X44Q, X48D/E/G/K/T, X49T, X51K,
X54P, X551, X768, X108V, X117G, X122F/Q, X126A, X148Q, X150A/F, X1528/T, X155A/VK/L/T/V,
X1560Q/R/S, X160P, X164P, X165N, X182T, X215G/H/L, X218M, X241R, X267V, X270T, X273H, X325M, and
X3281; or other amino acid differences disclosed in the art of engineered transaminase polypeptides (See e.g,,
amino acid differences disclosed in US Pat. No. 8,293,507 B2, issued Oct. 23, 2012; WO201 1/005477A1, published
Jan. 13,2011; W02012/024104, published Feb. 23, 2012.)

[0021] In some embodiments of the present disclosure, the engineered polypeptide having transaminase
activity is immobilized on a solid support, optionally wherein the solid support is selected from a bead or
resin comprising polymethacrylate with epoxide functional groups, polymethacrylate with amino epoxide

functional groups, styrene/DVB copolymer or polymethacrylate with octadecyl functional groups.

[0021a] In one aspect, there is provided a polynucleotide encoding the engineered polypeptide as described herein.
[0022] In other embodiments , the present disclosure provides a polynucleotide encoding the engineered
polypeptide having transaminase activity disclosed herein. In some embodiments, the polynucleotide can
comprise 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, 203, 205, 207, 209, 211, 213,
215,217, 219, 221, 223, 225,227,229, 231,233, 235, 237, 239, 241, 243, 245, 247, 249, 251, 253, 255,
257,259, 261, 263, 265, 267, 269, 271, 273, 375, 277, 279, 281, 283, 285, 287, 291, 293, 295, 297, 299,
301, 303, and 305.

[0022a] Tnn one aspect, there is provided an expression vector comprising the polynuecleotide as described herein.
[0023] Further, the present disclosure provides expression vectors and host cells comprising a
polynucleotide encoding the engineered polypeptide having transaminase activity disclosed herein. Thus,

in some embodiments, the present disclosure provides an expression vector comprising the



polynucleotide encoding an engineered polypeptide as disclosed herein, and optionally further

comprising a control sequence.

[0023a] In one aspect, there is provided a host cell comprising the polynucleotide as described herein or

the expression vector as described herein.

[0023b] In other embodiments, the present disclosure provides a host cell comprising a polynucleotide
encoding an engineered polypeptide as disclosed herein. In other embodiments, the present disclosure
provides a. host cell comprising an expression vector, wherein the expression vector comprises a

polynucleotide encoding an engineered polypeptide as disclosed herein.

[0023c] In one aspect, there is provided a method of preparing an engineered polypeptide as described
herein, wherein the method comprises culturing a host cell as described herein under conditions suitable
for expression of the polypeptide. In some embodiments, the method of preparing the engineered

polypeptide further comprises isolating the polypeptide.

[0024] The present disclosure also provides processes for using the engineered transaminase
polypeptides disclosed herein for the preparation of wide range of chiral amine compounds. In one

aspect, there is provided a use for preparing a compound of structural Formula (I):

NH, O
R1MZ

@

having the indicated stereochemical configuration at the stereogenic center marked with an *; in

an enantiomeric excess of at least 70% over the opposite enantiomer, wherein

Z is ORZ or NR2ZR3;

RlisCi.g alkyl, aryl, heteroaryl, aryl-C1-2 alk_yl, heteroaryl-C1-2 alkyl, or a 5~ to 6~
membered heterocyclic ring system optionally containing an additional heteroatom selected

from O, S, and N, the heterocyclic ring being unsubstituted or substituted with one to three
substituents independently selected from oxo, hydroxy, halogen, C1-4 alkoxy, and C1-4 alkyl,

10



wherein alkyl and alkoxy are unsubstituted or substituted with one to five fluorines;;

R2 and R3 are each independently hydrogen, C1.8 alkyl, aryl, or aryl-C|.2 alkyl; or

R2 and R3 together with the nitrogen atom to which they are attached form a 4- to 7-
membered heterocyclic ring system optionally containing an additional heteroatom selected
from O, S, and N, the heterocyclic ring being unsubstituted or substituted with one to three
substituents independently selected from oxo, hydroxy, halogen, C1-4 alkoxy, and C1-4 alkyl,
wherein alkyl and alkoxy are unsubstituted or substituted with one to five fluorines; and the
heterocyclic ting system being optionally fused with a 5- to 6-membered saturated or aromatic
carbocyclic ring system or a 5- to 6-membered saturated or aromatic heterocyclic ring system
containing one to two heteroatoms selected from O, S, and N, the fused ring system being

unsubstituted or substituted with one to two substituents selected from hydroxy, amino,

10a



fluorine, C1-4 alkyl, C{_4 alkoxy, and trifluoromethyl;. the process compiising the step of contacting a

prochiral ketone of structural Formula (IT):

0 O
R1MZ

(1D

with an engineered polypeptide as disclosed herein in the presence of an amino group donor in a suitable

organic solvent under suitable reaction conditions.

[0025] In some embodiments of the process for preparing: a compound of structural Formula (), R1 is
benzyl and the phenyl group of benzyl is unsubstituted or substituted one to three substituents selected

from the group consisting of fluotine, trifluoromethyl, and trifluoromethoxy. In some embodiments of

the process, Z s NR'R’; whierein NR'R is a heterocycle of the structiral Formula (I1T):
SSAS ~ N/ﬁ’//N\
N

K/ Ne—s/

4

by

A

am
wherein R’ is hydrogen or C1-4 alkyl which is unsubstituted or substituted with one to five fluorines.

[0026] In some embodiments of the process for preparing a compound of structural Formula (I}, the
compound of Formula (II) specifically excludes compound (2) and the compound of Forinula (I)

prepared by the method specificall excludes compound (1).

{0027] In one aspect, there is provided a process for preparing a compound of structural Formula {Ia):

NHy, O
Ar\/j})l\N/'\[;__N\
N
N/

(Ia)

11



having the (R)-configuration at the stereogenic center marked with an **¥; in an enantiomeric excess of
at least 70% over the enantiomer having the opposite (S)-configuration; wherein

Aris phenyl which is unsubstituted or substituted with one to five substituents independently
selected from the group consisting of fluorine, trifluoromethyl, and trifluoromethoxy; and

R# is hydrogen or C1-4 alkyl unsubstituted or substituted with-one to five fluorines; the process
comprising the step of:

contacting a prachiral ketone of structural Formula (IIa):

O O

®4 %

(IXa)

‘with an engineered polypeptide as disclosed herein in the presence of an amino group donor under
suitable reaction-conditions. In some embodiments of the process for preparing the compound of
Formula (Ta), Ar is selected from 2,5-difluorophenyl or 2,4,5-trifluorophenyl, and R4 is trifluoromethyl.
[0028] In some embodiments of the process for preparing a compound of structural Formula (fa), the
compound of Formula (IIa) specifically excludes compound (2) and the compound of Formula (Ia)
prepared by the method specificall excludes compound (1).

[0029] In one aspect, there is provided a process of preparing compound (1)

)

comprising a step of contacting a substrate of compound (2)

12
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@

with an enginegred polypeptide as disclosed herein in the presence of an aming group donor under

suitable reaction conditions.

[0030} In some embodiments, the present disclosure also provides a process of preparing compound (3),

&
NH, O F
F
N l Sy F

P

/.ph

gemigliptin,

3

comprising a step of contacting a substrate of compound {4}, or a substrate of compound (4)

modified with a protecting group,

)
with an engineered polypeplide as disclosed herein in the presence of an amino group donor under

suitable reaction conditions,

[6831] Tn some embodiments, the processes using the enginsered polypeptides disclosed herein can be

carried out wherein the chiral amine compound of Formula (I}, the compound of Formula {Ia3, the

13
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compound (1}, or the compound (3}, is produced in at least 90%, 97%, 98%, 99% or greater enantiomeric

CXCCES.

[8632] Any ofthe processes disclosed hereinusing the engineered polypeptides for the preparation of
compounds of Fornwla (I}, compounds of Formula (fa}, compound (1), or compound (3) can be carried
out imder a range of suitable reaction conditions, including but not limited to, ranges of amine denor, pH,
temperature, buffer, solvent system, substrate loading, polypeptide loading, cofactor loading, pressure,
and reaction titne. Fot example, in some etbodiments, the preparation of compounds of Formula (1),
compounds of Formula (¥a), compound (1), or compound (3) can be carried out wherein the suitable
reaction conditions comprise: (2) subsirate leading of about 10 to 200 g/L. of substrate compound (e.g.,
compound (2}); (b) of about 0.5 g/T. to 5 ¢/L engincered polypeptide; {¢) TPM concentration of about 0.1
to 3 M; (d) PLP cofactor concentration of about 0.1 to T mM; (¢) DMSO concentration of about 30%
{v/v} to about 60% {(v/v}; () pH of about 9.5 t0 11.5; and (g) temperature of about 45°C to 6¢°C. In
some embodiments, the suitable reaction conditions comprise: (2) about 50 g/L. of substrate compound
{e.g., compound 2)}; (b} about 2 g/l. engineered polypeptide; (€) about 50% {v/v) dimethylsulfoxide
{DBMSQ); (d) about 1 M isopropylamine (IPM); (e) about | mM pyridoxal phogphate (PLP); (f) about pH
10; and (g) about 50°C,

{0033] In some embodiments, the processes using the engincered polypeptides disclosed herein can be
carried out wherein the amine group donor is selected from isopropylamine, alanine, 3-amincbutvric

acid, or methylbenzylamine. In soine embodiments, the amino group donor is isopropylamine,

(0034} Tn some embodiments, the processes using the engineered polypeptides disclosed herein can be
carried out wherein the process comprises further steps of isolating the product compounds of Fornmila

{1}, Fornwla {Ea), compound {1}, or compound (3}, from the reaction.

f0035] In some embodiments, the processes using the engineered polypeptides disclosed herein can be
carried out wherein the process further comprises the step of converting the compound of Formula (D),
compeund of Formula (fa), the compound (3) or the cormpound (3) into a pharmaceutically scceptable
salt, In some embodiments, the process of forming the pharmaceutically acceptable salf comprises the
tutther step of contacting said compound with a pharmaceutically acceptable acid in a suitable reaction
solvent. In some embodiments of the process, the pharmaceutically acceptable acid is phospheric acid
and the pharmaceutically accepiable salt is the dihydrogen phosphate salt. In some embodiments, the
processes can further comprise the step of erystallizing the pharmaceutically acceptable salt from the

reaction solvent.

10636} As poted above, the componnd (1) is sitagliptin, the active pharmaceatical ingredient in
JANUVIA®, Accordingly, the processes disclosed herein using engineersd polypeptides for making

campound (1}, and/or its pharmaceutically acceptable salt or acid, can be used in larger processes for the

14



production of JANUVIA® or related pharmaceutical compounds, In one aspect, there is provided a
process for the preparation of (2R)-4-0x0-4-[3-(trifluoromethyl)-5,6-dihydro[ 1,2,4]triazolo[4,3-
a)pyrazin-7(8 H)-y1}-1-(2,4,5-trifluorophenyl)butan-2-amine phosphate (1:1) monohydrate, wherein the

process comprises a step of converting a substrate compound (2)

E
F
O O
N ==
/Y N\N
F N
NP
he

(2)

to a product compound (1)

F
F
NHy O
N/\[{"N\
; NOL
CF3
M

by contacting a substrate of compound (2) with an engineered polypeptide as disclosed herein, in the

presence of an amino group donor under suitable reaction conditions.

10037] Similarly, the present disclosure provides a process for the preparation of compound (3), or a
pharmaceutically acceptable salt or acid of compound (3), wherein the process comprises a step of
converting a substrate compound (4), or a substrate of compound (4) modified with a protecting group, to
a product compound (3), by contacting a substrate of compound (4), or a substrate of compound (4)
modified with a protecting group, with an engineered polypeptide as disclosed herein in the presence of

an amino group donor under suitable reaction conditions.

15



[0038] Further guidance on the choice of engineered polypeptides, their preparation, the choice of
substrates, and pararcters for carrying out the processes are Turther deseribed in the more detailed

description and Examples that follow.

5. DETAILED DESCRIPTION
[0039] As used in this specification and the appended claims, the singular forms “a”, “an” and “the” include plural
referents unless. the context clearly indicates otherwise. Thus, for example, reference to “a polypeptide” includes

more than ene polypeptide.

"L LR Y b 17

comprising

”» ]

{0040 Similarly, “comprise,” “comprises, include,” “includes,” “including,” “have,” and
“having” are interchangeable and not intended to be limiting.

10041} 1t is to be understood that where descriptions of various embodiments use the term “comprising,” those
skilled in the art would understand that.in some specific instances, an embodiment can be alternatively described
using language “cousisting essentially of” or “consisting of'™

[0042] 1t is to be further understood that both the foregoing general description, including the drawings, and the
following detailed description are exemplary and explanatory only and are not restrictive of this disclosure.
[0043] The section headings used herein are for organizational purposes only and not to be construed as limiting
the subject matter described,

5.1 Abbreviations
[0044] The abbreviations used for the genetically encoded amino acids are conventional and are as

follows:
Amino Acid Three-Letter One-Letter
Abbreviation Abbreviation
Alanine Ala A

15a
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Arginine Arg R
Asparagine Asn N
Aspartate Asp D
Cysteing Cys C
Glotamate Glu E
Glutamine Gin Q
Glycine Gly G
Histidine His g
Isoleucine jils I
Leucine Leu L
Lysineg Lys K
Methionine Met M
Phenylalanine Phe F
Proline Pro P
Serine Ser S
Threonine Thr T
Tryptophan Trp W
Tyrosine Tyr Y
Valine Val Y

{0045} When the three-letter abbreviations are used, unless specifically preceded by an “L” or 2 “T¥ or
clear from the context in which the abbreviation is used, the amino acid may be in either the L- or D-
configuration about o-carbon (C.). For exanple, whereas “Ala” designates alanine without specifying
the configuration about the a-carbon, “I)-Ala” and “[.-Ala™ designate D-alanine and L-alanine,
tespectively, When the one-letter abbreviations are used, upper case letiers designate amino acids in the
L-configuration about the a-carbon and lower casc letters designate amino acids in the D-configuration
about the a-carbon. For example, “A” designates [-alanine and “a” designates D-alanine, When
polypeptide sequences are presented as a string of one-letter or three-letter abbreviations {or mixiures
thereof), the sequences arc presented in the amino {(N) to carboxy (C) direction in accordance with
commorn convention.
[04646] The abbreviations used for the genetically encoding nucleosides are conventional and are as
follows: adenosine (A); gnanasine ({3); cytidine (C); thymidine (T); and uridine (U). Unless specifically
delineated, the abbreviated nucleotides may be either ribonucleosides or 2°-deoxyribonucleosides. The
nucleosides may be specified as being either ribonucleosides or 2°-deoxyribonucleosides on an individoal
basis of on an aggregate basis. When nueleic acid sequences are presented as a string of one-letier
abbreviations, the sequences are prescnied in the 57 to 37 direction in accordance with cominon
convention, and the phosphates are not indicated.

52 Definitions
{8647} Inreference to the present disclosure, the technical and scientific terms used in the descriptions
herein will have the meanings commonly understood by one of ordinary skill in the art, unless
specifically defined otherwise. Accordingly, the following termis are intended to have the following

meanings:
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[6848] “Protein”, “polypeptide,” and “peptide” are used interchangeably herein (o denote a polymer of
ai least two amino acids covalently linked by an amide bond, regardless of length or post-transiational
modification (e.g., glycosylation, phosphorylation, {ipidation, myristilation, ubiquitination, etc.}. Inclded
within this definition are D- and L-amine 2¢ids, and mixtires of D- and L-amino acids.

[0849] “Transaminase” or “aminotransferase™ are used interchangeably herein to refer o a polypeptide
having an enzymatic capability of transferring an amino group (-NH,), a pair of electrons, and a profon
from the primary amine of an amine donor compound to the carbonyl group (C=0) of an amine acceptor
compound, thereby converting the amine donor compound into is corresponding carbonyl compound
and the carbonyl acceptor compound into its corresponding primary amine compound (See e.5., Scheme
1). Transaminases as used herein include naturally occurring (wild type) transaminase as well as non-
naturally eccurring engineered polypeptides generated by human manipulation,

(8059} “Amino group donor” or “amino donor” used interchangeably herein to vefer to an aming group
containing compound which is capable of donating an amino group to an acceptor carbonyl compound
(i.e., an amino group acceptor}, thereby becoming a carbonyl by-product. Amino group donors have the

general structural Tormula,

NH,,

R'!/I\RQ

in which each of R, and R?, when taken independently, is an alkyl, an alkylaryl group, or aryl group
which is unsubstituted or substituted with one or more enzymatically non-inhibiting groups. R’ can be
the same or different from R in structure or chirality. The groups R' and R, taken together, may forma
ting that is unsubstituted, substituted, or fused to other rings. Typical amino group donoess include chiral
and achiral amino acids, and chiral and achiral amines.

[0051] “Chiral amine™ refers to amines of general formula R™-CH(NH,)-R” and is cmployed herein in its
broadest sense, including a wids variety of aliphatic and alicyclic compounds of different, and mixed,
functional types, characterized by the presence of a primary amino group bound to a secondary carbon
atom which, in addition to a hydrogen atom, carrics cither (i) a divalent group forming a chiral cyelic
structure, or (ii) two subsiitments (other than hydrogen) differing from each other in structure or chirality,
Divalent groups forming a chiral ¢yclic structure include, for example, 2-methylbutane-1 4-diyl, pentane-
1 4-diyLhexane-1,4-diyl, hexane-1,5-diyl, Z-methylpentane-1,5-diyl. The two different substituents on
the secondary earbon atom (R” and RP above) also ¢an vary widely and include alkyl, arvlalkyl, aryl,
halo, hydroxy, lower alkyl, lower alkyloxy, lower alkylthio, cycloalkyl, carboxy, carbalkyloxy,
catbameyl, mono- and di-(lower alkyl) substitnted carbamoyl, triflusromethyl, phenyl, vitro, amino,
mono- and di-(lower alkyl) substituted aming, alkyvisulfonyl, arylsulfonyl, aikylcarboxamido,

arylcarboxamido, efc., ay well as alkyl, arylalkyl, or aryl substitiied by the foregeing.
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[0852] “Carbonyl by-produet” refers to the carbonyl compound formed from the amino group donor
when the amino group on the amino group donor is transferred to the amine group acceptor ina

transamination reaction. The carbonyl by-product has the general structural formula,

0

R1J\R2

wherein R and R? arc defined above for the amine group donor.

f0853} “Amino acceptor™and “amine acceptor,” “keto substrate,” are used interchangeably herein to
refer to a carbonyl group containing compound that accepts the amino group from an amino group donor
in a reaction mediated by a transaminase (See ¢.g., Scheme 1), In the context of the present disclosure,
the amino acceptor compound for the transaminase can inclode, among others, the compound of Formula
(11), the compound of Formula (Ha), the compound (2), and the compound (4), as further described
herein.

f0054] “Cofactor,” as used herein, refers to a non-protein compound that operates in combination with
an enzyme in catalyzing a reaction. As used herein, “cofacior” is intended to encompass the vitamin Bs
family compounds PLP, PN, PL, PM, PMNP, and PMP, which are sometimes also referred to as
COSNZYMES.

[0055] “Pyridoxal-phosphate,” “PLP,” “pyridoxal-5’-phosphate,” “PYP,” and “P5P” are used
interchangeably herein to refer to the compound that acts as a cofactor in transaminasc reactions. In
some crobodiments, pyridoxal phosphate is defined by the structure 1-(4'-formyl-3"-hydroxy-2'-methyl-5'-
pytidyl)methoxyphosphonic acid, CAS number [54-47-7]. Pyridoxal-5"-phosphate can be produced in
vivo by phosphorylation and oxidation of pyridoxol (also known as Vitamin Bg). In transamination
reactions using transaminase enzymes, the amine group of the amino donor is trapsferred to the cofactor
to produce a keto byproduct, while pyridoxal-5"-phosphateconverted to pyridoxamine phosphate.
Pyridoxal-5-phosphateregeneraled by reaction with a different keto compound (the amino acceptor). The
transfer of the amine group from pyridoxainine phosphate to the amino acceptor produces an amine and
regenerates the cofactor. In some embodiments, the pyridoxal-5'-phosphate can be replaced by other
members of the vitamin Be family, including pyridoxine (PN}, pyridoxal (PL}, pyridoxamine (PM}, and
their phosphorylated counterparts; pyridoxine phosphate (PNP), and pyridoxamine phosphate (PMP).
[0056] “Coding sequence” refers to that portion of a mucleic acid (e.g., a gene) that encodes an amino
ackl sequence of & profein.

[0857] “Naturally-occurring” or “wild-type” refers to the form found in nature. For example, a naturally
occurring or wild-type polypeptide or polynucleotide sequence is a sequence present in an organism that
can be 1solated from a source in nature and which has not been intentionally modified by human
manipuiation.

{0058} “Recombinant” or “enginecred” or “nen-naturally occurring” when used with reference to, e.g., a

cell, nucleic acid, or polypeptide, refers to a material, or a material corresponding to the natural ot native
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form of the material, that has been modified in a-manner that would not ctherwise exist in nature, or is
identical thereto but produced or derived from synthetic materials and/or by manipulation using
recombinant techniques. Non-limiting examples include, among others, recombinant cells expressing
genes that are not found within the native (nov-recombinant) form of the cell or express native genes that
are otherwise expressed at a different level.

[0059] “Percentage of sequence identity” and “percentage homology” are used interchangeably herein io
referto comparisons ainong polynucleotides and polypeptides, and are determined by comparing two
optimally aligned sequences over a comparison window, wherein the portion of the polynucleotide or
polypeptide sequence in the comparison window may comprise additions or deletions (i.e., gaps) a8
compared to the reference sequence for optimal alighment of the two seguences. The percentage may be
calculated by determining the number of positions at which the identical nucleic acid base or amino acid
restdue oceurs in both sequences to yield the number of matched positions, dividing the number of
matched positions by the total number of positions in the window of comparison and multiplying the
result by 100 to vield the percentage of sequence identity. Alternatively, the percentage may be
calculated by detetrnining the number of positions at which either the identical nucleic acid base or
amino acid residue ocours in both sequences or a nocleic acid base or amine acid residue 1s aligned with a
gap to yield the number of matched positions, dividing the number of matched positions by the total
number of positions in the window of comparison and multiplving the result by 100 to vield the
perceniage of sequence identity. Those of skill in the art appreciate that there are many established
algorithms available to align two sequences. Optimal alignment of sequences for comparison can be
conducted, e.¢., by the local homology aigorithm of Smith and Waterman, 1981, Adv. Appl. Math.
2:482, by the homology alignment algorithm of Needleman and Wunsch, 1970, J. Mol. Biol. 48:443, by
the search for similarity method of Pearson and Lipman, 1988, Proc. Nail. Acad. Sci. USA 85:2444, by
computerized unplementations of these algorithms (GAP, BESTFEIT, FASTA, and TFASTA in the GCG
Wisconsin Software Package), or by visual inspection (see generally, Current Protocols in Molecular
Biology, F. M. Ausubel ef af,, eds., Cumrent Protocols, a joint venture between Greene Publishing
Associates, Inc. and John Wiley & Sons, Inc., (1995 Supplement) (Ausubel)). Examples of algorithms
that are soitable for determining percent sequence identity and sequence similarity are the BLAST and
BLAST 2.0 algorithms, which arc described in Alischul ef @l., 1990, 7. Mol. Biol. 215: 403-41{0 and
Altschul e al., 1977, Nucleic Acids Res. 3389-3402, respectively. Software for performing BLAST
analyses is publicly available through the National Center for Biotechnology Information website. This
algorithtn involves first identifying high scoring sequence pairs (FSPs) by identifying short words of
length W in the query sequence, which either match 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 (Altschul et al, supra). These initial neighborhood word hits act as
seeds for imtiating searches to find longer HSPs containing them, The word hits are then extended in

both directions along each sequence for as far as the cumulative alignment scotc can be increased.
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Cumulative scoves are caleulated using, for nucleotide sequences, the parameters M (reward score for a
pair of matching residues; always >(}) and N (penalty score for mismatching residues; always <0). For
aroino acid scquences, a scoring matrix is used to calculaie the cumulative score, Extension of the word
hits in each direction are halied when: the cumulative alignment score falls off by the quantity X from its
maximum achieved value; the camulative score goes to zero or below, due to the accumulation of oné or
more negative-scoring residue alignmenis; or the end of either sequence is reached. The BLAST
algorithm parameters W. T, and X determine the sensitivity and speed of the alignment. The BLASTN
program (for micleotide sequences) uses as defauits a wordlength (W) of 11, an expectation (E) of 10,
M=5, N=-4, and a comparison of both strands. For amine acid sequenices, the BLASTP program uses as
defauits a wordiength (W) of 3, an expectation (E} of 10, and the BLOSUMG62 scoring matrix (sec
Henikoff and Henikoff, 1989, Proc Natl Acad Sci USA 89:10915). Exemplary determination of sequence
aligronent and % sequence identity can employ the BESTFIT or GAP programs in the GCG Wisconsin
Software package (Accelrys, Madison WT), using default parameters provided.

{0060] “Reference sequence” refers to a defined sequence used as a basis for a sequence compatison. A
teference sequence may be a subset of a larger sequence, for example, a segment of a full-length gene or
polypeptide sequence. Generally, a reference sequence is at least 20 nucieotide or anino acid residues in
length, at least 25 residues in length, at least 50 residues in length, or the fiall length of the nucleic acid or
polypeptide. Since two polynucleotides or polypeptides may each (1) comprise a sequence (i.e., a portion
of the complete sequence) that is similar between the two sequences, and (2) may further comprise a
sequence that is divergent between the two sequences, sequence comparisous between two (or more)
polynucleotides or polypeptide are typically performed by comparing sequences of the two
polynucleotides or polypeptides over 8 “comparison window” to identify and compare local regions of
sequence similarity. In some cmbodiments, a “reference sequence” can be based on & primary amine acid
sequence, where the reference sequence Is a sequence that can have one or more changes in the primary
sequence. For mstance, a “reference sequence based on SEQ ID N(O:2 having at the residue
corresponding to X9 a histidine™ refers to a reference sequence in which the corresponding residue at X9
in SEQ IDNG:2, which is 2 tyrosine, has been changed to histidine,

(80611 “Comparison window” vefers o a conceptual segment of al least abowt 20 contignous nucleotide
positions of aitino acids residues wherein a sequence may be compared 1o a reference sequence of at
Ieast 20 contiguous mucleotides or amino acids and wherein the portion of the sequence in the comparison
window may comprise additions or deletions (Z.e., gaps) of 20 percent or less as compared 1o the
reference sequence {which does not comprise additions or deletions) 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,

[0462] “Corresponding to”, “reference to” or “relative t0” when used in the coniext of the numbering of
a given amino acid or polynuciectide sequence refers to the numbering of the residues of a specified

reference sequence when the given amino acid or polynucleotide sequence is compared to the reference
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sequence. In other words, the residue number of tesidue position of 2 given polymer is designated with
respect to the reference sequence rather than by the actual numerical position of the residue within the
given amxino acid or polynucleotide sequence. For example, 4 given amino acid sequénce, such as that of
an engingered fransanyinase, can be aligned to a reference sequence by introducing gaps to optimize
residue matches between the two sequences. In these cases, although the gaps are present, the numbering
of the residue inthe given amino acid or polynucleotide sequesnce is made with respect to the reference
sequence to which it has been aligned.

[6063] “Amino acid difference™ or “residue difference” refers 10 a difference in the amine acid residus
al a position of a polypeptide sequence relative to the amino acid residue at a corresponding position in a
reference sequence. The positions of amino acid differences generally are referred to herein as “Xn,”
where n refers to the corresponding position in the reference sequence upon which the tesidue difference
is based. For example, a “residue difference at position X 12 as compared to SEQ TD NO:2" refers to a
difference of the amino acid residue at the polypeptide position corresponding to position 12 of SEQ ID
NO:2. Thus, if the reference polypeptide of SEQ ID NO:2 has a tyrosine at position 12, then a “residue
difference at position X12 as compared to SEQ ID NO:27 an amino acid substitution of any residue other
than tyrosine at the position of the palypeptide corresponding o position 12 of SEQ 1D NO:2. In most
instances herein, the specific amino acid residue difference at 4 position is indicaied as “XnY” where
“An” specified the corresponding position as described above, and “Y™ is the single letter identifier of the
amine acid found in the engineered polypeptide (i.e., the different residue than in the reference
polypeptide). Tn some instances (e.g., in Tables 24, 2B, and 2C), the present disclosure also provides
specilic amino acid differences denoted by the conventional notation “AnB”, where A is the single letter
identifier of the residue in the reference sequence, “n” is the nuinber of the residue position in the
reference sequence, and B is the single letter identifier of the residue substitution in the sequence of the
engineered polypeptide. In some instances, a polypeptide of the present disclosure can include one or
moie amino acid residue differences relative to a reference sequence, which is indicated by a list of the
specitfied positions where residue differcnces are present relative to the reference sequence. In some
embodiments, where more than one amino acid can be used in  specific residue position of a
polypeptide, the various amino acid residues that can be used are separated by 2/ (e.g.,
X192A/X192G). The present disclosure includes engincered polypeptide scquences comprising one or
more aminoe acid differences that include either/or both conservative and non-conservative amino acid
substitutions,

6064} “Conservalive aming acid substitution” refers to a substitution of a residue with a differant
residue having a similar side chain, and thus typically involves substitetion of the amino acid in the
polypepiide with amino acids within the same or similar defined class of amino acids. By way of
example and not limitation, an amina acid with an aliphatic side chain may be substituted with another
aliphatic amino acid, e.g., alaning, valing, leacine, and isoleucing; an amino acid with hydroxyl side chain

is substituted with another amine acid with a hydroxyl side chain, e.g., serine and threonine; an amino
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acids having aromatic side chains is substituted with another amine acid having an aromatic side chain,
e.g., phenylalanine, tyrosine, tryptophan, and histidine; an amino acid with a basic side chain is
substituted with another anino acid with a bagis side chain, e.g., lysine and argining; an amino acid with
an acidic side chain is substituted with another amino acid with an acidic side chain, e.g., aspartic acid or
glutamic acid; and a hydrophobic or hydrophilic amino acid is replaced with another hydrophobic or

hydrophilic amine acid, respectively. Exemplary conservative substitutions are provided in Table 1

below:
Tabie 1
Residue Possible Conservative Substitutions
ALV, T Other aliphatic (A, L, V, D)
Other non-polar (A, L, V., 1, G, M)
G, M Other non-polar (A, L, V, 1, G, M)
D, E Other acidic (D, E)
K, R Other basic (K, R)
N,Q, 5T Other polar
H,Y, W,F Other aromatic (F, Y, W, F)
C,P None

[6665] “Non-conservative substitution” refers to substitution of an amino acid in the polypeptide with an
amino acid with significantly differing side chain properties. Non-conservative substitutions may use
amino acids between, rather than within, the defined groups and affects (a) the structure 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 cxample and not fimitation, an exemplary non-conservative
substitution can be an acidic amino acid substituted with a basie or aliphatic amino acid; an aromatic
anuno acid substituted with a small amino acid; and 8 hydrophilic amine acid substituted with a
hydrophobic amino acid.

[B066] “Delation” refers to modification to the polypeptide by removal of one or more smino acids fom
the reference polypeptide. Deletions can comprise removal of 1 or more amino acids, 2 or more amino
acids, 5 or more aminge acids, 10 or more anuno acids, 15 or more amine acids, or 20 oy more aming
acids, up to 10% of ihe total number of amino acids, or up to 20% of the total number of amino acids
making up the reference enzyme while refaining enzymatic activity and/or retaining the improved
properties of an engineered transaminase enzyme. Deletions can be directed to the internal portions
and/or terminal portions of the polypeptide. In various embodiments, the deletion can comprise 2
contintious segiment or can be discontinuous.

[8067] “Insertion” refers to modification to the polypeptide by addition of one or more amino acids from
the reference polypeptide. In some embodiments, the improved engineered transaminase enzymes
comprise insertions of one or more amino acids to the naturally sccurring transaminase polypeptide ag
weil as insertions of one or more amino acids to other improved transaminase polypeptides. Insertions

can be in'the internal portions of the polypeptide, or to the carboxy or amine terminus. Insertions as used
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herein include fision proteins as is known in the art. The insertion can be a contiguous segment of amino
acids or separated by one or more of the amino acids in the natwally occurring polypeptide.

[0668] “Fragment™ as used herein refers o a polypeptide that has an amine-terminal andfor carboxy-
terminal deletion, bot where the remaining amino acid sequence 1s identical {o the corresponding
positions i1 the sequence. Fragments can be at least 14 amine acids long, at least 20 amino acids long, at
least 50 amino acids long or longer, and up to 70%, 80%%6, 90%, 95%, 98%, and 99% of a full-length
fransaminase polypeptide.

[0869] “Isolated polypeptide™ refers to a polypeptide which is substantially separated from otber
contaminants that naturaily accompany it, e.g., protein, lipids, and polynucleotides. The termi embraces
polypeptides which have been removed or purified from their naturally-occurring environment or
expression system (e.g., host cell or in vitro synthesis), The improved transaminase enzymes may be
present within a cell, present in the cellnlar medivm, or prepared in varioos forms, such as lysates or
isolated preparations. As such, in some embodiments, the improved transaminase cnzyme can be an
isolated polypeptide.

(0870} “Substantially pure polypeptide” refers to a composition in which the polypeptide species is the
predominant species present (7.e., on a molar or weight basis it is more abundant than any other
individual macromolscular species in the composition), and is generally a substantially purified
composition when the object species comprises at lcast about 50 percent of the macromolecular species
preseot by mole or % weight. Generally, a substantially pure transaminase composition will comprise
about 60% or more, about 70% or more, aboul 80% or more, gbout 90% or morg, aboni 95% or mote,
and about 98% or more of all macromolecular species by mole or % weight present in the composition.
In some embodiments, the object species is purified to essential homogeneity (4.e., contaminant species
canznot be detected in the composition by conventional detection methods) wherein the composiiion
consists essentially of a single macromolecular species, Solvent species, small molecules (<500 Daltons),
and elemental ion species are not considered macromolecular specics. In some embodiments, the isolated
improved transaminases pelypeptide is a substantially pure polypeptide composition.

[0671] “Stercosclectivity™ refers to the preferential formation in a chemical or enzymatic reaction of
one slereoisomer over ancther. Stereoselectivity can be partial, where the formation of one stereoisomer
is favored over the other, or it may be complete where only one stereoisomer is formed. When the
stereoisomers are enantiomers, the stercoselectivity is referred to as enantioselectivity, the fraction
(typically reported as a percentage) of one enantiomer in the sum of both. It is commonly alternatively
reported in the art {typically as a percentage) as the enantiomeric excess {e.e.) calculated therefrom
according to the formula [major enantiomer -~ miner enantiomer]/[rnajor enantiomer + minor
enantiomer|. Whete the stercoisomiers are diasterecisomers, the stereoselectivity is referred to as
diasterecselectivity, the fraction (typically reported as a percentage) of one diastercomer in a mixture of
two diastereomers, commonly altematively reported as the diastereomeric excess (d.e.}. Where a mixtyre

contains more than two diastereomers it Is common to report the ratio of diastercomers or
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*diastereomeric ratio” rather than diastereomeric excess. Enantiomerie excess and diastersomeric excess
are types of stercomeric excess. “Highly stereoselective”™ rafers to 4 transaminase polypeptide that is
capable of converting the substrate to the comesponding chiral amine product with at least about 85%
stereomeric excess.

[0072] “Improved enzyme property” refers to a transaminase polypeptide that cxhibits an improvement
in any enzyme property as compared to a reference transaminase, such as the wild-type transaminase
enzyme of another improved engineered iransaminase. Enzyme properties for which improvement is
desirable include, but are not limited to, enzymatic activity (which can be expressed in terms of percent
conversion of the substrate), thermo stability, solvent stability, pH activity profile, cofactor requirements,
refracioriness to inhibitors (e.g., substrate or product inhibition), stereospecificity, and stereoselectivity-
(including enanticselectivity).

{0073} “incressed enzymatic activity” refers to an improved property of the engineered transanvnase
polypeptides, whick can be represented by an increase in specific activity {e.g., product
produced/time/weight protein) or an increase in percent conversion of the substrate to the product (e.g.,
percent conversion of starting amount of substrate to product in a specified time period using a specified
amount of transaminase) as compared to the reference transaminase enzyme, Exemplary methods to
determine enzyme activity are provided in the Examples. Any property relating to enzyme activity may
be affected, including the classical enzyme properties of K., Frar OF ko, changes of which can Jead to
increased enzymatic activity. Improvements in enzyme activity can be from about 1.1 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 naturally ocourring
transaminase or another engincered transaminase from which the transaminase polypeptides were
derived. In specific embodiments, the engineered transaminase enzyme exhibits inproved enzymatic
activity in the range of 1.5 o 50 fold, 1.5 to 100 foid or greater than that of the parent transaminase
enzyme, Transaminase activity can be measured by any one of standard agsays, such as by monitoring
changes in-spectrophototnelric 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 absorbanee or fluorescent detection following o-phthaldialdehyde (OPA)
derivatization. Comparisons of enzyme activitics are made using a defined preparation of enzyme, a
defined assay under a s¢t condition, and one or more defined substrates, as further described in detail
herein. Generally, when lysates are compared, the numbcers of cells and the amount of protein assayed are
determined as well as use of identical expression systems and identical host cells to minimize variations
in amount of enzyme produced by the host ceils and present in the Iysates.

[8074] “Conversion” refers to the enzymatic conversion of the sibstrate(s) to the corresponding
product(s}. “‘Percent conversion” refers fo the percent of the subsirate that is converted to the product
within a period of time under specified conditions. Thus, the “enzymatic activity” or “activity” of a

transaminase polypeptide can be expressed as “percent conversion” of the substrate 1o the product.
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0075] “Thermostable” refers 16 4 transaminase polypeptide that maintaing similar activity (more than
60% to 80% for example) after exposure to elevated temperatures (e.g., 40-80°C) for a period of time
{e.g., 0.5-24 brs) compated to the wild-type enzyme.

[0076] “Solvent stable” refers to 4 transaminase polypeptide that maintaing similar activity (inore than
e.g., 60% to 80%) after exposure to varying concentrations (e.g., 5-99%) of solvent (ethanol, isopropyl
alcohol, dimethyisulfoxide (DMS(), tetrahydrefuran, 2-methyltetrahiydrofuran, acetone, toluesne, butyl
acetate, methyl tert-butyl ether, etc.) for a period of time {e.g., 0.5-24 hrs) compared to the wild-iype
cnzZyme,

{0677} “Hybridization stringency” relates to hybridization conditions, such as washing conditions, in the
hybridization of nucleic acids. Generally, hybridization reactions are performed under conditions of
tower stringency, followed by washes of varying but higher stringency. The term “moderately stringent
hybridization” refers to conditions that permit farget-DNA to bind a complementary nucleic acid that has
about 60% identity, preferably about 75% identity, abowt 85% identity to the target DNA, with greater
than about 0% identity to target-polynuclectide. Exemplary moderately stringent conditions are
conditions equivalant 10 hybridization in 50% formamide, 5% Denhatt's solution, 5xSSPE, 0.2%6 SDS at
42°C, followed by washing in-0.2x85PE, 0.2% SDS, at 42°C, “High stringency hybridization™ refers
generally to conditions that are about 10°C or less from the thermal melting temperature 7, as
determined under the-sohution condition for a defined polymucleotide sequence. In seme embodiments, a
high stringency condition refers to conditions that permit hybridization of only those nucleic acid
sequences that form stable hybrids in 0.018M NaCl at 65°C (i.e., if a hybrid is not stable in 0.618M NaCl
at 65°C, it will not be stable under high stringency conditions, as contemplated herein). High stringency
canditions can be provided, for example, by hybridization in conditions equivalent to 50% formamide,
5% Denhart's solution, 5xSSPE, 0.2% SBS at 42°C, followed by washing in 0.1xSSPE, and 0.1% SDS at
65°C. Another high stringency condition is hybridizing in conditions equivalent to hybridizing in 5X
SSC containing €.1% (w:v) SDS at 65°C and washing in 0.1x S8C containing 0.1% SDS at 65°C. Other
high stringency hybridization conditions, as well as moderately stringent conditions, are describad in the
references cited above,

[0078] “Codon optimized™ refers 1o changes in the codons of the polynucleotide encoding a protein to
those preferentially used in a particular organism such that the encoded protein is more efficienily
expressed in the organism of interest. Although the genetic code is degenerafe in that most amino acids
are represented by several codons, called “synonyms™ or “synonymous™ codons, it ig well known that
codon usage by particular organisims is nonrandom and biased towards particular codon triplets. This
codon usage bias may be higher in reference 1o a given gene, ganes of commoen funciion or ancestral
origin, highly expressed proteins versus low copy number proteins, and the aggregate protein coding
regions of an organism's genome. In some embodiments, the polynucleotides encoding the transaminases

enzymes may be codon optimized for optimal production from the host organism selected for expression.
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{6079] “Control sequence” refers herein to inchude all components, which are necessary or advantageous
for the expression of a polynuclectide and/or polypeptide of the present disclosure. Each control
sequencs mmay be native or foreign to the mucleic acid sequence encoding the polypeptide. Such control
sequences include, but are not limited 1o, a leader, polyadenylation sequence, propeptide sequence,
promoter, signal peptide sequence, and transcription terminator, At a minimum, the control sequences
include a promoter, and transcriptional and transiational stop signals. The control sequences may be
provided with linkers for the purpose of introducing specific restriction sites facilitating ligation of the
control sequences with the coding region of the nucleic acid sequence encoding a polypeptide.

[08480] “Operably linked” is defined herein as a configuration in which a control sequence is
appropriately placed (i.e., in a functional relationship) at a position relative to a polynuclectide of interest
such that the control sequence directs or regulates the expression of the polynucieotide and/or
polypeptide of interest.

[0881] “Promoter sequence” refers to a nucleic acid sequence that is recognized by a host cell for
expression of a polynucleotide of interest, such as a coding sequence. The promoter sequence containg
transeriptionat control sequences, which mediate the expression of a polynucleotide of interest, The
promoter may be any nucleic acid sequence which shows transcriptional activity in the host cell of choice
including mutant, trancated, and hybrid prometers, and may be obtained from genes encoding
cxiracellular or intracellular polypeptides either homologous or heterologous to the host cell.

0882} “Alkyl” refers to groups of from 1 to 1R carbon atoms, cither straight chained or branched,
particularly from 1 to 8 carbon atoms, and more particudarly 1 10 6 carbon atoms. Analkyl witha
specified number of carbon atoms is denoted in parenthesis, e.g., (C1-C4)alkyl refers to an alkyl of 1 to 4
carbon atoms,

(0683} “Alkenyl” refers to groups of from 2 fo 12 carbon atems, cither straight or branched containing at
least one double bond but optionally containing more than one double bond.

(0884} “Alkynyl” refers to groups of from 2 to 12 carbon atoms, either straight or branched containing at
least one triple bond but optionally containing more than one triple bond, and optionally containing one
or more double bonded moictics,

10485F “Aryl” refers to sn ansaturated aromatic carbocyelic group of from 5 to 14 carbon gtoms having
a single ring (e.g., phenyl) or muitiple condensed rings (e.g., naphthyl or anthry!). For muitiple

condensed rings, at least one of the rings is aromatic. Representative aryls include phenyl, pyridyl,
naphibyi and the like.

[0686] “Arvialkyl” refers to an alkyl substituted with an aryl moiety. Representative arvlalky! groups
include benzyl, phenethyl and the ke,

{08871 “Arylalkenyl” refers to an alkenyl as defined herein substitated with an aryl group.

{0888} “Arylallgynyl” refers to an alkynyl as defined herein substituted with an aryl group:

[0889] “Heteroaryl” refers to an aromatic heterocyelic group of 5 to 14 ring atoms containing | to 4 ring

heteroatoms sclecicd from-oxygen, nitrogen and sulfur within the ring. Hetcroaryl groups can have a
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singte ring (e.g., pyridy! or furyl) or multiple condensed rings (e.g., indoliziny! or benzethienyl). For
nuiltiple condensed rings, at least one of the rings is aromatic.

[0090] “Heteroarylalkyl” refers 1o an alkyl substituted with a heteroaryl moiety as defined herein,
{0091] “Teteroarylalkenyl” refers to an alkenyl substituted with a heteroary] group as defined herein.
10092] “Heteroarylalkyny!” refers to an alkynyl substituted with a heteroaryl moiety as defined herein,
[8093] “Cycloalkyl” refers 1o cychic alkyl groups of from 3 to 12 carbon atoms having a single cyclic
ring or multiple condensed rings. Representative cycloalkyl groups include, by way of example, single
ring structures such as cyclopropyl, cyclobutyl, cyclepentyl, eyclooctyl, T-methylcyclopropyl, 2-
methyleyclopentyl, 2-methyleyelooctyl, and the like, or multiple ring structures, including bridged ring
systems, such as adamantyl, and the like.

[0094] “Heterocycle™ and interchangeably “heterocycloalkyl™ refer to a saturated or unsaturated group
baving a single ring or multiple condensed rings, from 3 to 14 ring atoms having from 1 to 4 hetero
atoms selected from miirogen, solfor or oxXygen within the ring. Heterocyelic groups can have a single
ring {e.g., piperidinyl or tetrahydrofaryl) or multiple condensed rings (e.g., indolinyl, dihydrobenzofuran
or quinnelidinyl). Representative heterocycles and heteroaryls include, but are not limited to, furan,
thiophene, thiazole, oxazole, pyrrole, imidazole, pyrazole, pyridine, pyrazine, pyrimidine, pyridazine,
indolizine, 1svindole, indole, indazole, purine, quinolizine, isoquinoline, quinoline, phthalazine,
naphthylpyridine, quinoxaline, quinazoling, cinnoline, pteridine, carbazole, carboline, phenanthridine,
acridine, phenanthroling, isothiazole, phenazine, isoxazole, phenoxazing, phenothiazine, imidazoliding,
midazoline, piperiding, piperazine, pyrrolidine, indeHne and the like.

[0895] “Cycloalkylalkyl” refors to an alkyl substituted with a cycloalkyl moiety as defined herein.
8996} “Cycloalkylalkenyl” refers to an alkenyl substituted with a cycloalkyl moiety as defined herein.
6897} “Cycloalkylaikynyl” refers 1o an-alkynyl substitated with a cycloalkyl moiety as defined herein,
100981 “Heterocycloalkylalkyl” refers to an alkyl substituted with a heterocycloalky! moiety as defined
herein.

{0899} “Heterocycoalkenyl” refers to an alkenyl substituted with a heterocycloalkyl moicty as defined
barein.

{0160} “Heterocycloalkylalkynyl” refers to an alkynyl substituted with a heterocycloalkyl

motety as defined herein.

0161} “Alkoxy” or “Alkyloxy” refers to the group alkyl-O- wherein the alkyl group is as

defined above, including optionally substituted alkyl groups as also defined above.

[0182] “Amino” refers to the group -NH,. Substituted amino refers to the group ~NHR’, NR'R’, and
NR’'R’R’, where each R’ is independently of the others sclected from substituted or unsubstituted alkyi,
eycloalkyl, heterocycloatkyl, eycloalkylalkyl, heterocyeloatkylalkyl, alkyloxy, aryi, heteroaryl, arylaikyl,

heteroarylaikyl, acyl, alkyloxycarbonyl, sulfanyl, sulfinyl, snlfonyl, and the like. Typical amino groups
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include, but are limited to, dimethylamino, diethylamino, trimethylammonium, triethylanunonium,
methylysulfonylamino, furanyl-oxy-sutfamine, and the like.

{01031 “Carboxy” refers to —COOH.

[0194] “Carbony!” refers to —C(0)-, which may have a variety of substitaents to forn different carbony!
gronps incleding acids, acid halides, aldehydes, amides, esters, and ketones.

{6105] “Hydroxy” refers to ~OH.

10186] “Cyang™ refers to -CM,

{63107 °

{6208] “Suifonyl” refers to -SO,-. Substituted sulfonyl refers to —~S0,R°, where R’ is a suitable

‘Halogen™ or “halo” refers to fluoro, chloro, bromo and iodo.

substituent as described below.

{01091 “Fused™ or “fused rings™ such as in fused aryl or fused heteroary! refers to two or more rings
joined such that they have at least two ring atoms in common. Fused aryl refers to fused rings in which
at least one of'the rings is an aryl. Fused heteroaryl refers to fused rings in which at least one of the rings
is & heteroaryl,

[0110] “Substituted” unless otherwise specified, refers to replacoment of pesitions occupied by
hydrogen in the foregoing groups with substituents exemplified by, but not fimited to, hydroxy, oxo,
nitro, methoxy, ethoxy, alkyloxy, substituted alkyloxy, trifluoromethoxy, haloalkyloxy, flucro, chloro,
bromo, iodo, halo, methyl, ethyl, propyl, butyl, alkyl, alkenyl, alkynyl, substituted alkyl, trifluoromethyl,
haloalkyl, hydroxyalkyl, alkyloxyalkyl, thio, alkyithio, acyl, carboxy, alkyloxycarbonyl, carboxamido,
substituted carboxamido, alkylsuifonyl, alkylsolfinyl, alkvisulfonylamine, sulfonamido, substitated
sulfonamido, cyano, amino, substitsted amino, alkylamino, dialkylamino, aminoalkyl, acylamino,
amidino, amidoximo, hydroxamoyl, phenyl, aryl, substituted arvl, arvloxy, arylalkyl, arvlalkenyl,
arylalkynyl, pyridyl, imidazolyl, heteroaryl, substituted heteroaryl, heteroaryloxy, heteroarylalkyl,
heteroarylalkenyl, heteroarylalkynyl, cyclopropyl, eyclobutyl, eyclopentyl, evelohexyl, cycloalkyl,
cycloalkenyl, cycloalkylalkyl, substituted eycloalkyl, cycloalkyloxy, pyrrolidinyl, piperidinyl,
morpholino, heterocycle, (heterocyelejoxy, and (heterocycle)alkyl; and preferred heteroatoms are
oxygen, nitrogen, and sulfur. It is understood that where open valences exist on these substituents they
can be furthér substituted with alkyl, cycloalkyl, aryl, heteroaryl, and/or beterocycle groups, that where
these openvalences exist on carbon they can be further substituted by halogen and by oxygen-, nitrogen-,
or sulfur-bonded substituents, and where multiple such open valences exist, these groups can be joined to
form & ring, either by direct formation of a bond or by formation of bonds t© a new heteroatom,
preferably oxygen, nitrogen, or sulfur. It is further snderstood that the above substitutions can be made
provided that replacing the hydrogen with the substituent does not introduce unacceptable instability to
the molecules of the present invention, and is otherwise chemically reasonable.

[0111] “Optional” or “optionally” means that the subsequently described event or circumstance may or
may not oceur, and that the description inchudes instances where said event or circumstance occurs and

instances in which it does not. One of ordinary skill in the art would understand that with respect to-any
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molecule described as contaiming one or more optional substituents, only sterically practical and/or
synthetically feasible compounds are meant to be included. "Optionaily substituted” refers to all
subsequent modifiers in a term or serigs of chemical groups. For example, in the term "optionally
substituted arylalkyl, the “alkyl" portion and the "aryl” portion of the melecule may or may not be
substituted, and for the series “optionally substituted alkyl, cycloalkyl, aryl and heteroaryl,” the alkyl,
cycloalkyl, aryl, and heteroaryl groups, independently of the others, may or may not be substituted.
{0112} “Protecting group” refers to a group of atoms that mask, reduce or prevent the reactivity of the
functional group when attached to 2 reactive functional group in a molecule, Typically, a protecting
group may be selectively removed as desired during the course of a synthesis. Examples of protecting
groups can be found in Wuts and Greene, “Greene’s Protective Groups in Organic Synthesis,” 4™ Ed.,
Wiley Interscience (2000), and Harrison ef af., Compendium of Synthetic Qrganic Methods, Vols, 1-8,
1971-1996, John Wiley & Somns, NY. Functional groups that ¢an have a protecting group include, but are
not limited to, hydroxy, amino, and carboxy groups. Representative aming protecting groups include, but
are not limited to, formyl, acetyl, irifluoroacetyl, benzyl, benzyloxycarbonyl (“CBZ™), tert-
butoxycarbonyl (“Boc™}, trimethylsilyl ("TMS"), 2-trimethylsilyl-ethanesulfonyl (*“SES™), trityl and-
substituted trityl groups, allyloxycarbonyl, 9-fluorenyimethyloxyearbonyl (“FMOC™}, nitro-
veratryloxycarbonyl (“NVOC”) and the like. Representative hydroxyl protecting groups include, but are
not {imited to, those where the hydroxyl group is either acylated {e.g., methyl and ethyl esters, acetate or
propionate groups or glyeol esters) or alkylated such as benzyt and trityl cthers, as well as alky! ethers,
tetrahydropyrany] ethers, trialkylsilyl ethers (e.g., TMS or TIPPS groups) and allyl ethers, Other
protecting groups can be found in the references noted herein.

[0113] “Leaving group”™ generally refers to any atom or moicty that is capable of being displaced by
another atom or moiety in a chemical reaction. More specifically, a leaving group refers to an atom or
moiety that is readily displaced and substituted by a nucleophile (e.g., an amine, a thiol, an alcobol, or
cyanide). Such leaving groups are well known and include carboxylates, N-hydroxysuccinimide
("NHS™), N-hydroxybenzotriazole, a halogen (fluorine, chiorine, bromine, or iodine), and slkyloxy
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, 24d
ed., Andrew Streitwieser and Clayton Heathoock (1981), pages 169-171; and Organic Chemistry, Sth
Ed., John MeMurry, Brooks/Cole Pablishing (2000), pages 398 and 408; all of which are incorporated
herein by reference.

0114} “Suitable reaction conditions” refers to those conditions in the biocatalytic reaction solution (e.g.,
ranges of enzyme loading, substrate loading, cofactor loading, temperature, pH, butfers, co-solvents, ele.)
vader which a transaminase polypeptide of the present disclosure capable of converting a substrate io the
desired amino product compound, e.g., converting compound (2) fo compound (1), Exemplary “suttable

reachon conditions” are provided in the present disclosure and ilhustrated by the Examples.
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(9115} “Loading”, such as in “compound loading” or “enzyme loading” refers to the concentration or
amount of a componer in a reaction mixiure at the start of the reaction.

{0116} “Substrate” in the context of a biccatalyst mediated process refers to the compound or molecule
acted on by the biocatalyst. For example, an exemplary substrate for the transaninase biocatalyst in the
processes disclosed herein is compound (2), whose preparation is described in US Pat. No. 7,326,708 B2,
issued Feb, 5, 2008.

(0187} “Product” in the context of a biocatalyst mediated process refers to the compound or molecule
resulting from the action of the biocatalyst. For example, an exemplary product for the transaiminase

biocatalyst in the processes disclosed herein is compound (1.

5.3 Engineered Polypeptides Having Transaminase Activity
[0118] The present disclosure provides engineered polypeptides having transaminase activity (also
referred to herein as “engineered fransaminase polypeptides™ wseful for the selective transamination of
armino acceptor substrate compounds of structural Formala (I1} (sec Scheme 3) to produce chiral amine
products of structural Formula (I), which, in some embodiments, can include compound (1), the active
pharmacoutical ingredient, sitagliptin. Accordingly, in one aspect, the present disclosure relates to
engincered polypeptides having transaminase activity which are capable of converting substrate
compound (2) to product compound (1) as shown.in Scheme 2. Further, the present disclosere provides
polynucleotides encoding the engineered polypeptides, associated vectors and host cells comprising the
polynuckeotides, methods for making the engineered polypeptides, and methods for using the engineered
polypeptides, including suitable reaction conditions.
[0118] The enginecred polypeptides of the disclosure are non-naturally cecurting transaminases
engineered to have improved enzyme properties (such as increased stereoselectivity) as compared o the
wild-type transaminase polypeptide of Arthrobacier sp. KINK 16§ {GenBank Acc. No. BAK39753.1,
(1:336088341), and also as compared to the refercnce engincered transaminase polypeptide of SEQ D
NO:2, which was used as the starting backbone sequence for the directed evolution of the engineered
polypeptides of the present disclosure. The reference engineered transaminase polypeptide of SEQ ID
NEO:2 has the following 28 amino acid differences relative to the wild-type ransaminage of Arthrobacter
sp. KINK168: 887, Y6OF, L61Y, T62T, V63SA, VOOT, DRIG, Mo4Y, 1961, F122M, 81247, S1267,
GI36F, Y1508, VIS2C, AT69L., V1991, AZ09L, G215C, G217, S223P, L260P, L.273Y, T2828,
AZ84G, P2978, 1306V, and 8321P.
{0126} The engineered transaminase polypeptides of the present disclosure were generated by directed
evolution of SEQ 1D NO:2 for efficient conversion of compound (2} to compound (1) under certain
industrially relevant conditions and have one or more residue differences as compared to the reference
engineered fransaminase polypeptide of SEQ 1D N(:2. These residue differences are associated with
improvements in various enzyme properties, particularly increased activity, increased siereoselectivity,

increased stability, and tolerance of increased substrate and/or product concentration (e.g., decreased
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product inhibition}. Accordingly, ip some embodiments, the engineered polypeptides having
trangaminase activity are capable of converting the substrate compound (2} to compound (§) with an
acfivity that is increased at least about 1.2 fold, 1.5 fold, 2 fold, 3 fold, 4 fold, § fold, 10 fold, 20 fold, 30
fold, 40 fold, 50 fold, 100 fold, 200 fold, 500 fold, 1000 fold or more relative 1o the activity of the
reference polypeptide of SEQ 1D NO:2 under suitable reaction conditions. In some embodiments, the
engineered polypeplides having transaminase activity are capable of converting the substrate of
compound (2} to compound (1) with a percent conversion of at least about 40%, at least about 50%, at
least about 60%, at feast about 70%, at least about 80%, or at least about $0%, at least about $5%, at lcast
about 98%, at least about 99%, in a reaction time ‘'of about 48 b, about 36 h, sbout 24 h, of even a shorter
tength of time, tmder suitable reaction conditions. In some embodiments, the engineered polypeptides
having transaminase activity are capable of converting compound (2) to compound (1) in enantiomeric
excess of at least 90%, 95%, 97%, 98%, 99%, or greater, under suilable reaction conditions.

[0121] The present disclosure provides numerous exemplary engineercd transaminase pelypeptides
comprising amino acid sequences of the even-numbered sequence identifiers SEQ ID NO:4 - 306. These
exemplary engineered transsminase polypeptides comprise amine acid sequences that include one or
more of the following residue differences associated with their improved properties for conversion of
compound (2) to compound (17 as compared to SEQ 1D NO:2: () X33L, X36C, X41CFEK/M/N/R,
X42G, X48D/E/G/KIT, X51K, X54P, X765, X122F/Q, X148Q, X155A/VK/T/V, X156R, X160P,
K215GAVL, X241R, X270T, X273H, X325M; and X241R; and/or (b) 2 combination of residue
differences as compared to SEQ TDNO:2 selected from: X42G, X54P, X1528, and X155T: X42G.
X54P, X 1528, X155T, and R164P; Xd2G, X54P, X150F, X1528, and X155T; X426, X54P, X150F,
X1528, X155T, and X267V, X42G, X54P, X150F, X1528, X155L, W156Q, and C215CG; X42G, X54P,
X130F, X1528, X155T, X215G, and X267V, X331.; X42G, X54P, X117G; X150F, X1528, X1551,
X156Q, and C215G; and X41K, X42G, X54P, X150F, X 1528, X155K, X156, and C215G; X33L,
X42Q, X54p, X1098, X150F, 1528, X155K, X1560Q, and X215H; X33L, X42G, X54P, X150F,
K1525, X1551, X156Q, and X215G; X33L, X42G, X54P, X1350F, X1528, X155K, X156Q, and X215H;
X33L, X420, X34P, X150F, X1528, X551, X156Q, and X215H; X331, X420, X54P, X150%, X1528,
X155L, X156Q, X215H, and X241R; X41F, X42G, X54P, X122Q, X150F, X152T, X155V, X156Q, and
X215G; X41F, X425, X54P, J(150F, X1528, X1551, X156Q, X171, X215G, and 20241R; X4]F,
X42G, X549, KI50F, X1528, X1551, X156Q, V1711, and X215G; X41F, X42G, X54P, X150F, X1528,
X1551, X156Q, and X215G; X41F, X42G, X54P, X150F, X1528, X155L, X1 560, X1711, and X215G;
K41TF, X426, X34P, X150F, X1528, X155L, X156, and X215G; X42G, X48G, X54P, X150F, X1528,
X155L, X156Q, and X215H; X42G, X54P, X60V, X150F, X1528, X155L, X1560, and X215G:

X42G, X54P, X68A, XI50F, X1528, X1551, X156Q, and X215G; X42G, X54P, X698, X150F, X1528,
X155L, X156, and X215G; X420, X54P, X122Q, X150F, X1528, X155], X560, X215G, and
X241R; X42G, X54P, X1220Q, X150F, X1528, X155L, X136Q, X1711, X215G, and X241R; X420,
X54P, X122Q, X150F, X152T, X155V, X156Q, X 1711, X215G, and X241R; X42G, XS4F, X126M,
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X150F, X 1528, X155L, X156Q, and X215G; X42G, X54P, X 1351, X136Y, X150F, X1528, X1585L,
X156Q, X192F, and X215G; X42G, X54P, X1361, X150F, X1528, X155L, X156, and X215G;

K420, X54P, X136L X150F, X1528, X1351., XI1560Q, X215G, and X2241, X42G, X54P, X136], X150F,
X1528, X155L, X156Y, X215, X282V, and X284%; X42G, X54P, X1361, X150F, X1525, X155L,
X156Y, X2150, and X284P; X42G, X54P, X136Y, X150F, X1528, X1551L, X156, X215G, X282V,
and X284P; X423, X54P, X150F, X 1528, X1551, X1564), X1711, X215G, and X241R; X426, X54P,
X150F, X1528, X155L, X156Q, X193M, and X215G; X42G, X54P, X150F, X1528, X155L, X 1560,
X215G, X282V, and X284E; X42G, X54P, X150F, X1528, X155L, X156Q, X215G, and X2838S; X423,
X54P, X150F, X1528, X155L, X156Q, X215G, and X284T; and X426, X54P, X150F, X 1528, X155L,
X156Y, and K215G.

[B122] Insome cases, the exemplary engineered polypeptides have an amino acid sequence that further
comprises one or more residue differences as compared to SEQ 1D NG:2 selected from: X35K, X331,
X36C, X41C0T/RMNR, X42ZA/G, X440, X48D/E/G/T/T, K49T, X51K, X547, X551, X768, X108V,
X117G, K1228/Q, X126A, X148Q, X150A/F, X1528/T, X155A/VE/L/TIV, X156Q/R/S, X160P,
X164P, 165N, X182T, X215G/H/L, X218M, X241R, X267V, X270T, X273H, X325M, and X32€1.
C215G. Insome cases, the exemplary engineered polypeptides have an amino acid sequence that forther
comprises one or more residue differences as compared to SEQ ID NO:2 selected from: G36C, 141C,
I41F, 141K, 1M, 41N, [41R, E42G, P48D, P48E, P48G, P48K, P4ST, AS1K, S54P, M122F, M1220,
Y148Q, C152T, Q1554, Q1551 Q155K, Q155T, Q155V, C2154, C215L, Y273H, L325M, and A241R;
or {t) a combination of residuc differences selected from:; ASK, E42G, 549T, S54P, C1528, QFS5T, and
W56, P33L, 141C, E42G, S54P, S150F, C1525, Q155K F160P, and C215G: P33L, 41K, F42G,
554P,-8150F, C1528, Q1551, F160P, and C215L; P33L, E42(, P48G, 854P, S150F, C1528, 1557, and
C215H; P33L, BAZG, 854P, A1095, S150F, C1528, Q155K, W156(3, and C215H; P33L, E42G, $54P,
EI17G, S150F, C1528, (1551, W156Q, and C215G; P33L, E42G, 554P, S150F, C1528, Q155],
W156Q, and C215G; P33L, E42G, 354P, 8150F, C1528, Q155K W156(Q, and C215H; P33L, B42G,
S54P, 5150F, C1325, Q155L, W135643, and C215H; P33L, E42G, S54P, §150F, C1528, (31351, W1564,
C215H, and A241R; G36C, B42G, P48(, $54P, S150F, C1528, Q1551 and C215H; G36C, H42G,
PABK, 854P, S150F, C1525, Q1557T, and C215H; G36C, B42G, 554P, SI50F, C1525, Q1551, C215H,
and A241R; G36C, E42G, 554P, S150F, C1528, Q155K C215H, and A241R; G36C, F42G, 5547,
S150F, C1528, Q155T, and A241R; G306C, E42G, §54P, S150F, C1528, Q155V, and C215H; 141C,
EA2G, SA9T, S54F, S150F, C1528, Q1551 F160P, C215G, and 1267V, 141C, E42G, S497T, $547, S150F,
CI528, Q155K, WI56Q, C215G and 1267V, T41C, B42G, 854D, [108V, S150F, C1528, and Q155K
M1C, B42G, 554P, 108V, S150F, C1328, QI55K, W156Q, C215G, and 1267V, 141C, E42G, §54P,
HO8V, S150F, 1528, Q155T, W156Q, and C215G; 141C, E42G, S54P, BE117G, S150F, C1528, Q1S5K,
and F160P; M1C, B42G, S54P, E117G, S150F, C1528, Q155K and C2151.; 141C, 842G, 8547, E117G,
S150F, C1528, QI55L, and C215L; M1C, B42G, 8534P, 8150F, C1528, Q155], and C213G; MIC, E42G,
S54P, S150F, C1528, Q155]1, and C215L; 141C, E42G, S54P, S150F, C1528, QI55K, W156Q, C215G,
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and 1267V; J41C, BA2G, S54P, S$150F, C1528, Q155K and C215L; I41C, B42G, S54P, S150F, C1528,
Q1SSK, and C215G; 41C, BA2G, 854P, S150F, C1528, Q155L, F160P, C215G, and 1267V; K1C,
E42G, S$54P, S150F, C1528, Q155T, W156Q, F160P, and C215L; 141C, B42G, S54P, S150F, C1528,
QL35T, W156Q, and C215L; 1417, E42G, S54P, M122Q, S150F, C152T, Q155V, W156Q, md C215G;
141F, B42G, S54P, S150F, C1528, Q155L, W156Q, V1711, and C215C; 41F, E42G, S54F, S150F,
C1528, Q1SSL,W1S6Q,V1711, C215G, and A241R; 141F, BA2G, S54P, S150F, C1528, Q1551 W156Q,
and C215C; 141K, E42G, P48E, S54P, SIS0F, C1528, Q155K, and W156Q; 141K, E42G, P4SE, S54P,
S150F, C1528, Q155L, and C215L; 141K, BA2G, S54P, 1108V, E117G, S150F, C1528, Q155K, and
C215L; 41K, E42G, S54P, 1108V, S150F, C1528, Q155T, and C215G: 141K, B42G, $54P, E117G,
S1S0F, C1528, 3155L, and C215G; 141K, E42G, 854D, B117G, $150F, C1528, Q155K, C215L, and
1267V; 141K, BA2G, S54P, ST50F, C1528, QI155K, W156(), and C215G; 41K, BA2G, S54P, S150F,
C1528, Q155K, R160P, (215G, and 1267V; B1K, B42G, 854P, $150F, C152S, Q155K, andC215L,;
JATK, E42G, S54P, S150F, C1528, and Q155T; M1K, B42G, $54P, $150F, C1528, Q155T, and F160P;
1K, B42G, S54P, S150F, C1528, QI55T, and C215G; 41K, B42G, S54P, S150F, C1528, Q155T,
C215G, and 1267V; 141K, E42G, S54P, S150F, C1528, Q155K, W156Q, and C215G; WIN, E42G,
S54P, S150F, C1528, Q1551 and F160P; 41N, E42G, S54P, E117G, SI50F, C1528, Q155T; and
W156Q; 41N, S49T, E42G, S54F, S150F, C152S, Q155L, F160P, D165N, and C215L; E42A, A44Q,
SS4P, IIORY, S150F, C1528, Q155T, and 1267V; E42G, A44Q, S54P, 1108V, S150F, C1528, and
Q155T; B42G, A440, 854P, 1108V, SI50F, C1528, Q155T, and 1267V; E42G, A440, S54P, S1504,
C1528, and Q155T; B42G, A44Q, 854P, S150F, C1528, and Q155T; E42G, P4EG, S54P, S150F,
C1528, QIS5L, W156Q, and C215H; E42G, P48G, S54P, SI50F, C152S, and Q155T: B42G, S49T,
S54P, 1108V, E117G, S150F, C1528, Q155L, F160P, and C215L; E42G, S497T, $54P, 1108V, E117G,
S150F, C1528, QI55K, W156Q, and C215G; B42G, S49T, $54P, 1108V, E117G, S150F, C1528,
Q155T, W156Q, C215G, and 1267V; T42G, S49T, S54P, C1525, Q155T, and W156Q; E42G, S54P,
I55L, T1264, C1528, Q155T, L218M, and A270T; E42G, S54P, F60V, S150F, C1528, Q155L, W156Q,
and C215G; B42G, $54P, T68A, S150F, C1528, Q155L. W156Q, and C215G; E42G, $54P, T69S,
S150F, C1528, Q155L, W156Q, and C215G; B42G, S54P, N768, T126A, C1528, Q155T, $182T,
L218M, A270T, and V3281; EA2G, S54P, 1108V, S150F, C'1528, Q155K, and C215FL; E42G, 854P,
T108V, S150F, C1528, and Q1S5T; E42G, S54P, 1108V, S1S0F, C152S, Q155T, and 1267V: E42G,
854P, 1108V, S150F, C1528, Q155Y, W156Q, and F160P; E42G, $54P, E117G, C1528, and Q155T;
EA2G, $54P, E117G, C1528, Q155T, and W156Q; B42G, $54P, M122Q, 8150F, C1528, Q1551
W156Q, C215G, and A241R; B42G, §54P, M122Q, $150F, C152S, Q155L,W156Q, V1711, C215G, and
A241R; FA2G, 854P, M1220Q), S150F, C152T, Q155V, W1S6Q, V1711, C215G, and A241R; E42G,
S54P, T126M, S150F, C1528, Q155L, W1560), and C:215C: F426G, S54P, P1351, FI136Y. S150F, C1528,
Q155L, W156Q, W192F, and C215G; E42G, $54P, F1361, S150F, C1528, Q155L, W1560Q, and C215G;
EA2G, $547, F1361, S150F, C1528, QI55L, WIS6Q, C215G, and G224, B42G, $54P, ¥1361, S150F,
C1528, Q155L, WI56Y, C215G, $282V, and G284%; E42G, $54P, F1361, S1S0F, C1528, Q1551
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WI36Y, C215G, and G284P; E42G, S§54P, F136Y, S150F, C1528, Q155L, W156Q), 215G, S282V, and
(G284P; E42G, S54P; S150A, Ci528, (3155T, and 1267V; E42G, §54P, S150F, C1528, 31551, W156Q,
F160P, CZ15L, and 1267V; E42G, $54PF, S150F, C1525, Q1551 W156Q, V171L, C215G, and AZ41R;
E423, 554P, S150F, C1525, Q1551, W156Q), and C2151; B42G, §54P, S150F, C1528, Q1551 F160P,
and C215G; E42G, S54P, S150F, C1528, Q1551, and C215H; E42G, S54P, S150F, Ci528, Q155K, and
W156Q: E42G, 554P, S150F, C1528, Q155K, W156Q, and 1267V, E42G, $54P, S150F, C1528, QI55L,
W156Q, G193M, and C2135G; E42G, 854P, S150F, C1528, Q155L, W1356Q, and C215G; F42G, 554P,
S150F, C1528, QI55L, W156Q, C215G, 5282V, and G2841; E42G, S54P, 8150F, C1528, Q155L,
W156Q, C215G, and T283S; E42G, S54P, S150F, C1528, QIS55L, W156Q, C215G, and G2841; E42G,
S54P, S150F, C1528, QI55L, WI3S6Y, and C215G; F42G, S54P, 5150F, C1528, Q155L, and C215H;
E4ZG, 554P, 5150F, C1528, and Q155T; LE42G, 854P, S150F, C1528, Q155T, C215G, and 1267V,
B42G, 534P, S150F, C1525, QI55T, and 1267V; E42G, $54P, S150F, C1528, Q155T, Wi56Q, F160P,
C215L, and 1267V, B42G, 554P, S150F, C1528, Q155T, W156Q, C215G, and 1267V; E42G, S54P,
S150F, C1528, Q155T, and WI156R; E42G, 554P, S150F, C1528, QI55T, F160P, and C215G; E42G,
5534P, 5150F, C1528, Q155T, F160P, and C215L; E42G, 8§54P, S150F, C1528, Q155T, C215G, and
1267V; B42G, 554P, 5150F, CI528, Q155T, mnd 1267V B42G, S54P, C1528, Q1551 and W1568S:
E42G, S54P, C1528, Q155K and W1568; B42G, $54P, C1528, Q155L, and W156S; B42G, 554P,
C1528, and Q155T; E42G, 854P, C1528, Q155T, and F160P; E42G, $54P, C1528, Q155T, and R164P;
E42(5, S54F, CI528, QI55T, and W150Q); E42G, S34P, C1528, Q155T, and W1563; E42G, S54P,
C1528, Q155T, and RI64P; B42G, 554P,C1528, Q155T, S182T, L218M, and A270T; B42G, 834P,
C1525, Q155T, and C213G; E42G, 554P, C1528, Q155T, and C215L; and B42G, §54P, C1528, Q155V,
and W1368S.

19123} In some embodiments, the engineered polypeptides having transaminase activity are capable of
converting compound (Z) to compound (1) with increased tolerance for the presence of the substrate
relative to the substrate tolerance of the reference polypeptide of SEQ ID NO:2 under suitable reaction
conditions, Accordingly, in some embodiments the engineered polypeptides are capable of converting
the substrate of compound (2) to compound (2) in the presence of a substrate loading concentration of at
least about 1 g/L, 5 ¢/L, 10 g/L, 20 /L, about 30 g/L, about 40 g/L, about 50 g/L, about 70 g/1., about
100 g/L, with a perceni conversion of at least about 40%, ai least about 50%, at least about 60%, af least
about 70%, at lcast about 0%, at least about 90%, at feast about 95%, at least about 98%, or at least
about 99%, in a reaction time of about 72h, about 48h, about 36h, about 24 h, or even shorter length of
time, under suitable reaction conditions.

{0124} The suitable reaction conditions under which the above-described improved properties of the
engineered polypeptides can be determined with respect concentrations or amounts of polypeptide,
substrate, amine donot, cofactor, buffer, co-solvent, pH, and/or conditions including temperature and
reaction time. In some erbodiments, the suitable reaction conditions comprige the HTP, SFP, or DSP

assay condifions described below and in the Examgples.
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(0125} Structure and function information for exemplary non-naturally ocourring, enginecred
transaminase polypeptides of the present disclosure are shown below in Tables 2A, 2B, and 2C. The odd
numbered sequence identitiers (Le., SEQ 1D NQ) refer to the socieotide (nf) sequence encoding the
amino acid (aa) sequence provided by the even nombered SEQ 1D NOs, and the sequences are provided
in the electronic sequence listing file accompanying this disclosure, which are hereby incorporated by
teference herein. The amino acid residue differences are based on comparison to the reference
polypeptide sequence of SEQ I NO:2, the gene sequence of which was used as the starting point for the
directed evolution of engincered polypeptides having increased activity in converting compound (2) to
compound (1} under certain industrially useful reaction conditions. The activity of each engineered
polypeptide was determined using a high-throughput (HTP) assay {(as a primary screen), and, in some
cases, a sccondary shake-flask powder (SFP) and/or downstream processed (DSP) powder assay. The
HTP assay values provided in Table 2A were determined using £, coli clear cell lysates in 96 well-plate
format following assay reaction conditions as noted in the Table. The SFP and DSP enzyme preparations
provide a more purificd powder preparation of the engineered polypeptides. The SFP assay values in
Table 2B were determined using SFP of the engineered pelypeptides in a 5 mL vial format using reaction
conditions noted in the Table. The DSP assay values in Table 2C were determined using DSP powders
of the engineered polypeptides in a 5 ml vial forinat using reaction conditions noted in the Table.

Further details of the HTP, SFP, and DSP preparations and assays are described in the Examples.

Table 3A: HIP Activity

SEQ I Assay
NO: Amino Adid Differences Activity Fold- Reaction
{nt/an) (compared to SEQ 1D NQ:2) Improvement' | Cenditions”
i/2 None i A
3/4 A241R ' 1.5 A
5/6 A241R; L325M 1.4 A
748 Gl6C 1.4 A
9/10 P4813 1.5 A
1i/12 | P48T 1.2 A
13/14 | iR 1.5 A
15/16 | MIK;1L325M 1.9 A
17118 | E42G 1.3 A
1920 | ASIK 2.7 A
21722 | PARG 1.3 A
23/24 | PARE 1.6 A
25/26 | 141F 15 A
2728 | I41R; L325M 1.6 A
29/30 | P48K 1.5 A
31/32 | S54p 1.4 A
33/34 | HIM 1.3 A
35/36 | [4IN 1.6 A
37138 | 141C 1.9 A
39/40 | MI1220 2.3 A
41/42 | MI22F _ ' 1.7 A
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SEQ ID Asgay
NO: Aming Acid Differences Activity Fold- Reaction
(nt/aa) (compared to SEQ 1D NO:2) Improvement' | Conditions®
43/44 | Q1551 13 A
45/46 | YI48(Q) 1.4 A
47/48 | Q155V 17 A
49/50 1 Q155K 1.7 A
51752 1 DI55T 2.0 A
33/54 1 QISSA 1.6 A
55/56 | CI582T 1.6 A
57/58 | C2I5L;Y273H 1.2 A
39/60 | C215H 1.4 A
61/62 | BA2G; 854P; C1528; Q1557 4.0 A
03/64 | EA2G; 8$54P; C1528; Q155T; R164P 5.6 A
65/66 | EA2G; S54P; 1108V, S150F; C1525; Q1551 5.6 B
67/68 | E42G; A440, 854P; 1108V; S150F; C1528; Q1557 6.4 B
69770 | B42G; §54P; S150F; C1528; Q155T; 1267V 7.6 B
71772 1 B42G; 854P; 1108V, 8150F; C1528; QI55T; 1267V 4.4 B
73/74 | BA2G; A44Q), S547; THO8V; 8150F; C1528; (Q155T; 1267V 6.0 B
75/76 | E42G; A440Q; §54P; S150F,; C1528; Q155T 6.8 B
77178 | EA2G; $54P; S150F; C1528; Q55T 7.6 B
79/80 | E42A; A44Q; S54P; TIORV: S150F; C1525; Q155T; 1267V 6.4 B
81/82 | E42G; 854P; 51504, C1528; QI55T; 1267V 2.4 B
83/84 1 B42G; A44Q); 854P, S150A; C1528; Q1557 3.6 B
85/86 | B42(G; S54P; N76S; T126A; C1528; Q155T; S182T, 52 B
L218M A2707; V328]
B7/88 | E42G; S54P:. I55L: T126A; C1528: (155T; L218M; A270T 6.0 B
89/90 | E42G; 854P, C1528; Q155T; S182T; L218M; A270T 3.2 B
91/92 1 ASK, EA2G; 8497, S54P; C1528; Q155T: W1560Q 4.8 B
03/94 | BALG; S54P; E117G; C1528; QI55T, W156(Q) 3.6 B
05/96 | BA2G;854P; C1528; O155T; W156() 7.6 B
97/98 | EA2G; SS4P. E117G; C1528; (31557 4.8 B
99/100 | E42G; S49T: 854P; C1528; Q155T; W156Q 6.8 B
1017102 | E42G; 854P; C1528; Q155T; W1568 5.2 B
103/104 | B42G; 854P; C1528; Q155T; C215L 6.0 B
105/106 | B42G; 554P; C1525; Q155T; C215G 6.4 B
107/108 | E42Q; S54P; C1528; (3155 W1568 13.2 B
109/110 | E42G; 5548, C1528; G155V, W1568 9.6 B
113112 1 BA2G: S54P; C1528; Q1551 W1565 14.8 B
+ 113/114 | E42(; §54P; C1528; Q155K; WI56S8 13.6 B
115/116 | BE42(5; 854P; C1528; Q155T; Flelp 6.8 B
1VI11E | MK B42G; 854P; S1S0F: C1528; QIA5T C215G 144 B
119/12¢ | 141C; E42G; $54P; S150F, C1528; (31551, C215G 128 B
1217122 | E42G; 8$54P; S150F; C1528; Q155T; C215G; 1267V 14.8 B
123/124 | MIK; B420; S54P; 1108V, S150F; C1528; (0155T; C215G 12.4 B
- 125/126 { HMIC; B42G; S54P; 1108V S150F; C1328; Q153K 18.4 B
WIS6O: C215G; 267V
127/128 | B42G; S49T; 854P; 1108V; E117G; S150F; C1528; Q155L; 4.9 B
Fiodr;, C215L
129/130 | B42G; S54P; S150F; C1528; Q155L,; W156():; C215G 5.6 B
1317132 | MG, BAZG; S497T; 854P; S150F; C1528; Q155K; W156(Q); 6.4 B
{215G: 1267V
133/134 | M1C; B42G; 854P; S150T; C1528: Q155T; W156Q; C215L 7.6 B
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SEG ID Assay
NO: Amino Acid Differences Activity Fold- Reaction
(nifaa) {compared to SEQ ID NO:2) Improvement' | Conditions”
135/136 | B42G; S54P; S150F; C1528; Q155K W156Q; 1267V 4.4 B
137/138 1 MIN; B42G; $54P; STS0F; C1528; Q1551 F160P 6.0 13
1397149 | 1K E424G; 854P; 3150F; C1528; Q153K; F160P; C215G; 6.8 B
1267V
1417142 | 141N; 549T; E42G; S54P; S150F: C1525; Q155L; F160F: 7.6 B
D165N; C215L
143/144 | 41C; E42G; S54P; S150F; C1528; Q155K; C215G 6.4 B
145/146 | 141K, E42G; PARE; S54F; 8150F; €1528; Q155K; W1560 24 B
147/148 | 141C; E42G; 854P; S150F; C152S; Q155T; W156Q; F160P; 3.0 B
2150
145/150 | 141C; E42G; S54P; E117G; 8150F, C1528; Q155K; F160P 5.2 B
151/152 | E42G; S54P; S150F; C1528; Q1531; Wi56¢(); F160F; 6.0 B
C2151; 1267V
153/154 | M1C; E420; S54P; S150F,; C1528; Q155K {2151, 3.2 B
1557156 | B42G; 8348; S150F; C1528; QI55T; W156Q; C215G; 4.8 B
1267V
157/158 | E42G; 854P; S150F; C1528; Q155T; F160P; C215L 5.6 B
1597160 | P33L; E42G; 554P; E117G; S130F, C1525; (31551; 7.6 B
W1s6Q C215G
161/162 | 141K; B42(G; S34P; S150F; C1528; Q153K C215L 4.8 B
163/164 | E42G; S54P; T108Y; S150F; C1528; QI55T 6.8 B
165/166 | 141C; E42G; 554; 1108V, S1S0F; C1528; Q155T; W156Q; 2 B
C215G
167/168 | E42G; S54P; 8150F; C1528: QI55T; F160P; 215G 4.0 B
169/170 | 141C; E42G; 854P; E117G; S150F; C1528;(Q155L,; C215L. 6.4 B
1717172 | 141C; B42G; 8§54P; S150T; C1528; QU55K, W156Q; 132 B
1 C215G; 1267V
173/174 | I41C,; E42G; S49T; 8547; S150F; C1528; Q1551; F160P; 9.6 B
CA15G; 1267V
175/176 § 141C; B42G; 834P; S150F; C1528; Q155L; FieOp; C215G; 14.8 B
267V
177/178 | M1K; E42G; 854P; SI50F; C1528; Q155K; WISA(); 13.6 B
C215G
179/180 | M1K; B42G; P48E: 554P; S150F: C1528; Q155L; {215L; 6.8 B
1817182 | P33L; 141K, B42G; S54F; S130F, C1525; Q1557; Fi60P; 14.4 B
C215L
183/184 | 141K FA2G; 534P; B117G; S150F; C1528; Q1351,; C215G 12.8 B
185/186 | 141IN; E42G,; S54P; E117G; SI50F; C1528; (3155T; WisaQ 14.8 B
I87/188 | BE42G; 8547, 1108V, S150F; C1528; Q155V; W1560); 12,4 B
Fie{p
189/190 | E42G; S54P, S150F; C1328; Q155T; W1560); F160P; 18.4 B
C215L; 1267V
C 1617192 | P33L; MIC; B42G; 854P; 81501 C1528: Q155K; F160P; 4.0 B
C215G
193/194 | E42G; $54P; S150F; C1525; Q155L Fi60P; C215G 5.6 B
195/196 | 141C; E42G; S54P; S150F; C1528; Q1551; C215L 6.4 "B
1977198 | B42G; S49T; S54P; 108V, E117G; S150F; C1528; Q155%; 7.6 B
WissQ; C2156
199/200 | 141C; B42(; 854P; ELL7G; S150F: C1528; Q155K; C215L 4.4 B
1 201/202 | E42G; $54P: S150F; C1528; Q1555 W1560Q: C215L 6.0 B

9%
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SEQID Assay
NG: Amino Aeid Differences Activity Fokd- Reaction
{ut/aa) {compared to SEQ ID NO:2) Improvement' | Conditions®
203204 | BA2G; 5540 S150F; C1525; Q155T; W136R 6.8 B
2057206 | 41K E42G; S54P; 1108V, EHI7G; ST50F; C1528; Q155K; 7.6 B
{2151
207/208 | B42¢; S54P; S150F; C1528; Q155K; W156Q 6.4 B
209/210 | LK E42G; S54P; S150F; C1528; Q155T; F160P 2.4 B
2117212 | 1K B42G: S34P; BE117G; 8150F; C1528; Q155K C2151,; 3.0 B
1267V
2137214, | 141K B4A2G; S54P; S150F; C1528; Q155T 5.2 B
215/216 | 141K FA2G; 854P; S150F; C1528: Q155T; C215G; 1267V 6.0 B
2177218 | TA1C; B42G; S54P: TI08Y, S150F; C1525; Q155K ' a2 B
2197220 | E42G; S49T; S54P; 1INV, BE117G; S150F; C1528; Q155T, 4.8 B
WI136Q; F160P; C213(5, 1267V
2217222 | P33L; B42(: PABG; S54P; S150F, C1528; Q55T C21i5H 5.6 B
223/224 | G36C; B42G; 554P; S150F; C1528; Q155K; C215H; 7.6 B
A241R
225226 | G360, B42G; P48K,; S54P; S150F; C1528; QI155T, C215H 4.8 B
2277228 | G36C; B42G; PA8G; S54P; S150F; C1528; Q1551; C215H 6.8 B
225/230 1 E42G; $54P; 1108V, S150F; Ci52S; QI55K; C215H 9.2 B
231/232 | E42G; P48G; 554P: S150F; C1528; Q155T 6.0 B
233/234 | BE42G; 554P; S150F, C1528; Q155L; C215H 6.4 B
2357236 | G36C; B42G; $54P; S150F; C1525; Q1551 C2i5H; A241R 13.2 B
2377238 | G360, F42G: P48K; 554P; 8150F; C1528; (31551; C215H 9.6 B
239/240 | E42G; 554P: S150F: C1525: 01551 C215H 4.8 B
2417242 | G36C; B42G; S54P; S150F; C1528; Q155T; A241R 13.6 B
- 243/244 | G36C: B42G; S54P; S150F; C15258; Q155V; C215H 6.8 B
245/246 | P33L;E424; 8540, 8150F,C1525;Q1 55K, W156(:C215H 1.513 C
2477248 | B42GP48G:854P:8150F,C1528;Q155L, W156();C215H 1.469 C
249/250 | P33L,E42C; 854 S150F,C1528;Q155L; W156(;C215H 1.481 C
251/252 | P33L:E42G;854P;A1098;8150F;C1528;Q155K; W156Q;C2 C
1SH ' , 1.420
253/254 | P33L;E4245;,8534P;5150F;C1525;:Q1 351, W136(Q;C215H; A2 C
41R 147
255/256 | M1F;E42G:854P;8150F:C1528,;0Q155L; W1560Q;C215G 1.285 C
2577258 | MK E42(GS54P;M122Q;8150F;CL52TQ 155V, W136(3;C2 C
158G 1,213
250/260 | E42G;554P:M122Q;S150F . C152T:Q 155V W156Q:V 1711 C
C2I5GA241R 1.667
2617262 | 41 E42G;854P; 51507, C1528, Q185 WIs6Q; VITILCZIS | C
{z 1.333
263/264 | 1415, E42G;554P;8130F;C1528;Q155L, W1560;VI7ILC21 C
5GA241R 1.245
265/266 | E42G;85478150F,C1525;Q155I, Wi1s6Q:V17IT,C215G: A C
Z4IR 1.307
267/268 | 141F;B42G;854P:8150F;C1525:Q155,W1560;C215G 28 C
269/270 | P33L;E42G:854P:8150F:C1525, Q155 W156Q;C215G 2 C
2717272 | I41F;E42G;S54P,S150F;C1328, Q1550 W156Q; V171L,C21 C
SG 1.545
273/274 | EA2G;B54PM 122081505, C1528,0155 L W156Q;C215G; ' C
A241R ' 1.605
275/276 | E42G; 854, M122(35150F.C1828,0155L W156Q:VITILC 1.248 C
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SEQGID Assay
NG Amino Acid Differences Activity Fokl- Reaction
(nifaa) {compared to SEQ ID N(O:2) Improvement' | Conditions®
215(G;A241R
277278 | B42G;854P,T698:8150F,C1528;Q1 S5, W156Q;C215G 1.57 C
CZT9280 | E42G; 554781507, C1528,0155L, W 156Q:C215G;T2835 1.573 C
2817282 | BA2G:S54P;S150F;,C1525,Q155L; W156Q;C215G;8282V; C
(2841 1.507
283/284 | B42G; 554 P F130Y;S150F,C1528;Q155L W156Q;C215G:8 : C
22V, (2847 1.337
285/286 | E42G: 854D 8150F:C1528:Q01550, W156Y (215G 1.5 C
287/283 | EA2G; 854 P F136L8150FC1528, (G155, W156Y ;C215G:82 C
82V, (2841 _ 1.367
289/290 | B42G:554P:S150F,C1528;,Q1 551, W156(0:C215G;G2841 1.496 C
291/292 | E42G:554P, F136LS150F;C15258;Q1 55, W156Q;C215( 1.636 C
2037294 | EA2G;854P;FI3618150F;C1525,Q1551,W1560Q:C215G;G C
" 2241 1.391
295/256 | EA2(5S54P 1365 150F,C1528,Q155L, WissY C215G:G C
2347 ' _ 1.366
2977208 | E42G;S34P;PI35LF136Y S 150F;C1528;Q155L, W156Q,W C
192F.C2150 1.438
299/300 | B42G:854P; T126M:S150F:C1525:Q155L: W1560Q:C215G 1.389 C
300/302 | BA2G:854D: 8 150K, C1528,Q155L, W156Q,G193M;C215G 1.54 C
303/304 | EA2G;854P; TA8A S I50F.C1528:Q155L: W156Q,C215G £.473 C
305/306 | E4A2(G;854P:F60V:S150F;C1528,Q1551,, W156(Q;C215G 1.405 C

" Activity Fold-Improvement was calculated as the percent conversion of the substrate of compound (2)
to the product compound (1) by the specified engineered polypeptide under the activity assay reaction
conditions {(noted below and in Examples) per the percent conversion of the same substrate fo product
under the same reaction conditions by the engineered polypeptide of SEQ ID NO:2. Percent conversion
of substrate compound (2) to prodoct (1) was determined by HPLC analysis of the quenched assay
saniples prepared a3 noted below and in Example 1. Porcent conversion was quantified by dividing arcas
of HPLC product peaks by the sum of the arcas of the product and substrate peaks.

“Activity Assay Reaction Conditions:

Conditions A

Lysis; Celis were ysed by shaling for 2 h at 250 rpm and room temperature in 200 ul. of Iysis buffer
containing 0.1 M TEA, 1 /L. tysozyme, and (.5 g/L. polymyxin B sulfiate, and .25 mM PLP, at pH 8.5,
Enzymatic reaction: 40 uL clear cell lysate added to 140 pl volume of stock premix of 1.4 mM PLP (in
sterile water), 2.1 M isopropylamine (IPM}, in 57% (v/v} DMSO, at pH 11; then reaction started by
addition of 20 wL of 500 g/L substrate compound (2) in 100% DMSQ. Final assay concentration: 50 g/L.
substrate compound (2}, 1.5 M IPM, 1 mM PLP, and 50% DMSO, at pH 11. Reaction plate was heat-
sealed and shaken at 200 vpm at 55°C for 18 h. Reaction was quenched by addition of T mL acetonitrile
and shaking for 5 minutes, followed by centrifuge of plate for 10 min at 4000 x g at 18°C.

Conditions B

Lysis: Cells were lysed by shalking for 2 h at 250 rpm and room temperature in 200 ul of lysis buifer
containing 8.1 M TEA, 1 g/l lysozyme, and 0.5 g/L. polymyxin B sulfate, and 0.25 mM PLP, at pH 8.5.
Enzymaiic reaction: 20 ul. clear cell lysate added to 160 uL. volume of stock premix of 1.25 mM PLP (in
| sterilc water), 2.5 M isopropylamine (IPM), in 57% (v/v) DMSO, at pH 11.5; then reaction started by
addition of 20 pL of 500 g/L substrate compound (2} in 100% DMSO. Final assay concentration: 50 g/L
substrate compound {2), 2 M IPM, I mM PLP, and 50% DMSG, at pH 11.5. Reaction plate was heat-
sealed and shaken at 200 rpm at 55°C for 18 h. Resaction was quenched by addition of 1 mL acetonitrile
and shaking for 5 minotes, followed by centrifuge of plate for 10 minat 4000 x g at 18°C.
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SEQ ID Assay
NO: Aming Acid Differences Activity Folid- Reaction
{nt/aa} {compared to SEQ T NO:2) Improvement' | Conditions’

Conditions C
Lysis: Cells were bysed by shaking for 2 h at 250 rpm and room temperature in 200 uL of lysis buffer
containing 0.1 M TEA, | ¢/ lysozyme, and 0.5 g/L polymyxin B sulfate, and 0.25 mM PLP, at pH §.5.

Enzymatic reaction: 10 uL. clear cell Tysate added to 180 ul, volume of stock premix of 1.33 mM PLP (in

sterile water), 2.2 M isopropylamine (IPM), in 55.5% (v/v) DMSO, at pH 11.5; then reaction started by
addition of 10 ul. of 1000 g/L subsirate compound (2} in 100% DMSO. Final assay concentration: 50
g/L subsirate compound (2}, 2 M IPM, 1.2 mM PLP, and 50% DMSO0, at pH 11.5. Reaction plate was
heat-scaled and shaken at 200 rpm at 55°C for 4 h. Reaction was quenched by addition of 1 mL
acetomitrile and shaking for 5 minutes, followed by centrifage of plate for 10 min at 4000 x g at 18°C.

Table 28: SFP Activity and Stability

SEQ D
NO:
(nt/aa}

Amine Acid
Differences
{compared
to SEQ ID
NO:2)

%% Conv.!
(50°C)

Yelony.

(55°C)

7

“eConv.’
{60°C)

%, Conv.*
{35°C, 2h)

% e.e.’
(55°C)

172

MNone

nd,

4.¥

n.d,

n.d.

29.9

35/40

M1220;

n.d.

11.5

n.d.

nd,

59.9

61/62

-E42(:

S54P;

“C1525;

{3155T;

n.d.

11.8

n.d.

n.d.

99.9

69770

E42(G;
S54P,;
81308,
C1528;
O155T;
1267V,

.

n.d.

md.

- 599

77478

B42G3;
S554P:
S15QF;
C1528;
Q155T:

74.6

278

n.d.

99.9

121122

F42G;
S54P;
S150%F,;
C1528;
Q1557;
C215G;
1267V,

72.6

53.6

48.6

..

nd.

1294130

Hd23;
B34p;
S150F;
C1528;
(1551,
Wis6(;
C215G;

64.4

o
£
3

8.6

n.d.

159/160

P33

60.2

76.5

63.5

..

n.d.

40
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Amino Acid
Differences
SEQID | (compared
N io SEQ ID %Conv, | %Conv? %Conv.’ %oy % 6.8 "
{nt/an) NO:2) (50°C) (55°C) (60°C) | (55°C, ) (55°C)

E42G;
354F;
117G,
S1508;
C1528;
Q155I;
W156Q;
C215G:

177/178 | 141K 64.1 54.4 46.1 w.d. n.d.
F42(3;
S54P;
S150F;
C1528;
Q155K;
WI56Q;
C215G:

1917192 | P33L; 41, 79.1 6.4 0.1 md. n.d,
F42G;

S54P;

S150F;
C1525;
155K,
F160P;
C215G;

245246 | P3IL;E42G; nd. n.4. n.d. n.d.
$34P:S150F
;E1525;015
SKW156Q;
C215H; 14,29

1 247/248 | B42G;P48G n.d. md n.d. n.d.
S54P;8150
F;C1525;Q1
351, W156Q
{C215H; 13.20

2497250 | P33LE420; n.d, nd. nd. nd
554P;S150F
:C1525:0Q15
SE,WT56403;
{215H; 14.61

2397260 | BE420;854P; n.d. nd. .. n.4d.

M1220Q;815 '
OF,C152T,¢
155V, W1i56
O;VITILC?
15G;A241R
: 11.40

278272 | MIF; E42G; nd. n.d, n.d n.d,
S34:8150R
;C1528;015 _ 12.54
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SEQID
NO:
(nt/ag)

Aming Acid
Differences
{compared
to SEQ ID
NO2)

Y% g6
(53°C)

% Conv.!
(55°C, 2h)

o Conv.”
(60°C)

% Conv.?
{55°C)

o4 Conv.,!
(50°C

SL;W1560;
VITILC215
G.

E42G:S54P;
MI22(3515
(F;C1525;0
1551, W156
Q:C215G:A
241R;

. n.d. n.d. n.d.

11.85

2917292

E42G;S54PF;
F1361;5150
F:C1528:01
55L:-WIS60
215G

nd. n.d. n.d. nd,

10.42

“n.d.” = not determined

Percent conversion of substrate compound (2} to product (1) was determined by HPLC
analysis of the quenched assay samples prepared as noted below and in Example 1.
Percent conversion was quantified by dividing areas of HPLC product peaks by the sum
of the areas of the product and subsiraic peaks.

'Reaction conditions for 50°C SFP assay: 50 g/L substrate, 2 /L SFP preparation of
engineered polypeptide, 1 mM g/L pyridoxal-5'-phosphate (PEP), 1 M isopropylamine
(IPM), 50% v/v DMSQ, pH 10.0. Total reaction volume: 5 mk.,

*Reaction conditions for 55°C SFP assay:, 50 g/L substrate, 2 g/L SFP preparation of
engineered polypeptide, 1 mM pyridoxal-5-phosphate (PLP), 2 M isopropylamine (IPM),
50% vy DMS(, pH 11.5. Total reaction volume: 5 mL. '

*Reaction conditions for 60°C SFP assay: 50 g/L subsirate, 2 g/l, SFP preparation of
engincercd polypeptide, 1 mM g/l pyridoxal-3'-phosphate {PLP), 2 M isopropylamine
{IPM), 50% v/v DMSO, pH 11.5. Total reaction volume: 5 mL.

*Reaction conditions for $5°C SFP 2h assay: S0 gL substrate, 0.5, 1, or Z g/l SFP
preparation of engineered polypeptide, 1.2 mM pyridoxal-5-phosphate (PLP), 2 M
isopropylamine (IPM}, 50% v/v DMSO, pH 11.5. Total reaction volume: 5 ml.

Table 2C: DSP Activity and Stability

s8°C Assay 557 Assay
SEQ | Amino Acid Differences | %Conv.! | %Conv.’ % Conv.’ | %Conv.”
T NG {compared to SEQ ID {(L.og/L | (05gL (1.0gh | (0.5gL
{nt/aa) NO2) enzyme) | enzyme) L % e | enzyme) | eneyme) | % e..
12 None 59.7 33.3 99.9 7.8 4.1 99.9
63/64 | F42(3; 854P; C1525; 82.8 71.4 99.9 229 8.7 95 G
(J155T; R164P;
1217122 | B42G; 854P; S150F; 81.7 71.8 95.9 52.1 37.1 99.9
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C15285; Q155T; C215G;
1267V,

1297130 | E42G; S54P; S150F; 83.5 728 999 | 684 54.3 899.9
C1528; Q153L; WIS6G;
C215G;

Percent conversion of substrate compound (2) to product (1) was determined by HPLC analysis of the
| quenched assay samples prepared as noted below and in Example 1. Percent conversion was quantified
by dividing areas of HPLC product peaks by the sum of the arcas of the product and substrate peaks.

*Reaction conditions for 50°C, 1 g/L DSP assay: 50 g/L stbstrate compound (2}, 1 g/l DSP preparation
of engineered polypeptide, 1 mM g/L. pyridoxal-3-phosphate (PLP), 1 M isopropylamine (IPM), 50%
viv DMSQ, pH 10.0, 30°C. Total reaction volume: 3 ml.,

“Reaction conditions for 50°C, 0.5 g/ DSP assay: 50 g/L substrate compound (23, 0.5 ¢/L DSP
preparation of engincered polypeptide, T mM pyndoml-‘}'—phosphatc (PLP), I M isopropylamine (IPM),
50% viv DMSQ, pH 10, Total reaction volume: 5 mL.,

*Reaction conditions for 55°C, 1 g/L. SFP assay: 50 g/L. substrate compouund (2), 1 g/L. DSP preparation
of engineered polypeptide, 1 mM g/L pyridoxal-5'-phosphate (PLP), 2 M isopropylamine (IPM), 50%
viv DMBG, pH 11.5. Total reaction volume: 5 mL.,

*Reaction conditions for 55°C, 0.5 w/L SFF assay: 50 g/L substrate compaound (2}, 0.5 g/l DSP
pr»pdﬂtion of engineered polypeptide, 1 mM @/L pyridoxal-5'-phosphate (PLP}, 2 M isopropylamine
(1PM3}, 50% v/v DMSO, pH 11.5. Total reaction velume: 5 mL.

6126] As shown in Tables 2A-2C, the exemplary enginecred polypeptides having transaminase activity
of the even-munbered sequence identifiers of SEQ ID NO:4 - 306 include one or more of the following
residue differences as compared to SEQ ID NO:2: X5K, X33L, X3aC, M4 1CF/K/MN/R, X42A/G,
X44Q, XARD/E/GIK/T, X49T, X51K, X34P, X551, X768, X108V, X117G, X122F/43, X126A, X148Q,
X1S0A/F, X1525/T, X1SSA/KAITIV, X156Q/R/S, X160P, X164P, X165N, X182T, X215G/H/L,
X218M, X241R, X267V, X270T, X273H, X325M, and X328L Based on the properties of the exemplary
engineered polypeptides of SEQ ID NO:4 ~ 306 disclosed in Tables 2A-2C (and Example 1), improved
¢nzyme propertics such as increased activity for converting compound (2) to compoumd (1}, increased
thermal, solvent, and/or pH stability, are associated with at least the following residue differences as
compared to SEQ ID NO:Z: In some embodiments, the present disclosure provides an engineered
polypeptide having transaminase activity comprising an amino acid sequence having at least 80%
sequence identity to reference sequence of SEQ ID NO:2 and (&) an amino acid residue difference as
compared to SEQ TD NO:2 selected from X331, X36C, X41C/FR/M/N/R, X42G, X48D/E/GE/T,
X5IK, X34P, X768, X1225/Q, X148Q, X152T, X155A/VK/T/V, X136R, X160P, X215G/H/L, X241R,
X2707, X273H, X325M; and X241R, and/or {(b) a combination of residue differences selected from:
X420, X54P, X1528, and X155T; X42G, X54P, X 1525, X 1557, and R164P; X42G, X54P, X150F,
K1525, and X155T, X426, X54P, X150F, X1528, X155F, and X267V, X42G, X54P, X150F, X1528,
XI55L, W156Q, and C2150; X42G, X54P, X150T, X 1525, X155T, X215G, and X267V; X33L; X42G,
X540, X117G; X150F, X1528, X1551, X156Q, and C215G; and X41K, X42G, X547, X150F, X15285,
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XI155K, X1560), and C215G; X331, X426, X54P, X1098, X150F, X1528, X155K, X156, and X2151;
X331, X42G, X54P, X150F, X1528, X1551, X156Q), and X215(; X331, X42(, X54P, X150F, X1528,
X1558K, X1560Q), and X215H; X331, X420, X54P, X150F, X1528, X155, X156, and X215H; X331,
X42G, X54P, X150F, X1528, X155L, X1560Q, X215H, and X241R; X41F, X420, X54P, X122Q,
X150F, X152T, X135V, X156Q, and X2135G; X41F, X42G, X54P, X150F, X1528, X 1551, X156Q,
X171, X215G, and X241R; X41F, X42G, X54P, X150F, X 1528, X155 X156Q, V1711, and X215G;
XK41F, X420, X54P, X150F, X152Z8, X1351, X156¢}, and X215G; X41F, X42G, X54P, X15(QF, X1528,
X155L, X156Q, X171l and X215G; X41F, X42G, X54P, X150F, X1528, X155, X156Q, and X215G;
X42G, X48G, X54P, X150F, X1528, X155L, X1560Q, and X215H; X42G, X54P, X60V, X150F, X1528,
X155L, X156Q, and X215G; X42G, X54P, X68A, X150F, X1528, X155L., X156, and X215G; X42G,
X54P, X698, X150F, X1528, X155L, X1560Q, and X215G; X420, X54P, X122Q, X150F, X1528,
X1551, X156(, X215G; and X241R; X42G, X54P, X1220Q, X150F, X1528, X155L, X1 560, X1711,
X215G, and X24 1R; X42G, X54P, X122Q, XI150F, X 1527, X155V, X1560, X1711, X2150, and
X241R; X42¢G, X54P, X126M, X130F, X1528, X155L, X156Q, and X215G; X42G, X54P, X1351,
X136Y, X150F, X1528, X155L, X156Q, X192F, and X215G; X42G, X54P, X1361, X150F, X1528,
K155L, 1566, and X215G; X420, X54P, X136]1, X150F, X1525, X1551, X156Q, X215, and X2241;
X42G, X54P, X1361, X150F, X1528, X155L, X156Y, X215, X282V, and X2841; X42G, X54P, X1361,
X150F, X1528, X155L, XI136Y, X215, and X284P; X42G, X354P, X136V, X150F, X1528, X155L,
X156, X215G, X282V, and X284P; X426, X54P, X150¥F, X1528, X1551, X1566), X171, X215G, and
X241R; X420, X34, X150F, X1528, X155L, X156Q, X193M, and X215G; X420, X54P, X150F,
X1528, X155L, X156Q, X215G, X282V, and X2841; X42G, X54P, X150F, X1528, X155L, X156Q,
X215G, and X28385; X42G, X54P, X150F, X1528, X155L, X156Q, X215G, and X2841; and X42G,
X54P, X150F, X1528, X155L, X156Y, and X215G.

{61271 As will be apparent to the skilled artisan, the foregoing residae positions and the specific amino
acid residucs for each residoe position can be wsed individually or in various combinations to synthesize
transaminase polypeptides having desired improved properties, including, among others, enzyme activity,
substrate/product preference, stereoselectivity, substrate/product tolerance, and stability under various
condiiens, such as increased lemperature, solvent, and/or pH.

[8128] In Hght of the puidance provided herein, it is firrther contemplated that any of the exemplary
engineered polypeptides having the even-numbered sequence identifiers of SEQ 1D NO:4 - 306 can be
used as the starting aminoe acid sequence for synthesizing other engineered transaminase polypeptides, for
example by subseguent rounds of evolution by adding in new combinations of varions amine acid
differences from other polypeptides in Tables 24, 2B, and 2C, and other residue positions described
herein. Forther improvements may be generated by including amino acid differences at positions that
had been maintained as unchanged throughout earlier rounds of evolution,

[6129] Accordingly, in some embodiments, the present disclosure provides an engineered polypeptide

having iransaminase activity comprising an amine acid sequence having at least 80%, 85%, 86%, 87%,

44
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B8%, 89%, B0%, 91%, 92%, 93%, 94%,.95%, 96%, 97%, 9§%, 99% ot more identity to reference
sequence SEQ 1D NO:2 and In some embodiments, the present disclosure provides an engineered
polypeptide having transaminase activity comprising an amino acid sequence having at least 80%
sequence identity to reference sequence of SEQ IDNO:2 and (a) an aming acid residue difference as
compared to SEQ TDNO:2 selected from 3331, X36C, X41C/F/R/MMN/R, 3420, X48DVE/G/RJT,
XSTE, X54P, X765, X122F/Q, X1480Q), X152T, XI55A/VK/T/V, X156R, X160P, X215G/H/L, X241R,
X270T, X273H, X325M; and X241R, and/or (b} a combination of residue differences selected fronu:
X426, X54P, X1528, and X155T, X42G, X54P, X1528, X1557, and R164P; X42G, X54P, X150F,
X1525, and X155T: X42G, X54P, X150F, X15285, X155T, and X267V X42G, X54P, X150F, X1528,
X155L, W156Q, and C215G; X42G, X54P, X150F, X 1528, X155T, X215G, and X267V; X33L; X42G,
X34P, X117G; X150F, X1528, X1555, X1560, and C215G; and X41K, X42G, X34P, X150F, X1528,
X155K, X156Q, and C215G; X331, X42G, X54P, X1098, X150F, X 1528, X135K, X156Q, and X215H;
K33L, X42G, X54P, X150F, X1528, X1551, X156, and X215G; X331, X42G, X542, X150F, X1528,
X155K, X136Q, and X2Z15H; X33L, X42G, X54P, X150F, X1528, X155L, X1560Q, and X215H; X33L,
X42G, X54p, X150F, X1528, X155L, X156Q, X215H, and X241R; X41F, X423, X54P, X122Q,
X150F, X152T, X155V, X156Q, and X215G; X41F, X42G, X54P, X150F, X1528, X155, X156Q,
X171L, X215G, and X241R; X41F, X42G, X54P, X150F, X1528, X 1551, X156Q, V1711, and X215G;
X41F, X42G, X54P, X150F, X1528, X1551, X156, and X215G; X41F, X42G, X54P, X1508, X1528,
K551, X156G, X171], and X215G; X41F, X42G, X54P, X150F, X1525, X1551, X156Q, and X215G;
X426, X48G, X54P, X150F, X1528, X155L, X1560Q, and X215H; X42G, X547, X60V, X150F, X1528,
X155L, X156Q, and X215G; X42G, X54P, X684, X 150F, X1528, X155L, X1560Q, and X215G; X426,
X54P, X695, X150F, X1523, X1558, X1560Q, and X215G; X42G, X54P, X122Q, X150F, X1528,
X1551, X156Q, X215G, and X241R; X42G, X54P, X1220, X150F, X1528, X155, X156(Q, X171],
X215G, and X241R; X42G, X54P, X122Q, X150F, X152T, X155V, X156Q, X 1711, X215G, and
X241R; X42G, X54P, X126M, X150¥F, X1528, X155L, X1560Q, and X215G; X42G, X54P, X1351,
X136Y, X130F, X1528, X155L, X156Q, X192F, and X215G; X420, X54P, X136l X150F, X1525,
X155L, X156Q, and X215G; X42G, X54P, X1361, X150, X1528, X1551, X156Q, X215G, and X224];
X42G, X54P, X1361, X 150F, X1528, X155L, X156Y, X215G, X282V, and X2841; X42G, X54P, X 1361
X150F, X1528, X155L, X156Y, X215G, and X284D; X420, X54P, X136Y, X150F, X 1528, X155L,
HA560, X215G, X282V, and X284P; X425, X54P, X150F, 1528, X 1551, X1560, X171}, X215G, and
X241R; X42G, X54P, X150F, X1528, X155, X 1560, X193M, and X215G; X42G, X54P, X150F,
X1525, XKI55E, X136Q, X215G, X282V, and X2841; X42G, X54P, X150F, X 1528, X1551, X156Q,
X215G, and X2835; X42G, X540, X150F, X1525, X155L, X 1560, X215G, and X234I; and X42G,
X54P, X150F, X1328, X155, X156, and X215G,

L

{0138 In some embodiments, the engincered polypeptide having transaminase activity comprises an.
amino acid sequence an amino acid sequence having at least 80%, 85%, 86%, 87%, 88%, 89%, 90%,

91%, 92%0, 93%, 4%, 95%, 96%, 7%, 98%, 99% or more ideatity to a reference sequence selected
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from the even-numbered sequence identifiers of SEQ TD NO:4 - 306, and (2) one or more amino acid
residue differences selected from In some embodiments, the present disclosure provides an engineered
polypeptide having transaminase activity comprising an amino acid sequence having at least $0%
sequence identity to reference sequence of SEQ ID NO:2 and (2) an amino acid residue difference as
compared to SEQ 1D NO:2 gelected from X33L, X36C, X4 1C/F/K/MMN/R, X42G, X48D/E/GK/T,
XS1K, X54P, X768, X122F/Q, X 1480, X1527T, X155A/VK/T/V, X156R, X160P, X215G/H/L, X241R,
X270T, X273H, X325M; and X241R, and/or ( b_) a combination of residue differences selected frony:
XA2G, X54P, X1528, and X155T; X42G, X54P, X1528, X155T, and R164P; X42G, X54P, X150F,
X1528, and X155T; X42G, X54P, X150F, X1528, X155T, and X267V, X42G, X54P, X150F, X1528,
XI55L, W156Q, and C215G; X42G, X54P, X150F, X1528, X155T, X215G, and X267V; X33L; X423,
X54P, X117G; X150F, X1528, X1551, X156, and C215G; and X41K, X42G, X54P, X150F, X1528,
X135K, X156Q, and C215G; X331, X42G, X54P, X1098, X150F, X1528, X155K, X156Q, and X215H;
X33L, X42G, X54P, X150F, X1528, X1551, X 1560, and X215G; X33L, X42G, X54P, X150F, X152,
X135K, X156Q, and X215H; X331, X42G, X54P, X150F, X1528, X155L, X156Q, and X215H; X33L,
K42G, X54P, X150F, X1528, X155L, X156Q, X21511, and X241R; X41F, X42G, X54P, X122Q,
KIS0F, X152, X155V, X156Q, and X215G; X41F, X426, X54P, X150F, X15258, X1 551, X15643,
X171, X215G, and X241R; X41F, X426, X54P, X150F, X1528, X155, X156Q, Vi71], and X215G:;
XA41F, X42G, X54P, X130F, X1528, X1551, X136Q), and X215G; X41F, X42G, X54P, X150F, X1528,
XI55L, X1560Q, X171, and X215G; X41F, X42G, X54P, X150F, X1528, X155L, X156Q, and X215G;
X426, X486, X54P, X150F, X1528, X155L, X156Q, and X215H; X42G, X54PF, X60V, X150F, X1528,
K155L, X1560Q, and X215G; X42G, X54P, X68A, X150F, X1528, X155L, X156Q, and X215G; X42G,
X547, X693, X150F, X1528, X155L, X1560, and X215G; X426, X54P, X122, X150F, X1528,
X155%, X156Q, X215G, and X241R; X42G, X54P, X 1220, X150F, X1528, X 1551, X156Q, X171,
X215G, and X241R; X42G, X54P, X122Q, X150F, X152T, X155V, X156Q, X171], X215G, and
X241R,; X42G, X54P, X126M, X150F, X1528, X 1551, X1560), and X215G; X42G, X54P, X 1351,
X136Y, X150F, X1528, X155L, X136Q, X192F, and X215G; X42G, X54P, X136 X150F, X1528,
X155L, X156Q, and X215G; X42G, X54P, X136l X150F, X1528, X155L, X156Q, X215G, and X224[;
X420, X54P, X136L X1I50F, X1528, X155L, X156Y, X215G, X282V, and X2841; X42G, X54P, X1361,
KISGF, X1525, X155L, X156Y, X215G, and X284P; X426, X54P, X136Y, X150F, X1528, X155L,
X156Q, X215G, X232V, and X284P; X42G, X54P, X150F, X1528, X1551, X156Q, X171L, X215G, and
XZ41R,; X42G, X54P, X150F, X1528, X1551, X156Q, X193M, and X2150; X420, X54P, X150F,
X525, X155L, X156Q, X215G, X282V, and X2841;, X420, X54P, X150F, X 1528, X 1551, X156Q,
X215G, and X2838; X42G, X54P, X150F, X1528, X155L, X156Q, X2156, and X2841; and X42G,
X54P, X1580F, X1528, XI135L, X156Y, and X215G.

10331] Insome embodiments, the reference sequence is selected from SEQ 1D NO4, 40, 62, 64, 70, 78,
122, 130, 160, 178, and 192, In some embodiments, the reference sequence is SEQ 1D NO4. In some

embodiments, the reference sequence is SEQ ID NO:40. In some embodiments, the reference sequence
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is SEQ ID NO:62. Insome embodiments, the reference sequence is SEQ ID NO:64. Tn some
embodiments, the reference sequence is SEQ ID NO:70. In some embodiments, the reference sequence
18 8EQ ID NO:78. In some embodiments, the reference sequence is SEQ ID NO:122. In some
embodiments, the reference sequence is SEQ ID NO:130. In some embodiments, the reference sequence
is SEQ ID NO:160. In some embodiments, the reference sequence is SEQ ID NO:178. In some
embodiments, the reference sequence is SEQ IDIWN(:192,

{0132} In some embodiments, the engineered polypeptide having transaminase activity comprises an
amino acid sequence having af least 80%, 85%, 86%, 87%, 838%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, or 99% identity to one of the sequences having the even-numbered sequence
identifiers of SEQ ID NO:4 - 306, and the combination of amino acid residue differences as compared to
SEQ 11D NO:2 present in any one of the sequences having the even-numbered scquence identifiers of
SEQ ID NG:4 - 306, In some embodiments, the engineered polypeptide baving transaminase activity
comprises an amino acid sequence selected frfom the everi-nombered sequence ideniifiers of SEQ 1D
N4 - 306,

[8133] In addition to the residue positions specified above, any of the enginecred transaminase
polypepiides disclosed herein can further comprise residue differences relative to the reference
polypeptide sequence of SEQ 1D NO:2 at other residue positions i.e., residue positions other than X3,
X33, X36, X41, X42, X44, X48, X49, X51, X584, X355, X76, X108, X117, X122, X126, X148, X150,
X152, X155, X156, X160, X164, X165, X182, X215, X218, X241, X267, X270, X273, X325, andd X328,
Residue differenoes at these other residee positions can provide for additional variations in the aming
acid sequence without altering the polypeptide’s transaminase activity. Accordingly, in some
embodiments, in addition to the amino acid residue differences of any one of the engineered transaminasc
polypeptides selected from the polypeptides having the even-numbered sequence identifiers of SEQ ID
NO:4 - 308, the sequence can further comprise -2, 1-3, 14, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-11, 1-12, 1-
14, 115, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-38, 1-35, 1-40, 1-45, 1-50, 1-55, or 1-60 residue
differences at other aimino acid residue positions as compared to the SEQ ID NO:2. insome
embodiments, the number of amine acid residue differences as compared to the reforence sequence can
be1,2,3,4,56,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 30, 30, 35, 40, 45,
58, 55, or 60} residue positions. Tn some embodiments, the residue differences at other amino acid residue
positions can comprise conservative substifuiions and/or non-conservative substitutions as compared to a
reference sequence of the wild-type polypeptide of SEQ 1D NO:2 or the engineered polypeptide of SEQ
10 NO:2L

[0134] Amino acid residue differences at other positions relative 1o the wild-type sequence of SEQ IR
NQ:2 and the affeet of these differences on enzyme function are described for cther engineered
transaminase polypeptides disclosed in US Pat. No, 8,293,507 B2, issued Oct. 23, 2012, PCT Publication
WO2011005477A1, published Jen. 13, 2011, and PCT publication W02012024104, poblished Feb. 23,

2012; each of which are incorporated by reference herein. Accordingly, in some embodiments, one or
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mofe of the aminoe acid differences a5 compared to the wild-type sequence of SEQ 1D NO:2 can also be
introduced into a engincered transaminase polypeptide of the present disclosure st residue posifions
selected from X2; X4; X5; X7; X8&; X9; X10; X11; X14; X18: X22; X25; X26; X27: X28; X30; X37;
X3E; Xd41; X44; X4R; X49; X50; X55; X58; X60; X65; X871, X82; X94; X06L,; X102; X108; X120,
X135; X137; X138; X141; X142; X146; X148; X163; X163; X164; X169; X171; X178; X181; X182;
X204; X209, X210: X211; X213; X215; X217; X218; X223; X225; X230; X242; X245, X252; X265;
X292; X297, X302; X306, X3Z1; X328 and X329, In particular, the choices of amino acid residues at
the foregoing positions can be selected from the following: X2R/Q/S; XAVY, XSK/H/ILN/S/ TV XTA,
XBP/T, XON/QYS, X10V: XI 1K, X14R; X15C; X221; X25Q; X26H: X27TT; X28P; X30M/Q; X37R;
X38G:; X4TH/S/F,; X44Q/V; KABA/D/GIQYV,; X49T; X50L; X55V/L; X38L; X60F; X65A/T/C/G/S;
XBIG; X828, X041, X961, XTO2L/AG X108V, X120 X 1350 X137/ X138K/P; X1411;
XI42R/T; X146R; X148A/F; X163H/V; X164P/V/A; X169L: X171A; X178S; X181G; X182T; X204A;
K200L/C/DVE; X2108; X211, X213P; X2ISF/Y/C; X2TTN/S; X218M,; X225V L/N/N/P: X225
X230V, X242T; X2458; X252F; X265T; X292T; X2978; X302A; X306L; X321P; X328L; and X329H.
Further guidance on the choice of the amino acid residues at the residue positions can be found in the
cited references.

[0135] As discussed above, the engineered polypeptide sequence of SEQ ID NO:2 used as the starting
backbone for generating the exemplary engincered transaminase polypeptides is also an engincered
transaminase polyvpeptide having the following 28 amino acid differences refative to the natorally
occurring transaminase of Arthrobacter sp. KNKI68 {GenlB3ank Acc. No. BAK39753.1, GI:336088341):
58P, Y6UF, Le1Y, H62T, V65A, VAIT, DRIG, MO4L, I196L, F122M, §124T, Si26T, G136F, Y1508,
V152¢, A169L., V1991 AZ09L, G215C, G217N, 5223P, L2607, [L273Y, T2828, A284G, P2978, 1306V,
and 8321P. Thus, in some embodiments, the engineered polypeptides having transaminase activity
comprising an anine acid sequence having at least 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 5%, 96%, 97%, Y8%, or 99% idenfity io a reference amnino acid sequence selected from any
ong of the sequences having the even-numbered sequence identifiers of SEQ ID NO:4 - 306, has an
amino acid sequence that does not include 2 residue difference as compared to SEQ ID NO:2 at one or
more of the following positions: X8; X60; X61; X62; X65; XR1; X94; X006; X122; X124, X136; X149:;
X199; X209; X215; X217: X223; X269; X273; X282; X28&4; X297; X306; and X321,

0136} In some embodiments, the present disclosure alse provides engineered transaminase polypeptides
that comprise a fragment of any of the engincered transaminase polypeptides described herein that vetains
the functional transaminase activity and/or improved property of that engineered transaminase
polypeptide. Accordingly, in some embodinients, the present disclosare provides a polypeptide fragment
having transaminase activity (e.g., capable of converting cotnpound (2) to compound (1} under suitable
reaction conditions), wherein the fragment comprises at least about 80%, 90%, 95%, 98%, or 99% of a

full-fength amine acid sequence of an engineered polypeptide of the prosent disclosure, such as an
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exemplary engineered polypeptide of having the even-mmmbered sequence identifiers of SEQ TD NQO:4 -
306,

{81371 Insome embodiments, the engineered transaminase polypeptide of the disclosure canhave an
amine acid sequence comprising a deletion as compared 1o any one of the engineered transaminase
polypeptide sequences described herein, such as the exemplary engineered polypepiide sequences having
the even-numbered sequence ideniifiers of SEQ ID NO:4 - 306. Thus, for each and every embodiment of
the engineered transaminase polypeptides of the disclosure, the aming acid sequence can comprise
deletions of one or mote amine acids, 2 or more amino acids, 3 or more amingo acids, 4 or more amino
acids, 5 or more amino acids, 6 or more amino acids, 8 or more aming acids, 10 or more amino acids, i35
ot more amino acids, or 20 or more amino acids, up to 10% of the total number of amine acids, up to
10% of the total number of amino acids, up to 20% of the total number of amino acids, or up te 30% of
the total namber of amino acids of the transaminase polypeptides, where the associated functional
activity and/or improved properties of the enginecred transaminase described herein is maintained, In
some embodiments, the deletions can comprise, 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 19, 1-19, 1-15, 1-20, 1-
21, 1-22,1-23, 124, 1:25, 1-30, 1-35, 1.40, 1-45, 1-50, 1-55, or 1-60 amino acid residues. In some
embodiments, the number of defetions 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, 50, 55, or 60 amino acid residues. In some embuodiments, the
deletions can comprise deletions of'1,2,3,4,5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 18, 20, 21, 22, 23,
24, 25 or 30 amino acid residues.

{0138] Insome embodiments, the present disclosure provides an enginegred transaminase polypeptide
having an amine acid sequence comprising an insertion as compared to any one of the engineered
transarninase polypeptide sequences described herein, such as the exemplary engineered polypeptide
sequences having the even-numberad sequence identifiers of SEQ ID NO:4 - 306. Thys, for cach and
every embodiment of the transaminase polypeptides of the disclosure, the insertions can comprise one or
more aminoe acids, 2 or more amino acids, 2 or more aming acids, 4 or Mmore amino acids, 5 or more
amino acids, 6 or more-amino acids, 8 or more amine acids, 10 or more amino acids, 15 or more amino
acids, or 20 or more amino acids, where the associated functional activity and/or improved properties of
the engimeered transaminase described hevein is maintained. The insertions can be'to amine or carboxy
terminus, or internal portions of the transaminase polypeptide.

{8139} In some embodimenis, the present disclosure provides 3 engineered polypeptides having
fransaminase activity, which comprise an amino acid sequence having at least 80%, 85%, 86%, 87%,
38%, 88%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identity to the sequences having
the even-numbered sequence identifiers of SEQ ID MO:4 - 306, with the proviso that the amino acid
sequence is not identical to (that is, it excludes) any of the exemplary enginecred transaminase
polypeptides amino acid sequences disclosed in US Pat, No. 8,293,507 B2, issued Oct. 23, 2012, PCT
Publication WOZ2011005477A1, published Jan. 13, 2011, PCT publication W02012024 104, published
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Feb. 23,2012, and PCT Appl. No. PCT/AUIS12/54300, filed Sep. 7, 2012, cach of which is hereby
incorporated by reference herein.

{0149} In some cmbodimends, the engineered polypeptides having transaminase activity of the present
disclosure also are capable of converting 4 substrate compound of Formula (51), Formula (¥Ia),
compound (2), and/or compound {(4) to a corresponding amine product compound of Formuila (I},
Formula (1a), compound (1) and/or compound (3}, respectively. In some embodiments, the engineered
polypeptides have improved activity and/or stability relative to the activity and/or stability of the
engineered polypeptide of SEQ ID NO:2 in converting a substrate compound of Formula {I1), Fornuila
(U2), and/or conrpound (2) o a corresponding amine product compound of Formula (I), Formula (Ia),
and/or compound (1), under suitable reaction conditions, In particular, reaction conditions useful for the
industrial scale production of such compounds.

[@141] In the above embodiments, the suitable reaction conditions for the engineered polypeptides are
those deseribed in Tables 2A, 2B, and 2C. Accerdingly, in some embodimenis, the sutiable reaction
conditions comprisc: (a) substrate loading of about 10 io 200 ¢/L of substrate compound of Formula {I1),
Formula (}1a), compound (2}, or compound {4); (b) engineered polypeptide concentration of about 0.5
#/L. to.5 g/L; (¢) IPM concentration of about 0.1 to 3 M; (d) PLP cofactor concentration of about 8.1 10 1
mM; (e} DMSO concentration of about 30% {v/v) to about 60% (v/v}; (f) pH of about 9.5 to. 11.5; and (g)
temperature of about 45°C to 60°C. In some embodiments, the suitable reaction conditions comprise: {a)
about 50 /L of substrate compound of Formuia (18), Formula (114}, compound (2}, or compound {4); (b)
about 2 ¢/L. engineerad polypeptide; (¢) about 50% (v/v) dimethylsulfoxide (DM30); (d)y abont TM
isopropylamine (IPM); (e) about 1 mM pyridexal phosphate (PLPY; (f) about pH 10; and (g) about S0°C.
Guidance for vse of theése reaction conditions and the transaminase poiypeptides are provided in, among
others, Tables 2A, 2B, and 2C, and the Examples.

[6142] Tn some embodiments, the polypeptides of the disclosure can be in the form of fusion
polypeptides in which the engineered polypeptides are fused to other polypeptides, such as, by way of
example and not limitation, antibody tags {e.g., mye epitope), purification sequences (e.g., His tags for
binding to metals), and cell localization signals (e.g., secretion signals), Thus, the engincered
polypeptides described herein can be used with or withouot fusiouns to other polypeptides.

{143} The enginecied transaminase polypeptides described herein are not restricted to the genetically
encoded amino acids. Thus; in addition to the genetically encoded amino acids, the polypeptides
described herein may be comprised, cither in whole or in part, of naturally-octurring and/or synthetic
non-enceded amine acids. Certain commonty encountered non-enceded aming acids of which the
polypeptides described herein may be comprised include, but are not limited to: the D-stercoisomers of
the genctically-encoded amino acids; 2,3-diaminopropionic acid (Dpr); a-aminoisobutyric acid {Aib);
g-aminchexanoic acid (Aha); S-aminovaleric acid {Ava); N-methylglyeine or sarcosine (MeGly or Sar);

oraithine (Orn); citrulline (Cii); -butylalanine (Bua); t-butyiglycive (Bog); Nanethylisoleucine {Melle);
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phenylglycine (Phg): cyclohexylalanine (Cha); norleucine (Nis); naphthyialanine (Nal); 2-
chiorophenylatanine (Ocf}; 3-chlorephenylalanine (Mef); 4-chlorophenylalanine (Pef);
2-fluorophenylalanine (Off); 3-fluorophenylalanine (Mf); 4-fluorophenylalanine (PT); 2~
bromophenylalanine (Obf); 3-bromophenylalanine (Mbf); 4-bromophenylalanme (Phf}; 2-
methylphenylatanine (Omf); 3-methylphenyialanine (Mmf); 4-methylphenylalanine (Pmi); 2-
nitrophenylalanine (Onf); 3-nitrophenylalanine (Mnf); 4-nitrophenylalanine (Pnf); 2-cyancphenylalanine
(Oct); 3-cyanophenylalanine (Mcef); 4-cyanophenylalanine (Pef); 2-triffuoromethylphenylalaning (Otf);
3-trifluoromethylphenylalanine (Mtf); 4-trifluoromethyiphenylalanine (Ptf); 4-aminophenylalanine (Paf);
4-iodophenylalanine (Pif); 4-aminomethylphenylalanine (Pamf); 2,4-dichlorophenylalanine (Opef): 3,4-
dichlorophenylalanine (Mpcf); 2,4-diflnorophenylalanine (Opff); 3,4-difluorophenylalanine (Mpff);
pyrid-2-ylalanine (2pAla); pyrid-3-ylalanine (3pAla); pyrid-4-ylalanine (dpAla); naphth-1-vialaning
{InAla); naphth-2-ylalanine (ZnAla); thiazolylalanine (taAla); benzothienylalanine (bAla); thienylalanine
(tAla); furylalanine (fAla); homophenylalanine (hPhe); homotyrosine (hTyr); homotryptophan (hTrp);
pentafluorophenylalanine (511}; styrylkalanine (sAla); authrylalanine (aAla); 3,3-diphenylalanine (Dfa);
3-amino-5-phenypentancic acid (Afp); penicillarnine (Pen); 1,2,3.4-tetrahydroisoquinoline-3-carboxylic
acid (Tic); P-2-thienylalamine (Thi); methionine sulfoxide {(Mso); N{w)-nitroarginine (nArg); homolysine
(hLys): phosphonomethylphenylalanine (pmPhe); phosphoserine (pSer); phosphothrednine (pThr);
homoaspartic acid (hAsp); homoglutamic acid (hGlu); 1-aminocyclopeni-(2 or 3)-ene-4 carboxylic acid;
pipecolic acid (PA}, azetidine-3-carboxylic acid (ACA); 1-aminocyciopentane-3-carboxylic acid;
allylglycine {aOly); propargyiglycine (pgGly); homealanine (hAla); norvaling (nVal); homoleticine
{(hi.eu), homovaline (hVal); homoisoleucine (hile); homoarginine (hArg); N-acetyl lysine (AcLys);
2,4-diamincbutyric acid (Dbu); 2,3-diaminobutyric acid (Dab); N-methylvaline (MeVal); homocysteine
(hCys); homoserine (hSer): hydroxyproline (Hyp) and homaoproline (hPro). Additional non-encoded
amino acids of which the pelypeptides described herein may be comprised will be apparent to those of
skill in the wt (see, e.g., the various amino acids provided in Fasman, 1989, CRC Practical Handbook of
Biochemistry and Molecular Biology, CRC Press, Boca Raton, FL, at pp. 3-7( and the references cited
therein, all of which are incorporated by reference). These amino acids may be in either the L--or
D-confignration,

{0144} Those of sldll in the att will recognize that amino acids or residues bearing side chain protecting
groups may alse comprise the polypeptides described herein. Non-limiting examples of such protected
amino acids, which in this case belong 1o the aromatic category, include (protecting groups listed in
parentheses), but ate not limited t0:  Arg(tos), Cys{methylbenzyly, Cys (nitropyridinesalfenyl), Glu(s-
benzylester), Gln{xanthyl), Asn(N-8-xanthyl), His{bom}, His(benzy?), His(tos), Lys(finoc), Lys(ios),
Ser((-henzyl), Thr (G-benzyl) and Tyr{O-benzyl).

[0145] MNon-encoding amine acids that are conformationally constrained of which the polypeptides

described herein may be composed include, but are not limited to, N-methyl amino acids
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{L-configuration); 1-aminocyclopent-(2 or 3)-ene-4-carboxylic acid; pipecolic acid; azetidine-3-
carboxylic acid; homoproline (hPro); and 1-aminocyclopentane-3-carboxylic acid.

{0146} In.some embodiments, the engincered polypeptides can be provided on a solid support, such as a
membrane, Tesin, solid carrier, or other solid phase material. A solid support can be composed of organic
pelymers such as polystyrene, polyethylene, polypropylene, polyfluoroethylene, polyethylensoxy, and
polyacrylamide, as well as co-polyiners and grafts thercof. A solid support can also be inorganic, such as
glass, silica, controlled pore glass (CPG), reverse phase silica or metal, such as gold or platinum. The
configuration of a solid support can be in the form of beads, spheres, parlicles, granules, a gel, a
membrane or a surface. Surfaces can be planar, substantially planar, or non-planar. Solid supports can
be porous or non-porous, and can have swelling or non-swelling characteristics. A solid support can be
configured in the form of 2 well, depression, or other container, vessel, fedture, or location.

0147} Insome embodiments, the engineered polypeptides having transaminase activity zre hound or
immobilized on the solid support such that they retain their improved activity, enantiosclectivity,
stereoselectivity, and/or other improved properties relative to the reference polypeptide of SEQ ID NO:2,
In such embodiments, the immobilized polypeptides can facilitate the biocatalytic conversion of the
substrate compound of Formula (3Y), Formula (Ha), compound (2}, and/or compound {4} 10 a
corresponding aming product compound of Formnla (I), Formuia (Ta), compound {1}, and/cr compound
(3}, and afier the reaction is complete are easily retained (e.g., by retaining beads on which polypeptide is
immiobilized) and then reused or recycled in subsequent reactions. Such imwnobilized enzyme processes
allow for further efficiency and cost reduction. Accordingly, it is further contemplated that any of the
methods of using the enginecred transaminase polypeptides of the present disclosure can be carried out
using the same transaminase polypeptides bound or tromobilized on a solid support.

148} The engineered trangaminase polypeptide can be bound non-covalently or covalently, Various
methods for conjugation and immobilization of enzymes o solid supports {(e.g., resins, membranes,
beads, glass, eic.) are well known in the art. Tn particular, PCT publication W02012/177527 Al
immobilized engineered transaminasc polypeptides capable of converting compound (2) to compound (1)
(including the reference polypeptide of SEQ IDNG:2), and methods of préparing the immebilized
polypeptides, in which the polypeptide is physicatly attached to & resin by either hydrophobic interactions
or covalent bonds, and is stable in a solvent systemn that comprises at least up to 100% organic solvent,
Other methods for conjugation and immebilization of enzymes to solid suppotts (e.g., resing, membrancs,
beads, glass, ete.} are well known in the art and described in e.g.,r Yi er af., “Covalent immobilization of
w-transaminase from Vibrio fluvialis 1517 on chitosan beads,” Process Biochemistry 42(5): 895-898
(May 2007); Martin ef ¢l., “Characierization of free and immobilized (S)-aminotransferase for
acetophenone production,” Applied Microbiology and Biotechnology 76(4): 843-851 (Sept. 2007);
Koszelewsla er af, “Immobilization of s-trangamimases by encapsulation in a sol-gel/celite matrix,”
Journal of Molecular Catalysis B: Enzymatic, 63: 39-44 (Apr. 2010); Truppo et al., “Development of an
Improved Immobilized CAL-B for the Enzymatic Resolution of & Key Intermediate to Cdanacatib,”
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Organic Process Research & Development, published oniine: dx.dot.org/10.1021/0p200157¢;
Hermanson, G.T., Bioconjugate Techniques, Second Edition, Academic Press (2008); Mateo ef al,
“Epoxy sepabeads: anovel epoxy support for stabilization of industrial enzymes via very intense
mugdtipoint covalent attachment,” Biotechnology Progress 18(3):629-34 (2002); and Bisconjugation
Protocols: Strategies and Methods, Tn Methods in Molecuilar Biclogy, C.M. Niemeyer ed., Humana Press
{2004); the disclosures of each which are incorporated by reference herein,

{0149} Solid supporis useful for immobilizing the engineered fransaminase polypeptides of the present
disclosure include but are not limited to beads or resins comprising polymethacrylate with epoxide
fidctional groups, polymethacrylate with amino epoxide functional groups, siyrene/DVE copolymer or
polymethacrylate with octadecyl functional groups. Exémplary solid supports useful for immobilizing
the engincered transaminases of the present disclosure include, but are not limited to, chitosan beads,
Bupergit C, and SEPABEADs (Mitsubishi), including the following different types of SEPAREAD: EC-
EP, EC-HFA/S, EXA252, EXE119 and EXEi20.

{0156] In some embodiments, the engincered transaminase polypeptides can be provided in the form of
an array in which the polypeptides are arranged in positionally distinct locations. In some embodiments,
the positionally distinct locations are wells in a solid support such as a 96-well plate. A plurality of
suppeorts can be configured on an array at various Jocations, addressable for robotic delivery of reagents,
or by detection methods and/or instruments. Such arrays can be used to test a variety of substiate
compounds for conversion by the polypeptides.

0151} In some embodiments, the engineered polypeptides described herein can be provided in the form-
of kits. The polypeptides in the kits may be present individually or as a plurality of pelypeptides. The kits
can further include reagents for carrying out enzymatic reactions, substraies for assessing the activity of
polypeptides, as well as reagents for detecting the products. The kits can also include reagent dispensers
and instructions for use of the kits. In some embodiments, the kits of the present disclosare include
arrays comprising a plurality of different engineered transaminase polypeptides at different addressable
position, wherein the different polypeptides are different variants of a reforence sequence each having at
least one different improved enzyme property, Such arrays comprising a plurality of engineered

polypeptides and methods of their use are known (See e.g., WO2009/008908A2).

54 Polynucleotides, Contrel Sequences, Expression Vectors, and Host Cells Useful for
Preparing Engincered Transaminase Polypeptides

{0152} In another aspect, the present disclosure provides polymicleotides encoding the engineered
polypeptides having transaminase activity described herein, The polynucieotides may be operatively
linked to one or more heterologous regulatory sequences that control gene expression to create a
recombinant polynucleotide capable of expressing the polypeptide. Expression construets containing a
heterologous polynucleotide cncoding the engineered transaminase can be introduced into appropriate

host celis to express the corresponding engincered transaminase polypeptide.
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{8153] As will be apparent to the skilled artisan, availability of a protein sequence and the knowledge of
the codons corresponding to the various amino acids provide a description of all the polynucleotides
capable of encoding the subject protein sequence. The degeneracy of the genetic code, where the saine
amino acids are encoded by alternative or synonymous codons allows an extremely large number of
nucleic acids to be made, all of which encode the improved transaminase enzymes disclosed hetein,
Thus, having identified a particular amino acid sequence, those skilled in the art conld make any number
of different nucleic acids by simply modifying the sequence of one or more codons in a way which does
not change the 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 by selecting
combinations based on the possible codon choices, and al such varistions arg to be considered
specifically disclosed for any polypeptide disclosed herein, including the anxino acid sequences of the
exemplary engineered polypeptides provided in Tables 2A, 2B, and 2C, and disclosed in the sequence
listing incorporated by reference herein as the sequences of the even-numbered sequence identificrs of
SEQ 1D NO:4 - 306. As described herein, in some embodiments, excluded from the embodiments of the
polynucieotides are sequences encoding onc or more of amino acid sequences selected fron: SEQ ID
NO4, 40,62, 64, 70, 78, 122, 130, 160, 178, and 192,

[0154] In varions embodimenis, the codons are preferably selected io fit the host cell in which the
protein is being produced. For example, preferred codons used in bacteria are used to express the gene in
bacteria; preferred codons used in yeast are used for expression in yeast; and preferred codons used in
manunals are used for expression in mamunalian cells. In some embodiments, all codons need not be
replaced to optimize the codon usage of the transaminases since the natural sequence will comprise
preferred codons and because use of preferred codons may not be required for all amino acid residues.
Consequently, codon optimized polynucieotides encoding the transaminase enzymes may contain
preferred codons at about 40%, 50%, 60%, 70%, 80%, or greater than 90% of codon positions of the full
{ength coding region.

{#155} In some embodiments, the polynucleotide encodes a transaminase polypeptide comprising an
amino acid sequence that is af least about 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or more tdentical to & reference sequence selecied from the even-numbered
sequence identifiers of SEQ ID NO:4 - 306, where the polypeptide has transaminase activity and onc or
more of the improved propertics as described herein, for example the ability to convert compound (2) to
product compound {1} with increased activity compared to the polypeptide of SEQ 1D NO:2. Insome
embodiments, the reference sequence is selected from SEQ 1D NG:4, 40, 62, 64, 70, 78, 122, 130, 150,
178, and 192. In some embodiments, the reference sequence is SEQ ID NO:4. In some embodiments,
the reference sequence is SEQ ID NO:40. Insome embodiments, the reference sequence is SEQ ID
NO:6Z. In some embodiments, the reference sequence is SEQ 1D NO:64. In some embodiments, the
reference sequence is SEQ IDNQO:70. In some embodiments, the reference séquence is SEQ 1D NO:78.

In some embodiments, the reference sequence is SEQ ID NO:122. In some embodiments, the reference
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sequence is SEQ 1D NO:130. In some embodiments, the reference sequence is SEQ 1D NQ:160. Tn
some embodiments, the reference sequence is SEQ 1D NO:178. In some embodiments, the reference
sequence ig SEQ 1D NO:192.

0156} In some embodiments, the polynucieotide encodes an engineerad transaminase polypepiide
comprising an amino acid sequence that has the percent identity described above and (a) has one or more
amino acid residue differences as compared to SEQ ID WNO:2 selected from In some embeodiments, the
present disclosure provides an engineered pelypeptide having fransaminase activity comprising an amino
acid sequence having af least 80% sequence identity to reference sequence of SEQ 1D NO:2 and (3) an
arino acid residue difference as compared to SEQ ID NO:2 selected from X33L, X346C,
X41TCF/K/MN/R, X42G, X48D/E/GIR/T, X51K, X354P, X768, X122F/(}, X148Q, X152T,
XISSAKITIV, X156R, X160P, X215G/H/L., X241R, X270T, X273, X325M; and X241R, and/or (b)
a combination of residue differences selected from: X42G, X54P, X1328, and X1557T; X423, X54P,
KI1525, X155T, and R164P; X42G, X54P, X150F, X1528, and X155T; X42G, X54P, X150F, X1528,
K155T, and X267V, X42G, X54P, X150F, X1528, X155L, W36, and C215G; X42G, X54P, X150F,
X1528, X155T, X215G, and X267V; X33L,; X42G, X54P, X117(; X150F, %1528, X 1551, 21560, and
C21505; and X41K, X420, X54P, X150F, X1528, X155K, X156, and C215G; X331, X420, X54P,
X1098, X150F, X1528, X155K, X156Q, and X215H; X33L, X42G, X54P, X150F, X1528, X1551,
X156Q, and X215G; X33L, X42G, X54P, X150F, X1528, X155K, X156, and X215H; X331, X42G;
X54P, X150F, X1525, X155L, X1560Q, and X215H; X331, X42G, X54P, X150F, X1528, X155L.,
X136Q, X215H, and X241R; X41F, X42G, X54P, X122, X150F, X132T, X155V, X156Q, and
X215G; X41F, X420, X54P, X150F, X1528, X155L, X 1560Q, X171, X215G, and X241R; X41F,
X42G, X54P, X150F, X1528, X1551, X156Q, V1711, and X215G; X41F, X42G, X54P, X150F, X152,
X1551, X156Q, and X215G; X41F, X426, X542, X150F, X13528, X155L, X156Q, X1711, and X215G;
XA, X420, K54P, X150F, X1525, X155, X156, and X215G; K420, X480, X54P, X150F, X1525,
X155L, X156Q, and X215H; X42G, X54P, X60V, X150F, X1528, X155L, X156, and X215G; X43G,
X54P, X68A, X150F, X1528, X155L, X1560Q, and X215G; X42G, X54P, X698, X150F, X1528,
X155L, X156Q, and X215G; X426, X54P, X122Q, X150F, X1528, X155], X1560Q, X215, and
X241R; X42G, X54P, X122Q, X150F, X1528, X1551., X156Q, X1711, X2153G, and X241R; X420,
X54P, X1220Q, X150F, X132T, X155V, X156Q, X1711, X215G, and X241R; X42G, X54P, X126M,
X150F, X1528, X155L, X156Q, and X215G; X42G, X54P, X135L X136Y, X150F, 31528, X155L.,
HA56GQ, X192F, and X215G; X424, X54P, X136L X150F, X1525, X1550, X156Q, and X215G; X42G,
X354p, X15365 X150F, X1528, X155L, X156Q, X215G, and X2241; X42G, X54P, X1361, X150F,
X1525, X155L, X156Y, X215G, X282V, and 32841, X42G, X54P, X 1361, X150F, X1528, 31551,
X156Y, X215G, and X284P; X42G, X54P, X138Y, X150F, X13528, X155L, X156Q, X215G, X282V,
and X284P; X420, X54P, X150F, X 1528, X155, X156Q, X171}, X215G, and X241R; X426, X54P,
XI50F, X1528, X155L, X156Q, X193M, and X215G; X42G, X54P, X150F, X1528, X155L, X1560,
X215G, X282V, and X2841; X42G, X54P, X150F, X1528, X 1551, 1560}, X215G, and X2838; X42G,
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X54P, X150F, X 1528, X155L, X156Q, X2150, and X284T; and X42G, X54P, XI50F, X 1528, X155L,
X156Y, and X215G.

[0157] In some embodiments, the polynuclectide encodes an engincered transaminase polypeptide
comprising an amino acid sequence that has the percent identity described above and one or more residus
differences as compared to SEQ 1D NO:2 selected from: X5K, N33L, X36C, X41C/F/R/MMN/R,
XAZA/G, X44Q, X4ABDVE/G/E/T, X49T, X51K, X54P, X551, X768, X108V, X117G, X122F/Q, X126A,
X148Q, X150A/F, X1525/T, XK135A/K/L/T/V, X156Q/R/S, X160P, X164P, X165N, X182T,
K2ISG/HAL, X218M, X241R, X267V, X2707T, X273H, X325M, and X3281

[0158] In some embodiments, the polynucleotide encoding the engineered transaiminase polypeptide
comprises a sequence sclected from the odd-numbered sequence identifiers of SEQ ID NQG:3 - 305, In
some embediments, the polynucleotide sequences are selected from SEQ ID NO:3, 39, 61, 63, 69, 77,
121,129, 159, 177, and 191,

{0159} In some embodiments, the present disclosure provides a polynucleotide that hybridizes under
defined conditions, such as moderately stringent or highly stringent conditions, to a polynucleotide
sequence {or complement thereof) encoding an engineered transaminase of the pregent disclosure. In
sorme embodiments, the pelynucicotides are capable of hybridizing under highly stringent conditions to a
polymucieotide selected from the sequences having the odd-numbered sequence identifiers of SEQ D
NO:3 - 305, or a complement thereof, and encades a polypeptide having transaminase aciivity with one
or more of the improved properties described herein. In some embodiments, the polynucleotide capable
of hybridizing tnder highly stringent conditions encodes an engineered transaminase polypeptide
comprising an amino acid sequence that has (a) has one or move amino acid residue differences as
compared to SEQ ID NO:2 selected from In some embodiments, the present disclosure provides an
engincered polypeptide having fransuminase activity comprising an amino acid sequence having at least
80% sequence identily to reference sequence of SEQ TD NO:2 and (a) ap amino acid residue difference
as compared to SEQ ID NO:2 selected from X331, X36C, X41CFK/MN/R, X42G, XA8DVE/G/K/T,
X5IK, X549, X765, X122F/Q, X148Q, X152T, X155A/VK/ TV, X156R, X160P, X215G/H/L, X241R,
X270, X273H, X3250; and X241R, and/or (b) & combination of residue differences sclected from:
X420, X54P, X1528, and X155T; X42G, X354P, X1528, X 1557, and R164P; X42G, X54P, X 150F,
KI1528, and X155T; X42G, X34P, X150F, X1528, K155T, and X267V, X423, X54P, X150F, X1528,
X155L, W1560Q, and C215G; X42G, X54P, X150F, X1528, X155T, X215G, and X267V; X331,; X42G,
X54P, XKI117G; X150F, X1528, X1551 X1560, and C215G; and X41K, X42G, X54P, X150F, X1528,
KI55K, X1560Q), and C215G; X331, X42G, X54P, X1098, X150F, X13525, X135K, X156Q), and X211 SH;
X331, X42G, X54P, X150F, X1528, X1551, X156Q, and X215G; X33L, X42G, X54P, X150F, X 1528,
X155K, X1564), and X215H; X331, Xd42G, X34P, X150F, X1328, X155L, X1560), and X215H; X33L,
X420, X54P, X150F, X525, X155L., XK1560}, X215H, and X241R; X41F, X423, X54P, X122,
XA50F, X1527, X155V, X156G, and X215G; X41F, X423, X54P, X150F, X1528, X 1550, X156(,
X1711, X215G, and X241R; X41F, X420, X54P, X150¥F, X 1528, X155, X156Q, V1711, and X215G;
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NATE, X420, X84P, X150F, X1528, X153, X156, and X215G; X41F, X42G, X34P, X150F, X1528,
X155L,X156Q, X171, and X215G; X415, X420, X54P, X150F, X1525, X155L, X1560, and X215G;
X420, X48G, X54P, X150F, X1528, X155L, X156Q, and X215k; X42G, X54F, X60V, X150F, X1528,
X155L, X156Q, and X215G; X42G, X54P, X68A, X150F, X1528, X155L, X156, and X215G; X42G,
X54P, X698, X150F, X 1528, X1585L, X156Q, and X215G; X420, X54P, X122Q, X150F, X1528,
X1551, X156Q, X215G, and X241R; X42G, X54P, X 1220, W150F, X1528, X155, X1356Q, X1711,
X215G, and X241R; X426, X54P, X122Q, X150F, X152T, X155V, X1560), X171}, X215G, and
X241R; X420, X54p, X126M, X150F, X1528, X155L., X156Q), and X215G; X420, X54P, X135],
X136, X150F, X1528, X155L, X156Q, X192F, and X215G; X42G, X54P, X1361, X150F, X 1528,
X155L, X156Q, and X215G; X42G, X54P, X136], X150F, X1528, X155L, X156Q, X215G, and X2241;
K424, X54P, X1361, X150F, X1528, X155L., X156Y, X215G, X282V, and X2841; X42G, X54P, X136l
X150F, 31328, X155L, X156Y, X2 15G, and X284P; X420, X54P, X136Y, X150F, X1528, Wi55L,
156G, X215, X282V, and X284P; X42G, X54P, X150F, X1525, X155, X156Q, X171, X215, and
X241R: X42G, ¥X54P, X150F, X1528, X155L, X156Q, X193M, and X215G; X42G, X54P, X150F,
X1528,X155L, X156Q, X215G, X282V, and X2841; X42G, X547, X150F, X1528, X155L, X156Q,
X215G, and X2838; X42G, X54P, X150F, X 1528, X 1551, X1560, X215G, and X2847; and X42G,
X54P, X150F, X1528, X155L, X156Y, and X215G.

[0150] In some embodiments, the polynucleotide capable of hybridizing under highly stringent
conditions encodes a transaminase polypeptide that has the percentidentity described above and onc or
more residue differences as compared fo SEQ ID NO:2 selected from: X5K, X331, X36C,
X41C/FR/M/NTR, X42A/G, X440, X48D/E/G/K/T, X49T, X51K, X54P, X55L, X768, X108V, X117G,
X122F/0, X126A, X1480Q, X150A/F, X1528/T, X1S5A/K/LITIV, XI56Q/R/S, X160P, X 1647,
XIASN, X827, XI5GH/A, X218M, X241R, X267V, X270T, X273H, X325M, and X3281.

[0161] T some embodiments, the polymucleotides encode the polypeptides described herein but have
abount 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 86%6, 87%, §8%, 89%, 00, 91%, 92%, 93%, 94%,
95%, 006%, 97%, 98Y%, or 99% or more sequence identity ai the nucleotide level to a reference
polynucieotide encoding the engineered transaminase polypeptide. tn some smbodiments, the reference
pelynuclieotide sequence is selected from the sequences having the odd-mmmbered sequence identifiers of
SEQ 1D NO:3 - 305.

[0162] Anisolated polypucleotide cncoding an cugincered transaminase polypeptide may be
manipulated in a variety of ways to provide for expression of the polypeptide, including further sequence
alteration by codon-optimization to imaprove expression, inserfion in a suitable expression with or without
further control sequences, and transformation inte a host cell suttable for expression and production of
the polypeptide.

[#163] Manipulation of the isolated polynucieotide prior to ifs insertion into a vector may be desirable or
necessary depending on the expression vector. The fechniques for modifying polynucieotides and nucleic

acid sequences utilizing recombinant DNA methods are well known in the art. Guidance is provided in
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Sambrook et al., 2001, Molecular Cloning: A Laboratory Manual, 3™ Ed., Cold Spring Hashor
Laboratory Press; and Current Protocols in Molecular Biology, Ausubel. F. ed., Greene Pub. Associates,
1998, updates 1o 2010,

[0164] The polynucleotides disclosed herein can further comprise a promotet sequence depending on the
particular cellular production system used. For bacterial host cells, suitable promoters for directing
transcription of the nucleic acid constructs of the present disclosure, inclade, among others, the promoters
obtained from the E. coli lac operon, Streplomyces coelicolor agarase gene (dagA}, Bacillus subtilis
levansucrase gene (sacB}), Bacillus licheniformis alpha-amylase gene (amyL), Bacilfus
stearothermophiius maltogenic amylase gene (amyM), Bacilluy amyvloliquefaciens alpha-amylase gene
{amiyO), Bacillus licheniformis penicillinase gene {penP), Bacillus subtilis xylA and xyIB genes, and
prokatyotic beta-lactamase gene (Villa-Kamaroff ef af,, 1978, Proc. Natl Acad. Sci. USA. 75: 3727-
3731), and the tac promoter (DeBoer ef ol., 1983, Proc. Natl Acad, Sci. USA 80: 21-25). For filamentous
fangal host celis, suitable promoters for directing the transcription of the nucleic acid constructs of the
present disclosure include promoters obtained from the genes for Aspergilius oryzae TAKA amylase,
Rhizomucor miehei aspartic proteinase, dspergillus niger neutral alpha-amylase, dspergillus niger acid
stable alpha-amylase, Aspergillus niger or Aspergillus awamori ghicoamylase (g1ad), Rhizomucor mighei
hipase, Aspergillus oryzae alkaline protease, Aspergillus oryzae triose phosphate issmerase, Aspergillus
nichilans acetamidase, and Fusarium oxysporum trypsin-iike protease (WO 86/00787), as well as the
NA2-tpi promoter (2 hybrid of the promoters from the genes for Aspergillus niger neutral alpha-amylase
and Aspergillus oryzae iriose phosphate isomerase), and mutant, tnmeated, and hybrid promoters thereof,
In a yeast host, useful promoters can be from the genes for Succharomyces cerevisiae enolase (ENO-1),
Saccharomyces cerevisige galactokinase (GALLY, Saccharomyces cevevisiae slcohol
dehydrogenase/glyceraldehyde-3-phosphate dehydrogenase (ADH2/GAP), and Saccharomyces
cerevisiae 3-phosphoglycerate kinase. Other useful promoters for yeast host eells are described by
Romanos ef ¢l., 1992, Yeast 8:423-488.

[0165] The control sequence may also be a suitable transcription terminator sequence, a sequence
recognized by a host cell to terminate transcription. The terminator sequence is operably linked to the 3'
terminus of the nucleic acid sequence encoding the polypeptide. Any teriinator which ts fuunctional in
the host cell of choice may be used in the present disclosure. For example, exemplaty transcription
terminators for filamentous fungal host cells can be obtained from the genes for dspergillus orvzae
TAKA amylase, dspergillus niger glucoamylase, Aspergillus nidulans avthranilate synthase, Aspergillus
niger slpha-glucosidase, and Fusarium oxysporum trypsin-tike protease. Exermplary terminators for yeast
host cells can be obtained from the geaes for Succharomyces cerevisiae enolase, Saccharonmyces
cerevisine cytochrome C (CYC1), and Succharomyces cerevisiae glyceraldehyde-3-phosphate
dehydrogenase. Other useful terminators for yeast host cells are described by Romanos ez af., 1992,

supra,
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[6166] The control sequence may also be a suitable leader sequence, 8 non-translated region of an
mRNA that is important for translation by the host cell. The leader sequence is operably linked to the §°
termings of the nucleic acid sequence encoding the polypeptide. Any leader sequence that is functional in
the host cell of choice may be used. Exemplary bacterial leader sequences can use the pelB leader
sequence (Lei ef al., 1987, J Bacteriol. 169(9):4379-4383) and leader sequences of dsbA, dsbC, Bee,
CupA2, CupB2 of Pseudomonas fluorescens (US Patent No. 7,618,799). Exemplary leader sequences for
filamentous fungal host cells are obtained from the genes for Aspergillus oryzae TAKA amyiase and
Aspergilfus nidulans triosc phosphate isomerase. Suitable leaders for veast host cells are obtained from
the genes for Succharomyces cerevisige enolase (ENQ-1), Saccharomyces cerevisiae 3-phosphoglycerate
kinase, Saccharomyces cerevisiae alpha-facior, and Swccharomyces cerevisiae alcohol
dehydrogenase/glyceraldehyde-3-phosphate dehydrogenase (ADH2/GAF),

[0167] The control sequience may also be a polyadenylation sequence, a sequence operably linked to the
3 terminus of the mucleic acid sequence and which, when transéribed, is recognized by the host cell as
signal to add polyadenosine residues to transcribed mRINA, Any polyadenylation sequence which is
functional in the host cell of choice may be vsed in the present disclosure. Exemplary polyadenylation
sequences for filamentous fungal host cells can be from the genes for Aspergillus orvzae TAKA amylase,
Aspergillus niger glucoamylase, Aspergillus nidulans anthranilate synthase, Fusarium oxysporum
trypsin-like protease, and Aspergiflus niger alpha-glucosidase. Useful polyadenylation sequences for
yeast bost cells are described by Guo and Sherman, 1995, Mol Cell Bio 15:5983-5990. Exemplary
mammalian polyadenylation sequences can be found in Zhang et al,, 2005, Nucleic Acids Res. 33:D116-
D120,

[0168] The control sequence may also be a signal peptide coding region that codes for an amino acid
sequence linked to the amine terminus of a polypeptide and directs the encoded polypeptide into the cell's
secretory pathway. The 5' end of the coding sequence of the nucleic acid sequence may inherently
contain a signal peptide coding region naturally linked in translation reading frame with the segment of
the coding region that encodes the secreted polypeptide. Alternatively, the 5’ end of the coding sequence
may contain a signal peptide coding region that is foreign to the coding sequence. The foreign signal
peptide coding region may be required where the coding sequence does not natyrally contain a signal
peptide coding region.

[6169] Alternatively, the forcign signal peptide coding region may simply replace the natural signal
peptide coding region in order to enlance secretion of the polypeptide. However, any signal peptide
coding region which directs the expressed polypeptide into the sceretory pathway of a host cell of choice
may be used. Effective signal peptide coding regions for bacterial host cells are the signal peptide coding
regions obtained from the genes for Bacillus NCIB 11837 maltegenic amylase, Baciffus
steavothermophilus alpha-amylase, Bacillus licheniformis subtilisin, Bacillus licheniformis beta-
tactamase, Bacillus stearothermophilus neutral proteases (npvT, nprS, npeM), and Bacillus subtilis preA.

Further signal peptides are desctibed by Simonen and Palva, 1993, Microbiol Rev 57: 109-137. Effuctive
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signal peptide coding regions for filamentous fungal host cells can be the signal peptide coding regions
obtained from the genes for Aspergilius oryzae TAKA amylase, Aspergillus niger neutral amylase,
Aspergillus niger glucoamylase, Rhizomucor miehei aspartic proteinase, Humicola insolens celiulase, and
Humicola lanuginosa lipase. Useful signal peptides for yeast host cells can be from the genes for
Saccharomyces cerevisiae alpha-factor and Saccharemyces cerevisioe invertase. Other usefutl signal
peptide coding regions are described by Romanos ef ¢f., 1992, supra.

[8178] The control sequence may alse be a propeptide coding region that codes for-an amine acid
sequence positioned at the amino terminus of a polypeptide. The resultant polypeptide is known as a pro-
enzyme or pro-polypeptide {or 2 zymogen in some cases). A pro-pelypeptide can be converted to a
maturs active polypeptide by catalytic or autocatalytic cleavage of the pro-peptide from the pro-
polypeptide. The pro-peptide coding region may be obtained from the genes for Bacillus subtilis aikaline
protease (apiE), Bacillus subrilis weutral protease (npr1), Saccharoniyces cerevisiae alpha-factor,
Rhizomucor miehei aspartic proteinase, and Myceliophthora thermophila lactase (WO 95/33836). Where
both signal peptide and propeptide regions are present at the amino terminus of a polypeptide, the pro-
peptide region is positioned nexi to the amino terminus of a polypeptide and the signal peptide region is
positioned next to the aming terminus of the pro-péptide region.

{0174} 1t may also be desirable to add regulatory sequences, which allow the regulation of the
expression of the polypeptide relative to the growth of the host cell. Examples of regulatory systems are
those which cause the expression of the gene to be turned on or off in response to 2 chemical or physical
stimulus, including the presence of a regulatory compound. In prokaryotic host cells, soitable regulatory
sequences include the lac, tac, and trp operator systems. In yeast host cells, suitable regulatory systems
include, as examples, the ADH2 system or GAL1 system. In filamentous fungi, suitable regulatory
sequences include the TAK A zlpha-amylase prometer, dspergilfus niger glocoamylase promoter, and
Aspergillus oryzae glucoamylase promoter. Other examples of regulatory sequences are those which
allow for gene amplification. In eukaryotic systems, these include the dihydrofolate reductase gens,
which 1s amplified in the presence of methotrexate, and the metallothionein genes, which are amplified
witht heavy metals, In these cascs, the nucleic acid sequence encoding the polypeptide of the present
disclosare would be operably linked with the regulatory sequence,

[0172] In another aspect, the present disclosure is also directed to a recombinant expression vector
comprising a polynucleotide encoding an engincered transaminase polypeptide or a variant thereof, and
one or more expression regulating regions such as a promoter and a terminator, a replication origin, eic.,
depending on the type of hosts inte which they are to be intreduced. The various nueleic acid and control
sequences described above may be joined together to produce a recombinant expression vector which
may inclide one or more convenient restriction sites to allow for insertion or substitution of the nucleic
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 into an appropriate vector for expression. In creating the expression vector, the
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coding sequence is located in the vector so that the coding sequence is operably linked with the
appropriate conirol sequences for expression,

{0173] The recombinant expression vector may be any vector (e.g., a plasmid or virus), which can be
conveniently subjected to recombinant DNA procedures and can bring about the expression of the
polynucleotide sequence. The choice of the vector will typically depend on the compatibility of the
vector with the hosi cell into which the vector is to be introduced. The vectors may be limear or closed
circular plasmids. The expression vector may be an autonomously replicating vector, i.e., & vector that
oxists as an extrachromosomal entity, the replication of which is independent of chromosomal
replication, e.g., a plasmid, an extrachromosomal element, a minichromesome, or an artificial
chromosome. The vector may contain any means for assuring self-replication, Alternatively, the vector
may be one which, when introduced into the host cell, is integrated into the genome and replicated
together with the chromosome(s) into which it has been integrated. Furthermore, a single vector or
plasmid or two or more vectors or plasniids which together contain the total DWNA 10 be introduced into
the genome of the host cell, or a transposon may be used.

0174} The expression vecior of the present disclosure can include one or more selectable markers,
which pernit easy selection of transformed cells. A selectable marker is a gene the product of which
provides for biocide or viral resistance, resistance to heavy metals, prototrophy to suxotrophs, and the
like. Examples of bacterial selectable markers are the dal‘genes from Bacillus subtilis or Bacillus
{ficheniformis, or markers which confer antibiotic resistance such as ampicillin, kanamycia,
chloramphenicol, or tetracychine resistunce. Suitable markers for yeast host cells are ADE2, HIS3, LEUZ,
LYS2, MET3, TRPI, and URAS. Selectable markers for use in a filamentons fungal host cell include, but
are not limited to, amdS {acetamidase), argB (ormithine carbamoyliransferase), bar (phosphinothricin
acetyltransferase), hph (hygromycin phosphotransferase), nial> (nitrate reductase), pyrG (orotidine-5'-
phosphate decarboxylase), sC (sulfate adenyliransferase), and trpC (anthranilate synthase), as well ag
cquivalenis thereof. Embodiments for use in an Aspergilfus cell include the amdS and pyrG genes of
Aspergitius nidulans or Aspergillus oryzae and the bar gene of Streptomyces hvgroscopicus.

{0175} The expression vectors of the present disclosure also can include an element{s) that permits
integration of the vector into the host cell’s genome or antonomous replication of the vector in the cell
independent of the genome. For inlegration into the host cell genome, the vector may rely on the nucleic
acid sequence encoding the polypeptide or any other element of the vector for integration of the vector
into the genome by homologous or non-homologous recombination,

[9176] Alternatively, the expression veetor may contain additional nucleic acid sequences for directing
integration by homologous recornbination into the genome of the host cell. The additional nucleic acid
sequences enable the vecior to be integrated into the host cell genome at a precise location(s) in the
chromosome(s). To increase the likelihood of integration at a precise location, the integrational elements
should preferably contain a sufficient number of nucleic acids, such as 100 16 10,000 base pairs,

preferably 400 to 10,000 base pairs, and most preferably 800 to 10,000 base pairs, which are highly
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homologous with the corresponding target sequence o enhance the probability of homologous
recombination. The integrational clements may be any sequence that is homologous with the target
sequence in the genome of the host cell. Furthermore, the infegrational clements may be non-encoding or
encoding nucleic acid sequences. On the other hand, the vector may be integrated into the genome of the
host cell by son-homologous recombination.

{0177} For autonomous replication, the vector may furtlicr comprise an origin of replication enabling the
vector to replicate autonomously in the host cell in question. Examples of bacterial origins of replication
are P15A. ori or the origins of replication of plasmids pBR322, pUCIHY, pACYCI177 (which plasmid has
the P15A ori}, or pACYC184 permitting replication in E. coli, and pUB110, pE194, pTA1060, or
pAMBI permitting replication in Bacilhss. Examples of origins of replication for use in a yeast host cell
are the 2 micron origin of replication, ARST, ARS4, the combination of ARS] and CEN3, and the
combination of ARS4 and CENG. The origin of replication may be one having a mutation which makes it
fanction in a temperatiwe-sensitive manner in the host cell (see, e.g., Ehrlich, 1978, Proc Natf Acad Sci.
USA 75:1433).

{0178] More than one copy of a nucleic acid sequence of the present disclosure may be inserted into the
host cell fo increase prodoction of the gene product. An increase in the copy number of the nucleic acid
sequence can be obtained by integrating at least one additional copy of the sequence into the host cell
genome or by including an amplifiable selectable marker gene with the nucleic acid sequence where cells
containing amplified copies of the selectable marker gene, and thereby additional copies of the nucleic
acid sequence, can be selected for by cultivating the cells in the presence of the appropriate selectable
agent.

(31791 Many expression vectors useful with the embodiments of the present disglosure are commercially
available. Suitable commercial expression vectors include p3xFLAGTM ™ expression vectors from
Sigma-Aldrich Chemicals, which includes a CMV promoter and hGH polyadenylation site for expression
in mamialian host cells and a pBR322 origin of replication and ampicillin resistance markers for
amplification in E. coli. Other suitable expression veciors are pBluescriptil SK(-) and pBK~-CMV, which
are conmunercially available from Stratagene, LaJolla CA, and plasmids which are derived from pBR322
(Gibeo BRL), pUC (Gibeo BRL), pREP4, pCEP4 (Invitrogen) or pPoly (Lathe ef af., 1987, Gene 57:193-
261).

(31801 An exemplary expression vector can be prepared by operatively linking a polynucleotide
encoding an improved transaminase into the plasmid pCK 1109001 which contains the lag promoter under
control of the lacl repressor, The expression vecior also containg the P15a origin of replication and the
chloramphenicol resistance gene.

[8181] Inanother aspect, the present disclosure provides a host cell comprising a polynucleotide
encoding an improved transaminase polypeptide of the present disclosure, the polynucleotide being
aperatively limked to one or more control sequences for expression of the transaminase enzyme in the

host cell. Host cells for use in expressing the polypeptides encoded by the expression vectors of the
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present disclosure ave well known in the art and include but are not Himited to, bacterial cells, such as £,
coli, Arthrobacter sp. KNK168, Streptomyces and Salmonella typhimurium cells; fungal cells, such as
yeast cells (e.g., Saccharomyces cevevisine or Pichia pastoris (ATCC Accession No. 201178)); insect
cells such as Drosophila 82 and Spodoptera 819 eslls; animal cells such ag CHQ, COS, BHK, 293, and
Bowes melahoma cells; and plant cells. An exemplary host cell is Escherichia coli W3110 (AfhuAl.
Appropriate culture mediums and growth conditions for the above-described host cells are well known in
the art.

{§182] Polynucleotides for cxpression of the transaminase may be introduced into cells by various
methods known in the arf. Techniques include among others, electroporation, biolistic particle
bombardment, Hiposome mediated transtection, calciwm chioride transfection, and protoplast fusion,

Various methods for introduciug polynucicotides into cells will be apparent to the skifled artisan,

5.6 Methods of Generating Engineered Transaminase Polypeptides
[0183] Insome embodiments, to make the improved engineered polymucicotides and engineered
polypeptides of the present disclosure, the naturally-occuiring transaminase enzyme that catalyzes the
transanination reaction is obtained (or derived) from Arehrobacter sp. KNKI68, In some eimbodiments,
the parent polynucleotide sequence id codon optimized to enhance cxpression of the transaminase in 2
specified host cell. The parental polynucleotide sequence encoding the wild-type polypeptide of
Arthrobacter sp, KNK168 has been described (See e.g., Iwasald ef al., Appl. Microbiol. Biotechnol.,
2006, 69: 485-505). Preparations of engineered transaminases based on this parental sequence are also
described in US patent publication no., 2010/0285541 A1 and published International application
WO2010/099501.
10184] The engineered transaminases can be obtained by subjecting the polynucleotide encoding the
naturally occurring transarinase to. mutagenesis and/or directed evolution methods, as discussed above.
An exeniplary directed svolution fechnigue is motagenesis and/or DNA shuffling as described in
Stemmer, 1994, Proc Natl Acad Sci USA 91:10747-10751; WO 95/22625; WO 97/0078; WO 97/35966;
WO OR/27230, WO (0/42651; WO 01/75767 and 1.5 Pat. 6,537,746, (Other directed evolution
procedures that can be used include, among others, staggered extension process (SIEP), in vitro
recombination (Zhao ez af., 1998, Nat, Bictechuol. 16:258-261), mutagenic PCR (Caldwell ef al., 1994,
PCR Methods Appl. 3:8136-5140), and cassette mutagenesis (Black ef al., 1996, Proc Natl Acad Se
USA 93:3525-3529). Mutagenesis and directed evolution techmiques useful for the purposes herein are
also described in e.g., Ling, ef af., 1997, Anal, Biochem, 254(2):157-78; Dale er af., 1596,
“Oligonucleotide-directed random mutagenesis using the phosphorothioate method,” in Methads Mol
Biol. 57:369-74; Smith, 1985, Ann. Rev, Genet. 19:423-462; Botslein ef gl,, 1985, Science 229:1193-
1201; Carter, 1986, Biochem. J, 237:1-7; Kramer et al., 1984, Cell, 38:879-887; Wells ef al., 1985,
Gene 34:315-323; Minshull er ol 1999, Curr Opin Chem Biol 3:284-290; Christians ef al., 1999,
Mamre Biotech 17:259-264; Crameri ef af., 1998, Nature 391:288-201; Crameri et af., 1997, Natwe
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Biotech 15:436-438; Zhang et al, 1997, Proc Natl Acad Sci USA 94:45-4-4509; Cramen ef al., 1996,
Nature Biotech 14:315-319; Stemmer, 1994, Nature 37(:389-391; Stemmer, 1994, Proc Natl Acad Sci
USA 91:10747-10751; PCT Publ. Nos. WO 95/22625, WO 97/0678, WO 97/35%66, W0 98/27230, WO
(0/42651, and WO 01/75767; and U.S. Pat. No. 6,537,746, All publications and patent are hereby
incorporated by reference herein.

[0185] The clones obiained following mutagenesis treatment can be screened for engineered
transaminases having a desired improved enzyme property. Measuring enzyme activity from the
expression libraries can be performed using the standard biochemistry techniques, such as HPLC analysis
following OTA derivatization of the product amine,

[0i86] Where the improved enzyme property desired is thermostability, enzyme activity may be
measured after subjecting the cuzyme preparations to a defined femperature and measuring the amount of
enzymg activity remaining afler heat treatments, Clones containing a polynucleotide encoding a
iransaminase arc then isolated, sequenced to idenfify the nucleotide sequence changes (if any), and used
to express the enzyme in a host cell,

[0187] Where the sequence of the engineered polypeptide is known, the polynucleotides encoding the
enzyme ¢an be prepared by standard solid-phase methods, according to known synthetic meshods. Tn
some embodiments, fragments of up to about 100 bases can be individually synthesized, then joined (e.g.,
by enzymatic or chemical litigation methods, or polymerase mediated metheds) to form any desired
continueus sequence. For example, polynucleoiides and oligonucleotides of the disclostne can be
prepared by chemical synthesis using, e.g., the classical phosphoramidite method described by Beaucage
et al., 1981, Tet Lett 22:1859-69, or the method described by Matthes er al,, 1984, EMBO I. 3:801-03,
e.g.. as it is typically practiced in antomated synthetic methods. According to the phosphoramidite
method, oligonucleotides are synthesized, e.g, in an automatic DNA synthesizer, purified, annealed,
ligated and cioved in appropriate vectors. In addition, essentially any nucleic acid can be obtained fronm
any of a variety of commercial sources.

[0188] In some embodiments, the present disclosure also provides methods for preparing or
nmanufaciyring the engineered transamination polypeptides capable of converting compound (2) to
compound (1) under suitable reaction conditions, wherein the methods comprise culturing a host cell
capable of expressing a polynucleotide encoding the engineered polvpeptide under culture conditions
suitable for expression of the polypeptide. In some embodiments, the method for preparation of the
polypeptide further comprises isolating the polypeptide. The engineered polypeptides can be expressed in.
appropriate cells (as described above), and isolated (or recovered) from the host celis and/or the colture
medium using any one or more of the well known techniques used for protein purification, including,
among others, lysozyme treatment, sonication, filtration, salting-out, ulira-centrifugation, and
chromatography. Chromatographic technigues for isolation of the polypeptide include, among others,
reverse phase chromatography high performance liguid chromatography, ion exchange chromatography,

zel electrophoresis, and affinity chromatography. Conditions for purifying a particular engineered
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polypeptide will depend, in part, on factors such as net charge, hydrophobicity, hydrophilicity, mokecular

weight, molecular shape, etc., and will be apparent to those having skifl in the art,

&7 Metheds of Using the Engineered Transaminase Enzymes and Compounds
Prepared Therewith

[0189] In another aspect, the engineered transaminase polypeptides disclosed herein can be used in 2
process for the conversion of the substrate compound (2}, or structural analogs thereof, to the product of
compound (1) or the corresponding structural analog. Generally the structural analogs of compound (1)
are encompassed within structaral Formuta (I) and structural Formala (Ia).

0198] In some embodiments the engineered polypeptides disclosed herein can be used in a process for
the preparation of chiral amine compounds. In seme embodiments, the present disclosure provides a

method for preparing a compound of structural Formula (8):

NH, ©
R * z
D

having the indicated stcreochemical configuration at the stereogenic center maiked with an *; in an
enantiomeric.excess of at least 70% over the opposite enantiomer, wherein

715 OR2 or NR2R3;

Rlis C1.galkyl, aryl, heteroaryl, aryl-Cy o alkyl, heteroaryl-C|.3 alkyl, or a 5- to 6-membered
heierocyclic ring system optionally containing an additional heteroatom selected from O, 8, and N, the
heterocyclic ring being unsubstitnted or substituted with one to three substituents independently selected
from oxo, hydroxy, halogen, C1-4 alkoxy, and C1-4 alkyl, wherein alkyl and alkoxy are imsubstituted or
substituted with one to five fiuorines;

RZ and R3 are each independently hydrogen, Cy-g alkvl, aryl, oraryl-Cy.2 alkyl; or

RZ and R3 together with the nitrogen atom to which they are attached form a 4- to 7-membered
heterocyclic ring system optionally containing an additional heieroatom selected from O, 8, and N, the
heterocyclic ring being unsubstituted or substitnted with onc fo thres substituents independently selected
from oxo, hydroxy, halogen, Ci-4 alkoxy, and C1.4 alkyl, wherein alky] and alkoxy are unsubstituted or
substitated with one to five flnorines; and the heteroeyclic ring systern being optionally fused with a 5-to
&-memboered saturated or aromatic carbocyclic ring system or a 5- to 6-membered saturated or aromatic
heterocyclic ring sysiem containing one to two heteroatoms selected from O, S, and N, the fused ring
system being unsubstituted ov substituted with one to two substituentsselected fron hydroxy, amino,
fluorine, C1.4 alkyl, C1-4 alkoxy, and triffuoromethyl: the process comprising the step of contacting a

prochiral ketone subsirate compound structural Formula (I):



WO 2014/133960 PCT/US2014/018003

O O
R1/Q\/Jl\z

an

with an engineered polypeptide as disclosed herein in the presence of an amino groop donor in a suitable
organic solvent under suitable reaction conditions. In some embodiments of the process, R1 is benazyl
and the phenyl group of benzy! is onsubstituted or substituted one to three substituents selected from the

group consisting of fluoring, trifluoromethyl, and triffuoromethoxy,

{01911 Insome embodiments of the process for preparing a compound of Formula (1), Z is NR'R

2.5, -
wherein NR'R is a heterocycle of the structural Formuala ({H):

E’S\N/\J‘/,N
9,
LEEY |

wherein R is bydrogen or C1_4 alleybwhich is unsubstituted or substituted with one to five fluorines,
[0192] In some embodiments of the process for preparing a compound of structural Formula (I), the
compound of Fornwila (E) specifically excludes compound (2} and the compound of Formula (1)
prepared by the method specificall excludes compound (33

[0193] Insome embodiments, the engineered polypeptides having iransaminase activity of the present

disclosure can be used in a process for preparing & compound of structural Fornmla (Ea):

NH, O
Ar\/&/’u\ M
@,
4
(Ia}

having the (R)-configuration at the stercogenic center marked with an *#%; in an cnantiomeric excess of
af least 70% over the enantiomer having the opposite (5)-configuration; wherein
Ar is pheny! which is vosubstituted or substituted with one to five substituents independently

selected from the group consisting of fluorine, trifluoromethyl, and trifluoromethoxy; and
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R4 is hydrogen or C1.4 alkyl unsubstituted or substituted with one to five fluorines; the process
comprising the step of
contacting a prochiral ketong substrate compound of structuyral Formula (I1a):
0 O

(Ha)

with an engineered polypeptide as disclosed herein in the presence of an amino group donor ander
suitable reaction conditions. In soms embodiments of the process for preparing the compound of
Formula (fa), Ar is selected from 2,5-difluoropheny! or 2,4,5-triflucrophenyl, and R4 is trifluoromethyl.
{0124] In some embodiments of the process for preparing a compound of structural Forpmila (g}, the
compound of Fornwla (Ea) specifically excludes compound {2y and the compound of Formula {1a)
prepared by the mcthod specificall excludes compound (1),

[0193] Insome embodiments, the present disclosure provides a process of preparing compound (1),
sitagliptin,

1

comprising astep of contacting a substrate of compound {2}

)

with an engineered polypeptide as disclosed herein in the presence of au amine group donor under

suitable reaction conditions.
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[9#156] The present disclosure also contemplates that engineered {ransaminase polypepiides can be used
for the preparation of other chiral amine compounds that are structural analogs of sitagliptin,
Gemigliptin is an oral anti-hyperglycemic agent in the same class of dipeptidyl peptidase-4 (DPP-4)

inhibitors as sitagliptin. Gemigliptin is a chiral amine compound having the stracture of compouud (3)

NH, © F

(3

{0197] Gemigliptin has structure analogous to sitagliptin (compound (1)), and is within the same genus
of structures of Formala (I). Accordingly, in one embodiment, the present disclosure provides a process
of preparing compound {3}, comprising a step of contacting a keto substrate of compound {4), or

compound {4) medified with a proteciing group,

o
0 0 F
F
F N . N
N l 5 F
P
F F

(4)

with an enginecred polypepfide as disclosed berein in the presence of an aming group donor under
stitable reaction conditions.

[0198] As described herein, and illustrated in the Examples, the present disclosure contemplates ranges
of suitable reaction conditions that can be used in the processes herein, including bui not lmited to
ranges of pH, temperature, buffer, solvent system, subsirate loading, mixture of substrate compound
stereoisomers, pelypeptide loading, cofactor loading, pressure, and resction time, Further suitable
reaction conditions for carrying out the process for biccatalytic conversion of substrate compounds to
produci compounds using an engineered transaminase polypeptide described herein can be readily
optimized by routine experimentation that inchides, but is not Hmited to, confacting the engineered

fransaminase polypeptide and substrate compound under experimental reaction conditions of
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concentration, pH, temperature, solvent conditions, and detecting the product compound, for exanple,
nsing the methods described in the Examples provided herein.

[8199} As described above, the engincered polypeptides having transaminase activity for use in the
processes of the present disclosure generally comprise an amino acid sequence having at Teast §0%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identity to a reference
amino acid sequence selected from any one of the even-numbered sequences of SEQ 1D N(G:2 - 306, and
an engineered transaminase polypeptide comprising an amino acid sequence that has () has one or more
amino acid residue differences as compared fo SEQ 11D NO:Z selected from X33L, X36C, X41C/M/R,
X48K, XSIK, X765, X122F/Q, X148Q, X 155K, X156R, X160P, X213G, X241R, X270T, X273H, and
X325M; and/or (b) a combination of residue differences as compared to SEQ ID NO:2 selected from: (3)
X426, X54P, X1525, and X155T; (1) X42G, X54P, X1528, X155T, and RI64P; (iil} X42G, X54P,
X150F, X1528, and X155T; (V) X42G, X54P, X150F, X 1528, X155T, and X267V: (v) X42G, X34P,
X150F, X 1528, X155L, W156Q, and C215G; (vi) X42G, X54P, X15(F, X 1528, X155T, X215G, and
X267V (vi) X33L: X42G, X54P, X117G; X150F, X1528, X1551, X1560Q, and C215G; and {viil) X41K
X42G, X54P, X150F, X1528, X155K, X156(}, and C215G. In some embodiments, the polynucleotide

capable of hybridizing under highly stringent conditions encodes a transaminase polypeptide that has the

]

percent identity described above and one or more residue differences as compared 1o SEQ ID NO:2
selected from: X9K, X331, X36C, X41C/F/KM/N/R, X42A/G, X44Q), X48D/E/G/K/T, XK49T, X51K,
X54P, X550, X768, X108V, X117G, XK122F/Q, X126A, X1480, X130A/F, X15258/1,
KISSAVKILIIV, X156Q/R/S, X160P, X164F, X 165N, X152T, X215G/H/L, X218M, X241R, X267V,
X270T, X273H, X325M, and X328

{9280] The improved activity, stability, and/or stereoselectivity of the engineered transaminase
polypeptides disclosed herein in the conversion of compounds of Formula (1) to compounds of Formula
(I3, compounds of Formuola (ffa) to compounds of Formula {(Ia), compound (2) to compound (1), and/or
compound (4) to compound (3}, including various analogs theréof provides for processes wherein higher
percentage conversion can be achieved with lower concentrations of the engineered polypeptide and also
reduces the amount of residual protein that may need to be removed in subsequent steps for purification
of product compound (e.g., compound (£)) and purification of compounds dowustream of the product
compound. In some embodiments of the precess, the suitable reaction conditions comprise an engineered
polypeptide concentration of about 0.1 to about 40 g/L, about (1.5 to about 20 g/L., about 1.0 to about 10
/L, about 2 to about 5 g/L., about 40 ¢/L or fess, about 20 g/l or less, about 15 /L. or kess, about 10 g/L
of less, about 5 g/L or fess, about 3 g/ or less, about 2 /L. or less, about 1.5 g/L or'less, about 1.0 g/L or
less, about 0.75 g/L or less.

{0281] Substrate compound in the reaction mixtures can be varied, taking into censideration, for
example, the desired amount of preduct compound, the effect of substrate concentration on enzyne
activity, stability of enzyme under reaction conditions, and the percent conversion of substraie to product.

In some embodiments of the method, the suitable reaction conditions comprise a substrate compound
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loading of at least about 0.5 to about 200 g/L, 1 to about 200 g/L, 5 to about 150 g/L, abeut 10 to about
100 g/L, or about 50 to about 100 g/L. In seme embodiments, the suitable reaction conditions comprise a
substrate compound loading of at least about 0.5 g/L., at least sbout 1 g/L., at least about 5 g/1., at least
about 10 g/L, at least about 15 g/L, at least about 20 g/L., at least about 30 g/L., at least about 50 g/L, at
least about 75 g/L, at least about 100 g/L, at least about 150 g/L or at least about 200 g/L., or even greater.
The values for substrate loadings provided herein are based on the 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, substrate compounds covered by Formula
(1), and {1La), and compound {4) can also be used in appropriate ammounts, in light of the amounts used
for compound (2}.

{92021 Inthe processes describes herein, the engineered transaminase polypeptide uses an amino dovor
to form the product compounds. In some embodiments, the amine donor in the reaction condition
comprises a compound sclected from isopropylamine (also referred to herein as “TPRT™, puirescine, L-
lysing, o-phencthylagiine, D-alanine, L-alanine, or 1), L-alanine, or D,L-oenithineg, In some embodiments,
the amino donor is selected from the group consisting of IPM, putrescine, L-Iysine, D- or L-alanine. In
some emboediments, the amine donor is IPM. In some embodiments, the suitable reaction conditions
commprise the aminoe donor, in particular IPM, present at & concentration of at Jeast about 0.7 to about 3.0
M, 0.2 1o about 2.5 M, about .5 10 about 2 M or about 1 to aboui 2 M. In some embodiments, the amino
donor is present at a concentration of about 0.1, 0.2, 0.3, 0.4, 0.5,8.6, 0.7, 6.8, 1, 1.5, 2, 2.5 or 3 M.
{0283} Switable reaction conditions for the processes also typically comprise the presence of a cofagior
in the reaction mixture. Because the engineered fransaminases typically use members of the vitamin Bg
family, the reaction condition can comprise a cofactor selected frome-pyridoxal-5-phosphate {also known
as pyridoxal-phosphate, PLP, P5P), pyridoxine (PN), pyridoxal {PL}, pyridoxamine (PM), and their
phosphorylated counterparts; pyridoxine phosphate (PNP), and pyridoxamine phosphate (PMP). In some
embodiments, the suitable reaction conditions can comprise the presence of a cofactor selected from PLP,
PN, PL, PM, PNP, and PMP, at a concentration of about 0.1 g/L to about 10 g/L, about 0.2 g/L. to about 5
g/L, about 0.5 g/L to about 2.5 g/L. In some embodiments, the cotactor is PLP. Accordingly, in some
embodiments, the suitable reaction conditions can comprise the presence of the cofactor, PLP, ata
concentration of about 0.1 g/L io-about 10 g/L, about (.2 g/L. to about 5 g/L, about (1.5 ¢/ to-about 2.5
g/L. In some embodiments, the reaction conditions comprise a PLP concentration of about 10 g/L or less,
about 5 g/l or less, sbout 2.5 g/L. or less, about 1.0 g/L. or less, about 0.5 g/LL or less, or about 0.2 g/ or
fess.

{0204} In some embodiments of the process (e.g., where whole cells or lysates are used), the cofactor is
present naturally in the cell extract and does not need to be supplemented. In some embediments of the
process {e.g., using partially purified, or purified transaminase enzyme), the process can further comprise
a step of adding cofactor to the enzynte reaction mixture. In some ewbodiments, the cofactor is added

cither at the beginning of the reaction and/or additional cofactor is added during the reaction.
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{6205} During the course of the transamination reactions, the pH of the reaction mixture may change.
The pH of the reaction mixfure may be maintained at a desired pH or within a desired pH range. This
may be done by the addition of an acid ot a base, before and/or during the course of the reaction,
Alternatively, the pH may be controfled by vsing a buffer. Accordingly, in some embodiments, the
reaction condition compriscs a buffer. Snitable buffers to maintain desired pH ranges are known in the art
and inchude, by way of example and not limitation, borate, carbonate, phosphate, tricthanolamine (TEA)
buffer, and the like. In some embodiments, the buffer is TEA. In some embodiments of the process, the
suitable reaction conditions comprise a buffer solution of TEA, where the TEA concentration is from
about 0.01 to about .4 M, 0.05 to about 0.4 M, G.1 to about 0.3 M, or about 0.1 to about 0.2 M. Insome
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, (.16, 0.18, 0.2, 0.3, or 0.4 M, In some embodiments, the reaction conditions
comprise water as a stitable solvent with no buffer present.

[8206] In the embodiments of the process, the reaction conditions can comprisc a suitable pH. As noted
above, the desired pH or desired pH range can be maintained by use of an acid or base, an appropriate
buffer, or 3 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. Tn some embodiments, the suitable reaction
conditions comprise a solution pH of about & to about 12.5, a pH of about & to about 12, a pH of about
9.0 to about 11.5, or a pH of about 9.5 to about 11.0. In some embodiments, the reaction conditions
comprise a solution pH of about §, 8.5, 9, 9.5, 10, 10.5, 11, 11.5, 12 or 12,5,

[6207] n the embodiments of the processes herein, a suitable temperature can be used for the reaction
conditions, for example, taking into consideration the increase in reaction rate at higher temperatures, the
activity of the enzyme for sufficient duration of the reaction, and as further described below, increase rate
of epimerization of the substrate diastereomers (for purposes of dynamic kinetic resolution). For
example, the engineered polypeptides of the present disclosure have increased stability relative to
naturally occurring transaminase polypeptide, and the engineered polypeptide of SEQ 1D NO:2, which
allow the enginecred polypeptides of the present disclosure to be used at higher temperatures for
ctreased conversion rates and improved substrate solubility characteristics for the reaction,
Accordingly, in some embodiments, the suitable reaction conditions comptise a temperature of about
10°C to about 70°C, about 10°C to about 65°C, about 13°C to about 60°C, about 20°C to about 60°C,
about 20°C to about 55°C, about 30°C to about 35°C, or about 40°C to about 50°C. In some
embodiments, the suitable reaction conditions comptise a temperature of 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 7T0°C. Tn some embodiments, the femperature
during the enzymatic reaction can be mainlained at a tenmperature throsghout the course of the reaction,
In some embodiments, the temperature during the enzymatic reaction can be adjusted over a temperature
profile during the course of the reaction.

{0298] In some embodiments of the process, the suitable reaction conditions can further comprise the

presence of the reduced cofactor, nicotinamide adenine dinicleotide (NADH), which can act to limit the
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inactivation of the transaminase enzyme (See e.g.. van Ophem e ¢l., 1998, Biochemistry 37(9):2879-8 8).
In such embodiments where NADH is present, a cofactor regeneration system, such as glucose
dehydrogenase (GDH) and glucose or formate dehydrogenasc and formate can be used to regenerate the
NADH in the reaction medium.

[0209] The processes using the engincered transaminases are generally carried out in a solvent. Suitable
sulvents include water, aqueous buffer sclutions, organic selvients, and/or co-solvent systems, which
generally comprise aqueous solvenis and organic solvents. The aqueous solvent (water ot agueous co-
solvent system) may be pH-buffered or unbuffered. In some embodiments, the processes using the
engineered transaminase polypeptides are generally carried out in an agueous co-solvent system
comprising an organic solvent (e.g., cthanol, isopropanol (IPA), dimethyl suifoxide (BMSQ), ethyl
acetate, butyl acetate, 1-octanol, heptane, octane, methyl t-butyl ether (MTBE), toluene, and the like),
iomic Hquids (e.2., 1-ethyl 4-methylimidazoliom tetrafluoroborate, 1-butyl-3-methylimidazokom
tetraftuoroborate, 1-butyl-3-methylimidazolium hexafluorophosphate, and the like). The organic solvent
component of an aqueous co-solvent system may be miscible with the aqueous component, providing a
single liquid phase, or may he partly miscible or inuniscible with the agueous component, providing two
liquid phases. Exemplary aqueons co-solvent systems comprises water and one ot more organic solvent,
In general, an organic solvent component of an agueous co-solvent system is selected such that it does
not completely inactivate the transaminase enzyme. Appropriate co-solvent systems can be readily
identi_ﬁed by measuring the enzymatic aciivity of the specified engineered transaminase enzyme with a
defined substrate of interest in the cundidate solvent system, utitizing an enzyme activity assay, such as
those deseribed herein. In some embodiments of the process, the suitable reaction conditions comprise an
aqueous co-solvent comprising DMSO at a concentration of about 1% to about 80% (v/v}, about 1 to
about 70% (v/v), about 2% 1o about 60% (v/v), about 5% to about 40% (v/v), 10% to about 40% (v/v),
10% to about 30% (v/v), or about 10% to sbout 20% (v/v). In some embodiments of the process, the
suitable reaction conditions comprise an aqueocus co-solvent comprising DMSO at a concentration of at
least about 1%, 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, of
80% (viv).

[0210] The suitable reaction conditions can comprise a combination of reaction parameters that provide
for the biocatalytic conversion of the substrate componnds to its corresponding product compounds.
Accordingly, in some embodiments of the process, the combination of reaction parameters comprises: (a)
substrate loading of about 10 to 200 g/l of substrate compound {e.g. compound (2)): {b) engineered
polypepiide concentration of about 0.5 /L. to 5 g/L; (¢) IPM concentration of about 0.1 to 3 M {d) PLP
cofacior concentration of about 0.1 to 1 mM; (e) DMSO concentration of about 30% (v/v) to about 60%
(v/v); (fi pH of about 9.5 to 11.5; and {g) temperature of about 45°C 10 60°C.

[8211] Insome embodiments, the combination of reaction parameters comprises: {(a) about 50 g/L. of

substrate compound (e.g. compound (2)); {b) about 2 g/L, engineered polypeptide; (¢) abount 50% (v/v)
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dimethylsulfoxide (DMSO); (d) about 1 M isopropylamine (IPM); (&) about 1 mM pyridoxal phosphate
(PLP); (f) about pH 10; and (g) about 50°C.

{0212] In some embodiments, the combination of reaction parameters comprises: {a)about 50 g/LL of
substrate compound {e.g. compound (2)}; (b) about | g/L. enginecred polypeptide; (¢} about 50% (v/v)
dimethylsulfoxide (DMSO0); (d) about 1 M isopropylamine (IPM); (e} about | mM pyridoxal phogphate
(PLP}; {f} about pH 11; and (g) abowt 55°C.

{0213] In some embodiments, the combination of reaction paramieters comprises: (a) about 50 g/L of
substrate compound (e.g. compound (2}); (b) about 0.5 g/L. engineered polypeptide; (¢) about 50% (v/v)
dimethylsulfoxide (DMSO); (d) about 2 M isopropylamine (IPMY); (2) about 1 mM pyridoxal phosphaie
(PLP); () about pH 11.3; and (g) about 55°C.

{6214 Further exemplary reaction conditions include the assay conditions provided in Tables 2A, 28,
and 2C, and Example 1.

{8215] In carrving out the transamination resctions described herein, the engineercd transaminase
polypepiide may be added o the reaction mixfure in the partially purified or purified enzyme, whole cells
transformed with gene(s) encoding the enzyme, and/or as cell extracts and/or lyvsates of such cells,
Wheole cells transformed with gene(s) encoding the engineered transaminase enzyme or cell extracts,
lysates thereof, and 1solated enzymes may be employed in a variety of different forms, including solid
(e.g., lyophilized, spray-dried, and the like) or semisolid {(e.g., a crude paste). The cell extracts or cell
ysates miay be partially purified by precipitation {e.g., ammonium sulfate, polyethyleneimine, heat
treatment or the like), followed by a desalting procedure (e.g., ultrafiltration, dialysis, and the like) prior
to fyophilization. Any of the enzyme preparations may be stabilized by crosslinking using kaown
crosslinking agents, such as, for example, ghutaraldehyde, or immobitized 1o 2 solid phase material (e.g.,
resing, beads such as chitosan, Eapergit C, SEPABEADs, and the like).

[0216] To some embodiments of the transamination reactions deseribed herein, the reaction is carried out
under the suitable reaction conditions described herein, wherein the engineered transaminase polypeptide
is immobilized to a solid support. Solid supports useful for inunchilizing the engineered transaminases
for carrying out the transamination reactions include but are not limited to beads or resing comprising
polymethacrylate with epoxide functional groups, polymethacrylate with amino epoxide fimctional
groups, styrene/DVB copolymer or polymethacrylaie with octadecy! fimetional groups. Exemplary solid
supports include, but are not limited to, chitosan beads, Eupergit C, and SEPABEADs (Mitsubishi),
ucluding the following different types of SEPABEAD: EC-EP, EC-HFA/S, EXA252, EXE119 and
EXE120.

0217} Insome embodimenis where the engineered polypeptide can be expressed in the form of a
secrcicd polypeptide, the culture medium containing the secreted polypeptides can be used in the process
herein.

0238} Insome embodumnents, solid reactants (e.g., enzyme, saliy; elc.) may be provided to the reaction

in a variety of diffevent forms, including powder (e.¢., lyophilized, spray dried, and the like), solution,.
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emulsion, suspension, and the like, The reaciants can be readily lvophilized 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 aliquots, then added to a pre-chifled lyophilization chamber, followed by
the application of a vacuum.

[0219] In some embodiments, the order of addition of reactants is not critical. The reactants may be
added together at the same time to a solvent (e.g., monophasic solvent, biphasic aqueous co-solvent
System, and the like), or alternatively, some of the reactants may be added seperately, and some together
at different time points. For example, the cofactor, iransaminase, and transaminase substrate may be
added first to the solvent. For improved mixing efficiency when an aqueous co-solvent svster is used,
the fransaminase, and cofactor may be added and mixed into the aqueous phase first. The organic phase
may then be added and mixed in, followed by addition of the transaminase substraic. Alternatively, the
transaminase substrate may be premixed in the organic phase, prior to addition to the aqueocns phase.
0220] In some embodiments, the process can further comprise a step of removal of the carbonyl by-
product formed from the amino group donor when the atnino group is transferred to the substrate
compound of Formula (11}, {Ila), compound (2}, or compound {4). Such removal in situ can reduce the
rate of the reverse teaction such that the forward reaction dominates and more substitate is then converted
to product. Removal of the carbonyl by-product can be casried out in a number of ways. Where the amino
group donor is an amino acid, such as alanine, the carbonyl by-product, a keto acid, can be removed by
reaction with a peroxide (see, e.g,, US Patent Publication 2008/0213845A1, incorporated herein by
reference). Peroxides which can be used include, among others, hydrogen peroxide; peroxyacids
(peracids) such as peracetic acid (CH;CO,H), trifluoroperacetic acid and metachloroperoxybenzoic acid;
ofganic peroxides such as t-butyl peroxide ((CH4),COOH), or other selective oxidants such as
tetrapropylammonium perruthenate, MnO,, KMnQ,, ruthenium tetroxide and refated compounds.
Alternatively, pyruvate removal can be achieved via its reduction to lactate by employing lactate
dehydrogenase to shiflt equilibrium to the product amine (see, e.g., Koszelewski ef al., 2008, Adv Syn
Catal. 350: 2761-2766). Pyravale remaval can also be achicved via its decarboxylation to carbon dioxide
acetaldehyde by employing pyrovate decarboxylase (see, e.g., Holne ef al., 2008, Chem BioChem. 9:
363-363).

{0221] In some embodiments, whete the choice of the amino donor results in a carbonyl by-product that
has a vapor pressure higher than water (e.g., a low boiling co-product such as a volatile organic carbonyl
compound}, the cartbony! by-product can be removed by sparging the reaction solution with a non-
reactive gas or by applying a vacuum to Jower the veaction 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 resction
commponents. Varlous non-reactive gases include nitrogen and noble gases {e.g., inert gases). In some
embodiments, the non-reactive gas is nitrogen gas. In some embodiments, the amine donor used in the
process is isopropylamine (IPM), which forms the carbony! by-product acetone upon transfer of the

amino group to the amino group acceptor. The acetone can be removed by sparging with nilrogen gas or
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applying a vacoum to the reaction solution and removing the acetone from the gas phase by an acetone
trap, such as a condenser or other cold trap. Alternatively, the acetone can be removed by reduction to
isopropanol using a ketoreductasc.

[0222] In some embodiments of the process 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 maintaim the pH of the reaction. Replenishing the amino group donor also shifts ihe
equilibrium towards product formation, thereby increasing the conversion of substraic to product. Thus,
in some erabodiments where the amino group donor is IPM and the acetone product is removed iz sifu,
the process can further comyprise a step of adding TPM io the reaction solution to replenish the amino
group donor fost during the acetone removal and to maintain the pH of the reaction (e.g., at about 8.5 1o
about pif 11.5).

{233] Insome embodiments, it is also contemplated that the process comprising the biocatalytic
conversion of amine acceptor subsirate compounds. to chiral amine product compounds using
transaminase polypeptides of the present disclosure can further comprise steps of formation of
pharmaceutically acceptable salts or acids, pharmaccutically acceptable formulations, product work-up,
¢xtraction, isolation, purification, and/or crystallization, cach of which can be carried out undet a range of
conditions,

{0224} In some embodiments, the processes using the engineered polypeptides disclosed herein can be
carried out wherein the process furthor comprises the step of isofating the compound of Formula (1), the
compound of Formuia {Ia}, the compound (3), or the conpound (3) from the reaction,

{0225] In some embodiments, the processes using the engineered polypeptides disclosed herein can be
carried out wherein the process further comprises the step of converting the compound of Formula (I},
compound of Formula (Ya}, the compound (1} or the compound (3) into a pharmacentically acceptable
salt by contacting said compound with a pharnmaceutically scceptable acid in 2 suitable reaction sobvent.
In some embodiments of the precess, the pharmaceutically acceptable acid is phosphoric acid and the
pharmaceutically acceptable salt is the dihydrogen phosphate salt. In some embodiments, the processes
can further comprise the step of crystallizing the pharmaceutically acceptable salt from the reaction
solvent,

[0226] In some embodiments, the processcs using the engincered polypeptides disclosed herein can be
carried out wherein the amino group donor is selected from isopropylamine, alanine, 3-aminobuivric
acid, or methylbenzylamine. In some embodiments, the amino group donor is isopropylamine,

[H227} Asnoted above, the compoond (1) is sitagliptin, the active phanmaceutical ingredient in
JANUVIA®, Accordingly, the processes disclosed herein using engineered pol vpeptides for making
compound (1), and/or its pharmaceutically acceptable acid or salt, can be used in larger processes for the
production of JANUVIA® or related pharmaceutical compounds. In seme embodiments the present
disclosure also provides a process for the preparation of (2R)-4-oxe-4-[3-(trifluoromethy!)-5,6-

dilydro[1,2,4]triazolo[4,3-ajpyrazin-7{8H)-y1]-1-(2,4,5-triflaorophenyl}butan-2-amine phosphate (1:1)
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monohydrate, wherein the process comprises a step of converting a substrate compound (2) to a product
compound (1) by confacting a substrate of compound (2) with an engineered polvpeptide as disclosed
herein in the presence of an amino group donor under suitable reaction conditions,

[0228] In some embodiments, the present disclosure further provides a process for the preparation of
compound (3}, or a pharmaceutically acceptable salt or acid of compound (3), wherein the process
compriscs 4 siep of converting a substrate compound (4), or a substrate of compound (4) modified with a
protecting group, 10 a product compound (3}, by contacting a substrate of compound (4}, or a substrate of
compound (4) modified with a protecting group, with an engincered polypeptide as disclosed herein in
the presence of an amine group denor under suitable reaction conditions.

{6228} Methods, techniques, and protocols for extracting, isolating, forming a salt of, purifying, and/or
crystallizing aminated product compounds or cyclized compounds from biocatalvtic reaction mixtures
produced by the above disclosed processes are known to the ordinary artisan and/or accessed through
routine experimentation. Additionally, illustrative methods are provided in the Examples below.

[9230} Various features and embodiments of the disclosure are illustrated in the following representative

exarnples, which are intended to be illustrative, and not limiting,

6. EXAMPLES
Example 11 Synthesis, Optimization, and Screening of Engineered Polypeptides

A, Gene Acquisition and Optimization

{0231} A codon-optimized and engineered transaminase gene (SEQ 1D NO: 1) encoding the reference
engineered polypeptide of SEQ 11D INO:2 was used as the starting backbone for direcied evolution to
generate the genes encoding the engineered polypeptides baving transaminase activity of the even-
numbered sequence identifiers of SEQ ID NO:4 - 306, each of which is capable of converting the
substrate compound (2) to the product compound (1) with improved enzyme properties relative to it
and/or the reference polypeptide of SEQ 1D NO:2. The gene of SEQ 1D NC:1 and polypeptide of SEQ
ID NO:2 of the present disclosure correspond to SEQ 1D NO:109 and 110 of US 8,293,507 B2, issued
Oct. 23, 2012. The enginecred transaminase polypeptide of SEQ ID NO:2 has the following 28 amino
acid differences relative fo the wild-type Arihrobacter sp. KNKI68 polypeptide sequence (GenBank
accession: BAK39753.1; GI:336088341): S8P, Y6OF, L61Y, HE2T, VASA, VEOT, DR1G, M4, 1961,
F122M, S1247T, S126T, G136F, Y1508, V152C, A169L, V1991, A209L, G215C, G217, 8223P, L269P,
E273Y, T2825, A284(, P2978, BO6V, and S321P. Cloning of SEQID NO:1 in the pCE 1 10900 vector
system (Sec e.g., US Patent Application Publication 2006/0195947A1) and subsequent expression in £.
coli W3T10/huA was as described in US 8,293,507 B2, issued Oct. 23, 2012. Briefly, the £. cofi W3110
expresses the transaminase polypeptides as an intraceflular protein under the controf of the lac promoter.
The polypeptide accumulates primarily as a sofuble cytosolic, active enzyme. Standard metheds of

directed evolution via itetative variant library generation by gens synthesis followed by screening and
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sequencing of hits to generate the engineered derivatives of the gene sequence SEQ 1D NO: 1 disclosed
herein. HTP assays used for primary scroening were carried out using the cleared cell-lysate from

expression of these E. cofi W3110 cells (see Table 2A and below).

B, HIP Assays

HI2321 E. coli cells expressing the enginecred polypeptides were lysed by adding 200 uL of lysis buffer
containing 0.1 M TEA buffer, 1 ¢/L lysozyme, and 0.5 g/L polymyxin B sulfate, and 0.25 mM PLP, at
pH 8.5, then shaking (at 250 pmy) for 2 h at room temperatare. The general HTP activity assay
conditions were: 50 g/L of substraie compound (2}, T or 1.2 mM PLP, 50% (v/v) DMSO, 20 uL or 40 L
clear cell iysate {containing expressed engineered polypeptide), 1.5 M or 2 M IPM, pH 1TorpH 11.5,
and shaking at 200 rpm and 55°C for 4 h or 18 h. Assay reaction were quenched by addition of 1 ml,
acetonitrile and shaking for 5 minutes, followed by cenirifuge of plate for 10 min at 4000 x g at 18°C.

Spectfic lysis and assay reaction conditions are noted in Table 2A.

C. SFP Preparations and Assays

{0233] In addition to the HTP assay for primary screening, in some cases a secondary screening was
carried out on a 5 mL scale using shake-flask powder (SFP) preparations of the engineered transaminase
polypeptides. Shake flask powder (SFP) include approximately 30% total protein and accordingly
provide a more purified preparation of an engincered enzyme as compared to the cell lysate used in HTP
aS83YS.

{0234} For preparing SFPs, asingie microbial colony of £. eoli containing a plasmid encoding an
enginecred transaminase of interest was inoculated into 50 mL Luria Bertani broth containing 30 pg/mL
chioramphenicol (CAM) and 1% ghicose. Cells were grown overnight (at least 16 hours) in an incubator
at 30°C with shaking at 250 rpm. The culture was diluted inte 250 mL of 2xYT media (Difco)
containing 30 ug/ml CAM and 100 mM pyridoxine, in.a 1000 mL flask to an optical density at 600 nm
{ODxgp) of 0.1 and allowed to grow at 30°C. Expression of the engineered transaminase gene was
induced by addition of isopropyi-f -D-thiogalactoside (“TPTG"} to a final concentration of I mM when
the ODgy of the culture was 0.6 to 0.8. Incubation was then continued overnight (at least 16 hours).
Cells were harvested by centrifugation (3000 rpm, 30 min, 5°C) and the supernatant discarded. The cell
pellet wag resuspended with 12 mL of cold (4°C) 50 mM potassium phosphate buffer pH 8.3, containing
100 uM pyridoxal 5" phosphate, and passed once through » one shot disrupter (Constant Sysiem Ltd) at
16 kpsi, while being maintained ai 4°C. Cell debris was removed by centrifugation (10000 rpm, 40
minutes, 5°C). The clear lysate supernatant was collected and stored at -80°C. Lyophilization of frozen
clear bysate provides a dry shake-flask powder of crude transaminase polypeptide. Aliernatively, the cell
pellet (before or after washing) can be stored at 4°C or -80°C,

[8233] The general SEP assay contained following starting reaction mixture in a fotal volume of 5 mL:

50 g/L. substrate of conpound (2}, 0.5, 1 or 2 &/L. of the enginecred poiypeptide SFP, 1 or 1.2 mM PLP, 1
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M or 2 M IPM, 50% (v/v) DMSQ, and 0.05 M TEA buffer. The SFP reaction conditions were: pH 10
and 50°C; pH 11.5 and 55°C; or pH 11.5 and 60°C. The SFP assay reaction time was 2 or 24 h with
stirring at 250 rpm with 2 magnetic stirrer,

{0236} The general protocol for the SFP assay was as follows. A stock solution (premix) was prepared
daily for every sct of expetiments as follows: to 0.5 mL of 10 or 12 mM PLP in stetile water, (.82 mL of
IPM, 2.5 mL DMSQ, and substrate compound (2) at 50 g/L concentration, The pf of the premix

solution was adjusted with 37% HCL A 28, 50 or 100 g/I. enginecred polypeptide stock solution was
prepared by dissolving 12.5, 25 or 50 mg of SFP of the polypeptide in 0.5 mL TEA buffer (0.1 M, pH
8.5).

{0237} For each experiment, 4.9 mL of premix stock solution was added into a glass screw cap vial. The
vial was tightly closed and heated to 50, 55 or 60°C with magnetic stirring at 250 ipm. A 100 pL ofa
solotion of the enzyme power in .2 M borate, pH 10.5 was added to the reaction mixture. The vial was
tightly closed and the reaction allowed to continue stirring for 2 or 24 h. The reaction was quenched after

2 or 24 bt by addition of 20 mL of acetonitrile.

D. DSP Preparations and Assays

[6238) D3P powders of the engineered transaminase polypeptides were prepared as a short baich
fermentation followed by a fed batch process according to standard bioprocessing methods wiih 5 mM
pyridoxine HCI added to feed and fermentor media. Bricfly, transaminase polypeptide expression was
induced by addition of TPTG to a final concentration of | mM. Following fermentation, the cells were
harvested and resuspended in 100 mM TEA buffer with pH 7.5, then mechanically disrupted by
transaminase polypeptide homogenization. The cell debris and nucleic acid was flocculated with
polyethyienimine (PEL} and the suspension clarificd by centrifugation. The resulting clear supernatant
was concentrated using a tangential cross-flow ulttafiltration membrane to remove salts and water. The
concentraied and partially purified enzyme concenirate was then dried in u lyophilizer to provide the DSP
powder, which was packaged in containers {(e.g., polvethylene).

[0239] DSP activity assays wete carried out at 5 mL scale using the same methods described above for
the SFP activity assays with the only difference being that the final assay concentration of the engineered

polypeptide DSP was only 0.5 ¢/L or 1.0 /L.

E. HPLC Analysis of Asgsavs

3248} After ranning the HTP, SFF or DSP assays as described shove, samples from the acetoniirile
quenched assay reaction solutions were analyzed to determine the percent conversion of the substrate of
compound (2) to the product of compound (1) as well as the sterecisomeric purity (fe., % c.e)of the
product using standard achiral and chiral HPLC analytical methods as described in e.g., Example 4 of US
8,293,507 B2 {(see also: Savile, er af., 20110, “Biocatalytic asymmetric synthesis of chiral amines from

ketones applied to sitagliptin manufacture,” Science 329(5989): 305-9 and Supporting Online Materials).
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[0241) Briefly, percent conversion of the substrate of compound (2) to compound (1} was determined
using an Agilent 1200 HPLC cquipped with an Agilent Bclipse XDB-C8 column (4.6 x 150 nun, 5 ),
using 45:55 10 mM NI Ac/MeCN as eluent at a flow rate of 1.5 mb/min and a column temperature 40°C.
Retention fimes: subsirate compound {(2) = 1.7 min; compound (1) = 1.4 min. The substrate and product
in the elyant were determined as the peak area at 210 nm or 286 nm, with a path length of 1 cnn.

16242} Sterecisomeric purity of compound (1} was determined using an Agilent 1200 HPLC equipped
with a Daicel Chiralpak AD-H column (4.6 x 150 mum, 5 pum) using 60:40:0.1:0.1
EtOH/Heptane/diecthylamine/water as the eluent at a flow rate of 0.8 mlimin and a columm temperature of
35°C. Retention times: substrate compound (2) = 6.3 min; (5)-enantiomeric product compound = 8.4
min; compound (1) = 10.8 min. The substrate and product were determined as the peak avea at 210 am ot

268 mm with a path length of | em

[8243} Results of specific activity, stability, and stercopurity assays for the HTP, SFP, and DSP
preparations of specific engineered polypeptides having transeminase activity of present disclosure are

provided in Tables 2A, 2B, and 2C.

{8244) All publications, patents, patent applications and other documents cited in this application are
hereby meomporated by reference in their entireties for all purposes to 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.

{0245} While various specific embodiments have been ilhustrated and described, it will be appreciated

that various changes can be made without departing from the spirit and scope of the invention(s).
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What iy claimed is:-

1. An engineered polypeptide having transaminase activity comprising an amino acid
sequence having at least 93% sequence identity to reference sequence of SEQ ID NQ:2, an amino acid
residue difference as compared to SEQ ID NO:2 at position 126, wherein said amino acid residue at
position 126 is alanine, and

{a) an amino acid residue difference as compared to SEQ ID NO:2 selected from X33L, X36C,
X4IC_!FIKIMJ’N!R, K42, X48D/BIGIKST, 51K, X54, X768, X122F/Q, X148Q, X152T,
XISSA/UK/TIV, X156R, X160P, X215G/H/L, X241R, X270T, X271H, X325M and X241R; or

b) a combinafion of residue differences selected from: X42G, X54P, X1528, and X155T;
X42G, X54P, X1528, X155T, and R164P; X42G, X54P, X150F, X1528, and X155T; X42G, X54P,
X150F, X1528, X155T, and X267V; X42G, X54P, X150F, X1528, X155L, W156Q, and C215G; X424,
X54P, X150F, X1528, X155T, X215G, and X267V; X33L.; X42G, X54P, X117G; X150F, X152,
X1551, X156Q, and C215G; X41K, X42G, X54P, X150F, X 1528, X155K, X156Q, and C215G; X33L,
X42G, X54P, X 1098, X150F, X1528, X155K, X156Q, and X215H; X331, X42G, X54P, X150F,
X1528, X155I, X156Q, and X215G; X33L, X42G, X54P, X150F, X 1528, X155K, X156Q, and X215H;
X33L, X42G, X54P, X150F, X1528, X155L, X156Q, and X215H; X331, X42G, X54P, X150F, X1528,
X155L, X156Q, X215H, and X241R; X41F, X42G, X54P, X122, X150F, X152, X155V, X156Q, and
X215G; X41F, X426, X54P, X150F, X1528, X1551., X156Q, X1711, X215G, and X241R; X41F,
X42G, X54P, X150F, X1528, X1551, X156Q, V1711, and X215G; X41F, X42G, X54P, X150F, X1528S,
X155, X156Q, and X215G; X41F, X42G, X54P, X150F, X1528, X155L, X156Q, X171I, and X215G;
X41F, X42G, X54P, X150F, X1528, X155, X156Q, and X215G; X42G, X48G, X54P, X150F, X1528,
X155L, X156Q, and X215H; X42G, X54P, X60V, X150F, X1528, X155L, X156Q, and X215G; X423,
X54P, X68A, X150F, X1528, X155L, X156Q, and X215G; X42G, X54P, X698, X150F, X1528,
X155L, X156Q, and X215G; X42G, X54P, X122Q, X150F, X1528, X155, X1560Q, X215G, and
K241R; X42G, X54P, X122Q, X150F, X1528, X155L, X156Q, X171, X215G, and X241R; X42G,.
X54P, XlZZQ, X150F, X152T, X155V, X156Q, X1711, X215G, and X241R; X42G, X54P, X135],
X136Y, X150F, X1525, X155L, X156Q, X192F, and X215G; X42G, X54P, X136], X150F, X1528,
X155L, X1560, and X215G; X42G, X54P, X1361, X150F, X1528, X155, X156Q, X215G, and X2241; .
X42G, X54P, X1361, X150F, X1528, X155L, X156Y, X215G, X282V, and X2841; X42G, X54P, X 1361,
X150F, X1528, X155L, X156Y, X215G, and X284P; X42G, X54F, X136Y, X150F, X1528, X155L,
XlﬁﬁQ,»KZlSG, X282V, and X284P; X42G, X54P, X150F, X1528, X155, X156Q, X1711, X215G, and
X241R; ¥42G, X54P, X150F, X1528, X155, X156Q, X193M, and X215G; X42G, X54P, X150F,
X1528, X155L, X156Q, X215G, X282V, and X284]; X42G, X54P, X150F, X1528, X155L, X156Q,
X215G, and X2838; X42G, X54P, X150F, X1528, X155L, X156Q, X215G,; and X2841; X42G, X54P,
X150F, X152, X155L, X156Y, and X215G.

80



2. "The engineered polypeptide of Claim 1, in which the amino acid sequence further
comprises one or more residue differences as compared to SEQ ID NO:2, selected from: X5K, X33L,
X36C, X41C/F/K/M/N/R, X42A/G, X44Q, X48D/E/G/K/T, X49T, X51K, X54P, X551, X768, X108V,
X117G, X122F/Q, X148Q, X150A/F, X1528/T, X155A/I/K/L/T/V, X156Q/R/S, X160P, X164P,
X165N, X182T, X215G/H/L, X218M, X241R, X267V, X270T, X273H, X325M, and X328I,

3. The engineered polypeptide of claim' 1 or 2 further comprising:

(a) an amino acid residue difference as compared to SEQ TD NO:2 selected from G36C,
141C, 141F, 141K, 141M, 141N, [41R, E42G, P48D, P48E, P48G, P48K, P48T, A51K, S54P, M122F,
M122Q, Y148Q, C152T, Q155A, Q1551, Q155K, Q155T, Q155V, C215H, C215L, Y273H, 1.325M, and
A241R; or

(b} a combination of residue differences selected from: ASK, E42G, S49T, S54P, C1528S,
Q155T, and W156Q; P33L, 141C, E42G, S54P, S150F, C1528, Q155K, F160P, and C215G; P33L, 41K,
E42G, S54P, $150F, C1528, Q1551, F160P, and C215L; P33L, E42G, P48G, S54P, S150F, C1528,
Q155T, and C215H; P33L, E42G, S54P, A109S, S150F, C1528, Q155K, W156Q, and C215H; P33L,
E42G, S54P, E117G, S150F, C1528, Q1551, W156Q, and C215G; P33L, E42G, S54P, S150F, C1528,
Q1551, W156Q, and C215G; P33L, E42G, S54P, S150F, C1528S, Q155K, W156Q, and C215H; P33L,
E42G, S54P, S150F, C1528, Q155L, W156Q, and C215H; P33L, E42G, S54P, S150F, C1528S, Q155L,
W156Q, C215H, and A241R; G36C, E42G, P48G, S54P, S150F, C1528, Q1551, and C215H;

G36C, E42G, P48K, S54P, S150F, C1528, Q155T, and C215H; G36C, E42G, S54P, S150F, C1528,
Q1551, C215H, and A241R; G36C, E42G, S54P, S150F, C152S, Q155K, C215H, and A241R; G36C,
E42G, S54P, S150F, C1528, Q155T, and A241R; G36C, E42G, S54P, S150F, C152S, Q155V, and
‘C215H; 141C, E42G, S49T, S54P, S150F, C1528, Q1551, F160P, C215G, and 1267V; 141C, E42G,
S49T, S54P, S150F, C1528, Q155K, W156Q, C215G and 1267V; 141C, E42G, S54P, 1108V, S150F,
C1528, and Q153K 141C, E42G, S54P, [108V, S150F, C1528, Q155K, W156Q, C215G, and 1267V,
[41C, E42G, S54P, 1108V, S150F, C1528, Q155T, W156Q, and C215G; 141C, E42G, S54P, E117G,
S150F, C1528, Q155K, and F160P; 141C, E42G, S54P, E117G, S150F, C1528, Q155K, and C215L;
[41C, E42G, S54P, E117G, S150F, C1528S, Q155L, and C215L; 141C, E42G, S$54P, S150F, C1528,
Q1551, and C215G; I41C, E42G, S54P, S150F, C1528, Q1551, and C215L; 141C, E42G, S54P, S150F,
C1528, Q1535K, W156Q, C215G, and 1267V, 141C, E42G, S54P, S150F, C1528, Q155K, and C215L;
141C, E42G, S54P, S150F, C1528, Q155K, and C215G; 141C, E42G, S54P, S150F, C1528, Q155L,
F160P, C215G, and 1267V, [41C, E42G, S54P, S150F, C1528, Q155T, W156Q, F160P, and C215L;
141C, E42G, $54P, S150F, C1528, Q155T, W156Q, and C215L; I41F, E42G, S54P, M122Q, S150F,
C152T, Q155V, W156Q, and C215G; I41F, E42G, S54P, S150F, C1528, Q155L, W156Q, V1711, and
C215G; 141F, B42G, S54P, S150F, C1528, Q1551.,,W156Q,V1711, C215G, and A241R; 141F, E42G,
S54P, S150F, C1528, Q1551, WI156Q, and C215G; 141K, E42G, P48E, S54P, S150F, C152S, Q155K,
and W156Q; 141K, E42G, P48E, S54P, S150F, C1528, Q155L, and C215L; 141K, E42G, 854P, [108V,
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E117G, S150F, C152S, Q155K, and C215L; I41K, E42G, S54P, 1108V, S150F, C152S, Q155T, and
C215G; 141K, E42G, S54P, E117G, S150F, C1528, Q155L, and C215G; 141K, E42G, S54P, E117G,
S150F, C1528, Q155K, C215L, and 1267V 141K, E42G, S54P, S150F, C1528, Q155K, W156Q, and
C215G; 41K, E42G, S54P, S150F, C1528, Q155K, F160P, C215G, and 1267V; 141K, F42G, S54P,
S150F, C1528, Q155K, andC215L; 141K, E42G, S54P, S150F, C1528, and Q155T; 141K, E42G, S54P,
S150F, C1528, Q155T, and F160P; 41K, E42G, S54P, S150F, C152S, Q155T, and C215G; 141K,
E42G, S54P, S150F, C1528, Q155T, C215G, and [267V; 141K, E42G, S54P, S150F, C1528, Q155K,
W156Q, and C215G; 141N, E42G, S54P, S150F, C1528, Q1551, and F160P; [41N, E42G, S54P, E117G,
S150F, C1528, Q155T; and W156Q; 141N, S49T, E42G, S54P, S150F, C1528, Q155L, F160P, D165N,
and C215L; E42A, A44Q, S54P, 1108V, SI50F, C152S, Q155T, and 1267V; E42G, A44Q, S54P, 1108V,
S150F, C1528, and Q155T; E42G, A44Q, S54P, 1108V, S150F, C152S, Q155T, and 1267V; E42G,
A44Q, S54P, S150A, C1528, and Q155T; E42G, A44Q, S54P, S150F, C1528, and Q155T; E42G, P48G,
$54P, S150F, C152S, Q155L, W156Q, and C215H: E42G, P48G, S54P, S150F, C1528, and Q155T;
E42G, S49T, S54P, 1108V, E117G, S150F, C152S, Q155L, F160P, and C215L; E42G, S49T, S54P,
1108V, E117G, S150F, C1528, Q155K, W156Q, and C215G; E42G, S49T, S54P, 1108V, E117G, S150F,
C1528, Q155T, W156Q, C215G, and [267V; E42G, S49T, S54P, C1528, Q155T, and W156Q; E42G,
S54P, I55L, T126A, C1528, Q155T, L218M, and A270T; E42G, S54P, F60V, S150F, C152S, Q155L,
W156Q, and C215G; E42G, S54P, T68A, S150F, C1528, Q155L, W156Q, and C215G; E42G, S54P,
T69S, S150F, C1528, Q155L, W156Q, and C215G; E42G, S54P, N76S, T126A, C1528S, Q155T, S182T,
L218M, A270T, and V3281; E42G, S54P, 1108V, S150F, C152S, Q155K, and C215H; E42G, S54P,
1108V, S150F, C1528, and Q155T; B42G, S54P, 1108V, S150F, C1528, Q155T, and 1267V; E42G,
S54P, 1108V, S150F, C1528, Q155V, W156Q, and F160P; E42G, S54P, E117G, C1528, and Q155T:
E42G, §54P, E117G, C1528, Q155T, and W156Q; E42G, S54P, M122Q, S150F, C1528, Q1551
W156Q, C215G, and A241R; E42G, S54P, M122Q, S150F, C1528, Q155L,W156Q, V1711, C215G, and
A241R; E42G, $54P, M122Q, S150F, C152T, Q155V, W156Q, V1711, C215G, and A241R; E42G,
S54P, P1351, F136Y, S150F, C1528, Q155L, W156Q, W192F, and C215G; E42G, S54P, F1361, S150F,
C1528, Q155L, W156Q, and C215G; E42G, S54P, F1361, S150F, C152S, Q155L, W156Q, C215G, and
G224T; E42G, S54P, F1361, S150F, C1528, Q155L, W156Y, C215G, S282V, and G284T; F42G, S54P,
F1361, S150F, C1528, Q155L, W156Y, C215G, and G284P; E42G, S54P, F136Y, S150F, C1528,
Q155L, W156Q, C215G, S282V, and G284P; E42G, S54P, S1504, C1528, Q155T, and 1267V; E42G,
S54P, S150F, C1528, Q1551, W156Q, F160P, C215L, and 1267V; E42G, $54P, S150F, C1528, Q155I,
W156Q, V1711, C215G, and A241R; E42G, $54P, S150F, C1528, Q155L, W156Q, and C215L; E42G,
S54P, $150F, C1528, Q1551, F160P, and C215G; EA2G, S54P, SISOF, C1528, Q155I, and C215H;
E42G, $54P, S150F, C1528, Q155K and W156Q; E42G, S54P, S150F, C1528, Q155K, W156Q, and
1267V; EA2G, $54P, S150F, C1528, Q155L, W156Q, G193M, and C215G; E42G, S54P, S150F, C1528,
Q155L, W156Q, and C215G; E42G, S54P, S150F, C1528, Q155L, W156Q, C215G, $282V, and G2841;
E42G, $54P, $150F, C1528, Q155L, W156Q, C215G, and T283S; E42G, S54P, S150F, C1528, Q155L,
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W156Q, C215G, and G284]; E42G, S54P; S150F, C152S, Q155L, WI56Y, and C215G; E42G, S54P,
S150F, C1528, Q155L, and C215H; E42G, S54P, S150F, C152S, and Q155T; E42G, S54P, S150F,
C1528, Q155T, C215G, and 1267V; E42G, $54P, S150F, C152S, Q155T, and 1267V E42G, S54P,
S150F, C1528, Q155T, W156Q, F160P, C215L, and I1267V; E42G, S54P, S$150F, C1528S, Q155T,
W156Q, C215G, and 1267V; B42G, S54P, S150F, C1528, Q155T, and W156R; E42G, S54P, S150F,
CI528, Q155T, F160P, and C215G; E42G, S54P, S150F, C1528, Q155T, F160P, and C215L; E42G,
S54P, S150F, C1528, Q155T, C215G, and 1267V; E42G, S54P, S150F, C1528, Q155T, and 1267V,
E42G, §54P, C1528, Q1551, and W1568S; E42G, S54P, C1528, Q155K, and W156S; F42G, S54P,
C1528, Q155L, and W1568; E42G, S54P, C1528, and Q155T; E42G, S54P, C1528, Q155T, and F160P;
E42G, $54P, C1528, Q155T, and R164P; E42G, S54P, C1528, Q155T, and W156Q; E42G, S54P,
C1528, Q155T, and W1568; E42G, 854P, C1528, Q155T, and R164P; E42G, S54P,C152S, Q155T,
S182T, L218M, and A270T; E42G, S54P, C1528S, Q155T, and C215G; E42G, S54P, C1528, Q155T, and
C215L; and E42G, S54P, C1528, Q155V, and W1568S.

4, The engineered polypeptide of Claim 1, wherein said engineered polypeptide is capable
of converting a substrate compound (2)
F
F
o] O
N /\f’N\
N
F K/ N \(
CF3
2)
to a product compound (1)
F
F
NH, O
N /\|4 N\N
F K/ N \<
CF;
(1)
under suitable reaction conditions.
5. The engineered polypeptide of Claim 4, which is capable of converting compound (2) to

compound (1) with at least 1.2 fold the activity of SEQ ID NO:2 under suitable reaction conditions.
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6. The engineered polypeptide of Claim 5, in which the suitable reaction conditions
comprise compound (2) loading of at least 50 g/L., 1 mM PLP, 50% DMSO (v/v), 1.5 M isopropylamine,
pH 11, and 55°C.

7. The engineered polypeptide of Claim 1, in which the amino acid sequence comprises a
sequence selected from SEQ ID NO: 86 and 88.

8. The engineered polypeptide of Claim 1, in which the polypeptide is immobilized ona
solid support.
9. The engineered polypeptide of Claim 8, in which the solid support is a bead or resin

comprising polymethacrylate with epoxide functional groups, polymethacrylate with amino epoxide

functional groups, styrene/DVB copolymer or polymethacrylate with octadecy! functional groups.

10. A polynucleotide encoding the engineered polypeptide of any one of Claims 1 to 7.

11. The polynucleotide of Claim 10, further comprising a nucleotide sequence selected from
SEQ ID NO: 85 and 87.

12. An expression vector comprising the polynucleotide of Claim 10 or 11.
13. The expression vector of Claim 12, comprising at least one control sequence.
14. A host cell comprising the polynucleotide of Claim 10 or 11 or the expression vector of

Claim 12 or 13.

15. A method of preparing the engineered polypeptide of any one of Claims 1 to 7,

comprising culturing the host cell of Claim 14, under conditions suitable for expression of the

polypeptide.

16. The method of Claim 15, further comprising isolating the polypeptide.

17 A process for preparing a compound of structural Formula (I):
NH, O
R1™ ¥ Z
ey
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having the indicated stereochemical configuration at the stereogenic center marked with an *; in an
enantiomeric excess of at least 70% over the opposite enantiomer,
wherein

Z is OR2 or NR2R3;

R1 is C1_g alkyl, aryl, heteroaryl, aryl-C1.7 alkyl, heteroaryl-C1.7 alkyl, or or a 5- to 6-
membered heterocyclic ring system optionally containing an additional heteroatom selected from O, S,
and N, the heterocyclic ring being unsubstituted or substituted with one to three substituents
independently sclected from oxo, hydroxy, halogen, C14 alkoxy, and C1-4 alkyl, wherein alkyl and
alkoxy are unsubstituted or substituted with one to five fluorines;

R2 and R3 are each independently hydrogen, C1.g alkyl, aryl, or aryl-Cj_2 alkyl; or

R2 and R3 together with the nitrogen atom to which they are attached form a 4- to 7-membered
heterocyclic ring system optionally containing an additional heteroatom selected from O, S, and N, the
heterocyclic ring being unsubstituted or substituted with one to three substituents independently selected
from oxo, hydroxy, halogen, C1-4 alkoxy, and C1_4 alkyl, wherein alkyl and alkoxy are unsubstituted or
substituted with one to five fluorines; and the heterocyclic ring system being optionally fused with a 5- to
6-membered saturated or aromatic carbocyclic ring system or a 5- to 6-membered saturated or aromatic
heterocyclic ring system containing one to two heteroatoms selected from O, S, and N, the fused ring
system being unsubstituted or substituted with one to two substituents selected from hydroxy, amino,
fluorine, C1.4 alkyl, C1.4 alkoxy, and trifluoromethyl; the process comprising the step of contacting a
compound of structural Formula (II):

O O

(In

with an engineered polypeptide of any one of Claims 1 to 9 in the presence of an amino group donor in a

suitable organic solvent under suitable reaction conditions.

18. The process of Claim 17, wherein R! is benzyl wherein the phenyl group. of benzyl is
unsubstituted or substituted one to three substituents selected from the group consisting of fluorine,

trifluoromethyl, and trifluoromethoxy.

19.  The process of Claim 17, wherein Z is NRZR3.
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20, The process of Claim 19, wherein NR2R3 is a heterocycle of the structural Formula
(I1I):

(1)
wherein R4 is hydrogen or C1.4 alkyl which is unsubstituted or substituted with one to five fluorines.

21. The process of any one of Claims 17 to 20, wherein the compound of structural Formula

(IT} excludes compound (2) and the compound of structural Formula (I) excludes compound (1).

22. A process for preparing a compound of structural Formula (Ia):
NH, O

A"\/*L\/H\N/\iéN\_
N
' N-_/
L \<R4

(la)

having the {R)-configuration at the stereogenic center marked with an ***; in an enantiomeric excess of
at least 70% over the enantiomer having the opposite (S)-configuration;
wherein,

Ar is phenyl which is unsubstituted or substituted with one to five substituents independently
selected from the group consisting of fluorine, trifluoromethyl, and trifluoromethoxy; and

R4 is hydrogen or C].4 alkyl unsubstituted or substituted with one to five fluorines; the process
comprising the step of:

contacting a prochiral ketone of structural Formula (ITa):

O O

Af\)J'\/LN/\]{,N

ki
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with an engineered polypeptide of any one of Claims 1 to 9, in the presence of an amino group donor

under suitable reaction conditions.

23. The process of Claim 22, wherein Ar is 2,5-difluorophenyl or 2,4,5-trifluorophenyl and
R4 is triflucromethyl.

24. ‘The process of Claim 23, wherein Ar is 2,4,5-trifluorophenyl.

25. The process of any one of Claims 22 to 24, wherein the compound of structural Formula

(I1a) exclude compound (2) and the compound of structural Formula (Ia) excludes compound (1).

26. A process of preparing compound (1)
F

NH, O

1)

comprising a step of contacting a substrate of compound (2)

F
E
0 0
N =
/\rN\N
P
I\/N 4
.
(2)

with an engineered polypeptide of any one of Claims 1 to 9, in the presence of an amino group

donor under suitable reaction conditions.

27. The process of any one of Claims 17 to 26, wherein the compound of Formula (I), the

compound of Formula (Ia), or the compound (1) is produced in at least 90% enantiomeric excess.
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28. The process of any one of Claims 17 to 26, wherein the compound of Formula (I), the

compound of Formula (Ia), or the compound (1) is produced in at least 99% enantiomeric excess.

29. The process of any one of Claims 17 to 26, wherein the amino group donor is selected

from isopropylamine, alanine, 3-aminobutyric acid, or methylbenzylamine.

30. The process of Claim 29, wherein the amino group donor is isopropylamine, optionally
at a concentration of about 0.1 to about 3.0 M, 0.2 to about 2.5 M, about 0.5 to about 2 M or about 1 to
about 2 M.,

31. The process of any one of Claims 17 to 26, wherein the suitable reaction conditions

comprise a pH of from about pH 9.5 to about pH 11.5.

32. The process of any one of Claims 17 to 26, wherein the suitable reaction conditions

comprise a temperature of about 45°C to about 60°C.

33. The process of any one of Claims 17 to 26, wherein the suitable reaction conditions

comprise dimethylsulfoxide (DMSO) at about 30% (v/v) to about 60% (v/v).

34. The process of any one of Claims 17 to 26, wherein the suitable reaction conditions
comprise the substrate compound at a loading of about 5 g/L. to about 200 g/L., about 10 g/L to about 150
g/L, or about 50 g/L to about 100 g/L.

35. The process of any one of Claims 17 to 26, wherein the suitable reaction conditions
comprise the engineered polypeptide at a concentration of from about 0.5 g/I. to about 5 g/L, about 0.5
g/L to about 3 g/L, about 0.5 g/L to.about 2 g/L, or from about 0.5 g/L, to about 1 g/L.

36. The process of Claim 26, wherein the suitable reaction conditions comprise: (a) substrate
loading of about 10 to 200 g/I. of substrate compound (2); (b) engineered polypeptide concentration of
about 0.5 g/L. to 5 g/L; (c) IPM concentration of about 0.1 to 3 M; (d) PLP cofactor concentration of
about 0.1to 1 mM; (e) DMSO concentration of about 30% (v/v) to about 60% (v/v); () pH of about 9.5
to 11.5; and (g) temperature of about 45°C to 60°C.

37. The process of Claim 26, wherein the suitable reaction conditions comprise: (a) about 50
g/L of substrate compound (2); (b) about 2 g/L engineered polypeptide; (¢) about 50% (v/v)
dimethylsulfoxide (DMSO); (d) about 1 M isopropylamine (IPM); (e) about 1 mM pyridoxal phosphate
(PLP); (f) about pH 10; and (g) about 50°C.
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38. The process of any one of Claims 17 to 26, further comprising the step of isolating the

compound of Formula (1), the compound of Formula (Ia), or the compound (1) from the reaction.

39. The process of any one of Claims 17 to 26, further comprising the step of converting the
compound of Formula (Ia), or the compound (1) into a pharmaceutically acceptable salt by contacting

said compound with a pharmaceutically acceptable acid in a suitable reaction solvent,

49). The process of Claim 39, wherein the pharmaceutically acceptable acid is phosphoric

acid and the pharmaceutically acceptable salt is the dihydrogen phosphate salt.

41. The process of Claim 40, further comprising the step of crystallizing the

pharmaceutically acceptable salt from the reaction solvent.

42, A process for the preparation of (2R)-4-0x0-4-[3-(trifluoromethyl)-5,6-
dihydro[ 1,2,4]triazolo[4,3-a]pyrazin-7(8 H)-yl]-1-(2,4,5-trifluorophenyl)butan-2-amine phosphate (1:1)

monohydrate, the process comprising a step of converting a substrate compound (2)

F
F
0O 0
N%N\
N
{ _

CF;
2)
to a product compound (1)
F
F
NH, ©O
N /\f’ N‘N
CF3
1

by contacting a substrate of compound (2) with an engineered polypeptide of any one of Claims 1 to 9, in

the presence of an amino group donor under suitable reaction conditions.

43. The method of Claim 42, in which the amino group donor is isopropylamine.
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