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[07] Other aspects of the present specification disclose yeast cells comprising a yeast expression
construct including a polynucleotide molecule encoding enterokinase. The disclosed yeast expression
constructs may be transiently contained in a yeast cell or it may be stably contained in the yeast cell. A
yeast cell includes, without limitation, a cell from a Pichia pastoris strain, a cell from a Pichia methanolica
strain, a cell from a Pichia angusta strain, a cell from a Schizosaccharomyces pombe strain, a cell from a
Saccharomyces cerevisiae strain or a cell from a Yarrowia lipolytica strain.
[08] Yet other aspects of the present specification disclose methods of producing an enterokinase
using a yeast expression construct. The disclosed methods comprise the step of expressing in a yeast
cell a yeast expression construct disclosed herein. Other aspect provide methods of producing an
enterokinase comprising the steps of introducing a yeast expression construct disclosed herein into a
yeast cell and expressing the expression construct in the yeast cell.
[09] Still other aspects of the present specification disclose methods for cleaving a polypeptide
comprising an enterokinase cleavage site using an enterokinase. The disclosed methods comprise the
step of contacting the polypeptide including an enterokinase cleavage site with an enterokinase wherein
contacting the polypeptide with the enterokinase results in a specific cleavage of the enterokinase
cleavage site. The enterokinase used may be one encoded by a polynucleotide molecule disclosed
herein, produced using a yeast expression construct disclosed herein, and/or produced by expressing in
a yeast cell disclosed herein.
[010] Other aspects of the present specification disclose methods for preparing a polypeptide
comprising an enterokinase cleavage site using an enterokinase. The disclosed methods comprise the
step of contacting the polypeptide including an enterokinase cleavage site with an enterokinase wherein
contacting the polypeptide with the enterokinase results in a specific cleavage of the enterokinase
cleavage site. The enterokinase used may be one encoded by a polynucleotide molecule disclosed
herein, produced using a yeast expression construct disclosed herein, and/or produced by expressing in
a yeast cell disclosed herein.

BREIF DESCRIPTION OF THE DRAWINGS

[011] FIG. 1 shows a graph of mean enzymatic activity of enterokinase produced from six different

yeast cell lines comprising an integrated EK cassette disclosed herein.
DESCRIPTION

[012] Yeast expression systems offer several advantages as a production system for a heterologous
polypeptide. Firstly, yeast cells can be grown to high biomass (>300 g/L wet cell weight) in fermentors,
providing dense cultures in order to produce large amounts of the desired polypeptide. Second, unlike
prokaryotic expression systems, yeast expression systems can correctly govern post-translational folding
and other modifications specific to an eukaryotic polypeptide, thereby ensuring the retention of biological
activity, function and stability of the heterologous polypeptide. Third, yeast expression systems are
versatile and flexible, offering 1) extra-chromosomal or genome-based expression; 2) constitutive or
inducible control of expression, and 3) the ability to direct the expressed heterologous polypeptide to
specific cellular or extracellular compartments to facilitate isolation and purification.

[013] The present specification discloses improved expression construction useful for producing
recombinant enterokinase in a cost-effective manner and in amounts large enough to be useful for

commercial applications. These results can be achieved using any one of the disclosed genetically-
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engineered polynucleotide molecules encoding enterokinase. Once cloned into a yeast expression
vector and introduced into a yeast cell, these engineered molecules can produce significantly higher
amounts of enterokinase then is currently possible.

[014] Thus, aspects of the present specification provide, in part, a polynucleotide molecule. A
polynucleotide molecule disclosed herein can be single-stranded or double-stranded DNA isolated from
the genome of an organism, a recombinantly produced cDNA, of a chemically synthesized DNA
molecule. Moreover, an "isolated" polynucleotide molecule is typically substantially free of other cellular
materials when isolated from a genomic source or produced by recombinant techniques, or substantially
free of chemical precursors or other chemicals when chemically synthesized.

[015] Aspects of the present specification provide, in part, a polynucleotide molecule encoding
enterokinase. As used herein, the term “enterokinase” is synonymous with “EK” and refers to any
polypeptide that can selectively recognize and cleave the penta-peptide sequence Asp-Asp-Asp-Asp-Lys
(SEQ ID NO: 1) at the scissile bond located after the lysine residue (DDDDKi). As used herein, the term
“selectively recognize and cleave” when made in reference to an enterokinase, refers to the
discriminatory interaction of an enterokinase with a molecule comprising SEQ ID NO: 1 and the cleavage
of the scissile bond located after the lysine residue of SEQ ID NO: 1, while not substantially interacting
with and cleaving any other penta-peptide sequence located in the molecule. As such, enterokinase
refers to the native heterodimeric glycoprotein comprising an about 82-140 kDa heavy chain and an
about 35-62 kDa light chain joined by a single disulphide bridge as well as any catalytically active light
chain fragment. Examples of making a polynucleotide molecule encoding enterokinase are described in
Examples 1, 2, and 4-6.

[016] In an embodiment, a polynucleotide molecule encoding enterokinase may be SEQ ID NO: 4,
SEQ ID NO: 6, or a complement thereof. As used herein, the term “complement’ refers to a
polynucleotide molecule that is the anti-sense molecule to the sense molecule encoding the
enterokinase. A polynucleotide molecule encoding enterokinase may include polynucleotide regions
encoding other types of polypeptide molecules such as, e.g., purification tags, cell secretion signals,
and/or subcellular localization signals. An exemplary polynucleotide molecule of such sort is SEQ ID NO:
6. A polynucleotide molecule encoding enterokinase may also include control or regulatory
polynucleotide regions that direct or facilitate, e.g., aspects of transcription, translation, and/or post-
translation processing.

[017] In another embodiment, a polynucleotide molecule encoding enterokinase may be a nucleotide
variant of SEQ ID NO: 4, SEQ ID NO: 6, or a complement thereof, with the proviso that the nucleotide
change in SEQ ID NO: 4 or SEQ ID NO: 6, or a complement thereof does not alter the amino acid
sequence of the enterokinase encoded by the polynucleotide variant. As such, a SEQ ID NO: 4
polynucleotide variant disclosed herein encodes the enterokinase of SEQ ID NO: 5, and a SEQ ID NO: 6
polynucleotide variant disclosed herein encodes the enterokinase of SEQ ID NO: 7.

[018] In aspects of this embodiment, a polynucleotide variant molecule encoding enterokinase may be,
e.g., at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 91%, at least 92%, at
least 93%, at least 94%, at least 95%, at least 96%, at least 97% at least 98%, or at least 99% identical
to the polynucleotide sequence of SEQ ID NO: 4, SEQ ID NO: 6, or a complement thereof.
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[019] In other aspects of this embodiment, a polynucleotide variant molecule encoding enterokinase
may have from, e.g., about 1 to about 10, about 1 to about 15, about 1 to about 20, about 1 to about 25,
about 1 to about 30, about 5 to about 25, about 5 to about 30, about 5 to about 35, about 5 to about 40,
about 5 to about 45, about 10 to about 40, about 10 to about 45, about 10 to about 50, about 10 to about
55, or about 10 to about 60 non-contiguous nucleotide substitutions relative to SEQ ID NO: 4, SEQ ID
NO: 6, or a complement thereof. In yet other aspects of this embodiment, a polynucleotide variant
molecule encoding enterokinase may have, e.g., about 1 to about 10, about 1 to about 15, about 1 to
about 20, about 1 to about 25, about 1 to about 30, about 5 to about 25, about 5 to about 30, about 5 to
about 35, about 5 to about 40, about 5 to about 45, about 10 to about 40, about 10 to about 45, about 10
to about 50, about 10 to about 55, or about 10 to about 60 contiguous nucleotide substitutions relative to
SEQ ID NO: 4, SEQ ID NO: 6, or a complement thereof.

[020] Any of a variety of sequence alignment methods can be used to determine percent identity of a
polynucleotide or polypeptide disclosed herein, including, without limitation, global methods, local
methods and hybrid methods, such as, e.g., segment approach methods. Protocols to determine percent
identity are routine procedures within the scope of one skilled in the art and from the teaching herein.
[021] Global methods align sequences from the beginning to the end of the molecule and determine
the best alignment by adding up scores of individual residue pairs and by imposing gap penalties. Non-
limiting methods include, e.g., CLUSTAL W, see, e.g., Julie D. Thompson et al., CLUSTAL W: Improving
the Sensitivity of Progressive Multiple Sequence Alignment Through Sequence Weighting, Position-
Specific Gap Penalties and Weight Matrix Choice, 22(22) Nucleic Acids Research 4673-4680 (1994); and
iterative refinement, see, e.g., Osamu Gotoh, Significant Improvement in Accuracy of Multiple Protein
Sequence Alignments by lterative Refinement as Assessed by Reference fo Structural Alignments,
264(4) J. Mol. Biol. 823-838 (1996).

[022] Local methods align sequences by identifying one or more conserved motifs shared by all of the
input sequences. Non-limiting methods include, e.g., Match-box, see, e.g., Eric Depiereux and Ernest
Feytmans, Match-Box: A Fundamentally New Algorithm for the Simultaneous Alignment of Several
Protein Sequences, 8(5) CABIOS 501-509 (1992); Gibbs sampling, see, e.g., C. E. Lawrence et al.,
Detecting Subtle Sequence Signals: A Gibbs Sampling Strategy for Multiple Alignment, 262(5131)
Science 208-214 (1993); Align-M, see, e.g., Ivo Van Walle et al., Align-M — A New Algorithm for Multiple
Alignment of Highly Divergent Sequences, 20(9) Bioinformatics,:1428-1435 (2004).

[023] Hybrid methods combine functional aspects of both global and local alignment methods. Non-
limiting methods include, e.g., segment-to-segment comparison, see, e.g., Burkhard Morgenstern et al.,
Multiple DNA and Protein Sequence Alignment Based On Segment-To-Segment Comparison, 93(22)
Proc. Natl. Acad. Sci. U.S.A. 12098-12103 (1996); T-Coffee, see, e.g., Cédric Notredame et al., T-Coffee:
A Novel Algorithm for Multiple Sequence Alignment, 302(1) J. Mol. Biol. 205-217 (2000); MUSCLE, see,
e.g., Robert C. Edgar, MUSCLE: Multiple Sequence Alignment With High Score Accuracy and High
Throughput, 32(5) Nucleic Acids Res. 1792-1797 (2004); and DIALIGN-T, see, e.g., Amarendran R
Subramanian et al., DIALIGN-T: An Improved Algorithm for Segment-Based Multiple Sequence
Alignment, 6(1) BMC Bioinformatics 66 (2005).

[024] In yet aspects of this embodiment, a polynucleotide variant molecule encoding enterokinase may

be polynucleotide variant that hybridizes to a polynucleotide molecule comprising SEQ ID NO: 4, SEQ ID
4
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NO: 6, or a complement thereof, under stringent conditions. Such stringent hybridization conditions are
known to those skilled in the art and can be found in, e.g., Current Protocols in Molecular Biology, John
Wiley & Sons, N.Y. (1989), 6.3.1-6.3.6, entirely incorporated by reference. A non-limiting example of
stringent (e.g. high stringency) hybridization conditions are hybridization in 6x sodium chloride/sodium
citrate (SSC) at about 45°C, followed by one or more washes in 0.2 x SSC, 0.1% SDS at 50-65°C.

[025] In still other aspects of this embodiment, a polynucleotide variant molecule encoding
enterokinase may be a polynucleotide variant disclosed in Table 1. This table includes the amino acid
sequence of enterokinase light chain, the codons comprising the open reading frame of the
polynucleotide region of SEQ ID NO: 4 and SEQ ID NO: 6 encoding this light chain fragment, and the
codon variants that can be substituted for the codons of SEQ ID NO: 4 and SEQ ID NO: 6. In aspects of
this embodiment, a polynucleotide variant molecule encoding enterokinase has, e.g., 1,2, 3,4,5,6, 7, 8,
9,10, 11,12, 13, 14, 15, 16, 17, 18, 19, or 20 variant codons of Table 1 substituted for the corresponding
codons presence in SEQ ID NO: 4 or SEQ ID NO: 6. In other aspects of this embodiment, a
polynucleotide variant molecule encoding enterokinase has, e.g., at least 1, at least 2, at least 3, at least
4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at least 11, at least 12, at least 13, at
least 14, at least 15, at least 16, at least 17, at least 18, at least 19, or at least 20, variant codons of Table
1 substituted for the corresponding codon presence in SEQ ID NO: 4 or SEQ ID NO: 6. In yet other
aspects of this embodiment, a polynucleotide variant molecule encoding enterokinase has, e.g., at most
1, at most 2, at most 3, at most 4, at most 5, at most 6, at most 7, at most 8, at most 9, at most 10, at
most 11, at most 12, at most 13, at most 14, at most 15, at most 16, at most 17, at most 18, at most 19,
or at most 20 variant codons of Table 1 substituted for the corresponding codon presence in SEQ ID NO:
4 or SEQ ID NO: 6.

Table 1. Nucleic Acid Sequences of Enterokinase

Amino acid | \Y) G G S D S R E G A w
Codon ATA | GTT [ GGC | GGC | TCT | GAC | TCC | AGA | GAA | GGT | GCC | TGG
ATT GGT | GGT
Variant — — GAT | TCT — — GGA | GCT —
ATC GGA | GGA
Amino acid P w \% \% A L Y F D D Q Q
Codon CCA | TGG | GTC | GTT | GCC | TTA | TAC | TTT | GAT | GAT | CAA | CAG
Variant CCT — GTT — GCT | TTG | TAT — — — — CAA
Amino acid \Y) C G A S L \Y) S R D w L
Codon GTC | TGT | GGT | GCT | TCA | CTT | GTT | TCT | AGA | GAT | TGG | TTG
Variant GTT — GGA | — TCT | TTG — — — — — —
Amino acid \Y) S A A H C \Y) Y G R N M




ATT AACCCA - - Amno acid NKRRK NND | A MM Codon AAT AAG CGT AGG
AAA AAC AAT GAO ATA GCA ATG ATG Variant AAC - AGA AGA AAG - AAC GAT ATT ATC

GOT - - woian/aeisd HL EMK VNY T DYl Codon CAC TPGrEASANIA334
Codon GTG | TCC | GCA | GCA | CAT | TGT | GTG | TAT | GGT | AGG | AAT | ATG
Variant GTT | TCT | GCT | GCT | — — | GTT | TAC | GGA | AGA | CAA | —
Amino acid E P S K W K A Y L G L H
Codon GAG | CCT | TCA | AAG | TGG | AAA | GCT | GTA | TTG | GGG | TTG | CAT
Variant GAA | CCA | TCT | — — |AAG| — | GTT | — ceTl —

GGA
Amino acid M A S N L T S P Q | E T
Codon ATG | GCC | TCT | AAC | CTT | ACA | AGT | CCA | CAA | ATT | GAA | ACT
Variant — | GCT | — — | TIG|ACT | TCT |CCT| — |ATC | — —
Amino acid R L | D Q | Y | N P H Y
Codon AGA | CTA | ATT | GAT | CAA | ATT | GTT | ATC | AAT | CCT | CAT | TAC
Variant — | TTG | ATC | — — | ATC| — | ATT | AAC [ CCA | — —
Amino acid N K R R K N N D | A M M
Codon AAT | AAG | CGT | AGG | AAA | AAC | AAT | GAC | ATA | GCA | ATG | ATG
Variant AAC | — | AGA | AGA | AAG| — | AAC | GAT ATT GCT | — —
ATC
Amino acid H L E M K Y N Y T D Y |
Codon CAC | TTG | GAG | ATG | AAA | GTT | AAC | TAC | ACA | GAC | TAC | ATC
Variant CAT | — |GAA| — |AAG| — — — | ACT | GAT | — | ATT
Amino acid Q P | C L P E E N Q V F
Codon CAA | CCA | ATA | TGT | TTG | CCT | GAG | GAA | AAT | CAG | GTG | TTC
Variant — | ccT AT — | CCA|GAA| — | AAC | CAA | GTT | TTT
ATC
Amino acid P P G R I C S I A G w G
Codon CCA | CCT | GGT | CGT | ATT | TGT | AGT | ATT | GCT | GGA | TGG | GGA
Variant CCT [ CCA |GGA | AGA |ATC | — | TCT |ATC | — |GGT| — |GGT




AAA GIT AAC TAO ACA GAO TAO ATC Vvari ant CAT -
Am no acid QP |

acid P

GAA - AAG -

- ACT GAT -

ATT

CLP EENQV F Codon CAA CCA ATA TGT TTG CCT GAG GAA
AAT CAG VG20 7YEri ant - CCT ATT ATC - - CCA GAA - AACPCARMS®IiT/0diB34 A no
Amino acid A L [ Y Q G S T A D \% L
Codon GCC | CTG | ATC | TAC | CAA | GGA | TCT | ACC | GCT | GAC | GTA | TTA
Variant GCT | TTG | ATT — — GGT — ACT — GAT | GTT | TTG
Amino acid Q E A D \% P L L S N E K
Codon CAA | GAG | GCA | GAT | GTT | CCT | CTG | CTG | TCC | AAC | GAG | AAA
Variant — GAA | GCT — — CCA | TTG | TTG | TCT — GAA | AAG
Amino acid C Q Q Q M P E Y N [ T E
Codon TGC | CAG | CAA | CAA | ATG | CCA | GAA | TAC | AAC | ATC | ACT | GAA
Variant — CAA — — — CCT — — — ATT — —
Amino acid N M \% C A G Y E A G G \Y
Codon AAC | ATG | GTT | TGT | GCT | GGT | TAT | GAA | GCT | GGA | GGT | GTA
Variant — — — — — GGA | TAC — — GGT | GGA | GTT
Amino acid D S C Q G D S G G P L M
Codon GAT | TCA | TGC | CAG | GGA | GAT | TCA | GGC | GGT | CCT | CTA | ATG
GGT
Variant — TCT — CAA | GGT — TCT GGA | CCA | TTG —
GGA
Amino acid C Q E N N R w L L A G \%
Codon TGC | CAG | GAG | AAT | AAC | CGA | TGG | TTG | CTT | GCT | GGT | GTA
Variant — CAA | GAA | AAC — AGA — — TTG — GGA | GTT
Amino acid T S F G Y Q C A L P N R
Codon ACG | AGT | TTT | GGA | TAT | CAA | TGC | GCT | TTA | CCT | AAC | CGT
Variant ACT | TCT — GGT | TAC — — — TTG | CCA — AGA
Amino acid P G \% Y A R \% P R F T E
Codon CCA |GGG | GTC | TAT | GCA | AGA | GTC | CCA | AGA | TTC | ACC | GAG
GGT

Variant CCT GGA GTT | TAC | GCT — GTT | CCT — TTT | ACT | GAA




PGRI CSI AGW Codon CCA CCT GGI' CGT ATT TGTI AGI ATT GOT GGA TGG GGA
Variant CCT CCA GGA AGA ATC - TOT ATC - GGT - GGTT WO
2012/ 071250RCIR/II82011/ 061334 Amino acid A L I  YQES  Trarmswieasdon GOO

CTG ATC_TAO CAA GGA TOI ACC GOI GAO GTA
Amino acid w | Q S F L H *
Codon TGG | ATT | CAA | TCT | TTIT | CTG | CAC | TGA
Variant — ATC — — — TTG | CAT | TAA

[026] In further aspects of this embodiment, a polynucleotide molecule encoding enterokinase may be
a polynucleotide variant disclosed in Table 2. This table includes the amino acid sequence of
enterokinase light chain, the codons comprising the open reading frame of the polynucleotide region of
SEQ ID NO: 4 and SEQ ID NO: 6 encoding this light chain fragment, and the codon variants that can be
substituted for the codons of SEQ ID NO: 4 and SEQ ID NO: 6. In aspects of this embodiment, a
polynucleotide variant molecule encoding enterokinase has, e.g., 1, 2, 3, 4, 5,6, 7, 8, 9, 10, 11, 12, 13,
14, 15, 16, 17, 18, 19, or 20 variant codons of Table 2 substituted for the corresponding codon presence
in SEQ ID NO: 4 or SEQ ID NO: 6. In other aspects of this embodiment, a polynucleotide variant
molecule encoding enterokinase has, e.g., at least 1, at least 2, at least 3, at least 4, at least 5, at least 6,
at least 7, at least 8, at least 9, at least 10, at least 11, at least 12, at least 13, at least 14, at least 15, at
least 16, at least 17, at least 18, at least 19, or at least 20, variant codons of Table 2 substituted for the
corresponding codon presence in SEQ ID NO: 4 or SEQ ID NO: 6. In other aspects of this embodiment,
a polynucleotide variant molecule encoding enterokinase has, e.g., at most 1, at most 2, at most 3, at
most 4, at most 5, at most 6, at most 7, at most 8, at most 9, at most 10, at most 11, at most 12, at most
13, at most 14, at most 15, at most 16, at most 17, at most 18, at most 19, or at most 20 variant codons
of Table 2 substituted for the corresponding codon presence in SEQ ID NO: 4 or SEQ ID NO: 6.

Table 2. Nucleic Acid Sequences of Enterokinase

Amino acid I \% G G S D S R E G A w
Codon ATA | GTT | GGC | GGC | TCT | GAC | TCC | AGA | GAA | GGT | GCC | TGG
Variant ATT — | GGT | GGT | — GAT | TCT — — — | GCT | —
Amino acid P w \Y \Y A L Y F D D Q Q
Codon CCA | TGG | GTC | GTT | GCC | TTA | TAC | TTT | GAT | GAT | CAA | CAG
Variant — — GTT — | GCT | TTG | TAT — — — — CAA
Amino acid \% C G A S L \% S R D w L
Codon GTC | TGT | GGT | GCT | TCA | CTT | GTT | TCT | AGA | GAT | TGG | TTG
Variant GTT — — — TCT | TTG — — — — — —
Amino acid \% S A A H C \% Y G R N M
Codon GTG | TCC | GCA | GCA | CAT | TGT | GTG | TAT | GGT | AGG | AAT | ATG
Variant GTT | TCT | GCT | GCT | — — GTT | TAC — | AGA | CAA| —




TTA
L L

Variant GOT TTG ATT -

S

r - GGTI - ACT - GAT GIT TTG Amno acid QE
N E K Codon CAA GAG GCA GAT GIT CCT CTG CTG TOO AAC GAG AAA Vari ant -

ADVP

GAA GOT -we 26BA71386G TTG TOT - GAA AAG Anino acid CQQBIP/US201E/0¥1 354
Amino acid E P S K w K A \Y L G L H
Codon GAG | CCT | TCA | AAG | TGG | AAA | GCT | GTA | TTG | GGG | TTG | CAT
Variant GAA | CCA | TCT | — — |AAG| — |GTT| — |GGT| — —
Amino acid M A S N L T S P Q | E T
Codon ATG | GCC | TCT | AAC | CTT | ACA | AGT | CCA | CAA | ATT | GAA | ACT
Variant — | GCT | — — | TTG | ACT | TCT | — — — — —
Amino acid R L | D Q | \Y | N P H Y
Codon AGA | CTA | ATT | GAT | CAA | ATT | GTT | ATC | AAT | CCT | CAT | TAC
Variant — | TTG | — — — — — | ATT | AAC | CCA | — —
Amino acid N K R R K N N D | A M M
Codon AAT | AAG | CGT | AGG | AAA | AAC | AAT | GAC | ATA | GCA | ATG | ATG
Variant AAC| — | AGA | AGA | AAG| — | AAC | GAT | ATT | GCT | — —
Amino acid H L E M K \Y N Y T D Y |
Codon CAC | TTG | GAG | ATG | AAA | GTT | AAC | TAC | ACA | GAC | TAC | ATC
Variant CAT| — |GAA| — |AAG| — — — | ACT | GAT | — | ATT
Amino acid Q P | C L P E E N Q \Y F
Codon CAA | CCA | ATA | TGT | TTG | CCT | GAG | GAA | AAT | CAG | GTG | TTC
Variant — — | ATT | — — | CCA|GAA| — | AAC | CAA | GTT | TTT
Amino acid P P G R | C S | A G w G
Codon CCA | CCT | GGT | CGT | ATT | TGT | AGT | ATT | GCT | GGA | TGG | GGA
Variant — | CCA| — |AGA| — — | TCT | — — | GGT| — | GGT
Amino acid A L | Y Q G S T A D \Y L
Codon GCC | CTG | ATC | TAC | CAA | GGA | TCT | ACC | GCT | GAC | GTA | TTA
Variant GCT | TTG | ATT | — — |GGT| — |ACT| — | GAT | GTT | TTG
Amino acid Q E A D \Y P L L S N E K




| T E Codon TGC CAG CAA CAA ATG CCA GAA TAO AAC ATC ACT GAA Variant - CAA -
CCT - - - ATT - - Amno acid NMV CAGY E A GG V Codon AAC ATG GIT

TGT GOT G&0D 202T0783%A GOT GGA GGI' GTA Vari ant - GBATTAG11/061334
Codon CAA | GAG | GCA | GAT | GTT | CCT | CTG | CTG | TCC | AAC | GAG | AAA
Variant — GAA | GCT — — CCA | TTG | TTG | TCT — GAA | AAG
Amino acid C Q Q Q M P E Y N [ T E
Codon TGC | CAG | CAA | CAA | ATG | CCA | GAA | TAC | AAC | ATC | ACT | GAA
Variant — CAA — — — — — — — ATT — —
Amino acid N M \Y) C A G Y E A G G \Y
Codon AAC | ATG | GTT | TGT | GCT | GGT | TAT | GAA | GCT | GGA | GGT | GTA
Variant — — — — — — TAC — — GGT — GTT
Amino acid D S C Q G D S G G P L M
Codon GAT | TCA | TGC | CAG | GGA | GAT | TCA | GGC | GGT | CCT | CTA | ATG
Variant — TCT — CAA | GGT — TCT | GGT — CCA | TTG —
Amino acid C Q E N N R w L L A G \Y)
Codon TGC | CAG | GAG | AAT | AAC | CGA | TGG | TTG | CTT | GCT | GGT | GTA
Variant — CAA | GAA | AAC — AGA — — TTG — — GTT
Amino acid T S F G Y Q C A L P N R
Codon ACG | AGT | TTT | GGA | TAT | CAA | TGC | GCT | TTA | CCT | AAC | CGT
Variant ACT | TCT — GGT | TAC — — — TTG | CCA — AGA
Amino acid P G \Y) Y A R \Y) P R F T E
Codon CCA |GGG | GTC | TAT | GCA | AGA | GTC | CCA | AGA | TTC | ACC | GAG
Variant — GGT | GTT | TAC | GCT — GTT — — TTT | ACT | GAA
Amino acid w | Q S F L H *

Codon TGG | ATT | CAA | TCT | TTIT | CTG | CAC | TGA
Variant — — — — — TTG | CAT | TAA

[027] In yet another embodiment, the polynucleotide molecule encoding enterokinase may be a
truncated fragment of SEQ ID NO: 4, SEQ ID NO: 6, or a nucleotide variant thereof. As used herein, the
term “truncated fragment of SEQ ID NO: 4, SEQ ID NO: 6, or any nucleotide variant thereof” refers to the

removal of nucleotides from the 710 nucleotide sequence embodied by SEQ ID NO: 4 or a nucleotide
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- GGI GGA GIT Amno acid DS CQGEDS GGP L M Codon GAT TCA TGC CAG GGA
GAT TCA GGC GGT CCT CTA ATG Variant - TOTl - CAA GGI - TOT GGI' GGA GGA CCA
TTG - Amwoeoeai7tks? CQENNR W, L A G V Codon TGC CAGPGREGSANT/ 0636

variant thereof, or the 953 nucleotide sequence embodied by SEQ ID NO: 6 or a nucleotide variant
thereof. Nucleotides from the 5’-end, the 3’-end, or both the 5’-end and 3’-end of SEQ ID NO: 4, SEQ ID
NO: 6, or any nucleotide variant thereof may be removed.

[028] In aspects of this embodiment, 1, 2, 3, 4,5, 6,7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,
25, 30, 35, 40, 45, or 50 nucleotides are removed from the 5-end, the 3’-end, or both the 5-end and 3’-
end of SEQ ID NO: 4, SEQ ID NO: 6, or any nucleotide variant thereof, or compliment thereof. In other
aspects of this embodiment, at least 1, at least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at
least 8, at least 9, at least 10, at least 11, at least 12, at least 13, at least 14, at least 15, at least 16, at
least 17, at least 18, at least 19, at least 20, at least 25, at least 30, at least 35, at least 40, at least 45, or
at least 50 nucleotides are removed from the 5-end, the 3’-end, or both the 5-end and 3’-end of SEQ ID
NO: 4, SEQ ID NO: 6, or any nucleotide variant thereof, or compliment thereof. In yet other aspects of
this embodiment, at most 1, at most 2, at most 3, at most 4, at most 5, at most 6, at most 7, at most 8, at
most 9, at most 10, at most 11, at most 12, at most 13, at most 14, at most 15, at most 16, at most 17, at
most 18, at most 19, at most 20, at most 25, at most 30, at most 35, at most 40, at most 45, or at most 50
nucleotides are removed from the 5-end, the 3’-end, or both the 5-end and 3’-end of SEQ ID NO: 4,
SEQ ID NO: 6, or any nucleotide variant thereof, or compliment thereof.

[029] In other aspects of this embodiment, 1, 2, 3, 4, 5,6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
or 20 codons are removed from the 5-end, the 3’-end, or both the 5-end and 3’-end of SEQ ID NO: 4,
SEQ ID NO: 6, or any nucleotide variant thereof, or compliment thereof. In other aspects of this
embodiment, at least 1, at least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least
9, at least 10, at least 11, at least 12, at least 13, at least 14, at least 15, at least 16, at least 17, at least
18, at least 19, or at least 20, codons are removed from the 5’-end, the 3’-end, or both the 5-end and 3’-
end of SEQ ID NO: 4, SEQ ID NO: 6, or any nucleotide variant thereof, or compliment thereof. In yet
other aspects of this embodiment, at most 1, at most 2, at most 3, at most 4, at most 5, at most 6, at most
7, at most 8, at most 9, at most 10, at most 11, at most 12, at most 13, at most 14, at most 15, at most
16, at most 17, at most 18, at most 19, or at most 20 codons are removed from the 5-end, the 3’-end, or
both the 5-end and 3’-end of SEQ ID NO: 4, SEQ ID NO: 6, or any nucleotide variant thereof, or
compliment thereof.

[030] Aspects of the present specification disclose, in part, a polynucleotide molecule comprising a
yeast expression vector. A wide variety of yeast expression vectors can be employed for expressing a
polynucleotide molecule encoding EK, including, without limitation, a Pichia pastoris expression vector, a
Pichia methanolica expression vector, a Pichia angusta expression vector, a Schizosaccharomyces
pombe expression vector, a Saccharomyces cerevisiae expression vector and a Yarrowia lipolytica
expression vector. Non-limiting examples of yeast expression vectors include a pGal-MF expression
vector (DualsystemsBiotech, AG, Schlieren, CH), a pMET expression vector (Invitrogen, Inc., Carlsbad,
CA), a PICHIAPINK expression vector (Invitrogen, Inc., Carlsbad, CA), a pPICZ expression vector
(Invitrogen, Inc., Carlsbad, CA), a pPpT4Alpha expression vector (Ingenza, Ltd., Midlothian, UK), a
pTEF-MF expression vector (DualsystemsBiotech, AG, Schlieren, CH), a pYES expression vector
(Invitrogen, Inc., Carlsbad, CA).

[031] A yeast expression vector typically include control or regulatory polynucleotide regions that direct

or facilitate, e.g., aspects of replication, integration, transcription, translation, and/or post-translation
11



CGA TGG TTG OTT GOT GGT GTA Variant - CAA GAA AAC - AGA - - TTG - GGA GIT
Arino acid TS F GY Q AL P NR Codon ACG AGT TTT GGA TAT CAA TGC GOT
TTA CCT AWC203l7vari ant ACT TOT - GGI TAO - - - TTG CCAreTAG2011Am380 acid P
GV

processing. For example, a yeast expression vector can include constitutive promoter and enhancer
elements and/or inducible promoter and enhancer elements used to direct EK expression. A non-limiting
example of a constitutive expression vector is one that employs a Glyceraldehyde-3-Phosphate
Dehydrogenase (GAP) promoter to direct EK production. A non-limiting example of an inducible
expression vector is one that uses an Aldehyde Oxidase 1 (AOX1) promoter, with methanol as the
inducer. In either case, high levels of expression can be achieved, with up to several grams per litre of
product obtained. For example, in methanol induced yeast cells, AOX1 can account for 30% of the total
soluble protein. Strains lacking the AOX7 gene (also called Mut® strains) can still be induced by
methanol, since they express the alcohol oxidase 2 gene (AOX2), but they grow slower than wild type
strains when methanol is used as the sole carbon source. However, instead of using energy and
resources predominantly for AOX1 protein production, in Mut® strains the force of the AOX7 promoter can
be directed mainly towards recombinant protein production. In addition lower methanol levels can be
applied.

[032] A yeast expression vector may include polynucleotide regions encoding other types of
polypeptide molecules such as, e.g., purification tags, cell secretion signals, and/or subcellular
localization signals. Such polynucleotide regions are usually operably-linked to the EK in the form of a
fusion polypeptide. Non-limiting examples of purification tags include a histidine tag, a myc tag, a V5 tag.
Non-limiting examples of signal sequences include those that direct the EK to the cell cytoplasm, a
cellular organelle, such as a peroxisome, or to the extracellular culture medium. For instance, inclusion
of the Alpha Factor peptide signal enables secretion of the EK into the culture medium.

[033] Aspects of the present specification disclose, in part, a polynucleotide molecule comprising a
yeast expression construct. A yeast expression construct comprises a polynucleotide molecule encoding
EK as disclosed herein operably-linked to a yeast expression vector as disclosed herein. Examples of a
yeast expression construct are described in Examples 2 and 4-6.

[034] Aspects of the present specification disclose, in part, introducing into a yeast cell a polynucleotide
molecule disclosed herein. A polynucleotide molecule introduced into a cell can be transiently or stably
maintained by that cell. Stably-maintained polynucleotide molecules may be extra-chromosomal and
replicate autonomously, or they may be integrated into the chromosomal material of the cell and replicate
non-autonomously.

[035] It is envisioned that any and all methods for introducing a polynucleotide molecule disclosed
herein into a cell can be used. Methods useful for introducing a nucleic acid molecule into a cell include,
without limitation, chemical-mediated transfection such as, e.g., calcium phosphate-mediated, diethyl-
aminoethyl (DEAE) dextran-mediated, lipid-mediated, polyethyleneimine (PEl)-mediated, polylysine-
mediated and polybrene-mediated; physical-mediated tranfection, such as, e.g., biolistic particle delivery,
microinjection, protoplast fusion and electroporation; and viral-mediated transfection, such as, e.g.,
retroviral-mediated transfection. One skilled in the art understands that selection of a specific method to
introduce an expression construct into a cell will depend, in part, on whether the cell will transiently
contain an expression construct or whether the cell will stably contain an expression construct. These
protocols are routine procedures within the scope of one skilled in the art and from the teaching herein,

see, e.g., Introducing Cloned Genes into Cultured Mammalian Cells, pp. 16.1-16.62 (Sambrook &
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YARVPRFT E Codon CCA GGG GIC TAT GCA AGA GIC CCA AGA TTC ACC GAG
Variant CCT GGI GGA GIT TAO GOT - GIT CCT - TTT ACT GA A WO

2012/ 071 250RCR/I8A011/ 061334 Amino acid WI QS F L H PpcT/iSe@anciB&EG ATT
CAA TOT TTT CTG CAC TGA

Russell, eds., Molecular Cloning A Laboratory Manual, Vol. 3, 3" ed. 2001). Examples of introducing a
yeast expression construct disclosed herein into a yeast cell are described in Examples 2 and 4-6.

[036] Aspects of the present specification disclose, in part, a yeast cell comprising a yeast expression
construct including a polynucleotide molecule encoding EK as disclosed herein. In an aspect of this
embodiment, a yeast cell transiently contains a yeast expression construct including a polynucleotide
molecule encoding EK as disclosed herein. In another aspect of this embodiment, a yeast cell stably
contains an expression construct including a polynucleotide molecule encoding EK as disclosed herein.
In aspects of this embodiment, a yeast cell is a yeast cell strain derived from Pichia pastoris, Pichia
methanolica, Pichia angusta, Schizosaccharomyces pombe, Saccharomyces cerevisiae or Yarrowia
lipolytica. In other aspects of this embodiment, a yeast expression construct is a Pichia pastoris
expression vector, a Pichia methanolica expression vector, a Pichia angusta expression vector, a
Schizosaccharomyces pombe expression vector, a Saccharomyces cerevisiae expression vector or a
Yarrowia lipolytica expression vector. In yet other aspects of this embodiment, polynucleotide molecule
encoding EK is SEQ ID NO: 4, SEQ ID NO: 6, or any nucleotide variant thereof, or a complement thereof.
[037] Aspects of the present specification disclose, in part, expressing an EK from a polynucleotide
molecule disclosed herein using a yeast expression system. Expression of a polynucleotide molecule
using a yeast expression system can include any of a variety of characteristics including, without
limitation, inducible expression, non-inducible expression, constitutive expression, viral-mediated
expression, stably-integrated expression, and transient expression. These protocols are routine
procedures well within the scope of one skilled in the art and from the teaching herein. Non-limiting
examples of yeast expression systems include a EASYSELECT™ Pichia Expression Kit (Invitrogen, Inc.,
Carlsbad, CA), a EASYSELECT™ ECHO™ Pijchia Expression Kit (Invitrogen, Inc., Carlsbad, CA), a
Pichia methanolica Expression System (Invitrogen, Inc., Carlsbad, CA), a PICHIAPINK™ Secreted
Protein Kit (Invitrogen, Inc., Carlsbad, CA), a YES-ECHO™ Expression Vector Kit (Invitrogen, Inc.,
Carlsbad, CA ) and a SPECTRA™ S. pombe Expression System (Invitrogen, Inc., Carlsbad, CA).
Examples of expressing an EK from a polynucleotide molecule disclosed herein using a yeast expression
system are described in Examples 2-6.

[038] In an embodiment, the amount of EK expressed from a yeast expression construct comprising a
polynucleotide molecule of SEQ ID NO: 4, SEQ ID NO: 6, or any polynucleotide variant thereof is
increased as compared to the amount of EK expressed from SEQ ID NO: 2.

[039] In aspects of this embodiment, the amount of EK expressed from a yeast expression construct
comprising a polynucleotide molecule of SEQ ID NO: 4, SEQ ID NO: 6, or any polynucleotide variant
thereof is increased by, e.g., at least 0.5-fold, at least 1-fold, at least 1.5-fold, at least 2-fold, at least 3-
fold, at least 4-fold, at least 5-fold, at least 6-fold, at least 7-fold, at least 8-fold, at least 9-fold, at least 10-
fold, at least 15-fold, at least 20-fold, at least 25-fold, at least 30-fold, at least 35-fold, or at least 40-fold,
as compared to the amount of EK expressed from SEQ ID NO: 2. In other aspects of this embodiment,
the amount of EK expressed from a yeast expression construct comprising a polynucleotide molecule of
SEQ ID NO: 4, SEQ ID NO: 6, or any polynucleotide variant thereof is increased by, e.g., about 1-fold to
about 5-fold, about 1-fold to about 10-fold, about 1-fold to about 15-fold, about 1-fold to about 20-fold,
about 1-fold to about 25-fold, as compared to the amount of EK expressed from SEQ ID NO: 2.
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chromatography, phosphocellulose chromatography, lectin chromatography, aff|n|ty chromatography,
hydrophobic interaction chromatography, size exclusion chromatography, gel-filtration chromatography,
adsorption chromatography, hydroxyapatite chromatography, fast performance liquid chromatography
(FPLC), and high performance liquid (HPLC) chromatography. Binding moieties of the target peptide of
interest may be attached to any of a variety of substances including, without limitation resins, agarose,
and magnetic beads. In addition, any of a variety of processing techniques can be used including,
without limitation, batch-wise processing, and gravity-feed columns. Protein refolding steps may also be
necessary to ensure recovery of a functionally active BoNT/A encoded by nucleic acid molecules
disclosed in the specification. Non-limiting examples of specific protocols for purifying and recovering
proteins are described in, e.g., John Abelson et al., GUIDE TO PROTEIN PURIFICATION, (Academic Press,
1990), PROTEIN PURIFICATION: PRINCIPLES AND PRACTICE, (Robert K. Scopes et al. eds., Springer Verlag,
3 ed. 1994), PROTEIN PURIFICATION TECHNIQUES: A PRACTICAL APPROACH, (Simon Roe ed., Oxford
University Press, 2" ed. 2001), MOLECULAR CLONING A LABORATORY MANUAL, supra, (2001), lan M.
Rosenberg, PROTEIN ANALYSIS & PURIFICATION: BENCHTOP TECHNIQUES, (Springer Verlag, 2002). These

protocols are routine procedures within the scope of one skilled in the art and from the teaching herein.

[042] EK amounts can be measured during EK expression, after completion of EK expression, and/or
after EK purification using any of a variety of methods. Examples of protein measurement methods
include, without limitation, gel electrophoresis and protein staining, Western blotting, ELISA, protein-
labeling, UV absorbance, the Lowry assay, the biuret assay, the Smith copper/bicinchoninic (BCA) assay,
and the Bradford dye assay, see e.g., Christine V. Sapan et al., Colorimetric Protein Assay Techniques,
29(2) BIOTECHNOL. APPL. BIOCHEM. 99-108, (1999).

[043] Aspects of the present specification disclose, in part, methods for cleaving a polypeptide
comprising an EK cleavage site using an EK. In one embodiment, a method for cleaving a polypeptide

comprising an EK cleavage site includes the step of contacting the polypeptide including a EK cleavage
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Codon CCA TGG GIC GIT GOO TTA TAO TTT GAT GAT CAA CAG Vvariant - -

GIT

- &Or TTG TAT - - - - CAA Amino acidV CGASLYV SR DW Codon GIC TGI
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site with an EK, the EK produced by expressing a yeast expression construct comprising SEQ ID NO: 4,
SEQ ID NO: 6, any polynucleotide variant thereof, or any truncated variant thereof in a yeast cell, wherein
contacting the recombinant polypeptide with the enterokinase results in a specific cleavage of the EK
cleavage site. In an aspect of this embodiment, the EK cleavage site is SEQ ID NO: 1. The polypeptide
may be one that naturally has an EK cleavage site or it may be a recombinant polypeptide that is
genetically engineered to contain an EK cleavage site.

[044] Aspects of the present specification disclose, in part, methods for preparing a polypeptide

comprising an EK cleavage site using an EK. In one embodiment, a method for preparing of a

polypeptide comprising an EK cleavage site includes the step of contacting the polypeptide including a

EK cleavage site with an EK, the EK produced by expressing a yeast expression construct comprising

SEQ ID NO: 4, SEQ ID NO: 6, any polynucleotide variant thereof, or any truncated variant thereof in a

yeast cell, wherein contacting the recombinant polypeptide with the enterokinase results in a specific

cleavage of the EK cleavage site. In an aspect of this embodiment, the EK cleavage site is SEQ ID NO:

1. The polypeptide may be one that maturally has an EK cleavage site or it may be a recombinant

polypeptide that is genetically engineered to contain an EK cleavage site.

[045] Methods of using EK to cleave or prepare a polypeptide comprising an EK cleavage site can be

performed using a standard in vitro proteolytic cleavage assay. For example, a polypeptide comprising

an EK cleavage site may be added to a reaction mixture comprising 20 mM Tris-HCI (pH 7.4), 50 mM

NaCl, 20 mM CaCl, and an EK produced as described herein and incubated at about 20 to about 22°C

for about 2 hours to about 16 hours. The extent of cleaved or prepared polypeptide thus produced can

be assessed using standard procedures, such as, e.g., SDS-PAGE analysis, an immuno-based assay
like Western blot analysis or ELISA, or an activity assay for the polypeptide. The cleaved or prepared

polypeptide may also be purified using standard procedures. Assays useful for cleaving or preparing a

polypeptide comprising an EK cleavage site are described in, e.g., Ogiwara, et al.,, Modified

Enteropeptidase Protein, US 8,013,137; La Vallie, Cloning of Enterokinase and Method of Use, US

6,746,859, each entirely incorporated by reference.

[046] Aspects of the present specification may also be described as follows:

1. An isolated polynucleotide molecule comprising SEQ ID NO: 4, SEQ ID NO: 6, a polynucleotide
variant thereof, or a truncated variant thereof and any compliment thereof.

2. The isolated polynucleotide molecule of embodiment 1, wherein the polynucleotide variant is at least
70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 91%, at least 92%, at least 93%,
at least 94%, at least 95%, at least 96%, at least 97% at least 98%, or at least 99% identical to the
polynucleotide sequence of SEQ ID NO: 4, SEQ ID NO: 6, or a complement thereof.

3. The isolated polynucleotide molecule of embodiment 1, wherein the polynucleotide variant has from
about 1 to about 10, about 1 to about 15, about 1 to about 20, about 1 to about 25, about 1 to about
30, about 5 to about 25, about 5 to about 30, about 5 to about 35, about 5 to about 40, about 5 to
about 45, about 10 to about 40, about 10 to about 45, about 10 to about 50, about 10 to about 55, or
about 10 to about 60 non-contiguous nucleotide substitutions relative to SEQ ID NO: 4, SEQ ID NO:
6, or a complement thereof.

4. The isolated polynucleotide molecule of embodiment 1, wherein the polynucleotide variant has from

about 1 to about 10, about 1 to about 15, about 1 to about 20, about 1 to about 25, about 1 to about
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30, about 5 to about 25, about 5 to about 30, about 5 to about 35, about 5 to about 40, about 5 to

about 45, about 10 to about 40, about 10 to about 45, about 10 to about 50, about 10 to about 55, or
about 10 to about 60 contiguous nucleotide substitutions relative to SEQ ID NO: 4, SEQ ID NO: 6, or
a complement thereof.

5. The isolated polynucleotide molecule of embodiment 1, wherein the polynucleotide variant hybridizes
to a polynucleotide molecule comprising SEQ ID NO: 4, SEQ ID NO: 6, or a complement thereof,
under stringent condition

6. The isolated polynucleotide molecule of embodiment 1, wherein the polynucleotide variant has at
least 1, at least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least
10, at least 11, at least 12, at least 13, at least 14, at least 15, at least 16, at least 17, at least 18, at
least 19, or at least 20, variant codons from Table 1 substituted for the corresponding codon
presence in SEQ ID NO: 4 or SEQ ID NO: 6.

7. The isolated polynucleotide molecule of embodiment 1, wherein the polynucleotide variant has at
least 1, at least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least
10, at least 11, at least 12, at least 13, at least 14, at least 15, at least 16, at least 17, at least 18, at
least 19, or at least 20, variant codons from Table 2 substituted for the corresponding codon
presence in SEQ ID NO: 4 or SEQ ID NO: 6.

8. The isolated polynucleotide molecule of embodiment 1, wherein the truncated variant has at least 1,
at least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at
least 11, at least 12, at least 13, at least 14, at least 15, at least 16, at least 17, at least 18, at least
19, at least 20, at least 25, at least 30, at least 35, at least 40, at least 45, or at least 50 nucleotides
removed from the 5-end, the 3’-end, or both the 5’-end and 3’-end of SEQ ID NO: 4, SEQ ID NO: 6,
or any nucleotide variant thereof, or any compliment thereof.

9. The isolated polynucleotide molecule of embodiment 1, wherein the truncated variant has at least 1,
at least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at
least 11, at least 12, at least 13, at least 14, at least 15, at least 16, at least 17, at least 18, at least
19, or at least 20, codons removed from the 5’-end, the 3’-end, or both the 5’-end and 3’-end of SEQ
ID NO: 4, SEQ ID NO: 6, or any nucleotide variant thereof, or compliment thereof.

10. The isolated polynucleotide molecule of embodiments 1-9, wherein the isolated polynucleotide
molecule is a yeast expression vector.

11. The isolated polynucleotide molecule of embodiment 10, wherein the yeast expression vector is a
Pichia pastoris expression vector, a Pichia methanolica expression vector, a Pichia angusta
expression vector, a Schizosaccharomyces pombe expression vector, a Saccharomyces cerevisiae
expression vector and a Yarrowia lipolytica expression vector.

12. The isolated polynucleotide molecule of embodiment 10 or 11, wherein the yeast expression vector
includes a constitutive promoter, a constitutive enhancer, an inducible promoter, an inducible
enhancer, or any combination thereof that directs the expression of the polynucleotide molecule of
embodiments 1-9.

13. The isolated polynucleotide molecule of embodiment 12, wherein the inducible promoter is an
Aldehyde Oxidase 1 (AOX1) promoter.
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14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

The isolated polynucleotide molecule of embodiments 10-14, wherein the yeast expression vector
includes a polynucleotide region encoding a signal sequence that directs the EK encoded by the
polynucleotide molecule of embodiments 1-9 to a specific cellular or extracellular compartment.

The isolated polynucleotide molecule of embodiments 10-14, wherein the yeast expression vector
includes a polynucleotide region encoding a signal sequence that directs the EK encoded by the
polynucleotide molecule of embodiments 1-9 to the cell cytoplasm, a cellular organelle, or to the
extracellular culture medium.

The isolated polynucleotide molecule of embodiment 14 or 15, wherein the signal sequence is an
Alpha Factor peptide.

The isolated polynucleotide molecule of embodiments 1-9, wherein the isolated polynucleotide
molecule is a yeast expression construct.

A yeast expression construct comprising a yeast expression vector and a polynucleotide molecule
comprising SEQ ID NO: 4, SEQ ID NO: 6, a polynucleotide variant thereof, or a truncated variant
thereof and any compliment thereof.

The yeast expression construct of embodiment 18, wherein the polynucleotide variant is at least 70%,
at least 75%, at least 80%, at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at
least 94%, at least 95%, at least 96%, at least 97% at least 98%, or at least 99% identical to the
polynucleotide sequence of SEQ ID NO: 4, SEQ ID NO: 6, or a complement thereof.

The yeast expression construct of embodiment 18, wherein the polynucleotide variant has from about
1 to about 10, about 1 to about 15, about 1 to about 20, about 1 to about 25, about 1 to about 30,
about 5 to about 25, about 5 to about 30, about 5 to about 35, about 5 to about 40, about 5 to about
45, about 10 to about 40, about 10 to about 45, about 10 to about 50, about 10 to about 55, or about
10 to about 60 non-contiguous nucleotide substitutions relative to SEQ ID NO: 4, SEQ ID NO: 6, or a
complement thereof.

The yeast expression construct of embodiment 18, wherein the polynucleotide variant has from about
1 to about 10, about 1 to about 15, about 1 to about 20, about 1 to about 25, about 1 to about 30,
about 5 to about 25, about 5 to about 30, about 5 to about 35, about 5 to about 40, about 5 to about
45, about 10 to about 40, about 10 to about 45, about 10 to about 50, about 10 to about 55, or about
10 to about 60 contiguous nucleotide substitutions relative to SEQ ID NO: 4, SEQ ID NO: 6, or a
complement thereof.

The yeast expression construct of embodiment 18, wherein the polynucleotide variant hybridizes to a
polynucleotide molecule comprising SEQ ID NO: 4, SEQ ID NO: 6, or a complement thereof, under
stringent condition

The yeast expression construct of embodiment 18, wherein the polynucleotide variant has at least 1,
at least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at
least 11, at least 12, at least 13, at least 14, at least 15, at least 16, at least 17, at least 18, at least
19, or at least 20, variant codons from Table 1 substituted for the corresponding codon presence in
SEQ ID NO: 4 or SEQ ID NO: 6.

The yeast expression construct of embodiment 18, wherein the polynucleotide variant has at least 1,
at least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at

least 11, at least 12, at least 13, at least 14, at least 15, at least 16, at least 17, at least 18, at least
17
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25.

26.

27.

28.

20.

30.

31.

32.

33.
34.

35.

37.

38.

19, or at least 20, variant codons from Table 2 substituted for the corresponding codon presence in
SEQ ID NO: 4 or SEQ ID NO: 6.

The yeast expression construct of embodiment 18, wherein the truncated variant has at least 1, at
least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at least
11, at least 12, at least 13, at least 14, at least 15, at least 16, at least 17, at least 18, at least 19, at
least 20, at least 25, at least 30, at least 35, at least 40, at least 45, or at least 50 nucleotides
removed from the 5-end, the 3’-end, or both the 5’-end and 3’-end of SEQ ID NO: 4, SEQ ID NO: 6,
or any nucleotide variant thereof, or any compliment thereof.

The yeast expression construct of embodiment 18, wherein the truncated variant has at least 1, at
least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at least
11, at least 12, at least 13, at least 14, at least 15, at least 16, at least 17, at least 18, at least 19, or
at least 20, codons removed from the 5-end, the 3’-end, or both the 5-end and 3’-end of SEQ ID NO:
4, SEQ ID NO: 6, or any nucleotide variant thereof, or compliment thereof.

The yeast expression construct of embodiments 18-26, wherein the yeast expression vector is a
Pichia pastoris expression vector, a Pichia methanolica expression vector, a Pichia angusta
expression vector, a Schizosaccharomyces pombe expression vector, a Saccharomyces cerevisiae
expression vector and a Yarrowia lipolytica expression vector.

The yeast expression construct of embodiment 27, wherein the yeast expression vector includes a
constitutive promoter, a constitutive enhancer, an inducible promoter, an inducible enhancer, or any
combination thereof that directs the expression of the polynucleotide molecule of embodiments 1-9.
The yeast expression construct of embodiment 28, wherein the inducible promoter is an Aldehyde
Oxidase 1 (AOX1) promoter.

The yeast expression construct of embodiments 27-29, wherein the yeast expression vector includes
a polynucleotide region encoding a signal sequence that directs the EK encoded by the
polynucleotide molecule of embodiments 1-9 to a specific cellular or extracellular compartment.

The yeast expression construct of embodiments 27-29, wherein the yeast expression vector includes
a polynucleotide region encoding a signal sequence that directs the EK encoded by the
polynucleotide molecule of embodiments 1-9 to the cell cytoplasm, a cellular organelle, or to the
extracellular culture medium.

The yeast expression construct of embodiment 30 or 31, wherein the signal sequence is an Alpha
Factor peptide.

A yeast cell comprising a polynucleotide of embodiments 1-17.

The yeast cell of embodiment 33, wherein the expression construct is transiently contained in the
yeast cell.

The yeast cell of embodiment 33, wherein the expression construct is stably contained in the yeast
cell.

The yeast cell of embodiments 33-35, wherein the yeast cell comprises a cell from a Pichia pastoris
strain, a cell from a Pichia methanolica strain, a cell from a Pichia angusta strain, a cell from a
Schizosaccharomyces pombe strain, a cell from a Saccharomyces cerevisiae strain or a cell from a
Yarrowia lipolytica strain.

The yeast cell of embodiments 33-35, wherein the yeast cell is a cell from a Pichia pastoris strain.
18
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39. A yeast cell comprising a yeast expression construct of embodiments 18-32.

40. The yeast cell of embodiment 39, wherein the expression construct is transiently contained in the
yeast cell.

41. The yeast cell of embodiment 39, wherein the expression construct is stably contained in the yeast
cell.

42. The yeast cell of embodiments 39-41, wherein the yeast cell comprises a cell from a Pichia pastoris
strain, a cell from a Pichia methanolica strain, a cell from a Pichia angusta strain, a cell from a
Schizosaccharomyces pombe strain, a cell from a Saccharomyces cerevisiae strain or a cell from a
Yarrowia lipolytica strain.

43. The yeast cell of embodiments 39-41, wherein the yeast cell is a cell from a Pichia pastoris strain.

44. A method of producing an enterokinase, the method comprising the step of expressing an
enterokinase using a yeast cell of embodiments 33-43

45. The method of embodiment 44, wherein the method further comprises purifying the enterokinase.

46. A method of cleaving a recombinant polypeptide, the method comprising the step of contacting a
recombinant polypeptide including a cleavage site of SEQ ID NO: 1 with an enterokinase, wherein
the enterokinase is produced by a method of embodiment 44 or 45, wherein contacting the
recombinant polypeptide with the enterokinase results in a specific cleavage of SEQ ID NO: 1.

47. A method of preparing a recombinant polypeptide, the method comprising the step of contacting a
recombinant polypeptide including a cleavage site of SEQ ID NO: 1 with an enterokinase, wherein
the enterokinase is produced by a method of embodiment 44 or 45, wherein contacting the
recombinant polypeptide with the enterokinase results in a specific cleavage of SEQ ID NO: 1.

EXAMPLES

[047] The following non-limiting examples are provided for illustrative purposes only in order to facilitate

a more complete understanding of representative embodiments now contemplated. These examples

should not be construed to limit any of the embodiments described in the present specification, including

those pertaining to the methods of expression EK using a yeast expression system as disclosed herein.
Example 1
Synthesis of a polynucleotide molecule encoding EK

[048] A polynucleotide molecule SEQ ID NO: 4 is synthesized using standard chemical procedures

(BlueHeron Biotechnology, Bothell, WA). For example, oligonucleotides of 20 to 50 bases in length are

synthesized using standard phosphoramidite synthesis. These oligonucleotides are hybridized into

double stranded duplexes that are ligated together to assemble the full-length polynucleotide molecule.

This polynucleotide molecule is cloned using standard molecular biology methods into a pUCBHB1

vector at the Smal site to generate pUCBHB1/EK. The synthesized polynucleotide molecule is verified

by sequencing using Big Dye Terminator™ Chemistry 3.1 (Applied Biosystems, Foster City, CA) and an

ABI 3100 sequencer (Applied Biosystems, Foster City, CA). A similar synthesis strategy is used to make

a polynucleotide molecule SEQ ID NO: 6, nucleotide variants of SEQ ID NO: 4 or SEQ ID NO: 6, and

truncated variants of SEQ ID NO: 4 or SEQ ID NO: 6.

[049] If desired, an expression optimized polynucleotide molecule based on SEQ ID NO: 2, SEQ ID

NO: 4, or SEQ ID NO: 6 is synthesized in order to improve expression in yeast cell. The polynucleotide

molecule encoding the EK is modified to 1) contain synonymous codons typically present in native
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F Codon CAA CCA ATA TGT TTG COT GAG GAA AAT CAG GIG TTC Variant - - ATT - -
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polynucleotide molecules of a yeast strain of choice; 2) contain a G+C content that more closely matches
the average G+C content of native polynucleotide molecules found in a yeast strain of choice; 3) reduce
polymononucleotide regions found within the polynucleotide molecule; and/or 4) eliminate internal
regulatory or structural sites found within the polynucleotide molecule, see, e.g., Lance E. Steward et al.,
Optimizing Expression of Active Botulinum Toxin Type E, International Patent Publication WO
2006/011966 (Feb. 2, 2006); Lance E. Steward et al., Optimizing Expression of Active Botulinum Toxin
Type A, International Patent Publication WO 2006/017749 (Feb. 16, 2006), each entirely incorporated by
reference. Once sequence optimization is complete, oligonucleotides of 20 to 50 bases in length are
synthesized using standard phosphoramidite synthesis. These oligonucleotides are hybridized into
double stranded duplexes that are ligated together to assemble the full-length polynucleotide molecule.
This polynucleotide molecule is cloned using standard molecular biology methods into a pUCBHB1
vector at the Smal site to generate pUCBHB1/EK. The synthesized polynucleotide molecule is verified
by sequencing using Big Dye Terminator™ Chemistry 3.1 (Applied Biosystems, Foster City, CA) and an
ABI 3100 sequencer (Applied Biosystems, Foster City, CA). A similar synthesis strategy is used to make
a polynucleotide molecule that is nucleotide variants of SEQ ID NO: 4 or SEQ ID NO: 6, or truncated
variants of SEQ ID NO: 4 or SEQ ID NO: 6.
Example 2
Construction and expression of pPpT4Alpha/EK

[050] To construct a yeast expression construct comprising polynucleotide molecule encoding EK as
disclosed herein, a pJ201/rEK construct containing SEQ ID NO: 4 was digested with Xhol and Notl to
excise the SEQ ID NO: 4 insert. The resulting restriction fragment was purified by the QIAQUICK® Gel
Extraction Kit (QIAGEN, Inc., Valencia, CA), and the SEQ ID NO: 4 fragment was subcloned into the
pPpT4Alpha_S vector (Ingenza, Ltd., Midlothian, UK) that had been digested with restriction
endonucleases Xhol and Nofl. The pPpT4Alpha_S vector includes an Alpha Factor secretion signal
sequence, a portion of a AOXT promoter, AOD and AOXT1 transcript termination sequences, and an open
reading frame for ZEOCIN™. The fragment and vector were ligated using T4 DNA ligase protocol to
yield pPpT4Alpha/rEK and an aliquot of this ligation mixture was transformed by a standard
electroporation protocol into electro-competent NEB10 cells (New England Biolabs, Inc., Ipswich, MA).
The transformed cells were plated onto 1.5% Luria-Bertani Lennox agar plates (pH 7.0) containing 25
pg/mL of ZEOCIN™ and placed in a 37 °C incubator for overnight growth. Candidate expression
constructs were selected as ZEOCIN ™-resistant colonies. Resistant colonies were subsequently grown,
harvested and plasmid DNA isolated using standard procedures and candidate expression constructs
were screened by restriction digestion using Xhol and Notl, Xbal, or Ndel to determine the presence and
orientation of the correct insert fragment. Cultures containing the desired pPpT4Alpha/rEK expression
construct were grown, harvested and plasmid DNA isolated using standard procedures and candidate
expression constructs were sequenced to verify that the correct expression construct was made. This
cloning strategy yielded a yeast expression construct comprising SEQ ID NO: 4. A similar strategy is
used to make a pPpT4Alpha/EK expression construct including SEQ ID NO: 6, a nucleotide variant of
SEQ ID NO: 4 or SEQ ID NO: 6, or a truncated variant of SEQ ID NO: 4 or SEQ ID NO: 6. Alternatively,
a polynucleotide molecule of SEQ ID NO: 4, SEQ ID NO: 4, a nucleotide variant of SEQ ID NO: 4 or SEQ
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ID NO: 6, or truncated variant of SEQ ID NO: 4 or SEQ ID NO: 6 is synthesized as described in Example

1.
[051] To construct a yeast cell line expressing an enterokinase encoded by SEQ ID NO: 4, DNA from
the pPpT4Alpha/rEK expression construct was polymerase chain reaction (PCR) amplified using a AOX
forward primer of SEQ ID NO: 8 and a PUC reverse primer of SEQ ID NO: 9 to produce a linear
integration cassette. The first five base pairs of the AOX forward primer contain a Bg/ll site that is not
identical to the pPpT4Alpha/EK DNA sequence. The AOX forward primer binds after the region which is
part of the AOX1 Promoter. Although the full length AOX1 gene is not present on the linear integration
cassette, the entire full length AOX1 gene is reconstituted upon integration with the P. pastoris
chromosome. The resulting linearized expression construct was transformed into an appropriate P.
pastoris Mut® strain CBS7435 using an electroporation method. The transformation mixture is plated on
1.5% Yeast, Peptone, Dextrose, Sorbitol (YPDS) agar plates (pH 7.5) containing 100 pg/mL, 250 pg/mL,
or 500 pg/mL of ZEOCIN™ and placed in a 28-30 °C incubator for 1-3 days. Selection of transformants
integrating the pPpT4Alpha/EK fragment at the 5 AOX1 locus is determined by colony resistance to
ZEOCIN™_  Sixty-two recombinant colonies were selected from the various YPDS plates containing the
different concentrations of ZEOCIN™, and inoculated into Yeast, Peptone, and Dextrose (YPD) broth
containing 100 pg/mL ZEOCIN™. The isolated yeast cell lines grew as expected in the YPD broth
containing ZEOCIN™, indicating that the strains were Zeocin resistant and contained the integrated
pPpT4Alpha/EK cassette. Aliquots of the YPD cultures containing isolated cell yeast lines were placed in
vials having 1 mL YPD broth containing 10 % (v/v) Glycerol to create established yeast cell lines, and the
vials were stored at -80 °C. A similar strategy is used to make a yeast cell line expressing an
enterokinase of SEQ ID NO: 6, a nucleotide variant of SEQ ID NO: 4 or SEQ ID NO: 6, or a truncated
variant of SEQ ID NO: 4 or SEQ ID NO: 6.
[052] To further verify the presence of the integrated pPpT4Alpha/E cassette and determine the
relative EK gene copy number in each isolated yeast cell line, PCR analysis was carried out on the 62
isolated cell lines. One mL was removed from the YPD cultures discussed above was lysed and genomic
DNA isolate using standard procedures. The isolated genomic DNA was PCR amplified for 29 cycles
using an EK forward primer of SEQ ID NO: 10 and an EK reverse primer of SEQ ID NO: 11 to produce a
250-bp product from the EK gene. After completion of the amplification, the reaction mix was resolved on
a 0.8 % agarose gel containing a polynucleotide stain alongside a 0.1 Kb to 10 Kb size 2-log DNA
Ladder. These experiments confirmed that for 61 cell lines tested, the expected 250-bp EK fragment was
generated. PCR amplification was repeated using the same genomic DNA preparations but with only 18
cycles in order to estimate relative copy number between the strains. Although a relatively low level of
variation was observed, four cell lines exhibited a higher gene copy number relative to the others.
Example 3

Assays for enterokinase activity
[053] To test for the presence, quality and quantity of the expressed enterokinase, cell lines containing
an integrated pPpT4Alpha/EK cassette were assayed using a liquid colorimetric enterokinase (EK) assay,
SDS-PAGE, Western blot, and ELISA. To induce expression of enterokinase from the integrated
pPpT4Alpha/EK cassette, an aliquot from each established yeast cell line was used to inoculate 100 mL

baffled shake flasks containing 10 mL of defined growth media including 1.34% (w/v) Yeast Nitrogen
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Base (YNB), 200 mM phosphate buffer, 4 x 10°% (w/v) Biotin, and 1% (v/v) glycerol. The inoculates
were grown at about 28-30°C in a shaker incubator (250 rpm) for about 60-65 hours. Cells were
harvested by centrifugation (3,000x g at 22 °C for 5 minutes). To induce enterokinase expression, the
cell pellet was resuspended in 1 mL of primary induction media including 1.34% (w/v) Yeast Nitrogen
Base (YNB), 200 mM phosphate buffer, 4 x 10°% (w/v) Biotin, and 5% (v/v) methanol. The cells were
cultured at about 28-30 °C in a shaker incubator (250 rpm) for about 8-10 hours. The cultures were
charged with a 100 pL of methanol, cultured for about 16-18 hours and an additional 100 yL of methanol
was added to the media every 24 hours with the final charge added about 72-74 hours post induction. In
order to compare data obtained from shake flask samples, the benchmark strain B18 (a P. pastoris
CBS7435 Mut® pPpT4Alpha/EK-HIS expression construct that produces a His-tagged enterokinase) was
set up in duplicate shake flasks alongside the integrated strains.
[054] To determine enzymatic activity of the expressed enterokinase, samples were taken during the
course of the culture induction and assayed for enterokinase activity using a liquid colorimetric
enterokinase activity assay. A test aliquot of media was taken from the yeast cultures described above at
0 hour, 24, hours, 48 hours, 72 hours and 96 hours post-induction. Test aliquots were added to a tube
and centrifuged twice at 14,000 rpm to ensure removal of cells. An aliquot of the prepared media sample
was then added to a reaction mixture containing the 1 mM of colorimetric peptide substrate N-
carbobenzyloxy-Lys-ThioBenzyl ester (Z-Lys-SBZL; Bachem, AG, Bubendorf, CH) in the presence of
5,5'Dithio-bis (2-nitrobenzoic acid) (DTNB). The cleavage reaction initiated colorless to yellow color
change from and the initial rate was measured on the plate reader in kinetic mode at an absorbance of
405 nm. The enzyme concentration was adjusted to ensure sample dilutions were within the linear range
of the assay (0-100 mOD/min). Samples were assayed in triplicate alongside negative and positive
controls.
[055] Following the enterokinase activity assay results of all strains, the a liquid colorimetric
enterokinase activity assay was repeated using four established yeast cell lines with the highest
enterokinase activity, referred to as YCL-48, YCL-49, YCL-98 and YCL-99, and the two cell lines with the
lowest enterokinase activity, referred to as YCL-40 and YCL-88. All samples were assayed in triplicate
using a single batch of substrates. Figure X shows the mean enterokinase activity for each yeast cell line
against time post induction. The error bars indicate the 95 % confidence interval between the triplicate
shake flask values. From the data, YCL-49 had the highest enterokinase activity and YCL-88 had the
lowest activity.
[056] To determine identity and quality of the expressed enterokinase, samples from the 96-98 hours
post induction time point of YCL-40, YCL-48, YCL-49, YCL-88, YCL-98 and YCL-99 were taken and
analyzed using SDS-PAGE and Western blot analysis. Samples were added to 2x SDS Sample Buffer
and separated by MOPS polyacrylamide gel electrophoresis using 10-20% Bis-Tris precast
polyacrylamide gels (Expedeon, Inc, San Diego, CA) under denaturing, reducing conditions. For SDS-
PAGE analysis, the gels were stained with Coomassie Brilliant Blue to reveal the protein banding
patterns. For Western blot analysis, the separated polypeptides were transferred to nitrocellulose and
stained with a polyclonal a-enterokinase antibody. The enterokinase polypeptide was clearly visible on
the SDS-PAGE and Western blots as a single band at approximately 38 kDa. The electrophoretic

migration indicates that the enterokinase has undergone post-translational modification. In addition, the
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lack of any detectable spurious bands indicated the high quality of the expressed enterokinase of the
yeast cell lines with the integrated pPpT4Alpha/EK cassette.

[057] To determine concentration of the expressed enterokinase, samples from the 96-98 hours post
induction time point of YCL-49, YCL-88, and YCL-98 were taken and analyzed using a sandwich
Enzyme-linked immunosorbant assay (ELISA). A series of dilutions were prepared form the test samples
and were assayed in ftriplicate alongside defined concentrations from a commercially available
recombinant enterokinase standard (EMD Biosciences-Novagen, Madison, WI). The standard curve
produced from the dilution series of the commercial standard enabled quantification of the YCL-49 and
YCL-88 samples. The ELISA results were used to calculate the level of EK material present in the
supernatant of whole broth samples obtained following shake flask growth and expression of the

integrated strains (Table 3).

Table 3. ELISA Analysis
Sample Enterokinase Concentration
B18 1.0 yg/mL
YCL-49 2.6 pg/mL
YCL-88 2.9 pyg/mL
YCL-98 2.2 pg/mL

[058] The above described analyses indicated that several established yeast cells lines expressed a
high quality, enzymatically-active enterokinase from the integrated pPpT4Alpha/EK cassette.
Example 4
Construction and expression of pPICZ A/EK-myc-His

[059] To construct a yeast expression construct comprising polynucleotide molecule encoding EK as
disclosed herein, restriction endonuclease sites suitable for cloning an operably linked nucleic acid
molecule into a pPIC A vector (Invitrogen, Inc, Carlsbad, CA) are incorporated into the 5'- and 3’ ends of
SEQ ID NO: 4 using standard DNA synthesis procedures. This construct is digested with restriction
enzymes that 1) excise SEQ ID NO: 4 encoding an enterokinase; and 2) enable this insert to be
operably-linked to a pPIC A vector. This insert is subcloned using a T4 DNA ligase procedure into a
pPIC A vector that is digested with appropriate restriction endonucleases to yield pPIC A/BoNT/E-myc-
His. The ligation mixture is transformed into chemically competent E. coli DH5a cells (Invitrogen, Inc,
Carlsbad, CA) using a heat shock method, plated on 1.5% low salt Luria-Bertani agar plates (pH 7.5)
containing 25 pg/mL of ZEOCIN™  and placed in a 37 °C incubator for overnight growth. Bacteria
containing expression constructs are identified as ZEOCIN™ resistant colonies. Candidate constructs
are isolated using an alkaline lysis plasmid mini-preparation procedure and analyzed by restriction
endonuclease digest mapping to determine the presence and orientation of the insert. This cloning
strategy yields a yeast expression construct encoding an enterokinase operably linked to carboxy-
terminal c-myc and polyhistidine binding peptides. A similar strategy is used to make a pPIC A/EK
expression construct including SEQ ID NO: 6, a nucleotide variant of SEQ ID NO: 4 or SEQ ID NO: 6, or

a truncated variant of SEQ ID NO: 4 or SEQ ID NO: 6.
23



CAA GGT - TOT GGT - CCA TTG - Amno acid CENNR W L A GV Codon TGC
CAG GAG AAT AAC CGA TGG TTG OIT GOT GGI GTA Variant - CAA GAA AAC - AGA - -
TTG - - (Wo20anms7acid TS F G YQC AL P N R Codon AEBGI/US2011/061334

[060] To construct a yeast cell line expressing an enterokinase, pPICZ A/EK-myc-His is digested with a
suitable restriction endonuclease (i.e., Sacl, Pmel or BstXl) and the resulting linearized expression
construct is transformed into an appropriate P. pastoris Mut® strain KM71H using an electroporation
method. The transformation mixture is plated on 1.5% YPDS agar plates (pH 7.5) containing 100 pg/mL
of ZEOCIN™ and placed in a 28-30 °C incubator for 1-3 days of growth. Selection of transformants
integrating the pPICZ A/EK-myc-His at the 5 AOX1 locus is determined by colony resistance to
ZEOCIN™_  Cell lines integrating a pPICZ A/EK-myc-His construct are then tested for enterokinase
expression. Isolated colonies from test cell lines that have integrated pPICZ A/EK-myc-His are used to
inoculate 1.0 L baffled flasks containing 100 mL of MGYH media and grown at about 28-30 °C in a
shaker incubator (250 rpm) until the culture reaches an ODgyp=2-6 (approximately 16-18 hours). Cells
are harvested by centrifugation (3,000x g at 22 °C for 5 minutes). To induce expression, the cell pellet is
resuspended in 15 mL of MMH media and 100% methanol is added to a final concentration of 0.5%.
Cultures are grown at about 28-30 °C in a shaker incubator (250 rpm) for six days. Additional 100%
methanol is added to the culture every 24 hours to a final concentration of 0.5%. A 1.0 mL test aliquot is
taken from the culture every 24 hours starting at time zero and ending at time 144 hours. Cells are
harvested from the aliquots by microcentrifugation to pellet the cells and lysed using three freeze-thaw
rounds consisting of -80 °C for 5 minutes, then 37 °C for 5 minutes. Lysis samples are added to 2x SDS
Sample Buffer (Invitrogen, Inc, Carlsbad, CA) and expression from established cell lines is measured by
SDS-PAGE and Western blot analysis (as described in Example 3). The P. pastoris Mut® KM71H cell
line showing the highest expression level of enterokinase is selected for large-scale expression using
commercial fermentation procedures. Procedures for large-scale expression are as outlined above
except the culture volume is approximately 2.5 L MGYH media grown in a 5 L BioFlo 3000 fermentor and
concentrations of all reagents will be proportionally increased for this volume. For greater details on all
procedures described in this example, see EasySelect™ Pichia Expression Kit, version G, A Manual of
Methods for Expression of Recombinant Proteins Using pPICZ and pPICZa in Pichia pastoris, 122701,
25-0172 (Invitrogen, Inc, Carlsbad, CA). A similar strategy is used to make a yeast cell line expressing
an enterokinase of SEQ ID NO: 6, a nucleotide variant of SEQ ID NO: 4 or SEQ ID NO: 6, or a truncated
variant of SEQ ID NO: 4 or SEQ ID NO: 6.
Example 5
Construction and expression of pMET/EK-V5-His

[061] To construct a yeast expression construct comprising polynucleotide molecule encoding EK as
disclosed herein, restriction endonuclease sites suitable for cloning an operably linked nucleic acid
molecule into a pMET vector (Invitrogen, Inc, Carlsbad, CA) are incorporated into the 5’- and 3’ ends of
SEQ ID NO: 4 using standard DNA synthesis procedures. This construct is digested with restriction
enzymes that 1) excise SEQ ID NO: 4 encoding an enterokinase; and 2) enable this insert to be
operably-linked to a pMET vector. This insert is subcloned using a T4 DNA ligase procedure into a pMET
vector that is digested with appropriate restriction endonucleases to yield pMET/BoNT/E-V5-His (FIG. 9).
The ligation mixture is transformed into chemically competent E. coli DH5a cells (Invitrogen, Inc,
Carlsbad, CA) using a heat shock method, plated on 1.5% low salt Luria-Bertani agar plates (pH 7.5)
containing 100 pg/mL of Ampicillin, and placed in a 37 °C incubator for overnight growth. Bacteria

containing expression constructs are identified as Ampicillin resistant colonies. Candidate constructs are
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isolated using an alkaline lysis plasmid mini-preparation procedure and analyzed by restriction

endonuclease digest mapping to determine the presence and orientation of the insert. This cloning

strategy yields a yeast expression construct encoding an enterokinase operably linked to carboxy-

terminal V5 and polyhistidine binding peptides. A similar strategy is used to make a pMET/EK expression
construct including SEQ ID NO: 6, a nucleotide variant of SEQ ID NO: 4 or SEQ ID NO: 6, or a truncated
variant of SEQ ID NO: 4 or SEQ ID NO: 6.

[062]

To construct a yeast cell line expressing an enterokinase, pMET/BoNT/E-V5-His is digested with

a suitable restriction endonuclease (i.e., Apal, Ascl, Fsel, Pacl, Kpnl or Pstl) and the resulting linearized

expression construct is transformed into an appropriate P. methanolica Mut® strain PMAD16 using an

electroporation method. The transformation mixture is plated on 1.5% MD agar plates (pH 7.5) lacking

adenine and grown in a 28-30 °C incubator for 3-4 days. Selection of transformants integrating the

pMET/EK-V5-His is determined by colony growth on adenine-deficient media. Ade” cell lines integrating

a pMET/EK-V5-His construct are tested for enterokinase expression using a small-scale expression test.

Isolated Ade" colonies from test cell lines that have integrated pMET/EK-V5-His are used to inoculate 15

mL of BMDY media and cells are grown at about 28-30 °C in a shaker incubator (250 rpm) until the

culture reaches an ODgyp=2-10 (approximately 16-18 hours). Cells are harvested by centrifugation (1,500

X g at 22 °C for 5 minutes). To induce expression, cell pellets are resuspended in 5 mL of BMMY media

and cultures are grown at about 28-30 °C in a shaker incubator (250 rpm). After 24 hours, a 500 pL

aliquot is removed, methanol is added to a final concentration of 0.5% and the cultures are grown at

about 28-30 °C in a shaker incubator (250 rpm). A 500 pL aliquot is removed and additional methanol is

added to a final concentration of 0.5% to the culture every 24 hours for 3-5 days. Harvested cells are

centrifuged (1,500x g at 4 °C for 5 minutes), washed once in water and cell pellets stored at -80 °C until

needed. To detect expression of the induced enterokinase, the cell pellets of each time point are lysed

using an acid-washed glass bead method. Lysis samples are added to 2x SDS Sample Buffer

(Invitrogen, Inc, Carlsbad, CA) and expression from established cell lines is measured by SDS-PAGE

and Western blot analysis (as described in Example 3). The P. methanolica Mut® PMAD16 cell line

showing the highest expression level of enterokinase is selected for large-scale expression using

commercial fermentation procedures. Procedures for large-scale expression are as outlined above

except the culture volume is approximately 2.5 L BMDY/BMMY media grown in a 5 L BioFlo 3000

fermentor and concentrations of all reagents will be proportionally increased for this volume. For greater

details on all procedures described in this example, see P. methanolica Expression Kit, version C, A

Manual of Methods for Expression of Recombinant Proteins in Pichia methanolica, 062101, 25-0288

(Invitrogen, Inc, Carlsbad, CA). A similar strategy is used to make a yeast cell line expressing an
enterokinase of SEQ ID NO: 6, a nucleotide variant of SEQ ID NO: 4 or SEQ ID NO: 6, or a truncated
variant of SEQ ID NO: 4 or SEQ ID NO: 6.

[063]

Example 6
Construction and expression of pYES2/EK-V5-His

To construct a yeast expression construct comprising polynucleotide molecule encoding EK as

disclosed herein, restriction endonuclease sites suitable for cloning an operably linked nucleic acid

molecule into a pYES2 vector (Invitrogen, Inc, Carlsbad, CA) are incorporated into the 5’ and 3’ ends of

SEQ ID NO: 4 using standard DNA synthesis procedures. This construct is digested with restriction
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41. The yeast cell of enbodi nment 39, wherein the expression construct is
stably contained in the yeast cell. 42. The yeast cell of enbodi nents
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ti1.d verif seguenci
For i naP ORI GYERIEE Py S oS Risrned Bis 58 e RS ETLPR IS and an ami
3100 sequencer (Applied Biosystens, Foster City, CA). Asimlar synthesis
strategy is used to make a pol ynucl eotide nol ecule SEQ I D NO 6, nucleotide
variants of SEQID NO 4 or SEQID NGO 6, and truncated variants of SEQ ID
NO 4 or SEQID NO 6. [49] If desired, an expression optim zed
pol ynucl eoti de nol ecul e based on SEQ ID NO 2, SEQID NO 4, or SEQ ID NO
6 is synthesized in order to inprove expression in yeast cell. The
pol ynucl eoti de nol ecul e encoding the EKis nodified to 1) contain
synonynous codons typically present in native 19 WO
2012/ 071257PCT/ US2011/ 061334 pol ynucl eoti de nol ecul es of a yeast strain of
choice; 2) contain a G+C content that nore closely matches the average G+C
content of native polynucl eotide nol ecules found in a yeast strain of
choi ce; 3) reduce pol ynononucl eoti de regions found wthin the
pol ynucl eoti de nol ecul e; and/or 4) elimnate internal regulatory or
structural sites found within the pol ynucl eoti de nol ecul e, see, e.g., Lance

E. Steward et al., Optimzing Expression of Active Botulinum Toxin Type E,
I nternational Patent Publication WO 2006/011966 (Feb. 2, 2006); Lance E
Steward et al., Optimzing Expression of Active Botulinum Toxin Type A,

I nternational Patent Publication WO 2006/ 017749 (Feb. 16, 2006), each
entirely incorporated by reference. Once sequence optimzation is conplete,
ol i gonucl eotides of 20 to 50 bases in length are synthesized using standard
phosphoram dite synthesis. These oligonucl eotides are hybridized into
doubl e stranded dupl exes that are |iga gd together to assenble the
full-length pol ynucl eoti de nol ecul e. s pol ynucl eoti de nol ecule is cloned
usi ng standard nol ecul ar bi ol ogy nethods into a pUCBHBL vector at the Snal
site to generate pUCBHBL/ EK. The synt hesi zed pol ynucl eoti de nol ecule is
verified by sequencing using Big Dye Term natorTm Chemi stry 3.1 (Applied
Blosystens Foster Clty, CA) and an ABI 3100 sequencer (Applled Bi osyst ens,
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[62] To construct a yeast cell |ine expressing an enterokinase,

pPMET/ BONT/ E-V5-Hi s is digested with a suitable restriction endonucl ease
(i.e., Apab,20h257Fsel, Pad, Kpnl or Pstl) and the resekctriusgothiossasi zed
expression construct is transforned into an appropriate P. nethanolica Mits
strain PVMADL6 using an el ectroporati @AHS hod. The transformation mxture
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ent er okg N@ASs e K x?%%éu&ﬂ doRdtRet %oﬁFﬁi-J ilg~ SC LAt CXPFLSS %ct%?%perab?j%l@de% Afe+
colonies fromtes | i nes have i ntegrated pMET/ EK-V5-Hi s are used

to i nocul BR¥VE'SOtRE cOPPEISPERRING 4nd cel I's are grown at about 28-30 Cin a
shaker 4. nifhd))aiaeﬂ’ex()worf omptruehddcbrdingeo Claint 8rveheredrathb gsash axfddIS00 s@sirct further
(appr oxi S) . . f t 00 x
g at 22 rcr:@t#n%r% %tﬁ/nna tﬁ%_gec%%h{;}ez%ﬁc'gglg gésaﬁ%%qgcéée}ﬁpgggfy Ilhliequrdggnucqe%tlée
resuspendé‘d“F?'“ﬁ'”SSﬁ‘f_1 IBNOBIAVY medi a and cul tures are grown at about 28-30 C
in a shakene yd’égﬂﬁ&ﬁﬁe@s’lor(&'ﬁ&rdcpéﬁ:ord%lﬂlam RdGresh, th@pcﬁﬁﬂcl@dmﬂd&sb(w&ﬁ&e énBoding
removed, rTr?glpﬁlanfgctor o{gterag@?ﬁllfedg%p% eotld(e:%gr%ﬁ%krg%tEQqB 4|s él%@gggottpe A 500

cultures ara r 1 ncubat or
pL al i duoth yﬁasst ﬁ@lrmméds'rwrmyea@kﬁxwﬁm copgituRinedingsSELIIBEND t4r SELI IR AIO: 6.
concents atrhdyeadif cell a6%rdiny bRt W, WHErBin@eEpreddomeditBuct Ritradsidntkl @¥ftainddain RSt ed
cells are ce trllfuged (1,500x g at 4 Cfor 5 mnutes), washed once in water
and cel | p&P @l &l's stored at -80 C until needed. To detect expression of the
i nduced®. efbeyaakt aehgecordirigdo ERint 6, pdlerait e ekpresadh comstract rostattly can@iney dettle yesishg
an aci d-wggihed gl ass bead method. Lysis sanples are added to 2x SDS Sanpl e
Buffer (lnvit rog I nc, Carl sbad, g and expression from established cell
lines i% HERXGESEERGyCai inAdgim oV B wedt Gt SoRriSeSi 3ol deMiR SEPRREN
Exanpl e 3jtrainlecdR. fromet Héihed metandits stMBELEIIcedn al Richéa styosiarstraihhe chl gbrest
expr essi O@CA/z%\ég%ch%E g%%?%%é ORARE o & ﬁSJn%%%thr% de@k ws°1§ t%me(%?%rcf%ﬁ%ﬂoﬁ%”a
using comercial fer at1on procedures rocedur es ar ge-scal
expr essi oMaEER RolvicastieRed above except the culture voI urre |s apprOX| mat el y
2.5 L BNDYhB)Nbt caradcardiig@olainne, avherelin thé ;ad%JsoceB&QaOceﬂebermﬁa @i3fdris strain.
concentra i r

ol une. F%rnQerﬁfog ac?E‘ Br%!jtaper{g %%%[&’oﬁﬂn\é%% he%eé@%ﬁc{%% Hdrg(gt %%8Peg{q?e§§§£ma eaét%él?
see P. ne@bi@ﬁ%%pwsmmr@%lsqtmm(ism Sﬁ@r‘@ﬂ“@ﬂ@ﬁﬁ@%ﬂ@a‘ﬁ of Met hods for
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nc ar st ra
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SEQ | D NOy,fowiddRbLsuGinConst ructi on and expression of pYES2/ EK-V5-Hi s
[63] To anSt%F Ryeast expressi on construct CO"Fr?” si_n pol%/nucl eoti de
mol ecul '8 &ied ?f{_qacl‘:* ding \afr'alE] Hls wherRa s rast calsie Aicgl Tuma EfBRAYP LI s t es
sui t abl#d. Tior methothagegrdang topimabl, wheieimkiee method! &irtberaromgrises Ipeidfyihg the rehterakinp ¥ES2
vector (I PYedE I ) are incorporated into the 5 and 3
ends of s%\g%’é NO Ql'dJE(;)#%giESJﬁ%%O GADNA synt hesi s procedures. This
const r ul®t Aj 8ethedy ek elegying ﬁeqog@mﬁnthqu@ﬁptgs thenelbach FaampPrivigy iest Ao 20Mte¢tne 1334
enzynes t palypeplidechcliding SEA3alvayeNde (4 SH@ 0DING BWite ahednokase ; thardtedkinasnbl e
this inse I p ve i
subcl Oned[)%l)gﬁcl%d 9)2 e%ﬁrg%ﬁi}& ?{ g;,egg (o) Pg S sl}reggl‘?% ion go%?%ég(%ﬁm g%%bth NO: 4 or
di gest ed ﬁﬁ@h‘DaEQr Gpivhereld @%‘?&C?'ﬁgcthﬁoﬁPW@ﬁ@f@ﬁuwlhe@seﬁj‘tecf%"yaﬁ%lf@ﬁl“ts in a SpeCIfIC
PYES2/ EK- Meavdys o FECED N®)1. The ligation mixture is transforned into
chem cally conpetent E. coli DHsa cells (Invitrogen, Inc, Carlsbad, CA)
using a heat shock nethod, plated on 1.5% | ow salt Luria-Bertani agar
plates (pH 7.5) containing 100 pg/nL of Anpicillin, and placed in a 37 C
i ncubat or for overnight growth. Bacteria containing expression constructs
are identified as Anpicillin resistant col onies. Candi date constructs are
i sol ated using an alkaline lysis plasm d mni-preparation procedure and
anal yzed by restriction endonucl ease di gest mapping to determ ne the
presence and orientation of the insert. This cloning strategy yields a
yeast expression construct encodi ng an ﬁnterokinase operably linked to
carboxyterm nal V5 and pol yhi sti di ne biPhdi ng peptides. A simlar strategy
is used to make a pYES2/ EK expression construct including SEQID NO 6, a
nucl eotide variant of SEQID NO 4 or SEQID NGO 6, or a truncated vari ant
of SEQID NO 4 or SEQID NGO 6. [064] To construct a yeast cell line
expr e55| ng an enter ok| nase, pYESZ/ EK— V5 H| s |s transfor med |nto ~conpet ent

- o,

o Y



