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FUSION CONSTRUCTS FOR CONTROLLING PROTEIN FUNCTION
CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of and priority to U.S. Provisional Application No.
62/797,043, filed January 25, 2019, which is hereby incorporated by reference in its entirety for

all purposes.

SEQUENCE LISTING
[0002] The instant application contains a Sequence Listing which has been submitied
electroncally in ASCH format and 15 hereby incorporated by reference in its entirety. Said
ASCH copy, created on January 17, 2020, 1s named STB-015WG KL i and 18 83,131 bytes in

size,

TECHNICAL FIELD
[0003] The present disclosure pertains generally to the field of protein engineering and methods
of controlling the function of proteins. In particular, the present disclosure relates to engineered
fusion proteins comprising a variant protease (e.g., an HCV NS3 protease) fused to a polypeptide
of interest and a cognate protease cleavage site whose cleavage can be inhibited with a protease

inhibitor such that one or more functions of the polypeptide of interest are controllable.

BACKGROUND
[0004] Technology for rapidly shutting off the production and/or function of specific proteins in
sukaryotes would be of widespread uttlity as a research tool and for gene or cell therapy
applications, but a simple and effective method has vet to be developed.
[0005] Controlling protein production through repression of transcription is slow in onset, as
existing mRNA molecules continue to be translated into proteins after transcriptional inhibition.
RNA interference (RNA1) directly induces mRNA destruction, but RNAI is often only partially
effective and can exhibit both sequence-independent and sequence-dependent off-target effects
(Sigoillot et al. (2011) ACS Chem Biol 6:47- 60). Furthermore, mRNA and protein abundance
are not always correlated due to regulation of the translation rate of specific mRNAs (Vogel et
al. (2012) Nat Rev Genet 13:227-232; Wu et al. (2013) Nature 499:79-82; Battle et al. (2015)
Science 347:664-667). Lastly, both transcriptional repression and RNAI take days to reverse (Liu
et al. (2008) J Gene Med 10:583-592; Matsukura et al. (2003) Nucleic Acids Res 31 :e77).
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[0006] ‘Thuss, there remains a need for a simple 10 use systeny for controlling proifein production

and function.

BRIEF SUMMARY
0071 In order to meet the above needs, the present disclosure relates 1o fusion conatructs and
maethods of using them for controlling protein function and/or production. I particular, the
present disclosure provides fusion proteins containiog a variant protease {e.g., an HOV NK3
protease} fused {0 a polypeptide of interest and a cognate protease cleavage site whose cleavage
can be inhubited with a protease indubitor such that one or more functions of the polypeptide of
interest are controllable.
{6008] Accordingly, certatn aspects of the present disclosure provide a fusion protein, having a
polypeptide of tnterest; a vanant bepatitis € virns (HOV) nonstructural protein 3 (NS3) protease;
and a cognate protease cleavage site, where the variant HCV N&3 protease comprises one of
more mustations; and where the one or more mutations decrease immunogenicity when the fusion
protein 15 expressed i a mammalian cell. In some embodiments, the HOV NB3 protease 13
derived from an HCV polyprotein comprising an amino acid sequence having at feast about 80-
100% sequence identity to SEQ ID NG 1, including any percent identity within this range, such
as 81, §7, 83, 84, 85, 86, &7, B3, 89, 90, 01, 92, 93, 94, 95, 96, 97, 98, or 39% sequence identity
to SEG ID NO: 1 In some embodiments, the variant NS3 protease is derived frony an HOV N&3
protease having the amino acd sequence of APITAYAQQT RGLLGCHTS LTGRBKNQVE
GEVOIVETAT QTFLATCING VOWAVYHOAD TRTIANPRGE VHIMY TNV}
DLVGWPAPQG SRSLTPOTOG SSDLYLVTRH ADVIPVRRRG DSRGSLLSPR
PINYLRGESG GPLLOPAGHA VGLFRAAVOT ROVAKAVDFI PYENLETTMR SPVETD
{(SEQ ID NG 2.
18009]  In some embodiments that roay be combined with any of the preceding embodiments,
the one or more mualions comprise ong of mors anmingd acid substitutions. In some embodiments
that may be cornbined with any of the preceding embodiments, the one or more amine acid
substitutions correspond 1o amino acid substinions within SEQ HX NG 1 In some
embodiments that may be combined with any of the preceding embodiments, the one or more
amino acid subatitutions are at one or more posttions corresponding to postiions 1038 to 1047 of
SEGID NO: 1, positions 1057 to 1081 of SEQ ID NG |, posinions 1073 to 1081 of SEQ 1D NO:
1, positions 1073 to 1082 of SEQ 13 NG 1, positions 1127 to 1141 of SHQ I NGO 1, positions
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13131 10 TI3R of SEQ ID NG 1, positions 1169 10 1177 of SE 1D NG 1, and/or positions 1192
to 1206 of SEQ I NO: 1. In some embodiments that roay be combined with any of the
preceding ewbodiments, the one or more aminoe acid substitulions are selected from a position
corresponding to position 1062 of SEQ HY NG 1) a position corresponding to position 1069 of
SEQ D NG 1, a position corresponding o posttion 1070 of SEQ ID NO: |, a position
corresponding to posttion 1071 of SEQ I NG 1, a postiion corresponding 1o position 1072 of
SEQ I NG 1, a posttion corresponding o position 1074 of SEQ 13 NG 1, a position
corresponding to position 1075 of SEQ HI NG 1, a position cosresponding to posttion 1077 of
SEG ID NO: 1, a position corresponding to position 1978 of SEQ ID NGO 1) a position
corresponding to posttion 1079 of SHQ HX NG 1, a postiion corresponding 10 position 1080 of
SEQ ID NO: 1, a position corresponding to position 1031 of SEQ 1D NO: 1, a position
corresponding to position 1074 of SEQ H3 NG 1, a position corresponding to posion 1132 of
NEG 1D NO: 1, a position corresponding to position 1133 of SEQ 1D NG 1) a position
corresponding to position 1195 of SEQ D NG 1, a position corresponding to position 1196 of
SEQ 1D MO 1, a position corresponding o position 1201 of SEQ 1D NO: 1, a position
corresponding to position 1202 of SEQ W NG 1, and any combination thereof. In some
embodiments that may be combined with any of the preceding embodiments, the ooe or miore
aming acid substitutions are selected from an fle to Leu substitution at a position corresponding
to position 1074 of SEQ I NO: 1, an e to Met substitution at a position corresponding o
position 1074 of SEG 1D NO: 1, an Asn to Al substitution gt a position corresponding to
position 1075 of SEQ D NG 1, a Val 1o Ala eubstitution at g position corresponding 1o posttion
1077 of SEG 1D NO: 1, a Cys to Phe substifution af a position corresponding 0 position 1078 of
SEQID NG 1, a Trp o Ala substitution at a position corresponding to posidon 1079 of SEQ ID
NGO 1, a Thrio Ala substitution at a postiion corresponding o position 1080 of SEQID NG 1, a
Yal to Ala substitution at a postiion corresponding to position 1081 of SEQID NG | a Val to
Asn substitution at 3 position corresponding to position 1081 of SEQ ID N 1, and any
combination thereof. In some embodiments that may be combined with any of the preceding
emsbodiments, the one or more aminge acid substitutions comprise a Thr to Ala substitution at a
position corresponding o pesition 1080 of SEQ 1D MNO: 1 in some embodiments that may be
combined with any of the preceding embodiments, the oue or more arotuo acid substitutions

comptise a Thr to Ala substitution at a position corresponding to pesition 1080 of SEQ 1D NG
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and a Val to Ala substitution at a postiion corresponding 1o position 1077 of SHQ I NG T In
some embodiments that may be combined with any of the preceding ernbodiments, the one or
more aming acid substitutions comprise a Thr to Ala substitution at a position corresponding to
position 1080 of SEQ 1D NO: 1 and 3 Val to Ala substitution at a position corresponding o
position 1081 of SEQ ID NG L

{3018} In some embodiments that may be combined with any of the preceding embodiments,
the fusion protein further coroprises an HOV NS4A co-factor. In some erobodiroents, the NS4A
co-tactor has the amine acid sequence of TWVLVGOVLA ALAAYULSTO CVVIVORIVL
SGKPAIPDR EVLY (SEQ 1D NG: 33

{011} In some embodiments that may be combined with any of the preceding embodimentis,
wherein the fusion protein further comprises a degron, wherein the degron 15 operably hinked to
the polyvpeptide of tnterest. In some embodiments that yaay be combined with any of the
preceding embodiments, the degron is selected from HOV N84 degron, PEST {two copies of
residues 277-307 of buman IxBay (SEQ ID NG 46), GRR (residues 352-408 of buman pl103)
{SEQ 1D NO: 473, DRR (residues 210-295 of veast Cde34) (SEQ 1D NO: 48}, SNS {tandem
repeat of SP2 and NB {(5PZ-MB-5PZ of influenza A or influenza B (SEQ ID NG 49y, RPB (four
coptes of residues 1088-1702 of veast RPB (SHGQ H> NGO 503, SPmix (tanden repeat of 3P1 and
SP2Z {SP2-SP1-SP2-SPI-5P2 of influenza A virus M2 protein) (SEQ 1D MNO: 51y, NS2 {three
copies of residues 79-93 of influenza A virus NS protein} (SEQ 1D N3 5323, ODC {residues 106-
142 of ornithine decarboxylase} (SEQ 1D NG 533, NekZ A, mouse ODC {residues 4224613,
mouse ODC DA (residues 422-4601 of voODC mcludiog D433 A and D434 A point mutations)
(SEQ D NG: 543, an APC/C degron, a COPY E3 ligase binding degron motif, a CRE4-Cdi2
binding PIP degron, an activfilin-binding degron, a KEAPT binding degron, a KLHLZ and
KLHLS binding degron, an MDM?2 binding motif, an N-degron, 3 hydraxyproline modification
in hypoxia signaling, a phytohormone-dependent SCF-LRR-binding degron, an SCF ubiquitin
figase binding phosphodegron, a phytohormone-dependent SCF-LRR-binding degron, a DN«
(SE() 1D NO: 55) phospho-dependent degron, an Siah binding rootif, an SPOP SBC docking
motif], and a PONA binding PIP box.

{0121 In some embodiments that may be combined with any of the preceding embodiments,
the variant HCV NS3 protease comprises one of more additional mutations. In some

embodiments that may be combined with any of the preceding embodiments, the one or mors
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additional mutations modulate enzymatic activity of the variant HCV N33 protease. In some
embodiments that may be combined with any of the preceding embodiments, the one or more
additional mutations are one or more additional amino acid substitutions. In some embodiments
that may be combined with any of the preceding embodiments, the one or more additional amine
acid substitutions are at one more positions corresponding o position 1074 of SEQ I NG 1
position 1078 of SEQ 1D NG: 1 and/or position 1079 of SEQ 1D NG 1. In some embodiments
that may be combined with any of the preceding ervbodiments, the one or more additional amino
acid substiintions are selected from an He to Ala substitution at a position corresponding {0
position 1074 of SEQ ID NGO 1) a Trp to Ala substitution at a position corresponding 1o position
1679 of SE D NG 1 and any combination thereot. In some emboduments that may be
combined with any of the preceding enhodimends, the one or more additional amino acid
substitniions decrease enzyroatic activity of the variant HOV NE3 protease. In some
embodiments that may be combined with any of the preceding embodiments, the one or mors
additional amino soid substitutions comprise a Cys o Ala substitution at a position
corresponding to posttion 1078 of SEQ I NG: 1. In some embodiments that may be combined
with any of the preceding embodiments, the one or more additional amino acid substitutions
inorease enzymatic activity of the variant HOV NS83 protease.

8013} In some embodiments that may be combined with any of the preceding embodiments,
the cognate protease cleavage site comprises an amine acid sequence selected from any of the
amino acid sequences listed in Table 1. In some ermbodirments that may be combined with any of
the preceding ernbodimoents, the cognate protease cleavage site comprises an amino acid
sequence selected from CMSADLEVVTSTWYLVGGYL (SEQ I3 NO: 43,
YOEFDEMEECSOHLPYIEQG (SED ID N §), WISRECTTPCSGEWLRDIWD (SEQ ID NO:
&3, and GADTEDVYCCOSMSY SWTGAL (SEQ D NG 7). In some embodiments that may be
combined with any of the preceding embodiments, the cognate protease clegvage site comprises
an aming acid sequence selected from ADLEVYTRTWL (SEQ 1D N &, DEMEECSQHL
(SEQ D NG 9y, ECTTPCSGEWL (SEQG IR NG 10), and EDVVPCSMG(SEQ ID NG i) In
some embodiments that may be combined with any of the preceding embodiments, the cognate
protease cleavage site comprises one or more mutations. In some embodiments that may be
combined with any of the preceding embodiments, the one or more mulations comprise one ot

more aming acid substitutions. In some embodiments that may be combined with any of the
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preceding embodiments, the one or more mutations increase the catalytic rate of cleavage. In
some embodiments that may be combined with any of the preceding ernbodiments, the one or
more mutations decrease the caialvtic rate of cleavage.

8014}  In some embodiments that mav be combined with any of the preceding embodiments,
the polypeptide of interest is selected from a oombrane protein, a receptor, a hormone, a
cytokine, a transport profein, a transcription factor, a cvioskeletal protein, an extraceliular matrix
protein, a signal-transdoction protein, and an enzyme. In some embodiunents that may be
coninned with any of the preceding embodiments, the polypeptide of interest comprises a
bintogically active domain of a protein. o some embodiments that may be combined with any of
the preceding embodiments, the biologically active domain 13 2 catalytic domain, 2 ligand
binding domain, or & protein-protein interaction domain. Inn some ernbodimments that may be
combined with any of the preceding embodiments, the polypeptide of interest is a receptor
selected from a T cell receptor (VTR a chimerte T cell receptor, an artificial T cell receptor, a
synthetic T cell receptor, a chimenc immunoreceptor, an aptibody-coupled T cell receptor
{ACTR), a T cell receptor fusion construct {TRIIC), and a chimeric antigen receptor {CAR). In
some embodiments that may be combined with any of the preceding embodiments, the
polypeptide of tnterest is a chumeric antigen receptor ({CAR). In some embodiments that may be
combined with any of the preceding embodiments, the polypeptide of interest 1s a cyvtolane In
some embodiments that may be combined with any of the preceding embodiments, the cytokine
is & proinflammatory cytolane. In sorme embodiments that may be combined with any of the
preceding emnbodiments, the cognate protease cleavage site 15 localized within a domain of the
polypeptide of tnterest. Iy some embodiments that may be combined with any of the preceding
embodiments, the polypeptide of interest comprises roultiple domains. In some ernbodiments that
may be combined with any of the preceding embodiments, the cognate proteass cleavage site is
iocalized between the muldple domains of the polypeptide of interest.

IB015]  In some embodimenis that may be combined with any of the preceding embodiments,
the variant HOV N33 protease can be repressed by a protease inhibitor. In some embodiments
that may be combined with any of the preceding embodiments, the protease inhibitor 15 selected
from simeprevir, danoprevir, asunaprevir, ciiuprevir, boceprevir, SOVaprevir, paniapievir,
telapreviv, grazoprevir, glecaprevir, and vosiloprevir. In some ernbodiments that may be

combined with any of the preceding embodiments, wherein the fuston protein further comprises
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a targeting sequence. fn some ewbodiments that may be combined with any of the preceding
embodiments, the targeting sequence 1s selected from g secretory protein signal sequence, a
membrane protetn signal sequence, a nuciear focalization sequence, a nucleolar localization
signal sequence, an endoplasmic reticulum localization sequence, a peroxisome focalization
sequence, a mitochondrial localization sequence, and a protein binding roofif seguence,

{3016]  Other aspects of the present disclosure reiate 10 a polynucisctide encoding the fusion
protern of any of the preceding embodiments. Other aspects of the present disclosure relate to a
vector comprising the polynuciestide of any of the preceding embodiments. (Mher aspects of the
present disclosure relate 0 a cell comprising a fusion protein of any of the preceding
emsbodiments, a polyvoucleotide of any of the preceding embodiments, or a vector of any of the
preceding embodiments. In some enthodimends that may be combined with any of the preceding
embodiments, wherein the cell 15 an tmrmune cell or a cell tine dertved from an immune cell. In
some embodiments that may be combined with any of the preceding embediments, the imnune
cell is sefected from a T cell, a B cell, an NK cell, an NKT cell, an innate lvmphotd cell, a mast
cetl, an eosinophil, a basophils, a macrophage, a neutropht], a dendritic cell, and any
combinations thereof. In some embodiments that may be combined with any of the preceding
embodiments, the cell is a mesenchymal stromal cell. {Mher aspects of the present disclosure
relate to g pharmaceutical composition comprising the tusion protein of any of the preceding
emsbodiments and an excipient. (ther aspects of the present disclosure relate to a pharmaceutical
composition conywising the cell of any of the preceding embodiments and an excipient.

I8017]  Other aspects of the present disclosure relate to a method of treating a subject in need
thereof, comprising administering the pharmaceutical composition of any of the preceding
embodiments,

{B018]  Other aspects of the present disclosure relate 0 a method of regulating activity of a
protein of interest, comprising: a) providing a population of cells comprising the fusion protein
of any of the preceding embodiments, the polynucieotide of any of the preceding embodiments,
or the vector of any of the preceding embodiments; and b) contacting the population of cells with
a protease inhibitor. In some embodiments that may be combined with any of the preceding
embodiments, the method further comprises the step of removing the protease inhibiior from the

population of cells. T some ermbodirents that may be comabioed with any of the preceding
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embodiments, the method further comprises the step of administering the population of cells o a
subject in need of a cell-based therapy.

I8019]  (ther aspects of the present disclosure relate to a method of treating a subject to need
of a cell-based therapy, comprising administering to the subject a population of celis comprising
the fusion protein of aoy of the preceding embodiments, the polyoucleotide of any of the
preceding embodiments, or the vector of any of the preceding embodiments. In some
embodiments that may be combined with any of the preceding embodiments, the population of
cells was cultured in the presence of a protease wnhibitor capable of inhibiting the repressibie
protease. In some embodiments that may be combined with any of the preceding embodiments,
the population of cells was culiured 1u the absence of a protease inhibitor capable of inhibiting
the repressible protease. In some embodiments that may be combined with any of the preceding
embodiments, the wethod further comprises the step of admimsiering to the subject the protease
inhibitor capable of inhibiting the repressible protease. In some embodiments that may be
combined with any of the preceding embodiments, the roethod further comprises the siep of
withdrawing the protease inhibitor capable of inhibiting the repressible protease from the subject.
{8028]  In another aspect, the prosent disclosure includes g tusion protein comprising aja
polypeptide of toterest; by a degron, wherein the degron 18 operably hinked to the polvpeptide of
interest when the tusion protein 15 in an uncleaved state, such that the degron promotes
degradation of the polypeptide of interest in a cell, ¢} a variant protease, wherein the vanant
protease can be inhubited by contacting the fusion protein with a protease mbubiter; and ¢ a
cleavable linker that is focated between the polypeptide of 1oterest and the degron, wherein the
cleavable linker comprises a cognate cleavage site recognized by the protease, wherein cleavage
of the cleavable linker by the protease releases the polypeptide of interest from the fusion
protein, such that when the fusion protein is iy a cleaved state, the degron no fonger controls
degradation of the polypeptide of interest.

80211  In some embodiments, the degron may be linked to the U-terminus of the polypeptide
of interest in the fusion protein. In certain embodiments, the fusion protein comprises
components arranged from N-terminus to C-termings in the uncleaved state as follows: a) the
polypeptide of interest, b the cleavable linker, ¢) the variant protease, and d} the degron.

160221 Alternatively, the degron may be hnked 1o the NM-termunus of the polypeptide of interest

in the fusion protein. In certain embodiments, the fusion protein comprises components arrangsed
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from MN-terminus 1o C-terminus in the uncleaved state as follows: a) the variast protease, b) the
degron, o) the cleavable linker, and ¢} the polypeptide of interest. Exemplary targeting
sequences ncinde a secretory protein signal sequence, 8 membrane protein signal sequence, a
nuciear localization sequence, a nucizolar localization signal sequence, an endoplasnic reticuium
incalization sequence, & poromsoroe localization sequence, a mutochondrial localization
sequence, and a protein binding motif sequence.

180231 In certain emboduments, the fusion protewn further comprises a tag Exemplary tags
inciude a His-tag, a Strep-tag, 2 TAP -tag, an S-tag, an SBPtag, an Arg-tag, a calmodulin-
binding peptide tag, a cellulose-binding domain tag, a DsbA tag, a c-myc tag, a glutathione S-
ransferase tag, a FLAG tag, 2 HAT ~tag, a maltose-binding protein tag, a NusA tag, and a
thicredoxin tag.

18024]  In certain emboduments, the fusion protewn further comprises a detectable label. The
detectable label may comprise any molecule capable of detection. For example, the detectable
isbel ymay be a fluorescent, hiolurminescent, chersiluminescent, colonimetnic, or isotopie fabel. In
certain embodiments, the detectable label is a fluorescent protein or bioluminescent protein.
I6025)  In certain embodiments, the polypeptide of interest in fusion protein 15 @ membrane
protetn, a receptorn, & hormone, 8 transport protein, a transcription factor, a cytoskeletal protein,
an extracetlolar matrix protein, a signal- transduction protein, an enzyine, of any other protein of
interest. The polypeptide of interest may comprise an entire protein, or a biologically active
domain {£.g., a catalytic domain, a bgand binding domain, or & profein-protein interaction
domain}, or 2 polypeptide fragment of a selected protein of toterest.

i8026]  In another aspect, the present discinsure includes a polymuclectide encoding a fusion
protein described herern. In one emboditoent, the polyiuclectide 15 8 recombinant polyoucleotide
comprising a polynucieotide encoding a fusion protein operably linked to a promoter. The
recombinant polynucleotide may comprise an expression vector, for example, a bacterial plasnud
vector of a viral expression vector. Exemplary viral vectors tnclude meastes viras, vesicular
stomatitis virus, adenovirus, retrovirus {8.g., y-retrovirus and lentivirus), poxvirus, adeno-
associated virus, baculovirus, or herpes sumplex virus vectors,

{80271 In ancther aspect, the present disclosure inchiudes a host cell comprising a recombinant
polynuciectide encoding a fuston protein operably hinked to a promoter. In one embodiument, the

host cell is 2 eukarvotic cell. In another embaodiment, the host cell is a mammalian cell. In certain
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emsbodiments, the host cell s a stem cell {e.g., embryonic stem cell or adult stem cell). Host cells
roay be cultured as unicellular or multicollular entities (e g, tissue, organs, or organcids
comprising the recombinant vector). The promoter may be an endogencus or exogenous
prometer. In certain embodiments, the recombinant polynuclestde encoding the fusion protein
resides on an exirachromosomal plasmid or vector To other embodiments, the recombinant
polynuciectide encoding the fusion protein is integrated into the cellular genome. For example,
the recornbinant polynuclectide may wtegrate into the cellular genome at a posion where the
polynuciectide sequence encoding the fusion protein is operably linked to an endogenous
promoter of a gene. In another embodiment, the present disclosure includes a descendant of the
host cell, wheretn the descendant has inherited a recombinant polymicleotide encoding the fusion
Protein,

[8028]  In another embodiment, the present disclosure includes an organcid comprising a
recombinant polymaclectide encoding a fusion protein operably linked to a promoter. The
promoter way be an endogenous or exogenous proroter. In certatn embodiments, the
recombinant polynucleotide encoding the fusion protein resides on an extrachromosomal plasmid
ar vector. In other embodiments, the recombinant pelynuclestide encoding the fusion protein 13
integrated into the organoid genome. For example, the recombinant polynucleotide may integrate
into the erganotd genome at a position where the polyvnuclectide sequence encoding the fusion
protein is operably linked 1o an endogenons promaoter of 2 gene. In ancther embodiment, the
present disclosure includes a recombinant animal comprising a recombinand polvnucieotide
eucoding a fusion protetn operably linked to 8 prowoter. The prometer may be an endogenous or
exogenous promoter. In certain embodiments, the recombinant polynucieotide encoding the
fusion protein resides on an extrachromosomal plasmiid or vector. In other erobodimoents, the
recombinant polynucleotide encoding the fusion protein is integrated into the genome of the
recombinant animal. For example, the recombinant polynucieotide may integrate into the
genome at a position where the polynucieotnds sequence encoding the fusion protein is operably
iinked 1o an endogenous promoter of a gene. In another embodiment, the present disclosure
includes a descendant of the recombinant animal, wheretn the descendant has inherited the
recombinant polynucleotide encoding the fusion protein.

18029]  In another aspect, the present disclosure includes s method for producing 2 fusion

protein, the method comprising: transforming a host cell with a recombinant polviucieotide

10
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encoding the fusion protein operably hinked o a promoter; cuituring the transformed host celi
under conditions whereby the fusion protein 1s expressed; and isolating the fusion protein from
the host cell,

I8038]  In another aspect, the present disclosure includes a methed for controlling production of
a polypeptide of interest, the method comprising: a) ransforming 3 bost cell with a recorsbivant
polynuciectids encoding fusion protein described herein; b} culturing the transformed host cell
under conditions whereby the fusion protein 1s expressed; and ¢} coutacting the cell with a
protease inhibitor that inhibits the protease of the fusion protein when production of the
polypeptide of interest 15 no longer desired. The protease indubitor can be removed when
resuming production of the polvpeptide of interest is desired.

i6031]  The recombinant polynucieotide encoding the fusion protein preferably is capable of
providing efficient production of the polypeptide of interest with biological activity coroparable
to the wild-type polypeptide. Additionally, production of the polypeptide of interest from the
recombinant polvnucleotide preferably can be rapidly and vearly completely suppressed inthe
presence of & protease inhibitor. For examiple, a protease inhibitor may reduce production of the
polypeptide of interest by at least 80%, 90%, or 100%, or any amount in between as compared to
tevels of the polypeptide in the absence of the protease inhibitor. In certain embodiments,
production of the polypeptide of interest by the recombinant polynucleotide in the host cell in the
presence of the protease inhibitor is at feast about 90% to 100% suppressed, including any
percent wdentity within this range, such as 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99%.

18032]  In certain embodiments, the fusion protein used for controfling production of a
polypeptide of interest comprises an HUV MNS3 protease. NK3 protease inhibifors that can be
used in the practice of the present disclosure tuclude, but are not limited to, simeprevir,
danoprevir, asunaprevir, ciluprevir, boceprevir, sovaprevir, paritaprevir and telaprevir,

{8033} In another aspect, the present disclosure includes s method for controlhing production of
a polyvpeptide of interest in a subject, the method comprising: a) administering a recombinant
polynucieotide encoding a fusion protein 1o the subject, such that the fusion protein is expressed
in the subject; and b administering a proteass inhibitor that inhilnts the protease of the fusion
protein to the subject when production of the polypeptide of interest is not desired. The method
ray further comprise ceasing adundsiration of the protease nhibitor when resuming production

of the polypeptide of interest in the subject is desired. The recombinant polyaucleotide may

11



WO 2020/154635 PCT/US2020/015011

comprise an expression vector, for example, a viral expression vector, such as, but not limtted to,
an adenoviras, retrovirus {e.g , y-retrovirus and lentiviras), poxviras, adenc-associated virus,
baculovirus, or herpes simplex virns vector. In one embodiment, the recombinant polymucieotide
comprises a polynuclestide sequence enceding the fusion protein operably Hnked 1o an
exogenous promoter. Tn another embodiment, the recombinant polvinucleotide 18 ntegrated into
the genome of the subject. For example, the recombinant polynucleotide may integrate inio the
genorne gt g positicn where the polynucleotide sequence encoding the fusion protein 1s operably
tirked 0 an endogenous promoter of a gene in the subject.

i8034]  In another aspect, the present disclosure includes a method for controliing production of
a polyvpeptide of interest in a recombinant animal, the method comprising: a) administening a
recombinant polynucteotide encoding a fusion protein to the recombinant arumal, such that the
fusion protein is expressed in the recombinant animal and b administering a protease inhibitor
that inhibits the protease of the fusion protein o the recombinant animal when production of the
polypeptide of interest 13 not desired. Tn another aspect, the present disclosure includes a method
of controlling production of a polypeptide of interest i an organoid, the method comprising: a)
introducing g recombinant pelynucieotide encoding the fusion protein of claim 4 indo an
organcid; b} culturing the organotd under conditions whereby the fusion protein is produced in
the organocid; and ¢} contacting the erganoid with a protease inhabitor that indubits the protease of
the fusion protetn when production of the polypeptide of interest is no longer desired.

{8035} In another aspect, the present disclosure includes s method of measuning the mwrnover of
a polyvpepide of inderest, the method comprising a) wtroducing a recombinant polyoucieotde
encading a fusion protein described herein into a cell; b measuring amounts of the polypeptide
of interest in the cell before and afier contacting the cell with a protease mbubitor that indubits the
protease of the fusion protetn; and ¢ caiculating the tarnover of the polypeptide of interest based
ot the amounts of the polypeptide of interest in the cell before and after adding the protease
inhibitor. Additionally, the half-life of the polypeptide of 1nterest in the cell can be calculated.
The amount of the polypeptide of interest 1o the cell can he measured either continuousty or
periodically over a periad of ime.

{8036]  In anocther aspect, the present disciosure includes a conditionally replicating viral vector
comprising a modified genome of g virgs such that production of a polypepiide required for

efficient replication of the virus is controliable, wherein the viral vector comprises a nucleic acid
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encoding a fusion protein comprising: 1) the polypeptide required for efficient replication of the
virus; i} a degron, wherein the degron 1s operably linked to the polypeptide required for efticient
replication of the virns when the fusion protein 1s tn an uncleaved state, such that the degron
prometes degradation of the polypeptide in a cell; 111} a protease, wherein the protease can be
inhibited by contacting sard fusion protein with a protease inhibitor; and 1v) a cleavable hinker
that is Ipcated between the polypeptide required for efficient replication of the virus and the
degron, wherein the cleavable linker comprises a cleavage site recognized by the protease,
wherein cleavage of the cleavable linker by the protease releases the polypeptide required for
efficient replication of the virus from the fusion protein, such that when the fusion proteinisina
cleaved state, the degron o longer controls degradation of the polvpeptide required for efficient
rephication of the virus, Inn certain embodiments, the virus 1s an RNA virus {e.g., measles virus or
a vesicular stomatitis viros) o another embodunent, the conditionally replicating vival vector i
a plasmid. The viral vector may further comprise a multiple cloning site, trapscription promoter,
pranscription enhancer elerpent, ranscription termunation signal, polvadenylation sequence, or
exogencus nucleic acid, or any combination thereof

{8037} In another aspect, the present disclosure includes g method of controlling production of
a virns, the method comprising: a} introducing a conditionally replicating viral vector described
herein into a host cell; b) culturing the host cell under conditions suitable tor producing the virus;
and ¢ contacting the host cell with 3 protease inhibitor, such that the polypeptide required for
etficient replication of the virus 18 degraded when production of the virus is no longer desired.
The protease inhibitor can be removed when resunung production of the viras 1s desired.

i8038] The conditionally replicating viral vector preferably is capable of providing efficient
production of the virus 1o the bost cell in the absence of a protease inhibitor, comparable to the
ievel of the virus produced by the wild-type viral genome. In certain embodiments, the level of
the virus produced by the conditionally replicating viral vector in the absence of the protease
whitnior 1 al least abowut 30%, 35%, 4090, 45%, 50%, 55%, 6%, 03%, 70%, 75%, B(%, 85Y%,
90%, 95%%, or 100%, or any amount in between as compared o levels of the virus produced by
the wild-type viral genome.

{60391 Additionally, production of the virus from the conditionally replicating viral vector
preferably can be nearly coropletely suppressed in the presence of s protease wohibiior. For

example, a protease inhibitor may reduce production of the virus by 80%, 90%, 100%, or any
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amount iy between as compared to fevels of the virus in the absence of the protease inhibitor. In
certain embodiments, production of the virus by the conditionally replicating viral vector in the
host cell in the presence of the protease tnhibitor 18 at feast about 90% to 100% suppressed,
including any percent identity within this range, such as 90, 91, 92, 93, 94, 95, 96, 97 9, ar
99%.
{6040]  In certain embodiments, the conditionally replicating viral vector, used in controlling
production of g virus, expresses a fusion protein comprising an HOV NS3 protease, wherein
addition of an N3 protease inhibitor can be used 1o suppress production of the virns, NS3
protease inhibitors that can be used include, but are not inuted 1o, simeprevir, danoprevir,
asunaprevir, ciluprevir, boceprevir, sovapreviy, paritaprevir and telaprevir,
{8041} In another aspect, the prosent disclosure includes g recombinant virion comprising a
conditionally rephicating virtal vector described herein,
18042} In another aspect, the present discinsure includes a kit for preparing or using fusion
proteins according o the wethods described heretn. Buch kits may comprise one or more fusion
proteins, nucleic acids encoding such fusion proteins, expression veciors, conditionally
rephicating viral vectors, cells, or other reagents for preparing or using fusion proteins, as
described herein. The kit may further include a protease inhibitor, such as an HOV NS3 protease
inhihitor, inclading, for example, sumeprevir, danoprevir, asunaprevir, ciluprevir, boceprevir,
sovaprevit, parttaprevir or telaprevir,
{6043} These and other embodiments of the subject present disclosure will readily occur 1o
those of skall 1o the art in view of the disclosure herein,

BRIEF DESCRIPTION OF THE DRAWINGS
[0044] These and other features, aspects, and advantages of the present disclosure will become
better understood with regard to the following description, and accompanying drawings.
[0045] FIG. 1 depicts the normalized percentage CAR expression in cells transfected to

express one of four different fusion proteins.

DETAILED DESCRIPTION
{8046]  The practice of the present disclosure will employ, unless otherwise indicated,
conventional methods of molecular biology, chemistry, biochemistry, virology, and
smmunology, within the skill of the art. Such techniques are explained fully in the literature. Sse,

¢z, Hepatitis C Viruses: Genornes and Molecular Binlogy (S L. Tan ed., Taylor & Francis,
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2006}, Fundamental Virology, 3™ Edition, vol. I & T (B N Flelds and B M. Knipe, eds.),
Handdbook of Experiraental Immunology, Vols I-IV (B M. Weir and C.C Blackwell eds.,
Blackwell Scientific Publications);, AL, Lehninger, Biochemustry { Worth Publishers, Ine |
current addition); Sambrock, et al., Molecular Cloning: A Laboratory Manual (3% Edition,
2041y, Methods Tn Enzymology (8 Colowick and M. Eaplao eds., Acadenuc Press, nc b
16047)  AH publications, patents and patent applications cited herein, whether supra or infra, are

hereby incorporated by reference in their entireties.

Definttions

[8048]  1In deseribing the present disclosure, the following terms will be emploved, and are
intended 10 be defined as indicated below.

i004%) It must be noted that, as used 1n this specification and the appended claims, the singular
forms "a,” "an” and "the” include phural referents unless the content clearly dictates otherwise
Thus, for example, reference to "a fusion protein” inchudes g nuxture of two or more fusion
protetns, and the ke,

{805¢F  The term "about" particularly in reference to a given quantity, is m2ant 1¢ €RCOMPAss
deviations of plus or munus five percent.

{30511 The term, “protease” as used herein, refers 1o a proteass that can be inactivated by the
presence of absence of a specific agent {e g, that biuds to the protease}  In some embodiments, a
protease is active (cleaves a cognate cleavage sile} in the absence of the specific agent and i3
inactive {does not cleave a cognate cleavage site} in the presence of the specific agent. In some
emsbodiments, the specific agent is a protease inhibitor. In some embodumnents, the protease
inhibitor specifically inhibits a given protease of the present disclosure.

I8052]  Non-himiting examples of protesses include hepatitis C virus proteases (e g, NS3 and
NS2-3); signal peptidase; proprotein converiases of the subtilisin/kexin family (funn, PCL, PCZ,
PC4, PACE4, PCS, PO, proprofetn convertases cleaving at hydrophobic residues {e.g., Leu, Phe,
Yal, or Met); proprotein convertases cleaving af small aming actd residues such as Ala or Thr
proopiomelanocortin converting enzyme (PCE)Y, chromatfin granule aspartic protease {CGAP),
prohormone thiol protease; carboxypeptidases (e.g , carboxypeptidase E/H, carboxypeptidase I
and carboxypeptidase 7} anunopeptidases {e g, argining aminopeptidase, bysine

aminopeptidase, aminopeptidase B}, prolyl endopeptidase; aminopeptidase N, insulin degrading
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enzyme, calpain; high molecular weight protease; and, caspases 1,2, 3,4, 5,6, 7, & and 9.

Other proteases include, but are not hmited to, amunopeptidase N, puromycin sensitive
aminopeptidase; angiotensin converting enzyme, pyrogintamyl peptidase IE dipeptidyl peptidase
PV M-arginine dibasic convertase, endopeptidase 24.15; endopeptidase 24 16, amvicid precursor
protein secretases alpha, beta and ganuna, angiotensin converting enzyme secretase; TOF alpha
secretase; T F alpha secretase; FAS ligand secretase; TINF receptor-i and -1 secretases; CD30
secretase; LT and KL2 secretases; 16 receptor secretase, U143, CD44 secretase; CD 16-1 and
CID 16-11 secretases; L-selectin secretase; Folate receptor secretase, MMP 1,2, 3,7 8,9, 10, 11,
12,13, 14, and 15 urokinase plasminogen activator, tissue plasminogen activator; plasmin;
thrombin; BMP-1 (procollagen Copeptidase)y, ADAM 1,2, 3,4,5,6, 7, & 9, 10, and 11, and,
granzyimes A B . C. D E F G and H For a discussion of proteases, see, g, V. Y. H. Hook,
Proteolytic and cellular mechanisms in prohormone and proprotein processing, RG Landes
Company, Austin, Tex,, USA {1998}, N. M. Hooper et al, Biochem. J. 321 ;1 265-279 (1997}, 2.
Werb, Cell 91 0 439442 (1997}, T G, Wolfsberg et al., J. Cell Biol, 131 273-278 (1995); k.
Murakanu and } D Etlinger, Biocheny. Biophys. Res. Comm. 146 12491259 (1987}, T. Berg et
al, Biochem. J. 307 313-326 (1995); M. J Smoyth and I AL Trapan, fromunciogy Today 16
202-206 (1995 ROV, Talanian et al. | I Biol Chem. 272 9677-9682 (1997}, and N. A
Thomberry et al | J. Biol, Chemn, 272: 17907-17011 (1997}, the disclosures of which are
incorporated herein,

{B053] A “nonstructural protein 3 {NS3Y nucleic acid, oligonucleotide, protein, polvpeptide,
or peptide refers i a molecule derived from bepautis C virus (HOV), wchuding aoy isolate of
HOY having any genotype {e.g., seven genoiypes 1-7} or subtvpe. The molecule need not be
physicaily derived from HCV, but may be synthetically or recombinantly produced. A nurober of
&3 nucleic acid and protein sequences are known. Representative sequences are listed in the
National Center for Biotechnology Information (INCBI) database. See, for example, NCBI
gntries: Acceasion Nos, YP _0G1491553, YP D01409631, YP 0014609632, NP 803144,

NP 671491, YP 001469634, YP 001460630, YP_ 001469633, ADAGR31TE, ADAGSIOT,
AFPOAGGOG, AFPOROET, ADAOCEIZZ, AFPOON33, ADAGRIZ0, AFPIS0SG, AFPOS04T,
CBFO098Z, CBFGOBTT AHHIZOSTS, AIZ00747, AIZ00744 ARIZ6909, ABNOS226, KF516075,
KESIQ074, KES16056, ABRZG6E4, ABB20083, IX171009, FXI71008 JIX171000, ELUI§474S5S5,
EFi54714, GUIOES4BT IX171065, JX1710063, | all of which sequences {as entered by the date of
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filing of this application) are herein incorporated by reference. Any of these sequences or a
variant thereof comprising a sequence having at least about 80-100% sequence wdentity thereto,
wncluding any percent identity within this range, such as 81, 82, 83, 84, 85, 86, &7, 8B, 89, 94, 91,
92,93, 94, 93, 96, 97, 08, or 99% sequence identity thereto, can be used to consiruct a fusion
protein or a recombinant polyoucleotide encoding such a fusion protein, as descnibed herein,
{6054] A “nonstructural protein 44 {(NS4A)Y nucleic acid, oligonuciectide, protetn,
polypeptide, or peptide refers to a wolecule dertved frovn HCV, including any isolate of HCV
having any genotype {e.g., seven genotypes 1-73 or subtype. The molecule need not be physicaily
derived from HOV, but may be synthencally or recombinantly prodoced. A number of NS4A
nucleic acid and protein sequences are known. Representative sequences are listed in the
National Center for Biotechnology Intormation (INCBI) database. See, for example, NCBI
entries; Accession Mos, NP 751925, YP 001491554, GU45462, HOS22054, FI932208,
FI932207, FIS32205 and FI932199; all of which sequences {as entered by the date of filing of
this application) are berein wncorporated by reference. Any of these sequences or a variant
thereof comprising a sequence having atf least about 80-100%:) sequence identity therelo,
including any percent wdentity within this range, such as 81, 82, 83, 84, 85, 8¢, 87, 88, 89, 90, 91,
92, 93, 94, 95, 96, 97, 98, or 99% sequence wdentity thereto, can be used to consiruct a fusion
protein or a recombinant polynucleotide encoding such a fusion protein, as described herein
{0851 A "polyprotetn” nucleic actd, oligonucteotide, protein, polypeptide, or peptide refers 1o
a motecule derived from HOV, mnclnding anv isolate of HOCV having any genotyvpe {e.g, soven
genotypes 1-7) or subtype. The molecule need not be physically dertved from HCV, but may be
synthetically or recombinantly produced. A number of polyprotein nucleic acid and protein
sequences are known. Representative HCV polyprotein sequences are lisied in the Nationg
Center for Bictechnology Information {NCBI) database. See, for example, NCB! entries:
Accession Nos. YP 001469631, NP 671491, YP (01469633, YP 001469630, YP 001469634,
YP 001469632, NC 009824, NC 004102, NC 009325, NC 009827, ML (09823, N 009826,
and BF 108306; all of which sequences {as entered by the date of filing of this application} are
herein incorporated by reference. Any of these sequences or a variant thereot comprising a
sequence having at least about 80-100%6) sequence identity thereto, including any percent

identity within this range, such as 81, 82, 83, 84, 85, 86, 87, 88, §9, 90, 91, 97, 93, 94, 05, 96, 97,
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98, or 99% sequence identity thereto, can be used to construct a fusion protein or a recombinant
polynuciectide encoding such a fusion protein, as described herein.

{8056} For a discussion of genetic diversity and phylogenetic analysis of hepatitis C virus, see
also Smuth et al. (2014) Hepatology 59(1)3318-327, Simmonds et al. (2003} Hepatology
42(41y962-973, Kutken et al. (2009) Methods Mol Biol 310:33-53, Ho et al. (20153 . Virol
Methods 219:28-37, Echeverria et al. {2015} World J. Hepatol, 7{0).431-845, and Jackowiak et
al {2014} Infect Genet Evol. 21 :67-82; herein tucorporated by reference n their entireties.

EERRT]

I8057]  The terms "fusion protein,” "fusion polypeptide,” "degron fusion protein,” or "degron
fusion” as used herein refer to a fusion comprising a degron in combination with a protease and a
selected polypeptide of interest as part of 2 single continnous chain of amino acids, which chain
does not occur in nature. The degron may be connected to the polypeptide of interest through a
cleavable linker comprising a cleavage site capable of being recognized by the protease of the
fusion o aliow self-removal of the protease and degron from the polypeptide of interest. The
position of the cleavage site 1o the fusion may be chosen o allow release of the polypeptide of
interest from the fusion essentially unmaodified or with litile modification (2.2, tess than 10 exira
amino acids). The fusion polypeptides may be designed tor N-terminal or C- terminal attachment
of the degron to the polypeptide of interest. The fusion polypepiides may also contain sequences
gxogenous to the degron, protease, and polvpeptide of interest. For example, the fusion may
include targeting or localization sequences, detectable labels, or {ag sequences.

{0058]  The term, “cell receptor” as used herein, refers to a membrane protein that responds
specifically to wndividual extracelinlar stimuls and generates ingracellular signals that give rise to
a particular functional responses. Non-limiting examples of these stimuli/signals include soluble
factors generated locally (for exarople, synaptic transmission) or distantly {for example,
hormones and growth factors), ligands on the surface of other cells (e g, an antigen, such as a
cancer antigen), or the extracetular matrin itselt. Mon-limiting examples of cell receptors
inciude G protetn coupled receptors, receptor tyrosine kinases, ligand gated ion channels,
integrins, oviokine receptors, and chimeric antigen recepiors {CARs).

[B05%] The termy, “chimerie antigen receptor” or alternatively a “CAR” as used herein refers to
a polvpeptide or a set of polypeptides, which when expressed in an immune effector cell,
provides the cell with specifioity for a target cell, typically a cancer cell, and with intraceliular

signal generation. In some embodiments, a CAR comprises at least an extracellnlar antigen
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binding domain, a transmembrane domain and a evioplasmic signaling domain {(also referred to
herein as “an intracetiular signaling domain™) comprising a functional signaling domain derived
from a stimudatory molecule and/or costimulatory motecule. In some aspects, the set of
polypeptides are contiguous with each other. In some embodiments, the CAR further comprises a
spacer domain between the extracelular antigen binding domain and the transmembrane domain,
in some embodiments, the set of polypeptides include recruitment domains, such as dimerization
or multiroerization domains, that can couple the polypeptides to one another. In some
embodiments, the CAR comprises a chimernic fusion protein comprising an extracellnlar antigen
binding domain, a transmembrane domain and an intracellular signaling domain comprising a
functional signaling domain derived from a stimulatory molecule. In one aspect, the CAR
comprises a chimeric fusion protein comprising an extraceliuvlar antigen binding domain, a
transroembrane doman and av intracellular signaling domain compnisiog a funchioval signshng
domatn derived from a costumulatory molecule and a functional signaling domain derived from a
stimulatory molecule. In one aspect, the CAR comprises a chimerie fusion profein comprising an
extracetiunlar antigen binding domain, 2 transmembrane domain and an intraceliular signaling
domain comprising two functional signaling domains derived from one or more costimulatory
motecnle(s) and 3 functional signaling domain derived from a stimulatory molecule. In some
embodiments, the CAR comprises a chumeric fusion protein comprising an extracellular antigen
binding domain, a transmembrane domain and an intracellnlar signaling domain comprising at
ieast two functional signaling domains derived from one or more costimuigtory molecule(s) and
a funciional signaling dorain denved from a stimulatory molecule.

i8060G]  The term, “extracellular protein binding domain” as used herein, refers to a3 molecular
binding domaio which 15 typically an ectodomaim of a cell receptor and 18 located ouiside the
cell, exposed to the extracellutar space. Am extracellular protein binding domain can include any
motecule (e g, protein or peptide) capable of binding to another protein or peptide. In some
embodiments, an extracellular protein binding domain comprises an antibody, an antigen-binding
fragment thereof, F{ab), F(ab™}, a single chain variable fragment (scFvy, or a single-domain
antibody (3dAb}. In some embodiments, an extracelinlar protein binding domam binds to a
hormone, a growth factor, a cell-surface ligand {e g, an antigen, such as a cancer antigen}, or the

extracelluiar mairix
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{B61]  The termy, “intracellular signaling domain” as used herein, refers 1o a functional
endodomain of a cell receptor focated inside the cell. Following binding of the molecular
binding domain to an antigen, for example, the signaling domain transmits a signal {e.g.,
proliferative/survival signal} to the cell. In some embodiments, the signaling domain is a CD3-
zeta protern, which wchudes three iromuvnoreceptor tyrosine-based activation motts (ITAMs)
Oher examples of signaling domains include U128, 4-1B8, and 0X40. In some emboediments,
a cell receptor compnises more than ooe signaling domain, each referred to a8 a co-sigualing
domain,

80621 The term, “transmembrane domain” as used herein, refers 1o a domain that spans a
celluiar membrane. In some embodiments, a iransmembrane domain comprises a hydrophobic
alpha helix. Ditferent transmembrane domains result in different receptor stability. In some
embodiments, a transmembrane domain of g cell receptor of the present disclosure comprises a
CD3-zeta transmembrane domain or 2 CDZ8 transmembrane domain,

[8063]  The term, “recruitment domain” as used herein, refers fo an interaction mout found n
various proteins, such as helicases, kinases, mitochondrial proteins, caspases, other cvioplasmic
factors, etc. The recruitment domains mediate formation of a large protein complex via direct
tateractions between recrutiment domains. In somse emnbodiments, recrutiment domains of the
present disclosure are dimperization or multimerization domains.

{#064]  The term, “cell-based therapy™ as used herein, refers to a therapeutic wethod using celis
{e.g, inmune cells and/or stem cells) to deliver to a patient {a subject) 2 gene or polypeptide of
wnterest, such as g therapeutic protetn. Cell based-therapies, as provided herein, also encorpass
preventative and diagnostic regimes. Thus, a gene of interest {and encoded product of interest)
used in a cell-based therapy may be a prophylactic molecule (e g, an antigen intended 10 1uduce
an irmune response’ of a detectable molecule {(e.g., 2 fluorescent protein or other visible
molecule}.

i8065] The term, “cognate cleavage site” as used herein, refers to a specific sequence or
sequence motif recognized by and cleaved by a protease of the present disclosure. A cleavage
site for a protease inchudes the specific amino acid sequence or motif recognized by the protease
during proteclytic cleavage and typically includes the surrounding one fo six amine acids on
either side of the scissite bond, which bind 1o the active site of the protease and are used for

recognition as a substrate,
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{#066]  The term "cleavable linker” refers to a hnker comprising a cleavage site. The cleavable
finker may include g cleavage site specific for an enzyme, such a5 a protease or other cleavage
agent. A cleavable linker is typically cleavable under physiological conditions.

i8067F  The term, “degron” as used herein, refers 1o a protein or a part thereot that is important
in regulation of protein degradation rates. Various degrons known i the art, woclading but not
fimited to short aming acid sequences, stractural motifs, and exposed amine acids, can be used in
various embodiments of the present disclosure. Degrouns identified from a variety of organisms
can be used. In some embodiments, degrons of the present disclosure comprise a degradation
sequence. In some embodiments, the degron 15 a self-excising degron. A self-excising degron is
a degron that is fused to a polypeptide of interest such that a protease of the present disclosures i3
capable of cleaving the fusion protein containing the polypeptide of interest to separate the
degron from the polvpeptide of interest. The protease itself may or may not be removed from the
fusion protein containing the polvpepiide of interest following cleavage.

[B068]  The term, “degradation sequence” as used herein, refers 1o a sequence that promotes
degradation of an aftached protein through either the proteasome or autophagy-lvsosome
pathways. In preferred embodiments, a degradation seguence is g polypeptide that destabilize a
protetn such that halt-life of the protein 1s reduced at least two-fold, when fused 1o the protein.
Many different degradation sequences/signals {e g, of the ubiquitin-proteasome system) are
koowsn in the art, any of which may be used as provided herein. A degradation sequence may be
aperably linked 10 a cell receptor, but need not be contiguous with it as tong as the degradation
sequence still functions to direct degradation of the cell receptor. In some embodiments, the
degradation sequence induces rapid degradation of the cell receptor. For g discussion of
degradation sequences and thetr funchion in protetn degradation, see, ¢ g, Kanemala et gl (2013)
Plugers Arch. 463(31419-425, Erales et al. {2014) Biochim Biophys Acta 1843(13:216-221,
Schrader et al. (2009 Nat Chem. Biol, 5{113815-822, Ravid et al. {2008) Nat. Rev. Mol Cell.
Biol 9(9)679-090, Tasaki et al. (2007YTrends Biochem Sct. 32¢(1 1}1:520-528, Meinnel et al.
(200063 Biol. Chem 387(73:339-851, Kim et al. {2013 Autophagy 97y 1100-1103, Varshavsky
{2012} Methods Mol Biol 832 1-11, and Fayadat et al. (2003} Mol Biol Cell 14(3} 1268-127¢;
herein incorporated by reference

18069]  The terms "polypeptide” and "protem” refer to a polymer of amuno acid reaidues and

arg not limited to a minimum length. Thus, peptides, oligopeptides, dimers, nultimers, and the
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ftke, are included within the definttion. Both full length proteins and fragments thereof are
encompassed by the definttion. The terms also include postexpression modifications of the
polypeptide, for example, glycosylation, acetylation, phosphorvlation, hydroxyiation, and the
tike. Furthermore, for purposes of the present discinsure, a "polypeptide” refers to a protein
which includes modifications, such as deletions, additions and substitutions to the native
sequence, so long as the protein maintains the desired activity. These modifications may be
deliberate, as through site divected mutagenesis, or may be accdental, such as throngh mutations
of hosts which produce the proteins or errors due to PCR amplification.

IB076] By "denvative” s imtended any suitable modification of the native polypeptide of
interest, of a fragment of the native polypeptide, or of thewr respective analogs, such as
glycosyiation, phosphorylation, polymer conjugation {such as with polyethyviene glveol), or other
addition of foreign moieties, as long as the desired biological activity of the native polypeptide is
retained. Methads for making polvpepitide fragments, analogs, and derivatives are generally
available in the art.

{6071] By "fragment” is intended a molecule consisting of only a part of the intact full length
sequence and structure. The fragmend can include a C-terminal deletion an WN- ternunal deletion,
and/or an woternal deletion of the polypeptide. Active fragments of 8 particular proteis or
polypeptide will generally include at least about 5-10 contiguous amino acid residues of the full
iength molecule, preferably at least about 15-25 contiguous amino acid residues of the full fength
moiecule, and most preferably at least about 20-50 or more contiguous amine acid residues of
the full length molecule, ot any woteger between 5 amino acids and the full length sequence,
provided that the fragment in question retains biclogical activity, such as catalviic activity,
Heand binding activity, regulatory activity, degron protemn degradation signaling, or fluorescence
characterisfics,

i6072)  "Substantially purified” generally reters 1o 1solation of a substance {compound,
polynuciectide, protein, polypeptide, polypeptide composition} such that the substance comprises
the majonty percent of the sample in which it resides. Typically, in a saraple, a substantially
purtfied component comprises 50%, preferably 80%:-85%, more preferably 90-95% of the
sample. Techniques for purifving polynucieotides and polypeptides of interest are well-known in
the art and wcinde, for example, ion-exchange chromatography, atfinity chromatography and

sedimentation according to density.
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{373] By "isolated” ts meant, when referring to a polypeptide, that the indicated molecule i3
separate and discrete from the whole organism with which the molecule 15 found 1n nature or is
present in the substantial absence of other biological macro molecules of the same type. The term
“isolated” with respect 1o a polynuciectide 1s a nucleic acid molecule devaid, in whole or part, of
sequences normally associated with i in vature; or a sequence, as i exists in nature, but having
heteroiogous sequences in association therewtith; or a molecule disassociated from the
chromosome,

18074] The terms "label” and "detectable fabel” refer io a molecule capable of detection,
including, but not limited to, radinactive isotopes, stable (non-radicactive) heavy isotopes,
fluorescers, chemilumingscers, enzymes, enzvme substrates, enzyne cofaciors, enzyme
inhibitors, chromophores, dyes, metal tons, metal sols, bgands {e. g, biotin or haptens) and the
fike. The term "fluorescer” refers o a substance or a portion thereof that s capable of exlubiting
fluprescencs in the detectable range. Particular examples of labels that may be used with the
present disclosure tnclnde, but are not limited to radiolabels (e g H, 1 8, C, or P), stable (non-
radioactive) heavy isctopes {e.g., P or "N}, phyeoervthrin, Alexa dyes, flucrescein, 7-
mutrobenzo-2- oxa-l 3-diazole (NBD, YPet, CyPet, Cascade blue, allophveooyanin, Cy3, CyS,
Cy7,

5

thodamine, dansyi, umbelliferone, Texas red, luminol, acradimum esters, biotin or other
streptavidin-binding proteins, magnetic beads, electron dense reagents, groen thiorescent protein
{{3FP)}, enhanced green fluorescent protein (EGFP), yvellow fluorescent protein (YFP), enhanced
vellow fuorescent protein {(EYEFP), blue fluorescent protein (BFP), red flnorescent protein
{RFP}, Dronps, Padron, roApple, mCherry, tsCherry, waCherryRev, firefly luciferase, Renilla
tuciferase, NADPH, beta- galactosidase, horseradish peroxidase, ghicose oxidase, alkaline
phosphatase, chloramphenical acetyl transferase, and vrease. Enzyme tags are used with thewr
cognate subsirate. The terms alse include color-coded microspheres of known fluorescent light
intensities {see g, mucrospheres with XMAP technology produced by Luminex { Austin, TX);
microspheres containing quastun dot nanocryatals, for example, containing different ratios and
combinations of quantum dot colors {2.g., Qdot nanocrystals produced by Lite Technologies
{Carlsbad, CAY, glass coated metal nanoparticles (see ¢ g, SERS nanotags produced by
Nanoplex Technologies, Inc. (Mountain View, CA); barcode materials (ses e g, sub-micron
sized stiiped metallic rods such as Nanobarcodes produced by Nanoplex Technologies, Inc,

encaded microparticies with colored bar codes (see e g, CellCard produced by Vitra Binscignce,
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vitrabio.com), and glass micropartictes with digital holographic code images {ses eg, CvVera
roicrobeads produced by Ulunmina (San Diego, CAY As with many of the standard procedures
associated with the practice of the present disclosure, skilied artisans will e aware of additional
fabels that can be used.

I8078)  "Homwology" refers 1o the percent identity between two polyoucleotide or two
polypepiide molecuies. Two nuclsic acid, or two polypeptide sequences are "substantially
homologous” 10 each other when the sequences exhibit at feast about 30% sequence 1dentity,
preferably at least about 75% sequence identity, more preferably at least about 8096-85%
sequence identity, more preferably at least about 90% sequence identity, and most preferably at
ieast about 95%-98% sequence wdentity over a defined length of the molecules. Asused herein,
substantially homologous also refers to sequences showing complete identity to the specified
BRGUENCE.

8076}  In general, "identity" refers 10 an exact nucieatide to nuciectide or amino acid to amino
acid correspondence of two polynucieotides or polvpeptide sequences, respectively. Percent
identity can be determined by a direct comparison of the sequence information between two
motecules by aligning the sequences, counting the exact number of matches hetween the two
aligned sequences, dividing by the tength of the shorter sequence, and multiplving the result by
104, Readily available coraputer programs can be used to aid in the analysis, such as ALIGMN,
Drayhott, MO in Atlas of Protein Sequence and Structure MG Davhofted | 5§ Suppl. 3 383
358, National biomedical Research Foundation, Washington, B, which adapts the Iocal
homology algorithm of Srotth and Waterman Advavces in Appl. Math 2487 489, 1981 for
peptide analysis. Programs for deternmuning nuclentide sequence identity are available in the
Wisconsio Sequence Analysis Package, Version 8§ {available from Genetos Computer Group,
Madison, W1} for example, the BESTFIT, FASTA and GAP programs, which also rely on the
Snuth and Waterman algorithon. These programs are readily utihized with the default parameters
recommended by the manufacturer and described 1 the Wisconsin Sequence Analysis Package
referred to above. For example, percent identity of & particular nucleotide sequence to a reference
sequence can be determined using the bomology algorithm of Smith and Waterman with a
default scoring table and a gap penalty of six nuclestide positions,

180771 Another method of establishing percent dentity in the context of the present disclosure

i3 to use the MPSRCH package of programs copyrighted by the University of Edinburgh,
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developed by John F. Colling and Shane S, Sturrck, and distributed by lntelhiZenetics, fnc.
{Mountain View, CA} From this sutte of packages, the Smith Waterman algorithun can be
employved where default parameters are used for the scoring table (Tor example, gap open penalty
of 12, gap exiension penalty of one, and a gap of six}. From the data generated the "Mateh” value
reflects "sequence identity " Other suitable programs for calculating the percent identity or
stnilarity between sequences are generally known in the art, for example, another alignment
program s BLAST, used with default paramecters. For example, BLASTN and BLASTP can be
used using the following default parameters: genetic code = standard, filter = none; strand =
both; cutoft = 60; expect = 10; Matrix = BLOSUMRZ: Descriptions = 50 sequences; sort by =
HIGH SCORE; Databases = non redundant, GenBank + EMBL + DDBJ + PDB + GenBank
DS translations + Swiss protein + Spupdate + PIR. Details of these programs are readily
available

i8078]  Alternatively, homology can be determined by hvbridization of polynuclentides under
conditions which form stable duplexes between homologous regions, followed by digestion with
single stranded specific nuclease(s}, and size determination of the digested fragments. DNA
sequences that are substantially homologous can be identified 1o a Southern hybnidization
experiment under, for example, stringent conditions, as defined for that particular system.
Detining appropriate hybridization conditions s within the slall of the art. See, e.g., Sambrook et
al., supra; DIMNA Cloning, supra; Nucleic Acid Hybridization, supra.

{8079]  "Recombinant” as used herein to describe a nucleic acid molecule means a
polynuciectide of genomic, ¢cDNA, viral, seimdsynthetic, or synthetic origin which, by virtue of
s origin or manipulation, 1s not associated with all or a portion of the polvnuciecotide with which
it 1s associated in nature. The term “recombinant” as used with respect (o a protein or polypepiide
means a polypeptide produced by expression of a recombinant polynuclentide. In general, the
gene of mterest 1s cloned and then expressed in transtormoed organisms, as described further
betow. The host organiem expresses the foreign gene 10 produce the protein under expression
conditions.

{B088]  The term "wansformation” refers (o the tnsertion of an exogenous polynuclestide into a
host cell, irrespeactive of the method used for the insertion. For example, direct uptake,

transduction or f~mating are included. The exogenous polynucleotide may be maintained as a
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non-tntegrated vector, for example, a plasmid, or aliternatively, may be integrated into the host
geneme,

{8081] "Recombinant bost cells,” "host cells,” "celis,” "cell Hnes,” "cell cultures,” and other
such terms denciing microorganisms or higher sukarvotic cell lines, refer to cells which can be,
ot have been, used as reciptenis for a recombinant vector or other fransterred DNA, and include
the progeny of the cell which has been transfected. Host cells may be cultured as uniceliular or
multicellular entities {e.g |, tissue, organs, or organoids comprising the recombinant vector),
{80821 A "coding sequence” or 8 sequence that "encodes” a selected polypeptide 13 a nucleic
acid molecule that 1s transeribed (in the case of DMNAY and wranslated (in the case of mRMNA} tnto
a polvpeptide in vive when placed under the control of appropriate reguiatory sequences {(or
“controb elements™. The boundaries of the coding sequence can he determined by a start codon
at the 5" {amino) terroinus and a transhation stop codon at the 3" {carboxy ) terminus. A coding
sequence can include, but is not Himited to, cDNA from viral, prokaryotic or eukarvotic mRINA,
genomic DIMNA sequences from viral or prokarvotic DNA, and even syonthetic DNA sequences. A
transcription fermination sequence may b located 3' to the coding sequence.

{6083]  Typical "control elements,” include, but are not limited to, transcription promaters,
tranacription eshancer elements, ranscription termination signals, polyadenviation sequences
{Iocated 3" to the translation stop codon), sequences tor optinuzation of intiation of translation
{located 510 the coding sequence}, and transiation termination sequences.

{6084]  "Opeorably inked” refers to an arrangerent of clements wherein the components so
described are configured so as to perform their usual funchion. For exarople, a given promoter
operably linked {0 a coding sequence is capable of effecting the expression of the cading
sequence when the proper enzymes are present. The promoter need not be contiguous with the
coding sequence, s¢ long as it functions to direct the expression thereof. Thus, for example,
intervening untranslated vet transeribed sequences can be present between the promoter
sequence and the coding sequence and the promoter sequence can stilf be constdered "operably
hinked” to the coding sequence. In another example, a degron operably hinked to a polypeptide is
capabie of promoting degradation of the polypeptide when the proper cellular degradation
svstem {e.g., proteasome or autophagosome degradation} is present. The degron need not be

contiguous with the polvpeptide, so long a3t functions to direct degradation of the polypeptide.
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{B085]  "Hncoded by refers to 3 nucleic actd sequence which codes for a polypeptide sequence,
wherein the pelypeptide sequence or a portion thereot contains an amino acid sequence of at
feast 3 to S amino acids, more preferably at least 8 to 10 amine acids, and even more preferably
at least 19 to 20 anuno acids from a polvpeptide encoded by the nucleic acid sequence,

[6086]  "Hxpression cassette” or "expression constract” refers to an assernbly which i3 capable
of directing the expression of the sequence{s) or gene(s) of interest. An exprassion cassetie
generally includes control elements, as described above, such as a promoter which is operably
finked 10 (30 as to direct ranscription ot} the sequence(s) or genels} of interest, and often
inciudes a polvadenylation sequence as well, Within certain embodimends of the present
disclosure, the expression casseite described herein may be contained within a plasmid consiract.
In addinon to the components of the expression cassetie, the plasnud construct mway also mclude,
one ot more selectable rarkers, a signal which allows the plasmid construct to exist as single
stranded DNA (2.2, a Mi 3 onigin of replicationy, at least one multiple cloning site, and a
"mammalian” ongin of replication {e.g., a SV40 ot adenovirus origin of rephication),

{B087]  "Purified polynuclentide” refers 1o a polynuciectide of interest or fragment thereot
which s essentially free, e g, contains less than about 50%, preferably less than about 70%%, and
more preferably less than about at least 90%, of the protein with which the polynuciectide s
naturally associated. Technigues for purifying polynuclectides of interest are well-known in the
art and include, for example, disruption of the cell containing the polynucieotids with a
chaotropic agent and separation of the polyvnucieotide{s} and proteing by ion-exchange
chrorpatography, atfimity chromatography and sedimentation according to density.

{0088] The term "transfection” is used {o refer to the uptake of foreign DNA by a cell A cell
has been "ransfected” when exogenous DNA has been introduced wnside the cell membrane. A
sumber of transfection techniques are generally known in the art. See, e g, Graham et al. (1973)
Yirology, 52:456, Sambrook et al. {2001) Maolecular Cloning, a laboratory manual, 3' edition,
Cold Spring Harbor Laboratortes, New York, Davis et al. (1995} Basie Methods in Molecular
Binlogy, 2nd edition, McGraw- Hill, and Chu et al. {1981) Gene 13 1 197 Such techniques can
be used o introduce one or more exogenous INA moieties into suitable bost celis. The term
refers to both stable and transient uptake of the genetic material, and includes uptake of peptide-

or antibody-linked DMNAs.
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{B08%] A "vector” iz capable of transferring nucleic acid sequences {o target celia (g g, viral
vectors, non-viral vectors, particulate carriers, and liposomes) Typically, "vector construct”
“expression vector, © and "gene tranafer vector,” mean any sucteic acid construct capable of
directing the expression of a nucleic acid of interest and which can transfer nucleic acid
sequences o target cells. Thus, the torm tuclndes cloning and expression vehicles, as well a3
viral vectors.

1809¢]  The terms "variant,” "analog” and "mutein” refer to binlogically active derivatives of
the reference molecnle that retain desired activity, such as flnorescence or oligomerization
charactenistics. In general, the torms "varnant” and "analog” refer to compounds having a native
polypeptide sequence and structure with one of more amino acid additions, substitutions
{generally conservative o nature ) and/or deletions, relative to the native molecule, so long as the
modifications do not destroy biological activity and which are "substantially homologous” 1o the
reference moleculs as defined below. In general, the amino acid sequences of such analogs will
have a high degree of sequence homology 1o the reference sequence, . g., anuno acid sequence
homology of more than 50%, generally more than 60%.-70%, even more particularly 80%-85%
or more, such as at least 90%-95% or more, when the two sequences are aligned. Gfien, the
analogs will include the same number of amino acids but will include substitutions, as explained
hergin. The termo "mutein” further includes polypeptides having one or more amino acid-like
molecules inchisding but not limited o compounds comprising only amino and/or imino
motecules, polypeptides containing one or more analogs of an anunoe acid (including, for
example, unnatural amino acids, eie.), polypeptides with substituted Hnkages, as well as other
modifications known in the art, both naturally occurning and non-naturally cccurring {e.g,
synthetic), eychized, branched molecules and the hike The term also nchudes molecules
comprising one or more M-substituted glycing residues {a "peptoid") and other synthetic aming
acids or peptides. {See, e.g, US. Patent Mos, 5 831,005 5877278, and 5,977 301; Nguyen ot
al., Chem. Biol (2000} 7:463-473, and Simon et al | Proc Natl Acad. 5ot USA (1992} 89:9367-
9371 for descripnions of peptoids). Methods for making polypeptide analogs and muteins are
koows in the art and are described further below.

{6091]  As explained above, analogs generally include substitutions that are conservative in
nature, 1e., those substitutions that take place within a family of amino acids that are related o

their side chains. Specifically, amino acids are generally divided into four families: {1} acidic -
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aspartate and ghetamate; (23 basic - lysine, arginine, histidine;, (3) non-polar - alanine, valine,
feucing, 1soleucine, proling, phenvlalanine, methuonine, tryptophan; and {4} uncharged polar -
givcine, asparagine, ghutamine, cysteine, serine threonine, and tyrosine. Phenvlalanine,
tryptophan, and tyrosine are sometimes classified as aromatic aming acids. For example, 1t is
reasonably predictable that an isolated replacement of leucine with 1soleucine or valine, an
aspartate with a giutamate, a threonine with a sering, or a similar conservative replacement of an
amino acid with a structurally related anuno acid, will not have a major effect on the biclogical
activity, For example, the polypeptide of intereat may tnclude up to about 5-10 conservative or
non-conservative amine acid substitutions, or even up to gbout 15-25 conservative or non-
conservative amino acid substitufions, or any toteger between 5-25, so long as the desired
function of the molecule remains ntact. Ouoe of skill in the art may readily determine regions of
the molecuie of inderest that can tolerate change by reference to Hopp/Woods and Kyte-Doolittle
piots, well known in the art.

092 "Geune trausfer” or "gene delivery” refers to methods or sysierns for reliably inserting
DINA or RNA of interest inte a host cell. Such methods can result in transient expression of non-
integrated transterred DINA | extrachromosomal replication and expression of transferred
replicons {e.g., episomes}, or integration of transferred genetic material into the genomic DNA of
host cells. Gene delivery expression vectors include, but are not Hintted to, vectors derved trom
bacterial plasmid vectors, viral vectors, non-viral vectors, alpbaviruses, pox virases and vaccinia
VITUses.

(8093]  The term "derived from™ s used herein to identily the original source of a molecule but
is not meant 10 Hont the method by which the moelecule is made which can be, for example, by
chemical synthesis or recombinant means.

{3941 A polynucizotide "derived from” a designated sequence refers to 2 polynucieotide
sequence which comprises a contiguous sequence of approximately af feast about 6 nucleotides,
preferabily at least about 8 nucleotides, more preferably at least abowt 10-12 nueleotides, and
even more preferably at feast about 15-20 nucleotides corresponding, 1.2, identical or
complementary 1o, a region of the designated nuclectide sequence. The denved polynucleotide
will not necessarily be derived physically from the nucieotids sequence of interest, but may be
genertated 1 any manner, chuding, but not rnted to, chemical synthesis, replication, reverse

transcription or transcription, which is based on the information provided by the sequence of
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bases in the region(s} from which the polynuclectide i derived. As such, it may represent either
a sense OF an antisense orientanion of the onginal polynucleotide.

i8093]  The term "heterologous” as it relates to nucleic actd sequences such a8 coding
sequences and control sequences, denotes sequences that are not normaliy joined together, and/or
are vot normally associated with g particular cell. Thus, a "beterologous” region of a vucleic acd
construct or a vector is a segment of nucleic acid within or attached to another nucleic acid
molecule that 1s not found 1o association with the other molecule i vatre. For example, a
heterologous region of a nucleic acid consiruct could nclude a coding sequence Hlanked by
sequences not found in association with the coding sequence 1n nature. Another example of a
heterologous coding sequence is a construct where the coding sequence tseif 18 not found in
nature {e.g., synthetic sequences having codons different from the native gene). Simularly, a cell
transformed with a construct which 18 not normally present 1o the cell would be considered
heterclogous for purposes of the present disclosure.

0096] By "recomsbivant virus” 16 meant g virus that bas been genetically aliered, e.g |, by the
addition or insertion of a heterclogous nucleic acid construct invio the particle.

{8097} "Recombinant virion," as used herein, refers to a viral particle containung a recombinant
viral vector {e.g., conditionally replicating viral vector encoding a degron fusion protfein}.
Generally, a recombinandt virion comprises one or more structural proteins and the viral vector,
The recombinant virion may also contain a nucleocapsid structure, and in some cases, a lipid
envelope derived from the host cell membrane.

{8098]  The terms "subject” refers to any invertebrate or veriebrate subject, wchuding, without
imitation, humans and other primates, including non-human primates such as chimpanzees and
other apes and monkey species; farm animals such as catile, sheep, pigs, goats and horses;
domestic mammals such as dogs and cats; laboratory animals including rodents such as mice,
rats and guinea pigs; birds, including domestic, wild and game birds such as chickens, turkeys
and other gallinaceocus birds, ducks, geese, and the like. The term does not denote a particular
age. Thus, both adult and newborn individuals are intended to be covered.

{609%]  "Recombinant animal” refers to a nonhuman subject which has been a recipignt of a
recombinant vector or other transferred DNA| and also includes the progeny of 3 recombinant

ammal.
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{ther inlerpretational conventions

{30100] Ranpges recited herein are understood 1o be shorthand for all of the values within the
range, tocinsive of the rectied endpoiuts. For example, s range of 1o 50 s understood to
wnclude any number, combination of numbers, or sub-range from 1, 2, 3,4, 5,6, 7, & 9, 10, 11,
12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22,23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37
38, 39,40, 41,42, 43, 44, 45, 46, 47, 48, 49, and 30,

{00181] Unless otherwise indicated, reference to a compound that has one or more stereocenters

intends each stercoisomer, and all comnbinations of sterecisomers, thereof,

Overview

{80182] Before deacribing the present disclosure in detail, it is to be understoond that the present
disclosure is not himited to particular formulations or process parameters as such may, of course,
vary. It 18 also o be understood that the terminology used herein 18 for the purpose of describing
particular embodinents of the present disclosure only, and is not tntended to be limiting.

180103] Although a number of methods and matenals similar or equivalent o those described
heretn can be used wn the practice of the present disclosure, the preferred materials and methods
are described herein,

{B0104] The present disclosure 15 based on the discovery that certain muistions within an
immunodominant epttope of a protease of the present disclosure, such as the hepatitis C virus
{(HCV) nonstrucwral protein 3 (NR3) protease, can affect not only the imysunogenicity, but aiso
the activity of the protease when fused 1o a polypeptide of interest. Such mutations may be used
i reduce the mrunogenicity and modulate the activity of the protease when used in therapeutic
applications, such as with small molecule-assisted shuoft (SMASh) techniques, in which a
polypepiide of interest is fused to a and thereby expressed in g minimally modified form. In such
applications, the degron can be removed from the protein of interest by a cis-encoded protease
{e.g.. a viral NS3 protease}. Chnically available protease inhibitors can be used to block protease
cleavage such that the degron 1s retained after inhibitor addition oo subsequently synthesized
protein copies. The degron when attached causes rapid degradation of the linked protein.
Alternatively, a protease of the present disclosure may be fused {o a polypeptide of interest with
a functional domain, or in the case of 3 multi-domain polypepiide between domains such that

addition of g protease inhibitor can control one or mwore functions of the polypeptide of interest.
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As disclosed herein use of such a repreasible protease aliows for reversible and dose-dependent

shutoft of various proteins with high dynamic range in multiple cell types.

Fusion Proteins

IB0103] Certain aspects of the present disclosure relate to fusion proteins comprise a variant
protease {e.g., 8 vartant HUV NS3 protease) fused to 5 selected polypeptide of interest and a
cognate protease cleavage site in an arrangement designed to control function and/or production
of the polypeptide of interest. The cleavage site 15 capable of being recognized by the protease of
the fusion protein in order to allow cleavage of one or more domains within the polypeptide of
wnterest. The position of the cleavage site 1u the fusion 1 preferably chosen to allow for
controtled function and/or exprassion of the polypeptide of interest. The fusion proteins of the
present disclosure may be designed with M-terminal or C-terminal attachment of the protease o
the polypeptide of interest. The fusion protein may also contain sequences exogenous to the
protease, cognate cleavage site, and polypeptide of interest. For example, the fusion may include
targeting or localization sequences, or iag sequences. In addition, the fusion protein may
comprise a detectable label {e g, flucrescent, bicluminescent, chemiiuminescent, colonimeiric, or

isotopic fabel) to facilitate monitoring production and degradation of the polypeptide of 1nterest.

Yariani Profteases

[80106] Certain aspects of the present disclosure relate 1o a fusion protein comprising a variant
protease, wherein the variant profease compiises one or more mutations the decrease
mmunogenicity and/or oodulate protease sctivity when the fusion protein 1s expressed in a
mamimalian cell.

IB0107] YVanant proteases of the present disclosure may be denved from any suitable protease
koowsn in the art, For example, any of the proteases listed in Table 1 may be used to produce a

gnate cleava

o

i

it;

variant protease of the present disclosure. When g protease 1s selected, 18 ¢o re site
and protease whibttors known 1o the art to bind and inhibit the protease can beused ina
combination. Exemplary combinations for the use are provided below in Table 1. Representative
sequences of the proteases are available from public database including UniProt through the
uniprot.org website. UniProt accession numbers for the proteases are also provided below in

Table 1
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TABLE 1

Protease UniProt Accession Cognate cleavage site Specific
Number/Sequence Inhibitors

HCV NS3 APITAYAQQTRGLLGCITSLTG | ADLEVVTSTWL (NS3/NS4A) Simeprevir,
RDKNQVEGEVQIVSTATQTFL | (SEQID NO: 8) Danoprevir,
ATCINGVCWAVYHGAGTRTIA Asunaprevir,
SPKGPVIOMYTNVDQDLVGWP | CMSADLEVVTSTWVLVGGVL | Ciluprevir,
APQGSRSLTPCTCGSSDLYLVT | (NS3/NS4A) (SEQ ID NO: 4) Boceprevir,
RHADVIPVRRRGDSRGSLLSPR Sovaprevir,
PISYLKGSSGGPLLCPAGHAVG | DEMEECSQHL (NS4A/NS4B) Paritaprevir,
LFRAAVCTRGVAKAVDFIPVE | (SEQID NO:9) Telaprevir,
NLETTMRSPVFTD (SEQ ID NO: | YQEFDEMEECSQHLPYIEQG Grazoprevir,
2) (NS4A/NS4B) (SEQ ID NO: 5) Glecaprevir,

Voxiloprevir
APITAYAQQT RGLLGCIITS ECTTPCSGSWL (NS4B/NS5A)
LTGRDKNQVE GEVQIVSTAA (SEQID NO: 10)
QTFLATCING VCWTVYHGAG | WISSECTTPCSGSWLRDIWD
TRTIASSKGP VIQMYTNVDQ (NS4B/NS5A) (SEQ ID NO: 6)
DLVGWPAPQG ARSLTPCTCG
SSDLYLVTRH ADVIPVRRRG EDVVPCSMG (NS5A/NS5B)
DGRGSLLSPR PISYLKGSSG (SEQIDNO: 11)
GPLLCPAGHA VGIFRAAVCT GADTEDVVCCSMSYSWTGAL
RGVAKAVDFI PVEGLETTMR (NS5A/NS5B) (SEQ ID NO: 7)
SPVFSD (SEQ ID NO: 12)

HIV-1 protease | PQVTLWQRPLVTIKIGGQLKEA Amprenavir,
LLDTGADDTVLEEMSLPGRWK Atazanavir,
PKMIGGIGGFIKVRQYDQILIEI Darunavir,
CGHKAIGTVLVGPTPVNIIGRN Fosamprenavir,
LLTQIGCTLNF (SEQ ID NO: 13) Indinavir,

Lopinavir,
Nelfinavir,
Ritonavir,
Saquinavir,
Tipranavir
signal peptidase | P67812, P15367, P00804, P0803 preference of eukaryotic signal

peptidase for cleavage after

residue 20 (Xaa?™) of

pre(Apro)apoA-1I: Ala, Cys > Gly

> Ser, Thr > Pro > Asn, Val, lle,

Leu, Tyr, His, Arg, Asp.

proprotein Q16549, Q8NBP7, Q92824, (R/K)-X-(hydrophobic)-X|, where

convertases P29120, Q6UW60, P29122, X 1s any amino acid

cleaving at Q9QXV0

hydrophobic

residues (e.g.,

Leu, Phe, Val,

or Met);

proprotein Q16549, Q8NBP7, Q92824, K/R)-(X)n-(K/R)|, where n is 0,

convertases P29120, Q6UW60, P29122 2,4 or 6 and X is any amino acid

cleaving at
small amino
acid residues
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such as Ala or

Thr;

proopiomelanoc | Q9UO77615, 0776133 Cleavage at paired basic residues

ortin converting in certain prohormones, either

enzyme (PCE); between them, or on the carboxyl
side

chromaffin tends to cleave dipeptide bonds

granule aspartic that have hydrophobic residues as

protease well as a beta-methylene group

(CGAP);

prohormone P07154, P07711, P06797, P25975,

thiol protease Q28944

(cathepsin L1)

carboxypeptidas | QIM099, P15169, Q04609, cleaves a peptide bond at the

es(eg., P08819, P08818, 077564, P70627, | carboxy-terminal (C-terminal) end

carboxypeptidas | 035409, P07519, Q8VZU3, of a protein or peptide

e E/H, P22792, P15087, P16870,

carboxypeptidas | Q9JHH6, Q961Y4, Q7L8A9

¢ D and

carboxypeptidas

cZ),

aminopeptidases cleaves a peptide bond at the

(e.g., arginine amino-terminal (N-terminal) end

aminopeptidase, of a protein or peptide

lysine

aminopeptidase,

aminopeptidase

B):

prolyl Q12884, P48147, P97321, Q4J6C6, | Hydrolysis of Pro-|-Xaa >> Ala-|-

endopeptidase; Xaa 1n oligopeptides.
Release of an N-terminal
dipeptide, Xaa-Yaa-|-Zaa-, from a
polypeptide, preferentially when
Yaa is Pro, provided Zaa is neither
Pro nor hydroxyproline.

aminopeptidase | P37449, P15144, Pi3145 P15684 | Release of an N-torminal anuno

N; acid, Xaa--Yaa- from a peptide,
amide or arviamide. Xaa is
preferably Ala, but may be most
amino acids mcluding Pro {slow
action). When a terounal
hydrophobic residue is followed
by a prolvl residue, the two may
be released as an ntact Xaa-Pro
dipeptide

msulin P14735, P35559, Q9JHR7, Degradation of insulin, glucagon

degrading P22817, Q24K 02 and other polypeptides. No action

enzyme; on proteins.
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Cleaves multiple short
polypeptides that vary
considerably in sequence

calpain;

008529, P17655, Q07009,
Q27971, P20807, P07384, 035350,
014815, P04632, Q9Y6Q1,
015484, Q9HC96, AGNHCO,
QIUMQ6

No specific amino acid sequence
is uniquely recognized by
calpains. Amongst protein
substrates, tertiary structure
clements rather than primary
amino acid sequences appear to be
responsible for directing cleavage
to a specific substrate. Amongst
peptide and small-molecule
substrates, the most consistently
reported specificity is for small,
hydrophobic amino acids (e.g.,
leucine, valine and isoleucine) at
the P2 position, and large
hydrophobic amino acids (e.g.,
phenylalanine and tyrosing) at the
P1 position. One fluorogenic
calpain substrate 1s (EDANS-Glu-
Pro-Leu-Phe=Ala-Glu-Arg-Lys-
DABCYL)
(EDANSEPLFAERKDABCYL,
SEQ ID NO:14), with cleavage
occurring at the Phe=Ala bond.

caspase 1

P29466, P29452

Strict requirement for an Asp
residue at position P1 and has a
preferred cleavage sequence of
Tyr-Val-Ala-Asp-|- (YVAD, SEQ
ID NO: 15).

caspase 2

P42575, P29594

Strict requirement for an Asp
residue at P1, with 316-asp being
essential for proteolytic activity
and has a preferred cleavage
sequence of Val-Asp-Val-Ala-
Asp-- (VDVAD, SEQ ID NO:
16).

caspase 3

P42574, P70677

Strict requirement for an Asp
residue at positions P1 and P4. It
has a preferred cleavage sequence
of Asp-Xaa-Xaa-Asp-|- with a
hydrophobic amino-acid residue at
P2 and a hydrophilic amino-acid
residue at P3, although Val or Ala
are also accepted at this position.

caspase 4

P70343, P49662

Strict requirement for Asp at the
P1 position. It has a preferred
cleavage sequence of Tyr-Val-
Ala-Asp-|- (YVAD, SEQ ID NO:
15) but also cleaves at Asp-Glu-
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Val-Asp-|- (DEVD; SEQ ID NO:
17).

caspase 5

P51878

Strict requirement for Asp at the
P1 position. It has a preferred
cleavage sequence of Tyr-Val-
Ala-Asp-|- (YVAD, SEQ ID NO:
15) but also cleaves at Asp-Glu-
Val-Asp-|- (DEVD; SEQ ID NO:
17).

caspase 6

P55212

Strict requirement for Asp at
position P1 and has a preferred
cleavage sequence of Val-Glu-
His-Asp-|- (VEHD; SEQ ID NO:
18).

caspase 7

P97864, P55210

Strict requirement for an Asp
residue at position P1 and has a
preferred cleavage sequence of
Asp-Glu-Val-Asp-|-(DEVD; SEQ
IDNO: 17).

caspase 8

QS8IRY7, 089110, Q14790

Strict requirement for Asp at
position P1 and has a preferred
cleavage sequence of
(Leu/Asp/Val)-Glu-Thr-Asp-|-
(Gly/Ser/Ala).

caspase 9

P55211, Q8C3Q9, Q51S54

Strict requirement for an Asp
residue at position P1 and with a
marked preference for His at
position P2. It has a preferred
cleavage sequence of Leu-Gly-
His-Asp-|-Xaa (LGHD (SEQ ID
NO: 19) -|- Xaa).

caspase 10

Q92851

Strict requirement for Asp at
position P1 and has a preferred
cleavage sequence of Leu-GlIn-
Thr-Asp-|-Gly (LQTDG, SEQ ID
NO: 20).

puromycin
sensitive
aminopeptidase;

P55786, Q11011,

Release of an N-terminal amino
acid, preferentially alanine, from a
wide range of peptides, amides
and arylamides.

angiotensin
converting
enzyme (ACE);

P12821, P09470, Q9BYF1

MGAASGRRGP GLLLPLPLLL
LLPPOPALAL DPGLOPGNES
ADBEAGAQLEA QSYNSSAEQV
LEQSVAASWA HDTNITAENA
REQEEAALLS QEFAEAWGQOK
AKELYEPIWEG NFTDPOLRRI

Release of a C-terminal dipeptide,
oligopeptide-|-Xaa-Yaa, when Xaa
is not Pro, and Yaa is neither Asp
nor Glu.

Benazepril
(Lotensin),
Captopril,
Enalapril
(Vasotec),
Fosinopril,
Lisinopril
(Prinivil,
Zestril),
Moexipril,
Perindopril
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IGAVRTLGSA
NALLSNMSRI
KTATCWSLDP
SYAMLILFA

KPLYEDEFTAL
TDTGAYWRSW
EHLYQOOLEPL
ALHREYGDRY
LLGDMWAQSW
POKPNLDVTS
HMFRVAERFF
BEFWEGSMLEK
ASAWDFYNRK
TMDOLSTVHH
LEVSLRR
GDVLALSVST
DPRVINDTESD
KIAFLPFGYL
GRTPPESRYNF
GICPEVTIRNE
VENVTPYIRY
HEALCKEAGY
RETKAGAKLR
WOEVLKDMVG
KYFQPVTOWL
LGWPEYQWHP
VITDEAEAS
QVVWNEYAEA
ETSKILLOKN
GTOARKFDVN
TKKVQDLERA
NKILLDMETT
GECLOLEPDL
EDLLWAWEGHW
FYPKYVELIN
AGDESWREMYE
LEQELOPLYL
HRHYGAQHIN
GNMWAQTWEN
APSMDTTEAM
FKEADDFFTS
WNKSMLEKPT
AWDFYNGKDY
EDLVVAHHEM
DLPVALREGA
VLALSVETEK
EGGEDEHDIN
ARIPFESYLVD
ITKENYNQEW
CPPVPRTOGD
SSVPYIRYFV

ALCOAAGHTG

NLPLAKRQQY
YSTARKVCLEN
DLTNILASER
GWHNAAGIPL
SNEAYRKQDGEF
YNSPTFEDDL
YLNLHAFVRR
INLRGPIPAH
ENIYDMVVEE
TMLOQGWNAT
TSLELSPMPP
PADGREVVCH
DFRIKQCTRV
EMGHIQYYLO
CGANPGFHEAT
PEHLHKICGLL
INYLLKMALE
VDQWRWGVES
DWWYLRTKYQ
THEDAGAKFH
FVSFVLOFQF
EGPLEOCDIY
KVLCAGSSRE
LDALDAQPLL
OBEQONQONGEV
FPLPDNYPEGTL
KEVEEYDRTS
NWNYNTNITT
MOIANHTLKY
QLONTTIKRI
ALPAQELEEY
YSVATVCHPN
TNVMATSRKY
REDKAGRATILQ
QAARILNGYVD
SLEQGDLER
HAYVRERAL
LEGPIPARLL
LYDIVVPFPRS
LEXQGWTPRRM
LGLLPVPEEF
DGREVVCHAS
RIKGCTTVNL
GHIQYPFMQYK
NPGFHEAIGD
HIHSLN
FLMKMALDKL
QWRWRVEDGS
WSLRELKYQGL
FDPGAKFHIP
SFITQFQFHE

PLHKCDIY(S

- e
LI E) fe)

(Aceon),
Quinapril
(Accupril),
Ramipril
(Altace),
Trandolapril
(Mavik),
Zofenopril,
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KEAGQRLATA MELGFSRFPWP
BAMOLITGOP NMSASAMLSY
FKELLDWLRT ENELHGEKLG
WEPQYNWTPNS ARSEGPLPDS
GRVSFLGLDL DAQQARVGOW
LLLFLGIALL VATLGLEQRL
FSIRHRSLER HESHGRPOFGSE
VELRHS
{(SEQID NG: 21)
pyroglutamyl QI9NXJ5 Release of the N-terminal
peptidase II; pyroglutamyl group from pGlu--
His-Xaa tripeptides and pGlu--
His-Xaa-Gly tetrapeptides
dipeptidyl P27487, P14740, P28843 Release of an N-terminal
peptidase 1V dipeptide, Xaa-Yaa-|-Zaa-, from a
polypeptide, preferentially when
Yaa is Pro, provided Zaa is neither
Pro nor hydroxyproline.
N-arginine 043847, Q8BHG1 Hydrolysis of polypeptides,
dibasic preferably at -Xaa-|-Arg-Lys-, and
convertase; less commonly at -Arg-|-Arg-Xaa-
, in which Xaa is not Arg or Lys.
endopeptidase P52888, P24155 Preferential cleavage of bonds
24.15 (thimet with hydrophobic residues at P1,
oligopeptidase) P2 and P3' and a small residue at
P1' in substrates of 5 to 15
residues.
endopeptidase Q9BYTS, Q91YP2 Preferential cleavage in
24.16 neurotensin: 10-Pro-|-Tyr-11
(neurolysin)
amyloid P05067, P12023, Q9Y5Z0, P56817 | Endopeptidase of broad
precursor specificity.
protein
secretase alpha
amyloid P05067, P12023, Q9Y570, P56817 | Broad endopeptidase specificity.
precursor Cleaves Glu-Val-Asn-Leu-|-Asp-
protein Ala-Glu-Phe (EVNLDAEF, SEQ

secretase beta

ID NO: 22) in the Swedish variant
of AlzhFeimer's amyloid
precursor protein.

amyloid P05067, P12023, Q9Y570, P56817 | intramembrane cleavage of

precursor integral membrane proteins

protein

secretase

gamma

MMP 1 P03956, Q9EPL5uy Cleavage of the triple helix of SB-3CT
collagen at about three-quarters of | p-OH SB-3CT

the length of the molecule from
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the N-terminus, at 775-Gly-|-Ile- O-phosphate
776 in the alpha-1(I) chain. SB-3CT
Cleaves synthetic substrates and RXP470.1
alpha-macroglobulins at bonds
where P1' is a hydrophobic
residue.
MMP 2 P08253, P33434 Cleavage of gelatin type I and SB-3CT
collagen types IV, V, VII, X. p-OH SB-3CT
Cleaves the collagen-like O-phosphate
sequence Pro-Gln-Gly-|-Ile-Ala- SB-3CT
Gly-Gln (PQGIAGQ, SEQ ID RXP470.1
NO: 23).
MMP 3 P08254, P28862 Preferential cleavage where P1', SB-3CT
P2' and P3' are hydrophobic p-OH SB-3CT
residues. O-phosphate
SB-3CT
RXP470.1
MMP 7 P09237, Q10738 Cleavage of 14-Ala-|-Leu-15 and | SB-3CT
16-Tyr-|-Leu-17 in B chain of p-OH SB-3CT
msulin. No action on collagen O-phosphate
types L, II, IV, V. Cleaves gelatin | SB-3CT
chain alpha-2(I) > alpha-1(I). RXP470.1
MMP 8§ P22894, 070138 Can degrade fibrillar type I, II, SB-3CT
and III collagens. p-OH SB-3CT
O-phosphate
Cleavage of imnterstitial collagens SB-3CT
in the triple helical domain. RXP470.1
Unlike EC 3.4.24.7, this enzyme
cleaves type III collagen more
slowly than type .
MMP 9 P14780, P41245 Cleavage of gelatin types I and V| SB-3CT
and collagen types IV and V. p-OH SB-3CT
O-phosphate
Cleaves KiSS1 at a Gly-|-Leu SB-3CT
bond. RXP470.1
Cleaves type IV and type V
collagen into large C-terminal
three quarter fragments and
shorter N-terminal one quarter
fragments. Degrades fibronectin
but not laminin or Pz-peptide.
MMP 10 P09238, 055123 Can degrade fibronectin, gelatins | SB-3CT
of type I, 11, IV, and V; weakly p-OH SB-3CT
collagens III, IV, and V. O-phosphate
SB-3CT
RXP470.1
MMP 11 P24347, Q02853 AA/QIN/A) [(L/YXT/V/M/R)R/ | SB-3CT
K) p-OH SB-3CT
O-phosphate
G(G/A)E|LR SB-3CT
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RXP470.1
| denotes the cleavage site
MMP 12 P39900, P34960 Hydrolysis of soluble and SB-3CT
msoluble elastin. Specific p-OH SB-3CT
cleavages are also produced at 14- | O-phosphate
Ala-|-Leu-15 and 16-Tyr-|-Leu-17 | SB-3CT
in the B chain of insulin RXP470.1
Has significant elastolytic activity.
Can accept large and small amino
acids at the P1' site, but has a
preference for leucine. Aromatic
or hydrophobic residues are
preferred at the P1 site, with small
hydrophobic residues (preferably
alanine) occupying P3.
MMP 13 P45452, P33435 Cleaves triple helical collagens, SB-3CT
mcluding type I, type Il and type | p-OH SB-3CT
III collagen, but has the highest O-phosphate
activity with soluble type 11 SB-3CT
collagen. Can also degrade RXP470.1
collagen type IV, type XIV and
type X.
MMP 14 P50281, P53690 Activates progelatinase A by SB-3CT
cleavage of the propeptide at 37- | p-OH SB-3CT
Asn-|-Leu-38. Other bonds O-phosphate
hydrolyzed include 35-Gly-|-Ile- SB-3CT
36 in the propeptide of RXP470.1
collagenase 3, and 341-Asn-|-Phe-
342, 441-Asp-|-Leu-442 and 354-
Gln-|-Thr-355 in the aggrecan
interglobular domain.
urokinase P00749, P06869 Specific cleavage of Arg-|-Val Plasminogen
plasminogen bond in plasminogen to form activator
activator (uPA) plasmin. inhibitors
(PAD
tissue P00750, P11214 Specific cleavage of Arg-|-Val Plasminogen
plasminogen bond in plasminogen to form activator
activator (tPA) plasmin. inhibitors
(PAD
plasmin P00747, P20918 Preferential cleavage: Lys-|-Xaa > | a-2-
Arg-|-Xaa, higher selectivity than | antiplasmin
trypsin. Converts fibrin into (AP)
soluble products.
thrombin P00734, P19221 Cleaves bonds after Arg and Lys

Converts fibrinogen to fibrin and
activates factors V, VII, VIII,
X1, and, in complex with
thrombomodulin, protein C.
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BMP-1 P13497, P98063 Cleavage of the C-terminal
(procollagen C- propeptide at Ala-|-Asp in type |
peptidase) and II procollagens and at Arg-|-
Asp in type IIL
ADAM QI9POK1, QIUKQ2, QIJLNG, SB-3CT
014672, Q13444, P78536, p-OH SB-3CT
Q13443, 043184, P78325, O-phosphate
QIUKF5, Q9BZ11, Q9H2U9, SB-3CT
Q99965, 075077, Q9HO13, RXP470.1
043506
granzyme A P12544, P11032 Preferential cleavage: -Arg-|-Xaa-,
-Lys-|-Xaa- >> -Phe-|-Xaa- in
small molecule substrates.
granzyme B P10144, P04187 Preferential cleavage: -Asp-|-Xaa-
>> -Asn-|-Xaa- > -Met-|-Xaa-, -
Ser-|-Xaa-.
granzyme C / P08882, P20718 Preference for bulky and aromatic
granzyme H residues at the P1 position and
acidic residues at the P3' and P4'
sites.
granzyme M P51124, Q03238 Cleaves peptide substrates after
methionine, leucine, and
norleucine.
tobacco Etch P04517, POCK09 E-Xaa-Xaa-Y -Xaa-Q-(G/S), with
virus (TEV) cleavage occurring between Q and
protease G/S. The most common sequence
is ENLYFQS (SEQ ID NO: 24).
chymotrypsin- P08217, QOUNII, Q91X79, -Thermobifida
like serine P08861, P0O9093, P08218 fusca
protease Thermopin
-Pyrobaculum
aerophilum
Aecropin
-Thermococcus
kodakaraensis
Tk-serpin
-Alteromonas
sp.
Marinostatin
-Streptomyces
misionensis
SMTI
-Streptomyces
sp.
chymostatin
alphavirus P08411, P03317, P13886,
proteases Q8JUX6, Q86924, Q4QX1I8,
Q8QL53, P27282, Q5XXP4
chymotrypsin- Q86TLO, Q14790, Q99538, -Thermobifida
like cysteine 015553 fusca
proteases Thermopin
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-Pyrobaculum
aerophilum
Aecropin
-Thermococcus
kodakaraensis
Tk-serpin
-Alteromonas
sp.
Marinostatin
-Streptomyces
misionensis
SMTI
-Streptomyces
sp.
chymostatin

papain-like P25774, P53634, Q96K76

cysteine

proteases

picornavirus P03305, P03311, P13899

leader proteases

HIV proteases P04585, P03367, P04584, P03369,

P12497, P03366, P04587

Herpesvirus P10220, Q2HRB6, 040922,

proteases Q69527

adenovirus P03252, P24937, Q83906, P68985,

proteases P09569, P11825, P10381

Streptomyces P00776

griseus protease

A (SGPA)

Streptomyces P00777

griseus protease

B (SGPB)

alpha-lytic P85142, P00778

protease

serine proteascs

P48740, P98064, QOULS52,
P05981, 060235

cysteine Q86TLO, Q14790, Q8WYNO,

proteases Q96DT6, P55211

aspartic Q9Y570, P56817, Q00663

proteases Q53RT3, POCY27

threonine QoUI38, Q16512, Q9H6PS,

proteases Q8IWU2,

Mast cell (MC) | NM_001836 Abz-HPFHL (SEQ ID NO: 25)- BAY 1142524
chymase Lys(Dnp)-NH2 (SEQ ID NO: 56) | SUNI13834
(CMAI)

Rat mast cell NM_ 017145, NM_172044, Abz-HPFHL (SEQ ID NO: 25)- TY-51469

protease-1, -2, -
3,-4,-5

NM_001170466, NM_019321,
NM 013092

Lys(Dnp)-NH2 (SEQ ID NO: 56)
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Rat vascular 070500 Abz-HPFHL (SEQ ID NO: 25)-

chymase Lys(Dnp)-NH2 (SEQ ID NO: 56)

(RVCH)

DENV NS3pro | >sp|P33478|1475-2093 A strong preference for basic Anthraquinone

(NS2B/NS3) SGVLWDTPSPPEVERAVLDDGI | amino acid residues (Arg/Lys) at | BP13944
YRIMQRGLLGRSQVGVGVFQD | the P1 positions was observed, ZINC0432190
GVFHTMWHVTRGAVLMYQG | whereas the preferences for the 5
KRLEPSWASVKKDLISYGGGW | P2— 4 sites were in the order of MB21
RFQGSWNTGEEVQVIAVEPGK | Arg > Thr > Gln/Asn/Lys for P2, | Policresulen
NPKNVQTAPGTFKTPEGEVGAI | Lys > Arg > Asn for P3, and Nle > | SK-12
ALDFKPGTSGSPIVNREGKIVG | Leu > Lys > Xaa for P4. The NSC135618

LYGNGVVTTSGTYVSAIAQAK
ASQEGPLPEIEDEVFRKRNLTI
MDLHPGSGKTRRYLPAIVREAI
RRNVRTLILAPTRVVASEMAE
ALKGMPIRYQTTAVKSEHTGK
EIVDLMCHATFTMRLLSPVRVP
NYNMIIMDEAHFTDPASIARRG
YISTRVGMGEAAAIFMTATPPG
SVEAFPQSNAVIQDEERDIPERS
WNSGYEWITDFPGKTVWFVPS
IKSGNDIANCLRKNGKRVIQLS
RKTFDTEYQKTKNNDWDYVV
TTDISEMGANFRADRVIDPRRC
LKPVILKDGPERVILAGPMPVT
VASAAQRRGRIGRNQNKEGDQ
YVYMGQPLNNDEDHAHWTEA
KMLLDNINTPEGIIPALFEPERE
KSAAIDGEYRLRGEARKTFVEL
MRRGDLPVWLSYKVASEGFQ
YSDRRWCFDGERNNQVLEEN
MDVEMWTKEGERKKLRPRWL
DARTYSDPLALREFKEFAAGR
R (SEQ ID NO: 26)

>sp|P14340|1476-2093
AGVLWDVPSPPPVGKAELEDG
AYRIKQKGILGYSQIGAGVYKE
GTFHTMWHVTRGAVLMHKGK
RIEPSWADVKKDLISYGGGWK
LEGEWKEGEEVQVLALEPGKN
PRAVQTKPGLFKTNAGTIGAVS
LDFSPGTSGSPIIDKKGKVVGL
YGNGVVTRSGAYVSAIAQTEK
SIEDNPEIEDDIFRKRKLTIMDL
HPGAGKTKRYLPAIVREAIKRG
LRTLILAPTRVVAAEMEEALRG
LPIRYQTPAIRAEHTGREIVDL
MCHATFTMRLLSPVRVPNYNL
[IMDEAHFTDPASIAARGYISTR
VEMGEAAGIFMTATPPGSRDPF

prime site substrate specificity
was for small and polar amino
acids in P1 and P3.

Biliverdin
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PQSNAPIMDEEREIPERSWSSG
HEWVTDFKGKTVWFVPSIKAG
NDIAACLRKNGKKVIQLSRKTF
DSEYVKTRTNDWDFVVTTDIS
EMGANFKAERVIDPRRCMKPV
ILTDGEERVILAGPMPVTHSSA
AQRRGRIGRNPKNENDQYIYM
GEPLENDEDCAHWKEAKMLL
DNINTPEGIIPSMFEPEREK VDA
IDGEYRLRGEARKTFVDLMRR
GDLPVWLAYRVAAEGINYADR
RWCFDGIKNNQILEENVEVEIW
TKEGERKKLKPRWLDAKIYSD
PLALKEFKEFAAGRK (SEQ ID
NO: 27)

>sp|Q99D35|1474-2092
SGVLWDVPSPPETQKAELEEG
VYRIKQQGIFGKTQVGVGVQK
EGVFHTMWHVTRGAVLTHNG
KRLEPNWASVKKDLISYGGGW
RLSAQWQKGEEVQVIAVEPGK
NPKNFQTMPGIFQTTTGEIGAIA
LDFKPGTSGSPIINREGKVVGL
YGNGVVTKNGGYVSGIAQTNA
EPDGPTPELEEEMFKKRNLTIM
DLHPGSGKTRKYLPAIVREAIK
RRLRTLILAPTRVVAAEMEEAL
KGLPIRYQTTATKSEHTGREIV
DLMCHATFTMRLLSPVRVPNY
NLIIMDEAHFTDPASIAARGYIS
TRVGMGEAAAIFMTATPPGTA
DAFPQSNAPIQDEERDIPERSW
NSGNEWITDFVGKTVWFVPSIK
AGNDIANCLRKNGKKVIQLSR
KTFDTEYQKTKLNDWDFVVTT
DISEMGANFKADRVIDPRRCLK
PVILTDGPERVILAGPMPVTVA
SAAQRRGRVGRNPQKENDQYI
FMGQPLNKDEDHAHWTEAKM
LLDNINTPEGIIPALFEPEREKSA
AIDGEYRLKGESRKTFVELMR
RGDLPVWLAHKVASEGIKYTD
RKWCFDGERNNQILEENMDVE
IWTKEGEKKKLRPRWLDARTY
SDPLALKEFKDFAAGRK (SEQ
ID NO: 28)

>sp|Q5UCB8|1475-2092
SGALWDVPSPAATQKAALSEG
VYRIMQRGLFGKTQVGVGIHIE
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Protease UniProt Accession Cognate cleavage site Specific
Number/Sequence Inhibitors
GVFHTMWHVTRGSVICHETGR
LEPSWADVRNDMISYGGGWR

LGDKWDKEEDVQVLAIEPGKN
PKHVQTKPGLFKTLTGEIGAVT
LDFKPGTSGSPIINRKGKVIGLY
GNGVVTKSGDYVSAITQAERIG
EPDYEVDEDIFRKKRLTIMDLH
PGAGKTKRILPSIVREALKRRL
RTLILAPTRVVAAEMEEALRGL
PIRYQTPAVKSEHTGREIVDLM
CHATFTTRLLSSTRVPNYNLIV
MDEAHFTDPSSVAARGYISTRV
EMGEAAAIFMTATPPGTTDPFP
QSNSPIEDIEREIPERSWNTGFD
WITDYQGKTVWFVPSIKAGND
IANCLRKSGKKVIQLSRKTFDT
EYPKTKLTDWDFVVTTDISEM
GANFRAGRVIDPRRCLKPVILP
DGPERVILAGPIPVTPASAAQR
RGRIGRNPAQEDDQYVFSGDP
LKNDEDHAHWTEAKMLLDNI
YTPEGIIPTLFGPEREKTQAIDG
EFRLRGEQRKTFVELMRRGDL
PVWLSYKVASAGISYKDREWC
FTGERNNQILEENMEVEIWTRE
GEKKKLRPKWLDARVYADPM
ALKDFKEFASGRK (SEQ ID NO:
29)

I00108] Exemplary proteases which can be used in fusion proteins of the present disclosure
include hepatitis C virus proteases {e.g, NS3 and N82-3); signal pepiidase, proprotein
corrvertases of the subtilisin/kexin family (furin, PCL PC2, PC4, PACE4, PCS, PCY; proprotein
convertases cleaving at hydrophobic residues (e g, Leu, Phe, Val, or Met); proprotein
convertases cleaving at small amino acid residues such as Ala or Thr, proopiomelanocortin
converung enzyme (PCEY, chromaffin granule asparuc protease (CGAPY; prohormone thiol
protease; carboxypeptidases {e.g., carboxypeptidase E/H, carboxypeptidase D and
carboxypeptidase £}, aminopeptidases (¢ g, argining aminopeptdase, lysine anunopeptidase,
aminopepiidase B, prolvl endopeptidase; aminopepudase N insulin degrading enzyime, calpain;
high molecuiar weight protease; and, caspases |, 2, 3,4, 5, 0, 7, 8, and 9. Gther proteases
include, but are vot hmited to, amiuvopeptidase N, puromycin sensitive srmoopeptidase;

angiotensin converting enzyme; pyroglutamyl peptidase {f; dipepidyl peptidase IV, MN-arginine
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dibasic convertase; endopeptidase 2415, endopeptidase 24.16; amyloid precursor protein
seoretases alpha, heta and gamma; angiotensin converting enzyime secretase; TGF alpha
secretase; T F alpha seoretase; FAS hgand secretase, THNF receptor-I and - secretases; T30
secretase; KL 1 and K12 secretases; 1L6 receptor secretase; D43 (44 secratase; O 16-1 and
U 16-11 secretases, L-selectin secretase; Folate receptor secretase; MMP 1,23, 7,8, 9,10, 11,
12, 13, 14, and 15; urokinase plasminogen activator; tissue plasminogen activator; plasniin;
thromubio, BMP-1 (procollagen C-peptidasey;, ADAM 1,2, 3, 4,5 6,7, 8,9, 10, and 11, and,
granzymwes A, B, O 1 B F, G, and H. The protease chosen for use in the fusion protetn i3
preferably highly selective for the cleavage site in the cleavable linker. Additionally, protease
activity is preferably inhibitable with inhuibitors that are cell-permeable and not toxic o the cell
or subject under study. For a discussion of proteases, see, e.g., V. Y. H. Hook, Proteolytic and
cethular mechanisms 1 probormone and proprotein processing, RO Landes Company, Austin,
Tex, USA {1998} N M. Hooper et al |, Biochem . J. 321 1 265279 (1997, 2. Werb, Cell 91
439442 (1997, T. G, Wolfsberg et al, J. Cell Biol 131 275273 (1995}, K. Murakami and 1.
3. Etlinger, Biochem. Biophys. Res. Conun. 146 12491259 (1987 T, Berg et al, Biocham. 1
307 313- 326 (1995 ML J Smyth and F AL Trapan, homunology Today 160 202-200 (1995,
R. V. Talanian et al, J. Biol. Chem. 272 9677-9082 {1997}, and N A, Thomberry et al | | Biol
Chem. 272 17907-17911 {1997}, the disclosures of which are incorporated herein.

{0109 In certain embodiments, the protease used in the fusion protein ts derived from hepatitis
Cvirus (HCV Y In some embodiments, the protease 18 an HOV nonstructural protein 3 (MS33
protease. NS3 contains an Neterminal serine protease domain and a C-termunal hehease domain
The protease domain of NS3 forms a heterodimer with the HCV nonstructural protein 4A (NS4A
co-factory, which activates proteolviic activity. An M83 protease may comprise the entire NS3
protein of a protestytically active fragment thereof and may further comprise an activating NS4A
co-factor region. Advantages of using an N583 protease include that 1t 1s highly selective and can
be well-inhibited by a number of non-toxic, cell-permeable drugs, which are currently clinically
available. MNS3 protease inhibitors that can be used in the practice of the present disclosure
include, but are not Hmited to, stmeprevir, danoprevir, asunaprevir, ciluprevir, boceprevir,
sovaprevir, paritaprevir, telaprevir, grazoprevir, glecaprevir, and voxiloprevir.

(80118] When au N33 protease is used 1n a fusion protein, the cleavable huker of the fusion

protein may comprise an NN3 protease cleavage site (e g, a cognate cleavags site}. Exemplary
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NN3 protease cleavage sites, which can be used in the cleavable linker, include the four juncticns
between nonstructural {(INS) proteins of the HCV polyprotein normally cleaved by the NS3
protease during HOV tnfection, includiog the NS3/NS4A, NEAA/NSAB, NS4B/NSSA, and
NSEA/NSSE junction cleavage sites. For a description of N3 protease and representative
sequences of its cleavage sites for varions strains of HCV, see, e.g., I-iepatitﬁs £ Viruses:

200; berein ncorporated by teference in s eniirety,

IB011E] NE3 nucleic acid and protein sequences may be derived from HEV, including any
isolate of HCV having any genotype {e.¢., seven genotypes 1-7) or subtype. A number of MNS3
nuciete acid and protein sequences are known. A representative NS3 sequence 1 presented in
Table 1. Additional representative sequences are listed 1n the National Center for Bictechnology
Information (NCBI) database. See, for example, NCBI entries: Accession Nos, YP 001491553
Y 001469631, YP 001469632, NP 803144 NP 671491, YP 001409634, YP 0014460630,
YP 001469033, ADAOGEI L, ADAGE307, AFPRO000, APPOROET, ADAGEIZY, AFPOUN3],
ADAGSI30, AFPOO0S6, AFPOSG4T, UBF6OSEZ, CBEGORTT, AHHZO5TS, ATZ00747, AIZ00744,
ABIZOUGS, ABMNOSZZ2e, KFA1607S, KFS516074, KFS16056, ABS266R4, ABRZ66E3, IX171009,
IXTT7I008, IX171000, EUB47435 EF 154714, GLUIOBS4ET, IX171065, IX171063, all of which
sequences {as entered by the date of filing of this application} are herein incorporated by
reference. Any of these sequences or a variant thereo! comprising a sequience having at least
about 80-100% sequence identity thereto, including any percent identity withio this range, such
as 81, 82, 83, 84, 85, §6, 87, 88, §9, 90, 01, 02, 93, 94, 95, 96, 97, 98, or 99% sequence identity
thereto, can be used to construct a fusion protein or a recombinant polynuciectide encoding such
a fusion protein, as described heren,

{60112] MNS4A nucleic acid and protein sequences may be derived from HOV, including any

s

isolate of HOV having any genotype {e.z, seven genotypes -7} or subtype. A number of NS4 A
aucieic acid and protein sequences are known. Representative sequences are Hated in the
National Center tor Biotechnology Information (NCBI) database. See, for example, NCBI
entriea; Accession Nos. NP 751925 YP 001491554, GUS45462, HOB2Z054, FIO32208,
FI932207 FIe32205 and FI932199; all of which sequences {as entered by the date of filing of
this application) are herero incorporated by reference. Any of these sequences or a variaot

thereof comprising a sequence having at least about 80-100%) sequence identity thereto,
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including any percent identity within this range, such as 81, 82, €3, B4, 85, 86, 87, 8§, 89, 90, 91,
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92,93, 94,95, 96, 97 98, or 99% sequence wdentity thereto, can be used to construct a fusion

protein of a recombinant polynuclestide encoding such a fusion protein, as described herein.

i80113] HCV polyprotein nuscleis acid and protein sequences may be denived from HCV,

including any 1solate of HOV having any genotype {e.g., seven genoivpes 1-7) or sublype. A

sumber of HOY polyprotein nucleic acid and protein sequences are known. Representative HCV

polyproiein sequences are Hsted in the Madonal Center for Biotechuology Tnformation (NCBI

database. See, for example, NOBI entrigs. Accession Nos. YP 001409631, P 671491,

3, YP 001469630, YP 001469634, YP 001469632, NC_ 009824, NC_ 004102,

YP 00146963
NC_ 009825, NO_

0982

7.NC

GO9823, NC 009826, and BEF

108300; all of which sequences (as

entered by the date of filing of this application) are herein tncorporated by reference. Any of

these sequences or a variant thereof comprising 8 sequence having at least about B0-100%

sequence identity thersio, including any percent identity within this range, such as 81, 82, 83, 84,

&3, 86, R7, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99% sequence wdentity thereto, can be

used to construct a fusion protein or a recombinant polynuclestide encoding such a fusion

protein, as described herein,

166114]

In some embodiments, the MNS3 protease s derived from HCOV 1a. In some

embodiments, the HOY 1s polyprotein has the following amino acid sequence (SEQ D NG 1)

10
KPQKX
&0
KTSERSQPRG
110
RGSREPSWEPT
1680
VRVLED
210
YHVTNDCPNS
260
GKLPATQLRR
319
TQGCNCSIYER
360
AHWGEVLAGIA
4710
SLLAPGAKQON
469
GCPERLASCE

510

MSTNE

20
NEENTNRERFQ
70
ERQPIPKARR
120
DPRRRSRNLG
170
NYATGNLP
220
SIVYEAADAT
270
GSAT
320
GHITGHRMAW
370

YRSMVGENWAK
420
VOLINTNGSW
470
LTDFDQGWG
520

GV

HIDLLWV

30
DVKFPGGEGEOT
21¢
PEGRTWAQPRG
T30
KNIDTLTCGE
180
GCEFSIFLLA
230
LHTPGCVPCY
280
LCSALYVGEDL
330
DMMMNWSPTT
380
VLVVLLLFAG
430
HINSTALNCN
480
PISYANGSGP
530

40
VGEVYLLPER
Q0
YEWPLYGNEG
140
YIPLYV
190
TVPAS
240
GNASRCWV
290
CEEVFLVGOL
340
MAQLIRT

390
VDAETHVTGG
440
DSLNTGWLAG
490
DORPYCWHYP
L40

AT MG

LLECL

ALV

48

50
GPRLGVRATR
100
CGWAGWLLED
150
GAPLGGAARA
200
NSTGL
250
AMTPTVATRD
300
FTFSPRRHWT
3506
PQATLDMIAG
400
SAGHTVEGEYV
456
DLFYHHKEFNSS
500
PKPCGIVPAK

AYQVR
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SVCGRVYCFT
560

GCTWMNSTGEF
610
PWITPRCIVD
560
RCODLEDREDRS
710
GSSIA
760
LVILNAASLA
810
AYAL
860
TRVEAQLHVW
210
ITLOASLLKVE
969
NEHLTPLRDWA
1010
PVSARRGRET
1080

YLYG

LALPOR

DRKNQVEGEVD
1119
YTNVDQDLVGE

1160
SLLZPRPISY
12190
LETTMRSPV
1260
VLVLNPSVAA
1310
ADGGCSGGAY
1360
PPGSVTVPEHP
1410
DELAAKLVAL
1480
VTR
1510
FPVAPGERPSG
1560
CQUHLEFWEG
1610
PPSWDOMWKC
1660

ADLEVVTSTW
17190
LYREFDEMEE
1760
OTNWOKLETE
1810
LTTEQTLLEN
18690

VIDCNT

PSPVVVGETTD
570
TKVCGAPPCV
620
YEYRLWEYSC
a70
CLTTT
720
SWATKWEYVV

ELSPL

GTHGELY GFEV

2240
YEVRVOGLLR
970
HNGLRDLAVA 1
1020
LLGPADGMVS
1070
IVETAAQTEL
1120
WPAPQGSKREL
11WQ
LEGESGGPR

[oXs)
A

: TP\QSPDVVF

1270
TLGFGAYMSK
Z ’7 O
CLC )} CHS
1370
NIEEVALSTT
1420
GINAVAYYRG
1470
TVDFSLDPTF
1 oy
R
1570
VETGLTHIDA
1620
LIRLKPTLHG
1670
GVLAAL
1720
CESQHLPYTIED
1770
WAKHMWNEILS
1820

ILGGWVARD
1870

DIE

-
SEVL

MEL

VLVG

RSGAPTYSWG
580
ITGGAGNNTLH
630
TINYTIFKIR
680

OWQVLECSFT
730

LLFLLLADAR
780
FRCFAWYLEG
830
VVLVGLMALT
880
DAVTLLMCAV

930
FCALARKMIG

S80
VEPVVFSQME
1030
KGWRLLAFPIT
1080
VCWT
1130
TPCTCGESSDL
1180
”FA“HATCIﬁ
230
HT%A
1286
DPNIRT
1230
ILGIG
1380

ATCING

QSFG

AHGT

TDATS

LDV Svﬁ?TSu
1480
TIETITLPQOD
530
YDAGCAWY R
1580
TKOSG
1630
PTPLLYRLGA
1680
AAYCLSTGCV
1730
GMMLARQFK
1780
GLOYLAGLST
1838
AAPCGAATAFV
1880

HEFLSO

ENDTDVEVLN
5906
RKHP
640
MYVEGEVEHRL
69
TLEALSTGLT
740
LWMMLL
794
SAVYTE
Q4O
LEPYYERYIS
890
FDITK
G4 G
K
990
TKLITWGADT
1040
AYAQOQTRGLL
1090
VYHGAGTRTIL
1140
YLVTREADVT
1196
RAAVCTRGVA
1240
GSGKSTKV
1256
GVRTITTGSP
1340
TVLDQARTAG
13390
PLEVIKGGRH
1440
DVVVVATDAL
1490
AVSETORRGR
1540
TPAETTVRLR
l 0o C)
ENLPYLVAYQ
1640
VONEITLTHP
1694
VIVGRVVLSG
1740
KALGLLQTAS
1790
LPGNPATASL
1840
GAGLAGAATG
1890

CRTDCF

VOogo

KWVEG

HPTLA

GHYVOMVI

49

NTRPPLGNWE
500
DATYSRCGSG

HLHONIVDVE
750
ISOAEAATLEN
800
YGMWPLLLLL
850

S WCLWWLOYFL
900
LLLAVEGPLW
950
LGALTGTYVY
1300
ARCGDIINGL
1050
GCTITELTGR
1100
ASPKGERVIONM
1150
PVRRERGDERG
1200
KAVDFIPVEN
1250
PAAYAAQGYK
1300
TTYSTYGKEFL
1350
ARLVVLATAT
1400
LIFCHSKKKC
1450
MTGYTGDFDS
1500
TGERGKPGIYR

its5

e}

AYMNTP

‘TVCARAQAT
1650
VIEYIMTCMS
1700
KPATTPDREV
1750
ROQAEVIARPAV
1800
MAFTAAVTSR
8ru

. e
SVELEK
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ILAGYGAGVA
1910
ILRRHEVGPGE
1960
LEVEQLLRRE

POLPGIPEVS
2060
TCRNMWSGTEF
2110
YVTGMTTDNL
2160
LHEYPVGESQL:
22190

SSASQLSAPS

VILDSFDPLY
2310
WKKPDYEPPV
2360
SFGSSSTEGT
2410
SDESWSTVSS
2460
NLVYST

VIFIDTTIMA
2610
KLPLAVMGESS
26860
SDIRTEEALY
2710
ASGVLTTSCG
2760
EDAASTRAFT
2810
VYYLTRDPTT
2860
SVLIARDOLE
2910
BEINRVAACLR
2960
RTKLKLTPIA
3010
(AGVGIYLLEN

GALVAFKIMS
1820
GAVOWMNELT
1870
HOWISSEOTT
2020
CORGYKGVWR
2070
PINAYTTGRC
2120
KCPCOVPSPE

2170

PCEPEPDVAV LTSM

2220
LEXATCTANRED
2270
ABEDEREISY
2320
VHGCPLPPPK
2370
TGRDNTTTSSE
2420
EANAEDVVCC
2470
TERSACQOROK
2520
LTPPHSAKSK
2570
KNEVFCVQPE

2620
YGEFOYSPEOR
2870

QCCDLDPOAR
2720
NTLTCYIKAR
2770
EAMTRYSAPP
2820
PLARAAWETA
2870
OALDCEIYGA
2920
KLGVPPLRAW
2870
AAGOLDLSGW

R

GEVPSTEDLY
193¢
AFASRGNHVS
i1s8¢
PCESGSWLRDT
2030
VDGIMHTRCH
2080
TPLPAPNYTE

2136
FETELDGVREI

2280
PAEILRKSRE

2330
SPPVPPPRKK
2386
PAPSGCPREDE

24306
SMEYESWTGAL
2480
KVTFDRLOVL
2530
FGYGAKDVRC
2580
KEGRKFPARLT
26306
VEFLVQAWKS
2680
VALKSLTERL
2730
AARCRAAGLOD
2786
GDPPOPEYDL
2830
RHTPVNSWLG
2880
CYSTEPLDLP
2930
RHRARSVRAR
2980
FTAGYSGGDI

€5}

NLLPAILSPG
1940
PTHYVPESDA
1590
WDWICEVLSD
2040
CGAEITGHVE
2090
ALWRVSAEEY
2140
HRFAPPCKPL
2190
ITAEAAGRRL
2240
LLWRQEMGGN
2290
FAQALPVWAR
2340
2 TVVLTESTL
2390
DAESYSSMPP
2440
VTPCAAREQK
2490
DSHYQDVLKE
2540
HARKAVTHIN
2590
VFPDLGVRVC
2640
KKTEMGFSYD
2690
YVGGPLINSR
2740
CTMLVCGDDL
2790
ELITSCSSNV
2840
NIIMFAPTLW
2890
PIIQRLHGLS
2940
LLARGGRAAT
2590
YHSVSHARPR

FRTWLKAKLM
20506
NGTMRIVGPR
2100
VEIRQVGDFH
2150
LEEEVEFRVG
2200
ARGEPPEVAS
2250
ITRVESENKY
23006
POYNPPLVET
2350
STALAELATR
2400
LEGEPGDPDL
24506
LEPINALSNSL
2500
VKAAASKVKA
2550

SVWKDLLEDN

2600
BRMALYDVVT
2650

TRCFDSTVTERE
27006

GENCGEYRRCR

2800
SVAHDGAGKR
2850
ARMILMTHEY

2900
AFSLHESYSPG
29506

CGKYLERWAVY
3000
WIWFCLLLLA

PCT/US2020/015011

{B0115] In some embodiments, a fusion proteins of the present disclosure comprise a variant
S3 protease dentved from the HCV la polyprotein having the anuno acid sequence of SEQ 1D

MNEE 1 In some embodiments, the variant protease Ccomprises one of more mutations, such as
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amsino acid substitutions, that decrease immunogenicity. In some embodiments, the variang
PrOLEAse COmpPrises two or more nutations, three or more mutations, four or more mutations, five
or mote mutations, six or more mutalions, seven of more muiations, eight or more mutations,
nine of more mutations, 10 or more mutations, 1 or more mutations, 12 or more mutations, 13
or more muigtions, 14 or more muations, 15 or more mutations, 16 or more mutatons, 17 or
more pritations, 8 of more mutations, 19 or more mutations, or 20 of more nuutations. In some
embodiments, the vanant profease comprises 1 mutation, 2 mutations, 3 muiations, 4 mutations,
5 mudaticns, & mutations, 7 muiations, & mutaiions, 9 muiations, 10 mutations, 11 muiaticns, 12
mutations, 13 mutations, 14 mutations, 15 mutations, 15 mutations, 17 nutations, 18 mutations,
19 mutations, or 20 muistions. In some emsbodiments the one of more muations are aming actd
substinions.

{80116] The varant protease roay include one or more routations within an iromunodominant
epitope that results in a reduction in immunogenicity of the protease and/or within an epitope
that that resulis in modulation of the catalviic activity of the protease {see e g, Sdderholm J, of
al. Gut. 2006 Feb 552):260-74; Scumana D et al. ACS Chem Biol. 2014 MNov 219111248590,
and Wertheimer AM et al. Hepatology. 2003 Mar37(33577-89). For example, the one or more
anstations may be within a region corresponding to positions 1038 o0 1047 of SEQ ID Nk 1,
positions 1057 to 1081 of SEQ ID NGO 1) posinons 1073 1o 1081 of SEG 1D NO: 1, positions
G730 1082 of SEQ ID NG 1, positions 1127 to 1141 of SEQ D NG 1, positions 1131 o
1138 of SEQ I MNO: | positions 1169 10 1177 of SEG D NO: 1, and/or posinons 1192 to 1206
of SEQ I NGO 1 In some embodiments, the one or more mutations may be within g region
selected from GLEGCHTSL (SEG D NG 30), GEVGIVSTAAQTFLATCINGYVIWTVY (SEG
NG 31, GEVQIVSTAAGQTFLA (SEQ ID NG 32), QTFLATCINGVOWTY (SEQ 1D MO
333 CINGYCWTYY (SEQ D NO: 34y, SSDLYLVTRHADVIP (SEG 1D NO: 353,
YLVTRHAD (SEQ ID NG 303, LLCPAGHAV (SEQ ID NG 37, AVDFIPVEGLETTMR
(SEC HX NG 38, KIDTKYIMTOMS AL {(SEQ 1D NG, 393, and any combination thereof
80117] In some embodiments, the one or more mutations are one or more amino acid
substitutions selected from a position corresponding to position 1062 of SEQID NG 1,5
position corresponding o position 1069 of SEQ 1D MNGO: 1) 3 position corresponding to position
1070 of SEQ 1D NO- 1, a posttion corresponding to position 1071 of SEQ I NG 1) g position

corresponding to position 1072 of SEQ HY NG 1) a position corresponding to position 1074 of

51



WO 2020/154635 PCT/US2020/015011

SEQ 1D NG 1, a position corresponding o position 1075 of SEQ 1D NG 1, a position
corresponding to position 1077 of SEQ Hy NG 1, a posttion corresponding to position 1078 of
NEQ I NG 1, a position corresponding to position 1079 of SEQ 1D NG 1, a position
corresponding to position 1080 of SEQ HY NG 1) a position corresponding to position 1031 of
SEQ D NG 1, a position corresponding o posttion 1074 of SEQ ID NGO 1, a position
corresponding to posttion 1132 of SEQ I NGO 1, a postiion corresponding 1o position 1133 of
SEQ I NG 1, a posttion corresponding o position 1195 of SEQ 13 NGO 1, a position
corresponding to position 1196 of SEQ HI NG 1, a position cosresponding to posttion 1207 of
SEGID NO: 1, a position corresponding to position 1202 of SEQ ID NGO 1) and any
combination thereof.

{B0118] In some embodiments, the one or more mutalions are One of MOFS aming acid
substitntions selected from an He to Leu substitution at a position corresponding o position 1074
of SEG 1D NO: 1, an Hle to Met substitution at a position corresponding to position 1074 of SEQ
Iy NG L an Aso to Ala substitution at a position corresponding o position 1075 of SEQ 1D
NGO 1, a Val to Ala substitution at a posiiion corresponding o position 1077 of SEQID NG 1, a
Cys to Phe substitution at g position corresponding to position 1078 of SEQID NG 1 a Trpto
Ala substitution at a position corresponding to posttion 1079 of SEQ HI NG 1, 2 Thrto Ala
substitution at g posifion corresponding to position 1080 of SEG ID NG 1, a Val o Als
substitution at a position corresponding fo position 1081 of SEQ ID N 1, a Val to Asn
substitution at a position corresponding to position 1081 of SEQ D NGO 1) and any combination
thereof, In some erubodiments, the one or more mutations gre one oF more aminG goid
substtiutions selected from a Thr to Ala substitution at a position corresponding to position 1080
of SEQ D NGO, 8 Val 1o Ala substitution at a position corresponding to position 1077 of SE(
2 NG 1 a Val to Ala substitufion at a position corresponding 0 position 1081 of SEO) 1D NG:
i, and any combination thereof. In some embodiments, the one or more mutations comprise a
Thr to Ala substifution at a position corresponding to position 1080 of SEQ HD NG 1 In some
embodiments, the one or more mutations comprise a Thr to Ala substitution at a position
cosresponding to posttion 1080 of SEG HX NG 1 and 2 Val to Ala substiintion at a postiion
corresponding to posttion 1077 of SEQ D NGO 1. 1n some embodiments, the one or mors

routations coroprise a Thr to Ala substitution at a position corresponding to position 1080 of SEQ
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3 NG Tand a Val o Ala substitution at a position correspondiog to position 1081 of SE} D
NO T

80119] In some embodiments, the varant protease may comprise one or more additionsl
mutations, such as amino acid substitutions, that tune or ctherwise modulate the enzymatic
activity of the protease. In some erobodiments, the variaot profease CoOmprises two of more
additional mutations, three or more additional mutations, four or more additional mutations, five
or more additional mutations, six or oore additional mutations, seven or more additional
mutations, sight or more additional mutaticns, nine or more additional mutations, or 10 or more
additional mutanions. In some embodiments, the variant protease comprises | additional
mutation, 2 additional mutations, 3 additional mutations, 4 additional mutations, § additional
mutations, & additional mutations, 7 additional mutations, 8 additional mutations, 9 additional
mutations, or 10 additional mutations. In some embodiments the one or more additional
nnitations are amino acid substitutions. In some embodiment, the one or more additional
mukations are anino acid substiintions at one more postions corresponding to posion 1074 of
SEQ D N 1, position 1078 of SEQ D NG 1 and/or position 10792 of SEG ID NO: 1. In soms
embodiment, the one or more additional mutations decrease the enzymatic activity of the
protease. In some embodiments, the one or more additional mutations that decrease the
enzyvmatic activity of the protease are one or rmore additional amino acid substitunions selected
from an e to Ala substiition at a position corresponding 1o position 1074 of SEQGID NG 1, a
Trp to Ala substitution at g position corresponding to position 1079 of SEQ H2 NG |, and any
combination thereof In some embodiment, the one or more additional mutations increase the
enzymatic activity of the protease. In some embodiments, the one or more additional nyutations
that increase the enzymatic actvity of the protease are ove of moore additional amino aad
substitutions that include a Cys 1o Ala substitution at a position corresponding to position 10738
of SEQ IDMNG: |

I80128] Insome embodiments, a fusion protein of the present disclosure comprise a variant
NB3 protease derived from the HCV NS3 protease having an amino acid sequence of;
APITAYAQOTRGLLGUHTSLTOGRIDENOQVEGEVIVATATOTFLATCINGVOWAYYHGA
GTRTIASPKGPVIOMYTNYVDODLVGWPAPQGSRSLTPCTCGSSDLYLVTRHADVIPVRR
RGDSRGSLLSPRPISYLEGASGUGPLLCPAGHAVGLFRAAVUTRGVAKAVDFIPVENLETT
MRESPVFTD (SEQ 1D NO: 2y
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{121 In some embodiments, the fusion protein further comprises an HUY NS4A co-factor,
In some embodiments, the NS4A co-tactor has the amino acid sequence of

TWYLVGGYLAALAAYCLSTGCVVIVGRIVLAGRPAIPDREVLY (SEQ D NG 3y

Cognate Protease Cleavage Bites

180122] Certmn aspects of the present disclosure relate to a fusion protetn comprising a variant
protease and a cognate cleavage site recognized by the protease. When g protease 1s selected, its
cognate cleavage site and protease inhibitors koown in the art to bind and inhibit the protease
may be used in a combination. Any suitable protease, cognate cleavage site and cognate protfease
inhibiior may be used. Exemplary combinations or proteases, cognate cleavage sites and cognate
protease inhibitors are provided below in Table 1

IB0123] When an NS3 protease 1s used, the cognate cleavage site comprises an N53 protease
cleavage site. Exemplary N83 protease cleavage sites inchide the four junctions between
nonstructural (NS} proteins of the HCV polyprotein normally cleaved by the NS3 protease
during HOY infection, tnclading the N83/MNS4A, NS4A/MNE4E, NS4B/NSS A, and NSSA/NESE
nnction cleavage sites. For a description of N&3 protease and representative sequences of its
cleavage sites for various strains of HCV, see, e.g., Hepatitis € Vituses: Genomes and Molecular
Biclogy (S.L. Tan ed., Taylor & Francis, 2006}, Chapter 0, pp. 163-206; herein incorporated by
reference o its entivety. For example, the sequences of HOCV MNS3/4A protease cleavage sites,
HOY NS4A/4B protease cleavage sites (SEQ 1D NO: 9, 44y HOV NS4B/SA protease cleavage
sites; and HOY MNSSA/SB protease cleavage sites {SEQ ID NG T 45) are provided in Table 1
{#124] In some embodiments, cognate cleavage sites for N83 protease include those listed in
Table 1. In some embodiments, a cognate cleavage site for an MS3 protease, such as a variant
MNS3 protease of the present disclosure, 18 selected from CMBADLEVVTSTWVLVGGVL (SEQ
H3 NG 4y, YOEFDEMEECSGHEPYIEQG (SEQ 13 NG 53, WISSECTTPCSGEWLRDIWD
{(SEGQ I NO: o), and GADTEDVVCOSMSYSWTGAL (SEQ ID NG 7). In some emsbodiment,
a cognate cleavage site for an NS3 protease, such as a variant N&3 protease of the present
disclosure, 15 selected from ADLEVVTSTWL (S8EQ ID NG 8y, DEMEECSOQHL (SEQ 1D NO: 9,
ECTTPCSGSWE (SEQ I NG 10}, and EBVYPOSMG (REQ D NG 11). Insome
embodiments, the cognate cleavage site comprises one or more mutations, such as one or more

amingo acid substitifions. In some embodiments, mutations in the cognate cleavage site can tune,
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or otherwise modulate, the enzymatic activity and/or catalvitic rate of the protease. For example,
in sorne ernbodiments, the one of more mutations can inorease the enzymatc activity and/or
catalvtic rate of the protease. Alternatively, in some embodiments, the one or more mutations

can decrease the enrymatic activily and/or catalviic rate of the protease.

Degrons

80125 Certain aspects of the present disclosure relate to a fusion protein comprising a
polypeptide of interest, a profease, a cognate protease cleavage site, and that further coroprises a
degron or a selftexcising degron,

180126] Degrons of the present disclosure may comprise a sequence of amino acids, which
provides a degradation signal that directs a polypepiide for cellular degradation. The degron may
promote degradation of an attached polypeptide through aither the proteasome or autophagy-
fysoaome pathwaya, In a fusion protein of the present disclosure, the degron must be operably
inked to the polypeptide of interest, but need not be contiguous with 1t as long as the degron sull
functions to direct degradation of the polypeptide of tnterest. Preferably, the degron induces
rapid degradation of the polypeptide of interest. For a discussion of degrons and their function in
protein degradation, see, e.g., Kanemaki et al (2013} Pflugers Arch. 465(31419-425, Hrales et
al. {2014} Biochim Biophys Acta 1843¢(11:216-221, Schrader et al. {2009} Nat. Chem. Biol.
S{11YR15-822, Ravid et al. {2008 Nat. Rev. Mol Cell. Biol, 99679690, Tasaki et al.

{2007y Trends Biochem Sct. 32(1 13:520-328, Meinnel et al. (2000} Biol. Chem. 387{7}.830-851,
Kim et al. (2013} Autophagy 9(7) 1100-1103, Varshavsky (2012) Methods Mol Biol 8320 1-11,
and Fayadat et al. (2003} Mol Biol Cell. 143} 1208-12738, herein incorporated by reference.
{60127] Degrons with degradation sequences known in the art may be used for various
embodiments of the present disclosure. In some erobodiroents, a degron of the present disclosure
may be derived from a degron identified from an organism, or a modification thereof Such a
degrou imcludes, but not Hmuted to, an HCV NS4 degron, a PEST (Two copies of residues 277~
307 of IBa (human) (SEQ 1 NG: 463, 3 GRR {residues 352-408 of p1058 (human} (SEQ 1D
MO 47, a2 DRRE (residue 210-295 of Cdel34 {veast (SEQ 1D NO- 48), an SNS (tandem repeat of
NP2 and NB (SP2-NB-SP2) (Influenza A and B (SEQ 112 NG 49}, an RPB (four copies of
residues 1688-1702 of RPBI {yeast) (SEQ 1D NO: 50}, an SPmix {tandem repeat of SP1 and SP2
{SP2-8P1-5P2-5P1-8P2) (Influenza A virus M2 protein) (SEQ 1B NGO 513, an NS2 {three copies
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of residue 79-93 of Influsnza A virus NS protein) (SEQ D NG: 52}, an ODC (residue 106-142
of orrithine decarboxylase} (SEG 1D NGO: 53}, a NekZA (human), an mODC {amino acids 422
461 (mwoue), an mODBC DA {amino acids 422-461 of mODC (D433 A, D434A point mutations
{mouse)} (SEO D NG: 543, an APC/C degrons {e.g., D box, KEN box and ABBA maotif}, a
COPEES ligase binding degron mouf, a CRLA-CAL? binding PIP degron, an achinfilin-binding
degron, a KEAPI binding degron, a KLHLZ and KELHL3 binding degron, an MBM2 binding
o, an MN-degron (e g., Nbox, or UBRbox}, a hydroxyproline modification 1o hypoxia
signaling, a phytobormone-dependent SCH-LRR-binding degron, an SCF ubiqutin ligase
binding phosphodegron, a phytohormone-dependent SCF-LBR-binding degron, a DSGxxS (SEO
{13 NG 55) phospho-dependent degron, 2 siah binding Motif, an SPOP SBC docking motif, and
a PCNA binding PIP box.

{80128] In some embodimenis the degron comprises portions of the HCV nonstruciural proteins
N83 and NS4A . In one embodiment, the degron comprises the amine acid sequence of
PITRIDTEYIMTCMBADLEVVTSTWVLYGGVLAALAAYCLST(SEQID NG 40y or a
variant thereof comprising a sequence having at least about 80-100% sequence identity thereto,
including any percent wdentity within this range, such as 81, 82, 83, 84, 85, 8¢, 87, 88, 89, 90, 91,
92,93, 94, 95, 96, 97, 98, or 99% sequence identity thereto, wherein the degron is capable of
promoting degradation of a polypeptide. 1t 15 to be understood that degrons comprising the
residues corresponding to the reference sequence of SEQ 1D NG, 40 16 HOV nonstructural
proteins NS5 and NS4A obtained from other strains of HCV are also intended to be
eucompassed by the present disclosure.

180129} In the fusion protein, the degron may be linked to the N-termimus or the C- terminus of
the polypeptide of interest. For exarople, the fusion proten can be represented by the formuls
NH-P-D-L-X-COO0H or NHz-X-L-P-ICOOH, wherein: P is an amine acid sequence of a
protease; 1215 an amine acid sequence of a degron; L 18 an amino acid sequence of a hinker
comprising a cleavage stie for the protease; and X is an aminoe acid sequence of a selected
polypeptide of interest. The cleavable linker between the polvpeptide of interest and the degron
is designed for selective cleavage by the particular protease included in the fusion protein. The
cleavage site of the linker includes the specific amino acid sequence recognized by the protease
during proteclytic cleavage and tvpically wcludes the surrounding one to six amino acids on

gither side of the scissile bond, which bind to the active site of the protease and are needed for
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recognifion as a substrate. The cleavable Hnker may contain any protease recognition motif
known in the art and 1s typically cleavable under physiological conditions.

180136} The polypeptides included in the fusion construct may be connected directly to each
other by peptide bonds or may be separated by intervening amino acid sequences. The fusion
polypeptides may also contain sequences exogenous to the protease or the selected protein of
interest. For example, the fusion protein may inchude targeting or localization sequences, tag
sequences, of sequences of fluorescent or bicluminescent proteins.

180131} In certain embodiments, tag sequences are {ocated at the Neterminus or O terminus of
the tusion protein. Exemplary tags that can be used in the practice of the present disclosure
inchide a His-tag, a Strep-tag, a TAP ~lag, an S+tag, an SBP-tag, an Arg-tag, a calmodulin-
binding peptide tag, g cellulose-binding dornain tag, a DsbA tag, a o~ mye tag, a glutathione 5-
transferase tag, s FLAG tag, a HAT Afag, a maliose-binding protein tag, a NusA tag, and a
thicredoxin tag.

(80133 In centawn embodiments, the fusion protein comprises a targeting seguence. Exemplary
targeting sequences that can be used iy the practice of the present disclosurs include a secretory
protein sigonal sequence, a membrane protetn sigoal sequence, a nuclear ocalization sequence, a
aucieciar localization signal sequence, an endoplasmic reticulunm localization sequence, a
peroxisome localization sequence, a nitochondnial localization sequence, and @ protein-protein
interaction motif sequence. Examples of targeting sequences include those targeting the nucleus
{e.g, KKKRX, SEQ ID NG 4D, mutochondrion {e.g, MLRT S SLFTRRVOP SLFRMILRLG
ST, SEQ D NG 42), endoplasmic reticulum {e.g., KDEL, SEQ 1D NG 43), peroisome {e.g.,
NKLY, synapses (2.2, &TDVY or fusion to GAP 43, kinesin or tau), plasma membrane (8.2,
CaaX) where "a" is an aliphatic amino acid, CC, CXC, COXX at C-ierminus), or profeto-protein
interaction motifs {e.g., SHZ, SH3, PDZ WW, RGD, Sre homology domain, BNA-binding
domain, SLiMg).

I80133] In certain embodiments, the fusion protein comprises a detectable label The detectable
iabel may comprise any molecule capable of detection. Detectable Tabels that may be used in the
practice of the present disclosure inchede, but are not lunited to, radioactive isotopes, stable {non-
radioactive) heavy isciopes, fluprescers, chemiluminescers, enzymes, enzyme substrates, enzyme
cotaciors, eneyme wohibitors, chromophores, dyes, metal tous, metal sols, ligands {e.g., botin or

haptens} and the ke Particular examples of labels that may be used with the present disclosure
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inchide, but are 3 125 35 14 32 not hmited to radiolabels (e.g, HL L §, C, or P}, stable {non-
radioactive) heavy isctopes {e.g., “C or PN, phyeoerythrin, Alexa dyes, flucrescein, 7-
nitrebenzo-Z-oxa- 3~diazole (NBD), YPet, UvPet, Cascade blue, aliophycocvanin, Uy3, Cy5,
Cy7, rhodanine, dansvi, umbelliferone, Texas red, luminol, acradimum esters, biotin or other
streptavidin-binding proteing, magoetic beads, electron dense reagents, green Huorescent protein
{(GFP}, enhanced green flucrescent protein (EGFP), vellow fluorescent protein (YFP), enhanced
vellow fuorescent protetn (EYFP), blue fluorescent protein (BFP), red Huorescent protein
(RFP}, Dronpa, Padron, mApple, mCherry, rsCherry, taCherrvRev, firefly fuciferase, Renilla
hpciterase, NADPH, beta-galactosidase, horseradish peroxidase, glucose oxidase, alkaline
phosphatase, chioramphenical acetyl transferase, and urease. Enzyme tags are used with thewr
cognate substrate. The terms alse include color-coded microspheres of known fluorescent light
wtensiiies (see e g, mucrospheres with SMAP techuology produced by Luminex { Austin, TX),
microspheres containing quantuny dot nanocrystals, for example, containing different ratios and
combinations of guanfum dot colors {e.g., Qdot nanocrystals produced by Life Technologies
{Carlsbad, CA}Y; plass coated metal nanoparticles (see 2.2, SERS nanotags produced by
Nanoplex Technologies, Inc (Mountain View, CA); barcode materials (see e g, sub-micron
sized striped metailic rods such as Nanobarcodes produced by Nanoplex Technologies, Inc.j,
encoded microparticles with colored bar codes (see e.g, CeliCard produced by Vitra Bioscience,
vitrabio.com), and glass micropartictes with digital holographic code images {ses eg, CvVera
moicrobeads produced by fluming (San Diego, CA). As with many of the standard procedures
associated with the practice of the present disclosure, skilied artisans will be aware of additional

fabels that can be used.

Polvpeptides of interest

i80134] In one aspect, the present disclosurs provides a fusion protein comprising a polypeptids
of interest. The polypeptide of interest selected for tuclusion in the fusion protein may be from a
membrane protein, a receptor, a hormone, a transport protein, a franscription factor, a
cytoskeletal protein, an extracellular matrix protein, & signal-transduction protein, an enzyme, of
any other protein of tnterest. The polypeptide of interest may comprise an entire profein, or 4
bintogically active domain {e g, a catalviic domain, a ligand binding domain, or a protein-

protein interaction domain}, or a polypeptide fragment of a selected protein. In some
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emsbodiments, the polypeptide of interest comprises one or more functional and/or structural
domains. In some ermbodimnents, the polypeptide of interest comprises multiple functional and/or
structural domains,

{80135] In some embodiments, the polypeptide of interest 1s a therapeutic protein. Hxamples of
suttable therapeutic proteins inchude, but are not himited o, receptors, antibodies, Fe fusion
proteins, aiicoaguiants, biood factors, bone marphogenstic proteins, engineered protein
scatfolds, enzymes, growth factors, hormones, wterferons, joterfeukins, and thrombolyics.
180136] In some embodiments the polypeptide of Interest 13 a receptor, such as an inducible
receptor. Examples of suitable receptors include, but are not limited to, T cell receptors (TCRs),
chimeric T cell receptors, artificial T cell receptors, synthetic T cell receptors, ehimeric
immunoreceptors, antihody-coupled T cell receptors (ACTRs), T cell receptor fusion constructs
{TRUCs}, and chimeric antigen receptors {CARs)

80137} In some embodiments the polvpeptide of interest is a cytoking, such as a
prownflamroatory eyiokine or an anti-inflammatory cytokine. Examples of suitable cytolanes

inchide, but are not imited to, .22, -7 IL-12 {115 1L-18, and H.-21

Inducible receptors

{60138] In one aspect, a polypeptide of interest of the present disclosure is an inducible celt
recepior, which comprises an extracelinlar protein biodiog domain, a first intracetiular signahing
domain, and a transmembrane domain focated between the extracethslar protein binding domain
and the first intracelnlar signaling domain; and a operably linked to the fusion protein. In
another aspect, a polypeptide of interest of the present disclosure 13 an inducible cell receptor
comprising (a3 an exiracellular protein binding domain, (b} a first intracelluiar signaling domain,
and (¢} a transmembrane domain located between the extracellular protein binding domain and

the first intracellular signaling domain.

ON qnd OFF switches

180139] In some embodiments, the present disclosure provides a fusion protein with an "OFF
switch,” wherein the polypeptide of interest 13 an inducible receptor that 13 selectively nactivated
in the presence of a protease inhibittor. An exemplary OFF switch, as provided herein, may be a

cell receptor that comprises (a) a molecular binding domam (e g, an extracetlular protemn binding
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domainy, (b} an intracellular signaling domain, {2} a transmembrane dowain {e.g, located
between the molecular binding domain and the signaling domaing, and (d) a , wherein
components {a}{d} are configured such that the cell receptor 15 nactivated (does not transmit an
intracetlular signal} when the repressible protease is repressed. In some embodiments, the is
incated at the C-termional {carboxy-terminaly end of the polvpepude of interest, at the N-ierminal
{amino-terminal} end of the polypeptide of interest, or located within domains of the polypeptide
of interest. With OFF switches, cleavage by the protease reroves the | thereby preserving
structural integrity of the receptor, and addition of the protease inhibitor causes degradation of
the receptor,

{#140] In some embodiments, the present disclosure provides a fusion protein with an "N
switch,” wherein the polypeptide of interest is an mnducible receptor that 1s selectively activated
10 the presence of a protease inhibitor. An exemplary ON switch, as provided herein, may be a
cell receptor that comprises {a) a molecular binding domain (2.2, an extracetiular protein binding
domaingy, (b} s signaling domato, (¢} a transmembrane domain {e.g, tocated between the
molecular binding domain and the signaling domain}, {d) a protease, and {2} a cognate cleavags
site, wherein components {a}-{¢} are configured such that the cell receptor 15 activated (transnuts
an intracelluiar signal) when the protease is repressed. Unlike the OFF switches above, the (3N
switches do not include a . Rather, with ON switches, cleavage by the protease removes a
funciional element of the cell receptor {e.g., a signaling domain or a protein-binding domain},
and addition of the protease inhibitor preserves structural integrity of the receptor.

{60141] The protease and the cognate cleavage site of an ON switch may be tocated between
any two domains of the celi receptor. For example, the protease and the cognate cleavags site
may be located between the extracellular protein binding domain and the trarsmernsbrane
domain. In some embodiments, the protease and the cognate cleavage site are located between
the transmernbrane domain and the intraceliular signaling domain. In other ernbodiments, the
protease and the cognate cleavage site are focated between two co-signaling domains. In some
embodiments, a domain of the cell receptor further comprises a ligand operably linked to the
Hgand-binding domain {e.g., an extracellvlar protein binding domain). 1o this case, the protease
and the cognate cleavage site can be located between the ligand and the ligand-binding domain.
[80142] In some embodimenis, the inducible cell receptor comprises two polypeptides (e g, a

auitichatn receptor). In such embediments, recruitment domains can be used to bring the two
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polypepiides together to activate the receptor. Recrutiment domains are protetn domains that
bind to each other and thus, can bring together two different polypeptides, each comprising one
of a pair of recruitment domains. A pair of recruitment domains are counsidered to assemble with
gach other if the two domains bind directly 1o each other, or if the two domains bind 1o the same
(iniermediatey molecule. Noo-linuting examples of pairs of recruitment domains include {a)
FK506 binding protein {FKBPY and FKBP, (b) FKBP and calcineurin catalytic subunit A {CnAl;
{cy FKBP and cyclophiling {d) FKBP and FEBP-rapamycin associsted protein (FRBY; {e) gyrase
B {GyrB) and Gyl (1) dibydrofolate reductase (DHFR) and DHFR, ¢) BovB and DimrB; (g}
PYL and ABIL (h) Cry2 and CIP; and (13 GAL and GID1

{#143] In some embodiments of the OFF switches, one polypeptide comprises a profein
binding domain, a transinembrane domain, 2 signaling domain, and a first recruttment domain,
In some embodiments, the second polvpeptide comprises a second recruttment domain that
assembles with the first recruitment domain. In some embodiments, a i located in the first
polypeptide or in the second polypeptide. In some embodiments, the protease may be located in
one {a first) polypeptide, while the cognate cleavage site and are located in the other (a second)
polypeptide.

{80144] In some embodiments of the ON switches, a first polypepiide may comprise a protein
binding domain, a transmembrane domain, a signaling domain, a first recruttmend domain, and
the cognate cleavage site. In some embodinents, the second polypeptide comprises the protease
and a second recruitment domain that assembles with (binds directly or indirectly 1o} the first
recruttment domain,

{80148} Also provided herein are methods of regulating activity of a cell receptor {e.g., OFF
switchesy. In some erobodiroents of the OFF switches, the methods coroprise providing a cell
comprising cell receptor that includes (a) an extracellular protein binding domain, (&) an
intracelluiar signaling domain, {¢) a transmembrane domain located between the protein binding
domain and the signaling domain, {d) 2 ,{e} a protease {e.g., W83 protease}, and (1)} a cognate
cleavage site, wherein componentis {a)-{f} are configured such that the cell receptor is inactivated
when the proteass is repressed, and contacting the cell with a protease inhibtior {e.g., stmeprevir,
danoprevir, asunaprevir, ciuprevir, boceprevir, sovaprevir, paritaprevir, telaprevir, grazoprevir,
glecapreviy, or voxiloprevits that represses activity of the protease, thereby inactivatiog the celi

recepior.
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{#148] In other embodiments of the (N awiiches, the methods comprise providing a cell
comprising a cell receptor that includes {a) an extracellnlar protein binding dorain, (b an
wntracetudar signaling domain, (¢} 3 transmembrane domain located between the protein inding
domain and the signaling domain, {d} a protease {e.g., N&83 protease}, and {e} a cognate cleavage
stie, wherein components {al-{e) are configured such that the cell recepior s activated when the
repressible protease is repressed, and contacting the cell with a proteass inhibitor {e g,
streprevin, davoprevit, asunaprevir, ciluprevir, bocepreviy, sovapreviy, pantaprevir, telaprevir,
grazoprevit, glecaprevir, or voxiloprevirs that represses activity of the protease, therebhy

activating the cell receptor.

Chimeric antizen receptors {CAR

i80147] In one aspect, a polypeptide of interest of the present disclosure 15 g chimeric antigen
veceptor {CAR) CARs, generally, are artificial immune cell receptors engineered to recognize
and bind to an antigen expressed by tumor cells. CARs mav typically mnclude an antibody
fragment as an antigen-binding domain, a spacer domains, a bydrophobie alpha helix
transmembrane domain, and ong or more intraceliular signaling/co-signaling domains, such as
{but not Uroited toy C3-zeta, CD28, 4-1BB and/or OX40. A CAR canwclude a signaling
domain or at least two co-signaling domains. In some embodiments, 2 CAR includes three or
four co-signaling domains. In some embodiments, a s located in the C-terminus of the CAR.
180148] Generally, a CAR s designed for a T cell, or NI cell, and 15 a chimera of a signaling
domain of the T-cell receptor {TCR) complex and an antigen-recognizing domain (e, a single
chain fragment {scFv} of an antibody) (Enblad et al., Human Gene Therapy. 2015 26{81:498-
5053 AT cell that expresses a CAR 15 known in the art as s CAR T eell

{8014%] There are at least four generations of CARs, each of which contains different
components. First generation CARs join an antibody-derived sckFv 1o the CD3zeta (£ or )
intracellular signaling domain of the T-cell receptor through hinge and transmembrane domains,
Second generation CARs incorporate an additional domain, eg, CDIZS, 4-188 (41BB), or ICOFN,
to supply a costimuldatory signal. Third-generation CARs comtain two costimaulatory domains
fused with the TeR CID3- chain. Third-generation costimulatory domains may inchide, 6. a
combination of O3z, CD27, CD28, 4-1BB, ICOS, or 040, CARs, in some embodiments,

contain an ectodomain {e g, CD30), commonly derived from a single chain variable fragment
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{sckv}, 8 hinge, a transmembrane domain, and an endodomain with one (first generation}, two

s

{second generation), or three (third generation} signfi domains derived from T3 7 and/or co-

653401 7-4023, Kakarla and Gottschalk,

ag 4
stimulatory motecnles (Maude et al | Blood. 2015, 125(26
Cancer | 2014; Z0(21 151155},

B8] In some embodiments, a chimenc aotigen recepior (CAR) is a T-cell redivecied for
universal cytokine killing {TRUCK), also known as a fourth generation CAR. TRUCKSs are
CAR-redirected T-cells used as vehicles to produce and release a transgenic eyiokine that
accumnlates in the targeted tissue, e.g, 4 targeted tumor tissue. The transgenic oytokine is
released upon CAR engagement of the target. TRUCK cells may deposit a variety of therapeutic
cytokines in the target. This may result in therapeutic concenirations al the targeted site and
averd systermic toxiciy.

180151) CARs typically differ 1o their functional properties. The T30 sigonaling domain of the
T-cell receptor, when engaged, will activate and induce prodiferation of T-cells but can lead to
anergy {a lack of reaction by the body's defense mechanisms, resulting n divect wduction of
peripheral lymphocyte tolerance). Lymphocytes are considered anergic when they fail o
respond to a specific antigen. The addition of g costimulatory domain 1n second-generation
CARs improved replicative capacity and persistence of modified T-cells. Similar antitumor
effects are cbserved to vitre with CD28 or 4-18BB CARs, but preclinical in vivo studies suggest
that 4-1BB CARs may produce superior proliferation and/or persistence. Clinical trials suggest
that both of these second-generation CARs are capable of inducing substantial T-cell
profiferation i vivo, but CARs containing the 4-1BB costimulatory domaio appear to persist
tonger. Third generation CARs combine multiple signaling domains {costimulatory} to augment
potency. Fourth generation CARs are additionally modified with g constitutive or induaible
expression cassette for g transgenic cytokine, which is released by the CAR T-cell to modulate
the T-cell response. See, for example, Enblad et al, Human Gene Therapy 2018; 26{(8).498-
5035; Chovielewskt and Hinrich, Expert Opinton on Biological Therapy, 2015, 15(8) 1145-1154
80152 In some embodiments, g chimeric antigen receptor of the present disclosure 15 g first
generation CAR. In some embodiments, a chimeric antigen receptor of the present disclosure is
a second generation CAR. In some embodiments, a chimeric anfigen receptor of the present
disclosure 1s a thrd generation CAR. In some erobodirents, a clumenc antigen recepior of the

present disclosure is a fourth generation CAR.
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{B0153] In some embodiments, a spacer domatn of a hinge domain is focated between an
extracetlular domain (e g, comprising the antigen hnding domain) and a fransmernbrane domain
of a CAR, or between a cytoplasmic signaling domain and a transmembrane domain of the CAR.
A spacer domain ts any oligopeptide or polypeptide that functions fo link the transmembrane
domain to the extracellular domain and/or the oyvtoplasmic signaling domain in the polypepiide
chain. A hinge domain is any oligopeptide or polvpeptide that functions to provide flexibility 1o
the CAR, or domaings thereof, or to prevent siene hindrance of the CAR, or domains thereof In
some embodiments, a spacer domain or hinge domain may comprise up to 300 amine acids (e 2.,
10 10 100 amino acids, or 5 10 20 amine acids). In some embodiments, one or rmore spacer
domain{s} may be included in other regions of a CARL

{B0154] In some embodiments, 2 CAR 15 an antigen-specific inhibitory CAR ((CAR), wiuch
ray be used, for example, to avard offtumor toxiciy (Fedorov, VI et al. Sci. Transi Med.
2013, incorporated herein by reference). 10 ARSs contain an aniigen-specific inhibitory receptor,
for exarnple, to block nouspecific immunosuppression, which may result from exira-turoor target
expression. 10 ARSs may be based, for example, on inhibitory molecules CTLA-4 or PD-1. In
sonte embodiments, these tICARs block T cell responses trom T celis activated by either their
endogenous T cell receptor or an activating CAR. In some embodiments, this inhubiting effect is
terpoTany.

{85] In some embodiments, CARs may be used tn adoptive cell transter, wherein ummune
cells are rernoved from a subject and modified so that they express receptors specific to an
antigen, e.g., & tumor-specific antigen. The modified tmmune cells, which may then recognize
and kill the cancer cells, are reintroduced into the subject (Pule, et al | Cytotherapy. 2003, 5(3%
231-226; Maude et al., Blood. 2015, 125(26). 4017-4023, each of which s incorporated berein
by reference}.

Multipart CARs

[80136] In some embodiments, a polypeptide of interest of the present disclosure 18 a single
chain {polypeptide) cell receptor or a muuthtichain {and thus multipart} receptor. Thus, an ON
switch or an OFF switch may comprise a single polypeptide, or at least fwo polypeptides.
{157] In some embodiments of an OFF swiich, a CAR 13 a multipart receptor comprising at
feast two polypeptides. In some embodiments, the CAR comprises g tirst polypepude

comprising (3} an exiraceihular protein bindiog domain (e g, an antibody fragment), (b a
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signaling domain, {2} a transmembrane domwain iocated between the extracelbular protein binding
domain and the signaling domain, and {d} a first recruiiment domain, and a second polypeptide
comprising a signaling domain and a second recruitment domain that assembles with the first
recruiiment domain, wherein a s located in the first polypeptide and/or the second polypeptide.
In some embodiments, the s located 1w the C-terminus of the first polypeptide and/or the second
polypepiide.

{B0138] In other embodiments of an OFF switch, the CAR comprises a first polypeptide
comprising (3} an extracellular protein binding domain (e g., an antibody fragment), (b} a
signaling domain, {¢} a transmembrane domain focaied between the an extraceliular protein
binding domain and the signaling domain, and {d) a first recruibment domain, and a second
polypepiide comprising a second recruttment domain that asserables with the first recruitment
dematn, wherein the protease 18 located in the fivst polypeptide, and the cognate cleavage aite
and a are located in the second polypeptide, or wherein the protease is located in the second
polypeptide, and the cognate cleavage siie and are tocated in the first polypeptide. Insome
embodiments, the is located in the Cterminus of the first polypeptide and/or the second
polypeptide.

IB0139] In some embodiments of an ON switch, a CAR comprises a first polypeptids
comprising {a) an extracellular protein binding domain {2z, an antihody fragment), (b} a first
intracelluiar signaling domain, (¢} a transmernbrane domain located between the antibody

fragment and the wtracelivlar signaling

domain, {d} a second intraceilular signaling domain, and
{d} a first recruttment domain, and a second polypeptide comprising the protease and a second
recruiiment domain that assembles with the first recrintment domain, wherein the cognate
cleavage site 13 located bebween the antibody fragment and the trarsmersbrane domain, between
the transmembrane domain and first intraceliular signaling domain, or between the first
intracellniar signaling domain and the second mtraceliular signaling domain.

180168} In other embodiments of an ON switch, a CAR comprises a first polypeptide
comprising {a) an extracellular protein binding domain {2z, an antihody fragment), (b} a first
intracelluiar signaling domain, (¢} a transmernbrane domain located between the antibody
fragment and the intracetivlar signaling domain, {d} a second intracellular signaling domain, and
{d} a first recruttment domain, and a second polypeptide comprising the protease and a second

recruiiment domain that assembles with the first recrintment domain, wherein the cognate
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cleavage site 18 located between the antibody fragment and the transmembrane domain, between
the transmerabrane domain and first intracellular signaling domain, or between the first
intraceilular signaling domain and the second intraceliular signaling domain,

Additional CAR-regulation switches

80161} In some embodiments, a {e.g, OFF swiich)} and/or a protease/cognate cleavage site
{e.g., ON switch} may be combined with orthogonal CAR-regulating switches to vield logic
gates {o.g., AND, OR, NOR, and conditional OM gates) with, for example, at least 2 agent{e.g,
drug) inputs that perform highor order functionabities.

{80162} In some embodiments, a CAR comprises a first polypepiide comprising (2} an
extracetular proterns binding domain (o g, an anhibody fragment), (b} s signaling domato, (¢ a
transmembrane donain located between the extracellular protein binding domain and the
signaling domain, {4} a first recruitment domain, {2} a, {§) a protease, and (g} a cognate cleavage
site, and a second polypeptide comprising a signaling domain and a second recruitment domain
that assembles with the first recruitient domain only when the CAR 18 contacted with an agend
required for assembly of the first recruitment domain with the second recruitment domain. In
some embodiments, methods of regulating activity of the CAR comprise contacting a cell
compnising the CAR with {a) a protease indubitor that represses activity of the protease and (b} an
agent required for assembly of the first recruitment domain with the second recruitment domain,
thereby activating the CAR.

{060163] In other emvbodiments, a CAR comprises a first polypeptide comprising {8} an

extracetular protein binding domain {e.g.

2., an antibody fragment), {b) 2 signaling domain, (¢ a
transmentbrane domatn located between the antibody fragment and the signaling domain, (d)a
first recruttment domain, {2} a, (£} a protease, and {g} a cognate cleavage site, and a second
polypeptide comprising a signaling domain and a second recnsitment domain that assembles with
the first recruitment domain unless in the CAR is contacted with an agent that prevenis assembly
of the first recruitment domain with the second recrubment domain. In some embodiments,
methads of regulating activity of the CAR comprise confacting a cell comprising the CAR with
{a} a protease inhibitor that represses activity of the protease and (b} an agent that prevents
assembly of the first recrutiment domain with the second recruitment domain, thereby

inactivating the CAR.
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{#0164] In vet other embodiments, a CAR comprises a fivst polypeptide comprising (a) an
antihody fragment, (b} a signaling domain, (¢} a transmembrane domain located between the
antibody fragment and the signaling domain, {d} a first recruitment domain, and (e} a protease
and a cognate cleavage site, wherein the protease and cognate cleavage siie are located between
the signaling domain and the first recrutiment domain, and a second polypeptide compnsing a
signaling domain and a second recruitment domain that assembies with the first recruttment
domain only when the CAR 15 contacted with an ageot required for assembly of the first
recritiment domain with the second recruitment domain. ko some embodiments, methods of
reguiating activity of the CAR comprise contacting a cell comprising the CAR with {a) a
protease ohibitor that repreases activity of the protease and (b} an agent required for assembly
of the first recrustment domain with the second recruttment domain, thereby activating the CAR
[80163] In still other ombodiments, a CAR comprises a first polypeptide comapnising {(a) an
antibody fragment, (b) a signaling domain, {¢) a transmembrane domain located between the
antibody fragment and the signaling domain, and {4} a Hirst recruitroont domain, and g second
polypeptide comprising a second recruitment domain that assembles with the first recruitment
domain only when the CAR is contacted with an agent required for assembly of the first
recruiiment domain with the second recrnitment domain, wherein the CAR further comprises s,
a protease, a cognate cleavage site, and wherein the cognate cleavage site and are located at the
C-terminus of the first polypeptide and the protease 1s located at the C-terminus of the second
polypepiide. In some embodiments, methods of regulating activity of the CAR comprise
contacting a cell comprising the CAR with an agent required for assembly of the fivst recraitroent
domain with the second recruitment domain, thereby activating the CAR. The methods may
further comprise contacting the cell with a protease indubitor that represses activity of the
protease, thereby inactivating the CAR.

{80166] In some embodiments, a CAR comprises g tirst polypeptide comprising {a) an antibody
fragment, (b a signaling domain, (¢} a ransmembrane domain located between the antibody
fragment and the signaling domain, {d) a first recruitiaent domain, (e} an inhibitory domain, and
{f} a protease and cognate cleavage site located between the first recruitment domain and the
inhibitory domain, and a second polypeptide comprising 2 second recruitment domain that
assembles with the first recruitment domain only when the CAR s contacted with an agent

required for assembly of the first recruitment domain with the second recruitment domain. In
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some embodiments, methods of regulating activity of the CAR comprise contacting a cell
comprising the CAR with an agent reguired for assembly of the first recruttment domain with the
second recruitment domain, thereby activating the CAR. The methods may further comprise
contacting the cell with a protease that represses activity of the protease, thereby inactivating the
CAR.

{68167] The ability of constructs to produce fusion proteins can be empirically determined {e.g.,
detecting fusion proteins labeled with EGFP or AHA by fluorescence nucroscopy or
immunoblotiing, respectively).

B0168] Addinonally, production and, in certain embodiments, the degradation of g polypeptide
of interest in the presence and absence of protease inhibitors can be monitored. Because the
presence of & protease whibttor prevents accumulation of new profein copies without affecting
old copies, the overall levels of a polypeptide of 1oterest after adding the protease wohibitor
depend on its degradation rate. Accordingly, the half-life of the polypeptide of interest in a celi
can be readily calenlated by monitoring 1ts decay. Additionally, the turnover of the pelypeptide
of interest can be determined by measuring amounts of the polypeptide of interestin a
transformed cell before and after contacting the cell with a protease indubitor and caleulating the
turnover of the polypeptide of interest based on the amounts of the polypeptide of interest in the
cetl before and after adding the protease infubitor. The armount of the polypeptide of interest in
the cell can be measured either continuously or pertodically over a period of time by any suitable

maethod {2 g, immunoblotiing or microscopy ).

Production of Fusion Proteins

{6016%] Fusion proteins of the present disclosure can be produced using recombinant technigues
well known o the art. Guoe of skill in the art can readily determine vucleotide sequences that
encads the desired polypeptides using standard methodology and the teachings herain.
Oligonucleotide probes can be devised based on the known sequences and used to probe
genomic or cBNA libraries. The sequences can then be further isolated using standard techniques
and, e, restriction enzyraes emploved to truncate the gene at desired portions of the full-length
sequence. Nimilarly, sequences of interest can be 1solated directly from cells and tissues

containing the same, using known techuiques, such as phenol extraction and the sequence further

68



WO 2020/154635 PCT/US2020/015011

manipulated to produce the desired truncations. See, .2, Sambrook et al., supra, fora
description of technigues used 1o obiain and isolate DNA.

180178} The sequences encoding polypeptides can also be produced synthetically, for example,
based on the known sequences. The nuclectide sequence can be designed with the appropriate
codons for the particular arnioo acid sequence desired. The complete sequence 13 generally
assemibled from overlapping oligonuciectides prepared by standard methods and assembled into
a complete coding sequence. See, e.g., Edge (1981 Mature 292:756; Namsbair et al. (1984}
Nelence 223 01299 Jay et al (19834} J. Biol. Chem. 2596311, Stemmer et al. (1995} Gene
1644953,

{#171] Recombinani techniques are readily used to clone sequences encoding polypeptides
useful 1n the claimed tusion proteins that can then be mutagenized 1o vitro by the replacement of
the appropriste base pair(s) to result in the codon for the desived amino acid. Such a change can
include as little as one base pair, effecting a change in a single aming acid, OF Can enCoMpass
several base pair changes.

{606172] Alternatively, the mutations can be affected using a mismatched primer that hybridizes
to the parent nucleotide sequence {generally cDNA corresponding to the RNA sequence), at a
temperanire below the melting temperature of the mismatched duplex. The primer can be made
specific by keeping primer length and base composinon within relatively narrow limits and by
keeping the mutant base centrally focated. See, e.g, Inuts et al, {19903 PCR Applications:
Protocols for Funcuonal Genomics; Zolier and Smith, Methods Enzymol. (1983} 100:468.
Primner extension 18 affected using DNA polymerase, the product cloned and clones containing
the mutated DNA, derived by segregation of the primer extended strand, selected.

1001

-

3] Selection can be accomplished using the mutant primer as a hybridization probe. The
technique is also applicable for generating multiple point mutations. See, e.g., Dalbe-MeFariand
et al Proc. Matl Acad. Sci USA {1982} 79:0409,

{80174] Unce coding sequences have been isolated and/or synthesized, they can be cloned into
any suitable vector or replicon for expression. As will be apparent from the teachings herein, a
wide variety of vectors encoding modified polypeptides can be generated by creating expression
construcis which operably link, in varicus combunations, polvnuclectides encoding polypeptides

having deletions or mutations therein,
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{B178] MNumerous cloning vectors are known 10 those of skl in the art, and the selection of an
apprapriate cloning vector is a matter of choice. Examples of recombinant DNA vectors tor
cloning and host cells which they can transform include the bacteriophage & (E. coliy, pBR322
(E. coly), pACYCHTT (E. coliy, pKT230 {gram-negative bacteria}, pGV1 106 (gram -negative
hacteria), pLAFRI {gram-negative bactena), pMEZS0 (non-E. coli gram-negative bacteria),
pHY 14 (B coli and Bacillus subtilis), pBDO (Bacillus), pUS! (Streptomyces}, pliCo
{Streptoroyees), YipS (Saccharomyees), YUpI9 (Saccharoroyees) and bovine papiiloma virus
{mammalian cells) See, generally, DNA Cloning: Vols [ & 11, supra; Sambrook et al, supra; B
Perbal, supra.

{0176] Insect cell expression syatems, such as baculovirus systerss, can also be used and are
known to those of skill in the art and described in, e ¢, Summers and Smith, Texas Agricultural
Expeniment Station Bulleon No. 13535 (1987} Materials and roethods for bacolovirus/insect cell
expression systems are commerciaily available in kit form from, inter alia, Invitrogen, San Diggo
CA {"MaxBac” kit).

{01771 Plant expression systems can also be used to produce the fusion proteins described
herein. Generally, such systeros use virus-based vectors to transfect plant celis with heterologous
genes, For g description of such systems see, e.g., Porta et al, Mol Biotech {1990} 5§:209-221;
and Hackland et al., Arch. Virol (19943 139 1222

{B0178] Viral systems, such as a vaccinia based infection/iransfection system, as deascnibed in
Tomei et al, I Virel, (1993) 67:4017-4026 and Selby et al., . Gen. Vircl. (1993} 74: 11031113,
will also find use with the present disclosure. In this aysters, cells are first transfected 1o vitro
with a vaccinia virus recombinant that encodes the bacteriophage T7 RNA pelymerase. This
polymerase displays exquisite specificity i that it only transcribes templates bearing T7
promoters. Following infection, cells are transfected with the DBNA of interest, driven by a 17
promoter. The polvmerase expressed in the ovioplasm trom the vaceinia virus recombinant
tranacribes the transfected BNA into RNA that is then transiated into protein by the host
translational machinery. The method provides for high level, transient, cvtoplasnmuic production of
iarge quantities of RNA and its transiation product(s}

{0179] The gene can be placed under the control of a promoter, ribosome binding site (for
bacterial expression) and, optionally, an operator {collectively referred to herein as "control”

elements}, so that the NA sequence encoding the desired polvpepiide is transcribed into RNA
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in the host cell ranstormed by a vector containing this expression construction. The coding
SeOUeNCe may of may not comtain a signal peptide or leader sequence. With the present
diacloaure, both the naturally occurring signal peptides and heterclogous sequences can be used.
Leader sequences can be removed by the host in post-transiational processing,. See, eg, 118
Patent Nos, 4,431,739, 4 425,437, 4,338,397 Such sequences include, but are not himited to, the
TPA leader, as well as the honevbee mellitin signal sequence.

[B0188] Other regulatory sequences may also be desirable which allow for regulation of
expression of the protein sequences relative to the growth of the host cell. Such regulatory
sequences are known 1o those of skill in the art, and examples include those which cause the
expression of 3 gene to be furned on or off 1o response to a chemical or physical stimulus,
including the presence of a regulatory corapound. Gther types of regulatory elements may also
be present 1 the vector, for example, enhancer sequences,

i80181] The controd sequences and other regulatory sequences may be ligated to the coding
SEqUEnCe priot 10 mseriion o a vector, Altervatively, the coding sequence cao be cloned
directly into an expression vector that already contains the control sequences and an appropriate
restriction sie.

IB0182] In some cases, it may be necessary to modify the coding sequence so that it may be
attached to the control sequences with the appropriate orientation; 1.e., to maintain the proper
reading frame. Mutants or analogs may be prepared by the deletion of a portion of the sequence
encoding the protein, by insertion of a sequence, and/or by substitution of one of more
nucieotides within the sequence. Techniques for muodifying nucleotide seguences, such as site-
directed mutagenesis, are well known 1o those skilied in the art. Ses, e g, Sambrook et al, supra;
DNA Cloming, Vols Tand 1] supra, Mucleic Acid Hybrnidization, supra.

{0183] The expression vector s then used to transform an appropriate host cell. A number of
mammalian cell lines are known in the an and imclude immortalized cell lines available from the
American Type Culture Collection {ATCC), such as, but not limited to, Chinese hamster ovary
(CHO) cells, HeLa cells, baby hamster kidney (BHK) ceils, monkey kidoey cells (COS), human
hepatocelinlar carcinoma cells {eg, Hep 323, Vero293 cells, as well as others, Sumilarly,
bacterial hosts such as E. coli, Baciilus subuilis, and Streptococcus spp., will find use with the
present expression constrocts, Yeast hosts usetul in the present disclosure include inter alia,

Naccharomyees cerevisiae, Candida albicans, Candida maltosa, Hansenula polymorpha,
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Kheyveromyees fragilis, Kheyveromyees lactis, Pichia guillerimondii, Pichia pastoris,
Schizosaccharomyces pombe and Yarrowig lipolyvtica. Insect cells for use with baculovirus
expression vectors include, inter alia, Aedes aegypti, Awtographa calif or nica, Bombyx mori,
Drosophila melancgaster, Spodoptera frugiperda, and Trichoplusia ni.

100184] Depending on the expression system and host selected, the fusion proteins of the
present disclosure are produced by growing host cells transformed by an expression vector
described above under conditions whereby the protein of interest is expressed. The selection of
the appropriate growth conditions 1s within the skill of the art

IB0185] In one embodiment, the transformed cells secrete the polypeptide product into the
surropnding media. Certain regulatory sequences can be included in the vector to enbance

2 & tissue plasmunogen activator (TP A) leader

secretion of the protein product, for example using
sequence, an interferon (v or 4} signal sequence or other signal peptide sequences from knowo
secretory proteins. The secreted polypeptide product can then be isolated by various techniques
described heretn, for example, using standard punfication techmques such as but not Lsted to,
fydroxy apatite resins, column chromatography, ion-exchange chromatography, size-exclusion
chromatography, electrophoresis, HPLC, immuncadsorbent techmques, affinity chromatography,
immunoprecipitation, and the like. Alternatively, the transformed cells are disrupted, using
chermical, physical or mechanical means, which lyse the cells yet keep the recombinant
polypeptides substantially intact. Intracethilar proteins can also be obtained by removing
components frorn the cell wall or membrane, ¢ g, by the use of detergents or organic solvents,
such that leakage of the polypeptides occurs. Such methods are known to those of skill in the art
and are described in, e.g., Protein Punification Applications: A Practical Approach, (Simon Ros,
Fd, 2001},

{60186] For example, methods of disrupting cells for use with the present disclosure include but
are not limited tor sonication or ulirasonication; agitation; higuid or solid extrusion; heat
treatrent; freeze-thaw, desiceation; explosive decompression, osmotic shock; reatment with
fviic enzyines including proteases such as trypsin, neuraminidase and lysoryme: alkalt treatment;
and the use of detergenis and solvents auch as bile salts, sodivm dodecy! sulphate, Triton, P40
and CHAPS. The particuiar technique used to disrupt the cells is largely 2 matter of choice and
will depend on the cell type 1o which the polypeptide 1s expressed, culiure conditions and any

pre- freatment used.
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{B0187] Following disruption of the cells, cellular debris is removed, generally by
centrifugation, and the intracellularly produced polvpeptides are further puritied, using standard
puritication technigues such as but not linited to, cohumn chromatography, ion~exchange
chromatography, size-exclusion chromatography, electrophoresis, FIFLC, immunocadsorbent
iechrques, affinaty chromatography, irorounoprecipiiation, and the like.

{60188 For example, one method for obtaining the intracellnlar polypeptides of the present
disclosure wnvolves affinity punification, such as by momunostinity chromatography using
antibodies {e.g., previously generated antibodies), or by lectin affinity chromatography.
Particularly preferred lectin resing are those that recognize mannoese moieties such as but not
Hmited to resins derived from (Galanthus nivalis agghutinin ({GNA), Lens culinaris agglutinin
{(LCA orlentil lecting, Pisum sativum agglutinin (PSA or pea lectin), Narcissus pseudonarcissus
agglutinin { PAY and Alllum urstnum agglutinin {AUA)Y. The choice of 2 suitable affioiiy resinis
within the skill in the art. After affinity purification, the polypeptides can be further purified
using conventional technques well known in the art, such as by any of the technigues deseribed

above.

Palynucleotides Encoding Fusion Proteins

{B0189] In ancther aspect, the present disclosure provides a polvnuciectide encoding a fusion
protern of the present disclosure, and a vector comprising such a polynucleotide Iu some
embodiments, the polynuciectide comprises a sequence encoding an inducible cell receptor (g2,
a CAR), wherein the sequence encoding an extraceliular protein binding domain 18 contiguous
with and in the same reading frame a3 a sequence encoding an intracellular signaling domain and
a transmembrane domain.

18019¢] The polynucleotide can be codon optimized for expression in a marpmalian cell Io
some embaodiments, the entire sequence of the polynuciectide has been codon optimized for
expression i a mammalian cell. Codon optimization refers to the discovery that the frequency of
cccurrence of synonymous codons (1.2, codons that cade for the same amino acid} in coding
DINA 13 biased in different species. Such codon degeneracy allows an identical polvpeptide to be
encoded by a variety of nuclestide sequences. A variety of codon optimization methods 1s known
in the art, and include, e.g , methods disclosed in at least US Patent Numbers 5,730, 404 and

6,114,148
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{98 The polynucleotide encoding a fusion protein can be obtained using recombinant
rnethods known i the art, such as, for example by screening libraries from celis oxpressing the
polynuciectide, by deriving it from a vector known to include the same, or by isclating directly
from cells and tissues coniaining the same, using standard techniques. Aliernatively, the
polynucleotide can be produced synthetically, rather than cloved.

{60192 The polynuclentide can be cloned tnte a vector. In same embodiments, an expression
vector known in the art is used. For example, polynucieotide described herein can be iserted
1IG an expression vector 1o ereate an expression cassette capable of producing the degron fusion
proteins in a suitable host cell (o g 1n a tissue, organ, organoid, or subject). Expression cassettes
typically 1nclude control elements operably linked fo the coding sequence, which allow for the
expression of the gene in vive in the subject species. For example, typical promaters for
rwammahian cell expression wnclude the SV40 early promoter, a MY promoter such as the CMVY
iminediate sarly promoter, the mouse mammary tumor virus LTR promoter, the adenovirus
major late promoter {Ad MLP), and the berpes simplex virus promoter, amoong others. Other
nonviral promoters, such as a promoter derived from the murine metallothionein gene, will also
find use for marmmabian expression. Typically, transeription termination and polyadenviation
sequences will also Bre present, located 3' to the translation stop codon. Preferably, a sequence for
optimuization of trutiation of transtation, located ' to the coding sequence, 15 also present.
Examples of transcription terminator/polvadenylation signals include those derived from SV4{,
as described 1 Sarabrook et al | supra, as well as 2 bovine growth hormone terminator sequence.
{80193] Enhancer clemenis may also be used herein to increase expression levels of mammalian
constructs. Examples include the SV40 early gene enhancer, as described tn Dijkema et al,
EMPG I (1985} 47601, the enbancer/promaoter derived from the long termnal tepeat (L TR) of
the Rous Sarcoma Yirus, as described in Gorman et al, Proc. Natl, Acad. Soi 1ISA {(1982b)
796777 and elements derived trom human CMVY) a5 deseribed in Boshart et al, Cell (19853 41
321, such as elements ineluded in the UMV intron A sequence,

IB0194] Constructs encoding fusion proteins can be administered 1o a subject or introduced into
cells, fissue, organs, or organoids using standard gene delivery protocols. Methods for gene
delivery are known in the art. See, e.g., UK Pat Nos. 5,399,346, 5 580,859, 5 589 466 Genes
can be delivered either directly to a subject or, alternatively, delivered ex vivo, 1o cells dertved

from the subject and the cells reimplanted in the subject.
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{3195] A number of viral based systems have been developed fur gene transfer into
mammalian cells. These include adenoviruses, retroviruses {y-retroviruses and lentiviruses),
pogvirases, adeno-associated viruses, baculovinses, and herpes simplex viruses (see e.g.,
Warnock et al. (2011) Methods Mol Biol. 737 1.25; Walther et al. (2000} Drugs 60(21.249-271;
and Lundstrom {2003} Trends Biotechool 213y 117- 122 heretn incorporated by reference).
{0196] For example, retroviruses provide a convenient platform for gene delivery systems.
Selected sequences can be mserted into a vector and packaged in refroviral particles using
techniques known in the art. The recombinant viras can then be isolated and delivered to cells of
the subject etther in vivo or ex vive. A number of retroviral systerns have been described (ULS.
Pat. No. 5,219,740; Miller and Rosman {1939} BiwcTechnigues 7:930-990; Miller, A 12 (1990}
Human Gene Therapy ©:5-14; Scarpa et al (1991 Virology 180:849-852; Bumns ot al. (1993)
Proc Natl Acad Sci. USA 90:3033-8037, Borts-Lawrie and Temin (1993} Cur. Opio. Genet.
Develop. 3:102-109; and Ferry et al. {2011} Curr Pharm Des. 17{24):2516-2527}. Lentiviruses
are a class of retroviruses that are particularly useful for delivering polynucleotides to
mammalian cells because they are able to infect both dividing and nondividing cells (see ez,
Lois et al {2002 Science 295:868-872; Durand ot al. (201 1) Viruses 3(2). 132-159; herein
wncorporated by reference).

IB0197] A mumber of adenovirus vectors have also been described. Unlike retroviruses which
integrate into the host genome, adenovinises persist extrachromwosomally thus minimizing the
risks associated with insertional mutagenesis (Haj ~Ahmad and Graham, T Virel {1986} 57:267-
274 Bettet al, J Virol (1993} 67:5911-3921, Mittereder et al |, Human Gene Therapy (1994)
S7VI-729 Seth et al | §. Virol (1994) 68:933-940; Barr ef al | Gene Therapy (19943 1 :51.5%;
Berkner, k. L. BioTechuiques {1988) 6:616-629; and Rich et al , Human Gene Therapy (1993
4:461-476),

{60198 Additionally, varicus adenc-associated virus {AAV) vector systoms have been
developed for gene delivery. AAV vectors can be readify constructed using techniques well
known in the art. See, eg. U8 Pat Nos. 5, 173,414 and 5, 139 941, International Publication
Nos, W 92/01070 (published 23 January 1992} and WO 93/03769 {published 4 March 1993},
Lebkowsk et al.| Molec. Cell. Biol {1988} B:3988-3996; Vincent et al., YVaccines 90 (1990}
{Cold Spring Harbor Laboratory Press), Carter, B I Current Opinion in Biotechnology (199233

533-539; Muzyczka, M. Current Topics in Microbiol, and Immunol. (1992} 1538:97-129; Kotin,
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R M. Human Geoe Therapy (1994 5.793-801; Shelling and Smth, Gene Therapy (1994} 1.
165-169; and Zhou et al., J. Exp. Med. {1994} 179 18471875

I80199] Another vector aystem usefud for delivering the polyvnucieotides of the present
disciosure is the enterically administered recombinant poxvirus vaccines described by Small, Ir |
PoAetal (UK Pat No 3,676,950, wssued Oct. 14, 1997 herewn incorporated by reference)
{30200] Additional viral vectors which wil find use for delivering the nucleic acid molecules
encoding the fusion proteins of the present disclosure wclude those dertved from the pox family
of viruses, including vaccinia virus and avian poxvirus. By way of example, vaccinia virus
recombinants expressing the fusion proteins can be constructed as follows. The DNA encoding
the particuiar fusion protein coding sequence s first inserted into an appropriate vector so that i
15 adjacent 10 a vaccinia promoter and flanking vacoinia DNA sequences, such as the seguence
encoding thymidine kinase (TR This vector is theo used to transfect cells which are
simulitanecusty infected with vaccinia. Homelogous recombination serves to insert the vaccinia
promoter plus the gene encoding the coding sequences of interest into the vival genomwe. The
resulting TK-recombinant can be selected by culturing the cells in the presence of 5-
bromadeoxyuridine and picking viral plagues resistant thereto.

180281] Alternatively, avipoxviruses, such as the fowipox and canarypos viruses, can also be
used 1o deliver the genes. Recombinant avipox viruses, expressing immunogens from
mammalian pathogens, are known to confer protective immunity when administered 10 non-
avian species. The use of an avipox vector 15 particularly desirable in humarn and other
rmammahian species since rwembers of the avipox genus can only produciively repheate in
suscepiible avian species and therefore are not infective in mammalian cells. Methods for
producing recorubinant avipoxviruses are koown in the art and employ geoetic recombination, as
described above with respect to the production of vaccinia viruses. See, 2.2, WO 91712882, WO
B9/03429; and WO 92/03545.

180202] Molecular conjugate vectors, such as the adenovirus chimeric vectors described in
Michael et al. | J. Biol. Chem. {1993) 268:6866-4869 and Wagner et al.| Proc. Natl, Acad. Sci.
UINA (1992 89.6009-0103, can also be used for gene delivery.

{60203] Members of the Alphavirus genus, such as, but not limited to, vectors derived from the
Singdbis virus {(SINY, Sembiki Forest virus (3FVY), and Venezuelan Equine Encephahiis virus

(VEED}, will also find use as viral vectors for delivering the polynuclentides of the present
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disclosure. For a description of Sindbis-viras derived vectors useful for the practice of the instant
methods, see, Dubensky et gl {1996} §. Virel. 70:508-319; and International Publication Mos.
W 95/07995, W 96/17072; as well as, Dubensky, Jr, T W etal 115 Pat. No. 5,843,723,
issued Dec. 1, 1998, and Dubensky, Jr, T W., UK Patent No. 5,789,245 issued Aug. 4, 199¢,
both herein mcorporated by reference Particularly preferred are chimerie alphavirus vectors
comprised of sequences dernived from Sindbis virus and Yenezuelan equine encephalitis vims.
See, e, Perrtet al {2003} 1 Virol 77 10394-10403 and Intervational Pubhication Nos WO
D2/90035, WO D2/0B0982, W ¢1/81609, and WO 00/61772; herein incorporated by reference
in their entiretios.

{0204] A vaccinia based infection/tranafection system can be conventenily used to provide for
inducible, transient expression of the coding sequences of aterest (Tor example, a fusion protein
expression casserte) in a host cell. In this systern, cells are fivstwtected in vitro with a vacoima
virus recompnant that encodes the bacteriophage T7 RNA polymerase. This polymerase
displaye exguisite specificity i that i ooly transceribes templates bearing T7 promoters.
Following infection, cells are transfected with the polynuclestide of interest, drivenby a 17
promoter. The polvmerase expressed in the ovioplasm trom the vaceinia virus recombinant
tranacribes the transfected BNA tnto RNA which s then transiated into protein by the host
translational machinery. The method provides for high level, transient, cvtoplasnmuic production of
iarge quantities of RNA and its translation products. See, e 2., Elroy-5tetn and Moss, Proc. Matl,
Acad. Sci. USA (19903 87:6743-6747; Fuerst et gl Proo. Natl, Acad. Sci. USA (19863 83 :R122-
3120

IB02658) As an alternative approach to infection with vaccinia or avipex virus recombinants, or
i the delivery of genes using other viral vectors, an amplification system can be nsed that will
iead to high level expression following introduction into host cells. Specifically, a T7 KNA
polymerase promoter preceding the coding region for T7 RNA polymerase can be engineered.
Translation of RNA derived from this template will generate T7 BNA polymerase which i turn
will transcribe more terplate. Conconutantly, there will be a ¢DXNA whose expression 1s under
the controd of the T7 promoter. Thus, some of the T7 RNA pelymerase generated from
transiation of the amplification template RINA will lead to transcription of the desired gene.
Because some T7 RNA polymerase s required o imitiate the armaphification, T7 RNA polyerase

cany be infroduced into cells along with the template(s) to prime the transcription reaction. The
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polymerase can be introduced as a protetn or on a plasmid encoding the RNA polymerase. Fora
further discussion of T7 systerns and their use for transfornung cells, see, o g, International
Publication No. WO 94/26911; Studier and Moffait, § Mol Biol. (1980} 189 113-130; Deng
and Woltf) Gene {19943 143 :245.249; Gao et al, Biochem. Biophys. Res. Comuun. (1994) 200
12G1-1206; Gao and Huang, Muc. Acids Bes, (1993321 2867-2872; Chen et al, Nue, Acids Res.
{1904} 22:2114-2120; and 1.8, Pat. No. 5,135,855
[80206] The synthetic expression cassette of wterest can also be dehvered without a vival
vector. For examplie, the synthetic expression casaette can be packaged as DNA or RNA s
Hiposomes prior 1o delivery 1o the subject or to cells derived therefrom. Lipid encapsulanion is
generaity accomplisbed using liposomes which are able to stably bind or entrap and retain
nucieio acid. The ratio of condensed DNA to lipid preparation can vary but will generally be
arpund 10 1 {mg DNAmicromoles Hipid), or more of hipid. For a review of the use of Hposomes
as carriers for {Eeiivery of nucleic acids, see, e.g., Hug and Sleight, Biochim. Biophys. Acta

313 1097 1-17,; Stravhinger et al | in Methods of Enzymology (19833, Vol 101, pp 512-527.
{i #2871 Liposomal preparations for use in the present disclosure include cationic (positively
charged), antonic {negatively charged) and neutral preparations, with cationic hiposomes
particularty preferred. Cationic hposomes have been shown to mediate intracethslar delivery of
plasnud DMA (Feigner et al, Proc. Natl, Acad Sci, USA {1987} 84:7413-7410 mRNA
{Malone et al, Proc. Natl, Acad. Sci. USA (1989} 86.6077-6081 ), and purified tranacription
factors (Debs et al | §. Biol Chem. (19903 265 10188-10192), in tunctional form.
(80208] Catoruc hposomes are readily avalable. For example, N 1-2,3- dioleylony ipropyli-
NN N-triethylammonium (DOTMA) Hiposomes are avaitable under the trademark Lipofectin,
from GIBCO BRL, Grand Island, N.Y {See, also, Feigner et al |, Proc. WNatl Acad. Sci. USA
{1987} 84.7413-7416}). Other commercially avaiiable lipids include (BDAB/DOPE) and
DOTAP/DOPE (Boerhinger), Other cationic Hposomes can be prepared from readily avaitlable
materials using technigues well known 1y the art. See, e.g, Szoka et al, Proc. MNatl Acad. Sei
USA (19783 75:4194-4198; PCT Publication Mo, WO 20/11092 for a description of the synthesis
of BOTAP (1, 2-bis{cleoviony 3-(frumethylammoniolpropane ) liposomes,
{60209] Similarly, anionic and neutral liposomes are readily avatlable, such as, from Avanti
Polar Lipids (Birmingharm, AL), or can be eastly prepared using readily avaiiable materials. Such

materials inchude phosphatidy! choline, cholesterol, phosphatidyt ethanclamine,
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dioleoyiphosphatidyl choline {DBOPC), dicleoyiphosphatidyl glycercl (DOPG),
dicteoylphoshatidyl ethanolanuine (DOPE), among others. These materials can also be mixed
with the DOTMA and DOTAP starting materials o appropriate ratios. Methods for making
Hiposomes using these materials are well known 1n the art.

IB216] The hposomes can comprise mulibanmmelar vesicles (ML V), small unlameliar
vesicles (SUIVs), or large unilamellar vesicles (LUYs). The various liposome-nucieic acid
complexes are prepared using methods known in the art. See, e g, Straubinger ot al., 1o
METHODS OF IMMUNGLOGY (1983), Vol 101, pp. S12-527, Szoka et al |, Proc. Nath Acad.
Sci USA (19783 75:4194-4198; Papahadiopoulos et al., Biochim. Biophys. Acta (1975} 394:483;
Wilson et al |, Cell (19793 17.77), Deamer and Bangham, Biochim, Biophys. Acta (1976} 443
629; Ostro et al |, Biochem. Biophys. Res. Commun. (19773 76:830; Fraley et al |, Proe. Nath
Acad. Sci. USA (19793 763348}, Enoch and Sintimatier, Proc. Nath Acad. Sci. USA (1979376
145}, Fraley et al, J. Biol Chem. (1980} 255 10431; Szoka and Papabadiopoulos, Proc. Matl.
Acad. Scr. USA (1978 75 145, and Schaeter-Ridder et al, Science (1982) 215 166,

(6062117 The DBNA and/or peptide(s} can alsc be delivered in cochleate lipid compositions
sirotlar to those described by Papabadiopoules et al, Biochem. Biophys. Acta {19753 394:483-
497, See, also, U5 Pat. Nos. 4,663, 161 and 4,871,488

{B0212] The expression cassette of inferest may also be encapsulated, adsorbed to, or associated
with, particulate carriers, Examples of particulate carriers include those derived from polymethyl
methacrylate polymers, as well a5 microparticles derved from poly{iactides) and poly{lactide-
co-glyveolides), knowo as PLG. See, e.g, Jeffery et al, Pharo. Res. ('},993) H3:362-308; MeGee
3P, etal J Microencapsul, 14{2) 197.210 1997, O'Hagan I T et al | Vaccine 11(2) 149.54,
19493,

{60213 Furthermore, other particulate systems and polymers can be used for the in vive or ex
vive delivery of the nucleic acid of nterest. For examiple, polymers such as polylysine,
polyarginine, polvornithine, spermine, spermidine, as well as conpugates of these molecules, are
usetul for transferring a nucleic acid of interest. Simularly, DEAE dextran-mediated transfection,
caleinm phosphate precipitation or precipitation using other inscluble tnorganic salts, such as
strontium phosphate, aluminum stlicates including bentonite and kaclin, chromic oxide,
magnesiurn silicate, tale, and the hike, will find use with the present methods. See, e.g., Feigner,

P o1 Advanced Drug Delivery Reviews (1950} 5: 163-187 for a review of delivery systems

79



WO 2020/154635 PCT/US2020/015011

useful for gene transfer. Peptonds (Zuckerman, RN et al | U8, Pat. No. 5,&31,005, 1ssued MNov.
3, 1998, herein incorporated by reference) may also be used for delivery of a construct of the
present disclosure,

180214] Additionally, biolistic delivery systems emploving particulate carrigrs such as gold and
mngsten are especially useful for delivering synthetic expression cassettes of the present
disclosure. The particles are coated with the synthetic expression cassette(s) to be delivered and
accelerated to hugh velooity, generally under a reduced stmosphere, using s gun powder
diacharge frony a "gene gun.” For a description of such techniques, and apparatuses useful

therefore, see, 2.9, U.S. Pat. Mos. 4,945 050; 5,036,006: 5,100,792, 5.179,022: 5.371.015: and

2

P

5,478,744, Also, needle-less injection systems can be used (Davis, H L, et al, Vaccine 120 1503
1509, 1994, Bioject, Inc, Portland, Greg ).
{80215] Recombinant vectors can be formulated into compositions for delivery to a veriebrate
subiject. The compositions will generally include one or more "pharmaceutically acceptable
excipients o vehicles” such as water, saline, glyeerol, polvethyleneglyeol, byvaluronic acid,
ethanoi, etc. Additionally, auxiliary substances, such as wetling or emulsifving agents, pH
buffering substances, surfactants and the like, may be present in such vehicles. Certain
tacilitators of nucleic acid uptake and/or expression can also be included in the compositions or
coadministered.

{#02186] Once formulated, the compostiions of the present disclosure can be administered
directly 10 the subject (e.¢., as described above) or, alternatively, delivered ex vivo, to celis
derived from the subject, using methods such as those described above. For example, methods
for the ex vive deltvery and reimplantation of transformed cells into a subject are known in the
art and can include, e g, dexdran-mediated transfection, caloiumn phosphate precipitation,
polvbrene mediated transfection, lipofectanine and LT-1 mediated transfection, protoplast
fusion, electroporation, encapsulation of the polynucleotide(s} in hiposomes, and direct
microinjection of the DNA oto nuclet.

IB0217] Direct delivery of synthetic expression cassetie compositions inn vivo will generally be
accomplished with or without viral vectors, as described above, by injection using either a
corventional syringe, needless devices such as Bioject™ or a gene gun, such as the Accell gene

delivery system {PowderMed Lid, Oxford, England),
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{B0218] The present disclosure also includes an RNA counstruct that can be divecily transfected
into a cell. A method for generating mRNA for use in transfectuon involves in vitro transeription
(IVT) of a template with specially designed primers, followed by polv A addition, to produce a
construct containing 37 and 3 untranslated sequence ("UTR ) {e.g., a 37 and/or ¥ UTR
described herein}, a 57 cap {e.g, 8 % cap described herein ) and/or Internal Ribosome Eotry Sue
{IRES} (2.2, an IRES described herein}, the nucigic acid to be expressed, and a poly A tail RNA

30 produced can efficiently transfect different kinds of cells.

pils

180219] In one aspect, the present disclosure provides cells expressing a fusion proteis of the
present disclosure or comprising a polynucleotide or vector encoding the fusion protein. The
cetls can be stern cells, progenitor cells, and/or immune celis moditied to express a fusion protein
described herein. In some emboduments, a cell line desived from an immune cell 1s used. Nop-
finuting exarnples of cells, as provided herein, include mesenchyral stern celis (M5Cs), natural
kitter {NK ) cells, NET cells, innate lymphotd cells, mast celis, eosinophils, basophils,
macrophages, neutrophils, mesenchymal stem cells, dendritic cells, T cells (e.g., CDB+ T cells,
O+ T cells, gamoa-delia T cells, and T regulatory cells (CD4+ FOXP3+, CD254+ Y and B
cells. In some embodiments, the cell a stem cell, such as pluripotent stem cell, embryonic stem
cell, adult stem cell, bone-marrow stem cell, umbilical cord stem cells, or other stem cell
180228] The cells can be modified to expreas a fusion protein provided herein. In some
embodiment, the fusion protein comprises an inducible receptor. The inducible receptor can
comprise a single chain recepior (¢ e, a single fusion protein} or a multichain receptor {i.e,
multiple fusion proteins). When the inducible cell receptor 13 a muitichain receptor, the cells
compnise multiple fusion proteins. Accordingly, the present disclosure provides a cell {e.g., a
population of cells) engineered o express an inducible recepior, such as a chimeric antigen
receptor {CARY, wherein the receptor comprises an astigen-binding domaio, a transmerobrane
domain, and an intraceliuiar signaling domain,

Pharmacentical Compositions

(80221] Pharmaceutical compositions of the present disclosure can coroprise a fusion proieis of
a cell expressing the fusion protein {2.2., a plurality of fusion protein-expressing cells), as

described herein, in combination with one or more pharmaceutically or physiologically
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acceptable carriers, diluents or exciptenis. Such compositicns can compnise buffers anch ag
neutral buffered saline, phosphate buffored saline and the like; carbohydrates such as glucose,
mannose, sucrose of dexirans, mannitol, profeins; polypeptides or amino acids such as glycing;
antioxidants; chelating agents such as EDTA or glutathione; adiuvants {e.g., aluminum
hydroxide), and preservatives,

{60222] Pharmaceutical compositions of the present disclosure can be administered in a mannper
appropriate to the disease to be treated {or prevenied). The quantity and frequency of
adnrinistration can be determined by such faciors as the conditton of the patient, and the type and
severity of the patient's disease, although appropriate dosages may be determined by clinical
iriafs.

160223] In preforred embodiments, the pharmaceutical composition 18 substantially tree of 2
contaminant, such as endotoin, royeoplasma, replication competent lentivirus (ROL), p24,
YVEY-(r mucieis acid, HIYV gag, residual anti-C D3/ ant-CD28 coated beads, mouse antibodies,
pooled human serurn, bovine serurn alburin, bovine serurn, culture media components, vector
packaging cell or plasmid components, a bacterium and a fungus. The pharmaceutical
compostiion can be free from bacterium such as Alcaligenes faecalis, Candida albicans,
Eacherichia coli, Haemophilus influenza, Neisseria meningitides, Psendomonas aeruginosa,

Staphylococous aureus, Streptococcus preunonia, and SreptococCus pyogenes group Al

Method of Preparing Therapeutic Cells

i80224] In one aspect, the present disclosure provides a method of preparing a modified cell
comprising a fusion protein for experimental or therapentic use.

80225} Ex vivoe procedures for making therapeutic fusion protein-moditied cells are well
known in the art. For example, cells are isolated from a manuuval {e.g, a human) and gevetically
modified (i.e., transduced or transfectad in vitre) with a vector expressing a fusion profein
disclosed herein. The fusion protein-modified cell can be adminisiered 1o a mamwmalian recipient
to provide a therapeutic benefit. The mammalian recipient may be a human and the fusion
protein-modified cell can be autclogous with respect 1o the recipient. Alternatively, the cells can
be allogeneic, syngeneic or xenogeneic with respect to the recipient. The procedure for ex vivo
expansion of hematopotetic stern and progenitor cells 18 deseribed 1 U8, Pat. No. 5,199,942,

incorporaied herein by reference, can be applied to the celis of the present diacloanre. Other
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suttable methods are known tn the art, therefore the present disclosure is not Hmiled to any

particular method of ox vive expansion of the cells.

Method of Lise

{80226] In one aspect, the present disclosure provides g type of cell therapy where a population
of celis 1s genetically modified fo express a fusion protein provided herein and the modified cells
are adnunistered to a subject in need thereot. In some ermbodirents, the methods comprise
culturing the population of cells {e.g in cell colture media) to a desired cell density {e.g, a cell
density sufficient for a particular cell-based therapy}. In some embodiments, the population of
cells are cultured in the absence of a protease inhibitor that represses sctivity of the protease or in
the presence of a protease inhibitor that represses activity of the proteass.

802271 In another aspect, the present disclosure provides a type of therapy where a
pharmaceutical composition comprising a fusion protein provided herein is administered to a
subject in need thereot

180228] In some embodiments, the method comprises administering a protease whibitor that
represses activity of the protease after administration of the modified cells or the pharmacentical
composition. In some embodiments, the roethod further comprises withdrawing the protease
inhibitor after administration of the modified cells or the pharmacsutical composition.

180229] In some embodiments, admunisiration of the protease inhibitor to a subject induces
degradation of the polypeptide of tnterest. In some embodiments, adminisiration of the protease
inhihitor protects the polypeptide of uterest from degradation. In some embodiments,
withdrawal of the protease inhibitor from a subject induces degradation of the polypeptide of
interest. In some embodiments, withdrawing the protease inhibitor from g subject protects the
polypeptide of interest from degradation.

I80230] I some embodiments, administration of the protease inhibitor to a subject induces
activation of the polypeptide of interest. In some embodiments, administration of the protease
inhibitor induces inhibition of the polypeptide of imterest. In some embodiments, withdrawing
the protease inhibitor from g subject induces activation of the polypeptide of interest. In some
embodiments, withdrawing the protease inhibitor from a subject induces inhibition of the

polypeptide of mterest,
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{80231} In some embodiments, the population of cells are cultured 1n the presence of 3 protease
inhibitor that represses activity of the protease o degrade the polypeptide of interest to produce
an expanded population of cells. For example, in some embodiments the fusion protein
comprises a positioned at the C-terminal end of the polypeptide of interest such that when the
cells are cultured 11 the presence of the protease inhibitor, the protease is wactivated and vnable
to cleave the cognate cleavage site that separates, for example, the C-terminal end of the
polypeptide of wterest from the degron. Thus, the degron remains fused to the polypeptide of
wnterest and promotes degradation of the polvpeptide through either the proteasome or an
autophagy-lysosome pathway. This is particularty advantageous, for example, if the polvpepude
of interest 15 a product that ts toxic to the cells or inhibuis cell survival and/or
proliteration/expansion of the celis,

180232] In some embodiments, the population of cells s cultured for a penod of ime that
results in the production of an expanded cell population that comprises at least 2-fold the number
of cells of the starting population. In some embodiments, the population of cells is cultured for a
period of time that resulis in the production of an expandad cell population that comprises at
igast 4-fold the number of cells of the starting population. In some embodiments, the population
of cells is enltured for a period of time that results in the production of an expanded cell
population that comprises at least 16-fold the number of celis of the starting population.

{#0233] In some embodiments, the methods further comprise withdrawing the protease wnhibvior
from the expanded population of cells. The protease indubitor may be reraoved, for example, by
siroply washing the cells with fresh culiure media. T the absence of the protease inhibitor, the
cells are able o produce the polypeptide of interest, £.g., i vive following administration of the
cells to a subject in need,

{30234) Thus, in some embodiments, the methods comprise delivering cells of the expandad
population of cells 1o a subiect in need of a cell-based therapy. In some embodiments, the
subject i3 & human suabject. In some embodiments, the subject 1o need has an autoimmune
condition. In some embodiments, the subject in need has & cancer {(8.g., 2 prifmary cancer or a
metastaiic cancer)

{0235) Thus, in some embodiments, the polypeptide of interest encodes a therapeutic protein.
Examples of therapentic proteins wocinde, but are not bnwted to, T cell recepiors {TTURs),

chimeric T cell receptors, artificial T cell receptors, synthetic T cell receptors, chimeric
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spmunoreceptors, antibody-conpled T cell receptors (ACTRs), T cel receptor fusion constructs
{TRUCs), chirneric antigen receptors {CARs), antihodies, Fo fusion proteins, anticoagulants,
biood factors, bone morphogenetic proteins, sngingered protein scatfolds, enzymes, growth
factors, hormones, interferens, interieukins, and thrombolytics.

[236] The methods, in some embodiments, may comprise admimestering to the subjecta
protease inhibitor that represses activity of the protease 1o degrade the polypeptide of interest.
The protease inhibitor may be admirnistered any time following admirustration of the cell-based
therapy (the expanded cells containing the polypeptide of interest) In some embodiments, the
protease inhibitor 1s administered | week, 2 weeks, 3 weeks, | month, 2 months, 3 months, 6
months, @ mounths, 1 year, 2 vears, 3 vears, 4 vears, or 5 years after the subject has recetved the
cell-based therapy. In some embodiments, the protease inhibitor 18 adnurustered depending on
the health condition of the subject.

i80237] Also provided herein are methods of regulating activity of a protein of inlerest either in
vivo of ex viva, In some embodimenis, the actvity of the protein of interest 15 regulated in vive
by delivering 1o a subject in nged of a ceil-based therapy a population of celis that comprise a
polynuciectide that encodes g fusion protein of the present disclosure comprising the protein of
interest fused 1o a sequence encoding a degron, and administering 1o the subject a protease
inhihitor that represses activity of the protease to degrade the protein of interest. In some
emsbodiments, the protein of interest is a therapeutic protein. In some embodiments, the method
can comprise the step of withdrawing a protease inhubitor that represses activity of the protease
from a subject. The protease inhibitor may be withdrawn any time Tollowing administration of
the cell-based therapy {the expanded celis containing the gene of intersst). In some
embodiments, the protease wnhibitor s withdrawn 1 week, 2 weeks, 3 weeks, T month, 2 months,
3 months, & months, 9 months, | vear, 2 vears, 3 vears, 4 vears, or 5 years after the subject has
received the cell-based therapy. In some embodirents, the protease inhibitor is withdrawr tor |
week, 2 weeks, 3 weeks, T month, 2 months, 3 months, 6 months, 9 months, 1 vear, 2 years, 3
years, 4 years, of 3 vears. In some embodiments, the protease inhibitor is withdrawn depending
o the health condition of the subisct.

{30238] In some embodiments, the activity of the protein of inferest is regulated by providing a
population of cells comprising a fusion protein of the preseut disclosure or a polynucleotide

encoding the fusion protein and contacting the population of cells with a protease inhibitor that
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represses activity of the protease. In some embodiments, the method further comprises removing
the protease inhibitor from the population of cells. The protease inhibitor may be removed any
time following contacting of the population of cells with the protease inhibitor. In some
embodiments, the protease inhibitor is removed | week, 2 weeks, 3 weeks, 1 month, 2 months, 3
months, &6 mouoths, 9 wonths, 1 vear, 2 vears, 3 years, 4 years, or § years after following
contacting of the population of cells with the protease inhibitor, In some embodiments, the
protease inhibitor 1s rerooved for 1 week, 2 weeks, 3 weeks, 1 month, 2 mouoths, 3 months, 6
months, 9 months, 1 vear, 2 years, 3 years, 4 years, or S years. In some embodiments, the
population of cells is administered 10 a subject in need of a cell-based therapy.

Kiis

{80239 Fusion proteins or nucleic acids encoding them as well as conditionally replicating viral
vectors can be provided in kits with sutiable instractions and other necessary reagents for
preparing or using them, as described above. The kit may contain in separate containers fusion
proteins, and/or recombinant constructs for producing fusion proteins, and/or conditionally
replicating viral vectors, and/or cells (etther already transfected or separate}. Additionally,
instructions {e.g., wntien, tape, VOR, CB-ROM, DVD, Blo-ray, flash drive, ete) for using the
fusion proteins or viral vectors may be included in the kit The kit may further inchude a protease
inhibiior, such as an HOV NA3 protease inhibitor, including, for example, sumepreviy,
danoprevir, asunaprevir, ciluprevir, boceprevir, sovaprevir, paritaprevir, telaprevir, grazoprevir,
glecaprevir, or voiloprevir. The kit may also contain other packaged reagends and materials

{e.g., transfection reagents, buffers, media, and the hke).

EXAMPLES

Example §: Single and Double Beimmunized Variants of NS3 protease/NS4 degron Fusion
Protein

{60248] Four different fusion proteins containing the following were generated: 1) chimeric
antigen receptor (CAR) polypeptide of interest, 2} variant HCV NA3 protease, 3} cognate
protease cleavage site, and 4 HCV NS4 degron operably linked 1o the CAR polypeptide of
interest. The four different fusion proteins differ from one another based ou ove or miore

mutations in the variant HCV N83 protease. The mutations of the different fusion proteins were
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tested to determine whether they could reduce immunogenicity while maintaining proteass
activity, therehy ensuring controllability over the CAR. Specifically, the four tusion proteins
have the following mutations in the variant HOV NS3 protease:

{80241] Fusion Protein | {T1080A) Includes a Thr to Ala substitution at a position
corresponding to position 1080 of the sequence shown in SEQ ID NGO T

{3242) Fusion Protein 2 (T1080A, VI077AY Includes a Thr to Ala substitution at a position
corresponding to position 1080 of the sequence shown iy SEQ I NG T and a Val to Ala
substifntion at a position corresponding 1o position 1077 of the sequence shown in SEQ 1 NG
i

{#3243] Fusion Protein 3 {(TI0B0A, WIDT79AY Includes a Thr to Ala substitution at 3 position
corresponding to position 1080 of the sequence shown in SEQ ID NG: | and a Trp to Ala
substifniion ai a posiion corresponding to position 1079 of the sequence shown in 3EQ 1D NG
i

{80244] Fosion Protein 4 (TI030A, VIOE1AY Includes a Thr o Ala substitution at a position
corresponding to position 1080 of the sequence shown in SEQ D NO: 1 and a Val to Ala
substitution at a posiion corresponding to position 1081 of the sequence shown in SEQ 1D NO:
i

{80245] On Day 0, total pan T-cell populations were 1sclated from penpheral blood
mononuciear cells (PBMCs) and stimuldated using Dvnabeada®. On Day 1, Tecell populations
underwent fentiviral fransduction. On Day 2, cell media was changed to remove lentivirus and

~
I
i

LentiBlast media. On Day 4, Dyoabeads® were temoved. Go Day 7, cell media was changed
and the T-cells were treated. To test the controllability of the CAR polypeptide of the fusion
proteins, a fivst population was treated with 2 pM asunaprevir, a small molecule whibwtor of
hepatitis C whereas a second population was left unreated (Mo A8V} On Dav 9, flow cytometry
using YEP and myc-tag (Alexadd 7y tluorescent tags was performed on the ASV treated T-cells
and the non-ASY treated T-cells to determine the fevel of CAR expression in the celis,

i80246] FIG 1 depicts the normalized % CAR expression in cells transfected to express one of
the four different fusion proteins. The cells were either ireated with asunaprevir {(+ASV) or
untreated {No ASYY Each of the values were normalized to the CAR expression in T1080A
varant expressing cells that were undreated. Notably, Fusion Protein 2 (TI0B0A, VIOTTA)Y,

Fusion Protein 3 (T1080A, WI0T9AY, and Fusion Protein 4 {T1080A, VO8I A} exhibited close
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o or bigher levels {e.g., 100%-150%) of CAR expression in comparison 1o Fusion Protein 1
{T1080A), thereby indicating that the additional mutations do not compromise the degron
functionality. For three of the fusion proteins, Fusion Protein 1 {T1080A}, Fusion Protein 2
{(T1080A, V1G77A)}, and Fusion Protein 4 (T1080A, VIO0S1A}, asunaprevir treatnent
significantly reduced the relative percentage of CAR expression. This indicates that the
inhibition of the HCV N83 proteass by the asunaprevir directly led 1o the reduced CAR
expression levels, Altogether, these results demonstrate the controllabiliy of the expression of a
polypeptide of interest, such as a CAR, on deimmunized fusion proteins by using small moleculs

knockdowns (e.g., USIIG asunaprevir},
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Sequence
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£0
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130
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330
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380
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430
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570 580
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a20 530
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&70 &80

> BELSPLLLTTT CWOVLPCSFET
720 730
WAIKWEYVY LLFLLLADAR
‘770 TED
GTHGLVSFLYV FECFAWYLKG
820 830
DTEVAASCGEE VVLVGLMALT
870G 280

DAVILLMCAV
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YIPLV
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ALVMAQLLRL
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CPTDCFREEP
640
MYVGEVEHRRL
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VLVILNPSVAA
1310
ADGGCSGEGEAY
1360
PRPGSVTIVPHEE
1410
DELAAKLVAL
1460
VIDCNTCVTO
151¢

BVAPGERPSG M

1560
CODHLEFWEG
1610
PRPEWDOMNWKC
1660
ADLEVVTSTW
1716
LYREFDEMEE
1760
QTNWOXKLETE
1810
LTTSQTLLEN
1860
ILAGYSAGVA

i910
ILRRHEVGPGE

19260
LTVTOLLRRL
2010
POLPEIPEVS
2060
TCENMWSGTE
2110
YVTGMTTDNL

WEKKPDYERPV
2360
SFGESSTSET
2410
SDESWSTVES
2460
LRHHNLVYST
25190
NLLSVEEACS
2560
VIPIDTTIMA
2610
KLPLAVMGES
2660
SDIRTEEATY

TLEGFGAYMSK
1320
DITICDECHS
1370
NIBEVALSTT
1420
GINAVAYYRG
1470

VETGLTHIDA
1620
LIRLKPTLHG
1470
VLVGEVLAAL
1720
CSQHLPYIEQ
1770
WAKHMWNFIS
1820
ILGEWVARAQL
1870
GALVAFKIMS
1920
GAVCWMNRLT
1970
HOWISSHECTT
202¢
CORGYKGVWE
2070
PINAYTTGPC

2120
KCPCQVESPE
2170
L PCEPEPDVAV

2220

2320
VHGCFLPPPK
2370
TGDNTTTESE
2420
EANAEDVVCC
2470
TSREACORQK
2520
LTPPHSAKSK
2570
KNEVFCVOPE
2620
YEFQYSPGOR
2670
QCCDLDPQAR

AHGIDPNIRT
133
TDATSILGIG
1380
GEIPEYGKAT
1430
LDVEVIPTSG
1480
TIETITLPCD
1530

C YDAGCAWYEL

1580
HELSQTRKQSG
1630
PTPLLYRLGA
1680
AAYCLSTGCV
1730
GMMLAEQFKQ
1780
GIQYLAG
1830
AAPGRATAFV
1880
GEVPSTEDLY

o
L

P ——
PCSGSWLRDY

2030
VDGIMHTRCH
Z080
TEPLPAPNYTE
2130
FFTELDGVRL
2180
LTEMLTDPSH
2230
SPDAELIEAN
2280

/] PAEILRKERR

233
SPPVEPPRKK
2380
PAPSGCDPDS
2430
SMSYSWTGAL
2480
KVTFDRLOVL
2530
FOYGAKDVRO
2580
KGGRKPARLT
2630
VEFLVQAWKS
2680

GVRTITTGSP
1340
TVLDQAETAG
13390
PLEVIKGERH
1440
VATDAL:
1490
AVSETORRGR
1540
TPAETTIVRLR
1590
BENLPYLA ]
i640

VONEITLTER

DVV

KALGLLOTAS
1720
LPGNPAIASL
1840
GAGLAGAAIG
18390
NLLPATLSPG

1940

ALWRVSAEEY
2140
HREAPPCKPL
2130
ITAEAAGERL
22490
LLWRQEMGGEN
2290
FAQALPVWAR
2340
RTVVLTESTL
2390
DAESYSSMPPR

HARKAVTHIN
2590
YEPDLEVRYC
2640
KKTPMGFSYD
2690
YVGGPLTNSR

ITYSTYCGKFL
1350
ARLVVLATAT
1400
LIFCHEKKKC
1450
MTGYTGEDRFDS
1500
TERGKPEIYR
i550
AYMNTPGLEV
1600
ATVCARAQAP
1650

VITKYIMTCMS

SVGELGKVI

ALVVEVVCRA
1950
AARVTATILSS
2000
FRTWLKAKLM
2050
NGTMRIVGPR

2300

POYNPPLVET
2350
STALAELATR
2400
LEGEPGDPDL
2450
LPINALSNSL
2500

. VEAAASKVEA

SVWKDLLEDN
2600
EXMALYDVVT
2650
TRCFDETVTIE
2700
GENCGEGYRRCR
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2710 2720 2730 27490 2750
ASGVLTTSCG NTLTCYTKAR AACRAAGLED CTMLVCGEDDL VVICESAGVQ
2760 277G 2780 2790 28006
FEDAASLRAFT EAMTRYSAPP GDPPCPEYDI, ELITSCSSNV SVAHDGEAGKR
2810 ZE20 2830 2840 2850
VYYLTRDETT PLARAAWETA RHTPVNSWLG NIIMFAPTLW ARMILMTHEFE
2880 28830 2900
CYSIEFLDLP PIIQRLHGLS AFSLHSYSPEG
2930 29490 2850
BINRVAACLR KLEVPPLRAW RHRARSVRAR LLARGGRAAT CEGKYLEFNWAVYV
2960 2970 2980 28990 3000
RTKLKLTPIA AAGQLDLSGW FTAGYSGGEDI YHSVISHARPR WIWFCLLLLA
301¢
AGVGIYLLEN R
SEQ ID | avariant NS3 | APITAYAQQT RGLLGCHTS LTGRDKNQVE GEVQIVSTAT QTFLATCING
NO: 2 protease is VCWAVYHGAG TRTIASPKGP VIQMYTNVDQ DLVGWPAPQG

derived from

SRSLTPCTCG SSDLYLVTRH ADVIPVRRRG DSRGSLLSPR PISYLKGSSG

an HCV NS3 | GPLLCPAGHA VGLFRAAVCT RGVAKAVDFI PVENLETTMR SPVFTD
SEQID | HCV NS4A TWVLVGGVLA ALAAYCLSTG CVVIVGRIVL SGKPAIIPDR EVLY
NO: 3 co-factor
SEQ ID | cognate CMSADLEVVTSTWVLVGGVL
NO: 4 protease
cleavage site
SEQ ID | cognate YQEFDEMEECSQHLPYIEQG
NO: 5 protease
cleavage site
SEQ ID | cognate WISSECTTPCSGSWLRDIWD
NO: 6 protease
cleavage site
SEQ ID | cognate GADTEDVVCCSMSYSWTGAL
NO: 7 protease
cleavage site
SEQ ID | cognate ADLEVVTSTWL
NO: 8 protease
cleavage site
SEQ ID | cognate DEMEECSQHL
NO: 9 protease
cleavage site
SEQ ID | cognate ECTTPCSGSWL
NO: 10 | protease
cleavage site
SEQ ID | cognate EDVVPCSMG
NO: 11 | protease
cleavage site
SEQID | HCV NS3 APITAYAQQT RGLLGCIITS LTGRDKNQVE GEVQIVSTAA QTFLATCING
NO: 12 | protease VCWTVYHGAG TRTIASSKGP VIQMYTNVDQ DLVGWPAPQG
ARSLTPCTCG SSDLYLVTRH ADVIPVRRRG DGRGSLLSPR PISYLKGSSG
GPLLCPAGHA VGIFRAAVCT RGVAKAVDFI PVEGLETTMR SPVFSD
SEQID | HIV-1 PQVTLWQRPLVTIKIGGQLKEALLDTGADDTVLEEMSLPGRWKPKMIGGIGG
NO: 13 | protease FIKVRQYDQILIEICGHKAIGTVLVGPTPVNIIGRNLLTQIGCTLNF
SEQ ID | fluorogenic EDANS-EPLFAERK-DABCYL
NO: 14 | calpain
substrate
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SEQID | Caspase 1 YVAD
NO: 15 | cleavage site
SEQID | Caspase 2 VDVAD
NO: 16 | cleavage site
SEQID | Caspasc 4 DEVD
NO: 17 | cleavage site
SEQID | Caspase 6 VEHD
NO: 18 | cleavage site
SEQID | Caspase 9 LGHD
NO: 19 | cleavage site
SEQ ID | Caspase 10 LQTDG
NO: 20 | cleavage site
SEQ ID | angiotensin
NO: 21 | converting
enzyme MGAASGRRGP GLLLPLPLLL LEPPOPALAL DPGLQPGNFS ADEAGAQLFA
(ACE) QSYNSSAEQV LFQSVAASWA HDTNITAENA RRQEEAALLS QEFAEAWGK
AKELYERPIWQO NFTDPOLRRIIGAVRTLGSA NLPLAKRQQY NALLSKMSRI
YETAKVCLPN KTATCWSLDP DLTNILASSRE SYAMLLFAWE GWHNAAGIPL
KPLYEDFTAL SNEAYKQDRGEF T TGAY WRBW YNSPTFEDDL EHLYQGLEPL
YEINLHAFVER ALHRRYGDRY INLRGPIPAH LLGDMWAQSW ENIYDMVVEF
PDXPNLDVTS TMLOOGWNAT HMFRVAEEFF TRLELSPMPP EFWEGSMLEK
PADGREVVCH ASAWDFYNEK DFRIKQCTRY TMDQLSTVHH BEMGHIGYYLG
YKDLPVSLER GANPGFHEAT GDVLALSVST PEHLHKIGLL DRVTINDTESD
INYLLKMALE KIAFLPFGYL VDOQWRWGVES GRTPPRRYNF DWWYLRTKY(Q
GICPPVTRNE THFDAGAKFH VPNVTPYIRY FVSFVLQFQF HEALCKEAQGY
EGPLHQCDIY RSTKAGAKLE KVLOAGSSRP WQEVLKDMVG LDALDAQPLL
KYFGPVTOWL QEONCQONGEV LGWPEYQGWHP PLPONY PEGI BLVTDEAEAS
KFVEEYDRTS QVVWNEYAEA NWNYNTNITT ETSKILLOKN MOIANHTLEY
GTOARKFDVN GLONTTIKRI IKKVQDLERA ALPAQELEEY NKILLDMETT
YRVATVCHPN GSCLOLEPDL TNYVMATSREY EDLLWAWEGW RDKAGRAILG
FYPKYVELIN QAARINGYVD AGDSWRSMYE TPSLEQDLER LFQELQPLYL
NEHAYVRRAL HRHYGACGHIN LEGPIPAHLL GNMWAQTWSN IYDLVVPFPR
APSMDTTEAM LKOQGWTPREM FKEADDFFTS LGLLPVPPEF WNKSMLEEPT
DGREVVCHAS AWDFYNGKDF RIKQCTTVNL EDLVVAHHEM GHIQYFMQYK
DEPVALREGA NPGFHEAIGD VLALSVSTPK HLHSLNLLSS EGGEDEHDIN
FLMKMALDKI AFIPFSYLVD QWRWRVEDGS ITKENYNQEW WSLRLKY(QGL
CPPVPRTQGD FEOPGAKFHIP SSVPYIRYFV SFIIQFQFHE ALCQAAGHTG
PLHECDIYOS KEAGQRLATA MKLGFSRPWP EAMQLITGOP NMSASAMLSY
FKPLLDWLRT ENELHGEKLG WPQYNWTPNS ARSEGPLPDS GRVSFLGLDL
DAGOARVOOW LLLFLGIALL VATLGLSORE FSIRHRSLHR HSHGPQFGSE
VELRHS
SEQ ID | amyloid EVNLDAEF
NO: 22 | precursor
protein
secretase beta
cleavage site
SEQID | MMP 2 PQGIAGQ
NO: 23 | cleavage site
SEQ ID | tobacco Etch | ENLYFQS
NO: 24 | virus (TEV)
protease
cleavage site
SEQ ID | Cleavage site | HPFHL
NO: 25
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SEQID
NO: 26

DENV
NS3pro
(NS2B/NS3)

SGVLWDTPSPPEVERAVLDDGIYRIMQRGLLGRSQVGVGVFQDGVFHTMWH
VITRGAVLMYQGKRLEPSWASVKKDLISY GGGWRFQGSWNTGEEVQVIAVE
PGKNPKNVQTAPGTFKTPEGEVGAIALDFKPGTSGSPIVNREGKIVGLYGNGV
VTTSGTY VSATIAQAKASQEGPLPEIEDEVFRKRNLTIMDLHPGSGKTRRYLPA
IVREAIRRNVRTLILAPTRVVASEMAEALKGMPIRYQTTAVKSEHTGKEIVDL
MCHATFTMRLLSPVRVPNYNMIIMDEAHFTDPASIARRGYISTRVGMGEAAA
IFMTATPPGSVEAFPQSNAVIQDEERDIPERSWNSGYEWITDFPGKTVWFVPSI
KSGNDIANCLRKNGKRVIQLSRKTFDTEY QKTKNNDWDY VVTTDISEMGAN
FRADRVIDPRRCLKPVILKDGPERVILAGPMPVTVASAAQRRGRIGRNQNKE
GDQYVYMGQPLNNDEDHAHWTEAKMLLDNINTPEGIIPALFEPEREKSAAID
GEYRLRGEARKTFVELMRRGDLPVWLSYKVASEGFQY SDRRWCFDGERNN
QVLEENMDVEMWTKEGERKKLRPRWLDARTYSDPLALREFKEFAAGRR

SEQID
NO: 27

DENV
NS3pro
(NS2B/NS3)

AGVLWDVPSPPPVGKAELEDGAYRIKQKGILGYSQIGAGVYKEGTFHTMWH
VTRGAVLMHKGKRIEPSWADVKKDLISY GGGWKLEGEWKEGEEVQVLALE
PGKNPRAVQTKPGLFKTNAGTIGAVSLDFSPGTSGSPIIDKKGKVVGLYGNG
VVTRSGAY VSATAQTEKSIEDNPEIEDDIFRKRKLTIMDLHPGAGKTKRYLPAI
VREAIKRGLRTLILAPTRVVAAEMEEALRGLPIRYQTPAIRAEHTGREIVDLM
CHATFTMRLLSPVRVPNYNLIIMDEAHFTDPASIAARGYISTRVEMGEAAGIF
MTATPPGSRDPFPQSNAPIMDEEREIPERSWSSGHEWVTDFKGKTVWFVPSIK
AGNDIAACLRKNGKKVIQLSRKTFDSEY VKTRTNDWDFVVTTDISEMGANF
KAERVIDPRRCMKPVILTDGEERVILAGPMPVTHSSAAQRRGRIGRNPKNEN
DQYIYMGEPLENDED CAHWKEAKMLLDNINTPEGIIPSMFEPEREKVDAIDG
EYRLRGEARKTFVDLMRRGDLPVWLAYRVAAEGINYADRRWCFDGIKNNQI
LEENVEVEIWTKEGERKKLKPRWLDAKIYSDPLALKEFKEFAAGRK

SEQID
NO: 28

DENV
NS3pro
(NS2B/NS3)

SGVLWDVPSPPETQKAELEEGVYRIKQQGIFGKTQVGVGVQKEGVFHTMWH
VTRGAVLTHNGKRLEPNWASVKKDLISYGGGWRLSAQWQKGEEVQVIAVE
PGKNPKNFQTMPGIFQTTTGEIGAIALDFKPGTSGSPIINREGKVVGLYGNGV
VTKNGGY VSGIAQTNAEPDGPTPELEEEMFKKRNLTIMDLHPGSGKTRKYLP
AIVREAIKRRLRTLILAPTRVVAAEMEEALKGLPIRYQTTATKSEHTGREIVDL
MCHATFTMRLLSPVRVPNYNLIIMDEAHFTDPASIAARGYISTRVGMGEAAAI
FMTATPPGTADAFPQSNAPIQDEERDIPERSWNSGNEWITDFVGKTVWFVPSI
KAGNDIANCLRKNGKKVIQLSRKTFDTEYQKTKLNDWDFVVTTDISEMGAN
FKADRVIDPRRCLKPVILTDGPERVILAGPMPVTVASAAQRRGRVGRNPQKE
NDQYIFMGQPLNKDEDHAHWTEAKMLLDNINTPEGIIPALFEPEREKSAAIDG
EYRLKGESRKTFVELMRRGDLPVWLAHKVASEGIKY TDRKWCFDGERNNQI
LEENMDVEIWTKEGEKKKLRPRWLDARTYSDPLALKEFKDFAAGRK

SEQID
NO: 29

DENV
NS3pro
(NS2B/NS3)

SGALWDVPSPAATQKAALSEGVYRIMQRGLFGKTQVGVGIHIEGVFHTMWH
VTRGSVICHETGRLEPSWADVRNDMISY GGGWRLGDKWDKEEDVQVLAIEP
GKNPKHVQTKPGLFKTLTGEIGAVTLDFKPGTSGSPIINRKGKVIGLYGNGVV
TKSGDY VSAITQAERIGEPDYEVDEDIFRKKRLTIMDLHPGAGKTKRILPSIVR

EALKRRLRTLILAPTRVVAAEMEEALRGLPIRYQTPAVKSEHTGREIVDLMCH
ATFTTRLLSSTRVPNYNLIVMDEAHFTDPSSVAARGYISTRVEMGEAAAIFMT
ATPPGTTDPFPQSNSPIEDIEREIPERSWNTGFDWITDY QGKTVWFVPSIKAGN

DIANCLRKSGKKVIQLSRKTFDTEYPKTKLTDWDFVVTTDISEMGANFRAGR

VIDPRRCLKPVILPDGPERVILAGPIPVTPASAAQRRGRIGRNPAQEDDQY VFS

GDPLKNDEDHAHWTEAKMLLDNIY TPEGIIPTLFGPEREKTQAIDGEFRLRGE

QRKTFVELMRRGDLPVWLSYKVASAGISYKDREWCFTGERNNQILEENMEV
EIWTREGEKKKLRPKWLDARVYADPMALKDFKEFASGRK

SEQID
NO: 30

Sub-sequence
of HCV la
polyprotein

GLLGCIITSL

SEQID
NO: 31

Sub-sequence
of HCV 1a
polyprotein

GEVQIVSTAAQTFLATCINGVCWTVY
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SEQID | Sub-sequence | GEVQIVSTAAQTFLA
NO:32 | of HCV 1a
polyprotein
SEQ ID | Sub-sequence | QTFLATCINGVCWTV
NO:33 | of HCV 1a
polyprotein
SEQID | Sub-sequence | CINGVCWTVY
NO:34 | of HCV 1a
polyprotein
SEQID | Sub-sequence | SSDLYLVTRHADVIP
NO:35 | of HCV 1a
polyprotein
SEQID | Sub-sequence | YLVIRHAD
NO:36 | of HCV la
polyprotein
SEQID | Sub-sequence | LLCPAGHAV
NO:37 | of HCV la
polyprotein
SEQID | Sub-sequence | AVDFIPVEGLETTMR
NO:38 | of HCV 1a
polyprotein
SEQ ID | Sub-sequence | KIDTKYIMTCMSADL
NO:39 | of HCV la
polyprotein
SEQ ID | Degradation | PITKIDTKYIMTCMSADLEVVTSTWVLVGGVLAALAAYCLST
NO: 40 | sequences
SEQ ID | Targeting KKKRK
NO: 41 | sequence
SEQ ID | Targeting MLRT S SLFTRRVQP SLFRNILRLQ ST
NO: 42 | sequence
SEQ ID | Targeting KDEL
NO: 43 | sequence
SEQ ID | C-terminal DEMEECSQHLPGAGSSGDIMDYKDDDDKGSSGTGSGSGTSAPITAYAQQTR
NO: 44 | degradation GLLGCIITSLTGRDKNQVEGEVQIVSTATQTFLATCINGVCWAVYHGAGTRTI
signal with ASPKGPVIQMYTNVDQDLVGWPAPQGSRSLTPCTCGSSDLYLVTRHADVIPV
NS4A/4B RRRGDSRGSLLSPRPISYLKGSSGGPLLCPAGHAVGLFRAAVCTRGVAKAVD
protease FIPVENLETTMRSPVFTDNSSPPAVTLTHPITKIDTKYIMTCMSADLEVVTSTW
cleavage sitt | VLVGGVLAALAAYCLSTGCVVIVGRIVLSGKPAIIPDREVLY
SEQ ID | N-terminal MDYKDDDDKGSSGTGSGSGTSAPITAYAQQTRGLLGCIITSLTGRDKNQVEG
NO: 45 | degradation EVOQIVSTATQTFLATCINGVCWAVYHGAGTRTIASPKGPVIQMYTNVDQDLV
signal with GWPAPQGSRSLTPCTCGSSDLYLVTRHADVIPVRRRGDSRGSLLSPRPISYLK
HCV GSSGGPLLCPAGHAVGLFRAAVCTRGVAKAVDFIPVENLETTMRSPVFTDNS
NS5A/5B SPPAVTLTHPITKIDTKYIMTCMSADLEVVTSTWVLVGGVLAALAAYCLSTG
protease CVVIVGRIVLSGKPAGSSGSSIIPDREVLYQEFEDVVPCSMG
cleavage site
SEQ ID | PEST, Two LQMLPESEDEESYDTESEFTEFTEDELPYDDGSLQMLPESEDEESYDTESEFTE
NO: 46 | copies of FTEDELPYDD
residues 277-
307 of IxBa
(human)
SEQID | GRR, EIKDKEEVQRKRQKLMPNFSDSFGGGSGAGAGGGGMFGSGGGGGGTGSTGP
NO: 47 | Residues GYSFPH
352-408 of

pl05 (human)
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SEQID
NO: 48

DRR,
Residue 210-
295 of Cdc34

(yeast))

IDDENGSVILQDDDYDDGNNHIPFEDDDVYNYNDNDDDDERIEFEDDDDDD
DDSIDNDSVMDRKQPHKAEDESEDVED VERVSKKD

SEQID
NO: 49

SNS, Tandem
repeat of SP2
and NB (SP2-
NB-SP2)

PESMREEYRKEGSKRIK CPDCEPFCNKRGSPESMREEYRKE

SEQID
NO: 50

RPB, (Four
copies of
residues
1688-1702 of
RPBI1 (veast)

RSYSPTSPNYSPTSPSGSYSPTSPNYSPTSPSGGSRSYSPTSPNYSPTSPSGSYSP
TSPNYSPTSPSG

SEQID
NO: 51

SPmix,
Tandem
repeat of SP1
and SP2
(SP2-SP1-
SP2-SP1-
SP2)
(Influenza A
virus M2
protein)

PESMREEYRKEGSSLLTEVETPGSPESMREEYRKEGSSLLTEVETPGSPESMR
EEYRKE

SEQID
NO: 52

Three copies
of residue 79-
93 of
Influenza A
virus NS
protein

LIEEVRHRLKTTENSGSLIEEVRHRLKTTENSGSLIEEVRHRLKTTENSGS

SEQID
NO: 53

Residue 106-
142 of
ornithine
decarboxylas
e

FPPEVEEQDDGTLPMSCAQESGMDRHPAACASARINV

SEQID
NO: 54

mODC DA,
amino acids
422-461 of
mODC
(D433A,
D434A)

SHGFPPEVEEQAAGTLPMSCAQESGMDRHPAACASARINV
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CLAIMS

What is claimed is:

1.

A fusion protein, comprising:

a polypeptide of interest;

a variant hepatitis C virus (HCV) nonstructural protein 3 (NS3) protease; and

a cognate protease cleavage site,
wherein the variant HCV NS3 protease comprises one or more mutations; and
wherein the one or more mutations decrease immunogenicity when the fusion

protein is expressed in a mammalian cell.

The fusion protein of claim 1, wherein the variant HCV NS3 protease is derived from an

HCYV polyprotein comprising the amino acid sequence of SEQ ID NO: 1.

The fusion protein of claim 1 or claim 2, wherein the one or more mutations comprise

one or more amino acid substitutions.

The fusion protein of claim 3, wherein the one or more amino acid substitutions

correspond to amino acid substitutions within SEQ ID NO: 1.

The fusion protein of claim 4, wherein the one or more amino acid substitutions are at
one or more positions corresponding to positions 1038 to 1047 of SEQ ID NO: 1,
positions 1057 to 1081 of SEQ ID NO: 1, positions 1073 to 1081 of SEQ ID NO: 1,
positions 1073 to 1082 of SEQ ID NO: 1, positions 1127 to 1141 of SEQ ID NO: 1,
positions 1131 to 1138 of SEQ ID NO: 1, positions 1169 to 1177 of SEQ ID NO: 1,
and/or positions 1192 to 1206 of SEQ ID NO: 1.

The fusion protein of claim 5, wherein the one or more amino acid substitutions are
selected from the group consisting of a position corresponding to position 1062 of SEQ
ID NO: 1, a position corresponding to position 1069 of SEQ ID NO: 1, a position
corresponding to position 1070 of SEQ ID NO: 1, a position corresponding to position
1071 of SEQ ID NO: 1, a position corresponding to position 1072 of SEQ ID NO: 1, a
position corresponding to position 1074 of SEQ ID NO: 1, a position corresponding to
position 1075 of SEQ ID NO: 1, a position corresponding to position 1077 of SEQ ID
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10.
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NO: 1, a position corresponding to position 1078 of SEQ ID NO: 1, a position
corresponding to position 1079 of SEQ ID NO: 1, a position corresponding to position
1080 of SEQ ID NO: 1, a position corresponding to position 1031 of SEQ ID NO: 1, a
position corresponding to position 1132 of SEQ ID NO: 1, a position corresponding to
position 1133 of SEQ ID NO: 1, a position corresponding to position 1195 of SEQ ID
NO: 1, a position corresponding to position 1196 of SEQ ID NO: 1, a position
corresponding to position 1201 of SEQ ID NO: 1, a position corresponding to position
1202 of SEQ ID NO: 1, and any combination thereof.

The fusion protein of claim 5, wherein the one or more amino acid substitutions are
selected from the group consisting of an Ile to Leu substitution at a position
corresponding to position 1074 of SEQ ID NO: 1, an Ile to Met substitution at a position
corresponding to position 1074 of SEQ ID NO: 1, an Asn to Ala substitution at a position
corresponding to position 1075 of SEQ ID NO: 1, a Val to Ala substitution at a position
corresponding to position 1077 of SEQ ID NO: 1, a Cys to Phe substitution at a position
corresponding to position 1078 of SEQ ID NO: 1, a Trp to Ala substitution at a position
corresponding to position 1079 of SEQ ID NO: 1, a Thr to Ala substitution at a position
corresponding to position 1080 of SEQ ID NO: 1, a Val to Ala substitution at a position
corresponding to position 1081 of SEQ ID NO: 1, a Val to Asn substitution at a position
corresponding to position 1081 of SEQ ID NO: 1, and any combination thereof.

The fusion protein of claim 5, wherein the one or more amino acid substitutions comprise

a Thr to Ala substitution at a position corresponding to position 1080 of SEQ ID NO: 1.

The fusion protein of claim 5, wherein the one or more amino acid substitutions comprise
a Thr to Ala substitution at a position corresponding to position 1080 of SEQ ID NO: 1
and a Val to Ala substitution at a position corresponding to position 1077 of SEQ ID NO:
1.

The fusion protein of claim 5, wherein the one or more amino acid substitutions comprise
a Thr to Ala substitution at a position corresponding to position 1080 of SEQ ID NO: 1
and a Val to Ala substitution at a position corresponding to position 1081 of SEQ ID NO:
1.
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11.

12.

13.

14.

15.

16.
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The fusion protein of any one of claims 1-10, further comprising an HCV NS4A co-

factor.

The fusion protein of any one of claims 1-11, further comprising a degron, wherein the

degron is operably linked to the polypeptide of interest.

The fusion protein of claim 12, wherein the degron is selected from the group consisting
of HCV NS4 degron, PEST (two copies of residues 277-307 of human IkBa) (SEQ ID
NO: 46), GRR (residues 352-408 of human p105) (SEQ ID NO: 47), DRR (residues 210-
295 of yeast Cdc34) (SEQ ID NO: 48), SNS (tandem repeat of SP2 and NB (SP2-NB-
SP2 of influenza A or influenza B) (SEQ ID NO: 49), RPB (four copies of residues 1688-
1702 of yeast RPB) (SEQ ID NO: 50), SPmix (tandem repeat of SP1 and SP2 (SP2-SP1-
SP2-SP1-SP2 of influenza A virus M2 protein) (SEQ ID NO: 51), NS2 (three copies of
residues 79-93 of influenza A virus NS protein) (SEQ ID NO: 52), ODC (residues 106-
142 of ornithine decarboxylase) (SEQ ID NO: 53), Nek2A, mouse ODC (residues 422—
461), mouse ODC DA (residues 422-461 of mODC including D433 A and D434A point
mutations) (SEQ ID NO: 54), an APC/C degron, a COP1 E3 ligase binding degron motif,
a CRL4-Cdt2 binding PIP degron, an actinfilin-binding degron, a KEAP1 binding
degron, a KLHL2 and KLHL3 binding degron, an MDM2 binding motif, an N-degron, a
hydroxyproline modification in hypoxia signaling, a phytohormone-dependent SCF-
LRR-binding degron, an SCF ubiquitin ligase binding phosphodegron, a phytohormone-
dependent SCF-LRR-binding degron, a DSGxxS (SEQ ID NO: 55) phospho-dependent
degron, an Siah binding motif, an SPOP SBC docking motif, and a PCNA binding PIP

box.

The fusion protein of any one of claims 1-13, wherein the variant HCV NS3 protease

comprises one or more additional mutations.

The fusion protein of claim 14, wherein the one or more additional mutations modulate

enzymatic activity of the variant HCV NS3 protease.

The fusion protein of claim 14 or claim 15, wherein the one or more additional mutations

are one or more additional amino acid substitutions.
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18.

19.

20.

21.

22.

23.

24.
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The fusion protein of claim 16, wherein the one or more additional amino acid
substitutions are at one or more positions corresponding to position 1074 of SEQ ID NO:

1, position 1078 of SEQ ID NO: 1, and/or position 1079 of SEQ ID NO: 1.

The fusion protein of claim 17, wherein the one or more additional amino acid
substitutions are selected from the group consisting of an Ile to Ala substitution at a
position corresponding to position 1074 of SEQ ID NO: 1, a Trp to Ala substitution at a
position corresponding to position 1079 of SEQ ID NO: 1, and any combination thereof.

The fusion protein of claim 18, wherein the one or more additional amino acid

substitutions decrease enzymatic activity of the variant HCV NS3 protease.

The fusion protein of claim 17, wherein the one or more additional amino acid
substitutions comprise a Cys to Ala substitution at a position corresponding to position

1078 of SEQ ID NO: 1.

The fusion protein of claim 20, wherein the one or more additional amino acid

substitutions increase enzymatic activity of the variant HCV NS3 protease.

The fusion protein of any one of claims 1-21, wherein the cognate protease cleavage site
comprises an amino acid sequence selected from the group consisting of any of the amino

acid sequences listed in Table 1.

The fusion protein of any one of claims 1-21, wherein the cognate protease cleavage site
comprises an amino acid sequence selected from the group consisting of
CMSADLEVVTSTWYVLVGGYL (SEQ ID NG 4y, YOEFDEMEECSGHLPYIEQG
(SEQ I NG, S), WISSECTTPUSGSWLRDIWD (SHQ ID NG 6), and
GADTHDVVCCSMSY SWTGAL (SEQ D NG 7).

The fusion protein of any one of claims 1-21, wherein the cognate protease cleavage site
comprises an amino acid sequence selected from the group consisting of
ADLEVVTSTWL (3EQ [D NG: 83, BEMEECSCGHL (SEQ ID N 9), ECTTPCSGEWL
(SEC 1D NO: 10}, and EDVVPCSMG (SEG 1D NO: 1)
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26.

27.

28.

29.

30.

31.

32.

33.

34.
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The fusion protein of any one of claims 22-24, wherein the cognate protease cleavage site

comprises one or more mutations.

The fusion protein of claim 25, wherein the one or more mutations comprise one or more

amino acid substitutions.

The fusion protein of claim 25 or claim 26, wherein the one or more mutations increase

the catalytic rate of cleavage.

The fusion protein of claim 25 or claim 26, wherein the one or more mutations decrease

the catalytic rate of cleavage.

The fusion protein of any one of claims 1-28, wherein the polypeptide of interest is
selected from the group consisting of a membrane protein, a receptor, a hormone, a
cytokine, a transport protein, a transcription factor, a cytoskeletal protein, an extracellular

matrix protein, a signal-transduction protein, and an enzyme.

The fusion protein of any one of claims 1-28, wherein the polypeptide of interest

comprises a biologically active domain of a protein.

The fusion protein of claim 30, wherein the biologically active domain is a catalytic

domain, a ligand binding domain, or a protein-protein interaction domain.

The fusion protein of any one of claims 1-31, wherein the polypeptide of interest is a
receptor selected from the group consisting of a T cell receptor (TCR), a chimeric T cell
receptor, an artificial T cell receptor, a synthetic T cell receptor, a chimeric
immunoreceptor, an antibody-coupled T cell receptor (ACTR), a T cell receptor fusion

construct (TRUC), and a chimeric antigen receptor (CAR).

The fusion protein of any one of claims 1-31, wherein the polypeptide of interest is a

chimeric antigen receptor (CAR).

The fusion protein of any one of claims 1-28, wherein the polypeptide of interest is a

cytokine.
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36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.
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The fusion protein of claim 34, wherein the cytokine is a proinflammatory cytokine.

The fusion protein of any one of claims 1-35, wherein the cognate protease cleavage site

is localized within a domain of the polypeptide of interest.

The fusion protein of any one of claims 1-35, wherein the polypeptide of interest

comprises multiple domains.

The fusion protein of claim 37, wherein the cognate protease cleavage site is localized

between the multiple domains of the polypeptide of interest.

The fusion protein of any one of claims 1-38, wherein the variant HCV NS3 protease can

be repressed by a protease inhibitor.

The fusion protein of claim 39, wherein the protease inhibitor is selected from the group
consisting of simeprevir, danoprevir, asunaprevir, ciluprevir, boceprevir, sovaprevir,

paritaprevir, telaprevir, grazoprevir, glecaprevir, and voxiloprevir.
The fusion protein of any one of claims 1-40, further comprising a targeting sequence.

The fusion protein of claim 41, wherein the targeting sequence is selected from the group
consisting of a secretory protein signal sequence, a membrane protein signal sequence, a
nuclear localization sequence, a nucleolar localization signal sequence, an endoplasmic
reticulum localization sequence, a peroxisome localization sequence, a mitochondrial

localization sequence, and a protein binding motif sequence.

The fusion protein of any one of claims 1-42, wherein the variant NS3 protease is derived

from an HCV NS3 protease having the amino acid sequence of SEQ ID NO: 2.
A polynucleotide encoding the fusion protein of any one of claims 1-43.
A vector comprising the polynucleotide of claim 44.

A cell comprising the fusion protein of any one of claims 1-43, the polynucleotide of

claim 44, or the vector of claim 45.

101



47.

48.
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52.

53.

54.

55.

56.
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The cell of claim 46, wherein the cell is an immune cell or a cell line derived from an

immune cell.

The cell of claim 47, wherein the immune cell is selected from the group consisting of a
T cell, a B cell, an NK cell, an NKT cell, an innate lymphoid cell, a mast cell, an
eosinophil, a basophils, a macrophage, a neutrophil, a dendritic cell, and any

combinations thereof.
The cell of claim 46, wherein the cell is a mesenchymal stromal cell.

A pharmaceutical composition comprising the fusion protein of any one of claims 1-43

and an excipient.

A pharmaceutical composition comprising the cell of any one of claims 46-49 and an

excipient.

A method of treating a subject in need thereof, comprising administering the
pharmaceutical composition of claim 50 or claim 51.
A method of regulating activity of a protein of interest, comprising:

a) providing a population of cells comprising the fusion protein of any one of claims

1-43, the polynucleotide of claim 44, or the vector of claim 45; and

b) contacting the population of cells with a protease inhibitor.

The method of claim 53, further comprising the step of removing the protease inhibitor

from the population of cells.

The method of claim 53 or claim 54, further comprising the step of administering the

population of cells to a subject in need of a cell-based therapy.

A method of treating a subject in need of a cell-based therapy, comprising administering
to the subject a population of cells comprising the fusion protein of any one of claims 1-

43, the polynucleotide of claim 44, or the vector of claim 45.
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58.

59.

60.
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The method of claim 56, wherein the population of cells was cultured in the presence of a

protease inhibitor capable of inhibiting the repressible protease.

The method of claim 56, wherein the population of cells was cultured in the absence of a

protease inhibitor capable of inhibiting the repressible protease.

The method of any one of claims 56-58, further comprising the step of administering to

the subject the protease inhibitor capable of inhibiting the repressible protease.

The method of claim 59, further comprising the step of withdrawing the protease

inhibitor capable of inhibiting the repressible protease from the subject.
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In Continuation of Box Ill. Observations where unity of invention is lacking:

The inventions listed as Group I+ do not relate to a single special technical feature under PCT Rule 13.1 because, under PCT Rule 13.2,
they lack the same or corresponding special technical features for the following reasons:

The special technical feature of some inventions of Group I+ is a substitution at a specific position of SEQ ID NO: 1 recited therein.

The inventions of Group |+ share the technical features of a fusion protein of claim 1. However, this shared technical feature does not
represent an improvement over prior art as being obvious over US 2018/0179509 A1 to THE BOARD OF TRUSTEES OF THE LELAND
STANFORD JUNIOR UNIVERSITY (hereinafter "Stanford") in view of a paper entitled "Multifunctional CRISPR/Cas9 with engineered
immunosilenced human T cell epitopes"” by Ferdosi, et al. (ePub 02 July 2018) [Retrieved from the Internet 05 April 2020: <
https://www.biorxiv.org/content/10.1101/360198v1.full > ] (hereinafter "Ferdosi") as follows:

Stanford discloses a fusion protein (para [0041], "FIG. 1C, PSD95-NS3proNS4A fusion, (Top) shows the organization of fusions of
PSDY5 with NS3 protease (NS3pro) or NS3pro-NS4A, with predicted protein fragment sizes indicated. FIG. 1C (Bottom) shows that for
both constructs, PSD95 appears in HEK293 cells 24 hours post-transfection in the absence of the protease inhibitor asunaprevir (ASV)
at the expected cleaved size... the PSD95-NS3proNS4A fusion failed to exhibit expression with asunaprevir"), comprising:

a polypeptide of interest (FIG. 1C, PSD95 in PSD95-NS3proNS4A fusion),

an HCV NS3 protease; and a cognate protease cleavage site (para [0041), "FIG. 1B shows the amino acid sequence of the SMASH tag.
The NS3 protease sequence (light gray), sequence derived from NS3 helicase (dark gray), and sequence derived from NS4A (light gray)
are shown. Secondary structures (.alpha.-helices and /.beta.-strands) in the context of the original HCV polyprotein are underlined. The
NS4A/4B protease cleavage site is in dark gray, with an arrow indicating the site of cleavage").

Stanford does not specifically disclose that said HCV NS3 protease is an HCV NS3 protease variant comprising one or more mutations;
wherein the one or more mutations decrease immunogenicity when the fusion protein is expressed in a mammalian cell.

Ferdosi discloses a method for modification of a foreign therapeutic protein such as to eliminate human preexisting immunity against
said protein (Abstract, “The application of Cas9 for genetic and epigenetic therapies in humans raises concerns over immunogenicity of
this foreign protein. We report pre-existing human CD8+ T cell immunity to Streptococcus pyogenes Cas9 in the majority of healthy
individuals screened... we demonstrate that Cas9 protein can be modified to eliminate immunodominant epitopes through targeted
mutation while preserving its function and specificity"; pg 5, "Conventional methods of deimmunizing non-human therapeutic proteins
rely on trial-and-error mutagenesis or machine learning and often includes deletion of whole regions of the protein... Here, as a general
principle, we show that alteration of one of the anchor residues of an immunodominant epitope abolished specific T cell recognition.
However, HLA allotype diversity and the existence of numerous epitopes in the large Cas9 protein complicate the process of complete
deimmunization... The top binding T cell epitopes within Cas9 that are most promiscuous for common HLA class | and class Il alleles
have been recently predicted in silico using IEDB {immune epitope database)... However, this is the first study that experimentally
validates predicted immunodominant epitopes. None of the epitopes we report overlap with the peptides previously predicted... This is
not unsurprising since we restricted our analysis to one HLA haplotype. Additionally, improved algorithms are needed to predict epitopes
that hold up in experimental validation, as we show here).

It would have been obvious to one of ordinary skill in the art at the time of the invention to combine, in the course of routine
experimentation and with a reasonable expectation of success, Stanford and Ferdosi by applying the method of deimmunization
disclosed by Ferdosi to the SMASh tag disclosed by Stanford, to improve efficiency of SMASh tag-based therapeutic methods (para
[0194], "SMASh Allows Tunable and Reversible Control of Protein Expression with Rapid Onset"; para [0170], [0171], "this method can
be used to enhance the safety of RNA virus-based therapies... Viral vectors, engineered to encode degron fusion proteins, as described
herein, can be used to regulate protein production directly and provide a way to switch off replication of viruses that would otherwise be
difficult to control... this method can be used to enhance the safety of oncolytic viruses... Such oncolytic viruses can be brought under
the control of a protease inhibitor by incorporating a polypeptide required for efficient replication of the virus into a degron fusion
construct").

As the technical feature would have been obvious to one of ordinary skill in the art at the time of the invention, this cannot be considered
the special technical feature that would otherwise unify the inventions.

Some inventions of Group I+ share the technical feature of an HCV NS3 protease derived from an HCV polyprotein comprising the
amino acid sequence of SEQ ID NO: 1. However, this shared technical feature does not represent an improvement over prior art as
being anticipated by Stanford, as above.

Stanford discloses the amino acid sequence of HCV NS3 (para [0041], FIG. 1B, NS3 protease; SEQ ID NO: 4, wherein said SEQ ID NO:
4 has 100% identity to amino acids 1027-1212 of Applicant's SEQ ID NO: 1). As the technical feature was known in the art at the time of
the invention, this cannot be considered the special technical feature that would otherwise unify the inventions.

In alternative, some inventions of Group [+ share the technical feature of an HCV polyprotein comprising the amino acid sequence of
SEQ ID NO: 1. However, this shared technical feature does not represent an improvement over prior art as being anticipated by

WO 2004/003141 A2 to UNIV IOWA RES FOUND.[US], et al. (08 January 2004) disclosing said SEQ ID NO: 1 (SEQ ID NO: 2, 100%
identity to SEQ 1D NO: 1). As the technical feature was known in the art at the time of the invention, this cannot be considered the
special technical feature that would otherwise unify the inventions.

Therefore, inventions of Group I+ lack unity under PCT Rule 13 because they do not share the same or corresponding special technical
feature.
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