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COMPOSITIONS COMPRISING ALPHA-FACTOR PREPRO SEQUENCE
AND USES THEREOF

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Patent Application 63/296,824

filed on January 5, 2022, the entire contents of which is hereby incorporated by reference.

BACKGROUND

[0002] Protein secretion from living cells is a step in many medical and scientific processes.
For example, biomanufacturing often relies on the secretion of high amounts of biological
therapeutics from live cells for their production. Additionally, mRNA vaccines rely on protein
secretion from the cells of vaccinated individuals. Moreover, many scientific disciplines utilize
live cell protein secretion for key experiments, including studying protein function and structure.
Thus, enhancements in protein secretion could enable greater production of biologics for less cost,

smaller vaccine doses, and simpler experimental procedures for protein studies.

SUMMARY

[0003] The present disclosure provides technologies for increasing secretion of polypeptides
from mammalian cells, where the polypeptides are encoded by an exogenous nucleic acid, e.g., a
DNA or RNA therapeutic. The present disclosure further identifies that increased levels
polypeptide secretion from mammalian cells can be beneficial to a number processes, including
the manufacture of polypeptides (e.g., therapeutic polypeptides) and expression of polypeptides in
mammalian cells, tissues or subjects following delivery of polynucleotides encoding such

polypeptides.

[0004] One significant approach to delivering therapeutics has been to deliver polynucleotides
to a subject and then use the subject’s cellular machinery to express a therapeutic polypeptide from
the delivered polynucleotides. A recent example of this approach is the introduction of mRNA-
based vaccines against SARS-CoV-2, which deliver mRNA encoding antigen polypeptides for
expression in a subject. While these approaches have had success, a challenge with such
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approaches is that certain polypeptides delivered this way need to be secreted from cells following

expression.

[0005] The present disclosure provides the insight that a-factor prepro sequences can be used
to increase polypeptides secretion from cells, particularly mammalian cells. Use of a-factor prepro
sequences can, therefore, improve secretion levels of payload polypeptides (e.g., therapeutic
polypeptides). Improved secretion levels of payload polypeptides expressed from administered
polynucleotides can, in turn, reduce the amount of polynucleotide that needs to be delivered, (e.g.,

reducing associated costs and/or increasing patient comfort during administration).

[0006] Among the technologies described herein for increasing expression of payload
polypeptides are engineered polypeptides including a payload polypeptide and a wild-type or
engineered a-factor prepro sequence, where the wild-type or engineered a-factor prepro sequence
is operably linked to the payload polypeptide. Polynucleotides encoding such polypeptides are
also provided. In addition, cells and methods incorporating the described technologies are also

provided.

[0007] The present disclosure also provides the insight that Arabidopsis Root Growth Factor
(GLV) secretion peptide sequences disclosed herein alone or in combination with an a-factor
prepro sequence disclosed herein can be used to increase polypeptides secretion from, e.g., plant

cells, e.g., Arabidopsis cells.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is a graph showing measured secretion levels and ACE2 binding affinities of
each of a SARS-CoV-2 receptor binding domain (RBD; black circle), RBD Variant 1 (white
circle), RBD Variant 1 with a prepro sequence (white square), RBD Variant 2 (gray circle), and
RBD Variant 2 with a prepro sequence (gray square).

[0009] FIG. 2 is a bar graph showing secretion levels of certain polypeptides with a native

signal peptide (white bars) and with a wild-type prepro secretion sequence (gray bars).
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[0010] FIG. 3 is a bar graph showing secretion levels of certain polypeptides with a native

signal peptide (white bars) and with a wild-type prepro secretion sequence (gray bars).

[0011] FIG. 4 is a bar graph showing measured secretion levels of an RBD Variant 1
polypeptide associated with certain signal peptides. “Native SP” refers to an RBD polypeptide
associated with a wild-type RBD signal peptide. “Prepro” refers to an RBD polypeptide
associated with a wild-type a-factor prepro sequence. “S1P_delSTE13” refers to an RBD
polypeptide associated with an engineered a-factor prepro sequence, in which (i) the Kex2
cleavage site of a wild-type prepro sequence has been replaced with an S1P cleavage site, and
(i1) the Ste13 cleavage site of the wild-type prepro sequence has been deleted.
“PCSK9_delSTE13” refers to an RBD polypeptide associated with an engineered a-factor prepro
sequence, in which (i) the Kex2 cleavage site of a wild-type prepro sequence has been replaced
with a PCSK9 cleavage site, and (ii) the Stel3 cleavage site of the wild-type prepro sequence has
been deleted. “Furin” refers to an RBD polypeptide associated with an engineered a-factor
prepro sequence, in which the Kex2 cleavage site of a wild-type prepro sequence has been
replaced with a furin cleavage site. “delSTE13” refers to an RBD polypeptide associated with an
engineered a-factor prepro sequence, in which the Ste13 cleavage site of a wild-type prepro
sequence has been deleted. “PCSK4” refers to an RBD polypeptide associated with an
engineered a-factor prepro sequence, in which its Kex2 cleavage site has been replaced with a
PCSK4 cleavage site. “PCSK4 del STE13” refers to an RBD polypeptide associated with an
engineered a-factor prepro sequence, in which (i) its Kex2 cleavage site has been replaced with a
PCSK4 cleavage site and (ii) its Stel3 cleavage site has been deleted. “Surf4 motif” refers to an
RBD polypeptide associated with an engineered a-factor prepro sequence, in which the amino-
terminal residues of a wild-type prepro sequence have been mutated to a tripeptide motif with
high Surf4 binding affinity (referred to herein as a “Surf4 motif”). “Furin_delSTE13” refers to
an RBD polypeptide associated with an engineered a-factor prepro sequence, in which (i) its
Kex2 cleavage site has been replaced with a furin cleavage site and (ii) its Stel3 cleavage site

has been deleted.

[0012] FIG. S is a bar graph showing measured secretion levels of showing measured
secretion levels of an RBD Variant 1 polypeptide associated with certain signal peptides.

“Native SP” refers to an RBD polypeptide associated with a wild-type RBD signal peptide.
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“Prepro” refers to an RBD polypeptide associated with a wild-type a-factor prepro sequence.
“S1P_PCSK9 delSTE13” refers to an RBD Variant 1 polypeptide associated with an engineered
a-factor prepro sequence, in which (i) the Kex2 cleavage site of a wild-type prepro sequence has
been replaced with an S1P cleavage site and a PCSK9 cleavage site, and (ii) the Ste13 cleavage
site of the wild-type prepro sequence has been deleted. “3x_S1P_delSTE13” refers to an RBD
Variant_1 polypeptide associated with an engineered a-factor prepro sequence, in which (i) the
Kex2 cleavage site of a wild-type prepro sequence has been replaced with three (3) SIP cleavage
sites, and (ii) the Ste13 cleavage site of the wild-type prepro sequence has been deleted.
“2x_Surf4 motif SG_delSTE13” refers to an RBD Variant_1 polypeptide associated with an
engineered a-factor prepro sequence, in which (i) the amino-terminal residues of a wild-type
prepro sequence have been replaced with two (2) Surf4 motifs joined by an serine-glycine linker,
and (ii) the Stel3 cleavage site of the wild-type prepro sequence has been deleted.
“3x_Surf4 motif SG_delSTE13” refers to an RBD Variant 1 polypeptide associated with an
engineered a-factor prepro sequence, in which (i) the amino-terminal residues of a wild-type
prepro sequence have been replaced with three (3) Surf4 motifs joined by an serine-glycine
linker, and (ii) the Stel3 cleavage site of the wild-type prepro sequence has been deleted.
“3x_PCSK9_delSTE13” refers to an RBD Variant 1 polypeptide associated with an engineered
a-factor prepro sequence, in which (i) the Kex2 cleavage site of a wild-type prepro sequence has
been replaced with three (3) PCSK9 cleavage sites, and (ii) the Stel3 cleavage site of the wild-
type prepro sequence has been deleted. “Surf4 motif furin delSTE13” refers to an RBD
Variant_1 polypeptide associated with an engineered a-factor prepro sequence, in which (i) the
amino-terminal residues of a wild-type prepro sequence have been replaced with an Surf4 motif,
(ii) the Kex2 cleavage site of a wild-type prepro sequence has been replaced with a furin
cleavage site, and (iii) the Ste13 cleavage site of the wild-type prepro sequence has been deleted.
“SP1_furin_delSTE13” refers to an RBD Variant 1 polypeptide associated with an engineered
a-factor prepro sequence, in which (i) the Kex2 cleavage site of a wild-type prepro sequence has
been replaced with a S1P cleavage site and a furin cleavage site, and (ii) the Ste13 cleavage site
of the wild-type prepro sequence has been deleted. “3x PCSK4 delSTE13” refers to an RBD
Variant_1 polypeptide associated with an engineered a-factor prepro sequence, in which (i) the
Kex2 cleavage site of a wild-type prepro sequence has been replaced with three (3) PCSK4

cleavage sites, and (ii) the Ste13 cleavage site of the wild-type prepro sequence has been deleted.

4



WO 2023/133233 PCT/US2023/010253

“S1P_PCSK4 delSTE13” refers to an RBD Variant 1 polypeptide associated with an engineered
a-factor prepro sequence, in which (i) the Kex2 cleavage site of a wild-type prepro sequence has
been replaced with a S1P cleavage site and a PCSK4 cleavage site, and (ii) the Stel3 cleavage
site of the wild-type prepro sequence has been deleted. “Surf4_motif S1P_delSTE13” refers to
an RBD Variant 1 polypeptide associated with an engineered a-factor prepro sequence, in which
(1) the amino-terminal residues of a wild-type prepro sequence have been replaced with an Surf4
motif, (ii) the Kex2 cleavage site of a wild-type prepro sequence has been replaced with a S1P
cleavage site, and (iii) the Ste13 cleavage site of the wild-type prepro sequence has been deleted.
“3x_Surf4 motif delSTE13” refers to an RBD Variant 1 polypeptide associated with an
engineered a-factor prepro sequence, in which (i) the amino-terminal residues of a wild-type
prepro sequence have been replaced with three (3) Surf4 motifs, and (ii) the Stel3 cleavage site
of the wild-type prepro sequence has been deleted. “Surf4 motif PCSK4 delSTE13” refers to
an RBD Variant_1 polypeptide associated with an engineered a-factor prepro sequence, in which
(1) the amino-terminal residues of a wild-type prepro sequence have been replaced with an Surf4
motif, (ii) the Kex2 cleavage site of a wild-type prepro sequence has been replaced with a
PCSK4 cleavage site, and (iii) the Ste13 cleavage site of the wild-type prepro sequence has been
deleted. “3x_Surf4 motif AA delSTE13” refers to an RBD Variant 1 polypeptide associated
with an engineered o-factor prepro sequence, in which (i) the amino-terminal residues of a wild-
type prepro sequence have been replaced with three (3) Surf4 motifs joined by an alanine-alanine
linker, and (ii) the Stel3 cleavage site of the wild-type prepro sequence has been deleted.
“furin PCSK4 delSTE13” refers to an RBD Variant 1 polypeptide associated with an
engineered a-factor prepro sequence, in which (i) the Kex2 cleavage site of a wild-type prepro
sequence has been replaced with a furin cleavage site and a PCSK4 cleavage site, and (ii) the
Stel3 cleavage site of the wild-type prepro sequence has been deleted.
“PCSK9 PCSK4 delSTE13” refers to an RBD Variant 1 polypeptide associated with an
engineered a-factor prepro sequence, in which (i) the Kex2 cleavage site of a wild-type prepro
sequence has been replaced with a PCSK9 cleavage site and a PCSK4 cleavage site, and (ii) the
Stel3 cleavage site of the wild-type prepro sequence has been deleted.
“2x_Surf4 motif AA delSTE13” refers to an RBD Variant_1 polypeptide associated with an
engineered a-factor prepro sequence, in which (i) the amino-terminal residues of a wild-type

prepro sequence have been replaced with two (2) Surf4 motifs joined by an alanine-alanine
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linker, and (ii) the Stel3 cleavage site of the wild-type prepro sequence has been deleted.
“Surf4_motif PCSK9_delSTE13” refers to an RBD Variant_1 polypeptide associated with an
engineered a-factor prepro sequence, in which (i) the amino-terminal residues of a wild-type
prepro sequence have been replaced with an Surf4 motif, (ii) the Kex2 cleavage site of a wild-
type prepro sequence has been replaced with a PCSK9 cleavage site, and (iii) the Ste13 cleavage
site of the wild-type prepro sequence has been deleted. “PCSK9 _furin_delSTE13” refers to an
RBD Variant_1 polypeptide associated with an engineered a-factor prepro sequence, in which (i)
the Kex2 cleavage site of a wild-type prepro sequence has been replaced with a PCSK9 cleavage
site and a furin cleavage site, and (ii) the Ste13 cleavage site of the wild-type prepro sequence
has been deleted. “2x_Surf4 motif delSTE13” refers to an RBD Variant 1 polypeptide
associated with an engineered a-factor prepro sequence, in which (i) the amino-terminal residues
of a wild-type prepro sequence have been replaced with two (2) Surf4 motifs, and (ii) the Stel3
cleavage site of the wild-type prepro sequence has been deleted.
“S1P_PCSKO9_furin PCSK4 delSTE13” refers to an RBD Variant_1 polypeptide associated
with an engineered a-factor prepro sequence, in which (i) the Kex2 cleavage site of a wild-type
prepro sequence has been replaced with a S1P cleavage site, a PCSK9 cleavage site, a furin
cleavage site, and a PCSK4 cleavage site, and (ii) the Stel3 cleavage site of the wild-type prepro
sequence has been deleted. “3x_furin_delSTE13” refers to an RBD Variant_1 polypeptide
associated with an engineered a-factor prepro sequence, in which (i) the Kex2 cleavage site of a
wild-type prepro sequence has been replaced with three (3) furin cleavage sites, and (ii) the

Stel3 cleavage site of the wild-type prepro sequence has been deleted.

[0013] FIG. 6 is a bar graph showing measured secretion levels of showing measured
secretion levels of an RBD Variant 1 polypeptide associated with certain signal peptides.
“Native SP” refers to an RBD polypeptide associated with a wild-type RBD signal peptide.
“Prepro” refers to an RBD polypeptide associated with a wild-type a-factor prepro sequence.
“2x_Surf4 SG 3x_S1P_delStel13” refers to an RBD Variant 1 polypeptide associated with an
engineered a-factor prepro sequence, in which (i) the amino-terminal residues of a wild-type
prepro sequence have been replaced with two (2) Surf4 motifs joined by an serine-glycine linker,
(i1) the Kex2 cleavage site of a wild-type prepro sequence has been replaced with three (3) S1P
cleavage sites, and (iii) the Stel3 cleavage site of the wild-type prepro sequence has been
deleted. “2x_Surf4 SG 3x_S1P_delStel3” refers to an RBD Variant 1 polypeptide associated
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with an engineered a-factor prepro sequence, in which (i) the amino-terminal residues of a wild-
type prepro sequence have been replaced with two (2) Surf4 motifs joined by an serine-glycine
linker, (ii) the Kex2 cleavage site of a wild-type prepro sequence has been replaced with three
(3) S1P cleavage sites, and (iii) the Ste13 cleavage site of the wild-type prepro sequence has
been deleted. “2x_Surf4 SG_S1P_PCSK9 delStel13” refers to an RBD Variant 1 polypeptide
associated with an engineered a-factor prepro sequence, in which (i) the amino-terminal residues
of a wild-type prepro sequence have been replaced with two (2) Surf4 motifs joined by an serine-
glycine linker, (ii) the Kex2 cleavage site of a wild-type prepro sequence has been replaced with
a S1P cleavage site and a PCSK9 cleavage site, and (iii) the Ste13 cleavage site of the wild-type
prepro sequence has been deleted. “2x_Surf4 SG_S1P_PCSK9 PCSK4 delStel3” refers to an
RBD Variant_1 polypeptide associated with an engineered o-factor prepro sequence, in which (i)
the amino-terminal residues of a wild-type prepro sequence have been replaced with two (2)
Surf4 motifs joined by an serine-glycine linker, (ii) the Kex2 cleavage site of a wild-type prepro
sequence has been replaced with a S1P cleavage site, a PCSK9 cleavage site, and a PCSK4
cleavage site, and (iii) the Ste13 cleavage site of the wild-type prepro sequence has been deleted.
“2x_Surf4 SG_S1P delStel13” refers to an RBD Variant 1 polypeptide associated with an
engineered a-factor prepro sequence, in which (i) the amino-terminal residues of a wild-type
prepro sequence have been replaced with two (2) Surf4 motifs joined by an serine-glycine linker,
(i1) the Kex2 cleavage site of a wild-type prepro sequence has been replaced with a S1P cleavage
site, and (iii) the Stel13 cleavage site of the wild-type prepro sequence has been deleted.
“2x_Surf4 SG PCSK4 delStel3” refers to an RBD Variant 1 polypeptide associated with an
engineered a-factor prepro sequence, in which (i) the amino-terminal residues of a wild-type
prepro sequence have been replaced with two (2) Surf4 motifs joined by an serine-glycine linker,
(i) the Kex2 cleavage site of a wild-type prepro sequence has been replaced with a PCSK4
cleavage site, and (iii) the Ste13 cleavage site of the wild-type prepro sequence has been deleted.
“2x_Surf4 SG_S1P PCSK4 delStel3” refers to an RBD Variant 1 polypeptide associated with
an engineered a-factor prepro sequence, in which (i) the amino-terminal residues of a wild-type
prepro sequence have been replaced with two (2) Surf4 motifs joined by an serine-glycine linker,
(i1) the Kex2 cleavage site of a wild-type prepro sequence has been replaced with a S1P cleavage
site and a PCSK4 cleavage site, and (iii) the Ste13 cleavage site of the wild-type prepro sequence
has been deleted. “2x_Surf4 SG 3x PCSK9 delStel13” refers to an RBD Variant_1 polypeptide
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associated with an engineered a-factor prepro sequence, in which (i) the amino-terminal residues
of a wild-type prepro sequence have been replaced with two (2) Surf4 motifs joined by an serine-
glycine linker, (ii) the Kex2 cleavage site of a wild-type prepro sequence has been replaced with
three (3) PCSK9 cleavage sites, and (iii) the Stel3 cleavage site of the wild-type prepro sequence
has been deleted. “2x_Surf4 SG furin PCSK4 delSte13” refers to an RBD Variant 1
polypeptide associated with an engineered a-factor prepro sequence, in which (i) the amino-
terminal residues of a wild-type prepro sequence have been replaced with two (2) Surf4 motifs
joined by an serine-glycine linker, (ii) the Kex2 cleavage site of a wild-type prepro sequence has
been replaced with a furin cleavage site and a PCSK4 cleavage site, and (iii) the Ste13 cleavage
site of the wild-type prepro sequence has been deleted. “2x Surf4 SG 3x PCSK4 delStel3”
refers to an RBD Variant 1 polypeptide associated with an engineered a-factor prepro sequence,
in which (i) the amino-terminal residues of a wild-type prepro sequence have been replaced with
two (2) Surf4 motifs joined by an serine-glycine linker, (ii) the Kex2 cleavage site of a wild-type
prepro sequence has been replaced with three (3) PCSK4 cleavage sites, and (iii) the Stel3
cleavage site of the wild-type prepro sequence has been deleted.
“2x_Surf4 SG PCSK9 delStel3” refers to an RBD Variant 1 polypeptide associated with an
engineered a-factor prepro sequence, in which (i) the amino-terminal residues of a wild-type
prepro sequence have been replaced with two (2) Surf4 motifs joined by an serine-glycine linker,
(i1) the Kex2 cleavage site of a wild-type prepro sequence has been replaced with a PCSK9
cleavage site, and (iii) the Ste13 cleavage site of the wild-type prepro sequence has been deleted.
“2x_Surf4 SG PCSK9 PCSK4 delStel3” refers to an RBD Variant 1 polypeptide associated
with an engineered a-factor prepro sequence, in which (1) the amino-terminal residues of a wild-
type prepro sequence have been replaced with two (2) Surf4 motifs joined by an serine-glycine
linker, (i1) the Kex2 cleavage site of a wild-type prepro sequence has been replaced with a
PCSKO9 cleavage site and a PCSK4 cleavage site, and (iii) the Stel3 cleavage site of the wild-
type prepro sequence has been deleted. “2x_Surf4 SG PCSK9 furin_delSte13” refers to an
RBD Variant_1 polypeptide associated with an engineered a-factor prepro sequence, in which (i)
the amino-terminal residues of a wild-type prepro sequence have been replaced with two (2)
Surf4 motifs joined by an serine-glycine linker, (i1) the Kex2 cleavage site of a wild-type prepro
sequence has been replaced with a PCSK9 cleavage site and a furin cleavage site, and (iii) the

Stel3 cleavage site of the wild-type prepro sequence has been deleted.
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“2x_Surf4 SG_S1P furin_delStel13” refers to an RBD Variant 1 polypeptide associated with an
engineered a-factor prepro sequence, in which (i) the amino-terminal residues of a wild-type
prepro sequence have been replaced with two (2) Surf4 motifs joined by an serine-glycine linker,
(i) the Kex2 cleavage site of a wild-type prepro sequence has been replaced with a S1P cleavage
site and a furin cleavage site, and (iii) the Stel3 cleavage site of the wild-type prepro sequence
has been deleted. “2x_Surf4 SG_S1P_PCSK9 furin_delSte13” refers to an RBD Variant_1
polypeptide associated with an engineered a-factor prepro sequence, in which (i) the amino-
terminal residues of a wild-type prepro sequence have been replaced with two (2) Surf4 motifs
joined by an serine-glycine linker, (ii) the Kex2 cleavage site of a wild-type prepro sequence has
been replaced with a S1P cleavage site, a PCSK9 cleavage site, and a furin cleavage site, and (iii)
the Stel3 cleavage site of the wild-type prepro sequence has been deleted.
“2x_Surf4 SG furin_delStel13” refers to an RBD Variant 1 polypeptide associated with an
engineered a-factor prepro sequence, in which (i) the amino-terminal residues of a wild-type
prepro sequence have been replaced with two (2) Surf4 motifs joined by an serine-glycine linker,
(ii) the Kex2 cleavage site of a wild-type prepro sequence has been replaced with a furin
cleavage site, and (iii) the Ste13 cleavage site of the wild-type prepro sequence has been deleted.
“2x_Surf4 SG_S1P_furin PCSK4 delStel13” refers to an RBD Variant_1 polypeptide
associated with an engineered a-factor prepro sequence, in which (i) the amino-terminal residues
of a wild-type prepro sequence have been replaced with two (2) Surf4 motifs joined by an serine-
glycine linker, (ii) the Kex2 cleavage site of a wild-type prepro sequence has been replaced with
a S1P cleavage site, a furin cleavage site, and a PCSK4 cleavage site, and (iii) the Stel3 cleavage
site of the wild-type prepro sequence has been deleted.

“2x_Surf4 SG PCSK9 furin PCSK4 delSte13” refers to an RBD Variant 1 polypeptide
associated with an engineered a-factor prepro sequence, in which (i) the amino-terminal residues
of a wild-type prepro sequence have been replaced with two (2) Surf4 motifs joined by an serine-
glycine linker, (ii) the Kex2 cleavage site of a wild-type prepro sequence has been replaced with
a a PCSKO cleavage site, a furin cleavage site, and a PCSK4 cleavage site, and (iii) the Ste13

cleavage site of the wild-type prepro sequence has been deleted.

[0014] FIG. 7 is a bar graph depicting measured secretion levels of an RBD Variant 1

polypeptide associated with certain signal peptides. “prepro 2” refers to an RBD Variant 1

polypeptide associated with an engineered a-factor prepro sequence, in which (i) the amino-
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terminal residues of a wild-type prepro sequence have been replaced with two (2) Surf4 motifs
joined by an serine-glycine linker, (ii) the Kex2 cleavage site of a wild-type prepro sequence has
been replaced with three (3) S1P cleavage sites, and (iii) the Stel3 cleavage site of the wild-type
prepro sequence has been deleted. “CATHC 3” refers to an RBD Variant 1 polypeptide
associated with an engineered a-factor prepro sequence, in which a cathepsin C peptide has been
inserted at the C-terminus of prepro 2. “CATHC 2” refers to an RBD Variant 1 polypeptide
associated with an engineered a-factor prepro sequence, in which a cathepsin C peptide has been
inserted in the middle of prepro_2. “CFVII_2” refers to an RBD Variant 1 polypeptide associated
with an engineered a-factor prepro sequence, in which a coagulation factor VII peptide has been
inserted in the middle of prepro 2. “CATHC 1” refers to an RBD Variant 1 polypeptide
associated with an engineered o-factor prepro sequence, in which a cathepsin C peptide has been
inserted at the N-terminus of prepro 2. “SORT1 3” refers to an RBD Variant 1 polypeptide
associated with an engineered a-factor prepro sequence, in which a sortilin 1 peptide has been
inserted at the C-terminus of prepro 2. “BDNF_2” refers to an RBD Variant 1 polypeptide
associated with an engineered o-factor prepro sequence, in which a brain-derived neurotrophic
factor peptide has been inserted in the middle of prepro 2. “CFVII 17 refers to an RBD Variant 1
polypeptide associated with an engineered a-factor prepro sequence, in which a coagulation factor
VII peptide has been inserted at the N-terminus of prepro 2. “BDNF 3” refers to an RBD
Variant_1 polypeptide associated with an engineered a-factor prepro sequence, in which a brain-
derived neurotrophic factor peptide has been inserted at the C-terminus of prepro 2. “CFVII 3”
refers to an RBD Variant 1 polypeptide associated with an engineered a-factor prepro sequence,
in which a coagulation factor VII peptide has been inserted at the C-terminus of prepro 2.
“BDNF _1” refers to an RBD Variant 1 polypeptide associated with an engineered a-factor prepro
sequence, in which a brain-derived neurotrophic factor peptide has been inserted at the N-terminus
of prepro 2. “SORT1 _2” refers to an RBD Variant 1 polypeptide associated with an engineered
a-factor prepro sequence, in which a sortilin 1 peptide has been inserted in the middle of prepro 2.
“SORT1_1” refers to an RBD Variant 1 polypeptide associated with an engineered a-factor prepro

sequence, in which a sortilin 1 peptide has been inserted at the N-terminus of prepro 2.

[0015] FIGs. 8A-8B are bar graphs depicting secretion levels of SARS-CoV-2 Spike receptor
binding domain (RBD) variant polypeptides with certain signal peptides. FIG. 8A depicts

secretion of Variant 1 and Variant 2 in CHO-K1 Chinese Hamster Ovary cells with native Spike
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signal peptide (white bars) and with a wild-type prepro secretion sequence (gray bars). Cells were
treated with 50 ng plasmid DNA. FIG. 8B depicts secretion of 100 ng Variant 1 in Sf9 Spodoptera
frugiperda cells with adipokinetic hormone signal peptide (white bar) and with a wild-type prepro
secretion sequence (gray bar). Cells were treated with 100 ng plasmid DNA.

[0016] FIG. 9 is a bar graph depicting mucosal IgA and serum IgG antibody titers against
SARS-CoV-2 Spike from vaccinated mice. “SP(S)-RBD” refers to wild-type SARS-CoV-2 Spike
receptor binding domain (RBD) associated with native signal peptide. “prepro-RBD” refers to
wild-type SARS-CoV-2 Spike receptor binding domain (RBD) associated with wild-type a-factor
prepro sequence. “prepro 2-RBD” refers to wild-type SARS-CoV-2 Spike receptor binding

domain (RBD) associated with the engineered a-factor prepro sequence prepro 2.

[0017] FIG. 10 is a bar graph depicting mucosal IgA antibody titers against SARS-CoV-2
Spike from vaccinated mice. “prepro-RBD-Sbi(III-1V)” refers to wild-type SARS-CoV-2 Spike
receptor binding domain (RBD) fused to the Staphylococcus aureus binder of 1g€ protein subunits
1 and 1V associated with wild-type a-factor prepro sequence. “prepro_2-RBD-Sbi(IlI-IV)” refers
to wild-type SARS-CoV-2 Spike receptor binding domain (RBD) fused to the Siaphylococcus
aureus binder of 1gG protein subunits I and 1V associated with the engineered a-factor prepro

sequence prepro_2.

[0018] FIG. 11 is a bar graph depicting the relative amounts of RBD Variant 1 polypeptide
secreted with uncleaved propeptide intact from cells. “WT” refers to an RBD Variant 1
polypeptide associated with the prepro 2 engineered a-factor prepro sequence. “S1P_mut” refers
to an RBD Variant 1 polypeptide associated with the prepro 2 engineered a-factor prepro

sequence with the S1P protease cleavage sites removed.

[0019] FIG. 12 is a bar graph depicting SARS-CoV-2 pseudotyped virus neutralization N50
titers of sera from mice vaccinated with SARS-CoV-2 strain RBDs associated with various signal
peptides. “SP(S)-RBD-Sbi(III-1V)” refers to SARS-CoV-2 Spike receptor binding domain (RBD)
fused to the Staphylococcus aureus binder of 1g(G protein subunits 1 and 1V associated with native
Spike signal peptide. “prepro-RBD-Sbi(III-IV)” refers to SARS-CoV-2 Spike receptor binding
domain (RBD) fused to the Staphylococcus aureus binder of Ig(G protein subunits Hi and IV

associated with wild-type a-factor prepro sequence. “Wuhan/D614G” refers to SARS-CoV-2 wild

11



WO 2023/133233 PCT/US2023/010253

type RBD (white bars). “Omjcron (BA.1)” refers to SARS-CoV-2 Omicron BA.1 strain RBD
(gray bars).

[0020] FIG. 13 consists of bar graphs depicting mucosal IgA and serum IgG titers against
SARS-CoV-2 wild type Spike from the sera of vaccinated mice. “SP(S)-RBD-Sbi(ITI-IV)” refers
to wild-type SARS-CoV-2 Spike receptor binding domain (RBD) fused to the Siaphylococcus
aureus binder of IgG protein subunits [H and IV associated with native Spike signal peptide.
“prepro-RBD-Sbi(III-1V)” refers to wild-type SARS-CoV-2 Spike receptor binding domain
(RBD) fused to the Staphylococcus aureus binder of 1gG protein subunits HY and IV associated

with wild-type a-factor prepro sequence

CERTAIN DEFINITIONS

[0021]  About or approximately: As used herein, the terms “about” and “approximately,” when
used herein in reference to a value, refers to a value that is similar, in context to the referenced
value. In general, those skilled in the art, familiar with the context, will appreciate the relevant
degree of variance encompassed by “about” or “approximately” in that context. For example, in
some embodiments, the term “about” or “approximately” may encompass a range of values that
within 25%, 20%, 19%, 18%, 17%, 16%, 15%, 14%, 13%, 12%, 11%, 10%, 9%, 8%, 7%, 6%,
5%, 4%, 3%, 2%, 1%, or less of the referred value.

[0022] Administering: Asused herein, the term “administering” or “administration” typically
refers to administration of a composition to a subject to achieve delivery of an agent that is, or is
included in, the composition. Those of ordinary skill in the art will be aware of a variety of routes
that may, in appropriate circumstances, be utilized for administration to a subject, for example a
human. For example, in some embodiments, administration may be ocular, oral, parenteral,
topical, efc. In some particular embodiments, administration may be bronchial (e.g., by bronchial
instillation), buccal, dermal (which may be or comprise, for example, one or more of topical to the
dermis, intradermal, interdermal, transdermal, ezc.), enteral, intra-arterial, intradermal, intragastric,
intramedullary,  intramuscular, intranasal, intraperitoneal, intrathecal, intravenous,
intraventricular, within a specific organ (e.g., intrahepatic), mucosal, nasal, oral, rectal,
subcutaneous, sublingual, topical, tracheal (e.g., by intratracheal instillation), vaginal, vitreal, efc.

In some embodiments, administration may involve only a single dose. In some embodiments,
12



WO 2023/133233 PCT/US2023/010253

administration may involve application of a fixed number of doses. In some embodiments,
administration may involve dosing that is intermittent (e.g., a plurality of doses separated in time)
and/or periodic (e.g., individual doses separated by a common period of time) dosing. In some
embodiments, administration may involve continuous dosing (e.g., perfusion) for at least a selected

period of time.

[0023] o-factor prepro sequence: As used herein, the phrase “alpha-factor prepro sequence”
or “o-factor prepro sequence” refers to a signal peptide or a portion thereof that is part of the yeast
mating pheromone o-factor precursor protein, also known as “prepro-o-factor.”” An o-factor
prepro sequence promotes translocation of a polypeptide comprising an a-factor prepro sequence
or a portion thereof to a secretory pathway enabling secretion of the polypeptide. For example, in
some embodiments, a polypeptide can comprises an a-factor prepro sequence and a payload
polypeptide, where the a-factor prepro sequence promotes translocation of the polypeptide to a
secretory pathway enabling secretion of the payload polypeptide. An a-factor prepro sequence
includes a C terminal portion of about 19 amino acids that is also referred to as an a-factor pre
sequence, and a N terminal portion of about 72 amino acids that is also referred to as an a-factor
pro sequence. In some embodiments, an a-factor prepro sequence comprises the sequence of SEQ
ID NO: 2 or a fragment or a variant thereof. In some embodiments, a variant of SEQ ID NO: 2
comprises SEQ ID NO: 70. In some embodiments, an a-factor prepro sequence comprises an o-
factor pre sequence or a fragment or a variant thereof. In some embodiments, an a-factor pre
sequence is provided as SEQ ID NO: 68. In some embodiments, an a-factor prepro sequence
comprises an o-factor pro sequence or a fragment or a variant thereof. In some embodiments, an

a-factor pro sequence is provided as SEQ ID NO: 69.

[0024]  Amino acid: in its broadest sense, as used herein, refers to any compound and/or
substance that can be incorporated into a polypeptide chain, e.g., through formation of one or more
peptide bonds. In some embodiments, an amino acid has the general structure H2N-C(H)(R)-
COOH. In some embodiments, an amino acid is a naturally-occurring amino acid. In some
embodiments, an amino acid is a non-natural amino acid; in some embodiments, an amino acid is
a D-amino acid; in some embodiments, an amino acid is an L-amino acid. “Standard amino acid”
refers to any of the twenty standard L-amino acids commonly found in naturally occurring

peptides. “Nonstandard amino acid” refers to any amino acid, other than the standard amino acids,
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regardless of whether it is prepared synthetically or obtained from a natural source. In some
embodiments, an amino acid, including a carboxy- and/or amino-terminal amino acid in a
polypeptide, can contain a structural modification as compared with the general structure above.
For example, in some embodiments, an amino acid may be modified by methylation, amidation,
acetylation, pegylation, glycosylation, phosphorylation, and/or substitution (e.g., of the amino
group, the carboxylic acid group, one or more protons, and/or the hydroxyl group) as compared
with the general structure. In some embodiments, such modification may, for example, alter the
circulating half-life of a polypeptide containing the modified amino acid as compared with one
containing an otherwise identical unmodified amino acid. In some embodiments, such
modification does not significantly alter a relevant activity of a polypeptide containing the
modified amino acid, as compared with one containing an otherwise identical unmodified amino
acid. As will be clear from context, in some embodiments, the term “amino acid” may be used to
refer to a free amino acid; in some embodiments it may be used to refer to an amino acid residue

of a polypeptide.

[0025]  Antigen: The term “antigen,” as used herein, refers to an agent that elicits an immune
response; and/or (ii) an agent that binds to a T cell receptor (e.g., when presented by an MHC
molecule) or to an antibody. In some embodiments, an antigen elicits a humoral response (e.g.,
including production of antigen-specific antibodies); in some embodiments, an antigen elicits a
cellular response (e.g., involving T-cells whose receptors specifically interact with the antigen).
In some embodiments, an antigen comprises at least one epitope of a target protein. In some
embodiments, an epitope may be a linear epitope. In some embodiments, an epitope may be a
conformational epitope. In some embodiments, an antigen binds to an antibody and may or may
not induce a particular physiological response in an organism. In general, an antigen may be or
include any chemical entity such as, for example, a small molecule, a nucleic acid, a polypeptide,
a carbohydrate, a lipid, a polymer (in some embodiments other than a biologic polymer [e.g., other
than a nucleic acid or amino acid polymer) etc. In some embodiments, an antigen is or comprises
a polypeptide. In some embodiments, an antigen is or comprises a glycan. Those of ordinary skill
in the art will appreciate that, in general, an antigen may be provided in isolated or pure form, or
alternatively may be provided in crude form (e.g., together with other materials, for example in an

extract such as a cellular extract or other relatively crude preparation of an antigen-containing
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source). In some embodiments, antigens utilized in accordance with the present invention are

provided in a crude form. In some embodiments, an antigen is a recombinant antigen.

[0026] Biological Sample: As used herein, the term “biological sample” typically refers to a
sample obtained or derived from a biological source (e.g., a tissue or organism or cell culture) of
interest, as described herein. In some embodiments, a source of interest comprises an organism,
such as an animal or human. In some embodiments, a biological sample is or comprises biological
tissue or fluid. In some embodiments, a biological sample may be or comprise bone marrow;
blood; blood cells; ascites; tissue or fine needle biopsy samples; cell-containing body fluids; free
floating nucleic acids; sputum; saliva; urine; cerebrospinal fluid, peritoneal fluid; pleural fluid;
feces; lymph; gynecological fluids; skin swabs; vaginal swabs; oral swabs; nasal swabs; washings
or lavages such as a ductal lavages or broncheoalveolar lavages; aspirates; scrapings; bone marrow
specimens; tissue biopsy specimens; surgical specimens; feces, other body fluids, secretions,
and/or excretions, and/or cells therefrom, efc. In some embodiments, a biological sample is or
comprises cells obtained from an individual. In some embodiments, obtained cells are or include
cells from an individual from whom the sample is obtained. In some embodiments, a sample is a
“primary sample” obtained directly from a source of interest by any appropriate means. For
example, in some embodiments, a primary biological sample is obtained by methods selected from
the group consisting of biopsy (e.g., fine needle aspiration or tissue biopsy), surgery, collection of
body fluid (e.g., blood, lymph, feces etc.), etc. In some embodiments, as will be clear from context,
the term “sample” refers to a preparation that is obtained by processing (e.g., by removing one or
more components of and/or by adding one or more agents to) a primary sample. For example,
filtering using a semi-permeable membrane. Such a “processed sample” may comprise, for
example nucleic acids or proteins extracted from a sample or obtained by subjecting a primary
sample to techniques such as amplification or reverse transcription of mRNA, isolation and/or

purification of certain components, efc.

[0027] Characteristic portion: As used herein, the term “characteristic portion”, in the
broadest sense, refers to a portion of a substance whose presence (or absence) correlates with
presence (or absence) of a particular feature, attribute, or activity of the substance. In some
embodiments, a characteristic portion of a substance is a portion that is found in the substance and

in related substances that share the particular feature, attribute or activity, but not in those that do
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not share the particular feature, attribute or activity. In certain embodiments, a characteristic
portion shares at least one functional characteristic with the intact substance. For example, in some
embodiments, a “characteristic portion” of a protein or polypeptide is one that contains a
continuous stretch of amino acids, or a collection of continuous stretches of amino acids, that
together are characteristic of a protein or polypeptide. In some embodiments, each such
continuous stretch generally contains at least 2, 5, 10, 15, 20, 50, or more amino acids. In general,
a characteristic portion of a substance (e.g., of a protein, antibody, efc.) is one that, in addition to
the sequence and/or structural identity specified above, shares at least one functional characteristic
with the relevant intact substance. In some embodiments, a characteristic portion may be

biologically active.

[0028] Comparable: As used herein, the term “comparable” refers to two or more agents,
entities, situations, sets of conditions, etc., that may not be identical to one another but that are
sufficiently similar to permit comparison therebetween so that one skilled in the art will appreciate
that conclusions may reasonably be drawn based on differences or similarities observed. In some
embodiments, comparable sets of conditions, circumstances, individuals, or populations are
characterized by a plurality of substantially identical features and one or a small number of varied
features. Those of ordinary skill in the art will understand, in context, what degree of identity is
required in any given circumstance for two or more such agents, entities, situations, sets of
conditions, etc. to be considered comparable. For example, those of ordinary skill in the art will
appreciate that sets of circumstances, individuals, or populations are comparable to one another
when characterized by a sufficient number and type of substantially identical features to warrant a
reasonable conclusion that differences in results obtained or phenomena observed under or with
different sets of circumstances, individuals, or populations are caused by or indicative of the

variation in those features that are varied.

[0029] Determine: Many methodologies described herein include a step of “determining.”
Those of ordinary skill in the art, reading the present specification, will appreciate that such
“determining” can utilize or be accomplished through use of any of a variety of techniques
available to those skilled in the art, including for example specific techniques explicitly referred
to herein. In some embodiments, determining involves manipulation of a physical sample. In

some embodiments, determining involves consideration and/or manipulation of data or
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information, for example utilizing a computer or other processing unit adapted to perform a
relevant analysis. In some embodiments, determining involves receiving relevant information
and/or materials from a source. In some embodiments, determining involves comparing one or

more features of a sample or entity to a comparable reference.

[0030]  Delivery/contacting: As used interchangeably herein, the term “delivery,”
“delivering,” or “contacting” refers to introduction of a fusion polynucleotide (e.g., as described
herein) or a fusion polypeptide (e.g., as described herein) into a target cell. A target cell can be
cultured in vitro or ex vivo or be present in a subject (in vivo). Methods of introducing a fusion
polynucleotide (e.g., as described herein) or a fusion polypeptide (e.g., as described herein) into a
target cell can vary with in vitro, ex vivo, or in vivo applications. In some embodiments, a fusion
polynucleotide (e.g., as described herein) or a fusion polypeptide (e.g., as described herein) can be
introduced into a target cell in a cell culture by in vitro transfection. In some embodiments, a fusion
polynucleotide (e.g., as described herein) or a fusion polypeptide (e.g., as described herein) can be
introduced into a target cell via delivery vehicles (e.g., nanoparticles, liposomes, and/or
complexation with a cell-penetrating agent). In some embodiments, a fusion polynucleotide (e.g.,
as described herein) or a fusion polypeptide (e.g., as described herein) can be introduced into a
target cell in a subject by administering a fusion polynucleotide (e.g., as described herein) or a

fusion polypeptide (e.g., as described herein) to a subject.

[0031] Functional: Asused herein, the term “functional” is used to refer to a form or fragment

of an entity that exhibits a particular property and/or activity.

[0032] Fragment. A “fragment” of a material or entity as described herein has a structure that
includes a discrete portion of the whole, but lacks one or more moieties found in the whole. In
some embodiments, a fragment consists of such a discrete portion. In some embodiments, a
fragment consists of or comprises a characteristic structural element or moiety found in the whole.
In some embodiments, a fragment comprises a polynucleotide fragment. In some embodiments, a
fragment comprises a polypeptide fragment. In some embodiments, a polynucleotide fragment or
a polypeptide fragment comprises or consists of at least 3, 4, 5, 6, 7, 8,9, 10, 11, 12, 13, 14, 15,
16, 17, 18, 19, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 110, 120, 130,
140, 150, 160, 170, 180, 190, 200, 210, 220, 230, 240, 250, 275, 300, 325, 350, 375, 400, 425,

450, 475, 500 or more monomeric units (e.g., residues) as found in the whole polynucleotide or
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whole polypeptide. In some embodiments, a polynucleotide fragment or a polypeptide fragment
comprises or consists of at least about 5%, 10%, 15%, 20%, 25%, 30%, 25%, 40%, 45%, 50%,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or more of the
monomeric units (e.g., residues) found in the whole polynucleotide or whole polypeptide. The
whole polypeptide or whole polynucleotide may in some embodiments be referred to as the

“parent” of the polynucleotide fragment or polypeptide fragment.

[0033] Engineered: In general, the term “engineered” refers to the aspect of having been
manipulated by the hand of man. For example, in some embodiments, a small molecule may be
considered to be engineered if its structure and/or production is designed and/or implemented by
the hand of man. Analogously, in some embodiments, a polynucleotide may be considered to be
“engineered” when two or more sequences, that are not linked together in that order in nature, are
manipulated by the hand of man to be directly linked to one another in the engineered
polynucleotide. For example, in some embodiments of the present invention, an engineered
polynucleotide comprises a regulatory sequence that is found in nature in operative association
with a first coding sequence but not in operative association with a second coding sequence, is
linked by the hand of man so that it is operatively associated with the second coding sequence.
Comparably, a cell or organism is considered to be “engineered” if it has been manipulated so that
its genetic information is altered (e.g., new genetic material not previously present has been
introduced, for example by transformation, mating, somatic hybridization, transfection,
transduction, or other mechanism, or previously present genetic material is altered or removed, for
example by substitution or deletion mutation, or by mating protocols). Asis common practice and
is understood by those in the art, expression products of an engineered polynucleotide, and/or
progency of an engineered polynucleotide or cell are typically still referred to as “engineered”

even though the actual manipulation was performed on a prior entity.

[0034] Epitope: as used herein, includes any moiety that is specifically recognized by an
immunoglobulin (e.g., antibody or receptor) binding component. In some embodiments, an
epitope is comprised of a plurality of chemical atoms or groups on an antigen. In some
embodiments, such chemical atoms or groups are surface-exposed when the antigen adopts a
relevant three-dimensional conformation. In some embodiments, such chemical atoms or groups

are physically near to each other in space when the antigen adopts such a conformation. In some
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embodiments, at least some such chemical atoms are groups are physically separated from one

another when the antigen adopts an alternative conformation (e.g., is linearized).

[0035] Functional: As used herein, a “functional” biological molecule is a biological
molecule in a form in which it exhibits a property and/or activity by which it is characterized. A
biological molecule may have two functions (i.e., bifunctional) or many functions (i.e.,

multifunctional).

[0036] Identity: As used herein, the term “identity” refers to the overall relatedness between
polymeric molecules, e.g., between nucleic acid molecules (e.g., DNA molecules and/or RNA
molecules) and/or between polypeptide molecules. In some embodiments, polymeric molecules
are considered to be “substantially identical” to one another if their sequences are at least 25%,
30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 99% identical.
Calculation of the percent identity of two nucleic acid or polypeptide sequences, for example, can
be performed by aligning the two sequences for optimal comparison purposes (e.g., gaps can be
introduced in one or both of a first and a second sequences for optimal alignment and non-identical
sequences can be disregarded for comparison purposes). In certain embodiments, the length of a
sequence aligned for comparison purposes is at least 30%, at least 40%, at least 50%, at least 60%,
at least 70%, at least 80%, at least 90%, at least 95%, or substantially 100% of the length of a
reference sequence. The nucleotides at corresponding positions are then compared. When a
position in the first sequence is occupied by the same residue (e.g., nucleotide or amino acid) as
the corresponding position in the second sequence, then the molecules are identical at that position.
The percent identity between the two sequences is a function of the number of identical positions
shared by the sequences, taking into account the number of gaps, and the length of each gap, which
needs to be introduced for optimal alignment of the two sequences. The comparison of sequences
and determination of percent identity between two sequences can be accomplished using a
mathematical algorithm. For example, the percent identity between two nucleotide sequences can
be determined using the algorithm of Meyers and Miller (CABIOS, 1989, 4: 11-17), which has
been incorporated into the ALIGN program (version 2.0). In some exemplary embodiments,
nucleic acid sequence comparisons made with the ALIGN program use a PAM120 weight residue

table, a gap length penalty of 12 and a gap penalty of 4. The percent identity between two
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nucleotide sequences can, alternatively, be determined using the GAP program in the GCG

software package using an NWSgapdna. CMP matrix.

[0037] Improve, increase, inhibit, or reduce: As used herein, the terms “improve,”
“increase,” “inhibit,” “reduce,” or grammatical equivalents thereof, indicate values that are relative
to a baseline or other reference measurement. In some embodiments, an appropriate reference
measurement may be or comprise a measurement in a particular system (e.g., in a single individual)
under otherwise comparable conditions absent presence of (e.g., prior to and/or after) a particular
agent or treatment, or in presence of an appropriate comparable reference agent. In some
embodiments, an appropriate reference measurement may be or comprise a measurement in
comparable system known or expected to respond in a particular way, in presence of the relevant

agent or treatment.

[0038] Nucleic acid, Oligonucleotide, Polynucleotide: As used herein, the terms “nucleic
acid” and “polynucleotide” and “oligonucleotide” are used interchangeably, and refer to a polymer
of 3 nucleotides or more. In some embodiments, a nucleic acid comprises DNA. In some
embodiments, a nucleic acid comprises RNA. In some embodiments, a nucleic acid comprises
messenger RNA (mRNA). In some embodiments, a nucleic acid is single stranded. In some
embodiments, a nucleic acid is double stranded. In some embodiments, a nucleic acid comprises
both single and double stranded portions. In some embodiments, a nucleic acid comprises a
backbone that comprises one or more phosphodiester linkages. In some embodiments, a nucleic
acid comprises a backbone that comprises both phosphodiester and non-phosphodiester linkages.
For example, in some embodiments, a nucleic acid may comprise a backbone that comprises one
or more phosphorothioate or 5'-N-phosphoramidite linkages and/or one or more peptide bonds,
e.g., as in a “peptide nucleic acid”. In some embodiments, a nucleic acid comprises one or more,
or all, natural residues (e.g., adenine, cytosine, deoxyadenosine, deoxycytidine, deoxyguanosine,
deoxythymidine, guanine, thymine, uracil). In some embodiments, a nucleic acid comprises on or
more, or all, non-natural residues. In some embodiments, a non-natural residue comprises a
nucleoside analog (e.g., 2-aminoadenosine, 2-thiothymidine, inosine, pyrrolo-pyrimidine, 3 -
methyl adenosine, 5-methylcytidine, C-5 propynyl-cytidine, C-5 propynyl-uridine, 2-
aminoadenosine, C5-bromouridine, C5-fluorouridine, C5-iodouridine, C5-propynyl-uridine, C5 -

propynyl-cytidine, C5-methylcytidine, 2-aminoadenosine, 7-deazaadenosine, 7-deazaguanosine,
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8-oxoadenosine, 8-oxoguanosine, 6-O-methylguanine, 2-thiocytidine, methylated bases,
intercalated bases, and combinations thereof). In some embodiments, a non-natural residue
comprises one or more modified sugars (e.g., 2'-fluororibose, ribose, 2'-deoxyribose, arabinose,
and hexose) as compared to those in natural residues. In some embodiments, a nucleic acid has a
nucleotide sequence that encodes a functional gene product such as an RNA or polypeptide. In
some embodiments, a nucleic acid has a nucleotide sequence that comprises one or more introns.
In some embodiments, a nucleic acid may be prepared by isolation from a natural source,
enzymatic synthesis (e.g., by polymerization based on a complementary template, e.g., in vivo or
in vitro, reproduction in a recombinant cell or system, or chemical synthesis. In some
embodiments, a nucleic acid is at least 3,4, 5, 6, 7, 8, 9, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60,
65, 70, 75, 80, 85, 90, 95, 100, 1 10, 120, 130, 140, 150, 160, 170, 180, 190, 20, 225, 250, 275,
300, 325, 350, 375, 400, 425, 450, 475, 500, 600, 700, 800, 900, 1000, 1500, 2000, 2500, 3000,
3500, 4000, 4500, 5000, 5500, 6000, 6500, 7000, 7500, 8000, 8500, 9000, 9500, 10,000, 10,500,
11,000, 11,500, 12,000, 12,500, 13,000, 13,500, 14,000, 14,500, 15,000, 15,500, 16,000, 16,500,
17,000, 17,500, 18,000, 18,500, 19,000, 19,500, or 20,000 or more residues or nucleotides long.
When a number of nucleotides is used as an indication of size, e.g., of a fusion polynucleotide, a
certain number of nucleotides refers to the number of nucleotides on a single strand, e.g., of a

fusion polynucleotide.

[0039] Operably linked: as used herein, refers to a juxtaposition wherein the components
described are in a relationship permitting them to function in their intended manner. A control
element “operably linked” to a functional element is associated in such a way that expression
and/or activity of the functional element is achieved under conditions compatible with the control
element. In some embodiments, “operably linked” control elements are contiguous (e.g.,
covalently linked) with the coding elements of interest; in some embodiments, control elements

act in frans to or otherwise at a from the functional element of interest.

[0040] Polypeptide: The term “polypeptide,” which is interchangeably used herein with the
term “protein,” generally has its art-recognized meaning of a polymer of at least three amino acids
or more. Those of ordinary skill in the art will appreciate that the term “polypeptide” is intended
to be sufficiently general as to encompass not only polypeptides having a complete sequence

recited herein, but also to encompass polypeptides that represent functional, biologically active, or
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characteristic fragments, portions or domains (e.g., fragments, portions, or domains retaining at
least one activity) of such complete polypeptides. Polypeptides may contain L-amino acids, D-
amino acids, or both and may contain any of a variety of amino acid modifications or analogs
known in the art. Useful modifications include, e.g., terminal acetylation, amidation, methylation,
efc. In some embodiments, polypeptides may comprise natural amino acids, non-natural amino
acids, synthetic amino acids, and combinations thereof. In some embodiments, a polypeptide can

be a protein.

[0041] Polyribonucleotide: As used herein, the term “polyribonucleotide” refers to a polymer
of 3 ribonucleotides or more. In some embodiments, a polyribonucleotide is single stranded. In
some embodiments, a polyribonucleotide is double stranded. In some embodiments, a
polyribonucleotide comprises both single and double stranded portions. In some embodiments, a
polyribonucleotide can comprise a backbone structure as described in the definition of “Nucleic
acid / Oligonucleotide” above. A polyribonucleotide can be a regulatory RNA (e.g., siRNA,
microRNA, efc.), or a messenger RNA (mRNA) oligonucleotide. In some embodiments where a
polyribonucleotide is a mRNA oligonucleotide, a polyribonucleotide typically comprises at its 3’
end a poly(A) region. In some embodiments where a polyribonucleotide is an mRNA
oligonucleotide, a polyribonucleotide typically comprises at its 5° end an art-recognized cap
structure, e.g., for recognizing and attachment of an mRNA to a ribosome to initiate translation. In
some embodiments, a polyribonucleotide comprises an RNA oligonucleotide. When a number of
ribonucleotides is used as an indication of size, e.g., for a polyribonucleotide, a certain number of

nucleotides refers to the number of ribonucleotides on a single strand.

[0042] Recombinant: as used herein, is intended to refer to polypeptides that are designed,
engineered, prepared, expressed, created, manufactured, and/or or isolated by recombinant means,
such as polypeptides expressed using a recombinant expression vector transfected into a host cell;
polypeptides isolated from a recombinant, combinatorial human polypeptide library; polypeptides
isolated from an animal (e.g., a mouse, rabbit, sheep, fish, etc) that is transgenic for or otherwise
has been manipulated to express a gene or genes, or gene components that encode and/or direct
expression of the polypeptide or one or more component(s), portion(s), element(s), or domain(s)
thereof, and/or polypeptides prepared, expressed, created or isolated by any other means that

involves splicing or ligating selected nucleic acid sequence elements to one another, chemically
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synthesizing selected sequence elements, and/or otherwise generating a nucleic acid that encodes
and/or directs expression of the polypeptide or one or more component(s), portion(s), element(s),
or domain(s) thereof. In some embodiments, one or more of such selected sequence elements is
found in nature. In some embodiments, one or more of such selected sequence elements is
designed in silico. In some embodiments, one or more such selected sequence elements results
from mutagenesis (e.g., in vivo or in vitro) of a known sequence element, e.g., from a natural or
synthetic source such as, for example, in the germline of a source organism of interest (e.g., of a

human, a mouse, etc).

[0043] Reference: As used herein describes a standard or control relative to which a
comparison is performed. For example, in some embodiments, an agent, animal, individual,
population, sample, sequence or value of interest is compared with a reference or control agent,
animal, individual, population, sample, sequence or value. In some embodiments, a reference or
control is tested and/or determined substantially simultaneously with the testing or determination
of interest. In some embodiments, a reference or control is a historical reference or control,
optionally embodied in a tangible medium. Typically, as would be understood by those skilled in
the art, a reference or control is determined or characterized under comparable conditions or
circumstances to those under assessment. Those skilled in the art will appreciate when sufficient
similarities are present to justify reliance on and/or comparison to a particular possible reference

or control.

[0044]  Sample: As used herein, the term “sample” typically refers to an aliquot of material
obtained or derived from a source of interest. In some embodiments, a source of interest is a
biological or environmental source. In some embodiments, a source of interest may be or comprise
a cell or an organism, such as a microbe, a plant, or an animal (e.g., a human). In some
embodiments, a source of interest is or comprises biological tissue or fluid. In some embodiments,
a biological tissue or fluid may be or comprise amniotic fluid, aqueous humor, ascites, bile, bone
marrow, blood, breast milk, cerebrospinal fluid, cerumen, chyle, chime, ejaculate, endolymph,
exudate, feces, gastric acid, gastric juice, lymph, mucus, pericardial fluid, perilymph, peritoneal
fluid, pleural fluid, pus, rheum, saliva, sebum, semen, serum, smegma, sputum, synovial fluid,
sweat, tears, urine, vaginal secreations, vitreous humour, vomit, and/or combinations or

component(s) thereof. In some embodiments, a biological fluid may be or comprise an
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intracellular fluid, an extracellular fluid, an intravascular fluid (blood plasma), an interstitial fluid,
a lymphatic fluid, and/or a transcellular fluid. In some embodiments, a biological fluid may be or
comprise a plant exudate. In some embodiments, a biological tissue or sample may be obtained,
for example, by aspirate, biopsy (e.g., fine needle or tissue biopsy), swab (e.g., oral, nasal, skin, or
vaginal swab), scraping, surgery, washing or lavage (e.g., brocheoalvealar, ductal, nasal, ocular,
oral, uterine, vaginal, or other washing or lavage). In some embodiments, a biological sample is
or comprises cells obtained from an individual. In some embodiments, a sample is a “primary
sample” obtained directly from a source of interest by any appropriate means. In some
embodiments, as will be clear from context, the term “sample” refers to a preparation that is
obtained by processing (e.g., by removing one or more components of and/or by adding one or
more agents to) a primary sample. For example, filtering using a semi-permeable membrane. Such
a “processed sample” may comprise, for example nucleic acids or proteins extracted from a sample
or obtained by subjecting a primary sample to one or more techniques such as amplification or

reverse transcription of nucleic acid, isolation and/or purification of certain components, efc.

[0045] Subject. As used herein, the term “subject” refers an organism, typically a mammal
(e.g., ahuman). In some embodiments, a subject is suffering from a disease, disorder or condition.
In some embodiments, a subject is susceptible to a disease, disorder, or condition. In some
embodiments, a subject displays one or more symptoms or characteristics of a disease, disorder or
condition. In some embodiments, a subject does not display any symptom or characteristic of a
disease, disorder, or condition. In some embodiments, a subject is someone with one or more
features characteristic of susceptibility to or risk of a disease, disorder, or condition. In some
embodiments, a subject is a patient. In some embodiments, a subject is an individual to whom

diagnosis and/or therapy is and/or has been administered.

[0046] Treatment. As used herein, the term “treatment” (also “treat” or “treating”) refers to
any administration of a therapy that partially or completely alleviates, ameliorates, relives, inhibits,
delays onset of, reduces severity of, and/or reduces incidence of one or more symptoms, features,
and/or causes of a particular disease, disorder, and/or condition. In some embodiments, such
treatment may be of a subject who does not exhibit signs of the relevant disease, disorder and/or
condition and/or of a subject who exhibits early signs of the disease, disorder, and/or condition.

Alternatively or additionally, such treatment may be of a subject who exhibits one or more
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established signs of the relevant disease, disorder and/or condition. In some embodiments,
treatment may be of a subject who has been diagnosed as suffering from the relevant disease,
disorder, and/or condition. In some embodiments, treatment may be of a subject known to have
one or more susceptibility factors that are statistically correlated with increased risk of

development of the relevant disease, disorder, and/or condition.

[0047] Variant: As used herein, the term “variant” refers to an entity that shows significant
structural identity with a reference entity but differs structurally from the reference entity in the
presence or level of one or more chemical moieties as compared with the reference entity. In many
embodiments, a variant also differs functionally from its reference entity. In general, whether a
particular entity is properly considered to be a “variant” of a reference entity is based on its degree
of structural identity with the reference entity. For example, a variant polypeptide may differ from
a reference polypeptide as a result of one or more differences in amino acid sequence and/or one
or more differences in chemical moieties (e.g., carbohydrates, lipids, etc.) covalently attached to
the polypeptide backbone. Alternatively or additionally, in some embodiments, a variant
polypeptide does not share at least one characteristic sequence element with a reference
polypeptide. In some embodiments, the reference polypeptide has one or more biological activities.
In some embodiments, a variant polypeptide shares one or more of the biological activities of the
reference polypeptide. In some embodiments, a variant polypeptide lacks one or more of the
biological activities of the reference polypeptide. In some embodiments, a variant polypeptide
shows a reduced level of one or more biological activities as compared with the reference

polypeptide.

[0048] Standard techniques may be used for recombinant DNA, oligonucleotide synthesis,
e.g., mRNA synthesis, and tissue culture and transformation (e.g., electroporation, lipofection).
Enzymatic reactions and purification techniques may be performed according to manufacturer's
specifications or as commonly accomplished in the art or as described herein. The foregoing
techniques and procedures may be generally performed according to conventional methods well
known in the art and as described in various general and more specific references that are cited
and discussed throughout the present specification. See e.g., Sambrook ef al., Molecular Cloning:
A Laboratory Manual (2nd ed., Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y.

(1989)), which is incorporated herein by reference for any purpose.
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DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS

[0049] Protein secretion from living cells is a crucial step in many medical and scientific
processes. Enhancements in protein secretion could enable greater production of biologics for less
cost, smaller vaccine doses, and simpler experimental procedures for protein studies. Strategies
have been employed to boost protein secretion from live cells, including expression boosters such
as codon optimization and strong promoters, and addition of N-terminal signal peptide sequences

that drive translocation to the ER. However there is still room to increase protein secretion further.

[0050] The present disclosure provides that associating an a-factor prepro sequence or a
fragment thereof (e.g., an a-factor pre sequence or an a-factor pro sequence) with a wide range of
polypeptides enhances the secretion of those proteins from mammalian cells (e.g., a human cell
line). Polypeptides assessed include synthetic SARS-CoV-2 antigens, influenza hemagglutinin,
HER2-targeted single chain antibodies, and biologic therapeutics. Furthermore, the present
disclosure demonstrates that optimization of an a-factor prepro sequence or a fragment thereof can

even further enhance secretion of associated polypeptides from a human cell line.

[0051] The present disclosure also provides the insight that associating an Arabidopsis Root
Growth Factor (GLV) secretion peptide sequence disclosed herein alone or in combination with
an o-factor prepro sequence disclosed herein with a wide range of polypeptides enhances the

secretion of those proteins from plant cells, e.g., Arabidopsis cells.

o-Factor Prepro Sequence

[0052] Soluble secretory proteins are translocated from the cytoplasm into the ER, and then
trafficked to the Golgi and finally to secretory vesicles which fuse with the plasma membrane,
secreting their cargo from the cell. The yeast mating pheromone a-factor is a secreted peptide that
binds to the receptors on the compatible yeast cell type to enable fusion (Naider et al., which is
incorporated herein by reference in its entirety). a-factor is synthesized as a precursor protein,
referred to as “prepro-a-factor,” consisting of a signal peptide, a propeptide region, and four
repeats of the active peptide pheromone. The signal peptide drives translocation to the ER, where
it is cleaved. The propeptide region enables export from the ER and transport to the Golgi

apparatus (Otte et al., which is incorporated herein by reference in its entirety). Proteolytic

26



WO 2023/133233 PCT/US2023/010253

processing in the Golgi generates mature a-factor peptide. The a-factor sequence encompassing
both the signal peptide and the propeptide region (prepro) has been shown to increase expression
20-fold when fused to human lysozyme and expressed in yeast cells (Oka et al., which is

incorporated herein by reference in its entirety).

Polypeptides

[0053] Among other things, the present disclosure provides polypeptides. A polypeptide
disclosed herein are engineered to comprise a payload polypeptide and a wild-type or engineered
a-factor prepro sequence or a fragment thereof (e.g., an a-factor pre sequence or an a-factor pro
sequence), where the wild-type or engineered a-factor prepro sequence or a fragment thereof is
operably linked to the payload polypeptide. In some embodiments, a wild-type or engineered a-
factor prepro sequence or a fragment thereof (e.g., an a-factor pre sequence or an a-factor pro
sequence) is able to mediate the transport of a payload polypeptide. In some embodiments, a wild-
type or engineered a-factor prepro sequence or a fragment thereof (e.g., an a-factor pre sequence
or an a-factor pro sequence) is able to mediate the transport of a payload polypeptide to the cell

membrane, e.g., for secretion outside the cell.

[0054] The present disclosure provides, for example, the insight that a wild-type or engineered
a-factor prepro sequence or a fragment thereof (e.g., an a-factor pre sequence or an a-factor pro
sequence) is able to mediate the transport of a payload polypeptide to the cell membrane, e.g., for
secretion outside the cell (e.g., a mammalian cell), at a greater level than other signal peptides. In
some embodiments, a level of secretion can be a secretion rate. In some embodiments, a level of

secretion can be an amount of polypeptide secreted.

[0055] The present disclosure provides the recognition that the increased level of secretion can
be useful for a number of methods in developing therapeutics, including the manufacture of
polypeptides (e.g., polypeptide therapeutics) and the use of therapeutic polypeptides expressed in
vivo from delivered polynucleotides. Accordingly, in some embodiments, a payload polypeptide
is a therapeutic polypeptide. Multiple therapeutic polypeptides are known in the art, and the
technology disclosed herein can be used with a wide variety of therapeutic polypeptides. The

present disclosure recognizes that biologic therapeutics are becoming increasingly important for
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addressing health concerns. The present disclosure recognizes that multiple biologic polypeptides

can be used as a payload polypeptide in engineered polypeptides described herein.

[0056] For example, in some embodiments, a payload polypeptide can comprise one or more
antigens. In some embodiments, one or more antigens are one or more viral antigens. In some
embodiments, one or more viral antigens are one or more SARS-CoV-2 antigens. In some
embodiments, one or more viral antigens comprises a SARS-CoV-2 receptor binding domain or
fragment thereof. In some embodiments, one or more viral antigens comprises a SARS-CoV-2
receptor binding domain variant or fragment thereof. In some embodiments, one or more viral
antigens comprises a SARS-CoV-2 spike protein or fragment thereof. In some embodiments, one
or more viral antigens comprises a SARS-CoV-2 spike protein variant or fragment thereof. In
some embodiments, one or more viral antigens are one or more influenza antigens, e.g., influenza

A antigens.

[0057] The use of the present technology for expressing antigens is not limited to viral
antigens, and other antigens can be encoded by polypeptides disclosed herein. For instance, one
or more antigens can be one or more bacterial antigens. In some embodiments, one or more
antigens are one or more cancer antigens. In some embodiments, one or more antigens are one or

more archaeal antigens.

[0058] In some embodiments, a payload polypeptide comprises an antibody or fragment
thereof. An antibody refers to a polypeptide that includes canonical immunoglobulin sequence
elements sufficient to confer specific binding to a particular target antigen. As is known in the art,
intact antibodies as produced in nature are approximately 150 kD tetrameric agents comprised of
two identical heavy chain polypeptides (about 50 kD each) and two identical light chain
polypeptides (about 25 kD each) that associate with each other into what is commonly referred to
as a “Y-shaped” structure. Antibody tetramers are comprised of two heavy chain-light chain
dimers in which the heavy and light chains are linked to one another by a single disulfide bond;
two other disulfide bonds connect the heavy chain hinge regions to one another, so that the dimers
are connected to one another and the tetramer is formed. While canonical antibodies are tetramers,
an antibody provided herein can have a variety of formats. For example, an antibody can be in a
format selected from, but not limited to, intact IgA, IgG, IgE or IgM antibodies; or bi- or multi-

specific antibodies (e.g., Zybodies®, etc). In some embodiments, antibody fragments can be
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selected from Fab fragments, Fab’ fragments, F(ab’)2 fragments, Fd’ fragments, Fd fragments,
and isolated CDRs or sets thereof; single chain Fvs; polypeptide-Fc fusions; single domain
antibodies (e.g., shark single domain antibodies such as IgNAR or fragments thereof); cameloid
antibodies; masked antibodies (e.g.,, Probodies®); Small Modular ImmunoPharmaceuticals
(“SMIPs™); single chain or Tandem diabodies (TandAb®); VHHs; Anticalins®; Nanobodies®
minibodies; BiTE®s; ankyrin repeat proteins or DARPINs®; Avimers®; DARTs; TCR-like
antibodies;, Adnectins®; Affilins®; Trans-bodies®; Affibodies®; TrimerX®; MicroProteins;
Fynomers®, Centyrins®; and KALBITOR®s. In some embodiments, an antibody may lack a
covalent modification (e.g., attachment of a glycan) that it would have if produced naturally. In
some embodiments, an antibody may contain a covalent modification (e.g., attachment of a glycan,
a payload [e.g., a detectable moiety, a therapeutic moiety, a catalytic moiety, etc], or other pendant

group [e.g., poly-ethylene glycol, etc.].

[0059] In some embodiments, a payload polypeptide can comprise a recombinant polypeptide
(e.g., a fusion polypeptide) including an extracellular receptor. In some embodiments, a payload
polypeptide can comprise a recombinant polypeptide (e.g., a fusion polypeptide) including an
immunoglobulin constant region. In some embodiments, a payload polypeptide can comprise a
recombinant polypeptide (e.g., a fusion polypeptide) including an extracellular receptor and an
immunoglobulin constant region. For example, in some embodiments, a payload polypeptide can
comprise aflibercept or fragments thereof. In some embodiments, aflibercept can have a sequence
as provided at https://go.drugbank.com/drugs/DB08885, which is incorporated herein by reference

in its entirety.

[0060] In some embodiments, a payload polypeptide can comprise a recombinant polypeptide
(e.g., a fusion polypeptide) including a receptor agonist or antagonist. In some embodiments, a
payload polypeptide can comprise a recombinant polypeptide (e.g., a fusion polypeptide) including
an immunoglobulin constant region. In some embodiments, a payload polypeptide can comprise
a recombinant polypeptide (e.g., a fusion polypeptide) including a receptor agonist or antagonist
and an immunoglobulin constant region. For example, in some embodiments, a payload
polypeptide can comprise dulaglutide or fragments thereof. In some embodiments, dulaglutide
can have a sequence as provided at https://go.drugbank.com/drugs/DB09045, which is

incorporated herein by reference in its entirety.
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[0061] In some embodiments, a payload polypeptide can comprise secreted embryonic
alkaline phosphatase (SEAP) or fragment thereof. In some embodiments, a payload polypeptide
can comprise trastuzumab, a trastuzumab scFv, or fragment of trastuzumab. In some embodiments,
a payload polypeptide can comprise pertuzumab, a pertuzumab scFV or fragment of pertuzumab.
In some embodiments, a payload polypeptide can comprise GB235, a GB235 scFv or fragment of
GB235. In some embodiments, a payload polypeptide can comprise adalimumab, adalimumab
scFv, or a fragment of adalimumab. In some embodiments, a payload polypeptide can comprise
pembrolizumab, a pembrolizumab scFV, or a fragment of pembrolizumab. In some embodiments,
a payload polypeptide can comprise aflibercept or a fragment thereof. In some embodiments, a
payload polypeptide can comprise dupilumab, dupilumab scFv, or a fragment of dupilumab. In
some embodiments, a payload polypeptide can comprise ustekinumab, ustekinumab scFv, or a
fragment of ustekinumab. In some embodiments, a payload polypeptide can comprise nivolumab,
nivolumab scFv, or a fragment of nivolumab. In some embodiments, a payload polypeptide can
comprise bevacizumab, bevacizumab scFv, or a fragment of bevacizumab. In some embodiments,
a payload polypeptide can comprise etanercept or a fragment thereof. In some embodiments, a
payload polypeptide can comprise tisagenlecleucel or a fragment thereof. In some embodiments,
a payload polypeptide can comprise a tisagenlecleucel extracellular domain and/or a
tisagenlecleucel transmembrane domain. In some embodiments, a payload polypeptide can
comprise axicabtagene ciloleucel or a fragment thereof. In some embodiments, a payload
polypeptide can comprise an axicabtagene ciloleucel extracellular domain and/or an axicabtagene
ciloleucel transmembrane domain. In some embodiments, a payload polypeptide can comprise
lisocabtagene maraleucel or a fragment thereof. In some embodiments, a payload polypeptide can
comprise a lisocabtagene maraleucel extracellular domain and/or a lisocabtagene maraleucel
transmembrane domain. In some embodiments, a payload polypeptide can comprise an A3B1
chimeric antigen receptor (A3B1 CAR) or a fragment thereof. In some embodiments, a payload
polypeptide can comprise an A3B1 CAR extracellular domain and/or an A3B1 CAR

transmembrane domain.

[0062] In some embodiments, a payload polypeptide comprises a sequence according to SEQ
ID NO: 1, SEQ ID NO: 3, SEQ ID NO: 5, SEQ ID NO: 7, SEQ ID NO: 9, SEQ ID NO: 11, SEQ
ID NO: 13, SEQ ID NO: 15, SEQ ID NO: 17, SEQ ID NO: 19, SEQ ID NO: 21, SEQ ID NO: 23,
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SEQ ID NO: 25, SEQ ID NO: 27, SEQ ID NO: 29, SEQ ID NO: 31, SEQ ID NO: 33, SEQ ID
NO: 35, SEQ ID NO: 37, SEQ ID NO: 39, SEQ ID NO: 72, or SEQ ID NO: 79.

[0063] In some embodiments, a payload polypeptide can comprise a secreted embryonic
alkaline phosphatase (SEAP) or fragment thereof; trastuzumab, a trastuzumab scFv, or fragment
of trastuzumab; pertuzumab, a pertuzumab scFV or fragment of pertuzumab; GB235, a GB235
scFv or fragment of GB235; adalimumab, adalimumab scFv, or a fragment of adalimumab;
pembrolizumab, a pembrolizumab scFV, or a fragment of pembrolizumab; aflibercept or a
fragment thereof, dupilumab, dupilumab scFv, or a fragment of dupilumab; ustekinumab,
ustekinumab scFv, or a fragment of ustekinumab; nivolumab, nivolumab scFv, or a fragment of
nivolumab; bevacizumab, bevacizumab scFv, or a fragment of bevacizumab; etanercept or a
fragment thereof, tisagenlecleucel or a fragment thereof (e.g., a tisagenlecleucel extracellular
domain and/or a tisagenlecleucel transmembrane domain); axicabtagene ciloleucel or a fragment
thereof (e.g., an axicabtagene ciloleucel extracellular domain and/or an axicabtagene ciloleucel
transmembrane domain); lisocabtagene maraleucel or a fragment thereof (e.g., a lisocabtagene
maraleucel extracellular domain and/or a lisocabtagene maraleucel transmembrane domain); or a
combination thereof;, or an A3B1 chimeric antigen receptor (A3B1 CAR) or a fragment thereof

(e.g., an A3B1 CAR extracellular domain and/or an A3B1 CAR transmembrane domain).

[0064] In some embodiments, a wild-type or engineered a-factor prepro sequence or a
fragment thereof is present on the N-terminus of the engineered polypeptide. In some
embodiments, a wild-type or engineered a-factor prepro sequence or a fragment thereof (e.g., an
a-factor pre sequence or an a-factor pro sequence) is present on the C-terminus of the engineered

polypeptide.

[0065] In some embodiments, an engineered polypeptide comprises a wild-type o-factor
prepro sequence or a fragment thereof (e.g., an a-factor pre sequence or an a-factor pro sequence).
In some embodiments, a wild-type a-factor prepro sequence comprises a sequence according to

SEQ ID NO: 2.

[0066] In some embodiments, an engineered polypeptide comprises a wild-type a-factor pre
sequence. In some embodiments, a wild-type a-factor pre sequence comprises a sequence

according to SEQ ID NO: 68.
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[0067] In some embodiments, an engineered polypeptide comprises a wild-type o-factor pro
sequence or a fragment thereof. In some embodiments, a wild-type a-factor pro sequence

comprises a sequence according to SEQ ID NO: 69.

[0068] In some embodiments, an engineered polypeptide comprises an engineered o-factor
prepro sequence or a fragment thereof (e.g., an a-factor pre sequence or an a-factor pro sequence).
In some embodiments, an engineered a-factor prepro sequence comprises a sequence according to

SEQ ID NO: 70.

[0069] In some embodiments, an engineered polypeptide comprises an engineered a-factor pro
sequence or a fragment thereof. In some embodiments, an engineered a-factor pro sequence

comprises a sequence according to SEQ ID NO: 71.

[0070] In some embodiments, an engineered polypeptide comprises an engineered o-factor
prepro sequence. In some embodiments, an engineered o-factor prepro sequence comprises a
tripeptide motif having Surf4 binding affinity (Surf4 motif). In some embodiments, an engineered
a-factor prepro sequence comprises at least two (e.g., two, three, four, or more) Surf4 motifs. In
some embodiments, a Surf4 motif is MPL (SEQ ID NO: 58). In some embodiments, a Surf4 motif
replaces the N-terminal-most 3 residues of an a-factor propeptide sequence of an a-factor prepro
sequence. In some embodiments, the N-terminal-most 3 residues of an o-factor propeptide
sequence of an o-factor prepro sequence remain after an a-factor prepeptide sequence of an o-
factor prepro sequence is cleaved. In some embodiments, the N-terminal-most 3 residues of an a-

factor propeptide sequence of an o-factor prepro sequence are residues 20-22 of SEQ ID NO: 2.

[0071] In some embodiments, an engineered a-factor prepro sequence comprises two or more,
three or more, or four or more Surf4 motifs. In some embodiments, Surf4 motifs are joined
together by a linker. In some embodiments, a linker comprises at least 2 amino acids, at least 3
amino acids, at least 4 amino acids, at least 5 amino acids, at least 6 amino acids, at least 7 amino
acids, at least 8 amino acids, at least 9 amino acids, at least 10 amino acids, or at least 15 amino
acids. In some embodiments, a linker is a serine-glycine linker. In some embodiments, a serine-
glycine linker can comprise a sequence of SGGGSGGSGS (SEQ ID NO: 66). In some
embodiments, a linker is an alanine-alanine linker. In some embodiments, a serine-glycine linker

can comprise a sequence of AA (SEQ ID NO: 67).
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[0072] In some embodiments, an engineered a-factor prepro sequence does not include an
Stel3 cleavage site. In some embodiments, an Stel3 cleavage site comprises EAEA (SEQ ID NO:
56).

[0073] In some embodiments, an engineered a-factor prepro sequence does not include a Kex2
cleavage site. In some embodiments, a Kex2 cleavage site comprises KR (SEQ ID NO: 57). In
some embodiments, a Kex2 cleavage site found in a wild-type a-factor prepro sequence has been
replaced in the engineered a-factor prepro sequence with a protease cleavage site of a human
protease. In some embodiments, a Kex2 cleavage site found in a wild-type a-factor prepro
sequence has been replaced in the engineered a-factor prepro sequence with a protease cleavage
site of S1P, PCSK4, PCSKO9, or furin. As used herein, “replace,” “replacement,” and variations
thereof should not be understood as being limited to a direct replacement — e.g., a deletion of the

2«

original sequence and an insertion of another sequence. Rather, “replace,” “replacement,” or
variations thereof encompass any situation in which the original sequence is no longer present
following the “replacement,” and another sequence is present following the “replacement.” For
example, an amino acid of the original sequence may remain after “replacement,” but the original
sequence is no longer present. “Replacements” can be achieved, e.g., by mutation of one or more
amino acids of the original sequence (e.g., by changing a nucleotide sequence encoding the original

amino acid sequence).

[0074] In some embodiments, a Kex2 cleavage site found in a wild-type a-factor prepro
sequence has been replaced in the engineered a-factor prepro sequence with one or more protease
cleavage sites of S1P, PCSK4, PCSKO9, furin, or a combination thereof. In some embodiments,
the one or more cleavage sites are the same. For example, in some embodiments, a Kex2 cleavage
site found in a wild-type a-factor prepro sequence has been replaced in the engineered o-factor
prepro sequence with a plurality of (e.g., two, three, four, or more) S1P cleavage sites. In some
embodiments, a Kex2 cleavage site found in a wild-type o-factor prepro sequence has been
replaced in the engineered a-factor prepro sequence with a plurality of (e.g., two, three, four, or
more) PCSK4 cleavage sites. In some embodiments, a Kex2 cleavage site found in a wild-type a-
factor prepro sequence has been replaced in the engineered o-factor prepro sequence with a
plurality of (e.g., two, three, four, or more) PCSK9 cleavage sites. In some embodiments, a Kex2

cleavage site found in a wild-type a-factor prepro sequence has been replaced in the engineered a-
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factor prepro sequence with a plurality of (e.g., two, three, four, or more) furin cleavage sites. In
some embodiments, the one or more cleavage sites are different. For example, in some
embodiments, a Kex2 cleavage site found in a wild-type o-factor prepro sequence has been
replaced in the engineered a-factor prepro sequence with a S1P cleavage site and a PCSK4
cleavage site. In some embodiments, a Kex2 cleavage site found in a wild-type a-factor prepro
sequence has been replaced in the engineered a-factor prepro sequence with two (2) S1P cleavage
sites and a PCSK4 cleavage site. In some embodiments, a Kex2 cleavage site found in a wild-type
a-factor prepro sequence has been replaced in the engineered o-factor prepro sequence with two
(2) Surf4 motifs joined with a glycine-serine linker, a deletion of the Stel3 cleavage site, and
replacement of the Kex2 cleavage site with three (3) S1P cleavage sites. As set out in these
exemplary embodiments, any combination of S1P, PCSK4, PCSKO9, and furin cleavage sites may
be used as disclosed herein, and the disclosure should not be understood as being limited to the
specific embodiments provided above. Additional support for combinations can be found, e.g., in

the Examples below.

[0075] A protease cleavage site of S1P can have a sequence according to SEQ ID NO: 55. In
some embodiments, a protease cleavage site of PCSK4 has a sequence according to SEQ ID NO:
53. In some embodiments, a protease cleavage site of PCSK9 has a sequence according to SEQ
ID NO: 54. In some embodiments, a protease cleavage site of furin has a sequence according to

SEQ ID NO: 52.

[0076] In some embodiments, an engineered a-factor prepro sequence comprises a sequence
that is capable of binding to one or more receptors that traffic proteins through one or more

secretory pathways.

[0077] In some embodiments, a receptor that traffics proteins through one or more secretory
pathways is LMAN1. Among proteins that have been reported to bind LMANI1 are Cathepsin C
(CATHC) and coagulation factor VII (CFVII).

[0078] In some embodiments, a receptor that traffics proteins through one or more secretory
pathways is Sortilin-1. Among proteins that have been reported to bind Sortilin-1 is brain-
derived neurotrophic factor (BDNF) and a Sortilin-1 propeptide.

[0079] In some embodiments, an engineered a-factor prepro sequence comprises a plurality

of (e.g., two, three, four, or more) LMANT1 binding domains. In some embodiments, a
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polypeptide comprising an LMAN1 binding domain is Cathepsin C or coagulation factor VII
(CFVID).

[0080] In some embodiments, an engineered a-factor prepro sequence comprises a plurality
of (e.g., two, three, four, or more) Cathepsin C (CATHC) peptide sequences or a fragments
thereof. In some embodiments, a CATHC peptide comprises
TPANCTYLDLLGTWVFQVGSSGSQRDVNCSVMG (SEQ ID NO: 95). In some
embodiments, a CATHC peptide is inserted into an engineered a-factor prepro sequence: (1) at
the propeptide N-term following the 2x Surf4 motif with a flexible glycine-serine linker, (2) in
the middle of the propeptide sequence, or (3) at the C-term immediately preceding the 3x S1P

cleavage site.

[0081] In some embodiments, an engineered a-factor prepro sequence comprises a plurality
of (e.g., two, three, four, or more) coagulation factor VII (CFVII) peptides containing
glycosylation sites or fragments thereof. In some embodiments, a CFVII peptide comprises
ILEKRNASKPQGR (SEQ ID NO: 96). In some embodiments, a CFVII peptide is inserted into
an engineered a-factor prepro sequence: (1) at the propeptide N-term following the 2x Surf4
motif with a flexible glycine-serine linker, (2) in the middle of the propeptide sequence, or (3) at

the C-term immediately preceding the 3x S1P cleavage site.

[0082] In some embodiments, an engineered a-factor prepro sequence comprises a plurality
of (e.g., two, three, four, or more) Sortilin-1 binding domains. In some embodiments, a

polypeptide comprising a Sortilin-1 binding domain is BDNF or Sortilin-1.

[0083] In some embodiments, an engineered a-factor prepro sequence comprises a plurality
of (e.g., two, three, four, or more) Sortilin 1 peptides or fragments thereof. In some
embodiments, a Sortilin 1 peptide comprises WSGPIGVSWGLR (SEQ ID NO: 97). In some
embodiments, a Sortilin 1 peptide is inserted into an engineered a-factor prepro sequence: (1) at
the propeptide N-term following the 2x Surf4 motif with a flexible glycine-serine linker, (2) in
the middle of the propeptide sequence, or (3) at the C-term immediately preceding the 3x S1P

cleavage site.

[0084] In some embodiments, an engineered a-factor prepro sequence comprises a plurality
of (e.g., two, three, four, or more) Brain-Derived Neurotrophic Factor (BDNF) peptides or

fragments thereof. In some embodiments, a BDNF peptide comprises
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ESVNGPKAGSRGLTSLADTFEHVIEELLDEDQKVRPNEENNKDADLYTSRVMLSSQVPL
(SEQ ID NO: 98). In some embodiments, a BDNF peptide is inserted into an engineered o-factor
prepro sequence: (1) at the propeptide N-term following the 2x Surf4 motif with a flexible
glycine-serine linker, (2) in the middle of the propeptide sequence, or (3) at the C-term

immediately preceding the 3x S1P cleavage site.

[0085] In some embodiments, an engineered a-factor prepro sequence comprises one or
more tags, e.g., one or more Myc Tags. In some embodiments, an engineered a-factor prepro

sequence comprising 3X Myc Tags is provided in SEQ ID NO: 106 or SEQ ID NO: 107.

[0086] In some embodiments, an engineered a-factor prepro sequence: comprises one or more
tripeptide motifs having Surf4 binding affinity (e.g., a motif according to SEQ ID NO: 58);
comprises one or more S1P cleavage sites (e.g., according to SEQ ID NO: 55); comprises one or
more PCSK4 cleavage sites (e.g., according to SEQ ID NO: 53); comprises one or more PCSK9
cleavage sites (e.g., according to SEQ ID NO: 54); comprises one or more furin cleavage sites
(e.g., according to SEQ ID NO: 52); does not comprise an Stel3 cleavage site (e.g., according to
SEQ ID NO: 56); does not comprise a Kex2 cleavage site (e.g., according to SEQ ID NO: 57); or

a combination thereof.

[0087] In some embodiments, an engineered a-factor prepro sequence has a sequence
according to SEQ ID NO: 44, SEQ ID NO: 45, SEQ ID NO: 46, SEQ ID NO: 47, SEQ ID NO:
48, SEQ ID NO: 49, SEQ ID NO: 50, SEQ ID NO: 51, SEQ ID NO: 71, SEQ ID NO: 92, SEQ ID
NO: 93, SEQ ID NO: 94, SEQ ID NO: 106, SEQ ID NO: 107, SEQ ID NO: 108 or SEQ ID NO:
109.

[0088] In some embodiments, an engineered polypeptide has a sequence according to SEQ ID
NO: 4, SEQ ID NO: 6, SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID NO: 12, SEQ ID NO: 14, SEQ
ID NO: 16, SEQ ID NO: 18, SEQ ID NO: 20, SEQ ID NO: 22, SEQ ID NO: 24, SEQ ID NO: 26,
SEQ ID NO: 28, SEQ ID NO: 30, SEQ ID NO: 32, SEQ ID NO: 34, SEQ ID NO: 36, SEQ ID
NO: 38, SEQ ID NO: 40, SEQ ID NO: 43, SEQ ID NO: 73, SEQ ID NO: 74, SEQ ID NO: 75.
SEQ ID NO: 76, SEQ ID NO: 77, SEQ ID NO: 78, SEQ ID NO: 80, SEQ ID NO: 81, SEQ ID
NO: 100, SEQ ID NO: 101, SEQ ID NO: 102, SEQ ID NO: 103, SEQ ID NO: 104 or SEQ ID NO:
105.
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[0089] In some embodiments, a wild-type or engineered Arabidopsis root growth factor (GLV)
sequence or a fragment thereof is present on the N-terminus of the engineered polypeptide. In
some embodiments, a wild-type or engineered Arabidopsis root growth factor (GLV) sequence or

a fragment thereof is present on the C-terminus of the engineered polypeptide.

[0090] In some embodiments, an engineered polypeptide comprises an engineered
Arabidopsis root growth factor (GLV) sequence or a fragment thereof, an engineered a-factor

prepro sequence or a fragment thereof, or both.

[0091] In some embodiments, an Arabidopsis root growth factor (GLV) sequence comprises

SEQ ID NO: 99.

[0092] In some embodiments, an Arabidopsis root growth factor (GLV) sequence comprises

SEQ ID NO: 82.

[0093] In some embodiments, an Arabidopsis root growth factor (GLV) sequence comprises

SEQ ID NO: 83.

[0094] In some embodiments, an Arabidopsis root growth factor (GLV) sequence comprises

SEQ ID NO: 84.

[0095] In some embodiments, an Arabidopsis root growth factor (GLV) sequence comprises
SEQ ID NO: 85.

[0096] In some embodiments, an Arabidopsis root growth factor (GLV) sequence comprises
SEQ ID NO: 86.

[0097] In some embodiments, an Arabidopsis root growth factor (GLV) sequence comprises

SEQ ID NO: 87.

[0098] In some embodiments, an Arabidopsis root growth factor (GLV) sequence comprises

SEQ ID NO: 88.

[0099] In some embodiments, an Arabidopsis root growth factor (GLV) sequence comprises

SEQ ID NO: 89.

[0100] In some embodiments, an Arabidopsis root growth factor (GLV) sequence comprises
SEQ ID NO: 90.
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[0101] In some embodiments, an Arabidopsis root growth factor (GLV) sequence comprises

SEQ ID NO: 91.

[0102] As discussed above, the present disclosure provides polypeptides that are secreted at
increased levels. In some embodiments, an engineered polypeptide as provided herein is
characterized in that when assessed in a cell, tissue or subject, the engineered polypeptide is
secreted out of the cell, a cell of the tissue, or a cell or tissue of the subject at a greater level than
a comparable polypeptide. In some embodiments, a comparable polypeptide comprises the same
payload polypeptide as the engineered polypeptide and a signal peptide that is not a wild-type or

engineered a-factor prepro sequence.

[0103] In some embodiments, a level of secretion is an amount of protein secreted (e.g., grams
or moles of protein secreted or concentration of protein secreted). In some embodiments, a level
of secretion is a rate of secretion (e.g., grams or moles of protein secreted per volume of media,

e.g., cell culture media).

Polynucleotides

[0104] The present disclosure provides polynucleotides encoding an engineered polypeptide
as described herein. As will be recognized by those in the art, multiple polynucleotides can encode
the same polypeptide. Further, the sequence of a polynucleotide encoding a polypeptide can be

determined by those in the art using routine methods.

[0105] In particular embodiments, a polynucleotide encoding an engineered polypeptide as

described herein is a DNA polynucleotide.

[0106] In some embodiments, a polynucleotide encoding an engineered polypeptide as
described herein is an RNA polynucleotide. In some embodiments, an RNA polynucleotide is an

mRNA. In some embodiments, an mRNA comprises a cap and a poly-(A) tail.

[0107] In some embodiments, a polynucleotide comprises one or more chemically modified
nucleotides. In some embodiments, a chemically modified nucleotide can be an N4-acetylcytidine.
In some embodiments, a chemically modified nucleotide can be a 5-hydroxymethyluridine. The
present disclosure recognizes that the inclusion of chemically modified nucleotides (e.g., N4-
acetylcytidine and/or 5-hydroxymethyluridine) in polynucleotides described herein can allow the

polynucleotide to evade an innate immune system, improve viability of cells into which said
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polynucleotide is introduced, and/or increase expression of a payload in cells into which said
polynucleotide is introduced. The present disclosure recognizes that the inclusion of chemically
modified nucleotides (e.g., N4-acetylcytidine and/or 5-hydroxymethyluridine) in polynucleotides

described herein can reduce immunogenicity in a cell, tissue or subject against the polynucleotides.

Compositions

[0108] In addition to the embodiments discussed above, the present disclosure provides
compositions. Compositions disclosed herein can comprise a cell. In some embodiments, a cell
can comprise an engineered polypeptide and/or a polynucleotide as described herein. In some

embodiments, a cell is a mammalian cell.

[0109] Compositions disclosed herein can comprise an engineered polypeptide and/or a

polynucleotide as described herein.

Pharmaceutical compositions

[0110] In some embodiments, a composition comprising an engineered polypeptide, a

polynucleotide, and/or cell described herein is a pharmaceutical composition.

[0111] In some embodiments, a pharmaceutical composition is or comprises an immunogenic

composition. In some embodiments, a pharmaceutical composition is or comprises a vaccine.
[0112] In some embodiments, a pharmaceutical composition is or comprises a gene therapy.
[0113] In some embodiments, a pharmaceutical composition is or comprises a chemotherapy.

[0114] In some embodiments, a pharmaceutical composition is or comprises a protein

replacement therapy.

[0115] In some embodiments, a pharmaceutical composition is or comprises an

immunotherapy.

[0116] In some embodiments, a pharmaceutical composition is or comprises a cell

engineering therapy.

[0117] In some embodiments, a pharmaceutical composition can include a
pharmaceutically acceptable carrier or excipient, which, as used herein, includes any and all
solvents, dispersion media, diluents, or other liquid vehicles, dispersion or suspension aids,

surface active agents, isotonic agents, thickening or emulsifying agents, preservatives, solid
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binders, lubricants and the like, as suited to the particular dosage form desired. Remington's The
Science and Practice of Pharmacy, 21st Edition, A. R. Gennaro (Lippincott, Williams & Wilkins,
Baltimore, MD, 2006; incorporated herein by reference) discloses various excipients used in
formulating pharmaceutical compositions and known techniques for the preparation thereof.
Suitable pharmaceutically acceptable carriers include but are not limited to water, salt solutions
(e.g., NaCl), saline, buffered saline, glycerol, sugars such as mannitol, sucrose, or others,

dextrose, fatty acid esters, etc., as well as combinations thereof.

[0118] A pharmaceutical composition can, if desired, be mixed with auxiliary agents
(e.g., lubricants, preservatives, stabilizers, wetting agents, emulsifiers, salts for influencing
osmotic pressure, buffers, coloring, flavoring and/or aromatic substances and the like), which do
not deleteriously react with the active compounds or interfere with their activity. In certain
embodiments, a water-soluble carrier suitable for intravenous administration is used. In some

embodiments, a pharmaceutical composition can be sterile.

[0119] A suitable pharmaceutical composition, if desired, can also contain minor
amounts of wetting or emulsifying agents, or pH buffering agents. A pharmaceutical composition

can be a liquid solution, suspension, or emulsion.

[0120] A pharmaceutical composition can be formulated in accordance with the routine
procedures as a pharmaceutical composition adapted for administration to human beings. The
formulation of a pharmaceutical composition should suit the mode of administration. For
example, in some embodiments, a composition for intravenous administration is typically a
solution in sterile isotonic aqueous buffer. Where necessary, the composition may also include a
solubilizing agent and a local anesthetic to ease pain at the site of the injection. Generally, the
ingredients are supplied either separately or mixed together in unit dosage form, for example, as
a dry lyophilized powder or water free concentrate in a hermetically sealed container such as an
ampule or sachet indicating the quantity of active agent. Where a pharmaceutical composition is
to be administered by infusion, it can be dispensed with an infusion bottle containing sterile
pharmaceutical grade water, saline or dextrose/water. Where a pharmaceutical composition is
administered by injection, an ampule of sterile water for injection or saline can be provided so

that the ingredients may be mixed prior to administration.
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[0121] Although the descriptions of pharmaceutical compositions provided herein are
principally directed to pharmaceutical compositions that are suitable for ethical administration to
humans, it will be understood by the skilled artisan that such compositions are generally suitable
for administration to animals of all sorts or cells in vitro or ex vivo. Modification of
pharmaceutical compositions suitable for administration to humans in order to render the
compositions suitable for administration to various animals or cells in vitro or ex vivo is well
understood, and the ordinarily skilled practitioner, e.g., a veterinary pharmacologist, can design

and/or perform such modification with merely ordinary, if any, experimentation.

[0122] Formulations of the pharmaceutical compositions described herein may be
prepared by any method known or hereafter developed in the art of pharmacology. In general,
such preparatory methods include the step of bringing the active ingredient into association with
a diluent or another excipient and/or one or more other accessory ingredients, and then, if
necessary and/or desirable, shaping and/or packaging the product into a desired single- or multi-

dose unit.

[0123] A pharmaceutical composition in accordance with the present disclosure may be
prepared, packaged, and/or sold in bulk, as a single unit dose, and/or as a plurality of single unit
doses. As used herein, a “unit dose” is discrete amount of a pharmaceutical composition

described herein.

Methods of using compositions disclosed herein

[0124] The disclosure provides, among other things, methods for using an engineered

polypeptide, a polynucleotide, and/or cell described herein.

[0125] In some embodiments, provided herein is a method of administering a an engineered
polypeptide, a polynucleotide, and/or cell described herein to a cell, tissue or subject. In some
embodiments, a cell is a mammalian cell. In some embodiments, a tissue is a mammalian tissue.

In some embodiments, a subject is a mammal. In some embodiments, a subject is a human.

[0126] In some embodiments, provided herein is a vaccination method comprising
administering an engineered polypeptide, a polynucleotide, and/or cell described herein to a cell,

tissue or subject.
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[0127] In some embodiments, disclosed herein is a gene therapy method comprising
administering an engineered polypeptide, a polynucleotide, and/or cell described herein to a cell,
tissue or subject. In some embodiments, a gene therapy method comprises delivery of one or more

components of a gene therapy, e.g., a guide RNA and/or a Cas polypeptide.

[0128] In some embodiments, provided herein is a method for stimulating an immune response
comprising administering an engineered polypeptide, a polynucleotide, and/or cell described

herein to a cell, tissue or subject.

[0129] In some embodiments, also provided herein is a cell therapy engineering method
comprising administering an engineered polypeptide, a polynucleotide, and/or cell described

herein to a cell, tissue or subject.

[0130] In some embodiments, provided herein is an immunotherapy method comprising
administering an engineered polypeptide, a polynucleotide, and/or cell described herein to a cell,
tissue or subject. In some embodiments, an immunotherapy method comprises delivery of an

antibody therapy and/or an immune checkpoint therapy.

[0131] In some embodiments, disclosed herein is a protein replacement therapy method
comprising administering an engineered polypeptide, a polynucleotide, and/or cell described
herein to a cell, tissue or subject. In some embodiments, a protein replacement therapy comprises

delivery of an enzyme replacement therapy.

[0132] In some embodiments, provided herein is a chemotherapeutic method comprising
administering an engineered polypeptide, a polynucleotide, and/or cell described herein to a cell,

tissue or subject.

[0133] In some embodiments, a method provided herein comprises determining a level of

engineered polypeptide secreted from the cell, a cell of the tissue, or a cell or tissue of the subject.

[0134] In some embodiments, further comprising comparing the level of engineered
polypeptide secreted from the cell, a cell of the tissue, or a cell or tissue of the subject to a reference
level. In some embodiments, a reference level is a level of reference polypeptide secreted a
comparable cell, tissue or subject, wherein the reference polypeptide comprises the same payload
polypeptide as the engineered polypeptide and a signal peptide that is not a wild-type or engineered

a-factor prepro sequence.
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[0135] In some embodiments, a method or use disclosed herein further comprises determining
efficacy of an engineered polypeptide, a polynucleotide, and/or cell described herein in a cell,
tissue or subject to which an engineered polypeptide, a polynucleotide, and/or cell described herein

has been administered.

[0136] In some embodiments, determining efficacy comprises determining an antibody
response or cellular response in a cell, tissue or subject. In some embodiments, a cell, tissue or
subject to which an engineered polypeptide, a polynucleotide, and/or cell described herein has
been administered exhibits an increased antibody response or cellular response as compared to a
reference. In some embodiments, a reference is an antibody response or cellular response of a cell,
tissue or subject that has been administered a comparable engineered polypeptide, polynucleotide,
and/or cell described herein. In some embodiments, a comparable engineered polypeptide
described herein comprises a signal polypeptide that is not a wild-type or engineered a-factor

prepro sequence.

[0137] In some embodiments, a method or use disclosed herein comprises administering an
engineered polypeptide, a polynucleotide, and/or cell described herein comprising the same to a
cell, tissue or subject at least two times. In some embodiments, a method disclosed herein
comprises administering an engineered polypeptide, a polynucleotide, and/or cell described herein
to a cell, tissue or subject 2 times, 3 times, 4 times, 5 times, 6 times, 7 times, 8 times, 9 times or

10 times.

[0138] In some embodiments, a method or use disclosed herein comprises administering a
plurality of doses of an engineered polypeptide, a polynucleotide, and/or cell described herein to
a cell, tissue or subject. In some embodiments, a second or subsequent dose of an engineered
polypeptide, a polynucleotide, and/or cell described herein has a substantially similar efficacy in a
cell, tissue, or subject compared to administration of a first dose of an engineered polypeptide, a

polynucleotide, and/or cell described herein.

[0139] In some embodiments of any of the methods or uses disclosed herein, the composition
is administered via any one of the following routes of administration: intramuscular, intravenous,

subcutaneous, intrathecal, intradermal, ocular, intranasal, sublingual, or oral.

[0140] In some embodiments of any of the methods or uses disclosed herein a cell is a

mammalian cell.
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[0141] In some embodiments of any of the methods or uses disclosed herein a tissue is a

mammalian tissue.

[0142] In some embodiments of any of the methods or uses disclosed herein, a subject is a

mammal. In some embodiments, a mammal is a human.

[0143] The present disclosure also provides methods of manufacturing an engineered
polypeptide, comprising expressing a polynucleotide as described herein from a cell. In some

embodiments, a cell is a mammalian cell.

Kits

[0144] Another aspect of the present disclosure further provides a pharmaceutical pack or kit.
In some embodiments, a kit can comprise an engineered polypeptide, a polynucleotide, and/or cell
described herein. In some embodiment, kits may be used in any applicable method, e.g., methods

as described herein.

EXEMPLIFICATION
Example 1: Cloning Methods

[0145] This Example provides exemplary methods for generating constructs and encoded

polypeptides for improving polypeptide secretion from mammalian, insect, and plant cells.
Example 1.1: Receptor-Binding Domain Constructs

[0146] DNA gblocks encoding a wild-type receptor-binding domain of SARS-CoV-2 (WT
RBD) and two other variants of the SARS-CoV-2 receptor-binding domain (Variant 1 and
Variant_2) were ordered and separately cloned into a NanoLuc protein fusion vector, pNLF1-C
(Promega), using NEBuilder HiFi DNA Assembly Master Mix (New England Biolabs). The
Master Mix included enzymes and buffers that facilitate quick and efficient Gibson assembly of
two or more pieces of DNA. More specifically, the pNLF1-C vector was first linearized by double
digesting it with restriction enzymes EcoRI-HF and Nhel-HF. The digested vector was then
purified using QIAquick Gel Extraction Kit (Qiagen) and concentrated using the Zymo DNA
Clean and Concentrator-5 (Zymoresearch). In separate reactions, the gblock constructs

corresponding to WT RBD, Variant 1 and Variant 2 were each inserted into the linearized vector
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by mixing, in a 1.5 ml tube, 50ng of the purified vector, a two-fold molar excess of insert, 10 pl of
the master mix, and an appropriate volume of ultrapure water to make a 20 ul reaction. The reaction
was then incubated at 50°C for 15 minutes. The resulting constructs are referred to herein as

pNLF1C RBD WT, pNLF1C RBD Variant 1, and pNLF1C_RBD_ Variant 2.

[0147] The ligation reaction was then diluted 1:4 and 2 ul of the diluted reaction was then used
to transform One Shot TOP10 Chemically Competent E. coli cells (ThermoFisher Scientific) by
heat shock at 42°C for 30 seconds. Next, the cells were streaked on ampicillin agar plates and
incubated for 24 hours at 37°C. The next day, colonies were screened for uptake of the chimeric
vector using colony PCR. Colonies were first suspended in 100 ul of water, and 1 ul of that mixture
was mixed with 1 pl of 10 uM forward and reverse primers, 10 pl of 2x Platinum SuperFi PCR
Master Mix (ThermoFisher Scientific), and an appropriate volume of water to make a 20 ul
reaction in a 1.5 ml tube. PCR was then conducted using a Mastercycler X50 (Eppendorf) with
appropriate cycling parameters, based on primer properties and recommendations provided by the
PCR enzyme vendor. The PCR product of positive colonies was sent out to Genewiz for
sequencing to confirm the insertion of the constructs. Meanwhile, positive colonies were grown
for 18 hours in a solution of LB and Ampicillin by shaking in an incubator at 37C. After 18 hours,
chimeric plasmids from one positive colony per construct were extracted by miniprepping using
the NucleoSpin Plasmid Mini Kit (Macherey-Nagel). Plasmids were sent out for sequencing again
to ensure that the right constructs were inserted and that no mutations were introduced during

replication in E.coli.
Example 1.2: Receptor-Binding Domain Constructs including Prepro Sequence

[0148] An o-factor prepro sequence (e.g., a-factor signal peptide and propeptide sequence)
was added to Variant 1 and Variant 2 in pNLF1-C using restriction-free cloning with a gBlock
megaprimer (IDT) encoding the prepro sequence with 50 bp homology on either end to both
pNLF1C RBD Variant 1 and pNLF1C RBD Variant 2. The homology arms were designed to
insert the prepro sequence between the Kozak sequence and the RBD variant, replacing the Spike
secretion peptide. 27.2 uL. water, 10 pL 5x Phusion HF Buffer, 1 uL. 10 mM dNTPs, 20 ng
pNLF1C RBD Variant 1 or pNLF1C RBD Variant 2 in 1 uL water, 10 pL prepro megaprimer
at 10 ng/uL, and 0.8 uLL Phusion DNA Polymerase (New England BioL.abs) were mixed together

in PCR tubes on ice. Tubes were placed in a thermal cycler and the following PCR program was
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run: 95°C for 30 seconds; 25 cycles of 95°C for 30 seconds, 60°C for 1 minute, and 72°C for 5
minutes; and 72°C for 7 minutes. 10 pL of these reactions were mixed with 34 uL water, 5 uL 10x

CutSmart Buffer, and 1 uL Dpnl (20 units/uL) (New England BioLabs) in PCR tubes on ice.

[0149] Tubes were placed in a thermal cycler and incubated at 37°C for 1 hour to digest
template DNA. Reactions were diluted 1:4 in water and transformed into TOP10 cells (Thermo
Fisher Scientific) and plated on LB agar plates containing ampicillin (Teknova) as described
above.  The following day colony PCR was performed as described above using
NLuc Nterm cPCR _F primer (SEQ ID NO: 59) and NLuc_Nterm cPCR_R prime r(SEQ ID NO:
60) to identify colonies containing the prepro insert. PCR products were sequenced by Genewiz
using the NLuc_seq primer (SEQ ID NO: 61). Colonies containing inserts were grown up in LB

media containing ampicillin overnight and miniprepped as described above in Example 1.1.

[0150] A prepro sequence was added to the WT RBD sequence using PCR. 31.5 pL water, 10
uL 5x Phusion HF Buffer, 1 pL. 10 mM dNTPs, 2.5 uL. 10 uM NLuc RBD F primer (SEQ ID
NO: 62), 2.5 puL 10 uM NLuc_RBD R primer (SEQ ID NO: 63), 1 uL RBD WT NLuc gBlock
at 5 ng/uL, 1 pL prepro megaprimer gBlock at 5 ng/uL, and 0.5 puLL Phusion DNA Polymerase
(New England BioLabs) were mixed together in a PCR tube on ice. The tube was transferred to a
thermal cycler preheated to 98°C and the following PCR program was run: 98°C for 30 seconds;
30 cycles of 98°C for 7 seconds followed by 72°C for 15 seconds; and 72°C for 7 minutes and 30
seconds. The PCR reaction was purified using DNA Clean and Concentrator-5 (Zymo Research).
The purified PCR product was cloned into pNLF1-C using NEBuilder HiFi DNA Assembly

Master Mix as described above.
Example 1.3: Optimized Prepro Sequences

[0151] To optimize the a-factor prepro sequence, a new vector was constructed consisting of
Variant_1 in pNLF1-C with an upstream cloning site for a prepro sequence optimization library.
pNLF1-C was digested using Nhel and EcoRI as described in Example 1.1 above. A gBlock (IDT)
containing a Kozak sequence, an Nhel cut site, a 6 bp spacer, an EcoRI cut site, and Variant 1 was
cloned into the digested vector using NEBuilder HiFi DNA Assembly Master Mix as described in
Example 1.1 above. The homology arms of the gBlock were designed to remove the Nhel and
EcoRI restriction sites from the pNLF1-C plasmid, so the cut sites in the gBlock are unique in the

new vector, referred to as pSP. The vector was digested using Nhel and EcoRI as described in
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Example 1.1 above. Sequence variations of prepro were ordered from IDT as eBlocks, gBlocks,
or primers based on length, and contained 20 bp homology arms to pSP to enable in-frame cloning
with Variant 1. These sequences were cloned into digested pSP using NEBuilder HiFi DNA
Assembly Master Mix as described in Example 1.1 above. eBlocks were kept at a 2-fold molar
excess over pSP; primers were kept at 45 nM. Colony PCR was performed using

NLuc Nterm_cPCR_F (SEQ ID NO: 59) and NLuc_Nterm cPCR_R primers (SEQ ID NO: 60).
Example 1.4: Additional Constructs

[0152] Influenza HIN1/PR8 hemagglutinin extracellular domain (HA) with native secretion
peptide or prepro, human secreted embryonic alkaline phosphatase (SEAP) with native secretion
peptide or prepro, trastuzumab scFv with SARS-CoV-2 Spike secretion peptide (Ssp) or prepro,
pertuzumab scFv with Ssp or prepro, and GB235 scFv with Ssp or prepro, , adalimumab scFv with
a strong immunoglobulin secretion peptide or PPA, pembrolizumab scFv with a strong
immunoglobulin secretion peptide or PPA, aflibercept with vascular endothelial growth factor
receptor secretion peptide or PPA, dupilumab scFv with a strong immunoglobulin secretion
peptide or PPA, ustekinumab scFv with a strong immunoglobulin secretion peptide or PPA,
nivolumab scFv with a strong immunoglobulin secretion peptide or PPA, bevacizumab scFv with
a strong immunoglobulin secretion peptide or PPA, and etanercept with tumor necrosis factor

receptor secretion peptide or PPA, were cloned into pNLF1-C, as described in Example 1.1 above.
Example 1.5: Chimeric Antigen Receptor Constructs

[0153] DNA gBlocks encoding tisagenlecleucel extracellular and transmembrane domains
with CD8a secretion peptide or prepro, axicabtagene ciloleucel extracellular and transmembrane
domains with interleukin 2 secretion peptide or prepro, and lisocabtagene maraleucel with
immunoglobulin kappa secretion peptide or prepro were cloned into pcDNA3.3-TOPO
(ThermoFisher Scientific) digested with Xbal and Agel as described in Example 1.1 above.

Example 1.6: Constructs for Expression in Insect and Plant Cells

[0154] Sequences encoding SARS-CoV-2 receptor-binding domain Variant 1 fused to
NanoLuciferase and with adipokinetic hormone (AKH) signal peptide or a-factor signal peptide

and propeptide were codon optimized for Spodoptera frugiperda and ordered as DNA gBlocks
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(IDT). These sequences were cloned into the pIEx-4 insect cell expression vector (Millipore

Sigma) digested with Ncol and Notl restriction enzymes as described in Example 1.1 above.

[0155] Sequences encoding Variant 1 fused to NanoLuciferase and Arabidposis root growth
factor GLV1, GLV2, GLV3, GLV4, GLV5, GLV6, GLV7, GLV8, GLV9, GLV10, or GLV11
signal peptide and propeptide; a-factor signal peptide and propeptide; Arabidopsis root growth
factor signal peptide and a-factor propeptide; or o-factor signal peptide and Arabidopsis root
growth factor propeptide were codon optimized for Arabidopsis thaliana and ordered as DNA
gBlocks (IDT). These sequences were cloned into the pRI 101-AN plant cell expression vector

(Takara) digested with Ndel and EcoRI restriction enzymes as described in Example 1.1 above.

Example 2: Secretion Screen

[0156] This Example provides exemplary methods for detecting secretion of polypeptides

from mammalian cells.

[0157] HEK?293T cells were cultured in Dulbecco’s Modified Eagle Medium (DMEM)
(Thermo Fisher Scientific) containing fetal bovine serum (FBS), penicillin, and streptomycin in a
C170i CellXpert CO2 Cell Culture Incubator (Eppendorf) at 37°C and 5% CO2. Once cells
achieved ~90% confluence, the cells were harvested using trypsin, spun at 200g for 5 minutes,
resuspended at 2x10° cells/ml, and then diluted to 1x10° cells/ml. Next, 100 pl (1x10* cells) of
the diluted cell solution was added to the wells of white-walled round bottom 96 well plates. Cells
were incubated for 24 hours. At 24 hours, cells were transfected with the appropriate dose of
chimeric plasmid DNA using the Lipofectamine 3000 Transfection Reagent (ThermoFisher

Scientific) and its accompanying protocol. After transfection, cells were incubated for 72 hours.

[0158] At approximately 72 hours, the supernatant of the cell solution in the 96-well plates
was screened for luciferase activity using the Intracellular TE Nano-Glo Substrate/Inhibitor
(Promega). First, cells were removed from the incubator and allowed to equilibrate at room
temperature for 15 minutes. Then a 3x substrate solution was prepared in Opti-MEM Reduced
Serum Medium (ThermoFisher Scientific) according to the Promega protocol. Next, the
supernatant was transferred to 96-well PCR plates and spun at 200g for 5 minutes. Next, a 10 pl

aliquot of the spun down supernatant was transferred to white 96-well plates and diluted in 90 ul
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of phosphate buffered saline (PBS). Finally, 50 ul of the 3x substrate solution was added to the
wells, and the plate was incubated at room temperature for 2-3 minutes. Within 10 minutes of
adding the substrate solution, luminescence was measured using the GloMax Discover System

(Promega) at an integration time of 0.1 seconds.

Example 3: ACE2 Binding Measurement

[0159] This Example provides exemplary methods for measuring SARS-CoV-2 Spike RBD
polypeptide binding to ACE2. SARS-CoV-2 Spike polypeptides, e.g., those including an RBD,
are known to bind ACE2 expressed on the surface of mammalian cells. Accordingly, ACE2
binding assays can be indicative of an amount of SARS-CoV-2 Spike polypeptide that is being

secreted out of cells (e.g., mammalian cells).

[0160] ACE2 protein (Sino Biological 10108-HO8H) was diluted in PBS to 1 pg/mL. 100 uL
were added to wells of a clear flat-bottom Immuno MaxiSorp 96-well plate. The plate was covered
and incubated at 4°C overnight. The plate was washed with PBS with 0.05% Tween-20 (PBS-T),
3 washes of 300 uL / well each. 300 pL SuperBlock in PBS + 0.05% Tween-20 (Thermo Fisher
Scientific 37516) were added to each well, the plate was covered and incubated at room

temperature for 1 hour, and the wells were washed again.

[0161] 72 hours following HEK293T cell transfection, supernatant was collected as described
in Example 2 above. 50 pL SuperBlock and 50 uL supernatant were added to wells of ACE2-
coated plate. The plate was covered and incubated at room temperature for 2 hours, and then the
wells were washed again. 100 uL. PBS were added to each well. 3x complete NanoLuc substrate
solution (Promega) were added to each well and luminescence was measured as described in

Example 2 above.

Example 4: Recombinant Polypeptide Secretion from Mammalian Cells Increased with

Prepro Sequence

[0162] This Example demonstrates that the inclusion of a prepro sequence can increase

recombinant polypeptide secretion from mammalian cells.
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[0163] Variant forms of the SARS-CoV-2 Spike RBD antigen have been developed as
antigens to focus an immune response on neutralizing epitopes and variants of concern. However,
the introduction of mutations in variants can lead to profound effects on expression, and these
engineered antigens are often expressed at significantly decreased levels compared to wild type
sequences following administration of, e.g., encoding RNA. Substitution of the native Spike
secretion peptide with the a-factor signal peptide and propeptide sequences (prepro) in two RBD
variants — Variant 1 and Variant 2 — enhanced protein secretion by 10-70X across a range of
doses in HEK293T human cells (FIG. 1). Secreted protein maintained its proper folding, as
measured by a 5-20X increase in ACE2 binding (FIG. 1). Notably, for Variant 2, both secretion
and ACE2 binding were rescued almost to wild type RBD levels.

[0164] The performance of a prepro sequence in a small library of model secreted proteins was
tested. The library consisted of wild type SARS-CoV-2 Spike RBD, influenza HIN1/PR8
hemagglutinin extracellular domain (HA), human secreted embryonic alkaline phosphatase
(SEAP), and three single-chain antibody fragments designed from Her2-targeting monoclonal
antibodies targeting distinct epitopes: trastuzumab (Herceptin), pertuzumab (Perjeta), and GB235
(Shu et al., which is incorporated herein by reference in its entirety). Substitution of native
secretion peptide (a SARS-CoV-2 Spike secretion peptide was used for scFvs) with a prepro
sequence enhanced secretion from HEK293T cells 2.5-7.5X across a range of doses (FIG. 2).

[0165] Next, the performance of the prepro sequence in eight of the top-selling biologic drugs
from 2020 was investigated (Buntz et al., which is incorporated herein by reference in its entirety).
These molecules consist of single-chain antibodies and chimeric fusion proteins composed of
cellular receptors fused to immunoglobulin domains. For biologics for which the native secretion
peptide is not publicly available, a strong secretion peptide from human antibody sequences that
has been experimentally validated was selected instead (Haryadi et al., which is incorporated
herein by reference in its entirety). For all eight biologics tested, the prepro sequence enhanced
secretion over the native / strong human antibody secretion peptide (FIG. 3). The effect size ranged

from 1.2-40x.

Example 5: Optimized Prepro Sequences Increase Secretion
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[0166] Prepro sequences were optimized for activity in human cells based on a mechanism of
secretion enhancement in yeast cells. Typically, the function of the propeptide region of a-factor
is to enable export from the endoplasmic reticulum (ER) and transport to the Golgi, where it is
cleaved by proteases to generate the mature a-factor peptide, which is then secreted. Specifically,
the propeptide sequence binds to the ER membrane protein Erv29p, which is responsible for
packaging proteins into COPII vesicles for secretion from the cell (Otte et al., which is
incorporated herein by reference in its entirety). The human homologue of Erv29p is Surf4, which
establishes different steady-state concentrations for soluble proteins within the ER through
interaction with the amino-terminal tripeptides exposed after signal peptide cleavage (Yin et al.,
which is incorporated herein by reference in its entirety). The affinity of the tripeptide motif for
Surf4 determines the cargo protein’s steady-state concentration, and a subset of all possible
tripeptides established a continuum of concentrations, with the highest affinity motifs driving the
greatest amount of secretion for the lowest ER concentration (Yin et al., which is incorporated
herein by reference in its entirety). Mutation of the amino-terminal residues of the a-factor
propeptide sequence to a tripeptide motif with high Surf4 binding affinity increased the secretion

of a SARS-CoV-2 Spike RBD variant antigen having an engineered prepro sequence (FIG. 4).

[0167] Additionally, once in the ER, a propeptide region is cleaved by proteases to generate a
mature protein. Specifically, an a-factor propeptide is cleaved by yeast proteases Kex2 and Stel3
(Fitzgerald et al, which is incorporated herein by reference in its entirety). Mutation of the Kex2
cleavage site to the cleavage sites of human proteases S1P, PCSKO9, furin, and PCSK4, and deletion
of the Stel3 cleavage site, resulted in enhanced secretion of a variant RBD antigen over a wild

type prepro sequence (FIG. 4).

[0168] Combining humanized protease sites with Stel3 deletions gave the greatest
enhancement, which suggests that these secretion-enhancing mutations may be combined to

further enhance secretion and fully optimize the sequence for function in human cells.

[0169] Hits that individually enhanced secretion in the initial screen were combined for a
second round of sequence optimization. Specifically, sequences tested include (1) combinations
of the tripeptide Surf4 binding motif with humanized protease cleavage sites, (2) combinations of
different humanized protease cleavage sites, (3) repeats of the Surf4 binding motif with various

spacer architectures, and (4) repeats of individual humanized protease cleavage sites. All of the
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sequences tested contained the Stel3 cleavage site deletion. Generally, combinations of individual

secretion-enhancing mutations further enhanced secretion in an additive manner (FIG. 5).

[0170] Hits from the second screen were combined for a third round of sequence optimization.
All of these sequences contained the Stel3 cleavage site deletion as well as a 2x Surf4 motif with
a flexible glycine-serine linker. While all combinations tested enhanced secretion compared to the
wild-type prepro sequence (FIG. 6), the greatest enhancement observed came from the
combination of a 2x Surf4 motif with a flexible glycine-serine linker, the deletion of the Stel3
cleavage site, and the mutation of the Kex2 cleavage site to 3x S1P cleavage site. The human
protease S1P (membrane-bound transcription factor site-1 protease) processes protein and peptide
precursors trafficking through the secretory pathway in the ER and Golgi (Garten et al., which is
incorporated herein by reference in its entirety). Together, these changes to the wild-type prepro

sequence resulted in a 10x enhancement of secretion.

[0171] This engineered prepro sequence (hereafter referred to as prepro 2) was further
optimized for activity in human cells by inserting additional peptide sequences that purportedly
bind to receptors that traffic proteins through the secretory pathway. LMANI1/ERGICS3 is a
resident protein of the endoplasmic reticulum (ER) — Golgi intermediate compartment that shuttles
glycosylated proteins from the ER to the Golgi (Nichols et al.). Identified cargo that binds LMAN1
include the protease cathepsin C (CATHC) and coagulation factor proteins. Peptide sequences
from CATHC and coagulation factor VII (CFVII) containing glycosylation sites enhanced protein
secretion when inserted into the engineered prepro_2 sequence (FIG. 7). Peptide sequences were
inserted into one of three locations in the prepro 2 sequence: (1) at the propeptide N-term
following the 2x Surf4 motif with a flexible glycine-serine linker, (2) in the middle of the

propeptide sequence, or (3) at the C-term immediately preceding the 3x S1P cleavage site.

[0172] An additional membrane-bound receptor that shuttles cargo through the secretory
pathway is Sortilin 1 (SORT1), which resides in the Golgi and helps transport cargo proteins into
secretory vesicles (Petersen et al.). SORT1 has been shown to bind and transport multiple protein
cargos including brain-derived neurotrophic factor (BDNF) (Chen et al.). Additionally, SORT1
binds to its own propeptide until it is cleaved when it reaches its resident Golgi location. Peptide
sequences from BDNF and SORT1 enhanced protein secretion when inserted into prepro_2 at the

same 3 locations as mentioned above (FIG. 7).
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[0173] These data suggest that independent sequences and domains may be combined in a
single polypeptide sequence to target a protein to multiple independent secretory pathway
receptors and secretion mechanisms. Combining the LMAN1-binding and the SORT1-binding
domains together in the engineered sequence did not seem to enhance secretion any further. .
Without wishing to be bound by any particular theory, this data suggests that separate sequences
each containing the LM AN1-binding and the SORT1-binding domains in a prepro_2 context may

be co-delivered to a cell to populate the two different secretory receptors / pathways in parallel.

Example 6: Expression of Chimeric Antigen Receptors Measurement

[0174] This Example provides exemplary methods for detecting the display of anti-CD19
Chimeric Antigen Receptor (CAR) T-cell Therapy receptor polypeptides on the surface of

mammalian cells.

[0175] Cell surface membrane-bound proteins follow a similar trafficking path to secreted
proteins, but it was unclear whether a prepro sequence will function similarly and enhance the cell
surface display of transmembrane proteins. The receptors of clinically approved CAR-T cell
therapies may serve as a model system to measure the effects of a prepro sequence on the display
of cell membrane proteins. Specifically, both the expression and folding of anti-CD19 CAR-T
receptors on the surface of HEK293T cells can be measured using fluorescently-labeled CD19

ligand and quantified on a per-cell basis using flow cytometry.

Example 6.1: Expression of Chimeric Antigen Receptors in HEK293T cells

[0176] HEK293T cells are cultured, harvested, seeded and treated with plasmids encoding

CAR proteins formulated in Lipofectamine 3000, as described in Example 2 above.

At approximately 72 hours, cells are harvested using enzyme-free cell dissociation buffer
(ThermoFisher Scientific) and are spun down in black v-bottom plates at 300xg for 10 minutes.
Supernatant is discarded and cells are placed on ice. Cells are resuspended in eBioscience Flow
Cytometry Staining Buffer (ThermoFisher Scientific) containing 20 ug/mL biotinylated CD19
(BPS Bioscience) and are incubated on ice for 30 minutes. Cells are spun down, supernatant is

discarded, and cells are resuspended in eBioscience Flow Cytometry Staining Buffer containing
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10 pg/mL phycoerythrin (PE)-conjugated streptavidin and are incubated on ice for 30 minutes.
Cells are spun down, supernatant is discarded, and cells are resuspended in eBioscience Flow
Cytometry Staining Buffer. Cells are diluted in eBioscience Flow Cytometry Staining Buffer to
~1e5 cells / mL and are strained through a 35 pm mesh (StemCell) immediately prior to flow

cytometry analysis.

[0177] CD19 binding to the cell surface is quantified using flow cytometry. CD19 signal is
measured using the BL2 channel (488 nm excitation laser, 574/26 nm filter emission) on an Attune

CytPix Flow Cytometer (ThermoFisher Scientific).

Example 6.2: Expression of Chimeric Antigen Receptors in primary human T cells

[0178] Approximately 2e7 frozen human peripheral blood pan-T cells (STEMCELL) are
thawed and transferred to a 50ml tube, and complete T-cell media (50 ml of ImmunoCult-XF T-
Cell Expansion Medium (STEMCELL) and 50 ul of 0.1 mg/ml of CHO-expressed recombinant
human IL-2 (STEMCELL)) is added to the tube dropwise while swirling. The cells are pelleted by
spinning the tube at 300g for 10. The supernatant is aspirated off, and the cells are washed by
resuspending in 20 ml of complete T-cell media. The cells are pelleted again, as described above,
the supernatant can be removed, and cells are resuspended in 5 ml of complete T-cell media. The
cell suspension is adjusted to 1e6 cells/ml. 7 ml of this cell suspension (7¢6 cells) is transferred to
a T25 flask. 20 ul/le6 cells of ImmunoCult Human CD3/CD28/CD2 T-Cell Activator
(STEMCELL) is added to the cells in the flasks. The cells are then incubated at 37C, 95% RH, and
5% CO2 for 72 hours. The cell concentration in the flasks is maintained at 1e6 cells/ml by topping

off the culture media with fresh complete T-cell media two days post-activation.

[0179] Lipid nanoparticles (LNPs) are formulated using the protocol accompanying the
Genvoy-ILM T-Cell Kit, Spark (PRECISION NANOSYSTEMS). Briefly, 1 mg/ml mRNA
encoding Tisagenlecleucel with CD8 signal peptide, prepro, or prepro_2; Genvoy lipid mix; and
aqueous diluting formulation buffer are mixed at a 1:2:3 ratio using the setting three protocol of
the Spark instrument (PRECISION NANOSYSTEMS). The LNPs are then characterized for
payload concentration, diameter, and encapsulation efficiency using the modified Ribogreen assay

described in the kit protocol referenced above.
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[0180] Activated T-cells are retrieved from the incubator and transferred to a 15 ml tube. The
cells are pelleted by spinning at 300g for 10 minutes and suspended at 0.5e6 cells/ml in supernatant
supplements with 1 ug/ml. Next, 125 ul of the 0.5e6 cells/ml suspension is transferred to a clear
flat-bottom 96 well plate. LNPs are added to each well. The plate is then incubated for 48 hours at
37C, 95% RH, and 5% CO2.

[0181] The quantify CAR expression, cells are retrieved from the incubator and pelleted by
spinning at 300g for 10 minutes. The supernatant is removed, and the cells are washed by
resuspending in 200 ul of 1x PBS, pelleting, and removing the supernatant. The cells are stained
with 100 ul of a 1:1000 dilution of LIVE/DEAD Fixable Violet Dead Cell Stain (ThermoFisher
Scientific) for 30 minutes. The viability stain is removed by pelleting the cells and removing the
supernatant. The cells are then stained with 100 ul of a 1:50 dilution of APC-labelled human CD19
(ACROBIOSYSTEMS) in eBioscience Flow Cytometry Staining (FACS) Buffer (ThermoFisher
Scientific) for 1 hour. The staining reagent is removed by pelleting the cells and removing the
supernatant. The cells are washed three times using ice-cold FACS Buffer and suspended in FACS
Buffer. CAR expression is quantified by proxy via CD19 binding to the cell surface using flow
cytometry. Cell viability is measured using the VL1 channel (405 nm excitation laser, 440/50 nm
filter emission) and CD19 signal is measured using the RL1 channel (637 nm excitation laser,

670/14 nm filter emission) on an Attune CytPix Flow Cytometer (ThermoFisher Scientific).

[0182] To test the activity of surface-expressed anti-CD19 CARs on primary human T cells,
the killing activity against CD19-positive Nalm6 cells stably expressing GFP and Firefly luciferase
(Fluc) (Nalm6-FLuc/EGFP) (Imanis) is measured. Nalm6-FLuc/EGFP cells are cultured in RPMI
1640 media (STEMCELL) containing 10% FBS, 1% Penn-Strep, 10mM HEPES, 1 mg/ml G418,
and 1 ug/ml of puromycin. Cells are maintained by passaging every three days to keep the cell

concentration at 1e6 cells/ml.

[0183] To test killing efficacy, 1e5 Nalm6-FLuc/EGFP cells are co-cultured in a flat-bottom,
opaque, white 96 well plate with different amounts of CAR-T cells to achieve the following
effector-target ratios: 0:1, 2:1, 1:1, 1:2, 1:4, 1:8, and 1:16. The plate is incubated at 37C, 95% RH,
and 5% CO2 for 18 hours.

[0184] After 18 hours, the plate of cells is retrieved from the incubator and allowed to

equilibrate to room temperature. After equilibrating, 100 ul of Bright-Glo luciferase substrate

55



WO 2023/133233 PCT/US2023/010253

(Promega) is added to each plate well and incubated at room temperature for 2 minutes.
Luminescence is measured using the GloMax Discover Microplate Reader (Promega). Specific

cell lysis is then calculated using the luminescence data.

[0185] Different cell types have different secretory demands, and thus exhibit unique
expression patterns of secretory pathway genes and proteins (Feizi et al.). Therefore, a sequence
optimized for protein secretion in one cell type may not be the optimal sequence for protein
secretion in a different cell type. Combining an engineered pro sequence (pro_2) with signal
peptide sequences that are known to drive high protein secretion in primary T cells (e.g., IgK light
chain, CD8, and IL2 signal peptide sequences) or in a mammalian cells generally (e.g., SARS-
CoV-2 Spike signal peptide sequence) may enhance protein cell surface display on primary human
T cells beyond the engineered prepro sequence alone and can be screened for expression, folding,

and activity as described above.

[0186] CAR T-cell therapy receptor polypeptide sequences have been highly optimized for
protein expression and folding in mammalian cells, and for target antigen binding; indeed, any
polypeptide sequence that has been successfully developed for biomanufacturing or clinical use
has been highly optimized for these purposes. In many cases, it may be ideal to utilize a
polypeptide sequence that has not been highly optimized. For example, omitting directed evolution
and/or affinity maturation steps in antibody single chain fragment development can save
significant amounts of time in the biologic therapeutic development process. Additionally,
treatment with CAR T-cell therapies is often accompanied by severe side effects such as cytokine
storm or off-target toxicities that result from high receptor affinity for the target cancer cell antigen
(Rafiq et al.); utilizing a lower-affinity receptor could mitigate these effects, but often at the cost
of reduced protein expression. The prepro sequence may be fused to these less-optimal protein
sequences to enhance their expression, thus rescuing the detrimental effects. For example, the anti-
CD19 single chain fragment A3B1 (Castella et al.) exhibits lower expression and affinity than
clinically approved CAR-T cell therapy single chain fragments, and may serve as a model system
to measure the effects of a prepro sequence on the expression and cell surface display of less-
optimal protein sequences. Specifically, the expression, folding, and activity of the anti-CD19
single chain fragment A3B1 on the surface of primary human T cells can be measured as described

above.
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Example 7: Expression in Additional Biomanufacturing Cell Lines

[0187] This Example provides exemplary methods for detecting secretion of polypeptides
from additional mammalian, insect, and plant cells that are routinely used for biologic therapeutic

production.
Example 7.1: Exemplary protocols for biomanufacturing in mammalian and insect cell lines

[0188] CHO-K1 Chinese hamster ovary cells (ATCC) are grown in F12K medium (ATCC)
supplemented with 10% FBS and penicillin and streptomycin in a C170i CellXpert CO2 Cell
Culture Incubator (Eppendorf) at 37°C and 5% CO2. Cells are harvested, seeded, and treated with
mammalian pNLF1C-based plasmids formulated in Lipofectamine 3000, as described in Example

2 above.

[0189] Insect Sf9 cells (ThermoFisher Scientific) are grown in Grace’s Insect Medium,
supplemented (ThermoFisher Scientific) with added 10% FBS and penicillin and streptomycin in
a non-humidified incubator at 27°C. Cells are harvested and seeded as described in Example 2
above. Cells are treated with pIEx-4 insect cell expression vector-based chimeric plasmids

formulated in Lipofectamine 3000 as described in Example 2 above.

Example 7.2: Biomanufacturing and expression in CHO-K1 and Sf9 cell lines

[0190] CHO-K1 Chinese hamster ovary cells (ATCC) were grown in F12K medium (ATCC)
supplemented with 10% FBS and penicillin and streptomycin in a C170i CellXpert CO2 Cell
Culture Incubator (Eppendorf) at 37°C and 5% CO2. Cells were harvested, seeded, and treated
with mammalian pNLF1C-based plasmids formulated in Lipofectamine 3000, as described in

Example 2 above.

[0191] Insect Sf9 cells (ThermoFisher Scientific) were grown in Grace’s Insect Medium,
supplemented (ThermoFisher Scientific) with added 10% FBS and penicillin and streptomycin in
a non-humidified incubator at 27°C. Once cells achieved ~90% confluence, the cells were
harvested by pipetting, spun at 200g for 5 min, and resuspended at 4x10° cells/ml in Sf-900 III
Serum-Free Medium (ThermoFisher Scientific). Next, 2 ml (8x10° cells) of the diluted cell
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solution was added to the wells of 6-well plates. Cells were allowed to attach for 15 min. Cells
were then transfected with pIEx-4 insect cell expression vector-based chimeric plasmids using the
CellFectin II Reagent (ThermoFisher Scientific) and its accompanying protocol. 72 hours after
transfection, supernatants were collected and luminescence was measured, as described in

Example 2 above.

[0192] As shown in FIGs 8A-8B, substitution of the native Spike signal peptide (Ssp) with
the a-factor signal peptide and propeptide sequences (prepro) enhanced protein secretion of RBD
Variant_1 and Variant 2 by 1.1-15.6x across a range of doses from 1 to 100 ng in CHO-K1
Chinese hamster ovary cells (FIG. 8A). Substitution of the cell-type specific Adipokinetic
Hormone signal peptide with a-factor prepro enhanced secretion of Variant 1 by 3.7-5.6x across

a range of doses from 100 to 1,000 ng in S19 Spedoprera frugiperde cells (FIG. 8B).

Example 8: Expression in Plant Cell Lines

[0193] This Example provides exemplary methods for detecting secretion of polypeptides

from plant cells that are routinely used for biologic therapeutic production.

[0194] Plant T87 cells (Ohio State University Arabidopsis Biological Resource Center) are
grown in NT-1 medium in a non-humidified incubator at 24°C with orbital shaking at 120 rpm.
Cells are grown in suspension to ~90% confluence, then transfected with the appropriate dose of
pRI 101-AN plant cell expression vector-based chimeric plasmid DNA using either electroporation
or Agrobacterium-mediated transfection. Electroporation is performed using a Bio-Rad Gene
Pulser II in a 4 mm-wide cuvette with the following program: 375 V/cm, 10 ms, 5 times, and a
50 ms interval for poring pulse, and 50 V/cm, 50 ms, 20 times, and a 50 ms interval for transfer
pulse. Following electroporation, cells are seeded in 96-well plates. Agrobacterium-mediated
transfection is performed using LBA4404 cells (Takara). LBA4404 cells are electroporated with
1 ng pRI 101-AN-based chimeric plasmid DNA using a Bio-Rad Gene Pulser Il in a 1 mm-wide
cuvette with the following program: 25 uF, 200 ohms, 2 kV, single pulse. Cells are recovered in
SOC medium shaking at 100 rpm at 30°C for 1 hour, then will be plated on agar plates with
Kanamycin and incubated for 48 hours at 30°C. Next, colonies are selected and cultured in LB
medium containing Kanamycin shaking at 30°C. For transfection of T87 plant cells, LBA4404

cells transformed with the appropriate plasmids are added to T87 cells seeded in 96-well plates.
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After transfection, cells are incubated for 72 hours. Supernatants are then collected and

luminescence is measured, as described in Example 2 above.

Example 9: Prepro Enhances Immune Response to Vaccination

[0195] This example provides exemplary methods for measuring immune responses in vivo
following vaccination with SARS-CoV-2 antigen polypeptides, including IgG and IgA induction
and psuedotype virus neutralization. It also contains data demonstrating that prepro and prepro_2
enhance serum IgG and mucosal IgA responses and pseudotype virus neutralization from SARS-
CoV-2 Spike RBD vaccination in mice. Finally, it contains proposed experiments to enhance IgA

responses by abrogating propeptide cleavage, and data supporting this strategy in vitro.

Example 9.1:Methods for Vaccination

[0196] Constructs were synthesized as IDT gBlocks. DNA templates were amplified with T7-
AGG _fwd and 120pA_rev primers using Herculase II polymerase (Agilent) with an annealing
temperature of 50°C. The resulting PCR products were cleaned up using the DNA Clean &
Concentrator-25 kit (Zymo Research). 19.9 uL transcription mixes consisting of 1x HiScribe T7
High Yield buffer (NEB), 7.5 mM of each NTP (ac4-CTP, GTP, ATP, and UTP), 7.5 mM
CleanCap AG (TriLink Biotech), 2M betaine (ThermoSci), 20 mM MgCI2, and 0.1 pL/uL
HiScribe T7 Polymerase Mix were added to 2.1 uL DNA solution consisting of 200 ng T7 template
in nuclease free H20. Transcription was carried out for 1 hr at 50°C. The transcribed RNAs were
purified using the 500 ug capacity Monarch RNA Cleanup Kit, treated for 5 min at 37°C with 10U
DNAse I (New England Biolabs) and 100U Calf Intestinal Alkaline Phosphatase (Promega) in
DNase I buffer, and purified again using 500 pg-capacity Monarch columns. Concentrations were

determined using a NanoDrop spectrophotometer.

[0197] Formulations of mRNA in lipid nanoparticles (nNRNA-LNPs) were prepared using the
NanoAssemlr Ignite microfluidic mixer (Precision Nanosystems). GenVoy-ILM lipid mixture
(Precision Nanosystems) was diluted to 12.5 mM in anhydrous ethanol and combined with an
aqueous solution of mRNA (0.14 mg/mL) in PNI buffer (Precision Nanosystems), using the

manufacturer-recommended formulation parameters. Formulations were immediately diluted 30:1
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in phosphate-buffered saline (pH 7.4) and concentrated using Amicon centrifugation filters
(MilliporeSigma UFC901008). Formulations were stored at 4°C and used for in vivo studies within
14 days.

[0198] All animal experiments were carried out in accordance with the guidelines set forth by
Charles River Accelerator Development Lab (CRADL) and were approved by the CRADL
Institutional Animal Care and Use committee. Female BALB/C mice (7-9 weeks old) were
purchased from Charles River Laboratories and housed at CRADL. Mice were acclimated for at
least 3 days before the initiation of a study. On day 1, mice were injected in the right quadriceps
with 50 u. mRNA-LNP formulation (0.4 ug mRNA). Mice were boosted on day 21 injected in
the left quadriceps with 50 uI. mRNA-LNP formulation for booster immunizations. Mice were
euthanized at day 27, at which time blood was collected via intracardiac stick. Blood was allowed
to clot at room temperature for 30 min, and serum was then separated from blood in MiniCollect
serum separator tubes (Greiner Bio-One 450472) by centrifugation at 4°C, 1200 x g, for 10
minutes. Fresh serum was stored at 4°C and used to evaluate immunogenicity by ELISA, the

remainder was aliquoted and frozen at -80°C.

[0199] Washes of the vaginal mucosa were performed immediately following animal sacrifice
and IC blood collection. A p20 pipet was used to introduce 20 ul sterile PBS into the vagina. The
fluid was pipetted back and forth within the organ 8 times before transferring the sample volume
into a 1.5mL tube. This process was repeated a total of 3 times per animal, using a clean p20 tip
each time, yielding a final pooled collection volume of 60 pl per animal. Vaginal wash samples
were centrifuged at 300 x g for 7 minutes and the supernatant was collected, stored overnight at
4C, and used for IgA ELISA assays the next day.

Example 9.2: Methods for Antibody Titer Measurements

[0200] The serum IgG ELISA protocol was adapted from one previously established by
Amanat, et al. (Nat Med 26: 1033-1036, 2020). 96-well Immulon 4 HBX plates (Thermo Fisher
Scientific) were coated with 50 ul per well of a 2 pg/ml solution of SARS-CoV-2 (2019-nCoV)
Spike S1+S2 ECD-His recombinant protein (Sino Biological #40589-VO8B1) in PBS and
incubated at 4°C overnight. Plates were then washed three times with 300 pl of 0.1% Tween 20 in

PBS (PBS-T) using an automated plate washer (BioTek) and blocked with 200 ul per well of
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SuperBlock PBS blocking buffer (Thermo Fisher Scientific) for 1 hr at room temperature. Serial
dilutions of serum samples were prepared in a 1:3 dilution of Superblock in PBS. 100 pl of each
serial dilution was added to the plates and incubated for 2 hr at room temperature. The wells were
then washed three times using PBS-T, as previously described. 50ul of a 1:3,000 dilution of goat
anti-mouse IgG horseradish peroxidase-conjugated secondary antibody (Sigma—Aldrich, AP127P)
in a 1:3 dilution of Superblock in PBS was added to all wells and incubated at room temperature
for 1hr. Plates were again washed three times in PBS-T. 100 ul SIGMAFAST OPD (Sigma—
Aldrich) solution was added to each well and incubated for 10 min at room temperature. Reactions
were stopped by addition of 50 ul per well of 2N hydrochloric acid. Optical density was measured
at 490 nm using a GloMax Discover (Promega) plate reader. End-point titers were determined by
taking the last dilution before the signal dropped below 1 standard deviation above the average of
the signal from the untreated control serum at the same dilution. The last dilution was taken as the
titer if the signal never dropped below this threshold. If no signal above the threshold was detected,

the value in the dilution series before the least-dilute sample tested was used.

[0201]  For IgA ELISA, 96-well Immulon 4 HBX plates (Thermo Fisher Scientific) were
coated with 50 ul per well of a 4 pg/ml solution of SARS-CoV-2 (2019-nCoV) Spike S1+S2 ECD-
His recombinant protein (Sino Biological #40589-V08B1) in PBS and incubated at 4°C overnight.
Plates were then washed three times with 300 pl of 0.1% Tween 20 in PBS (PBS-T) using an
automated plate washer (BioTek) and blocked with 200 ul per well of 3% non-fat milk in PBS-T
for 1 hr at room temperature. Serial dilutions of vaginal wash samples were prepared in 1% non-
fat milk in PBS-T. 75 pl of each serial dilution was added to the plates and incubated for 2 hr at
room temperature. The wells were then washed three times using PBS-T, as previously described.
50ul of a 1:1,000 dilution of goat anti-mouse IgA horseradish peroxidase-conjugated secondary
antibody (abcam ab97235) in 1% milk PBS-T was added to all wells and incubated at room
temperature for 1 hr. Plates were again washed three times in PBS-T. 100 ul SIGMAFAST OPD
(Sigma—Aldrich) solution was added to each well and incubated for 10 min at room temperature.
Reactions were stopped by addition of 50 ul per well of 2N hydrochloric acid. Optical density was
measured at 490 nm using a GloMax Discover (Promega) plate reader. End-point titers were
determined by taking the last dilution before the signal dropped below 1 standard deviation above
the average of the signal from the untreated control serum at the same dilution. The last dilution

was taken as the titer if the signal never dropped below this threshold. If no signal above the
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threshold was detected, the value in the dilution series before the least-dilute sample tested was

used.

Example 9.3: Methods for SARS-CoV-2 Pseudotype Virus Neutralization Measurements

[0202] Human ACE2-overexpressing HEK cells (Integral Molecular) used for viral
transduction experiments were maintained in high glucose GlutaMAX-containing DMEM
(ThermoFisher Scientific 10564) supplemented with 1 pg/mL puromycin, 10% heat-inactivated
fetal bovine serum and 100 U/mL penicillin/streptomycin. Serum dilutions were mixed with spike-
pseudotyped (either D61G Wuhan or Omicron) Renilla luciferase-encoding reporter viral particles
built using a second-generation lentiviral system (Integral Molecular) in puromycin-free culture
media to a total volume of 100 ul. Virus and serum were incubated in a 96-well cell culture plate
at 37°C for 1h. 20,000 freshly harvested HEK cells were then added in 50 pL puromycin-free
culture media, and transduction was allowed to proceed for 3 days. Cells were stored in -20°C
prior to analysis. Luciferase was measured using the Renilla-Glo Luciferase Assay System
(Promega). N50 titers were determined by taking the last dilution before the signal dropped below

50% of the signal from the untreated control serum at the same dilution.

Example 9.4: Prepro Sequences Enhance Humoral IgG and IgA Responses to Vaccination

[0203] BALB/c mice were vaccinated and boosted as described above with an ac4C-modified
mRNA encoding the receptor-binding domain (RBD) of SARS-CoV-2 Wuhan strain, with either
the native spike signal peptide, prepro, or prepro_2. Both prepro and prepro_2 showed a marked
improvement over the strong spike signal peptide in both overall serum IgG titers, and vaginal
mucosal IgA titers (FIG. 9). In line with improved secretion, prepro_2 exhibited ~4x higher IgA

titers than when using prepro.

[0204] When RBD was fused to the immunostimulatory Sbi(III-IV) protein domain, a prepro
leader produced >2.3-fold higher mucosal IgA titers than prepro 2 (FIG. 10). Since the pro
cleavage efficiency of prepro is expected to be less efficient than that of the human-adapted
prepro_2, this observation suggests that retention of the pro leader sequence in the secreted antigen

may be immunostimulatory. Without wishing to be bound by any particular theory, a possible
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mechanism of action may involve SURF4-mediated uptake of soluble pre-RBD-Sbi(III-1V) by
antigen-presenting cells, vascular epithelial cells, or other cell types capable of stimulating
humoral immune responses. In some embodiments, prepro leaders that lack or have a weakened
Stel3 and/or Kex2 cleavage site and prepro_2 leaders that lack or have a weakened S1P cleavage

site can be immunostimulatory.

This observation suggests that, in some embodiments, vaccinating mammals with prepro(AStel3
AKex?2) or prepro_2(AS1P) fused to an antigen, with or without a further fusion with Sbi(III-IV)
or other immunostimulatory adjuvant domains, can result in stronger mucosal IgA responses than

when using mammalian signal peptides (e.g., strong mammalian signal peptides).

Example 9.5: Prepro_2 Cleavage

[0205] Toinvestigate whether the prepro_2 sequence is cleaved from protein prior to secretion,

both total protein secretion and uncleaved protein secretion were measured in HEK293T cells.

[0206] HEK?293T cells were cultured and transfected as described in Example 2 above. Cells
were transfected with chimeric plasmids encoding the SARS-CoV-2 Spike receptor binding
domain Variant 1 fused to NanoLuciferase with prepro 2 containing a 3x MYC protein tag to
allow for the detection of the propeptide sequence in secreted protein in the supernatant via MYC

ELISA.

[0207] Total protein secretion was measured as described in Example 2 above. Uncleaved
protein secretion was measured via MYC ELISA. Capture anti-MYC tag antibody (Abcam ab32)
was diluted in PBS to 8 pg/mL. 100 puL were added to wells of a clear flat-bottom Immuno
MaxiSorp 96-well plate. The plate was covered and incubated at 4°C overnight. The plate was
washed with PBS with 0.05% Tween-20 (PBS-T), 3 washes of 300 pL / well each. 300 puL
SuperBlock in PBS + 0.05% Tween-20 (Thermo Fisher Scientific 37516) were added to each well,
the plate was covered and incubated at room temperature for 1 hour, and the wells were washed
again. 72 hours following HEK293T cell transfection, supernatant was collected as described in
Example 2 above. 50 uLL SuperBlock and 50 uL supernatant were added to wells of the anti-MYC
antibody-coated plate. The plate was covered and incubated at room temperature for 2 hours, and

then the wells were washed again. Detection anti-MYC tag antibody conjugated to HRP (abcam
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1326) was diluted in SuperBlock to 400 ng/mL and 100 uL. were added per well. The plate was
covered and incubated at room temperature for 1 hour, and then the wells were washed again.
SIGMAFAST OPD chromogen (Millipore Sigma) was prepared according to the manufacturer’s
protocol and 100 uL. were added to each well. After 10 minutes the reaction was quenched with
50 uL 2M HCI1 (Millipore Sigma). Absorbance at 490 nm was measured using the GloMax
Discover System (Promega). The uncleaved protein secretion measurement (MYC ELISA signal)
was normalized to the total protein secretion measurement (luminescence signal) to account for

differences in protein secretion between constructs.

[0208] Uncleaved protein was detected in the supernatants of HEK293T cells transfected with
chimeric plasmid containing prepro_2 with a 3x MYC tag (FIG. 11). The amount of uncleaved
protein detected in the supernatant with prepro 2 is less than the amount detected with prepro 2
with the protease cleavage sites removed (FIG. 11), suggesting that the propeptide of prepro 2 is
partially cleaved from secreted protein. Without wishing to be bound by any particular theory, this
observation suggests that the prepro 2 propeptide is present in secreted polypeptides and may

affect antibody responses to vaccination in vivo.

Example 9.6: Prepro Sequence Enhances SARS-CoV-2 Pseudovirus Neutralization and
Antibody Titers from Vaccination with RBD fused to Sbi(III-IV) having a prepro sequence

[0209] BALB/C mice were vaccinated as described above with ac4C-modified mRNA
encoding the receptor-binding domain (RBD) of SARS-CoV-2 Wuhan or Omicron strains fused
to the immunostimulatory Sbi(III-1V) protein domain, with either the native spike signal peptide

or prepro, with the exception that mice were administered 10 pg mRNA and euthanized at day 35.

[0210] Pseudotype virus neutralization assays demonstrated that prepro enhanced N50 titers
for both viral strains (FIG. 12). Consistent with increased neutralization, prepro enhanced both

mucosal IgA and serum IgG titers (FIG. 13).

[0211] This data shows that the presence of a prepro sequence on an antigen enhances
vaccination efficacy and/or efficiency, and can also enhance immune responses generated from

vaccinations.
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EXEMPLARY EMBODIMENTS
[0212] Embodiment 1. An engineered polypeptide comprising:
(1) a payload polypeptide,
(ii) a wild-type or engineered o-factor prepro sequence or a fragment thereof,

wherein the wild-type or engineered o-factor prepro sequence or a fragment thereof is

operably linked to the payload polypeptide.

[0213] Embodiment 2. The engineered polypeptide of embodiment 1, wherein the payload
polypeptide is a therapeutic polypeptide.

[0214] Embodiment 3. The engineered polypeptide of embodiment 1 or 2, wherein the

payload polypeptide comprises one or more antigens.

[0215] Embodiment 4. The engineered polypeptide of embodiment 3, wherein the one or more

antigens are one or more viral antigens.

[0216] Embodiment 5. The engineered polypeptide of embodiment 4, wherein the one or more

viral antigens are one or more SARS-CoV-2 antigens.

[0217] Embodiment 6. The engineered polypeptide of embodiment 5, wherein the one or more

viral antigens comprises a SARS-CoV-2 receptor binding domain or fragment thereof.

[0218] Embodiment 7. The engineered polypeptide of embodiment 5 or 6, wherein the one or

more viral antigens comprises a SARS-CoV-2 spike protein or fragment thereof.

[0219] Embodiment 8. The engineered polypeptide of embodiment 4, wherein the one or more

viral antigens are one or more influenza antigens.

[0220] Embodiment 9. The engineered polypeptide of embodiment 8, wherein the one or more

influenza antigens are one or more influenza A antigens.

[0221] Embodiment 10. The engineered polypeptide of embodiment 3, wherein the one or

more antigens are one or more bacterial antigens.

[0222] Embodiment 11. The engineered polypeptide of embodiment 3, wherein the one or

more antigens are onc or more cancer antigens.
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[0223] Embodiment 12. The engineered polypeptide of embodiment 3, wherein the one or

more antigens are one or more archaeal antigens.

[0224] Embodiment 13. The engineered polypeptide of embodiment 1 or 2, wherein the

payload polypeptide comprises an antibody or fragment thereof.

[0225] Embodiment 14. The engineered polypeptide of embodiment 1 or 2, wherein the
payload polypeptide comprises a fusion protein including an extracellular receptor and an

immunoglobulin constant region.

[0226] Embodiment 15. The engineered polypeptide of embodiment 1 or 2, wherein the
payload polypeptide comprises a fusion protein including a receptor agonist and an

immunoglobulin constant region.

[0227] Embodiment 16. The engineered polypeptide of embodiment 1 or 2, wherein the
payload polypeptide comprises a fusion protein including a receptor antagonist and an

immunoglobulin constant region.

[0228] Embodiment 17. The engineered polypeptide of any one of embodiments 1-16,
wherein the wild-type or engineered a-factor prepro sequence or a fragment thereof is present on

the N-terminus of the engineered polypeptide.

[0229] Embodiment 18. The engineered polypeptide of any one of embodiments 1-16,
wherein the wild-type or engineered a-factor prepro sequence or a fragment thereof is present on

the C-terminus of the engineered polypeptide.

[0230] Embodiment 19. The engineered polypeptide of any one of embodiments 1-18,
wherein the engineered polypeptide comprises a wild-type a-factor prepro sequence or a fragment

thereof.

[0231] Embodiment 20. The engineered polypeptide of embodiment 19, wherein the wild-
type a-factor prepro sequence comprises a sequence according to SEQ ID NO: 2, SEQ ID NO: 68,
or SEQ ID NO: 69.

[0232] Embodiment 21. The engineered polypeptide of any one of embodiments 1-18,
wherein the engineered polypeptide comprises an engineered o-factor prepro sequence or a

fragment thereof.
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[0233] Embodiment 22. The engineered polypeptide of embodiment 21, wherein the

engineered a-factor prepro sequence comprises a tripeptide motif having Surf4 binding affinity.

[0234] Embodiment 23. The engineered polypeptide of embodiment 22, wherein the tripeptide
motif is MPL (SEQ ID NO: 58).

[0235] Embodiment 24. The engineered polypeptide of any one of the preceding
embodiments, wherein the engineered a-factor prepro sequence does not include an Stel3 cleavage

site.

[0236] Embodiment 25. The engineered polypeptide of embodiment 24, wherein the Stel3
cleavage site comprises EAEA (SEQ ID NO: 56).

[0237] Embodiment 26. The engineered polypeptide of any one of the preceding
embodiments, wherein the engineered a-factor prepro sequence does not include a Kex2 cleavage

site.

[0238] Embodiment 27. The engineered polypeptide of embodiment 26, wherein the Kex2
cleavage site comprises KR (SEQ ID NO: 57).

[0239] Embodiment 28. The engineered polypeptide of embodiment 26 or 27, wherein the
Kex2 cleavage site found in a wild-type a-factor prepro sequence has been replaced in the

engineered a-factor prepro sequence with a protease cleavage site of a human protease.

[0240] Embodiment 29. The engineered polypeptide of embodiment 28, wherein the Kex2
cleavage site found in a wild-type a-factor prepro sequence has been replaced in the engineered a-

factor prepro sequence with a protease cleavage site of S1P, PCSK4, PCSKO9, or furin.

[0241] Embodiment 30. The engineered polypeptide of embodiment 29, wherein the protease
cleavage site of S1P has a sequence according to SEQ ID NO: 55.

[0242] Embodiment 31. The engineered polypeptide of embodiment 29, wherein the protease
cleavage site of PCSK4 has a sequence according to SEQ ID NO: 53.

[0243] Embodiment 32. The engineered polypeptide of embodiment 29, wherein the protease
cleavage site of PCSK9 has a sequence according to SEQ ID NO: 54,

[0244] Embodiment 33. The engineered polypeptide of embodiment 29, wherein the protease
cleavage site of furin has a sequence according to SEQ ID NO: 52.
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[0245] Embodiment 34. The engineered polypeptide of any one of the preceding
embodiments, wherein the engineered a-factor prepro sequence comprises a CATHC peptide

sequence or a fragment thereof.

[0246] Embodiment 35. The engineered polypeptide of embodiment 34, wherein the CATHC
peptide has a sequence according to SEQ ID NO: 95.

[0247] Embodiment 36. The engineered polypeptide of any one of the preceding
embodiments, wherein the engineered o-factor prepro sequence comprises a CFVII peptide

sequence or a fragment thereof.

[0248] Embodiment 37. The engineered polypeptide of embodiment 36, wherein the CFVII
peptide has a sequence according to SEQ ID NO: 96.

[0249] Embodiment 38. The engineered polypeptide of any one of the preceding
embodiments, wherein the engineered a-factor prepro sequence comprises a Sortilin 1 peptide

sequence or a fragment thereof.

[0250] Embodiment 39. The engineered polypeptide of embodiment 38, wherein the Sortilin-
1 peptide has a sequence according to SEQ ID NO: 97.

[0251] Embodiment 40. The engineered polypeptide of any one of the preceding
embodiments, wherein the engineered o-factor prepro sequence comprises a BDNF peptide

sequence or a fragment thereof.

[0252] Embodiment 41. The engineered polypeptide of embodiment 40, wherein the BDNF
peptide has a sequence according to SEQ ID NO: 98.

[0253] Embodiment 42. The engineered polypeptide of any one of embodiments 1-18 and 21,
wherein the engineered a-factor prepro sequence has a sequence according to SEQ ID NO: 44,
SEQ ID NO: 45, SEQ ID NO: 46, SEQ ID NO: 47, SEQ ID NO: 48, SEQ ID NO: 49, SEQ ID
NO: 50, SEQ ID NO: 51, SEQ ID NO: 71, SEQ ID NO: 92, SEQ ID NO: 93, SEQ ID NO: 94,
SEQ ID NO: 106, SEQ ID NO: 107, SEQ ID NO: 108 or SEQ ID NO: 109.

[0254] Embodiment 43. The engineered polypeptide of any one of embodiments 1, 2, and 17-
42, wherein the payload polypeptide comprises a sequence according to SEQ ID NO: 1, SEQ ID
NO: 3, SEQ ID NO: 5, SEQ ID NO: 7, SEQ ID NO: 9, SEQ ID NO: 11, SEQ ID NO: 13, SEQ ID
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NO: 15, SEQ ID NO: 17, SEQ ID NO: 19, SEQ ID NO: 21, SEQ ID NO: 23, SEQ ID NO: 25,
SEQ ID NO: 27, SEQ ID NO: 29, SEQ ID NO: 31, SEQ ID NO: 33, SEQ ID NO: 35, SEQ ID
NO: 37, SEQ ID NO: 39, SEQ ID NO: 72, or SEQ ID NO: 79.

[0255] Embodiment 44. The engineered polypeptide of embodiment 1, wherein the
engineered polypeptide has a sequence according to SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO:
8, SEQ ID NO: 10, SEQ ID NO: 12, SEQ ID NO: 14, SEQ ID NO: 16, SEQ ID NO: 18, SEQ ID
NO: 20, SEQ ID NO: 22, SEQ ID NO: 24, SEQ ID NO: 26, SEQ ID NO: 28, SEQ ID NO: 30,
SEQ ID NO: 32, SEQ ID NO: 34, SEQ ID NO: 36, SEQ ID NO: 38, SEQ ID NO: 40, SEQ ID
NO: 43, SEQ ID NO: 73, SEQ ID NO: 74, SEQ ID NO: 75. SEQ ID NO: 76, SEQ ID NO: 77,
SEQ ID NO: 78, SEQ ID NO: 80, SEQ ID NO: 81, SEQ ID NO: 100, SEQ ID NO: 101, SEQ ID
NO: 102, SEQ ID NO: 103, SEQ ID NO: 104 or SEQ ID NO: 105.

[0256] Embodiment 45. The engineered polypeptide of any one of the preceding
embodiments, characterized in that when assessed in a cell, tissue or subject, the engineered
polypeptide is secreted out of the cell, a cell of the tissue, or a cell or tissue of the subject at a

greater level than a comparable polypeptide.

[0257] Embodiment 46. The engineered polypeptide of embodiment 45, wherein the
comparable polypeptide comprises the same payload polypeptide as the engineered polypeptide

and a signal peptide that is not a wild-type or engineered a-factor prepro sequence.

[0258] Embodiment 47. A polynucleotide encoding the engineered polypeptide of any one of

embodiments 1-46.

[0259] Embodiment 48. The polynucleotide of embodiment 47, wherein the polynucleotide is
DNA.

[0260] Embodiment 49. The polynucleotide of embodiment 40, wherein the polynucleotide is
RNA.

[0261] Embodiment 50. The polynucleotide of embodiment 49, wherein the RNA is an
mRNA.

[0262] Embodiment 51. The polynucleotide of embodiment 50, wherein the mRNA comprises
a cap and a poly-(A) tail.
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[0263] Embodiment 52. The polynucleotide of any one of embodiments 49-51, wherein the

polynucleotide comprises one or more N4-acetylcytidine residues.

[0264] Embodiment 53. The polynucleotide of any one of embodiments 49-52, wherein the

polynucleotide comprises one or more 5-hydroxymethyluridine residues.

[0265] Embodiment 54. A cell comprising the engineered polypeptide of any one of

embodiments 1-46 or the polynucleotide of any one of embodiments 47-53.
[0266] Embodiment 55. The cell of embodiment 54, wherein the cell is a mammalian cell.

[0267] Embodiment 56. A composition comprising the engineered polypeptide of any one of
embodiments 1-36, the polynucleotide of any one of embodiments 47-53, or the cell of

embodiment 54 or 55.

[0268] Embodiment 57. The composition of embodiment 56, wherein the composition is a

pharmaceutical composition.

[0269] Embodiment 58. The composition of embodiment 57, wherein the pharmaceutical

composition comprises a pharmaceutically acceptable carrier, diluent, or excipient.

[0270] Embodiment 59. The composition of embodiment 57 or 58, wherein the

pharmaceutical composition is or comprises an immunogenic composition.

[0271] Embodiment 60. The composition of any one of embodiments 57-59, wherein the

pharmaceutical composition is or comprises a vaccine.

[0272] Embodiment 61. The composition of embodiment 57 or 58, wherein the

>

pharmaceutical composition is or comprises a gene therapy.

[0273] Embodiment 62. The composition of embodiment 57 or 58, wherein the

pharmaceutical composition is or comprises a chemotherapy.

[0274] Embodiment 63. The composition of embodiment 57 or 58, wherein the

pharmaceutical composition is or comprises a protein replacement therapy.

[0275] Embodiment 64. The composition of embodiment 57 or 58, wherein the

pharmaceutical composition is or comprises an immunotherapy.
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[0276] Embodiment 65. The composition of embodiment 57 or 58, wherein the

pharmaceutical composition is or comprises a cell engineering therapy.

[0277] Embodiment 66. A method comprising administering the engineered polypeptide of
any one of embodiments 1-36, the polynucleotide of any one of embodiments 47-53, the cell of
embodiment 54 or 55 or the composition of any one of embodiments 56-65 to a cell, tissue or

subject.

[0278] Embodiment 67. The method of embodiment 66, wherein the cell is a mammalian cell,

the tissue is a mammalian tissue, or the subject is a mammal.
[0279] Embodiment 68. The method of embodiment 66 or 67, wherein the subject is a human.

[0280] Embodiment 69. A method comprising administering the polynucleotide of any one of

embodiments 47-53 to a cell, tissue or subject.

[0281] Embodiment 70. The method of embodiment 69, wherein the cell is a mammalian cell,

the tissue is a mammalian tissue, or the subject is a mammal.
[0282] Embodiment 71. The method of embodiment 69 or 70, wherein the subject is a human.

[0283] Embodiment 72. The method of any one of embodiments 69-71, comprising
determining a level of engineered polypeptide secreted from the cell, a cell of the tissue, or a cell

or tissue of the subject.

[0284] Embodiment 73. The method of embodiment 72, further comprising comparing the
level of engineered polypeptide secreted from the cell, a cell of the tissue, or a cell or tissue of the

subject to a reference level.

[0285] Embodiment 74. The method of embodiment 73, wherein the reference level is a level
of reference polypeptide secreted a comparable cell, tissue or subject, wherein the reference
polypeptide comprises the same payload polypeptide as the engineered polypeptide and a signal

peptide that is not a wild-type or engineered a-factor prepro sequence.

[0286] Embodiment 75. The method of any one of embodiments 66-74, wherein the method

is a method to stimulate an immune response.

[0287] Embodiment 76. The method of any one of embodiments 66-74, wherein the method
is a vaccination method.

71



WO 2023/133233 PCT/US2023/010253

[0288] Embodiment 77. The method of any one of embodiments 66-74, wherein the method

is a gene therapy method.

[0289] Embodiment 78. The method of any one of embodiments 66-74, wherein the method

is a cell therapy engineering method.

[0290] Embodiment 79. The method of any one of embodiments 66-74, wherein the method

is an immunotherapy method.

[0291] Embodiment 80. The method of embodiment 79, wherein the immunotherapy method

comprises delivery of an antibody therapy and/or an immune checkpoint therapy.

[0292] Embodiment 81. The method of any one of embodiments 66-74, wherein the method

is a protein replacement therapy method.

[0293] Embodiment 82. The method of embodiment 81, wherein the protein replacement

therapy method comprises delivery of an enzyme replacement therapy.

[0294] Embodiment 83. The method of any one of embodiments 66-74, wherein the method

is a chemotherapeutic method.

[0295] Embodiment 84. A method of manufacturing an engineered polypeptide, comprising

expressing the polynucleotide of any one of embodiments 47-53 from a cell.
[0296] Embodiment 85. The method of embodiment 84, wherein the cell is a mammalian cell.

[0297] Embodiment 86. Use of the engineered polypeptide of any one of embodiments 1-36,
the polynucleotide of any one of embodiments 47-53, the cell of embodiment 54 or 55 or the

composition of any one of embodiments 56-65 to stimulate an immune response.

[0298] Embodiment 87. Use of the engineered polypeptide of any one of embodiments 1-36,
the polynucleotide of any one of embodiments 47-53, the cell of embodiment 54 or 55 or the

composition of any one of embodiments 56-65 as a vaccine.

[0299] Embodiment 88. Use of the engineered polypeptide of any one of embodiments 1-36,
the polynucleotide of any one of embodiments 47-53, the cell of embodiment 54 or 55 or the

composition of any one of embodiments 56-65 as an immunotherapy.
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[0300] Embodiment 89. Use of the polynucleotide of any one of embodiments 1-36, the
polynucleotide of any one of embodiments 47-53, the cell of embodiment 54 or 55 or the

composition of any one of embodiments 56-65 as a gene therapy.

[0301] Embodiment 90. Use of the engineered polypeptide of any one of embodiments 1-36,
the polynucleotide of any one of embodiments 47-53, the cell of embodiment 54 or 55 or the

composition of any one of embodiments 56-65 as a protein replacement therapy.

[0302] Embodiment 91. Use of the engineered polypeptide of any one of embodiments 1-36,
the polynucleotide of any one of embodiments 47-53, the cell of embodiment 54 or 55 or the

composition of any one of embodiments 56-65 as a cell engineering therapy.

[0303] Embodiment 92. Use of the engineered polypeptide of any one of embodiments 1-36,
the polynucleotide of any one of embodiments 47-53, the cell of embodiment 54 or 55 or the

composition of any one of embodiments 56-65 as a chemotherapy.

[0304] Embodiment 93. The use of any one of embodiments 86-92, wherein the polypeptide,

polynucleotide, cell, or composition is administered to a cell, tissue or subject.

[0305] Embodiment 94. The use of embodiment 93, wherein the cell is a mammalian cell, the

tissue is a mammalian tissue, or the subject is a mammal.
[0306] Embodiment 95. The use of embodiment 94, wherein the mammal is a human.

[0307] Embodiment 96. A method of making a polynucleotide comprising adding a nucleotide
sequence encoding a wild-type or engineered a-factor prepro sequence to a nucleotide sequence

encoding a payload polypeptide.

[0308] Embodiment 97. The engineered polypeptide of any one of embodiments 1-41,
wherein the engineered polypeptide further comprises an Arabidopsis Root Growth Factor (GLV)

secretion peptide sequence or a fragment thereof.

[0309] Embodiment 98. The engineered polypeptide of embodiment 97, wherein an
Arabidopsis Root Growth Factor (GLV) sequence comprises SEQ ID NO: 82, SEQ ID NO: 83,
SEQ ID NO: 84, SEQ ID NO: 85, SEQ ID NO: 86, SEQ ID NO: 87, SEQ ID NO: 88, SEQ ID
NO:89, SEQ ID NO: 90, SEQ ID NO: 91, or SEQ ID NO: 99.

[0310] Embodiment 99. An engineered polypeptide comprising:
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(1) a payload polypeptide,

(i) a wild-type or engineered Arabidopsis Root Growth Factor (GLV) secretion peptide

sequence or a fragment thereof,

wherein the wild-type or engineered Arabidopsis Root Growth Factor (GLV) secretion
peptide sequence or a fragment thereof is operably linked to the payload polypeptide.

[0311] Embodiment 100. The engineered polypeptide of embodiment 99, wherein the

engineered polypeptide further comprises an a-factor prepro sequence or a fragment thereof.

[0312] Embodiment 101. The engineered polypeptide of any one of embodiments 34-41,
wherein the CATHC peptide, the CFVII peptide, the Sortilin-1 peptide, or the BDNF peptide are
inserted into an engineered a-factor prepro sequence at the propeptide N-term following the 2x

Surf4 motif with a flexible glycine-serine linker.

[0313] Embodiment 102. The engineered polypeptide of any one of embodiments 34-41,
wherein the CATHC peptide, the CFVII peptide, the Sortilin-1 peptide, or the BDNF peptide are

inserted into an engineered a-factor prepro sequence in the middle of the propeptide sequence.

[0314] Embodiment 103. The engineered polypeptide of any one of embodiments 34-41,
wherein the CATHC peptide, the CFVII peptide, the Sortilin-1 peptide, or the BDNF peptide are
inserted into an engineered a-factor prepro sequence at the C-term immediately preceding the 3x

S1P cleavage site.
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EXEMPLARY SEQUENCES

[0316] Exemplary SARS-CoV-2 Spike Secretion Peptide Amino Acid Sequence (SEQ ID
NO: 1):

MEFVFLVLLPLVSSAA

Exemplary Prepro Amino Acid Sequence (SEQ ID NO: 2):

MRFPSIFTAVLFAASSALAAPVNTTTEDETAQIPAEAVIGYLDLEGDFDVAVLPEFSNSTNNGLL
FINTTIASIAAKEEGVSLDKREAEAAA

[0317] Exemplary Pre Amino Acid Sequence (SEQ ID NO: 68 ):
MRFPSIFTAVLFAASSALA

[0318] Exemplary Pro Amino Acid Sequence (SEQ ID NO: 69)

APVNTTTEDETAQIPAEAVIGYLDLEGDFDVAVLPESNSTNNGLLFINTTIASIAAKEEGVSLD
KREAEAAA

[0319] Exemplary Prepro_2 Amino Acid Sequence = Prepro Sequence with 2x Surf4
Motif Replacement with a Flexible Gylcine-Serine Linker and 3x S1P Cleavage Site and
Deletion of an Stel3 Cleavage Site (“2x_Surf4 SG_3x_S1P_delSTE13”) (SEQ ID NO: 70)

SGEEMPINTTTEDETAQIPAEAVIGYLDLEGDEDVA

[0320] Exemplary Pro_2 Amino Acid Sequence (SEQ ID NO: 71)

LNTT

SDEDVAY

MFPLSGGEGSGE AQIPAREAVIGYLDLE

ASTARKEEGVSRRLLRERLLRELLA

[0321] Exemplary SARS-CoV-2 Wild Type Receptor Binding Domain (WT-RBD)
Amino Acid Sequence (SEQ ID NO: 3):
MEVFLVLLPLVSSAANITNLCPFGEVEFNATRFASVYAWNRKRISNCVADYSVLYNSASEFSTEKC
YGVSPTKLNDLCEFTNVYADSEVIRGDEVROQIAPGOTGKIADYNYKLPDDEFTGCVIAWNSNNLDS
KVGGNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGENCYEFPLOSYGEFQPTNGVGYQP
YRVVVLSFELLHAPATVCGP

[0322] Exemplary Amino Acid Sequence for WT-RBD with Prepro Sequence (SEQ ID
NO: 4):
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MRFPSIFTAVLFAASSALAAPVNTTTEDETAQIPAEAVIGYLDLEGDEFDVAVLPEFSNSTNNGLL
FINTTIASIAAKEEGVSLDKREAEAAANITNLCPFGEVENATRFASVYAWNRKRISNCVADYSV
LYNSASFSTFKCYGVSPTKLNDLCEFTNVYADSEVIRGDEVRQIAPGOTGKIADYNYKLPDDEFTG
CVIAWNSNNLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGENCYFPLQOSY
GFOQPTNGVGYQPYRVVVLSFELLHAPATVCGP

[0323] Exemplary Variant_1 Amino Acid Sequence (SEQ ID NO: 5):
MEVFLVLLPLVSSAANITNLCPFGEVENATRFASVYAWNRKRISNCVADYSVLYNSASAAARAAC
YGVSPTKLNDLCEFTNVYADSEFVIRGDEVRQIAPGQTGKIADYNYKLPDDEFTGCVIAWNSNNLDS
KVGGNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGFNCYFPLOSYGEFQPTNGVGYQP
YRVVVLSFELLHAPATVCGP

[0324] Exemplary Amino Acid Sequence for Variant_1 with Prepro Sequence (SEQ ID
NO: 6):
MRFPSIFTAVLFAASSALAAPVNTTTEDETAQIPAEAVIGYLDLEGDFDVAVLPEFSNSTNNGLL
FINTTIASIAAKEEGVSLDKREAEAAANITNLCPFGEVENATRFASVYAWNRKRISNCVADYSV
LYNSASAAAAACYGVSPTKLNDLCEFTNVYADSEVIRGDEVRQIAPGOTGKIADYNYKLPDDETG
CVIAWNSNNLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGENCYFPLQOSY
GFOPTNGVGYQPYRVVVLSFELLHAPATVCGP

[0325] Exemplary Variant 2 Amino Acid Sequence (SEQ ID NO: 7):

[0326] MEVFLVLLPLVSSAANITNLCPEFGEVENATRFASVYAWNRKRISNCVADYSVLYNSA
SESTFKCYGVSPTKLNDLCEFTNVYADSEVIRGDEVROQIAPGOTGKIADYNYKLPDDETGCVIANW
NSNNLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGENCYFPLOSYGFQPT
NGVGYQPYRVVVLSFELLHAAAAACGP

[0327] Exemplary Amino Acid Sequence for Variant_2 with Prepro Sequence (SEQ ID
NO: 8):

MRFPSIFTAVLFAASSALAAPVNTTTEDETAQIPAEAVIGYLDLEGDFDVAVLPEFSNSTNNGLL
FINTTIASIAAKEEGVSLDKREAEAAANITNLCPFGEVENATRFASVYAWNRKRISNCVADYSV
LYNSASFSTFKCYGVSPTKLNDLCEFTNVYADSEVIRGDEVRQIAPGOTGKIADYNYKLPDDETG
CVIAWNSNNLDSKVGGNYNYLYRLEFRKSNLKPFERDISTEIYQAGSTPCNGVEGENCYFPLQSY
GFOPTNGVGYQPYRVVVLSFELLHAAAAACGP
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[0328] Exemplary Influenza HIN1/PR8 Hemagglutinin Extracellular Domain (HA)
Amino Acid Sequence (SEQ ID NO: 9):
MKANLLVLLCALAAADADTICIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDSHNGKLCRLKGI
APLOLGKCNIAGWLLGNPECDPLLPVRSWSYIVETPNSENGICYPGDFIDYEELREQLSSVSSFE
ERFEIFPKESSWPNHNTNGVTAACSHEGKSSEYRNLLWLTEKEGSYPKLKNSYVNKKGKEVLVL
WGIHHPPNSKEQONLYONENAYVSVVTSNYNRREFTPETAERPKVRDOAGRMNYYWTLLKPGDTI
IFEANGNLIAPMYAFALSRGFGSGIITSNASMHECNTKCQTPLGAINSSLPYQONIHPVTIGECP
KYVRSAKLRMVTGLRNIPSIQSRGLFGATIAGFIEGGWTGMIDGWYGYHHONEQGSGYAADQKST
ONAINGITNKVNTVIEKMNIQFTAVGKEFNKLEKRMENLNKKVDDGFLDIWTYNAELLVLLENE
RTLDFHDSNVKNLYEKVKSQLKNNAKEIGNGCFEEFYHKCDNECMESVRNGTYDYPKYSEESKLN
REKVDGVKLESMGIYQ

[0329] Exemplary Amino Acid Sequence for HA with Prepro Sequence (SEQ ID NO:
10):
MRFPSIFTAVLFAASSALAAPVNTTTEDETAQIPAEAVIGYLDLEGDEFDVAVLPEFSNSTNNGLL
FINTTIASTAAKEEGVSLDKREAEAAADTICIGYHANNSTDTVDTVLERKNVTVTHSVNLLEDSH
NGKLCRLKGIAPLOLGKCNIAGWLLGNPECDPLLPVRSWSYIVETPNSENGICYPGDFIDYEEL
REQLSSVSSFERFEIFPKESSWPNHNTNGVTAACSHEGKSSEFYRNLLWLTEKEGSYPKLKNSYV
NKKGKEVLVLWGIHHPPNSKEQONLYONENAYVSVVTSNYNRRFTPETAERPKVRDQAGRMNYY
WTLLKPGDTITFEANGNLIAPMYAFALSRGFGSGIITSNASMHECNTKCQTPLGAINSSLPYQON
IHPVTIGECPKYVRSAKLRMVTGLRNIPSTIQSRGLFGATAGFIEGGWTGMIDGWYGYHHONEQG
SGYAADQKSTONAINGITNKVNTVIEKMNIQFTAVGKEFNKLEKRMENLNKKVDDGFLDIWTYN
AELLVLLENERTLDFHDSNVKNLYEKVKSQLKNNAKEIGNGCFEFYHKCDNECMESVRNGTYDY
PKYSEESKLNREKVDGVKLESMGIYQ

[0330] Exemplary Human Secreted Embryonic Alkaline Phosphatase (SEAP) Amino
Acid Sequence (SEQ ID NO: 11):
MLGPCMLLLLLLLGLRLOLSLGIIPVEEENPDFWNREAAEALGAAKKLOPAQTAAKNLIIFLGD
GMGVSTVTAARILKGOKKDKLGPEIPLAMDRFPYVALSKTYNVDKHVPDSGATATAYLCGVKGN
FOTIGLSAAARFNQCNTTRGNEVISVMNRAKKAGKSVGVVTTTRVQHASPAGTYAHTVNRNWY S
DADVPASARQEGCODIATQLISNMDIDVILGGGRKYMFRMGTPDPEYPDDYSQGGTRLDGKNLV
QEWLAKRQGARYVWNRTELMQOASLDPSVTHLMGLFEPGDMKYEITHRDSTLDPSLMEMTEAALRL
LSRNPRGFFLEVEGGRIDHGHHESRAYRALTETIMEDDATERAGQLTSEEDTLSLVTADHSHVE
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SFGGYPLRGSSIFGLAPGKARDRKAYTVLLYGNGPGYVLKDGARPDVTESESGSPEYRQQOSAVP
LDEETHAGEDVAVFARGPOAHLVHGVQEQTFIAHVMAFAACLEPYTACDLAPPAGTTD

[0331] Exemplary Amino Acid Sequence for SEAP with Prepro Sequence (SEQ ID NO:
12):
MRFPSIFTAVLFAASSALAAPVNTTTEDETAQIPAEAVIGYLDLEGDEFDVAVLPFSNSTNNGLL
FINTTIASTAAKEEGVSLDKREAEAAATTIPVEEENPDFWNREAAEATLGAAKKLOPAQTAAKNL I
IFLGDGMGVSTVTAARTILKGQKKDKLGPEIPLAMDREFPYVALSKTYNVDKHVPDSGATATAYLC
GVKGNFQTIGLSAAARFNQCNTTRGNEVISVMNRAKKAGKSVGVVTTTRVQHASPAGTYAHTVN
RNWYSDADVPASARQEGCODIATQLISNMDIDVILGGGRKYMFRMGTPDPEYPDDYSQGGTRLD
GRKNLVQEWLAKRQGARYVWNRTELMQASLDPSVTHLMGLFEPGDMKYETHRDSTLDPSLMEMTE
AATRLLSRNPRGFFLFVEGGRIDHGHHESRAYRALTETIMFDDATERAGQLTSEEDTLSLVTAD
HSHVFSEFGGYPLRGSSIFGLAPGKARDRKAYTVLLYGNGPGYVLKDGARPDVTESESGSPEYRO
QSAVPLDEETHAGEDVAVFARGPOAHLVHGVQEQTFIAHVMAFAACLEPYTACDLAPPAGTTD

[0332] Exemplary Trastuzumab scFv Amino Acid Sequence (SEQ ID NO: 13):
MEVFLVLLPLVSSAAEVQLVESGGGLVQPGGSLRLSCAASGEFNIKDTY THWVRQAPGKGLEWVA
RIYPTNGYTRYADSVKGREFTISADTSKNTAYLOMNSLRAEDTAVYYCSRWGGDGEFYAMDYWGQG
TLVTVSSGGGGSGGGGSGGGGSDIOMTOSPSSLSASVGDRVTITCRASQDVNTAVAWY QQKPGK
APKLLIYSASFLYSGVPSRESGSRSGTDFTLTISSLOPEDFATYYCQQOQHYTTPPTEFGQGTKVET
KR

[0333] Exemplary Amino Acid Sequence for Trastuzumab scFv with Prepro Sequence
(SEQ ID NO: 14):
MRFPSIFTAVLFAASSALAAPVNTTTEDETAQIPAEAVIGYLDLEGDFDVAVLPESNSTNNGLL
FINTTIASIAAKEEGVSLDKREAEAAAEVQLVESGGGLVOPGGSLRLSCAASGEFNIKDTYIHWYV
ROAPGKGLEWVARIYPTNGYTRYADSVKGREFTISADTSKNTAYLOMNSLRAEDTAVYYCSRWGG
DGEYAMDYWGQGTLVTVSSGGGGSGGGGSGGGGSDIOMTOSPSSLSASVGDRVTITCRASQDVN
TAVAWYQOKPGKAPKLLIYSASEFLYSGVPSRESGSRSGTDETLTISSLOPEDFATYYCQQHYTT
PPTFGOGTKVEIKR

[0334] Exemplary Pertuzumab scFv Amino Acid Sequence (SEQ ID NO: 15):
MEVFLVLLPLVSSAAEVQLVESGGGLVQPGGSLRLSCAASGFTFTDYTMDWVRQAPGKGLEWVA
DVNPNSGGSIYNQRFKGREFTLSVDRSKNTLYLOMNSLRAEDTAVYYCARNLGPSEYFDYWGQGT
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LVTVSSGGGGSGGGEGSGGGGESDIOMTQSPSSLSASVGDRVT ITCKASQDVS IGVAWY QOKPGKA
PKLLIYSASYRYTGVPSRESGSGSGTDFTLTISSLOPEDFATYYCQQYYIYPYTEFGQGTKVEIK
R

[0335] Exemplary Amino Acid Sequence for Pertuzumab scFv with Prepro Sequence
(SEQ ID NO: 16):
MRFPSIFTAVLFAASSALAAPVNTTTEDETAQIPAEAVIGYLDLEGDEFDVAVLPFSNSTNNGLL
FINTTIASTAAKEEGVSLDKREAEAAAEVQLVESGGGLVQPGGSLRLSCAASGFTEFTDYTMDWV
ROAPGKGLEWVADVNPNSGGSIYNQRFKGREFTLSVDRSKNTLYLOMNSLRAEDTAVYYCARNLG
PSEYFDYWGQGTLVTVSSGGGGSGGGGSGGGGSDIOMTOSPSSLSASVGDRVTITCKASQDVSI
GVAWYQOKPGKAPKLLIYSASYRYTGVPSRESGSGSGTDFTLTISSLOPEDFATYYCQQYYIYP
YTFGQGTKVEIKR

[0336] Exemplary GB235 scFv Amino Acid Sequence (SEQ ID NO: 17):

MEVFLVLLPLVSSAAEVQLVQOSGAEVKKPGAPVKVSCKASGYTFTSYDINWVROQATGQGLEWMG
WMNPNSGNTGYAQKFQGRVTMTRNTSISTAYMELSSLRSEDTAVYYCARGYYLSRGDFWGQGTL
VIVSSGGGGSGGGGSGGGGSDIQMTQSPSSVSASVGDRVTITCRASQGISSWLAWY QOQKPGKAP
KLLIYAASSLOSGVPSREFSGSGSGTDFTLTISSLOPEDFATYYCQQOANSFPLTEFGGGTKVEIKR

[0337] Exemplary Amino Acid Sequence for GB23S scFv with Prepro Sequence (SEQ
ID NO: 18):
MRFPSIFTAVLFAASSALAAPVNTTTEDETAQIPAEAVIGYLDLEGDEFDVAVLPFSNSTNNGLL
FINTTIASTAAKEEGVSLDKREAEAAAEVQLVOSGAEVKKPGAPVKVSCKASGYTFTSYDINWY
ROATGQGLEWMGWMNPNSGNTGYAQKFQGRVIMTRNTSISTAYMELSSLRSEDTAVYYCARGYY
LSRGDEFWGOGTLVTIVSSGGGGSGGGESGGGGSDIOMTOSPSSVSASVGDRVTITCRASQGISSW
LAWYQOKPGKAPKLLIYAASSLOSGVPSRESGSGSGTDFTLTISSLOPEDFATYYCQQOANSEFPL
TFGGGTKVEIKR

[0338] Exemplary Adalimumab scFv Amino Acid Sequence (SEQ ID NO: 19):

MEFGLSWVELVALEFRGVQCEVQLVESGGGLVQPGRSLRLSCAASGFTFDDYAMHWVROAPGKGL
EWVSATITWNSGHIDYADSVEGRFTISRDNAKNSLYLOMNSLRAEDTAVYYCAKVSYLSTASSLD
YWGOGTLVTVSSGGGGSGGGGSGGGGSDIOMTOSPSSLSASVGDRVTITCRASQGIRNYLAWYQ
OKPGKAPKLLIYAASTLOSGVPSRESGSGSGTDFTLTISSLOPEDVATYYCORYNRAPYTEFGQOG
TKVEIKR
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[0339] Exemplary Amino Acid Sequence for Adalimumab scFv with Prepro Sequence
(SEQ ID NO: 20):

MRFPSIFTAVLFAASSALAAPVNTTTEDETAQIPAEAVIGYLDLEGDFDVAVLPEFSNSTNNGLL
FINTTIASIAAKEEGVSLDKREAEAAAEVQLVESGGGLVOPGRSLRLSCAASGFTEFDDYAMHWY
ROAPGKGLEWVSAITWNSGHIDYADSVEGREFTISRDNAKNSLYLOMNSLRAEDTAVYYCAKVSY
LSTASSLDYWGQGTLVTVSSGGGGSGGGGSGGGGSDIOMTQSPSSLSASVGDRVTITCRASQGT
RNYLAWYQOKPGKAPKLLIYAASTLOSGVPSRESGSGSGTDFTLTISSLOPEDVATYYCQRYNR
APYTFGQGTKVEIKR

[0340] Exemplary Pembrolizumab scFv Amino Acid Sequence (SEQ ID NO: 21):

MDWTWREFLEVVAAATGVQSQVOLVOSGVEVKKPGASVKVSCKASGYTEFTNYYMYWVRQAPGQGL
EWMGGINPSNGGTNFNEKFKNRVTLTTDSSTTTAYMELKSLQFDDTAVYYCARRDYREFDMGEDY
WGOGTTVTVSSGGGGSGGGGSGGGGSEIVLTQSPATLSLSPGERATLSCRASKGVSTSGYSYLH
WYQOKPGOAPRLLIYLASYLESGVPARFSGSGSGTDFTLTISSLEPEDFAVYYCQHSRDLPLTE
GGGTKVEIKR

[0341] Exemplary Amino Acid Sequence for Pembrolizumab scFv with Prepro Sequence
(SEQ ID NO: 22):

MRFPSIFTAVLFAASSALAAPVNTTTEDETAQIPAEAVIGYLDLEGDFDVAVLPEFSNSTNNGLL
FINTTIASIAAKEEGVSLDKREAEAAAQVQLVOSGVEVKKPGASVKVSCKASGYTEFTNYYMYWV
ROAPGOGLEWMGGINPSNGGTNFNEKFKNRVTLTTDSSTTTAYMELKSLOQFDDTAVYYCARRDY
REDMGEFDYWGQGTTVTVSSGGGGSGGGGSGGGGSEIVLTOQSPATLSLSPGERATLSCRASKGVS
TSGYSYLHWYQOKPGOAPRLLIYLASYLESGVPAREFSGSGSGTDFTLTISSLEPEDFAVYYCQH
SRDLPLTFGGGTKVEIKR

[0342] Exemplary Aflibercept Fragment Amino Acid Sequence (SEQ ID NO: 23):

MVSYWDTGVLLCALLSCLLLTGSSSGSDTGRPFVEMYSEIPEITHMTEGRELVIPCRVTSPNIT
VTLKKFPLDTLIPDGKRIIWDSRKGFIISNATYKEIGLLTCEATVNGHLYKTNYLTHRQTNTII
DVVLSPSHGIELSVGEKLVLNCTARTELNVGIDFNWEYPSSKHQHKKLVNRDLKTQSGSEMKKE
LSTLTIDGVTRSDOGLYTCAASSGLMTKKNSTEVRVHEK

[0343] Exemplary Amino Acid Sequence for Aflibercept Fragment with Prepro
Sequence (SEQ ID NO: 24):
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MRFPSIFTAVLFAASSALAAPVNTTTEDETAQIPAEAVIGYLDLEGDEFDVAVLPEFSNSTNNGLL
FINTTIASIAAKEEGVSLDKREAEAAASDTGRPEVEMYSEIPEIITHMTEGRELVIPCRVTSPNI
TVTLKKFPLDTLIPDGKRIIWDSRKGFIISNATYKEIGLLTCEATVNGHLYKTNYLTHRQTNTI
IDVVLSPSHGIELSVGEKLVLNCTARTELNVGIDEFNWEYPSSKHOHKKLVNRDLKTQSGSEMKK
FLSTLTIDGVTRSDOQGLYTCAASSGLMTKKNSTEVRVHEK

[0344] Exemplary Dupilumab scFv Amino Acid Sequence (SEQ ID NO: 25):

MRFPSIFTAVLFAASSALAAPVNTTTEDETAQIPAEAVIGYLDLEGDFDVAVLPEFSNSTNNGLL
FINTTIASIAAKEEGVSLDKREAEAAAEVQLVESGGGLEQPGGSLRLSCAGSGEFTEFRDYAMTWY
ROAPGKGLEWVSSISGSGGNTYYADSVKGREFTISRDNSKNTLYLOMNSLRAEDTAVYYCAKDRL
SITIRPRYYGLDVWGQGTTVTVSSGGGGSGGGGSGGGGSDIVMTQOSPLSLPVTPGEPASISCRS
SOSLLYSIGYNYLDWYLOKSGOSPOLLIYLGSNRASGVPDRESGSGSGTDFTLKISRVEAEDVG
FYYCMOALQTPYTFGQGTKLEIKR

[0345] Exemplary Amino Acid Sequence for Dupilumab scFv with Prepro Sequence
(SEQ ID NO: 26):

MRFPSIFTAVLFAASSALAAPVNTTTEDETAQIPAEAVIGYLDLEGDEFDVAVLPEFSNSTNNGLL
FINTTIASIAAKEEGVSLDKREAEAAAQVQLVOSGVEVKKPGASVKVSCKASGYTETNYYMYWV
ROAPGOGLEWMGGINPSNGGTNFNEKFKNRVTLTTDSSTTTAYMELKSLOQFDDTAVYYCARRDY
REDMGEFDYWGQGTTVTVSSGGGGSGGGGSGGGGSEIVLTQSPATLSLSPGERATLSCRASKGVS
TSGYSYLHWYQOKPGOAPRLLIYLASYLESGVPARFSGSGSGTDFTLTISSLEPEDFAVYYCQH
SRDLPLTFGGGTKVEIKR

[0346] Exemplary Ustekinumab scFv Amino Acid Sequence (SEQ ID NO: 27):

MELGLSWIFLLAILKGVQCEVQLVOSGAEVKKPGESLKISCKGSGYSFTTYWLGWVROMPGKGL
DWIGIMSPVDSDIRYSPSFOGOVIMSVDKSITTAYLOWNSLKASDTAMYYCARRRPGQGYEDEW
GOGTLVTVSSGGGGSGGGGSGGGGSDIOMTQSPSSLSASVGDRVTITCRASQGISSWLAWYQOK
PEKAPKSLIYAASSLOSGVPSRESGSGSGTDFTLTISSLOPEDFATYYCQQYNIYPYTEFGOGTK
LEIKR

[0347] Exemplary Amino Acid Sequence for Ustekinumab scFv with Prepro Sequence
(SEQ ID NO: 28):
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MRFPSIFTAVLFAASSALAAPVNTTTEDETAQIPAEAVIGYLDLEGDFDVAVLPEFSNSTNNGLL
FINTTIASIAAKEEGVSLDKREAEAAAEVQLVOSGAEVKKPGESLKISCKGSGYSETTYWLGWV
ROMPGKGLDWIGIMSPVDSDIRYSPSFQGOVTMSVDKSITTAYLOWNSLKASDTAMYYCARRRP
GOGYFDFWGQGTLVTVSSGGGGSGGGGSGGGGSDIOMTOSPSSLSASVGDRVTITCRASQGISS
WLAWYQOKPEKAPKSLIYAASSLOSGVPSRESGSGSGTDEFTLTISSLOPEDFATYYCQQYNIYP
YTFGOGTKLEIKR

[0348] Exemplary Nivolumab scFv Amino Acid Sequence (SEQ ID NO: 29):

MKHLWEFFLLLVAAPRWVLSQVQLVESGGGVVQPGRSLRLDCKASGITFSNSGMHWVRQAPGKGL
EWVAVIWYDGSKRYYADSVKGRFTISRDNSKNTLEFLOMNSLRAEDTAVYYCATNDDYWGQGTLV
TVSSGGGGSGGGGSGGGGSEIVLTOSPATLSLSPGERATLSCRASQSVSSYLAWY QQKPGOAPR
LLIYDASNRATGIPARFSGSGSGTDFTLTISSLEPEDFAVYYCQQOSSNWPRTFGOGTKVEIKR

[0349] Exemplary Amino Acid Sequence for Nivolumab scFv with Prepro Sequence
(SEQ ID NO: 30):

MRFPSIFTAVLFAASSALAAPVNTTTEDETAQIPAEAVIGYLDLEGDEFDVAVLPEFSNSTNNGLL
FINTTIASTAAKEEGVSLDKREAEAAAQVQLVESGGGVVQPGRSLRLDCKASGITEFSNSGMHWY
ROAPGKGLEWVAVIWYDGSKRYYADSVKGREFTISRDNSKNTLFLOMNSLRAEDTAVYYCATNDD
YWGQGTLVTVSSGGGGSGGGGSGGGGSEIVLTOQSPATLSLSPGERATLSCRASQSVSSYLAWYQ
QKPGOAPRLLIYDASNRATGIPARFSGSGSGTDFTLTISSLEPEDFAVYYCQQSSNWPRTEFGQG
TKVEIKR

[0350] Exemplary Bevacizumab scFv Amino Acid Sequence (SEQ ID NO: 31):

MEFGLSWLFLVAILKGVQCEVQLVESGGGLVQPGGSLRLSCAASGYTFTNYGMNWVROAPGKGL
EWVGWINTYTGEPTYAADFKRRFTFSLDTSKSTAYLOMNSLRAEDTAVYYCAKYPHYYGSSHWY
FDVWGQOGTLVTVSSGGGGSGGGGSGGGGSDIOMTOSPSSLSASVGDRVTITCSASQDISNYLNW
YOOKPGKAPKVLIYFTSSLHSGVPSRESGSGSGTDEFTLTISSLOQPEDFATYYCQQYSTVPWTEG
QGTKVEIKR

[0351] Exemplary Amino Acid Sequence for Bevacizumab scFv with Prepro Sequence
(SEQ ID NO: 32):

MRFPSIFTAVLFAASSALAAPVNTTTEDETAQIPAEAVIGYLDLEGDEFDVAVLPEFSNSTNNGLL
FINTTIASTAAKEEGVSLDKREAEAAAEVQLVESGGGLVQPGGSLRLSCAASGY TEFTNYGMNWY
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ROAPGKGLEWVGWINTYTGEPTYAADFKRREFTFSLDTSKSTAYLOMNSLRAEDTAVYYCAKYPH
YYGSSHWYFDVWGQGTLVTVSSGGGGSGGGGSGGGGSDIOMTQOSPSSLSASVGDRVTITCSASQ
DISNYLNWYQOKPGKAPKVLIYFTSSLHSGVPSRESGSGSGTDFTLTISSLOPEDFATYYCQQY
STVPWTFGOGTKVEIKR

[0352] Exemplary Etanercept Fragment Amino Acid Sequence (SEQ ID NO: 33):

MAPVAVWAALAVGLELWAAAHALPAQVAFTPYAPEPGSTCRLREYYDQTAQMCCSKCSPGQOHAK
VEFCTKTSDTVCDSCEDSTYTQLWNWVPECLSCGSRCSSDQVETQACTREQNRICTCRPGWYCAL
SKQEGCRLCAPLRKCRPGFGVARPGTETSDVVCKPCAPGTESNTTSSTDICRPHQICNVVAIPG
NASMDAVCTSTSPTRSMAPGAVHLPQPVSTRSQHTQPTPEPSTAPSTSFLLPMGPSPPAEGSTG
D

[0353] Exemplary Amino Acid Sequence for Etanercept Fragment with Prepro Sequence
(SEQ ID NO: 34):

MRFPSIFTAVLFAASSALAAPVNTTTEDETAQIPAEAVIGYLDLEGDFDVAVLPEFSNSTNNGLL
FINTTIASTAAKEEGVSLDKREAEAAATLPAQVAFTPYAPEPGSTCRLREYYDQTAQMCCSKCSP
GOHAKVFCTKTSDTVCDSCEDSTYTQLWNWVPECLSCGSRCSSDOQVETQACTREQNRICTCRPG
WYCALSKQEGCRLCAPLRKCRPGFGVARPGTETSDVVCKPCAPGTEFSNTTSSTDICRPHQICNV
VAIPGNASMDAVCTSTSPTRSMAPGAVHLPOPVSTRSOHTOQPTPEPSTAPSTSFLLPMGPSPPA
EGSTGD

[0354] Exemplary Tisagenlecleucel Extracellular and Transmembrane Domains Amino
Acid Sequence (SEQ ID NO: 35):

MALPVTALLLPLALLLHAARPEVKLQESGPGLVAPSQSLSVTCTVSGVSLPDYGVSWIRQPPRK
GLEWLGVIWGSETTYYNSALKSRLTIIKDNSKSQVEFLKMNSLQTDDTAIYYCAKHYYYGGSYAM
DYWGQGTSVTIVSSGGGGSGGGGSGGGGSDIOMTQTTSSLSASLGDRVTISCRASQDISKYLNWY
QOKPDGTVKLLIYHTSRLHSGVPSRESGSGSGTDYSLTISNLEQEDIATYFCQOGNTLPYTEFGG
GTKLEITTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCG
VLLLSLVITLYC

[0355] Exemplary Amino Acid Sequence for Tisagenlecleucel Extracellular and

Transmembrane Domains with Prepro Sequence (SEQ ID NO: 36):
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MRFPSIFTAVLFAASSALAAPVNTTTEDETAQIPAEAVIGYLDLEGDFDVAVLPEFSNSTNNGLL
FINTTIASIAAKEEGVSLDKREAEAAAEVKLOESGPGLVAPSQSLSVTCTVSGVSLPDYGVSWI
ROPPRKGLEWLGVIWGSETTYYNSALKSRLTIIKDNSKSQVEFLKMNSLOTDDTAIYYCAKHYYY
GGSYAMDYWGQGTSVTVSSGGGGSGGGGSGGGGSDIOQMTQTTSSLSASLGDRVTISCRASQDIS
KYLNWYQOKPDGTVKLLIYHTSRLHSGVPSRESGSGSGTDYSLTISNLEQEDIATYFCQOQOGNTL
PYTFGGGTKLEITTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAP
LAGTCGVLLLSLVITLYC

[0356] Exemplary Tisagenlecleucel Amino Acid Sequence (SEQ ID NO: 72):

.

DIOMTOTTSSLEASLGDRVTISCRASQDISKYL

MATLPVTALLLPLALLLHAARPEQRLISEED]

VY QORPDGTVKLLIYETSRLHSGVPSRESGSGSGTDY SLTISNLECEDTATYFCOOQGNTLRPYT

FGGGTRLEITGGGGESCGGEGESGEGESEVELOESGPGLVAPSCSLEVTCTVSGVSLPDYGVEWIRE
PPREKGLEWLGVIWGSETTYYNSALKSRLT I IKDNSKSQVEFLEKMNSLOTDDTATIYYCAKH

YYYGE

SYAMDYWGQGTSVIVSSAAAFVEVFLPAKPT TTPAPRPPTPAPT IASQOPLSLRPEACRPAAGGA

VHTRGLDFACDIY IWAPLAGTCGVLLLSLV ITLYCKRGREEKLLY TFRKOQPFMREPVOQTTOEEDGCS

CREFPEEEEGGCELRVKEFSRIADAFAY COGONOLYNELNLGRREEYDVLDERRGRDFEMGGKPRR

KNPOEGLYNELOKDKMAEAY SEIGMKGERRRGRKGHDGLYQGLSTATKDTYDALHMOATPPR

[0357] Exemplary Amino Acid Sequence for Tisagenlecleucel with Prepro Sequence
(SEQ ID NO: 73):

MRFPSIFTAVLFAASSALAAPVNTTTEDETAQIPAEAVIGYLDLEGDFDVAVLPEFSNSTNNGLL
FINTTIASIAAKEEGVSLDKREAEAAAECKLISER]

DIOMTOTTSSLSASLGDRVTISCRASQ
DISKYLNWYQCKPDGTVEKLLIYHETSRLHSGVFSRESGSGIGTDYSLTISNLEQEDIATYFCQQOG
NTLPYTEFGGGTRKLEITGGGGSEGEESGEGEESEVRLOESGPGLVAPSOSLSVTCTVEGVSLPDYG
VSWIROPPRKGLEWLGVIWGSETTYYNSALKSRLT ITKDNSKEOQVEFLEMNELOTDDTAIYYCAK
HYYYGCSYAMDYWGCGTSVITVSSAAAEVPVELPAKFTTTPAPRIFPTPAPT IASQPLELRFEACR

PAAGGAVHTRGLDFACDIY IWAPLAGTCGVLLLSLVITLYCKRGRKKLLY IFKQPFMRPVCTTO

EEDGCSCREPEEEEGGCELRVKESRSADAPAY COGONQLYNELNLGRREEYDVLDKRRGRDPEM

SGKPRRENPOEGLYNELQKDKMAEAY SE I GMKGERRRGKGHDGLY QGLS TATKDTY DALHMOAL
PFR
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[0358] Exemplary Amino Acid Sequence for Tisagenlecleucel with Prepro_2 Sequence
(SEQ ID NO: 74):

MREPSIFTAVLEAASSALAMPLSGGGSCEEGEMPLNTTTEDETAQIPARAVIGY T

VLPESNZTNNGLLEPINTTIASTAAKESGVERRLLRRLLRRLLAARORKLISEEDLDIQOMTOTTES

LSASLGDRVTISCRASODISKYLNWYCORKPLGTVELLIYHTSRLESGVPSREFSGSGSGTDYSLT
ISNLEQEDIATYFCOQQGNTLPYTFGGGTELE LTGGGGEGGGEEGGEESEVRKLOESGPGLVAFSEQ

SLOSVICTVSGVILPDYGVSWIRCPPRKGLEWLGVIWGSETTYYNSALKSRLT I TKDNSKSOVEL

KMNSLOTDDTAIYYCAKHYYYGGSYAMDYWGOGTSVTIVSSAAAFVPVELPAKPTTTPAPRPPTP

APTIASQPLSLRPEACRPAAGGAVHTRCLDFACDIYIWAPLAGTCGVLLLELVITLYCKRGRKEK

LLYTIFKQFFMREVQTTOEEDGCSCREFPEREEGGCELRVEFSRSADAPAYQOGONCLYNELNLGR

REEYDVLDEKRRGRDPEMGGKPRRENFOEGLYNELOKUDKMAEAYSETGM

GERRRGEKGHDGLY QG

LYTATKDTYDALH

CALPPR

[0359] Exemplary Amino Acid Sequence for Tisagenlecleucel with IgK Light Chain
Signal Peptide Sequence and Pro_2 Sequence (SEQ ID NO:75):

MDMRVPAQLLGLLLLWLSGARCMPLSGGGSGEESMPLNTITEDETAQI PAEAVIGYLDLEGDY

DVAVLEPFSNSTNNGLLEINTTIASTAAREEGVERRLLRRLLRRLLAARCQKLISEEDLDIOMTQT

TSSLEASLGDRVTISCRASQDISKY LNWY QOKPDGTVEKLLIYHTSRLHSGVIFSRESGSGSGTDY
SLTISNLECEDIATYFCOOCGNTLRPYTFCGETEKLE ITGGGESGGEESGEEGESEVKLQESGRPGLVA
PSOSLSVTCTVIGVSLPDYGVSWIROPPREKGLEWLGVIWGSETTYYNSALKSRLTIIKDNSKEO
VELRKMNSLOTDDTATYYCAKHYYYGGSYAMDYWGQGTSVIVSSARAFVPVELPAKPTTTPAPRE
PTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYVIWAPLAGTCGVLLLSLVITLYCKRG
RERLLYIFKQPFMEPVOTTOEEDGCSCREPEEEEGGCELRVKFSRSADAPAY QOGONQLYNELN
LGREEEYDVLDKRRGRDFPEMGGKPRREKNPOQEGLYNELOKDEMAEAY SE IGMEKGERRRGKGHDGL
YOGLSTATKDTYDALHMOALFPR
[0360] Exemplary Amino Acid Sequence for Tisagenlecleucel with CD8 Signal Peptide
Sequence and Pro_2 Sequence (SEQ ID NO: 76):

MALPVTALLLPLALLLHAARPMEFLISGGGIGGSGEMPLNTTTEDETAQIPARAVIGYLDLEGDED
VAVLEEFENS TRNGLLI

CAAKEEGVSRRLLERLLERLLAAEQKLISEEDLDIOM

SOLSASLGDRVTISCRASQDISKYLNWYQOKFDCTVRKLLIYHTSRLEHSGVPSRESGESGSGTDY S

LTISNLEQEDIATYFCQOGNTLRPYTFGCGGTKLE ITGGEGSGEGGEGGEESRVKLOESGPGLVAPR
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SOSLEVICTVSGVSLEDYQVEWIRGPPREKGLEWLGY IWGSETTYYNSALESRLT I IKDNSKSQOV
FLEKMNSLOTDDTALYYCAKHYYYCGSYAMDYWGOGTSVIVSSAAAFVPVELPAKPTTTPAPREP
TPAPTIASQOPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGR
KEKLLYITFKQPFMRPVOTTQEEDGCECRFPEEEECGGCELRVKESREADAPAYQOGONQLYNELNL

GRREEYDVLDKRRGRDPEMGGKPRRKNPOE CRREGKGHDGLY

SLYNELOKDEMAEAYSEL

QGLSTATKDTYDALEMOALFPR

[0361] Exemplary Amino Acid Sequence for Tisagenlecleucel with IL2 Signal Peptide
Sequence and Pro_2 Sequence (SEQ ID NO: 77):

MYRMOQLLSCIALSLALVTNSMFLSGGGSGGECSMPLNTITEDETAQLPAEAVIGYLDLEGDYDY

WVLPFSNITY

LLEINTTIASIAAKEEGVIORRLLRRLLRRLLAAECKLISEEDLDIOMTOTTS

"I*‘

SLSASLGDRVIISCRASODISKYLNWYQOKPDGTVKLLIYHTSRLHSGVPSRESGSGSGTDYSL
TIENLEQEDIATYFCOQOCGNTLEYTEGGETKLEITGGGGEGGGESGEEESEVKLOESGEGLVAPS
OSLEVTCTVSGVELPDYGVIWIROPPREKGLEWLGVIWGSETTY YNSALKSRLTT IKDNSKSQVE
LKMNSLOTDDTAIYYCAKEYYYGGSYAMDYWGOGTSVTVSSARAFVPVELPARFITTFAPREPT
PAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRK
KLLYIFRQPFMRPVQOTTQEEDGCSCREPEEEEGCCELRVKESRSADAPAY QOGONQLYNELNLG
RREEYDVLDKRRGRDPEMGGHKERRENPOEGLYNELORKDKMAEAY SE IGMKGERRRGKGHDGLYQ

GLSTATKDTYDALHMOALPFR

[0362] Exemplary Amino Acid Sequence for Tisagenlecleucel with SARS-CoV-2 Spike
Signal Peptide Sequence and Pro_2 Sequence (SEQ ID NO: 78):

MEVFLVLLPLVSSMPLSGGEEGGSGEMP! GRDEDVAVLEPEFSN

TEDETAQIPAEAV,

STHNG

CEINTTIASTAAKERGVERE HLLERLLAAEQKLISEEDLDICMTQOTTSSLSASLG

,x

DRVTISCRASODISKYLNWYQOKPDGTVKLLIYHTSRLHSGVPSRESGESGSGTDYSLTISNLE

DIATYFCQOGNTLPYTEGGGTRLEITCGGGSGEEESGEEESEVELOESGPGLVAPSQELEVTC

TVSGVSLEPDYGVEWIRQPPRKGLEWLGV IWGSETTYYNSALKSRLT I TRKDNSKS OV FLEMNSLO
TDDTATYYCAKHYYYGGSYAMDYWGOGTSVIVESSARAFVPVELPAKPTTTPAPRPPTFAPTIAS
OPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCSGVLLLSLVITLYCKRGREKKLLYTIFK
QP
LDKRRGRDPEMGGKPRRKNPCEGLYNELCKDEMAEAY SETGMEKGERRRGKGHEGLYCGLSTATK

N

PVQTTQEEDGCECRIPEEEEGGCELRVKEFSREADAPAY QQGONQLYNELNLGRREEYDY

DTYDALEMOALFPR
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[0363] Exemplary Amino Acid Sequence for A3B1 CAR (SEQ ID NO: 79):

MATLPVTALLLPLATLLLHAARPEQKLISEEDLTGNIVLTQSPASLAVSLGOQRATISCRASESVDN
FGNSFMHWYQQOKSGQOPPRLLIYIASNLESGVPARFSGSGSRTDFTLTIDPVEADDAATYYCHON
NEDPLTFGAGTKLELKGGGGSGGGGSGGGGSHSQIQLOOSGAELVRPGSSVKISCKASGEFAEFSS
YWMNWVKQRPGOGLEWIGQIYPGDGDTKYNVKFRGKATLTADESSSTAYIQLTSLTSEDSGVYFE

CARKRITAVITTVEDVWGAGTTVTVSSAAAFVPVEFLPAKPTTTPAPRPPTPAPTIASOPLSLR

BACRPAAGGAVHTRGLDFACDIY IWAPLAGTCGVLLLESLVITLYCKRGREKELLY T FROPFMREPY
CTTOEEDGCSCRYFPEEEEGGCELRVKFSRSADAFAY COGONOLYNELNLGRREEYDVLDERRGR
DPEMGGKPRRENFPOEGLYNELOKDKMAEAY SEIGMKGERRRGRKGHDGLYQGLSTATKDTYDALH

MOALPP

[0364] Exemplary Amino Acid Sequence for A3B1 CAR with Prepro Sequence (SEQ ID
NO: 80):

MRFPSIFTAVLFAASSALAAPVNTTTEDETAQIPAEAVIGYLDLEGDFDVAVLPEFSNSTNNGLL
FINTTIASTAAKEEGVSLDKREAEAAAEQRLISEEDLTGNIVLTQSPASLAVSLGOQRATISCRA
SESVDNEGNSFMHWYQOKSGQPPRLLIYIASNLESGVPARFSGSGSRTDEFTLTIDPVEADDAAT
YYCHONNEDPLTEFGAGTKLELKGGGGSGGGGSGGGGSHSQIQLOOSGAELVRPGSSVKISCKAS
GFAFSSYWMNWVKQORPGOGLEWIGQIYPGDGDTKYNVKFRGKATLTADESSSTAYIQLTSLTSE
DSGVYFCARKRITAVITTVEDVWGAGTTVIVSSAAAFVPVELPAKPTTTPAPRPPTPAPTIAZO
PLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLY CKRGRKKLLY TFKQD
PFMEPVOTTOEEDGCSCREPEEEREGCGCELRVKESRSADAPAY COGONQLYNELNLGRREEYDVL
DKRRGRDPEMGGKPRREKNPOEGLYNELOKDKMAEAY SEIGMKGERRRGKGHDGLYOGLSTATKD

TYDALHMOALPFR

[0365] Exemplary Amino Acid Sequence for A3B1 CAR with Prepro_2 Sequence (SEQ
ID NO: 81):

MREPSTIPTAVLEFAAZSALAMPLEGOGEGESGEMEPLNTTTEDETAQIPARAVIGYLDLEGDEDVA

VLPFENSTNNGLLEFINTTIASTAAKEEGVSRRLLERRLLERLLAREQKLISEEDLTGNIVLTQOSP
ASTAVSLGORATISCRASESVDNEGNSFMHWYQOKSGOPPRLLIYIASNLESGVPAREFSGSGSR
TDFTLTIDPVEADDAATYYCHONNEDPLTFGAGTKLELKGGGGSGGGGSGGGGSHSQIQLOQSG
AELVRPGSSVKISCKASGFAFSSYWMNWVKQRPGOGLEWIGQIYPGDGDTKYNVKEFRGKATLTA
DESSSTAYIQLTSLTSEDSGVYFCARKRITAVITTVEDVWGAGTTVIVSSAAAFVPVELPAKPT
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TTPAPRPEFTE

TLYCKRGREKLLY I FKQCH

QLYNELNLGRREEYDVLDRKRRGRDPEMGGKPRREKNPQEGLYNELOKDKMAEAY SETGMEKGERRR

GRGHDGLYQGLSTATKDTYDALHMOATPPR

[0366] Exemplary Axicabtagene Ciloleucel Extracellular and Transmembrane Domains
Amino Acid Sequence (SEQ ID NO: 37):

MYRMQLLSCIALSLALVINSDIQOMTQTTSSLSASLGDRVTISCRASQDISKYLNWYQQKPD
GTVKLLIYHTSRLHSGVPSRESGSGSGTDYSLTISNLEQEDIATYFCQOGNTLPYTEGG
GTKLEITGGGGSGGGGSGGGGSEVKLOESGPGLVAPSQSLSVICTVSGVSLPDYGVSWI
ROPPRKGLEWLGVIWGSETTYYNSALKSRLTI IKDNSKSQVEFLKMNSLOTDDTAIYYCA
KHYYYGGSYAMDYWGQGTSVTVSSGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAF
IIFWV

[0367] Exemplary Amino Acid Sequence for Axicabtagene Ciloleucel Extracellular and

Transmembrane Domains with Prepro Sequence (SEQ ID NO: 38):

MRFPSIFTAVLFAASSALAAPVNTTTEDETAQIPAEAVIGYLDLEGDEFDVAVLPEFSNSTNNGLL
FINTTIASIAAKEEGVSLDKREAEAAADIOMTQTTSSLSASLGDRVTISCRASQDISKYLNW
YOOKPDGTVKLLIYHTSRLHSGVPSRESGSGSGTDYSLTISNLEQEDIATYEFCQQOGNTL
PYTFGGGTKLEITGGGGSGGGGSGGGGSEVKLOESGPGLVAPSQSLSVTCTVSGVSLPD
YGVSWIRQPPRKGLEWLGVIWGSETTYYNSALKSRLTITIKDNSKSQVELKMNSLOTDDT
ATYYCAKHYYYGGSYAMDYWGQGTSVIVSSGKHLCPSPLFPGPSKPEFWVLVVVGGVLACYSL
LVTVAFIIFWV

[0368] Exemplary Lisocabtagene Maraleucel Extracellular and Transmembrane

Domains Amino Acid Sequence (SEQ ID NO: 39):

MDMRVPAQLLGLLLLWLRGARCDIOMTQTTSSLSASLGDRVTISCRASQDISKYLNWYQOK
PDGTVKLLIYHTSRLHSGVPSRESGSGSGTDYSLTISNLEQEDIATYFCQQOGNTLPYTE
GGGTKLEITGGGGSGGGGSGGGGSEVKLOQESGPGLVAPSQSLSVTCTVSGVSLPDYGVS
WIRQPPRKGLEWLGVIWGSETTYYNSALKSRLTIIKDNSKSQVEFLKMNSLOTDDTAIYY
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CAKHYYYGGSYAMDYWGQGTSVIVSSESKYGPPCPSCPFWVLVVVGGVLACYSLLVTVAFII
FWv

[0369] Exemplary Amino Acid Sequence for Lisocabtagene Maraleucel Extracellular

and Transmembrane Domains with Prepro Sequence (SEQ ID NO: 40):

MRFPSIFTAVLFAASSALAAPVNTTTEDETAQIPAEAVIGYLDLEGDFDVAVLPEFSNSTNNGLL
FINTTIASIAAKEEGVSLDKREAEAAADIOMTQTTSSLSASLGDRVTISCRASQDISKYLNW
YOOKPDGTVKLLIYHTSRLHSGVPSRESGSGSGTDYSLTISNLEQEDIATYFCQQGNTL
PYTFGGGTKLEITGGGGSGGGGSGGGGSEVKLOESGPGLVAPSQSLSVTCTVSGVSLPD
YGVSWIRQPPRKGLEWLGVIWGSETTYYNSALKSRLTIIKDNSKSQVEFLKMNSLQTDDT
ATYYCAKHYYYGGSYAMDYWGQGTSVTVSSESKYGPPCPSCPFWVLVVVGGVLACYSLLVTV

AFITEWV

[0370] Exemplary Amino Acid Sequence for Variant 1 NanoLuciferase Fusion with

Adipokinetic Hormone Signal Peptide Sequence (SEQ ID NO: 41):

MYKLTVFLMFIAFVIIAEAAANTITNLCPEGEVENATRFASVYAWNRKRISNCVADYSVLYN
SASAAAAACYGVSPTKLNDLCEFTNVYADSEVIRGDEVRQIAPGOQTGKIADYNYKLPDDF
TGCVIAWNSNNLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGENC
YEPLOSYGFQPTNGVGYQPYRVVVLSFELLHAPATVCGPSGGGSGGSGSVFTLEDFVGDWR
QTAGYNLDQVLEQGGVSSLEQNLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGQIEK
IFKVVYPVDDHHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIID
ERLINPDGSLLFRVTINGVTGWRLCERILA

[0371] Exemplary Amino Acid Sequence for Variant 1 NanoLuciferase Fusion with
Arabidopsis Root Growth Factor GLV1 Signal Peptide and Propeptide Sequence (SEQ ID
NO: 42):
MSCSLRSGLVIVFCFILLLLSSNVGCASAARRLRSHKHHHHKVASLDVENGGERRRALGGVETG
EEVVVMAANITNLCPFGEVENATRFASVYAWNRKRISNCVADYSVLYNSASAAAAACYGV
SPTKLNDLCEFTNVYADSEVIRGDEVRQIAPGOTGKIADYNYKLPDDEFTGCVIAWNSNNL
DSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGENCYFPLOSYGEQPT
NGVGYQPYRVVVLSFELLHAPATVCGPSGGGSGGSGSVEFTLEDFVGDWRQTAGYNLDQVLEQ

GGVSSLFONLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGQIEKIFKVVYPVDDHHE
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KVILHYGTLVIDGVTPNMIDYFGRPYEGIAVEFDGKKITVTGTLWNGNKIIDERLINPDGSLLER
VTINGVTGWRLCERILA

[0372] Exemplary Amino Acid Sequence for Variant 1 NanoLuciferase Fusion with

PrePro Sequence (SEQ ID NO: 43):

MRFPSIFTAVLFAASSALAAPVNTTTEDETAQIPAEAVIGYLDLEGDFDVAVLPEFSNSTNNGLL
FINTTIASIAAKEEGVSLDKREAEAAANITNLCPFGEVENATRFASVYAWNRKRISNCVADYSV
LYNSASAAAAACYGVSPTKLNDLCEFTNVYADSEVIRGDEVRQIAPGOQTGKIADYNYKLPDDETG
CVIAWNSNNLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGENCYFPLOSY
GFQPTNGVGYQPYRVVVLSFELLHAPATVCGPSGGGSGGSGSVETLEDEFVGDWRQTAGYNLDQV
LEQGGVSSLFONLGVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDOMGOIEKIFKVVYPVDD
HHFKVILHYGTLVIDGVTPNMIDYFGRPYEGIAVEDGKKITVTGTLWNGNKIIDERLINPDGSL
LEFRVTINGVTGWRLCERILA

[0373] Exemplary Amino Acid Sequence for Arabidopsis Root Growth Factor GLV1
Secretion Peptide Sequence (SEQ ID NO: 99):

MSCSLRSGLVIVFCFILLLLSSNVGCASAARRLRSHKHHHHKVASLDVENGGERRRALGGVETG
EEVVVM

[0374] Exemplary Amino Acid Sequence for Arabidopsis Root Growth Factor GLV2
Secretion Peptide Sequence (SEQ ID NO: 82):

MATRVSHKSFLVALLLILFISSPTQARSLREVVRNRTLLVVEKSQESRKIRHEGGGSDVDGLMD
M

[0375] Exemplary Amino Acid Sequence for Arabidopsis Root Growth Factor GLV3
Secretion Peptide Sequence (SEQ ID NO: 83):

MMREFTIIVIAFLLIIQSLEEEHILVYAHEGGEAGHKSLDYQGDODSSTLHPKELFDAPRKVREG
RTTRAEKEQVTAMNNDSWS FKISGEHKQTNILADHDTTKNT FCKKMMIIVNDLTSLPTLEPSTS
TNDMEKLARLLRD

[0376] Exemplary Amino Acid Sequence for Arabidopsis Root Growth Factor GLV4
Secretion Peptide Sequence (SEQ ID NO: 84):
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MEMKKWSYANLITLALLFLFFITLLLAFQGGSRDDDHOHVHVAIRTKDISMGRKLKSLKPINPT
KKNGFEYPDQGSHDVQEREVYVELR

[0377] Exemplary Amino Acid Sequence for Arabidopsis Root Growth Factor GLVS
Secretion Peptide Sequence (SEQ ID NO: 85):

MTNITSSFLCLLILLLFCLSFGYSLHGDKDEVLSVDVGSNAKVMKHLDGDDAMKKAQVRGRSGQ
EFSKETTKMMMKKTTKKETNVEEEDDLVAYTA

[0378] Exemplary Amino Acid Sequence for Arabidopsis Root Growth Factor GLV6
Secretion Peptide Sequence (SEQ ID NO: 86):

MKLIRVTLFLCALAILLLVTPTSSLOLKHPYSSPSQGLSKKIVTKMATRKLMIISSEYVMTSTS
HEGSSEQLRVTSSGKSKDEEKKLSEEEEEKKALAKYLSM

[0379] Exemplary Amino Acid Sequence for Arabidopsis Root Growth Factor GLV7
Secretion Peptide Sequence (SEQ ID NO: 87):

MTTLSKILCVLIILLLCESFRYSLHEDGNQQOSSRDEVSTAKAIKYGDVMKKMIRGRKLMMASGE
KEEAETKMKRGNRETERNSSKSVEEDGLVAYTA

[0380] Exemplary Amino Acid Sequence for Arabidopsis Root Growth Factor GLVS8
Secretion Peptide Sequence (SEQ ID NO: 88):

MKKWSYAKLMTSALLLVFLSIILLAFHGGSRGDNHLYDHVATIGTKDILMGRKLKDLKPKTESLK
MINPKKKNGFEYSDQVSSDLSROEVEVDMMAR

[0381] Exemplary Amino Acid Sequence for Arabidopsis Root Growth Factor GLV9
Secretion Peptide Sequence (SEQ ID NO: 89):

MKKTSLKLMTLVLGFCEFVIYLLOGPRGGSRNGDLLIARKLISLEPIETKNAARSLKDSISTDLE
EEVDRLMEH

[0382] Exemplary Amino Acid Sequence for Arabidopsis Root Growth Factor GLV10
Secretion Peptide Sequence (SEQ ID NO: 90):

MSSIHVASMILLLFLFLHHSDSRHLDNVHITASRESLVKDONVVSSSTSKEPVKVSREVPGPLK
HHHRRPPLLFA

[0383] Exemplary Amino Acid Sequence for Arabidopsis Root Growth Factor GLV11

Secretion Peptide Sequence (SEQ ID NO: 91):
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MVSIRVICYLLVESVLOVHAKVSNANENSQAPOMKNSEGLGASNGTQIAKKHAEDVIENRKTLK
HVNVKVEANEKNGLE IESKEMVKKRKNKKRLTKTESLTA

[0384] Exemplary Amino Acid Sequence for WT-RBD with Prepro_2 Sequence (SEQ
ID NO: 100):
MREPSIFTAVLFAASSALAMPLSGGGSGGSGEMPLNTTTEDETAGIPAEAVIGYLDLEGD
FDVAVLPESNSTNNGLLFINTTIASIAAKEEGVSRRLLRRLLRRLLAANITNLCPFGEVFN
ATRFASVYAWNRKRISNCVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVI
RGDEVRQIAPGQTGKIADYNYKLPDDFTGCVIAWNSNNLDSKVGGNYNYLYRLFRKSN
LKPFERDISTEIYQAGSTPCNGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLSFELLHA
PATVCGP

[0385] Exemplary Amino Acid Sequence for SARS-CoV-2 Wuhan Strain Receptor
Binding Domain (RBD) fused to Staphylococcus aureus binder of IgGc protein subunits I}

and IV (SHilIE-1V) (SEQ ID NO: 161):

MEVFLVLLPLVSSAANITNLCPEGEVENATRFASVYAWNRKRISNCVADYSVLYNSASESTEKC
YGVSPTKLNDLCEFTNVYADSEVIRGDEVROQIAPGOTGKIADYNYKLPDDETGCVIAWNSNNLDS
KVGGNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGENCYFPLOSYGEFQPTNGVGYQP
YRVVVLSFELLHAPATVCGPGGGGSGGGGSGGGGSIENADKATIKDEFQDNKAPHDKSAAYEANSK
LPKDLRDKNNREVEKVSIEKAIVRHDERVKSANDATSKLNEKDS IENRRLAQREVNKAPMDVKE
HLOKQLD

[0386] Exemplary Amino Acid Sequence for SARS-CoV-2 Wuhan Strain Receptor
Binding Domain (RBD) fused to Staphylococcus aureus binder of kg protein subunits 1}

and IV (ShillE-IV) with Prepro Seguence (SEQ 1D NG: 1423

MRFPSIFTAVLFAASSALAAPVNTTTEDETAQIPAEAVIGYLDLEGDFDVAVLPEFSNSTNNGLL
FINTTIASIAAKEEGVSLDKREAEANITNLCPFGEVENATRFASVYAWNRKRISNCVADYSVLY
NSASEFSTFKCYGVSPTKLNDLCEFTNVYADSEFVIRGDEVRQIAPGOQTGKIADYNYKLPDDETGCV
IAWNSNNLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGENCYFPLOSYGE
QPTNGVGYQPYRVVVLSFELLHAPATVCGPGGGGSGGGGSGGGGS IENADKATKDFQDNKAPHD
KSAAYEANSKLPKDLRDKNNREVEKVSIEKAIVRHDERVKSANDAISKLNEKDSIENRRLAQRE
VNKAPMDVKEHLQKQLD
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[0387] Exemplary Amino Acid Sequence for SARS-CoV-2 Wuhan Strain Receptor
Binding Domain (RBD) fused to Staphylococcus aureus binder of IgG protein subunits 11

and IV (Shilll-IV) with Prepro_2 Sequence (SEQ 1D NO: 163):

MRFPSIFTAVLFAASSALAMPLSGGGSGGSGSMPLNTTTEDETAQIPAEAVIGYLDLEGDEFDVA
VLPEFSNSTNNGLLEFINTTIASIAAKEEGVSRRLLRRLLRRLLAANITNLCPFGEVENATRFASYV
YAWNRKRISNCVADYSVLYNSASEFSTFKCYGVSPTKLNDLCEFTNVYADSEVIRGDEVRQIAPGO
TGKIADYNYKLPDDFTGCVIAWNSNNLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQAGST
PCNGVEGENCYFPLOSYGFQPTNGVGYQPYRVVVLSFELLHAPATVCGPGGGGSGGGGSGGGGS
IENADKATKDFQDNKAPHDKSAAYEANSKLPKDLRDKNNREVEKVSIEKAIVRHDERVKSANDA
ISKLNEKDSIENRRLAQREVNKAPMDVKEHLQKQLD

[0388] Exemplary Amino Acid Sequence for SARS-CoV-2 Omicron (BA.1) Strain
Receptor Binding Domain (RBD) fused to Staphyloceccus aureus binder of Iglc pretein
subunits 1H and IV (ShilILIV) (REQ 1D NG: 104)

MEVFLVLLPLVSSAANITNLCPFDEVENATRFASVYAWNRKRISNCVADYSVLYNLAPFFTEFKC
YGVSPTKLNDLCEFTNVYADSEVIRGDEVROQIAPGOTGNIADYNYKLPDDEFTGCVIAWNSNKLDS
KVSGNYNYLYRLFRKSNLKPFERDISTEIYQAGNKPCNGVAGENCYFPLRSYSEFRPTYGVGHQP
YRVVVLSFELLHAPATVCGPGGGGSGGGGSGGGGS IENADKATIKDFQDNKAPHDKSAAYEANSK
LPKDLRDKNNREFVEKVSIEKAIVRHDERVKSANDAISKLNEKDSTENRRLAQREVNKAPMDVKE
HLOKQLD

Exemplary Amino Acid Sequence for SARS-CoV-2 Omicron (BA.1) Strain Receptor
Binding Domain (RBD) fused to Staphyloceccus aurens binder of IgGG protein subunits U
and IV (ShIE-IV) with Prepro Sequence (SEQ ID NG: 165):

MRFPSIFTAVLFAASSALAAPVNTTTEDETAQIPAEAVIGYLDLEGDEFDVAVLPEFSNSTNNGLL
FINTTIASIAAKEEGVSLDKREAEANITNLCPFDEVENATRFASVYAWNRKRISNCVADYSVLY
NLAPFFTFKCYGVSPTKLNDLCEFTNVYADSEFVIRGDEVROQIAPGQTGNIADYNYKLPDDETGCV
IAWNSNKLDSKVSGNYNYLYRLFRKSNLKPFERDISTEIYQAGNKPCNGVAGENCYFPLRSYSFEF
RPTYGVGHQPYRVVVLSFELLHAPATVCGPGGGGSGGGGSGGGGS IENADKATKDFQDNKAPHD
KSAAYEANSKLPKDLRDKNNREVEKVSIEKAIVRHDERVKSANDAI SKLNEKDSIENRRLAQRE
VNKAPMDVKEHLQKQLD
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[0389] Engineered Prepro Sequences

[0390] Exemplary Prepro Sequence with Furin Cleavage Site (“furin”) (SEQ ID NO:
44):
MRFPSIFTAVLFAASSALAAPVNTTTEDETAQIPAEAVIGYLDLEGDEFDVAVLPEFSNSTNNGLL
FINTTIASTIAAKEEGVSLDRKRKRKRREAEAAA

[0391] Exemplary Prepro Sequence with Furin Cleavage Site and Deletion of an Stel3
Cleavage Site (“Furin_delSTE13”) (SEQ ID NO: 45):
MRFPSIFTAVLFAASSALAAPVNTTTEDETAQIPAEAVIGYLDLEGDFDVAVLPESNSTNNGLL
FINTTIASIAAKEEGVSLDRKRKRKRRAA

[0392] Exemplary Prepro Sequence with PCSK4 Cleavage Site (“PCSK4”) (SEQ ID
NO: 46):
MRFPSIFTAVLFAASSALAAPVNTTTEDETAQIPAEAVIGYLDLEGDEFDVAVLPFSNSTNNGLL
FINTTIASTAAKEEGVSLDKRKREAEAAA

[0393] Exemplary Prepro Sequence with PCSK4 Cleavage Site and Deletion of an Stel3
Cleavage Site (“PCSK4_delSTE13”) (SEQ ID NO: 47):
MRFPSIFTAVLFAASSALAAPVNTTTEDETAQIPAEAVIGYLDLEGDFDVAVLPEFSNSTNNGLL
FINTTIASTAAKEEGVSLDKRKRAA
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[0394] Exemplary Prepro Sequence with S1P Cleavage Site and Deletion of an Stel3
Cleavage Site (“S1P_delSTE13”) (SEQ ID NO: 48):
MRFPSIFTAVLFAASSALAAPVNTTTEDETAQIPAEAVIGYLDLEGDFDVAVLPEFSNSTNNGLL
FINTTIASTAAKEEGVSRRLLAA

[0395] Exemplary Prepro Sequence with PCSK9 Cleavage Site and Deletion of an Stel3
Cleavage Site (“PCSK9 _delSTE13”) (SEQ ID NO: 49):
MRFPSIFTAVLFAASSALAAPVNTTTEDETAQIPAEAVIGYLDLEGDFDVAVLPEFSNSTNNGLL
FINTTIASIAAKEEGVSLDVFAQSIPAA

[0396] Exemplary Prepro Sequence with Deletion of an Stel3 Cleavage Site
(“delSTE13”) (SEQ ID NO: 50):
MRFPSIFTAVLFAASSALAAPVNTTTEDETAQIPAEAVIGYLDLEGDFDVAVLPEFSNSTNNGLL
FINTTIASIAAKEEGVSLDKRAA

[0397] Exemplary Prepro Sequence with Surf4 Motif Replacement (“Surf4_motif”)
(SEQ ID NO: 51):
MRFPSIFTAVLFAASSALAMPLNTTTEDETAQIPAEAVIGYLDLEGDFDVAVLPFSNSTNNGLL
FINTTIASTIAAKEEGVSLDKREAEAAA

[0398] Exemplary Prepro_2 Sequence with Cathepsin C Peptide at the N-term of the
Propeptide (“CATHC 1”) (SEQ ID NO: 92):

MRFPSIFTAVLFAASSALAMPLSGGGSGGSGSMPLTPANCTYLDLLGTWVEFQVGSSGSQRDVNC
SVMGNTTTEDETAQIPAEAVIGYLDLEGDFDVAVLPEFSNSTNNGLLEFINTTIASIAAKEEGVSR
RLLRRLLRRLL

[0399] Exemplary Prepro_2 Sequence with Cathepsin C Peptide at the middle of the
Propeptide (“CATHC_2”) (SEQ ID NO: 93):
MRFPSIFTAVLFAASSALAMPLSGGGSGGSGSMPLNTTTEDETAQIPAEAVIGYLDLEGD
FDVATPANCTYLDLLGTWVFQVGSSGSQRDVNCSVMGVLPFSNSTNNGLLFINTTIASIA
AKEEGVSRRLLRRLLRRLL

[0400] Exemplary Prepro_2 Sequence with Cathepsin C Peptide at the C-term of the
Propeptide (“CATHC_3”) (SEQ ID NO: 94):
MRFPSIFTAVLFAASSALAMPLSGGGSGGSGSMPLNTTTEDETAQIPAEAVIGYLDLEGD

95



WO 2023/133233 PCT/US2023/010253

FDVAVLPFSNSTNNGLLFINTTIASIAAKEEGVSTPANCTYLDLLGTWVFQVGSSGSQRD
VNCSVMGRRLLRRLLRRLL

[0401] Exemplary Amino Acid Sequence for Prepro_2 Containing a 3x MYC Tag (SEQ
ID NO: 106):

[0402] MRFPSIFTAVLFAASSALAMPLSGGGSGGSGSMPLEQKLISEEDLGGGEQKLIS
EEDLGGGEQKLISEEDLNTTTEDETAQIPAEAVIGYLDLEGDFDVAVLPFSNSTNNGLLFI
NTTIASIAAKEEGVSRRLLRRLLRRLLAA

[0403] Exemplary Amino Acid Sequence for Prepro_2 Containing a 3x MYC Tag with
Deletion of a 3x S1P Protease Cleavage Site (SEQ ID NO: 107):

[0404] MRFPSIFTAVLFAASSALAMPLSGGGSGGSGSMPLEQKLISEEDLGGGEQKLIS
EEDLGGGEQKLISEEDLNTTTEDETAQIPAEAVIGYLDLEGDFDVAVLPFSNSTNNGLLFI
NTTIASIAAKEEGVSAA

[0405] Exemplary Amino Acid Sequence for Prepro_2 with Deletion of a 3x S1P Protease
Cleavage Site (SEQ ID NO: 108):

[0406] MRFPSIFTAVLFAASSALAMPLSGGGSGGSGSMPLNTTTEDETAQIPAEAVIGY
LDLEGDFDVAVLPFSNSTNNGLLFINTTIASIAAKEEGVSAA

[0407] Exemplary Amino Acid Sequence for Prepro with Deletion of an Stel3 Cleavage
Site and Deletion of a Kex2 Cleavage Site (SEQ ID NO: 109):

[0408] MRFPSIFTAVLFAASSALAAPVNTTTEDETAQIPAEAVIGYLDLEGDFDVAVL
PFSNSTNNGLLFINTTIASIAAKEEGVSLDAA

[0409] Certain Optimization-Associated Sequences
[0410] Furin Cleavage Site (SEQ ID NO: 52):
RKRKRKRR

[0411] PCSK4 Cleavage Site (SEQ ID NO: 53):

KRKR

[0412] PCSKO9 Cleavage Site (SEQ ID NO: 54):
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VFAQSIP

[0413] S1P Cleavage Site (SEQ ID NO: 55):

RRLL

[0414] Ste13 Cleavage Site (SEQ ID NO: 56):

EAEA

[0415] Kex2 Cleavage Site (SEQ ID NO: 57):

KR

[0416] Surf4 Tripeptide Motif (SEQ ID NO: 58):

MPL

[0417] Cathepsin C Peptide (SEQ ID NO: 95)
TPANCTYLDLLGTWVEFQVGSSGSQRDVNCSVMG

[0418] Coagulation Factor VII Peptide (SEQ ID NO: 96)
ILEKRNASKPQGR

[0419] Sortilin 1 Peptide (SEQ ID NO: 97)
WSGPIGVSWGLR

[0420] Brain-Derived Neurotrophic Factor Peptide (SEQ ID NO: 98)

ESVNGPKAGSRGLTSLADTFEHVIEELLDEDQKVRPNEENNKDADLYTSRVMLSSQVPL

[0421] Primer Sequences

[0422] NLuc_Nterm_cPCR _F (SEQ ID NO: 59):
CGAGACAGAGAAGACTCTTGCGTTTCTGATAGG

[0423] NLuc_Nterm_cPCR_R (SEQ ID NO: 60):
CACAATTGCTGATTCGTTTTCGATTCCACGCATATACG

[0424] NLuc_seq (SEQ ID NO: 61):
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GGTCTTACTGACATCCACTTTG

[0425] NLuc_RBD_F (SEQ ID NO: 62):
TAATACGACTCACTATAGGGGCCGCCACCATGAGATTTCC
[0426] NLuc_RBD R (SEQ ID NO: 63):
GATATCCGCGGTAGGAATTCAGGACCACAAACTGTCG
[0427] NLuc_colony forward (SEQ ID NO: 64):
CGAGACAGAGAAGACTCTTGCGTTTCTGATAGG

[0428] NLuc_colony_reverse (SEQ ID NO: 65):
GAGAGCTCGCCTGCAGGAATTGG

[0429] T7-AGG_fwd (SEQ ID NO: 110):
gaattTAATACGACTCACTATAAGGcttgttctttttgcagaage

[0430]  120pA_rev (SEQ ID NO: 111):

ITTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTI
TTTTTTTTTTTTTTTTTTTTTTTTTTITTTTTTTTTTTTTTTTTTTTTTTTTTTTTTagaatgtga

agaaactttctttttattag
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EQUIVALENTS

[0448] Those skilled in the art will recognize, or be able to ascertain using no more than routine
experimentation, many equivalents to the specific embodiments of the invention described herein.
It is to be understood that the invention encompasses all variations, combinations, and
permutations in which one or more limitations, elements, clauses, descriptive terms, efc., from one
or more of the listed claims is introduced into another claim dependent on the same base claim (or,
as relevant, any other claim) unless otherwise indicated or unless it would be evident to one of
ordinary skill in the art that a contradiction or inconsistency would arise. Further, it should also be
understood that any embodiment or aspect of the invention can be explicitly excluded from the
claims, regardless of whether the specific exclusion is recited in the specification. The scope of
the present invention is not intended to be limited to the above Description, but rather is as set

forth in the claims that follow.
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CLAIMS
What is claimed is:

1. An engineered polypeptide comprising:

(1) a payload polypeptide,

(i1) a wild-type or engineered a-factor prepro sequence or a fragment thereof, wherein
the wild-type or engineered a-factor prepro sequence or a fragment thereof is operably linked to

the payload polypeptide.

2. The engineered polypeptide of claim 1, wherein the payload polypeptide is a therapeutic
polypeptide.
3. The engineered polypeptide of claim 1 or 2, wherein the payload polypeptide comprises

one or more antigens.

4 The engineered polypeptide of claim 3, wherein the one or more antigens are one or more

viral antigens.

5. The engineered polypeptide of claim 4, wherein the one or more viral antigens are one or

more SARS-CoV-2 antigens.

6. The engineered polypeptide of claim 5, wherein the one or more viral antigens comprises

a SARS-CoV-2 receptor binding domain or fragment thereof.

7. The engineered polypeptide of claim 5 or 6, wherein the one or more viral antigens

comprises a SARS-CoV-2 spike protein or fragment thereof.

8. The engineered polypeptide of claim 4, wherein the one or more viral antigens are one or

more influenza antigens.

9. The engineered polypeptide of claim 8, wherein the one or more influenza antigens are

one or more influenza A antigens.
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10.  The engineered polypeptide of claim 3, wherein the one or more antigens are one or more

bacterial antigens.

11.  The engineered polypeptide of claim 3, wherein the one or more antigens are one or more

cancer antigens.

12.  The engineered polypeptide of claim 3, wherein the one or more antigens are one or more

archaeal antigens.

13. The engineered polypeptide of claim 1 or 2, wherein the payload polypeptide comprises

an antibody or fragment thereof.

14. The engineered polypeptide of claim 1 or 2, wherein the payload polypeptide comprises a

fusion protein including an extracellular receptor and an immunoglobulin constant region.

15. The engineered polypeptide of claim 1 or 2, wherein the payload polypeptide comprises a

fusion protein including a receptor agonist and an immunoglobulin constant region.

16. The engineered polypeptide of claim 1 or 2, wherein the payload polypeptide comprises a

fusion protein including a receptor antagonist and an immunoglobulin constant region.

17.  The engineered polypeptide of any one of claims 1-16, wherein the wild-type or
engineered a-factor prepro sequence or a fragment thereof is present on the N-terminus of the

engineered polypeptide.
18.  The engineered polypeptide of any one of claims 1-16, wherein the wild-type or

engineered a-factor prepro sequence or a fragment thereof is present on the C-terminus of the

engineered polypeptide.
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19. The engineered polypeptide of any one of claims 1-18, wherein the engineered

polypeptide comprises a wild-type a-factor prepro sequence or a fragment thereof.

20. The engineered polypeptide of claim 19, wherein the wild-type a-factor prepro sequence

comprises a sequence according to SEQ ID NO: 2, SEQ ID NO: 68, or SEQ ID NO: 69.

21.  The engineered polypeptide of any one of claims 1-18, wherein the engineered

polypeptide comprises an engineered o-factor prepro sequence or a fragment thereof.

22.  The engineered polypeptide of claim 21, wherein the engineered a-factor prepro

sequence comprises a tripeptide motif having Surf4 binding affinity.

23. The engineered polypeptide of claim 22, wherein the tripeptide motif is MPL (SEQ ID
NO: 58).

24, The engineered polypeptide of any one of the preceding claims, wherein the engineered
a-factor prepro sequence does not include an Stel3 cleavage site optionally wherein the Stel3

cleavage site comprises EAEA (SEQ ID NO: 56).

25.  The engineered polypeptide of any one of the preceding claims, wherein the engineered
a-factor prepro sequence does not include a Kex2 cleavage site optionally wherein the Kex2
cleavage site comprises KR (SEQ ID NO: 57).

26. The engineered polypeptide of claim 25, wherein the Kex2 cleavage site found in a wild-
type a-factor prepro sequence has been replaced in the engineered a-factor prepro sequence with

a protease cleavage site of a human protease.
27.  The engineered polypeptide of claim 26, wherein the Kex2 cleavage site found in a wild-

type o-factor prepro sequence has been replaced in the engineered a-factor prepro sequence with

a protease cleavage site of S1P, PCSK4, PCSKO, or furin.
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28. The engineered polypeptide of claim 27, wherein:
(a) the protease cleavage site of S1P has a sequence according to SEQ ID NO: 55;
(b) the protease cleavage site of PCSK4 has a sequence according to SEQ ID NO: 53;
(c) the protease cleavage site of PCSK9 has a sequence according to SEQ ID NO: 54; or
(d) the protease cleavage site of furin has a sequence according to SEQ ID NO: 52.

29. The engineered polypeptide of any one of the preceding claims, wherein the engineered
a-factor prepro sequence comprises a CATHC peptide sequence or a fragment thereof optionally

wherein, the CATHC peptide has a sequence according to SEQ ID NO: 95.

30. The engineered polypeptide of any one of the preceding claims, wherein the engineered
a-factor prepro sequence comprises a CFVII peptide sequence or a fragment thereof optionally

wherein, the CFVII peptide has a sequence according to SEQ ID NO: 96.

31.  The engineered polypeptide of any one of the preceding claims, wherein the engineered
a-factor prepro sequence comprises a Sortilin 1 peptide sequence or a fragment thereof

optionally wherein, the Sortilin-1 peptide has a sequence according to SEQ ID NO: 97.

32. The engineered polypeptide of any one of the preceding claims, wherein the engineered
a-factor prepro sequence comprises a BDNF peptide sequence or a fragment thereof optionally

wherein, the BDNF peptide has a sequence according to SEQ ID NO: 98.

33.  The engineered polypeptide of any one of claims 1-18 and 21, wherein the engineered o-
factor prepro sequence has a sequence according to SEQ ID NO: 44, SEQ ID NO: 45, SEQ ID
NO: 46, SEQ ID NO: 47, SEQ ID NO: 48, SEQ ID NO: 49, SEQ ID NO: 50, SEQ ID NO: 51,
SEQ ID NO: 71, SEQ ID NO: 92, SEQ ID NO: 93, SEQ ID NO: 94, SEQ ID NO: 106, SEQ ID
NO: 107, SEQ ID NO: 108 or SEQ ID NO: 109.

34. The engineered polypeptide of any one of claims 1, 2, and 17-32, wherein the payload
polypeptide comprises a sequence according to SEQ ID NO: 1, SEQ ID NO: 3, SEQ ID NO: 5,
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SEQ ID NO: 7, SEQ ID NO: 9, SEQ ID NO: 11, SEQ ID NO: 13, SEQ ID NO: 15, SEQ ID NO:
17, SEQ ID NO: 19, SEQ ID NO: 21, SEQ ID NO: 23, SEQ ID NO: 25, SEQ ID NO: 27, SEQ
ID NO: 29, SEQ ID NO: 31, SEQ ID NO: 33, SEQ ID NO: 35, SEQ ID NO: 37, SEQ ID NO:
39, SEQ ID NO: 72, or SEQ ID NO: 79.

35. The engineered polypeptide of claim 1, wherein the engineered polypeptide has a sequence
according to SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID NO: 12,
SEQ ID NO: 14, SEQ ID NO: 16, SEQ ID NO: 18, SEQ ID NO: 20, SEQ ID NO: 22, SEQ ID
NO: 24, SEQ ID NO: 26, SEQ ID NO: 28, SEQ ID NO: 30, SEQ ID NO: 32, SEQ ID NO: 34,
SEQ ID NO: 36, SEQ ID NO: 38, SEQ ID NO: 40, SEQ ID NO: 43, SEQ ID NO: 73, SEQ ID
NO: 74, SEQ ID NO: 75. SEQ ID NO: 76, SEQ ID NO: 77, SEQ ID NO: 78, SEQ ID NO: 80,
SEQ ID NO: 81, SEQ ID NO: 100, SEQ ID NO: 101, SEQ ID NO: 102, SEQ ID NO: 103, SEQ
ID NO: 104 or SEQ ID NO: 105.

36.  The engineered polypeptide of any one of the preceding claims, characterized in that
when assessed in a cell, tissue or subject, the engineered polypeptide is secreted out of the cell, a
cell of the tissue, or a cell or tissue of the subject at a greater level than a comparable
polypeptide, optionally wherein the comparable polypeptide comprises the same payload
polypeptide as the engineered polypeptide and a signal peptide that is not a wild-type or

engineered a-factor prepro sequence.

37. A polynucleotide encoding the engineered polypeptide of any one of claims 1-36.

38. The polynucleotide of claim 37, wherein the polynucleotide is DNA.

39. The polynucleotide of claim 37, wherein the polynucleotide is RNA optionally wherein
the RNA is an mRNA.

40. The polynucleotide of claim 39, wherein the mRNA comprises a cap and a poly-(A) tail.
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41. The polynucleotide of claim 39 or 40, wherein the polynucleotide comprises one or more

N4-acetylcytidine residues.

42. The polynucleotide of any one of claims 39-41, wherein the polynucleotide comprises

one or more 5-hydroxymethyluridine residues.

43, A cell comprising the engineered polypeptide of any one of claims 1-36 or the

polynucleotide of any one of claims 37-42.

44. A composition comprising the engineered polypeptide of any one of claims 1-36, the

polynucleotide of any one of claims 37-42, or the cell of claim 43.

45. The composition of claim 44, wherein the composition is a pharmaceutical composition.

46. The composition of claim 45, wherein the pharmaceutical composition is or comprises:
(a) an immunogenic composition;
(b) a vaccine;
(c) a gene therapy;
(d) a chemotherapy;
(e) an immunotherapy; or

(f) a cell engineering therapy.
47. A method comprising administering the engineered polypeptide of any one of claims 1-
36, the polynucleotide of any one of claims 37-42, the cell of claim 43 or the composition of any

one of claims 44-46 to a cell, tissue or subject.

48. The method of claim 47, wherein the cell is a mammalian cell, the tissue is a mammalian

tissue, or the subject is a mammal.

49. The method of claim 47 or 48, wherein the subject is a human.
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50. The method of any one of claims 47-49, wherein the method is:
(a) a method to stimulate an immune response;
(b) a vaccination method;
(c) a gene therapy method,
(d) a cell therapy engineering method,
(e) an immunotherapy method;
(f) a protein replacement therapy method; or

(g) a chemotherapeutic method.

51. A method of manufacturing an engineered polypeptide, comprising expressing the

polynucleotide of any one of claims 37-42 from a cell.

52. The method of claim 51, wherein the cell is a mammalian cell.

53.  Use of the engineered polypeptide of any one of claims 1-36, the polynucleotide of any
one of claims 37-42, the cell of claim 43 or the composition of any one of claims 44-46,

(a) to stimulate an immune response;

(b) as a vaccine;

(c) as an immunotherapy;

(d) as a gene therapy;

(e) as a protein replacement therapy;

(f) as a cell engineering therapy;

(g) as a chemotherapy.

54. The use of claim 53, wherein the polypeptide, polynucleotide, cell, or composition is

administered to a cell, tissue or subject.
55. A method of making a polynucleotide comprising adding a nucleotide sequence encoding

a wild-type or engineered a-factor prepro sequence to a nucleotide sequence encoding a payload

polypeptide.
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