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ENGINEERED BIOCATALYSTS USEFUL FOR CARBAPENEM SYNTHESES

18801} The present application clatms priority to co-pending US Provisional Apple. Ser. No.

61/754,098, filed Januvary 18, 2013, which is incorporated for all purposes in iis entirety.
1. TECHNICAL FIELD

{88021 The disclosure relates to pNE esterase biocatalysts and processes using the biocatalysts for

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

188631 The official copy of the Sequence Listing is submitied concurrently with the specification as
an ASCH formatted text file via EFS-Web, with a file name of “CX2-128USP1 _ST23.1xt”, a creation
date of January 17, 2013, and a size of 369,801 bytes. The Sequence Listing filed via EFS5-Web is

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

[8804] Carbapenems are a class of B-lactam antibiotics with a broad spectnum of antibacterial
activity. Carbapencem antibiotics were originally developed from thiepamycin, 8 naturally derived
product of Streptomyces cattleva. They have a structure that 1s highly resistant to most B-lactamascs
and consequently, are often the antibiotic of last resort for treatment of highly resistant infections of
bacteria such as Escherichia cofli and Klebsiella preumonia. Carbapenem antibiotics include, but are
not hmted to, imipenem, ertapenem, meropenem, doripenem, panipenem, biapenem, razupenem, and

tabipenem.

{8605] Imipenom, (compound (1) shown below}, is a carbapencm that cxhibits a broad range of

antibiotic activity against gram-positive and grame-negative acrobic and anaerobic bacteria species.
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18086] The metheds of use and manufacture of imipenem were first disclosed in ULS, Pat. No,
4,194,047, Varicus alternative synthetic methods for the preparation of imipenem are described in
e.g., U.S. Pat. Nos. 4,374,772, 4,894 450, and 7,462,712, Several synthesis routes for the preparation
of imipenem inchude the formation of a p-nitrobenzyl-ester of imipenem (compound {23 shown

below).
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{88071 This pNB-protected imipenem of compound (2) 1s deprotected to provide the imipenem
product of compound (1} by using palladium or platinum hydrogenation catalysis o remove the
remove p-nitrobenzyt group (see e.g., U.S. Pat. Nos. 4,292 436, and 5,245,069, and 11,5, Pat. Publ.
2002/0095034). The use of these catalysts for pNB deprotection, however, is expensive and resulis in

relatively low yields of the deprotecicd imipenem {e.g., < 60%).

{88681 The use of an esterase enzyme to remove pNB protecting groups in the synthesis of the
cephalosporin-derived and 1-carba-cephalasporin antibictics was disclosed in U.5. Pat. No. 5,468,632,
A specific wild-type pNB esterase from Sacilfus subrilis 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 ¢.g., Moore ef af., “Directed
evolution of a para-nitrobenzyl esterase for aqueous-organic solvents,” Nafure Riotechnology 14:
458-467 (1996); Moore ef 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 ot al., “Dirccted evolution of a thermostable esterase,” Proc. Nail Acad Sci. US4 95: 128(09-
12813 (Oct. 1998). There remains, however, a need for an onginecred pINB esterase that provides
sclectivity and high yields in the deprotection of pNB-protected carbapenem intermediates, such as
the pNB-protected imipenem of compound {2}, under commercially viable and indusirially useful

process conditions.
4. SUMMARY

{88691 The present disclosure provides engineered polypeptides having pNB esterasc activity,
polynucleotides encoding the polypeptides, methods of the making the polypeptides, and methods of
using the polypeptides for the selective removal of pNB protecting groups i the synthesis of
carbapenem products, such as imipenem. The engincered polypeptides having pNB csterase activity
of the present disclosure have been engineered to have one or more residue differences as compared to
the wild-type pNB esterase. They also have one or more residue differences as compared to the
previously engineered pND esterase polypeptide of aming acid sequence SEQ 1D NO: 2, which has

enhanced solvent and thermal stability relative to the wild-type pNB esterase of Racillus subtilis. In

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

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

Scheme §

@ @)
[8818] The amino residue differences are located at residue positions affecting various enzyme
properties, including among others, activity, stability, product selectivity, and produoct 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 precorsor compounds inchiding, but pot Hmited to, pNB-protected precursor compounds

of thicoamycin meropencm, doripenam, criapencm, biopenem, and panipencin.

i8011] In one aspect, the present disclosure provides engincered polypeptides having pNB esterase
activity, where the enginecred polypeptide comprises an amino acid sequence having at least 50%
wdentity to SEQ 1D NO: 2 and one or more residue differences as compared to SEQ D NO:2 at
residue posttions selected from: X108, X115, X116, X130, X193, X214, X219, X273, X276, X321,
and X362, Insome 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 XIOSL/Y, XTI5Q/W, X1165, X130T, X164T, XI103A/D/E/NV, X214G, X219A/D/L/V,
X2TIAET/V, X2T6A/T/L, X321A, and X362A/DVQ/S/V.

{88121 In some embodiments, the engineered polypeptide having pNB csterase activity comprises an
aming acid sequence having at least 80% identity to SEQ 1D NO: 2 and one or more residue
differences as compared to SEQ D NO: 2 selected fromu X108L/Y, X193A/D/E/V, X219A/DL/V,
KITIAE/T/V, and X362A/D/Q/S/V.

8813} In some embodiments, the engineered polypeptide having pNB esterase activity comprises an
amino acid sequence having at least 80% identity to SEQ ID NG: 2 and a residue difference as
compared to SEQ 1D NO: 2 at position X193 selected from: X193A/DVE/V. Tn some embodiments,

the amino acid residue differcnce as compared 1o SEQ D NO: 2 at position X193 18 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
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polypeptides of Table 2), but in which the amino acid sequence docs not comprise a residue
difference as compared to SEQ 1D NO: 2 at positions X60, X144, X317, X322, X334, X35, and
X370,

188191 In some embodiments, the engincered polypeptides having pNB esterase activity of the
present disclosure having at least 80% identity to SEQ 1D NO: 2 and any of the amino acid residue
differences disclosed herein, firther comprises at least 1.2 fold, 2 fold, 5 fold, 10 fold, 20 fold, 25
fold, 30 foid, 75 fold, 100 fuld, or greater increased activity as compared (o the polypeptide of SEQ
1D NG: 4 i converting compound (2} to compound (1) under suitable reaction conditions.

180268] In some embodiments, the engincered polypeptides having pNB esterase activity conmprises
an amino acid sequence having at least 80%, 85%, 87%, &8%, 59%, 9% 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or 100% identity to a sequence selected from SEQ ID NO: 4, 6, 8, 10, 12, 14,
16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38,40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 64, 62, 64, 66, 6§,
70,72, 74,76, 78, 80, 82, 84, 86, 88, 90, 92, 64, 96, 98, 100, 102, 104, 106, 108, 110, 112, 114, 116,
118, and 120.

18021] 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 polymethacryiate with
epoxide functional groups, poelymethacrylate with amino epoxide functional groups, styrene/DVE

copolymer or polymethacryiate with octadecyl functional groups

{B8022] Exemplary engineered polypeptides having pNB esterase activity and amine acid sequences
incorporating the residue differences disclosed herein, including varions combinations thereof, and
having improved propertics {e.g., capable of converting compound (2} to compound (1) under suitable
reaction conditions) arc disclosed in Table 2, and the Examples. The amine acid sequences are
provided in the Sequence Listing and include SEQ 1D NO: 4, 6, 8, 16, 12, 4, 16, 15, 20, 22, 24, 25,
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, 8O,
82, 84, 86, 88, 90,92, 94, 96, 98, 100, 102, 104, 106, 108, 110, 112, 114, 116, 118, and 120.

18623} In another aspect, the present disclosure provides polynucieotides encoding the engineered
polypeptides having pNB costerase activity, as well as expression vectors comprising the
polymucieotides, and host cells capable of expressing the polynucieotides encoding the engineered
polypeptides. Exemplary polymucleotide sequences are provided in the Sequence Listing tncorporated
by reference herein and include SEQID NG 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, §1, 83, €3, 87,
RS, 91,93, 95,97, 99, 101, 103, 105, 107, 109, 111, 113, 115, 117, and 119,

{8024] In some embodiments, the present disclosure also provides methods of manufacturing the

engincered polypeptides having pNB esterase activity, where the method can comprise colturing a

L
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host cell capable of expressing a polynucleotide encoding the enginecred polypeptide under
conditions suitable for expression of the polypeptide. Tn some embodiments, the method for
manufacturing the enginecred pNB esterase polypeptide can also include: (a) synthesizing a
polynucleotide encoding a polypeptide comprising an amino acid sequence selected from SEQ 1D
NO: 4,6, 8, 10,12, 14, 16, 18,20, 22, 24, 26, 28, 30, 32, 34, 36, 38,40, 42, 44, 46, 48, 50, 52, 54, 56,
58, 60, 62, 64, 66,68, 7, 72, 74,76, 78, B{}, &2, B4, 86, 88, 90, 92, 94, 96, 98, 100, 102, 104, 106,
108, 110, 112, 114, 116, 11¥, and 120, and having one or more residue differences as compared to
SEQ 1D NO:2 at residue positions X108, X115, X116, X130, X193, X214, X219, X273, X276, X321,
and X362 selected from X108L/Y, X1 1SQ/W, X116S, X130T, X164T, X193A/DVE/V, X214,
XZIGA/D/L/N, X2T73A/E/T/V, X2T6A/T/L, X321A, and X362A/D/Q/S/V; and (b) expressing the
pINB esterase polypeptide encoded by the polynucleotide. As further provided in the detatled
description, additional variations can be incorporated during the synthesis of the polynucleotide to
prepare engineered polypeptides with corresponding differences in the expressed amine acid

Sequencaes.

18028] The structural features of the engincered pNEB esterase polypeptides aliow for the conversion
of the pNB-protected substrate of compound (2} to their corresponding un-protected product of
compound (¥}, imipenem. Thus, in another aspect the present disclosure provides a process for

preparing carbapenem antibiotic of compound (1), imipenem, or a salt or hydrate of compound (1},

(1
wherein the method comprises contacting a substrate compound (2), or a salt of hydrate of compound

{2},

6
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with an engineered pNB csterase polypeptide of the present disclosure, vnder suitable reaction
conditions. As provided herein, the processes using the engincered pNB esterases can be carried out
under a range of suitable reaction conditions, jncluding, 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 engincered
pNB esterases of the present disclosure can comprise: (a) substrate loading at about 2 g/L t0 200 ¢/L;
{b} about (.1 to 10 g/L. of engincered pNB esterase polypeptide; {¢) about .05 to 0.5 M MES buiffer;
{d} about 5% to abowt 20% (v/v} DMF co-solvent; (e} pH of about 6 10 8; and/or {f) tenmperature of
about 10 to 35°C. Further, guidance on the choice of engineered pNE esterases, preparation of the
biocatalysts, and parameters and reaction conditions for carrying out the processes arc described in the

detailed description that follow.

5. DETAILED BESCRIPTION
188261 As used in this specification and the appended claims, the singolar forms “a”, “an” and “the”

inciude plural referents unless the context clearly indicates otherwise. Thus, for example, reference to

%5 (&

“a polypeptide” includes more than one polypeptide. Stmilarly, “comprise,” “comprises,”
“comprising” “include,” “includes,” and “inchiding” are interchangeable and not intended to be
limiting. It is to be further suderstood that where descriptions of various emboediments 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.”

{90271 It is 1o be understood that both the foregoing general description, and the following detailed
description arve 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 Hmiting the
subject matter described.

5.1 Abbreviations
[8828] The abbreviations used for the genetically encoded amino acids are conventional and are as

follows:

Amino Acid Three-Letter Abbreviation One-Letter Abbreviation

Alaning Ala A
Arginine Arg R
Asparaginge Asn N
Aspartate Asp D
Cysteine Cys C
Giutamate Giu E
Glutamine Gln O
Glycine Gly G
Histidine His H

~3
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Iscleucine He i
Leucine feu L
Lysine Lys K
Methionine Met M
Phenylalanine Phe F
Proline Pro P
Serine Ser N
Threonine Thr T
Tryptophan Tip W
Tyrosine Tyr Y
Valing Val V

{66291 When the three-letter abbreviations are used, unless specifically preceded by an “L” or a “D”
or clear from the context in which the abbroviation is used, the amino acid may be in either the L- or
D-counfiguration about a-carbon (C,). For example, whereas “Ala” designates alanine without
specifying the configuration about the g-cartbon, “D-Ala” and “L-Als” designate D-alanine and L-
alaninge, respectively. When the one-letier abbreviations are used, upper case letiors designate aming
acids in the L-configuration about the a-carbon and lower casc letters designate amino acids in the [-
configuration 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-letter or three-letter
abbreviations {or mixtures thereof), the sequences are presented in the amino (N) to carboxy (C)

direction in accordance with common convention.

[80638] The abbreviations used for the genetically encoding nucieosides are conventional and are as
follows: adengsine {A); guanosine (G); cytiding (C); thymidine (T); and uriding (1), Unless
specifically delineated, the abbreviated nucleotides may be cither ribomucleosides or 27-
deoxyribonucleosides. The nucleosides may be specified as being either ribonucleosides or 27-
deoxyribonucieosides on an individual basis or on an aggregate basis. When nucleic acid sequences
are presenied as a siring of one-letier abbreviations, the sequences are presented inthe 57 to0 37

direction in accordance with common convention, and the phosphates are not fndicated.

52 Befiniticns
[80631] 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,
uniess specifically detined otherwise. Accordingly, the following terms are infended to have the

following meanings.

[8832] “Protein”, “polypeptide,” and “peptide” are used interchangeably herein to denote a polymer

3

of at least two amino acids covalently hinked by an amide bond, regardless of length or post-
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translational modification (e.g., glycosylation, phosphorylation, lipidation, myristilation,
ubiquitination, ¢t¢.). Included within this definition are [}- and L-aming acids, and mixtures of D- and

L-amino actds.

18033] “Polynucleotide™ or “nucleic acid” refeors 1o two or more nucleosides that are covalently
linked together. The polynucleotide may be wholly comprised ribonucleosides (i.e., an RNA}), wholly
comprised of 2”-deoxyribonucleotides (7.2, a BNA) or mixtares of ribo- and 2’-deoxyribonucleosides.
While the nucleosides will typically be linked together via standard phosphodiester Hinkages, the
polynucieotides may include one or more non-standard linkages. The polynucieotide 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
enceding ouclecbases (i.e., adenine, guanine, uracil, thymine and cytosine), it may include one or
more modified and/or synthetic nucleobases, such as, for example, inosine, xanthine, hypoxanthine,

etc. Preferably, such modified or synthetic nucieobases will be encoding nucleobases.

188341 “pNB esterase activity” as used herein refers o the enzymatic activity of hydrolyzing a para-

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

{88381 “pNB esterase” as vsed herein refers to an enzyme having pNB esterase activity and can
inciude a naturally occurring {wild-type) pNB esterase, such as the pNB esterase from Saci{fus
subtilis, as well as non-naturally occurring engincered pNB esterase polypeptides gencrated by human

manipulation.

[8836] “Coding sequence” refers to that portion of a nucleic acid {e.g., a gene) that encodes an amino

acid sequence of a protein.

{88371 “Naturally-occurring” or “wild-type” refers to the form foond in pature. For example, a
naturally occurring or wild-type polypeptide or polynucicotide sequence is a sequence present in an
organism that can be 1solated from a source in nature and which has not been intentionally modified

by human manipulation.

{88381 “Recombmnant” or “enginecred” 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 a manner that would not otherwise exist in
nature, or is identical thereto but produced or derived from synthetic materials and/or by manipulation
using recombinant techniques. Non-limiting examples inchide, among others, recombinant cells
expressing genes that are not found within the native (non-recombinant) form of the cell or express

native genes that are otherwise expressed at a different level.

{8839 “Porcontage of sequence identity” and “percentage homology™ are used interchangeably

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
polynucicotide or polypeptide sequence in the comparison window may comprise additions or
deletions (f.e., gaps) as compared 1o the reference sequence for optimal alignipent of the two
sequences. The percentage may be calculated by deternuning the number of positions at which the
identical nucleic acid base or amino acid residue occurs in both sequences to vield the number of
matched positions, dividing the number of matched positions by the total mmber of positions in the
window of comparison and multiplying the result by 100 to yield the percentage of sequence identity.
Alternatively, the porcentage may be caleulated by determining the number of positions at which
gither the identical mucleic acid base or amino acid residue occurs in both sequences or a mucleic acid
basc or amino acid residuc is aligned with a gap to vield the number of matched positions, dividing
the number of matched positions by the total mumber of positions in the window of coroparison and
muhtiplying the resudt by 100 to vield the percentage of sequence identity. Those of skill in the art
appreciate that there are many established algorithims 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 homeology alignment algorithin of
Needleman and Wunsch, 1970, J. Mol Biol. 48:443, by the search for similarity method of Pearson
and Lipman, 1988, Proc. Natl. Acad. Sci. USA 85:2444, by computerized implementations of these
algorithms (GAP, BESTFIT, FASTA, and TFASTA in the GCG Wisconsin Software Package), or by
visual inspection {see generally, Current Protocols in Molecular Biology, F. M. Ausubel et al,, eds,,
Current Protocols, a joint venture between Greene Publishing Associates, Ine. and John Wiley &
Sons, Inc., (1995 Supplement) {Ausubel)). Examples 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 et all, 1990, J. Mol. Biol. 215: 403-410 and Alischul et al,, 1977, Nucleic
Acids Res. 3389-3402, vespectively. Software for performing BLAST analyses is publicly available
through the National Center for Bictechnology Information website. This algorithm involves first
identitying high scoring sequence pairs (HS5Ps) by identifying short words of length W in the query
sequence, which either roatch or satisfy some posttive-valued threshold score T when aligned with a2
word of the same length in a database sequence. T 1s referred to as, the neighborhood word scove
threshold (Altschul et al, supra). These imitial neighborhood word hits act as seeds for initiating
searches to find longer HSPs containing them. The word hits are then extended in both directions
along cach sequence for as far as the comulative alignment score can be increased. Cumulative scores
are calculated using, for nucleotide sequences, the parameters M (reward score for a pair of matching
residues; always >0} and N (penalty score for mismatching residues; always <{3). For amino acid
sequonces, a scoring matrix is used to calculate the cumulative score. Extension of the word hits in
cach direction arc halted when: the cumulative alignment score falls off by the quantity X from its
maximum achieved value; the cuomulative score goes to zero or below, due to the accummlation of one

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

tG
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algorithm parameters W, T, and X determine the sensitivity and speed of the aligmment. The
BLASTN program {for nuclectide sequences) uses as defaults a wordlength (W) of 11, an expectation
(EY of 10, M=5, N=-4, and a comparison of both strands. For amine acid scquences, the BLASTP
program uses as defaults a wordlength (W) of 3, an expectation (E) of 10, and the BLOSUMaG2
scoring matrix (see Henikoff and Hembkoff, 1989, Proc. Natl. Acad. Sci. USA 89:10815). Exemplary
determination of sequence alignment and % sequence identity can employ the BESTFIT or GAP
programs in the GCG Wisconsin Software package (Accelrys, Madison W), using default parameters

provided.

[B048] “Reference sequence” refers to a defined sequence used as a basis for a sequence comparison,
A reference sequence may be a subset of a larger sequence, for example, a segment of a foll-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 longth, at least 50 residues in longth, or the full length of the
nucleic acid or polypeptide. Since two polynucleotides or polypeptides may each (1) comprise a
sequence (Z.e., a portion of the complete sequence) that 1s similar between the two sequences, and {2)
may further comprise a sequence that is divergent between the two sequences, sequence comparisons
between two (o1 more) polynucieotides or polypeptide are typically performed by comparing
sequences of the two polynucleotides or polypeptides over a “comparison window” 1o identify and
compare local regions of sequence similarity. In some embodiments, a “reference sequence”™ can be
bascd 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 D
MNO:2 having at the residue corresponding to X193 an alanine” or “X193A” refers to a reference
sequence of SEQ 1D NG:2 in which the corresponding residue at X193 {which is a methionine in SEQ

1D NG:2), has been changed to alanine.

{8641} “Comparison window” refers to a conceptual segment of at least about 20 comtiguous
nucleotide positions or amino acids residucs wherein a sequence may be compared to a reference
sequence of at least 20 contiguous nucleotides or amino acids and wherein the portion of the sequence
n the comparison window may comprise additions or deletions (7.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.

166421 “Substantial identity” refers to a polynucleotide or polypeptide sequence that has at lcast 80
percent sequence identity, at least 85 percent identity and 89 to 95 percent sequence identity, more
usually at lcast 99 percent sequence identity as compared to a reference sequence gver a comparison
window of at least 20 residue positions, frequently over a window of at least 30-50 residucs, 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

i1
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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 prograims
GAP or BESTFIT using default gap weights, share at east 80 percent sequence identity, preferably at
least 89 percent sequence identity, at least 95 percent sequence identity or more {e.g., 99 percent
sequence identity}. Preferably, residue positions which are not identical differ by conservative aming
acid substitutions.

LR

18043] “Corresponding to7, “reference to” or “relative to” when used in the context of the numberning
of a given amino acid or polynucleotide sequence refers to the numbering of the residues of a
specitied reference sequence when the given aming acid or polynucieotide sequence is compared to
the reference sequence. In other words, the residue number or residue position of a given polymer is
designated with respect to the reference sequence rather than by the actual numerical position of the
residue within the given amino acid or polynucleotide sequence. For example, a given amine acid
sequence, such as that of an engincered pNI esterase, can be aligned to a reference sequence by
introducing gaps to optimize residue matches between the two sequences. In these cases, although the
gaps are present, the nombering of the residue in the given amino acid or polynucleotide sequence is

made with respect o 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 amino acid residue at a correspondng position
1n a reference sequence. The positions of amino acid differences generally are referred to herein as
*“Xn,” where o refers to the corresponding position in the reference sequence upon which the residue
difference is based. For example, a “residue difference at position X193 as comopared to SEQ 1D NG:
27 refers to a change of the amino acid residue at the polypeptide position corresponding to position
193 of SEQ 1D NO:2. Thus, if the reference polypeptide of SEQ ID NG: 2 has a methionine at
position 193, then a “residue difference at position X193 as compared to SEQ D NO:2” an amino
acid substitution of any residuc other than methionine at the position of the polypeptide corresponding
to position 193 of SEQ I3 NO: 2. In most instances herein, the specific amino acid residue difference
at a position is indicated as “XnY” where “Xn” specified the corresponding position as described
above, and “Y” is the single letter identifier of the amino acid found in the engincered polypeptide
(i.e., the different residue than i the reference polypeptide). In some embodiments, where more than
one amine acid can appear in a specified residue position, the alternative amine 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 present disclosure also provides specific amine acid differences denoted by the
conventional notation “AnB”, where A is the single letier identifier of the residuc in the refercuce
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 inchude one or more amine acid residue
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differences relative to a reference sequence, which is indicated by a list of the specified positions

where changes are made relative to the reference sequence.

16845] “Conservative amino acid substitution”™ refers to a substitution of a residue with a different
residue having a sumilar side chain, and thus typically involves substitution of the amino acid o the
polypeptide with amine acids within the same or similar defined class of amino acids. By way of
example and not Limitation, an amino acid with an aliphatic side chain may be substituted with
angther aliphatic amine acid, e.g., alaning, valing, leucine, and iseleucine; an amino acid with
hvdroxyl side chain is substituted with another amino acid with a hydroxyl side chain, e.g., scrinc and
threownine; an amine acid having aromatic side chains is substituted with another anuno acid having an
aromatic side chain, e.g., phenylalanine, tyrosine, tryptophan, and histidine; an amino acid with a
basic side chain is substifuted with another amino acid with a basic side chain, e.g., bysine and
arginine; an amine acid with an acidic side chain is substituted with another amine acid with an acidic
stde chain, e.g., aspartic acid or glutamic acid; and a hydrophobic or hydrophilic amino acid is
replaced with another hydrophebic or hydrophilic amino acid, respectively. Exemplary conservative

substitutions are provided in Table 1 below.

Table §
Residue Possible Conservative Substitutions
AL,V 1 Other aliphatic (A, L, V., D)
Other non-polar (A, L, V. I, G, M)
G, M Other non-polar (A, L, V. 1, G, M)
DL E Other acidic (B, B}
K. R Other basic (K, R)
N, Q5,71 Other polar
HY W, F (ther aromatic (H, Y, W, F)
C, P None

18046] “Non-conservative substitution” refers to substitution of an amino acid in the polypeptide
with an amino acid with significantly differing side chain properties. Nor-conservative substitutions
may us¢ amino acids between, rather than within, the defined groups and affects {(a) the structure of
the peptide backbone in the area of the substitttion (e.g., proline for 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 basic or aliphatic amino
acid; an aromatic amino acid substituted with 3 small amino acid; and a hydrophibic aming acid

substituted with a hydrophobic amine acid.

188471 “Deletion” refers to modification to the polypeptide by removal of one or more amino acids
from the reference polypeptide. Delctions can comprise removal of 1 or more amino acids, 2 or more
amino acids, 5 or more amine acids, 10 or more amino acids, 15 or more amino acids, or 20 or more
amino acids, up to 10% of the total nomber of amine acids, or up (o 20% of the total number of aming

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

—
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improved properties of an engincered pNB esterase enzyme. Deletions can be directed to the imternal
portions and/or terminal portions of the polypeptide. In various embodiments, the delction can

comprise a continuous segment or can be discontinuous,

188481 “Tnsertion” refers to modification to the polypeptide by addition of one or more amine acids
from the reference polypeptide. Tn some embodiments, the improved engineered pNB csterase
enzymes comprise insertions of one or more amino acids to the natorally occurring pNB esterase
polypeptide as well as insertions of one or more aming acids to other improved pNE csterase
polypeptides. Insertions can be in the internal portions of the polypeptide, or to the carboxy or amino
terminus. fnsertions 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 more of the amino acids in the reference

polypeptide.

{8849] “Fragment” as used herein refers to a polypeptide that has an amino-terminal and/or carboxy-
terminal delction, but where the remaining amino acid sequence is identical o the corresponding
positions in the sequence. Fragments can be at least 14 amino acids long, at least 20 amino acids
long, at least SO amino acids long or longer, and up to 70%, 80%, 90%, 95%, 98%, and 99% of the
full-length pNB csterase polypeptide, for example the reference engincered pNB esterase polypeptide

of SEQ 1D NO: 2.

180586} “lsolated polypeptide” refers 1o a polypeptide which is substantially separated from other
contaminants that naturally accompany it, e.g., protein, lipids, and polynucleotides. The term
embraces polypeptides which have been removed or purified from their naturally-occurring
environment or expression system {e.g., host cell or in vifro synthesis). The improved pNB esterase
enzyroes may be present withio a cell, present o the cellular medivm, or prepared in various forms,
such as lysates or isolated preparations. As such, in some embodiments, the improved pNEB esterase

enzyme can be an isolated polypeptide.

{88811 “Substantially pure polypeptide” refers to a composition in which the polypeptide species is
the predominant species present (i.e., on a molar or weight basis, it is more abundant than any other
mdividual macromolecular species in the composition), and is generally a substantially purified
composition when the object species comprises at least about 50 percent of the macromolecular
species present by mole or % weight. Generally, a substantially pore pNB esterase composition will
comprise about 60 % or more, about 70% or more, about 80% or morg, about 90% or more, about
95% or more, and about 8% or more of all macromoelecular species by mole or % weight present in
the composition. In some embodiments, the object species is purified to essential homogeneity (i.e.,
contaminant species cannet be detected in the composition by conventional detection methods)
wherein the composition consists essentially of a single macromolecular specics. Solvent species,

small molecules (<300 Daltons), and clemental ion species are not considered macromolecular

14



WO 2014/113521 PCT/US2014/011767

species. In some embodiments, the isolated improved pNEB esterase polypeptide is a sabstantially pure

polvpeptide composition.

{88521 “Stercosclectivity” refers to the preferential formation in a chemical or enzymatic reaction of
one stereoisomer over another. Stercoselectivity can be partial, where the formation of one
stereoisomer is favored over the other, or it may be complete where only one stereoisomer is formed.
When the stercoisomers are enanfiomers, the stereoselectivity is referred to as enantiosclectivity, the
fraction (typically reported as a percentage) of one enantiomer in the sum of both. It is commonly
alternatively reported in the art (fypically as a percentage) as the enantiomeric cxeess {e.¢.) calculated
therefrom according to the formula [major enantiomer — minor enantiomer)/[major enantiomer +
minor enantiomer]. Where the stercoisomers are diastereoisomers, the stercoselectivity is referred to
as diastercosclectivity, the fraction (typically reported as a percentage) of one diastercomer in a
mixture of two diastercomers, commounly alteroatively reported as the diastercomeric exeess (d.g.).

Enantiomeric excess and diastercomeric excess are types of stergomeric excess.

186531 “Improved enzyme property” refers to a pNB esterase polypeptide that exhibits an
npprovement i any enzyme property as compared to a reference pNB esterase. For the engineered
pNB esterase polypeptides described herein, the comparison is gencrally made to the reference
engineered pNB esterase enzyme of SEQ 1D NO: 4, although in some embodiments, the reforence
pN csterase can be another engincercd pNB esterase, or the wild-type pNB esterase of B subiifis.
Enzyme propertics for which improvement is desirable include, but are not limited to, enzymatic
activity {which can be expressed in terms of percent conversion of the substrate}, thermostability,
solvent stability, product selectivity, pH activity profile, refractoriness to inhibitors {e.g., subsiratc or

product inhibition), and stereosclectivity (including enantioselectivity).

{88541 “Increascd enzymatic activity” refers to an improved property of the engineered pNB esterase
polypeptides, which can be represented by an increased specific activity (e.g., prodoct
produced/time/weight proicin) 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 pertod using a
specified amount of pNB csterase) as compared to the reference pNB esterase enzyme. Exemplary
micthods to determine enzyme activity are provided in the Examples. Any property relating to enzyme
activity may be affected, inciuding the classical enzyme properties of K, V... 0 &4, changes of
which can lead to jncreased cozymatic activity. Improvements in enzyme activity can be from about
1.2 fold the enzymatic activity of the corresponding wild-type pNB esterase enzyme, to as nmuch as 2
fold, 5 fold, 1{ fold, 20 fold, 25 fold, 50 fold, 75 fold, 100 fold, or more enzymatic activity than the
natarally occurring pNB esterase or ancther enginecred pNB esterase from which the pNBE csterase
polypeptides were derived. PNB csterase activity can be measured by any one of standard assays,
such as by monitoring changes in spectrophotometric properties of reactants or prodacts. In some

gmbodiments, the amount of products produced can be measured by High-Performance Liquid
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Chromatography (HPLC) separation combined with UV absorbance or fluorescent detection
following derivatization, such as with o-phthaldialdehyde (OPA). Comparisons of enzyme activitics
arc 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 mumbers of cells and the amount of protein assayed are determined as well as use of identical
expression systems and identical host cells to minimize variations in amount of enzyme produced by

the host cells and present in the fysates.

{8835] “Conversion” refers to the enzymatic conversion of the substrate(s) to the corresponding
product(s). “Percent conversion” refers to the percent of the substrate that is converted to the product
within a period 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.

{8856] “Thermostable” refers to a pNB esterase polypeptide that maintains similar activity {more
than 60% to 80% for exanple) after exposure to clevated temperatures (e.g., 40-80°C) for a period of

time {e.g., 0.5-24 hrs} compared to the wild-type enzyme.

{8857] “Sclvent stable” refers to a pNB esterase polypeptide that maintains stroilar activity (toore
than e.g., 60% to 80%) after exposure to varying concentrations {e.g., 5-99%) of solvent (ethanol,
isopropyl aleohel, dimethyisulfoxide (BMSQO), tetrahydrofuran, 2-methyitetrahydrofuran, acetone,
tolucne, butyl acctate, methyl tert-butyl ether, cte.) for a peried of time (e.g., 0.5-24 brs) conmpared to

the wild-type enzyme.

[88358] “Thermo- and solvent stable” refers to a pNB esterase polypeptide that is both thermostable

and solvent stable.

[80659] “Siringent hybridization” is used herein to refer to conditions under which nucleic acid
hybrids arc stable. As known to those of skill in the art, the stability of hybrids is reflected in the
mclting temperature (7, of the hybrids. In general, the stability of a hybrid is a function of fon
strength, temperature, G/C content, and the presence of chaotropic agents. The 7, values for
polynucleotides can be calculated using known methods for predicting melting temperatures (see, e.z.,
Baldino et al., Methods Enzymology 168:761-777; Bolion ¢t al., 1962, Proc. Natl. Acad. Sci. USA
48:1390; Bresslauer et al., 1986, Proc. Natl. Acad. Sci. USA 83:8893-8897; Freier et al., 1986, Proc.
Natl, Acad. Sci. USA 83:9373-9377; Kierzek ot al,, Biochemistry 25:7540-7846; Rychlik ot al., 19940,
Nugcleic Acids Res 18:6405-64172 (erratum, 1991, Nucleie Acids Res 19:69%); Sambrook et al., supra);
Suggs et al., 1981, In Developmental Biology Using Purified Genes (Brown ¢t al., eds.), pp. 683-693,
Academic Press; and Wetmur, 1991, Crit Rev Biochem Mol Biol 26:227-259. All publications
ncorporated herein by reference). In some embodiments, the poelynucieotide encodes the polypeptide

disclosed herein and hybridizes under defined conditions, such as moderately stringent or highly

t6
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stringent condifions, to the complement of a sequence encoding an enginecred pNB esterase enzyme

of the present disclosure.

18060] “Hybridization stringency’ relates to hybridization conditions, such as washing conditions, in
the hybridization of nucleic acids. Generally, hybridization reactions are performed under conditions
of lower stringency, followed by washes of varying but higher stringency. The term “moderately
stringent hybridization” refers to conditions that permit target-DNA to bind a complementary nucleic
acid that has about 60% identity, preferably about 75% identity, about 85% identity to the target
DNA, with greater than about 909 identity 1o target-polynucleotide. Exemplary moderately sivingent
conditions are conditions equivalent to hybridization in 509% formamide, 5% Denhart’s solution,
Sx88PE, (1.2% SDS at 42°C, followed by washing in (.2xSSPE, 0.2% SDS, at 42°C. “High
stringency hybridization” refers gencrally to conditions that are about 16°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 pernmt
hybridization of only those nucleic acid sequences that form stable hybrids in 0.018M NaCl at 65°C
{i.e., if a hybrid s not stable in 0.018M NaCl at 65°C, 1t will not be stable under high stringency
conditions, as contemplated herein). High stringency conditions can be provided, for example, by
hvbridization in conditions equivalent 1o 50% formamide, 5% Denhart's solution, S#88PE, 0.2% SDS
at 42°C, followed by washing in 0. 1xS8PE, and ¢.1% SIS at 65°C. Avother high stringency
condition is bybridizing in conditions equivalent to hybridizing in SX S5C contaming $.1% (w:v)
SIS at 65°C and washing in 0.1x 88C containing 0.1% SDS at 65°C. Other high stringency
hybridization condifions, as well as moderately stringent conditions, are described in the references

cited above,

18068] “Heterologous™ polynuclectide refers to any polynucleotide that is introduced into a host cell
by laboratory techmiques, and includes polynuclootides that are removed from a host cell, subjected to

laboratory manipulation, and theo reintroduced into a hoest cell.

18862} “Codon optimized” refers 1o changes in the codons of the pelyoucicotide encoding a protein
to those preferentially used in a particular organism such that the encoded protein is efficiently
expressed in the organtsm of interest. Although the genetic code is degenerate in that most aming
acids are ropresented by several codous, called “synonyms” or “synonymous” codens, it is well
known that codon usage by particular organisms is nonrandom and biased towards particular codon
triplets. This codon usage bias may be higher in reference to a given gene, genes of common function
or ancestral origin, highly expressed proteins versus low copy number proteins, and the aggregate
protein coding regions of an organism's genome. Tn some embodiments, the polynucleotides encoding
the pNB esterase cnzymes may be codon optimnized for optimal production from the host organism

selected for expression,

—
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[8863] “Preforred, 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 1o a single gene, a st of
genes of common function or origin, highly expressed genes, the codon frequency in the aggregate
protein coding regions of the whole organism, codon frequency in the aggregate protein coding
regions of related organisms, or combinations thereof. Codons whose frequency increases with the
level of gene cxpression are typically optimal codons for expression. A variety of methods are known
for determining the codon frequency (e.g., codon usage, relative synonymous codon usage) and codon
preference in specific organisms, including multivariate analysis, for example, using cluster analysis
or correspondence analysis, and the effective number of codons 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 (sec for example, Wada et al,, 1992, Nucleic Acids Res. 26:2111-2118; Nakamwura ¢t
al., 2000, Nucl. Acids Res. 28:292; Duret, et al., supra; Henaut and Danchin, “Hscherichia col and
Salmonella,” 1996, Neidhardt, ot al. Eds., ASM Press, Washington D.C., p. 2047-2066. The data
souree for obtaining codon usage may rely on any avatlable 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 tags (ESTS), or predicted coding
regions of genomic scquences (see for example, Mount, D, Biomformatics: Sequence and Genome
Analysis, Chapter 8, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NUY ., 2601
Uberbacher, E. C., 1996, Methods Enzymol. 266:259-281; Tiwari ot al, 1997, Comput. Appl. Biosct.
13:263-270).

{8064] “Control sequence” is defined herein to include all components, which are necessary or
advantageous for the expression of a polymucleotide and/or polypeptide of the present disclosure.
Each control sequence may be native or foreign to the nucleic acid sequence encoding the
polypeptide. Such control sequences inciude, but are not limited to, a leader, polyadenylation
sequence, propepiide sequence, promoter, signal peptide sequence, and transcription terminator, At a
manimum, the control sequences inchude a promoter, and franscriptional 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 2 polypeptide.

18865] “Uperably Hnked” is defined herein as a configuration in which a control sequence is
appropriately placed (f.e, In a functional relationship) at a position relative to a polynucleotide of
interest such that the control sequence directs or regulates the expression of the polynucleotide and/or

polypeptide of interest.
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[8866] “Promoter sequence” refers to a nucleic acid sequence that s recognized by a host cell for
expression of a poelynucleotide of interest, such as a coding sequence. The promoter sequence containg
transcriptional control sequences, which mediate the expression of a polynucieotide of interest. The
promoter may be any nucleie acid sequence which shows franscriptional activity in the host celi of
choice tncloding mutant, truncated, and hybrid promoters, and may be obtained from genes encoding

extracetular or intracellolar polypeptides either homologous or heterologous to the host cell.

18067] “Suitable reaction conditions” refer to those conditions in the biocatalytic reaction solution
{e.g., ranges of enzyme loading, substrate loading, cofactor loading, temperature, pH, bufters, co-
solvents, efe.) under which a pNB esterase pelypeptide of the present disclosure is capable of
converting a substrate compound to a product compound (e g, conversion of compound (2} to
compound (1}}. Exemplary “suttable reaction conditions” are provided in the detailed description and

ilustrated by the Examples.

188681 “Loading”, such as in “compound loading” or “cuzyme loading” or “cofactor loading”™ refers

to the concentration or amount of 4 component in a reaction mixtare at the start of the reaction.

[8869] “Substrate” in the context of @ biocatalyst mediated process refers to the compound or
molecule acted on by the biocatalyst. For example, an exemplary substrate for the enginecred pNB

esterase biocatalysts in the process disclosed herein is compound (23,

186781 “Product” in the context of a bivcatalyst mediated process refers to the compound or molecule
resuiting tfrom the action of the biocatalyst. For example, an exemplary product for the engincered

pNB esterase biocatalysts in the process diselosed herein s compound (1).

{8871} “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 sclectively removed as desired during the course of a synthesis. Exampies of
protecting groups can be found in Wuts and Greene, “Greene’s Protective Groups 1n Organic
Synthesis,” 4™ Ed., Wiley Interscience (2006), and Harrison et al, Compendium of Synthetic Organic
Methods, Vols. 1-§, 1971-1996, John Wiley & Sons, NY. Functional groups that can have a

protecting group inciude, but are not Hmited to, hydroxy, aming, and carboxy groups.

53 Engineered pNB Esterase Polypeptides
18872} The present disclosure provides enginecred polypeptides having pNB csterase activity,
polynucleotides encoding the polypeptides, and methods for using the polypeptides. Where the
foregoing description relates to polypeptides, #t is to be understood that it also describes the

polynucicotides encoding the polypeptides.

180731 The prosent disclosure relates to engineered pNB esterase polypeptides derived from the wild-

type pNB esterase polypeptide of Baciflus subtilis of GenBank Access. No.s AAABIS1S.1,
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(1468046, The engincered pNB esterases of the present disclosure have been engincered with amino
acid residue substitutions that aliow for conversion of a pNB-protected substrate of compound {2} to
the corresponding deprotected product of compound (1}, imipenem. Significantly, the present
disclosure 1dentifies amino acid residue positions and corresponding amino acid residue substitutions
in the enginecred pNB esterase polypeptide that can increase the enzymatic activity, product

selectivity, and stabihity, in deprotecting pNE-protected carbapenem subsirates.

188741 The identification of the specific residue positions and substitutions in the enginecered pNB
gsterase polypeptides of the present disclosure by enginecring through directed evelution methods
using structure-based rational sequence Library design with screening for improved functional
properties using an activity assay based on the conversion of the pNB-protected imipenem precursor
of compound (2) to its corresponding unprotected product of compound (1), imipenem. Specificaily,
the conversion of substrate compound (2} to product compound (1) as shown o Scheme 1 (above).
The enginecred pNEB esterase polypeptides of the present disclosure were evolved to efficiently
convert the pNB-protected tmipenem substrate of compound (2) to the product compound (3}, under

suitable reaction conditions.

18075] The specific structural features and structure-function correlating information of the
engingered pNB esterase polypeptides of the present disclosure also allow for the rational design and
directed evolution of enginecred pNB esterase polypeptides that can carry out the sclective
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
engineered pNB esterase polypeptides of the present disclosure are capable 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

18076] The engincered pNB esterase polypeptides adapted for efficient conversion of compound (2}
to compeund (1) have one or more residuc 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 properties, inchiding enzymaatic activity, enzyme 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}
{88771 In some embodiments, the engincered pNB esterase polypeptides show increased activity in
the conversion of pNB-protected substrate compound (2} to the deprotected product compound (3} in
a defined time with the same amount of enzyme as compared to the refercoce cuginecred pNB
gsterase of SEQ 1D NO: 4. In some embodiments, the engineered pNB esterase polypeptide has at
fcast about 1.2 fold, 1.5 fold, 2 fold, 3 fold, 4 fold, S fold, 10 fold, 20 fold, 30 fold, 40 fold, or 50 fold
or more the activity as compared to the reference enginecred polypeptide represented by SEQ 1D

NO:4 under suitable reaction conditions.

18878] In some embodiments, the engincered pNB csterase polypeptides are capable of converting
substrate compound (2} to product compound (1) with increased tolerance for the presence of
substrate relative to the reference polypeptide of SEQ 1D NG: 4 under suntable reaction conditions.
Thus, in some embodiments the engincered pNB esterase polypeptides are capable of converting the
substrate compound {2} to product compound (1) under a substrate loading concentration of at least
about 1 g/L, about 5 g/1., about 10 g/L, about 20 g/L, about 30 ¢/L., about 40 g/L., about 50 g/L, abowt
730 g/L, about 100 g/L, about 125 g/L, sbout 150 g/L.. about 175 g/l ov about 200 g/l or more with a
percent conversion of at least about at least about 50%, at least about 60%, at least about 70%, at least
about 80%%, at least about 90%4, at lcast about 959, at least about 989, or at least about 99%, ina
reaction time of about 72 b or less, about 48 h or less, about 36 h or less, or about 24 b less, under

suitable reaction conditions.

{88791 In some embodiments, the engincercd pNB csterase polypeptides are capable of converting at
feast 70% of substrate compound {2} to product compound (8} in 2 b, at a substrate loading of 25 g/LL

and a temperature of 15°C,

180881 In some embodiments, the engincered pNB csterase polypeptides are capable of converting
subsirate compound {2) to product compound (1} with a sclectivity ratio for product compound (1} to
side-product compound (3} of at least 5011, at least 60:1, at least 71, at least 80: 1, at least 911, or

greater.

{8681} The suitable reaction conditions under which the above-described tmproved propertics of the
enginesred polypeptides carry out the conversion can be determined with respect to concentrations or
amounts of polypeptide, substrate, buffer, co-solvent, pH, and/or conditions including temperature

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

{88821 The present disclosure provides 59 exemplary engineered pNB esterase polypeptides having

structural features capable of converting the substrate of compound (2}, a pNB-protected precursor of
imipenem, to the corresponding product of compeund (1), imipenem.  The present disclosure provides
the sequence structure of the 59 exemplary enginecred pNB esterase polypeptides as SEQ 1D NQOs: 3-

120 in the electronic Sequence Listing file accompanying this disclosure, which is hereby
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mcorporated by reference herein. The odd numbered sequence identifiers (e, SEQ 1D NGs) refer to
the nucleotide sequence encoding the amino acid sequence provided by the even numbered SEQ 1D
NQOs. The present disclosure also provides in Table 2 sequence structural fnformation correlating
specific amino acid sequence features with the functional activity of the engineered pNB csterase
polypeptides. This structare-function correlation mformation is provided in the form of specific
aming acid residues differences relative to the reference engineered polypeptide of SEQ ID NG: 2 and
associated cxperimentally determined activity data for the 59 exemplary engineered pNB esterases of
SEQ HY NOs: 3 - 120, The aminoe acid residue differences are based on comparison to the reference
sequence of SEQ 1D NO: 2, which has the following 7 amino acid residue differences relative to the
sequence of the wild-type pNB-csterase from Bacillus subiilis {(GonBank Access. No.: AAARISIS L,
GL468046): 160V, L.144M, P317S, H322R, 13348, M358V, and Y370F. As noted in Table 2, the
engincered polypeptide of SEQ 1D NO: 2 does not have detectable activity in the conversion of
compound (2) to compound (1). The enginecred pNB esterase polypeptide of SEQ ID NO: 4 which
has the single amino acid difference M193 A as compared to SEQ 1D NO: 2 was found to have
ctectable 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 activity of cach exemplary
enginecred pNB esterase polypeptide was determined as conversion of the substrate compound (2} to
the imipenem product of compound {1} in comparison to the pINB esterase activity of the engineered
pINB esterase polypeptide of SEQ H3 NO: 4 over a set time period and temperature in a high-
throughput (HTP) assay. The Activity Improvement values in Table 2 were determined using an
assay of £. cofi clear cell lysates in 96 well-plate format of ~250 pL vohume per well following assay

reaction conditions as noted in the table and the Examples.

Table 2: Engincercd pNB Esterase Polypeptides and Relative Activity Improvement

SEQID
NG Amiing Acid Differences Activity Improvement
{nit/aa) (relative to SEQG ID NG: 2) (relative to SEQ D NG: 4)
1/2 None 1ot detected
3/ M1934, ]
3/6 FI08Y; P1163; M1934; 1.4
7% FLOBY, M1934,; 1.8
8/10 HLISW; MIG3A; 1.0
11712 { E115G3;, M1934, 1.2
13/14  { M193V,; B214G; 4.3
15/16 | MI193A; R219D; 9.5
17718 | M193A; R219L, 3.8
19/20  { M193A; L2738, i2.1
21722 1 MI93A; Q276H; 10.4
23/24 | M193A; Q2767, 32
25726 | M193A; Q2761 7.9
27/28 | 11307, M193A; Q276H, i0.4
29730 { MI93A; L362D; 13.9
31/32 | MI93A; 13628, 1.6
33734 | MI93A; L3624, 6.9

o]
[Se]
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37738

MIS3D;

=

39/40

FI108L; M193V;

=
NENISTE

41/42

MI93V, 1273V, O276A.

L
%
~

4344 | MI93V; R219V,; L273V; Q276A; L362V, 8.9
4546 | FIOSL: M193A. R2IOV: L273V: 99
47/48 | F108L; R219V; L273V, 10.0
49750 | MI93V, L2773V, Q2764 L362A 4.0
51/52 | MI93V: R219A; L2173V, L362V, 22.0
53/54 | MI93V: R219V; L273A, 472
55/56 | MI93V; L273A; Q276A; V321A: L362A, 135
S7/58 | MI193V, R2ISA; L273A, Q276A; L3652V,

59/60

F108L; R219V, L362A,

61/62

FIOSL, RZ19V; 1362V,

Dlaniio

63/64

F108L; M193V; L273A; L362A,

16.1

65/66 | MI93V. R2ISV: L273A, Q276 L362A, 70,5
67/68 | MI93V: R219V; L273A; L362V, 132
65/70 | MI93V: L273V, 205
71/72 | F108L; M193V; R219A,; L273A; L362A, 13.0
7374 | ALGAT, MI93V: R219V: L273V: G276A; L362V, 97
75/76 | FIORY: B1150); M193V; R219V; L273A; L3620 247
T7I7R | MI93V: R219V: Q2761 L3620, 119

79/80

F108Y; E1150: M193V; R219L; L273A,; L3620:

239

81/82

FLOBY. P1150: M193D: R219V: L273A;

143

83/84

F108Y: M193D; R219D); Q276L:

76

85/86 | F108Y; M193F, R219D, i7
87/88 | F10BY; M193D; R219V: L273A; 220

89/9¢

FLOBY. P1150: M193D: R219V: L273A; (3276L; L3625;

264

9152

F108Y: M193V, R219V; L273A;

122

93/94

FIO8Y,; MI93D; R219V,; L273A; 13625;

205

05/96 | F108Y; F1150s M193Dy; R219L: L273A; L3628, 43
97/98 | FIOBY, B1150Q; M193D; R219V; LIT3A, 174
99/100 | FIO8Y; B11SW: M193D; R219L; L273A Q2 76L; L3620y, 92
101/102 | B1150; M193V; R219V; L273A,; L3620, 172
103/104 | F108Y; F115W: M1931): R219L; 152

105/106

F108Y, M193Dy R219V, L2734,

174

107/108

E1150; M193D: R219L: L273A; Q276L: L3620,

i61

109/110

FI08Y: M193D; R219L; L2734, L3620

185

i11/112

FI08Y,; MI93V; R219V; L273A; L3624},

186

113/114

F115W: M193D; R219V: L273A,

186

115/116

F108Y; M193D0; RZIOL; L273A; L362S;

232

117118

FIOSY; Mi93D; R219L; L273A

186

1197120

FIOBY; E115(); M1935y; R2ISL; L273A; (2761

166

" Activity Improvement {relative to SEQ ID N 4) is calculated as the ratio of % conversion of product formed

by the engincered pMB-esterase polypeptide of interest to the % conversion of the reference polypeptide of SEQ
1D MO: 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 substrate of compound {2}, 125 pL lysate (prepared by adding 200 pL of Lysis
Buffer (1 mg/mL lysozyme, 0.5 mg/mb polymyxin B sulfate, 0.1 M phosphate buffer, pH 7.5} 10 £. coli

expressing polypeptide of interest grown in 96 well plates), 0.1 M phosphate buffer, pH 7.5, 15% {v/v) DMF.
15°C, 2 h. Total reaction volume is 200pL.

[8883] From an inspection of the amino acid sequences, and results for the 59 exemplary engineered

pINB csterase polypeptides of Table 2, improved properties of increased activity, selectivity, and/or

)
wa
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stability, that are associated with one or more residue differences as compared to SEQ 1D NQO: 2 at the
following residue positions: X108, X115, X116, X130, X193, X214, X219, X273, X276, X321, and
X36Z. The specific anino acid differences as compared to SEQ 1D NO: 2 at cach of these positions
that are associated with the improved properics include X108L/Y, X115Q/W, X1165, X130T,
X164T, X193A/DVE/V, X214, X219A/ DLV, X2T3A/E/T/V, X276 A/T/L, X321 A, and
X362A/D/Q/S/V.

[8084] In some embodiments, the enginecred pNB esterase polypeptides of the present disclosure
comprise amino acid sequences having residue differences as compared to the engineered pNB
esterase represented by SEQ 1D NO:2 at residue positions selected frome X108, X113, X116, X130,
X193, X214, X219, X273, X276, X321, and X362, In some embodiments, the specific amino acid
residue differences as compared to SEQ 1D NO: 2 at residue positions X190, X115, X116, X130,
X193, X214, X219, X273, X276, X321, and X362, arc selected from: XI0RL/Y, X115Q/W, X11685,
X130T, X164T, X193A/D/E/V, X214G, X219A/D/L/N, X2T3A/ET/V, X276A/T/L, X321A, and
X362A/D/Q/S/V.

18083] As will be appreciated by the skilled artisan, residue differences disclosed in Table 2 have no
significant deleterious cffects on pNB esterase activity and/or product selectivity for the engineered
pNB esterase polypeptides, all of which maintain pNB gsterase activity for the conversion of
compound (2} to compound (1), Accordingly, the skilled artisan will understand that the residue
differences at the residue positions disclosed herein can be used mdividually or in various
combinations to produce engineered pNB esterase polypeptides having the desired functional
properties, fncluding, among others, pNB esterase activity, selectivity, and stability, in converting
phNB-protected carbapenem compounds, sach as compound (2) and s structural analogs, to s

corresponding deprotected carbapenem compound, such as compound (1}, imipenem,

180861 In Light of the guidance provided herein, it is further contemplated that any of the exemplary
engincered polypeptides of SEQ IDNG: 4,6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36,
38,40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68,70, 72, 74, 76, 78, 80, 82, 84, 84, 8Y, 90,
092,94, 96, 9%, 100, 102, 104, 106, 108, 110, 112, 114, 116, 118, and 120 can be used as the starting
amino actd sequence for synthesizing other engineered pINB esterase polypeptides, for example by
subsequent rounds of evohition by adding new combinations of various amino acid differences from
other polypeptides in Table 2, and other residue positions described herein. Further oprovements
may be generated by inchiding amino acid differences at residue positions that had been maintained as
unchanged throughout carlier roumds of evolution.

180871 Accordingly, in some embodiments, the present disclosure provides engineered polypeptides
having pNB esterase activity, and optionally improved properties in converting a pNB-protected

substrate of compound (2) to a deprotected product compound (1) as compared 1o a reference
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polypeptide of SEQ 1D NO:4, wherein the polypeptide comprises an amino acid sequence having at
icast 8%, 85%, 6%, 87%, 88%, &9%, 9%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or
more sequence identity to reference sequence SEQ H NO: 2 and one or more residue differences as
compared to SEQ 1D NG:2 at vesidue positions selected from X108, X115, X116, X130, X193, X214,
X219, X273, X276, X321, and X362, In some embediments, the specific aming acid residue
differences as compared to SEQ ID NG: 2 at residue pesitions X108, X115, X116, X134, X193,
X214, X219, X273, X276, X321, and X362, arc selected from: XITOBL/Y, X115/W, X1168, X1307,
X164T, X193A/D/E/NV, X214G, X2Z19A/D/L/V, XET3AET/IV, X2T6A/T/L, X321 A, and
X362ZAD/IQ/IS/V.

[8888] In some embodiments, the present disclosure provides an enginecred polypeptide having pNB
gsterase activity that comprises an aming acid sequence having at least 80%, €5%, 86%, §7%, 88%,
8G9%, 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 as compared to SEQ 1D NO: 2 at residuoe
positions selected from as compared to SEQ 1D NQ:2 at residue positions X108, X115, X193, X219,
X273, X276, and X362 are selected from: X108L/Y, X115Q/W, X193A/TVE/Y, XZ19A/TVL/Y,
X2TIAJE/T/V, X2TGAST/L, and X362 A/DQ/S/V.

[8088] In some embodiments, the present disclosure provides an engingered polypeptide having pNB
esterase activity comprises an amino acid sequence having at least 80% identity to a reference
sequence of SEQ ID NO: 2 and one or more residue differences as compared to SEQ ID NQO: 2

selected from: X108L/Y, XI93A/DVE/Y, XZ19A/D/L/V, X273A/E/T/V, and X3624/D0Q/5/V.

[8898] in some embodiments, the enginecered polypeptide having pNB esterase activity comprises an
amino acid scquence having at least 80% identity to a reference sequence of SEQ ID NO: 2 and a
residue difference as compared to SEQ 1D NO: 2 at posttion X193 selected frome X193A/D/E/V. In
some embodiments, the amino acid residue difference as compared to SEGQ ID NO: 2 at position X193

is X193V,

{8691} In some embodiments, the engincered polypeptide having pNB csterase activity of the present
disclosure comprises an amino acid sequence having at least 80% ideutity to a reference sequence of
SEQ I NO: 2, and an amino acid difference as compared to SEQ D NO: 2 of X193V, and further
comyprises residue differences as compared to SEQ ID NO: 2 at positions X219 and X273 selected
from X219L/V and X273A/Y. In some embodiments, the amine acid sequence further comprises
residue differcnces as compared to SEQ 1D NG: 2 at positions X108 and X362 selected from
XI08L/Y and X362A/D/YS/V. In still further embodiments, the engineered polypeptide further
comprises a residue difference as compared to SEQ 1D NO: 2 at position X115 selected from

X115Q/W,
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[8892] In some embodiments, the engincered polypeptide having pNB esterase activity of the present
disclosure comprises an amino acid sequence having at least 80%, 85%, 86%, 87%, 88%, 9%, 90%,
1%, 92%, 93%, 94%, 95%, 96%, 97%, 8%, 99% or more identity to a reference sequence selected
from SEQ IDNO: 4,6, 8, 10, 12, 14, 16, 1R, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38,40, 42, 44, 46, 48,
50, 52, 54, 56, 538, 60, 62, 64, 66, 68,70, 72, 74, 76, 78, 8O, 82, 84, 86, &8, 90, 92, 94, 96, 98, 10,
102, 104, 106, 108, 110, 112, 114, 116, 118, and 120, and one or more residue differences as
compared to SEQ 1D NO:Z at residue positions X108, X115, X116, X130, X193, X214, X216, X273,
X276, X321, and X362, fn some embodiments, the specific residue differences as compared to SEQ
15 NO:Z at vesidue positions X108, X115, X116, X130, X183, X214, X219, X273, X276, X321, and
X362 are selected fronu XI108L/Y, X115Q/W, X1168, X130T, X164T, X193A/D/E/V, X214G,
X2ZIQATDN, X2T3AMEMTIV, X276ATAL, X321A, and X362A13/Q/S/V. In some embodiments, the
reference sequence is selected from SEQ 1D NO: 4, 12, 20, 36, 38, 54, 76,80, 88, 112, and 116, In
some embodiments, the reference sequence is SEQ ID NGO:4. In some embodiments, the reference
sequence is SEQ ID NG:12, In some embodiments, the reforence sequence is SEQ 1D NO:36. In
some embodiments, the reference sequence is SEQ 1D NO:38. In some embodiments, the refercuce
sequence is SEQ 1D NO:S4. In some embodiments, the reference sequence is SEQ ID NG:76. In
some embodiments, the reference sequence is SEQ ID NO:KG, In some embodiments, the reference
sequence is SEQ 1D NO:8E. In some embodiments, the reference sequence is SEQ ID NO:11Z, In

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

188931 In some embodiments, the engineered pelypeptide having pNB esterase activity of the present
disclosure comprises an aming acid sequence having at least 8%, 85%, 86%, 87%, 8%, 89%, %0%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more identity o a reference sequence selected
from SEQIDNO: 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, 538, 6{}, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, R4, 86, §8, 90, 92, 94, 96, 9%, 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: (2) X193V, X219V, and X2734; (b) X138Y, X193D,
X219V, X273A, and X3628; (¢} X108Y, X193V, X219V, X273 A, and X362Q: (d) X108Y, X1150,
X193V, X219L, X273A, and X362Q; and (o) X108Y, X115Q, X193V, X219V, X273A, and X362(.

180941 In some embodiments, the engineered poelypeptides having pNB esterase activity disclosed
above (and clsewhere herein) can have additional residue differences at other residue positions. In
some embodiments, the engineered pNB esterases can have 1-2, 1-3, 1-4, 1-5, 1.6, 1.7, 1-8, 1-8, 110,
1-15,1-20, 1-21, 1-22, 1-23, 1-24, 1-25, 1-30, 1-35, 1-40, 1-45, or 1-50 additional residue differences
as compared to SEQ 1D NO:2. In some embodiments, the enginecred pNB esterases canhave 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 differgnces. In some embodiments, the amino acid sequence has additionally 1, 2,
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3.4,5,6,7,89, 10, 11, 12, 13, 14, 15, 16, 18,20, 21, 22, 23, 24, or 25 residue differences as

compared to SEQ 1D NO: 2.

[8895] in some embodiments, the engincered polypeptide having pNB esterase activity of the present
disclosure comprises an amino acid sequence having at feast 80% identity to a reference sequence of
SEQ ID NG: 2, one or more aming acid residue difference as compared to SEQ 1D NO: 2 selected
from XT08L/Y, XTISQ/W, XT93A/MYEN, X210A/D/L/V, X2TIA/E/TV, and X362 A/D/Q/S/V, and
the amino acid sequence further comprises one or more residue differences as compared to SEQ D
NO: 2 selected from: X1168, X130T, X164T, X214G, XZ76AT/L, and X321A. Insome
embodiments, the amino acid sequence can further comprise a residue difference as compared to SEQ
1D NO: 2 selected from: X49G, X940, X968, X227T, X251V, X267R, X271L, X274L, X313F,
X322C7Y, X343V, X356R, X359A, X398L, X412E, X437T, X464 A, and X4¥1R.

{8896] The engineered pNB esterase polypeptide of SEQ 1D NG:2 comprises the following seven
amino acid differcnces as compared to the wild-type pNB esterase of Bacifius subtilis (GenBank
Access. Mo.: AAARTOIA L, GT468046): 160V, L144M, P31753, H322R, L3348, M358V, and Y370F.
Accordingly, in some embodiments, the present disclosure provides an enginecred polypeptide having
pNNB-esterase activity comprises an antino acid sequence having at least 80% identity to SEQ 1D NO:
2, and of any of the amino acid difforences as compared to SEQ 1D NO: 2 as disclosed herein (7.e., as
disclosed in the exemplary polypeptides of SEQ 1D NG: 4-120 of Table 2), but in which the amino
acid sequence does not comprise a residue difference as compared to SEQ ID NQO: 2 at 2 position

selected from: X60, X144, X317, X322, X334, X358, and X370.

180971 As will be appreciated by the skilled artisan, in some embodiments, one or 8 combination of
residue differences above that is selected can be conserved in the engincered pNB esterases as a core
sequence {(or feature), and addifional residue differcnecs at other residue positions incorporated into
the core seqguence to generate additional engineered pNB osterase polypeptides with tmoproved
propertics. Accordingly, it is to be understood for any engincered pNB estcrase containing onc or a
subset of the residue differences above, the present disclosure contemplates other engincered pNB
esterases that comprise the one or subset of the vesidue differences, and additionally one or more
residue differences at the other residug positions disclosed herein. By way of example and not
limitation, an enginecred pNB esterase comprising a residuc difference at residuc position X193, can
further incorporate one or more residue differences at the other residue positions, e.g., X108, X115,
Xite, X130, X214, X219, X273, X276, X321, and X362, Another example is an engincered pNB
esterase comprising a residue difference at residoe position X273, which can further comprise one or
more residue differences at the other residuc positions, e.g., X108, X115, X116, X130, X193, X214,
X219, X276, X321, and X362, For cach of the foregoing embodiments, the engincered pNB osterase

can further comprise additional residue differences selected frome XI08L/Y, XT15Q/W, X1165,

o]
~
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X1307T, X164T, X193A/D/E/V, X214G, X219A/D/L/V, X273A/E/T/V, X2T6A/T/L, X321A, and
X362 A/DIQ/S/V.

[8898] in some embodiments, the engincered pNB csterase polypeptide is capable of converting the
substrate compound (2} to the product compound (1) with at feast 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 1D
MNO: 4, In some embodiments, the engineered pNB esterase polypeptide capable of converting the
substrate compeund (2) to the product compound (1) with at feast 1.2 fold, 1.5 fold, 2 fold, 3 fuld, 4
fold, 5 fold, 14 fold, or more activity relative to the activity of the reference polypeptide of SEQ 1D
NO:4 comprises an aming acid sequence having one or more residue differences as compared to SEQ
18 NO:4 at a position selected from: X108, X115, X316, X130, X193, X214, X219, X273, X276,
X321, and X362, wherein the specific residuc difference is selected from: X108L/Y, XT115Q/W,
X168, X130T, X164T, XT193A/M/E/N, X214G, X219A/D/L/NV, X2T3AE/T/IV, X2T76A/T/L, X321A,
and X362ZA/DVQ/S/V. Insome embodiments, the sgitable reaction conditions are Reaction Conditions
A as disciosed 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 1D NO:4 comprises an amino acid sequence selected from: SEQ D NO: 6, &,
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, 60}, 62,
64, 66, 68,70, 78, 82, 84, 86, €8, 92, 94, 96, 98, 100, 102, 104, 106, 108, 110, 112, 114, 116, and 120.

[80699] In some embodiments, the engiocered pNB csterase having pNB esterase activity comprises
an amino acid sequence having at least 80%, 85%, 86%, 87%, 88%, 89%, 90%, 31%, 92%, 93%,
G4%, B5%, 96%, 97%, 98%, or 99% identity 1o one of SEQ HD 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, B4, 86, 88, 5(), 92, 94, 96, 98, 100, 102, 104, 106, 108, 110, 112, 114, 116, 11§, and 120,
and the aming acid residue differences as compared to SEQ 1D NG:Z 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, 38,40, 42, 44, 46, 48, 50, 52, 54, 56,
58, 60, 62,64, 66,68, 70, 72,74, 76, 78, 80, 82, 84, 85, 88, 90, 92, 94, 96, 98, 10, 1062, 104, 106,
108, 110, 112, 114, 116, 118, and 120, as provided in Table 2.

[#108] In addition to the residue positions specified above, any of the engincered pNB csterase
polvpeptides disclosed herein can further comprise other residue differences relative to SEQ ID NQO:Z
at other residue positions, 1.2., residue positions other than X108, X115, X116, X130, X193, X214,
X219, X273, X276, X321, and X362. Residue differences at these other residue positions provide for
additional variations in the amino acid sequence without adversely affocting the ability of the
polypeptide to carry out the pNB csterase reaction, such as the conversion of compound (2} to
compound (1}, Accordingly, in some embodiments, in addition o the amino acid residue ditferences
of any one of the engingered pNB esterase polypeptides selected from SEQ 1D NO: 4, 6, 3, 10, 12, 14,
16, 18, 20,22, 24, 26, 28, 30, 32, 34, 36, 38,40, 42, 44, 46, 48, 50, 52, 54, 56, 5%, 60, 62, 64, 66, 6§,
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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, 14, 1.5, 1.6, 1.7 1-8, 1.9, 1-10, 1-11, 1-12,
1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35, 1-40, 1-45, or 1-50 residue differences at
other amino acid residue positions as compared to the SEQ D NO: 2. In some embodiments, the
number of amino acid residue differences as compared to the reference sequence can be 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 crobodiments, the residue diffcrences can comprise conservative
substitutions and non-conservative substitutions as compared (o the wild-type pNDB csterase

polvpeptide of B. subtilis or the engineered pMNB esterase polypeptide of SEQ ID NO: 2,

{8101} Amino acid residue differences at other positions relative to the wild-type pNB esterase of B
subtilis or the engineered polypeptide of SEQ D NO: 2 and the effect of these differcnces on enzyme
function are described for other enginecred pNB esterase polypeptides 1n U.S. Pat. Nos. 5,906,930
and 5,845,325, each of which is incorporated by reference herein, and in the following pubhications,
cach of which is incorporated by reference herein: Moore ¢t al,, “Dhrected evohstion of a para-
nitrobenzyl esterase for agueous-organic solvents,” Nature Biotechnology 14: 458-467 (1996); Moore
et al. “Strategies for the in vitro Evolution of Protein Function: Enzyme Evolution by Random
Recombination of Improved Sequences,” J. Mol Biol, 272:336-347 (1997); Giver et al., “Directed
evohation 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 1o the
sequence of SEQ 1D NO: 2 can also be introduced into an engincered 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 particular, the
aming acid residues at the foregoing positions can be selected from the following: X49G, X094,
X065, X227T, X251V, X267R, X271L, X274L, X313F, X322C7Y, X343V, X356R, X3594, X3981.,
X412E, X437T, X464A, and X481R. Guidance on the choice of the amino acid residucs at these

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

18#102] In some embodiments, the present disclosure alse provides enginecred pNB esterase
polypeptides that comprise a fragment of any of the engincered polypeptides described berein that
retains the functional activity and/or improved property of that engineered pNB esterase.
Accordingly, in some embodiments, the present disclosure provides a polypeptide fragment having
pNB esterase activity, such as in converting compound {2} to compound {1} under suitable reaction
conditions, wherein the fragment comprises at least about 80%, 90%, 95%, 96%, 97%, 98%, or 99%
of a full-length amine acid sequence of an engineered pNI esterase polypeptide of the present
disclosure, such as an exemplary engincered pNB csterase polypeptide selected from SEQ 1D NO: 4,

6,8, 10,12, 14, 16, 1§, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38.40, 42, 44, 46, 48, 50, 52, 54, 36, 58, 60,
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62, 64, 66, 68,70, 72,74, 76, 78, B0, §2, 84, 86, 8K, 90, 92, 94, 96, 9%, 100, 102, 104, 106, 108, 110,
112, 114, 116, 118, and 120.

{8103} in some embodiments, the engincered pNB csterase polypeptide can have an amino acid
sequence comprising a deletion of any one of the cogincercd pNB csterase polypeptides described
herein, such as the exemplary engineered polypeptides of SEQ ID NG: 4, 6, 8, 10, 12, 14, 16, 1§, 20,
, 24,026,278 30,3234, 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. Thus, for each and cvery embodiment of the enginecred pNB esterase 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 amino acids, 5 or more amino acids, 6 or More amino
acids, ¥ or more amino acids, 16 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 total number of amino acids, up
10 20% of the total number of amino acids, or up to 30% of the total number of amino acids of the
pNB esterase polypeptides, where the associated fimctional activity and/or improved properties of the
engincercd pNB csterase described herein is maintained. In some embodiments, the deletions can
comprise 1-2, 1-3, -4, 1-5, 1-6, 1-7, 1-8, §-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 residues. In some embodiments, the namber of deletions can be 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, 34, 30, 35, 40, 45, or
5{ amino acid residucs. In some embodiments, the deletions can comprise deletions of 1, 2, 3, 4, 5, 6,

7,8,9, 10, 11, 12, 13, 14, 15, 16, 18,20, 21,22, 23, 24, or 25 amino acid residues.

1910471 In some embodiments, the engineered pNB csterase polypeptide berein can have an amine
acid sequence comprising an insertion as compared {o any one of the engineered pNB csterase
polypeptides described herein, such as the exemplary engineered polvpeptides of SEQ ID NG: 4, 6, 8,
10, 12, 14, 16, 18,20, 22, 24, 26, 2¥, 30, 32, 34, 36, 38,40, 42, 44, 46, 48, 50, 52, 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 pNB esterase polypeptides of
the disclosure, the insertions can comprise one or more aming acids, 2 or more aming acids, 3 or more
amino acids, 4 or more amino acids, 5 or more amino acids, 6 or more amino acids, ¥ or more amino
acids, 10 or more aming acids, 15 or more aming acids, 20 or more aming acids, 30 or more anyino
acids, 40 or more aming acids, or 50 or move amino acids, where the associated functional activity
and/or improved properties of the engineered pNB esterase described hevein is maintained. The

insertions can be to amino or carboxy torminus, or internal portions of the pINE esterase polypeptide.

{8105] In some embodiments, the engincered pNB esterase polypeptide herein can have an amine
acid sequence comprising a sequence selected from SEQ 1D NG 4, 6,8, 10, 12, 14, 16, 18, 20, 22, 24,
26,28, 30,32, 34, 36, 38,40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 7§,
80, 82, 84, 86, 88, 90, 92, 94, 66, 98, 100, 102, 104, 106, 108, 110, 112, 114, 116, 11§, and 120, and
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optionally one or several {(e.g., up to 3, 4, 5, or up to 10} amino acid residue deletions, inserfions
and/or substifiitions. 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, 1-35, 1-40, 1-45, or 1-50 amino
acid residue deletions, nsertions and/or substitutions. In some embodiments, the amino acid sequence
has optionally 1,2, 3,4, 5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 30,
38, 35, 40, 45, or 8 amino acid residue deletions, insertions and/or substitutions. In some
embodiments, the aming acid sequence has optionaily 1,2, 3,4, 5, 6,7, 8,9, 14, 11, 12, 13, 14, 15,
16, 18, 20,21, 22, 23, 24, or 25 amino acid residue deletions, insertions and/or substitutions. In some

gmbodiments, the substitutions can be conservative or non-conservative substititions.

[8186] In some embodiments, the present disclosure provides an enginecred polypeptide having pNB
esterase activity, which polypeptide comprises an amino acid sequence having at least 0%, 85%,
R6%e, 87%, B8%, 8B9%, 90%, 91%, 92%, 3%, 94%, 95%, 96%, 97%, 98%, or 99% identity to a
sequence selected from SEQ ID NG: 4, 6, 8, 10, 12, 14, 16, 1§, 20, 22, 24, 26, 28, 30, 32, 34, 36,
38,40, 42 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86, &8, 90,
82, 94, 96, 98, 100, 102, 104, 106, 108, 110, 112, 114, 116, 11§, and 120, with the proviso that the
aming acid sequence is not identical to (that is, it excludes) any of the exemplary engincered pNB
gsterase polypeptide anmino acid sequences disclosed in the following publications: U.S. Pat. No.
5,906,930; U.S. Pat. No. 5,945,325; Moore ef of.. “Directed evolution of a para-mitrobenzy] esterase
for aquecus-organic solvents,” Nature Biotechnology 14; 458-467 (1996}, Moorg ef of. “Strategics for
the in vitre Evolution of Protein Function: Enzyme Evolution by Random Recombination of
Improved Sequences,” J. Mol Riol 272:336-347 (1997); and Giver et al., “Directed evolution of a

thermostable esterase,” Proc. Natl. Acad, Sci. US4 95: 12809-12813 (Oct. 1998).

[8107] In the above embodiments, the suitable reaction conditions for the engimecred polypeptides

can be those deseribed in Table 2, the Examples, and clsewhere herein.

{8108] In some embodiments, the engincered polypeptides of the disclosure can be in the form of

fusion polypeptides in which the enginecred polypeptides are fused to other polypeptides, such as, by
way of example and not Hmitation, antibody tags (e.g., myc epitope), purification sequences {2.g., His
tags for binding to metals), and cell localization signals (e.g., seoretion signals). Thus, the engincered

polvpeptides described herein can be used with or without fusions to other polypeptides.

{8109 it is to be understood that the engineered polypeptides deseribed herein are not restricted to
the genetically encoded amino acids. In addition to the genetically encoded amino acids, the
polypeptides deseribed herein may be comprised, either in whole or 1o part, of naturally-occurring
and/or synthetic nop-encoded amino acids. Certain commonly encountered non-encoded amino acids
of which the polypeptides described herein may be comprised include, but are not limited to: the D-

stereoisomers of the genctically-encoded amino acids; 2, 3-diaminopropionic acid {Dpry;

(]
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a-aminoisobutyric acid (Aib); s-aminchexanocic acid (Aha); d-amunovaleric acid (Ava); N-
methylglycine or sarcosine (MeGly or Sar}; ornithine (Ora); citrulline (Cit); t-butylalanine (Bua); t-
butylglycine (Bug); N-methylisoleucine (Melle); phenyiglyeine (Phg); cyclohexylalanine (Cha);
norleucine (Nle); naphthylalanine (Nal); Z-chlorophenylalanine {Ocf); 3-chlorophenylalanine (Mcf);
4-chlorephenylalanine (Pef); 2-fluorophenylalanine (Off); 3-flucrophenylalanine (Mft);
4-fluorophenylalanine (P, 2-bromophenylaianine (Obf); 3-bromophenylalanine (Mbf); 4-
bromophenylalamine (Pbf); 2-methylphenylalanine {Omt); 3-methylphenylalanine (Mmf); 4-
methylphenylalanine (Pmf); Z-nitrophenylalanine (Ond); 3-nttrophenylalanine (Mnd); 4-
nitrophenyialanine (Puf); 2-cyanophenylalanine (Ocf); 3-cyanophenylalanine (Mct); 4-
cyanophenylalanine (Pef); 2-triflucromethylphenylalanine {Otf); 3-triffuoromethylphenylalanine
{Mtf); 4-triffuoromethylphenylalanine (Ptf); 4-aminophenylalanine (Paf); 4-iodophenylalanine (Pif);
4-gminomethylphenylalanine (Pamf); 2,4-dichiorophenylalanine {Opet); 3,4-dichiorophenylalanine
{(Mpct); 2,4-ditluorophenylalanine (Opf?); 3 4-difluorophenylalanine (Mpft); pyrid-2-ylalanine
(2pAla); pyrid-3-vialanine (3pAla); pyrid-4-vialanine (4pAla); naphth-1-ylalanine (InAla); naphth-2-
vialanine (2nAla); thiazolylalanine (s Ala); benzothienylalanine (bAla); thienvlalanine (tAla);
furylalanive (fAla); homophenylalaning (hPhe); homotyrosine (hTyr); homotryptophan (hTp);
pentafloorophenylalanine (5ff); styrvikalanine {(sAla); authrylalanine (aAla); 3,3-diphenylalanine
{Dfa); 3-amine-5-phenypentancic acid (Afp); penicillamine (Peny; 1,2,3,4-tetrahydroisoquineline-3-
carboxylic acid (Tic); B-2Z-thienylalanine (Thi); methionine sulfoxide (Mso}); N{w)-nitroarginine
(nArg); homolysine (hLys); phosphonomethylphenylalanine {(pmPhe); phosphoserine (pSer);
phosphothreonine {(pThr); homoaspartic acid (hAsp); homoghutanic acid (hGhy); 1-aminocyclopent-{2
or 31-cne-4 carboxylic acid; pipecolic acid (PA), azetidine-3-carboxylic acid (ACAY 1-
aminocyclopentane-3-carboxylic acid; allylglycine (aOly); propargylglycine (pgGly); homoalanine
{hAls); norvaline {nVal); homoleucine {hLeu), homovaline (hVal); homoiscleucing (hile);
homoargining (hArg); N-acetyl lysine {(Aclys); 2 4-diarpinobutyric acid (Dbu); 2,3-diaminobutyric
acid (Dab); N-methylvaline {MeVal); homocysteine (hCys); homoserine (hSer); hydroxyproline
(Hyp) and homoproline (hPro). Additional non-encoded amino acids of which the polypeptides
described herein may be comprised will be apparent to those of skill in the art {(see, ez, the varicus
amino acids provided in Fasman, 1989, CRC Practicai Handbook of Biochemistry and Molecular
Biology, CRC Press, Boca Raton, FL, at pp. 3-70 and the references cited therein, all of which are

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

181181 Those of skill in the art will recognize that amino acids or residues bearing side chain
protecting groups may also comprise the engineered polypeptides described herein. Non-limiting
examples of such protected amino acids, which in this case belong to the aroroatic category, include

{protecting groups listed in parentheses), but are not limited to: Arglios), Cys{methylbenzyl), Cys
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{nitropyridinesulfenyl), Glu(é-benzylester), Gin(xanthyl}, Asn(N-6-xanthyl), His(bom), His(benzyl),
His(tos), Lys{fmoc), Lys(tos), Ser{G-benzyl), Thr (G-benzyl) and Tyr(O-benzyl).

{81111 Non-encoding amino acids that are conformationally constrained of which the engincered
polypeptides described herein may be composed include, but are not limited to, N-methyl amino acids
{L-configuration); 1-aminocyclopent-(2 or 3}-ene-4-carboxylic acid; pipecolic acid; azetidine-3-

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

18112} In some embodiments, the engincered pNB csterase polypeptides can be provided on a solid
support, such as a membrane, resin, solid cardier, or other solid phase material. A solid support can be
composed of organic polymers such as polystyrene, polyethyicne, polypropyiene, polyfluorocthylene,
polyvethyieneoxy, and polyacrylamide, as well as co-pelymers and grafis thereof. A solid support can
also be inorganic, such as glass, silica, controlled pore glass (CPG), reverse phase silica or metal, such
as gold or platimum. The configuration of a solid support can be in the form of beads, spheres,
particles, granules, a gel, a membrane or a surface. Surfaces can be planar, substantially planar, or
non-planar. Solid supports can be porous or non-porous, and can bave swelling or non-swelling
characteristics. A solid support can be configured 1o the form of a well, depression, or other

container, vessel, feature, or location.

{8113} In some embodiments, the engincered polypeptides having pNE 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 polypeptide of SEQ 1D NG: 4. To such
embodiments, the immobilized enginecred pNB esterase polypeptides can facilitate the biocatalyiic
conversion of pNB-protected substrate of compound (2), or other structurally analogous pNB-
protected substrate compounds, to the deprotected product compound (), imipenem, ora
corresponding structural analog product carbapenem, and after the reaction is complete arc casily
retained {e.g., by retaining beads on which polypeptide is immobilized) and then reused or recycled in
subscquent 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
pINB esterase polypeptides of the present disclosure can be carried out using the same enginecred pNB

gsterase polypeptides bound or immobilized on a sohid support.

{81141 Methods of enzyme imumebilization are well-known in the art. The engineercd pNB esterase
polypeptide can be bound non-covalently or covalently. Various general methods for conjugation and
immobilization of enzymes to solid supports {e.g., resins, membranes, beads, glass, efc.) are well
known in the art and described in e.g.,r Yi et af,, “Covalent immobilization of ®-iransaminase from
Vibrio fluvialis J517 on chitosan beads,” Process Biockemistry 42(5): 895-898 (May 2007); Martin ef
al., “Characterization of free and immobilized (8)-aminotransferase for acetophenone production,”

Applied Microbiclogy and Biotechnology 76(4): 843-851 (Sept. 2007); Koszelewski ef ¢l,,

>
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“Immobilization of o-transaminases by encapsulation in a sol-gel/celite matrix,” Jownal of
Molecular Catalysis B: Enzymatic, 63: 39-44 (Apr. 2010); Truppo ef ¢f., “Development of an
Improved Immobilized CAL-B for the Enzymatic Resclution of a Key Intermediate to Odanacatib,”
Organic Process Research & Development, published online: dx.doi.org/10.102Vop200157¢;
Hermanson, G.T., Bioconjugate Technigues, Second Edition, Academic Press (2008): Mateo ef of,
“Epoxy sepabeads: a novel epoxy support for stabilization of industrial enzymes via very intense
multipoint covalent attachment,” Siotechnology Progress 18(3):629-34 {2002); and Bioconjugation
Protocols: Strategies and Methods, In Methods in Molecular Biology, C.M. Niemeyer ed., Humana

Press (2004); the disclosures of each which are incorporated by reference herein.

{8118 Solid supports usefid for immobilizing the engineered pNE esterases of the present disclosure
include but are not limited to beads or resins comprising polymethacrylate with epoxide functional
groups, polymethacrylate with aroino epoxide functional groups, styrene/DVE copolyioer or
polymethacrylate with octadecyl functional groups. Exemplary solid supports useful {or
immoebilizing the engimecrad pNB esterases of the present disclosure include, but are not limited to,
chitosan beads, Eupergit C, and SEPABEADs (Mitsubishi), including the following different types of
SEPABEAD: EC-EP, EC-HFA/S, EXA252, EXE119 and EXE120.

18116} In some embodiments, the engincered polypeptides can be in various forms, for example,
such as an isolated preparation, as a substantially purified 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

tyophilized, spray-dried, precipitaied or be in the form of a crude paste, as further discussed below.

{#117] in some embodiments, the cagincered polypeptide described herein can be provided in the
form of kits. The enzymes in the kifs may be present ndividually or as a plurality of enzymes. The
kits can further include reagents {or carrying out the enzymatic reactions, substrates for assessing the
activity of enzymes, as well as reagents for detecting the products. The kits can also inchude reagent

dispensers and instructions for use of the kits,

18118] In some embodiments, the engineered polypeptides can be provided on the solid support in
the form of an array in which the polypeptides are arranged in positionally distinet locations. The
array can be used to test a variety of substrate compounds for conversion by the polypeptides. A
plurality of supports can be configured on an array at various locations, addressable for robotic
delivery of reagents, or by detection methods and/or instruments. Various methods for conjugation to
substrates, e.g., membranes, beads, glass, ete. are described in, among others, Hermanson, G.T.,
Bioconjugate Techniques, 2™ Edition, Academic Press; (2008), and Bioconjugation Protocols:
Strategics and Methods, In Methods in Molecular Biology, C.M. Niemeyer ed., Humana Press (2004);
the disclosures of which are incorporated herein by reference. In some embodiments, the kits of the

present disclosure include arrays comprising a plurality of different enginecred polypeptides disclosed
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herein at different addressable position, wherein the different polypeptides are different vanants of a
reference sequence each having at least one different improved enzyme property. Such arrays
comprising a plurality of enginecred polypeptides and methods of their use are described ine.g.,

WOZ0900890K,

54 Polvnucieotides Encoding Engineered Polypeptides, Expression Vectors and
Host Cells

{8119] 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 regalatory sequences that control gene expression to create a recombinant
polynucleotide capable of expressing the polypeptide. Expression constructs containing a
heterologous polyaucleotide cncoding the engineered pNB esterase can be introduced into appropriaic

host colls to express the corresponding pINB esterase polypeptide.

191281 Aswill be apparent to the skilled artisan, availability of a protein sequence and the knowledge
of the codons corresponding to the various amino acids provide a description of all the
polynucleotides capable of encoding the subject polypeptides. The degeneracy of the genetic code,
where the same amino acids are encoded by alternative or synonymous codons, aliows an extremely
large number of nucleic acids to be made, all of which encode the improved pNB esterase cozymes,
Thus, having knowledge of a particular amino acid sequence, those skilled in the art could make any
number of different nucleic acids by simply modifying the sequence of one or more codons in a way
which does not change the amino acid sequence of the protein. In this regard, the present disclosure
specifically contemplates each and every possible variation of polynucheotides that could be made
encoding the polypeptides described herein by selecting combinations based on the possible codon
cheices, and all such variations are to be considered specifically disclosed for any polypeptide

escribed herein, including the aming acid sequences presented in Table 2, and disclosed in the
Sequence Listing incorporated by reference herein as SEQ 1D NG: 2,4, 6, 8, 10, 12, 14, 16, 18, 20,
22,24,26,28, 30, 32, 34, 36, 38,40, 42, 44, 46, 48, 50, 52, 34, 56, 58, 60, 62, 64, 66, 68, 70,72, 74
76,78, 80, 82, 84, 86, 88, 9, 92, 94, 96, 98, 100, 102, 104, 106, 108, 110, 112, 114, 116, 11§, and
124,

2

1#121] In various embodiments, the codons are preferably selected to fit the host cell in which the
protein is being produced. For example, preferred codons used in bacteria are used 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 mapumalian cells. In some embodiments, all codons need not be
replaced to optimize the codon usage of the pNB esicrases since the natural sequence will comprise
preferred codons and because use of preferred codons may not be required for all amine acid residues.

Consequently, codon optimized polynucieotides encoding the pNB esierase enzymes may contain

(5]
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preferred codons at about 40%, S0%, 60%, 70%, 80%, or greater than 80% of codon positions of the

full length coding region.

181221 In some embodiments, as described above, the polynucleotide encodes an enginecred
polypeptide having pNB esterase activity with the properties disclosed herein, such as the ability 1o
convert the substrate compound (2) to the product compound (1), where the pol ypeptidc COMPrises an
amino acid sequence having at least 80%, 85%, §6%, 87%, 88%, 9%, 90%, 91%, 92%, 93%, 94%,
85%, 96%, 97%, 98%, 99% or more identity to a reference sequence selected from 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,
o4, 66, 68,70, 72,74, 76, 78, 80, B2, 54, 86, 88, 90, 92, 94, 96, 98, 100, 102, 104, 106, 108, 110, 112,
114, 116, 118, and 1248, and one or more residue differences as compared to the reference polypeptide
of SEQ 1D NG:2 at residue positions X108, X115, X116, X130, X193, X214, X219, X273, X276,
X321, and X362, In some embodiments, the specific residue differences as compared to SEQ 1D
MNO:2 at residue positions X108, X115, X116, X130, X193, X214, X219, X273, X276, X321, and
X362 are sclected from: XI0BL/Y, X1I5Q/W, X 1168, X130T, X164T, X193A/DVE/V, X214G,
X218A/D/L/V, X273AET/IV, X2T76AT7L, X321A, and X362A/D/QY/S/V. In some embodiments, the
reference sequence is selected from SEQ ID NG 4, 12, 20, 36, 38, 54, 76, 80, 88, 112, and 116, In
some embodiments, the reference sequence is SEQ 1D NO:4. In some embodiments, the reference
sequence is SEQ 1D NO:12. In some embodiments, the reference sequence is SEQ ID NG:36. In
some cmbodiments, the reference sequence is SEQ 1D NG:3¥. in some embodiments, the reference
sequence is AEQ 1D NO:54, In some embodiments, the reforence sequence is SEQ 1D NOT6. In
some embodiments, the reference sequence is SEQ 1D NO:80. In some embodiments, the reference
sequence 1 SEQ 1D NO:KR, In some embodiments, the reference sequence is SEQ IDNO:112, In

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

18123} In some embodiments, the polynucicotide encodes an engineered polypeptide having pNB
esterase activity with the properties disclosed herein, wherein the pcsiypcpﬁdc COmMPrises an amino
acid sequence having at least 80%, 85%, 8G6%, 87%, 88%, 89%, 9%, 31%, 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 as compared to SEQ 1D NG: 2 at residue positions selected from as
compared to SEQ 1D NO:2 at residue posttions X108, X115, X193, X219, X273, X276, and X362 are
selected from: XTO0RL/Y, X118Q/W, X193A/D/E/V, X219AMD/L/Y, X2T3AET/V, X2T6A/T/L., and
X362A/D/Q/S/V.

[8124] In some embodiments, the polymicleotide encodes an enginecred polypeptide having pNB

csterase activity, wherein the polypeptide comprises an amino acid sequence haviog at icast 80%,
85%, B6%, 87%, 88%, 89%, 90%, 91%, 92%, V3%, 94%, 95%, 6%, 97%, 98%, 99% ot more

sequence identity to reference sequence SEQ 1D NQO:2 and at least & combination of residue

differences as compared to SEQ 1D NO: 2 selected from: (a) X193V, X219V, and X2734; (b)
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XI08Y, X193D, X219V, X273A, and X3628; {¢} X108Y, X193V, X216V, X273A, and X362Q; (d)
KI08Y, X115, X193V, X219L, X273 A, and X362Q); and (¢) XI108Y, Xi150Q, X193V, X219V,
X273A, and X362Q.

191258] In some embodiments, the polynucicotide encodes an cogineered polypeptide having pNB
esterase activity, wherein the polypeptide comprises an amino acid sequence having at least 80%,
R5%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 939%, 96%, 97%, 98%, or 99% identity to a
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, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68,70, 72, 74, 76, 78, 80,
82, 84, 86, 88, 90, 92, 04, 96, 98, 100, 102, 104, 106, 105, 110, 112, 114, 116, 118, and 120, with the
proviso that the aminoe acid sequence comprises any one of the set of residue differences as compared
to SE 1D 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, 530, 52, 54, 56, 58, 60, 62, 64, 66,
68, 70, 72,74, 76,78, 80, 82, 84, §6, 8K, 90, 92, 94, 96, 98, 100, 102, 104, 106, 108, 110, 112, 114,
116, 118, and 120, as listed in Table 2.

{81261 In some embodiments, the polynuclectide encoding the engineered pNB csterase ccmprﬁses &
polynuciectide sequence selected from SEQ 1D 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, 065, 67, 69, 71, 73, 75,77, 79, 81, 83,
83, 87, 89,91, 93,95, 97, 99, 101, 103, 105, 107, 109, 111, 113, 115, 117, and 119,

{B8127] In some embodiments, the polynuoclectides ave capable of hybridizing under highly stringent
conditions to a reference polynucleotide sequence selected from SEQ IDNG: 1, 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, 65, 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, the polynucleotide
capable of hybridizing under highly stringent conditions encodes a pNB esterase polypeptide
comprising an amine acid sequence that has one or more residue differcnees as compared 1o SEQ 1D
NQO: 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 frome X108L/Y, X115Q/W, X1168, X130T, X164T, X193A/D/E/V, X214G,
X2IGA/D/LN, X2T3AETIV, X276 AT/, X321A, and X362A/MD/Q/S/V.

18#128] In some embodiments, the polynucleotides encode the polypeptides described herein but have
about 8%, 85%, 8%, §7%, 88%, 8%, 90%, 9196, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 9%
or more sequence identity at the mucleotide level to a reference polynucleotide encoding the
engincered pNB esterase. In some embodiments, the reference polynucientide sequence is selected

from SEQ D NO: 3,5,7,9, 11, 13, 15, 17, 19, 21, 23,25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47,

>3
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4951, 53,55, 57,59, 61,63, 65, 67,69, 7Y, 73,75, 77,79, 81, 83, 8S, 87,89, 91,93, 95, 97, 99, 101,
103, 105, 107, 109, 111, 113,115, 117, and 119,

18129] An solated polynucleotide encoding any of the engincered pNB csterase polypeptides herein
may be manipulated in a varicty of ways to provide for expression of the polypeptide. In some
embodiments, the polynucieotides encoding the polypeptides can be provided as expression vectors
where one or more control sequences is present to regulate the expression of the polymicleotides
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
polynucleotides and nucleic acid sequences utilizing recombinant DNA methods are well known m
the art. Guidance is provided in e.g., Sambrock ef of, 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.

1813871 In some embodiments, the control sequences inchude among others, promoter, feader
sequence, polyadenylation sequence, propeptide sequence, signal peptide sequence, and transcription
terminator. Suitable promoters can be selected based on the host cells used. For bacterial host cells,
suitable promoters for directing transcription of the nucleic acid constructs of the present disclosure,
include the promoters obtained from the E. coli lac operon, Sireptomyces coelicolor agarase gene
(dagA), Bacilluy subtilis levansucrase gene (sacB), Bacilius ficheniformis alpha-amylase gene
(amyLy, Bacillus stearothermophifus maltogenic amylase gene {amyM)}, Bacilluy amvioliguefaciens
alpha-amylase gene (amyQQ), Bacilius licheniformis penicillinase gone (penP), Bacilfus subtilic xylA
and xyiB gencs, and prokaryotic beta-lactamase gene (Villa-Kamarotf et al,, 1978, Proc. Natl Acad.
Sci. USA 75: 3727-3731), as well as the tac promoter {DeBoer et al,, 1983, Proc. Natl Acad. 5¢i.
USA 80: 21-25), Exemplary promoters for filamentous fungal host cells, inchude promoters obtained
from the genes for dspergilius oryzae TAKA amylase, Rhizomucor miehei aspartic proteinase,
Aspergiflus niger nowiral alpha-amylase, Aspergillus niger acid stablc alpha-amylase, dspergifius
niger or Aspergifius awamori glucosmylase (glad), Rhizomucor miehei Hpase, Aspergilius orvzae
alkaline protease, dspergillus oryzae triose phosphate somerase, Aspergilfus nidulans acetarmdase,
and Fusarium oxysporum trypsin-like protease (WO 96/G0787), as well as the NAZ-ipi promoter (a
hybrid of the promoters from the genes for Aspergifius niger veutral alpha-amylase and Aspergilius
oryzae triose phosphate isomerase), and mudtant, truncated, and hybrid promoters thereof. Exemplary
veast cell promoters can be from the genes can be from the genes for Saccharomyces cerevisiae
enolase (ENO-1), Saccharomyces cerevisiae galactokinase (GAL1), Saccharomyces cerevisiae
alcohol dehvdrogenase/glyceraldehyde-3-phosphate debydrogenase (ADHZ/GAP), and
Saccharomyces cevevisiae 3-phosphoglycerate kinase. Other usefid promoters for yeast host cells are

described by Romanges et al,, 1992, Yeast 8:423-488.

5]
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{8131} The control sequence may also be a suitable transcription terminator sequence, a sequence
cognized by a host cell to terminate transcription. The terminator sequence is operably linked to the
3" teroninus of the nucleic acid sequence encoding the polypeptide. Any terminator which is functional
in the host cell of choice may be used 1n the present invention. For example, exemplary transcription
terminators for filamentous fungal host cells can be obtained from the genes for Aspergillus oryzae
TAKA amylase, Aspergiilus niger glucoamylase, Aspergillus niduians anthranilate synthase,
Aspergiflus niger alpha-glucosidase, and Fusarium oxvsporum trypsin-like protease. Exemplary
terminators for yeast host cells can be obtained from the genes for Saccharomyces cerevisige cnolase,
Saccharomyces cerevisiae cytochrome C {CYCL), and Saccharomyces cerevisige ghyceraldehyde-3-
phosphate dehydrogenase. Other uscfiil terminators for yeast host cells are described by Romanos et

al., 1992, supra.

191321 The contro} scguence may also be a suitable leader sequence, a noutransiated region of an
mRNA that is important for translation by the host cell. The leader sequence is operably Hnked to the
5" terminus of the nucleic acid sequence encoding the polypeptide. Any leader sequence that is
fonctional in the host cell of choice may be used. Exemplary leaders for filamentous fungal host cells
arc obtained from the genes for dspergilfus oryzae TAKA amylase and Aspergilius nidulans triose
phosphate isomerase. Suitable leaders for yeast host cells are oblained from the genes for
Saccharomyces cerevisiae enclase (ENQ-1)Y, Saccharomyces cerevisine 3-phosphoglyeerate kinase,
Saccharomyces cerevisiae alpha-factor, and Saccharomyces cerevisiae alcohol

debydrogenase/glyeeraldehyde-3-phosphate dehydrogenase (ADHZ/GAP),

181331 The control scquence may also be a polyadenylation sequence, a sequence operably linked to
the 3’ terminus of the nucleic acid sequence and which, when transcribed, is recognized by the host
cell as a signal to add polyadencsine residues to transeribed mRNA. Any polyadenylation sequence
which is functional in the host cell of choice may be used in the present tnvention. Exemplary
polvadenylation sequences for filamentous fungal host cells can be from the genes for dspergilfus
oryzae TAKA amylase, Aspergillus niger glucoamylase, dspergillus nidulons anthranilate synthase,
Fusarium oxysporum trypsin-like protease, and Aspergiiiug niger alpha-glocosidase. Useful
polyadenylation sequences for yeast host cells are described by Guo and Sherman, 1995, Mol Cell Bio

15:5983-5%940.

181341 The contro} scquence may also be a signal peptide coding region that codes for an anvino acid
sequence linked to the amino terminus of a polypeptide and directs the encoded polypeptide into the
cell's secretory pathway. The 5" end of the coding sequence of the nueleic acid sequence may
inherently contain a signal peptide coding region naturaliy Hnked in transiation reading frame with the
segment of the coding region that cucodes the seercted polypeptide. Aliernatively, the 5' end of the
coding sequence may contain a signal peptide coding region that is foreign o the coding sequence.

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

Lo
D
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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 cclls are the signal peptide coding regions obtained from the
genes for Bacillus NCIB 11837 maliogenic amylase, Bacillus stearothermophilus alpha-amylase,

i

licheniformis beta-lactamase, Bacillus steavothermophilus

Bacillus licheniformis subtilisin, Bacillus
newutral proteases (npr'T, nprS, nprM), and Bacillus subtilis prsA. Further signal peptides are described
by Simonen and Palva, 1993, Microbiol Rev §7:109-137. Effective signal peptide coding regions for
filamentous fungal host cells can be the signal peptide coding regions obtained from the genes fur
Aspergiflus oryzae TAKA amvlase, dspergillus niger noutral amylase, dspergiflus niger
glocoamylase, Rhizomucor miehei aspartic proteinase, Humicola insolens cellulase, and Humicola
Zcmugzﬁnom tipase. Uscful signal peptides for yeast host cells can be from the genes for

Sacchavomyces cerevisiae alpha-{actor and Saccharomyces cevevisine invertase.

1813581 The contro} sequence may also be a propeptide coding region that codes for an amino acid
sequence positioned at the amine terminus of 8 polypeptide. The vesultant polypeptide is referred to as
a proenzyme or propelypeptide {or 8 zymogen in some cases). A propolypeptide can be converted to a
mature active polypeptide by catalytic or antocatalytic cleavage of the propeptide from the
propoelypeptide. The propeptide coding region may be obtained from the genes for Baciflus subtilis
alkaline protease (aprE), Bacillus subrifis neutral protease (npr'D), Saccharomyces cerevisiae alpha-
factor, Rinzomucor michel aspartic proteinase, and Myceliophthora thermophila lactase (WO
§5/33836). Where both signaf peptide and propeptide regions are present at the amino terminus of a
polypeptide, the propeptide region s positioned next to the amine terminus of a polypeptide and the

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

{81361 It may also be desirable to add regulatory sequences, which allow the regulation of the
expression of the polypeptide relative to the growth of the host cell. Examples of regulatory systems
are those which cause the expression of the gene to be turned on or off in response to a chemical or
physical stimulus, including the presence of a regulatory compound. Tn prokarvotic host cells, suitable
regulatory sequences inchide the lac, tac, and frp operator systems. In yveast host cells, suitable
regulatory systems include, as examples, the ADH2 system or GALT system. In filamentous fumgi,
suitable regulatory sequences include the TAKA alpha-amylase promoter, Aspergilius niger

clucoamylase promoter, and dspergillus oryzae giucoamylase promoter.

18#137] In another aspect, the present disclosure is also directed to a recombinant expression vector
comprising a polynucieotide encoding an engineered pNB esterase polypeptide, and one or more
expression regulating regions such as a promoter and a terminator, a replication origin, efc.,

epending on the type of hosts inte which they are to be introduced. The various nucleic acid and
condrol sequences described above may be jeined together to preduce a recombinant expression vector
which may include one or more convenient restriction sites to allow for insertion or substitution of the

nucleic acid sequence encoding the polypeptide at such sites. Alternatively, the nucleic acid sequence
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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.

{81381 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 cell into which the vector is to be introduced. The vectors may be linear or closed

circular plasmids.

{8139] The expression vector may be an autonomously replicating vector, i.e., a vector that cxists as
an extrachromosomal entity, the replication of which is independent of chromosomal replication, e g,
a plasmid, an extrachromosomal element, 2 minichromosome, or an artificial chromosome. The vector
may contain any means for assuring self-replication. Alterpatively, 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 inlegrated. Furthermore, & single vector or plasmid or two or
more vectors of plasmids which together contain the total DNA o be introduced into the genome of

the host cell, or a transposon may be used.

18148] The expression vector preferably contains one or more selectable markers, which permit casy
sclection of transformed cells. A sclectable marker is a gene the product of which provides for biocide
or viral resistance, resistance to heavy metals, prototrophy to auxotrophs, and the like. Examples of
bacterial selectable markers arc the daf genes from Bacillus subtilis or Bacilfus ficheniformis, or
markers, which confer antibiotic resistance such as ampicillin, kanamycin, chloramphenicol (Exarnple
1} or tetracyching resistance. Suitable markers for veast host cells arg ADE2, HIS3, LEU2, LYS2,
MET3, TRPI, and URA3. Selectable markers for use in 2 filamentous fungal host cell include, but are
not imited to, amdS (acctamidase), argB (ornithine carbamoyliransferases), bar {phosphinothricin
acectyltransferase}, hph (hygromycin phosphotransferase), miald (nitvate reductase), pye(G {orotidine-5'-
phosphate decarboxylase), sC (sulfate adenyliransterase), and trpC (anthranilate synthase), as well as
equivalents thereof. Embodiments for use in an Aspergibius cell include the amdS and pyrG genes of

Aspergillus nidulans or Aspergillus orvzae and the bar gene of Streptomyces hvgroscopicus.

18#141] In another aspect, the present disclosure provides 2 host cell comprising a polynucleotide
encoding an enginecred pNB esterase polypeptide of the present disclosure, the polynucieotide being
operatively inked to 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 mvention are well known in the art and include but are not limited to, bacterial cells, such as

E. coli, Vibrio fluvialis, Streptomyces and Salmonelia typhimurium cells; fungal cells, such as veast
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cells (e.g., Saccharomyces cerevisiae or Pichia pastoris (KTCC Accession No., 201178)); insect cells
such as Drosophila 52 and Spodoptera 59 cells; animal cells such as CHO, COS, BHK, 293, and
Bowes melancma cells; and plant cells. An exenplary host cells are Escherichia cofi W3T110 (Afhud)

and BL21.

181421 Accordingly, in another aspect, the present disclosure provides methods of manufacturing the
engincercd pNB esterase polypeptides, where the method can comprise culturing a host cell capable
of expressing a polynucleotide encoding the enginecered pNB esterase polypeptide under conditions
suitable for expression of the polypeptide. The method can further comprise 1solated or purifying the

gxpressed pNT esterases polypeptide, as described hevein,

{8143] Appropriate culture medioms and growth conditions for the above-described host cells are
well known in the art. Polynucleotides for expression of the pNB esterase may be introduced into cells
by various methods known in the art. Techniques include, among others, electroporation, biolistic
particle bombardment, liposome mediated transfection, calcium chioride transfection, and protoplast

fusion.

[§144] For the embodiments herein, the enginecred polypeptides 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 Baci{lus subtiliy is disclosed in Zock et al, “The
Bacillus subtilis pubA gene encoding p-nitrobenzyl esterase: cloning, sequence and bigh-level
gxpression in Escherichia coli,” Gene 1581 37-43 {1994), and U.8. Pat. No. 5,468,632, and methods
of generating engineered pNB esterase pelypeptides with improved stability are disclosed in ULS. Pat.
Nos. 5,906,930 and 5,945,325, each of which is incorporated by reference hergin, and in the following
publications, cach of which is incorporated by reference herein: Moore et af,, “Directed evolution of a
para-mitrobenzyl esterase for aqueous-organic solvents,” Nature Biotechnology 14: 458-467 (1996);
Moore ef af. “Strategies for the in vitre Evolution of Protein Function: Enzyme Evolution by Random
Recombination of Improved Sequences,” J. Mol Biol 272:336-347 (1997); Giver et al., “Directed
evolution of a thermostable esterase,” Proc. Naitl Acad. Sci. USA 95; 12809-12813 (QOct. 1998).

181458] The engineercd pNB esterases with the propertics disclosed herein can be obtained by
subjecting the polynucleotide encoding the naturally occurring or enginecred pNB esterase
mtagenesis and/or divected evolotion methods known in the art, and as described herein. An
excmiplary divected cvolution technigue is mutagenesis and/or DNA shuffling as described in
Stemmmer, 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 (StEP), in
vitro recombination (Zhao et al., 1998, Nat. Bictechnol. 16:258-261), mutagenic PCR {Caldwell et
al., 1994, PCR Methods Appl. 3:5136-51440), and cassette mutagenesis (Black et al., 1996, Proc Natl



WO 2014/113521 PCT/US2014/011767

Acad Sci USA 93:3525-3529). Mutagenesis and divected evolotion techmques useful for the purposes
herein are also described in the following reforences: Ling, et al,, 1997, Anal. Biochem. 254(2):157-
78; Dale et al,, 1996, “Oligonucleotide-directed random mutagenesis using the phosphorothioate
method,” In Methods Mol. Biol. 57:369-74; Smuith, 1983, Ann. Rev. Genet. 19:423-462; Botstein et
al., 1985, Science 229:1193-1201; Carter, 1986, Biochem. J. 237:1-7; Kramer ¢t al., 1984, Cell,
38:879-887; Wells et al., 1985, Gene 34:315-323; Minshull et al,, 1999, Curr Opin Chem Biol 3:284-
290: Christians et al., 1999, Nature Biotech 17:259-264; Crameri ot al., 199§, Nature 391:288-291;
Crameri et al,, 1997, Nature Biotech 15:436-438; Zhang ct al., 1997, Proc Natl Acad Sci USA 94:435-
4-4509; Crameri et al., 1996, Nature Biotech 14:315-319; Stenumer, 1994, Nature 370:389-391;
Stemmer, 1994, Proc Natl Acad Sci USA 91:10747-10751; WO 95/22625; WO 97/0078;, WO
97/35966; WO 98/27230; WO 00/42651; WO 01/75767 and U.S. Pat. 6,537,746, All publications are

meorporated herein by reference.

{81461 The clones obtained following mutagenesis treatment can be screened for enginecred 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 torperature and measuring the amount of cuzyme activity remaining after
heat treatiments. Clones containing a polynucieotide encoding a pNB esterase are then isolated,
sequenced to identify the nucleotide sequence changes (it any), and used to express the enzyme in a
host cell. Measuring cnzyme activity from the expression libraries can be performed using the

standard biochemistry technigues, such as HPLC analysis.

181477 Where the sequence of the engincered polypeptide is known, the pelynucleotides cucoding
the enzyme can be prepared by standard solid-phase metheds, according to known synthetic methods.
In some embodiments, fragments of up fo about 100 bases can be individually synthesized, then
joined {e.g., by enzymatic or chemical litigation methods, or polymerase miediated methods) to form
any desired continuous sequence. For example, polynucleotides and oligomucicotides disclosed herein
can be prepared by chemical synthesis using, e.g., the classical phosphoramidite method described by
Beaucage et al., 1981, Tet Lett 22:1859-69, or the methed described by Matthes et al,, 1984, EMBQG 1.
3:801-05, e.g., as it is typically practiced in aumtomated synthetic methods., According to the
phosphoramidite method, oligonucleotides are synthesized, e.g., in an automatic DNA synthesizer,

purified, annealed, ligated and cloned in appropriate vectors.

181481 Accordingly, in some embodiments, a method {or preparing the engineered pNB esterase
polypeptide can comprise: {(a) synthesizing a polynucleotide encoding a polypeptide comprising an
aming acid sequence selected from SEQ IDNO: 4, 6,8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 34, 32,
34, 36,3840, 42, 44, 46, 48, 50, 52, 54, 536, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86,
88, 90, 92,94, 96, 95, 100, 102, 104, 106, 103, 110, 112, 114, 116, 118, and 120 and having one or

more residue differences as compared to SEQ 1D NO: 2 at residue positions selected from: X108,
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X115, X116, X130, X193, X214, X219, X273, X276, X321, and X362, and wherein the specific
residue differcnces as compared to SEQ 1D NG:2 optionally are selected from: XI108L/Y, X115Q/W,
X168, X130T, X164T, XT193A/M/E/N, X214G, X219A/D/L/NV, X2T3AET/IV, X2T6A/T/L., X321A,
and X362A/D/Q/5/V; and (b} expressing the pNB esterase polypeptide encoded by the

polynucleotide.

{61491 In some embodiments of the method, the amino acid sequence encoded by the polynucleotide
can optionally have one or several {e.g., up 1o 3, 4, 5, or up to 10) amino acid residue deletions,
msertions and/or substifutions. In some embodiments, the amino acid sequence has optionally 1-2, 1-
3,144, 145, 1-6, 127, 1-8, 1-9, 1-10, 1-15, 1-20, 1-21, 1-22, 1-23, §-24, 1-25, 1-30, 1-35, 1-40, 145, or
1-530 amino acid residue deletions, insertions and/or substifitions. 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, 17, 18, 19, 20, 21, 22,
23,24, 25, 30, 30, 35, 40, 45, or 50 amino acid residue deletions, insertions and/or substitutions. In

. 14,

some embodiments, the amino acid sequence has optionally 1,2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 1!

o

15, 16, 18,20, 21, 22, 23, 24, or 25 aming acid residoe deletions, insertions and/or substitations, In

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

{8188] The cxpressed engincered 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

compound {1} by any of the assay conditions described herein

{8151} In some embodiments, any of the engincered pNB csterase enzymes expressed in a host cell
can be recovered from the cells and or the culture medium using any one or more of the well known
techniques for protein purification, including, among others, lysozyme treatment, sonication,
filtration, salting-out, ultra-centrifugation, and chromatography. Suitable solutions for lysing and the
high efficiency extraction of proteins from bacteria, such as £, ¢ofi, are provided in Table 2 and the

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

{81521 Chromatographic techniques for isolation of the pNB esterase polypeptide include, among
others, reverse phase chromatography high performance liquid chromatography, ion exchange
chromatography, gel clectrophoresis, and affinity chromatography. Conditions for purifying a

particular enzyme will depend, in part, on factors sach as net charge, hydrophobicity, hydrophihicity,

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

{81531 In some embodiments, affinity techniques may be used to isolate the improved pNB esterase
enzymes. For affinity chromatography purification, any antibody which specifically binds the pNB
esterase polypeptide may be used. For the production of antibodies, various host animals, including
but not Hoited to rabbits, mice, rats, ctc., may be foununized by injection with a pNB esterase

polypeptide, or a fragment thereof. The pNB csterase polypeptide or fragment may be attached to a
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suitable carrier, such as B5A, by means of a side chain functional group or linkers attached to a side

chain functional group.

5.7 Methods of Using the Engincered pNB Esterase Polypeptides
[8154] Asnoted above, the enginecred pNB esterase polvpeptides of the present disclosure werg
evolved to efficiently convert the pNB-protected subsirate of compound (2} to the corresponding
product compound (1), imipencm, under suitable reaction conditions. The structural features of the
enginecred pNB esterase polypeptides allow for the conversion of the pNB-protected substrate of
compound (2} to their corresponding deprotected product of compound (1), imipenem.  Accordingly,
n another aspect the present disclosure provides a process for preparing carbapenem antibiotic of

compound 1), imipenem, or a salt or hydrate of compound (13,

NiH
OHH HNL
e /
N S
OH
4
(1)

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

@),

(2}

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

conditions.

{8155] The structural features of the engmeered pNB esterase polypeptides can also provide
engincercd pINB esterases capable of converting of other pNB-protected carbapenem substrates that
are structural analogs of compound (2}, Accordingly, in another aspect, the present disclosure
provides processes using the enginecred pNB esterase polypeptides to carry out a deprotection
reaction in which a pNB group is removed from 2 pNB-protected carbapenem compound. Generally,

the process for performing the biocatalytic pNB deprotection reaction comprises contacting or
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mcubating an engincered pNB csterase polypeptide of the disclosure with the pNB-protected
compound with under reaction conditions suitable for deprotecting the carbapenem precursor and

vielding the desired carbapenem compound.

[8156] For the foregoing processes, any of the enginecred pINB esterase polypeptides described
hervein can be used. By way of example and without bimitation, in some embodiments, the process can
gse an engineered polypeptide having pINI esterase activity of the present disclosure comprises an
aming acid sequence having at least 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
G5%, 936%, 97%, 98%, 99% or more identity to a reference sequence sciected from SEQ ID NO: 4, 6,
8, 10,12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 35,40, 42, 44, 46, 48, 50, 52, 54, 536, 58, 60, 62,
64, 66, 68,70, 72,74, 76, 78, &0, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100, 102, 104, 106, 108, 110, 112,
114, 116, 11¥, and 120, and ong or more residue differences as compared to SEQ 1D NO:Z 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 1D NG:2 at vesidue
positions X108, X115, Xil6, X130, X193, X214, X219, X273, X276, X321, and X362 are selected
frome: XIORL/Y, XT15Q7W, X1168, X130T, X164T, XIGIA/D/E/V, X214G, XZISA/D/L/V,
X2TIAE/T/V, X276AT/1L, X321A, and X362A/D/Q/5/V. In some embodiments, the reference
sequence is selected from SEQ 1D NQ: 4, 12, 20, 36, 38, 54, 76, 80, 88, 112, and 116, Insome
gmbodiments, the reference sequence is SEGQ ID NO:4. In some embodiments, the reforence sequence
15 SEQ ID NO:12. In some embodiments, the reference sequence is SEQ ID N(:36. Insome
embodiments, the reference sequence is SEQ 1 NO:38. In some embodiments, the reference
sequence is SEQ 1D NO:34, In some embodiments, the reference sequence s SEQ [D NO:76. In
some embodiments, the reference sequence is SEQ ID NO:BG, In some embodiments, the reference
sequence is SEQ ID NO:&¥, In some embodiments, the reference sequenge is SEQ I NQO:112, In

some embodiments, the reference sequence is SEQ 1D NO:1 16,

18187} In some embodiments, exemplary pNB csterase polypeptides capable of carrying out the
processes herein can be a polypeptide comprising an amino acid sequence selected from SEQ 1D NG:
4,6,8, 10,12, 14, 16, 18, 20, 22, 24, 26, 28, 384, 32, 34, 36, 38,40, 42, 44, 46, 48, 50, 52, 54, 56, 5§,
60, 62, 64, 66, 68,70, 72, 74, 76, 78, 80, 82, 84, &6, 88, 90, 92, 94, 96, 98, 100, 102, 104, 106, 108,
110, 112, 114, 116, 118, and 120. Guidance on the choice and use of the engineored pNB esterase

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

{8158] In the embodiments herein and illustrated in the Examples, varous ranges of suitable reaction
conditions that can be used, inchuding buot not Himited, to ranges of pH, temperature, buffer, solvent
system, substrate loading, polypeptide loading, pressure, and reaction time. Further suitable reaction
conditions for carrying out the process for biocatalytic conversion of substrate compounds 1o product
compounds using an engineered pNB esterase polypeptide deseribed herein can be readily optimized

n view of the guidance provided herein by routine experimentation that includes, but is not linited to,
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contacting the enginecred pNB esterase polypeptide and substrate compound under experimental
reaction conditions of concentration, pH, temperature, solvent conditions, and detecting the product

compound.

a~

18#159] Substrate compound in the reaction mixtures can be varied, taking into consideration, for
example, the destred amount of product compound, the effect of substrate concentration on enzyme
activity, stability of enzyme under reaction conditions, and the percent conversion of subsirate to
product. In some embodiments, the suitable reaction conditions comprise a substrate compound
loading of at least about (1.5 to about 200 /L, 1 to about 200 g/L, about 5 to about 150 g/L, about 1{)
to about 100 g/L, about 20 o about 106 g/L, or about 50 to about 100 g/, In some embodiments, the
suitable reaction conditions comprise a substrate compound loading of at least about 0.5 g/L, at least
about 1 g/l at fcast abowt 5 g/L., at least about 10 g/L, at least about 15 g/L., at least abowt 20 g/L, at
least sbout 30 g/L., at least about 50 g/, at least about 75 g/L., at least about 100 g/i, at least about
150 g/L. or at least about 200 g/L., or even greater. The valucs 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 salis of compound (2) also can be used in the process. In
addition, structural analogs of the substrate of compound (2), can also be used in appropriate amounts,

n light of the amounts used for the substrate of compound (2.

{8168} In carvying out the reactions described herein, the engincered pNB esterase polypeptide may
be added to the reaction mixture in the form of a purified enzyme, whole cells transformed with
gene(s) encoding the enzyme, and/or as coll extracts and/or lysates of such cells. Whole cells
transformed with gene(s) encoding the engincered pNB esterase enzyme or cell extracts, lysates
thereof, and isolated enzymes may be emploved in a variety of different forms, incloding solid {e.g.,
Iyophilized, spray-dried, and the like) or semisolid {e.g., a crude paste). The cell extracts or cell
lysates may be partially purified by precipitation (ammonium sulfate, polyethyleneimine, heat
treatiuent ot the like), followed by a desalting procedure prior to lyophilization (e.g., ultratiltration,
dialysis, and the like). Any of the cell preparations may be stabilized by crosshinking using known
crosslinking agents, such as, for example, ghutaraldehyde, or immmobilization to a solid phase (e.g.,

Eupergit C, and the like).

18#163] The gene(s) encoding the engincerad pNB esterase polypeptides can be transformed into host
cell separately or together into the same host cell. For example, in some emsbodiments one sct 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 ancther engincered pNB csterase polypeptide. Both sets
of transformed cclis can be utilized together in the reaction mixture in the form of whoie cells, or in
the form of lysates or extracts derived therefrom. In other embodiments, a host cell can be

transformed with gene(s) encoding multiple engineered pNI esterase polypeptides. In some

S
~k
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gmbodiments the enginegred polypeptides can be expressed in the form of secreted polypeptides and

the culture medium containing the secreted polypeptides can be used for the pNB esterase reaction.

{8162} The enhancoments in activity and/or product selectivity of the engincered pNB esterase
polypeptides disclosed herein provide for processes wherein bigher percentage conversion can be
achicved with lower concentrations of the engineered polypeptide. In some embodiments of the
process, the suitable reaction conditions comprise an engineered polypeptide coneentration of about
0.01 to about 50 g/L; about 0.05 to about 50 g/L; about 0.1 to about 40 g/L; about 1 to about 40 g/L;
about 2 to about 40 g/L; about § to about 40 g/L; about 5 to about 36 g/L; about 0.1 1o about 10 g/1;
about 0.5 to about 10 g/L; about 1 to about 10 g/L; about 0.1 to about S g/L; about 0.5 to about 5 g/L;
or about 0.1 to about 2 g/L. In some embodiments, the pNB esterase polypeptide is concentration at

about 0.01, 0.05, 0.1, 0.2, 0.5, 1, 2, 5, 16, 15,20, 25, 30, 35,40, or 50 g/

18#163] During the course of the pNB ¢sterase reactions, the pH of the reaction mixture may change.
The pH of the reaction nixture may be maintained at a desired pH or within a desired pH range. This
may be done by adding an acid or base, before and/or during the course of the reaction. Alternatively,
the pH may be controlled by using a buffer. Accordingly, in some embodiments, the reaction
condition comprises a buffer. Suitable buffers to mainiain desired pH ranges are known in the art and
include, by way of example and not hmitation, 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 (.4 M, 0.05 to about (8.4
M, 0.1 to about 0.3 M, or about (.1 to about 0.2 M. In some embodiments, the reaction condition
comprises a MES concentration of about .01, .02, .03, 0.04, 0.05, 0.07, 0.1, 0.12, 0.14, 0.16, 018,
0.2, 0.3, or 0.4 M. In some embodiments, the reaction conditions comprise water as a suitable solvent

with no butfer present.

8164] In the embodiments of the process, the reaction conditions 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 and/or 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 1o about 9, pH from
about 6 to about ¥, pH from about 6.5 1o about 7.5, or pH from about 7 to about 8. In some
embodiments, the reaction conditions comprise a solution pH of about 6, 6.5, 7, 7.5, 8, 8.5, 9, 9.5, 10,

18.5, 11, 115 or 12

181681 In the embodiments of the processes herein, a suitable temperature can be used for the
reaction conditions, for example, taking into consideration the increased reaction rate at higher

termperatures, and the activity of the enzyme during the reaction time period. For example, the
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enginecred polvpeptides of the present disclosure have increased stability relative to naturally
cocurring pNB esterase polypeptide e.g., the wild-type polypeptide of SEQ 1D NO: 2, which allow the
engineered polypeptides to be used at higher teroperatures for increased conversion rates and
mnproved substrate solubility characteristics. Accordingly, in some embodiments, the suttable
reaction conditions comprise a temperatire of about 5°C to about 65°C, about 10°C to about 60°C,
about 15°C to about 55°C, about 15°C to about 45°C, abowut 15°C to about 35°C, about 20°C t¢ about
55°C, or about 30°C to about 60°C. In some embodiments, the suitable reaction conditions comprise

a temperature of about 3°C, about 10°C, about 15°C, about 20°C, about 25°C, about 30°C, about

35°C, about 40°C, abowt 45°C, about 50°C, about 55°C, about 60°C, about 65°C, or about 7(°C.

[#166] In some embodiments, higher temperatures (e.g., above 25°C) can result in increased
undesirable side-products, such as the B-lactam ring-opened diacid imipenem side-product of
compound (3}, Accordingly, in some embodiments, the suitable reaction conditions comprisc a
temperatare of about 5°C to about 30°C, about 10°C to about 25°C, about 103°C to about 20°C, or
about 15°C to about 20°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, or about 30°C.

18167] In some embodiments, the temperature during the enzymatic reaction can be maintained at a
temperature throughout the course of the reaction or adjusted over a temperature profile during the

course of the reaction.

{8168] The processes hevein are generally carried oot ina solvent. Suitable solvents include water,
aqueous buffer solutions, organic solvents, polymeric solvents, and/or co-solvent systems, which
generally comprise aquecus sclvents, organic solvents and/or polymeric solvents. The aqueous
solvent (water or agueocus co-solvent systemy) may be pH-buffered or unbuffered. In some
embodiments, the processes are generally carried out 1n an aqueous co-solvent system comprising an
organic solvent (e.g., ethanol, isopropanol (IPA)}, dimethylformamide (BMF), dimethyl sulfoxide
{DMS0, ethyl acetate, butyl acetate, 1-octanol, heptane, octane, methyl t-butyl ether (MTBE),
tolucne, and the tike), jonic or polar solvents {e.g., 1 cthyl 4 methylimidazolivm tetraflucrohorate, 1
buty] 3 methylimidazobum tetrafloorcborate, 1 butyl 3 methylimidazohiom hexafluorophosphate,
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 mactivate the pNB esterase enzyme under the
reaction conditions. Appropriate co-solvent systers 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 enzyme activity assay, such as those described
hergin. The non-aqueous co-solvent component of an agueous co-selvent system may be miscible
with the aqueous component, providing a single liquid phase, or may be partly miscible or inumiscible
with the aqueous component, providing two hquid phases. Exemplary agueous co-solvent systems

can comprise water and one or more co-solvents selected from an organic solvent, polar selvent, and
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polyol solvent. In some embodiments, the co-solvent can be a polar solvent, such as DMF, BMSO, or

lower alcchol.

18#169] In some embodiments of the process, the suitable reaction conditions comprise an aqueous co-
solvent, where the co-solvent comprises DMF at about 1% 1o about 80% (v/v}, about 1 to about 70%
(v/v), about 2% to about 60% (v/v}, about 5% to about 40% (v/v), 10% to about 40% (v/v), 10% to
about 30% (v/v), or about 10% to about 20% (v/v). In some embodiments of the process, the suitable
reaction conditions comprise an aqueous co-solvent comprising DMF at least about 1%, 5%, 10%,
15%, 20%, 25%, 30%0, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, or 80% {v/v}. Insc
embodiments of the process, the suitable reaction conditions comprise an aqueous co-solvent
comprising DME of from about 5% (v/v) to about 45% {v/v), from about 10% (v/v} o about 30%

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

18#170] The quantities of reactants used in the pNB csterase reaction will generally vary depending on
the quantities of product desived, and concomitantly the amount of pNB esterase substrate employed.
Those having ordinary skill in the art will readily understand how to vary these quantities o tailor

them to the desired level of productivity and scale of production.

[8178] In some embodiments, the order of addition of reactants is not ¢ritical. The reactants may be
added together at the same time o a solvent {e.g., monophasic solvent, biphasic agucous co-solvent
system, and the like), or ahiernatively, some of the reactants may be added separately, and some
together at different time points. For example, the cofactor, pNI csterase, and pNI esterase substrate

may be added first to the solvent.

[8172] The solid reactants {e.g.. enzyme, salts, substrate compounds, ¢ic.} may be provided to the
reaction in a8 variety of different forms, including powder {e.g., Ivophilized, spray dried, and the like},
solution, emulsion, suspension, and the like. The reactants can be readily lvophilized or spray dried
using methods and equipment that are known to those having ordinary skill in the art. For example,
the protein solution can be frozen at -30°C in small aliquots, then added to a pre-chilled lyophilization

chamber, followed by the application of a vacuum.

{8173} For improved mixing efficiency when an aqueous co-solvent system is used, the pNB esteras
and cofactor may be added and mixed uto the agueous phase first. The organic phase may then be
added and mixed in, followed by addition of the pNB esicrase substrate. Alternatively, the pNB

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

{81741 The pNB esterase reaction is generally allowed to proceed until further conversion of pNB-

protected substrate to product does not change significantly with reaction time, e.g., less than 10% of

ity
substrate being converted, or less than 5% of substrate being converted. In some embodiments, the
reaction is allowed to proceed until there is complete or near complete conversion of pNB-protected

substrate to the deprotected product compound. Transformation of substrate to product can be

n
sy
o
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monitored using known methods by detecting substrate and/or product. Suitablie methods include gas
chromatography, HPLC, and the like. Conversion yields of the deprotected product compound
gencrated in the reaction mixture are gencerally greater than about 50%, may also be greater than about
60%, may alsc be greater than 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 pNE esterase polypeptide under suitable
reaction conditions results in at least about 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or
greater conversion of the pNB-protected substrate of compound (2}, to the deprotected imipenem
product of compound (3} in about 48h or less, in about 36 h or less, in about 24 b or less, or even less

time.

18175] In some embodiments of the process, the suitable reaction conditions comprise a substrate
loading of at least about 5 /1, 10 @/1, 20 ¢/1, 30 /L, 40 g/L., 50 /L, 60 /L, 70 g/L, 100 g/L., or
more, and wherein the process results in at least about 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99% or greater conversion of substrate compound to product compound

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

i8176] 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 cogineercd pNB
gsterase polypeptide. The reaction solution 1§ then further supplomented with addinional substrate
compound as a continuous addition over time at a rate of at least about 1 g/L/h, at least about 2 g/L/h,
at least about 4 g/L/b, at least about 6 g/L/h, or higher. Thus, according to these suitable reaction
conditions, polypeptide 15 added to a solution baving an initial substrate loading of at least about 5
g/t 10 g/L., 20 g/L, 30 g/, or 40 g/L.. This addition of polypeptide is then followed by continuous
addition of further substrate to the solugtion at a rate of abowt 2 g/L/h, 4 ¢/L/h, or 6 g/L/h until 2 much
higher final subsirate loading of at least about 30 g/L, 40 g/L, 50 g/L, 60 ¢/L, 70 ¢/L, 100 ¢/L, 150
g/L., 200 g/l or move, is reached. Accordingly, in some embodiments of the process, the suitable
reaction conditions comptise addition of the polypeptide to a solution having an initial substrate
loading of at least about 20 g/L, 30 g/L, or 40 ¢/L fulowed by addition of further substrate to the
solution at a rate of'about Z g/L/h, 4 ¢/U/h, or 6 ¢/L/h until a final substrate loading of at least about
30 gL, 40 g/, S0 g/L, 60 g/, 70 g/l 100 /L. or more, is reached. This substrate supplementation
reaction condition allows for higher substrate loadings to be achieved while maintaining high rates of
conversion of the pNB-protected substrate to the deprotected product of at least about 919, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% or greater.

{8177} Insome embodiments of the processes, the pINB esterase reaction can comprise the following
suitable reaction conditions: (a) substrate loading at about 2 ¢/ 10 200 g/L,; {b) about 0.1 10 10 g/L. of
enginecred pNB esierase polypeptide; (¢} about 0.05 to 0.5 M MES butter; (d) about 5% to about 20%

(v/v) BMF cg-solvent; (e} pH of abowut 6 to 8; and (f) temperature of about 10 to 35°C..

S1
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{8178] In some embodiments of the processes, the pNB esterase reaction can comprise the following
suitable reaction conditions: (a) substrate loading at about 5 g/L 10 100 g/L; (b) about 210 5 g/L of
engincered pNB esterase polypeptide; (¢) about 0.1 M MES buffer; (d) about 15% (v/v} DMF co-

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

{8179] In some embodiments, additional reaction components or additional techniques carried out to
supplement the reaction conditions. These can include taking measures to stabilize or prevent
mactivation of the pNB esterase polypeptide, reduce product compound inhibition, reduce sundesirable

side-product production, and/or shift reaction equilibrium fo product compound formation.

18186} In further cmbodiments, any of the above described processes for the conversion of substrate
compound to product compound can {further comprise one or more steps selected frome extraction,
1solation, purification, and erystallization of product compound. Methods, techniques, and protocols
for extracting, isolating, purifying, and/or crystaliizing the product compound from the biocatalytic
reaction mixtures produced by the above disclosed methaods are known to the ordinary artisan and/or
accessed through routine experimentation.  Additionally, illustrative methods are provided in the

Examples below.

[8188] Various features and embodiments of the disclosure are illustrated in the following

represcntative examples, which arc imtended to be illustrative, and not limiting.

6. EXAMPLES

Example §: Synthesis, Optimpization, and Screening of Engineered pNB Esterase
Polypeptides

18182} Gene svnthesis and optimization: The polynuclecotide sequence encoding the 489 amino acid

wild-type pNB esterase polypeptide from Baciflus subtilis (Gonbank Acc. No. AAABIS1S, GL
468046) was codon optimized for expression in £, ¢olf together with nucleotide changes encoding the
following 7 amino acid substitutions: 160V, Li44M, P3178, H322R, 13345, M35RY, and Y3T0OF.
This codon-optimized gene, disclosed herein as SEQ 1D NG: 1, was synthesized and cloned into a
pCK 110900 vector system {see e.g., US Patent Application Publication 20060195947, which is
hereby incorporated by reference herein) and subsequently expressed in £, coli W3110/uA. The £
coli W3110 expresses the pNB esterase polypeptides as an intracellular protein under the control of
the fac promoter. The initial engincered polypeptide of SEQ 1D NO: 2 did not have detectabie
activity in the conversion of the pNB-protected imipenem substrate compound (2) to imipenem of
compound (1}, Based on structural modeling of compound Q) of the active site of the wild-type pNB
gsterase, the engineered polypeptide of SEQ 1D NO: 2 was further modified with the amine acid
substitution M193A, resulting in the engineered pNB esterase polypeptide of SEQ 1D NO: 4, which

was found to have activity in the conversion of compound {2} to compound (1}, The polymucieotide
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of SEQ 1D NO: 3 {(which encodes the engineered pNB esterase polypeptide of SEQ 1D NO: 4} then
was used as the starting backbone for further optimization using standard moethods of directed
evolution via iterative variant library generation by gene synthesis followed by screening and
sequencing of the hits to generate genes encoding engineered pNB esterases capable of converting
compound (2} to compound (1} with enhanced enzyme properties relative to the enginecred
polypeptide of SEQ 1D NQG: 4. The resulting engineered pNE esterase polypeptide sequences and

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

Example 2:  Production of Engineered pNB Esterases
[#183] The engimecred pNB esterase polypeptides were produced in host £, coli W3110 as an
intracellular protein expressed under the control of the fac promoter. The polypeptide accumulates
primarily as a soluble cytosolic active enzyme. A shake-flask procedure is used to generate
enginecered polypeptide powders that can be used in activity assays or biocatalytic processes disclosed

herein.

181841 High-throuehput 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 85% homidity. A 20 pl. aliquot of overnight growth are transferred to a deep well plate
containing 380 pL 2xY'T growth media containing 30 pg/ml CAM, 1 mM PTG, and incubated for
~18 hoat 30°C, 200 rpm, and 5% humidity. Subcultire TB media is made up of TB media (380
wl/well), 30 pg/mL CAM, and ImM IPTG. Cell cultures are contrifuged at 4000 ypm, 4°C for 10
mrinutes, and the supernatant media discarded. Cell peliets are resuspended in 200 pl. Lysis Buffer
(0.1 M phosphate bufter, pH 7.5, containing 0.5 mg/mL PMBS and 1.0 mg/mL Lysozyme) and the

lysate is used in the HTP assay as described below.

181881 Production of shake flask powders (SFP). A shake-flask procedure was used to gencrate

engincered pNB csterase polypeptide powders used in secondary screening assays or in larger scale
biocatalytic processes disclosed herein. Shake flask powder (SFP) jncludes approximately 30% total
protein and accordingly provide 8 more purified preparation of an enginecred enzyme as compared to
the cell lysate used in HTP assays. A single colony of £, cofi containing a plasmid encoding an
engincered pNB esierasc of interest is inoculated into 56 mL Luria Bertani broth containing 50 pg/ml
chloramphenicol and 1% glucose. Cells are grown overnight (at least 16 hours) i an incubator at
30°C with shaking at 250 rpm. The culture 1s diloted into 250 mi Temific Broth (12 g/L bacto-
tryptone, 24 ¢/L yeast extract, 4 mL/L glycerol, 65 mM potassium phosphate, pH 7.0, 1 mM MgSOy)
containing 30 pg/mi chloramphenicol, in a 1 liter flask to an optical density of 600 nm (0D} of 0.2
and allowed to grow at 30°C. Expression of the pNB esterase gene is induced by addition of
1sopropyl-f -D-thiogalactoside (“IPT(G7) to a final concentration of 1 mM when the 0D of the
culture is 0.6 to 0.8, Incubation is then continued overnight (at least 16 hours). Cells are harvested by

centrifugation (5000 rpmy, 15 min, 5°C) and the supernatant discarded. The celf pellet is resuspended
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with 25 mL volome of cold (5°C) 100 mM phosphate bufter, pH 7.0, and harvested by centrifugation
as above. The washed cells are resuspended in 12 mb of the cold phosphate buffer and passed
through a Oue Shot Cell Disrupter (Constant Systems Litd. ) 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 crude pNE esterase polypeptide. Alternatively, the cell pellet (before or after washing) can be

stored at 4°C or -80°C.

{8i86] Production of downstream process (BSP) powders: DSP powders contain approximately

80% total protein and accordingly provide a more purified preparation of the engincered pNB csterase
enzyme as compared to the cell Iyvsate used in the high throughput assay. Larger-scale (~100 - 120 g
fermentation of the enginecred piNB esterase polypeptides for production of ISP powders can be
carricd out as a short batch followed by a fed batch process according to standard bioprocess methods.
Briefly, pNB esterase expression is induced by addition of IPTG to a final concentration of 1 mM.
Following fermentation, the cells are harvested and resuspended in 100 mM phosphate buffer, pH 7,
then mechanically disropted by homogenization. The cell debris and nucleic acids are flocculated
with polyethylenimine (PED and the suspension clarified by centrifugation. The resulting clear
supernatant is concentrated using a tangential cross-flow uliratiltration membrane to remove salts and
water. The concentrated and partially purified enzyme concentrate can then be dried in a lyophilizer
and packaged (e.g., in polyethylene containers).

Example 3:  High Throughput (HTP) Screening of pNB Esterases for Conversion of

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

18187} HTP screcning of ccll Jysates was used 1o guide primary selection of engincercd pNB esterase
polypeptides having improved properties for the conversion of substrate compound (2} to imipenem
product compound {1},
18188] For preparing the lysates, celis were grown in 96-well plates as described in Example 2 and
ysates prepared by dispensing 200 ub. Lysis Buffer (0.1 M phosphate buffer, pH 7.5, containing 0.5
mg/mbL PMBS and 1.0 mg/mL Lysozyme) into each well. Plates were sealed, shaken for 2 h, and

then centrifuged for 20 man at 4000 rpm, 4 °C, to peliet the cell debris.

181891 HTP 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 8 96-well plate. Reactions were inmtiated
by adding 30 ul aliquot of a stock substrate solution (13,5 g/L of compound (2) dissolved in DMF) to
cach well. Plates were scaled, quickly spun in the centrifuge (< 1 nuin), 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 Example 4.

Example 4 Analytical Procedures
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{8198] HPLC Analyss of Activity of HTP Reactions: Reactions were quenched by dispensing 300

uL of acctonitrilc into each well (as in Example 3), beat scaling the plate, shaking at high speed for 1
min to mix, then spinning down the plate 1o a centrifuge at 4000 rpoy, 10 min, at 4°C. A 200 pl.
aliquiot of the quenched HTP reaction was dispensed into a 96 well round bottom plate for HPLC

analysis. The 200 uL samples were subject to HPLC analysis ander the following conditions.

Column Poroshell EC C18, 2.6 um, 4.6 X 100 mm with guard columm
Temperature Not controlied
Meobile Phase Gradient: A: Acetonitrile/0.1% formic acid; B: Water/0.1% formie acid
Time (min} A% B%
0 -1 2 98

2.8-4.0 72 28

4250 2 G¥
Flow Rate 1.0 mE/min
Detection 315 nm, ref 400 nm

Injection volume

10 ul

Retention Times

Compound (1), imipenem: 3.1-3.16 min

Compound {3} side-product (P-lactam ring opened mipenem): 3.6 min
Compound (), pNB-protected imipenem: 3.8 min

p-nitrobenzyl alcohol: 4.1 min

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

{8191] Conversion of compound {2) to compound {1} was determined from the resulfing
chromatograms as follows:
Conversion {%) = Product Area / (Product Area + Subsirate Area) x 100%
Example 5: Process for Conversion of Compound (2) i Compounnd (1} at ¥ mL Scale
{81921 SFP preparations of the engincered pNB esterase polypeptides were used in 1 mb seale
reactions of the conversion of a pNB-protected imipenem substrate of compound (2} to the product
imipenem of compound (). These reactions demonstrate how these biocatalysis can be used for the

~

preparation of carbapenem compounds such as imipesem. The reactions at 1 ml scale were carried
out as follows. To a2 mb glass vial was added 0.35 miL 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 of a 33.3

mg/ml solition of compound (2} in BMF. The mixture was placed in a Kuhner shaker at 200 tpm,
for 2 b at 15°C. Final concentrations of components were: 5 g/l of compound (2); 15% v/iv DMF; 5

o/l pNE estervase polypeptide SFP preparation; and 100 mM MES, at pH 7.0

55



WO 2014/113521 PCT/US2014/011767

[8193] Samples of 20 ul. were taken at different time points and diluted with 40 pl. acetonitrile and
shaken well. The sample was mixed with 340 gl of 100 mM MES buffer, mixed well and
centrituged for 10 min. The supernatant was analyzed by HPLC, using the instrument and parameters

described in Example 4.

{81941 The HPLC time course profile results for the various pNB-esterases tested in | mL reactions

are shown below i Table 3.

Table 3
pNB esterase % Conversion o Compound (1) | % Cenversion to Compound (1)
SEQ 1D NO: @ 1 h reaction thwe point @ 2 h reaction time point
o 24 32
54
& 73
76 43 73
- I 73
20 4 3
116 S 81

181981 The engincered pNB esterase polypeptide of SEQ 1D NG: 116 reached 75% conversion of
pNB-protected compound (23 to imipenem product compound {13 at 1 b, and 80% conversion after
only 2 h. The polypeptides of SEQ 1D NOG: 76 and &0 performed with slightly lower compound (2) to

compound (1} conversion rates under these same conditions.

{81961 All publications, patents, patent applications and other documents cited in this application are
hercby incorporated by reference in their entircties for all purposes to the same extent as if cach
ndividual publication, patent, patent application or other document were individually jndicated to be

ncorporated by reference for all purpoeses.

18197] While various specitic embodiments have been illustrated and described, 1t will be
appreciated that various changes can be made withouot departing from the spirit and scope of the

invention(s}.
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What i¢ claimed is:

i.  Anengineered polypeptide having pNB esterase activity, comprising an amino acid sequence
having at least 80% identity to SEQ 1D NG: 2 and one or more residue differences as compared to
SEQ ID NO:2 at residue positions selected from: X108, X115, X116, X130, X193, X214, X219,
X273, X276, X321, and X362.

2. The engineered polypeptide of elaim | m which the residue differences as compared to SEQ 1D
MNO: 2 at the residue positions X108, X115, X116, X130, X193, X214, X218, X273, X276, X321,
and X362 are selected from XI08L/Y, X115Q/W, X1168, X130T, X164T, X193A/D/E/NV,
X214G, X210A/D/LN, X2T3AJE/TIV, X2T6 AT/, X321A, and X362A/D/Q/S/V.

3. The enginecered polypeptide of elaim | or 2 in which the amino acid sequence comprises one or
more residue differences as compared to SEQ ID NG: 2 selected from: X108L/Y, X193A/DVE/V,
X2I9A/DAINV, X2T3AJE/TIV, and X36ZAMD/QIS/V.

4. The enginecered polypeptide of elaim | or 2 in which the amino acid sequence comprises a residug

difference as compared to SEQ ID NO: 2 at position X193 selected from: X193A/D/E/V.

4]

The engincered polypeptide of elaim 4 in which the amino acid residue difference as compared to

SEQ ID NO: 2 at position X193 s X193V,

6. The engineered polypeptide of claim 8 in which the amino acid sequence further comprises
residue differences as compared to SEQ 1D NO: 2 at positions X219 and X273 selected from

{219L/V and X273A/V.

e

The enginecred polypeptide of elaim 6 in which the amino acid sequence further compriscs
residue differences as compared to SEQ ID NG: 2 at positions X108 and X362 selected from
NA1OBL/Y and X362A/D//S/V.

8. The engimeered polypeptide of claim 7 in which the amino acid sequence further comprises 4

residue difference as compared to SEQ ID NO: 2 at position X115 selected from X115Q/W.

%, The enginecred polypeptide of elaim 2 in which the amino acid sequence comprises a
combination of residue differcnees as compared to SEQ 1D NO: 2 selected from:
K193V, X219V, and X273 A;
X108Y, X193D0, X219V, X273A, and X3628;
XI108Y, X193V, X219V, X273A, and X362Q;

n
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XI08Y, X115, X193V, X219L, X273A, and X3620; and
X108Y, X115Q, X193V, X219V, X273A, and X3620.

The enginecred polypeptide of any onc of claims 1 to 9 in which the amino acid sequence further
comprises one or more residue differences as compared to SEQ 1D NO: 2 selected from: X11685,

X1307, X1647, X214G, X276A/T/L, and X321A.

The engineered polypeptide of any one of elaims 1 to 18 in which the amino acid sequence
further comprises a residue difference as compared to SEQ 1D NO: 2 selected from: X49(,
XO04G, X968, X2277T, X251V, X267R, X271L, X274, X313F, X322C/Y, X343V, X356R,
X359A, X398L, X412E, X437T, X464A, and X481R,

The engineered polypeptide of any one of claims 1 to 11 in which the aming acid sequence does
not comprise a residue difference as compared to SEQ 1D NO: 2 at positions X60, X144, X317,
X322, X334, X338, and X370.

. The enginecered polypeptide of claim 2 in which the pNB esterase has at least 1.2 fold, 2 fold, S

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 NO: 4 in converting compound (2} to compound (1) under suitable

reaction conditions.

The engincered polypeptide of elaim 1 in which the amine acid sequence comprises a sequence
selected from SEQ D NO: 4, 6,8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38,40, 42,
44, 46, 48, 50, 52, 54, 56, 5§, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, R0, 82, 84, 86, &8, 90, 92, 94,
96, 88, 100, 102, 104, 106, 108, 110, 112, 114, 116, 11§, and 12{.

. The engincered polypeptide of any one of elaims 1 to 14 in which the polypeptide is mmobilized

on a solid support.

The engincered polypeptide of claim 15 in which the solid support is 2 bead or resin comprising
polymethacrylate with epoxide functional groups, polymethacrylate with amino epoxide

fumctional groups, styrene/DVE copolymer or polymethacrylate with octadecyl fimetional groups.

A polynucleotide encoding the enginecred pINB esterase polypeptide of any one of ¢laims 1 to 14,

A polymucleotide encoding the engineered pNB esterase polypeptide of elaim 1, comprising a

macleotide sequence selocted from SEQIDNG: 3, 8,7, 9,11, 13,15, 17, 19, 21, 23, 25, 27, 28
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22,

24.
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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, 7,89, 91, 93, 95, 97, 69, 101, 103, 105, 107, 109, 111, 113, 115, 117, and 110,

An expression veclor comprising the polynucleotide of elaim 17 or 18,

. The expression vector of claim 19 comprising a control sequence

A host cell comprising the polynucieotide of elaim 17 or 18 or the expression vector of claim 19

or 24,

A method of preparing the enginecred polypeptide of any one of elaims 1 to 14, comprising

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

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

A process for preparing compound (1), or a salt or hydrate of compound (1)

NH
HN—

B

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

compound (2}

with an engineered pNB esterase polypeptide of any one of elaims 1 to 16 under suitable

reaction conditions.

25. The process of claim 24 in which the sabstrate of compound (2} is at a loading of from about 1 o
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about 200 g/, from about 2 to about 100 g/L., or about 5 to about 50 g/l

The process of claim 25 in which the substrate of compound (2} is at a loading of at least about

0.5 /L, | @/, 5 ¢/L, 10 L, 20 ¢/L, 30 ¢/L, 40 /L, 50 g/L, 100 g/L, 150 /L, or 200 g/L.

. The process of clatm 24 in which the suitable reaction conditions comprise a bufter sclected from

borate, phosphate, carbonate, tricthanolamine (TEA), Tris, and 2-(N-morpholinoiethancsulfonic

acid (MES).

. The process of claim 27 in which the buffer comprises MES, wherein the MES concentration is

about 0.01 to about 0.4 M, about 0.05 to about 0.4 M, about 0.1 1o about 8.3 M, orabout 8.1 to
about 0.2 M.

. The process of claim 28 in which the MES concentration is about (.01 M, 0.02 M, 0.03 M, 4.04

M, 0.05 M, 0.07 M, 0.1 M, 0.12 M, 0.14 M, 0.56 M, 0.18 M, 0.2 M, 0.3 M, or 0.4 M.

The process of ¢laim 24 in which the suitable reaction conditions comprise a pH from about 5 fo

about 1{}, pH from about 6 to about 9, or pH from about 7 to about &.

The process of ¢laim 38 in which the suitable veaction conditions comprise a pH of about 6, 6.5,

7,7.5,8,85,9,8.5, or 10,

%. The process of elaim 24 in which the suitable reaction conditions comprise a tenperature of abowt

5°C 10 about 65°C, about 10°C to about 60°C, about 15°C 1o abowt 35°C, about 15°C o abowt

45°C about 15°C to about 35°C, about 20°C to about S5°C, or about 34°C to about 60°C.

The process of elaim 32 in which the suttable reaction conditions comprise a temperatine of about

5°C, 10°C, 15°C, 20°C, 25°C, 30°C, 35°C, 40°C, 45°C, 50°C, 35°C, 60°C, 65°C, or 70°C.

. The process of elaim 24 in which the suitable reaction conditions comprise dimethylformamide

o/

{(DMF) as a co-solvent present at a concentration of from about 2% to about 30% v/v; or from

about 396 to about 205 v/v.

. The process of elaim 34 in which the DMF is present at a concentration of about 2% viv, 5% v/v,

1 &0/

10% vy, 159% vy, 209 viv, 23% v/v, or 30% v/v.

. The process of elaim 24 in which the pNB csterase polypeptide is at a concentration of about 0.01
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to about 50 g/L., about 0.05 to about 50 g/1., about 0.1 to abowt 40 g/L, sbout 1 to about 40 g/L,
about 2 to about 40 g/L, about 5 to about 40 g/L, about 5 to about 30 g/L, about .1 to about 10
g/l., about 0.5 1o about 10 g/i, about 1 to about 10 g/l about (.1 1o asbout 5 g/L., about 0.5 10

about § g/L, or about 0.1 to about 2 g/L.

37. The process of elaim 36 in which the pNB csterase polypeptide is at a concentration of about .01
oL, 005,01 L, 021, 05gL, 1wh, 2 gL, 5g/L, 10g/L,15g/L,20g/L,25g/L,30g/L,

35 g/L, 40 g/L, or 30 g/L.

38. The process of claim 24 in which the suitable reaction conditions comprise:
{a) substrate loading at shout 2 g/l t0 200 g/1;
{b} about 0.1 to 10 g/L. of engincercd pNEB esterase polypeptide;
{¢) about 0.05 to 0.5 M MES buffer;
(d) about 5% to about 20% (v/v) DMF co-solvent;
{c) pH of about 6 10 ¥; and

(1) temperature of about 10 to 35°C.

39. The process of claim 24 in which the suitable reaction conditions comprise:
{(a) substrate loading at about 5 g/l 10 100 g/L;
{b} about 2 to 5 g/L. of engineered pNB esterase polypeptide;
{cy abouwt 0.1 M MES buifer;
{d} about 15% (v/v) DMF co-solvent;
{c) pH of about 7; and

{f) temperature of about 15°C.
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