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ENGINEERED BIOCATALYSTS USEFUL FOR CARBAPEMNEM SYNTHESIS

[6061] The present application claims priority to co-pending US Provisional Appln. Ser. No.

£1/754,005, filed January 18, 2013, which is incorporated for all purposes in its entirety.
1. TECHNICAL FIRLD

{0002] The disclosure relates to pNB esterase biocatalysts and processes using the biccatalysis for

the preparation of the carbapenem antibiotic compound, immipenem.
2. REFERENCE TO SEQUENCE LISTING, TABLE OR COMPUTER PROGRAM

{0083] The official copy of the Sequence Listing is submitted concurrently with the specification as
an ASCIH formatted text file via EFS-Web, with a file name of “CX2-128USP1 ST25.txt”, a ¢reation
daic of Janpary 17, 2013, and a size of 369,801 bytes. "The Sequence Listing filed via EFS-Web is

part of the specification and is incorporated in its entirety by reference herein.
3. BACKGROUND

{#804] Carbapenems are a class of B-lactam antibiotics with a broad spectrum of antibacicrial
activity. Carbapenem antibiotics were originally developed from thienamyein, a naturally derived
product of Streptomyces caitleya. They have a structure that is highly resistant to most B-lactamases
and consequently, are often the antibiotic of last resort for ireatment of highly resistant infections of
bacteria such as Escherichia coli and Kiebsiella preumonia. Carbapenem antibiotics include, but are
not Iimiied to, imipenem, ertapenem, meropenem, doripenem, panipenem, biapenem, razupenerm, and

tabipencm.

[6063] Imipenem, (compound (1} shown below}, is a carbapenem that exhibits a broad range of

antibiotic activity against gram-positive and gram-negative acrobic and anaerobic bacteria species.
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[0086] The methods of use and manufacture of imipenem were first disclosed in V.S, Pat. No.
4,194,047, Various alternative synthetic methods for the preparation of imipenem are described in
e.g, U.8. Pat Nos, 4,374,772, 4,894,450, and 7,462,712, Several syathesis routes for the preparation

of imipenem include the formation of a p-nitrobenzyl-ester of imipenem (compound (2} shown

below).
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[8007] This pNB-protected imipenem of compound {2) is deprotected to provide the imipenem

product of compound (1) by using palladivm or platinum hydro genation catalysts to remove the
remove p-nitrobenzyl group (see-e.g., U.S. Pat. Nos. 4,292,436, and 5,243,069, and U.S. Pat. Publ.
2002/0095034). The use of these catalysts for pNB deprotection, however, is expensive and results in

clatively low vields of the deprotected imipenem {e.g., < 60%).

[0008] The use of an esterase enzymie to remove pNB protecting groups in the synthesis of the
.cephalosperin-derived and 1-carba-cephalasporin antibiotics was disclosed in U.5. Pat. No. 5,468,632,
A specific wild-type pNB esterase from Bacilfus subtilis for removing such pNB protecting groups
was isolated, cloned, and sequenced in U.S. Pat. No. 5,468,632, This same wild-type pNB esterase
also has been engineered for increased thermostability and activity in the removal of the pNB group
from a pNB-protected precursor of the antibiotic Loracarbef (see e.g., Moore ef al., “Directed
evolution of a para-nitrobenzyl esterase for aqueous-organic solvents,” Nature Biotechnology 14
458-467 (1996); Moore et of. “Strategics for the in vitro Evolution of Protein Function: Enzyme
Evolution by Random Recombination of Improved Sequences,” J. Mol. Biol. 272:336-347 (1997);
Giver ¢t al., “Directed evolution of 2 thermostable esterase,” Proc. Nail. Acad. Sci. US4 95: 12809-
12813 (Oct. 1998). There remains, however, a need for an engineered pNB esierase that provides
selectivity and high yields in the deprotection of pNB-protected carbapenem intermediates, such as
the pNB-protected imipenem of compound (2), under commercially viable and industrially useful

process conditions,
4, SUMMARY

[6809] The present disclosure provides engineered polypeptides having pNB esterase activity,
polynucleotides encoding the polypepiides, methods of the making the polypeptides, and methods of
using the polypeptides for the selective removal of pNB protecting groups in the synthesis of
carbapenem products, such as imipencm. The engincered polypeptides having pNB esicrase activity
of the present disdosure have been engineered to have one or more residue differences as compared to
the wild-type pNB esterase. They also have one or more restdue differcnces as compared to the
previously engincered pNB esterase polypeptide of amino acid sequence SEQ ID NG: 2, which has

enbanced solvent and thermal stability relative to the wild-type pNB esterase of Bacillus subtifis. In



particular, the engineered pNB esterase polypeptides of the present disclosure have been engineered
for efficient removal a pNB protecting group from the imipenem precussor compound of compound

(2) thereby converting it to the product compound (1), imipenem, as shown in Scheme 1.

Scheme 1

Y

@ (&
[0010] The amino residue differences.are located at residue positions affecting various enzyme:
properties, including among others, activity, stability, product selectivity, and product tolerance.
These amino residue differences, although evolved for the removal of pNB protecting groups from the
imipenem precursor of compound (2), can also:be used to evolve engineered pNB esterase
polypeptides having activity useful for removing pNB protecting groups of structurally analogous
carbapenem precursor compounds including, but not limited to, pNB-protected precursor compounds

of thienamyein meropenem, doripenem, ertapenem, biopenem, and panipenem.

[0011] In one aspect, there is provided an engineered polypeptide having para-nitrobenzy] (pNB) esterase
activity, comprising-an amino acid sequence having at least 90% identity to'SEQ ID NO: 2 and one or more
residue differences as compared to SEQ [D NO:2 at
residue positions selected from: X108, X115, X116, X130, X214, X276, X321,
and X362, further comprising residue differences at positions X193, X219 and X273 selected from
X193A/D/E/V, X219L/V and X273A/V. In some embodiments, the residue differences as compared to SEQ
ID NO:2 at the
residue positions X108, X115, X116, X130, X193, X214, X219, X273, X276, X321, and X362 are
selected from X108L/Y, X115Q/W, X116S, X 130T, X164T, X193A/D/E/V, X214G, X219A/D/L/V,
X273A/E/TIV, X276 A/T/L, X321A, and X362A/D/Q/S/V.
[0012] In some embodiments, the engineered polypeptide having pNB esterase activity comprises an
amino acid sequence having at least 80%:identity'to SEQ ID NQO: 2 and one or more residue
differences as compared to SEQ ID NO: 2 selected from: X108L/Y, X193A/D/E/V, X219A/D/L/V,
X273A/E/T/V, and X362A/D/Q/S/V.
[0013] In some embodiments, the engineered polypeptide having pNB esterase activity comprises an
amino acid sequence having at least 80% identity to SEQ ID NO: 2 and a residue difference as
compared to SEQ 1D NO: 2 at position X193 selected from: X193A/D/E/V. In some embodiments,
the amino acid residue difference as compared to SEQ ID NO: 2 at position X193 is X193V,
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[8814] In some embodiments, the engincered polypeptide having pNB esterase activity comprises an
amino acid sequence having at least 80% identity to SEQ ID NO: 2, and an amine acid difference as
compared to SEQ D NO: 2 of X193V, and further comprises residuce differences as compared to SEQ
1D NO: 2 at positions X219 and X273 selected from X219L/V and X273A/V. In further
embodiments, the amino acid sequence further comprises residue differences as compared to SEQ ID
NO: 2 at positions X108 and X362 selected from X108L/Y and X362A/D/Q/S/V. Instill forther
cembodiments, the engincered polypeptide further comprises a residue difference as compared to SEQ

1D NO: 2 at position X115 sclected from X115Q/W.

{88158} In some embodiments, the engincered polypeptide having pNB esterase activity comprises an
amino acid sequence having at least 86% identity to SEQ ID NO: 2, and a combination of residue
differences as compared to SEQ 1D NO: 2 selected from: (a) X193V, X219V, and X273A; (b)
X108Y, X193D, X219V, X273 A, and X3628; (¢) X108Y, X193V, X219V, X273A, and X362(; (d)
X108Y, X115GQ, X193V, X219L, X273A, and X3620; and (o) X108Y, X113Q, X193V, X219V,
X273A, and X3624.

{88161 In some embodiments, the enginecred polypeptides having pNB esterase activity disclosed
above (and clsewhere herein) can have additional residue differences at other residuc positions. In
some embodiments, the engincered pNB esterases canhave 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-14,
=15, 1-20, 1-21, 1-22, 1-23, 1-24, 1-25, 1-30, 1-35, 1-40, 1-45, or 1-50 additional residoe differences
as compared to SEQ ID NCG:2, In some embodiments, the engineered pNB esterases can have 1,2, 3,
4,5,6,7,8,9,10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 30, 30, 35, 40, 45, or 50
additional residue differences. In some embodiments, the amino acid sequence has additionally 1, 2,
3,4,58,6,7, 89,10, 11, 12, 13, 14,15, 16, 18, 20, 21, 22, 23, 24, or 25 residue differences as
compared (o SEQ ID NG: 2

{88171 In some embodiments, the engineered polypeptide having pNB csterase activity comprises an
aming acid sequence having at least 80% identity to SEQ ID NO: 2, one or more amino acid residue
difference as compared to SEQ 1D NO: 2 selected from X108L/Y, X115Q/W, X193A/D/E/NV,
XZIQAMD/LINV, X2TIAETIY, and X362 A/D/Q/S/V, and the aming acid sequence further comprises
one or more residoe differences as compared to SEQ ID NO: 2 selected from: X 1165, X130T, X1647,
XZ214G, X276A/T/L, and X321 A, Io still further embodiments, the amino acid sequence can further
comprise a residuc difference as compared 1o SEQ 1D NO: 2 selected from: X496, X944, X968,
X227, X251V, X26TR, X2T1L, X2741L, X313F, X322C7Y, X343V, X356R, X359A, X398L,
X412E, X437T, X464A, and X481R.

{88181 In some embodiments, the engineered polypeptide having pNB-esterase activity comprises an
aming acid sequence having at least 80% identity to SEQ 1D NO: 2, and of any of the amino acid

ditferences as compared to SEQ H> NO: 2 as disclosed herein {(e.g., as disclosed in the exemplary



polypeptides of Table 2), but in which the amino acid sequence does not comprise a residue.
difference as compared to SEQ ID NO: 2 at positions X60, X144, X317, X322, X334, X358, and
X370.
[0019] In some embodiments, the engineered polypeptides having pNB esterase activity of the
present disclosure having at least 80% identity to SEQ ID NO: 2 and any of the amino acid residue
differences disclosed herein, further comprises at least 1.2 fold, 2 fold, 5 fold, 10 fold, 20 fold, 25
fold, 50 fold, 75 fold, 100 fold, or greater increased activity as compared to the polypeptide of SEQ
IDNO: 4 in converting compound (2) to compound (1} under suitable reaction conditions.
f0020] In some embodiments, the engineered polypeptides having pNB esterase activity comprises
an amino acid sequence having at least 0%, 85%, 87%, 88%, 89%, 90% 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or 100% identity to a sequernice selected from SEQ ID NO: 4, 6, 8, 10, 12, 14,
16, 18, 20,22, 24,26, 28,30, 32, 34, 36, 38,40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68,
70,72, 74,76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100, 102, 104, 106, 108, 110, 112, 114, 116,
118, and 120.
[0021] In some embodiments, that disclosure further provides any of the engineered polypeptides
having pNB esterase activity as disclosed herein, wherein the polypeptide is immobilized on a solid
support. In some embodiments, 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 octadecyl functional groups
[0022] Exemplary engineered polypeptides having pNB esterase activity and amino acid sequences
incorporating the residue differences disclosed herein, including various combinations thereof, and
having improved properties (e.g., capable of converting compound (2) to compound (1) under suitable
reaction conditions) are disclosed in Table 2, and the Examples. The amino acid sequences are
provided in the Sequence Listing and include SEQ ID NO: 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26,
28,30, 32, 34, 36, 38,40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80,
82, 84, 86, 88, 90, 92, 94, 96, 98, 100, 102, 104, 106, 108, 110, 112, 114, 116, 118, and 120.
[0023] The present disclosure also provides polynucleotides encoding the engineered polypeptides having
pNB esterase activity, as well as expression vectors comprising the
polynucleotides, and host cells capable of expressing the polynucleotides encoding the engineered
polypeptides.

In one aspect, there is provided a polynucleotide encoding the engineered pNB esterase polypeptide
as defined herein.

In one aspect, there is provided a polynucleotide encoding the engineered pNB esterase polypeptide
as defined herein comprising a nucleotide sequence selected from SEQ ID NO: 43, 45, 53, 65, 67, 73, 75,
79, 81, 87,.89, 91, 93, 95,97, 99, 101, 105, 107,109, 111, 113, 115, 117, and 119. Exemplary

polynucleotide sequences are provided in the Sequence Listing incorporated



by reference herein and include SEQ ID NO: 3,5,7,9, 11, 13, 15,17, 19, 21, 23, 25, 27, 29, 31, 33,
35,37, 39,41, 43, 45, 47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67, 69, 71, 73, 75, 77, 79, 81, 83, 85, 87,
89, 91, 93,95, 97,99, 101, 103, 105, 107, 109, 111, 113, 115, 117, and 119.

In one aspect, there is provided an expression vector comprising the polynucieotide as defined
herein.

In one aspect, there is provided a host cell comprising the polynucleotide as defined herein or the
expression vector as defined herein.
[0024] In one aspect, there is provided a method of preparing the engineered polypeptideas defined

herein, comprising culturing

5a



the host cell as defined herein under conditions suitable for expression of the polypeptide. In some
embodiments, the method for

manufacturing the engineered pNB esterase polypeptide can also include: (a) synthesizing a
polynucleotide encoding a polypeptide comprising an amino acid sequence selected from SEQ ID
NO: 4, 6,8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38,40, 42, 44, 46, 48, 50, 52, 54, 56,
58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100, 102, 104, 106,
108, 110, 112, 114, 116, 118, and 120, and having one or more residue differences as compared to
SEQ ID NO:2 at residue positions X108, X115, X116, X130, X193, X214, X219, X273, X276, X321,
and X362 selected from X108L/Y, X115Q/W, X1168, X130T, X164T, X193A/D/E/V, X214G,
X219A/D/LIV, X273A/EB/TIV, X276 A/T/L, X321A, and X362A/D/Q/S/V; and (b) expressing the
pNB esterase polypeptide encoded by the polynucleotide. As further provided in the detailed
description, additional variations can be incorporated during the synthesis of the polynucleotide to
prepare engineered polypeptides with corresponding differences in the expressed amino acid
sequences.

[0025] The structural features of the engineered pNB esterase polypeptides allow for the conversion
of the pNB-protected substrate of compound (2) to their corresponding un-protected product of
compound (1), imipenem. Thus, in another aspect, there is provided a process for

preparing compound (1), or a salt or hydrate of compound (1),

8y

wherein the method comprises contacting a substrate compound (2), or a salt of hydrate of compound
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with an engineered pNB esterase polypeptideas defined herein, under suitable reaction conditions. As provided
herein, the processes using the engineered pNB esterases can be carried out

under a range of suitable reaction conditions, including, among others, pH, temperature, buffer,

solvent system, substrate loading, polypeptide loading, cofactor loading, pressure, and reaction time.

In some embodiments, the suitable reaction conditions for a biocatalytic process using the engineered

pNB esterases of the present disclosure can comprise: (a) substrate loading at about 2 g/L to 200 g/L;

(b) about 0.1 to 10 g/L of engineered pNB esterase polypeptide; (¢) about 0.05 to 0.5 M MES buffer;

(d) about 5% to about 20% (v/v) DMF co-solvent; (e) pH of about 6 to 8; and/or (f) temperature of

about 10 to 35°C. Further, guidance on the choice of engineered pNB esterases, preparation of the
biocatalysts, and parameters and reaction conditions for carrying out the processes are described in the

detailed description that follow.

5. DETAILED DESCRIPTION

[0026] 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 one polypeptide. Similarly, “comprise,” “comprises,”
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“comprising” “include,” “includes,” and “including” are interchangeable and not intended to be
limiting. It is to be further understood that where descriptions of various embodiments use the term
“comprising,” those skilled in the art would understand that in some instances, the embodiment can be
alternatively described using the terms “consisting essentially of” or “consisting of.”

[0027] It is to be understood that both the foregoing general description, and the following detailed
description are exemplary and explanatory only and are not restrictive of this disclosure. The section
headings used herein are for organizational purposes only and not to be construed as limiting the

subject matter described.
5.1 Abbreviations

[0028] The abbreviations used for the genetically encoded amino acids are conventional and are as

follows:
Amino Acid Three-Letter Abbreviation One-Letter Abbreviation
Alanine Ala A
Arginine Arg R
Asparagine Asn N
Aspartate Asp D
Cysteine Cys C
Glutamate Glu E
Glutamine Gln Q
Glycine Gly G
Histidine His H
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. Isoleucine He I
Leueine Leu L
Lysine Lys K
Methionine Met M
Phenylalaning Phe F
Proling Pro P
Serine Ser S
Threonine Thr T
Tryptophan Trp W
Tyrosine Tyr Y
Valine  Val Y

[0029] When the three-letier abbreviations are used, vnless specifically preceded by an “L” ora *“D”
or clear from the context in which the abbreviation is used, the amino acid may be in either the' L- or
D-configuration about a-carbon (C,). For example, whereas “Ala”™ designates alanine without
specifying the configuration about the a-carbon, “ID-Ala” and “L-Ala™ designaie D-alaning and L-
alanine, respectively. When the one-letter abbreviations are used, upper case letters designate aminao
acids in the L-configuration about the w-carbon and lower case letiers designate amino acids in the D-
configoration about the a-~carbon, For example, “A™ designates L-alanine and “a” designates D-
alanine. When polypeptide sequences are presented as a string of one-leiter or three-letter
abbreviations (or mixtures thereof), the sequences are presented in the amine (M) 1o carboxy (C)

direction in-accordance with Conunon convention.

{6339] The abbreviations used for the genetically encoding nucleosides are conventional and are as
follows: adenosine (A); guanosine (G cytidine (C); thymidine (T); and uriding (U). Unless
specifically delineated, the abbreviated mucleotides may be ¢ither ribonucleosides or 2°-
deoxyribonucleosides. The nucleosides may be speeified as being either ribonucleosides or 2°-
decxayribonucieosides on an individual bagis or on an aggregaie basis. When nucleic acid sequences
are presented as a string of one-letter abbreviations, the sequences are presented inthe 57 to 37

direction in sccordance with convmon convention, and the phosphates are not indicated.

5.2 Drefinitions
[6631] In reference to the present disclosure, the technical and scientific terms used in the
descriptions herein will have the meanings commonly understood by one of ordinary skill in the art,
unless specifically defined otherwise. Accordingly, the following terms are intended fo have the

following meanings.

(0321 “Pratein”, “polypeptide,” and “peptide” are used interchangeably herein to denote 2 polymer

of at least two amino acids covalently linked by an amide bond, regardiess of length or posi-
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translational modification (e.g., glycosylation, phosphorylation, lipidation, myristilation,
ubiquitination, etc.). Included within this definition are D- and L-amino acids, and mixtures of D- and

L~amino acids,

{00331 “Polynucleotide”™ or “nucleic acid’ refers to two or more nucleosides that are covalently
linked together. The polynucleotide may be wholly comprised ribonacleosides (i.e., an RNA), whoily
comprised of 2’-deoxyribonucleotides (L.e., 2a DNA) or mixtures of ribo- and 2°-deoxyribonucleosides.
While the nucleosides will typically be linked together via standard phosphodiester linkages, the
polynucleotides may include one ot more non-standard linkages. The polynuclectide may be single-
stranded or double-stranded, or may include both single-stranded regions and double-stranded

regions. Moreover, while a polynucleotide will typically be composed of the naturally occurring
encoding micleobases {i.e., adenine, guanine, uracil, thymine and cytosine), it may include one or
more miodified and/or synthetic nuclesbases, such as, for example, inosine, xanthine, hypoxanthine,

etc. Preferably, such medified or synthetic nucleobases will be encoding nucleobases.

[6034] “pNB esterase activity” as used herein refers to the enzymatic activity of hydrelyzing a pare-

nitrobenzyl ester group to form para-nitrophenol and the corresponding acid of the ester.

[6035] “pNDB esterase” as used herein refers to an enzyme having pINB esterase activity and can
include a naturally occurring (wild-type) pNB esterase, such as the pNB esterase from Bacillus
subtilis, as well as non-naturally occurring engineered pNB esterase polypeptides generated by human

manipulation,

[0836] “Coding sequence” refers to that portion of a nucleic acid {e.g., a gene) that encodes an amino

acid sequence of a protein.

[6837] “Naterally-occurring” or “wild-type™ refers to the form found in vature. For example, a
naturally occurring or wild-type polypeptide or polynucleotide sequence is a sequence present in an
organism that can be isolated from a source in nature and which has not been intentionally modified

by human manipulation.

[8038] “Recombinani” or “engineered” or “non-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
or native form of the material, that has been modified in' 2 manner that would not otherwise exist in
nature, or is identical thereto but produced or derived from synthetic materials and/or by manipuiation
using recombinant technigues. Non-timiting examples inclide, among others, recombinant cells
gxpressing genes that arg not found within the native {non-recombinant} form of the cell or express

native genes that are otherwise expressed af a different level,

8039] “Percentagze of sequence identity” and “percentage homology” are used interchangeably
ag i [4 2 gy 2Cabi}

herein to refer 1o comparisons among polynucleotides and polypeptides, and are determined by
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comparing two optimally aligned sequences over a comparison window, wherein the portion of the
polynucieotide or polypeptide sequence in the comparison window may comprise additions or
deletions (i.e., gaps) as compared to the reference sequence for optimal alignmeint of the two
sequences. The percentage may be calcolated by determining the number of positions at which the
identical nucleic acid base or amino acid residue occurs in both sequences to yield the number of
matched positions, dividing {he number of matched posifions by the total number of positions in'the
window of comparison and multiplying the result by 100 to yield the percentage of sequence identity.
Alternatively, the percentage may be caleulated by determining the number of positions at which
either the identical nucleic acid base or amine acid residue oceurs iy beth sequences or a mucleic acid
base or amino acid residue is 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
mltiphying the result by 100 to vield the percentage 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.g., by the local homology algorithm of
Smith and Waterman, 1981, Adv. Appl. Math, 2:482, by the homology alignment algorithm-of
Needleman and Wansch, 1970, I. Mol. Biol. 48:443, by the search for sipmlarity method of Pearson
and Lipman, 1988, Proc. Natl. Acad. Sci. USA 85:2444, by computerized implementations of these
algorithms (GAP, BESTFIT, FASTA, and TFASTA in the GCG Wisconsin Software Package), or by
visual inspection {see generally, Current Protocols in Molzcular Biology, F. M. Ausubel et al,, cds.,
Current Protocols, a joint venture between Greene Publishing Assoctates, Inc. and John Wiley &
Sons, Inc., (1995 Supplement) (Ausubel)). Examiples of algorithms that are suitable for determining
percent sequence identity and sequence similarity are the BLAST and BLAST 2.0 algorithms, which
are described in Alischul ot al., 199, J. Mol. Biol. 215: 403-410 and Altschul et al., 1977, Nucleic
Acids Res. 3389-3402, respectively. Software for performing BLAST analyses is publicly available
through the National Center for Bictechnology Information website. This algorithm involves first
identifving high scoring sequence pairs {HSPs) by identifving shori-words of length W in the query
sequence, which either match or satisfy some positive-valued threshold score T when aligned witha
word of the same length in a database sequence. T is referred 1o as, the neighborhood word score
threshold {Altschul ef al, supra). These initial neighborhood word hits act as seeds for imtiating
searches to find longer HSPs containing them. The word hits arc then extended in both directions
ajong each sequence for as far ag the cumulative alignment score ¢an be increased. Cumulative scores
are calculaied using, for nucleotide sequences, the parameters M (reward score for a pair of matching
residues; abways >0) and N {penalty score for mismaiching residues; always <0}, For amino acid
sequences, a scoring matrix is used to calculate the cumulative score. Extension of the word hits in
each direction are halted when: the cumulative alignment score falls off by the quantity X from its
maximum achieved value; the cumulative score goes to zero or belew, due to the accymuiation. of one

or more negative-scoring residue alignments; or the end of either sequence is reached. The BLAST

1o
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algorithm parameters W, T, and X determine the sensitivity and speed of the alignment. The
BEASTN program {for nuclectide sequences) uses as defaults a wordlength (W) of 11, an expectaiion
(E) of 10, M=5, N=-4, and & comparison of both strands. For amino acid sequences, the BLASTP
program uscs a8 defauits a wordlength (WY of 3, an expectation (E) of 18, and the BLOSUMG2
scoring matrix (see Henikoff and Henikoff, 1989, Proc. Natl. Acad: Sci. USA 89:10915). Exemplary
determination of sequence alignment and % sequence identity can employ the BESTFIT or GAP
programs in the GCG Wisconsin Software package (Accelrys, Madison WT), using default parameters

provided.

{8840] “Reference sequence” refers 1o a defined sequence used as a basis for a sequence comparison.
A reference sequence may be a subset of a larger sequence, for example, a segment of a full-length
gene or polypeptide sequence. Generally, a reference sequence is at least 20 nucleotide or amino acid
residues in length, at least 25 residues in length, at least 50 residues in length, or the full length of the
nucleic acid or polypeptide. Since two polynucleotides or polypeptides may each (1) comprise a
sequence {i.e., a portion of the complete sequence) that is similar between the two sequences, and (2)
may firther comprise a sequence that is divergent between the two sequences, sequence comparisons
between two (0r more) polynucleotides or polypeptide are typically performed by comparing
sequences of the two polynucleotides or pelypeptides over a “comparison window™ to identify and
compare local regions of sequence similarity. In some embodiments, a “reference sequence” can be
based on a primary amino acid sequence, where the reference sequence is a sequence that can have
one or-more changes in the primary sequence. For instance, a “reference sequence based on SEQ ID
N2 having at the residue corresponding to X193 an alaning” or “X193A” refers to a veference
sequence of SEQ ID NO:2 in which the corresponding residue at X193 (which is a wmethionine in SEQ
ID NQ:2), has been changed to alanine.

[6041] “Comparison window” refers to a conceptual segment of at least about 20 contiguous
nucleotide positions or amino acids residues whergin a sequence may be compared to a reference
sequence of at least 20 contiguous nucleotides or amine acids and wherein the portion of the sequence
in the comparison window may comprise additions or deletions (i.e., gaps) of 20 percent or less as
compared to the reference sequence for optimal alignment of the two sequences. The comparison
window can be longer than 20 contiguous residues, and includes, optionally 30, 40, 50, 100, or longer

windows.

[8042] “Substantial identity” refors to a polynucleotide or polypeptide sequence that hag al least 80
percent sequence identity, at least 85 percent identity and 89 to 95 percent sequence identity, more
usually at least 99 percent sequence identity as compared to a reference sequence over a comparison
window of at least 20 residue positions, frequently over a window of at least 30-50 residues, wherein
the percentage of sequence identity is calculated by comparing the reference sequence to a sequence

that includes deletions or additions which total 20 percent or less of the reference sequence over the

H
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window of comparison. In specific embodiments applied to polypeptides, the term “substantial
identity™ means that two polypeptide sequences, when optimally aligned, such as by the programs
GAP or BESTEIT using defanlt gap weights, share at least 80 porcent sequence identity, preferably at
least 89 percent sequence identity, at least 95 percent sequence identity or more {e.g., 99 percent
sequence identity). Preferably, residus positions which are not identical differ by conservative amino
acid substitutions.

LE IS

[8043] “Corresponding to”, “reference to™ ot “relative t0” when used in the context of the numbering
of a given amino acid or polynucleotide sequence refers to the numbering of the residucs of a
specified reference sequence when the given amino a2cid or polyoucleotide sequence is compared to
the reference sequence. In other words, the residue number or restdue position of & given polymer is
designated with respect to the reference seguence rather than by the actual numerical position of the
residue within the given amino acid or polynucleotide sequence. For example, a given amino acid
sequences, such as that of an engincered pNB esterase, can be aligned to a reference sequence by
introducing gaps to optimize residue maiches between the two sequences. In these cases, although the
gaps ate preseant, the numbering of the residue in the given amino acid or polynuclectide sequence is

made with respect to the reference sequence to which it has been aligned.

[8044] “Amino acid difference” or “residue difference” refers to a change in the amino acid residue
at a position of a polypeptide sequence relative to the amine acid residue at a corresponding position
in a reference sequence. The positions of aminoe acid differences generaily are referred to herein as
“Xn,” where n refers to the corresponding position in the reference sequence upon which the residue
difference is based. For exanple, 2 “residue difference at position X193 as compared to SEQ 1D NO:
27 refers to a change of the amino acid residue at the polypeptide position corresponding to position
193 of SEQ ID NO:2. Thus, if the reference polypeptide of SEQ ID NO: 2 has a methionine at
positicn 193, then a “residue difference at position X193 as compared to SEQ IDNQ:2” an amino
agid substinition of any residue other than methionine af the poesition of the polypeptide corresponding
to position 193 of SEQ ID NO: -2, In most instances herein, the specific amino acid residue difference
at a position is indicated as “KnY™” where “Xn” specified the corresponding position as described
above,and *Y™ is the single letter identificr of the amino acid found in the engineered polyseptide
(i.e., the different residue than in the reference pelypeptide). In some embodiments, where more than
one amino acid can appear in a specified residue position, the alternative amino acids can be listed in
the form XnY/Z, where Y and Z represent alternate aming acid residues. In some instances {e.g., in
Table 2), the prosent disclosure alse provides specific amine acid differences denoted by the
conventional notation “AnB”, where A is the single letier identifier of the residue in the reference
sequence, “n” is the number of the residue position in the reference sequence, and B is-the single letier
identifier of the residue substitution in the sequence of the engineered polypeptide. Furthermore, in

some instances, a polypeptide of the present disclosure can include one or mote amino-acid residue
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differences relztive to @ reference sequence, which is indicated by a list of the gpecified positions

where changes are made relative to the reference sequence.

[6045] “Conservative amino acid substitution” refers to a substitution of a residue with a different
residoe having a similar side chain, and thus typically involves substitution of the aming acid in the
polypeptide with amino acids within the same or similar defined clags of amino acids. By way of
example and not limitetion, an amino acid with an aliphatic side chain may be substitated with
another aliphatic amino acid, e.g., alanine, valine, leucine, and isoleucine; an amino acid with
hvdroxyi side chain is substituted with another amino acid with a hydroxyl side chain, e.g., serine and
threonine; an amino acid having aromatic side chains is substituted with another amino acid baving an
aromatic side chain, e.g., phenylalanine, tyrosine, tryptophan, and histidine; an amino acid with a
basic side chain is substituted with another amine acid with a basic side chain, e.g., lysing and
argining; an amine 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 amino acid, respectively. Exemplary conservative

substitations are provided in Table 1 below.

Tabls 1 .
Residue Possible Conservative Substitutions
AT V1 Other aliphatic (A, L, V., )
Other non-polar (A, L, V. I, G, M)
G M Other nonpolar (AL L, V. L, G, M)
D.E Other acidic (D, E)
KR Other basic (K, R)
NS T Other polar
H Y W.F Other aromatic (H, Y, W, I)
C,P None

[8046] “Nuon-conservative substitution™ refers to substinntion of an amino acid in the polypeptide
with an amino acid with significantly differing side chain propertizs. Non-conservative substitutions
may use.aming 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 tor glycine), (b) the charge or
hydrophobicity, or (¢) the bulk of the side chain. By way of example and not limitation, an exemplary
non-conservative substitution can be an acidic amino acid substituted with a bagic or aliphatic amino
acid; an aromatic amino acid substituted with a small amino acid; and a hydrophilic amino acid

substituted with a hydrophobic amino acid.

[8047] “Deletion” refers to modification o the polypeptide by removal of one or more amino acids
from the reference polypeptide. Deletions can comprise removal of 1 o1 more amino acids, 2 or more
aminge acids, 5 or more amino acids, 10 or more amine acids, 15 or more amino acids, or 20 or more
amino actds, up to 10% of the total number of amino acids, or up io 20% of the total number of aminc

acids making up the reference enzyme while retaining enzymatic activity and/or retaining the

e,
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improved properties-of an engineered pNB esterase enzyme. Deletions can be directed to the internal
portions and/or terminal portions of the polypeptide. In various embodiments, the deletion can

comprise a confinuous segment or can be discontinuous.

{8948] “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 pNB esterase
enzymes comprise insertions of one ot more amino acids to the naturally ocourring pNB esterase
polypeptide as well as insertions of one or more aming acids to other improved pINB esterase
polypeptides. Insertions can be in the internal portions of the polypeptide, or to the carboxy or amino
terminus. Insertions as used herein include fusion proteins as is known in the art. The insertion can be
a contiguous segment of amino acids or separated by one or mote of the amino acids in the reference

polypeptide.

[£049] “Fragment” as used herein refers to a polypeptide that has an amino-terminal and/or carboxy-
terminal deletion, but where the remaining amino acid sequence is identical to the corresponding
positions in the sequence. Fragments can be at least 14 amine acids long, at least 20 amino acids
long, at least 50 amino acids long or ionger, and up to 70%%, 80%, 20%, 95%, 98%, and §9% of the
full-length pNB estetase polypeptide, for example the reference engineered pNB esterase polypeptide
of SEQ Iy NO: 2.

{0056] “Isolated polypeptide” refors to a polypeptide which is substantially separated from other
contarminants that naturally accompany it, 2.g., protein, lipids, and pelynucleotides. The term
embraces polypeptides which have been removed or purified from their naturalty-occuiring
environment or expression system {e.g., host cell or in vitro synthesis). The improved pNB esterase
enzymes may be present within a cell, present in the cellular medium, or prepared in various forrs,
such as Iysates or isolated preparations, As such, in some embodiments, the improved pNB esterase

enzyme can be an isolated polypepiide.

{8051} “Substantially pure polypeptide” refers to a composition in which the polypeptide species is
the predominant species present (Z.e., on a molar or weight basis, it is more abundant than any other
individual macromolecular species in the composition), and is gencratly a substantiafly purified
composition when the object species comprises at least about 50 percent of the macrormelecular
species present by mole or % weight. Generally, a substantially pure pNB esterase composition will
comprise about 60 % or more, about 70% or more, about 0% or more, about 90% ot more, abouf
85% or more, 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 homogencity (i.e.,
contaminant species cannot ba detected in the composition by conventional detection methods)
whercin the composition consists cssentially of a single macromolecular species. Solvent species,

small molecules (<500 Daltons), and elemental ion species are not considered macromolecular

t4



WO 2014/113521 PCT/US2014/011767

species. In some embodiments, the isolated improved pNB esterase polypeptide s a substantially pore

polypeptide composition.

[#052] “Stercoselectivity” refers to the preferential formation in a chemical or enzymatic reaction of
one stereoisomer over another. Stereoselectivity can be partial, where the formation of one
stereoisomer is favored over the other, orit may be complete where only one stereoisomer is formed.
When the sterepisomers are enantiomers, the stereoselectivity is referred 1o as enantioselectivity, the
fraction (typically reported as a percentage) of one enantiomer in the sum of both. It is commuonly
alternatively reported in the art (typically as a percentage) as the enantiomeric excess (¢.¢.) calculated
therefrom according to the formula [major enantiomer — minor enantiomer)/[major enantiomer +
minor enantiomer]. Where the stereoisomers are diasterepisomers, the stereoselectivity is referred to
as diastereoselectivity, the fraction (typically reported as a percentage) of one diastercomerina
mixture of two diastereomers, commionly alternatively reported as the diastereomeric excess (d.e.).

Enantiomeric excess and diastercomeric excess are types of stereomeric excess.

[8053] “Improved snzyine property” refers to a pNB esterase polypeptide that exhibits an
improvement in any enzyme property as compared to a reference pNB esterase. For the engineered
pNB esterase polypeptides described herein, the comparison is generally made to the reference
engineered pNB esterase enzyme of SEQ T NQ: 4, although in some embodiments, the reference
pNB esterase can be another engineered pNB esterase, or the wild-type pNB esterase of B. subtilis.
Enzyme properties for which improvement is desirable include, but are mot limited to, enzymatic
activity (which can be expressed in terms of percent conversion of the subsirate), thermostability,
solvent stability, product selectivity, pH activity profile, refracioriness to inhibitors (e.g., substrate or

product inhibition), and stereoselectivity (including enantioselectivity).

[8054] “Incroased enzymatic activity” refers to an improved propetty of the engineered pNB esterase
polypeptides, which can be represented by an increased specific activity (e.g., product
produced/time/weight pretein) or an increased percent conversion of the substrate to the product {e.g.,
percent conversion of starting amount of substrate to product in a specified time peried using a
specified amount of pNB esterase} as compared fo the reference pNB esterase enzyme. Excmplary
methods to determine enzyme activity are provided in the Examples. Any property relafing to enzyime
activity may be affected, including the classical enzyme propertics of K, Fing 07 £, changes of
which can lead to increased enzymatic activity. Improvements in enzyme activity can be from about
1.2 fold the enzymatic activity of the corresponding wild-type pNB esterase enzyme, o 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
natrally ocourring pINB esterase or ancther engineerad pNB esterase from which the pNB esterase
polypepiides were derived. PNB esterase activity can be measured by any one of standard assays,
such as by monitoring changes in spectrophotometric properties of reactants or products. In some

embodiments, the amount of products produced can be measured by High-Performance Liquid
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Chromatography (HPLC) separation combined with UV sbsorbance or fluorescent detection
following derivatization, such as with o-phthaldialdehyde (OPA). Comparisons of enzyme activities
are made using a defined preparation of enzyme, a defined assay under a set condition, and one or
more defined substrates, as further described in detail herein. Generally, when lysates are compared,
the numbets of cells and the amount of protein assayed arc dotermined as well ag use of identical
expression systems and identical host cells to minimize variations in amount of enzyme produced by

the host cells and present in the lysates.

{0655] “Conversion” refers to the enzymatic conversion of the substrate(s) to the corresponding
predact(s). “Percent conversion™ refers to the percent of the substraie that is converted o the product
within a petied of time under specified conditions. Thus, the “enzymatic activity” or “activity” of a

pINB esterase polypeptide can be expressed as “percent conversion” of the substrate to the product.

[8056] “‘Thermostable” refers to a pNB esterase polypeptide that mainsains similar activity {more
than 60% to 80% for example) after exposure to clevated temperaturcs (e.g., 40-80°C) for a period of

time (e.g., 0.5-24 hrs) compared to the wild-type enzyme.

{0857} “Solvent stable™ refers to a pNB esterase polypeptide that maintains similar activity {more
than-e.g., 60% to 80%:) after exposure to varying concentrations (e.g., 5-99%) of solvent (ethanol,
isopropyl alechol, dimethyisulfoxide (DMSO), tetrahydrofuran, 2-methyltetrahydrofuran, acetong,
toluene, buiyl acelate, methy! tert-butyl ether, etc.) for a period of time (e.g., 0.5-24 hrs) compared to

the wild-type enzyme.

{0858] “Thermo- and solvent stable” refers to a pNB esterase polypeptide that is boih thermostable

and solvent stable,

[8058] “Stringent hybridization” is used herein to refer to conditions under which nucleic acid
hiybrids are stable. As known io those of skill in the art, the stability of hybrids is reflecied in the
melting temperature (7,,) of the hybrids. In general, the stability of a hiybrid is 2 function of ion
strength, tomperature, G/C content, and the presence of chaotropic agents. The 7, values for
polynuclestides can be calculated using known methods for predicting melting temperatures (see, e.z.,
Baldino et.al., Methods Enzymology 168:761-777; Bolton ¢t al,, 1262, Proc. Natl. Acad. Sci, USA
48:1390; Bresslauer et al, 1986, Proc. Natl. Acad. Sci. USA §3:8593-8897; Freier ot al., 1286, Proc.
Natl. Acad. Sci. USA §3:9373-9377; Kierzek et al,, Biochemistry 25:7840-7846; Rychlik et al,, 1990,
Nucleic Acids Res 18:6409-6412 (erratum, 1991, Nucleic Acids Res 19:698); Sambrook et al., supra);
Suggs et al., 1981, in Developmental Biclogy Using Purified Genes (Brown ot al,, eds.), pp. 683-693,
Academic Press; and Wetmur, 1991, Crit Rev Biochem Mol Biol 26:227-259. All publications
incorporated herein by reference). Tn some embodiments, the pelynuclestide encodes the polypeptide

disclosed herein and hybridizes under defined conditions, such as moderately stringent or highly
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stringent conditions, to the complement of a sequence encoding au en gineered pNB esterase enzyme

of the present disclosare.

[0060] “Hybridization stringency” relaics to hybridization conditions, such as washing conditions, in
the hybridization of nucleic acids, Generally, hybridization reactions are performed under conditions
of lower stringenoy, followed by washes of varying but higher stringency. The tetm “moderately
stringent hybridization” refers to conditions that permit target-DNA 10 bind 2 complementary nucleic
acid that has about 60% identity, preferably about 75% identity, about 85% identity to the target
DNA, with greater than about 90% idextity to target-polymucleotide. Excmplary mo derately siringent
conditions are conditions equivalent to hybridization in 50% formamide, 5x Denhart's solution,
5xSSPE, {1.2% SDS at 42°C, followed by washing in (12xSSPE, 0.2% SDS, at 42°C. “High
stringency hybridization” refers generally to conditions that are about 10°C or less from the thermal
melting temperature 7, as determined under the solution condition for a defined polynucleotide
sequence. In some embodiments, a high stringency condition refers to conditions that permit
hybridization of only those nucleic acid sequences that form stable hybrids in 0.018M NaCl at 65°C
{i.e., if 2 hybrid is not stable in 0.018M NaCl at 65°C, it will not be stable under high stringency
couditions, as contemplated herein), High stringency conditions can be provided, for example, by
hybridization in conditions equivalent to 30% formamide, 5% Denhart's solution, 5%88PE, 0.2% SDS
at 42°C, followed by washing in 0. 1xSSPE, and (1% SDS at 65°C. Another high stringency
condition is hybridizing in conditions equivalent to hybridizing in 5X 85C containing 0.1% (w:v)
SDS at 65°C and washing in 0.1x SSC containing 0.1% SDS at 65°C. Other high stringency
hybridization conditions, as well as moderately stringent conditions, are described in the references

cited above.

[6061] “Heterologous™ polynucieotide refers to any polynucleotide that is introduced into a host cell
by laboratory techniques, and includes pofynucleotides that are removed froin a host cell, subjected to

laboratory manipulation, and then reintroduced into 2 host cell.

[6062] “Codon optimized” refers 10 changes in the codons of the pelynucleotide encoding & protein
to those preferentially used in a patticular organism such that the encoded protein is efficiently
expressed in the organism of interest. Although the genetic code is degenerate in that most aming
acids are represented by several codons, called “synonyms” or “synonymous™ codons, it is well
known that codon usage by particular organisms is nonrandon and biased towards particular codon
triplets. This codon usage bias may be higher in reference 1o 2 given gene, genes of common function
or ancestral origin, highly expressed proteins versus low copy number proteins, and the aggregate
protein coding regions of an-organism’s genome. In some embodiments, the polynucleotides encoding
the pNB esterase enzymes may be cadon optimized for optimal production from the host organism

selected for expression.
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[6063] “Preferred, optimal, high codon usage bias codons” refers interchangeably to codons that are
used at higher frequency in the protein coding regions than other codons that code for the same amino
acid, The preferred codons may be determined in relation to codon usage in a single gene, a set of
genes of common function or origin, highly expressed genes, the codon frequency in the aggregate
protein coding regions of the whole organism, codon frequency in the aggregate protein coding
regions of relaied organisms, or combinations thereof. Codons whose frequency increases with the
level of gene expression are typically optimal codons for expression. A variety of methods are known
for determining the codon frequency (e.g., codon usage, relative synonymous codon usage) and codon
preference in specific organisms, including multivariate analysis, for example, using chister analysis
or correspondence analysis, and the effective number of codons used in a gene (see GCG
CodonPreference, Genetics Computer Group Wisconsin Package;: CodonW, John Peden, University
of Nottingham; Mclnerney, J. O, 1998, Bioinformatics 14:372-73; Stenico et al., 1994, Nucleic Acids
Res. 222437-46; Wright, F., 1990, Gene 87:23-29). Codon usage tables are available for a growing
list of organisms (see for example, Wada ct af,, 1992, Nucleic Acids Res. 20:2111-2118: Nakamura et
al,, 2000, Nucl. Acids Res. 28:292; Duret, et al., supra; Henaut and Danchin, “Escherichia coli and
Salmonella,” 1996, Neidhardt, et al. Eds., ASM Press, Washington D.C., p. 2047-2066. The data
source for obtaining codon usage may rely on any available nucleotide sequence capable of coding for
a protein. These data sets include nucleic acid sequences actually known to encode expressed proteins
{e.g., complete protein coding sequences-CDS), expressed sequence fags (ESTS), or predicted coding
regions of genomic sequences (see for example, Mount, D., Bioinformatics: Sequence and Genome
Analysis, Chapter 8, Cold Spring Farbor Labogatory Press, Cold Spring Harbor, N.Y., 2001:
Uberbacher, E. C., 1996, Methods Enzymol. 266:259-281; Tiwari et al., 1997, Comput. Appl. Biosci.
13:263-270).

{8964] “Control sequence” is defined herein to include all components, which are necessary or
advantageous for the expression of a polynucleotide and/or polypeptide of the present disclosure.
Each control sequence may be native ot foreign to the nucleic acid sequence encoding the
polypeptide. Such control sequences include, but are not fimited te, a Ieader, polyadenylation
sequence, propeplide sequence, promoter, signal peptide sequence, and transcription terminator, At a
minimum, the control sequences inchide a promoter, and transeriptional and translational stop signals.
The control sequences may be provided with linkers for the purpose of introducing specific restriction
sites facilitating ligation of the control sequences with the coding region of the nucleic acid sequence
encoding a polypeptide.

[6065] “Operably linked” is defined hercin as a configuration in which a conirol sequence is
appropriately placed (L., in a functional relationship) at a position refative to a polynucleotide of
mferest such that the control sequence dircets or regulates the expression of the polynucleotide and/or

polypeptide of interest,
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{#066] “Promoter sequence” refers to a nucleic acid sequence that is recognized by 2 host cell for
expression-of a polynucleotide of interest, such as & coding sequence. The promoter sequence containg
ranscriptional control sequences, which mediate the expression of a petymicleotide of nterest. The
prometer may be any nucleic acid sequence which shows franscriptional activity in the host cell of
choice including mutant, truncated, and hybrid promoters, and may be obtained from genes enceding

extracellular or intracellular polypeptides either homologous or heterologous to the host cell.

[6067] “Swuitable reaction conditions” refer to those conditions in the biocatalytic reaction solution
{e.g., ranges of enzyme loading, substrate loading, cofactor loading, temperature, pH, buffess, co-
solvents, efe.) under which a pNB esterase polypeptide of the present disclosare is capable of
converting a substrate compound o a product compound (e.g., conversion of compound (2) to
compound {1)}. Exemplary “suitable reaction conditions™ are provided in the detailed description and

illustrated by the Examples.

10068] “Loading”, such as in “compound loading” or “enzyme loading” or “cofactor loading™ refers

to the concentration or amount of a component in a reaction mixtare at the start of the reaction.

16669] “Substrate” in the context of a biocatalyst mediated process refers to the compound or
molecule acted on by the bipcatalyst. For example, an exemplary substrate for the engineered pNB

esterase biocatalysts in the process disclosed herein is compound (2).

{6078] “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 engincered

PINB csterase biocatalysts in the process disclosed herein is compound (1),

{8071] “Protecting group” refers to a group of atoms that mask, reduce or prevent the reactivity of
the functional group when attached to a reactive functional group in a molecule. Typically, a
protecting group may be selectively removed as desired during the course of a synthesis. Examples of
protecting groups can be found in Wuts and Greene, “Greene’s Protective Groups in Organic
Synthesis,” 4® Ed., Wiley Iuterscience (2006}, and Harrison ¢t al,, Compendium of Synthetic Organic
Methods, Vols. 1-§, 1971-1996, John Wiley & Sous, NY. Functional groaps that can have a

protecting group include, but are not limited to, hydroxy, amino, and carboxy groups.

53 Engineered pNB Esterase Polypeptides
[9072] The present disclosure provides engineered polypeptides having pNB esterase activity,
polynuclectides encoding the polypeptides, and methods for using the polypeptides. Where the
foregoing description relates to polypeptides, it is to be understood that italso describes the

pelynucleotides encoding the polypeptides.

[#073] The present disclosure relates to engineered pNB esterase polypeptides derived from the wild-

type pNB esterase polypeptide of Bacillus subtilis of GenBank Access. No.: AAASI915.1,
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GL468046. The engineered pNB esterases of the present disclosure have been engineered with amino
acid residue substitutions that allow for conversion of a pNB-protected substrate of compound {2} to
the corresponding deprotected product of compound (1), imipenem. Significantly, the present
disclosure identifies amino acid residue positions and corresponding amino acid residue substitutions
in the engineered pINB esterase polypeptide that can increase the enzymatic activity, product

selectivity, and stability, in deprotecting pNB-protected carbapenem subsirates.

[8874] The identification of the specific residue positions and substitutions in the engineercd pINB
esterase polypeptides of the present disclosure by engineering through directed evelution methods
using structure-based rational sequence librury design with screening for improved fimctional
properties using an activity assay based on the conversion of the pNB-protected imipenem precursor
of compound (2} to its corresponding unprotected preduct of compeund (1), imipenem. Specificaily,
the conversion of substrate compound (2} to product compoeund (1) as shown in Scheme 1 {above),
The engineered pNB esterase polypeptides of the present disclosure were evelved to efficiently
convert the pNB-protected imipenem substrate of compound (2) to the product compound (1), under

suitable reaction conditions.

[0875] The specific structural features and structure-function correlating information of the
engineered pNB esterase polypeptides of the present disclosure alse allow for the rational desi gn and
directed evolution of engineered pNB esterase polypeptides that can carry oat the selective
deprotection of other pNB-protected carbapenem compounds (other than compound (2}}, to the
corresponding carbapenem product compound {other than compound (1)). In some embodiments, the
engingered pNB esterase polypeptides of the present disclosure arc gapable of converting pNB-
protected carbapenem compounds which are structural analogs of compound (2), to their
corresponding deprotected carbapenem product compounds which are structural analogs of compound

{1).

{0076] The engineered pNB esterase polypeptides adapted for efficient conversion of compound ¢2)
to compound {F) have one or more residue differences as compared to the amino acid sequence of the
reference engineered pNB esterase polypeptide of SEQ 1D NO: 2. The residue differences are
associated with enhancements in enzyme propertics, including enzymatic activity, snzyme stability,
and resistance to formation of undesirable side-products, such as a B-lactam ring-opened diacid of

compound (3},
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3
18077} Tn some embodiments, the engincered pNB esterase polypeptides show increased activity in
the conversion of pNB-protected substrate compound (2) to the deprotected product compound (1} in
a defined time with the same amount of enzyme 2s compared to the reference engineered pNB
esterase of SEQ ID NO: 4. In some embodiments, the engineered pNB esterase polypeptide has at
least about 1.2 fold, 1.5 fald, 2 fold, 3 fold, 4 fold, 5 fold, 10 fold, 20 fold, 30 fold, 40 fold, or 50 fold
or more the activity as compared to the reference engineered polypeptide represented by SEQ ID

™NO:4 under suitable reaction conditions.

[6078] In some embodiments, the engineered pNB esterase polypeptides arc capable of converting
substrate compound (2) to product compound (1) with increased tolerance for the presence of
substrate relative to the reference polypeptide of SEQ ID NO: 4 under suitable reaction conditions.
Thus, in some embodiments the engineered pNB esterase polypeptides are capable of converting the
substrate compound (2) to product compaund (1) under a substrate loading congentration of at least
about 1 /L, about 5 /L, about 10 g/L, about 20 g/1., about 30 #/L, about 40 g/L, about 50 /L, about
70 /L, about 100 g/L, about 125 g/L, about 150 g/L. about 175 g/L or about 200 g/L. or more with 2
percent conversion of at least about at least about 50%, at least about 60%, at least about 70%, at least
about 80%, at least about 90%, at least about 95%, at least about 98%, or =t least about 09%, ma
reaction time of about 72 h or less, about 48 h or less, about 36 b or less, or about 24 h less, under

suitable reaction conditions.

[8879] In some smbodiments, the engineered pNB esterase polypeptides are capable of converting at
least 70% of substrate compound {2} to product compound (1} in 2 b, at a substrate lnading of 25 g/L

‘and a temperature of 13°C.

[6086] n some embodiments, the engineered pNB esterase polypeptides are capable of converting
substrate compotnd €2} to product compound (1) with a selectivity ratio for product compound (1) to
side-produci compound (3} of at least 50:1, at least 60:1, at least 7(:1, at leasi 80:1, at least 90:1, or

greater,

16081] The suitable reaction conditions vnder which the above-described improved properties of the
engineered polypeptides carry-out the conversion can be deternxined with respect to concentrations or
amounts of polypeptide, substrate, buffer, co-solvent, pH, and/or conditions incloding temperature

and reaction time, as further described below and in the Examples.

[3082] The present disclosure provides 59 exemplary engineercd pNB esterase polypeptides having

structural features capable of converting the substrate of compound (2). a pNB-profected precursor of
imipenem, 1o the corresponding product of compound (1), imipenem. The present disclosure provides
the sequence structure of the 59 exemplary engineered pNB esterase polypeptides as SEQ ID NOs: 3-

120 in the electronic Sequence Listing file accompanying this disclosure, which is hereby
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incorporated by reference herein. The odd munbered sequence identifiers (i.e., SEQ ID NQOs) refer to
the nucleotide sequence encoding the amino acid sequence provided by the even numbered SE(} ID
NOs. The present disclosure also provides in Table 2 sequence structural information correlating
specific amino acid sequence features with the functional activity of the engincered pNB esterase
polypeptides. This structure-function correlation information is provided in the form of specific
amino acid residues differences relative to the reference engineered polypeptide of SEQ ID NO: 2 and
associated experimentally determined activity data for the 59 exemplary engineered PNB esterases of
SEQID NOs: 3 - 120. The amino acid residue differences are based on comparison to the reference
sequence of SEQ ID NO: 2, which has the following 7 amino acid residue differences relafive to the
sequence of the wild-type pNB-csterase from Bacillus subsilis (GenBank Access. No.: AAASLI915. i,
GL468046): 160V, L144M, P3178, H322R, 1.3348, M358V, and Y370F. As noted in Table 2, the
engineered polypeptide of SEQ ID NO: 2 does not have detectable activity in the conversion of
compound (2) to compound (1). The engineered pNB esterase polypeptide of SEQ ID NO: 4 which
has the single amino acid differcnce M193A as compared to SEQ ID NO: 2 was found to have
detectable activity in the conversion of compound (2) to compound (1). It was used as the reference
for the relative activity measurements. The relative pNB esterase ach vity of cach exemplary
engineered pNB esterase polypeptide was deiermined as conversion of the substrate compond (2} to
the imipesem product of compeund (1) in comparison to the pNB esterase activity of the engineered
pNB csterase polypeptide of SEQ 1D NQ: 4 over a sct time petiod and temperature in s high-
throughput (HTP) assay. The Activity Tmprovement values in Table 2 were determined using an
assay of E. coli clear cell lysates in 96 well-plate format of ~250 yl. volume per well following assay

reaction conditions as nofed in the table and the Examples.

Table 2: Engincered pNB Esterase Polypeptides and Relative Activity Improvement

SEQ ID

NGO Amino Acid Différences Activity improvement
{nifaa) {relative to SEQID NO: 2) {relative to SEQ ID NQ: 4)

12 None ' not detected

3/4 MIG3A,; 1

5/6 FIO8Y; PI165; M193A; 1.4

7/8 F1O8Y; M193A; L8

5/10 | EIISW,; MiG3A,; 1.0
11712 | B115Q; M193A; _ 1.2

13/14 | M193V, B214G; 4.3

15/16 | M193A; R219D; Q.5
17/18  § MI93A; R2I9L; 3.8
19726 | MI93ACL273E; - i2.1
21722 | MUG3A; Q276H; 10.4
23/24 | M193A: Q276T; 32
2526 | M1934A; Q276L,; 79
27728 | 11307, M193A; Q2760; 10.4
29730 | MI93A; L3621y, 139
3L32 1 MI3A; L3628; 1.6
33734 | MI93A; L3620, 6.9

8]
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35/36 | M193E; 48.1

37/38 | MI93D; 7.2

3940 | FIO8L; M193V; 7.4

4142 | MI93V; L273V; O276A; 15.7

43744 | M193V; R219Y,; L273V, Q276A,; 1362V, 8.9

45/46 | FI10SL; M193A; R219V; LIT73V, 19.9

47/48 | F108L; R214V; L273V, 10.0

49/50- § M193V, L273V; Q276A; L362A, 14.0

51752 | M193V; R219A; £273V; L1362V, 22.0

53754 | MI93V; R219V; L2734, 47.2

55/56 | MI93V; L273A; Q276A; V321413624, i35

57758 | M193V, R219A; L273A; Q276A; L362V; 9.9

39/60 | F108L; R219V; L362A; 5.6

61/62 | FiO8L; R2I9V, L3682V, | 14.0

63/64 | F108L: M193V; L273A; L362A; is6.1

65/66 | MI193V; R219V; L2734, Q276A; L362A; 2.5

67/68 | MI93V, R216V; L273A; 1362V, 13.2

69/70 | MIO3V, L1273V, 20.5

71/72 | F108L; M193V; R219A; L273A; L3624, 13.0

73/74 | AledT; MIS3V, R219V, L2753V, (R76A, LI6IV, 0.2

75/76 | F108Y: B1150Q; M1§3V; R219V; L273A; L3624 247

77478 | MI193V, R219V; Q276L; L3620}, 119

79/80 | F1O8Y; E115Q; M193V; R219L; L2734, 1.362Q); 239

R1/82 § F10BY; E115Q; MI193D; R219V; L2734, 143

83/84 | F108Y; M193D; R219D; O276L; 78

8%/86 | F108Y; MI93E; R219D; 47

87/88 | F108Y; M193D; R219V, L273A; 220

89/50 | F10BY: E115Q; M193D; R219V; L273A,; Q276L; 13625, 204

91/92 | F108Y; M193V, R219V; L2734, 122

63/04 | FI0SY; Mi93D; R219V; L273A; L3625, 205

95/96 | B108Y; E115(x M193D; R219L; L273A; 13625, 43

§7/98 | FIORY; B115Q; M193D; R21V; L273A; 174
00/100 | Fi08Y; E115W,; M193D; R21SL; L273A Q276L; L3620y, 92
101/102 | B1130Q; M193V; R219V; L2734, L3620, 172
163104 | FI08Y; E115W,; M193D>; R219L, 152
105/1G66 | F108Y; M193Ty, R219V; 12734 174
107/108 | E115Q; M193D; R219L; L2734, Q276L; L362D; 181
109/110 | FI08Y; MI93D: R21GL; L2734, 13620, 185
1117112 | F108Y; M193V; R219V; L273A,; L362Q; 186
113/114 § B1i5W; M193D; R216V; L2734, 186
115/116 | F108Y:; M193D; R2I9L; L273A; 13628, 237
117/118 | FIDEY; MI93D; R2181,, L2734 186
1197120 | FI08Y; E115(; M193D; R210L, 12734, Q2761 166
TActivity Improverment (relative o SEQ ID NCx 4} is calculated as the ratio of % conve rsion of product formed
by the engineered pNB-esterase polypeptide of interest to the % conversion of the reference polypeptide of SEQ
ID NO: 4 under Reaction Conditions A. % Conversion was quantified by dividing the areas of the product peak

| by the sum of the areas of the substrate and product peak as determined by HPLC analysis.

Reaction Conditions A: 2 g/L subsirate of compound (2), 125 pL lysate (prepared by adding 200 uL of Lysis
Buffer {1 mg/mL lysozyme, 0.5 mg/ml polymyxin B sulfate, 0.1 M phosphate baffer, pH 7.5) 10 £, cofi
expressing polypeptide of interest grown in 96 well plates), (.1 M phosphate buffer, pi 7.5, 15% (v/v) DMF,
15°C, 2 h. Total reaction volume is 200uL.

{6083] From an inspection of the amino acid sequences, and resalls for the 59 exemplary engineered

pNB esterase polypeptides of Table 2, improved properties of increased activily, selectivity, and/or

L
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stability, that ave associated with one or more residue differences as compared to SEG ID NO: 2 at the
following residue positions: X108, X115, X116, X130, X193, X214, X219, X273, X276, X321, and
X362, The specitic amino acid diffcrences as compared to SEQ 1D NO: 2 at cach of these positions
that are associated with the improved properties include X108L7Y, X115Q/W, X11 a8, X1307,
X164T, XI93A/DVE/V, X214G, X219A/D/L/V, X2T3AE/T/V, X2T6A/T/L, X321A, and
X302A/DIQISIV,

{0884} In some embodiments, the engineered pNB estérase polypeptides of the present disclosure
comprisc amino acid sequences having residue differences as compared to the engineered pNB
esterase represented by SEQ ID NO:2 at residue positions selected frome X108, X115, X116, X130,
X193, X214, X219, X273, X276, X321, and X362. In some embodiments, the specific amino acid
residue differences as compared to SEQ ID NO: 2 at residue positions X108, X115, X116, X130,
X193, X214, X219, X273, X276, X321, and X362, are selected from: X108L/Y, X1T5Q/W, X1168,
X1307T, X164T, X193A/D/EV, X214G, X210A/D/LIV, X2TAAES T/, XZT0A/TAL, X321A, and
X3IG2A/DIQ/SIV,

[8083]1 As will be appreciated by the skilled artisan, residue differences disclosed in Table 2 have 0o
significant delcierious cffects on pNB esterase activity and/or product selectivity for the engineered
pNB esterase polypeptides, all of which maintain pNB csterase activity for the conversien of
compound (2} to compound (). Accordingly, the skilled artisan will understand that the residue
differences at the residuc positions disclosed herein can be used ndividually or in various
combinations to produce engineered pNB esterase polypeptides having the desired functional
properties, inciuding, among others, pNB esterase activity, selectivity, and stability, in converting
pNB-protected carbapeners compounds, such as compound (2) and its structural analogs, 1o its

corresponding deprotected carbapenem compound, such as compound (1), imipenein.

[6086] In light of the guidance provided herein, it is further contemplated that any of the sxemplary
engineered pelypeptides of SEQ ID NO: 4, 6,8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36,
38,40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 88, 90,
92, 94, 96, 98, 100, 102, 104, 106, 108, 110, 112, 114, 116, 118, and 120 can be used as the starting
aming acid sequence for synthesizing other engineered pINE esterase polypeptides, for example by
subscquent rounds of evolution by adding new combinations of various amino acid differences from
ether polypeptides in Table 2, and other residue positions described herein. Further improvenemns
may be generated by inchuding smino acid differences at residue positions that bad been maintained as
utichanged throughout earlier rounds of évolution.

16087} Accordingly, in some embodiments, the present disclosure provides enginecred polypeptides
having pNB esterase activity, and optionally improved properics in converting a pNB-protected

substrate of compound (2) to a deprotected product compound (1) as compared to a reference
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polypeptide of SEQ 1D NO:4, wherein the polypeptide comprises an amino acid sequence having at
icast R0%, 83%, 6%, 87%, 88%, &9%, 90%, 91%, 92%, 93%, 04%, 95%, 96%, 97%, 98%, 99% or
more sequence identity to reference sequence SEQ 1D NO: 2 and one or more residue differences as
compared to SEQ 1D NO:2 at residue positions selected from X108, X113, X116, X130, X193, X214,
X219, X273, X276, X321, and X362. In some embodiments, the specific amine acid residue
differences as compared to SEQ ID NO: 2 at residue positions X108, X115, X116, X130, X1 93,
X214, X219, X273, X276, X321, and X362, are selected from: X1 OBL/SY, X1150Q/W, X1168, X130T,
X164T, X193A/D/ENV, X214G, X219A/D/LIV, X2T3AEITIV, X2T6A/T/L, X321 A, and
X362A/DIQISIV.

[0088] Tn some embodiments, the present disclosure provides an enginecred polypeptide having pNB
esterase activity that comprises an amino acid sequence having at least 80%, 85%, 86%, 87%, 88%,
20%, 90%, 1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 8% ot mere sequence wlentity to reference
sequence SEQ ID NO:2 and ons or more residue differences as compared to SEQ ID NO: 2 at residue
positions selected from as compared to SEQ TD NO:2 at residue positions X108, X115, X193, X219,
X273, X276, and X362 are selected from: X108L/Y, X11 SQ/W, X193A/MDVENV, X219A/DIL/V,
X2TIAEITIV, X2T6AT/L, end X362A/D/Q/S/V.

(0089] In some embodiments, the present disclosure provides an engineered pelypeptide having pNB
esterase activity comprises an amino acid sequence having at feast 80% identity to a refére.nca.
sequence of SEQ 1D NO: 2 and one or more residue differences as comnpared to SEQIDNG: 2
selected from: X108L/Y, X193A/D/E/V, X219A/DIL/V, X2T3A/ETIV, and X362A/D/Q/S/V.

[6096] In some embodiments, the engineered polypeptide having pNB csterase activity comprises an
amino acid sequence having at least 80% identity to a reference sequence of SEQ 1D NQO: 2and a
residue difference as compared to SEQ ID NO: 2 at position X193 sclected fronu: X193A/D/E/V. Tn
some embodiments, the amino acid residue difference as compared to SEQ TD NO: 2 at position X193
is X193V,

{6891] In some embodiments, the engineered polypeptide having pNB esterase activity of the présent
disclosure comprises an amino acid sequence having at teast 80% identity to a reference sequence of
SEQ ID NO: 2, and an amino acid difference as compared to SEQ D NOG: 2 of X193V, and further
comprises residue differences as compared to SEQ ID NO: 2 at positions X219 and X273 selected
from X210L/V and X273A/V. In some embodiments, the amino acid sequence further comprises
residue differences as compared to SEQ ID NO: 2 at positions X108 and X362 selected from
X108L/Y and X362A/D/Q/S/V. In still further embodiments, the engineered polypeptide further
comprises a residue difference as compared to SEQ TD NG: 2 at position X115 selected from
HU13Q/W.
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{6692} In some embodinents, the engineered polypeptide having pNB esterase activity of the present
disclosure comprises an amino acid sequence having at least 80%, 85%, 86%%, 87%, 88%, ¥9%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more identity to a reference sequence selected
from SEQ ID NO: 4,6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38,40, 42, 44, 46, 48,
30, 52, 54, 56, 58,60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100},
102, 104, 106, 10§, 110, 112, 114, 116, 118, and 120, and one or more residue differences as
compared to SEQ ID NO:2 at residue positions X108, X115, X116, X130, X193, X214, X219, X273,
X276, X321, and X362. Tn some embodiments, the specific residuc differences as compared to SEQ
1D NO:2 at residue positions X108, X115, X116, X130, X193, X214, X219, X273, X276, X321, and
X362 are selecied from: XI108BL/Y, X115Q/W, X168, X 130T, X164T, X193A/D/E/V, X214G,
K219A/DILIV , X2TIAEITIV, X2T6A/TIL, X321 A, and X36ZA/D/Q/S/V. In some embodiments, the
reference sequence is selected from SEQ ID NO: 4, 12, 20, 36, 38, 54, 76, 30,88, 112, and 116. In
some embodiments, the reference sequence is SEQ ID NO:4. Insome embodiments, the reference
sequence is SEQ IDNO:12. In some embediments, the reference sequence is SEQ ID NO:36. In
some embodiments, the reference sequence is SEQ 1D NO:38. In some embodiments, the reference
sequence is SEQ TD NO:54. Tn some embodiments, the reference sequence is SEQ ID NO:76. In
some embodiments, the reference sequence is SEQ D NC:R0. In some embodiments, the reference
sequence is SEQ ID NO:88. In some embodimenis, the reference sequence is SEQ ID NO:112. In

some embodiments, the reference sequence is SEQ ID NO:116.

[0023] In some embodiments, the enginecred polypeptide having pNB esterase activity of the present
disclosure coniprises an amine acid sequence having at least 80%, 85%, §6%, R7%, 88%, 89%, 00%,
91%, 92%, 93%, 94%, 95%, 9695, 97%, 98%, 99% or more identity o a reference sequence selected
from SEQID NO: 2,4, 6, 8, 10,12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38,40, 42, 44, 46,
48, 50, 52,54, 56, 58, 64, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100,
102, 104, 106, 108, 110, 112, 114, 116, 118, and 120, and a combination of residue differences as
compared to SEQ 1D NO: 2 selected from: () X193V, X219V, and X2734; (b) X108Y, X1930,
X219V, X273 A, and X3628; (c) X 108Y, X193V, X219V, X273A, and X362Q; (dy X108Y, X115(,
X193V, X2191, X2734, and X362Q; and (2) X108Y, X 115Q, X193V, X219V, X273A, and X362Q.

{6694] In some embodiments, the engineered polypeptides having pNB csterase activity disclosed
above (and elsewhere herein) can have additional residue differences at other residue posifions. In
some embodiments, the engingered pNB esterases can have 1-2, 1-3, 1-4, 1-5, i-6,1-7, 1-8, 1-9, 1-10,
1.5, 1-20, 1-21, 1-22, 1-23, 1-24, 1-25, 130, 1-35, 140, 1-45, or 1-50 additional residue diffcrences
as compared to SEQ ID NO:2. Tn some embodiments, the engincered pNB esterases can have 1, 2,3,
4,5,6,7,8,9,10,11,12, 15, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 30, 30, 35, 49, 45, or 50

additional residue differences. In some embodiments, the amino acid sequence has additionally 1, 2,
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3.4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 18, 20, 21, 22, 23, 24, or 25 residue differences as
compared to SEQ ID NO: 2.

[0095] In some embodiments, the engineered polypeptide having pNB esterase activity of the present
disclosure comprises an amino acid sequence having at least 80% identity to a reference sequence of
SEQ ID NQ: 2, one ot more amino acid residue difference as compared to SEQ 1D NO: 2 selected
from X108L/Y, X115Q/W, X193A/DE/V, X219A/D/LIV, X2T3A/E/T/V, and X362A/D/Q/S/V, and
the amino acid sequence further comprises one or more residue differences as compared to SEQ ID
NO: 2 selected from: X1168, X130T, X164T, X214G, X276A/T/L.; and X321A. In some
embodiments, the amino acid sequence can further comprise a residue difference as gompared to SEQ
1D NO: 2 selected from: X49G, X94G, X968, X227T, X251V, X267R, X271L, X274L, X313F,
X322C/Y, X343V, X356R, X359A, X398L, X412E, X437T, X464A, and X481R.

[#696] The engineered pNB csierase polypeptide of SEQ ID NCG:2 comprises the following seven
amino acid differences as compared to the wild-type pNB esterasc of Bacillus subtilis (GenBank
Access. No.: AAASTD15.1, GT:468046); 160V, L144M, P3178, H322R, L3348, M358V, and Y3T70F.
Accordingly, in some embodiments, the present disclosure provides an engineered polypeptide having
pNB-esterase activity comprises an amino acid sequence having at least 80% identity to SEQ ID NO:
2, and of any of the amino acid differences as compared to SEQ 1D NO: 2 as disclosed herein (i.e., as
disclosed in the exemplary polypeptides of SEQ TD NO: 4-120 of Table 2), but in which the amino
acid sequence does not compfise a residus difference as compared to SEQ ID NQ: 2 at a posttion
selected from: X60, X144, X317, X322, X334, X358, and X370.

[0097] As will be appreciated by the skilled artisan, in some embodiments, one or a combination of
residue differcnces above that is-selected can be conserved in the engineered pNI3 esterases as acore
sequence (or feature), and additional residue differences at other residue positions incorporated into
the core sequence to generate additional engineered pNB esterase polypeptides with improved
properties. Accordingly, it is to be understood for any enginéered pINB esicrase containing one or a
subset of the residue differences above, the present disclosure contemplates other engineered pNB
esterases that comprise the one or subset of the residue differences, and additionally one or more
residue differences at the other residue positions disclosed herein. By way of example and not
limitation, an engincered pNB esterase comprising a residue difference at residue position X193, can
further incorporate one or more residue differences at the other residue positions, e.g., X108, X115,
X116, X130, X214, X219, X273, X276, X321, and X3062. Another example is an engineered pNB
esterase comprising a residne difference at residue position X273, which can further comprise one or
more residue differsnces ai the other residue positions, e.g., X108, X115, X116, X130, X193, X214,
X219, X276, X321, and X362. For each of the foregoing embodiments, the engincered pNB csterase
can further comprise additional residue differences selected from: X108L/Y, X11 SG/W, X1165,

]
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XI307, X164T, X193A/D/E/V, X214G, X215A/D/L/V, X2T3ARTIV, X2T6A/T/L, X321A, and
X36ZAMIQ/BIV.

{6898] In some embodiments, the enginccre:d pNB esterase polypeptide is capable of converting the
substrate compound (2) to the product compound (1) with at least 1.2 fold, 1.5 fold, 2 fold, 3 fold, 4
fold, 5 fold, 10 fold, or more activity relative to the activity of the reference polypeptide of SEQ TD
NO: 4. In some embodiments, the engineered pNB esierase polypeptide capable of converting the
substrate compound (2) to the product compound (1) with at least 1.2 fold, 1.5 fold, 2 fold, 3 fold, 4.
fold, 5 fold, 10 fold, or more activity relative to the activity of the reference polypeptide of SEQ ID
NO:4 comprises an amino acid sequence having one or more vesidue differences us compared to SEQ
I NO:4 at a position selected frome X108, X115, X116, X130, X193, X214, X218, X273, X276,
X321, and X362, wherein the specific residue difference is selected from: XI108L/Y, X115Q/W,
X1165, X130T, X164T, X193A/D/E/V, X214G, X219A/D/LV, X2T3AETIV, X276A/T/L, X321A,
and X362A/D/Q/8/V. Insome embodiments, the suitable reaction conditions are Reaction Conditions
A as disclosed in Table 2. In some embodiments, the engineered pNB esterase polypeptide capable
of converting the substrate compound (2) to the product compound (1) with at least 1.2 fold the
activity relative to SEQ ID NO:4 comprises an amino acid sequence selected from: SEQ ID NO: 6, 8,
10, 12, 14,16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38,40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62,
64, 66, 68,70, 78,82, 84, 86, 88, 92, 94, 56, 98, 100, 102, 104, 106, 108, 110, 112, 114, 116, and 120.

{8098} In some embodiments, the engineered pNB osterase having pNB esterase activity comprises
an amino acid sequence having at least 80%, 85%, 86%, 7%, 88%, 89%, 90%, 91%, 92%, 93%,
4%, 95%, 96%, 97%, 98%, or $9% identity to one of SEQID 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, 8, 82, B4, 86, 88, 90, 92, 94, 96, 98, 100, 102, 104, 106, 108, 110, 112, 114, 116, 118, and 120,
and the amino acid residue differences as compared to SEQ ID NO:2 present in any one of SEQ 1D
NO:4,6,8,10,12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 33,40, 42, 44, 46, 48, 50, 52, 54, 56,
58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100, 102, 104, 106,
108, 110, 112, 114, 116, 118, and 120, as provided in Table 2.

[6108] In addition to the residue positions specified above, any of the cngineered pNB estorase
polypeptides disclosed herein can further comprise other residue differences relative to SEQ ID NO:2
at other residue positions, i.c., residue positions other than X108, X115, X116, X130, X193, X214,
X219, X273, X276, X321, and X362. Residue differences at these other residue positions movide for
additional variations in the amino acid sequence without adversely affecting the ability of the
polypeptide to carry out the pNB esterase reaction, such as the conversion of compound (2) to
compound (1). Accordingly, in some embodiments, in addition to the amine acid residue differences
of any one of the engineercd pNB esterase polypeptides selected from SEQ TD 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,
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70,72, 74,76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100, 102, 104, 106, 108, 110, 112, 114, 116,
118, and 120, the sequence can further comprise 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-11, 1-12,
1-14, 1-15, 1-16, 1-1§, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35, 1-40, 1-45, or 1-50 residue differences at
other smino acid residus positions as compared to the SEQ ID NO: 2. In some emabodiments, the
nurober of amino acid residue differences as compared to the reference sequencecanbe 1,2,3, 4, 5,
6,7.8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 30, 30, 35, 40, 45 or 50 residue
positions. The residue difference at these other positions can include conservative changes or non-
conservative changes. In some embodiments, the residue differences can comprise conservative
substitutions and non-conservative substitutions as compared to the wild-type pNB esterase

polypeptide of B. subtilis or the engincered pNB esterase polypeptide of SEQ ID NO: 2.

[0101] Amino acid residue differences at other positions relative to the wild-type pNB esterase of B
subiilis or the engincered polypeptide of SEQ 1D NO: 2 and the effect of these differences on enzyme
function are described for other enginecred pNB esterase polypeptides in U.S. Pat. Nos. 5,906,930
and 5,945,325, each of which is incorporated by reference herein, and in the following publications,
each of which is incorporated by reference herein: Moore et al., “Directed evolution of a para-
nitrobenzyl esterasc for aqueous-organic solvents,” Nature Biotechnology 14: 458-467 (1 996}); Moore
et al. “Strategies for the in vitro Evolution of Protein Function: Enzywe Evolution by Random
Recombination of Improved Sequences,” J. Mol. Biol. 272:336-347 (1997); Giver et al., “Directed
evolution of a thermostable esterase,” Proc. Natl. Acad. Sci. USA 95: 12809-12813 (Oct. 1998).
Accordingly, in some embodiments, one or more of the amino acid differences as compared to the
sequence of SEQ ID NO: 2 can also be introduced into an engineered pNB esterase polypeptide of the
present disclosure at residue positions selected from X49, X94, X096, X227, X251, X267, X271,
X274, X313, X322, X343, X356, X359, X398, X412, X437, X464, and X481. In paticular, the
amino acid residues at the foregoing positions can be selected from the following: X49G, X94G,
X965, X227T, X251V, X267R, X271L, X274L,, X313F, X322C/Y, X343V, X356R, X359, X398L,
X412F, X437T, X464A, and X481R. Guidance on the choice of the amino acid residues at these

residue positions and their effect on desirable enzyme properties can be found in the cited references.

[#102] In some embodiments, the present disclosure also provides engineered pNB esterase
polypeptides that comprise a fragment of any of the engineered polypeptides described berein that
retains the functional activity and/or improved property of that engineered piNB eslorase.
Accordingly, in some embadiments, the present disclosure provides a polypeptide fragment having
pNB esterase activity, such as in converting cormpound (2) to compoumd (1} under suitable reaction
conditions, wherein the fragment comprises at Ieast about 80%, 90%, 95%, 96%, 97%, 98%, or 99%
of a full-length amino acid sequence of an engineered pNB esterase polypepiide of the present
disclosure, such as an exemplary engineered pNB esterase polypeptide selected from SEQ IDNO: 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,
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62, 64,66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 8R, 90, 92, 94, 96, 98, 100, 102, 104, 106, 108, 110,
112, 114, 116, 118, and 120.

{8103] In some embodiments, the engineered pNB esterase polypeptide can have an amino acid
sequence comprising a deletion of any one of the engineered pNB esterase polvpeptides described
herein, such as the exemplary engineered polypeptides-of SEQ ID NO: 4, 6, 8, 10, 12, 14, 16, 18, 20,
22,74,26,28, 30,32, 34, 36, 38,40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74,
76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100, 102, 104, 106, 108, 110, 112, 114, 116, 118, and
120. Thus, for each and every embodiment of the enginecred PpNE esicrase polypeptides of the
disclosure, the amino acid sequence can comprise deletions of one or more amino acids, 2 or more
amino acids, 3 or more amino acids, 4 or more amine acids, 5 or more amino acids, 6 or more amino
acids, & or more amino acids, 10 or more amino acids, 15 or more amino acids, or 20 or more amino
acids, up to 10% of the total number of amino acids, up to 10% of the otal number of amino acids, ap
t6.20% of the total number of amino acids, or up to 30% of the total number of amino acids of the
PNB esicrase polypeptides, where the associated fimctional activity and/or improved propertics of the
engineered pNB esterase 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, 1-9, 1-10, 1-15, 1-20, 1-21, 1-22, 1-23, 1-24, 1-25, 1-30, 1-
35, 1-40, 1445, or 1-50 mmino acid residues. In some embodiments, the number of deletions can be i,
2,3,4,5,6,7.8,9,10,11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 30, 30, 35, 40, 45, or
50 amine acid residucs. In some embodiments, the deletions can comprise deletions of 1,2, 3,4, 5, 6,
7,8,8, 10,11, 12, 13, 14, 15, 16, 18, 20, 21, 22, 23, 24, or 25 amino acid residues.

[6104] In some embodiments, the engincered pNB esterase polypeptide herein can have an amino
acid sequence comprising an insertion as compared to any one of the engineered pNB esterase
polypeptides described herein, such as the exemplary engineered polypeptides of SEQIDNG: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, 36, 58, 6§, 62,
64, 66, 68,70, 72,74, 76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100, 102, 104, 106, 108, 110, 112,
134,116, 118, and 120. Thus, for cach aud every embodiment of the pNB esterase polypeptides of
the disclosure, the insertions can comprise one or more aming acids, 2 or more aming acids, 3 or more
amnino acids, 4 or more amino acids, 3 or more amino acids, 6 or more amino acids, ¥ or more amino
acids, 10 or more amino acids, 15 or more amino acids, 20 or more amino acids, 30 or more amino
acids, 40 or more amino acids, or 50 or more amino acids, where the associated functional activity
and/or improved properties of the engineered pNB estarase described herein is tnaimtained. The

insertions can be to amino or carboxy terminus, or internal portions of the pINB esterase polypeptide.

[6188] In some embodiments, the engineered pNB esterase polypeptide herein can have 2n amino
acid sequence comprising a sequence selected from SEQ 1D NO: 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24,
26,28, 30, 32, 34,36, 3840, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78,
80, 82, 84, 86, 88,90, 92, 94, 96, 98, 100, 102, 104, 106, 108, 110, 112, 114, 116, 118, and 120, and
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optionally one o7 several (e.g., up to 3, 4, 5, or up to 10} amine acid residue deletions, insertions
and/or substitutions. In some embodiments, the amino acid sequence has optionally 1.2, 1-3, 1-4, 1-5,
1-6, 1-7, 1-8, 1-9, 1-10, 1-15, 1-20, 1-21, 1-22, 1-23, 1-24, 1-25, 1-30. 1-35, 1-40, 1-45, or 1-50 amino
acid residue deletions, msertions and/or substitutions. In some embodiments, the amino acid sequence
hes optionally 1,2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 1%, 20, 21, 22,23, 24,25, 30,
30, 35, 40, 45, or 50 amino acid residue deletions, insertions andfor substifutions. In some
embodiments, the amino acid sequence has optionally 1,2, 3,4, 5, 6, 7,8.9,10, 11,12, 13, 14, 15,
16, 18, 20, 21, 22, 23, 24, or 25 amino acid residue deletions, insertions and/or sobstitutions. In sonie

embodiments, the substitutions can be conservative or non-conservative substitutions.

[6106] In some embodiments, the present disclosure provides an engineerad polypeptide having pINB
gsterase activity, which polypeptide comprises an amino acid sequence having at least 80%, 85%,
86%, §7%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identity to 2
sequence sclected from SEQ 1D NO: 4,6, §, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36,
38.40. 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 36, &8, 90,
92, 94, 96,98, 100, 102, 104, 106, 108, 110, 112, 114, 116, 118, and 124, with the proviso that the
amyino 2cid sequence is not identical to (that is, it excludes) any of the exemplary engineered pNiB
esterase polypeptide amino acid sequences disclosed in the following publications: U.S. Pat. No.
5.906,930; U.S. Pat. No. 5,945,325; Moore ef al., “Directed evalution of a para-nitrobenzyl esterase
for aqueous-organic solvents,” Nature Biotechnology 14: 458-467 (1996); Moore et al. “Strategies for
the i vitro Evolution of Protein Function: Enzyme Evolution by Random Reconibination of
Improved Sequences,” J. Mel. Biol. 272:336-347 (1997); and Giver ot al., “Directed evolution of a
{hermostable esterase,” Proc. Natl. Acad. Sei. US4 95: 12809-12813 (Oct. 1998}

[6167] In the above embodiments, the suitable reaction conditions for the enginesred polypeptides

can be those described in Table 2, the Examples, and elsewhere herein.

[6188] In some embodiments, the engineered polypeptides of the disclosure canbe in the form of

fasion pokypeptides in which the engincered polypeptides are fused to other polypeptides, such as, by
way of example and not limitation, antibody tags (e.g., myc epitope), purification sequences (e.g., His
tags for binding to metals), and cell localization i onals (e.g., secretion signals). Thus, the engineered

palypeptides described herein can be used with or without fisions to other polypeptides.

[6109] It is to be understood that the engineered polypeptides desceibed herein are not restricted to
the genetically encoded amino acids. In addition to the gepeticaily encoded amino acids, the
polypeptides deseribed herein may be comprised, cither in whole or in part, of naturaily-occurring
and/or synihetic non-cncoded amino acids. Certain commonly encountered nen-encoded amino acids
of which the polypeptides described herein may be comprised include, but are not limited to: the D-

stercoisomers of the genetically-encoded amino acids; 2,3-diaminopropionic acid {Dpr);
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o-aminoisobutyric acid (Aib); s-aminohexanotc acid (Aha); S-aminovaleric acid (Ava); N-
methylglycine or sarcosine (MeGly or Sar); ornithine (Ormn); citrulline (Cit); t-butylalanine (Bua); t-
butylglycine (Bug); N-methylisoleucine {Melle): phenylglycine (Phg); cyclohexylalanine (Cha);
porleucine (Nie); naphthylalanine (Nal); 2-chlorophenylalanine {Ocf); 3-chlorophenylalanine (Mcf);
4-chlorophenylalanine (Fef); 2-flucrophenylatanine {(Off); 3-fluorophenylalanine (MfT);
4-thiorophenylalanine (Pff); 2-bromophenylalanine (Obf); 3-bromophenylalanine (Mbf); 4-
bromophenylalanine (Pbf); 2-methylphenylalanine (Omif); 3-methylphenylalanine (Mmf); 4-
methylphenylalanine (Pmf); 2-nitrophenylalanine (Onf); 3-nitrophenylalanine (Mnf); 4-
nitrophenylalanine (Paf); 2-cyanophenylalanine (Ocf); 3-cyanophenylalaning (MeD); 4-
cyanophenylalanine (Pef); 2-triflucromethylphenylalanine (Otf); 3-trifluoromethyiphenylalanine
(Mtf); 4-nrifluoromethylphenylatanine (Ptf); 4-aminophenylalanine (Paf); 4-iodophenylalanine (Pif);
4-aminotmethylphenylalanine (Pamf); 2,4-dichlorophenylalanine (Opef); 3,4-dichlorophenylalanine
(Mpcet); 2,4-difluorophenylalanine {Opff); 3.4-difluorophenylalanine (Mpff}; pyrid-2-yialanive
{ZpAla); pyrid-3-ylalanine (3pAla); pyrid-4-ylalanine (4pAla); naphth-1-ylalunine (1nAla); naphth-2-
ylalanine (ZnAla); thiazolylalanine (taAla); benzothienylalanine (bAla); thienylalanine {tAla);
furylalanine (fAla); homophenylalanine (hPhe); homotyrosine (WTyr); homotrypiophan (hTrp);
pentafluorophenylalanine (Sff); styrylkalanine (sAla); authrylalanine (aAla); 3,3-diphenylalanine
(Dfa); 3-amino-5-phenypentanoic acid (Afp); penicillamine (Pen): 1.2.3,d-tetrahydroiscquinoline-3-
carboxylic acid (Tic); B-2-thienylalanine (Thi); methionine sulfoxide (Mso); N{w)-nitroargininc
{nArg); homolysine {hLys); phosphonomethylphenylalanine (pmPhe); phosphoserine { paer);
phosphothreonine (pThr); homoaspartic acid (hAsp); homoglutanic acid (hGlu); 1-aminocyclopent-(2
or 3}-cue-4 carboxylic acid; pipecolic acid (PA), azetidine-3-carboxylic acid {(ACA); 1-
atninocyclopentane-3-carboxylic acid; allylglycine (aOly); propargylglycine (pgGly); homoalanine
(hAla); norvaline (nVal); homoleucing (hLew), homovaline (hVal); homoisoleucine (hile);
homoarginine (hArg); N-acetyl lysine (AcLys); 2,4-diaminobutyric acid (Dbu); 2,3-diaminobutyric
acid (Dab); N-methylvaline (MeVal); homoeysteine (hCys); homoserine (hSer); hiydroxyproline
(Fyp) and homoproline (hP1o). Additional non-encoded amino acids of which the polypeptides
described herein may be comprised will be apparent to those of skill in the ast {see; e.g., the various
amino acids provided in Fasman, 1989, CRC Practical Handbook of Biochemistry and Molecular
Biology, CRC Press, Boca Raton, FL, at pp. 3-70 and the references cited therein, all of which are

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

[8118] Those of skill in the art will recognize that amino acids or residues bearing side chain
proteciing groups may also comprise the engincered polypeptides described herein. Non-limiting
examples of such protected amino acids, which in this case belong to the aromatic category, include

(protecting grovps listed in parentheses), but are not limited to: Arg(tos), Cys(methyibenzyl), Cys
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(nitropyridinesutfenyl), Glu(5-benzylester), Gla(xanthyl), Asn(N-d-xanthyl), His{bom), His(benzyl),
His(tos), Lys(fmoc), Lys(tos), Ser{OQ-benzyl), Thr (O-benzyl) and Tyr{O-benzyl).

[6111] Non-encoding amino acids that are conformationally constrained of which the engineered
polypeptides described herein may be composed include, but are not limited to, N-methy! amino acids
(L-configuration); 1-aminocyclopent-(2 or 3)-ene-4-carboxylic acid; pipecolic acid; azetidine-3-

carboxylic acid; homoproline (hPro); and 1-aminocyclopentane-3-carboxylic actd.

{6112] Tn some embodiments, the engineered pNB esterase polypeptides can be provided on a solid
support, such as a membrane, resin, solid carrier, or other solid phase material. A solid suppott can be
composed of organic polymers such as polystyrene, polyethylene, polypropylens, polyfluorocthylene,
polyethylencoxy, and polyacrylamide, as well as co-polymers and grafts thereof. A solid supportcan
also be inorganie, such as glass, silica, controlled pore glass { C_;‘PG}, reverse phage silica ot metal, such
as gold or platinura. The configuration of a solid support can be in the form of beads, spheres,
particles, granules, a gel, a membrane or a suiface. Surfaces can be planar, substantially planar, or
non-planar, Solid supports can be porous or non-porous, and can have swelling or non-swelling
characteristics. A solid support can be configured in the form of a well, depression, or other

container, vessel, feature, or location.

[0113] In some embodiments, the engincered polypeptides having pINB esterase activity of the
present disclosure can be immobilized on a solid support such that they retain their improved activity,
and/or other tmproved properties relative to the reference pelypeptide of SEQ D NO: 4. In such
embodiments, the immobilized engineered pNB esterase polypeptides can facilitate the biocatalytic
conversion of pNB-protected substrate of compound (2), or other structuralty analogous pNB-
protected substrate compounds, to the deprotected product compound (1), imipenem, ora
corresponding strictural analog product carbapenem, and after the reaction is complete are easily
tetained (2.g., by retaining beads on which polypeptide is imobilized) and then reused or recycled in
subsequent reactions. Such immobilized enzyme processes allow for further efficiency and cost
reduction. Accordingly, it is further contemplated that any of the methods of using the enginecred
pNB esterase polypeptides of the present disclosure can be carried out using the same engineered pNB

«esterase polypeptides bound or immobilized on a solid support.

[0114] Methods of enzyme immobilization are well-known in the art. The engineered pNB esterase
polypeptide can be bound non-covalently or covalently. Various general methods for conjugation and
imumobilization of enzymes fo solid supports {e.g., resins, membranes, beads, glass, efc.) are well
known in the art and described in e.g.,r Yiet al,, “Covalent immobilization of co-transaminase from
Vibrio fluviclis JS17 on chitosan beads,” Process Biochemistry 42(3): £95-808 (May 2007); Martin ef
al., “Characterization of free and immobilized (S)-aminotransferase for acetophenone production,”

Applied Microbiology and Biotechnology 76(4). 843-851 (Sepi. 2007}, Koszelewsk ef @i,
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“Tmobilization of w-transaminases by encapsulation in a sol-gel/celite matrix,” Jowrnal 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 a Key Intermediate to Odanacatib,”
Organic Process Research & Development, published ounline: dx.doi.org/10.1021/0p200157¢;
Hermanson, G.T., Bicconjugate Techniques, Second Edition, Academic Press (2008); Mateo ef af,
“Epoxy sepabeads: a novel epoxy support for stabilization of industrial enzymes via very intense
multipoint covalent attachment,” Bictechnology Progress 18(3):629-34 (2002); and Bicconjugation
Protocols: Strategies and Methods, In Methods in Molecular Biology, C.M. Niemeyer ed., Humana

Press {2004); the disclosures of each which are incorporated by reference herein,

{8115] Solid supports useful for immobilizing the engineered pNB esterases of the present disclosure
include but are not limited to beads or resins comprising polyvinethacrylate with epoxide functional
groups, polymethacrylaie with amino epoxide fumctional groups, styrene/DVE copolvmer or
polyinethacrylate with octadecyl functional groups. Exemplary solid supports useful for
inimobilizing the engineered pNB esterases of the present disclosure include, but are not limited to,
chitosan beads, Hupergit C, and SEPABEADs (Mitsubishi), including the following different types of
SEPABEAD: EC-EP, EC-HFA/S, EXA252, EXE119 and EXE120.

[8116] Insome embodiments, the engineered polypeptides can be in various forms, for example,
such as an isolated preparation, as a sabstantially parified enzyme, whole cells transformed with
gene(s) encoding the enzyme, and/or as cell extracts and/or lysates of such cells. The enzymes can be

lyophilized, spray-dried, precipitated or be in the form of a crude pasie, as further discussed below.

[6117] In some embodiments, the engineered polypeptide described herein can be provided in the
form of kits. The enzymes in the kits may be present individually or as a plurality of enzymes, The
kits can further include reagents for carrying out the enzymatic reactions, substrates for assessing the.
activity of enzymes, as well as reagents for detecting the produets. The kits can also include reagent

dispensers and instructions for use of the kits,

{8118] In some embodiments, the engineered polypeptides can be provided on the solid suppori in
the form of an array in which the polypeptides are arranged in positionally distinct locations, The
array ¢an be used to test a variety of substrate compounds for conversion by the polypeptides. A
plarality of supports can be configured on an array at various locations, addressable for robotic
delivery of reagents, or by detection methods and/or instruments. Various methods for conjugation to
substrates, e.g., membranes, beads, glass, etc. are deseribed in, among others, Hermanson, G.T.,
Bioconjugate Techmiques, 2* Edition, Academic Press; (2008), and Biocomjugation Protocols:
Strategies and Methods, In Methods in Molecular Biclogy, C.M. Nicmeyer ed., Humana Press (2004);
the disclosures of which are incorporated herein by réference. In some embodiments, the kits of the

present disclosure include arrays comprising a plurality of different engineered polypeptides disclosed
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herein at different addressable position, wherein the different polypeptides are different variants of a
reference sequence each having at Ieast one different improved enzyme property. Such amrays
comprising a plurality of engineered polypeptides and methods of their use are described in e.g.,
WO2009008908.

54 Polynucleotides Encoding Engineered Polypeptides, Expression Vectors and
Host Cells

{61191 In another aspect, the present disclosure provides polynucleotides encoding the engineered
pNB esterase polypeptides described herein. The polynucleotides may be operatively linked to one or
more heterologous regulatory sequences that control gene expression to creute 4 recombinant
polynuclectide capable of expressing the polypeptide. Expression construeis containing a
heterologous polynucieotide encoding the engineered pNB esterase can be introduced into appropriate

host cells 1o express the corresponding pNB esterase polypeptide.

[8128] 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.
polynucieotides capable of encoding the subject polypeptides. The degeneracy of the genetic code,
where the same amino acids are encoded by alternative or synonymous codons, allows an extremely
large number of nucleic acids to be made, all of which encode the improved pNB esterase enzymes.
Thus, having knowledge of a particular amino acid sequence, those skilled in the art could moake any
number of different nucleic acids by simply medifying the sequence of one or more codons in a way
which does not change the amino acid sequence of the protein. In this regard, the present disclosure
specifically contemplates each and every possible variation of polynucieotides that could be made
encoding the polypeptides described herein by selecting combinations based on the possible codon
choices, and all such variations are to be considered specifically disclosed for any pelypeptide
described herein, including the amino acid sequences presented in Table 2, and disclosed in the
Sequence Listing incorporated by reference herein as SEQ ID NO: 2, 4, 6, 8, 10, 12, 14,16, 18, 20,
72,24, 26, 28, 30, 32, 34, 36, 38,40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74,
76, 78, 80, 82, 84, 86, 88, 90, 92, 94,96, 98, 100, 102, 104, 106, 108, 110, 112, 114, 116, 118, and
120.

10121] Invarious embodiments, the codons are preferably selected to fit the host cell in which the
protein is being produced. For example, preferred codons used in bacteria are used for expression in
bacteria; preferred codons used in yeast are used for expression in yeast; and preferred codons used in
mammals are used for expression in mammalian cells. In some embodiments, all codens need not be
replaced to optimize the codon usage of the pNB esterases since the natural sequence wilk comprise
preferred codons and because use of preferred codons may not be required for all amino acid residues.

Consequently, codon optimized polynucieotides encoding the pNB esterase enzymes may contain
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prefetred codons at about 40%, 50%, 60%, 70%, 80%, or greater than 90% of codon positions of the

full length coding region.

[¢122] In some embodiments, as described above, the polynucicotide encodes an engineered
polypeptide having pNB esterase activity with the properties disclosed herein, such as the ability to
convert the substrate compoeund (2} to the produet compound (1), where the polypeptide comprises an
aminge acid sequence having at least 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99% or more identity to a reference sequence selected from SEQ ID NO: 4, 6,
8,10,12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38,40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62,
64, 66, 68, 70, 72,74, 76, 78, RO, 82, 84, 86, 88, 90, 92, 94, 95, 98, 100, 102, 104, 106, 108, 110, 112,
114, 116, 118, and 120, end one or more residue differences as compared to the reference polypeptide
of SEQ ID NO:2 at residue positions X108, X115, X116, X130, X193, X214, X219, X273, X276,
X321, and X362, In some embodiments, the specific residuc differences as compared to SEQ ID
N2 at vestdue positions X108, X115, X116, X130, X193, X214, X219, X273, X276, X321, and
X362 are selected from: X108L/Y, X115Q/W, X1168S, X 130T, X164T, X193A/D/E/V, X214G,
K2ZI9A/D/LIV, X2T3AJETIV, X276 AT/, X321A, and X362A/D/Q/S/V. In some embodiments, the
reference sequence is selected from SEQ D NO: 4, 12, 20, 36, 38, 54, 76, 80, 8%, 112, and 116, In
some embodiments, the reference sequence is SEQ ID NO:4, In some embodiments, the reference
sequence is SEQ TD NO:12. In some embodiments, the reference sequence is SEQ TD NO:36. In
sone embodiments, the reference sequence is SEQ 1D NO:28. In some embodiments, the reference
sequence is SEQ ID NO:54, In some embodiments, the reference sequence is SEQ ID NO:76. In
some embodiments, the reference sequence is SEQ 1D NO:80. It some embodiments, the reference
sequence s SEQ ID NO:88. In some embodiments, the reference sequence is SEQ ID NO:112. In

some embodiments, the reference sequence is SEQ 1D NO:116.

{8123} In some embodiments, the polynuclectide encodes an engineered polypeptide having pNB
esterase activity with the properties disclosed herein, wherein the polypeptide comprises an amino
acid sequence having at least 80%, 85%, 86%, 87%, 88%, §9%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99% or more sequence identity to reference sequence SEQ 1D NO:2 and one or
more residue differences ag compared to SEQ ID NO: 2 at residue positions selected from as
compared to SEQ 11D NO:2 at residue positions X108, X115, X193, X219, X273, X276, and X362 are
selected from: X108L/Y, XT115Q/W, X193A/MD/E/V, X219A/D/LIV, X2T3AEITIV, X2T6A/T/L., and
X362A/DHYSIV.

{8124] In some embodiments, ihe polynucleotide encodes an engineered polypeptide having pNB
esterase activity, wherein the polypeptide comprises an amine acid sequence having at least 80%,
85%%5, B6%, 87%, 88%, 89%, 90%, 91%%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% of more
sequence identity o reference sequence SEQ ID NO:2 and at least & combination of residue

differenices as compased to SEQ ID NO: 2 selected from: (2) X193V, X219V, and X273A; (b)
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X108Y, X193D, X219V, X273A, and X362S; (o) X108, X193V, X219V, X273 A, and X362Q; (d)
X108Y, X115Q, X193V, X219L, X273A, and X362Q; and () X108Y, X115Q, X193V, X214V,
X273A, and X362Q.

[8125] In some embodiments, the polynucleotide encodes an engineered polypeptide having pNB
esterase activity, wherein the polypeptide comprises an amino acid sequence having at least 30%,
R5%, B6%, 7%, R8%, 89%, 90%%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identity toa
reference polypeptide selected from any one of SEQ ID NO: 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26,
28, 30, 32, 34, 36, 38,40, 42, 44, 46, 48, 30, 52, 54, 56, 58, 60, 62, 64. 66, 68, 70, 72, 74,76, 78, 80,
§2, 84, 86, 88, 90, 92, 94, 96, 98, 100, 102, 104, 106, 10§, 110, 112, 114, 116, 118, and 120, with the
proviso that the amino acid sequence comprises any one of the set of residue differences as compared
to SEQ ID NO: 2 contained in any one of the polypeptide sequences of SEQ ID NG: 4, 6, &, 10, 12,
14, 16, 18,20, 22,24, 26, 28, 30, 32, 34, 36, 38,40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66,
68, 70, 72, 74, 76, 78, 80, R2, 84, §6, 88, 90, 92, 94, 96, 98, 100, 102, 104, 106, 108, 110, 112, 114,
116, 118, and 120, as hsted in Table 2.

16126] In some embodiments, the polynucleotide encoding the engineered pNB esterase comprises a
polynucleotide sequence selected from SEQ ID NO: 3, 5,7, 9,11, 15, 135,17, 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, and 119,

91271 In some embodiments, the polynucleotides are capable of hybridizing under highly stringent
conditions to a reference polynucleotide sequence selected from SEQ ID NO: 1,3, 5,7, 9, 11, 13, 15,
17, 19, 21,23, 25,27, 29, 31, 33, 35, 37, 38, 41, 43, 45, 47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67, 69,
71,73, 75,77, 79, 81, §3, 85, 87, §9, 91, 93, 95, 97, 99, 101, 103, 105, 107, 109, 111, 113, 115, 117,
and 119, or a complement thereof, and encodes a polypeptide having pNB esterase activity with one
or more of the improved properties described herein. In some embodiments, ihe polynucleciide
capable of hybridizing under highly stringent conditions encodes a pNB esterase polypeptide
comprising an anino acid sequence that has one or more residue differences as compared to SEQ 1D
NO: 2 at residue positions selected from X108, X115, X116, X130, X193, X214, X219, X273, X276,
X321, and X362, and optionally wherein the specific residue differences as compared to SEQ ID
NO:2 are selected from: X108L/Y, X115Q/W, X116S, X 130T, X164T, X193 A/D/E/V, X214G,
K219A/DLIV, X2T3AEMIN, X2I6ATA., X321A, and X362A/D/Q/8/V,

[6128] In seme embodiments, the polynucleotides encode the polypeptides described herein but have
about 80%, 85%, 86%., §7%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
or more sequence identity at the nucleotide level to a reference polynucleotide encoding the
engineered pNB csterase, In some cmbodiments, the reference polynucieotide sequence is sclected
from SEQ IDNO: 3,5,7.9,11,13, 15,17, 19,21, 23, 25,27, 29, 31, 33, 35, 37,39, 41,43, 45, 47,

L3
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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, and 119.

[0129] An isclated polynucleotide encoding any of the engineered pNB esterase polypeptides herein
may be manipulated in a varicty of ways to provide for expression of the polypeptide. In some
embodiments, the polynucleotides encoding the polypeptides can be provided as expression vectors
where one ox more control sequences is present to regulate the expression of the polymucleotides
and/or polypeptides. Manipulation of the isolated polynucleotide prior to its insertion into a vector
may be desirable or necessary depending on the expression vector. The techniques for modifying
potynucleotides and nucleic acid sequences utilizing recombinant DNA methods are well koown in
the art. Guidance is provided in e.g., Sambrook er af.. 2001, “Molecular Cloning: A Laboratory
Manual,” 3™ Ed., Cold Spring Harbor Laboratory Press; and Current Protocols in Molecular Biology,
Ausubel, F. ed., Greene Pub. Associates, 1998, and updates to 2006,

{0136] In some embodiments, the control sequences include among others, prometer, fcader
sequence, polyadenylation sequence, propeptide sequence, signal peptide sequence, and {ranscription
terminator. Suitable promoters can be selected based on the host cells used. For bacterial host cells,
suitable promoiers for directing transcription of the nucleic acid constructs of the present disclosure,
include the promoters obtained from the E. coli tac operon, Sireptomyces coelicolor agarase gene
(dagA), Bacillus subtilis levansucrase gene (sacB), Bacillus licheniforniis alpha-aniylase gene
(amayL). Bacilhss stearothermophifus maltogenic amylase gene (amyM), Bacillus- amyloliguefaciens
alpha-amylase gene (amyQ), Bacillus licheniformis penicillinase gene (penP), Bacillus subiilis xylA
aind xyiB gencs, and prokaryotic beta-lactamase gene (Villa-Kamaroff et al., 1978, Proc. Natl Acad.
Sct. USA 75: 3727-3731), as well as the tac promoter (DeBoer et al,, 1983, Proc. Natl Acad. Sci.
USA 80: 21-25). Exemplary promoters for filamentous fiungal host cells, include promoters obtained
from the genes for dspergilius oryzae TAKA amylase, Riizomucor michei aspartic proteinase,
Aspergillus niger neuteal alpha-amylase, dspergilius niger acid stable alpha-amylase, Aspergillius
niger or Aspergillus cwamort glacoumylase (glaA), Rhizomucor michei Bpase, Aspergillus oryzae
alkaline protease, Aspergilius ervzae triose phosphate isomerase, Aspergillus nidulans acetamidase,
and Fusarium oxysporum: trypsin-tike protease (WO 96/00787), as well as the NAZ-ipi promoter (a
hybrid of the promoters from the genes for Aspergillus niger neutral alpha-amylase and 4 spergillus
oryzae triose phosphate isomerase), and mutant, truncated, and hybrid promotess thereof, Exemplary
yeast cell promoters can be from the genes can be from the geues for Saccharomyees cerevisioe
enolase (ENO-1), Saccharemyces cerevisiae galactokinase (GALL), Seccharomyees cerevisiae
aloohof dehydrogenase/glyceraldelyde-3-phosphate dehydrogenase (ADHZ/GAP), and
Saccharomyces cerevisiae 3-phosphoglycerate kinase. Other useful promoters for yeast host cells are

described by Romanos et al,, 1992, Yeast §:423-488,
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[6131] The control sequence may also be a suitable transcription ferminator sequence, 2 sequence
recognized by a host cell to terminate transcription. The terminator sequence is operably linked to the
3 terminus of the nucieic acid sequence cncoding the polypeptide. Any terminator which is functional
in the host cell of choice may be used in the present invention. For example, exemplary transeription
{erminators for filamentous fungal host cells can be obtained from the genes for Aspergifus oryzae
TAKA amylase, Aspergillus niger glucoamylase, dspergillus nidulans anthranilate synthase,
Aspergiflus niger alpha-glucosidase, and Fusarium oxysporunm trypsin-like protease. Exemplary
terminators for yeast host cells can be obtained from the genes for Saccharomyces cerevisiae enolase,
Saccharonyces cerevisiae cytochrome C (CYC1), and Saccharomyces cerevisine glycem]dehyde—?-
phosphate dehydrogenase. Other usctirl terminators for yeast host cells are described by Romanos et

al., 1992, supra.

[#132] The coutrol sequence may also be a suitable leader sequence, a nontranslated region of an
mRNA that is important for translation by the bost cell. The leader sequence is operably Hnked to the
5' terminus of the nucleic acid sequence encoding the polypeptide. Any leader sequence that is
functional in the host cell of choice may be used. Exemplary leaders for fitamentous fangal host cells
are obtained from the genes for Aspergillus oryzae TAKA amylase and Aspergillus nidulans triose
phosphate isomerase. Suitable leaders for yeast host cells are obtained from the genes for
Saccharomyces cerevisiae enolase (ENC-1), Saccharomyces cerevisiae 3-phosphoglycerate kinase,
Saccharomyces cerevisiae alpha-factor, and Saccharomyces cerevisiae alcobol

dehydrogenasc/glveeraldehyde-3-phosphate dehydrogenase (ADH2/GAP).

[6133] The contro! sequence may also be a polyadenylation sequence, a sequence operably jinked to
the 3' terminus of the nucleic acid sequence and which, when transcribed, is recognized by the bost
cell as a signal to add polyadenosine residaes to transcribed mRNA. Any polyadenylation sequence
which is functional in the host cell of choice may be used in the present invention. Exemplary
polyadenylation sequences for filamentous fungal host cells can be from the genes for dspergillus
arvzae TAKA amylase, Aspergillus niger glucoamylase, Aspergillus nidulans anthranilate synthase,
Fusarium oxysporum trypsin-like protease, and Aspergilhus niger alpha-glucosidase. Useful
polyadenylation sequences for yeast host cells are described by Guo and Sherman, 1995, Mol Cell Bie
15:5983-5990.

[4134] The control scquence may also be a signal peptide coding region that codes for an amino acid
sequence Hnked to the amino tetniinus of a polypeptide and divects the encoded polypeptide into the
cell's secretory pathway. The 5' end of the coding sequence of the nueleic acid sequence may
inherently contain a signal peptide coding region naturally linked in translation reading framg 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.

Any signal peptide coding region which directs the expressed polypeptide into the secretory pathway

Lad
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of a host cell of choice may be used for expression of the engineered polypeptides. Effective signal
peptide coding regions for bacterial host cells are the signal peptide coding regions obtained from the
genes for Baciflus NCIB 11837 maltogenic amylase, Bacillus siearothermophilus alpha-amylase,
Bacillus lcheniformis subtilisin, Bacillus licheniformis beta-lactamase, Bacillus stearothermophilus
neutral proteases (nprT, nprS, nprM), and Bacillus subtilis prsA. Farther signal peptides are described
by Simonen and Palva, 1993, Microbiol Rev 57:109-137. Effective signal peptide coding regions for
filamentous fungal host cells can be the signal peptide coding regions obtained from the genes for
Aspergillus oryzae TAKA amylase, Aspergillus niger ncawal amylase, dspergillus niger
glucoamylase, Riizomucor miehei aspartic proteinase, Fumicola insolens cellulase, and Humicola
lanuginosa lipase. Useful signal peptides for yeast host cells can be from the genes for

Saccharonyees cerevisiae alpha-factor and Saccharomyoes cerevisine invertase,
Ik T a4

{6135] The control sequence may also be a propeptide coding region that codes for an amino acid
sequence positioned at the amino terminus of a polypeptide. The resultant potypeptide is referred to as
a proenzyme or propolypeptide (or a zymogen in some cases). A propolypeptide can be converted to a
mature active polypeptide by cataivtic or antocatalytic cleavage of the propeptide from the
propolypeptide. The propeptide coding region may be obtained from the genes for Bacilfus subtilis
alkaline protease (aprE), Bacillus subtilis neutral protease (nprT), Saccharomyces cerevisiae alpha-
factor, Rkizomucaor miekel aspartic proteinase, and Myceliophthora thermophila lactase (WO
U5/33836). Where both signal peptide and propeptide regions are present at the amino terminns of a
polypeptide, the propeptide region is positioned next to the amino terminus of a polypeptide and the

signal peptide region 15 positioned next to fhe amino terminus of the propeptide region.

{8136 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 1o a chemical or
physical stimulus, including the presence of a regulatory compound. In prokaryotic host cells, suitable
regulatory sequences include the lac, fac, and trp operator systems. In yeast host cells, suitable
regulatory systems include, as examples, the ADHZ system or GALT system. In filamentous fungi,
suitable regulatory sequences include the TAKA alpha-amyiase promoter, Aspergillus niger

glucoamylase promoter, and Aspergilius oryzae glucoamylage promoter.

[6137] In another aspect, the present disclosure is also directed 1o a recombinant expression vector
comprising a polynucleotide encoding an engineered pNB esterase polypeptide, and one or more
expression regulating regions such as a promoter and a terminator, a replication origin, ete.,

depending on the type of hosts into which they are to be infroduced. The various nucleic acid and
control sequences deseribed above may be joined together to produce a recombinant expression vector
which may inchude one or move 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
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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 coding sequence is located in the vector so that the coding sequence is operably

linked with the appropriate control sequences for expression.

[0138] 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 host cel into which the vector is to be introduced. The vectors may be linear or closed

circelar plasmids.

{6138] The expression vector may be an autonomously replicating vector, L.e., a vector that exists as
an extrachromosomal entity, the replication of which is independent of chromosornal replication, e.g.,
a plasmid, an extrachromosomal element, a minichromosome, or an artificial chromosome. The vector
may contain any means for assuring sel freplication. 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 veciors or plasmids which together contain the tofal DNA to be introduced info the genome of

the host ¢ell, or a transposon may be used.

{8148} The expression vector preferably contains one or more selectable markers, which permit easy
selection of transformed cells. A selectable marker is 2 gene the product of which provides for biocide
ot viral resistance, resistance to heavy metals, prototrophy to auxotrophs, and the like. Examples of
bacterial sclectable markers are the daf gones from Bacillus subtilis or Bacillus ficheniformis, ot
markers, which confer antibiotic resistance such as ampicillin, kanamyein, chloramphenicol (Example
1) or tetracycling resistance. Suitable markers for yeast host cells are ADE2, HIS3, LEU2, LY52,
MET3, TRP1, and URA3, Selectable markers for use in a filamentous fimgal host cell include, but are
not limited to, amd$ (acetamidase), argB (ornithine carbamoyltransferases), bar (phosphinothricin
acetyltransferase), hph (hygromyein phosphotransferase), nial (nitrate reductase), pyrG {orofidine-5'-
phosphate decarboxylase}, sC (sulfate adenyltransferase), and trpC (anthrantlate synthase), as well as
equivalents thereof. Embodiments for use in an Aspergillus cell include the amdS and pyrG genes of

Aspergillus nidulans or Aspergilius oryzae and the bar gene of Streptomyces hvgroscopicus.

{81411 In snother aspect, the present disclosure provides a host cell comprising a polynucleotide
encoding an engineered pNB esterase polypeptide of the present disclosure, the polynucleotide being
operatively linked io one or more control sequences for expression of the pNB esterase enzyme in the
host cell. Host cells for use in expressing the polypeptides encoded by the expression vectors of the
present invention are well known in the art and include but are not limited to, bacterial cells, such as

E. coli, Vibrio fluvialis, Streptomyces and Salmonelfa typhimurium cells; fungal cells, such as yeast
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cells {e.g., Saccharomyces ceravisiae or Pickia pastoris (ATCC Accession No, 201178)); insect cells
such as Drosophila 82 and Spodoptera $19 cells; animal cells such as CHO, COS, BHK, 293, and
Bowes melanoma cells; and plant cells. An exemplary host cells are Escherichia coli W3110 (AfliA)

and BL21.

[8142) Accardingly, in another aspect, the present disclosure provides methods of manufacturing the
engineered pNB esterase polypeptides, where the method can comprise culturing a host cell capable
of expressing e polynucleotide encoding the engineered pINB esterase polypeptide under conditions
suitable for expression of the polypeptide. The method can further comprise isplated or purifying the

expressed pNB. esterases polypeplide, as described herein.

[8143] Appropriste cultore medioms and growth conditions for the sbove-deseribed host cells are
well known in the art. Polynucleotides for expression of the pINB esterase may be introduced into cells
by varicus methods kaown in the art. Techniques include, among others, electroporation, biolistic
particle bombardment, liposome mediated transfection, caicium chloride transfection, and pretoplast

fusion,

[#144] For the embodiments herein, the engineered pofvpeptides and corresponding polynucleotides
can be obtained using methods used by those skilled in the art. The parental polynucleotide sequence
encoding the wild-type pNB esterase polypeptide of Bacillus subiilis is disclosed in Zock et al,, “The
Bacillus subtilis pnhA4 gene encoding p-nitrobenzyl esterase: cloving, sequence and high-level
expression in fscherichia coli,” Gene 151: 37-43 (1994), and U.S. Pat. No. 5,468,632, and methods
of generating engineared pNB esterase pelypeptides with improved stability are disclosed in 11.S. Pat.
Nos. 5,806,930 and 5,945,325, cach of which is incorporated by reference herein, and in the following
publications, cach of which is incorporated by reference herein: Moore er al., “Directed evoiution of'a
para-nirobenzyl esterase for aqueous-organic solvents,” Nature Biotechnology 14: 458-467 (1996);
Moore ef ol “Stratezies for the in vifre BEvolution of Protein Function: Enzyme Evolution by Random
Recombination of hnproved Sequences,” J. Mol Bicel, 272:336-347 {1997): Giver et al,, “Directed
evolution of a thermostable esterase,” Proc. Natl. Acad. Sci. US4 95: 12809-12813 (Oot, 1998).

[8145] The engineered pNB esterases with the properties disclosed herein can be obtained by
subjecting the polynucleotide encoding the naturally cccurring or engineered pNB esterase to
mutagenesis and/or directed evolution methods known in the art, and as described herein. An
exemplary directed evolution technique is mutagenesis and/or DNA shuffling as described in
Stemmer, 1994, Proc, Natl. Acad, Sci. USA 91:10747-10751; WO 95/22625, WO 97/0078; WO
97/35966; WO, 98/27230; WO 00/42651; WO 01/75767 and U.S. Pat. 6,537,746, Other directed
evolution procedures that can be used include, among others, staggered extension process (3tEP), in
vitro recombination (Zhao cf al,, 1998, Nat. Biotechnol. 16:258-261), mutagenic PCR {Caldwell et
al., 1994, PCR Methods Appl. 3:5136-5140), and cassette mutagenesis (Black ¢t al., 1996, Proc Natl
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Acad SciUSA 93;3525-3529). Motagenesis and divected evolution techniques useful for the purposes
herein are also described in the following references: Ling, et al, 1997, Anal. Bicchem, 254{2):157-
78; Dale et al,, 1995, “Oligonucleotide-directed random mutagenesis using the phosphorothioate
method,” Tn Methods Mol. Biol, 57:369-74; Smith, 1985, Amn. Rev. Genet. 19:423-462; Boistein et
al., 1985, Science 229:1193-1201; Carter, 1986, Biochem. J. 237:1-7; Kramer et al,, 1984, Cell,
38:879-887; Wells et al., 1985, Gene 34:315-323; Minshull ei al., 1999, Curr Opin Chem Biol 3:284-
290; Christians et al,, 1998, Nature Biotech 17:259-264; Crameri ot al., 199§, Nature 391:288-201;
Crameri et al., 1997, Nature Biotech 15:436-438; Zhang <t al., 1997, Proc Natl Acad 5¢i USA 94:45-
4-43509: Crameri et al., 1996, Nature Biotech 14:315-219; Stenmmer, 1994, Natore 370:389-3561;
Stemmer, 1994, Proc Natl Acad Sci USA 91:10747-10751; WO 95/22625; WQ 97/0078; WO
97/35966; WO 98/27230; WO 00/42651; WO 01/75767 and U.S. Pat. 6,537,746, All publications are

incorporated herein by reference.

[{6146] The clones obtained following mutagenesis treatment can be soreened for engineered pNB
esterases having a desired improved enzyme property. For example, where the improved enzyme
property desired is thermostability, enzyme activity may be measured after subjecting the enzyme
preparations to a defined temperature and measuring the amount of enzyme activity remaining after
heat treatments. Clones containing 2 polynuclestide encoding a pNB esterase are then isolated,
sequenced to identify the nucleotide seguence changes (if any), and used 10 express the enzyme ina
host cell, Measuring enzvme activity from the expression libraries ¢an be performed using the

standard biochemistry techaiques, such as HPL.C analysis.

181471 Wherc the secquence of the engincercd polypeptide is known, the polynuclestides encoding
the enzyme can be prepared by standard solid-phase methods, according to known synthetic methods.
In some embodiments, fragments of up to about 100 bases can be individually synthesized, then
joined {e.g., by enzymatic or chemical litigation methods, or polymerase mediated methods) to form
any desired continuous sequence. For example, polynucleotides and oligonucieotides disclosed herein
can be prepared by chemical synthesis using, e.g., the ¢lassical phospboramidite method deseribed by
Beaucage et al., 1981, Tet Leti 22:1859-69, or the method described by Matthes et al,, 1984, EMBG J.
3:801-05, e.g., as it is typically practiced in automated synthetic methods. According to the
phosphoramidite method, oligonucleotides are synthesized, e.g., in an automatic DNA synthesizer,

purified, annealed, ligated and cloned in appropriste vectors.

10148] Accordingly, in some embodiments, a2 method for preparing the engineered pNB esterase
polypeptide can comprise: (a) synibesizing a polynucleotide encoding a polypeptide comprising an
amino acid sequence selected from SEQ IDNO: 4, 6, 8, 10, 12, 14, 16, 18,20, 22, 24, 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, 60, 92, 94, 96, 98, 100, 102, 104, 106, 108, 110, 112, 114, 114, 118, and 120 and having one or

more residue differences as compared to SEQ ID NQO: 2 at residue positions selected from: X108,
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X113, X116, X130, X193, X214, X219, X273, X276, X321, and X362, and wherein the specific
residue differences as compared to SEQ ID NO:2 optionally are selected from: X108L/Y, X115Q/W,
X1168, X130T, X164T, XT193A/D/ENV, X214G, X219A/D/LNY, X2TIAETIV, X2T6A /T, X321A,
andd X362A/D/Q/8/V; and {b) expressing the pNIB esterase polypeptide encoded by the

polynucleotide.

[8149] In some embodiments of the method, the amino acid sequence encoded by the polvnucleotide
can optionally have one or several {(e.g., up t0 3, 4, 5, or up to 10) amino acid residue deletions,
insertions and/or substitutions. in some embodiments, the amino acid sequence has optionally 1-2, 1-
3,14, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-15, 1-20, 1-21,-1-22, 1-23, 1-24, 1-25, 1-30, 1-33, 1-40, 1-45, or
1-50 amino acid residue deletions, insertions and/or substitutions. In some embodiments, the amino
acid sequence bas optionally 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, 33, 40, 45, or 50 amino acid residue deletions, insertions and/or substitutions. In
some emboadiments, the amino acid sequence has optionally 1, 2,3, 4, 5,6,7, 8,9, 10, 11, 12, 13, 14,
15, 16, 1§, 20, 21, 22, 23, 24, or 25 amino acid residue deletions, insertions and/or substitutions. In

somme embaodiments, the substifutions can be conservative of non-conservative substitations.

{8158 The expressed engincercd pNB csterase can be measured for the desired improved property,
e.g., activity, selectivity, stability, and/or product tolerance, in the conversion of compound (2) 1o

compoumd (£} by any of the assay conditions describaed herein,

{0151 Insome embodiments, any of the engmeered pNB esterase enzymes expressed.in a host cell
cant be recovered from the cells and or the culture medium using any one or more of the wel known
icchnigques for protein purification, including, among others, lysozyme trestment, sonication,
filtration, salting-out, ultra-centrifugation, and chromatography. Suitable solutions for lysing and the
high efficiency extraction of proteins from bacteria, such as E. cofi, are provided in Table 2 and the

Examples, and also commercially available, e.g., CelLytic B™ from Sigma-Aldrich of St. Louis MO.

8152} Chromatographic techniques for isolation of the pNEB esterase polypeptide include, among
others, reverse phase chromatography high performance liquid cliromatography, ion exchange
chromatography, gel electrophoresis, and affinity chromatography. Conditions for purifying a
particular enzyme will depend, in part, on factors such as net charge, hydrophobicity, hydrophilicity,

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

{8153] In some embodiments, affinity techniques may be used to isolate the improved pINB esterase
enzymes. For affinity chromatography purification, any antibody which specifically binds the pNB
esterase polypeptide may be used. For the production of antibodics, various host animals, including
but 1ot limifed to rabbits, mice, rats, ete., may be immunized by injection with s pNB esterase

polypeptide, or a fiagment thereof. The pNB esterase polypeptide or fragment may be attached to a
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suitable carrier, such as BSA, by means of a side chain functional group or linkers attached to a side

chain functional group.

5.7 Methods of Using the Engineered pNB Esterase Polypeptides
[0154] As noted above, the engincered pNB esterase polypeptides of the present disclosure wers
evolved to efficiently convert the pNB-protected subsirate of compound (2) to the corresponding
product compound (1), imipenem, under suitable reaction conditions. The structural features of the
engineered pNB esterase polypeptides allow for the conversion of the pNB-protected substrate of
componnd (2) to their corresponding deprotected product of compound (1), imipenem. Accordingty,
in another aspect the present disclosure provides a process for preparing carbapenem antibiotic of

compound (1), imipenem, or a salt or liydrate of compound (1),

. NH
OHH HN-—-’;
N_/ S
OH
(1)

wherein the method comprises contacting & substrate compound (2), or a salt or hydrate of compound
2},

NH
HN-Z

(2}
with an engineered pNB esterase polypeptide of the present disclosure under suitable reaction

conditions.

[8155] The structural features of the engineered pNB esterase polypeptides can also provide
engineered pND esterases capable of converting of other pNB-protecied carbapenem substrates that
are structural analogs of compound (2). Accordingly, in another aspect, the present disclosure
provides processes using the engineered pNB esterase polypeptides to carry out a deprotection
teaction in which a pNB group is removed from & pNB-protected carbapenem compound. Generaily,

the process for performing the biocatalytic pNB deprotection reaction comprises contacting of
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incubating an engineered pNB esterase polypeptide of the disclosure with the pNB-protectad
compound with under reaction conditions suitable for deprotecting the ¢arbapenem precursor and

yieiding the desired carbapenem compound,

{6156] For the foregoing processes, any of the enginecred pNB esterase polypeptides described
herein ¢an be used. By way of example and without fhmitation, fn some embodiments, the process can
use an engineered polypeptide having pNB esterase activity of the present disclosure Comprises an
aming acid sequence having at least 80%, 8§5%, 86%, 87%%, 88%, 89%, 50%, 91%, 92%, 93%, 94%,
95%, B6%, 97%, 98%, 99% or more identity to a reference sequence selected from SEQ IDNO: 4, 6,
8, 10,12, 14, 16, 18, 20, 22, 24, 26,28, 30, 32, 34, 36, 38,40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62,
64, 66, 68,70, 72,74, 76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 95, 98, 100, 102, 104, 106, 108, 110, 112,
114, 116, 118, and 120, and one or more residue differcnces as compared to SEQ ID NO:2 at residue
positions selected from X108, X115, X116, X130, X193, X214, X219, X273, X276, X321, and X362,
In some embodiments, the specific residue differences as compared to SEQ ID NQ:2 at residue
positions X108, X115, X116, X130, X193, X214, X219, X273, X276, X321, and X362 are selected
from: XI08L/Y, X115Q/W, X11658, X130T, X164T, X193A/D/E/V, X214G, X219A/D/L/V,
X2TIA/E/TIV, X2T6AT/L, X321A, and X362A/D/Q/S/V. In some embodiments, the reference
sequence is selected from SEQ ID NO: 4, 12, 20, 36, 38, 54, 76, 80, 8%, 112, and 116, In some
embodiments, the reference sequence is SEQ TD NC:4. In some embodiments, the reference sequence
is SEQ ID NOG:12. In some cmbodiments, the reference sequence is SEQ ID NQ:34. In some
embodiments, the reference sequence is-SEQ 11D NO:3R. In some embodiments, the reference
sequence is SEQ ID NO:54, In some embodiments, the reference sequence is SEQ IDNOQ:76. In
some embodiments, the reference sequence is SEQ ID NG:80. In some embodiments, the reference
sequence is SEQ ID NG:88. In some embodiments, the reference sequence is SEQ ID NO!112. In

some embodiments, the reference sequence is SEQ 11D NO:116:

{G157] Insome embodimens, cxemplary pNB csterase polypeptides capable of canrying out the
processes herein can be a polypeptide comprising an amino acid sequence selected from SEQ ID NO:
4,6,8,10,12, 14, 16, 18, 20,22, 24, 26, 28, 30, 32, 34, 36, 38,40, 42, 44, 46,48, 50,52, 54, 56, 58,
60, 62, 64, 66, 68,70, 72, 74, 76, 78, 80, 82, 84, &6, 88, 90, 92, 94, 96,98, 100, 102, 104, 104, 108,
110, 112, 114, 116, 118, and 120. Guidance on the choice and use of the engineered pNB esterase

polypeptides is provided in the descriptions herein, for example Table 2 and the Examples,

{0158 In the embodiments herein and iilustrated in the Examples, various ranges of suitable reaction
conditicns that can be used, including but not limited, to ranges of pH, temperature, buffer, solvent
system, substrate loading, polypeptide loading, pressure, and reaction time, Purther suitable reaction
conditions for carrying out the process for biocatalytic conversion of substrate compounds to product
compounds using an engincered pNB esterase polypeptide described berein can be readily optimized

in view of the guidance provided herein by routine experimentation that includes, but is not limited to,

46



WO 2014/113521 PCT/US2014/011767

contacting the engineered pNB esterase polypeptide and substrate compound under experimental
réaction: conditions of concentration, pH, temperature, solvent conditions, and detecting the product

compotnd.

i8159] Substrate compound in the reaction mixtures can be varied, taking into consideration, for
example, the desired amount of product compound, the effect of substrate concentration on enzyme
activity, stability of enzyme under reaction conditions, and the pescent conversion of substrate to
product. Tn some embodiments, the suitable reaction conditions comprise a substrate compound
loading of at least about 0.5 to about 200 g/L, 1 to about 200-g/L, about 5 to about 150 g/L., about 10
to about 100 g/L, about 20 to about 100 g/L., or about 50 to about 100 g/L. In some embediments, the
suitable reaction conditions comprise a substrate compound loading of at least about 0.5 g/L, at least
about 1 g/L, at least about 5 g/L,, 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/1., at least about
150 g/t or at least about 200 g/L, or even greater. The valaes 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, structural analogs of the substrate of compound {2), can zlso be used in appropriate amounts,

in light of the amounts used for the substrate of compound (2).

[0160] In carrying out the reactions described herein, the engineered pNB esterase polypeptide may
be added to the reaction mixtare in the form of a purified enzyme, whole cells transformed with
gene(s) encoding the enzyme, and/or as cell extracts and/or lysates of such cells. Whole cells
transformed with gene(s) encoding the engineered pNB esterase enzyme or cell extracts, lysates
thereof, and isclated enzymes may be employed in a variety of different forms, including solid (2.g.,
Iyophilized, spray-dried, and the like} or semisolid {e.g, a crude paste). The cell extracts or cell
lysates may be partiaﬂy purified by precipitation (armmonium sulfate, polyethyleneimine, heat
treatinent or the Like), followed by a desalting procedure prior to lyophilization {e.g., ultrafiltration,
dialysis, and the like). Any of the cell preparations may be stabilized by crosslinking using known
crosslinking agents, such as, for example, glutaraldehyde, or immobilization to a solid phase (e.g.,
Eupergit C, and the iike).

[0161] The gene(s) encoding the engineered pNB esterase polypeptides can be transformed into host
coll separately or together into the same host cell, For example, in some eiubodiments one set of host
cells can be transformed with gene(s) encoding one engineered pNB esterase polypeptide and another
set can be transformed with gene(s) encoding another engincered pNB esterase polypeptide. Both seis
of transformed cells can be utifized together in the reaction mixture in the form of whole cells, orin
the form of lysates or extracts derived therefrom. In other embodiments, a host cell can be

transformed with gene(s) encoding multiple engineered pNB esterase polypeptides. In some
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embrodiments the engineered polypeptides can be expressed in the formo of secreted polypeptides and

the cufture medinm containing the secreted polypeptides can be used for the pNB esterasc reaction.

[{#162] The enhancements in activity and/or product selectivity of the engineered pNB esterase
polypeptides disclosed herein provide for processes wherein higher percentage conversion can be
achigved with lower concentrations of the engineered polypeptide. In some embodiments of the
process, the suitable reaction conditions comprise an engineered polypeptide concentration of about
0.01 10 about 50 g/L; about 0.05 to abowut 50 g/L; about §.1 to about 40 g/L; about 1 to about 40 g/L;
about 2 to about 40 g/L.; about 5 to about 40 g/L; about 3 to about 30 g/L; about 8.1 to about 16 g/L.;
about (.3 to abowt 10 g/L; about 1 o about 19 g/L; about 0.1 10 about 5 g/L.; about 0.5 to about 5 g/L.;
or about 0.1 10 abowt 2 g'L.. Tn some embodiments, the pNE esterase polypeptide is concentration at
about 0.01, 0.05,0.1, 0.2, 0.5, 1, 2, 5, 10, 15, 20, 25, 30, 35, 40, or 50 g/L.

[8163] During the course of the pNB esterase reactions, the pH of the reaction mixture may change.
The pH of the reaction mixture may be maintained at a desited pH or within a desired pH range. This
may be done by adding an acid or base, before and/or during the course of the reaction. Alternatively,
the pH may be controlled by using a bulfer. Accordingly, in some embodiments, the reaction
condition comprises a buffer, Suitable buffers to maintain desired pH ranges are known in the art and
include, by way of example and not limitation, phosphate, 2-(N-morpholino)ethanesulfonic acid
{MES), borate, carbonate, triethanolamine (TEA), and the like. In some embodiments, the buffer is
borate. In some embodiments of the process, the suitable reaction conditions comprise a buffer
solution of MES, where the MES concentration is from about 0.01 to about 0.4 M, 0.05 to about (1.4
M, 6.1 to about (.3 M, or-about .} to about 0.2 M. In some embodiments, the reaction condition
comprises a MES conceniration of about 0,01, .02, 0.03, 0.04, 0.05, 0.07, 0.1, 0.12, 0.14, 0.16, 0.18,
0.2, 0.3, or (1.4 M. In some embodiments, the reaction conditions comprise water as a suitable solvent

with no buffer present,

[6164] In the embodiments of the process, the reaction counditions can comprise a suitable pH. The
desired pH or desived pH range can be maintained by use of an acid or base, an appropriate buffer, or
a combination of buffering and acid or base addition. The pH of the reaction mixture can be
controlled before andfor during the course of the reaction. In some embodiments, the suitable reaction
conditions comprise a solution pH from about 5 to about 12, pH from about 6 to about 9, pH from
about 6 to about 8, pH frem about 6.5 to about 7.5, or pI¥ from about 7 to about 8. In some
embodiments, the reaction conditions comprise a solution pH of about 6, 6.5, 7, 7.5, 8, 8.5, 9, 9.5, 10,
105,11, 11.5or 12,

{81658] In the embodiments of the processes herein, a suitable temperature ¢an be vsed for the
reaction conditions, for example, taking into consideration the increased reaction rate at higher

temperatires, and the activity of the enzyme during the reaction time period. For example, the
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engineered polypeptides of the present disclosure have increased stability relative 1o naturally
occurring pNB esterase polypeptide e 2., the wild-type polypeptide of SEQ ID NO: 2, which ailow the
engineered polypeptides to be used at higher temiperanares for increased conversion rates and
improved substrate solubility charactenistics. Accordingly, in some embodiments, the suitable
reaction conditions comprise a temperatire of about 5°C to about 65°C, about 10°C to about 60°C,
about 15°C to abowt 55°C, about 15°C to abdut 45°C, about 15°C to about 35°C, about 20°C to about
55°C, or about 30°C 10 about 60°C. In some embodiments, the suitable reaction conditions comprise
a temperature of about 5°C, about 10°C, about 15°C, about 20°C, about 25°C, about 30°C, about
35°C, about 40°C, about 45°C, aboui 50°C, about 55°C, about 60°C, about 65°C, or about 70°C.

8166] In some embodiments, higher temperatures {e.g., above 25°C) can result in increased
undesirable side-products, such as the P-lactam ring-opened diacid imipenem side-product of
compound (3). Accordingly, in some embodiments, the suitable reaction conditions comprise 2
tempearature of aboui 5°C to about 30°C, about 10°C to about 25°C, sbout 10°C to about 20°C, or
about 15°C to about 2(0°C. In some embodiments, the suitable reaction conditions comprise a

femperature of about 5°C, about 16°C, about 15°C, about 20°C, about 25°C, or about 30°C.

[9167] In some embodiments, the temperature during the enzyinatic reaction can be maintained at a
temperaumre throughout the course of the reaction or adjusted over a temperature prefile during the

course of the reaction,

[6168] The processes herein are generally carried out in a sofvent. Suitable solvents include water,
agueous buffer solutions, brganic solvents, polymeric solvents, and/or co-solvent systems, which
generally comprise aqueous solvents, organic solvents and/or polymeric selveats. The aqueous
selvent {water or aquecus co-solvent sysiem) may be pH-buffered or unbufiered. In some
embodiments, the processes are generally caried.out in an agueous co-solvent system comprising an
organic solvent (e.g., ethanol, isopropanc! (IPA), dimethylformamide (DMF), dimethy! sulfoxide
(DMSO), ethyl acetate, buty! acetate, 1-octanol, heptane, octane, methyl t-butyl ether (MTBE),
tolugne, and the lke), ionic or polar solvents {e.g:, 1 ethyl 4 methylimidazolium tetrafluoroborate, 1
butyl 3 methylinidazolium tetraﬂuorobomthe, 1 butyl 3 methylimidazoliom hexafluorophesphate,
glycerol, polyethylene glycol, and the like). In general, the co-solvent component of an aqueous co-
solvent system is chosen such that it does not adversely inactivate the pNB esterase enzyme under the
reaction conditions. Appropriate co-solvent gystems can be readily identified by measuring the
enzymatic activity of the specified engineered pNB esterase enzyme with a defined substrate of
interest in the candidate solvent system, utilizing an enzyine activity assay, such as those described
herein. The non-aqueous co-solvent component of an agueous co-solvent system may be miscibie
with the aqueous component, providing a single liquid phase, ot may be partly miscible or immiscible
with the aqueous component, providing two liguid phases. Exemplary agoeous co-solvent systems

can comprise water and one or more co-solvents selected from an organic solvent, polar solvent, and
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poiyol salvent. In some embodiments, the co-solvent ¢an be a polar sobvent, such as DMF, DMSQO, or

lower alcohol.

{#169] In some embodiments of the process, the suitable reaction conditions comprise an agueous co-
solvent, where the co-solvent comprises DMF at about 1% o about 80% (v/v), about 1 to about 70%
(viv), sbout 2% 1o about 60% (v/vY, about 5% to about 40% (v/v), 10% to about 40% (v/v), 10% to
about 30% {v/v), or about 10% to about 20% (v/v). Tn some embodimends of the process, the soitable
reaction conditions comprise an aqueouns co-solvent comprising DMF at least about 1%, 5%, 10%,
15%, Z0%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, or 80% (v/v). In some
embodiments of the process, the suitable reaction conditions comprise an aguevus co-solvent
comprising DMF of from about 5% (v/v) to about 45% (v/v), from about 10% (v/v) to about 30%

(v/v), and in some embodiments a DMF concentration of about 15% (v/v).

{8179] The quantitics of reactants used in the pNB esterase reaction will generally vary depending on
the quantities of product desired, and concomitantly the amount of pNB esterase substrate employed.
Those having ordinary skill in the art will readily onderstand how to vary these quantities to tailor

them 1o the desired level of productivity and scale of production.

[8171] Insome 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
syster, and the like), or alternatively, some of the reactants may be added separately, and some
together at different thme points. For example, the cofactor, pNB esterase, and pNB esterase substrate

may be added first to the solvent.

{6172] The solid reactants {e.g., enzyme, salts, substrate compounds, ¢lc.) may be provided to the
reaction in a variety of different forms, including powder (e.g., lvophilized, spray dried, and the like),
selution, emuision, suspension, and the like. The reactants can be readily yophilized or spray dried
using methods and equipment that are known to those having ordinary skill in the art, For example,
the proiein solution can be frozen at -80°C in small aliquots, then added to a pre-chilled Iyophilization

chamber, followed by the application of a vacuum.

{8173] For improved mixing cfficiency when an aquecus co-solvent system is used, the pMB csterase
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 pNB csierase substrate. Alternatively, the pNB

esterase substrate may be premixed in the organic phase, prior to addition to the aqueous phase.

{8174] The pNB esterase reaction is generally allowed to procead until further conversion of pNB-
protected substrate to product does not change significantly with reaction time, e.g., less than 10% of
substrate being converted, or less than 3% of substrate being converted. In some embodiments, the
reaction is allowed fo proceed until there is complete or near complete conversion of pNB-protecied

substrate to the deprotected product compound. Transformation of substrate to product can be
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monitored using known methods by detecting substrate and/or product.. Suitable methods include gas
chromatography, HPLC, and the like. Conversion yields of the deprotected product compound
generated in the reaction mixture arc generally greater than about 50%, may also be greater than about
60%, may also be greater thau about 70%, may also be greater than about 80%, may also be greater
than 90%, and may be greater than about 97%. In some embodiments, the methods for preparing the
deprotected imipenem compound (1) using an engineered pNB esterase polypeptide under suitable
reaction cenditions rosults in at least about 91%., 92%, 93%, 94%, 95%, 96%, 97%, 58%, 99% or
greater conversion of the pNB-protected substrate of compound (2), o the deprotected imipenem
product of compound (1) in about 48h or less, inabout 36 h or less, in about 24 h or less, of ¢ven less
fime.

[8175] Insome embodiments of the process, the suitable reaction conditions comprise a substrate
loading of at least about 5 ¢/L, 10 ¢/L, 20 g/L., 30 g/L., 40 g/L, 50 g/L, 60 g/L, 70 ¢/L., 100 ¢/L,, or
more, and wherein the process results in at least about 70%, 75%, 80%, B5%, 90%, 91%, 92%, 93%,
0484, §5%, 96%, 97%, 98%, 99% or greater conversion of subsirate componnd to product compound

inabout 48h or less, in about 36 h or less, or inabout 24 h or less.

[6176] In a further embodiment of the processes, the suitable reaction conditions can comprise-an
initial substrate loading to the reaction solution which is then contacted by the engineered pNB
esterase polypeptide. The reaction solution is then further supplemented with additional substrate
compound as a continuous addition over time at a rate of at least about 1 g/L/h, at least about 2 ¢/L/h,
at least about 4 g/L/h, at least about 6 g/L/h, or higher. Thus, according to these suitable reaction
conditions, polypeptide is added to a solution having an initial substrate loading of at least about 5
gL, 10 gL, 20 g/L, 30 g/L, or 40 g/L.. This addition of polypeptide is then followed by continaous
addition of further substrate to the solution at a rate of about 2 g/L/h, 4 g/L/h, or 6 g/L/h until a much
higher final substrate loading of at least about 30 g/L, 40 g/L, 50 /L, 60 /L, 70 ¢/L, 100 g/L, 150
g/L, 200 g/L or more, is reached. Accordingly, in some embodiments of the process, the suitable
reaction conditions comprise addition of the polypeptide to a solution having an initia] substrate
icading of at least about 20 g/L, 30 g/L, or 40 g/L followed by addition of further substrate to the
solution at a rate of about 2 g/L/h, 4 g/L/h, or 6 g/L/h uniil a final substrate loading of at least about
30 &/L, 40 g/L, 50 &/1, 60 g/L, 70 gL, 100 g/L. or more, is reached. This substrate supplementation
reaction condition allows for higher substrate Ioadings to be achieved while maintaining high rates of
conversion of the pNB-protected substrate to the deprotected product of at least about 91%, 92%,
03%, 94%, 95%, 96%, 97%, 98%, 99%% or greater.

19177] In some embodiments of the processes, the pNB esterase reaction can comprise the following

suitable reaction conditions: (a) substrate loading at about 2 g/ to 200 g/L; (b) about 0.1 to 10 g/L of

engineered pNB esterase polypeptide; (¢} about 0.05 to 0.5 M MES buffer; (d) about 5% to about 20%
{v/v) DMF co-solvent; () pH of about 6 to 8; and (f} temiperature of about 10 to 35°C..
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[6178] In some embodiments of the processes, the pINB esterase reaction can comprise the following
suitable reaction conditions: (a) substrate loading at about 3 g/ to 100 g/L; (b) about 2 to 5 g/L of
cngincered pNB esierase polypeptide; (¢) about:0.1 M MES buffer; (d) about 15% {v/v) DMF ¢o-

solvent; (e} pH of about 7; and (f) temperature of abont 15°C.

[6179] In some embodiments, additional reaction components or additional techniques carried out to
supplement the reaction conditions. These can include taking meagures to stabilize or prevent
inactivation of the pNB esterase polypeptide, reduce product compound inhibition, reduce undesirable

stde-product production, and/or shitt reaction equilibrium to product compound formation.

{61861 In furiher embodiments, any of the above described processes for the conversion of substrate
componnd to product compound can further comprise one or more steps selected from: extraction,
isolation, purification, and erystallization of product compound. Methods, technicues, and protocols
for extracting, isolating, purifying, and/or crystallizing the product compound from the biocatalytic
reaction mixtures produced by the above disclosed methads are known to the ordinary artisan and/or
accessed through rouline experimentation. Additionally, iHlustrative methods are provided in the

Examplss below.

{61811 Varicus features and embodiments of the disclosure are illustrated in the following

representative examples, which are intended to be iHlustrative, and not Hiniting,

6. EXAMPLES

Example 11 Synthesis, Optimization, angd Sersening of Engineered pNB Esterase
Palypeptides

[8182] Gene synthesis and opimization: The pelynucleotide sequence encoding the 489 amino acid

wild-type pNB esterase polypeptide from Bacillus subtilis {Genbank Acc. No. AAARI915.1, G
4680446) was codon dptimized for expression in . coli together with nucleotide changes encoding the
following 7 anuno acid substitutions: 160V, L144M, P3178, H32ZR, L3345, M358V, and Y370K,
This codon-optimized gene, disclosed herein as SEQ ID NO: |, was synthesized and cloned nto a
pCE 110900 vector system (see e.g., US Patent Application Publication 20060195947, which is
hereby incorporated by reference herein) and subsequently expressed in E. coli W3110fua. The £,
coli W3110 expresses the pNB esterase polypepiides as an intracellular protein under the control of
the lac promoter. The initial engineered polypeptide of SEQ ID NO: 2 did not have detectable
activity in the conversion of the pNB-pretected imipenem substrate compound (2) to imipenem of
compound {1}. Based on structural modeling of compound (2) of the active site of the wild-type pNB
esterase, the engineered polypeptide of SEQ D NO: 2 was further modified with the mmino acid
substitution M193A, resulting in the engineered pNB esterase polypeptide of SEQ 1D NO: 4, which

wag foond to have activity in the conversion of compound (2} to compound {(1). The polynucieatide
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of SEQ ID NO: 3 {which encodes the engineered pINB esterase polypeptide of SEQ 1D NQ: 4) then
was used as the starting backbone for farther optimization using standard methods of dirceted
evolution via iterative variant library generation by gene synthesis followed by screening and
sequencing of the hits to generate genes encoding engimeered pNB esterases capable of converting
compound (2} to compound (1} with enhanced enzyme properties relative to the engineered
polypeptide of SEQ D NO: 4. The resulting engineered pNB ¢sterase polypeptide sequences and

specific mutations and relative activities are listed in Table 2 and the Sequence Listing.

Example2:  Production of Enginecered pNB Esterases
[#183] The engineered pNB esterase polypeptides were produced in host E. coli W3110 as an
intracellular protein expressed under the conirol of the lac promoter. The polypeptide accumulates
primarily as a soluble evtosolic active enzyme. A shake-flagk procedure is used to generate
engineered polypeptide powders that can be tsed in activity assays or biocatatytic processes disclosed

hergin,

[0184] High-throughput growth and expression, Cells are picked and grown overnight in LB media
containing 1% glucose and 30 pg/mL chloramphenicol (CAM) under culture conditions of 30°C, 200
rpm, and §5% bumidity. A 20 pL aliquot of ovemight growth are transferred to a deep well plate
containing 380 pl 2x YT growth media containing 30 pg/mi CAM, 1 mM IPTG, and incubated for
~18 h at 30°C, 200 rpm, and §5% humidity. Subculture TB media is made up of TB media (330
pl/welly, 30 pg/mL CAM, and 1mM IPTG. Cell cultires are centrifiiged at 4000 rpm, 4°C for 10
minuies, and the supernatant media discarded. Cell pellets are resuspended in 200 pl. Lysis Buffer
(0.1 M phosphate buffer, pH 7.5, containing 0.5 mg/mL PMBS and 1.0 mg/mL Lysozyme) and the

ysate is nsed inthe HTP assay as described below.

{81831 Production of shake flask powders (SEP). A shake-flask procedure was used to generate
enginecred pNB esterase polypeptide powders used in secondary screcning assays or in larger scale
biccatalytic processes disclosed herein. Shake flask powder (SFP) includes approximately 30% total
prodein and sccordingly provide a more purified prepuration of an enginecred cnzyme as cornpared to
the cell lysate used in HTP assays. A single colony of E. coli containing a plasmid encoding an
engineered pINB esterase of interest is inoculated into 50 mL Luria Bertant broth containing 30 pg/ml
chiloramphenicol and 1% glocose. Cells are grown overnight (at least 16 hours) in an incubator at
30°C with shaking at 250 pm. The cuiture is diluted into 250 ml. Temrific Broth (12 /L bacio-
iryptone, 24 g/L yeast exiract, 4 mL/L glycerol, 65 mM potassium phosphate, pH 7.0, 1 mM MgSQy)
containing 30 pg/ml chloramphenicol, ina 1 liter flask to an optical density of 600 mm (ODgw) of 1.2
and allowed to grow at 30°C. Expression of the pNB esterase gene is induced by addition of
isapropyl-p -D-thiogalactoside (“TPTG) to a final concentration of 1 mM when the 0Dy of the
coltore is 0.6 to 0.8, Incubation is then continued overnight {at least 16 hours), Cells are harvested by

centrifigation {3000 rom, 15 min, 5°C) and the supernatant discarded. The cell pellet is resuspended
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with 23 mL volume of cold (5°C) 100 mM phosphate buffer, pH 7.0, and harvested by centrifugation
as above. The washed cells are resuspended in 12 mL of the cold phosphate buffer and passed
through a One Shot Cell Disrupter (Constant Systems Lid.) at 40 kpsi and 5°C. Cell debris is
removed by centrifugation (10000 rpm, 45 minutes, and 5°C). The clear lysate supernatant is
collected and stored at -20°C. Lyophilization of frozen clear lysate provides a dry shake-flask powder
of erude pNB esterase polypeptide. Alternatively, the cell peliet (before or after washing) can be
stored at 4°C or-80°C.

[8186] Production of downsiream process (DSE) powders: DSP powders contain approximately

80% total protein and accordingly provide a more purified preparation of the enginecred pNB esterase
enzyme as compared to the coll lysate used in the high throughput assay. Larger-scale (106 — 120 g)
fermentation of the engincered pNB gsterase polypeptides for production of DSP powders can be
carried owt as a shott bateh followed by a fed batch process according to standard bioprocess methods.
Briefly, pNB esterase expression is induced by addition of IPTG to 3 final concentration of T mM.
Following fermentation, the cells are harvested and resuspended in 106 mM phosphate buffer, pH 7,
then mechanically disrupted by homogenization. The cell debris and nucleic acids are flocculated
with polyethvlenimine (PED and the suspension clarified by centrifugation, The resulting clear
supematant is concentrated using a tangential cross-flow uitrafiliration membrane to remove salts and
water. The concentrated and partially purified enzyine concentrate can then be dried in a Iyophilizer
and packaged {e.g., in polyethyvlene containers).

Example3:  High Throuvghput (HTP) Screening of pNB Esterases for Cenversion of

pNB-Protected Substrate of Compound (2) to Compound (1}, Imipenem

[0187] HTP screening of cell lysates was used to guide primary selection of engincered pNB esterase
polypeptides having improved properties for the conversion of substrate compound (2} to imipenem
product compound {1}
{#188] For preparing the lysates, cells were grown in 96-well plates as described in Example 2 and
lysates prepared by dispensing 200 pL. Lysis Buffoer (0.1 M phosphate buffer, pH 7.5, containing 0.5
mg/ml PMBS and 1.0 mg/mL Lysozyme) into each well. Plates were sealed, shaken for 2 h, and

then centrifuged for 20 min at 4000 pm, 4 °C, to pellet the cell debris.

{0189] HIV assay pNB esterase polypeptide activity: A 45 pL aliquot of 0.1 M phosphate buffer at

pH 7.5 and 125 pL of cell lysate was added to cach well-of a 90-well plaic. Reactions were initiated
by adding 30 pL aliquot of a steck substrate solution (13.5 g/L. of compound (2) dissolved in DMF) 10
cach well. Plates were sealed, quickly spun in the centrifuge (< 1 min), and placed in shaker at 200
rpm at 15°C for 24 h. Reactions were quenched with 800 pL of acetonitrile and samples examined by
HPLC as described in Examnple 4.

HEaampled:  Analytical Procedures
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[0198] HPLC Analysis of Activity of HTP Reactions; Reactions were quenched by dispensing 800

L of acetontirile into each well {as in Example 3), heat sealing the plate, shaking at kigh speed for 1
min to mix, then spinning down the plate in a centrifuge at 4000 rpm, 10 min, at 4°C. A 200 pl.
aliquot of the quenched FITP reaction wag dispensed into-a 96 well round bottom plate for HPLC

analysis. The 200 uL samples were subject to HPLC analysis under the followimg conditions.

Column Peroshell EC C18, 2.6 um, 4.6 X 100 mm with guard column
Temperature Not controlled
Mobile Phase Gradient; A: Acetonitrile/0.1% formic scidy B: Water/0.1% formic acid
Time (min} A% B%
-1 2 98

2.8-4.0 72 28

4250 2 98
Flow Rate 1.0 mb/min
Detection 315 mm, ref 400 nm
Injection volume 10 uL

Retention Times

Compound (1), imipenem: 3.1-3.16 min

Compound (3) side-product (B-lactam ring opened imipenem): 3.0 min |
Compound (2), pNB-protected imipenem: 3.8 mm
p-nitrobenzy! alcohol: 4.1 min

Side product A (ring opened diacid of compound (2)): 1.2 min

[8191] Conversion of compound {2) to compounid (1} was determinred from the resuiting

chromatograins as follows:
Conversion (%) = Product Area / (Product Area + Substrate Area) x 100%

Example5:  Process for Conversion of Compound (2) to Compound (1) at 1 mL Scale
[8192] SFP preparations of the engineered pNB esterase polypeptides were used in 1 mL scale
reactions of the conversion of a pNB-protected imipenem substrate of compound (2) to the product
imipenem of compotind (1). These reactions demonstrate how these biocatalysts can be used for the
preparation of carbapenem compounds such as imipenem. The reactions at 1 ml scale were carried
out as follows. To a 2 mL glass vial was added 0.35 mL of 100 mM MES buffer (pH 7.0), 0.50 mL of
a 2 g/L. SFP preparation of pNB esterase polypeptide (SEQ ID NO: 76), and (.15 ml. ofa 33.3

mg/mL. solution of compound {2) in DMF. The mixmre was placed in a Kuhner shaker at 200 rpm,
for 2 b at 15°C. Final concentrations of components were: 5 g/l.-of commpound (2);. 15% v/v DMEF; 5

g/L pNB esterase polypeptide SEP preparation; and 100 mM MES, at pH 7.4,
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[8193] Samples of 20 pL. were taken at different time points and diluted with 40 pL acetonitrile and
shaken well. The sample was mixed with 340 pL. of 100 mM MES buffer, mixed well and
centrifuged for 10 min, The supernatant was analyzed by HPLC, using the instrument and parameters

described in Bxample 4.

[6194] The HPLC time course profile results for the various pNB-esterases tested in 1 mL reactions

are shown below  Table 3.

Table 3
PINDB esterase e Conversion to Compound (I} | % Cenversion to Compound (1)
SEQID NG @ 1 b reaction Hmwe point @ 2 h reaction time point
c 20 32
54. :
76 63 73
80 60 73
116 75 81

[8195] The engincersd pNB esterase polypeptide of SEQ 1D NO: 116 reached 75% conversion of
pNB-protected componnd (2} to imipenem product compound {13 at | h, and 80% conversion afier
only 2 h. The polypeptides of SEQ ID NO: 76 and 80 performed with slightly lower compound {2) to

compound (1) conversion rates under these same conditions.

[0196] All publications, patents, patent applications and other docwments cited in this application are
hereby incorporated 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.

{0197] While various specific cmbodiments have been illustrated and deseribed, 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 is claimed is:

1. Anengineered polypeptide having para-nitrobenzy] (pNB) esterase activity, comprising an amino
acid sequence having at least 90% identity to SEQ ID NO: 2 and one or more residue differences
as compared to SEQ ID NO:2 at residue positions selected from: X108, X115, X116, X130,
X214, X276, X321, and X362, further comprising residue differences at positions X193, X219
and X273 selected from X193A/D/E/V, X219L/V and X273A/V.

2. The engineered pdlypeptide. of elaim 1 in which the residue differences as compared to. SEQ ID
NOQ: 2 at the residue positions X108, X115, X116, X130, X214, X276, X321, and X362 are
selected frbm X108L/Y, X115Q/W, X1168, X130T, X214G, X276A/T/L, X321A, and
X362A/DIQ/S/V.

3. The engineered polypeptidé of elaim 1 or 2 in which the amino acid sequence comprises one or
more residue differences as compared to SEQ ID NO: 2 selected from: X108L/Y, and
X362A/D/Q/S/V.

4. The engineered polypeptide of claims 1 or 2 in which the amino acid sequence further comprises
residue differences as compared to SEQ ID NO: 2 at.positions X108 and X362 selected from
X108L/Y and X362A/D/Q/S/V.

5. The engineered polypeptide of elaim 4 in which the amino acid sequence further comprises a

residue difference as:compared to SEQ ID NO: 2 at position X115 selected from X 115Q/W.

6. The engineered polypeptide of elaim 2 in which the amino acid sequence comprises a
combination of residue differences as compared to SEQ ID NO: 2 selected from:
X193V, X219V, and X273A,;
X108Y, X193D, X219V, X273A, and X3628;
X108Y, X193V, X219V, X273A, and X362Q;
X108Y, X115Q, X193V, X219L, X273 A, and X362Q; and
X108Y, X115Q, X193V, X219V, X273 A, and X362Q.

7. The engineered polypeptide of any one of claims 1 to 6 in which the amino acid sequence further
comprises one or more residue differences as compared to SEQ ID NO: 2 selected from: X 1168,

X130T, X164T, X214G, X276A/T/L, and X321A.

8. The engineered polypeptide of any one of ¢laims 1 to 7 in which the amino acid sequence furthér
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comprises a residue difference as compared to SEQ ID NO: 2 selected from: X49(, X94G, X968,
X227T, X251V, X267R, X271L, X274L, X313F, X322C/Y, X343V, X356R, X3594, X398,
X412E, X437T, X464A, and X481R.

9. The engineered polypeptide of any one of claims 1 to 8 in which the aminoe acid sequence does
not comprise a residue difference as compared to SEQ ID NO: 2 at positions X60, X144, X317,
X322, X334, X358, and X370.

10. The engineered polypeptide of claim 2 in which the pNB esterase has at least 1.2 fold, 2 fold, 5
fold, 10 fold, 20 fold, 25 fold, 50 fold, 75 fold, 100 fold, or greater increased activity as compared
to the polypeptide of SEQ 1D NC: 4 in converting compound (2);

NH
3 HN—7
N O
]
o O
\\@NOZ
(2}
fo compound (1);
NH
P HN—
Ny S
0
OH
G
(1)

under suitable reaction conditions.
11. The engineered polypeptide of claim 1 in which the amino acid sequence comprises a sequence
selected from SEQ ID NO: 44, 46, 54, 66, 68, 74, 76, 80, 82,'88, 90, 92, 94, 96, 98, 100, 102, 106,

108,110,112,114, 116, 11§, and 120.

12, The engineered polypeptide of any one of claims 1 {0 11 in which the polypeptide is immobilized
on a solid suppott,

13. The engineered polypeptide of claim 12 in which the solid support is a bead or resin comprising
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polymethacrylate with epoxide functional groups, polymethacrylate with amino epoxide
functional groups, styrene/DVB copolymer or polymethacrylate with octadecyl functional groups.

14. A polynucleotide encoding the engineered pNB esterase polypeptide of any one of claims 1 to 11.

15, A polynucleotide encoding the engineered pNB esterase polypeptide of claim 1, comprising a
nucleotide sequence selected from SEQ ID NO: 43, 45, 53, 65, 67,73, 75,79, 81, 87, 89, 51, 93,
95,97,99, 101, 105, 107, 109, 111, 113, 115,117, and 119.

16. An expression vector comprising the polynucleotide of claim 14 or 15,

17. The expression vector of claim 16 comprising a control sequence.

18. A host cell comprising the polynucleotide of claim 20 or 21 or the expression vector of claim 16
or 17.

19. A method of preparing the engineered polypeptide of any one of claims 1 to 11, comprising
culturing the host cell of claim 18 under conditions suitable for expression of the polypeptide.

20. The method of claim 19, further comprising isolating the engineered polypeptide.

21. A process for preparing compound {1}, or a salt or hydrate of compound (1)

(1

wherein the method comprises contacting a substrate compound (2), or a salt or hydrate of

compound (2)

L
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with zan enginesred pNB esterase polypeptide of any one of claims 1 to 13 under suitable

reaction conditions.

22, The process of claim 21 in which the substrate of compound (2) is at a loading of from 1 to 200
2/L, from 2 to 100 g/L, or 5 to 50 g/L.

23. The process of claim 21 in which the substrate of compound (2) is at a loading of at least 0.5 g/L,
1 g/L, 5 /L, 10 g/L, 20 /L, 30 g/L, 40 g/L, 50 g/L, 100 /L, 150 g/L, or 200 g/L..

24, The process of claim 21 in which the suitable reaction conditions comprise a buffer selected from
borate, phosphate, carbonate, tricthanolamine (TEA), Tris, and 2-(N-morpholino)ethanesulfonic
acid (MES).

25, The process of claim 24 in which the buffer comprises MES, whetein the MES concentration is
0011004 M, 0051004 M,0.11003M,0r0.1 t0 0.2 M,

26. The process of claim 25 in which the MES concentration is abowt 0.01 M, 0.62M, 0.03 M, 0.04
M, 0.05 M, 0.07 M, 0.1 M, 0.12 M, 0.14 M, 0.16 M, 0.18 M, 0.2 M, 0.3 M, or 0.4 M.

27. The process of claim 21 in which the suitable reaction conditions comprise a pH from 5 to 10, pH
from 610 9, or pH from 7 to 8.

28. The process of claim 27 in which the suitable reaction conditions comprise 2 pH of about 6, 6.5,
7,75, 8, 8.5,9,9.5, or 10. |

29, The process of claim 27 in which the suitable reaction conditions comprise a temperature of 5°C

to 65°C, 10°C to 60°C, 15°C to 55°C, 15°C to 45°C, 15°C o 35°C, 20°C to 55°C, or 30°C to
60°C.
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30. The process of claim 29 in which the suitable reaction conditions comprise a temperature of about
50C, 10°C, 15°C, 20°C, 25°C, 30°C, 35°C, 40°C, 45°C, 50°C, 55°C, 60°C, 65°C, or 70°C.

31. The process of claim 21 in which the suitable reaction conditions comprise dimethylformamide

(DMF) as a co-solvent present at a concentration of from 2% to 30% v/v; or from 5% to 20% viv.

32. The process of claim 31 in which the DMF is present at a concentration of about 2% v/v, 5% viv,
10% viv, 15% viv, 20% viv, 25% viv, or 30% viv.

33. The process of claim 21 in which the pNB esterase polypeptide is at a concentration of 0.01 to 50
g/L, 0.05 10 50 /L, 0.1 10 40 g/L, 1 to 40 g/L, 2 to 40 g/L,, 5 to 40 g/L, 510 30 ¢/L, 0.110 10 g/L,
05t010g/L,11010g1,01t05gL,05t05¢L,0r0.1 to2 g/L.

34. The process of claim 33 in which the pNB esterase polypeptide isata concentration of about 0,01
o/L, 005 g/L, 0.1 g/L, 0.2 /L, 0.5 g/, 1 g/L, 2 /L, 5 /L, 10 ¢/1,, 15 g/L, 20 g/, 25 g/L, 30 gL,
35 ¢/L, 40 g/L, or 50 g/L.

35, The process of elaim 21 in‘which the suitable reaction conditions comprise:
(a) substrate loading at 2 /L to 200 g/1;
{b) 0.1 to 10 g/L. of engincered pNB esterase polypeptide;
(c) 0.05 to 0.5 M MES buffer;
(d) 5% to 20% (v/v} DMF co-solvent;
{(e)pH of 610 8; and
(f) temperature of 10 to 35°C.

36. The process of claim 21 in which the suitable reaction conditions comprise:
{a) substrate loading at 5 ¢/L to 100 g/L;
() 2 to 5 /L. of engincered pNB esterase polypeptide;
{c) about 0.1 M MES buffer;
{d) about 15% (v/v) DMF co-solvent;
(e) pH of about 7; and
(f) temperatare of about 15°C.
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