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(e.g., Gram-negative, Gram-positive), and methods for using such peptides for experimental investigation, livestock management,
management of crops/trees/plants, and/or therapeutic benefit. Also featured are methods for reducing renal toxicity of a StAMP.
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STABILIZED ANTI-MICROBIAL PEPTIDES FOR THE TREATMENT OF
ANTIBIOTIC-RESISTANT BACTERIAL INFECTIONS

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of priority of U.S. Provisional Application
Nos. 62/644,114 and 62/534,464 filed on March 16, 2018, and July 19, 2017,
respectively. The contents of each of these applications are incorporated by reference

herein in their entireties.

TECHNICAL FIELD
This disclosure relates to methods of treating antibiotic-resistant bacterial
infections (e.g., Gram-negative or Gram-positive) in a human, animal, or plant in need
thereof using stabilized (e.g., stapled and/or stitched) antimicrobial peptides (StAMP)
(e.g., hydrocarbon-stapled and/or stitched antimicrobial peptides), methods for
generating such peptides, and solutions, products, reagents, devices, and materials

coated or comprising such peptides.

BACKGROUND

Anti-microbial peptides (AMPs) are an evolutionarily conserved class of
proteins that form an essential line of defense against microbial invasion. These
peptides are produced by many disparate organisms and have been found to exhibit a
wide spectrum of activity against bacteria, fungi (including yeasts), protozoa
(including parasites), and viruses. The rise in antibiotic-resistance across the globe has
become a major threat to modern healthcare. As the number of newly approved
antibiotics has dwindled over the past decade, the need for novel agents to combat
drug-resistant microbes has greatly increased. Never has the need for new treatment
options been more evident that at the present time, when the evolution of resistance in
bacteria has outpaced modern drug development efforts. In light of these dangerous
developments, there is a great need for new agents that overcome antibiotic-resistance

in Gram-negative or Gram-positive bacteria.
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SUMMARY

The present disclosure provides structurally stabilized peptides related to (e.g.,
sharing sequence homology with) anti-microbial peptides (AMPs), and methods for
using such stabilized peptides as therapeutic and/or prophylactic agents. Methods are
also provided for designing stabilized (e.g., stapled and/or stitched) anti-microbial
peptides (StAMPs) (e.g., hydrocarbon-stapled and/or stitched anti-microbial peptides)
that are selectively lytic/cytotoxic to gram-negative or gram-positive bacteria,
allowing for prophylactic or therapeutic use of StAMPs (e.g., hydrocarbon-stapled
and/or stitched anti-microbial peptides) without mammalian membrane disruption
and/or cytotoxicity. Also featured are methods of using the StAMPS disclosed herein
treatment of bacterial infections (e.g., colistin-resistant) in plants (e.g., crops, trees,
flowering plants) as well as livestock (e.g., pigs, chickens, cows). Further, methods of
reducing renal toxicity of a StAMP are disclosed.

In one aspect, this disclosure features a method of treating an antibiotic-
resistant bacterial infection in a human subject, an animal (e.g., livestock), or a plant
(e.g., acrop, atree) in need thereof. The methods involve administering an effective
amount of a stabilized (e.g., stapled and/or stitched) antimicrobial peptide (StAMP)
(e.g., hydrocarbon-stapled and/or stitched anti-microbial peptide) described herein to
the human, animal, or plant that has, or is at risk of developing, the antibiotic-resistant
bacterial infection. In some embodiments, the antibiotic-resistant bacterial infection
is an antibiotic-resistant Gram-negative bacterial infection. In some embodiments, the
antibiotic that the bacteria is resistant to is an antibiotic selected from the group
consisting of: colistin, carbapenem, an aminoglycoside, vancomycin, methicillin,
clarithromycin, cephalosporin, penicillin, ampicillin, fluoroquinolone, tetracycline,
ceftazidime, ceftriaxone, ciprofloxacin, gentamicin, meropenem, tobramycin, and a 3-
lactam. In other embodiments, the antibiotic-resistant bacterial infection is an
antibiotic-resistant Gram-positive bacterial infection. In some embodiments, the
antibiotic that the bacteria is resistant to is an antibiotic selected from the group

consisting of: methicillin, penicillin, vancomycin, and an aminoglycoside. In one
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embodiment, when the method relates to treating a plant bacterial infection, the
antibiotic that the bacteria are resistant to is streptomycin or oxytetracycline.

In another aspect, this disclosure relates to methods for treating antibiotic-
resistant gram-negative bacterial infections in a human subject, an animal (e.g.,
livestock), or a plant (e.g., a crop, atree, a flowering plant) in need thereof. The
methods involve administering an effective amount of a StAMP (e.g., hydrocarbon-
stapled and/or stitched anti-microbial peptide) described herein to the human, animal,
or plant that has, or is at risk of developing, the antibiotic-resistant bacterial infection.
In some embodiments, the antibiotic that the bacteria are resistant to is selected from
the group consisting of: colistin, carbapenem, an aminoglycoside, vancomycin,
methicillin, clarithromycin, cephalosporin, penicillin, ampicillin, fluoroquinolone,
tetracycline, ceftazidime, ceftriaxone, ciprofloxacin, gentamicin, meropenem,
tobramycin, and a B-lactam.

In one specific aspect, this disclosure provides methods of treating a Gram-
negative colistin-resistant bacterial infection in a human subject, an animal (e.g.,
livestock), or a plant (e.g., a crop, a tree) in need thereof that include administering a
therapeutically effective amount of a stabilized (e.g., stapled and/or stitched)
antimicrobial peptide (StAMP) (e.g., hydrocarbon-stapled and/or stitched anti-
microbial peptide) to the subject that has, or is at risk of developing, the Gram-
negative colistin-resistant bacterial infection.

In one specific aspect, this disclosure provides methods of treating a Gram-
negative carbapenem-resistant bacterial infection in a human subject, an animal (e.g.,
livestock), or a plant (e.g., a crop, a tree) in need thereof that include administering a
therapeutically effective amount of a stabilized (e.g., stapled and/or stitched)
antimicrobial peptide (StAMP) (e.g., hydrocarbon-stapled and/or stitched anti-
microbial peptide) to the subject that has, or is at risk of developing, the Gram-
negative carbapenem-resistant bacterial infection.

In one specific aspect, this disclosure provides methods of treating a Gram-

positive carbapenem-resistant bacterial infection in a human subject, an animal (e.g.,

PCT/US2018/042640



10

15

20

25

WO 2019/018499 PCT/US2018/042640

livestock), or a plant (e.g., a crop, a tree) in need thereof that include administering a
therapeutically effective amount of a stabilized (e.g., stapled and/or stitched)
antimicrobial peptide (StAMP) (e.g., hydrocarbon-stapled and/or stitched anti-
microbial peptide) to the subject that has, or is at risk of developing, the Gram-
positive carbapenem-resistant bacterial infection. In some embodiments, the method
further involves administering to the subject daptomycin and/or vancomycin.

In another aspect, this disclosure relates to methods for treating antibiotic-
resistant gram-positive bacterial infections in a human subject, an animal (e.g.,
livestock), or a plant (e.g., a crop, atree, a flowering plant) in need thereof. The
methods involve administering an effective amount of a StAMP (e.g., hydrocarbon-
stapled and/or stitched anti-microbial peptide) described herein to the human, animal,
or plant that has, or is at risk of developing, the antibiotic-resistant bacterial infection.
In some embodiments, the antibiotic that the bacteria are resistant to is selected from
the group consisting of: methicillin, penicillin, vancomycin, and an aminoglycoside.

In one specific aspect, this disclosure provides methods of treating a Gram-
positive methicillin-resistant bacterial infection in a human subject, an animal (e.g.,
livestock), or a plant (e.g., a crop, a tree) in need thereof that include administering a
therapeutically effective amount of a stabilized (e.g., stapled and/or stitched)
antimicrobial peptide (StAMP) (e.g., hydrocarbon-stapled and/or stitched anti-
microbial peptide) to the subject that has, or is at risk of developing, the Gram-
positive methicillin-resistant bacterial infection.

In certain embodiments of the above aspects, the StAMP is based on or
derived from the scaffold of a peptide selected from the group consisting of magainin,
pexiganan, pleurocidin, pardaxin, hagfish intestinal antimicrobial peptide (HFIAP),
PGQ, buforin II, dermaseptin, caerin, melittin, cecropin, lycotoxin I, styelins B,
clavanin B, cathelicidin A, and dermicidin. To be “based on or derived from the
scaffold of a peptide” means that that at least two (e.g., 2, 3, 4, 5, 6) amino acids of
these peptides (e.g., any one of SEQ ID NOs. 4, 5, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24,
26, 28, 30, and 32) that are spaced at least 2, 3, or 6 amino acids apart are replaced
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with non-natural amino acids with olefinic side chains that can form a staple or a
stitch (e.g., a hydrocarbon-staple or stitch). Examples of such peptides are provided in
SEQ ID NOs.: 1-3, 34, and 36-43. In certain embodiments, the StAMP (e.g.,
hydrocarbon-stapled and/or stitched antimicrobial peptide) is derived from the
magainin scaffold (i.e., SEQ ID NO:4). In certain embodiments, the StAMP (e.g.,
hydrocarbon-stapled and/or stitched antimicrobial peptide) is derived from the
pleurocidin scaffold (i.e., SEQ ID NO:6).

In certain embodiments of the above aspects, the StAMP comprises or consists
of the amino acid sequence set forth in any one of SEQ ID NOs:1-3, 34, 35 or 36-43
except for 1 to 5 (i.e., 1, 2, 3, 4, or 5) amino acid substitutions, insertions, and/or
deletions within SEQ ID NOs:1-3, 34, 35 or 36-43. In certain embodiments one or
more of these amino substitutions are conservative amino acid substitutions. In certain
embodiments, the StAMP comprises or consists of a StAMP based on or derived from
the scaffold of a peptide having the amino acid sequence set forth in any one of SEQ
ID NOs:4-33 except for 1 to 5 (i.e., 1, 2, 3, 4, or 5) amino acid substitutions,
insertions, and/or deletions within SEQ ID NOs:4-33. In some embodiments, the
StAMP comprises or consists of the sequence of any one of SEQ ID NOs:7, 9, 11, 13,
15,17, 19, 21, 23, 25, 27, 29, 31, 33, 34, or 35 except for 1 to 5 (i.e., 1, 2, 3, 4, or 5)
amino acid substitutions, insertions, and/or deletions within SEQ ID NOs:7, 9, 11, 13,
15,17,19, 21, 23, 25, 27, 29, 31, 33, 34, or 35. In certain embodiments, one or more
of these amino substitutions are conservative amino acid substitutions.

It is important to note that significant variability is permitted in the sequences
disclosed in this application (e.g., SEQ ID NOs.: 1-43) as long as the sequences have
the desired hydrophobicity and positive charge at specific interfaces rather than
specific amino acid sequence compositions. That is, this application relates, in part, to
membrane disruptive peptides — so, as long as the peptides are able to engage a
membrane, albeit specific to some (bacterial), but not others (mammalian-especially

human) membranes, significant sequence variability is permitted and envisioned.
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In certain embodiments of the above aspects, the StAMP comprises or consists
of an amino acid sequence that is at least 45%, 50%, 55%, 60%, 65%, 70%, 75%,
80%, 85%, 90%, 91%, 92%., 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to
the amino acid sequence set forth in any one SEQ ID NO: 1, 2, 3 or 36-43. In certain
embodiments, the conservative amino acid substitution(s) made to any of these
sequences (i.e., SEQ ID NOs.: 1-3 or 36-43) are not considered as being
different/non-identical when determining the above-referenced % identity between the
sequences. In some embodiments, the StAMP comprises or consists of an amino acid
sequence that is at least 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to the amino acid
sequence of any one of SEQ ID NOs:7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31,
33, 34, or 35. In certain embodiments, the conservative amino acid substitution(s)
made to any of these sequences (i.e., SEQID NOs.: 7,9, 11, 13, 15, 17, 19, 21, 23,
25,27, 29, 31, 33, 34, or 35) are not considered as being different/non-identical when
determining the above-referenced % identity between the sequences. In certain
embodiments, the StAMP comprises or consists of a StAMP based on or derived from
the scaffold of a peptide having an amino acid sequence that is at least 45%, 50%,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%., 96%,
97%, 98%, or 99% identical to the amino acid sequence set forth in any one SEQ ID
NO: 4-33. In certain embodiments, the conservative amino acid substitution(s) made
to any of these sequences (i.e., SEQ ID NOs.: 4-33) are not considered as being
different/non-identical when determining the above-referenced % identity between the
sequences.

In certain embodiments of the above aspects, the StAMP comprises or consists
of the amino acid sequence set forth in any one SEQ ID NO: 1, 2, 3, 34, 35, 36, 37,
38, 39, 40, 41, 42, or 43. In some embodiments, the StAMP comprises or consists of
the sequence of any one of SEQ ID NOs:7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29,
31, or 33. In certain instances, these sequences may be modified to include

additional, e.g., 2 or more (e.g., 3, 4, 5, 6) non-natural olefinic side chain-containing

PCT/US2018/042640
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amino acids that can form a hydrocarbon staple or stitch. In some embodiments, the
StAMP comprises or consists of the sequence of any one of SEQ ID NOs.: 4-6, 8, 10,
12,14, 16, 18, 20, 22, 24, 26, 28, 30, or 32 which are modified to have one to six
(eg.1,2,3,4,5, or 6) “X’s”. The position of the “X” (i.e., the non-natural amino
acid with olefinic side chains) in these sequences can be varied as long as the X’s that
are involved in forming a staple/stitch are separated by 2, 3, or 6 amino acids. In one
embodiment, the X’s that are involved in forming a staple/stitch are separated by 3
amino acids. In another embodiment, the X’s that are involved in forming a
staple/stitch are separated by 6 amino acids. In yet another embodiment, two of X’s
that are involved in forming a staple are separated by 3 amino acids; and a second two
X’s that are involved in forming a staple are separated by 3 amino acids. In certain
embodiments, the “X’s” in these sequences that are involved in forming a staple/stitch
can be the same non-natural amino acid. In other embodiments, the “X’s” in these
sequences that are involved in forming a staple/stitch are different non-natural amino
acids. In certain instances, “X” is one of (S)-2-(4-pentenyl)Ala-OH, (R)-2-(4-
pentenyl)Ala-OH, (R)-2-(7-octenyl)Ala-OH, (S)-2-(7-octenyl)Ala-OH, 2-amino-2-
(pent-4-enyl)hept-6-enoic acid, (R)-2-(2-propenyl)Ala-OH, or (S)-2-(2-propenyl)Ala-
OH. In certain embodiments, if a sequence has two “X’s” both X’s are (S)-2-(4-
pentenyl)Ala-OH. In certain embodiments, if a sequence has two “X’s™ both X’s are
(R)-2-(4-pentenyl)Ala-OH. In certain embodiments, if a sequence has two “X’s” both
X’s are (R)-2-(7-octenyl)Ala-OH. In certain embodiments, if a sequence has two
“X’s” both X’s are (S)-2-(7-octenyl)Ala-OH. In certain embodiments, if a sequence
has two “X’s” both X’s are 2-amino-2-(pent-4-enyl)hept-6-enoic acid. In certain
embodiments, if a sequence has two “X’s” both X’s are (R)-2-(2-propenyl)Ala-OH.
In certain embodiments, if a sequence has two “X’s” both X’s are (R)-2-(2-
propenyl)Ala-OH. In certain embodiments, if a sequence has two “X’s” both X’s are
(8)-2-(2-propenyl)Ala-OH. In certain embodiments, if a sequence has two “X’s” both
X’s are different non-natural amino acids and can, e.g., be selected from the group

consisting of S)-2-(4-pentenyl)Ala-OH, (R)-2-(4-pentenyl)Ala-OH, (R)-2-(7-
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octenyl)Ala-OH, (S)-2-(7-octenyl)Ala-OH, 2-amino-2-(pent-4-enyl)hept-6-enoic
acid, (R)-2-(2-propenyl)Ala-OH, and (S)-2-(2-propenyl)Ala-OH. In certain
instances, if the two X’s are separated by 3 amino acids, the two X’s can be different
non-natural residues, e.g, the first X is (R)-2-(2-propenyl)Ala-OH or (S)-2-(2-
propenyl)Ala-OH and the second X is (S)-2-(2-propenyl)Ala-OH or (R)-2-(2-
propenyl)Ala-OH. In certain instances, the “X’s” that are in SEQ ID NOs.: 1-3, 7, 9,
11,13, 15, 17,19, 21, 23, 25, 27, 29, 31, 33, 36, 37, 38, 39, 40, 41, 42, or 43, or
inserted into SEQ ID NOs.: 4-6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, or 32 can
be any residue/substance that permits formation of a staple and/or stitch. In other
words, the staple and/or stitch does not need to be a hydrocarbon-staple and/or stitch.
Methods of performing different types of stapling are well known in the art (see, e.g.,
Lactam stapling: Shepherd et al., J. Am. Chem. Soc., 127:2974-2983 (2005); Triazole
stapling: Kawamoto et al., J. Med. Chem., 55:1137-1146 (2011), UV-cycloaddition
stapling: Madden et al., Bioorg. Med. Chem. Lett., 21:1472-1475 (2011); Disulfide
stapling: Jackson et al., Am. Chem. Soc.,113:9391-9392 (1991); Oxime stapling:
Haney et al., Chem. Commun., 47:10915-10917 (2011); Thioether stapling: Brunel
and Dawson, Chem. Commun., 552-2554 (2005); Photoswitchable stapling: J. R.
Kumita et al., Proc. Natl. Acad. Sci. U. S. A., 97:3803-3808 (2000); Double-click
stapling: Lau et al., Chem. Sci., 5:1804-1809 (2014); Bis-lactam stapling: J. C.
Phelan et al.,, J Am. Chem. Soc., 119:455-460 (1997); and Bis-arylation stapling: A.
M. Spokoyny et al., J. Am. Chem. Soc., 135:5946-5949 (2013)). In certain instances,
the “X’s” that are in SEQ ID NOs.: 1-3, 34,35, 7,9, 11, 13, 15, 17, 19, 21, 23, 25, 27,
29, 31, 33 or 36-43, or inserted into SEQ ID NOs.: 4-6, 8, 10, 12, 14, 16, 18, 20, 22,
24, 26, 28, 30, or 32 can be any residue that permits formation of a hydrocarbon staple
and/or stitch. In certain instances, the peptides with the sequences recited in SEQ ID
NOs.: 1-3,34,35,7,9, 11, 13,15, 17, 19, 21, 23, 25, 27, 29, 31, 33 or 36-43, or
modified peptides with the sequences recited in SEQ ID NOs.: 4-6, 8, 10, 12, 14, 16,
18, 20, 22, 24, 26, 28, 30, or 32 are lactam stapled. In other instances, the peptides
with the sequences recited in SEQ ID NOs.: 1-3, 34, 35,7,9, 11, 13, 15, 17, 19, 21,
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23, 25,27, 29, 31, 33 or 36-43, or modified peptides with the sequences recited in
SEQ ID NOs.: 4-6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32 or 36-43 are
triazole stapled. In other instances, the peptides with the sequences recited in SEQ ID
NOs.: 1-3,34,35,7,9, 11, 13,15, 17, 19, 21, 23, 25, 27, 29, 31, 33 or 36-43, or
modified peptides with the sequences recited in SEQ ID NOs.: 4-6, 8, 10, 12, 14, 16,
18, 20, 22, 24, 26, 28, 30, or 32 are stapled using a UV-cycloaddition staple. In other
instances, the peptides with the sequences recited in SEQ ID NOs.: 1-3, 34, 35,7, 9,
11,13, 15, 17,19, 21, 23, 25, 27, 29, 31, 33 or 36-43, or modified peptides with the
sequences recited in SEQ ID NOs.: 4-6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, or
32 are disulfide stapled. In other instances, the peptides with the sequences recited in
SEQ ID NOs.: 1-3, 34, 35,7,9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33 or 36-43,
or modified peptides with the sequences recited in SEQ ID NOs.: 4-6, 8, 10, 12, 14,
16, 18, 20, 22, 24, 26, 28, 30, or 32 are oxime stapled. In other instances, the peptides
with the sequences recited in SEQ ID NOs.: 1-3, 34, 35,7,9, 11, 13, 15, 17, 19, 21,
23, 25,27, 29, 31, 33 or 36-43, or modified peptides with the sequences recited in
SEQID NOs.: 4-6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, or 32 are thioether
stapled. In other instances, the peptides with the sequences recited in SEQ ID NOs.:
1-3,34,35,7,9, 11,13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33 or 36-43, or modified
peptides with the sequences recited in SEQ ID NOs.: 4-6, 8, 10, 12, 14, 16, 18, 20, 22,
24, 26, 28, 30, or 32 comprise a photoswitchable staple. In other instances, the
peptides with the sequences recited in SEQ ID NOs.: 1-3, 34,35, 7,9, 11, 13, 15, 17,
19, 21, 23, 25, 27, 29, 31, 33 or 36-43, or modified peptides with the sequences
recited in SEQ ID NOs.: 4-6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, or 32 are
double-click stapled. In other instances, the peptides with the sequences recited in
SEQ ID NOs.: 1-3,34,35,7,9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33 or 36-43,
or modified peptides with the sequences recited in SEQ ID NOs.: 4-6, 8, 10, 12, 14,
16, 18, 20, 22, 24, 26, 28, 30, or 32 are bis-lactam stapled. In other instances, the
peptides with the sequences recited in SEQ ID NOs.: 1-3, 34,35, 7,9, 11, 13, 15, 17,
19, 21, 23, 25, 27, 29, 31, 33 or 36-43, or modified peptides with the sequences

PCT/US2018/042640
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recited in SEQ ID NOs.: 4-6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, or 32
comprise a bis-arylation staple. In certain embodiments, the SStAMP comprises or
consists of the amino acid sequence set forth in, or a modified version (i.e., a
sequence comprising 2 or more (e.g., 3, 4, 5, 6) non-natural olefinic side chain-
containing amino acids that can form a hydrocarbon staple) of, an amino sequence set
forth in any one SEQ ID NO: 4-33.

In some embodiments of any of the methods described herein, the StAMP is 6
to 100 amino acids in length (e.g., between 6 and 40 amino acids in length (e.g.,
between 6 and 10 amino acids in length, between 6 and 15 amino acids in length,
between 6 and 20 amino acids in length, between 6 and 25 amino acids in length,
between 6 and 30 amino acids in length, between 6 and 35 amino acids in length;
between 10 and 15 amino acids in length, between 10 and 20 amino acids in length,
between 10 and 25 amino acids in length, between 10 and 30 amino acids in length,
between 10 and 35 amino acids in length; between 15 and 20 amino acids in length,
between 15 and 25 amino acids in length, between 15 and 30 amino acids in length,
between 15 and 35 amino acids in length; between 15 and 40 amino acids in length;
between 20 and 25 amino acids in length, between 20 and 30 amino acids in length,
between 20 and 35 amino acids in length; between 20 and 40 amino acids in length;
between 30 and 35 amino acids in length; between 30 and 40 amino acids in length; or
between 35 and 40 amino acids in length).

In certain embodiments, the subject is a human. In certain embodiments, the
subject has developed an infection with antibiotic-resistance to at least one (e.g., 1, 2,
3,4,5,6,7, 8,9, or 10) other class of antibiotic. In some embodiments, the at least
one(eg.1,2,3,4,5,6,7,8,9, or 10) other class of antibiotic is selected from the
group consisting of: carbapenem, an aminoglycoside, vancomycin, methicillin,
clarithromycin, cephalosporin, penicillin, ampicillin, fluoroquinolone, tetracycline,
ceftazidime, ceftriaxone, ciprofloxacin, gentamicin, meropenem, tobramycin, and a 3-
lactam. In certain embodiments, the at least one other class of antibiotic 1s

carbapenem. In certain embodiments, the at least one other class of antibiotic is
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clarithromycin. In certain embodiments, the at least one other class of antibiotic is
cephalosporin. In certain embodiments, the at least one other class of antibiotic is
fluoroquinolone. In certain embodiments, the at least one other class of antibiotic is
methicillin. In certain embodiments, the at least one other class of antibiotic is
vancomycin. In certain embodiments, the at least one other class of antibiotic is
ceftriaxone. In certain embodiments, the at least one other class of antibiotic is
ciprofloxacin. In certain embodiments, the at least one other class of antibiotic is
gentamicin. In certain embodiments, the at least one other class of antibiotic is
meropenem. In certain embodiments, the at least one other class of antibiotic is
tobramycin. In certain embodiments, the at least one other class of antibiotic is
methicillin and vancomycin. In certain embodiments, the at least one other class of
antibiotic is cephalosporin and fluoroquinolone.

In some embodiments, the subject has a Gram-negative antibiotic-resistant
bacterial infection (e.g., a chronic infection). In certain cases, the antibiotic the
bacteria is resistant to is selected from the group consisting of: colistin, carbapenem,
an aminoglycoside, vancomycin, methicillin, clarithromycin, cephalosporin,
penicillin, ampicillin, fluoroquinolone, tetracycline, and a f-lactam. In some
embodiments, the subject has a chronic Gram-negative colistin-resistant bacterial
infection. In some embodiments, the Gram-negative colistin-resistant bacterial
infection is an 4. baumannii infection. In some embodiments, the Gram-negative
colistin-resistant bacterial infection is an £. coli infection. In some embodiments, the
Gram-negative colistin-resistant bacterial infection is a Klebsiella pneumoniae
infection. In some embodiments, the Gram-negative colistin-resistant bacterial
infection is an infection selected from the group consisting of a Pseudomonas
infection, a Neisseria infection, a Chlamydia infection, a Yersinia infection, a Proteus
infection, an Enferobacter infection, a Serratia infection, a Helicobacter infection, a
Salmonella infection, a Salmonella infection, a Shigella, a Moraxella infection, a
Stenotrophomonas, a Klebsiella infection, and a Legionella infection. In some

embodiments, the Gram-negative colistin-resistant bacterial infection is an infection

11

PCT/US2018/042640



10

15

20

25

WO 2019/018499

selected from the group consisting of a Pseudomonas aeruginosa infection, a
Neisseria gonorrhoeae infection, a Chlamydia trachomatis infection, a Yersinia pestis
infection, a Proteus mirabilis infection, an Enterobacter cloacae infection, a Serratia
marcescens infection, a Helicobacter pylori infection, a Salmonella enteritidis
infection, a Salmonella typhi infection, a Shigella infection, a Moraxella infection, a
Stenotrophomonas infection, a Bdellovibrio infection, an acetic acid bacterial
infection, a Klebsiella pneumoniae infection, and a Legionella pneumophila infection.
In some embodiments, the Gram-negative colistin-resistant bacterial infection is from
a Gram-negative bacterium that contains a MCR-1 plasmid. In some embodiments,
the Gram-negative bacterium that contains a MCR-1 plasmid is £. coli.

In some embodiments, the subject has a Gram-positive antibiotic-resistant
bacterial infection (e.g., a chronic infection). In certain cases, the antibiotic the
bacteria is resistant to is selected from the group consisting of: methicillin, penicillin,
vancomycin, and an aminoglycoside. In some embodiments, the subject has a chronic
Gram-positive methicillin-resistant bacterial infection. In some embodiments, the
subject has a chronic Gram-positive penicillin-resistant bacterial infection. In some
embodiments, the subject has a chronic Gram-positive vancomycin-intermediate or
vancomy cin-resistant bacterial infection. In some embodiments, the subject has a
chronic Gram-positive aminogly coside-resistant bacterial infection. In some
embodiments, the Gram-positive antibiotic-resistant infection is from a bacterium
selected from the group consisting of Actinomyces israelii, Actinomyces gerencseriae,
Propionibacterium propionicus, Bacillus anthracis, Arcanobacterium haemolyticum,
Bacillus cereus, bacterial vaginosis microbiota, Clostridium botulinum,
Mycobacterium ulcerans, Group A Streptococcus and Staphylococcus, Clostridium
difficile, Corynebacterium diphtheria, Enterococcus species, Clostridium perfringens,
other Clostridium species, Streptococcus pyogenes, Streptococcus agalactiae,
Mycobacterium leprae, Mycobacterium lepromatosis, Listeria monocytogenes,
Nocardia asteroides, Nocardia species, Streptococcus pneumoniae, Staphylococcus

aureus, Staphylococcus species, Clostridium tetani, Mycobacterium tuberculosis,
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Yersinia pseudotuberculosis, and Yersinia enterocolitica.

In some embodiments, where the StAMP is administered intravenously, the
StAMP has a hemolytic activity that is less than 50% (e.g., less than 45%, less than
40%, less than 35%, less than 30%, less than 25%, less than 20%, less than 19%, less
than 18%, less than 17%, less than 16%, less than 15%, less than 14%, less than 13%,
less than 12%, less than 11%, less than 10%, less than 9%, less than 8%, less than 7%,
less than 6%, less than 5%, less than 4%, less than 3%, less than 2%, less than 1%,
less than 0.5%, between 0-20%, 0-18%, 0-16%, 0-14%, 0-12%, 0-10%, 0-8%, 0-6%,
0-4%, 0-2%, 0-1%, or 1-20%). In some embodiments, the StAMP has a hemolytic
activity that is less than 10% (e.g., less than 9%, less than 8%, less than 7%, less than
6%, less than 5%, less than 4%, less than 3%, less than 2%, or less than 1%). In some
embodiments, the StAMP has a hemolytic activity that is less than 5% (e.g., less than
4%, less than 3%, less than 2%, or less than 1%). In some instances for these
embodiments, the StAMP is at a concentration of 25 ug/mL or less.

In some embodiments, where the StAMP is administered by a non-intravenous
route (e.g., topically, intranasally, via inhalation, orally, rectally, vaginally), where the
StAMP does not need to enter the bloodstream to reach the pathogen, the StAMP can
have any hemolytic activity. In some instances, the StAMP has a hemolytic activity
that is greater than 20% but less than 50% (e.g., 20%-49%, 25%-49%, 30%-49%,
35%-49%, 40%-49%, less than 45%, less than 40%, less than 35%, less than 30%, or
less than 25%). In other embodiments, where the StAMP is administered by a non-
intravenous route, the StAMP has a hemolytic activity that is less than 20% (e.g., less
than 19%, less than 18%, less than 17%, less than 16%, less than 15%, less than 14%,
less than 13%, less than 12%, less than 11%, less than 10%, less than 9%, less than
8%, less than 7%, less than 6%, less than 5%, less than 4%, less than 3%, less than
2%, less than 1%, or less than 0.5%). In some instances, the StAMP has a hemolytic
activity that is greater than 20% but less than 100%. In some instances, the StAMP
has a hemolytic activity that is greater than 20% but less than 95%. In some
instances, the StAMP has a hemolytic activity that is greater than 20% but less than
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90%. In some instances, the StAMP has a hemolytic activity that is greater than 20%
but less than 80%. In some instances, the StAMP has a hemolytic activity that is
greater than 20% but less than 70%. In some instances, the StAMP has a hemolytic
activity that is greater than 20% but less than 60%. In some instances, the StAMP has
a hemolytic activity that is greater than 20% but less than 50%.

In some embodiments, the StAMP has a minimum inhibitory concentration for
A. baumannii of less than 25 ug/mL (e.g., less than 20 ug/mL, less than 15 pg/mL,
less than 10 pg/mL, less than 9.5 pg/mL, less than 9.0 ug/mL, less than 8.5 pg/mL,
less than 8.0 ug/mL, less than 7.5 pg/mL, less than 7.0 ug/mL, less than 6.5 pg/mL,
less than 6.0 ug/mL, less than 5.5 pg/mL, less than 5.0 pg/mL, less than 4.5 pg/mL,
less than 4.0 ug/mL, less than 3.5 pg/mL, less than 3.0 pg/mL, less than 2.5 pg/ mL,
less than 2.0 ug/mL, less than 1.5 pg/ mL, less than 1.0 pg/ mL, or less than 0.5 pg/
mL). In some embodiments, the StAMP has a minimum inhibitory concentration for
A. baumannii of less than 2.5 pg/mL (e.g., less than 2.0 ug/ mL, less than 1.5 ug/ mL,
less than 1.0 ug/ mL, or less than 0.5 ug/ mL). In some embodiments, the StAMP has
a minimum inhibitory concentration for A. baumannii of less than 2.0 ug/mL (e.g.,
less than 1.5 pug/ mL, less than 1.0 ug/ mL, or less than 0.5 ug/ mL). In certain
embodiments, the MIC is determined using the method described in Example 1.

In some embodiments, the StAMP has a minimum inhibitory concentration for
Klebsiella pneumoniae of less than 25 ng/mL (e.g., less than 20 pg/mL, less than 15
ug/mL, less than 10 ug/mL, less than 9.5 pug/mL, less than 9.0 pg/mL, less than 8.5
ug/mL, less than 8.0 ug/mL, less than 7.5 ug/mL, less than 7.0 pg/mL, less than 6.5
ug/mL, less than 6.0 ug/mL, less than 5.5 ug/mL, less than 5.0 pg/mL, less than 4.5
ug/mL, less than 4.0 ug/mL, less than 3.5 pg/mL, less than 3.0 pg/mL, less than 2.5
ug/ mL, less than 2.0 ug/mL, less than 1.5 ug/ mL, less than 1.0 ug/ mL, or less than
0.5 ug/ mL). In some embodiments, the StAMP has a minimum inhibitory
concentration for Klebsiella pneumoniae of less than 2.5 ug/mL (e.g., less than 2.0
ug/ mL, less than 1.5 ug/ mL, less than 1.0 pg/ mL, or less than 0.5 pg/ mL). In some

embodiments, the StAMP has a minimum inhibitory concentration for Klebsiella
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pneumoniae of less than 2.0 pg/mL (e.g., less than 1.5 ug/ mL, less than 1.0 ug/ mL,
or less than 0.5 ug/ mL). In certain embodiments, the MIC is determined using the
method described in Example 1.

In some embodiments, the StAMP has a minimum inhibitory concentration for
E. coli of less than 25 pg/mL (e.g., less than 20 pg/mL, less than 15 ug/mL, less than
10 pg/mL, less than 9.5 pg/mL, less than 9.0 ug/mL, less than 8.5 pg/mL, less than
8.0 ug/mL, less than 7.5 pg/mL, less than 7.0 ug/mL, less than 6.5 ug/mL, less than
6.0 pg/mL, less than 5.5 pg/mL, less than 5.0 pg/mL, less than 4.5 pg/mL, less than
4.0 ug/mL, less than 3.5 pg/mL, less than 3.0 pg/mL, less than 2.5 pug/ mL, less than
2.0 ug/mL, less than 1.5 pg/ mL, less than 1.0 pg/ mL, or less than 0.5 pg/ mL). In
some embodiments, the StAMP has a minimum inhibitory concentration for £. coli of
less than 2.0 ug/mL (e.g., less than 1.5 ug/ mL, less than 1.0 ug/ mL, or less than 0.5
ug/ mL). In certain embodiments, the MIC is determined using the method described
in Example 1.

In some embodiments, the StAMP has a minimum inhibitory concentration for
a colistin-resistant Gram-negative bacterium of less 25 ug/mL (e.g., less than 20
ug/mL, less than 15 pg/mL, less than 10 pg/mL, less than 9.5 ug/mlL, less than 9.0
ug/mL, less than 8.5 ug/mL, less than 8.0 ug/mL, less than 7.5 pg/mL, less than 7.0
ug/mL, less than 6.5 ug/mL, less than 6.0 ug/mL, less than 5.5 pg/mL, less than 5.0
ug/mL, less than 4.5 yg/mL, less than 4.0 ug/mL, less than 3.5 pg/mL, less than 3.0
ug/mL, less than 2.5 ug/ mL, less than 2.0 ug/mL, less than 1.5 pug/ mL, less than 1.0
ug/ mL, or less than 0.5 ug/ mL). In some embodiments, the StAMP has a minimum
inhibitory concentration for a colistin-resistant Gram-negative bacterium of less than
2.5 ug/mL (e.g., less than 2.0 pug/ mL, less than 1.5 pug/ mL, less than 1.0 pg/ mL, or
less than 0.5 ug/ mL). In some embodiments, the StAMP has a minimum inhibitory
concentration for a colistin-resistant Gram-negative bacterium of less than 2.0 pg/mL
(e.g., less than 1.5 ug/ mL, less than 1.0 ug/ mL, or less than 0.5 ug/ mL). In certain

embodiments, the MIC is determined using the method described in Example 1.

15



10

15

20

25

WO 2019/018499 PCT/US2018/042640

In some embodiments, the Gram-negative colistin-resistant bacterium is A.
baumannii, E. coli, Pseudomonas aeruginosa, Neisseria gonorrhoeae, Chiamydia
trachomatis, Yersinia pestis, Proteus mirabilis, Enterobacter cloacae, Serratia
marcescens Helicobacter pylori, Salmonella enteritidis, Salmonella typhi, Shigella,
Moraxella, Stenotrophomonas, Bdellovibrio, an acetic acid bacterium, Klebsiella
pneumoniae, and Legionella pneumophila, or a Gram-negative bacterium that
contains a MCR-1 plasmid.

In some embodiments, the StAMP has a minimum inhibitory concentration for
a Gram-positive antibiotic-resistant bacterium of less than 25 pg/mL (e.g., less than
20 pg/mL, less than 15 pg/mL, less than 10 pg/mL, less than 9.5 pg/mL, less than 9.0
ug/mL, less than 8.5 ug/mL, less than 8.0 ug/mL, less than 7.5 pg/mL, less than 7.0
ug/mL, less than 6.5 ug/mL, less than 6.0 ug/mL, less than 5.5 pg/mL, less than 5.0
ug/mL, less than 4.5 yg/mL, less than 4.0 ug/mL, less than 3.5 pg/mL, less than 3.0
ug/mL, less than 2.5 ug/ mL, less than 2.0 ug/mL, less than 1.5 pug/ mL, less than 1.0
ug/ mL, or less than 0.5 ug/ mL). In some embodiments, the StAMP has a minimum
inhibitory concentration for a Gram-positive antibiotic-resistant of less than 2.5
ug/mL (e.g., less than 2.0 pg/ mL, less than 1.5 pg/ mL, less than 1.0 pg/ mL, or less
than 0.5 ug/ mL). In some embodiments, the StAMP has a minimum inhibitory
concentration for a Gram-positive antibiotic-resistant of less than 2.0 yg/mL (e.g., less
than 1.5 ug/ mL, less than 1.0 ug/ mL, or less than 0.5 ug/ mL). In certain
embodiments, the MIC is determined using the method described in Example 1.

In some embodiments, the Gram-positive antibiotic-resistant bacterium is
Actinomyces israelii, Actinomyces gerencseriae, Propionibacterium propionicus,
Bacillus anthracis, Arcanobacterium haemolyticum, Bacillus cereus, bacterial
vaginosis microbiota, Clostridium botulinum, Mycobacterium ulcerans, Group A
Streptococcus and Staphylococcus, Clostridium difficile, Corynebacterium diphtheria,
Enterococcus species, Clostridium perfringens, other Clostridium species,
Streptococcus pyogenes, Streptococcus agalactiae, Mycobacterium leprae,

Mycobacterium lepromatosis, Listeria monocytogenes, Nocardia asteroides,
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Nocardia species, Streptococcus pneumoniae, Staphylococcus aureus, Staphylococcus
species, Clostridium tetani, Mycobacterium tuberculosis, Yersinia
pseudotuberculosis, or Yersinia enterocolitica. In certain embodiments, the Gram-
positive bacterium is methicillin-resistant. In certain embodiments, the Gram-positive
bacterium is penicillin-resistant. In certain embodiments, the Gram-positive bacterium
is methicillin-resistant. In certain embodiments, the Gram-positive bacterium is
vancomycin-intermediate or vancomycin-resistant. In certain embodiments, the
Gram-positive bacterium is resistant to aminoglycosides.

In some embodiments of any of the methods described herein, the StAMP has
a hemolytic activity of less than 5% (e.g., less than 4%, less than 3%, less than 2%,
less than 1%, or less than 0.5%, or 0.5-5%), and a minimum inhibitory concentration
for a Gram-negative colistin-resistant bacterium of less than 3.0 ug/ mL (e.g., less
than 2.5 ug/ mL, less than 2.0 ug/ mL, less than 1.5 ug/ mL, less than 1.0 ug/ mL, less
than 0.5 ug/ mL, or 0.5-3.0 ug/ mL). In certain embodiments, the MIC is determined
using the method described in Example 1.

In some embodiments, the StAMP is double-stapled.

In some embodiments, the StAMP is administered with a second agent that
inhibits the growth of the Gram-negative colistin-resistant bacterium or the Gram-
positive antibiotic-resistant bacterium. In some embodiments, the second agent is an
antibiotic, or another antimicrobial peptide. In some embodiments, the antibiotic is
selected from the group consisting of carbapenem, an aminogly coside, vancomycin,
methicillin, clarithromycin, cephalosporin, penicillin, ampicillin, fluoroquinolone,
tetracycline, and a B-lactam. In certain embodiments, the second agent is a silver
nanoparticle. In other embodiments, the second agent is a phage therapy. In some
embodiments, the second agent is an antimicrobial vaccine. In some embodiments,
the StAMP is administered with an agent that can act synergistically with the StAMP
such as B-lactams, carbapenems, and other antimicrobial peptides like PGLa to inhibit
the growth of the Gram-negative colistin-resistant bacterium or the Gram-positive

antibiotic-resistant bacterium. In other embodiments, the StAMP is administered with
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an antibiotic that could get better access to bacteria such as vancomycin and
oxazolidinones and thus be more effective, once the cell membrane is porated.

In one aspect, this disclosure provides methods of killing or inhibiting the
growth of Gram-negative colistin-resistant bacteria that include contacting the Gram-
negative colistin-resistant bacteria with a stapled and/or stitched antimicrobial peptide
(StAMP) (e.g., a hydrocarbon-stapled and/or stitched antimicrobial peptide) described
herein.

In one aspect, this disclosure provides methods of killing or inhibiting the
growth of Gram-negative carbapenem-resistant bacteria that include contacting the
Gram-negative carbapenem-resistant bacteria with a stapled and/or stitched
antimicrobial peptide (StAMP) (e.g., a hydrocarbon-stapled and/or stitched
antimicrobial peptide) described herein. In certain instances, the carbapenem is one
or more of meropenem, imipenem, ertapenem, doripenem, panipenem, biapenem, and
tebipenem.

In one aspect, this disclosure provides methods of killing or inhibiting the
growth of Gram-positive antibiotic-resistant bacteria that include contacting the
Gram-positive antibiotic-resistant bacteria with a stapled and/or stitched antimicrobial
peptide (StAMP) (e.g., a hydrocarbon-stapled and/or stitched antimicrobial peptide)
described herein. In some instances, the bacteria is resistant to a carbapenem (e.g.,
meropenem, imipenem, ertapenem, doripenem, panipenem, biapenem, and
tebipenem).

In one aspect, this disclosure provides methods of killing or inhibiting the
growth of Gram-positive carbapenem-resistant bacteria that include contacting the
Gram-positive carbapenem-resistant bacteria with a stapled and/or stitched
antimicrobial peptide (StAMP) (e.g., a hydrocarbon-stapled and/or stitched
antimicrobial peptide) described herein. In certain instances, the carbapenem is one
or more of meropenem, imipenem, ertapenem, doripenem, panipenem, biapenem, and

tebipenem. In certain instances, the method further comprises ciontacting the Gram-
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positive carbapenem-resistant bacteria with one or both of daptomycin and
vancomycin.

In certain embodiments, contacting is iz vitro (e.g., under conventional
conditions of cell culture, in a cell culture plate or dish, in an ex vivo cell culture
system (i.e. propagation of cells that were previously iz vivo)). In certain
embodiments, contacting is iz vivo (e.g., in a subject (e.g., a human subject, an animal
model, a cell that is inside the subject)).

In certain embodiments, the Gram-negative colistin-resistant bacteria is
selected from the group consisting of 4. baumannii, E. coli, Pseudomonas
aeruginosa, Neisseria gonorrhoeae, Chlamydia trachomatis, Yersinia pestis, Proteus
mirabilis, Enterobacter cloacae, Serratia marcescens Helicobacter pylori, Salmonella
enteritidis, Salmonella typhi, Shigella, Moraxella, Stenotrophomonas, Bdellovibrio,
acetic acid bacteria, Klebsiella pneumoniae, and Legionella pneumophila, or a Gram-
negative bacteria that contains a MCR-1 plasmid.

In certain embodiments, the Gram-positive antibiotic-resistant bacteria is
selected from the group consisting of Actinomyces israelii, Actinomyces gerencseriae,
Propionibacterium propionicus, Bacillus anthracis, Arcanobacterium haemolyticum,
Bacillus cereus, bacterial vaginosis microbiota, Clostridium botulinum,
Mycobacterium ulcerans, Group A Streptococcus and Staphylococcus, Clostridium
difficile, Corynebacterium diphtheria, Enterococcus species, Clostridium perfringens,
other Clostridium species, Streptococcus pyogenes, Streptococcus agalactiae,
Mycobacterium leprae, Mycobacterium lepromatosis, Listeria monocytogenes,
Nocardia asteroides, Nocardia species, Streptococcus pneumoniae, Staphylococcus
aureus, Staphylococcus species, Clostridium tetani, Mycobacterium tuberculosis,
Yersinia pseudotuberculosis, and Yersinia enterocolitica.

In certain embodiments, the stapled and/or stitched antimicrobial peptide (e.g.,
a hydrocarbon-stapled and/or stitched antimicrobial peptide) is based on or derived
from a peptide selected from the group consisting of magainin, pleurocidin,

pexiganan, pardaxin, hagfish intestinal antimicrobial peptide (HFIAP), PGQ, buforin
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II, dermaseptin, caerin, melittin, cecropin, lycotoxin I, styelins B, clavanin B,
cathelicidin A, and dermicidin.

In certain embodiments, the StAMP comprises or consists of the amino acid
sequence set forth in any one of SEQ ID NOs:1-3, 34, 35 or 36-43 except for 1 to 5
amino acid substitutions, insertions, and/or deletions within SEQ ID NOs:1-3, 34, 35
or 36-43. In certain embodiments, the StAMP comprises or consists of a StAMP
based on or derived from the scaffold of a peptide having the amino acid sequence set
forth in any one of SEQ ID NOs:4-33 except for 1 to 5 amino acid substitutions,
insertions, and/or deletions within SEQ ID NOs:4-33. In certain embodiments, the
StAMP comprises or consists of the amino acid sequence set forth in any one SEQ ID
NO: 1, 2, 3, 34, 35 or 36-43. In certain embodiments, the StAMP comprises or
consists of a StAMP based on or derived from the scaffold of a peptide having the
amino acid sequence set forth in any one SEQ ID NO: 4-33. In some embodiments,
the StAMP comprises or consists of the sequence of any one of SEQ ID NOs:7, 9, 11,
13, 15,17, 19, 21, 23, 25, 27, 29, 31, or 33.

In another aspect, the disclosure provides methods of optimizing a stabilized
(e.g., stapled and/or stitched) antimicrobial peptide (StAMP) (e.g., a hydrocarbon-
stapled and/or stitched antimicrobial peptide) that include: (a) providing a first
StAMP; (b) generating a second StAMP that is identical to the first SSAMP except at
one or more amino acid positions; (¢) determining that the second StAMP kills or
inhibits growth of a Gram-negative colistin-resistant bacterium or a Gram-positive
antibiotic-resistant bacterium to a greater level than the first StAMP.

In some embodiments, the methods further include determining that the
second StAMP has the same or decreased hemolytic activity relative to the first
StAMP.

In some embodiments, the first SCtAMP and the second StAMP are double-
stapled and/or stitched. In some embodiments, the StAMP comprises or consists of
the amino acid sequence set forth in any one of SEQ ID NOs:1-3, 34, or 35 except for

1 to 5 amino acid substitutions, insertions, and/or deletions within SEQ ID NOs:1-3,
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34 or 35. In some embodiments, the SSAMP comprises or consists of a SSAMP based
on or derived from the scaffold of a peptide having the amino acid sequence set forth
in any one of SEQ ID NOs:4-33 except for 1 to 5 amino acid substitutions, insertions,
and/or deletions within SEQ ID NOs:1-35. In some embodiments, the StAMP
comprises or consists of the amino acid sequence set forth in any one SEQ ID NO: 1,
2, or 3. In some embodiments, the StAMP comprises or consists of a SSAMP based on
or derived from the scaffold of a peptide having the amino acid sequence set forth in
any one SEQ ID NO: 4-33. In some embodiments, the StAMP comprises or consists
of the sequence of any one of SEQ ID NOs:7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29,
31, or 33.

In some embodiments, the first and second StAMP are each 6 to 100 amino
acids in length (e.g., between 6 and 40 amino acids in length (e.g., between 6 and 10
amino acids in length, between 6 and 15 amino acids in length, between 6 and 20
amino acids in length, between 6 and 25 amino acids in length, between 6 and 30
amino acids in length, between 6 and 35 amino acids in length; between 10 and 15
amino acids in length, between 10 and 20 amino acids in length, between 10 and 25
amino acids in length, between 10 and 30 amino acids in length, between 10 and 35
amino acids in length; between 15 and 20 amino acids in length, between 15 and 25
amino acids in length, between 15 and 30 amino acids in length, between 15 and 35
amino acids in length; between 15 and 40 amino acids in length; between 20 and 25
amino acids in length, between 20 and 30 amino acids in length, between 20 and 35
amino acids in length; between 20 and 40 amino acids in length; between 30 and 35
amino acids in length; between 30 and 40 amino acids in length; or between 35 and 40
amino acids in length).

In some embodiments, the second StAMP is dihydroxylated as compared to
the first StAMP, and the hydrophobicity of the second StAMP is reduced as compared
to the first StAMP. In some embodiments, the second StAMP is aminohydroxylated
as compared to the first StAMP, and the hydrophobicity of the second StAMP is
reduced as compared to the first StAMP.
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In some embodiments, the antimicrobial activity is against 4. baumannii. In
some embodiments, the antimicrobial activity is against . coli. In some
embodiments, the antimicrobial activity is against an L. coli strain that contains a
MCR-1 plasmid. In some embodiments, the antimicrobial activity is against S. aureus.

In some embodiments, hemolytic activity of the second StAMP is reduced
compared to the first StAMP and the hemolytic activity of the second StAMP is less
than 50% (e.g., less than 45%, less than 40%, less than 35%, less than 30%, less than
25%, less than 20%, less than 19%, less than 18%, less than 17%, less than 16%, less
than 15%, less than 14%, less than 13%, less than 12%, less than 11%, less than 10%,
less than 9%, less than 8%, less than 7%, less than 6%, less than 5%, less than 4%,
less than 3%, less than 2%, less than 1%, less than 0.5%, or 0-5%), and the minimum
inhibitory concentration against a Gram-negative colistin-resistant bacterium is less
than 10 pg/mL (e.g., less than 9.5 ug/mL, less than 9.0 ug/mL, less than 8.5 pg/mL,
less than 8.0 ug/mL, less than 7.5 pg/mL, less than 7.0 pg/mL, less than 6.5 pg/mL,
less than 6.0 ug/mL, less than 5.5 pg/mL, less than 5.0 pg/mL, less than 4.5 pg/mL,
less than 4.0 ug/mL, less than 3.5 pg/mL, less than 3.0 pg/mL, less than 2.5 pg/ mL,
less than 2.0 ug/mL, less than 1.5 pg/ mL, less than 1.0 pg/ mL, less than 0.5 pug/ mL,
or 0.5-3.0 ug/ mL). In certain embodiments, hemolytic activity of the second StAMP
is reduced compared to the first SSAMP and the hemolytic activity of the second
StAMP is less than 10%. In certain embodiments, hemolytic activity of the second
StAMP is reduced compared to the first StAMP and the hemolytic activity of the
second StAMP is greater than 20% but less than 50% (e.g., less than 45%, less than
40%, less than 35%, less than 30%, less than 25%).

In some embodiments, the Gram-negative bacterium is A. baumannii or E.
coli.

In some embodiments, the Gram-negative bacterium is A. baumannii, E. coli, or a
Gram-negative bacterium that contain a MCR-1 plasmid.
In another aspect, the disclosure provides methods of selecting a StAMP (e.g.,

hydrocarbon-StAMP) that overcomes colistin-resistance of a Gram-negative
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bacterium that include: (a) providing a StAMP; (b) determining the hemolytic activity
and the minimum inhibitory concentration (MIC) of the StAMP for a Gram-negative
bacterium; and (c) selecting the StAMP when the StAMP has: (i) a minimum
inhibitory concentration against the Gram-negative bacterium of less than 10 pg/mL
(e.g., less than 9.5 ug/mL, less than 9.0 pg/mL, less than 8.5 pug/mL, less than 8.0
ug/mL, less than 7.5 ug/mL, less than 7.0 ug/mL, less than 6.5 pg/mL, less than 6.0
ug/mL, less than 5.5 ug/mL, less than 5.0 ug/mL, less than 4.5 pg/mL, less than 4.0
ug/mL, less than 3.5 ug/mL, less than 3.0 ug/mL, less than 2.5 pg/ mL, less than 2.0
ug/mL, less than 1.5 pg/ mL, less than 1.0 ug/ mL, less than 0.5 ug/ mL, or 0.5-3.0
ug/ mL); and (i1) a hemolytic activity less than 20% (e.g., less than 19%, less than
18%, less than 17%, less than 16%, less than 15%, less than 14%, less than 13%, less
than 12%, less than 11%, less than 10%, less than 9%, less than 8%, less than 7%, less
than 6%, less than 5%, less than 4%, less than 3%, less than 2%, less than 1%, less
than 0.5%, or 0-5%).

In some embodiments, the Gram-negative bacterium is A. haumannii, E. coli,
or a Gram-negative bacterium that contains a MCR-1 plasmid. In some embodiments,
the Gram-negative bacterium that contains a MCR-1 plasmid is Klebsiella
pneumoniae.

In some embodiments, the methods further comprise: (a) generating a third
StAMP that is identical to the second StAMP except at one or more amino acid
positions, wherein the amino acid changes in the third StAMP (i) disrupt at least one
hydrophobic patch that is present within the second StAMP, wherein the hydrophobic
patch comprises at least 2 hydrophobic amino acid residues; and/or (ii) alter the
charge nature of at least one cationic point charge that is present in the second
StAMP. In some embodiments, the method further comprises determining that the
third StAMP has a reduced renal toxicity relative to the second StAMP, e.g., by
determining the renal toxicity of the second and third StAMPs using a primary
proximal tubule epithelial cell (pRPTEC) renal toxicity assay or monitoring in vivo

kidney function by, for example, serial serum creatinine measurements.
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In some embodiments, the third StAMP comprises a disrupted hydrophobic
patch relative to the second StAMP, wherein at least one hydrophobic amino acid
(eg.1,2,3,4,5,6,7, 8,9, or 10 or more hydrophobic amino acids) of at least one
hydrophobic patch (e.g., 1, 2, 3, 4, or 5 hydrophobic patches) in the third StAMP is
substituted with an amino acid having a reduced hydrophobicity.

In some embodiments, the method further comprises generating a fourth
StAMP that is identical to the third StAMP except at one or more amino acid
positions, wherein the amino acid changes in the fourth StAMP result in the
substitution of at least one amino acid on the hydrophilic portion of the StAMP, e.g.,
the hydrophilic portion of an a-helix, that makes the hydrophilic portion of the
StAMP more cationic. In some embodiments, at least one amino acid on a
hydrophilic portion of the StAMP is substituted with at least one lysine, ornithine,
histidine, and/or arginine. In some embodiments, the fourth StAMP has an
antimicrobial activity that is equivalent to or exceeds the antimicrobial activity of the
third StAMP. In some embodiments, the fourth StAMP has a minimum inhibitory
concentration (MIC) against an antibiotic resistant bacterium that is less than the the
minimum inhibitory concentration (MIC) againist an antibiotic resistant bacterium of
the third StAMP.

In another aspect, the disclosure provides methods of selecting a StAMP (e.g.,
hydrocarbon-StAMP) that overcomes antibiotic-resistance of a Gram-positive
bacterium that include: (a) providing a StAMP; (b) determining the hemolytic activity
and the minimum inhibitory concentration (MIC) of the StAMP for a Gram-positive
bacterium; and (c) selecting the StAMP when the StAMP has: (i) a minimum
inhibitory concentration against the Gram-positive bacterium of less than 10 ug/mL
(e.g., less than 9.5 ug/mL, less than 9.0 pg/mL, less than 8.5 pug/mL, less than 8.0
ug/mL, less than 7.5 ug/mL, less than 7.0 ug/mL, less than 6.5 pg/mL, less than 6.0
ug/mL, less than 5.5 ug/mL, less than 5.0 ug/mL, less than 4.5 pg/mL, less than 4.0
ug/mL, less than 3.5 ug/mL, less than 3.0 ug/mL, less than 2.5 pug/ mL, less than 2.0
ug/mL, less than 1.5 pg/ mL, less than 1.0 ug/ mL, less than 0.5 ug/ mL, or 0.5-3.0
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ug/ mL); and (i1) a hemolytic activity less than 20% (e.g., less than 19%, less than
18%, less than 17%, less than 16%, less than 15%, less than 14%, less than 13%, less
than 12%, less than 11%, less than 10%, less than 9%, less than 8%, less than 7%, less
than 6%, less than 5%, less than 4%, less than 3%, less than 2%, less than 1%, less
than 0.5%, or 0-5%). In some embodiments, the Gram-positive bacterium is .
aureus.

In some embodiments, providing includes providing a StAMP from a StAMP
library. In some embodiments, the StAMP is from a StAMP library. In some
embodiments, the StAMP library is a library of a StAMP based on or derived from the
scaffold of a peptide selected from the group consisting of: magainin, pexiganan,
pleurocidin, pardaxin, hagfish intestinal antimicrobial peptide (HFIAP), PGQ, buforin
II, dermaseptin, caerin, melittin, cecropin, lycotoxin I, styelins B, clavanin B,
cathelicidin A, and dermicidin. In certain embodiments, the StAMP library is a staple
walk library.

In some embodiments, the stapled and/or stitched (e.g., hydrocarbon-stapled
and/or stitched) antimicrobial peptide is based on or derived from the scaffold of a
peptide selected from the group consisting of magainin, pexiganan, pleurocidin,
pardaxin, hagfish intestinal antimicrobial peptide (HFIAP), PGQ, buforin II,
dermaseptin, caerin, melittin, cecropin, lycotoxin I, styelins B, clavanin B,
cathelicidin A, and dermicidin.

In some embodiments, the methods further comprise reducing the renal
toxicity of the selected StAMP by introducing at least one amino acid substitution
(eg.1,2,3,4,5,6,7, 8, 9, or 10 substitutions) in the selected StAMP that: (i)
disrupts at least one hydrophobic patch (e.g., 1, 2, 3, 4, or 5 hydrophobic patches) that
is present within the selected StAMP, wherein the hydrophobic patch comprises at
least 2 hydrophobic amino acid residues; and/or (ii) alters the charge nature of at least
one cationic point charge that is present in the selected StAMP. In some
embodiments, the methods further comprise determining that the StAMP with amino

acid substitutions has a reduced renal toxicity relative to the SSAMP that had been
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selected, e.g., by determining the renal toxicity of the StAMPs using a primary
proximal tubule epithelial cell (pRPTEC) renal toxicity assay or monitoring in vivo
kidney function by, for example, serial serum creatinine measurements.

In some embodiments, the methods further comprises introducing at least one
amino acid substitution on the hydrophilic portion of the StAMP, e.g., the hydrophilic
portion of an a-helix, that makes the hydrophilic portion of the StAMP more cationic.
In some embodiments, at least one amino acid on a hydrophilic portion of the StAMP
is substituted with at least one lysine, ornithine, histidine, and/or arginine. In some
embodiments, the StAMP has an antimicrobial activity that is equivalent to or exceeds
the antimicrobial activity of the StAMP that had been selected. In yet another aspect,
this disclosure provides methods of screening for a StAMP that kills or inhibits the
growth of a colistin-resistant Gram-negative bacterium that include: (a) providing a
StAMP; (b) contacting the StAMP with a colistin-resistant Gram-negative bacterium;
(¢) determining that the StAMP Kkills or inhibits the growth of the colistin-resistant
Gram-negative bacterium with a MIC of less than 5.0 ug/ml.

In certain embodiments, the methods further include determining that the
StAMP has a hemolytic activity of less than 20% (e.g., less than 19%, less than 18%,
less than 17%, less than 16%, less than 15%, less than 14%, less than 13%, less than
12%, less than 11%, less than 10%, less than 9%, less than 8%, less than 7%, less than
6%, less than 5%, less than 4%, less than 3%, less than 2%, less than 1%, less than
0.5%, or 0-5%). In certain embodiments, the StAMP has a MIC for the colistin-
resistant Gram-negative bacterium of less than 10 pg/mL (e.g., less than 9.5 pg/mL,
less than 9.0 ug/mL, less than 8.5 pg/mL, less than 8.0 ug/mL, less than 7.5 pg/mL,
less than 7.0 ug/mL, less than 6.5 pg/mL, less than 6.0 ug/mL, less than 5.5 pg/mL,
less than 5.0 ug/mL, less than 4.5 pg/mL, less than 4.0 pg/mL, less than 3.5 pg/mL,
less than 3.0 ug/mL, less than 2.5 pg/ mL, less than 2.0 pg/mL, less than 1.5 pg/ mL,
less than 1.0 ug/ mL, less than 0.5 ug/ mL, or 0.5-3.0 pg/ mL). In certain other
embodiments, the methods further include determining that the StAMP has a

26



10

15

20

25

WO 2019/018499

hemolytic activity greater than 20% but less than 50% (e.g., less than 45%, less than
40%, less than 35%, less than 30%, less than 25%).

In another aspect, this disclosure provides methods of screening for a StAMP
that kills or inhibits the growth of an antibiotic-resistant Gram-positive bacterium that
include: (a) providing a StAMP; (b) contacting the StAMP with an antibiotic-resistant
Gram-positive bacterium; (c¢) determining that the StAMP kills or inhibits the growth
of the antibiotic-resistant Gram-positive bacterium with a MIC of less than 5.0 pg/ml.

In certain embodiments, the methods further include determining that the
StAMP has a hemolytic activity of less than 20% (e.g., less than 19%, less than 18%,
less than 17%, less than 16%, less than 15%, less than 14%, less than 13%, less than
12%, less than 11%, less than 10%, less than 9%, less than 8%, less than 7%, less than
6%, less than 5%, less than 4%, less than 3%, less than 2%, less than 1%, less than
0.5%, or 0-5%). In certain embodiments, the StAMP has a MIC for the antibiotic-
resistant Gram-positive bacterium of less than 10 ug/mL (e.g., less than 9.5 pg/mL,
less than 9.0 ug/mL, less than 8.5 pg/mL, less than 8.0 pg/mL, less than 7.5 pg/mL,
less than 7.0 ug/mL, less than 6.5 pg/mL, less than 6.0 ug/mL, less than 5.5 pg/mL,
less than 5.0 ug/mL, less than 4.5 pg/mL, less than 4.0 pg/mL, less than 3.5 pg/mL,
less than 3.0 ug/mL, less than 2.5 pg/ mL, less than 2.0 pg/mL, less than 1.5 pg/ mL,
less than 1.0 ug/ mL, less than 0.5 ug/ mL, or 0.5-3.0 pg/ mL). In certain other
embodiments, the methods further include determining that the StAMP has a
hemolytic activity greater than 20% but less than 50% (e.g., less than 45%, less than
40%, less than 35%, less than 30%, less than 25%).

In certain embodiments, the stapled and/or stitched antimicrobial peptide (e.g.,
hydrocarbon-stapled and/or stitched peptide) is based on or derived from the scaffold
of a peptide selected from the group consisting of magainin, pexiganan, pleurocidin,
pardaxin, hagfish intestinal antimicrobial peptide (HFIAP), PGQ, buforin II,
dermaseptin, caerin, melittin, cecropin, lycotoxin I, styelins B, clavanin B,

cathelicidin A, and dermicidin.
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In certain embodiments, the StAMP is from a StAMP library. In certain
embodiments, the StAMP library is a library of a StAMP based on or derived from the
scaffold of a peptide selected from the group consisting of: magainin, pexiganan,
pleurocidin, pardaxin, hagfish intestinal antimicrobial peptide (HFIAP), PGQ, buforin
II, dermaseptin, caerin, melittin, cecropin, lycotoxin I, styelins B, clavanin B,
cathelicidin A, and dermicidin. In certain embodiments, the StAMP library is a staple
walk library.

In some embodiments, the methods further comprise reducing the renal
toxicity of the selected StAMP by introducing at least one amino acid substitution
(eg.1,2,3,4,5,6,7, 8, 9, or 10 substitutions) in the selected StAMP that: (i)
disrupts at least one hydrophobic patch (e.g., 1, 2, 3, 4, or 5 hydrophobic patches) that
is present within the selected StAMP, wherein the hydrophobic patch comprises at
least 2 hydrophobic amino acid residues; and/or (ii) alters the charge nature of at least
one cationic point charge that is present in the selected StAMP. In some
embodiments, the methods further comprise determining that the StAMP with amino
acid substitutions has a reduced renal toxicity relative to the StAMP screened for
killing or inhibiting the growth of a colistin-resistant Gram-negative bacterium, e.g.,
by determining the renal toxicity of the StAMPs using a primary proximal tubule
epithelial cell (pRPTEC) renal toxicity assay or monitoring in vivo kidney function
by, for example, serial serum creatinine measurements.

In some embodiments, the methods further comprises introducing at least one
amino acid substitution on the hydrophilic portion of the StAMP, e.g., the hydrophilic
portion of an a-helix, that makes the hydrophilic portion of the StAMP more cationic.
In some embodiments, at least one amino acid on a hydrophilic portion of the StAMP
is substituted with at least one lysine, ornithine, histidine, and/or arginine. In some
embodiments, the StAMP has an antimicrobial activity that is equivalent to or exceeds
the antimicrobial activity of the StAMP screened for killing or inhibiting the growth

of a colistin-resistant Gram-negative bacterium.
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In certain embodiments, the StAMP is formulated with a pharmaceutical
composition as a pharmaceutically acceptable carrier.

The disclosure also features the use of StAMPs as an antibacterial coating for
materials, devices, or products (e.g., medical devices, catheters, bandages, adhesive
tapes) or ingredient in antimicrobial solutions or products (e.g., soaps, ointments,
cosmetics). Such antibacterial coatings or products can be useful in reducing or
preventing the spread of Gram-negative or Gram-positive bacterial infections.

The disclosure also provides solutions, products, and reagents comprising the
one or more of StAMPs disclosed herein. For example, such products are useful as
cosmetics, soaps, or other liquids/reagents to avoid Gram-negative or Gram-positive
bacterial infection and/or colonization.

The disclosure also features methods of determining a suitable treatment for a
subject having, or suspected of having, an antibiotic-resistant Gram-negative bacterial
infection that include: (a) obtaining a biological sample from the subject; (b)
contacting the biological sample of the subject with a StAMP; (¢) determining that the
StAMP Kkills or inhibits the growth of the antibiotic-resistant Gram-negative bacteria
in the sample; and (d) selecting and administering the StAMP to the subject. In some
embodiments, the antibiotic-resistant Gram-negative bacteria is colistin-resistant.

The disclosure also features methods of determining a suitable treatment for a
subject having, or suspected of having, an antibiotic-resistant Gram-positive bacterial
infection that include: (a) obtaining a biological sample from the subject; (b)
contacting the biological sample of the subject with a StAMP; (¢) determining that the
StAMP Kkills or inhibits the growth of the antibiotic-resistant Gram-positive bacteria in
the sample; and (d) selecting and administering the StAMP to the subject.

Another feature of this disclosure relates to methods for predicting the efficacy
of a StAMP in treating a colistin-resistant Gram-negative bacterial infection that
include: (a) contacting Gram-negative bacteria responsible for the colistin-resistant

Gram-negative bacterial infection with the StAMP; (b) determining that the StAMP
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kills or inhibits the growth of the Gram-negative bacteria; and (c¢) predicting that the
StAMP is likely to treat the Gram-negative bacterial infection.

Yet another feature of this disclosure relates to methods for predicting the
efficacy of a StAMP in treating an antibiotic-resistant Gram-positive bacterial
infection that include: (a) contacting Gram-positive bacteria responsible for the
antibiotic-resistant Gram-positive bacterial infection with the StAMP; (b) determining
that the StAMP kills or inhibits the growth of the Gram-positive bacteria; and (c)
predicting that the StAMP is likely to treat the Gram-positive bacterial infection.

In some embodiments, the StAMP is determined to have hemolytic activity of
less than 20% (e.g., less than 19%, less than 18%, less than 17%, less than 16%, less
than 15%, less than 14%, less than 13%, less than 12%, less than 11%, less than 10%,
less than 9%, less than 8%, less than 7%, less than 6%, less than 5%, less than 4%,
less than 3%, less than 2%, less than 1%, less than 0.5%, or 0-5%). In other
embodiments, the StAMP is determined to have hemolytic activity of greater than
20% but less than 50% (e.g., less than 45%, less than 40%, less than 35%, less than
30%, less than 25%).

In some embodiments, the StAMP is based on or derived from the scaffold of
a peptide selected from the group consisting of: magainin, pexiganan, pleurocidin,
pardaxin, hagfish intestinal antimicrobial peptide (HFIAP), PGQ, buforin II,
dermaseptin, caerin, melittin, cecropin, lycotoxin I, styelins B, clavanin B,
cathelicidin A, and dermicidin.

In some embodiments, the StAMP comprises or consists a StAMP based on or
derived from the scaffold of a peptide having the amino acid sequence set forth in any
one of SEQ ID NOs:1-43 except for 1 to 5 amino acid substitutions, insertions, and/or
deletions within SEQ ID NOs:1-43. In some embodiments, the StAMP comprises or
consists of the amino acid sequence set forth in any one of SEQ ID NOs:1-3, 34, or
35-43 except for 1 to 5 amino acid substitutions, insertions, and/or deletions within
SEQ ID NOs:1-3, 34 or 35-43. In some embodiments, the StAMP comprises or

consists of the sequence of any one of SEQ ID NOs:1-43. In some embodiments, the
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StAMP comprises or consists of the sequence set forth in any one of SEQ ID NO: 1,
2, 3, 34, or 35-43. In some embodiments, the StAMP comprises or consists of the
sequence of any one of SEQ ID NOs:7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, or
33.

In some embodiments, the subject is human.

In yet another aspect, the disclosure features methods of using the StAMPs
disclosed herein for veterinary use. For example, this disclosure provides methods of
treating livestock having, or at risk of developing a bacterial infection including an
antibiotic-resistant bacterial infection (e.g., a Gram-negative infection (e.g., a Gram-
negative colistin-resistant bacterial infection); or a Gram-positive infection). The
method involves administering to the animal an effective amount of a StAMP
disclosed herein to treat, control, or prevent the bacterial infection.

In certain embodiments, the animal to be treated includes, but is not limited to,
a pig, a chicken, a cow, a buffalo, a goat, a horse, a dog, a cat, a bird (e.g., a goose, a
parrot, a cockatoo, a parakeet).

In certain embodiments, the StAMP is based on or derived from the scaffold
of a peptide selected from the group consisting of magainin, pexiganan, pleurocidin,
pardaxin, hagfish intestinal antimicrobial peptide (HFIAP), PGQ, buforin II,
dermaseptin, caerin, melittin, cecropin, lycotoxin I, styelins B, clavanin B,
cathelicidin A, and dermicidin. To be “based on or derived from the scaffold of a
peptide” means that that at least two (e.g., 2, 3, 4, 5, 6) amino acids of these peptides
that are spaced at least 2, 3, or 6 amino acids apart are replaced with non-natural
amino acids with olefinic side chains that can form a staple or a stitch (e.g., a
hydrocarbon-staple or stitch). Examples of such peptides are provided in SEQ ID
NOs.: 1-3. In certain embodiments, the StAMP (e.g., hydrocarbon-stapled and/or
stitched antimicrobial peptide) is derived from the magainin scaffold. In certain
embodiments, the StAMP (e.g., hydrocarbon-stapled and/or stitched antimicrobial

peptide) is derived from the pleurocidin scaffold.

31



10

15

20

25

WO 2019/018499 PCT/US2018/042640

In certain embodiments, the StAMP comprises or consists of the amino acid
sequence set forth in any one of SEQ ID NOs:1-3, 34 or 35-43 except for 1 to 5 (i.e.,
1, 2, 3, 4, or 5) amino acid substitutions, insertions, and/or deletions within SEQ ID
NOs:1-3, 34 or 35-43. In certain embodiments one or more of these amino
substitutions are conservative amino acid substitutions. In certain embodiments, the
StAMP comprises or consists of a StAMP based on or derived from the scaffold of a
peptide having the amino acid sequence set forth in any one of SEQ ID NOs:4-33
except for 1 to 5 (i.e., 1, 2, 3, 4, or 5) amino acid substitutions, insertions, and/or
deletions within SEQ ID NOs:4-33. In some embodiments, the StAMP comprises or
consists of the sequence of any one of SEQ ID NOs:7, 9, 11, 13, 15, 17, 19, 21, 23,
25,27, 29, 31, or 33, except for 1 to 5 (i.e., 1, 2, 3, 4, or 5) amino acid substitutions,
insertions, and/or deletions within SEQ ID NOs:7, 9, 11, 13, 15, 17, 19, 21, 23, 25,
27,29, 31, or 33. In certain embodiments one or more of these amino substitutions
are conservative amino acid substitutions.

In certain embodiments, the StAMP comprises or consists of an amino acid
sequence that is at least 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to the amino acid
sequence set forth in any one SEQ ID NO: 1, 2, 3 or 36-43. In certain embodiments,
the conservative amino acid substitution(s) made to any of these sequences (i.e., SEQ
ID NOs.: 1-3) are not considered as being different/non-identical when determining
the above-referenced % identity between the sequences. In some embodiments, the
StAMP comprises or consists of an amino acid sequence that is at least 45%, 50%,
55%, 60%, 65%, 70%, 75%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, or 99% identical to the amino acid sequence of any one of
SEQ ID NOs:7, 9, 11,13, 15, 17, 19, 21, 23, 25, 27, 29, 31, or 33. In certain
embodiments, the conservative amino acid substitution(s) made to any of these
sequences (i.e., SEQID NOs.: 7,9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, or 33)
are not considered as being different/non-identical when determining the above-

referenced % identity between the sequences. In certain embodiments, the StAMP
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comprises or consists of a StAMP based on or derived from the scaffold of a peptide
having an amino acid sequence that is at least 45%, 50%, 55%, 60%, 65%, 70%, 75%,
70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%., 98%, or 99%
identical to the amino acid sequence set forth in any one SEQ ID NO: 4-33. In certain
embodiments, the conservative amino acid substitution(s) made to any of these
sequences (i.e., SEQ ID NOs.: 4-33) are not considered as being different/non-
identical when determining the above-referenced % identity between the sequences.
In certain embodiments, the StAMP comprises or consists of the amino acid
sequence set forth in any one SEQ ID NO: 1, 2, 3, 34, or 35-43. In some
embodiments, the StAMP comprises or consists of the sequence of any one of SEQ
IDNOs:7,9, 11, 13,15, 17,19, 21, 23, 25, 27, 29, 31, or 33. In certain instances,
these sequences may be modified to include additional, e.g., 2 or more (e.g., 3, 4, 5, 6)
non-natural olefinic side chain-containing amino acids that can form a hydrocarbon
staple or stitch. In some embodiments, the StAMP comprises or consists of the
sequence of any one of SEQ ID NOs.: 4-6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30,
or 32 which are modified to have one to six (e.g., 1, 2, 3, 4, 5, or 6) “X’s”. The
position of the “X” (i.e., the non-natural amino acid with olefinic side chains) in these
sequences can be varied as long as the X’s that are involved in forming a staple/stitch
are separated by 2, 3, or 6 amino acids. In one embodiment, the X’s that are involved
in forming a staple/stitch are separated by 3 amino acids. In another embodiment, the
X’s that are involved in forming a staple/stitch are separated by 6 amino acids. In yet
another embodiment, two of X’s that are involved in forming a staple are separated by
3 amino acids; and a second two X’s that are involved in forming a staple are
separated by 3 amino acids. In certain embodiments, the “X’s” in these sequences that
are involved in forming a staple/stitch can be the same non-natural amino acid. In
other embodiments, the “X’s™ in these sequences that are involved in forming a
staple/stitch are different non-natural amino acids. In certain instances, “X” is one of
(S)-2-(4-pentenyl)Ala-OH, (R)-2-(4-pentenyl)Ala-OH, (R)-2-(7-octenyl)Ala-OH, (S)-
2-(7-octenyl)Ala-OH, 2-amino-2-(pent-4-enyl)hept-6-enoic acid, (R)-2-(2-
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propenyl)Ala-OH, or (S)-2-(2-propenyl)Ala-OH. In certain embodiments, if a
sequence has two “X’s” both X’s are (S)-2-(4-pentenyl)Ala-OH. In certain
embodiments, if a sequence has two “X’s” both X’s are (R)-2-(4-pentenyl)Ala-OH.
In certain embodiments, if a sequence has two “X’s” both X’s are (R)-2-(7-
octenyl)Ala-OH. In certain embodiments, if a sequence has two “X’s” both X’s are
(S)-2-(7-octenyl)Ala-OH. In certain embodiments, if a sequence has two “X’s” both
X’s are 2-amino-2-(pent-4-enyl)hept-6-enoic acid. In certain embodiments, if a
sequence has two “X’s” both X’s are (R)-2-(2-propenyl)Ala-OH. In certain
embodiments, if a sequence has two “X’s” both X’s are (R)-2-(2-propenyl)Ala-OH.
In certain embodiments, if a sequence has two “X’s” both X’s are (S)-2-(2-
propenyl)Ala-OH. In certain embodiments, if a sequence has two “X’s™ both X’s are
different non-natural amino acids and can, e.g., be selected from the group consisting
of S)-2-(4-pentenyl)Ala-OH, (R)-2-(4-pentenyl)Ala-OH, (R)-2-(7-octenyl)Ala-OH,
(8)-2-(7-octenyl)Ala-OH, 2-amino-2-(pent-4-enyl)hept-6-enoic acid, (R)-2-(2-
propenyl)Ala-OH, and (S)-2-(2-propenyl)Ala-OH. In certain instances, if the two
X’s are separated by 3 amino acids, the two X’s can be different non-natural residues,
e.g, the first X is (R)-2-(2-propenyl)Ala-OH or (S)-2-(2-propenyl)Ala-OH and the
second X is (S)-2-(2-propenyl)Ala-OH or (R)-2-(2-propenyl)Ala-OH. In certain
instances, the “X’s” that are in SEQ ID NOs.: 1-3, 34, 35, 7,9, 11, 13, 15, 17, 19, 21,
23,25,27, 29, 31, 33 or 36-43, or inserted into SEQ ID NOs.: 4-6, 8, 10, 12, 14, 16,
18, 20, 22, 24, 26, 28, 30, or 32 can be any residue/substance that permits formation
of a staple and/or stitch. In other words, the staple and/or stitch does not need to be a
hydrocarbon-staple and/or stitch. Methods of performing different types of stapling
are well known in the art (see, e.g., Lactam stapling: Shepherd et al., J. Am. Chem.
Soc., 127:2974-2983 (2005); Triazole stapling: Kawamoto et al., J. Med. Chem.,
55:1137-1146 (2011); UV-cycloaddition stapling: Madden et al., Bioorg. Med. Chem.
Lett., 21:1472-1475 (2011); Disulfide stapling: Jackson et al., Am. Chem.
Soc.,113:9391-9392 (1991), Oxime stapling: Haney et al., Chem. Commun.,
47:10915-10917 (2011); Thioether stapling: Brunel and Dawson, Chem. Commun.,
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552-2554 (2005); Photoswitchable stapling: J. R. Kumita et al., Proc. Natl. Acad. Sci.
U S A., 97:3803-3808 (2000); Double-click stapling: Lau et al., Chem. Sci., 5:1804—
1809 (2014); Bis-lactam stapling: J. C. Phelan et al.,, J. Am. Chem. Soc., 119:455-460
(1997); and Bis-arylation stapling. A. M. Spokoyny et al., J. Am. Chem. Soc.,
135:5946-5949 (2013)). In certain instances, the “X’s” that are in SEQ ID NOs.: 1-3,
34,35,7,9, 11,13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33 or 36-43, or inserted into
SEQ ID NOs.: 4-6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, or 32 can be any
residue that permits formation of a hydrocarbon staple and/or stitch. In certain
instances, the peptides with the sequences recited in SEQ ID NOs.: 1-3, 34, 35,7, 9,
11,13, 15, 17,19, 21, 23, 25, 27, 29, 31, 33 or 36-43, or modified peptides with the
sequences recited in SEQ ID NOs.: 4-6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, or
32 are lactam stapled. In other instances, the peptides with the sequences recited in
SEQ ID NOs.: 1-3,34,35,7,9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33 or 36-43,
or modified peptides with the sequences recited in SEQ ID NOs.: 4-6, 8, 10, 12, 14,
16, 18, 20, 22, 24, 26, 28, 30, or 32 are triazole stapled. In other instances, the
peptides with the sequences recited in SEQ ID NOs.: 1-3, 34,35, 7,9, 11, 13, 15, 17,
19, 21, 23, 25, 27, 29, 31, 33 or 36-43, or modified peptides with the sequences
recited in SEQ ID NOs.: 4-6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, or 32 are
stapled using a UV-cycloaddition staple. In other instances, the peptides with the
sequences recited in SEQ ID NOs.: 1-3, 34,35, 7,9, 11, 13, 15, 17, 19, 21, 23, 25, 27,
29, 31, 33 or 36-43, or modified peptides with the sequences recited in SEQ ID NOs.:
4-6, 8,10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, or 32 are disulfide stapled. In other
instances, the peptides with the sequences recited in SEQ ID NOs.: 1-3, 34, 35,7, 9,
11,13, 15, 17,19, 21, 23, 25, 27, 29, 31, 33 or 36-43, or modified peptides with the
sequences recited in SEQ ID NOs.: 4-6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, or
32 are oxime stapled. In other instances, the peptides with the sequences recited in
SEQ ID NOs.: 1-3,34,35,7,9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33 or 36-43,
or modified peptides with the sequences recited in SEQ ID NOs.: 4-6, 8, 10, 12, 14,
16, 18, 20, 22, 24, 26, 28, 30, or 32 are thioether stapled. In other instances, the
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peptides with the sequences recited in SEQ ID NOs.: 1-3, 34,35, 7,9, 11, 13, 15, 17,
19, 21, 23, 25, 27, 29, 31, 33 or 36-43, or modified peptides with the sequences
recited in SEQ ID NOs.: 4-6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, or 32
comprise a photoswitchable staple. In other instances, the peptides with the sequences
recited in SEQ ID NOs.: 1-3, 34,35, 7,9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33
or 36-43, or modified peptides with the sequences recited in SEQ ID NOs.: 4-6, 8, 10,
12, 14, 16, 18, 20, 22, 24, 26, 28, 30, or 32 are double-click stapled. In other
instances, the peptides with the sequences recited in SEQ ID NOs.: 1-3, 34, 35,7, 9,
11,13, 15, 17,19, 21, 23, 25, 27, 29, 31, 33 or 36-43, or modified peptides with the
sequences recited in SEQ ID NOs.: 4-6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, or
32 are bis-lactam stapled. In other instances, the peptides with the sequences recited
in SEQ ID NOs.: 1-3, 34,35, 7,9, 11,13, 15,17, 19, 21, 23, 25, 27, 29, 31, 33 or 36-
43, or modified peptides with the sequences recited in SEQ ID NOs.: 4-6, 8, 10, 12,
14, 16, 18, 20, 22, 24, 26, 28, 30, or 32 comprise a bis-arylation staple. In certain
embodiments, the StAMP comprises or consists of the amino acid sequence set forth
in, or a modified version (i.e., a sequence comprising 2 or more (e.g., 3, 4, 5, 6) non-
natural olefinic side chain-containing amino acids that can form a hydrocarbon staple)
of, an amino sequence set forth in any one SEQ ID NO: 4-33.

In some embodiments of any of the methods described herein, the StAMP is 6
to 100 amino acids in length (e.g., between 6 and 40 amino acids in length (e.g.,
between 6 and 10 amino acids in length, between 6 and 15 amino acids in length,
between 6 and 20 amino acids in length, between 6 and 25 amino acids in length,
between 6 and 30 amino acids in length, between 6 and 35 amino acids in length;
between 10 and 15 amino acids in length, between 10 and 20 amino acids in length,
between 10 and 25 amino acids in length, between 10 and 30 amino acids in length,
between 10 and 35 amino acids in length; between 15 and 20 amino acids in length,
between 15 and 25 amino acids in length, between 15 and 30 amino acids in length,
between 15 and 35 amino acids in length; between 15 and 40 amino acids in length;

between 20 and 25 amino acids in length, between 20 and 30 amino acids in length,
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between 20 and 35 amino acids in length; between 20 and 40 amino acids in length;
between 30 and 35 amino acids in length; between 30 and 40 amino acids in length; or
between 35 and 40 amino acids in length).

In a particular embodiment, the animal is a chicken. In another particular
embodiments, the animal is a pig. In another particular embodiments, the animal is a
COW.

In certain embodiments, the animal’s infection has developed antibiotic-
resistance to at leastone (e.g., 1,2, 3,4, 5,6, 7, 8,9, or 10) other class of antibiotic. In
some embodiments, the at least one (e.g., 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10) other class of
antibiotic is selected from the group consisting of: carbapenem, an aminoglycoside,
vancomycin, methicillin, clarithromycin, cephalosporin, penicillin, ampicillin,
fluoroquinolone, tetracycline, and a -lactam. In certain embodiments, the at least one
other class of antibiotic is carbapenem. In certain embodiments, the at least one other
class of antibiotic is clarithromycin. In certain embodiments, the at least one other
class of antibiotic is cephalosporin. In certain embodiments, the at least one other
class of antibiotic is fluoroquinolone. In certain embodiments, the at least one other
class of antibiotic is methicillin. In certain embodiments, the at least one other class of
antibiotic is vancomycin. In certain embodiments, the at least one other class of
antibiotic is methicillin and vancomycin. In certain embodiments, the at least one
other class of antibiotic is cephalosporin and fluoroquinolone.

In some embodiments, the animal has a chronic Gram-negative colistin-
resistant bacterial infection. In some embodiments, the Gram-negative colistin-
resistant bacterial infection is an A. baumannii infection. In some embodiments, the
Gram-negative colistin-resistant bacterial infection is an E. co/i infection. In some
embodiments, the Gram-negative colistin-resistant bacterial infection is a Klebsiella
pneumoniae infection. In some embodiments, the Gram-negative colistin-resistant
bacterial infection is an infection selected from the group consisting of a
Pseudomonas infection, a Neisseria infection, a Chlamydia infection, a Yersinia

infection, a Profeus infection, an Enterobacter infection, a Serratia infection, a
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Helicobacter infection, a Salmonella infection, a Salmonella infection, a Shigella, a
Moraxella infection, a Stenotrophomonas, a Klebsiella infection, and a Legionella
infection. In some embodiments, the Gram-negative colistin-resistant bacterial
infection is an infection selected from the group consisting of a Pseudomonas
aeruginosa infection, a Neisseria gonorrhoeae infection, a Chlamydia trachomatis
infection, a Yersinia pestis infection, a Proteus mirabilis infection, an Enterobacter
cloacae infection, a Serratia marcescens infection, a Helicobacter pylori infection, a
Salmonella enteritidis infection, a Salmonella typhi infection, a Shigella infection, a
Moraxella infection, a Stenotrophomonas infection, a Bdellovibrio infection, an acetic
acid bacterial infection, a Klebsiella pneumoniae infection, and a Legionella
pneumophila infection. In some embodiments, the Gram-negative colistin-resistant
bacterial infection is from a Gram-negative bacterium that contains a MCR-1 plasmid.
In some embodiments, the Gram-negative bacterium that contains a MCR-1 plasmid
is E. coli.

In some embodiments, the StAMP is administered intravenously. In other
embodiments, the StAMP is administered via an intravenous route.

In a further aspect, this disclosure relates to methods of using the StAMPs
disclosed herein as antibiotics on plants. These methods are useful in control of
bacterial diseases of plants. In some instances, these methods are useful to treat
antibiotic-resistant plant bacterial infections (e.g., streptomycin- or oxytetracycline-
resistant bacterial infections). The methods involves contacting or administering to a
plant having, or at risk of developing, a bacterial infection an effective amount of a
StAMP disclosed herein. These methods are useful in agriculture, forestry
management, as well as gardening.

In certain embodiments, the bacterial infection is a Gram-negative antibiotic-
resistant bacterial infection. In certain embodiments, the bacterial infection is a Gram-
negative colistin-resistant bacterial infection. In certain embodiments, the bacterial
infection is a streptomy cin-resistant bacterial infection. In other embodiments, the

bacterial infection is an oxytetracycline-resistant bacterial infection. In certain
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embodiments, the bacterial infection is a streptomycin-resistant and oxytetracy cline-
resistant bacterial infection. In certain embodiments, the bacterial infection is a Gram-
positive antibiotic-resistant bacterial infection.

In certain embodiments, the methods described above can be used to control,
treat, or prevent bacterial soft rot of fruits and/or vegetables. In certain embodiments,
the methods described above can be used to control, treat, or prevent Citrus canker
(e.g., that caused by Xanthomonas campestris). In some embodiments, the claimed
method can be used to control, treat, or prevent fire blight. Fire blight is broken down
into several sub-categories including blossom blight, shoot blight, rootstock blight,
and trauma blight. The claimed method can be used for each of these. In one
particular embodiment, the StAMPs are used to treat, control, or prevent blossom
blight. In some cases, the fire blight is of pear. In other cases, the fire blight is of
apple. In other cases, the fire blight is of quince. In other cases, the fire blight is of an
ornamental tree/plant. In some embodiments, the claimed method can be used to
control, treat, or prevent bacterial infections in peach and/or nectarines. In some
embodiments, the claimed method can be used to control, treat, or prevent bacterial
infections in floriculture. In some embodiments, the claimed method can be used to
control, treat, or prevent bacterial infections in seeds. In some embodiments, the
claimed method can be used to control, treat, or prevent bacterial infections in
seedlings (e.g., of celery, pepper, potato, tomato, tobacco) in the field and/or the
greenhouse.

In some embodiments, the StAMP is mixed in a large volume of water to a
concentration of 50-200 ppm and blown into tree canopies with a high-pressure (air-
blast) sprayer. In some embodiments, the StAMP is applied to the surface of plants.
In some embodiments, the StAMP is injected into the trunk of a tree. In some
embodiments, the StAMP is sprayed over the plants. In some embodiments, the
StAMP treatment is performed weekly. In some embodiments, the StAMP treatment
is performed biweekly. In some embodiments, the StAMP treatment is performed

monthly. In a particular embodiment, the StAMP is applied or provided to the
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plant/tree during the growth phase of the pathogen on the surface of the plant, flower,
or tree.

In certain embodiments, the StAMP is based on or derived from the scaffold
of a peptide selected from the group consisting of magainin, pexiganan, pleurocidin,
pardaxin, hagfish intestinal antimicrobial peptide (HFIAP), PGQ, buforin II,
dermaseptin, caerin, melittin, cecropin, lycotoxin I, styelins B, clavanin B,
cathelicidin A, and dermicidin. To be “based on or derived from the scaffold of a
peptide” means that that at least two (e.g., 2, 3, 4, 5, 6) amino acids of these peptides
that are spaced at least 2, 3, or 6 amino acids apart are replaced with non-natural
amino acids with olefinic side chains that can form a staple or a stitch (e.g., a
hydrocarbon-staple or stitch). Examples of such peptides are provided in SEQ ID
NOs.: 1-3. In certain embodiments, the StAMP (e.g., hydrocarbon-stapled and/or
stitched antimicrobial peptide) is derived from the magainin scaffold. In certain
embodiments, the StAMP (e.g., hydrocarbon-stapled and/or stitched antimicrobial
peptide) is derived from the pleurocidin scaffold.

In certain embodiments, the StAMP comprises or consists of the amino acid
sequence set forth in any one of SEQ ID NOs:1-3, 34, or 35 except for 1 to 5 (i.e., 1,
2, 3, 4, or 5) amino acid substitutions, insertions, and/or deletions within SEQ 1D
NOs:1-3, 34 or 35. In certain embodiments one or more of these amino substitutions
are conservative amino acid substitutions. In certain embodiments, the StAMP
comprises or consists of a StAMP based on or derived from the scaffold of a peptide
having the amino acid sequence set forth in any one of SEQ ID NOs:4-33 except for 1
to5 (e, 1,2, 3,4, or 5) amino acid substitutions, insertions, and/or deletions within
SEQ ID NOs:4-33. In some embodiments, the StAMP comprises or consists of the
sequence of any one of SEQ ID NOs:7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, or
33, exceptfor 1 to 5 (i.e., 1, 2, 3, 4, or 5) amino acid substitutions, insertions, and/or
deletions within SEQ ID NOs:7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, or 33. In
certain embodiments one or more of these amino substitutions are conservative amino

acid substitutions.
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In certain embodiments, the StAMP comprises or consists of an amino acid
sequence that is at least 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to the amino acid
sequence set forth in any one SEQ ID NO: 1, 2, 3, 34, or 35. In certain embodiments,
the conservative amino acid substitution(s) made to any of these sequences (i.e., SEQ
ID NOs.: 1-3, 34, or 35) are not considered as being different/non-identical when
determining the above-referenced % identity between the sequences. In some
embodiments, the StAMP comprises or consists of an amino acid sequence that is at
least 45%, 50%, 55%, 60%, 65%., 70%, 75%, 70%, 75%, 80%, 85%, 90%, 91%, 92%,
93%, 94%, 95%., 96%, 97%, 98%, or 99% identical to the amino acid sequence of any
one of SEQ ID NOs:7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, or 33. In certain
embodiments, the conservative amino acid substitution(s) made to any of these
sequences (i.e., SEQID NOs.: 7,9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, or 33)
are not considered as being different/non-identical when determining the above-
referenced % identity between the sequences. In certain embodiments, the StAMP
comprises or consists of a StAMP based on or derived from the scaffold of a peptide
having an amino acid sequence that is at least 45%, 50%, 55%, 60%, 65%, 70%, 75%,
70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%., 98%, or 99%
identical to the amino acid sequence set forth in any one SEQ ID NO: 4-33. In certain
embodiments, the conservative amino acid substitution(s) made to any of these
sequences (i.e., SEQ ID NOs.: 4-33) are not considered as being different/non-
identical when determining the above-referenced % identity between the sequences.

In certain embodiments, the StAMP comprises or consists of the amino acid
sequence set forth in any one SEQ ID NO: 1, 2, 3, 34, or 35. In some embodiments,
the StAMP comprises or consists of the sequence of any one of SEQ ID NOs:7, 9, 11,
13, 15,17, 19, 21, 23, 25, 27, 29, 31, or 33. In certain instances, these sequences may
be modified to include additional, e.g., 2 or more (e.g., 3, 4, 5, 6) non-natural olefinic
side chain-containing amino acids that can form a hydrocarbon staple or stitch. In

some embodiments, the StAMP comprises or consists of the sequence of any one of
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SEQ ID NOs.: 4-6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, or 32 which are
modified to have one to six (e.g., 1, 2, 3, 4, 5, or 6) “X’s”. The position of the “X”
(i.e., the non-natural amino acid with olefinic side chains) in these sequences can be
varied as long as the X’s that are involved in forming a staple/stitch are separated by
2, 3, or 6 amino acids. In one embodiment, the X’s that are involved in forming a
staple/stitch are separated by 3 amino acids. In another embodiment, the X’s that are
involved in forming a staple/stitch are separated by 6 amino acids. In yet another
embodiment, two of X’s that are involved in forming a staple are separated by 3
amino acids; and a second two X’s that are involved in forming a staple are separated
by 3 amino acids. In certain embodiments, the “X’s” in these sequences that are
involved in forming a staple/stitch can be the same non-natural amino acid. In other
embodiments, the “X’s” in these sequences that are involved in forming a staple/stitch
are different non-natural amino acids. In certain instances, “X” is one of (S)-2-(4-
pentenyl)Ala-OH, (R)-2-(4-pentenyl)Ala-OH, (R)-2-(7-octenyl)Ala-OH, (S)-2-(7-
octenyl)Ala-OH, 2-amino-2-(pent-4-enyl)hept-6-enoic acid, (R)-2-(2-propenyl)Ala-
OH, or (S)-2-(2-propenyl)Ala-OH. In certain embodiments, if a sequence has two
“X’s” both X’s are (S)-2-(4-pentenyl)Ala-OH. In certain embodiments, if a sequence
has two “X’s” both X’s are (R)-2-(4-pentenyl)Ala-OH. In certain embodiments, if a
sequence has two “X’s” both X’s are (R)-2-(7-octenyl)Ala-OH. In certain
embodiments, if a sequence has two “X’s” both X’s are (S)-2-(7-octenyl)Ala-OH. In
certain embodiments, if a sequence has two “X’s” both X’s are 2-amino-2-(pent-4-
enyl)hept-6-enoic acid. In certain embodiments, if a sequence has two “X’s™ both X’s
are (R)-2-(2-propenyl)Ala-OH. In certain embodiments, if a sequence has two “X’s”
both X’s are (R)-2-(2-propenyl)Ala-OH. In certain embodiments, if a sequence has
two “X’s” both X’s are (S)-2-(2-propenyl)Ala-OH. In certain embodiments, if a
sequence has two “X’s” both X’s are different non-natural amino acids and can, e.g.,
be selected from the group consisting of S)-2-(4-pentenyl)Ala-OH, (R)-2-(4-
pentenyl)Ala-OH, (R)-2-(7-octenyl)Ala-OH, (S)-2-(7-octenyl)Ala-OH, 2-amino-2-
(pent-4-enyDhept-6-enoic acid, (R)-2-(2-propenyl)Ala-OH, and (S)-2-(2-
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propenyl)Ala-OH. In certain instances, if the two X’s are separated by 3 amino
acids, the two X’s can be different non-natural residues, e.g, the first X is (R)-2-(2-
propenyl)Ala-OH or (S)-2-(2-propenyl)Ala-OH and the second X is (S)-2-(2-
propenyl)Ala-OH or (R)-2-(2-propenyl)Ala-OH. In certain instances, the “X’s” that
are in SEQ ID NOs.: 1-3, 34, 35,7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, or 33,
or inserted into SEQ ID NOs.: 4-6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, or 32
can be any residue/substance that permits formation of a staple and/or stitch. In other
words, the staple and/or stitch does not need to be a hydrocarbon-staple and/or stitch.
Methods of performing different types of stapling are well known in the art (see, e.g.,
Lactam stapling: Shepherd et al., J. Am. Chem. Soc., 127:2974-2983 (2005); Triazole
stapling: Kawamoto et al., J. Med. Chem., 55:1137-1146 (2011), UV-cycloaddition
stapling: Madden et al., Bioorg. Med. Chem. Lett., 21:1472-1475 (2011); Disulfide
stapling: Jackson et al., Am. Chem. Soc.,113:9391-9392 (1991); Oxime stapling:
Haney et al., Chem. Commun., 47:10915-10917 (2011); Thioether stapling: Brunel
and Dawson, Chem. Commun., 552-2554 (2005); Photoswitchable stapling: J. R.
Kumita et al., Proc. Natl. Acad. Sci. U. S. A., 97:3803-3808 (2000); Double-click
stapling: Lau et al., Chem. Sci., 5:1804-1809 (2014); Bis-lactam stapling: J. C.
Phelan et al.,, J Am. Chem. Soc., 119:455-460 (1997); and Bis-arylation stapling: A.
M. Spokoyny et al., J. Am. Chem. Soc., 135:5946-5949 (2013)). In certain instances,
the “X’s” that are in SEQ ID NOs.: 1-3, 34,35, 7,9, 11, 13, 15, 17, 19, 21, 23, 25, 27,
29, 31, or 33, or inserted into SEQ ID NOs.: 4-6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26,
28, 30, or 32 can be any residue that permits formation of a hydrocarbon staple and/or
stitch. In certain instances, the peptides with the sequences recited in SEQ ID NOs.:
1-3,34,35,7,9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, or 33, or modified peptides
with the sequences recited in SEQ ID NOs.: 4-6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26,
28, 30, or 32 are lactam stapled. In other instances, the peptides with the sequences
recited in SEQ ID NOs.: 1-3, 34, 35, 7,9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, or
33, or modified peptides with the sequences recited in SEQ ID NOs.: 4-6, 8, 10, 12,
14, 16, 18, 20, 22, 24, 26, 28, 30, or 32 are triazole stapled. In other instances, the

43



10

15

20

25

WO 2019/018499 PCT/US2018/042640

peptides with the sequences recited in SEQ ID NOs.: 1-3, 34,35, 7,9, 11, 13, 15, 17,
19, 21, 23, 25, 27, 29, 31, or 33, or modified peptides with the sequences recited in
SEQ ID NOs.: 4-6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, or 32 are stapled using
a UV-cycloaddition staple. In other instances, the peptides with the sequences recited
in SEQ ID NOs.: 1-3, 34,35,7,9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, or 33, or
modified peptides with the sequences recited in SEQ ID NOs.: 4-6, 8, 10, 12, 14, 16,
18, 20, 22, 24, 26, 28, 30, or 32 are disulfide stapled. In other instances, the peptides
with the sequences recited in SEQ ID NOs.: 1-3, 34, 35,7, 9, 11, 13, 15,17, 19, 21,
23, 25, 27, 29, 31, or 33, or modified peptides with the sequences recited in SEQ ID
NOs.: 4-6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, or 32 are oxime stapled. In
other instances, the peptides with the sequences recited in SEQ ID NOs.: 1-3, 34, 35,
7,9, 11,13, 15, 17, 19, 21, 23, 25, 27, 29, 31, or 33, or modified peptides with the
sequences recited in SEQ ID NOs.: 4-6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, or
32 are thioether stapled. In other instances, the peptides with the sequences recited in
SEQ ID NOs.: 1-3,34,35,7,9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, or 33, or
modified peptides with the sequences recited in SEQ ID NOs.: 4-6, 8, 10, 12, 14, 16,
18, 20, 22, 24, 26, 28, 30, or 32 comprise a photoswitchable staple. In other instances,
the peptides with the sequences recited in SEQ ID NOs.: 1-3, 34, 35,7, 9, 11, 13, 15,
17,19, 21, 23, 25, 27, 29, 31, or 33, or modified peptides with the sequences recited
in SEQ ID NOs.: 4-6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, or 32 are double-
click stapled. In other instances, the peptides with the sequences recited in SEQ ID
NOs.: 1-3,34,35,7,9,11, 13,15, 17, 19, 21, 23, 25, 27, 29, 31, or 33, or modified
peptides with the sequences recited in SEQ ID NOs.: 4-6, 8, 10, 12, 14, 16, 18, 20, 22,
24, 26, 28, 30, or 32 are bis-lactam stapled. In other instances, the peptides with the
sequences recited in SEQ ID NOs.: 1-3, 34,35, 7,9, 11, 13, 15, 17, 19, 21, 23, 25, 27,
29, 31, or 33, or modified peptides with the sequences recited in SEQ ID NOs.: 4-6, 8,
10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, or 32 comprise a bis-arylation staple. In
certain embodiments, the StAMP comprises or consists of the amino acid sequence

set forth in, or a modified version (i.e., a sequence comprising 2 or more (e.g., 3, 4, 5,
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6) non-natural olefinic side chain-containing amino acids that can form a hydrocarbon
staple) of, an amino sequence set forth in any one SEQ ID NO: 4-33.

In some embodiments of any of the methods described herein, the StAMP is 6
to 100 amino acids in length (e.g., between 6 and 40 amino acids in length (e.g.,
between 6 and 10 amino acids in length, between 6 and 15 amino acids in length,
between 6 and 20 amino acids in length, between 6 and 25 amino acids in length,
between 6 and 30 amino acids in length, between 6 and 35 amino acids in length;
between 10 and 15 amino acids in length, between 10 and 20 amino acids in length,
between 10 and 25 amino acids in length, between 10 and 30 amino acids in length,
between 10 and 35 amino acids in length; between 15 and 20 amino acids in length,
between 15 and 25 amino acids in length, between 15 and 30 amino acids in length,
between 15 and 35 amino acids in length; between 15 and 40 amino acids in length;
between 20 and 25 amino acids in length, between 20 and 30 amino acids in length,
between 20 and 35 amino acids in length; between 20 and 40 amino acids in length;
between 30 and 35 amino acids in length; between 30 and 40 amino acids in length; or
between 35 and 40 amino acids in length).

In certain embodiments, the plant infection has developed antibiotic-resistance
to atleastone (e.g., 1,2,3,4,5,6,7, 8,9, or 10) other class of antibiotic. In some
embodiments, the at least one (e.g., 1,2,3,4,5,6,7,8,9, or 10) other class of
antibiotic is selected from the group consisting of: carbapenem, an aminoglycoside,
vancomycin, methicillin, clarithromycin, cephalosporin, penicillin, ampicillin,
fluoroquinolone, tetracycline, and a -lactam. In certain embodiments, the at least one
other class of antibiotic is carbapenem. In certain embodiments, the at least one other
class of antibiotic is clarithromycin. In certain embodiments, the at least one other
class of antibiotic is cephalosporin. In certain embodiments, the at least one other
class of antibiotic is fluoroquinolone. In certain embodiments, the at least one other
class of antibiotic is methicillin. In certain embodiments, the at least one other class of
antibiotic is vancomycin. In certain embodiments, the at least one other class of

antibiotic is methicillin and vancomycin. In certain embodiments, the at least one
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other class of antibiotic is cephalosporin and fluoroquinolone. In a particular
embodiment, the plant has developed an infection with antibiotic-resistance to
streptomycin. In certain embodiments, the plant has developed an infection with
antibiotic-resistance to oxytetracycline.

In some embodiments, the plant has a chronic Gram-negative colistin-resistant
bacterial infection. In some embodiments, the plant has a chronic Gram-positive
antibiotic-resistant bacterial infection.

In another aspect, the disclosure relates to a method of reducing the renal
toxicity of a stapled and/or stitched anti-microbial peptide (StAMP), the method
comprising: (i) identifying at least one hydrophobic patch comprising two or more
hydrophobic amino acids; (ii) introducing at least one amino acid substitution in the
hydrophobic patch, wherein at least one of the hydrophobic amino acids in the
hydrophobic patch is replaced with at least one amino acid with a reduced
hydrophobicity, to produce a StAMP with at least one disrupted hydrophobic patch;
and (ii1) testing the StAMP with the at least one disrupted hydrophobic patch for
reduced renal toxicity relative to a StAMP that is identical except that no amino acid
substitutions have been introduced into its hydrophobic patches.

In some embodiments, the StAMP is 6 to 100 amino acids in length.

In some embodiments, at least one amino acid substitution is introduced into
the StAMP to disrupt at least one hydrophobic patch. In some embodiments, one
amino acid substitution is introduced into the StAMP to disrupt one hydrophobic
patch. In some embodiments, at least two amino acid substitutions are introduced into
the StAMP to disrupt one hydrophobic patch. In some embodiments, at least two
amino acid substitutions are introduced into the StAMP to disrupt at least two
hydrophobic patches.

In some embodiments, the StAMP comprises an a-helix with a hydrophobic
face and a hydrophilic face. In some embodiments, at least one amino acid
substitution is introduced on the hydrophilic portion of the StAMP. In some

embodiments, an amino acid other than lysine on the hydrophilic portion of the
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StAMP is replaced with alysine. In some embodiments, the StAMP exhibits greater
anti-microbial activity relative to a StAMP that is identical except that it does not
comprise a lysine substitution on the hydrophilic portion of its a-helix.

In another aspect, the disclosure relates to a method of reducing the renal
toxicity of a stapled and/or stitched anti-microbial peptide (StAMP), the method
comprising: (1) identifying at least one amino acid residue on the StAMP comprising a
cationic point charge; (ii) introducing at least one amino acid substitution, wherein at
least one cationic point charge is replaced with at least one amino acid with a different
charge nature than the cationic point charge, thereby producing a StAMP with an
altered cationic charge; and (iii) testing the StAMP with an altered cationic charge for
reduced renal toxicity relative to a StAMP that is identical except that its cationic
point charges have not been altered, thereby reducing the renal toxicity of the StAMP.

In some embodiments, at least one amino acid substitution is introduced into
the StAMP to alter the charge nature of at least one cationic point charge. In some
embodiments, one amino acid substitution is introduced into the StAMP to alter the
charge nature of one cationic point charge. In some embodiments, at least two amino
acid substitutions are introduced into the StAMP to alter the charge nature of at least
two cationic point charges. In some embodiments, at least one lysine is substituted
with either an arginine, histidine, or ornithine.

In some embodiments, the StAMP with reduced renal toxicity comprises or
consists of any one of SEQ ID NOs: 41-43. In some embodiments, the StAMP with
reduced renal toxicity comprises an amino acid sequence that is at least 45%, 50%,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 92%, 95%,
96%, 97%, 98%, 99%, 90% identical to an amino acid sequence selected from the
group consisting of SEQ ID NOs: 41-43. In some embodiments, the StAMP exhibits
reduced renal toxicity relative to a StAMP that is identical except that it does not
comprise an amino acid substitution that disrupts a hydrophobic patch and/or alters a
cationic point charge. In some embodiments, the StAMP with reduced renal toxicity

comprises or consists of any one of SEQ ID NOs: 36-40. In some embodiments, the
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StAMP with reduced renal toxicity comprises an amino acid sequence that is at least
45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 86%, 87%, 88%, 89%, 90%,
92%, 95%, 96%, 97%, 98%, or 99%, identical to an amino acid sequence selected
from the group consisting of SEQ ID NOs: 36-40.

In some embodiments, the StAMP with reduced renal toxicity is administered
to a subject to treat an antibiotic-resistant bacterial infection. In some embodiments,
the StAMP with reduced renal toxicity damages fewer kidney cells when
administered to a subject relative to the StAMP that is identical except that it does not
comprise an amino acid substitution that discrupts a hydrophobic patch and/or alters a
cationic point charge. In some embodiments, the StAMP with reduced renal toxicity
damages fewer kidney cells when administered to a subject relative to a StAMP that is
identical except that it does not comprise an amino acid substitution that discrupts a
hydrophobic patch and/or alters a cationic point charge. In some embodiments, the
damage to kidney cells is monitored in the subject by serial serum creatinine
measurements. In some embodiments, the subject is a human.

In some embodiments, the StAMP with reduced renal toxicity lyses fewer
primary renal proximal tubule epithelial cells (pRPTECs) in an in vitro renal toxicity
assay relative to the StAMP that is identical except that it does not comprise an amino
acid substitution that discrupts a hydrophobic patch and/or alters a cationic point
charge. In some embodiments, the StAMP with reduced renal toxicity maintains
normal serum creatinine levels when administered in vivo relative to an elevation that
may occur with a StAMP that is identical except that it does not comprise an amino
acid substitution that discrupts a hydrophobic patch and/or alters a cationic point
charge.

In another aspect, the disclosure relates to a stapled and/or stitched anti-

microbial peptide (StAMP) having the formula:
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Formula (I)
or a pharmaceutically acceptable salt thereof,

wherein:
each Ri and Rz is independently H, alkyl, alkenyl, alkynyl, arylalkyl, cycloalkylalkyl,
heteroarylalkyl, or heterocyclylalkyl, any of which is substituted or unsubstituted.;
each Rs is independently alkylene, alkenylene, or alkynylene, any of which is
substituted or unsubstituted;
each x is independently 1, 2, 3, 4,5, 6,7, 8,9, or 10;
each w and y is independently 1,2, 3,4, 5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
19, or 20,
zi1s1,2,3,4,5,6,7,8,9, or 10; and
each Xaa is independently an amino acid,
wherein the StAMP exhibits an antimicrobial effect against at least one microbe, and
wherein
the [Xaalw and/or [Xaal]y of the SSAMP comprises at least one hydrophobic patch of
two or more hydrophobic amino acids that is identical to a hydrophobic patch present
on an anti-microbial peptide (AMP) that is identical to the StAMP of Formula I
except that at least one of the two or more hydrophobic amino acids of the
hydrophobic patch of the StAMP is substituted with an amino acid having reduced
hydrophobicity;
and/or the StAMP comprises an amino acid substitution that alters the charge nature
of a cationic point charge relative an anti-microbial peptide (AMP) that is identical to
the StAMP of Formula I.

In some embodiments, the StAMP comprises an a-helix.

In some embodiments, the anti-microbial peptide (AMP) comprises an amino acid
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selected from the group consisting of: SEQ ID NOs: 4-33. In some embodiments, the
StAMP comprises an amino acid sequence that is at least 45%, 50%, 55%, 60%, 65%,
70%, 75%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 92%, 95%, 96%, 97%, 98%, or
99%, to an amino acid sequence selected from the group consisting of: SEQ ID NOs:
36-41. In some embodiments, the StAMP comprises or consists of an amino acid
sequence selected from the group consisting of: SEQ ID NO: 36-41.

In some embodiments, the [Xaa]w and/or [Xaa]y of the StAMP comprises at least
one hydrophobic patch that has been disrupted with an amino acid substitution
relative to the anti-microbial peptide (AMP).

In some embodiments, at least one amino acid on the hydrophilic portion of the a-
helix of the StAMP is substituted with a lysine. In some embodiments, the StAMP
exhibits greater anti-microbial activity relative to a StAMP that is identical except that
it does not comprise a lysine substitution on the hydrophilic portion of its a-helix. In
some embodiments, the StAMP comprises one amino acid substitution that alters one
cationic point charge relative to the anti-microbial peptide (AMP). In some
embodiments, the StAMP comprises at least two amino acid substitutions that alter at
least two cationic point charges relative to the AMP. In some embodiments, the
amino acid substitution comprises a lysine that is substituted with an arginine,
histidine, or ornithine.

In some embodiments, the StAMP is administered to a subject to treat an
antibiotic-resistant bacterial infection. In some embodiments, the StAMP damages
fewer kidney cells when administered to a subject relative to a StAMP that is identical
except that it does not comprise an amino acid substitution that discrupts a
hydrophobic patch and/or alters a cationic point charge. In some embodiments, the
damage to kidney cells is monitored in the subject by serial serum creatinine
measurements. In some embodiments, the subject is a human.

In another aspect, the disclosure relates to a pharmaceutical composition
comprising any of the stapled and/or stitched anti-microbial peptides (StAMPs)

described herein.
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Unless otherwise defined, all technical and scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to
which this invention belongs. Although methods and materials similar or equivalent
to those described herein can be used in the practice or testing of the present
invention, the exemplary methods and materials are described below. All
publications, patent applications, patents, and other references mentioned herein are
incorporated by reference in their entirety. In case of conflict, the present application,
including definitions, will control. The materials, methods, and examples are
illustrative only and not intended to be limiting.

Other features and advantages of the invention will be apparent from the

following detailed description and from the claims.

DESCRIPTION OF DRAWINGS

FIG. 1 depicts levels of primary proximal tubule epithelial cell (pRPTEC)
lysis following a 24-hour incubation with increasing concentrations of
Mag(i+4)1,15(A9K) (SEQ ID NO: 1) or an analogue of Mag(i+4)1,15(A9K) (SEQ ID
NOs: 36-41), as measured using a lactate dehydrogenase (LDH) release assay (%
LDH release).

FIG. 2 depicts levels of pRPTEC lysis following a 90-minute incubation with
increasing concentrations of Mag(i+4)1,15(A9K) (SEQ ID NO: 1) or an analogue of
Mag(i+4)1,15(A9K) (SEQ ID NOs: 42-43), as measured using a lactate
dehydrogenase (LDH) release assay (% LDH release).

FIG. 3 depicts levels of pRPTEC lysis following a 48-hour incubation with
increasing concentrations of Mag(i+4)1,15(A9K) (SEQ ID NO: 1) or an analogue of
Mag(i+4)1,15(A9K) (SEQ ID NOs: 42-43), as measured using a lactate
dehydrogenase (LDH) release assay (% LDH release).

FIG.4 is a table providing data regarding StAMP antibacterial activity against

several Gram-negative pathogens having different resistance patterns.
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DETAILED DESCRIPTION

The present disclosure provides methods of treating bacterial infections of
human subjects, animals (e.g., livestock), or plants, including antibiotic-resistant
bacterial infections. In certain instances, the methods find use in the treatment of
antibiotic-resistant Gram-negative bacterial infections. In some embodiments, the
antibiotic that the bacteria is resistant to is selected from the group consisting of:
carbapenem, an aminoglycoside, vancomycin, methicillin, clarithromycin,
cephalosporin, penicillin, ampicillin, fluoroquinolone, tetracycline, and a B-lactam. In
certain instances, the methods are useful to treat antibiotic-resistant Gram-positive
bacterial infections.

In one particular aspect, the disclosure features methods of treating Gram-
negative colistin-resistant bacterial infections in a human subject, animal, or plant,
and methods for the development of stabilized (e.g., stapled and/or stitched (e.g.,
hydrocarbon-stapled and/or stitched)) antimicrobial peptides (StAMPs) that overcome
Gram-negative colistin-resistance.

Treatment of patients with antibiotics has led to the development of resistance
to almost all antibiotic classes (e.g., fluoroquinolones, tetracyclines, and -lactams).
Accordingly, there is a need for treatments for antibiotic-resistant bacterial infections.
The only remaining treatment option for patients with chronic Gram-negative
infections has become colistin, a cationic cyclic polypeptide. However, reports of
colistin-resistant clinical isolates (e.g., colistin-resistant A. baumannii infections) has
steadily risen, suggesting that this last line of treatment will soon become obsolete. In
addition, a new plasmid, MCR-1, was recently discovered in E. coli isolated that
confers colistin-resistance unto these pathogens and allows the resistance to spread
rapidly to other Gram-negative bacterial species (e.g., Klebsiella pneumonia). Given
that there are currently no viable drug candidates in the antibiotic pipeline that can
address this problem, this disclosure features a platform from which new agents
against colistin-resistant bacteria can be generated with potent and selective activity.

In light of these dangerous developments, the present inventors have generated
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stabilized (e.g., stapled and/or stitched) antimicrobial peptides (StAMPs) that
overcome colistin-resistance in Gram-negative bacteria. Furthermore, this disclosure
provides a platform from which new StAMPs can be generated that reinforce the
alpha-helical structure of antimicrobial peptides while greatly increasing their potency
and selectivity against colistin-resistant bacteria. When tested against various clinical
isolates of A. baumannii and E. coli, StAMPs consistently displayed potent
antimicrobial activity independent of the pathogen’s sensitivity to colistin. These
results confirm that StAMPs have the potential to be a viable treatment option in

patients where colistin-resistance has been developed.

Gram-Negative Bacteria

Gram-negative bacteria were first defined by their ability not to retain Gram
staining, however, since then Gram-negative bacteria have been further defined as
bacteria that has an outer membrane that contains porins and/or hydrophilic channels,
and a cell wall thickness of 8-12 nm. Non-limiting examples of Gram-negative
bacteria include: Acinetobacter baumannii, Anaplasma species, bacterial vaginosis
microbiota, Bacteroides species, Bartonella, , Brucella species, Enterobacteriaceae,
Burkholderia cepacia and other Burkholderia species, Campylobacter species,
Bartonella bacilliformis, Bartonella henselae, , Haemophilus ducreyi, Chlamydia
trachomatis, Chlamydophila pneumoniae, Vibrio cholera Ehrlichia species,
Rickettsia prowazekii, Fusobacterium species, Burkholderia mallei, Neisseria
gonorrhoeae, Klebsiella granulomatis, Haemophilus influenza, Helicobacter pylori,
Escherichia coli O157:H7, O111 and O104:H4, Ehrlichia ewingii, Anaplasma
phagocytophilum, Ehrlichia chaffeensis, Kingella kingae, Legionella pneumophila,
Leptospira species, Borrelia burgdorferi, Borrelia garinii, Borrelia afzelii,
Burkholderia pseudomallei, Neisseria meningitides, Rickettsia typhi, Mycoplasma
prneumoniae, Bordetella pertussis, Yersinia pestis, Prevotella species, Chlamydophila
psittaci, Coxiella burnetii, Borrelia hermsii, Borrelia recurrentis, Borrelia species,

Rickettsia species, Rickettsia akari, Rickettsia, Salmonella species, Shigella species,
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Treponema pallidum, Francisella tularensis, Salmonella enterica subsp. enterica
serovar typhi, Rickettsia, Ureaplasma urealyticum, Vibrio vulnificus, Vibrio
parahaemolyticus, Yersinia pseudotuberculosis, and Yersinia enterocolitica.

Gram-negative bacteria are responsible for the vast majority of bacterial
infections, and most often develop antibiotic- and/or drug-resistance. In some
embodiments of any of the methods described herein, the Gram-negative bacteria is
colistin-resistant and confers colistin-resistance. In some embodiments of any of the
methods described herein, the Gram-negative colistin-resistant bacterium is
Acineobacter, Escherichia, Pseudomonas, Neisseria, Chlamydia, Yersinia, Proteus,
Enterobacter, Serratia, Helicobacter, Salmonella, Shigella, Moraxella,
Stenotrophomonas, Bdellovibrio, an acetic acid bacterium, Klebsiella, or Legionella.
In some embodiments of any of the methods described herein, the Gram-negative
colistin-resistant bacterium is A. baumannii, E. coli, Pseudomonas aeruginosa,
Neisseria gonorrhoeae, Chlamydia trachomatis, Yersinia pestis, Proteus mirabilis,
Enterobacter cloacae, Serratia marcescens, Helicobacter pylori, Salmonella
enteritidis, Salmonella typhi, Shigella, Klebsiella pneumoniae, Legionella
pneumophila, or a Gram-negative bacterium that contains a MCR-1 plasmid.

In some embodiments, the Gram-negative colistin-resistant bacterial infection
is an A. baumannii infection. In some embodiments, the Gram-negative colistin-
resistant bacterial infection is an E. coli infection. In some embodiments, the Gram-
negative colistin-resistant bacterial infection is a Klebsiella pneumoniae infection. In
some embodiments, the Gram-negative colistin-resistant bacterial infection is from a
Gram-negative bacterium that contains a MCR-1 plasmid. In some embodiments, the
Gram-negative bacterium that contains a MCR-1 plasmid is £. coli. In some
embodiments, the Gram-negative bacterium that contains a MCR-1 plasmid is

Klebsiella pneumoniae.

Gram-Positive Bacteria

Gram-positive bacteria are defined by their ability to give a positive result in

54

PCT/US2018/042640



10

15

20

25

WO 2019/018499

the Gram stain test. Gram-positive bacteria take up the crystal violet stain used in this
test, thereby appearing to be purple-colored when seen through a microscope. This is
explained by the fact that the thick peptidoglycan layer in the Gram-positive bacterial
cell wall retains the stain after it is washed away from the rest of the sample, in the
decolorization stage of the test. All gram-positive bacteria are bounded by a single-
unit lipid membrane, and, in general, contain a thick layer (20-80 nm) of
peptidoglycan. Non-limiting examples of Gram-positive bacteria include:
Actinomyces israelii, Actinomyces gerencseriae, Propionibacterium propionicus,
Bacillus anthracis, Arcanobacterium haemolyticum, Bacillus cereus, bacterial
vaginosis microbiota, Clostridium botulinum, Mycobacterium ulcerans, Group A
Streptococcus and Staphylococcus, Clostridium difficile, Corynebacterium diphtheria,
Enterococcus species, Clostridium perfringens, other Clostridium species,
Streptococcus pyogenes, Streptococcus agalactiae, Mycobacterium leprae,
Mycobacterium lepromatosis, Listeria monocytogenes, Nocardia asteroides,
Nocardia species, Streptococcus pneumoniae, Staphylococcus aureus, Staphylococcus
species, Clostridium tetani, Mycobacterium tuberculosis, Yersinia
pseudotuberculosis, and Yersinia enterocolitica.

In some embodiments, the Gram-positive antibiotic-resistant bacterial

infection 1s a S. aureus infection.

Antibiotic-Resistance

The term “antibiotic-resistance” refers to a loss or reduction in the
effectiveness of an antibiotic (e.g., an antimicrobial agent, an antimicrobial peptide, a
hydrocarbon-stapled and/or stitched peptide) to kill or inhibit the growth of a bacterial
strain that was once responsiveness to the antibiotic. In certain embodiments, an
antibiotic has a cytostatic effect on a bacterium instead of having a cytotoxic effect. In
certain embodiments, a bacterium can develop antibiotic-resistance by genetically
altering (e.g., mutating) the antibiotic target-binding site. In certain embodiments, a

bacterium can develop antibiotic-resistance by preventing (e.g., inhibiting or
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reducing) penetrance of the antibiotic into the bacterium (e.g., genetically mutating
the docking site of the antibiotic, genetically mutating the antibiotic transport pump
(e.g., increasing the efflux of the antibiotic)). In certain embodiments, a bacterium can
develop antibiotic-resistance by acquiring an antibiotic-resistance gene (e.g., MCR-1
plasmid) by horizontal gene transfer (e.g., conjugation, transformation or
transduction) from another bacterial strain. In certain embodiments, a bacterium can
develop antibiotic-resistance by expressing enzymes that inactivate the antibiotic.

In some embodiments, a bacterium can develop antibiotic-resistance to one or
more (e.g.,1,2,3,4,5,6,7, 8,9, 10) classes of antibiotic. In some embodiments, the
one or more classes of antibiotic is selected from the group consisting of: carbapenem,
an aminoglycoside, vancomycin, methicillin, clarithromycin, cephalosporin,
penicillin, ampicillin, fluoroquinolone, tetracycline, and a -lactam.

In some embodiments of any of the methods described herein, a Gram-
negative bacterium can have acquired resistance to an antibiotic (i.e. antibiotic-
resistance). In some embodiments of any of the methods described herein, a Gram-
negative bacterial infection can have acquired resistance to an antibiotic (i.e. an
antibiotic-resistant Gram-negative bacterial infection (e.g., a colistin-resistant Gram-
negative bacterial infection, a carbapenem-resistant Gram-negative bacterial
infection). In some embodiments of any of the methods described herein, a subject
can have acquired resistance to an antibiotic (e.g., colistin-resistance, carbapenem-

resistance).

Stapled and/or Stitched Antimicrobial Peptides (StAMP)

The present disclosure provides structurally-stabilized and microbial-selective
peptides related to anti-bacterial peptides (AMP) (e.g., StAMP) comprising at least
two modified amino acids joined by an internal (intramolecular) cross-link (or staple),
wherein the at least two amino acids are separated by, e.g., 2, 3, or 6 amino acids.
Stabilized peptides herein can include, e.g., stapled (e.g., hydrocarbon-stapled)
peptides, including peptides having, e.g., 1, 2, 3, 4, 5, or more staples and/or stitched
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peptides. Examples of such stabilized peptides are provided in Table 1. These
stabilized peptides can be modified by amino acid substitutions, insertions, and/or
deletions. In some instances, the stabilized peptides are one of SEQ ID NOs.: 1-3 or
36-43 with 1to 5 (i.e., 1, 2, 3, 4, or 5) amino acid substitutions, insertions, and/or
deletions. In some instances, the stabilized peptides are one of SEQ ID NOs.: 7, 9, 11,
13,15, 17,19, 21, 23, 25,27, 29, 31, or 33 with 1 to 5 (i.e., 1, 2, 3, 4, or 5) amino acid
substitutions, insertions, and/or deletions. In some instances, the stabilized peptides
are one of SEQ ID NOs.: 1-3 or 36-43, with 1 to 5 (i.e., 1, 2, 3, 4, or 5) amino acid
substitutions. In some instances, the stabilized peptides are one of SEQ ID NOs.: 7, 9,
11,13, 15,17, 19, 21, 23, 25, 27, 29, 31, or 33, with 1 t0 5 (i.e., 1, 2, 3, 4, or 5) amino
acid substitutions. These substitutions may be conservative amino acid substitutions.
The modified or substituted stabilized peptide has the same or better antimicrobial
activity as the parent stabilized peptide. Antimicrobial activity can be assayed as
described in the Examples. In some instances, the stabilized peptides are one of SEQ
ID NOs.: 1-3 or 36-43. In other instances, the stabilized peptides are one of SEQ ID
NOs.:7,9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, or 33.

A “peptide” or “polypeptide” comprises a polymer of amino acid residues
linked together by peptide (amide) bonds. The terms, as used herein, refer to proteins,
polypeptides, and peptides of any size, structure, or function. Typically, a peptide or
polypeptide will be at least three amino acids long. A peptide or polypeptide may
refer to an individual protein or a collection of proteins. In some instances, peptides
can include only natural amino acids, although non-natural amino acids (i.e.,
compounds that do not occur in nature but that can be incorporated into a polypeptide
chain) and/or amino acid analogs as are known in the art may alternatively be
employed. Also, one or more of the amino acids in a peptide or polypeptide may be
modified, for example, by the addition of a chemical entity such as a carbohydrate
group, a hydroxyl group, a phosphate group, a farnesyl group, an isofarnesyl group, a
fatty acid group, a linker for conjugation, functionalization, or other modification, etc.

A peptide or polypeptide may also be a single molecule or may be a multi- molecular
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complex, such as a protein. A peptide or polypeptide may be just a fragment of a
naturally occurring protein or peptide. A peptide or polypeptide may be naturally
occurring, recombinant, or synthetic, or any combination thereof. “Dipeptide” refers
to two covalently linked amino acids.

AMPs can be divided into four main structural groups: stabilized -sheet
peptides with two to four disulfide bridges; loop peptides with a single disulfide
bridge; a-helical peptides; and extended structures rich in arginine, glycine, proline,
tryptophan, and histidine. Typically, 6 to 100 (e.g., 12 to 50) amino acids in length,
these peptides are usually cationic with an amphipathic character. These biophysical
properties allow them to interact with bacterial membranes resulting in either
disruption of membrane integrity or translocation into bacterial cells and disruption of
intracellular processes.

The alpha-helical structural motif of AMPs can be important to the ability of
AMPs to interact with bacterial membranes. Upon binding to the membrane, AMPs
can either translocate or insert themselves and permeabilize the membrane through a
barrel-stave mechanism, a carpet-like mechanism or a toroidal pore mechanism. This
process of permeabilization and disruption of membrane integrity can account for the
antimicrobial properties of alpha-helical AMPs.

A stapled and/or stitched antimicrobial peptide (StAMP) provided herein can
exhibit helical stability by the maintenance of a-helical structure as measured by
circular dichroism or NMR. For example, in some aspects, the stapled and/or stitched
anti-microbial peptide exhibits at least a 1.25, 1.5, 1.75 or 2-fold increase in a-helicity
as determined by circular dichroism compared to a corresponding un-cross-linked
peptide (i.e. a non-stapled and non-stitched peptide). In some aspects, the stapled
and/or stitched (e.g., hydrocarbon-stapled and/or stitched) anti-microbial peptide can
exhibit about 10%, about 15%, about 20%, about 25%, about 30%, about 35%, about
40%, about 45%, about 50%, about 55%. about 60%, about 65%, about 70%, about
75%, about 80%, about 85%, about 90%, about 95%, or about 100% helicity. Amino

acids are the building blocks of the peptides herein. The term “amino acid” refers to a
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molecule containing both an amino group and a carboxyl group as well as a side
chain. Amino acids suitable for inclusion in the peptides disclosed herein include,
without limitation, natural alpha-amino acids such as D- and L-isomers of the 20
common naturally occurring alpha-amino acids found in peptides (e.g., Ala (A), Arg
(R), Asn (N), Cys (C), Asp (D), GIn (Q), Glu (E), Gly (G), His (H), Ile (I), Leu (L),
Lys (K), Met (M), Phe (F), Pro (P), Ser (S), Thr (T), Trp (W), Tyr (Y), and Val (V),
unnatural alpha-amino acids (including, but not limited to a,c-disubstituted and N-
alkylated amino acids), natural beta-amino acids (e.g., beta-alanine), and unnatural
beta-amino acids. Amino acids used in the construction of peptides of the present
disclosure can be prepared by organic synthesis, or obtained by other routes, such as,
for example, degradation of or isolation from a natural source.

There are many known non-natural or unnatural amino acids any of which
may be included in the peptides of the present disclosure. Some examples of unnatural
amino acids are 4-hydroxyproline, desmosine, gamma-aminobutyric acid, beta-
cyanoalanine, norvaline, 4-(E)-butenyl-4(R)-methyl-N- methyl-L-threonine, N-
methyl-L-leucine, 1-amino-cyclopropanecarboxylic acid, 1- amino-2-phenyl-
cyclopropanecarboxylic acid, 1-amino-cyclobutanecarboxylic acid, 4- amino-
cyclopentenecarboxylic acid, 3-amino-cyclohexanecarboxylic acid, 4-piperidylacetic
acid, 4-amino-l-methylpyrrole-2-carboxylic acid, 2,4-diaminobutyric acid, 2,3-
diaminopropionic acid, 2,4-diaminobutyric acid, 2-aminoheptanedioic acid, 4-
(aminomethyl)benzoic acid, 4-aminobenzoic acid, ortho-, meta- and /para-substituted
phenylalanines (e.g., substituted with -C(=0)CsHs; -CF3; -CN; -halo; -NO2; CH3),
disubstituted phenylalanines, substituted tyrosines (e.g., further substituted with -
C=0)CsHs; -CF3; -CN; -halo; -NO2z; CH3), and statine. Additionally, amino acids can
be derivatized to include amino acid residues that are hydroxylated, phosphorylated,

sulfonated, acylated, and glycosylated, to name a few.

Peptide Stapling

“Peptide stapling™ is a term coined from a synthetic methodology wherein
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two olefin-containing side-chains (e.g., cross-linkable side chains) present in a
polypeptide chain are covalently joined (e.g., “stapled together”) using a ring-closing
metathesis (RCM) reaction to form a cross-linked ring (see, e.g., Blackwell et al., J
Org Chem., 66: 5291-5302, 2001; Angew et al., Chem Int Ed. 37:3281, 1994). As
used herein, the term “peptide stapling” includes the joining of two (e.g., at least one
pair of) double bond-containing side-chains, triple bond-containing side-chains, or
double bond-containing and triple bond-containing side chain, which may be present
in a polypeptide chain, using any number of reaction conditions and/or catalysts to
facilitate such a reaction, to provide a singly “stapled” polypeptide. The term
“multiply stapled” polypeptides refers to those polypeptides containing more than one
individual staple, and may contain two, three, or more independent staples of various
spacings and compositions. Additionally, the term “peptide stitching,” as used herein,
refers to multiple and tandem "stapling" events in a single polypeptide chain to
provide a “stitched” (e.g., tandem or multiply stapled) polypeptide, in which two
staples, for example, are linked to a common residue. Peptide stitching is disclosed,
e.g.,in WO 2008121767 and WO 2010/068684, which are both hereby incorporated
by reference in their entirety. In some instances, staples, as used herein, can retain the
unsaturated bond or can be reduced (e.g., as mentioned below in the stitching
paragraph description).

While peptide staples can have all hydrocarbon cross-links, other type of
cross-links or staples can also be used. For example, triazole-containing (e.g., 1, 4
triazole or 1, 5 triazole) crosslinks can be used (see, e.g., Kawamoto et al. 2012 J Med
Chem. 55:1137; WO 2010/060112). In addition, other methods of performing
different types of stapling are well known in the art (see, e.g., Lactam stapling:
Shepherd et al., J. Am. Chem. Soc., 127:2974-2983 (2005), UV-cycloaddition
stapling: Madden et al., Bioorg. Med. Chem. Lett., 21:1472-1475 (2011); Disulfide
stapling: Jackson et al., Am. Chem. Soc.,113:9391-9392 (1991); Oxime stapling:
Haney et al., Chem. Commun., 47:10915-10917 (2011); Thioether stapling: Brunel
and Dawson, Chem. Commun., 552-2554 (2005); Photoswitchable stapling: J. R.
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Kumita et al., Proc. Natl. Acad. Sci. U. S. A., 97:3803-3808 (2000); Double-click
stapling: Lau et al., Chem. Sci., 5:1804-1809 (2014); Bis-lactam stapling: J. C.
Phelan et al.,, J Am. Chem. Soc., 119:455-460 (1997); and Bis-arylation stapling: A.
M. Spokoyny et al., J. Am. Chem. Soc., 135:5946-5949 (2013)).

Stapling of a peptide using an all-hydrocarbon cross-link has been shown to
help maintain its native conformation and/or secondary structure, particularly under
physiologically relevant conditions (see, e.g., Schafmiester et al., J Am Chem Soc.,
122:5891-5892, 2000; Walensky et al., Science, 305:1466-1470, 2004).

Stapling the polypeptide herein by an all-hydrocarbon crosslink predisposed to
have an alpha-helical secondary structure can improve stability and various
pharmacokinetic properties.

Stabilized peptides herein include at least two internally cross-linked or
stapled amino acids, wherein the at least two amino acids are separated, e.g., by two
(i.e., i, i+3), three (i.e., i, i+4), orsix (i.e., i, i+7) amino acids. While at least two
amino acids are required to support an internal cross-link (e.g., a staple), additional
pairs of internally cross-linked amino acids can be included in a peptide, e.g., to
support additional internal cross-links (e.g., staples). For example, peptides can
include 1, 2, 3, 4, 5, or more staples. Examples of peptide staples are illustrated in the
figures. Cross-linked peptides (e.g., stapled and/or stitched peptides) are generally
referred to herein as stapled and/or stitched antimicrobial (StAMP) peptides (e.g.,
hydrocarbon-stapled and/or stitched.peptides).

Alternatively, or in addition, peptides can include three internally cross-linked
or stitched amino acids, e.g., yielding two staples arising from a common origin. A
peptide stitch includes at least three internally cross-linked amino acids, wherein the
middle of the three amino acids (referred to here as the core or central amino acid)
forms an internal cross-link (between alpha carbons) with each of the two flanking
modified amino acids. The alpha carbon of the core amino acid has side chains that
are internal cross-links to the alpha carbons of other amino acids in the peptide, which

can be saturated or not saturated. Amino acids cross-linked to the core amino acid can
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be separated from the core amino acid in either direction by 2, 3, or 6 amino acids
(e.g.. i, i-3, i, i-4, i, i-7). The number of amino acids on either side of the core (e.g.,
between the core amino acid and an amino acid cross-linked to the core) can be the
same or different.

In some aspects, peptides herein can include a combination of at least one
(e.g.. 1,2, 3,4, or 5)staple and at least one (e.g., 1, 2, 3, 4, or 5) stitch.

Cross-linked peptides (e.g., stapled and/or stitched peptides) are generally
referred to herein as StAMP peptides. Peptides can include cross-linked amino acids
at one or more of the positions.

Selection of amino acids for modification (e.g., to support an internal cross-
link) can also be facilitated by staple scanning. The terms “staple scan™ and “staple
walk™ refer interchangeably to the synthesis of a library of stapled peptides whereby
the location of the i and i+ 3; i and i+4; and i and i+ 7 single and multiple staple, or
stitches, are positioned sequentially down the length of the peptide sequence,
sampling all possible positions, to identify desired, effective, suitable, or optimal
properties and activities for the stapled or stitched constructs. Examples of staple
scanning methods are illustrated in the figures.

Suitable tethers are described herein and in, e.g., US2005/0250680,
PCT/US2008/058575, WO 2009/108261, and WO 2010/148335.

Amino acid side chains suitable for use in the peptides disclosed herein are
known in the art. For example, suitable amino acid side chains include methyl (as the
alpha- amino acid side chain for alanine is methyl), 4-hydroxyphenylmethyl (as the
alpha-amino acid side chain for tyrosine is 4-hydroxyphenylmethyl) and thiomethyl
(as the alpha-amino acid side chain for cysteine is thiomethyl), etc. A “terminally
unsaturated amino acid side chain™ refers to an amino acid side chain bearing a
terminal unsaturated moiety, such as a substituted or unsubstituted, double bond (e.g.,
olefinic) or a triple bond (e.g., acetylenic), that participates in crosslinking reaction
with other terminal unsaturated moieties in the polypeptide chain. In certain aspects,

a “terminally unsaturated amino acid side chain” is a terminal olefinic amino acid side
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chain. In certain aspects, a “terminally unsaturated amino acid side chain™ is a
terminal acetylenic amino acid side chain. In certain aspects, the terminal moiety of a
“terminally unsaturated amino acid side chain” is not further substituted.

Polypeptides can include more than one crosslink within the polypeptide
sequence to either further stabilize the sequence or facilitate the stabilization of longer
polypeptide stretches. If the polypeptides are too long to be readily synthesized in
one part, independently synthesized, cross-linked peptides can be conjoined by a
technique called native chemical ligation (see, e.g., Bang, et al., J. Am. Chem. Soc.
126:1377). Alternately, large peptides are routinely synthesized using a convergent
approach whereby fully protected fragments are specifically and sequentially reacted
to form the full length desired product, after final deprotection, such as in the

industrial synthesis of Fuzeon.

Methods of Making a Stapled and/or Stitched Antimicrobial Peptide

Methods suitable for obtaining (e.g., synthesizing), stapling, and purifying the
peptides disclosed herein are also known in the art (see, e.g., Bird et. al., Meth
Enzymol., 446:369-386 (2008); Bird et al, Curr Protoc Chem Biol., 2011; Walensky et
al., Science, 305:1466-1470 (2004); Schafmeister et al., J Am Chem Soc., 122:5891-
5892 (2000); U.S. Patent Application Publication No. 2010/0168388; and U.S. Patent
No. 7,723,468, issued May 25, 2010, each of which are hereby incorporated by
reference in their entirety).

Any of the methods disclosed herein can include a StAMP selected from, or
prepared using an AMP from, Table 1. In some embodiments of any of the methods
disclosed herein, the StAMP comprises or consists of the amino acid sequence set
forth in any one of SEQ ID NOs: 1-33 or 36-43, except for 1 to 5 amino acids
substitutions, insertions and/or deletions. In some embodiments of any of the
methods disclosed herein, the StAMP comprises or consists of an amino acid
sequence that is at least 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to the amino acid
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sequence set forth in any one of SEQ ID NOs: 1-33 or 36-43. In some embodiments
of any of the methods disclosed herein, the StAMP comprises or consists of the amino
acid sequence set forth in any one of SEQ ID NOs: 1-33 or 36-43. In some
embodiments of any of the methods disclosed herein, the StAMP comprises or
consists of the amino acid sequence set forth in any one of SEQ ID NOs: 1-3 or 36-
43, except for 1 to 5 (e.g., 1, 2, 3, 4 or 5) amino acids substitutions, insertions and/or
deletions. In some embodiments of any of the methods disclosed herein, the StAMP
comprises or consists of the amino acid sequence set forth in any one of SEQ ID
NOs:7,9, 11,13, 15,17, 19, 21, 23, 25, 27, 29, 31, or 33, except for 1 to 5 (e.g., 1, 2,
3, 4 or 5) amino acids substitutions, insertions and/or deletions. In some
embodiments of any of the methods disclosed herein, the StAMP comprises or
consists of an amino acid sequence that is at least 45%, 505, 55%, 60%, 65%, 70%,
75%., 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical
to the amino acid sequence set forth in any one of SEQ ID NOs: 1-3 or 36-43. In
certain instances, in determining the identity between these amino acid sequences,
conservative amino acid substitutions are considered to be “identical.” In some
embodiments of any of the methods disclosed herein, the StAMP comprises or
consists of an amino acid sequence that is at least 45%, 50%, 55%, 60%,, 65%, 70%,
75%., 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical
to the amino acid sequence set forth in any one of SEQ ID NOs:7, 9, 11, 13, 15, 17,
19, 21, 23, 25, 27, 29, 31, or 33. In certain instances, in determining the identity
between these amino acid sequences, conservative amino acid substitutions are
considered to be “identical.” In some embodiments of any of the methods disclosed
herein, the StAMP comprises or consists of the amino acid sequence set forth in any
one of SEQ ID NOs: 1-3 or 36-43. In some embodiments of any of the methods
disclosed herein, the StAMP comprises or consists of the sequence of any one of SEQ

IDNOs:7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, or 33.
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Table 1. List of Antimicrobial Peptides
Name SEQUENCE SEQ ID
NO:
Mag(i+4)1,15(A9K) GXGKFXHSKKKFGKAXVGEXBNS 1
Mag(i+4)2,15(A9K) GIXKFLXSKKKFGKAXVGEXBNS 2
Pleu(i+4)1,15 (A9K) GXGSFXKKKAHVGKHXGKAXLTHYL 3
Magainin GIGKFLHSAKKFGKAFVGEIMNS 4
Pexiganan GIGKFLKKAKKFGKAFVKILKK 5
Pleurocidin GWGSFFKKAAHVGKHVGKAALTHYL 6
Pleurocidin GWGSFFKKAAHXGKHVGKXALTHYL 7
Pardaxin GFFALIPKIISSPLFKTLLSAVGSALSSSGEQE 8
Pardaxin GFFALIPKIISXPLFKTLXSAVGSALSSSGEQE 9
Hagfish Intestinal Antimicrobial | GFFKKAWRKVKHAGRRVLKKGVGRHYV 10
Peptide (HFIAP) NNWLK
HFIAP GFFKKAWRKVKHAXRRVLKKXVGRHYV 11
NNWLK
PGQ GVLSNVIGYLKKLGTGALNAVLKQ 12
PGQ GVLSNVIGYLKKLXTGALNAXLKQ 13
Buforin 1T TRSSRAGLQFPVGRVHRLLRK 14
Buforin 11 TRSSRAGLQFPXGRVHRLXRK 15
Dermaseptin ALWKTMLKKLGTMALHAGKAALGAAAD 16
TISQGTQ-NH2
Dermaseptin ALWKTMLKKLGTMXLHAGKAXLGAAAD 17
TISQGTQ-NH2
Caerin GLFKVLGSVAKHLLPHVVPVIAEKL-NH2 18
Caerin GLFKVLGSVAKHLXPHVVPVXAEKL-NH2 19
Melittin GIGAVLKVLTTGLPALISWIKRKRQQ-NH2 20
Melittin GIGAVLKVLTTGXPALISWXKRKRQQ-NH2 21
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Name SEQUENCE SEQ ID
NO:
Cecropin A KWKLFKKIEKVGQNIRDGIIKAGPAVAV 22
VGQATQIAK-NH2
Cecropin A KWKXFKKIEKXGQNIRDGIIKAGPAVAV 23
VGQATQIAK-NH2
Lycotoxin I KIKWFKTMKSIAKFIAKEQMKKHLG 24
GE-COOH
Lycotoxin I KIKWFKTXKSIAKFXAKEQMKKHLG 25
GE-COOH
Styelins B GFGPAFHSVSNFAKKHKTA-NH2 26
Styelins B GFGPXFHSVSNXAKKHKTA-NH2 27
Clavanin B VFQFLGRIIHHVGNFVHGFSHVF-NH2 28
Clavanin B VFQFXGRIIHHXGNFVHGFSHVF-NH2 29
Cathelicidin A ILKKWPWWPWRRK-NH2 30
Cathelicidin A IXKKWPWWXWRRK-NH2 31
Dermicidin SSLLEKGLDGAKKAVGGLGKLGKDAV 32
EDLESVGKGAVHDVKDVLDSVL-COOH
Dermicidin SSLLEKGLDGXKKAVGGXGKLGKDAV 33
EDLESVGKGAVHDVKDVLDSVL-COOH
Mag(i+4)1,15(A9K, K4H) GXGHFXHSKKKFGKAXVGEXBNS 36
Mag(i+4)1,15(A9K, K4H, GXGHFXHSKHKFGKAXVGEXBNS 37
K10H)
Mag(i+4)1,15(A9K, K4H, GXGHFXHSKHHFGKAXVGEXBNS 38
KI10H, K11H)
Mag(i+4)1,15(A9K, K4R) GXGRFXHSKKKFGKAXVGEXBNS 39
Mag(i+4)1,15(A9K, K4R, GXGRFXHSKRKFGKAXVGEXBNS 40
KI10R)
Mag(i+4)1,15(A9K, B21A) | GXGKFXHSKKKFGKAXVGEXANS 41
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Name SEQUENCE SEQ ID
NO:
Mag(i+4)1,15(A9K, B21K) GXGKFXHSKKKFGKAXVGEXKNS 42
Mag(i+4)1,15(A9K, B21A, GXGKFXHSKKKFGKAXVGEXAKK 43

In certain embodiments, the X’s in the sequences above are the same amino acid (e.g.,
same non-natural amino acid). In other embodiments, the X’s are different amino
acids (e.g., different non-natural amino acids). In certain instances, the X’s are non-
natural amino acids comprising olefinic side chains. In certain cases, the locations of
the X’s in the above sequences can be altered so long as “the partner residues”™ (i.e.,
those that are involved in forming a staple/stitch) are separated by at least 2, 3, or 6
amino acids. In some cases, at least one of the “W’s” in the above sequences is a
brominated Trp residue. In other cases, all of the “W’s™ in the above sequences are
brominated Trp residues. In certain embodiments, the X is selected from the group
consisting of (S)-2-(4-pentenyl) Ala-OH, (R)-2-(4-pentenyl)Ala-OH, (R)-2-(7-
octenyl)Ala-OH, (S)-2-(7-octenyl)Ala-OH and 2-amino-2-(pent-4-enyl)hept-6-enoic
acid, (R)-2-(2-propenyl)Ala-OH, (S)-2-(2-propenyl)Ala-OH. In certain embodiments,
if a sequence has two “X’s” both X’s are (S)-2-(4-pentenyl)Ala-OH. In certain
embodiments, if a sequence has two “X’s” both X’s are (R)-2-(4-pentenyl)Ala-OH.
In certain embodiments, if a sequence has two “X’s” both X’s are (R)-2-(7-
octenyl)Ala-OH. In certain embodiments, if a sequence has two “X’s” both X’s are
(S)-2-(7-octenyl)Ala-OH. In certain embodiments, if a sequence has two “X’s” both
X’s are 2-amino-2-(pent-4-enyl)hept-6-enoic acid. In certain embodiments, if a
sequence has two “X’s” both X’s are (R)-2-(2-propenyl)Ala-OH. In certain
embodiments, if a sequence has two “X’s” both X’s are (R)-2-(2-propenyl)Ala-OH.
In certain embodiments, if a sequence has two “X’s” both X’s are (S)-2-(2-
propenyl)Ala-OH. In certain embodiments, if a sequence has two “X’s™ both X’s are

different non-natural amino acids and can, e.g., be selected from the group consisting
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of S)-2-(4-pentenyl)Ala-OH, (R)-2-(4-pentenyl)Ala-OH, (R)-2-(7-octenyl)Ala-OH,
(8)-2-(7-octenyl)Ala-OH, 2-amino-2-(pent-4-enyl)hept-6-enoic acid, (R)-2-(2-
propenyl)Ala-OH, and (S)-2-(2-propenyl)Ala-OH. In certain instances, if the two
X’s are separated by 3 amino acids, the two X’s can be different non-natural residues,
e.g, the first X is (R)-2-(2-propenyl)Ala-OH or (S)-2-(2-propenyl)Ala-OH and the
second X is (S)-2-(2-propenyl)Ala-OH or (R)-2-(2-propenyl)Ala-OH. In certain
instances, the “X’s” that are in SEQ ID NOs.: 1-3, 7,9, 11, 13, 15,17, 19, 21, 23, 25,
27,29, 31, 33, 34, 35, or 36-43 or inserted into SEQ ID NOs.: 4-6, 8, 10, 12, 14, 16,
18, 20, 22, 24, 26, 28, 30, or 32 can be any residue/substance that permits formation
of a staple and/or stitch. In other words, the staple and/or stitch does not need to be a
hydrocarbon-staple and/or stitch. Methods of performing different types of stapling
are well known in the art. In certain instances, the “X’s” that are in SEQ ID NOs.: 1-
3,7,9,11,13, 15,17, 19, 21, 23, 25, 27, 29, 31, 33, 34, 35, or 36-43 or inserted into
SEQ ID NOs.: 4-6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, or 32 can be any
residue that permits formation of a hydrocarbon staple and/or stitch. In certain
instances, the peptides with the sequences recited in SEQ ID NOs.: 1-3, 7,9, 11, 13,
15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 34, 35, or 36-43 or modified peptides with the
sequences recited in SEQ ID NOs.: 4-6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, or
32 are lactam stapled. In other instances, the peptides with the sequences recited in
SEQ ID NOs.: 1-3,7,9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 34, 35, or 36-43
or modified peptides with the sequences recited in SEQ ID NOs.: 4-6, 8, 10, 12, 14,
16, 18, 20, 22, 24, 26, 28, 30, or 32 are triazole stapled. In other instances, the
peptides with the sequences recited in SEQ ID NOs.: 1-3, 7,9, 11, 13,15, 17, 19, 21,
23, 25,27, 29, 31, 33, 34, 35, or 36-43 or modified peptides with the sequences
recited in SEQ ID NOs.: 4-6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, or 32 are
stapled using a UV-cycloaddition staple. In other instances, the peptides with the
sequences recited in SEQ ID NOs.: 1-3, 7,9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31,
33, 34, 35 or 36-43 or modified peptides with the sequences recited in SEQ ID NOs.:
4-6, 8,10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, or 32 are disulfide stapled. In other
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instances, the peptides with the sequences recited in SEQ ID NOs.: 1-3, 7,9, 11, 13,
15,17,19, 21, 23, 25, 27, 29, 31, 33, 34, 35 or 36-43 or modified peptides with the
sequences recited in SEQ ID NOs.: 4-6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, or
32 are oxime stapled. In other instances, the peptides with the sequences recited in
SEQID NOs.: 1-3,7,9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 34, 35 or 36-43
or modified peptides with the sequences recited in SEQ ID NOs.: 4-6, 8, 10, 12, 14,
16, 18, 20, 22, 24, 26, 28, 30, or 32 are thioether stapled. In other instances, the
peptides with the sequences recited in SEQ ID NOs.: 1-3, 7,9, 11, 13,15, 17, 19, 21,
23, 25,27, 29, 31, 33, 34, 35 or 36-43 or modified peptides with the sequences recited
in SEQ ID NOs.: 4-6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, or 32 comprise a
photoswitchable staple. In other instances, the peptides with the sequences recited in
SEQID NOs.: 1-3,7,9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 34, 35 or 36-43
or modified peptides with the sequences recited in SEQ ID NOs.: 4-6, 8, 10, 12, 14,
16, 18, 20, 22, 24, 26, 28, 30, or 32 are double-click stapled. In other instances, the
peptides with the sequences recited in SEQ ID NOs.: 1-3, 7,9, 11, 13,15, 17, 19, 21,
23, 25,27, 29, 31, 33, 34, 35 or 36-43 or modified peptides with the sequences recited
in SEQ ID NOs.: 4-6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, or 32 are bis-lactam
stapled. In other instances, the peptides with the sequences recited in SEQ ID NOs.:
1-3,7,9, 11,13, 15,17, 19, 21, 23, 25, 27, 29, 31, 33, 34, 35 or 36-43 or modified
peptides with the sequences recited in SEQ ID NOs.: 4-6, 8, 10, 12, 14, 16, 18, 20, 22,
24, 26, 28, 30, or 32 comprise a bis-arylation staple.

In some instances of any of the methods provided herein, the StAMP can
include (e.g., comprise, consist essentially of, or consist of) at least 5, at least 6, at
least 7, at least 8, at least 9, at least 10, at least 11, at least 12, at least 13, at least 14,
at least 15, at least 16, at least 17, at least 18, at least 19, at least 20, at least 21, at
least 22, at least 23, or more contiguous amino acids of a sequence selected from
Table 1, wherein the peptide has a reinforced or stabilized alpha helical secondary
structure (e.g., wherein the peptide includes at least one internal crosslink).

In some aspects, the peptides are substantially free of non-stapled peptide
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contaminants or are isolated. Methods for purifying peptides include, for example,
synthesizing the peptide on a solid-phase support. Following cyclization, the solid-
phase support may be isolated and suspended in a solution of a solvent such as
DMSO, DMSO/dichloromethane mixture, or DMSO/NMP mixture. The
DMSO/dichloromethane or DMSO/NMP mixture may comprise about 30%, 40%,
50%, or 60% DMSO. In a specific aspect, a 50%/50% DMSO/NMP solution is used.
The solution may be incubated for a period of 1, 6, 12, or 24 hours, following which
the resin may be washed, for example with dichloromethane or NMP. In one aspect,
the resin is washed with NMP. Shaking and bubbling an inert gas into the solution
may be performed.

Properties of the cross-linked polypeptides of the disclosure can be assayed,

for example, using the methods described below, and throughout the specification.

Hydrophobicity Assays

Various methods are known by those in the art to calculate or to
experimentally-determine the hydrophobicity of a peptide or polypeptide (e.g., a
hydrocarbon-stapled and/or stitched antimicrobial peptide). Non-limiting examples of
such techniques include: hydrophilicity plots; hydropathy plots; Kyte-Doolittle
hydrophobicity plots; von Heijne; hydrophobic moment; CCS; Kyle and Eisen scales;
and high performance liquid chromatography (HPLC). In some embodiments of any
of the methods described herein, the hydrophobicity of a stapled and/or stitched
peptide (e.g., hydrocarbon-stapled and/or stitched peptide) can be determined using
bioinformatics tools (e.g., ExPASy (www.expasy.org); or HeliQuest
(heliquest.ipmc.cnrs. fr/cgi-bin/ComputParams V2.py). In some embodiments, the
hydrophobicity of a stapled and/or stitched antimicrobial peptide is calculated (e.g.,
calculated hydrophobicity). In some embodiments, the hydrophobicity of a stapled
and/or stitched antimicrobial peptide is determined experimentally. In some
embodiments, a helical wheel is generated to visually highlight amphipathicity along
a helix. Hydrophobic patches within a peptide or protein may be identified using
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techniques generally known in the art, including, e.g., computational prediction/
simulation (e.g., using ExXPASy ProtScale, available at web.expasy.org/protscale/,
Scooby-domain prediction, available at www.ibi.vu.nl/programs/scooby www/,
PSIPRED, available at bioinf cs.ucl.ac.uk/psipred/, hydrophobic cluster analysis, see,
e.g., www.impmec.upme. fr/~callebaw/HC A html, Kyte Doolittle plotting, available at,
e.g., gcat.davidson.eduw/DGPB/kd/kyte-doolittle.htm or
www.vivo.colostate.edu/molkit/hydropathy/index html, and/or SPLIT, available at
split.pmfst.hr/split/4/) and/or experimental determination (e.g., using techniques
involving NMR spectroscopy, electron microscopy, homology modeling, small-angle
X-ray and/or neutron scattering (SAXS/SANS), and/or X-ray crystallography) of the

structure of the peptide or protein.

Alpha-helicity Assays

The alpha-helicity of a peptide of interest can be determined by any method
known in the art. In some cases, circular dichroism or nuclear magnetic resonance
spectroscopy (NMR) may be employed. Peptides are dissolved in an aqueous
solution (e.g., 5 mM potassium phosphate solution at pH 7, or distilled H20, to
concentrations of 25-50 uM). Circular dichroism (CD) spectra are obtained on a
spectropolarimeter (e.g., Jasco J-710, Aviv) using standard measurement parameters
(e.g., temperature, 20°C; wavelength, 190-260 nm; step resolution, 0.5 nm; speed, 20
nm/sec; accumulations, 10; response, 1 sec; bandwidth, 1 nm; path length, 0.1 cm).
The o-helical content of each peptide is calculated by dividing the mean residue
ellipticity by the reported value for a model helical decapeptide (Yang et al., Methods
Enzymol. 130:208 (1986)).

In some embodiments of any of the methods described herein, a stapled and/or
stitched antimicrobial peptide (StAMP) that has a percent a-helicity of 40% to 90%,
40% to 85%, 40% to 80%, 40% to 75%, 40% to 70%, 40% to 65%, 40% to 60%, 40%
10 55%, 40% to 50%, 45% to 90%, 45% to 85%, 45% to 80%, 45% to 75%, 45% to
70%, 45% to 65%, 45% to 60%, 45% to 55%, 45% to 50%, 50% to 90%, 50% to
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85%, 50% to 80%, 50% to 75%, 50% to 70%, 50% to 65%, 50% to 60%, 50% to
55%, 55% to 90%, 55% to 85%, 55% to 80%, 55% to 75%, 55% to 70%, 55% to
65%, 55% to 60%, 60% to 90%, 60% to 85%, 60% to 80%, 60% to 75%, 60% to
70%, 60% to 65%, 65% to 90%, 65% to 85%, 65% to 80%, 65% to 75%, 65% to
70%, 70% to 90%, 70% to 85%, 70% to 80%, 70% to 75%, 75% to 90%, 75% to
85%, 75% to 80%, 80% to 90%, 80% to 85%, 85% to 90%, 40%, 42%, 44%, 46%,
48%, 50%, 52%, 54%, 56%, 58%, 60%, 62%, 64%, 66%, 68%, 70%, 72%, 74%,
76%, 78%, 80%, 82%, 84%, 86%, 88%, or 90%. In certain embodiments, a StAMP
has a percent a-helicity of 15% to 20%, 15% to 25%, 15% to 30%, or 20% to 40%. In
certain instances, this percent a-helicity of the StAMP increases once it contacts a cell
membrane (e.g., a membrane of a Gram-negative bacterium).

A non-limiting example of a stapled and/or stitched antimicrobial peptide
(StAMP) that has a relatively high ability to inhibit the growth of a Gram-negative
colistin-resistant bacterium and/or bacterial species that contains a MCR-1 plasmid,
and a relatively low ability to lyse or inhibit the growth of a mammalian cell can have
a minimum inhibitory concentration (MIC) between about 0.1 uM and about 50 uM,
or between about 0.5 uM and about 20 uM. In some cases, the MIC is determined as
described in Example 1. The MIC of any stapled and/or stitched anti-microbial
peptides (e.g., hydrocarbon-stapled and/or stitched peptide) described herein can be
about 0.1 uM, about 0.2 uM, about 0.3 uM, about 0.4 uM, about 0.5 uM, about 0.6
uM, about 0.7 uM, about 0.8 uM, about 0.9 uM, about 1 uM, about 1.1 uM, about
1.2 uM, about 1.3 uM, about 1.4 uM, about 1.5 uM, about 1.6 uM, about 1.7 uM,
about 1.8 uM, about 1.9 uM, about 2 uM, about 2.1 uM, about 2.2 uM, about 2.3
uM, about 2.4 uM, about 2.5 uM, about 2.6 uM, about 2.7 uM, about 2.8 uM, about
2.9 uM, about 3 uM, about 3.1 uM, about 3.2 uM, about 3.3 uM, about 3.4 uM,
about 3.5 uM, about 3.6 uM, about 3.7 uM, about 3.8 uM, about 3.9 uM, about 4
uM, about 4.1 uM, about 4.2 uM, about 4.3 uM, about 4.4 uM, about 4.5 uM, about
4.6 uM, about 4.7 uM, about 4.8 uM, about 4.9 uM, about 5 uM, about 5.1 uM,
about 5.2 uM, about 5.3 uM, about 5.4 uM, about 5.5 uM, about 5.6 uM, about 5.7
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uM, about 5.8 uM, about 5.9 uM, about 6 uM, about 6.1 uM, about 6.2 uM, about
6.3 uM, about 6.4 uM, about 6.5 uM, about 6.6 uM, about 6.7 uM, about 6.8 uM,
about 6.9 uM, about 7 uM, about 7.1 uM, about 7.2 uM, about 7.3 uM, about 7.4
uM, about 7.5 uM, about 7.6 uM, about 7.7 uM, about 7.8 uM, about 7.9 uM, about
8 uM, about 8.1 uM, about 8.2 uM, about 8.3 uM, about 8.4 uM, about 8.5 uM,
about 8.6 uM, about 8.7 uM, about 8.8 uM, about 8.9 uM, about 9 uM, about 9.1
uM, about 9.2 uM, about 9.3 uM, about 9.4 uM, about 9.5 uM, about 9.6 uM, about
9.7 uM, about 9.8 uM, about 9.9 uM, about 10 uM, about 10.5 uM, about 11 pM,
about 11.5 uM, about 12 uM, about 12.5 uM, about 13 uM, about 13.5 uM, about 14
uM, about 14.5 uM, about 15 uM, about 15.5 uM, about 16 uM, about 16.5 uM,
about 17 uM, about 17.5 uM, about 18 uM, about 18.5 uM, about 19 uM, about 19.5
uM, about 20 pM, 1.0 pg/mL, 1.1 pg/mL, 1.2 pg/mL, 1.3 pg/mL, 1.4 ug/mL, 1.5
ng/mL, 1.6 pg/mL, 1.7 ug/mL, 1.8 pg/mL, 1.9 ug/mL, 2.0 pg/mL, 2.1 pg/mL, 2.2
ng/mL, 2.3 pug/mL, 2.4 ug/mL, 2.5 ug/mL, 2.6 pg/mL, 2.7 pg/mL, 2.8 pg/mL, 2.9
ng/mL, 3.0 pg/mL, 3.1 ug/mL, 3.2 pg/mL, 3.3 pg/mL, 3.4 pg/mL, 3.5 pg/mL, 3.6
ng/mL, 3.7 pg/mL, 3.8 pug/mL, 3.9 pg/mL, 4.0 pg/mL, 4.1 pg/mL, 4.2 pg/mL, 4.3
ng/mL, 4.4 pg/mL, 4.5 ug/mL, 4.6 pg/mL, 4.7 ug/mL, 4.8 pg/mL, 4.9 ug/mL, 5.0
ng/mL, 5.1 pg/mL, 5.2 ug/mL, 5.3 pg/mL, 5.4 ug/mL, 5.5 pg/mL, 5.6 pg/mL, 5.7
ug/mL, 5.8 ug/mL, 5.9 pg/mL, 6.0 ug/mL, 6.5 pg/mL, 7.0pg/mL, 7.5 pg/mL, 8.0
ng/mL, 8.5 pg/mL 9.0 pg/mL, 9.5 pg/mL, 10.0 pg/mL, 10.5 pug/mL, 11.0 pg/mL, 11.5
ng/mL, 12.0 pg/mL, 12.5 pg/mL, 13.0 pg/mL, 13.5 pg/mL, 14.0 pg/mL, 14.5 pug/mL,
15.0 pg/mL, 15.5 pg/mL, 16.0 pg/mL, 16.5 pg/mL, 17.0 pg/mL, 17.5 ug/mL, 18.0
ug/mL, 18.5 pg/mL, 19.0 ug/mL, 19.5 pg/mL, or 20.0 ug/mL. At the MIC, the stapled
and/or stitched anti-microbial peptides has hemolytic activity against human red cells,
as measured in the hemolytic assay described in the Methods herein, which can be 0-
10%, 5-10%, 0-5%, about 0%, about 1%, about 2%, about 3%, about 4%, about 5%,
about 6%, about 7%, about 8%, about 9%, about 10%, less than 10%, less than 9%,
less than 8%, less than 7%, less than 6%, less than 5%, less than 4%, less than 3%,
less than 2%, less than 1%, 0.1%, 0.2%, 0.3%, 0.4%, 0.5%. 0.6%, 0.7%, 0.8%, 1.0%,
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1.1%, 1.2%, 1.3%, 1.4%, 1.5%, 1.6%, 1.7%, 1.8%, 1.9%, 2.0%, 2.1%, 2.2%,
2.3%, 2.4%, 2.5%, 2.6%, 2.7%, 2.8%, 2.9%, 3.0%, 3.1%, 3.2%, 3.3%, 3.4%,
3.5%, 3.6%, 3.7%, 3.8%, 3.9%, 4.0%, 4.1%, 4.2%, 4.3%, 4.4%, 4.5%, 4.6%,
4.7%, 4.8%, 4.9%, 5.0%, 5.1%, 5.2%, 5.3%, 5.4%, 5.5%, 5.6%, 5.7%, 5.8%,
5.9%, 6.0%, 6.1%, 6.2%, 6.3%, 6.4%, 6.5%, 6.6%, 6.7%, 6.8%, 6.9%, 7.0%,
7.1%, 7.2%, 7.3%, 7.4%, 7.5%, 7.6%, 7.7%, 7.8%, 7.9%, 8.0%, 8.1%, 8.2%,
8.3%, 8.4%, 8.5%, 8.6%, 8.7%, 8.8%, 8.9%, 9.0%, 9.1%, 9.2%, 9.3%, 9.4%,
9.5%, 9.6%, 9.7%, 9.8%, 9.9%, 10.0%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, or
50%. As used herein, the terms “about” and “approximately” are defined as being
within plus or minus 10% of a given value or state, preferably within plus or minus
5% of said value or state.

Methods of synthesizing the compounds of the described herein are known in
the art. Nevertheless, the following exemplary method may be used. It will be
appreciated that the various steps may be performed in an alternate sequence or order
to give the desired compounds. Synthetic chemistry transformations and protecting
group methodologies (protection and deprotection) useful in synthesizing the
compounds described herein are known in the art and include, e.g., those such as
described in R. Larock, Comprehensive Organic Transformations, VCH Publishers
(1989); T.W. Greene and P.G.M. Wuts, Protective Groups in Organic Synthesis, 3d.
Ed., John Wiley and Sons (1999); L. Fieser and M. Fieser, Fieser and Fieser's
Reagents for Organic Synthesis, John Wiley and Sons (1994); and L. Paquette, ed.,
Encyclopedia of Reagents for Organic Synthesis, John Wiley and Sons (1995), and
subsequent editions thereof.

The peptides of this disclosure can be made by chemical synthesis methods,
which are well known to the ordinarily skilled artisan. See, e.g., Fields et al., Chapter
3 in Synthetic Peptides: A User's Guide, ed. Grant, W. H. Freeman & Co., New York,
N.Y., 1992, p. 77. Hence, peptides can be synthesized using the automated Merrifield
techniques of solid phase synthesis with the a-NH:z protected by either t-Boc or Fmoc

chemistry using side chain protected amino acids on, for example, an Applied
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Biosystems Peptide Synthesizer Model 430A or 431.

One manner of making of the peptides described herein is using solid phase
peptide synthesis (SPPS). The C-terminal amino acid is attached to a cross-linked
polystyrene resin via an acid labile bond with a linker molecule. This resin is
insoluble in the solvents used for synthesis, making it relatively simple and fast to
wash away excess reagents and by-products. The N-terminus is protected with the
Fmoc group, which is stable in acid, but removable by base. Any side chain functional
groups are protected with base stable, acid labile groups.

Longer peptides could be made by conjoining individual synthetic peptides
using native chemical ligation or convergent solid phase peptide synthesis.
Alternatively, the longer synthetic peptides can be synthesized by well-known
recombinant DNA techniques. Such techniques are provided in well-known standard
manuals with detailed protocols. To construct a gene encoding a peptide of this
disclosure, the amino acid sequence is reverse translated to obtain a nucleic acid
sequence encoding the amino acid sequence, preferably with codons that are optimum
for the organism in which the gene is to be expressed. Next, a synthetic gene is made,
typically by synthesizing oligonucleotides which encode the peptide and any
regulatory elements, if necessary. The synthetic gene is inserted in a suitable cloning
vector and transfected into a host cell. The peptide is then expressed under suitable
conditions appropriate for the selected expression system and host. The peptide is
purified and characterized by standard methods.

The peptides can be made in a high-throughput, combinatorial fashion, e.g.,
using a high-throughput multiple channel combinatorial synthesizer available from
Advanced Chemtech.

Peptide bonds can be replaced, e.g., to increase physiological stability of the
peptide, by: a retro-inverso bonds (C(O)-NH); a reduced amide bond (NH-CH2); a
thiomethylene bond (S-CH:z or CH2-S); an oxomethylene bond (O-CHz or CH2-O); an
ethylene bond (CH2-CH2); a thioamide bond (C(S)-NH); a trans-olefin bond
(CH=CH); a fluoro substituted trans-olefin bond (CF=CH), a ketomethylene bond
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(C(O)-CHR) or CHR-C(O) wherein R is H or CH3; and a fluoro-ketomethylene bond
(C(0)-CFR or CFR-C(O) wherein R is H or F or CHs.

The polypeptides can be further modified by: acetylation, amidation,
biotinylation, cinnamoylation, farnesylation, fluoresceination, formylation,
myristoylation, palmitoylation, phosphorylation (Ser, Tyr or Thr), stearoylation,
succinylation and sulfurylation. As indicated above, peptides can be conjugated to,
for example, polyethylene glycol (PEG); alkyl groups (e.g., C1-Cao straight or
branched alkyl groups); fatty acid radicals; and combinations thereof.

o, a-Disubstituted non-natural amino acids containing olefinic side chains of
varying length can be synthesized by known methods (see, e.g., Williams et al. J. Am.
Chem. Soc., 113:9276, 1991; Schafmeister et al., J. Am. Chem Soc., 122:5891, 2000;
and Bird et al., Methods Enzymol., 446:369, 2008; Bird et al, Current Protocols in
Chemical Biology, 2011). For peptides where an i linked to i+ 7 staple is used (two
turns of the helix stabilized), either: a) one Ss amino acid and one Rs is used or b) one
Ss amino acid and one Rs amino acid is used. Rs is synthesized using the same route,
except that the starting chiral auxillary confers the R-alkyl-stereoisomer. Also, 8-
iodooctene is used in place of 5-iodopentene. Inhibitors are synthesized on a solid
support using solid-phase peptide synthesis (SPPS) on MBHA resin (see, e.g., WO
2010/148335).

Fmoc-protected a-amino acids (other than the olefinic amino acids Fmoc-Ss-
OH, Fmoc-Rs-OH, Fmoc-Rs-OH, Fmoc-Ss-OH and Fmoc-Rs-OH), 2-(6-chloro-1-H-
benzotriazole-1-y1)-1,1,3,3-tetramethylaminium hexafluorophosphate (HCTU), and
Rink Amide MBHA are commercially available from, e.g., Novabiochem (San Diego,
CA). Dimethylformamide (DMF), N-methyl-2-pyrrolidinone (NMP), N, N-
diisopropylethylamine (DIEA), trifluoroacetic acid (TFA), 1,2-dichloroethane (DCE),
fluorescein isothiocyanate (FITC), and piperidine are commercially available from,
e.g., Sigma-Aldrich. Olefinic amino acid synthesis is reported in the art (see, e.g.,
Williams et al., Org. Synth., 80:31, 2003).

The compounds of this disclosure may be modified by appending appropriate
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functionalities to enhance selective biological properties (including, e.g.,
hydrophobicity and/or the position/occurrence of hydrophobic patches). Such
modifications are known in the art and include those which increase biological
penetration into a given biological compartment (e.g., blood, lymphatic system,
central nervous system), increase oral availability, increase solubility to allow
administration by injection, alter metabolism, and alter rate of excretion.

A stabilized AMP selective for microbial versus mammalian membranes (i.€.,
a peptide able to kill or inhibit the growth of a microbe (e.g., Gram-negative bacteria,
an antibiotic-resistant Gram-negative bacteria) while also having a relatively low
ability to lyse or inhibit the growth of a mammalian cell) may, e.g., possess a MIC for
one or more microbes (e.g., Gram-negative bacteria, an antibiotic-resistant Gram-
negative bacteria) more than about 1.5-fold lower, more than about 2-fold lower, more
than about 2.5-fold lower, more than about 3-fold lower, more than about 4-fold
lower, more than about 5-fold lower, more than about 6-fold lower, more than about
7-fold lower, more than about 8-fold lower, more than about 9-fold lower, more than
about 10-fold lower, more than about 15-fold lower, or more than about 20-fold lower
than the MIC of the corresponding parent (i.e., unmodified) non-internally cross-
linked peptide for the same one or more microbes (e.g., Gram-negative bacteria, an
antibiotic-resistant Gram-negative bacteria). An antimicrobial peptide selective for
microbial versus mammalian membranes can have a MIC of, e.g., about 1 pg/ml,
about 2 pg/ml, about 3 pg/ml, about 4 pg/ml, about 5 pg/ml, about 6 pg/ml, about 7
ug/ml, about 8 pg/ml, about 9 ug/ml, about 10 ug/ml, about 12 pg/ml, about 14
ug/ml, about 16 pg/ml, about 18 pg/ml, about 20 ug/ml, about 22 pug/ml, about 24
ug/ml, about 26 pg/ml, about 28 pug/ml, or about 30 ug/ml. An antimicrobial peptide
selective for microbial versus mammalian membranes may lyse, e.g., less than about
50%, less than about 40%, less than about 30%, less than about 25%, less than about
20%, less than about 15%, less than about 10%, less than about 5%, less than about
2.5%, less than about 2%, or less than about 1% of red blood cells (RBCs) in a RBC

hemolytic activity assay when administered at a concentration, e.g., greater than or
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approximately equal to 1-fold, 1.5-fold, 2-fold, 2.5-fold, 3-fold, 4-fold, 5-fold, 6-fold,
7-fold, 8-fold, 9-fold, or 10-fold its MIC for one or more microbes (e.g., Gram-

negative bacteria, an antibiotic-resistant Gram-negative bacteria).

Methods of Optimizing a Stapled and/or Stitched Antimicrobial Peptide that
Overcomes Gram-Negative Colistin-Resistance

Provided herein are methods of optimizing a stapled and/or stitched
antimicrobial peptide (StAMP) that include: providing a first stapled and/or stitched
antimicrobial peptide (StAMP), generating a second StAMP that is identical to the
first SSAMP except at one or more amino acid positions (e.g., 1,2, 3,4, 5,6, 7,8, 9,
or 10 amino acid positions); determining that the second StAMP Kkills or inhibits
growth of Gram-negative colistin-resistant bacteria to a greater level that the first
StAMP.

In some embodiments, the methods can further include determining that the
second StAMP has the same or decreased hemolytic activity relative to the first
StAMP. In some embodiments, the first StAMP and the second StAMP are double-
stapled. In some embodiments, the first SSAMP comprises or consists of any one of
SEQ ID NOs: 1-3, 34, 35 or 36-43. In some embodiments, the first StAMP comprises
or consists of SEQ ID NOs: 1-35.

In some embodiments, the first and second StAMP are each 6 to 100 amino
acids in length.

In some embodiments, the second StAMP is dihydroxylated as compared to
the first StAMP, and the hydrophobicity of the second StAMP is reduced as compared
to the first StAMP. In some embodiments, the Sharpless dihydroxylation reaction can
be used to introduce two alcohol groups into the alkene group present in the
antimicrobial peptide (see, e.g., US Patent Publication No. 2017/0015716,
incorporated in its entirety herein).

In some embodiments, the second StAMP is aminohydroxylated as compared

to the first StAMP, and the hydrophobicity of the second StAMP is reduced as
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compared to the first StAMP. In some embodiments, the Sharpless
aminohydroxylation reaction can be used to modify the alkene group (see, e.g., US
Patent Publication No. 2017/0015716, incorporated in its entirety herein).

In some embodiments, the StAMP (e.g., hydrocarbon-stapled and/or stitched
peptide) is based on or derived from the scaffold of a peptide selected from the group
consisting of magainin, pexiganan, pleurocidin, pardaxin, hagfish intestinal
antimicrobial peptide (HFIAP), PGQ, buforin I1, dermaseptin, caerin, melittin,
cecropin, lycotoxin I, styelins B, clavanin B, cathelicidin A, and dermicidin.

In certain embodiments, the hemolytic activity of the second StAMP is
reduced compared to the first SSAMP and the hemolytic activity of the second StAMP
is less than 20% (e.g., less than 19%, less than 18%, less than 17%, less than 16%,
less than 15%, less than 14%, less than 13%, less than 12%, less than 11%, less than
10%, less than 9%, less than 8%, less than 7%, less than 6%, less than 5%, less than
4%, less than 3%, less than 2%, less than 1%, less than 0.5%, 0-4%, 0-2%, 0-1%, 1-
4%, 1-3.5%, 1-3%, 1-2.5%, 1-2%, 4.9%, 4.8%, 4.7%, 4.6%, 4.5%, 4.4%, 4.3%, 4.2%,
4.1%, 4%, 3.9%, 3.8%, 3.7%, 3.6%, 3.5%, 3.4%, 3.3%, 3.2%, 3.1% 3%, 2.9%, 2.8%,
2.7%, 2.6%, 2.5%, 2.4%, 2.3%, 2.2%, 2.1%, 2%, 1.9%, 1.8%, 1.7%, 1.6%, 1.5%,
1.4%, 1.3%, 1.2%, 1.1%, 1%, 0.95%, 0.9%, 0.8%, 0.7%, 0.6%, 0.5%, 0.4%, 0.3%,
0.25%, 0.2%, 0.1%, 0.095%, 0.09%, 0.085%, 0.08%, 0.075%, 0.07%, 0.065%,
0.06%, 0.055%, 0.05%, 0.045%, 0.04%, 0.035%, 0.03%, 0.025%, 0.02%, 0.015%, or
0.001%), and the minimum inhibitory concentration against a Gram-negative colistin-
resistant bacterium is less than 10.0 ug/ mL (e.g., less than 9.5 ug/mL, less than 9.0
ug/mL, less than 8.5 ug/mL, less than 8.0 ug/mL, less than 7.5 pg/mL, less than 7.0
ug/mL, less than 6.5 ug/mL, less than 6.0 ug/mL, less than 5.5 pg/mL, less than 5.0
ug/mL, less than 4.5 yg/mL, less than 4.0 ug/mL, less than 3.5 pg/mL, less than 3.0
ug/mL, less than 2.5 ug/ mL, less than 2.0 ug/mL, less than 1.5 pug/ mL, less than 1.0
ug/ mL, or less than 0.5 pg/ mL, 0.5-3.0 pg/ mL, 0.5-2.5 pug/ mL 0.5-2.0 pg/ mL, 0.5-
1.5 pg/ mL, 0.5-1.0 pg/ mL, 1.0-3.0 pg/ mL, 1.0-2.5 pg/ mL 1.0-2.0 pg/ mL, 1.0-1.5
ng/ mL, 1.5-3.0 ug/ mL, 1.5-2.5 pug/ mL 1.5-2.0 pg/ mL, 2.0-3.0 pug/ mL, 2.0-2.5 pg/
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mL, 2.5-3.0 pg/ mL, 0.1 pg/ mL, 0.2 ug/ mL, 0.3 pg/ mL, 0.4 pg/ mL, 0.5 ug/ mL, 0.6
ng/ mL, 0.7 ug/ mL, 0.8 pg/ mL, 0.9 pg/ mL, 1.0 pg/ mL, 1.1 pg/ mL, 1.2 pg/ mL, 1.3
ng/mL, 1.4 ug/ mL, 1.5 pg/ mL, 1.6 pg/ mL, 1.7 pg/ mL, 1.8 pg/ mL, 1.9 pg/ mL, 2.0
ng/ mL, 2.1 pg/ mL, 2.2 ug/ mL, 2.3 pg/ mL, 2.4 pg/ mL, 2.6 pg/ mL, 2.7 pg/ mL, 2.8
ng/ mL, 2.9 ug/ mL, 3.0 pg/ mL, 3.5 pg/ mL, 4.0 pg/ mL, 5.0 pg/ mL, 5.5 pug/ mL,
6.0 ug/ mL, 6.5 pg/ mL, 7.0 ug/ mL, 7.5 ug/ mL, 8.0 pg/ mL, 8.5 pg/ mL, 9.0 pg/ mL,
9.5 pg/ mL).

In some embodiments, the Gram-negative colistin-resistant antimicrobial
activity is against A. baumannii. In some embodiments, the Gram-negative colistin-
resistant antimicrobial activity is against . coli. In some embodiments, the Gram-
negative colistin-resistant antimicrobial activity is against a Gram-negative colistin-
resistant bacterium that contains a MCR-1 plasmid. In some embodiments, the Gram-
negative colistin-resistant antimicrobial activity is against an k. coli strain that
contains a MCR-1 plasmid. In some embodiments, the Gram-negative colistin-
resistant antimicrobial activity is against a Klebsiella pneimoniae strain that contains a
MCR-1 plasmid.

These methods are based on the modifications of specific amino acid residues
of a first stapled and/or stitched antimicrobial peptide that may serve as a control
and/or reference stapled and/or stitched antimicrobial peptide. Specific amino acid
residues of a first stapled and/or stitched antimicrobial peptide can be modified by
various methods, e.g., site-direct mutagenesis or by making a point mutant library. In
some embodiments, the at least one point-mutation is a non-synonymous substitution
(i.e., at least one point-mutation that results in a codon that encodes for a different
amino acid). The at least one point-mutation can result in an amino acid being
replaced with any other amino acid residue known in the art, including, e.g., an amino
acid residue having a similar side chain. Families of amino acid residues having
similar side chains have been defined in the art. These families include amino acids
with basic side chains (e.g., lysine, arginine, histidine), acidic side chains (e.g.,

aspartic acid, glutamic acid), uncharged polar side chains (e.g., glycine, asparagine,
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glutamine, serine, threonine, tyrosine, cysteine), nonpolar side chains (e.g., alanine,
valine, leucine, isoleucine, proline, phenylalanine, methionine, tryptophan), beta-
branched side chains (e.g., threonine, valine, isoleucine) and aromatic side chains
(e.g., tyrosine, phenylalanine, tryptophan, histidine). In some embodiments, the at
least one point-mutation results in an amino acid substitution that does not have a
similar side chain as the amino acid at that position in the first stapled and/or stitched
peptide.

In some instances, one or more (e.g., 1, 2, 3, 4, or 5) amino acid is replaced by
a non-hydrophobic amino acid. In some instances, any of the StAMPs disclosed
herein include an internal staple replacing the side chains of two amino acids
separated by two, three, or six amino acids comprises an internal staple. In some
instances, the internal staples and/or the internal stitch replacing the side chains of the
three amino acids includes an internal stitch. In some instances, the internal staples
and/or the internal stitch comprises at least two internal staples (replacing the side
chains of 4 amino acids, i.e., each staple is between two amino acids separated by 3
amino acids). In some instances, the internal staples and/or the internal stitch
comprises a combination of at least one internal staple and an internal stitch. In some
instances, the internal stitch replaces the side chain of a first amino acid and a second
and a third amino acid thereby cross-linking the first amino acid (which lies between
the second and third amino acids) to the second and third amino acid via an internal
cross-link, wherein the first and second amino acid are separated by two, three, or six
amino acids, the first and the third amino acids are separated by two, three, or six
amino acids, and the second and third amino acids are distinct amino acids. In some
aspects, the internal stitch replacing the side chains of the three amino acids cross-
links a pair of amino acids separated by two, three, or six amino acids. In some
aspects, the side chains of the four amino acids of the internally cross-linked
polypeptides of the disclosure are replaced by two distinct internal staples. In some
aspects, a first of the two distinct internal staples cross-links a first pair of amino acids

separated by two, three, or six amino acids, and a second of the at least two distinct
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internal staples cross-links a second pair of amino acids separated by two, three, or six
amino acids.

In some instances, the stapled and/or stitched antimicrobial peptide (StAMP)
is a modified peptide that includes 1, 2, 3, 4, or 5 amino acid substitutions (e.g., 1, 2,
3,4, or 5 amino acids are replaced with Aor 1, 2, 3, 4, or 5 amino acids are
conservatively substituted).

In some instances, stapled and/or stitched antimicrobial peptide (StAMP) can
have at least 80% (e.g., 80%, 85%, 90%, 95%, 98%, 99%, 99.5%, or 100%) identity
one of SEQ ID NOs:1-43 or can include one of SEQ ID NOs:1-43 with one or more
(eg.1,2,3,4,5.6,7,8,9,10,11, 12, 13, 14, 15, 16, 17, 18, e.g., 1-2, 1-3, 1-4, or 1-
5) conservative amino acid substitutions. In some cases, the stapled and/or stitched
antimicrobial peptide (StAMP) has the sequence of one SEQ ID NOs: 1-43 with one
or two staples (e.g., one staple between two amino acids separated by 2 or 3 (or 6)
amino acids or two staples each between two amino acids that are separated by 2 or 3
(or 6) amino acids).

In some instances, a “conservative amino acid substitution™ can include
substitutions in which one amino acid residue is replaced with another amino acid
residue having a similar side chain. Families of amino acid residues having similar
side chains have been defined in the art. These families include amino acids with
basic side chains (e.g., lysine, arginine, histidine), acidic side chains (e.g., aspartic
acid, glutamic acid), uncharged polar side chains (e.g., glycine, asparagine, glutamine,
serine, threonine, tyrosine, cysteine), nonpolar side chains (e.g., alanine, valine,
leucine, isoleucine, proline, phenylalanine, methionine, tryptophan), beta-branched
side chains (e.g., threonine, valine, isoleucine) and aromatic side chains (e.g.,
tyrosine, phenylalanine, tryptophan, histidine).

Methods for determining percent identity between amino acid sequences are
known in the art. For example, the sequences are aligned for optimal comparison
purposes (e.g., gaps can be introduced in one or both of a first and a second amino

acid or nucleic acid sequence for optimal alignment and non-homologous sequences
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can be disregarded for comparison purposes). The length of a reference sequence
aligned for comparison purposes can be at least 30%, at least 40%, at least 50%, at
least 60%, and at least 70%, 80%, 90%, or 100% of the length of the reference
sequence. The amino acid residues or nucleotides at corresponding amino acid
positions or nucleotide positions are then compared. When a position in the first
sequence is occupied by the same amino acid residue or nucleotide as the
corresponding position in the second sequence, then the molecules are identical at that
position. The determination of percent identity between two amino acid sequences
can be accomplished using, e.g., the BLAST 2.0 program. Sequence comparison is
performed using an ungapped alignment and using the default parameters (Blossom
62 matrix, gap existence cost of 11, per residue gapped cost of 1, and a lambda ratio
of 0.85). The mathematical algorithm used in BLAST programs is described, e.g., in
Altschul et al. (Nucleic Acids Res. 25:3389-3402, 1997).

This document also features a method of designing an antimicrobial peptide or
stapled antimicrobial peptide (StAMP) that has improved microbial activity and/or
reduced hemolytic activity relative to the unmodified antimicrobial peptide or stapled
antimicrobial peptide. The method involves one or more of: (i) increasing the net
positive charge of the antimicrobial peptide or stapled antimicrobial peptide (e.g., by
increasing the number of basic residues, such as lysine, in the peptide, e.g., by amino
acid substitution); (ii) increasing the number of histidine residues, e.g., by amino acid
substitution; and/or (iii) reducing the rigid helicity of an AMP or StAMP (e.g.,
substituting an amino acid with D-alanine). In certain instances, the AMP or StAMP
has at least one (e.g., 1, 2, 3, 4, 5) histidines and/or lysines relative to the unmodified
antimicrobial peptide. The methods of optimizing a StAMP that overcomes antibiotic-
resistance of a Gram-negative bacterium described above can be modified and applied
to optimize a StAMP that overcomes antibiotic-resistance of a Gram-positive

bacterium.

Methods of Selecting a Stapled and/or Stitched Antimicrobial Peptide (StAMP) that
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overcomes colistin-resistance of a Gram-negative bacterium

Provided herein are methods of selecting a stapled and/or stitched
antimicrobial peptide that overcomes colistin-resistance of a Gram-negative bacterium
that includes: providing a StAMP, determining the hemolytic activity and the
minimum inhibitory concentration (MIC) of the StAMP for a Gram-negative
bacterium; and selecting the StAMP when the StAMP has a minimum inhibitory
concentration against the colistin-resistant Gram-negative bacterium of less than 10.0
ug/ mL (e.g., less than 9.5 pg/mL, less than 9.0 ug/mL, less than 8.5 pg/mL, less than
8.0 ug/mL, less than 7.5 pg/mL, less than 7.0 ug/mL, less than 6.5 pg/mL, less than
6.0 pg/mL, less than 5.5 pg/mL, less than 5.0 pg/mL, less than 4.5 pg/mL, less than
4.0 ug/mL, less than 3.5 pg/mL, less than 3.0 pg/mL, less than 2.5 pug/ mL, less than
2.0 ug/mL, less than 1.5 ug/ mL, less than 1.0 yug/ mL, or less than 0.5 ug/ mL, 0.5-
3.0 ug/ mL, 0.5-2.5 pg/ mL 0.5-2.0 pug/ mL, 0.5-1.5 pg/ mL, 0.5-1.0 pg/ mL, 1.0-3.0
ng/ mL, 1.0-2.5 ug/ mL 1.0-2.0 pg/ mL, 1.0-1.5 pg/ mL, 1.5-3.0 ug/ mL, 1.5-2.5 pg/
mL 1.5-2.0 pg/ mL, 2.0-3.0 ug/ mL, 2.0-2.5 pg/ mL, 2.5-3.0 pg/ mL, 0.1 pg/ mL, 0.2
ng/ mL, 0.3 pug/ mL, 0.4 pg/ mL, 0.5 pg/ mL, 0.6 pug/ mL, 0.7 pg/ mL, 0.8 pg/ mL, 0.9
ng/mL, 1.0 pg/ mL, 1.1 pg/ mL, 1.2 pg/ mL, 1.3 pg/ mL, 1.4 pg/ mL, 1.5 pg/ mL, 1.6
ng/mL, 1.7 ug/ mL, 1.8 pg/ mL, 1.9 pg/ mL, 2.0 pg/ mL, 2.1 pg/ mL, 2.2 pg/ mL, 2.3
ng/ mL, 2.4 ug/ mL, 2.6 pg/ mL, 2.7 pg/ mL, 2.8 pg/ mL, 2.9 pg/ mL, 3.0 pug/ mL,
3.5 ug/ mL, 4.0 pg/ mL, 5.0 pg/ mL, 5.5 ug/ mL, 6.0 pg/ mL, 6.5 pg/ mL, 7.0 pg/ mL,
7.5 pg/ mL, 8.0 ug/ mL, 8.5 pg/ mL, 9.0 pg/ mL, 9.5 pg/ mL) ; and a hemolytic
activity of less than 5.0% (e.g., less than 4%, less than 3%, less than 2%, less than
1%, less than 0.5%, 0-4%, 0-2%, 0-1%, 1-4%, 1-3.5%, 1-3%, 1-2.5%, 1-2%, 4.9%,
4.8%, 4.7%, 4.6%, 4.5%, 4.4%, 4.3%, 4.2%, 4.1%, 4%, 3.9%, 3.8%, 3.7%, 3.6%,
3.5%, 3.4%, 3.3%, 3.2%, 3.1% 3%, 2.9%, 2.8%, 2.7%, 2.6%, 2.5%, 2.4%, 2.3%,
2.2%, 2.1%, 2%, 1.9%, 1.8%, 1.7%, 1.6%, 1.5%, 1.4%, 1.3%, 1.2%, 1.1%, 1%,
0.95%, 0.9%, 0.8%, 0.7%, 0.6%, 0.5%, 0.4%, 0.3%, 0.25%, 0.2%, 0.1%, 0.095%,
0.09%, 0.085%, 0.08%, 0.075%, 0.07%, 0.065%, 0.06%, 0.055%, 0.05%, 0.045%,
0.04%, 0.035%, 0.03%, 0.025%, 0.02%, 0.015%, or 0.001%).
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In some embodiments, the stapled and/or stitched antimicrobial peptide
(StAMP) s selected from the group consisting of magainin, pexiganan, pleurocidin,
pardaxin, hagfish intestinal antimicrobial peptide (HFIAP), PGQ, buforin II,
dermaseptin, caerin, melittin, cecropin, lycotoxin I, styelins B, clavanin B,
cathelicidin A, and dermicidin.

In some embodiments, the methods further include providing a StAMP from a
StAMP library. In some embodiments, the StAMP library is a library of a StAMP
selected from the group consisting of: magainin, pexiganan, pleurocidin, pardaxin,
hagfish intestinal antimicrobial peptide (HFIAP), PGQ, buforin II, dermaseptin,
caerin, melittin, cecropin, lycotoxin I, styelins B, clavanin B, cathelicidin A, and
dermicidin. In some embodiments, the StAMP library is a staple walk library.

The methods of selecting a StAMP that overcomes antibiotic-resistance of a
Gram-negative bacterium described above can be modified and applied in methods of

selecting a StAMP that overcomes antibiotic-resistance of a Gram-positive bacterium.

Methods of Screening for a StAMP that Kills and/or Inhibits Growth of a Colistin-
Resistant Gram-Negative Bacterium

Provided herein are methods of screening for a stapled and/or stitched
antimicrobial peptide (StAMP) that kills and/or inhibits the growth of a colistin-
resistant Gram-negative bacterium that includes: providing a StAMP, contacting the
StAMP with a colistin-resistant Gram-negative bacterium; determining that the
StAMP kills and/or inhibits the growth of the colistin-resistant Gram-negative
bacterium with a MIC of less than 10.0 pg/ mL (e.g., less than 9.5 ug/mL, less than
9.0 pg/mL, less than 8.5 pg/mL, less than 8.0 pg/mL, less than 7.5 pg/mL, less than
7.0 pg/mL, less than 6.5 pg/mL, less than 6.0 pg/mL, less than 5.5 pg/mL, less than
5.0 ug/mL, less than 4.5 ug/mL, less than 4.0 ug/mL, less than 3.5 ug/mL, less than
3.0 pg/mL, less than 2.5 pg/ mL, less than 2.0 ug/mL, less than 1.5 pg/ mL, less than
1.0 pg/ mL, or less than 0.5 pg/ mL, 0.5-3.0 pg/ mL, 0.5-2.5 pg/ mL 0.5-2.0 pg/ mL,
0.5-1.5 ug/ mL, 0.5-1.0 pg/ mL, 1.0-3.0 pg/ mL, 1.0-2.5 pg/ mL 1.0-2.0 pg/ mL, 1.0-
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1.5 pg/ mL, 1.5-3.0 ug/ mL, 1.5-2.5 pg/ mL 1.5-2.0 pug/ mL, 2.0-3.0 pg/ mL, 2.0-2.5
ng/ mL, 2.5-3.0 ug/ mL, 0.1 pg/ mL, 0.2 pg/ mL, 0.3 ug/ mL, 0.4 pg/ mL, 0.5 pg/ mL,
0.6 ug/ mL, 0.7 pg/ mL, 0.8 pg/ mL, 0.9 pg/ mL, 1.0 pg/ mL, 1.1 pug/ mL, 1.2 pg/ mL,
1.3 pg/ mL, 1.4 ug/ mL, 1.5 pg/ mL, 1.6 pg/ mL, 1.7 ug/ mL, 1.8 pg/ mL, 1.9 pg/ mL,
2.0 ng/ mL, 2.1 pg/ mL, 2.2 ug/ mL, 2.3 pg/ mL, 2.4 pg/ mL, 2.6 pg/ mL, 2.7 pg/ mL,
2.8 ng/ mL, 2.9 ug/ mL, 3.0 pg/ mL, 3.5 pg/ mL, 4.0 pg/ mL, 5.0 pg/ mL, 5.5 pg/
mL, 6.0 ug/ mL, 6.5 pg/ mL, 7.0 ug/ mL, 7.5 pg/ mL, 8.0 pg/ mL, 8.5 ug/ mL, 9.0 pg/
mL, 9.5 ug/ mL).

In some embodiments, the method can further include determining that the
StAMP has a hemolytic activity of less than 5.0% (e.g., less than 4%, less than 3%,
less than 2%, less than 1%, less than 0.5%, 0-4%, 0-2%, 0-1%, 1-4%, 1-3.5%, 1-3%,
1-2.5%, 1-2%, 4.9%, 4.8%, 4.7%, 4.6%, 4.5%, 4.4%, 4.3%, 4.2%, 4.1%, 4%, 3.9%,
3.8%, 3.7%, 3.6%, 3.5%, 3.4%, 3.3%, 3.2%, 3.1% 3%, 2.9%, 2.8%, 2.7%, 2.6%,
2.5%, 2.4%, 2.3%, 2.2%, 2.1%, 2%, 1.9%, 1.8%, 1.7%, 1.6%, 1.5%, 1.4%, 1.3%,
1.2%, 1.1%, 1%, 0.95%, 0.9%, 0.8%, 0.7%, 0.6%, 0.5%, 0.4%, 0.3%, 0.25%, 0.2%,
0.1%, 0.095%, 0.09%, 0.085%, 0.08%, 0.075%, 0.07%, 0.065%, 0.06%, 0.055%,
0.05%, 0.045%, 0.04%, 0.035%, 0.03%, 0.025%, 0.02%, 0.015%, or 0.001%).

In some embodiments, the stapled and/or stitched antimicrobial peptide
(StAMP) is based on or derived from the scaffold of a peptide selected from the group
consisting of magainin, pexiganan, pleurocidin, pardaxin, hagfish intestinal
antimicrobial peptide (HFIAP), PGQ, buforin I1, dermaseptin, caerin, melittin,
cecropin, lycotoxin I, styelins B, clavanin B, cathelicidin A, and dermicidin.

The methods of screening for a StAMP that kills and/or inhibits growth of an
antibiotic-resistant Gram-negative bacterium described can be modified and applied
for screening for a StAMP that kills and/or inhibits growth of an antibiotic-resistant

Gram-positive bacterium.
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Methods of Treating an Antibiotic-resistant Bacterial Infection

Provided herein are methods of treating an antibiotic-resistant Gram-negative
or Gram-positive bacterial infection. The methods involve administering a
therapeutically effective amount of a StAMP (e.g., a hydrocarbon-stapled and/or
stitched peptide) described herein to the subject that has, or is at risk of developing,
the antibiotic-resistant Gram-negative or Gram-positive bacterial infection.

In one instance, the disclosure provides methods of treating a Gram-negative
colistin-resistant bacterial infection in a subject in need thereof that include
administering a therapeutically effective amount of a StAMP (e.g., a hydrocarbon-
stapled and/or stitched peptide) described herein to the subject that has, or is at risk of
developing, the Gram-negative colistin-resistant bacterial infection. In some
embodiments, the subject has, or is at risk of developing a Gram-negative bacterial
infection selected from the group consisting of: gastritis, gastric cancer, gall bladder
carcinoma, pneumonia, or urinary tract infection. In some embodiments, the subject
has, or is at risk of developing a Gram-negative bacterial infection that primarily
affects the gastro-intestinal system. In some embodiments, the subject has, or is at risk
of developing a Gram-negative bacterial infection that primarily affects the
respiratory system.

In another instance, the disclosure provides methods of treating an antibiotic-
resistant Gram-positive bacterial infection in a subject in need thereof that include
administering a therapeutically effective amount of a StAMP (e.g., a hydrocarbon-
stapled and/or stitched peptide) described herein to the subject that has, or is at risk of
developing, the antibiotic-resistant Gram-positive bacterial infection. In some cases,
the Gram-positive bacterium is S. aureus. In some cases, the Gram-positive
bacterium is resistant to methicillin. In some cases, the Gram-positive bacterium is
resistant to penicillin. In some cases, the Gram-positive bacterium is resistant to
vancomycin. In some cases, the Gram-positive bacterium is resistant to an
aminoglycoside. In some cases, the Gram-positive bacterium is one of: Actinomyces

israelii, Actinomyces gerencseriae, Propionibacterium propionicus, Bacillus
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anthracis, Arcanobacterium haemolyticum, Bacillus cereus, bacterial vaginosis
microbiota, Clostridium botulinum, Mycobacterium ulcerans, Group A Streptococcus
and Staphylococcus, Clostridium difficile, Corynebacterium diphtheria, Enterococcus
species, Clostridium perfringens, other Clostridium species, Streptococcus pyogenes,
Streptococcus agalactiae, Mycobacterium leprae, Mycobacterium lepromatosis,
Listeria monocytogenes, Nocardia asteroides, Nocardia species, Streptococcus
preumoniae, Staphylococcus aureus, Staphylococcus species, Clostridium tetani,
Mycobacterium tuberculosis, Yersinia pseudotuberculosis, or Yersinia enterocolitica.

In certain embodiments, the subject has developed an infection with antibiotic-
resistance to at leastone (e.g., 1,2, 3,4, 5, 6,7, 8,9, or 10) other class of antibiotic. In
some embodiments, the at least one (e.g., 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10) other class of
antibiotic is selected from the group consisting of: carbapenem, an aminoglycoside,
vancomycin, methicillin, clarithromycin, cephalosporin, penicillin, ampicillin,
fluoroquinolone, tetracycline, and a -lactam. In certain embodiments, the at least one
other class of antibiotic is carbapenem. In certain embodiments, the at least one other
class of antibiotic is clarithromycin. In certain embodiments, the at least one other
class of antibiotic is cephalosporin. In certain embodiments, the at least one other
class of antibiotic is fluoroquinolone. In certain embodiments, the at least one other
class of antibiotic is methicillin. In certain embodiments, the at least one other class of
antibiotic is vancomycin. In certain embodiments, the at least one other class of
antibiotic is methicillin and vancomycin. In certain embodiments, the at least one
other class of antibiotic is cephalosporin and fluoroquinolone.

In certain embodiments, the at least one other class of antibiotic is carbapenem
and at least one (e.g., 1,2, 3, 4, 5, 6, 7, 8, 9) other class of antibiotics selected from
the group consisting of: an aminoglycoside, vancomycin, methicillin, clarithromycin,
cephalosporin, penicillin, ampicillin, fluoroquinolone, tetracycline, and a B-lactam. In
certain embodiments, the at least one other class of antibiotic is an aminoglycoside
and at least one other class (e.g., 1,2, 3.4, 5, 6, 7, 8, 9) of antibiotics selected from

the group consisting of: carbapenem, vancomycin, methicillin, clarithromycin,
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cephalosporin, penicillin, ampicillin, fluoroquinolone, tetracycline, and a B-lactam. In
certain embodiments, the at least one other class of antibiotic is vancomycin and at
least one (e.g., 1,2, 3,4, 5, 6,7, 8, 9) other class of antibiotics selected from the group
consisting of: carbapenem, an aminoglycoside, methicillin, clarithromycin,
cephalosporin, penicillin, ampicillin, fluoroquinolone, tetracycline, and a B-lactam. In
certain embodiments, the at least one other class of antibiotic is methicillin and at
least one (e.g., 1,2, 3,4, 5, 6,7, 8, 9) other class of antibiotics selected from the group
consisting of: carbapenem, an aminoglycoside, vancomycin, clarithromycin,
cephalosporin, penicillin, ampicillin, fluoroquinolone, tetracycline, and a B-lactam In
certain embodiments, the at least one other class of antibiotic is clarithromycin and at
least one (e.g., 1,2, 3,4, 5, 6,7, 8, 9) other class of antibiotics selected from the group
consisting of: carbapenem, an aminoglycoside, vancomycin, methicillin,
cephalosporin, penicillin, ampicillin, fluoroquinolone, tetracycline, and a B-lactam In
certain embodiments, the at least one other class of antibiotic is cephalosporin and at
least one (e.g., 1,2, 3,4, 5, 6,7, 8, 9) other class of antibiotics selected from the group
consisting of: carbapenem, an aminoglycoside, vancomycin, methicillin,
clarithromycin, penicillin, ampicillin, fluoroquinolone, tetracycline, and a -lactam. In
certain embodiments, the at least one other class of antibiotic is penicillin and at least
one(e.g.,1,2,3,4,5,6,7, 8, 9) other class of antibiotics selected from the group
consisting of: carbapenem, an aminoglycoside, vancomycin, methicillin,
clarithromycin, cephalosporin, ampicillin, fluoroquinolone, tetracycline, and a f3-
lactam

In certain embodiments, the at least one other class of antibiotic is ampicillin
and at least one (e.g., 1,2, 3, 4, 5, 6, 7, 8, 9) other class of antibiotics selected from
the group consisting of: carbapenem, an aminoglycoside, vancomycin, methicillin,
clarithromycin, cephalosporin, penicillin, fluoroquinolone, tetracycline, and a f3-
lactam. In certain embodiments, the at least one other class of antibiotic 1s
fluoroquinolone and at least one (e.g., 1,2, 3,4, 5, 6, 7, 8, 9) other class of antibiotics

selected from the group consisting of: carbapenem, an aminoglycoside, vancomycin,
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methicillin, clarithromycin, cephalosporin, penicillin, ampicillin, tetracycline, and a 3-

lactam. In certain embodiments, the at least one other class of antibiotic is tetracycline
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and at least one (e.g., 1,2, 3, 4, 5, 6, 7, 8, 9) other class of antibiotics selected from
the group consisting of: carbapenem, an aminoglycoside, vancomycin, methicillin,
clarithromycin, cephalosporin, penicillin, ampicillin, fluoroquinolone, and a f3-lactam.
In certain embodiments, the at least one other class of antibiotic is -lactam and at
least one (e.g.,1,2,3,4,5,6,7, 8, 9) other class of antibiotics selected from the group
consisting of: carbapenem, an aminoglycoside, vancomycin, methicillin,
clarithromycin, cephalosporin, penicillin, ampicillin, fluoroquinolone, and
tetracycline.

In certain embodiments, the subject has a chronic Gram-negative colistin-
resistant bacterial infection. In some embodiments, the Gram-negative colistin-
resistant bacterial infection is an A. baumannii infection. In some embodiments, the
Gram-negative colistin-resistant bacterial infection is an E. co/i infection. In some
embodiments, the Gram-negative colistin-resistant bacterial infection is a Klebsiella
pneumonia infection. In some embodiments, the Gram-negative colistin-resistant
bacterial infection is an infection selected from the group consisting of a
Pseudomonas infection, a Neisseria infection, a Chlamydia infection, a Yersinia
infection, a Proteus infection, an Enterobacter infection, a Serratia infection, a
Helicobacter infection, a Salmonella infection, a Shigella infection, a Moraxella
infection, a Stenotrophomonas infection, a Bdellovibrio infection, an acetic acid
bacterial infection, a Klebsiella infection, and a Legionella infection. In some
embodiments, the Gram-negative colistin-resistant bacterial infection is an infection
selected from the group consisting of a Pseudomonas aeruginosa infection, a
Neisseria gonorrhoeae infection, a Chlamydia trachomatis infection, a Yersinia pestis
infection, a Proteus mirabilis infection, an Enterobacter cloacae infection, a Serratia
marcescens infection, a Helicobacter pylori infection, a Salmonella enteritidis
infection, a Salmonella typhi infection, , a Klebsiella pneumoniae infection, and a

Legionella pneumophila infection.
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In some embodiments, the Gram-negative colistin-resistant bacterial infection
is from a Gram-negative bacterium that contains a MCR-1 plasmid. In some
embodiments, the Gram-negative bacterium that contains a MCR-1 plasmid is E. coli,
Salmonella enteric, Klebsiella pneumonia, Pseudomonas aeruginosa, Enterobacter
aerogenes, or E. cloacae. In one embodiment, the Gram-negative bacterium that
contains a MCR-1 plasmid is £. coli. In another embodiment, the Gram-negative
bacterium that contains a MCR-1 plasmid is Klebsiella pneumonia.

In certain embodiments, the subject has a chronic antibiotic-resistant Gram-
positive bacterial infection. In certain embodiments, the subject has a chronic Gram-
positive methicillin-resistant bacterial infection. In some embodiments, the Gram-
positive methicillin-resistant bacterial infection is a .S. aureus infection.

In some embodiments, the stapled and/or stitched antimicrobial peptide
(StAMP) is based on or derived from the scaffold of a peptide selected from the group
consisting of magainin, pexiganan, pleurocidin, pardaxin, hagfish intestinal
antimicrobial peptide (HFTAP), PGQ, buforin I1, dermaseptin, caerin, melittin,
cecropin, lycotoxin I, styelins B, clavanin B, cathelicidin A, and dermicidin.

In some embodiments, the StAMP comprises or consists of the amino acid
sequence set forth in any one of SEQ ID NOs:1-35, except for 1 to 5 amino acid
substitutions, insertions, and/or deletions within SEQ ID NOs: 1-35. In some
embodiments, the StAMP comprises or consists of the amino acid sequence set forth
in SEQ ID NO: 1-35. In some embodiments, the SSAMP comprises or consists of the
amino acid sequence set forth in any one of SEQ ID NOs:1-3, 34, or 35, except for 1
to 5 amino acid substitutions, insertions, and/or deletions within SEQ ID NOs: 1-3,
34, or 35. In some embodiments, the StAMP comprises or consists of the amino acid
sequence set forth in any one of SEQ ID NOs: 1-3, 34, or 35. In some embodiments,
the StAMP comprises or consists of the sequence of any one of SEQ ID NOs:7, 9, 11,
13, 15,17, 19, 21, 23, 25, 27, 29, 31, 33, 34, or 35. In some embodiments of any of
the methods described herein, the StAMP is double-stapled.
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In some embodiments of any of the methods described herein, the StAMP is 6
to 100 amino acids in length (e.g., between 6 and 40 amino acids in length (e.g.,
between 6 and 10 amino acids in length, between 6 and 15 amino acids in length,
between 6 and 20 amino acids in length, between 6 and 25 amino acids in length,
between 6 and 30 amino acids in length, between 6 and 35 amino acids in length;
between 10 and 15 amino acids in length, between 10 and 20 amino acids in length,
between 10 and 25 amino acids in length, between 10 and 30 amino acids in length,
between 10 and 35 amino acids in length; between 15 and 20 amino acids in length,
between 15 and 25 amino acids in length, between 15 and 30 amino acids in length,
between 15 and 35 amino acids in length; between 15 and 40 amino acids in length;
between 20 and 25 amino acids in length, between 20 and 30 amino acids in length,
between 20 and 35 amino acids in length; between 20 and 40 amino acids in length;
between 30 and 35 amino acids in length; between 30 and 40 amino acids in length; or
between 35 and 40 amino acids in length).

In some embodiments of any of the methods described herein, when the
StAMP is to be administered intravenously to a subject, the StAMP preferably has a
hemolytic activity that is less than 50% (e.g., less than 45%, less than 40%, less than
35%. less than 30%, less than 25%, less than 20%, less than 19%, less than 18%, less
than 17%, less than 16%, less than 15%, less than 14%, less than 13%, less than 12%,
less than 11%, less than 10%, less than 9%, less than 8%, less than 7%, less than 6%,
less than 5%, less than 4%, less than 3%, less than 2%, less than 1%, less than 0.5%,
between 0-20%, 0-18%, 0-16%, 0-14%, 0-12%, 0-10%, 0-8%, 0-6%, 0-4%, 0-2%, O-
1%, 1-20%, 1-18%, 1-16%, 1-14%, 1-12%, 1-10%, 1-8%, 1-6%, 1-4%, 1-2%, 1.5-
20%, 1-5-18%, 1.5-16%, 1.5-14%, 1.5-12%, 1.5-10%, 1.5-8%, 1.5-6%, 1.5-4%, 1.5-
2%, 2-20%, 2-18%, 2-16%, 2-14%, 2-12%, 2-10%, 2-8%, 2-6%, 2-4%, 2.5-20%, 2.5-
18%, 2.5-16%, 2.5-14%, 2.5-12%, 2.5-10%, 2.5-8%, 2.5-6%, 2.5-4%, 3-20%, 3-18%,
3-16%, 3-14%, 3-12%, 3-10%, 3-8%, 3-6%, 3-4%, 3.5-20%, 3.5-18%, 3.5-16%, 3.5-
14%, 3.5-12%, 3.5-10%, 3.5-8%, 3.5-6%, 3.5-4%, 4-20%, 4-18%, 4-16%, 4-14%, 4-
12%, 4-10%, 4-8%, 4-6%, 4.5-20%, 4.5-18%, 4.5-16%, 4.5-14%, 4.5-12%, 4.5-10%,
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4.5-8%, 4.5-6%, 5-20%, 5-18%, 5-16%, 5-14%, 5-12%, 5-10%, 5-8%, 5-6%, 5.5-
20%, 5.5-18%, 5.5-16%, 5.5-14%, 5.5-12%, 5.5-10%, 5.5-8%, 5.5-6%, 6-20%, 6-
18%, 6-16%, 6-14%, 6-12%, 6-10%, 36-8%, 6.5-20%, 6.5-18%, 6.5-16%, 6.5-14%,
6.5-12%, 6.5-10%, 6.5-8%, 7-20%, 7-18%, 7-16%, 7-14%, 7-12%, 7-10%, 7-8%, 7.5~
20%, 7.5-18%, 7.5-16%, 7.5-14%, 7.5-12%, 7.5-10%, 7.5-8%, 8-20%, 8-18%, 8-16%,
8-14%, 8-12%, 8-10%, 8.5-20%, 8.5-18%, 8.5-16%, 8.5-14%, 8.5-12%, 8.5-10%, 9-
20%, 9-18%, 9-16%, 9-14%, 9-12%, 9-10%, 9.5-20%, 9.5-18%, 9.5-16%, 9.5-14%,
9.5-12%, 9.5-10%, 10-20%, 10-18%, 10-16%, 10-14%, 10-12%, 10.5-20%, 10.5-
18%, 10.5-16%, 10.5-14%, 10.5-12%, 12-20%, 12-18%, 12-16%, 12-14%, 12.5-20%,
12.5-18%, 12.5-16%, 12.5-14%, 13-20%, 13-18%, 13-16%, 13-14%, 13.5-20%, 13.5-
18%, 13.5-16%, 13.5-14%, 14-20%, 14-18%, 14-16%, 14.5-20%, 14.5-18%, 14.5-
16%, 15-20%, 15-18%, 15-16%, 15.5-20%, 15.5-18%, 15.5-16%, 16-20%, 16-18%,
16.5-20%, 16.5-18%, 17-20%, 17-18%, 17.5-20%, 17.5-18%, 18-20%, 18.5-20%, 19-
20%, 19.5-20%, 20%, 19.9%, 19.8%, 19.7%, 19.6%, 19.5%, 19.4%, 19.3%, 19.2%,
19.1%, 19%, 18.9%, 18.8%, 18.7%, 18.6%, 18.5%, 18.4%, 18.3%, 18.2%, 18.1%,
18%, 17.9%, 17.8%, 17.7%, 17.6%, 17.5%, 17.4%, 17.3%, 17.2%, 17.1%, 17%,
16.9%, 16.8%, 16.7%, 16.6%, 16.5% 16.4%, 16.3%, 16.2%, 16.1%, 16%, 15.9%,
15.8%, 15.7%, 15.6%, 15.5%, 15.4%, 15.3%, 15.2%, 15.1%, 15%, 14.9%, 14.8%,
14.7%, 14.6%, 14.5%, 14.4%, 14.3%, 14.2%, 14.1%, 14%, 13.9%, 13.8%, 13.7%,
13.6%, 13.5%, 13.4%, 13.3%, 13.2%, 13.1%, 13%, 12.9%, 12.8%, 12.7%, 12.6%,
12.5%, 12.4%, 12.3%, 12.2%. 12.1%, 12%, 11.9%, 11.8%, 11.7%, 11.6%, 11.5%,
11.4%, 11.3%, 11.2%, 11.1%, 11%, 10.9%, 10.8%, 10.7%, 10.6%, 10.5%, 10.4%,
10.3%, 10.2%, 10.1%, 10%, 9.9%, 9.8%, 9.7%, 9.6%, 9.5%, 9.4%, 9.3%, 9.2%, 9.1%,
9%, 8.9%, 8.8%, 8.7%, 8.6%, 8.5%, 8.4%, 8.3%, 8.2%., 8.1%, 8%, 7.9%, 7.8%, 7.7%,
7.6%, 7.5%, 7.4%, 7.3%, 7.2%, 7.1%, 1%, 6.9%, 6.8%, 6.7%, 6.6%, 6.5%, 6.4%,
6.3%, 6.2%, 6.1%, 6%, 5.9%, 5.8%, 5.7%, 5.6%, 5.5%, 5.4%, 5.3%, 5.2%, 5.1%, 5%,
4.9%, 4.8%, 4.7%, 4.6%, 4.5%, 4.4%, 4.3%, 4.2%, 4.1%, 4%, 3.9%, 3.8%, 3.7%,
3.6%, 3.5%, 3.4%, 3.3%, 3.2%, 3.1% 3%, 2.9%, 2.8%., 2.7%, 2.6%, 2.5%, 2.4%,
2.3%, 2.2%, 2.1%, 2%, 1.9%, 1.8%, 1.7%, 1.6%, 1.5%, 1.4%, 1.3%, 1.2%, 1.1%, 1%,
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0.95%, 0.9%, 0.8%, 0.7%, 0.6%, 0.5%, 0.4%, 0.3%, 0.25%, 0.2%, 0.1%, 0.095%,
0.09%, 0.085%, 0.08%, 0.075%, 0.07%, 0.065%, 0.06%, 0.055%, 0.05%, 0.045%,
0.04%, 0.035%, 0.03%, 0.025%, 0.02%, 0.015%, or 0.001%).

In some embodiments of any of the methods described herein, when the
StAMP is to be administered via a non-intravenous route to a subject, the StAMP can
have any hemolytic activity. In certain embodiments, the StAMP has a hemolytic
activity that is greater than 20% (e.g., less than 95%, less than 90%, less than 85%,
less than 80%, less than 75%, less than 70%, less than 65%, less than 60%, less than
55%, less than 50%, less than 45%, less than 40%, less than 35%, less than 30%, less
than 25%). In other embodiments, when the StAMP is to be administered via a non-
intravenous route to a subject, the StAMP has a hemolytic activity that is less than
20% (e.g., less than 15%, less than 10%, less than 5%).

In some embodiments of any of the methods described herein, the StAMP has
a minimum inhibitory concentration (MIC) for a colistin-resistant Gram-negative
bacterium (e.g., 4 baumannii, E. coli, Klebsiella pneumoniae) of less than 10.0 pg/
mL (e.g., less than 9.5 pg/ mL, less than 9.0 ug/ mL, less than 8.5 pug/ mL, less than
8.0 ug/ mL, less than 7.5 pug/ mL, less than 7.0 pg/ mL, less than 6.5 pug/ mL, less than
6.0 pg/ mL, less than 5.5 pg/ mL, less than 5.0 pg/ mL, less than 4.5 ug/ mL, less than
4.0 ug/ mL, less than 3.5 ug/ mL less than 3.0 ug/ mL, less than 2.5 ug/ mL, less than
2.0 ug/ mL, less than 1.5 pg/ mL, less than 1.0 ug/ mL, less than 0.5 ug/ mL, 0.5-8.0
g/ mL, 0.5-6.0 ug/ mL, 0.5-4.0 pg/ mL, 0.5-3.5ug/ mL, 0.5-2.0 pug/ mL, 1-8.0 pg/
mL, 1-6.0 pug/ mL, 1-4.0 pg/ mL, 1-2.0 ug/ mL, 1.5-8.0 pug/ mL, 1.5-6.0 pg/ mL, 1.5-
4.0 ug/ mL, 1.5-2.0 pg/ mL, 2-8.0 pg/ mL, 2-6.0 pg/ mL, 2-4.0 pg/ mL, 2-8.0 pg/ mL,
2-6.0 pg/ mL, 2-4.0 pg/ mL, 2.5-8.0 pg/ mL, 2.5-6.0 pug/ mL, 2.5-4.0 pg/ mL, 2.5-8.0
ng/ mL, 2.5-6.0 ug/ mL, 2.5-4.0 pg/ mL, 3-8.0 pg/ mL, 3-6.0 pg/ mL, 3-4.0 pug/ mL,
3-8.0 pg/ mL, 3-6.0 pg/ mL, 3-4.0 pg/ mL, 3-3.5 pg/ mL, 3.5-4.0 pug/ mL, 0.1 pug/ mL,
0.2 ug/ mL, 0.3 pg/ mL, 0.4 pg/ mL, 0.5 pg/ mL, 0.6 pg/ mL, 0.7 pug/ mL, 0.8 pg/ mL,
0.9 ug/ mL, 1.0 pg/ mL, 1.1 pg/ mL, 1.2 pg/ mL, 1.3 pg/ mL, 1.4 pug/ mL, 1.5 pg/ mL,
1.6 pg/ mL, 1.7 pg/ mL, 1.8 pg/ mL, 1.9 pg/ mL, 2.0 ug/ mL, 2.1 pg/ mL, 2.2 pg/ mL,
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2.3 ug/ mlL, 2.4 pg/ mL, 2.6 pg/ mL, 2.7 ug/ mL, 2.8 pg/ mL, 2.9 pg/ mL, 3.0 pg/ mL,
3.1 ug/ mL, 3.2 pg/ mL, 3.3 pg/ mL, 3.4 ug/ mL, 3.5 pg/ mL, 3.6 pg/ mL, 3.7 pg/ mL,
3.8 ug/ mL, 3.9 pg/ mL, 4.0 pg/ mL, 4.1 pg/ mL, 4.2 pg/ mL, 4.3 pg/ mL, 4.4 ug/ mL,
4.5 ug/ mL, 4.6 ug/ mL, 4.7 pg/ mL, 4.8 ug/ mL, 4.9 pg/ mL, 5.0 pg/ mL, 5.2 ug/ mL,
54 ug/mL, 5.6 pg/ mL, 5.7 pg/ mL, 5.8 ug/ mL, 6.0 pg/ mL, 6.2 ug/ mL, 6.4 ug/ mL,
6.6 ug/ mL, 6.8 pg/ mL, 7.0 pg/ mL, 7.2 pg/ mL, 7.4 pg/ mL, 7.6 pg/ mL, 7.8 pg/ mL,
8.0 ug/ mL, 8.1 pg/ mL, 8.2 pg/ mL, 8.3 ug/ mL, 8.4 pg/ mL, 8.5 pg/ mL, 8.6 ug/ mL,
8.7 ug/ mL, 8.8 g/ mL, 8.9 pg/ mL, 9.0 ug/ mL, 9.1 pg/ mL, 9.2 pg/ mL, 9.3 ug/ mL,
9.4 ng/ mL, 9.5 pg/ mL, 9.6 ug/ mL, 9.7 pg/ mL, 9.8 pg/ mL, or 9.9 pg/ mL).

In some embodiments of any of the methods described herein, the StAMP has
a hemolytic activity of less than 10% (e.g., less than 9%, less than 8%, less than 7%,
less than 6%, less than 5%, less than 4%, less than 3%, less than 2%, less than 1%,
less than 0.5%, 0-4%, 0-2%, 0-1%, 1-4%, 1-3.5%, 1-3%, 1-2.5%, 1-2%, 4.9%, 4.8%,
4.7%, 4.6%, 4.5%, 4.4%, 4.3%, 4.2%, 4.1%, 4%, 3.9%, 3.8%, 3.7%, 3.6%, 3.5%,
3.4%, 3.3%, 3.2%, 3.1% 3%, 2.9%, 2.8%, 2.7%, 2.6%, 2.5%, 2.4%, 2.3%, 2.2%,
2.1%, 2%, 1.9%, 1.8%, 1.7%, 1.6%, 1.5%, 1.4%, 1.3%, 1.2%, 1.1%, 1%, 0.95%,
0.9%, 0.8%, 0.7%, 0.6%, 0.5%, 0.4%, 0.3%, 0.25%, 0.2%, 0.1%, 0.095%, 0.09%,
0.085%, 0.08%, 0.075%, 0.07%, 0.065%, 0.06%, 0.055%, 0.05%, 0.045%, 0.04%,
0.035%, 0.03%, 0.025%, 0.02%, 0.015%, or 0.001%) and a minimum inhibitory
concentration for a Gram-negative colistin-resistant bacterium of less than 3.0 pg/ mL
(e.g., less than 2.5 ug/ mL, less than 2.0 ug/ mL, less than 1.5 ug/ mL, less than 1.0
g/ mL, less than 0.5 pg/ mL, 0.5-3.0 pg/ mL, 0.5-2.5 pg/ mL 0.5-2.0 pg/ mL, 0.5-1.5
ng/ mL, 0.5-1.0 ug/ mL, 1.0-3.0 pug/ mL, 1.0-2.5 pg/ mL 1.0-2.0 pug/ mL, 1.0-1.5 pg/
mL, 1.5-3.0 pg/ mL, 1.5-2.5 pg/ mL 1.5-2.0 pg/ mL, 2.0-3.0 pg/ mL, 2.0-2.5 pg/ mL,
2.5-3.0 ug/ mL, 0.1 pg/ mL, 0.2 pg/ mL, 0.3 pg/ mL, 0.4 pg/ mL, 0.5 pg/ mL, 0.6 ug/
mL, 0.7 ug/ mL, 0.8 pg/ mL, 0.9 ug/ mL, 1.0 pg/ mL, 1.1 pg/ mL, 1.2 ug/ mL, 1.3 pg/
mL, 1.4 pg/ mL, 1.5 pg/ mL, 1.6 ug/ mL, 1.7 pg/ mL, 1.8 pg/ mL, 1.9 pug/ mL, 2.0 pg/
mL, 2.1 pg/ mL, 2.2 pg/ mL, 2.3 pug/ mL, 2.4 pg/ mL, 2.6 pg/ mL, 2.7 pug/ mL, 2.8 pg/
mL, or 2.9 ug/ mL).
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In certain embodiments of any of the methods described herein, the StAMP is
administered with a second agent that inhibits the growth of the Gram-negative
colistin-resistant bacterium. In some embodiments, the second agent is an antibiotic.
In certain embodiments, the antibiotic is selected from the group consisting of
carbapenem, an aminoglycoside, vancomycin, methicillin, clarithromycin,
cephalosporin, penicillin, ampicillin, fluoroquinolone, tetracycline, and a B-lactam. In
some embodiments, the second agent is a silver nanoparticle(s). In some
embodiments, the second agent is a vaccine. In some embodiments, the second agent
is phage therapy.

Also provided herein are methods of killing and/or inhibiting the growth of
Gram-negative colistin-resistant bacteria that includes contacting the Gram-negative
colistin-resistant bacteria with a stapled and/or stitched antimicrobial peptide
(StAMP). In some embodiments, contacting is iz vitro (e.g., under conventional
conditions of cell culture, in a cell culture plate or dish, in an ex vivo cell culture
system (i.e. propagation of cells that were previously iz vivo)). In some embodiments,
contacting is in vivo (e.g., in a subject (e.g., a human subject, an animal model, a cell
that is inside the subject)). Various methods of detecting bacterial death and/or growth
inhibition are known in the art, and include, but are not limited to: bacterial viability
assay kit, cytotoxicity assay kit, LIVE/DEAD BacLight™ bacterial viability assay,
microbroth dilution assay, and agar diffusion test. In certain embodiments, contacting
can further include determining hemolytic activity.

Also provided herein are methods of determining a suitable treatment for a
subject having, or suspected of having, an antibiotic-resistant Gram-negative bacterial
infection, the method comprising: (a) obtaining a biological sample from the subject;
(b) contacting the biological sample from the subject with a StAMP; (¢) determining
that the StAMP kills or inhibits the growth of the antibiotic-resistant Gram-negative
bacteria in the sample; and (d) selecting and administering the StAMP to the subject.

In some embodiments, the subject is a human.
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In some embodiments, the antibiotic-resistant Gram-negative bacteria is
colistin-resistant. In some embodiments, the StAMP is determined to have a
hemolytic activity of less than 50% (e.g., less than 45%, less than 40%, less than 35%,
less than 30%, less than 25%, less than 20%, less than 19%, less than 18%, less than
17%, less than 16%, less than 15%, less than 14%, less than 13%, less than 12%, less
than 11%, less than 10%, less than 9%, less than 8%, less than 7%, less than 6%, less
than 5%, less than 4%, less than 3%, less than 2%, less than 1%, less than 0.5%, O-
4%, 0-2%, 0-1%, 1-4%, 1-3.5%, 1-3%, 1-2.5%, 1-2%, 4.9%, 4.8%, 4.7%, 4.6%,
4.5%, 4.4%, 4.3%, 4.2%, 4.1%, 4%, 3.9%, 3.8%, 3.7%, 3.6%, 3.5%, 3.4%, 3.3%,
3.2%, 3.1% 3%, 2.9%, 2.8%, 2.7%, 2.6%, 2.5%, 2.4%, 2.3%, 2.2%, 2.1%, 2%, 1.9%,
1.8%, 1.7%, 1.6%, 1.5%, 1.4%, 1.3%, 1.2%, 1.1%, 1%, 0.95%, 0.9%, 0.8%, 0.7%,
0.6%, 0.5%, 0.4%, 0.3%, 0.25%, 0.2%, 0.1%, 0.095%, 0.09%, 0.085%, 0.08%,
0.075%, 0.07%, 0.065%, 0.06%, 0.055%, 0.05%, 0.045%, 0.04%, 0.035%, 0.03%,
0.025%, 0.02%, 0.015%, or 0.001%).

Also provided herein are methods for predicting the efficacy of a StAMP in
treating a Gram-negative bacterial infection that include: contacting a Gram-negative
bacteria responsible for a colistin-resistant Gram-negative bacterial infection with the
StAMP; determining that the StAMP kills or inhibits the growth of the Gram-negative
bacteria; and predicting that the StAMP is likely to treat the Gram-negative bacterial
infection.

In some embodiments, the StAMP is determined to have a hemolytic activity
of less than 50% (e.g., less than 45%, less than 40%, less than 35%, less than 30%,
less than 25%, less than 20%, less than 19%, less than 18%, less than 17%, less than
16%, less than 15%, less than 14%, less than 13%, less than 12%, less than 11%, less
than 10%, less than 9%, less than 8%, less than 7%, less than 6%, less than 5%, less
than 4%, less than 3%, less than 2%, less than 1%, less than 0.5%, 0-4%, 0-2%, 0-1%,
1-4%, 1-3.5%, 1-3%, 1-2.5%, 1-2%, 4.9%, 4.8%, 4.7%, 4.6%, 4.5%, 4.4%, 4.3%,
4.2%, 4.1%, 4%, 3.9%, 3.8%, 3.7%, 3.6%, 3.5%, 3.4%, 3.3%, 3.2%, 3.1% 3%, 2.9%,
2.8%, 2.7%, 2.6%, 2.5%, 2.4%, 2.3%, 2.2%, 2.1%, 2%, 1.9%, 1.8%, 1.7%, 1.6%,
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1.5%, 1.4%, 1.3%, 1.2%, 1.1%, 1%, 0.95%, 0.9%, 0.8%, 0.7%, 0.6%, 0.5%, 0.4%,
0.3%, 0.25%, 0.2%, 0.1%, 0.095%, 0.09%, 0.085%, 0.08%, 0.075%, 0.07%, 0.065%,
0.06%, 0.055%, 0.05%, 0.045%, 0.04%, 0.035%, 0.03%, 0.025%, 0.02%, 0.015%, or
0.001%).

In some embodiments of any of the methods described herein, the stapled
and/or stitched antimicrobial peptide (StAMP) is based on or derived from the
scaffold of a peptide selected from the group consisting of magainin, pexiganan,
pleurocidin, pardaxin, hagfish intestinal antimicrobial peptide (HFIAP), PGQ, buforin
II, dermaseptin, caerin, melittin, cecropin, lycotoxin I, styelins B, clavanin B,
cathelicidin A, and dermicidin.

In certain embodiments of any of the methods described herein, the StAMP
comprises or consists of SEQ ID NOs: 1-35. In certain embodiments, the StAMP
comprises or consists of the amino acid sequence set forth in any one of SEQ ID NOs:
1-35, except for at 1 to 5 amino acid substitutions, insertions, and/or deletions within
SEQ ID NOs: 1-35. In certain embodiments, the SSAMP comprises or consists of any
one of SEQ ID NOs: 1-3, 34, or 35. In certain embodiments, the StAMP comprises or
consists of the amino acid sequence set forth in any one of SEQ ID NOs: 1-3, 34, or
35 except for at 1 to 5 amino acid substitutions, insertions, and/or deletions within
SEQ ID NOs: 1-3. In some embodiments, the StAMP comprises or consists of the
sequence of any one of SEQ ID NOs:7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31,
33, 34, or 35 except for at 1 to 5 amino acid substitutions, insertions, and/or deletions
within SEQ ID NOs:7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, or 33. In some
embodiments, the StAMP comprises or consists of the sequence of any one of SEQ
IDNOs: 1,2,3,7,9, 11,13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 34, or 35. In certain
embodiments of any of the methods described herein, the StAMP is double-stapled.

In some embodiments of any of the methods described herein, the StAMP is 6
to 100 amino acids in length (e.g., between 6 and 40 amino acids in length (e.g.,
between 6 and 10 amino acids in length, between 6 and 15 amino acids in length,

between 6 and 20 amino acids in length, between 6 and 25 amino acids in length,
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between 6 and 30 amino acids in length, between 6 and 35 amino acids in length;
between 10 and 15 amino acids in length, between 10 and 20 amino acids in length,
between 10 and 25 amino acids in length, between 10 and 30 amino acids in length,
between 10 and 35 amino acids in length; between 15 and 20 amino acids in length,
between 15 and 25 amino acids in length, between 15 and 30 amino acids in length,
between 15 and 35 amino acids in length; between 15 and 40 amino acids in length;
between 20 and 25 amino acids in length, between 20 and 30 amino acids in length,
between 20 and 35 amino acids in length; between 20 and 40 amino acids in length;
between 30 and 35 amino acids in length; between 30 and 40 amino acids in length; or
between 35 and 40 amino acids in length).

The disclosure includes methods of using the peptides herein for the
prophylaxis and/or treatment of infection. The terms “treat”, “treating”, or
“treatment” as used herein, refers to partially or completely alleviating, inhibiting,
ameliorating, and/or relieving the disease or condition from which the subject is
suffering. This means any manner in which one or more of the symptoms of a disease
or disorder (e.g., cancer) are ameliorated or otherwise beneficially altered. As used
herein, amelioration of the symptoms of a particular disorder (e.g., infection) refers to
any lessening, whether permanent or temporary, lasting or transient that can be
attributed to or associated with treatment by the compositions and methods of the
present disclosure. In some aspects, treatment can promote or result in, for example, a
decrease in the number of microbial cells or organisms (e.g., in a subject) relative to
the number of microbial cells or organisms prior to treatment; a decrease in the
viability (e.g., the average/mean viability) of microbial cells or organisms (e.g., in a
subject) relative to the viability (e.g., the average/mean viability) of microbial cells or
organisms (e.g., in the subject) prior to treatment; and/or reductions in one or more
symptoms associated with one or more infections in a subject relative to the subject’s
symptoms prior to treatment.

Examples of bacteria internally cross-linked AMPs are active against include,

without limitation, Neisseriae (e.g., N. gonorrheae and N. meningitidis), Chlamydia
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trachomatis, Treponemae (e.g., T. pallidum, T. pertenue, and T. cerateum),
Haemophilus bacteria (e.g., H. ducreyi, H. influenzae, and H. aegyptius), Bordetellae
(e.g., B. pertussis, B. parapertussis, and B. bronchiseptica), Gardnerella vaginalis
Borrelia burgdorferi, Actinobacillus pleuropneumoniae, Helicobacter pylori,
Escherichia coli, Porphyromonas gingivalis, Vibrio cholerae, Salmonella bacteria
(e.g., S. enteriditis, S. typhimurium, and S. typhi), Shigella bacteria, Francisella
bacteria, Yersinia bacteria (e.g. Y. pestis and Y. enterocolitica), Burkholderia
bacteria, Pseudomonas bacteria, and Brucella bacteria.

Disorders that can be treated by the compositions, formulations, and/or
methods described herein include, but are not limited to, infectious diseases.
Infectious diseases can be caused by pathogens, such as bacteria, viruses, fungi or
parasites. In some aspects, an infectious disease can be passed from person to person.
In some aspects, an infectious disease can be transmitted by bites from insects or
animals. In some aspects, an infectious disease can be acquired by ingesting
contaminated food or water or being exposed to organisms in the environment. Some
infectious diseases can be prevented by vaccines.

In specific aspects, infectious diseases that can be treated by the compositions,
formulations, and/or methods described herein include, but are not limited to,
Acinetobacter baumannii, Actinomyces israelii, Actinomyces gerencseriae and
Propionibacterium propionicus, Trypanosoma brucei, HIV (Human
immunodeficiency virus), Entamoeba histolytica, Anaplasma species,
Angiostrongylus, Anisakis, Bacillus anthracis, Arcanobacterium haemolyticum, Junin
virus, Ascaris lumbricoides, Aspergillus species, Astroviridae family, Babesia
species, Bacillus cereus, bacterial vaginosis microbiota, Bacteroides species,
Balantidium coli, Bartonella, Baylisascaris species, BK virus, Piedraia hortae,
Blastocystis species, Blastomyces dermatitidis, Machupo virus, Clostridium
botulinum, Sabia, Brucella species, Enterobacteriaceae, Burkholderia cepacia and
other Burkholderia species, Mycobacterium ulcerans, Caliciviridae family,

Campylobacter species, Candida albicans and other Candida species, Capillaria

100



10

15

20

25

WO 2019/018499 PCT/US2018/042640

philippinensis, Capillaria hepatica, Capillaria aerophila, Bartonella bacilliformis,
Bartonella henselae, Group A Streptococcus and Staphylococcus, Trypanosoma
cruzi, Haemophilus ducreyi, Varicella zoster virus (VZV), Alphavirus, Chlamydia
trachomatis, Chlamydophila pneumoniae, Vibrio cholera, Fonsecaea pedrosoi,
Batrachochytrium dendrabatidis, Clonorchis sinensis, Clostridium difficile,
Coccidioides immitis and Coccidioides posadasii, Colorado tick fever virus (CTFV),
rhinoviruses and coronaviruses, PRNP, Crimean-Congo hemorrhagic fever virus,
Cryptococcus neoformans, Cryptosporidium species, Ancylostoma braziliense;
multiple other parasites, Cyclospora cayetanensis, Taenia solium, Cytomegalovirus,
Dengue viruses (DEN-1, DEN-2, DEN-3 and DEN-4) — Flaviviruses, Green algae
Desmodesmus armatus, Dientamoeba fragilis, Corynebacterium diphtheria,
Diphyllobothrium, Dracunculus medinensis, Ebolavirus (EBOV), Echinococcus
species, Lhrlichia species, Enterobius vermicularis, Enterococcus species,
Enterovirus species, Rickettsia prowazekii, Parvovirus B19, Human herpesvirus 6
(HHV-6) and Human herpesvirus 7 (HHV-7), Fasciola hepatica and Fasciola
gigantica, Fasciolopsis buski, PRNP, Filarioidea superfamily, Clostridium
perfringens, Fusobacterium species, Clostridium perfringens, other Clostridium
species, Geotrichum candidum, Giardia lamblia, Burkholderia mallei, Gnathostoma
spinigerum and Gnathostoma hispidum, Neisseria gonorrhoeae, Klebsiella
granulomatis, Streptococcus pyogenes, Streptococcus agalactiae, Haemophilus
influenza, Enteroviruses, mainly Coxsackie A virus and Enterovirus 71 (EV71), Sin
Nombre virus, Heartland virus, Helicobacter pylori, Escherichia coli O157:H7, O111
and O104:H4, Bunyaviridae family, Hepatitis A virus ,Hepatitis B virus, Hepatitis C
virus, Hepatitis D Virus, Hepatitis E virus, Herpes simplex virus 1 and 2 (HSV-1 and
HSV-2), Histoplasma capsulatum, Ancylostoma duodenale and Necator americanus,
Human bocavirus (HBoV), Ehrlichia ewingii, Anaplasma phagocytophilum, Human
metapneumovirus (WMPYV), Ehrlichia chaffeensis, Human papillomavirus (HPV),
Human parainfluenza viruses (HPIV), Hymenolepis nana and Hymenolepis diminuta,

Epstein-Barr Virus (EBV), Orthomyxoviridae family, Isospora belli, Kingella kingae,
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Lassa virus, Legionella pneumophila, Leishmania species, Mycobacterium leprae,
Mycobacterium lepromatosis, Leptospira species, Listeria monocytogenes, Borrelia
burgdorferi, Borrelia garinii, Borrelia afzelii, Wuchereria bancrofti, Brugia malaysi,
Lymphocytic choriomeningitis virus (LCMV), Plasmodium species, Marburg virus,
Measles virus, Middle East respiratory syndrome coronavirus, Burkholderia
pseudomallei, Neisseria meningitides, Metagonimus yokagawai, Microsporidia
phylum, Molluscum contagiosum virus (MCV), Monkeypox virus, Mumps virus,
Rickettsia typhi, Mycoplasma pneumoniae, Actinomycetoma, Eumycetoma, parasitic
dipterous fly larvae, Chlamydia trachomatis, Neisseria gonorrhoeae, Nocardia
asteroides, Nocardia species, Onchocerca volvulus, Opisthorchis viverrini and
Opisthorchis felineus, Paracoccidioides brasiliensis, Pediculus humanus capitis,
Phthirus pubis, Bordetella pertussis, Yersinia pestis, Streptococcus pneumoniae,
Pneumocystis jirovecii, Poliovirus, Prevotella species, Naegleria fowleri, JC virus,
Chlamydophila psittaci, Coxiella burnetii, Rabies virus, Borrelia hermsii, Borrelia
recurrentis, Borrelia species, Respiratory syncytial virus (RSV), Rhinosporidium
seeberi, Rhinovirus, Rickettsia species, Rickettsia akari, Rift Valley fever virus,
Rickettsia, Rotavirus, Rubella virus, Salmonella species, SARS coronavirus,
Sarcoptes scabiei, Schistosoma species, Shigella species, Varicella zoster virus
(VZV), Variola major, Variola minor, Sporothrix schenckii, Staphylococcus species,
Strongyloides stercoralis, Measles virus, Treponema pallidum, Taenia species,
Clostridium tetani, Trichophyton species, Trichophyton tonsurans, Epidermophyton
floccosum, Trichophyton rubrum, Trichophyton mentagrophytes, Trichophyton
rubrum, Hortaea werneckii, Trichophyton species, Malassezia species, Toxocara
canis, Toxocara cati, Chlamydia trachomatis, Toxoplasma gondii, Trichinella
spiralis, Trichomonas vaginalis, Trichuris trichiura, Mycobacterium tuberculosis,
Francisella tularensis, Salmonella enterica subsp. enterica, serovar typhi, Rickettsia,
Ureaplasma urealyticum, Coccidioides immitis, Coccidioides posadasii, Venezuelan
equine encephalitis virus, Guanarito virus, Vibrio vulnificus, Vibrio parahaemolyticus,

multiple viruses, West Nile virus, 7richosporon beigelii, Yersinia pseudotuberculosis,
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Yersinia enterocolitica, Yellow fever virus, Mucorales order (Mucormycosis), and
Entomophthorales order (Entomophthoramycosis).

The compositions, formulations, and/or methods described herein can be used
to treat a pathogen. In some aspects, the pathogen can be a virus, bacterium, prion, a
fungus, or a parasite.

All the methods of treatment and prophylaxis described herein may be applied
to at least any or all the above-listed microbial organisms.

In some aspects, the stapled and/or stitched anti-microbial peptide can be toxic
to one colistin-resistant pathogen. In some aspects, the stapled and/or stitched anti-
microbial peptide can be toxic to two microbes (e.g., Gram-negative bacteria). In
some aspects, the stapled and/or stitched anti-microbial peptide can be toxic to three
microbes (e.g., Gram-negative bacteria). In some aspects, the stapled and/or stitched
anti-microbial peptide can be toxic to four microbes (e.g., Gram-negative bacteria). In
some aspects, the stapled and/or stitched anti-microbial peptide can be toxic to five
microbes (e.g., Gram-negative bacteria).

In some aspects, the stapled and/or stitched anti-microbial peptide can be used
to treat a microbe (e.g., an antibiotic-resistant Gram-negative bacteria and/or a
colistin-resistant Gram-negative bacteria) without damaging the host subject. In some
aspects, the stapled and/or stitched anti-microbial peptide can be used to treat two
microbes (e.g., Gram-negative bacteria) without damaging the host subject. In some
aspects, the stapled and/or stitched anti-microbial peptide can be used to treat three
microbes (e.g., Gram-negative bacteria) without damaging the host subject. In some
aspects, the stapled and/or stitched anti-microbial peptide can be used to treat four
microbes (e.g., Gram-negative bacteria) without damaging the host subject. In some
aspects, the stapled and/or stitched anti-microbial peptide can be used to treat five
microbes (e.g., Gram-negative bacteria) without damaging the host subject.

In general, methods include selecting a subject and administering to the
subject an effective amount of one or more of the stapled and/or stitched anti-

microbial peptide described herein, e.g., in or as a pharmaceutical composition, and
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optionally repeating administration as required for the prophylaxis or treatment of a
Gram-negative colistin-resistant bacterial infection and can be administered, e.g.,
orally, intravenously or topically.

Specific dosage and treatment regimens for any particular patient will depend
upon a variety of factors, including the activity of the specific stapled and/or stitched
anti-microbial peptide used, the age, body weight, general health status, sex, diet, time
of administration, rate of excretion, drug combination, the severity and course of the
disease, condition or symptoms, the patient’s disposition to the disease, condition or
symptoms, and the judgment of the treating physician.

An effective amount can be administered in one or more administrations,
applications or dosages. A therapeutically effective amount of a therapeutic stapled
and/or stitched anti-microbial peptide (i.e., an effective dosage) depends on the
therapeutic stapled and/or stitched anti-microbial peptide selected. The therapeutically
effective amount of a stapled and/or stitched anti-microbial peptide can be
administered one from one or more times per day to one or more times per week;
including once every other day. The skilled artisan will appreciate that certain factors
may influence the dosage and timing required to effectively treat a subject, including
but not limited to the severity of the disease or disorder, previous treatments, the
general health and/or age of the subject, and other diseases present.

Moreover, treatment of a subject with a therapeutically effective amount of the
therapeutic stapled and/or stitched anti-microbial peptide described herein can include
a single treatment or a series of treatments. For example, effective amounts can be
administered at least once. Upon improvement of a patient’s condition, a maintenance
dose of a stapled and/or stitched anti-microbial peptide, composition or combination
of this disclosure may be administered, if necessary. Subsequently, the dosage or
frequency of administration, or both, may be reduced, as a function of the symptoms,
to a level at which the improved condition is retained. Patients may, however, require
intermittent treatment on a long-term basis upon any recurrence of disease symptoms.

In some instances, the peptides herein can further be co-administered with one
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or more additional therapeutic agents in amounts effective for achieving a modulation
of disease or disease symptoms. Such additional therapeutic agents may include
conventional antimicrobial agents (e.g., antibiotics) known in the art. When co-
administered, stapled AMPs of the disclosure operate in conjunction with
conventional antimicrobial agents to produce mechanistically additive or synergistic
antimicrobial effects. Without being limited by any particular mechanism of action,
certain internally cross-linked (e.g., stapled) AMPs having the ability to produce
“pores” in the membranes of certain microbial organisms (including, e.g., Gram-
negative bacteria) can act to facilitate and/or enhance the passage of appropriate
conventional antimicrobial agents to the interiors of relevant microbial cells. For the
same purpose, the internally cross-linked AMPs can be conjugated (covalently or non-
covalently) to appropriate antimicrobial agents, the resulting conjugates being
administered to appropriate subjects.

The ability of internally cross-linked AMPs to produce “pores™ in the
membranes of microbial organisms provides the basis for another utility for them.
Thus, e.g., relevant microbial organisms (e.g., any of those disclosed herein) can be
contacted either in a subject or in vitro to an intemally cross-linked AMP with the
ability to produce “pores” or even lysis of the microbial organism. As result of this
activity, nucleic acids (e.g., DNA and/or RNA) are released from microbial organisms
into their surroundings. This phenomenon can be used as a basis for accurate, rapid,
and inexpensive identification of the microbial organism. Where the contacting
occurs in a subject, any of a variety of bodily fluids (e.g., blood, lymph, urine, feces,
mucus, or tears) or body lavages can be tested. Where the contacting occurs iz vitro,

culture medium can be tested.

Methods of Optimizing a Stapled and/or Stitched Antimicrobial Peptide to Reduce
Renal Toxicity
Provided herein are methods for optimizing a stapled and/or stitched anti-

microbial peptide (StAMP) to reduce the renal toxicity of the StAMP. In some
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embodiments, one or more amino acid substitutions, insertions, and/or deletions are
introduced into a StAMP to reduce its renal toxicity, such that the StAMP is less likely
to damage or kill kidney cells. For example, following an optimization to reduce
renal toxicity, as described herein, the StAMP is less likely to damage or kill kidney
cells in a subject following administration of the StAMP to the subject to treat a
bacterial infection; e.g., an antibiotic-resistant bacterial infection. In some
embodiments, serum creatinine levels can be measured to assess kidney filtration
damage in a subject following the administration of a StAMP, e.g., a StAMP
optimized as described herein to reduce renal toxicity. In some embodiments, urinary
sediment may be measured to assess possible kidney cell pathology in a subject
following administration of a StAMP. In some embodiments, the amount of serum
creatinine and/or urinary sediment in a subject following administration of a StAMP,
e.g., a StAMP optimized to reduce renal toxicity, can be compared to the amount of
serum creatinine and/or urinary sediment present in one or more control subjects, e.g.,
a healthy subject not administered with a StAMP, a subject with a bacterial infection
not administered with a StAMP, and/or a subject with a bacterial infection
administered with a StAMP that has not been optimized to reduce renal toxicity.

In other embodiments, following optimization to reduce renal toxicity, the
StAMP is less likely to damage or kill primary human renal proximal tubule epithelial
cells (pRPTECs) when tested in an in vitro renal toxicity assay. Renal toxicity assays
using pRPTECs are known in the art. In one embodiment, pRPTECs are seeded at a
density of 10,000 cells per well on 96 well plates and incubated for 48 hours at 37°C.
Cells are then treated with different concentrations of the StAMP and incubated for
another 24-t0-48 hour period. Cell viability is then determined and/or lactate
dehydrogenase (LDH) release is measured. In some embodiments, the cell viability
and/or LDH release of pRPTECs cells incubated with a StAMP optimized to reduce
renal toxicity is compared to the cell viability and/or LDH release of control
pRPTECs, e.g., pRPTECs cells not incubated with a StAMP or pRPTECs incubated

with a StAMP that has not been optimized to reduce renal toxicity.
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Altering the hydrophobicity of stapled and/or stitched anti-microbial peptides
(StAMPs)

In some embodiments, the methods of optimizing the stapled and/or stitched
anti-microbial peptide (StAMP) to reduce renal toxicity include: providing a first
stapled and/or stitched anti-microbial peptide (StAMP), generating a second StAMP
that is identical to the first StAMP except at one or more amino acid positions (e.g., 1,
2,3,4,5,6,7,8,9, or 10 amino acid positions); and determining that the second
StAMP exhibits reduced renal toxicity compared to the first SSAMP e.g., by killing or
damaging fewer kidney cells. In some embodiments, the second StAMP is tested for
reduced renal toxicity relative to the first StAMP in vitro using a pRPTEC renal
toxicity assay. In some embodiments, the renal toxicity of second StAMP is reduced
relative to the renal toxicity of the first StAMP by at least 10% (e.g., at least 15%, at
least 20%, at least 25%, at least 30%, at least 35%, at least 40%, at least 45%, at least
50%, at least 55%, at least 60%, at least 65%, at least 65%, at least 70%, at least 75%,
at least 80%, at least 85%, at least 90%, at least 95%, or at least 99% reduced renal
toxicity). In some embodiments, the second StAMP kills or damages at least 10%
fewer pRPTECs in an in vitro toxicity assay than the first SSAMP (e.g., at least 15%,
at least 20%, at least 25%, at least 30%, at least 35%, at least 40%, at least 45%, at
least 50%, at least 55%, at least 60%, at least 65%, at least 65%, at least 70%, at least
75%, at least 80%, at least 85%, at least 90%, at least 95%, or at least 99% fewer
pRPTECS).

In some embodiments, the second StAMP comprises at least one amino acid
substitution, wherein at least one hydrophobic amino acid in at least one hydrophobic
patch is replaced with at least one amino acid with reduced hydrophobicity, thus
disrupting at least one hydrophobic patch relative to the first SSAMP. In some
embodiments, the second StAMP includes 1, 2, 3, 4, or 5 amino acid substitutions in
one hydrophobic patch. In some embodiments, the second StAMP includes 1, 2, 3, 4,

5,6,7,8,9, or 10 or more amino acid substitutions in at least two hydrophobic
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patches, thus disrupting two or more hydrophobic patches. In some embodiments, an
amino acid with a hydrophobic side chain in a hydrophobic patch (an alanine,
isoleucine, leucine, methionine, phenylalanine, tryptophan, tyrosine, or valine) is
substituted with an amino acid that does not have a hydrophobic side chain. In some
embodiments, the amino acid substitutions comprise replacing at least one amino acid
in a hydrophobic patch with at least one natural or non-natural amino acid that is less
hydrophobic than the amino acid being replaced in the hydrophobic patch. In some
embodiments, at least one amino acid in a hydrophobic patch is substituted with a
serine, asparagine, ornithine, threonine, arginine, histidine, norvaline, alanine or
lysine.

In some embodiments, a StAMP that has been identified as killing or
inhibiting the growth of antibiotic-resistant bacterium, e.g., a Gram-negative colistin-
resistant bacterium, is modified using the methods described herein to reduce the
renal toxicity of the StAMP. In some embodiments, the StAMP is based on or derived
from the scaffold of a peptide selected from the group consisting of magainin,
pexiganan, pleurocidin, pardaxin, hagfish intestinal antimicrobial peptide (HFIAP),
PGQ, buforin II, dermaseptin, caerin, melittin, cecropin, lycotoxin I, styelins B,
clavanin B, cathelicidin A, and dermicidin. In some embodiments, the StAMP is
based on or derived from a peptide selected from the group consisting of SEQ ID
NOs: 4-33. In some embodiments, the StAMP is based on or derived from a peptide
selected from the group consisting of SEQ ID NOs: 1-3 or 35.

In some embodiments, the StAMP that has further been identified as
exhibiting reduced hemolytic activity, as described herein, is modified to reduce the
renal toxicity of the StAMP.

In some embodiments, the StAMP comprises or consists of the amino acid
sequence set forth in any one of SEQ ID NOs:1-3 or 35-43 or any one of SEQ ID
NOs:7,9, 11,13, 15,17, 19, 21, 23, 25, 27, 29, 31, or 33, except for 1 to 5 amino acid
substitutions, insertions, and/or deletions within SEQ ID NOs:1-3 or 35-43 or SEQ ID
NOs:7,9, 11, 13, 15,17, 19, 21, 23, 25, 27, 29, 31, or 33. In some embodiments, the
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StAMP comprises an amino acid sequence that is at least 45% identical to the amino
acid sequence of any of SEQ ID NOs: 1-35, e.g., e.g., 45%, 50%, 60%, 65%, 70%,
75%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to any of SEQ ID NOs: 1-
35.

In some embodiments, the StAMP comprises or consists of the amino acid
sequence set forth in any one of SEQ ID NOs: 41-43. In some embodiments, the
StAMP comprises an amino acid sequence that is at least 45% identical to the amino
acid sequence of any of SEQ ID NOs: 41-43, e.g., 45%, 50%, 55%, 60%, 65%, 70%,
75%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to any of SEQ ID NOs:
41-43. In some embodiments, the StAMP comprises an amino acid sequence that
differs from the amino acid sequence of any of SEQ ID NOs: 41-43 by 1 or more
amino acids, e.g., by 1, 2, 3,4, 5, 6, 7, or 8 or more amino acids.

In some embodiments, the StAMP is 6 to 100 amino acids in length.

In some embodiments, the methods described herein include reducing the
renal toxicity of a stapled and/or stitched anti-microbial peptide (StAMP) include: (i)
identifying at least one hydrophobic patch comprising at least two hydrophobic amino
acids (e.g., 2, 3, 4, or 5 or more hydrophobic amino acids that comprise a continuous
or uninterrupted hydrophobic surface on the peptide); (i1) introducing at least one
amino acid substitution in the hydrophobic patch, wherein at least one of the
hydrophobic amino acids in hydrophobic patch is replaced with at least one amino
acid with reduced hydrophobicity, to produce a StAMP with at least one disrupted
hydrophobic patch; and (iii) testing the StAMP with the at least one disrupted
hydrophobic patch for reduced renal toxicity relative to a StAMP that is identical
except that no amino acid substituions have been introduced into its hydrophobic
patches, i.e., its hydrophobic patches have not been disrupted.

In some embodiments, the hydrophobic patch in the StAMP comprises 2 or

more hydrophobic amino acids, e.g., 2, 3,4, 5,6, 7, 8,9, or 10 or more amino acids.
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In some embodiments, the hydrophobic amino acids of the hydrophobic patch can be
any combination of alanine, isoleucine, leucine, methionine, phenylalanine,
tryptophan, tyrosine, or valine. In some embodiments, at least one hydrophobic
amino acid of the hydrophobic patch can be a hydrophobic non-natural amino acid,
e.g., norleucine, norvaline, d-alanine, homoalanine, and/or cyclobutylalanine.

As used herein, a “hydrophobic patch™ is two or more hydrophobic amino
acids, e.g.,2,3,4,5,6,7,8,9, 10, or more hydrophobic amino acids, that make up a
continuous hydrophobic surface area on a helical peptide, e.g., a continuous
hydrophobic area on the surface of an alpha helix of a peptide or protein. In some
cases, two or more consecutive hydrophobic amino acids in an amino acid sequence
form a hydrophobic patch. In some cases, hydrophobic amino acids at the i+3 and i+4
positions form a continuous hydrophobic surface area on a helical peptide, and can
therefore form a hydrophobic patch. Typically, the two or more hydrophobic amino
acids that form a hydrophobic patch form a continuous hydrophobic surface area on
the same face of a helical peptide. In some cases, an amino acid residue is considered
hydrophobic if it has a hydrophobicity similar to that of alanine (a hydrophobicity
value of 3.9, as determined by Kovacs et al. Biopolymers. 2006; 84(3):283-97) or
higher, so that a hydrophobic patch is made of two or more amino acids that are each
at least as hydrophobic as alanine. In some embodiments, an amino acid is considered
hydrophobic if it has a hydrophobicity value of 3.5 or above, e.g., 3.9, as described by
Kovacs et al. Biopolymers. 2006; 84(3):283-97.

As used herein, a “disrupted hydrophobic patch™ is a hydrophobic patch
comprising two or more hydrophobic amino acids, e.g., 2, 3,4, 5,6, 7, 8,9, 10, or
more consecutive hydrophobic amino acids, wherein at least one of the hydrophobic
amino acids that makes up the hydrophobic patch is mutated (e.g., by means of an
amino acid substitution) to reduce the hydrophobicity of the hydrophobic patch. In
some embodiments, a disrupted hydrophobic patch comprises at least one amino acid
substitution wherein at least one of the amino acids of the patch is replaced with an

amino acid having a lower hydrophobicity. In some cases, a disrupted hydrophobic
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patch comprises at least one amino acid substitution wherein at least one of the amino
acids of the patch is replaced with a charged amino acid residue.

In some embodiments, at least one amino acid substitution is introduced into
the StAMP to disrupt at least one hydrophobic patch, e.g., atleast 1, 2, 3, 4, 5, 6, 7, 8,
9, or 10 or more substitutions are introduced into the StAMP to disrupt at least one
hydrophobic patch. In some embodiments, one amino acid substitution is introduced
into the StAMP to disrupt one hydrophobic patch. In some embodiments, at least two
amino acid substitutions (e.g., 1, 2, 3, 4, or 5 amino acid substitutions) are introduced
into the StAMP to disrupt one hydrophobic patch. In some embodiments, at least two
amino acid substitutions (e.g., 1,2, 3,4, 5,6,7, 8,9, or 10 or more amino acid
substitutions) are introduced into the StAMP to disrupt at least two hydrophobic
patches. For example, one or more amino acid substitutions can be introduced into a
first hydrophobic patch to produce a first disrupted hydrophobic patch and one or
more amino acids can be introduced into a second hy drophobic patch to produce a
second disrupted hydrophobic patch. In some embodiments, a hydrophobic amino
acid in a hydrophobic patch is substituted with an amino acid having a lower
hydrophobicity. In some embodiments, a hydrophobic amino acid in a hydrophobic
patch is substituted with a charged amino acid.

Hydrophobic patches within a peptide or protein may be identified using
techniques generally known in the art, including, e.g., computational prediction/
simulation (e.g., using ExXPASy ProtScale, available at web.expasy.org/protscale/,
Scooby-domain prediction, available at www.ibi.vu.nl/programs/scooby www/,
PSIPRED, available at bioinf cs.ucl.ac.uk/psipred/, hydrophobic cluster analysis, see,
e.g., www.impmc.upmc.fr/~callebaw/HCA html, Kyte Doolittle plotting, available at,
e.g., gcat.davidson.edu/DGPB/kd/kyte-doolittle.htm or
www.vivo.colostate.edu/molkit/hydropathy/index. html, and/or SPLIT, available at
split.pmfst.hr/split/4/) and/or experimental determination (e.g., using techniques
involving NMR spectroscopy, electron microscopy, homology modeling, small-angle

X-ray and/or neutron scattering (SAXS/SANS), and/or X-ray crystallography) of the
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structure of the peptide or protein.

In some cases, introducing one or more mutations in a StAMP, e.g., amino
acid substitutions, reduces the renal toxicity of the StAMP, but can also have the
effect of reducing the antimicrobial activity of the StAMP. Thus, it may be desirable
to further modify the StAMP to increase its antimicrobial activity to levels that are
near or exceed the antimicrobial activity of the StAMP before the one or more
mutations were introduced to reduce renal toxicity. In some embodiments, the
antimicrobial activity of a SSAMP comprising one or more disrupted hydrophobic
patches is increased by introducing one or more mutations (e.g., a deletion, insertion,
and/or a substitution) that make the hydrophilic portion of the StAMP more cationic.
In some embodiments, the StAMP comprises an o-helical structure (e.g., an a-helix),
wherein the a-helical structure has a hydrophobic portion or face and a hydrophilic
portion or face. In some embodiments, the antimicrobial activity of a StAMP
comprising one or more disrupted hydrophobic patches is increased by introducing
one or more mutations (e.g., a deletion, insertion, and/or a substitution) that make the
hydrophilic portion of the a-helix of the StAMP more cationic. In some
embodiments, the hydrophilic portion of the StAMP (e.g., the hydrophilic portion of
an o-helix) can be made more cationic by introducing an amino acid substitution that
replaces a native amino acid with an amino acid that is more cationic, e.g., an amino
acid that has a cationic side chain, such as an arginine, an ornithine, a histidine, or a
lysine. In some embodiments, at least one amino acid in the hydrophilic portion of a
StAMP is substituted with at least one arginine, histidine, and/or lysine.

In some embodiments, the StAMP comprising at least one amino acid
substitution (e.g., at least one arginine, ornithine, histidine, and/or lysine substitution)
that makes the hydrophilic portion of the StAMP (e.g., the hydrophilic portion of the
a-helix) more cationic, exhibits greater anti-microbial activity relative to a StAMP
that does not comprise at least one amino acid substitution that makes its hydrophilic
portion more cationic. The levels of anti-microbial activity of the StAMPs can be

determined using assays as described herein.
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In some embodiments, the StAMP with reduced renal toxicity, as described
herein, is administered to a subject, e.g., a human or animal, to treat an antibiotic-
resistant bacterial infection. In some embodiments, the StAMP with reduced renal
toxicity damages (e.g., disrupts cellular membranes, lyses, or kills) fewer kidney cells
when administered to a subject relative to the StAMP that is identical except that it
does not comprise an amino acid substitution that disrupts a hydrophobic patch. In
some embodiments, the StAMP with reduced renal toxicity damages fewer primary
renal proximal tubule epithelial cells (p)RPTECs) in an in vitro renal toxicity assay
relative to the StAMP that is identical except that it does not comprise an amino acid
substitution that discrupts a hydrophobic patch.

Altering the charge nature of stapled and/or stitched anti-microbial peptides
(StAMPs)

Some antibiotics, such as colistin, cause renal nephrotoxity during the course
of treatment. The degree of renal nephrotoxity can be influenced by the number of
cationic point charges present on the antibiotic. For example, a significant
determinant of the renal toxicity of colitsin, a cationic lipopeptide, is determined by
its number of cationic point charges. Colistin’s renal toxicity profile can be improved
by masking its point charges using methanesulfate.

In some cases, a StAMP having cationic charges that are point charges can
exhibit renal toxicity in e.g., a pRPTEC toxicity assay. In some embodiments,
changing the charge nature of one or more cationic point charges on the StAMP
reduces the renal toxicity of the StAMP.

In some embodiments, the methods of optimizing the stapled and/or stitched
anti-microbial peptide (StAMP) to reduce renal toxicity include: (i) identifying at
least one amino acid residue on the StAMP that is a cationic point charge; (ii)
introducing at least one amino acid substitution, wherein at least one cationic point
charge is replaced with at least one amino acid with a different charge nature, thereby
producing a StAMP with an altered cationic charge; and (iii) testing the StAMP with

an altered cationic charge for reduced renal toxicity relative to a StAMP that is
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identical except that its cationic charge has not been altered.

In some embodiments, at least one amino acid substitution (e.g., 1, 2, 3, 4, 5,
6,7,8,9, or 10 or more amino acid substitutions) is introduced into the StAMP to
alter the charge nature of at least one cationic point charge (e.g., 1,2, 3.4,5,6,7, 8,
9, or 10 or more cationic point charges). In some embodiments, one amino acid
substitution is introduced into the StAMP to alter the charge nature of one cationic
point charge. In some embodiments, at least two amino acid substitutions are
introduced into the StAMP to alter the charge nature of at least two cationic point
charges. A cationic point charge can be a cationic charge formed by the presence of
a primary amine on the end of an amino acid side chain. In some embodiments, a
cationic point charge can be any amino acid residue with a primary amine on its side
chain. In some embodiments, the charge nature of one or more cationic point charges
is altered, e.g., the side chain is altered such that the charge is either permanent or
delocalized (e.g., by changing a lysine to an arginine) or more sensitive to pH changes
(e.g., by changing a lysine to a histidine).

In some embodiments, the cationic point charge is a lysine. In some
embodiments, the cationic point charge is a non-naturally occurring amino acid, such
as omithine, 2,3-diaminopropionic acid, or N-trimethyl lysine. In some embodiments,
the StAMP comprises at least one lysine that constitutes at least one cationic point
charge. In some embodiments, at least one lysine on the StAMP is substituted with
another cationic amino acid, i.e., another amino acid with a cationic side chain. In
some embodiments, at least one cationic point charge, e.g., at least one lysine, is
substituted with at least one amino acid with a delocalized cationic charge, e.g., at
least one arginine. In some embodiments, at least one cationic point charge, e.g., at
least one lysine, is substituted with at least one amino acid with a cationic charge that
can become protonated under certain conditions, e.g., at least one histidine (which can
be protonated at a pH below 6). In some embodiments, any lysine on any portion of
the StAMP can be substituted with an arginine or a histidine to alter the charge nature

of the StAMP. In some embodiments, any lysine on a hydrophilic face or surface of
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the StAMP can be substituted with an arginine or a histidine to alter the charge nature
of the StAMP. In some embodiments, the primary amine of at least one lysine on the
StAMP is changed into a pyridinium cap, e.g., through the Zincke reaction, to make a
highly delocalized cationic charge. In some embodiments, any lysine on any portion
of the StAM can be substituted with an ornithine to alter the charge nature of the
StAMP.

In some emboidiments, the SSAMP comprises or consists of the amino acid
sequence set forth in any one of SEQ ID NOs:1-3 or 35-43 or any one of SEQ ID
NOs:7,9, 11,13, 15,17, 19, 21, 23, 25, 27, 29, 31, or 33, except for 1 to 5 amino acid
substitutions, insertions, and/or deletions within SEQ ID NOs:1-3 or 35-43 or SEQ ID
NOs:7,9, 11, 13, 15,17, 19, 21, 23, 25, 27, 29, 31, or 33. In some embodiments, the
StAMP comprises an amino acid sequence that is at least 45% identical to the amino
acid sequence of any of SEQ ID NOs: 1-35, e.g., e.g., 45%, 50%, 55%, 60%, 65%,
70%, 75%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to any of SEQ ID
NOs: 1-35.

In some embodiments, the StAMP comprises or consists of the amino acid
sequence set forth in any one of SEQ ID NOs: 36-40. In some embodiments, the
StAMP comprises an amino acid sequence that is at least 45% identical to the amino
acid sequence of any of SEQ ID NOs: 36-40, e.g., 45%, 50%, 55%, 60%, 65%, 70%,
75%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to any of SEQ ID NOs:
36-40. In some embodiments, the StAMP comprises an amino acid sequence that
differs from the amino acid sequence of any of SEQ ID NOs: 36-40 by 1 or more
amino acids, e.g., by 1, 2, 3,4, 5, 6, 7, or 8 or more amino acids.

In some embodiments, a StAMP comprising at least one amino acid
substitution that alters the charge nature of at least one cationic point charge (e.g., 1,
2,3,4,5,6,7,8,9, or 10 or more amino acid substitutions wherein at least one lysine

is replaced with at least one arginine and/or histidine) exhibits reduced renal toxicity
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relative to a StAMP that is identical except that it does not comprise an amino acid
substitution that alters the charge nature of a cationic point charge.

In some embodiments, the StAMP with reduced renal toxicity, as described
herein, is administered to a subject, e.g., a human or animal, to treat an antibiotic-
resistant bacterial infection. In some embodiments, the StAMP with reduced renal
toxicity damages fewer kidney cells when administered to a subject relative to the
StAMP that is identical except that it does not comprise an amino acid substitution
that alters the charge nature of a cationic point charge. In some embodiments, the
StAMP with reduced renal toxicity lyses fewer primary renal proximal tubule
epithelial cells (pRPTECs) in an in vitro renal toxicity assay relative to the StAMP
that is identical except that it does not comprise an amino acid substitution that alters
the charge nature of a cationic point charge.

In some embodiments, the methods of optimizing the stapled and/or stitched
anti-microbial peptide (StAMP) to reduce renal toxicity include: providing a first
stapled and/or stitched anti-microbial peptide (StAMP), generating a second StAMP
that is identical to the first StAMP except at one or more amino acid positions (e.g., 1,
2,3,4,5,6,7,8,9, or 10 amino acid positions); and determining that the second
StAMP exhibits reduced renal toxicity compared to the first SSAMP e.g., by killing or
damaging fewer kidney cells. In some embodiments, the second StAMP is tested for
reduced renal toxicity relative to the first SSAMP in vifro using a pRPTEC renal
toxicity assay. In some embodiments, the renal toxicity of second StAMP is reduced
relative to the renal toxicity of the first StAMP by at least 10% (e.g., at least 15%, at
least 20%, at least 25%, at least 30%, at least 35%, at least 40%, at least 45%, at least
50%, at least 55%, at least 60%, at least 65%, at least 65%, at least 70%, at least 75%,
at least 80%, at least 85%, at least 90%, at least 95%, or at least 99% reduced renal
toxicity). In some embodiments, the second StAMP kills or damages at least 10%
fewer pRPTECsS in an in vitro toxicity assay than the first SSAMP (e.g., at least 15%,
at least 20%, at least 25%, at least 30%, at least 35%, at least 40%, at least 45%, at
least 50%, at least 55%, at least 60%, at least 65%, at least 65%, at least 70%, at least
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75%, at least 80%, at least 85%, at least 90%, at least 95%, or at least 99% fewer
pRPTECS).

Stapled and/or Stitched Antimicrobial Peptides with Reduced Renal Toxicity

In some aspects, stapled and/or stitched antimicrobial peptide (StAMPSs) can
have 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 or more amino acids.

In some embodiments, a StAMP described herein features a polypeptide of

Formula (I),

Formula (I)

or a pharmaceutically acceptable salt thereof,

wherein:

each Ri and Rz is independently H, alkyl, alkenyl, alkynyl, arylalkyl,
cycloalkylalkyl, heteroarylalkyl, or heterocyclylalkyl, any of which is substituted or
unsubstituted;

each Rs is independently alkylene, alkenylene, or alkynylene, any of which is
substituted or unsubstituted;

each x is independently 1,2, 3,4,5,6,7,8,9, or 10;

each w and y is independently 1,2, 3,4, 5,6,7. 8,9, 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, or 20,

zi1s1,2,3,4,5,6,7,8,9, or 10; and

each Xaa is independently an amino acid,
wherein the StAMP exhibits an antimicrobial effect against at least one microbe, and

wherein
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the [Xaa]w and/or [ Xaa]y of the StAMP comprises at least one hydrophobic
patch of two or more hydrophobic amino acids that is identical to a hydrophobic patch
present on an anti-microbial peptide (AMP) that is identical to the StAMP of Formula
I except that at least one of the two or more hydrophobic amino acids of the
hydrophobic patch of the StAMP is substituted with an amino acid having reduced
hydrophobicity;

and/or

the StAMP comprises an amino acid substitution that alters the charge nature
of a cationic point charge relative an anti-microbial peptide (AMP) that is identical to
the StAMP of Formula I.

As used above, and elsewhere in the present document, an anti-microbial
peptide (AMP) that is identical to the StAMP of Formula I, and it does not comprise
an amino acid substitution present in the StAMP that disrupts a hydrophobic patch or
changes the charge nature of a cationic point charge, can be a wild-type AMP, or any
of the variants of a wild-type AMP disclosed in the present document, except that
such a variant would not include an internal cross-link as described herein. In some
embodiments, the anti-microbial peptide (AMP) comprises an amino acid selected
from the group consisting of: SEQ ID NOs: 4-33.

Various characteristics of SSAMPs and methods of making and purifying
StAMPs, are described in U.S. Patent Publication 2017/0015716, which is herein
incorporated in its entirety. In the case of Formula I, the following aspects are among
those disclosed.

In cases where x = 2 (i.e., i+ 3 linkage), R3 can be, for example, a C7 alkylene,
alkenylene. Where it is an alkenylene, there can one or more double bonds. In cases
where x = 6 (i.e., i+ 4 linkage), R can be, for example, a C11, C12, or Cy13 alkylene or
alkenylene. Where it is an alkenylene there can be one or more double bonds. In
cases where x = 3 (i.e., i +4 linkage), Rs can be, for example, a Cs alkylene,
alkenylene. Where it is an alkenylene, there can one or more double bonds.

In certain instances, the two alpha, alpha disubstituted stereocenters (alpha
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carbons) are both in the R configuration or S configuration (e.g., i, i+4 cross-link), or
one stereocenter is R and the other is S (e.g., i, i+7 cross-link). Thus, where Formula

Iis depicted as

O

O
H H
N, ixaal—N.

cl [Xaa]y

[Xaal,”
! R/1 \R/ Rz

the C” and C”’ disubstituted stereocenters can both be in the R configuration or they
can both be in the S configuration, for example when x is 3. When x is 6, the C’
disubstituted stereocenter is in the R configuration and the C” disubstituted
stereocenter is in the S configuration or the C’ disubstituted stereocenter is in the S
configuration and the C” disubstituted stereocenter is in the R configuration. An R
double bond (based on the definition above, Rs contains an alkane, alkene, or alkyne
moiety; in general, it is an alkene) can be in the E or Z stereochemical configuration.

In some embodiments, the anti-microbial peptide (AMP) comprises an amino
acid selected from the group consisting of: SEQ ID NOs: 4-33. In some
embodiments, the anti-microbial peptide (AMP) comprises an amino acid that is at
least 45% 1dentical to an amino acid selected from the group consisting of SEQ ID
NOs: 4-33, e.g., 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 81%, 82%, 83%, 84%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% identical to any of SEQ ID NOs: 4-33. In some embodiments, the
AMP comprises an amino acid sequence that differs from the amino acid sequence of
any of SEQ ID NOs: 4-33 by 1 or more amino acids, e.g.,by 1,2, 3,4,5,6,7, or 8§ or
more amino acids.

In some instances, the StAMP includes an amino acid sequence which, in
addition to the amino acids side chains that are replaced by a cross-link, have 1, 2, 3,
4,5,6,7,8,9,10, 11, or 12 amino acid changes (e.g., conservative amino acid

changes) in any of SEQ ID NOs: 4-33.
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In some embodiments, the stapled and/or stitched anti-microbial peptide (StAMP)
comprises an a-helix.

In some embodiments, the StAMP comprises an amino acid sequence selected
form the group consisting of SEQ ID NOs: 36-43. In some embodiments, the StAMP
comprises an amino acid sequence that is at least 45% identical to an amino acid
sequence selected from the group consisting of SEQ ID NOs: 36-43 e.g., 45%, 50%,
55%, 60%, 65%, 70%, 75%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100% identical to
any of SEQ ID NOs: 36-43. In some embodiments, the StAMP comprises an amino
acid sequence that differs from the amino acid sequence of any of SEQ ID NOs: 36-
43 by 1 or more amino acids, e.g., by 1,2, 3,4, 5, 6, 7, or 8 or more amino acids.

In some embodiments, the [ Xaa]w and/or [Xaaly of a StAMP described herein
comprises at least one hydrophobic patch (e.g., 1, 2, 3, 4, 5, 6, 7, or 8§ hydrophobic
patches) that has been disrupted with an amino acid substitution relative to the anti-
microbial peptide (AMP). In some embodiments, the [Xaa|w of a StAMP described
herein comprises at least one hydrophobic patch that has been disrupted with an
amino acid substitution relative to the anti-microbial peptide (AMP). In some
embodiments, the [Xaal]y of a StAMP described herein comprises at least one
hydrophobic patch that has been disrupted with an amino acid substitution relative to
the anti-microbial peptide (AMP). In some embodiments, both the [Xaa]y and the
[Xaa]w of a StAMP described herein comprises at least one hydrophobic patch that
has been disrupted with an amino acid substitution relative to the anti-microbial
peptide (AMP).

In some embodiments, at least one amino acid on the hydrophilic portion of a
StAMP described herein, e.g., the hydrophilic portion of the a-helix, is substituted
with an amino acid that makes the hydrophilic portion of the StAMP more cationic.
In some embodiments, the hydrophilic portion of the StAMP (e.g., the hydrophilic
portion of the a-helix) comprises an amino acid substitution that replaces a native

amino acid with an amino acid that is more cationic, e.g., an amino acid that has a
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cationic side chain, such as an arginine, a histidine, ornithine, or a lysine. In some
embodiments, a StAMP described herein comprises at least one amino acid
substitution in the hydrophilic portion of the SSAMP, wherein at least one native
amino acid is substituted with a at least one arginine, histidine, ornithine, and/or
lysine. In some embodiment, the SSAMP exhibits greater anti-microbial activity
relative to a StAMP that is identical except that it does not comprise a lysine,
arginine, or histidine substitution on the hydrophilic portion of its a-helix.

In some embodiments, a StAMP as described herein comprises at least one amino
acid substitution that alters the charge nature of at least one cationic point charge
(eg..1,2,3,4,5,6,7, 8,9, or 10 or more cationic point charges) relative to the anti-
microbial peptide (AMP). In some embodiments, the StAMP comprises one amino
acid substitution that alters the charge nature of one cationic point charge relative to
the anti-microbial peptide (AMP). In some embodiments, a StAMP as described
herein comprises at least two amino acid substitutions that alter the charge nature of at
least two cationic point charges relative to the anti-microbial peptide (AMP).

In some embodiments, the StAMP comprises at least one lysine that
constitutes at least one cationic point charge. In some embodiments, at least one
lysine on the StAMP is substituted with another cationic amino acid, i.e., another
amino acid with a cationic side chain. In some embodiments, at least one cationic
point charge, e.g., at least one lysine, is substituted with at least one amino acid with a
delocalized cationic charge, e.g., at least one arginine. In some embodiments, at least
one cationic point charge, e.g., at least one lysine, is substituted with at least one
amino acid with a cationic charge that can become protonated under certain
conditions, e.g., at least one histidine (which can be protonated at a pH below 6). In
some embodiments, any lysine on any portion of the StAMP can be substituted with
an arginine or a histidine to alter the charge nature of the StAMP. In some
embodiments, any lysine on any portion of the StAMP can be substituted with an
omithine to alter the charge nature of the StAMP.

In some embodiments, a StAMP as described herein exhibits a reduced renal
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toxicity when it is administered to a subject, e.g., a human or animal, to treat an
antibiotic-resistant bacterial infection. In some embodiments, the StAMP with
reduced renal toxicity damages fewer kidney cells when administered to a subject
relative to the StAMP that is identical except that it does not comprise at least one
amino acid substitution that disrupts at least one hydrophobic patch and/or alters the
charge nature of at least one cationic point charge. In some embodiments, the
StAMP with reduced renal toxicity lyses fewer primary renal proximal tubule
epithelial cells (pRPTECs) in an in vitro renal toxicity assay relative to the StAMP
that is identical except that it does not comprise at least one amino acid substitution
that disrupts at least one hydrophobic patch and/or alters the charge nature of a
cationic point charge.

In some embodiments, a StAMP as described herein is formulated as a
pharmaceutical composition for administration to a subject.

In some aspects, the SSAMP comprises at least one helical motif, such as a 310
or an o-helix motif. For example, A, B, and/or C in the StAMP of Formula I include
one or more helices. As a general matter, helices include from 3 to 4 amino acid
residues per turn. In some aspects, the helix of the StAMP includes 1 to 5 tumns and,
therefore, 3 to 20 amino acid residues. In specific aspects, the helix includes 1 turn, 2
turns, 3 turns, 4 turns, or 5 turns. In some aspects, the macrocycle-forming linker
stabilizes a helix motif included within the StAMP. Thus, in some aspects, the length
of the macrocycle-forming linker L from a first a-carbon to a second a-carbon is
selected to increase the stability of a helix. In some aspects, the macrocycle-forming
linker spans from 1 turn to 5 turns of the helix. In some aspects, the macrocycle-
forming linker spans approximately 1 turn, 2 turns, 3 turns, 4 turns, or 5 turns of the
helix. In some aspects, the length of the macrocycle-forming linker is approximately 5
A to 9 A per turn of the helix, or approximately 6 A to 8 A per turn of the helix.
Where the macrocycle-forming linker spans approximately 1 turn of a helix, the
length is equal to approximately 5 carbon-carbon bonds to 13 carbon-carbon bonds,

approximately 7 carbon-carbon bonds to 11 carbon-carbon bonds, or approximately 9
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carbon-carbon bonds. Where the macrocycle-forming linker spans approximately 2
turns of a helix, the length is equal to approximately 8 carbon-carbon bonds to 16
carbon-carbon bonds, approximately 10 carbon-carbon bonds to 14 carbon-carbon
bonds, or approximately 12 carbon-carbon bonds. Where the macrocycle-forming
linker spans approximately 3 turns of a helix, the length is equal to approximately 14
carbon-carbon bonds to 22 carbon-carbon bonds, approximately 16 carbon-carbon
bonds to 20 carbon-carbon bonds, or approximately 18 carbon-carbon bonds. Where
the macrocycle-forming linker spans approximately 4 turns of a helix, the length is
equal to approximately 20 carbon-carbon bonds to 28 carbon-carbon bonds,
approximately 22 carbon-carbon bonds to 26 carbon-carbon bonds, or approximately
24 carbon-carbon bonds. Where the macrocycle-forming linker spans approximately 5
turns of a helix, the length is equal to approximately 26 carbon-carbon bonds to 34
carbon-carbon bonds, approximately 28 carbon-carbon bonds to 32 carbon-carbon
bonds, or approximately 30 carbon-carbon bonds. Where the macrocycle-forming
linker spans approximately 1 turn of a helix, the linkage contains approximately 4
atoms to 12 atoms, approximately 6 atoms to 10 atoms, or approximately 8 atoms.
Where the macrocycle-forming linker spans approximately 2 turns of the helix, the
linkage contains approximately 7 atoms to 15 atoms, approximately 9 atoms to 13
atoms, or approximately 11 atoms. Where the macrocycle-forming linker spans
approximately 3 tumns of the helix, the linkage contains approximately 13 atoms to 21
atoms, approximately 15 atoms to 19 atoms, or approximately 17 atoms. Where the
macrocy cle-forming linker spans approximately 4 turns of the helix, the linkage
contains approximately 19 atoms to 27 atoms, approximately 21 atoms to 25 atoms, or
approximately 23 atoms. Where the macrocycle-forming linker spans approximately 5
turns of the helix, the linkage contains approximately 25 atoms to 33 atoms,
approximately 27 atoms to 31 atoms, or approximately 29 atoms. Where the

macrocy cle-forming linker spans approximately 1 turn of the helix, the resulting
macrocycle forms a ring containing approximately 17 members to 25 members,

approximately 19 members to 23 members, or approximately 21 members. Where the
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macrocy cle-forming linker spans approximately 2 tumns of the helix, the resulting
macrocycle forms a ring containing approximately 29 members to 37 members,
approximately 31 members to 35 members, or approximately 33 members. Where the
macrocy cle-forming linker spans approximately 3 tumns of the helix, the resulting
macrocycle forms a ring containing approximately 44 members to 52 members,
approximately 46 members to 50 members, or approximately 48 members. Where the
macrocy cle-forming linker spans approximately 4 tumns of the helix, the resulting
macrocycle forms a ring containing approximately 59 members to 67 members,
approximately 61 members to 65 members, or approximately 63 members. Where the
macrocy cle-forming linker spans approximately 5 tumns of the helix, the resulting
macrocycle forms a ring containing approximately 74 members to 82 members,
approximately 76 members to 80 members, or approximately 78 members.

The term “alkyl” refers to a hydrocarbon chain that may be a straight chain or
branched chain, containing the indicated number of carbon atoms. For example, Ci-
C1o indicates that the group may have from 1 to 10 (inclusive) carbon atoms in it. In
the absence of any numerical designation, “alkyl” is a chain (straight or branched)
having 1 to 20 (inclusive) carbon atoms in it. The term “alkylene” refers to a divalent
alkyl (i.e., -R-).

The term “alkenyl” refers to a hydrocarbon chain that may be a straight chain
or branched chain having one or more carbon-carbon double bonds in either Z or E
geometric configurations. The alkenyl moiety contains the indicated number of
carbon atoms. For example, C2-Cio indicates that the group may have from 2 to 10
(inclusive) carbon atoms in it. The term “lower alkenyl” refers to a C2-Cs alkenyl
chain. In the absence of any numerical designation, “alkenyl” is a chain (straight or
branched) having 2 to 20 (inclusive) carbon atoms in it.

The term “alkynyl” refers to a hydrocarbon chain that may be a straight chain
or branched chain having one or more carbon-carbon triple bonds. The alkynyl
moiety contains the indicated number of carbon atoms. For example, C2-Cio indicates

that the group may have from 2 to 10 (inclusive) carbon atoms in it. The term “lower
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alkynyl” refers to a C2-Cs alkynyl chain. In the absence of any numerical designation,
“alkynyl” is a chain (straight or branched) having 2 to 20 (inclusive) carbon atoms in
it.

The term “aryl” refers to a 6-carbon monocyclic or 10-carbon bicyclic
aromatic ring system wherein 0, 1, 2, 3, 4, or 5 atoms of each ring may be substituted
by a substituent. Examples of aryl groups include phenyl, naphthyl and the like. The
term “arylalkyl” or the term “aralkyl” refers to alkyl substituted with an aryl. The
term “arylalkoxy” refers to an alkoxy substituted with aryl.

The term “cycloalkyl” as employed herein includes saturated and partially
unsaturated cyclic hydrocarbon groups having 3 to 12 carbons, preferably 3 to 8
carbons, and more preferably 3 to 6 carbons, wherein the cycloalkyl group
additionally may be optionally substituted. Preferred cycloalkyl groups include,
without limitation, cyclopropyl, cyclobutyl, cyclopentyl, cyclopentenyl, cyclohexyl,
cyclohexenyl, cyclohexadienyl, cycloheptyl, cycloheptadienyl, cycloheptatrienyl,
cyclooctyl, cyclooctenyl, cyclooctadienyl, cyclooctatrienyl, and cyclooctynyl.

The term “heteroaryl” refers to an aromatic 5-8 membered monocyclic, 8-12
membered bicyclic, or 11-14 membered tricyclic ring system having 1-3 heteroatoms
if monocyclic, 1-6 heteroatoms if bicyclic, or 1-9 heteroatoms if tricyclic, said
heteroatoms selected from O, N, or S (e.g., carbon atoms and 1-3, 1-6, or 1-9
heteroatoms of N, O, or S if monocyclic, bicyclic, or tricyclic, respectively), wherein
0,1, 2, 3, or 4 atoms of each ring may be substituted by a substituent. Examples of
heteroaryl groups include pyrrolyl, pyridyl, furyl or furanyl, imidazolyl, 1,2,3-
triazolyl, 1,2,4-triazolyl, benzimidazolyl, pyridazyl, pyrimidyl, thiophenyl, quinolinyl,
indolyl, thiazolyl, oxazolyl, isoxazolyl and the like. The term “heteroarylalkyl” or the
term “heteroaralkyl” refers to an alkyl substituted with a heteroaryl. The term
“heteroarylalkoxy” refers to an alkoxy substituted with heteroaryl.

The term “heterocyclyl” refers to a nonaromatic 5-8 membered monocyclic, 8-
12 membered bicyclic, or 11-14 membered tricyclic ring system having 1-3

heteroatoms if monocyclic, 1-6 heteroatoms if bicyclic, or 1-9 heteroatoms if tricyclic,
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said heteroatoms selected from O, N, or S (e.g., carbon atoms and 1-3, 1-6, or 1-9
heteroatoms of N, O, or S if monocyclic, bicyclic, or tricyclic, respectively), wherein
0, 1, 2, or 3 atoms of each ring may be substituted by a substituent. Examples of
heterocyclyl groups include piperazinyl, pyrrolidinyl, dioxanyl, aziridinyl, oxiryl,
thiiryl, morpholinyl, tetrahydrofuranyl, and the like.

The term “substituents™ refers to a group “substituted™ on an alkyl, cycloalkyl,
aryl, heterocyclyl, or heteroaryl group at any atom of that group. Suitable substituents
include, without limitation, halo, hydroxy, mercapto, oxo, nitro, haloalkyl, alkyl,
alkaryl, aryl, aralkyl, alkoxy, thioalkoxy, aryloxy, amino, alkoxycarbonyl, amido,
carboxy, alkanesulfonyl, alkylcarbonyl, azido, and cyano groups.

While hydrocarbon tethers have been described, other tethers are also
envisioned. For example, the tether can include one or more of an ether, thioether,
ester, amine, or amide moiety. In some cases, a naturally occurring amino acid side
chain can be incorporated into the tether. For example, a tether can be coupled with a
functional group such as the hydroxyl in serine, the thiol in cysteine, the primary
amine in lysine, the acid in aspartate or glutamate, or the amide in asparagine or
glutamine. Accordingly, it is possible to create a tether using naturally occurring
amino acids rather than using a tether that is made by coupling two non-naturally
occurring amino acids. It is also possible to use a single non-naturally occurring
amino acid together with a naturally occurring amino acid.

It is further envisioned that the length of the tether can be varied. For
instance, a shorter length of tether can be used where it is desirable to provide a
relatively high degree of constraint on the secondary alpha-helical structure, whereas,
in some instances, it is desirable to provide less constraint on the secondary alpha-
helical structure, and thus a longer tether may be desired.

Additionally, while examples of tethers spanning from amino acids 7 to i+3, i
toi+4; and i to i+7 have been described in order to provide a tether that is primarily
on a single face of the alpha helix, the tethers can be synthesized to span any

combinations of numbers of amino acids.
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Methods of synthesizing the StAMPS described herein are known in the art.
Nevertheless, the following exemplary method may be used. It will be appreciated
that the various steps may be performed in an alternate sequence or order to give the
desired compounds. Synthetic chemistry transformations and protecting group
methodologies (protection and deprotection) useful in synthesizing the StAMPs
described herein are known in the art and include, e.g., those such as described in R.
Larock, Comprehensive Organic Transformations, VCH Publishers (1989); T.W.
Greene and P.G.M. Wuts, Protective Groups in Organic Synthesis, 3d. Ed., John
Wiley and Sons (1999); L. Fieser and M. Fieser, Fieser and Fieser's Reagents for
Organic Synthesis, John Wiley and Sons (1994); and L. Paquette, ed., Encyclopedia
of Reagents for Organic Synthesis, John Wiley and Sons (1995), and subsequent
editions thereof.

The StAMPs of this invention can be made by chemical synthesis methods,
which are well known to the ordinarily skilled artisan. See, e.g., Fields et al., Chapter
3 in Synthetic Peptides: A User's Guide, ed. Grant, W. H. Freeman & Co., New York,
N.Y., 1992, p. 77. Hence, peptides can be synthesized using the automated Merrifield
techniques of solid phase synthesis with the a-NH:z protected by either t-Boc or Fmoc
chemistry using side chain protected amino acids on, for example, an Applied
Biosystems Peptide Synthesizer Model 430A or 431.

One manner of making of the StAMPs described herein is using solid phase
peptide synthesis (SPPS). The C-terminal amino acid is attached to a cross-linked
polystyrene resin or polyethylene glycol (PEG) resin or via an acid labile bond with a
linker molecule. This resin is insoluble in the solvents used for synthesis, making it
relatively simple and fast to wash away excess reagents and by-products. The N-
terminus is protected with the Fmoc group, which is stable in acid, but removable by
base. Any side chain functional groups are protected with base stable, acid labile
groups.

Longer peptides could be made by conjoining individual synthetic peptides

using native chemical ligation. Alternatively, the longer synthetic peptides can be
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synthesized by well-known recombinant DNA techniques. Such techniques are
provided in well-known standard manuals with detailed protocols. To construct a gene
encoding a StAMP of this invention, the amino acid sequence is reverse translated to
obtain a nucleic acid sequence encoding the amino acid sequence, preferably with
codons that are optimum for the organism in which the gene is to be expressed. Next,
a synthetic gene is made, typically by synthesizing oligonucleotides which encode the
peptide and any regulatory elements, if necessary. The synthetic gene is inserted in a
suitable cloning vector, optionially modified to introduce mutations of interest, and
transfected into a host cell. The peptide is then expressed under suitable conditions
appropriate for the selected expression system and host. The peptide is purified and
characterized by standard methods.

The StAMPs can be made in a high-throughput, combinatorial fashion, e.g.,
using a high-throughput multiple channel combinatorial synthesizer available from
Advanced Chemtech.

Methods suitable for obtaining (e.g., synthesizing), stapling, and purifying the
peptides disclosed herein are also known in the art (see, e.g., Bird et. al., Meth
Enzymol., 446:369-386 (2008); Bird et al, Curr Protoc Chem Biol., 2011; Walensky et
al., Science, 305:1466-1470 (2004); Schafmeister et al., J Am Chem Soc., 122:5891-
5892 (2000); U.S. Patent Application Serial No. 12/525,123, filed March 18, 2010;
and U.S. Patent No. 7,723,468, issued May 25, 2010, each of which are hereby
incorporated by reference in their entirety).

In some aspects, the StAMPs are substantially free of non-stapled peptide
contaminants or are isolated. Methods for purifying StAMPS include, for example,
synthesizing the peptide on a solid-phase support. Following cyclization, the solid-
phase support may be isolated and suspended in a solution of a solvent such as
DMSO, DMSO/dichloromethane mixture, or DMSO/NMP mixture. The
DMSO/dichloromethane or DMSO/NMP mixture may comprise about 30%, 40%,
50%, or 60% DMSO. In a specific aspect, a 50%/50% DMSO/NMP solution is used.

The solution may be incubated for a period of 1, 6, 12, or 24 hours, following which
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the resin may be washed, for example with dichloromethane or NMP. In one aspect,
the resin is washed with NMP. Shaking and bubbling an inert gas into the solution

may be performed.

Pharmaceutical Compositions

One or more of the peptides (e.g., hydrocarbon-stapled and/or stitched
antimicrobial peptides) disclosed herein can be formulated for use as or in
pharmaceutical compositions. Such compositions can be formulated or adapted for
administration to a subject via any route, e.g., any route approved by the Food and
Drug Administration (FDA). Exemplary methods are described in the FDA Data
Standards Manual (DSM) (available at
http://www.fda gov/Drugs/DevelopmentApprovalProcess/
FormsSubmissionRequirements/ElectronicSubmissions/DataStandardsManualmonogr
aphs).

The pharmaceutical compositions of this disclosure may be administered, e.g.,
orally, parenterally, by inhalation spray or nebulizer, topically, rectally, nasally,
buccally, vaginally, via an implanted reservoir, by injection (e.g., intravenously, intra-
arterially, subdermally, intraperitoneally, intramuscularly, and/or subcutaneously), in
an ophthalmic preparation, or via transmucosal administration. When the StAMPs
disclosed herein are to be administered intravenously to a subject, the hemolysis
threshold is 20% or less. When the StAMPs disclosed herein are to be administered
via a non-intravenous route to a subject, the hemolysis threshold can be greater than
20% and less than 100%. Suitable dosages may range from about 0.001 to about
100 mg/kg of body weight, or according to the requirements of the particular drug.
The pharmaceutical compositions of this disclosure may contain any conventional
non-toxic pharmaceutically-acceptable carriers, adjuvants or vehicles. In some cases,
the pH of the formulation may be adjusted with pharmaceutically acceptable acids,
bases or buffers to enhance the stability of the formulated compound or its delivery

form. The term parenteral as used herein includes subcutaneous, intracutaneous,
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intravenous, intramuscular, intraarticular, intra-arterial, intrasynovial, intrasternal,
intrathecal, intralesional and intracranial injection or infusion techniques.
Alternatively, or in addition, the present disclosure may be administered according to
any of the methods as described in the FDA DSM.

As used herein, the stapled and/or stitched anti-microbial peptides are defined
to include pharmaceutically acceptable derivatives or prodrugs thereof. A
“pharmaceutically acceptable derivative or prodrug” means any pharmaceutically
acceptable salt, ester, salt of an ester, or other derivative of a compound or agent
disclosed herein which, upon administration to a recipient, is capable of providing
(directly or indirectly) a stapled and/or stitched anti-microbial peptide as described
herein. Particularly favored derivatives and prodrugs are those that increase the
bioavailability of the compounds of this disclosure when such compounds are
administered to a mammal (e.g., by allowing an orally administered compound to be
more readily absorbed into the blood) or which enhance delivery of the parent
compound to a biological compartment (e.g., the brain or lymphatic system) relative
to the parent species. Preferred prodrugs include derivatives where a group which
enhances aqueous solubility or active transport through the gut membrane is appended
to the structure of formulae described herein.

In some instances, pharmaceutical compositions can include an effective
amount of one or more stabilized peptides. The terms “effective amount”™ and
“effective to treat,” as used herein, refer to an amount or a concentration of one or
more compounds or a pharmaceutical composition described herein utilized for a
period of time (including acute or chronic administration and periodic or continuous
administration) that is effective within the context of its administration for causing an
intended effect or physiological outcome (e.g., treatment of infection).

The methods herein contemplate administration of an effective amount of
compound or compound composition to achieve the desired or stated effect.
Typically, the pharmaceutical compositions of this disclosure can be administered

from about 1 to about 6 times per day or alternatively, as a continuous infusion. Such
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administration can be used as a chronic or acute therapy. The amount of active
ingredient that may be combined with the carrier materials to produce a single dosage
form will vary depending upon the host treated and the particular mode of
administration. A typical preparation will contain from about 5% to about 95% active
compound (w/w). Alternatively, such preparations contain from about 20% to about
80% active compound.

Dosing can be determined using various techniques. The selected dosage level
can depend upon a variety of factors, including, e.g., the activity of the particular
compound employed, the route of administration, the time of administration, the rate
of excretion or metabolism of the particular compound being employed, the duration
of the treatment, other drugs, compounds, and/or materials used in combination with
the particular compound employed, the age, sex, weight, condition, general health,
and/or prior medical history of the patient being treated, and like factors well known
in the medical arts. The dosage values can also vary with the severity of the condition
to be alleviated. For any particular subject, specific dosage regimens can be adjusted
over time according to the individual need and the professional judgment of the
person administering or supervising the administration of the compositions.

Pharmaceutical compositions described herein can be in unit dosage forms
suitable for single administration of precise dosages. In unit dosage form, the
formulation is divided into unit doses containing appropriate quantities of one or more
compounds. The unit dosage can be in the form of a package containing discrete
quantities of the formulation. Non-limiting examples are liquids in vials or ampoules.
Aqueous suspension compositions can be packaged in single-dose non-reclosable
containers. Multiple-dose reclosable containers can be used, for example, in
combination with a preservative. Formulations for parenteral injection can be
presented in unit dosage form, for example, in ampoules, or in multi dose containers
with a preservative.

A compound described herein can be present in a composition in a range of

from about 1 mg to about 2000 mg; from about 100 mg to about 2000 mg; from about

131



10

15

20

25

WO 2019/018499 PCT/US2018/042640

10 mg to about 2000 mg; from about 5 mg to about 1000 mg, from about 10 mg to
about 500 mg, from about 50 mg to about 250 mg, from about 100 mg to about 200
mg, from about 1 mg to about 50 mg, from about 50 mg to about 100 mg, from about
100 mg to about 150 mg, from about 150 mg to about 200 mg, from about 200 mg to
about 250 mg, from about 250 mg to about 300 mg, from about 300 mg to about 350
mg, from about 350 mg to about 400 mg, from about 400 mg to about 450 mg, from
about 450 mg to about 500 mg, from about 500 mg to about 550 mg, from about 550
mg to about 600 mg, from about 600 mg to about 650 mg, from about 650 mg to
about 700 mg, from about 700 mg to about 750 mg, from about 750 mg to about 800
mg, from about 800 mg to about 850 mg, from about 850 mg to about 900 mg, from
about 900 mg to about 950 mg, or from about 950 mg to about 1000 mg.

A compound described herein can be present in a composition in an amount of
about 1 mg, about 2 mg, about 3 mg, about 4 mg, about 5 mg, about 10 mg, about 15
mg, about 20 mg, about 25 mg, about 30 mg, about 35 mg, about 40 mg, about 45 mg,
about 50 mg, about 55 mg, about 60 mg, about 65 mg, about 70 mg, about 75 mg,
about 80 mg, about 85 mg, about 90 mg, about 95 mg, about 100 mg, about 125 mg,
about 150 mg, about 175 mg, about 200 mg, about 250 mg, about 300 mg, about 350
mg, about 400 mg, about 450 mg, about 500 mg, about 550 mg, about 600 mg, about
650 mg, about 700 mg, about 750 mg, about 800 mg, about 850 mg, about 900 mg,
about 950 mg, about 1000 mg, about 1050 mg, about 1100 mg, about 1150 mg, about
1200 mg, about 1250 mg, about 1300 mg, about 1350 mg, about 1400 mg, about 1450
mg, about 1500 mg, about 1550 mg, about 1600 mg, about 1650 mg, about 1700 mg,
about 1750 mg, about 1800 mg, about 1850 mg, about 1900 mg, about 1950 mg, or
about 2000 mg.

In some aspects, a dose can be expressed in terms of an amount of the drug
divided by the mass of the subject, for example, milligrams of drug per kilograms of
subject body mass. In some aspects, a compound is administered in an amount
ranging from about 5 mg/kg to about 50 mg/kg, 250 mg/kg to about 2000 mg/kg,
about 10 mg/kg to about 800 mg/kg, about 50 mg/kg to about 400 mg/kg, about 100
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mg/kg to about 300 mg/kg, or about 150 mg/kg to about 200 mg/kg.

Dosage can be based on the amount of the compound per kg body weight of
the patient. Alternatively, the dosage of the subject disclosure can be determined by
reference to the plasma concentrations of the compound. For example, the maximum
plasma concentration (Cmax) and the area under the plasma concentration-time curve
from time 0 to infinity (AUC) can be used.

In some aspects, the subject is a human subject and the amount of the
compound administered is 0.01-100 mg per kilogram body weight of the human
subject. For example, in various examples, the amount of the compound administered
is about .01-50 mg/kg, about 0.01-20 mg/kg, about 0.01-10 mg/kg, about 0.1-100
mg/kg, about 0.1-50 mg/kg, about 0.1-20 mg/kg, about 0.1-10 mg/kg, about 0.5-100
mg/kg, about 0.5-50 mg/kg, about 0.5-20 mg/kg, about 0.5-10 mg/kg, about 1-100
mg/kg, about 1-50 mg/kg, about 1-20 mg/kg, about 1-10 mg/kg body weight of the
human subject. In one aspect, about 0.5 mg-10 mg of the compound per kilogram
body weight of the human subject is administered. In some examples the amount of
the compound administered is about 0.16 mg, about 0.32 mg, about 0.64 mg, about
1.28 mg, about 3.56 mg, about 7.12 mg, about 14.24 mg, or about 20 mg per kilogram
body weight of the human subject. In some examples the amount of the compound
administered is about 0.16 mg, about 0.32 mg, about 0.64 mg, about 1.28 mg, about
3.56 mg, about 7.12 mg, or about 14.24 mg per kilogram body weight of the human
subject. In some examples the amount of the compound administered is about 0.16
mg per kilogram body weight of the human subject. In some examples the amount of
the compound administered is about 0.32 mg per kilogram body weight of the human
subject. In some examples the amount of the compound administered is about 0.64
mg per kilogram body weight of the human subject. In some examples the amount of
the compound administered is about 1.28 mg per kilogram body weight of the human
subject. In some examples the amount of the compound administered is about 3.56
mg per kilogram body weight of the human subject. In some examples the amount of

the compound administered is about 7.12 mg per kilogram body weight of the human
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subject. In some examples the amount of the compound administered is about 14.24
mg per kilogram body weight of the human subject.

In some aspects about 0.5- about 20 mg or about 0.5- about 10 mg of the
compound per kilogram body weight of the human subject is administered two times
a week. For example, about 0.5- about 1 mg, about 0.5- about 5 mg, about 0.5- about
10 mg, about 0.5- about 15 mg, about 1- about 5 mg, about 1- about 10 mg, about 1-
about 15 mg, about 1- about 20 mg, about 5- about 10 mg, about 1- about 15 mg,
about 5- about 20 mg, about 10- about 15 mg, about 10- about 20 mg, or about 15-
about 20 mg of the compound per kilogram body weight of the human subject is
administered about twice a week. In some examples, about 1 mg, about 1.5 mg, about
2 mg, about 2.5 mg, about 3 mg, about 3.5 mg, about 4 mg, about 4.5 mg, about 5 mg,
about 5.5 mg, about 6 mg, about 6.5 mg, about 7 mg, about 7.5 mg, about 8 mg, about
8.5 mg, about 9 mg, about 9.5 mg, about 10 mg, about 10.5 mg, about 11 mg, about
11.5 mg, about 12 mg, about 12.5 mg, about 13 mg, about 13.5 mg, about 14 mg,
about 14.5 mg, about 15 mg, about 15.5 mg, about 16 mg, about 16.5 mg, about 17
mg, about 17.5 mg, about 18 mg, about 18.5 mg, about 19 mg, about 19.5 mg, or
about 20 mg of the compound per kilogram body weight of the human subject is
administered two times a week. In some examples, the amount of the compound
administered is about 1.25 mg, about 2.5 mg, about 5 mg, about 10 mg, or about 20
mg per kilogram body weight of the human subject and the compound is administered
two times a week. In some examples, the amount of the compound administered is
about 1.25 mg, about 2.5 mg, about 5 mg or about 10 mg per kilogram body weight of
the human subject. The compound can be administered once a week, two times a
week, three, four, five, six, or seven times a week. The compound can be administered
once every 3 weeks.

In some aspects, the compound is administered gradually over a period of
time. A desired amount of compound can, for example can be administered gradually
over a period of from about 0.1 h -24 h. In some cases, a desired amount of compound

is administered gradually over a period of 0.1 h, 0.5h, 1h, 1.5h,2h, 25h,3h, 3.5h,
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4h,45h,5h,6h,7h,8h,9h, 10h,11h,12h, 13h, 14h, 15h, 16 h, 17 h, 18 h, 19
h, 20 h, 21 h, 22 h, 23 h, or 24 h. In some examples, a desired amount of compound is
administered gradually over a period of 0.25 -12 h, for example over a period of 0.25-
1 h, 0.25-2 h, 0.25-3 h, 0.25-4 h, 0.25-6 h, 0.25-8 h, or 0.25-10 h. In some examples, a
desired amount of compound is administered gradually over a period of 0.25-2 h. In
some examples, a desired amount of compound is administered gradually over a
period of 0.25-1 h. In some examples, a desired amount of compound is administered
gradually over a period of 0.25h, 0.3h,04h,0.5h,0.6h,0.7h,0.8h,0.9h, 1.0 h,
1.1h, 1.2h,1.3h,1.4h, 1.5h, 1.6 h, 1.7h, 1.8 h, 1.9 h, or 2.0 h. In some examples, a
desired amount of compound is administered gradually over a period of 1 h. In some
examples, a desired amount of compound is administered gradually over a period of 2
h.

Administration of the compounds can continue as long as necessary. In some
aspects, one or more compound of the disclosure is administered for more than 1 day,
more than 1 week, more than 1 month, more than 2 months, more than 3 months,
more than 4 months, more than 5 months, more than 6 months, more than 7 months,
more than 8 months, more than 9 months, more than 10 months, more than 11
months, more than 12 months, more than 13 months, more than 14 months, more than
15 months, more than 16 months, more than 17 months, more than 18 months, more
than 19 months, more than 20 months, more than 21 months, more than 22 months,
more than 23 months, or more than 24 months. In some aspects, one or more
compound of the disclosure is administered for less than 1 week, less than 1 month,
less than 2 months, less than 3 months, less than 4 months, less than 5 months, less
than 6 months, less than 7 months, less than 8 months, less than 9 months, less than
10 months, less than 11 months, less than 12 months, less than 13 months, less than
14 months, less than 15 months, less than 16 months, less than 17 months, less than
18 months, less than 19 months, less than 20 months, less than 21 months, less than
22 months, less than 23 months, or less than 24 months.

In some aspects, the compound is administered on day 1, 8, 15, and 28 of a 28-
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day cycle. In some aspects, the compound is administered on day 1, 8, 15, and 28 of a
28-day cycle and administration is continued for two cycles. In some aspects, the
compound is administered on day 1, 8, 15, and 28 of a 28-day cycle and
administration is continued for three cycles. In some aspects, the compound is
administered on day 1, 8, 15, and 28 of a 28-day cycle and administration is continued
for4,5,6,7, 8,9, 10, or more cycles.

In some aspects, the compound is administered on day 1, 8, 11, and 21 of a 21-
day cycle. In some aspects, the compound is administered on day 1, 8, 11, and 21 of a
21-day cycle and administration is continued for two cycles. In some aspects, the
compound is administered on day 1, 8, 11, and 21 of a 21-day cycle and
administration is continued for three cycles. In some aspects, the compound is
administered on day 1, 8, 11, and 21 of a 21-day cycle and administration is continued
for4,5,6,7, 8,9, 10, or more cycles.

In some aspects, one or more compound of the disclosure is administered
chronically on an ongoing basis. In some aspects administration of one or more
compound of the disclosure is continued until documentation of disease progression,
unacceptable toxicity, or patient or physician decision to discontinue administration.

In some aspects, a suitable daily dose of a compound of the disclosure can be
that amount of the compound which is the lowest dose effective to produce a
therapeutic effect. Such an effective dose will generally depend upon the factors
described above. The precise time of administration and amount of any particular
compound that will yield the most effective treatment in a given patient will depend
upon the activity, pharmacokinetics, and bioavailability of a particular compound,
physiological condition of the patient (including age, sex, disease type and stage,
general physical condition, responsiveness to a given dosage and type of medication),
route of administration, and the like.

A physician can prescribe the effective amount of the pharmaceutical
composition required. For example, the physician could start doses of the compounds

of the disclosure employed in the pharmaceutical composition at levels lower than
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that required in order to achieve the desired therapeutic effect and gradually increase
the dosage until the desired effect is achieved.

The compounds of this disclosure may be modified by appending appropriate
functionalities to enhance selective biological properties (including, e.g.,
hydrophobicity and/or the position/occurrence of hydrophobic patches). Such
modifications are known in the art and include those which increase biological
penetration into a given biological compartment (e.g., blood, lymphatic system,
central nervous system), increase oral availability, increase solubility to allow
administration by injection, alter metabolism and alter rate of excretion.

An antimicrobial peptide selective for microbial versus mammalian
membranes (i.e., a peptide able to kill or inhibit the growth of a microbe (e.g., Gram-
negative bacteria, an antibiotic-resistant Gram-negative bacteria) while also having a
relatively low ability to lyse or inhibit the growth of a mammalian cell) may, e.g.,
possess a MIC for one or more microbes (e.g., Gram-negative bacteria, an antibiotic-
resistant Gram-negative bacteria) more than 1.5-fold lower, more than 2-fold lower,
more than 2.5-fold lower, more than 3-fold lower, more than 4-fold lower, more than
5-fold lower, more than 6-fold lower, more than 7-fold lower, more than 8-fold lower,
more than 9-fold lower, more than 10-fold lower, more than 15-fold lower, or more
than 20-fold lower than the MIC of the corresponding parent (i.e., unmodified) non-
internally cross-linked peptide for the same one or more microbes(e.g., Gram-
negative bacteria, an antibiotic-resistant Gram-negative bacteria). In addition, an
antimicrobial peptide selective for microbial versus mammalian membranes may lyse,
e.g., less than 50%, less than 40%, less than 30%, less than 25%, less than 20%, less
than 15%, less than 10%, less than 5%, less than 2.5%, less than 2%, or less than 1%
of red blood cells (RBCs) in a RBC hemolytic activity assay when administered at its
MIC for one or more microbes (e.g., Gram-negative bacteria, an antibiotic-resistant
Gram-negative bacteria). The RBC hemolytic activity of an antimicrobial peptide
selective for microbial versus mammalian membranes may be less than,

approximately equal to, less than 1.5-fold greater, less than 2-fold greater, less than
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2.5-fold greater, less than 3-fold greater, less than 4-fold greater, less than 5-fold
greater, less than 6-fold greater, less than 7-fold greater, less than 8-fold greater, less
than 9-fold greater, or less than 10-fold greater than the RBC hemolytic activity of the
corresponding parent (i.e., unmodified) non-internally cross-linked peptide.

Pharmaceutically acceptable salts of the compounds of this disclosure include
those derived from pharmaceutically acceptable inorganic and organic acids and
bases. Examples of suitable acid salts include acetate, adipate, benzoate,
benzenesulfonate, butyrate, citrate, digluconate, dodecylsulfate, formate, fumarate,
glycolate, hemisulfate, heptanoate, hexanoate, hydrochloride, hydrobromide,
hydroiodide, lactate, maleate, malonate, methanesulfonate, 2-naphthalenesul fonate,
nicotinate, nitrate, palmoate, phosphate, picrate, pivalate, propionate, salicylate,
succinate, sulfate, tartrate, tosylate, trifluoromethylsulfonate, and undecanoate. Salts
derived from appropriate bases include alkali metal (e.g., sodium), alkaline earth
metal (e.g., magnesium), ammonium, and N-(alkyl)4+ salts. This disclosure also
envisions the quaternization of any basic nitrogen-containing groups of the
compounds disclosed herein. Water or oil-soluble or dispersible products may be
obtained by such quaternization.

Pharmaceutical compositions of this disclosure can include one or more
peptides and any pharmaceutically acceptable carrier and/or vehicle. In some
instances, pharmaceuticals can further include one or more additional therapeutic
agents in amounts effective for achieving a modulation of disease or disease
symptoms.

When the compositions of this disclosure comprise a combination of a
compound of the formulae described herein and one or more additional therapeutic or
prophylactic agents, both the compound and the additional agent should be present at
dosage levels of between about 1 to 100%, and more preferably between about 5 to
95% of the dosage normally administered in a monotherapy regimen. The additional
agents may be administered separately, as part of a multiple dose regimen, from the

compounds of this disclosure. Alternatively, those agents may be part of a single
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dosage form, mixed together with the compounds of this disclosure in a single
composition.

The term “pharmaceutically acceptable carrier or adjuvant™ refers to a carrier
or adjuvant that may be administered to a patient, together with a compound of this
disclosure, and which does not destroy the pharmacological activity thereof and is
nontoxic when administered in doses sufficient to deliver a therapeutic amount of the
compound.

Pharmaceutically acceptable carriers, adjuvants and vehicles that may be used
in the pharmaceutical compositions of this disclosure include, but are not limited to,
e.g., lon exchangers, alumina, aluminum stearate, lecithin, self-emulsifying drug
delivery systems (SEDDS) such as d-a-tocopherol polyethyleneglycol 1000 succinate,
surfactants used in pharmaceutical dosage forms such as Tweens or other similar
polymeric delivery matrices, serum proteins, such as human serum albumin, buffer
substances such as phosphates, glycine, sorbic acid, potassium sorbate, partial
glyceride mixtures of saturated vegetable fatty acids, water, salts or electrolytes, such
as protamine sulfate, disodium hydrogen phosphate, potassium hydrogen phosphate,
sodium chloride, zinc salts, colloidal silica, magnesium trisilicate, polyvinyl
pyrrolidone, cellulose-based substances, polyethylene glycol, sodium
carboxymethylcellulose, polyacrylates, waxes, polyethylene-polyoxypropylene-block
polymers, polyethylene glycol and wool fat. Cyclodextrins such as a-, -, and -
cyclodextrin, may also be advantageously used to enhance delivery of compounds of
the formulae described herein.

The addition of polyethelene glycol (PEG) moieties can improve the
pharmacokinetic and pharmacodynamic properties of the polypeptide. For example,
PEGylation can reduce renal clearance and can result in a more stable plasma
concentration. PEG is a water soluble polymer and can be represented as linked to the
polypeptide as formula:

XO--(CH2CH20)n--CH2CH2--Y wherenis 2 to 10,000 and X is Hor a

terminal modification, e.g., a C1-4 alkyl; and Y is an amide, carbamate or urea
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linkage to an amine group (including but not limited to, the epsilon amine of lysine or
the N-terminus) of the polypeptide. Y may also be a maleimide linkage to a thiol
group (including but not limited to, the thiol group of cysteine). Other methods for
linking PEG to a polypeptide, directly or indirectly, are known to those of ordinary
skill in the art. The PEG can be linear or branched. Various forms of PEG including
various functionalized derivatives are commercially available.

PEG having degradable linkages in the backbone can be used. For example,
PEG can be prepared with ester linkages that are subject to hydrolysis. Conjugates
having degradable PEG linkages are described, e.g., in WO 99/34833, WO 99/14259,
and U.S. 6,348,558.

In certain aspects, macromolecular polymer (e.g., PEG) is attached to an agent
described herein through an intermediate linker. In certain aspects, the linker is made
up of from 1 to 20 amino acids linked by peptide bonds, wherein the amino acids are
selected from the 20 naturally occurring amino acids. Some of these amino acids may
be glycosylated, as is well understood by those in the art. In other aspects, the 1 to 20
amino acids are selected from glycine, alanine, proline, asparagine, glutamine, and
lysine. In other aspects, a linker is made up of a majority of amino acids that are
sterically unhindered, such as glycine and alanine. Non-peptide linkers are also
possible. For example, alkyl linkers such as -NH(CH2)nC(O)—, wherein n = 2-20 can
be used. These alkyl linkers may further be substituted by any non-sterically
hindering group such as lower alkyl (e.g., C1-C6) lower acyl, halogen (e.g., CI, Br),
CN, NH2, phenyl, etc. U.S. Pat. No. 5,446,090 describes a bifunctional PEG linker
and its use in forming conjugates having a peptide at each of the PEG linker termini.

The pharmaceutical compositions can contain any conventional non-toxic
pharmaceutically-acceptable carriers, adjuvants or vehicles. In some cases, the pH of
the formulation can be adjusted with pharmaceutically acceptable acids, bases or
buffers to enhance the stability of the formulated compound or its delivery form. The

term parenteral as used herein includes subcutaneous, intra-cutaneous, intra-venous,
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intra-muscular, intra-articular, intra-arterial, intra-synovial, intra-steral, intra-thecal,

intra-lesional and intra-cranial injection or infusion techniques.

EXAMPLES
The following examples are provided to better illustrate the claimed invention
and are not to be interpreted as limiting the scope of the invention. To the extent that
specific materials are mentioned, it is merely for purposes of illustration and is not
intended to limit the invention. One skilled in the art can develop equivalent means or
reactants without the exercise of inventive capacity and without departing from the

scope of the invention.

Example 1: Materials and Methods
Solid Phase Peptide Synthesis

Fmoc-based solid-phase peptide synthesis was used to synthesize the
antimicrobial peptides and their stapled derivatives. To achieve the various staple
lengths, a-methyl, a-alkenyl amino acids were used flanking two, three, or six
residues. The Rs [(R)-2-(pentenyl)Ala-OH] residue was incorporated at position i and
S5 [(S)-2-(4-pentenyl)Ala-OH] at position i+ 3, while two Ss residues were used at the
i and i+4 locations, and an Rs [(R)-2-(7-octenyl)Ala-OH] at position i and Ss at i+7
[Bird et. al., Meth Enzymol., 446:369-386 (2008); Bird et al, Curr Protoc Chem Biol .,
3(3):99-117 (2011). Alternative stapling amino acid couples can also be used to
generate the corresponding staples (e.g., Rs /Ss or Ss [(S)-2-(7-octenyl)Ala-OH]/Rs
for i, i+3; Rs/Rs or Ss5/Ss for 7, i+4; Ss/Rs or Rs/Ssor i, i+7). As an example of how
to, achieve a stitch in the scaffold, 2-amino-2-(pent-4-enyl)hept-6-enoic acid (Bs) was
incorporated in the peptide sequence with a Ss residue at the position i+ 3 before the
Bs residue and a Ss residue at the i+ 7 position after the Bs residue. For the stapling
reaction, Grubbs first-generation ruthenium catalyst dissolved in dichloroethane was
added to the peptides while still on resin. To ensure maximal conversion, three to five
rounds of stapling were performed. Once stapled, the peptides were cleaved off the

resin using trifluoroacetic acid, then precipitated using a hexane: ether (1:1) mixture,
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and afterwards they were air dried and purified using LC-MS. We performed amino
acid analysis both to precisely determine the amount of peptide purified and to ensure

the correct sequence was made.

Circular Dichroism Spectroscopy

Compounds were dissolved in an aqueous solution (e.g. 5 mM potassium
phosphate solution at pH 7, or distilled H20, to concentrations of 25-50 uM). Circular
dichroism (CD) spectra were obtained on a spectropolarimeter (Aviv) using standard
measurement parameters (e.g., temperature, 37 °C; wavelength, 190-260 nm; step
resolution, 0.5 nm; speed, 20 nm/sec; accumulations, 10; response, 1 sec; bandwidth,
1 nm; path length, 0.1 cm). The a-helical content of each peptide was calculated by
dividing the mean residue ellipticity by the reported value for a model helical

decapeptide (see, e.g., Yang et al., Meth Enzymol. 130:208 (1986)).

Bacterial specimens
StAMPs were screened against a panel of MDR clinical samples obtained
from the Antimicrobial Resistance Isolate Bank of the Centers for Disease Control

and Prevention (Atlanta, GA).

Antimicrobial Activity Assay

The following microbroth dilution protocol was adapted to determine the
minimum inhibitory concentration (MIC) of each peptide. First, Mueller-Hinton broth
(MHB) was passed through an anion exchange column to remove polyanionic species
and generate refined MHB. This refined broth was then used in the standard
microbroth dilution protocol devised by Hancock and coworkers for 96 well plates
(note: No BSA was used in the protocol because initial studies revealed that it could
interfere with peptide activity). Briefly, bacterial cells were grown overnight in
refined MHB at 37 °C and then diluted and allowed to grow again for several hours.

Serial dilutions of peptide stocks in water (10 ul) were prepared using clear round-
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bottom polypropylene 96-well plates. Then 90 ul of bacteria in refined MHB was
added to give a final inoculum of 5x10° CFU/ml. The plates were then covered with
porous tape to reduce evaporation, and incubated for 20-24 hours at 37 °C. The MIC

1s the minimum peptide concentration at which no visible growth was observed.

Hemolytic Activity Assay

For the determination of hemolytic activity, human blood samples were
centrifuged to isolate red blood cells (RBCs), which are then washed and suspended
in phosphate-buffered saline to yield a 1% (v/v) suspension. The suspension was then
added to serial dilutions of peptide stocks in water in clear round-bottom
polypropylene 96-well plates and the plates were incubated for 1 hour at 37 °C. After
incubation, the plates were centrifuged and the supernatant was isolated to determine
the amount of hemoglobin released using a spectrophotometer (570 nm), according to
the equation: % Hemolysis = (Treated Absorbance — Untreated Control Absorbance)/
(1% Triton-X100 Treated Absorbance — Untreated Control Absorbance). The
minimum hemolytic concentration (MHC) is the peptide concentration at which there

is less than 1% hemoglobin release.

Renal Toxicity Assay (Primary human renal proximal tubule epithelial cells
(PRPTEC))

Briefly, pPRPTECs in complete growth cell medium were seeded in a 96 well plate at a
density of 10,000 cells per well and incubated at 37°C for 48 hours. Complete
medium was then removed and replaced with a toxicity assay medium to which
various concentrations of StAMP were added. Cells were then further incubated for
24 to 48 hours after which cell medium was collected and assayed for the presence of

Lactate Dehydrogenase (LDH) using a Cytotoxicity Detection Kit (LDH) (Roche).

Example 2: Synthesis of Stapled Magainin II Analogues.

Magainin II is a well characterized AMP that was used as scaffold for the design of
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hydrocarbon-stapled and/or stitched anti-microbial peptides as described herein. A
panel of stapled magainin II peptides and stapled pleurocidin peptides (e.g.,
Mag(i+4)1,15 (A9K), Mag(i+4)2,15 (A9K) and Pleu(i+4)1,15(A9K), Pleu(i+4)1,15)
was previously generated (see, e.g., US. Patent Publication No. 2017/0015716

incorporated in its entirety herein).

Example 3: Hemolytic Activity of Stapled Magainin II Peptides and Pleurocidin
Peptides

Colistin resistance has been recently identified in clinical isolates of A.
baumannii and E. coli. When these isolates were sequenced, it was found that A4.
baumannii acquired colistin resistance through either the complete loss of the
negatively-charged lipid A, a component of the lipopolysaccharides (LPS) and the main
binding target for colistin, or through the modification of lipid A with
phosphoethanolamine. In the case of E. coli, it was discovered that the pathogen had
acquired through horizontal gene transfer a plasmid-borne mobile colistin resistance
gene (mcr-1), which encodes MCR-1, a phosphoethanolamine transferase enzyme that
can modify lipid A. The emergence of these resistance mechanisms has gravely
endangered our final antibiotic defense line, polymyxins. Cationic helical antimicrobial
peptides (CHAMPs), like polymyxins, rely on the negatively charged membrane
surface of bacteria for membrane binding and lysis. However, unlike polymyxins,
CHAMPs are usually highly promiscuous and do not have a particular membrane target.
Thus we hypothesized that hydrocarbon-stapled antimicrobial peptides (StAMPs) could
be a viable option to treat colistin-resistant gram-negative pathogens.

To evaluate whether colistin-resistance results in cross-resistance with StAMPs,
we selected three lead compounds that displayed potent antimicrobial activity and low
hemolytic activity: Mag(i+4)1,15 (A9K) (SEQ ID NO:1), Mag(i+4)2,15 (A9K) (SEQ
ID NO:2), and Pleu(i+4)1,15 (A9K) (SEQ ID NO:3) and one compound, Pleu(i+4)1,15
(SEQ ID NO:34) with potent antimicrobial activity and high hemolytic activity (Table
2).

144

PCT/US2018/042640



10

15

20

25

WO 2019/018499 PCT/US2018/042640

Table 2. Hemolytic Activity of StAMPs

P -
Peptide ID Sequence % I;g“;;ﬁis at
Mag(i+4)1,15(A9K) | GXGKFXHSKKKFGKAXVGEXBNS 1.9
Mag(i+4)2.15(A9K) GIXKFLXSKKKFGKAXVGEXBNS 17.9
Pleu(i+4)1,15(A9K) | GXGSFXKKKAHVGKHXGKAXLTHYL 16.3
Pleu(i+4)1,15 GXGSFXKKAAHVGKHXGKAXLTHYL 88.2

The peptides in Table 2 are SEQ ID Nos: 1-3 and 34, numbered consecutively
from top to bottom. The sequence of Mag(i+4)1,15(A9K) (SEQ ID NO: 1) that was
used in this study is GXGKFXHSKKKFGKAXVGEXBNS where “X represents (S)-
2-(4-pentenyl)Ala-OH olefinic residues and “B” is norleucine.; the sequence of
Mag(i+4)2,15(A9K) (SEQ ID NO: 2) that was used in this study is
GIXKFLXSKKKFGKAXVGEXBNS where “X” represents (S)-2-(4-pentenyl)Ala-
OH olefinic residues and “B” is norleucine.; the sequence of Pleu(i+4)1,15(A9K) that
was used in this study is GXGSFXKKKAHVGKHXGKAXLTHYL where “X”
represents (S)-2-(4-pentenyl)Ala-OH olefinic residues. The sequence of
Pleu(i+4)1,15, that was used in this study is
GXGSFXKKAAHVGKHXGKAXLTHYL where “X” represents (S)-2-(4-
pentenyl)Ala-OH olefinic residues.

Example 4: Antimicrobial Activity of Stapled Magainin II Peptides and
Pleurocidin Peptides

The first three StAMPs of Table 2 in Example 3 were then tested against 39
clinical isolates of A. baumannii with various degrees of colistin resistance (Table 3,
4). The StAMPs displayed potent activity against all the strains tested regardless of
their colistin resistance pattern, proving that StAMPS’ promiscuous mechanism of
action allows them to circumvent simple lipid modifications. As further proof that
these results are not species specific, we tested our compounds against two E. coli

clinical isolates that harbor the MCR-1 plasmid and found similar potencies (Table 4).

145



WO 2019/018499 PCT/US2018/042640

Table 3. Minimum Inhibitory Concentration (MIC) of Mag(i+4)1,15 (A9K),
Mag(i+4)2,15 (A9K) and Pleu(i+4)1,15(A9K)) peptides in A. baumannii clinical

isolates
Antimicrobial Activity
MIC (ng/ml)
CDC . . . . .
Bank# Organism | Mag(i+4)1,15(A9K) | Mag(i+4)2,15(A9K) | Pleu(i+4)1,15(A9K) | Colistin

275 | A.baumannii 1.6 3.1 1.6 1
276 | A.baumannii 1.6 1.6 1.6 2
277 | A.baumannii 1.6 1.6 1.6 1
278 | A.baumannii 1.6 3.1 31 1
279 | A.baumannii 1.6 22 1.6 1
280 | A.baumannii 1.6 1.6 31 1
281 | A.baumannii 22 1.6 22 1
282 | A.baumannii 1.6 1.6 1.6 0.5
283 | A.baumannii 22 22 22 1
284 | A.baumannii 1.6 22 1.6 1
285 | A.baumannii 1.6 1.6 1.6 1
286 | A.baumannii 1.6 22 3.1 0.5
287 | A.baumannii 1.6 1.6 31 1
288 | A.baumannii 3.1 1.6 1.6 >8
289 | A.baumannii 1.6 1.6 1.6 2
290 | A.baumannii 1.6 22 1.6 1
291 | A.baumannii 3.1 3.1 22 1
292 | A.baumannii 1.6 1.6 22 1
293 | A.baumannii 1.6 1.6 1.6 0.5
294 | A.baumannii 1.6 1.6 1.6 1
295 | A.baumannii 1.6 22 31 1
296 | A.baumannii 1.6 1.6 22 0.5
297 | A.baumannii 1.6 1.6 22 1
298 | A.baumannii 1.6 1.6 1.6 0.5
299 | A.baumannii 1.6 1.6 1.6

300 | A.baumannii 1.6 1.6 22 1
301 | A.baumannii 1.6 1.6 22 0.5
302 | A.baumannii 1.6 1.6 1.6 2
303 | A.baumannii 3.1 1.6 1.6 >8
304 | A.baumannii 1.6 1.6 1.6 4
305 | A.baumannii 1.6 1.6 1.6 1
306 | A.baumannii 1.6 1.6 1.6 1
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Table 4. Minimum Inhibitory Concentration (MIC) of Mag(i+4)1,15 (A9K),
Mag(i+4)2,15 (A9K) and Pleu(i+4)1,15(A9K)) peptides in A. baumannii and E.

PCT/US2018/042640

5 coli clinical isolates
Antimicrobial Activity
MIC (pg/ml)

BCal;lS# Organism | Mag(i+4)1,15(A9K) | Mag(i+4)2,15(A9K) | Pleu(i+4)1,15(A9K) | Colistin
307 | A.baumannii 1.6 22 22 >8
308 | A.baumannii 1.6 1.6 1.6 8
309 | A.baumannii 1.6 1.6 22 8
310 | A.baumannii 1.6 1.6 1.6 8
311 | A.baumannii 1.6 1.6 1.6 1
312 | A.baumannii 1.6 1.6 1.6 0.5
313 | A.baumannii 1.6 1.6 1.6 1
346 E.coli* 1.6 22 1.6 2.5
349 E.coli* 3.1 3.1 1.6 12

*Contain MCR-1

10

15

plasmid

Example 5: Antimicrobial Activity of Stapled Magainin II Peptides and
Pleurocidin Peptides

StAMPs Mag(i+4)2,15(A9K), Pleu(i+4)1,15(A9K) and Pleu(i+4)1,15 were
also then tested against 4 clinical isolates of S. aureus of which two were methicillin-
susceptible (MSSA) and two were methicillin-resistant (MRS A) (Table 5). The
StAMPs displayed potent activity against all the strains tested regardless of their
susceptibility to methicillin, proving that StAMPs’ spectrum of activity can be

extended to gram-positive organisms regardless of their resistance pattern as well.
Table 5. Minimum Inhibitory Concentration (MIC) of Mag(i+4)2,15 (A9K),

Pleu(i+4)1,15 (A9K) and Pleu(i+4)1,15 peptides in Methicillin-susceptible and

Methicillin-resistant S.aureus clinical isolates
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Antimicrobial Activity
MIC (ng/ml)
Sample . Mag(i+4)2,15 | Pleu(i+4)1,15 .
+

D Organism (A9K) (A9K) Pleu(i+4)1,15
RBO003 Methicillin-susceptible S Aureus 1.6 3.1 3.1
RB006 Methicillin-susceptible S Aureus 1.6 3.1 3.1
RB004 Methicillin-resistant S Aureus 1.6 3.1 3.1
RB007 Methicillin-resistant S Aureus 1.6 3.1 3.1

10

15

20

Example 6: Renal Toxicity of Stapled Antimicrobial Peptides (StAMPs)

Many cationic antibiotics such as colistin, polymyxin b, and gentamicin that
are in current clinical use cause nephrotoxicity over the course of treatment, thereby
limiting the duration of use in patients and the doses that can be administered.
Likewise, antimicrobial peptides (AMPs) have shown a similar toxicity profile to
colistin and polymyxin b, and may cause damage to kidney cells in the proximal
convoluted tubule. However, very little research has been conducted to reduce the
potential nephrotoxicity of AMPs, likely because most AMPs are being developed
clinically for topical use only, so as to avoid the documented challenges and
limitations of internal administration.

As described in the Examples above, stapled antimicrobial peptides (StAMPs)
with high antimicrobial activity and little to no hemolytic activity can be generated
using hydrocarbon stapling. However, when the toxicity of Mag(i+4)1,15(A9K) was
tested on primary human renal proximal tubule epithelial cells (pRPTECs), we
discovered that it could cause membranolysis of pRPTECs at relatively low
concentrations. It is plausible that the pRPTEC assay is especially sensitive, and does
not reflect the toxicity of StAMPs in vivo accurately. All the same, these results
prompted us to re-engineer Mag(i+4)1,15(A9K) to reduce potential kidney cell lytic
properties while maintaining strong antimicrobial activity. We explored two
approaches to mitigate pRPTEC lysis to reduce the potential renal toxicity of AMPs.

First, we altered the cationic point charges of a StAMP in an attempt to reduce
pRPTEC lysis. One of the main determinants of renal proximal tubule toxicity of

colistin, a cationic lipopeptide, is the number of cationic point charges. By masking
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the point charges on colistin using methanesulfate, a labile protecting group, colistin’s
renal toxicity profile has been drastically improved and colistin methanesulfate has
become the main formulation that is used clinically. Since the cationic charges on
Mag(i+4)1,15(A9K) are also point charges, we evaluated whether changing the

5 charge nature would result in a significant reduction in renal toxicity. To that end, we
synthesized Mag(i+4)1,15(A9K) analogues that each had one or more amino acid
substitutions, wherein we substituted at least one lysine residue with at least one of
either an arginine (a delocalized cationic charge) or a histidine (a cationic charged
residue that becomes mostly protonated at a pH below 6). The Mag(i+4)1,15(A9K)

10 analogues with altered cationic point charges are shown in Table 6.

Table 6. Mag(i+4)1,15(A9K) Analogues with Altered Cationic Point Charges

Peptide ID Sequence* SEQ
ID NO:
Mag(i+4)1,1 GXGKFXHSKKKFGKAXVGEXBNS SEQID
5(A9K) NO: 1
Mag(i+4)1,1 GXGHFXHSKKKFGKAXVGEXBNS SEQID
5(A9K, NO: 36
K4H)
Mag(i+4)1,1 GXGHFXHSKHKFGKAXVGEXBNS SEQID
5(A9K, K4H, NO: 37
K10H)
Mag(i+4)1,1 GXGHFXHSKHHFGKAXVGEXBNS SEQID
5(A9K, K4H, NO: 38
KI10H,
K11H)
Mag(i+4)1,1 GXGRFXHSKKKFGKAXVGEXBNS SEQID
5(A9K, K4R) NO- 39
Mag(i+4)1,1 GXGRFXHSKRKFGKAXVGEXBNS SEQID
5(A9K, K4R, NO- 40
KI10R)

*Where a bolded “X” represents an (S)-2-(4-pentenyl)Ala-OH olefinic residue, and a
15 bolded and underlined residue represents an amino acid substitution introduced to

reduce renal toxicity
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The new analogues with altered cationic charges (Table 6) displayed less
potent minimum inhibitory concentration (MIC) values, as compared to
Mag(i+4)1,15(A9K), when tested against various bacterial pathogens. As shown in
Table 7, substituting lysines with arginines resulted in an only one dilution step
decrease in MIC, while substituting lysines with histidines resulted in a stepwise
decrease in MIC potency, such that potency decreased as more lysines were
substituted with histidines. As shown in FIG. 1, the Mag(i+4)1,15(A9K) analogues
of Table 6 displayed significantly attenuated pRPTEC lytic activity after a 24-hour
incubation. Thus, changing the charge nature of Mag(i+4)1,15(A9K) significantly
attenuated its lytic activity in a pRPTEC toxicity assay. Lysine to arginine
substitutions resulted in reduced pRPTEC lysis, while lysine to histidine substitutions
resulted in a more significant decrease in pRPTEC lysis. Overall, these results
showed that altering cationic point charges decreased pRPTEC lysis, but also resulted
in a concomitant decrease in peptide antimicrobial activity. Thus, changing the
charge nature achieved the desired effect of mitigating pRPTEC lysis, but does not

necessarily provide a wider therapeutic window.
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Table 7. Minimum Inhibitory Concentrations of Mag(i+4)1,15(A9K) Analogues
with Altered Cationic Point Charges

Peptide N Mic
eptide Name (ug/ml)
E coli | B cereus P aeruginosa Saureus | A baumannii
Mag(i+4)1,15(A9K) 1.6 6.2 3.1 50 1.6
Mag(i+4)1,15(A9K, K4H) 3.1 25 6.2 >50 N.D
Mag(i+4)1,15(A9K, K4H, 3.1 50 50 >50 N.D
K10H)
Mag(i+4)1,15(A9K, K4H, 17.7 >50 50 >50 N.D
K10H, K11H)
Mag(i+4)1,15(A9K, K4R) 3.1 12.5 6.2 >50 N.D
Mag(i+4)1,15(A9K, K4R, 3.1 12.5 6.2 >50 N.D

K10R)

10

15

20

N.D=Not Determined

In a second approach, we altered the hydrophobicity of a StAMP in an attempt

to reduce pRPTEC lysis. When we delineated the design rules for selective StAMPs,

one of the main factors that determined StAMP hemolytic activity was the presence of

continuous hydrophobic patches. Disrupting the continuity of hydrophobic patches

had reduced unwanted hemolytic activity while resulting in little to no reduction in

antimicrobial activity. Thus, we mutated the norleucine residue in

Mag(i+4)1,15(A9K) to an alanine residue (Mag(i+4)1,15(A9K)(B21A)) to determine

if a further reduction in hydrophobicity in one of the two patches of
Mag(i+4)1,15(A9K) would result in decreased pRPTEC lysis. (see Table 8). The first
hydrophobic patch of Mag(i+4)1,15(A9K) is made up of the X2, X6, and F5 residues,
while the second hydrophobic patch is made up of the F12, X16, V17, X20, and B21

residues. As shown in Table 8, we also produced two other novel

Mag(i+4)1,15(A9K) analogues, Mag(i+4)1,15(A9K) (B21K) and

Mag(i+4)1,15(A9K)(B21 A N22K,S23K), to test whether making StAMPs more

cationic on the hydrophilic face, and thus increasing their affinity for bacterial

membranes, could compensate for any decrease in antibiotic activity that could result
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from lowering patch hydrophobicity.

Table 8. Mag(i+4)1,15(A9K) Analogues with Altered Hydrophobicity

Peptide ID Sequence* SEQ ID
NO:
Mag(i+4)1,15 GXGKFXHSKKKFGKAXVGEXBNS SEQID
(A9K) NO: 1
Mag(i+4)1,15 GXGKFXHSKKKFGKAXVGEXANS SEQID
(A9K, B21A) NO: 41
Mag(i+4)1,15 GXGKFXHSKKKFGKAXVGEXKNS SEQID
(A9K, B21K) NO- 42
Mag(i+4)1,15 GXGKFXHSKKKFGKAXVGEXAKK SEQID
(A9K, B21A, NO: 43
N22K, S23K)

*Where a bolded “X” represents an (S)-2-(4-pentenyl)Ala-OH olefinic residue, and a
5 bolded and underlined residue represents an amino acid substitution introduced to

reduce renal toxicity

As shown in FIG. 1, the Mag(i+4)1,15(A9K)(B21A) peptide, when tested,
displayed significantly attenuated pRPTEC lysis relative to Mag(i+4)1,15(A9K), after
10 a 24 hour incubation. However, as shown in Table 9, Mag(i+4)1,15(A9K)(B21A)
also displayed reduced antimicrobial activity (had reduced MIC values) against
various bacterial pathogens, as compared to Mag(i+4)1,15(A9K). Thus, peptide
hydrophobic interactions play an important role in the lysis of pPRPTECs, which are
more sensitive to lysis than RBCs. Reducing the hydrophobicity of StAMP
15 hydrophobic patches decreases pRPTEC lysis.
As shown in FIG. 2, the Mag(i+4)1,15(A9K)(B21K) and
Mag(i+4)1,15(A9K)(B21 A, N22K, S23K) peptides also displayed markedly reduced
lytic activity toward pRPTECs, when compared to Mag(i+4)1,15(A9K), after a 90
minute incubation. FIG. 3 shows that these peptides also lowered long-term lytic
20 activity when incubated with pRPTECs for 48 hours. As shown in Table 9,
Mag(i+4)1,15(A9K)(B21K) displayed a similar antimicrobial potency to
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Mag(i+4)1,15(A9K)(B21A) when tested against gram-negative pathogens, while
Mag(i+4)1,15(A9K)(B21 A N22K,S23K) had a similar antimicrobial potency as

Mag(i+4)1,15(A9K) and displayed higher selectivity toward gram-negative

pathogens. These results confirm that the degree of hydrophobicity in the hydrophobic

patches of StAMPs can be adjusted to reduce toxicity to pRPTECs and reduce lysis.

Should any of the changes to hydrophobic patches decrease the potency of StAMP

antibiotic activity, the antibiotic activity can be reestablished or enhanced by

increasing the number of positively-charged residues, such as lysines, to the

hydrophilic face of the helix via mutation.

Table 9. Minimum Inhibitory Concentrations of Mag(i+4)1,15(A9K) Analogues
with Altered Hydrophobicity

Penti MIC
eptide Name (ug/ml)
E coli | B cereus P aeruginosa Saureus | A baumannii
Mag(i+4)1,15(A9K) 1.6 6.2 3.1 50 1.6
Mag(i+4)1,15(A9K, B21A) 6.2 50 3.8 >50 N.D
Mag(i+4)1,15(A9K, B21K) 3.1 354 12.5 >50 1.6
Mag(i+4)1,15(A9K, B21A, 1.6 50 3.1 >50 0.8

N22K, S23K)

15

20

N.D=Not Determined

Example 7: Effectiveness of StAMPS Against Carbapenem-Resistant Bacteria

Carbapenems are an essential line of antibiotics in our armamentarium that are

commonly used to treat a wide array of Gram-positive and Gram-negative pathogens.

Despite being part of the beta-lactamase family of antibiotics, the carbapenem moiety

present next to the beta-lactam ring of these drugs confers remarkable stability against

beta-lactamases and extended spectrum beta-lactamases, making them a drug of

choice when doctors are faced with suspected multi-drug resistant (MDR) pathogens.

Nevertheless, the widespread use of this class of antibiotics has led to an increase in
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the prevalence of carbapenem-resistance amongst Gram-positive and Gram-negative
pathogens alike. While there are some viable treatment options for Gram-positives,
such as daptomycin and vancomycin, the treatment options for carbapenem-resistant
Gram-negative pathogens are severely limited. Thus it is of high priority that new
therapeutics are developed that can circumvent carbapenem resistance in Gram-
negative bacteria.

To that end, the new class of antibiotics described herein - stapled
antimicrobial peptides (StAMPs) — were tested against a range of Enterobacteriaceae
clinical samples with variable resistance against carbapenems, exemplified here by
their sensitivity to meropenem (Mero). See, Fig. 4.

Across various species including E. coli, K. pneumoniae, and Salmonella, the
compounds described herein displayed antimicrobial efficacies in the range of 0.78 to
12.5 pg/mL, underscoring that sensitivity to the promiscuous StAMP mechanism of
action is not affected by the various carbapenem mechanisms of resistance used by
Gram-negative pathogens such as the expression of carbapenemases, like KPC-3
(expressed in strains 0001, 0002, 0112, and 0114) and truncation of porins needed for

carbapenem diffusion into the periplasm (found in strains 0006 and 0113).
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OTHER EMBODIMENTS
It is to be understood that while the invention has been described in
conjunction with the detailed description thereof, the foregoing description is intended
to illustrate and not limit the scope of the invention, which is defined by the scope of
the appended claims. Other aspects, advantages, and modifications are within the
scope of the following claims.
All patent applications, patents, and other publications cited herein are

incorporated by reference in their entireties.
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What is claimed is:

A method of treating an antibiotic-resistant bacterial infection in a subject in
need thereof, the method comprising administering a therapeutically effective
amount of a stapled and/or stitched antimicrobial peptide (StAMP) to the
subject that has, or is at risk of developing, the antibiotic-resistant bacterial

infection.

The method of claim 1, wherein the StAMP is based on or derived from the
scaffold of a peptide selected from the group consisting of magainin,
pexiganan, pleurocidin, pardaxin, hagfish intestinal antimicrobial peptide
(HFTAP), PGQ, buforin II, dermaseptin, caerin, melittin, cecropin, lycotoxin I,

styelins B, clavanin B, cathelicidin A, and dermicidin.

The method of claim 1, wherein the StAMP comprises or consists of the
amino acid sequence set forth in any one of SEQ ID NOs:1-3 or 34-43 or any
one of SEQ ID NOs:7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, or 33,
except for 1 to 5 amino acid substitutions, insertions, and/or deletions within
SEQ ID NOs:1-3 or 34-43 or SEQ ID NOs:7, 9, 11, 13, 15, 17, 19, 21, 23, 25,
27,29, 31, or 33.

The method of claim 1, wherein the StAMP comprises or consists of the
amino acid sequence set forth in any one of SEQID NO: 1, 2, 3,34, 7,9, 11,
13,15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43,
44, 45, or 46.

The method of any one of claims 1 to 4, wherein the StAMP is 6 to 100 amino

acids in length.
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10

11

12.

The method of any one of claim 1 to 5, wherein the subject is a human.

The method of any one of claims 1 to 6, wherein the subject has developed an

infection with antibiotic-resistance to at least one other class of antibiotic.

The method of claim 7, wherein the at least one other class of antibiotic is
selected from the group consisting of: carbapenem, an aminoglycoside,
vancomycin, methicillin, clarithromycin, cephalosporin, penicillin, ampicillin,

fluoroquinolone, tetracycline, and a 5 -lactam.

The method of any one of claim 1 to 8, wherein the subject has a chronic

Gram-negative colistin-resistant bacterial infection.

. The method of any one of claims 1 to 9, wherein the Gram-negative colistin-

resistant bacterial infection 1s an 4. baumannii infection.

. The method of any one of claims 1 to 9, wherein the Gram-negative colistin-

resistant bacterial infection 1s an £. coli infection.

The method of any one of claims 1 to 9, wherein the Gram-negative colistin-
resistant bacterial infection is an infection selected from the group consisting
of a Pseudomonas aeruginosa infection, a Neisseria gonorrhoeae infection, a
Chlamydia trachomatis infection, a Yersinia pestis infection, a Proteus
mirabilis infection, an Enterobacter cloacae infection, a Serratia marcescens
infection, a Helicobacter pylori infection, a Salmonella enteritidis infection, a
Salmonella typhi infection, a Shigella infection, a Moraxella infection, a
Stenotrophomonas infection, a Bdellovibrio infection, an acetic acid bacterial
infection, a Klebsiella pneumoniae infection, and a Legionella pneumophila

infection.
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13.

14.

15.

16.

17.

18.

19.

20.

The method of any one of claims 1 to 9, wherein the Gram-negative colistin-
resistant bacterial infection is from a Gram-negative bacterium that contains a

MCR-1 plasmid.

The method of any one of claims 1 to 13, wherein, when the StAMP is
administered intravenously, the StAMP has a hemolytic activity that is less

than 50%.

The method of any one of claims 1 to 13, wherein the StAMP has a hemolytic
activity that is less than 10%.

The method of any one of claims 1 to 13, wherein when the StAMP is
administered via a non-intravenous route, the StAMP has a hemolytic activity

that is greater than 20%.

The method of claim 10, wherein the StAMP has a minimum inhibitory

concentration for A. baumannii of less than 20.0 pg/mL.

The method of claim 10, wherein the StAMP has a minimum inhibitory

concentration for A. baumannii of less than 2.5 pg/mL.

The method of claim 10, wherein the StAMP has a minimum inhibitory

concentration for A. baumannii of less than 2.0 pg/mL.

The method of claim 11, wherein the StAMP has a minimum inhibitory
concentration for E. coli of less than 10.0 ug/mL.
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2].

22.

23.

24.

25.

26.

The method of claim 11, wherein the StAMP has a minimum inhibitory
concentration for F. coli of less than 2.5 ug/mL.

The method of claim 11, wherein the StAMP has a minimum inhibitory
concentration for £. coli of less than 2.0 ug/mL.

The method of any one of claims 1 to 9, wherein the StAMP has a minimum
inhibitory concentration for a colistin-resistant Gram-negative bacterium of

less than 10.0 pg/mL.

The method of any one of claims 1 to 9, wherein the StAMP has a minimum
inhibitory concentration for a colistin-resistant Gram-negative bacterium of

less than 2.5 ug/mL.

The method of any one of claims 1 to 9, wherein the StAMP has a minimum
inhibitory concentration for a colistin-resistant Gram-negative bacterium of

less than 2.0 ug/mL.

The method of any one of claims 23 to 25, wherein the Gram-negative
colistin-resistant bacterium is A. baumannii, E. coli, Pseudomonas
aeruginosa, Neisseria gonorrhoeae, Chlamydia trachomatis, Yersinia pestis,
Proteus mirabilis, Enterobacter cloacae, Serratia marcescens Helicobacter
pylori, Salmonella enteritidis, Salmonella typhi, Shigella, Moraxella,
Stenotrophomonas, Bdellovibrio, an acetic acid bacterium, Klebsiella
prneumoniae, and Legionella pneumophila, or a Gram-negative bacterium that

contains a MCR-1 plasmid.
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27.

28.

29.

30.

31.

32.

33.

34.

35.

The method of any one of claims 1 to 13, wherein the StAMP has a hemolytic
activity of less than 50% and a minimum inhibitory concentration for a Gram-

negative colistin-resistant bacterium of less than 20.0 pg/ml.

The method of any one of claims 1 to 27, wherein the StAMP is double-
stapled.

The method of any one of claims 1 to 28, wherein the StAMP is administered
with a second agent that inhibits the growth of the Gram-negative colistin-

resistant bacterium.

The method of claim 29, wherein the second agent is an antibiotic.

The method of claim 30, wherein the antibiotic is selected from the group
consisting of carbapenem, an aminoglycoside, vancomycin, methicillin,
clarithromycin, cephalosporin, penicillin, ampicillin, fluoroquinolone,

tetracycline, and a pB-lactam.

A method of killing or inhibiting the growth of Gram-negative colistin-
resistant bacteria, the method comprising contacting the Gram-negative
colistin-resistant bacteria with a stapled and/or stitched antimicrobial peptide

(StAMP).

The method of claim 32, which is in vitro.

The method of claim 32, which is in vivo.

The method of any one of claims 32 to 34, wherein the Gram-negative
colistin-resistant bacteria is selected from the group consisting of A.

baumannii, E. coli, Pseudomonas aeruginosa, Neisseria gonorrhoeae,
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36.

37.

38.

39.

Chlamydia trachomatis, Yersinia pestis, Proteus mirabilis, Enterobacter
cloacae, Serratia marcescens Helicobacter pylori, Salmonella enteritidis,
Salmonella typhi, Shigella, Moraxella, Stenotrophomonas, Bdellovibrio, acetic
acid bacteria, Klebsiella pneumoniae, and Legionella pneumophila, or a

Gram-negative bacteria that contains a MCR-1 plasmid.

The method of any one of claims 32 to 35, wherein the stapled and/or stitched
antimicrobial peptide is based on or derived from the scaffold of a peptide
selected from the group consisting of magainin, pleurocidin, pexiganan,
pardaxin, hagfish intestinal antimicrobial peptide (HFIAP), PGQ, buforin II,
dermaseptin, caerin, melittin, cecropin, lycotoxin I, styelins B, clavanin B,

cathelicidin A, and dermicidin.

The method of any one of claims 32 to 35, wherein the StAMP comprises or
consists of the amino acid sequence set forth in any one of SEQ ID NOs:1-3 or
34-43, or any one of SEQ ID NOs:7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29,
31, or 33 except for 1 to 5 amino acid substitutions, insertions, and/or
deletions within SEQ ID NOs:1-3 or 34-43 or SEQ ID NOs:7, 9, 11, 13, 15,
17, 19, 21, 23, 25, 27, 29, 31, or 33.

The method of any one of claims 32 to 35, wherein the StAMP comprises or
consists of the amino acid sequence set forth in any one of SEQ ID NOs:1-3
or34-43 or any one of SEQ ID NOs:7, 9, 11, 13,15, 17, 19, 21, 23, 25, 27, 29,
31, or 33.

A method of optimizing a stapled and/or stitched antimicrobial peptide

(StAMP), the method comprising:
(a) providing a first stapled and/or stitched antimicrobial peptide (StAMP);
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40.

4].

42.

43.

44.

45.

46.

(b) generating a second StAMP that is identical to the first SSAMP except at
one or more amino acid positions;
(¢) determining that the second StAMP Kkills or inhibits growth of Gram-

negative colistin-resistant bacteria to a greater level than the first StAMP.

The method of claim 39, further comprising determining that the second
StAMP has the same or decreased hemolytic activity relative to the first

StAMP.

The method of claim 39 or 40, wherein the first StAMP and the second
StAMP are double-stapled.

The method of any one of claims 39 to 41, wherein the first StAMP comprises
or consists of SEQ ID NO: 1, 2, 3, 34,35, 7,9, 11, 13, 15, 17, 19, 21, 23, 25,
27,29, 31, or 33.

The method of any one of claims 39 to 42, wherein the first and second

StAMP are each 6 to 100 amino acids in length.

The method of any one of claims 39 to 43, wherein the second StAMP is
dihydroxylated as compared to the first SSAMP, and the hydrophobicity of the
second StAMP is reduced as compared to the first SSAMP.

The method of any one of claims 39 to 43, wherein the second StAMP is
aminohydroxylated as compared to the first StAMP, and the hydrophobicity of

the second StAMP is reduced as compared to the first SSAMP.

The method of any one of claims 39 to 45, wherein the Gram-negative

colistin-resistant antimicrobial activity is against A. baumannii.
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47.

438.

49.

50.

51.

52.

The method of any one of claims 39 to 45, wherein the Gram-negative

colistin-resistant antimicrobial activity is against £. coli.

The method of any one of claims 39 to 45, wherein the Gram-negative
colistin-resistant antimicrobial activity is against an £. co/i strain that contains
a MCR-1 plasmid or a Klebsiellia pneumonia strain that contains an MCR-1

plasmid.

The method of claim 40, wherein hemolytic activity of the second StAMP is
reduced compared to the first SSAMP and the hemolytic activity of the second
StAMP is less than 20%, and the minimum inhibitory concentration against a

Gram-negative colistin-resistant bacterium is less than 10.0 pg/mL.

The method of claim 49, wherein the Gram-negative bacterium is 4.

baumannii or E. coli.

The method of claim 49, wherein the Gram-negative bacterium is 4.
baumannii, E. coli, Klebsiellia pneumonia, or a Gram-negative bacterium that

contain a MCR-1 plasmid.

A method of selecting a stapled and/or stitched antimicrobial peptide (StAMP)
that overcomes colistin-resistance of a Gram-negative bacterium, the method
comprising:
(a) providing a StAMP;
(b) determining the hemolytic activity and the minimum
inhibitory concentration (MIC) of the StAMP for a Gram-negative
bacterium; and

(c) selecting the StAMP when the StAMP has:
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53.

54.

55.

56.

57.

(1) a minimum inhibitory concentration against the Gram-
negative bacterium of less than 2.5 ug/mL; and
(i1) a hemolytic activity less than 20%.

The method of claim 52, where the Gram-negative bacterium is A. baumannii,
E. coli, Klebsiellia pneumonia, or a Gram-negative bacterium that contains a

MCR-1 plasmid.

The method of claim 52, wherein providing comprises providing a StAMP

from a StAMP library.

The method of claim 54, wherein the StAMP library is a staple walk library.

The method of any one of claims 52 to 55, wherein the StAMP is based on or
derived from the scaffold of a peptide selected from the group consisting of
magainin, pexiganan, pleurocidin, pardaxin, hagfish intestinal antimicrobial
peptide (HFIAP), PGQ, buforin II, dermaseptin, caerin, melittin, cecropin,

lycotoxin I, styelins B, clavanin B, cathelicidin A, and dermicidin.

A method of screening for a StAMP that kills or inhibits the growth of a
colistin-resistant Gram-negative bacterium, the method comprising:
(a) providing a StAMP;
(b) contacting the StAMP with a colistin-resistant Gram-negative
bacterium;
(¢) determining that the StAMP kills or inhibits the growth of the
colistin-resistant Gram-negative bacterium with a MIC of less than

10.0 pg/ml.
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58.

59.

60.

61

62.

63.

64.

The method of claim 57, further comprising determining that the StAMP has a
hemolytic activity of less than 20%.

The method of claim 57 or 58, wherein the StAMP has a MIC for the colistin-

resistant Gram-negative bacterium of less than 3 pg/ml.

The method of any one of claims 57 to 59, wherein the StAMP is based on or
selected from the scaffold of a peptide selected from the group consisting of
magainin, pexiganan, pleurocidin, pardaxin, hagfish intestinal antimicrobial
peptide (HFIAP), PGQ, buforin II, dermaseptin, caerin, melittin, cecropin,

lycotoxin I, styelins B, clavanin B, cathelicidin A, and dermicidin.

. The method of any one of claims 57 to 60, wherein the StAMP is from a

StAMP library.

The method of any one of claims 57 to 61, wherein the StAMP is formulated

with a pharmaceutical composition as a pharmaceutically acceptable carrier.

A method of determining a suitable treatment for a subject having, or

suspected of having, an antibiotic-resistant Gram-negative bacterial infection,

the method comprising:

(a) obtaining a biological sample from the subject;

(b) contacting the biological sample of the subject with a StAMP;

(¢) determining that the StAMP kills or inhibits the growth of the antibiotic-
resistant Gram-negative bacteria in the sample; and

(d) selecting and administering the StAMP to the subject.

The method of claim 63, wherein the antibiotic-resistant Gram-negative

bacteria is colistin-resistant.
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65.

66.

67.

68.

69.

A method for predicting the efficacy of a StAMP in treating a colistin-resistant

Gram-negative bacterial infection, the method comprising:

(a) contacting Gram-negative bacteria responsible for the colistin-resistant
Gram-negative bacterial infection with the StAMP;

(b) determining that the StAMP kills or inhibits the growth of a Gram-
negative bacteria; and

(¢) predicting that the StAMP is likely to treat the Gram-negative bacterial

infection.

The method of claim 63 or 65, wherein the StAMP is determined to have
hemolytic activity of less than 20%.

The method of any one of claims 63 to 66, wherein the StAMP is based on or
derived from the scaffold of a peptide selected from the group consisting of
magainin, pexiganan, pleurocidin, pardaxin, hagfish intestinal antimicrobial
peptide (HFIAP), PGQ, buforin II, dermaseptin, caerin, melittin, cecropin,

lycotoxin I, styelins B, clavanin B, cathelicidin A, and dermicidin.

The method of any one of claims 63 to 67, wherein the StAMP comprises or
consists of the amino acid sequence set forth in any one of SEQ ID NOs:1-3 or
34-43 or any one of SEQ ID NOs:7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29,
31, or 33 except for 1 to 5 amino acid substitutions, insertions, and/or
deletions within SEQ ID NOs:1-3, 34, or 35 or SEQ ID NOs:7, 9, 11, 13, 15,
17, 19, 21, 23, 25, 27, 29, 31, or 33.

The method of any one of claims 63 to 68, wherein the subject is human.
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70.

71.

72.

73.

74.

75.

A material or device coated with a StAMP that prevents or blocks Gram-

negative resistant infection colonization.

The material or device of claim 70, wherein the material is selected from the
group consisting of a medical device, a catheter, a bandage, an adhesive

material.

A solution or reagent or product that contains a StAMP that prevents or blocks

Gram-negative resistant infection.

The material or device of claim 70 or 71 or the solution or reagent of claim 72,
wherein the StAMP comprises or consists of the amino acid sequence set forth
in any one of SEQ ID NOs:1-3, 34, or 35 or any one of SEQ ID NOs:7, 9, 11,
13, 15,17, 19, 21, 23, 25, 27, 29, 31, or 33 except for 1 to 5 amino acid
substitutions, insertions, and/or deletions within SEQ ID NOs:1-3 or 34-43 or
SEQ ID NOs:7,9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, or 33.

The material or device of claim 70 or 71 or the solution or reagent of claim 72,
wherein the StAMP comprises or consists of the amino acid sequence set forth
in any one of SEQ ID NOs.: 1, 2, 3, 34, 35, 7,9, 11, 13, 15, 17, 19, 21, 23, 25,
27,29, 31, or 33.

A method of treating a Gram-negative colistin-resistant bacterial infection in
an animal in need thereof, the method comprising administering an effective
amount of a stapled and/or stitched antimicrobial peptide (StAMP) to the
animal that has, or is at risk of developing, the Gram-negative colistin-

resistant bacterial infection.
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76.

77.

78.

79.

30.

31.

32.

The method of claim 75, wherein the StAMP is based on or derived from the
scaffold of a peptide selected from the group consisting of magainin,
pexiganan, pleurocidin, pardaxin, hagfish intestinal antimicrobial peptide
(HFTAP), PGQ, buforin II, dermaseptin, caerin, melittin, cecropin, lycotoxin I,

styelins B, clavanin B, cathelicidin A, and dermicidin.

The method of claim 75, wherein the StAMP comprises or consists of the
amino acid sequence set forth in any one of SEQ ID NOs:1-3 or 34-43, or any
one of SEQ ID NOs:7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, or 33
except for 1 to 5 amino acid substitutions, insertions, and/or deletions within
SEQ ID NOs:1-3 or 34-43, or SEQ ID NOs:7, 9, 11, 13, 15, 17, 19, 21, 23, 25,
27,29, 31, or 33.

The method of claim 75, wherein the StAMP comprises or consists of the
amino acid sequence set forth in any one of SEQ ID NO: 1, 2, 3, 34, 35, 7, 9,

11, 13,15, 17, 19, 21, 23, 25, 27, 29, 31, or 33.

The method of any one of claims 75 to 78, wherein the StAMP is 6 to 100

amino acids in length.

The method of any one of claim 75 to 79, wherein the animal is a chicken, a

cow, a pig, a goat, a dog, a cat, a horse, or a bird.

The method of any one of claims 75 to 80, wherein the animal has developed

an infection with antibiotic-resistance to at least one other class of antibiotic.

The method of claim 81, wherein the at least one other class of antibiotic is

selected from the group consisting of: carbapenem, an aminoglycoside,
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33.

34.

85.

36.

37.

38.

vancomycin, methicillin, clarithromycin, cephalosporin, penicillin, ampicillin,

fluoroquinolone, tetracycline, and a f-lactam.

The method of any one of claim 75 to 82, wherein the animal has a chronic

Gram-negative colistin-resistant bacterial infection.

The method of any one of claims 75 to 83, wherein the Gram-negative

colistin-resistant bacterial infection is an 4. baumannii infection.

The method of any one of claims 75 to 83, wherein the Gram-negative

colistin-resistant bacterial infection is an E. coli infection.

The method of any one of claims 75 to 83, wherein the Gram-negative
colistin-resistant bacterial infection is an infection selected from the group
consisting of a Pseudomonas aeruginosa infection, a Neisseria gonorrhoeae
infection, a Chlamydia trachomatis infection, a Yersinia pestis infection, a
Proteus mirabilis infection, an Enterobacter cloacae infection, a Serratia
marcescens infection, a Helicobacter pylori infection, a Salmonella enteritidis
infection, a Salmonella typhi infection, a Shige/la infection, a Moraxella
infection, a Stenotrophomonas infection, a Bdellovibrio infection, an acetic
acid bacterial infection, a Klebsiella pneumoniae infection, and a Legionella

pneumophila infection.
The method of any one of claims 1 to 9, wherein the Gram-negative colistin-
resistant bacterial infection is from a Gram-negative bacterium that contains a

MCR-1 plasmid.

A method of treating a plant or tree having or at risk of developing a Gram-

negative colistin-resistant bacterial infection, the method comprising
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39.

90.

91

92.

93.

94.

contacting or administering to a plant in need thereof an effective amount of a

StAMP.

The method of claim 88, wherein the StAMP is based on or derived from the
scaffold of a peptide selected from the group consisting of magainin,
pexiganan, pleurocidin, pardaxin, hagfish intestinal antimicrobial peptide
(HFTAP), PGQ, buforin II, dermaseptin, caerin, melittin, cecropin, lycotoxin I,

styelins B, clavanin B, cathelicidin A, and dermicidin.

The method of claim 88, wherein the StAMP comprises or consists of the
amino acid sequence set forth in any one of SEQ ID NOs:1-3, 34, 35 or SEQ
IDNOs:7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, or 33 except for 1 to 5
amino acid substitutions, insertions, and/or deletions within SEQ ID NOs:1-3,

34,35 or SEQ ID NOs:7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, or 33.

. The method of claim 88, wherein the StAMP comprises or consists of the

amino acid sequence set forth in any one of SEQ ID NO: 1, 2, 3, 34, 35, 7, 9,
11,13, 15, 17, 19, 21, 23, 25, 27, 29, 31, or 33.

The method of any one of claims 88 to 91, wherein the StAMP is 6 to 100

amino acids in length.

The method of claim 88 to 92, wherein the tree has or is at risk of developing
fire blight.

The method of any one of claims 1 to 8, wherein the antibiotic-resistant

bacterial infection is a Gram-negative bacterial infection.
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95.

96.

97.

98.

99.

100.

101.

The method of any one of claims 1 to 8, wherein the antibiotic-resistant

bacterial infection is a Gram-positive bacterial infection.

The method of claim 94, wherein the Gram-negative bacterial infection is
resistant to one or more of colistin, methicillin, meropenem, imipenem,

ertapenem, doripenem, panipenem, biapenem, and tebipenem.

The method of claim 95, wherein the Gram-negative bacterial infection is

resistant to colistin, meropenem, and/or methicillin.

A method of reducing the renal toxicity of a stapled and/or stitched anti-
microbial peptide (StAMP), the method comprising:

(1) identifying at least one hydrophobic patch comprising two or more
hydrophobic amino acids;

(i1) introducing at least one amino acid substitution in the hydrophobic
patch, wherein at least one of the hydrophobic amino acids in the hydrophobic
patch is replaced with at least one amino acid with a reduced hydrophobicity,
to produce a StAMP with at least one disrupted hydrophobic patch; and

(i11) testing the StAMP with the at least one disrupted hydrophobic
patch for reduced renal toxicity relative to a StAMP that is identical except
that no amino acid substitutions have been introduced into its hydrophobic

patches.

The method of claim 98, wherein the StAMP is 6 to 100 amino acids in length.

The method of claim 98, wherein at least one amino acid substitution is

introduced into the StAMP to disrupt at least one hydrophobic patch.

The method of claim 100, wherein one amino acid substitution is
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introduced into the StAMP to disrupt one hydrophobic patch.

102. The method of claim 100, wherein at least two amino acid substitutions

are introduced into the StAMP to disrupt one hydrophobic patch.

103. The method of claim 100, wherein at least two amino acid substitutions

are introduced into the StAMP to disrupt at least two hydrophobic patches.

104. The method of claim 100, wherein the StAMP comprises an a-helix
with a hydrophobic face and a hydrophilic face.

105. The method of claim 100, further comprising introducing at least one

amino acid substitution on the hydrophilic portion of the StAMP.

106. The method of claim 105, wherein an amino acid other than lysine on

the hydrophilic portion of the StAMP is replaced with a lysine.

107. The method of claim 105, wherein the StAMP exhibits greater anti-
microbial activity relative to a StAMP that is identical except that it does not

comprise a lysine substitution on the hydrophilic portion of its a-helix.

108. A method of reducing the renal toxicity of a stapled and/or stitched
anti-microbial peptide (StAMP), the method comprising:
(1) identifying at least one amino acid residue on the StAMP
comprising a cationic point charge;
(i1) introducing at least one amino acid substitution, wherein at least
one cationic point charge is replaced with at least one amino acid with a
different charge nature than the cationic point charge, thereby producing a

StAMP with an altered cationic charge; and
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(i11) testing the StAMP with an altered cationic charge for reduced
renal toxicity relative to a StAMP that is identical except that its cationic point
charges have not been altered,

thereby reducing the renal toxicity of the StAMP.

109. The method of claim 108, wherein at least one amino acid substitution
is introduced into the StAMP to alter the charge nature of at least one cationic

point charge.

110. The method of claim 109, wherein one amino acid substitution is
introduced into the StAMP to alter the charge nature of one cationic point

charge.

111. The method of claim 109, wherein at least two amino acid substitutions
are introduced into the StAMP to alter the charge nature of at least two

cationic point charges.

112, The method of claim 109, wherein at least one lysine is substituted

with either an arginine, histidine, or ornithine.

113. The method of claim 98, wherein the StAMP with reduced renal
toxicity comprises or consists of any one of SEQ ID NOs: 41-43.

114. The method of claim 98, wherein the StAMP with reduced renal
toxicity comprises an amino acid sequence that is at least 65% identical to an
amino acid sequence selected from the group consisting of SEQ ID NOs: 41-

43.

115. The method of claim 98, wherein the StAMP exhibits reduced renal
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toxicity relative to a StAMP that is identical except that it does not comprise
an amino acid substitution that disrupts a hydrophobic patch and/or alters a

cationic point charge.

116. The methd of claim 108, wherein the StAMP with reduced renal
toxicity comprises or consists of any one of SEQ ID NOs: 36-40.

117. The method of claim 98, wherein the StAMP with reduced renal
toxicity comprises an amino acid sequence that is at least 65% identical to an
amino acid sequence selected from the group consisting of SEQ ID NOs: 36-

40.

118. The method of claim 98 or 108, wherein the StAMP with reduced renal
toxicity is administered to a subject to treat an antibiotic-resistant bacterial

infection.

1109. The method of claim 98 or 108, wherein the StAMP with reduced renal
toxicity damages fewer kidney cells when administered to a subject relative to
the StAMP that is identical except that it does not comprise an amino acid
substitution that discrupts a hydrophobic patch and/or alters a cationic point

charge.

120. The method of claim 119, wherein the subject is a human.

121. The method of claim 98 or 108, wherein the StAMP with reduced renal
toxicity damages fewer primary renal proximal tubule epithelial cells
(pRPTECs) in an in vitro renal toxicity assay relative to the StAMP that is
identical except that it does not comprise an amino acid substitution that

discrupts a hydrophobic patch and/or alters a cationic point charge.
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122. The method of claim 98 or 108, wherein the StAMP with reduced renal
toxicity damages fewer kidney cells when administered to a subject relative to
a StAMP that is identical except that it does not comprise an amino acid
substitution that discrupts a hydrophobic patch and/or alters a cationic point

charge.

123. The method of claim 122, wherein the damage to kidney cells is

monitored in the subject by serial serum creatinine measurements.

124, A stapled and/or stitched anti-microbial peptide (StAMP) having the
formula;
O y _H O
(Xaal ﬁ Mlxaaly
R, Rs R>

Formula (I)

or a pharmaceutically acceptable salt thereof,

wherein:

each Ri and Rz is independently H, alkyl, alkenyl, alkynyl, arylalkyl,
cycloalkylalkyl, heteroarylalkyl, or heterocyclylalkyl, any of which is substituted or
unsubstituted;

each Rs is independently alkylene, alkenylene, or alkynylene, any of which is
substituted or unsubstituted;

each x is independently 1,2, 3,4,5,6,7,8,9, or 10;

each w and y is independently 1,2, 3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16,
17, 18, 19, or 20,

zi1s1,2,3,4,5,6,7,8,9, or 10; and

each Xaa is independently an amino acid,
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wherein the StAMP exhibits an antimicrobial effect against at least one microbe, and
wherein

the [Xaa]w and/or [ Xaa]y of the StAMP comprises at least one hydrophobic
patch of two or more hydrophobic amino acids that is identical to a hydrophobic patch
present on an anti-microbial peptide (AMP) that is identical to the StAMP of Formula
I, except that at least one of the two or more hydrophobic amino acids of the
hydrophobic patch of the StAMP is substituted with an amino acid having reduced
hydrophobicity;

and/or

the StAMP comprises an amino acid substitution that alters the charge nature
of a cationic point charge relative an anti-microbial peptide (AMP) that is identical to

the StAMP of Formula I.

125. The stapled and/or stitched anti-microbial peptide (StAMP) of claim
124, wherein the StAMP comprises an a-helix.

126. The stapled and/or stitched anti-microbial peptide (StAMP) of claim
124, wherein the anti-microbial peptide (AMP) comprises an amino acid

selected from the group consisting of: SEQ ID NOs: 4-33.

127. The stapled and/or stitched anti-microbial peptide (StAMP) of claim
124, wherein the StAMP comprises an amino acid sequence that is at least

65% identical to an amino acid sequence selected from the group consisting

of: SEQ ID NOs: 36-41.
128. The stapled and/or stitched anti-microbial peptide (StAMP) of claim

124, wherein the StAMP comprises or consists of an amino acid sequence

selected from the group consisting of: SEQ ID NO: 36-41.
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129. The stapled and/or stitched anti-microbial peptide (StAMP) of claim

124, wherein the [ Xaa]w and/or [Xaaly of the SSAMP comprises at least one
hydrophobic patch that has been disrupted with an amino acid substitution

relative to the anti-microbial peptide (AMP).

130. The stapled and/or stitched anti-microbial peptide (StAMP) of claim

125, wherein at least one amino acid on the hydrophilic portion of the a-helix
of the StAMP is substituted with a lysine.

131. The stapled and/or stitched anti-microbial peptide (StAMP) of claim

130, wherein the StAMP exhibits greater anti-microbial activity relative to a

StAMP that is identical except that it does not comprise a lysine substitution

on the hydrophilic portion of its a-helix.

132. The stapled and/or stitched anti-microbial peptide (StAMP) of claim

124, wherein the StAMP comprises one amino acid substitution that alters one

cationic point charge relative to the anti-microbial peptide (AMP).

133. The stapled and/or stitched anti-microbial peptide (StAMP) of claim

124, wherein the StAMP comprises at least two amino acid substitutions that

alter at least two cationic point charges relative to the AMP.

134, The stapled and/or stitched anti-microbial peptide (StAMP) of claim

132, wherein the amino acid suibstitution comprises a lysine that is substituted
with an arginine, ornithine or a histidine.

135. The stapled and/or stitched anti-microbial peptide (StAMP) of claim

124, wherein the StAMP is administered to a subject to treat an antibiotic-
resistant bacterial infection.
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136. The stapled and/or stitched anti-microbial peptide (StAMP) of claim
124, wherein the StAMP damages fewer kidney cells when administered to a
subject relative to a StAMP that is identical except that it does not comprise an
amino acid substitution that discrupts a hydrophobic patch and/or alters a

cationic point charge.

137. The stapled and/or stitched anti-microbial peptide (StAMP) of claim

135 or 136, wherein the subject is a human.

138. A pharmaceutical composition comprising the stapled and/or stitched

anti-microbial peptide (StAMP) of claim 124,

139. A method of killing or inhibiting the growth of Gram-negative
carbapenem-resistant bacteria, the method comprising contacting the Gram-
negative carbapenem-resistant bacteria with a stapled and/or stitched

antimicrobial peptide (StAMP).

140. The method of claim 139, which is in vitro.
141. The method of claim 139, which is in vivo.
142. The method of any one of claims 139 to 141, wherein the Gram-

negative carbapenem-resistant bacteria is selected from the group consisting of
A. baumannii, E. coli, Pseudomonas aeruginosa, Neisseria gonorrhoeae,
Chlamydia trachomatis, Yersinia pestis, Proteus mirabilis, Enterobacter
cloacae, Serratia marcescens Helicobacter pylori, Salmonella enteritidis,
Salmonella typhi, Shigella, Moraxella, Stenotrophomonas, Bdellovibrio, acetic

acid bacteria, Klebsiella pneumoniae, and Legionella pneumophila, or a
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Gram-negative bacteria that contains a MCR-1 plasmid.

143. The method of any one of claims 139 to 142, wherein the stapled
and/or stitched antimicrobial peptide is based on or derived from the scaffold
of a peptide selected from the group consisting of magainin, pleurocidin,
pexiganan, pardaxin, hagfish intestinal antimicrobial peptide (HFIAP), PGQ,
buforin II, dermaseptin, caerin, melittin, cecropin, lycotoxin I, styelins B,

clavanin B, cathelicidin A, and dermicidin.

144. The method of any one of claims 139 to 142, wherein the StAMP
comprises or consists of the amino acid sequence set forth in any one of SEQ
ID NOs:1-3 or 34-43, or any one of SEQ ID NOs:7,9, 11, 13,15, 17, 19, 21,
23, 25,27, 29, 31, or 33 except for 1 to 5 amino acid substitutions, insertions,
and/or deletions within SEQ ID NOs:1-3 or 34-43 or SEQ ID NOs:7, 9, 11,
13,15, 17, 19, 21, 23, 25, 27, 29, 31, or 33.

145. The method of any one of claims 139 to 142, wherein the StAMP
comprises or consists of the amino acid sequence set forth in any one of SEQ
ID NOs:1-3 0r34-43 or any one of SEQ ID NOs:7, 9, 11, 13, 15, 17, 19, 21,
23,25, 27,29, 31, or 33.

146. A method of killing or inhibiting the growth of Gram-positive
carbapenem-resistant bacteria, the method comprising contacting the Gram-
positive carbapenem-resistant bacteria with a stapled and/or stitched
antimicrobial peptide (StAMP).

147. The method of claim 146, which is in vitro.

148. The method of claim 146, which is in vivo.
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149. The method of any one of claims 146 to 148, wherein the StAMP
comprises or consists of the amino acid sequence set forth in any one of SEQ
ID NOs:1-3 or 34-43, or any one of SEQ ID NOs:7,9, 11, 13,15, 17, 19, 21,
23, 25,27, 29, 31, or 33 except for 1 to 5 amino acid substitutions, insertions,
5 and/or deletions within SEQ ID NOs:1-3 or 34-43 or SEQ ID NOs:7, 9, 11,
13, 15,17, 19, 21, 23, 25, 27, 29, 31, or 33.

150. The method of any one of claims 146 to 148, wherein the StAMP
comprises or consists of the amino acid sequence set forth in any one of SEQ
10 ID NOs:1-3 0r34-43 or any one of SEQ ID NOs:7, 9, 11, 13, 15, 17, 19, 21,
23,25, 27,29, 31, or 33.

151. The method of any one of claims 146 to 148, further comprising
contacting the Gram-positive carbapenem-resistant bacteria with daptomycin

15 and/or vancomycin.

152. The method of any one of claims 139 to 151, wherein the carbapenem
is one or more of meropenem, imipenem, ertapenem, doripenem, panipenem,
biapenem, or tebipenem.
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