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PENICILLIN-G ACYLASES

[0001] The present application claims priority to US Prov. Pat. Appln. Ser. No. 62/158,118, filed

May 7, 2015, hereby mcorporated by reference in its entirety for ali purposes.

REFERENCE TO SEQUENCE LISTING, TABLE OR COMPUTER PROGRAM

{8002] The Sequence Listing concurrently submitted herewith under 37 CF.R. §1.821 in a computer
readable form (CRFE) via EF5-Web as file name CX2-149W01 5T25 11t is herein incorporated by
reference. The clectronic copy of the Sequence Listing was created on April 28, 2016, with a file size

of 88 Kbytes.

FIELD OF THE INVENTION
{0003] The present inverdion provides enginecred penicillin G acylase (PGA) enzvmes,
polvanucieotides encoding the enzvmes, compositions comprising the enzymes, and methods of using

the engineered PGA enzymes.

BACKGROUND OF THE INVENTION

[B0604] Penicillin G acviase (PGA) (penicillin amidase, EC 3.5.1.11) catalyzes the cleavage of the
amide bond of penicitlin G (benzvipenicilling side chain. The enzyme is used commercially in the
manufacture of 6-amino-penicillanic acid {6-APA) and phenvi-acetic acid (PAA). 6-APAsakey
compound in the industrial production of semi-synthetic B-lactam antibiotics such as amoxicillin,
ampicillin and cephalexan. The naturally occcurring PGA enzyme shows mstability in commercial
processes, requiring immobilization on sohd substrates for commercial applications. PGA has been
covalently bonded to various supports and PGA immobitized systems have been reported as useful
tools for the synthesis of pure optical isomers. Attachment to solid surfaces, however, leads to
compromised enzyme properties, such as reduced activity and/or selectivity, and limitations to solute
access. Moreover, although attachment to sohid substrates allows capture of enzymes and reuse in
additional processing cycles, the stability of the enzyme is such that such applications may be hmited.
The enzymatic catalysis bv PGA of peniciilin G to 6-APA is regiospectfic (it docs not cleave the
lactam anude bond) and stereospecific. The production of 6-APA constitutes perhaps the largest
utifization of enzymatic catalysis in the production of pharmaceuticals. The enzvmatic activity of
PGA, associated with the phenacetyl moisty, allows the stercospecific hvdrolysis of a rich variety of

phenacetyl derivatives of primary amines as well as alcohols.
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SUMMARY OF THE INVENTION

[BB05] The present mvention provides engineered penicithin & acvlase (PGA) enzymes,
polynucieotides encoding the enzymes, compositions comprising the enzyvmes, and methods of using
the engincered PGA enzvmes.

[8606] The present invention provides engineered penicillin G acylases capable of removing the
A1/B1/B29 in-phenyl acetate protecting groups from insalin to produce free nsulin, wherein the
penicitlin 5 acylase is at least about 85%, about 86%, about 87%, about 889%, about 89%, about 90%,
about 91%, about 92%, about 93%, about 94%, about 95%, about 96%, about 97%, about 98%, about
9499, or more identical to SEQ ID NG:2, 4,6, 8, 10, and/or 12, In some embodiments, the present
mvention provides engineered penicillin G acylases capable of removing the A/B1/B29 tri-phenyl
acetate protecting groups from insulin to produce free insulin, wherein the penicillin G acylase is at
fcast 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or marc
wdentical to SEQ ID NG:2, 4, 6, 8, 10, and/or 12, In some additional embodiments, the present
mvention provides engineercd penicillin G acylases capable of removing the A1/B1/B29 tri-phenyl
acetate protecting groups from insulin to produce free insulin, wherein the penicithin G acylase
comprises SEQ 1D NO:2, 4, 6, 8, 10, and/or 12, In some further embodiments, the penicilin G
acylase comprises at least one mutation as provided m Table 5.1, Table 6.2, and/or Table 6.3,

[8807] The present invention also provides a penicillin G acviase encoded by a polvanucleotide

w

equence having at feast about 85%, about 86%, about 87%, about 88%, about 89%, about 90%, about
91%, about 92%. about 93%, about 94%. about 95%, about 96%. about 97%, about 98%. about 99%,
or more sequence identity to a sequence selected from SEQ IDNOS:3,5 7,9, and 11,

[8608] In some embodiments, the penicillin G acviase encoded by a polynucie@tida sequence has at
least 85%, 86%, 87%, 88%, #9%, 90%, 91%. 92%, 93%, 94%. 95%, 96%, 97%. 98%, 99%. or more
sequence identity 1o a sequence selected from SEQ D NOS:3, 5,7, 9, and 11. In some embodiments,
the penicillin G acyvlase encoded by a polynucleotide sequence selected trom SEQ ID NOS:3,5,7, 9,
and 11. The present invention also provides vectors comprising the polynuclestide sequences
provided herein {e.g., SEQ 1D NOS:3, 5,7, 9, and/or 11). The present invention also provides host
cells comprising the vectors provided herein (e.g., vectors comprising the polyvnucieotide sequences of
SEQIDNGS3, 5,7, 9 andlor 11).

{8009] The present mvention also provides methods for producing free msulin, comprising: 1)
providing at least one enginecred penicillin G acviase provided herein, and insulin compnsing
A1/B1/B29 tri-phenvl acetate protecting groups; and 1) exposing the engineered penicitlin G acvlase
to the insulin comprising A 1/B1/B29 tri-phenyl acetate protecting groups, under conditions such that
the engineered penicilhin & acvlase removes the A/B1/B29 tri-phenyl acetate protecting groups and
free insulin is produced. In some embodiments of the methods, the penicillin G acylase is at least

about 85%, about 86%, about 87%, about 88%, about 89%, about 90%, about 91%, about 92%, about
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93%, about 94%, about 95%, about 96%, about 97%, about 98%, about 99%, or more identical to
SEQ ID NO:2, 4, 6, 8, 10, and/or 12. In some embodiments of the methods, the penicillin G acylase
is at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or
more identical to SEQ ID NO:2, 4, 6, 8, 10, and/or 12. In some further embodiments of the methods, ,
the penicillin G acylase comprises SEQ ID NO:2, 4, 6, 8, 10, and/or 12. In some embodiments, the
engineered penicillin G acylase produces more than 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99% or more free insulin. The present invention also provides compaositions comprising free
insulin produced according to the method(s) provided herein.

[0009A] The invention also provides an engineered non-naturally occurring penicillin G
acylase capable of removing the A1/B1/B29 tri-phenyl acetate protecting groups from insulin to

produce free insulin, wherein said penicillin G acylase comprises SEQ ID NO:12.

BRIEF DESCRIPTION OF THE FIGURES

[0010] Figure 1 provides a graph showing the substrate inhibition activity observed with Variant 1.
[0011] Figure 2 provides a graph showing the amount of free insulin produced using seven variant
PGAs.

[0012] Figure 3 provides a graph showing % yield of free insulin produced using three variant PGAs.
[0013] Figure 4 provides a graph showing % vyield of free insulin produced using three variant PGAs
in the presence of DMSO in the reactions.

DESCRIPTION OF THE INVENTION

[0014] The present invention provides engineered penicillin G acylases (PGA) that are capable of
cleaving penicillin to phenylacetic acid and 6-aminopenicillanic acid (6-APA), which is a key
intermediate in the synthesis of a large variety of B-lactam antibiotics. In particular, the present
invention provides engineered PGAs that are capable of removing the A1/B1/B29 tri-phenyl acetate
protecting groups to release free insulin.

[0015] Generally, naturally occurring PGAs are heterodimeric enzymes composed of an alpha
subunit and a beta-subunit. Wild-type PGA is naturally synthesized as a pre-pro-PGA polypeptide,
containing an N-terminal signal peptide that mediates translocation to the periplasm and a linker
region connecting the C-terminus of the alpha subunit to the N-terminus of the beta subunit.
Proteolytic processing leads to the mature heterodimeric enzyme. The intermolecular linker region
can also function in promoting proper folding of the enzyme. The PGAs described herein are based
on the PGA from Kluyvera citrophila in which various modifications have been introduced to
generate improved enzymatic properties as described in detail below.

[0016] For the descriptions provided herein, the use of the singular includes the plural (and vice

€9 ¢

versa) unless specifically stated otherwise. For instance, the singular forms “a”, “an” and “the”



[0017] include plural referents unless the context clearly indicates otherwise. Similarly, “comprise,”
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“comprises,” “comprising” “include,” “includes,” and “including” are interchangeable and not

intended to be limiting. It is to be further understood that where descriptions of various embodiments
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use the term “comprising,” those skilled in the art would understand that in some specific instances,
an embodiment can be alternatively described using language “consisting essentially of” or
“consisting of.”

{0017] Both the foregoing general description, inchuding the drawings, and the following detailed
description are exemplary and explanatory only and are not restrictive of this disclosure. Moreover,
the section headings used hereim are for organizational purposes only and not to be construed as

limiting the subject matter described.

Definitions

[8618] Asused herein, the following terms are intended to have the following meanmgs.

{8619] In reference to the present disclosure, the technical and scientific terms used in the
descriptions herein will have the meanings commaonly understood by one of ordinary skill m the art,
unless specifically defined otherwise. Accordmgly, the following terms are intended to have the
following meanings. All patents and publications, inchiding all sequences disclosed within such
patents and publications, referred to herein are expressly incorporated by reference. Unless otherwise
mdicated, the practice of the present imvention involves conventional techniques coramonly used m
molecular biology, fermentation, microbiology, and related fields, which are known fo those of skill
i the art. Unless defined otherwise herein, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordimary skill in the art to which this invention
belongs. Although any methods and materials simular or equivalent to those described herein can be
used m the practice or testing of the present invention, the preferred methods and matenals are
described. Indeed, 1t 13 mtended that the present invention not be himited to the particular
methodology. protocols, and reagents described herein, as these may vary, depending upon the
context in which they are used. The headings provided herein are not hmtations of the various
aspects or embodiments of the present invention.

[8628] Nonetheless, 1 order to facilitate understanding of the present invention, a number of terms
are defined below. Numeric ranges are inclusive of the numbers defining the range. Thus, every
numernical range disclosed herein is intended to encompass every narrower numerical range that falls
within such broader numenical range, as if such narrower numerical ranges were all expressly written
heremn. It is also mtended that every maximum {or munimum) numerical hmtation disclosed herein
mcludes every lower (or higher) numerical Emitation, as if such lower {or higher) numerical
himitations were expressly written herein.

[8621] As used herein, the term “comprising” and its cognates are used m their inclusive sense (i.e.,
cquivalent to the term “meluding”™ and its corresponding cognates).

{8622] Asused herein and in the appended claims, the singular “a”, “an” and “the” include the phural
reference unless the context clearly dictates otherwise. Thus, for example, reference to a “host cell”

meludes a plurality of such host cells.
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[8623] Unless otherwise mdicated, nucleic acids are writien left to night in 5" to 3 orientation and
aming acid sequences are written left to right in amino to carboxy orientation, respectively.

{0624] The headmgs provided herein are not limutations of the various aspects or embodiments of the
mvention that can be had by reference to the specification as a whole. Accordingly, the terms defined
below are more fully detfined by reference to the specification as a whole.

[8825] As used herein, the terms “protein,” “polypeptide,” and “peptide” are used interchangeably
herein to denote a polymer of at least two aming acids covalently linked by an amide bond, regardless
of length or post-translational moditication {e.g., glycosviation, phosphoryiation, lipidation,
myvrnistilation, ubiquitination, etc.). Included within this definition are D- and L-amino acids, and
mixtures of D- and L-amino acids.

{0026] Asused herein, “polvnucleotide” and “nucleic acid™ refer to two or more nucleosides that are
covalently linked together. The polynucleotide may be wholly comprised ribonucleosides (F.e., an
RNA), wholly comprised of 27 deoxyribonucleotides (e, a BNA) or mixtures of ribo- and 27
deoxyribomucleosides. While the nucleosides will typically be linked together via standard
phosphodiester linkages, the polynuclestides may mchude one or more non-standard linkages. The
polvnucleotide may be single-stranded or double-stranded, or may inchade both single-stranded
regions and double-stranded regions. Morcover, while a polynucleotide will typically be composed of
the naturally occurring encoding nucleobases (i.e., adenine, guanine, uracil, thyming, and cvtosine}, it
may mclude one or more modified and/or synthetic nucleobases {¢.g., mosine, xanthing |
bvpoxanthine, cte.). Preferably, such modified or synthetic mucleobases will be encoding
nucleobases.

[8827) As used herein, “hybridization stringency” relates to hybridization conditions, such as
washing conditions, in the hybndization of nucicic acids. Generally, hvbridization reactions are
performed under conditions of lower sirmgency, followed by washes of varying but higher stringency.
The term “moderately stringent hvbridization™ refers to conditions that permit target-DNA to bind a
complementary nucleic acid that has about 60% identity, preferably about 75% identity, about 85%
wlentity to the target BNA; with greater than about 90% identity to target-polynuclestide. Exemplary
maoderately stringent conditions are conditions equivalent to hybridization in 30% formamide, 5x
Denhart's solution, 5xSSPE, 0.2% 5D8 at 42°C., followed by washing in 0.2+<588PE, 0.2% SDS, at
42°C. “High stringency hyvbridization™ refers generally to conditions that are about 10°C or less from
the thermal melting temperatare 7), as determined under the solution condition for a defined
polvnucleotide sequence. In somc embodiments, a high stringency condition refers to conditions that
pernut hybridization of only those nucleic acid sequences that form stable hybrids in 0.018M Na(l at
65°C. (i.e., 1f a hybrid is not stable 1n 8.018M NaCl at 65°C, 1t will not be stable under high stringency
conditions, as conternplated hereiny. High stringency conditions can be provided, for example, by
bvbndization in conditions cquivalent to 50% formamide, 5 Denhart's solution, S#88PE, 0.2% SDS

at 42°C, followed by washing in 0.1x558PE, and 0.19 SDS a1 65°C. Another high strmgency
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condition is hybridizing in conditions equivalent to hybridizing in 5X 588C contamming 0.1% (wiv)
SDPS at 63°C and washing i 0.1x 85C containing 0.1% SDS at 65°C. Other high stringency
hybridization conditions, as well as moderately stringent conditions, are known to those of skill m the
art.
[B028] As used herein, “coding sequence” refers to that portion of a nucleic acid (2.2, a gene} that
encodes an amino acid sequence of a protein.
10629] As used herein, “codon optimized™ refers to changes in the codons of the polynucieotide
encoding a protein to those preferentiallv used n a particular organism such that the encoded protein
18 efficiently expressed in the organism of mterest. In some embodiments, the polynucieotides
ncoding the PGA enzymes may be codon optimized for optimal production from the host organism
selected for expression. Although the genctic code i1s degenerate in that most amino acids are
represented by several codons, called “synonyms™ or “synonymous” codons, it is well known that
codon usage by particular organisms is nonrandom and biased towards particular codon triplets. This
codon usage bias may be higher in reference to a given gene, genes of common function or ancestral
origin, highly expressed proteins versus low copy number proteins, and the aggregate protein coding
regions of an organism's genome. In some cmbodiments, the polynucieotides encoding the PGAs
enzvmes may be codon optimized for optimal production from the host orgamism selected for
expression.
{0038] Asused herein, “preferred, optimal, high codon usage bias codons™ refers interchangeably to
codons that are used at higher frequency in the protein coding regions than other codons that code for
the same amino acid. The preferred codons may be determined in relation to codon usage m a single
gene, a set of genes of common function or origin, highly expressed genes, the codon frequency in the
aggregate protein coding regions of the whole organism, codon frequency in the aggregate protein
coding regions of related orgamisms, or combinations thereof. Codons whose frequency increases
with the level of gene expression are typically optimal codons for expression. A variety of methods
are known for deterniining 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
e.g., GCG CodonPreference, Genetics Computer Group Wisconsin Package; CodonW, John Peden,
University of Nottingham; Mclnemey, Bioinform , 14:372-73 {1998}, Stenico et al., Nucleic Acids
Res., 222:437-46 [1994]; and Wright, Gene 87:23-29 [1990]). Codon usage tables are available for a
growing list of organisms (See ¢.g., Wada et al., Nucleic Acids Res., 20:2111-2118 {1992]; Nakamura
ctal., Nucl. Acids Res., 28:292 [2000]; Duret, ¢t al., supra: Henaut and Danchin, “Fscherichic coli
and Salmonella,” Neidhardt, et al. {eds.}, ASM Press, Washington D .C., |1996], p. 2047-2066. The
data source for obtaining codon usage may rely on any available nucleotide sequence capable of
coding for a protein. These data sets include nucleic acid sequences actually known 1o encode

expressed proteins (e g, complete protein coding sequences-CDIS), expressed sequence tags (ESTS),
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or predicted coding regions of genomic sequences (Sec ¢.g., Uberbacher, Meth. Enzvmol, 266:259-

270 [1997}).

(%]

281 [1996]; Tiwart ¢t al., Comput. Appl. Biosct, 13.26
{8631} Asused herein, “control sequence™ is defined herein to mclude all components, which are
necessary or advantageous for the expression of a polyvnucleotide and/or polypeptide of the present
disclosure. Each control sequence may be native or foreign to the polynucieotide of mnterest. Such
control sequences include, but are not limited to, a leader, polyadenylation sequence, propeptide
sequenge, promoter, signal peptide sequence, and transcription torminator,

{0032] Asused berein, “operably hinked” is defined heremn as a configuration in which a control
sequence is appropnately placed (.., in a functional relationship) at a position relative to a
polvnucieotide of interest such that the control sequence directs or regulates the expression of the
polynuciestide and/or polypeptide of mterest.

[8033] As used herein, “promoter sequence” refers to a nucleic acid sequence that is recognized by a
host cell for expression of a polynucleotide of mterest, such as a coding sequence. The control
SEQUONCE May comprise an appropriate promoter sequence. The promoter sequence contains
transcriptional control sequences, which mediate the expression of a polynuclectide of interest. The
promoter may be any nucleic acid sequence which shows transcriptional activity in the host cell of
choice including mutant, truncated, and hvbrid promoters, and may be obtained from genes encoding
extracelular or intracellular polypeptides either homologous or heterologous to the host cell.

{8634] As used herein, “naturally occurring” or “wild-type” refers to the form found in nature. For
example, a naturally occurrning or wild-type polypeptide or polynucieotide sequence is a sequence
present i an organism that can be isolated from a source in nature and which has not been
mtentionally modified by human manipulation.

>

10635] As used herein, “non-naturally occurring,” “engincered,” and “recombimant” when used m
the present disclosure 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. In some embodiments the material 1s identical to
naturally occurnng material, but is produced or derived from synthetic materials and/or by
manipulation using recombinant techniques. Non-limiting examples include, among others,
recombinant cells expressing genes that are not found within the native (non-recombinant) form of the
cell or express native genes that are otherwise expressed at a different level.

10036 As used herein, “percentage of sequence wdentity,” “percent identity,” and “percent identical”
refer to comparisons between polvnucleotide sequences or polypeptide sequences, and are determined
by comparing two optimally ahigned sequences over a comparison window, wherein the portion of the
polynuciestide or polypeptide sequence in the comparison window may comprise additions or
deletions {i.e., gaps} as compared to the reference sequence for optimal alignment of the two
sequences. The percentage s calculated by determining the number of positions at which either the

identical nucleic acid base or anmino acid residue occurs in both sequences or a nucleic acid base or
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amino acid residue is aligned with a gap to vield the number of matched positions, dividing the
number of matched positions by the total number of positions in the window of comparison and
mulftiplying the result by 100 to vield the percentage of sequence wdentity. Deternunation of optimal
alignment and percent sequence identity is performed using the BLAST and BLAST 2.0 algorithms
{See e.g., Altschul et al., J. Mol. Biol. 215: 403-410 [1990]; and Alischul et al., Nucl. Acids Res.
3389-3402 [19771). Software for performing BLAST analvses is publicly available through the
National Center for Biotechnology Information website.

{6637} Briefly, the BLAST analvses involve first identifying high scoring sequence pairs (H5Ps) by
identifving short words of length Win the query sequence, which either mateh or satisfy some
positive~valoed threshold score T when aligned with a word of the same length in a database
sequence. T is referred to as, the neighborhood word score threshold (Altschul et al | supra). These
mitial neighborhood word hits act as sceds for inttiating searches to find longer HSPs containing
them. The word hits are then extended in both directions along each sequence for as far as the
cumuldative alignment score can be increased. Cumalative scores are calaulated using, for nuclectide
sequenaes, the parameters M {reward score for a pair of matching residues; always >0) and N {penalty
score for mismatching residucs; always <0}, For amino acid sequences, a scoring matrix is used o
calculate the cumulative score. Extension of the word hits in cach direction are halted when: the
cumulative alignment score falls off by the quantity X from its maximem achieved value; the
cumulative score goes to zero or below, due to the accumulation of one or more negative-scoring
residue aligniments; or the end of either sequence 1s reached. The BLAST algorithm parameters W, T,
and X determine the sensitivity and speed of the alignment. The BLASTN program (for nucleotide
sequences} uses as defaults a wordlength (W) of 11, an expectation (B} of 10, M=5, N=-4_and a
compariscn of both strands. For amino acid sequences, the BLASTP program uses as defaplic a
wordlength (W) of 3, an expectation {E) of 10, and the BLOSUMS62 scoring matrix {See ¢.g.,
Henikoff and Hemikoff, Proc Natl Acad Sci USA 89:10915 [1989]).

[8638] Numerous other algorithms are avalable and known in the art that function simiarly to
BLAST i providing percent identity for two sequences. Optimal alignment of sequences for
comparison can be conducted using any suitable method known in the art {e.g., by the local homology
algorithm of Smith and Waterman, Adv. Appl. Math. 2:482 [1981]; by the homology alignment
algorithm of Needleman and Wuouasch, J. Mol Biol 48443 [1970]; by the search for similarity method
of Pearson and Lipman, Proc. Natl. Acad. Sci. USA 85:2444 [1988]; and/or by computerized
mplementations of these algorithms [GAP, BESTFIT, FASTA, and TFASTA n the GCG Wisconsin
Software Packagel), or by visual inspection, using methods commonly known in the art.
Additicnally, determination of sequence alignment and percent sequence identity can employ the
BESTFIT or GAP programs in the GCG Wisconsin Software package {Accelrys, Madison W, using

the default parameters provided.
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[863%] As used herein, “substantial identity” refers to a polynucleotide or polypeptide sequence that
has at least 80 percent sequence identity, at least 85 percent identity and &9 to 95 percent sequence
wlentity, more usually at least 99 percent sequence identity as compared to a reference sequence over
a comparison window of at least 20 residuc positions, frequently over a window of at least 30-50
residues, wherein the percentage of sequence wdentity is calculated by companing the reference
sequence to a sequence that includes deletions or additions which total 20 percent or less of the
reference sequence over the window of comparison. In specific embodiments applied to polvpeptides,
the term “substantial identity” means that two polypeptide sequences, when optimally aligned, such as
by the programs GAP or BESTFIT using default gap weights, share at least 80 percent sequence
wdentity, preferably at least 89 percent sequence identity, at least 95 percent sequence identity or more
{e.g., 99 percent sequence identity). In some preferred embodiments, residue positions that are not
identical ditfer by conservative amino acid substitutions.

[B040] As used herein, “reference sequence” refers to a defined sequence to which another sequence
is compared. A refergnce sequence may be a subset of a larger sequence, for example, a segment of a
full-length gene or polypeptide sequence. Generally, a reference sequence is at least 20 nucleotide or
amino acid residues in length, at least 25 residucs m length, at least 30 residucs in length, or the full
fength of the nucieic acid or polypeptide. Since two polynucleotides or polypeptides may each (1)
comprise a sequence {(i.e., a portion of the complete sequence) that s similar between the two
sequences, and {2) may forther comprise a sequence that is divergent between the two sequences,
sequence comparisons between two {(or more) polvnucieotides or polypeptide are typically performed
by comparing sequences of the two polynucleotides over a comparison window 1o identify and
compare local regions of sequence similarity. The term “reference sequence” is not intended to be
fimited to wild-type sequences, and can inclode engineered or altered sequences. For example, in
some embodiments, a “reference sequence” can be a previously engineered or aliered amino acid
sequence.

18641} Asused herein, “comparison window’™ refers (o a conceptual segment of at least about 20
contiguous nucleotide positions or aming acids residues wherein a sequence may be compared to a
reference sequence of at keast 20 contiguous nucleotides or amino acids and wherein the portion of the
sequence i the comparison window may comprise additions or deletions (i.¢., gaps) of 20 percent or
less as compared to the reference sequence (which does not comprise additions or deletions) for
optimaal alignment of the two sequences. The comparison window can be longer than 20 contiguous
residues, and inclades, optionally 30, 40, 50, 100, or longer windows.

18042] Asused herein, “corresponding to,” “reference to,” and “relative to” when used in the context
of the nurnbering of a given aming acid or polynuclectide sequence refers to the numbering of the
residues of a specified reference sequence when the given amine acid or polynucleotide sequence is
compared to the reference sequence. In other words, the residue number or residue position of a given

polymer s designated with respect to the reference sequence rather than by the actual numerical
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position of the residue withm the given amino acid or polynucleotide sequence. For example, a given
aming actd sequence, such as that of an engimeered PGA, can be aligned to a reference sequence by
mtroducing gaps to optimize residuc matches between the two sequences. In these cases, although the
gaps arc present, the numbering of the residuc n the given amino acid or polynucleotide sequence is
made with respect to the reference sequence to which it has been aligned. As used herem, a reference
to a residue position, such as “Xn” as further described below, 1s to be construed as referring to “a
residue corresponding o7, unless specifically denoted otherwise. Thus, for example, “X94” refers to
any amino acid at position 94 1n a polypeptide sequence.

10043] Asused herein, “improved enzyme property” refers to a PGA that exiubits an improvement in
any enzyme property as compared to a reference PGA. For the engincercd PGA polypeptides
described herein, the comparison is generally made to the wild-type PGA enzyme, although in some
embodiments, the reference PGA can be another improved engineered PGA. Enzyme properties for
which improvement is desirable include, but are not himited to, enzymatic activity (which can be
gxpressed n terms of percent conversion of the substrate at a specified reaction time using a specified
amount of PGA), thermal stability, solvent stability, pH activity profile, cofactor requirements,
refractoriness to inhubitors {e.g., product inhibition), stereospecificity, and stercoselectivity (including
enantioselectivity).

[8644] Asused herein, “increased enzymatic activity” refers to an improved property of the
engineered PGA polypeptides, which can be represented by an increase in specific activity (e.g.,
product produced/time/weight protein) or an increase in percent conversion of the substrate to the
product {e.g., percent conversion of starfing amount of substrate to product n a specified time penod
using a spectfied amount of PGA) as compared o the reference PGA enzyme. Exemplary methods to
determine enzyme activity arc provided in the Examples. Any property relating to enzyme activity
may be affected, mcluding the classical enzyme properties ot K, Vi OF Ko, changes of which can
lead to increased enzymatic activity. Improvements in enzyme activity can be from about 1.5 times
the enzymatic activity of the corresponding wild-type PGA enzyme, to as much as 2 times. S times,
10 times, 20 times, 25 times, 30 times, 75 times, 100 times, or more enzymatic activity than the
naturally occurring PGA or another engineered PGA from which the PGA polvpeptides were derived.
In specific embodiments, the engincered PGA enzyme exhibits improved enzymatic activity in the
range of 1.5 to 30 times, 1.5 to 100 times greater than that of the parent PGA enzyme. Htis
understood by the skilled artisan that the activity of any enzyme is diffusion bmited such that the
catalytic tumover rate cannot exceed the diffusion rate of the substrate, including any required
cofactors. The theoretical maximum of the diffusion limit, or kK. is generally about 10 to 107 (M
'™y, Hence, any improvements in the enzyme activity of the PGA will have an upper limit related to
the diffusion rate of the substrates acted on by the PGA enzyme. PGA activity can be measured by
any one¢ of standard assays used for measuring the release of phenvlacetic acid upon cleavage of

penicitlin G, such as by titration (See ¢.g., Simons and Gibson, Biotechnol, Tech ,13:365-367 [1999]).
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In some embodiments, the PGA activity can be measured by using 6-mitrophenylacetamido benzoic
acid (NIPAB), which cleavage product S-amino-2-nitro-benzoic acid is detectable
spectrophotometrically (Amax = 405 nm). Comparisons of enzyme activities are made using a defined
preparation of enzyme, a defined assay under a set condition, and one or more defined substrates, as
further described m detail heremn. Generally, when lvsates are compared, the numbers of cells and the
amount of protein assaved are determined as well as use of wdentical expression systems and identical
host cells to minimize variations in amount of enzyme produced by the host cells and present in the
Iysates.

[8643] As used herein, “increased enzymatic activity” and “mcreased activity” refer to an improved
property of an engineered enzyme, which can be represented by an increase in specific activity {e.g.,
product produced/time/weight protein} or an increase in percent conversion of the substrate to the
product {e.g., percent conversion of starting amount of substrate to product i a specitied time period
using a specified amount of PGA) as compared 1o a reference enzyme as described herem. Any
property relating to enzyme activity may be affected, including the classical enzyme properties of K,
Yoinas OF Ker, changes of which can lead to increased enzymatic activity. In some embodiments, the
PGA cnzymes provided herein frees insubin by removing tri-phenyl acetate protecting groups from
specific residues of msulin. Comparisons of enzyme activities are made uemg a defined preparation of
enzyvme, a defined assay ander a set condition, and one or more defined substrates, as further
described in detail herein. Generally, when enzymes in cell lvsates are compared, the numbers of cells
and the amount of protein assayed are determined as well as use of identical expression systems and
wdentical host cells to minimize variations in amount of enzyme produced by the host cells and present
in the lysates.

100646] As used herein, “conversion” refers to the enzymatic transformation of a substrate to the
corresponding product.

{0047] Asused herein “percent conversion” refers to the percent of the substrate that 1s converted to
the product within a period of time under specified conditions. Thus, for example, the “enzymatic
activity” or “activity” of 3 PGA polypeptide can be expressed as “percent conversion” of the substrate
to the product.

[B048] As used herein, “chemoselectivity” refers to the preferential formation in a chemical or
enzvmatic reaction of one product over another.

100649] As used herein, “thermostable” and “thermal stable™ are vsed interchangeably to referto a
polvpeptide that is resistant to nactivation when cxposed to a sct of temperature conditions {e.g., 40-
80°C) for a period of time {e.g., 0.5-24 hrs) compared to the untreated enzyme, thus retaining a certain
level of residual activity {e.g., more than 60% to 80%;} after exposure to elevated temperatures.

{0658] As used herein, “solvent stable” refers to the ability of a polypeptide to maintain similar
activity {e.g., more than e.g., 60% to 80%;) aficr exposure to varying concentrations (e.g., 5-99%;) of

solvent {e.g., 1sopropyl alcohol, tetrahvdrofuran, 2-methyltetrabydrofuran, acetone, toluene,
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butvlacctate, methyl tert-butylether, ete.) for a period of time {e.g., 0.5-24 hrs) compared to the
untreated enzyme.

{8651} Asused herein, “pH stable™ refers to a PGA polypeptide that maintains similar activity {e.g.,
maore than 60% to 80%;) atier cxposure to bigh or low pH {e.g., 4.5-6 or § to 12) for a period of time
{e.g., 0.5-24 hrs} compared to the untreated enzyme.

[0852] As used herein, “thermo- and solvent stable” refers to a PGA polypeptide that is both
thermostable and solvent stable.

[0653) As used herein, “hvdrophilic amino acid or residue” refers to an amino acid or residuc having
a side chain exhibiting a hvdrophobicity of less than zero according to the normalized consensus
hydrophobicity scale of Eisenberg ot al., (Eisenberg et al., §. Mol Biol, 179:125-142 [19841).
Gengtically encoded hydrophilic anune acids mclude L-Thr (T}, L-Ser (5), L-His (H}, L-Glu (B},
L-Asn (N), L~Glua (), L~Asp (), L-Lvs (K} and L-Arg (R).

[B854] As used herein, “acidic amino acid or residue” refers to a hydrophilic amino acid or residue
having a side chain exhibiting a pK value of less than about 6 when the amino acid is included in a
peptide or polvpeptide. Acidic aming acids tvpically have negatively charged side chains at
physiological pH due to loss of a hvdrogen ion. Genetically encoded acidic amino acids mclude
L-Glu (E) and L-Asp (D).

[8655] As used herein, “basic amino acid or residue” refers {0 a hydrophilic aming acid or residue
having a side chain exhibiting a pK value of greater than about 6 when the amino acid is included in a
peptide or polvpeptide. Basic amino acids typically have posttively charged side chains at
physiological pH due to association with hvdromium ion. Genetically encoded basic amino acids
mclude L-Arg (R) and L-Lys (K}

10656] As used herein, “polar amino acid or residue” refers to a hydrophilic amino acid or residuc
having a side chain that 1s uncharged at phvsiological pH, but which has at least one bond m which
the pair of electrons shared in common by two atoms 1s held more closely by one of the atoms.
Genetically encoded polar amino acids inclade L-Asn (N}, L-Gln (), L-Ser (5} and L-Thr (T}
{8057] Asused herein, “hydrophobic amino acid or residue™ refers to an amino acid or residue
having a side chain exbibiting a hydrophobicity of greater than zero according to the normalized
consensus hvdrophobicity scale of Eisenberg et al., {(Eisenberg et al., J. Mol. Biol, 179:125-142
1198413, Genetically encoded hydrophobic amino acids include L-Pro (P}, L-lle (1), L-Phe (F), L-Val
(V), L-Leu (L), L-Trp (W), L-Met (M), L-Ala (A) and L-Tyr (Y).

[8658] As used herein, “aromatic amino acid or residue” refers to a hydrophilic or hvdrophobic
amino acid or residuc having a side chain that inclades at least one aromatic or heteroaromatic ring.
Gengtically encoded aromatic amino acids include L-Phe (F), L-Tyr (Y} and L-Trp (W), Although
owing to the pKa of its hetercaromatic nitrogen atom L-His {(H) it is sometimes classified as a basic
residue, or as an aromatic residue as its side chain includes a heteroaromatic ring, herein histidine 1s

classified as a hydrophilic residue or as a “constrained residue” {sce below).
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[865%] As used herein, “constrained amino acid or residue” refers 1o an amino acid or residue that
has a constrained geometry. Heremn, constrained residues include L-Pro (P) and L-His (H). Histidine
has a constrained geometry because it has a relatively small imidazoie ring. Proline has a constrained
geometry because it also has a five membered ring.

[B0860] As used herein, “non-polar amino acid or residue” reters to a hvdrophobic anuno acid or
residue having a side chain that 1s uncharged at physiological pH and which has bonds in which the
pair of electrons shared in common by two atoms is generally held equally by each of the two atomg
{7.e., the side chain is not polar). Genetically encoded non-polar amino acids include L-Gly (G},
L-Leu (L), L-Val (V), L-He (D), L-Met (M) and L-Ala (A).

[8661] Asused herein, “aliphatic amino acid or residue™ refers to a hydrophobic aming acid or
residuc having an aliphatic hydrocarbon side chain. Genetically encoded aliphatic amino acids include
L-Ala (A), L-Val (V), L-Leu (L) and L-He (1),

[B062] It is noted that cystemne (or “L-Cys” or “[C]7) 1s unusual m that it can form disulfide bridges
with other L-Cys (€} amino acids or other sulfanyl- or sultthydryl-containing amino acids. The
“cysteine-like residues” include cysteine and other amino acids that contain sulfhvdryl moieties that
arc available for formation of disulfide bridges. The abiity of L-Cys () (and other amino acids with
-SH containing side chains) to exist in a peptide in erther the reduced free -SH or oxidized disulfide-
bridged form affects whether L-Cys {C) contributes net hydrophobic or hydrophilic character to a
peptide. Whale L-Cys (C) exhibits a hydrophobicity of 0.29 according to the normalized consensus
scale of Eisenberg (Eisenberg et al., 1984, supra), it is to be understood that for purposes of the
present disclosure L-Cys () 15 categorized into its own unigue group.

[8863] As used hereimn, “small amino acid or residue” refers to an aming acid or residue having a side
chain that is composed of a total three or fewer carbon and/or heteroatoms (excluding the a-~carbon
and hydrogens). The small amino acids or residues may be further categorized as alipbatic, non-polar,
polar or acidic small amino acids or residues, in accordance with the above detinitions. Genetically-
encoded small amino acids include L-Ala (A), L-Val (V), L-Cys (€}, L-Asn (N), L-5Ser {(8), L-Thr {T)
and L-Asp (D).

{0064] As used herein, “hydroxyl-containing amino acid or residue” refers to an amino acid
containing a hydroxy! (-OH) motety. Genetically-encoded hvdroxyl-containing amino acids mclude
L-Ser (8 L-Thr (T} and L-Tvr (Y.

18665] Asused herein, “amino acid difference” and “resudue difference” refer to a difference in the
aming acid residue at a position of a polypeptide sequence relative to the amino acid residuc at a
corresponding position m a reference sequence. The positions of amino acid differences generally are
referred to herein as “Xn,” where n refers to the corresponding position n the reference sequence
upon which the residue difference s based. For example, a “residue difference at position X40 as

compared to SEQ ID NG:2” refers to a difference of the amino acid residuc at the polypeptide
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position corresponding to position 40 of SEQ 1D NO:2. Thus, if the reference polypeptide of SEQ ID
NO:2 has a histidine at position 40, then a “residue difference at position X40 as compared to SEQ 1D
NG:2” vefers to an amino acid substitution of any residue other than histidine at the position of the
polvpeptide corresponding to position 40 of SEQ D NO:2. In most instances hercin, the specific
ammo acid residue difference at a position is mdicated as “XnY™ where “Xn” specified the
corresponding position as described above, and *Y” is the single letter identifier of the ammo acid
found in the engineered polvpeptide (7.¢., the different residue than in the reference polvpeptide). In
some instances, the present disclosure also provides specific aming acid differcnces denoted by the
conventional notation “AnB”, where A is the single letter identifier of the residue in the reference
sequence, “n” is the number of the residue position in the reference sequence, and B is the single letter
wlentifier of the residue substitution in the sequence of the engineered polypeptide. In some instances,
a polypeptide of the present disclosure can include one or more anwuno acid residue differences
relative 1o a reference sequence, which is indicated by a list of the specified positions where residue
differences are present relative to the reference sequence. In some embodiments, where more than
one aming acid can be used i a specific restdue position of a polypeptide, the various amino acid
residues that can be used are separated by a “/” (e.g., X192A/(G). The present disclosure includes
engineered polypeptide sequences comprising one or more amino acid differences that mclude
cither/or both conservative and non-conservative amino acid substitutions. The amino acid sequences
of the specific recombinant carbonic anhvdrase polypeptides included in the Sequence Listing of the
present disclosure mclude an initiating methionine (M) residue (i.e., M represents residue position 1),
The skilied artisan, however, understands that this mmitiating methionine residue can be removed by
bioclogical processing machinery, sach as in a host cell or in vitro translation system, (o generate a
mature protein lacking the initiating methionine residue, but otherwise retaining the enzyme’s
propertics. Consequently, the term “ammmo acid residue difference relative to SEQ 1D NO:2 at
position Xn” as used herein may refer to position “Xn” or to the corresponding position (e.2., position
{X-1 ) m a reference sequence that has been processed so as to lack the starting methionine.

100666] As used herein, the phrase “conservative amine acid substitutions”™ refers to the
mierchangeability of residucs having similar side chains, and thus typically involves substitution of
the amino acid in the polypeptide with amino acids within the same or similar defined class of ammo
acids. By way of example and not limitation, in some embodiments, an amino acid with an aliphatic
side chain is substituted with another aliphatic amino acid (e.g.. alanine, valing, leucine, and
1soleucine); an amino acid with a hydroxyl side chain 18 substituted with another amino acid with a
hydroxyl side chaimn {(e.g., serine and threonime); an amino acids having aromatic side chains is
substituted with another amino acid having an aromatic side chain {¢ g., phenylalanine, tyrosine,
tryptophan, and histidine)}; an amino acid with a basic side cham is substituted with another amino
acid with a basis side cham {e.g., lysine and arginine}; an amino acid with an acidic side chain 1s

substituted with another aming acid with an acidic side chamn {¢.g | aspartic acid or ghutamic acid);
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and/or a hvdrophobic or hydrophilic amino acid is replaced with another hvdrophobic or hyvdrophilic

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

Table 1. Exemplary Conservative Amino Acid Substitutions
Residue Potential Conservative Substitutions
ALV, I Other abiphatic (A, L, V, D)
Other non-polar (A, L, V, L, G, M)
G, M Other non-polar (A, L. V. L G, M)
D.E Other acidic (D, E)
K. R Other basic (K, R)
N, Q. 8T Other polar
HY WF Other aromatic (H, Y, W, F)
C P Non-polar

[8667] Asused herein, the phrase “non-conservative substitution” refers to substitution of an aming
acid in the polypeptide with an amino acid with significantly differing side chain properties. Non-
conservative substitutions may use anuno acids between, rather than within, the defined groups and
affects (a) the structure of the peptide backbone in the area of the substitution (e.g., prohne 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 aming acid substituted
with a basic or aliphatic amino acid; an aromatic amino acid substituted with a small amino acid; and
a hvdrophilic ammo acid substituted with a hvdrophobic anuno aad.

[8668] Asused herein, “deletion” refers to modification of the polypeptide by removal of one or
more aming acids from the reference polypeptide. Deletions can comprise removal of 1 or more
ammao acids, 2 or more amuno acids, 5 or more anuno acids, 10 or more amuno acids, 15 or more
amino acids, or 20 or morg amino acids, up to 10% of the total number of amino acids, or up to 20%
of the total number of amino acids making up the polyvpeptide while retaining enzymatic activity
and/or retaining the vaproved propertics of an engineered cnzyme. Dicletions can be directed to the
mternal portions and/or terminal portions of the polvpeptide. In various embodiments, the deletion can
comprise a continuous segment or can be discontinuous.

[8669] Asused herein, “insertion” refers to modification of the polypeptide by addition of one or
more aming acids 1o the reference polvpeptide. fn some embodiments, the tuproved cogincered PGA
enzymes comprise msertions of one or more amino acids to the naturally occurning PGA polvpeptide
as well as insertions of one or more amino acids (o engineered PGA polypeptides. Insertions can be n

the mternal portions of the polypeptide, or to the carboxy or ammo terminus, Insertions as used herein
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mclude fusion proteing as is known mn the art. The imsertion can be a contiguous segment of amino
acids or sgparated by one or more of the amino acids in the naturally occurring polypeptide.

{8678} The term "amino acid substitution set” or "substitution set" refers to a group of amino acid
substitutions in a polypeptide sequence, as compared to a reference sequence. A substitution set can
have 1,2.3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, or more amimo acid substitutions. In some
embodiments, a substitution set refers to the set of amino acid substititions that 1s present in any of
the variant PGAs listed in the Tables provided in the Examples.

10071] Asused herein, “fragment” refers to a polypeptide that has an amino-terminal and/or carboxy-
termmal deletion, but where the remaining ammo acid sequence is identical to the corresponding
positions i the sequence. Fragments can typically have about 80%, about 90%, about 95%, about
98%, or about 99% of the full-length PGA polypeptide, for example the polypeptide of SEQ ID NOG:2.
In some embodiments, the fragment is “biologically active” (1.¢, it exhibits the same enzymatic
activity as the fuli-length sequence).

[8872] As used herein, “isolated polypeptide” refers to a polypeptide that is substantially separated
from other contaminants that naturally accompany i, e.g., protein, lipids, and polynucleotides. The
termn embraces polvpeptides which have been removed or purified from their naturally-occurring
environment or expression system {e. 2., host cell or in vitro synthesis). The improved PGA enzymes
may be present within a cell, present in the cellular mediumm, or prepared in various forms, such as
bysates or isolated preparations. As such, in some embodiments, the engineered PGA polypeptides of
the present disclosure can be an isolated polypeptide.

[B873] As used herein, “substantially pure polypeptide™ refers to a composition in which the
polypeptide species 1s the predominant species present {f.e., on a molar or weight basis it 1S more
abundant than any other individual 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 engineered PGA
polvpeptide composttion comprises about 60% or more, about 70% or more, about 80% or more,
about 90% or more, about 91% or more, about 92% or more, about 93% or more, about 94% or more,
about 95% or more, about 96% or more, about 97% or more, about 98% or more, or about 99% of all
macromolecular specics by mole or % weight present in the composition. Solvent species, small
molecules (<500 Baltons), and ¢lemental ion species are not considered macromolecular species. In
some embodiments, the isolated improved PGA polypeptide is a substantially pure polypeptide
composition.

[8674] Asused herein, when used in reference to a nucleic acid or polvpeptide, the term
“heterologous” refers to a sequence that is not normally expressed and secreted by an organism {e.g.,
a wild-type organism). In some embodiments, the term encompasses a sequence that comprises two
or more subsequences which are not found in the same relationship to each other as normally found in

nature, or 18 recombinantly enginecred so that its level of expression, or physical relationship to other
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nucleic acids or other molecules in a cell, or structure, is not normally found in nature. For instance, a
heterologous nucleic acid is typically recombinantly produced, having two or more sequences from
varclated genes arranged in a manner not found in nature {e.g., a nucleic acid open reading frame
{(ORF) of the mmvention operativelv linked to a promoter sequence inserted into an gxpression cassctte,
such as a vector}. In some embodiments, “heterologous polvnucieotide™ refers to any polynucleotide
that 1s introduced into a host cell by laboratory technigues, and imcludes polynucleotides that are
removed from a host cell, subjected to laboratory manipulation, and then reintroduced into a host cell.
[6675) As used herein, “suttable reaction conditions” refer to those conditions in the biocatalvtic
reaction solution {e.g., ranges of enzyme loading, substrate loading, cofactor loading, temperature,

pH, buffers, co-solvents, etc.} under which a PGA polypentide of the present disclosure is capable of

I3

reicasing free msulin by removing tri-phenyl acctate protecting groups. Exemplary “suitable reaction
conditions” are provided in the present disclosure and illustrated by the Examples.

[B876] As used herein, “loading,” such as in “compound loading,” “enzyme loading,” or “cofactor
loading™ refers to the concentration or amoont of a component i a reaction mixture at the start of the
reaction.

16677} As used herein, “substrate” in the context of a biocatalvst mediated process refers to the
compound or molecule acted on by the biocatalyst.

[8678] Asused herein “product” in the context of a biccatalvst mediated process refers to the
compound or molecule resulting from the action of the biocatalyst.

[8079] As used herein, “equilibration” as used herein refers to the process resulting i a steady state
concentration of chemical species in a chemucal or enzymatic reaction {e.g., interconversion of fwo
apecies A and B), including interconversion of stereoisomers, as determined by the forward rate
constant and the reverse rate constant of the chemical or enzyvmatic reaction.

[8680] As used herein “acyviase”™ and “acyltransferases” are used interchangeably to refer to enzymes
that are capable of transferring an acyl group from a donor to an aceeptor to form esters or amides.
The acylase mediated reverse reaction results in hydrolysis of the ester or amuide.

{0081] Asused herein, “penicillin 7 and “benzvipenicillin” refer to the antibiotic also known as
25,5R,6R)-3.3-dimethyl-7-ox0-6-(2-phenviacetamido)-4-thia-1 -azabicyclo]3.2 Otheptanc-2-
carboxvlic acid (C1sH1gN,0,S). Tt 1s primandy effective against Gram-positive organisms, although
some Gram-negative organisms are also susceptible to it

10082] As used herein, “penicillin G acyvlase” and “PGA™ are used mterchangeably to refer to an
enzvme having the capability of mediating cleavage of penicillin G (benzyipenicillin} to phenvlacetic
acid (PHA) and 6-aminopenicitlanic acid (6-APA). In some embodiments, PGA activity can be based
on cleavage of model substrates, for instance the cleavage of 6-nitro-3-(phenylacetamideybenzoic acid
to phenylacetic acid and S-amino-2-nitro-benzoic acid. PGAs are also capable of carrying out the
reverse reaction of transferring an acyl group of an acvl donor to an acyl acceptor. PGAs as used

heremn include naturally occurring (wild type) PGAs as well as non-naturally occurring PGA enzymes
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comprising one or more engmeered polvpeptides generated by human manipulation. The wild-type
PGA gene is a heterodimer consiating of alpha subunit (23.8 KDa) and beta subunit (62 .2KDa) hnked
by a spacer region of 54 amino acids. Dhue to the presence of the spacer region, an auto-processing
step 18 required to form the active protein.

[B083] As used herein, “acyl donor” refers to that portion of the acvlase substrate which donates the
acyl group o an acyl acceptor to form esters or amides.

10084] As used herein, “acy! acceptor” refers to that portion of the acylase substrate which accepts
the acyl group of the acvl donor to form esters or anides.

[8683] As used herein, “a~chain sequence” refers to an amino acid sequence that corresponds to (e.g..
has at least 85% wdentity to} the residues at positions 27 to 235 of SEQ ID NG 2. As used herein, a
single chain polypeptide can comprise an “a-chain sequence” and additional sequence(s).

[B086] As used herem, “f-chain sequence” refers to an amino acid sequence that corresponds to {c.g.,
has at least 85% identity to) residues at positions 290 to 846 of SEQ ID NO:2. As used herein, a
single chain polypeptide can comprise an “B-chain sequence” and additional sequence(s).

10087) As used berein, “derived from” when used in the context of engingered PGA enzymes,
identifics the originating PGA enzyme, and/or the gene encoding such PGA enzyme, upon which the
engincering was based. For example, the engincercd PGA enzyme of SEQ ID NO: 60 was obtained
by artificially evolving, over multiple gencrations the gene encoding the K. citrophila PGA alpha-
chain and beta-chan sequences of SEQ ID NG:2. Thus, this engineered PGA enzyme is “derived
from™ the naturally occurring or wild-tvpe PGA of SEQ 1D NG 2.

[B088] As used herein, “msulin” refers to the polvpeptide hommone produced by the beta~celis of the
pancreas in normal individuals. Insulin is necessary for regulating carbohydrate metabolism, by
reducing blood glucose levels. Svystematic deficiency of insulin resulis in diabetes. Insulin is
comprised of 51 anmuno acids and has a molecular weight of approxamately 5800 daltons. Insulin is
comprised of two peptide chains (designated “A” and “B”), containing one mtrasubunit and two
mtersubunit disulfide bonds. The A cham 1s composed of 21 aming acids and the B chain 1s
composed of 30 amine acids. The two chains form a highly ordered structure, with several alpha-
helical regions in both the A and B chains. Isolated chains are inactive. In solution, insulin is eithera
monomer, dimer, or hexamer. It 1s hexameric in the highly concentrated preparations used for
subcutancous injection, but becomes monomeric as it is dihited in body fluids. The definition is
mtended to encompass proinsulin and anv purified isclated polypeptide having part or ali of the
primary structural conformation and at least one of the biological properties of naturally-occurring
maulin, It is further intended to encompass natural and synthetically-derived wsubin, including
glvcoforms, as well as analogs (e.g.. polypeptides having deletions, insertions, and/or substitutions).
{0689] Imsulin containg three nucleophilic amines that can potentially react with a pheoviacetate-
donor and be deprotected by PGA. These residues include a Lyvs on the B-chain at position 29 (B29)

and two N-terminal free amines, Gly on the A-cham at position 1 (Al) and Phe on the B-chaim at
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position 1 (B1). The present invention provides tri-protected insulin (phenyl acetate chemically
attached to Al, Bl, B29 residues on human insulin} PGA has previously been reported to catalyze
hydrolysis of N-phenylacetate-protected peptides and msulin with exclusive selectivity for the
phenviacetate amide bond, leaving the rest of the peptide bonds of the protein intact (Brinik ¢t al.,
Coll. Czech. Chem. Commun., 46 (8), 1983-1989 [1981]; and Wang ct al. Biopolym. 25 (Suppl.},
S109-8114 [1986]).

10090] As used herein, “tri-pheny! acetate protecting group,” refers to an insulin molecule that has
the three primary amines at the B, B29 and Al positions that are protected with a phenyl acyl group,

as described heremn,

Penicillin & Acylases

[0091] Penicillin acvlase was first descnibed from Penicillinm chrysogermm Wisc. Q176 by
Sakaguchi and Murao (Sakagocht and Murao, I, Agr.Chem. Soc. Jpn., 23:411 [1950}). Penicillin G
acylase is a hydrolytic enzyme that acts on the side chains of penicillin G, cephalosporin G, and
related antibiotics to produce the PB-lactam antibiotic intermediates 6~amino penicillanic acid and 7-
amino des-acetoxy cephalosporanic acid, with phenvl acetic acid as a common by-product. These
antibiotic intermediates are among the potential bunlding blocks of semi-synthetic antibiotics, such as
ampicitlin, amoxicillin, cloxacillin, cephalexin, and cefatoxime.

[6092] As mdicated above, penicillin G acylases (PGA) are characterized by the ability o catalyze
the hydrolytic cleavage of peniciilin G, with a conjugate base of structural formula (1), to 6-amino
penicitlanic acid, with a conjugate base of structural formula (11}, and phenvlacetic acid of structural

formula (I, as shown m Scheme 1:

(h 10

Scheme |

10693] While not being bound by theory, substrate specificity appears associated with recognition of
the bydrophobic phenvl group while a nucleophile, which in some PGAs s a serine residuc at the N-
terminus of the beta~-chain acts as the acceptor of beta~-lactam and a variety of other groups, such as

beta~amino acids. PGAs can also be characierized by the ability to cleave a model substrates
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analogous to penicithin G, for instance cleavage of 6-nitro-3-{phenyiacetamudo}benzoic acid (NIPAB)

of structural formula (IV), as shown i Scheme 2:

Scheme 2

to phenvlacetic acid of structural formula () and S-ammo-Z-nitro-benzoic acid of structural formula
(V) (8ec ¢.g.  Alkema et al., Anal. Biochem , 275:47-53 {1999]). Because the 5-amino-2-nitro-benzoic
acid is chromogenic, the substrate of forouula (IV) provides a convenient way of measunng PGA
activity. In addition to the foregoing reactions, PGAs can also be used in the kinctic resolution of DL~
tert teucine for the preparation of optically pure tert leucine (Sce ¢.g., Liu et al., Prep. Biochem.
Biotechnol., 36:235-41 [2006]).

10094] The PGAs of the present disclosure are based on the enzyme obtained from the organism
Kluyvera citrophiia (K. citrophila). As with PGAs from other organisms, the PGA of K cifrophila is
a heterodimeric enzyme comprised of an alpha~-subunit and a beta~subunit that is generated by
proteolytic processing of a pre-pro-PGA polvpeptide. Removal of a signal peptide and a spacer
peptide produces the mature heterodimer (See ¢.g., Barbero et al | Gene 49:69-80 [1986]). The amino
acid sequence of the naturally oceurring pre-pro-PGA polypeptide of K citrophila is pubhicly
available (See e.g., Genbank accession No. P0O7941, [g1:129551 ]} and is provided herein as SEQ 1D
NG:2. The alpha-cham sequence of the naturally ocoumng K citrophila PGA corresponds to residues
2710 235 of SEQ ID NO:2. The beta-chain sequence of the naturally occurring K cifrophila PGA
corresponds to residucs 290 to 846 of SEQ ID NG:2. Residues 1 to 26 of SEQ 1D NO:2 correspond to
the signal peptide and residues 236-289 of SEQ 1D NO:2 correspond to the linking propeptide, both of
which are removed o generate the naturally occurring mature PGA enzyme which is a heterodimer
comprising an g-chain subunit and a B-chato subunit.

{0095] In some embodiments, the present inverdion provides engineered PGA polyvpeptides with
ammo acid sequences that have at least about 85%, 86%, §7%, 88%, 89%, 905, 91%, 92%, 93%,
9495, 95%, 96%, 97%, 98%, or 99% or more sequence identity to SEQ ID NOS:2, 4, 6, 8, 10 and/or
12.

[8696] The present invention provides insulin-specific deacylation biocatalysts suitable for
laboratory scale preparative sse.  Dhrected evolution was used to develop efficient acylase vanants
capable of completely removing the A1/B1/B29-tri-phenvl acetate protecting groups on insulin and
generate >99% free insulin. Following only two rounds of evolution, variants that gencrate more than

099% free 1nsulin in less than 6 hrs. at 0.8¢/L. enzyme loading were produced. The final best vanant
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PGA 003 was ~8-fold improved over the mitial backbone. The PGA variants provided herem are
capable of accepting a wide range of acyl groups, exhibit increased solvent stabibity, and mmproved
thermostability, as compared to the wild-type PGA. The vanant PGAs provided herein lack the spacer
region. Thus, the auto~-processing step is not required in order to produce active enzymes.

[B897] The present invention also provides polynucleotides encoding the engineered PGA
polypeptides. In some embodiments, the polynocleotides are operatively linked to one or more
heterologous regulatory sequences that control gene cxpression, to create a recombinant
polvnucleotide capablc of expressing the polyvpeptide.  Expression constructs containing a
heterologous polvnucleotide encoding the engineered PGA polypeptides can be miroduced mio
appropriate host cells to express the corresponding PGA polypeptide.

18698} Because of the knowledge of the codons corresponding to the vanous amino acids,
avatlability of a protein sequence provides a description of all the polymucleotides capable of
encoding the subject. The degeneracy of the genetic code, where the same amino acids are encoded
by alternative or synonymous codons allows an extremely large number of nucleic acids to be made,
all of which encode the improved PGA enzymes disclosed herein. Thus, having identified a particular
amino acid sequence, those skilled 1 the art could make anv number of different nucleic acids by
simply modifyving 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 conteraplates each and
every possible variation of polynuclectides that could be made by selecting combinations based on the
possible codon choices, and all such variations are to be considered specifically disclosed for any
polypeptide disclosed herem, imecluding the amino acid sequences presented in the Tables i Examples
5and 6.

10699} In various ermbodiments, the codons are preferably selected to fit the host cell in which the
protein 18 being produced. For example, preferred codons used in bacteria are used 1o express the
gene in bacteria; preferred codons used 1n veast are used for expression in yeast; and preferred codons
ased in mammals are used for expression m mammalian cells.

{0108] In certain embodiments, all codons need not be replaced to optimize the codon usage of the
PGA polypeptides since the natural sequence will comprise preferred codons and because use of
preferred codons may not be required for all amino acid residucs. Consequently, codon optimized
polynucleotides encoding the PGA enzymes mayv contain preferred codons at about 40%, 50%. 60%,
70%, 80%, or greater than 90% of codon positions of the full length coding region.

[8101] In some embodiments, the polvnucleotide comprises a nucleotide sequence encoding a PGA
polvpeptide with an amimo acid sequence that has af least about 85%, 86%, 87%, 88%, 89%, 90%,
01%, 92%, 93%, 94%. 95%, 96%, 97%, 9R%, or 99% or more sequence identity to the alpha-cham
and/or beta-chain any of the reference engineered PGA polyvpeptides described herein. Accordingly,
m some embodiments, the polvnucleotide encodes an amino acid sequence that is at least about 85%,

869, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%0, 99% or more 1dentical to a
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reference alpha~- and beta-chain sequences based on SEQ ID NG:2. Tn some embodiments, the
polvnuciestide encodes an alpha- and/or beta-chain amino acid sequence of SEQ 1D N(G:2,

{0102] In some embodiments, the polynucleotide comprises a nucleotide sequence encoding a PGA
polvpeptide with an amino acid scquence that has at least about 85%, 86%, 87%, 88%, 89%, 90%,
9196, 92%, 93%, 949, 95%, 96%, 97%, 98%, or 99% or more sequence wentity to SEQ [D N4, 6,
8, 10, and/or 12, Accordingly, in some embodiments, the polyvnuclectide encodes an aming acid
sequenae that is at least about 85%, 86%, 87%, 88%, 9%, 90%, 91%, 92%, 93%, 94%. 95%, 96%,
97%, 98%, 99% or more identical to SEQ ID NO:1,3,5,7, 9, and/or 11,

[8103] In some embodiments, an isolated polynucleotide encoding an improved PGA polvpeptide
was manipulated in a variety of ways to provide for improved activity and/or expression of the
polvpeptide. 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
polynucieotides and nucleic acid sequences utilizing recombinant DNA methods are well known n
the art.

10104] For example, mutagenesis and directed evolution methods can be readily applied to
polvnucleotides to generate variant libraries that can be expressed, screened, and assayved.
Mutagenesis and directed evolution methods are well known m the art (See e.g., US Patent Nos.
5,603,793, 5,830,721, 6,132,970, 6,420,173, 6,277,638, 6,365,408, 6,602,986, 7,288,375, 6,287 861,
6,297,053, 6,576,467, 6,444 468, 5811238, 6,117,679, 6,165,793, 6,180,406, 6291 242 6,995 017,
6,395,547, 6,506,602, 6,519,065, 6,506,603, 6,413,774, 6,573,098, 6,323,030, 6,344,356, 6,372 497,
7.868,138, 5,834,252, 5,928,905, 6,489,146, 6,096,548, 6,387,702, 6,391,552, 6,358,742, 6,482,647,
6,335,160, 6,653,072, 6,355,484, 6,03,344, 6,319,713, 6,613,514, 6,455,253, 6,379,678, 6,586,182,
6,406,855, 6,946,296, 7,534 564, 7776 598, 5 837 458, 6,391,640, 6,300 883, 7,105,297 7,795,030,
6,326,204, 6,251,674, 6,716,631, 6,528,311, 6,287,862, 6,335,198, 6,352,859, 6,379,964, 7,148,034,
7,629,170, 7,620,500, 6,365,377, 6,358,740, 6,406,910, 6,413,745, 6,436,675, 6,961,664, 7,430,477,
7,873,499, 7,702 464, 7,783,428, 7,747 391, 7,747,393, 7,751,986, 6,376,246, 6,426,224 6,423,542,
6,479,652, 6319714, 6521 453, 6,368 861, 7421347, 7,058,515, 7,024,312, 7,620,502, 7 &53 410,
7,957,912, 7,904,249, and all related non-US counterparts; Ling er o/, Anal. Biochen, 254(2):157-78
[1997]; Bale er of , Meth. Mol Biol, 57:369-74 [1996]; Snuth, Amn. Rev. Genet., 19:423-462 {1985}
Botstein ef al., Science, 229:1193-1201 [1985}; Carter, Biochem. [, 237:1-7 {1986}]; Kramer era! .,
Cell, 38:879-887 [1984]; Wells er oo/, Gene, 34:315-323 [1985]; Minshull er /., Curr. Op. Chem.
Biol,, 3:284-290 {1999}, Christians ef a/., Nat. Biotechnol., 17:259-264 [1999]; Crameri ef /., Nature,
391:288-291 {1998}, Crameri, ef o/, Nat. Biotechnol., 15:436-438 [1997]; Zhang ef ¢/, Proc. Nat.
Acad. Sci. US AL 94:4504-4509 {1997}, Crameri ef &/, Nat. Bistechnol, 14:315-319 [19556];
Stemmer, Nature, 370:389-391 {19941, Stemamer, Proc. Nat. Acad. Sci. USA, 91:10747-10751 [1994};
WO 95722625, WO 97/0078; WO 97/35966; WO 98/27230, WO 00/42651;, WO 01/75767; and WO

2009/152336, all of which are incorporated herein by reference).
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[8103] In some embodiments, the variant PGA acvlases of the present invention further comprise
additional sequences that do not alter the encoded activity of the enzyme. For example, m some
embodiments, the variant PGA acylases are linked to an epitope tag or to another sequence useful in
purification.

[3106] In some embodiments, the vanant PGA acviase polypeptides of the present invention are
secreted from the host cell 1n which they are expressed (e.g., a veast or filamentous fungal host cel)
and are expressed as a pre-protein including a signal peptide {i.¢., an amino acid sequence linked to
the amino terminus of a polypeptide and which directs the encoded polvpeptide into the ccll secretory
pathway).

[8107] In some embodiments, the signal peptide is an endogenous K citrophila PGA acylase signal
peptide. In some other embodiments, signal peptides from other K. citrophila secreted proteins are
used. In some embodiments, other signal peptides find use, depending on the host cell and other
factors. Effective signal peptide coding regions for filamentous fungal host cells mnclude, but are not
limited to, the signal peptide coding regions obtamned from Aspergillus orvzae TAKA amylase,
Aspergillus niger nevtral amylase, Aspergillus niger glucoamylase, Rhizomucor miehei aspartic
proteinase, Humicola insolens cellulase, Humicola lanuginosa lipase, and 1 reesei ccliobichydrolase
II. Signal peptide coding regions for bacterial host cells include, but are not limited to the signal
peptide coding regions obtained from the genes for Baciflus NCIB 11837 maltogenic amylase,
Bacillus stearothermophilus alpha-amviase, Baciflus lichenijormis subtilisin, Bacillus ficheniformis B-
lactamase, Bacillus stearothermophilus neutral proteascs (npr'T, S, nprM), and Bacillus subtiiis
prsA. In some additional embodiments, other signal peptides find use in the present mvention {See
e.g., Simonen and Palva, Microbiol. Rev., 57; 109-137 {1993}, incorporated herein by reference).
Additional useful signal peptides for veast host cells include those from the genes for Saccharomyees
cerevisiae alpha-factor, Saccharomyces cerevisice SUC2 invertase {(See e.g., Taussig and Carlson,
Nucl. Acids Res., 11:1943-54 {1983]; SwissProt Accession No. P00724; and Romanos ef a/., Yeast
8:423-488 [1992]). In some embodiments, variants of these signal peptides and other signal peptides
find use. Indeed, it is not intended that the present invention be limited to any specific signal peptide,
as any suitable signal peptide known in the art finds use in the present mvention.

[3108] In some embodiments, the present invention provides polynucleotides encoding variant PGA
acylase polypeptides, and/or biclogically active fragments thereof, as described herein. In some
embodiments, the pelyoucieotide is operably linked to one or more heterologous regulatory or control
sequences that control gene expression to create a recombinant polymucleotide capable of expressing
the polypeptide. In some embodiments, expression constructs containing a heterologous
polynuciestide encoding a variant PGA acylase 1s introduced into appropuaate host cells to express the
variant PGA acviase.

[3109] Those of ordinary skill in the art understand that due to the degeneracy of the genetic code, a

multitude of nuclestide sequences encoding variant PGA acylase polypeptides of the present
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mvention exist. For example, the codons AGA, AGG, CGA, CGC, CGG, and CGU all encode the
aming acid arginine. Thus, at every position in the nucleic acids of the invention where an arginine is
specified by a codon, the codon can be aliered to any of the corresponding codons described above
without altering the encoded polypeptide. It 1s understood that “U” 1o an RNA sequence corresponds
to “T7 m a DNA seguence. The invention contemplates and provides each and every possible
variation of nucletc acid sequence encoding a polypeptide of the nvention that could be made by
selecting combinations based on possible codon choices.

[0110] As indicated above, DNA sequence encoding a PGA may also be designed for high codon
usage bias codons (codons that are used at higher frequency m the protein coding regions than other
codons that code for the same amino acid). The preferred codons may be determined in relation o
codon usage in a single gene, a set of genes of commaon function or origin, highly expressed genes, the
codon frequency in the aggregate protein coding regions of the whole organism, codon frequency
the aggregate protein codmg regions of related organisms, or combinations thercof. A codon whose
frequency mereases with the level of gene expression is typically an optimal codon for expression. In
particular, a DNA sequence can be optimized for expression in a particelar host organism. A variety
of methods are well-known in the art for determining the codon frequency (e g, codon usage, relative
synonymous codon usage} and codon preference in specific organisms, including multivariate
analysis {e. 2., using cluster analvsis or correspondence analysis,} and the effective number of codons
used in a gene.  The data source for obtaming codon usage may rely on any avatdable 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 genomie sequences, as is well-known i the art.
Polynucleotides encoding variant PGAs can be prepared using any suitable methods known in the art.
Typically, oligonucleotides are individually synthesized, then joined (e.g., by enzvmatic or chemical
hgation methods, or polymerase-mediated methods) to form essentially any desired continuous
sequence. In some embodiments, polynuclectides of the present invention are prepared by chemical
synthesis using, any switable methods known in the art, including but not imited to automated
synthetic methods.  For example, n the phosphoramidite method, oligonucieotides are synthesized
{e.g., m an automatic DNA synthesizer}, purified, annealed, higated and cloned in appropriate vectors.
In some embodiments, double stranded DNA fragments are then obtained either by synthesizing the
complcmentary strand and annealing the strands together under appropriate conditions, or by adding
the complementary strand using DNA polymerase with an appropriate primer sequence. There are
numerous general and standard texts that provide methods useful in the present mvention are well
konown to those skilied in the art.

{0111} The engincered PGAs can be obtained by subjecting the polyaucieotide encoding the
naturally occurrimg PGA to mutagenesis and/or directed evolution methods, as discussed above.

Mutagenesis may be performed in accordance with any of the technigues known in the art, including
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random and site-specitic mutagenesis. Directed evolution can be performed with any of the
techniques known in the art to screen for improved variants includimg shuffling. Other directed
evolution procedures that find use include, but are not Emited to staggered extension process (StEP),
m vitro recombination, mutagenic PCR, cassette mutagencsis, splicing by overlap extension
{50Eing), ProSAR™ directed evolution methods , etc., as well as any other suitable methods.

[3112] The clones obtained following mutagenesis treatment are screened for engineered PGAs
having a desired improved enzyme property. Measuring enzyme activity from the expression fibraries
can be performed using the standard biochemistry technique of monitoring the rate of product
formation. Where an mmproved enzyme property desired 1s thermal stability, enzyme activity may be
measured after subjecting the enzyme preparations to a defined temperature and measuring the
amount of enzyme activity remaining after heat treatments. Clones containing a polynucleotide
encoding a PGA are then isolated, sequenced to identify the nucleotide sequence changes (if any), and
used to express the enzyme n a host cell.

{3113] When the sequence of the engineered polypeptide s known, the polynucleotides encoding the
enzyme can be prepared by standard schid-phase methods, according to known synthetic methods. In
some cmbodiments, fragments of up to about 100 bases can be individually svnthesized, then jommed
{e.g., by enzymatic or chemical ligation methods, or polymerase mediated methods) to form any
desired continuous sequence. For example, polynucleotides and oligonucleotides of the invention can
be prepared by chemical synthesis {e.g., using the classical phosphoramidite method described by
Beaucage et al., Tet. Lett., 22:1859-69 [198 1], or the method described by Matthes et al,, EMBO I,
3:801-05 [1984], as it s tvpically practiced in antomated synthetic methods). According to the
phosphoramidite method, oligonucleotides are synthesized (e.g., in an automatic DNA synthesizer),
purified, anncaled, ligated and cloned in appropriate vectors. Inn addition, essentially any nucleic acid
can be obtaimed from any of a variety of commercial sources {e.g., The Midland Certified Reagent
Company, Midland, TX, The Great American Gene Company, Ramona, CA, ExpressGen Inc.
Chicago, IL, Operon Technologies Inc., Alameda, CA, and many others}).

{0114] The present invention also provides recombimant constracts comprising a sequence encoding
at least one vanant PGA, as provided herein. In some embodunents, the present invention provides an
expression vector comprising a variant PGA polynucleotide operably hinked to a heterologous
promoter. In some embodiments, expression vectors of the present mvention are used to transform
appropriate host cells to permit the host cells to express the variant PGA protein. Methods for
recombinant expression of proteins in fungt and other organisms are well known i the art, and a
number of espression veetors are available or can be constracted using routine methods. In some
embodiments, mucleic acid constructs of the present inveantion comprise a vector, such as, a plasmid, a
cosmid, a phage, a virus, a bacterial amificial chromosome (BALC), a yeast artificial chromosome
(YAQ), and the like, into which a nucleic acid sequence of the mvention has been inserted. In some

embodiments, polynucleotides of the present invention are incorporated into any one of a variety of
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expression vectors suitable for expressing vanant PGA polypeptide(s). Suitable vectors mclude, but
are not limited to chromosomal, nonchromosomal and synthetic BNA sequences (2.2, denvatives of
SY40), as well as bacterial plasmids, phage DNA baculoviras, yeast plasmids, vectors dentved from
combinations of plasmids and phage DNA, viral DNA such as vaccinia, adenovirus, fowl pox virus,
pseudorabies, adenovirus, adeno-associated virus, retroviruses, and many others. Any suitable vector
that transduces genetic material into a cell, and, of replication is desired, which 1s replicable and viable
i the relevant host finds use in the present invention. In some embodiments, the construct further
comprises regulatory sequences, including but not limited to a promoter, operably hinked to the
protein encoding sequence. Large numbers of suitable vectors and promoters are known to those of
skill in the art. Indeed, in some embodiments, in order to obtain high levels of expression in a
particolar host it is often useful to express the variant PGAs of the present invention under the control
of a heterologous promoter. In some embodiments, a promoter sequence is operably linked to the 5
region of the vanant PGA coding sequence using any suitable method known in the art. Examples of
usefal promoters for expression of variant PGAs include, but are not limited to promoters from fumgi.
in some embodiments, a promoter sequence that dnves expression of a gene other than a PGA gene in
a fungal strain finds use. As a non-limiting example, a fungal promoter from a geoe encoding an
endoglucanase may be used. In some embodiments, a promoter sequence that drives the expression of
a PGA gene in a fungal strain other than the fungal strain from which the PGAs were denved finds
use. Examples of other suitable promoters useful for directing the transeniption of the nucleotide
constructs of the present invention in a filamentous fungal host cell include, but are not limited o
promoters obtained from the genes for dspergillus orvzae TAKA amvlase, Rhizomucor miehei
aspartic proteinase, Aspergilius niger noutral alpha-amylase, Aspergilius niger acid stable alpha-
amviase, Aspergillus niger or dspergillus awamori glucoamvlase {glaA), Rhizomucor miehei lipase,
Aspergillus oryzae alkaline protease, Aspergillus oryzae triose phosphate isomerase, Aspergillus
nichilons acetamidase, and Fusarium oxvsporum trvpsin-like protease (See e.g., WO 96/00787,
mcorporated herein by reference), as well as the NAZ-tpt promoter (3 hyvbrid of the promoters from
the genes for Aspergillus niger neutral alpha-amyvlase and Aspergillus oryzae triose phosphate
isomerase), promoters such as chhl, chh2, egll, egl?, pepA, b1, b2, xynl, amy, and glaA (See e.g.,
Nunberg er al., Mol. Cell Biol, 4:2306 -2315 [1984]; Boel er o/, EMBO J, 3:1581-85 {1984]; and
European Patent Applo. 137280, all of which arc incorporated herein by reference}, and nuutant,
truncated, and hybrid promoters thercof.

{8113} In veast host cells, useful promoters melude, but are not limited to those from the genes for
Saccharomyces cerevisiae gnolase (ene-1), Saccharomyces cerevisiae galactokimase (gail},
Saccharomyces cerevisiae alcohol dehydrogenase/glyceraldehyde-3-phosphate dehvdrogenase
{ADHZ/GAP), and S. cerevisiae 3-phosphoglveerate kinase. Additional useful promoters useful for
veast host cells are known in the art (See e.g., Romanos er af., Yeast 8:423-488 [1992], mcorporated

herein by reference). In addition, promoters associated with chitinase production n fungi find use
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the present nvention {See ¢.g., Blaiscau and Lafay, Gene 120243-248 [1992]; and Limon ef o/, Curr.
Genet., 28:478-83 [19951, both of which are incorporated herein by reference).

{8116} For bacterial host cells, suitable promoters for directing transcription of the nucleie acid
constructs of the present disclosure, mclude but are not limited to the promoters obtained from the £
coli fac operon, £. coli trp operon, bacteriophage A, Strepiomyces coelicolor agarase gene {dagA),
Bacillus subiilis levansucrase gene {(sacB), Bacillus licheniformis alpha~amviase gene {amvl),
Bacillus stearothermophilus maltogenic amylase gene (amyM), Bacillus amyloliguefaciens alpha-
amviase gene (amvi3), Bacillus lichenijormis peniciliinase gene {penP), Bacillus subtilis xviA and
xviB genes, and prokaryotic beta-lactamase gene (See c.g., Villa-Kamaroff et al., Proc. Natl. Acad.
Sci. USA 75:3727-3731 [1978]), as well as the fac promoter (See e.g., DeBoer et al., Proc. Natl.
Acad. Sci. USA 80: 21-25 [1983]).

10117} In some embodiments, cloned vadant PGAs of the present invention also have a suitable
transcription terminator sequence, a sequence recognized by a bost cell to ternunate transcription. The
termmator sequence is operably linked to the 3' terminus of the nucleic acid sequence encoding the
polvpeptide. Any terminator that 1s functional in the host cell of chotee finds use m the present
mvention. Exemplary transcription termunators for filamentous fungal host celis include, but are not
limited to those obtained from the genes for Aspergilius oryzae TAKA amylase, Aspergiilus niger

glucoamvlase, dspergilius nidulans anthranilate synthase, Aspergillus niger alpha-glucosidase, and
Fusarium oxysporum trypsin-like protease {5ee afso, US Patent No. 7,399,627, incorporated herein by
reference}. In some embodiments, exemplary terminators for yeast host cells include those sbtained
from the genes for Saccharomyees cerevisiae enolase, Saccharomyces cerevisiae cytochrome €
(CYCD, and Saccharomyces cerevisiae glveeraldehvde-3-phosphate dehvdrogenase. Other useful
ternuinators for yeast host cells are well-known to those skilled i the art (See e.g., Romancs eraf,
Yeast 8:423-88 {19921).

{3118} In some embodiments, a suitable lcader sequence is part of a cloned vanant PGA sequence,
which is a nontranslated region of an mRNA that 1s important for translation by the host cell. The
leader sequence is operably hinked to the 5' terminus of the nucleie acid sequence encoding the
polvpeptide. Any leader sequence that is functional in the host cell of choice finds use in the present
mvention. Exemplary leaders for filamentous fungal host cells include, but are not limited to those
obtained fiom the genes for Aspergillus oryzae TAKA amvlase and Aspergiilus nidulans triose
phosphate isomerase. Suitable ieaders for veast host cells include, but are not limited to those obtained
from the genes for Saccharomyces cerevisiae enolase {(ENG-1), Saccharomyees cerevisiae 3-
phosphoglycerate kinase, Saccharomyces cerevisiae alpha-factor, and Saccharomyces cerevisiae
alcoho! dehvdrogenase/glyceraldehyde-3 -phosphate dehydrogenase (ADH2/GAP).

{119} In some embodiments, the sequences of the present invention also comprise a polyadenviation

sequence, which is a sequence operably linked to the 3' terminus of the nucleic acid sequence and
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which, when transcribed, s recognized by the host cell as a signal to add polyadenosine residues fo
transcribed mBRNA. Any polyadenvlation sequence which is functional in the host cell of choice finds
use in the present mvention. Exemplary polyadenvlation sequences for filamentous fungal host cells

7

nclude, but are not limited to those obtained from the genes for dspergilius oryzae TAKA amvlase,

Aspergillus niger glucoamvlase, Aspergillus niduians anthranilate synthase, Fusarium oxysporim
trypsin-like protease, and Aspergillus niger alpha-glucosidase. Useful polvadenylation seguences for
veast host cells are known in the art {See e.g., Guo and Sherman, Mol Cell. Biol, 15:5983-5990
[19957)).

[8128] In some embodiments, the control sequence comprises a signal peptide coding region
encoding an amino acid sequence linked to the amino terminas of a polypeptide and directs the
encoded polypeptide mnto the cell's secretory pathway. The 53" end of the coding sequence of the
nucleic acid sequence may inherently contain a signal peptide coding region naturally linked 1
transiation reading frame with the segment of the coding region that encodes the secreted polypeptide.
Alternatively, the 5' end of the coding sequence may contam a signal peptide coding region that is
foreign to the coding sequence. The foreign signal peptide coding region may be required where the
coding sequence does not naturally contain a signal peptide coding region.

[8121] Alternatively, the foreign signal peptide coding region may simply replace the natural signal
peptide coding region in order to enhance secretion of the polypeptide. However, any signal peptide
coding region which directs the expressed polypeptide into the secretory pathway of 3 host cell of
choice may be used o the present invention.

[1122] Hffective signal peptide coding regions for bacterial host cells melude, but are not Iimited to
the signal peptide coding regions obtained from the genes for Bacillus NCIB 11837 maltogenic
amviase, Baciflus stearothermophilus alpha-amyvlase, Baciflus licheniformis subtilisin, Bacillus
licheniformis beta-lactamase, Bacilius stearothermophilus neutral proteases (npt'T, nprS, nprM), and
Bacillus subfilis prsA. Further signal peptides are known i the art (Sce e.g., Simonen and Palva,
Microbiol. Rev., 57: 109-137 [1993]}.

{0123] Effective signal peptide coding regions for filamentous fungal host cells inclade, but are not
limited to the signal peptide coding regions obtamed from the genes for dspergilius oryzae TAKA
amvylase, Aspergillus niger neutral amylase, Aspergillus niger ghucoamylase, Rhizomucor miehei
aspartic proteinase, Humicola insolens cellulase, and Humicola lanuginosa lipase.

{0124] Useful signal peptides for veast host cells mclude, but are not himited to genes for
Saccharomyces cerevisiae alpha-factor and Saccharomyces cerevisiae invertase. Other useful signal

peptide coding regions are known i the art (See e g.

ot

Romanos et al., {1992}, supra).

{0125} In some embodiments, the control sequence comprises a propeptide coding region that codes
for an amine acid sequence positionad at the amine terminus of a polypeptide. The reseltant
polypeptide is known as a proenzyme or propolypeptide {or a zymogen in some cases). A

propolypeptide 1s generally inactive and can be converted to a mature active PGA polypeptide by
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catalytic or autocatalytic cleavage of the propeptide from the propolypeptide. The propeptide coding
region may be obtained from the genes for Bacillus subtilis alkaline protease (aprE}, Bacillus subilis
neutral protease {apr'T), Saccharomyces cerevisiae alpha-factor, Rhizomucor miehei aspartic
proteinase, and Myceliophthora thermophila lactase (Sec c.g., WO 95/33836).

[#1126] Where both signal peptide and propeptide regions are present at the amino terminus of a
polypeptide, the propeptide region is positioned next to the aming terminus of a polypeptide and the
sigital peptide region is positioned next to the amine terminuas of the propeptide region.

{0127] In some cmbodiments, regulatory scquences are also used 1o 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 tumed on or off i response to a chemical or
physical stimulus, including the presence of a regulatory compound. In prokaryotic host cells,
suitable regulatory scquences include, but are not limited to the lac, tac, and trp operator systems. In
veast host cells, suitable regulatory systems include, as exampies, the ADH2 system or GAL1 system.
In filamentous fangi, suitable regulatory sequences mchude the TAKA alpha-amylase promoter,
Aspergillus niger glucoamylase promoter, and Aspergiilus oryzae ghicoamylase promoter.

10128] OGther examples of regulatory sequences are those which allow for gene amplification. In
cukaryotic systems, these include the dihvdrofolate reductase gene, which is amphified n the presence
of methotrexate, and the metallothionein genes, which are amplified with heavy metals. In these
cases, the nucleic acid sequence encoding the PGA polypeptide of the present invention would be
operably linked with the regulatory sequence.

[3129] Thus, m additional embodiments, the present invention provides recombinant expression
vectors comprising a polymucleotide encoding an enginecred PGA polypeptide or a variant thereof,
and onc or more expression regulating regions such as a promoter and a terminator, a replication
origin, eic., depending on the type of hosts into which they are to be introduced. In some
embodiments, the vartous nucleic acid and control sequences described above are joined together o
produce a recombinant expression vector that may mclude one or more convenient restriction sifes to
allow for insertion or substitution of the nuckeic acid sequence encoding the polypeptide at such sites.
Alternatively, in some embodiments, the nucleic acid sequences are expressed by inserting the nucleic
acid sequence or a nucleic acid construct comprising the sequence into an appropnate 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.

{8138} The recombinant expression vector comprises any suitable vector (e.g., a plasmid or virus),
that can be conventently subjected to recombinant DNA procedures and can bring about the
expression of the polynucleotide sequence. The choice of the vector typically depends oun the
compatibility of the vector with the host cell into which the vector is to be ntroduced. In some

embodiments, the vectors are Jinear or closed circular plasmids.
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[8131] In some embodiments, the expression vector is an aufonomously replicating vector (i.e., a
vector that exists as an extrachromosomal entity, the replication of which is independent of
chromosomal rephication, such as a plasmid, an extrachromosomal element, a minichromosome, or an
artificial chromosome). In some embodiments, the vector contains any means for assuring self-
replication. Altemnatively, in some other embodiments, upon being introduced mio the host cell, the
vector is integrated into the genome and replicated together with the chromosome(s) into which it has
been integrated. Furthermore, n additional embodiments, a single vector or plasmid or two or more
vectors or plasmids which together contai the total DNA to be miroduced into the genome of the host
cell, or a transposon find use.

[8132] In some embodiments, the expression vector of the present mvention containg one or more
selectable markers, which permit casy selection of transformed cells. A “selectable marker” is a gene,
the product of which provides for biocide or viral resistance, resistance to antimicrobials or heavy
metals, prototrophy to auxotrophs, and the like. Any suitable selectable markers foruse ina
flamentous fungal host cell find use 1 the present invention, including, but are not limited to, amd$S
{acetamidase), argB {omithune carbamoviltransferase), bar (phosphinothricin acetyltransferase}, hph
{hvgromycin phosphotransferase), nial) (nitratc reductase), pyvr(s (orotidine-5'-phosphate
decarboxyvlase), sC (sulfate adenvitransferase), and trpC (anthranilate synthase), as well as equivalents
thercof. Additional markers useful in host cells such as Adspergillus, inclade but are not himited to the
amdS and pyrG genes of Aspergillus nidulans or Aspergiflus oryzae, and the bar gene of Strepromyces
hvgroscopicus. Suitable markers for veast host cells include, but are not limued to ADEZ, HISS,
LEUZ, LYS2, MET3, TRPI, and URA3Z. Examples of bacterial selectable markers mclude, but are
not limited to the daf genes from Bacillus subtilis or Baciilus licheniformis, or markers, which confer
antibiotic resistance such as ampicillin, kanamycin, chloramphenicol, and or tetracycline resistance.
10133] In some embodiments, the expression vectors of the present invention contain an element(s)
that permits integration of the vector into the host cell's genome or autonomous replication of the
vector in the cell independent of the genome. In some embodiments involving integration into the
host cell genome, the vectors rely on the nucleic acid sequence encoding the polypeptide or any other
clement of the vector for integration of the vector into the genome by homologous or nonhomologous
recombination.

18134] In some alternative embodiments, the ¢xpression vectors contam additional nucleic acid
sequences for directing integration by homologous recombination wnto the genome of the host cell.
The additional nucleic acid sequences enable the vector to be mtegrated into the host cell genome at a
precise location(s) in the chromosome(s). To increase the likelihood of integration at a precise
location, the integrational clements preferably contain a sufficient number of nucleotides, such as 100
to 10,000 base pairs, preferably 400 to 10,000 base pairs, and most preferably 800 to 10,000 base
pairs, which are highly homologous with the corresponding target sequence to enhance the probability

of homologous recombination. The integrational elements may be any sequence that is homologous
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with the target sequence m the genome of the host cell. Furthermore, the integrational elements may
be non-encoding or encoding nucleic acid sequences. On the other hand, the vector may be integrated
mto the genome of the host cell by non-homologous recombination.

{3135] For autonomous replication, the vector may further comprise an origin of replication enabling
the vector to replicate autonomously in the host cell n question. Examples of bacterial origins of
replication arc P15A ori or the ongins of replication of plasmids pBR322, pUC19, pACY 77 (which
plasmid has the P15A ori), or pACY {184 permitting replication in £ cofi, and pUB114, pE194,
pTA1060, or pAMPB 1 permitting replication in Bacillus. Examples of onigins of replication for use in
a veast host cell are the 2 micron ongin of replication, ARSI, ARS4, the combimation of ARST and
CEN3, and the combination of ARS4 and CENG6. The origin of replication may be one having a
mutation which makes #t's functioning temperature-sensitive in the host cell {(See ¢.g., Ehrlich, Proc.
Natl. Acad. Sci. USA 75:1433 [1978]).

[0136] In some embodiments, more than one copy of a nucleic acid sequence of the present mvention
18 inserted into the host cell to increase production of the gene product. An merease in the copy
number of the nucleic acid sequence can be obtained by integrating at least one additional copy of the
sequence wto the host cell genome or by including an amplifiable selectable marker gene with the
nucleic acid sequence where cells containing amplified copies of the selectable marker gene, and
thereby additional copies of the nucleic acid sequence, can be selected for by cultivating the cells in
the presence of the appropriate selectable agent.

13137) Many of the expression vectors for use in the present mvention are commercially available.
Suitable commercial expression vectors include, but are not limited to the p3xFLAGTM ™ expression
vectors {Sigma-Aldrich Chemicalg), which include a CMV promoter and hGH polvadenyiation site
for expression i mammalian host cclls and a pBR322 origin of replication and ampicillin resistance
markers for amplification in £. coli. Other suitable expression vectors nclude, but are not limited to
pBlucscriptlf SK{(-) and pBK-CMYV (Stratagene), and plasmids derived from pBR322 (Gibeco BRL),
pUC {Gibeo BRL), pREP4, pCEP4 (Invitrogen) or pPoly (See e.g., Lathe et al., Gene 57:193-201
[19871).

13138] Thus, in some embodiments, a vector comprising a sequence encoding at least ong variant
PGA is transformed into a host cell in order to allow propagation of the vector and expression of the
variant PGA(s). In some embodiments, the variant PUAs are post-transiationally modified to remove
the signal peptide and in some cases may be cleaved after secretion. In some embodiments, the
transformed host cell described above is coltured in a suitable nutrient medium under conditions
permitting the expression of the variant PGA(s). Any suitable medium useful for culturing the host
cells finds use in the present invention, including, but not limited to minimal or complex media

containing appropriate sapplements. In some embodiments, host cells are grown m HTP media.
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Suitable media are available from various commercial suppliers or may be prepared accordimg to
published recipes {e.g., in catalogues of the American Type Culture Collection).

10139] In another aspect, the present invention provides host cells comprising a polynucleotide
encoding an improved PGA polvpeptide provided herein, the polynucleotide being operativelv linked
to one or more control sequences for expression of the PGA enzyme i the host cell. Host cells for
use in expressing the PGA 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 & coli, Bacillus
megaterium, Lactobacillus kefir, Strepromyces and Salmonella tvphimurium cells; fungal cells, such
as veast cells (e.g., Saccharomyces cerevisiae or Pichia pastoris (ATCC Accession No. 201178));
msect cells such as Drosophila 82 and Spodoptera 519 cells; animal cells such as CHO, COS, BHK,
293, and Bowes melanoma cells; and plant cells. Appropriate colture media and growth conditions
for the above-described host cells arc well known in the art.

[3140] Polbynucleotides for expression of the PGA may be mtroduced mto cells by various methods
known in the art. Techniques inchuide among others, electroporation, biokistic particle bombardment,
liposome mediated transfection, calciom chloride transfection, and protoplast fusion. Varicus
methods for introducing polvnucleotides into cells are known to those skilled in the art.

[6141] In some embodiments, the host cell is a cukarvotic cell. Suitable eukarvotic host cells inchude,
but are not hmted to, fungal cells, algal cells, insect cells, and plant cells. Suitable fungal host cells
imchide, but are not limited {o, Ascomycota, Basidiomycota, Deuteromycota, Zygomycota, Fungi
mnperfectt. In some embodiments, the fungal host cells are veast cells and filamentous fungal celis.
The filamentous fungal host cells of the present invention nclude all filamentous forms of the
subdivision Eumveotima and Qomycota. Filamentous fungi are charactenized by a vegetative
myceliom with a cell wall composed of chitin, celhuose and other complex polysaccharides. The
filamentous fungal host cells of the present invention are morphologically distinet from veast.

18142] In some embodiments of the present invention, the filamentous fungal host cells are of any
suitable genus and species, including, but not limited to Achiya, Acremonium, Aspergillus,
Aurechasidium, Bjerkandera, Ceriporiopsis, Cephalosporium, Chrysosporium, Cochiicholus,
Corvanascus, Cryphonectria, Crypiococcus, Coprinus, Coriolus, Dipladia, Endothis, Fusarium,
Gibberella, Gliocladium, Humicola, Hypocrea, Myceliophthora, Mucor, Neurospora, Penicillium,
Podospora, Phlehia, Piromyces, Pyricularia, Rhizomucor, Rhizopus, Schizophyllum, Scytalidium,
Sporotrichum, Talaromyces, Thermoascus, Thielavia, Trametes, Tolypociadium, Trichoderma,
Verricillium, and/or Volvariella, and/or teleomorphs, or anamorphs, and syvnonyms, basionyms, or
taxonomic equivalents thereof.

{0143} In some embodiments of the present invention, the host cell is a yeast cell, incloding but not
hmited to cells of Candida, Hansenula, Saccharomyces, Schizosaccharomyces, Pichia,
Kluvveromyces, or Yarrowia species. In some embodiments of the present invention, the veast cell is

Hansenula polymorpha, Saccharomyces cerevisiae, Saccharomyces carishergensis, Saccharomyces
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diastaticus, Saccharomyces norbensis, Saccharomyces kiuyveri, Schizosaccharomyces pombe, Pichia
pastoris, Pichia finlandica, Pichia lrehaz’aphi[a, Pichia kodamoe, Pichia membranaefaciens, Pichia
cpuntiae, Pichia thermotolerans, Pichia salictaria, Pichia quercuum, Fichia pijperi, Pichia stipitis,
Pichia methanolica, Pichia angusia, Kluyveromyces lactis, Candida albicans, or Yarrowia lipolytica.
[#1144] In some embodiments of the invention, the host cell 1s an algal cell such as Chlamydomonas
{e.g., C. reinfiardriiy and Phormidium (P. sp. ATCC29409).

13145} In some other embodiments, the host cell is a prokaryotic cell. Suitable prokaryotic cells
mchude, but are not funited to Gram-positive, Gram-negative and Gram-variable bacterial cells. Any
suitable bacterial organism finds use in the present mvention, including but not limited 1o
Agrobacterium, Alicvclobacillus, Anabaena, Anacystis, Acinetobacter, Acidothermus, Arthrobacter,
Azobacter, Bacillus, Bifidobacterium, Brevibacterium, Butyrivibrio, Buchnera, Campesiris,
Camplyobacter, Closiridium, Corynebacterium, Chromatium, Coprococcus, Fscherichia,
Enterococcus, Enterobacter, Erwinia, Fusobacterium, Faecalibacierium, Francisella,
Hlavobacterium, Geobacillus, Haemophilus, Helicobacter, Klebsiella, Lactobacillus, Lactococcus,
Ilyobacter, Micrococcus, Microbacierium, Mesorhizobium, Methylobacterium, Methylobacterium,
Mycobacterium, Neisseria, Pantoea, Pseudomonas, Prochlorococcus, Rhodobacier,
Rhodopseudomonas, Rhodopseudomonas, Roseburia, Rhodospirillum, Rhodococcus, Scenedesmus,
Streptomvces, Streplococcus, Synecoccus, Succharomonospora, Staphvlococcus, Serratia,
Salmonella, Shigella, Thermoanaerobacierium, Tropheryma, Tularensis, Temecula,
Thermasynechococcus, Thermococcus, Ureaplasma, Xanthomonas, Xylella, Yersinia and Zymomonas.
In some embodiments, the host cell 1s a species of Agrobacierium, Acinetobacter, Azobacter, Bacillus,
Bifidobacterium, Buchnera, Geobacilius, Campviobacter, Clostridium, Corynebacterium,
fischerichia, Enterococcus, Erwinia, Flavobacterium, Lactobacillus, Lactococcus, Panitoed,
Pseudomonas, Staphviococcus, Salmonella, Streptococcus, Strepiomyces, or Zymomonas. In some
embodiments, the bacterial host strain 1s non-pathogenic to humans. In some embodiments the
bacterial host stratn is an industrial strain. Numerous bacterial industrial strains are known and
suitable in the present invention. In some embodiments of the present invention, the bacterial host

A. radiobacter, A. rhizogenes, and A. rubi). In some

cell is an Agrobacterium species {e.g.,
embodiments of the present invention, the bactenal host cell is an Arthrobacter species {e.g., 4.
aurescens, 4. citreus, A. globiformis, A. hydrocarboglutamicus, A. mysorens, A nicotianae, A.
parafiineus, A. profophonniae, A. roseopargffinus, A. sulfureus, and A. ureafaciens). In some
embodiments of the present invention, the bacterial host cell 1s a Bacillus species {e.g., B
thuringensis, B. anthracis, B. megaterium, B. subtilis, B. lentus, B. circulons, B. pumilus, B. lautus,
B.eoagulons, B. brevis, B. firmus, B. alkaophius, B. lichenijormis, B. clausii, B. stearothermophilus.
B. halodurans, and B. amyloliguefaciens). In some embodiments, the host cell is an industrial Bacillus
strain including but not Uimited to B. subfilis, B. pumilus, B. licheniformis, B. megaterium, B. clausii,

B. stearothermophilus, or B. amyvloliguefaciens. In some embodiments, the Bacillus host cells are B.
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subtilis, B. licheniformis, B. megaterium, B. stearothermophilus, and/or B. amyloliguefaciens. In some
embodiments, the bacterial host cell 18 a Clostridium specigs fe.g., C. acetobutylicum, C. tefani E&S,
C. lituseburense, C. saccharobutviicum, C. perfringens, and (. beijerinckiiy. In some embodiments,
the bacterial host cell is a Corynebacterium species {e.g., C. glutamicum and C. acefoacidophilum). In
some embodiments the bacterial host cell 1s an Lscherichia species (e.g., E. coliy. In some
embodiments, the bacterial host cell is an Hrwinia species {e.g., £. uredovora, E. carotovora, E.
ananas, . herbicola, E. punciaia, and F. ferreus). In some embodiments, the bactenial hostceliisa
Fantoea species {e.g., P. cifrea, and P. agglomerans). In some embodiments the bacterial bost cell is a
Psendomonas species (e.g., . putida, P. aeruginosa, P. mevalonii, and P. sp. D-01 10). In some
embodiments, the bacterial host cell is 8 Streprococcus species {e.g., S. eguisimiles, 8. pyogenes, and
S. uberisy. In some embodiments, the bacterial host cell is a Sirepromyces species (e.g., S
ambofaciens, S. achromaogenes, S. avermitilis, 8. coelicolor, 5. aureafaciens, 5. aureus, S.
Jungicidicus, S. griseus, and 8. lividans). In some embodiments, the bacterial host cell 1s a Zymomonas
species {e.g., Z mobilis, and Z. lipolytical.

18146] An exemplary host cell is Escherichio coli W3110. The expression vector was created by
operatively hinking a polynucleotide encoding an mmproved PGA into the plasmid pCK 110900
operatively linked to the /ac promoter under control of the Joct repressor. The expression vector also
contained the P13a origin of replication and the chloramphenicol resistance gene. Cells contaiming
the subject polvnucieotide in Ascherichia coli W3110 were isolated by subjecting the celis to
chloramphenicol selection.

[1147] Many prokarvotic and eukaryotic strains that find use in the present invention are readily
avatlable to the public from a number of culture collections such as American Type Caltare
Collection {ATCL), Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH (BSM),
Centraalburean Voor Schimmelcultures (CBS), and Agniculitural Research Service Patent Culture
Collection, Northern Regional Research Center (NRRL).

[8148] In some embodiments, host cells are genectically modified to have characteristics that improve
protein secretion, protem stability and/or other properties desirable for expression and/or secretion of
a protein. Genetic modification can be achieved by genetic enginecring technigues and/or classical
microbiological techniques (e.g., chemical or UV mutagencsis and subsequent selection). Indeed, in
some embodiments, combinations of recombinant modification and classical selection techniques are
used to produce the host cells. Using recombinant technology, nucleic acid molecules can be
mtroduced, deleted, inhibited or modified, in a manner that results in increased vields of PGA
variant{s} within the host cell and/or in the culture medium. For exampie, knockout of Alpl function
results in a cell that is protease deficient, and knockout of pyr3 function results in a cell with a
pyrimidine deficient phenotype. In one genetic engineering approach, homologous recombination is
used to induce targeted gene modifications by specifically targeting a gene in vivo 1o suppress

gxpression of the encoded protein. In alternative approaches, siRNA | antisense and/or ribozyme

34



WO 2016/179464 PCT/US2016/031132

technology find use m inhibiting gene expression. A varietv of methods are known in the art for
reducing expression of protein in cells, mclading, but not limited to deletion of all or part of the gene
encoding the protein and site-specific mutagencsis to disrupt expression or activity of the gene
product. (5¢e ¢.g., Chaveroche et al,, Nucl. Acids Res., 28:22 ¢97 [2000}; Cho et al., Molec. Plant
Microbe Interact., 19:7-13 [2006]; Marayama and Kitamoto, Biotechnol Lett., 30:1811-1817 {2008];
Takahash: et al ., Mol. Gen. Genom., 272: 344-352 [2004]; and You et al. , Arch. Micriobiol ,191:615-
622 {20091, all of which are incorporated by reference herein}. Random mutagenesis, followed by
screening for desired mutations also finds use (See ¢.g., Combier et al., FEMS Microbiol. Lett.,
220:141-8 {20031 and Firon et al., Eukary. Cell 2:247-55 [2003], both of which are mcorporated by
reference).

{0149] Imtroduction of a vector or DNA construct into a host cell can be accomplished using any
suitable method known in the art, including but not imited to calcium phosphate transtection, DEAE-
Dextran mediated transfection, PEG-mediated transformation, electroporation, or other common
technigues known 1n the art.

10150] In some embodiments, the engincered host cells (e, “recombinant host celis™) of the present
mvention are cultured in conventional nutrient raedia modified as appropriate for activating
promoters, selecting transformants, or amplifving the PGA polynucieotide. Culture conditions, such
as teraperature, pH and the bike, are those previously used with the host cell selected for expression,
and are well-known to those skilled n the art. As noted, many standard references and texts are
avatfable for the culture and production of many cells, including cells of bacterial, plant, animal
{especially mammalian} and archebacienal origin,

{3131} In some embodiments, cells expressing the variant PGA polypeptides of the mnvention are
grown under batch or continuous fermentations conditions. Classical “batch fermentation™ is a closed
system, wherein the compositions of the medium is set at the beginning of the fermentation and is not
subject to artificial alternations during the fermentation. A vanation of the batch system is a “fed-
batch fermentation” which also finds use m the present invention. In this variation, the substrate is
added in mcrements as the fermentation progresses. Fed-batch systems are useful when catabolite
repression is likely to mnbibit the metabolism of the cells and where it is desirable to have lunited
amoumts ot substrate in the medium. Batch and fed-batch fermentations are common and well known
i the art. “Contingous fermentation” 1S an open system where a defined fermentation medium 18
added continuously to a bioreactor and an equal amount of conditioned medium is removed
simuitancously for processing. Continuous fermentation generally maintains the cultures at a constant
high density where cells are primarily i log phase growth. Continuous fermentation svstems strive to
maintain steady state growth conditions. Methods for modulating nutrients and growth factors for
continuous fermentation processes as wel as techniques for maximizing the rate of product formation

are well known in the art of industrial microbiology.
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[8152] In some embodiments of the present invention, cell-free transcription/iransiation systems find
use in producing variant PGA(s). Several systems are commercially available and the methods are
well-known to those skilled in the art.

{0153] The present invention provides methods of making variant PGA polvpeptides or biologically
active fragmenis thercof. In some embodiments, the method comprises: providing a host cell
transformed with a polynucleotide encoding an amino acid sequence that comprises at least about
70% (or at least about 75%. at least about 80%, at least about 85%. at least about 90%. at least about
95%, at lcast about 96%, at least about 97%, at least about 98%, or at least about 99%) sequence
wdentity to SEQ 1D NG:2 and comprising at least one mutation as provided herein; culturing the
transformed host cell in a culture medium under conditions it which the host cell expresses the
encoded variant PGA polypeptide; and optionally recovering or isolating the expressed variant PGA
polvpeptide, and/or recovering or isolating the culture medium contaming the expressed variant PGA
polypeptide. In some embodiments, the methods further provide optionally lvsing the transformed
host cells after expressing the encoded PGA polypeptide and optionally recovering and/or 1solating
the expressed variant PGA polvpeptide from the cell lysate. The present invention further provides
methods of making a variant PGA polypeptide comprising cultivating a host ccll transformed with a
variant PGA polypeptide under conditions suitable for the production of the varant PGA polypeptide
and recovering the vanant PGA polypeptide. Typically, recovery or isclation of the PGA polypeptide
is from the host cell culture medium, the host cell or both, using protein recovery technigques that are
well known in the art, including those described herein. In some embodiments, bost cells are
harvested by centnifugation, disrupted by physical or chemical means, and the resulting crude extract
retained for further purification. Microbial cells emploved in expression of proteins can be disrupted
bv any convenient method, meluding, but not himited to freeze-thaw cycling, sonication, mechanical
disruption, and/or use of cell lysing agents, as well as many other suitable methods well known to
those skilled in the art.

18154] Engimeered PGA enzymes expressed in a host cell can be recovered from the eclls and/or the
culture medium using any one or more of the wekll known techniques for protein purification,
meluding, 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 /. coli, are commercially available under the trade name CelLytic B™ (Sigma-
Aldrich). Thus, in some embodiments, the resulting polypeptide is recovered/isolated and optionally
purified by any of a number of methods known in the art. For example, in some embodiments, the
polvpeptide 1s isolated from the nutrient medium by conventional procedures meluding, but not
bmited to, centrifugation, filtration, extraction, spray-drying, evaporation, chromatography (e.g | 1on
exchange, affinity, hydrophobic interaction, chromatotocusing, and size exclusion), or precipitation.
In some embodiments, protein refolding steps are used, as desired, in completing the configuration of

the mature protein. In addition, in some embodiments, high performance liquid chromatography
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(HPLC) 15 emaploved i the final punfication steps. For example, i some embodiments, methods
known i the art, find use in the present invention (See e.g., Parry et al, Biochem. J, 353:117 [2001];
and Hong et al., Appl. Microbiol. Biotechnol | 73:1331 20071, both of which are mcorporated herein
by reference). Indeed, any suitable purification methods known in the art find use in the present
mveniion.

[8135] Chromatographic technigues for 1solation of the PGA polypeptide melude, but are not limited
to reverse phase chromatography high performance liquid chromatography, ton exchange
chromatography, gel clectrophoresis, and affinity chromatography. Conditions for purifving a
particular enzyme will depend, in part, on factors such as net charge, hydrophobicity, hydrophilicity,
molecolar weight, molecular shape, ete., are known to those skilled in the art.

{0156] In some embodiments, affinity technigues find use in isolating the improved PGA enzymes.
For affinity chromatography purification, any antibody which specifically binds the PGA polypeptide
may be used. For the production of anuibodies, various host amimals, including but not limited to
rabbits, mice, rats, ¢tc., may be immunized by injection with the PGA. The PGA polyvpeptide may be
attached tc a suitable carrigr, such as BSA, by means of a side chain functional group or linkers
attached to a side chain functional group. Various adjuvants may be used to icrease the
mmunological response, depending on the host species, including but not limited to Freund’s
{complete and mmcomplete), mineral gels sach as alominum hydroxide, surface active substances such
as lysolecithin, pluronic polyols, polyanions, peptides, ol emulsions, kevhole limpet hemocvanin,
dinitrophenol, and potentially useful human adjuvants such as BCG (Bacillus Cabmette Guerin) and
Corynebacteriuim parvum,

[3137] In some embodiments, the PGA variants are prepared and used in the form of cells expressing
the enzymes, as crude extracts, or as isolated or purified preparations. In some embodiments, the
PGA variants are prepared as Ivophilisates, in powder form {e.g., acetone powders), or prepared as
enzyme solutions. In some embodiments, the PGA variants are in the form of substantially pure
preparations.

{0158] In some embodiments, the PGA polypeptides are attached to any suitable solid substrate.
Solid substrates include but are not linvited to a solid phase, surtace, and/or membrane. Solid supports
mclude, but are not imited o organic polymers such as polystyrene, polvethylene, polyvpropylene,
polyfluoroethylene, polyethvlencoxy, and polvacrylamide, as well as co-polvmers and grafis thereof.
A solid support can also be mmorganic, such as glass, silica, controlled pore glass (CPG), reverse phase
sifica or metal, such as gold or platinum. The configuration of the substrate can be in the form of
beads, spheres, particles, granules, a gel, a membrane or a surface. Surfaces can be planar,
subgstantially planar, or non-planar. Solid supports can be porous or non-porous, and can have
swelling or non-swelling characteristics. A solid support can be configured in the form of a well,

depression, or other container, vessel, feature, or location. A plurality of supports can be configure
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on an array at various locations, addressable for robotic delivery of reagents, or by detection methods
and/or instruments.

{0159] In some embodiments, immunological methods are used to purtfy PGA variants. Inone
approach, antibody raised against a variant PGA polvpeptide (e.g., against a polypeptide compnsing
any of SEQ [ NOS:2, 4, 6, 8, 10, or 12, and/or an immunogenic fragment thereof) using
conventional methods 1s immobilized on beads, muixed with cell culiure media under conditions in
which the variant PGA is bound, and precipitated. In a related approach, immunochromatography
finds use.

{0169] In some embodiments, the variant PGAs are expressed as a fusion protein inchuding a non-
enzyme portion. In some embodiments, the variant PGA sequence is fused to a purification
facilitating domain. As used herein, the term "purnification facilitating domain” refers to a domain that
mediates purification of the polvpeptide to which it is fused. Surtable purification domains include,
but are not imited to metal chelating peptides, histidine-tryptophan modules that allow purification on
mmmobilized metals, a sequence which binds glutathione {e.g., G5T), a hemagglutinin (HA) tag
{corresponding to an epitope derived from the influenza hemagglutimin protein; See e.g.. Wilson et al |
Cell 37.767 [1984]), maltose binding protein sequences, the FLAG cpitope utilized in the FLAGS
extension/affinity punfication system {(e.£., the svstem available from Immunex Corp), and the like.
One expression vector contemplated for use m the compositions and methods described herein
provides for expregsion of a fusion protein comprising a polypeptide of the mvention fused to a
polvhistidine region separated by an enterokinase cleavage site. The histidine residues facilitate
purification on IMIAC (immobilized metal ion affinity chromatography; See e.g., Porath et o/, Prot.
Exp. Punf, 3:263-281 {19921} while the enterokinase cleavage site provides a means for separating
the variant PGA polypeptide from the fusion protein. pGEX vectors (Promega) may also be used to
express foreign polypeptides as fusion protems with glutathione S-transferase (GST). In general, such
fusion protems are soluble and can casily be purified from lysed cells by adsorption to higand-agarose
beads (e g., glutathione-agarose in the case of GST-fusions) followed by elution in the presence of

free ligand.

EXPERIMENTAL

10161} Various features and embodiments of the disclosure are ilustrated 1o the following
representative examples, which are intended to be illusirative, and not hmiting.

{8162} In the experimental disclosure below, the followmg abbreviations apply: ppm (parts per
mtlion}; M {molar); mM (sullimolar), eM and uM (micromolar); nM (nanomolar); mol (moles); gm
and g {gram}, mg (milligrams}; ug and ug (micrograms}; L and | (liter); ml and mL {milliliter}; cm
{centimeters); mm {millimeters); um and pm (micrometers); sec. {seconds); minds} {minute(s)); his)
and hr{s}) (hour(s}); U {umits}; MW (molecular weight); rpm {rotations per minute); °C (degrees

Centigrade); RT (room temperature); CDS {coding sequence); DNA (deoxyribonucleic acid}, RNA
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{ribonucleic acid); TB (Temfic Broth; 12 g/L bacto-tryptone, 24 ¢/1. veast extract, 4 mL/L glvcerol,
65 mM potassiam phosphate, pH 7.0, 1 mM Mg5Q,); CAM (chloramphenicol); PMBS (polvmyxin B
sulfate); IPTG (isopropyl! thiogalactoside); TFA (riflucroacetic acid)y; HPLL (high performance liguid
chromatography); FIOPC (fold improvement over positive control);, HTP (high throughput);, LB
{Lurna broth); Codexis (Codexis, Inc., Redwood City, CA); Sigma-~Aldrich (Sigma-Aldrich, 5t Lous,
MO, Milhipore (Millipore, Com., Billerica MA); Difco (Difco Laboratonies, BD Diagnostic Systems,
Detroit, MI), Daicel (Daicel, West Chester, PA); Genetix (Genetix USA, Inc, Beaverton, OR);
Muolecular Devices (Molecular Devices, LLC, Sunnyvale, CA); Applicd Biosystems {(Applied
Biosvstems, part of Life Technologies, Corp., Grand Island, NY), Agilent (Agilent Technologies, Inc.,
Santa Clara, CA); Thermo Scientific (part of Thermo Fisher Scientific, Waltham, MA}; (Infors;
Infors-HT, Bottmingen/Basel, Switzerland), Coming (Corning, Inc , Palo Altc, CA), and Bioc-Rad
{Bio-Rad Laboratories, Hercules, CAY; Microfluidics (Microfluidics Corp., Newton, MA, United
States of America).

[3163] The following sequences find use in the present invention.

SEQ ID NG:1 (PGA WT polynucleotide sequence)
ATGAAAAATAGAAATCGTATGATCGTGAACGGTATTGTGACTTCCCTGATCTGTTGTTICT
AGCCTGTCAGCGUTGGCGGCAAGCCCGCCAACCGAGGTTAAGATCOTTICGCGATGAATA
CGGCATGCCGCATATTTACGCCGATGATACCTATCGACTGTTITTACGGCTATGGCTACGT
GGTGGCGLAGGATCGCCTGTTCCAGATGGAAATGGLGCGCCGCAGTACTCAGGGGALCCG
TCTCCGAGGTGCTGGGCAAAGCATTCGTCAGTITTGATAAAGATATICGCCAGAACTACT
GGCCGGATICTATTCGCGCGCAGATAGCTTCCCTCTCCGCTGAGGATAAATCCATTCTGC
AGGGCTATGCCGATGGCATGAATGUGTGCGATCGATAAAGTGAACGCCAGCUCCGATAAG
CTGTTACCCCAGCAGTTCTCCACCTTTIGGTTTTAAACCCAAGCATIGGGAACCGTTIGATG
TGGCGATGATITITGTCGGCACCATGGCGAACCGOTITICTGACAGCACCAGCGAAATIGC
ATAACCTGGCGCTGCTGACGGCOGCTAAAAGATAAATACGGCAAGCAGCAGGGCATGGCG
GTCTTTAACCAGCTGAAATGGCTGGTTAATCCTTCCGCGCCAACCACCATIGCGGUGUGE
GAAAGCGCCTATCCGUTGAAGTTTGATCTGCAAAACACGCAAACGGCGGCGCTGCTGCC
GCGCTACGACCAGCCGGCACCGATGCTCGACCGCCCGGCAAAAGGGACCGATGGLGCGC
TGCTGGCGCTGACCGUCGATCAGAACCGGGAAACTATCGCCGCGCAGTTCGCGCAAAGC
GGCGCTAACGGUCTGGCTGGCTACCCGACCACTAGCAATATGTGGGTGATTGGUAAAAA
CAAAGCCCAGGATGCGAAGGCCATTATGGTCAATGGGCCGCAGTTTGGTTGGTATGCGC
CGGCOTACACCTACGGTATCGOCCTGCACGGCGCGOGCTATGACGTCACCGGCAATACG
CCGTTTGCCTATCCGGGUCTCGTITITGGTCACAACGGCACCATTITCATGGGGATCCACT
GCCGGTTTITGOTGATCGATOTCGATATCTTTIGCCGAAAAACTTICCGUCGAGAAGCCGGGC
TATTACCAGCATAACGGUGAGTGGGTGAAGATGTTGAGCCGCAAGGAGACTATTGCGGT
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CAAAGACGGCCAGCCGGAGACCTTTACCOGTTIGGCGCACGCTGCACGGCAACGTCATTA
AAACCGATACTOGCGACGCAGACCGCCTATGUCCAAAGCGCOCGCCTGGGATGGCAAAGAG
GTGGCGTCCCTGCTGGUGTGGACGCACCAGATCGAAGGUCCAAAAACTGGCCGGAGTGGAL
GCAGCAGGUGUGCCAAACAGGCGCTGACCATTAACTGGTACTACGCCGATGTGAACGGCA
ATATCGGCTATGTGCATACCGGUGCCTATCCGGATCGCCAGCCCGGCCACGACCCGCGTT
TGCCGUGTTCCCGGCACTGGAAAATOGOGACTGGAAAGGOTTGCTGTCOGTTTGATTTGAATC
CGAAAGTGTATAACCCGCAGTCGGGCTATATCGCCAACTGGAACAACTCGCCGCAAAAA
GACTACCCGGCCTCTGATCTGTTCGCOTTCCTGTGOGGCGGTGCGCATCGAGTTACTGAG
ATCGACACGATCCTCGATAAGCAACCGCGCTTCACCGCCGATCAGGCGTGGGATGTOGAT
CCGCCAAACCAGCCOTCGUGGATCTCAACCTGCOOTTGTICTTACCGGCGCTGAAGGACGC
CACCGCGAACCTGGUGGAAAACGATCCGUGUCGCCAACTGUTGGATAAACTGGCGAGCT
GGGACGOTGAAAACCTTIGTCAACGATGACGGAAAAACCTATCAGCAACCGGGATCGGLG
ATTCTTAACGCCTGGCTGACCAGCATGCTCAAGCGCACGOGTGOTIGCCGCGGTCCCAGCG
CCOTTTGGCAAGTGOTACAGCGCCAGTGOGUTATGAAACCACCCAGGACGGGUCAACCGG
CTCGCTGAACATCAGCGTGGOGGGLCGAAAATCCTCTACGAAGCTCTGCAGGGTGATAAGT
CGCCAATCCCGCAGGCOGTCGATCTGTTTGGUGGGAAACCGCAGCAGGAAGTGATACTG
GCGGCGCTGGACGACGCTTGGCAGACGCTOTCAAAACGCTACGGTAACGACGTCACCGG
CTGGAAAACCCCTGCCATGGCOGCTTACCTTCCGGGUCAATAACTTCTTCGGCGTGCCGCA
GGCGGCAGCAAAAGAGGUGUGTCATCAGGCGGAGTACCAGAACCGUGGTACGGAAAAC
GACATGATIGTCTTCTCACCGACGTCGGGTAACCGCCOGOGTTCTTGCCTGGGATGTGETG
GCGCCGOGOGGCAAAGCGOTTTTATCGCGCCGGATGGCAAAGCCGATAAGCACTATGACGA
TCAGCTGAAAATGTACGAGAGCTTTGGCCOGTAAATCGCTGTGOGTTAACGUCTCAGGACGT
TGACGAGCACAAAGAGTCTCAGGAAGTGUTGCAGGTACAGCGCTAA (SEQ 1D NO:1)

SEQ ID NG:2 (PGA WT polypeptide sequence}
MENRNRMIVNGIVTSLICCSSLSALAASPPTEVKIVRDEYGMPHIYADDTYRLFYGYGYVVA
ODRLFQMEMARRSTOGTY SEVLGKAFYSFDKDIRONY WPDSIRAQIASLSAEDKSILQGYAD
GMNAWIDEKVNASPDKLLPQOFSTFGFEPKHWEPFDVAMIFVGTMANRFSDSTSEIDNLALLTY
ALKDEYGKQQGMAVFNQLEWLVNPSAPTTIAARESAYPLKFDLONTQTAALLPRYDQPAP
MLDRPAKGTDGALLALTADONRETIAAGQGFAQSGANGLAGY PTTSNMWVIGKNKAQDAKAL
MVNGPOFGWYAPAYTYGIGLHGAGYDVTGNTPFAYPGLVFGHNGTISWGSTAGFGDDVDIF
AEKLSAEKPGYYQHNGEWVEMLSRKETIAVEDGGPETFIVWRTLHGNVIKTDTATQTAYA
KARAWDGKEVASLLAWTHOMEKAKNWPEWTQQAAKQALTINWYYADVNGNIGYVHTGAY
PDROPGHODPRLPYVPGTGKWDWKGLLSFDLNPKVYNPOQSGYIANWNNSPQKDYPASDLFAFL
WGEGADRVTEIDTILDKGPRFTADQAWDVIRQTSRRDINLRLFLPALKDATANLAENDPRRQL
VDKLASWDGENLYNDDGKTYQQPGSAILNAWLTSMLEKRTVVAAVPAPFGEKWYSASGYETT
QDGPTGSLNISVGAKILYEALQGDKSPIPQAVDLFGGKPQQEVILAALDDAWQTLSKRYGND
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VIGWKTPAMALTFRANNFFGVPQAAAKEARHQAEY QNRGTENDMIVFSPTSGNRPVLAWD
VVAPGQSGFIAPDGKADKHYDDQLKMYESFGRKSLWLTPQDVDEHKESQEVLQVQR  (SEQ
D NO:2)

SEQ ID NG:3 (PGA Variant 1 polynucleotide sequence)
AGCAATATGTGGGTGATTIGGCAAAAACAAAGCCCAGGATGCGAAGGCCATTATGGTCAA
TGGGCCGCAGTTIGGTTGGTATGTGCCGGLGTACACCTACGGTATCGGLCTGCACGGLCGC
GGGCTATGACGTCACCGGCAATACGCCGTTTGCCTATCCGGGCCTCGTTTTTGGTCACAA
CGOGCACCATTTCATGGGGATCCACCGCCGGTGOTGGTGATCGATGTCGATATCTITGCCGA
AAAACTTTCCGCCGAGAAGCCGGGLTATTACCAGCATAACGGCGAGTGGGTGAAGATGT
TGAGCCGCAAGGAGACTATTGCGGTCAAAGACGGUCAGCCGGAGACCTTTACCGTTTGG
CGCACGCTGCACGGUAACGTCATTAAAACCGATACTGCGACGCAGACCGUCTATGUCAA
AGCGCGCGCCTGGOGATGGCAAAGAGGTGOGCOGTCCCTGCTGOGCGTGGACGCACCAGATGA
AGGCCAAAAACTGGCCGGAGTGGACGCAGCAGGUGGUCAAACAGGCGCTGACCATTAA
CTGGTACTACGCCGATGTGAACGGCAATATCGGLTATGTGCATACCGGCGCCTATCCGGA
TCGCCAGCCCGGCCACGACCCGCGTTITGCCGGTTCCCGGCACTGGAAAATGGGACTGGA
AAGGGTTGCTOTCGTTITGATITGAATCCGAAAGTGTATAACCCGCAGTCOGGGCTATATCG
CCAACTGGAACAACTCGUCGCAAAAAGACTACCCGGCCTCTGATCTGTTICGCGTICCTGT
GGGGCGGTGCGGATCGAGTTACTGAGATCGACACGATCCTCGATAAGUAACCGUGUTTC
ACCGCCGATCAGGCGTGGGATGTGATCCGCCAAACCAGCCGTCGGGATCTCAACCTGLG
GTIGTICTTACCGGCGCTGAAGGACGCCACCGCGAACCTGGUCGGAAAACGATCCGCGCC
GCCAACTGGTGCATAAACTGGCGAGCTGGGACGGCGAAAACCTIGTCAACGATGACGGA
AAAACCTATCAGCAACCGGGATCGGCGATTICTTAACGCCTGGUTGACCAGCATGUTCAA
GCGCACGGTGGTTGCCGCGOTCCCAGCGCCATTTGOTAAGTGUGTACAGCGCCAGTOGCT
ATGAAACCACCCAGGACGGGUCAACCGGUTCGUTGAACATCAGCGTGGGGGCGAAAATC
CTCTACGAAGUTCTGCAGGGTCGATAAGTCGCCAATCCCGCAGGCGGTCGATCTGTTIGGE
GGGAAACCGCAGCAGGAAGTAATACTGGCGGCGUTGGACGALCGUTIGGCAGACGCTGTC
AAAACGCTACGGTAACGACGTCACCGGCTGGAAAACCCCTGCCATGGCGCTTACCTICC
GGGCCAATAACTTCTTCGGCOTGCCGCAGGCGGCAGCAAAAGAGGUGCGTCATCAGGCG
GAGTACCAGAACCGCGGTACGGAAAACGACATGATTIGTCTTCTCACCGACGTCGGGTAA
CCGCCCGOGTTCTTGCCTGGGATATGGTGGCGCCGGGGCAAAGCGGTTTTATCGCGCCGGA
TGGCAAAGCCGATAAGCACTATGACGATCAGCTGAAAATGTACGAGAGCTTITGGCCGTA
AATCGCTGTGGTTAACGCCTCAGGACGTTGACGAGCACCAAGAGTCTCAGGAAGTGCTG
CAGGTACAGTTGGATCAGACCGAGGTTAAGATCGTTCGUCGATGAATACGGCATGCCGCA
TATTTACGUCCGATGATACCTATCGACTGTTTTACGGCTATGGUTACGTGGTGGUGUAGGA
TCGCCTGTTCCAGATGGAAATGGCGCGCCGCAGTACTCAGGGGACCGTCTCCGAGGTGLT
GGGCAAAGCATTCGTCAGTTTTGATAAAGATATICGCCAGAACTACTGGCCGGATTCTAT
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TCGCGCGCAGATAGCTTCCCTCTCCGCTGAGGATAAATCCATTCTGCAGGGCTATGCCOGA
TGGCATGAATGCGTGGATCCGATAAAGTGAACGCCAGCCCCGATAAGCTOGTTACCCCAGE
AGTTICTCCACCTTTGGTTTITAAACCCAAGCATIGGGAACCOTTITGATGTGGCCGATGATTTT
TGTCGGCACCATGOCGAACCOTTICTCTGACAGCACCAGCGAAATTIGATAACCTGGCGCT
GCTGACGGCGCTAAAAGACAAATACGGCAAGCAGCAGGGCATGGCGOGTCTTTAACCAGC
TGAAATGOGCTGOTTAATCCTTCOGCGCCAACCACCATIGCGGCGCGGGAAAGCGCCTATC
CGCTGAAGTTTGATCTGCAAAACACGUAAACGGCGTAA (SEQ ID NQG:3)

SEQ 1D NG:4 (PGA Variant 1 polypeptide sequence)
SNMWVIGKNKAQDAKAIMYVNGPOFGWYVPAYTYGIGLHGAGYDVTGNTPFAY PGLVFGH
NGTISWGSTAGGGDDVDIFAEKLSAEKPGY Y QHNGEWVKMLSRKETIAVKDGGQPETFTVWR
TLHGNVIKTDTATOTAY AKARAWDGKEVASLLAWTHOQMKAKNWPEWTQOQAAKQALTIN
WYYADVNGNIGYVHTGAYPDROPGHDPRLPVPGTGKWDWKGLLSFDLNPKVYNPQSGYIA
NWNNSPGKDYPASDLFAFLWGGADRVTEIDTILDKOPRFTADQAWDVIRQTSRRDLNLRLFL
PALKDATANLAENDPRRQLYVDKLASWDGENLYVNDDGKTYQOQPGSAILNAWLTSMLKRTVY
AAVPAPFGKWY SASGYETTQDGPTGSLNISVGAKILYEALQGDKSPIPQAVDLFGGKPQOQEV
LAALDDAWQTLSKRYGNDVTGWKTPAMALTFRANNFFGVPQAAAKEARHQAEY(QNRGTE
NDMIVFSPTSGNRPVLAWDVVAPGOSGFIAPDGKADKHYDDGLKMY ESFGRKSLWLTPGDV
DEHQESQEVLOVOLDOTEVKIVRDEYGMPHIYADDTYRLFYGYGYVVAQDRLFQMEMARR
STQGTVSEVLGKAFVSFDKDIROQNYWPDSIRAQIASLSAEDKSILQGY ADGMNAWIDKVNAS
POKLLPQOFSTFGFKPKHWEPFDVAMIFVGTMANRFESDSTSEIDNLALLTALKDKYGKQQGM
AVFNQLKWLYNPSAPTTIAARESAYPLEFDLONTOQTA (SEQ ID NO4)

SEQ 1D NG5S (PGA Variant 6 polynucleotide sequence)
AGCAATATGTGGGTGATTGGCAAAAACAAAGCUCAGGATGUGAAGGCCATTATGGTCAA
TCGGCCGCAGTTTGGTTGGTATGTGCCGGCOGTATACCTACGGTATCGGCCTGCACGGCGC
GGGUCTATGACGTCACCGGCAATACGCCGTTTGCCTATCCGGGCCTCGTTTTTGGTCACAA
CGGCACCATTTCATGGGGATCCACCGCCGGTGGTGGTGATGATGTCGATATCTTTGCCGA
AAAACTTTCCGCCGAGAAGCCOGOGCTATTACCAGCATAACGGCGAGTGGGTGAAGATGT
TGAGCCGCAAGGAGACTATIGCGGTCAAAGACGGCCAGCCGGAGACCTTTACCGTTIGG
CGCACGUTGCACGGCAACGTCATTAAAACCGATACTGCGACGCAGACCGCCTATGCCAA
AGCGCOCGCCTGGGATGGCAAAGAGUTGGCGTCCCTGCTGGCGTGGACGCACCAGATGA
AGGCCAAAAACTGGCCGGAGTGGACGCAGCAGGCGGCCAAACAGGUGCTGACCATCAA
CTGGTACTACGCCGATGTGAACGGUAATATCGGCTATGTGCATACCGGCGCCTATCCGGA
TCGCCAGCCCGGLCACGACCCGCGTTTGUCGGTTCCCGGCACTGGAAAATGGGACTGGA
AAGGGTTGCTGTCGTTTGATTTGAATCCGAAAGTGTATAACCCGCAGTCGGGCTATATCG
CCAACTGGAACAACTCGCCGCAAAAAGACTACCCGGCCTCTGATCTGTTCGCGTTCCTGT



WO 2016/179464 PCT/US2016/031132

GGOGOGCGOTGCGGATCGAGCGACTGAGATCGACACGATCCTCGATAAGCAACCGCGOTTC
ACCGCCGATCAGGCOTGOGGATOGTGATCCGUCAAACCAGUCGTCGOOGATCTCAACCTGEG
GTTGTTCTTACCGGUGCTCGAAGGACGUCACCGCCAACCTGGUGGAAAACGATCCGLGCC
GCCAACTGGTGCGATAAACTGGCGAGCTGGGACGGUGAAAACCTIGTCAACGATGACGGA
AAAACCTATCAGCAACCGGUGATCOGCGATTCTTAACGCCTGGCTGACCAGCATGCTCAA
GCGCACGOGTGOTTGCCGCGOTCCCAGCGCCOTTTGGTAAGTGGTACAGCGCCAGTGGOT
ATGAAACCACCCAGGACGGGCCAACCGOCTCGCTGAACATCAGCGTGGGGGUGAAAATC
CTCTACGAAGCTCTGCAGGGTGATAAGTCGCCAATCCCGCAGGCGGTCGATOTGTTIGEC
GOGGAAACCGCAGCAGGAAGTAATACTGGCOGGCGCTGGACGACGUTTGGCAGACGCTGTC
AAAACGCTACGGTAACGACGTCACCGGUTGGAAAACCCCTGCCATGGCGCTTACCTTCC
GGGCCAATAACTTCTICGGCGTGCCGLAGGCGOCAGCAAAAGAGGCGUGTCATCAGGCG
GAGTACCAGAACCGCGGTACGGAAAACAACATGATTGTCTTCTCACCGACGTCGGGTAA
CCOCCCGOTTCTTIGCCTGGOATOGTGUTOGCGCCGGOGCAAAGCGGTTTTATCGCGCCGGA
TGOGCAAAGCCGATAAGCACTATGACGATCAGUTGAAAATGTACGAGAGUTTTGGCCGTA
AATCGUTGTGOTTAACGCCTCAGGACGTTGACGAGCACAAAGAGTCTCAGGAAGTGUTG
CAGGTACAGTTGCGATCAGACCGAGGTTAAGATCGTTCGCCGATGAATACGGCATGCCGCA
TATTTACGCCGATGATACCTATCGACTGTTITACGGCTATGGCTACGTGGTGOGCGCAGGA
TCGCCTGTTCCAGATGGAAATCGCGCGCCGCAGTACTCAGGGGACCGTCTCCGAGGTOGCT
GGGCAAAGCATICGTCAGTTTTIGATAAAGATATICGUCAGAACTACTGGCCGGATICTAT
TCGCGCGCAGATAGUTTICCCTCTCCGUTCGAGGATAAATCCATICTGCAGGGUTATGCCGA
TGOGCATCGAATGCGTGGATCCGATAAAGTGAACGCCAGCCCCGATAAGCTGTTACCCCAGC
AGTTCTCCACCTTITGOTTITTAAACCCAAGCATTIGGGAACCGTTTGATGTGGCGATGATTTT
TGTCGGCACCATGGUGAACCGTTITICTGACAGCACCAGCGAAATTGATAACCTGGCGCT
GCTGACGGCGCTAAAAGACAAATACGGCAAGCAGCAGGGCATGGCOGUTCTTTAACCAGC
TGAAATGGCTOGOGTTAATCCTTCCGCGCCAACCACCATTIGCGGUGCGHLAAAGCGCCTATC
CGCTGAAGTTTGATCTGCAAAACACGCAAACGGUGTAA (SEQ ID NO:S)

SEQ ID NG:6 (PGA Variant 6 polypeptide sequence)
SNMWVYIGKNKAQDAKAIMYNGPOFGWY VPAYTYGIGLHGAGYDVTGNTPFAYPGLVEGH
NGTISWGSTAGGGDDVDIFAEKLSAEKPGYYQHNGEWVKMLSRKETIAVKDGQPETFTVWR.
TLHGNVIKTDTATQTAYAKARAWDGKEVASLEAWTHOMEKAKNWPEWTQQAAKQALTIN
WYYADVNGNIGYVHTGAYPDROPGHDPRLPVPGTGREWDWEGLLSFDLNPKVYNPQSGYIA
NWNNSPOKDYPASDLFAFLWGGADRATEIDTILDKOPRFTADQAWDVIRQGTSRRDLNLRLFL
PALKDATANLAENDPRROLYVDKLASWDGENLYNDDGKTY QOPGSAILNAWLTSMLKRTVY
AAVPAPFGKWY SASGYETTODGPTGSLNISVGAKILY EALQGDKSPIPQAVDLFGGKPQUEV]
LAALDDAWGQTLSKRYGNDVTGWEKTPAMALTFRANNFFGVPQAAAKEARHQAEYQNRGTE
NNMIVFSPTSGNRPVLAWDVVAPGOSGFIAPDGRKADKHYDDOLKMY ESFGRESLWLTPGDVY
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DEHKESQEVLOVQLDOTEVIKIVRDEYGMPHIYADDTYRLFYGYGYVVAQDRLFOMEMARR
STOQGTVSEVLGKAFVSFDKBIRQNYWPDSIRAQIASLSAEDKSHLQGY ADGMNAWIDKVNAS

PDKLLPQQFSTFGFKPKHWEPFDVAMIFVGTMANRFSDSTSEIDNLALLTALKDKYGKQOGM
AVFNQLKWLYNPSAPTTIAARESAY PLKFDLONTQTA (SEQ 1D NO:6)

SEQ ID NG:7 {PGA Variant 53 polynuclestide sequence)
AGCAATATGTGGGTGATTGGCAAAAACAAAGCCCAGGATGCGAAGGCCATTATGGTCAA
TGGGCCGCAGTTTGGTTGGTTTAATCCGGCGTACACCTACGGTATCGGCCTGCACGGCGC
GGOCTATGACGTCACCGGCAATACGCCOTITGCCTATCCGGGCCTCCTGTTTGGTCACAA
CGGCACCATTTCATGGGGATCCACCGCCGOTGGTGGTGATGATGTCGATATCTITGLCGA
AAAACTTTCCGCCGAGAAGCCGGGUTATTACCAGCATAACGGUGAGTGGGTGAAGATGT
TGAGCCGCAAGGAGACTATTGCGGTCAAAGACGGCCAGCCGGAGACCTTTACCATTTGG
CGCACGCTGCACGGCAACGTCATTAAAACCGATACTGCGACGCAGACCGCCTATGCCAA
AGCGCGCGCCTGGGATGGCAAAGAGGTGGCGTCCCTGUTGGCGTGGACGCACCAGATGA
AGGCCAAAAACTGGCCGGAGTGGACGCAGCAGGUGGUCAAACAGGCGCTGACCATTAA
CTGGTACTACGCCGATGTGAACGGCAATATCGGCTATGTGCATACCGGCGCCTATCCGGA
TCGCCAGCCCGGCCACGACCCGCOGTITGCCGUTTCCCGGCACTGGAAAATGGGACTGGA
AAGGGTTGCTGTCGTITGATITGAATCCGAAAGTGTATAACCCGCAGTCGGGCTATATCG
CCAACTGGAACAACTCGUCGCAAAAAGACTACCCGGCCTCTIGATCTGTTICGCGTICOTGT
GGGGCGGTGUGGATCGAGTTACTGAGATCGACACGATCCTCGATAAGCAACCGCGCTTC
ACCGCCGATCAGGCUGTGGGATGTGATCCGCCAAACCAGCCOGTCGGGATCTCAACCTGCG
GTTIGTICTTACCGGCGCTGAAGGACGCCACCGUGAACCTGGCGGAAAACGATCCGCGCC
GCCAACTGGTGGATAAACTGGCGAGCTGGGACGGCGAAAACCTTIGTCAACGATGACGGA
AAAACCTATCAGCAACCGGGATCGGCGATTCTTAACGCOTGGCTGACCAGCATGCTCAA
GUGCACGGTGGTTGCCGCGGTCCCAGCGCCATTTGOTAAGTGGTACAGCGCCAGTGGCT
ATGAAACCACCCAGGACGGGUCAACCGGUTCGUTGAACATCAGCGTGGGGGCGAAAATC
CTCTACGAAGUTCTGCAGGGTGATAAGTCGUCCAATCCCGCAGGCGGTCGATCTGTTTGGC
GGGAAACCGCAGCAGGAAGTAATACTGGUGGCGUTGGACGACGCTTGGCAGACGCTGTC
AAAACGCTACGGTAACGACGTCACCGGCTGGAAAACCCCTGCCATGGCGCTTACCTICC
GGGCCAATAACTTICTTCGGUGTGCCGCAGGLGGLAGCAAAAGAGGUGCGTCATCAGGLG
GAGTACCAGAACCGCGGTACGGAAAACGACATGATTGTCTTCTCACCGACGTCGGGTAA
CCGCCCGOTTICTTGCCTGGGATGTGGTGGCGCCGGOGCAAAGCGGTTTTATCGCGCCGGA
TGGCAAAGUCGATAAGCACTATGACGATCAGCTGAAAATGTACGAGAGCTTTGGCCGTA
AATCGCTGTGGTTAACGUCTCAGGACGTTGACGAGCACCAAGAGTCTCAGGAAGTGCTG
CAGGTACAGTTGGATCAGACCGAGGTTAAGATCGTTCGUCGATGAATACGGCATGCCGCA
TATTTACGCCGATGATACCTATCGACTGTTTTACGGCTATGGCTACGTGGTGGCGCAGGA
TCGCCTGTTCCAGATGGAAATGGCGUGCCGCAGTACTCAGGGGACCGTCTCCGAGGTGCT
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GGGCAAAGCTITCOTTTICTTITTIGATAAAGATATTCGCCAGAACTACTGGCCGGATICTAT
TCGCOGCGCAGATAGCTTCCCTCTCCGUTCGAGGATAAATCCATTCTGCAGGGUTATGUCGA
TCGGCATGAATGUGTGGATCCGATAAAGTGAACGCCAGCCCCGATAAGCTGTTACCCCAGE
AGTTCTCCACCTTIGOTTTTAAACCCAAGCATIGGGAACCGTTIGATGTGGCCGATGATTTT
TGTCGGCACCATGGCGAACCOGTTICTCTGACAGCACCAGCGAAATTGATAACCTGGCGCT
GCTGACGOCGCTAAAAGACAAATACGGCAAGCAGCAGGGCATGGCGGTCTTTAACCAGC
TGAAATGGUTGOGTTAATCCTICCGUGLCCAACCACCATIGCGGCGCGGGAAAGCGLCTATC
COGCTGAAGTTTGATCTGCAAAACACGCAAACGGCGTAA (SEQ D NOT)

SEQ 1D NG:8 (PGA Variant 53 polypeptide sequence)
SNMWVIGKNKAQDAKAIMYNGPOQFGWENPAYTYGIGLHGAGY DVTGNTPFAY PGLLFGHN
GTISWGSTAGGGDDVDIFAEKLSAEKPGYYQHNGEWVKMLSRKETIAVKDGQPETFTVWRT
LHGNVIKTDTATQTAYAKARAWDGRKEVASLLAWTHOMKAKNWPEWTQOQAAKQALTINW
YYADVNGNIGYVHTGAYPDROPGHDPRLPYPGTGKWDWERGLLSFDENPKVYNPQSGYIAN
WNNSPOKDYPASDLFAFLWGGADRVTEIDTILDKOPRFTADQAWDVIRQTSRRDLNLRLFLP
ALKDATANLAENDPRROLVDKLASWDGENLVNDDGRKTYQQPGSAILNAWLTSMLKRTVVA
AVPAPFGKWYSASGYETTQDGPTGSLNISVGAKILY EALQGDKSPIPQAVDLFGGKPQQEVIL
AALDDAWQTLSKRYGNDVTGWKTPAMALTFRANNFFGVPQAAAKEARHGAEYQNRGTEN
DMIVFSPTSGNRPVLAWDVYVAPGQSGFIAPDGKADKHYDDOQLKMYESFGRKSLWLTPGDVD
FHQESQEVLOQVQLDQTEVKIVRDEYGMPHIY ADDTYRLFYGYGYVVAQDRLFQMEMARRS
TQGTVSEVLGRAFVSFDKDIRONYWPDSIRAQIASLSAEDKSILQGYADGMNAWIDKVYNASP
DKLLPQGFSTFGFRPKHWEPFDV AMIFVGTMANRFEFSDSTSEIDNLALLTALKDKYGRKGQGM
AVFNQLKWLYNPSAPTTIAARESAYPLKFDLONTGQTA (SEQ 1D NO:B)

SEQ ID NG9 (PGA Variant 261 pelynucieotide sequence)
AGCAATATGTGGOGTGATTGGCAAAAACAAAGCCCAGGATCGCGAAGGCCATTATGGTCAA
TGGGCCGCAGTTIGGTTGGTATAATCCGGCGTATACCTACGGTATCGGUCTGCACGGCGC
GGGCTATGACGTCACCGGCAATACGCCOGTTIGCCTATCCQGGCCTCCTTTITIGGTCACAA
CGOGCACCATTTCATGGOGGATCCACCGCCGGTGCCGGTCGATGTCOTCGATATCTITGCCGA
AAAACTTTCCGCCGAGAAGCCGOGCTATTACCAGCATAACGGCGAGTGGGTCGAAGATGT
TGAGCCGCAAGGAGACTATIGCGGTCAAAGACGGCCAGCCGGAGACCTTITACCGTTIGG
CGCACGCTGCACGOCAACGTCATTAAAACCGATACTGCCGACGCAGACCGCCTATGCCAA
AGCGCGCGCCTOOGATOGCAAAGAGGTGGCGTCCOTGCTGGCGTGGACGCACCAGATGA
AGGCCAAAAACTGGCCGOAGTGOACGCAGCAGGCGGCCAAACAGGCGUTGACCATCAA
CTGGTACTACGCCGATGTGAACGGCAATATCGGCTATGTGCATACCGGCGCCTATCCGGA
TCGCCAGCCCOGGCCACGACCCGCGTTTGCCGGTTCCCGGCACTGGAAAATGGGACTGGA
AAGGOGTTGCTGTCGTTITGATTTGAATCUGAAAGTGTATAACCCGCAGTCGGGCTATATCG
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CCAACTGOGAACAACTCOGCCGCAAAAAGACTACCCGGCCTCTGATCTGTTICGCOGTICCTOT
GGOOGCOOTOGCGGATCGAGCGACTGAGATCGACACGATCCTCGATAAGCAACCGCGOTTC
ACCGCCCGATCAGGCGTGGOATGTCGATCCGUCAAACCAGCCGTCGOUGATCTCAACCTGEG
GTTGTTCTTACCGGUGLCTGAAGGACGCCACCGCCAACCTGGUGGAAAACGATOCGLGCC
GCCAACTGOGTGCGATAAACTGGCGAGCTGOGGACGGCOGAAAACCTTIGTCAACGATGACGGA
AAAACCTATCAGCAACCGGOGATCGGCGATTCTTAACGCCTGGCTGACCAGCATGCTCAA
GCGCACGGTGOTIGCCGCGUTCCCAGCGCCOTITGGTAAGTGGTACAGCGUCAGTGGLT
ATGAAACCACCCAGGACGGGCCAACCGOCTCGCTGAACATCAGCGTGGGGGUGAAAATC
CTCTACGAAGCTCTGCAGOGGTCGATAAGTCGCCAATCCCGCAGOGCGOGTCGATCTOGTTTGGC
GGOGAAACCGCAGCAGGAAGTAATACTGGCGGCGCTGGACGACGUTTIGGCAGACGCTGTC
AAAACGCTACGGTAACGACGTCACCGGUTGGAAAACCCCTGUCATGGCGCTTACCTTCL
GGGCCAATAACTTICTTICGGCGTGCCGCAGGUGGCAGCAAAAGAGGUGUGTCATCAGGCG
GAGTACCAGAACCGCGOTACGGAAAACAACATGATTIGTCTTCTCACCGACGTCGGGTAA
CCGCCCGOTTCTIGCCTGGOATOTGUTOGCGCCGGGGCAAAGCGOGTTTTATCGCGUCGGA
TGGUCAAAGCCGATAAGCACTATGACGATCAGUTGAAAATGTACGAGAGCTTTIGGCCGTA
AATCGUTGTGGTTAACGCCTCAGGACGTTGACGAGCACAAAGAGTCTCAGGAAGTGUTG
CAGGTACAGTTGGATCAGACCGAGOGTTAAGATCOTTCGCGATGAATACGGCATGCCGCA
TATTTACGCCGATGATACCTATCGACTGTTTTACGGCTATGGCTACGTGGTGGUGCAGGA
TCGCCTGTTCCAGATGGAAATGGCGCGCCGCAGTACTCAGGGGACCGTUTCCGAGGTOLT
GGGCAAAGCATTICGTTTICATITGATAAAGATATICGCCAGAACTACTGGCCGGATTICTAT
TCGCGCGCAGATAGCTTCCCTCTCCGCTCGAGGATAAATCCATICTGCAGGGCTATGCCGA
TGOGCATGAATGCGTGGATCGATAAAGTGAACGCCAGCCCCGATAAGCTGTTACCCCAGC
AGTTCTCCACCTTITGOGTTTTAAACCCAAGCATIGGGAACCGTTTIGATGTGGCGATGATTTT
TCTCGOGCACCATGOGCGAACCOTTTITCTGACAGCACCAGCGAAATTGATAACCTGGCGCT
GUTGACGGCGCTAAAAGACAAATACGGCAAGCAGCAGGGCATGGUGOTCTTITAACCAGC
TGAAATGGCTOGOGTTAATCCTTCCGCGCCAACCACCATTIGCGGUGCGHLAAAGCGCCTATC
CGCTGAAGTTIGATCTGCAAAACACGCAAACGGUGTAA (SEQ 1D NO:9)

SEQ ID NOG:19 (PGA Variant 261 polypeptide sequence)
SNMWVIGKNKAQDAKAIMVYNGPOFGWYNPAYTYGIGLHGAGYDVTGNTPFAYPGLLFGHN
GTISWGSTAGAGDVVDIFAEKLSAEKPGYYOQHNGEWVEKMLSRKETIAVEDGQPETFTVWRT
LHOGNVIKTDTATOTAYAKARAWDGKEVASLLAWTHOMEAKNWPEWTQQAAKQALTINW
YYADVNGNIGYVHTGAYPDRQPGHDPRLPVPGTGKWDWKGLLSFDLNPRKVYNPQSGYIAN
WNNSPOQKDYPASDEFAFLWGGADRATEIDTILDKQPRFTADQAWDVIRQTSRRDLNLRLFLP
ALKDATANLAENDPRROLVDKLASWDGENLYNDDGKTYQOQPGSAILNAWLTSMEKRTVVA
AVPAPFGKWYSASGYETTODGPTGSLNISVGAKILY EALQGDKSPIPQAVDLFGGRKPQQEVIL
AALDDAWQTLSKRYGNDVIGWKTPAMALTFRANNFFGVPQAAAKEARHQAEYQNRGTEN
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NMIVFSPTSGNRPVLAWDVVAPGOSGFIAPDGKADKHYDDQLEKMYESFGRKSLWLTPQDVD
EHKESQEVLOVQLDQTEVKIVRBEYGMPHIY ADDTYRIFYGYGYVVAQDRLFQMEMARRS
TOGTVSEVLGKAFVSFDKDIRONY WPDSIRAQIASLSAEDKSILOGY ADGMNAWIDKVNASP
DEKLLPOQFSTFGFKPKHWEPFDVAMIFVGTMANRESDSTSEIDNLALLTALKDKYGKQOGM
AVFNQLKWLVNPSAPTTIAARESAYPLEFDLONTQTA (SEQ ID NO:10)

SEQ ID NG:11 (PGA Variant 258 polynucieotide sequence}
AGCAATATGTGGGTGATTGGCAAAAACAAAGCCCAGGATGCGAAGGCCATTATGGTCAA
TGGGCCGCAGTTTGOGTTGGTATAATCCGGCGTATACCTACGGTATCGGCCTGCACGGCGC
GGGCTATGACGTCACCGGCAATACGCCGTTTGCCTATCCGGGCCTCCTITITGGTCACAA
CGGUACCATTTCATGGGGATCCACCGUUGGTGUCGGTCGATAGCGTCGATATCTTTIGCCGA
AAAACTTTCCGCCGAGAAGCCGGGCTATTACCAGCATAACGGUGAGTGGGTGAAGATGT
TGAGCCGCAAGGAGACTATIGCGGTCAAAGACGGCCAGCCGGAGACCTTTACCGTTTGG
CGCACGCTGCACGGCAACGTCATTAAAACCGATACTGCGACGCAGACCGCCTATGCCAA
AGCGCGCGCCTGGGATGGCAAAGAGGTGGCGTCCCTGUTGGCGTGGACGCACCAGATGA
AGGCCAAAAACTGGCCGGAGTGGACGCAGCAGGCGGCCAAACAGGCGUTGACCATCAA
CTGGTACTACGCCGATOGTGAACGGCAATATCOGGCTATGTGCATACCGGCGCCTATCCGGA
TCGCCAGCCCGGCCACGACCCGCOTTITGCCGGTTCCCGGCACTGGAAAATGGGACTGGA
AAGGGTTGCTGTCGTTTGATITGAATCCGAAAGTGTATAACCCGCAGTCGGGCTATATCG
CCAACTGGAACAACTCGCCGCAAAAAGACTACCCGGCCTCTGATCTGTTCGCGTTCCTGY
GGGGCGOTGCGGATCGAGCGACTGAGATCGACACGATCCTCGATAAGCAACCGCGCTTC
ACCGCCGATCAGGUGTGGCGATGTGATCCGCCAAACCAGCCGTCGGGATCTCAACCTGCG
GTTGTTCTTACCGGCGCTGAAGGACGCCACCGUCAACCTGGCGGAAAACGATCCGCGCC
GCCAACTGOTOGGATAAACTGGCGAGCTGGGACGGCGAAAACCTTGTCAACGATGACGGA
AAAACCTATCAGCAACCGGGATCGGCGATTCTTAACGUUTGGCTGACCAGUATGCTCAA
GUGCACGGTGGTTGCCGCGGTCCCAGCGCCATTTGOTAAGTGGTACAGCGCCAGTGGCT
ATGAAACCACCCAGGACGGGUCAACCGGUTCGUTGAACATCAGCGTGGGGGCGAAAATC
CTCTACGAAGCTCTGCAGGGTGATAAGTCGCCAATCCCGCAGGUGGTCGATCTGTTTGGC
GGGAAACCGCAGCAGGAAGTAATACTGGCGGCGCTGGACGACGCTIGGCAGACGCTGTC
AAAACGCTACGGTAACGACGTCACCGGCTGGAAAACCCOTGCCATGGUGUTTACCTTCC
GGGCCAATAACTTCTICGGCGTGCCGCAGGCGGCAGCAAAAGAGGCGCGTCATCAGGCG
GAGTACCAGAACCGCGGTACGGAAAACAACATGATTGTCTTICTCACCGACGTCGGGTAA
CCGCCCOOTTCTTIGCCTGGGATGTGOTGGLGUCGGGGCAAAGCGGTTTTATCGCGCCGGA
TGGCAAAGUCGATAAGCACTATGACGATCAGCTGAAAATGTACGAGAGCTTTGGCCGTA
AATCGCTGTGGTTAACGCCTCAGGACGTTGACGAGCACAAAGAGTCTCAGGAAGTGCTG
CAGGTACAGTIGGATCAGACCGAGGTTAAGATCGTTCGCGATGAATACGGCATGCCGCA
TATTTACGCCGATGATACCTATCGACTGTTTTACGGCTATGGCTACGTGGTGGCGCAGGA
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TCGCCTGTTCCAGATGOGAAATGGCGCGCCGCAGTACTCAGGGGACCGTCTCCGAGOGTGCT
GGOGCAAAGCATTICOGTTAAGTTTGATAAAGATATTCGCCAGAACTACTGGCCGGATICTAT
TCGCOGCGCAGATAGCTTCCCTCTCCGUTCGAGGATAAATCCATICTGCAGGGLTATGLCGA
TGGCATGAATGCGTGGATCCGATAAAGTGAACGCCAGCCCCGATAAGCTGTTACCCCAGC
AGTTCTCCACCTTTGOGTTTTAAACCCAAGCATIGGGAACCGTTIGATOGTGGCGATGATTTT
TGTCGGCACCATGGUCGAACCOGTTITICTCGACAGCACCAGCGAAATTGATAACCTGGCGCT
GCTGACGGUGCTAAAAGACAAATACGGCAAGCAGCAGGGCATGGCGGTCTTTAACCAGC
TCGAAATGGUTGOGTTAATCCTTICCGCGUCCAACCACCATIGCGGCGCGGGAAAGCGUCTATC
CGCTGAAGTTTGATCTGCAAAACACGCAAACGGCGTAA (SEQ ID NOG:LD

SEQ ID NG:12 (PGA Variant 258 polypeptide sequence)
SNMWVIGKNKAQDAKAIMYNGPOQFGWYNPAYTYGIGLHGAGYDVTGNTPFAY PGLLFGHN
GTISWGSTAGAGDSVDIFAEKLSAEKPGYYQHNGEWVKMLSRKETIAVKDGQPETFTVWRT
LHGNVIKTDTATQTAY AKARAWDGKEVASLLAWTHOMKAKNWPEWTRQQAAKQALTINW
YYADVNGNIGYVHTGAYPDRGPGHDPRLPVPGTGKWDWKGLLSFDENPKVYNPQSGYIAN
WNNSPQKDYPASDLFAFLWGGADRATEIDTILDKOPRFTADQAWDVIRQTSRRDLNLRLFLP
ALKDATANLAENDPRRQLVDKLASWDGENLYVNDDGRKTYQQPGSAILNAWLTSMLKRTVVA
AVPAPFGKWYSASGYETTQDGPTGSLNISVGAKILY EALQGDKSPIPGAVDLFGGKPQGEVIL
AALDDAWQTLSKRYGNDVTGWKTPAMALTFRANNFFGYPOQAAAKEARHGQAEYQNRGTEN
NMIVFSPTSGNRPVLAWDVVAPGQSGFIAPDGKADKHYDDQLKMYESFGRKSLWLTPGDVD
EHKESQEVLOVOLDQTEVKIVRDEYGMPHIYADDTYRLFYGYGYVVAQDRLFOMEMARRS
TOGTVSEVLGKAFVKFDREDIRONYWPDSIRAQGIASLSAEDKSILGGY ADGMNAWIDKVNASP
DKLLPQOFSTFGFKPKHWEPFDVAMIFVGTMANRFSDSTSEIDNLALLTALKDKYGKQQGM
AVFNQLKWLVYNPSAPTTIAARESAYPLKFDLONTGTA (SEQ ID NG:12)

EXAMPLE 1

E. coli Expression Hosts Containing Recombinant PGA Genes
[3164] The minal PGA enzymes used to produce the variants of the present mveniion were obtaned
from the Codex®™ Acylase Panel (Codexis). The PGA panel plate comprises a collection of engineered
PGA polypeptides that bave improved properties, as compared to the wild-type Kanyvera citrophila
PGA. The wild type PGA gene is a heterodimer consisting of alpha subunit (23 .8 KDa) and beta
subunit (62 .2K.Da} tinked by 34aa spacer region. Due to the presence of spacer region, an
autoprocessing step 1s required to form the active protein. The wild-type gene was modified to
climinate the spacer region thus eliminating the auto processing step. The Codex™ Acylase Panel
{Codexis) contains PGA variants that lack the spacer region (Sec e.g., US Pat. Appin. Publn.

2010/0143968 A1), The PGA-encoding genes were cloned into the expression vector pCK1T10900
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{See, FIG. 3 of US Pat. Appln. Publn. No. 2006/0195947) operatively linked to the lac promoter
ander control of the lacl repressor. The expression vector also contains the P15a ongin of replication
and the chloramphenicol resistance gene. The resulting plasmids were transformed into £, coli
W3110, using standard methods known in the art. The transformants were isolated by subjecting the
cells to chloramphenicol selection, as known m the art (See ¢.g.. US Pat. No. 8,383,346 and

W02010/144103).

EXAMPLE 2

Preparation of HTP PGA-Containing Wet Cell Pellets
[8165] 7. coli cells containing recombinant PGA-encoding genes from monoclonal colonies were
moculated into 180wl LB containing 1% glucose and 30 ug/mbL chioramphenicol in the wells of 96
well shaliow well microtiter plates. The cultures were grown overnight at 30°C., 200 pm and 3%
humidity. Then, 10ul of each of the cell cultures were transferred nto the wells of 96 well deep well
plates containing 390 mbL TB and 30 pg/mL CAM. The deep-well plates were ncubated for 3 hours
{(OD600 0 6-0.8) at 30°C, 250 rpm and 853% humidity. The cell cultures were then induced by IPTG o
a final concentration of 1 mM and incubated overnight under the same conditions as oniginally used.
The cclls were then pelleted using centrifugation at 4000 rpm for 10 min. The supematants were

discarded and the pellets frozen at -80°C prior to lysis.

EXAMPLE 3

Preparation and Analysis of HTP PGA-Containing Cell Lysates
[3166] First, 250ud lysis buffer containing 20 mM Tris-HCI buffer, pH 7.5, 1 mg/mL lvsozyme, and
0.5 mg/mL PMBS was added to the cell paste in cach well produced as deseribed i Example 2. The
cells were lysed at room temperature for 2 hours with shaking on a bench top shaker. The plate was
then centrifuged for 15 min at 4000 rpm and 4° C. The clear supernatants used in biocatalytic
reactions to determine their activity levels.
18167} The activity of the PGA vanants was evaluated based on the efficiency of the variant in
rermoving the three phenvl acetate groups chemically attached 1o the Al {glycine), Bl (phenvlalanine),
and B29 (Lysme) residues of insulin, HTP reactions were carried out in 96 well deep well plates.
First, 0.3 ml of the reaction mixture contained 0. 1M Tns-HCl, pH 8.0, 5g/L. tri-protected msulin and
HTP lysate between 25-125ud ( depending on the linear curve). The HTP plates were incubated in
Thermotron® shakers (3 mm throw, model #AJ185, Infors at 30°C. 300rpm), for 6 or 22 hrs. The
reactions were quenched with 300u] acetomitrile and mixed for 3 mins using a bench top shaker. The
plates were then centrifuged at 4000rpm for 2 mins and loaded into an HPLC for analvsis. An Agilent
echpse XDB C18, Sum, 2.1 x 150mm cohumn was used to analyze the HTP samples. The flow rate
was set to (.5ml/min and the temperature was set to 50°C. Mobile phase A was water + 0.05% TFA,

and mobile phase B was acetonitrile + 0.05% TFA. The rantime was 7.2 munutes, with injection
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overlap enabled. The gradient was 75% mobile phase A in 0.2 minutes, 55% mobile phase A n 49
9

manutes, 3% mobile phase A in 3 dminutes, back to 75% mobile phase A in 5.9 minutes.

EXAMPLE 4

Preparation and Analysis of Lyophilized Lysates from Shake Flask (SF) Cultures
[0168] Selected HTP cultures grown as described above were plated onto LB agar plates with 1%
glucose and 30 pg/ml CAM and grown overnight at 37 °C. A single colony from cach culture was
transterred to 50 md of LB with 1% glucose and 30ug/ml CAM. The culturcs were grown for 18 b at
30°C, 250 rpm, and subcultured approximately 1:10 into 250 ml of TB contaming 30 pg/ml CAM, 1o
a final ODge 0of 0.2, The cultures were grown for 135 minutes at 30°C, 250 rpm, to an OBy between
0.6-0.8 and induced with 1 mM PTG, The cultures were then grown for 20 h at 30°C, 250 rpny. The
culturcs were centrifuged 4000 mm x 20 nun. The supematant was discarded, and the pellets were
resuspended in 30 mi of 30 mM sodium phosphate, pH 7.5, The cells were pelieted (4000 rpm x 20
min} and frozen at -80°C for 120 minutes. Frozen pellets were resuspended in 30 ml of 50 mM
sodium phosphate pH 7.5, and lvsed using a Microfluidizer system (Microfluidics) at 18,000 psi. The
bysates were pelleted (10,000 rpm x 60 nun} and the supematants were frozen and lvophilized to
generate shake flake (SF) enzymes.
[8169] The activity of selected shake flask PGA variants was evaluated based on the efficiency of the
variants i removing the three phenyl acetate groups chemically attached to the A1 (glveineg), Bl
{phenvlalanme), and B29 (bysine) residues of insulin. The shake flask reactions were carried out in 96
well deep well plates.  First, 0.3ml of the reaction mixture contamed 0.1M Tns-HCL, pH 8.0, Sg/L tn-
protected imsulin, shake flask lysate between 0.1-0 8g/L.. The decp well reaction plates were incubated
in Thermotron® shakers (3 mm throw, model # AJ183, Infors) at 30°C, 300rpm, for 22 or 6 hre {22hrs
for round 1 evolution and 6 hrs for round 2 evolution). The reactions were quenched with 300ul
acetonitrile and mixed for 3 mms on a bench top shaker. The plates were then centrifuged at 4000rpm
for 2 mins and loaded into HPLC for analysis. An Agilent eclipse XDB C18, Spm, 2.1 x 150mm
codumns was used to analyze the HTP samples. The flow rate was set io 0.6ml/min and the
temperature was set to 50°C. Mobile phase A was water + 0.05% TFA and mobile phase B was
acetonttrile + 0.05% TFA. The runtime was 18.2 minutes with injection overlap enabled. The
gradient was 80% mobile phase A in 0-1 minetes, 60% mobile phase A in 12 mimutes, 3% mobile

phase A in 15 mimites, back to 80% mobile phase A in 16 minutes.

EXAMPLE S
Round 1 Evelution Backbone Selection, Construction and Screening
{0170} Following the HTP protocol described in the above Examples, the Codex™ Acvlase Panel
{Codexis) was evaluated using the shake flask protocols described in Example 4. One of the vanants,

designated as “Variant 17 from the Codex" Acvlase Panel (SEQ ID NG:4) gencrated 54% free insulin
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with 0.8g/L. shake flask lvsate loading n 22 hrs. A substrate inhubition study was conducted using
Variant 1 {See, Figure 1}, With the increasing concentration of the tri-protected msulin substrate,
generation of free insulin catalyzed by Variant 1 decreased significantly. In 5 hrs., free insulin
generation dropped from 82% with 1g/L. substrate loading to 2% with 10g/L substrate loading at a
fixed enzyme loading of 0.8g/L.. While it 1 not intended that the present invention be limited 1o any
particular mechanism, these results suggest that higher concentrations of the tri-protected insulin
substrate caused substrate inhibition. The amount of free insulin production increased at lower
substrate concentration (See ¢.g., Wang ct al., Biopolymer 25:5109-5114 [1986]}. Thus, one of the
advaniages provided by the present invention 1s the production of PGA vanants that overcome
substrate mhibition. This Vartant was chosen as the backbone for the first round evolution. A
homology mode! of Variant 1 was built using 2. coli PGA as template (the £ coli PGA has 87%
sequence identity o the wild-type K. citrophila PGA). Tri-protected nsubin was docked into the
active site of Variant 1 to assess its interaction with PGA . Then, 96 positions m its amino acid
sequence were chosen for the first round of evolution, covering the st layer (amino acid residues
within 5-6A) and part of the Znd laver (amino acid residues within 6-12A) of the active site and tri-
protected insulin binding site. Two combinatorial Hibrarics were also designed, based on an analysis of
the PGA panel screening results and consensus mutations. All of the HTP screenings for the variants
obtained in this first round of evolution were conducted using the same protocols as described above,
with the final reaction time point being 22 hrs. Active mutations with corresponding fold-
improvement m total activity over Varant 1 are shown in Table 5.1, below. In this Table, the

positive control is Vanant 1 (SEQ 1D NG:4).

Table 5-1. Active Mutations and FIOPC Resulis for Round 1 Variants

Variant # Fiopl Active Mutations {as compared to Variant 1}

2 -+ V36LV264A A308T. TI79A . D484N

3 _ G7TIF.D74G

4 + Q54T L711Q:8750G

5 G7IF.D74G

6 et V264 A D484NQS4TK

7 _ GTIEDT4G

% G71F.D74G

g 4t V36LA308T, T379A  D484N

10 _ F3678.1L754P

i1 + Va6l

i2 G7IF.D74G

i3 ++ D484N
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Table 5-1. Active Mutations and FIOPC Results for Round 1 Variants

Variant # FIOPC Active Metations {as compared to YVariant 1}
i4 et V264A A308T.T379A . DARAN Q347K
is L754P
16 B G7IFD74G
17 _ V264A:A308T.L711Q
1% G7IF.D74G
i9 At V264ATITOA D4R4AN 5750 L754P
20 + TI79A.Q547K
21 et Q547K
22 4 V36 T379A.5750G
23 _ Q547K L711Q
24 _ G7TIF.D74G
25 Q547K L711Q
26 G7IF.D74G
27 ++ V56LD484N L7110
28 + Q547K 1L.754P
29 G71F.D74G
30 Y27F TI3IN.G368D;5619K
31 _ G7TIF.D74G
32 + Y2TF V28N G368 8372 A616T V6 IR SO 19K
33 G7IF.D74G
34 + V28N, TI3IN
35 + Y27F.(G368D.S372L.8619K
36 Y27F.S372L,V6I8LS619K
37 Y2TFV36L:A127V . 8372L.8619K
38 + Y27F. V28N, Q134H.A616D;86 19K
39 ++ H27V.Q134HG368D. VO I8 86 19K
40 + Y2TFHI27TV TI3INA616D VEI8ESATI0K
41 + TI3IN:S372L
42 _ G71F.D74G
43 + V5oL H27V . TI3IN.QI134H;G368DA616D
44 G71F.D74G
45 B G7IFD74G
46 ++ Y27F.V56L.G36813,8372L

(3
N2
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Table 5-1. Active Mutations and FIOPC Results for Round 1 Variants

Variant # FIOPC Active Metations {as compared to YVariant 1}
47 V2ENTIZ7V T13ING368D,8372L
48 4 /28N G368D,A616D.VGIBLS616K
49 + V28N V36L.8372L
50 + V28N AGI618619K
51 + Q134H
32 A+ Y27F,V2ENTI3IN.Q134H,G368D:A6160,VO18L,5619K
33 ++ Y27F V28N V56L
54 G71F.D74G
55 V561, Q134H. G363, A616D
56 B G7IFD74G
57 ++ Y2TF V28N TI3IN,G368D:5619K
5% G7IF.D74G
39 4+ Y27F.S619K
60 _ G71F.D74G
61 ++ Y27F V28N VS6L TIZ INQ134H:8619K
62 Y27F.G368D, 8372, Va1818619K
63 G71F.D74G
64 + V36L:G368D:A616D. V618
63 + Y2TFV28NTI2TV TI3INGI68D A6 6D VO IBLS619K
66 + V28N TI3IN;8372L
67 bt V28N:S619K
68 + V56L:83721;A616D:8619K
69 et Y27F V28N VS6L 1127V Q134H,(G368D;8372L,86 19K
70 o V28N TI3IN
71 +++ Y2TEVS6LAI2TV V6 IRLS619K
72 + 27V TI31IN
73 G7IF.D74G
74 A+ Y27F, V28N, A616D;V6181:5619K
75 ++ V56L
76 ++ Y27F V28N V56L,G3680
77 G71F.D74G
78 + Y2TE V56183721
79 ++ S619K
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Table 3-1. Active Mutations and FIOPC Resuits for Round 1 Variants

Variant # FIOPC Active Metations {as compared to YVariant 1}

80 G71F.D74G

81 Y2TF V28N 127V .Q134H. A616D:5619K

82 + VA6L 27V, T13IN;8325R, Vo 18L8619K

83 + Y2TFV56L 27V Q134H.G368D 83721

%4 + Y2TF 27V TI3IN,G368D

83 A+ Y2T7F 1127V G368, 8372L:V6I8LS619K

86 + V28N

87 Y27F V361127V Q134H;8372L,V6181:8619K

88 et Y2TF V28N, V5oL, V6isl

89 B G7IFD74G

90 + G368D.83721L,VHI8LS619K

91 G7IF.D74G

92 A D74P

93 ++ G71A;D748

94 ++ GTIADT4Y

95 4+ G71AD74V

96 D74A

97 +++ GTIAD74V

98 ++ D748

99 +-+ D747

100 bt G7TI1ADT4N

101 +++ D748

102 4+ D74G

103 4t D74G

104 +++ D74N

105 ++ G71ADT4A

106 +-+ D74V

107 e G71A; D748

108 4+ D74N

109 ++ B74G

110 -t D748

11 ++ D74P

112 ++ D74N
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Table 5-1. Active Mutations and FIOPC Results for Round 1 Variants

Variant # FIOPC Active Metations {as compared to YVariant 1}
113 4+ D74N
114 P49HM69TR
115 + D74H
116 + 132D
117 + P418Q
118 + V561D74L
119 +++ D3%LF
120 At K369C
121 Aot 388G
122 +++ 381K
123 ++ A255G
124 +-+ L2338
125 4+ Y27T:
126 ++ D38IW
127 ++ N348R.
128 et F254%
129 o 381W
130 ++ A3731
131 ++ L237N
132 +-+ L2353V
133 4+ W3701
134 ++ A255L
135 et A373L
136 o T384R
137 ++ Q380K
138 ++ D38IM
139 +-+ T384P
140 4+ D381t
141 ++ W240F
142 ++ DB381Q
143 et L3871
144 ++ 381G
145 ++ L2533W

LA
(o]
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Table 3-1. Active Mutations and FIOPC Resuits for Round 1 Variants
Variant # FIOPC Active Metations {as compared to YVariant 1}

146 4+ AZ35M
147 4t /360A
148 ++ W3T0F
149 ++ N348H
150 +-+ L233W
151 4+ N3885
152 ++ p3gic
153 4+ AZ53R
154 4 L253F
155 ++ 348R
156 ++ D381L
157 t A255Y
158 t A255Y
159 ++ A13ZR
160 ++ A2551
161 F454Y
162 TI29W
163 + N348H
164 + L3870
165 + D381M
166 + L3&7F
167 + L387M
164 S372A
169 D381IC
170 + T3798
171 + D3gip
172 + L387
173 + L3878
174 + N348D
175 + 378Q
176 T3798
177 + 1389P
178 + N348S8
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Table 3-1. Active Mutations and FIOPC Resuits for Round 1 Variants
Variant # FIOPC Active Metations {as compared to YVariant 1}

179 Ti29W
180 380K
181 + T379C
182 + A373L
183 + T384G
184 + T379R
185 + T384H
186 D3&1R
187 381Q
188 + A132R
189 + L2337
190 + N348E
191 + Ti29K
192 + D38y
193 + D381
194 AZ355L
195 A373Y
196 + Ti33N
197 + Vi261
198 + A365M
199 + D381C
200 + N348K
201 T378C
202 Y27H
203 + A3T3L
204 + DI30E
205 + L387C
206 + A456T
207 + HiS6R
208 + Ti3IR
209 T384C
210 + 381R
211 + T433R

[
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Table 3-1. Active Mutations and FIOPC Resuits for Round 1 Variants

Variant # FIOPC Active Metations {as compared to YVariant 1}

212 Ti33C

213 A233V

2i4 + Y276

215 + Q3801

216 + L387E

217 + AZS58

218 + T379L

219 T133G L5578

220 38V

224 + L387T

222 + TI33G

223 + Ti33R

224 + V391N

225 + Q1348

226 + T384N

227 TI31D

228 381C

229 + A3731

230 + T384F

231 + Ti338

232 + L387H

233 + F256Y

234 T1338

235 L387E

236 + T384A

237 + AL32T

238 + T379G

239 + W370V

2490 + L387F

241 + Filsf

242 T384R.F596L

243 + V3oLp

244 + Ti33a




WO 2016/179464 PCT/US2016/031132

Table 3-1. Active Mutations and FIOPC Resuits for Round 1 Variants
Variant # FIOPC Active Metations {as compared to YVariant 1}
245 Y27V
246 A1608
247 + L387E
248 + N348S8
249 + L237R
250 + A3T730
251 + Ti330
252 W26F
253 380C
254 + A2355F

“2 FIOPC<0.7

“+” FIOPC =07t 1.3
“Ar+ FIOPC = 1.4 to 2.0
“t-+7 FIOPC>2.1

[0171] Based on these results, Variants 6, 19, 14, 67, 88, and 53 were scaled up to shake flask
vidlumes and their activities were analyzed using the protocols described in the previous Examples.
The results are shown m Figure 2. Variant 6 generated 93% free insulin in 22 hrs at 0.8¢/L enzyme
loading (See, Figure 2} and achieved a better expression level in comparison with Variant 1. Varnant
53 had a similar expression level as Varant 1, but generated 73% free insulin compared to 54%
generated by Variant 1. Based on the results, Vanant 6 (SEQ ID NG:6) was sclected as a starting
backbone for the next round (1.2, round 2} of evolution. This variant was also designated as an
“expression hit.” Variant 53 {SEQ 1D NO:8) was alsc selected as an alternative round 2 backbone and

was designated as an “activity hit.”

EXAMPLE 6
Round? Library Construction and Screening
{8172} The most beneficial mutations identified from round? evolution were D484N, V264A
QS47K, V561, §750G, V5oL, 8619K, V28N, V6181, and TI131N. Two combinatonal libraries were
designed, based on analysis of the first round results, using both Variant 6 and Variant 53 as
backbones. All of the HTP screening methods used for the round 2 variants were conducted using the

previouslv described protocols, with the tinal reaction time point being 6 hrs. Active mutations with
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corresponding fold improvement in total activity over Variant 6 and Variant 53 are shown in Tables

6.1 and 6.2, below. Table 6.1 provides the results for vanants based on Variant 6, while Table 6.2

provides the results for variants based on Variant 53.

Table 6.1 Active Mutations and FIOPC Results for Round 2 Variants Based on
SEQ ID NO:6 (Variant 6)

Variant
# FioPC Active Mutations (as compared to Variant 6)
255 A+t V28N G7TIA D74V 5619K
256 At 28N GTIA D74V 5619K
257 -+ G71A.D74N;8619K
258 At V28N V6L GT1ADT748.8619K
259 ++ G7T1A D74V V618LS619K
260 ++ GT71AD745,5619K
261 ++ VI8N V36L.GTIADT4V
262 A+t V28N G7TIADT4AN.5619K
263 ot G71A; D74V . 5619K
264 ++ GTIA D74V
265 ++ G71A. D74V
266 ++ G71A. D748
267 ot S619K
268 ++ V2EN.8619K
269 ++ VI8N S619K
270 A+t V28N;8619K
271 ++ V28N S6 19K
272 ++ V28N.GT1A D748
273 ++ S619K
274 ot D74V . S619K
275 ++ G71A:8619K
276 ++ S6I19K
277 A+t V28N;8619K
278 4 S619K
279 ++ S619K
280 ++ S619K
281 ++ S619K
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Table 6.1 Active Mutations and FIOPC Resulis for Round 2 Variants Based on
SEQ ID NO:6 (Variant 6)
Variant

# FiopC Active Mutations {as compared to Variant 6}
282 4t S619K
283 V28N
284 + V28N
285 + VE1818619K
286 + D74V
287 + S619K
288 + S619K
289 S619K
250 G71A
291 _ D74TKI39L8619K
292 R455W

“7 FIOPC<).7
“++7; FIOPC = 0.7 to 1.3
“+ FIOPC = 1.4 t0 2.0
“++47: FIOPC22.1

Table 6.2 Active Mutations and FIOPC Results for Round 2 Variants Based on
SEQ 1D NO:8 (Variant 53)

Variant

# F1opPC Active Mutations (as compared to YVariant 53}

293 A+t G71ADTAV D484N (547K

794 +++ G71A; D745 DARAN Q54T

293 e+ DARAN Q347K 8619K
296 -+ GTIADTAS; DARAN Q34T

297 ot D74ND484N

298 +++ GT1ADARAN Q34T VEIBES619K

299 +++ D74N; V264A:D484N:0547K

360 b D747 D484N

301 + G7T1AV264A.D484N

302 ++ V264A:D484N.0Q547K
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Table 6.2 Active Mutations and FIOPC Results for Round 2 Variants Based on

SEQ 1D NO:8 (Variant 53)

Variant
# F1opPC Active Mutations (as compared to YVariant 53}
303 - J264 A, D4B4N
304 ++ L36LGTIA D745 V264 A D484N Q547K S619K
305 ++ D745, D484N,V61815619K
306 -+ D484N
307 ++ D484N:Q547K
308 ++ GT71AD74ND484N; V6181
309 ++ D484N; (547K
310 et F27Y N2Z8V . D48AN Q547K V618E
311 - D484N:5619K
312 ++ D484N; Q547K V618L.8619K
313 ++ DAR4N; V6 18E
314 -+ D74N:Q547K
315 4 Q547K V6I8LS619K
316 ++ D74N.V264A
317 - Q547K.8619K
318 ++ G71A; D74V V264 A, (54T V618
319 + (35347K;5619K
320 + V264A,V618L8619K
321 + Q547K V6181
322 + D74V Q547K 86 19K A741T
323 + S619K
324 + V264A.0Q547K
325 + Q347K V618E5619K
326 + (3347K
327 + D74V
328 + D747
320 + V6I1815619K
330 + V264A:5619K
331 + GTIA V26440547
332 + V6181
333 J264A

“7 FIOPC<0.7
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“4++7: FIOPC = 0.7 to 1.3
it FIOPC =14t 2.0
“t++7: FIOPC22.1

[3173] Variants 6 (SEQ 1D NO:6), 258 (SEQ D NO:12) and 261 (SEQ 1D NGO:10) were scaled up n
shake flasks and thetr activitics analvzed using the protocoels described in the previous Examples. The
results are shown in Figure 3. As mdicated, Variant 258 generated >99% free nsulin in 6 hrs in
<{).8g/L shake flask lvsatc loading, thercby completely releasing substrate mhbibition, whereas Variant
261 generated ~90% free mnsulin in 6 hrs at 0.8g/L lysate loading.

18174] Thus, the present mvention provides PGA variants having an 8x fold improvement in total
activity. It was also determined that the 5619K substitution largely impacts activity whereas the
484N substitution predominantly impacts expression. S619K is located in the 17 layer of insulin

binding site and D484N is located in the 2™ layer of the active site.

EXAMPLE 7
BRSO Tolerance
[8173] A DMSO twolerance study was conducted on the improved PGA vanants (Varant Nos. 6, 258,
and 261). The reactions were carried out in presence of 0-50% v/iv BMSO following the protocol
described m Example 4. The results (Sce, Figure 4) indicate that all the variants tested lost activity
upon addition of DMSO to the test reactions. For example, at 30%v/v DMSO, only 30% free msulin

was generated by Varant 258,

{0176] All publications, patents, patent applications and other documents cited in this application are
hereby incorporated by reference in their entireties for all purposes to the same extent as if each
mdividual publication, patent, patent application or other document were tndividually indicated to be
imcorporated by reference for all purposes.

[6177) While varous specific embodiments have been illustrated and described, it will be
appreciated that various changes can be made without departing from the spirit and scope of the

mvention(s).
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SEQUENCE LISTING
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Banerjee, Goutami
Yang, Jie
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Penicillin-G Acylases
CX2-149KW01

Us 62/158,118
2015-05-07

15
PatentIn version 3.5
1

2541
DNA

<213>

<400> 1
atgaaaaata

agcctgtcag
ggcatgccgc
gtggcgceagg
tccgaggtgc
ccggattcta
ggctatgcecg
ttaccccagc
gcgatgattt
aacctggcgc
tttaaccagc
agcgcctatc

tacgaccagc

gaaatcgtat
cgectggeggc
atatttacgc
atcgcctgtt
tgggcaaagc
ttcgcgegcea
atggcatgaa
agttctccac
ttgtcggcac
tgctgacggc
tgaaatggct
cgctgaagtt

cggcaccgat

Kluyvera citrophila

gatcgtgaac
aagcccgeca
cgatgatacc
ccagatggaa
attcgtcagt
gatagcttcc
tgcgtggatc
ctttggtttt
catggcgaac
gctaaaagat
ggttaatcct
tgatctgcaa

gctcgaccgc

ggtattgtga
accgaggtta
tatcgactgt
atggcgcgcc
tttgataaag
ctctccgctg
gataaagtga
aaacccaagc
cggttttctg
aaatacggca
tccgcgccaa
aacacgcaaa

ccggcaaaag
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cttccctgat
agatcgttcg
tttacggcta
gcagtactca
atattcgcca
aggataaatc
acgccagcecc
attgggaacc
acagcaccag
agcagcaggsg
ccaccattgc
cggecggegcet

ggaccgatgg

53

ctgttgttct
cgatgaatac
tggctacgtg
ggggaccgtc
gaactactgg
cattctgcag
cgataagctg
gtttgatgtg
cgaaattgat
catggcggtc
ggcgegggaa
gctgccgcegc

cgcgectgectg

60

120

180

240

300

360

420

480

540

600

660

720

780



gcgctgaccg
aacggcctgg
caggatgcga
acctacggta
tatccgggcc
ggtgatgatg
cataacggcg
cagccggaga
gcgacgcaga
ctggcgtgga
aaacaggcgc
cataccggcg
actggaaaat
ccgcagtcgg
gatctgttcg
gataagcaac
cgggatctca
gaaaacgatc
gtcaacgatg
accagcatgc
agcgccagtg
ggggcgaaaa
gatctgtttg
cagacgctgt
cttaccttcc

catcaggcgg

tcgggtaacc

ccgatcagaa
ctggctaccc
aggccattat
tcggcctgca
tcgtttttgg
tcgatatctt
agtgggtgaa
cctttaccgt
ccgecctatgce
cgcaccagat
tgaccattaa
cctatccgga
gggactggaa
gctatatcgc
cgttcctgtg
cgcgcttcac
acctgcggtt
cgcgecgeca
acggaaaaac
tcaagcgcac
gctatgaaac
tcctctacga
gcgggaaacc
caaaacgcta
gggccaataa
agtaccagaa

gccecggttct

ccgggaaact

gaccactagc

ggtcaatggg
cggegegesc
tcacaacggc
tgccgaaaaa
gatgttgagc
ttggcgcacg
caaagcgcgc
gaaggccaaa
ctggtactac
tcgccagccc
agggttgctg
caactggaac
gggcggtgeg
cgccgatcag
gttcttaccg
actggtggat
ctatcagcaa
ggtggttgec
cacccaggac
agctctgcag
gcagcaggaa
cggtaacgac
cttcttcggc
ccgcggtacg

tgcctgggat

atcgccgcegc
aatatgtggg
ccgcagtttg
tatgacgtca
accatttcat
ctttccgecg
cgcaaggaga
ctgcacggca
gcctgggatg
aactggccgg
gccgatgtga
ggccacgacc
tcgtttgatt
aactcgccgc
gatcgagtta
gcgtgggatg
gcgctgaagg
aaactggcga
ccgggatcgg
gcggtcccag
gggccaaccg
ggtgataagt
gtgatactgg
gtcaccggct
gtgccgeagg

gaaaacgaca

gtggtggcegc
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agttcgcgca
tgattggcaa
gttggtatgc
ccggcaatac
ggggatccac
agaagccggg
ctattgcggt
acgtcattaa
gcaaagaggt
agtggacgca
acggcaatat
cgegtttgcec
tgaatccgaa
aaaaagacta
ctgagatcga
tgatccgcca
acgccaccgc
gctgggacgg
cgattcttaa
cgececgtttgg
gctcgctgaa
cgccaatccc
cggcgetgga
ggaaaacccc
cggcagcaaa

tgattgtctt

cggggcaaag
53

aagcggcgct
aaacaaagcc
gccggegtac
gcegtttgec
cgeccggtttt
ctattaccag
caaagacggc
aaccgatact
ggcgtccctg
gcaggeggec
cggctatgtg
ggttcccggc
agtgtataac
cccggectcet
cacgatcctc
aaccagccgt
gaacctggcg
tgaaaacctt
cgcctggcetg
caagtggtac
catcagcgtg
gcaggeggtc
cgacgcttgg
tgccatggcg
agaggcgcegt
ctcaccgacg

cggttttatc

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400



gcgccggatg gcaaagccga taagcactat gacgatcagc tgaaaatgta cgagagcttt 2460

ggccgtaaat cgctgtggtt aacgcctcag gacgttgacg agcacaaaga gtctcaggaa 2520
gtgctgcagg tacagcgcta a 2541
<210> 2

<211> 846

<212> PRT

<213> Kluyvera citrophila
<400> 2

Met Lys Asn Arg Asn Arg Met Ile Val Asn Gly Ile Val Thr Ser Leu
1 5 10 15

Ile Cys Cys Ser Ser Leu Ser Ala Leu Ala Ala Ser Pro Pro Thr Glu
20 25 30

Val Lys Ile Val Arg Asp Glu Tyr Gly Met Pro His Ile Tyr Ala Asp
35 40 45

Asp Thr Tyr Arg Leu Phe Tyr Gly Tyr Gly Tyr Val Val Ala Gln Asp
50 55 60

Arg Leu Phe Gln Met Glu Met Ala Arg Arg Ser Thr Gln Gly Thr Val
65 70 75 80

Ser Glu Val Leu Gly Lys Ala Phe Val Ser Phe Asp Lys Asp Ile Arg
85 90 95

Gln Asn Tyr Trp Pro Asp Ser Ile Arg Ala Gln Ile Ala Ser Leu Ser
100 105 110

Ala Glu Asp Lys Ser Ile Leu Gln Gly Tyr Ala Asp Gly Met Asn Ala
115 120 125

Trp Ile Asp Lys Val Asn Ala Ser Pro Asp Lys Leu Leu Pro Gln Gln
130 135 140

Phe Ser Thr Phe Gly Phe Lys Pro Lys His Trp Glu Pro Phe Asp Val
145 150 155 160
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Ala

Ser

Gly

Asn

Leu

225

Tyr

Gly

Ala

Thr

Ala

305

Thr

Thr

Ser

Met

Glu

Lys

Pro

210

Lys

Asp

Ala

Gln

Ser

290

Ile

Tyr

Pro

Trp

Ile

Ile

Gln

195

Ser

Phe

Gln

Leu

Phe

275

Asn

Met

Gly

Phe

Gly
355

Phe

Asp

180

Gln

Ala

Asp

Pro

Leu

260

Ala

Met

Val

Ile

Ala

340

Ser

Val

165

Asn

Gly

Pro

Leu

Ala

245

Ala

Gln

Trp

Asn

Gly

325

Tyr

Thr

Gly

Leu

Met

Thr

Gln

230

Pro

Leu

Ser

Val

Gly

310

Leu

Pro

Ala

Thr

Ala

Ala

Thr

215

Asn

Met

Thr

Gly

Ile

295

Pro

His

Gly

Gly

Met

Leu

Val

200

Ile

Thr

Leu

Ala

Ala

280

Gly

Gln

Gly

Leu

Phe
360

Ala

Leu

185

Phe

Ala

Gln

Asp

Asp

265

Asn

Lys

Phe

Ala

Val

345

Gly
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Asn

170

Thr

Asn

Ala

Thr

Arg

250

Gln

Gly

Asn

Gly

Gly

330

Phe

Asp

Arg

Ala

Gln

Arg

Ala

235

Pro

Asn

Leu

Lys

Trp

315

Tyr

Gly

Asp

Phe

Leu

Leu

Glu

220

Ala

Ala

Arg

Ala

Ala

300

Tyr

Asp

His

Val

Ser

Lys

Lys

205

Ser

Leu

Lys

Glu

Gly

285

Gln

Ala

Val

Asn

Asp
365

Asp

Asp

190

Trp

Ala

Leu

Gly

Thr

270

Tyr

Asp

Pro

Thr

Gly

350

Ile

Ser

175

Lys

Leu

Tyr

Pro

Thr

255

Ile

Pro

Ala

Ala

Gly

335

Thr

Phe

Thr

Tyr

Val

Pro

Arg

240

Asp

Ala

Thr

Lys

Tyr

320

Asn

Ile

Ala



Glu

Trp

385

Gln

Lys

Asp

Ala

Thr

465

His

Pro

Asp

Trp

Phe

545

Asp

Lys

370

Val

Pro

Thr

Gly

Lys

450

Ile

Thr

Val

Leu

Asn

530

Leu

Lys

Leu

Lys

Glu

Asp

Lys

435

Asn

Asn

Gly

Pro

Asn

515

Asn

Trp

Gln

Ser

Met

Thr

Thr

420

Glu

Trp

Trp

Ala

Gly

500

Pro

Ser

Gly

Pro

Ala

Leu

Phe

405

Ala

Val

Pro

Tyr

Tyr

485

Thr

Lys

Pro

Gly

Arg
565

Glu

Ser

390

Thr

Thr

Ala

Glu

Tyr

470

Pro

Gly

Val

Gln

Ala

550

Phe

Lys

375

Arg

Val

Gln

Ser

Trp

455

Ala

Asp

Lys

Tyr

Lys

535

Asp

Thr

Pro

Lys

Trp

Thr

Leu

440

Thr

Asp

Arg

Trp

Asn

520

Asp

Arg

Ala

Gly

Glu

Arg

Ala

425

Leu

Gln

Val

Gln

Asp

505

Pro

Tyr

Val

Asp
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Tyr

Thr

Thr

410

Tyr

Ala

Gln

Asn

Pro

490

Trp

Gln

Pro

Thr

Gln
570

Tyr

Ile

395

Leu

Ala

Trp

Ala

Gly

475

Gly

Lys

Ser

Ala

Glu

555

Ala

Gln

380

Ala

His

Lys

Thr

Ala

460

Asn

His

Gly

Gly

Ser

540

Ile

Trp

His

Val

Gly

Ala

His

445

Lys

Ile

Asp

Leu

Tyr

525

Asp

Asp

Asp

Asn

Lys

Asn

Arg

430

Gln

Gln

Gly

Pro

Leu

510

Ile

Leu

Thr

Val

Gly

Asp

Val

415

Ala

Met

Ala

Tyr

Arg

495

Ser

Ala

Phe

Ile

Ile
575

Glu

Gly

400

Ile

Trp

Lys

Leu

Val

480

Leu

Phe

Asn

Ala

Leu

560

Arg



Gln

Lys

Val

Gly

625

Thr

Gly

Thr

Leu

Gly

705

Gln

Pro

Gln

Gly

Pro

Thr

Asp

Asp

610

Lys

Ser

Lys

Gly

Gln

690

Lys

Thr

Ala

Ala

Thr

770

Val

Ser

Ala

595

Lys

Thr

Met

Trp

Ser

675

Gly

Pro

Leu

Met

Ala

755

Glu

Leu

Arg

580

Thr

Leu

Tyr

Leu

Tyr

660

Leu

Asp

Gln

Ser

Ala

740

Ala

Asn

Ala

Arg

Ala

Ala

Gln

Lys

645

Ser

Asn

Lys

Gln

Lys

725

Leu

Lys

Asp

Trp

Asp

Asn

Ser

Gln

630

Arg

Ala

Ile

Ser

Glu

710

Arg

Thr

Glu

Met

Asp

Leu

Leu

Trp

615

Pro

Thr

Ser

Ser

Pro

695

Val

Tyr

Phe

Ala

Ile

775

Val

Asn

Ala

600

Asp

Gly

Val

Gly

Val

680

Ile

Ile

Gly

Arg

Arg

760

Val

Val

Leu

585

Glu

Gly

Ser

Val

Tyr

665

Gly

Pro

Leu

Asn

Ala

745

His

Phe

Arg

Asn

Glu

Ala

Ala

650

Glu

Ala

Gln

Ala

Asp

730

Asn

Gln

Ser

Leu

Asp

Asn

Ile

635

Ala

Thr

Lys

Ala

Ala

715

Val

Asn

Ala

Pro

Ala Pro Gly
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Phe

Pro

Leu

620

Leu

Val

Thr

Ile

Val

700

Leu

Thr

Phe

Glu

Thr

780

Gln

Leu

Arg

605

Val

Asn

Pro

Gln

Leu

685

Asp

Asp

Gly

Phe

Tyr

765

Ser

Ser

Pro

590

Arg

Asn

Ala

Ala

Asp

670

Tyr

Leu

Asp

Trp

Gly

750

Gln

Gly

Gly

Ala

Gln

Asp

Trp

Pro

655

Gly

Glu

Phe

Ala

Lys

735

Val

Asn

Asn

Phe

Leu

Leu

Asp

Leu

640

Phe

Pro

Ala

Gly

Trp

720

Thr

Pro

Arg

Arg

Ile



785 790 795 800

Ala Pro Asp Gly Lys Ala Asp Lys His Tyr Asp Asp Gln Leu Lys Met
805 810 815

Tyr Glu Ser Phe Gly Arg Lys Ser Leu Trp Leu Thr Pro Gln Asp Val
820 825 830

Asp Glu His Lys Glu Ser Gln Glu Val Leu Gln Val Gln Arg
835 840 845

<210> 3

<211> 2295

<212> DNA

<213> Artificial Sequence

<220>
<223> synthetic PGA nucleotide sequence for variant 1

<400> 3

agcaatatgt gggtgattgg caaaaacaaa gcccaggatg cgaaggccat tatggtcaat
gggccgcagt ttggttggta tgtgccggecg tacacctacg gtatcggecct gcacggegeg
ggctatgacg tcaccggcaa tacgccgttt gcctatccgg gectcgtttt tggtcacaac
ggcaccattt catggggatc caccgccggt ggtggtgatg atgtcgatat ctttgccgaa
aaactttccg ccgagaagcc gggctattac cagcataacg gcgagtgggt gaagatgttg
agccgcaagg agactattgc ggtcaaagac ggccagccgg agacctttac cgtttggegc
acgctgcacg gcaacgtcat taaaaccgat actgcgacgc agaccgccta tgccaaagcg
cgcgectggg atggcaaaga ggtggecgtcc ctgectggegt ggacgcacca gatgaaggcec
aaaaactggc cggagtggac gcagcaggcg gccaaacagg cgctgaccat taactggtac
tacgccgatg tgaacggcaa tatcggctat gtgcataccg gcgecctatcc ggatcgeccag
cccggeccacg acccgegttt geccggttccc ggcactggaa aatgggactg gaaagggttg
ctgtcgtttg atttgaatcc gaaagtgtat aacccgcagt cgggctatat cgccaactgg
aacaactcgc cgcaaaaaga ctacccggcc tctgatctgt tcgecgttcct gtggggeggt
gcggatcgag ttactgagat cgacacgatc ctcgataagc aaccgcgctt caccgccgat

caggcgtggg atgtgatccg ccaaaccagc cgtcgggatc tcaacctgecg gttgttctta
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60

120

180

240

300

360

420

480

540

600

660

720

780

840

900



ccggegetga
gataaactgg
caaccgggat
gccgeggtcc
gacgggccaa
cagggtgata
gaagtaatac
gacgtcaccg
ggcgtgecgc
acggaaaacg
gatgtggtgg
tatgacgatc
caggacgttg
gaggttaaga
cgactgtttt
gcgegeegea
gataaagata
tccgectgagg
aaagtgaacg
cccaagcatt
ttctctgaca
tacggcaagc
gcgccaacca
acgcaaacgg
<210> 4

<211> 763
<212> PRT

aggacgccac
cgagctggga
cggcgattct
cagcgccgtt
ccggectecgcet
agtcgccaat
tggcggegct
gctggaaaac
aggceggeasgc
acatgattgt
cgcecggggcea
agctgaaaat
acgagcacca
tcgttcgcga
acggctatgg
gtactcaggg
ttcgccagaa
ataaatccat
ccagccccga
gggaaccgtt
gcaccagcga
agcagggcat
ccattgcggc

cgtaa

cgcgaacctg
cggcgaaaac
taacgcctgg
tggtaagtgg
gaacatcagc
cccgeaggceg
ggacgacgct
ccctgccatg
aaaagaggcg
cttctcaccg
aagcggtttt
gtacgagagc
agagtctcag
tgaatacggc
ctacgtggtg
gaccgtctcc
ctactggccg
tctgcagggc
taagctgtta
tgatgtggcg
aattgataac

ggecggtcttt

gcgggaaagc

gcggaaaacg

cttgtcaacg
ctgaccagca
tacagcgcca
gtggggecga
gtcgatctgt
tggcagacgc
gcgcttacct
cgtcatcagg
acgtcgggta
atcgcgccgg
tttggccgta
gaagtgctgc
atgccgcata
gcgcaggatc
gaggtgctgg
gattctattc
tatgccgatg
ccccagcagt
atgatttttg
ctggcgctgc
aaccagctga

gcctatccgc
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atccgcgcecg
atgacggaaa
tgctcaagcg
gtggctatga
aaatcctcta
ttggcgggaa
tgtcaaaacg
tccgggccaa
cggagtacca
accgcccggt
atggcaaagc
aatcgctgtg
aggtacagtt
tttacgccga
gcctgttcca
gcaaagcatt
gcgcgcagat
gcatgaatgc
tctccacctt
tcggcaccat
tgacggcgct
aatggctggt

tgaagtttga

53

ccaactggtg
aacctatcag
cacggtggtt
aaccacccag
cgaagctctg
accgcagcag
ctacggtaac
taacttcttc
gaaccgcggt
tcttgcctgg
cgataagcac
gttaacgcct
ggatcagacc
tgatacctat
gatggaaatg
cgtcagtttt
agcttccctc
gtggatcgat
tggttttaaa
ggcgaaccgt
aaaagacaaa
taatccttcc

tctgcaaaac

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2295



<213>

<220>
<223>

<400>

Artificial Sequence

synthetic PGA protein sequence for variant 1

4

Ser Asn Met

1

Ile

Tyr

Pro

Trp

65

Lys

Val

Pro

Thr

Gly

145

Lys

Ile

Met

Gly

Phe

50

Gly

Leu

Lys

Glu

Asp

130

Lys

Asn

Asn

Val

Ile

35

Ala

Ser

Ser

Met

Thr

115

Thr

Glu

Trp

Trp

Trp

Asn

20

Gly

Tyr

Thr

Ala

Leu

100

Phe

Ala

Val

Pro

Tyr
180

Val

Gly

Leu

Pro

Ala

Glu

85

Ser

Thr

Thr

Ala

Glu

165

Tyr

Ile

Pro

His

Gly

Gly

70

Lys

Arg

Val

Gln

Ser

150

Trp

Ala

Gly

Gln

Gly

Leu

55

Gly

Pro

Lys

Trp

Thr

135

Leu

Thr

Asp

Lys

Phe

Ala

40

Val

Gly

Gly

Glu

Arg

120

Ala

Leu

Gln

Val

Asn

Gly

25

Gly

Phe

Asp

Tyr

Thr

105

Thr

Tyr

Ala

Gln

Asn
185
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Lys Ala
10

Trp Tyr

Tyr Asp

Gly His

Asp Val
75

Tyr Gln
90

Ile Ala

Leu His

Ala Lys

Trp Thr
155

Ala Ala
170

Gly Asn

Gln

Val

Val

Asn

60

Asp

His

Val

Gly

Ala

140

His

Lys

Ile

Asp

Pro

Thr

45

Gly

Ile

Asn

Lys

Asn

125

Arg

Gln

Gln

Gly

Ala

Ala

30

Gly

Thr

Phe

Gly

Asp

110

Val

Ala

Met

Ala

Tyr
190

Lys

15

Tyr

Asn

Ile

Ala

Glu

95

Gly

Ile

Trp

Lys

Leu

175

Val

Ala

Thr

Thr

Ser

Glu

80

Trp

Gln

Lys

Asp

Ala

160

Thr

His



Thr

Val

Leu

225

Asn

Leu

Lys

Thr

Asp

305

Asp

Lys

Ser

Lys

Gly
385

Gly

Pro

210

Asn

Asn

Trp

Gln

Ser

290

Ala

Lys

Thr

Met

Trp

370

Ser

Ala

195

Gly

Pro

Ser

Gly

Pro

275

Arg

Thr

Leu

Tyr

Leu

355

Tyr

Leu

Tyr

Thr

Lys

Pro

Gly

260

Arg

Arg

Ala

Ala

Gln

340

Lys

Ser

Asn

Pro

Gly

Val

Gln

245

Ala

Phe

Asp

Asn

Ser

325

Gln

Arg

Ala

Ile

Asp

Lys

Tyr

230

Lys

Asp

Thr

Leu

Leu

310

Trp

Pro

Thr

Ser

Ser
390

Arg

Trp

215

Asn

Asp

Arg

Ala

Asn

295

Ala

Asp

Gly

Val

Gly

375

Val

Gln

200

Asp

Pro

Tyr

Val

Asp

280

Leu

Glu

Gly

Ser

Val

360

Tyr

Gly

Pro

Trp

Gln

Pro

Thr

265

Gln

Arg

Asn

Glu

Ala

345

Ala

Glu

Ala

Gly

Lys

Ser

Ala

250

Glu

Ala

Leu

Asp

Asn

330

Ile

Ala

Thr

Lys

His

Gly

Gly

235

Ser

Ile

Trp

Phe

Pro

315

Leu

Leu

Val

Thr

Ile
395

Asp

Leu

220

Tyr

Asp

Asp

Asp

Leu

300

Arg

Val

Asn

Pro

Gln

380

Leu
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Pro

205

Leu

Ile

Leu

Thr

Val

285

Pro

Arg

Asn

Ala

Ala

365

Asp

Tyr

Arg

Ser

Ala

Phe

Ile

270

Ile

Ala

Gln

Asp

Trp

350

Pro

Gly

Glu

Leu

Phe

Asn

Ala

255

Leu

Arg

Leu

Leu

Asp

335

Leu

Phe

Pro

Ala

Pro

Asp

Trp

240

Phe

Asp

Gln

Lys

Val

320

Gly

Thr

Gly

Thr

Leu
400



Gln

Lys

Thr

Ala

Ala

465

Thr

Val

Pro

Glu

Glu

545

Glu

Asp

Asp

Gly

Pro

Leu

Met

450

Ala

Glu

Leu

Asp

Ser

530

His

Val

Asp

Arg

Asp

Gln

Ser

435

Ala

Ala

Asn

Ala

Gly

515

Phe

Gln

Lys

Thr

Leu
595

Lys

Gln

420

Lys

Leu

Lys

Asp

Trp

500

Lys

Gly

Glu

Ile

Tyr

580

Phe

Ser

405

Glu

Arg

Thr

Glu

Met

485

Asp

Ala

Arg

Ser

Val

565

Arg

Gln

Pro

Val

Tyr

Phe

Ala

470

Ile

Val

Asp

Lys

Gln

550

Arg

Leu

Met

Ile

Ile

Gly

Arg

455

Arg

Val

Val

Lys

Ser

535

Glu

Asp

Phe

Glu

Pro

Leu

Asn

440

Ala

His

Phe

Ala

His

520

Leu

Val

Glu

Tyr

Met
600

Gln

Ala

425

Asp

Asn

Gln

Ser

Pro

505

Tyr

Trp

Leu

Tyr

Gly

585

Ala

Ala

410

Ala

Val

Asn

Ala

Pro

490

Gly

Asp

Leu

Gln

Gly

570

Tyr

Arg

Val

Leu

Thr

Phe

Glu

475

Thr

Gln

Asp

Thr

Val

555

Met

Gly

Arg

Asp

Asp

Gly

Phe

460

Tyr

Ser

Ser

Gln

Pro

540

Gln

Pro

Tyr

Ser
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Leu

Asp

Trp

445

Gly

Gln

Gly

Gly

Leu

525

Gln

Leu

His

Val

Thr
605

Phe

Ala

430

Lys

Val

Asn

Asn

Phe

510

Lys

Asp

Asp

Ile

Val

590

Gln

Gly

415

Trp

Thr

Pro

Arg

Arg

495

Ile

Met

Val

Gln

Tyr

575

Ala

Gly

Gly

Gln

Pro

Gln

Gly

480

Pro

Ala

Tyr

Asp

Thr

560

Ala

Gln

Thr



Val Ser Glu Val Leu Gly Lys Ala Phe Val Ser Phe Asp Lys Asp Ile
610 615 620

Arg Gln Asn Tyr Trp Pro Asp Ser Ile Arg Ala Gln Ile Ala Ser Leu
625 630 635 640

Ser Ala Glu Asp Lys Ser Ile Leu Gln Gly Tyr Ala Asp Gly Met Asn
645 650 655

Ala Trp Ile Asp Lys Val Asn Ala Ser Pro Asp Lys Leu Leu Pro Gln
660 665 670

Gln Phe Ser Thr Phe Gly Phe Lys Pro Lys His Trp Glu Pro Phe Asp
675 680 685

Val Ala Met Ile Phe Val Gly Thr Met Ala Asn Arg Phe Ser Asp Ser
690 695 700

Thr Ser Glu Ile Asp Asn Leu Ala Leu Leu Thr Ala Leu Lys Asp Lys
705 710 715 720

Tyr Gly Lys Gln Gln Gly Met Ala Val Phe Asn Gln Leu Lys Trp Leu
725 730 735

Val Asn Pro Ser Ala Pro Thr Thr Ile Ala Ala Arg Glu Ser Ala Tyr
740 745 750

Pro Leu Lys Phe Asp Leu Gln Asn Thr Gln Thr
755 760

<210> 5

<211> 2295

<212> DNA

<213> Artificial Sequence

<220>
<223> synthetic PGA nucleotide sequence for variant 6

<400> 5
agcaatatgt gggtgattgg caaaaacaaa gcccaggatg cgaaggccat tatggtcaat 60
gggccgcagt ttggttggta tgtgccggecg tatacctacg gtatcggcct gcacggegeg 120
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ggctatgacg
ggcaccattt
aaactttccg
agccgcaagg
acgctgcacg
cgegectggg
aaaaactggc
tacgccgatg
cccggecacg
ctgtcgtttg
aacaactcgc
gcggatcgag
caggcgtggg
ccggecgcectga
gataaactgg
caaccgggat
gccgeggtcc
gacgggccaa
cagggtgata
gaagtaatac
gacgtcaccg
ggcgtgccgc
acggaaaaca
gatgtggtgg
tatgacgatc
caggacgttg

gaggttaaga

tcaccggcaa
catggggatc
ccgagaagcc
agactattgc
gcaacgtcat
atggcaaaga
cggagtggac
tgaacggcaa
acccgegttt
atttgaatcc
cgcaaaaaga
cgactgagat
atgtgatccg
aggacgccac
cgagctggga
cggcgattct
cagcgccgtt
ccggctcgcet
agtcgccaat
tggcggegcet
gctggaaaac
aggcggceasgc
acatgattgt
cgcecggggcea
agctgaaaat
acgagcacaa

tcgttcgcga

tacgccgttt
caccgccggt
gggctattac
ggtcaaagac
taaaaccgat
ggtggegtcec
gcagcaggcesg
tatcggctat
gccggttccc
gaaagtgtat
ctacccggcc
cgacacgatc
ccaaaccagc
cgccaacctg
cggcgaaaac
taacgcctgg
tggtaagtgg
gaacatcagc
cccgcaggceg
ggacgacgct
ccctgccatg
aaaagaggcg
cttctcaccg
aagcggtttt
gtacgagagc
agagtctcag

tgaatacggc

gcctatccgg
ggtggtgatg
cagcataacg
ggccagecegsg
actgcgacgc
ctgctggcegt
gccaaacagg
gtgcataccg
ggcactggaa
aacccgcagt
tctgatctgt

ctcgataagc

cgtcgggatc

gcggaaaacg

cttgtcaacg
ctgaccagca
tacagcgcca
gtggeggcga
gtcgatctgt
tggcagacgc
gcgcttacct
cgtcatcagg
acgtcgggta
atcgcgccgg
tttggccgta
gaagtgctgc

atgccgcata

gcctegtttt
atgtcgatat
gcgagtgggt
agacctttac
agaccgccta
ggacgcacca
cgctgaccat
gcgcctatcc
aatgggactg
cgggctatat
tcgegttcect
aaccgcgctt
tcaacctgcg
atccgcgecg
atgacggaaa
tgctcaagcg
gtggctatga
aaatcctcta
ttggcgggaa
tgtcaaaacg
tccgggccaa
cggagtacca
accgcccggt
atggcaaagc
aatcgctgtg
aggtacagtt

tttacgccga
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tggtcacaac
ctttgccgaa
gaagatgttg
cgtttggcgc
tgccaaagcg
gatgaaggcc
caactggtac
ggatcgccag
gaaagggttg
cgccaactgg
gtggggcggt
caccgccgat
gttgttctta
ccaactggtg
aacctatcag
cacggtggtt
aaccacccag
cgaagctctg
accgcagcag
ctacggtaac
taacttcttc
gaaccgcggt
tcttgecctgg
cgataagcac
gttaacgcct
ggatcagacc

tgatacctat

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740



cgactgtttt
gcgegecegea
gataaagata
tccgectgagg
aaagtgaacg
cccaagcatt
ttttctgaca
tacggcaagc
gcgccaacca
acgcaaacgg
<210> 6

<211> 764
<212> PRT

<213>

<220>
<223>

<400> 6
Ser Asn Met
1

Ile Met Val

Ile
35

Tyr Gly

Phe
50

Pro Ala

Trp Ser

65

Gly

Lys Leu Ser

acggctatgg
gtactcaggg
ttcgccagaa
ataaatccat
ccagccccga
gggaaccgtt
gcaccagcga
agcagggcat
ccattgcggc

cgtaa

Trp Val

Asn
20

Gly
Gly Leu
Tyr Pro
Thr

Ala

Ala Glu

Ile

Pro

His

Gly

Gly

70

Lys

ctacgtggtg
gaccgtctcc
ctactggccg
tctgcagggc
taagctgtta
tgatgtggcg
aattgataac

ggecggtcttt

gcgggaaagc

Artificial Sequence

Gly Lys

Gln

Phe

Ala
40

Gly

Leu Val

55

Gly Gly

Pro Gly

gcgcaggatc
gaggtgctgg
gattctattc
tatgccgatg
ccccagcagt
atgatttttg
ctggcgctgc
aaccagctga

gcctatccgce

Asn Lys Ala

10

Gly
25

Gly Tyr Asp

Phe Gly His

Val
75

Asp Asp

Tyr Tyr Gln

gcctgttcca
gcaaagcatt
gcgcgcagat
gcatgaatgc
tctccacctt
tcggcaccat
tgacggcgct
aatggctggt

tgaagtttga

synthetic PGA protein sequence for variant 6

Gln Asp Ala

Val Ala

30

Pro

Val Thr

45

Gly

Asn Thr

60

Gly

Asp Ile Phe

His Asn Gly
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gatggaaatg
cgtcagtttt
agcttccctc
gtggatcgat
tggttttaaa
ggcgaaccgt
aaaagacaaa
taatccttcc

tctgcaaaac

Lys Ala

15

Tyr Thr

Asn Thr

Ile Ser

Ala Glu

80

Glu Trp

1800

1860

1920

1980

2040

2100

2160

2220

2280

2295



Val

Pro

Thr

Gly

145

Lys

Ile

Thr

Val

Leu

225

Asn

Leu

Lys

Thr

Lys

Glu

Asp

130

Lys

Asn

Asn

Gly

Pro

210

Asn

Asn

Trp

Gln

Ser
290

Met

Thr

115

Thr

Glu

Trp

Trp

Ala

195

Gly

Pro

Ser

Gly

Pro

275

Arg

Leu

100

Phe

Ala

Val

Pro

Tyr

180

Tyr

Thr

Lys

Pro

Gly

260

Arg

Arg

85

Ser

Thr

Thr

Ala

Glu

165

Tyr

Pro

Gly

Val

Gln

245

Ala

Phe

Asp

Arg

Val

Gln

Ser

150

Trp

Ala

Asp

Lys

Tyr

230

Lys

Asp

Thr

Leu

Lys

Trp

Thr

135

Leu

Thr

Asp

Arg

Trp

215

Asn

Asp

Arg

Ala

Asn
295

Glu

Arg

120

Ala

Leu

Gln

Val

Gln

200

Asp

Pro

Tyr

Ala

Asp

280

Leu

Thr

105

Thr

Tyr

Ala

Gln

Asn

185

Pro

Trp

Gln

Pro

Thr

265

Gln

90

Ile

Leu

Ala

Trp

Ala

170

Gly

Gly

Lys

Ser

Ala

250

Glu

Ala

Ala

His

Lys

Thr

155

Ala

Asn

His

Gly

Gly

235

Ser

Ile

Trp

Val

Gly

Ala

140

His

Lys

Ile

Asp

Leu

220

Tyr

Asp

Asp

Asp

Arg Leu Phe Leu

300
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Lys

Asn

125

Arg

Gln

Gln

Gly

Pro

205

Leu

Ile

Leu

Thr

Val

285

Pro

Asp

110

Val

Ala

Met

Ala

Tyr

190

Arg

Ser

Ala

Phe

Ile

270

Ile

Ala

95

Gly

Ile

Trp

Lys

Leu

175

Val

Leu

Phe

Asn

Ala

255

Leu

Arg

Leu

Gln

Lys

Asp

Ala

160

Thr

His

Pro

Asp

Trp

240

Phe

Asp

Gln

Lys



Asp

305

Asp

Lys

Ser

Lys

Gly

385

Gln

Lys

Thr

Ala

Ala

465

Thr

Val

Ala

Lys

Thr

Met

Trp

370

Ser

Gly

Pro

Leu

Met

450

Ala

Glu

Leu

Thr

Leu

Tyr

Leu

355

Tyr

Leu

Asp

Gln

Ser

435

Ala

Ala

Asn

Ala

Ala

Ala

Gln

340

Lys

Ser

Asn

Lys

Gln

420

Lys

Leu

Lys

Asn

Trp
500

Asn

Ser

325

Gln

Arg

Ala

Ile

Ser

405

Glu

Arg

Thr

Glu

Met

485

Asp

Leu

310

Trp

Pro

Thr

Ser

Ser

390

Pro

Val

Tyr

Phe

Ala

470

Ile

Val

Ala

Asp

Gly

Val

Gly

375

Val

Ile

Ile

Gly

Arg

455

Arg

Val

Val

Glu

Gly

Ser

Val

360

Tyr

Gly

Pro

Leu

Asn

440

Ala

His

Phe

Ala

Asn

Glu

Ala

345

Ala

Glu

Ala

Gln

Ala

425

Asp

Asn

Gln

Ser

Pro
505

Asp

Asn

330

Ile

Ala

Thr

Lys

Ala

410

Ala

Val

Asn

Ala

Pro

490

Gly

Pro

315

Leu

Leu

Val

Thr

Ile

395

Val

Leu

Thr

Phe

Glu

475

Thr

Gln

Arg

Val

Asn

Pro

Gln

380

Leu

Asp

Asp

Gly

Phe

460

Ser

Ser
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Arg

Asn

Ala

Ala

365

Asp

Tyr

Leu

Asp

Trp

445

Gly

Gln

Gly

Gly

Gln

Asp

Trp

350

Pro

Gly

Glu

Phe

Ala

430

Lys

Val

Asn

Asn

Phe
510

Leu

Asp

335

Leu

Phe

Pro

Ala

Gly

415

Trp

Thr

Pro

Arg

Arg

495

Ile

Val

320

Gly

Thr

Gly

Thr

Leu

400

Gly

Gln

Pro

Gln

Gly

480

Pro

Ala



Pro

Glu

Glu

545

Glu

Asp

Asp

Val

Arg

625

Ser

Ala

Gln

Val

Thr
705

Asp

Ser

530

His

Val

Asp

Arg

Ser

610

Gln

Ala

Trp

Phe

Ala

690

Ser

Gly

515

Phe

Lys

Lys

Thr

Leu

595

Glu

Asn

Glu

Ile

Ser

675

Met

Glu

Lys

Gly

Glu

Ile

Tyr

580

Phe

Val

Tyr

Asp

Asp

660

Thr

Ile

Ile

Ala

Arg

Ser

Val

565

Arg

Gln

Leu

Trp

Lys

645

Lys

Phe

Phe

Asp

Asp

Lys

Gln

550

Arg

Leu

Met

Gly

Pro

630

Ser

Val

Gly

Val

Asn
710

Lys

Ser

535

Glu

Asp

Phe

Glu

Lys

615

Asp

Ile

Asn

Phe

Gly

695

Leu

His

520

Leu

Val

Glu

Tyr

Met

600

Ala

Ser

Leu

Ala

Lys

680

Thr

Ala

Tyr

Trp

Leu

Tyr

Gly

585

Ala

Phe

Ile

Gln

Ser

665

Pro

Met

Leu

Asp

Leu

Gln

Gly

570

Tyr

Arg

Val

Arg

Gly

650

Pro

Lys

Ala

Leu

Asp

Thr

Val

555

Met

Gly

Arg

Ser

Ala

635

Tyr

Asp

His

Asn

Thr
715

Gln

Pro

540

Gln

Pro

Tyr

Ser

Phe

620

Gln

Ala

Lys

Trp

Arg

700

Ala
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Leu

525

Gln

Leu

His

Val

Thr

605

Asp

Ile

Asp

Leu

Glu

685

Phe

Leu

Lys

Asp

Asp

Ile

Val

590

Gln

Lys

Ala

Gly

Leu

670

Pro

Ser

Lys

Met

Val

Gln

Tyr

575

Ala

Gly

Asp

Ser

Met

655

Pro

Phe

Asp

Asp

Tyr

Asp

Thr

560

Ala

Gln

Thr

Ile

Leu

640

Asn

Gln

Asp

Ser

Lys
720



Tyr Gly Lys

Val Asn Pro

Pro Leu Lys
755

<210> 7

<211> 2295
<212> DNA
<213>

<220>
<223>

<400> 7
agcaatatgt

gggccgeagt
ggctatgacg
ggcaccattt
aaactttccg
agccgcaagg
acgctgcacg
cgegecetggg
aaaaactggc
tacgccgatg
cccggecacg
ctgtcgtttg
aacaactcgc
gcggatcgag
caggcgtggsg

ccggegetga

Gln Gln Gly Met Ala Val Phe Asn Gln Leu Lys Trp Leu

725

730

735

Ser Ala Pro Thr Thr Ile Ala Ala Arg Glu Ser Ala Tyr

740

745

750

Phe Asp Leu Gln Asn Thr Gln Thr Ala

gggtgattgg

ttggttggtt
tcaccggcaa
catggggatc
ccgagaagcc
agactattgc
gcaacgtcat
atggcaaaga
cggagtggac
tgaacggcaa
acccgecgttt
atttgaatcc
cgcaaaaaga
ttactgagat
atgtgatccg

aggacgccac

760

Artificial Sequence

caaaaacaaa
taatccggceg
tacgccgttt
caccgccggt
gggctattac
ggtcaaagac
taaaaccgat
ggtggcgtcc
gcagcaggeg
tatcggctat
gcecggttccc
gaaagtgtat
ctacccggcc
cgacacgatc
ccaaaccagc

cgcgaacctg

synthetic PGA nucleotide sequence for variant 53

gcccaggatg cgaaggccat tatggtcaat

tacacctacg
gcctatccgg
ggtggtgatg
cagcataacg
ggccageegsg
actgcgacgc
ctgctggegt
gccaaacagg
gtgcataccg
ggcactggaa
aacccgcagt
tctgatctgt

ctcgataagc

cgtcgggatc

gcggaaaacg

gtatcggcct
gcctcctgtt
atgtcgatat
gcgagtgggt
agacctttac
agaccgccta
ggacgcacca
cgctgaccat
gcgcctatcc
aatgggactg
cgggctatat
tcgecgttcect
aaccgcgctt
tcaacctgcg

atccgcgcecg
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gcacggegesg
tggtcacaac
ctttgccgaa
gaagatgttg
cgtttggcgc
tgccaaagcg
gatgaaggcc
taactggtac
ggatcgccag
gaaagggttg
cgccaactgg
gtggggcggt
caccgccgat
gttgttctta

ccaactggtg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960



gataaactgg
caaccgggat
gccgeggtcc
gacgggccaa
cagggtgata
gaagtaatac
gacgtcaccg
ggcgtgccgc
acggaaaacg
gatgtggtgg
tatgacgatc
caggacgttg
gaggttaaga
cgactgtttt
gcgegecgea
gataaagata
tccgctgagg
aaagtgaacg
cccaagcatt
ttctctgaca
tacggcaagc
gcgccaacca
acgcaaacgg
<210> 8

<211> 764
<212> PRT
<213>

<220>

cgagctggga
cggcgattct
cagcgccgtt
ccggctcgcet
agtcgccaat
tggcggegcet
gctggaaaac
aggcggceasgc
acatgattgt
cgcecggggcea
agctgaaaat
acgagcacca
tcgttcgcga
acggctatgg
gtactcaggg
ttcgccagaa
ataaatccat
ccagccccga
gggaaccgtt
gcaccagcga
agcagggcat
ccattgcggc

cgtaa

cggcgaaaac
taacgcctgg
tggtaagtgg
gaacatcagc
cccgcaggceg
ggacgacgct
ccctgccatg
aaaagaggcg
cttctcaccg
aagcggtttt
gtacgagagc
agagtctcag
tgaatacggc
ctacgtggtg
gaccgtctcc
ctactggccg
tctgcagggc
taagctgtta
tgatgtggcg
aattgataac

ggcggtcttt

gCcgggaaagc

Artificial Sequence

cttgtcaacg
ctgaccagca
tacagcgcca
gtggeggcga
gtcgatctgt
tggcagacgc
gcgcttacct
cgtcatcagg
acgtcgggta
atcgcgccgg
tttggccgta
gaagtgctgc
atgccgcata
gcgcaggatc
gaggtgctgg
gattctattc
tatgccgatg
ccccagcagt
atgatttttg
ctggcgctgc
aaccagctga

gcctatccgce

atgacggaaa
tgctcaagcg
gtggctatga
aaatcctcta
ttggcgggaa
tgtcaaaacg
tccgggccaa
cggagtacca
accgcccggt
atggcaaagc
aatcgctgtg
aggtacagtt
tttacgccga
gcctgttcca
gcaaagcttt
gcgcgcagat
gcatgaatgc
tctccacctt
tcggcaccat
tgacggcgct
aatggctggt

tgaagtttga
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aacctatcag
cacggtggtt
aaccacccag
cgaagctctg
accgcagcag
ctacggtaac
taacttcttc
gaaccgcggt
tcttgecctgg
cgataagcac
gttaacgcct
ggatcagacc
tgatacctat
gatggaaatg
cgtttctttt
agcttccctc
gtggatcgat
tggttttaaa
ggcgaaccgt
aaaagacaaa
taatccttcc

tctgcaaaac

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2295



<223>

<400>

Ser Asn Met

1

Ile

Tyr

Pro

Trp

65

Lys

Val

Pro

Thr

Gly

145

Lys

Ile

Thr

Met

Gly

Phe

50

Gly

Leu

Lys

Glu

Asp

130

Lys

Asn

Asn

Gly

Val

Ile

35

Ala

Ser

Ser

Met

Thr

115

Thr

Glu

Trp

Trp

Ala

Trp

Asn

20

Gly

Tyr

Thr

Ala

Leu

100

Phe

Ala

Val

Pro

Tyr

180

Tyr

Val

Gly

Leu

Pro

Ala

Glu

85

Ser

Thr

Thr

Ala

Glu

165

Tyr

Pro

Ile

Pro

His

Gly

Gly

70

Lys

Arg

Val

Gln

Ser

150

Trp

Ala

Asp

Gly

Gln

Gly

Leu

55

Gly

Pro

Lys

Trp

Thr

135

Leu

Thr

Asp

Arg

Lys

Phe

Ala

40

Leu

Gly

Gly

Glu

Arg

120

Ala

Leu

Gln

Val

Gln

Asn

Gly

25

Gly

Phe

Asp

Tyr

Thr

105

Thr

Tyr

Ala

Gln

Asn
185

Lys

10

Trp

Tyr

Gly

Asp

Tyr

90

Ile

Leu

Ala

Trp

Ala

170

Gly

Ala

Phe

Asp

His

Val

75

Gln

Ala

His

Lys

Thr

155

Ala

Asn

Gln

Asn

Val

Asn

60

Asp

His

Val

Gly

Ala

140

His

Lys

Ile

Pro Gly His Asp
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synthetic PGA protein sequence for variant 5

Asp

Pro

Thr

45

Gly

Ile

Asn

Lys

Asn

125

Arg

Gln

Gln

Gly

Pro

Ala

Ala

30

Gly

Thr

Phe

Gly

Asp

110

Val

Ala

Met

Ala

Tyr

190

Arg

Lys

15

Tyr

Asn

Ile

Ala

Glu

95

Gly

Ile

Trp

Lys

Leu

175

Val

Leu

Ala

Thr

Thr

Ser

Glu

80

Trp

Gln

Lys

Asp

Ala

160

Thr

His

Pro



Val

Leu

225

Asn

Leu

Lys

Thr

Asp

305

Asp

Lys

Ser

Lys

Gly

385

Gln

Pro

210

Asn

Asn

Trp

Gln

Ser

290

Ala

Lys

Thr

Met

Trp

370

Ser

Gly

195

Gly

Pro

Ser

Gly

Pro

275

Arg

Thr

Leu

Tyr

Leu

355

Tyr

Leu

Asp

Thr

Lys

Pro

Gly

260

Arg

Arg

Ala

Ala

Gln

340

Lys

Ser

Asn

Lys

Gly

Val

Gln

245

Ala

Phe

Asp

Asn

Ser

325

Gln

Arg

Ala

Ile

Ser
405

Lys

Tyr

230

Lys

Asp

Thr

Leu

Leu

310

Trp

Pro

Thr

Ser

Ser

390

Pro

Trp

215

Asn

Asp

Arg

Ala

Asn

295

Ala

Asp

Gly

Val

Gly

375

Val

Ile

200

Asp

Pro

Tyr

Val

Asp

280

Leu

Glu

Gly

Ser

Val

360

Tyr

Gly

Pro

Trp

Gln

Pro

Thr

265

Gln

Arg

Asn

Glu

Ala

345

Ala

Glu

Ala

Gln

Lys

Ser

Ala

250

Glu

Ala

Leu

Asp

Asn

330

Ile

Ala

Thr

Lys

Ala
410

Gly

Gly

235

Ser

Ile

Trp

Phe

Pro

315

Leu

Leu

Val

Thr

Ile

395

Val

Leu

220

Tyr

Asp

Asp

Asp

Leu

300

Arg

Val

Asn

Pro

Gln

380

Leu

Asp
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205

Leu

Ile

Leu

Thr

Val

285

Pro

Arg

Asn

Ala

Ala

365

Asp

Tyr

Leu

Ser

Ala

Phe

Ile

270

Ile

Ala

Gln

Asp

Trp

350

Pro

Gly

Glu

Phe

Phe

Asn

Ala

255

Leu

Arg

Leu

Leu

Asp

335

Leu

Phe

Pro

Ala

Gly
415

Asp

Trp

240

Phe

Asp

Gln

Lys

Val

320

Gly

Thr

Gly

Thr

Leu

400

Gly



Lys

Thr

Ala

Ala

465

Thr

Val

Pro

Glu

Glu

545

Glu

Asp

Asp

Val

Pro

Leu

Met

450

Ala

Glu

Leu

Asp

Ser

530

His

Val

Asp

Arg

Ser
610

Gln

Ser

435

Ala

Ala

Asn

Ala

Gly

515

Phe

Gln

Lys

Thr

Leu

595

Glu

Gln

420

Leu

Lys

Asp

Trp

500

Lys

Gly

Glu

Ile

Tyr

580

Phe

Val

Glu

Arg

Thr

Glu

Met

485

Asp

Ala

Arg

Ser

Val

565

Arg

Gln

Leu

Val

Tyr

Phe

Ala

470

Ile

Val

Asp

Lys

Gln

550

Arg

Leu

Met

Gly

Ile

Gly

Arg

455

Arg

Val

Val

Lys

Ser

535

Glu

Asp

Phe

Glu

Lys
615

Leu

Asn

440

Ala

His

Phe

Ala

His

520

Leu

Val

Glu

Tyr

Met

600

Ala

Ala

425

Asn

Gln

Ser

Pro

505

Tyr

Trp

Leu

Tyr

Gly

585

Ala

Phe

Ala

Val

Asn

Ala

Pro

490

Gly

Asp

Leu

Gln

Gly

570

Tyr

Arg

Val

Leu

Thr

Phe

Glu

475

Thr

Gln

Asp

Thr

Val

555

Met

Gly

Arg

Ser

Asp

Gly

Phe

460

Tyr

Ser

Ser

Gln

Pro

540

Gln

Pro

Tyr

Ser

Phe
620
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Asp

Trp

445

Gly

Gln

Gly

Gly

Leu

525

Gln

Leu

His

Val

Thr

605

Asp

Ala

430

Lys

Val

Asn

Asn

Phe

510

Lys

Asp

Asp

Ile

Val

590

Gln

Lys

Trp

Thr

Pro

Arg

Arg

495

Ile

Met

Val

Gln

Tyr

575

Ala

Gly

Asp

Gln

Pro

Gln

Gly

480

Pro

Ala

Tyr

Asp

Thr

560

Ala

Gln

Thr

Ile



Arg

625

Ser

Ala

Gln

Val

Thr

705

Tyr

Val

Pro

Gln

Ala

Trp

Phe

Ala

690

Ser

Gly

Asn

Leu

<210>
<211>
<212>
<213>

<220>
<223>

<400>

agcaatatgt gggtgattgg caaaaacaaa gcccaggatg cgaaggccat tatggtcaat
gggccgcagt ttggttggta taatccggcg tatacctacg gtatcggcct gcacggegeg
ggctatgacg tcaccggcaa tacgccgttt gcctatccgg gectcctttt tggtcacaac

ggcaccattt catggggatc caccgccggt gccggtgatg tcgtcgatat ctttgccgaa

Asn Tyr

Glu Asp

Ile Asp
660

Ser Thr
675

Met Ile

Glu Ile

Lys Gln

Pro Ser
740

Lys Phe
755

9
2295
DNA

Trp

Lys

645

Lys

Phe

Phe

Asp

Gln

725

Ala

Asp

Pro

630

Ser

Val

Gly

Val

Asn

710

Gly

Pro

Leu

Asp

Ile

Asn

Phe

Gly

695

Leu

Met

Thr

Gln

Artificial Sequence

synthetic PGA nucleotide sequence for variant 261

9

Ser

Leu

Ala

Lys

680

Thr

Ala

Ala

Thr

Asn
760

Ile

Gln

Ser

665

Pro

Met

Leu

Val

Ile

745

Thr

Arg

Gly

650

Pro

Lys

Ala

Leu

Phe

730

Ala

Gln

Ala

635

Tyr

Asp

His

Asn

Thr

715

Asn

Ala

Thr

Gln

Ala

Lys

Trp

Arg

700

Ala

Gln

Arg

Ala
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Ile

Asp

Leu

Glu

685

Phe

Leu

Leu

Glu

Ala

Gly

Leu

670

Pro

Ser

Lys

Lys

Ser
750

Ser

Met

655

Pro

Phe

Asp

Asp

Trp

735

Ala

Leu

640

Asn

Gln

Asp

Ser

Lys

720

Leu

Tyr

60

120

180

240



aaactttccg
agccgcaagg
acgctgcacg
cgegeetggg
aaaaactggc
tacgccgatg
cccggecacg
ctgtcgtttg
aacaactcgc
gcggatcgag
caggcgtggsg
ccggegetga
gataaactgg
caaccgggat
gccgeggtcc
gacgggccaa
cagggtgata
gaagtaatac
gacgtcaccg
ggcgtgecgc
acggaaaaca
gatgtggtgg
tatgacgatc
caggacgttg
gaggttaaga

cgactgtttt

ccgagaagcc
agactattgc
gcaacgtcat
atggcaaaga
cggagtggac
tgaacggcaa
acccgecgttt
atttgaatcc
cgcaaaaaga
cgactgagat
atgtgatccg
aggacgccac
cgagctggga
cggcgattct
cagcgccgtt
ccggectecgcet
agtcgccaat
tggcggegct
gctggaaaac
aggceggeagc
acatgattgt
cgccggggcea
agctgaaaat
acgagcacaa
tcgttcgcga

acggctatgg

gggctattac
ggtcaaagac
taaaaccgat
ggtggegtcc
gcagcaggeg
tatcggctat
gcecggttccc
gaaagtgtat
ctacccggcc
cgacacgatc
ccaaaccagc
cgccaacctg
cggcgaaaac
taacgcctgg
tggtaagtgg
gaacatcagc
cccgeaggceg
ggacgacgct
ccctgccatg
aaaagaggcg
cttctcaccg
aagcggtttt
gtacgagagc
agagtctcag
tgaatacggc

ctacgtggtg

cagcataacg
ggccageegsg
actgcgacgc
ctgctggegt
gccaaacagg
gtgcataccg
ggcactggaa
aacccgcagt
tctgatctgt

ctcgataagc

cgtcgggatc

gcggaaaacg

cttgtcaacg
ctgaccagca
tacagcgcca
gtggggecga
gtcgatctgt
tggcagacgc
gcgcttacct
cgtcatcagg
acgtcgggta
atcgcgccgg
tttggccgta
gaagtgctgc
atgccgcata

gcgcaggatc

gcgagtgggt
agacctttac
agaccgccta
ggacgcacca
cgctgaccat
gcgcctatcc
aatgggactg
cgggctatat
tcgecgttcect
aaccgcgctt
tcaacctgcg
atccgcgcecg
atgacggaaa
tgctcaagcg
gtggctatga
aaatcctcta
ttggcgggaa
tgtcaaaacg
tccgggccaa
cggagtacca
accgcccggt
atggcaaagc
aatcgctgtg
aggtacagtt
tttacgccga

gcctgttcca
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gaagatgttg
cgtttggcgc
tgccaaagcg
gatgaaggcc
caactggtac
ggatcgccag
gaaagggttg
cgccaactgg
gtggggcggt
caccgccgat
gttgttctta
ccaactggtg
aacctatcag
cacggtggtt
aaccacccag
cgaagctctg
accgcagcag
ctacggtaac
taacttcttc
gaaccgcggt
tcttgcctgg
cgataagcac
gttaacgcct
ggatcagacc
tgatacctat

gatggaaatg

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800



gcgegecegcea
gataaagata
tccgctgagg
aaagtgaacg
cccaagcatt
ttttctgaca
tacggcaagc
gcgccaacca
acgcaaacgg
<210>
<211>

<212>
<213>

10
764
PRT

<220>
<223>
<400> 10

Ser Asn Met
1

Ile Met Val

Ile
35

Tyr Gly

Phe
50

Pro Ala

Trp Ser

65

Gly

Lys Leu Ser

gtactcaggg
ttcgccagaa
ataaatccat
ccagccccga
gggaaccgtt
gcaccagcga
agcagggcat
ccattgcggc

cgtaa

Trp
5

Asn
20

Gly

Gly Leu

Tyr Pro

Thr Ala

Ala Glu

85

Val Ile

Pro

His

Gly

Gly

70

Lys

gaccgtctcc
ctactggccg
tctgcagggc
taagctgtta
tgatgtggcg
aattgataac

ggcggtcttt

gCcgggaaagc

Artificial Sequence

Gly Lys

Gln

Phe

Ala
40

Gly

Leu Leu

55

Ala Gly

Pro Gly

gaggtgctgg
gattctattc
tatgccgatg
ccccagcagt
atgatttttg
ctggcgetgc
aaccagctga

gcctatccgce

Asn Lys Ala

10

Gly
25

Trp Tyr

Gly Tyr Asp

Phe Gly His

Val Val

75

Asp

Tyr Tyr Gln

90

gcaaagcatt
gcgcgcagat
gcatgaatgc
tctccacctt
tcggcaccat
tgacggcgct
aatggctggt

tgaagtttga

synthetic PGA protein sequence for variant 261

Gln Asp Ala

Ala
30

Asn Pro

Val Thr

45

Gly

Asn Thr

60

Gly

Asp Ile Phe

His Asn Gly
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cgtttcattt
agcttccctc
gtggatcgat
tggttttaaa
ggcgaaccgt
aaaagacaaa
taatccttcc

tctgcaaaac

Lys Ala

15

Tyr Thr

Asn Thr

Ile Ser

Ala Glu

80

Glu
95

Trp

1860

1920

1980

2040

2100

2160

2220

2280

2295



Val

Pro

Thr

Gly

145

Lys

Ile

Thr

Val

Leu

225

Asn

Leu

Lys

Thr

Asp

Lys

Glu

Asp

130

Lys

Asn

Asn

Gly

Pro

210

Asn

Asn

Trp

Gln

Ser

290

Ala

Met

Thr

115

Thr

Glu

Trp

Trp

Ala

195

Gly

Pro

Ser

Gly

Pro

275

Arg

Thr

Leu

100

Phe

Ala

Val

Pro

Tyr

180

Tyr

Thr

Lys

Pro

Gly

260

Arg

Arg

Ala

Ser

Thr

Thr

Ala

Glu

165

Tyr

Pro

Gly

Val

Gln

245

Ala

Phe

Asp

Asn

Arg

Val

Gln

Ser

150

Trp

Ala

Asp

Lys

Tyr

230

Lys

Asp

Thr

Leu

Leu

Lys

Trp

Thr

135

Leu

Thr

Asp

Arg

Trp

215

Asn

Asp

Arg

Ala

Asn

295

Ala

Glu

Arg

120

Ala

Leu

Gln

Val

Gln

200

Asp

Pro

Tyr

Ala

Asp

280

Leu

Glu

Thr

105

Thr

Tyr

Ala

Gln

Asn

185

Pro

Trp

Gln

Pro

Thr

265

Gln

Arg

Ile

Leu

Ala

Trp

Ala

170

Gly

Gly

Lys

Ser

Ala

250

Glu

Ala

Leu

Ala

His

Lys

Thr

155

Ala

Asn

His

Gly

Gly

235

Ser

Ile

Trp

Phe

Val

Gly

Ala

140

His

Lys

Ile

Asp

Leu

220

Tyr

Asp

Asp

Asp

Leu
300

Asn Asp Pro Arg
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Lys

Asn

125

Arg

Gln

Gln

Gly

Pro

205

Leu

Ile

Leu

Thr

Val

285

Pro

Arg

Asp

110

Val

Ala

Met

Ala

Tyr

190

Arg

Ser

Ala

Phe

Ile

270

Ile

Ala

Gln

Gly

Ile

Trp

Lys

Leu

175

Val

Leu

Phe

Asn

Ala

255

Leu

Arg

Leu

Leu

Gln

Lys

Asp

Ala

160

Thr

His

Pro

Asp

Trp

240

Phe

Asp

Gln

Lys

Val



305

Asp

Lys

Ser

Lys

Gly

385

Gln

Lys

Thr

Ala

Ala

465

Thr

Val

Pro

Lys

Thr

Met

Trp

370

Ser

Gly

Pro

Leu

Met

450

Ala

Glu

Leu

Asp

Leu

Tyr

Leu

355

Tyr

Leu

Asp

Gln

Ser

435

Ala

Ala

Asn

Ala

Gly
515

Ala

Gln

340

Lys

Ser

Asn

Lys

Gln

420

Lys

Leu

Lys

Asn

Trp

500

Lys

Ser

325

Gln

Arg

Ala

Ile

Ser

405

Glu

Arg

Thr

Glu

Met

485

Asp

Ala

310

Trp

Pro

Thr

Ser

Ser

390

Pro

Val

Tyr

Phe

Ala

470

Ile

Val

Asp

Asp

Gly

Val

Gly

375

Val

Ile

Ile

Gly

Arg

455

Arg

Val

Val

Lys

Gly

Ser

Val

360

Tyr

Gly

Pro

Leu

Asn

440

Ala

His

Phe

Ala

His
520

Glu

Ala

345

Ala

Glu

Ala

Gln

Ala

425

Asp

Asn

Gln

Ser

Pro
505

Asn

330

Ile

Ala

Thr

Lys

Ala

410

Ala

Val

Asn

Ala

Pro

490

Gly

315

Leu

Leu

Val

Thr

Ile

395

Val

Leu

Thr

Phe

Glu

475

Thr

Gln

Val

Asn

Pro

Gln

380

Leu

Asp

Asp

Gly

Phe

460

Tyr

Ser

Ser

Tyr Asp Asp Gln
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Asn

Ala

Ala

365

Asp

Tyr

Leu

Asp

Trp

445

Gly

Gln

Gly

Gly

Leu
525

Asp

Trp

350

Pro

Gly

Glu

Phe

Ala

430

Lys

Val

Asn

Asn

Phe

510

Lys

Asp

335

Leu

Phe

Pro

Ala

Gly

415

Trp

Thr

Pro

Arg

Arg

495

Ile

Met

320

Gly

Thr

Gly

Thr

Leu

400

Gly

Gln

Pro

Gln

Gly

480

Pro

Ala

Tyr



Glu

Glu

545

Glu

Asp

Asp

Val

Arg

625

Ser

Ala

Gln

Val

Thr

705

Tyr

Ser

530

His

Val

Asp

Arg

Ser

610

Gln

Ala

Trp

Phe

Ala

690

Ser

Gly

Phe

Lys

Lys

Thr

Leu

595

Glu

Asn

Glu

Ile

Ser

675

Met

Glu

Lys

Gly

Glu

Ile

Tyr

580

Phe

Val

Tyr

Asp

Asp

660

Thr

Ile

Ile

Gln

Arg

Ser

Val

565

Arg

Gln

Leu

Trp

Lys

645

Lys

Phe

Phe

Asp

Gln
725

Lys

Gln

550

Arg

Leu

Met

Gly

Pro

630

Ser

Val

Gly

Val

Asn

710

Gly

Ser

535

Glu

Asp

Phe

Glu

Lys

615

Asp

Ile

Asn

Phe

Gly

695

Leu

Met

Leu

Val

Glu

Tyr

Met

600

Ala

Ser

Leu

Ala

Lys

680

Thr

Ala

Ala

Trp

Leu

Tyr

Gly

585

Ala

Phe

Ile

Gln

Ser

665

Pro

Met

Leu

Val

Leu

Gln

Gly

570

Tyr

Arg

Val

Arg

Gly

650

Pro

Lys

Ala

Leu

Phe
730

Thr

Val

555

Met

Gly

Arg

Ser

Ala

635

Tyr

Asp

His

Asn

Thr

715

Asn

Pro

540

Gln

Pro

Tyr

Ser

Phe

620

Gln

Ala

Lys

Trp

Arg

700

Ala

Gln
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Gln

Leu

His

Val

Thr

605

Asp

Ile

Asp

Leu

Glu

685

Phe

Leu

Leu

Asp

Asp

Ile

Val

590

Gln

Lys

Ala

Gly

Leu

670

Pro

Ser

Lys

Lys

Val

Gln

Tyr

575

Ala

Gly

Asp

Ser

Met

655

Pro

Phe

Asp

Asp

Trp
735

Asp

Thr

560

Ala

Gln

Thr

Ile

Leu

640

Asn

Gln

Asp

Ser

Lys

720

Leu



Val Asn Pro Ser Ala Pro Thr Thr Ile Ala Ala Arg Glu Ser Ala Tyr

740 745 750

Pro Leu Lys Phe Asp Leu Gln Asn Thr Gln Thr Ala

<210>
<211>
<212>
<213>

<220>
<223>

<400>

755 760

11

2295

DNA

Artificial Sequence

synthetic PGA nucleotide sequence for variant 258

11

agcaatatgt gggtgattgg caaaaacaaa gcccaggatg cgaaggccat tatggtcaat

gggccgcagt ttggttggta taatccggcg tatacctacg gtatcggcct gcacggegeg

ggctatgacg tcaccggcaa tacgccgttt gcctatccgg gectcctttt tggtcacaac

ggcaccattt catggggatc caccgccggt gccggtgata gecgtcgatat ctttgccgaa

aaactttccg ccgagaagcc gggctattac cagcataacg gcgagtgggt gaagatgttg

agccgcaagg agactattgc ggtcaaagac ggccagccgg agacctttac cgtttggegc

acgctgcacg gcaacgtcat taaaaccgat actgcgacgc agaccgccta tgccaaagcg

cgcgectggg atggcaaaga ggtggecgtcc ctgetggegt ggacgcacca gatgaaggcec

aaaaactggc cggagtggac gcagcaggcg gccaaacagg cgctgaccat caactggtac

tacgccgatg tgaacggcaa tatcggctat gtgcataccg gcgecctatcc ggatcgeccag

cccggeccacg acccgegttt geccggttccc ggcactggaa aatgggactg gaaagggttg

ctgtcgtttg atttgaatcc gaaagtgtat aacccgcagt cgggctatat cgccaactgg

aacaactcgc cgcaaaaaga ctacccggcc tctgatctgt tcgcgttcct gtggggeggt

gcggatcgag cgactgagat cgacacgatc ctcgataagc aaccgcgctt caccgccgat

caggcgtggg atgtgatccg ccaaaccagc cgtcgggatc tcaacctgecg gttgttctta

ccggecgetga aggacgccac cgccaacctg gcggaaaacg atccgecgecg ccaactggtg

gataaactgg cgagctggga cggcgaaaac cttgtcaacg atgacggaaa aacctatcag

caaccgggat cggcgattct taacgcctgg ctgaccagca tgctcaagcg cacggtggtt
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60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080



gccgeggtcc
gacgggccaa
cagggtgata
gaagtaatac
gacgtcaccg
ggcgtgecgc
acggaaaaca
gatgtggtgg
tatgacgatc
caggacgttg
gaggttaaga
cgactgtttt
gcgegeegea
gataaagata
tccgectgagg
aaagtgaacg
cccaagcatt
ttttctgaca
tacggcaagc
gcgccaacca
acgcaaacgg
<210> 12

<211> 764
<212> PRT
<213>

<220>
<223>

<400> 12

cagcgccgtt
ccggectecgcet
agtcgccaat
tggcggegct
gctggaaaac
aggceggeasgc
acatgattgt
cgccggggca
agctgaaaat
acgagcacaa
tcgttcgcga
acggctatgg
gtactcaggg
ttcgccagaa
ataaatccat
ccagccccga
gggaaccgtt
gcaccagcga
agcagggcat
ccattgcggc

cgtaa

tggtaagtgg
gaacatcagc
cccgeaggceg
ggacgacgct
ccctgccatg
aaaagaggcg
cttctcaccg
aagcggtttt
gtacgagagc
agagtctcag
tgaatacggc
ctacgtggtg
gaccgtctcc
ctactggccg
tctgcagggc
taagctgtta
tgatgtggcg
aattgataac

ggecggtcttt

gcgggaaagc

Artificial Sequence

tacagcgcca
gtggggecga
gtcgatctgt
tggcagacgc
gcgcttacct
cgtcatcagg
acgtcgggta
atcgcgccgg
tttggccgta
gaagtgctgc
atgccgcata
gcgcaggatc
gaggtgctgg
gattctattc
tatgccgatg
ccccagcagt
atgatttttg
ctggcgetgc
aaccagctga

gcctatccgc

gtggctatga
aaatcctcta
ttggcgggaa
tgtcaaaacg
tccgggccaa
cggagtacca
accgcccggt
atggcaaagc
aatcgctgtg
aggtacagtt
tttacgccga
gcctgttcca
gcaaagcatt
gcgcgcagat
gcatgaatgc
tctccacctt
tcggcaccat
tgacggcgct
aatggctggt

tgaagtttga

synthetic PGA protein sequence for variant 258
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aaccacccag
cgaagctctg
accgcagcag
ctacggtaac
taacttcttc
gaaccgcggt
tcttgcctgg
cgataagcac
gttaacgcct
ggatcagacc
tgatacctat
gatggaaatg
cgttaagttt
agcttccctc
gtggatcgat
tggttttaaa
ggcgaaccgt
aaaagacaaa
taatccttcc

tctgcaaaac

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2295



Ser

Ile

Tyr

Pro

Trp

65

Lys

Val

Pro

Thr

Gly

145

Lys

Ile

Thr

Asn

Met

Gly

Phe

50

Gly

Leu

Lys

Glu

Asp

130

Lys

Asn

Asn

Gly

Met

Val

Ile

35

Ala

Ser

Ser

Met

Thr

115

Thr

Glu

Trp

Trp

Ala
195

Trp

Asn

20

Gly

Tyr

Thr

Ala

Leu

100

Phe

Ala

Val

Pro

Tyr

180

Tyr

Val

Gly

Leu

Pro

Ala

Glu

85

Ser

Thr

Thr

Ala

Glu

165

Tyr

Pro

Ile

Pro

His

Gly

Gly

70

Lys

Arg

Val

Gln

Ser

150

Trp

Ala

Asp

Gly

Gln

Gly

Leu

55

Ala

Pro

Lys

Trp

Thr

135

Leu

Thr

Asp

Arg

Lys

Phe

Ala

40

Leu

Gly

Gly

Glu

Arg

120

Ala

Leu

Gln

Val

Gln
200

Asn

Gly

25

Gly

Phe

Asp

Tyr

Thr

105

Thr

Tyr

Ala

Gln

Asn

185

Pro

Lys

10

Trp

Tyr

Gly

Ser

Tyr

90

Ile

Leu

Ala

Trp

Ala

170

Gly

Gly

Ala

Tyr

Asp

His

Val

75

Gln

Ala

His

Lys

Thr

155

Ala

Asn

His

Gln

Asn

Val

Asn

60

Asp

His

Val

Gly

Ala

140

His

Lys

Ile

Asp
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Asp

Pro

Thr

45

Gly

Ile

Asn

Lys

Asn

125

Arg

Gln

Gln

Gly

Pro
205

Ala

Ala

30

Gly

Thr

Phe

Gly

Asp

110

Val

Ala

Met

Ala

Tyr

190

Arg

Lys

15

Tyr

Asn

Ile

Ala

Glu

95

Gly

Ile

Trp

Lys

Leu

175

Val

Leu

Ala

Thr

Thr

Ser

Glu

80

Trp

Gln

Lys

Asp

Ala

160

Thr

His

Pro



Val

Leu

225

Asn

Leu

Lys

Thr

Asp

305

Asp

Lys

Ser

Lys

Gly

385

Gln

Lys

Pro

210

Asn

Asn

Trp

Gln

Ser

290

Ala

Lys

Thr

Met

Trp

370

Ser

Gly

Pro

Gly

Pro

Ser

Gly

Pro

275

Arg

Thr

Leu

Tyr

Leu

355

Tyr

Leu

Asp

Gln

Thr

Lys

Pro

Gly

260

Arg

Arg

Ala

Ala

Gln

340

Lys

Ser

Asn

Lys

Gln

Gly

Val

Gln

245

Ala

Phe

Asp

Asn

Ser

325

Gln

Arg

Ala

Ile

Ser

405

Glu

Lys

Tyr

230

Lys

Asp

Thr

Leu

Leu

310

Trp

Pro

Thr

Ser

Ser

390

Pro

Val

Trp

215

Asn

Asp

Arg

Ala

Asn

295

Ala

Asp

Gly

Val

Gly

375

Val

Ile

Ile

Asp

Pro

Tyr

Ala

Asp

280

Leu

Glu

Gly

Ser

Val

360

Tyr

Gly

Pro

Leu

Trp

Gln

Pro

Thr

265

Gln

Arg

Asn

Glu

Ala

345

Ala

Glu

Ala

Gln

Lys

Ser

Ala

250

Glu

Ala

Leu

Asp

Asn

330

Ile

Ala

Thr

Lys

Ala
410

Gly

Gly

235

Ser

Ile

Trp

Phe

Pro

315

Leu

Leu

Val

Thr

Ile

395

Val

Leu

220

Tyr

Asp

Asp

Asp

Leu

300

Arg

Val

Asn

Pro

Gln

380

Leu

Asp

Ala Ala Leu Asp
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Leu

Ile

Leu

Thr

Val

285

Pro

Arg

Asn

Ala

Ala

365

Asp

Tyr

Leu

Asp

Ser

Ala

Phe

Ile

270

Ile

Ala

Gln

Asp

Trp

350

Pro

Gly

Glu

Phe

Ala

Phe

Asn

Ala

255

Leu

Arg

Leu

Leu

Asp

335

Leu

Phe

Pro

Ala

Gly

415

Trp

Asp

Trp

240

Phe

Asp

Gln

Lys

Val

320

Gly

Thr

Gly

Thr

Leu

400

Gly

Gln



Thr

Ala

Ala

465

Thr

Val

Pro

Glu

Glu

545

Glu

Asp

Asp

Val

Arg
625

Leu

Met

450

Ala

Glu

Leu

Asp

Ser

530

His

Val

Asp

Arg

Ser

610

Gln

Ser

435

Ala

Ala

Asn

Ala

Gly

515

Phe

Lys

Lys

Thr

Leu

595

Glu

Asn

420

Lys

Leu

Lys

Asn

Trp

500

Lys

Gly

Glu

Ile

Tyr

580

Phe

Val

Tyr

Arg

Thr

Glu

Met

485

Asp

Ala

Arg

Ser

Val

565

Arg

Gln

Leu

Trp

Tyr

Phe

Ala

470

Ile

Val

Asp

Lys

Gln

550

Arg

Leu

Met

Gly

Pro
630

Gly

Arg

455

Arg

Val

Val

Lys

Ser

535

Glu

Asp

Phe

Glu

Lys

615

Asp

Asn

440

Ala

His

Phe

Ala

His

520

Leu

Val

Glu

Tyr

Met

600

Ala

Ser

425

Asp

Asn

Gln

Ser

Pro

505

Tyr

Trp

Leu

Tyr

Gly

585

Ala

Phe

Ile

Val

Asn

Ala

Pro

490

Gly

Asp

Leu

Gln

Gly

570

Tyr

Arg

Val

Arg

Thr

Phe

Glu

475

Thr

Gln

Asp

Thr

Val

555

Met

Gly

Arg

Lys

Ala
635

Gly

Phe

460

Tyr

Ser

Ser

Gln

Pro

540

Gln

Pro

Tyr

Ser

Phe

620

Gln
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Trp

445

Gly

Gln

Gly

Gly

Leu

525

Gln

Leu

His

Val

Thr

605

Asp

Ile

430

Lys

Val

Asn

Asn

Phe

510

Lys

Asp

Asp

Ile

Val

590

Gln

Lys

Ala

Thr

Pro

Arg

Arg

495

Ile

Met

Val

Gln

Tyr

575

Ala

Gly

Asp

Ser

Pro

Gln

Gly

480

Pro

Ala

Tyr

Asp

Thr

560

Ala

Gln

Thr

Ile

Leu
640



Ser Ala

Ala Trp

Gln Phe

Val Ala
690

Thr Ser
705

Tyr Gly

Val Asn

Pro Leu

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

Glu Asp Lys Ser Ile Leu Gln Gly Tyr Ala Asp Gly Met
645 650 655

Ile Asp Lys Val Asn Ala Ser Pro Asp Lys Leu Leu Pro
660 665 670

Ser Thr Phe Gly Phe Lys Pro Lys His Trp Glu Pro Phe
675 680 685

Met Ile Phe Val Gly Thr Met Ala Asn Arg Phe Ser Asp
695 700

Glu Ile Asp Asn Leu Ala Leu Leu Thr Ala Leu Lys Asp
710 715

Lys Gln Gln Gly Met Ala Val Phe Asn Gln Leu Lys Trp
725 730 735

Pro Ser Ala Pro Thr Thr Ile Ala Ala Arg Glu Ser Ala
740 745 750

Lys Phe Asp Leu Gln Asn Thr Gln Thr Ala
755 760
13
763
PRT

Artificial Sequence

synthetic PGA protein sequence for variants 293-333

VARIANT
(26)..(26)
Xaa can be Trp or Phe

VARIANT
(27)..(27)
Xaa can be Tyr, Phe, Gly, His, Thr, or Val
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Asn

Gln

Asp

Ser

Lys

720

Leu

Tyr



<220>

<221> VARIANT

<222> (28)..(28)

<223> Xaa can be Val or Asn

<220>

<221> VARIANT

<222> (32)..(32)

<223> Xaa can be Thr or Asp

<220>

<221> VARIANT

<222> (49)..(49)

<223> Xaa can be Pro or His

<220>

<221> VARIANT

<222> (56)..(56)

<223> Xaa can be Val, Ile or Leu

<220>

<221> VARIANT

222> (71)..(71)

<223> Xaa can be Gly, Phe or Ala

<220>

<221> VARIANT

<222> (74)..(74)

<223> Xaa can be Asp, Ala, Gly, His, Leu, Asn, Pro, Ser, Thr, or Val

<220>

<221> VARIANT

<222> (116)..(116)

<223> Xaa can be Phe or Ile

220>

<221> VARIANT

<222> (126)..(126)

<223> Xaa can be Val or Ile

<220>

<221> VARIANT

222> (127)..(127)

<223> Xaa can be Ile or Val

<220>

<221> VARIANT

<222> (129)..(129)

<223> Xaa can be Thr, Lys or Trp

<220>
<221> VARIANT
<222> (130)..(130)
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<223>

<220>
<221>
222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>

Xaa can be Asp or Glu

VARIANT
(131)..(131)
Xaa can be Thr, Asp, Asn, or Arg

VARIANT
(132)..(132)
Xaa can be Ala, Arg or Thr

VARIANT
(133)..(133)
Xaa can be Thr, Ala, Cys,Gly, Asn, Gln, Arg, or Ser

VARIANT
(134)..(134)
Xaa can be Gln, His or Ser

VARIANT
(156)..(156)
Xaa can be His or Arg

VARIANT
(160)..(160)
Xaa can be Ala or Ser

VARIANT
(240)..(240)
Xaa can be Trp or Phe

VARIANT
(253)..(253)
Xaa can be Leu, Phe, Ser, Thr, Val, or Trp

VARIANT
(254)..(254)
Xaa can be Phe or Trp

VARIANT
(255)..(255)
Xaa can be Ala, Phe, Gly, Leu, Met, Arg, Ser, Val, or Tyr
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<221> VARIANT
<222> (256)..(256)
<223> Xaa can be Phe or Tyr

<220>

<221> VARIANT

<222> (257)..(257)

<223> Xaa can be Asn or Arg

220>

<221> VARIANT

<222> (264)..(264)

<223> Xaa can be Vval or Ala

<220>

<221> VARIANT

<222> (308)..(308)

<223> Xaa can be Ala or Thr

<220>

<221> VARIANT

<222> (348)..(348)

<223> Xaa can be Asn, Asp, Glu, His, Lys, Arg, or Ser

<220>

<221> VARIANT

<222> (360)..(360)

<223> Xaa can be Val or Ala

220>

<221> VARIANT

<222> (365)..(365)

<223> Xaa can be Ala or Met

<220>

<221> VARIANT

<222> (367)..(367)

<223> Xaa can be Phe or Ser

<220>

<221> VARIANT

<222> (368)..(368)

<223> Xaa can be Gly or Asp

<220>

<221> VARIANT

<222> (369)..(369)

<223> Xaa can be Lys or Cys

<220>

<221> VARIANT

<222> (370)..(370)

<223> Xaa can be Trp, Phe, Ile, or Val
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<220>

<221> VARIANT

<222> (372)..(372)

<223> Xaa can be Ser, Ala or Leu

<220>

<221> VARIANT

<222> (373)..(373)

<223> Xaa can be Ala, Gln, or Tyr

<220>

<221> VARIANT

<222> (373)..(373)

<223> Xaa can be Ala, Leu, Gln, or Tyr

<220>

<221> VARIANT

<222> (378)..(378)

<223> Xaa can be Thr, Cys or Gln

<220>

<221> VARIANT

<222> (379)..(379)

<223> Xaa can be Thr, Ala, Cys, Gly, Leu, Arg, or Ser

<220>

<221> VARIANT

<222> (380)..(380)

<223> Xaa can be Gln, Cys, Ile, Lys, or Arg

<220>

<221> VARIANT

<222> (381)..(381)

<223> Xaa can be Asp, Cys, Phe, Gly, Ile, Lys, Leu, Met, Pro, Gln, Arg,
Val, Trp, or Tyr

<220>

<221> VARIANT

<222> (384)..(384)

<223> Xaa can be Thr, Ala, Cys, Phe, Gly, His, Asn, Pro, or Arg

<220>

<221> VARIANT

<222> (387)..(387)

<223> Xaa can be Leu, Cys, Glu, Phe, Gly, His, Ile, Met, Gln, Ser, or
Thr

<220>

<221> VARIANT

<222> (388)..(388)

<223> Xaa can be Asn, Gly or Ser
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<220>
<221>
222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
222>

VARIANT
(389)..(389)

Xaa can be Ile or Pro

VARIANT
(391)..(391)

Xaa can be Val, Asn, or Pro

VARIANT
(418)..(418)
Xaa can be Pro

VARIANT
(453)..(453)
Xaa can be Thr

VARIANT
(454)..(454)
Xaa can be Phe

VARIANT
(456) . .(456)
Xaa can be Ala

VARIANT
(484)..(484)
Xaa can be Asp

VARIANT
(547)..(547)
Xaa can be Gln

VARIANT
(557)..(557)
Xaa can be Leu

VARIANT
(596)..(596)
Xaa can be Phe

VARIANT
(616)..(616)

or

or

or

or

or

or

or

or

Gln

Arg

Tyr

Thr

Asn

Lys

Ser

Leu

Page 39 of 53



<223>

<220>
<221>
222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

<220>
<221>
<222>
<223>

<400>

Xaa can be Ala

VARIANT
(618)..(618)
Xaa can be Val

VARIANT
(619)..(619)
Xaa can be Ser

VARIANT
(697)..(697)
Xaa can be Met

VARIANT
(711)..(711)
Xaa can be Leu

VARIANT
(750)..(750)
Xaa can be Ser

VARIANT
(754)..(754)
Xaa can be Leu

13

or

or

or

or

or

or

or

Ser Asn Met Trp Val Ile

1

Ile Met Val Asn Gly Pro

20

Tyr Gly Ile Gly Leu His

35

Xaa Phe Ala Tyr Pro Gly

50

Trp Gly Ser Thr Ala Gly

65

70

Asp

Ile

Lys

Arg

Gln

Gly

Pro

Gly

Gln

Gly

Leu

55

Xaa

Lys

Phe

Ala

40

Xaa

Gly

Asn Lys
10

Gly Xaa
25

Phe Gly

Asp Xaa

Ala Gln

Xaa Xaa

Asp Val

His Asn

60

Val Asp
75
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Asp

Pro

Thr

45

Gly

Ile

Ala

Ala

30

Thr

Phe

Lys

15

Tyr

Asn

Ile

Ala

Ala

Xaa

Thr

Ser

Glu
80



Lys

Val

Pro

Xaa

Gly

145

Lys

Ile

Thr

Val

Leu

225

Asn

Xaa

Lys

Leu

Lys

Glu

Xaa

130

Lys

Asn

Asn

Gly

Pro

210

Asn

Asn

Trp

Gln

Ser

Met

Thr

115

Xaa

Glu

Trp

Trp

Ala

195

Gly

Pro

Ser

Gly

Pro
275

Ala

Leu

100

Xaa

Xaa

Val

Pro

Tyr

180

Tyr

Thr

Lys

Pro

Gly

260

Arg

Glu

85

Ser

Thr

Xaa

Ala

Glu

165

Tyr

Pro

Gly

Val

Gln

245

Ala

Phe

Lys

Arg

Val

Xaa

Ser

150

Trp

Ala

Asp

Lys

Tyr

230

Lys

Asp

Thr

Pro

Lys

Trp

Thr

135

Leu

Thr

Asp

Arg

Trp

215

Asn

Asp

Arg

Ala

Gly

Glu

Arg

120

Ala

Leu

Gln

Val

Gln

200

Asp

Pro

Tyr

Xaa

Asp
280

Tyr

Thr

105

Thr

Tyr

Ala

Gln

Asn

185

Pro

Trp

Gln

Pro

Thr

265

Gln

Tyr

90

Ile

Leu

Ala

Trp

Ala

170

Gly

Gly

Lys

Ser

Ala

250

Glu

Ala

Gln

Ala

His

Lys

Thr

155

Ala

Asn

His

Gly

Gly

235

Ser

Ile

Trp

His

Val

Gly

Ala

140

Xaa

Lys

Ile

Asp

Leu

220

Tyr

Asp

Asp

Asp
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Asn

Lys

Asn

125

Arg

Gln

Gln

Gly

Pro

205

Leu

Ile

Xaa

Thr

Val
285

Gly

Asp

110

Xaa

Ala

Met

Ala

Tyr

190

Arg

Ser

Ala

Xaa

Ile

270

Ile

Glu

95

Gly

Xaa

Trp

Lys

Leu

175

Val

Leu

Phe

Asn

Xaa

255

Leu

Arg

Trp

Gln

Lys

Asp

Xaa

160

Thr

His

Pro

Asp

Xaa

240

Xaa

Asp

Gln



Thr

Asp

305

Asp

Lys

Ser

Xaa

Gly

385

Gln

Lys

Thr

Ala

Ala

465

Thr

Val

Ser

290

Ala

Lys

Thr

Met

Xaa

370

Ser

Gly

Xaa

Leu

Met

450

Ala

Glu

Leu

Arg

Thr

Leu

Tyr

Leu

355

Tyr

Xaa

Asp

Gln

Ser

435

Ala

Ala

Asn

Ala

Arg

Xaa

Ala

Gln

340

Lys

Xaa

Xaa

Lys

Gln

420

Leu

Lys

Xaa

Trp

Asp

Asn

Ser

325

Gln

Arg

Xaa

Xaa

Ser

405

Glu

Arg

Xaa

Glu

Met

485

Asp

Leu

Leu

310

Trp

Pro

Thr

Ser

Ser

390

Pro

Val

Tyr

Xaa

Ala

470

Ile

Val

Asn

295

Ala

Asp

Gly

Val

Gly

375

Xaa

Ile

Ile

Gly

Arg

455

Arg

Val

Val

Leu

Glu

Gly

Ser

Xaa

360

Tyr

Gly

Pro

Leu

Asn

440

Xaa

His

Phe

Ala

Arg

Asn

Glu

Ala

345

Ala

Glu

Ala

Gln

Ala

425

Asn

Gln

Ser

Pro

Leu

Asp

Asn

330

Ile

Ala

Xaa

Lys

Ala

410

Ala

Val

Asn

Ala

Pro

490

Gly

Phe Leu
300

Pro Arg
315

Leu Val

Leu Xaa

Val Pro

Xaa Xaa
380

Ile Leu
395

Val Asp

Leu Asp

Thr Gly

Phe Phe

460

Glu Tyr
475

Thr Ser

Gln Ser

Page 42 of 53

Pro

Arg

Asn

Ala

Xaa

365

Xaa

Tyr

Leu

Asp

Trp

445

Gly

Gln

Gly

Gly

Ala

Gln

Asp

Trp

350

Pro

Gly

Glu

Phe

Ala

430

Lys

Val

Asn

Asn

Phe

Leu

Leu

Asp

335

Leu

Xaa

Pro

Ala

Gly

415

Trp

Thr

Pro

Arg

Arg

495

Ile

Lys

Val

320

Gly

Thr

Xaa

Xaa

Leu

400

Gly

Gln

Pro

Gln

Gly

480

Pro

Ala



Pro

Glu

Glu

545

Glu

Asp

Asp

Val

Arg

625

Ser

Ala

Gln

Val

Thr
705

Asp

Ser

530

His

Val

Asp

Arg

Ser

610

Gln

Ala

Trp

Phe

Ala

690

Ser

Gly

515

Phe

Xaa

Lys

Thr

Leu

595

Glu

Asn

Glu

Ile

Ser

675

Met

Glu

500

Lys

Gly

Glu

Ile

Tyr

580

Xaa

Val

Tyr

Asp

Asp

660

Thr

Ile

Ile

Ala

Arg

Ser

Val

565

Arg

Gln

Leu

Trp

Lys

645

Lys

Phe

Phe

Asp

Asp

Lys

Gln

550

Arg

Leu

Met

Gly

Pro

630

Ser

Val

Gly

Val

Asn
710

Lys

Ser

535

Glu

Asp

Phe

Glu

Lys

615

Asp

Ile

Asn

Phe

Gly

695

Xaa

His

520

Leu

Val

Glu

Tyr

Met

600

Xaa

Ser

Leu

Ala

Lys

680

Thr

Ala

505

Tyr

Trp

Leu

Tyr

Gly

585

Ala

Phe

Ile

Gln

Ser

665

Pro

Xaa

Leu

Asp

Leu

Gln

Gly

570

Tyr

Arg

Xaa

Arg

Gly

650

Pro

Lys

Ala

Leu

Asp

Thr

Val

555

Met

Gly

Arg

Xaa

Ala

635

Tyr

Asp

His

Asn

Thr
715

Gln

Pro

540

Gln

Pro

Tyr

Ser

Phe

620

Gln

Ala

Lys

Trp

Arg

700

Ala

Page 43 of 53

Leu

525

Gln

Xaa

His

Val

Thr

605

Asp

Ile

Asp

Leu

Glu

685

Phe

Leu

510

Lys

Asp

Asp

Ile

Val

590

Gln

Lys

Ala

Gly

Leu

670

Pro

Ser

Lys

Met

Val

Gln

Tyr

575

Ala

Gly

Asp

Ser

Met

655

Pro

Phe

Asp

Asp

Tyr

Asp

Thr

560

Ala

Gln

Thr

Ile

Leu

640

Asn

Gln

Asp

Ser

Lys
720



Tyr Gly Lys Gln Gln Gly Met Ala Val Phe Asn Gln Leu Lys Trp Leu
725 730 735

Val Asn Pro Ser Ala Pro Thr Thr Ile Ala Ala Arg Glu Xaa Ala Tyr
740 745 750

Pro Xaa Lys Phe Asp Leu Gln Asn Thr Gln Thr
755 760

<210> 14
<211> 764
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic PGA protein sequence for variants 255-292

220>

<221> VARIANT

<222> (28)..(28)

<223> Xaa can be Vval or Asn

<220>

<221> VARIANT

<222> (56)..(56)

<223> Xaa can be Val or Leu

<220>

<221> VARIANT

<222> (71)..(71)

<223> Xaa can be Gly or Ala

<220>

<221> VARIANT

222> (74)..(74)

<223> Xaa can be Asp, Asn, Ser, Thr or Val

<220>

<221> VARIANT

<222> (139)..(139)

<223> Xaa can be Lys or Ile

<220>

<221> misc_feature

<222> (445)..(445)

<223> Xaa can be any naturally occurring amino acid
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<220>
<221>
222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

<400>

VARIANT
(455)..(455)

Xaa can be Arg or Trp

VARIANT
(618)..(618)

Xaa can be Val or Ile

VARIANT
(619)..(619)

Xaa can be Ser or Lys

14

Ser Asn Met

1

Ile

Tyr

Pro

Trp

65

Lys

Val

Pro

Thr

Met

Gly

Phe

50

Gly

Leu

Lys

Glu

Asp
130

Val

Ile

35

Ala

Ser

Ser

Met

Thr

115

Thr

Trp

Asn

20

Gly

Tyr

Thr

Ala

Leu

100

Phe

Ala

Val

Gly

Leu

Pro

Ala

Glu

85

Ser

Thr

Thr

Ile

Pro

His

Gly

Gly

70

Lys

Arg

Val

Gln

Gly

Gln

Gly

Leu

55

Xaa

Pro

Lys

Trp

Thr
135

Lys

Phe

Ala

40

Xaa

Gly

Gly

Glu

Arg

120

Ala

Asn

Gly

25

Gly

Phe

Asp

Tyr

Thr

105

Thr

Tyr

Lys

10

Trp

Tyr

Gly

Xaa

Tyr

90

Ile

Leu

Ala

Ala

Tyr

Asp

His

Val

75

Gln

Ala

His

Xaa

Gln

Xaa

Val

Asn

60

Asp

His

Val

Gly

Ala
140
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Asp

Pro

Thr

45

Gly

Ile

Asn

Lys

Asn

125

Arg

Ala

Ala

30

Gly

Thr

Phe

Gly

Asp

110

Val

Ala

Lys

15

Tyr

Asn

Ile

Ala

Glu

95

Gly

Ile

Trp

Ala

Thr

Thr

Ser

Glu

80

Trp

Gln

Lys

Asp



Gly

145

Lys

Ile

Thr

Val

Leu

225

Asn

Leu

Lys

Thr

Asp

305

Asp

Lys

Ser

Lys

Asn

Asn

Gly

Pro

210

Asn

Asn

Trp

Gln

Ser

290

Ala

Lys

Thr

Met

Glu

Trp

Trp

Ala

195

Gly

Pro

Ser

Gly

Pro

275

Arg

Thr

Leu

Tyr

Leu

Val

Pro

Tyr

180

Tyr

Thr

Lys

Pro

Gly

260

Arg

Arg

Ala

Ala

Gln

340

Lys

Ala

Glu

165

Tyr

Pro

Gly

Val

Gln

245

Ala

Phe

Asp

Asn

Ser

325

Gln

Arg

Ser

150

Trp

Ala

Asp

Lys

Tyr

230

Lys

Asp

Thr

Leu

Leu

310

Trp

Pro

Thr

Leu

Thr

Asp

Arg

Trp

215

Asn

Asp

Arg

Ala

Asn

295

Ala

Asp

Gly

Val

Leu

Gln

Val

Gln

200

Asp

Pro

Tyr

Ala

Asp

280

Leu

Glu

Gly

Ser

Val

Ala

Gln

Asn

185

Pro

Trp

Gln

Pro

Thr

265

Gln

Arg

Asn

Glu

Ala
345

Trp

Ala

170

Gly

Gly

Lys

Ser

Ala

250

Glu

Ala

Leu

Asp

Asn

330

Ile

Thr

155

Ala

Asn

His

Gly

Gly

235

Ser

Ile

Trp

Phe

Pro

315

Leu

Leu

His

Lys

Ile

Asp

Leu

220

Tyr

Asp

Asp

Asp

Leu

300

Arg

Val

Asn

Ala Ala Vval Pro
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Gln

Gln

Gly

Pro

205

Leu

Ile

Leu

Thr

Val

285

Pro

Arg

Asn

Ala

Ala

Met

Ala

Tyr

190

Arg

Ser

Ala

Phe

Ile

270

Ile

Ala

Gln

Asp

Trp

350

Pro

Lys

Leu

175

Val

Leu

Phe

Asn

Ala

255

Leu

Arg

Leu

Leu

Asp

335

Leu

Phe

Ala

160

Thr

His

Pro

Asp

Trp

240

Phe

Asp

Gln

Lys

Val

320

Gly

Thr

Gly



Lys

Gly

385

Gln

Lys

Thr

Ala

Ala

465

Thr

Val

Pro

Glu

Glu

545

Glu

Trp

370

Ser

Gly

Pro

Leu

Met

450

Ala

Glu

Leu

Asp

Ser

530

His

Val

355

Tyr

Leu

Asp

Gln

Ser

435

Ala

Ala

Asn

Ala

Gly

515

Phe

Lys

Lys

Ser

Asn

Lys

Gln

420

Lys

Leu

Lys

Asn

Trp

500

Lys

Gly

Glu

Ile

Ala

Ile

Ser

405

Glu

Arg

Thr

Glu

Met

485

Asp

Ala

Arg

Ser

Val
565

Ser

Ser

390

Pro

Val

Tyr

Phe

Ala

470

Ile

Val

Asp

Lys

Gln

550

Arg

Gly

375

Val

Ile

Ile

Gly

Arg

455

Arg

Val

Val

Lys

Ser

535

Glu

Asp

360

Tyr

Gly

Pro

Leu

Asn

440

Ala

His

Phe

Ala

His

520

Leu

Val

Glu

Glu

Ala

Gln

Ala

425

Asp

Asn

Gln

Ser

Pro

505

Tyr

Trp

Leu

Tyr

Thr

Lys

Ala

410

Ala

Val

Asn

Ala

Pro

490

Gly

Asp

Leu

Gln

Gly
570

Thr

Ile

395

Val

Leu

Thr

Phe

Glu

475

Thr

Gln

Asp

Thr

Val

555

Met

Gln

380

Leu

Asp

Asp

Gly

Phe

460

Tyr

Ser

Ser

Gln

Pro

540

Gln

Pro
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365

Asp

Tyr

Leu

Asp

Xaa

445

Gly

Gln

Gly

Gly

Leu

525

Gln

Leu

His

Gly

Glu

Phe

Ala

430

Lys

Val

Asn

Asn

Phe

510

Lys

Asp

Asp

Ile

Pro

Ala

Gly

415

Trp

Thr

Pro

Arg

Arg

495

Ile

Met

Val

Gln

Tyr
575

Thr

Leu

400

Gly

Gln

Pro

Gln

Gly

480

Pro

Ala

Tyr

Asp

Thr

560

Ala



Asp

Asp

Val

Arg

625

Ser

Ala

Gln

Val

Thr

705

Tyr

Val

Pro

Asp

Arg

Ser

610

Gln

Ala

Trp

Phe

Ala

690

Ser

Gly

Asn

Leu

<210>
<211>
<212>

Thr

Leu

595

Glu

Asn

Glu

Ile

Ser

675

Met

Glu

Lys

Pro

Lys
755

15
764
PRT

Tyr

580

Phe

Val

Tyr

Asp

Asp

660

Thr

Ile

Ile

Gln

Ser

740

Phe

Arg

Gln

Leu

Trp

Lys

645

Lys

Phe

Phe

Asp

Gln

725

Ala

Asp

Leu

Met

Gly

Pro

630

Ser

Val

Gly

Val

Asn

710

Gly

Pro

Leu

Phe

Glu

Lys

615

Asp

Ile

Asn

Phe

Gly

695

Leu

Met

Thr

Gln

Tyr

Met

600

Ala

Ser

Leu

Ala

Lys

680

Thr

Ala

Ala

Thr

Asn
760

Gly

585

Ala

Phe

Ile

Gln

Ser

665

Pro

Met

Leu

Val

Ile

745

Thr

Tyr

Arg

Xaa

Arg

Gly

650

Pro

Lys

Ala

Leu

Phe

730

Ala

Gln

Gly

Arg

Xaa

Ala

635

Tyr

Asp

His

Asn

Thr

715

Asn

Ala

Thr

Tyr

Ser

Phe

620

Gln

Ala

Lys

Trp

Arg

700

Ala

Gln

Arg

Ala
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Val

Thr

605

Asp

Ile

Asp

Leu

Glu

685

Phe

Leu

Leu

Glu

Val

590

Gln

Lys

Ala

Gly

Leu

670

Pro

Ser

Lys

Lys

Ser
750

Ala

Gly

Asp

Ser

Met

655

Pro

Phe

Asp

Asp

Trp

735

Ala

Gln

Thr

Ile

Leu

640

Asn

Gln

Asp

Ser

Lys

720

Leu

Tyr



<213> Artificial Sequence

<220>
<223> synthetic PGA protein sequence for variants 293-333

<220>

<221> VARIANT

222> (27)..(27)

<223> Xaa can be Phe or Tyr

220>

<221> VARIANT

<222> (28)..(28)

<223> Xaa can be Asn or Val

<220>

<221> misc_feature

<222> (54)..(54)

<223> Xaa can be any naturally occurring amino acid

220>

<221> VARIANT

<222> (56)..(56)

<223> Xaa can be Leu or Ile

<220>

<221> VARIANT

222> (71)..(71)

<223> Xaa can be Gly or Ala

<220>

<221> VARIANT

<222> (74)..(74)

<223> Xaa can be Asp, Asn, Ser Thr, or Val

<220>

<221> VARIANT

<222> (264)..(264)

<223> Xaa can be Val or Ala

<220>

<221> VARIANT

<222> (484)..(484)

<223> Xaa can be Asp or Asn

<220>

<221> misc_feature

<222> (544)..(544)

<223> Xaa can be any naturally occurring amino acid

<220>
<221> VARIANT
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Xaa can be Gln or

Xaa can be Val or

Xaa can be Ser or

Xaa can be Ala or

Val

5

Gly

Leu

Pro

Ala

Glu

85

Ser

Thr

Thr

<222> (547)..(547)
<223>
<220>
<221> VARIANT
<222> (618)..(618)
<223>
<220>
<221> VARIANT
<222> (619)..(619)
<223>
<220>
<221> VARIANT
<222> (741)..(741)
<223>
<400> 15
Ser Asn Met Trp
1
Ile Met Val Asn

20
Tyr Gly Ile Gly

35
Pro Phe Ala Tyr
50

Trp Gly Ser Thr
65
Lys Leu Ser Ala
Val Lys Met Leu

100
Pro Glu Thr Phe

115

Thr Asp Thr Ala

Ile

Pro

His

Xaa

Gly

70

Lys

Arg

Val

Gln

Lys

Ile

Lys

Thr

Gly

Gln

Gly

Leu

55

Xaa

Pro

Lys

Trp

Thr

Lys

Phe

Ala

40

Leu

Gly

Gly

Glu

Arg

120

Ala

Asn

Gly

25

Gly

Phe

Asp

Tyr

Thr

105

Thr

Lys

10

Trp

Tyr

Gly

Xaa

Tyr

90

Ile

Leu

Ala

Xaa

Asp

His

Val

75

Gln

Ala

His

Gln

Xaa

Val

Asn

60

His

Val

Gly

Tyr Ala Lys Ala
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Asp

Pro

Thr

45

Gly

Ile

Asn

Lys

Asn

125

Arg

Ala

Ala

30

Gly

Thr

Phe

Gly

Asp

110

Val

Ala

Lys

15

Tyr

Asn

Ile

Ala

Glu

95

Gly

Ile

Trp

Ala

Thr

Thr

Ser

Glu

80

Trp

Gln

Lys

Asp



Gly

145

Lys

Ile

Thr

Val

Leu

225

Asn

Leu

Lys

Thr

Asp

305

Asp

Lys

130

Lys

Asn

Asn

Gly

Pro

210

Asn

Asn

Trp

Gln

Ser

290

Ala

Lys

Thr

Glu

Trp

Trp

Ala

195

Gly

Pro

Ser

Gly

Pro

275

Arg

Thr

Leu

Tyr

Val

Pro

Tyr

180

Tyr

Thr

Lys

Pro

Gly

260

Arg

Arg

Ala

Ala

Gln
340

Ala

Glu

165

Tyr

Pro

Gly

Val

Gln

245

Ala

Phe

Asp

Asn

Ser

325

Gln

Ser

150

Trp

Ala

Asp

Lys

Tyr

230

Lys

Asp

Thr

Leu

Leu

310

Trp

Pro

135

Leu

Thr

Asp

Arg

Trp

215

Asn

Asp

Arg

Ala

Asn

295

Ala

Asp

Gly

Leu

Gln

Val

Gln

200

Asp

Pro

Tyr

Xaa

Asp

280

Leu

Glu

Gly

Ser

Ala

Gln

Asn

185

Pro

Trp

Gln

Pro

Thr

265

Gln

Arg

Asn

Glu

Ala
345

Trp

Ala

170

Gly

Gly

Lys

Ser

Ala

250

Glu

Ala

Leu

Asp

Asn
330

Thr

155

Ala

Asn

His

Gly

Gly

235

Ser

Ile

Trp

Phe

Pro

315

Leu

140

His

Lys

Ile

Asp

Leu

220

Tyr

Asp

Asp

Asp

Leu

300

Arg

Val

Ile Leu Asn
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Gln

Gln

Gly

Pro

205

Leu

Ile

Leu

Thr

Val

285

Pro

Arg

Asn

Ala

Met

Ala

Tyr

190

Arg

Ser

Ala

Phe

Ile

270

Ile

Ala

Gln

Asp

Trp
350

Lys

Leu

175

Val

Leu

Phe

Asn

Ala

255

Leu

Arg

Leu

Leu

Asp

335

Leu

Ala

160

Thr

His

Pro

Asp

Trp

240

Phe

Asp

Gln

Lys

Val

320

Gly

Thr



Ser

Lys

Gly

385

Gln

Lys

Thr

Ala

Ala

465

Thr

Val

Pro

Glu

Glu
545

Met

Trp

370

Ser

Gly

Pro

Leu

Met

450

Ala

Glu

Leu

Asp

Ser

530

His

Leu

355

Tyr

Leu

Asp

Gln

Ser

435

Ala

Ala

Asn

Ala

Gly

515

Phe

Xaa

Lys

Ser

Asn

Lys

Gln

420

Lys

Leu

Lys

Asp

Trp

500

Lys

Gly

Glu

Arg

Ala

Ile

Ser

405

Glu

Arg

Thr

Glu

Met

485

Asp

Ala

Arg

Ser

Thr

Ser

Ser

390

Pro

Val

Tyr

Phe

Ala

470

Ile

Val

Asp

Lys

Gln
550

Val

Gly

375

Val

Ile

Ile

Gly

Arg

455

Arg

Val

Val

Lys

Ser

535

Glu

Val

360

Tyr

Gly

Pro

Leu

Asn

440

Ala

His

Phe

Ala

His

520

Leu

Val

Ala

Glu

Ala

Gln

Ala

425

Asp

Asn

Gln

Ser

Pro

505

Tyr

Trp

Leu

Ala

Thr

Lys

Ala

410

Ala

Val

Asn

Ala

Pro

490

Gly

Asp

Leu

Gln

Val

Thr

Ile

395

Val

Leu

Thr

Phe

Glu

475

Thr

Gln

Asp

Thr

Val
555

Pro

Gln

380

Leu

Asp

Asp

Gly

Phe

460

Tyr

Ser

Ser

Gln

Pro

540

Gln
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Ala

365

Asp

Tyr

Leu

Asp

Trp

445

Gly

Gln

Gly

Gly

Leu

525

Gln

Leu

Pro

Gly

Glu

Phe

Ala

430

Lys

Val

Asn

Asn

Phe

510

Lys

Asp

Asp

Phe

Pro

Ala

Gly

415

Trp

Thr

Pro

Arg

Arg

495

Ile

Met

Val

Gln

Gly

Thr

Leu

400

Gly

Gln

Pro

Gln

Gly

480

Pro

Ala

Tyr

Xaa

Thr
560



Glu

Asp

Asp

Val

Arg

625

Ser

Ala

Gln

Val

Thr

705

Tyr

Val

Pro

Val

Asp

Arg

Ser

610

Gln

Ala

Trp

Phe

Ala

690

Ser

Gly

Asn

Leu

Lys

Thr

Leu

595

Glu

Asn

Glu

Ile

Ser

675

Met

Glu

Lys

Pro

Lys
755

Ile

Tyr

580

Phe

Val

Tyr

Asp

Asp

660

Thr

Ile

Ile

Gln

Ser

740

Phe

Val

565

Arg

Gln

Leu

Trp

Lys

645

Lys

Phe

Phe

Asp

Gln

725

Xaa

Asp

Arg

Leu

Met

Gly

Pro

630

Ser

Val

Gly

Val

Asn

710

Gly

Pro

Leu

Asp

Phe

Glu

Lys

615

Asp

Ile

Asn

Phe

Gly

695

Leu

Met

Thr

Gln

Glu

Tyr

Met

600

Ala

Ser

Leu

Ala

Lys

680

Thr

Ala

Ala

Thr

Asn
760

Tyr

Gly

585

Ala

Phe

Ile

Gln

Ser

665

Pro

Met

Leu

Val

Ile

745

Thr

Gly

570

Tyr

Arg

Xaa

Arg

Gly

650

Pro

Lys

Ala

Leu

Phe

730

Ala

Gln

Met

Gly

Arg

Xaa

Ala

635

Tyr

Asp

His

Asn

Thr

715

Asn

Ala

Thr

Pro

Tyr

Ser

Phe

620

Gln

Ala

Lys

Trp

Arg

700

Ala

Gln

Arg

Ala
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His

Val

Thr

605

Asp

Ile

Asp

Leu

Glu

685

Phe

Leu

Leu

Glu

Ile

Val

590

Gln

Lys

Ala

Gly

Leu

670

Pro

Ser

Lys

Lys

Ser
750

Tyr

575

Ala

Gly

Asp

Ser

Met

655

Pro

Phe

Asp

Asp

Trp

735

Ala

Ala

Gln

Thr

Ile

Leu

640

Asn

Gln

Asp

Ser

Lys

720

Leu

Tyr



The Claims defining the Invention are as follows:

1. An engineered non-naturally occurring penicillin G acylase capable of removing the
A1/B1/B29 tri-phenyl acetate protecting groups from insulin to produce free insulin, wherein said
penicillin G acylase comprises SEQ ID NO:12.

2. The engineered penicillin G acylase of Claim 1, wherein said penicillin G acylase is

encoded by the polynucleotide sequence set forth in SEQ ID NO:11.
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