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PROTEASE ACTIVATABLE CYTOKINES AND METHODS FOR
MAKING AND USING THE SAME

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of the United States Provisional Application Serial No.
63/607,898. filed December 8, 2023, the content of which is hereby incorporated by reference in its

entirety.

REFERENCE TO AN ELECTRONIC SEQUENCE LISTING

[0002] The content of the electronic sequence listing (95KG-385485-WO.xml: Size: 2.427.153 bytes:

and Date of Creation: December 5. 2024) is herein incorporated by reference in its entirety.

BACKGROUND

[0003] Cytokines have the potential to treat a variety of discases or conditions. However, the
therapeutic utility of cytokines can be limited due to the cellular toxicity, short half-life, need for

repetitive or frequent dosing, and the potential to elicit undesired immune response in the patients.

[0004] Most cytokine products in the clinical setting are extremely potent. Interleukins, such as IL-2
and IL-12, and IFN-q are cytokines, produced primarily by cells of the immune system to signal and
organize the immune response. In cancer. cytokines facilitate the ability of the immune system to
recognize tumor cells as abnormal and harmful to the host. Cytokines further increase the proliferation
of, enhance the survival of, and direct a variety of immune cell types to infiltrate the tumor
microenvironment and promote potent anti-tumor immune responses resulting in tumor cell killing
and tumor clearance. This limits the practical applications of cytokines in a therapeutic setting,

particularly in anti-cancer indications.

[0005] Interleukin-12 (IL-12) in particular, has been recognized as having potential to be an ideal
payload for tumor immunotherapy. It can activate both the innate and the adaptive components of the
immune system. 1L-12 stimulates the production of [FN-y and activates NK cells, as well as CD8+
and CD4+ T cells. In addition. this cytokine also induces antiangiogenic chemokines. remodeling of
the tumor extracellular matrix and stimulation of MHC class [ molecules expression, making it an
extremely attractive anticancer candidate. However, while researchers have shown encouraging
preclinical data, the severe toxicity profile of this cytokine has prevented dose escalation and
significantly curbed clinical potential as an anticancer agent. Although multiple clinical trials have
been on-going since the first human clinical trial of IL-12 in 1996, an FDA-approved IL-12 product

remains elusive.
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[0006] This presents a significant unmet need for new strategies that can overcome therapeutic index
challenges for use of cytokines as anticancer agents. If the potency of cytokines like IL-12 could be
safely hamessed and the toxicity challenges could be controlled, these agents could serve as powerful

therapeutics for potential use against a broad spectrum of cancers.

BRIEF DESCRIPTION

[0007] The present disclosure provides, among other things, a fusion protein comprising a cytokine,
a linker comprising a protease-cleavable release segment, and a mask polypeptide, wherein the linker
comprising the release segment is positioned between the cytokine and the mask polypeptide, and
wherein the release segment is capable of being cleaved by at least one protease that is present in a
tumor. Aspects disclosed herein address a long-felt unmet need for activatable cytokines for cancer

therapeutics, that have an increased therapeutic index.

[0008] Various features of this disclosure are set forth with particularity in the appended claims. A
better understanding of the features and advantages of the present disclosure will be obtained by
reference to the following detailed description that sets forth illustrative embodiments, in which the

principles of the invention are utilized, and the accompanying drawings.

SUMMARY

[0009] In one aspect, the disclosure provides a fusion protein comprising: a cytokine, a linker
(Linkerl) comprising a proteasc-cleavable release segment (RS1), and a mask polypeptide (Mask1),
wherein the linker (Linkerl) comprising the release segment (RS1) is positioned between the cytokine
and the mask polypeptide (Mask1): wherein the release segment is capable of being cleaved by at
least one protease that is present in a tumor: and wherein the release segment (RS1) (i) is not capable
of being cleaved by legumain in human plasma. (ii) is cleaved by legumain in human plasma at a rate
that is less than 25% of the rate that EAGRSANHTPAGLTGP (RSR-2295: SEQ ID NO:7048) is
cleaved by legumain in human plasma, or (iii) comprises an amino acid sequence comprising the

sequence EAGRSAXHTPAGLTGP, wherein X is any amino acid other than N (SEQ ID NO:7627).

[0010] In some embodiments, the cytokine is an interleukin, a transforming growth factor, an
interferon, a tumor necrosis factor, a chemokine, or granulocyte macrophage-colony stimulating

factor.

[0011] In some embodiments, the cytokine is an intcrleukin. In some embodiments, the interlcukin is
selected from IL-1, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-11, IL-12, TL-13, IL-14,
IL-15, IL-16, IL-17, IL-18, IL-21, and IL-25. In some embodiments, the interleukin is IL-12. In some
embodiments, the [L-12 is a disulfide-linked heterodimer comprising a p35 polypeptide and a p40
polvpeptide. and wherein the linker and mask are covalently joined to (i) the N-terminus or C-

terminus of the p35 polypeptide, or (ii) the N-terminus or C-terminus of the p40 polypeptide.
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[0012] In one aspect, the disclosure provides a fusion protein comprising: (a) a first polypeptide
subunit comprising the following elements in an N-to-C or C-to-N terminal orientation: 1. a first mask
polypeptide (Mask1), ii. a first linker (Linker]l) comprising a first protease-cleavable release segment
(RS1), iii. an IL-12 p335 polypeptide, iv. a second linker (Linker2) comprising a second protease-
cleavable release segment (RS2), and v. a second mask polypeptide (Mask2); and (b) a second
polvpeptide subunit comprising the following elements in an N-to-C or C-to-N terminal orientation: i.
a third mask polypeptide (Mask3), ii. a third linker (Linker3) comprising a third protease-cleavable
release segment (RS3), iii. an 1L-12 p40 polypeptide, iv. a fourth linker (Linker4) comprising a fourth
protease-cleavable release segment (RS4), and v. a fourth mask polypeptide (Mask4); wherein the IL-
12 p35 polypeptide of the first polypeptide subunit and the IL-12 p40 polypeptide of the second
polypeptide subunit are disulfide-linked thereby forming a disulfide-linked heterodimer: wherein each
release segment (RS1. RS2, RS3. and RS4) is capable of being cleaved by at least one protease that is
present in a tumor; and wherein cach release segment (RS1, RS2, RS3, and RS4) (i) is not capable of
being cleaved by legumain in human plasma, (ii) is cleaved by legumain in human plasma at a rate
that is less than 25% of the rate that RSR-2295 (EAGRSANHTPAGLTGP; SEQ ID NO:7048) is
cleaved by legumain in human plasma, or (iii) comprises an amino acid sequence comprising the

sequence EAGRSAXHTPAGLTGP, wherein X is any amino acid other than N (SEQ ID NO:7627).

[0013] In some embodiments, the first mask polypeptide (Mask1) comprises a first a first barcode
fragment (Barcodel), the second mask polypeptide (Mask2) comprises a second barcode fragment
(Barcode?2). the third mask polypeptide (Mask3) comprises a third barcode fragment (Barcode3). and
the fourth mask polypeptide (Mask4) comprises a fourth barcode fragment (Barcode4); and wherein
cach barcode fragment (Barcodel, Barcode2, Barcode3, and Barcode4) is releasable from the fusion
protein upon digestion with a non-mammalian protease, and cach barcode fragment differs in both
sequence and molecular weight from all other barcode fragments or peptide fragments that are
releasable from the fusion protein upon complete digestion of the fusion protein by the non-

mammalian protease.

[0014] In one aspect, the disclosure provides a fusion protein comprising: (a) a first polypeptide
subunit comprising the following elements in an N-to-C or C-to-N terminal orientation: i. a first mask
polypeptide (Mask 1) comprising a first barcode fragment (Barcodel), ii. a first linker (Linker])
comprising a first protease-cleavable release segment (RS1), iii. an IL-12 p35 polypeptide, iv. a
second linker (Linker2) comprising a second proteasc-cleavable release segment (RS2), and v. a
second mask polypeptide (Mask2) comprising a second barcode fragment (Barcode2); and (b) a
second polypeptide subunit comprising the following elements in an N-to-C or C-to-N terminal
orientation: i. a third mask polypeptide (Mask3) comprising a third barcode fragment (Barcode3), ii. a
third linker (Linker3) comprising a third protease-cleavable release segment (RS3), iii. an IL-12 p40

polypeptide, iv. a fourth linker (Linker4) comprising a fourth protease-cleavable release segment
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(RS4), and v. a fourth mask polypeptide (Mask4) comprising a fourth barcode fragment (Barcode4);
wherein the IL-12 p35 polypeptide of the first subunit and the IL-12 p40 polypeptide of the second
unit are disulfide-linked thereby forming a disulfide-linked heterodimer; wherein each release
segment (RS1, RS2, RS3, and RS4) is capable of being cleaved by at least one protease that is present
in a tumor; and wherein each barcode fragment (Barcodel. Barcode2, Barcode3, and Barcode4) is
releasable from the fusion protein upon digestion with a non-mammalian protease, and each barcode
fragment differs in both sequence and molecular weight from all other barcode fragments or peptide
fragments that are releasable from the fusion protein upon complete digestion of the fusion protein by

the non-mammalian protease.

[0015] In some embodiments, each release segment comprises an amino acid sequence having at
least 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identity, or 100% identity, to a

sequence of Table 6a.

[0016] In some embodiments, each release segment (RS1, RS2, RS3, and RS4) (i) is not capable of
being cleaved by legumain in human plasma, (ii) is cleaved by legumain in human plasma at a rate
that is less than 25% of the rate that RSR-2295 (EAGRSANHTPAGLTGP; SEQ ID NO:7048) is
cleaved by legumain in human plasma, or (iii) comprises an amino acid sequence comprising the

sequence EAGRSAXHTPAGLTGP, wherein X is any amino acid other than N (SEQ ID NO:7627).
[0017] In some embodiments, each release segment is a substrate for at least one protease of Table 5.

[0018] In some embodiments, each release segment is capable of being cleaved by uPA, ST14,
MMP2. MMP7, MMP9, and MMP14.

[0019] In some embodiments, cach release segment is not capable of being cleaved by legumain in

human plasma.

[0020] In some embodiments, each release segment is not capable of being cleaved by legumain in

human blood, plasma, or serum.

[0021] In some embodiments, each release segment is not capable of being cleaved upon incubation

with about 1nM or less legumain for about 20 hours.

[0022] In some embodiments, each release segment is cleaved by legumain in human plasma at a rate
that is less than 25%, less than 15%, less than 10%, less than 5%. or less than 2.5% of the rate that
RSR-2295 (EAGRSANHTPAGLTGP; SEQ ID NO:7048) is cleaved by legumain in human plasma.

[0023] In some embodiments, each release segment comprises the amino acid sequence of RSR-3213

(EAGRSASHTPAGLTGP; SEQ ID NO:7628)

[0024] In some embodiments, each mask polypeptide is an extended length non-natural polypeptide

(ELNN).
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[0025] In some embodiments, each ELNN is, independently, characterized in that: at least 90% of the
amino acid residues of each ELNN are selected from glycine (G), alanine (A), serine (S), threonine
(T), glutamate (E). proline (P), or any combination thereof; and each ELNN comprises at least 3 types

of amino acid residues selected from the group consisting of G, A, S, T, E, and P.

[0026] In some embodiments, each ELNN, independently, comprises a plurality of non-overlapping
sequence motifs that are each from 9 to 14 amino acid residues in length, wherein the plurality of non-
overlapping sequence motifs comprises a set of non-overlapping sequence motifs, wherein each non-
overlapping sequence motif of the set of non-overlapping sequence motifs is repeated at least two
times in the ELNN.

[0027] In some embodiments, the plurality of non-overlapping sequence motifs comprises at least

one non-overlapping sequence motif that occurs only once within the ELNN.

[0028] In some embodiments. the non-overlapping sequence motifs comprise one of or any

combination of the sequence motifs listed in Table 1b.

[0029] In some embodiments, the non-overlapping sequence motifs comprise at least 2. 3, or 4 of the

sequence motifs listed in Table 1b.

[0030] In some embodiments, the non-overlapping sequence motifs comprise any one of or any
combination of GTSTEPSEGSAP (SEQ ID NO:189), GTSESATPESGP (SEQ ID NO:188),
GSGPGTSESATP (SEQ ID NO:201), GSEPATSGSETP (SEQ ID NO:187), GSPAGSPTSTEE (SEQ
ID NO:186), and GTSPSATPESGP (SEQ ID NO:202).

[0031] In some embodiments, each ELNN comprises at least 4 types of amino acid residues selected

from the group consisting of G, A, S, T, E, and P.

[0032] In some embodiments. the amino acid residues of each ELNN consists of A, E, G. S, P,
and/or T.

[0033] In some embodiments, each ELNN, independently, has a length of least 100 amino acid

residues, at least 200 amino acid residues. or at least 250 amino acid residues.

[0034] In some embodiments, each ELNN, independently, has a length of 100 to 1000 amino acid
residues, 100 to 500 amino acid residues, 200 to 100 amino acid residues, 200 to 500 amino acid
residues, 200 to 300 amino acid residues, 250 to 1000 amino acid residues, 250 to 500 amino acid

residucs, or 250 to 300 amino acid residucs.
[0035] In some embodiments, each ELNN has a length of between 250 and 300 amino acid residues.

[0036] In some embodiments, each ELNN has a length of 287 or 288 amino acid residues.
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[0037] In some embodiments, each ELNN comprises an amino acid sequence that has at least 85%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to an amino acid

sequence listed in Table 3a or 3b.

[0038] In some embodiments, the first polypeptide mask is a first ELNN (ELNN1), and wherein
ELNNI1 comprises an amino sequence that has at least 85%, 90%, 91%. 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% identity, or 100% identity to:
ASGPGTSTEPSEGSAPGTSESATPESGPGSGPGTSESATPGTSESATPESGPGSEPATSGSETPGT
SESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSESATP
ESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPGT
SESATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE
GSAPGSEPATSGSETPGTSESAT (SEQ ID NO: 8026).

[0039] In some embodiments, the second polypeptide mask is a second ELNN (ELNN2), and
wherein ELNN2 comprises an amino sequence that has at least 85%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%. 98%, or 99% identity, or 100% identity to:
ATPESGPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGSEPATSGSET
PGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSES
ATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGTSESATPESG
PGTSASATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEEGTSTEPSEGSAPGTSTE
PSEGSAPGSEPATSGSETPGEPEA (SEQ ID NO: 8028).

[0040] In some embodiments, the third polypeptide mask is a third ELNN (ELNN3), and wherein
ELNN3 comprises an amino sequence that has at least 85%, 90%, 91%. 92%, 93%, 94%., 95%. 96%,
97%, 98%, or 99% identity, or 100% identity to:
ASGPGTSTEPSEGSAPGTSESATPESGPGSGPATSESATPGTSESATPESGPGSEPATSGSETPGT
SESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSESATP
ESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPGT
SESATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE
GSAPGSEPATSGSETPGTSESAT (SEQ ID NO: 8023).

[0041] In some embodiments, the fourth polypeptide mask is a fourth ELNN (ELNN4), and wherein
ELNN4 comprises an amino sequence that has at least 85%, 90%, 91%. 92%, 93%, 94%, 95%., 96%,
97%, 98%, or 99% identity, or 100% identity to:
ATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSA
PGTSESATPESGPGSEPATSGSETPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGTSTE
PSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSESATPESGPGSPAGSPTSTE
EGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPGTSPSATPESGPGSEPA
TSGSETPGSEPATSGSETPGSPAG (SEQ ID NO: 8025).
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[0042] In some embodiments, the IL-12 p35 polypeptide is a human IL-12 p35 polypeptide and the
IL12 p40 polypeptide is a human IL-12 p40 polypeptide.

[0043] In some embodiments, the human IL-12 p35 polypeptide comprises an amino acid sequence
that has at least 85%. 90%, 91%, 92%, 93%. 94%, 95%, 96%, 97%., 98%, or 99% identity, or 100%
identity to:
RNLPVATPDPGMFPCLHHSQNLLRAVSNMLQKARQTLEFYPCTSEEIDHEDITKDKTSTVEAC
LPLELTKNESCLNSRETSFITNGSCLASRKTSFMMALCLSSIYEDLKMYQVEFKTMNAKLLM
DPKRQIFLDQNMLAVIDELMQALNFNSETVPQKSSLEEPDFYKTKIKLCILLHAFRIRAVTIDR
VMSYLNAS (SEQ ID NO: 8050).

[0044] In some embodiments, the human 1L-12 p35 polypeptide comprises the amino acid sequence
of’
RNLPVATPDPGMFPCLHHSQNLLRAVSNMLQKARQTLEFYPCTSEEIDHEDITKDKTSTVEAC
LPLELTKNESCLNSRETSFITNGSCLASRKTSFMMALCLSSIYEDLKMYQVEFKTMNAKLLM
DPKRQIFLDQNMLAVIDELMQALNFNSETVPQKSSLEEPDFYKTKIKLCILLHAFRIRAVTIDR
VMSYLNAS (SEQ ID NO: 8050).

[0045] In some embodiments, the human IL-12 p35 polypeptide is an N195 aglycosylated variant.

[0046] In some embodiments, the human IL-12 p35 polypeptide comprises the amino acid
sequence of’
RNLPVATPDPGMFPCLHHSQNLLRAVSNMLQKARQTLEFYPCTSEEIDHEDITKDKT
STVEACLPLELTKNESCLNSRETSFITNGSCLASRKTSFMMALCLSSIYEDLKMYQVE
FKTMNAKLLMDPKRQIFLDQNMLAVIDELMQALNFNSETVPQKSSLEEPDFYKTKIK
LCILLHAFRIRAVTIDRVMSYLXAS (SEQ ID NO: 8055), wherein X is any amino acid

residue other than asparagine (N).

[0047] In some embodiments, the human IL-12 p35 polypeptide comprises an amino acid sequence
selected from:
RNLPVATPDPGMFPCLHHSQNLLRAVSNMLQKARQTLEFYPCTSEEIDHEDITKDKTSTVEAC
LPLELTKNESCLNSRETSFITNGSCLASRKTSFMMALCLSSIYEDLKMYQVEFKTMNAKLLM
DPKRQIFLDONMLAVIDELMQALNFNSETVPQKSSLEEPDFYKTKIKLCILLHAFRIRAVTIDR
VMSYLSSA (SEQ ID NO: 8052);
RNLPVATPDPGMFPCLHHSQONLLRAVSNMLQKARQTLEFYPCTSEEIDHEDITKDKTSTVEAC
LPLELTKNESCLNSRETSFITNGSCLASRKTSFMMALCLSSIYEDLKMYQVEFKTMNAKLLM
DPKRQIFLDQNMLAVIDELMQALNFNSETVPQKSSLEEPDFYKTKIKLCILLHAFRIRAVTIDR
VMSYLQAS (SEQ ID NO: 8053); and
RNLPVATPDPGMFPCLHHSQNLLRAVSNMLQKARQTLEFYPCTSEEIDHEDITKDKTSTVEAC
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LPLELTKNESCLNSRETSFITNGSCLASRKTSFMMALCLSSIYEDLKMYQVEFKTMNAKLLM
DPKRQIFLDONMLAVIDELMQALNFNSETVPQKSSLEEPDFYKTKIKLCILLHAFRIRAVTIDR
VMSYLDAS (SEQ ID NO: 8054).

[0048] In some embodiments, the human IL-12 p40 polypeptide comprises an amino acid sequence
that has at least 85%, 90%, 91%, 92%, 93%, 94%, 95%., 96%, 97%, 98%, or 99% identity, or 100%
identity to:
IWELKKDVYVVELDWYPDAPGEMVVLTCDTPEEDGITWTLDQSSEVLGSGKTLTIQVKEFG
DAGQYTCHKGGEVLSHSLLLLHKKEDGIWSTDILKDQKEPKNKTFLRCEAKNY SGRFTCWW
LTTISTDLTFSVKSSRGSSDPQGVTCGAATLSAERVRGDNKEYEYSVECQEDSACPAAEESLPI
EVMVDAVHKLKYENYTSSFFIRDIIKPDPPKNLQLKPLKNSRQVEVSWEYPDTWSTPHSYFSL
TFCVQVQGKSKREKKDRVFTDKTSATVICRKNASISVRAQDRYYSSSWSEWASVPCS (SEQ
ID NO: 8051).

[0049] In some embodiments, the human IL-12 p40 polypeptide comprises the amino acid sequence
of:
IWELKKDVYVVELDWYPDAPGEMVVLTCDTPEEDGITWTLDQSSEVLGSGKTLTIQVKEFG
DAGQYTCHKGGEVLSHSLLLLHKKEDGIWSTDILKDQKEPKNKTFLRCEAKNY SGRFTCWW
LTTISTDLTFSVKSSRGSSDPQGVTCGAATLSAERVRGDNKEYEYSVECQEDSACPAAEESLPI
EVMVDAVHKLKYENYTSSFFIRDIIKPDPPKNLQLKPLKNSRQVEVSWEYPDTWSTPHSYFSL
TFCVQVQGKSKREKKDRVFTDKTSATVICRKNASISVRAQDRYYSSSWSEWASVPCS (SEQ
ID NO: 8051).

[0050] In some embodiments, the IL-12 p35 polypeptide is a mouse IL-12 p35 polypeptide and the
IL-12 p40 polypeptide is a mouse IL-12 p40 polypeptide.

[0051] In some embodiments, each linker further comprises a spacer.

[0052] In some embodiments, each spacer is positioned between a release segment and a cytokine, an
IL-12 p35 polypeptide, or an IL-12 p40 polypeptide.

[0053] In some embodiments, each spacer is, independently, characterized in that: at least 90% of the
amino acid residues of each spacer are selected from glycine (G), alanine (A), serine (S), threonine
(T), glutamate (E), proline (P), or any combination thereof; and each spacer comprises at least 3 types

of amino acid residues selected from the group consisting of G, A, S, T, E, and P.
[0054] In some embodiments, each spacer is, independently, 5 to 14 amino acid residues in length.

|0055] In some embodiments. each spacer comprises at least 4 types of amino acid residues selected

from the group consisting of G, A, S. T. E, and P.

[0056] In some embodiments, the amino acid residues of each spacer comprise only amino acid

residues selected from G, A, S, T, E, and/or P.
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[0057] In some embodiments, each spacer is cleavable by a non-mammalian protease.
[0058] In some embodiments, the non-mammalian protease is Glu-C.

[0059] In some embodiments, each spacer, independently. comprises an amino acid sequence having
at least 85%. 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%. or 99% identity, or 100% identity,

to a sequence listed in Table C.

[0060] In some embodiments, each spacer, independently, comprises an amino acid sequence that
has at least 85%, 90%, 91%, 92%. 93%. 94%, 95%., 96%. 97%. 98%. or 99% identity, or 100%
identity to TSESATPES (SEQ ID NO:98). GTATPESGPG (SEQ ID NO:97), GTPESATPES (SEQ
1D NO:99), or GTATPESAP (SEQ ID NO:100).

[0061] In some embodiments, no spacer shares 100% sequence identity with any other spacer.

[0062] In some embodiments, the fusion protein does not comprise a His-tag, wherein a His-tag is a

polypeptide sequence comprising an uninterrupted chain of between 35 and 12 histidine residues.

[0063] In some embodiments, each barcode fragment is releasable from the fusion protein upon

digestion with a non-mammalian protease and the non-mammalian protease is Glu-C.

[0064] In some embodiments. none of the barcode fragments include any of the following: the N-
terminal amino acid of the first polypeptide subunit. the C-terminal acid of the first polypeptide
subunit, the N-terminal amino acid of the second polypeptide subunit. and the C-terminal amino acid

of the polypeptide subunit.

[0065] In some embodiments, the entirety of each barcode fragment is 5 to 100, 5 to 50, 10 to 100, or
10 to 50 amino acid residues from any of the following: the N-terminal amino acid of the first
polvpeptide subunit, the C-terminal acid of the first polypeptide subunit, the N-terminal amino acid of

the second polypeptide subunit, and the C-terminal amino acid of the polypeptide subunit.

[0066] In some embodiments, each barcode fragment is, independently, at least 4 amino acid

residues in length.

[0067] In some embodiments, each barcode fragment is, independently, 4 to 20, 5 to 15, 6to 12, 7 to
10, 8 to 13, 10 to 13, or 11 to 12 amino acid residues in length.

[0068] In some embodiments, each barcode fragment comprises a glutamate at the C-terminus
thereof.

[0069] In some embodiments, each barcode fragment does not include a second glutamate at a
position other than the C-terminus of the barcode fragment unless the second glutamate is

immediately followed by a proline.
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[0070] In some embodiments, the amino acid residue that is directly N-terminal to each barcode

fragment in the primary amino acid sequence of the fusion protein is a glutamate.

[0071] In some embodiments, the glutamate that is directly N-terminal to each barcode fragment is

not immediately adjacent to another glutamate.

[0072] In some embodiments, none of the barcode fragments includes a glutamate that is
immediately adjacent to another glutamate, if present, in the mask polypeptide that contains the

barcode fragment.

[0073] In some embodiments, each barcode fragment is, independently, selected from Table 2 or

Table 3a.

[0074] In some embodiments, each barcode fragment comprises only amino acid residues selected

from A, E, G, S,P,and T.

[0075] In some embodiments, each barcode fragment comprises an amino acid sequence that has at
least 85%. 90%, 91%, 92%, 93%. 94%, 95%, 96%, 97%. 98%, or 99% identity, or 100% identity, to
SGPGSGPGTSE (SEQ ID NO:78), SGPGTSASATPE (SEQ ID NO:1029), SGPGSGPATSE (SEQ
ID NO:1028), or SGPGTSPSATPE (SEQ ID NO:79).

[0076] In some embodiments, each barcode fragment is selected from the following four amino acid
sequences: SGPGSGPGTSE (SEQ ID NO:78). SGPGTSASATPE (SEQ ID NO:1029),
SGPGSGPATSE (SEQ ID NO:1028). or SGPGTSPSATPE (SEQ ID NO:79).

[0077] In some embodiments, the first barcode fragment (Barcodel) comprises the amino acid

sequence of SGPGSGPGTSE (SEQ ID NO:78).

[0078] In somc cmbodiments, the sccond barcode fragment (Barcodc2) compriscs the amino acid

sequence of SGPGTSASATPE (SEQ ID NO:1029).

[0079] In some embodiments, the third barcode fragment (Barcode3) comprises the amino acid

sequence of SGPGSGPATSE (SEQ ID NO:1028).

[0080] In some embodiments. the fourth barcode fragment (Barcode4) comprises the amino acid
sequence of SGPGTSPSATPE (SEQ ID NO:79).

[0081] In some embodiments, the fusion protein comprises a Glu-C cleavage site comprising one of
the following amino acid sequences: ATPESGPG (SEQ ID NO:2223), SGSETPGT (SEQ ID
NO:2242), and GTSESATP (SEQ ID NO:204).

[0082] In some embodiments, the fusion protein comprises at least one of the following amino acid

scquences: SGPE . SGPGXnSGPE.SGPG (SEQ ID NO:2001), SGPE.SGPGXnATPE.SGPG (SEQ ID
NO:2002), SGPE.SGPGXnGTSE.SATP (SEQ ID NO:2003), SGPE.SGPGXnTTPE.SGPG (SEQ ID
NO:2004), SGPE.SGPGXnSTPE.SGPG (SEQ ID NO:2005), SGPE.SGPGXnGTPE.SGPG (SEQ ID

10



WO 2025/122957 PCT/US2024/059007

NO:2006), SGPE.SGPGXnGTPE.TPGS (SEQ ID NO:2007), SGPE.SGPGXnGTPE.TPGS (SEQ ID
NO:2007), SGPE.SGPGXnSGSE. TGTP (SEQ ID NO:2008), SGPE.SGPGXnGTPE.GSAP (SEQ ID
NO:2009), SGPE.SGPGXnEPSE.SATP (SEQ ID NO:2010), ATPE.SGPGXnSGPE.SGPG (SEQ ID
NO:2011), ATPE.SGPGXnATPE.SGPG (SEQ ID NO:2012), ATPE.SGPGXnGTSE.SATP (SEQ ID
NO:2013), ATPE.SGPGXnATSE.SATP (SEQ ID NO:2014), ATPE.SGPGXnTTPE.SGPG (SEQ ID
NO:2015), ATPE.SGPGXnSTPE.SGPG (SEQ ID NO:2016), ATPE.SGPGXnGTPE.SGPG (SEQ ID
NO:2017), ATPE.SGPGXnGTPE. TPGS (SEQ ID NO:2018), ATPE.SGPGXnSGSE.TGTP (SEQ 1D
NO:2019), ATPE.SGPGXnGTPE.GSAP (SEQ ID NO:2020), ATPE.SGPGXnEPSE.SATP (SEQ ID
NO:2021), GTSE.SATPXnSGPE.SGPG (SEQ ID NO:2022), GTSE.SATPXnATPE.SGPG (SEQ ID
NO:2023), GTSE.SATPXnGTSE.SATP (SEQ ID NO:2024), GTSE.SATPXnTTPE.SGPG (SEQ ID
NO:2025), GTSE.SATPXnSTPE.SGPG (SEQ 1D NO:2026), GTSE.SATPXnGTPE.SGPG (SEQ 1D
NO:2027), GTSE.SATPXnGTPE.TPGS (SEQ ID NO:2028), GTSE.SATPXnSGSE.TGTP (SEQ ID
NO:2029), GTSE.SATPXnGTPE.GSAP (SEQ ID NO:2030), GTSE.SATPXnEPSE.SATP (SEQ ID
NO:2031), TTPE.SGPGXnSGPE.SGPG (SEQ ID NO:2032), TTPE.SGPGXnATPE.SGPG (SEQ ID
NO:2033). TTPE.SGPGXnGTSE.SATP (SEQ ID NO:2034). TTPE.SGPGXnTTPE.SGPG (SEQ ID
NO:2035). TTPE.SGPGXnSTPE.SGPG (SEQ ID NO:2036), TTPE.SGPGXnGTPE.SGPG (SEQ ID
NO:2037). TTPE.SGPGXnGTPE.TPGS (SEQ ID NO:2038), TTPE. SGPGXnSGSE. TGTP (SEQ ID
NO:2039). TTPE.SGPGXnGTPE.GSAP (SEQ ID NO:2040). TTPE.SGPGXnEPSE.SATP (SEQ ID
NO:2041). STPE.SGPGXnSGPE.SGPG (SEQ ID NO:2042). STPE.SGPGXnATPE.SGPG (SEQ ID
NO:2043), STPE.SGPGXnGTSE.SATP (SEQ ID NO:2044), STPE.SGPGXnTTPE.SGPG (SEQ ID
NO:2045), STPE.SGPGXnSTPE.SGPG (SEQ ID NO:2046), STPE.SGPGXnGTPE.SGPG (SEQ ID
NO:2047), STPE.SGPGXnGTPE.TPGS (SEQ ID NO:2048), STPE.SGPGXnSGSE.TGTP (SEQ ID
NO:2049), STPE.SGPGXnGTPE.GSAP (SEQ ID NO:2050), STPE.SGPGXnEPSE.SATP (SEQ ID
NO:2051), GTPE.SGPGXnSGPE.SGPG (SEQ ID NO:2052), GTPE.SGPGXnATPE.SGPG (SEQ ID
NO:2053), GTPE.SGPGXnGTSE.SATP (SEQ ID NO:2054), GTPE.SGPGXnTTPE.SGPG (SEQ ID
NO:2055), GTPE.SGPGXnSTPE.SGPG (SEQ ID NO:2056), GTPE.SGPGXnGTPE.SGPG (SEQ ID
NO:2057), GTPE.SGPGXnGTPE.TPGS (SEQ ID NO:2058), GTPE.SGPGXnSGSE.TGTP (SEQ ID
NO:2059), GTPE.SGPGXnGTPE.GSAP (SEQ ID NO:2060), GTPE.SGPGXnEPSE.SATP (SEQ ID
NO:2061), GTPE. TPGSXnSGPE.SGPG (SEQ ID NO:2062), GTPE.TPGSXnATPE.SGPG (SEQ ID
NO:2063), GTPE. TPGSXnGTSE.SATP (SEQ ID NO:2064), GTPE.TPGSXnTTPE.SGPG (SEQ ID
NO:2065), GTPE.TPGSXnSTPE.SGPG (SEQ ID NO:2066), GTPE. TPGSXnGTPE.SGPG (SEQ ID
NO:2067), GTPE.TPGSXnGTPE.TPGS (SEQ ID NO:2068), GTPE.TPGSXnSGSE.TGTP (SEQ ID
NO:2069), GTPE.TPGSXnGTPE.GSAP (SEQ ID NO:2070), GTPE. TPGSXnEPSE.SATP (SEQ ID
NO:2071), SGSE.TGTPXnSGPE.SGPG (SEQ ID NO:2072), SGSE.TGTPXnATPE.SGPG (SEQ ID
NO:2073), SGSE. TGTPXnGTSE.SATP (SEQ ID NO:2074), SGSE. TGTPXnTTPE.SGPG (SEQ 1D
NO:2075), SGSE.TGTPXnSTPE.SGPG (SEQ ID NO:2076), SGSE.TGTPXnGTPE.SGPG (SEQ ID
NO:2077), SGSE. TGTPXnGTPE.TPGS (SEQ ID NO:2078), SGSE. TGTPXnSGSE.TGTP (SEQ ID
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NO:2079), SGSE. TGTPXnGTPE.GSAP (SEQ ID NO:2080), SGSE. TGTPXnEPSE.SATP (SEQ ID
NO:2081), GTPE.GSAPXnSGPE.SGPG (SEQ ID NO:2082), GTPE.GSAPXnATPE.SGPG (SEQ ID
NO:2083), GTPE.GSAPXnGTSE.SATP (SEQ ID NO:2084), GTPE.GSAPXnTTPE.SGPG (SEQ ID
NO:2085), GTPE.GSAPXnSTPE.SGPG (SEQ ID NO:2086), GTPE.GSAPXnGTPE.SGPG (SEQ ID
NO:2087), GTPE.GSAPXnGTPE.TPGS (SEQ ID NO:2088), GTPE.GSAPXnSGSE.TGTP (SEQ ID
NO:2089), GTPE.GSAPXnGTPE.GSAP (SEQ ID NO:2090), GTPE.GSAPXnEPSE.SATP (SEQ ID
NO:2091), EPSE.SATPXnSGPE.SGPG (SEQ ID NO:2092), EPSE.SATPXnATPE.SGPG (SEQ ID
NO:2093), EPSE.SATPXnGTSE.SATP (SEQ ID NO:2094). EPSE.SATPXnTTPE.SGPG (SEQ ID
NO:2095), EPSE.SATPXnSTPE.SGPG (SEQ ID NO:2096). EPSE.SATPXnGTPE.SGPG (SEQ ID
NO:2097), EPSE.SATPXnGTPE. TPGS (SEQ ID NO:2098). EPSE.SATPXnSGSE.TGTP (SEQ ID
NO:2099), EPSE.SATPXnGTPE.GSAP (SEQ ID NO:2100), or EPSE.SATPXnEPSE.SATP (SEQ 1D

NO:2101), wherein each *.” is a Glu-C cleavage site and n is any integer from 0 to 50.

[0083] In some embodiments, the fusion protein comprises at least one of the following amino acid

sequences: ATPE.SGPGXnATPE.SGPG (SEQ ID NO:2102), ATPE.SGPGXnGTSE.SATP (SEQ ID
NO:2103), ATPE.SGPGXnATSE.SATP (SEQ ID NO:2104), GPE.SGPGXnATPE.SGPG (SEQ ID

NO:2116), ATPE.SGPGXnGTSE.SATP (SEQ ID NO:2103), ATPE.SGPGXnTTPE.SGPG (SEQ ID
NO:2106), ATPE.SGPGXnSTPE.SGPG (SEQ ID NO:2107), ATPE.SGPGXnATPE.SGPG (SEQ ID
NO:2102), ATPE.SGPGXnGTPE.SGPG (SEQ ID NO:2108), ATPE.SGPGXnGTPE.SGPG (SEQ ID
NO:2108), ATPE.SGPGXnATPE.SGPG (SEQ ID NO:2102), GTPE.SGPGXnGTPE.SGPG (SEQ ID
NO:2109), GTPE.SGPGXnSTPE.SGPG (SEQ ID NO:2110), GTPE.SGPGXnTTPE.SGPG (SEQ 1D
NO:2111), GTPE.SGPGXnSTPE.SGPG (SEQ ID NO:2110), GTPE. TPGSXnSGSE.TGTP (SEQ ID

NO:2112), GTPE.GSAPXnEPSE.SATP (SEQ ID NO:2113), ATPE.SGPGXnGTPE.SGPG (SEQ ID
NO:2108). ATPE.SGPGXnGTPE.SGPG (SEQ ID NO:2108). ATPE.SGPGXnATPE.SGPG (SEQ ID
NO:2102). ATPE.SGPGXnGTPE.SGPG (SEQ ID NO:2108). TTPE.SGPGXnTTPE.SGPG (SEQ ID
NO:2114), or STPE.SGPGXnSTPE.SGPG (SEQ ID NO:2115). wherein each “.” is a Glu-C cleavage

site and n is any integer from 0 to 30.

[0084] In some embodiments, the fusion protein comprises at least one of the following amino acid
sequence ATPE.SGPGXnATSE.SATP. wherein “.” is a Glu-C cleavage site and n is any integer from
0 to 30 (SEQ ID NO:2104).

[0085] In some embodiments, n is any integer {rom 1 to 20, 5to 15,3 to 7,2 to 3, or 5 to 10. In some

embodiments, n is 9. In some embodiments. n is 4. In some embodiments, n is 3.

[0086] In some embodiments, Xn is PGTGTSAT (SEQ ID NO:2233), PGSGPGT (SEQ ID
NO:2221), PGTTPGTT (SEQ ID NO:2241), PGTPPTST (SEQ ID NO:2235), PGTSPSAT (SEQ ID
NO:2238), PGTGSAGT (SEQ ID N0O:2230), PGTGGAGT (SEQ ID NO:2228). PGTSPGAT (SEQ
ID NO:2237), PGTSGSGT (SEQ ID NO:2236), PGTSSAST (SEQ ID NO:2239), PGTGAGTT (SEQ
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ID NO:2227), PGTGSTST (SEQ ID NO:2232), GSEPATSG (SEQ ID NO:2224), APGTSTEP (SEQ
ID NO:2222), PGTAGSGT (SEQ ID NO:2226), PGTSSGGT (SEQ ID NO:2240), PGTAGPAT (SEQ
ID NO:2225), PGTPGTGT (SEQ ID NO:2234), PGTGGPTT (SEQ ID NO:2229), or PGTGSGST
(SEQ ID NO:2231).

[0087] In some embodiments, Xn is TSAS (SEQ ID NO:2214), TGTS (SEQ ID NO:2211), SGP,
TTPG (SEQ ID NO:2220), TPPT (SEQ ID NO:2213), TSPS (SEQ ID NO:2217), TGSA (SEQ ID
NO:2208), TGGA (SEQ ID NO:2206), TSPG (SEQ ID NO:2216), TSGS (SEQ ID NO:2215), TSSA
(SEQ ID NO:2218), TGAG (SEQ ID NO:2205), TGST (SEQ ID NO:2210), EPAT (SEQ ID
NO:2201), GTST (SEQ ID NO:2202), TAGS (SEQ ID NO:2204), TSSG (SEQ ID NO:2219), TAGP
(SEQ ID NO:2203), TPGT (SEQ ID NO:2212), TGGP (SEQ ID NO:2207), or TGSG (SEQ ID
NO:2209). In some embodiments, Xn is SGP.

[0088] In some embodiments, the first polypeptide subunit comprises an amino acid sequence that
has at least 85%, 90%, 91%, 92%, 93%. 94%, 95%, 96%, 97%. 98%, or 99% identity, or 100%
identity, to a sequence listed in Table A1 (SEQ ID NOs: 1000-1005).

[0089] In some embodiments, the first polypeptide subunit comprises an amino acid sequence that
has at least 85%. 90%, 91%, 92%. 93%. 94%, 95%, 96%. 97%. 98%, or 99% identity, or 100%
identity, to:
ASGPGTSTEPSEGSAPGTSESATPESGPGSGPGTSESATPGTSESATPESGPGSEPATSGSETPGT
SESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSESATP
ESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPGT
SESATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE
GSAPGSEPATSGSETPGTSESATEAGRSASHTPAGLTGPGTPESATPESRNLPVATPDPGMFP
CLHHSONLLRAVSNMLOKAROTLEFYPCTSEEIDHEDITKDKTSTVEACLPLELTKNESCLNS
RETSFITNGSCLASRKTSFMMALCLSSIYEDLKMYQVEFKTMNAKLLMDPKRQIFLDOQNMLA
VIDELMQALNFNSETVPQKSSLEEPDFYKTKIKLCILLHAFRIRAVTIDRVMSYLNASGTATPE
SAPEAGRSASHTPAGLTGPATPESGPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGT
SESATPESGPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATP
ESGPGSEPATSGSETPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGT
SESATPESGPGTSESATPESGPGTSASATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPT
STEEGTSTEPSEGSAPGTSTEPSEGSAPGSEPATSGSETPGEPEA (SEQ ID NO: 1000).

[0090] In some embodiments, the second polypeptide subunit comprises an amino acid sequence that
has at least 85%. 90%, 91%, 92%, 93%. 94%, 95%, 96%, 97%, 98%, or 99% identity, or 100%
identity, to a sequence listed in Table A2 (SEQ ID NOs: 1033-1036).

[0091] In some embodiments, the second polypeptide subunit comprises an amino acid sequence that
has at least 85%. 90%, 91%, 92%. 93%. 94%, 95%, 96%, 97%. 98%, or 99% identity, or 100%
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identity, to:
ASGPGTSTEPSEGSAPGTSESATPESGPGSGPATSESATPGTSESATPESGPGSEPATSGSETPGT
SESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSESATP
ESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPGT
SESATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE
GSAPGSEPATSGSETPGTSESATEAGRSASHTPAGLTGPTSESATPESIWELKKDVYVVELD
WYPDAPGEMVVLTCDTPEEDGITWTLDOQSSEVLGSGKTLTIQVKEFGDAGOQYTCHKGGEVL
SHSLLLLHKKEDGIWSTDILKDQKEPKNKTFLRCEAKNYSGRFTCWWLTTISTDLTFSVKSSR
GSSDPOGVTCGAATLSAERVRGDNKEYEYSVECOQEDSACPAAEESLPIEVMVDAVHKILKYFE
NYTSSFFIRDIIKPDPPKNLQLKPLKNSRQVEVSWEYPDTWSTPHSYFSLTFCVQVQGKSKRE
KKDRVFTDKTSATVICRKNASISVRAQDRYYSSSWSEWASVPCSGTATPESGPGEAGRSASH
TPAGLTGPATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGSPAGSPTSTEEGTSESATPESGPGT
STEPSEGSAPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGSEPATSGSETPGTSESATP
ESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSESATPESGPGS
PAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPGTSPSATP
ESGPGSEPATSGSETPGSEPATSGSETPGSPAG (SEQ ID NO: 1033).

[0092] In some embodiments, the first polypeptide subunit comprises the amino acid sequence of:
ASGPGTSTEPSEGSAPGTSESATPESGPGSGPGTSESATPGTSESATPESGPGSEPATSGSETPGT
SESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSESATP
ESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPGT
SESATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE
GSAPGSEPATSGSETPGTSESATEAGRSASHTPAGLTGPGTPESATPESRNLPVATPDPGMEP
CLHHSONLLRAVSNMLOKAROQTLEFYPCTSEEIDHEDITKDKTSTVEACLPLELTKNESCLNS
RETSFITNGSCLASRKTSFMMALCLSSIYEDLKMYQVEFKTMNAKLLMDPKROIFLDONMLA
VIDELMOALNFENSETVPOKSSLEEPDEFYKTKIKLCILLHAFRIRAVTIDRVMSYLNASGTATPE
SAPEAGRSASHTPAGLTGPATPESGPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGT
SESATPESGPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATP
ESGPGSEPATSGSETPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGT
SESATPESGPGTSESATPESGPGTSASATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPT
STEEGTSTEPSEGSAPGTSTEPSEGSAPGSEPATSGSETPGEPEA (SEQ ID NO: 1000). and

wherein the second polypeptide subunit comprises the amino acid sequence of:
ASGPGTSTEPSEGSAPGTSESATPESGPGSGPATSESATPGTSESATPESGPGSEPATSGSETPGT
SESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSESATP
ESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPGT
SESATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE
GSAPGSEPATSGSETPGTSESATEAGRSASHTPAGLTGPTSESATPESIWELKKDVYVVELD
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WYPDAPGEMVVLTCDTPEEDGITWTLDQSSEVLGSGKTLTIOVKEFGDAGQYTCHKGGEVL
SHSLLLLHKKEDGIWSTDILKDOKEPKNKTFLRCEAKNY SGRFTCWWLTTISTDLTFSVKSSR
GSSDPQGVTCGAATLSAERVRGDNKEYEYSVECQEDSACPAAEESLPIEVMVDAVHKLKYE
NYTSSFFIRDIIKPDPPKNLQLKPLKNSROVEVSWEYPDTWSTPHSYFSLTFCVOQVOGKSKRE
KKDRVFTDKTSATVICRKNASISVRAQDRYYSSSWSEWASVPCSGTATPESGPGEAGRSASH
TPAGLTGPATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGSPAGSPTSTEEGTSESATPESGPGT
STEPSEGSAPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGSEPATSGSETPGTSESATP
ESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSESATPESGPGS
PAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPGTSPSATP
ESGPGSEPATSGSETPGSEPATSGSETPGSPAG (SEQ ID NO: 1033).

[0093] In one aspect, the disclosure provides a fusion protein comprising a first polypeptide subunit
and a second polypeptide subunit, wherein the first polypeptide subunit and the second polypeptide
subunit are disulfide-linked thereby (orming a disulfide-linked heterodimer. wherein the first
polvpeptide subunit comprises an amino acid sequence having 85%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, or 99% identity, or 100% identity, to:
ASGPGTSTEPSEGSAPGTSESATPESGPGSGPGTSESATPGTSESATPESGPGSEPATSGSETPGT
SESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSESATP
ESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPGT
SESATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE
GSAPGSEPATSGSETPGTSESATEAGRSASHTPAGLTGPGTPESATPESRNLPVATPDPGMFPC
LHHSQNLLRAVSNMLQKARQTLEFYPCTSEEIDHEDITKDKTSTVEACLPLELTKNESCLNSR
ETSFITNGSCLASRKTSFMMALCLSSIYEDLKMYQVEFKTMNAKLLMDPKRQIFLDQNMLAV
IDELMQALNFNSETVPQKSSLEEPDFYKTKIKLCILLHAFRIRAVTIDRVMSYLNASGTATPES
APEAGRSASHTPAGLTGPATPESGPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGTSE
SATPESGPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPES
GPGSEPATSGSETPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSE
SATPESGPGTSESATPESGPGTSASATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTST
EEGTSTEPSEGSAPGTSTEPSEGSAPGSEPATSGSETPGEPEA (SEQ ID NO: 1000), and wherein
the second polypeptide subunit comprises an amino acid sequence having 85%, 90%, 91%, 92%,
93%, 94%, 95%. 96%, 97%, 98%, or 99% identity, or 100% identity, to:
ASGPGTSTEPSEGSAPGTSESATPESGPGSGPATSESATPGTSESATPESGPGSEPATSGSETPGT
SESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSESATP
ESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPGT
SESATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE
GSAPGSEPATSGSETPGTSESATEAGRSASHTPAGLTGPTSESATPESIWELKKDVYVVELD
WYPDAPGEMVVLTCDTPEEDGITWTLDOSSEVLGSGKTLTIQVKEFGDAGQYTCHKGGEVL
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SHSLLLLHKKEDGIWSTDILKDOKEPKNKTFLRCEAKNY SGRFTCWWLTTISTDLTFSVKSSR
GSSDPQGVTCGAATLSAERVRGDNKEYEYSVECQEDSACPAAEESLPIEVMVDAVHKLKYE
NYTSSFFIRDIIKPDPPKNLQLKPLKNSROVEVSWEYPDTWSTPHSYFSLTFCVOVQGKSKRE
KKDRVFTDKTSATVICRKNASISVRAQDRYYSSSWSEWASVPCSGTATPESGPGEAGRSASH
TPAGLTGPATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGSPAGSPTSTEEGTSESATPESGPGT
STEPSEGSAPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGSEPATSGSETPGTSESATP
ESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSESATPESGPGS
PAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPGTSPSATP
ESGPGSEPATSGSETPGSEPATSGSETPGSPAG (SEQ ID NO: 1033).

[0094] In some embodiments, the first polypeptide subunit comprises the amino acid sequence of:
ASGPGTSTEPSEGSAPGTSESATPESGPGSGPGTSESATPGTSESATPESGPGSEPATSGSETPGT
SESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSESATP
ESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPGT
SESATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE
GSAPGSEPATSGSETPGTSESATEAGRSASHTPAGLTGPGTPESATPESRNLPVATPDPGMFP
CLHHSONLLRAVSNMLOKARQTLEFYPCTSEEIDHEDITKDKTSTVEACLPLELTKNESCLNS
RETSFITNGSCLASRKTSFMMALCLSSIYEDLKMYQVEFKTMNAKLLMDPKRQIFLDONMLA
VIDELMQALNFNSETVPOKSSLEEPDFYKTKIKLCILLHAFRIRAVTIDRVMSYLNASGTATPE
SAPEAGRSASHTPAGLTGPATPESGPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGT
SESATPESGPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATP
ESGPGSEPATSGSETPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGT
SESATPESGPGTSESATPESGPGTSASATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPT
STEEGTSTEPSEGSAPGTSTEPSEGSAPGSEPATSGSETPGEPEA (SEQ ID NO: 1000). and
wherein the second polypeptide subunit comprises the amino acid sequence of:
ASGPGTSTEPSEGSAPGTSESATPESGPGSGPATSESATPGTSESATPESGPGSEPATSGSETPGT
SESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSESATP
ESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPGT
SESATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE
GSAPGSEPATSGSETPGTSESATEAGRSASHTPAGLTGPTSESATPESIWELKKDVYVVELD
WYPDAPGEMVVLTCDTPEEDGITWTLDOQSSEVLGSGKTLTIQVKEFGDAGQYTCHKGGEVL
SHSLLLILHKKEDGIWSTDILKDQKEPKNKTFLRCEAKNY SGRFTCWWLTTISTDLTFSVKSSR
GSSDPOGVTCGAATLSAERVRGDNKEYEYSVECQEDSACPAAEESLPIEVMVDAVHKLKYE
NYTSSFFIRDIKPDPPKNLQLKPLKNSRQVEVSWEYPDTWSTPHSYFSLTFCVOVOGKSKRE
KKDRVFTDKTSATVICRKNASISVRAQDRYYSSSWSEWASVPCSGTATPESGPGEAGRSASH
TPAGLTGPATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGSPAGSPTSTEEGTSESATPESGPGT
STEPSEGSAPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGSEPATSGSETPGTSESATP
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ESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSESATPESGPGS
PAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPGTSPSATP
ESGPGSEPATSGSETPGSEPATSGSETPGSPAG (SEQ ID NO: 1033).

[0095] In one aspect, the disclosure provides a pharmaceutical composition comprising the fusion

disclosed herein and at least one pharmaceutically acceptable excipient.

[0096] In one aspect, the disclosure provides a polynucleotide sequence encoding the fusion protein

disclosed herein.

[0097] In one aspect, the disclosure provides an expression vector comprising the polynucleotide

sequence described herein.

[0098] In one aspect, the disclosure provides a host cell comprising the expression vector described

herein.

[0099] In one aspect, the disclosure provides a method of producing the fusion protein described
herein. In some embodiments, the method further comprises isolating the fusion protein from a host

cell.

[0100] In one aspect, the disclosure provides a method of treating cancer in a subject in need thereof,
the method comprising administering an effective amount of the fusion protein described herein or the

pharmaceutical composition described herein to the subject.

[0101] In some embodiments, the cancer comprises a solid tumor.

BRIEF DESCRIPTION OF THE DRAWINGS
[0102] FIG. 1 depicts a schematic of a protease-activatable IL-12 fusion protein.

[0103] FIG. 2 depicts IL-12R activity assay curves of various protease-activatable cytokine fusion
proteins based on the ability to bind to and activate IL-12R in HEK-Blue IL-12 reporter cells.
“X.AP##HH refers to the masked fusion protein and “AP####” refers to the MMP9 unmasked or

partially unmasked fusion protein.

[0104] FIG. 3 depicts IL-12R activity assay curves of various protease-activatable cytokine fusion
proteins based on the ability to bind to and activate IL-12R in HEK-Blue IL-12 reporter cells.
X AP##HHE refers to the masked fusion protein and “AP####” refers to the MMP9 unmasked or

partially unmasked fusion protein.

[0105] FIG. 4 depicts IL-12R activity assay curves of various protease-activatable cytokine fusion

proteins based on the ability to bind to and activate IL-12R in HEK-Blue IL-12 reporter cells.
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“X.AP####” refers to the masked fusion protein and “AP####” refers to the MMP9 unmasked or

partially unmasked fusion protein. Recombinant murine IL-12 is used as a reference.

[0106] FIG. 5 depicts an IL-12R activity assay curve of a quadruple masked protease-activatable
cytokine fusion protein, and its unmasked counterpart, based on the ability to bind to and activate IL-

12R in HEK-Blue IL-12 reporter cells. Recombinant murine IL-12 is used as a reference.

[0107] FIG. 6 depicts mouse splenocyte in vitro assay data comparing protease-activatable cytokine
fusion proteins: P26M (having 4 x 210 amino acid ELNNs) to P24M (having 4 x 288 amino acid
ELNNs).

[0108] FIG. 7 depicts the mean tumor volume of B16F10 tumor model mice treated with P26M
(having 4 x 210 amino acid ELNNs) or P24M (having 4 x 288 amino acid ELNNs) at3 ug QW, as
compared to diluent. A scatter plot of mean tumor volume at Day 21 from the same experiment is also

provided.

[0109] FIG. 8 depicts a schematic of a protease-activatable IL-12 fusion protein with barcode
fragments (C-35 BC; N-35 BC; C-40 BC, and N-40 BC) incorporated into the ELNNs.

[0110] FIG. 9A depicts an alignment of the RSR-2295 and RSR-3213 amino acid sequences and
proteases capable of cleaving them. FIG. 9B depicts in vitro protease digestion of protease activatable
T cell engagers (paTCEs) fusion proteins employing RSR-2295 or RSR-3213. The RSR-3213
sequence is modified to substantially reduce cleavage by legumain. paTCE refers to the intact fusion
protcin having two ELNNs (N-terminal and C-terminal) flanking a bispccific TCE corc. Unmasked
TCE (uTCE) refers to the unmasked TCE core. 1x-C and 1x-N refer to the C-terminal or N-terminal

single-masked metabolites, respectively.

[0111] FIG. 10A and FIG. 10B depict relative plasma stability of paTCEs employing RSR-2295 or
RSR-3213, measured at Day 0 and Day 7. In FIG. 10A, RSR-2295 employed the SCy5.5 fluorophore
and RSR-3213 employed the Scy7.5 fluorophore. In FIG. 10B, the RSR-2295 employed the Scy7.5
fluorophore and RSR-3213 employed the Scy5.5 fluorophore. FIG. 10C depicts the observed
cleavability in vivo from tumor homogenates from 3 different mouse tumor models. For each set of
bar graphs (i.e., % 1x-C, % 1x-N, % uTCE), each bar from left to right represents B1, B2, B3, B4, Al,
A2, A3, A4, 43-1, 43-2, 43-3, and 43-4. B1-B4 represent 4 different mice from a first tumor model
(NCI-N87). Al-A4 represent 4 different mice from a second tumor model (HT-29). 43-1 —43-4
represent 4 different mice from a third tumor model (HT-55). FIG. 10D depicts the % of total for the
3 metabolites plus the paTCE (paTCE, 1x-N, 1x-C, and uTCE) when employing RSR-2295 or RSR-
3213.

[0112] FIG. 11 depicts relative tumor uptake of paTCEs employing RSR-2295 or RSR-3213. The

plasma:tumor ratio was calculated in 3 different mouse tumor models (4 mice per tumor model).
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There is a “Mouse 17 for each of the 3 different tumor models, a “Mouse 2” for each of the 3 different
tumor models, a “Mouse 3” for each of the different tumor models, and a “Mouse 4~ for each of the 3

different tumor models.

[0113] FIG. 12 depicts mouse splenocyte in vitro assay data comparing protease-activatable cytokine

fusion proteins: P24M (having RSR-3213) to POIM (having RSR-2295).

[0114] FIG. 13 depicts the mean tumor volume of B16F10 tumor model mice treated with P24M
(having RSR-3213) or PO1M (having RSR-2295) at 3 ug QW, as compared to diluent. A scatter plot

of mean tumor volume at Day 21 from the same experiment is also provided.

[0115] FIG. 14 depicts a plot of [FNy induction in a mouse splenocyte assay. Masked and unmasked
version of protease-activatable cytokine fusion proteins P71M (mouse surrogate for P72H) and P70M
(mouse surrogate from P74H) were tested at various concentrations. Recombinant mouse 1L-12 was

included as reference.

[0116] FIG. 15 depicts pharmacokinetic data of masked and unmasked versions of protease-
activatable cytokine fusion proteins P70M (mouse surrogate for P72H) and P71M (mouse surrogate

for P74H) in C57BL/6 mice following IV administration of each fusion protein.

[0117] FIG. 16 depicts efficacy data (as measured by tumor volume) and toxicity data (as measured
by survival) in a MC38 colon carcinoma C57BL/6 mouse model. Protease-activatable cytokine fusion
proteins P70M (mouse surrogate for P72H) and P71M (mnouse surrogate for P74H) in masked

versions only werc tested.

[0118] FIG. 17 depicts [FNy induction from PBMCs incubated with increasing concentrations of

protease-activatable cytokine fusion proteins P72H or P74H, in masked and unmasked versions.

DETAILED DESCRIPTION

[0119] There is a significant unmet need in cancer therapeutics for an activatable cytokine that is
efficacious against cancer. The fusion proteins of the disclosure comprise a cytokine to which one or
more (e.g., two, three, or four) unstructured polypeptide masks are attached. In some embodiments,
these unstructured polypeptide masks sterically reduce target engagement of the cytokine to said
cytokine target receptor (e.g.. IL-12 being masked to reduce binding to IL-12 receptor), and also
extend protein half-life. In some embodiments, the unstructured polypeptide masks are extended

length non-natural polypeptides (ELNNS).

[0120] In some embodiments, the properties of ELNNs also minimize the potential for
immunogenicity. as their lack of stable tertiary structures disfavors cytokine binding, and the absence
of hydrophobic, aromatic, and positively charged residues that serve as anchor residues for peptide

MHC 1I binding reduces the potential for T cell epitopes.
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[0121] In some embodiments, protease cleavage sites at the base of the ELNN or ELNNs enable
proteolytic activation of fusion proteins in the tumor microenvironment, unleashing smaller, highly
potent cytokines that are capable of binding to said cytokine’s target receptor. In some embodiments,
in healthy tissues, where protease activity is tightly regulated, fusion proteins remain predominantly

inactive, thus expanding the therapeutic index compared to unmasked cytokines.

[0122] In some embodiments, in addition to localized activation, the short half-life of the unmasked
cytokines form further widens the therapeutic index while providing the potency of T-cell immunity
to improve the eradication of solid tumors. In some embodiments, the release sites used in the fusion
protcins can be clcaved across a broad array of tumors by protcascs that arc collectively involved in
every cancer hallmark (growth; survival and death; angiogenesis; invasion and metastasis;
inflammation; and immune evasion). Thus, cytokine activity of the fusion proteins is localized to
tumors by exploiting the enhanced protease activity that is upregulated in all stages of cancer and

tumor development but is tightly regulated in healthy tissues.

TERMINOLOGY
[0123] As used herein, the following terms have the meanings ascribed to them unless specified
otherwise.

2 <

[0124] As used in the specification and claims, the singular forms “a.” “an,” and “the” include plural
references unless the context clearly dictates otherwise. For example, the term “a cell” includes a

plurality of cells. including mixtures thereof, unless the context clearly dictates otherwise.

[0125] Furthermore, “and/or” where used herein is to be taken as specific disclosure of each of the
two specified features or components with or without the other. Thus, the term “and/or” as used in a
phrase such as “A and/or B” herein is intended to include “A and B,” “A or B,” “A” (along). and “B”
(alone). Likewise, the term “and/or” as used in a phrase such as “A, B, and/or C” is intended to
encompass each of the following aspects: “A, B, and C”; “A, B.orC”; "AorC"; “Aor B”: “Bor C”;
“Aand C”:“Aand B”; “B and C”; “A” (alone); “B” (alone); and “C” (alon¢).

[0126] It is understood that wherever aspects are described herein with the language “comprising,”
otherwise analogous aspects described in terms of “consisting of” and/or “consisting essentially of”

are also provided.

[0127] Numeric ranges are inclusive of the numbers defining the range. Unless otherwise indicated,
amino acid sequences are written left to right in amino to carboxy orientation. The headings provided
herein are not limitations of the various aspects of the disclosure. Accordingly, the terms defined

immediately below are more fully defined by reference to the specification in its entirety.

[0128] The term “about” is used herein to mean approximately, roughly, around, or in the regions of.

When the term “about” is used in conjunction with a numerical range, it modifies that range by
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extending the boundaries above and below the numerical values set forth. In general, the term “about”
can modify a numerical value above and below the stated value by a variance of, e.g., 10 percent, up
or down (higher or lower). In some embodiments, the term indicates deviation from the indicated
numerical value by £10%, £3%, +4%, +3%, 2%, £1%, £0.9%, +£0.8%, +£0.7%, £0.6%, £0.5%,
+0.4%, £0.3%, £0.2%, £0.1%, £0.05%. or £0.01%. In some embodiments, “about” indicates
deviation from the indicated numerical value by £10%. In some embodiments, “about” indicates
deviation from the indicated numerical value by +5%. In some embodiments, “about” indicates
deviation from the indicated numerical value by +4%. In some embodiments, “about” indicates
deviation from the indicated numerical value by +£3%. In some embodiments, “about” indicates
deviation from the indicated numerical value by £2%. In some embodiments, “about” indicates
deviation from the indicated numerical value by £1%. In some embodiments. “about” indicates
deviation from the indicated numerical value by £0.9%. In some embodiments, “about” indicates
deviation from the indicated numerical value by +0.8%. In some embodiments, “about” indicates
deviation from the indicated numerical value by +0.7%. In some embodiments, “about” indicates
deviation from the indicated numerical value by +0.6%. In some embodiments, “about” indicates
deviation from the indicated numerical value by +0.5%. In some embodiments, “about” indicates
deviation from the indicated numerical value by +0.4%. In some embodiments, “about” indicates
deviation from the indicated numerical value by +£0.3%. In some embodiments, “about” indicates
deviation from the indicated numerical value by +0.1%. In some embodiments, “about” indicates
deviation from the indicated numerical value by £0.05%. In some embodiments, “about” indicates

deviation from the indicated numerical value by +0.01%.

[0129] With respect to naturally occurring compounds, the term “isolated” refers to a compound (i.c.,
a polypeptide or polynucleotide) that is not in its native state (e.g., free to varying degrees from
components that naturally accompany the compound in nature). No particular level of purification is
required. For example, an isolated polypeptide can simply be removed from its native or natural
environment. Recombinantly produced polypeptides and proteins expressed in host cells are
considered isolated for the purpose of the disclosure, as are native or recombinant polypeptides which
have been separated, fractionated. or partially or substantially purified by any suitable technique.
“Isolate” and “isolated” may also denote a degree of separation from an original source or

surrounding. depending on context.

[0130] The term “polypeptide” refers to any polymer of two or more amino acids. Thus, the terms
peptide, dipeptide, tripeptide, oligopeptide, protein, amino acid chain. or any other term used to refer
to a chain of two or more amino acids. is included within the definition of “polypeptide.” The term
“polypeptide” also encompasses an amino acid polymer that has been modified (e.g.. by post-
translational modification), for example, by disulfide bond formation, glycosylation. lipidation.

acetylation, phosphorylation, or any other manipulation, such as conjugation with a labeling
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component. Depending on context, the term “polypeptide” may also be used to refer to a protein

comprising two or more polymers of two or more amino acids.

[0131] A “host cell” includes an individual cell (e.g., in culture) which that comprises an exogenous
polynucleotide. Host cells may include progeny of a single host cell. The progeny may not necessarily
be completely identical (in morphology or in genomic of total DNA complement) to the original

parent cell due to naturally occurring or genetically engineered variation.

[0132] A “fusion” or “chimeric” polypeptide or protein comprises a first polypeptide portion linked
to a second polypeptide portion with which it is not naturally linked in nature. In some embodiments,
the portions may normally exist in separate proteins and are brought together in the fusion
polypeptide; they may normally exist in the same protein but are placed in a new arrangement in the
fusion polypeptide; or the portions may be brought together from different sources. In some
embodiments, a fusion or chimeric protein comprises two or more moieties that do not occur in nature
(e.g., are created, designed, or otherwise generated by humans, such as binding domains. masks,
linkers, barcodes, and other polypeptides provided herein). A chimeric protein may be created, for
example, by chemical synthesis, or by recombinant expression (e.g., comprising creating and

translating a polynucleotide in which the peptide regions are encoded in the desired relationship).

[0133] “Conjugated”, “linked,” “fused,” and “fusion” may be used interchangeably herein,
depending on context. These terms may refer to the covalent joining together of two more chemical
(e.g., polypeptide) elements or components, by whatever means including chemical conjugation or

recombinant means.

[0134] The term “cytokine™ as used herein refers to any of a class of immunoregulatory proteins that
are secreted by cells especially of the immune system and are immunomodulators. Cytokine
polypeptides that can be used in the fusion proteins disclosed herein include, but are not limited to
interleukins, such as IL-1, IL-1 alpha, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-11, IL-
12 (e.g., IL-12p35 and IL-12p40). IL-13, IL-14, IL-I5, IL-I6, IL-17, IL-18. IL-21 and IL-25,
transforming growth factors, such as TGF-alpha, and TGF-beta (e.g., TGF-betal, TGF-beta2, TGF-
beta3); interferons, such as interferon-alpha, interferon-beta, interferon-gamma, interferon-kappa and
interferon-omega; tumor necrosis factors, such as tumor necrosis factor alpha and lymphotoxin;
chemokines (e.g., C-X-C motif chemokine 10 (CXCL10), CCL19, CCL20, CCL21), and granulocyte
macrophage-colony stimulating factor (GM-CS), as well as functional fragments thereof that retain

receptor agonist activity.

[0135] The term “chemokine” refers to any of a family of small cytokines with the ability to induce

directed chemotaxis in nearby responsive cells.
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EENTS

[0136] As used herein, the terms “activatable,” “activate,” “induce,” and “inducible” refer to the
ability of a protein, i.c., a cytokine, that is part of a fusion protein, to bind its receptor and effectuate

activity upon cleavage of a mask polypeptide from the fusion protein.

[0137] As known in the art, “sequence identity” between two polypeptides is determined by
comparing the amino acid sequence of one polypeptide to the sequence of a second polypeptide.
Similarly, “sequence identity” between two polynucleotides is determined by comparing the
nucleotide sequence of one polynucleotide to the sequence of a second polynucleotide. The terms “%
identical”, “% identity” or similar terms are intended to refer, in particular, to the percentage of
nucleotides or amino acids (as applicable) which arc identical in an optimal alignment between the
sequences to be compared. Said percentage may be purely statistical, and the differences between the
two sequences may be but are not necessarily randomly distributed over the entire length of the
sequences to be compared. Comparisons of two sequences are usually carried out by comparing the
sequences, after optimal alignment, with respect Lo a segment or “window of comparison™, in order (o
identify local regions of corresponding sequences. For example, the optimal alignment for a
comparison may be carried out manually or with the aid of the local homology algorithm by Smith
and Waterman, 1981, Ads App. Math. 2, 482, with the aid of the local homology algorithm by
Neddleman and Wunsch, 1970. J. Mol. Biol. 48, 443, with the aid of the similarity search algorithm
by Pearson and Lipman, 1988, Proc. Natl Acad. Sci. USA 88, 2444, or with the aid of computer
programs using the algorithms (GAP. BESTFIT, FASTA, BLAST P. BLAST N and TFASTA in
Wisconsin Genetics Software Package, Genetics Computer Group. 575 Science Drive, Madison.
Wis.). In some embodiments, percent identity of two sequences is determined using the BLASTN or
BLASTP algorithm, as available on the United States National Center for Biotechnology Information
(NCBI) website (e.g. at
blast.ncbi.nlm.nih.gov/Blast.cgi?’PAGE_TYPE=BlastScarch& BLAST SPEC=blast2seq& LINK
_LOC=align2seq). In some embodiments, the algorithm parameters used for BLASTN algorithm on
the NCBI website include: (i) Expect Threshold set to 10; (ii) Word Size set to 28: (iii)) Max matches
in a query range set to 0; (iv) Match/Mismatch Scores set to 1, -2; (v) Gap Costs set to Linear; and
(vi) the filter for low complexity regions being used. In some embodiments, the algorithm parameters
used for BLASTP algorithm on the NCBI website include: (i) Expect Threshold set to 10; (ii) Word
Size set to 3; (iii) Max matches in a query range set to 0; (iv) Matrix set to BLOSUM®62; (v) Gap
Costs set to Existence: 11 Extension: 1; and (vi) conditional compositional score matrix adjustment.
When discussed herein, whether any particular polypeptide is at least about 50%, 60%, 70%, 75%.,
80%, 85%, 90%, 95%, 99%, or 100% identical to another polypeptide can be determined using
methods and computer programs/software known in the art such as, but not limited to, the BESTFIT
program (Wisconsin Sequence Analysis Package, Version 8 for Unix, Genetics Computer Group,

University Research Park, 575 Science Drive, Madison, WI 53711). BESTFIT uses the local
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homology algorithm of Smith and Waterman, Advances in Applied Mathematics 2:482-489 (1981), to
find the best segment of homology between two sequences. When using BESTFIT or any other
sequence alignment program to determine whether a particular sequence is, for example, 95%
identical to a reference sequence according to the present disclosure, the parameters are set, of course,
such that the percentage of identity is calculated over the full-length of the reference polypeptide
sequence and that gaps in homology of up to 3% of the total number of amino acids in the reference

sequence are allowed.

CIINTS

[0138] As used herein, the terms “mask polypeptide”, “mask”, and “masking moiety” refer to a
polypeptide that is capable of reducing the binding of a cytokine to the target cytokine receptor in the
context of a fusion protein (such as a chimeric polypeptide) provided herein. Exemplary mask
polypeptides include, but are not limited to, the ELNN polypeptides described herein. Additional
mask polypeptides include albumin, polypeptides consisting of proline, serine and alanine, coiled-coil
domains, albumin binding domains, Fc¢ domains, and binding domains with specificity to conserved
regions of an antibody variable domain. Mask polypeptides are described in further detail in Lucchi

etal. (ACS Cent Sci. 2021 May 26: 7(5): 724-738).

[0139] As used herein, the terms “ELNN polypeptides” and “ELNNs” are synonymous and refer to
extended length polypeptides comprising non-naturally occurring, substantially non-repetitive
scquenccs (e.g., polypeptide motifs) that arc composcd mainly of small hydrophilic amino acids, with
the sequence having a low degree or no secondary or tertiary structure under physiologic conditions.
ELNN polypeptides include unstructured hydrophilic polypeptides comprising repeating motifs of 6
natural amino acids (G, A, P, E, S, and/or T). In some embodiments, an ELNN polypeptide comprises
multiple motifs of 6 natural amino acids (G. A, P, E. S, T), wherein the motifs are the same or
comprise a combination of different motifs. In some embodiments, ELNN polypeptides can confer
certain desirable pharmacokinetic, physicochemical. and pharmaceutical properties when linked to
proteins, including T-cell engagers as disclosed herein. Such desirable properties may include but are
not limited to enhanced pharmacokinetic parameters and solubility characteristics, as well as
improved therapeutic index. ELNN polypeptides are known in the art, and non-limiting descriptions
relating to and examples of ELNN polypeptides known as XTEN® polypeptides are available in
Schellenberger et al., (2009) Nat Biotechnol 27(12):1186-90; Brandl et al., (2020) Journal of
Controlled Release 327:186-197; and Radon et al., (2021) Advanced Functional Materials 31,

2101633 (pages 1-33). the entire contents of each of which are incorporated herein by reference.

[0140] In some embodiments, the repetitiveness of an ELNN sequence refers to the 3-mer
repetitiveness and can be measured by computer programs or algorithms or by other means known in
the art. In some embodiments, the 3-mer repetitiveness of an ELNN may be assessed by determining
the number of occurrences of the overlapping 3-mer sequences within the polypeptide. For example, a

polypeptide of 200 amino acid residues has 198 overlapping 3-amino acid sequences (3-mers). but the
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number of unique 3-mer sequences will depend on the amount of repetitiveness within the sequence.
In some embodiments, the score can be generated (hereinafter “subsequence score™) that is reflective
of the degree of repetitiveness of the 3-mers in the overall polypeptide sequence. In this context,
“subsequence score” means the sum of occurrences of each unique 3-mer frame across a 200
consecutive amino acid sequence of the polypeptide divided by the absolute number of unique 3-mer
subsequences within the 200 amino acid sequence. Examples of such subsequence scores derived
from the first 200 amino acids of repetitive and non-repetitive polypeptides are presented in Example
73 of International Patent Application Publication No. WO 2010/091122 Al, which is incorporated by

reference in its entirety.

[0141] In some embodiments, and in the context of ELNNs, a “substantially non-repetitive
sequence,” refers to an ELNN sequence, wherein (1) there are few or no instances of four identical
amino acids in a row in the ELNN sequence and wherein (2) the ELNN has a subsequence score
(defined in the preceding paragraph herein) of 12, or 10 or less or that there is not a pattern in the

order, from N- to C-terminus, of the sequence motifs that constitute the polypeptide sequence.

[0142] A “vector” is a nucleic acid molecule that transfers an inserted nucleic acid molecule into
and/or between host cells. In some embodiments, a vector self-replicates in an appropriate host. The
term includes vectors that function primarily for insertion of DNA or RNA into a cell, replication of
vecetors that function primarily for the replication of DNA or RNA, and cxpression vectors that
function for transcription and/or translation of the DNA or RNA. Also included are vectors that
provide more than one of the above functions. An “expression vector” is a polynucleotide which,
when introduced into an appropriate host cell, can be used for the transcription of mRNA that is
translated into a polypeptide(s). In some embodiments, an “expression system” is a suitable host cell

comprising an expression vector that can function to yield a desired expression product.

[0143] The terms “treatment” or “treating,” and “ameliorating” may be used interchangeably herein.
These terms refer to an approach for obtaining beneficial or desired results including but not limited
to a therapeutic benefit. By “therapcutic benefit” is mcant cradication or amclioration of the
underlying disorder being treated. In some embodiments, a therapeutic benefit is achieved with the
eradication or amelioration of one or more of the physiological symptoms associated with the
underlying disease condition such that an improvement is observed in the subject, notwithstanding
that the subject may still be afflicted with the underlying disorder. In some embodiments, a
therapeutic benefit comprises slowing or halting the growth of one or more tumors. In some
embodiments, a therapeutic benefit comprises reducing the size of one or more tumors. In some
embodiments, a therapeutic benefit comprises eradicating one or more tumors from a subject. In some

embodiments, a therapeutic benefit comprises effecting the death of cancer cells.
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[0144] As used herein, the term “therapeutically effective amount™ refers to an amount of a
biologically active agent (such as a fusion protein provided herein, ¢.g., as part of a pharmaceutical
composition), that is capable of having any detectable, beneficial effect on any symptom, aspect,
measured parameter or characteristics of a disease state or condition when administered in one or
repeated doses Lo a subject. Such effect need not be absolute to be beneficial. The disease condition

can refer to a disorder or a disease, ¢.g.. cancer or a symptom of cancer.

CYTOKINES, CLEAVAGE SEQUENCES, BARCODE FRAGMENTS, AND FUSION POLYPEPTIDES
[0145] The present disclosure provides, infer alia, new and useful fusion proteins comprising (i) one
or morc mask polypcptides (such as ELNNG), (ii) a cytokine (c.g., IL-12) linked to the mask
polypeptide(s), and (iii) one or more protease-cleavable release segments (RS), wherein an RS is

positioned between the mask polypeptide(s) and the cytokine.

[0146] In some embodiments, the fusion polypeptide comprises a first ELNN (such as an ELNN
described herein). In some embodiments, the polypeptide further comprises a second ELNN (such as
an ELNN described herein). In some embodiments, the polypeptide comprises an ELNN at or near its
N-terminus (an “N-terminal ELNN”). In some embodiments, the polypeptide comprises an ELNN at
or near its C-terminus (a “C-terminal ELNN”). In some embodiments, the polypeptide comprises both

an N-terminal ELNN and a C-terminal ELNN.

[0147] In some embodiments, a fusion polypeptide comprises a cytokine and a first ELNN is
attached to the N-terminus of the cytokine by a first RS and a second ELNN is attached to the C-
terminus of the cytokine by a second RS. In some embodiments, each RS is cleavable by a protease
mentioned herein. In some embodiments, each RS comprises an RS sequence disclosed herein. In

some embodiments, the fusion polypeptide is a cytokine fusion.

[0148] Included herein are polypeptide sequences that may be used. ¢.g.. to link one polypeptide
moiety to another within a fusion protein. For example, useful linkers are provided that are cleaved by
multiple proteases but not legumain. In some embodiments, such linkers may be used outside the

context of cytokines such as those described herein.

[0149] In some embodiments, a fusion can comprise one or more barcode fragments (e.g., as
described herein) releasable (e.g.. configured to be released) the fusion polypeptide upon cleavage or
digestion of the fusion polypeptide by a protease. In some embodiments, the protease is a non-
mammalian protease. In some embodiments, each barcode fragment differs in sequence and molecular
weight from all other peptide fragments (including all other barcode fragments if present) that are
releasable from the polypeptide upon complete digestion of the polypeptide by the protease, thereby

making it unique and making its presence detectable through techniques such as mass spectrometry.
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CYTOKINES
[0150] In general, the therapeutic use of cytokines is strongly limited by their systemic toxicity. TNF,
for example, was originally discovered for its capacity of inducing the hemorrhagic necrosis of some
tumors, and for its in vitro cytotoxic effect on different tumoral lines, but it subsequently proved to
have strong pro-inflammatory activity, which can, in case of overproduction conditions, dangerously
affect the human body. As the systemic toxicity is a fundamental problem with the use of
pharmacologically active amounts of cytokines in humans. novel derivatives and therapeutic
strategies are now under evaluation, aimed at reducing the toxic effects of this class of biological

effectors while keeping their therapeutic efficacy.

[0151] One cytokine for use in production of the fusion proteins of the disclosure is Interleukin-12
(IL-12). IL-12 is a disulfide-linked heterodimer of two separately encoded subunits (p35 and p40),
which are linked covalently to give rise to the so-called bioactive heterodimeric (p70) molecule. Apart
from forming heterodimers (IL-12 and IL-23), the p40 subunit is also secreted as a monomer (p40)
and a homodimer (p40.). It is known in the art that synthesis of the heterodimer as a single chain with
a linker connecting the p335 to the p40 subunit preserves the full biological activity of the heterodimer.
IL-12 plays a critical role in the early inflammatory response to infection and in the generation of Thl
cells, which favor cell-mediated immunity. It has been found that overproduction of IL-12 can be
dangerous to the host because it is involved in the pathogenesis of a number of autoimmune

inflammatory diseases (e.g., MS. arthritis. tvpe 1 diabetes).

[0152] IL-12 is a pleiotropic cytokine, that creates an interconnection between the innate and
adaptive immunity. IL-12 was first described as a factor secreted from PMA-induced EBV-
transformed B-cell lines. Based on its actions, IL-12 has been designated as cytotoxic lymphocyte
maturation factor and natural killer cell stimulatory factor. Due to bridging the innate and adaptive
immunity and potently stimulating the production of IFNy. a cytokine coordinating natural
mechanisms of anticancer defense, IL-12 seemed ideal candidate for tumor immunotherapy in
humans. However, severe side effects associated with systemic administration of IL-12 in clinical
investigations and the very narrow therapeutic index of this cytokine markedly hampered the use of
this cytokine in cancer patients. Approaches to IL-12 therapy in which delivery of the cytokine is
tumor-targeted, which may diminish some of the previous issues with IL-12 therapy. are currently in

clinical trials for cancers.

[0153] The IL-12 receptor (IL-12R) is a heterodimeric complex consisting of 1L-12R31 and 1L-
12R 32 chains expressed on the surface of activated T-cells and natural killer cells. The IL-12R[31
chain binds to the IL-12p40 subunit, whereas IL-12p35 in association with IL-12R[32 confers an
intracellular signaling ability. Signal transduction through IL-12R induces phosphorylation of Janus
kinase (Jak2) and tyrosine kinase (Tyk2), that phosphorylate and activate signal transducer and
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activator of transcription (STAT)1, STAT3, STAT4, and STATS. The specific cellular effects of IL-
12 are due mainly to activation of STAT4. IL-12 induces natural killer and T-cells to produce
cytokines. in particular interferon (IFN)y, that mediate many of the proinflammatory activities of IL-

12, including CD4+ T-cell differentiation toward the Th1 phenotype.

[0154] Disclosed herein are compositions and methods comprising conditionally active IL-12 and
other cytokincs designed to address the risks associated with conventional cytokine therapy and

provide much needed immunomodulatory therapeutics.

[0155] The amino acid sequence for exemplary IL-12 p35 and p40 subunits are provided in Table

1a.

Table 1a. I1L-12 amino acid sequences

Subunit Sequence

mIL12 p35 WT MWELEKDVYVVEVDWTPDAPGETVNLTCDTPEEDDITWITSDQRHGVIGSGKTLTITVKEFL
DAGQYTCHKGGETLSHSHLLLHKKENGIWSTEILKNFKNKTFLKCEAPNYSGRETCSWLVQ
RNMDLKFNIKSSSSSPDSRAVICGMASLSAEKVTLDQRDYEKYSVSCQEDVTCPTAEETLP
TELALEARQONKYENYSTSFFIRDITIKPDPPKNLOMKPLKNSQVEVSWEYPDSWSTPHSYF
SLKFFVRIQRKKEKMKETEEGCNQKGAFLVEKTSTEVQCKGGNVCVQAQDRYYNSSCSKWA
CVPCRVRS (SEQ ID NO: 8056)

mlIL12 p40 WT RVIPVSGPARCLSQSRNLLKTTDDMVKTAREKLKHYSCTAEDIDHEDITRDQTSTLKTCLP
LELHKNESCLATRETSSTTRGSCLPPOQKTSLMMTLCLGSIYEDLKMYQTEFQATNAATLQNH
NHOQITLDKGMLVAIDELMOSLNHNGETLROKPPVGEADPYRVKMKLCILLHAFSTRVVTI
NRVMGYLSSA (SEQ ID NO: 8057)

hIL-12 p35 WT RNLPVATPDPGMFPCLHHSQONLLRAVSNMLOKARQTLEFYPCTSEEIDHEDITKDKTSTVE
ACLPLELTKNESCLNSRETSFITNGSCLASRKTSFMMALCLSSIYEDLKMYQVEFKTMNAK
LLMDPKRQIFLDONMLAVIDELMQALNENSETVPQKSSLEEPDFYKTKIKLCILLHAFRIR
AVTIDRVMSYLNAS (SEQ ID NO: 8050)

hIL-12 p40 WT IWELKKDVYVVELDWYPDAPGEMVVLTCDTPEEDGITWTLDQSSEVLGSGKTLTIQVKEFG
DAGQYTCHKGGEVLSHSLLLLHKKEDGIWSTDILKDQKEPKNKTFLRCEAKNYSGRETCWW
LTTISTDLTFSVKSSRGSSDPQGVTCGAATLSAERVRGDNKEYEYSVECQEDSACPAAEES
LPIEVMVDAVHKLKYENYTSSFFIRDITIKPDPPKNLQLKPLKNSRQVEVSWEYPDTWSTPH
SYFSLTFCVQVOGKSKREKKDRVFTDKTSATVICRKNASISVRAQDRYYSSSWSEWASVEC
S (SEQ ID NO: 8051)

hIL-12 p35 SSA RNLPVATPDPGMF PCLHHSQNLLRAVSNMLOKARQTLEFYPCTSEEIDHEDITKDKTSTVE
variant ACLPLELTKNESCLNSRETSFITNGSCLASRKTSFMMALCLSSIYEDLKMYQVEFKTMNAK
LLMDPKRQIFLDONMLAVIDELMQALNEFNSETVPOKSSLEEPDFYKTKIKLCILLHAFRIR
AVTIDRVMSYLSSA (SEQ ID NO: 8052)

hIL-12 p35 QAS RNLPVATPDPGMF PCLHHSONLLRAVSNMLQKARQTLEFYPCTSEE IDHEDITKDKTSTVE
variant ACLPLELTKNESCLNSRETSFITNGSCLASRKTSFMMALCLSSIYEDLKMYQVEFKTMNAK
(N195Q) LLMDPKRQIFLDONMLAVIDELMOQALNENSETVPOKSSLEEPDFYKTKIKLCILLHAFRIR
AVTIDRVMSYLQAS (SEQ ID NO: 8053)

hIL-12 p35 DAS RNLPVATPDPGMFPCLHHSQONLLRAVSNMLOKARQTLEFYPCTSEEIDHEDITKDKTSTVE
variant ACLPLELTKNESCLNSRETSFITNGSCLASRKTSFMMALCLSSIYEDLKMYQVEFKTMNAK
(N195D) LLMDPKRQIFLDQNMLAVIDELMQALNFNSETVPQKSSLEEPDFYKTKIKLCILLHAFRIR
AVTIDRVMSYLDAS (SEQ ID NO: 8054)

hIL-12 p35 XAS RNLPVATPDPGMFPCLHHSQNLLRAVSNMLOKARQTLEFYPCTSEEIDHEDITKDKTSTVE
variant ACLPLELTKNESCLNSRETSFITNGSCLASRKTSFMMALCLSSIYEDLKMYQVEEFKTMNAK
(N195X) LLMDPKRQIFLDQNMLAVIDELMQALNFNSETVPQKSSLEEPDFYKTKIKLCILLHAFRIR
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AVTIDRVMSYLXAS, wherein X is any amino acid residue other
than N (SEQ ID NO: 8055)

[0156] In some embodiments, the fusion protein disclosed herein comprises a first polypeptide
subunit comprising a wild-type p35 amino acid sequence, such as SEQ ID NO: 8050 and a second
polypeptide subunit comprising a wild-type p40 amino acid sequence, such as SEQ ID NO: 8051.

[0157] In some embodiments. the fusion protein disclosed herein comprises a first polypeptide
subunit comprising a p35 amino acid sequence that has at least 85%, 90%, 91%, 92%. 93%, 94%,
95%., 96%, 97%., 98%. or 99% identity. or 100% identity to SEQ ID NO: 8050, and a second
polypeptide subunit comprising a p40 amino acid sequence that has at least 85%. 90%, 91%, 92%.,
93%, 94%. 95%. 96%, 97%, 98%. or 99% identity, or 100% identity to SEQ ID NO: 8051.

[0158] In some embodiments, the fusion protein disclosed herein comprises a first polypeptide
subunit comprising a wild-type p35 amino acid sequence, such as SEQ ID NO: 8056 and a second

polvpeptide subunit comprising a wild-type p40 amino acid sequence, such as SEQ ID NO: 8057.

[0159] In some embodiments, the fusion protein disclosed herein comprises a first polypeptide
subunit comprising a p35 amino acid sequence that has at least 85%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, or 99% identity, or 100% identity to SEQ ID NO: 8056, and a second
polyvpeptide subunit comprising a p40 amino acid sequence that has at least 85%, 90%, 91%. 92%,
93%, 94%, 95%, 96%, 97%, 98%, or 99% identity, or 100% identity to SEQ ID NO: 8057.

[0160] In some embodiments, the fusion protein disclosed herein comprises a first polypeptide
subunit comprising an aglycosylation mutant variant p35 amino acid sequence. The aglycosylation
mutant variant p35 amino acid scquence compriscs at least onc amino acid substitution of the NAS
amino acid sequence located at the C-terminus of the wild-type p35 amino acid sequence. In some
embodiments, the fusion protein disclosed herein comprises a first polypeptide subunit comprising an
aglycosylation mutant variant p35 amino acid sequence that has at least 85%, 90%, 91%, 92%. 93%,
94%, 95%, 96%, 97%, 98%, or 99% identity, or 100% identity to any one of SEQ ID NOs: 8052-
8055. In some embodiments, the fusion protein disclosed herein comprises a first polypeptide
subunit comprising an aglycosylation mutant variant p35 amino acid sequence of any one of SEQ ID
NOs: 8052-8053, and a second polypeptide subunit comprising a wild-type p40 amino acid sequence,
such as SEQ ID NO: 8051.

[0161] In some cmbodiments, the cytokine polypeptide in the fusion protein is Interlcukin-2 (IL-2).
IL-2 exerts both stimulatory and regulatory functions in the immune system and is, along with other
members of the comimon y-chain cytokine family, central to immune homeostasis. IL-2 mediates its
action by binding to IL-2 receptors (IL-2R). consisting of either trimeric receptors made of 1L-

2Ra(CD25), IL-2RB (CD122). and IL-2R—y (y—c. CD132) chains or dimeric 3 y IL-2Rs.
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[0162] In some embodiments, the cytokine polypeptide in the fusion protein is Interleukin-15 (IL-
15). IL-15, a member of the 4-alpha-helix bundle family of cytokines, is an immunomodulator for the
treatment of cancer. IL-15 mediates its action by binding to IL-15R«, which is expressed on antigen-

presenting dendritic cells, monocytes and macrophages.

[0163] In some embodiments, the cytokine polypeptide in the fusion protein is Interleukin-7 (IL-7).
IL-7, also of the IL-2/IL-15 family, is expresscd by stromal cclls, cpithelial cells, endothelial cells,
fibroblasts, smooth muscle cells and keratinocytes, and following activation, by dendritic cells

(Alpdogan et al., 2005).

[0164] While the present application is exemplified using IL-12 as the exemplary cytokine, those of
skill in the art will understand that the teachings provided herein may readily be adapted for and
describe and enable the use of fusion proteins formed from other cytokines, fragments and muteins,
such as IL-2, IL-7, IL-12, IL-15, IL-18, IL-21 IL-23. IFN-alpha, [FN-beta, IFN-gamma, TNF-alpha,
Iymphotoxin, TGF-betal, TGFbeta2, TGFbeta3, GM-CSF, CXCL10, CCL19, CCL20, CCL21 and
functional fragments or mutcins of any of the forcgoing. A description of cytokincs that may be
incorporated into the fusion proteins disclosed herein is provided in W02021262985A1, incorporated

herein by reference.

[0165] Various elements ensure the delivery and activity of the cytokine in the fusion proteins of the
invention preferentially at the site of desired cytokine activity and to severely limit systemic exposure
to the cytokine via linkage to an ELNN described herein. which allows serum half-life extension for
the cytokine of interest. In this serum half-life extension strategy, the fusion protein may circulate for
extended times (preferentially 1-2 or more weeks) but the activated version from which the ELNN

sequence has been cleaved has the typical serum half-life of the cytokine.

[0166] By comparison to a fusion protein, the serum half-life of the underlying cytokine
administered intravenously is only about 10 minutes due to distribution into the total body
extracellular space. Subsequently, the cytokine is metabolized by the kidneys with a half-life of 2.5

hours.

[0167] In some embodiments of this invention. the fusion protein comprises a release segment which
is cleaved at the site of action (e.g.. by inflammation-specific or tumor-specific proteases) thereby
releasing the cytokine’s full activity at the desired site and also separating it from the half-life
extension of the uncleaved version. In such embodiments, the fully active and free cytokine would
have very different pharmacokinetic (pK) properties--a half-life of hours instead of weeks. In
addition, exposure to active cytokine is limited to the site of desired cytokine activity (e.g.. an
inflammatory site or the tumor microenvironment) and systemic exposure to active cytokine, and

associated toxicity and side effects, are reduced.
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[0168] Creating a fusion protein from cytokines is an elegant mechanism by which to improve the
use of cytokines, as immunostimulatory agents, for example for treating cancer. For example, in this
aspect, the pharmacokinetics and/or pharmacodynamics of the cytokine (e.g., IL-2, IL-7, IL-12, IL-15,
IL-18, IL-21 IL-23, IFN-alpha, IFN-beta and IFN-gamma, TNF-alpha, lymphotoxin, TGF-betal.
TGF-beta2, TGF-beta3 GM-CSF, CXCL10, CCL19, CCL20, and CCL21 can be tailored to
maximally activate effector cells (e.g., effect T cells, NK cells) and/or cytotoxic immune response
promoting cells (e.g., induce dendritic cell maturation) at a site of desired activity, such as in a tumor

or tumor microenvironment, but preferably not systemically.

[0169] Thus, provided herein arc pharmaccutical compositions comprising fusion proteins that arc
comprised of at least one cytokine polypeptide, such as interleukins (e.g., IL-2, [L-7, IL-12, [L-15, IL-
18, IL-21, IL-23), interferons (IFNs, including IFN-alpha, [FN-beta and IFN-gamma), tumor necrosis
factors (e.g.. TNF-alpha, lymphotoxin), transforming growth factors (e.g., TGF-betal, TGF-beta2,
TGF-beta3). chemokines (e.g. CXCL10, CCL19, CCL20, CCL21) and granulocyte macrophage-

colony stimulating factor (GM-CS) or a functional fragment or mutein of any of the foregoing.

[0170] In some embodiments, the cytokine polypeptides (including functional fragments) that are
included in the fusion proteins disclosed herein are not mutated or engineered to alter the properties of

the naturally occurring cytokine, including receptor binding affinity and specificity or serum half-life.

EXTENDED RECOMBINANT POLYPEPTIDES (ELNNS)

Chain Length and Amino Acid Composition
[0171] In some embodiments, an ELNN comprises at least 100, or at least 150 amino acids. In some
embodiments, an ELNN is from 100 to 3,000, or from 150 to 3,000 amino acids in length. In some
embodiments, an ELNN is from 100 to 1,000, or from 150 to 1,000 amino acids in length. In some
embodiments, an ELNN is at least (about) 100, at least (about) 150, at least (about) 200, at least
(about) 250, at least (about) 300, at least (about) 350, at least (about) 400, at least (about) 450, at least
(about) 500, at least (about) 550, at least (about) 600, at least (about) 650, at least (about) 700, at least
(about) 750, at Icast (about) 800, at lcast (about) 850, at Icast (about) 900, at lcast (about) 950, at lcast
(about) 1,000, at least (about) 1,100, at least (about) 1,200, at least (about) 1,300, at least (about)
1,400, at least (about) 1,500, at least (about) 1,600, at least (about) 1,700, at least (about) 1,800, at
least (about) 1,900, or at least (about) 2,000 amino acids in length. In some embodiments, an ELNN is
at most (about) 100, at most (about) 150, at most (about) 200, at most (about) 250, at most (about)
300, at most (about) 350, at most (about) 400, at most (about) 450, at most (about) 500, at most
(about) 550, at most (about) 600, at most (about) 650, at most (about) 700, at most (about) 750, at
most (about) 800, at most (about) 850, at most (about) 900, at most (about) 930. at most (about)
1.000, at most (about) 1,100, at most (about) 1,200, at most (about) 1,300, at most (about) 1.400. at
most (about) 1,500, at most (about) 1.600, at most (about) 1,700. at most (about) 1,800, at most

(about) 1,900. or at most (about) 2,000 amino acids in length. In some embodiments, an ELNN has
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(about) 100, (about) 150, (about) 200, (about) 250, (about) 300, (about) 350, (about) 400, (about) 450,
(about) 500, (about) 550, (about) 600, (about) 650, (about) 700, (about) 750, (about) 800, (about) 850,
(about) 900, (about) 950, (about) 1,000, (about)1,100, (about) 1,200, (about) 1,300, (about) 1,400,
(about) 1,500, (about) 1,600, (about) 1,700, (about) 1,800, (about) 1,900, or (about) 2,000 amino acids
in length, or of a range between any two of the foregoing. In some embodiments, at least 90% of the
amino acid residues of the ELNN are glycine (G), alanine (A), serine (S), threonine (T), glutamate (E)
or proline (P). In some embodiments, at least 91%, 92%. 93%, 94%, 95%, 96%., 97%, 98%, 99% or
100% of the amino acid residues of the ELNN are glycine (G), alanine (A), serine (S). threonine (T),
glutamate (E) or proline (P). In some embodiments, an ELNN comprises at least 3 different types of
amino acids selected from the group consisting of G, A, S. T, E, and P. In some embodiments, an
ELNN comprises at least 4 different types of amino acids selected from the group consisting of G, A,
S, T, E. and P. In some embodiments. an ELNN comprises at least 5 different types of amino acids
selected from the group consisting of G, A, S, T, E. and P. In some embodiments, an ELNN consists
of amino acids selected from the group consisting of G. A, S, T. E, and P. In some embodiments, an
ELNN comprises G, A. S, T, E. or P amino acids. In some embodiments, an ELNN (e.g.. ELNNI1,
ELNNZ2. etc.) is characterized in that: (i) it comprises at least 100, or at least 150 amino acids; (ii) at
least 90% of the amino acid residues of the ELNN are glycine (G), alanine (A), serine (S), threonine
(T), glutamate (E) or proline (P); and (iii) it comprises at least 4 different types of the amino acids
from G, A, S, T, E. or P. As used herein, the term “glutamate” is a synonym for “glutamic acid,” and
refers to the glutamic acid residue whether or not the side-chain carboxyl is deprotonated. In some
embodiments, the ELNN-containing fusion polypeptide comprises a first ELNN and a second ELNN.
In some embodiments, the sum of the total number of amino acids in the first ELNN and the total
number of amino acids in the second ELNN is at least 300, at least 350, at least 400, at least 500, at

least 600, at least 700, or at least 800 amino acids.

Non-Overlapping Sequence Motif

[0172] In some embodiments, the ELNN comprises, or is formed from. a plurality of non-
overlapping sequence motifs. In some embodiments, at least one of the non-overlapping sequence
motifs is recurring (or repeated at least two times in the ELNN). In some embodiments, the ELNN
comprises at least one other non-overlapping sequence motif that is non-recurring (or found only once
within the ELNN). In some embodiments, the plurality of non-overlapping sequence motifs comprises
(a) a set of (recurring) non-overlapping sequence motifs, wherein each non-overlapping sequence
motif of the set of non-overlapping sequence motifs is repeated at least two times in the ELNN; and
(b) a non-overlapping (non-rccurring) scquence motif that occurs (or is found) only once within the
ELNN. In some embodiments, each non-overlapping sequence motif is from 9 to 14 (or 10 to 14, or
11 to 13) amino acids in length. In some embodiments, cach non-overlapping sequence motifis 12

amino acids in length. In some embodiments, the plurality of non-overlapping sequence motifs
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comprises a set of non-overlapping (recurring) sequence motifs, wherein each non-overlapping
sequence motif of the set of non-overlapping sequence motifs is (1) repeated at least two times in the
ELNN; and (2) is between 9 and 14 amino acids in length. In some embodiments, the set of
(recurring) non-overlapping sequence motifs comprises 12-mer sequence motifs identified herein by
SEQ ID NOs: 179-200 and 1715-1722 in Table 1b. In some embodiments, the set of (recurring) non-
overlapping sequence motifs comprise 12-mer sequence motifs identified herein by SEQ ID NOs:
186-189 in Table 1b. In some embodiments, the set of (recurring) non-overlapping sequence motifs
comprise at least two, at least three. or all four of 12-mer sequence motifs of SEQ ID NOs: 186-189 in
Table 1b. In some embodiments, an ELNN further comprises a sequence other than a 12-mer
sequence motif shown in Table 1. In some embodiments, an ELNN comprises a sequence that is not
in Table 1b such as ASSATPESGP (SEQ ID NO:203), GSGPGTSESATP (SEQ 1D NO:201), or
GTSESATP (SEQ ID NO:204). In some embodiments, an ELNN comprises a sequence that is not in
Table 1b such as ATPESGP (SEQ ID NO:205), GTSPSATPESGP (SEQ ID NO:202). or
GTSESAGEPEA (SEQ ID NO:206). In some embodiments, an ELNN comprises a barcode sequence.

Table 1b. Exemplary 12-Mer Sequence Motifs for Construction of ELNNs

Motif Family* Amino Acid Sequence SEQ ID NO:
AD GESPGGSSGSES 182
AD GSEGSSGPGESS 183
AD GSSESGSSEGGP 184
AD GSGGEPSESGSS 185
AE, AM GSPAGSPTSTEE 186
AE, AM, AQ GSEPATSGSETP 187
AE, AM, AQ GTSESATPESGP 188
AE, AM, AQ GTSTEPSEGSAP 189
AF, AM GSTSESPSGTAP 190
AF, AM GTSTPESGSASP 191
AF, AM GTSPSGESSTAP 192
AF, AM GSTSSTAESPGP 193
AG, AM GTPGSGTASSSP 194
AG, AM GSSTPSGATGSP 195
AG, AM GSSPSASTGTGP 196
AG, AM GASPGTSSTGSP 197
AQ GEPAGSPTSTSE 198
AQ GTGEPSSTPASE 199
AQ GSGPSTESAPTE 200
AQ GSETPSGPSETA 179
AQ GPSETSTSEPGA 180
AQ GSPSEPTEGTSA 181
BC GSGASEPTSTEP 1715
BC GSEPATSGTEPS 1716
BC GTSEPSTSEPGA 1717
BC GTSTEPSEPGSA 1718
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Motif Family* Amino Acid Sequence SEQ ID NO:
BD GSTAGSETSTEA 1719
BD GSETATSGSETA 1720
BD GTSESATSESGA 1721
BD GTSTEASEGSAS 1722

*Denotes individual motif sequences that, when used together in various permutations, results in a “family
sequence”

Unstructured Polypeptide Confirmation
[0173] In various embodiments, an ELNN component (or the ELNN components) of a fusion protein
has an unstructured conformation under physiological conditions, regardless of the length (e.g.,
extended length) of the polymer. For example, the ELNN is characterized by a large conformational
freedom of the peptide backbone. In some embodiments, the ELNN is characterized by a lack of
long-range interactions as determined by NMR. In some embodiments. the present disclosure
provides ELNNSs that, under physiologic conditions. resemble the structure of denatured sequences
largely devoid in secondary structure. In some embodiments, the ELNNs can be substantially devoid
of secondary structure under physiologic conditions. “Largely devoid,” as used in this context, means
that less than 50% of the ELNN amino acid residues of the ELNN contribute to secondary structure as
measured or determined by the means described herein. “Substantially devoid,” as used in this
context, means that at least about 60%, or about 70%, or about 80%, or about 90%. or about 95%. or
at least about 99% of the ELNN amino acid residues of the ELNN sequence do not contribute to

secondary structure, as measured or determined by the means described herein.

|0174] A variety of methods have been established in the art to discern the presence or absence of
secondary and tertiary structures in a given polypeptide. In some embodiments. ELNN secondary
structure can be measured spectrophotometrically, e.g., by circular dichroism spectroscopy in the “far-
UV” spectral region (190-250 nm). Secondary structure elements, such as alpha-helix and beta-sheet,
each give rise to a characteristic shape and magnitude of CD spectra. Secondary structure can also be
predicted for a polypeptide sequence via certain computer programs or algorithms. such as the well-
known Chou-Fasman algorithm (Chou, P. Y., et al. (1974) Biochemistry, 13: 222-45) and the Garnier-
Osguthorpe-Robson (“GOR”) algorithm (Garnier J, Gibrat JF, Robson B. (1996), GOR method for
predicting protein secondary structure from amino acid sequence. Methods Enzymol 266:540-553),
as described in US Patent Application Publication No. 20030228309A1 (the entire contents of which
are incorporated herein by reference). For a given sequence, the algorithms can predict whether there
exists some or no secondary structure at all, expressed as the total and/or percentage of residues of the
sequence that form, for example, alpha-helices or beta-sheets or the percentage of residues of the

sequence predicted to result in random coil formation (which lacks secondary structure).

[0175] In some embodiments, the ELNNSs used in a fusion protein composition can have an alpha-

helix percentage ranging from 0% to less than about 5% as determined by a Chou-Fasman algorithm.
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In some embodiments, the ELNNSs of the fusion protein compositions can have a beta-sheet
percentage ranging from 0% to less than about 5% as determined by a Chou-Fasman algorithm. In
some embodiments, the ELNNSs of the fusion protein compositions can have an alpha-helix
percentage ranging from 0% to less than about 5% and a beta-sheet percentage ranging from 0% to
less than about 3% as determined by a Chou-Fasman algorithm. In some embodiments, the ELNNs of
the fusion protein compositions will have an alpha-helix percentage less than about 2% and a beta-
sheet percentage less than about 2%. In some embodiments, the ELNNs of the fusion protein
compositions can have a high degree of random coil percentage, as determined by a GOR algorithm.
In some embodiments. an ELNN can have at least about 80%, more preferably at least about 90%,
more preferably at least about 91%. more preferably at least about 92%, more preferably at least about
93%, more preferably at least about 94%. more preferably at least about 95%. more preferably at least
about 96%, more preferably at least about 97%. more preferably at least about 98%. and most

preferably at least about 99% random coil, as determined by a GOR algorithm.

Net Charge
[0176] In some embodiments, the ELNN polypeptides can have an unstructured characteristic

imparted by incorporation of amino acid residues with a net charge and/or reducing the proportion of
hydrophobic amino acids in the ELNN sequence. The overall net charge and net charge density may
be controlled, ¢.g.. by modifying the content of charged amino acids in the ELNNs. In some
embodiments. the net charge density of the ELNN of the compositions may be above +0.1 or below -
0.1 charges/residue. In some embodiments. the net charge of a ELNN can be about 0%. about 1%.
about 2%. about 3%. about 4%, about 5%, about 6%, about 7%, about 8%, about 9%, about 10%
about 11%, about 12%, about 13%, about 14%. about 15%, about 16%. about 17%. about 18%, about

19%, or about 20% or more.

[0177] Since most tissues and surfaces in a human or animal have a net negative charge, the ELNNs
can optionally be designed to have a net negative charge to minimize non-specific interactions
between the ELNN containing compositions and various surfaces such as blood vessels, healthy
tissues, or various receptors. Not to be bound by a particular theory, an ELNN may adopt open
conformations due to ¢lectrostatic repulsion between individual amino acids of the ELNN polypeptide
that individually carry a high net negative charge and that are distributed across the sequence of the
ELNN polypeptide. Such a distribution of net negative charge in the extended sequence lengths of
ELNN can lead to an unstructured conformation that, in turn, can result in an effective increase in
hydrodynamic radius. Accordingly, in some embodiments the ELNNs contain glutamic acid such that
the glutamic acid is at about 8, 10, 15. 20, 25, or even about 30% of the amino acids in the sequences.
The ELNN of the compositions of the present disclosure generally have no or a low content of
positively charged amino acids. In some embodiments the ELNN may have less than about 10%

amino acid residues with a positive charge, or less than about 7%, or less than about 5%. or less than
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about 2% amino acid residues with a positive charge. However, the present disclosure contemplates
polypeptides where a limited number of amino acids with a positive charge, such as lysine, may be
incorporated into an ELNN, ¢.g., to permit conjugation between the epsilon amine of the lysine and a
reactive group on a peptide, a linker bridge, or a reactive group on a drug or small molecule to be

conjugated to the ELNN backbone.

[0178] In some embodiments, an ELNN may comprise charged residues separated by other residues
such as serine or glycine, which may lead to better expression or purification behavior. Based on the
net charge, ELNNs of the subject compositions may have an isoelectric point (pl) of 1.0, 1.5, 2.0, 2.5,
3.0,3.5,4.0,4.5,5.0,5.5,6.0, orcven 6.5. In somec cmbodiments, the ELNN will have an isoclectric
point between 1.5 and 4.5. In some embodiments, an ELNN incorporated into a fusion protein carries
a net negative charge under physiologic conditions contributes to the unstructured conformation and

reduced binding of the ELNN component to mammalian proteins and tissues.

[0179] As hydrophobic amino acids can impart structure to a polypeptide, in some embodiments the
content of hydrophobic amino acids in the ELNN is less than 5%, or less than 2%, or less than 1%
hydrophobic amino acid content. In some embodiments, an ELNN has no hydrophobic amino acids.
In some embodiments, the amino acid content of methionine and tryptophan in the ELNN component
of a fusion protein is less than 5%, or less than 2%, and most preferably less than 1%. In some
cmbodiments, the ELNN has a sequence that has Icss than 10% amino acid residucs with a positive
charge, or less than about 7%, or less that about 5%, or less than about 2% amino acid residues with a
positive charge, the sum of methionine and tryptophan residues will be less than 2%, and the sum of
asparagine and glutamine residues will be less than 10% of the total ELNN sequence. In some

embodiments, the ELNN has no methionine or tryptophan residues.

Increased Hydrodynamic Radius

[0180] In some embodiments, the ELNN can have a high hydrodynamic radius, conferring a
corresponding increased Apparent Molecular Weight to the fusion protein which incorporates the
ELNN. The linking of ELNNs to cytokine sequences can result in the fusion protcin compositions
that can have increased hydrodynamic radii, increased Apparent Molecular Weight, and increased
Apparent Molecular Weight Factor compared to cytokines not linked to an ELNN. For example, in
some therapeutic applications in which prolonged half-life is desired, one or more ELNNs with a high
hydrodynamic radius are incorporated into a fusion protein comprising a cytokine to eflectively
enlarge the hydrodynamic radius of the fusion protein beyond the glomerular pore size of
approximately 3-5 nm (corresponding to an apparent molecular weight of about 70 kDa) (Caliceti.
2003. Pharmacokinetic and biodistribution properties of poly(ethylene glycol)-protein conjugates.
Adv. Drug Deliv. Rev. 55:1261-1277), resulting in reduced renal clearance of circulating proteins. In
some embodiments, the hydrodynamic radius of a protein is determined by its molecular weight as

well as by its structure, including shape and compactness. Not to be bound by a particular theory, the
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ELNN may adopt open conformations due to electrostatic repulsion between individual charges of the
peptide or the inherent flexibility imparted by the particular amino acids in the sequence that lack
potential to confer secondary structure. In some embodiments, the open, extended and unstructured
conformation of the ELNN polypeptide has a greater proportional hydrodynamic radius compared to
polypeptides of a comparable sequence length and/or molecular weight that have secondary and/or
tertiary structure, such as typical globular proteins. Methods for determining the hydrodynamic radius
are well known in the art, such as by the use of size exclusion chromatography (SEC). as described in
U.S. Patent Nos. 6,406,632 and 7,294,513. In some embodiments, the addition of increasing lengths
of ELNN results in proportional increases in the parameters of hydrodynamic radius, Apparent
Molecular Weight, and Apparent Molecular Weight Factor, permitting the tailoring of the fusion to
desired characteristic cut-off Apparent Molecular Weights or hydrodynamic radii. Accordingly. in
some embodiments, the fusion protein can be configured with an ELNN such that the fusion protein
can have a hydrodynamic radius of at least about 5 nm, or at least about 8 nm, or at least about 10 nm,
or 12 nm, or at least about 15 nm. In some embodiments, the large hydrodynamic radius conferred by
the ELNN in a fusion protein can lead to reduced renal clearance of the resulting fusion protein,
leading to a corresponding increase in terminal half-life, an increase in mean residence time, and/or a

decrease in renal clearance rate.

[0181] In some embodiments, an ELNN (or multiple ELNNs, such as two ELNNs) of a chosen
length and sequence can be selectively incorporated into a cytokine to create a fusion protein that will
have, under physiologic conditions. an Apparent Molecular Weight of at least about 150 kDa, or at
least about 300 kDa. or at least about 400 kDa, or at least about 500 kDa. or at least about 600 kDa, or
at least about 700 kDa, or at least about 800 kDa, or at least about 900 kDa, or at least about 1000
kDa. or at least about 1200 kDa. or at least about 1500 kDa, or at least about 1800 kDa, or at least
about 2000 kDa, or at least about 2300 kDa or more. In some embodiments. an ELNN (or multiple
ELNN:G, such as two ELNNSs) of a chosen length and sequence can be selectively linked to a cytokine
to result in a fusion protein that has. under physiologic conditions, an Apparent Molecular Weight
Factor of at least 3. alternatively of at least 4, alternatively of at least 5, alternatively of at least 6,
alternatively of at least 7. alternatively of at least 8, alternatively of at least 9, alternatively of at least
10, alternatively of at least 15, or an Apparent Molecular Weight Factor of at least 20 or greater. In
some embodiments, the fusion protein has, under physiologic conditions, an Apparent Molecular
Weight Factor that is about 4 to about 20, or is about 6 to about 15, or is about 8 to about 12, or is
about 9 to about 10 relative to the actual molecular weight of the fusion protein. In some
cmbodiments, the fusion polypeptide cxhibits an apparcnt molccular weight factor under

physiological conditions that is greater than about 6.
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Increased Terminal Half-Life
[0182] In some embodiments, a fusion polypeptide comprising an ELNN has a terminal half-life that
is at least two-fold longer, or at least three-fold longer, or at least four-fold longer, or at least five-fold
longer, compared to a corresponding biologically active polypeptide that is not linked to the ELNN. In
some embodiments, the (fusion) polypeptide has a terminal half-life that is at least two-fold longer

compared to the biologically active polypeptide not linked to the ELNN.

[0183] In some embodiments, administration of a therapeutically effective amount of a fusion protein
to a subject in need thereof results in a gain in time of at least two-fold, or at least three-fold, or at
lcast four-fold, or at least five-fold or morce spent within a therapeutic window for the fusion protein
compared to the corresponding cytokine not linked to the ELNN(s) when administered at a

comparable dose to a subject.

[0184] In some embodiments, a cytokine released from a fusion protein upon protease cleavage
comprises one or more short polypeptides (e.g., about 30, 25, 20, 15, 14, 13, 12, 11, 10, or less amino
acids in length) that has no amino acids other than G, A, P, E, S, and/or T. For example, a short
polypeptide that has no amino acids other than G, A. P, E, S, and/or T might be incorporated into one
or more spacer or linker sequences of the cytokine, and/or a portion of one or more spacers or linkers
that remain part of the cytokine after cleavage. In some embodiments, a cytokine that is released from
a fusion protein compriscs a GTSESATPES (SEQ ID NO:96) on the N-terminal side (c.g., the closest
amino acid of the sequence is within 10, 9, 8, 7, 6, 5, 4, 3, 2, or 1 amino acid positions of the N-
terminal amino acid or the sequence includes the N-terminus) of the cytokine. In some embodiments,
a cytokine that is released from a fusion protein comprises a GTATPESGPG on the C-terminal side
(e.g., the closest amino acid of the sequence is within 10, 9, 8, 7, 6, 5, 4, 3, 2, or 1 amino acid

positions of the N-terminal amino acid or the sequence includes the N-terminus) of the cytokine.

Low Immunogenicity

[0185] In some embodiments, the present disclosure provides compositions in which the ELNNs
have a low degree of immunogenicity or arc substantially non-immunogenic. Scveral factors can
contribute to the low immunogenicity of an ELNN, e.g., the substantially non-repetitive sequence, the
unstructured conformation, the high degree of solubility, the low degree or lack of self-aggregation,
the low degree or lack of proteolytic sites within the sequence, and the low degree or lack of epitopes

in the ELNN.

[0186] One of ordinary skill in the art will understand that, in general, polypeptides having highly
repetitive short amino acid sequences (e.g., wherein a 200 amino acid-long sequence contain on
average 20 repeats or more of a limited set of 3- or 4-mers) and/or having contiguous repetitive amino

acid residues (e.g., wherein 5- or 6-mer sequences have identical amino acid residues) have a
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tendency to aggregate or form higher order structures or form contacts resulting in crystalline or

pseudo-crystalline structures.

[0187] In some embodiments, a ELNN sequence is substantially non-repetitive. wherein (1) the
ELNN sequence has no three contiguous amino acids that are identical amino acid types. unless the
amino acid is serine, in which case no more than three contiguous amino acids can be serine residues;
and wherein (2) the ELNN contains no 3-amino acid sequences (3-mers) that occur more than 16,
more than 14, more than 12, or more than 10 times within an at least 200 amino acid-long sequence of
the ELNN (e.g., the entire span of an ELNN that is at least amino acids long). Without being bound
by any scicntific theory, such substantially non-repetitive scquences have less tendency to aggregate
and, thus, enable the design of long-sequence ELNNSs with a relatively low frequency of charged
amino acids that would be likely to aggregate if the sequences or amino acid residues were otherwise

more repetitive.

[0188] Conformational epitopes can be formed by regions of protein surfaces that are composed of
multiple discontinuous amino acid sequences of a protein antigen. Without being bound by any
scientific theory, the precise folding of the protein may bring these sequences into well-defined, stable
spatial configurations or epitopes that can be recognized as “foreign” by the host humoral immune
system, resulting in the production of antibodies to the protein and/or triggering a cell-mediated
immunc responsc. In the latter casc, the immunc responsc to a protein in an individual is heavily
influenced by T-cell epitope recognition that is a function of the peptide binding specificity of that
individual’s HLA-DR allotype. Engagement of an MHC Class II peptide complex by a cognate T-cell
receptor on the surface of the T-cell, together with the cross-binding of certain other co-receptors such
as the CD4 molecule, can induce an activated state within the T-cell. Activation may lead to the
release of cytokines further activating other lymphocytes such as B cells to produce antibodies or

activating T killer cells as a full cellular immune response.

[0189] Without being bound by any scientific theory, the ability of a peptide to bind a given MHC
Class II molccule for presentation on the surface of an APC (antigen presenting cell) may depend on a
number of factors; most notably its primary sequence. In some embodiments, a lower degree of
immunogenicity may be achieved by designing ELNNs that resist antigen processing in antigen
presenting cells, and/or choosing sequences that do not bind MHC receptors well. In some
embodiments, ELNN-containing fusion proteins have substantially non-repetitive ELNN polypeptides
designed to reduce binding with MHC II receptors, as well as to avoid formation of epitopes for T-cell
receptor or antibody binding. resulting in a low degree of immunogenicity. Without being bound by
any scientific theory, avoidance of immunogenicity is. in part, a direct result of the conformational
flexibility of ELNNGs; i.e., the lack of secondary structure due to the selection and order of amino acid
residues. For example, of particular interest are sequences having a low tendency to adapt compactly

folded conformations in aqueous solution or under physiologic conditions that could result in
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conformational epitopes. The administration of fusion proteins comprising ELNNs, using
conventional therapeutic practices and dosing, would generally not result in the formation of
neutralizing antibodies to the ELNNs, and may also reduce the immunogenicity of cytokine fusion

partners in the fusion protein compositions.

[0190] In some embodiments, the ELNNSs utilized in the subject fusion proteins can be substantially
free of epitopes recognized by human T cells. The elimination of such epitopes for the purpose of
generating less immunogenic proteins has been disclosed previously; see for example WO 98/52976,
WO 02/079232, and WO 00/3317 which are incorporated by reference herein. Assays for human T
ccll epitopes have been described (Stickler, M., ef al. (2003) J Immunol Methods, 281: 95-108). Of
particular interest are peptide sequences that can be oligomerized without generating T cell epitopes
or non-human sequences. This can be achieved by testing direct repeats of these sequences for the
presence of T-cell epitopes and for the occurrence of 6 to 15-mer and, in particular, 9-mer sequences
that are not human, and then altering the design of the ELNN sequence to eliminate or disrupt the
epitope sequence. In some embodiments, the ELNNs are substantially non-immunogenic by the
restriction of the numbers of epitopes of the ELNN predicted to bind MHC receptors. With a
reduction in the numbers of epitopes capable of binding to MHC receptors, there is a concomitant
reduction in the potential for T cell activation as well as T cell helper function, reduced B cell
activation or upregulation and reduced antibody production. The low degree of predicted T-cell
epitopes can be determined by epitope prediction algorithms such as. ¢.g., TEPITOPE (Sturniolo, T..
et al. (1999) Nat Biotechnol. 17: 555-61). as shown in Example 74 of International Patent Application
Publication No. WO 2010/144502 A2, which is incorporated by reference in its entirety. Aspects of
the TEPITOPE score of a given peptide frame within a protein are disclosed in Sturniolo, T. er al.
(1999) Nature Biotechnology 17:555). The score ranges over at least 20 logs, from about 10 to about
-10 (corresponding to binding constraints of 10e'’ Kp to 10e™° Kp). and can be reduced by avoiding
hydrophobic amino acids that can serve as anchor residues during peptide display on MHC, such as
M, 1, L, V.or F. In some embodiments, an ELNN component incorporated into a fusion protein does
not have a predicted T-cell epitope at a TEPITOPE score of about -5 or greater, or -6 or greater, or -7
or greater, or -8 or greater, or at a TEPITOPE score of -9 or greater. As used herein, a score of “-9 or
greater” would encompass TEPITOPE scores of 10 to -9, inclusive. but would not encompass a score

of -10, as -10 is less than -9.

[0191] In some embodiments, the ELNNS, including those incorporated into the subject fusion
proteins. can be rendered substantially non-immunogenic by the restriction of known proteolytic sites
from the sequence of the ELNN, reducing the processing of ELNN into small peptides that can bind
to MHC 11 receptors. In some embodiments, the ELNN sequence can be rendered substantially non-
immunogenic by the use a sequence that is substantially devoid of secondary structure. conferring

resistance to many proteases due to the high entropy of the structure. Accordingly. the reduced
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TEPITOPE score and elimination of known proteolytic sites from the ELNN may render the ELNN
compositions, including the ELNN of the fusion protein compositions, substantially unable to be
bound by mammalian receptors, including those of the immune system. In some embodiments, an
ELNN of a fusion protein can have >100 nM Kp binding to a mammalian receptor, or greater than
500 nM Kp, or greater than 1 uM Kp towards a mammalian cell surface or circulating polypeptide

receptor.

[0192] Additionally, the substantially non-repetitive sequence and corresponding lack of epitopes of
such embodiments of ELNNs can limit the ability of B cells to bind to or be activated by the ELNN.
In some cmbodiments, whilc an ELNN can make contacts with many diffcrent B cells over its
extended sequence, each individual B cell may only make one or a small number of contacts with an
individual ELNN. As a result, ELNNs typically may have a much lower tendency to stimulate
proliferation of B cells and thus an immune response. In some embodiments, the fusion protein may
have reduced immunogenicity as compared to the corresponding cytokine that is not fused to a mask
polypeptide such as an ELNN. In some embodiments, the administration of up to three parenteral
doses of a fusion protein to a mammal may result in detectable anti- fusion protein IgG at a serum
dilution of 1:100 but not at a dilution of 1:1000. In some embodiments, the administration of up to
three parenteral doses of a fusion protein to a mammal may result in detectable anti-cytokine 1gG at a
serum dilution of 1:100 but not at a dilution of 1:1000. In some embodiments, the administration of
up to three parenteral doses of n fusion protein to a mammal may result in detectable anti-ELNN I1gG
at a serum dilution of 1:100 but not at a dilution of 1:1000. In some embodiments, the mammal can
be, ¢.g.. a mouse, a rat, a rabbit, cynomolgus monkey, or human. In some embodiments, the mammal

is a human.

[0193] An additional feature of certain ELNNs with substantially non-repetitive sequences relative to
those less non-repetitive sequences (such as one having three contiguous amino acids that are
identical) can be that non-repetitive ELNNs form weaker contacts with cytokines (e.g., monovalent
interactions), thereby resulting in less likelihood of immune clearance such that the fusion protein

compositions can remain in circulation for an increased period of time.

[0194] In some embodiments, a biologically active polypeptide (such as a cytokine) comprising an
ELNN is less immunogenic compared to the fusion polypeptide not linked to any ELNN, wherein
immunogenicity is ascertained by measuring production of IgG antibodies that selectively bind to the

biologically active polypeptide after administration of comparable doses to a subject.

BARCODE FRAGMENT
[0195] In some embodiments, a polypeptide (e.g., a fusion polypeptide or a portion thereof such as
an ELNN) comprises one or more barcode fragments (e.g., a first, second, or third barcode fragment)

releasable from the polypeptide upon digestion by a protease. In some embodiments, the protease is a
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non-maminalian protease. In some embodiments, the protease is a prokaryotic protease. As used
herein, the term “barcode fragment™ (or “barcode,” or “barcode sequence™) can refer to either the
portion of the polypeptide cleavably fused within the polypeptide, or the resulting peptide fragment
released from the polypeptide.

[0196] In some embodiments, a barcode fragment (1) is a portion of an ELNN that includes at least
part of the (non-recurring, non-overlapping) sequence motif that occurs (or is found) only once within
the ELNN; and (2) differs in sequence and molecular weight from all other peptide fragments that are
releasable from the polypeptide upon cleavage or complete digestion of the polypeptide by the

protcasc.

[0197] In some embodiments, a barcode fragment does not include the N-terminal amino acid or the
C-terminal amino acid of the fusion polypeptide. As described herein. in some embodiments, a
barcode fragment is releasable (e.g., configured to be released) upon Glu-C digestion of the fusion
polypeptide. In some embodiments, a barcode fragment is in an ELNN and does not include a
glutamic acid that is immediately adjacent to another glutamic acid, if present, in the ELNN. In some
embodiments, a barcode fragment has a glutamic acid at its C-terminus. One of ordinary skill in the
art will understand that the C-terminus of a barcode fragment can refer to the “last” (or the most C-
terminal) amino acid residue within the barcode fragment, when cleavably fused within a polypeptide
(such as an ELNN), cven if other non-barcode amino acid residucs arc positioned C-terminal to the
barcode fragment within the polypeptide (e.g., ELNN). In some embodiments, a barcode fragment has
an N-terminal amino acid that is immediately preceded by a glutamic acid residue. In some
embodiments, the glutamic acid residue that precedes the N-terminal amino acid is not immediately
adjacent to another glutamic acid residue. In some embodiments, a barcode fragment does not include
a (second) glutamic acid residue at a position other than the C-terminus of the barcode fragment
unless the glutamic acid is immediately followed by a proline. In some embodiments, a barcode
fragment is positioned a distance from either the N-terminus of the polypeptide or the C-terminus of
the polypeptide, wherein the distance is from 10 to 150, or 10 to 125 amino acids. In some
embodiments. a barcode fragment is positioned within, or at a location of, 300, 280. 260, 250, 240.
220, 200, 190. 180, 170, 160, 130, 140, 130, 120, 110. 100, 90. 80, 70, 60, 50, 48. 40, 36, 30, 24. 20.
12, or 10 amino acids from the N-terminus of the polypeptide, or at a location in a range between any
of the foregoing. In some embodiments, a barcode fragment is positioned within 200, within 150,
within 100, or within 50 amino acids of the N-terminus of the polypeptide. In some embodiments, a
barcode fragment is positioned at a location that is between 10 and 200, between 30 and 200, between
40 and 150, or between 50 and 100 amino acids from the N-terminus of the polypeptide. In some
embodiments, a barcode fragment is positioned within, or at a location of, 300, 280, 260. 250, 240,
220.200, 190, 180, 170, 160, 150, 140, 130, 120, 110, 100, 90, 80, 70, 60, 50, 48, 40, 36, 30, 24, 20,

12, or 10 amino acids from the C-terminus of the polypeptide, or at a location in a range between any
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of the foregoing. In some embodiments, a barcode fragment is positioned within 200, within 150,
within 100, or within 50 amino acids of the C-terminus of the polypeptide. In some embodiments, a
barcode fragment is positioned at a location that is between 10 and 200, between 30 and 200, between
40 and 150, or between 50 and 100 amino acids from the C-terminus of the polypeptide. In some
embodiments, a barcode fragment (BAR) is characterized in that: (i) it does not include a glutamic
acid that is immediately adjacent to another glutamic acid, if present, in the ELNN; (ii) it has a
glutamic acid at its C-terminus; (iii) it has an N-terminal amino acid that is immediately preceded by a
glutamic acid residue; and (iv) it is positioned a distance from either the N-terminus of the
polypeptide or the C-terminus of the polypeptide, wherein the distance is from 10 to 150 amino acids,
or from 10 to 125 amino acids in length. In some embodiments, a barcode fragment is in an ELNN
and (i) does not include the N-terminal amino acid or the C-terminal amino acid of the polypeptide;
(i1) does not include a glutamic acid that is immediately adjacent to another glutamic acid in the
ELNN: (iii) has a glutamic acid at its C-terminus; (iv) has an N-terminal amino acid that is
immediately preceded by a glutamic acid residue; and (v) is positioned a distance from either the N-
terminus of the polypeptide or the C-terminus of the polypeptide, wherein the distance is from 10 to
150, or 10 to 125 amino acids in length. In some embodiments, the glutamic acid residue that
precedes the N-terminal amino acid is not immediately adjacent to another glutamic acid residue. In
some embodiments, a barcode fragment does not include a glutamic acid residue at a position other
than the C-terminus of the barcode fragment unless the glutamic acid is immediately followed by a
proline. Depending on context herein and when referring to placement within a polypeptide sequence,
the term “distance” can refer to the number of amino acid residues from the N-terminus of the
polypeptide to the most N-terminal amino acid residue of the barcode fragment, or from the C-
terminus of the polypeptide to the most C-terminal amino acid residue of the barcode fragment. In
some embodiments, for a barcoded ELNN fused to a biologically active polypeptide, at least one
barcode fragment (or at least two barcode fragments, or three barcode fragments) contained in the
barcoded ELNN is positioned at least 50, 75, 100, 125, 150, 175, 200, 225, 250, 275, 300 amino acids
from the biologically active polypeptide. In some embodiments, a barcode fragment is at least 4, at
least 3, at least 6, at least 7, or at least 8 amino acids in length. In some embodiments, a barcode
fragment is at least 4 amino acids in length. In some embodiments, a barcode fragment is 4, 5, 6, 7, 8,
9.10,11, 12, 13, 14, 15, 16, 17, 18. 19, 20, 21, 22, 23, 24, 25 amino acids in length, or in a range
between any of the foregoing values. In some embodiments, a barcode fragment is between 4 and 20,
between 5 and 15, between 6 and 12, or between 7 and 10 amino acids in length. In some
embodiments, a barcode fragment comprises an amino acid sequence identified herein by SEQ 1D
NOs: 68-79 and SEQ ID NOs: 1010-1029 in Table 2.
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Table 2. Exemplary Barcode Fragments Releasable Upon Glu-C Digest

Amino Acid Sequence SEQ ID NO:
SPATSGSTPE 68
GSAPATSE 69
GSAPGTATE 70
GSAPGTE 71
PATSGPTE 72
SASPE 73
PATSGSTE 74
GSAPGTSAE 75
SATSGSE 76
SGPGSTPAE 77
SGPGSGPGTSE 78
SGPGTSPSATPE 79
SGPGTGTSATPE 1010
SGPGTTPGTTPE 1011
SGPGTPPTSTPE 1012
SGPGTGSAGTPE 1013
SGPGTGGAGTPE 1014
SGPGTSPGATPE 1015
SGPGTSGSGTPE 1016
SGPGTSSASTPE 1017
SGPGTGAGTTPE 1018
SGPGTGSTSTPE 1019
TPGSEPATSGSE 1020
GSAPGTSTEPSE 1021
SGPGTAGSGTPE 1022
SGPGTSSGGTPE 1023
SGPGTAGPATPE 1024
SGPGTPGTGTPE 1025
SGPGTGGPTTPE 1026
SGPGTGSGSTPE 1027
SGPGSGPATSE 1028
SGPGTSASATPE 1029

[0198] In some embodiments, each barcode fragment differs in both sequence and molecular weight
from all other peptide fragments that are releasable from the chimeric polypeptides described herein
upon complete digestion the chimeric polypeptide by a non-mammalian protease. In some

embodiments, the non-mammalian protease is Glu-C.

[0199] In some embodiments, the chimeric polypeptides disclosed herein comprises a Glu-C
cleavage site comprising one of the following amino acid sequences: ATPESGPG (SEQ ID
NO:2223), SGSETPGT (SEQ ID NO:2242), and GTSESATP (SEQ ID NO:204).
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[0200] In some embodiments, the chimeric polypeptides disclosed herein comprises at least one of
the following amino acid sequences: PE.GSX,PE.SG (SEQ ID NO:2243), PE.GSX,.SE.GG (SEQ ID
NO:2244), PE.GSX,SE.TG (SEQ ID NO:2246), PE.GSX,.SE.SA (SEQ ID NO:2245),
PE.SGX,PE.SG (SEQ ID NO:2247), PE.SGX.SE.GG (SEQ ID NO:2248), PE.SGX,SE. TG (SEQ ID
NO:2250), PE.SGX,SE.SA (SEQ ID NO:2249). and PE.TPX,PE.SG (SEQ ID NO:2251),
PE.TPX,.SE.GG (SEQ ID NO:2252), PE.TPX,.SE.TG (SEQ ID NO:2254), PE. TPX,SE.SA (SEQ ID
NO:2253), wherein each “.” is a Glu-C cleavage site and n is any integer from 0 to 50. In some
embodiments, the chimeric polypeptides disclosed herein comprises at least one of the following
amino acid sequences: PE.SGX,PE.SG (SEQ ID NO:2247), PE.GSX,.SE.GG (SEQ ID NO:2244),
PE.TPX,SE.TG (SEQ ID NO:2254), PE.SGX,.SE.SA (SEQ ID NO:2249). In some embodiments, n is
any integer from 1 to 20. In some embodiments. n is any integer from 5 to 15. In some embodiments.
n is any integer from 5 to 10. In some embodiments. n is 9. In some embodiments, n is any integer
from 5 to 15. In some embodiments, X, is SGPGTGTSATPE (SEQ ID NO:1010), SGPGSGPGTSE
(SEQ ID NO:78), SGPGTTPGTTPE (SEQ ID NO:1011), SGPGTPPTSTPE (SEQ ID NO:1012),
SGPGTSPSATPE (SEQ ID NO:79), SGPGTGSAGTPE (SEQ ID NO:1013), SGPGTGGAGTPE
(SEQ ID NO:1014), SGPGTSPGATPE (SEQ ID NO:1015), SGPGTSGSGTPE (SEQ ID NO:1016),
SGPGTSSASTPE (SEQ ID NO:1017), SGPGTGAGTTPE (SEQ ID NO:1018), SGPGTGSTSTPE
(SEQ ID NO:1019), TPGSEPATSGSE (SEQ ID NO:1020), GSAPGTSTEPSE (SEQ ID NO:1021),
SGPGTAGSGTPE (SEQ ID NO:1022), SGPGTSSGGTPE (SEQ ID NO:1023). SGPGTAGPATPE
(SEQ ID NO:1024), SGPGTPGTGTPE (SEQ ID NO:1025), SGPGTGGPTTPE (SEQ ID NO:1026),
or SGPGTGSGSTPE (SEQ ID NO:1027).

[0201] In some embodiments, a chimeric polypeptide comprises at least one of the following amino

acid sequences:

SGPE.SGPGX.SGPE.SGPG (SEQ ID NO:2001), SGPE.SGPGX,ATPE.SGPG (SEQ ID NO:2002),
SGPE.SGPGX,GTSE.SATP (SEQ ID NO:2003), SGPE.SGPGX,TTPE.SGPG (SEQ ID NO:2004),
SGPE.SGPGX,STPE.SGPG (SEQ ID NO:2005), SGPE.SGPGX,GTPE.SGPG (SEQ ID NO:2006),
SGPE.SGPGX,.GTPE.TPGS (SEQ ID NO:2007), SGPE.SGPGX,GTPE.TPGS (SEQ ID NO:2007),
SGPE.SGPGX,SGSE.TGTP (SEQ ID NO:2008), SGPE.SGPGX,GTPE.GSAP (SEQ ID NO:2009),
SGPE.SGPGX,EPSE.SATP (SEQ ID NO:2010), ATPE.SGPGX,SGPE.SGPG (SEQ ID NO:2011),
ATPE.SGPGX,ATPE.SGPG (SEQ ID NO:2012). ATPE.SGPGX,GTSE.SATP (SEQ ID NO:2013).
ATPE.SGPGXnATSE.SATP (SEQ ID NO:2014), ATPE.SGPGX,TTPE.SGPG (SEQ ID NO:2015),
ATPE.SGPGX,STPE.SGPG (SEQ ID NO:2016), ATPE.SGPGX.GTPE.SGPG (SEQ ID NO:2017),
ATPE.SGPGX.GTPE.TPGS (SEQ ID NO:2018), ATPE.SGPGX.SGSE. TGTP (SEQ ID NO:2019),
ATPE.SGPGX,GTPE.GSAP (SEQ ID N0:2020), ATPE.SGPGX,EPSE.SATP (SEQ ID NO:2021),
GTSE.SATPX,SGPE.SGPG (SEQ ID N0:2022), GTSE.SATPX,ATPE.SGPG (SEQ ID NO:2023),
GTSE.SATPX,GTSE.SATP (SEQ ID NO:2024), GTSE.SATPX, TTPE.SGPG (SEQ ID NO:2025).
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GTSE.SATPX,STPE.SGPG (SEQ ID N0O:2026), GTSE.SATPX,GTPE.SGPG (SEQ ID NO:2027),
GTSE.SATPX,GTPE.TPGS (SEQ ID NO:2028), GTSE.SATPX,SGSE.TGTP (SEQ ID NO:2029),
GTSE.SATPX,GTPE.GSAP (SEQ ID NO:2030), GTSE.SATPX,EPSE.SATP (SEQ ID NO:2031),
TTPE.SGPGX,SGPE.SGPG (SEQ ID NO:2032), TTPE.SGPGX,ATPE.SGPG (SEQ ID NO:2033),
TTPE.SGPGX,GTSE.SATP (SEQ ID NO:2034), TTPE.SGPGX,TTPE.SGPG (SEQ ID NO:2035),
TTPE.SGPGX,.STPE.SGPG (SEQ ID NO:2036), TTPE.SGPGX,GTPE.SGPG (SEQ ID NO:2037),
TTPE.SGPGX,GTPE.TPGS (SEQ ID NO:2038), TTPE.SGPGX,SGSE.TGTP (SEQ ID NO:2039),
TTPE.SGPGX,GTPE.GSAP (SEQ ID NO:2040), TTPE.SGPGX,EPSE.SATP (SEQ ID NO:2041),
STPE.SGPGX.SGPE.SGPG (SEQ ID NO:2042), STPE.SGPGX,ATPE.SGPG (SEQ ID NO:2043),
STPE.SGPGX,GTSE.SATP (SEQ ID NO:2044), STPE.SGPGX, TTPE.SGPG (SEQ ID NO:2045),
STPE.SGPGX,STPE.SGPG (SEQ ID NO:2046), STPE.SGPGX,GTPE.SGPG (SEQ 1D NO:2047),
STPE.SGPGX,GTPE.TPGS (SEQ ID NO:2048), STPE.SGPGX,SGSE.TGTP (SEQ ID NO:2049),
STPE.SGPGX.GTPE.GSAP (SEQ ID NO:2050), STPE.SGPGX,EPSE.SATP (SEQ ID NO:2051).
GTPE.SGPGX,SGPE.SGPG (SEQ ID NO:2052), GTPE.SGPGX,ATPE.SGPG (SEQ ID NO:2053),
GTPE.SGPGX.GTSE.SATP (SEQ ID NO:2054), GTPE.SGPGX.TTPE.SGPG (SEQ ID NO:2055).
GTPE.SGPGX,STPE.SGPG (SEQ ID NO:2056), GTPE.SGPGX,GTPE.SGPG (SEQ ID NO:2057),
GTPE.SGPGX,GTPE.TPGS (SEQ ID NO:2058), GTPE.SGPGX,SGSE.TGTP (SEQ ID NO:2059),
GTPE.SGPGX,GTPE.GSAP (SEQ ID NO:2060), GTPE.SGPGX,EPSE.SATP (SEQ ID NO:2061),
GTPE.TPGSX,SGPE.SGPG (SEQ ID NO:2062), GTPE. TPGSX.ATPE.SGPG (SEQ ID NO:2063),
GTPE.TPGSX,GTSE.SATP (SEQ ID NO:2064), GTPE. TPGSX, TTPE.SGPG (SEQ ID NO:2065).
GTPE.TPGSX,STPE.SGPG (SEQ ID NO:2066), GTPE. TPGSX,GTPE.SGPG (SEQ ID NO:2067),
GTPE.TPGSX,GTPE.TPGS (SEQ ID NO:2068), GTPE. TPGSX,SGSE.TGTP (SEQ ID NO:2069),
GTPE.TPGSX,GTPE.GSAP (SEQ ID NO:2070), GTPE. TPGSX,EPSE.SATP (SEQ ID NO:2071),
SGSE.TGTPX,SGPE.SGPG (SEQ ID NO:2072), SGSE. TGTPX,ATPE.SGPG (SEQ ID NO:2073),
SGSE.TGTPX,GTSE.SATP (SEQ ID NO:2074), SGSE. TGTPX,TTPE.SGPG (SEQ ID NO:2075),
SGSE.TGTPX,STPE.SGPG (SEQ ID NO:2076), SGSE. TGTPX,GTPE.SGPG (SEQ ID NO:2077),
SGSE.TGTPX,GTPE.TPGS (SEQ ID NO:2078), SGSE. TGTPX,SGSE.TGTP (SEQ ID NO:2079),
SGSE.TGTPX,GTPE.GSAP (SEQ ID NO:2080), SGSE. TGTPX,EPSE.SATP (SEQ ID NO:2081),
GTPE.GSAPX,SGPE.SGPG (SEQ ID NO:2082), GTPE.GSAPX,ATPE.SGPG (SEQ ID NO:2083),
GTPE.GSAPX,GTSE.SATP (SEQ ID NO:2084), GTPE.GSAPX, TTPE.SGPG (SEQ ID NO:2085),
GTPE.GSAPX,STPE.SGPG (SEQ ID NO:2086), GTPE.GSAPX,GTPE.SGPG (SEQ ID NO:2087),
GTPE.GSAPX,GTPE.TPGS (SEQ ID NO:2088), GTPE.GSAPX,SGSE.TGTP (SEQ ID NO:2089),
GTPE.GSAPX,GTPE.GSAP (SEQ ID NO:2090), GTPE.GSAPX,EPSE.SATP (SEQ ID NO:2091),
EPSE.SATPX,SGPE.SGPG (SEQ ID NO:2092), EPSE.SATPX,ATPE.SGPG (SEQ ID NO:2093).
EPSE.SATPX,GTSE.SATP (SEQ 1D NO:2094), EPSE.SATPX,TTPE.SGPG (SEQ 1D NO:2095).
EPSE.SATPX,STPE.SGPG (SEQ ID NO:2096), EPSE.SATPX,GTPE.SGPG (SEQ ID NO:2097).
EPSE.SATPX,GTPE.TPGS (SEQ ID NO:2098), EPSE.SATPX,SGSE.TGTP (SEQ ID NO:2099).
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EPSE.SATPX,GTPE.GSAP (SEQ ID NO:2100), or EPSE.SATPX,EPSE.SATP (SEQ ID NO:2101),
wherein each “.” is a Glu-C cleavage site and n is any integer from 0 to 50. In some embodiments, the

chimeric polypeptide comprises at least one of the following amino acid sequences:

SGPE.SGPGX,ATPE.SGPG (SEQ ID NO:2105), ATPE.SGPGX,GTSE.SATP (SEQ ID NO:2103),
ATPE.SGPGXnATSE.SATP (SEQ ID NO:2104), ATPE.SGPGX,.TTPE.SGPG (SEQ ID NO:2106),
ATPE.SGPGX,STPE.SGPG (SEQ ID NO:2107), ATPE.SGPGX,ATPE.SGPG (SEQ ID NO:2102),
ATPE.SGPGX,.GTPE.SGPG (SEQ ID NO:2108), ATPE. SGPGX,.GTPE.SGPG (SEQ ID NO:2108),
ATPE.SGPGX,ATPE.SGPG (SEQ ID NO:2102), GTPE.SGPGX.GTPE.SGPG (SEQ ID NO:2109),
GTPE.SGPGX,STPE.SGPG (SEQ ID NO:2110), GTPE.SGPGX, TTPE.SGPG (SEQ ID NO:2111),
GTPE.SGPGX,.STPE.SGPG (SEQ ID NO:2110), GTPE. TPGSX,SGSE.TGTP (SEQ ID NO:2112),
GTPE.GSAPX,EPSE.SATP (SEQ ID NO:2113), ATPE.SGPGX.GTPE.SGPG (SEQ ID NO:2108),
ATPE.SGPGX,.GTPE.SGPG (SEQ ID NO:2108), ATPE.SGPGX,ATPE.SGPG (SEQ ID NO:2102),
ATPE.SGPGX,GTPE.SGPG (SEQ ID NO:2108), TTPE.SGPGX,TTPE.SGPG (SEQ ID NO:2114),
or STPE.SGPGX,STPE.SGPG (SEQ ID NO:2115), wherein each “.” is a Glu-C cleavage site and n is
any integer from 0 to 30. In some embodiments. n is any integer from 1 to 20. In some embodiments.
nis any integer from 5 to 15. In some embodiments. n is any integer from 3 to 7. In some
embodiments, n is any integer from 5 to 10. In some embodiments. n is 9. In some embodiments, n is
4. In some embodiments, n is 3. In some embodiments, n is any integer from 35 to 15. In some
embodiments. wherein X, is PGTGTSAT (SEQ ID NO:2233), PGSGPGT (SEQ ID NO:2221),
PGTTPGTT (SEQ ID NO:2241). PGTPPTST (SEQ ID NO:2235). PGTSPSAT (SEQ ID NO:2238),
PGTGSAGT (SEQ ID NO:2230), PGTGGAGT (SEQ ID NO:2228). PGTSPGAT (SEQ ID
NO:2237), PGTSGSGT (SEQ ID NO:2236), PGTSSAST (SEQ ID NO:2239), PGTGAGTT (SEQ ID
NO:2227). PGTGSTST (SEQ ID NO:2232). GSEPATSG (SEQ ID NO:2224). APGTSTEP (SEQ ID
NO:2222). PGTAGSGT (SEQ ID NO:2226), PGTSSGGT (SEQ ID NO:2240), PGTAGPAT (SEQ ID
NO:2225). PGTPGTGT (SEQ ID NO:2234), PGTGGPTT (SEQ ID NO:2229), or PGTGSGST (SEQ
ID NO:2231). In some embodiments, X, is TSAS (SEQ ID NO:2214), TGTS (SEQ ID NO:2211),
SGP, TTPG (SEQ ID NO:2220), TPPT (SEQ ID NO:2213), TSPS (SEQ ID NO:2217), TGSA (SEQ
ID NO:2208), TGGA (SEQ ID NO:2206), TSPG (SEQ ID NO:2216), TSGS (SEQ ID NO:2215),
TSSA (SEQ ID NO:2218), TGAG (SEQ ID NO:2205), TGST (SEQ ID NO:2210), EPAT (SEQ ID
NO:2201), GTST (SEQ ID NO:2202), TAGS (SEQ ID NO:2204), TSSG (SEQ ID NO:2219), TAGP
(SEQ ID NO:2203), TPGT (SEQ ID NO:2212), TGGP (SEQ ID NO:2207), or TGSG (SEQ ID
NO:2209).

[0202] In some embodiments, barcodes are designed to have improved analytical properties. In some
embodiments, such barcodes can be released with relatively modest concentrations of a non-

mammalian protease such as Glu-C. This facilitates better detection, ¢.g., through LC/MS, and also
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allows measurement of peptides that are generated from the cleavable linker thereby allowing a

measurement of cleavage products using, e.g., LC/MS.

[0203] In some embodiments of fusion proteins comprising an ELNN, the fusion protein has a single
polypeptide chain, and the polypeptide chain comprises a barcode fragment that is at a position within
the polypeptide chain that is from 10 to 200 amino acids or from 10 to 125 amino acids from the N-
terminus or the C-terminus of the polypeptide chain. In some embodiments, a fusion protein
comprises a first ELNN and a second ELNN, the first ELNN is at the N-terminal side of the cytokine,
and the first barcode fragment is positioned within 200, 150, 100, or 50 amino acids of the N-terminus
of the fusion protein. In some ecmbodiments, the sccond ELNN is at the C-terminal side of the
cytokine, and the second barcode fragment is positioned within 200, 150, 100, or 50 amino acids of

the C-terminus of the chimeric polypeptide.

[0204] In some embodiments, an ELNN further comprises one or more additional barcode fragments,
wherein the one or more additional barcode fragments each differs in sequence and molecular weight
from all other peptides fragments that are releasable from the polypeptide upon complete digestion of
the polypeptide by the protease. In some embodiments, a barcoded ELNN comprises only one
barcode fragment. In some embodiments, a barcoded ELNN comprises a set of barcode fragments,
comprising a first barcode fragment, such as those described herein. In some embodiments, the set of
barcode fragments compriscs a sccond barcode fragment (or a further barcodce fragment), such as
those described herein. In some embodiments, the set of barcode fragments comprises a third barcode

fragment, such as those described herein.

[0205] A set of barcode fragments fused within an N-terminal ELNN can be referred to as an N-
terminal set of barcodes (an “N-terminal set”). A set of barcode fragments fused within a C-terminal
ELNN can be referred to as a C-terminal set of barcodes (a “C-terminal set”). In some embodiments,
the N-terminal set comprises a first barcode fragment and a second barcode fragment. In some
embodiments, the N-terminal set further comprises a third barcode fragment. In some embodiments,
the C-terminal sct compriscs a first barcode fragment and a sccond barcode fragment. In some
embodiments, the C-terminal set further comprises a third barcode fragment. In some embodiments,
the polypeptide comprises a set of barcode fragments that includes a first barcode fragment, a further
(second) barcode fragment, and at least one additional barcode fragment, wherein each barcode
fragment of the set of barcode fragments (1) is a portion of the second ELNN and (2) differs in
sequence and molecular weight from all other peptides fragments that are releasable from the

polypeptide upon complete digestion of the polypeptide by the protease.

[0206] Included herein is a mixture comprising a plurality of polypeptides of varying length; the
mixture comprising a first set of polypeptides and a second set of polypeptides. In some embodiments,

cach polypeptide of the first set of polypeptides comprises a barcode fragment that (a) is releasable
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from the polypeptide by digestion with a protease and (b) has a sequence and molecular weight that
differs from the sequence and molecular weight of all other fragments that are releasable from the first
set of polypeptides. In some embodiments, the second set of polypeptides lack the barcode fragment
of the first set of polypeptides (e.g.. due to truncation). In some embodiments, both the first set of
polypeptides and the second set of polypeptides each comprise a reference {ragment that (a) is
common to the first set of polypeptides and the second set of polypeptides and (b) releasable by
digestion with the protease. In some embodiments, the ratio of the first set of polypeptides to
polypeptides comprising the reference fragment is greater than 0.70. In some embodiments, the ratio
of the first set of polypeptides to polypeptides comprising the reference fragment is greater than 0.80,
0.90, 0.95, or 0.98. In some embodiments, the reference fragment occurs no more than once in each
polvpeptide of the first set of polvpeptides and the second set of polypeptides. In some embodiments,
the protease is a protease that cleaves on the C-terminal side of glutamic acid residues. In some
embodiments, the protease is a Glu-C protease. In some embodiments, the protease is not trypsin. In
some embodiments, the polypeptides of varying lengths comprise polypeptides comprising at least
one ELNN, such as any described herein. In some embodiments, the first set of polypeptides
comprises a full-length polypeptide. wherein the barcode fragment is a portion of the full-length
polypeptide. In some embodiments, the full-length polypeptide is a (fusion) polypeptide. such as any
described hereinabove or described anywhere else herein. In some embodiments, the polypeptides of
varying lengths in a mixture differ from one another due to N-terminal truncation, C-terminal
truncation, or both N- and C-terminal truncation of a full-length polypeptide. In some embodiments,
the first set of polypeptides and the second set of polypeptides may differ in one or more

pharmacological properties.

[0207] The present disclosure also provides methods for assessing. in a mixture comprising
polypeptides of varying length, a relative amount of a first set of polypeptides in the mixture to a
second set of polypeptides in the mixture, wherein (1) each polypeptide of the first set of polypeptides
shares a barcode fragment that occurs once and only once in the polypeptide and (2) each polypeptide
of the second set of polypeptides lacks the barcode fragment that is shared by polypeptides of the first
set, wherein individual polypeptides of both the first of polypeptides and the second set of
polypeptides each comprises a reference fragment. In some embodiments, the methods comprise
contacting the mixture with a protease to produce a plurality of proteolytic fragments that result from
cleavage of the first set of polypeptides and the second set of polypeptides, wherein the plurality of
proteolytic fragments comprise a plurality of reference fragments, and a plurality of barcode
fragments. In some cmbodiments, the methods can further comprisc determining a ratio of the amount
of barcode fragments to the amount of reference fragments, thereby assessing the relative amounts of
the first set of polypeptides to the second set of polypeptides. In some embodiments, the barcode

fragment occurs no more than once in each polypeptide of the first set of polypeptides. In some
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embodiments, the reference fragment occurs no more than once in each polypeptide of the first set of
polypeptides and the second set of polypeptides. In some embodiments, the plurality of proteolytic
fragments comprises a plurality of reference fragments, and a plurality of barcode fragments. In some
embodiments, the protease cleaves the first and second sets of polypeptides (or the polypeptides of
varying length) on the C-terminal side of glutamic acid residues that are not followed by a proline
residue. In some embodiments, the protease is a Glu-C protease. In some embodiments, the protease is
not trypsin. In some embodiments, the step of determining a ratio of the amount of barcode fragments
to the amount of reference fragments comprises identifying barcode fragments and reference
fragments from the mixture after it has been contacted with the protease. In some embodiments, the
barcode fragments and the reference fragments are identified based on their respective masses. In
some embodiments, the barcode fragments and the reference fragments are identified via mass

spectrometry.

[0208] In some embodiments, the barcode fragments and reference fragments are identified via liquid
chromatography-mass spectrometry (LC-MS). In some embodiments, the step of determining a ratio
of the barcode fragments to the reference fragments comprises isobaric labeling. In some
embodiments, the step of determining a ratio of the barcode fragments to the reference fragments
comprises spiking the mixture with one or both of an isotope-labeled reference fragment and an
isotope labeled barcode fragment. In some embodiments, the polypeptides of varying lengths
comprise polypeptides that comprise at least one ELNN. as described hereinabove or described
anywhere else herein. In some embodiments, the ELNN is characterized in that (i) it comprises at
least 100, or at least 150 amino acids: (ii) at least 90% of the amino acid residues of the ELNN are
glycine (G), alanine (A), serine (S), threonine (T), glutamate (E) or proline (P); and (iii) it comprises
at least 4 different types of amino acids that are G, A, S, T, E. or P. In some embodiments, the
barcode fragment, when present, is a portion of the ELNN. In some embodiments, the mixture of
polypeptides of varying lengths comprises a polypeptide as any described hereinabove or described
anywhere else herein. In some embodiments, the polypeptides of varying length comprise a full-
length polypeptide and truncated fragments thereof. In some embodiments, the polypeptides of
varying length consist essentially of the full-length polypeptide and truncated fragments thereof. In
some embodiments, the polypeptides of varying lengths in a mixture differ from one another due to
N-terminal truncation, C-terminal truncation, or both N- and C-terminal truncation of a full-length
polypeptide. In some embodiments, the full-length polypeptide is a polypeptide as described
hereinabove or described anywhere else herein. In some embodiments, the ratio of the amount of
barcode fragments to reference fragments is greater than 0.50, 0.60, 0.70, 0.80, 0.90, 0.95, 0.98, or
0.99.
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Isobaric Labeling-Based Quantification of Peptides

[0209] In some embodiments, isobaric labeling can be used for determining a ratio of the barcode
fragments to the reference fragments. Isobaric labeling is a mass spectrometry strategy used in
quantitative proteomics, wherein peptides or proteins (or portions thereof) are labeled with various
chemical groups that are isobaric (identical in mass) but vary in terms of distribution of heavy
isotopes around their structure. In some embodiments, these tags, commonly referred to as tandem
mass tags. are designed so that the mass tag is cleaved at a specific linker region upon high-energy
collision-induced dissociation (CID) during tandem mass spectrometry. thereby yielding reporter ions

of different masses. Some of the most common isobaric tags are amine-reactive tags.

Exemplary Barcoded ELNN Polypeptides

[0210] Included herein are ELNNs comprising barcode fragments that are portions of the ELNN.

|0211] Amino acid sequences of exemplary barcoded ELNNs, containing one barcode (e.g., SEQ ID
NOs: 8002-8003, 8005-8009, and 8013-8022), or two barcodes (e.g.. SEQ ID NOS: 8001. 8004. and
8012), or three barcodes (e.g., SEQ ID NO: 8011). are illustrated in Table 3a. In some embodiments.
among these exemplary barcoded ELNNs, 12 (SEQ ID NOs: 8001-8003, 8008-8009, 8011, 8015-
8019, and 8022) are to be fused to a biologically-active protein (such as a cytokine) at the C-terminal
of the biologically-active protein, and 10 (SEQ ID NOS: 8004-8007, 8010, 8012-8014, 8020, and
8021) are to be fused at the N-terminal of the biologically-active protein. In some embodiments, the
ELNN has at least 90%, at least 92%, at least 95%. at least 98%, at least 99% or 100% sequence
identity to a sequence identified herein by SEQ ID NOs: 8001-8022 in Table 3a.

Table 3a. Exemplary Barcoded ELNNs

SEQ ID ELNN #of . . Total #
NO: Type Barcode(s) Amino Acid Sequence of AAs
8001 C-terminal 2 PGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSA 864

ELNN PGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSEGSA
PGTSESATPESGPGSEPATSGSETPGSEPATSGSET
PGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSA
PGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSA
PGTSTEPSEGSAPGTSESATPESGPGTSTEPSEGSA
PGTSESATPESGPGSEPATSGSETPGTSTEPSEGSA
PGTSTEPSEGSAPGTSESATPESGPGTSESATPESG
PGSPAGSPTSTEEGTSESATPESGPGSEPATSGSET
PGTSESATPESGPGTSTEPSEGSAPGTSTEPSEGSA
PGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSA
PGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSA
PGTSESATPESGPGSEPATSGSETPGTSESATPESG
PGSEPATSGSETPGTSESATPESGPGTSTEPSEGSA
PGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTE
EGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSA
PGTSESATPESGPGSEPATSGSETPGTSESATPESG
PGSEPATSGSETPGTSESATPESGPGTSTEPSEGSA
PGSPAGSPTSTEEGTSESATPESGPGSEPATSGSET
PGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTE
EGTSTEPSEGSAPGTSESATPESGPGTSESATPESG
PGftabTSESATPESGPGSEPATSGPTESGSEPATS
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SEQ ID ELNN #of . . Total #
NO: Tvpe Barcode(s) Amino Acid Sequence of AAs

GSETPGSPAGSPTSTEEGTSTEPSEGSAPGTESTPS
EGSAPGSEPATSGSETPGTSESATPESGPGTSTEPS
EGSAPGEPEA

8002 C-terminal 1 PGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSA 864
ELNN PGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSEGSA
PGTSESATPESGPGSEPATSGSETPGSEPATSGSET
PGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSA
PGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSA
PGTSTEPSEGSAPGTSESATPESGPGTSTEPSEGSA
PGTSESATPESGPGSEPATSGSETPGTSTEPSEGSA
PGTSTEPSEGSAPGTSESATPESGPGTSESATPESG
PGSPAGSPTSTEEGTSESATPESGPGSEPATSGSET
PGTSESATPESGPGTSTEPSEGSAPGTSTEPSEGSA
PGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSA
PGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSA
PGTSESATPESGPGSEPATSGSETPGTSESATPESG
PGSEPATSGSETPGTSESATPESGPGTSTEPSEGSA
PGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTE
EGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSA
PGTSESATPESGPGSEPATSGSETPGTSESATPESG
PGSEPATSGSETPGTSESATPESGPGTSTEPSEGSA
PGSPAGSPTSTEEGTSESATPESGPGSEPATSGSET
PGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTE
EGTSTEPSEGSAPGTSESATPESGPGTSESATPESG
PGTSESATPESGPGSEPATSGPTESGSEPATSGSET
PGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSEGSA
PGSEPATSGSETPGTSESATPESGPGTSTEPSEGSA
PGEPEA

8003 C-terminal 1 PGS PAGSPTSTEEGTSESATPESGPGTSTEPSEGSA 864
ELNN PGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSEGSA
PGTSESATPESGPGSEPATSGSETPGSEPATSGSET
PGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSA
PGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSA
PGTSTEPSEGSAPGTSESATPESGPGTSTEPSEGSA
PGTSESATPESGPGSEPATSGSETPGTSTEPSEGSA
PGTSTEPSEGSAPGTSESATPESGPGTSESATPESG
PGSPAGSPTSTEEGTSESATPESGPGSEPATSGSET
PGTSESATPESGPGTSTEPSEGSAPGTSTEPSEGSA
PGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSA
PGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSA
PGTSESATPESGPGSEPATSGSETPGTSESATPESG
PGSEPATSGSETPGTSESATPESGPGTSTEPSEGSA
PGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTE
EGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSA
PGTSESATPESGPGSEPATSGSETPGTSESATPESG
PGSEPATSGSETPGTSESATPESGPGTSTEPSEGSA
PGSPAGSPTSTEEGTSESATPESGPGSEPATSGSET
PGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTE
EGTSTEPSEGSAPGTSESATPESGPGTSESATPESG
PGTSESATPESGPGSEPATSGSETPGSEPATSGSET
PGSPAGSPTSTEEGTSTEPSEGSAPGTESTPSEGSA
PGSEPATSGSETPGTSESATPESGPGTSTEPSEGSA
PGEPEA

8004 N-terminal 2 ASSPAGSPTSTESGTSESATPESGPGTETEPSEGSA 288
ELNN PGTSESATPESGPGSEPATSGSETPGTSESATPESG
PGSTPAESGSETPGTSESATPESGPGTSTEPSEGSA
PGSPAGSPTSTEEGTSESATPESGPGESPATSGSTP
EGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTE
EGTSTEPSEGSAPGTSESATPESGPGTSESATPESG
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SEQ ID ELNN #of . . Total #
NO: Tvpe Barcode(s) Amino Acid Sequence of AAs

PGTSESATPESGPGSEPATSGSETPGSEPATSGSET
PGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSEGSA
PGGSAP

8005 N-terminal 1 ASSPAGSPTSTESGTSESATPESGPGTSTEPSEGSA 288
ELNN PGTSESATPESGPGSEPATSGSETPGTSESATPESG
PGSEPATSGSETPGTSESATPESGPGTSTEPSEGSA
PGSPAGSPTSTEEGTSESATPESGPGESPATSGSTP
EGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTE
EGTSTEPSEGSAPGTSESATPESGPGTSESATPESG
PGTSESATPESGPGSEPATSGSETPGSEPATSGSET
PGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSEGSA
PGGSAP

8006 N-terminal 1 ASSPAGSPTSTESGTSESATPESGPGTSTEPSEGSA 288
ELNN PGTSESATPESGPGSEPATSGSETPGTSESATPESG
PGSTPAESGSETPGTSESATPESGPGTSTEPSEGSA
PGSPAGSPTSTEEGTSESATPESGPGEEPATSGSTP
EGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTE
EGTSTEPSEGSAPGTSESATPESGPGTSESATPESG
PGTSESATPESGPGSEPATSGSETPGSEPATSGSET
PGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSEGSA
PGGSAP

8007 N-terminal 1 ASSPAGSPTSTESGTSESATPESGPGTSTEPSEGSA 288
ELNN PGTSESATPESGPGSEPATSGSETPGTSESATPESG
PGSTPAESGSETPGTSESATPESGPGTSTEPSEGSA
PGSPAGSPTSTEEGTSESATPESGPGSEPATSGSET
PGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTE
EGTSTEPSEGSAPGTSESATPESGPGTSESATPESG
PGTSESATPESGPGSEPATSGSETPGSEPATSGSET
PGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSEGSA
PGGSAP

8008 C-terminal 1 PGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSA 864
ELNN PGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSEGSA
PGTSESATPESGPGSEPATSGSETPGSEPATSGSET
PGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSA
PGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSA
PGTSTEPSEGSAPGTSESATPESGPGTSTEPSEGSA
PGTSESATPESGPGSEPATSGSETPGTSTEPSEGSA
PGTSTEPSEGSAPGTSESATPESGPGTSESATPESG
PGSPAGSPTSTEEGTSESATPESGPGSEPATSGSET
PGTSESATPESGPGTSTEPSEGSAPGTSTEPSEGSA
PGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSA
PGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSA
PGTSESATPESGPGSEPATSGSETPGTSESATPESG
PGSEPATSGSETPGTSESATPESGPGTSTEPSEGSA
PGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTE
EGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSA
PGTSESATPESGPGSEPATSGSETPGTSESATPESG
PGSEPATSGSETPGTSESATPESGPGTSTEPSEGSA
PGSPAGSPTSTEEGTSESATPESGPGSEPATSGSET
PGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTE
EGTSTEPSEGSAPGTSESATPESGPGTSESATPESG
PGTSESATPESGPGSEPATSGSETPGSEPATSGSET
PGSPAGSPTSTEEGTSTEPSEGSAPGTESTPSEGSA
PGSEPATSGSETPGTSESATPESGPGTSTEPSEGSA
PG

8009 C-terminal 1 PGSPAGSPTSTEEGTSESATPESGPGSEPATSGSET 576
ELNN PGTSESATPESGPGTSTEPSEGSAPGTSTEPSEGSA
PGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSA
PGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSA

53



WO 2025/122957 PCT/US2024/059007

SEQ ID ELNN #of . . Total #
NO: Tvpe Barcode(s) Amino Acid Sequence of AAs

PGTSESATPESGPGSEPATSGSET PGTSESATPESG
PGSEPATSGSETPGTSESATPESGPGTSTEPSEGSA
PGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTE
EGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSA
PGTSESATPESGPGSEPATSGSET PGTSESATPESG
PGSEPATSGSETPGTSESATPESGPGTSTEPSEGSA
PGS PAGS PTSTEEGTSESAT PESGPGSEPATSGSET
PGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTE
EGTSTEPSEGSAPGTSESATPESGPGTSESATPESG
PGTSESATPESGPGSEPATSGSETPGSEPATSGSET
PGS PAGS PTSTEEGTSTEPSEGSAPGTESTPSEGSA
PGSEPATSGSETPGTSESATPESGPGTSTEPSEGSA
PG

8010 N-terminal 2 SAGSPGSPAGSPTSTEEGTSESAT PESGPGTSTEPS 1152
ELNN EGSAPGS PAGSPTSTEEGTSTEPSEGSAPGTSTEPS
EGSAPGTSESATPESGPGSTPAESGSETPGSEPATS
GSETPGSPAGS PTSTEEGTSESATPESGPGTSTEPS
EGSAPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPS
EGSAPGTSTEPSEGSAPGTSESATPESGPGTSTEPS
EGSAPGTSESATPESGPGSEPATSGSTETPGTSTEP
SEGSAPGTSTEPSEGSAPGTSESATPESGPGTSESA
TPESGPGSPAGS PTSTEEGTSESATPESGPGSEPAT
SGSETPGTSESATPESGPGTSTEPSEGSAPGTSTEP
SEGSAPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEP
SEGSAPGTSTEPSEGSAPGS PAGS PTSTEEGTSTEP
SEGSAPGTSESATPESGPGSEPATSGSETPGTSESA
TPESGPGSEPATSGSETPGTSESATPESGPGTSTEP
SEGSAPGTSESATPESGPGS PAGS PTSTEEGS PAGS
PTSTEEGSPAGS PTSTEEGTSESATPESGPGTSTEP
SEGSAPGTSESATPESGPGSEPATSGSETPGTSESA
TPESGPGSEPATSGSETPGTSESATPESGPGTSTEP
SEGSAPGSPAGSPTSTEEGT SESATPESGPGSEPAT
SGSETPGTSESATPESGPGS PAGS PTSTEEGS PAGS
PTSTEEGTSTEPSEGSAPGTSESATPESGPGTSESA
TPESGPGTSESATPESGPGSEPATSGSETPGSEPAT
SGSETPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEP
SEGSAPGSEPATSGSETPGTSESATPESGPGTSTEP
SEGSAPGSPAGSPTSTEEGT SESATPESGPGTSTEP
SEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEP
SEGSAPGTSESATPESGPGSEPATSGSETPGSEPAT
SGSETPGSPAGS PTSTEEGT SESATPESGPGTSTEP
SEGSAPGTSTEPSEGSAPGS PAGS PTSTEEGTSTEP
SEGSAPGTSTEPSEGSAPGTSESATPESGPGTSTEP
SEGSAPGTSESATPESGPGSEPATSGSETPGTSTEP
SEGSAPGTSTEPSEGSAPGT SESATPESGPGTESAS
8011 C-terminal 3 SAGSPGSPAGSPTSTEEGTSESAT PESGPGTSTEPS 1152
ELNN EGSAPGS PAGSPTSTEEGTSTEPSEGSAPGTSTEPS
EGSAPGTSESATPESGPGSEPATSGSETPGSEPATS
GSETPGS PAGS PTSTEEGTSESAT PESGPGTSTEPS
EGSAPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPS
EGSAPGTSTEPSEGSAPGTSESAT PESGPGTSTEPS
EGSAPGTSESATPESGPGSEPATSGSETPGTSTEPS
EGSAPGTSTEPSEGSAPGTSESATPESGPGTSESAT
PESGPGSPAGS PTSTEEGTSESATPESGPGSEPATS
GSETPGTSESATPESGPGTSTEPSEGSAPGTSTEPS
EGSAPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPS
EGSAPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPS
EGSAPGTSESATPESGPGSEPATSGSET PGTSESAT
PESGPGSEPATSGSETPGTSESATPESGPGTSTEPS
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EGSAPGTSESATPESGPGSPAGSPTSTEEGSPAGSP
TSTEEGSPAGSPTSTEEGTSESATPESGPGTSTEPS
EGSAPGTSESATPESGPGSEPATSGSETPGTSESAT
PESGPGSEPATSGSETPGTSESATPESGPGTSTEPS
EGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATS
GSETPGTSESATPESGPGSPAGSPTSTEEGSPAGSP
TSTEEGTSTEPSEGSAPGTSESATPESGPGTSESAT
PESGPGTSESATPESGPGSEPATSGSETPGSEPATS
GSETPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPS
EGSAPGSEPATSGSETPGTSESATPESGPGTSTEPS
EGSAPGSPAGSPTSTEEGTSESATPESGPGTSTEPS
EGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPS
EGSAPGTSESATPESGPGSEPATSGSETPGSEPATS
GSTETPGSPAGSPTSTEEGTSESATPESGPGTSTEP
SEGSAPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEP
SEGSAPGTATESPEGSAPGTSESATPESGPGTSTEP
SEGSAPGTSAESATPESGPGSEPATSGSETPGTSTE
PSEGSAPGTSTEPSEGSAPGTSESATPESGPGTESA
S

8012 N-terminal 2 GSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAP 864
ELNN GSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSEGSAP
ATSESATPESGPGSEPATSGSETPGSEPATSGSETP
GSPAGSPTSTEEGTSESASPESGPGTSTEPSEGSAP
GTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAP
GTSTEPSEGSAPGTSESATPESGPGTSTEPSEGSAP
GTSESATPESGPGSEPATSGSETPGTSTEPSEGSAP
GTSTEPSEGSAPGTSESATPESGPGTSESATPESGP
GSPAGSPTSTEEGTSESATPESGPGSEPATSGSETP
GTSESATPESGPGTSTEPSEGSAPGTSTEPSEGSAP
GTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSAP
GTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAP
GTSESATPESGPGSEPATSGSETPGTSESATPESGP
GSEPATSGSETPGTSESATPESGPGTSTEPSEGSAP
GTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEE
GSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAP
GTSESATPESGPGSEPATSGSETPGTSESATPESGP
GSEPATSGSETPGTSESATPESGPGTSTEPSEGSAP
GSPAGSPTSTEEGTSESATPESGPGSEPATSGSETP
GTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEE
GTSTEPSEGSAPGTSESATPESGPGTSESATPESGP
GTSESATPESGPGSEPATSGSETPGSEPATSGSETP
GSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSEGSAP
GSEPATSGSETPGTSESATPESGPGTSTEPSEGSAP
8013 N-terminal 1 GSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAP 864
ELNN GSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSEGSAP
GTSESATPESGPGSESATSGSETPGSEPATSGSETP
GSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAP
GTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAP
GTSTEPSEGSAPGTSESATPESGPGTSTEPSEGSAP
GTSESATPESGPGSEPATSGSETPGTSTEPSEGSAP
GTSTEPSEGSAPGTSESATPESGPGTSESATPESGP
GSPAGSPTSTEEGTSESATPESGPGSEPATSGSETP
GTSESATPESGPGTSTEPSEGSAPGTSTEPSEGSAP
GTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSAP
GTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAP
GTSESATPESGPGSEPATSGSETPGTSESATPESGP
GSEPATSGSETPGTSESATPESGPGTSTEPSEGSAP
GTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEE
GSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAP
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GTSESATPESGPGSEPATSGSETPGTSESATPESGP
GSEPATSGSETPGTSESATPESGPGTSTEPSEGSAP
GSPAGSPTSTEEGTSESATPESGPGSEPATSGSETP
GTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEE
GTSTEPSEGSAPGTSESATPESGPGTSESATPESGP
GTSESATPESGPGSEPATSGSETPGSEPATSGSETP
GSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSEGSAP
GSEPATSGSETPGTSESATPESGPGTSTEPSEGSAP
8014 N-terminal 1 SPAGSPTSTESGTSESATPESGPGTSTEPSEGSAPG 292
ELNN TSESATPESGPGSEPATSGSETPGTSESATPESGPG
STPAESGSETPGTSESATPESGPGTSTEPSEGSAPG
SPAGSPTSTEEGTSESATPESGPGSEPATSGSETPG
TSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEG
TSTEPSEGSAPGTSESATPESGPGTSESATPESGPG
TSESATPESGPGSEPATSGSETPGSEPATSGSET PG
SPAGSPTSTEEGTSTEPSEGSAPGTSTEPSEGSAPG
GSAP

8015 C-terminal 1 PGSPAGSPTSTEEGTSESATPESGPGSEPATSGSET 582
ELNN PGTSESATPESGPGTSTEPSEGSAPGTSTEPSEGSA
PGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSA
PGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSA
PGTSESATPESGPGSEPATSGSETPGTSESATPESG
PGSEPATSGSETPGTSESATPESGPGTSTEPSEGSA
PGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTE
EGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSA
PGTSESATPESGPGSEPATSGSETPGTSESATPESG
PGSEPATSGSETPGTSESATPESGPGTSTEPSEGSA
PGSPAGSPTSTEEGTSESATPESGPGSEPATSGSET
PGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTE
EGTSTEPSEGSAPGTSESATPESGPGTSESATPESG
PGTSESATPESGPGSEPATSGSETPGSEPATSGSET
PGSPAGSPTSTEEGTSTEPSEGSAPGTESTPSEGSA
PGSEPATSGSETPGTSESATPESGPGTSTEPSEGSA
PGEPEA

8016 C-terminal 1 TPESGPGTSESATPESGPGSPAGSPTSTEEGTSESA 576
ELNN TPESGPGSEPATSGSETPGTSESATPESGPGTSTEP
SEGSAPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEP
SEGSAPGTSTEPSEGSAPGTSTEPSEGSAPGS PAGS
PTSTEEGTSTEPSEGSAPGTSESATPESGPGSEPAT
SGSETPGTSESATPESGPGSEPATSGSETPGTSESA
TPESGPGTSTEPSEGSAPGTSESATPESGPGS PAGS
PTSTEEGSPAGSPTSTEEGSPAGSPTSTEEGTSESA
TPESGPGTSTEPSEGSAPGTSESATPESGPGSEPAT
SGSETPGTSESATPESGPGSEPATSGSETPGTSESA
TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESA
TPESGPGSEPATSGSETPGTSESATPESGPGS PAGS
PTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESA
TPESGPGTSESATPESGPGTSESATPESGPGSEPAT
SGSETPGSESATSGSETPGSPAGSPTSTEEGTSTEP
SEGSAPGTSTEPSEGSAPGSEPATSGSETPGTSESA
8017 C-terminal 1 GTSTEPSEGSAPGTSESATPESGPGSEPATSGSETP 576
ELNN GSEPATSGSETPGSPAGSPTSTEEGTSESATPESGP
GTSTEPSEGSAPGTSTEPSEGSAPGSPAGSPTSTEE
GTSTEPSEGSAPGTSTEPSEGSAPGTSESATPESGP
GTSTEPSEGSAPGTSESATPESGPGSEPATSGSETP
GTSTEPSEGSAPGTSTEPSEGSAPGTSESATPESGP
GTSESATPESGPGSPAGSPTSTEEGTSESATPESGP
GSEPATSGSETPGTSESATPESGPGTSTEPSEGSAP
GTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSAP
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GTSTEPSEGSAPGTSTEPSEGSAPGSPAGSPTSTEE
GTSTEPSEGSAPGTSESATPESGPGSEPATSGSETP
GTSESATPESGPGSEPATSGSETPGTSESATPESGP
GTSTEPSEGSAPGTSESASPESGPGSPAGSPTSTEE
GSPAGSPTSTEEGSPAGSPTSTEEGTSESATPESGP
GTSTEPSEGSAPGTSESATPESGPGSEPATSGSETP
GTSESATPESGPGSEPATSGSETPGTSESATPESGP
8018 C-terminal 1 GSETPGSPAGSPTSTEEGTSESATPESGPGTSTEPS 576
ELNN EGSAPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPS
EGSAPGTSTEPSEGSAPGTSESATPESGPGTSTEPS
EGSAPGTSESATPESGPGSEPATSGSETPGTSTEPS
EGSAPGTSTEPSEGSAPGTSESATPESGPGTSESAT
PESGPGSPAGSPTSTEEGTSESATPESGPGSEPATS
GSETPGTSESATPESGPGTSTEPSEGSAPGTSTEPS
EGSAPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPS
EGSAPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPS
EGSAPGTSESATPESGPGSEPATSGSETPGTSESAT
PESGPGSEPATSGSETPGTSESATPESGPGTSTEPS
EGSAPGTSESATPESGPGSPAGSPTSTEEGSPAGSP
TSTEEGSPAGSPTSTEEGTSESATPESGPGTSTEPS
EGSAPGTSESATPESGPGSEPATSGSTETGTSESAT
PESGPGSEPATSGSETPGTSESATPESGPGTSTEPS
EGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATS
8019 C-terminal 1 EGSAPGTSTEPSEGSAPGTSESATPESGPGTSTEPS 576
ELNN EGSAPGTSESATPESGPGSEPATSGSETPGTSTEPS
EGSAPGTSTEPSEGSAPGTSESATPESGPGTSESAT
PESGPGSPAGSPTSTEEGTSESATPESGPGSEPATS
GSETPGTSESATPESGPGTSTEPSEGSAPGTSTEPS
EGSAPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPS
EGSAPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPS
EGSAPGTSESATPESGPGSEPATSGSETPGTSESAT
PESGPGSEPATSGSETPGTSESATPESGPGTSTEPS
EGSAPGTSESATPESGPGSPAGSPTSTEEGSPAGSP
TSTEEGSPAGSPTSTEEGTSESATPESGPGTSTEPS
EGSAPGTSESATPESGPGSEPATSGSETPGTSESAT
PESGPGSEPATSGSETPGTSESASPESGPGTSTEPS
EGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATS
GSETPGTSESATPESGPGSPAGSPTSTEEGSPAGSP
TSTEEGTSTEPSEGSAPGTSESATPESGPGTSESAT
8020 N-terminal 1 ASSPAGSPTSTESGTSESATPESGPGTSTEPSEGSA 294
ELNN PGTSESATPESGPGSEPATSGSETPGTSESATPESG
PGSTPAESGSETPGTSESATPESGPGTSTEPSEGSA
PGSPAGSPTSTEEGTSESATPESGPGSEPATSGSET
PGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTE
EGTSTEPSEGSAPGTSESATPESGPGTSESATPESG
PGTSESATPESGPGSEPATSGSETPGSEPATSGSET
PGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSEGSA
PGGSAP

8021 N-terminal 1 ASSATPESGPGTSTEPSEGSAPGTSESATPESGPGS 294
ELNN GPGTSESATPGTSESATPESGPGSEPATSGSETPGT
SESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGT
SESATPESGPGSEPATSGSETPGTSESATPESGPGS
PAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGT
SESATPESGPGTSESATPESGPGTSESATPESGPGS
EPATSGSETPGSEPATSGSETPGS PAGSPTSTEEGT
STEPSEGSAPGTSTEPSEGSAPGSEPATSGSETPGT
SESATP

8022 C-terminal 1 ATPESGPGTSESATPESGPGSPAGSPTSTEEGTSES 582
ELNN ATPESGPGSEPATSGSETPGTSESATPESGPGTSTE
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PSEGSAPGTSTEPSEGSAPGTSTEPSEGSAPGTSTE
PSEGSAPGTSTEPSEGSAPGTSTEPSEGSAPGSPAG
SPTSTEEGTSTEPSEGSAPGTSESATPESGPGSEPA
TSGSETPGTSESATPESGPGSEPATSGSETPGTSES
ATPESGPGTSTEPSEGSAPGTSESATPESGPGSPAG
SPTSTEEGSPAGSPTSTEEGSPAGSPTSTEEGTSES
ATPESGPGTSTEPSEGSAPGTSESATPESGPGSEPA
TSGSETPGTSESATPESGPGSEPATSGSETPGTSES
ATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSES
ATPESGPGSEPATSGSETPGTSESATPESGPGSPAG
SPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSES
ATPESGPGTSESATPESGPGTSPSATPESGPGSEPA
TSG3ETPGSEPATSGSETPGSPAGSPTSTEEGTSTE
PSEGSAPGTSTEPSEGSAPGSEPATSGSETPGTSES
AGEPEA

8023 N-terminal 1 ASGPGTSTEPSEGSAPGTSESATPESGPGSGPATSE 287
ELNN SATPGTSESATPESGPGSEPATSGSETPGTSESATP
ESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATP
ESGPGSEPATSGSETPGTSESATPESGPGSPAGSPT
STEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATP
ESGPGTSESATPESGPGTSESATPESGPGSEPATSG
SETPGSEPATSGSETPGSPAGSPTSTEEGTSTEPSE
GSAPGTSTEPSEGSAPGSEPATSGSETPGTSESAT
8024 N-terminal 1 ASGPGTSTEPSEGSAPGTSESATPESGPGSGPATSE 288
ELNN SATPGTSESATPESGPGSEPATSGSETPGTSESATP
ESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATP
ESGPGSEPATSGSETPGTSESATPESGPGSPAGSPT
STEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATP
ESGPGTSESATPESGPGTSESATPESGPGSEPATSG
SETPGSEPATSGSETPGSPAGSPTSTEEGTSTEPSE
GSAPGTSTEPSEGSAPGSEPATSGSETPGTSESATP
8025 C-terminal 1 ATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGSPAG 288
ELNN SPTSTEEGTSESATPESGPGTSTEPSEGSAPGTSES
ATPESGPGSEPATSGSETPGTSESATPESGPGSEPA
TSGSETPGTSESATPESGPGTSTEPSEGSAPGSPAG
SPTSTEEGTSESATPESGPGSEPATSGSETPGTSES
ATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTE
PSEGSAPGTSESATPESGPGTSESATPESGPGTSPS
ATPESGPGSEPATSGSETPGSEPATSGSETPGSPAG
8026 N-terminal 1 ASGPGTSTEPSEGSAPGTSESATPESGPGSGPGTSE 287
ELNN SATPGTSESATPESGPGSEPATSGSETPGTSESATP
ESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATP
ESGPGSEPATSGSETPGTSESATPESGPGSPAGSPT
STEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATP
ESGPGTSESATPESGPGTSESATPESGPGSEPATSG
SETPGSEPATSGSETPGSPAGSPTSTEEGTSTEPSE
GSAPGTSTEPSEGSAPGSEPATSGSETPGTSESAT
8027 N-terminal 1 ASGPGTSTEPSEGSAPGTSESATPESGPGSGPGTSE 288
ELNN SATPGTSESATPESGPGSEPATSGSETPGTSESATP
ESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATP
ESGPGSEPATSGSETPGTSESATPESGPGSPAGSPT
STEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATP
ESGPGTSESATPESGPGTSESATPESGPGSEPATSG
SETPGSEPATSGSETPGSPAGSPTSTEEGTSTEPSE
GSAPGTSTEPSEGSAPGSEPATSGSETPGTSESATP
8028 C-terminal 1 ATPESGPGTSTEPSEGSAPGTSESATPESGPGSEPA 288
ELNN TSGSETPGTSESATPESGPGSEPATSGSETPGTSES
ATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSES
ATPESGPGSEPATSGSETPGTSESATPESGPGSPAG
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SPTSTEEGS PAGSPTSTEEGTSTEPSEGSAPGTSES
ATPESGPGTSESAT PESGPGTSASATPESGPGSEPA
TSGSETPGSEPATSGSETPGSPAGSPTSTEEGTSTE
PSEGSAPGTSTEPSEGSAPGSEPATSGSETPGEPEA
8029 | N-terminal GSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAP 288
ELNN GSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSEGSAP
GTSESATPESGPGSEPATSGSETPGSEPATSGSETP
GSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAP
GTSTEPSEGSAPGS PAGS PTSTEEGTSTEPSEGSAP
GTSTEPSEGSAPGTSESATPESGPGTSTEPSEGSAP
GTSESATPESGPGSEPATSGSETPGTSTEPSEGSAP
GTSTEPSEGSAPGTSESATPESGPGTSESATPESGP
8030 | C-terminal GTSESATPESGPGSEPATSGSETPGTSESATPESGP 288
ELNN GSEPATSGSETPGTSESATPESGPGTSTEPSEGSAP
GSPAGSPTSTEEGTSESATPESGPGSEPATSGSETP
GTSESATPESGPGSPAGSPTSTEEGS PAGSPTSTEE
GTSTEPSEGSAPGTSESATPESGPGTSESATPESGP
GTSESATPESGPGSEPATSGSETPGSEPATSGSETP
GSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSEGSAP
GSEPATSGSETPGTSESATPESGPGTSTEPSEGSAP
8031 | N-terminal ASSATPESGPGTSTEPSEGSAPGTSESATPESGPGS 210
ELNN GPGTSESATPGTSESATPESGPGSEPATSGSETPGT
SESATPESGPGTSTEPSEGSAPGS PAGS PTSTEEGT
SESATPESGPGSEPATSGSETPGTSESATPESGPGS
PAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGT
SESATPESGPGTSESATPESGPGTSESATP

8032 | C-terminal ATPESGPGTSTEPSEGSAPGS PAGSPTSTEEGTSES 210
ELNN ATPESGPGSEPATSGSETPGTSESATPESGPGSPAG
SPTSTEEGS PAGSPTSTEEGTSTEPSEGSAPGTSES
ATPESGPGTSESATPESGPGTSASATPESGPGSEPA
TSGSETPGSEPATSGSETPGSPAGSPTSTEEGTSTE
PSEGSAPGTSTEPSEGSAPGSEPATGEPEA

8033 | N-terminal ASSATPESGPGTSTEPSEGSAPGT SESATPESGPGS 210
ELNN GPATSESATPGTSESATPESGPGSEPATSGSETPGT
SESATPESGPGTSTEPSEGSAPGS PAGS PTSTEEGT
SESATPESGPGSEPATSGSETPGTSESATPESGPGS
PAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGT
SESATPESGPGTSESATPESGPGTSESATP

8034 | C-terminal APGTSESATPESGPGTSTEPSEGSAPGTSESATPES 148
ELNN GPGSEPATSGSETPGTSTEPSEGSAPGTSTEPSEGS
APGTSESATPESGPGPSESATPESGPGS PAGS PTST
EEGTSESATPESGPGSEPATSGSETPGTSESATPES
GPGT

8035 | C-terminal ATPESGPGSEPATSGSET PGTSESATPESGPGSEPA 210
ELNN TSGSETPGTSESATPESGPGTSTEPSEGSAPGSPAG
SPTSTEEGTSESATPESGPGSEPATSGSETPGTSES
ATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTE
PSEGSAPGTSESATPESGPGTSESATPESGPGTS PS
ATPESGPGSEPATSGSETPGSEPATSGSET

[0212] In some embodiments, a barcoded ELNN can be obtained by making one or more mutations
to existing ELNN, such as any listed in Table 3b, according to one or more of the following criteria:
to minimize the sequence change in the ELNN, to minimize the amino acid composition change in the
ELNN, to substantially maintain the net charge of the ELNN, to substantially maintain (or improve)

low immunogenicity of the ELNN, and to substantially maintain (or improve) the pharmacokinetic
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properties of the ELNN. In some embodiments, the ELNN sequence has at least 90%, at least 92%, at
least 95%, at least 98%, at least 99%, or 100% sequence identity to any one of SEQ ID NOs: 601-659
listed in Table 3b. In some embodiments, the ELNN sequence, having at least 90% (e.g., at least 92%,
at least 95%, at least 98%, or at least 99%) but less than 100% sequence identity to any of SEQ 1D
NOs: 601-659 listed in Table 3b, is obtained by one or more mutations (e.g., less than 10, less than 8,
less than 6, less than 5. less than 4, less than 3, less than 2 mutations) of the corresponding sequence
from Table 3b. In some embodiments, the one or more mutations comprise deletion of a glutamic acid
residue, insertion of a glutamic acid residue, substitution of a glutamic acid residue, or substitution for
a glutamic acid residue, or any combination thereof. In some embodiments. where the ELNN
sequence differs from, but has at least 90% (e.g., at least 92%, at least 95%. at least 98%, or at least
99%) sequence identity to. any one of SEQ ID NOs: 601-639 listed in Table 3b. at least 80%, at least
90%, at least 95%. at least 97%, or about 100% of the difference between the ELNN sequence and the
corresponding sequence of Table 3b involve deletion of a glutamic acid residue, insertion of a
glutamic acid residue, substitution of a glutamic acid residue. or substitution for a glutamic acid
residue, or any combination thereof. In some such embodiments, at least 80%. at least 90%, at least
95%, at least 97%, or about 100% of the difference between the ELNN sequence and the
corresponding sequence of Table 3b involve a substitution of a glutamic acid residue, or a substitution

for a glutamic acid residue, or both.

[0213] The “a substitution of a first amino acid,” as used herein. refers to replacement of the first
amino acid residue with a second amino acid residue, resulting in the second amino acid residue
taking its place at the substitution position in the obtained sequence. For example. “a substitution of
glutamic acid” refers to replacement of the glutamic acid (E) residue for a non-glutamic acid residue

(e.g., serine (S)).

Table 3b. Exemplary Existing ELNNs for Engineering into Barcoded ELNN(s)

ELNN . . SEQ ID
Name Amino Acid Sequence NO:

GSEPATSGSETPGTSESATPESGPGSEPATSGSETPGSPAGSPTSTEEGTSTEPS
AL144 EGSAPGSEPATSGSETPGSEPATSGSETPGSEPATSGSETPGTSTEPSEGSAPGT 601
SESATPESGPGSEPATSGSETPGTSTEPSEGSAP

SPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSE
AE144 1A | GSAPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGSEPATSGSETPGSE 602
AGSPTSTEEGTSESATPESGPGTSTEPSEGSAPG

TSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSEGSAPGTSESATP
AE144 2A | ESGPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGTSTEPSEGSAPGTS 603
TEPSEGSAPGTSESATPESGPGTSESATPESGPG

TSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSEGSAPGTSESATP
AFE144 2B | ESGPGTSTEPSEGSAPGTSESATPESGEGSEPATSGSETPGTSTEPSEGSAPGTS 604
TEPSEGSAPGTSESATPESGPGTSESATPESGPG

SPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSESATPESGPGTSTEPSE
AE144 3A | GSAPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSAPGTS 605
TEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPG
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SPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSESATPESGPGTSTEPSE
AEl144 3B | GSAPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSAPGTS 606
B TEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPG
TSESATPESGPGSEPATSGSETPGTSESATPESGPGSEPATSGSETPGTSESATP
AE144 4A | ESGPGTSTEPSEGSAPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGSP 607
AGSPTSTEEGTSESATPESGPGTSTEPSEGSAPG
TSESATPESGPGSEPATSGSETPGTSESATPESGPGSEPATSGSETPGTSESATP
AEl144 4B | ESGPGTSTEPSEGSAPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGSP 608
AGSPTSTEEGTSESATPESGPGTSTEPSEGSAPG
TSESATPESGPGSEPATSGSETPGTSESATPESGPGSEPATSGSETPGTSESATP
AE144 5A | ESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTS 609
ESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEG
TSTEPSEGSAPGTSESATPESGPGTSESATPESGPGTSESATPESGPGSEPATSG
AE144 6B | SETPGSEPATSGSETPGS PAGSPTSTEEGTSTEPSEGSAPGTSTEPSEGSAPGSE 610
PATSGSETPGTSESATPESGPGTSTEPSEGSAPG
GTSESATPESGPGSEPATSGSETPGTSESATPESGPGSEPATSGSETPGTSESAT
PESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGT
SESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPE
AL288_1 SGPGTSESATPESGPGTSESATPESGPGSEPATSGSETPGSEPATSGSETPGSPA 611
GSPTSTEEGTSTEPSEGSAPGTSTEPSEGSAPGSEPATSGSETPGTSESATPESG
PGTSTEPSEGSAP
GSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSESATPESGPGTSTEPS
EGSAPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSAPGT
STEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGSEPATSGS
AE288 2 ETPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSAPGTSE 612
SATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGSPAGSPTSTEEGTSESATPESG
PGTSTEPSEGSAP
GSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPS
EGSAPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGSEPATSGSETPGS
PAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGTSTEPSEGSAPGSPAGSPTS
TEEGTSTEPSEGSAPGTSTEPSEGSAPGTSESATPESGPGTSTEPSEGSAPGTSE
SATPESGPGSEPATSGSETPGTSTEPSEGSAPGTSTEPSEGSAPGTSESATPESG
AES576 PGTSESATPESGPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSESA 613
TPESGPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSAPG
TSTEPSEGSAPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSESATP
ESGPGSEPATSGSETPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGT S
TEPSEGSAPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGSPAGSPTST
EEGTSESATPESGPGTSTEPSEGSAP
MAEPAGSPTSTEEGTPGSGTASSSPGSSTPSGATGSPGASPGTSSTGS PGSPAGS
PTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPG
TSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPT
STEEGTSESATPESGPGTSTEPSEGSAPGTSTEPSEGSAPGSPAGSPTSTEEGTS
TEPSEGSAPGTSTEPSEGSAPGTSESATPESGPGTSTEPSEGSAPGTSESATPES
AE624 GPGSEPATSGSETPGTSTEPSEGSAPGTSTEPSEGSAPGTSESATPESGPGTSES 614
- ATPESGPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSESATPESGP
GTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPS
EGSAPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGS
EPATSGSETPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGTSTEPSEG
SAPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGSPAGSPTSTEEGTSE
SATPESGPGTSTEPSEGSAP
GSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPS
EGSAPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGSEPATSGSETPGS
PAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGTSTEPSEGSAPGSPAGSPTS
TEEGTSTEPSEGSAPGTSTEPSEGSAPGTSESATPESGPGTSTEPSEGSAPGTSE
AER64 SATPESGPGSEPATSGSETPGTSTEPSEGSAPGTSTEPSEGSAPGTSESATPESG 615
PGTSESATPESGPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSESA
TPESGPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSAPG
TSTEPSEGSAPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSESATP
ESGPGSEPATSGSETPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGT S
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TEPSEGSAPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGSPAGSPTST
EEGTSESATPESGPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGTSES
ATPESGPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEE
GTSESATPESGPGSEPATSGSETPGTSESATPESGPGSPAGSPTSTEEGSPAGSP
TSTEEGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPGTSESATPESGPGS
EPATSGSETPGSEPATSGSETPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSEG
SAPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSAP
GGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEP
SEGSAPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGSEPATSGSETPG
SPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGTSTEPSEGSAPGSPAGSPT
STEEGTSTEPSEGSAPGTSTEPSEGSAPGTSESATPESGPGTSTEPSEGSAPGTS
ESATPESGPGSEPATSGSETPGTSTEPSEGSAPGTSTEPSEGSAPGTSESATPES
GPGTSESATPESGPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSES
ATPESGPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSAP
- GTSTEPSEGSAPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSESAT
AEBG65 PESGPGSEPATSGSETPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGT 616
STEPSEGSAPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGSPAGSPTS
TEEGTSESATPESGPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGTSE
SATPESGPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTE
EGTSESATPESGPGSEPATSGSETPGTSESATPESGPGSPAGSPTSTEEGSPAGS
PTSTEEGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPGTSESATPESGPG
SEPATSGSETPGSEPATSGSETPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE
GSAPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSAP
PGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEP
SEGSAPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGSEPATSGSETPG
SPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGTSTEPSEGSAPGSPAGSPT
STEEGTSTEPSEGSAPGTSTEPSEGSAPGTSESATPESGPGTSTEPSEGSAPGTS
ESATPESGPGSEPATSGSETPGTSTEPSEGSAPGTSTEPSEGSAPGTSESATPES
GPGTSESATPESGPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSES
ATPESGPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSAP
GTSTEPSEGSAPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSESAT
AES66 PESGPGSEPATSGSETPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGT 617
STEPSEGSAPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGSPAGSPTS
TEEGTSESATPESGPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGTSE
SATPESGPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTE
EGTSESATPESGPGSEPATSGSETPGTSESATPESGPGSPAGSPTSTEEGSPAGS
PTSTEEGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPGTSESATPESGPG
SEPATSGSETPGSEPATSGSETPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE
GSAPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSAPG
GSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPS
EGSAPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGSEPATSGSETPGS
PAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGTSTEPSEGSAPGSPAGSPTS
TEEGTSTEPSEGSAPGTSTEPSEGSAPGTSESATPESGPGTSTEPSEGSAPGTSE
SATPESGPGSEPATSGSETPGTSTEPSEGSAPGTSTEPSEGSAPGTSESATPESG
PGTSESATPESGPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSESA
TPESGPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSAPG
TSTEPSEGSAPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSESATP
ESGPGSEPATSGSETPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGTS
AE1152 TEPSEGSAPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGSPAGSPTST 618
EEGTSESATPESGPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGTSES
ATPESGPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEE
GTSESATPESGPGSEPATSGSETPGTSESATPESGPGSPAGSPTSTEEGSPAGSP
TSTEEGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPGTSESATPESGPGS
EPATSGSETPGSEPATSGSETPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSEG
SAPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSAPGTSESATPESGPGSEP
ATSGSETPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSA
PGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSESATPESGPGSPAGS
PTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPG
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TSESATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEEGTSTEPSE
GSAPGTSTEPSEGSAPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSAP
STEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGSEPATSGS
AE144A ETPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSAPGTSE 619
SATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGS
SEPATSGSETPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGTSTEPSE
AE144B GSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSESATPESGPGSP 620
AGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPG
TSTEEGTSESATPESGPGSEPATSGSETPGTSESATPESGPGSPAGSPTSTEEGS
PAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPGTSESATPE
AEIS0A SGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEEGTSTEPSEGSAPGTST 621
EPSEGSAPGSEPATS
PESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGT
SESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPE
AE216A SGPGTSESATPESGPGTSESATPESGPGSEPATSGSETPGSEPATSGSETPGSPA 622
GSPTSTEEGTSTEPSEGSAPGTSTEPSEGSAPGSEPATSGSETPGTSESAT
ESGPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTS
ESATPESGPGSEPATSGSETPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTST
AE252A EEGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPGTSESATPESGPGSEPA 623
TSGSETPGSEPATSGSETPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSEGSAP
GSEPATSGSETPGTSESATPESGPGTSTEPSE
TPESGPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGTSESATPESGPG
SEPATSGSETPGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATP
ESGPGSEPATSGSETPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGTS
AE288A TEPSEGSAPGTSESATPESGPGTSESATPESGPGTSESATPESGPGSEPATSGSE 624
TPGSEPATSGSETPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSEGSAPGSEPA
TSGSETPGTSESA
PESGPGSPAGSPTSTEEGSPAGSPTSTEEGSPAGSPTSTEEGTSESATPESGPGT
STEPSEGSAPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGSEPATSGS
AB324A ETPGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEP 625
- ATSGSETPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSA -
PGTSESATPESGPGTSESATPESGPGTSESATPESGPGSEPATSGSETPGSEPAT
SGSETPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSEGSAPGSEPATS
PESGPGTSTEPSEGSAPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGS
PAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGTSESATPESGPGSEPATSGS
ETPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSAPGSPA
AE360A GSPTSTEEGTSESATPESGPGSEPATSGSETPGTSESATPESGPGSPAGSPTSTE 626
EGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPGTSESA
TPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEEGTSTEPSEGSAPG
TSTEPSEGSAPGSEPATSGSETPGTSESAT
PESGPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSAPGTSESATPESGPGS
PAGSPTSTEEGSPAGSPTSTEEGSPAGSPTSTEEGTSESATPESGPGTSTEPSEG
SAPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGSEPATSGSETPGTSE
AE396A SATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSET 627
PGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESA
TPESGPGTSESATPESGPGTSESATPESGPGSEPATSGSETPGSEPATSGSETPG
SPAGSPTSTEEGTSTEPSEGSAPGTSTEPS
EGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGT
SESATPESGPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSAPGTSESATPE
SGPGSPAGSPTSTEEGSPAGSPTSTEEGSPAGSPTSTEEGTSESATPESGPGTST
3 EPSEGSAPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGSEPATSGSET
ABA32A PGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPAT 628
SGSETPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPG
TSESATPESGPGTSESATPESGPGTSESATPESGPGSEPATSGSETPGSEPATSG
SETPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSEGSAPGSEPATS
EGSAPGTSTEPSEGSAPGTSTEPSEGSAPGS PAGSPTSTEEGTSTEPSEGSAPGT
AE468A SESATPESGPGSEPATSGSETPGTSESATPESGPGSEPATSGSETPGTSESATPE 629
SGPGTSTEPSEGSAPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGSPA
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GSPTSTEEGTSESATPESGPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSET
PGTSESATPESGPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSAPGSPAGS
PTSTEEGTSESATPESGPGSEPATSGSETPGTSESATPESGPGSPAGSPTSTEEG
SPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPGTSESATP
ESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEEGTSTEPSEGSAPGTS
TEPSEGSAPGSEPATSGSETPGTSESAT
EGSAPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSAPGS
PAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGTSESATPE
SGPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSAPGTSESATPESGPGSPA
GSPTSTEEGSPAGSPTSTEEGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSA
< PGTSESATPESGPGSEPATSGSETPGTSESATPESGPGSEPATSGSETPGTSESA
AES04A TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPG 630
TSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATP
ESGPGTSESATPESGPGTSESATPESGPGSEPATSGSETPGSEPATSGSETPGSP
AGSPTSTEEGTSTEPSEGSAPGTSTEPSEGSAPGSEPATSGSETPGTSESATPES
GPGTSTEPS
TPESGPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSESATPESGPG
TSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSE
GSAPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGSE
PATSGSET PGTSESATPESGPGSEPATSGSETPGTSESATPESGPGTSTEPSEGS
APGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGSPAGSPTSTEEGTSES
AE340A ATPESGPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGTSESATPESGP 631
GSEPATSGSETPGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESAT
PESGPGSEPATSGSETPGTSESATPESGPGSPAGSPTSTEEGS PAGSPTSTEEGT
STEPSEGSAPGTSESATPESGPGTSESATPESGPGTSESATPESGPGSEPATSGS
ETPGSEPATSGSETPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEP
TPESGPGTSESATPESGPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPG
TSESATPESGPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSE
GSAPGTSTEPSEGSAPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTS
ESATPESGPGSEPATSGSETPGTSESATPESGPGSEPATSGSETPGTSESATPES
GPGTSTEPSEGSAPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGSPAG
AEST76A SPTSTEEGTSESATPESGPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETP 632
GTSESATPESGPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSAPGSPAGSP
TSTEEGTSESATPESGPGSEPATSGSETPGTSESATPESGPGSPAGSPTSTEEGS
PAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPGTSESATPE
SGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEEGTSTEPSEGSAPGTST
EPSEGSAPGSEPATSGSETPGTSESA
GSETPGTSTEPSEGSAPGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPGS
PAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSESATPESGPGTSTEPSEG
SAPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSAPGTST
EPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGSEPATSGSET
PGTSESATPESGPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSAPGTSESA
TPESGPGSPAGSPTSTEEGSPAGSPTSTEEGSPAGSPTSTEEGTSESATPESGPG
AEBIZA TSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGSEPATSG 633
SETPGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSE
PATSGSETPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGS
APGTSESATPESGPGTSESATPESGPGTSESATPESGPGSEPATSGSETPGSEPA
TSGSETPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSEGSAPGSEPATSGSETP
GTSESAT
PESGPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGTSTEPSEGSAPGT
STEPSEGSAPGTSESATPESGPGTSESATPESGPGSPAGSPTSTEEGTSESATPE
SGPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSAPGTSTEPSEGSAPGTST
EPSEGSAPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSAPGSPAGSPTSTE
EGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGSEPAT
AEGA8A SGSETPGTSESATPESGPGTSTEPSEGSAPGTSESATPESGPGSPAGSPTSTEEG 634
SPAGSPTSTEEGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGTSESATP
ESGPGSEPATSGSETPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGTS
TEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSESATPES
GPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGTSES
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ATPESGPGTSESATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEE
GTSTEPSEGSAPGTSTEPSEGSAPGSEPATSGSETPGTSESAT
EGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSEGSAPGTSESATPESGPGT
STEPSEGSAPGTSESATPESGPGSEPATSGSETPGTSTEPSEGSAPGTSTEPSEG
SAPGTSESATPESGPGTSESATPESGPGSPAGSPTSTEEGTSESATPESGPGSEP
ATSGSETPGTSESATPESGPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSA
PGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEP
SEGSAPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGSEPATSGSETPG
AE684A TSESATPESGPGTSTEPSEGSAPGTSESATPESGPGS PAGSPTSTEEGSPAGSPT 635
STEEGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGTSESATPESGPGSE
PATSGSETPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGTSTEPSEGS
APGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSESATPESGPGSPAG
SPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGTSESATPESGP
GTSESATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEEGTSTEPS
EGSAPGTSTEPSEGSAPGSEPATS
TSGSETPGSEPATSGSETPGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAP
GTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSEGSAPGTSESAT
PESGPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGTSTEPSEGSAPGT
STEPSEGSAPGTSESATPESGPGTSESATPESGPGSPAGSPTSTEEGTSESATPE
SGPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSAPGTSTEPSEGSAPGTST
EPSEGSAPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSAPGSPAGSPTSTE
AE720A EGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGSEPAT 636
SGSETPGTSESATPESGPGTSTEPSEGSAPGTSESATPESGPGSPAGSPTSTEEG
SPAGSPTSTEEGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGTSESATP
ESGPGSEPATSGSETPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGTS
TEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSESATPES
GPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGTSES
ATPESGPGTSESATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEE
GTSTE
TSGSETPGSEPATSGSETPGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAP
GTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSEGSAPGTSESAT
PESGPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGTSTEPSEGSAPGT
STEPSEGSAPGTSESATPESGPGTSESATPESGPGSPAGSPTSTEEGTSESATPE
SGPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSAPGTSTEPSEGSAPGTST
EPSEGSAPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSAPGSPAGSPTSTE
EGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGSEPAT
AET56A SGSETPGTSESATPESGPGTSTEPSEGSAPGTSESATPESGPGSPAGSPTSTEEG 637
SPAGSPTSTEEGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGTSESATP
ESGPGSEPATSGSETPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGTS
TEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSESATPES
GPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGTSES
ATPESGPGTSESATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEE
GTSTEPSEGSAPGTSTEPSEGSAPGSEPATSGSETPGTSES
EGSAPGTSESATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEEGT
SESATPESGPGTSTEPSEGSAPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEG
SAPGTSTEPSEGSAPGTSESATPESGPGTSTEPSEGSAPGTSESATPESGPGSEP
ATSGSETPGTSTEPSEGSAPGTSTEPSEGSAPGTSESATPESGPGTSESATPESG
PGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSESATPESGPGTSTEP
SEGSAPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSAPG
TSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGSEPATSG
AE792A SETPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSAPGTS 638
ESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGSPAGSPTSTEEGTSESATPES
GPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSET PGTSESATPESGPGSEPA
TSGSETPGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGP
GSEPATSGSETPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPS
EGSAPGTSESATPESGPGTSESATPESGPGTSESATPESGPGSEPATSGSETPGS
EPATSGSETPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSEGSAPGSEPATSGS
ETPGTSESATPESGPGTSTEPS
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PESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSEGSAPGT
SESATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEEGTSESATPE
SGPGTSTEPSEGSAPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTST
EPSEGSAPGTSESATPESGPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSET
PGTSTEPSEGSAPGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPGSPAGS
PTSTEEGTSESATPESGPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSAPG
TSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSE
AES28A GSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGTS 639
ESATPESGPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSAPGTSESATPES
GPGSPAGSPTSTEEGSPAGSPTSTEEGSPAGSPTSTEEGTSESATPESGPGTSTE
PSEGSAPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGSEPATSGSETP
GTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATS
GSETPGTSESATPESGPGSPAGSPTSTEEGS PAGSPTSTEEGTSTEPSEGSAPGT
SESATPESGPGTSESATPESGPGTSESATPESGPGSEPATSGSETPGSEPATSGS
ETPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSEGSAPGSEPATSGSETPGTSE
SAT
GSPGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTST
EPSEGSAPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGSEPATSGSET
PGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGTSTEPSEGSAPGSPAGS
PTSTEEGTSTEPSEGSAPGTSTEPSEGSAPGTSESATPESGPGTSTEPSEGSAPG
TSESATPESGPGSEPATSGSETPGTSTEPSEGSAPGTSTEPSEGSAPGTSESATP
ESGPGTSESATPESGPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTS
ESATPESGPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGS
APGTSTEPSEGSAPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSES
AE869 ATPESGPGSEPATSGSETPGTSESATPESGPGSEPATSGSETPGTSESATPESGP 640
GTSTEPSEGSAPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGSPAGSP
TSTEEGTSESATPESGPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGT
SESATPESGPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSAPGSPAGSPTS
TEEGTSESATPESGPGSEPATSGSETPGTSESATPESGPGSPAGSPTSTEEGSPA
GSPTSTEEGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPGTSESATPESG
PGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEP
SEGSAPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSAPGR
SAGSPGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGT
AE144 R1 STEPSEGSAPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGSEPATSGS 641
B ETPGSPAGSPTSTEEGTSESATPESGPGTESASR
SAGSPTGPGSEPATSGSETPGTSESATPESGPGSEPATSGSETPGTSESATPESG
PGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSESA
. TPESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPG
AE283 R1 TSESATPESGPGTSESATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPT 642
STEEGTSTEPSEGSAPGTSTEPSEGSAPGSEPATSGSETPGTSESATPESGPGTS
TEPSEGSAPSASR
SAGSPGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGS PAGSPTSTEEGT
STEPSEGSAPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGSEPATSGS
ETPGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGTSTEPSEGSAPGSPA
. GSPTSTEEGTSTEPSEGSAPGTSTEPSEGSAPGTSESATPESGPGTSTEPSEGSA
AE432 R1 PGTSESATPESGPGSEPATSGSETPGTSTEPSEGSAPGTSTEPSEGSAPGTSESA 643
TPESGPGTSESATPESGPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPG
TSESATPESGPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSE
GSAPGTSTEPSEGSAPGTSTEPSEGSAPGSPAGSPTSTEEGTESASR
SAGSPTEEGTSESATPESGPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSA
PGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEP
SEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPG
TSESATPESGPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSAPGTSESATP
AE576_R1 ESGPGSPAGSPTSTEEGSPAGSPTSTEEGSPAGSPTSTEEGTSESATPESGPGTS 644
TEPSEGSAPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGSEPATSGSE
TPGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPA
TSGSETPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAP
GTSESATPESGPGTSESATPESGPGTSESATPESGPGSEPATSGSETPGSEPATS
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GSETPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSEGSAPGSEPATSGSETPGT
SESATPESGPGTSTEPSEGSAPSASR
SAGSPGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGT
STEPSEGSAPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGSEPATSGS
ETPGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGTSTEPSEGSAPGSPA
GSPTSTEEGTSTEPSEGSAPGTSTEPSEGSAPGTSESATPESGPGTSTEPSEGSA
PGTSESATPESGPGSEPATSGSETPGTSTEPSEGSAPGTSTEPSEGSAPGTSESA
TPESGPGTSESATPESGPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPG
TSESATPESGPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSE
GSAPGTSTEPSEGSAPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTS
AE864_R1 ESATPESGPGSEPATSGSETPGTSESATPESGPGSEPATSGSETPGTSESATPES 645
GPGTSTEPSEGSAPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGSPAG
SPTSTEEGTSESATPESGPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETP
GTSESATPESGPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSAPGSPAGSP
TSTEEGTSESATPESGPGSEPATSGSETPGTSESATPESGPGSPAGSPTSTEEGS
PAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPGTSESATPE
SGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEEGTSTEPSEGSAPGTST
EPSEGSAPGSEPATSGSETPGTSESATPESGPGTESASR
PGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEP
SEGSAPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGSEPATSGSETPG
SPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGTSTEPSEGSAPGSPAGSPT
STEEGTSTEPSEGSAPGTSTEPSEGSAPGTSESATPESGPGTSTEPSEGSAPGTS
ESATPESGPGSEPATSGSETPGTSTEPSEGSAPGTSTEPSEGSAPGTSESATPES
GPGTSESATPESGPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSES
AE712 ATPESGPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSAP 646
GTSTEPSEGSAPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSESAT
PESGPGSEPATSGSETPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGT
STEPSEGSAPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGSPAGSPTS
TEEGTSESATPESGPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGTSE
SATPESGPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTE
EGTSESATPESGPGSEPATSGSETPGTSESATPESGPGS PAGS PTSTEAHHH
GSPGAGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGT
STEPSEGSAPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGSEPATSGS
ETPGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGTSTEPSEGSAPGSPA
GSPTSTEEGTSTEPSEGSAPGTSTEPSEGSAPGTSESATPESGPGTSTEPSEGSA
PGTSESATPESGPGSEPATSGSETPGTSTEPSEGSAPGTSTEPSEGSAPGTSESA
TPESGPGTSESATPESGPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPG
TSESATPESGPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSE
GSAPGTSTEPSEGSAPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTS
ESATPESGPGSEPATSGSETPGTSESATPESGPGSEPATSGSETPGTSESATPES
GPGTSTEPSEGSAPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGSPAG
SPTSTEEGTSESATPESGPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETP
GTSESATPESGPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSAPGSPAGSP
TSTEEGTSESATPESGPGSEPATSGSETPGTSESATPESGPGSPAGSPTSTEEGS
PAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPGTSESATPE
SGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEEGTSTEPSEGSAPGTST
EPSEGSAPGSEPATSGSETPGTSESATPESGPGTESASR
SPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGTSESATPESGPGSEPATSG
SETPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSAPGSP
AF288 3 AGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSESATPESGPGSPAGSPTST 648

= EEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPGTSES
ATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEEGTSTEPSEGSAP
GTSTEPSEGSAPG
GTSESATPESGPGSEPATSGSETPGTSESATPESGPGSEPATSGSETPGTSESAT
PESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGT
SESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPE )
AE284 SGPGTSESATPESGPGTSESATPESGPGSEPATSGSETPGSEPATSGSETPGSPA 649
GSPTSTEEGTSTEPSEGSAPGTSTEPSEGSAPGSEPATSGSETPGTSESATPESG
PGTSTEPSE

AE864_R2 647
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SPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGTSESATPESGPGSEPATSG
SETPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSAPGSP
AGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSESATPESGPGSPAGSPTST -
AE292 EEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPGTSES 650
ATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEEGTSTEPSEGSAP
GTSTEPSEGSAPGGSAP
AGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGS
APGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGSEPATSGSETPGSPAG
SPTSTEEGTSESATPESGPGTSTEPSEGSAPGTSTEPSEGSAPGSPAGSPTSTEE
GTSTEPSEGSAPGTSTEPSEGSAPGTSESATPESGPGTSTEPSEGSAPGTSESAT
PESGPGSEPATSGSETPGTSTEPSEGSAPGTSTEPSEGSAPGTSESATPESGPGT
SESATPESGPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSESATPE
SGPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSAPGTST
EPSEGSAPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESG
AL864 2 PGSEPATSGSETPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGTSTEP 651
SEGSAPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGSPAGSPTSTEEG
TSESATPESGPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGTSESATP
ESGPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTS
ESATPESGPGSEPATSGSETPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTST
EEGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPGTSESATPESGPGSEPA
TSGSETPGSEPATSGSETPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSEGSAP
GSEPATSGSETPGTSESATPESGPGTSTEPSEGAAEPEA
GSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPS
EGSAPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGSEPATSGSETPGS
PAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGTSTEPSEGSAPGSPAGSPTS
TEEGTSTEPSEGSAPGTSTEPSEGSAPGTSESATPESGPGTSTEPSEGSAPGTSE
SATPESGPGSEPATSGSETPGTSTEPSEGSAPGTSTEPSEGSAPGTSESATPESG
PGTSESATPESGPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSESA
TPESGPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSAPG
TSTEPSEGSAPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSESATP
AE867 ESGPGSEPATSGSETPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGTS 652
TEPSEGSAPGTSESATPESGPGSPAGSPTSTEEGS PAGSPTSTEEGSPAGSPTST
EEGTSESATPESGPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGTSES
ATPESGPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEE
GTSESATPESGPGSEPATSGSETPGTSESATPESGPGSPAGSPTSTEEGSPAGSP
TSTEEGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPGTSESATPESGPGS
EPATSGSETPGSEPATSGSETPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSEG
SAPGSEPATSGSETPGTSESATPESGPGTSTEPSEGAAEPEA
SPGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTE
PSEGSAPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGSEPATSGSETP
GSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGTSTEPSEGSAPGSPAGSP
TSTEEGTSTEPSEGSAPGTSTEPSEGSAPGTSESATPESGPGTSTEPSEGSAPGT
SESATPESGPGSEPATSGSETPGTSTEPSEGSAPGTSTEPSEGSAPGTSESATPE
SGPGTSESATPESGPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSE
SATPESGPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSA
PGTSTEPSEGSAPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSESA
AE867_2 TPESGPGSEPATSGSETPGTSESATPESGPGSEPATSGSETPGTSESATPESGPG 653
TSTEPSEGSAPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGSPAGSPT
STEEGTSESATPESGPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGTS
ESATPESGPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSAPGSPAGSPTST
EEGTSESATPESGPGSEPATSGSET PGTSESATPESGPGSPAGSPTSTEEGSPAG
SPTSTEEGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPGTSESATPESGP
GSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPS
EGSAPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSAPG
PGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGS PAGSPTSTEEGTSTEP
SEGSAPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGSEPATSGSETPG
AER68 SPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGTSTEPSEGSAPGSPAGSPT 654
STEEGTSTEPSEGSAPGTSTEPSEGSAPGTSESATPESGPGTSTEPSEGSAPGTS
ESATPESGPGSEPATSGSETPGTSTEPSEGSAPGTSTEPSEGSAPGTSESATPES
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GPGTSESATPESGPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSES
ATPESGPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSAP
GTSTEPSEGSAPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSESAT
PESGPGSEPATSGSETPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGT
STEPSEGSAPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGSPAGSPTS
TEEGTSESATPESGPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGTSE
SATPESGPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTE
EGTSESATPESGPGSEPATSGSETPGTSESATPESGPGSPAGSPTSTEEGSPAGS
PTSTEEGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPGTSESATPESGPG
SEPATSGSETPGSEPATSGSETPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE
GSAPGSEPATSGSETPGTSESATPESGPGTSTEPSEGAAEPEA
GSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPS
AE144 7TA | EGSAPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGSEPATSGSETPGS 655
PAGSPTSTEEGTSESATPESGPGTSTEPSEGSAP
SPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGTSESATPESGPGSEPATSG
SETPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSAPGSP
AGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSESATPESGPGSPAGSPTST
EEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPGTSES
ATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEEGTSTEPSEGSAP
GTSTEPSEGSAPGGSAP
PGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEP
SEGSAPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGSEPATSGSETPG
SPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGTSTEPSEGSAPGSPAGSPT
AE293 STEEGTSTEPSEGSAPGTSTEPSEGSAPGTSESATPESGPGTSTEPSEGSAPGTS 657
ESATPESGPGSEPATSGSETPGTSTEPSEGSAPGTSTEPSEGSAPGTSESATPES
GPGTSESATPEGAAEPEA
PGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEP
SEGSAPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGSEPATSGSETPG
SPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGTSTEPSEGSAPGSPAGSPT -
AE300 STEEGTSTEPSEGSAPGTSTEPSEGSAPGTSESATPESGPGTSTEPSEGSAPGTS 658
ESATPESGPGSEPATSGSETPGTSTEPSEGSAPGTSTEPSEGSAPGTSESATPES
GPGTSESATPESGPGSPAGAAEPEA
PGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEP
SEGSAPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGSEPATSGSETPG
SPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGTSTEPSEGSAPGSPAGSPT
STEEGTSTEPSEGSAPGTSTEPSEGSAPGTSESATPESGPGTSTEPSEGSAPGTS
ESATPESGPGSEPATSGSETPGTSTEPSEGSAPGTSTEPSEGSAPGTSESATPES
AES584 GPGTSESATPESGPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSES 659
ATPESGPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSAP
GTSTEPSEGSAPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSESAT
PESGPGSEPATSGSETPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGT
STEPSEGSAPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGSPAGSPTS
TEEGTSESATPESGPGTSTEPSEGSAPGAAEPEA

[0214] In some embodiments, for constructing the sequence of a barcoded ELNN, amino-acid
mutations are performed on ELNN of intermediate lengths to those of Table 3b, as well as ELNN of
longer lengths than those of Table 3b, such as those in which one or more 12-mer motifs of Table 1b

are added to the N- or C- terminus of a general-purpose ELNN of Table 3b.

[0215] Additional examples of existing ELNNSs that can be used according to the present disclosure
are disclosed in U.S. Patent Publication Nos. 2010/0239554, 2010/0323956. 2011/0046060,
2011/0046061, 2011/0077199, or 2011/0172146. or International Patent Publication Nos. WO
2010091122. WO 2010144502, WO 2010144508, WO 2011028228, WO 2011028229, WO
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2011028344, WO 2014/011819, WO 2015/023891, WO 2017/040344, WO 2019/126576, WO
2020/264200; WO 2020/264208; WO 2021/097186, WO 2021/262985, or WO 2021/263058.

[0216] In some embodiments, a barcoded ELNN fused within a polypeptide chain adjacent to the N-
terminus of the polypeptide chain (“N-terminal ELNN”) can be attached to a His tag of HHHHHH
(SEQ ID NO: 48) or HHHHHHHH (SEQ ID NO: 49) at the N-terminus to facilitate the purification of
the fusion polypeptide. In some embodiments, a barcoded ELNN fused within a polypeptide chain at
the C-terminus of the polypeptide chain (“C-terminal ELNN") can be comprise or be attached to the
sequence EPEA at the C-terminus to facilitate the purification of the fusion polypeptide. In some
cmbodiments, the fusion polypeptide compriscs both an N-terminal barcoded ELNN and a C-tcrminal
barcoded ELNN, wherein the N-terminal barcoded ELNN is attached to a His tag of HHHHHH (SEQ
ID NO: 48) or HHHHHHHH (SEQ ID NO: 49) at the N-terminus; and wherein the C-terminal
barcoded ELNN is attached to the sequence EPEA at the C-terminus, thereby facilitating purification
of the fusion polypeptide, for example, to at least 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, or at least 99% purity by chromatography methods known in the art, including but not limited to

IMAC chromatography, C-tagXL affinity matrix, and other such methods.

[0217] A barcode fragment, as described herein, can be cleavably fused within the ELNN and
releasable (i.e., configured to be released) from the ELNN upon digestion of the polypeptide by a
protcasc. In some cmbodiments, the proteasc is a Glu-C proteasc. In somc cmbodiments, the protcasc
cleaves on the C-terminal side of glutamic acid residues that are not followed by proline. In some
embodiments, a barcoded ELNN (an ELNN that contains barcode fragment(s) therewithin) is
designed to achieve high efficiency, precision and accuracy of the protease digestion. For example, in
some embodiments, adjacent Glu-Glu (EE) residues in an ELNN sequence can result in varying
cleavage patterns upon Glu-C digestion. Accordingly, when Glu-C protease is used for barcode
release, the barcoded ELNN or the barcode fragment(s) may not contain any Glu-Glu (EE) sequence.
Additionally, a di-peptide Glu-Pro (EP) sequence, if present in the fusion polypeptide. may not be

cleaved by Glu-C protease during the barcode release process.

ACTIVATABLE CYTOKINE FUSION PROTEINS
[0218] In one aspect, the disclosure provides a fusion protein comprising: a cytokine (e.g., an
interleukin, a transforming growth factor, an interferon, a tumor necrosis factor, a chemokine, or
granulocyte macrophage-colony stimulating lactor), a linker (Linker1) comprising a protease-
cleavable release segment (RS1), and a mask polypeptide (Mask1). wherein the linker (Linkerl)
comprising the release segment (RS1) is positioned between the cytokine and the mask polypeptide
(Mask1); wherein the release segment is capable of being cleaved by at least one protease that is
present in a tumor; and wherein the release segment (RS1) is not capable of being cleaved by

legumain in human plasma,.
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[0219] In another aspect, the disclosure provides a fusion protein comprising: a cytokine (e.g., an
interleukin, a transforming growth factor, an interferon, a tumor necrosis factor, a chemokine, or
granulocyte macrophage-colony stimulating factor), a linker (Linker1) comprising a protease-
cleavable release segment (RS1), and a mask polypeptide (Mask 1), wherein the linker (Linkerl)
comprising the release segment (RS1) is positioned between the cytokine and the mask polypeptide
(Mask1); wherein the release segment is capable of being cleaved by at least one protease that is
present in a tumor; and wherein the release segment (RS1) is cleaved by legumain in human plasma at
a rate that is less than 25% of the rate that EAGRSANHTPAGLTGP (RSR-2295; SEQ ID NO:7048)

is cleaved by legumain in human plasma.

[0220] In yet another aspect, the disclosure provides a fusion protein comprising: a cytokine (e.g., an
interleukin, a transforming growth factor, an interferon, a tumor necrosis factor, a chemokine, or
granulocyte macrophage-colony stimulating factor), a linker (Linker1) comprising a protease-
cleavable release segment (RS1), and a mask polypeptide (Mask1), wherein the linker (Linkerl)
comprising the release segment (RS1) is positioned between the cytokine and the mask polypeptide
(Mask1); wherein the release segment is capable of being cleaved by at least one protease that is
present in a tumor; and wherein the release segment (RS1) comprises an amino acid sequence
comprising the sequence EAGRSAXHTPAGLTGP. wherein X is any amino acid other than N (SEQ
ID NO:7627).

[0221] In some embodiments, the linker is attached to the N-terminus of the cytokine. In some

embodiments, the linker is attached to the C-terminus of the cytokine.

[0222] In another aspect, the disclosure provides a fusion protein comprising the following elements
in an N-to-C or C-to-N terminal orientation: a first mask polypeptide (Mask1), a first linker (Linker])
comprising a first protease-cleavable release segment (RS1), a cytokine (e.g., an interleukin, a
transforming growth factor, an interferon, a tumor necrosis factor, a chemokine, or granulocyte
macrophage-colony stimulating factor), a second linker (Linker2) comprising a second protease-
cleavable releasc segment (RS2), and a sccond mask polypeptide (Mask2), wherein cach rclecase
segment (RS1 and RS2) (i) is not capable of being cleaved by legumain in human plasma, (i1) is
cleaved by legumain in human plasma at a rate that is less than 25% of the rate that RSR-2295
(EAGRSANHTPAGLTGP; SEQ ID NO:7048) is cleaved by legumain in human plasma, or (iii)
comprises an amino acid sequence comprising the sequence EAGRSAXHTPAGLTGP, wherein X is
any amino acid other than N (SEQ ID NO:7627).

[0223] Cytokines that may be incorporated in the fusion proteins of the disclosure may be composed
of more than one subunit polypeptide. For example, IL-12 is composed of an IL-12 p35 polypeptide
subunit and an IL-12 p40 polypeptide subunit that come together to form IL-12. Similarly, IL-23 is
composed of an IL-23 p19 polypeptide subunit and an IL-12 p40 polypeptide subunit that come
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together to form IL-23. Thus, in some embodiments, the fusion protein of the disclosure comprises a
first subunit polypeptide comprising a first subunit of a cytokine, and a second subunit polypeptide

comprising a second subunit of the cytokine.

[0224] In one aspect, the disclosure provides a fusion protein comprising: a. a first polypeptide
subunit comprising the following elements in an N-to-C or C-to-N terminal orientation: i. a first mask
polypeptide (Maskl, ii. a first linker (Linkerl) comprising a first protease-cleavable release segment
(RS1), iii. a first cytokine subunit polypeptide, iv. a second linker (Linker2) comprising a second
protease-cleavable release segment (RS2), and v. a second mask polypeptide (Mask2); and b. a second
polypeptide subunit comprising the following clements in an N-to-C or C-to-N tcrminal oricntation: 1.
a third mask polypeptide (Mask3), ii. a third linker (Linker3) comprising a third protease-cleavable
release segment (RS3), iii. a second cytokine subunit polypeptide, iv. a fourth linker (Linker4)
comprising a fourth protease-cleavable release segment (RS4), and v. a fourth mask polypeptide
(Mask4); wherein the f{irst cytokine subunit polypeptide of the first poly peptide subunit and the
second cytokine subunit polypeptide of the second polypeptide subunit are linked thereby forming a
linked heterodimer; wherein each release segment (RS1, RS2, RS3, and RS4) is capable of being
cleaved by at least one protease that is present in a tumor; and wherein each release segment (RS1,
RS2, RS3, and RS4) (i) is not capable of being cleaved by legumain in human plasma. (ii) is cleaved
by legumain in human plasma at a rate that is less than 25% of the rate that RSR-2295
(EAGRSANHTPAGLTGP; SEQ ID NO:7048) is cleaved by legumain in human plasma, or (iii)
comprises an amino acid sequence comprising the sequence EAGRSAXHTPAGLTGP, wherein X is

any amino acid other than N (SEQ ID NO:7627).
[0225] In another aspect, the disclosure provides a fusion protein comprising:

a. afirst polypeptide subunit comprising the following elements in an N-to-C or
C-to-N terminal orientation:
1. a first mask polypeptide (Mask1),
ii.  a first linker (Linker1) comprising a first protcasc-clcavable rclcase
segment (RS1),
iii. an IL-12 p35 polypeptide,
iv. a second linker (Linker2) comprising a second protease-cleavable
release segment (RS2), and
v. asecond mask polypeptide (Mask?2): and
b. a second polypeptide subunit comprising the following elements in an N-to-C
or C-to-N terminal orientation:
i. athird mask polypeptide (Mask3).
ii. a third linker (Linker3) comprising a third protease-cleavable release

segment (RS3).
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iii. an IL-12 p40 polypeptide,
iv. a fourth linker (Linker4) comprising a fourth protease-cleavable
release segment (RS4), and
v. a fourth mask polypeptide (Mask4);
wherein the [L-12 p35 polypeptide of the first polypeptide subunit and the IL-12 p40
polvpeptide of the second polypeptide subunit are disulfide-linked thereby forming a disulfide-linked
heterodimer;
wherein each release segment (RS1, RS2, RS3, and RS4) is capable of being cleaved by at
least one protease that is present in a tumor:
and wherein each release segment (RS1, RS2, RS3, and RS4) (i) is not capable of being
cleaved by legumain in human plasma, (ii) is cleaved by legumain in human plasma at a rate that is
less than 25% of the rate that RSR-2295 (EAGRSANHTPAGLTGP: SEQ ID NO:7048) is cleaved by
legumain in human plasma, or (iii) comprises an amino acid sequence comprising the sequence

EAGRSAXHTPAGLTGP, wherein X is any amino acid other than N (SEQ ID NO:7627).

[0226] In some embodiments, the first mask polypeptide (Mask1) comprises a first a first barcode
fragment (Barcodel), the second mask polypeptide (Mask2) comprises a second barcode fragment
(Barcode2), the third mask polypeptide (Mask3) comprises a third barcode fragment (Barcode3), and
the fourth mask polypeptide (Mask4) compriscs a fourth barcode fragment (Barcodc4); and wherein
each barcode fragment (Barcodel, Barcode2, Barcode3, and Barcode4) is releasable from the fusion
protein upon digestion with a non-mammalian protease, and each barcode fragment differs in both
sequence and molecular weight from all other barcode fragments or peptide fragments that are
releasable from the fusion protein upon complete digestion of the fusion protein by the non-

mammalian protease.
[0227] In another aspect, the disclosure provides a fusion protein comprising:

a. afirst polypeptide subunit comprising the following elements in an N-to-C or
C-to-N terminal orientation:
1. afirst mask polypeptide (Maskl) comprising a first barcode fragment
(Barcodel).
it.  a first linker (Linker1) comprising a first protease-cleavable release
segment (RS1),
iii. an IL-12 p35 polypeptide,
iv. a second linker (Linker2) comprising a second protease-cleavable
release segment (RS2), and
v. a second mask polypeptide (Mask2) comprising a second barcode

fragment (Barcode2); and
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b. a second polypeptide subunit comprising the following elements in an N-to-C
or C-to-N terminal orientation:
i. a third mask polypeptide (Mask3) comprising a third barcode
fragment (Barcode3),
ii. a third linker (Linker3) comprising a third protease-cleavable release
segment (RS3).
iii. an IL-12 p40 polypeptide.
iv. a fourth linker (Linker4) comprising a fourth protease-cleavable
release segment (RS4), and
v. a fourth mask polypeptide (Mask4) comprising a fourth barcode
fragment (Barcode4):
wherein the [L-12 p335 polypeptide of the first subunit and the I1L-12 p40 polypeptide of the
second unit are disulfide-linked thereby forming a disulfide-linked heterodimer:;
wherein each release segment (RS1, RS2, RS3. and RS4) is capable of being cleaved by at
least one protease that is present in a tumor;
and wherein each barcode fragment (Barcodel, Barcode2, Barcode3, and Barcode4) is
releasable from the fusion protein upon digestion with a non-mammalian protease, and each barcode
fragment differs in both sequence and molecular weight from all other barcode fragments or peptide
fragments that are releasable from the fusion protein upon complete digestion of the fusion protein by
the non-mammalian protease.
[0228] In some embodiments, each release segment comprises an amino acid sequence having at
least 85%, 90%, 91%, 92%, 93%. 94%, 95%, 96%, 97%. 98%, or 99% identity, or 100% identity, to a

sequence of Table 6a.

[0229] In some embodiments, each release segment (RS1, RS2, RS3. and RS4) (i) is not capable of
being cleaved by legumain in human plasma, (ii) is cleaved by legumain in human plasma at a rate
that is less than 25% of the rate that RSR-2295 (EAGRSANHTPAGLTGP; SEQ ID NO:7048) is
cleaved by legumain in human plasma, or (ii1) comprises an amino acid sequence comprising the

sequence EAGRSAXHTPAGLTGP, wherein X is any amino acid other than N (SEQ ID NO:7627).

[0230] It will be appreciated that various amino acid substitutions (especially conservative amino
acid substitutions) can be made in a fusion protein sequence to create variants without departing from
the spirit of the present disclosure with respect to the biological activity or pharmacologic properties
of. e.g., a protease-activable cytokine fusion protein. Examples of conservative substitutions for
amino acids in polypeptide sequences are shown in Table 4a. In addition, variants can also include,
for instance, polypeptides wherein one or more amino acid residues are added or deleted at the N- or
C-terminus of the full-length native amino acid sequence of a fusion protein that retains at least a

portion of the biological activity of the native peptide.
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Table 4a: Exemplary conservative amino acid substitutions

Original Residue Exemplary Substitutions

Ala (A) Val; Leu; Ile

Arg (R) Lys: Gin; Asn

Asn (N) Gin; His; Lys; Arg

Asp (D) Glu

Cys (C) Ser

Gln (Q) Asn

Glu (B) Asp

Gly (G) Pro

His (H) Asn: Gin: Iys: Arg

Ile () Leu; Val, Met; Ala; Phe: Norleucine
Leu (L) Norleucine: Ile: Val; Met; Ala: Phe
Lys (K) Arg: Gin: Asn
Met (M) Leu; Phe; [le

Phe (F) Leu: Val: Ile; Ala

Pro (P) Gly

Ser (S) Thr

Thr (T) Ser

Trp (W) Tyr

Tvr(Y) Trp: Phe: Thr: Ser

Val (V) Ile; Leu; Met; Phe; Ala; Norleucine

SPACERS & CYTOKINE RELEASE SEGMENTS
[0231] Included hercin arc fusion protcins comprising a cytokine that cither becomes biologically
active or has an increase in biological activity upon release from an ELNN by cleavage of an optional
cleavage sequence incorporated within optional spacer sequences into the fusion protein, e.g., as

described herein.

[0232] In some embodiments, the spacer may be provided to enhance expression of the fusion
protein from a host cell and/or to decrease steric hindrance such that the cytokine may assume its
desired tertiary structure and/or interact appropriately with its target molecule. For spacers and
methods of identifying desirable spacers, see, for example, George, ef al. (2003) Protein Engineering
15:871-879, specifically incorporated by reference herein. In some embodiments, the spacer
compriscs onc or morc peptide scquences that arc between 1 to 50 amino acid residucs in length, or
about 1 to 25 residues, or about 1 to 10 residues in length. Spacer sequences, exclusive of cleavage
sites, can comprise any of the 20 natural L amino acids, and will preferably comprise hydrophilic
amino acids that are sterically unhindered that can include, but not be limited to, glycine (G), alanine
(A), serine (S), threonine (T), glutamate (E) or proline (P). In some embodiments, the spacer can be a
polvglycine or polyalanine, or predominately a mixture of combinations of glycine and alanine
residues. In some embodiments, the spacer polypeptide exclusive of a cleavage sequence is
substantially devoid of secondary structure. In some embodiments, one or both spacer sequences in a
fusion protein composition may each further contain a cleavage sequence, which may be identical or
may be different, wherein the cleavage sequence may be acted on by a protease to release the cytokine

from the fusion protein.
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Table 4b: Exemplary Spacers between a Release Segment and a Cytokine

Amino Acid Sequence SEQ ID NO:
STEPS 89
SATPESGPGT 90
ATSGSETPGT 9]
GTAEAASASG 92
STEPSEGSAPGTS 93
SGPGTS 94
GTSTEPS 95
GTSESATPES 96
GTATPESGPG 97
TSESATPES 98
GTPESATPES 99
GTATPESAP 100

[0233] In some embodiments of the polypeptides of this disclosure, a release segment (RS) (e.g., a
first release segment (RS1), a second release segment (RS2), a third release segment (RS3), a fourth
release segment (RS4), etc.) can be fused to a cytokine by a spacer. In some embodiments, a spacer
can (each independently) comprise at least 4 types of amino acids that are glycine (G), alanine (A).
serine (S). threonine (T), glutamate (E) or proline (P). In some embodiments, the fusion protein of this
disclosure can comprise a first release segment fused to the cytokine via a first spacer and a second
release segment fused to the cytokine via a second spacer. In some embodiments, a spacer (e.g., a first
spacer, a second spacer, etc.) can (each independently) comprise an amino acid sequence having at
least (about) 80%. at least (about) 90%. or 100% sequence identity to a sequence set forth in Table C.
In some embodiments. the spacer (e.g., the first spacer, the second spacer, etc.) can (each

independently) comprise an amino acid sequence identical to a sequence set forth in Table C.

[0234] In some embodiments, the incorporation of the cleavage sequence into a {usion protein is
designed to permit release of a cytokine that becomes active or more active upon its release from one
or more ELNNSs. In some embodiments, the cleavage sequences are located sufficiently close to the
cytokine sequences, generally within 18, or within 12, or within 6, or within 2 amino acids of the
cytokine sequence terminus, such that any remaining residues attached to the cytokine after cleavage
do not appreciably interfere with the activity (e.g.. such as binding to a receptor) of the cytokine yet
provide sufficient access to the protease to be able to effect cleavage of the cleavage sequence. In
some embodiments, the cleavage site is a sequence that can be cleaved by a protease endogenous to
the mammalian subject such that a fusion protein can be cleaved after administration to a subject. In
such cases, the fusion protein can serve as a circulating depot for the cytokine. Examples of cleavage
sites contemplated herein include. but are not limited to, a polypeptide sequence cleavable by a

mammalian endogenous protease listed in Table 5.
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[0235] In some embodiments, a fusion protein comprises spacer sequences that comprise one or
more cleavage sequences configured to release the cytokine from the fusion protein when acted on by
a protease. In some embodiments, a spacer sequence does not comprise a cleavage sequence. In some
embodiments, the one or more cleavage sequences can be a sequence having at least about 80% (e.g.,
at least about 85%, at least about 90%, at least about 95%, at least about 96%. at least about 97%, at

least about 98%. at least about 99%, or 100%) sequence identify to a sequence from Table 6a or 6b.

[0236] In some embodiments, the disclosure provides cytokine release segment polypeptides (or
release segments (RSs)) that are substrates for one or more mammalian proteases associated with or
produccd by discasc tissucs or cells found in proximity to discasc tissucs. The onc or more
mammalian proteases are present in a tumor. The one or more mammalian proteases may be
expressed by cancer cells within the tumor or by non-cancerous cells within the tumor. Such proteases
can include, but not be limited to the classes of proteases such as metalloproteinases, cysteine
proteases, aspartate proteases, and serine proteases, including, but not limited to, the proteases of
Table 5. The RSs are useful for, amongst other things, incorporation into the subject recombinant
polypeptides, conferring an inactive format that can be activated by the cleavage of the RSs by
mammalian proteases. As described herein. the RSs are incorporated into the subject recombinant
polypeptide compositions, linking the incorporated cytokines to the ELNN (exemplary configurations
of which are described herein) such that upon cleavage of the RSs by action of the one or more
proteases for which the RSs are substrates, the cytokines and ELNN are released from the
composition and the cytokines. no longer shielded by the ELNN. regain their full potential to bind

their ligands.

Table 5: Proteases of Target Tissues

Class of Proteases Protease

Meprin

Neprilysin (CD10)

PSMA

BMP-1

A disintegrin and metalloproteinases (ADAMSs)
ADAMS

ADAM9

ADAMI0

ADAM12

ADAMI15

Metalloproteinases ADAMI17 (TACE)

ADAMI9

ADAM28 (MDC-L)

ADAM with thrombospondin motifs (ADAMTS)
ADAMTS]

ADAMTS4

ADAMTSS

Matrix Metalloproteinases (MMPs)
MMP-1 (Collagenase 1)

MMP-2 (Gelatinase A)

MMP-3 ()
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Class of Proteases

Protease

MMP-7 (Matrilysin 1)

MMP-8 (Collagenase 2)

MMP-9 (Gelatinase B)

MMP-10 (Stromelysin 2)

MMP-11(Stromelysin 3)

MMP-12 (Macrophage elastase)

MMP-13 (Collagenase 3)

MMP-14 (MT1-MMP)

MMP-15 (MT2-MMP)

MMP-19

MMP-23 (CA-MMP)

MMP-24 (MT5-MMP)

MMP-26 (Matrilysin 2)

MMP-27 (CMMP)

Cysteine Proteases

Legumain

Cysteine cathepsins

Cathepsin B

Cathepsin C

Cathepsin K

Cathepsin L

Cathepsin S

Cathepsin X

Aspartate Protcascs

Cathepsin D

Cathepsin E

Secretase

Serine Proteases

Urokinase (uPA)

Tissue-type plasminogen activator (tPA)

Plasmin

Thrombin

Prostate-specific antigen (PSA, KLK3)

Human neutrophil elastase (HNE)

Flastase

Tryptase

Type II transmembrane serine proteases (T'TSPs)

DESCI1

Hepsin (HPN)

Matriptase

Matriptase-2

TMPRSS2

TMPRSS3

TMPRSS4 (CAP2)

Fibroblast Activation Protein (FAP)

kallikrein-related peptidase (KLK family)

KLK4

KLK5

KLK6

KIL.K7

KLK8

KLK10

KLK11

KLK13

KLK14

PCT/US2024/059007

[0237] In some embodiments, the disclosure provides activatable recombinant polypeptides (e.g.,

fusion proteins) comprising a first release segment (RS1) sequence having at least 88%, or at least
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94%, or 100% sequence identity, when optimally aligned, to a sequence identified in Table 6a,
wherein the RS1 is a substrate for one or more mammalian proteases. In some embodiments, the RS
is further engineered to remove a legumain cleavage site. In some embodiments, the disclosure
provides activatable recombinant polvpeptides comprising a RS1 and a second release segment (RS2)
sequence, each having at least 88%, or at least 94%, or 100% sequence identity, when optimally
aligned. to a sequence identified herein by the sequences set forth in Table 6a, wherein the RS1 and
the RS2 each are a substrate for one or more mammalian proteases. In some embodiments, the
disclosure provides activatable recombinant polypeptides comprising a RS1, a RS2, a third release
segment (RS3) sequence, and a fourth release segment sequence (RS4). each having at least 88%, or
at least 94%, or 100% sequence identity, when optimally aligned, to a sequence identified herein by
the sequences set forth in Table 6a. wherein the RS1, the RS2, the RS3. and the RS4 each are a
substrate for one or more mammalian proteases. In some embodiments. the RS1, the RS2. the RS3.

and the RS4 cach do not serve as substrates for legumain.

[0238] In some embodiments, disclosure provides activatable recombinant poly peptides comprising a
first RS (RS1) sequence having at least 90%, at least 93%, at least 97%, or 100% identity, when
optimally aligned, to a sequence identified in Table 6b, wherein the RS1 is a substrate for one or more
mammalian proteases. In some embodiments, the disclosure provides activatable recombinant
polypeptides comprising a RS1 and a second release segment (RS2) sequence, each having at least
88%, or at least 94%, or 100% sequence identity, when optimally aligned, to a sequence identified
herein by the sequences set forth in Table 6b, wherein the RS1 and the RS2 are each a substrate for
one or more mammalian proteases (e.g., at one, two. or three cleavage sites within each release
segment sequence). In some embodiments, the disclosure provides activatable recombinant
polypeptides comprising a RS1, a RS2, a third release segment (RS3) sequence, and a fourth release
segment sequence (RS4). each having at least 88%, or at least 94%. or 100% sequence identity. when
optimally aligned, to a sequence identified herein by the sequences set forth in Table 6b, wherein the
RS1, the RS2, the RS3. and the RS4 are each a substrate for one or more mammalian proteases (e.g.,
at one, two, or three cleavage sites within each release segment sequence). In some embodiments of
activatable recombinant polypeptides comprising the RS1, the RS2, the RS3, and the RS4, the four
release segments can be identical. In some embodiments of activatable recombinant polypeptides

comprising the RS1, the RS2, the RS3, and the RS4 , the four release segments can be different.

[0239] The present disclosure contemplates release segments that are substrates for one, two or three
different classes of proteases that are metalloproteinases, cysteine proteases. aspartate proteases, or
serine proteases, including the proteases of Table 5. In some embodiments, a fusion protein comprises
RSs (e.g., RS1, RS2, RS3, and RS4) that serve as substrates for one or more proteases found in close
association with or are co-localized with tumors or cancer cells, and upon cleavage of the RSs, the

cytokines that are otherwise shielded by ELNNs of the fusion protein (and thus have a lower binding
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affinity for their respective ligands) are released from the ELNNs and regain their full potential to
bind target and effector cell ligands. In some embodiments, a fusion protein comprises RSs (e.g., RS1
and RS2), that each comprise an amino acid sequence that is a substrate for one or more cellular
proteases located within a targeted cell, including but not limited to a protease of Table 5. In some
embodiments, RSs are substrates for two or three classes of proteases that cleave different portions of
cach RS. In some embodiments, each RS that is a substrate for two, three, or more classes of
proteases has two, three, or more distinct cleavage sites, but cleavage by a single protease

nevertheless results in the release of the cytokines from an ELNN.

[0240] In some cmbodiments, an RS of the disclosure for incorporation into a fusion protein is a
substrate for one or more proteases including but not limited to meprin, neprilysin (CD10), PSMA,
BMP-1, A disintegrin and metalloproteinases (ADAMs), ADAMS, ADAMY9, ADAM10, ADAM12,
ADAM135, ADAM17 (TACE), ADAM19, ADAM28 (MDC-L), ADAM with thrombospondin motifs
(ADAMTS), ADAMTSI1, ADAMTS4, ADAMTSS5, MMP-1 (collagenase 1), matrix
metalloproteinase-1 (MMP-1), matrix metalloproteinase-2 (MMP-2, gelatinase A), matrix
metalloproteinase-3 (MMP-3, stromelysin 1), matrix metalloproteinase-7 (MMP-7, Matrilysin 1),
matrix metalloproteinase-8 (MMP-8, collagenase 2), matrix metalloproteinase-9 (MMP-9, gelatinase
B), matrix metalloproteinase-10 (MMP-10, stromelysin 2), matrix metalloproteinase-11 (MMP-11,
stromelysin 3), matrix metalloproteinase-12 (MMP-12, macrophage elastase). matrix
metalloproteinase-13 (MMP-13, collagenase 3). matrix metalloproteinase-14 (MMP-14. MT1-MMP),
matrix metalloproteinase-15 (MMP-15. MT2-MMP), matrix metalloproteinase-19 (MMP-19). matrix
metalloproteinase-23 (MMP-23, CA-MMP), matrix metalloproteinase-24 (MMP-24, MT5-MMP).
matrix metalloproteinase-26 (MMP-26, matrilysin 2), matrix metalloproteinase-27 (MMP-27,
CMMP). legumain, cathepsin B, cathepsin C, cathepsin K, cathepsin L, cathepsin S, cathepsin X.
cathepsin D, cathepsin E. secretase, urokinase (uPA). tissue-type plasminogen activator (tPA),
plasmin, thrombin, prostate-specific antigen (PSA. KLK3), human neutrophil elastase (HNE),
elastase, tryptase, Type II transmembrane serine proteases (TTSPs). DESC1, hepsin (HPN),
matriptase, matriptase-2, TMPRSS2, TMPRSS3, TMPRSS4 (CAP2), fibroblast activation protein
(FAP), kallikrein-related peptidase (KLK family), KLK4, KLKS5, KLK6, KLK7, KLKS8, KLK10,
KLK11, KLK13, and KLK14. In some embodiments, the RS is a substrate for ADAM17. In some
embodiments, the RS is a substrate for BMP-1. In some embodiments, the RS is a substrate for
cathepsin. In some embodiments, the RS is a substrate for HtrAl. In some embodiments, the RS is a
substrate for legumain. In some embodiments, the RS is a substrate for MMP-1. In some
cmbodiments, the RS is a substratc for MMP-2. In some cmbodiments, the RS is a substratc for
MMP-7. In some embodiments, the RS is a substrate for MMP-9. In some embodiments, the RS is a
substrate for MMP-11. In some embodiments, the RS is a substrate for MMP-14. In some

embodiments, the RS is a substrate for uPA. In some embodiments, the RS is a substrate for
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matriptase. In some embodiments, the RS is a substrate for MT-SP1. In some embodiments, the RS

is a substrate for neutrophil clastase. In some embodiments, the RS is a substrate for thrombin. In

some embodiments RS is a substrate for TMPRSS3. In some embodiments, the RS is a substrate for

TMPRSS4. In some embodiments, the RS of the subject recombinant polypeptide compositions is a

substrate for at least two proteases including but not limited to legumain, MMP-1, MMP-2, MMP-7,
MMP-9, MMP-11, MMP-14, uPA, and matriptase. In some embodiments, the RS of the subject

recombinant polypeptide compositions is a substrate for legumain, MMP-1. MMP-2, MMP-7, MMP-
9. MMP-11. MMP-14. uPA, and matriptase. In specific embodiments, the RS of the subject

recombinant polypeptide compositions is not a substrate for legumain. In some embodiments, the RS

of the subject recombinant polypeptide compositions is a substrate for uPA. matriptase (also known as
MT-SP1 and ST14). MMP2. MMP7, MMP9, and MMP14. In some embodiments, the RS of the

subject recombinant polypeptide compositions is substrate for uPA, matriptase, MMP2, MMP7,
MMP9, and MMP14 but not legumain.

Table 6a: Fusion Protein Release Segment Sequences.

Name Amino Acid Sequence SEQ ID NO:
RSR-1517 EAGRSANHEPLGLVAT 7001
BSRS-A1-1 ASGRSTNAGPSGLAGP 7002
BSRS-A2-1 ASGRSTNAGPQGLAGQ 7003
BSRS-A3-1 ASGRSTNAGPPGLTGP 7004
VP-1 ASSRGTNAGPAGLTGP 7005
RSR-1752 ASSRTTNTGPSTLTGP 7006
RSR-1512 AAGRSDNGTPLELVAP 7007
RSR-1517 EAGRSANHEPLGLVAT 7008
VP-2 ASGRGTNAGPAGLTGP 7009
RSR-1018 LFEGRNDNHEPLELGGG 7010
RSR-1053 TAGRSDNLEPLGLVEG 7011
RSR-1059 LDGRSDNFHPPELVAG 7012
RSR-1065 LEGRSDNEEPENLVAG 7013
RSR-1167 LKGRSDNNAPLALVAG 7014
RSR-1201 VYSRGTNAGPHGLTGR 7015
RSR-1218 ANSRGTNKGFAGLIGP 7016
RSR-1226 ASSRLTNEAPAGLTIP 7017
RSR-1254 DQSRGTNAGPEGLTDP 7018
RSR-1256 ESSRGTNIGQGGLTGP 7019
RSR-1261 SSSRGTNQDPAGLTIP 7020
RSR-1293 ASSRGONHSPMGLTGP 7021
RSR-1309 AYSRGPNAGPAGLEGR 7022
RSR-1326 ASERGNNAGPANLTGF 7023
RSR-1345 ASHRGTNPKPAILTGP 7024
RSR-1354 MSSRRTNANPAQLTGP 7025
RSR-1426 GAGRTDNHEPLELGAA 7026
RSR-1478 LAGRSENTAPLELTAG 7027
RSR-1479 LEGRPDNHEPLALVAS 7028
RSR-1496 LSGRSDNEEPLALPAG 7029
RSR-1508 EAGRTDNHEPLELSAP 7030
RSR-1513 EGGRSDNHGPLELVSG 7031
RSR-1516 LSGRSDNEAPLELEAG 7032
RSR-1524 LGGRADNHEPPELGAG 7033
RSR-1622 PPSRGTNAEPAGLTGE 7034
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Name Amino Acid Sequence SEQ ID NO:
RSR-1629 ASTRGENAGPAGLEAP 7035
RSR-1664 ESSRGTNGAPEGLTGP 7036
RSR-1667 ASSRATNESPAGLTGE 7037
RSR-1709 ASSRGENPPPGGLTGP 7038
RSR-1712 AASRGTNTGPAELTGS 7039
RSR-1727 AGSRTTNAGPGGLEGP 7040
RSR-1754 APSRGENAGPATLTGA 7041
RSR-1819 ESGRAANTGPPTLTAP 7042
RSR-1832 NPGRAANEGPPGLPGS 7043
RSR-1855 ESSRAANLTPPELTGP 7044
RSR-1911 ASGRAANETPPGLTGA 7045
RSR-1929 NSGRGENLGAPGLTGT 7046
RSR-1951 TTGRAANLTPAGLTGP 7047
RSR-2295 EAGRSANHTPAGLTGP 7048
RSR-2298 ESGRAANTTPAGLTGP 7049
RSR-2038 TTGRATEAANLTPAGLTGP 7050
RSR-2072 TTGRAEEAANLTPAGLTGP 7051
RSR-2089 TTGRAGEAANLTPAGLTGP 7052
RSR-2302 TTGRATEAANATPAGLTGP 7053
RSR-3047 TTGRAGEAEGATSAGATGP 7054
RSR-3052 TTGEAGEAANATSAGATGP 7055
RSR-3043 TTGEAGEAAGLTPAGLTGP 7056
RSR-3041 TTGAAGEAANATPAGLTGP 7057
RSR-3044 TTGRAGEAAGLTPAGLTGP 7058
RSR-3057 TTGRAGEAANATSAGATGP 7059
RSR-3058 TTGEAGEAAGATSAGATGP 7060
RSR-2485 ESGRAANTEPPELGAG 7061
RSR-2486 ESGRAANTAPEGLTGP 7062
RSR-2488 EPGRAANHEPSGLTEG 7063
RSR-2599 ESGRAANHTGAPPGGLTGP 7064
RSR-2706 TTGRTGEGANATPGGLTGP 7065
RSR-2707 RTGRSGEAANETPEGLEGP 7066
RSR-2708 RTGRTGESANETPAGLGGP 7067
RSR-2709 STGRTGEPANETPAGLSGP 7068
RSR-2710 TTGRAGEPANATPTGLSGP 7069
RSR-2711 RTGRPGEGANATPTGLPGP 7070
RSR-2712 RTGRGGEAANATPSGLGGP 7071
RSR-2713 STGRSGESANATPGGLGGP 7072
RSR-2714 RTGRTGEEANATPAGLPGP 7073
RSR-2715 ATGRPGEPANTTPEGLEGP 7074
RSR-2716 STGRSGEPANATPGGLTGP 7075
RSR-2717 PTGRGGEGANTTPTGLPGP 7076
RSR-2718 PTGRSGEGANATPSGLTGP 7077
RSR-2719 TTGRASEGANSTPAPLTEP 7078
RSR-2720 TYGRAAEAANTTPAGLTAP 7079
RSR-2721 TTGRATEGANATPAELTEP 7080
RSR-2722 TVGRASEEANTTPASLTGP 7081
RSR-2723 TTGRAPEAANATPAPLTGP 7082
RSR-2724 TWGRATEPANATPAPLTSP 7083
RSR-2725 TVGRASESANATPAELTSP 7084
RSR-2726 TVGRAPEGANSTPAGLTGP 7085
RSR-2727 TWGRATEAPNLEPATLTTP 7086
RSR-2728 TTGRATEAPNLTPAPLTEP 7087
RSR-2729 TQGRATEAPNLSPAALTSP 7088
RSR-2730 TQGRAAEAPNLTPATLTAP 7089
RSR-2731 TSGRAPEATNLAPAPLTGP 7090
RSR-2732 TQGRAAEAANLTPAGLTEP 7091
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Name Amino Acid Sequence SEQ ID NO:
RSR-2733 TTGRAGSAPNLPPTGLTTP 7092
RSR-2734 TTGRAGGAENLPPEGLTAP 7093
RSR-2735 TTSRAGTATNLTPEGLTAP 7094
RSR-2736 TTGRAGTATNLPPSGLTTP 7095
RSR-2737 TTARAGEAENLSPSGLTAP 7096
RSR-2738 TTGRAGGAGNLAPGGLTEP 7097
RSR-2739 TTGRAGTATNLPPEGLTGP 7098
RSR-2740 TTGRAGGAANLAPTGLTEP 7099
RSR-2741 TTGRAGTAENLAPSGLTTP 7100
RSR-2742 TTGRAGSATNLGPGGLTGP 7101
RSR-2743 TTARAGGAENLTPAGLTEP 7102
RSR-2744 TTARAGSAENLSPSGLTGP 7103
RSR-2745 TTARAGGAGNLAPEGLTTP 7104
RSR-2746 TTSRAGAAENLTPTGLTGP 7105
RSR-2747 TYGRTTTPGNEPPASLEAE 7106
RSR-2748 TYSRGESGPNEPPPGLTGP 7107
RSR-2749 AWGRTGASENETPAPLGGE 7108
RSR-2750 RWGRAETTPNTPPEGLETE 7109
RSR-2751 ESGRAANHTGAEPPELGAG 7110
RSR-2754 TTGRAGEAANLTPAGLTES 7111
RSR-2755 TTGRAGEAANLTPAALTES 7112
RSR-2756 TTGRAGEAANLTPAPLTES 7113
RSR-2757 TTGRAGEAANLTPEPLTES 7114
RSR-2758 TTGRAGEAANLTPAGLTGA 7115
RSR-2759 TTGRAGEAANLTPEGLTGA 7116
RSR-2760 TTGRAGEAANLTPEPLTGA 7117
RSR-2761 TTGRAGEAANLTPAGLTEA 7118
RSR-2762 TTGRAGEAANLTPEGLTEA 7119
RSR-2763 TTGRAGEAANLTPAPLTEA 7120
RSR-2764 TTGRAGEAANLTPEPLTEA 7121
RSR-2765 TTGRAGEAANLTPEPLTGP 7122
RSR-2766 TTGRAGEAANLTPAGLTGG 7123
RSR-2767 TTGRAGEAANLTPEGLTGG 7124
RSR-2768 TTGRAGEAANLTPEALTGG 7125
RSR-2769 TTGRAGEAANLTPEPLTGG 7126
RSR-2770 TTGRAGEAANLTPAGLTEG 7127
RSR-2771 TTGRAGEAANLTPEGLTEG 7128
RSR-2772 TTGRAGEAANLTPAPLTEG 7129
RSR-2773 TTGRAGEAANLTPEPLTEG 7130
RSR-3213 EAGRSASHTPAGLTGP 7628
Table 6b: Release Segment Sequences
Name Amino Acid Sequence SIIE\IQO]D Name Amino Acid Sequence S};QOID
GSAPGSAGGYAELRMGG GTAEAASASGGSAGGYA
RSN-0001 | prarsesEreGT 7131 RSC-0001 | pp rvceazpese 7379
GSAPGTGGGYAPLRMGG GTAEAASASGGTGGGYA
RSN-0002 GAATSGSETPCT 7132 RSC-0002 PLRMCGGAPGS P 7380
GSAPGAEGGYAALRMGG . GTAEAASASGGAEGGYA
RSN-0003 | prarsesETRGT 7133 RSC-0003 | aprMceETRGS P 7381
GSAPGGPGGYALLRMGG GTAEAASASGGGPGGYA
RSN-0004 PAATSGSETPGT 7134 RSC-0004 LLRMGGPAPGS P 7382
GSAPGEAGGYAFLRMGG GTAEAASASGGEAGGYA
RSN-0005 | 51arscserpaT 7135 RSC-0005 | pprmcesPGse 7383
GSAPGPGGGYASLRMGG GTAEAASASGGPGGGYA
RSN-0006 TAATSGSETPGT 7136 RSC-0006 SLRMCGTAPGS P 7384
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Name Amino Acid Sequence SI;%ID Name Amino Acid Sequence Sl;l\](())l])
RSN-0008 | Con PETECOIATLIMEE 1 7138 | RSC-0008 | T nvrn o SETECCER | 7386
RSN-0010 | Gont oo o e | 7140 | RSC-0010 | propitonSSseteete | gae8
RSN-0012 | o2 P PSom i VEIEE | g1y | RSC-0012 | or oot nCETE L 7300
RSN-0014 | coPomBomiosiEE | q144 | RSC-0014 | oroveeonocan o | 1302
RSN-0016 | Sonr oot o tOBERMEC | g146 | RsC-0016 | ianiac SeeSTECe 7304
RSN-0018 | oo OPe o PRPlIEE | 7148 | RSC-0018 | or puene PO CERCTEER | 7306
RSN-0010 | SoRIEERIORRSLINEC | 149 | Rsc0019 | STEPARSASEOSEIERR 1 7397
RSN-0020 | CoPPOmEICSABLIMES | 7150 | RSC-0020 | ornveee o COTEIESA | 7308
RSN-0022 | SERPOCTICTASLRNEE | q1s2 | RSC-0022 | oinveeonacas o | 7400
RSN-0024 | oonectooPRBLRMEC | gysy | Rsc0024 | TTRRRRSRSEEREREE a0
RSN-0026 | contCTECTIRBLIMEE 1 9156 | RSC-0026 | ot mvener o COTEEVER N 7404
RSN-0028 | Sonrooto CENERIEC 1 g1s8 | RSC10028 | orabaennooeo U 7406
RSN-0030 | o2 P omSETIRIIRIEE 1 g160 | RsC-0030 | oo nrieetSEEREETR | 408
RSN-0032 | GoPPomionnRIEE | q162 | RSC-0032 | o mveeomacen | 7410
RSN-0034 | SSRPCCTORYARLRNCE | 7164 | RSC-0034 | ol over o SCOSTORER | qypy
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Name Amino Acid Sequence SI;%ID Name Amino Acid Sequence Sl;l\](())l])
RSN-0036 | oon ot oo B BVRMEE | 166 | RsC-0036 | por it PSS BECCR gy
RSN-0038 | canpoconnren 00 | 7168 | RSC-0038 | prilRRSASSEIECCER g6
RSN-0040 | SSRPECTOCIRISRNCE | 7170 | RsC-0040 | SonihioASEESCCR | g
RSN-0042 | oonoCoSSmBBBANES | 172 | Rscooaz | STAPEESRSEERCCCR a0
RSN-0043 | sorPoSEECIRBIVICE | 9173 | RSC-0043 | Srameenmacns o | 7421
RSN-0044 | gonp ot too D EE | g1y | RSC-00aa | TLannRSRSSETECCER 1 g
RSN-0046 | Son ool SO TRSEIMEC 1 176 | RsC-0046 | prneons SECTESTR gy
RSN-0049 | SoPPOSEESIRBLAMES | 9179 | RsC-0049 EESE?@;??ES?,EGGYA 7427
RSN-0050 | Gons ot FOCTRBLIMES | 180 | Rsc00s0 | STIPRESRSCETECCER | g4
RSN-0053 | Gonpciaro mbFBEC | 13 | RSC-0053 | franer o SETRACEER gy
RSN-0055 | SontOSEOOIABLRICE 1 7185 | RSC-0055 | ormremnnocoot OO 433
RSN-0061 | SoP PO oo Rt RICE | 7101 | RSC-0061 | o1 mreemnacas o | 7439
RSN-0063 | SSPPCASCEYARLRIAC | 7193 | RSC-0063 | oimimemnooon O g4
RSN-0064 | SoRTSSLSSIESERIE 1 7104 | RSC-0064 | ol e SRS SECTETR 1 a4
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Name Amino Acid Sequence SI;%ID Name Amino Acid Sequence S};:\]%ID
RSN-0065 | ooneconmmemn U0 | 7195 | RSC-0065 | oiarteo DS BACER g
RSN-0068 | conrocommien 0 | 7198 | RSC-0068 | ororieonSSSTEOCTR | qu46
RSN-0070 | SoAPECTEm RS | 7200 | RsC-0070 Eiiﬁgﬁiiigg?mm 7448
RSN-0071 | Sone SR E TR | 1201 | Rsc-0071 | Sonent SESCCRNHTER g4
RSN-0073 | oo oo oot TP | 1203 | RSC-0073 | o moneeno SoTEREES 1 q4sy
RSN-0079 | SoPPCiIOCREOLIOFE | 7200 | RSC-0079 | G nemmonocottORC | qasy
RSN-0080 | SorPOSiomPA i VECE | 7210 | RSC-0080 | §ioteenracan co | 7458
RSN-0081 | oonpocae ot PEVREE | oy | Rsca0081 | TimniORSSETECCAR 450
RSN-0082 | SoRPoRESEPARLVEEE | 12 | RSC-0082 | grumeansocontoohR L 7460
RSN-0083 | Son oolSAR bVREE | 9013 | RSC-0083 | Slomaennsco o SRR | 7461
RSN-0084 | SonTOREOSPATIVECE | 7014 | RSC-0084 | SrorenonoCTRACERA | 46
RSN-0085 | pongocarmman 00 | 7215 | RSC-0085 | grumaeonaaan | 7463
RSN-0086 | onr oot oot PEVREE 1 7016 | RSC-0086 | ot irentoaan o | 7464
RSN-0087 | CorPOiEOCPACLYREE | 7217 | RSC-0087 | orimenonocan oo | 7465
RSN-0088 | D7D REIRA RS | 218 | Rsc-0088 | oo no RS CERR | e
RSN-0080 | SoRPCetemPOIbVESS | 19 | RSC-0089 | FTunin o SECSTECAS g6
RSN-0091 | ponnomosomVIEVREE | a1 | RSCo0001 | TTORRRORSEETECCAY 1460
RSN-0002 | STAPCSECCRINLVRCE | 722 | RsC-0002 | G ner s RSCOSECCRL | 470
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Name Amino Acid Sequence SI;%ID Name Amino Acid Sequence S};:\]%ID
RSN-0095 C;iiiggggizgggmmc@ 7225 RSC-0095 Eiiﬁé‘éiiiggiTGGAQ 7473
V| SRTRECTICR | | e | SR |
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Name Amino Acid Sequence SI;%ID Name Amino Acid Sequence S};:\]%ID
o | ST | gy | e | IRt |
RvIo6r | SATEESTCTIRTEET | g | wscaoor | Somsne e |
RSN-1832 | Sorn IPOTAAIEn Tl | 7269 | RSC-1832 | poontRoRSSRISRAR 9517
RSN-1911 gzﬁﬁgg%g;PP(}L 7271 RSC-1911 :iﬁéﬁ;gﬁg@ggm 7519
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Name Amino Acid Sequence SI;%ID Name Amino Acid Sequence S};:\]%ID
RSN-3043 | Jcincpnnocsenrer | %2 | RSO3 | Giiimeacimerreos | 5%
RSN-3041 | 7 pnrocaereer | 729 | RSC3MI | o crrersose | 759!
RSN-304 | ncrmepanscsprper | 7284 | RSC04 | Jucrmoncrncppcop | 752
RSN-2486 gzﬁig:gﬁﬁgﬁPEGL 7288 RSC-2486 g:ﬁﬁ;éiii:gm 7536
s | SATTICRICENITE | 01 | scam | SORRSRSCTICRIEE |y
e ar | ST | g | s | S RCTI T | e

89




WO 2025/122957 PCT/US2024/059007
Name Amino Acid Sequence SI;%ID Name Amino Acid Sequence S};:\]%ID
RSN-2726 | Jeincenpocsenrer | M | RSOV | Cuicreacirerress | 750
RSN-2727 | 3ot ronmseasreer | P12 | RSC2T2T | o rrerese. | 700
RSN-2728 | pprrppanscserper | 713 | RSC278 | dowmpnpropeecep | 756!
RSN-2729 | JXmeonpseserrer | 9M | RSC220 | Courcs inerrcse | 7562
RSN-2730 | 100 nenrocamzeer | 715 | RSCZTO | fonirmapsase. | 795
RSN-OT31 | 2 irepnpsessrrer | 716 | RSCOBL | dperprneerosr | 794
RSN-2732 | Jcimneansesprrer | PV | RSO | duuteacizersese | 7565
RSN-2733 | rirprpnpseserrer | 7918 | RSC2T | Jourtertroneroer | 7506
RSN-2T34 | pormapansoserper | 731 | RSC73 | dowbvecronpecor | 757
RSN-2735 | ol npazecanrrer | 720 | RSC2T3S | Jnue ronprose | 7598
RSN-2736 | Sernmpapacsareer | 2 | RSC26 | pmurppccirreeces | 75
RSN-2737 | Crnenrsaozrrer | P2 | RSCDT | dococcimnerose | 7
RSN-2738 | Cornppnracsareer | P2 | RSO3 | Jouniccrmpescse | 757)
RSN-2739 | cobrpnpsasrrrer | 72 | RSC29 | iooscimeerosr | 79
RSN-2740 | rrnpanseserrer | 725 | RSC2MO0 | Gt Croseecer | 75
RSN-2741 | Slrpppnpsasgrrer | 726 | RSC2T4L | G ot mrercer | 757
RSN-742 | Corncpansoserper | 37 | RSCZ2 | dnucocerseeecse | 7575
RSN-2743 | (0 mnpnnecenrrer | P2 | RSOV | ioimencizserase | 7576
RSN-44 | cormepansoserper | 32 | RSCZM | dougpscinceeese | 7577
RSN-2745 | ol rnneasmrrer | P30 | RSCUS | o mrercer | 79
RSN-2746 | permcpanscserper | 7330 | RSC2746 | Jowrmprcioceecsp | 7570
RSN-Y4T | 0 onenpseserrer | 992 | RSC2MT | Covrooncrmanrose | 750
RSN-2748 | Sirernnseserrer | 7% | RSO | Covppppcincercse | 7
RSN-2149 | 77 copnpsesprrer | 7% | RSC29 | Connonprconrose | 7%
RSN-27%0 | oorpnpnnseserrer | 79 | RSCT0 | touropncrprnrcer | 7
RSN-2751 | Sorcacansesgrser | 7% | RSCZTSL | fncanpoorcacecse | 7%
RSN-2T54 | ernpsarsesereer | 3 | RSO | danppenciressese | 7
RSN-2755 | 2 enecsmrror | 38 | RSCTSS | Gt wesrosr | 758
RSN-27%6 | pornpsnracsareer | 79 | RSO | pawmonpromseese | 75
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Name Amino Acid Sequence SI;%ID Name Amino Acid Sequence S};:\]%ID
RSN-2757 | cormponnecserrer | 79 | RSCVST | Giuimenorrsspene | 7%
RSN-2758 | (Cincannsosnrpor | 7341 | RSC2TS8 | iirit C nearcse | 75
RSN2759 | erneantaaserrer | 732 | RSC-279 | tirmoecivcasces | 7
RSN-2760 | ¢ otreannoosmrrer | 734 | RSC2760 | o urners remsose | 7901
RSN-2761 | 18 oanrocsmreer | 7> | RSCZI6L | pinooncrosasese | 752
RSN-2762 | o vonnpsasereer | 7345 | RSC62 | prrorcronarcss | 753
RSN-2763 | oinannnocspnrer | 76 | RSCVI6 | duvivonpirsasese | 75
RSN-2764 | ooivonnpscsereer | 7347 | RSC-2764 | orneo s tonrcer | 7595
RSN-2765 | Gotncrarsaserrer | 738 | RSC-2765 | foiinbe ovrcrsose | 7%
RSN-2766 | 20 roennsasnrrer | 79 | RSC2T66 | Lot S reerasr. | 77
RSN-2767 | perneenracsareer | %0 | RSCVST | paropecrrccecse | 758
RSN-2768 | o incennsosmreor | 7951 | RSC2T68 | it vecrcer | 75
RSN-2769 | gorncenpacsarper | 7552 | RSC269 | iatropeorsceecer | 7OW
RSN-2710 | o cansaserrer | 7358 | RSC-2770 | prnes i rncrose | 760!
RSN-2771 | 58 rncansoserrer | 738 | RSC2TTL | Groeciomesces | 7602
RSN-2772 | iiivneansaserrer | 7355 | RSC-2T72 | it o croer | 7603
RSN-2T73 | oinecarsaserrer | 3% | RSC2T3 | G beevreceose | 7V
RSN-3047 | 20 eeneaomraer | 757 | RSCI04T | o reeraer | 7605
RSN-2T8) | peonnecserrer | 3% | RSOV | incicarcesese | 7%
RSN-3102 | omnosacmmoan T | 7361 | RSC3102 | b i ot SBRSEEEE | 609
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Name Amino Acid Sequence SI;%ID Name Amino Acid Sequence S};:\]%ID

[0241] In some embodiments, a fusion protein comprises an RS1 and an RS2 that have different rates
of cleavage and different cleavage efficiencies to multiple proteases for which they are substrates. As
a given protease may be found in different concentrations in a tumor, compared to healthy tissues or
in circulation, the disclosure provides RSs that have a higher or lower cleavage efficiency for a given
protease in order to ensure that a fusion protein is preferentially converted from the inactive form to
the active form (i.e., by the separation and release of the cytokines and ELNNs from the fusion
protein after cleavage of the RSs) when in proximity to the cancer cell or tissue and its co-localized
proteases compared to the rate of cleavage of the RSs in healthy tissue or the circulation such that the
released cytokine of the fusion proteins have a greater ability to bind to ligands in the tumor compared
to the inactive form that remains in circulation. By such selective designs. the therapeutic index of the
resulting compositions can be improved. resulting in reduced side effects relative to convention

therapeutics that do not incorporate such site-specific activation.

[0242] In some embodiments, cleavage efficiency is the log: value of the ratio of the percentage of
the test substrate comprising the RS cleaved to the percentage of the control substrate AC1611
cleaved when each is subjected to the protease enzyme in biochemical assays in which reaction in
conducted wherein the initial substrate concentration is 6 pM, the reactions are incubated at 37°C for
2 hours before being stopped by adding EDTA, with the amount of digestion products and uncleaved
substrate analyzed by non-reducing SDS-PAGE to establish the ratio of the percentage cleaved. The

% Cleaved for substrate of interest )

cleavage cfficicncy may be calculated as follows: Log, (U/ cleaved for ACL6LL in the same experiment
0

Thus, a cleavage efficiency of -1 means that the amount of test substrate cleaved was 50% compared

to that of the control substrate, while a cleavage efficiency of +1 means that the amount of test
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substrate cleaved was 200% compared to that of the control substrate. A higher rate of cleavage by
the test protease relative to the control would result in a higher cleavage efficiency, and a slower rate
of cleavage by the test protease relative to the control would result in a lower cleavage efficiency. A
control RS sequence AC1611 (RSR-1517), having the amino acid sequence
EAGRSANHEPLGLVAT (SEQ ID NO: 7001), was established as having an appropriate baseline
cleavage efficiency by the proteases legumain, MMP-2, MMP-7, MMP-9, MMP-14, uPA, and
matriptase, when tested in in vifro biochemical assays for rates of cleavage by the individual
proteases. By sclective substitution of amino acids at individual locations in the RS peptides, libraries
of RS were created and evaluated against the panel of the 7 proteases, resulting in profiles that were
used to establish guidelines for appropriate amino acid substitutions in order to achieve RS with
desired cleavage efficiencies. In some embodiments, in making RSs with desired cleavage
efficiencies. substitutions using the hydrophilic amino acids A. E, G. P. S, and T are preferred.
however other L-amino acids can be substituted at given positions in order to adjust the cleavage
efficiency so long as the RSs retain at least some susceptibility to cleavage by a given protease.
Conservative substitutions of amino acids in a peptide to retain or effect activity is well within the
knowledge and capabilities of a person within skill in the art. In some embodiments, the disclosure
provides an RS in which the RS is cleaved by a protease including but not limited to MMP-2, MMP-
7, MMP-9, MMP-14. uPA, or matriptase (also known as MT-SP1) with at least a 0.2 log», or 0.4 logz.
or 0.8 logz, or 1.0 log: higher cleavage efficiency in an in vitro biochemical competitive assay
compared to the cleavage by the same protease of a control sequence RSR-1517 having the sequence
EAGRSANHEPLGLVAT (SEQ ID NO: 7001). In some embodiments. the disclosure provides an RS
in which the RS is cleaved by a protease including but not limited to MMP-2, MMP-7, MMP-9,
MMP-11, uPA, or matriptase with at least a 0.2 log., or 0.4 log-, or 0.8 logz, or 1.0 log, lower
clecavage cfficicncy in an in vitro biochcmical compctitive assay compared to the clcavage by the
same protease of a control sequence RSR-1517 having the sequence EAGRSANHEPLGLVAT (SEQ
ID NO: 7001). In some embodiments, the disclosure provides an RS in which the rate of cleavage of
the RS by a protease including but not limited to MMP-2, MMP-7, MMP-9, MMP-14, uPA, or
matriptase is at least 2-fold, or at least 4-fold, or at least 8 fold, or at least 16-fold faster compared to
the control sequence RSR-1517 having the sequence EAGRSANHEPLGLVAT (SEQ ID NO: 7001).
In some embodiments, the disclosure provides an RS in which the rate of cleavage of the RS by a
protease including but not limited to MMP-2, MMP-7. MMP-9, MMP-14, uPA. or matriptase is at
least 2-fold, or at least 4-fold, or at least 8-fold, or at least 16-fold slower compared to the control
sequence RSR-1517 having the sequence EAGRSANHEPLGLVAT (SEQ ID NO: 7001).

[0243] In some embodiments, the RS comprises the amino acid sequence EAGRSAXHTPAGLTGP
(SEQ ID NO: 7627), wherein X is any amino acid other than N. In some embodiments, X is S. In

some embodiments, X is T. In some embodiments, X is Y. In some embodiments, X is Q. In some
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embodiments, X is G. In some embodiments, X is A. In some embodiments, X is V. In some
embodiments, X is C. In some embodiments, X is P. In some embodiments, X is L. In some
embodiments, X is I. In some embodiments, X is M. In some embodiments, X is F. In some
embodiments, X is K. In some embodiments, X is R. In some embodiments, X is H. In some
embodiments, X is D. In some embodiments, X is E. In some embodiments, the RS is not cleaved by
legumain. In some embodiments, the RS is not cleavable by legumain in human blood, plasma, or
serum. Advantageously, the RS amino acid sequence EAGRSAXHTPAGLTGP (SEQ ID NO: 7627),
wherein X is any amino acid other than N, eliminates a glycosylation site on the sequence. Removal
of said glycosylation site may improve accessibility of the release site to be acted upon by the tumor
associate protease. Removal of said glycosylation site may improve expression of the fusion protein

harboring said RS sequence.

[0244] In some embodiments, the RS is not cleavable upon incubation with about 1nM or less
legumain for about 20 hours. In some embodiments, the RS is cleaved by legumain less quickly or
efficiently than RSR-2295 (EAGRSANHTPAGLTGP; SEQ ID NO:7048) is cleaved by legumain. In
some embodiments, the RS is cleaved by legumain at a rate that is less than about 50% of the rate that
legumain cleaves RSR-2295 (EAGRSANHTPAGLTGP; SEQ ID NO:7048). In some embodiments,
the RS is cleaved by legumain at a rate that is less than about 25% of the rate that legumain cleaves
RSR-2295. In some embodiments, the RS is cleaved by legumain at a rate that is less than about 10%
of the rate that legumain cleaves RSR-2295. In some embodiments, the RS is cleaved by legumain at
a rate that is less than about 5% of the rate that legumain cleaves RSR-2295. In some embodiments,
the RS is cleaved by legumain at a rate that is less than about 2.5% of the rate that legumain cleaves
RSR-2295.

[0245] In some embodiments, the RS is cleaved by legumain at a rate that is less than about 50% of
the rate that legumain cleaves RSR-2295 (EAGRSANHTPAGLTGP: SEQ ID NO:7048) in human
plasma. In some embodiments, the RS is cleaved by legumain at a rate that is less than about 25% of
the rate that legumain cleaves RSR-2295 in human plasma. In some embodiments, the RS is cleaved
by legumain at a rate that is less than about 10% of the rate that legumain cleaves RSR-2295 in human
plasma. In some embodiments. the RS is cleaved by legumain at a rate that is less than about 5% of
the rate that legumain cleaves RSR-2295 in human plasma. In some embodiments, the RS is cleaved
by legumain at a rate that is less than about 2.5% of the rate that legumain cleaves RSR-2295 in

human plasma.

[0246] In some embodiments, the disclosure provides fusion proteins comprising multiple RSs

wherein each RS sequence is identified herein by the group of sequences set forth in Table 6a and the
RSs are linked to cach other by 1 to 6 amino acids that are glycine, serine, alanine, and threonine. In
some embodiments, a fusion protein comprises a first RS and a second RS different from the first RS

wherein each RS sequence is identified herein by a sequence set forth in Table 6a and the RSs are
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linked to each other by 1 to 6 amino acids that are glycine, serine, alanine, and threonine. In some
embodiments, the fusion protein comprises a first RS, a second RS different from the first RS, and a
third RS different from the first and the second RS wherein cach sequence is identified herein by s
sequence set forth in Table 6a and the first and the second and the third RS are linked to each other by
1 to 6 amino acids that are glycine, serine, alanine, and threonine. In some embodiments, multiple RS
of the fusion protein can be concatenated to form a sequence that can be cleaved by multiple proteases
at different rates or efficiency of cleavage. In some embodiments, the disclosure provides a fusion
protein comprising an RS1 and an RS2. wherein each has a sequences set forth in Table 6a or 6b and
ELNNSs (e.g., an ELNN1 and ELNN2), such as those described herein, wherein the RS1 is fused
between the ELNN1 and the cytokines and the RS2 is fused between the ELNN2 and the cytokines.
In some embodiments. a fusion protein is more readily cleaved in target tissues that express multiple
proteases (e.g., tumor tissues), compared with healthy tissues or when in the normal circulation, with
the result that the resulting fragments bearing the cytokines would more readily penetrate the target

tissue: €.g.. a tumor, and have an enhanced ability to bind and link the cancer cell and the effector cell.

[0247] In some embodiments, a fusion protein comprises a first release segment (RS1) positioned
between a first ELNN and a cytokine. In some embodiments, the polypeptide further comprises a
second release segment (RS2) positioned between the cytokine and a second ELNN. In some
embodiments. RS1 and RS2 are identical in sequence. In some embodiments, RS1 and RS2 are not
identical in sequence. In some embodiments, the RS1 comprises an amino acid sequence having at
least 85%. 90%. 91%, 92%, 93%, 94%. 95%., 96%, 97%, 98%. 99% or 100% sequence identity to a
sequence identified herein in Table 6a or 6b or a subset thereof. In some embodiments, the RS2
comprises an amino acid sequence having at least 85%, 90%, 91%. 92%. 93%. 94%, 95%. 96%. 97%.
98%. 99% or 100% sequence identity to a sequence identified herein in Table 6a or 6b or a subset
thereof. In some embodiments, the RS1 and RS2 are each a substrate for cleavage by multiple

proteases at one, two, or three cleavage sites within each release segment sequence.

[0248] In some embodiments, the fusion protein further comprises one or more reference fragments
(e.g., barcode fragments) releasable from the fusion protein upon digestion by the protease. In some
embodiments. the one or more reference fragments is a single reference fragment that differs in
sequence and molecular weight from all other peptide fragments that are releasable from the

polypeptide upon digestion of the polypeptide by the protease.

Exemplary Fusion Proteins

[0249] In some embodiments, a fusion protein comprises an amino acid sequence having at least
(about) 80% sequence identity to a sequence set forth in Table Al and Table A2 (SEQ ID NOs: 1000-
1042) or a subset thereof. In some embodiments, the fusion protein comprises an amino acid sequence
having at least (about) 81%, at least (about) 82%, at least (about) 83%, at least (about) 84%, at least
(about) 85%, at least (about) 86%, at least (about) 87%, at least (about) 88%, at least (about) 89%, at
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least (about) 90%, at least (about) 91%, at least (about) 92%, at least (about) 93%, at least (about)
94%, at least (about) 95%, at least (about) 96%, at least (about) 97%, at least (about) 98%, at least
(about) 99%, or (about) 100% sequence identity to a sequence set forth in SEQ ID NOs: 1000-1042 or
a subset thereof. In some embodiments, the fusion protein comprises an amino acid sequence having
at least (about) 90%, at least (about) 91%. at least (about) 92%, at least (about) 93%, at least (about)
94%, at least (about) 95%, at least (about) 96%, at least (about) 97%, at least (about) 98%. at least
(about) 99%, or (about) 100% sequence identity to a sequence set forth in SEQ ID NOs: 1000-1042 or
a subset thereof. In some embodiments. the fusion protein comprises an amino acid sequence identical

to a sequence set forth in SEQ ID NOs: 1000-1042.

[0250] In some embodiments, a fusion protein comprises a first polypeptide subunit comprising an
amino acid sequence having at least (about) 81%, at least (about) 82%, at least (about) 83%, at least
(about) 84%, at least (about) 85%, at least (about) 86%, at least (about) 87%, at least (about) 88%, at
least (about) 89%, at least (about) 90%, at least (about) 91%, at least (about) 92%. at least (about)
93%, at least (about) 94%, at least (about) 95%, at least (about) 96%, at least (about) 97%, at least
(about) 98%, at least (about) 99%, or (about) 100% sequence identity to a sequence set forth in SEQ
ID NO: 1000, and a second polypeptide subunit comprising an amino acid sequence having at least
(about) 81%, at least (about) 82%, at least (about) 83%, at least (about) 84%, at least (about) 85%, at
least (about) 86%. at least (about) 87%. at least (about) 88%. at least (about) 89%. at least (about)
90%, at least (about) 91%, at least (about) 92%. at least (about) 93%. at least (about) 94%. at least
(about) 95%, at least (about) 96%, at least (about) 97%, at least (about) 98%, at least (about) 99%, or
(about) 100% sequence identity to a sequence set forth in SEQ ID NO: 1033,

[0251] In some embodiments, a fusion protein comprises a first polypeptide subunit comprising an
amino acid sequence having at least (about) 81%, at least (about) 82%, at least (about) 83%, at least
(about) 84%, at least (about) 85%, at least (about) 86%, at least (about) 87%, at least (about) 88%, at
least (about) 89%, at least (about) 90%. at least (about) 91%. at least (about) 92%., at least (about)
93%, at least (about) 94%, at least (about) 95%, at least (about) 96%. at least (about) 97%. at least
(about) 98%, at least (about) 99%, or (about) 100% sequence identity to a sequence set forth in SEQ
1D NO: 1001, and a second polypeptide subunit comprising an amino acid sequence having at least
(about) 81%, at least (about) 82%, at least (about) 83%, at least (about) 84%, at least (about) 85%. at
least (about) 86%., at least (about) 87%, at least (about) 88%, at least (about) 89%, at least (about)
90%, at least (about) 91%, at least (about) 92%, at least (about) 93%, at least (about) 94%, at least
(about) 95%. at least (about) 96%. at least (about) 97%, at least (about) 98%, at least (about) 99%, or
(about) 100% sequence identity to a sequence set forth in SEQ ID NO: 1033.

[0252] In some embodiments, a fusion protein comprises a first polypeptide subunit comprising an
amino acid sequence having at least (about) 81%, at least (about) 82%, at least (about) 83%, at least

(about) 84%, at least (about) 85%, at least (about) 86%, at least (about) 87%, at least (about) 88%, at
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least (about) 89%, at least (about) 90%, at least (about) 91%, at least (about) 92%, at least (about)
93%, at least (about) 94%, at least (about) 95%, at least (about) 96%, at least (about) 97%, at least
(about) 98%, at least (about) 99%, or (about) 100% sequence identity to a sequence set forth in SEQ
ID NO: 1002, and a second polypeptide subunit comprising an amino acid sequence having at least
(about) 81%, at least (about) 82%, at least (about) 83%, at least (about) 84%, at least (about) 85%, at
least (about) 86%, at least (about) 87%, at least (about) 88%. at least (about) 89%., at least (about)
90%, at least (about) 91%, at least (about) 92%, at least (about) 93%, at least (about) 94%. at least
(about) 95%, at least (about) 96%, at least (about) 97%, at least (about) 98%, at least (about) 99%, or
(about) 100% sequence identity to a sequence set forth in SEQ ID NO: 1033.

[0253] In some embodiments, a fusion protein comprises a first polypeptide subunit comprising an
amino acid sequence having at least (about) 81%, at least (about) 82%, at least (about) 83%, at least
(about) 84%, at least (about) 85%, at least (about) 86%, at least (about) 87%, at least (about) 88%, at
least (about) 89%, at least (about) 90%, at least (about) 91%, at least (about) 92%. at least (about)
93%, at least (about) 94%, at least (about) 95%, at least (about) 96%, at least (about) 97%, at least
(about) 98%, at least (about) 99%, or (about) 100% sequence identity to a sequence set forth in SEQ
ID NO: 1003, and a second polypeptide subunit comprising an amino acid sequence having at least
(about) 81%, at least (about) 82%, at least (about) 83%, at least (about) 84%, at least (about) 85%, at
least (about) 86%. at least (about) 87%. at least (about) 88%. at least (about) 89%. at least (about)
90%, at least (about) 91%, at least (about) 92%. at least (about) 93%. at least (about) 94%. at least
(about) 95%, at least (about) 96%, at least (about) 97%, at least (about) 98%, at least (about) 99%, or
(about) 100% sequence identity to a sequence set forth in SEQ ID NO: 1034,

[0254] In some embodiments, a fusion protein comprises a first polypeptide subunit comprising an
amino acid sequence having at least (about) 81%, at least (about) 82%, at least (about) 83%, at least
(about) 84%, at least (about) 85%, at least (about) 86%, at least (about) 87%, at least (about) 88%, at
least (about) 89%, at least (about) 90%. at least (about) 91%. at least (about) 92%., at least (about)
93%, at least (about) 94%, at least (about) 95%, at least (about) 96%. at least (about) 97%. at least
(about) 98%, at least (about) 99%, or (about) 100% sequence identity to a sequence set forth in SEQ
1D NO: 1004, and a second polypeptide subunit comprising an amino acid sequence having at least
(about) 81%, at least (about) 82%, at least (about) 83%, at least (about) 84%, at least (about) 85%. at
least (about) 86%., at least (about) 87%, at least (about) 88%, at least (about) 89%, at least (about)
90%, at least (about) 91%, at least (about) 92%, at least (about) 93%, at least (about) 94%, at least
(about) 95%. at least (about) 96%. at least (about) 97%, at least (about) 98%, at least (about) 99%, or
(about) 100% sequence identity to a sequence set forth in SEQ ID NO: 1035.

[0255] In some embodiments, a fusion protein comprises a first polypeptide subunit comprising an
amino acid sequence having at least (about) 81%, at least (about) 82%, at least (about) 83%, at least

(about) 84%, at least (about) 85%, at least (about) 86%, at least (about) 87%, at least (about) 88%, at
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least (about) 89%, at least (about) 90%, at least (about) 91%, at least (about) 92%, at least (about)
93%, at least (about) 94%, at least (about) 95%, at least (about) 96%, at least (about) 97%, at least
(about) 98%, at least (about) 99%, or (about) 100% sequence identity to a sequence set forth in SEQ
ID NO: 1005, and a second polypeptide subunit comprising an amino acid sequence having at least
(about) 81%, at least (about) 82%, at least (about) 83%, at least (about) 84%, at least (about) 85%, at
least (about) 86%, at least (about) 87%, at least (about) 88%. at least (about) 89%., at least (about)
90%, at least (about) 91%, at least (about) 92%, at least (about) 93%, at least (about) 94%. at least
(about) 95%, at least (about) 96%, at least (about) 97%, at least (about) 98%, at least (about) 99%, or
(about) 100% sequence identity to a sequence set forth in SEQ ID NO: 1036.

[0256] In some embodiments, a fusion protein comprises a first polypeptide subunit comprising an
amino acid sequence having at least (about) 81%, at least (about) 82%, at least (about) 83%, at least
(about) 84%, at least (about) 85%, at least (about) 86%, at least (about) 87%, at least (about) 88%, at
least (about) 89%, at least (about) 90%, at least (about) 91%, at least (about) 92%. at least (about)
93%, at least (about) 94%, at least (about) 95%, at least (about) 96%, at least (about) 97%, at least
(about) 98%, at least (about) 99%, or (about) 100% sequence identity to a sequence set forth in SEQ
ID NO: 1000, and a second polypeptide subunit comprising an amino acid sequence having at least
(about) 81%, at least (about) 82%, at least (about) 83%, at least (about) 84%, at least (about) 85%, at
least (about) 86%. at least (about) 87%. at least (about) 88%. at least (about) 89%. at least (about)
90%, at least (about) 91%, at least (about) 92%. at least (about) 93%. at least (about) 94%. at least
(about) 95%, at least (about) 96%, at least (about) 97%, at least (about) 98%, at least (about) 99%, or
(about) 100% sequence identity to any one sequence set forth in SEQ ID NOs: 1033-1036.

[0257] In some embodiments, a fusion protein comprises a first polypeptide subunit comprising an
amino acid sequence having at least (about) 81%, at least (about) 82%, at least (about) 83%, at least
(about) 84%, at least (about) 85%, at least (about) 86%, at least (about) 87%, at least (about) 88%, at
least (about) 89%, at least (about) 90%. at least (about) 91%. at least (about) 92%., at least (about)
93%, at least (about) 94%, at least (about) 95%, at least (about) 96%. at least (about) 97%. at least
(about) 98%, at least (about) 99%, or (about) 100% sequence identity to a sequence set forth in SEQ
1D NO: 1001, and a second polypeptide subunit comprising an amino acid sequence having at least
(about) 81%, at least (about) 82%, at least (about) 83%, at least (about) 84%, at least (about) 85%. at
least (about) 86%., at least (about) 87%, at least (about) 88%, at least (about) 89%, at least (about)
90%, at least (about) 91%, at least (about) 92%, at least (about) 93%, at least (about) 94%, at least
(about) 95%. at least (about) 96%. at least (about) 97%, at least (about) 98%, at least (about) 99%, or
(about) 100% sequence identity to any one sequence set forth in SEQ ID NOs: 1033-1036.

[0258] In some embodiments, a fusion protein comprises a first polypeptide subunit comprising an
amino acid sequence having at least (about) 81%, at least (about) 82%, at least (about) 83%, at least

(about) 84%, at least (about) 85%, at least (about) 86%, at least (about) 87%, at least (about) 88%, at
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least (about) 89%, at least (about) 90%, at least (about) 91%, at least (about) 92%, at least (about)
93%, at least (about) 94%, at least (about) 95%, at least (about) 96%, at least (about) 97%, at least
(about) 98%, at least (about) 99%, or (about) 100% sequence identity to a sequence set forth in SEQ
ID NO: 1002, and a second polypeptide subunit comprising an amino acid sequence having at least
(about) 81%, at least (about) 82%, at least (about) 83%, at least (about) 84%, at least (about) 85%, at
least (about) 86%, at least (about) 87%, at least (about) 88%. at least (about) 89%., at least (about)
90%, at least (about) 91%, at least (about) 92%, at least (about) 93%, at least (about) 94%. at least
(about) 95%, at least (about) 96%, at least (about) 97%, at least (about) 98%, at least (about) 99%, or
(about) 100% sequence identity to any one sequence set forth in SEQ ID NOs: 1033-1036.

[0259] In some embodiments, a fusion protein comprises a first polypeptide subunit comprising an
amino acid sequence having at least (about) 81%, at least (about) 82%, at least (about) 83%, at least
(about) 84%, at least (about) 85%, at least (about) 86%, at least (about) 87%, at least (about) 88%, at
least (about) 89%, at least (about) 90%, at least (about) 91%, at least (about) 92%. at least (about)
93%, at least (about) 94%, at least (about) 95%, at least (about) 96%, at least (about) 97%, at least
(about) 98%, at least (about) 99%, or (about) 100% sequence identity to a sequence set forth in SEQ
ID NO: 1003, and a second polypeptide subunit comprising an amino acid sequence having at least
(about) 81%, at least (about) 82%, at least (about) 83%, at least (about) 84%, at least (about) 85%, at
least (about) 86%. at least (about) 87%. at least (about) 88%. at least (about) 89%. at least (about)
90%, at least (about) 91%, at least (about) 92%. at least (about) 93%. at least (about) 94%. at least
(about) 95%, at least (about) 96%, at least (about) 97%, at least (about) 98%, at least (about) 99%, or
(about) 100% sequence identity to any one sequence set forth in SEQ ID NOs: 1033-1036.

[0260] In some embodiments, a fusion protein comprises a first polypeptide subunit comprising an
amino acid sequence having at least (about) 81%, at least (about) 82%, at least (about) 83%, at least
(about) 84%, at least (about) 85%, at least (about) 86%, at least (about) 87%, at least (about) 88%, at
least (about) 89%, at least (about) 90%. at least (about) 91%. at least (about) 92%., at least (about)
93%, at least (about) 94%, at least (about) 95%, at least (about) 96%. at least (about) 97%. at least
(about) 98%, at least (about) 99%, or (about) 100% sequence identity to a sequence set forth in SEQ
1D NO: 1004, and a second polypeptide subunit comprising an amino acid sequence having at least
(about) 81%, at least (about) 82%, at least (about) 83%, at least (about) 84%, at least (about) 85%. at
least (about) 86%., at least (about) 87%, at least (about) 88%, at least (about) 89%, at least (about)
90%, at least (about) 91%, at least (about) 92%, at least (about) 93%, at least (about) 94%, at least
(about) 95%. at least (about) 96%. at least (about) 97%, at least (about) 98%, at least (about) 99%, or
(about) 100% sequence identity to any one sequence set forth in SEQ ID NOs: 1033-1036.

[0261] In some embodiments, a fusion protein comprises a first polypeptide subunit comprising an
amino acid sequence having at least (about) 81%, at least (about) 82%, at least (about) 83%, at least

(about) 84%, at least (about) 85%, at least (about) 86%, at least (about) 87%, at least (about) 88%, at
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least (about) 89%, at least (about) 90%, at least (about) 91%, at least (about) 92%, at least (about)
93%, at least (about) 94%, at least (about) 95%, at least (about) 96%, at least (about) 97%, at least
(about) 98%, at least (about) 99%, or (about) 100% sequence identity to a sequence set forth in SEQ
ID NO: 1005, and a second polypeptide subunit comprising an amino acid sequence having at least
(about) 81%, at least (about) 82%, at least (about) 83%, at least (about) 84%, at least (about) 85%, at
least (about) 86%, at least (about) 87%, at least (about) 88%. at least (about) 89%., at least (about)
90%, at least (about) 91%, at least (about) 92%, at least (about) 93%, at least (about) 94%. at least
(about) 95%, at least (about) 96%, at least (about) 97%, at least (about) 98%, at least (about) 99%, or
(about) 100% sequence identity to any one sequence set forth in SEQ ID NOs: 1033-1036.

[0262] It is specifically contemplated that the compositions of this disclosure can comprise sequence
variants of the amino acid sequences set forth in Table A, such as with linker sequence(s) substituted
or inserted or with purification tag sequence(s) attached thereto, so long as the variants exhibit

substantially similar or same bioactivity/bioactivities and/or activation mechanism(s).

Table A1: Exemplary amino acid sequences of IL-12p35 polypeptides

S];%ID AMINO ACID SEQUENCE

1000 ASGPGTSTEPSEGSAPGTSESATPESGPGSGPGTSESATPGTSESATPESGPGSEPATSGS
ETPGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSE
(P72H TPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESG
Sub35) PGTSESATPESGPGTSESATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEE
GTSTEPSEGSAPGTSTEPSEGSAPGSEPATSGSETPGTSESATEAGRSASHT PAGLTGPGT
PESATPESRNLPVATPDPGMFPCLHHSONLLRAVSNMLOKARQTLEFYPCTSEEIDHEDIT
KDKTSTVEACLPLELTKNESCLNSRETSFITNGSCLASRKTSFMMALCLSSIYEDLKMYQV
EFKTMNAKLLMDPKRQIFLDONMLAVIDELMQALNFNSETVPQKSSLEEPDEFYKTKIKLCT
LLHAFRIRAVTIDRVMSYLNASGTATPESAPEAGRSASHTPAGLTGPATPESGPGTSTEPS
EGSAPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGSEPATSGSETPGTSESATP
ESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSESATPE
SGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGTSESATPES
GPGTSASATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEEGTSTEPSEGSA
PGTSTEPSEGSAPGSEPATSGSETPGEPEA

1001 ASGPGTSTEPSEGSAPGTSESATPESGPGSGPGTSESATPGTSESATPESGPGSEPATSGS
(P73H ETPGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSE
Sub35) TPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESG
PGTSESATPESGPGTSESATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEE
GTSTEPSEGSAPGTSTEPSEGSAPGSEPATSGSETPGTSESATEAGRSASHT PAGLTGPGT
PESATPESRNLPVATPDPGMFPCLHHSONLLRAVSNMLOKARQTLEFYPCTSEEIDHEDIT
KDKTSTVEACLPLELTKNESCLNSRETSFITNGSCLASRKTSFMMALCLSSIYEDLKMYQV
EFKTMNAKLLMD PKRQIFLDONMLAVIDELMQALNEFNSETVPQKSSLEEPDFYKTKIKLCT
LLHAFRIRAVTIDRVMSYLSSAGTATPESAPEAGRSASHTPAGLTGPATPESGPGTSTEPS
EGSAPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGSEPATSGSETPGTSESATP
ESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSESATPE
SGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGTSESATPES
GPGTSASATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEEGTSTEPSEGSA
PGTSTEPSEGSAPGSEPATSGSETPGEPEA

1002 ASGPGTSTEPSEGSAPGTSESATPESGPGSGPGTSESATPGTSESATPESGPGSEPATSGS
(P74H ETPGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSE
Sub35) TPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESG
PGTSESATPESGPGTSESATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEE
GTSTEPSEGSAPGTSTEPSEGSAPGSEPATSGSETPGTSESATEAGRSASHT PAGLTGPGT
PESATPESRNLPVATPDPGMFPCLHHSQNLLRAVSNMLOKARQTLEFYPCTSEEIDHEDIT
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KDKTSTVEACLPLELTKNESCLNSRETSFITNGSCLASRKTSFMMALCLSSIYEDLKMYQV
EFKTMNAKLLMD PKRQIFLDONMLAVIDELMQALNFNSETVPQKSSLEEPDFYKTKIKLCT
LLHAFRIRAVTIDRVMSYLQASGTATPESAPEAGRSASHTPAGLTGPATPESGPGTSTEPS
EGSAPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGSEPATSGSETPGTSESATP
ESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSESATPE
SGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGTSESATPES
GPGTSASATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEEGTSTEPSEGSA
PGTSTEPSEGSAPGSEPATSGSETPGEPEA

1003 ASSATPESGPGTSTEPSEGSAPGTSESATPESGPGSGPGTSESATPGTSESATPESGPGSE
(P31H PATSGSETPGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEP
Sub35) ATSGSETPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSES
ATPESGPGTSESATPESGPGTSESATPEAGRSASHTPAGLTGPGTPESATPESRNLPVATP
DPGMFPCLHHSQNLLRAVSNMLQKARQTLEFYPCTSEEIDHEDITKDKTSTVEACLPLELT
KNESCLNSRETSFITNGSCLASRKTSFMMALCLSSIYEDLKMYQVEFKTMNAKLLMDPKRQ
IFLDONMLAVIDELMQALNFNSETVPQKSSLEEPDFYKTKIKLCILLHAFRIRAVTIDRVM
SYLNASGTATPESS PGEAGRSASHT PAGLTGPATPESGPGTSTEPSEGSAPGSPAGSPTST
EEGTSESATPESGPGSEPATSGSETPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTE
EGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPGTSASATPESGPGSEPATSGSETP
GSEPATSGSETPGS PAGSPTSTEEGTSTEPSEGSAPGTSTEPSEGSAPGSEPATGEPEA
1004 ASSATPESGPGTSTEPSEGSAPGTSESATPESGPGSGPGTSESATPGTSESATPESGPGSE
(P27H PATSGSETPGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEP
Sub35) ATSGSETPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSES
ATPESGPGTSESATPESGPGTSESATPEAGRSASHTPAGLTGPGTPESATPESRNLPVATP
DPGMFPCLHHSQNLLRAVSNMLOKARQTLEFYPCTSEEIDHEDITKDKTSTVEACLPLELT
KNESCLNSRETSFITNGSCLASRKTSFMMALCLSSIYEDLKMYQVEFKTMNAKLLMDPKRQ
IFLDONMLAVIDELMOALNEFNSETVPOKSSLEEPDFYKTKIKLCILLHAFRIRAVT IDRVM
SYLNASGTATPESS PGEAGRSASHT PAGLTGPATPESGPGTSTEPSEGSAPGSPAGSPTST
EEGTSESATPESGPGSEPATSGSETPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTE
EGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPGTSASATPESGPGSEPATSGSETP
GSEPATSGSETPGS PAGSPTSTEEGTSTEPSEGSAPGTSTEPSEGSAPGSEPATGEPEA
1005 ASGPGTSTEPSEGSAPGTSESATPESGPGSGPGTSESATPGTSESATPESGPGSEPATSGS
(P25H ETPGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSE
Sub35) TPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESG
PGTSESATPESGPGTSESATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEE
GTSTEPSEGSAPGTSTEPSEGSAPGSEPATSGSETPGTSESAT PEAGRSASHTPAGLTGPG
TPESATPESRNLPVATPDPGMFPCLHHSONLLRAVSNMLOQKARQTLEFYPCTSEEIDHEDT
TKDKTSTVEACLPLELTKNESCLNSRETSFITNGSCLASRKTSFMMALCLSSIYEDLKMYQ
VEFKTMNAKLLMDPKRQIFLDQNMLAVIDELMQALNENSETVPQKSSLEEPDFYKTKIKLC
ILLHAFRIRAVTIDRVMSYLNASGTATPESSPGEAGRSASHTPAGLTGPATPESGPGTSTE
PSEGSAPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGSEPATSGSETPGTSESA
TPESGPGTSTEPSEGSAPGS PAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSESAT
PESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGTSESATP
ESGPGTSASATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEEGTSTEPSEG
SAPGTSTEPSEGSAPGSEPATSGSETPGEPEA

1006 HHHHHHHHGS PAGS PTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTE
(PO1H PSEGSAPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGS
Sub35) PTSTEEGTSESATPESGPGTSTEPSEGSAPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPS
EGSAPGTSTEPSEGSAPGTSESATPESGPGTSTEPSEGSAPGTSESATPESGPGSEPATSG
SETPGTSTEPSEGSAPGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPEAGRSANHT
PAGLTGPGTAEAASASGRNLPVATPDPGMFPCLHHSQNLLRAVSNMLQKARQTLEFYPCTS
EEIDHEDITKDKTSTVEACLPLELTKNESCLNSRETSFITNGSCLASRKTSFMMALCLSST
YEDLKMYQVEFKTMNAKLLMDPKRQIFLDONMLAVIDELMOQALNFNSETVPQKSSLEEPDF
YKTKIKLCILLHAFRIRAVTIDRVMSYLNASGTAEAASASG

1007 ASGPGTSTEPSEGSAPGTSESATPESGPGSGPGTSESATPGTSESATPESGPGSEPATSGS
P71M ETPGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSE
Sub35) TPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESG

PGTSESATPESGPGTSESATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEE
GTSTEPSEGSAPGTSTEPSEGSAPGSEPATSGSETPGTSESATEAGRSASHT PAGLTGPGT
PESATPESRVIPVSGPARCLSQSRNLLKTTDDMVKTAREKLKHYSCTAEDIDHEDITRDQT
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STLKTCLPLELHKNESCLATRETSSTTRGSCLPPQKTSLMMTLCLGSIYEDLKMYQTEFQA
INAALONHNHQQTITLDKGMLVAIDELMQSLNHNGETLRQKPPVGEADPYRVKMKLCILLHA
FSTRVVTINRVMGYLNASGTAT PESAPEAGRSASHTPAGLTGPATPESGPGTSTEPSEGSA
PGTSESATPESGPGSEPATSGSETPGTSESATPESGPGSEPATSGSETPGTSESATPESGP
GTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSESATPESGPG
SPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPGT
SASATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEEGTSTEPSEGSAPGTS
TEPSEGSAPGSEPATSGSETPGEPEA

1008 ASGPGTSTEPSEGSAPGTSESATPESGPGSGPGTSESATPGTSESATPESGPGSEPATSGS
@P70M ETPGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSE
Sub35) TPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESG
PGTSESATPESGPGTSESATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEE
GTSTEPSEGSAPGTSTEPSEGSAPGSEPATSGSETPGTSESATEAGRSASHT PAGLTGPGT
PESATPESRVIPVSGPARCLSQSRNLLKTTDDMVKTAREKLKHYSCTAEDIDHEDITRDQT
STLKTCLPLELHKNESCLATRETSSTTRGSCLPPQKTSLMMTLCLGSIYEDLKMYQTEFQA
INAALONHNHQQITLDKGMLVAIDELMQSLNHNGETLRQKPPVGEADPYRVKMKLC ILLHA
FSTRVVTINRVMGYLSSAGTATPESAPEAGRSASHTPAGLTGPATPESGPGTSTEPSEGSA
PGTSESATPESGPGSEPATSGSETPGTSESATPESGPGSEPATSGSETPGTSESATPESGP
GTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSESATPESGPG
SPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPGT
SASATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEEGTSTEPSEGSAPGTS
TEPSEGSAPGSEPATSGSETPGEPEA

1009 ASSATPESGPGTSTEPSEGSAPGTSESATPESGPGSGPGTSESATPGTSESATPESGPGSE
(P30M PATSGSETPGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEP
Sub35) ATSGSETPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSES
ATPESGPGTSESATPESGPGTSESATPEAGRSASHTPAGLTGPGTPESATPESRVIPVSGP
ARCLSQSRNLLKTTDDMVKTAREKLKHYSCTAEDIDHEDITRDQTSTLKTCLPLELHKNES
CLATRETSSTTRGSCLPPQKTSLMMTLCLGSIYEDLKMYQTEFQAINAALONHNHQQOTITILD
KGMLVAIDELMQSLNHNGETLRQKPPVGEADPYRVKMKLCILLHAFSTRVVTINRVMGYLS
SAGTATPESSPGEAGRSASHTPAGLTGPATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGT
SESATPESGPGSEPATSGSETPGTSESATPESGPGSPAGSPTSTEEGS PAGSPTSTEEGTS
TEPSEGSAPGTSESATPESGPGTSESATPESGPGTSASATPESGPGSEPATSGSETPGSEP
ATSGSETPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSEGSAPGSEPATGEPEA

1030 ASSATPESGPGTSTEPSEGSAPGTSESATPESGPGSGPGTSESATPGTSESATPESGPGSE
P26M PATSGSETPGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEP
Sub35) ATSGSETPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSES
ATPESGPGTSESATPESGPGTSESATPEAGRSASHTPAGLTGPGTPESATPESRVIPVSGP
ARCLSQSRNLLKTTDDMVKTAREKLKHYSCTAEDIDHEDITRDQTSTLKTCLPLELHKNES
CLATRETSSTTRGSCLPPQKTSLMMTLCLGS IYEDLKMYQTEFQAINAALQONHNHQQITLD
KGMLVAIDELMQSLNHNGETLRQKPPVGEADPYRVKMKLCILLHAFSTRVVTINRVMGYLS
SAGTATPESSPGEAGRSASHTPAGLTGPATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGT
SESATPESGPGSEPATSGSETPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGTS
TEPSEGSAPGTSESATPESGPGTSESATPESGPGTSASATPESGPGSEPATSGSETPGSEP
ATSGSETPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSEGSAPGSEPATGEPEA

1031 ASGPGTSTEPSEGSAPGTSESATPESGPGSGPGTSESATPGTSESATPESGPGSEPATSGS
P24M ETPGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSE
Sub35) TPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESG
PGTSESATPESGPGTSESATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEE
GTSTEPSEGSAPGTSTEPSEGSAPGSEPATSGSETPGTSESATPEAGRSASHTPAGLTGPG
TPESATPESRVIPVSGPARCLSQSRNLLKTTDDMVKTAREKLKHYSCTAEDIDHEDITRDQ
TSTLKTCLPLELHKNESCLATRETSSTTRGSCLPPQKTSLMMTLCLGSIYEDLKMYQTEFQ
ATNAALQNHNHQQTI ILDKGMLVAIDELMQSLNHNGETLRQKPPVGEADPYRVKMKLCILLH
AFSTRVVTINRVMGYLSSAGTATPESSPGEAGRSASHTPAGLTGPATPESGPGTSTEPSEG
SAPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGSEPATSGSETPGTSESATPES
GPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSESATPESG
PGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGTSESATPESGP
GTSASATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEEGTSTEPSEGSAPG
TSTEPSEGSAPGSEPATSGSETPGEPEA
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1032 GSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPG
Po1M TSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEEGT
Sub35) SESATPESGPGTSTEPSEGSAPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTS
TEPSEGSAPGTSESATPESGPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGTST
EPSEGSAPGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPEAGRSANHTPAGLTGPG
TAEAASASGMWELEKDVYVVEVDWT PDAPGETVNLTCDTPEEDDITWT SDQRHGVIGSGKT
LTITVKEFLDAGQYTCHKGGETLSHSHLLLHKKENGIWSTEILKNFKNKTFLKCEAPNYSG
RETCSWLVQRNMDLKENIKSSSSSPDSRAVICGMASLSAEKVTLDQRDYEKYSVSCQEDVT
CPTAEETLPIELALEARQONKYENYSTSFFIRDIIKPDPPKNLOMKPLKNSQVEVSWEYPD
SWSTPHSYFSLKFFVRIQRKKEKMKETEEGCNQKGAFLVEKTSTEVQCKGGNVCVQAQDRY
YNSSCSKWACVPCRVRSGTAEAASASGEAGRSANHT PAGLTGPGTSESATPESGPGSEPAT
SGSETPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSAPGSPAGSP
TSTEEGTSESATPESGPGSEPATSGSETPGTSESATPESGPGSPAGSPTSTEEGSPAGSPT
STEEGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPGTSESATPESGPGSEPATSGS
ETPGSEPATSGSETPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSEGSAPGSEPATSGSE
TPGTSESATPESGPGTSTEPSEGSAP

Table A2: Exemplary amino acid sequences of IL-12p40 polypeptides

S];%ID AMINO ACID SEQUENCE

1033 ASGPGTSTEPSEGSAPGTSESATPESGPGSGPATSESATPGTSESATPESGPGSEPATSGS
(P72H/P73 | ETPGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSE
TPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESG

H/P74H PGTSESATPESGPGTSESATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEE
Sub40) GTSTEPSEGSAPGTSTEPSEGSAPGSEPATSGSETPGTSESATEAGRSASHTPAGLTGPTS
ESATPESIWELKKDVYVVELDWYPDAPGEMVVLTCDTPEEDGITWTLDQSSEVLGSGKTLT
IQVKEFGDAGQYTCHKGGEVLSHSLLLLHKKEDGIWS TDILKDQKEPKNKTFLRCEAKNYS
GRFTCWWLTTISTDLTFSVKSSRGSSDPQGVTCGAATLSAERVRGDNKEYEYSVECQEDSA
CPAAEESLPIEVMVDAVHKLKYENYTSSFFIRDIIKPDPPKNLOQLKPLKNSRQVEVSWEYP
DITWSTPHSYFSLTFCVQVQGKSKREKKDRVETDKTSATVICRKNASISVRAQDRYYSSSWS
EWASVPCSGTATPESGPGEAGRSASHT PAGLTGPATPESGPGS PAGSPTSTEEGSPAGSPT
STEEGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGTSESATPESGPGSEPATSGS
ETPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSAPGSPAGSPTST
EEGTSESATPESGPGSEPATSGSET PGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTE
EGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPGTSPSATPESGPGSEPATSGSETP

GSEPATSGSETPGS PAG
1034 ASSATPESGPGTSTEPSEGSAPGTSESATPESGPGSGPATSESATPGTSESATPESGPGSE
(P31H PATSGSETPGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEP

Sub40) ATSGSETPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSES
ATPESGPGTSESATPESGPGTSESATPEAGRSASHTPAGLTGPTSESATPESIWELKKDVY
VVELDWYPDAPGEMVVLTCDTPEEDGITWTLDQSSEVLGSGKTLT IQVKEFGDAGQYTCHK
GGEVLSHSLLLLHKKEDGIWSTDILKDQKEPKNKTFLRCEAKNYSGRFTCWWLTTISTDLT
FSVKSSRGSSDPQGVTCGAATLSAERVRGDNKEYEYSVECQEDSACPAAEESLPTIEVMVDA
VHKLKYENYTSSFFIRDIIKPDPPKNLQLKPLKNSRQVEVSWEYPDTWSTPHSYFSLTECV
QVOGKSKREKKDRVFTDKTSATVICRKNASISVRAQDRYYSSSWSEWASVPCSAPGTSESA
TPESGPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGTSTEPSEGSAPGTSTEPS
EGSAPGTSESATPESGPGPSESATPESGPGSPAGSPTSTEEGTSESATPESGPGSEPATSG

SETPGTSESATPESGPGT
1035 ASSATPESGPGTSTEPSEGSAPGTSESATPESGPGSGPATSESATPGTSESATPESGPGSE
(P27H PATSGSETPGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEP

Sub40) ATSGSETPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSES
ATPESGPGTSESATPESGPGTSESATPEAGRSASHTPAGLTGPTSESATPESIWELKKDVY
VVELDWYPDAPGEMVVLTCDTPEEDGITWTLDQSSEVLGSGKTLT IQVKEFGDAGQYTCHK
GGEVLSHSLLLLHKKEDGIWSTDILKDQKEPKNKTFLRCEAKNYSGRFTCWWLTTISTDLT
FSVKSSRGSSDPQGVTCGAATLSAERVRGDNKEYEYSVECQEDSACPAAEESLPIEVMVDA
VHKLKYENYTSSFFIRDIIKPDPPKNLQLKPLKNSRQVEVSWEYPDTWSTPHSYFSLTFCV
QVOGKSKREKKDRVFTDKTSATVICRKNASISVRAQDRYYSSSWSEWASVPCSGTATPESG
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PGEAGRSASHTPAGLTGPAT PESGPGSEPATSGSETPGTSESATPESGPGSEPATSGSETP
GTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPG
TSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGT
SESATPESGPGTSPSATPESGPGSEPATSGSETPGSEPATSGSET
1036 ASGPGTSTEPSEGSAPGTSESATPESGPGSGPATSESATPGTSESATPESGPGSEPATSGS
(P25H ETPGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSE

Sub40) TPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESG
PGTSESATPESGPGTSESATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEE
GTSTEPSEGSAPGTSTEPSEGSAPGSEPATSGSETPGTSESATPEAGRSASHTPAGLTGPT
SESATPESIWELKKDVYVVELDWYPDAPGEMVVLTCDTPEEDGITWTLDQSSEVLGSGKTL
TIQVKEFGDAGQYTCHKGGEVLSHSLLLLHKKEDGIWSTDILKDQKE PKNKTFLRCEAKNY
SGRETCWWLTTISTDLTEFSVKSSRGSSDPOGVTCGAATLSAERVRGDNKEYEYSVECQEDS
ACPAAEESLPIEVMVDAVHKLKYENYTSSFFIRDITIKPDPPKNLQLKPLKNSRQVEVSWEY
PDTWSTPHSYFSLTFCVQVQGKSKREKKDRVFTDKTSATVICRKNASISVRAQDRYYSSSW
SEWASVPCSGTATPESGPGEAGRSASHTPAGLTGPATPESGPGSPAGSPTSTEEGS PAGSP
TSTEEGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGTSESATPESGPGSEPATSG
SETPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSAPGSPAGSPTS
TEEGTSESATPESGPGSEPATSGSETPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTST
EEGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPGTSPSATPESGPGSEPATSGSET
PGSEPATSGSETPGSPAG
1037 GSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPG
(PO1H TSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEEGT
Sub40) SESATPESGPGTSTEPSEGSAPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTS
TEPSEGSAPGTSESATPESGPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGTST
EPSEGSAPGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPEAGRSANHTPAGLTGPG
TAEAASASGIWELKKDVYVVELDWYPDAPGEMVVLTCDTPEEDGITWTLDQSSEVLGSGKT
LTIQVKEFGDAGQYTCHKGGEVLSHSLLLLHKKEDGIWSTDILKDQKE PKNKTFLRCEAKN
YSGRETCWWLTTISTDLTFSVKSSRGSSDPQGVTCGAATLSAERVRGDNKEYEYSVECQED
SACPAAEESLPIEVMVDAVHKLKYENYTSSFFIRDIIKPDPPKNLQLKPLKNSRQVEVSWE
YPDTWSTPHSYFSLTFCVQVQGKSKREKKDRVEFTDKT SATVICRKNASISVRAQDRYYSSS
WSEWASVPCSGTAEAASASGEAGRSANHT PAGLTGPGTSESATPESGPGSEPATSGSETPG
TSESATPESGPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGT
SESATPESGPGSEPATSGSETPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGTS
TEPSEGSAPGTSESATPESGPGTSESATPESGPGTSESATPESGPGSEPATSGSETPGSEP
ATSGSETPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSEGSAPGSEPATSGSETPGTSES
ATPESGPGTSTEPSEGSAP

1038 ASGPGTSTEPSEGSAPGTSESATPESGPGSGPATSESATPGTSESATPESGPGSEPATSGS
P70M/P71 | ETPGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSE
M Sub40) TPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESG
PGTSESATPESGPGTSESATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEE
GTSTEPSEGSAPGTSTEPSEGSAPGSEPATSGSETPGTSESATEAGRSASHT PAGLTGPTS
ESATPESMWELEKDVYVVEVDWT PDAPGETVNLTCDTPEEDDITWTSDQRHGVIGSGKTLT
ITVKEFLDAGQYTCHKGGETLSHSHLLLHKKENGIWSTE ILKNFKNKTFLKCEAPNYSGRF
TCSWLVQRNMDLKEFNIKSSSSSPDSRAVICGMASLSAEKVTLDORDYEKYSVSCQEDVTCP
TAEETLPIELALEARQONKYENYSTSFFIRDIIKPDPPKNLOMKPLKNSQVEVSWEYPDSW
STPHSYFSLKFFVRIQRKKEKMKETEEGCNQKGAFLVEKTSTEVQCKGGNVCVQAQDRYYN
SSCSKWACVPCRVRSGTATPESGPGEAGRSASHTPAGLTGPATPESGPGSPAGSPTSTEEG
SPAGSPTSTEEGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGTSESATPESGPGS
EPATSGSETPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSAPGSP
AGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSESATPESGPGSPAGSPTSTEEGSPA
GSPTSTEEGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPGTSPSATPESGPGSEPA
TSGSETPGSEPATSGSETPGSPAG
1039 ASSATPESGPGTSTEPSEGSAPGTSESATPESGPGSGPATSESATPGTSESATPESGPGSE
(P30M PATSGSETPGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEP
Sub40) ATSGSETPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSES
ATPESGPGTSESATPESGPGTSESATPEAGRSASHTPAGLTGPTSESATPESMWELEKDVY
VVEVDWTPDAPGETVNLTCDTPEEDDITWTSDQRHGVIGSGKTLT ITVKEFLDAGQYTCHK
GGETLSHSHLLLHKKENGIWSTEILKNFKNKTFLKCEAPNYSGRFTCSWLVQRNMDLKENT
KSSSSSPDSRAVTCGMASLSAEKVTLDQRDYEKYSVSCQEDVTCPTAEETLPIELALEARQD
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Sl;%l]) AMINO ACID SEQUENCE
ONKYENYSTSFFIRDIIKPDPPKNLOMKPLKNSQVEVSWEYPDSWSTPHSYFSLKFFVRIQ
RKKEKMKETEEGCNQKGAFLVEKTSTEVQCKGGNVCVQAQDRYYNSSCSKWACVPCRVRSA
PGTSESATPESGPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGTSTEPSEGSAP
GTSTEPSEGSAPGTSESATPESGPGPSESATPESGPGSPAGSPTSTEEGTSESATPESGPG
SEPATSGSETPGTSESATPESGPGT

1040 ASSATPESGPGTSTEPSEGSAPGTSESATPESGPGSGPATSESATPGTSESATPESGPGSE
P26M PATSGSETPGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEP
Sub40) ATSGSETPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSES
ATPESGPGTSESATPESGPGTSESATPEAGRSASHTPAGLTGPTSESATPESMWELEKDVY
VVEVDWTPDAPGETVNLTCDTPEEDDITWTSDQRHGVIGSGKTLT ITVKEFLDAGQYTCHK
GGETLSHSHLLLHKKENGIWSTEILKNFKNKTFLKCEAPNYSGREFTCSWLVQRNMDLKENT
KSSSSSPDSRAVTICGMASLSAEKVTLDQRDYEKYSVSCQEDVTCPTAEETLPIELALEARQ
ONKYENYSTSFFIRDIIKPDPPKNLOMKPLKNSQVEVSWEYPDSWSTPHSYFSLKFFVRIQ
RKKEKMKETEEGCNQKGAFLVEKTSTEVQCKGGNVCVQAQDRYYNSSCSKWACVPCRVRSG
TATPESGPGEAGRSASHT PAGLTGPATPESGPGSEPATSGSETPGTSESATPESGPGSEPA
TSGSETPGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPAT
SGSETPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESAT
PESGPGTSESATPESGPGTSPSATPESGPGSEPATSGSETPGSEPATSGSET

1041 ASGPGTSTEPSEGSAPGTSESATPESGPGSGPATSESATPGTSESATPESGPGSEPATSGS
P24aM ETPGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSE
Sub40) TPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESG
PGTSESATPESGPGTSESATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEE
GTSTEPSEGSAPGTSTEPSEGSAPGSEPATSGSETPGTSESAT PEAGRSASHTPAGLTGPT
SESATPESMWELEKDVYVVEVDWTPDAPGETVNLTCDTPEEDDITWT SDQRHGVIGSGKTL
TITVKEFLDAGQYTCHKGGETLSHSHLLLHKKENGIWSTEILKNFKNKTFLKCEAPNYSGR
FTCSWLVQRNMDLKFNIKSSSSSPDSRAVTCGMASLSAEKVTLDORDYEKYSVSCQEDVTC
PTAEETLPIELALEARQONKYENYSTSFFIRDITIKPDPPKNLOQMKPLKNSQVEVSWEYPDS
WSTPHSYFSLKFFVRIQRKKEKMKETEEGCNQKGAFLVEKTSTEVQCKGGNVCVQAQDRYY
NSSCSKWACVPCRVRSGTATPESGPGEAGRSASHT PAGLTGPATPESGPGSPAGSPTSTEE
GSPAGSPTSTEEGS PAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGTSESATPESGPG
SEPATSGSETPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSAPGS
PAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSESATPESGPGSPAGSPTSTEEGSP
AGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPGTSPSATPESGPGSEP
ATSGSETPGSEPATSGSETPGSPAG

1042 HHHHHHHHGS PAGS PTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTE
(POIM PSEGSAPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGS
Sub40) PTSTEEGTSESATPESGPGTSTEPSEGSAPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPS
EGSAPGTSTEPSEGSAPGTSESATPESGPGTSTEPSEGSAPGTSESATPESGPGSEPATSG
SETPGTSTEPSEGSAPGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPEAGRSANHT
PAGLTGPGTAEAASASGRVIPVSGPARCLSQSRNLLKTTDDMVKTAREKLKHYSCTAEDID
HEDITRDQTSTLKTCLPLELHKNESCLATRETSSTTRGSCLPPOKTSLMMTLCLGSIYEDL
KMYQTEFQATINAALONHNHQQIILDKGMLVAIDELMQOSLNHNGETLRQKPPVGEADPYRVK
MKLCILLHAFSTRVVTINRVMGYLSSAGTAEAASASGEAGRSANHTPAGLTGPGTSESATP
ESGPGSEPATSGSETPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGTSTEPSEG
SAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSESATPESGPGSPAGSPTST
EEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPGTSESATPESG
PGSEPATSGSETPGSEPATSGSETPGSPAGS PTSTEEGTSTEPSEGSAPGTSTEPSEGSAP
GSEPATSGSETPGTSESATPESGPGTSTEPSEGSAP

RECOMBINANT PRODUCTION
[0263] Also provided are polynucleotides that encode any polypeptide disclosed herein and/or the

reverse complements of such polynucleotides.
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[0264] The disclosure herein includes an expression vector that comprises a polynucleotide
sequence, such as any described in the preceding paragraph, and a regulatory sequence operably

linked to the polynucleotide sequence.

[0265] The disclosure herein includes a host cell comprising an expression vector, such as described
any in the preceding paragraph. In some embodiments, the host cell is a prokaryote. In some
embodiments, the host cell is E. coli. In some embodiments, the host cell is a mammalian cell. In
some embodiments, the mammalian cell is a mammalian cell line, such as a HEK 293 cell line or a

CHO cell line.

[0266] In some embodiments, the disclosure provides methods of manufacturing the subject
compositions. In some embodiments, such a method comprises culturing a host cell comprising a
nucleic acid construct that encodes a fusion protein described herein under conditions that promote
the expression of the fusion protein, followed by recovery of the fusion protein using standard
purification methods (e.g., column chromatography, HPLC, and the like) wherein the composition is
recovered wherein at least 70%, or at least 80%, or at least 90%, or at least 95%, or at least 97%, or at
least 99% of the fusion proteins are correctly folded. In some embodiments of the method of making,
the expressed fusion protein is recovered in which at least or at least 90%, or at least 95%, or at least

97%, or at least 99% of the fusion protein is recovered in monomeric, soluble form.

[0267] In some embodiments, the disclosure relates to methods of making a fusion protein at high
fermentation expression levels of functional protein using an E. col/i or mammalian host cell, as well
as providing expression vectors encoding the fusion protein useful in methods to produce the
cytotoxically active fusion protein at high expression levels. In some embodiments, the method
comprises the steps of 1) preparing a polynucleotide encoding a fusion protein disclosed herein, 2)
cloning the polynucleotide into an expression vector, which can be a plasmid or other vector under the
control of appropriate transcription and translation sequences for high level protein expression in a
biological system, 3) transforming an appropriate host cell with the expression vector, and 4)
culturing the host cell in conventional nutricnt media under conditions suitable for the cxpression of
the fusion protein. Where desired, the host cell is . coli. As used herein, the term “correctly folded™
means that the cytokine component of the composition has the ability to specifically bind the cytokine
target ligand (e.g., a cytokine receptor and upon activation). In some embodiments, the disclosure
provides a method for producing a fusion protein, the method comprising culturing in a fermentation
reaction a host cell that comprises a vector encoding the fusion protein under conditions effective to

express the fusion protein product.
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PHARMACEUTICAL COMPOSITION
[0268] Disclosed herein includes a pharmaceutical composition comprising a polypeptide (such as a
fusion protein disclosed herein), and one or more pharmaceutically acceptable excipients. In some
embodiments, the pharmaceutical composition is formulated for intradermal, subcutaneous,
intravenous, intra-arterial, intraabdominal, intraperitoneal, intravitreal, intrathecal, or intramuscular
administration. In some embodiments, the pharmaceutical composition is formulated for intravenous
injection. In some embodiments, the pharmaceutical composition is in a liquid form or frozen. In
some embodiments, the pharmaceutical composition is formulated as a lyophilized powder to be

reconstituted prior to administration.

[0269] The pharmaceutical compositions can be administered for therapy by any suitable route. In
some embodiments, the dose is administered intradermally, subcutancously, intravenously (e.g., by
intravenous bolus or intravenous infusion), intra-arterially, intra-abdominally, intraperitoneally,
intrathecally, or intramuscularly. In some embodiments, the subject is a mouse, rat, monkey, or

human. In preferred embodiments, the subject is a human.

[0270] In some embodiments, the pharmaceutical composition can be administered subcutaneously,
intramuscularly, or intravenously. In some embodiments, the pharmaceutical composition is
administered at a therapeutically effective amount. In some embodiments, the therapeutically effective
amount results in a gain in time spent within a therapeutic window for the fusion protein comparcd to
the corresponding cytokine of the fusion protein not linked to the ELNN and administered at a

comparable dose to a subject.

[0271] In some embodiments, the pharmaceutical composition is administered subcutaneously. In

some embodiments, the pharmaceutical composition is administered intravenously.

[0272] In some embodiments, the composition may be supplied as a lyophilized powder or cake to be
reconstituted prior to administration. In some embodiments, the composition may also be supplied in
a liquid form or frozen. which can be administered directly to a subject.

PHARMACEUTICAL KITS
[0273] In some embodiments, the present disclosure provides kits to facilitate the use of the fusion
proteins disclosed herein. In some embodiments, a kit comprises (a) a first container comprising
pharmaceutically effective amount of the fusion proteins disclosed herein in a lyophilized
composition; and (b) a second container comprising a diluent for reconstituting the lyophilized
formulation. In some embodiments, the kit further comprises instructions for storage of the kit,
information regarding a cancer that is treatable with the fusion proteins disclosed herein, instructions

for the reconstitution of the lyophilized formulation, and/or administration instructions.
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METHODS OF TREATMENT
[0274] Disclosed herein are uses of a polypeptide, such as any described herein, in the preparation of
a medicament for the treatment of a disease in a subject. In some embodiments, the particular discase
to be treated will depend on the choice of the biologically active proteins. In some embodiments, the
disease is cancer. Included herein are polypeptides (e.g., a fusion protein comprising a cytokine, a
linker comprising a protease-cleavable release segment, and a mask polypeptide) for use in the

treatment of cancer. In some embodiments, the cancer or tumor is a solid tumor.

[0275] The present disclosure includes a method of treating a disease in a subject, the method
comprising administcring to the subject in need thercof a therapeutically cffective amount of the
pharmaceutical composition, such as any described herein. In some embodiments, the disease is
cancer. In some embodiments, the subject is a mouse, rat, monkey, or human. In some embodiments,

the subject is a human.

[0276] In some embodiments, the disclosure provides a method of treating cancer in a subject in need
thereof, the method comprising administering to the subject an amount of the fusion protein described
herein to the subject, wherein the cancer comprises a solid tumor, and treating the cancer comprises

reducing the volume of the solid tumor.

[0277] The following are examples of compositions and evaluations of compositions of the
disclosure. It is understood that various some embodiments may be practiced, given the general

description provided above.

INCORPORATION BY REFERENCE

[0278] All publications, patents, and patent applications mentioned in this specification are
incorporated herein by reference to the same extent as if each individual publication, patent, or patent

application was specifically and individually indicated to be incorporated by reference.

EXAMPLES

Example 1. Design of protease-activatable cytokines
[0279] This example demonstrates the design of protease-activatable cytokine fusion proteins
including one to four masks, where each mask is linked to the cytokine by a linker having a protease-
cleavable release segment. Fusion proteins including mouse IL-12 (having a p335 subunit and a p40
subunit) were designed having between one and four ELNN masks, with various lengths (as shown in

amino acid number (AA)), with the following formats:

Table 7. Protease activable cytokine descriptions

Number Identifier p40 mask(s) p35 masks(s)
of Masks
Single AP2414 (P40~X864/ P35) 864 AA on C-terminus | None
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AP2447 (X864~P40/ P35) 864 AA on N- None
terminus
Double AP2410 (X864~P40/ P35~X288) 864 AA on N- 288 AAonC-
terminus terminus
AP2411 (X864~P40/ X288~P35) 864 AA on N- 288 AA on N-
terminus terminus
AP2415 (P40~X864/ P35~X288) 864 AA on C-terminus | 288 AA on C-
terminus
AP2416 (P40~X864/ X288~288) 864 AA on C-terminus | 288 AA on N-
terminus
AP2404 (P40/ X432~P35~X432) None 432 AA on N-
terminus;
432 AA on C-
terminus
Triple AP2405 (P40~X288/ 288 AA on C-terminus | 288 AA on N-
X288~P35~X288) terminus; 288 AA on
C-terminus
AP2406 (P40~X288/ 288 AA on C-terminus | 432 AA on N-
X432~P35~X432) terminus;
432 AA on C-
terminus
AP2407 (X288~P40/ X288~P35~288) | 288 AA on N- 288 AA on N-
terminus terminus; 288 AA on
C-terminus
AP2408 (X288~P40/ 288 AA on N- 432 AA on N-
X432~P35~X432) terminus terminus;
432 AA on C-
terminus
AP2409 (P40~X432/ 432 AA on C-terminus | 288 AA on N-
X288~P35~X288) terminus; 288 AA on
C-terminus
AP2412 (X432-P40-X432/ 432 AA on N- 288 AA on C-
P35~X288) terminus; terminus
432 AA on C-terminus
AP2413 (X432~P40~X432/ 432 AA on N- 288 AA on N-
X288~P35) terminus; terminus
432 AA on C-terminus
AP2450 (X288~P40~X288/ 288 AA on N- 288 AAon C-
P35~X288) terminus; 283 AA on terminus
C-terminus
Quadruple | AP2446 (X288~P40~X288/ 288 AA on N- 288 AA on N-
X288~P35~X288) terminus; 288 AA on terminus; 288 AA on
C-terminus C-terminus

[0280] The fusion proteins were expressed in Expi293 cells (ThermoFisher) and purified by a one-
step histidine tag-based purification method. Briefly, the subunit constructs were co-transfected into
Expi293 cells in a transient manner. Supernatants expressing the protein of interest were harvested 6-7
days post transfection. Protein was purified from the supematants using a single IMAC step to bind
via a polyhistidine tag (Histrap™ HP 5ml; Cytiva, 17524801).Unmasked versions of were generated
proteolytically using MMP9, which cleaves the inbuilt protease activation sites and effects mask
release. For MMPY digestion, the MMP9 (R&D systems) was used at 20 mM, in 20 mM histidine,
154 mM NaCl, 10 mM CaCl2, pH 6.5 buffer with 150nM each protein. Incubation was done at 37 C

for four hours. Some of the MMP9 digests were noted to be partial (Iess than 100% unmasking),
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suggesting that the actual difference in fold masking may be greater than noted based on this

experiment.

[0281] The fusion proteins were assayed for their ability to bind to activate the mouse IL-12 receptor
in both their masked and unmasked forms by HEK Blue reporter assay. HEK-Blue 1L-12 reporter
cells (InvivoGen) were cultured at 37°'C, 5% CO- in a culture media consisting of DMEM, 4.5 g/l
glucose, 2 mM L-glutamine, 10% (v/v) heat-inactivated fetal bovine serum, 100 U/ml penicillin, 100
pg/ml streptomycin, 100 pg/ml Normocin, 1X HEK-Blue Selection. For the IL-12 activity assay, a
test medium was prepared as described in the immediately preceding sentence but without Normocin
and sclcction antibiotics. The test medium and 1X PBS were warmed to 37°C in a water bath. Cells
were dislodged from the flask by washing the flask with the pre-warmed PBS, followed by a
centrifugation at 300xg (1200 rpm) for 5 mins at room temperature, determination of cell viability,
and a resuspension of the cell pellet in the test medium to 0.833x10¢6 cells/mL. Ninety microliters
(90 uL) of the cells were aliquoted into each well of a 96-well flat-clear-bottom plate (Costar,
cat#3595). IL-12 test articles were prepared at 10X concentration in the test medium with 17 nM
being the highest concentration, followed by a serial 10-fold dilution to 1.7 pM. Then, 10uL of the
10X solution were added to the 90 puL of cells, and the plate was incubated for 24h. The next day, a
QuantiBlue solution. the detection reagent for secreted embryonic alkaline phosphatase (SEAP), was
prepared by diluting QB reagent and QB buffer in room temperature MilliQ water to 1% (v/v)
concentration cach. The mixture was incubated at room temperature for 10 minutes. Subsequently,
180uL were aliquoted to each well of a 96-well flat bottom tissue culture plate, and to each well was
added 20uL of the supernatant. The plate was incubated at 37 C, 5% CO: for 6h. At different
incubation time intervals (15min, 30min, 1h, 2h, 3h), a microplate reader was used to measure the
optical density (O.D.) at 650nm. The results were analyzed by Excel software and presented here

from the 3hr timepoint. The results of this assay are shown in FIGs. 2-3.

[0282] A single-masked IL-12 (AP2447. X864~P40). a triple-masked IL-12 (AP2450;
X288~P40~X288/ P35~X288). and quadruple-masked 1L-12 (AP2446. X288~P40~X288/
X288~P35~X288) were further transiently expressed in Expi293 cells and purified as detailed above.

[0283] The fusion proteins, in their masked and unmasked forms, were assayed for their 1L-12
activity according to the HEK Blue reporter assay described above and compared to the activity of
WT mouse IL-12. The masked versions of these fusion proteins provided 8-fold (single mask;
AP2447), 11-fold (triple-mask, AP2447), or 78-fold (quadruple-mask, AP2446) decrease in activity as

compared to the unmasked equivalent. The results of this assay are provided in FIG. 4.

[0284] A further experiment was performed to determine the masking effect on IL-12 activity of a
quadruple-masked protease-activatable IL-12 (AP2551, X288~P40~X288/ X288~P35~X288), where
the fusion protein was fully purified and fully (100%) unmasked. AP2551 was purified by harvesting
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and clarification of the conditioned medium; size-exclusion column chromatography (Capto Core
400, Cytiva); anion-exchange (AEX) capture (Q Sepharose Fast Flow (QFF), Cytiva); and AEX
polishing (Capto Q ImpRes (Q-IR), Cytiva).

[0285] Quantitative fold masking difference between unmasked and fully masked protein was
determined according to the HEK blue assay as detailed above. The quadruple-masked IL-12
demonstrated 430-fold masking of IL-12 activity relative to its unmasked equivalent (FIG. 5).

[0286] The results of this example demonstrate that fusion of ELNN masks can provide significant
masking of IL-12 activity. Additionally. ELNN-dependent masking of IL-12 activity was highest
when four ELNN masks were used. Additionally, three or four shorter (288 AA) masks provided
better masking as compared to a single, longer (864 AA) mask.

Example 2. Selection of ELNN lengths
[0287] Protease-activatable IL-12 molecules have different mask lengths were compared for masking
efficacy as determined by induction of IFNy and for tumor growth inhibition in a mouse tumor model.
Anti-tumor activity and mechanism of action were assessed in syngeneic mouse models using murine
surrogates (including WT murine IL-12) as the human IL-12 does not bind to the mouse IL-12
receptors. The masking activity of an IL-12 molecule having four 288 amino acid length ELNN
masks (linked by protease-cleavable linkers at C- and N-termini of p35 and p40 subunits) was
compared to an equivalent molecule having four 210 amino acid ELNN masks. The molecules were

expressed and fully purified as detailed above.

[0288] The mouse surrogate molecules P24M (4 x 288aa ELNNs) and P26M (4 x 210aa ELNNs)
were assessed for induction of IFNy by mouse splenocyte assay. The purpose of this assay is to assess
the ability of the masked and proteolytic-activated cytokines to engage the IL-12R and induce the
subsequent secretion of IFNy. This activity is measured by quantifying [FNy released into the
supernatant by the cells. Recombinant mouse IL-12 is included as reference. In brief, spleens were
collected from multiple female C57B1/6 mice and mechanically dissociated into a single-cell
suspension of pooled splenocytes. After elimination of red blood cells, aliquots of 3E5 splenocytes
were treated with titrated therapeutic P24M, MMP-activated (unmasked) P24M., therapeutic P26M,
MMP-activated (unmasked) P26M, or recombinant murine IL-12. The splenocytes and test articles
were incubated for 48 hours following standard tissue culture methods. Supernatants were collected
for quantitative analysis of mouse IFNy by ELISA. The results of this assay are provided in FIG. 6.
The results demonstrate superior masking by P24M, with the 288aa ELNN masks. as compared to
P26M with the shorter 210aa ELNN masks.

[0289] The mouse surrogate molecules P24M (4 x 288aa ELNNs) and P26M (4 x 210aa ELNNs)
were also assessed for differential tumor growth inhibition in the B16F10 melanoma C57BL/6 mouse

model. Briefly, for the tumor growth inhibition experiment, 130 mice were subcutancously implanted
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with 100k B16F10 cells in the right flank. After 11 days, 24 mice bearing tumors with an average
tumor volume of 111 mm? were randomized into 3 groups of 8 mice each. Mice were treated
intravenously with a weekly dose of diluent control, 3 pg of P24M, or 3 pg of P26M. Mice were
measured twice per week for tumor volume and body weight. At day 21, the end of study, mice
treated with 3 pg of P24M or P26M had an average tumor growth inhibition of 80% and 61%,
respectively, compared to the diluent control group. Treatment with P24M, with the 288aa ELNN
masks, had a trend of greater tumor growth inhibition compared to P26M with the shorter 210aa
ELNN masks (FIG. 7). Mice did not exhibit signs of toxicity from the treatment.

[0290] Quadruple masks of 288 amino acids cach provided better masking in in vitro mousc

splenocyte activity assays and in vivo efficacy assays done in mouse tumor models.

Example 3. Design of barcoded ELNNs
[0291] ELNN polypeptide sequences can optionally contain a barcode fragment releasable from the
polypeptide upon digestion by a protease. A barcode fragment may be, e.g., (1) a portion of the
ELNN that includes at least part of a (non-recurring, non-overlapping) sequence motif that occurs
only once within the ELNN; and (2) differs in sequence and molecular weight from all other peptide
fragments that are releasable from the polypeptide containing them upon complete digestion of the
polypeptide by a protease. The term “barcode fragment” (“barcode,” or “barcode sequence”) can
refer to cither the portion of the ELNN cleavably fused within the polypeptide, or the resulting peptide
fragment released from the polypeptide. Previous barcode sequences (see, e.g., PCT International
Patent Publication No. W02021/263058, the entire content of which is incorporated herein by
reference) were designed with the intention of creating unique barcode polypeptide sequences with as
minimal mutations in the original ELNN sequence as possible. However. such barcode sequences
required 1000pug/mL of Glu-C and an overnight digest to release them from peptides containing them.
The barcode polypeptide sequences described in this Example were designed and tested to perform
against a second criteria: That the barcode polypeptide is releasable from the ELNN polypeptide
rapidly (in approximately two hours vs an overnight digest) by a low concentration of protease (less
than 30pg/mL protease): in addition to the criteria of introducing the fewest mutations to the original

ELNN sequence as possible.

[0292] In order to determine which peptide sequences were most favorably cleaved by Glu-C
protease in a two-hour protease digest, a library of approximately 1000 peptides was constructed with
each peptide containing a different cleavage sequence for the protease Glu-C. Equimolar
concentrations of these Glu-C site-containing peptides were tested in a 2-hour digest against a range
of Glu-C protease concentrations from 0.05 pg/mL to 1000 pg/mL of protease. After digestion the
peptides were analyzed by liquid chromatography mass spectrometry. The Glu-C cleavage site
sequences that were cleaved by the lowest concentrations of protease were cataloged. From this list

of the fastest sequences, a select few were selected that were most compatible with ELNN

112



WO 2025/122957 PCT/US2024/059007

polypeptides. These sequences were then implemented to flank new “Generation 2” barcode

sequences.

[0293] A selection of Generation 2 barcode sequences was cloned into ELNN sequences and their
performance as barcode peptides was tested by Glu-C digestion and subsequent liquid
chromatography mass spectrometry (LC-MS) analyses. Successful barcode sequences from this
experiment had 3 criteria: 1.) The barcode peptide was fully releasable from the ELNN polypeptide in
a 2-hour digest by a concentration of 40 pug/mL of protease. 2.) The barcode peptide was not cleaved
or otherwise degraded by much higher concentrations of protease, and 3.) The barcode peptide that
mct conditions 1 and 2 contained the fewest mutations from the original ELNN polypeptide sequence.
Table 8 provides examples of successful Generation 2 barcode sequences according to the criteria of

the aforementioned selection process.

Table 8. Exemplary Generation 2 Barcode Sequences

Name Sequence SEQ ID NO:
Gen 2 Barcode 01 SGPE.SGPGTGTSATPE . SGPG 3001
Gen 2 Barcode 02 ATPE.SGPGSGPGTSE.SATP 3002
Gen 2 Barcode 03 ATPE.SGPGTTPGTTPE.SGPG 3003
Gen 2 Barcode 04 ATPE.SGPGTPPTSTPE.SGPG 3004
Gen 2 Barcode 05 ATPE.SGPGTSPSATPE. SGPG 3005
Gen 2 Barcode 06 ATPE.SGPGTGSAGTPE.SGPG 3006
Gen 2 Barcode 07 ATPE.SGPGTGGAGTPE . SGPG 3007
Gen 2 Barcode 08 ATPE.SGPGTSPGATPE . SGPG 3008
Gen 2 Barcode 09 GTPE.SGPGTSGSGTPE .SGPG 3009
Gen 2 Barcode 10 GTPE.SGPGTSSASTPE.SGPG 3010
Gen 2 Barcode 11 GTPE.SGPGTGAGTTPE . SGPG 3011
Gen 2 Barcode 12 GTPE.SGPGTGSTSTPE.SGPG 3012
Gen 2 Barcode 13 GTPE.TPGSEPATSGSE.TGTP 3013
Gen 2 Barcode 14 GTPE.GSAPGTSTEPSE.SATP 3014
Gen 2 Barcode 15 ATPE.SGPGTAGSGTPE.SGPG 3015
Gen 2 Barcode 16 ATPE.SGPGTSSGGTPE .SGPG 3016
Gen 2 Barcode 17 ATPE.SGPGTAGPATPE.SGPG 3017
Gen 2 Barcode 18 ATPE.SGPGTPGTGTPE . SGPG 3018
Gen 2 Barcode 19 TTPE.SGPGTGGPTTPE .SGPG 3019
Gen 2 Barcode 20 STPE.SGPGTGSGSTPE.SGPG 3020

[0294] Table 9 provides Generation 3 barcode sequences selected based on rate of Glu-C cleavage
and based on separation and quantification by LC-MS. FIG. 8 shows the incorporation of barcode

fragments into the ELNNs of an IL-12 fusion protein.

Table 9. Exemplary Generation 3 Barcode Sequences

Name Sequence SEQ ID NO:
Gen 3 Barcode 01 ATPE.SGPGSGPGTSE.SATP 3021
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Gen 3 Barcode 02 ATPE.SGPGTSPSATPE . SGPG 3022
Gen 3 Barcode 03 ATPE.SGPGSGPATSE. SATP 3023
Gen 3 Barcode 04 ATPE . SGPGTSASATPE . SGPG 3024

Example 4. Release Site Engineering
[0295] Release site engineering was performed to (1) remove a glycosylation site. and (2) reduce the

rate of cleavage in plasma which was surprisingly attributed to legumain.
Glycosylation of release site

[0296] To assess glycosylation of the IL-12 fusion protein, a modified peptide-mapping protocol was
performed. Briefly, IL-12 fusion protein samples were digested with Trypsin/LysC and run via
LC/MS. Data was processed with ProteinMetrics software searching for N-glycosylated peptides.
Observed glycosylation events were manually validated in ProteinMetrics software and a report was
generated. The report contains the site of glycosylation and the site occupancy of glycosylation
(intensity of glycosylated peptide/intensity of glycosylated peptide + intensity of un-glycosylated
wild-type peptide).

[0297] An IL-12 fusion protcin including RSR-2295 (EAGRSANHTPAGLTGP; SEQ ID NO:7048)
was expressed in a HEK 293 cell line. RSR-2295 was found to be 50% N-glycosylated. N-
glycosylation and the resulting heterogeneity of the release site is undesirable as it may affect protease
cleavage rate and specificity. RSR-2295 was mutated to remove the N-glycosylation site. RSR-3213
(EAGRSASHTPAGLTGP; SEQ ID NO:7628) lacks an N-glycosylation site and therefore is not
expected to be glycosylated.

Legumain cleavage in plasma

[0298] Incubation of a fusion protein including RSR-2295 in human plasma showed some cleavage
that. though not high, was unexpected. Further investigation revealed that the cleavage in human
plasma was surprisingly due to legumain, which has previously believed to be specifically present in
tumor tissues. Additionally. it was previously believed that legumain cleavage provided meaningful

levels of unmasking and fusion protein activation in tumor tissues.

[0299] RSR-3213 was designed to avoid cleavage by legumain. Surprisingly, a protease-cleavable
linker including the RSR-3213 release sequence was cleaved less in plasma but at comparable
amounts to a corresponding protease-cleavable linker including the RSR-2295 release sequences in
multiple tumor types (including gastric carcinoma (NCI-N87), colorectal adenocarcinoma (HT-29).,
colon carcinoma (HT-55) tumors). Thus. fusion proteins comprising RSR-3213 have enhanced

specificity for tumor tissues without a significant loss of activation in tumor tissues.
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In vitro digest:
[0300] In vitro digest assays were performed to demonstrate that RSR-3213 is cleaved by MMP and
ST14/matriptase, but not legumain. Protease activatable T cell engager (paTCE) fusion proteins were
designed, each including a bispecific TCE core that binds to EpCAM and CD3, and two protease-
cleavable release sites where each release site is bound to a polypeptide mask such that cleavage of
the release site release the polypeptide mask. A first paTCE fusion protein included RSR-2295 in
both release sites flanking the TCE core. A second paTCE fusion protein included RSR-3213 in both
release sites flanking the TCE core. The paTCEs were expressed in E. coli. The paTCEs (RSR-2295-
containing and RSR-3213 containing) were digested with 5-fold dilutions of MMP9, lcgumain, or
ST 14/matriptase. Similar banding patterns were observed for both MMP9 and matriptase, suggesting
the mutation of the legumain cleavage site did not affect cleavability of the MMP and serine protease
cleavage sites. Unmasked TCE (uTCE) was observed for the paTCE containing RSR-22935 after
digestion with legumain, indicating cleavage at the protease cleavable linker by legumain. uTCE was
not observed for the paTCE containing RSR-3213 after digestion with legumain, indicating the
mutation successfully prevented cleavage at the protease cleavable linker by legumain (FIG. 9A and
FIG. 9B).

Plasma Stability — Inn Vivo Cleavability

[0301] Fluorescently labeled variants of a paTCE containing either RSR-2295 or RSR-3213 were
labeled with Sulfo-Cy5.5 or Sulfo-Cy7.5. Opposite colors were co-injected into mice containing NCI-
N87, HT-29. or HT-55 xenograft tumors. 48 hours after injection, tumors were harvested,
homogenized, and protein extracts were analyzed by SDS-PAGE and LI-COR. Relative abundances
for paTCE, a metabolite including a single C-terminal mask (1x-C), a metabolite including a single N-
terminal mask (1x-N), and uTCE were quantified. No significant differences were observed in uTCE
and 1x-C between the two protease cleavable linkers. paTCE containing RSR-2295 showed a small
but statistically significant increase (average 2.19% more) in 1x-N than the corresponding paTCE

containing RSR-3213. (FIG. 10A and FIG.10B).

[0302] The observed cleavability 7/n vivo from tumor homogenates was also determined from 3
different mouse tumor models. The % abundance for metabolites 1x-C, 1x-N, and uTCE was
measured with results depicted in FIG. 10C. Finally, FIG. 10D depicts the % of total for paTCE plus
the 3 metabolites (1x-N, 1x-C, and uTCE) when employing RSR-2295 or RSR-3213.

[0303] Overall, these data suggest that differences between in vivo cleavability of RSR-2295 and

RSR-3213 are minor across 3 different tumor models.
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Tumor Uptake:

[0304] Tumor uptake between paTCEs containing either RSR-2295 or RSR-3213 were compared
using the ratio of calculated concentrations of total drug (paTCE, 1x-C, 1x-N, and uTCE). While
differences in tumor uptake were observed across 3 different tumor models, no significant differences
were observed between RSR-2295 and RSR-3213 within each model. This indicates that the changes
to the protease cleavable linkers between RSR-2295 and RSR-3213 do not affect tumor uptake of
paTCE (FIG. 11).

Efficacy of protease-activatable cytokine including RSR-3213

[0305] Protease-activatable IL-12 molecules having either RSR-2295 or RSR-3213 release segments
were compared for masking efficacy as determined by induction of IFNy and for tumor growth
inhibition in a mouse tumor model. Anti-tumor activity and mechanism of action were assessed in
syngeneic mouse models using murine surrogates (including WT murine IL-12) as the human IL-12
does not bind to the mouse IL-12 receptors. A quadruple ELNN-masked IL-12 molecule having an
RSR-3213 release site linking IL-12 to each of ELNN masks (P24M) was compared to a quadruple
ELNN-masked IL-12 molecule having an RSR-2295 release site linking IL-12 to each of ELNN

masks. The molecules were expressed and fully purified as detailed above.

[0306] The mouse surrogate molecules P24M (4 x 288aa ELNNs; 4 x RSR-3213) and POIM (4 x
288aa ELNNs; 4 x RSR-2295) were assessed for induction of IFNy by mouse splenocyte assay. The
purpose of this assay is to assess the ability of the masked and proteolytic-activated cytokines to
engage the IL-12R and induce the subsequent secretion of [FNy. This activity is measured by
quantifying IFNy released into the supernatant by the cells. Recombinant mouse [L-12 is included as
reference. In brief. spleens were collected from multiple female C57Bl/6 mice and mechanically
dissociated into a single-cell suspension of pooled splenocytes. After elimination of red blood cells,
aliquots of SE3 splenocytes were treated with titrated therapeutic P24M, MMP-activated (unmasked)
P24M. therapeutic PO1M, MMP-activated (unmasked) PO1M, or recombinant murine IL-12. The
splenocytes and test articles were incubated for 48 hours following standard tissue culture methods.
Supematants were collected for quantitative analysis of mouse [FNy by ELISA. The results of this

assay are provided in FIG. 12.

[0307] The mouse surrogate molecules P24M (4 x 288aa ELNNs; 4 x RSR-3213) and POIM (4 x
288aa ELNNs; 4 x RSR-2295) were also assessed for differential tumor growth inhibition in the
B16F10 melanoma C57BL/6 mouse model. Briefly. for the tumor growth inhibition experiment, 130
mice were subcutaneously implanted with 100k B16F10 cells in the right flank. After 11 days, 24
mice bearing tumors with an average tumor volume of 111 mm? were randomized into 3 groups of 8
mice each. Mice were treated intravenously with a weekly dose of diluent control, 3 ug of P24M, or 3

ng of PO1M. Mice were measured twice per week for tumor volume and body weight. At day 21. the

116



WO 2025/122957 PCT/US2024/059007

end of study, mice treated with 3 pg of P24M or POIM had an average tumor growth inhibition of
80% and 44%, respectively, compared to the diluent control group. Treatment with P24M, with RSR-
3213, had a trend of greater tumor growth inhibition compared to PO1M with RSR-2295 (FIG. 13).
Mice did not exhibit signs of toxicity from the treatment.

Example 5. Glycosylation of human IL-12
[0308] To assess glycosylation of human IL-12 p35 and p40 subunits in the context of a quadruple-
masked fusion protein, a modified peptide-mapping protocol was performed. Briefly, fusion protein
samples were digested with Trypsin/LysC and run via LC/MS. Data was processed with
ProtcinMectrics softwarc scarching for N-glycosylated peptides. Obscrved glycosylation cvents were
manually validated in ProteinMetrics software and a report was generated. The report contains the
site of glycosylation and the site occupancy of glycosylation (intensity of glycosylated

peptide/intensity of glycosylated peptide + intensity of un-glycosylated wild-type peptide).

[0309] Human and mouse protease-activatable IL-12 fusion proteins and human IL-12 (not in a
fusion protein) were each produced in HEK 293 cells and were assayed for glycosylation. The results

are provided in Table 10.

Table 10. N-Glycosylation of human IL-12

IL-12 Glycosylation Hil-12 hIL-12 fusion protein mlIL-12 fusion protein
subunit site (AA) (no fusion) (with four ELNN masks) | (with four ELNN masks)
P35 N93 100% 0 0%

N107 100% 0 n/a

N195 0% 99% n/a
P40 N125 Partial 0 0%

N135 n.d. 0 0%

N222 100% 99% 99%

N303 Partial 0-0.05% n/a

n/a = no glycosylation site at this position in mouse [L-12
n.d. =no data

[0310] N195 of the p35 subunit of hulL-12 in protease-activatable fusion protein with four ELNN
masks was 99% glycosylated but glycosylation of N195 was not observed in recombinant hulL.-12
(not masked). It is hypothesized that N-glycosylation of N195 was created in the IL-12 fusion proteins
by the addition of a polypeptide (e.g., a linker and ELNN mask polypeptide) to the C-terminus of the
P35 subunit. In endogenous or recombinantly produced IL-12, N195 is not glycosylated as it is 3
amino acids from the C-terminus of the polypeptide chain and is unable to be glycosylated. Protease-
activatable IL-12 fusion proteins were designed to remove the p35 N195 glycosylation site. When
mutating N193, amino acid substitutions that did not increase potential immunogenicity of the fusion

protein were selected, for example N195Q.
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Example 6. P72H and P74H, exemplary protease-activatable IL-12 fusion proteins
[0311] This example provides data relating to exemplary protease-activatable IL-12 fusion proteins,
P72H and P74H.

[0312] P72H comprises a first polypeptide subunit comprising IL-12p35 with the amino acid
sequence set forth as SEQ ID NO: 1000 and a second polypeptide subunit comprising IL-12p40 with
the amino acid sequence set forth as SEQ ID NO: 1033. The annotated amino acid sequence for P72H
is provided below in Table 11:

Table 11. P72H Sequences

Subunit Component | SEQ ID Sequence
NO:
P35 N-ELNN 8026 ASGPGTSTEPSEGSAPGTSESATPESGPGSGPGTSESATPGTS

ESATPESGPGSEPATSGSETPGTSESATPESGPGTSTEPSEGS
APGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSES
ATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAP
GTSESATPESGPGTSESATPESGPGTSESATPESGPGSEPATS
GSETPGSEPATSGSETPGSPAGSPTSTEEGTSTEPSEGSAPGT
STEPSEGSAPGSEPATSGSETPGTSESAT* (barcode

underlined)
RSR-3213 7628 EAGRSASHTPAGLTGP
Spacer 99 GTPESATPES
]ﬂLJZ1ﬁS 8050 RNLPVATPDPGMFPCLHHSQONLLRAVSNMLOQKARQTLEFYPCT

SEEIDHEDITKDKTSTVEACLPLELTKNESCLNSRETSFITNG
SCLASRKTSFMMALCLSSIYEDLKMYQVEFKTMNAKLLMDPKR
QIFLDONMLAVIDELMQALNFNSETVPQKSSLEEPDFYKTKIK
LCILLHAFRIRAVTIDRVMSYLNAS

Spacer 100 GTATPESAP
RSR-3213 7628 EAGRSASHTPAGLTGP
C-ELNN 8028 ATPESGPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETP

GTSESATPESGPGSEPATSGSETPGTSESATPESGPGTSTEPS
EGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGT
SESATPESGPGSPAGSPTSTEEGS PAGSPTSTEEGTSTEPSEG
SAPGTSESATPESGPGTSESATPESGPGTSASATPESGPGSEP
ATSGSETPGSEPATSGSETPGSPAGSPTSTEEGTSTEPSEGSA
PGTSTEPSEGSAPGSEPATSGSETPGEPEA (barcode
underlined)

P40 N-ELNN 8023 ASGPGTSTEPSEGSAPGTSESATPESGPGSGPATSESATPGTS
ESATPESGPGSEPATSGSETPGTSESATPESGPGTSTEPSEGS
APGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSES
ATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAP
GTSESATPESGPGTSESATPESGPGTSESATPESGPGSEPATS
GSETPGSEPATSGSETPGSPAGSPTSTEEGTSTEPSEGSAPGT
STEPSEGSAPGSEPATSGSETPGTSESAT* (barcode

underlined)
RSR-3213 7628 EAGRSASHTPAGLTGP
Spacer 98 TSESATPES
hIL-12-p40 8051 IWELKKDVYVVELDWYPDAPGEMVVLTCDTPEEDGITWTLDQS

SEVLGSGKTLTIQVKEFGDAGQYTCHKGGEVLSHSLLLLHKKE
DGIWSTDILKDQKEPKNKTFLRCEAKNYSGREFTCWWLTTISTD
LTFSVKSSRGSSDPQGVTCGAATLSAERVRGDNKEYEYSVECQ
EDSACPAAEESLPIEVMVDAVHKLKYENYTSSFEIRDIIKPDP
PKNLQLKPLKNSRQVEVSWEYPDTWSTPHSYFSLTFCVQVQGK
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SKREKKDRVFTDKTSATVICRKNASISVRAQDRYYSSSWSEWA

SVPCS
Spacer 97 GTATPESGPG
RSR-3213 7628 EAGRSASHTPAGLTGP
C-EI.NN 8025 ATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGSPAGSPTSTEE

GTSESATPESGPGTSTEPSEGSAPGTSESATPESGPGSEPATS
GSETPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGT
STEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGS
ETPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGTST
EPSEGSAPGTSESATPESGPGTSESATPESGPGTSPSATPESG
PGSEPATSGSETPGSEPATSGSETPGSPAG

*may optionally include a C-terminal “proline” residue on N-ELNN of each subunit

[0313] P74H comprises a first polypeptide subunit comprising IL-12p35 with the amino acid
sequence set forth as SEQ ID NO: 1002 and a second polypeptide subunit comprising IL-12p40 with
the amino acid sequence set forth as SEQ ID NO: 1033. P74H includes a p35 variant subunit that is
aglycosylated at N195 (N195Q)). The annotated amino acid sequence for P74H is provided below in
Table 12:

Table 12. P74H Sequences

Subunit Component | SEQ ID Sequence
NO:
P35 N-ELNN 8026 ASGPGTSTEPSEGSAPGTSESATPESGPGSGPGTSESATPGTS

ESATPESGPGSEPATSGSETPGTSESATPESGPGTSTEPSEGS
APGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSES
ATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAP
GTSESATPESGPGTSESATPESGPGTSESATPESGPGSEPATS
GSETPGSEPATSGSETPGSPAGSPTSTEEGTSTEPSEGSAPGT
STEPSEGSAPGSEPATSGSETPGTSESAT* (barcode

underlined)
RSR-3213 7628 EAGRSASHTPAGLTGP
Spacer 99 GTPESATPES
lﬂLJZ1ﬁ5 8053 RNLPVATPDPGMFPCLHHSQNLLRAVSNMLQKARQTLEFYPCT
(N195Q) SEEIDHEDITKDKTSTVEACLPLELTKNESCLNSRETSFITNG

SCLASRKTSFMMALCLSSIYEDLKMYQVEFKTMNAKLLMDPKR
QIFLDONMLAVIDELMQALNFNSETVPQKSSLEEPDFYKTKIK
LCILLHAFRIRAVTIDRVMSYLQAS (N195Q bold)

Spacer 100 GTATPESAP
RSR-3213 7628 EAGRSASHTPAGLTGP
C-ELNN 8028 ATPESGPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETP

GTSESATPESGPGSEPATSGSETPGTSESATPESGPGTSTEPS
EGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGT
SESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEG
SAPGTSESATPESGPGTSESATPESGPGTSASATPESGPGSEP
ATSGSETPGSEPATSGSETPGSPAGSPTSTEEGTSTEPSEGSA
PGTSTEPSEGSAPGSEPATSGSETPGEPEA (barcode
underlined)

P40 N-ELNN 8023 ASGPGTSTEPSEGSAPGTSESATPESGPGSGPATSESATPGTS
ESATPESGPGSEPATSGSETPGTSESATPESGPGTSTEPSEGS
APGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSES
ATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAP
GTSESATPESGPGTSESATPESGPGTSESATPESGPGSEPATS
GSETPGSEPATSGSETPGSPAGSPTSTEEGTSTEPSEGSAPGT
STEPSEGSAPGSEPATSGSETPGTSESAT* (barcode
underlined)
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RSR-3213 7628 EAGRSASHTPAGLTGP
Spacer 98 TSESATPES
hIL-12-p40 | 8051 IWELKKDVYVVELDWYPDAPGEMVVLTCDT PEEDGITWTLDQS

SEVLGSGKTLTIQVKEFGDAGQYTCHKGGEVLSHSLLLLHKKE
DGIWSTDILKDQKEPKNKTFLRCEAKNYSGREFTCWWLTTISTD
LTFSVKSSRGSSDPQGVTCGAATLSAERVRGDNKEYEYSVECQ
EDSACPAAEESLPIEVMVDAVHKLKYENYTSSFFIRDIIKPDP
PKNLQLKPLKNSRQVEVSWEYPDTWSTPHSYFSLTFCVQVQGK
SKREKKDRVFTDKTSATVICRKNASISVRAQDRYYSSSWSEWA

SVPCS
Spacer 97 GTATPESGPG
RSR-3213 7628 EAGRSASHTPAGLTGP
C-ELNN 8025 ATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGSPAGSPTSTEE

GTSESATPESGPGTSTEPSEGSAPGTSESATPESGPGSEPATS
GSETPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGT
STEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGS
ETPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGTST
EPSEGSAPGTSESATPESGPGTSESATPESGPGTSPSATPESG
PGSEPATSGSETPGSEPATSGSETPGSPAG

*may optionally include a C-terminal “proline” residue on N-ELNN of each subunit

[0314] Methods for producing proteasc-activatable ¢ytokine fusion proteins are known in the art,
c.g.. as described in PCT International Patent Publication No. W(02021/262985.

[0315] In some of the experiments below, mouse surrogates for P72H and P74H are used. The anti-
tumor activity and mechanism of action were assessed in syngeneic mouse models using murine

surrogates as the human IL-12 does not bind to the mouse [L-12 receptors.

[0316] P71M is the mouse surrogate for P72H. P71M is identical to P72H except that human IL-12
has been replaced with mouse IL-12 in the P71M mouse surrogate. Additionally, mouse IL-12 of
P71M has been mutated to introduce an N195 glycosylation site (not present in mouse, introduced to

better mimic glycosylation pattern of human IL-12 in P72H).

[0317] P70M is the mouse surrogate for P74H except that human IL-12 has been replaced with
mouse IL-12 in the P70M mouse surrogate. P74H contains an N-195 aglycosylated version of human

IL-12 and therefore WT mouse IL-12, which naturally lacks N195, can be used as a surrogate.

In vitro characterization of P71M and P70M surrogate mouse fusion proteins

[0318] P71M is the mouse surrogate for P72H. as described above. P70M is the mouse surrogate for
P74H, as described above.

[0319] Fusion of an ELNN to the C-terminal end of human IL-12 P35 subunit results in additional
glycosylation of the N195 site as described above. The C-terminal end of the mouse IL-12 P35 is
differs in sequence from the corresponding human sequence and does not exhibit this extra
glycosylation. Equivalent mouse surrogate variant P71M was designed to have a similar glycosylation
pattern to human P72H to investigate if there are any in vitro or in vivo effects of N195 glycosylation

in human P72H on IL-12 activity and/or the pharmacokinetic profile.
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[0320] The mouse surrogate molecules P71M (glycosylated at N195 of P33; surrogate for P72H) and
P70M (lacking glycosylation position at N195; surrogate for P74H which contains a P35 N195Q
mutation) were assessed for binding to the mouse IL-12 receptor (mIL-12R) by SPR. The SPR assay
was run on Biacore T200 at 25 degrees Celsius. The chip type that was used was Series S Sensor Chip
CMS. For each antigen, a separate chip was made. For hIL-12RB2, the anti-His antibody was
immobilized on the CM5 chip surface. For mIL-12RB2 and cIL-12RB2, the anti-mouse Fc antibody
was immobilized on the CM5 chip surface. The running buffer that was used was PBS-P+ from
Cytiva. Chips were regencrated by 10 mM Glycine HCL, pH 1.5. Samplc flow was 30pl/min, whilc
capture flow was 10ul/min. The association time was 100 seconds. The dissociation time was 360
seconds. Each sample was assayed as a titration ranging from 500nM to 0.68nM. Sersorgram was

fitted globally as a 1:1 kinetic interaction model using Biacore T200 Evaluation software.

[0321] Binding affinity data is shown in Table 13. A biphasic binding curve observed with mIL-
12RPB1. Affinity trends were similar to that determined for mIL-12Rf2.

Table 13. Affinity of mouse surrogate molecules to mIL-12Rf32

Test Item mé;-gll;[liz
mlIL-12 6.8
P70 unmasked 26
P70 masked 370
P71 unmasked 23
P71 masked 350

[0322] P71M and P70M were also assessed for induction of IFNy by mouse splenocyte assay. The
purpose of this assay is to assess the ability of the masked and proteolytic-activated cytokines to
engage the IL-12R and induce the subsequent secretion of [FNy. This activity is measured by
quantifying [FNy released into the supernatant by the cells. Recombinant mouse IL-12 is included as

reference.

[0323] Spleens were collected from multiple female C57Bl/6 mice and mechanically dissociated into
a single-cell suspension of pooled splenocytes. After elimination of red blood cells. aliquots of SE5
splenocytes were treated with titrated therapeutic P70M, MMP-activated (unmasked) P70M,
therapeutic P71M, MMP-activated (unmasked) P71M, or recombinant murine IL-12. The splenocytes
and test articles were incubated for 48 hours following standard tissue culture methods. Supernatants
were collected for quantitative analysis of mouse IFNy by ELISA. The results are provided in FIG.

14.
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[0324] The mouse surrogates, P70M (N1935 aglycosylated) and P71M (N195 glycosylated), exhibited
similar EC50 values of 2.6 nM and 2.8 nM, respectively. Their proteolytic-activated counterparts
were more likewise active at 0.0031 nM and 0.0013 nM, respectively. Both were comparable to
recombinant mouse IL-12 (EC50 0.0017 pM). The fold protection conferred by the masked
constructs relative to the MMP-activated counterparts demonstrates a reduced potency ranging from

100-fold to 1000-fold.

Pharmacokinetics of P71M and P70M surrogate mouse fusion proteins

[0325] P71M is the mouse surrogate for P72H, as described above. P70M is the mouse surrogate for
P74H. as described above.

[0326] The impact of glycosylation of N195 in the P35 domain on the pharmacokinetics of masked
and unmasked murine [L-12 was evaluated in non-tumor-bearing C537BL/6 mice. Twelve mice each
were administered a single bolus intravenous dose of 70 ug unmasked P70M or P71M (24 total mice).
Plasma samples were collected from 3 mice in each dose group prior to IV administration and at
0.083,0.25.0.5. 1. 2, 4, 8, 24, and 48 hours post-dose. Additionally, 24 mice each were administered
a single bolus intravenous dose of 30 pg masked P70M and P71M. Plasma samples were collected
from 3 mice in each dose group prior to administration and at 0.083, 0.25. 0.5. 1. 2, 4, 8, 24 (n=0), 48
(0=6), 72, 96, 168, and 240 hours post-dose. The concentration of masked and unmasked P70M and
P71M was quantified using qualified ligand binding assays. Pharmacokinetic parameters were

determined for each test item by non-compartment analysis using composite profiles.

[0327] As shown in FIG. 15, the unmasked murine IL-12 was cleared approximately 100-fold faster
than the masked murine IL-12. supporting the use of the masks to prolong half-life. The addition of
the N193 glycosylation site in P71M resulted in a modestly shorter elimination half-life of the
unmasked murine IL-12, suggesting that glycosylation of N195 has an impact on the
pharmacokinetics of unmasked murine IL-12. In contrast, the addition of the N195 glycosylation site
had no impact on the pharmacokinetics of masked murine [L-12, suggesting that the presence of the
masks may interfere with the glycosylation-specific elimination of murine IL-12. Clearance values

(CL) and terminal half-life (T1/2) are provided in Table 14.

Table 14. Clearance values (CL) and terminal half-life (T1/2) of mouse surrogate molecules

. Dose CL Ty,
Test Article
(ng) (mL/h/kg) (h)
P70 masked 30 1.44 21.4
P71 masked 30 1.77 215
P70 \
unmasked 70 266 1.94
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P71

,
unmasked 70 202 1.43

Efficacy and toxicity of P71M and P70M surrogate mouse fusion proteing

[0328] P71M is the mouse surrogate for P72H, as described above. P70M is the mouse surrogate for
P74H, as described above.

[0329] P70M (native mouse IL-12 sequence) and P71M (added N195 glycosylation site on the P35
subunit) were assessed for differential tumor growth inhibition and toxicity in the MC38 colon

carcinoma C37BL/6 mouse model. The results are provided in FIG. 16.

[0330] Briefly, for the tumor growth inhibition experiment, 120 mice were subcutaneously implanted
with 250k MC38 cells in the right flank. After 14 days, 40 mice bearing tumors with an average tumor
volume of 101 mm?® were randomized into 5 groups of 8 mice each. Mice were treated intravenously
with a weekly dose of diluent control, 3 ug of P70M, 10 pg of P70M, 3 ng of P71M, or 10 pg of
P71M. Mice were measured twice per week for tumor volume and body weight. At day 31, the end of
study, mice treated with 3 ug of P70M or P71M had an average tumor growth inhibition of 56% and
45%, respectively, compared to the diluent control group. Mice treated with 10 pg of P70M or P71M
had an average tumor growth inhibition of 91% and 86%, respectively. These data indicate that P70M
and P71M exhibit similar dose-dependent anti-tumor efficacy when using P70M or P71M. Mice did

not exhibit signs of toxicity from the treatment.

[0331] For the toxicity experiment, 130 mice were subcutancously implanted with 250k MC38 cells
in the right flank. After 14 days, 54 mice bearing tumors with an average tumor volume of 80 mm?®
were randomized into 3 groups of 18 mice each. Mice were treated intravenously twice weekly with
diluent control, 100 ug of P70M, or 100 ug P71M. Mice were assessed daily for signs of overt
toxicity, which was defined by death, morbidity, or body weight percentage loss greater than 15%.
For the last 5 days of the study (day 11- and 15-days post-dosing start), P70M and P71M had similar

overt toxicity of 44% and 50% of animals. respectively.

In vitro characterization of P72H and P74H fusion proteins

[0332] In vitro assays were performed to characterize the IL-12 receptor (IL-12R) binding and
activity of human P72H and P74H. Binding affinity of P72H and P74H were measured against human
and cynomolgus monkey IL-12Rp, by SPR. The assay was run on Biacore T200 at 25 degrees
Celsius. The chip type that was used was Series S Sensor Chip CM35. For each antigen, a separate chip
was made. For hIL-12RB2, the anti-His antibody was immobilized on the CMS5 chip surface. For
mlL-12RB2 and cIL-12RB2. the anti-mouse Fc antibody was immobilized on the CM35 chip surface.
The running buffer that was used was PBS-P+ from Cytiva. Chips were regenerated by 10 mM

Glycine HCL, pH 1.5. Sample flow was 30ul/min, while capture flow was 10ul/min. The association
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time was 100 seconds. The dissociation time was 360 seconds. Each sample was assayed as a titration
ranging from 500nM to 0.68nM. Sersorgram was fitted globally as a 1:1 kinetic interaction model

using Biacore T200 Evaluation software.

[0333] Affinity data is shown in Table 15. A biphasic binding curve was observed with IL-12Rf1.
Affinity trends were similar to that determined for IL-12Rf2.

Table 15. Affinity of P72H and P74H to human and cynomolgus monkey IL-12Rf

Test Tem IL-i2Rp2 LRy
hIL-12 52.6 16.7
cIL-12 105.7 52.1

P72 unmasked 50.7 11.9

P72 masked 88.2 779

P74 unmasked 53.9 10.7

P74 masked 78.1 45.4

[0334] Activity was determined by their respective ability to induce the downstream secretion of
IFNy into the supernatant by cells. Frozen PBMCs from a single human donor were quickly thawed,
washed, and resuspended. Aliquots of 5SE6 PBMCs are activated with 5pg/ml anti-CD3 monoclonal
antibody (clone OKT3) in 3 ml of media for 48 hours following standard tissue culture methods.
Activated PBMCs were aliquoted in 1ES cells and combined with titrated therapeutic P72H, MMP-
activated (unmasked) P72H, therapeutic P74H, MMP-activated (unmasked) P74H, or recombinant
human IL-12. The cells and therapeutic reagents are incubated for 48 hours. Supernatants were
collected for quantitative analysis of human IFNy by ELISA. This experiment was repeated in

triplicate, each utilizing a unique human PBMC donor. The results are provided in FIG. 17.

[0335] The human constructs, P72H and P74H, clicited a median EC50 values of 1 nM and 1.4 nM,
respectively, across the three donors making. Similarly, the proteolytically-activated counterparts
were more active, 0.0055 nM and 0.0093 nM, respectively. This is comparable to the activity
exhibited by recombinant human IL-12 (EC50 0.0065 nM). However, the masks conferred a reduced
potency of 100-fold.

[0336] While preferred embodiments of the present invention have been shown and described herein,
it will be obvious to those skilled in the art that such embodiments are provided by way of example
only. It isnot intended that the invention be limited by the specific examples provided within the
specification. While the invention has been described with reference to the aforementioned
specification, the descriptions and illustrations of the embodiments herein are not meant to be

construed in a limiting sense. Numerous variations, changes, and substitutions will now occur to
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those skilled in the art without departing from the invention. Furthermore, it shall be understood that
all aspects of the invention are not limited to the specific depictions, configurations or relative
proportions set forth herein which depend upon a variety of conditions and variables. It should be
understood that various alternatives to the embodiments of the invention described herein may be
employed in practicing the invention. It is therefore contemplated that the invention shall also cover
any such alternatives, modifications, variations or equivalents. It is intended that the following claims
define the scope of the invention and that methods and structures within the scope of these claims and

their equivalents be covered thereby.
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CLAIMS
WHAT IS CLAIMED IS:
1. A fusion protein comprising:
a cytokine,

a linker (Linker1l) comprising a protease-cleavable release segment (RS1), and
a mask polypeptide (Mask1),
wherein the linker (Linker1) comprising the release segment (RS1) is positioned between the
cytokine and the mask polypeptide (Mask1);
wherein the release segment is capable of being cleaved by at least one protease that is
present in a tumor;
and wherein the release segment (RS1) (i) is not capable of being cleaved by legumain in
human plasma, (ii) is cleaved by legumain in human plasma at a rate that is less than 25% of the rate
that EAGRSANHTPAGLTGP (RSR-2295: SEQ ID NO:7048) is cleaved by legumain in human
plasma, or (iii) comprises an amino acid sequence comprising the sequence
EAGRSAXHTPAGLTGP, wherein X is any amino acid other than N (SEQ ID NO:7627).

2. The fusion protein of claim 1, wherein the cytokine is an interleukin, a transforming growth

factor. an interferon, a tumor necrosis factor, a chemokine, or granulocyte macrophage-colony

stimulating factor.
3. The fusion protein of claim 2, wherein the cytokine is an interleukin.
4, The fusion protein of claim 3, wherein the interleukin is selected from IL-1, IL-2, IL-3, IL-4,

IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-11, IL-12, IL-13, IL-14, IL-15, IL-16, IL-17, IL-18, IL-21, and
IL-25.

5. The fusion protein of claim 4, wherein the interleukin is IL-12.

6. The fusion protein of claim 5, wherein the IL-12 is a disulfide-linked heterodimer comprising
a p35 polypeptide and a p40 polypeptide, and wherein the linker and mask are covalently joined to (i)
the N-terminus or C-terminus of the p33 polypeptide, or (ii) the N-terminus or C-terminus of the p40

polypeptide.
7. A fusion protein comprising:

(a) a first polypeptide subunit comprising the following elements in an N-to-C or C-to-N

terminal orientation:
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1. a first mask polypeptide (Mask1),
ii. a first linker (Linker1l) comprising a first protease-cleavable release segment
®SD),
iii. an IL-12 p35 polypeptide,
iv. asecond linker (Linker2) comprising a second protease-cleavable release
segment (RS2), and
v. asecond mask polypeptide (Mask2); and
(b) a second polypeptide subunit comprising the following elements in an N-to-C or C-
to-N terminal orientation:
i. a third mask polypeptide (Mask3),
ii. a third linker (Linker3) comprising a third protease-cleavable release segment
(RS3).
iii. an IL-12 p40 polypeptide,
iv. a fourth linker (Linker4) comprising a fourth protease-cleavable release
segment (RS4). and
v. afourth mask polypeptide (Mask4);
wherein the IL-12 p35 polypeptide of the first polypeptide subunit and the IL-12 p40
polypeptide of the second polypeptide subunit are disulfide-linked thereby forming a disulfide-linked
heterodimer:
wherein each release segment (RS1, RS2, RS3, and RS4) is capable of being cleaved by at
least one protease that is present in a tumor;
and wherein each release segment (RS1, RS2, RS3, and RS4) (i) is not capable of being
cleaved by legumain in human plasma, (ii) is cleaved by legumain in human plasma at a rate that is
less than 25% of the rate that RSR-2295 (EAGRSANHTPAGLTGP; SEQ ID NO:7048) is cleaved by
legumain in human plasma, or (iii) comprises an amino acid sequence comprising the sequence

EAGRSAXHTPAGLTGP, wherein X is any amino acid other than N (SEQ ID NO:7627).

8. The fusion protein of claim 7, wherein the first mask polypeptide (Mask1) comprises a first a
first barcode {ragment (Barcodel), the second mask polypeptide (Mask2) comprises a second barcode
fragment (Barcode2), the third mask polypeptide (Mask3) comprises a third barcode fragment
(Barcode3), and the fourth mask polypeptide (Mask4) comprises a fourth barcode fragment
(Barcode4);

and wherein each barcode fragment (Barcodel, Barcode2, Barcode3, and Barcode4) is
releasable from the fusion protein upon digestion with a non-mammalian protease, and each barcode
fragment differs in both sequence and molecular weight from all other barcode fragments or peptide
fragments that are releasable from the fusion protein upon complete digestion of the fusion protein by

the non-mammalian protease.
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9. A fusion protein comprising:
(a) a first polypeptide subunit comprising the following elements in an N-to-C or C-to-N
terminal orientation:
1. a first mask polypeptide (Mask1) comprising a [irst barcode {ragment
(Barcodel),
ii. a first linker (Linkerl) comprising a first protease-cleavable release segment
(RS1).
iii. an IL-12 p35 polypeptide,
iv. asecond linker (Linker2) comprising a second protease-cleavable release
segment (RS2), and
v. a second mask polypeptide (Mask2) comprising a second barcode fragment
(Barcode2); and
(b) a second polypeptide subunit comprising the following elements in an N-to-C or C-
to-N terminal orientation:
i. a third mask polypeptide (Mask3) comprising a third barcode fragment
(Barcode3),
it. a third linker (Linker3) comprising a third protease-cleavable release segment
(RS3),
iii. an IL-12 p40 polypeptide.
iv. a fourth linker (Linker4) comprising a fourth protease-cleavable release
segment (RS4), and
v. a fourth mask polypeptide (Mask4) comprising a fourth barcode fragment
(Barcode4);
wherein the [L-12 p35 polypeptide of the first subunit and the IL-12 p40 polypeptide of the
second unit are disulfide-linked thereby forming a disulfide-linked heterodimer;
wherein each release segment (RS1, RS2, RS3, and RS4) is capable of being cleaved by at
least one protease that is present in a tumor;
and wherein ecach barcode fragment (Barcodel, Barcode2, Barcode3, and Barcode4) is
releasable from the fusion protein upon digestion with a non-mammalian protease, and each barcode
fragment differs in both sequence and molecular weight from all other barcode fragments or peptide
fragments that are releasable from the fusion protein upon complete digestion of the fusion protein by

the non-mammalian protease.
10. The fusion protein of claim 9, wherein each release segment comprises an amino acid

sequence having at least 85%, 90%, 91%. 92%. 93%, 94%, 95%. 96%. 97%., 98%, or 99% identity, or
100% identity, to a sequence of Table 6a.
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11. The fusion protein of claim 9, wherein cach release segment (RS1, RS2, RS3, and RS4) (i) is
not capable of being cleaved by legumain in human plasma, (ii) is cleaved by legumain in human
plasma at a rate that is less than 25% of the rate that RSR-2295 (EAGRSANHTPAGLTGP; SEQ ID
NO:7048) is cleaved by legumain in human plasma, or (iii) comprises an amino acid sequence
comprising the sequence EAGRSAXHTPAGLTGP, wherein X is any amino acid other than N (SEQ
ID NO:7627).

12. The fusion protein of any one of claims 1-11, wherein each release segment is a substrate for

at least one protease of Table 5.

13. The fusion protein of any one of claims 1-12, wherein each release segment is capable of
being cleaved by uPA, ST14, MMP2, MMP7, MMP9, and MMP14.

14. The fusion protein of any one of claims 1-13, wherein each release segment is not capable of

being cleaved by legumain in human plasma.

15. The fusion protein of any one of claims 1-14, wherein each release segment is not capable of

being cleaved by legumain in human blood, plasma, or serum.

16. The fusion protein of any one of claims 1-15, wherein each release segment is not capable of

being cleaved upon incubation with about 1nM or less legumain for about 20 hours.

17. The fusion protein of any one of claims 1-16, wherein each release segment is cleaved by
legumain in human plasma at a rate that is less than 25%, less than 15%, less than 10%, less than 5%,
or less than 2.5% of the rate that RSR-2295 (EAGRSANHTPAGLTGP; SEQ ID NO:7048) is cleaved

by legumain in human plasma.

18. The fusion protein of any one of claims 1-17, wherein each release segment comprises the
amino acid sequence of RSR-3213 (EAGRSASHTPAGLTGP; SEQ ID NO:7628)

19. The fusion protein of any one of claims 1-18, wherein each mask polypeptide is an extended

length non-natural polypeptide (ELNN).
20. The fusion protein of claim 19. wherein each ELNN is, independently, characterized in that:

at least 90% of the amino acid residues of each ELNN are selected from glycine (G), alanine (A),

serine (S). threonine (T). glutamate (E). proline (P). or any combination thereof;, and
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cach ELNN comprises at least 3 types of amino acid residues selected from the group consisting of G,

A S, T,E, and P.

21. The fusion protein of claim 20, wherein each ELNN, independently, comprises a plurality of
non-overlapping sequence motifs that are each from 9 to 14 amino acid residues in length, wherein the
plurality of non-overlapping sequence motifs comprises a set of non-overlapping sequence motifs,
wherein each non-overlapping sequence motif of the set of non-overlapping sequence motifs is

repeated at least two times in the ELNN.

22. The fusion protein of claim 21, wherein the plurality of non-overlapping sequence motifs

comprises at least one non-overlapping sequence motif that occurs only once within the ELNN.

23. The fusion protein of claim 21 or 22, wherein the non-overlapping sequence motifs comprise

one of or any combination of the sequence motifs listed in Table 1b.

24, The fusion protein of any one of claims 21-23, wherein the non-overlapping sequence motifs

comprise at least 2. 3, or 4 of the sequence motifs listed in Table 1b.

25. The fusion protein of any one of claims 21-24, wherein the non-overlapping sequence motifs
comprise any one of or any combination of GTSTEPSEGSAP (SEQ ID NO:189), GTSESATPESGP
(SEQ ID NO:188). GSGPGTSESATP (SEQ ID NO:201), GSEPATSGSETP (SEQ ID NO:187),
GSPAGSPTSTEE (SEQ ID NO:186). and GTSPSATPESGP (SEQ ID NO:202).

26. The fusion protein of any one of claims 19-25, wherein each ELNN comprises at least 4 types

of amino acid residues selected from the group consisting of G, A, S, T, E, and P.

27. The fusion protein of any one of claims 19-26, wherein the amino acid residues of each

ELNN consists of A, E, G, S, P, and/or T.

28. The fusion protein of any one of claims 19-27, wherein each ELNN, independently, has a
length of least 100 amino acid residues, at least 200 amino acid residues, or at least 250 amino acid

residues.

29. The fusion protein of any one of claims 19-28, wherein each ELNN, independently, has a
length of 100 to 1000 amino acid residues, 100 to 500 amino acid residues, 200 to 100 amino acid
residues, 200 to 500 amino acid residues, 200 to 300 amino acid residues. 250 to 1000 amino acid

residues, 250 to 500 amino acid residues. or 250 to 300 amino acid residues.
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30. The fusion protein of claim 23, wherein each ELNN has a length of between 250 and 300

amino acid residues.

31. The fusion protein of claim 30, wherein each ELNN has a length of 287 or 288 amino acid
residues.
32. The fusion protein of any one of claims 19-31, wherein each ELNN comprises an amino acid

sequence that has at least 85%, 90%, 91%, 92%, 93%. 94%, 95%, 96%, 97%. 98%, 99%, or 100%

sequence identity to an amino acid sequence listed in Table 3a or 3b.

33. The fusion protein of any one of claims 7-32, wherein the first polypeptide mask is a first
ELNN (ELNN1), and wherein ELNNI1 comprises an amino sequence that has at least 85%. 90%,
91%, 92%. 93%. 94%. 95%. 96%. 97%. 98%. or 99% identity, or 100% identity to:
ASGPGTSTEPSEGSAPGTSESATPESGPGSGPGTSESATPGTSESATPESGPGSEPATSG
SETPGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGT
SESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGTSESATP
ESGPGTSESATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEEGTSTEPSEGSAPGT
STEPSEGSAPGSEPATSGSETPGTSESAT (SEQ ID NO: 8026).

34, The fusion protein of any one of claims 7-33, wherein the second polypeptide mask is a
second ELNN (ELNN2), and wherein ELNN2 comprises an amino sequence that has at least 85%,
90%, 91%, 92%. 93%, 94%, 95%., 96%, 97%, 98%, or 99% identity, or 100% identity to:
ATPESGPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGSEPAT
SGSETPGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETP
GTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGTSESA
TPESGPGTSASATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEEGTSTEPSEGSAP
GTSTEPSEGSAPGSEPATSGSETPGEPEA (SEQ ID NO: 8028).

3s. The fusion protein of any one of claims 7-34, wherein the third polypeptide mask is a third
ELNN (ELNN3), and wherein ELNN3 comprises an amino sequence that has at least 85%, 90%.
91%, 92%, 93%, 94%. 95%, 96%, 97%., 98%. or 99% identity. or 100% identity to:
ASGPGTSTEPSEGSAPGTSESATPESGPGSGPATSESATPGTSESATPESGPGSEPATSG
SETPGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGT
SESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGTSESATP
ESGPGTSESATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEEGTSTEPSEGSAPGT
STEPSEGSAPGSEPATSGSETPGTSESAT (SEQ ID NO: 8023).
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36. The fusion protein of any one of claims 7-35, wherein the fourth polypeptide mask is a fourth
ELNN (ELNN#4), and wherein ELNN4 comprises an amino sequence that has at least 85%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identity, or 100% identity to:
ATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGSPAGSPTSTEEGTSESATPESGPGTSTEP
SEGSAPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGSEPATSGSETPGTSESATPESGP
GTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSESATPESGPGSPAGS
PTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPGTSPSATPESGP
GSEPATSGSETPGSEPATSGSETPGSPAG (SEQ ID NO: 8025).

37. The fusion protein of any one of claims 6-36 wherein the 1L-12 p35 polypeptide is a human

IL-12 p35 polypeptide and the IL12 p40 polypeptide is a human [L-12 p40 polypeptide.

38. The fusion protein of claim 37, wherein the human IL-12 p35 polypeptide comprises an
amino acid sequence that has at least 85%. 90%, 91%, 92%, 93%. 94%., 95%, 96%, 97%. 98%. or
99% identity, or 100% identity to:

RNLPVATPDPGMFPCLHHSQNLLRAVSNMLQKARQTLEFYPCTSEEIDHEDITKDKTS
TVEACLPLELTKNESCLNSRETSFITNGSCLASRKTSFMMALCLSSIYEDLKMYQVEFKTMNA
KLLMDPKRQIFLDQNMLAVIDELMQALNFNSETVPQKSSLEEPDFYKTKIKLCILLHAFRIRA
VTIDRVMSYLNAS (SEQ ID NO: 8050).

39. The fusion protein of claim 38, wherein the human IL-12 p35 polypeptide comprises the
amino acid sequence of:

RNLPVATPDPGMFPCLHHSQNLLRAVSNMLQKARQTLEFYPCTSEEIDHEDITKDKTS
TVEACLPLELTKNESCLNSRETSFITNGSCLASRKTSFMMALCLSSIYEDLKMYQVEFKTMNA
KLLMDPKRQIFLDQNMLAVIDELMQALNFNSETVPQKSSLEEPDFYKTKIKLCILLHAFRIRA
VTIDRVMSYLNAS (SEQ ID NO: 8050).

40. The fusion protein of claim 37 or 38, wherein the human IL-12 p35 polypeptide is an N195

aglycosylated variant.

41. The fusion protein of claim 40, wherein the human 1L-12 p33 polypeptide comprises the amino
acid sequence of:

RNLPVATPDPGMFPCLHHSQNLLRAVSNMLQKARQTLEFYPCTSEEIDHEDITKDKTS
TVEACLPLELTKNESCLNSRETSFITNGSCLASRKTSFMMALCLSSIYEDLKMYQVEFKTMNA
KLLMDPKRQIFLDQNMLAVIDELMQALNFNSETVPQKSSLEEPDFYKTKIKLCILLHAFRIRA
VTIDRVMSYLXAS (SEQ ID NO: 8055),
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wherein X is any amino acid residue other than asparagine (N).

42. The fusion protein of claim 40 or 41, wherein the human IL-12 p335 polypeptide comprises an
amino acid sequence selected from:

RNLPVATPDPGMFPCLHHSQNLLRAVSNMLQKARQTLEFYPCTSEEIDHEDITKDKTS
TVEACLPLELTKNESCLNSRETSFITNGSCLASRKTSFMMALCLSSIYEDLKMYQVEFKTMNA
KLLMDPKRQIFLDQNMLAVIDELMQALNFNSETVPQKSSLEEPDFYKTKIKLCILLHAFRIRA
VTIDRVMSYLSSA (SEQ ID NO: 8052),

RNLPVATPDPGMFPCLHHSQNLLRAVSNMLQKARQTLEFYPCTSEEIDHEDITKDKTS
TVEACLPLELTKNESCLNSRETSFITNGSCLASRKTSFMMALCLSSIYEDLKMYQVEFKTMNA
KLLMDPKRQIFLDQNMLAVIDELMQALNFNSETVPQKSSLEEPDFYKTKIKLCILLHAFRIRA
VTIDRVMSYLQAS (SEQ ID NO: 8053); and

RNLPVATPDPGMFPCLHHSONLLRAVSNMLQKARQTLEFYPCTSEEIDHEDITKDKTS
TVEACLPLELTKNESCLNSRETSFITNGSCLASRKTSFMMALCLSSIYEDLKMYQVEFKTMNA
KLLMDPKRQIFLDQNMLAVIDELMQALNFNSETVPQKSSLEEPDFYKTKIKLCILLHAFRIRA
VTIDRVMSYLDAS (SEQ ID NO: 8054).

43. The fusion protein of any one of claims 37-42, wherein the human IL-12 p40 polypeptide
comprises an amino acid sequence that has at least 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%.
97%, 98%, or 99% identity, or 100% identity to:

IWELKKDVYVVELDWYPDAPGEMVVLTCDTPEEDGITWTLDQSSEVLGSGKTLTIQ
VKEFGDAGQYTCHKGGEVLSHSLLLLHKKEDGIWSTDILKDQKEPKNKTFLRCEAKNY SGRF
TCWWLTTISTDLTFSVKSSRGSSDPQGVTCGAATLSAERVRGDNKEYEYSVECQEDSACPAA
EESLPIEVMVDAVHKLKYENYTSSFFIRDIIKPDPPKNLQLKPLKNSRQVEVSWEYPDTWSTP
HSYFSLTFCVQVQGKSKREKKDRVFTDKTSATVICRKNASISVRAQDRYYSSSWSEWASVPC
S (SEQ ID NO: 8051).

44. The fusion protein of claim 43, wherein the human IL-12 p40 polypeptide comprises the
amino acid sequence of:

IWELKKDVYVVELDWYPDAPGEMVVLTCDTPEEDGITWTLDQSSEVLGSGKTLTIQ
VKEFGDAGQYTCHKGGEVLSHSLLLLHKKEDGIWSTDILKDQKEPKNKTFLRCEAKNY SGRF
TCWWLTTISTDLTFSVKSSRGSSDPQGVTCGAATLSAERVRGDNKEYEYSVECQEDSACPAA
EESLPIEVMVDAVHKLKYENYTSSFFIRDIIKPDPPKNLQLKPLKNSRQVEVSWEYPDTWSTP
HSYFSLTFCVQVQGKSKREKKDRVFTDKTSATVICRKNASISVRAQDRYYSSSWSEWASVPC
S (SEQ ID NO: 8051).
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45. The fusion protein of any one of claims 6-36, wherein the 1L-12 p35 polypeptide is a mouse

IL-12 p35 polypeptide and the IL-12 p40 polypeptide is a mouse IL-12 p40 polypeptide.

46. The fusion protein of any one of claims 1-45, wherein each linker further comprises a spacer.

47. The fusion protein of claim 46, wherein each spacer is positioned between a release segment

and a cytokine, an IL-12 p35 polypeptide. or an IL-12 p40 polypeptide.

48. The fusion protein of claim 46 or 47, wherein each spacer is, independently, characterized in
that:

at least 90% of the amino acid residues of each spacer are selected from glycine (G). alanine
(A), serine (S), threonine (T), glutamate (E), proline (P). or any combination thereof; and

each spacer comprises at least 3 types of amino acid residues selected from the group
consisting of G, A. S, T, E, and P.

49. The fusion protein of any one of claims 46-48, wherein each spacer is. independently, 5 to 14

amino acid residues in length.

50. The fusion protein of any one of claims 46-49, wherein each spacer comprises at least 4 types

of amino acid residues selected from the group consisting of G, A, S, T. E, and P.

51 The fusion protein of any one of claims 46-50, wherein the amino acid residues of each spacer

comprise only amino acid residues selected from G, A, S, T, E, and/or P.

52. The fusion protein of any one of claims 46-51, wherein each spacer is cleavable by a non-
mammalian protease.

53. The fusion protein of claim 52, wherein the non-mammalian protease is Glu-C.

54. The fusion protein of any one of claims 46-53, wherein each spacer, independently, comprises

an amino acid sequence having at least 85%, 90%. 91%, 92%, 93%, 94%., 95%, 96%, 97%, 98%, or
99% identity, or 100% identity, to a sequence listed in Table C.

55. The fusion protein of any one of claims 46-54, wherein each spacer, independently, comprises
an amino acid sequence that has at least 85%. 90%, 91%, 92%. 93%. 94%., 95%, 96%. 97%. 98%, or
99% identity, or 100% identity to TSESATPES (SEQ ID NO:98), GTATPESGPG (SEQ ID NO:97).
GTPESATPES (SEQ ID NO:99), or GTATPESAP (SEQ ID NO:100).
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56. The fusion protein of any one of claims 46-55, wherein no spacer shares 100% sequence

identity with any other spacer.

57. The fusion protein of any one of claims 1-56, wherein the fusion protein does not comprise a
His-tag, wherein a His-tag is a polypeptide sequence comprising an uninterrupted chain of between 3

and 12 histidine residues.

38. The fusion protein of any one of claims 8-37, wherein each barcode fragment is releasable
from the fusion protein upon digestion with a non-mammalian protease and the non-mammalian

protease is Glu-C.

59. The fusion protein of any one of claims 8-38, wherein none of the barcode fragments include
any of the following: the N-terminal amino acid of the first polypeptide subunit, the C-terminal acid
of the first polypeptide subunit, the N-terminal amino acid of the second polypeptide subunit. and the

C-terminal amino acid of the polypeptide subunit.

60. The fusion protein of any one of claims 8-59, wherein the entirety of each barcode fragment is
5t0 100, 5 to 50. 10 to 100, or 10 to 50 amino acid residues from any of the following: the N-terminal
amino acid of the first polypeptide subunit, the C-terminal acid of the first polypeptide subunit, the N-
terminal amino acid of the second polypeptide subunit. and the C-terminal amino acid of the

polypeptide subunit.

61. The fusion protein of any one of claims 8-60, wherein each barcode fragment is,

independently, at least 4 amino acid residues in length.

62. The fusion protein of any one of claims 8-61, wherein each barcode fragment is,
independently, 4 to 20, 5to 15, 6to 12, 7to 10, 8 to 13, 10 to 13. or 11 to 12 amino acid residues in
length.

63. The fusion protein of any one of claims 8-62, wherein each barcode fragment comprises a

glutamate at the C-terminus thereof.
64. The fusion protein of claim 63, wherein each barcode fragment does not include a second

glutamate at a position other than the C-terminus of the barcode fragment unless the second glutamate

is immediately followed by a proline.
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65. The fusion protein of any one of claims 8-641, wherein the amino acid residue that is directly
N-terminal to each barcode fragment in the primary amino acid sequence of the fusion protein is a

glutamate.

66. The fusion protein of claim 65. wherein the glutamate that is directly N-terminal to each

barcode fragment is not immediately adjacent to another glutamate.

67. The fusion protein of any one of claims 8-66, wherein none of the barcode fragments includes
a glutamate that is immediately adjacent to another glutamate, if present, in the mask polypeptide that

contains the barcode fragment.

68. The fusion protein of any one of claims 8-67, wherein each barcode fragment is.

independently, selected from Table 2 or Table 3a.

69. The fusion protein of any one of claims 8-68, wherein each barcode fragment comprises only

amino acid residues selected from A, E, G, S, P,and T.

70. The fusion protein of any one of claims 8-69, wherein each barcode fragment comprises an
amino acid sequence that has at least 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%. or
99% identity, or 100% identity, to SGPGSGPGTSE (SEQ ID NO:78), SGPGTSASATPE (SEQ ID
NO:1029), SGPGSGPATSE (SEQ ID NO:1028), or SGPGTSPSATPE (SEQ ID NO:79).

71. The fusion protein of any one of claims 8-70, wherein each barcode fragment is selected from
the following four amino acid sequences: SGPGSGPGTSE (SEQ ID NO:78), SGPGTSASATPE

(SEQ ID NO:1029), SGPGSGPATSE (SEQ ID NO:1028), or SGPGTSPSATPE (SEQ ID NO:79).

72. The fusion protein of any one of claims 8-71, wherein the first barcode fragment (Barcodel)

comprises the amino acid sequence of SGPGSGPGTSE (SEQ ID NO:78).

73. The fusion protein of any one of claims 8-72, wherein the second barcode fragment
(Barcode2) comprises the amino acid sequence of SGPGTSASATPE (SEQ ID NO:1029).

74. The fusion protein of any one of claims 8-73, wherein the third barcode fragment (Barcode3)
comprises the amino acid sequence of SGPGSGPATSE (SEQ ID NO:1028).

75. The fusion protein of any one of claims 8-74, wherein the fourth barcode fragment
(Barcode4) comprises the amino acid sequence of SGPGTSPSATPE (SEQ ID NO:79).
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76. The fusion protein of any one of claims 1-75, comprising a Glu-C cleavage site comprising
one of the following amino acid sequences: ATPESGPG (SEQ ID NO:2223), SGSETPGT (SEQ ID
NO:2242), and GTSESATP (SEQ ID NO:204).

77. The fusion protein of any one of claims 1-76, comprising at least one of the following amino
acid sequences: SGPE.SGPGXnSGPE.SGPG (SEQ ID NO:2001), SGPE.SGPGXnATPE.SGPG
(SEQ ID NO:2002), SGPE.SGPGXnGTSE.SATP (SEQ ID NO:2003), SGPE.SGPGXnTTPE.SGPG
(SEQ ID NO:2004), SGPE.SGPGXnSTPE.SGPG (SEQ ID NO:2005), SGPE.SGPGXnGTPE.SGPG
(SEQ ID NO:2006), SGPE.SGPGXnGTPE. TPGS (SEQ ID NO:2007), SGPE.SGPGXnSGSE. TGTP
(SEQ ID NO:2008), SGPE.SGPGXnGTPE.GSAP (SEQ 1D NO:2009). SGPE.SGPGXnEPSE.SATP
(SEQ ID NO:2010). ATPE.SGPGXnSGPE.SGPG (SEQ ID NO:2011). ATPE.SGPGXnATPE.SGPG
(SEQ ID NO:2012). ATPE.SGPGXnGTSE.SATP (SEQ ID NO:2013). ATPE.SGPGXnATSE.SATP
(SEQ ID NO:2014), ATPE.SGPGXnTTPE.SGPG (SEQ ID NO:2015), ATPE. SGPGXnSTPE.SGPG
(SEQ ID NO:2016), ATPE.SGPGXnGTPE.SGPG (SEQ ID NO:2017), ATPE.SGPGXnGTPE.TPGS
(SEQ ID NO:2018), ATPE.SGPGXnSGSE.TGTP (SEQ ID NO:2019), ATPE.SGPGXnGTPE.GSAP
(SEQ ID NO:2020), ATPE.SGPGXnEPSE.SATP (SEQ ID NO:2021), GTSE.SATPXnSGPE.SGPG
(SEQ ID NO:2022), GTSE.SATPXnATPE.SGPG (SEQ ID NO:2023), GTSE.SATPXnGTSE.SATP
(SEQ ID NO:2024), GTSE.SATPXnTTPE.SGPG (SEQ ID NO:2025), GTSE.SATPXnSTPE.SGPG
(SEQ ID NO:2026), GTSE.SATPXnGTPE.SGPG (SEQ ID NO:2027), GTSE.SATPXnGTPE. TPGS
(SEQ ID NO:2028), GTSE.SATPXnSGSE.TGTP (SEQ ID NO:2029), GTSE.SATPXnGTPE.GSAP
(SEQ ID NO:2030), GTSE.SATPXnEPSE.SATP (SEQ ID NO:2031), TTPE.SGPGXnSGPE.SGPG
(SEQ ID NO:2032), TTPE.SGPGXnATPE.SGPG (SEQ ID NO:2033), TTPE.SGPGXnGTSE.SATP
(SEQ ID NO:2034), TTPE.SGPGXnTTPE.SGPG (SEQ ID NO:2035), TTPE.SGPGXnSTPE.SGPG
(SEQ ID NO:2036), TTPE.SGPGXnGTPE.SGPG (SEQ ID NO:2037), TTPE.SGPGXnGTPE.TPGS
(SEQ ID NO:2038), TTPE.SGPGXnSGSE. TGTP (SEQ ID NO:2039), TTPE.SGPGXnGTPE.GSAP
(SEQ ID NO:2040), TTPE.SGPGXnEPSE.SATP (SEQ ID NO:2041), STPE.SGPGXnSGPE .SGPG
(SEQ ID NO:2042), STPE.SGPGXnATPE.SGPG (SEQ ID NO:2043), STPE.SGPGXnGTSE .SATP
(SEQ ID NO:2044), STPE.SGPGXnTTPE.SGPG (SEQ ID NO:2045), STPE.SGPGXnSTPE.SGPG
(SEQ ID NO:2046), STPE.SGPGXnGTPE.SGPG (SEQ ID NO:2047), STPE.SGPGXnGTPE.TPGS
(SEQ ID NO:2048), STPE.SGPGXnSGSE.TGTP (SEQ ID NO:2049), STPE.SGPGXnGTPE.GSAP
(SEQ ID NO:2050), STPE.SGPGXnEPSE.SATP (SEQ ID NO:2051), GTPE.SGPGXnSGPE.SGPG
(SEQ ID NO:2052), GTPE.SGPGXnATPE.SGPG (SEQ ID N0O:2053). GTPE.SGPGXnGTSE.SATP
(SEQ ID NO:2054), GTPE.SGPGXnTTPE.SGPG (SEQ ID NO:2055), GTPE.SGPGXnSTPE.SGPG
(SEQ ID NO:2056), GTPE.SGPGXnGTPE.SGPG (SEQ ID NO:2057). GTPE. SGPGXnGTPE. TPGS
(SEQ ID NO:2038). GTPE.SGPGXnSGSE.TGTP (SEQ ID NO:2059). GTPE.SGPGXnGTPE.GSAP
(SEQ ID NO:2060). GTPE.SGPGXnEPSE.SATP (SEQ ID NO:2061), GTPE. TPGSXnSGPE.SGPG
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(SEQ ID NO:2062), GTPE. TPGSXnATPE.SGPG (SEQ ID NO:2063), GTPE. TPGSXnGTSE.SATP
(SEQ ID NO:2064), GTPE. TPGSXnTTPE.SGPG (SEQ ID NO:2065), GTPE TPGSXnSTPE.SGPG
(SEQ ID NO:2066), GTPE. TPGSXnGTPE.SGPG (SEQ ID NO:2067), GTPE. TPGSXnGTPE. TPGS
(SEQ ID NO:2068), GTPE. TPGSXnSGSE.TGTP (SEQ ID N0O:2069), GTPE TPGSXnGTPE.GSAP
(SEQ ID NO:2070), GTPE. TPGSXnEPSE.SATP (SEQ ID NO:2071), SGSE.TGTPXnSGPE.SGPG
(SEQ ID NO:2072), SGSE.TGTPXnATPE.SGPG (SEQ ID N0O:2073), SGSE. TGTPXnGTSE SATP
(SEQ ID NO:2074), SGSE. TGTPXnTTPE.SGPG (SEQ ID N0O:2075), SGSE. TGTPXnSTPE.SGPG
(SEQ ID NO:2076), SGSE. TGTPXnGTPE.SGPG (SEQ ID N0O:2077), SGSE.TGTPXnGTPE.TPGS
(SEQ ID NO:2078), SGSE.TGTPXnSGSE.TGTP (SEQ ID NO:2079), SGSE. TGTPXnGTPE.GSAP
(SEQ ID NO:2080), SGSE.TGTPXnEPSE.SATP (SEQ ID NO:2081), GTPE.GSAPXnSGPE.SGPG
(SEQ ID NO:2082). GTPE.GSAPXnATPE.SGPG (SEQ ID NO:2083). GTPE.GSAPXnGTSE.SATP
(SEQ ID NO:2084). GTPE.GSAPXnTTPE.SGPG (SEQ ID NO:2085). GTPE.GSAPXnSTPE.SGPG
(SEQ ID NO:2086). GTPE.GSAPXnGTPE.SGPG (SEQ ID NO:2087). GTPE.GSAPXnGTPE.TPGS
(SEQ ID NO:2088). GTPE.GSAPXnSGSE. TGTP (SEQ ID NO:2089), GTPE.GSAPXnGTPE.GSAP
(SEQ ID NO:2090), GTPE.GSAPXnEPSE.SATP (SEQ ID NO:2091), EPSE.SATPXnSGPE.SGPG
(SEQ ID NO:2092), EPSE.SATPXnATPE.SGPG (SEQ ID NO:2093), EPSE.SATPXnGTSE.SATP
(SEQ ID NO:2094), EPSE.SATPXnTTPE.SGPG (SEQ ID NO:2095), EPSE.SATPXnSTPE. SGPG
(SEQ ID NO:2096), EPSE.SATPXnGTPE.SGPG (SEQ ID NO:2097), EPSE.SATPXnGTPE.TPGS
(SEQ ID NO:2098), EPSE.SATPXnSGSE.TGTP (SEQ ID NO:2099), EPSE.SATPXnGTPE.GSAP
(SEQ ID NO:2100), or EPSE.SATPXnEPSE.SATP (SEQ ID NO:2101), wherein each .” is a Glu-C

cleavage site and n is any integer from 0 to 50.

78. The fusion protein of claim 77, comprising at least one of the following amino acid
sequences: ATPE.SGPGXnATPE.SGPG (SEQ ID NO:2102), ATPE.SGPGXnGTSE.SATP (SEQ ID
NO:2103), ATPE.SGPGXnATSE.SATP (SEQ ID NO:2104), GPE.SGPGXnATPE.SGPG (SEQ ID
NO:2116), ATPE SGPGXnTTPE.SGPG (SEQ ID NO:2106), ATPE.SGPGXnSTPE.SGPG (SEQ ID
NO:2107), ATPE.SGPGXnGTPE.SGPG (SEQ ID NO:2108), GTPE.SGPGXnGTPE.SGPG (SEQ ID
NO:2109), GTPE.SGPGXnSTPE.SGPG (SEQ ID NO:2110), GTPE.SGPGXnTTPE.SGPG (SEQ ID
NO:2111), GTPE.TPGSXnSGSE. TGTP (SEQ ID NO:2112), GTPE.GSAPXnEPSE.SATP (SEQ ID
NO:2113), TTPE.SGPGXnTTPE.SGPG (SEQ ID NO:2114), or STPE.SGPGXnSTPE.SGPG (SEQ

ID NO:2113), wherein each “.” is a Glu-C cleavage site and n is any integer from 0 to 30.
79. The fusion protein of claim 78, comprising at least one of the following amino acid sequence

ATPE.SGPGXnATSE.SATP, wherein “.” is a Glu-C cleavage site and n is any integer from 0 to 30
(SEQ ID NO:2104).
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80. The fusion protein of any one of claims 77-79, wherein n is any integer from 1 to 20, 5 to 15,

3to7,2t05, or5to10.

8l. The fusion protein of any one of claims 77-79, wherein n is 9.
82. The fusion protein of any one of claims 77-79, wherein n is 4.
83. The fusion protein of any one of claims 77-79wherein n is 3.

84. The fusion protein of any one of claims 77-79, wherein Xn is PGTGTSAT (SEQ ID
NO:2233), PGSGPGT (SEQ ID NO:2221), PGTTPGTT (SEQ ID NO:2241). PGTPPTST (SEQ ID
NO:2235), PGTSPSAT (SEQ ID NO:2238), PGTGSAGT (SEQ ID NO:2230), PGTGGAGT (SEQ ID
NO:2228), PGTSPGAT (SEQ ID NO:2237), PGTSGSGT (SEQ ID NO:2236), PGTSSAST (SEQ ID
NO:2239), PGTGAGTT (SEQ ID NO:2227), PGTGSTST (SEQ ID NO:2232), GSEPATSG (SEQ ID
NO:2224). APGTSTEP (SEQ ID NO:2222). PGTAGSGT (SEQ ID NO:2226), PGTSSGGT (SEQ ID
NO:2240), PGTAGPAT (SEQ ID NO:2225), PGTPGTGT (SEQ ID NO:2234), PGTGGPTT (SEQ ID
NO:2229). or PGTGSGST (SEQ ID NO:2231).

85. The fusion protein of any one of claims 77-79, wherein Xn is TSAS (SEQ ID NO:2214),
TGTS (SEQ ID NO:2211), SGP, TTPG (SEQ ID NO:2220), TPPT (SEQ ID NO:2213), TSPS (SEQ
ID NO:2217), TGSA (SEQ ID NO:2208), TGGA (SEQ ID NO:2206), TSPG (SEQ ID NO:2216),
TSGS (SEQ ID NO:2215), TSSA (SEQ ID NO:2218), TGAG (SEQ ID NO:2205), TGST (SEQ ID
NO:2210), EPAT (SEQ ID NO:2201), GTST (SEQ ID NO:2202), TAGS (SEQ ID NO:2204), TSSG
(SEQ ID N0O:2219), TAGP (SEQ ID N0:2203), TPGT (SEQ ID NO:2212), TGGP (SEQ ID
NO:2207), or TGSG (SEQ ID NO:2209).

86. The fusion protein of any one of claim 77-79, wherein Xn is SGP,

87. The fusion protein of any one of claims 7-86, wherein the {irst polypeptide subunit comprises
an amino acid sequence that has at least 85%, 90%, 91%, 92%. 93%, 94%, 95%, 96%, 97%., 98%, or
99% identity, or 100% identity, to a sequence listed in Table Al (SEQ ID NOs: 1000-1005).

88. The fusion protein of any one of claims 7-86, wherein the first polypeptide subunit comprises
an amino acid sequence that has at least 85%, 90%, 91%, 92%. 93%., 94%, 95%, 96%, 97%. 98%, or
99% identity, or 100% identity, to:
ASGPGTSTEPSEGSAPGTSESATPESGPGSGPGTSESATPGTSESATPESGPGSEPATSGSETPGT
SESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSESATP
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ESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPGT
SESATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE
GSAPGSEPATSGSETPGTSESATEAGRSASHTPAGLTGPGTPESATPESRNLPVATPDPGMFP
CLHHSONLLRAVSNMLOKARQTLEFYPCTSEEIDHEDITKDKTSTVEACLPLELTKNESCLNS
RETSFITNGSCLASRKTSFMMALCLSSIYEDLKMYQVEFKTMNAKLLMDPKROIFLDONMLA
VIDELMOQALNFNSETVPOKSSILEEPDFYKTKIKLCILLHAFRIRAVTIDRVMSYLNASGTATPE
SAPEAGRSASHTPAGLTGPATPESGPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGT
SESATPESGPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATP
ESGPGSEPATSGSETPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGT
SESATPESGPGTSESATPESGPGTSASATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPT
STEEGTSTEPSEGSAPGTSTEPSEGSAPGSEPATSGSETPGEPEA (SEQ ID NO: 1000).

89. The fusion protein of any one of claims 7-88, wherein the second polypeptide subunit
comprises an amino acid sequence that has at least 85%, 90%., 91%. 92%. 93%, 94%, 95%. 96%.
97%, 98%. or 99% identity. or 100% identity, to a sequence listed in Table A2 (SEQ ID NOs: 1033-
1036).

90. The fusion protein of any one of claims 7-89, wherein the second polypeptide subunit
comprises an amino acid sequence that has at least 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%.
97%, 98%, or 99% identity, or 100% identity, to:
ASGPGTSTEPSEGSAPGTSESATPESGPGSGPATSESATPGTSESATPESGPGSEPATSGSETPGT
SESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSESATP
ESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPGT
SESATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE
GSAPGSEPATSGSETPGTSESATEAGRSASHTPAGLTGPTSESATPESIWELKKDVYVVELD
WYPDAPGEMVVLTCDTPEEDGITWTLDQSSEVLGSGKTLTIQVKEFGDAGQYTCHKGGEVL

SHSLLLLHKKEDGIWSTDILKDOKEPKNKTFLRCEAKNY SGRFTCWWLTTISTDLTFSVKSSR
GSSDPOGVTCGAATLSAERVRGDNKEYEYSVECQEDSACPAAEESLPIEVMVDAVHKLKYE

NYTSSFFIRDIIKPDPPKNLQLKPLKNSROVEVSWEYPDTWSTPHSYFSLTFCVQVOQGKSKRE
KKDRVFTDKTSATVICRKNASISVRAQDRYYSSSWSEWASVPCSGTATPESGPGEAGRSASH
TPAGLTGPATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGSPAGSPTSTEEGTSESATPESGPGT
STEPSEGSAPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGSEPATSGSETPGTSESATP
ESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSESATPESGPGS
PAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPGTSPSATP
ESGPGSEPATSGSETPGSEPATSGSETPGSPAG (SEQ ID NO: 1033).
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91. The fusion protein of any one of claims 7-87, wherein the first polypeptide subunit comprises
the amino acid sequence of:
ASGPGTSTEPSEGSAPGTSESATPESGPGSGPGTSESATPGTSESATPESGPGSEPATSGSETPGT
SESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSESATP
ESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPGT
SESATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE
GSAPGSEPATSGSETPGTSESATEAGRSASHTPAGLTGPGTPESATPESRNLPVATPDPGMFP
CLHHSONLLRAVSNMLOQKARQTLEFYPCTSEEIDHEDITKDKTSTVEACLPLELTKNESCLNS
RETSFITNGSCLASRKTSFMMALCLSSIYEDLKMYOQVEFKTMNAKLLMDPKROIFLDONMLA
VIDELMQALNFNSETVPQKSSLEEPDFYKTKIKLCILLHAFRIRAVTIDRVMSYLNASGTATPE
SAPEAGRSASHTPAGLTGPATPESGPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGT
SESATPESGPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATP
ESGPGSEPATSGSETPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGT
SESATPESGPGTSESATPESGPGTSASATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPT
STEEGTSTEPSEGSAPGTSTEPSEGSAPGSEPATSGSETPGEPEA (SEQ ID NO: 1000).

and wherein the second polypeptide subunit comprises the amino acid sequence of:
ASGPGTSTEPSEGSAPGTSESATPESGPGSGPATSESATPGTSESATPESGPGSEPATSGSETPGT
SESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSESATP
ESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPGT
SESATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE
GSAPGSEPATSGSETPGTSESATEAGRSASHTPAGLTGPTSESATPESIWELKKDVYVVELD
WYPDAPGEMVVLTCDTPEEDGITWTLDQSSEVLGSGKTLTIQVKEFGDAGQYTCHKGGEVL
SHSLLLLHKKEDGIWSTDILKDQKEPKNKTFLRCEAKNY SGRFTCWWLTTISTDLTFSVKSSR
GSSDPQGVTCGAATLSAERVRGDNKEYEYSVECQEDSACPAAEESLPIEVMVDAVHKLKYE
NYTSSFFIRDIOKPDPPKNLQLKPLKNSROQVEVSWEYPDTWSTPHSYFSLTFCVOVQGKSKRE
KKDRVEFTDKTSATVICRKNASISVRAQDRYYSSSWSEWASVPCSGTATPESGPGEAGRSASH
TPAGLTGPATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGSPAGSPTSTEEGTSESATPESGPGT
STEPSEGSAPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGSEPATSGSETPGTSESATP
ESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSESATPESGPGS
PAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPGTSPSATP
ESGPGSEPATSGSETPGSEPATSGSETPGSPAG (SEQ ID NO: 1033).

92. A fusion protein comprising a first polypeptide subunit and a second polypeptide subunit,
wherein the first polypeptide subunit and the second polypeptide subunit are disulfide-linked thereby
forming a disulfide-linked heterodimer. wherein the first polypeptide subunit comprises an amino acid
sequence having 85%. 90%, 91%, 92%. 93%. 94%, 95%, 96%, 97%. 98%. or 99% identity, or 100%
identity, to:
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ASGPGTSTEPSEGSAPGTSESATPESGPGSGPGTSESATPGTSESATPESGPGSEPATSGSETPGT
SESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSESATP
ESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPGT
SESATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE
GSAPGSEPATSGSETPGTSESATEAGRSASHTPAGLTGPGTPESATPESRNLPVATPDPGMFPC
LHHSONLLRAVSNMLQKARQTLEFYPCTSEEIDHEDITKDKTSTVEACLPLELTKNESCLNSR
ETSFITNGSCLASRKTSFMMALCLSSIYEDLKMYQVEFKTMNAKLLMDPKRQIFLDOQNMLAV
IDELMQALNFNSETVPQKSSLEEPDFYKTKIKLCILLHAFRIRAVTIDRVMSYLNASGTATPES
APEAGRSASHTPAGLTGPATPESGPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGTSE
SATPESGPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPES
GPGSEPATSGSETPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSE
SATPESGPGTSESATPESGPGTSASATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTST
EEGTSTEPSEGSAPGTSTEPSEGSAPGSEPATSGSETPGEPEA (SEQ ID NO: 1000).

and wherein the second polypeptide subunit comprises an amino acid sequence having 85%,

90%, 91%. 92%, 93%, 94%, 95%. 96%, 97%, 98%, or 99% identity, or 100% identity, to:
ASGPGTSTEPSEGSAPGTSESATPESGPGSGPATSESATPGTSESATPESGPGSEPATSGSETPGT
SESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSESATP
ESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPGT
SESATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE
GSAPGSEPATSGSETPGTSESATEAGRSASHTPAGLTGPTSESATPESIWELKKDVYVVELD
WYPDAPGEMVVLTCDTPEEDGITWTLDQSSEVLGSGKTLTIQVKEFGDAGQYTCHKGGEVL
SHSLLLLHKKEDGIWSTDILKDOKEPKNKTFLRCEAKNYSGRFTCWWLTTISTDLTEFSVKSSR
GSSDPQGVTCGAATLSAERVRGDNKEYEYSVECQEDSACPAAEESLPIEVMVDAVHKLKYE
NYTSSFFIRDIIKPDPPKNLOQLKPLKNSROVEVSWEYPDTWSTPHSYFSLTFCVOVQGKSKRE
KKDRVFTDKTSATVICRKNASISVRAODRYYSSSWSEWASVPCSGTATPESGPGEAGRSASH
TPAGLTGPATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGSPAGSPTSTEEGTSESATPESGPGT
STEPSEGSAPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGSEPATSGSETPGTSESATP
ESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSESATPESGPGS
PAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPGTSPSATP
ESGPGSEPATSGSETPGSEPATSGSETPGSPAG (SEQ ID NO: 1033).

93. The fusion protein of claim 92, wherein the first polypeptide subunit comprises the amino
acid sequence of:
ASGPGTSTEPSEGSAPGTSESATPESGPGSGPGTSESATPGTSESATPESGPGSEPATSGSETPGT
SESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSESATP
ESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPGT
SESATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE
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GSAPGSEPATSGSETPGTSESATEAGRSASHTPAGLTGPGTPESATPESRNLPVATPDPGMFP
CLHHSONLLRAVSNMLOKARQTLEFYPCTSEEIDHEDITKDKTSTVEACLPLELTKNESCLNS
RETSFITNGSCLASRKTSFMMALCLSSIYEDLKMYQVEFKTMNAKLLMDPKROQIFLDONMLA
VIDELMQALNFNSETVPQKSSLEEPDFYKTKIKLCILLHAFRIRAVTIDRVMSYLNASGTATPE
SAPEAGRSASHTPAGLTGPATPESGPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGT
SESATPESGPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATP
ESGPGSEPATSGSETPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGT
SESATPESGPGTSESATPESGPGTSASATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPT
STEEGTSTEPSEGSAPGTSTEPSEGSAPGSEPATSGSETPGEPEA (SEQ ID NO: 1000),

and wherein the second polypeptide subunit comprises the amino acid sequence of:
ASGPGTSTEPSEGSAPGTSESATPESGPGSGPATSESATPGTSESATPESGPGSEPATSGSETPGT
SESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSESATP
ESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPGT
SESATPESGPGSEPATSGSETPGSEPATSGSETPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE
GSAPGSEPATSGSETPGTSESATEAGRSASHTPAGLTGPTSESATPESIWELKKDVYVVELD
WYPDAPGEMVVLTCDTPEEDGITWTLDOSSEVLGSGKTLTIOVKEFGDAGOYTCHKGGEVL
SHSLLLLHKKEDGIWSTDILKDQKEPKNKTFLRCEAKNYSGRFTCWWLTTISTDLTEFSVKSSR
GSSDPQGVTCGAATLSAERVRGDNKEYEYSVECOQEDSACPAAEESLPIEVMVDAVHKLKYE
NYTSSFFIRDIIKPDPPKNLOLKPLKNSROVEVSWEYPDTWSTPHSYFSLTFCVOVOGKSKRE
KKDRVFTDKTSATVICRKNASISVRAQDRYYSSSWSEWASVPCSGTATPESGPGEAGRSASH
TPAGLTGPATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGSPAGSPTSTEEGTSESATPESGPGT
STEPSEGSAPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGSEPATSGSETPGTSESATP
ESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSESATPESGPGS
PAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPGTSPSATP
ESGPGSEPATSGSETPGSEPATSGSETPGSPAG (SEQ ID NO: 1033).

94. A pharmaceutical composition comprising the fusion of any one of claims 1-93 and at least

one pharmaceutically acceptable excipient.

95. A polynucleotide sequence encoding the fusion protein of any one of claims 1-93.
96. An expression vector comprising the polynucleotide sequence of claim 95.

97. A host cell comprising the expression vector of claim 96.

98. A method of producing the fusion protein of any one of claims 1-93.
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9. The method of claim 98, further comprising isolating the fusion protein from a host cell.

100. A method of treating cancer in a subject in need thereof, the method comprising administering
an effective amount of the fusion protein of any one of claims 1-93 or the pharmaceutical composition

of claim 94 to the subject.

101.  The method of claim 100, wherein the cancer comprises a solid tumor.
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