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SDSREGAWCodon ATAGTT GGC GGC TCT GAO TCC AGA GAA GOT GCC TOG Variant AU
ATC - GGT GGA GGT GGA - GAT TCT - - GGAOCT AminoacidPWV VALY FD DQQ Codon

CCA TOG GTC OTT GCC TTA TAC UT GAT

{06] Embodiments of the present specification disclose polynucleotide molecules-encoding enterokinase.
The disciosed polynucieatide maolecutes encading enterokinase include, without limitation, SEQ iD NO: 4,

SEOQ 1D NO: 6, a nucleotide variant thereof, a truncated variant thereof, andior a compliment thereof, A

polynucleotide disclosed herein may further comprise a yeast expression vector. Other emboediments disclose
a yeast expression consfruct comprising a yeast expression vector and a polynucleofide malecule

encoding enterokinase.
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GAT CM CAG Variant CCT-GTT-GCTTTG TAT--- CM AminoacidV CGASLVSR DWL

Codon GTC TATGTACT TCA CTT OTT TCT AGA GAT TOG TTG Variant QI GEA - TCT TTG
-=-- - AminoacidVSAA

e7] Other embodiments of the present specification disclose veast cells comprising a yeast expression
construct including a polynucieotide molecule encoding enterokinase. The disclosed yeast expression
consfructs may be transiently contained in a yeast celt or it may be stably contained in the yeast cell. A
yeast cell includes, without limitation, & cell from a Pjchiz pastoris strain, a cell fram a Pichia methanolica
sirain, a call from a Pichia angusta strain, a celi from a Schizosaccharomyces pombe strain, a cell from a
Saccharomyces cerevisiae strain or a cefl from a Yarrowia lipolytica strain.
[08] . Yet other embodimenis 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 embodiment provide methods of producing an
enterokinase comprising the steps of introducing a yeast expression construct disclesed herein info a
yeast cell and expressing the expression construct in the yeast cell.
[09] Still other embodiments of the present specification disclose methods for cleaving a polypeptide
comprising an enterokinase cleavage sife using an enterckinase. The disclosed methods comprise the
step of contacting the polypeptide including an enterokinase cleavage site with an enterokinase wherein
contacting the polypeplide with the enterokinase results in a specific cleavage of the entsrokinase
cleavage site. The enterokinase used may be ons ancoded by a polynucleotide molecule disclused
herein, produced using a yeast expression construct disciosed herein, and/or produced by expressing in
a yaast call disciosed harein.
[610]  Other embodiments 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 inciuding an enterokinase cleavage site with an enterokinase wherein
contacting the poiypéptide with the enterokinase results in a specific cleavage of the enterokinese
cleavage site. The enterokinase used may be one encoded by a polynucieotide molecule disclosed
herein, produced using a yeast expression consiruct disclosed harein, andfor produced by expressing in
a yeast cell disclosed herein.

BREIF DESCRIPTION OF THE DRAWINGS

[011] FIG. 1 shows a graph of mean enzymatic aclivity 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 (2300 g/l wet cel 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-translationat folding

and other modffications specific (o an sukaryotic polypepfide, thereby ensuring the retention of biological

activity, function and stability of the heterologous polypeptide. Third, yeast expression systems are

versatie and flexible, offering 1} extra-chromosomal or genome-based expression; 2) constitutive or

inducibie control of expression, and 3} the ability fo direct the expressed hsterologous polypepiide o

specific ceflular or extraceliutar compariments io 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 ussful for

commercial applications. These results can ba achieved using any ane of the disclosed genetically-
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HCVY GRN WO 2012/071257PCT/US2011/061334 Codon GTG TCC GCA.GCA CAT TGT GTG

TAT GGT AGG MT ATG Variant GU TCT GCT GCT - GU TAC GGA - Amino acid EP S K
WK AV L GV HE8AEAG CCT TCA MG TGG AM GCT GTA TTG%%?@S@? Can

engineered polynucleotide molecules encoding enterokinase. Once cloned info a yeast expression
vector and introduced into a yeast cell, these engineered molecules can produce significantly higher
amounts of enterckinase then is currently possible.

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

[015] Aspects of the present specification provide, in part, a polynuciectide molecule encoding
enterokinase. As used herein, the term “enterokinase” is synonymous with "EK" and refers fo any
polypeptide that can selectively recognize and cleave the penta-peptide sequence Asp-Asp-Asp-Asp-Lys
(SEQ 1D NO: 1) at the scissile bond located after the lysine residue (DDDDKJ’). As used herein, the term
“selactively recognize and cleave” when made in reference to an enterokinase, refers fo the
discriminatory interaction of an enterokinase with a molecule comprising SEQ 1D NO: 1 and the cleavage
of the scissile bond located after the lysine residue of SEQ 1D 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 fight chain joined by a single disulphide bridge as well as any catalyticalty 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 palynuclectide 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
polynuclectide molecule that is the anti-sense molecule to the sense moiecule encoding the
enterokinase. A polynucieotide molecule encoding enterokinase may include polynuclectide 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 1D NO:
6. A polynuclectide molecule encoding enterokinase may also include control or regulatory
polynuclectide regions that direct or facilitate, e.g., aspects of transcription, translation, and/or post-
translation processing.

[017] In ancther embodiment, a polynucleotide molecule encoding enterokinase may be a nucleotide
vatiant of SEQ 1D NO: 4, SEQ ID NO: 6, or a complement thereof, with the proviso that the nucieotide
change in SEQ ID NO: 4 or SEQ 1D NO: 8, 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 D NO: 6
polynuclectide variant disclosed herein encodes the enterokinase of SEQ 1D NO: 7.

[018] In aspects of this embodiment, a polynucieotide 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 35%, at ieast 96%, at least 97% at least 98%, or at least 99% identicai
to the polynucleatide sequence of SEQ ID NO: 4, SEG ID NO: 8, or a complement thereof.



CAT Variant GM CCATCT - MG - GTT - GGT GGA -- Ainoacid MASNLT SPQ I E T Codon

ATG GCC TCT AAC CTT ACA AGT CCA CAA AU GM ACT Variant GCT -TTG ACT TCT CCT -
ATC - Amind"Z 1D Q PCT/US2011/061334

[048] In other aspects of this embodiment, a polynucieotide 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 fo about 25, about 5 to about 30, about 5 to about 35, about 5 o about 40,
ahout 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 nuclestide substitutions relative to SEQ 1D NO: 4, SEQ ID
NO: 6, or a complement thereof. In yet other aspects of this embodiment, a polynucleotide variant
molecule encoding enterckinase 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 § to about 30, about 5 fo
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, ar about 10 to about 60 contiguous nucleotide substitutions relative o
SEQ ID NO: 4, SEQ 1D NQ: 6, or a complement thereof,
[020] Any of a variety of sequence alignment methods can be used fo determine percent identity of a
polynucieotide or poiypeptide disciosed herein, including, without kimitation, global methods, iocal
methods and hybrid methods, such as, e.g., segment approach methods. Pratocols 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-
imiting methods inciude, 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 (1934); and
iterative refinement, see, e.g., Osamu Gotoh, Significant improvement in Accuracy of Multiple Protein
Sequence Alignments by lterafive 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.¢., Match-box, see, e.g., Eric Depiereux and Ernest
Feylmans, Match-Box: A Fundamentally New Algorithm for the Simultaneous Alignment of Several
Protein Sequences, 8(5) CABIOS 501-500 (1992); Gibbs sampling, see, e.g., C. E. Lawrence et al,
Detecling Subtle Sequence Signals: A Gibbs Sampiing Strategy for Muliiple Alignment, 262(5131)
Science 208-214 (1993); Align-M, see, e.g., lvo Van Walle et al., Align-M — A New Algorithm for Multiple
Alignment of Highly Divergent Sequences, 20(9) Bicinformatics, 1428-1435 (2004).
1023] Hybrid methods combine functional aspects of both global and local alignment methods. Non-
limiting methods include, &.g., segment-to-segment comparison, see, e.g., Burkhard Morgenstern et al,
Multinle DNA and Protein Sequence Alignment Based On Segment-To-Segment Comparison, 93(22)
Proc. Natl. Acad. Sci. U.8.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: Multipie Sequence Afignment 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 Mufliple Sequence
Alignment, 6(1) BMC Bioinformatics 66 (2005},
[024] In yet aspecis of this embodiment, a polynucleotide variant molecute encoding enterokinase may

be polynucleotide variant that hybridizes to a polynuclectide molecule comprising SEQ 1D NO: 4, SEQ 1D
4



VI NPH Y Codon AGA CTA ATT GAT CM AU GTT ATC MT COT CAT TAC Variant - TTG ATC -

ATC ATT AAC CCA - Amino acid NK RRK NND 1AM Codon MT MG CGT AGG AM MC MT
GAC ATA GCRUHERFE variant PCT/US2011/061

NQ: 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
Witey & Sons, N.Y. (1889), 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 chioride/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 embodimeni, a polynuclectide variant molecule encoding
enterokinase may be a polynucieotide variant disclosed in Table 1. This fable includes the amino acid
sequence of enterckinase light chain, the codons comprising the open reading frame of the
polynucleotide region of SEQ I NO: 4 and SEQ 1D NO: § enceding this light chain fragment, and the
cadon variants that can be substituted for the codons of SEQ 1D NO: 4 and SEQ 1D NO: 8. In aspects of
this embodiment, a polynucleotide variant molecule encoding enterokinase has, e.g., 1, 2,3, 4. 5,8, 7, §,
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 1D NO: 4 or SEQ D NO: 6. in other aspecis of this embodiment, a
polynucleotide vatiant 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 §, at least 10, at least 11, at least 12, at least 13, at
least 14, at least 15, at least 18, at least 17, at least 18, at least 19, or at leas! 20, variant codons of Table
1 substituted for the corresponding codon presence in SEQ 1D NO: 4 or SEQ [D 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 varant codons of Table 1 substiiuted for the corresponding codon presence in SEQ ID NO:
4 or SEQ ID NO: 6.

Tabie 1. Nucleic Acid Sequences of Enterokinase

Amino acid ] v G G S 5] S R E G A W

Codon ATA | GTT | GBC | GGC | TCT | GAC | TCC | AGA | GAA | GGT ; GCC | TGG
ATT GGT | GGT

ariant —_ — GAT | TCT — - GGA | GCT —
ATC GGA | GGA

Amino acid P W Y \' A L Y F b D Q Q

Codon CCAITGG | 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 v 5 R D W L

Codon GTC | TGT | GGT i GCT | TCA | CTT § GTT | TCT | AGA | GAT | TGG | TTG

Variant GTT — GGA | — TCT | TTG — — — — o —

Amine acid \Y ] A A H C A% Y G R N M




AGA AGA MG - GAT AU ATC GCT - AminoacidHLE MKVNY T D Y | Codon CAC 77G GAG
ATG AAA GTT AAC TAO ACA GAC TAC ATC Variant CAT - GM - MG - - ACT GAT ATT Amino acid

OPICLP WO 2012/071257 PCE/US2011/061334
Codon GTG | TCC | GCA | GCA | CAT | TGT | GTG | TAT | GGT | AGG | AAT | ATG
Variant GTIT: TCT | GCT | GCT | — — | GTT | TAC | GGA | AGA | CAA | —
Amino acid E P ] K w K A v L G L H
Codon GAG | CCT | TCA | AAG | TGG | AAA | GOT | GTA | TTG | GGG | TTG | CAT
Variant GAA [ CCA | TCT § — - | AAG | — 1 GTT | — et — —

GGA
Amino acid M A S N L T S P Q I E T
Codon ATG [ GCC | TCT | AAC | CTT | ACA | AGT | CCA | CAA | ATT | GAA | ACT
Variant - | BCT | — — L TTG | ACT | TCT j CCT | — | ATC | — —
Amino acid R L I D Q t vV 1 N P H Y
Codon AGA | CTA | ATT | GAT | CAA | ATT | GTT | ATC | AAT : CCT | CAT | TAC
Variant — | TTG | ATC | — we | 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 7 — | AAC | GAT 2:; GCT | — —
Amino acid H L E M K vV N Y T ¥ Y f
Codon CAC | TTG | GAG | ATG | AAA | GTT | AAC | TAC § ACA | GAC | TAC | ATC
Variant CAT — GAA — AAG — — — AGT | GAT o ATT
Arnino acid Q P j C L P E E N Q v E
Codon CAA | CCA | ATA | TGT | TTG | CCT | GAG | GAA | AAT | CAG | GTG | TTC
Variant — | CCT ATT -— — [ CCA | GAA ] — | AAC | CAA | GTT | TTT
ATC

Amino acid P P G R ! C 5 ! A G w G
Codon CCA L CCT | GGT | CGT | ATT | TGT | AGT | ATT | GCT ; GGA | TGG | GGA
Variant CCT | CCA | GGA | AGA | ATCl — | TCT { ATC Y} — | GGT | — | GGT




"EENQV F Codon CM CCA ATATGT TTG CCT GAG GM MT CAG GTG TTC Variant - CCT AU ATC

--CCAGM 0CD E AminoacidP PGR ICSIA GW G Codon CCA CCT GGT
WO 2012/671257 PCT/US2011/061334
Amino acid A L I Y Q G S T A D v L.
Codon GCCiCTG i ATC ) TAC | CAA | GGA | TCT | ACC | GCT | GAC | GTA | TTA
Vartant GCT | TTG | ATT — — | GGT | — | ACT - GAT | GTT | TTG
Amino acid Q E A D \% P L L 8 N E K
Codon CAA | GAG | GCA | GAT .| GTT I CCT | CTG | CTG | TCC | AAC | GAG | AAA
Variant — | GAA | GCT | — — 1CCA | TTG | TTG | TCT e GAA | AAG
Amino acid C Q Q Q M P E Y N i T E
Codon TGC | CAG | CAA | CAA | ATG | CCA § GAA | TAC | AAC | ATC | ACT | GAA
Yariant —_— CAA — — e CCT — — — ATT — o
Amine acid N M vV C A G Y E A G G v
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. ¥
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 Y
Codon TGC | CAG | GAG | AAT { AAC | CGA | TGG § TTG | CTT | GCT | GGT | GTA
Variant — CAA | GAA | AAC — AGA . — TTG e GEA | GTT
Aminoacid | T 8 F G Y Q G 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 vV 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




CGT ATT TGT AGT ATT GCT GGA TGG GGA Variant CCT CCA GGA AGA ATC - TCT ATC - GGT -
GGT WO 2012/071257PCT/US2011/061334 Amino acid AL | YQGS T AD V L Codon GCC CTG
ATC TAC CMYECNHASACC GCT GAC GTA TTA Variant GCT TTG MY VVREBT AR T GAT

Amino acid W ] Q S F L H *
Codon TG | ATT | CAA | TCT ¢+ TTT | CTG | CAC | TGA
Variant — ATC — o — TTG | CAT | TAA

1026] 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: £ and SEQ ID NO: § encoding this light chain fragment, and the codon variants that can be
substituted for the codons of SEQ ID NO: 4 and SEQ 1D NO: 6. in aspects of this embodiment, a
polynucleotide variant molecule encoding enterckinase has, e.g., 1,2, 3,4, 5, 6,7, 8,8, 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 B,
at least 7, at least §, at least 8, 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 1D NO: 4 or SEQ D NO: 8. In other aspecis of this embodiment,
a polynucleotide variant molecule encoding enterckinase has, e.g., at most 1, at most 2, at most 3, at
most 4, at most 5, at most 5, at most 7, at most 8, at mast 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 1D NO: 4 or SEQ 1D NO: 6.

Table 2. Nucleic Acid Sequences of Enterokinase

Amino acid | i _ G G 5 D S R E G A w
Codon ATA | GTT | GGC | GGG | TCT | GAC | TCC | AGA | GAA | GGT | GCC | TGG
Variant ATT — GGT | GGT — GAT | TCY — - —_ GCT —
Amino acid P W v V A L Y F D D Q Q
Codon CCA | TGG | GTC | GTT | GCC | TTA | TAC | T¥T | GAT | GAT | CAA | CAG
Variant — — GTT — GCT | TTG | TAT — — — — CAA
Amino acid \ G G A S L v S R D W L
Codon GTC | TGT | GGT | GCT | TCA | CTT | GTT | TCT | AGA | GAT | TGG | TTG
Variant GIT| — | — | — j1cr |16 | — 1 — | — | = =1 =
Amino acid vV -5 A A H C \% Y G R N M
Codon GTG | TCC i GCA | GCA | CAT | TGT | GTG | TAT | GGT | AGG | AAT | ATG
Variant GTT | TCT | GCT | GCT —_ o GTT | TAC — [ AGA | CAA | —




GTTTTG Amino acid Qg ADV P LL SNEK Codon CAA GAG GCA GAT GTE COT CTG CTG
TOO MC GAG AAA Variant- GM GOT --CCATTG TTG TOT GM MG_ Amino acid._ COQQOMP EY

N I T E Codo"PECERETCM CM ATG PCT/US2011/061334
Amino acid E P S K W K A \' L G I H
Codon GAG | CCT | TCA | AAG | TGG | AAA | GCT | GTA | TTG | GGG | TTG | CAT
Variant GAA | CCA | TCT p— — AAG — GTT — GGT — —
Amino acid M A b N L T 5 P Q | E T
Codon ATG | GCC | TCT | AAC | CTT | ACA | AGT | CCA | CAA | ATT | GAA | ACT
Variant e GCT —— —_ TTG | ACT | TCT — — — — o
Amino acid R L | B Q | \ I N P H Y
Codon AGA | CTA | ATT | GAT { CAA | ATT : GTT | ATC | AAT | CCT | CAT | TAC
Variant — TTG e — — — — ATT | AAC | CCA —_ o
Amino acid N K R R K N N b i A M M
Codon AAT | AAG | CBT | 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 v N Y T D Y ]
Codon CAC | TTG | GAG | ATG | AAA | GTT | AAC | TAC | ACA | GAC | TAC | ATC
Variant CAT —_ | GAA | — | AAG | — — - 1 ACT | GAT — ATT
Amino acid Q P | C L P E E N Q \% 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 | G S | A G W G
Codon CCA | CCT | GGBT | CGT | ATT | TGT | AGT | ATT | GCT | GGA | TGG § GCGA
Variant e CCA| — [|AGA | — e TCT — — | GGT | = | GGCT
Amino acid A L i Y Q G s T A D \' L
Codon GCC | CTG |1 ATC § TAC | CAA | GGA | TCT | ACC | GCT | GAC | GTA | TTA
\ariant GCT | TTG § ATT o — | GGT | — ACT | — | GAT | GTT | TTG
Amino acid Q E A D V P L L S N E K




CCA GM TAO MC ATC ACT GM Variant CM-- OCT - -ATT - Aminoacid NMVCAGYEAGG

Codon MC ATG C%}TT TGS-’!‘— GOT GGT TAT GM GOT GGA GGT GTA V%I%%%Smh-mfﬁggA TAO - - GGT

GGA GTT AMiRa"id*
Codon CAA | GAG | GCA | GAT ; GTT | CCT | CTG | CTG | TCC | AAC | GAG | AAA
Vartant — | 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 — p— — - — — e ATT — | -
Amino acid N M vV c A G Y E A G G vV
Codon AAC | ATG | GTT | TGT | GCT | GGT | TAT | GAA | GCT | GGA | GGT | GTA
Vartant — — . — e — TAC — — GGT o 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 G Q E N N R W I L A G \Y%
Codon TGC | CAG | GAG | AAT | AAC | CGA | TGG | TTG | CTT | GCT | GGT | GTA
Variant o CAA | GAA | AAC — | AGA — — TTG —_ — GT7
Amino acid T 1 s T Flag ] vYlal]claAlL]PIN]JR
Codon ACG i AGT ! TTT | GGA | TAT { CAA L TGC | GCT | TTA § CCT | AAC | CGT
Variant ACT | TCT — GGT | TAC — — — TTG | CCA — AGA
Amino acid P G A Y A R \'% & R F T E
Codon CCA | GGG | GTC | TAT | GCA | AGA | GTC | GCA | AGA | TTC | ACC | GAG
Variant — GGT | GTT | TAC | GCT — GTT o — TIT | ACT | GAA
Amino acid W I Q S F L H *
Codonh TGG | ATT | CAA | TCT | TTT | CTG | CAC | TGA
Variant — e — —_ e TTG | CAT | TAA

10271 in yet another embodiment, the polynucleofide molecule encoding enterckinase may be a
truncated fragment of SEQ ID NO: 4, SEQ ID NQ: 6, or a nuclectide variant thereof. As used herein, the
term “truncated fragment of SEQ ID NO: 4, SEQ ID NO: 6, or any nucleotide variant thereof” refers fo the

removal of nucieotides from the 710 nuclectide sequence embodied by SEQ 1D NO: 4 or a nuclectide
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DSCQGD S GGP L M Codon GAT TCA TGC CAG GGA GAT TCA GGC GGT COT CTA ATG
Variant - TOT - CM GGT - TOT GGT GGA GGA CCA TTG - Amino acid COEN NRWLLAG
Codon TGC CHEBAARIT MC CGA TGG TTG PCT/US2011/061334

variant thereof, or the 953 nucleotide sequence emhbodied by SEQ ID NO: & or a nuciectide 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, 8,8, 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 1D 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
feast B, at least 9, at least 10, at least 11, at least 12, at [east 13, at least 14, at least 15, at least 18, at
ieast 17, at least "E.S", 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 nuclectides 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 8, at most 7, at most §, at
most 9, at most 10, at most 11, at most 12, at most 13, at most 14, at most 15, at most 16, af 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
nuclectides are removed from the 5-end, the 3'-end, or both the 5-end and 3-end of SEQ 1D NO: 4,
SEQ ID NO: 6, or any nucleotide variant thereof, or compiiment 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-and, 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 compiiment thereof. In other aspects of this
embodiment, at least 1, at feast 2, at least 3, at least 4, at least 5, at least §, 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 §-end and 3'-
end of SEQ ID NO: 4, SEQ ID NO: 8, or any nuclectide 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 1D NG 4, SEQ ID NO: 8, or any nucleotide variant thereof, ar
comphiment thereof. '

[030] Aspects of the present specification disclose, in part, a polynucieotide molecule comprising a
yeast expression vector, A wide variety of yeast expression vectors can be employed for expressing a
polynuclectide 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 vecltor and a Yarrowia lipolyfica
expression vector. Non-limifing examples of yeast expression vectors inciude a pGal-MF expression
vector {DualsystemsBiotech, AG, Schileren, CH), a pMET expression vector {Invitrogen, inc., Carlshad,
CA), a PICHIAPINK expression vector (Invitrogen, Inc., Carlsbad, CA), a pPICZ expression vector
{Invittogen, Inc., Carlsbad, CA), a pPpT4Alpha expression vector (Ingenza, Ltd., Midlothian, UK), a
pTEF-MF expression vector (DualsystemsBiotech, AG, Schiieren, CH), a pYES expression vector
{Invitrogen, Inc., Carlsbad, CA).

[031] A yeast expression vecior typically include control or regulatory polynucleatide regions that direct

or facilitate, e.g., aspects of repiication, integration, transcription, translation, andfor post-transiation
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OTT GOT GGT GTA Variant - CAA GM MC - AGA - TTG GGA GTE Aminoacid T SEG YQC ALP
NR Codon ACG AGT TTT GGA TAT CM TGC GOT TTA COT MC CGT Variant ACT TOT - GGT TAO
- - TTG CCAWRGH>&H#o acid P G V PCT/US2011/061334

processing. For example, a yeast expression vecior 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 methano! induced yeast cells, AOX1 can account for 30% of the fotal
soluble protein. Strains lacking the AOXT gene (also called Mut® strains) can still be induced by
methanol, since they express the alcohol oxidase 2 gene (A0X2), but they grow slower than wild type
strains when methano! is used as the sole carbon source. Howevaer, instead of using ensrgy 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 leveis can be
applied.

[032] A yeast expression vector may include polynuclectide 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 exampies 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 extraceilular culture medium. For instance, inclusion
of the Alpha Factor peptide signal enables secretion of the EK info 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 fo a yeast expression vector as disclosed herein. Exampies 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 nolynucleotide molecules may be extra-chromosomal and
replicate autonomously, or they may be integrated into the chromosomal material of the cell and replicate
nan-autonomousiy.

[035] It is envisioned that any and all methods for infroducing a polynucleotide molecule disclosed
herein into a cell can be used. Methods useful for infroducing a nucieic acid molecule info a celt include,
without limitation, chemical-mediated fransfection 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 virab-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 celi 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 info Cultured Mammalian Cells, pp. 16.1-16.62 (Sambrook &
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YARVPRFTE Codon CCA GGG GTC TAT GCA AGA GTC CCA AGA TTC ACC GAG Variant
OCT GGT GGA GTT TAO GOT - GTT OCT - F- I:H ACT GAA WO

2012/071257PEFE351%/061334 Amino acid W1 QSF LH  Codon TOO AT EAA TCT UT CTG
CAC TGA Russeli, eds., Molecuiar Cloning A Laboratory Manual, Vol. 3, 3 ed. 2001). Examples of introducing a

yeast expression construct disclosed herein info 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 polynucieotide 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 inciuding a polynucleotide molecule encoding EK as disclosed herein,
in aspects of this embodiment, a veast 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 vectar, a Pichia methanolica expression vector, a Pichia anguste expression vector, a
Schizosaccharomyces pombe expression vector, a Saccharomyces cerevisiae expression vector or a
Yarrowia ijpolytica expression vector. In yet other aspects of this embodiment, polynucleotide molscule
encoding EK is SEQ ID NO: 4, SEQ 1D NO: 6, or any nucleotide variant thereof, or a compiement thereof.
[037] Aspects of the present specification disclose, in part, expressing an EK from a polynuclectide
malecule 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 skiled in the art and from the teaching herein. Non-limiting
examples of yeast expression systems include a EASYSELECT™ Pichia Expression Kit (Invitrogen, Inc.,
Cartsbad, CA), a EASYSELECT™ ECHO™ Pichia Expression Kit (Invitrogen, Inc., Carlsbad, GA), a
Pichia methanolica Expression System (invitfrogen, Inc., Carisbad, 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 {lnvitrogen, Inc., Carisbad, CA).
Examples of expressing an EK from a polynuclectide 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 consiruct comprising a
polynuclectide molecule of SEG ID NO: 4, SEQ ID NO: 6, or any polynucleotide variant thereof is
increased as compated 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, 6.g., at least 0.5-fold, at least 1-fold, at least 1.54old, at least 2-oid, at ieast 3-
fold, at jeast 4-fold, at least 5fold, at izast 6-fold, at ieast 7-fold, al least 8-foid, 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: 8, or any polynucleotide variant thereof is increased by, e.g., about $-fold to
about 5-fold, about 1-foid to about 10-fold, about 1-fold to about 15-foid, about 1-fold to about 20-fold,
about 1-fold to about 25-fold, as compared fo the amount of EK expressed from SEQ 1D NO: 2.
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Variant - ATC - - TTG CAT TM  [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 akfrib!&Eidsequence of enterokinase light chain, the codongTéH%%{Bgi/giﬁr%S?he open reading

frame of th@mlynug{%ptﬁ@emgcbo&@feﬁﬁﬁaamm@e AranctSE EXI BxNEsdd eneodingthisdigiibehain
fragment, anELing: 9&9&9@ Masignis haksande s bstitaiashior ihexeodons. af SEQ HyNQediand SEQ ID

NO: 6. In asé’ec%g i %@Qq ime tha%%b{%%ﬁo“lq% ariang EHQ'&%H@@&EQQMHH@BPEWSG has,
eg. 1, 2, i) %213 1

r 20 varlant C ble 2
substltutedefi‘?ﬁ?éd&?fpeas %aﬂ? Ot’g% 8'r?cbﬂree%fesnce in %V\g\% 10, ‘?eo?Qe Vr% E?Er?er aspects
of this embefiPAlePRY Bepﬁﬂ/rﬁﬁéq%%ﬂa%%'né’ﬁ{eﬁ’?b@%m%% E8‘?ﬁhb9€fnf"é ':'(’)El?inas%'lh('Saltsi'é"gésgZ east 1, at
least 2, at leideis85 alllebisest 7AdbadtBshilehsetoat [@R'7 2atrRshit $l At [easPB oy Té%i%it 78 at least
11, at leastyh2 pedt leas 30 gL atrlgatstibd ameitastiibenitdénsttl e anfeakt’ EX eipteast 8D avtédst 19, or at
least 20, vasigBtsadansiof akleishs ubstijniedfios theecarespandingcotd FEQréEssnce.ior 8&Q 1D NO: 4
or SEQ ID NJ%@IeUﬂo@WﬁéﬂMﬁ&ﬁ;%%@ﬁnbgdﬂmmD@rﬁ)é?b/‘teHSJ)@Q@IQJE \vasianbmejecsip@ncoding
renn;:tr%k'gf‘?nﬁo o aLQ %%@; @9% Ao 1B9Rt Zul BOOFIR: é@%%@% G %G&P%o%@il?%&@ 4@most 7, ?tG

most
at most 17 aﬁ?%%dgtri%i“ ﬁ%@,ﬂig’h atboug 1oqslrfnfoa E\’/%i‘rla o E?Dons ? W %8§t2]1§u sg}gﬁg 11? r?tc} e

correspono“?ﬁ@ﬁbb’ﬁ%h ﬁ%éﬂ@e“?ﬁ@%@ol%'“r\?@quﬁﬁ ‘Stﬁeﬁ"ﬁﬁ Nt apd L odtdeie %CI %“equences of
EnterokinaSe/AAreua&idi\PEeS5 SrgRuER Tk #iod sdin PR 'EH9 GGC GGC TCT CAC TCC ACA
GAA GOT B8C TOE\sapiasted ibm G QF GRFeEATIEC! disgesT hafsiinGadigl qorified from the

yeast cell or culture medium using any of a variety of methods. Examples of purification methods
include, withaut limitation, ammonium sulfate or ethanol precipitation, acid extraction, ion exchange
chromatography, phosphocellulose chromatography, lectin chromatography, affinity chromatography,
hydrophobic inferaction chrométography, size exclusion chromatography, gelfiltration chromatography,
adsorption chromatography, hydroxyapatite chromatography, fast petformance 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 ANALYS!S & PURIFICATION: BENCHTOP TECHNIQUES, (Springer Veriag, 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, andfor
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,
20(2) BIOTECHNOL. APPL. BIOCHEM, 99-108, (1999).

[043] Aspects of the present specification disclose, in part, methods for cleaving a pelypeplide
comprising an EK cleavage site using an EK. In ons 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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WVVALYF DDQQ Codon CCATGG GIG OTT GCC TTATAG TTT GAT GAT CAA GAG Variant

~GU-GCTTTG TAT - - - - CAA AminoacidV CGASLV SR DWL Codon GIG TGT OCT GCT
TCA CTT GUYSHF REREAT PCT/US2011/061334

site with an EK, the EK produced by expressing a yeast expression construct comprising SEQ 1D NO: 4,

SEQ ID NO: 8, any polynucleoctide variant thereof, or any truncated variant thereof in a yeast celf, wherein

contacting the recombinant polypeptide with the enterckinase resulls in a specific cleavage of the EK

cleavage site. in an aspect of this embodiment, the EK cleavage site is SEQ 1D 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 cieavage 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 inciuding a

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

SEQ 1D NO: 4, SEQ ID NO: 6, any polynucieotide 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 embodimant, the EK cleavage site is SEQ 1D 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 ik vitro proteolytic cleavage assay. For example, a polypeptide compsising

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 preduced as described herein and incubated at about 20 to about 22°C

for about 2 hours o 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
fike Western blot analysis or ELISA, or an activity assay for the polypeptide. The cleaved or prepared

polypeptide may alsc be purified using standard procedures. Assays useful for cieaving or preparing a

polypeptide comprising an EK cleavage site are described in. €.g., Ogiwara, el al, Modified

Enteropeptidase Proigin, US 8,013,137, La Vallie, Cloning of Enferokinase and Method of Use, US

6,748,859, each entirely incorporated by reference.

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

1. An isolated polynucisotide molecule comprising SEQ D NO: 4, SEQ 1D NO: 8, a poiynucieotide
variant thereof, or a fruncated variant thereof and any compliment thereof.

2. The isolated polynucieotide molecule of embodiment 1, wherein the polynuclectide variant is at least
70%, at least 75%, at least 80%, at feast 85%, at least 90%, at least 91%, at least 92%, at least 83%,
at least 94%, at least 95%, at least 96%, at least 87% at least 98%, or at least 99% identical to the
polynuclectide sequence of SEQ 1D NO: 4, SEQ ID NO: 6, or a compiement thereof.

3. The isolated polynuclectide molecite 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 io 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 & to
about 45, about 10 to about 40, about 10 ko about 45, about 10 fo about 50, about 10 to about 55, or
about 10 to absut 60 non-contiguous nucieoiide substitutions relative to SEQ iD NO: 4, 8EQ iD NO:
6, or a complement thereof.

4. The isolated polynucleciide molecute of embodiment 1, wherein the polynucleofide 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 o
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 nucieotide substitutions relative to SEQ ID NO: 4, SEQ ID NO: 6, or
a complement thereof.

5. The isolated polynuciectide molecuie of embodiment 1, wherein the polynuclectide variant hybridizes
to a polynucieotide molecule camprising SEQ 1D NO: 4, SEQ 1D NO: 8, or a complement thereof,
under stringent condition

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

7. The isolated polynucieotide molecute of embodiment 1, wherein the polynuclectide vartant has at
least 1, at ieast 2, at least 3, at least 4, at least 5, at least 6, at least 7, at least B, at least 9, at least
10, at least 11, at least 12, at least 13, at least 14, at least 153, at ieast 16, at least 17, at least 1§, at
feast 19, or at least 20, variani codons from Table 2 substituted for the corresponding codon
presence in SEQ ID NO: 4 or SEQ ID NO: 6,

8. The isolated polynucleotide molecuie of embodiment 1, wherein the truncated variant has at ieast 1,
at least 2, at least 3, at least 4, at least 5, at least 8, at least 7, at least 8, at least 9, at least 10, at
ieast 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 ieast 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 NG: 4, SEG ID NO: 6,
or any nucteotide 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, af least 3, at least 4, al least 5, at least 6, af ieast 7, at least 8, at least 9, at least 10, at
ieast 11, at least 12, at least 13, at least 14, at least 15, at least 15, af 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
1D NQ: 4, SEQ 1D NO: 8, or any nucleotide variant thereof, or compliment thereof.

10. The isolated polynuciectide molecule of embodiments 1-8, wherein the isolated polynuclectide
‘molecule is a yeast expression vecior.

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

12. The isolated polynucieotide molecule of embodiment 10 or 11, wherein the yeast expression vector
inciudes 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 polynuciectide molecule of embodiment 12, wherein the inducible promoter is an
Aldehyde Oxidase 1 {AQX1) promoter.
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14. The isolated polynuciectide molecule of embadiments 10-14, wherein the yeast expression vector
includes a polynuclestide region encoding a signal sequence that directs the £K encoded by the
polynucleotide molecule of embodiments 1-9 to a2 specific cellular or extraceliular compartment.

15. Thé isclated polynuciectide molecule of embodimenis 10-14, wherein the yeast expression vector
includes a polynucleotide region encoding a signal sequence that directs the EK encoded by the
nolynucleotide molecule of embodiments 1-9 to the cell cytopiasm, a cellular organelle, or to the
extracellutar culture medium.

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

17. The isolated polynuclectide molecule of embodiments 1-8, wherein the isolated polynucleotide
molecule is a yeast expression construct. '

18. A yeast expression construct comprising a yeast expression vector and a polynucleotide molecule
comprising SEQ 1D NO: 4, SEQ ID NO: 6, a polynuciectide variant thereof, or a truncated variant
thereof and any compliment thereof.

19. The yeast expression construct of embodiment 18, wherein the polynucleoctide variant is at least 70%,
at lzast 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
polynucieotide sequence of SEQ 1D NO: 4, SEQ ID NO: 6, or a complement thereof.

20. 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 fo about 30,
about 5 to about 25, about 5 to about 30, about 5 to about 35, about 5 to about 40, about & 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, ora
complement thereof.

21. The yeast expression construct of embodiment 18, wherein the polynuclectide variant has from about
1 to about 10, about 1 o 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 fo 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 configuous nucleotide substitutions relative to SEQ ID NO: 4, SEQ ID NO: 6, or a
complement thereof,

22. The yeast expression construct of embodiment 18, wherein the poiynucleotide varant hybridizes o a
polynucieotide molecule comprising SEQ ID NO: 4, SEQ ID NO: 6, or a complement thereof, under
stringent condition

23. The yeast expression construct of embodiment 18, wherein the polynucleotide variant has at ieast 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 lsast 20, variant codons from Table 1 substituted for the corresponding codon presence in
SEQ D NO: 4 or SEQ ID NO: 6.

24. The yeast expression consiruct of embodiment 18, wherein the poiynucleotide variant has at ieast 1,
at least 2, at least 3, at least 4, at least 5, at least 6, at lzast 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
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19, or at least 20, variant codons from Table 2 substituted for the corresponding codon presence in
SEQ D NO: 4 or SEQ ID NO: 6.

25. 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 Ieast_ 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 ieast 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 1D NO: 4 SEQ ID NO: 8,
or any nucleotide variant thereof, or any compliment thereof. |

26. 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, af least 8, at least 9, at least 10, at [east
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 remaved from the 5-end, the 3'-end, or both the 5-end and 3'-end of SEQ 1D NO:
4, SEQ 1D NO: 8, or any nuclectide variant thereof, or compliment thereof.

27. 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 Fichia angusta
expression vector, a Schizosaccharomyces pombe expression vector, a Saccharomyces cerevisiae
sxpression vector and a Yarrowia lipolytica expression vector,

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

29. The yeast expression construct of embodiment 28, wherein the inducible promoter is an Aldehyde
Oxidase 1 (AOX1) promoter. '

30. 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
nolynuclectide motecule of embodiments 1-8 to a specific celiular or extraceliular compartment.

31. 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 1-8 fo the cell cytoplasm, a cellular organelle, or to the
extracelluiar culfure medium.

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

33. A yeast cell comprising a polynucleoctide of embodiments 1-17.

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

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

37. 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.

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

40. The yeast cell of embodiment 38, 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 pastotis
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 ceil from a Pichia pastoris strain,

44. A method of producing an enterokinase, the method comprising the step of expressing an
enterokinase using a veast 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 1D 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 IDNO: 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 anterokinase, 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 1D 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 hereain.
Example 1
Synthesis of a polynucleotide molecule encoding EK

[048] A polynucieotide molecule SEG ID NO: 4 is synthesized using standard chemical procedures

(BlueHeron Biotechnology, Bothell, WA). For example, oligonuclectides 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 polynucleotice molecule.

This poiynucleotide molecule is cloned using standard molecular biclogy methods into a pUCBHB1

vector at the Smal site to generate pUCBHB/EK. The synthesized polynucleotide moiecuie is verified

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

ABI 3100 sequencer (Appiied Biosystems, Foster Gity, 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: 8, and

truncated variants of SEQ 1D NO: 4 or SEQ ID NC: 6.

[048] 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 polynucieotide

moiecule encoding the EK is modified to 1) contain synonymous codans typically present in native
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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 polynucieotide molecules found in a yeast strain of choice; 3) reduce
polymononuciestide regions found within the polynucleotide molecule;, and/or 4) eliminate internal
regulatory or structural sites found within the polynucleotide molecuie, see, e.g., Lance E. Steward et a/,
Oplimizing Expression of Active Botulinum Toxin Type E, International Patent Publication WO
2006/011966 (Feb. 2, 2008); Lance E. Steward et al., Optimizing Expression of Active Botulinum Toxin
Type A, Infernational Patent Publication WO 2006/017749 (Feb. 16, 2008), each entirely incorporated by
reference. Once sequence oplimization is complete, oligonuclectides of 20 fo 50 bases in length are
synthesized using standard phosphoramidite synthesis. These oligonucleotides are hybridized into
double stranded duplexes that are ligated together to assembie the full-length polynucieotide molecule.
This polynuclectide molecule is cloned using standard molecular biology methods into a pUCBHBA
vector at the Smal site to generate pUCBHBY/EK. The synthesized polynucleotide molecule is verified
by sequencing using Big Dye Terminator™ Chemistry 3.1 (Applied Biosystems, Foster City, CA) and an
AB| 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 truncaied
variants of SEQ ID NO: 4 or SEQ ID NO: 6.
Example 2
Construction and expression of pPpT4Aipha/EK

[050] To construct a yeast expression construct comprising polynucteotide molecule encoding EK as
disciosed herein, a pJ201/rEK construct containing SEQ 1D NO: 4 was digested with Xhol and Nofl to
excise the SEQ 1D NO:; 4 insert. The resuiting 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 wvector (ingenza, Lid., Midlothian, UK) that had been digested with restriction
endonucleases Xhol and Nofi. The pPpT4Alpha_S vector includes an Alpha Factor secretion signal-
sequence, a portion of a AOXT prometer, AGD and AOXT transcript termination sequences, and an open
reading frame for ZEOCIN™. The fragment and vector were ligated using T4 DNA ligase protocol to
yield pPpT4AlphatEK and an aliguot of this ligation mixture was ftransformed by a standard
electroparation profocol into electro-competent NEB10 cells (New England Biolabs, Inc., lpswich, MA).
The transformed cells were plated onto 1.5% Luria-Bertani Lennox agar plates {pH 7.0} containing 25
pgiml of ZEOCGIN™, and placed in a 37 °C incubator for overnight growth. Candidate expression
constructs were selected as ZEQCIN™-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 Xhoi and Notl, Xbal, or Ndel to determine the presence and
orientation of the correct insert fragment. Culfures containing the desired pPpT4Alpha/tEK expression
construct were grown, harvested and plasmid DNA isolated using standard procedures and candidate
sxpression constructs were sequenced to verify that the correct expression construct was made. This
cloning strategy vielded a yeast expression construct comprising SEQ 1D NO: 4. A similar strategy is
used to make a pPpT4AIpha/EK expression construct including SEQ ID NO: 8, a nuclectide variant of
SEQ ID NO: 4 or SEQ ID NO: 6, or a truncated variani of SEQ ID NO: 4 or SEQ ID NO: 8, Adternatively,
a polynucieotide molecule of SEQ 1D NQ: 4, SEQ 1D NO: 4, a nucleotide variant of SEQ 1D NO: 4 or SEQ
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ID NO: 8, or truncated variant of SEQ |D NO: 4 or SEQ ID NO: 6 is synthesized as described in Example
1, |
{051} To construct a yeast cell line expressing an enterckinase encoded by SEQ ID NC: 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 D NO: 9 to produce a linear
integration cassette. The first five base pairs of the AOX forward primer contain a Bglli site that is not
identical to the pPthlAI.pha/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. pasforis
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, Peplone, Dextrose, Sorbitol (YPDS) agar piates (pH 7.5) containing 100 pg/mL, 250 pg/mL.,
or 500 pg/mL of ZEQCIN™ 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 o
ZEOCIN™.  Sixty-two recombinant colonies were selected from the various YPDS plates containing the
different concentrations of ZEQCIN™, and inoculated into Yeast, Peptone, and Dexfrose (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
pPoT4Alpha/EK cassette. Aliquols 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 siored at -80 °C. A similar strategy is used to make a yeast cell line expressing an
enterokinase of SEQ ID NO 6, 2 nucieotide variant of SEQ 1D NO: 4 or SEQ 1D NO: §, or a truncated
variant of SEQ ID NO: 4 or SEQ iD NO: 6. a
[052] To further verify the presence of the integrated pPpT4Alpha/E cassefte 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
ysing an EK forward primer of SEQ ID NO: 10 and an EK reverse primer of SEQ 1 NO: 11 to produce a
250-bp product from the EK gene. After compietion 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 repsated 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 iines exhibited a higher gene copy number relative to the others.
Example 3

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

baffled shake flasks containing 10 mbL of defined growth media including 1.34% (w/v) Yeast Nitrogen
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Base (YNB), 200 mM phosphate buffer, 4 x 107%% (wiv) Biotin, and 1% (v/v) glycerol. The inoculates
were grawn 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 peliet was resuspended in 1 mbL of primary induction media including 1.34% (w/v} Yeast Nitrogen
Base (YNB), 200 mM phosphate buffer, 4 x 107°% (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 gL of methanol, cultured for about 16-18 hours and an additional 100 pL of methano!
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 sirain B1§ (é 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 enterckinase, sampies 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 fo 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 contéining the 1 mM of colorimetric peptide substrafe N-
carbobenzyloxy-Lys-ThioBenzyl ester (Z-Lys-SBZL; Bachem, AG, Bubendorf, CH) in the presence of
5,5'Dithic-bis (2-nitrobenzoic acid) (DTNB). The cleavage reaction inifiated colorless to yellow color
change fram 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 friplicate alongside negative and positive
controls.

[055] Foilowing 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-48, 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
ysing a singie 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 tripiicate
shake flask values. From the data, YCL-49 had the highest enterokinase activity and YCL-88 had the
iowest 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-89 were faken and
analyzed using SDS-PAGE and Wastemn blot analysis. Samples were added to 2x SDS Sample Buffer
and separaied by MOPS polyacrylamide gel electrophoresis using 10-20% Bis-Tris precast
polyacrylamide geis (Expedecn, Inc, San Diego, CA) under denaturing, reducing conditions. For 8DS-
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 nitroceliulose and
stained with a polyclonal c-enterokinase antibody. The enterokinase polypeptide was clearly visible on
the SDS-PAGE and Western blots as a single band at approximately 38 kDa. The electrophorstic

migration indicates that the enterokinase has undergone post-transiational 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 lings with the integrated pPpT4Alpha/EK cassette. _

[057] To determine concentration of the expressed enterokinase, samples from the 86-98 hours post
induction time pofnt 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 triplicate 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 paiml
YCL-49 2.6 pgimL
YCL-88 2.9 pg/mL
YCL-98 2.2 pg/mi

[058] The above described analyses indicated that several established yeast cells fines expressec a
high quality, enzymatically-active enterokinase from the integrated pPpT4Aipha/EK casselie.
Example 4
Construction and expression of pPICZ A/EK-myc-His

[059] To construct a yeast expression construct comprising polynucleotide molecuie encoding EK as
disciosed herein, resfriction endonuclease sites suitable for cloning an operably linked nucleic acid
molecule intc a pPIC A vector (Invitrogen, inc, Carlsbad, CA) are incorporated into the 5- and 3’ ends of
SEQ 1D NO: 4 using standard DNA synthesis procedures. This construct is digesied with restriction
enzymes that 1) excise SEQ iD NO: 4 encoding an enterokinase; and 2) enable this insert fo be
operabiy-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 ABONT/E-mye-
His. The ligation mixture is transformed into chemicaily competent E. coli DH5a cells (Invitragen, Ing,
Catlsbad, CA) using & heat shock method, plated on 1.5% low salt Luria-Bertani agar plates (pH 7.5}
containing 25 pgfmL. of ZEOCIN™, and placed in a 37 °C incubator for overnight growth. Bacteria
containing expression constructs are identified as ZEOCIN™ resistant colonies. Candidate constiucts
are isolatec 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 vields 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 1D NO: 6, a nucleotide variant of SEQ (D NO: 4 or SEQ ID NO: 6, 0or

a truncated variant of SEQ 1D NO: 4 or SEQ ID NO: 6.
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[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 F. pastorfs 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
ZEOGIN™. 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 AEK-myc-His are used to
incculate 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 ODegy=2-6 (approximately 16-18 hours). Cells
are hatvested by centrifugation (3,000x g at 22 °C for 5 minutes). To induce expression, the cell pellet is
resuspended in 15 mk of MMH media and 100% methanol is added to a final concentration of 0.5%.
Cultures are grown at about 28-30 °C in & shaker incubator (260 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 aiiquot 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 fo 2x 8DS
Sample Buffer (invitrogen, Inc, Catishad, CA} and expfession from established celi fines is measured by
SDS-PAGE and Western blot analysis (as desctibed 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 grownina 5 L. BioFia 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: 8, or a truncated
variart of SEQ 1D 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 nucieic acid
molecule into a pMET vector (Invitrogen, Inc, Carisbad, CA) are incorporated into the 5'- and 3 ends of
SEQ 1D 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 fo yield pMET/BoNT/E-V5-His (FIG. 9).
The ligation mixture is transformed into chemically competent £ colf DH5a cells (Invitrogen, inc,
Carlsbad, CA) using a heat shock method, piated on 1.5% low salt Luria-Beriani 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 identifiec as Ampicilin 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 fo determine the presence and orientation of the insert. This cloning
strategy yields a yeast expression construct encoding an enterckinase operably linked to carboxy-
terminal V5 and polyhisticine binding peptides. A similar strategy is used to make a pMET/EK expression
construct including SEQ ID NQ: 6, a nucleotide variant of SEQ 1D NO: 4 or SEQ D NG: 6, or a truncated
variant of SEQ 1D 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
slectroporation method, The transformation mixiure 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 exprassion test.
Isolated Ade” colonies from test cell lines that have integrated pMET/EK-V5-His ate 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 ODge=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 cuitures are grown at
about 28-3C °C in a shaker incubator {250 rpm). A 500 pk aliquot is removed and additional methanol is
added fo a final concentration of §.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 peliets of each time point are lysed
using an acid-washed glass bead method. Lysis samples are added fo 2x SDS Sample Buffer
(invitrogen, Inc, Carlsbad, CA) and expression from established cell lines is measured by SDS-PAGE
and Western biot analysis (as described in Example 3). The P. methanaiica Mut® PMAD16 ceil line
showing the highest expression level of enterckinase 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 3060
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 methandlica, 062101, 25-0288
{lnvitrogen, inc, Carlsbad, CA). A similar strategy is used to make a yeast cell line expressing an
enterokinase of SEQ 1D NO: 8, a nuclectide variant of SEQ 1D NO: 4 or SEQ ID NO: 8, or a fruncated
variant of SEQ [D NO: 4 or SEQ ID NO: 6.

Exampie 6
Construction and expression of pYESYEK-V5-His

[063] To construct a yeast expression construct comprising polynucleotide moiecule encoding EX 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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enzymes that 1) excise SEQ ID NO: 4 encoding an enterokinase; and 2} enable this insert to be
operably-linked to a pYES2 vector. This insert is subcloned using a T4 DNA ligase procedure into a
pYES2 vector that is digested with appropriate resttiction endonucleases fo yield pYES2/EK-V5-His (FIG.
10). The ligation mixture is transformed into chemically compestent £. colf DH5a celis {Invitrogen, Inc,
Carlsbad, CA) using a heaf shock method, plated on 1.5% low salt Luria-Bertani agar piates (pH 7.5)
containing 100 pg/mb. 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
isolated using an alkaline lysis plasmid mini-preparation procedure and analyzed by restriction
endonuclease digest mapping to determine the presence and crientation of the insert. This cloning
strategy vields 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 pYES2/EK
expression construct including SEQ ID NO: 8, a nuclectide variant of SEQ D NO: 4 or SEQ 1D NQ: 6, or
a truncated variant of SEQ ID NO: 4 or SEQ iD NO: 6.

[064] To construct a yeast cell line expressing an enterokinase, pYES2/EK-V5-His is transformed into
competent S. cerevisiae strain INVSc1 using a Lithium-based transformation method. The transformation
mixture is plated on 2% SC minimal media agar plates {pH 7.5) containing 2% giucose, that either have
0.01% uracil or iack uracil and placed in a 28-30 °C incubator for 1-3 days of growth. Selection of
transformants containing pYES2/EK-V5-His is determined by colony growth only on plates containing
uracil. Cells containing a pYES2/EK-V5-His construct are festad forenterokinase expression using a
small-scale expression test. lsolated colonies from test cells containing pYES2/EK-V5-His are used.to
inoculate 50 mL tubes containing 15 mL of SC media containing 2% glucose and 0.01% uracit and grown
overnight at about 28-30 °C in a shaker incubator {250 rpm}). The ODeg of overnight cultures are
determined and aliquoted to obtain a cell concentration of ODgy of 0.4 in a 50 mbL voiume. These
aliquots are centrifuged (1,500x g at 22 °C for 5 minutes) and the resulting cell pellet resuspended in SC
media containing 20% galaciose and 10% raffinose. Cells are grown at about 28-30 °C in a shaker
incubator (250 rpm) and 5 mL aliquots are taken at 0 hours, 4 hours, 8 hours, 12 hours, 16 hours andg 24
haurs and ODgge Concentrations are determined for each sample. 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 neeced. To
detect expression of the induced BoNT/E-V5-His, the cell pellets of each time point are lysed using an
acid-washed giass bead method. Lysis samples are added to 2x SDS Sample Buffer {lwitrogen, Inc,
Carlsbad, CA} and expression from established cell lines is measured by SDS-PAGE and Western blot
analysis (as desctibed in Example 3). The induction conditions resulting in the highest expression level
of enterckinase are selecied 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 8C media grown in a 5 L BioFio 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 PYESZICT, pYES3/CT, and pYC2/CT Yeast Expression Vectors with C-terminal Tags and
Auxotrophic Selection Markers, version E, 25-0304, Jan. 27, 2003 {invitrogen, Inc, Carisbad, CA). A
similar strategy is used to make a yeast cell line expressing an enterokinase of SEQ ID NO: 6, a
nucteotide variant of SEQ 1D NO: 4 or SEQ 1D NO: 6, or a truncated variant of SEQ ID NO: 4 or SEQ ID

NO: 8.
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(GAP) promoter to direct EK prodtiction. A non-limiting example of an inducible expression vector is
one that uses an Aldehyde Oxidase 1 (A0OX1) promoter with methanol as the inducer. In either case,
high levels of expression can be achieved, with up % 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 AOX1 gene (also called Muts strains) can still be induced by methanol, since they
express the alcohol oxidase 2 gene (A0X2), 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 Muts strains the force of the AOX1 promoter can be
directed mainly towards recombinant protein production. In addition lower methanol levels can be
applied. [32] 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
lacalization cianale <tich nolvvniiclentide renaione are 1icrialivy onarahhvv2linked tn the FK in the form of a
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5-end and g7endQf 266 IDNE kRS Bl GhE bR AUCIEAHIS YASIRBEHARAhe Q5 ABM
compliment tereaky =l G AR LR MIASoIIdS thaleeHic Al STBRUImEn! d MOSISD s Luncated
variant has &t least 1, a I_e.asttia 3:’;1,'[ ea,stpéf, at Ieastpzt at least 5, at least 6, at |east 7, at least 8, at least
9, at least RIPRP et 0AF AN IR PRIk 108 <P TAO LIS 1 BoUp e8P E55r Rt 17, at
least 18, atJ&Aistubtcagipnsttiah@iophbeSeRmE FEPRBRABE WHHTTREesRHBY e TRFE, RIPKBIA S -end and
3'-end of SEOQ/HINERIMCSEOISNGE 6riwtahy uehttiddvartasit freieitroNebRydlithematereof. 10.
The isolatednpatymuctestide mmetecieairehabodimentss1a@, whetdin thersdidedchalyruciedtide
molecule is\iyeashexpresswn R eiarothd: Bhaisalaied palynidclentidadplesuieafiembasiment 10,
wherein the,yeas! exmasSIBRMEROLISAdIChiapastarssxRISEsIONV e aFoRATIChiR MsthaRol/ca
expression vecipr, 3 Pichia Anqusta expression yRetor. aSehignsarrlargmyges 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 (A0OX1) promoter. WO 2012/071257PCT/US2011/061334 14 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. 15 The isolated
polynucleotide molecule of embodiments 10-14, wherein the yeast expression vector includes a
polynucleofide 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. 16. The isolated polynucleotide molecule of embodiment 14 or 15, wherein the signal
sequence is an Alpha Factor peptide. 17. The isolated polynucleotide molecule of embodiments 1-9,
wherein the isolated polynucleotide molecule is a yeast expression construct. 18. 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. 19. The yeast expression construct of embodiment 18, wherein the polynucleotide variant is at
least 70%, at least 75%, at least 80/s, 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 Ie%fst 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. 20. 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. 21. 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
ahoiit 20 ahoiit B t0 aboitit 26 abhoiit B t0 ahoitit 20 aboniit B t0 ahniit R85 aboiit 5 t0 abhniit A0 abhoiit B



WO 2012/071257PCT/US20111061334 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
polynucleofide 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
etal., Optimizing Expression of Active BotulinugLADR&: Type A, International Patent Publication WO
2006/017749 (Feb. 16, 2006), each entirely incorporated by reference. Once sequence optimization is
complete, oligonucleptides of 20 to 50 inlength are megusmgstandatd: 4 or SEQ
phosbh&%fﬁﬁ%?ﬁgds,{}ﬂgﬁ’gégf)%e@g% %g?ﬁc eg%iid“és arﬁ?/ﬁg%fg hizftg] double stranded duplexes that
are ligatedNogéther to assemble the full-length polynucleotide molecule. This polynucleotide molecule
is cl%eqwggggt@pggﬁgMggI@bm@j{mycmﬁn@dmimam pUCBHBlVesoe R OREPSIE to
generate pUCBHB1/EK. The synthesized wcleqti olecule is verified by sequencing using Big
Dye TerFﬂW%ﬁB‘P'foﬁ?ﬁﬁgwrf%@\Y)%q% |§s§§/é?s#gr§§,%g§§ér City, CA) and an ABI 3100 sequencer
(Apptied:Bjesystemss Siustengity: CR)PASEIEMAR T ERSE S tatEg L usEr o i Q% olynucleotide
molecuIﬁé@h@é},ﬂﬁ@%iﬁ?%ﬁ&ﬁ@r@&%&@é@el&ﬁé'ré@difSE(@ ID NO:4, or truncated variants of SEQ ID
NO: 4 0 Q ID NO: 6. EXx

O: 6. Example 2 Construction.and ex i ef T4ARbaEKIA8RLT 0 construct
a yedst SXEr¥ERROROEHSRIE RS SR 50! ri[argfgagﬁd%e’ ﬂﬁ%ﬁlqeher%%gtir%éEK as disfclosgd herein, a

pJ201/Bimenstuptieantainiy SEQIDNOCD e ARjestAdn RRSH-SAEFR G s BRIERY SEQ 1D
NO: 4 insert. T%gw%&géﬁggmg@g@gm}mwrﬁjed by the Q1AQUICle Gel Extraction Kit

(QIAGEIﬁ?Trﬁ){! lencia, CA), and the SEQ 1D NO: 4 fragment was sybgcl inte.the pRRTI4Alpha_S
vecto$v(Iﬁé@ﬂZ%ESEﬁi%?rf@ﬁﬂﬂftﬁ%?ﬁW)aﬁ%{‘ﬁha%tBﬁ%‘ﬁiéé%t% e\/‘?/qlmﬁ?estﬁctigaggnégé%ucleases Xhol and

Notl. The,piRpTdddmha_S vectorinotiidesmanimiphzrkacirraslittitelshig R RRIE FBTRORIOF a
AOX1 DV%OteﬁeA%% AQX]: apseripHerminationsrguences, and an open reading frame for
ZEOCINTRITRe fragment and vector were ['gated u§in% T4.DNA Nese ro{}t@ﬁgkﬁgbm@%vmg the
PPpTAAIBheRECE HEPaR IRIOVET FEHtaIoRarmLiLrE WaS Tranatorme %ﬁ} a standard electroporation
protocol intgelastra-compsters NEBIOEel s (NEW Enyfurf Biolabs, Inc., Ipswich, MA). The
transformed cells were plated onta, 1,39 la-RertaniLenspx agakplatesLpH -fdpraontainingt2d
pg/mlft)f dﬁﬂfﬁﬁ %ﬁar%llrégge[%dei'r%ﬁI??%J%r%ﬁlﬁto%gr overnight growth. Candidate expression
constructgsaeiresielected as ZEOCINT"-resistant colonies. Resistant colonies were subsequently
growny haryestediand plosmichRNAdisoatedasingstaneaasiprocstiies BreBhHaiaaR ke d%on
constructg Wer%sscgzr%eor}%%b a(gtség&tion digestion using Xhol and Notl, Xbal, or Ndel to determine the
presence AR ERETON © fhe correct insert fragment. CuILLfres con aini% tp{e %eﬁj gg
PP pTAAIpHe/ Rt RphEssITH o s #T e BT hivastad ‘aﬁd‘g bﬁa‘sarﬁl(? Bia |so{5ated using
standard pioggAuies andeanshgate: exIessicn CoRstrurte Wersse GuUeREHRT ISR WEYTHEF cBriect
expression construct }II’\/ltaS me de. This cloning strategy yielded a yeast expression construct comprising
SEQ ID N@TQEWAai'lﬁ? AR egy is used to make a pPpT4AIPha/ X res;ion construct including
SEQ IDOND=6casiveleatiteirgiartar SEX BRGNS Sr8ESNS R :CE’,_ s rﬁ%g%ﬂéd variant of SEQ
ID Nlo'q ﬁé Q\rrﬁ»&@é%f %ﬂ@ciﬁét%ﬁ@%ﬁiysrﬂwlmmlﬁbﬂdemUte/tm sEeaDwWoing :5EerierNO: 4, a
nucleotide variant of SEQ ID NQO: 4 or SE 0 1257PCT USZOll&@%;@dE&jHQg{V he
truncated VAT SEB W%@é?%%?%lf&%%&%%%@ﬁ%ied as described in Ex mgleﬁi? [51] To
construct aupsasicealblinererpfesshiPanE Mterokiade @éé@&@&%ﬁ@q%‘wnf W%ﬂosr% the
PPPTAAIphalEK expressioncanstiisiaNes solpnemschaingeacioNgPER) amplified using a AOX
forward primer of SEQ ID NO: 8 and a PUC reverse primer, 1D.NO: e Adingaica,
integration B<8atHEC FREORLIH VA e%a\lf(};g“brfa t gié%oﬁ%&?ﬁr%@ﬁ%ﬁ%aﬁgw ite that is not
identical te the/pP pidAteha Sk DA wguEress THEROXSFHHEBIFRe CBIRUS &l thé ¥EGIoh which
is part of ty}e Aé%)c(g.cgﬁomoter. Although the full length AOX1 gene is not present on the linear

S

integration ’[(J:Ca)l} ette, the entire full length A(E(1@%etri1jee§i)sm reconstituted upon integragion with the P.

pastorid BHrepTBehITe AFREHRE (G Thearyad Bxpréssion construct was transformed into an
appropriate P. pastoris Muts 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 ZEOCINTM and placed in a 28-30C incubator for 1-3 days.
Selection of transformants integrating the pPpT4Alpha/EK fragment at the 5" AOX1 locus is determined
by colony resistance to ZEOCINTM. Sixty-two recomfinant colonies were selected from the various
YPDS plates containing the different concentrations of ZEOCINTM, and inoculated into Yeast,
Peptone, and Dextrose (YPD) broth containing 100 pg/mL ZEOCINTM, The isolated yeast cell lines
grew as expected in the YPD broth containing ZEOCINTM, 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)
Chearnl t0 create actahliched vaeact fall linee and the viale ware ctored at QN C A cimilar ctrateny ic



[67] Groupings of alternative embodiments, elements, or steps of the present invention are not to be
construed as limitations. Each group member may be referred to and claimed individually or in any
combination with other group members disclosed herein. It is anticipated that one or more members of
a group may be included in, or deleted from, a group for reasons of convenience and/or patentability.
When any such inclusion or deletion occurs, the specification is deemed to contain the group as
modified thus fulfilling the written description of all Markush groups used in the appended claims. [68]

Uniess Giemiae 1dicalad all BUMbeIS ROEHIa A AR AARISC AL QARG Rarameter,
property, térm, and so Forth=usedin the present specification and claims are to be understood as being
modifieceiieatiinsaaeresBgdhy g mucigniide sSREUGEER NHerER, TG rhPr SUtPHEA S that the
characteristic, item, quantity, parameter, property, or term so qualified encompasses a range of plus or
minus ten percent above and below the value of the stated characteristic, item, quantity, parameter,
property, or term. Accordingly, unless indicated to the contrary, the numerical parameters set forth in
the specification and attached claims are approximations that may vary. At the very least, and not as
an attempt to limit the application of the doctrine of equivalents to the scope of the claims, each
numerical indication should at least be construed in light of the number of reported significant digits
and by applying ordinary rounding techniques. Notwithstanding that the numerical ranges and values
setting forth the broad scope of the invention are approximations, the numerical ranges and values set
forth in the specific examples are reported as precisely as possible. Any numerical range or value,
however, inherently contains certain errors necessarily resulting from the standard deviation found in
their respective testing measurements. Recitation of numerical ranges of values herein is merely
intended to serve as a shorthand method of referring individually to each separate numerical value
falling within the range. WO 2012/071257PCT/US2011/061334 Unless otherwise indicated herein,
each individual value of a numerical range is incorporated into the present specification as if it were
individually recited herein. [69] The terms "a,” "an,"” "the" and similar referents used in the context of
describing the present invention (especially in the context of the following claims) are to be construed
to cover both the singular and the plural, unless otherwise indicated herein or clearly contradicted by
context. All methods described herein can be performed in any suitable order unless otherwise
indicated herein or otherwise clearly contradicted by context. The use of any and all examples, or
exemplary language (e.g., "such as") provided herein is intended merely to better illuminate the
present invention and does not pose a limitation on the scope of the invention otherwise claimed. No
language in the present specification should be construed as indicating any non-claimed element
essential to the practice of the invention. [70] Specific embodiments disclosed herein may be further
limited in the claims using consisting of or consisting essentially of language. When used in the claims,
whether as filed or added per amendment, the transition term "consisting of' excludes any element,
step, or ingredient not specified in the claims. The transition term "consisting essentially of' limits the
scope of a claim to the specified materials or steps and those that do not materially affect the basic
and novel characteristic(s). Embodiments of the present invention so claimed are inherently or
expressly described and enabled herein. [71] All patents, patent publications, and other publications
referenced and identified in the present specification are individually and expressly incorporated herein
by reference in their entirety for the purpose of describing and disclosing, for example, the
compositions and methodologies described in such publications that might be used in connection with
the present invention. These publications are provided solely for their disclosure prior to the filing date
of the present application. Nothing in this regard should be construed as an admission that the
inventors are not entitled to antedate such disclosure by virtue of prior invention or for any other
reason. All statements as to the date or representation as to the contents of these documents is based
on the information available to the applicants and does not constitute any admission as to the
correctness of the dates or contents of these documents. CLAIN1S: 1. An isolated polynucleotide
molecule comprising the nucleotide sequence of SEQ ID NO: 4 or SEQ ID NO: 6. 2. The isolated
polynucleotide molecule according to Claim 1, wherein the isolated polynucleotide molecule further
comprises a yeast expression construct. 3. A yeast expression construct comprising a yeast
expression vector operably-linked to a polynucleotide comprising the nucleotide sequence of SEQ ID
NO: 4. 4. The yeast expression construct according to Claim 3, wherein the yeast expression construct
further comprises a polynucleotide encoding an alpha factor operably-linked to the polynucleotide
comprising the nucleotide sequence of SEQ ID NO3z4. 5. The yeast expression construct according to
Claim 4, wherein the nucleotide sequence of the polynucleotideencoding an alpha factor
operably-linked to the polynuckaotide comprising the nucleotide sequence of SEQ ID NO: 4 is SE.Q ID
NO: 6. 6. A yeast cell transformed with a yeast expression construct comprising a polynucleotide
having the nucleotide sequence of SEQ ID NO: 4 or SEG ID NO: 6. 7. The yeast cell according to

Claim 6, wherein the expression construct is extra-chromosomal in the yeast cell. 8. The yeast cell
acconrdina to Claim A& wherain the eavnreccinn conctriicet ic etablvy intearated into the chromoenme nf the



