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GENE FRAGVENT OVEREXPRESSI ON SCREENI NG METHODOLOG ES,
AND USES THEREOF

CROSS REFERENCE TO RELATED APPLI CATI ONS
[ 0001] This application clainms priority under 35 U S.C. 8119
from Provisional Application Serial No. 62/894,664, filed August 30
2019; Provisional Application Serial No. 62/980,649, filed February
24, 2020; and Provisional Application Serial No. 63/030,898, filed
May 27, 2020; the disclosures of each of which are incorporated
herein by reference in their entirety.
STATEMENT REGARDI NG FEDERALLY SPONOCSORED RESEARCH
[ 0002] This invention was made with Government support under
CA222826, (GML23313, and H®09285 awarded by the National Institutes
of Health and under DCGE-1650112 awarded by the National Science
Foundation. The governnment has certain rights in the invention.
TECHNI CAL  FI ELD
[ 0003] The disclosure provides for screening mnethodol ogies using
gene fragnent overexpression that provide for the identification of
pepti de sequences which can nodulate the functional regions of
proteins of interests, and uses thereof. The disclosure further
provi des peptides and nethods use for inhibiting oncoproteins and
i nfectious agents .
| NCORPORATI ON BY REFERENCE OF SEQUENCE LI STI NG
[ 0004] Acconmpanying this filing is a Sequence Listing entitled,
"Sequence-listing_ST25" created on August 28, 2020 and having
6,298,535 bytes of data, machine formatted on |IBMPC, M5-W ndows
operating system The sequence listing is hereby incorporated by
reference in its entirety for all purposes
BACKGROUND
[ 0005] Genetic screening has rapidly become a ubiquitous tool to
probe protein function and accelerate drug discovery. Libraries of
genetically encoded perturbations (CRISPR-Cas9 sgRNA, siRNA, etc.)
enable high throughput identification of proteins essential to
cancer cells fitness and infectious organisnms. However, existing
screens typically fail to capture how proteins function biologically
and provide little infornmation on how to target hits

t herapeutically. Transposon nediated fragnentation and
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overexpression of cDNA has been used to identify peptide inhibitors
of essential proteins in Saccharonyces cerevisiae. However, these
libraries randomy generate gene fragments of various |engths

hi ndering control of library conposition, feature many out of frane
fragnents, and are limted in their translational rel evance due to

the choice of nodel organism

SUMMARY
[0006] Di scl osed herein are pharmaceuti cal conpositions in unit
dose form conpri sing: (a) a peptide or salt thereof; and (bn) at

| east one of a pharmaceutically acceptable: excipient, diluent, or
carrier. |In sone enbodinents, a peptide or salt thereof can have at
| east about 80% sequence identity to a polypeptide of any one of SEQ
ID NO 1-9489. In sone enbodinments, a peptide or salt thereof (i)
can nodulate an expression level of a target protein inplicated in a
di sease or condition, as nmeasured by an at least partial increase or
an at least partial decrease of a level of the target protein in an
in vitro assay in a cell treated with the peptide or salt thereof as
determned by a Western blot relative to a level of the target
protein in an otherwise conparable cell not treated with the peptide
or salt thereof; (ii) can produce an at least partial increase or an
at least partial decrease of an activity of the target protein, as
neasured by a level of the activity of the target protein in a cell
treated with the peptide or salt thereof relative to a level of
activity of the target protein in an otherwise conparable cell not
treated with the peptide or salt thereof as determined by an in
vitro assay; (iii) can produce an at least partial increase or an at
| east partial decrease of an activity of a protein downstream of the
target protein in a cellular pathway in a cell treated with the
peptide or salt thereof relative to a level of activity of the
protein downstream of the target protein in a cellular pathway in an
ot herwi se conparable cell not treated with the peptide or salt
thereof as determined by an in vitro assay; (iv) can kill a cancer
cell in an in vitro assay; or (v) any conbination of (i-iv) . In sone
enmbodi nents, a peptide or salt thereof can conprise at |east about
an 80% sequence identity to a polypeptide of SEQ ID NO 9530. In sone
enbodi nents, a peptide or salt thereof can conprise at |east about

an 80% sequence identity to a polypeptide of SEQ ID NO 9522.
2
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[0007] In some enbodinents, a peptide or salt thereof can
conprise at |east about an 80% sequence identity to a polypeptide of
SEQ ID NO 9521 or SEQ ID NO 9526. In some enbodinents, a peptide or
salt thereof can conprise at |east about an 80% sequence identity to
the polypeptide of SEQ ID NO 9531 or SEQ ID NO 9701. In sone

enbodi nents, a peptide or salt thereof can nodulate an expression

|l evel of a target protein inplicated in a disease or condition, as
nmeasured by an at least partial increase or the at |east partial
decrease of a level of the target protein in the in vitro assay in a
cell treated with the peptide or salt thereof as determned by the
Western blot relative to a level of the target protein in the

ot herwi se conparable cell not treated with the peptide or salt
thereof. |In sonme enbodinents, a target protein can be at |east
partially encoded by a gene in Table 7, a variant of a gene in Table
7, or a fragnent of any of these. In some enbodinents, a peptide or
salt thereof can produce an at least partial increase or an at |east
partial decrease of an activity of a target protein, as measured by
a level of the activity of the target protein in the cell treated
with the peptide or salt thereof relative to a level of activity of
the target protein in the otherwise conparable cell not treated with
the peptide or salt thereof as determned by the in vitro assay. In
some enbodi nents, a target protein can be at least partially encoded
by a gene in Table 7, a variant of a gene in Table 7, or a fragnent
of any of these. In sone enbodinents, a target protein can be a
kinase or a biologically active fragnent thereof. In some

enbodi ments, a target protein can be a phosphatase or a biologically
active fragment thereof. In some enbodi nents, a peptide or salt
thereof can produce an at least partial increase or an at |east
partial decrease of an activity of a protein downstream of a target
protein in a cellular pathway in the cell treated with the peptide
or salt thereof relative to a level of activity of the protein
downstream of the target protein in the cellular pathway in an

ot herwi se conparable cell not treated with the peptide or salt
thereof as determined by an in vitro assay. In some enbodinments, a
target protein can be at least partially encoded by a gene in Table
7, a variant of a gene in Table 7, or a fragnment of any of these. In

sonme enbodi nents, a target protein can conprise a protein at |east
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partially encoded by a gene in Table 7, a variant of a gene in Table
7, or a fragnment of any of these. In sone enbodinents, a peptide of
salt thereof can kill a cancer <cell in an in vitro assay. In sone
enmbodi ment s, a peptide or salt thereof can nodulate a target protein
by at least partially inhibiting a protein to protein interaction.

In sone enbodi nents, a protein to protein interaction can conprise a
ligand to receptor interaction. In some enbodi nents, a protein to
protein interaction can conprise a regulatory protein conplex. In
some enbodi ment s, a peptide or salt thereof can at least partially
reduce a protein to nucleic acid interaction. In sonme enbodi nents, a

peptide can conprise independently dy, or an anmino acid conprising

a G-Co alkyl, a G-CGo alkenyl, a C-Go alkynyl, a cycloalkyl, or an
al kyl cycl oal kyl side chain. |In sone enbodinents, a peptide can
conprise an amno acid conprising an aromatic side chain. In sone

enmbodi ment s, a peptide can conprise an amno acid conprising a side
chain that can be at least partially protonated at a pH of about
7.3. In sonme enbodinents, a peptide <can conprise an amno acid
conprising an anmide containing side chain. In sone enbodi nents, a
peptide can conprise an anmino acid conprising an alcohol or thiol
containing side chain. In sone enbodi nents, a peptide can conprise
an amno acid conprising a side chain that can be at least partially
deprotonated at a pH of about 7.3. In sone enbodi nents, a peptide or
salt thereof can conprise a reconbinant peptide. In sone

enmbodi ment s, at least one amino acid of the peptide or salt thereof
can conprise a chemcal nodification. In sonme enbodi nents, a

chemical nodification can conprise acetylation, sul fonati on,

am dati on, or esterification. In sonme enbodi nents, a peptide or salt
thereof can conprise a stapled peptide or salt thereof, a stitched
peptide or salt thereof, a macrocyclic peptide or salt thereof, or
any conbination thereof. |In sone enbodinents, peptide or salt

thereof can conprise a stapled peptide and the stapled peptide can

conprise a covalent linkage between two amno acid side-chains. I'n
some enbodi ment s, a peptide or salt thereof <can further conprise a
cell penetrating peptide directly or indirectly linked to a peptide
or salt thereof. In some enbodinents, an anmno acid of the peptide

or salt thereof positioned at an end term nus can conprise a side



WO 2021/041953 PCT/US2020/048594

chain that can be at least partially deprotonated at a pH of about
7.3.

[0008] Al'so disclosed herein are nucleic acids. In sone

enbodi ment s, a nucleic acid can at least partially encode a peptide,
having at |east about 80% sequence identity to a polypeptide of SEQ
ID NO 1-9489 or 9701. In sone enbodi nents, the peptide; (i) can
nodul ate an expression level of a target protein inplicated in a

di sease or condition, as measured by an at least partial increase or
an at l|east partial decrease of a level of the target protein in an
in vitro assay in a cell treated with the nucleic acid as determ ned
by a Western blot relative to a level of the target protein in an
otherwise conparable cell not treated with the nucleic acid; (ii)
can produce an at least partial increase or an at |least partial
decrease of an activity of the target protein, as neasured by a

| evel of the activity of the target protein in a cell treated wth
the nucleic acid relative to a level of activity of the target
protein in an otherwise conparable cell not treated with the nucleic
acid in as determined by an in vitro assay; (iii) can produce an at
| east partial increase or an at least partial decrease of an
activity of a protein downstream of the target protein in a cellular
pathway in a cell treated with the nucleic acid relative to a |evel
of activity of the protein downstream of the target protein in a
cellular pathway in an otherwi se conparable <cell not treated wth
the nucleic acid as determined by an in vitro assay; (iv) can kill a
cancer cell in an in vitro assay; or (v) any conbination of (i-iv)
In sone enbodi nents, a peptide at least partially encoded by the
nucleic acid may not conprise nore than about 40 anmino acids. In
sonme enbodi nents, a nucleic acid can be conprised in a

phar maceuti cal conposition in unit dose form |In some enbodinents, a
peptide at least partially encoded by the nucleic acid can conprise
i ndependently dvy, or an amino acid conprising a G-Co alkyl, a G-
Co alkenyl, a C1-Cl0 alkynyl, a cycloalkyl, or an alkylcycloalkyl
side chain. |In some enbodinents, a peptide at least partially
encoded by a nucleic acid can conprise an amno acid conprising an
aromatic side chain. 1In sone enbodinents, a peptide at |east
partially encoded by a nucleic acid can conprise an amno acid

conprising a side chain that can be at l|east partially protonated at
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a pH of about 7.3. In some enbodinents, a peptide at least partially
encoded by a nucleic acid can conprise an am no acid conprising an
am de containing side chain. In some enbodinments, a peptide at |east
partially encoded by a nucleic acid can conprise an amno acid
conprising an alcohol or thiol containing side chain. In sone

enbodi nents, a peptide at least partially encoded by a nucleic acid
can conprise an amino acid conprising a side chain that can be at

| east partially deprotonated at a pH of about 7.3. In sone

enbodi ments, a nucleic acid can be double stranded. In sone

enbodi nents, a nucleic acid can conprise DNA, RNA or any conbination

t her eof

[0009] Al'so disclosed herein are vectors that conprise a nucleic
acid of the disclosure. |In sone enbodinents, a vector can conprise a
pol ypeptide coat. |In sonme enbodinents, a vector can conprise a

nanoparticle, a microparticle, a viral vector, a virus-Ilike
particle, a liposonme, or any conbination thereof. In sone

enbodi nents, a vector can conprise a viral vector, and the viral
vector can conprise an AAV vector. In sonme enbodinents, an AAV
vector can be selected from the group consisting of: AAVI, AAV2,
AAV3, AAV4, AAV5, AAVe, AAVI, AAV8, AAVI9, AAVI0, AAV11l, AAVI 2,
AAVDJ, and variants thereof. In some enbodinents, the vector can be
a ganma-retroviral vector.

[0010] Al'so disclosed herein are isolated peptides or salt

t hereof conprising a sequence having at |east about 80% sequence
honol ogy to any one of the peptides of SEQ ID NO 1-9489 or 9701.
[0011] Also disclosed herein is a kit that conprises a
pharnmaceutical conposition, a nucleic acid, a vector, an isolated
peptide or salt thereof; and a container.

[0012] Provided herein is a method of at least partially
treating or preventing a disease or condition in a subject. In sone
cases, the method conprises administering a therapeutically

ef fective anount of a pharmaceutical conposition, a nucleic acid, a
vector, or an isolated peptide or salt thereof; to a subject to at
| east partially prevent or treat the disease or condition. |In sone
cases, a nethod conprises at least partially treating a subject. In
some cases, at least partially treating conprises aneliorating at

| east one synptom of a disease or condition. In sone cases, a nethod

6
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conprises at least partially treating. In sone cases, at |east
partially treating conprises reducing a growh of a tunmor. |In some
cases, a nethod conprises at least partially treating. In sone

cases, at least partially treating conprises at least partially
elimnating a tunor. In sonme cases, a disease or condition
conprises a cancer. |n some cases, a cancer conprises a sarconma, a
car ci nomm, a nel anonm, a |ymphoma, a leukema, a blastong, a germ
cell tumor, a nyel omg, or any conbination thereof. |In sone cases,

prior to treating a subject, the subject has been diagnosed wth

cancer
[0013] In sonme cases, a method provided herein can further
conprise diagnosing a subject with cancer. In sone cases, diagnhosing

conprises diagnosing with a physical examnination, a biopsy, a

r adi ol ogi cal imge, a blood test, a urine test, an antibody test, or
any conbination thereof. |In sone cases, diagnosing conprises
r adi ol ogi cal imagine. In some cases, radiological i magi ng conprises

a conmputed tonography (Cr) image, a nuclear scan, an X-Ray inage, a
magnetic resonance inmage (M), an ultrasound inage, or any

conbi nati on thereof. In sone cases, adninistering can be intra-
arterial, i nt ravenous, i nt ramuscul ar, oral, topical, intranasal,
subcut aneous, i nhal ati on, cat heterizati on, gastrostony tube

adm ni stration, i nt raosseous, ocular, otic, transdermal, rectal,
nasal , intravaginal, i ntracavernous , transurethral, subl i ngual or
any conbination thereof. |In sone cases, adnministering can be
performed at least about: 1 tine per day, 2 times per day, 3 tinmes
per day, or 4 tinmes per day. In sonme cases, admnistering can be
performed for about: 1 day to about 7 days, 1 week to about 5 weeks,
1 nonth to about 12 nonths, 1 year to about 3 years, 3 years to
about 8 years, or 8 years to about 20 years. |In sone cases, a nethod

further conprises adnministering a therapeutically effective anount

of a second therapy to a subject. In sone cases, a second therapy
conprises surgery, chenotherapy, radi ation therapy, inmunotherapy,
hormone therapy, a checkpoint inhibitor, targeted drug therapy, a

gene editing therapy, an RNA editing therapy, a protein knockdown
therapy, chineric antigen receptor (CAR) T-cell therapy, or a

conbi nation thereof.
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[0014] In some cases, a subject is a human. In sone cases, a
human is from about 1 day to about 1 nonth old, from about 1 nonth
to about 12 nonths old, from about 1 year to about 7 years old, from
about 5 years to about 25 years old, from about 20 years to about 50
years old, from about 45 years to about 80 years old, or from about
75 years to about 130 years old.

[0015] Provided herein is a method of making a pharnaceutical
conmposition. In sone cases, a nethod conprises contacting a peptide
or salt thereof with a pharmaceutically acceptable excipient,

di luent or carrier.

[0016] Provided herein is a method of at least partially
reducing or at least partially increasing activity of a target
protein conprising: (a expressing a fragment of a gene in a target
cell, wherein the gene fragnment is expressed from a polynucleotide,
wherein the gene fragnment conprises at least a portion of the target
protein and wherein the gene fragnent is from about 60 nucl eotides
to about 150 nucleotides in length; and (b) measuring the at |east
partial reduction or the at least partial increase of activity by
determining a change of a level of activity of the target protein in
a cell treated with the polynucleotide relative to a |evel of
activity of the target protein in an otherwi se conparable cell not
treated with the polynucleotide an in vitro assay; wherein the
target protein is selected from a protein at least partially encoded
by a gene or a variant thereof recited in Table 7.

[0017] Provided herein is a method of at least partially
reducing or at least partially increasing activity of a protein
downstream of a target protein in a cellular pathway conprising: (a)
expressing a fragment of a gene in a target cell, wherein the gene
fragnment is expressed from a polynucleotide, wherein the gene
fragment conprises at least a portion of the target protein and
wherein the gene fragment is from about 60 nucleotides to about 150
nucleotides in length; and (b) measuring the at |east partial
reduction or the at least partial increase of activity by
determining a change of a level of activity of the downstream
protein of a cell treated with the polynucleotide relative to a

| evel of activity of the downstream protein in an otherw se

conparable cell not treated with the polynucleotide in an in vitro

8
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assay; Wwherein the target protein is selected from a protein at

| east partially encoded by a gene or a variant thereof recited in
Table 7. In some cases, a fragnent of a gene encodes for a peptide
conprising a sequence having at |east about 80% sequence honology to
any one of the peptides of SEQ ID NO 1-9489 or 9701. |In sone cases,
a polynucleotide is conprised in a plasnid. |In sone cases, a

pol ynucl eotide or a plasmd can be transfected into a target cell.
In sonme cases, at least a portion of a target protein conprises
about 20 amino acids to about 50 amino acids. In sone cases, a
reduction of activity further conprises reduced cell growh.

[0018] Provided herein is a method of screening for at |east
partially reducing or at least partially increasing activity of a
target protein, a protein downstream of a target protein in a
cellular pathway, or both conprising: (a) expressing one or nore
fragnents of a gene in a target cell, wherein each gene fragnent is
expressed from a polynucl eotide, wherein the one or nore gene
fragnments conprise at least a portion of the target protein and
wherein the gene fragnment is from about 60 nucleotides to about 300
nucleotides in length; and (b) measuring the at |east partial
reduction or the at least partial increase of activity by
determining a change of a level of activity of the target protein in
a cell treated with the polynucleotide relative to a |evel of
activity of the target protein in an otherwi se conparable cell not
treated with the polynucleotide in an in vitro assay; wherein the
target protein is selected from a protein encoded by a gene or a
variant thereof recited in Table 7. In sonme cases, a fragnent of a
gene encodes for a peptide conprising a sequence having at |east
about 80% sequence honology to any one of peptides of SEQ ID Nos: 1-
9489. In sone cases, a polynucleotide is conprised in a plasmd. In
some cases, a polynucleotide or a plasmd is transfected into a
target cell. In sone cases, at least a portion of a target protein
conprises about 20 amino acids to about 50 amino acids.

[0019] The disclosure also provides a conposition conprising a
peptide fragment, wherein the peptide fragment consists of 35-45
amno acids from a protein selected from the group consisting of
AKT1, AR, ARAF, BRAF, CASP8, CCND1, CDH1, CDKN2A, CHEK2, CTNNB1,
DDX3X, DICER , EGFR, EP300, ERBB2, ERBB3, ERBB4, FBXW , FGFR2,
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FGFR3, FLT3, GFP, GNAll, GNAQ HPRT1, HRAS, |IDHL, IDH2, KEAPl, KIT,
KMI2C, KRAS, KRAS4B, MAP2K1 , MAX, MDM2, MDMM4, MET, MIOR, MYC, MYCL,
MYCN, NCOA3, NFE2L2, NKX2, NOTCH1, NRAS, OMOWC, PIK3CA, PIK3R1,
PPP2R1A, PTPN11l, RAB25, RACl, RAF1, RASAl, RBI, RHEB, RHOA, RRAS2,
RUNX1, SETD2, SF3Bl1, SKP2, SMAD2, SMAD4, SPCP, TERT, TGFBR2, TP53,
VHL, YAP1, ZFP36L2, ACEl, ACE2, DPP4, DPP8, DPP9, ANPEP, FAP, and
Fi bronectin, wherein the peptide fragnment at least partially
inhibits the biological activity of the protein fromwhich it has
greater than 98% identity and/or binds to a cognate of the protein.
In one enbodinent, the peptide fragment is identified by:
synthesizing a library of overlapping gene fragnents from a gene
that expresses the protein, wherein each gene fragment of the
library of overlapping gene fragnents has a unique nucleotide
sequence, wherein each gene fragnment has a sequence which partial
overlaps with the sequences of least two or nore gene fragnents
havi ng nucl eoti de sequences from the gene; pooling and cloning the
gene fragnents into vectors, wherein each vector overexpresses one
gene fragnent when transduced or transfected into a cell;
transfecting or transducing cells with the vectors conprising gene
fragments, wherein each transduced or transfected cell has only one
vector that conprises a gene fragnment; screening the transfected or
transduced cells for cell growh over various tine points;
sequencing and quantifying gene fragnment abundance from each of the
time points; and mapping the sequenced gene fragments back to the
gene that express the target protein and providing a depletion score
for each codon, wherein the depletion score is defined as the nean
depl eti on/ enri chnent of all overlapping sequenced gene fragnments,
and wherein codons of the gene fragments which have a depletion
score below a p =.05 significance threshold, indicates peptide
sequences which inhibit functional regions of the protein expressed
by the gene. In another enbodinent, the peptide fragnent consists
essentially of or consists of a sequence of 35-45 am no acids
selected from the group consisting of: (a a sequence of 35-40 am no
acids located between amino acid 6 and 466 of SEQ ID NO 9540 and
optionally wherein the peptide has a nmutation as referenced to SEQ
I D NO 9540 of 17K or 52R  (b) a sequence of 35-40 amino acids of
SEQ ID NO 9542; (c¢) a sequence of 35-40 amino acids of SEQ ID

10
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NO 9544; (d) a sequence of 35-40 amino acids of SEQ ID NO 9546 and
optionally wherein the peptide has a mutation as referenced to SEQ
I D NO:9546 of 464V, 466E, 467L, 468C, 469A/R, 568D, 575K, 5811,

594G N, 596D/S, 597QV, and/or 600E (e) a sequence of 35-40 anmino
acids of SEQ ID NO 9548 and optionally wherein the peptide has a
mutation as referenced to SEQ ID NO 9548 of 363D, and/or 367G (f) a
sequence of 35-40 amino acids of SEQ ID NO 9550; (g0 a sequence of
35-40 amino acids of SEQ ID NO 9552 and optionally wherein the
peptide has a mutation as referenced to SEQ ID NO 9552 of 222G

257G N, and/or 290G (h) a sequence of 35-40 amno acids of SEQ ID
NO 9554 and optionally wherein the peptide has a nutation as
referenced to SEQ ID NO 9554 of 118T and/or 84Y; (i) a sequence of
35-40 amino acids of SEQ ID NO 9556 and optionally wherein the
peptide has a mutation as referenced to SEQ ID NO 9556 of 381R
388L/Y, 389H, 415F, and/or 452G (j) a sequence of 35-40 amino acids
of SEQ ID NO 9558 and optionally wherein the peptide has a nutation
as referenced to SEQ ID NO 9558 of 32V, 34R, 333F, 334K, 335T,
383C/ G 386G 387I/K'Y, and/or 426D, (k) a sequence of 35-40 anino
acids of SEQ ID NO 9560 and optionally wherein the peptide has a
mutation as referenced to SEQ ID NO 9560 of 528C and/or 532A/M (1)
a sequence of 35-40 amino acids of SEQ ID NO 9562 and optionally
wherein the peptide has a nutation as referenced to SEQ ID NO 9562
of 1703S, 1705K, 1709N, 1806N, 1809R, 1810Y/V, and/or 1813DG (m a
sequence of 35-40 amino acids of SEQ ID NO 9564 and optionally
wherein the peptide has a nmutation as referenced to SEQ ID NO 9564
of 85M 108G K, 252C, 270C, 289T/V, 596R/'S, 598V, 628F, 719C/ D,

724S, 759N, 836H, 858R, 861Q and/or 891C, (n) a sequence of 35-40
amino acids of SEQ ID NO 9566 and optionally wherein the peptide has
a nutation as referenced to SEQ ID NO 9566 of 1397D, 1398P, 1399N,
14001, 1414C/ D, 1446C, and/or 1451P; (o) a sequence of 35-40 am no
acids of SEQ ID NO 9568 and optionally wherein the peptide has a
mutation as referenced to SEQ ID NO 9568 of 310F and/or 755M S

(p) a sequence of 35-40 amino acids of SEQ ID NO 9570 and
optionally wherein the peptide has a mutation as referenced to SEQ
ID NO 9570 of 103H and/or 232V, (q a sequence of 35-40 am no acids
of SEQ ID NO 9572 and optionally wherein the peptide has a nutation
as referenced to SEQ ID NO 9572 of 785R/'V, () a sequence of 35-40
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amno acids of SEQ ID NO 9574 and optionally wherein the peptide has
a nutation as referenced to SEQ ID NO 9574 of 426L, 465CH, 479Q
502V, 505G L, 516N R, 517E/ R, 520N, and/or 545C, (s) a sequence of
35-40 amino acids of SEQ ID NO 9576 and optionally wherein the
peptide has a nmutation as referenced to SEQ ID NO 9576 of 251Q

and/ or 545Q (1) a sequence of 35-40 amino acids of SEQ ID NO 9578
and optionally wherein the peptide has a mutation as referenced to
SEQ ID NO 9578 of 248C and/or 249C, (u) a sequence of 35-40 am no
acids of SEQ ID NO 9580 and optionally wherein the peptide has a
mutation as referenced to SEQ ID NO 9580 of 617E and/or 618L; (v) a
sequence of 35-40 amno acids of SEQ ID NO 9582; (w a sequence of
35-40 amino acids of SEQ ID NO 9584 and optionally wherein the
peptide has a nmutation as referenced to SEQ ID NO 9584 of 183C
and/ or 209H;, (x) a sequence of 35-40 amino acids of SEQ ID NO 9586
and optionally wherein the peptide has a mutation as referenced to
SEQ ID NO 9586 of 48V, 209P, and/or 247G (y) a sequence of 35-40
amno acids of SEQ ID NO 9588; (2 a sequence of 35-40 amino acids
of SEQ ID NO 9590 and optionally wherein the peptide has a nutation
as referenced to SEQ ID NO 9590 of 12v, 13R/'V, 59T, 60S/V, 61K/L,
and/or 117N R, (aa) a sequence of 35-40 amino acids of SEQ ID

NO 9592 and optionally wherein the peptide has a nmutation as
referenced to SEQ ID NO 9592 of 132C/H  (bb) a sequence of 35-40
amno acids of SEQ ID NO 9594 and optionally wherein the peptide has
a nutation as referenced to SEQ ID NO 9594 of 137E, 140Q and/or
172G K/ S; (cc) a sequence of 35-40 amino acids of SEQ ID NO 9596
and optionally wherein the peptide has a mutation as referenced to
SEQ ID NO 9596 of 152A, 333D/S, 413H, 477S, 483C, 524C, 525C, and/or
571D; (dd) a sequence of 35-40 amino acids of SEQ ID NO 9598 and
optionally wherein the peptide has a mutation as referenced to SEQ
ID NO 9598 of 559G 573Q 576P, 636V, 637H, 642E, 812V, and/or
816V/Y; (ee) a sequence of 35-40 amino acids of SEQ ID NO 9600 and
optionally wherein the peptide has a mutation as referenced to SEQ
ID NO 9600 of 370Y and/or 385Y; (ff) a sequence of 35-40 am no
acids of SEQ ID NO 9602 and optionally wherein the peptide has a
mutation as referenced to SEQ ID NO 9602 of 12R/V, 141, 19F, 20R
21R, 34L, 59G T, 61K/R, 62K, 63K, and/or 117N; (gg9) a sequence of
35-40 amino acids of SEQ ID NO 9604; (hh) a sequence of 35-40 amno

12
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acids of SEQ ID NO 9606 and optionally wherein the peptide has a
mutation as referenced to SEQ ID NO 9606 of 121R, 124L/S and/or

130C;, (i) a sequence of 35-40 anmino acids of SEQ |ID NO 9608;

(i) a sequence of 35-40 amno acids of SEQ ID NO 9610; (kk) a
sequence of 35-40 amino acids of SEQ ID NO 9612; (11) a sequence of
35-40 amino acids of SEQ ID NO 9614 and optionally wherein the
peptide has a nutation as referenced to SEQ ID NO 9614 of 11101,
1246H, and/or 1248C H; (mm) a sequence of 35-40 amino acids of SEQ
ID NO 9616 and optionally wherein the peptide has a nmutation as
referenced to SEQ ID NO 9616 of 1977R, 1981E, 2215F, 2230V, and/or
2406 A/ M (nn) a sequence of 35-40 amino acids of SEQ ID NO 9618;
(00) a sequence of 35-40 amno acids of SEQ ID NO 9620; (pp) a
sequence of 35-40 amino acids of SEQ ID NO 9622; (qq) a sequence of
35-40 amino acids of SEQ ID NO 9624; (rr) a sequence of 35-40 am no
acids of SEQ ID NO 9626 and optionally wherein the peptide has a
mutation as referenced to SEQ ID NO 9626 of 77G 79G Q 80A/I,

81S/V, and/or 82D/V; (ss) a sequence of 35-40 amno acids of SEQ ID
NO 9628; (tt) a sequence of 35-40 amino acids of SEQ ID NO 9630 and
optionally wherein the peptide has a mutation as referenced to SEQ
ID NO 9630 of 440R and/or 449Y; (uu) a sequence of 35-40 amino
acids of SEQ ID NO 9632 and optionally wherein the peptide has a
mutation as referenced to SEQ ID NO 9632 of 12D, 13D/ R, 16N,

61H K/'R, and/or 62K, (vv) a sequence of 35-40 amno acids of SEQ ID
NO 9634; (ww) a sequence of 35-40 amino acids of SEQ ID NO 9636 and
optionally wherein the peptide has a nmutation as referenced to SEQ
ID NO 9636 of 344G M 3451/Y, 365V, 420R, 471L, 539R  545A/ K, 546R
and/or 956F; (xx) a sequence of 35-40 anmno acids of SEQ ID NO 9638
and optionally wherein the peptide has a nutation as referenced to
SEQ ID NO 9638 of 375W 376R 379E/N, 557P, 560G Y, 565R  567E,
and/or 568T; (yy) a sequence of 35-40 anmino acids of SEQ |ID NO 9640
and optionally wherein the peptide has a nutation as referenced to
SEQ ID NO 9640 of 144C, 179R  182W 183Q'W 217K/R, 220M 256Y,
257C, 258C/H and/or 260G (zz) a sequence of 35-40 amino acids of
SEQ ID NO 9642 and optionally wherein the peptide has a mutation as
referenced to SEQ ID NO 9642 of 60v, 71L, 72D, 76A/ K, 279C, 282M
461G T, 498W 503V, 5041, 507K, and/or 510H L; (aaa) a sequence of
35-40 amino acids of SEQ |ID NO 9644; (bbb) a sequence of 35-40
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amno acids of SEQ ID NO 9646 and optionally wherein the peptide has
a nutation as referenced to SEQ I D NO 9646 of 15S, 18Y, 29L/S, 61R,
68H, 135N, 178V; (ccce) a sequence of 35-40 amno acids of SEQ ID
NO 9648; (ddd) a sequence of 35-40 amino acids of SEQ |ID NO 9650
and optionally wherein the peptide has a nutation as referenced to
SEQ ID NO 9650 of 789L; (eee) a sequence of 35-40 amno acids of
SEQ I D NO 9652 and optionally wherein the peptide has a mutation as
referenced to SEQ ID NO 9652 of 563S; (fff) a sequence of 35-40
amno acids of SEQ ID NO 9654 and optionally wherein the peptide has
a nutation as referenced to SEQ ID NO 9654 of 60V; (gg9) a sequence
of 35-40 amno acids of SEQ ID NO 9656 and optionally wherein the
peptide has a mutation as referenced to SEQ I D NO 9656 of 17A, 22R
371, 42C, 47K, D594, 60K, 61D, 62E/ R 63K, 70S, 73P, and/or 1617/ V,
(‘hhh) a sequence of 35-40 amino acids of SEQ |ID NO 9658 and
optionally wherein the peptide has a mutation as referenced to SEQ
ID NO 9658 of 72HL; (iii) a sequence of 35-40 anmino acids of SEQ
ID NO 9660 and optionally wherein the peptide has a nutation as
referenced to SEQ ID NO 9660 of 107L and/or 110N, (i) a sequence
of 35-40 amno acids of SEQ ID NO 9662 and optionally wherein the
peptide has a mutation as referenced to SEQ ID NO 9662 of 1543Q
1603R, 1625C/ L, and/ or 1628T; (kkk) a sequence of 35-40 amno acids
of SEQ ID NGO 9664 and optionally wherein the peptide has a nutation
as referenced to SEQ I D NO 9664 of 622Q 625C/ H, 626Y, 662R, 663P,
666E/ N/ T, 700E, 741E, 746V, 862K, 902d K, and/ or 903P; (111) a
sequence of 35-40 amino acids of SEQ |ID NO 9666; (rnmm) a sequence

of 35-40 amno acids of SEQ ID NO 9668 and optionally wherein the
peptide has a mutation as referenced to SEQ ID NO 9668 of 450E N;
(nnn) a sequence of 35-40 amino acids of SEQ ID NO 9670 and
optionally wherein the peptide has a mutation as referenced to SEQ
ID NO 9670 of 339L, 351G H, 352R/V, 353C/ N, 355V/ Y, 356L/ S, 361C H,
363S, 365D R, 366K, 368C, 382D, 383R, 384D, 3869V, 406V, 408L,

504R, 507N, 509G, 523W and/ or 524L/ R; (000) a sequence of 35-40
amno acids of SEQ ID NO 9672 and optionally wherein the peptide has
a nutation as referenced to SEQ ID NGO 9672 of 87N and/or 131G

(ppp) a sequence of 35-40 amno acids of SEQ ID NGO 9674; (gqq) a
sequence of 35-40 amino acids of SEQ ID NO 9676 and optionally

wherein the peptide has a mutation as referenced to SEQ ID NO 9676
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of 553H, (rrr) a sequence of 35-40 amino acids of SEQ ID NO 9678
and optionally wherein the peptide has a nmutation as referenced to
SEQ ID NO 9678 of 105C/V, 109S/V, HOP, 111R, 113V, 120E, 121Y,
125M P, 1260/S, 127P/Y, 130R/V, 1311, 132E/N, 134L, 135R, 136E/H,
137Q 138T/V, 141R'Y, 143A/M 144H P, 145P, 147G 151S/H, 152L/S,
155P, 156P, 157D, 158S, 159P, 161D/T, 162F/ N, 163C/H, 164E, 171K
172D/ F, 173G L, 176F/ R 177R/'S, 178Q 179D QR 180K, 181C/H, 190L,
192R, 193N'R, 194F/H, 195F/ M N, 196P, 197G L, 205N'S, 208G 2111,
213L, 214R, 215G, 216E/L, 218E, 220CH, 230P, 232S, 234CH,

236C/H, 2371/K/V, 238R'WY, 239D, 240R, 241F/ P, 242S/Y, 2431,

244D/'S, 245D/'S, 246T/V, 2471, 248QW 249G M S, 250R, 251F/ N, 253A,
2548, 255T, 2561, 257R, 258D/G K, 259V/Y, 262V, 265P, 266R/V,

267QW 270S/V, 271K/V, 272G M 273C/H 274G L, 2753FY, 276G P,

277d Y, 278R'S, 279E/ R, 280K/S, 281E/HV, 282QW 283P, 284P,

285K/ V, 286G Q 332F, 334V/W 337H'S, and/or 348F/S; (sss) a
sequence of 35-40 amino acids of SEQ ID NO 9680 and optionally
wherein the peptide has a nutation as referenced to SEQ ID NO 9680
of 79G 8O0R 82P, 89H, 115N, 117C, 118P, 120G 128H, 130D/ F, 131Y,
136V, 151F/N, 153P, 158R/V, 161Q 162R, 165D, 178P, 184P, and/or
188P; (ttt) a sequence of 35-40 anmino acids of SEQ ID NO 9682;

(uuu) a sequence of 35-40 amino acids of SEQ ID NO 9684 and
optionally wherein the peptide has a nutation as referenced to SEQ
ID NO 9684 of 159Y; (vvv) a sequence of 35-40 anmino acids of SEQ ID
NO 9688;  (www) a sequence of 35-40 amino acids of SEQ |ID NO 9686;
(xxX) a sequence of 35-40 amino acids of SEQ ID NO 9696; (yyy) a
sequence of 35-40 amino acids of SEQ ID NO 9700; (zzz) a sequence
of 35-40 amino acids of SEQ ID NO 9690; (aaaa) a sequence of 35-40
amino acids of SEQ ID NO 9692; (bbbb) a sequence of 35-40 am no
acids of SEQ ID NO 9694; and (cccc) a sequence of 35-40 anmino acids
of SEQ ID NO 9698. In another enbodinent, the peptide of (a) has the
sequence selected from the group consisting of SEQ ID NO 1-5, 5000-
5009 and 5010. |In another enbodinent, the peptide of (b) has the
sequence selected from the group consisting of SEQ ID NO 3499,

3750- 3759, 5011-5072 and 5073. |In another enbodi nment, the peptide of
(¢) has the sequence selected from the group consisting of SEQ ID
NGO 5074-5083 and 5084. |In another enbodinent, the peptide of (d)

has the sequence selected from the group consisting of SEQ ID NO 6-
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15, 350-489, 2555-2586, 2949-2974, 3500-3509, 3760-3792, 5086-5184
and 5185. In another enbodinment, the peptide of (e) has the sequence
selected from the group consisting of SEQ ID NO 490-498, 2587-2588,
2975-2981, 3511, 3793-3804, 5186-5227 and 5228. |In anot her

enbodi nent, the peptide of (f) has the sequence selected from the
group consisting of SEQ ID NO 5229-5249 and 5250. |n another

enbodi nent, the peptide of (g9 has the sequence selected from the
group consisting of SEQ ID NO 499-514, 2589-2591, 2982, 3511, 3805-
3816, 5251-5309 and 5310. In another enbodinment, the peptide of (n
has the sequence selected from the group consisting of SEQ ID NO
515-516 and 517. In another enbodinment, the peptide of (i) has the
sequence selected from the group consisting of SEQ ID NO 518-592,
2592- 2609, 2983-3009, 3443-3444, 3512-3514, 3817-3859, 5311-5449 and
5450. In another enbodinent, the peptide of (j) has the sequence
selected from the group consisting of SEQ ID NO 16-27, 593-636,
2610- 2629, 3010-3039, 3860-3862, 5451-5501 and 5502. |In another
enbodi nent, the peptide of (k) has the sequence selected from the
group consisting of SEQ ID NO 637-645, 2630-2634, 3040-3042, 3863-
3878, 5503-5581 and 5582. In another enbodinment, the peptide of (1
has the sequence selected from the group consisting of SEQ ID NO
28-32, 646-671, 2635-2639, 3043-3059, 3445-3447, 3515-3532, 3879-
3941, 5583-5862 and 5863. In another enbodinment, the peptide of (m
has the sequence selected from the group consisting of SEQ ID NO
33-49, 672-725, 2640-2655, 3060-3082, 3448, 3533-3536, 3942-3973,
5864-5933 and 5934. |In another enbodinment, the peptide of (n has
the sequence selected from the group consisting of SEQ ID NO 50-59,
726-736, 2656-2660, 3083-3104 and 3105. |In another enbodinment, the
peptide of (o) has the sequence selected from the group consisting
of SEQ ID NO 60, 737-742, 2661-2662, 3106-3107, 3537-3538, 3974-
3985, 5935-5979 and 5980. In another enbodinment, the peptide of (p
has the sequence selected from the group consisting of SEQ ID NO
743-745, 3539-3544, 3986-3998, 5981-6063 and 6064. In another

enbodi nent, the peptide of (q has the sequence selected from the
group consisting of SEQ ID NO 746-751, 2663, 3108-3110, 3449-3451,
3545- 3548, 3999-4047, 6065-6179 and 6180. In another enbodinment, the
peptide of (r) has the sequence selected from the group consisting
of SEQ ID NO 752-812, 2664-2668, 3111-3125, 3549, 4048-4061, 6181-
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6250 and 6251. |In another enbodinent, the peptide of (s) has the
sequence selected from the group consisting of SEQ ID NO 813-819,
2669- 2671, 3126-3130, 4062-4075, 6252-6309 and 6310. In another
enmbodi ment, the peptide of (t) has the sequence selected from the
group consisting of SEQ ID NO 820-824, 6311-6322 and 6323. In
another enbodinment, the peptide of (u has the sequence selected
from the group consisting of SEQ ID NO 825-855, 2672-2678, 3131,
3550-3572, 4076-4106, 6324-6470 and 6471. |In another enbodinent, the
peptide of (v) has the sequence selected from the group consisting
of SEQ ID NO 856-857 and 858. In another enbodinment, the peptide of
(ww has the sequence selected from the group consisting of SEQ ID
NO 859-863, 3132, 4107, 6472-6480 and 6481. In another enbodi nent,
the peptide of (x) has the sequence selected from the group
consisting of SEQ ID NO 61-63, 864-866, 2679-2682, 3133-3136, 6482-
6509 and 6510. |In another enbodinent, the peptide of (y) has the
sequence selected from the group consisting of SEQ ID NO 64-65,
867-875, 2683, 3137-3146, 4108, 6511-6524 and 6525. [In another
enmbodi ment, the peptide of (z) has the sequence selected from the
group consisting of SEQ ID NO 876-894, 2684, 3147-3149, 6526 and
6527. In another enbodinent, the peptide of (aa) has the sequence
selected from the group consisting of SEQ ID NO 895-905, 3150-3152,
4109, 6528-6556 and 6557. In another enbodinment, the peptide of (bb)
has the sequence selected from the group consisting of SEQ ID NO
66-69, 899-905, 4110-4111, 6558-6570 and 6571. |In another

enmbodi ment, the peptide of (cc) has the sequence selected from the
group consisting of SEQ ID NO 906-921, 2685, 3153-3156, 4112, 6572-
6581 and 6582. |In another enbodinent, the peptide of (dd) has the
sequence selected from the group consisting of SEQ ID NO 70-73,
922-950, 2686-2703, 3157-3184, 3573-3574, 4113-4127, 6583-6706 and
6707. In another enbodinent, the peptide of (ee) has the sequence
selected from the group consisting of SEQ ID NO 951-961, and 3185.
In anot her enbodinent, the peptide of (ff) has the sequence selected
from the group consisting of SEQ ID NO 962-1052, 2704-2721, 3186-
3198, 3452, 3575-3579, 4128-4158, 6708-6752 and 6753. In another
enmbodi ment, the peptide of (gg) has the sequence selected from the
group consisting of SEQ ID NO 4159-4167, 6754-6804 and 6805. In

anot her enbodi nent, the peptide of (hh) has the sequence selected
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from the group consisting of SEQ ID NO 74, 1053-1059, 2722, 3199-
3202, 3580, 4168-4180, 6806-6847 and 6848. |n another enbodi nent,
the peptide of (ii) has the sequence selected from the group
consisting of SEQ ID NO 6849-6850 and 6851. |In another enbodinent,
the peptide of (jj) has the sequence selected from the group
consisting of SEQ ID NO 3453-3455, 3581-3588, 4181-4221, 6852-6938
and 6939. In another enbodinment, the peptide of (kk) has the
sequence selected from the group consisting of SEQ ID NO 3589-3595,
4222-4262, 6940-7051 and 7052. |In another enbodinment, the peptide of
(11) has the sequence selected from the group consisting of SEQ ID
NO 75, 1060-1071, 2723-2729, 3203-3216, 3456-3457, 3596-3600, 4263-
4297, 7053-7272 and 7273. In another enbodinment, the peptide of (mm)
has the sequence selected from the group consisting of SEQ ID NO
76-77, 1072-1080, 3458, 3601, 4298-4311, 7274-7378 and 7379. In

anot her enbodi nent, the peptide of (nn) has the sequence selected
from the group consisting of SEQ ID NO 4312-4317, 7380-7408 ad
7409. In another enbodinment, the peptide of (oo) has the sequence
selected from the group consisting of SEQ ID NO 4318, 7410-7425 and
7426. In another enbodinment, the peptide of (pp) has the sequence
selected from the group consisting of SEQ ID NO 3602, 4319-4327,
7427-7452 and 7453. |n another enbodinent, the peptide of (qq) has
the sequence selected from the group consisting of SEQ ID NO 3603,
4328-4378, 7454-7617 and 7618. In another enbodi nent, the peptide
of (rr) has the sequence selected from the group consisting of SEQ
ID NO 1081-1183, 2730-2740, 3217-3221, 3459-3460, 3604-3634, 4379-
4430, 7619-7693 and 7694. In another enbodinment, the peptide of (ss)
has the sequence selected from the group consisting of SEQ ID NO
4431- 4435, 7695-7711 and 7712. In another enbodinment, the peptide of
(tt) has the sequence selected from the group consisting of SEQ ID
NO 1184-1187, 4436, 7713-7751 and 7752. |n another enbodinent, the
peptide of (uu) has the sequence selected from the group consisting
of SEQ ID NO 1188-1197, 2741-2747, 3222-3225, 4437-4444, 7753-7770
and 7771. In another enbodinment, the peptide of (vv) has the
sequence selected from the group consisting of SEQ ID NO 4445-4447,
7772-7781 and 7782. In another enbodinment, the peptide of (w) has
the sequence selected from the group consisting of SEQ ID NO 78-
111, 1198-1273, 2748-2788, 3226-3254, 3461-3463, 3635-3650, 4448-
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4565, 7783-8034 and 8035. In another enbodinent, the peptide of (xx)
has the sequence selected from the group consisting of SEQ ID NO
112-151, 1274-1308, 2789-2825, 3255-3279, 3651-3655, 4566-4608,
8036-8179 and 8180. In another enbodinent, the peptide of (yy) has
the sequence selected from the group consisting of SEQ ID NO 152-
153, 1309-1329, 2826, 3280-3287, 3656, 8181-8200 and 8201. In
another enbodinent, the peptide of (zz) has the sequence selected
from the group consisting of SEQ ID NO 154-171, 1330-1385, 2827-
2840, 3288-3301, 3464, 3657, 4609-4626, 8202-8309 and 8310. In
another enbodinent, the peptide of (aaa) has the sequence selected
from the group consisting of SEQ ID NO 4627, 8311-8212 and 8313. In
another enbodinent, the peptide of (bbb) has the sequence selected
from the group consisting of SEQ ID NO 172, 1386-1412, 2841- 2845,
3302-3313, 3658-3661, 4628-4640, 8314-8338 and 8339. In another
embodi ment, the peptide of (ccc) has the sequence selected from the
group consisting of SEQ |ID NO 3465-3467, 4641-4654, 8340-83402 and
8403. In another enbodinment, the peptide of (ddd) has the sequence
selected from the group consisting of SEQ ID NO 1413-1417, 3314,
3468- 3491, 3662-3674, 4655-4738, 8404-8619 and 8620. |In another
enmbodi ment, the peptide of (eee) has the sequence selected from the
group consisting of SEQ ID NO 1418-1424, 2846- 2856, 3315- 3321,
3492-3494, 3675-3713, 4739-4823, 8621-8860 and 8861. |In another
embodi ment, the peptide of (fff) has the sequence selected from the
group consisting of SEQ ID NO 1425-1432, 2857- 2858, 3322- 3329,

4824- 4829, 8862-8900 and 8901. In another enbodi nent, the peptide of
(ggg) has the sequence selected from the group consisting of SEQ ID
NO 173-175, 1433-1508, 2859-2872, 3330-3384, 4830-4833, 8902-8923
and 8924. In another enbodinent, the peptide of (hhh) has the
sequence selected from the group consisting of SEQ ID NO 1509-1514,
3495, 3714-3725, 4834-4845, 8925-8948 and 8949. In another

embodi ment, the peptide of (iii) has the sequence selected from the
group consisting of SEQ ID NO 1515-1518, 2873, 4846-4850, 8950-8965
and 8966. In another enbodinent, the peptide of (jjj) has the
sequence selected from the group consisting of SEQ ID NO 176-179,
1519- 1532, 2874- 2878, 3385-3392 and 3393. In another enbodi nent, t he
pepti de of (kkk) has the sequence selected from the group consisting

of SEQ ID NO 180-204, 1533-1589, 2879-2891, 3394-3410, 3496-3498,
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3726- 3731, 4851- 4922, 8967-9147 and 9148. I n anot her enbodi ment, t he
peptide of (111) has the sequence selected from the group consisting
of SEQ I D NO 4923-4931, 9149-9181 and 9182. I n anot her enbodi nment,
the peptide of (rnnm) has the sequence selected from the group

consi sting of SEQ ID NO 1590-1591, 2892, 3732- 3733, 4932- 4937,
9183-9227 and 9228. In another enbodinent, the peptide of (nnn) has
the sequence selected from the group consisting of SEQ ID NO 205-
207, 1592-1795, 2893- 2911, 3411- 3426, 3734- 3745, 4938- 4959, 9229-
9287 and 9288. In another enbodinent, the peptide of (o0o00) has the
sequence selected from the group consisting of SEQ ID NO 208, 1796-
1804, 2912-2913, and 3427. I n anot her enbodi nment, the peptide of
(ppp) has the sequence selected from the group consisting of SEQ ID
NGO  4960- 4976, 9289- 9389 and 9390. I n anot her enbodi nment, t he
peptide of (qqq) has the sequence selected from the group consisting
of SEQ ID NO 1805, 3746-3749, 4977- 4988, 9391-9416 and 9417. In
anot her  enbodi nent, the peptide of (rrr) has the sequence selected
from the group consisting of SEQ ID NGO 209-341, 1806- 2482, 2914-
2943, 3428- 3439, 4989- 4990, 9418- 9431 and 9432. In another

enbodi nent , the peptide of (sss) has the sequence selected from the
group consisting of SEQ ID NO 342-349, 2483- 2553, 2944- 2948, 3440-
3442, 4991- 4997, 9433- 9439 and 9440. I n anot her enbodi ment, t he
peptide of (ttt) has the sequence selected from the group consisting
of SEQ I D NO 4998-4999, 9441- 9458 and 9459. I n anot her enbodi nment,
the peptide of (uuu) has the sequence of SEQ ID NO 2554. In another
enbodi nent , the peptide of (vvv) has the sequence selected from the
group consisting of SEQ ID NO 9471-9472, and 9489. In another

enbodi ment , the peptide of (ww) has the sequence selected from the
group consisting of SEQ ID NGO 9460-9469 and 9470. |n another

enbodi nent , the peptide of (xxx) has the sequence selected from the
group consisting of SEQ ID NO 9479-9480, and 9483. In another

enbodi ment , the peptide of (yyy) has the sequence of SEQ |D NO 9487.
I n another enbodi nent, the peptide of (zzz) has the sequence
selected from the group consisting of SEQ ID NO 9473-9474, and
9488. In another enbodinent, the peptide of (aaaa) has the sequence
selected from the group consisting of SEQ ID NO 9475-9476, and
9486. I n another enbodinent, the peptide of (bbbb) has the sequence
selected from the group consisting of SEQ ID NO 9477-9478, and
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9485. |In another enbodinent, the peptide of (cccc) has the sequence

selected from the group consisting of SEQ ID NO 9481-9482, and

9484. |In another or further enbodinment of any of the foregoing

enbodi nents, the peptide fragnent is fused to a delivery peptide. In
a further enbodinment, the delivery peptide conprises a targeting
pepti de. In yet a further enbodinment, the peptide fragnent further
conprises a cell penetrating peptide (CPP) . In another enbodinent,
the delivery peptide conprises a cell penetrating peptide (CPP) . In

a further enbodi nent, the CPP is linked to the Ntermnus or C-

term nus of the peptide fragnent. In a further enbodinent, the
fusion construct further conprises a peptide |linker between the CPP
and the peptide fragnent. The disclosure also provide a peptide as

described in any of the foregoing enbodinents, wherein the peptide
is linked to a nanoparticle. The disclosure also provides a

pol ynucl eotide or oligonucleotide encoding a peptide fragment of as

descri be above and herein. The disclosure further provides a vector
conprising the polynucleotide or oligonucleotide. The vector can be
a viral vector such as an adenoviral, ganmavi r al or lentiviral

vect or. The disclosure also provides a reconbinant cell conprising
an ol igonucl eoti de, pol ynucl eotide or vector of the disclosure.

[0020] The disclosure also provides a nethod of treating a

cancer in a subject, conprising adnministering a conposition
conprising any one or nore of (a) - (uuu) (above) , wherein a peptide
(a) - (uuu) has a doni nant-negative effect and inhibits cancer growth,
i nvasi veness or migration. In one enbodi nent, the cancer is
selected from the group consisting of: adrenocortical car ci nona,
AlDS-related cancers, AIDS-related |ynphoma, anal cancer, anorectal
cancer, cancer of the anal canal, appendix cancer, childhood
cerebellar astrocytong, chil dhood cerebral astrocytoms, basal cell
carcinoma, skin cancer (non-melanoma) , biliary cancer, extrahepatic
bile duct cancer, intrahepatic bile duct cancer, bladder cancer,
urinary bladder cancer, bone and joint cancer, osteosarcoma and

mal i gnant fi brous histiocytons, brain cancer, brain tunobr, brain

stem glioma, cerebellar astrocytong, cerebral astrocytoma/ nmalignant

glioma, ependynona, rmedul |l obl astoms, supratentori al primtive
neur oect oder mal tunmors, visual pathway and hypothalamic glioms,
breast cancer, including triple negative breast cancer, bronchial

21



WO 2021/041953 PCT/US2020/048594

adenomas /carcinoids , carcinoid tunor, gastrointestinal, ner vous
system cancer, nervous system |ynphoma, central nervous system
cancer, central nervous system |ynphoma, cervical cancer, childhood
cancers, chronic |ynphocytic |eukenmia, chronic nmnyel ogenous |eukem a,
chronic nyeloproliferative di sorders, colon cancer, colorectal
cancer, cutaneous T-cell [|ynphoma, |ynmphoid neoplasm nycosis

fungoi des, Seziary Syndrone, endonetrial cancer, esophageal cancer,

extracrani al germ cell tunor, extragonadal germ cell tunor,

extrahepatic bile duct cancer, eye cancer, intraocular nelanons,
retinobl ast ong, gal | bl adder cancer, gastric (stomach) cancer,
gastrointestinal carcinoid tunor, gastrointestinal stromal tunor

(@sT), germ cell tunor, ovarian germ cell tunor, gestational

trophobl astic tunor glioma, head and neck cancer, hepatocellul ar

(liver) cancer, Hodgkin |ynphoma, hypopharyngeal cancer, intraocul ar
mel anoma, ocular cancer, islet cell tunors (endocrine pancreas),
Kaposi Sarcoma, kidney cancer, renal cancer, |aryngeal cancer, acute

| ynphobl astic | eukemia, acute nyeloid |eukenmia, chronic |ynphocytic

| eukemi a, chronic nyel ogenous |eukemia, hairy cell l|eukema, lip and
oral cavity cancer, liver cancer, |lung cancer, non-small cell lung
cancer, small cell lung cancer, AIDS-related |ynphoma, non-Hodgkin

| ynphoma, prinmary central nervous system |ynphoma, Wl denstram

macr ogl obul i nem a, medul | obl ast omm, mel anoma, i nt raocul ar (eye)

mel anoma, mer kel cell carcinonm, nmesot hel i oma  mal i gnant,

nmesot hel i oma, netastatic squanous neck cancer, nouth cancer, cancer
of the tongue, multiple endocrine neoplasia syndrome, nmycosis

fungoi des, nyel odyspl astic syndrones, myel odyspl astic/

nyel oproliferative di seases, chronic nyelogenous |eukenia, acute
nyeloid |leukemia, multiple nmyeloma, chronic nyeloproliferative

di sorders, nasophar yngeal cancer, neurobl astonmn, oral cancer, oral
cavity cancer, oropharyngeal cancer, ovarian cancer, ovarian
epithelial cancer, ovarian |ow malignant potential tunor, pancreatic
cancer, islet cell pancreatic cancer, paranasal sinus and nasal
cavity cancer, parathyroid cancer, penile cancer, pharyngeal cancer,
pheochr onocyt omg, pi neobl astoma and supratentori al primtive

neur oect oder mal tunmors, pituitary tunor, plasma cell

neopl asm mul tiple nyel oma, pleuropul nonary blastoma, prostate

cancer, rectal cancer, renal pelvis and ureter, transitional cel l
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cancer, retinoblastonn, r habdomyosar consg, salivary gland cancer,

ewing fanmly of sarcoma tunors, soft tissue sarcomm, uterine cancer,

uterine sarcoma, skin cancer (non-nelanoma) , skin cancer (nelanom) ,
papi | | onmas, actinic keratosis and keratoacanthomas , nerkel cell skin
car ci nonm, small intestine cancer, soft tissue sarconm, squanpus

cell carcinoma, stomach (gastric) cancer, supratentorial primtive
neur oect oder nal tunmors, testicular cancer, throat cancer, thynonsg,
thynoma and thymic carcinoma, thyroid cancer, transitional cell
cancer of the renal pelvis and ureter and other wurinary organs,
gest ati onal trophoblastic tunor, wurethral cancer, endonetrial
uterine cancer, uterine sarcomm, uterine corpus cancer, vaginal
cancer, vulvar cancer, and WIns Tunor.

[0021] The disclosure also provides a nethod of treating an
infection by a betacoronavirus , the nethod conprising admnistering
a conposition of of any one or nmore of (vvv) - (cccc) , wherein the
conposition inhibits the binding of a betacoronavirus to a receptor-
ligand on a human cell.

[0022] The disclosure also provides a screening method to
identify one or nore peptide sequences that nodulate functional
regions of target protein (s), conprising: synthesizing a library of
overl apping gene fragnments from one or nore genes that express the
target protein (s), wherein each gene fragnment has a unique

nucl eoti de sequence, wherein each gene fragnent from the same gene
that express a target protein has a sequence which partial overlaps
with the sequences of least two or nore gene fragnments having

nucl eoti de sequences from the sanme gene; pooling and cloning the
gene fragments into vectors, wherein each vector overexpresses one
gene fragnment when transduced or transfected into a cell;
transfecting or transducing cells with the vectors conprising gene
fragments, wherein each transduced or transfected cell has only one
vector that conprises a gene fragnent; screening the transfected or
transduced cells for a phenotypic characteristic associated wth
target protein activity; sequencing and quantifying gene fragnent
abundance from cells exhibiting the phenotypic characteristic; and
mappi ng the sequenced gene fragnments back to the gene that express
the target protein and providing a nodulation score for each codon,

wherein the nodulation score is defined as the nean
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depl etion/enrichment of all overlapping sequenced gene fragnents,
and wherein codons of the gene fragments which have a nodul ation
score above or below a p =.05 significance threshold, indicates
pepti de sequences which nodulate functional regions of the target
proteins. 1In one enbodinment, the library of overlapping gene
fragments is synthesized using pooled DNA oligonucleotide synthesis
on a solid substrate. In another or further enbodinment, the gene
fragments are 60 nucleotides to 300 nucleotides in length. I'n

anot her enbodi ment, the gene fragments are 120 nucleotides in
length. In another enbodinent, the target protein (s)y are associated
with a disease of disorder. In another enbodinment, the disease or
di sorder is cancer, Alzheiner's disease or a neurodegenerative
tauopat hy disorder. In another enbodinent, the genes expressing
target proteins are tunor suppressor genes, pro-apoptotic genes or
oncogenes. In another enbodinent, the vectors are viral vectors. In
anot her enbodiment, the viral vectors are reconbinant retroviral

vectors, adenoviral vectors, adeno-associated viral vectors,

al phaviral vectors, or lentiviral vectors. |In another enbodi nment,
the viral vectors are lentiviral vectors. In another enbodinent, the
phenotypi ¢ characteristic is cell growmh. In another enbodinment, the

phenotypic characteristic is inmmunostinulatory/inunosuppressive
activity. In another enbodinment, the phenotypic characteristic is
neur odegenerati ve tauopathy. In another enbodinment, the nodul ation
score is a depletion score indicating that the identified peptides
inhibit or suppress the functional activity of target proteins. |In
anot her enbodi nent, the nodulation score is an enrichnment score
indicating that the identified peptides enhance the functional
activity of target proteins.

[0023] The disclosure also provides a screening nmethod to
identify one or nore peptide sequences that inhibit functional
regions of target protein (s) expressed by oncogenes, conprising:
synthesizing a library of overlapping gene fragnents from one or
nore oncogenes that express the target protein (s), wherein each gene
fragment has a uni que nucl eotide sequence, wherein each gene
fragment from the sane gene that express a target protein has a
sequence which partial overlaps with the sequences of |east two or

nore gene fragments having nucl eotide sequences from the sane gene;
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pooling and cloning the gene fragnents into vectors, wherein each
vector overexpresses one gene fragment when transduced or
transfected into a cell; transfecting or transducing cells with the
vectors conprising gene fragnents, wherein each transduced or
transfected cell has only one vector that conprises a gene fragment;
screening the transfected or transduced cells for cell growh over
various tinme points; sequencing and quantifying gene fragnent
abundance from each of the time points; and mapping the sequenced
gene fragnents back to the oncogene that express the target protein
and providing a depletion score for each codon, wherein the
depletion score is defined as the nmean depletion/enrichnment of all
over | apping sequenced gene fragnments, and wherein codons of the gene
fragments which have a depletion score below a p = 05 significance
threshold, indicates peptide sequences which inhibit functional
regions of the target proteins expressed by the oncogenes. In

anot her enbodinent, the library of overlapping gene fragnents is

synt hesi zed using pooled DNA oligonucleotide synthesis on a solid

substrate. |In another enbodinment, the gene fragnents are 60

nucl eotides to 300 nucleotides in length. In another enbodinment, the
gene fragnents are 120 nucleotides in length. |In another enbodinent,
the vectors are viral vectors. |In another enbodinment, the viral

vectors are reconmbinant retroviral vectors, adenoviral vectors,
adeno-associated viral vectors, alphaviral vectors, or lentiviral
vectors. In another enbodinment, the viral vectors are lentiviral
vectors. In another enbodinment, the oncogenes includes one or nore
oncogenes selected from MCL-1, BCR BRAF, JAK1, JAK2, VEG-, EG-R,
ALK, CDK1, CDK2, CDK3, CDK3, CDK4, BRCA, PIK3CA MK, GCKIT, NRAS,
ABCB11, ANTXR2 , BCOR, CDKN1B, CYP27Al1, EMD, FANCF, ABCC8, APC,
BCORL1 , CDKN2A, CYP27Bl1, EP300, FANCG ABCC9, AR BLM CEP290, DAXX,
EPCAM FANCI, ABCDl1, AR D1A, BWMPRLA, CFTR, DBT, EPHA5, FANCL, ABL1,
ARI D2, RAF1, CHEKl1, DCC, EPHB2, FANCM ACADM, ARSA, BRCAl, CHEK2,
DCX, ERBB2, FAS, CADS, ASAHl1, BRCA2, CHv DDB2, ERBB3, FAT3, ACADVL ,
ASCC1, BRIP1L, CC, DDR2, ERBB4, FBXAl, ACTCl, ASL, BTD, CLN3, DES,
ERCC2 , FBX032, ACTN2, ASPA, BTK, CLN5, DHCR7, ERCC3, FBXW , ACVRLB,
ASS1, BUB1B, CLN6, DICERI, ERCC4, FG4, ADA, ASXL1l, CALR3, CLN8,

DI S3L2, ERCC5, FGFRL, ADAMIS13, ATM CARD11, COL1A2, DKC1l, ERCCs,
FGFR2, ADAMIS2 , ATP4A, CASP8, COL4A3, DLD, ERRFlI1, FGFR3, AGA
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ATP6VOD2 , CAV3, COL4A4, DMD, ESCO02, FH, AG, ATP7A, CBFB, COL7AL,
DNAJB2 , ESR1, FKTN, AGPS, ATP7B, CBL, COX15, DNMI3A, ETV6, FLCN,

AHI 1, ATP8B1 , CBLB, CREBBP, DSC2, EXOC2, FLT3, AP, ATR CBLC,

CRLF2 , DSE, EXT1, FMR1, AKAP9, ATRX, CBS, CRTAP, DSG, EXT2, FUBP1,
AKT1 , AXIN1, CCDCl178, CRYAB, DSP, EYA4, FZD3, AKT2, AXIN2 , CCNE1,
CSF1R, DINA, EZH2, GSPC, ALB, BAG3, CDr9A, CSMD3, ECT2L, FlI, GAA
ALDH3A2 , BAI3, CD79B, CSRP3, EDA, F5,  GABRAG, ALDOB, BAPl, CD96,
CTNNB1 , EDN3, FAH, GALNT12 , ALK, BARDl, CDC27, CINS, EDNRB, FAMA6C,
GALT, ALS2, BAX, CDCr3, CTSK, EED, FANCA, GATAl, AVERL, BAZ2B, CDHI,
CUBN, EGFR, FANCB, GATA2, AMPDl , BCKDHA, CDH23, CYLD, EGR2, FANCC,
GATA3, AWPH, BCKDHB, CDK12, CYP11Al, EHBP1, FANCD2 , GATADI , ANTXR1 ,
BCL6, CDK4, CYP21A2, ELMJ , FANCE, GBA, GCDH, JAK1, MM2, NEK2,
PLODL, ROS1, SwPDl, GIB2, JAK2, MECP2 , NEXN, PLPl, RPGRIPlL, SOXI QO
GA JAK3, MED12 , NF1, PMP22, RSI, SOX2, G.Bl, JuP, MEFV, NF2, PMS2,
RSPA , SPEG CGLI 1, KAT6A, MENL, NFE2L2 , POLD1, RTEL1, SPOP, GLI3,
KCNQL , MET, NFKBIA, POLE, RUNX1, SRC, G.MN, KDWB, M-SD8 , N PA2 ,
POLH, RUNX1T1 , SSTR1, GNA1ll, KDMA, MER3 , NKX3-1, POMGNT1 , RYRZ,
STAGR , GNAQ KDR, M TF, NOICHl, POMI1, S1PR2, STAR GNAS, KEAPL,

MKS 1, NOTCH2 , POUl1F1l, SAMDOL, STK1l, GNPTAB, KIF1B, MHl , NPCIL,
POU6F2, SBDS, SUFU, GPC3, KIT, MH3, NPC2, PPML, SCNL1A, SUZ12,
GPC6, KLF6, MVAB, NPHP1l, PPP2R1A, SCN5A, SYNE3, GPR78, KLHDC8B, MPL,
NPHP4 , PPT1, SCNN1A, TAZ, GRIN2A, KMI2A, MPZ, NPML, PRDML, SCNNL1B,
TBX20, GRMB, KMI2C, MRE11A, PRKAG , SCNNIG TCAP, GXYLT1 , KMI2D,
M5H2 , NRCAM PRKARLA, SC02, TCERGL , H3F3A, KRAS, MSH3 , NTRK1, PRKDC,
SDHA, TCF7L2 , HADHA, KREMEN1 , MSHG6, NUP62 , PROC, SDHAF2 , TERT,

HADHB, LICAM MSMB, OR5L1, PROP1, SDHB, TET2, HBB, LAVA2, MSR1, OIC,
PRPF40B, SDHC, TFG  HESX1, LANMA4, MIAP, OICOP1, PRX, SDHD, TGFB3,
HEXA, LAWMP2 , MIHFR, PAH, PSAP, SEPT9, TGFBR1, HEXB, LDB3, MIM ,
PALB2 , PSENl1, SETBPl, TG-BR2 , HFE, LEPRE1l, MIOR, PALLD, PSENZ,

SETD2 , THSD7B, HGSNAT, LIG4, MJIC16, PAX5, PTCHL, SF1, TINF2,

H ST1H3B, LMNA, MJT, PAXe, PTCH2, SF3A1, TMZ6, HNF1A, LPAR2, MJTYH,
PBRML , PTEN, SF3B1, TMC8, HRAS, LRP1B, MYBPC3 , PCDH15, PTGFR, SGCD,
TMEML27 , HSPH1 , LRPPRC, MWYC, PCGF2, PTPN11, SGSH, TMEMA3, |DHL,
LRRK2 , MyD88 , PDE11A, PTPN12, SH2B3, TMEMG67 , IDH2, LYST, MYHe,
PDGFRA, RAC1, SLC25A4 , TMPO, | GF2R, MNAP2K1 , MyH7 , PDHAl , RAD21,
SLC26A2, TNFAIP3, |GHAVBP2 , NAP2K2 , MyL2 , PDZRN3 , RAD50, SLC37A4 ,
TNFRSF1 4, | GSF10, MAP2K4 , MYL3, PEX1, RAD51B, SLC7A8, TNNCl, | KBKAP,
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MAP3K1 , MYLK2 , PEX7, RAD51C, SLC9A9, TNNI 3, |KZF1, MAP4K3, MYOIB,
PHF6, RAD51D, SLX4, TNNT1, |KZF4, MAP7, MYO7A, PIK3CA, RARB, SMAD?,
TNNT2, |L2RG MAPK10 , MYOzZ2, PIK3CG RBl1, SMAD4, TP53, |L6ST, MASIL,
MYPN, PlIK3Rl, RBM20, SMARCA4 , TPML, IL7R, MAX, NBN, PKHDl, RECQ.4 ,
SMARCB1 , TPP1, INVS, MC1R, NCOA2 , PKP2, RET, SMC1A, TRAF5, |RAK4,
MCCC2 , NCORL, PLEKHG , RHBDF2 , SMC3, TRIO, I TCH, MCOLNL, NDUFA13,
PLN, RNASEL, SMDO, TRPV4, TRRAP, W2AF1 , USHIC, WAS, WW1, ZIC3, TSC1,
WAF2 , USHLIG WBSCR17 , XPA, ZNF2, TSC2, UBAl, USP16, WEEl, XPC,
ZNF226, TSHB, UBR3, USP25, WNK2 , XRCC3 , ZNF473, TSHR, UROD, VCL,
WRN, ZBED4 , ZNF595, TTN, URCS, VHL, W1, ZFHX3, HER2, and ZRSR2 . In
anot her enbodi nent, the one or nore oncogenes are selected from
KRAS, HRAS, NRAS, RAFlI , BRAF, ARAF, Mc, Mx, FBXW , and EGFR. The
di sclosure also provides a peptide conprising a sequence that
inhibits functional regions of target protein (s) expressed by
oncogenes identified by the nethod of the disclosure. I n anot her
enbodi ment , the peptide inhibits the functional regions of EGFR and
has the sequence of EGFR-697 or inhibits the function regions of
RAFI and has the sequence of RAF1-73.
[ 0024] The disclosure also provides an isolated polypeptide or
peptide conprising, consisting essentially of or consisting of a
sequence that is 85% 87% 90% 92% 94% 95% 98% 99% or 100%
identical to any one sequence as set forth SEQ ID NGs: 1-9489. |In
anot her enbodi nent, the peptide inhibits cancer cell growh,
i nvasi on, netastasis, and/or mgration or inhibits the ability of a
bet acor onavi r us to infect a cell. In another enbodinment, the peptide
further conprises a cell penetrating peptide (CPP) linked to the N-
termnus or Ctermnus of the isolated polypeptide or peptide. In
anot her enbodinent, the construct conprises a peptide |linker between
the CPP and the polypeptide or peptide. In still another
enbodi ment, a nanoparticle <can be linked to a polypeptide or peptide
of the disclosure.

DESCRI PTI ON OF DRAW NGS
[ 0025] Figure 1A-C shows an overview of experinental design and
initial results: (A Design of overlapping gene fragnment |I|ibrary.
Gene fragnments coding for all possible overlapping 40mer peptides
were conputed from target gene cDNA sequences. Gene fragment

sequences were then generated via chip-based oligonucleotide
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synthesis and cloned into a lentiviral plasnmd vector. This plasnid
l[ibrary was in turn used to generate lentiviral particles via
transient transfection. The lentiviral particles were then used to
infect target mammalian cell lines at a low MO to ensure only one
gene fragnment was expressed per cell. The cells were then grown for
two weeks, with genomc DNA extracted at day 3 and day 14. Next,
gene fragments were PCR anplified from genonmic DNA and sequenced to
track fragment abundances and calculate |og, enrichnent and
depletion. Gene fragnents were mapped back to target gene coding
sequences, and each codon/amino acid was given a fitness score
defined as the Z-nornalized nmean log, fold change of all overlapping
gene fragments. (B Resulting amino acid level fitness scores.
Screening data from Hs578T and MDA- MB-231 cells shows conserved
regions of fitness dependencies, as well as cell line specific
fitness dependencies. The heatmap shows the fitness score for each
amino acid position (sorted in ascending order fromtop to botton)
across all proteins assayed in the screen. On the right, plots
showing the statistical |ikelihood of depletion are shown for RAF1,
EGFR, BRAF, and FBXW . Peptides overlapping amno acid positions
with known functional roles are significantly depleted over the
course of cell growth. (o The fitness effects of peptides derived
from known pathogenic and donminant negative Ras nmutants. KRASQG1K is
significantly depleted in both cell lines, while HRAS S17N is
depleted only in HRAS nutant Hs578T cells.

[ 0026] Figure 2A-F shows gene fragment screening identifies
nmotifs which function as inhibitors of cancer cell proliferation:
(A Plot of individual peptide enrichnent/depletion for expanded
screen. Peptides are centered around zero depletion, with a
subpopul ation being significantly deleterious to cells when
overexpressed genetically. Peptides with log, fold change val ues
less than -4.5 are |labeled. Cancer driver genes were hand curated,
with additional controls added from the pilot screen. (B Plot of
i ndi vi dual peptide enrichment/depletion for mutant screen. 579

mut ant cancer drivers covering 53 driver genes were assayed for
growth inhibition as in (A . Peptides are centered around zero
depletion, with a subpopulation being significantly deleterious to

cel s when overexpressed genetically. Peptides with log, fold change
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values less than -7 are | abel ed. (oo Per position fitness scores

for NFE2L2, MDMR, and PIK3CA. Select known PPls are annotated on the

plots, corresponding to regions of significant depletion. (p
Net work of potential interactions anbng cancer drivers in this gene
set. Interaction data is sourced from STRING wth fitness data from

DepMap CRI SPR screening overlaid. Nodes colored in light gray are
essential for cell fitness, while nodes colored in dark gray are
non-essential or have increased growh rates upon knockout. Arrows
highlighting potential disruption of oncogenic PPls. Gay nodes

i ndicate genes for which high confidence CRISPR based fitness data
was not avail abl e. () Fitness scores for nutant residues derived
from KRAS. Functional regions sourced from UniProt are overlaid
above WI fitness. Dots indicate nmutant amino acid fitness scores
which were significantly depleted during the pooled screen (F
Comparison of mutant fitness scores derived from peptide screening
data, with fitness scores derived from deep nmutational scan data in
a TP53 null cell line. After filtering out TP53 nutants wth little
effect on cell fitness in the deep nutational scan (absolute fitness
scores <.5), inferred TP53 functionality is significantly correl ated
with mutant peptide derived fitness (Pearson, P=.045) , supporting
the hypothesis that peptide screening can be used to identify

functionally inportant residues in the context of cancer cell

fitness .
[ 0027] Figure 3A-D shows validation of anti-proliferative
peptides confirms target specific functionality: (A In vitro

arrayed validation of lentivirus delivered gene fragnents derived
from WI proteins. Peptides predicted to be deleterious to cell
growh (by depletion in pooled screen) significantly inhibited
proliferation relative to G-P control. Cell proliferation was
neasured via the WST-8 assay after one week of growh follow ng
lentiviral transduction. Bar plots indicate nean, with error bars
representing standard error (*P<.05,**P<.01,***P<.001,****pP<.0001).
Each panel represents a separately conducted experinment (hence the
two MDA-MB-231 panels) . (B Validation with chemically synthesized
peptides (n=4) . Chemically synthesized EG-R- 697 and RAF1-73
conjugated to a cell penetrating TAT protein transduction notif were

added to cells at 0-100puM. A 3x FLAG Peptide conjugated to TAT
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served as the negative control. Cell viability was measured 24 hours
later by the WST-8 assay, indicating EGFR-697 and RAF1-73 function
effectively in vitro to inhibit the growth of Hs578T and NDA- MB-231
cells in a dose dependent nmanner. Dotted lines indicate 95%
confidence intervals for nonlinear fit. (o Peptide nmechani sm
explored via co-immunoprecipitation . 3X-Flag tagged RAF1-73 derived
from the Ras binding domain of RAF1 pulls down activated Ras when

i mrunopr eci pit at ed, indicating retention of WI donain biological
functionality. () Results of RNA-sequencing on EGFR-697 expressing
Hs578T cells. EGFR- 697 overexpression results in significant growh
arrest, and differential expression of 225 genes, as well as
significant downregulation of pathways relevant to cellular
proliferation. Additional GSEA analysis revealed a transcriptional
phenotype consistent with EGFR inhibition. Gene set

"KOBAYASHI _EGFR_SI GNALI NG _24HRS_DN' is a gene set conposed of genes
downregul ated wupon treatnent with an irreversible EG-R inhibitor in
H1975 cells. Treatnment with EGFR-697 peptide results in significant
downregul ation of this gene set in Hs578T cells. The

"KOBAYASH _EGFR_SI GNALI NG_24HRS_UP" is a gene set from the sane
experinent highlighting genes which are upregulated upon EG-R
inhibition. This gene set is significantly upregulated upon EG-R- 697
over expressi on

[ 0028] Figure 4A-E shows PepTile based mapping of

Bet acoronavirus spike protein and host receptor interactions, and
facilitating of downstream peptide bioproduction: (A Schematic
illustrating experinental strategy to probe human receptors for

Bet acoronavirus binding domains. Peptides derived from receptors
(plus honmologs) inplicated in coronavirus cell entry were expressed
on the cell surface, and screened for binding nouse Fc tagged full

| ength coronavirus spike proteins, as well as nouse Fc tagged RBD
domai ns. Enrichnment of cells expressing binding peptides was
acconplished via nagnetic activated cell sorting after incubation
with anti-nmouse Fc nmagnetic beads. (B Fluorescent inages show ng
cell surface localization of HaloTag construct cloned into cell
surface expression vector. HEK293T cells were transfected with the
cell surface Hal oTag construct, and subsequently incubated with

Al exaFl uor488 |abeled HaloTag ligand to visualize protein
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| ocal i zati on. (o Plot showing consensus peptides enriched in the
bound fraction for both the full-length spike protein as well as the
RBD domain. H ghly enriched ACE2 derived peptides are highlighted.

(p Hit peptides derived from ACE2 are shown overlaid on the protein
crystal structure in complex wth SARS-Cov2 spike protein. Shown is
ACE2_2 8; ACE2_72; ACE2_314/ACE2_315, ACE2_654/ 655 ; ACE2_591;
ACE2_418; ACE2_452. (f Peptide production protocol to facilitate
translation of peptide hits. Tagless peptides conjugated to cell
penetrating protein TAT were produced at high purity via fusion to
Maltose Binding Protein (MBP) , and subsequent cleavage by TEV
protease. The protocol makes use of no specialized instruments, and
is easily adaptable to alternative <cell penetrating motifs or
peptide constructs. Ladder has bands marking 10, 15, 20, 25, 37, 50,
75, 100, 150, and 250kD.

[ 0029] Figure 5A-E shows a cloning strategy and pilot screen
overal | anal yses: (A Overview of library construction. Li brary was

ordered as single stranded DNA oligos from Custom Array, and

subsequently anplified via PCR to generate gene fragment |ibraries
conmpatible with G bson assenmbly cloning. This library was then
cloned into pEPIP, with library coverage determined via high

t hroughput sequenci ng. (B-O Initial analysis for pooled pilot

screen in Hs578T and MDA-MB-231 <cells. The mpjority of peptides
tested did not drop out during the fitness screen, although the
distribution of peptide log fold change values is skewed towards
depletion rather than enrichment. (D-E) The conputed fitness scores
for the anmino acid positions showed good correlation between
replicates in both Hs578T and MDA- MB-231. (r=.536 and r=.753
respectively) . The majority of amino acid positions scored have no
significant depletion, wth a small subset having a detectable

i npact on fitness.

[ 0030] Figure 6A-G shows overall analyses and extended nmetrics
for expanded cancer driver screens: (A Table detailing all the
pepti des assayed in the expanded wildtype driver screen. GCenes
conprising diverse cancer associated signaling pathways and
processes. (B Conputed per position amno acid scores had good
correlation between replicates (Pearson=. 917) , with reproducibility

exceeding that of the pilot screen. It was hypothesized the greater
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effect size of deleterious peptides contained in the larger library
(see Figure 2A) likely drives inmproved signal to noise ratio. As in
the pilot screen the mpjority of amino acid positions in the full-
length protein structures are not inplicated in cell fitness,
consistent wth accepted understanding that protein-protein
interactions directly driving oncogenic proliferation are rare. (9
The fitness score for the nost deleterious residue in each full-
length protein is plotted for each gene. GFP and HPRT1 controls show
little effect on cell fitness across protein structure. (D Per
position fitness scores for RASAlL, RRAS2, FLT3, DI CER, RBI, and
ERBB4 . Select PPIs are annotated on the plots, corresponding to
regions of significant depletion. () Replicate correlation for

nut ant peptide screen. Screen shows high degree of reproducibility
(Pearson correlation =. 859) . As in the previously presented

screens, the mpjority of nutant amno acid notifs assayed have no
effect on cell fitness. (Fr Table detailing all the peptides assayed
in the mutant screen. Mitant genes cover a w de range of signaling
pat hways and nolecular functions. (9 Plot of wild type (gray bars)
and nutant amino acid fitness scores (points) for PIK3CA BRAF, and
SMAD4 . Points labeled in red were significantly (BH adjusted P val ue
< .05) depleted in the pooled screen.

[ 0031] Figure 7A-E shows individual validations of
antiproliferative peptides: (A-B) Plots showing the correlation

bet ween peptide depletion versus charge and hydrophobicity . There is
little correlation between charge/hydrophobicity and peptide |og
fold change, indicating that gross physiochem cal factors do not

nedi ate peptide effects on fitness. (o9 Gowth kinetics in Hs578T
for individual peptide variants shown in Figure 3A Cell growh was
quantified via the WST-8 proliferation assay. Results are from the
same experinment split into multiple plots for ease of visualization,
hence identical GFP controls for each peptide group. Arrayed
validation of lentivirally delivered gene fragnents derived from
KRAS mutants is also shown. KRAS61K mutant peptides predicted to be
deleterious to cell growmh significantly inhibited growh (PC 05 as
neasured at the 7 day time point) . (p Gowth kinetics in MDA-M-231
for individual peptide variants shown in Figure 3A Cell growh was

quantified via the WST-8 proliferation assay. Results are from the
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sane experinment split into multiple plots for ease of visualization,
hence identical GFP controls for each peptide group. Arrayed
validation of lentivirally delivered gene fragments derived from
KRAS mutants is also shown. KRAS61K mutant peptides predicted to be
deleterious to cell growh significantly inhibited growh (PC 05 as
neasured at the 7 day tine point) . (g Validation of peptide

expressi on via inmmunofl uorescence. Peptides were transduced wth

lentivirus 72 hours before imunostaining and inaging.

[ 0032] Figure 8A-C shows Betacoronavirus ©peptide library cloning
strategy and conputational validation: (A Coning strategy and
vector design for cell surface PepTile. Gene fragnent libraries were

synthesi zed as single stranded oligonucleotides and converted to
double stranded DNA via PCR This library was then cloned into a
cell surface expression vector via G bson Assenbly. Cell surface
expression was obtained by cloning the gene fragnment |I|ibrary between
an N-terminal |1g Kappa |eader peptide (to ensure secretion) , and the
PDGFR transnmenbrane domain (to provide anchoring on the cell
nenbrane) . (B) Genes from which peptide Ilibrary was derived. GCenes
were chosen based on involvenent in SARS-CoV-2, SARS- CoV, and/or
MERS- CoV cell entry. (o Structural justification for ACE2 peptide
inhibition: X-ray crystallography and Cryo-EM structures of SARS-
CoV2 spike protein receptor binding domain (RBD) conplexed wth ACE2
reveal that the binding interface stretches along two antiparallel
alpha helices in the Nterminal domain of the protein (PDB
structures 6ML7, 6LZG and 6MJ) 86-88. As specific exanples,

peptides covering each of these two helices and honol ogous ones from
related proteins are shown sequentially below the structures.

DETAI LED DESCRI PTI ON

[ 0033] As used herein and in the appended clains, the singular
forms "a, " "an, " and "the" include plural referents unless the
context clearly dictates otherw se. Thus, for exanple, reference to
"a cell" includes a plurality of such cells and reference to "the
fragment” includes reference to one or nore fragnents and

equi val ents thereof known to those skilled in the art, and so forth.
[ 0034] Al so, the use of "or" nmeans "and/or" unless stated

ot herwi se. Simlarly, "conprise," "conprises," "conprising"
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"include,” "includes,” and "including" are interchangeable and not
intended to be limting.

[0035] It is to be further understood that where descriptions of
vari ous enbodinments use the term "conprising," those skilled in the
art would understand that in some specific instances, an enbodi nment
can be alternatively described using |anguage "consisting
essentially of" or "consisting of."

[0036] Unl ess defined otherwise, all technical and scientific
terns used herein have the sane neaning as commonly understood to
one of ordinary skill in the art to which this disclosure belongs.
Al t hough nmany nethods and reagents are sinmilar or equivalent to
those described herein, the exenplary nethods and materials are

di scl osed herein.

[0037] Al'l publications nentioned herein are incorporated herein
by reference in full for the purpose of describing and disclosing

t he met hodol ogi es, which might be used in connection with the
description herein. Moreover, wth respect to any term that is
presented in one or nore publications that is simlar to, or
identical with, a term that has been expressly defined in this

di scl osure, the definition of the term as expressly provided in this
disclosure will control in all respects.

[0038] It should be understood that this disclosure is not
limted to the particular nethodology, protocols, and reagents,

etc., described herein and as such may vary. The term nol ogy used
herein is for the purpose of describing particular enbodinents or
aspects only and is not intended to |limt the scope of the present
di scl osure .

[0039] O her than in the operating exanples, or where otherw se
i ndicated, all nunbers expressing quantities of ingredients or

reaction conditions used herein should be understood as nodified in

all instances by the term "about." The term "about" when used to
described the present invention, in connection wth percentages
nmeans +1% The term "about,"” as used herein can nean within an

acceptable error range for the particular value as determned by one
of ordinary skill in the art, which can depend in part on how the
value is neasured or determined, e.g., the limtations of the

nmeasurenment system Alternatively, "about"™ can nmean a range of plus
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or minus 20% plus or mnus 10% plus or mnus 5% or plus or ninus
1% of a given value. Alternatively, particularly with respect to

bi ol ogi cal systens or processes, the term can nmean within an order
of magnitude, within 5-fold, or within 2-fold, of a value. Were
particul ar values are described in the application and clains,

unl ess otherwise stated the term "about"” meaning within an
acceptable error range for the particular value can be assuned.

Al so, where ranges and/or subranges of values are provided, the
ranges and/or subranges can include the endpoints of the ranges

and/ or subranges. In sone cases, variations can include an anount or
concentration of 20% 10% 5% 1 %, 0.5% or even 0.1 % of the

speci fied anount.

[0040] For the recitation of nuneric ranges herein, each
intervening nunber there between with the sane degree of precision
is explicitly contenpl ated. For exanple, for the range of 6-9, the
nunbers 7 and 8 are contenplated in addition to 6 and 9, and for the
range 6.0-7.0, the nunber 6.0, 6.1, 6.2, 6.3, 6.4, 6.5 6.6, 6.7,
6.8, 6.9, and 7.0 are explicitly contenpl ated.

[0041] The term "anino acid" refers to naturally occurring and
synthetic amno acids, as well as amno acid analogs and amno acid
mnmetics that function in a manner simlar to the naturally
occurring amno acids. Naturally occurring amno acids are those
encoded by the genetic code, as well as those anino acids that are
later nodified, e.g., hydroxyproline , y-carboxyglutamate , and O-
phosphoserine . In sone enbodinents, an amno acid analogs refers to
conpounds that have the same basic chemical structure as a naturally
occurring amno acid, i.e., a carbon that is bound to a hydrogen, a
carboxyl group, an amino group, and an R group, e.g., honobserine,
norl euci ne, nethionine sulfoxide, nethionine nmethyl sulfonium Such
anal ogs have nmodified R groups (e.g., norleucine) or nodified
peptide backbones, but retain the same basic chem cal structure as a
naturally occurring amino acid. In sone enbodinments, an amno acid
mnmetics refers to chenmical conpounds that have a structure that is
different from the general chemical structure of an amno acid, but
that functions in a manner simlar to a naturally occurring amno
acid. The terns "non-naturally occurring amno acid" and "unnatural

amino acid" refer to amno acid analogs, synthetic amno acids, and
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amino acid mmetics which are not found in nature. In certain
i nstances one or nore D-amino acids can be used in various peptide
conmpositions of the disclosure. The disclosure provides various

peptides that are useful for treating various diseases and

i nfections. These peptides can conprise naturally occurring amno
aci d. In other enbodinments, the peptides can conprise non-natural
am no aci ds. The use of non-natural am no acids can inprove the

peptides stability, decrease degradation and/or inprove biological
activity. For exanple, in some enbodinments, one or nore D-am no

aci ds. In other enbodinents, retroinverso peptides are contenplated
using various amno acid configurations.

[0042] Anino acids may be referred to herein by either their
commonly known three letter synbols or by the one-letter synbols
reconmended by the |UPAC-1UB Bi ochem cal Nonmenclature Conmm ssion.
Nucl eoti des, likewi se, may be referred to by their commonly accepted
single-letter codes.

[0043] For purposes of the disclosure the term "cancer” will be
used to enconpass cell proliferative disorders, neoplasms,
precancerous cell disorders and cancers, unless specifically

del i neated ot herwi se. Thus, a "cancer" refers to any cell that
undergoes aberrant cell proliferation that can lead to netastasis or
tumor growt h. Exenpl ary cancers include but are not limted to,
adrenocortical carcinom, AIDS-related cancers, AIDS-related

| ynphoma, anal cancer, anorectal cancer, cancer of the anal canal,
appendi x cancer, childhood cerebellar astrocytoma, chil dhood

cerebral astrocytomm, basal cell carcinoma, skin cancer (non-

nel anoma) , biliary cancer, extrahepatic bile duct cancer,
intrahepatic bile duct cancer, bladder cancer, wurinary bladder
cancer, bone and joint cancer, osteosarcoma and nmalignant fibrous

hi stiocytoma, brain cancer, brain tunmor, brain stem glioma,
cerebellar astrocytoma, cerebral astrocytona/ malignant gliona,
ependynonma, mnedul | obl ast ona, supratentorial primtive

neur oect odermal tunors, visual pathway and hypothalam c gliong,
breast cancer, including triple negative breast cancer, bronchi al
adenomas /carcinoids , carcinoid tunor, gastrointestinal, nervous
system cancer, nervous system |ynphoma, central nervous system

cancer, central nervous system |ynphoma, cervical cancer, chil dhood
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cancers, chronic |ynmphocytic |eukenia, chronic nmnyel ogenous | eukem a,
chronic nyeloproliferative di sorders, colon cancer, colorectal
cancer, cutaneous T-cell [|ynphoma, |ynmphoid neoplasm nycosis

fungoi des, Seziary Syndrone, endonetrial cancer, esophageal cancer,

extracrani al germ cell tunor, extragonadal germ cell tunor,

extrahepatic bile duct cancer, eye cancer, intraocular nelanons,
retinobl ast ong, gal | bl adder cancer, gastric (stomach) cancer,
gastrointestinal carcinoid tunor, gastrointestinal stromal tunor

(dsT), germ cell tunor, ovarian germ cell tunor, gestational

trophobl astic tunor glioma, head and neck cancer, hepatocellul ar

(liver) cancer, Hodgkin |ynphoma, hypopharyngeal cancer, intraocul ar
mel anoma, ocular cancer, islet cell tunors (endocrine pancreas),
Kaposi Sarcoma, kidney cancer, renal cancer, |aryngeal cancer, acute

| ynphobl astic | eukemia, acute nyeloid |eukenmia, chronic |ynphocytic

| eukemi a, chronic nyel ogenous |eukemia, hairy cell l|eukema, lip and
oral cavity cancer, liver cancer, |lung cancer, non-small cell lung
cancer, small cell 1lung cancer, AIDS-related |ynphoma, non-Hodgkin

| ynphoma, prinmary central nervous system |ynphoma, Wl denstram

macr ogl obul i nem a, medul | obl ast omm, mel anoma, i nt raocul ar (eye)

mel anoma, mer kel cell carcinonm, nmesot hel i oma  mal i gnant,

nmesot hel i oma, netastatic squanous neck cancer, nouth cancer, cancer
of the tongue, multiple endocrine neoplasia syndrome, nmycosis

fungoi des, nyel odyspl astic syndrones, myel odyspl astic/

nyel oproliferative di seases, chronic nyelogenous |eukenia, acute
nyeloid |leukemia, multiple nmnyeloma, chronic nyeloproliferative

di sorders, nasophar yngeal cancer, neurobl astonmn, oral cancer, oral
cavity cancer, oropharyngeal cancer, ovarian cancer, ovarian
epithelial cancer, ovarian |ow malignant potential tunor, pancreatic
cancer, islet cell pancreatic cancer, paranasal sinus and nasal
cavity cancer, parathyroid cancer, penile cancer, pharyngeal cancer,
pheochr onocyt omg, pi neobl astoma and supratentori al primtive

neur oect oder mal tunmors, pituitary tunor, plasma cell

neopl asm mul tiple nyel oma, pleuropul nonary blastoma, prostate

cancer, rectal cancer, renal pelvis and ureter, transitional cel l
cancer, retinoblastom, r habdomyosar comg, salivary gland cancer,
ewing famly of sarcoma tunors, soft tissue sarcomm, uterine cancer,

uterine sarcoma, skin cancer (non-nelanonma) , skin cancer (nelanom) ,
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papi |l omas, actinic keratosis and keratoacanthomas , nerkel cell skin
carcinoma, snmall intestine cancer, soft tissue sarconm, squanous
cell carcinoma, stomach (gastric) cancer, supratentorial primtive
neur oect odermal tunors, testicular cancer, throat cancer, thynom,
thynoma and thymic carcinoma, thyroid cancer, transitional cell
cancer of the renal pelvis and ureter and other urinary organs,
gestational trophoblastic tunor, urethral cancer, endonetrial

uterine cancer, uterine sarconmm, uterine corpus cancer, vaginal
cancer, vulvar cancer, and WIlms Tunor. In a particular

enbodi nent, the cancer can be selected from the group consisting of
nel anoma, colorectal cancer, pancreatic cancer, bladder cancer,
breast cancer, triple negative breast cancer, ovarian cancer and

| ung cancer.

[0044] "Cells" according to the disclosure include any cell into
which foreign gene fragnents can be introduced and expressed as
described herein or into which a drug-like peptide of the disclosure
can be delivered. 1t is to be understood that the basic concepts of
the disclosure described herein are not |limted by cell type.
Foreign gene fragnents (i.e., those which are not part of a cell's
natural nucleic acid conposition) may be introduced into a cell
using any nethod known to those skilled in the art for such

i ntroduction. Such nethods include transfection, transduction,
infection (e.g., viral transduction), injection, mcroinjection,

gene gun, nucleof ection, nanoparticle bonbardnent, transformation,

conjugation, by application of the nucleic acid in a gel, oil, or
cream by electroporation, wusing lipid-based transfection reagents,
or by any other suitable transfection nethod. One of skill in the
art will readily understand and adapt such nethods using readily
identifiable literature sources.

[0045] The term "contacting” can mean direct or indirect binding

or interaction between two or nore entities. An exanple of direct

interaction is binding. An exanple of an indirect interaction is

where one entity acts upon an internmediary nolecule, which in turn
acts upon the second referenced entity. Contacting as used herein
includes in solution, in solid phase, in vitro, ex vivo, in a cell
and in vivo. Contacting in vivo can be referred to as

adm ni stering, or admnistration.
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[0046] As used herein, the term "detectable marker" or
"selectable marker" can refer to at |east one marker capable of
directly or indirectly, producing a detectable signal. A non-
exhaustive Ilist of this marker includes enzymes which produce a
detectable signal, for exanple by colorinetry, fluorescence,

| um nescence, such as horseradi sh peroxidase, alkaline phosphatase,
B- gal act osi dase, gl ucose- 6-phosphate dehydrogenase, chronophores
such as fluorescent, |uminescent dyes, groups with electron density
detected by electron nicroscopy or by their electrical property such
as conductivity, anperonetry, voltanmmetry, inmpedance, detectable
groups, for exanple whose nolecules are of sufficient size to induce
detectable modifications in their physical and/or chenical
properties, such detection can be acconplished by optical nethods
such as diffraction, surface plasnon resonance, surface variation |,
the contact angle change or physical nethods such as atomic force
spectroscopy, tunnel effect, or radioactive nolecules such as 32 P,
35 S or 125 1.

[0047] As used herein, the term "domain" can refer to a
particular region of a protein or polypeptide, which can be
associated with a particular function. For example, "a domain which
binds to a cognate" can refer to the domain of a protein that binds
one or nore receptors or other protein nmoieties and (i) block the

bi ol ogi cal effect of a nolecule that typically binds to the sane
receptor or protein or nodulate the effect (i.e., increase or
decrease) the biological activity of the naturally occurring binding
partner of the protein or receptor.

[0048] As used herein the term "doninant-negative activity" can
refer to the ability of a peptide or polypeptide of the disclosure
to act as an inhibitor by binding to the wild type protein from
which it is derived (i.e., fromwhich it shares identity) or by
titrating an essential ligand that binds with the protein from which
the peptide is derived.

[0049] As used herein a "drug-like peptide" can refer to a

pol yner of amino acids conprising amide bonds that form a peptide,
whi ch does not occur in nature and which can be delivered to a cell,
ti ssue or subject such that the biological effect results in a

treatnent of a disease, disorder infection or inhibits the
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progression of a disease, disorder or infection or which can prevent
getting the disease, disorder or infection. In one enbodinent, a
drug-like peptide is a peptide having the sequence of any one of SEQ
I D Nos: 1-9489. In anot her enbodinment, a drug-like peptide is a
peptide that is at least 95% 96% 97% 98% or 99% identical to a
peptide having the sequence of any of SEQ ID Nos: 1-9489. In still
anot her enbodi nent, a drug-like peptide has the sequence of any one
of SEQ ID Nos: 1-9489, wherein one or nore (e.g., 1, 2, 3, 4, 5, 6,
7, 8, 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 or 40) of
the amino acids is substitute with a non-naturally occurring or D-
amno acid and which has the sanme biological activity (not
necessarily to the sane degree) as a peptide of the sanme sequence
having all L-am no acids. A drug-like peptide can be fornulated for
suitable routes of delivery as a pharmaceutical conposition and/or
linked to a second domain having a simlar or different biological
activity. In sonme instances, a drug-like peptide can be fused to a
peptide that functions to assist in delivery and/or uptake by a cell
(e.g., a protein transduction donain)

[0050] The term "encode" as it is applied to polynucleotides can

refer to a polynucleotide which is said to "encode" a pol ypeptide

if, in its native state or when nanipulated by nethods well known to
those skilled in the art, it can be transcribed and/or translated to
produce the nRNA for the polypeptide and/or a fragnent thereof. I'n

sone cases the antisense strand is the conplenent of such a nucleic
acid, and the encoding sequence can be deduced therefrom
[0051] The terms "equivalent" or "biological equivalent" are

used interchangeably when referring to a particular nolecule,

biological, or cellular material and intend those having m ninmal
honol ogy while still maintaining desired structure or functionality.
[0052] "Eukaryotic cells" conprise all of the life kingdons
except nonera. They can be easily distinguished through a nenbrane-
bound nucl eus. Animals, plants, fungi, and protists are eukaryotes

or organisns whose cells are organized into conplex structures by

internal nenbranes and a cytoskeleton. One exanple of a nmenbrane-
bound structure is the nucleus. Unl ess specifically recited, the
term "host" includes a eukaryotic host, including, for exanple,
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yeast, higher plant, insect and nmammalian cells. Non-limting

exanpl es of eukaryotic cells or hosts include siman, bovine,
porcine, nurine, rat, avian, reptilian and human.

[0053] As used herein, "expression" can refer to the process by
whi ch polynucleotides are transcribed into nmRNA and/or the process
by which the transcribed nRNA is subsequently being translated into
pepti des, polypeptides, or proteins. I f the polynucleotide is
derived from genonmic DNA expression can include splicing of the

MRNA in a eukaryotic cell.

[0054] "Honol ogy" or "identity" or “"similarity" can refer to
sequence simlarity between two peptides or between two nucleic acid
nol ecul es. Honol ogy can be determined by conparing a position in
each sequence which can be aligned for purposes of conparison. For

exanple, when a position in the conpared sequence is occupied by the
sanme base or amino acid, then the nolecules are honol ogous at that
posi ti on. A degree of honpol ogy between sequences is a function of
the nunber of matching or honol ogous positions shared by the

sequences. An "unrel ated" or "non-honol ogous sequence shares |ess
than 40% identity, or alternatively less than 25% identity, wth one
of the sequences of the disclosure.

[0055] Honol ogy refer to a percent (% identity of a sequence to
a reference sequence. As a practical matter, whether any particular
sequence can be at least 50% 60% 70% 80% 85% 90% 92% 95%

96% 97% 98% or 99% identical to any sequence described herein,
such particular peptide, polypeptide or nucleic acid sequence can be
determ ned conventionally using known conputer prograns such the
Bestfit program (Wsconsin Sequence Analysis Package, Version 8 for
Uni x, Genetics Conputer Goup, University Research Park, 575 Science
Drive, WMadison, Ws. 53711) . When using Bestfit or any other
sequence alignment program to determ ne whether a particular

sequence is, for instance, 95% identical to a reference sequence,
the parameters can be set such that the percentage of identity is
calculated over the full Ilength of the reference sequence and that

gaps in honology of up to 5% of the total reference sequence are

al | oned .
[0056] For exanple, in a specific enbodinent the identity
between a reference sequence (query sequence, i.e., a sequence of
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the disclosure) and a subject sequence, also referred to as a gl obal
sequence alignnment, can be determ ned using the FASTDB conputer
program based on the algorithm of Brutlag et al. (Conp. App. Biosci.
6:237-245 (1990)). In sonme cases, paraneters for a particular
enbodiment in which identity is narrowy construed, used in a FASTDB
amno acid alignnent, can include: Scoring Schenme=PAM (Percent
Accepted Miutations) o, k-tuple=2, Msmatch Penalty=l, Joining
Penal t y=20, Random zation Goup Length=0, Cutoff Score=l, W ndow

Si ze=sequence |ength, Gap Penalty=5, Gap Size Penalty=0 .05, W ndow
Si ze=500 or the length of the subject sequence, whichever is
shorter. According to this enbodinent, if the subject sequence is
shorter than the query sequence due to N- or Ctermnal deletions,
not because of internal deletions, a manual correction can be nade
to the results to take into consideration the fact that the FASTDB
program does not account for N- and C-terminal truncations of the
subj ect sequence when calculating global percent identity. For

subj ect sequences truncated at the N- and Ctermni, relative to the
guery sequence, the percent identity can be corrected by calculating
the number of residues of the query sequence that are lateral to the
N- and C-terminal of the subject sequence, which are not

mat ched/aligned wth a corresponding subject residue, as a percent
of the total bases of the query sequence. A determination of whether
a residue is matched/aligned can be determined by results of the
FASTDB sequence alignnment. This percentage can be then subtracted
from the percent identity, calculated by the FASTDB program using
the specified paraneters, to arrive at a final percent identity
score. This final percent identity score can be used for the
purposes of this enbodinment. 1In sone cases, only residues to the N-
and C-termini of the subject sequence, which are not nmatched/aligned
with the query sequence, are considered for the purposes of nanually
adjusting the percent identity score. That is, only query residue
positions outside the farthest N- and Cterminal residues of the
subj ect sequence are considered for this manual correction. For
exanple, a 90 residue subject sequence can be aligned with a 100
resi due query sequence to determine percent identity. The deletion
occurs at the Ntermnus of the subject sequence and therefore, the

FASTDB al i gnnent does not show a matching/alignnent of the first 10
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residues at the N-terminus. The 10 unpaired residues represent 10%
of the sequence (nunber of residues at the N- and Cternmini not

mat ched/total nunber of residues in the query sequence) so 10% is
subtracted from the percent identity score calculated by the FASTDB
program |f the remaining 90 residues were perfectly matched the
final percent identity can be 90% In another exanple, a 90 residue
subj ect sequence is conpared with a 100 residue query sequence. This
time the deletions are internal deletions so there are no residues
at the N- or Ctermni of the subject sequence which are not

mat ched/aligned with the query. In this case the percent identity
calculated by FASTDB is not manually corrected. Once again, only
resi due positions outside the N- and Ctermnal ends of the subject
sequence, as displayed in the FASTDB alignnment, which are not

mat ched/aligned wth the query sequence are nmanually corrected for.
[0057] "Hybridization" can refer to a reaction in which one or
nore polynucleotides react to form a conplex that is stabilized via
hydrogen bonding between the bases of the nucleotide residues. The
hydrogen bonding can occur by Watson-Crick base pairing, Hoogstein
binding, or in any other sequence-specific manner. The conplex can
conprise two strands formng a duplex structure, three or nore
strands forming a nulti-stranded conplex, a single self-hybridizing
strand, or any conbination of these. A hybridization reaction can
constitute a step in a nore extensive process, such as the
initiation of a PC reaction, or the enzymatic cleavage of a

pol ynucl eotide by a ribozyne.

[0058] Exanpl es of stringent hybridization conditions include:

i ncubation tenperatures of about 25°C to about 37°C, hybridization
buf fer concentrations of about 6x SSC to about |Ox SSC, fornani de
concentrations of about 0% to about 25% and wash solutions from
about 4x SSC to about 8x SSC. Exanples of noderate hybridization
conditions include: incubation tenperatures of about 40°C to about
50°C;, buffer concentrations of about 9x SSC to about 2x SSC;
formam de concentrations of about 30% to about 50% and wash
solutions of about 5x SSC to about 2x SSC. Exanples of high
stringency conditions include: incubation tenperatures of about 55°C
to about 68°C, buffer concentrations of about Ix SSC to about O0.Ix

SSC, formam de concentrations of about 55% to about 75% and wash
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solutions of about Ix SSC, 0.lx SSC, or deionized water. In
general, hybridization incubation tines are from 5 mnutes to 24
hours, with 1, 2, or nore washing steps, and wash incubation tines
are about 1, 2, or 15 minutes. SSC is 0.15 M Nad and 15 mM citrate
buffer. It is understood that equivalents of SSC using other buffer
systens can be enpl oyed.

[0059] The term "isolated" as used herein can refer to nolecules
or biologicals or cellular materials being substantially free from
other nmaterials. In one aspect, the term "isolated" can refer to
nucleic acid, such as DNA or RNA, or protein or polypeptide (e.g.,
an anti body or derivative thereof) , or cell or cellular organelle,
or tissue or organ, separated from other DNAs or RNAs, or proteins
or polypeptides, or cells or cellular organelles, or tissues or
organs, respectively, that are present in the natural source. The

term "isolated" also can refer to a nucleic acid or peptide that is
substantially free of cellular material, viral material, or culture
nmedi um when produced by reconbi nant DNA techniques, or chem cal
precursors or other chem cals when chemcally synthesized.

Moreover, an "isolated nucleic acid" is nmeant to include nucleic
acid fragnents which are not naturally occurring as fragnents and
may not be found in the natural state. In sone cases, the term
"isolated" is also used herein to refer to polypeptides which are
isolated from other cellular proteins and is nmeant to enconpass both
purified and reconbinant polypeptides. In sone cases, the term
"isolated" is also used herein to refer to cells or tissues that are
isolated from other cells or tissues and is neant to enconpass both
cultured and engineered cells or tissues.

[0060] "Messenger RNA" or "nRNA" is a nucleic acid nolecule that
is transcribed from DNA and then processed to renove non-coding
sections known as introns. In sonme cases, the resulting nRNA is
exported from the nucleus (or another |ocus where the DNA is
present) and translated into a protein. The term "pre-nRNA" can
refer to the strand prior to processing to renove non-coding
sections .

[0061] The term "microorganism or "nmicrobe" refers to a

m croscopic organism especially a bacterium virus, or fungus.
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[0062] The term "protein", "peptide" and "polypeptide" are used
i nterchangeably and in their broadest sense to refer to a conpound
of two or nore subunit amno acids, amno acid analogs or

peptidom netics . The subunits can be |linked by peptide bonds. In
anot her enbodiment, the subunit can be linked by other bonds, e.g.,
ester, ether, etc. A protein or peptide can contain at |east two
amino acids and no limtation is placed on the maxi rum nunber of
amino acids which can conprise a protein's or peptide's sequence.

As nmentioned above, the term "amno acid® can refer to either

natural and/or unnatural or synthetic amno acids, including glycine
and both the D and L optical isoners, amno acid analogs and
pepti dom neti cs. As used herein, the term "fusion protein" can

refer to a protein conprised of domains from nore than one naturally
occurring or reconbinantly produced protein, where generally each
domain serves a different function. In this regard, the term
"l'inker" can refer to a peptide fragnment that is used to link these
donmains together - optionally to preserve the conformation of the
fused protein domains and/or prevent unfavorable interactions
between the fused protein donmains which can conpronise their
respective functions.

[0063] The terms "polynucleotide" and "oligonucleotide" are used
i nterchangeably and refer to a polynmeric form of nucleotides of any

I ength, either deoxyribonucleotides or ribonucleotides or anal ogs

t her eof . Pol ynucl eoti des can have any three dinmensional structure
and can perform any function, known or unknown. The following are
non-limting exanples of polynucleotides: a gene or gene fragment
(for exanple, a probe, priner, EST or SAGE tag), exons, introns,

nessenger RNA (nRNA) , transfer RNA, ribosomal RNA, RNAi, ribozynes,

cDNA, reconbinant pol ynucl eoti des, branched pol ynucl eoti des,
pl asm ds, vectors, isolated DNA of any sequence, isolated RNA of any
sequence, nucleic acid probes and priners. A pol ynucl eotide can

conprise nodified nucleotides, such as methylated nucleotides and
nucl eoti de anal ogs. I f present, nodifications to the nucleotide

structure can be inparted before or after assenbly of the

pol ynucl eoti de. The sequence of nucleotides can be interrupted by
non- nucl eoti de conponents. A pol ynucl eotide can be further nodified
after polynerization, such as by conjugation with a |abeling
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component . The term also can refer to both double and single
stranded nol ecul es. Unl ess otherwi se specified or required, any
enbodi ment of this disclosure that is a polynucleotide can enconpass
both the double stranded form and each of two conplenentary single

stranded forms known or predicted to nake up the double stranded

form
[0064] The term "pol ynucl eotide sequence" can be the
al phabetical representation of a polynucleotide nolecule. Thi s

al phabetical representation can be input into databases in a
conmputer having a central processing unit and used for

bi oi nformati cs applications such as functional genom cs and honol ogy
searching .

[0065] Similarly, the term "polypeptide sequence", "peptide
sequence" or "protein sequence" can be the al phabetical
representation of a polypeptide nolecule. Thi s al phabeti cal
representation can be input into databases in a conputer having a
central processing unit and used for bioinformatics applications
such as functional proteomcs and honol ogy searching.

[0066] As used herein, the term "reconbinant expression systent
refers to a genetic construct or constructs for the expression of
certain genetic nmaterial forned by reconbination.

[0067] As used herein, the term "reconbinant protein" can refer
to a polypeptide or peptide which is produced by reconbinant DNA
techni ques, wherein generally, DNA encoding the polypeptide or
peptide is inserted into a suitable expression vector which is in
turn used to transform a host cell to produce the heterol ogous

pol ypepti de or peptide.

[0068] The term "sanple" as used herein, generally refers to any
sanple of a subject (such as a blood sanple or a tissue sanmple) . A
sanple can conprise a tissue, a cell, serum plasnma, exosones, a
bodily fluid, or any conbination thereof. A bodily fluid can
conprise urine, blood, serum plasm, saliva, nucus, spinal fluid,
tears, semen, bile, ammiotic fluid, or any conbination thereof. A
sanple or portion thereof can conprise an extracellular fluid
obtained from a subject. A sanple or portion thereof can conprise
cell-free nucleic acid, DNA or RNA A sanple can be a sanple renoved

from a subject via a non-invasive technique, a mnimally invasive
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technique, or an invasive technique. A sanple or portion thereof can
be obtained by a tissue brushing, a swabbing, a tissue biopsy, an
excised tissue, a fine needle aspirate, a tissue washing, a cytology
speci men, a surgical excision, or any conbination thereof. A sanple
or portion thereof can conprise tissues or cells from a tissue type.
For exanple, a sanple can conprise a nasal tissue, a trachea tissue,
a lung tissue, a pharynx tissue, a larynx tissue, a bronchus tissue,
a pleura tissue, an alveoli tissue, breast tissue, bladder tissue,

ki dney tissue, liver tissue, colon tissue, thyroid tissue, cervical
tissue, prostate tissue, heart tissue, nuscle tissue, pancreas
tissue, anal tissue, bile duct tissue, a bone tissue, brain tissue,
spinal tissue, Kkidney tissue, wuterine tissue, ovarian tissue,
endonetri al tissue, vaginal tissue, vulvar tissue, uterine tissue,
stomach tissue, ocular tissue, sinus tissue, penile tissue, salivary
gland tissue, gut tissue, gallbladder tissue, gastrointestinal

tissue, bladder tissue, brain tissue, spinal tissue, a blood sanple,
or any conbination thereof.

[0069] The term "sequencing" as used herein, can conprise
bisulfite-free sequencing, bisulfite sequencing, TET-assisted
bisulfite (TAB) sequencing, ACE-sequencing, hi gh-t hr oughput

sequenci ng, Maxam G| bert sequencing, nassively parallel signature

sequenci ng, Pol ony sequenci ng, 454 pyrosequenci ng, Sanger
sequenci ng, II'lum na sequencing, SOLiD sequencing, lon Torrent
sem conductor  sequenci ng, DNA nanoball sequencing, Heliscope single

nol ecul e sequencing, single nolecule real time (SMRT) sequencing,
nanopore sequencing, shot gun sequencing, RNA sequenci ng, Eni gma
sequencing, or any conbination thereof.

[0070] The term "subject" as used herein, refers to an aninmal,

including, but not limted to, a primate (e.g., hunman, nonkey,
chi npanzee, gorilla, and the like), rodents (e.g., rats, mce,
gerbils, hamsters, ferrets, and the like), |agonorphs, swine (e.g.,

pig, mniature pig), equine, canine, feline, and the like. The terns
"subject” and "patient" are used interchangeably herein. For
exanple, a mamualian subject can refer to a human patient.

[0071] As used herein, the terms “transformation" and
"transfection" are intended to refer to a variety of art-recognized

techniques for introducing foreign nucleic acid into a host cell,
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i ncluding calcium phosphate or calcium chloride co-precipitation,
DEAE- dext r an- medi at ed transfection, lipofection (e.g., using
commercially available reagents such as, for exanple, LIPOFECTI N®
(Invitrogen Corp., San Diego, CA) , LIPOFECTAM NE® (I nvitrogen) ,
FUGENE® (Roche Applied Science, Basel, Swtzerland) , JETPEI ™

(Pol yplus-transfection Inc., New York, NY), EFFECTENE® (Q agen,

Val encia, <€A , DREAMFECT™ (z Bi osci ences, France) and the like), or
el ectroporati on. Suitable nethods for transformng or transfecting
host cells can be found in Sanbrook, et al. (Mlecular doning: A
Laboratory Manual. 2nd, ed., Cold Spring harbor Laboratory, Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, NY., 1989), and
other laboratory manuals. Standard reconbinant DNA and nol ecul ar
cloning techniques used herein are well known in the art and are
described in Sanbrook, J., Fritsch, EF. and Muniatis, T., Mlecular
Cloning: A Laboratory Manual, 2nd ed. ; Cold Spring Harbor Laboratory:
Cold Spring Harbor, NY., (1989) and by Silhavy, T.J., Bennan, ML.
and Enquist, L.W, Experiments wth Gene Fusions; Cold Spring Harbor
Laboratory: Cold Spring Harbor, NY., (1984); and by Ausubel, F.M
et. al., Current Protocols in Mlecular Biology, Geene Publishing
and W/ ey-Interscience (1987) each of which are hereby incorporated
by reference in its entirety. Additional wuseful nethods are
described in manuals including Advanced Bacterial GCenetics (Davis,
Roth and Botstein, Cold Spring Harbor Laboratory, 1980), Experinents
with Gene Fusions (Silhavy, Berman and Enquist, Cold Spring Harbor
Laboratory, 1984), Experinents in Mlecular GCenetics (Mller, Cold
Spring Harbor Laboratory, 1972) Experinental Techniques in Bacterial
Genetics (Maloy, in Jones and Bartlett, 1990), and A Short Course in
Bacterial Genetics (MIller, Cold Spring Harbor Laboratory 1992) each
of which are hereby incorporated by reference in its entirety.

[0072] The terms "treat", “treating” and "treatnent", as used
herein, refers to aneliorating synptons associated with a disease or
di sorder (e.g., cancer, Covid-19 etc.), including preventing or

del aying the onset of the disease or disorder synptons, and/or

| essening the severity or frequency of synptons of the disease or

di sorder

[0073] As used herein, the term "vector" can refer to a nucleic

acid construct deigned for transfer between different hosts,
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including but not linmted to a plasmd, a virus, a cosmd, a phage,
a BAC, a YAC, etc. In sonme enbodi ments, a "viral vector" is defined

as a reconbinantly produced virus or viral particle that conprises a

pol ynucleotide to be delivered into a host cell, either in vivo, ex
vivo or in vitro. In sonme enbodi nents, plasmd vectors can be
prepared from comercially available vectors. |In other enbodinents,
viral vectors can be produced from baculoviruses , retroviruses,

adenovi ruses, AAVs, etc. according to techniques known in the art.
In one enbodi nent, the viral vector is a lentiviral vector.

Exanmples of viral vectors include retroviral vectors, adenovirus
vectors, adeno-associ ated virus vectors, alphavirus vectors and the
like. Infectious tobacco npbsaic virus (TW) -based vectors can be
used to manufacturer proteins and have been reported to express
Giffithsin in tobacco |eaves (O Keefe et al . (2009) Proc. Nat.
Acad. Sci. USA 106(15) :6099-6104) . Al phavirus vectors, such as
Sem i ki Forest virus-based vectors and Sindbis virus-based vectors,
have also been developed for use in gene therapy and inmunotherapy.
See, Schl esinger & Dubensky (1999) Curr. Opin. Biotechnol. 5:434-439
and Ying et al . (1999) Nat. Med. 5¢(7):823-827 . |n aspects where
gene transfer is nmediated by a retroviral vector, a vector construct
can refer to the polynucleotide conprising the retroviral genome or
part thereof, and a gene of interest. Further details as to nodern
nmet hods of vectors for use in gene transfer can be found in, for
exanple, Kotterman et al. (2015) Viral Vectors for Gene Therapy:
Transl ati onal and Cinical CQutlook Annual Review of Bionedical

Engi neering 17. Vectors that contain both a promoter and a cloning
site into which a polynucleotide can be operatively linked are well
known in the art. Such vectors are capable of transcribing RNA in
vitro or in vivo and are commercially available from sources such as

Agil ent Technologies (Santa Clara, Calif.) and Pronega Biotech

(Madi son, Ws.) . In one aspect, the promoter is a pol Il pronoter.
[0074] Certain vectors are capable of autononous replication in
a host cell into which they are introduced (e.g., bacterial vectors

having a bacterial origin of replication and episonal mamalian
vectors) . Other vectors (e.g., nhon-episomal manmal i an  vectors) are
integrated into the genome of a host cell wupon introduction into the

host cell, and thereby are replicated along with the host genone.
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Moreover, <certain vectors are capable of directing the expression of
genes to which they are operatively |inked. Such vectors are
referred to herein as "expression vectors." |In general, expression
vectors of utility in reconmbinant DNA techniques are often in the
form of plasmids. In the present specification, "plasm d" and
"Vector" can be used interchangeably. However, the disclosure is
intended to include such other fornms of expression vectors, such as
viral vectors (e.g., replication defective retroviruses,

adenovi ruses and adeno-associated viruses), which serve equivalent
functions. Typically, the vector or plasnmd contains sequences
directing transcription and translation of a relevant gene or genes,
a selectable marker, and sequences allow ng autononobus replication
or chronmosomal integration. Suitable vectors conprise a region 5' of
the gene which harbors transcriptional initiation controls and a
region 3' of the DNA fragment which controls transcription
termnation. Both control regions nmay be derived from genes

honol ogous to the transformed host cell, although it is to be
understood that such control regions may also be derived from genes
that are not native to the species chosen as a production host.
[0075] Typically, the vector or plasmd contains sequences
directing transcription and translation of a gene fragnent, a

sel ectable marker, and sequences allowi ng autonormous replication or
chronpbsormal integration. Suitable vectors conprise a region 5' of
the gene which harbors transcriptional initiation controls and a
region 3' of the DNA fragment which controls transcription

term nation. Both control regions nmay be derived from genes

honol ogous to the transformed host cell, although it is to be
understood that such control regions may also be derived from genes
that are not native to the species chosen as a production host.
[0076] Initiation control regions or promoters, which are useful
to drive expression of the relevant pathway coding regions in the
desired host cell are numerous and familiar to those skilled in the
art. Virtually any pronoter capable of driving these genetic
elements is suitable for the present invention including, but not
l[limted to, lac, ara, tet, trp, IPL, IPR T7, tac, and trc (useful
for expression in Escherichia coli and Pseudononas); the any, apr,

npr pronoters and various phage pronoters useful for expression in
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Bacillus subtilis, and Bacillus licheniforms ; nisA (useful for
expression in gram positive bacteria, Eichenbaum et al. Appl

Environ. Mcrobiol. 64(8):2763-2769 (1998)); and the synthetic Pl
pronmoter (useful for expression in Lactobacillus plantarum Rud et
al ., Mcrobiology 152:1011-1019 (2006)). Termination control regions
may al so be derived from various genes native to the preferred

hosts .

[0077] Genetic screening has rapidly beconme a ubiquitous tool to
probe protein function and accelerate drug discovery. Libraries of
genetically encoded perturbations (CRISPR-Cas9 sgRNA, siRNA etc.)
enabl e high throughput identification of proteins essential to
cancer cells fitness, disease progression and infectivity. However ,
existing screens typically fail to capture how proteins function
biologically and provide little information on how to target hits

t herapeutically. Transposon nediated fragnmentation and
overexpression of cDNA has been used to identify peptide inhibitors
of essential proteins in Saccharonyces cerevisiae. However, these
libraries randomy generate gene fragnents of various |engths

hi ndering control of library conposition, feature many out of frane
fragnments, and are limted in their translational relevance due to
the choice of nodel organism To overconme these challenges, provided
herein is a platformbased screening nethodology that uses
overexpressed |libraries of overlapping synthesized gene fragnments
that can be used to identify protein functional regions associated
with an abnormal or disease cell fitness (e.g., cancer cell

fitness), as well as dominant negative inhibitors of abnornmal or

di sease cell growth (e.g., cancer cell growh) and as inhibitors of
i nfectious agents .

[0078] Inhibitory peptides have inmense potential as both
research tools and therapeutics. Direct inhibition of protein
activity without genetic alteration opens unique screening avenues
with which to probe protein function. For exanple, protein-protein
interaction networks could be nore precisely perturbed via
inhibitory peptides contacting a specific protein surface in
contrast to conplete genetic knockdown. The ability to identify
protein regions associated with cell fitness can also serve to

conpl ement traditional drug devel opnent efforts, such as through
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determning critical residues for inhibition via small nolecules or
anti bodies. Additionally, this screening nmethod identifies

inhibitory peptides that are immediately translatable, bypassing the
need for additional high-throughput screens to identify candidate

nol ecul es

[0079] Many proteins can be inhibited in a dominant negative
fashion by short peptides /proteins derived from their own wild type
codi ng sequence. Leveraging this fact, the disclosure provides
conpositions and nethods that use a conprehensive lentiviral library
of gene fragnents tiling key oncogenes via a highly nodular

ol i gonucl eotide synthesis protocol. This library was then used to
conduct a pooled fitness screen, mning novel peptide notifs which
sel ectively reduce cellular proliferation in breast cancer cell

i nes dependent on Ras/Mc signaling. Furthernmore, by mapping
peptides to their parent oncogenes (see, e.g., Table 1), conserved
regions of depletion which revealed protein domains essential for
cell fitness were identified. Coupling of cell penetrating nmotifs or
other peptide delivery conpositions to these peptides provides a
drug-like function. Using the screening nmethods described herein,
drugabl e peptide conpositions were devel oped, such as for exanple,
from EGFR and RAF1 which were able to inhibiting cell growth at |csos
of 30-60uM. Taken together, this approach enabled rapid discovery of
potentially translatable peptide therapeutics, as well as de novo
mappi ng of essential protein donmains.

[0080] The screening strategy presented herein can probe protein
functional regions with single amno acid resolution and can be
readily scalable due to the ease of array-based oligonucleotide
synthesis. |In the exenplary studies presented herein, the platform
based screening nethodology disclosed can identify peptide

i nhibitors of known oncogenes, including proteins, such as KRAS,

that are a challenge to target wusing snmall nolecule therapeutics.

In addition, the screening nmethods of the disclosure were used to
develop anti-inf ectivity agents that inhibit, e.g., viral infection
such as infection by betaviruses (e.g., SARS-Cov2) . As such, the
screeni ng nmethodol ogy disclosed herein enables rapid discovery of
potentially translatable peptide therapeutics and can be easily

adaptable to diverse target genes and pathogenic contexts. These
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pat hogenic contexts are not |limted to cancer cell fitness. This

net hodol ogy can be conpatible wth screening for higher |evel
phenotypes via FACS, scRNAseq, as well as functional assays.

[0081] In a particular enbodinment, the screening methodol ogy
described herein conprises providing a plurality of gene fragnments
which code for potentially inhibiting peptides for a targeted gene
or genes (e.g., oncogenes, cell surface receptors, viral binding
ligands etc. ). The plurality of gene fragnents may be generated by
in silico pooled oligonucleotide synthesis technologies to generate
large gene fragnment libraries for use in the screening nethods

di scl osed herein. Concepts from screening nethodologies for CRISPR-
based technologies can be used with the screening nethodol ogies

di sclosed herein, including the CRISPR based screening nethods found
in Wang, T., Wi, J. J., Sabatini, D. M. & Lander, E. S., Science
343, 80-84 (2014); Glbert, L. A. et al., Cell 159, 647-661 (2014);
Shalem O, Sanjana, N. E. & Zhang, F., Nat Rev Genet 16:299-311

(2015) ; Shalem 0. et al ., Science 343, 84-87 (2014) each of which
is hereby incorporated by reference in its entirety.

[0082] The disclosure provides synthesis of a gene fragment
library using nmethods known to those of skill in the art. Gene

fragnents are then delivered to cells, using methods known to those
in the art, including viral and non-viral nethods. 1In a particular
enmbodi ment, the gene fragnents are delivered to cells using

lentiviral transduction. The disclosure provides that the cells may
be cultured, such as under selective pressure and |ysed and
sequenced, such as deep-sequencing nmay be performed, to identify one
or nore nucleic acids from the library that are introduced into the
cells using nmethods known to those of skill in the art, such as
those described in Shalem O, Sanjana, N. E. & Zhang, F., Nat Rev
Genet 16:299-311 (2015); Shalem o©. et al ., Science 343, 84-87
(2014); Agrotis, A. & Ketteler, R.,. Front Cenet 6:300, each of
which is hereby incorporated by reference in its entirety.
Statistically-overrepresented nucleic acids nmay be determned using
net hods associated with pooled and arrayed screens (See Agrotis, A.
& Ketteler, R. A new age in functional genomics using CRISPR Cas9 in
arrayed library screening. Front Genet 6, 300 (201S) hereby

incorporated by reference in its entirety)
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[0083] In a particular enbodiment, a gene fragnent library
coding for potentially inhibitor peptides are synthesized via pooled
ol i gonucl eotide synthesis wusing solid-phase synthesis. Solid-phase
synthesis is typically carried out on a solid support held between
filters, in colums that enable all reagents and solvents to pass
through freely. Solid-phase synthesis has a nunber of advantages

over solution synthesis, including, |arge excesses of solution-phase
reagents can be used to drive reactions quickly to conpletion;
inmpurities and excess reagents are washed away and no purification
may be required after each step; and the process is anenable to
autormati on on conputer-controlled sol i d- phase synthesizers. Solid
supports (also called resins) are the insoluble particles, typically
50-200 pm in diameter, to which the oligonucleotide can be bound
during synthesis. Many types of solid support have been used, but
controlled pore glass (CPG and polystyrene have proved to be the
nost useful .

[0084] The phosphoranidite nethod, pioneered by Marvin Caruthers
in the early 1980s, and enhanced by the application of solid-phase
technology and automation, is typically used. Phosphorami dite oligo
synthesis proceeds in the 3 - to 5'-direction (opposite to the 5'-
to 3'-direction of DNA biosynthesis in DNA replication) . One

nucl eotide can be added per synthesis cycle. At the beginning of

ol i gonucl eotide synthesis, the first protected nucleoside can be
pre-attached to the resin and the operator selects an A, G, Cor T
synthesis colum depending on the nucleoside at the 3'-end of the
desired oligonucleotide. The support-bound nucleoside has a 5'-DMI
protecting group (DMI = 4,4'-dinethoxytrityl ), the role of which is
to prevent polynerization during resin functionalization, and this
protecting group nust be renpbved (detritylation) from the support-
bound nucl eoside before oligonucleotide synthesis can proceed.

Fol lowing detritylation, the support-bound nucleoside is ready to
react with the next base, which can be added in the form of a

nucl eosi de phosphoram dite rmononer. A large excess of the
appropriate nucl eoside phosphoranidite can be mxed with an
activator (tetrazole or a derivative) , both of which are dissolved
in acetonitrile (a good solvent for nucleophilic displacenent

reactions) . The diisopropylamno group of the nucl eoside
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phosphoram dite can be protonated by the activator, and can be
thereby converted to a good leaving group. It can be rapidly

di splaced by attack of the 5'-hydroxyl group of the support-bound
nucl eoside on its neighboring phosphorus atom and a new phosphorus-
oxygen bond can be forned, creating a support-bound phosphite
trinester. Nucl eosi de phosphoram dites are reasonably stable in an
inert atnosphere and can be prepared in large quantities, shipped
around the world and stored as dry solids for several nonths prior
to use. Only upon protonation do nucl eoside phosphoranmidites becone
reactive .

[0085] It may not be unreasonable to expect a yield of 99.5%
during each coupling step, but even with the npost efficient

chem stry and the purest reagents it may not be possible to achieve
100% reaction of the support-bound nucleoside wth the incomng
phosphor ani di t e. This neans that there will be a few unreacted 5'-
hydroxyl groups on the resin-bound nucleotide; if left unchecked,
these 5'-hydroxyl groups would be available to partake in the next
coupling step, reacting with the incom ng phosphoranidite. The
resulting oligonucleotide would |ack one base. Del eti on nutations
are avoided by introducing a "capping" step after the coupling
reaction, to block the unreacted 5'-hydroxyl groups. Two capping
solutions are used on the synthesizer: acetic anhydride and N-

nmet hyl i m dazol e (NM) . These two reagents (dissolved in
tetrahydrofuran with the addition of a small quantity of pyridine)
are mxed on the DNA synthesizer prior to delivery to the synthesis
colum. The electrophilic mxture rapidly acetylates alcohols, and
the pyridine ensures that the pH remains basic to prevent
detritylation of the nucleoside phosphoranmidite by the acetic acid
formed by reaction of acetic anhydride with NM. Acetylation of the
5'-hydroxyl groups renders them inert to subsequent reactions.
[0086] After phosphoramidite coupling, capping and oxidation,
the DMI protecting group at the 5'-end of the resin-bound DNA chain
are removed so that the primary hydroxyl group can react with the
next nucleotide phosphoramdite. Deprotection wth trichloroacetic
acid in dichlorone thane can be rapid and quantitative. An orange
color can be produced by cleaved DMl carbocation, which absorbs in

the visible region at 495 nm The intensity of this absorbance is
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used to determine the coupling efficiency. Mst comrercially

avail able DNA synthesizers have hardware to neasure and record the
trityl yield for each cycle so that the efficiency of synthesis can
be monitored in real tine. The cycle can be repeated, once for each
base, to produce the required oligonucleotide. The linker can be a
chemcal entity that attaches the 3'-end of the oligonucleotide to
the solid support. It nust be stable to all the reagents wused in

sol i d-phase oligonucleotide assenbly, but cleavable under specific
conditions at the end of the synthesis. The cleavage reaction can be
carried out automatically on sonme synthesizers, and the ammoni acal
solution containing the oligonucleotide can be delivered to a glass
vial. Alternatively, the cleavage can be carried out nmanually by
taking the colum off the synthesizer and washing it with syringes
contai ning ammonium hydroxide. The oligonucleotide, now di ssolved in
concentrated aqueous ammopnia, can be heated to renove the protecting
groups from the heterocyclic bases and phosphates. The aqueous
solution can then renoved by evaporation and the oligonucleotides

are ready for purification.

[0087] Gene fragnent libraries can be generated by splitting
target gene(s) or relevant protein interaction partners into defined
size fragnents (e.g., 100 to 150 nt fragments) . Several different
commercial platforns exist for producing pooled oligonucleotides
(e.g., CustomArray, Twi st Bioscience, Agilent Technologies). Site
directed nutagenesis can also be perforned to optimze gene
fragnents for particular applications. Additionally, conputational
structure guided library design can be used to construct de novo
gene fragnent Ilibraries which have predicted binding to target

genes. The gene oligonucleotides are synthesized as gene fragnent
library which includes a plurality of gene fragnments having nore
than 50, 100, 200, 300, 400, 500, 600, 700, 800, 1000, 1500, 2000,
5000, 10000 different sequences based from one or nore target genes.
Exampl es of target genes includes genes associated with a disease or
di sorder condition, such as oncogenes, or targets of infectious
agents. The screening nethodology of the disclosure can be agnostic
to the disease nodel chosen. In theory, peptide inhibitors (drug-
like peptides) of any protein target can be identified using the

screening methods disclosed herein. The nmethod can be assisted by
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having an in vitro assay to select for the phenotype of interest
when contacted with a drug-like peptide. Alternatively, novel

dom nant negative inhibitors of protein function could be produced
and sold as scientific reagents. Peptides across a wde size range
(5-60 AA) can be screened via the screening nethods disclosed
herein, highlighting the broad utility of the screening nethods of
the disclosure as a platform technol ogy.

[ 0088] In a particular enbodinent, the gene fragnments used in
the screening nethods disclosed herein are gene fragments of one or
nore oncogenes. Exanpl es of oncogenes, include are but not limted
to, MCL-1, BCR BRAF, JAK1, JAK2, VEGF, EGFR, ALK, CDK1, CDK2, CDK3,
CDK3, CDK4, BRCA, PIK3CA, MEK, GCKIT, NRAS, ABCBll1l, ANTXR2 , BCOR
CDKN1B, CYP27A1 , EMD, FANCF, ABCC8 , APC, BCORL1, CDKN2A, CYP27B1 ,
EP300, FANCG ABCC9, AR, BLM CEP290, DAXX, EPCAM FANCI, ABCD1 ,
ARI D1A, BMPR1A, CFTR, DBT, EPHA5, FANCL, ABL1, ARID2, RAF1l, CHEK1,
DCC, EPHB2, FANCM ACADM ARSA, BRCA1, CHEK2, DCX, ERBB2, FAS, CADS,
ASAH1 , BRCA2, CHM DDB2, ERBB3, FAT3, ACADVL , ASCCl, BRIP1, CIC,
DDR2, ERBB4, FBXA |, ACTCl, ASL, BTD, CLN3, DES, ERCC2, FBX032,
ACTN2 , ASPA, BTK, CLN5, DHCR7, ERCC3, FBXW , ACVR1B, ASSl, BUBIB,
CLN6, DICER , ERCC4, FGD4, ADA, ASXLl1l, CALR3, CLN8, DIS3L2, ERCGC5,
FGFR1, ADAMIS13, ATM CARD11l, COL1A2, DKCl, ERCC6, FGFR2, ADAMIS2 ,
ATP4A, CASP8, COL4A3, DLD, ERRFI1l, FGFR3, AGA, ATP6VOD2 , CAV3,
COL4A4 , DMD, ESC02, FH, AG., ATP7A, CBFB, COL7A1, DNAJB2, ESRI,
FKTN, AGPS, ATP7B, CBL, COX15, DNMI3A, ETV6, FLCN, AH 1, ATP8B1 ,
CBLB, CREBBP, DSC2, EXOC2, FLT3, AP, ATR CBLC, CRLF2, DSE, EXT1,
FMRL, AKAP9, ATRX, CBS, CRTAP, DS&, EXT2, FUBPl, AKT1, AXI N1,
CCDC178, CRYAB, DSP, EYA4, FzZD3, AKT2, AXIN2 , CCNE1l, CSF1R, DTNA,
EZH2 , GBPC, ALB, BAG3, CD79A, CSMD3, ECT2L, FlI, GAA, ALDH3A2 , BAI 3,
CD79B, CSRP3, EDA, F5, GABRA6, ALDOB, BAPl, CD96, CTNNB1, EDN3, FAH,
GALNT12 , ALK, BARDl1, CDC27, CTNS, EDNRB, FAMI6C, GALT, ALS2, BAX,
CDC73, CTSK, EED, FANCA, GATA1, AMER , BAZ2B, CDHl, CUBN, EGFR
FANCB, GATA2, AWPDl , BCKDHA, CDH23, CYLD, EGR2, FANCC, GATA3, AMPH,
BCKDHB, CDK12, CYP11Al, EHBP1, FANCD2 , GATAD1l, ANTXRl1 , BCL6, CDK4,
CYP21A2 , ELMO , FANCE, GBA, GCDH, JAK1, MDM2, NEK2, PLOD1, ROS1,
SWPD1, GIB2, JAK2, MECP2 , NEXN, PLP1, RPGRIP1L, SOX10, GLA, JAK3,
MED12 , NF1, PMP22, RSI, SOX2, G.Bl, JupP, MEFV, NF2, PM32, RSPO,
SPEG Gl 1, KAT6A, MEN1, NFE2L2 , POLD1, RTEL1, SPOP, GLI3, KCNQL,
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MET, NFKBIA, POLE, RUNX1, SRC, G.MN, KDw4B, MSD8 , N PA2 , PQOLH,
RUNX1T1 , SSTR1, GNA11, KDWMBA, M ER3, NKX3-1, POVGNT1, RYR2, STA®R,
GNAQ KDR, MTF, NOTCH1l, POMI1, S1PR2, STAR, GNAS, KEAP1, MKS1,
NOTCH2 , POU1F1, SAMDOL, STK11, GNPTAB, KIF1B, MHL, NPCl, POUGF2,
SBDS, SUFU, GPC3, KIT, MH3, NPC2, PPMLL, SCN11A, SUZ12, GPC6, KLF®6,
MVAB, NPHP1 , PPP2R1A, SCN5A, SYNE3, GPR78, KLHDC8B, MPL, NPHP4 ,
PPT1, SCNN1A, TAZ, GRIN2A, KMI2A, MPZ, NPML, PRDML, SCNN1B, TBX20,
GRMB, KMI2C, MRE11A, PRKAGR , SCNN1G TCAP, GXYLT1, KMI2D, MsH ,
NRCAM  PRKARLA, SC02, TCERGL, H3F3A, KRAS, MSH3 , NTRK1, PRKDC, SDHA,
TCF7L2 , HADHA, KREMEN1 , MSH6, NUP62, PROC, SDHAF2 , TERT, HADHB,
LICAM MSMB, OR5L1, PROP1, SDHB, TET2, HBB, LAMA2, MSR1, OIC,
PRPF40B, SDHC, TFG HESX1, LAMA4, MIAP, OTOP1, PRX, SDHD, TGFB3,
HEXA, LAMP2 , MIHFR, PAH, PSAP, SEPT9, TGFBRL, HEXB, LDB3, MIM ,
PALB2 , PSENl, SETBP1, TGFBR2, HFE, LEPRE1, MIOR, PALLD, PSEN2,
SETD2 , THSD7B, HGSNAT, LIG4, MJIC16, PAX5, PTCH1, SF1, TINF2,

H ST1H3B, LMNA, MJT, PAXs, PTCH2, SF3Al, TMC6, HNF1A, LPAR2, MJTYH,
PBRML, PTEN, SF3B1, TMC8, HRAS, LRP1B, MYBPC3 , PCDH15, PTGFR, SGCD,
TMEML27 , HSPH1 , LRPPRC, MYC, PCGF2, PTPN11, SGSH, TMEMA3, | DHI,
LRRK2 , MYD88 , PDE11A, PTPN12, SH2B3, TMEMG67 , |DH2, LYST, MYH6,
PDGFRA, RACl1, SLC25A4 , TMPO, | GF2R, MAP2K1 , MyH7 , PDHA1l , RAD21,
SLC26A2, TNFAIP3, |GHVBP2 , MAP2K2 , MYL2 , PDZRN3, RAD50, SLC37A4 ,
TNFRSF1 4, |GSF10, MAP2K4 , MYL3, PEX1, RAD51B, SLC7A8, TNNCl, |KBKAP,
MAP3K1 , MYLK2 , PEX7, RAD51C, SLC9A9, TNNI 3, |[|KZF1, MAP4K3, MvA B,
PHF6, RAD51D, SLX4, TNNT1, |KZF4, MAP7, MYO7A, PIK3CA RARB, SMVAD?2,
TNNT2 , |1L2RG MAPK10, MyQZ2 , PIK3CG RBlI, SMAD4, TP53, |L6ST, MASIL,
MYPN, PIK3R1, RBM20, SMARCA4 , TPML, IL7R, MAX, NBN, PKHDl, RECQ4,
SMARCB1 , TPP1, |INVS, MC1IR, NCQOA2 , PKP2, RET, SMC1A, TRAF5, |RAK4,
MCCC2 , NCOR1, PLEKHGS , RHBDF2 , SMC3, TRIO, ITCH MCOLN1, NDUFA13,
PLN, RNASEL, SMDO, TRPV4, TRRAP, W2AF1, USHIC, WAS, WW1l, ZIC3, TSC1,
U2AF2 , USHIG, WBSCR17 , XPA, ZNF2, TSC2, UBA1l, USP16, WEE1l, XPC,
ZNF226, TSHB, UBR3, USP25, WNK2 , XRCC3, ZNF473, TSHR, URCD, VCL,
WRN, ZBED4 , ZNF595, TTN, UROCS, VHL, W1, ZFHX3, HER2, and ZRSR2 . In
a further enbodinment, the oncogenes includes oncogenes selected from
KRAS, HRAS, NRAS, RAFI , BRAF, ARAF, Mc, Mx, FBXW , and EGFR. In
anot her enbodi ment, the gene fragments used in the screening nethods
di sclosed herein are gene fragments of one or nore receptors used as

ligands for viruses. Exanpl es of such receptor, include but are not
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l[imted to, CD4, poliovirus receptor, |ICAM1, Integrin (VLA-2),
Coxsacki evi rus-adenovi r us receptor (CAR), HAvcr-1, VACM 1, lamnin
receptor, angiotensin-converting enzyme 1 or 2 (ACE-1 or -2) , MCP
(CD46) , SLAM nectin-1, nectin-2, TNFR famly, dipeptidyl peptidase-
4 or -8 or -9, and CD21. The sequences of the oncogene/oncoproteins
identified herein and above as well as the receptor identified
herein have sequences that are known, as well as characterized

bi ol ogical activity. For exanple, AKT1l encodes RAC-al pha
serine/threonine-protein ki nase. This enzyne belongs to the AKT
subfam |y of serine/threonine kinases that contain SH2 (Src honol ogy
2-like) domains. |In some cases, it is commonly referred to as PKB,
or by both names as "Akt/PKB". AKT1 was originally identified as
the oncogene in the transformng retrovirus, AKT8. In sone cases,
"BRAF" is a human gene that encodes a protein called B-Raf. The gene
can also be referred to as proto-oncogene B-Raf and v-Raf nmurine
sarcoma viral oncogene honolog B, while the protein can be nore
formally known as serine/threonine-protein ki nase B-Raf. In sone
cases, the B-Raf protein is involved in sending signals inside cells
which are involved in directing cell growth. |In sone cases, the
mamal i an target of rapamycin (nTOR) , sonetimes also referred to as
the mechanistic target of rapanmycin and FK506-binding protein 12-
rapanyci n-associated protein 1 (FRAPl), is a kinase that in humans
is encoded by the MIOR gene. nlfOR is a nenber of the

phosphati dyl i nosi t ol 3-kinase-related kinase famly of protein

ki nases. nTOR links with other proteins and serves as a core
conponent of two distinct protein conplexes, nTOR conmplex 1 and niOR
conplex 2, which regulate different cellular processes. In
particular, as a core conponent of both conplexes, nTOR functions as
a serine/threonine protein kinase that regulates cell growth, cell
proliferation, cell notility, «cell survival, protein synthesis,

aut ophagy, and transcription. nlOR also functions as a tyrosine
protein kinase that pronbtes the activation of insulin receptors and
insulin-like growmh factor 1 receptors. Over-activation of nTOR
signaling significantly <contributes to the initiation and

devel opnment of tunors and nmfOR activity was found to be deregul ated
in many types of cancer including breast, prostate, 1lung, nelanoms,

bl adder, brain, and renal carcinomas. Various oncogenes and
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receptors coding sequence as well as the expressed polypeptides are
described in Table 1.

[0089] Once synthesized, oligonucleotides are cloned into the
appropriate vector for the biological nodel and planned screening

st udy. In a particular enbodinent, the gene fragnents are packaged
into viral vectors for delivery of gene fragments to target cells
for overexpression. Viral vectors are introduced at a |low
multiplicity of infection (MJ) in order to ensure that cells
receive only a single gene fragment from the library pool. Exanples
of viral vectors, include, but are not limted to, reconbinant

retroviral vectors, adenoviral vectors, adeno-associ ated viral

vector, alphaviral vectors, and lentiviral vectors. In a particul ar
enbodi nent the viral vector is a lentiviral vector. Because
lentiviruses integrate into the genone, the viral integrant serves

as a tag for readout of which sgRNA construct can be delivered to a
particular «cell. Lentivirus is unique in its ability to infect non-
dividing cells, and therefore has a wider range of potential
applications. In sone cases, the lentiviral genone in the form of
RNA is reverse-transcribed when the virus enters the cell to produce
DNA, which is then inserted into the genone at a position detern ned
by the viral integrase enzynme. For safety reasons lentiviral vectors

never carry the genes required for their replication.

[0090] In another enbodiment, the viral vector is an adeno-
associated virus (AAY) . AAV is a tiny non-enveloped virus having a
25 nm capsid. |In some cases, no disease is known or has been shown

to be associated with the wild type virus. AAV has a single-stranded
DNA (ssDNA) genone. AAV has been shown to exhibit long-term

epi somal transgene expression, and AAV has denonstrated excellent
transgene expression in the brain, particularly in neurons. Vectors

containing as little as 300 base pairs of AAV can be packaged and

can integrate. Space for exogenous DNA can be limted to about 4.7
kb. An AAV vector such as that described in Tratschin et al ., Mol.
Cell. Biol. 5:3251-3260 (1985) can be used to introduce DNA into
cells. A variety of nucleic acids have been introduced into

different cell types using AAV vectors (see for exanple Hernonat et
al ., Proc. Natl. Acad. Sci. USA 81 :6466-6470 (1984); Tratschin et
al ., Ml. Cell. Biol. 4:2072- 2081 (1985); Wndisford et al., Mol.
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Endocrinol. 2:32-39 (1988); Tratschin et al., J. Virol. 51 :611-619
(1984) ; and Flotte et al ., J. Biol. Chem 268:3781-.3790 (1993)
There are nunerous alternative AAV variants (over 100 have been
cloned) , and AAV variants have been identified based on desirable
characteristics. For exanple, AAV9 has been shown to efficiently
cross the blood-brain barrier. Moreover, the AAV capsid can be
genetically engineered to increase transduction efficient and

sel ectivity, e.g., biotinylated AAV vectors, directed nolecular
evolution, self-conplenentary AAV genones and so on. Modi fied AAV
have al so been descri bed, i ncluding AAV based on ancestral
sequences; see, e.g., US7906111; WO 2005/033321; WD2 008027 084,
W02014124282 ; W2 015054653 ; and WOR007127264 . Oher nodified AAVs
that have been described include chineric nanoparticles (ChNPs) that
have an AAV core that expresses a transgene that is surrounded by
| ayer (s) of acid labile polymers that have enbedded antisense

ol i gonucl eot i des (e.g., see Hong et al., ACS Nano 10:8705-8716
(2016)) and Cho et al., Biomaterials 2012, 33, 3316-3323). The
conpositions and nethods disclosed herein, in sonme enbodi nents,
provide a platform technology, and as such the conposition and

net hods disclosed herein can be used with all known AAVs, including
the nodified AAVs described in the literature, such as ChNPs.

[0091] Alternatively, retrovirus vectors and adeno-associated
viral vectors can be used as a reconbinant gene delivery system for
the transfer of gene fragnments. These vectors provide efficient
delivery of genes into cells, and the transferred nucleic acids are
stably integrated into the chronpbsonal DNA of the host. The

devel opnent of specialized cell lines (terned "packaging cells")

whi ch produce only replication-defective retroviruses has increased
the utility of retroviruses for viral gene therapy, and defective
retroviruses are characterized for use in gene transfer for viral
gene therapy purposes (for a review see MIller, Blood 76:271

(1990)) . A replication defective retrovirus can be packaged into
virions, which can be used to infect a target cell through the use
of a helper virus by standard techniques. Protocols for producing
reconbinant retroviruses and for infecting cells in vitro or in vivo
with such viruses can be found in Ausubel, et al, eds., Current

Protocols in Mlecular Biology, Geene Publishing Associates,
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(1989), Sections 9.10-9.14, and other standard |aboratory mnanuals.
Exanpl es of suitable retroviruses include pLJ, pZI P, pWE and pEM
which are known to those skilled in the art. Exanples of suitable
packaging virus lines for preparing both ecotropic and anphotropic
retroviral systens include WY&ip, W&, Y2 and WAnL. Retroviruses have
been used to introduce a variety of genes into many different cell
types, including epithelial <cells, in vitro and/or in vivo (see for
exanple Eglitis, et al. (1985) Science 230: 1395-1398; Danos and

Mul ligan (1988) Proc . Natl. Acad. Sci . USA 85:6460-6464; WIson et
al . (1988) Proc. Natl. Acad. Sci. USA 85:3014-3018; Arnentano et al .
(1990) Proc. Natl. Acad. Sci. USA 87:6141-6145; Huber et al. (1991)
Proc. Natl. Acad. Sci. USA 88:8039-8043; Ferry et al . (1991) Proc.
Natl. Acad. Sci. USA 88:8377-8381; Chowdhury et al . (1991) Science
254: 1802-1805; van Beusechem et al. (1992) Proc. Natl. Acad. Sci.
USA 89: 7640- 7644; Kay et al. (1992) Human GCene Therapy 3:641- 647,
Dai et al . (1992) Proc. Natl. Acad. Sci. USA 89: 10892-10895; Hw et
al . (1993) J. Inmunol. 150:4104-4115; US Patent No. 4,868, 116;
U.S. Patent No. 4,980,286; PCT Application WO 89/07136; PCT
Application WO 89/02468; PCT Application WO 89/05345; and PCT
Application WO 92/07573)

[0092] Another viral gene delivery system useful in the methods
of the disclosure utilizes adenovirus-derived vectors. The genone of
an adenovirus can be mani pul at ed, such that it encodes and expresses

a gene product of interest but is inactivated in terns of its

ability to replicate in a normal lytic viral life cycle. See, for
exanpl e, Berkner et al ., BioTechniques 6:616 (1988); Rosenfeld et
al ., Science 252:431-434 (1991); and Rosenfeld et al ., Cell 68 143-

155 (1992) . Suitable adenoviral vectors derived from the adenovirus
strain Ad type 5 dl 324 or other strains of adenovirus (e.g., Ad2,
Ad3, or Ad7 etc.) are known to those skilled in the art. Reconbinant
adenoviruses can be advantageous in certain circunstances, in that
they are not capable of infecting non-dividing cells and can be used
to infect a wide variety of cell types, including epithelial cells
(Rosenfeld et al ., (1992) supra) . Furthernore, the virus particle

can be relatively stable and anenable to purification and
concentration, and as above, can be nodified so as to affect the

spectrum of infectivity. Additionally, in sonme cases, introduced
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adenoviral DNA (and foreign DNA contained therein) is not integrated
into the genone of a host cell but remains episonal, thereby
avoiding potential problens that can occur as a result of

i nsertional nmut agenesis in situ, where introduced DNA becones
integrated into the host genone (e.g., retroviral DNA) . Moreover,
the carrying capacity of the adenoviral genone for foreign DNA can
be large (up to 8 kilobases) relative to other gene delivery vectors
(Berkner et al ., supra; Haj-Ahnand and Graham J. Virol. 57:267
(1986) . Al phaviruses can also be used.

[0093] Al phaviruses are enveloped single stranded RNA viruses
that have a broad host range, and when used in the methods disclosed
herein al phaviruses can provide high-level transient gene fragnent
expression. Exenplary alphaviruses include the Semiki Forest virus
(SFV) , Sindbis virus (SIN) and Venezuelan Equine Encephalitis ( VEE)
virus, all of which have been genetically engineered to provide
efficient replication-deficient and -conpetent expression vectors.
Al phaviruses exhibit significant neurotropism and so are useful for
CNS- related diseases. See, e.g., Lundstrom Viruses. 2009 Jun;
1(1): 13-25; Lundstrom Viruses. 2014 Jun; 6(6): 2392-2415;
Lundstrom Curr Gene Ther. 2001 May; 1(1) : 19- 29; Rayner et al .,
Rev Med Virol. 2002 Sep-Cct; 12(5):279-96.

[0094] Gamma-retroviral  vectors (replication conpetent or
defective) can also be used (e.g., MV) . Typical constructs include
viruses with a viral genone conprising viral genes (e.g., gag, pol,

env) having an expression cassette located in the LTRs or downstream
of the envel ope gene.

[0095] The frequency of observing any particular tag (gene
fragnent) before and after phenotypic selection can be a paranmeter
measured wusing the screening nmethods disclosed herein. After
cloning, the distribution of cloned oligos in the pooled l|ibrary can
be assessed using Next-Generation Sequencing (NGS) . In sone cases,
hi gh throughput sequencing is then used to track the abundance of
each gene fragnent as the target cells grow Gene fragments which
significantly deplete over the course of cell growh are deleterious
to cell fitness and can then be synthesized individually to neasure
their performance in additional assays, such as cell proliferation,

RNA- Seq, Mass Spec, etc.
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[0096] As exenplified in the studies presented herein, the
screeni ng nethodol ogy of the disclosure allowed for the
identification of highly effective dom nant negative inhibitors of
oncogene nediated cancer cell proliferation and viral entry. Because
the library of gene fragments can be user defined and custom
synthesi zed, the screening nethods disclosed herein are easily
adaptable to diverse projects where a selection strategy can be
devised to enrich or deplete cells with the phenotype of interest.
Technol ogi es which can partition cells based on unique phenotypic
features such as Flow Activated Cell Sorting (FACS) , or magnetic
bead pull down wll play a key role in expanding this nethodol ogy
beyond proliferation. This conbined with the decreasing cost of
single cell RNA sequencing allows for investigation of increasingly
nore conplex phenotypes, such as cellular differentiation and
regeneration. Dom nant negative peptides have imense potential as
both research tools and therapeutics. Direct inhibition of protein
activity without genetic alteration opens unique screening avenues
with which to probe protein function. For exanple, one of the

dom nant negative fragnents identified in the studies presented
herein appears selective to a specific KRAS nutation, potentially
allowing for mutant allele specific inhibition in a functional
screen. Furthernmore, wth nmniml engineering, a dom nant negative
peptide EGFR inhibitor opposed TNBC cell growth in vitro as
effectively as FDA approved small nolecules. Because one of the key
l[imtations of dom nant negative peptide inhibitors can be the
intracellular location of the target proteins, it is expected that
advances in biologies delivery can inprove the translational

rel evance this strategy.

[0097] In concert with direct oncological applications, the
screeni ng nethodol ogies disclosed herein could be potentially used
to identify peptides which are inmmnostimnulatory/imunosuppressive
via FACS based screening of immune effector cells. The design of the
experinment could be tailored specifically to the pathogenic context
(e.g. , screening in regulatory T cells to identify inmunosuppressive
peptides to treat autoimmune disorders) . Furthernore, the screening

net hodol ogi es disclosed herein could also be adapted to inhibiting
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pat hogenic protein-protein interactions directly, such as

neur odegenerati ve tauopathi es.

[0098] As such, the disclosure further provides the follow ng
applications which can utilize the screening nethodol ogies described
herein, including, but not limted to, profiling MC binding
peptides; disrupting pathogenic protein aggregation relevant to
tauopathies, anyloid plagues etc.; cytokine/receptor engineering or
profiling relevant to cancer imunotherapy as well as autoi mune

di sorders; identifying peptides nediating regenerative phenotypes
such as angi ogenesis; discovering anti-aging therapeutics; and

di scovering pain nodul ating peptides.

[0099] The disclosure provides a nunber of drug-like peptides in
t he acconpanying sequence listing (incorporated herein by reference)
that can have biological activity in various cancer and disease

nodel s. The disclosure thus provides peptides conprising, consisting
essentially of or consisting of sequences that are at |east 85, 87,
90, 92, 94, 95 98, 99 or 100% identical to any one of the sequences
set forth in the acconpanying sequence listing at SEQ |ID NGs: 1-9488
or 9489) . Moreover, it should be recognized that the peptides of
the disclosure can have 1-30 additional amino acids appended to the
N- or Ctermnal end of the peptide (e.g., CPPs, Ilinkers,
purification sequences etc.). These drug-like peptide can be
delivered to a subject or cell to treat cancer or disease

progression by inhibiting the biological activity of the
corresponding full length polypeptide from which the peptides are
deri ved. For exanple, two drug-like peptides (RAF1_73 and EG-R 697)
are exenplified that opposed triple-negative breast cancer cell
growth in vitro as effectively as sonme FDA approved small nolecul es.
Because peptide drugs are often linted by the intracellular

| ocation of the target proteins, advances in biologies delivery wll
drastically inprove the translational relevance of this strategy.
[00100] The disclosure provides drug-like peptides (e.g.,

domi nant negative peptides) as set forth in Table 1. The doninant
negative peptides can be used to treat cell proliferative disorders
(e.g., such as those in the sane row as the peptide sequence) where
the cell proliferative disorder can be caused by or associated wth

the biological activity of the gene product.
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[00101] Table 1:
Parental Exemplary Parental Drug-like
Gene/Protein Disease/Disorder/ (SEQ ID NO) * peptides
Name Cancer (SEQ ID NOs)
AKTLI {svnonyms: |ductal carcinoma, 9540 1-5, 5000-
PER-ALFPHA, RAZ, lung adenocarcinoma, 5010
PRXEA, PKB, colon
RAC-ALPHA, adenocarcinoma,
CWSES endometrial
endometrioid
adenocarcinoma, and
invasive breast
carcinoma
prostate 9542 3499, 3750-
AR (androgen adenocarcinoma, lung 3759, 5011-
receptor; adenocarcinoma, 5073
synonvms: KD, colon
NR3C4, DHETR, adenocarcinoma,
AR®, HYSPL, endometrial
TFM, AIS, endometrioid
SMAX1, SBMA, adenocarcinoma, and
HUMARA} breast invasive
ductal carcinoma
lung adenocarcinoma, 9544 5074-5084
colon
adenocarcinoma,
endometrial
ARAF {svynonyms: | endometrioid
RAFALl, A-RAF, adenocarcinoma,
ARAFLl, PKSZ) breast invasive
ductal carcinoma,
and high grade
ovarian serous
adenocarcinoma
colon 9546 6-15, 350-
adenocarcinoma, 489, 255bH-
cutaneous melanoma, 2586, 2949-
lung adenocarcinoma, 2974, 3500-
BRAF {5 UROnvmS § melanoma, and 3509, 3760-
e ? thyroid gland 3792, 5086-
RAFFEL, AT . .
- e paplllary carcinoma, 5185
NS7, B-raf
RAF1) colorecta%
adenocarcinoma,
breast invasive
ductal carcinoma,
melanoma, prostate
adenocarcinoma
Breast and ovarian 9548 490-498,
cancer 2587-2588,
p oD 2975-2981,
CASEE 3511, 3793-
3804, 5186-
5228
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breast invasive 9550 5229-5250
ductal carcinoma,

CONDL inva§ive breast

{syrnonyms: carc1noma, bladder

5CL1, Dilszayg, |nrothelial

U21B31, PRADL) | Carcinoma, breast
invasive lobular
carcinoma, and lung
adenocarcinoma

CDHI {cadherin- | lobular breast 9552 499-514,

1: synonyms: carcinoma 2589-2591,

CAMizZ0/80C, E- 2982, 3511,

cadherin, 3805-3816,

uvenmoruling 5251-5310

CDKNZA {cyclin- | lung adenocarcinoma, 9554 515-517

dependent conventional

kinase glioblastoma
inhibitor 24; multiforme,
nonyoas: MLM, pancreatic
CDKA4TI, adenocarcinoma,

MTE1, PLOARF, cutaneous melanoma,

CDRNZ, Plé, and bladder

CMM2, PL4, urothelial carcinoma

TP16, PLAINKAA,

PL6INK4, ARF,

MTS-1, INK4,

INK4A, Plo-

INK4A, PL4ARE)

CHERZ Breast cancer, 9556 518-592,
{checkpeint ovarian cancer, 2592-2609,
kinase 2; colorectal cancer, 2983-3009,

synonyms: CDS1l, | prostate cancer, 3443-3444,

CHKZ2, LFs2, thyroid cancer, 3512-3514,

RADLZ, hldsli, osteosarcoma 3817-3859,

HuCdsl, PP142%) 5311-5450
lung adenocarcinoma, 9558 le=-27, 593-
endometrial 636, 2610-

CTNNBL {catenin | endometrioid 2629, 3010-

bata-1; adenocarcinoma, 3039, 3860-

SYTIONYMS 3 colon 3862, 5451-

armadillo, adenocarcinoma, 5502

EVR7, CTNNB, hepatocellular

MRD19) carcinoma, and
prostate
adenocarcinoma

DDX3X (DEAD-box | Liver cancer, 9560 637-645,

helicase 3 ¥%- medulloblastoma 2630-2634,

linked; 3040-3042,

synonyvas: DBX, 3863-3878,

DDX3, HLPZ, 5503-5582

DDXi4, CAP-RF,

MERXI0Z2)

DICERL Ovarian cancer, lung 9562 28-32, o©do-

{synonyms: cancer, testicular 671, 2635-

DCRI, GLOW, cancer, thyroid 2639, 3043-
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MNG1, Dicer, cancer, Wilms 3059, 3445-
HERNA, EMSEZ, tumour, stomach 3447, 3515-
Dicerle, cancer, bladder 3532, 3879-
Ki2H4.8~-LIKE) cancer, skin cancer, 3941, 5583-

lung cancer, eye 5863

cancer
EGFR lung adenocarcinoma, 9564 33-49, 672-
{apithelial conventional 725, 2640-
growth factor glioblastoma 2655, 3060-
receptor; multiforme, breast 3082, 3448,
gynonvas: BRBBE, | invasive ductal 3533-3536,
HER1, mENA, carcinoma, 3942-3973,
NISRDZ, PIGEL, glioblastoma, and 5864-5934
ERBB1) colon adenocarcinoma

lung adenocarcinoma, 9566 50-59, 726-

colon 736, 2656-
EP30C (histone adenocarcinoma, 2660, 3083-
acetyvitransfera | bladder urothelial 3105
se p300; carcinoma, breast
SYNONYms invasive ductal
KAT3B, RSTs2, carcinoma, and
p300; endometrial

endometrioid

adenocarcinoma
FRBBZ (receptor | breast invasive 9568 60, 737-742,
tyrogsina- ductal carcinoma, 2661-2662,
protein kinase lung adenocarcinoma, 3106-3107,
erbB~2; colon 3537-3538,
synonyms: HER- adenocarcinoma, 3974-3985,
2, CD340, NEU, bladder urothelial 5935-5980
"MLN 197, NGL, carcinoma, and
TERL, HER- invasive breast
2/neu, HERZ) carcinoma
ERBB3 (receptor | colon 9570 743-745,
tyrosine- adenocarcinoma, 3539-3544,
protein kinase breast invasive 3986-3998,
erbB-3; ductal carcinoma, 5981-60064
SYTonyms : bladder urothelial
erbB3~-38, LCC32, carcinoma, lung
p85-sErbB3, c- adenocarcinoma, and
erbB3, HER3, endometrial
MDA~BF-1, pl80- | endometrioid
ErbB3, ErbB-3, adenocarcinoma
c-erbB-3, pib-
sErbB3}
EREE4 (ERBBA lung adenocarcinoma, 9572 746-751,
intracellular colon ) 2663, 3108~
domain: adenocarcinoma, 3110, 3449-
synomys ; cutaneous melanoma, 3451, 3545-
plSOe;bB4, melangma, and breast 3548, 3999-
AT aia HEm invasive ductal 4047, 6065-
ALS19, HER4) .

carcilnoma 6180
FBXW7 (F-bhox/WD | colon 9574 752-812,
repeat- adenocarcinoma, 2664-2668,
containing rectal 3111-3125,
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protein 7; adenocarcinoma, lung 3549, 4048-
synonyms: SEL- adenocarcinoma, 4061, 6181-
10, FBRW&, hAgo, | colorectal 6251
ChC4, FRX3G, adenocarcinoma, and
FBW7, FBXGC30, endometrial
hCdecd, SELLOQ, endometrioid
FEXWo, AGO} adenocarcinoma
GFRZ2 endometrial 9576 813-819,
{(fibreoblast endometrioid 2669-2671,
growth factor adenocarcinoma, 3126-3130,
re tor 2: breast invasive 4062-4075,
niyms : BEE, ductal carcinoma, 6252-6310
TKZ5, colon
KGFR, BBRDS, adenocarcinoma, lung
TKL4, BEFR-1, adenocarcinoma, and
JW3, CEK3, K- cutaneous melanoma
SAM, ECTL,
CD332)
FGFRS blad@er urothelial 9578 820-824,
fibroblast carc1nomaf colon 6311-6323
érowth factor adenocarc%noma, lung
receptor 3; adenocaFc1noma,
svnohvms: breast 1nva§lve
C53334 ductgl garc1n9ma,
HSFGF&BEX and 1nflltFat1ng
T4 CEK;, renal pelvis apd
ACE)i T uretgr urothelial
carcinoma
colon 9580 825-855,
FLT2 (receptor- adenocarcingma, 2672-2678,
Lype vrosine- acute mye101d 3131, 3550-
pioteié Finase leukemla,llung 3572, 4076-
et ﬁ”; s adenocarcinoma, 4106, 6324-
: D;?g?jmb' breast invasive 6471
é%k{; ductal carcinoma,
T and cutaneous
melanoma
GFP 9582 856-858
CNE ; uveal melanoma, 9584 859-863,
nﬁ?,aoﬁmv, colon : 3132, 4107,
bindign protein adenocarc%noma, lung 6472-6481
subunit alpha- adenocaFc1noma,
11; synonyms: breast 1nva§lve
FBH, CNA-11, ductal carcinoma,
; HYDPOCD and blgh grade
HE2) ! ovarilan sgrous
! adenocarcinoma
GNAQ {guanins uveal melanoma, lung 9586 61-63, 864-
nuclectide- adenocarcinoma, 866, 2679-
bindign protein | colon 2682, 3133-
G{g) subunit adenocarcinoma, 3136, 6482-
alpha; melanoma, and 6510,

synionyms: GAQ,
G-ALPHA-g,

N e
CMCL, SW3)

bladder urothelial
carcinoma
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HERTL Skin cancer, bladder 9588 6d-65, 867-
{hypoxanthine- cancer, cervical 875, 2683,
guanine cancer, Wilms Tumour 3137-314¢6,
phosphoribosylt 4108, 6511-
ransferase; 6525,
synonyms: HPRT,

HGPFRT)

HRAS (GTPRase bladder urothelial 9590 876-894,
HRas, N- carcinoma, 2684, 3147-
—erminally myelodysplastic 3149, 6526-
processad; syndromes, breast 6527,
SYNONYms invasive ductal
HRAS1, C-H-RAS, | carcinoma, acute
C-BAS/EAS, H- myeloid leukemia,

RASIDX, and lung
RASHIL, T adenocarcinoma
HAMSYV, C-~HA-

RASL}

oligodendroglioma, 9592 895-905,

anaplastic 3150-3152,

astrocytoma, 4109, 6528-
{NADP) astrocytoma, acute 6557
cytoplaswmic: myeloid leukemia,

synonyms: I1IDP, and conventional
IDCD, HEL-216, glioblastoma
IDH, HEL-S-Z¢, multiforme
PICD, IDPC;

IDH2 acute myeloid 9594 66-69, 899-
{isocitrate leukemia, breast 905, 4110-

dehydrogenase invasive ductal 4111, 6558-
(NADP) , carcinoma, colon 6571
mitochondrial; adenocarcinoma, lung
synonyms: 1IDP, adenocarcinoma, and
IDHM, IDH, ICD~- |myelodysplastic
M, mNADP-IDH, syndromes
IDPM, D2HGAZ)

KEAP1 (Kelch- lung adenocarcinoma, 9596 906-921,
1ike ECH- squamous cell lung 2685, 3153-

. carcinoma, non-small 3156, 4112,

assgcfaLea cell lung carcinoma, 6572-6582
protein 1 cancer of unknown
8 YO VIS 2 .

INrfZ, KLULigy |Primary, and colon
adenocarcinoma
gastrointestinal 9598 70-73, 922-

KIT (mast/stem stromal tumor, lung 950, 2686-
call growth adenocarcinoma, 2703, 3157-
factor receptor | colon 3184, 3573-

LT; synonyms: adenocarcinoma, 3574, 4113-

SCFR, C-Kit, conventional 4127, 6583-
MASTC, PBT, glioblastoma 6707
CDL1i) multiforme, and

melanoma
KMTZC {(histone~- | breast invasive 9600 951-961, 3185

lysine N-

ductal carcinoma,

lung adenocarcinoma,
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colon
adenocarcinoma,
prostate
adenocarcinoma, and
cutaneous melanoma

lung adenocarcinoma, 9602 962-1052,
colon 2704-2721,
adenocarcinoma, 3186-3198,
KRAS {(MAP pancreatic 3452, 3575-
kinase adenocarcinoma, 3579, 4128-
signaling) colorectal 4158, 6708-
adenocarcinoma, and 6753
rectal
adenocarcinoma
lung adenocarcinoma, 9604 4159-41¢67,
colon 6754-6805
adenocarcinoma,
KRAS4E {(MAP pancreatic
kinase adenocarcinoma,
signaling 4B} colorectal
adenocarcinoma, and
rectal
adenocarcinoma
cutaneous melanoma, 9606 74, 1053-
colon 1059, 2722,
adenocarcinoma, lung 3199-3202,
activated adenocarcinoma, 3580, 4168-
protein kinase bladder urothelial 4180, 6806-
kinase 1; carcinoma, and 6848
SYNONYMS 3 breast invasive
MAFPKKL1, PREMKIL, ductal carcinoma
CFC3, MEKIL,
MKK1}
Colorectal cancer, 9608 6849-6851
MAX (MYC breast cancer,
associated prostate cancer,
factor X} lung cancer, liver
cancer
lung adenocarcinoma, 9610 3453-3455,
breast invasive 3581-3588,
MDM2 {(E3 ductal carcinoma, 4181-4221,
ubiquitin- dedifferentiated 6852-6939
protien ligase liposarcoma, bladder
Mdm2; svynonyms: | urothelial
HDMX, ACTFS, carcinoma, and
hdm?3 conventional
glioblastoma
multiforme
breast invasive 9612 3589-3595,
ductal carcinoma, 4222-4262,
MDM4 {synonyms: | lung adenocarcinoma, 6940-7052

HDMX, MRPi,
MDMX )

conventional
glioblastoma
multiforme,
glioblastoma, and
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prostate
adenocarcinoma
MET (hepatocyte lung adenocarcinoma, 9614 75, 1060-
growth factor colon . 1071, 2723-
receptor; adenocarcinoma, 2729, 3203-
DR cutaneous melanoma, 3216, 3456-
NS R melanoma, and 3457, 3596-
RCC?2, HGFR: cogventlonal 3600, 4263-
ATTSG) glloplastoma 4297, 7053-
’ multiforme 7273
lung adenocarcinoma, 9cl6 76=77, 1072-
MTOR colon 1080, 3458,
{serine/threoni | adenocarcinoma, 3601, 4298-
ne-protein endometrial 4311, 7274-
kinase mTOR; endometrioid 7379
SYTIONYMS : adenocarcinoma,
RAPTL, FRAPZ, breast invasive
FRAF, FRAP1, ductal carcinoma,
RAFTL, SKS3) and bladder
urothelial carcinoma
breast invasive 9618 4312-4317,
ductal carcinoma, 7380-7409
MYC (Myc prot- lung adenocarcinoma,
oncogens prostate
protein: adenocarcinoma,
synonvas: MRTL, | colon
MYCC, bHLHe39, adenocarcinoma, and
c-Myc) high grade ovarian
serous
adenocarcinoma
bladder urothelial 9620 4318, 7410-
carcinoma, breast 7426
invasive ductal
MYCL ! carcinoma, high
bHELHe grade ovarian serous
L-Myc, MYCLL) adenocarcinoma,
small cell lung
carcinoma, and lung
adenocarcinoma
neuroblastoma, 9622 3602, 4319-
it I conventional 4327, 7427~
gigioiingzgene glioplastoma 7453
LT multiforme, breast
proweins invasive ductal
SYDOHYTS: N- carcinoma, bladder
wyc, ODED,
e e i e urothelial
MODED, bHLHEHe37, .
NMYC carc1nom§, and
’ anaplastic
astrocytoma
breast invasive 9624 3603, 4328-
o, ductal carcinoma, 4378, 7454-
NCGA3Z (nuclearx
colon 7018
racepltor .
coactivator 3) adenocarcinoma,
rectal

adenocarcinoma, lung
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adenocarcinoma, and
mixed lobular and
ductal breast
carcinoma

squamous cell lung 9626 1081-1183,
NFE2LZ {(nuclear |carcinoma, lung 2730-2740,
factor adenocarcinoma, 3217-3221,
arythroid 2- endometrial 3459-3460,
related factor endometrioid 3604-3634,
25 SYNONyms: adenocarcinoma, 4379-4430,
HERF1, NRF2, bladder urothelial 7619-7694
IMDDHEH} carcinoma, and colon

adenocarcinoma

Lung cancer, 9628 4431-4435,
NEXZ2 adenocarcinomas, 7695-7712

thyroid cancer

colon 9630 1184-1187,

adenocarcinoma, lung 4436, 7713-

adenocarcinoma, 7752
NOTCHL breast invasive
{3ynonyms: ductal carcinoma,
AOVD1, TAN1, endometrial
AO0SE, hN1) endometrioid

adenocarcinoma, and

bladder urothelial

carcinoma
NPAS | cutaneous melanoma, 9632 1188-1197,
NRas: melanoma,lcolon 2741-2747,
ALPS4, adenocarc1n9ma, 3222-3225,
NSE, CMNE, acute mye101d 4437-4444,
. . leukemia, and lung 7753-7771
NCMS, N-ras) .

adenocarcinoma

breast invasive 9634 4445-4447,

ductal carcinoma, 7772-7782

lung adenocarcinoma,
OMOMYC prostate
{dominant adenocarcinoma,
negative of colon
Myc) adenocarcinoma, and

high grade ovarian

serous

adenocarcinoma
PIK3CA breast invasive 9636 78-111, 1198-
{Phosphatidylin | ductal carcinoma, 1273, 2748-
osltol 4,5~ colon 2788, 3226-
bisphosphate 3 adenocarcinoma, lung 3254, 3461-
kinase adenocarcinoma, 3463, 3635-
catalytic endometrial 3650, 4448-
subunit alpha endometrioid 4565, 7783-
lscoform; adenocarcinoma, and 8035

Synonyms:
PI3K, MCHM,
plilC-alpha,

MCAP, CLOVE,

breast invasive
lobular carcinoma
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MCMTC, PI3K-
alipha, CWS5H)
endometrial 9638 112-151,
PIK3R1 endometrioid 1274-1308,
{vhosphatidylin | adenocarcinoma, 2789-2825,
osltol 3-kinase | colon 3255-3279,
raegulatory adenocarcinoma, 3651-3655,
subunit alpha; breast invasive 4566-4608,
SYTIONYMS 3 ductal carcinoma, 8036-8180
IMD36, AGM7, conventional
P85~ glioblastoma
ALPHA, p8&5) multiforme, and lung
adenocarcinoma
PFPZRIA endometrial serous 9640 152-153,
{Serine/threoni | adenocarcinoma, 1309-1329,
ne-protein breast invasive 2826, 3280-
phosphatase 2A ductal carcinoma, 3287, 3656,
65 kba colon 8181-8201
regulatory adenocarcinoma, lung
subunit A alpha | adenocarcinoma, and
isoform; endometrial
SYNOnYmSs : endometrioid
MRD36, PP2A~ adenocarcinoma
Aalpha, PPZARA,
PPZAAALPHA,
PRGSA)
PTPN1Z acute myeloid 9642 154-171,
{(Tyrosine- leukemia, lung 1330-1385,
i adenocarcinoma, 2827-2840,
conventional 3288-3301,
norn-receptor glioblastoma 3464, 3657,
type 11; multiforme, colon 4609-462¢6,
synonyms: SH- adenocarcinoma, and 8202-8310
PTP3, JMMIL, glioblastoma
SHPZ, PTP-1D,
BPTR3, CFC,
Nsl, SE-PTP2,
PTR2C, METCDS)
e Breast cancer, 9644 4627, 8311-
RABZL (Ras-
. colorectal 8313
related protein .
s adenocarcinoma and
’ esophageal cancer
Melanoma and non- 9646 172, 1386-
RACT (Ras- small cell lung 1412, 2841-
related C3 cancer 2845, 3302~
. . 3313, 3658-
botulinum toxin
substrate 1) 3661, 4628~
’ 4640, 831l4-
8339
RAFL (RAF colon 9648 3465-3467,
proto-oncogens adenocarcinoma, 4641-4654,
serina/threconin | bladder urothelial 8340-8403

a~protein
kinase;

synonyus: Raf-

carcinoma, lung
adenocarcinoma,
cutaneous melanoma,
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1, <-Raf, NS5, and breast invasive
CMDINN, CRAF) ductal carcinoma
Basal cell carcnoma 9650 1413-1417,
B BAE 3314, 3468-
activator 1) 3674, 4655~
4738, 8404-
8620
RB1 lung adenocarcinoma, 9652 1418-1424,
{retinohlastoma | breast invasive 2846-285¢6,
-associated ductal carcinoma, 3315-3321,
protein; small cell lung 3492-3494,
SYNOnYyms : carcinoma, bladder 3675-3713,
PrFPiIR130, pRo;, urothelial 4739-4823,
OSRC, RE, pl(5~ |carcinoma, and colon 8621-8861
Rb, ppllC) adenocarcinoma
lung adenocarcinoma, 9654 1425-1432,
colon 2857-2858,
adenocarcinoma, 3322-3329,
RHEB (GTD- breast inva§ive 4824-4829,
C L ductal carcinoma, 8862-8901
bindign protein
Rheb; RHER2) prostate
adenocarcinoma, and
endometrial
endometrioid
adenocarcinoma
RHCA {Ras Breast cancer, lung 9656 173-175,
homolog family cancer, liver 1433-1508,
member Aj cancer, ovarian 2859-2872,
synonyms: ARHZ, | cancer, bladder 3330-3384,
ARHIZ, RHCLlZ, cancer 4830-4833,
RHCH12) 8902-8924
PRAS? (related Oral cancer, 9658 1509-1514,
ééé vir;l” esophageal cancer,l 3495, 3714-
OrCOGEME stomach cancer, skin 3725, 4834-
hﬂm@ind o) cancer, breast 4845, 8925-
T cancer, lymphomas 8949
RUNX1 (runt- breast invasive 9660 1515-1518,
related ductal carcinoma, 2873, 4846-
transcription acute myeloid 4850, 8950-
factor 1; leukemia, 8966
synonyms: AMLl- | myelodysplastic
EVI-1, CRBFAZ, syndromes, lung
CBF2alphsa, adenocarcinoma, and
PEBPZalpha, breast invasive
AMILL, AMLCRIL, lobular carcinoma
PERPZaR, EVI-1)
SETD2 (histone- lung adenocarcinoma, 9662 176-179,
lysine M- clear cel% renal 1519-1532,
m;thvltranﬁfe?s cell carcinoma, 2874-2878,
Q; é;mp9; T colon 3385-3393
ST R e adenocarcinoma,

synenvuas: LLS,
Hip-1, HIF-1,
HYPB, p23LlHBER,

breast invasive
ductal carcinoma,
and endometrial
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KMT32, HSPCO69,
SET2, HEP231)

endometrioid
adenocarcinoma

breast invasive 9664 180-204,
SF3B1 (splicing | ductal carcinoma, 1533-1589,
factor 3B lung adenocarcinoma, 2879-2891,
subunit 1; colon 3394-3410,
synonyms: adenocarcinoma, 3496-3498,
SF3blb5, PRPID, |myelodysplastic 3726-3731,
Hshibb, 354AP155, syndromes, and 4851-4922,
PRPFLO, MDS) bladder urothelial 8967-9148
carcinoma
SKP2 (S-phase Breast cancer, lung 9666 4923-4931,
kinase cancer, prostate 9149-9182
asso ol cancer, liver
protein 2; cancer, Ewing’s
synonyms: p4b, Sarcoma, skin cancer
FBLL, FLBL,
FBXLL)
SMADZ  (SMAD Colorectal cancer, 9668 1590-1591,
family member breast cancer, lung 2892, 3732-
27 SYnonyms: cancer, pancreatic 3733, 4932-
JV18, MADHZ, cancer, uterine 4937, 9183-
MADRZ, JV1i&8-1, sarcoma, bladder 9228
nMAD=-2, hSMADZ) cancer, eye cancer
Pancreatic cancer, 9670 205-207,
SMADA  (SMAD colorectal cancer, 1592-1795,
Family member breast cancer, 2893-2911,
Iy Syaonyms: stomach cgncer, lung 3411-342¢,
ULE,.DPC4, cancer, liver 3734-3745,
MADQ4, MYHRS cancer,ladenomatous 4938-4959,
: polyposis coli, 9229-9288
cervical cancer
SPOP {Specklie- prostate, lung, 9672 208, 1796-
type BTB/POZ; colon, gastric, 1804, 2912-
SYNONYMS : kidney and liver 2913, 3427
RTRD32, TEFZ2, cancers
speckie type
BTB/PCOZ
NQ“WS_, N3DVSZ,
NEDMACE)
lung adenocarcinoma, 9674 4960-4970,
rase colon 9289-9390
3 adenocarcinoma,
criptase; breast invasive
VIS ductal carcinoma,
T TCS1, cutaneous melanoma,
hTRT, hESTZ, and conventional
CMMS, DKCR4, glioblastoma
DKCAZ, ESTZ multiforme
TRT, TP2)
colon 9676 1805, 3746-
TGFRR2 adenocarcinoma, lung 3749, 4977-
adenocarcinoma,
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pancreatic 4988, 9391-
adenocarcinoma, 9417
cutaneous melanoma,
and breast invasive
ductal carcinoma
lung adenocarcinoma, 9678 209-341,
breast invasive 1806-2482,
TP53 {celliular ductal carcinoma, 2914-2943,
tumor antigen colon 3428-3439,
pS3; synonyms: adenocarcinoma, 4989-4990,
BCCT7, TRPL3, pancreatic 9418-9432
P53, LFSL) adenocarcinoma, and
colorectal
adenocarcinoma
clear cell renal 9680 342-349,
VHL (von cell carcinoma, 2483-2553,
Hippel-Lindau renal cell 2944-2948,
disesase tunor carcinoma, lung 3440-3442,
SUpPPressor; adenocarcinoma, 4991-4997,
synonyma: RCAL, | breast invasive 9433-9440
VHL1, HRCAL, ductal carcinoma,
pPYVHL} and bladder
urothelial carcinoma
YAPL breast inva§ive 9682 4998-4999,
{(transcription ductal carcinomsa, 9441-9459
LT lung adenocarcinoma,
coactivator
e bladder urothelial
YAPL; synonynas: .
YAP, YAPZ, carcinoma, cutaneous
AR . melanoma, and head
YAPGS, CORL,
YKT) and neck §quamous
cell carcinoma
Colorectal cancer, 9684 2554
ovarian cancer,
AZFPP36LZ (zinc endometrial cancer,
finger protein skin cancer,
36 rving fingsr testicular cancer,
protein-like 2} urothelial cancer,
pancreatic cancer
and liver cancer
serves as the entry 9686 9460-9470
ACE2 point for some
{angictensin- coronaviruses,
converting including HCoV-NL63,
enzyme 2 SARS-CoV, and SARS-
CoV-2
ACE1 serves as the entry 9688 9471-%9472,
(angiotensin- point for some 9489
converting coronaviruses,
enzyme 1) including HCoV-NL63,
SARS-CoV, and SARS-
CoV-2
DPP9 serves as the entry 9690 9473-9474,
(dipeptidyl point for some 9488

peptidase 9)

coronaviruses
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ANPEP (alanine serves as the entry 9692 9475-947¢,
aminopeptidase point for some 9486
N) coronaviruses
FAP (prolyl serves as the entry 9694 9477-9478,
endopeptidase point for some 9485
FAP) coronaviruses
DPP4 serves as the entry 9696 9479-9480,
(dipeptidyl point for some 9483
peptidase 4) coronaviruses
Fibronectin serves as the entry 9698 9481-9482,
point for some 9484
coronaviruses
DPP8 serves as the entry 9700 9487
(dipeptidyl point for some
peptidase 8) coronaviruses
“Mutants are also contenpl ated. As used herein, e.g., "289T" refers
to a mutation at position 289, wherein position 289 can be T.
Simlarly, "782R/'V' refers to a nutation at position 782, wherein

position 782 can be R or V.

[00102] The disclosure provides, in one enbodinent, a

conpr ehensive screening platform which enables the identification of
peptide inhibitors of pathol ogical processes. This nethodology can
be scalable due to the ease of oligonucleotide synthesis, sinple to
perform and highly precise, allowing users to interrogate proteins
with single amno acid resolution. Because the library of peptide
coding gene fragnents can be user defined and custom synthesized,
this strategy can be easily adaptable to diverse studies where a
selection strategy can be devised to enrich or deplete cells wth
the phenotype of interest. Inhibitory peptides have inmense
potential as both research tools and therapeutics. Direct inhibition
of protein activity without genetic alteration opens unique
screening avenues with which to probe protein function. For exanple,
protein-protein interaction networks could be nore precisely
perturbed via inhibitory peptides contacting a specific protein
surface than by conplete genetic knockdown. The ability to identify
protein regions associated with cell fitness can also serve to

conpl ement traditional drug devel opnent efforts, such as determi ning
critical residues for inhibition via small nolecules or antibodies.
Additionally, this screening resource identifies inhibitory peptides
that are imediately translatable, bypassing the need for additional
hi gh-t hroughput screens to identify candidate nolecules.

Functionally, peptides can be: 1) readily nade cell perneable via
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coupling of cell penetrating notifs to enable drug-like function; or
alternatively, 2) coupled to chemical noieties such as poly-ethylene
glycol (PEG or protein domains wth naturally Ilong serum half-life
such as Fc, transferrin or albumin to inprove persistence in

circul ation. For exanple, wusing the methods of the disclosure drug-
like peptides were generated that opposed triple-negative breast
cancer cell growmh in vitro as effectively as some FDA approved
small nolecules targeting the same proteins. Advances in biologies
delivery wll further inprove the translational rel evance of this
strategy. We anticipate a future role for this method of peptide

i nhibitor screening in both basic research and drug devel opment.
[00103] The peptides of the disclosure (see, e.g., SEQ ID NGs:|-
9489) can be delivered to cells or subjects in a nunber of different
ways known to those of skill in the art. For exanple, the peptides
thenselves may be fornmulated for delivery directly or they naybe
engineered to conprise delivery nolecules to assist in their
targeting or uptake. For exanple, suitable delivery nolecules

include protein transduction domains (PTDs) (sonetines referred to

as cell penetrating peptides (CPPs)), nanoparticles, | i posomes etc.
[00104] In other enbodinents, the polynucleotide encoding the
peptides of the disclosure can be delivered to a cell such that they
are "expressed" in the cell and provide their biological effect via
the expression of the polynucl eotide. Typically such

pol ynucl eotides will be operably linked to an expression control
sequence (e.g., pronoter, enhancer etc.) . Depending upon the cell

expressing the polynucleotide suitable promoters and/or vectors can
be selected such that delivery and expression occur. In sone

enbodi nents, the vector used to deliver a polynucleotide encoding a
peptide of the disclosure is a viral vector. Such viral vectors can
be replication conmpetent or replication defective. The viral

vectors whether replication conpetent or replication defective can
be "derived" (e.g., engineered fron) any nunber of viral vector
systems known in the art. For exanple, suitable viral vectors that
can be engineered to contain a polynucleotide of the disclosure
conpri se gamraretroviruses (e.g., MV) , lentivirus, adenoviruses,

al phaviruses etc. In sonme cases, where the viral vector is

replication defective a suitable helper cell system is used.
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[00105] Replication conpetent retroviral systems will typically
conprise a viral capsid conprising GAG POL and ENV proteins and a
viral genone conprising sequences encoding GAG PCOL and ENV as well
as factors necessary for the integration and packaging of the viral
genone. A cassette is typically engineered into the viral genoneg,
wherein the cassette conprises an |IRES, pronoter or other regulatory
factor wupstream of the coding sequence of a peptide of the

di scl osure. The cassette is typically integrated into the viral
genonme in a location that does not disrupt expression of necessary
viral genes and is typically located downstream of the env coding

sequence or in the LTRs of the viral genone.

[00106] As described herein, the disclosure provides peptides

that have dominant negative activity and have, for exanple,

anti cancer effects. In one enbodinent, the peptides inhibit the

bi ol ogi cal activity of the nolecule from which they are derived. By

"anti cancer effect" nmeans that the npblecule inhibits, for exanple,
aberrant proliferative activity, i nvasi veness, cell growh,

m gration and any conbinations thereof. The disclosure contenplates
that the peptides of the disclosure can be delivered in a nunber of
ways .

[00107] Cellular delivery can be acconplished by fusion of
"cargo" biol ogical agents (in this case the peptides of the
disclosure) to a cationic Peptide Transduction Donmain (PTD; also
termed Cell Penetrating Peptide (CPP) ) such as TAT or (Args) (Snyder
and Dowdy, 2005, Expert Opin. Drug Deliv. 2, 43-51) . PTDs can be
used to deliver a wide variety of nacronol ecul ar cargo, including
the peptides described herein. Cationic PTDs enter cells by

macr opi nocytosis , a specialized form of fluid phase uptake that all
cells perform

[00108] The discovery of several proteins which could efficiently
pass through the plasma nenbrane of eukaryotic «cells has led to the
identification of a class of proteins from which peptide

transduction domains have been derived. The best characterized of

these proteins are the Drosophila honeoprotein antennapedia

transcription protein (AntHD) (Joliot et al. , New Biol. 3:1121-34,
1991; Joliot et al ., Proc. Natl. Acad. Sci. USA 88:1864-8, 1991; Le
Roux et al ., Proc. Natl. Acad. Sci. USA 90:9120-4, 1993), the
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herpes sinplex virus structural protein VP22 (Elliott and o' Hare,
Cell 88:223-33, 1997), the H V-1 transcriptional activator TAT
protein (Green and Loewenstein, Cell 55:1179-1188, 1988; Frankel and
Pabo, Cell 55:1189-1193, 1988), and nore recently the cationic N-
term nal domain of prion proteins. Exenpl ary PTD sequences are
provided in Table 2. The disclosure further provides for one or
more of the PTDs listed in Table 2 or other PTDs known in the art
(see, e.g., Joliot et al., Nature Cell Biology, 6(3) :189-196, 2004)
to be conjugated to the peptides disclosed herein. Strategies for
conjugation include the use of a bifunctional linker that includes a
functional group that can be cleaved by the action of an
intracellular enzyne.
Table 2

PTD Sequence SEQ ID NO.
TAT RKKRRQRRR SEQ ID NO:9490
Penetratin ROIKTIWEFOQNRRMKWKK SEQ ID NO:9491
Buforin II TRSSRAGLQFPVGRVHRLLRK SEQ ID NO:9492
Transportan GWTLNSAGYLLGKINKALAALAKKIL | SEQ ID NO:9493
MAP Fmodel amphipathic KLALKLALKALKAALKLA SEQ ID NO:9494
peptide)
K-FGF AAVALLPAVLLALLAP SEQ ID NO:949%85
Ku70 VPMLK - PMLKE SEQ ID NO:9496

. MANLGYWLLALFVITMWTDVGLCKKRP | SEQ ID NO:9497
Prion Kp
PVEC LLTITLRRRIRKQAHAHSK SEQ ID NO:9498
Pep-1 KETWWETWWTEWSQPKKKRKV SEQ ID NO:9499
SynBl1 RGGRLSYSRRRFSTSTGR SEQ ID NO:9500
Pep-7 (phage display) SDLWEMMMVSLACQY SEQ ID NO:9501
HN-1 (phage display) TSPLNIHNGQKL SEQ ID NO:9502
[00109] Exenplary auxiliary noieties that can be conjugated to
any of the constructs described herein are provided in Table 3.

Table 3

Sequence (N’ to C’) (PTD=protein transduction domain)
| PEG- (PTD)
_GG—(PTD)—PEG—(PTD)
_PEG—(PTD)—PEG—(PTD)
_GG—(PTD)—PEG—PEG—PEG—(PTD)
_PEG—(PTD)—PEG—PEG—PEG—(PTD)
_GG—(PTD)—PEG—(PTD)—PEG—(PTD)
_GG—(PTD)—PEG—PEG—PEG—(PTD)—PEG—PEG—PEG—(PTD)
PEG = poly(ethyleneglycol) linker having two-six repeat units
[00110] In one enbodinment, a PTD useful in the nethods and
conpositions of the disclosure conprises a peptide or polypeptide
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featuring substantial alpha-helicity . It has been discovered that
transfection can be optinized when the PTD exhibits significant

al pha-helicity. In another enbodinment, the PTD conprises a sequence
containing basic amno acid residues that are substantially aligned
along at least one face of the peptide or polypeptide. A PTD domain
useful in the disclosure may be a naturally occurring peptide or

pol ypeptide or a synthetic peptide or polypeptide.

[00111] In another enbodiment, the PTD conprises an amino acid
sequence conprising a strong alpha helical structure wth arginine
(Arg) residues down the helical cylinder.

[00112] In yet another enbodiment, the PTD domain conprises a
peptide represented by the following general fornula: Bg, -Xs, -Xp2-Xp3-
Bp2- Xpa- Xps- Bpz (SEQ | D NO 9503) wherein BPp' B:>., and Bpz are each

i ndependently a basic anmino acid, the sane or different; and XPp'
Xp2, Xpz, Xpa, and Xps are each independently an al pha-helix enhancing
amno acid, the same or different.

[00113] In another enbodiment, the PTD domain is represented by
the following general fornula: By -Xp -Xp2- Bpz-Bp3-Xp3-Xp4-Bes (SEQ 1D
NO 9504) wherein By, Bpz2, Brs, and B, are each independently a basic
amno acid, the same or different; and Xz, Xp2, Xpz, and Xp, are each
i ndependently an al pha-helix enhancing anmino acid the sane or

di fferent

[00114] Additionally, PTD domains conprise basic residues, e.g.,
lysine (Lys) or arginine (Arg) , and further can include at |east one
proline (Pro) residue sufficient to introduce "kinks" into the

domai n. Exanpl es of such domains include the transduction domains
of prions. For example, such a peptide conprises KKRPKPG (SEQ ID
NO. 9505)

[00115] In another enbodiment the PTD is cationic and consists of
between 7 and 10 amino acids. An exanple of such a peptide
conprises RKKRRQRRR (SEQ ID NO 9490) . In another exanple, the PTD

is a cationic peptide sequence having 5-10 arginine (and/or |ysine)
resi dues over 5-15 anino acids.

[00116] Additional delivery domains in accord with this

di sclosure include a TAT fragnent that conprises at least amno
acids 49 to 56 of TAT up to about the full-length TAT sequence (see,
e.g., SEQ ID NO 9490) . A TAT fragnment may include one or nore amno
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acid changes sufficient to increase the alpha-helicity of the
fragnent. In sone instances, the amino acid changes introduced wll
i nvol ve adding a recognized alpha-helix enhancing anino acid.

Al ternatively, the amino acid changes wll involve renoving one or

nore amino acids from the TAT fragnent that inpede alpha helix

formation or stability. In a nore specific enbodinment, the TAT
fragnent will include at |east one amno acid substitution wth an
al pha-helix enhancing amino acid. Typically the TAT fragnent wll

be made by standard peptide synthesis techniques although

reconbi nant DNA approaches may be used in sone cases. In one
enbodi nent, the substitution is selected so that at |east two basic
amino acid residues in the TAT fragnent are substantially aligned
along at least one face of that TAT fragnent. In a nore specific
enbodi nent, the substitution is chosen so that at |east two basic
amino acid residues in the TAT 49-56 sequence are substantially
aligned along at |east one face of that sequence.

[00117] Additional transduction proteins (PTDs) that can be used
in the conpositions and nmethods of the disclosure include the TAT
fragnent in which the TAT 49-56 sequence has been nodified so that
at least two basic amino acids in the sequence are substantially
aligned along at |east one face of the TAT fragnent. Illustrative
TAT fragnents include at |east one specified amno acid substitution
in at least amno acids 49-56 of TAT which substitution aligns the
basic amno acid residues of the 49-56 sequence along at |east one
face of the segnent and typically the TAT 49-56 sequence.

[00118] Thus, PTDs that can be conjugated to a peptide of the

di sclosure include, but are not limted to, AntHD, TAT, VP22,
cationic prion protein domains, and functional fragnments thereof.
Not only can these peptides pass through the plasna nenbrane, but
the attachnment of other peptide or polypeptides are sufficient to
stimulate the cellular uptake of these conpl exes. Such chineric
peptides /pol ypeptide are present in a biologically active form
within the cytoplasm and nucl eus. Characterization of this process
has shown that the uptake of these fusion polypeptides can be rapid,
often occurring within mnutes, in a receptor independent fashion.
Moreover, the transduction of these proteins does not appear to be

affected by cell type, and these proteins can efficiently transduce
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-100% of cells in culture with no apparent toxicity (Nagahara et

al., Nat. Med. 4:1449-52, 1998).

[00119] In a particular enbodinment, the disclosure therefore

provi des nethods and conpositions that conbine the use of PTDs, such
as TAT and poly-Arg, wth a drug-like peptide disclosed herein to

facilitate the uptake of the construct into and/or release within

targeted cells. The drug-like peptides disclosed herein can be
delivered into cells using one or nore PTDs linked to the drug-Ilike
pepti de .

[00120] In general, the delivery domain that is linked to a drug-

|ike peptide disclosed herein can be nearly any synthetic or

natural |l y-occurring amno acid sequence which assists in the
intracellular delivery of a construct disclosed herein into targeted
cells. For exanple, delivery of a drug-like peptide (see, Table 1)
in accordance wth the disclosure can be acconplished by use of a
pepti de transduction domain, such as an H'V TAT protein or fragnment
thereof, that is covalently Ilinked to a drug-like peptide of the

di scl osure. Al ternatively, the peptide transduction domain can
conprise the Antennapedia honeodomain or the HSV VP22 sequence, the
iV-terminal fragnent of a prion protein or suitable transducing
fragnents thereof such as those known in the art.

[00121] The type and size of the PTD will be guided by several
parameters including the extent of transfection desired. Typically
the PTD will be capable of transfecting at |east about 20% 25%
50% 75% 80% or 90% 95% 98% and up to, and including, about 100%
of the cells. Transfection efficiency, typically expressed as the
percentage of transfected cells, can be determined by several
conventional nethods .

[00122] PTDs will manifest cell entry and exit rates (sometines
referred to as ki and k2, respectively) that favor at |east piconolar
amounts of a construct disclosed herein into a targeted cell. The
entry and exit rates of the PTD and any cargo can be readily
determined or at |east approximated by standard kinetic analysis

usi ng detectably-Iabel ed fusi on nol ecul es. Typically, the ratio of
the entry rate to the exit rate will be in the range of between

about 5 to about 100 up to about 1000.
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[00123] Also included are chineric PTD domains.  Such chinmeric
PTDs include parts of at least two different transducing proteins.

For exanmple, chineric PTDs can be fornmed by fusing two different TAT
fragments, e.g., one from HV-1 and the other from H V-2 or one from
a prion protein and one from H V.

[00124] Peptide linkers that can be used in the constructs and
nmet hods of the disclosure wll typically conprise up to about 20 or
30 amno acids, conmmonly up to about 10 or 15 amino acids, and still
nore often from about 1 to 5 ami no acids. The 1inker sequence is

generally flexible so as not to hold the fusion nmolecule in a single

rigid conformation. The |inker sequence can be used, e.g., to space
the PTD domain from a drug-like peptide to be delivered. For
exanple, the peptide |linker sequence can be positioned between the

peptide transduction domain and the therapeutic drug-like peptide
domain, e.g., to provide molecular flexibility. The length of the
linker noiety can be chosen to optimze the biological activity of
the peptide or polypeptide conprising, for exanple, a PTD domain
fusion construct and can be determined enpirically wthout undue
experinentati on. Exanmpl es of linker noieties are -dy-Gy-, GGEGCS
(SEQ I D NO 9506), wherein SEQ ID NO 19 can be repeated 1 or nore
times, GKSSGSGSESKS (SEQ ID NO 9507), GSTSGSGKSSEGKG (SEQ ID

NO 9508), GSTSGSGKSSEGSGSTKG  (SEQ ID NO 9509), GSTSGSGKPGSGEGSTKG
(SEQ I D NO 9510), or EGKSSGSGSESKEF (SEQ ID NO 9511). Peptide or

pol ypeptide linking noieties are described, for exanple, in Huston
et al ., Proc. Nat' 1 Acad. Sci. 85:5879, 1988; Witlow et al.,
Protein Engineering 6:989, 1993; and Newton et al ., Biochemstry

35: 545, 1996. O her suitable peptide or polypeptide |I|inkers are
those described in US. Pat. Nos. 4,751,180 and 4,935,233, which are
hereby incorporated by reference.

[00125] The amino acid sequences of the various oncogenic and
receptor proteins described herein are provided and known in the art
(see, Table 1). The drug-like peptides of the disclosure (see, Table
1), may be synthesized by solid-phase peptide synthesis nethods

using procedures simlar to those described by Mrrifield et al ., J.
Am Chem Soc. , 85:2149-2156 (1963); Barany and Merrifield, Sol i d-
Phase Peptide Synthesis, in The Peptides: Analysis, Synthesis,

Bi ol ogy Gross and Mei enhofer (eds.), Academic Press, NY., vol. 2,
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pp. 3-284 (1980) ; and Stewart et al., Solid Phase Peptide Synthesis
2nd ed. , Pierce Chem Co., Rockford, IIl. (1984) . During synthesis,
N-a-protected amno acids having protected side chains are added
stepwise to a growing polypeptide <chain linked by its Cternminal and
to a solid support, e.g., polystyrene beads. The peptides are

synthesized by linking an amino group of an N-a-deprotected am no
acid to an a-carboxy group of an Na-protected amno acid that has
been activated by reacting it with a reagent such as

di cycl ohexyl carbodiim de . The attachment of a free amno group to
the activated carboxyl Ileads to peptide bond formation. A comonly
used N-a-protecting groups include Boc, which is acid labile, and
Frnoc, which is base |abile.

[00126] Materials suitable for use as the solid support are well
known to those of skill in the art and include, but are not linmted
to: halonethyl resins, such as chloronethyl resin or brononethyl
resin; hydroxymet hyl resins; phenol resins, such as 4- (a[2, 4-

di net hoxyphenyl ]-Fnoc-am nonet hyl )phenoxy resin; tert-

al kyl oxycar bonyl - hydr azi dat ed resins, and the like. Such resins are
comercially available and their nmethods of preparation are known by
those of ordinary skill in the art.

[00127] Briefly, the Gterminal N-o-protected anmino acid can be
first attached to the solid support. The N a-protecting group can
then be renmoved. The deprotected a-amino group can be coupled to the
activated a-carboxylate group of the next N-a-protected am no acid.
The process can be repeated until the desired peptide is

synthesi zed. The resulting peptides are then cleaved from the

i nsol ubl e polynmer support and the amino acid side chains
deprotected. Longer peptides can be derived by condensation of
protected peptide fragnents. Details of appropriate chenistries,
resins, protecting groups, protected amno acids and reagents are
well known in the art and so are not discussed in detail herein
(See, Atherton et al ., Solid Phase Peptide Synthesis: A Practical
Approach, |IRL Press (1989), and Bodanszky, Peptide Chenmistry, A
Practical Textbook, 2nd Ed., Springer-Verlag (1993))

[00128] Following verification of the coding sequence, a peptide
of interest (e.g., a drug-like peptide of the disclosure) can be

produced wusing routine techniques in the field of reconbinant
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nmol ecul ar biology, relying on the polynucleotide sequences encoding
t he peptide. The codi ng sequence of the peptide can be easily
deduced using the degeneracy of the genetic code and a codon table.
[00129] To obtain high level expression of a nucleic acid
encoding a peptide of interest, one typically subclones the

pol ynucl eotide coding sequence into an expression vector that
contains a strong pronoter to direct transcription, a
transcription/translation termnator and a ribosome binding site for
translational initiation. Suitable bacterial pronoters are well
known in the art and described, e.g., in Sanbrook and Russell,

supra, and Ausubel et al. Bacterial expression systens for
expressing reconbi nant polypeptides are available in, e.g., E. coli,
Bacillus sp., Salnmonella, and Caul obacter. Kits for such expression
systens are commercially available. Eukaryotic expression systens
for mmmalian cells, yeast, and insect cells are well known in the
art and are also comrercially available. In one enbodinent, the
eukaryotic expression vector is an adenoviral vector, an adeno-
associated vector, or a retroviral vector.

[00130] The pronoter used to direct expression of a heterol ogous
nucleic acid depends on the particular application. |In sone

enbodi ments, the pronoter is optionally positioned about the same
di stance from the heterologous transcription start site as it is
fromthe transcription start site in its natural setting. As is
known in the art, however, sone variation in this distance can be
accommopdated w thout |oss of pronoter function.

[00131] In addition to the pronoter, the expression vector
typically includes a transcription unit or expression cassette that
contains all the additional elenents required for the expression of
the desired peptide in host cells. A typical expression cassette
thus contains a pronoter operably linked to the nucleic acid
sequence encoding the peptide and signals required for efficient

pol yadenyl ation of the transcript, ribosome binding sites, and
translation termnation. The nucleic acid sequence encoding the
desired peptide is typically linked to a cleavable signal peptide
sequence to pronbte secretion of the reconbinant polypeptide by the
transformed cell. Such signal peptides include, anong others, the

signal peptides from tissue plasnm nogen activator, insulin, and
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neuron growh factor, and juvenile hornobne esterase of Heliothis
virescens. If, however, a reconbinant polypeptide is intended to be
expressed on the host cell surface, an appropriate anchoring
sequence is used in concert with the coding sequence. Additional

el enents of the cassette may include enhancers and, if genom c DNA
is used as the structural gene, introns with functional splice donor
and acceptor sites.

[00132] In addition to a pronoter sequence, the expression
cassette should also contain a transcription termnation region
downstream of the structural peptide coding sequence to provide for
efficient termination. The termination region nay be obtained from
the same gene as the pronoter sequence or may be obtained from

di fferent genes.

[00133] The particular expression vector used to transport the
genetic information into the cell is not particularly critical. Any
of the conventional vectors used for expression in eukaryotic or
prokaryotic cells may be used. Standard bacterial expression vectors
include plasmds such as pBR322 based plasmds, pSKF, PpET23D, and
fusion expression systens such as GST and LacZ. Epitope tags can

al so be added to reconbinant proteins to provide convenient nmethods
of isolation, e.g., c-nyc.

[00134] Expression vectors containing regulatory elenments from
eukaryotic viruses are typically used in eukaryotic expression
vectors, e.g., SV40 vectors, papilloma virus vectors, and vectors
derived from Epstein-Barr virus. Oher exenplary eukaryotic vectors
i nclude pMsG pAVv009/ A+, pMIOLO/ A+, pMAWVheo-5, baculovirus pDSVE, and
any other vector allowi ng expression of proteins under the direction
of the SV40 early pronoter, SV40 later pronoter, netall othionein
pronoter, nurine manmmary tunor virus pronoter, Rous sarconma Vvirus
pronoter, polyhedrin pronoter, or other pronoters shown effective
for expression in eukaryotic cells.

[00135] Sone expression systems have markers that provide gene
anplification such as thymdine kinase, hygromycin B

phosphot r ansf er ase, and di hydrofolate reductase. Alternatively, high
yield expression systens not involving gene anplification are also
suitable, such as a baculovirus vector in insect cells, with a

pol ynucl eoti de sequence encoding the desired peptide under the
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direction of the polyhedrin pronoter or other strong bacul ovirus
pronot er s

[00136] Wien periplasmc expression of a reconbinant polypeptide
is desired, the expression vector further conprises a sequence
encoding a secretion signal, such as the E. coll OppA (Periplasnic
Qigopeptide Binding Protein) secretion signal or a nodified version
thereof, which is directly connected to 5' of the coding sequence of
the peptide to be expressed. This signal sequence directs the

reconbi nant peptide produced in the cytoplasm through the cell
nenbrane into the periplasmc space. The expression vector nay
further conprise a coding sequence for signal peptidase 1, which is
capable of enzymatically <cleaving the signal sequence when the
reconbi nant peptide is entering the periplasmc space. Mre detailed

description for periplasmc production of a reconbinant protein can

be found in, e.g., Gay et al., Gene 39: 247-254 (1985), U S. Pat.
Nos. 6,160,089 and 6, 436, 674.

[00137] Standard transfection methods are used to produce
bacterial, mammlian, yeast, insect, or plant cell Ilines that

express large quantities of a reconbinant peptide or polypeptide,

which are then purified using standard techniques (see, e.g., Colley
et al ., J. Biol. Chem 264: 17619-17622 (1989); Quide to Protein
Purification, in Methods in Enzynology, vol. 182 (Deutscher, ed. ,

1990) ). Transformation of eukaryotic and prokaryotic «cells are
performed according to standard techniques (see, e.g., Morrison, J.
Bact. 132: 349-351 (1977); Cdark-Curtiss & Curtiss, Methods in
Enzynol ogy 101: 347-362 (W et al ., eds, 1983)

[00138] Any of the well-known procedures for introducing foreign
nucl eotide sequences into host cells may be used. These include the
use of calcium phosphate transfection, polybrene, protoplast fusion,
el ectroporati on, | i posones, microinjection, pl asma vectors, viral
vectors and any of the other well-known nethods for introducing
cloned genomic DNA, <cDNA, synthetic DNA, or other foreign genetic
material into a host cell. In sonme enbodinents, it is only necessary
that the particular genetic engineering procedure used be capable of
successfully introducing at least one gene into the host cell

capabl e of expressing the reconbinant polypeptide.
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[00139] In sonme enbodi nents, once the expression of a reconbi nant
peptide in transfected host cells is confirmed, e.g., by an

i mmunol ogi cal assay, activity assay or sequencing, the host cells
are then cultured in an appropriate scale for the purpose of
purifying the reconbinant peptide.

[ 00140] When desired polypeptides are produced reconbinantly by
transforned bacteria in large anounts, typically after pronoter

i nduction, although expression can be constitutive, the polypeptides
may form insoluble aggregates. There are several protocols that are
suitable for purification of protein inclusion bodies. For exanple,
purification of aggregate proteins (hereinafter referred to as
inclusion bodies) typically involves the extraction, separation
and/or purification of inclusion bodies by disruption of bacterial
cells, e.g., by incubation in a buffer of about 100-150 pg/ml

| ysozyme and 0.1% Nonidet P40, a non-ionic detergent. The cell
suspension can be ground using a Polytron grinder (Brinkman
Instruments, Westbury, NY.) . Alternatively, the cells can be

sonicated on ice. Alternate nethods of lysing bacteria are described

in Ausubel et al. and Sanbrook and Russell, and will be apparent to
those of skill in the art.
[00141] The cell suspension is generally centrifuged and the

pellet containing the inclusion bodies resuspended in buffer which
does not dissolve but washes the inclusion bodies, e.g., 20 nM Tris-
HCL (pH 7.2), 1 nM EDTA, 150 mM Nad and 2% Triton-X 100, a non-
ionic detergent. It nay be necessary to repeat the wash step to
renove as nmuch cellular debris as possible. The remaining pellet of
inclusion bodies may be resuspended in an appropriate buffer (e.g.,
20 mM sodi um phosphate, pH 6.8, 150 nM NaCl) . Qther appropriate
buffers will be apparent to those of skill in the art.

[00142] Following the washing step, the inclusion bodies are
solubilized by the addition of a solvent that can be both a strong
hydrogen acceptor and a strong hydrogen donor (or a conbination of
sol vents each having one of these properties) . The peptides that
formed the inclusion bodies may then be renatured by dilution or
dialysis with a conpatible buffer. Suitable solvents include, but
are not limted to, urea (from about 4 M to about 8 M), forman de

(at | east about 80% volune/volune basis), and guanidine
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hydrochloride (from about 4 M to about 8 M). Sonme solvents that are
capable of solubilizing aggregate-formng peptides, such as SDS
(sodi um dodecyl sulfate) and 70% formic acid, may be inappropriate
for use in this procedure due to the possibility of irreversible
denaturation of the peptides, acconpanied by a |ack of

i munogenicity and/or activity. Although guanidine hydrochloride and
simlar agents are denaturants, this denaturation my not be
irreversible and renaturation nay occur upon renpval (by dialysis,
for exanple) or dilution of the denaturant, allowing re-formation of
the immunologically and/or biologically active protein of interest.
After solubilization, the peptide can be separated from other
bacterial proteins by standard separation techniques. For further
description of purifying reconbinant peptides from bacterial

i nclusion body, see, e.g., Patra et al., Protein Expression and
Purification 18: 182-190 (2000)

[00143] Alternatively, it is possible to purify reconbinant
peptides from bacterial periplasm |In sonme cases, where the

reconbi nant peptide is exported into the periplasm of the bacteria,
the periplasmc fraction of the bacteria can be isolated by cold
osmotic shock in addition to other nmethods known to those of skill
in the art (see e.g., Ausubel et al., supra). To isolate reconbinant
peptides from the periplasm the bacterial cells can be centrifuged
to form a pellet. The pellet is resuspended in a buffer containing
20% sucrose. To lyse the cells, the bacteria can be centrifuged and
the pellet can then be resuspended in ice-cold 5 nM MySCy and kept
in an ice bath for approximately 10 mnutes. The cell suspension can
be centrifuged and the supernatant decanted and saved. The

reconbi nant peptides present in the supernatant can be separated

from the host proteins by standard separation techniques well known
to those of skill in the art.
[00144] When a reconbinant polypeptide or peptide is expressed in

host cells in a soluble form its purification <can follow the
standard protein purification procedure described below. This
standard purification procedure can also be suitable for purifying
pol ypepti des obtained from chem cal synthesis.

[00145] In some enbodiments, as an initial step, and if the

protein mxture is conmplex, an initial salt fractionation can
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separate nmany of the unwanted host cell proteins (or proteins
derived fromthe cell culture nedia) from the reconbinant peptide of
interest. A typical salt is amonium sulfate. Ammnium sulfate
precipitates polypeptides by effectively reducing the anmount of
water in the protein mixture. Proteins then precipitate on the basis
of their solubility. The nore hydrophobic a protein is, the nore
likely it is to precipitate at |ower anmmonium sulfate

concentrations. A typical protocol is to add saturated amonium
sulfate to a protein solution so that the resultant anmonium sulfate
concentration is between 20-30% In sonme cases, this wll

precipitate the nost hydrophobic proteins. The precipitate can be

di scarded (unless the protein of interest is hydrophobic) and

amoni um sul fate can be added to the supernatant to a concentration
known to precipitate the protein of interest. The precipitate can
then be solubilized in buffer and the excess salt renoved if
necessary, through either dialysis or diafiltration. Gher nethods
that rely on solubility of proteins, such as cold ethanol
precipitation, are well known to those of skill in the art and can

be used to fractionate conplex protein m xtures.

[00146] The drug-like peptides of the disclosure can also be
separated from other proteins on the basis of their size, net
surface charge, hydrophobicity, or affinity for |igands.

[00147] For delivery to a cell or organism a nucleic acid

encoding a drug-like peptide of the disclosure can be incorporated
into a vector. Exanples of vectors used for such purposes include
expression plasm ds capable of directing the expression of the drug-
like peptide in the target cell. In other instances, the vector can
be a viral vector system wherein the nucleic acid encoding the drug-
like peptide is incorporated into a viral genone that is capable of
transfecting the target cell.

[00148] As used herein, "gene delivery systent refers to any
neans for the delivery of a nucleic acid encoding a drug-like
peptide of the disclosure to a target cell. Viral vector systems
useful in the introduction and expression of a nucleic acid include,
for exanple, naturally occurring or reconbinant viral vector

systens. Depending upon the particular application, suitable viral

vectors include replication conpetent, replication deficient, and
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conditionally replicating viral vectors. For exanple, viral vectors
can be derived from the genome of human or bovine adenoviruses,
vaccinia virus, herpes virus, adeno-associated virus, mnute virus
of mce (mwM , HYV, sindbis virus, and retroviruses (including but
not limted to Rous sarcoma virus), and MoMV. Typically, the
nucleic acid is inserted into such vectors to allow packaging of the
gene construct, typically wth acconpanying viral DNA followed by
infection of a sensitive host cell and expression of the gene of

i nterest

[00149] Simlarly, viral envelopes used for packaging gene
constructs that include the nucleic acid can be nodified by the
addition of receptor ligands or antibodies specific for a receptor
to pernmit receptor-nediated endocytosis into specific cells.

[00150] Retroviral vectors may also be useful for introducing the
nucleic acid into target cells or organisns. Retroviral vectors are
produced by genetically manipulating retroviruses. The viral genone
of retroviruses is RNA. Upon infection, this genomic RNA is reverse
transcribed into a DNA copy that is integrated into the chronosonal
DNA of transduced <cells with a high degree of stability and
efficiency. The integrated DNA copy is referred to as a provirus and
is inherited by daughter <cells as is any other gene. The wild type
retroviral genone and the proviral DNA conprise three genes: the
gag, the pol and the env genes, which are flanked by two |ong
termnal repeat (LTR) sequences. The gag gene encodes the internal
structural (nucl eocapsid) proteins; the pol gene encodes the RNA
directed DNA polymerase (reverse transcriptase) ; and the env gene
encodes viral envelope glycoproteins. The 5' and 3' LTRs serve to
promote transcription and polyadenylation of virion RNAs . Adjacent
to the 5* LTR are sequences necessary for reverse transcription of
the genome (the tRNA primer binding site) and for efficient
encapsulation of viral RNA into particles (the Psi site) (see,

Mul I'i gan, In: Experinental Mani pul ation of Gene Expression, | nouye
(ed) , 155-173 (1983); Mann et al ., Cell 33:153-159 (1983); Cone and
Mul I'i gan, Proceedings of the National Acadenmy of Sciences, U S A,
81:6349-6353 (1984) ).

[00151] The design of retroviral vectors is well known to those

of ordinary skill in the art. In brief, if the sequences necessary
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for encapsidation (or packaging of retroviral RNA into infectious
virions) are missing from the viral genone, the result is a cis
acting defect which prevents encapsidation of genonmic RNA However,
the resulting nmutant is still capable of directing the synthesis of
all virion proteins. Retroviral genones from which these sequences
have been deleted, as well as cell lines containing the nutant
genonme stably integrated into the chronbsone are well known in the
art and are used to construct retroviral vectors. Preparation of
retroviral vectors and their uses are described in many publications
including, e.g., European Patent Application EPA 0 178 220; U.S.

Pat. No. 4,405,712, G lboa Biotechniques 4:504-512 (1986); Mann et
al ., Cell 33:153-159 (1983); Cone and Miulligan Proc. Natl. Acad.

Sci. USA 81:6349-6353 (1984); Eglitis et al. Biotechniques 6:608-614
(1988); Mller et al. Biotechniques 7:981-990 (1989); MIller (1992)
supra; Milligan (1993), supra; and WO 92/07943.

[00152] The retroviral vector particles are prepared by
reconbinantly inserting the desired nucleic acid sequence encoding a
drug-like peptide of the disclosure into a retrovirus vector and
packaging the vector with retroviral capsid proteins by use of a
packaging cell line. The resultant retroviral vector particle is

i ncapable of replication in the host cell but is capable of
integrating into the host cell genone as a proviral sequence
containing the desired nucleotide sequence.

[00153] Delivery of a drug-like peptide of the disclosure can be
achi eved by contacting a cell with a nucleic acid construct or using
direct delivery of the drug-like peptide or fusion peptide. In a
particular enbodinment, a drug-like peptide of the disclosure (e.g.,
a therapeutic peptide) can be fornmulated with various carriers,

di spersion agents and the like, as are described nore fully

el sewhere herein.

[00154] A pharmaceutical conposition according to the disclosure
can be prepared to include a drug-like peptide as disclosed herein,
into a form suitable for admnistration to a subject using carriers,
exci pients, and additives or auxiliaries. Frequently wused carriers
or auxiliaries include magnesium carbonate, titanium dioxide,

| actose, mannitol and other sugars, talc, mlk protein, gelatin,

starch, vitamns, cellulose and its derivatives, ani mal and
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vegetable oils, polyethylene glycols and solvents, such as sterile
wat er, alcohols, glycerol, and polyhydric alcohols. Intravenous
vehicles include fluid and nutrient replenishers . Preservatives
include antimcrobial, anti-oxidants, <chelating agents, and inert
gases. O her pharnmaceutically acceptable carriers include aqueous
solutions, non-toxic excipients, including salts, preservatives,
buffers and the like, as described, for instance, in Rem ngton's
Phar maceuti cal Sciences, and The National Formulary, 30th ed. , the
contents of which are hereby incorporated by reference. The pH and
exact concentration of the various conponents of the pharnaceutical
conposition are adjusted according to routine skills in the art. See
Goodnman and G|l man's, The Pharnmacol ogical Basis for Therapeutics.
[00155] The pharmaceutical conpositions according to the

di sclosure may be administered locally or systemcally . The
therapeutically effective anmounts wll vary according to factors,
such as the degree of infection in a subject, the age, sex, and

wei ght of the individual. Dosage reginmes can be adjusted to provide
the optimum therapeutic response. For exanple, several divided doses
can be administered daily or the dose can be proportionally reduced
as indicated by the exigencies of the therapeutic situation.

[00156] The pharmaceutical conposition can be administered in a
conveni ent manner, such as by injection (e.g., subcutaneous,
intravenous, intraorbital, and the like) , oral admnistration,
ophthal mi ¢ application, inhalation, transdernmal application, topical
application, or rectal admnistration. Depending on the route of
adm ni stration, the pharmaceutical conposition can be coated with a
material to protect the pharmaceutical conposition from the action
of enzynes, acids, and other natural conditions that nmay inactivate
t he pharmaceutical conposition. The pharnmaceutical conposition can
al so be administered parenterally or intraperitoneally . Dispersions
can also be prepared in glycerol, liquid polyethylene glycols, and
m xtures thereof, and in oils. Under ordinary conditions of storage
and use, these preparations my contain a preservative to prevent
the gromh of mcroorgani sns.

[00157] Phar maceutical conpositions suitable for injectable use
include sterile aqueous solutions (where water soluble) or

di spersions and sterile powders for the extenporaneous preparation
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of sterile injectable solutions or dispersions. The conposition wll
typically be sterile and fluid to the extent that easy syringability
exists. Typically, the conposition wll be stable under the
conditions of manufacture and storage and preserved against the
contami nating action of mcroorganisns, such as bacteria and fungi.
The carrier can be a solvent or dispersion nedium containing, for
exanpl e, water, ethanol, polyol (for exanple, glycerol, propylene
glycol, and liquid polyethylene glycol, and the like) , suitable

m xtures thereof, and vegetable oils. The proper fluidity can be

mai nt ai ned, for exanple, by the use of a coating, such as lecithin,
by the maintenance of the required particle size, in the case of

di spersion, and by the use of surfactants. Prevention of the action
of mcroorganisns can be achieved by various antibacterial and
antifungal agents, for exanple, parabens, chlorobutanol , phenol,
ascorbic acid, thinerosal, and the like. In nmany cases, isotonic
agents, for exanmple, sugars, polyalcohols, such as mannitol,
sorbitol, or sodium chloride are used in the conposition. Prolonged
absorption of the injectable conpositions can be brought about by
including in the conposition an agent that delays absorption, for
exanpl e, alum num nonostearate and gel atin.

[00158] Sterile injectable solutions can be prepared by

i ncorporating the pharnmaceutical conposition in the required anount
in an appropriate solvent with one or a conbination of ingredients
enunerated above, as required, followed by filtered sterilization.
Cenerally, dispersions are prepared by incorporating the
pharmaceutical conposition into a sterile vehicle that contains a
basi ¢ dispersion nedium and the required other ingredients from

t hose enunerated above.

[00159] The pharmaceutical conposition can be orally

adm ni stered, for exanple, with an inert diluent or an assimlable
edible carrier. The pharmaceutical conposition and other ingredients
can also be enclosed in a hard or soft-shell gelatin capsule,
conpressed into tablets, or incorporated directly into the subject's
diet. For oral therapeutic admnistration, the pharnmaceutical
conposition can be incorporated with excipients and used in the form
of ingestible tablets, buccal tablets, troches, capsules, elixirs,

suspensi ons, syrups, wafers, and the like. Such conpositions and
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preparations should contain at l|least 1% by weight of active

compound. The percentage of the conpositions and preparations can,
of course, be varied and can conveniently be between about 5% to
about 80% of the weight of the unit. The tablets, troches, pills,
capsules, and the like can also contain the follow ng: a binder,
such as gum tragacanth, acacia, corn starch, or gelatin; excipients
such as dical cium phosphate; a disintegrating agent, such as corn
starch, potato starch, alginic acid, and the like; a lubricant, such
as magnesium stearate; and a sweetening agent, such as sucrose,

| actose or saccharin, or a flavoring agent such as peppermnt, oi

of wintergreen, or cherry flavoring. Wen the dosage unit formis a
capsule, it can contain, in addition to materials of the above type,
a liquid carrier. Various other materials can be present as coatings
or to otherwise nodify the physical form of the dosage unit. For
instance, tablets, pills, or capsules can be coated with shell ac,
sugar, or both. A syrup or elixir can contain the agent, sucrose as
a sweetening agent, nethyl and propyl parabens as preservatives, a
dye, and flavoring, such as cherry or orange flavor. Of course, any
material used in preparing any dosage unit form should be
pharmaceutically pure and substantially non-toxic in the anounts
enpl oyed. In addition, the pharmaceutical conposition can be
incorporated into sustained-release preparations and formulations.
[00160] Thus, a pharmaceutically acceptable carrier can include
sol vents, dispersion nedia, coatings, antibacterial and antifunga
agents, isotonic and absorption delaying agents, and the like. In
sonme cases, the use of such nedia and agents for pharmaceutically
active substances is well known in the art. Except insofar as any
conventional mnedia or agent is inconpatible wth the pharmaceutica
conmposition, wuse thereof in the therapeutic conpositions and mnethods
of treatment is contenplated. Supplenmentary active conpounds can

al so be incorporated into the conpositions.

[00161] In some enbodiments, it can be especially advantageous to
fornul ate parenteral conpositions in dosage unit form for ease of
adm nistration and uniformty of dosage. Dosage unit form as used
herein, refers to physically discrete units suited as unitary
dosages for the subject to be treated; each unit containing a

predetermned quantity of pharmaceutical conposition can be
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calculated to produce the desired therapeutic effect in association
with the required pharnmaceutical carrier. The specification for the
dosage unit forns of the disclosure are related to the
characteristics of the pharmaceuti cal conposition and the particul ar
therapeutic effect to be achieve. The principal pharmaceutical
conposition is conpounded for convenient and effective

adm nistration in effective amunts with a suitable pharmaceutically
acceptable <carrier in an acceptable dosage unit. In the case of
conpositions containing supplementary active ingredients, the
dosages are determined by reference to the usual dose and manner of
adm nistration of the said ingredients.

[00162] For topical formulations, the base conposition can be
prepared with any solvent system such as those Cenerally Regarded
as Safe (GRAS) by the U S. Food & Drug Administration (FDA) . GRAS
solvent systens include nany short chain hydrocarbons, such as

but ane, propane, n-butane, or a mxture thereof, as the delivery
vehicle, which are approved by the FDA for topical use. The topi cal
conpositions can be fornulated using any dermatol ogically acceptable
carrier. Exenmplary carriers include a solid carrier, such as

alumina, <clay, mcrocrystalline cel | ul ose, silica, or talc; and/or a

liquid carrier, such as an alcohol, a glycol, or a water-
al cohol / gl ycol bl end. The conmpounds may also be administered in
i posomal formulations that allow conmpounds to enter the skin. Such

| i posomal formulations are described in US. Pat. Nos. 5,169, 637;
5,000, 958; 5,049,388; 4,975,282; 5,194,266; 5,023,087; 5,688, 525;
5,874, 104; 5,409,704; 5,552,155; 5,356,633; 5,032,582; 4,994,213;
and PCT Publication No. WO 96/40061. Exanpl es of other appropriate
vehicles are described in US Pat. No. 4,6877,805, U S. 4,980, 378,
US 5,082,866, US 6,118,020 and EP Publication No.

0586106A1. Suitable vehicles of the disclosure may also include

m neral oil, petrolatum polydecene, stearic acid, isopropyl

nmyri state, polyoxyl 40 stearate, stearyl alcohol, or vegetable oil.
[00163] Topi cal conpositions can be provided in any useful

form For exanple, the conpositions of the disclosure my be
fornmulated as solutions, enulsions (including mcroemnulsions),
suspensi ons, creans, foanms, |lotions, gels, powders, balm or other

typical solid, semi-solid, or liquid conpositions wused for
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application to the skin or other tissues where the conpositions nay
be used. Such conpositions may contain other ingredients typically
used in such products, such as colorants, fragrances, thickeners,
antimcrobials, solvents, surfactants, detergents, gelling agents,
antioxidants, fillers, dyestuffs, viscosity-controlling agents,
preservatives, hunectants, enollients (e.g., natural or synthetic
oils, hydrocarbon oils, waxes, or silicones), hydration agents,

chel ati ng agents, demulcents, solubilizing excipients, adjuvants,

di spersants, skin penetration enhancers, plasticizing agents,
preservatives, stabilizers, demulsifiers, wetting agents,

sunscreens, emulsifiers, noisturizers, astringents, deodorants, and
optionally including anesthetics, anti-itch actives, botanical
extracts, conditioning agents, darkening or |ightening agents,
glitter, humectants, mica, mnerals, polyphenols, silicones or
derivatives thereof, sunblocks, vitanmins, and phytonedicinals

[00164] In sone fornulations, the conposition can be fornulated
for ocular application. For exanple, a pharmaceutical fornmulation
for ocular application can include a polynucleotide construct as
described herein in an anobunt that is, e.g., up to 99% by wei ght

m xed with a physiologically acceptable ophthalmc carrier nedium
such as water, buffer, saline, glycine, hyaluronic acid, mannitol,
and the like. For ophthalmc delivery, a polynucleotide construct
as described herein may be conbined with ophthal nol ogically

acceptabl e preservatives, co-solvents, surfactants, viscosity
enhancers, penetration enhancers, buffers, sodium chloride, or water
to form an aqueous, sterile ophthalnmc suspension or solution.
Ophthalmc solution formulations may be prepared by dissolving the
pol ynucl eotide construct in a physiologically acceptable isotonic
aqueous buffer. Further, the ophthalmc solution may include an
opht hal nol ogically acceptable surfactant to assist in dissolving the
i nhi bitor. Viscosity building agents, such as hydroxynethyl

cel lul ose, hydroxyethyl cellulose, nethylcellulose |,

pol yvi nyl pyrrolidone, or the like my be added to the conpositions
of the disclosure to inprove the retention of the conpound.

[00165] Topi cal conpositions can be delivered to the surface of
the eye, e.g., one to four times per day, or on an extended delivery

schedul e such as daily, weekly, bi-weekly, nonthly, or |onger,
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according to the routine discretion of a skilled clinician. The pH
of the formulation can range from about pH 4-9, or about pH 4.5 to
pH 7. 4.

[00166] For nucleic acid constructs of the disclosure, sui tabl e
pharmaceutical |y acceptable salts include (i) salts forned with
cations such as sodium potassium ammoni um  nmagnesi um cal ci um

pol yam nes such as sperm ne and spernmnidine, etc. ; (ii) acid addition
salts formed with inorganic acids, for exanple hydrochloric acid,
hydrobromic acid, sulfuric acid, phosphoric acid, nitric acid and
the like; (iii) salts formed with organic acids such as, for
exanple, acetic acid, oxalic acid, tartaric acid, succinic acid,

mal eic acid, fumaric acid, gluconic acid, citric acid, nmalic acid,
ascorbic acid, benzoic acid, tannic acid, palnmtic acid, alginic
acid, polyglutanmic acid, naphthal enesulfonic acid, nethanesulfonic
acid, p-toluenesulfonic aci d, naphthal enedi sul fonic aci d,

pol ygal act ur oni ¢ acid, and the like; and (iv) salts forned from

el enent al anions such as chlorine, bromne, and iodine.

[00167] The disclosure provides nmethods for treating a subject
with a cancer or suspected of having a cancer conprising

adm nistering a drug-like peptide of the disclosure (see, Table 1)
conprising a therapeutically effective anpbunt of one or nore drug-
like peptide and optionally one or nore anticancer agents disclosed
her ei n. A therapeutically effective anmount can be neasured as the

amount sufficient to prevent cancer cells from dividing,

netastasizing and/or growing, ultimately Kkilling the cancer cells or
reducing the nmetastatic potential of the cancer cell. General ly,
the optimal dosage of will depend upon the type and stage of the

cancer and factors such as the weight, sex, and condition of the

subj ect . Nonet hel ess, suitable dosages can readily be determined by
one skilled in the art. Typically, dosages used in vitro nmay

provi de wuseful guidance in the anounts wuseful for in situ

adm nistration of the pharmaceutical conposi tion, and ani mal nodels
may be used to determine effective dosages for treatnment of specific
cancers. Various considerations are described, e.g., in Langer,

Sci ence, 249: 1527, (1990); Glman et al . (eds.) (1990), each of
which is herein incorporated by reference. Typically, a suitable

dosage can be 1 to 1000 ng/kg body weight, e.g., 10 to 500 ny/kg
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body wei ght. In a particular enbodinment, a drug-like peptide

di scl osed herein can be administered at dosage of 1 nmg/kg, 2ng/kg, 3
ng/ kg, 4 mg/kg, 5 nmg/kg, 6 nmg/kg, 7 nmg/kg, 8 nmg/kg, 9 ng/kg, 10

ng/ kg, 20 nmg/kg, 30 ng/kg, 40 ng/kg, 50 ng/kg, 60 nmg/kg, 70 ng/kg,

80 ny/ kg, 90 ng/kg, 100 ng/kg, 110 ng/kg, 120 ng/kg, 130 ng/kg, 140
ng/ kg, 150 ny/ kg, 160 ny/ kg, 170 ny/ kg, 180 ng/kg, 190 ng/kg, 200
ng/ kg, 210 ny/ kg, 220 ny/ kg, 230 ny/kg, 250 ng/kg, 300 ng/kg, 350
ng/ kg, 400 ny/ kg, 450 ny/kg, 500 ny/ kg, 550 ng/ kg, 600 ng/kg, 650
ng/ kg, 700 ny/ kg, 750 ny/kg, 800 ny/kg, 850 ng/kg, 900 ng/kg, 950
ng/ kg, 100 ng/ kg, or a range that includes or is between any two of

the foregoing dosages, including fractional dosages thereof.
[00168] Exanpl es, of anticancer agents that can be used with the
drug-li ke peptides disclosed herein include, but are not linmted to,

al kyl ating agents such as thiotepa and CYTOXAN® cycl osphosphani de ;
al kyl sul fonates such as busulfan, inprosulfan and piposulfan;
aziridines such as benzodopa, carboquone, neturedopa, and uredopa;
et hyl eni mi nes and net hyl anel ami nes including altretan ne,

triethyl enenel ani ne, trietyl enephosphor am de,

tri et hiyl enet hi ophosphoranmi de and tiinethyl ol onel am ne ; acetogenins
(e.g. , bullatacin and bull atacinone) ; a canptothecin (including the
synthetic anal ogue topotecan) ; bryostatin; callystatin; CC 1065
(including its adozelesin, carzelesin and bizelesin synthetic

anal ogues); cryptophycins (particularly cryptophycin 1 and
cryptophycin 8); dolastatin; duocarnycin (including the synthetic
anal ogues, Kw2189 and CB1-TMl); eleutherobin; pancratistatin;, a
sarcodi ctyin; spongistatin;, nitrogen nustards such as chloranbucil,
chl ornaphazi ne , chol ophosphani de , estramnustine , ifosfanide,

mechl or et hami ne , mechl oret ham ne oxi de hydrochl oride, nelphalan,
novenbi chin, phenesterine , prednimustine , trof osfani de, uracil
nmustard; nitrosureas such as carnustine, chlorozotocin, fotenustine,
| omustine, ninustine, and ranimustine ; vinca alkal oids;

epi podophyl I otoxins ; antibiotics such as the enediyne antibiotics
(e.g., calicheanmicin, especially calicheamcin gamall and
calicheamicin onegall; L-asparagi nase ; anthracenedi one substituted
urea; nethyl hydrazine derivatives; dynenmcin, including dynemcin
A; bi sphosphonates , such as clodronate; an esperanmicin; as well as

neocar zi nostatin chronophore and related chronoprotein enediyne
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antiobiotic chronophores ), aclacinonmysins , actinonycin, authranycin,
azaserine, bl eonycins, cacti nonycin, carabi cin, carmn nonycin,

car zi nophilin, chronmonycinis , dactinomycin, daunor ubi ci n,

det or ubi ci n, 6- di azo- 5- oxo- L-nor| euci ne, ADRI AMYCI N® doxor ubi ci n

(i ncl udi ng norphol i no-doxor ubi ci n, cyanonor phol i no- doxor ubi ci n, 2-
pyrrol i no-doxorubicin and deoxydoxorubicin) , epirubicin, esorubicin
i darubicin, marcellomycin, mtonmycins such as mtonmycin cC,
nycophenolic acid, nogalamycin, olivonycins, peplonycin,

potf iromycin, puronycin, quelanycin, rodorubicin, streptonigrin,

st rept ozoci n, tubercidin, ubeninmex, zinostatin, zorubicin; anti-
netabolites such as nethotrexate and 5-fluorouracil (5-FU) ; folic
acid anal ogs such as denopterin, nethotrexate, pteropterin,
trimetrexate ; purine analogs such as fludarabine, 6-nercaptopurine
thiam prine, thioguanine; pyrimdine analogs such as ancitabine
azaci ti di ne, 6-azauridine, carnofur, cytarabine, dideoxyuridine,
doxi f luridine, enocitabine, floxuridine; androgens such as

cal usterone, dronostanol one propionate, epiti ostanol , nepitiostane,
testolactone ; anti-adrenals such as am noglutethimde , mtotane,
trilostane; folic acid replenisher such as frolinic acid;
acegl at one; al dophospham de gl ycoside; aminolevulinic acid
eniluracil; ansacrine; bestrabucil; bi santrene; edat r axat e

def of am ne; denecol ci ne; di azi quone; el fornithine; el liptinium

acetate; an epothilone; etoglucid; gallium nitrate; hydroxyurea

| entinan; |onidainine; mytansinoids such as maytansine and
ansam tocins ; nitoguazone; nm t oxantrone ; nopi dannol ; nitiaerine
pentostatin; phenanet; pirarubicin; |osoxantione ; podophyllinic

acid; 2-ethyl hydrazide ; procarbazine; PSK® pol ysaccharide compl ex
(JHS Natural Products, Eugene, Oeg. ); razoxane; rhizoxin;

si zofiran; spirogermani um tenuazonic acid; triaziquone; 2,2 2''—
trichlorotiiethylamne ; trichothecenes (especially T-2 toxin,
verracurin A, roridin A and anguidine) ; urethan; vindesine

dacar bazi ne; nmannonustine ; mtobronitol ; mtolactol; pi pobr oman
gacytosi ne; arabinoside ("Ara-C'); cyclophosphani de; t hi ot epa
taxoids, e.g., TAXOL® paclitaxel (Bristol-Mers Squibb Oncol ogy,
Princeton, N.J.), ABRAXANE® Crenophor-free, al bum n- engi neered
nanoparticle formulation of paclitaxel (Anerican Pharnmaceuti cal

Partners, Schaunberg, 111.), and TAXOTERE® (docetaxel) (Rhone-

102



WO 2021/041953 PCT/US2020/048594

Poul enc Rorer, Antony, France); chloranbucil ; GEMZAR® (gentitabine) ;
6-t hi oguani ne ; mercaptopurine ; methotrexate; platinum coordination
conpl exes such as cisplatin, oxaliplatin and carboplatin;

vi nbl asti ne; plati num etoposide (VP-16); ifosfam de; mtoxantrone ;
vincri stine; NAVELBI NE® vi nor el bi ne; novantrone; teniposide;
edatrexate; daunonycin; am nopterin; xeloda; ibandronate; i ri notecan
(e.g., CPT-11); topoisonerase inhibitor RFS 2000;

di f | uoronet hyl orni t hi ne (DFMD) ; retinoids such as retinoic acid;
capecitabine ; leucovorin (Lv) ; irenotecan; adrenocortical

suppressant; adrenocorticosteroids ; progestins; estrogens;

andr ogens; gonadot ropi n-rel easi ng hor nrone anal ogs; and
pharnmaceutically acceptable salts, acids or derivatives of any of
the above. Also included anticancer agents are anti-hornonal agents
that act to regulate or inhibit hornmone action on tunors such as
anti-estrogens and selective estrogen receptor nodulators (SERMs),
including, for exanple, tanoxifen (including NOLVADEX® tanoxifen) |,
ral oxi fene, drol oxifene, 4- hydr oxyt anoxi f en, trioxifene, keoxi f ene,
LY117018, onapri stone, and FARESTON-torem fene ; aronmatase inhibitors
that inhibit the enzynme arommtase, which regulates estrogen
production in the adrenal glands, such as, for exanple, 4(5)-

i m dazoles, am noglutethimde , MEGASE® negestrol acetate, AROVASL®
exenest ane, fornestanie, fadrozole, RIVISOR®R vorozole, FEMARA®

| etrozol e, and ARTM DEX® anastrozol e; and anti-androgens such as

flutam de, nilutam de, bical utam de, | euprolide, and goserelin; as
well as troxacitabine (a 1,3-dioxolane nucleoside cytosine analog);
anti sense oligonucl eotides, particularly those which inhibit

expression of genes in signaling pathways inplicated in abherant

cell proliferation, such as, for example, PKC-alpha, Ralf and H Ras;
ri bozymes such as a VEGF-A expression inhibitor (e.g., ANG QZYME®

ri bozynme) and a HER2 expression inhibitor; vaccines such as gene
therapy vaccines, for exanple, ALLOVECTIN® vaccine, LEUVECTIN®

vacci ne, and VAXID® vaccine; PROLEUKIN® rJL-2; LURTOTECAN®

topoi sonerase 1 inhibitor; ABARELLX® rnRH, antibodies such as
trastuzumab and pharnaceutically acceptable salts, acids or
derivatives of any of the above. In a particular enbodinent, the

di scl osure provides for conbined therapy conprising one or nore

drug-like peptides disclosed herein used in conbination wth a
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tyrosine kinase inhibitor (TKI) . Exanples of protein kinase

i nhi bitors, include but are not |limted to, adavosertib, af ati ni b,
axitinib, bosutinib, cet uxi nab, cobi netini b, crizotinib,

cabozanti ni b, dasati ni b, entrectinib, erdafitinib, erlotinib,
fostamati ni b, gefitinib, i brutinib, i matini b, | apati ni b, | envati ni b,
mubritinib, nilotinib, pazopani b, pegapt ani b, ruxolitinib,

sor af eni b, suni tinib, SU6656, vandet ani b, and venur af eni b. I n

anot her enbodi ment, the disclosure provides for conbined therapy

conprising one or nmore drug-like peptides disclosed herein used in

conbination wth an angiogenesis inhibitor. Exanmpl es of
angi ogenesi s inhibitors, include but are not |limted to, axitinib,
bevaci zumab, cabozanti ni b, everol i nus, | enalidom de , lenvatinib

nmesyl at e, pazopani b, ramuci r unab, r egor af eni b, sor af eni b, suni tinib,
t hal i dom de, vandet ani b, and Ziv-aflibercept . In another enbodinment,
the disclosure provides for conbined therapy conprising one or nore
drug-1like peptides disclosed herein used in conbination wth a PARP
i nhi bitor. Exampl es of PARP inhibitors, include but are not |limted
to, olaparib, niraparib, rucapari b, and tal zoparib. The anti cancer
agent may be admi nistered, by a route and in an anount comonly used
t herefore, si mul t aneously (at the sane time or in the sane
fornulation) or sequentially wth a drug-like peptide as disclosed
her ei n. VWhen a drug-like peptide as disclosed herein is used
contenporaneously with one or nore anticancer agents, a

phar maceuti cal conposition containing the one or nore anticancer
agents in addition to a drug-like peptide disclosed herein my be
utilized but may not be required. Accordi ngly, t he pharmaceuti cal
conpositions disclosed herein include those that also contain one or
nore anticancer agents in addition to a drug-like peptide disclosed
herein .

[00169] [ 00164] Provided herein can be peptides or salts
thereof and conpositions conprising the sane. Peptides can be of any
length. In some cases, a peptide can have a sequence length from
about 5 amno acids to about 80 am no acids, about 5 amno acids to
about 20 amino acids, about 10 amno acids to about 40 am no acids,
about 20 amino acids to about 60 amno acids, about 20 am no acids
to about 50 amno acids, or about 40 anmino acids to about 80 am no

acids. In sone cases, a peptide or salt thereof can have a sequence
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length of less than about: 5, 6, 7

16, 17, 18, 19, 20, 21, 22, 23, 24,

33, 34, 35 36, 37, 38, 39, 40, 41,

50, 51, 52, 53, 54, 55, 56, 57, 58,

67, 68, 69, 70, 71, 72, 73, 74, 75,

acids. In sone cases, a peptide

than about: 5, 6, 7, 8, 9, 10, 11,

20, 21, 22, 23, 24, 25, 26, 27, 28,

37, 38, 39, 40, 41, 42, 43, 44, 45,

54, 55, 56, 57, 58, 59, 60, 61, 62,

71, 72,
[00170]

| east

73, 74, 75, 76, 77, 78, 79,

In sone cases, peptides

partial sequence identity to

pepti des provided herein can conpri

wi | dtype peptide sequence. |In sone

can conprise a continuous sequence

10, 8-17, 8-15, 8-10, 9-17, 9-15,

sequence provi ded

recited in SEQ ID NO 9521, 9522,

cases, at l|east a contiguous

can conprise a sequence wth at

90% 91% 92% 93% 94% 95% 96%

identity to a polypeptide recited

cases, a peptide or salt thereof

| east about: 70% 75% 80% 85%

97% 98% or

SEQ ID NO

99%
9521,

100% sequence
9522, 9526, 9530,
peptide provided herein conprises
1 residue difference
1-9489.

4, 3, 2, oOr t

one of SEQ ID NO In sone

75% 80% 85% 90% 91% 92% 93%

100% sequence

[00171]

nodul ate expression

identity
In some enbodi nents,
| evel
i

target protein can be inplicated

limting exanples of suitable genes

are provided in Table 7.

can

in any one of SEQ ID NO

portion of the peptide or

| east

90%
identity

to the polypeptide
a peptide or

of a target
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8, 9, 10, 11, 12, 13, 14, 15,

25, 26, 27, 28, 29, 30, 31, 32,

42, 43, 44, 45, 46, 47, 48, 49,

59, 60, 61, 62, 63, 64, 65, 66,

76, 77, 78, 79, or 80 amno

have a sequence |ength of nore

12, 13, 14, 15, 16, 17, 18, 19,

29, 30, 31, 32, 33, 34, 35, 36,

46, 47, 48, 49, 50, 51, 52, 53,

63, 64, 65, 66, 67, 68, 69, 70,

or 80 ami no acids.

provided herein can conprise at

wi | dtype proteins. |In sone cases,

se mnmutations as conpared to a

cases, a peptide provided herein

having from about 7-17, 7-15, 7-

9-10 residues identical
1-9489 or

9530,

or to a

a pol ypepti de

9526, or 9531. In sone

salt thereof

about: 70% 75% 80% 85%

97%
in SEQ ID NO

98% 99% or 100% sequence

1-9489. In sone

can conprise a sequence with at

91% 92% 93% 94% 95% 96%

to a polypeptide recited in

9531 or 9701. In sone cases, a

| ess than about 10, 9, 8, 7, 6, 5,

o a polypeptide provided in any

cases, a peptide conprises 70%

94% 95% 96% 97% 98%

SEQ 1D NO 9530.

99% or

of

salt thereof can

protein. In sonme cases, a

n a disease or condition. Non-

that can encode a target protein
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[00172] In some instances, a target protein can conprise an
enzyme or fragnent thereof. In some instances, a target protein can
conprise, a kinase, a phosphatase, a signaling peptide, a
transcription factor, or any conbination thereof. In sone cases, a
target protein can conprise an oxidoreductase , a hydrolase, a
transferase, a lyase, an isonerase, or a ligase. In sonme cases, a
target protein can be encoded by a gene in Table 7 or a variant of a
gene in Table 7 or a fragnment of any of these. Table 7 conprises
non-limting exenplary genes that can encode for a target protein.
[00173] In some cases, a peptide or salt thereof can nodulate a
target protein. Mdulation of a target protein by a peptide or salt
thereof can conprise at least a partial inhibition, reduction, or
total elimnation of activity. |In sone cases, nodulation can
conprise at least a partial increase in activity. In sone cases,
nodul ati on can be achieved by at least partially inhibiting or
activating protein to protein interaction. In sone cases, a protein
to protein interaction can conprise a ligand to receptor

interaction. In sone instances, a protein to protein interaction can
conprise a regulatory protein conplex. In some cases, a peptide or
salt thereof can at least partially reduce a protein to nucleic acid

interaction .

[00174] Table 7: Exenplary genes that encode exenplary target
proteins :
MCL-1 CRLF2 PCDH15 POMGNT1
BCR DSE PTGFR RYR2
BRAF EXT1 SGCD STAG2
JAK1 FMR1 TMEM127 GNAQ
JAK?2 AKAP9 HSPHI1 KDR
VEGF ATRX LRPPRC MITF
EGFR CBS MYC NOTCH1
ALK CRTAP PCGF2 POMT1
CDK1 DSG2 PTPN11 S1PR2
CDK2 EXT2 SGSH STAR
CDK3 FUBP1 TMEM4 3 GNAS
CDK3 AKT1 IDH1 KEAP1
CDK4 AXINI1 LRRK2 MKS1
BRCA CCDC178 MYD88 NOTCH2
PIK3CA CRYAB PDE11A POULF1
MEK DSP PTPN12 SAMDSL
C-KIT EYad SH2B3 STK11
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NRAS FzD3 TMEM67 GNPTAB
ABCB11 AKT2 IDHZ2 KIF1B
ANTXR2 AXINZ2 LYST MLH1
BCOR CCNE1 MYH6 NPC1
CDKN1B CSF1R PDGFRA POUGEF2
CYP27A1 DTNA RAC1 SBDS
EMD EZH2 SLC25A4 SUFU
FANCEF G6PC TMPO GPC3
ABCCS8 ALB IGF2R KIT
APC BAG3 MAP2K1 MLH3
BCORL1 CD79A MYH7 NPC2
CDKN2A CSMD3 PDHA1 PPMI1L
CYP27B1 ECT2L RAD21 SCN11A
EP300 F11 SLC26A2 suzlz
FANCG GAA TNFAIP3 GPC6
ABCCY9 ALDH3A2 IGHMBP2 KLF6
AR BATI3 MAP2K2 MMAB
BLM CD79B MYL2 NPHP1
CEP290 CSRP3 PDZRN3 PPP2RI1A
DAXX EDA RADLO0 SCNLA
EPCAM F5 SLC37A4 SYNE3
FANCI GABRAG TNFRSF14 GPR78
ABCD1 ALDOB IGSF10 KLHDC8B
ARIDI1A BAP1 MAP2K4 MPL
BMPRI1A CD96 MYL3 NPHP4
CFTR CTNNB1 PEX1 PPT1
DBT EDN3 RADS1B SCNN1A
EPHAL FAH SLCTAS8 TAZ
FANCL GALNT12 TNNC1 GRIN2A
ABL1 ALK IKBKAP KMT2A
ARID2 BARDI1 MAP3K1 MPZ
RAF1 CDhC27 MYLK2 NPM1
CHEK1 CTNS PEX7 PRDM1
DCC EDNRB RADS1C SCNN1B
EPHB2 FAM46C SLCSAS TBX20
FANCM GALT TNNI3 GRMS8
ACADM ALS2 IKZF1 KMT2C
ARSA BAX MAP4K3 MRE11A
BRCA1 CDC73 MYO1B PRKAG2
CHEK2 CTSK PHF6 SCNN1G
DCX EED RAD51D TCAP
ERBB2 FANCA SLX4 GXYLT1
FAS GATAl TNNT1 KMT2D
CADS AMER1 IKZF4 MSH2
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ASAHI1 BAZ2B MAP7 NRCAM
BRCAZ2 CDH1 MYO7A PRKARI1A
CHM CUBN PIK3CA SCO2
DDB2 EGFR RARB TCERGL
ERBB3 FANCB SMAD2 H3F3A
FAT3 GATA2 TNNT2 KRAS
ACADVL AMPD1 IL2RG MSH3
ASCCl BCKDHA MAPK10 NTRK1
BRIP1 CDH23 MYOZ2 PRKDC
CIC CYLD PIK3CG SDHA
DDR2 EGR2 RB1 TCF7L2
ERBB4 FANCC SMAD4 HADHA
FBXO11 GATA3 TP53 KREMEN1
ACTC1 AMPH IL6ST MSH6
ASL BCKDHB MASIL NUP62
BTD CDK12 MYPN PROC
CLN3 CYpPl1lal PIK3R1 SDHAF?2
DES EHBP1 RBM20 TERT
ERCC2 FANCD2 SMARCA4 HADHB
FBX032 GATADL TPM1 L1caM
ACTN2 ANTXR1 IL7R MSMB
ASPA BCL6 MAX OR5L1
BTK CDK4 NBN PROP1
CLNb CYP21A2 PKHD1 SDHB
DHCR7 ELMO1 RECQL4 TET2
ERCC3 FANCE SMARCB1 HBB
FBXW7 GBA TPP1 LAMAZ
ACVRI1B GCDH INVS MSR1
Assl JAK1 MCIR oTC
BUB1B MDM2 NCOA3 PRPF40B
CLN6 NEK2 PKP2 SDHC
DICERI1 PLOD1 RET TFG
ERCC4 ROS1 SMC1A HESX1
FGD4 SMPD1 TRAFD LAMA4
ADA GJB2 IRAK4 MTAP
ASXL1 JAK2 MCcC2 OTOP1
CALR3 MECP2 NCOR1 PRX
CLN8 NEXN PLEKHGbS SDHD
DIS3L2 PLP1 RHBDF2 TGFB3
ERCC5H RPGRIPLL SMC3 HEXA
FGFR1 SOX10 TRIO LAMP2
ADAMTS13 GLA ITCH MTHFR
ATM JAK3 MCOLN1 PAH
CARD11 MED12 NDUFA13 PSAP
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COL1A2 NF1 PLN SEPT9
DKC1 PMP22 RNASEL TGFBR1
ERCC6 RS1 SMO HEXB
FGFR2 SOX2 TRPV4 LDB3
ADAMTS?2 GLB1 TRRAP MTM1
ATP4A JUP U2AF1 PALB2
CASP8 MEFV USHI1C PSEN1
COL4A3 NE2 WAS SETBP1
DLD PMS2 WWP1 TGFBR2
ERRFI1 RSPO1 ZIC3 HFE
FGFR3 SPEG TSC1 LEPREL
AGA GLI1 U2AF2 MTOR
ATP6VOD2 KATGA USH1G PALLD
CAV3 MEN1 WBSCR17 PSEN2
COL4A4 NFE2L2 XPA SETD2
DMD POLD1 ZNE2 THSD7B
ESCO2 RTEL1 TSC2 HGSNAT
FH SPOP UBRAL LIG4
AGL GLI3 USP1l6 MUC16
ATPTA KCNQ1 WEE1 PAX5
CBFB MET XPC PTCH1
COL7Al NFKBIA ZNF226 SF1
DNAJR2 POLE TSHB TINEF2
ESR1 RUNX1 UBR3 HIST1H3B
FKTN SRC Usp25 LMNA
AGPS GLMN WNK2 MUT
ATP/B KDM4B XRCC3 PAX6
CBL MFSD8 ZNF473 PTCH2
COX15 NIPA2 TSHR SEF3A1
DNMT3A POLH UROD TMC6
ETV6 RUNX1T1 VCL HNF1A
FLCN SSTR1 WRN LPAR2
AHT1 GNA11l ZBED4 MUTYH
ATP8B1 KDM6A ZNF595 PBRM1
CBLB MIER3 TTN PTEN
CREBBP NKX3-1 UROS SEF3B1
DSC2 ATP VHL TMC8
EXOC2 ATR WT1 HRAS
FLT3 CBLC ZFHX3 LRP1B
ARAF ZRSR2 HER2 MYBPC3
[00175] In some cases, nodulation of expression |evel can be
determined using an in vitro assay. In sone cases, nodulation of

activity can be measured relative to an anount of the target protein
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or activity by a target protein in a cell that has not been treated
with a peptide or salt thereof. In sone cases, an assay can be
utilized to measure Kkinase activity or phosphatase activity of a
target protein. |In sonme cases, kinase or phosphatase activity can be
determined by evaluating activity of proteins downstream from the
target protein. Downstream proteins can conprise proteins that can
interact with a target protein directly or indirectly. |In sone
cases, a downstream protein is at least about 1, 2, 3, 4, 5, 6, 7,
8, 9, or up to 10 proteins renoved from the target protein in a

pat hway of a cell.

[00176] Any in vitro assay can be utilized in a nethod provided
herein. In sonme cases, an in vitro assay conprises a Western blot,
PCR, RNA sequencing, Northern blot, gPCR, ELISA flow cytonetry,
fluorescence staining, and any conbination thereof.

[00177] In sone cases, a peptide or salt thereof can produce an
at least partial increase or an at |east partial decrease of an
activity of a downstream protein. Any downstream protein of any
target protein provided herein can be evaluated, for exanple
downstream proteins of any proteins encoded by the genes in Table 7.
In sonme cases, a target protein is RAFl. In sone instances, a
downstream protein of Rail can conprise MEK1l/2, ERK1l/2, AP-1 or any
conbi nation thereof. In sone cases, a target protein conprises EGR
In sonme cases, a downstream protein of EGFR can conprise NcK, PAK,
PI3K, Ras or any conbination thereof. |In sone instances, a
downstream protein of EGFR can conprise a pathway such as proteins
that conprise the PI3K pathway which can include PDK-1, Akt, mIiOR
and S6K. Another exanple of a downstream protein pathway for EGFR
can be the Pak pathway which can conprise NcK, MK3/6, JNK, P38, c-
Fos, and c-Jun. In sone cases, a downstream protein can conprise a
transcri ptional regul ator such as STATS.

[00178] In sonme cases, a peptide of salt thereof can have anti-

cancer activity. Anti-cancer activity can refer to reduction or

elimnation of cancer. |In sone cases, anti-cancer activity can
conprise killing of a cancer cell. Anti-cancer activity can be
determined in vivo or in vitro. In sone cases, a cancer cell, such
as a cancer cell line can be utilized. Suitable cancer cells for
use in nmethods provided herein can conprise in vitro cell lines or
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primary cancer cells. |In some cases, a peptide or salt thereof can
nmodul ate an expression level of a target protein. Mdulation can be

determined wutilizing an assay or nmouse nodel to determine a level of

killing of a cancer cell.
[00179] In some cases, provided herein can be partial increases
or partial decreases of an activity of a target protein. Increases

or decreases can refer to at least about a 1-fold, 2-fold, 3-fold,
4-fold, b5-fold, 6-fold, 7-fold, 8-fold, 9-fold, 10-fold, 15-fold,
20-fold, 30-fold, 50-fold, 100-fold, 150-fold, 175-fold, 200-fold,
250-fol d, 300-fol d, 400-f ol d, 500-fol d, 800-fol d, or up to about
1000-fold change in an activity as conpared to a conparable nethod
that lacks treatment with a peptide or salt thereof. In sonme cases,
a partial increase or a partial decrease can refer to about: 1% 5%
10% 20% 40% 60% 80% 100% 150% 200% 250% 300% 350% 400%
or up to about a 500% increase or decrease in an activity of a
target protein. In sonme enbodinments, a peptide or salt thereof can

conprise independently dy, or an amino acid conprising a G-Co

alkyl, a C-Go alkenyl, a C-Co alkynyl, a cycloalkyl, or an
al kyl cycl oal kyl side chain. |In sone cases, a peptide can conprise an
amino acid conprising an aromatic side chain. |In sone cases, a

peptide can conprise an amino acid conprising a side chain that can
be at least partially protonated or at least partially deprotonated

at a pH of about 7.3. In sone cases, an anmino acid of the peptide or
salt thereof positioned at an end termnus conprises a side chain
that can be at least partially deprotonated at a pH of about 7.3. In
some cases, a peptide can conprise an amino acid conprising an amnide
containing side chain. |In sone cases, a peptide can conprise an
amino acid conprising an alcohol or thiol containing side chain. In

some cases, a peptide or salt thereof can conprise a reconbinant

peptide .
[00180] In some enbodinments, a peptide can be an engineered
peptide. In sonme cases, a peptide can be a natural peptide, a

synthetic peptide, an artificial peptide, a nodified peptide, or any

conbination thereof. In sonme enbodinents, a peptide can conprise a
chem cal nodification, such as an acetyl ation, a sul fonati on, an
am dati on, or an esterification. In sone cases, a peptide can

conprise a stapled peptide or salt thereof, a stitched peptide or
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salt thereof, a nmacrocyclic peptide or salt thereof, or any

conmbi nation thereof. In sone instances, a stapled peptide can
conprise a covalent |inkage between two amino acid side-chains. In
some instances, a stapled peptide can conprise an al pha-helix. A
stitched peptide or salt thereof can conprise nultiple staples, for
exanple a stitched peptide can conprise a plurality of coval ent

I i nkages between different amino acid side-chains on a peptide. In

some cases, a nmacrocyclic peptide can conprise a ring structure, or

a bicyclic structure. |In sone instances, a nacrocyclic peptide can
conprise a head-to-tail , a side-chain-to-side-chain, or both,
structure .

[00181] In some enbodi ments, a peptide provided herein can

further conprise a linker. A linker can provide desirable

flexibility to permt the desired expression, activity and/or
conformational positioning of a peptide. A linker can be of any
appropriate length and is preferably designed to be sufficiently
flexible so as to allow the proper folding and/or function and/or
activity of one or both of the domains it connects. |In sone cases, a
linker can have a length of at least 3, 5, 10, 15, 20, 25, 30, 35,
40, 45, 50, 55, 60, 65 70, 75, 80, 85, 90, 95 or 100 residues. In
some enbodinments, a linker has a length from about O to 200

residues, from about 10 to 190 residues, from about 20 to 180
residues, from about 30 to 170 residues, from about 40 to 160
residues, from about 50 to 150 residues, from about 60 to 140
residues, from about 70 to 130 residues, from about 80 to 120
residues, or from about 90 to 110 residues. In sone enbodinents, a
linker can conprise an endogenous protein sequence. In some

enbodi nents, a linker sequence conprises glycine, alanine, or serine
am no acid residues, or any conbination of glycine, alanine, and
serine amno acid residues. In sonme enbodinments, a linker can
contain notifs, e.g., multiple or repeating notifs, of GS, GGS,
GEEGS, GGSG, or SGEG In sone cases, a linker sequence can include

any naturally occurring amno acids, non-naturally occurring amno

acids, or conbinations thereof. In some cases, a linker can be a

cleavable linker. In some cases, a |linker can at least in part be
resistant to cleavage. In sone cases, a resistant cleavage |inker
can conprise a thioether |Ilinker, a naleinde alkane |inker, a
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mal ei m de cycl ohexane |inker, or any conbination thereof. |In sone
cases, a cleavable linker can conprise an enzymatically cleavable
linker, a chemically cleavable l|inker, or both. A cleavable |inkage
can conprise an acid-labile linker, a reducible linker, a disulfide-
linker, a hydrazone I|inker, a peptide Ilinker, or any conbination
thereof. In some cases, a cleavable linker can be linked to an

anti body or a fragment thereof. In sone cases, a cleavable I|inker
can be linked to a cell penetrating peptide. |In sone cases, a
peptide can be directly or indirectly linked to a cell penetrating

peptide. A cell penetrating peptide can be a short pol ypeptide that
can allow for increased uptake of a subject conposition into a cell.
A cell penetrating peptide can be cationic, anphipathic,

hydr ophobi ¢, and conbinations thereof. In sone instances, a cell
penetrating peptide can conprise a TAT peptide, a MPG peptide, a
Pep-1 peptide, a KALA peptide, a SV40 NLS peptide, an Arg

pol ypeptide, a TfR targeting peptide, a rabies virus glycoprotein,
or a penetratin peptide. A cell penetrating peptide can be of any
length. In sone cases, a cell penetrating peptide can be about 3
amno acids to about 50 amino acids long, about 5 anmino acids to
about 15 anmino acids long, about 10 amino acids to about 25 am no
acids long, about 20 amino acids to about 30 amino acids long, or
about 30 anmino acids to about 50 amino acids long. In some cases, a
cell penetrating peptide can conprise a peptide that conprises L-
amino acids, D- amino acids, both L and D am no acids, and non-
natural anmino acids. In sone cases, a cell penetrating peptide can
conprise a cyclic peptide. In sonme instances, a cell penetrating
peptide can conprise a poly-arginine stretch.

[00182] In some enbodinents, a nethod provided herein can be
utilized for screening. |In sone cases, a nmethod can be used to
screen genes or proteins encoded by genes for inhibitory or
stimulatory activity. |In sone cases, a nethod can conprise
expressing at least a fragnent of a gene in a target cell. In sone
enbodi ments, a nethod of screening for at least partially reducing
or at least partially increasing the activity of a target protein, a
protein that may interact downstream with a target protein, or both
can conprise expressing one or nore fragnments of a gene in a target

cell. In sonme cases, a gene fragnment can be expressed from a
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vector, such as a polynucleotide (e.g., a plasmd) or a viral vector
conprising a nucleic acid encoding the gene fragment. In sone

i nstances, a gene fragnment can conprise at l|least a portion of a
target protein. |In sone cases, a gene fragment can be from about 20
nucl eotides to about 1000 nucl eotides, about 20 nucleotides to about
100 nucl eotides, about 100 nucl eotides to about 500 nucleotides,
about 60 nucleotides to about 150 nucl eotides, or about 500

nucl eotides to about 1000 nucleotides in length. In some cases, a
met hod of at least partially reducing the activity of a target
protein or at least partially reducing the activity of a protein
that interacts downstream with a target protein can conprise
nmeasuring the at least partial reduction of activity by determning
a change in gene expression of a treated cell relative to the |evel
of a gene expression in an untreated cell in an in vitro assay. In
some cases, a nmethod of screening for at least partially reducing or
at least partially increasing the activity of a target protein, a
protein that may interact downstream with a target protein, or both
can conprise measuring the at least partial reduction of activity by
determ ning a change in gene expression of a treated cell relative
to the level of a gene expression in an untreated cell in an in
vitro assay. In sone cases, a change in gene expression can be
determ ned by quantitative reverse transcriptase polynmerase chain
reaction, RNA-seq or both. In some instances, a target protein can
be selected from a protein encoded by a gene or a variant thereof
recited in Table 7. In sone cases, a fragnent of a gene can encode
for a polypeptide conprising a sequence having at |east about: 70%
75% 80% 85% 90% 95% 98% or 99% sequence honmplogy to any one of
the peptides of SEQ ID Nos: 1-9489. In sone cases, a vector or
plasmid can be transfected, electroporated, or transduced into the
target cell. In sone cases, at least a portion of the target protein
can conprise about: 5 amino acids to about 80 amino acids, 5 am no
acids to about 20 am no acids, 10 amino acids to about 40 am no
acids, 20 amno acids to about 60 ami no acids, 20 amno acids to
about 50 amino acids, or about 40 amno acids to about 80 am no
acids. In sone instances, reduction of activity can conprise reduced

cell growth.
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[00183] In sonme cases, a pharmaceutical conposition can conprise
a nucleic acid at least partially encoding a peptide described
herein. In sone cases, a nucleic acid can at least partially encode
a peptide that can have at least about: 70% 75% 80% 85% 90% 95%
or 99% sequence identity to a polypeptide of SEQ ID NO 1-9489. |In
some cases, the peptide may not conprise nore than: about 10 ani no
acids to about 60 am no acids, about 10 amno acids to about 20

am no acids, about 20 amno acids to about 30 am no acids, about 30
amno acids to about 40 amno acids, about 40 amino acids to about
50 anino acids, or about 50 amno acids to about 60 amno acids. In
some instances, a nucleic acid can conprise a pharnmaceuti cal
conposition in unit dose form |In sonme cases, a hucleic acid can
conprise DNA, RNA or both. In sonme cases, a nucleic acid can be
circul ar, such as a plasmd. A nucleic acid can be single stranded,
doubl e stranded, or both.

[00184] In sonme cases, a pharmaceutical conposition can conprise
a vector. A vector can conprise or can encode for a peptide
described herein, for exanple a peptide for use in a pharmaceutical
conposi tion. In sone instances, a vector can conprise a nucleic
acid. In sone cases, a vector can conprise a polypeptide <coat. In
some cases, a vector can be a viral vector, a virus-like particle.

In sone cases, the vector can conprise an RNA viral vector which can

include but may not be limted to a retrovirus, | entivirus,

coronavi rus, al phavi rus, fl avi virus, r habdovi r us, morbillivirus |,

pi cornavirus , coxsacki evirus, or picornavirus or portions of any of
these, or fragments of any of these, or any conbination thereof. In
some cases, a vector can conprise a lentiviral vector. |In sone

cases, a vector can conprise a DNA viral vector which can include

but may not be linmted to an adeno-associated viral (AAV) vector,
adenovi r us, hybrid adenovi ral system hepadnavirus , parvovirus,

papi | | omavi r us, pol yomavi rus , herpesvirus, poxvirus, a portion of

any of these, or a fragment of any of these, or any conbination
thereof. In sonme cases, a vector can conprise an AAV vector. An AAV
vector, can be of any serotype. In sone cases, an AAV vector is of a
serotype selected from any one of: AAVI, AAV2, AAV3, AAV4, AAV5,
AAV e, AAVI, AAV8, AAV9, AAVI0, AAV11, AAVI 2, AAVDJ, variants

thereof, and any conbination thereof. In sone cases, a vector is of
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AAV2, AAV5, AAV9, or conbinations thereof. Provided herein are also
nodi fied vectors that conprise nutations or nodifications of

conponents such as nodified REP, CAP, |ITRs, or conbinations thereof.
In sonme cases, chineras of AAV vectors are also enployed in nethods

and conpositions provided herein.

[00185] Conpositions provided herein can be delivered via any
neans. |n sone cases, conposition is delivered via a vector. |In sone
cases, a vector can conprise a polypeptide coat. |In sone cases, a

vector can conprise a |liposone, a nanoparticle, a mcroparticle, or
any conbination thereof. |In sone cases, a liposone can include but
may not be limted to a unilanmellar liposone, multilanellar

| i posone, archaeosone, noisonme, novasone, cryptosone, enulsone,
vesosone, or a derivative of any of these, or any conbination
thereof. |In sonme cases, a vector conprises a nanoparticle. A
nanoparticle, can include but may not be limted to a biopolyneric
nanoparticle, an alginate nanoparticle, a xanthan gum nanoparticle,
a cellul ose nanoparticle, a dendriner, a polynmeric mcelle,

pol ypl exed, an inorganic nanoparticle, a nanocrystal, a netallic
nanoparticle, a quantum dot, a protein nanoparticle, a

pol ysaccharide nanoparticle, or a derivative of any of these, or any
conbi nati on thereof.

[00186] Provided herein can also be a kit. A kit can conprise a
pharmaceutical conposition described herein, a nucleic acid
described herein, a peptide described herein, a vector described
herein or any conbination thereof. |In sone cases, a kit can conprise
instructions that recite the nethods of using a pharnmaceutical
conposition described herein, a nucleic acid described herein, a
peptide described herein, the vector described herein or any

conbi nation thereof. In sone cases, the kit can conprise
instructions for administration to a subject in need thereof. In
sone enbodi nents, a kit can conprise a container, such as a plastic,
a glass, or a netal container.

[00187] Also provided herein can be nethods of making a
pharmaceutical conposition described herein. In sone cases, the

net hods can conprise contacting a peptide or salt thereof with a

pharmaceutically acceptable excipient, diluent or carrier.
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[00188] In some enbodinments, a pharmaceutical  conposition

described herein can be admnistered in a therapeutically effective
amobunt to a subject (e.g., a human) in need thereof to at |east
partially prevent or treat a disease or condition. In sone cases,
treating can conprise at least partially reducing or aneliorating at
| east one synmptom of the disease or condition, such as reducing a
gromh of a tunor. The terns "treating," "treat nent," and the like
can be used herein to nean obtaining a desired pharnacologic effect,
physiologic effect, or any conbination thereof. In sonme instances, a
treatment can reverse an adverse effect attributable to the disease
or disorder. In sonme cases, the treatnent can stabilize the disease
or disorder. |In some cases, the treatnent can delay progression of
the disease or disorder. In sone instances, the treatnent can cause
regression of the disease or disorder. In sone instances, t he
treatment can prevent the occurrence of the disease or disorder. In
sone enbodi ments, a treatnent's effect can be neasured. In sone
cases, neasurements can be conpared before and after administration
of the conposition. For exanple, a subject can have nedical imges
prior to treatnment conpared to inages after treatnent to show cancer
regression. In sone instances, a subject can have an inproved bl ood

test result after treatment conpared to a blood test before

treat nment. In sone instances, neasurenments can be conpared to a

st andard

[00189] In some enbodinents, a disease or condition can conprise
cancer. In sone cases, a cancer can conprise a sarcomm, a carcinoma,

a nel anonm, a |ymphoma, a leukenia, a blastons, a germ cell tunor, a
nyel ona, or any conbination thereof. |In some cases, cancer nay
conprise a thyroid cancer, adrenal cortical cancer, anal cancer,
aplastic anenia, bile duct cancer, bladder cancer, bone cancer, bone
net ast asi s, central nervous system (CNS) cancers, peripheral nervous
system (PNS) cancers, breast cancer, Castleman's disease, cervical
cancer, childhood Non-Hodgkin's |ynphoma, |ynphoma, colon and rectum
cancer, endonetrial cancer, esophagus cancer, Ewing's famly of

tunors (e.g. Ewing's sarcomm), eye cancer, gallbladder cancer,

gastroi ntestinal carcinoid tunors, gastrointestinal stromal tunors,
gestational trophoblastic disease, hairy cell I|eukenia, Hodgkin's
di sease, Kaposi's sarcomm, kidney cancer, laryngeal and
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hypophar yngeal cancer, acute Ilynphocytic |eukenia, acute nyeloid

| eukenmia, children's |Ileukenia, chronic |ynphocytic |eukema, chronic
nyel oid | eukemn a, liver cancer, lung cancer, lung carcinoid tunors,
Non- Hodgkin's | ynphonma, male breast cancer, malignant nesothelioms,
multiple nmyeloma, nyel odysplastic syndrone, nyeloproliferative

di sorders, nasal cavity and paranasal cancer, nasopharyngeal cancer,
neur obl ast omg, oral cavity and oropharyngeal cancer, osteosarcons,
ovarian cancer, pancreatic cancer, penile cancer, pituitary tunor,
prostate cancer, retinoblastoms, r habdomyosar conms, salivary gland
cancer, sarcona (adult soft tissue cancer) , nelanoma skin cancer,
non- mel anoma  skin cancer, stomach cancer, testicular cancer, thynus
cancer, uterine cancer (e.g. uterine sarconmm), Vvaginal cancer,

vul var cancer, or Waldenstrom s nmacrogl obulinena

[00190] In sonme cases, a cancer can include a hyperproliferative
di sorder. Hyperproliferative di sorders can include but may not be
limted to cancers, hyperplasia, or neopl asi a. In sone cases, the
hyperproliferative cancer can be breast cancer such as a ductal
carcinoma in duct tissue of a manmary gland, nedullary carcinonas,
colloid carcinonas, t ubul ar carci nonmas, and inflammatory breast
cancer; ovarian cancer, including epithelial ovarian tunprs such as
adenocarcinona in the ovary and an adenocarcinoma that has mgrated
from the ovary into the abdom nal cavity; uterine cancer; cervical
cancer such as adenocarcinoma in the cervix epithelial including
squanmous cell carcinoma and adenocarci nonmas; prostate cancer, such
as a prostate cancer selected from the followi ng: an adenocarci noma
or an adenocarcinoma that has migrated to the bone; pancreatic

cancer such as epithelioid carcinoma in the pancreatic duct tissue

and an adenocarcinoma in a pancreatic duct; bladder cancer such as a
transitional cell carcinoma in urinary bladder, urothelial

carcinomas (transitional <cell carcinomas), tunors in the urothelial
cells that line the bladder, squanobus cell carcinonas,

adenocar ci nonms, and snmll cell cancers; |eukem a such as acute

nyel oid |leukemia (AM) , acute |ynmphocytic |eukemia, chronic

| ynphocytic |eukemia, <chronic nyeloid |eukenia, hairy cell |eukenia,
nyel odyspl asi a, nyel oproliferative di sorders, acute nyel ogenous

| eukenia (AM), chronic nyelogenous |eukema (CWM) , nmastocytosis,

chronic |ynphocytic |eukema (CLL) , multiple nyeloma (My , and
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nyel odyspl astic syndrone (MDS) ; bone cancer; lung cancer such as
non-small cell lung cancer (NSCLC) , which nmay be divided into
squanous cell carcinonas, adenocar ci nonas, and large cell

undi fferenti ated car ci nomas, and small <cell 1lung cancer; skin cancer

such as basal cell carcinomm, mel anoma, squanous cell carcinoma and
actinic keratosis, which nmay be a skin condition that sometines
develops into squanmous cell carcinom; eye retinoblastong; cut aneous
or intraocul ar (eye) nelanoma; primary liver cancer (cancer that
begins in the liver) ; kidney cancer; autoinmmne deficiency syndrone
(AIDS) -related |ynmphoma such as diffuse large B-cell |ynphoma, B-
cell immunoblastic |ynmphoma and snmall noncleaved cell |ynphong;
Kaposi's Sarcomm; viral-induced <cancers including hepatitis B virus
(HBV) , hepatitis C virus (HCV) , and hepatocell ul ar carci nona; human
| ynphotropic virus-type 1 (HTLV-1) and adult T-cell

| eukem a/ | ynmphons; and human papilloma virus (HPV) and cervical
cancer; central nervous system (CNS) cancers such as primary brain
tunmor, which includes gliomas (astrocytomn, anaplastic astrocytons,
or glioblastoma nmultifornme), ol i godendr ogl i onas, ependynonas,

nmeni ngi onas, | ynphomas, schwannonas, and nedul | obl ast onas;

peri pheral nervous system (PNS) cancers such as acoustic neuromas
and malignant peripheral nerve sheath tunors (MPNST) including

neur of i bromas and schwannomas, malignant fibrous cytomas, nalignant

fibrous histiocytonas, mal i gnant  neni ngi onas, mal i gnhant

nmesot hel i omas, and malignant mixed Millerian tunors; oral cavity and
or ophar yngeal cancer such as hypopharyngeal cancer, |aryngeal

cancer, nasopharyngeal cancer, and oropharyngeal cancer; stomach

cancer such as lynphomas, gastric stromal tunors, and carcinoid
tunors; testicular cancer such as germ cell tunors (GCTs), which

i ncl ude sem nonms and nonsem nonas, and gonadal stronmal tunors,

which include Leydig cell tunmors and Sertoli cell tunors; thynus
cancer such as to thynmomas, thynic carcinonas, Hodgki n di sease, non-
Hodgkin |ynphomas carcinoids or carcinoid tunors; rectal cancer; and
colon cancer. |In sonme cases, a cancer can conprise a malignant
thyroid disorder such as for exanple a follicular carcinoma, a
follicular variant of papillary thyroid carcinonmas, a medullary

carcinonma, or a papillary carcinona.
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[00191] In some cases, a disease or condition is not cancer. In
sone cases, a disease or condition is acute. In other cases, a

di sease or condition is chronic. Suitable diseases and conditions
may affect adults or pediatric subjects. A disease or condition nmay
affect the brain, eyes, lungs, liver, bladder, ki dneys, heart,
stomach, intestines, or conbi nations thereof. Non-limting exanples

of diseases and conditions conprise: aut oi nmune, al l ergy, asthng,

celiac, Chrohn's, colitis, heart disease, |iver disease, ki dney
di sease, | upus, rheumatoid arthritis, scl er oder ma, pol ychondritis,
macul ar degenerati on, schi zophreni a, ataxia, nyotonic dystrophy,
Al zhei ner' s, Hunt i ngton' s, Kennedy' s, fragile X syndrome, Autism

I nfl ammat i on, ALS, drug addiction, henophi li a, t hal assem a, factor X
defi ci ency, anemi a, SCID, neuropathy, cystic fibrosis, cirrhosis,

ost eopor osi s, atrophy, diabetes, stroke, hepatitis, epi | epsy, COPD,
nmeni ngi tis, met abolic disease, and conbinations thereof.

[00192] In some enbodinents, a subject may have been diagnosed
with a disease or condition. |In some cases, the subject may have
been diagnosed prior to treating with a peptide or pharmaceutical
conposition thereof disclosed herein. In sone cases, diagnosing a
subject with a disease or condition can conprise diagnosing with a
physi cal exam nati on, a biopsy, a netabolite test, a radiological
image, a blood test, a urine test, an antibody test, or any
conbination thereof. In sone instances, a radiological i mage can
conprise a conputed tonography (CT) inmage, a nuclear scan, an X-Ray

i mege, a magnetic resonance image (M), an ultrasound inmage, or any

conbi nation thereof.

[00193] In some enbodinents, the method can conprise

adm nistering a second therapy. |In some cases, a second therapy can
conprise an antibiotic, an antiviral, a cancer treatnent, a

neur ol ogi cal t r eat nent, a steroid, an anti-inflammatory t r eat nent,
or any conbination thereof. |In sone instances, a second therapy can
conprise surgery, chenotherapy, radi ati on therapy, inmunotherapy,

hormone therapy, a checkpoint inhibitor, targeted drug therapy,
adoptive i munot herapy, anti-angi ogenic agents, chinmeric antigen
receptor (CAR) T-cell therapy, gene editing therapy, a protein

knockdown therapy, RNA editing therapy, or any conbination thereof.
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[00194] In some enbodi ments, a pharmaceutical conposition can be
in unit dose form |In sone enbodinents, conposi tions disclosed

herein can be in unit dose forns or nultiple-dose fornms. Unit dose
forms, as used herein, can refer to physically discrete units
suitable for administration to human or non-human subjects (e.g.,

ani mal s) In sone cases, a nucleic acid or a peptide is present in a
conposition in a range of from about 1 mg to about 2000 ng; from

about 5 mg to about 1000 ng,

from about 50 mg to about

ng,
ng,
ng,

200 ng,

from about 1 mg to about

50 nm,

from about 100 mg to about 150

from about 200 mg to about

about 300 ng, from about 300 mg to

to about 400 ny, from about

500 nm,

400 mg

mg to about from about 500

550 mg to about 600 ng, from about

about 650 mg to about 700 ng, from

800 ny,
900

from about 750 mg to about

from about 850 mg to about

ny,

950 ny, or from about
of a conposition
10, 000, 15,000, 20,000, 22,000,
50, 000, 60,000, 70,000, 80,000,

200, 000, 500, 000

provi ded herein

or
effective dose
24,000, 25, 000,

90, 000, 100, 000,

t herapeutically
20, 000, 22,000,
70, 000, 80, 000,

500, 000 wunits/kg body weight.

be determined using the 95% CI for

ar eas

concentration, based on the shapes

cases, a dose range is from about

surface area) per peptide. In sone

nost about: 15, 25, 35, 45, 55, 65,

145,
275,

155,
285,

165, 175, 185, 195, 205,

295, 305, 315, 325, 3835,

from about

250 nmg,

950 mg to about
is at
24, 000,
90, 000,
units/ kg body weight.
is at

30, 000,
125, 000,

Any one of the described dosages

in males and females and an 10xl| C50

10 mg to about 25 mg to 500

from about 100 mg to about 200

from about 50 mg to about 100

from about 150 mg to about

ny,

250 ng, from about 250 mg to

about 350 ng, from about 350 mg

to about 450 ng, from about 450

mg to about 550 ngy, from about

600 mg to about 650 ng, from

about 700 mg to about 750 ng,

from about 800 mg to about 850
from about

1000 ny.

nyg, 900 mg to about

In sonme cases, a dose
nost about:
40, 000,

150, 000,

about at
30, 000,

125, 000,

| east
25, 000,
100, 000,

or

In sone enbodi nents, a
about 10, 000, 15, 000,
40, 000, 50,000, 60, 000,

150, 000, 200, 000,

nost

or
can

pl asma volunes and body surface

(to achieve an about 1C90
of a killing curves) In sone
17-440 mcronoles/m ~2 (body
cases, a dosage is at least or at
75, 85, 95, 105, 115, 125, 135,
215, 225, 235, 245, 255, 265,
345, 355, 365, 375, 385, 395,
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405, 415, 425, 435, 445, 455, 465, 475, 485, 495, or up to about 500
mcronoles /m2 (body surface area) per peptide.

[00195] In sone cases, unit dose forms can be packaged

i ndividually. Each unit dose can contain a predetermned quantity of
an active ingredient (s) that can be sufficient to produce the
desired therapeutic effect in association wth pharnmaceutical
carriers, diluents, excipients, or any conbination thereof. Exanples
of unit dose forms can include, anpules, syringes, and individually
packaged tablets and capsules. In some instances, a unit dose form
can be conprised in a disposable syringe. |In sone instances, unit-
dosage fornms can be admnistered in fractions or nultiples thereof.
A multiple-dose form can be a plurality of identical wunit dose forns
packaged in a single container, which can be admnistered in
segregated a unit dose form Exanples of a multiple-dose form can
include vials, bottles of tablets or capsules, or bottles of pints
or gallons. In sone instances, a nultiple-dose form can conprise the
same pharmaceutically active agents. In sonme instances, a multiple-
dose form can conprise different pharnaceutically active agents.
[00196] In sonme enbodi ments, a pharmaceutical conposition can
conprise: a peptide or salt thereof; and at |east one of: an
excipient, a diluent, or a carrier.

[00197] Adnministration or application of a conposition disclosed
herein can be perfornmed on any aninmal, such as a human, a non-hunan
primate, a pet (e.g., a dog, a cat), or a farm animal (a horse, a
cow, a goat, a pig) . In sone cases, admnistration or application of
a conposition disclosed herein can be perforned on a human. |In sone
cases, a human can be from about 1 day to about 1 nonth old, from
about 1 nonth to about 12 nonths old, from about 1 year to about 7
years old, from about 5 years to about 25 years old, from about 20
years to about 50 years old, from about 45 years to about 80 years
old, or from about 75 years to about 130 years old.

[00198] Conposi tions described herein can be administered before,
during, or after the occurrence of a disease or condition, and the
timng of administering a conposition can vary. For exanple, a

phar maceuti cal conpositions can be used as a prophylactic and can be
admi nistered continuously to subjects with a propensity to

conditions or diseases in order to prevent the occurrence of the
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di sease or condition. Pharnmaceutical conpositions can be

adm nistered to a subject during or as soon as possible after the
onset of the synptons. The administration of the nolecules can be
initiated within the first 48 hours of the onset of the synptons,
within the first 24 hours of the onset of the synptons, wthin the
first 6 hours of the onset of the synptons, or within 3 hours of the
onset of the synptons. The initial administration can be via any
route practical, such as by any route described herein using any

formul ation described herein, such as by oral admnistration,

topi cal admnistration, i ntravenous adm ni stration, i nhal ati on
adm ni stration, i njection, catheterization, gastrostony tube
adm ni stration, i ntraosseous administration, ocul ar adm nistration,

otic adm nistration, transdermal adm ni strati on, oral

adm ni stration, rectal adm nistration, nasal adm ni stration,

i ntravagi nal adm nistration, i ntracavernous adm nistration,

transur et hr al adm ni stration, subl i ngual admi nistrati on, or a

conbi nati on thereof. A conposition can be adninistered as soon as is
practicable after the onset of a disease or condition is detected or
suspected, and for a length of tine necessary for the treatnent of
the disease, such as, for exanple, from about 1 nonth to about 3
nonths. The length of treatnment can vary for each subject. In sone
cases, a nmethod can further conprise administering a second therapy
in a therapeutically effective anmpbunt. A second therapy can be

admi ni stered concurrently or consecutively to provided conpositions.
[00199] Adnministration or application of a conposition disclosed
herein can be performed for a duration of at |east about at |east
about: 1, 2, 3, 4, 5, 6, 7, 8, 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, 50, 51,
52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68,
69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85
86, 87, 88, 89, 90, 91, 092, 93, 94, 95 96, 97, 98, 99, 100, 150,

200, 300, 400, 500, 600, 700, 800, 900, 1000 days consecutive or
nonconsecutive days. In sone cases, the conposition can be

adm nistered for life. In sone enbodinents, admnistration or
application of the conposition described herein can be from about 1

to about 30 days, from about 1 to about 60 days, from about 1 to
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about 90 days, from about 1 to about 300 days, from about 1 to about
3000 days, from about 30 days to about 90 days, from about 60 days
to about 900 days, from about 30 days to about 900 days, or from
about 90 days to about 1500 days. |In sone enbodi nents,

adm nistration or application of the conposition described herein
can be from about 1 week to about 5 weeks, about 1 month to about
12 nonths, about 1 year to about 3 years, about 2 years to about 8
years, about 3 years to about 10 years, about 10 years to about 50
years, about 15 years to about 40 years, about 25 years to about 100
years, about 30 years to about 75 years, about 60 years to about 110
years, or about 50 years to about 130 years.

[00200] Administration or application of a conposition disclosed
herein can be perforned for a duration of at |east about 1 week, at
| east about 1 nonth, at l|least about 1 year, at |east about 2 years,
at least about 3 years, at |east about 4 years, at |east about 5
years, at |east about 6 years, at |east about 7 years, at |east
about 8 years, at |east about 9 years, at least about 10 years, at

| east about 15 years, at |east about 20 years, or for life.

Adm nistration can be performed repeatedly over a lifetine of a

subj ect, such as once a day, once a week, or once a nonth for the
lifetime of a subject. Administration can be performed repeatedly
over a substantial portion of a subject's life, such as once a day,
once a week, or once a nmonth for at |east about: 1 year, 5 years, 10
years, 15 years, 20 years, 25 years, 30 years, or nore.

[00201] Administration or application of conposition disclosed
herein can be perforned at |east about: 1, 2, 3, 4, 5, 6, 7, 8, 9,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, or 24 tinmes
a in a 24-hour period. |In sone cases, administration or application
of a conposition disclosed herein can be performed continuously

t hroughout a 24-hour period. In sone enbodinments, administration or
application of conposition disclosed herein can be perfornmed at

| east about: 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, 20, or 21 times a week. In sonme cases, adninistration
or application of a conposition disclosed herein can be perforned at
| east about: 1, 2, 3, 4, 5, 6, 7, 8, 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, 50,
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51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67,
68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84,
85, 86, 87, 88, 89, 90, or nore times a nonth. In sone enbodi nents,
a conposition can be admnistered as a single dose or as divided
doses. For exanple, administration of a capsule, or a tablet an
conprise administration of nore than one capsules or tablets. In
sonme cases, the conpositions described herein can be adm nistered at
a first time point and a second time point. |In sone enbodinents, a
conposition can be administered such that a first administration can
be administered before the other with a difference in admnistration
time of about: 1 hour, 2 hours, 4 hours, 8 hours, 12 hours, 16
hours, 20 hours, 1 day, 2 days, 4 days, 7 days, 2 weeks, 4 weeks, 2
nonths, 3 nmonths, 4 nonths, 5 nonths, 6 nonths, 7 nonths, 8 nonths,
9 nonths, 10 nonths, 11 nonths, 1 year or nore.

[00202] Administration of a pharmaceutical conposition described
herein can be adm nistered in one dose, continuously or
intermttently throughout the course of treatment. Met hods of
determning the nost effective neans and dosage of administration
can be determined by a physician or another nedical professional and
can vary with the conposition used for therapy, the purpose of the
therapy, and the subject being treated. For exanple, depending on
the age and size of a subject, an appropriate dosage can be
calculated. Additionally, an administration can be delivered locally
or systemcally depending on disease l|ocation. In sone cases,
conmpositions provided herein can be delivered via a vector or

w thout a vector, for exanple as a naked conposition. Single or
multiple administrations can be carried out with the dose |evel and
pattern being selected by the treating physician. Suitable dosage
formulati ons and nethods of admnistering the agents can be known in
the art. Routes of adm nistration can also be determ ned and method
of determining the nost effective routes of admnistration can be
determi ned by a physician or another nedial professional and can
vary with the conposition used for treatnent, the purpose of the
treatnent, the health condition or disease stage of the subject
being treated, and target cell or tissue. Non-limting exanples of
routes of administration include oral admnistration, nasal

adm nistration, injection, and topical application.
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[00203] Adnministration can refer to nmethods that can be used to
enabl e the delivery of a pharmaceutical conposition described herein
(e.g. a peptide) to the desired site of biological action. For
exanple, a nucleic acid encoding for a peptide described herein can
be conprised in a viral vector and can be adm nistered by

i ntravenous adm nistration. Administration disclosed herein to an
area in need of treatnent or therapy can be achieved by, for
exanple, and not by way of limtation, oral admnistration, topical
adm ni stration, intravenous admnistration, inhalation

adm ni stration, or any conbination thereof. |In sone enbodi nents,
delivery can include injection, catheterization, gastrostony tube
adm ni stration, intraosseous administration, ocular admnistration,
otic administration, transdernmal admnistration, oral

adm ni stration, rectal administration, nasal admnistration,
intravagi nal administration, intracavernous admnistration,
transurethral admnistration, sublingual admnistration, or a

conmbi nation thereof. Delivery can include direct application to the
affected tissue or region of the body. In sone cases, topical

adm ni stration can conprise administering a lotion, a solution, an
emul sion, a cream a balm an oil, a paste, a stick, an aerosol, a
foam a jelly, a foam a nask, a pad, a powder, a solid, a tincture,
a butter, a patch, a gel, a spray, a drip, a liquid fornulation, an
ointment to an external surface of a surface, such as a skin.
Delivery can include a parenchymal injection, an intra-thecal
injection, an intra-ventricular injection, or an intra-cisternal
injection. A conposition provided herein can be adm nistered by any

net hod. A nmethod of administration can be by intraarterial

injection, intracisternal injection, intranmuscular injection,
i ntraparenchymal injection, intraperitoneal injection, intraspinal
injection, intrathecal injection, intravenous injection,

intraventricular injection, stereotactic injection, subcutaneous
injection, epidural, or any conbination thereof. Delivery can

include parenteral admnistration (including intravenous,

subcut aneous, intrathecal, intraperitoneal, intranuscular,
intravascular or infusion admnistration) . In some cases, delivery
can be from a device. In sone instances, delivery can be

adm ni stered by a punp, an infusion punp, or a conbination thereof.
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In sonme enbodi nents, delivery can be by an enema, an eye drop, a
nasal spray, or any conbination thereof. In sone instances, a
subj ect can adm nister the conposition in the absence of
supervision. In sone instances, a subject can admnister the
conmposition under the supervision of a nedical professional (e.g., a
physi cian, nurse, physician's assistant, orderly, hospice worker,
etc.) . In sone enbodiments, a nedical professional can admnister
the conposition.
[ 00204] In sonme cases, administering can be oral ingestion. In
sone cases, delivery can be a capsule or a tablet. Oral ingestion
delivery can conprise a tea, an elixir, a food, a drink, a beverage,
a syrup, a liquid, a gel, a capsule, a tablet, an oil, a tincture,
or any conbination thereof. In sonme enbodinents, a food can be a
nedi cal food. In some instances, a capsule can conprise
hydr oxynet hyl cel lulose . In sone enbodinents, a capsule can conprise
a gelatin, hydroxypropyl nethyl cellulose, pullulan, or any
conmbi nation thereof. |In sone cases, capsules can conprise a coating,
for exanple, an enteric coating. In sonme enbodi ments, a capsule can
conprise a vegetarian product or a vegan product such as a
hypronel | ose capsule. |In sone enbodinents, delivery can conprise
i nhalation by an inhaler, a diffuser, a nebulizer, a vaporizer, or a
conbi nati on thereof.
[ 00205] The following exanples are intended to illustrate but not
limt the disclosure. While they are typical of those that mght be
used, other procedures known to those skilled in the art may
alternatively be used.

EXAMPLES
[ 00206] Design of Gene Fragnent Libraries. Gene fragments from
target genes were conposed of the DNA coding sequence for all 40ner
amno acids from the genes listed in Figure IB, 6 and 7. The 5' and
3' ends of each gene fragnment were nodified to contain a start and
stop codon, as well as ~20bp of DNA honpl ogous to the expression
plasm d for downstream G bson cloning. For cell surface expression
constructs start and stop codons were excluded.
[ 00207] CGene Fragnment Cdoning. Gene fragnent libraries were
synt hesi zed as pooled single stranded oligonucleotides by Custom

Array. These oligonucleotides were then PCR anplified using KAPA-
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H Fi  (Kapa Bi osystens)
conpatible wth G bson cloning.
25ng of pooled oligonucleotide
and PEP_2 (IOuM) . The thermal
for 30 seconds, followed by 12 cycles

15 seconds, and 72C for 45 seconds.

m nute extension at 72C. PCR products were

Q Aquick PCR purification kit.
[00208]

generated from a nodified pEGP (Addgene #26777)

nodified to renpve the G-P insert,
add priner binding regions wth which
HTS. To clone the gene fragnent

expr ession vector,

hours at 37C. The l|inearized vectors were

the Q Aquick PCR purification kit.
used to clone the gene fragnent

each reaction, 10pl of G bson Reaction

to generate double

tenpl ate

98C for 15 seconds,

The gene fragment overexpression

i nsert

libraries

Subsequent | y,

libraries

PCT/US2020/048594

stranded gene fragnents
5041 PCR reactions were set up wth
and 2.5 pi of priners PEP_1

cycler was progranmed to run at 95C

65C for

This was followed by a final 5-

then purified wusing the

See Table 4 for priner sequences.

vector PpEPIP was

The vector was

an EcoRlI cloning site, and
to anplify the libraries for
into the appropriate

pEPIP was first digested with EcoRI (NeB) for 3

then colum purified using

G bson assenbly was

into the pEPIP vector. For
MasterM x (NEB) was conbi ned

with 100Ong of the vector and 50ng of the double stranded gene

fragment library, with H20 up to 20u1.

The G bson reactions were

then incubated at 50C for |hr and transformed via electroporation

into 200pul1 of ElectroMAX Stbl4 conpetent

according to the manufacturer's
resuspended
Ihr to recover. After recovering, | ui

spread on LB-carbenicillin

pr ot ocol .

cells (Invitrogen)

The Stbl4 cells were then
in 4nL of SOC nedia and placed at 37C with shaking for
the SOC cell

suspensi on was

plates to calculate Ilibrary coverage,

with the remaining SOC/cells wused to inoculate a 100m culture of

LB-carbenicillin.

obtained to ensure all gene fragnents were well

16 hours of incubation at 37C with shaking,

via a Qagen Plasmid Plus Mxi Kit.

Greater than 2000 fold

library coverage was

represented. After

plasmd DNA was isolated

[00209] Table 4: Priners:

Name Description Sequence

PEP_01 Used to amplify initial oligo pool and GGCTAGGTAAGCTTGATATCG
individually synthesized cancer driver GCCACCATG (SEQ ID
gene fragments for cloning NO:9512)

PEP_02 Used to amplify initial oligo pool and GGCGGCACTGTTTAACAAGCC
individually synthesized cancer driver CGTCAGTAG(SEQ ID NO:9513)
gene fragments for cloning
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PEP_03 Used to amplify cancer driver gene ACACTCTTTCCCTACACGACG
fragments for high throughput CTCTTCCGATCTGCTTGATATC
sequencing GGCCACCATG(SEQ ID
NO:9514)
PEP_04 Used to amplify cancer driver gene GACTGGAGTTCAGACGTGTGC
fragments for high throughput TCTTCCGATCTCACTGTTTAAC
sequencing AAGCCCGTCAGTAG(SEQ ID
NO:9515)
PEP_05 Used to amplify Betacoronavirus TGACGGTTCTGGGAGCGGTTC
receptor oligo pools and individually T(SEQ ID NO:9516)
synthesized gene fragments for cloning
PEP_06 Used to amplify Betacoronavirus GTTCGCTGCCGGACCCACTTC
receptor oligo pools and individually C(SEQ ID NO:9517)
synthesized gene fragments for cloning
PEP_07 Used to amplify Betacoronavirus ACACTCTTTCCCTACACGACG
receptor gene fragments for high CTCTTCCGATCTTGACGGTTC
throughput sequencing TGGGAGCGGTTCT(SEQ ID
NO:9518)
PEP_08 Used to amplify Betacoronavirus GACTGGAGTTCAGACGTGTGC
receptor gene fragments for high TCTTCCGATCTGTTCGCTGCC
throughput sequencing GGACCCACTTCC(SEQ ID
NO:9519)
EF1a_seq | Used for Sanger sequencing of TTCTCAAGCCTCAGACAGTGG(
constructs cloned into peptide SEQ ID NO:9520)
expression vectors
[00210] Lentivirus Production. Replication deficient lentiviral

particles were produced
transfection.
suppl emented with 10%BS (G bco) .
HEK293FT cells were seeded
day of transfection,
plus 10% FBS. At
(Life Technol ogi es)
of pMd2 .G plasmd

(Addgene #12263),

After

was added dropw se

vi ral

concentr at ed

cut of f

aliquoted and frozen at

[ 00211]

and MDA- MB- 231

10% FBS.

30 mnutes of

Cells were transduced with

HEK293FT cells were grown

the sane tine,

(Addgene #12259),

i ncubati on,

to theHEK293FT cells.

particles was harvested 48 and 72 hours after

to 1nm using Amcon Utra-15 centrifugal
100,000 NWAL (M I lipore) . The viral
-80C until further

Fitness Screening

cells were cultured

129

in HEK293FT cells
in DMVEM nedi a
The day before
in a 15cm dish at
the culture nedia was changed
was mxed with 36ul of

and 9 pg of the gene fragment

Super nat ant

in Mammal i an  Cel |

the gene fragnent

via transient

(G bco)

(I'nvi trogen)

transfection,
-40% confluency. The
to fresh DVEM

3m of Optinmem reduced serum nedia

l'i pof ectani ne 2000, 3 ug

12 pg of pCW deltaR8.2 plasmd

plasmd Ilibrary.

the plasm d/|ipof ectam ne mxture

cont ai ni ng
transfection and
filters with a
particles were then

use.

Li nes. Hs578T cells

in DVEM nedia supplenmented with

library at an
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MJ <.3 to ensure each cell received a single construct. Viral
transduction was performed in nmedia containing 8pg/m polybrene to
i nprove transduction efficiency. For each cell line, screening was
conducted wth two biological replicates. 48 hours after

t ransducti on, the cell culture nedia was changed to DMEM contai ning
puronmycin to select for transduced cells. 2pg/m puromycin was used
to select the Hs578T cells, and 3.5pg/m puronycin was used to
select the NMDA-MB-231 cells. For both cell lines, nore than
6,000,000 cells were transduced to ensure greater than 1000-fold
coverage of the library. The cells were cultured for 14 days after
transduction, wth genonic DNA isolated via a Q agen DNeasy Bl ood
and Tissue Kit at days 3 and 14.

[00212] HTS Library Preparation and Sequencing. Gene fragnents
for each time point and replicate were then anplified from the
genonic DNA using Kapa H Fi. The fragnments serve as their own
barcodes for downstream abundance cal cul ations. II'lumina conpatible
libraries were prepared using 2.5yl of priners PEP_3 and PEP_4
(10uM) per 50M1 reaction. For each sanple 10 separate 50Ul PCR
reactions wth 4ug of gDNA each (40ug total) were performed to
ensure adequate library coverage. Thermal cycling parameters were
identical to those used to anplify the gene fragnment oligos, wth
the exception that the gDNA required 26 cycles to anplify. NEBNext
Multiplexed digos for Illumna (NEB) were used to index the

sanpl es, and 150bp single end reads were then generated via an
[I'lumina H Seq2500. Greater than 500-fold sequencing depth was used
to ensure accurate abundance quantitation. For the larger |libraries,

the nunmber of PCR reactions was scaled to process 300 pg of total

gDNA per tinepoint and replicate. The larger libraries were then
sequenced with | OCbp paired end reads generated via an Illumna

Hi Seq4 000 .

[00213] Processing of sequencing files. To quantify gene fragnent

rel ative abundance, the library definition text file (containing
gene fragment names and sequences) was first converted into Fasta
format. This Fasta file was then used to build a Bowie2 index file.
Raw FASTQ reads were then mapped to the library index file via
Bowtie2 . For the expanded libraries paired end reads were first

nmerged into a single FASTQ file via FLASH (Fast Length Adjustment of
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SHort reads) . Reads with insertion or deletion nutations were
renoved to elinmnate spurious data resulting from out of franme gene
fragnents. The resulting SAM files were then conpressed to BAM files
via SAMools . Following this, the count nodule in MAGeCK was used to
determine the gene fragnent abundances from the alignnment files and
i ndivisual peptide log fold change and depletion P-val ues.

[00214] Cal culation of Amino Acid Level Depletion Scores. After
generating the gene fragnment count files, all downstream analysis
was performed in R. For each amino acid residue in the overall
protein structure, an amno acid level log fold change was
calculated by taking the nean log2 fold change of all overlapping
gene fragnments for each replicate. The geonetric mean of the

bi ol ogical replicates was then used for downstream analysis. For
every residue in the protein scaffolds, this nean log2 fold change
(x) was then converted to a z-score (z), normalizing to the library
wide amino acid log2 fold change standard deviation (gi and nean

(W) -

. X
Fithess Score =7 = T_“

[00215] To identify amno acid positions which were significantly
depleted, a one tailed pernmutation test was performed. The

approxi mate pernutation distribution of amno acid fitness scores
was generated by randomy shuffling the |abels of all gene fragnents
in the screen. This shuffled data was subsequently used to
recalculate the amno acid fitness scores. This resanpling procedure
was then repeated N=10,000 times, with the P values for each am no

acid position calculated by the follow ng:

p YN (Fitnessporm < Fitnessnnc)

N permutations
[00216] These P values were then adjusted for nultiple conparison
testing by the Benj am ni -Hochberg procedure. The R packages

"ggplot2", "dplyr", and "zoo" were used to generate figures. An
anal ogous procedure was used to identify enriched donmains (and
corresponding enrichnment scores) when screening coronavirus receptor
peptides for binding to the spike protein/RBD.

[00217] Validating Hi ghly Depleted CGene Fragnents. Al cell lines

used were cultured in DVEM nedia supplemented with 10% FBS. The
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fitness inpact of highly depleted gene fragnments was tested in an
arrayed format via a WST-8 (Dojindo) cell growh assay. Highly

depl eted gene fragnments were synthesized by Twi st Biosciences,

cloned directly into the pEPIP vector, and subsequently packaged
into lentiviral particles. Cells were transduced at an MJ of 4 and
switched to puromycin containing nmedia after 48 hours. Following 24
hours of puronycin selection 1,500 cells were seeded per well as
biological replicates in a 96 well plate. Al experinental groups

for Hs578T cells had n=4. For MDA-MB-231 cells, all experinental
groups had n=4, with the exception of the G-P control which had n=8.
For HEK293T and MCF-7 cells all experinmental groups had n=8. 2pg/m
puronycin was used to select Hs578T and MCF-7 cells, while 3.5pg/m
puronycin was used to select MDA-MB-231 and HEK293T cells. For the
second panel of experinments (DI CER -552, etc.) all experinental
groups had n=6. Cell growh was then quantified via absorbance at
450nm following 1.5hrs of incubation with WST-8 reagent. A two-
tailed P value was then calculated via an unpaired ttest wth

Wel ch's correction.

[00218] Engi neering Peptides for Exogenous Delivery. Peptides
shown in Figure 3B were fused to an N-terminal cell penetrating

nmotif via a (GS) 3 linker sequence (Table s) and chemically

synt hesi zed by GenScript's Custom Peptide Synthesis service at crude
purity. For dose response experinents, cells were plated in 96 well
plates (n=4) at 50% confluency and peptides were added at the

i ndi cated concentrations with cell viability quantified after 24hrs
via the WST-8 assay. Cell viability was normalized to that of an

untreated control on the sane plate.

[00219] Table 5:

Name Amino Acid Sequence

TAT-EGFR- GRKKRRQRRRPPQGSGSGSMEAPNQALLRILKETEFKKIKVLGSGAF
697 GTVYKGLWIPEGE (SEQ ID NO:9521)

TAT-RAF1-73 | GRKKRRQRRRPPQGSGSGSMRNGMSLHDCLMKALKVRGLQPECCA
VFRLLHEHKGKKARL (SEQ ID NO:9522)
TAT-RAF1-78 | GRKKRRQRRRPPQGSGSGSMLHDCLMKALKVRGLQPECCAVFRLLH
EHKGKKARLDWNTD (SEQ ID NO:9701)

TAT-FLAG GRKKRRQRRRPPQGSGSGSDYKDHDGDYKDHDIDYKDDDDK (SEQ
ID NO:9522)
[ 00220] Co- | nmmunoprecipitation . HEK293T cells were seeded in 6

well plates to be 75% confluent on the day of transfection.
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Transfections were performed with |lug of each indicated plasmid per
well with 5ul1 of Lipof ectami ne 2000 according to the manufacturers
protocol. 48 hours after transfection, <cells were washed twice with
ice cold PBS and lysed for 30 minutes in ice cold 400ul1 TBS buffer
containing .5% Triton x-100, |ImM EDTA, and Halt Protease |Inhibitor
Cocktail (Therno Fisher 78429) . The supernatant was then clarified
by centrifugation at 14,000G for 15 minutes. Following this,

i mmunopreci pitation of FLAG tagged constructs was perfornmed by
adding 300Ml1 of the lysate to 204l of packed anti FLAG agarose beads
(Ml1lipore Sigma A2220) prewashed with TBS. The remaining [00ul of
|ysate was stored at -80C for later analysis. The bead-lysate

m xture was then mixed end over end at 4C for 2 hours. After binding
to the beads, the bead-protein conplexes were washed three tinmes
with 1m lysis buffer and eluted with 204l of 2x SDS-PAGE Laenmi i

| oadi ng buffer (BioRad 1610737)

[00221] Western Blotting. Proteins were first separated on 4-20%
pol yacryl ami de gels (BioRad 4561094) wunder denaturing conditions in
Tris-Aycine-SDS (BioRad 1610732) for 1 hour at 100V. Foll ow ng
this, proteins were transferred to .2pm nitrocellul ose nmenbranes
(BioRad 1620112) for 30 minutes at 100V in Tris-dycine buffer

(Bi oRad 1610734) containing 30% nethanol. Menbranes were then

bl ocked for 1 hour in TBS-T (Cell Signaling 9997) containing 5% non-
fat dry mlk (BioRad 1706404XTU) . Primary antibodies were then added
(diluted 1:1000 in TBS-T+ 5% mlk) and incubated overnight at 4C
with gentle agitation. The following day the nmenbranes were washed
three tines in TBS-T and incubated for 1 hour with HRP conjugated
secondary antibodies (diluted 1:10,000 in TBS-T) at room tenp. The
nmenbranes were then washed again three tines with TBS-T and

devel oped wusing SuperSignal Wst Pico Plus Chem |l um nescent

Substrate (Therno Fisher 34577)

[00222] | mmunof | uor escence. Cells were plated the day before
transduction at approximately 20% confluency. On the day of
transduction, cells were transduced with the appropriate lentiviral
constructs at an MJ of 1 and allowed to grow for 72 hours.
Following this, the cells were washed twice with PBS and fixed for
30 minutes at room tenperature wth 4% parafornmal dehyde. Cells were

then washed three tinmes with PBS and bl ocked for 1 hour at room tenp
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with TBS plus 5% Sea Block (Thernmo Fisher PI37527X3) and .2% Triton
x-100. The blocking buffer was then aspirated and replaced wth

bl ocking buffer plus anti-FLAG primary antibody at a 1:500 dilution.
The primary antibody was then allowed to bind overnight at 4C  The
following day, the cells were washed three times with PBS, and
incubated for 1 hour with a secondary anti-nmouse |1gG antibody
conjugated to DyLight 488 (diluted 1:200) . The cells were then
washed three times with PBS and subsequently inmaged via fluorescence
m croscopy .

[00223] RNA- Seq of Highly Depleted Fragnents. RNA sequenci ng was
performed on Hs578T cells 6 days after transduction with |entivirus
expressing gene fragnments of interest. Two biological replicates
were sequenced for each experinental condition. Total RNA was
isolated fromcells via an RNEasy Kit (Qagen) with on columm DNAse
| treatnment. An NEBNext Poly (A nRNA Magnetic Isolation Mdule
(E7490S) was then used to deplete rRNA Subsequently, an NEBNext
Utra RNA Library Prep Kit (E7530S) was used to generate |Illumna
conpati ble RNA sequencing libraries. Sequencing was performed on an
Il'lum na H Seq4000, with paired end | OObp reads. Reads were aligned
to the human reference transcriptome via the STAR aligner, and
differential gene expression was performed using DESeq2.
Differential expression was tested in reference to a control group
transduced with lentivirus coding for GFP. Following this, the R
package "fgsea" was used to conduct GSEA pre-ranked analysis. GCenes
were ranked via the shrunken log fold change values outputted by
DESeq?2 .

[ 00224] Net work Vi sualization. Network of protein-protein
interactions was generated using publicly available data from
STRING Edges were drawn for all interactions with a confidence
score greater than .98, taking into account all interaction sources
avail able. Node color was based on fitness scores for each gene
avail able via DepMap CRI SPR knockout screening. The CERES normalized
gene effects were used to quantify the fitness inpact of a given
knockout. Visualization was then performed in CytoScape.

[ 00225] Self-Surface Peptide Coning. The cell surface peptide
expression vector (pEsPIP) was generated from a nodified pEGP

(Addgene #26777) . The vector was nodified to renmove the GFP insert,
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and insert a cloning site flanked by an in-frame |g Kappa | eader
sequence and PDGFR transnmenbrane domain to ensure proper

| ocalization of peptides. Cell surface peptide libraries were
anplified with PEP.5 and PEP_6 and cloned via G bson Assenbly into
pEsSPI P as descri bed above.

[ 00226] Screening for Betacoronavirus Binders using Magnetic Cell
I solation. Preparation of lentivirus and transduction of N H 3T3
cells was performed as above, with care taken to ensure 1,000 fold
library coverage during transduction. 48 hours after transduction,
cells were selected with 3pg/m of puronycin. 72 hours after
transduction, <cells were incubated for 30 minutes on ice wth

25pg/ nL of the appropriate nouse Fc tagged Betacoronavirus protein
(Sino Biological 40592-VO5H and 40591-V0O5H1) and subsequently washed
once with PBS to renove free protein. Cells were then incubated wth
anti-nmouse Fc nmagnetic beads for 15 mnutes (MItenyi 130-048-401),
washed again with PBS and subjected to nagnetic activated cell
sorting according to the manufacturers protocol. The bound fraction

was subsequently washed thrice and then eluted. Genomic DNA was then

extracted and sequencing |libraries generated as above (using priners
PEP_7/8) .

[00227] Reconbi nant Peptide Production. Reconbinant production
protocol was adapted from (Tropea et al ., 2009) . Reconbi nant MBP

fusions and TEV protease were cloned into the pET Chanpi on vector
(Therno K630203) and expressed in T7 express E. coli (NEB C2566l)
Constructs were ordered as gBlocks from IDT and cloned directly into
the vector via G bson Assenbly. To produce high yield MP-peptide
fusions and TEV protease, a |Omn starter culture of E. coil was
grown for 14 hours at 37C in TB nmedia. This starter culture was then
used to induce a 1L culture of TB media. This culture was grown at
37C until an OD of .8, and then induced with .5mM |IPTG The cells
were subsequently grown overnight at 25C, following which the cells
were pelleted and stored at -20C. To isolate reconbinant proteins,
cells were first lysed via nechanical disruption with nortar and
pestle in liquid nitrogen and resuspended in binding buffer (50nL
50mM sodi um phosphate, 200nmM NaCl, 10% glycerol, and 25mM i m dazole
at pH 8.0) . Cell lysate was then clarified via centrifugation for 30

m nutes at 20,000g. Following this, the soluble fraction of the
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lysate was applied via gravity flow to 5nL of a pre-equilibrated N -
NTA resin (Thernp 88221) . The resin was subsequently washed with 15
columm volunes of binding buffer, and eluted with 50mM sodi um
phosphate, 200mM Nad, 10% glycerol and 250nM im dazole at pH 8.0.
Purified TEV protease and the MBP-peptide fusions were subsequently
dialyzed into cleavage buffer (50mM sodium phosphate, 200mM NaCl, pH
7.4) wusing Amcon 3kD MACO centrifugal spin filters (MIIlipore
UFC800324) . Cleavage reactions were set up in cleavage buffer
containing 2ng/nL MBP-peptide fusion, .2ng/nL TEV protease, and |InmM
DTT (added fresh) . This reaction was allowed to proceed overnight at
25C. The following day, the cleavage reaction was diluted 1:8 wth
bi nding buffer and applied over a pre-equilibrated N-NTA resin to
renove the TEV protease and MBP proteins (InL resin per 5ng fusion
protein) . The flow through (containing purified peptide) was
subsequently dialyzed into PBS and concentrated to 5ng/ni.

[ 00228] Engi neering Peptides for Exogenous Delivery. Peptides
shown in Figure 2D were fused to an N-terminal cell penetrating

nmotif via a (GS) 3 linker sequence and chemically synthesized by
GenScript's Custom Peptide Synthesis service at crude purity. For
dose response experinments, cells were plated in 96 well plates (n=4)
at 50% confluency and peptides were added at the indicated
concentrations wth cell viability quantified after 24hrs via the
WET-8 assay. Cell viability was normalized to that of an untreated
control on the sane plate.

[ 00229] Using the screening nethods described herein a pilot
peptide Ilibrary was generated. Lentiviral libraries of synthetic
gene fragnents conprehensively tiling intracellular (cancer driver
genes) and extracellular (receptors of Betacoronaviruses ) proteins
that serve as drivers of pathological processes was devel oped.
Towards the forner, a pilot peptide Ilibrary of oncogenes and

associ ated effectors from the RAS and MYC signaling pathways were
synthesized (Figure 1A-B) . RAS and MYC are two of the nopst

frequently nutated/anplified oncogenes across a wide variety of

mal i gnancies, highlighting the nedical need to identify functional

i nhibitors. Conmpounding this, RAS and MYC have proven challenging to
drug via small nolecules, due to their lack of a binding pocket and

reliance on PPIs for signal transduction. Owing to their larger size
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and ability to form conplex folded structures, it was surm sed
peptide biologies are likely suited to disrupting the protein-
protein interactions through which RAS and MYC nediate cellular
proliferation.

[ 00230] For every target protein in the library, gene fragnments
were synthesized via oligonucleotide pools coding for every possible
overlapping 40mer peptide within the proteins primary structure.
Testing every overlapping 40mer inproves statistical power and
allows for sensitive discrimnation of simlar peptide notifs,
mnimzing the required downstream optimzation of inhibitors. To
maxi m ze the chance of identifying a peptide inhibitor of RAS or MYC
signaling, gene fragments derived from the downstream RAS effectors
ARAF, BRAF, and RAF1, were included as well as the negative

regul ator of MYC stability FBXW . FBXW was of interest due to its
role in regulating the degradation of several other key oncogenes.

In addition to gene fragnents derived from the wild-type RAS and MYC
proteins, fragments derived from pathogenic Ras variants that have
been shown to have unique protein-protein interaction networks were
al so included. Furthernmore, gene fragnments derived from EGFR (due to
its role in oncogenic signal transduction to Ras proteins), from the
HRAS S17N domi nant negative, and the MYC dom nant negative Ononyc
were also included. As negative controls fragments derived from the
green fluorescent protein (GFP) and hypoxanthi ne (-guanine)

phosphori bosyl transf erase (HPRT1) were used. Finally, two canonical
tunmor suppressor genes TP53 and CDKN2A were used. After renoving
duplicates, the final Ilibrary consisted of 6234 unique gene
fragments, spanning 14 full length genes. The pooled library of gene
fragments was then synthesized as single stranded oligonucleotides
and cloned into a lentiviral vector, wth an EFla pronoter driving
gene fragment transcription (Figure 1A, 3A) . An internal ribosomnal
entry site (IRES) was placed after the gene fragnent stop codon to
allow for co-translation of a puromycin acetyltransferase gene. This
allonwed for selection of transduced cells via the addition of
puronycin to the cell culture nmnedia.

[ 00231] The library was then packaged into lentiviral particles
which were used to transduce Hs578T and MDA-MB-231 <cells in

duplicate (Figure 1A) . Genomic DNA was isolated three days after
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t ransducti on, as well as 14 days after transduction to calculate
fragment specific log2 fold changes. These gene fragnent specific
log2 fold change values were then used to calculate an amino acid
level fitness score via the nean of all fragnments which overlap a
particular codon (Figure 1A-B, 3B) . This score serves as a netric
with which to reduce noise between closely related peptides, as well
as away to map the results back to the original protein structure.
Based on this, 2.9% (Hs578T) and 10.5% (MDA-MB-231) of residues
tested had significantly depleted overlapping peptides, indicating
peptides derived from these positions were collectively nore
deleterious to cell fitness than a random sanpling of peptides from
the library (Figure 3B) . There was good correlation between

bi ol ogical replicates, wth the Hs578T and MDA-MB-231 anmino acid
scores having a Pearson correlation of .54 and .75, respectively.

[ 00232] In order to visualize protein nmotifs with a significant

i mpact of cell fitness, the amno acid scores were superinposed
along the primary amno acid sequence for each associated protein
(Figure 1B) . EGFR, BRAF, FBXW and RAF1 all had significant regions
of significant depletion in one of the cell lines tested,
corresponding to previously annotated protein function. Peptides
derived from the P-loop and Alpha CHelix of EGR were depleted
across both cell lines, likely due to the role of the P-loop in ATP
bi nding, as well as the conf ormationally sensitive role the auto-
inhibitory CHelix plays in regulating EG-R enzymatic activity.
Supporting a functional role for this depleted EGFR domain, this
region of the EGFR gene (Exon 19) is frequently deleted in cancer,
conprising approxinmately 44% of activating EG-R mutations seen
clinically. The Ras Binding Domain (RBD) of RAF1 was also
significantly depleted across both cell lines, presumably due to the
bl ocking of Ras-Raf interactions by titrating out the binding site
on endogenous RAF1 proteins. FBXW had a broad region of depletion
corresponding to WD repeats 1-6. Knock-out screening via CRISPR-Cas9
has shown FBXW is not essential in Hs578T or NDA-MB-231 cells,
neaning it is unlikely that this depletion is due to direct
inhibition of FBXW31l. The WD repeats in FBXW nediate substrate

bi nding and subsequent recruitment to the E3 ubiquitin-protein

i gase conplex, suggesting the highly depleted peptides mmy retain
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the ability of the full length protein to bind oncogenes such as
MYC38. BRAF had several significantly depleted regions dispersed
across the primary sequence including one corresponding to a
previously identified phospho-degron notif centered on amno acids
394- 405 .

[ 00233] Towards the broader goal of identifying highly specific
inhibitors of KRAS function, peptides derived from pathogenic
variants were tested to see if they could function as nore effective
dom nant negative proteins (Figure 1C) . Interestingly, the 40ner
pepti des derived from KRAS (B1lK (see, e.g., SEQ ID NO 9602 and
fragnents SEQ ID NOs :4161-4168 as well as SEQ ID NGs :962-1052, 2704-
2721, 3186-3198, 6708-6805) were significantly depleted across both
cell lines, while wild type peptides overlapping amno acid showed
no effect on cell fitness. The full length Q1K mutant is highly
transformng due to a nodified Ras/Raf interaction. This may play a
role in the anti-proliferative activity of the Q1K derived
fragnents (e.g., SEQ ID NOs :4161-4168) . Furthernore, peptides
derived from the known HRAS S17N domi nant negative nmutant showed

sel ective depletion only in the nmutant HRAS driven Hs578T cell |line,
highlighting the ability of this technology to discrimnate fitness
dependencies wth high specificity.

[ 00234] In order to mine potentially translatable dom nant
negative peptide notifs in a nore systematic fashion a library of
43,441 peptides was synthesized (Figure 2A SEQ ID NGs: 1-9459)
derived from key oncogenic driver genes with a high prevalence in
TOGA sequencing data. This library covers -20% of all high
confidence cancer drivers identified in a recent conputational
approach, allowing for a nore conprehensive characterization of
potential oncogene derived donmi nant negative inhibitors of
proliferation. This expanded screen identified many peptides wth
fitness defects (as nmeasured by log fold depletion) an order of
magni tude greater than those identified in the smaller pilot screen
(Figure 2A)

[ 00235] Peptides were also mapped from the library back to the WrI
protein's primary structure to visualize domains with a significant
i mpact on cell fitness (Figure 2C) . First, the pattern of depletion

for the transcription factor NFE2L2, the protein containing the nost
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del eterious domains as scored by this screen, was exam ned. Peptides
derived from the DNA binding domain, as well as the KEAPl1 binding
domain of NFE2L2 were highly depleted in the screen, consistent wth
the critical role these regions play in nediating NFE2L2 function.
NFE2L2 has been previously shown to support cellular proliferation
and netastasis in MDA-MB-231 cells, supporting the conclusion that a
peptide inhibitor of NFE2L2 could be used to inhibit cell growth.
The fitness of peptides derived from MOM2 were al so exam ned. NDMW2
is a negative regulator of TP53 function in the cell, and inhibition
of the MDM2-TP53 PPl has been shown to effectively oppose cancer
growh across a variety of malignancies. |In the screening data,
peptides derived from the TP53 binding domain of NMDM2 were
significantly depleted consistent with previous reports that
truncated MDM2 proteins containing only the N-terminus function as
domi nant negatives. The PI3K-AKT-mTOR pathway is one of the npst
frequently dysregulated pathways in cancer, and PIK3CA plays a
pivotal role in signal transduction along this pathway. The npst
critical region inpacting cell fitness in PIK3CA corresponds to the
adaptor binding domain of the protein. PIK3CA activity is nodul ated
by the binding of various adaptor proteins encoded by genes such as
Pl K3R1, PIK3R2 and PIK3R3. Supporting the hypothesis that these
peptides potentially inhibit proliferation via disruption of the

Pl K3CA/ PI K3R1- 3 conpl ex, the corresponding PIK3CA binding domain in
PIK3BRL is also depleted. The depleted donmains for D CER were also
pl otted. Regions corresponding to binding sites for known DI CERI
cofactors TARBP and PRKRA were heavily depleted, conprising sone of
the nopst deleterious peptides in the screen. This data supports the
growi ng understanding of the oncogenic role mi RNAs and other
epigenetic regulators play in tunorigenesis . Surprisingly, the tunor
suppressor RBI contai ned donains which were highly deleterious to
cell fitness. The N-ternminal RbN domains were both highly depleted,
potentially due to previously described allosteric interactions wth
the cell cycle regulatory transcription factor E2F49. ERBB4 had a
pattern of depletion simlar to EGFR, with overexpression of
peptides derived from the ERBB4 regulatory P-loop and Al pha GC helix
resulting in a significant fitness defect, highlighting the

i mportance of this region in ERBB dinerization and proliferative
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signaling. Peptides from this screen were analyzed for their inpact
on cancer driver specific signaling networks (Figure 2D) using
publicly available PPl data from STRING wth nodes colored by gene
fitness data sourced from DepMap CRISPR knockout screening. Notably,
using this data, peptide notifs were identified that interfere wth
important PPl interfaces nmediating signal transduction between
cancer drivers previously identified as essential for cell fitness.
[ 00236] Building on this screen of cancer drivers, a library of
peptides derived from high confidence cancer driver nmutations
identified via The Cancer GCenone Atlas sequencing data, was also
generated. This screen interrogated 579 nutant residues across 53
cancer driver genes, via 22,724 peptide coding gene fragnments
(Figure 2B, E-F, 6E-G . In nost cases nutant peptides had a simlar
effect on cell fitness conpared to their wldtype counterparts.
However, sone nutants such as Pl K3CA956F, t he af orenenti oned

KRAS61K, and BRAF594N showed narkedly nore deleterious effects on
cell fitness (Figure 2E, 6G . To further validate that the peptide
over-expression platform can identify biophysical features relevant
to the protein from which they were derived, the nmutant TP53 peptide
data was conpared with existing TP53 deep mutational scan (DVs) data
(Figure 2F) . After first filtering the DVMS data for only TP53
mutants with a high nmagnitude of effect on cell fitness (absolute
fitness value >.5), the fitness of the corresponding mnutant peptides
was conpared to the screen data as described herein. Even with the
highly dissimlar screening nodalities, significant correlation
(Pearson r=.279; P=.045) between the predicted nutant TP53
functionality from the DM5S data to the nutant TP53 peptide fitness.
This indicates TP53 nutants expected to be functional (either
through gain of oncogenic function or retention of WI function) ,
generate nutant peptides wth functionality consistent wth the
parental structure from which they were derived. Together, these
results highlight a major wutility of this approach, e.g., the
ability to interrogate wuser defined peptide sequences as opposed to
those present only in WI protein structures.

[00237] A sinmilar library of dom nant negative peptides was
generated against ACE2 as a target to prevent SARs-Cov2 infection
(see, SEQ 1D NOs : 9460-9489).
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[ 00238] Validation of the anti-proliferative effects of the
peptides were tested via a conplenmentary technology other than
sequencing. Specifically, after transduction wth putative anti-
proliferative gene fragnents derived from WI proteins, Hs578T cells
and MDA- MB-231 cells were seeded in 96 well plates (n=4-8) and grown
for 7 days, with proliferation neasured via the colorinetric W5T-8
assay (Figure 3A, 7C-D, and Table 6). Al peptides tested had
significant growmh defects in both cell lines conpared to infection
with the GFP control plasmd. EG-R- 697 specifically was deleterious
to cell growh in both cell lines. Three peptides derived from the
KRAS B1K mutant protein (KRAS6IK-3, KRAS6IK-7, and KRAS61K-13) were
simlarly tested, all of which significantly reduced cell growh in
both cell lines (Figure 4A-B) . To test the specificity of these
perturbations, MCF-7 cells were transduced with EG-R 697 and RAF1-
73. MCF-7 cells show a reduced fitness defect wupon overexpression of
EGFR- 697, consistent with previous reports showing MCF-7 cells are

| ess sensitive than Hs578T and MDA-MB-231 cells to the EGFR

i nhibitor Gefitinib. As well, HEK293T cells transduced with EGR-
697 and RAF1-73 showed no growh defects, further indicating this
screening nethodology identifies context dependent inhibitors of
cellular proliferation rather than generally toxic peptide notifs.

[ 00239] Table 6: Peptides/Proteins validated via lentiviral

over expressi on

Gene Name Amino Acid Sequence

BRAF-379 MIDDLIRDQGFRGDGGSTTGLSATPPASLPGSLTNVKALQK (SEQ ID
NO:9524)

BRAF-380 MDDLIRDQGFRGDGGSTTGLSATPPASLPGSLTNVKALQKS (SEQ ID
NO:9525)

EGFR-697 MEAPNQALLRILKETEFKKIKVLGSGAFGTVYKGLWIPEGE (SEQ ID
NO:9526)

EGFR-704 MLRILKETEFKKIKVLGSGAFGTVYKGLWIPEGEKVKIPVA (SEQ ID
NO:9527)

FBXW7-461 MTSTVRCMHLHEKRVVSGSRDATLRVWDIETGQCLHVLMGH (SEQ ID
NO:9528)

FBXW7-512 MRRVVSGAYDFMVKVWDPETETCLHTLOGHTNRVYSLQFDG (SEQ ID
NO:9529)

RAF1-73 MRNGMSLHDCLMKALKVRGLQPECCAVFRLLHEHKGKKARL (SEQ ID
NO:9530)

RAF1-78 MLHDCIMKALKVRGLQPECCAVFRLLHEHKGKKARLDWNTD (SEQ ID
NO:9531)

KRAS61K-3 MIQNHFVDEYDPTIEDSYRKQVVIDGETCLLDILDTAGKEE (SEQ ID
NO:9532)
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KRAS61K-7 MFVDEYDPTIEDSYRKQVVIDGETCLLDILDTAGKEEYSAM (SEQ ID
NO:9533)

KRAS61K-13 | MPTIEDSYRKQVVIDGETCLLDILDTAGKEEYSAMRDQYMR (SEQ ID
NO:9534)

DICER1-552 | MRARAPISNYIMLADTDKIKSFEEDLKTYKAIEKILRNKCS (SEQ ID
NO:9535)

KRAS-143 METSAKTRQGVDDAFYTLVREIRKHKEKMSKDGKKKKKKSK (SEQ ID
NO:9536)

MDM2-25 METLVRPKPLLLKLLKSVGAQKDTYTMKEVLEFYLGQYIMTK (SEQ ID
NO:9537)

RASA1-468 MKDAFYKNIVKKGYLLKKGKGKRWKNLYFILEGSDAQLIYF (SEQ ID
NO:9538)

[ 00240] RNA- sequenci ng on Hs578T cells genetically engineered to

overexpress the nobst deleterious gene fragnent identified, EGR 697,
were sequenced. 225 genes were differentially expressed (BH adjusted
P-value <.05), and gene set enrichnent analysis (GSEA) was perforned
to identify wupregulation and downregulation of genetic pathways. 239
KEGG pat hways corresponding to cell signaling and netabolism were
tested, with 22 pathways showing significant (False D scovery Rate <
.025) enrichnent/depletion in cells expressing EG-R-697 conpared to
control cells transduced with GFP. Several netabolic pathways
relating to oxidative phosphorylation and carbon netabolism were
downregul ated, consistent with the role of oncogenic EGFR signaling
as a driver of netabolic alterations. Furthernore, genes relating to
DNA replication were also downregulated, <consistent with the

observed slow growi ng phenotype.

[00241] After validating the inhibitory activity of these peptide
constructs when overexpressed genetically, experinents were

performed to see if the peptides could be exogenously delivered as
anti-cancer therapeutics. Towards this, EGFR-697 as well as RAF1-73
peptides were chemcally synthesized, and their ability to inhibit
cell growth measured when conjugated to the TAT cell penetrating
protein transduction domain. (Figure 4C, Table 6). The best
performng peptide from the genetic validations, EGR 697,

maintained its anti-proliferative effects when delivered exogenously
(Figure 2D . The 1C50s of the peptide (33.3uM for Hs578T and 63uM
for MDA-MB-231) were conparable to other FDA approved EGFR

inhibitors in these cell lines, highlighting the translational

potential of this nethodol ogy. Mreover, RAF1-73 was also
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deleterious to cell growmh, wth 1c50 values of 27.0uM and 32.6uM for
Hs578T and MDA- MB-231 respectively.

[ 00242] Experinments were performed to validate the hypothesis

that the functionality of these putative inhibitory peptides was
dependent on the role and structure of the WI protein donmain they
were derived from First, 3xFLAG tagged versions of the RAF1-73 and
EGFR- 697 peptides were generated to verify these constructs had
robust expression when overexpressed via lentivirus in Hs578T and
MDA- MB-231 cells (Figure 7E) . These peptides showed detectable
expression 72 hours after transduction, indicating the EFla pronoter
can drive robust expression of small peptides. After validating that
these constructs were well expressed, experinments were perforned to
determine whether the peptides derived from protein domains retained
domain specific biological activities. Specifically, experinents

were perforned to determine whether the RAF1-73 peptide (derived
from the RAF1 Ras binding domain) retained the ability of the full-
length domain to bind activated Ras proteins. To evaluate this
potenti al i nteraction, HEK293T <cells were co-trans fected with the
constitutively active KRAS Gl2V mutant and 3xFLAG RAFI - 73, t hen
perfornmed a co-imunoprecipitation using anti-FLAG agarose beads
(Figure 3C) . Wstern blot analysis of the imunoprecipitated protein
conpl exes subsequently verified the protein-protein interaction
between RAF1-73 and Ras. In order to better wunderstand

nmechani stically how the EGFR-697 peptide functions, RNA-sequencing
was conducted on Hs578T cells nodified via lentivirus to overexpress
EGFR-697. 225 differentially expressed genes (BH adjusted P-value
<.05) were identified. Gene set enrichment analysis (GSEA) was
perfornmed to identify wupregulation and downregulation of genetic

pat hways. 239 KEGG pathways corresponding to cell signaling and

net abolism were tested, wth 22 pathways showing highly significant
(Fal se Discovery Rate < .025) upregulation/downregul ation in cells
expressing EG-R-697 conpared to control cells transduced wth GFP
(Figure 3D) . Several netabolic pathways relating to oxidative
phosphoryl ati on and carbon netabolism were downregul ated, consi st ent
with the role of oncogenic EGFR signaling as a driver of netabolic
al terations. Fur t her nor e, genes relating to DNA replication were

al so downr egul at ed, consistent with the observed slow grow ng
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phenotype. In addition to performng GSEA on KEGG pat hways, a set of
curated genes from the Mol ecular Signatures Database conprised of
genes significantly downregul ated/ upregul ated in HL975 cells upon
treatment with an irreversible EG-R inhibitor were also tested.

EGFR- 697 transduction in Hs578T cells resulted in downregulation of
genes identified as downregulated in response to chenmical EG-R
inhibition, and upregulation of genes identified as upregul ated
(FDR=. 008 and FDR=.058 respectively) . Collectively, this supports
the hypothesis the EG-R-697 peptide can perturb EGFR signaling.
[00243] Having denonstrated the applicability of this screening
format for intracellular targets, experinments targeted extracellul ar
proteins. Specifically, tiling and assaying gene fragnents on the
manmal i an cell surface could help map receptor ligand interfaces in
their native settings and define mninmal functional donmains, thus
conplementing in vitro and phage display based strategies.
Experinents screening gene fragnents of receptors of

Bet acoronaviruses were perforned. This was notivated by 2 aspects:

1) The recent energence of the SARS-coronavirus 2 (SARS-CoV-2) and
its rapid spread that is posing a major global health energency,

and; 2) The ongoing challenges with engineering a therapeutic,
including ones anticipated to have the nbst potency such as vaccines
and neutralizing antibodies. It was conjectured that since the virus
is an evolving entity but the cognate receptor in humans is
relatively constant, a peptide sponge derived from the spike-protein
receptor interface (napped via PepTile screening) could be a
putative viral inhibitory agent. Additionally: 1) it could be
broadly active against multiple strains; 2) be non-inmunogenic as it
is human protein derived; 3) will not retain activity of the full-
length native protein and thus not disrupt normal physiology if
injected into the circulation; and 4) be couplable to protein
domains with naturally long serum half-life such as Fc, transferrin
or albumin to inprove persistence and thereby therapeutic efficacy.
Not ably, a recent elegant study showed soluble full length ACE2 is
able to inhibit SARS-CoV-2 infection, highlighting the potential of
human protein scaffolds as a strategy for therapeutic intervention.
[00244] A library of peptides derived from known receptors (and

their honol ogs) of Betacoronaviruses was generated. This screen

145



WO 2021/041953 PCT/US2020/048594

interrogated 15 proteins, via 11,277 peptide coding gene fragments
(Figure 8B) . To express peptides on the cell surface, these were
fused to an imunoglobulin K-chain |eader sequence at their N
terminus and a platelet-derived growh factor (PDGF) transnenbrane
domain at their C terminus (Figure 4A-B, 8A) . NNH 3T3 cells were
used for the screens based on their non-human origin and non-
transducability by SARS-CoV-2-Spike protein pseudotyped

lentiviruses . Specifically, cells were transduced wth the cell-
surface peptide library and probed with the SARS-CoV-2 spike protein
and RBD domain (bearing a mouse-Fc tag) . Cells interacting wth the
SARS- CoV-2 proteins were separated from the pool wusing anti-nouse

| gG magnetic beads, and their expressed peptides identified via next
generation sequencing of the integrated Ilibrary elenments. Binding
peptides were identified by conparing the relative abundance of each
peptide construct in the bound fraction of cells to the abundance in
the starting pool of transduced cells. Several peptides derived from
the known SARS-CoV-2 receptor ACE2 were highly enriched across
multiple biological replicates, including across two independent
SARS- CoV-2 Spike/RBD protein sanples (Figure 4C-D) . In addition to
peptides derived from known binding proteins such as ACE2 and
TMPRSS2, several proteins such as FAP, DPP4, and DPP8 also contained
highly significant hits, highlighting putative novel interacting
partners of the viral spike protein. Interestingly, t he scavenger
receptor cysteine rich domain of TMPRSS2 contained a region of
peptides which was significantly enriched after selection for

spi ke/ RBD binders, illumnating a potential domain inplicated in
TMPRSS2 substrate recognition.

[ 00245] A streamined peptide purification protocol was devel oped
to facilitate rapid engineering and testing of peptide constructs
for translation to nedical applications. Specifically, by fusing
peptides of interest to a high expressing Miltose Binding Protein
(MBP) construct, peptides could be produced in a nodular fashion at
high yields. By incubating the peptide fusions with TEV protease to
cl eave the MBP, honbgenous preparations of peptide constructs could
be produced after subsequent inmobilized netal affinity

chr omat ogr aphy (IMAO) to renove the free MBP and TEV70. This nmethod

was validated by the production of mlligram scale quantities of TAT
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conjugated 3xFLAG peptide, outperformng the costs associated wth

conmercial peptide synthesis (Figure 4E) . Because this nethod

requires no expensive equipnment or specialized reagents, it is
easily adaptable to labs of any scale, as well as automated nedium
t hroughput screening approaches. As peptide constructs wll Ilikely

requi re additional engineering to maximze efficacy towards

intracel | ul ar targets in vivo, this production protocol serves as
both a conplenent to the presented PepTile screening nethod, as well
as a general resource to accelerate the engineering of peptide

t her apeutics

[ 00246] Cell Proliferation Assay. The Tat - RAFI - 73, Tat - RAFI - 78,
Tat-EGFR-697 and Tat-Flag peptides were tested for growh inhibition
in an in vitro cell proliferation assay. The assay tested the
peptides against ten tunor cell Ilines and four non-tunor cell lines
(Primary Fibrobl asts, CCD 841 CoN, human unbilical vein cells and
Human Hepatocytes) . Cells were plated in a 384 well plate and
allowed to grow for 24 hrs. Peptides were then added to cultures at
a final concentration range of |OOuM - 0.2uM. Cells and peptides
were then reacted for 72hrs, after which the CellTiter-Ao

Lum nescent Cell Viability Assay kit (Pronega) was used to assess
cytotoxicity of therapeutic peptides. 1C50 values were determined by
the percent cell gromh of the untreated (vehicle) control

calculated from the lumnescence signals conpared to test wells. The
surviving fraction of cells is determned by dividing the nean

| um nescence values of the test agents by the nmean |uni nescence
values of the untreated <control. The inhibitory concentration value,
1C50, for the test agents and control was estimated wusing Prism 8
software (GraphPad Software, 1Inc.) by curve- fitting the data using
the non-linear regression analysis.

[00247] The results of the cell proliferation assay can be seen
in Table 8. Ten cancer cell lines were screened as well as three
non-cancer cell types (e.g. primary fibroblasts, CCD 841 CoN, and
human hepatocytes) . Activity of peptides was identified throughout
the cell types including the cancer and non-cancer cell |Ilines. Tat-
Rafl -73 and Tat-Rafl-78 had nore robust killing, wth 1c50 val ues
ranging from 1.66 pM to 48.87 uM, with Tat-EGR-697 having nore
noderate 1C50s that ranged from 5uyM to >100uM (no effect) . There was
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no activity observed in the control Tat-Flag tagged peptides in any

of the cells screened.
[00248] Table s8:
Mean
Mean Mean I Cso (uM)
I Cso (UM) 1 Cso (LM) Tat - Mean
Tat - Tat - EGFR- I Cso (UM)
Cell Line Ti ssue Type RAF1- 73 RAF1- 78 697 Tat - Fl ag
Human
Multiple
HO929 Myeloma 1.67 2.6 5.1 >100
RAF1 mRNA
SNU398 (Log2) 6.07 7.91 11.06 29.23 >100
RAF1 mRNA
Jurkat (Log2) 6.05 7.4 9.24 41.06 >100
RAF1 mRNA
HUH6-1uc (Log2) 6.05 21.31 25.32 73.48 >100
Colo205 Human Colon 6.12 7.28 19.81 >100
RAF1 mRNA
(Log2)
A549 Negative 13.09 15.74 59.65 >100
EGFR mRNA
MDA-MB-231 (Log2) 4.78 15.5 16.13 56.62 >100
EGFR mRNA
HT1376 (Log2) 5. 25.09 26.99 95.60% >100
EGFR mRNA
FaDu (Log2) 6.28 20.62 26.67 89.21 >100
EGFR mRNA
SK-MEL-5 (Log2) 5.92 4.98 5.98 27.56 >100
Primary Skin
Fibroblasts | Fibroblast 1.77 2.97 15.07 >100
Normal Human
CCD 841 CoN | Colon 40.14 48.87 >100 >100
Human Human
Hepatocytes | Hepatocytes 4.56 6.77 11.56 >100
Human
umbilical
veln
endothelial
cells Normal
(HUVEC) endothelial 4.24 4.84 14.04 >100

* Val ue was averaged using >100 um value for one trial result

[ 00249] 't
made wi t hout
Accordingly,

clains.

will be understood that various nodifications my be
departing fromthe spirit and scope of this disclosure.

ot her enbodi nents are within the scope of the follow ng
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WHAT 1S CLAIMED IS

1. A pharnaceuti cal conmposition in unit dose form conprising:

(a) a peptide or salt thereof; and

(by at least one of a pharnmaceutically acceptable: excipient,
diluent, or carrier,

wherein the peptide or salt thereof has at |east about 80%
sequence identity to a polypeptide of any one of SEQ ID NO 1-9489,
and

wherein the peptide or salt thereof:

(i) nodulates an expression level of a target protein
inplicated in a disease or condition, as measured by an at |east
partial increase or an at least partial decrease of a level of the
target protein in an in vitro assay in a cell treated with the
peptide or salt thereof as determined by a Wstern blot relative to
a level of the target protein in an otherwi se conparable cell not
treated with the peptide or salt thereof;

(ii) produces an at least partial increase or an at |east
partial decrease of an activity of the target protein, as measured
by a level of the activity of the target protein in a cell treated
with the peptide or salt thereof relative to a level of activity of
the target protein in an otherwi se conparable cell not treated wth
the peptide or salt thereof as determined by an in vitro assay;

(iii) produces an at least partial increase or an at |east
partial decrease of an activity of a protein downstream of the
target protein in a cellular pathway in a cell treated with the
peptide or salt thereof relative to a level of activity of the
protein downstream of the target protein in a cellular pathway in an
otherwi se conparable cell not treated with the peptide or salt
thereof as deternmined by an in vitro assay;

(iv) kills a cancer cell in an in vitro assay; or

(v) any conbination thereof.
2. The pharnmaceuti cal conmposition of claim 1, wherein the peptide

or salt thereof conprises at |east about an 80% sequence identity to

the polypeptide of SEQ |ID NO 9530.
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3. The pharmaceutical conposition of claim 1, wherein the peptide
or salt thereof conprises at |east about an 80% sequence identity to

the polypeptide of SEQ ID NO 9522.

4. The pharmaceutical conposition of claim 1, wherein the peptide
or salt thereof conprises at |east about an 80% sequence identity to

the polypeptide of SEQ ID NO 9521 or SEQ ID NO 9526.

5. The pharmaceutical conposition of claim 1, wherein the peptide
or salt thereof conprises at |east about an 80% sequence identity to

the polypeptide of SEQ ID NO 9531 or SEQ ID NO 9701

6. The pharmaceutical conposition of claim 1, wherein the peptide
or salt thereof nobdulates the expression level of the target protein
inplicated in the disease or condition, as neasured by the at | east
partial increase or the at least partial decrease of the |evel of
the target protein in the in vitro assay in the cell treated with
the peptide or salt thereof as determined by the Western bl ot
relative to the level of the target protein in the otherw se

conparable cell not treated with the peptide or salt thereof.

7. The pharmaceutical conposition of claim e, wherein the target
protein is at least partially encoded by a gene in Table 7, a

variant of a gene in Table 7, or a fragnment of any of these.

8. The pharmaceutical conposition of claim 1, wherein the peptide
or salt thereof produces the at l|least partial increase or the at

| east partial decrease of the activity of the target protein, as
nmeasured by the level of the activity of the target protein in the
cell treated with the peptide or salt thereof relative to the |evel
of activity of the target protein in the otherwi se conparable cell
not treated with the peptide or salt thereof as deternmined by the in

vitro assay.

9. The pharmaceutical conposition of claim s, wherein the target
protein is at least partially encoded by a gene in Table 7, a

variant of a gene in Table 7, or a fragnment of any of these.
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10. The pharmaceutical conposition of claim g, wherein the target

protein is a kinase or a biologically active fragment thereof.

11. The pharmaceutical conposition of claim g, wherein the target

protein is a phosphatase or a biologically active fragnent thereof.

12. The pharmaceutical conposition of claim 1, wherein the peptide
or salt thereof produces the at least partial increase or the at
| east partial decrease of the activity of the protein downstream of
the target protein in a cellular pathway in the cell treated with
the peptide or salt thereof relative to the level of the activity of
the protein downstream of the target protein in the cellular pathway
in the otherwi se conparable cell not treated with the peptide or

salt thereof as deternmined by the in vitro assay.

13. The pharmaceutical conposition of claim 12, wherein the target
protein is at least partially encoded by a gene in Table 7, a

variant of a gene in Table 7, or a fragnent of any of these.

14. The pharmaceutical conposition of claim 1, wherein the target
protein conprises a protein at l|least partially encoded by a gene in

Table 7, a variant of a gene in Table 7, or a fragment of any of

t hese .

15. The pharmaceutical conposition of claim 1, wherein the peptide
or salt thereof kills the cancer cell in the in vitro assay.

16. The pharmaceutical conposition of claim 1, wherein the peptide

or salt thereof nodulates the target protein by at |east partially

inhibiting a protein to protein interaction.
17. The pharmaceutical conposition of claim 16, wherein the

protein to protein interaction conprises a ligand to receptor

i nteraction .
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18. The pharmaceuti cal conposition of claim 16, wherein the
protein to protein interaction conprises a regulatory protein

conpl ex .

19. The pharmaceuti cal conposition of claim 1, wherein the peptide
or salt thereof at least partially reduces a protein to nucleic acid

i nteraction

20. The pharmaceuti cal conposition of claim 1, wherein the peptide

conprises independently dy, or an amino acid conprising a Cl-Cl10

alkyl, a C-Go alkenyl, a C-Co alkynyl, a cycloalkyl, or an
al kyl cycl oal kyl si de chain.
21. The pharmaceuti cal conposition of claim 1, wherein the peptide

conprises an amino acid conprising an aromatic side chain.

22. The pharmaceuti cal conposition of claim 1, wherein the peptide
conprises an amino acid conprising a side chain that is at |east

partially protonated at a pH of about 7.3.

23. The pharmaceuti cal conposition of claim 1, wherein the peptide

conprises an amino acid conprising an amde containing side chain.

24, The pharmaceuti cal conposition of claim 1, wherein the peptide
conprises an anmino acid conprising an alcohol or thiol containing

side chain.

25. The pharmaceuti cal conposition of claim 1, wherein the peptide
conprises an amino acid conprising a side chain that is at |east

partially deprotonated at a pH of about 7.3.

26. The pharmaceuti cal conposition of claim 1, wherein the peptide

or salt thereof conprises a reconbinant peptide.

27. The pharmaceuti cal conposition of claim 1, wherein at |east
one amno acid of the peptide or salt thereof conprises a chenical

nodi fication
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28. The pharmaceutical conposition of claim 27, wherein the
chem cal nodification conprises: acetylation, sulfonation,

am dation, esterification, or any conbination thereof.

29. The pharmaceutical conposition of claim 1, wherein the peptide
or salt thereof conprises a stapled peptide or salt thereof, a
stitched peptide or salt thereof, a macrocyclic peptide or salt

thereof, or any conbination thereof.

30. The pharmaceutical conposition of claim 29, conprising the
stapl ed peptide, wherein the stapled peptide conprises a coval ent

i nkage between two anmino acid side-chains.

31. The pharmaceutical conposition of claim 1, wherein the peptide
or salt thereof further conprises a cell penetrating peptide, and
wherein the cell penetrating peptide is directly or indirectly

linked to the peptide or salt thereof.

32. The pharmaceutical conposition of claim 1, wherein an anino
acid of the peptide or salt thereof positioned at an end termnus
conprises a side chain that can be at least partially deprotonated

at a pH of about 7.3.

33. A nucleic acid at least partially encoding:

a peptide, having at |east about 80% sequence identity to a
pol ypeptide of SEQ ID NO 1-9489, and

wherein the peptide:

(i) modul ates an expression level of a target protein
implicated in a disease or condition, as neasured by an at |east
partial increase or an at l|least partial decrease of a level of the
target protein in an in vitro assay in a cell treated with the
nucleic acid as determined by a Western blot relative to a |level of
the target protein in an otherwi se conparable cell not treated with
the nucleic acid;

(ii) produces an at least partial increase or an at |east

partial decrease of an activity of the target protein, as neasured
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by a level of the activity of the target protein in a cell treated

with the nucleic acid relative to a level of activity of the target
protein in an otherwise conparable cell not treated with the nucleic
acid in as determined by an in vitro assay;

(iii) produces an at least partial increase or an at |east
partial decrease of an activity of a protein downstream of the
target protein in a cellular pathway in a cell treated with the
nucleic acid relative to a level of activity of the protein
downstream of the target protein in a cellular pathway in an
otherwi se conparable cell not treated with the nucleic acid as
determined by an in vitro assay;

(iv) kills a cancer cell in an in vitro assay; or

(v) any conbination thereof.

34. The nucleic acid of claim 33, wherein the peptide at |east
partially encoded by the nucleic acid does not conprise nore than

about 40 am no acids.

35. The nucleic acid of claim 33, wherein the nucleic acid is
conprised in a pharmaceuti cal conposition in unit dose form
36. The nucleic acid of claim 33, wherein the peptide at |east

partially encoded by the nucleic acid conprises independently Qdy,

or an amno acid conprising a C-Co alkyl, a C-Co alkenyl, a G-Co
al kynyl, a cycl oal kyl, or an al kyl cycl oal kyl si de chain.
37. The nucleic acid of claim 33, wherein the peptide at |east

partially encoded by the nucleic acid conprises an amino acid

conprising an aromatic side chain.

38. The nucleic acid of claim 33, wherein the peptide at |east
partially encoded by the nucleic acid conprises an amino acid
conprising a side chain that is at least partially protonated at a

pH of about 7.3.
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39. The nucleic acid of claim 33, wherein the peptide at |east
partially encoded by the nucleic acid conprises an amno acid

conprising an amide containing side chain.

40. The nucleic acid of claim 33, wherein the peptide at |east
partially encoded by the nucleic acid conprises an amno acid

conprising an alcohol or thiol containing side chain.

41. The nucleic acid of claim 33, wherein the peptide at |east
partially encoded by the nucleic acid conprises an amno acid
conprising a side chain that is at least partially deprotonated at a

pH of about 7.3.

42. The nucleic acid of claim 33, wherein the nucleic acid is

doubl e stranded.

43. The nucleic acid of claim 33, wherein the nucleic acid

conprises DNA, RNA, or any conbination thereof.

44, A vector that conprises the nucleic acid of any one of clains
33-43.
45, The vector of claim 44, wherein the vector conprises a

pol ypepti de coat.

46. The vector of claim 44, wherein the vector conprises: a
nanoparticle, a microparticle, a viral vector, a virus-Ilike

particle, a liposome, or any conbination thereof.

47. The vector of claim 46, wherein the vector conprises the viral

vector, and wherein the viral vector conprises an AAV vector.
48. The vector of claim 47, wherein the AAV vector is selected

from the group consisting of: AAVI, AAV2, AAV3, AAV4, AAV5, AAV6,
AAV7 , AAV8 , AAV9 , AAV10, AAV1l, AAVI 2, AAVDJ, and variants thereof.
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49. An isolated peptide or salt thereof that conprises a sequence
having at |east about 80% sequence honology to any one of the

peptides of SEQ ID NO 1-9489.

50. A kit that conprises the pharmaceutical conposition of any one
of claims 1-32, the nucleic acid of any one of claims 33-43, the
vector of any one of clains 44-48, or the isolated peptide or salt

t hereof of claim 49; and a contai ner.

51. A nethod of at least partially treating or preventing a
di sease or condition in a subject, the nethod conprising:
adm nistering to the subject a therapeutically effective
anount of:
(a) t he pharnmaceutical conposition of any one of clainms 1-32;
(b) the nucleic acid of any one of clainms 33-43;
(c) the vector of any one of clains 44-48;
(d) the isolated peptide or salt thereof of claim 49; or
(e) any conbination of (a) - (d) , thereby at least partially

preventing or treating the disease or condition in the subject.

52. The method of claim 51, wherein the nethod conprises the at
| east partially treating, and wherein the at l|least partially
treating conprises aneliorating at |east one synptom of the disease

or condition.

53. The method of claim 51, wherein the nethod conprises the at
| east partially treating, and wherein the at l|least partially

treating conprises reducing a growh of a tunor.
54, The method of claim 51, wherein the nethod conprises the at
| east partially treating, and wherein the at l|least partially

treating conprises at least partially elimnating a tunor.

55, The nmethod of claim 51, wherein the disease or condition

conprises a cancer.
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56. The method of claim 55 wherein the cancer conprises a
sarconme, a carcinoma, a nelanoma, a |ynmphona, a |eukema, a

bl astoma, a germ cell tunor, a nyeloma, or any conbination thereof.

57. The method of claim 51, wherein prior to treating, the subject

has been diagnosed w th cancer.

58. The method of claim 51, further conprising diagnosing the

subject with cancer.

59. The method of claim 58, wherein the diagnosing conprises a
physi cal exam nation, a biopsy, a radiological inmge, a blood test,

a urine test, an antibody test, or any conbination thereof.

60. The method of claim 59, wherein the diagnosing conprises the
radi ol ogical inmage, and wherein the radiological inmage conprises: a
conputed tonpbgraphy (CT) inmage, a nuclear scan, an X-Ray inmge, a
magneti c resonance inmage (M), an ultrasound image, or any

conbi nati on thereof.

61. The method of claim 51, wherein the administering is intra-
arterial, intravenous, i ntranmuscul ar, oral, topical, intranasal,
subcut aneous, i nhal ati on, catheterization, gastrostonmy tube

adm ni stration, i nt raosseous, ocul ar, otic, transdermal, rectal,
nasal , intravaginal, i ntracavernous , transurethral, subl i ngual, or

any conbination thereof.

62. The method of claim 61, wherein the administering is perforned
at least about: 1 tinme per day, 2 tines per day, 3 tines per day, or

4 times per day.

63. The nmethod of claim 61, wherein the administering is perforned
for about: 1 day to about 7 days, 1 week to about 5 weeks, 1 nonth
to about 12 nonths, 1 year to about 3 years, 3 years to about 8

years, or 8 years to about 20 years.
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64. The method of claim 51, further conprising admnistering a
therapeutically effective anmount of a second therapy, and wherein
the adm nistering of the second therapy is concurrent or consecutive

to a) to e).

65. The method of claim 64, wherein the second therapy conprises
surgery, chenot herapy, radi ati on therapy, inmmunotherapy, hornone
therapy, a checkpoint inhibitor, targeted drug therapy, a gene
editing therapy, an RNA editing therapy, a protein knockdown
therapy, chimeric antigen receptor (CAR) T-cell therapy, or a

conbi nati on thereof.

66. The method of claim 51, wherein the subject is a human.

67. The method of claim 66, wherein the human is from about 1 day
to about 1 nonth old, from about 1 nonth to about 12 nonths old,

from about 1 year to about 7 years old, from about 5 years to about
25 years old, from about 20 years to about 50 years old, from about
45 years to about 80 years old, or from about 75 years to about 130

years old.

68. A nmethod of meking the pharnaceutical conposition of claim 1,
wherein the nethod conprises contacting the peptide or salt thereof

with a pharnmaceutically acceptable excipient, diluent or carrier.

69. A nmethod of at least partially reducing or at least partially
increasing the activity of a target protein conprising:

(a) expressing a fragment of a gene in a target cell, wherein
the gene fragnent is expressed from a polynucl eotide, wherein the
gene fragnment conprises at least a portion of the target protein and
wherein the gene fragment is from about 60 nucleotides to about 150
nucl eotides in length; and

(by measuring the at least partial reduction or the at |east
partial increase of activity by determning a change of a |level of
activity of the target protein in a cell treated with the

pol ynucleotide relative to a level of activity of the target protein
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in an otherwi se conparable cell not treated with the pol ynucleotide
an in vitro assay;
wherein the target protein is selected froma protein at |east

partially encoded by a gene or a variant thereof recited in Table 7.

70. A nethod of at least partially reducing or at |least partially
increasing activity of a protein downstream of a target protein in a
cellular pathway conprising:

(a) expressing a fragment of a gene in a target cell, wherein
the gene fragment is expressed from a polynucleotide, wherein the
gene fragment conprises at |least a portion of the target protein and
wherein the gene fragnment is from about 60 nucleotides to about 150
nucl eotides in length; and

(by measuring the at least partial reduction or the at |east
partial increase of activity by determining a change of a |level of
activity of the downstream protein of a cell treated with the
pol ynucl eotide relative to a |level of activity of the downstream
protein in an otherwi se conparable cell not treated with the
pol ynucleotide in an in vitro assay;

wherein the target protein is selected froma protein at |east

partially encoded by a gene or a variant thereof recited in Table 7.

71. The method of claim 69 or 70, wherein the fragnent of a gene
encodes for a peptide conprising a sequence having at |east about
80% sequence honology to any one of the peptides of SEQ ID NO 1-
9489.

72. The method of claim 69 or 70, wherein the polynucleotide is

conprised in a plasmd.

73. The method of any one of clainms 69-72, wherein the

pol ynucl eotide or the plasmd is transfected into the target cell.
74. The method of any one of clains 69-73, wherein at |east a

portion of the target protein conprises about 20 amino acids to

about 50 ami no acids.
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75. The nmethod of claim 69 or 70, wherein the reduction of

activity further conprises reduced cell growh.

76. A nethod of screening for at least partially reducing or at
| east partially increasing activity of a target protein, a protein
downstream of a target protein in a cellular pathway, or both
conprising :

(a) expressing one or nore fragments of a gene in a target
cell, wherein each gene fragment is expressed from a pol ynucl eoti de,
wherein the one or nmore gene fragments conprise at |least a portion
of the target protein and wherein the gene fragment is from about 60
nucl eotides to about 300 nucleotides in length; and

(b) measuring the at least partial reduction or the at |east
partial increase of activity by deternmining a change of a level of
activity of the target protein in a cell treated with the
pol ynucl eotide relative to a level of activity of the target protein
in an otherwi se conparable cell not treated with the pol ynucl eotide
in an in vitro assay,;

wherein the target protein is selected from a protein encoded

by a gene or a variant thereof recited in Table 7.

77. The nethod of claim 76, wherein the fragment of a gene encodes
for a peptide conprising a sequence having at |east about 80%

sequence honology to any one of peptides of SEQ ID Nos: 1-9489.

78. The nethod of claim 76 or 77, wherein the polynucleotide is

conprised in a plasmd.

79. The nethod of any one of clains 76-78, wherein the

pol ynucl eotide or the plasmd is transfected into the target cell.

80. The nethod of any one of clains 76-79, wherein at |east a
portion of the target protein conprises about 20 anmino acids to

about 50 am no acids.

81. A conposition conprising a peptide fragment, wherein the peptide

fragment consists of 35-45 anmino acids from a protein selected from
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the group consisting of AKT1, AR, ARAF, BRAF, CASP8, CCND1, CDH1,
CDKN2A, CHEK2, CTNNBl1, DDX3X, DICER, EGFR, EP300, ERBB2, ERBB3,
ERBB4, FBXW , FGFR2, FGFR3, FLT3, GFP, GNAl1l, GNAQ HPRT1, HRAS,
IDH1, IDH2, KEAP1, KIT, KMI2C, KRAS, KRAS4B, MAP2K1 , MAX, NMNDM2,
MDM4 , MET, MIOR, MYC, MYCL, MYCN, NCOA3, NFE2L2, NKX2, NOTCH1, NRAS,
OMOMYC, Pl K3CA, PIK3R1, PPP2R1A, PTPN1l, RAB25, RACl, RAF1, RASA1,
RBI, RHEB, RHOA, RRAS2, RUNX1, SETD2, SF3Bl1, SKP2, SMAD2, SMAD4,
SPOP, TERT, TGFBR2, TP53, VHL, YAP1, ZFP36L2, ACEl, ACE2, DPP4,
DPP8, DPP9, ANPEP, FAP, and Fibronectin,

wherein the peptide fragnent at least partially inhibits the
bi ol ogical activity of the protein fromwhich it has greater than

98% identity and/or binds to a cognate of the protein.

82. The conposition of claim 81, wherein the peptide fragnent is
identified by:

synthesizing a library of overlapping gene fragnments from a
gene that expresses the protein, wherein each gene fragment of the
library of overlapping gene fragnents has a unique nucleotide
sequence, wherein each gene fragnment has a sequence which partial
overlaps with the sequences of least two or nore gene fragnents
havi ng nucl eoti de sequences from the gene;

pooling and cloning the gene fragnents into vectors, wherein
each vector overexpresses one gene fragnent when transduced or
transfected into a cell;

transfecting or transducing cells with the vectors conprising
gene fragnents, wherein each transduced or transfected cell has only
one vector that conprises a gene fragment;

screening the transfected or transduced cells for cell growth
over various tine points;

sequencing and quantifying gene fragment abundance from each of
the tine points; and

mappi ng the sequenced gene fragnments back to the gene that
express the target protein and providing a depletion score for each
codon, wherein the depletion score is defined as the nean
depl eti on/ enri chnent of all overlapping sequenced gene fragnents,
and wherein codons of the gene fragments which have a depletion

score below a p =.05 significance threshold, indicates peptide
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sequences which inhibit functional regions of the protein expressed

by the gene.

83. The conposition of claim 81, wherein the peptide fragnent
consists essentially of or consists of a sequence of 35-45 amno
acids selected from the group consisting of:

(a) a sequence of 35-40 amno acids |ocated between amno acid 6
and 466 of SEQ ID NO 9540 and optionally wherein the peptide has a
nmutation as referenced to SEQ ID NO 9540 of 17K or 52R;

(b) a sequence of 35-40 amino acids of SEQ ID NO 9542;

(c) a sequence of 35-40 amino acids of SEQ |ID NO 9544,

(d) a sequence of 35-40 amino acids of SEQ ID NO 9546 and
optionally wherein the peptide has a nmutation as referenced to SEQ
I D NO:9546 of 464V, 466E, 467L, 468C, 469A/R, 568D, 575K, 5811,
594G N, 596D/S, 597Q YV, and/or 600E;

(e) a sequence of 35-40 amno acids of SEQ ID NO 9548 and
optionally wherein the peptide has a nmutation as referenced to SEQ
I D NO 9548 of 363D, and/or 367G

(f) a sequence of 35-40 amino acids of SEQ ID NO 9550;

(9) a sequence of 35-40 amno acids of SEQ ID NO 9552 and
optionally wherein the peptide has a nmutation as referenced to SEQ
I D NO 9552 of 222G 257G N, and/or 290G

(h) a sequence of 35-40 amino acids of SEQ ID NO 9554 and
optionally wherein the peptide has a nmutation as referenced to SEQ
I D NO 9554 of 118T and/or 84Y;

(i) a sequence of 35-40 amno acids of SEQ ID NO 9556 and
optionally wherein the peptide has a nmutation as referenced to SEQ
ID NO 9556 of 381R, 388L/Y, 389H, 415F, and/or 452G

(i) a sequence of 35-40 amino acids of SEQ ID NO 9558 and
optionally wherein the peptide has a nmutation as referenced to SEQ
ID NO 9558 of 32V, 34R, 333F, 334K, 335T, 383C/ G 386G 387I/KY,
and/ or 426D,

(k) a sequence of 35-40 amino acids of SEQ ID NO 9560 and
optionally wherein the peptide has a nmutation as referenced to SEQ
ID NO 9560 of 528C and/or 532A/M

(N a sequence of 35-40 amino acids of SEQ ID NO 9562 and

optionally wherein the peptide has a nmutation as referenced to SEQ
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I D NO 9562 of
18130/ G

(m
optionally wherein

85M

759N,

I D NO 9564 of
719C/ D, 724S,
(n)
optionally wherein
I D NO:9566 of
1451P;
(0) a sequence of
optionally wherein
ID NO 9568 of 310F
(p) a sequence of
optionally wherein
ID NO 9570 of 103H
) a sequence of

optionally wherein

1703S,

1397D,

1705K, 1709N,

ID NO 9572 of 785R/V;

(r) a sequence of
optionally wherein
I D NO 9574 of 426L,
520N,

and/ or 545C;

(s) a sequence of
optionally wherein
ID NO 9576 of 251Q
(1) a sequence of
optionally wherein
I D NO 9578 of 248C
(u) a sequence of
optionally wherein

ID NO 9580 of 617E

(v) a sequence of
(W) a sequence of
optionally wherein

ID NO 9584 of 183C
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1809R, 1810Y/V, and/or

a sequence of 35-40 amino acids of SEQ ID NO 9564 and

the peptide has a nutation as referenced to SEQ
108G K, 252C, 270C, 289T/V, 596R/S, 598V, 628F,
836H, 858R, 861Q and/or 891C

a sequence of 35-40 amino acids of SEQ ID NO 9566 and
the peptide has a nutation as referenced to SEQ

1398P, 1399N, 14001, 14140 D, 1446C, and/or

35-40 anmino acids of SEQ ID NO 9568 and
the peptide has a nutation as referenced to SEQ
and/ or 755M S;
35-40 anmino acids of SEQ ID NO 9570 and
the peptide has a nutation as referenced to SEQ
and/ or 232V
35-40 amino acids of SEQ ID NO 9572 and
the peptide has a nutation as referenced to SEQ
35-40 amino acids of SEQ ID NO 9574 and
the peptide has a nutation as referenced to SEQ
465C/H, 479Q 502V, 505G L, 516N R, 517E/R,
35-40 amino acids of SEQ ID NO 9576 and
the peptide has a nutation as referenced to SEQ
and/ or 545Q
35-40 amino acids of SEQ ID NO 9578 and
the peptide has a nutation as referenced to SEQ
and/ or 249C,
35-40 amino acids of SEQ ID NO 9580 and
the peptide has a nutation as referenced to SEQ
and/ or 618L;
35-40 amino acids of SEQ ID NO 9582;
35-40 amino acids of SEQ ID NO 9584 and
the peptide has a nutation as referenced to SEQ
and/ or 209H;
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(x) a sequence of 35-40 amino acids of SEQ ID NO 9586 and

optionally wherein the peptide has a nutation

ID NO 9586 of 48V, 209P, and/or 247G

as referenced to SEQ

(y) a sequence of 35-40 amino acids of SEQ ID NO 9588;

(2) a sequence of 35-40 amino acids of SEQ ID NO 9590 and

optionally wherein the peptide has a nutation
ID NO 9590 of 12v, 13R/V, 59T, 60S/V, 61K/ L,
(aa) a sequence of 35-40 amino acids of SEQ
optionally wherein the peptide has a nutation
ID NO 9592 of 132CH

(bb) a sequence of 35-40 amino acids of SEQ
optionally wherein the peptide has a nutation
ID NO 9594 of 137E, 140Q and/or 172G K/ S;
(cc) a sequence of 35-40 amino acids of SEQ
optionally wherein the peptide has a nutation
ID NO 9596 of 152A, 333D/S, 413H, 477S, 483C,
571D;

(dd) a sequence of 35-40 amino acids of SEQ
optionally wherein the peptide has a nutation
ID NO 9598 of 559G 573Q 576P, 636V, 637H,
816V/ Y;

(ee) a sequence of 35-40 amino acids of SEQ
optionally wherein the peptide has a nutation
ID NO 9600 of 370Y and/or 385Y;

(ff) a sequence of 35-40 amino acids of SEQ
optionally wherein the peptide has a nutation
ID NO 9602 of 12R/V, 141, 19F, 20R 21R  34L,
63K, and/or 117N

(99) a sequence of 35-40 amino acids of SEQ
(hh) a sequence of 35-40 amino acids of SEQ
optionally wherein the peptide has a nutation
ID NO 9606 of 121R, 124L/S and/or 130C;

(ii) a sequence of 35-40 amino acids of SEQ
(i) a sequence of 35-40 amino acids of SEQ

(kk) a sequence of 35-40 amino acids of SEQ
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as referenced to SEQ
and/or 117N R
I D NO 9592 and

as referenced to SEQ

ID NO 9594 and

as referenced to SEQ

I D NO 9596 and
as referenced to SEQ

524C, 525C, and/or

I D NO 9598 and

as referenced to SEQ

642E, 812V, and/or

ID NO 9600 and

as referenced to SEQ

I D NO 9602 and
as referenced to SEQ

50G T, 61K/ R 62K,

I D NO 9604;
I D NO 9606 and

as referenced to SEQ

I D NO 9608;
I D NO 9610;
ID NO 9612;
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(11) a sequence of 35-40 amino acids of SEQ ID NO 9614 and
optionally wherein the peptide has a mutation as referenced to SEQ
ID NO:9614 of 11101, 1246H, and/or 1248C H

(mm) a sequence of 35-40 amino acids of SEQ ID NO 9616 and
optionally wherein the peptide has a mutation as referenced to SEQ
ID NO 9616 of 1977R, 1981E, 2215F, 2230V, and/or 2406A/ M

(nn) a sequence of 35-40 amino acids of SEQ ID NO 9618;

(00) a sequence of 35-40 amino acids of SEQ ID NO 9620;

(pp) a sequence of 35-40 amino acids of SEQ ID NO 9622;

(qq) a sequence of 35-40 amino acids of SEQ ID NO 9624,

(rr) a sequence of 35-40 amino acids of SEQ ID NO 9626 and
optionally wherein the peptide has a mutation as referenced to SEQ
ID NO 9626 of 77G 79G Q 80A/1, 819V, and/or 82DV;

(ss) a sequence of 35-40 amino acids of SEQ ID NO 9628;

(tt) a sequence of 35-40 amino acids of SEQ ID NO 9630 and
optionally wherein the peptide has a mutation as referenced to SEQ
ID NO 9630 of 440R and/or 449Y;

(uu) a sequence of 35-40 amino acids of SEQ ID NO 9632 and
optionally wherein the peptide has a mutation as referenced to SEQ
ID NO 9632 of 12D, 13D/R, 16N, 61H K/ R, and/or 62K;

(vv) a sequence of 35-40 amino acids of SEQ ID NO 9634,

(ww) a sequence of 35-40 amino acids of SEQ ID NO 9636 and
optionally wherein the peptide has a nutation as referenced to SEQ
ID NO 9636 of 344 M 3451/Y, 365V, 420R, 471L, 539R, 545A/ K, 546R
and/ or 956F;

(xx) a sequence of 35-40 amino acids of SEQ ID NO 9638 and
optionally wherein the peptide has a mutation as referenced to SEQ
ID NO 9638 of 375W 376R, 379E/N, 557P, 560G Y, 565R  567E, and/or
568T;

(yy) a sequence of 35-40 amino acids of SEQ ID NO 9640 and
optionally wherein the peptide has a mutation as referenced to SEQ
ID NO 9640 of 144C, 179R,  182W 183Q W 217K/R 220M 256Y, 257C,
258C/H and/or 260G

(zz) a sequence of 35-40 amino acids of SEQ ID NO 9642 and
optionally wherein the peptide has a mutation as referenced to SEQ
ID NO 9642 of 60V, 71L, 72D, 76A/K, 279C, 282M 461G T, 498W 503V,
5041, 507K, and/or 510H L;
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(aaa) a sequence of 35-40 amino acids of SEQ |ID NO 9644,

(bbb) a sequence of 35-40 amino acids of SEQ |ID NO 9646 and
optionally wherein the peptide has a mutation as referenced to SEQ
ID NO:9646 of 15S, 18Y, 29L/S, 61R, 68H, 135N, 178V,

(ccce) a sequence of 35-40 amino acids of SEQ |ID NO 9648;

(ddd) a sequence of 35-40 amino acids of SEQ |ID NO 9650 and
optionally wherein the peptide has a mutation as referenced to SEQ
ID NO 9650 of 789L;

(eee) a sequence of 35-40 amino acids of SEQ |ID NO 9652 and
optionally wherein the peptide has a mutation as referenced to SEQ
ID NO 9652 of b563S;

(fff) a sequence of 35-40 amino acids of SEQ |ID NO 9654 and
optionally wherein the peptide has a mutation as referenced to SEQ
ID NO 9654 of 60V,

(g999) a sequence of 35-40 amino acids of SEQ |ID NO 9656 and
optionally wherein the peptide has a mutation as referenced to SEQ
ID NO 9656 of 17A, 22R 371, 42C, 47K, 59GY, 60K, 61D, 62E/ R 63K,
70S, 73P, and/or 161T/ V,

(‘hhh) a sequence of 35-40 amino acids of SEQ |ID NO 9658 and
optionally wherein the peptide has a mutation as referenced to SEQ
ID NO 9658 of 72HL;

(iii) a sequence of 35-40 amino acids of SEQ |ID NO 9660 and
optionally wherein the peptide has a mutation as referenced to SEQ
I D NO 9660 of 107L and/or 110N;

(i) a sequence of 35-40 amino acids of SEQ |ID NO 9662 and
optionally wherein the peptide has a mutation as referenced to SEQ
ID NO 9662 of 1543Q 1603R, 1625C/ L, and/ or 1628T;

(kkk) a sequence of 35-40 amino acids of SEQ |ID NO 9664 and
optionally wherein the peptide has a mutation as referenced to SEQ
ID NO 9664 of 622Q 625C/H, 626Y, 662R, 663P, 666E/ NT, 700E, 741E,
746V, 862K, 902d K, and/ or 903P;

(111) a sequence of 35-40 amino acids of SEQ |ID NO 9666;

(rnmm) a sequence of 35-40 amino acids of SEQ |ID NO 9668 and
optionally wherein the peptide has a mutation as referenced to SEQ
ID NO 9668 of 450E/ N,

(nnn) a sequence of 35-40 amino acids of SEQ |ID NO 9670 and
optionally wherein the peptide has a mutation as referenced to SEQ
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ID NO 9670 of 339L, 351G H, 352R/V, 353C/N, 355V/Y, 356L/S, 361C H,
363S, 365DR, 366K, 368C, 382D, 383R, 384D, 386S/V, 406V, 408L,
504R, 507N, 509G 523W and/or 524L/R;

(000) a sequence of 35-40 amino acids of SEQ ID NO 9672 and
optionally wherein the peptide has a nutation as referenced to SEQ
ID NO 9672 of 87N and/or 131G

(ppp) a sequence of 35-40 amno acids of SEQ ID NO 9674;

(qqq) a sequence of 35-40 amino acids of SEQ ID NO 9676 and
optionally wherein the peptide has a nutation as referenced to SEQ
ID NO 9676 of b553H;

(rrr) a sequence of 35-40 amino acids of SEQ ID NO 9678 and
optionally wherein the peptide has a nutation as referenced to SEQ
ID NO 9678 of 105C/V, 109S/V, HOP, 111R, 113V, 120E, 121Y, 125M P,
126D/ S, 127P/Y, 130R/V, 1311, 132E/N, 134L, 135R, 136E/H, 137Q
138T/V, 141R'Y, 143A/M 144H P, 145P, 147G 151S/H, 152L/S, 155P,
156P, 157D, 158S, 159P, 161D/T, 162F/ N, 163CH, 164E, 171K, 172D F,
173@ L, 176F/ R, 177R/'S, 178Q 179D QR 180K, 181C/H, 190L, 192R,
193NR, 194F/H, 195F/ M N, 196P, 197G L, 205N'S, 208G 2111, 213L,
214R, 215G, 216E/L, 218E, 220C/H, 230P, 232S, 234C/H, 236CH,

2371 /K/'V, 238R'WY, 239D, 240R, 241F/ P, 242S/Y, 2431, 244D S,
245D/'S, 246T/V, 2471, 248QW 249G M S, 250R, 251F/N, 253A, 254S,
255T, 2561, 257R, 258D/G K, 259V/Y, 262V, 265P, 266R'V, 267Q W
2708/V, 271K/'V, 272G M 273C/H, 274FL, 275GFY, 276FP, 277QY,
278R/'S, 279E/R, 280K/S, 28l1E/HV, 282QW 283P, 284P, 285KV,
286G Q 332F, 334v/IW 337H'S, and/or 348F/S;

(sss) a sequence of 35-40 amino acids of SEQ ID NO 9680 and
optionally wherein the peptide has a nutation as referenced to SEQ
ID NO:9680 of 79G 80R, 82P, 89H, 115N, 117C, 118P, 120G  128H,
130D/ F, 131y, 136V, 151F/ N, 153P, 158R/V, 161Q 162R, 165D, 178P,
184P, and/or 188P;

(ttt) a sequence of 35-40 amno acids of SEQ ID NO 9682;

(uuu) a sequence of 35-40 amino acids of SEQ ID NO 9684 and
optionally wherein the peptide has a nutation as referenced to SEQ
ID NO 9684 of 159Y;

(vvv) a sequence of 35-40 amno acids of SEQ ID NO 9688;

() a sequence of 35-40 amno acids of SEQ ID NO 9686;

(xxX) a sequence of 35-40 amno acids of SEQ ID NO 9696
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(yyy) a sequence of 35-40 amino acids of SEQ ID NO 9700;

(zzz) a sequence of 35-40 amino acids of SEQ ID NO 9690;

(aaaa) a sequence of 35-40 amino acids of SEQ ID NO 9692;

(bbbb) a sequence of 35-40 amino acids of SEQ ID NO 9694; and
(ccce) a sequence of 35-40 amino acids of SEQ ID NO 9698.

84. The conposition of claim 83, wherein the peptide of (a has
the sequence selected from the group consisting of SEQ ID NO 1-5,
5000- 5009 and 5010.

85. The conposition of claim 83, wherein the peptide of (b has
the sequence selected from the group consisting of SEQ ID NO 3499,
3750- 3759, 5011-5072 and 5073.

86. The conposition of claim 83, wherein the peptide of (c) has
the sequence selected from the group consisting of SEQ ID NO 5074-
5083 and 5084.

87. The conposition of claim 83, wherein the peptide of (d has
the sequence selected from the group consisting of SEQ ID NO 6-15,
350- 489, 2555-2586, 2949-2974, 3500-3509, 3760-3792, 5086-5184 and
5185.

88. The conposition of claim 83, wherein the peptide of (e has
the sequence selected from the group consisting of SEQ ID NO 490-
498, 2587-2588, 2975-2981, 3511, 3793-3804, 5186-5227 and 5228.

89. The conposition of claim 83, wherein the peptide of (f) has
the sequence selected from the group consisting of SEQ ID NO 5229-
5249 and 5250.

90. The conposition of claim 83, wherein the peptide of (g has
the sequence selected from the group consisting of SEQ ID NO 499-
514, 2589-2591, 2982, 3511, 3805-3816, 5251-5309 and 5310.
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91. The conposition of claim 83, wherein the peptide of (n has
the sequence selected from the group consisting of SEQ ID NO 515-
516 and 517.

92. The conposition of claim 83, wherein the peptide of (i) has
the sequence selected from the group consisting of SEQ ID NO 518-
592, 2592-2609, 2983-3009, 3443-3444, 3512-3514, 3817-3859, 5311-
5449 and 5450.

93. The conposition of claim 83, wherein the peptide of (j) has
the sequence selected from the group consisting of SEQ ID NO 16-27,
593- 636, 2610-2629, 3010-3039, 3860-3862, 5451-5501 and 5502.

94. The conposition of claim 83, wherein the peptide of (k) has
the sequence selected from the group consisting of SEQ ID NO 637-
645, 2630-2634, 3040-3042, 3863-3878, 5503-5581 and 5582.

95. The conposition of claim 83, wherein the peptide of (1) has
the sequence selected from the group consisting of SEQ ID NO 28-32,
646- 671, 2635-2639, 3043-3059, 3445-3447, 3515-3532, 3879-3941,
5583-5862 and 5863.

96. The conposition of claim 83, wherein the peptide of (m has
the sequence selected from the group consisting of SEQ ID NO 33-49,
672-725, 2640-2655, 3060-3082, 3448, 3533-3536, 3942-3973, 5864-5933
and 5934.

97. The conposition of claim 83, wherein the peptide of (n) has
the sequence selected from the group consisting of SEQ ID NO 50-59,
726-736, 2656-2660, 3083-3104 and 3105.

98. The conposition of claim 83, wherein the peptide of (o) has
the sequence selected from the group consisting of SEQ ID NO 60,
737-742, 2661-2662, 3106-3107, 3537-3538, 3974-3985, 5935-5979 and
5980.
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99. The conposition of claim 83, wherein the peptide of (p) has
the sequence selected from the group consisting of SEQ ID NO 743-
745, 3539-3544, 3986-3998, 5981-6063 and 6064.

100. The conposition of claim 83, wherein the peptide of (q has
the sequence selected from the group consisting of SEQ ID NO 746-
751, 2663, 3108-3110, 3449-3451, 3545-3548, 3999-4047, 6065-6179 and
6180.

101. The conposition of claim 83, wherein the peptide of (r) has
the sequence selected from the group consisting of SEQ ID NO 752-
812, 2664-2668, 3111-3125, 3549, 4048-4061, 6181-6250 and 6251.

102. The conposition of claim 83, wherein the peptide of (s) has
the sequence selected from the group consisting of SEQ ID NO 813-
819, 2669-2671, 3126-3130, 4062-4075, 6252-6309 and 6310.

103. The conmposition of claim 83, wherein the peptide of (t) has
the sequence selected from the group consisting of SEQ ID NO 820-
824, 6311-6322 and 6323.

104. The conposition of claim 83, wherein the peptide of (u has
the sequence selected from the group consisting of SEQ ID NO 825-
855, 2672-2678, 3131, 3550-3572, 4076-4106, 6324-6470 and 6471.

105. The conmposition of claim 83, wherein the peptide of (v) has
the sequence selected from the group consisting of SEQ ID NO 856-
857 and 858.

106. The conmposition of claim 83, wherein the peptide of (w has
the sequence selected from the group consisting of SEQ ID NO 859-
863, 3132, 4107, 6472-6480 and 6481.

107. The conposition of claim 83, wherein the peptide of (x) has

the sequence selected from the group consisting of SEQ ID NO 61-63,
864-866, 2679-2682, 3133-3136, 6482-6509 and 6510.
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108. The conposition of claim 83, wherein the peptide of (y) has
the sequence selected from the group consisting of SEQ ID NO 64-65,
867-875, 2683, 3137-3146, 4108, 6511-6524 and 6525.

109. The conposition of claim 83, wherein the peptide of (z) has
the sequence selected from the group consisting of SEQ ID NO 876-
894, 2684, 3147-3149, 6526 and 6527.

110. The conposition of claim 83, wherein the peptide of (aa) has
the sequence selected from the group consisting of SEQ ID NO 895-
905, 3150-3152, 4109, 6528-6556 and 6557.

111. The conposition of claim 83, wherein the peptide of (bb) has
the sequence selected from the group consisting of SEQ ID NO 66-69,
899-905, 4110-4111, 6558-6570 and 6571.

112. The conposition of claim 83, wherein the peptide of (cc) has
the sequence selected from the group consisting of SEQ ID NO 906-
921, 2685, 3153-3156, 4112, 6572-6581 and 6582.

113. The conposition of claim 83, wherein the peptide of (dd) has
the sequence selected from the group consisting of SEQ ID NO 70-73,
922-950, 2686-2703, 3157-3184, 3573-3574, 4113-4127, 6583-6706 and
6707.

114. The conposition of claim 83, wherein the peptide of (ee) has
the sequence selected from the group consisting of SEQ ID NO 951-
961, and 3185.

115. The conposition of claim 83, wherein the peptide of (ff) has
the sequence selected from the group consisting of SEQ ID NO 962-
1052, 2704-2721, 3186-3198, 3452, 3575-3579, 4128-4158, 6708-6752
and 6753.

116. The conposition of claim 83, wherein the peptide of (gg) has
the sequence selected from the group consisting of SEQ ID NO 4159-
4167, 6754-6804 and 6805.
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117. The conposition of claim 83, wherein the peptide of (hh) has
the sequence selected from the group consisting of SEQ ID NO 74,

1053-1059, 2722, 3199-3202, 3580, 4168-4180, 6806-6847 and 6848.

118. The conposition of claim 83, wherein the peptide of (ii) has
the sequence selected from the group consisting of SEQ ID NO 6849-
6850 and 6851.

119. The conposition of claim 83, wherein the peptide of (jj) has
the sequence selected from the group consisting of SEQ ID NO 3453-
3455, 3581-3588, 4181-4221, 6852-6938 and 6939.

120. The conposition of claim 83, wherein the peptide of (kk) has
the sequence selected from the group consisting of SEQ ID NO 3589-
3595, 4222-4262, 6940-7051 and 7052.

121. The conposition of claim 83, wherein the peptide of (11) has
the sequence selected from the group consisting of SEQ ID NO 75,

1060- 1071, 2723-2729, 3203-3216, 3456-3457, 3596-3600, 4263-4297,

7053-7272 and 7273.

122. The conposition of claim 83, wherein the peptide of (mm) has
the sequence selected from the group consisting of SEQ ID NO 76-77,
1072-1080, 3458, 3601, 4298-4311, 7274-7378 and 7379.

123. The conposition of claim 83, wherein the peptide of (nn) has
the sequence selected from the group consisting of SEQ ID NO 4312-
4317, 7380-7408 ad 7409.

124. The conposition of claim 83, wherein the peptide of (oo) has
the sequence selected from the group consisting of SEQ ID NO 4318,
7410-7425 and 7426.

125. The conposition of claim 83, wherein the peptide of (pp) has
the sequence selected from the group consisting of SEQ ID NO 3602,
4319- 4327, 7427-7452 and 7453.
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126. The conposition of claim 83, wherein the peptide of (qq) has
the sequence selected from the group consisting of SEQ ID NO 3603,
4328-4378, 7454-7617 and 7618.

127. The conposition of claim 83, wherein the peptide of (rr) has
the sequence selected from the group consisting of SEQ ID NO 1081-
1183, 2730-2740, 3217-3221, 3459-3460, 3604-3634, 4379-4430, 7619-
7693 and 7694.

128. The conposition of claim 83, wherein the peptide of (ss) has
the sequence selected from the group consisting of SEQ ID NO 4431-
4435, 7695-7711 and 7712.

129. The conposition of claim 83, wherein the peptide of (tt) has
the sequence selected from the group consisting of SEQ ID NO 1184-
1187, 4436, 7713-7751 and 7752.

130. The conposition of claim 83, wherein the peptide of (uu) has
the sequence selected from the group consisting of SEQ ID NO 1188-
1197, 2741-2747, 3222-3225, 4437-4444, 7753-7770 and 7771.

131. The conposition of claim 83, wherein the peptide of (vv) has
the sequence selected from the group consisting of SEQ ID NO 4445-
4447, 7772-7781 and 7782.

132. The conposition of claim 83, wherein the peptide of (ww has
the sequence selected from the group consisting of SEQ ID NO 78-
111, 1198-1273, 2748-2788, 3226-3254, 3461-3463, 3635-3650, 4448-
4565, 7783-8034 and 8035.

133. The conposition of claim 83, wherein the peptide of (xx) has
the sequence selected from the group consisting of SEQ ID NO 112-
151, 1274-1308, 2789-2825, 3255-3279, 3651-3655, 4566-4608, 8036-
8179 and 8180.
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134. The conposition of claim 83, wherein the peptide of (yy) has
the sequence selected from the group consisting of SEQ ID NO 152-
153, 1309-1329, 2826, 3280-3287, 3656, 8181-8200 and 8201.

135. The conposition of claim 83, wherein the peptide of (zz) has
the sequence selected from the group consisting of SEQ ID NO 154-
171, 1330-1385, 2827-2840, 3288-3301, 3464, 3657, 4609-4626, 8202-
8309 and 8310.

136. The conposition of claim 83, wherein the peptide of (aaa) has
the sequence selected from the group consisting of SEQ ID NO 4627,
8311-8212 and 8313.

137. The conposition of claim 83, wherein the peptide of (bbb) has
the sequence selected from the group consisting of SEQ ID NO 172,
1386- 1412, 2841-2845, 3302-3313, 3658-3661, 4628-4640, 8314-8338 and
8339.

138. The conposition of claim 83, wherein the peptide of (ccc) has
the sequence selected from the group consisting of SEQ ID NO 3465-
3467, 4641-4654, 8340-83402 and 8403.

139. The conposition of claim 83, wherein the peptide of (ddd) has
the sequence selected from the group consisting of SEQ ID NO 1413-
1417, 3314, 3468-3491, 3662-3674, 4655-4738, 8404-8619 and 8620.

140. The conposition of claim 83, wherein the peptide of (eee) has
the sequence selected from the group consisting of SEQ ID NO 1418-
1424, 2846-2856, 3315-3321, 3492-3494, 3675-3713, 4739-4823, 8621-
8860 and 8861.

141. The conposition of claim 83, wherein the peptide of (fff) has
the sequence selected from the group consisting of SEQ ID NO 1425-
1432, 2857-2858, 3322-3329, 4824-4829, 8862-8900 and 8901.

174



WO 2021/041953

142. The conposition of claim 83, wherein the peptide of
the sequence selected from the group consisting of SEQ ID
175, 1433-1508, 2859- 2872, 3330- 3384, 4830- 4833, 8902- 8923
143. The conposition of claim 83, wherein the peptide of
the sequence selected from the group consisting of SEQ ID
1514, 3495, 3714-3725, 4834- 4845, 8925-8948 and 8949.

144. The conposition of claim 83, wherein the peptide of
the sequence selected from the group consisting of SEQ ID
1518, 2873, 4846-4850, 8950- 8965 and 8966.

145. The conposition of claim 83, wherein the peptide of
the sequence selected from the group consisting of SEQ ID
179, 1519-1532, 2874- 2878, 3385-3392 and 3393.

146. The conposition of claim 83, wherein the peptide of
the sequence selected from the group consisting of SEQ ID
204, 1533-1589, 2879- 2891, 3394- 3410, 3496- 3498, 3726- 3731,
4922, 8967-9147 and 9148.

147. The conposition of claim 83, wherein the peptide of
the sequence selected from the group consisting of SEQ ID
4931, 9149-9181 and 9182.

148. The conposition of claim 83, wherein the peptide of
the sequence selected from the group consisting of SEQ ID
1591, 2892, 3732-3733, 4932- 4937, 9183-9227 and 9228.

149. The conposition of claim 83, wherein the peptide of
the sequence selected from the group consisting of SEQ ID
207, 1592-1795, 2893- 2911, 3411- 3426, 3734- 3745, 4938- 4959
9287 and 9288

150. The conposition of claim 83, wherein the peptide of
the sequence selected from the group consisting of SEQ ID
1796- 1804, 2912- 2913, and 3427
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151. The conposition of claim 83, wherein the peptide of (ppp) has
the sequence selected from the group consisting of SEQ ID NO 4960-
4976, 9289-9389 and 9390.

152. The conposition of claim 83, wherein the peptide of (qqq) has
the sequence selected from the group consisting of SEQ ID NO 1805,
3746- 3749, 4977-4988, 9391-9416 and 9417.

153. The conposition of claim 83, wherein the peptide of (rrr) has
the sequence selected from the group consisting of SEQ ID NO 209-
341, 1806-2482, 2914-2943, 3428-3439, 4989-4990, 9418-9431 and 9432.
154. The conposition of claim 83, wherein the peptide of (sss) has
the sequence selected from the group consisting of SEQ ID NO 342-
349, 2483-2553, 2944-2948, 3440-3442, 4991-4997, 9433-9439 and 9440.
155. The conposition of claim 83, wherein the peptide of (ttt) has
the sequence selected from the group consisting of SEQ ID NO 4998-
4999, 9441-9458 and 9459.

156. The conposition of claim 83, wherein the peptide of (uuu) has
the sequence of SEQ |ID NO 2554.

157. The conposition of claim 83, wherein the peptide of (vvv) has
the sequence selected from the group consisting of SEQ ID NO 9471-
9472, and 9489.

158. The conposition of claim 83, wherein the peptide of (ww) has
the sequence selected from the group consisting of SEQ ID NO 9460-
9469 and 9470.

159. The conposition of claim 83, wherein the peptide of (xxx) has
the sequence selected from the group consisting of SEQ ID NO 9479-
9480, and 9483.
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160. The conposition of claim 83, wherein the peptide of (yyy) has
the sequence of SEQ |ID NO 9487.

161. The conposition of claim 83, wherein the peptide of (zzz) has
the sequence selected from the group consisting of SEQ ID NO 9473-
9474, and 9488.

162. The conposition of claim 83, wherein the peptide of (aaaa) has
the sequence selected from the group consisting of SEQ ID NO 9475-
9476, and 9486.

163. The conposition of claim 83, wherein the peptide of (bbbb) has
the sequence selected from the group consisting of SEQ ID NO 9477-
9478, and 9485.

164. The conposition of claim 83, wherein the peptide of (cccc) has
the sequence selected from the group consisting of SEQ ID NO 9481-

9482, and 9484.

165. The conposition of any one of clains 81-164, wherein the

peptide fragnent is fused to a delivery peptide.

166. The conposition of claim 165, wherein the delivery peptide

conprises a targeting peptide.

167. The conposition of claim 166, wherein the peptide fragnment

further conprises a cell penetrating peptide (CPP)

168. The conposition of claim 165, wherein the delivery peptide

conprises a cell penetrating peptide (CPP)

169. The conposition of claim 167 or 168, wherein the CPP is |inked

to the Nterminus or Cternminus of the peptide fragnent.

170. The conposition of claim 168, further conprising a peptide
linker between the CPP and the peptide fragnent.
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171. A conposition of any one of clains 81-164, wherein the peptide

fragnent is linked to a nanoparticle.

172. An isolated polynucleotide encoding a peptide fragment of the

conposition of any one of claim 81-164.

173. A vector conprising the polynucleotide of claim 172.

174. The vector of claim 173, wherein the vector is a viral vector.

175. The vector of claim 174, wherein the viral vector is

replication conpetent.

176. The vector of claim 174, wherein the viral vector is

replication defective.

177. The vector of claim 174, wherein the vector is engineered from

an adeno-viral vector, a lenti-viral vector or a gamma-viral vector.
178. A reconbinant <cell containing a polynucleotide of claim 172.
179. A reconbinant cell containing a vector of claim 173.

180. A nmethod of treating a cancer in a subject, conprising

adnmi nistering a conposition of claim 83 and any one or nore of (a -
(uuu) , wherein a peptide (a) - (uuu) has a dom nant-negative ef fect

and inhibits cancer growh, invasiveness or mgration.

181. The nethod of claim 180, wherein the cancer is selected from

the group consisting of: adrenocortical carcinoma, AlDS-rel ated
cancers, AlIDS-rel ated | ynphoma, anal cancer, anorectal cancer,
cancer of the anal canal, appendix cancer, childhood cerebellar

ast rocyt onm, chil dhood cerebral astrocytons, basal cell carcinom,
skin cancer (non-nelanoma) , biliary cancer, extrahepatic bile duct
cancer, intrahepatic bile duct cancer, bladder cancer, urinary

bl adder cancer, bone and joint cancer, osteosarcoma and malignant

fibrous histiocytons, brain cancer, brain tunor, brain stem gliong,
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cerebel lar astrocytons, cerebral astrocytoma/ nmalignant gl i oma,
ependynoma, nedul | obl ast ona, supratentori al primtive

neur oect oder mal tunmors, visual pathway and hypothalanic gliong,
breast cancer, including triple negative breast cancer, bronchial
adenomas /carcinoids , carcinoid tunor, gastrointestinal, ner vous

system cancer, nervous system |ynphoma, central nervous system
cancer, central nervous system |ynphoma, cervical cancer, childhood
cancers, chronic |ynmphocytic |eukenmia, chronic nmnyel ogenous | eukem a,
chronic nyeloproliferative di sorders, colon cancer, colorectal
cancer, cutaneous T-cell [|ynphoma, |ynmphoid neoplasm nycosis

fungoi des, Seziary Syndrone, endonetrial cancer, esophageal cancer,

extracrani al germ cell tunor, extragonadal germ cell tunor,

extrahepatic bile duct cancer, eye cancer, intraocular nelanonms,
retinobl ast ong, gal | bl adder cancer, gastric (stomach) cancer,
gastrointestinal carcinoid tunor, gastrointestinal stromal tunor

(@sT), germ cell tunor, ovarian germ cell tunor, gestational

trophobl astic tunor glioma, head and neck cancer, hepatocellul ar

(liver) cancer, Hodgkin |ynphoma, hypopharyngeal cancer, intraocul ar
mel anoma, ocular cancer, islet cell tunors (endocrine pancreas),
Kaposi Sarcoma, kidney cancer, renal cancer, |aryngeal cancer, acute

| ynphobl astic | eukemia, acute nyeloid |eukenmia, chronic |ynphocytic

| eukemi a, chronic nyel ogenous |eukemia, hairy cell l|eukema, lip and
oral cavity cancer, liver cancer, |lung cancer, non-small cell lung
cancer, small cell lung cancer, AIDS-related |ynphoma, non-Hodgkin

| ynphoma, prinmary central nervous system |ynphoma, Wl denstram

macr ogl obul i nem a, medul | obl ast omm, mel anoma, i nt raocul ar (eye)

mel anoma, mer kel cell carcinonm, nmesot hel i oma  mal i gnant,

nmesot hel i oma, netastatic squanous neck cancer, nouth cancer, cancer
of the tongue, multiple endocrine neoplasia syndrome, nmycosis

fungoi des, nyel odyspl astic syndrones, myel odyspl astic/

nyel oproliferative di seases, chronic nyelogenous |eukenia, acute
nyeloid |leukemia, multiple nmnyeloma, chronic nyeloproliferative

di sorders, nasophar yngeal cancer, neurobl astonmn, oral cancer, oral
cavity cancer, oropharyngeal cancer, ovarian cancer, ovarian
epithelial cancer, ovarian |ow malignant potential tunor, pancreatic
cancer, islet cell pancreatic cancer, paranasal sinus and nasal

cavity cancer, parathyroid cancer, penile cancer, pharyngeal cancer,
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pheochr onocyt omma, pi neobl astoma and supratentori al primtive

neur oect oder nal tunors, pituitary tunor, plasma cell

neoplasnm nultiple nyelom, pleuropul nobnary blastoma, prostate
cancer, rectal cancer, renal pelvis and ureter, transitional cell
cancer, retinoblastonn, r habdomyosar comma, salivary gland cancer,

ewing fanmly of sarcoma tunors, soft tissue sarcomm, uterine cancer,

uterine sarcoma, skin cancer (non-nelanoma) , skin cancer (nelanom) ,
papi | | onas, actinic keratosis and keratoacanthomas , nerkel cell skin
car ci nonm, small intestine cancer, soft tissue sarconm, squanopus

cell carcinoma, stomach (gastric) cancer, supratentorial primtive
neur oect oder nal tunmors, testicular cancer, throat cancer, thynong,
thynoma and thymic carcinoma, thyroid cancer, transitional cell
cancer of the renal pelvis and ureter and other wurinary organs,
gest ati onal trophoblastic tunor, wurethral cancer, endonetrial
uterine cancer, uterine sarcomm, uterine corpus cancer, vaginal

cancer, vulvar cancer, and WIns Tunor.

182. The nethod of claim 180, wherein the cancer is selected from
the group consisting of nelanoma, colorectal cancer, pancreatic
cancer, bladder cancer, breast cancer, triple negative breast

cancer, ovarian cancer and |ung cancer.

183. A nmethod of treating an infection by a betacoronavirus , the
met hod conprising admnistering a conposition of claim 83 conprising
any one or nore of (vvv) - (cccc) , wherein the conposition inhibits
the binding of a betacoronavirus to a receptor-ligand on a human

cel |

184. A screening nethod to identify one or nore peptide sequences
that nodulate functional regions of target protein (s), conprising:
synthesizing a library of overlapping gene fragnents from one
or nore genes that express the target protein (s), wherein each gene
fragment has a unique nucleotide sequence, wherein each gene
fragment from the same gene that express a target protein has a
sequence which partial overlaps with the sequences of least two or

nore gene fragnents having nucleotide sequences from the sanme gene;
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pooling and cloning the gene fragnents into vectors, wherein
each vector overexpresses one gene fragnent when transduced or
transfected into a cell;

transfecting or transducing cells with the vectors conprising
gene fragnents, wherein each transduced or transfected cell has only
one vector that conprises a gene fragment;

screening the transfected or transduced cells for a phenotypic
characteristic associated with target protein activity;

sequencing and quantifying gene fragment abundance from cells
exhibiting the phenotypic characteristic; and

mappi ng the sequenced gene fragments back to the gene that
express the target protein and providing a nodulation score for each
codon, wherein the nodulation score is defined as the nean
depl eti on/ enri chnent of all overlapping sequenced gene fragments,
and wherein codons of the gene fragments which have a nodul ation
score above or below a p =05 significance threshold, indicates
pepti de sequences which nodulate functional regions of the target

proteins .

185. The screening nethod of claim 184, wherein the library of
overl apping gene fragnents is synthesized using pooled DNA

ol i gonucl eotide synthesis on a solid substrate.

186. The screening nethod of claim 184 or claim 185 wherein the

gene fragnents are 60 nucleotides to 300 nucleotides in |ength.

187. The screening nethod of claim 184, wherein the gene fragnments

are 120 nucleotides in |ength.

188. The screening nethod of claim 184, wherein the target

protein (s) are associated with a disease of disorder.
189. The screening nethod of claim 188, wherein the disease or

di sorder is cancer, Al zheimer's disease or a neurodegenerative

t auopat hy di sorder.
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190. The screening nethod of claim 184, wherein the genes
expressing target proteins are tunbr suppressor genes, pro-apoptotic

genes or oncogenes.

191. The screening nethod of claim 184, wherein the vectors are

viral vectors.

192. The screening nethod of claim 191, wherein the viral vectors
are reconbinant retroviral vectors, adenoviral vectors, adeno-

associated viral vectors, alphaviral vectors, or lentiviral vectors.

193. The screening nethod of claim 192, wherein the viral vectors

are lentiviral vectors .

194. The screening nethod of claim 184, wherein the phenotypic

characteristic is cell growh.

195. The screening nethod of claim 184, wherein the phenotypic

characteristic is inmmunostimulatory/imunosuppressive activity.

196. The screening nethod claim 184, wherein the phenotypic

characteristic is neurodegenerative tauopathy.

197. The screening nethod of claim 184, where the nodulation score
is a depletion score indicating that the identified peptides inhibit

or suppress the functional activity of target proteins.

198. The screening nethod of claim 184, where the nodulation score
is an enrichnent score indicating that the identified peptides

enhance the functional activity of target proteins.

199. A screening nethod to identify one or nore peptide sequences
that inhibit functional regions of target protein (s) expressed by
oncogenes, conpri sing:

synthesizing a library of overlapping gene fragnments from one
or nore oncogenes that express the target protein (s), wherein each

gene fragnent has a unique nucleotide sequence, wherein each gene
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fragment from the sanme gene that express a target protein has a
sequence which partial overlaps with the sequences of |east two or
nore gene fragments having nucleotide sequences from the sanme gene;

pooling and cloning the gene fragnents into vectors, wherein
each vector overexpresses one gene fragnent when transduced or
transfected into a cell;

transfecting or transducing cells with the vectors conprising
gene fragnents, wherein each transduced or transfected cell has only
one vector that conprises a gene fragment;

screening the transfected or transduced cells for cell growth
over various tine points;

sequencing and quantifying gene fragnment abundance from each
of the time points; and

mappi ng the sequenced gene fragments back to the oncogene that
express the target protein and providing a depletion score for each
codon, wherein the depletion score is defined as the nean
depl eti on/ enri chnent of all overlapping sequenced gene fragments,
and wherein codons of the gene fragments which have a depletion
score below a p =.05 significance threshold, indicates peptide
sequences which inhibit functional regions of the target proteins

expressed by the oncogenes.
200. The screening nethod of claim 199, wherein the library of
overl apping gene fragnents is synthesized using pooled DNA

ol i gonucl eotide synthesis on a solid substrate.

201. The screening nethod of claim 199 or claim 200, wherein the

gene fragnents are 60 nucleotides to 300 nucleotides in |ength.

202. The screening nethod of claim 199, wherein the gene fragnents

are 120 nucleotides in |ength.

203. The screening nethod of claim 199, wherein the vectors are

viral vectors.
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204. The screening nmethod of claim 203, wherein the viral vectors
are reconbi nant retroviral vectors, adenoviral vectors, adeno-

associated viral vectors, alphaviral vectors, or lentiviral vectors.

205. The screening nmethod of claim 204, wherein the viral vectors

are lentiviral vectors .

206. The screening nethod of 199, where the oncogenes includes one
or nore oncogenes selected from MCL-1, BCR BRAF, JAK1l, JAK2, VEGF,
EGFR, ALK, CDK1, CDK2, CDK3, CDK3, CDK4, BRCA, PIK3CA, MK, GCKIT,
NRAS, ABCB11, ANTXR2 , BCOR, CDKN1B, CYP27Al, EMD, FANCF, ABCC8,6 APC,
BCORL1 , CDKN2A, CYP27Bl1 , EP300, FANCG ABCC9, AR, BLM CEP290, DAXX,
EPCAM FANCI, ABCDl1, ARIDlA, BWMPR1IA, CFTR DBT, EPHA5, FANCL, ABL1,
ARID2 , RAF1, CHEKl1, DCC, EPHB2, FANCM ACADM, ARSA, BRCAl, CHEK2,
DCX, ERBB2, FAS, CADS, ASAHl , BRCA2, CHM DDB2, ERBB3, FAT3, ACADVL ,
ASCCl1, BRIP1, CIC, DDR2, ERBB4, FBXAI|, ACTCl, ASL, BTD, CLN3, DES,
ERCC2 , FBX032, ACTN2 , ASPA, BTK, CLN5, DHCR7, ERCC3, FBXW , ACVRIB,
ASS1, BUB1B, CLN6, DICERI, ERCC4, FGD4, ADA, ASXL1l, CALR3, CLN8,

DI S3L2 , ERCC5, FGFR1, ADAMIS13, ATM CARD11, COL1A2, DKCl, ERCCs,
FGFR2 , ADAMTIS2 , ATP4A, CASP8, COL4A3, DLD, ERRFlI1, FGFR3, AGA
ATP6VOD2 , CAV3, COL4A4, DMD, ESCO02, FH, AGL, ATP7A, CBFB, COL7A1,
DNAJB2 , ESR1, FKTN, AGPS, ATP7B, CBL, COX15, DNMI3A, ETV6, FLCN,
AHI 1, ATP8B1 , CBLB, CREBBP, DSC2, EXOC2, FLT3, AP, ATR CBLC,
CRLF2 , DSE, EXT1, FMR1, AKAP9, ATRX, CBS, CRTAP, DS&, EXT2, FUBP1,
AKT1, AXIN1, CCDCl178, CRYAB, DSP, EYA4, FzZD3, AKT2, AXIN2 , CCNE1L,
CSF1R, DITNA, EZH2, GBPC, ALB, BAG3, CD79A, CSMD3, ECT2L, FlI, GAA
ALDH3A2 , BAI3, CD79B, CSRP3, EDA, F5 GABRA6, ALDOB, BAP1, CD96,
CTNNB1 , EDN3, FAH, GALNT12 , ALK, BARDl, CDC27, CINS, EDNRB, FAMA6C,
GALT, ALS2, BAX, CDC73, CTSK, EED, FANCA, GATAl, AMERL , BAZ2B, CDHI,
CUBN, EGFR, FANCB, GATA2, AWPDl , BCKDHA, CDH23, CYLD, EGR2, FANCC,
GATA3, AMWPH, BCKDHB, CDK12, CYP11Al, EHBP1, FANCD2 , GATADI , ANTXRL ,
BCL6, CDK4, CYP21A2, ELMJ , FANCE, GBA, GCDH, JAK1, MDM2 , NEK2,
PLOD1, ROS1, SWPD1, GIB2, JAK2, MECP2 , NEXN, PLPl1, RPGRIP1L, SOXIQ
GLA, JAK3, MED12 , NF1, PMP22, RSI, SOX2, GBl, JuP, MEFV, NF2, PM32,
RSPA , SPEG GLI 1, KAT6A, MENl, NFE2L2 , PO.D1, RTEL1, SPCP, @Gl 3,
KCNQL , MET, NFKBIA, POLE, RUNX1, SRC, GLM\, KDW4B, MFSD8 , NI PA2 ,
POLH, RUNX1T1 , SSTR1, GNA1l, KDMBA, MER3 , NKX3-1, POVGNT1 , RYR2,
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STAG2 , GNAQ KDR, MTF, NOICHL, POMI1, S1PR2, STAR, GNAS, KEAPL,
MKS 1, NOTCH2 , PQULF1, SAMDOL, STK11l, GN\PTAB, KIF1B, MHL, NPCIL,
POU6F2, SBDS, SUFU, GPC3, KIT, MH3, NPC2, PPMLL, SCNL1A, SUZ12,
GPC6, KLF6, MVAB, NPHP1l, PPP2R1A, SCN5A, SYNE3, GPR78, KLHDC8B, MPL,
NPHP4 , PPT1, SCNN1A, TAZ, GRIN2A, KMI2A, ©MPZ, NPML, PRDML, SCNN1B,
TBX20 , GRMB, KMI2C, MRE11A, PRKAG , SCNN1G TCAP, GXYLT1, KMI2D,
MBH2 , NRCAM PRKARIA, SC02, TCERGL, H3F3A, KRAS, MSH3, NIRK1, PRKDC,
SDHA, TCF7L2 , HADHA, KREMENL , MSH6, NUP62 , PROC, SDHAF2 , TERT,

HADHB, LICAM MSMB, OR5L1, PROP1, SDHB, TET2, HBB, LAMA2, MSR1, OIC,
PRPF40B, SDHC, TFG HESX1, LAMA4, MIAP, OICPl, PRX, SDHD, TGFB3,
HEXA, LAWP2 , MIHFR, PAH, PSAP, SEPT9, TGFBR1 , HEXB, LDB3, MIM ,
PALB2 , PSEN1, SETBP1, TGFBR2, HFE, LEPRE1, MIOR, PALLD, PSENZ,

SETD2 , THSD7B, HGSNAT, LIG4, MJCL6, PAX5, PTCHL, SF1, TINF2,

H ST1H3B, LMNA, MJT, PAXe, PTCH2, SF3A1, TM36, HNF1A, LPAR2, MJTYH,
PBRML , PTEN, SF3B1, TMC8, HRAS, LRP1B, MYBPC3 , PCDH15, PTGFR, SGCD,
TMEML27 , HSPH1 , LRPPRC, MYC, PCGF2, PTPN11, SGSH, TMEMA3, |DHIL,
LRRK2 , MYD88 , PDE11A, PTPN12, SH2B3, TMEM67 , |DH2, LYST, MYH6,
PDGFRA, RACl, SLC25A4 , TWMPO, |GF2R, NMNAP2K1 , MyH7 , PDHAl , RAD21,
SLC26A2, TNFAIP3, |1GAVBP2 , MAP2K2 , MYL2 , PDZRN3 , RAD50, SLC37A4 ,
TNFRSF1 4, [ GSF10, MAP2K4 , MYL3, PEX1, RAD51B, SLC7A8, TNNCl1, |KBKAP,
MAP3K1 , MYLK2 , PEX7, RAD51C, SLCO9A9, TNNI 3, |KZF1, MAP4K3, MYQ B,
PHF6, RAD51D, SLX4, TNNT1, |KZF4, NAP7, MYO7A, PIK3CA, RARB, SNAD2,
TNNT2 , |L2RG MAPK10, MYQZ2 , PIK3CG RBI, SMAD4, TP53, |1L6ST, MASIL,
MYPN, PIK3R1, RBM20, SMARCA4 , TPML, |IL7R MAX, NBN, PKHD1, RECQL4 ,
SMARCB1 , TPP1, INvVS, MR, NCOA2 , PKP2, RET, SMC1A, TRAF5, |RAK4,
MCCC2 , NCOR1, PLEKHGS , RHBDF2 , SMC3, TRIO, |TCH MCOLN1, NDUFA13,
PLN, RNASEL, SMO, TRPV4, TRRAP, U2AF1, USHIC, WAS, WAW1, ZIC3, TSCI,
U2AF2 , USH1G WBSCR17 , XPA, ZNF2, TSC2, UBA1l, USP16, WEEl, XPC,
ZNF226, TSHB, UBR3, USP25, WNK2 , XRCC3, ZNF473, TSHR, URCD, VCL,
WRN, ZBED4, ZNF595, TTN, URCS, VHL, W1, ZFHX3, HER2, and ZRSR2 .

207. The method of claim 206, wherein the one or nore oncogenes are

selected from KRAS, HRAS, NRAS, RAFl, BRAF, ARAF, Mc, Max, FBXW,
and EGFR.
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208. A peptide conmprising a sequence that inhibits functional
regions of target protein (s) expressed by oncogenes identified by

the nmethod of claim 199.

209. The peptide of claim 208, wherein the peptide inhibits the
functional regions of EGFR and has the sequence of EGFR- 697 or
inhibits the function regions of RAF1 and has the sequence of RAF1-

73.

210. An isolated polypeptide or peptide conprising, consisting
essentially of or consisting of a sequence that is 85% 87% 90%
92% 94% 95% 98% 99% or 100% identical to any one sequence as set
forth SEQ ID NGOs : 1-9489.

211. The isolated polypeptide or peptide of claim 210, wherein the
peptide inhibits cancer cell growh, invasion, netastasis, and/ or
mgration or inhibits the ability of a betacoronavirus to infect a

cel |

212. The isolated polypeptide or peptide of claim 210 or 211,
further conprising a cell penetrating peptide (CPP) linked to the N-

termnus or Ctermnus of the isolated polypeptide or peptide.

213. The isolated polypeptide or peptide of claim 212, further
conprising a peptide Ilinker between the CPP and the polypeptide or

pepti de .
214. A nanoparticle linked to a polypeptide or peptide of claim 210
or 213.
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Box No. II  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
----continued on Extra Sheet-----

L _E] As all required additional search fees were timely paid by the applicant, this intemational search report covers all searchable
claims.

2. __I! As all searchable claims could be searched without effort justifying additiona) fees, this Authority did not invite payment of
additional fees.

3. ___ll As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. ﬁ No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:
Claims 1, 6, 7, 14, 20-49, 81, 83(a), 84, (165-168, 170-179) (in part), 210-213, limited to at least 80% identity to SEQ ID NO: 1,
modulates the expression level of a target protein implicated in a disease or condition, target protein is MCLA1.

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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Continuation of Box IIl: Observations where Unity of invention is lacking

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be searched, the appropriate additional search fees must be paid.

Group 1+: Claims 1-49, 81-168, 170-179, 210-213 drawn to a peptide of specific sequence, or a nucleic acid encoding said peptide that
modulates the expression or activity of a target protein, or a protein downstream of a target protein in a cellular pathway.

The peptide will be searched to the extent that it is the first named, a peptide having at least 80% sequence identity to SEQ ID NO: 1
(i.e., a fragment of AKT 1), the peptide has the first mentioned activity, modulates the expression level of a target protein implicated in a
disease or condition (claim 1 (i}), and the target protein is the first named MCL1 (claim 7; see instant application para [00174], Table 7).
It is believed that claims 1, 6, 7, 14, 20-49, 81, 83(a), 84, (165-168, 170-179) (in part), 210-213 read on this first named invention and
thus these claims will be searched without fee to the extent that they encompass at least 80% identity to SEQ ID NO: 1, modulates the
expression level of a target protein implicated in a disease or condition, target protein is MCL1. [note: claims 2-5 are excluded from the
first invention because the parental SEQ ID NO: for SEQ ID NO: 1 is SEQ ID NO: 9540; see para [00101), Table 1). Additional peptide
SEQ ID NOs, peptide activities, and target proteins will be searched upon payment of additional fees. Applicant must specify the claims
that encompass any additional elected peptide SEQ ID NOs, peptide activities, and target proteins. Applicants must further indicate, if
applicable, the claims which read on the first named invention if different than what was indicated above for this group. Failure to clearly
identify how any paid additional invention fees are to be applied to the "+" group(s) will result in only the first claimed invention to be
searched/examined. An exemplary election would be: at least 80% identity to SEQ ID NO: 4445 (i.e., a fragment of OMOMYC,; see para
[00101}, instant application pg 73, Table 1], modulates the expression level of a target protein implicated in a disease or condition (claim
1 (i), target protein is CDK1 (para [00174])-Table 7 (Claims 1, 6, 7, 14, 20-49, 81, 83(vv), 131, (165-168, 170-179) (in part), 210-213 ).

Group II: Claim 68, drawn to a method of making a pharmaceutical composition.

Group {il+: Claims 69-72, 75-78 drawn to a method of expressing a peptide in a target cell, where the peptide comprises at least a
portion of the target protein, and at least partially reducing or at least partially increasing the activity of a target protein, or a protein
downstream of a target protein in a cellular pathway.

Group I+ will be searched upon payment of additional fee(s). The method may be searched, for example, to the extent that it
encompasses gene encoding SEQ |D NO: 3747 (peptide fragment of HRAS; see para [00101]-instant application pg 74, Table 1), partial
reduction in activity of target protein (claim 69), target protein is HRAS (claim 69; instant application para {00174]-Table 7) for an
additional fee and election as such. It is believed that claims 69, (71,72,75)(in part), 76-78 read on this exemplary invention. Additional
genes encoding peptide fragments, activity determinations, and target proteins will be searched upon the payment of additional fees.
Applicants must indicate, if applicable, which claims read on this named invention if different than what was indicated above for this
group. Failure to clearly identify how any paid additional invention fees are to be applied to the '+' group(s) will result in only the first
named invention to be searched/examined. An exemplary election would be gene encoding SEQ ID NO: 4445 (i.e., a fragment of
OMOMYC; see para {00101], instant application pg 73, Table 1], partial reduction in activity of target protein (claim 69), target protein is
MYC (claim 69; instant application para [00174]-Table 7) (claims 69,(71,72,75)(in part), 76-78).

Group IV: Claims 180-182, drawn to a method of treating a cancer, comprising administrating a peptide fragment composition.

Group V: Claims 183, drawn to a method of treating an infection by a beta coronavirus, comprising administrating a peptide fragment
composition.

Group VI: Claims 184-209, drawn to a screening method using a library of overlapping fragments of a target protein to identify one or
more peptide fragments that modulate the functional regions of the target protein.

The inventions listed as Groups I+, I, I+, IV, V, VI do not relate to a single general inventive concept under PCT Rule 13.1 because,
under PCT Rule 13.2, they lack the same or corresponding special technical features for the following reasons:

Special Technical Features

Group I+ has the special technical feature of a composition comprising a peptide or a nucleic acid encoding said peptide that modulates
the expression or activity of a target protein, or a protein downstream of a target protein in a cellular pathway, not required by Groups I,

i+, IV, V, VL.

Group |l has the special technical feature of specific methods steps for making a pharmaceutical composition, not required by Groups I+,
I+, IV, V, VL.

Group lli+ has the special technical feature of a method of expressing a peptide in a target cell, where the peptide comprises at least a
portion of the target protein, not required by Groups I+, II, IV, V, VI.

Group IV has the special technical feature of a method of treating a cancer, comprising administrating a peptide fragment composition,
not required by Groups |+, I, lll+, V, VI.

Group V has the special technical feature of method of treating an infectious disease comprising administrating a peptide fragment
composition, not required by Groups I+, II, [+, IV, VI.

---continued on next sheet----—--
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----continued from previous sheet----

Group VI has the special technical feature of method steps of screening a library of overlapping fragments of a target protein, not
required by Groups I+, II, lll+, IV, V.

Common Technical Features

Among the inventions listed as Groups |+ are the specific peptide fragments recited therein. Each invention requires a specific peptide
fragment not required by any other inventions.

Among the inventions listed as Groups I+, |li+ are the target proteins recited therein. Each invention requires a specific target protein not
required by any other inventions.

No technical features are shared between the peptide sequences of Groups I+ and Ili+, accordingly, this group lacks unity a priori.
Additionally, even if Groups |+, I+ inventions and Group I, IV-VI were considered to share the technical features of:

1. Groups I+ and lll+ share the technical feature of a peptide having at least 80% sequence identity to any of SEQ ID NOs: 1-9489.
2. Groups 1+ and IlI+ share the technical feature of a target gene (essentially as listed in instant application para [00174), Table 7).
3. Group [+ inventions are shared by claim 1 (also comprises independent claims 33, 49, 81).

4. Group |l claim 68 depends from Group I+ claim 1.

5. Group IllI+ share the technical feature of claim 69 (also essentially comprises independent claims 70 and 76.

However, said shared technical features do not represent a contribution over the prior art, and are disclosed by US 5,736,337-A to
Avruch et al. (hereinafter "Avruch") US 2012/0237593 A1 to Comiskey et al. (hereinafter "Comiskey"), in view of the publication titled
"Omomyc, a Potential Myc Dominant Negative, Enhances Myc-induced Apoptosis" by Soucek et al. (hereinafter "Soucek")[published in
Cancer Research 15 June 2002 Vol 62 Pages 3507-3510).

As to shared technical feature #1, discloses a peptide having at least 80% sequence identity to any of SEQ ID NOs: 1-9489 [for instant
application SEQ ID NO: 8345] (SEQ ID NO: 6; AA 23- RNGMSLHDCLMKALKVRGLQPECCAVFRLLHEHKGKKARL-62 100% sequence
identity).

As to shared technical feature #2, Avruch discloses a target gene (essentially as listed in instant application para [00174], Table 7, e.g.,
HRAS or KRAS) (Claims 1, 3 "1. A method of evaluating an anti-proliferative compound comprising contacting said compound with an
amino-terminal, non-catalytic Ras-binding fragment of Raf and determining the ability of said compound to bind to said fragment,
wherein said binding ability of said compound is an indication that said compound inhibits cell proliferation" 3. "3. The method of claim 2,
wherein said fragment is a peptide comprising the amino acid sequence of SEQ ID NO: 6; col 1 In 15-16; “The ras gene was discovered
as an oncogene of the Harvey (rash) [i.e. HRAS] and Kirsten (rask)[i.e. KRAS]).

As to technical features #3 and #4, (claim 1), Comiskey discloses a pharmaceutical composition in unit dose form comprising:

(a) a peptide or salt thereof; and

(b} at least one of a pharmaceutically acceptable: excipient, diluent, or carrier (claim 1; "1. An oral dosage formulation comprising at
least one GCC agonist peptide and one or more pharmaceutically acceptable excipients, wherein the amount of GCC agonist peptide
per unit dose is from 0.01 mg to 10 mg, and the GCC agonist peptide is selected from the group consisting of SEQ |D NOs: 9 and 8").

Furthermore, Avruch discloses wherein the peptide or salt thereof has at least about 80% sequence identity to a polypeptide of any one
of SEQ ID NO: 8345 (SEQ ID NO: 6; AA 23- RNGMSLHDCLMKALKVRGLQPECCAVFRLLHEHKGKKARL-62 100% sequence identity).

(i) produces an at ieast partial decrease of an activity of the target protein, as measured by a level of the activity of the target protein in a
cell treated with the peptide or salt thereof relative to a level of activity of the target protein in an otherwise comparable cell not treated
with the peptide or salt thereof as determined by an in vitro assay (claim 1; "1. A method of evaluating an anti-proliferative compound
comprising contacting said compound with an amino-terminal, non-catalytic Ras-binding fragment of Raf and determining the ability of
said compound to bind to said fragment, wherein said binding ability of said compound is an indication that said compound inhibits cell
proliferation”).

As to common technical feature #5 (claim 69), Soucek discloses a method of at least partially reducing the activity of a target protein
comprising:

(a) expressing a fragment of a gene in a target cell, wherein the gene fragment is expressed from a polynucleotide, wherein the gene
fragment comprises at least a portion of the target protein and wherein the gene fragment is from about 60 nucleotides to about 150
nucleotides in length (pg 3507 col 1 para 2; Omomyc is a Myc-derived bHLHZip domain obtained by substituting four amino acids in the
Myc zipper that were identified as obstacles to Myc homodimerization. The amino acid substitutionsES7T, E64l, R70Q, and R71N are
responsible for the altered dimerization specificity of Omomyc, which homodimerizes efficiently (8). Furthermore, Omomyc forms
heterodimers with wild-type c-Myc, interfering with the formation of Myc/Max dimers and suppressing binding to E-box elements. As a
consequence, Omomyc suppresses activation of artificial E-box promoter elements by Myc/Max and inhibits colony formation in NIH3T3
cells, acting as a de facto dominant negative of Myc"; pg 3507 col 2 para 1; "The Omomyc DNA sequence was PCR ampiified from
pCSOmomyc (8) and inserted, in frame, into pPBSER");

(b) measuring the at least partial reduction of activity by determining a change of a level of activity of the target protein in a cell treated
with the vpolynucleotide relative to a level of activity of the target protein (pg 3507 col 1 para 2; pg 3507 col 2 para 1).

---continued on next sheet------
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As the shared technical features were known in the art at the time of the invention, they cannot be considered shared special technical
features that would otherwise unify the groups. The inventions lack unity with one another.

Therefore, Groups I+, I, lll+, IV, V, VI lack unity of invention under PCT Rule 13 because they do not share a same or corresponding
special technical feature.

ltem 1 (jii) continued: Claims 1, 6, 7, 14, 20-49, 80, 81, 83(a), 84, (165-168, 170-179) (in part), 210-213, limited to at least 80% identity to
SEQ ID NO: 1, modulates the expression level of a target protein implicated in a disease or condition, target protein is MCL1.

Item 4 (cont.): Claims 50-67, 73-74, 79, 80, 169, 214 are multiple dependent claims are not drafted according to the second and third
contences of PCT Rule f 4(a)
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