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ANTIMICROBIAL AND ANTICANCER
PEPTIDES & CONJUGATES AND

COMPOSITIONS, METHODS, ARTICLES &
KITS RELATING THERETO

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application 1s a continuation of U.S. patent
application Ser. No. 16/710,921 filed Dec. 11, 2019, which
claims priority to U.S. Provisional Application No. 62/778,

964 filed Dec. 13, 2018, the contents of each of which are
incorporated herein by reference 1n their entirety.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

[0002] This invention was made with government support
under Grant No. HDTRAI1-12-C-0039 awarded by the

Defense Threat Reduction Agency. The government has
certain rights 1n the mvention.

REFERENCE TO AN ELECTRONIC SEQUENCE
LISTING

[0003] The contents of the electronic sequence listing
(“381789_7000US2_XML; S1ze: 63,628 bytes; and Date of
Creation: Aug. 13, 2022) 1s herein incorporated by reference
in its entirety.

FIELD OF THE INVENTION

[0004] The present invention relates to peptides and con-
jugates including peptides and conjugates comprising anti-
microbial and/or anticancer properties, to compositions, kits,
and articles of manufacture comprising such peptides and
conjugates, as well as to methods for using the peptides and
conjugates.

BACKGROUND

[0005] While a diverse range of therapeutic strategies have
been explored including for the delivery of antimicrobial
and/or anticancer agents, such strategies often show toxic
ellect on normal cells. For example, constructs based on
chlorine conjugated to polylysines of varied lengths and
varied degrees of substitution have been investigated against
representative gram-negative and gram-positive bacteria for
the mtracellular delivery of the photosensitizer (chlorine). In
these studies, cells were treated with the conjugate and then
exposed to 660 nm light, which triggers the generation of
singlet oxygen and Iree radicals leading to cell death.
Polylysine conjugates are generally not well suited for
systemic administration. They tend to provide limited speci-
ficity 1n their delivery of attached drug moieties by entering
host cells, as well as invading microbes. Similar polylysine
peptides have been used for the transduction of proteins
across the membranes of mammalian cells.

[0006] There 1s a need for new and eflective antimicrobial
and/or anticancer agents as well as therapeutic, prophylactic,
and/or diagnostic methods and strategies that target micro-
bial organisms and/or cancerous cells.

Feb. 16, 2023

SUMMARY OF THE INVENTION

[0007] In one aspect, the present invention provides a
peptide comprising;:

[0008] (a) the amino acid sequence set forth in Formula (1)
(SEQ ID NO:1):

Xog1 X X

e 3

X

crex? crexred Xﬂﬂﬂ X-:mrﬁ X-:mr? Xﬁlds Xaag X-:I-:Ilﬂ Xclclll

[0009] whereimn independently of each other:

[0010] X _ . 1s Lys or Arg,
[0011] X . 1s Lys or Arg,
[0012] X . 1s Phe, Ala, or Trp,
[0013] X _ . 1s Lys or Arg,
[0014] X _ . 1s Lys or Arg,
[0015] X . 1s Phe or Trp,
[0016] X_ . 1s Phe or Trp,
[0017] X _ . 1S Lys or Arg,
[0018] X o 1s Lys or Arg,
[0019] X ., 1s Leu, Phe, or Trp, and
[0020] X __,; 1s Lys or Arg; or
[0021] (b) the amino acid sequence set forth 1n Formula (1)

(SEQ ID NO:1) with one substitution, isertion, addition, or
deletion.

[0022] In another aspect, the present invention provides a
polynucleotide encoding the peptide of Formula (I) (SEQ ID
NO:1).

[0023] In other aspects, the present invention provides a

composition comprising the peptide of Formula (I) (SEQ ID
NO:1) or the polynucleotide encoding the peptide of For-
mula (I) (SEQ ID NO:1).

[0024] In some aspects, the present invention provides an
article ol manufacture comprising the peptide of Formula (I)
(SEQ ID NO:1).

[0025] In one aspect, the present invention provides a kit
comprising the peptide of Formula (I) (SEQ ID NO:1) or the
polynucleotide encoding the peptide of Formula (I) (SEQ ID
NO:1).

[0026] In another aspect, the present invention provides a
method for treating infection by a microbial organism 1n a

subject. The method comprises administering to the subject
the peptide of Formula (I) (SEQ ID NO:1) or the polynucle-

otide encoding the peptide of Formula (I) (SEQ ID NO:1).

[0027] In other aspects, the present invention provides a
method for preventing, reducing or inhibiting growth of a
microbial organism or biofilm on a surface. The method
comprises contacting the surface with a composition com-
prising the peptide of Formula (I) (SEQ ID NO:1).

[0028] In some aspects, the present mnvention provides a
method for promoting wound healing 1n a subject. The
method comprises administering to the subject the peptide of
Formula (I) (SEQ ID NO:1) or the polynucleotide encoding
the peptide of Formula (I) (SEQ ID NO:1).

[0029] In one aspect, the present invention provides a
method for treating or preventing endotoxemia in a subject.
The method comprises administering to the subject an

amount of the peptide of Formula (I) (SEQ ID NO:1)
cllective to treat or prevent endotoxemia 1n the subject.

[0030] In another aspect, the present invention provides a
method for determining an lipopolysaccharide (LPS) or an
lipoteichoic acid (L'TA) 1n a sample. The method comprises
contacting the sample with the peptide of Formula (1) (SEQ
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ID NO:1) under a condition such that the LPS or the LTA
binds to the peptide to form a complex; and detecting the
complex.

[0031] In some aspects, the present invention provides a
method for diagnosing an LPS- or an L'TA-associated dis-
order in a subject. The method comprises forming a complex
between an LPS or an LTA and the peptide of Formula (I)
(SEQ ID NO:1) under a condition such that the LPS or the
LTA binds to the peptide to form the complex; and detecting
the complex.

[0032] In other aspects, the present invention provides a
method for treating a composition comprising an LPS or an
LTA. The method comprises contacting the composition
with the peptide of Formula (I) (SEQ ID NO:1) under a
condition such that the LPS or the LTA binds to the peptide
to form a complex; and separating the complex from the
composition, thereby reducing or eliminating the LPS or the
LTA from the composition.

[0033] In some aspects, the present provides a method for
determining the presence of bacteria in a sample. The
method comprises contacting the sample with the peptide of
Formula (I) (SEQ ID NO:1) under a condition such that the
bacteria bind to the peptide to form a complex; and detecting,
the complex. The peptide may be 1n free form or conjugated
to an agent or bound to another solid phase.

[0034] In other aspects, the present provides a method for
isolating bacteria from a sample. The method comprises
contacting the sample with the peptide of Formula (I) (SEQ
ID NO:1) under a condition such that the bacteria bind to the
peptide to form a complex; and 1solating the complex. The
peptide may be 1n free form or conjugated to an agent or
bound to another solid phase.

[0035] In one aspect, the present invention provides a
method for treating or preventing a cancer in a subject in
need thereof. The method comprises administering to the

subject a therapeutically or prophylactically eflective
amount of the peptide of Formula (I) (SEQ ID NO:1), or a
composition comprising the peptide or a polynucleotide

encoding the peptide.

[0036] In one aspect, the present imvention provides a
conjugate comprising the peptide of Formula (I) (SEQ ID
NO:1) conjugated to an agent, wherein the peptide 1s con-
nected to the agent directly or through a linker segment, the
agent being connected to the peptide or the linker segment
through a stable or cleavable bond, wherein the conjugate
carries and facilitates the delivery of the conjugated agent to
a microbe or a cancer cell.

[0037] In one aspect, the present imvention provides a
method for targeting delivery of an agent to a cell 1n a
subject, the method comprising administering to the subject
the conjugate provided herein.

[0038] In some aspects, the present provides a method for
determining the presence of tumor cells 1n a sample. The
method comprises contacting the sample with the peptide of

Formula (I) (SEQ ID NO:1) under a condition such that the
tumor cell binds to the peptide to form a complex; and
detecting the complex. The peptide may be 1n free form or
conjugated to an agent or bound to another solid phase.

[0039] In other aspects, the present provides a method for
isolating tumor cell from a sample. The method comprises
contacting the sample with the peptide of Formula (I) (SEQ
ID NO:1) under a condition such that the tumor cell binds to
the peptide to form a complex; and 1solating the complex.
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The peptide may be 1n free form or conjugated to an agent
or bound to another solid phase.

[0040] In one aspect, the present invention provides a
method for increasing the transferability across cell-mem-
brane of an agent to be delivered to a cell present 1n a subject
the method comprising administering to the subject the
conjugate provided herein.

[0041] In other aspects, the present invention provides a
method for increasing the transferability across cell-mem-
brane of an agent to be delivered to a cell ex vivo, the
method comprising contacting the cell with the conjugate
provided herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0042] FIG. 1 1s a Wimley-White Plot of Hydrophobic
Index and Free Energy of Transfer. The figure depicts how
the likeness of the peptide to translocate from water to POPC
membrane interfaces depends on the specific sequence. The
Total Hydrophobic Moment 1s on the x-axis and Free Energy
of Transfer 1s on the y-axis.

[0043] FIGS. 2A-2B are graphs showing endotoxin bind-
ing. The figures depict the competitive displacement of BC
from LPS/LTA by the peptides. 5 uM of each peptide was
incubated with 10 BC and 10 ug/mL LPS from E. coli
(0111:B4) or LTA from S. aureus. Fluorescence intensity
was measured at excitation=380 nm and emission=620 nm.
10 uM BC without endotoxin was used as 100% displace-
ment while 10 uM BC with 10 ug/mlL LPS/LTA without any
peptide as 0% displacement and the % displacement of BC
by each peptide was calculated accordingly. PMN had been
used as a positive control. The horizontal dotted line coin-
cides with the % displacement of BC by ATRA1 on the
y-axis.

[0044] FIG. 3 1s a graph showing the antimicrobial efhi-
cacy of the peptides against £. coli ATCC 25922 1n three
different phosphate bufllers. The bullers were maintained at
pH=7.4 and supplemented with 0.1% glucose prior to use.
The buflers were: 10 mM sodium phosphate (blue), PBS
(orange) and DPBS (green) and represented as result of
triplicate. When a peptide did not display eflicacy i a
certain bufter condition, the results are not shown.

[0045] FIG. 4 1s a graph showing the antimicrobial efli-
cacy of the peptides against B. cereus ATCC 11778 1n
DPBS. The butfler (pH=7.4) was supplemented with 0.1%
glucose prior to use.

[0046] FIGS. SA-5B are graphs showing the outer mem-
brane (FIG. 5A) and inner membrane (FIG. 5B) disruptions
of £. coli ML35p. Two diflerent phosphate builers were
used: 10 mM sodium phosphate (blue) and DPBS (green)
The activity due to HCMAB 1ncubation was considered as
100% disruption while incubation with no-peptide was
considered as 0% disruption.

[0047] FIGS. 6 A-6B are graphs showing endotoxin (LPS
(FIG. 6A) and LTA (FIG. 6B)) binding. Competitive dis-
placement of BC from LPS/LTA. In each case, 5 uM peptide
was incubated with 10 uM BC and 10 ng/mL LPS from £.
coli (0111:B4) or LTA from S. aureus. Fluorescence inten-
sity was measured using excitation=580 nm and emis-
s1on=620 nm. As a positive control 10 uM BC without
endotoxin was used as a reference for 100% displacement
while 10 uM BC with 10 ug/mlL LPS/LTA without any
peptide as a negative control and a reference for 0% dis-
placement. These controls were used to calculate % BC
displacement for each peptide.
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[0048] FIG. 7 1s graph showing anti-microbial effective-
ness against type strain E. coli (ATCC 25922) under differ-
ent conditions of bufler. Various kinds of phosphate buflers
were utilized: 10 mM Sodium phosphate (blue), PBS (or-
ange), DPBS (green) and DPBS+4% bovine serum albumin
(pink). The peptides were also tested against the £. coli 1n
bovine serum (red). The results are represented as mean of
triplicate. When a peptide did not display eflicacy i a
certain bufler condition, the results are not shown. LL37 was
not tested 1n 10 mM sodium phosphate bufler or 1n PBS, and
so the results are not shown for those buflers.

[0049] FIG. 8 1s a graph showing antimicrobial eflicacies
of ATRA1-R3W2-HYD (blue), NA-CATH (dark orange)
and PMB (green) against selected members of ESKAPE
(Enterococcus faecium, Staphviococcus aureus, Klebsiella
prneumoniae, Acinetobacter baumannii, Pseudomonas
aeruginosa, and Enterobacter) pathogens. Both susceptible
and drug-resistant strains were used. All the bacternia, except
Pseudomonas aeruginosa, were tested under mammalian
serum. P. aeruginosa results were obtained from testing 1n
DPBS. The results are presented as mean of tests 1n triplicate
with error-bars depicting the 95% confidence interval of the
mean.

[0050] FIG. 9 1s a graph showing the E. coli outer mem-
brane disruption in phosphate builers with varying ionic
composition. Low 1onic strength 10 mM sodium phosphate
(blue) and (physiologically relevant 1omic conditions) DPBS
(green). The activity due to HCMAB incubation was con-
sidered as 100% disruption while incubation with no-peptide
was considered as 0% disruption and the results are dis-
played as mean of duplicate studies.

[0051] FIGS. 10A-10B are graphs showing the hemolysis
activity of NA-CATH dernived peptide variants and PMB
against sheep erythrocytes. Peptides were incubated at 125
uM against 10% suspension of sheep blood cells in DPBS
for 1 hour at 37° C. where, DPBS alone served as negative
control and 1% TritonX-100 served as 100% lysis. After
incubation, the cells and the debris were pelleted by cen-
trifugation (1000 r.p.m, 5 min) and the supernatant was
transferred to a microplate and absorbance read at 540 nm
was conducted. Each peptide was tested 1n triplicate.

[0052] FIGS. 11A-11B are graphs showing cytotoxicity
against primary lung epithelium cells in serum-iree condi-
tion. Cells were seeded 1n complete growth medium (Mini-
mal essential medium supplemented with 10% fetal bovine
serum) at near-contluence 1nto a 96-well plate and allowed
to settle for 24-hours. Media was then replaced to OptiMEM
I reduced serum medium containing peptide or vehicle alone
(DBPS) and cells were incubated overnight (16 hours). A
resazurin based dye (Alamar blue) was added directly to
media and conversion of resazurin to resorufin was evalu-
ated following two hours. % Survival represents the pro-
portion of viable cells 1n peptide treated cells relative to cells
treated with vehicle alone. Linear regression was performed
to 1dentily the concentration to achieve 50% lethality (LD-,)
for each toxic peptide. Each peptide was tested in triplicate.

[0053] FIG. 12 1s a graph showing comparison ol toxici-

ties against Lung Primary Epithelial cells and Lung Can-
cerous Epithelial Cells, derived from H338 cell-line. Non-
linear regression analysis of six-hour cytotoxicity data was
performed to identily the concentration to achieve 50%
lethality (LD.,) for each toxic peptide. Each peptide was
tested 1n triplicate.
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[0054] FIG. 13 1s a graph showing perturbation of £. Coli
out membrane by NPN-Assay.

[0055] FIG. 14 1s a graph showing perturbation of £. Coli
ML35p out membrane.

DETAILED DESCRIPTION OF TH.
INVENTION

(L]

[0056] Disclosed herein are peptides, as well as compo-
sitions, conjugates, methods, articles, and kits related to
peptides, including antimicrobial peptides (AMPs) and anti-
cancer peptides/constructs, and strategies for leveraging the
therapeutic and/or prophylactic potential thereof. According
to various aspects and embodiments, the peptides, conju-
gates, compositions, methods, articles, and kits provided
herein can be used, among other things, for targeting a cell
(e.g., a microbe, a cancer or tumor cell, a cell containing
membranes differing from a normal healthy cell, cells with
distinct membranes including, for example, cysts and cystic
fibrosis), including for targeting a cell for therapeutic and/or
prophylactic treatment and/or prevention of cancers and/or
ol infections, wounds and/or biofilms, including infections,
wounds and/or biofilms that involve a microbial organism
including, but not limited to, a microbial organism that may
be classified or otherwise characterized as a biodefense
and/or drug- or multidrug-resistant/tolerant pathogen.
[0057] In some embodiments, the microbial organism 1s a
bactenial strain, virus, fungus, or protozoa.

[0058] In one embodiment, the bacterial strain 1s a Gram-
negative or Gram-positive bacterial strain.

[0059] In another embodiment, the bacterial strain 1s of the
genus Francisela, Acinetobacter, Pseudomonas, Klebsiella,
Escherichia, Haemophilus, Proteus, Entervobacter, Serratia,
Burkholderia, Stenotrophomonas, Alcaligenes, Mycobacte-
rium, Legionella, Neisseria, Yersinia, Shigella, Vibrio, or
Salmonella.

[0060] In other embodiments, the bacterial strain 1s Fran-
cisela tularensis, Acinetobacter baumannii, Pseudomonas
aeruginosa, Klebsiella pmneumoniae, Klebsiella oxytoca,
Escherichia coli, Haemophilus influenzae, Proteus mirabi-
lis, Enterobacter species, Serratia marcescens, Buvkhold-
eria cepacia, Stenotrophomonas maltophilia, Alcaligenes
xvlosoxidans, Mycobacterium tuberculosis, Neisseria gon-
orrhoeae, Yersinia pestis, Shigella dysenteriae, Vibrio chol-
era, or Salmonella typhi.

[0061] In one embodiment, the bacterial strain 1s Fran-
cisela tularensis, Francisela novicida, Francisela hispanien-
sis, Francisela noatunensis, Francisela philomiragia, Fran-
cisela halioticida, Francisela endociliophora, Francisela
guangzhouensis, or Francisela piscicida.

[0062] In another embodiment, the bacterial strain 1s Fran-
cisela tularensis.

[0063] In other embodiments, the bacterial strain 1s of the
genus Staphviococcus, Bacillus, Rhodococcus, Actinobacte-
ria, Lactobacillus, Actinomyces, Clostridium, or Streptococ-
Cus.

[0064] In some embodiments, the bacterial strain 1s
Staphviococcus aurveus, Bacillus anthracis, Streptococcus
mutans or Streptococcus sanguinis.

[0065] In other embodiments, viruses mclude but are not
limited to influenza virus, parainfluenza virus, respiratory
syncytial virus, human metapneumovirus, corona virus fam-
1ly members, human immunodeficiency virus, herpes sim-
plex virus, cytomegalovirus, SARS (Severe Acute Respira-
tory Syndrome) virus, and Epstein-Barr virus.
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[0066] In some embodiments. fungi include but are not
limited to Histoplasma capsulatum, Coccidioides immitis,
Blastomyces dermatitidis, Paracoccidioides brasiliensis,
Candida sp., Aspergillus sp., Mucor sp., Cryptococcus neo-
formans.

[0067] In other embodiments, protozoa include but are not
limited to Entamoeba, Acanthamoeba, Balamuthia, Leish-
mania, Trypanosoma, Irichomonas, Lophomonas, Cryp-
tosporidium, Cyclospora, Toxoplasma, Plasmodium, Babe-
sia, Encephalitozoon, Enterocytozoon and Balantidium.

[0068] Some non-limiting examples of cancer include
carcinoma, melanoma, lymphoma, blastoma, sarcoma, germ
cell tumors, and leukemia or lymphoid malignancies. Non-
limiting examples of cancers that fall within these broad
categories 1nclude squamous cell cancer (e.g., epithelial
squamous cell cancer), lung cancer including small-cell lung
cancer, non-small cell lung cancer, adenocarcinoma of the
lung and squamous carcinoma of the lung, cancer of the
peritoneum, hepatocellular cancer, gastric or stomach cancer
including lung cancer, gastrointestinal cancer, pancreatic
cancer, glioblastoma, cervical cancer, ovarian cancer, liver
cancer, bladder cancer, cancer of the urinary tract, hepatoma,
breast cancer, colon cancer, rectal cancer, colorectal cancer,
endometrial or uterine carcinoma, salivary gland carcinoma,
kidney or renal cancer, prostate cancer, vulval cancer, thy-
roid cancer, hepatic carcinoma, anal carcinoma, melanoma,
multiple myeloma and B-cell lymphoma, brain, as well as
head and neck cancer, and associated metastases.

[0069] In other embodiments, cancer also encompasses
cell proliferative disorders which are associated with some
degree of abnormal cell proliferation and includes, but not
limited to, tumors, which include neoplasms or neoplastic
cell growth and proliferation, whether malignant or benign,
and all pre-cancerous and cancerous cells and tissues. In one
embodiment, the cancer 1s a lung cancer. In some embodi-
ments, the lung cancer 1s an adenocarcinoma, a squamous
cell carcinoma, a large cell carcinoma, a small cell lung
cancer, an adenosquamous carcinoma, or a sarcomatoid
carcinoma.

[0070] In another embodiment, a cell can be a cell con-
taining membranes diflering from normal healthy cells. In
some embodiments, a cell can be a cell with a distinct
membrane including, but not limited to, cysts, cystic fibrosis
cells, tumor and cancer cells. In other embodiments, the cell
comprises a cell membrane having a net-negative charge
characteristic.

[0071] Subjects that can be administered or otherwise
benefit from the peptides, compositions, methods, articles,
and kits provided herein include vertebrates such as, without
limitation, mammals. A mammal can be a human or animal
including livestock and companion animals. Companion
amimals include but are not limited to animals kept as pets.
Examples of companion animals include cats, dogs, and
horses, as well as birds, such as parrots and parakeets.
Livestock refers to amimals reared or raised 1n an agricultural
setting to make products such as food or fiber, or for its
labor. In some embodiments, livestock are suitable {for
consumption by mammals, for example humans. Examples
of livestock animals include mammals, such as cattle, goats,
horses, pigs, sheep, including lambs, and rabbits, as well as
birds, such as chickens, ducks and turkeys.

[0072] In some embodiments, the subject 1s a human. In
another embodiment, the subject 1s a non-human mammal.
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[0073] In other embodiments, the subject can be a human
who 1s a medical patient (e.g., a diabetes patient, or a patient
in a hospital, clinic), a member of the armed services or law
enforcement, a fire fighter, or a worker 1n the gas, oil, or
chemical industry. In one embodiment, the subject 1s an
amimal that 1s a veterinarian subject/patient (e.g., livestock
or companion animal).

[0074] Absent an express indication of the N-terminus
and/or C-terminus of a peptide set forth herein, the peptide
1s to be read from the N-terminus to C-terminus. In some
embodiments, individual residues are indicated by the 1den-
tity of the amino acid using a standard one- and/or three-
letter code known to one of ordinary skill in the art.

[0075] In some aspects, the sequence of a peptide of the
present invention can be based on the sequence or portion of
the 34-residue Naja atra cathelicidin (NA-CATH) peptide,
which corresponds to a helical cathelicidin 1dentified in

cDNA from the venom gland of the elapid snake, Naja atra
(Zhao et al., Peptides 29(10):1685-1691 (2008)). NA-CATH

has the sequence KRFKKFFKKLKNS-
VKKRAKKFFKKPKVIGVTFPF (SEQ ID NO:51) and
includes two 11 amino acid repeats (underlined) that differ

from one another at the third and tenth positions (WO
2012/145680; de Latour, F. et al., Biochemical and Bio-

physical Research Communications 396:825-830 (2010)).

[0076] In some embodiments, the peptides provided
herein can be shorter and/or vanant versions ol the NA-
CATH peptide, including peptides having one or more
substitutions, insertions, and/or deletions relative to the
NA-CATH peptide sequence or a portion thereof. In other
embodiments, the peptides have one or more biological
activities (e.g., antimicrobial and/or anticancer and/or bac-
teria-binding and/or tumor cell-binding).

[0077] In some embodiments, the peptides provided
herein can include one or more (e.g., one, two, three, four,
five or more) substitutions, insertions, deletions, and/or

additions (and combinations thereol) as compared to the
NA-CATH sequence set forth in SEQ ID NO:31.

[0078] Amino acid substitutions can be conservative or
non-conservative amino acid substitutions. Conservative
amino acid substitutions can be, for example, aspartic-
glutamic as acidic amino acids; lysine/arginine/histidine as
basic amino acids; leucine/isoleucine, methionine/valine,
alanine/valine as hydrophobic amino acids; serine/glycine/
alanine/threonine as hydrophilic amino acids. Conservative
amino acid substitutions also include groupings based on
side chains. For example, amino acids having aliphatic side
chains such as glycine, alanine, valine, leucine, and 1soleu-
cine; amino acids having aliphatic-hydroxyl side chains such
as serine and threonine; amino acids having amide-contain-
ing side chains such as asparagine, glutamine and citrulline;
amino acids having aromatic side chains such as phenylala-
nine, tyrosine, and tryptophan; amino acids having basic
side chains such as lysine, arginine, and histidine; and amino
acids having sulfur-containing side chains such as cysteine
and methionine. Non-conservative amino acid substitutions
typically entail exchanging a member of one of the classes
described above for a member of another class. After making
an amino acid substitution, insertion, deletion, and/or addi-
tion, the activity of a peptide containing the amino acid
substitution, insertion, deletion, or addition can be assessed
using the assays described herein.

[0079] In some embodiment, a C-terminal amide, or other
C-terminal capping moiety can be present i peptides
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described herein. In one embodiment, a peptide described
herein 1s amidated at the C-terminal.

[0080] In other aspects, the present invention provides a
peptide comprising;:

[0081] (a) the amino acid sequence set forth 1n Formula (1)
(SEQ ID NO:1):

Xﬂﬂl XﬂﬂE Xaa.'?r Xaaﬁl Xﬂﬂ5 Xdﬂfﬁ Xﬂﬂ? Xﬂﬂﬁ Xaag Xm:xlﬂ Xﬂﬂll

[0082] wherein independently of each other:
[0083] X, 1s Lys or Arg,
[0084] X . 1s Lys or Arg,
[0085] X __; 1s Phe, Ala, or Trp,
[0086] X . 1s Lys or Arg,
[0087] X _ . 1s Lys or Arg,
[0088] X _ . 1s Phe or Trp,
[0089] X _ - 1s Phe or Trp,
[0090] X _ . 1s Lys or Arg,
[0091] X _ . 1s Lys or Arg,
[0092] X_ ., 1s Leu, Phe, or Trp, and
[0093] X _ ., 1s Lys or Arg; or
[0094] (b) the amino acid sequence set forth 1n Formula (1)

(SEQ ID NO:1) with one or more substitutions, 1nsertions,
additions, or deletions.

[0095] In one embodiment, the peptide comprises:
[0096] (a) the amino acid sequence set forth 1n Formula (1)
(SEQ ID NO:1); or

[0097] (b) the amino acid sequence set forth 1n Formula (1)
(SEQ ID NO:1) with one or more substitutions, 1nsertions,
additions, or deletions:

[0098] with the proviso that the amino acid sequence 1s not

KRFKKFFKKLK (SEQ ID NO:2), KRAKKFFKKPK (SEQ
ID NO:3), or KRAKKFFKKLK (SEQ ID NO:4).

[0099] In another embodiment, the peptide comprises the
amino acid sequence KKAKKFFKKLK (SEQ ID NQO:5)
with one, two, three, four, or five substitutions, 1nsertions,
additions, or deletions, with the proviso that the amino acid
sequence 1s not the sequence set forth 1n SEQ 1D NO:2, 3,
or 4. In one embodiment, the peptide comprises the amino
acid sequence set forth in SEQ ID NO:3.

[0100] In some embodiments, the peptide comprises the
amino acid sequence KRAKKFFKRLK (SEQ ID NO:6)
with one, two, three, four, or five substitutions, 1nsertions,
additions, or deletions, with the proviso that the amino acid
sequence 1s not the sequence set forth 1n SEQ 1D NO:2, 3,
or 4. In other embodiments, the peptide comprises the amino
acid sequence set forth in SEQ ID NO:6.

[0101] In one embodiment, the peptide comprises the
amino acid sequence KRAKRFFKRLK (SEQ ID NO:7)
with one, two, three, four, or five substitutions, 1nsertions,
additions, or deletions, with the proviso that the amino acid
sequence 1s not the sequence set forth 1n SEQ 1D NO:2, 3,
or 4. In another embodiment, the peptide comprises the
amino acid sequence set forth in SEQ ID NO:7.

[0102] In some embodiments, the peptide comprises the
amino acid sequence RRAKRFFKRLK (SEQ ID NO:8)
with one, two, three, four, or five substitutions, 1nsertions,
additions, or deletions, with the proviso that the amino acid
sequence 1s not the sequence set forth in SEQ 1D NO:2, 3,
or 4. In other embodiments, the peptide comprises the amino

acid sequence set forth in SEQ ID NO:S8.

[0103] In one embodiment, the peptide comprises the
amino acid sequence RRFKRFFKRLK (SEQ ID NO:9) with
one, two, three, four, or five substitutions, insertions, addi-
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tions, or deletions, with the proviso that the amino acid
sequence 15 not the sequence set forth 1n SEQ 1D NO:2, 3,
or 4. In another embodiment, the peptide comprises the
amino acid sequence set forth in SEQ ID NO:9.

[0104] In some embodiments, the peptide comprises the
amino acid sequence RRFRRFFRRLR (SEQ ID NO:10)
with one, two, three, four, or five substitutions, insertions,
additions, or deletions, with the proviso that the amino acid
sequence 1s not the sequence set forth 1n SEQ 1D NO:2, 3,
or 4. In other embodiments, the peptide comprises the amino
acid sequence set forth in SEQ ID NO:10.

[0105] In one embodiment, the peptide comprises the
amino acid sequence KRFKKFFKKFK (SEQ ID NO:11)
with one, two, three, four, or five substitutions, insertions,
additions, or deletions, with the proviso that the amino acid
sequence 1s not the sequence set forth in SEQ ID NO:2, 3,
or 4. In another embodiment, the peptide comprises the
amino acid sequence set forth in SEQ ID NO:11.

[0106] In some embodiments, the peptide comprises the
amino acid sequence KRWKKFFKKWK (SEQ ID NO:12)
with one, two, three, four, or five substitutions, insertions,
additions, or deletions, with the proviso that the amino acid
sequence 1s not the sequence set forth in SEQ ID NO:2, 3,
or 4. In other embodiments, the peptide comprises the amino
acid sequence set forth in SEQ 1D NO:12.

[0107] In one embodiment, the peptide comprises the
amino acid sequence KRWKKWFKKWK (SEQ ID NO:13)
with one, two, three, four, or five substitutions, 1nsertions,
additions, or deletions, with the proviso that the amino acid
sequence 1s not the sequence set forth in SEQ ID NO:2, 3,
or 4. In another embodiment, the peptide comprises the
amino acid sequence set forth in SEQ ID NO:13.

[0108] In some embodiments, the peptide comprises the
amino acid sequence KRWKKWWKKWK (SEQ 1D
NO:14) with one, two, three, four, or five substitutions,
insertions, additions, or deletions, with the proviso that the
amino acid sequence 1s not the sequence set forth in SEQ 1D
NO:2, 3, or 4. In other embodiments, the peptide comprises
the amino acid sequence set forth in SEQ 1D NO:14.
[0109] In one embodiment, the peptide comprises the
amino acid sequence RRWKRFFKRWK (SEQ 1D NO:15)
with one, two, three, four, or five substitutions, insertions,
additions, or deletions, with the proviso that the amino acid
sequence 1s not the sequence set forth 1n SEQ 1D NO:2, 3,
or 4. In another embodiment, the peptide comprises the
amino acid sequence set forth in SEQ ID NO:15.

[0110] In one embodiment, the peptide 1s amidated at the
C-terminal.
[0111] In some embodiments, the peptide further com-

prises a linked segment. In one embodiment, the linked
segment 1s a C-terminal tail of the peptide.

[0112] In one embodiment, the linked segment 1s a hydro-
phobic segment comprising one or more hydrophobic moi-
eties such as, for example, one or more hydrophobic amino
acids, etc.

[0113] In another embodiment, the linked segment com-
prises a second amino acid sequence comprising one or
more hydrophobic amino acids, for example one or more of
glycine (Gly), alanine (Ala), valine (Val), leucine (Leu),
1soleucine (Ile), proline (Pro), phenylalanine (Phe), methio-
nine (Met), and/or tryptophan (Irp) and combinations
thereof.

[0114] In other embodiments, the linked segment 1is
capable of adopting a random coil structure. For example, 1n
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one embodiment, the linked segment adopts a random coil
structure 1n the presence of an amonic lipid or liposome.
[0115] For example, the last 8-residues of NA-CATH are
hydrophobic and adopt random coil structures in the pres-
ence ol anionic liposomes. Without wishing to be bound by
any particular theory, it 1s believed that the presence of
unstructured C-terminal tails had demonstrated enhance-
ment of anti-microbial and anti-endotoxin activities in some
partially helical peptides.

[0116] In one embodiment, the linked segment has a
linked segment amino acid sequence set forth 1n Formula

(II) (SEQ ID NOI6) X.-:ml Xaa.’Z X.-:HIS X.-:m4 XﬂﬂS Xaaﬁ Xaa?
XaaB X.-:MIQ Xaal(]
[0117] wherein independently of each other:

[0118] X, 1s absent or Gly;
[0119] X_,, 1s absent or Gly;
[0120] X . 1s absent, a hydrophobic amino acid, Arg,

or citrulline,

[0121] X _ . 1s a hydrophobic amino acid, Arg, or cit-
rulline,

[0122] X _ . 1s a hydrophobic amino acid, Arg, or cit-
rulline,

[0123] X _ . 1s a hydrophobic amino acid, Arg, or cit-
rulline,

[0124] X _ - 1s a hydrophobic amino acid, Arg, or cit-
rulline,

[0125] X _ . 1s a hydrophobic amino acid, Arg, or cit-
rulline,

[0126] X __, 1s a hydrophobic amino acid, Arg, citrul-
line, or Tyr, and

[0127] X _ ., 1s absent, a hydrophobic amino acid, Arg,
or citrulline.

[0128] In some embodiments, the linked segment has the
linked segment sequence set forth i (SEQ ID NO:16),
wherein each of X .-X . 1s a hydrophobic amino acid.

aad aal
[0129] In other embodiments, the linked segment has the

linked segment sequence VIGVTFPF (SEQ ID NO:17).
[0130] In another embodiment, the linked segment has the
linked segment sequence VIGVSIPF (SEQ ID NO:18).

[0131] In one embodiment, the linked segment has the
linked segment sequence VIGVTIPF (SEQ ID NO:19).

[0132] In other embodiments, the linked segment has the
linked segment sequence GGVIGVTFPFE (SEQ 111 NO:20).

[0133] In another embodiment, the linked segment has the
linked segment sequence GGVIGVSIPF (SEQ NO:21).

[0134] In one embodiment, the linked segment has the
linked segment sequence GGVIGVTIPF (SEQ NO:22).

[0135] In some embodiments, the peptide comprises the
amino acid sequence set forth in any one of SEQ ID
NOs:5-135, wherein the peptide further comprises the linked
segment sequence as set forth mm VIGVTFPF (SEQ ID
NO:17).

[0136] In other embodiments, the peptide comprises the
amino acid sequence set forth mm any one of SEQ ID
NOs:53-15, wherein the peptide further comprises the linked
segment sequence as set forth mm VIGVSIPF (SEQ ID
NO:18).

[0137] In other embodiments, the peptide comprises the
amino acid sequence set forth i any one of SEQ ID
NOs:3-15, wherein the peptide further comprises the linked
segment sequence as set forth i VIGVTIPEF (SEQ NO:19).

[0138] In some embodiments, the peptide comprises the
amino acid sequence set forth mm any one of SEQ ID

Feb. 16, 2023

NOs:3-15, wherein the peptide further comprises the linked
segment sequence as set forth in GGVIGVTEPE (SEQ ID
NO:20).

[0139] In other embodiments, the peptide comprises the
amino acid sequence set forth in any one of SEQ ID
NOs:53-15, wherein the peptide further comprises the linked
segment sequence as set forth in GGVIGVSIPF (SEQ 1I)
NO:21).

[0140] In other embodiments, the peptide comprises the
amino acid sequence set forth in any one of SEQ ID
NOs:5-135, wherein the peptide further comprises the linked
segment sequence as set forth in GGVIGVTIPF (SEQ 1D
NO:22).

[0141] In one embodiment, a peptide described herein 1s
amidated at the C-terminal.

[0142] In other aspects, the present invention provides
peptide conjugates comprising other peptides conjugated to
a linked segment described herein. In one embodiment, the
linked segment 1s a C-terminal tail of the conjugate. In some
embodiments, the linked segment comprises a linked seg-
ment sequence set forth in Formula (II) (SEQ ID NO:16). In
other embodiments, the linked segment sequence comprises
SEQ ID NO:17, 18, 19, 20, 21, or 22. In one embodiment,

the linked segment sequence comprises SEQ 1D NO:20, 21,
or 22.

[0143] In one embodiment, the peptide conjugate 1s ami-
dated at the C-terminal.

[0144] In another embodiment, the linked segment 1is
covalently bonded 1n the peptide through a linker. In some
embodiments, a linker 1s optional. In other embodiments,
peptides are provided further having a linker as described
herein, covalently linking the linked segment with the amino
acid sequence of the rest of the peptide.

[0145] In some embodiments, the linker 1s a bond.
[0146] In one embodiment, the linker 1s a peptide linker.
[0147] In various embodiments, the peptide linker 1s a

short, flexible bridging segment.

[0148] In some embodiments, the peptide linker is less
than about 30 amino acids, preferably less than about 10
amino acids and more preferably about 2, 3, 4, or 5 amino
acids. In one embodiment, the peptide linker comprises 2
amino acids.

[0149] In one embodiment, the linker includes from 1 to
30 or less amino acids linked by peptide bonds. The amino
acids can be selected from the 20 naturally occurring (i.e.,
physiological) amino acids. Alternatively, non-natural
amino acids can be incorporated either by chemical synthe-
s1s, post-translational chemical modification or by i vivo
incorporation by recombinant expression in a host cell.
Some of these amino acids may be glycosylated. In another
embodiment, the 1 to 30 or less amino acids are selected
from glycine, alanine, proline, asparagine, glutamine, and
lysine, and further from aspartate and glutamate.

[0150] Peptide linkers include, without limitation, (shown
in single-letter code): GG; GGG; GGGG (SEQ ID NO:23);
GGGGGG (SEQ ID NO:24); GPNGG (SEQ ID NO:25);
SGG; GGSGGS (SEQ ID NO:26); SAT; PVP; PSPSP (SEQ
ID NO:27); AAA; ASA; ASASA (SEQ ID NO:28);
PSPSPSP (SEQ ID NO:29); KKKK (SEQ ID NO:30);
RRRR (SEQ ID NO:31); (G,S); (SEQ ID NO:32); GGGGS
(SEQ ID NO:33); GGGGSGGGGS (SEQ ID NO:34);
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GOGGGESGGGEESGGEESGGGGS (SEQ  ID NO:335);
GGOOESGEGEGEGESGOOOGSGOGGSGEEGES (SEQ 1D,

NO:36); and
GGGGSGGEGEGESGEGEGEGESGEGEGEGESGGEESGGEGEGS  (SEQ
ID NO:37).

[0151] In other embodiments, charged linkers may be

used. Such charges linkers may contain a significant number
of acidic residues (e.g., Asp, Glu, and the like), or may
contain a significant number of basic residues (e.g., Lys,
Arg, and the like), such that the linker has a pl (1soelectric
point) lower than 7 or greater than 7, respectively. As
understood by one of ordinary skill in the art, and all other
things being equal, the greater the relative amount of acidic
or basic residues 1n a given linker, the lower or higher,
respectively, the pl of that linker will be. Such linkers may
impart advantageous properties to the peptides disclosed
herein, such as moditying the peptides pl, which can 1n turn
improve solubility and/or stability characteristics of such
peptides at a particular pH, such as at physiological pH (e.g.,
between pH 7.2 and pH 7.6, inclusive), or in a pharmaceu-
tical composition including such peptides. As 1s known to
one of ordinary skill in the art, solubility for a peptide may
be improved by formulation 1n a composition having a pH
that 1s at least or more than plus or minus one pH unit from
the pl of the peptide.

[0152] Amino acid-based linkers can be L form, D form,

combinations of L and D forms, 3-form, PEG backbone, and
the like.

[0153] In one embodiment, the linker comprises a digly-
cine (1.e., GQG).

[0154] In another embodiment, the linker 1s a nonpeptide
linker.

[0155] Nonpeptide linkers include, without limitation,
PEG of any chain length (e.g., —(CH,—CH,—O),—
wherein n 1s such that the PEG linker can have a molecular
weight (MW) of about 30 to about 5000 kD, or about 50 to
about 500 kD, or about 50 to about 100 kD); 2-nitrobenzene
or O-mitrobenzyl; nitropyridyl disulfide; dioleoylphosphati-
dylethanolamine (DOPE); S-acetylmercaptosuccinic acid;
1,4,7,10-tetraazacyclododecane-1,4,7,10-tetracetic acid
(DOTA); p-glucuronide and [-glucuronide variants; poly
(alkylacrylic acid); benzene-based linkers (for example,
2,5-Bis(hexyloxy)-1,4-b1s[2,5-bis(hexyloxy)-4-formyl-phe-
nylenevinylene]benzene) and like molecules; disulfide link-
ages; poly(amidoamine); carbon nanotubes; hydrazone and
hydrazone wvariant linkers; succinate, formate, acetate
butyrate, other like organic acids; aldols, alcohols, or enols;
peroxides; alkane or alkene groups of any chain length; one
or more porphyrin or dye molecules containing free amide
and carboxylic acid groups; one or more DNA or RNA
nucleotides, including polyamine and polycarboxyl-contain-
ing variants; inulin, sucrose, glucose, or other single, di or
polysaccharides; linoleic acid or other polyunsaturated fatty
acids; and variants of any of the alorementioned containing
halogen or thiol groups.

[0156] In some embodiments, the peptide further compris-
ing the linker and the linked segment can be chemically
synthesized or recombinantly expressed as a fusion protein
(1.e., a chimeric fusion protein). One of ordinary skill in the
art knows how to chemically synthesize and/or recombi-
nantly express a fusion peptide or protein.

[0157] In other embodiments, the peptide includes the
linked segment at the C-terminal, and a linker that 1is
N-terminal to the linked segment, wherein the amino acid
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sequence set forth 1 any one of SEQ ID NOs:1-135 corre-
sponds to the N-terminal portion of the peptide. In one
embodiment, expressly excluded are peptides 1n which the
linked segment 1s linked directly to any one of SEQ ID
NOs:1 and 5-15 without a linker.

[0158] In some embodiments, the peptide comprises the
sequence KRFKKFFKKLKGGVIGVTFPF (SEQ ID
NO:38), with one, two, three, four, or five substitutions,
insertions, additions, or deletions, with the proviso that the
amino acid sequence 1s not the sequence set forth in SEQ ID
NO:2, 3, or 4. In one embodiment, the peptide comprises the

sequence KRFKKFFKKLKGGVIGVTFPF (SEQ ID
NO:38).
[0159] In other embodiments, the peptide comprises the

sequence KRAKKFFKKLKGGVIGVTFPEF (SEQ ID
NO:39), with one, two, three, four, or five substitutions,
insertions, additions, or deletions, with the proviso that the
amino acid sequence 1s not the sequence set forth 1n SEQ 1D
NO:2, 3, or 4. In other embodiments, the peptide comprises
the sequence KRAKKFFKKILKGGVIGVTFPF (SEQ ID
NO:39).

[0160] In one embodiment, the peptide comprises the
sequence KKAKKFFKKLKGGVIGVTFPF (SEQ 1D
NO:40), with one, two, three, four, or five substitutions,
insertions, additions, or deletions, with the proviso that the
amino acid sequence 1s not the sequence set forth in SEQ 1D
NO:2, 3, or 4. In one embodiment, the peptide comprises the

sequence KKAKKFFKKLKGGVIGVTFPF (SEQ ID
NO:40).
[0161] In another embodiment, the peptide comprises the

sequence KRAKKFFKRLKGGVIGVTFPF (SEQ 1D
NO:41), with one, two, three, four, or five substitutions,
isertions, additions, or deletions, with the proviso that the
amino acid sequence 1s not the sequence set forth in SEQ ID
NO:2, 3, or 4. In another embodiment, the peptide comprises

the sequence KRAKKFFKRLKGGVIGVTFPF (SEQ ID
NO:41).

[0162] In some embodiments, the peptide comprises the
sequence KRAKRFFKRLKGGVIGVTFPF (SEQ 1D
NO:42), with one, two, three, four, or five substitutions,
insertions, additions, or deletions, with the proviso that the

amino acid sequence 1s not the sequence set forth in SEQ 1D
NO:2, 3, or 4. In some embodiments, the peptide comprises
the sequence KRAKRFFKRLKGGVIGVTFPF (SEQ ID
NO:42).

[0163] In other embodiments, the peptide comprises the
sequence RRAKRFFKRLKGGVIGVTFPF (SEQ ID
NO:43), with one, two, three, four, or five substitutions,
insertions, additions, or deletions, with the proviso that the
amino acid sequence 1s not the sequence set forth in SEQ 1D
NO:2, 3, or 4. In other embodiments, the peptide comprises
the sequence RRAKRFFKRLKGGVIGVTFPF (SEQ ID
NO:43).

[0164] In one embodiment, the peptide comprises the
sequence RRFKRFFKRLKGGVIGVTFPF (SEQ 1D
NO:44), with one, two, three, four, or five substitutions,
insertions, additions, or deletions, with the proviso that the
amino acid sequence 1s not the sequence set forth 1n SEQ 1D
NO:2, 3, or 4. In one embodiment, the peptide comprises the

sequence RRFKRFFKRLKGGVIGVTFPF (SEQ ID
NO:44).
[0165] In another embodiment, the peptide comprises the

sequence RRFRRFFRRLRGGVIGVTFPF (SEQ ID
NO:45), with one, two, three, four, or five substitutions,
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insertions, additions, or deletions, with the proviso that the
amino acid sequence 1s not the sequence set forth in SEQ 1D

NO:2, 3, or 4. In another embodiment, the peptide comprises
the sequence RRFRRFFRRLRGGVIGVTFPF (SEQ ID

NQO:453).

[0166] In some embodiments, the peptide comprises the
sequence KRFKKFFKKFKGGVIGVTFPF (SEQ ID
NO:46), with one, two, three, four, or five substitutions,
insertions, additions, or deletions, with the proviso that the
amino acid sequence 1s not the sequence set forth in SEQ 1D
NO:2, 3, or 4. In some embodiments, the peptide comprises

the sequence KRFKKFFKKFKGGVIGVTEFPEF (SEQ ID
NO:46).

[0167] In other embodiments, the peptide comprises the
sequence KRWKKFFKKWKGGVIGVTFPF (SEQ 1D
NO:47), with one, two, three, four, or five substitutions,
isertions, additions, or deletions, with the proviso that the
amino acid sequence 1s not the sequence set forth in SEQ ID
NO:2, 3, or 4. In other embodiments, the peptide comprises
the sequence KRWKKFFKKWKGGVIGVTFPF (SEQ 1D
NO:47).

[0168] In one embodiment, the peptide comprises the
sequence  KRWKKWFKKWKGGVIGVTFPF (SEQ 1D
NO:48), with one, two, three, four, or five substitutions,
insertions, additions, or deletions, with the proviso that the
amino acid sequence 1s not the sequence set forth in SEQ 1D

NO:2, 3, or 4. In one embodiment, the peptide comprises the
sequence  KRWKKWFKKWKGGVIGVTFPF (SEQ 1D

NO:48).

[0169] In another embodiment, the peptide comprises the
sequence KRWKKWWKKWKGGVIGVTFPF (SEQ 1D
NO:49), with one, two, three, four, or five substitutions,
isertions, additions, or deletions, with the proviso that the
amino acid sequence 1s not the sequence set forth in SEQ 1D
NO:2, 3, or 4. In another embodiment, the peptide comprises

the sequence KRWKKWWKKWKGGVIGVTFEFPF (SEQ ID
NO:49).

[0170] In some embodiments, the peptide comprises the
sequence RRWKRFFKRWKGGVIGVTFPEF (SEQ 1D
NO:50), with one, two, three, four, or five substitutions,
insertions, additions, or deletions, with the proviso that the

amino acid sequence 1s not the sequence set forth in SEQ 1D
NO:2, 3, or 4. In some embodiments, the peptide comprises

the sequence RRWKRFFKRWKGGVIGVTFPF (SEQ ID
NO:50).

[0171] In one embodiment, the peptide of any one of SEQ
ID NOs:44-53 1s C-terminal amidated.

[0172] Inother embodiments, the peptides provided herein
have a length of about 10 amino acids to about 50 amino
acids. For example, in some embodiments, a peptide has a
length of 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,
23,24, 25,26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38,
39,40, 41, 42, 43, 44, 45, 46, 47, 48, 49, or 50 amino acids.
In other embodiments, a peptide can have a length of,
without limitation, about 10 to about 15 amino acids, about
15 to about 20 amino acids, about 20 to about 25 amino
acids, about 25 to about 30 amino acids, about 30 to about
35 amino acids, about 35 to about 40 amino acids, about 40
to about 45 amino acids, about 45 to about 50 amino acids,
about 10 to about 20 amino acids, about 20 to about 30
amino acids, about 30 to about 40 amino acids, or about 40
to about 50 amino acids.

[0173] Insomeembodiments, a C-terminal amide, or other
C-terminal capping moiety can be present i peptides
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described herein. In one embodiment, a peptide as provided
herein has a C-terminus that 1s amidated.

[0174] The term “amino acid” as used herein refers to
natural amino acids, unnatural amino acids, and amino acid
analogs, all 1 their various stereoisomers (e.g., D and L
stereoisomers or other allostereomers if their structures so
allow). Natural (or “naturally-occurring”) amino acids
include the 20 *“standard” amino acids that are encoded by
the codons of the universal genetic code (alanine, arginine,
asparagine, aspartic acid, cysteine, glutamine, glutamic acid,
glycine, histidine, 1soleucine, leucine, lysine, methionine,
phenylalanine, proline, serine, threonine, tryptophan, tyro-
sine, and valine), as well as other “non-standard” amino
acids that occur naturally but are not encoded by the codons
of the umversal genetic code (e.g., hydroxyproline, sele-
nomethionine, and norleucine). Amino acids that are non-
standard and/or non-naturally occurring include, without
limitation, azetidinecarboxylic acid, 2-aminoadipic acid,
3-aminoadipic acid, beta-alanine, aminopropionic acid,
2-aminobutyric acid, 4-aminobutyric acid, 6-aminocaproic
acid, 2-aminoheptanoic acid, 2-aminoisobutyric acid, 3-ami-
noisobutyric acid, 2-aminopimelic acid, 2,4-diaminoisobu-
tyric acid, desmosine, 2,2'-diaminopimelic acid, 2,3-di-
aminopropionic acid, N-ethylglycine, N-ethylasparagine,
hydroxylysine, allo-hydroxylysine, 3-hydroxyproline, 4-hy-
droxyproline, 1sodesmosine, allo-isoleucine, N-methylgly-
cine, N-methylisoleucine, N-methylvaline, norvaline, nor-
leucine, ornithine, and pipecolic acid.

[0175] An “analog” 1s a chemical compound that 1s struc-
turally similar to another but differs slightly in composition
(as 1n the replacement of one atom by an atom of a different
clement or in the presence of a particular functional group).
An “amino acid analog” therefore 1s structurally similar to a
naturally occurring amino acid molecule as 1s typically
found 1n native peptides but differs in composition such that
cither the C-terminal carboxy group, the N-terminal amino
group, or the side-chain functional group has been chemi-
cally modified or replaced with another functional group.
Amino acid analogs include natural and unnatural amino
acids that are chemically blocked, reversibly or irreversibly,
or modified on their N-terminal amino group or their side-
chain groups, and include, for example, methionine sulfox-
ide, methiomine sulfone, S-(carboxymethyl)-cysteine,
S-(carboxymethyl)-cysteine sulfoxide and S-(carboxym-
cthyl)-cysteine sulfone. Amino acid analogs may be natu-
rally occurring or can be synthetically prepared. Non-lim-
iting examples of amino acid analogs i1nclude
S-Hydroxytrpophan (5-HTP), aspartic acid-(beta-methyl
ester), an analog of aspartic acid; N-ethylglycine, an analog
of glycine; and alanine carboxamide, an analog of alanine.
Other examples of amino acids and amino acids analogs are
listed 1 Gross and Meienhofer, The Peptides: Analysis,
Synthesis, Biology, Academic Press, Inc., New York (1983).

[0176] The stereochemistry of a peptide can be described
in terms of the topochemical arrangement of the side chains
of the amino acid residues about the peptide backbone,
which 1s defined by the peptide bonds between the amino
acid residues and the I-carbon atoms of the bonded residues.
In addition, peptide backbones have distinct termini and thus
direction. The majority of naturally occurring amino acids
are L-amino acids (including the 20 standard amino acids as
well as a number of other naturally-occurring, non-standard
amino acids), and naturally occurring, ribosomally-pro-
duced peptides are largely comprised of L-amino acids.
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D-amino acids are the enantiomers of L-amino acids.
Assembling peptides out of D-amino acids, which are not
recognized by proteases, can enable evasion from digestion
and remain intact until reaching membranes (Wade et al.,

Proc Natl Acad Sc1 USA 87(12):4761-4765, 1990).

[0177] The peptides provided herein can be made up of
[L-amino acids, D-amino acids, or a combination thereof. For
example, 1n some embodiments, a peptide can have an
amino acid composition in which at least about 10% (e.g., at
least about 10%, at least about 20%, at least about 25%, at
least about 30%, at least about 40%, at least about 50%, at
least about 60%, at least about 70%, at least about 75%, at
least about 80%, at least about 85%, at least about 90%, at
least about 95%) of the amino acids are D-amino acids. It 1s
to be noted that some amino acid residues have more than
one stereocenter, and the peptides provided herein can, 1n
some embodiments, include diastereomers of these amino
acids that differ from each other only in the configuration of
one of their stereocenters.

[0178] In one embodiment, the peptide comprises one or
more D-amino acid residues. In some embodiments, at least
about 25 percent, illustratively, about 25 to 100 percent,
about 50 to about 55 percent, and about 60 to about 75
percent of the amino acids in the peptide can be D-amino
acids. In one embodiment, at least about 25 percent of the
amino acids in the peptide can be D-amino acids. In another
embodiment, 50 percent of the amino acids 1n the peptide
can be D-amino acids. In one embodiment, at least about 75
percent of the amino acids in the peptide can be D-amino
acids. In another embodiment, 100 percent of the amino
acids 1n the peptide can be D-amino acids.

[0179] Insome embodiments, peptidomimetic compounds
can be used in place of the peptides provided herein. As used
herein, the term “peptidomimetic” refers to compounds that
are synthetic, non-peptide compounds having a three-dimen-
sional conformation (a “peptide motif™) that 1s substantially
the same as the three-dimensional conformation of a
selected peptide; a peptidomimetic compound therefore can
essentially reproduce elements of amino acid structural
properties and can confer the same or similar function as the
selected peptide. As compared to a selected peptide, a
peptidomimetic compound includes non-naturally occurring
modifications, such as an altered backbone and/or non-
natural amino acids. In some embodiments, for example,
peptidomimetics can include beta-amino acids, peptoids,
and/or N-methyl amino acids.

[0180] Peptidomimetic compounds can include amaide
(“peptide”) or non-amide (“non-peptide”) bonds in their
backbone structure or can include a combination of peptide
and non-peptide bonds in their backbone structure. Peptido-
mimetic compounds that are protease resistant or that have
additional characteristics that enhance therapeutic utility,
such as increased cell permeability and prolonged biological
hali-life, can be particularly useful. Such compounds typi-
cally have a backbone that 1s partially or completely non-
peptide, but with side groups that are 1dentical or similar to
the side groups of the amino acid residues that occur in the
peptide upon which the peptidomimetic compound is based.
Several types of chemical bonds (e.g., ester, thioester, thio-
amide, retroamide, sulfonamide, reduced carbonyl, dimeth-
yvlene and ketomethylene) can be useful substitutes for
peptide bonds 1n the construction of peptidomimetic com-
pounds. In some embodiments, the compounds provided
herein include hybrids that contain one or more peptide
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portions and one or more peptidomimetic portions. Such
hybrid peptides can incorporate a combination of natural
amino acids and mimetic amino acids (e.g., standard amino
acids and peptoids) in the same molecule.

[0181] The peptides provided herein can be obtained by
any of a number of methods, including those known 1n the
art. In some embodiments, a peptide can be obtained by
extraction from a natural source (e.g., from isolated cells,
tissues or bodily fluids), or can be produced by expression
of a recombinant nucleic acid encoding the peptide, or by
chemical synthesis (e.g., using solid phase peptide synthesis
methods or a peptide synthesizer such as an ABI Peptide
Synthesizer; Applied Biosystems; Foster City, Calif.). For
example, standard recombinant technology using an expres-
s10n vector encoding a peptide provided herein can be used.
The resulting peptide then can be purified using, for
example, athnity chromatographic techniques and HPLC.
The extent of purification can be measured by any appro-
priate method, including but not limited to: column chro-
matography, polyacrylamide gel electrophoresis, or high-
performance liquid chromatography. In some embodiments,
a peptide can be designed or engineered to contain a tag
sequence that allows the peptide to be purified (e.g., cap-
tured onto an afhinity matrix). For example, a tag such as
c-myc, hemagglutinin, polyhistidine, or FLAG™ tag
(Kodak) can be used to aid peptide purification. Such tags
can be inserted anywhere within the peptide, including at
either the carboxyl or amino terminus. Other fusions that can
be used include enzymes that aid 1n the detection of the
peptide, such as alkaline phosphatase. In some embodi-
ments, a peptide can be amidated at 1ts carboxy terminus.

[0182] In some embodiments, a peptide provided herein
can be 1solated or purified. A “purified peptide™ 1s a peptide
that either has no naturally occurring counterpart (e.g., a
peptidomimetic), or has been chemically synthesized and 1s
thus uncontaminated by other peptides, or has been recom-
binantly produced and has been separated from components
of the cell in which 1t was produced, or that has been
separated or purified from other cellular components by
which 1t 1s naturally accompanied (e.g., other cellular pro-
teins, polynucleotides, or cellular components). Typically, a
peptide 1s considered “purified” when 1t 1s at least 70%, by
dry weight, free from the proteins and other molecules with
which 1t naturally associates. A preparation of a purified
peptide therefore can be, for example, at least about 80%, at
least about 90%, or at least about 99%, by dry weight, the
peptide. Suitable methods for purilying peptides can
include, for example, aflinity chromatography, immunopre-
cipitation, size exclusion chromatography, and 10n exchange
chromatography. The extent of punification can be measured
by any appropriate method, including but not limited to:
column chromatography, polyacrylamide gel electrophore-
s1s, or high-performance liquid chromatography.

[0183] In one aspect, the present invention provides a
polynucleotide encoding a peptide provided herein, or a
nucleic acid molecule (e.g., expression vector, plasmid, etc.)
comprising the polynucleotide encoding the peptide.

[0184] In other aspects, the activities of the peptides
provided herein can be tested using any of a number of
suitable methods, including those described 1n the Examples
herein.

[0185] An activity of a peptide against bactena, for
example, can be tested by culturing the bacteria 1n a suitable
liqguid medium until cells reach a desired density (e.g.,
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OD,, 01 0.8 to 1.1), and then diluting the cells to a suitable
concentration in buller containing varying concentrations of
one or more selected peptides. Peptide concentrations used
in the assays can range from O ug/ml to about 100 pg/ml with
intermediate concentrations (e.g., about 0.01 ug/ml, about
0.05 ng/ml, about 0.1 ug/ml, about 0.5 ug/ml, about 1 pg/ml,
about 2.5 ng/ml, about 5 ug/ml, about 7.5 ug/ml, about 10
ug/ml, about 25 ug/ml, about 50 ng/ml, 75 ug/ml, about 0.01
ug/ml to about 0.1 ug/ml, about 0.05 pg/ml to about 0.5
ug/ml, about 0.1 to about 1 ug/ml, about 0.5 nug/ml to about
S5 ug/ml, about 2.5 ug/ml to about 10 ug/ml, or any other
range between about 0.01 ug/ml and about 100 pg/ml) that
vary for each peptide in order to maximize the number of
data points. Assay cultures can be incubated for a desired
length of time (e.g., about two hours), and serial dilutions of
cach sample can be prepared and plated. After a suitable
length of 1incubation, colonies can be counted to determine
the eflectiveness of the peptide(s).

[0186] Bacterial survival at each peptide concentration
can be calculated according to the ratio of the number of
colonies on the plates corresponding to the peptide concen-
tration and the average number of colonies observed for
assay cultures lacking peptide. The peptide concentration
required to kill about 50% of the viable cells 1n the assay
cultures (EC.,) can be determined by plotting percent sur-
vival as a function of the log of peptide concentration (log
ug/ml) and fitting the data to Equation (1) using, for
example, GraphPad Prism (GraphPad Software, Inc., San
Diego, Calif.), which describes a sigmoidal dose-response.

S=Sp((Sr=Sp)/(1+10H 85005 (1)

In Equation (1), S 1s percent survival, S-and S ; represent the
upper and lower survival boundaries, X 1s the log of the
peptide concentration, and H 1s the Hill slope of the transi-
tion region. Another form for Equation (1) 1s:

Y=Bottom+((Top-Bottom )/(1+1QL/egE C0-X)"Hill
Slope)])) (1)

where Y corresponds to bacterial survival (in percentage) at
a given peptide concentration (ug/ml), with X being the
logarithm of that concentration. In the equation, “Top™ and
“Bottom™ refer to the upper and lower boundaries and were
constrained to values <100% and >0%, respectively.
[0187] The efiect of a peptide on biofilm production can be
assessed by, for example, incubating a biofilm-forming
bacteria or other microbe with varying concentrations of one
or more peptides for a certain length of time (e.g., 24 hours
at 37° C.). Optical density of the cultures (e.g., at OD,,, nm)
can be measured to assess microbial growth, and cultures
then can be stained with crystal violet to assess biofilm
production. See, e¢.g., Durham-Colleran et al., Microb Ecol
59(3):457-465, 2010.

[0188] An endotoxin neutralizing activity of a peptide can
be assessed by, for example, the ability of the peptide to
inhibit £. coli LPS 1n a rabbit pyrogenicity test or to increase
the lethal dose 50 (LD.,,) of £. coli LPS 1n mouse (e.g., CD1

mouse).

[0189] In other aspects, the peptides of the invention may
be associated with one or more moieties. In some embodi-
ments, the association 1s covalent. In other embodiments, the
association 1s non-covalent. In one embodiment, the asso-
ciation 1s via a terminal (e.g., N-terminus, C-terminus, or
both) linker (e.g., an amino acid linker such as e.g., Lys or
Cys) or a chemical coupling agent. In another embodiment,
the one or more moieties can be, €.g., a chemical tag, a solid
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material (e.g., nano- or micro-particles), a detectable label,
a Tusion partner (such as a chemical compound or a peptide),
or a substrate e.g., a solid or semi-solid carrier, support or
surface, mncluding a bead (e.g. a microwell plate, nitrocel-
lulose membrane, beads (e.g., latex, polystyrene)). In some
embodiments, the association can be facilitated by a moiety
that has a high afhnity to a component attached to the
substrate, e.g., the peptide can be associated with a biotin
moiety, and the component associated with a surface can be
avidin.

[0190] Inother embodiments, the peptides of the invention
are associated with (e.g., covalently or non-covalently
attached to) a chemical tag or a solid material (e.g., nano- or
micro-particles). In one embodiment, the chemical tag-
peptide conjugate or particle-peptide conjugate can associ-
ate with membranes of microbial (e.g., bacterial) or tumor
cells when brought in contact with a sample comprising the
cells and form a complex, wherein the formation of the
complex can be utilized to diagnose, 1image, 1solate and/or
determine microbial or tumor cells.

[0191] In some embodiments, the peptides of the inven-
tion may be conjugated to a detectable label (e.g., dye). In
some embodiments, the detectable label 1s a fluorescent
label (e.g., fluorescent dye, phosphorescent dye).

[0192] In one embodiment, the peptides of the imnvention
may be associated with a molecule or reporter group that 1s
masked such that 1t can be activated (1.e. unmasked), for
example using light or a chemical agent.

[0193] Inother embodiments, the peptides of the invention
may be associated with a fusion partner that can be used to
¢.g., 1mprove purification, to enhance expression of the
peptide 1n a host cell, to aid 1n detection, to stabilize the
peptide, and the like. Examples of suitable compounds for
fusion partners include, but are not limited to, polyethylene
glycol (PEG), Glutathione-S-transferase, and/or histidine
tag.

[0194] In another aspect, the present invention provides a
composition comprising a peptide, or a polynucleotide
encoding the peptide, provided herein. In some embodi-
ments, the peptides described herein may be formulated with
pharmaceutically acceptable carriers or diluents as well as
any other known adjuvants and excipients in accordance
with conventional techniques such as those disclosed in e.g.,
Remington: The Science and Practice of Pharmacy, 19” Ed.

(Easton, Pa.: Mack Publishing Company, 1995); Reming-
ton’s Pharmaceutical Sciences, 187 Ed. (1990, Mack Pub-

lishing Co., Easton, Pa. 18042); Liberman, H. A. and Lach-
man, L., Eds., Pharmaceutical Dosage Forms, Marcel
Decker, New York, N.Y., 1980; and Pharmaceutical Dosage

Forms and Drug Delivery Systems, Seventh Ed. (Lippincott
Williams & Wilkins 1999).

[0195] For example, peptides as provided herein can be
formulated 1n compositions by admixture with one or more
pharmaceutically acceptable, non-toxic excipients or carri-
ers. Such compositions can be used to treat or prevent
microbial infection, for example. In some embodiments, a
composition can include one particular peptide, while 1n
other embodiments a composition can include two or more
different peptides (e.g., peptides having different sequences
or different amounts of D- and L-amino acids). In some
embodiments, the compositions provided herein can contain
one or more peptides at a concentration of about 0.001 ug/ml
to about 100 ug/ml (e.g., about 0.001 ug/ml to about 0.01
ug/ml, about 0.005 pg/ml to about 0.05 ug/ml, about 0.01
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ug/ml to about 1 ug/ml, about 0.01 ug/ml to about 10 ug/ml,
about 0.05 ng/ml to about 5 ug/ml, about 0.05 png/ml to about
25 ug/ml, about 0.1 ug/ml to about 10 ug/ml, about 0.5 ug/ml
to about 50 ug/ml, about 1 ng/ml to about 100 m/ml, or about
10 m/ml to about 100 m/ml.

[0196] In some embodiments, the composition further
comprises an excipient. Excipients (also referred to as
pharmaceutically acceptable carriers) can be liquid or solid
and can be selected with the planned manner of adminis-
tration 1n mind so as to provide for the desired bulk,
consistency, and other pertinent transport and chemical
properties, when combined with one or more of peptides and
any other components ol a given composition. Common
excipients include, without limitation, sterile water, saline,
polyalkylene glycols such as polyethylene glycol, oils of
vegetable origin, hydrogenated naphthalenes, binding agents
(e.g., polyvinylpyrrolidone or hydroxypropyl methylcellu-
lose), fillers (e.g., lactose and other sugars, gelatin, or
calcium sulfate), lubricants (e.g., starch, polyethylene gly-
col, or sodium acetate), disintegrates (e.g., starch or sodium
starch glycolate), and wetting agents (e.g., sodium lauryl
sulfate). In some embodiments, biocompatible, biodegrad-
able lactide polymer, lactide/glycolide copolymer, polyox-
cthylene-polyoxypropylene copolymers, or combinations
thereot can be used as excipients for controlling the release
of a peptide in vivo.

[0197] In other embodiments, a composition can mnclude a
peptide and one or more molecular crowding agents such as,
by way of example and not limitation, FICOLL™ (e.g.,
FICOLL™ 70), polyethylene glycol (PEG), and dextran.
FICOLL™ 1s a neutral, highly branched, high-mass, hydro-
philic polysaccharide that dissolves readily in aqueous solu-
tions. PEG 1s a polymer of ethylene oxide and 1s commer-
cially available over a wide range of molecular weights from
300 g/mol to 10,000,000 g/mol. Dextran 1s a complex,
branched polysaccharide made of glucose molecules. With-
out being bound by a particular mechanism, such agents may
help to mimic the natural cellular environment, which may
enhance the activity of the peptide. Such agents can be
included in the compositions in amounts from about 5% to
about 50% wt/vol (e.g., about 5%, about 10%, about 13%,
about 20%, about 25%, about 30%, about 35%, about 40%,
about 43%, or about 50% wt/vol, or any range there
between, including about 5% to about 10%, about 10% to
about 20%, about 20% to about 25%, about 25% to about
30%, about 30% to about 40%, or about 40% to about 50%).

[0198] In some embodiments, pharmaceutical formula-
tions contemplated for use in the methods, articles, and kits
of the mvention may include about 0.01 to 1.0% (w/v), 1n
certain embodiments about 0.05 to about 1.0%, of the
peptide, about 0.02 to about 0.5% (w/v) of an acetate,
phosphate, citrate or glutamate builer allowing a pH of the
final composition of from about 3.0 to about 7.0; about 1.0
to 10% (w/v) of a carbohydrate or polyhydric alcohol
tonicifier and, optionally, about 0.005 to 1.0% (w/v) of a
preservative selected from the group of m-cresol, benzyl
alcohol, methyl, ethyl, propyl and butyl parabens and phe-
nol. In another embodiment, such a preservative may be
included 1f the formulated peptide 1s to be included 1n a
multiple use product.

[0199] In still further embodiments, a pharmaceutical for-
mulation of the present peptides may contain a range of
concentrations of the peptide(s), e.g., between about 0.01%
to about 98% w/w, or between about 1 to about 98% w/w,
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or preferably between 80% and 90% w/w, or preferably
between about 0.01% to about 50% w/w, or more preferably
between about 10% to about 25% w/w 1n these embodi-
ments. A suflicient amount of water for injection may be
used to obtain the desired concentration of solution.

[0200] In some embodiments, compositions can further
include one or more other peptides, wherein each of the one
or more other peptides has one or more biological activities
(e.g., antimicrobial activity). In one embodiment, the one or
more other peptides include, but are not limited to, one or
more cathelicidins. Cathelicidins are known to one of ordi-
nary skill in the art to refer to a large and diverse collection
of cationic antimicrobial peptides, for example as described
in U.S. Patent Publication No. 2012-0149631 A1, which 1s

herein incorporated by reference in 1ts entirety.

[0201] In one embodiment, compositions also can include
one or more conventional antibiotics (e.g., amoxicillin,
cephalexin, bacteriocin, neomycin, and/or polymyxin) and/
or active ingredients from wound dressings or wound treat-
ment compositions (e.g., NEOSPORIN®, bacitracin, and
silver sulfadiazine).

[0202] Compositions can be prepared for topical (e.g.,
transdermal, sublingual, ophthalmic, or intranasal) admin-
istration, parenteral administration (e.g., by subcutaneous,
intrathecal, intraventricular, intramuscular, or intraperito-
neal mjection, or by intravenous drip, 1n the form of hiquid
solutions or suspensions in aqueous physiological butler
solutions), for oral administration (e.g., 1n the form of tablets
or capsules), or for intranasal administration (e.g., in the
form of powders, nasal drops, or aerosols), depending on
whether local or systemic treatment 1s desired and on the
area to be treated. Administration can be rapid (e.g., by
injection) or can occur over a period of time (e.g., by slow
infusion or administration of slow release formulations).
Compositions for other routes of administration also can be
prepared as desired using appropriate methods. In addition,
compositions can be prepared for 1n vitro use (e.g., for use
on environmental surfaces or on medical devices).

[0203] Formulations for topical administration of peptides
include, for example, sterile and non-sterile aqueous solu-
tions, non-aqueous solutions 1 common solvents such as
alcohols, or solutions 1 liqmd or solid o1l bases. Such
solutions also can contain buflers, diluents and other suitable
additives. Pharmaceutical compositions and formulations
for topical administration can include transdermal patches,
omtments, lotions, creams, gels, drops, suppositories,
sprays, liquids, and powders. Nasal sprays also can be
uselul, and can be administered by, for example, a nebulizer,
an inhaler, or another nasal spray device. Conventional
pharmaceutical carriers, aqueous, powder or oily bases,
thickeners and the like may be useful.

[0204] Compositions and formulations for oral adminis-
tration include, for example, powders or granules, suspen-
s1ons or solutions in water or non-aqueous media, capsules,
sachets, or tablets. Such compositions also can incorporate
thickeners, tlavoring agents, diluents, emulsifiers, dispersing,
aids, or binders.

[0205] Compositions and formulations for parenteral,
intrathecal or intraventricular administration can include
sterile aqueous solutions, which also can contain builers,
diluents and other suitable additives (e.g., penetration
enhancers, carrier compounds and other pharmaceutically
acceptable carriers).
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[0206] In other embodiments, the composition 1s a phar-
maceutical composition.

[0207] In some embodiments, pharmaceutical composi-
tions can include, but are not limited to, solutions, emul-
s10ms, aqueous suspensions, and liposome-contaiming for-
mulations. These compositions can be generated from a
variety of components that include, for example, preformed
liquids, self-emulsifying solids and self-emulsiiying semi-
solids. Emulsions are often biphasic systems comprising of
two 1mmiscible liquid phases mtimately mixed and dis-
persed with each other; 1 general, emulsions are either of
the water-in-o1l (w/0) or oil-in-water (o/w) variety. Emulsion
formulations can be usetul for oral delivery of therapeutics
due to their ease of formulation and eflicacy of solubiliza-
tion, absorption, and bioavailability.

[0208] Liposomes are vesicles that have a membrane
formed from a lipophilic maternial and an aqueous 1nterior
that can contain the composition to be delivered. Liposomes
can be particularly usetul due to their specificity and the
duration of action they ofler from the standpoint of drug
delivery. Liposome compositions can be formed, {for
example, from phosphatidylcholine, dimyristoyl phosphati-
dylcholine, dipalmitoyl phosphatidyl-choline, dimyristoyl
phosphatidylglycerol, or dioleoyl phosphatidyletha-
nolamine. Numerous lipophilic agents are commercially
available, including LIPOFECTIN® (Invitrogen/Life Tech-
nologies, Carlsbad, Calif.) and EFFECTENE™ ((Qiagen,
Valencia, Calit.).

[0209] The peptides provided herein further encompass
pharmaceutically acceptable salts, esters, or salts of such
esters, or any other compound which, upon administration to
an animal including a human, 1s capable of providing
(directly or indirectly) the biologically active metabolite or
residue thereof. Accordingly, for example, provided herein
are pharmaceutically acceptable salts of peptides, prodrugs
and pharmaceutically acceptable salts of such prodrugs, and
other bioequivalents. The term “prodrug™ indicates a thera-
peutic agent that 1s prepared 1n an inactive form and 1s
converted to an active form (1.e., drug) within the body or
cells thereof by the action of endogenous enzymes or other
chemicals and/or conditions. The term “pharmaceutically
acceptable salts™ refers to physiologically and pharmaceu-
tically acceptable salts of the peptides described herein (1.¢.,
salts that retain the desired biological activity of the parent
peptide without imparting undesired toxicological eflects).
Examples of pharmaceutically acceptable salts include,
without limitation, salts formed with cations (e.g., sodium,
potassium, calctum, or polyamines such as spermine), acid
addition salts formed with morganic acids (e.g., hydrochlo-
ric acid, hydrobromic acid, sulfuric acid, phosphoric acid, or
nitric acid), and salts formed with organic acids (e.g., acetic
acid, citric acid, oxalic acid, palmitic acid, or fumaric acid).
[0210] Compositions additionally can contain other
adjunct components such as, for example, lubricants, pre-
servatives, stabilizers, wetting agents, emulsifiers, salts for
influencing osmotic pressure, butlers, colorings, flavorings,
and aromatic substances. When added, however, such mate-
rials should not unduly intertere with the biological activi-
ties of the peptide components within the compositions
provided herein. The formulations can be sterilized if
desired.

[0211] Dosing of compositions for administration to a
subject typically 1s dependent on the severity and respon-
siveness of the condition to be treated, with the course of
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treatment lasting, 1n some embodiments, from several days
to several months, or 1n other embodiments until a cure 1s
allected or a diminution of the condition 1s achieved. Per-
sons of ordinary skill in the art routinely determine optimum
dosages, dosing methodologies and repetition rates. Opti-
mum dosages can vary depending on the relative potency of
individual peptides and can generally be estimated based on
EC., found to be eflective 1n 1n vitro and 1n vivo animal
models.

[0212] In some embodiments, dosage 1s about 0.01 ug to
about 100 g per kg of body weight, and may be given once
or more daily, biweekly, weekly, monthly, or even less often.
Following successtul treatment, 1t may be desirable to have
the patient undergo maintenance therapy to prevent the
recurrence of the disease state.

[0213] In some embodiments, a preliminary dosage for
human nfection can be inferred using guidelines put forth
by the FDA (Guidance for Industry: Estimating the Maxi-
mum Safe Starting Dose 1n Initial Clinical Trials for Thera-
peutics in Adult Healthy Volunteers F.a.D. Administration,

Editor. 2005 (Rockville, Md.), which is herein incorporated
by reference 1n its entirety).

[0214] In one embodiment, dosage 1s at least about 0.01
mg per kg of body weight, illustratively, about 0.01 mg to
about 100 mg per kg of body weight, about 0.05 mg to about
50 mg per kg of body weight, about 0.1 mg to about 10 mg
per kg of body weight, about 0.4 mg to about 5 mg per kg
of body weight, and may be given once or more daily,
biweekly, weekly, monthly, or even less often.

[0215] In some embodiments, dosage 1s about 0.4 mg to

about 5 mg per kg of body weight, and may be given once
or more daily, biweekly, weekly, monthly, or even less often.

[0216] In other embodiments, a dose of at least about 0.01
ug 1s given, illustratively, about 0.01 ug to about 1 g, about
0.1 ug to about 0.1 g, about 1 ug to about 24 mg, and may
be given once or more daily, biweekly, weekly, monthly, or
even less often.

[0217] In other embodiments, treatments may differ 1f a
subject 1s resistant or suspected of being resistant to certain
antibiotics. For example, 11 a subject has an infection that 1s
resistant to antibiotics, the dose may be increased, or the
treatment may include two or more different peptides.

[0218] In other embodiments, one or more peptides can be
admixed, encapsulated, conjugated or otherwise associated
with other molecules, molecular structures, conventional
antibiotics, or mixtures of compounds such as, for example,
liposomes, polyethylene glycol, receptor targeted molecules,
or oral, topical or other formulations, for assisting 1n uptake,
distribution, absorption, or activity.

[0219] In still another aspect, the present invention pro-
vides an article of manufacture comprising a peptide as
provided herein. In one embodiment, the article 1s a hygiene
product (e.g., a personal hygiene product including but not
limited to mouthwash and body wash). In another embodi-
ment, the article 1s a wound dressing.

[0220] In some embodiments, the article 1s an 1nvasive
device, wherein the peptide 1s covalently or non-covalently
attached onto a surface of the device. Covalent and non-
covalent methods for attaching peptides to various surfaces
are known 1n the art. In one embodiment, the device 1s a
surgical tool. In another embodiment, the device i1s an
implant. In other embodiments, the device 1s a catheter, a
staple, a suture, an 1mplant, or a tubing.
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[0221] Instill other aspects, the present invention provides
a kit comprising a peptide provided herein or a polynucle-
otide encoding the peptide. In one embodiment, the kit
turther comprises instructions for using the components
contained therein.

In another aspect, the present invention provides a method
for treating infection by a microbial organism 1n a subject.
The method comprises administering to the subject a peptide
provided herein or a polynucleotide encoding the peptide. In
one embodiment, the peptide comprises the amino acid
sequence of Formula (I) (SEQ ID NO:1). In another embodi-
ment, the peptide comprises the amino acid sequence of
Formula (I) (SEQ ID NO:1) with one or more substitutions,
insertions, additions, or deletions. In some embodiments, the
peptide comprises the amino acid sequence of Formula (I)
(SEQ ID NO:1) with one or more substitutions, 1nsertions,
additions, or deletions and with the proviso that the amino
acid sequence 1s not the sequence set forth in SEQ ID NO:2,
3, or 4. In other embodiments, the peptide comprises the
amino acid sequence of Formula (1) (SEQ ID NO:1) with the
proviso that the amino acid sequence 1s not the sequence set
forth in SEQ ID NO:2, 3, or 4. In one embodiment, the
peptide comprises SEQ ID NO:5, 6, 7, 8,9, 10, 11, 12, 13,
14, 15, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, or 30.
[0222] In some embodiments, the mnfection icludes but 1s
not limited to infections of the gastrointestinal tract, respi-
ratory system, circulatory system, lymphatic system, urinary
system, muscular system, skeletal system, nervous system,
and reproductive system.

[0223] In another embodiment, a method for treating an
infection by a microbial organism 1s provided, where the
method includes contacting the microbial organism with a
peptide or composition as provided herein. In other embodi-
ments, after the contacting step, growth of the microbial
organism can be reduced by at least about 5 percent,
illustratively, about 5 percent to 100 percent, about 10
percent to about 99.99 percent, about 20 percent to about 95
percent, about 30 percent to about 80 percent, about 40
percent to about 70 percent, and about 50 to about 60 percent
when measured 1n an assay to measure colony formation. In
some embodiments, after the contacting, growth of the
microbial organism can be reduced by at least about 50
percent when measured in an assay to measure colony
formation directly or indirectly.

[0224] In other embodiments, the infection can be a poly-
microbial infection.

[0225] In some embodiments, for example, a peptide or a
composition comprising the peptide as described herein can
be used to treat a subject having a microbial (e.g., bactenal
or fungal) infection, such as 1n a wound that 1s 1n or on a
subject (e.g., a mammal such as, without limitation, a
human). Wounds can result from accidental occurrences, or
can result from, for example, medical procedures.

[0226] In some embodiments, the subject can be a human
who 1s a medical patient (e.g., a diabetes patient, or a patient
in a hospital, clinic, or veterinary setting), a member of the
armed services or law enforcement, a fire fighter, or a worker
in the gas, o1l, or chemical industry. In one embodiment, the
subject 1s an animal suitable to be treated by a veterinarian
including, but not limited to pets and livestock/farm animals.

In other aspects, the present invention provides a method for
preventing, reducing or inhibiting growth of a microbial
organism or biofilm on a surface. The method comprises
contacting the surface with a composition comprising a
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peptide provided herein. In one embodiment, the peptide
comprises the amino acid sequence of Formula (1) (SEQ ID
NO:1). In another embodiment, the peptide comprises the
amino acid sequence of Formula (I) (SEQ ID NO:1) with
one or more substitutions, insertions, additions, or deletions.
In some embodiments, the peptide comprises the amino acid
sequence of Formula (I) (SEQ ID NO:1) with one or more
substitutions, insertions, additions, or deletions and with the
proviso that the amino acid sequence 1s not the sequence set
forth in SEQ ID NO:2, 3, or 4. In other embodiments, the
peptide comprises the amino acid sequence of Formula (I)
(SEQ ID NO:1) with the proviso that the amino acid
sequence 15 not the sequence set forth 1n SEQ 1D NO:2, 3,
or 4. In one embodiment, the peptide comprises SEQ ID
NQO:5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 38, 39, 40, 41, 42,
43, 44, 45, 46, 47, 48, 49, or 50.

[0227] In one embodiment, the surface 1s an environmen-
tal surface. In another embodiment, the surface 1s on a
prosthetic or an implant. In other embodiments, the surface
1s 1 a living organism (e.g., a human or a non-human
ammal). In some embodiments, the peptides and composi-
tions described herein are used in surface coatings for
medical devices (e.g., catheters, prosthetics, implants, and
other indwelling devices), or 1n dressings to be applied to a
wound on or 1n a patient.

[0228] Biofilms are aggregates ol microorganisms 1n
which cells adhere to each other on a surface. Without
wishing to be bound by any particular theory, 1t 1s believed
that the adherent cells frequently are embedded 1n a seli-
produced matrix of extracellular polymeric substance (EPS)
that generally 1s composed of extracellular DNA, proteins,
and polysaccharides. Biofilms are ubiquitous, and can form
on virtually any non-shedding, living or non-living surface
in a non-sterile aqueous (or very humid) environment.
Biofilms can be found, for example, 1n natural, industral,
hospital, and veterinary settings. Biofilms can be involved in
a wide variety of microbial infections in the body, including
common problems such as urinary tract infections, catheter
infections, ear infections, formation of dental plaque, gin-
g1vitis, coating contact lenses, and less common but more
serious conditions such as endocarditis, infections 1n cystic
fibrosis, and infections of permanent indwelling devices
such as joint prostheses and heart valves. Bacterial biofilms
also can 1mpair cutaneous wound healing and reduce topical
antibacterial efhiciency 1n healing or treating infected skin
wounds.

[0229] Chronic opportunistic infections in 1mmunocoms-
promised patients and the aging population are a major
challenge for medical professionals, as traditional antibiotic
therapies usually are not suflicient to eradicate the infec-
tions. One reason for their persistence seems to be the
capability of the bacteria to grow within biofilms that protect
them from adverse environmental factors. Pseudomonas
aeruginosa 1s an example ol an opportunistic pathogen and
a causative agent of emerging nosocomial infections. Other
examples of microbes that can form medically relevant
biofilms include, without limitation, Streptococcus mutans
and Streptococcus sanguinis, which are imvolved 1n forma-
tion of dental plaque, Legionella bacteria, and Neisseria
gonorrhoeae, which can form biofilms on human cervical
epithelial cells.

[0230] Insome embodiments, after the contacting, growth
of the biofilm can be reduced by at least about 5 percent,
compared to a control, when measured in an assay to
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measure optical density. In other embodiments, after the
contacting, growth of the biofilm 1s reduced by at least about
25 percent, compared to a control when measured 1n an
assay to measure optical density.

[0231] In other aspects, the present invention provides a
method for promoting wound healing 1n a subject. The
method comprises administering to the subject a peptide or
a polynucleotide encoding the peptide. In one embodiment,
the peptide comprises the amino acid sequence of Formula
() (SEQ ID NO:1). In another embodiment, the peptide
comprises the amino acid sequence of Formula (I) (SEQ ID
NO:1) with one or more substitutions, insertions, additions,
or deletions. In some embodiments, the peptide comprises
the amino acid sequence of Formula (I) (SEQ ID NO:1) with
one or more substitutions, insertions, additions, or deletions
and with the proviso that the amino acid sequence 1s not the
sequence set forth 1n SEQ ID NO:2, 3, or 4. In other
embodiments, the peptide comprises the amino acid
sequence of Formula (I) (SEQ ID NO:1) with the proviso
that the amino acid sequence 1s not the sequence set forth in
SEQ ID NO:2, 3, or 4. In one embodiment, the peptide
comprises SEQ ID NO:3, 6, 7, 8,9, 10, 11, 12, 13, 14, 15,
38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, or 30.

[0232] In some embodiments, the peptides and composi-
tions described herein can be used 1n methods for promoting,
healing of wounds that are not infected (or that show no
evidence of infection). For example, 1n some embodiments,
a peptide or composition comprising one or more peptides
described herein can be useful for treating an uninfected
wound 1n a subject (e.g., a vertebrate such as a human), for
example such that the wound has increased numbers of
keratinocytes, shrinks in size more rapidly, and/or heals
more quickly than it would without administration of the
peptide or composition. In some embodiments, treatment of
an uninfected wound with a peptide or composition can be
considered eflfective 11 the wound size 1s reduced by at least
about 5% (e.g., at least about 10%, at least about 20%, at
least about 25%, at least about 30%, at least about 40%, at
least about 50%, at least about 60%, at least about 70%, at
least about 75%, at least about 80%, at least about 90%, or
at least about 95%) during or after treatment, as compared
to a control (e.g., a time point belore or earlier mn the
treatment).

[0233] In one aspect, the peptides and compositions also
can be used 1n methods that include determining whether a
subject having a microbial infection 1s resistant to one or
more conventional antibiotics (e.g., methicillin), or 1s sus-
pected of being resistant to one or more conventional
antibiotics. If the subject 1s determined to be resistant to the
one or more conventional antibiotics or 1s suspected of being
resistant to the one or more conventional antibiotics, the
subject can be treated with a peptide or composition pro-
vided herein. In contrast, 1f the subject 1s determined not to
be resistant to the one or more conventional antibiotics or 1s
not suspected of being resistant to the one or more conven-
tional antibiotics, the subject can be treated with the one or
more conventional antibiotics. In such methods, the subject
can be monitored to determine whether the treatment is
ellective, and the treatment can be adjusted accordingly. For
example, 1f the subject 1s treated with one or more conven-
tional antibiotics but i1s subsequently determined to be
resistant to the conventional antibiotic(s), the subject can be
treated with a peptide or composition as provided herein. In
some embodiments, the subject can be treated with one or
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more AMPs and conventional antibiotics contemporane-
ously (e.g., 1n cases of severe infection suilicient time to
try one or the other treatments).

[0234] In another aspect, the peptides and compositions
provided herein can be used in methods for improving the
cllectiveness of treatment for microbial infection. For
example, a method can include administering to a subject an
amount ol a peptide or composition that 1s sub-anti-micro-
bial but 1s effective to reduce biofilm levels or inhibit biofilm
formation or administering a peptide under conditions that
are sub-anti-microbial but are ellective to reduce biofilm
levels or inhibit biofilm formation. For example, a peptide
may be less eflective as an anti-microbial agent under high
salt conditions (e.g., about 125 to about 150 mM salt,
including about 130 mM, about 135 mM, about 140 mM, or
about 145 mM salt), but can retain eflectiveness as an
anti-biofilm agent under such conditions. After one or more
sub-anti-microbial treatments, the subject can be treated
with an anti-microbial amount of the peptide or composi-
tion, with the peptide under conditions that are anti-micro-
bial, or with one or more conventional antibiotics. The
sub-anti-microbial and anti-microbial treatments can be
separated by any length of time, ranging from an hour or less
to several hours to a day or more (e.g., about 0.5 hour, about
one hour, about two hours, about three hours, about four
hours, about six hours, about 12 hours, about 1 day, or more
than 1 day). Treatments can be repeated as needed or
desired.

[0235] The eflectiveness of a peptide or composition con-
taining one or more peptides as described herein can be
determined by assessing microbial growth or biofilm growth
before, during, and/or after treatment. In some embodi-
ments, for example, samples can be obtained from a subject
before treatment, and at one or more different time points
during or after treatment with a peptide or composition as
provided herein, and microbial growth can be measured by
counting the number of colonies that grow up from the
samples after they are plated on a solid medium or a method
which 1s a quantitative indication of microbial growth Bio-
film growth can be measured based on optical density (e.g.,
at 600 nm) and/or staining with crystal violet, for example.
Treatment with a peptide or composition can be considered
cllective 1if microbial growth or biofilm formation 1s reduced
by at least about 5% (e.g., at least about 10%, at least about
20%, at least about 25%, at least about 30%, at least about
40%, at least about 50%, at least about 60%, at least about
70%, at least about 75%, at least about 80%, at least about
90%, or at least about 95%) during or after treatment, as
compared to a control (e.g., a time point before or earlier 1n
the treatment).

[0236] Lipopolysaccharide (LPS) 1s a major structural
component of the Gram-negative bacterial outer membrane
and 1s believed to protect bacteria from antimicrobial com-
pounds. LPS from F£. coli and other Gram-negative bacteria
1s the endotoxin and, for example, may activate innate
immunity through binding TILLR4 receptors. Administration
ol parenteral products contaminated with pyrogens includ-
ing LPS may lead to, for example, development of fever,
induction of inflammatory response, shock, organ failure
and death in humans or animals.

[0237] Also, the outer leatlet of outer membranes of
Gram-positive bacteria contain a special lipid called lipote-

ichoic acid (LTA).
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[0238] Without wishing to be bound by any particular
theory, 1t 1s believed that the overall positive charge on
certain antimicrobial peptides may assist them to form
strong electrostatic interactions with the negatively charged
LPS or other anionic lipids and anionic components €.g., 1n
the membrane of Gram-negative bacteria neutralizing the
overall negative charge. For example, the binding of such
peptides with LPS of Gram-negative bacteria can have a
major ellect on the stability of bacterial membranes. Several
cationic antimicrobial peptides including LL-37, SMAP-29,
and CAP18 can bind LPS. Some antimicrobial peptides can
reduce the host immune response to LPS by binding and
sequestering it.

[0239] In one aspect, the present mmvention provides a
method for treating or preventing endotoxemia in a subject.
The method comprises administering to the subject an
amount of a peptide effective to bind to an endotoxin so as
to treat or prevent endotoxemia in the subject. In one
embodiment, the peptide comprises the amino acid sequence
of Formula (I) (SEQ ID NO:1). In another embodiment, the
peptide comprises the amino acid sequence of Formula (I)
(SEQ ID NO:1) with one or more substitutions, 1nsertions,
additions, or deletions. In some embodiments, the peptide
comprises the amino acid sequence of Formula (1) (SEQ ID
NO:1) with one or more substitutions, insertions, additions,
or deletions and with the proviso that the amino acid
sequence 1s not the sequence set forth in SEQ ID NO:2, 3,
or 4. In other embodiments, the peptide comprises the amino
acid sequence of Formula (I) (SEQ ID NO:1) with the
proviso that the amino acid sequence 1s not the sequence set
forth in SEQ ID NO:2, 3, or 4. In one embodiment, the
peptide comprises SEQ ID NO:5, 6, 7, 8,9, 10, 11, 12, 13,
14, 15, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, or 30.
[0240] In some embodiments, the endotoxemia 1s associ-
ated with endotoxin related shock including, but not limited
to, septic shock, bacteremia-induced shock, and circulatory
shock induced by endotoxin.

[0241] In other embodiments, the peptide binds to the
endotoxin 1t encounters in the subject, thereby forming a
conjugate that has reduced toxicity and pathogenicity rela-
tive to unconjugated endotoxin.

[0242] In one embodiment, the peptide binds to the endo-
toxin 1t encounters 1n the subject but does not cause bacterial
lysis so as to prevent endotoxin-induced lethality.

[0243] In other embodiments, the peptide 1s covalently or
non-covalently attached onto a surface of an 1nvasive device,
wherein the endotoxin contacts the peptide on the surface of
the device during or following an 1nvasive procedure carried
out on the subject.

[0244] In one embodiment, the device 1s a surgical tool.
[0245] In another embodiment, the device 1s an implant.
[0246] In other embodiments, the device 1s a catheter, a

staple, a suture, an 1mplant, or a tubing.

[0247] In some embodiments, the endotoxin 1s an LPS of
a Gram-negative bacterial strain.

[0248] In another embodiment, the bacterial strain 1s of the
genus Francisela, Acinetobacter, Pseudomonas, Klebsiella,
Escherichia, Haemophilus, Proteus, Enterobacter, Serratia,
Burkholderia, Stenotrophomonas, Alcaligenes, Mycobacte-
rium, Legionella, Neisseria, Yersinia, Shigella, Vibrio, or
Salmonella.

[0249] In other embodiments, the bacterial strain 1s of the
species Francisela tularensis, Acinetobacter baumannii,
Pseudomonas aeruginosa, Klebsiella pneumoniae, Kleb-
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siella oxytoca, Escherichia coli, Haemophilus influenzae,
Proteus mirabilis, Enterobacter species, Serratia marc-
escens, Burkholderia cepacia, Stenotrophomonas malto-
philia, Alcaligenes xyvlosoxidans, Mycobacterium tubevcu-
losis, Neisseria gonorrhoeae, Yersinia pestis, Shigella
dysenteriae, Vibrio cholera, or Salmonella typhi.

[0250] In one embodiment, the bacterial strain 1s of the
species Francisela tularemsis, Francisela novicida, Fran-
cisela hispaniensis, Francisela noatunensis, Francisela phi-
lomiragia, Francisela halioticida, Francisela endocilio-
phora, Francisela guangzhouensis, or Francisela piscicida.

[0251] In another embodiment, the bacterial strain 1s of the
species Francisela tularensis.

[0252] In some embodiments, the endotoxin 1s an LTA of
a Gram-positive bacterial strain.

[0253] In other embodiments, the bacterial strain 1s of the
genus Staphviococcus, Bacillus, Rhodococcus, Actinobacte-
ria, Lactobacillus, Actinomyces, Clostridium, or Streptococ-

CUS

[0254] In some embodiments, the bacterial strain 1s
Staphviococcus aurveus, Bacillus anthracis, Streptococcus
mutans or Streptococcus sanguinis.

[0255] In other aspects, a device coated with a peptide 1s
provided. In one embodiment, the peptide comprises the
amino acid sequence of Formula (I) (SEQ ID NO:1). In
another embodiment, the peptide comprises the amino acid
sequence of Formula (I) (SEQ ID NO:1) with one or more
substitutions, insertions, additions, or deletions. In some
embodiments, the peptide comprises the amino acid
sequence ol Formula (I) (SEQ ID NO:1) with one or more
substitutions, insertions, additions, or deletions and with the
proviso that the amino acid sequence 1s not the sequence set
forth in SEQ ID NO:2, 3, or 4. In other embodiments, the
peptide comprises the amino acid sequence of Formula (I)
(SEQ ID NO:1) with the proviso that the amino acid
sequence 15 not the sequence set forth 1n SEQ 1D NO:2, 3,
or 4. In one embodiment, the peptide comprises SEQ ID
NQO:5, 6, 7, 8,9, 10, 11, 12, 13, 14, 15, 38, 39, 40, 41, 42,
43, 44, 45, 46, 47, 48, 49, or 50.

[0256] In one embodiment, the device 1s a surgical tool.
[0257] In another embodiment, the device 1s an implant.
[0258] In other embodiments, the device 1s a catheter, a

staple, a suture, an 1mplant, or a tubing.

[0259] In another aspect, the present invention provides a
method for determining an LPS or an LTA 1n a sample. The
method comprises contacting the sample with a peptide
under a condition such that the LPS or the LTS binds to the
peptide to form a complex; and detecting the complex. In
one embodiment, the peptide comprises the amino acid
sequence of Formula (1) (SEQ ID NO:1). In another embodi-
ment, the peptide comprises the amino acid sequence of
Formula (I) (SEQ ID NO:1) with one or more substitutions,
insertions, additions, or deletions. In some embodiments, the
peptide comprises the amino acid sequence of Formula (I)
(SEQ ID NO:1) with one or more substitutions, 1nsertions,
additions, or deletions and with the proviso that the amino
acid sequence 1s not the sequence set forth in SEQ ID NO:2,
3, or 4. In other embodiments, the peptide comprises the
amino acid sequence of Formula (1) (SEQ ID NO:1) with the
proviso that the amino acid sequence 1s not the sequence set
forth in SEQ ID NO:2, 3, or 4. In one embodiment, the
peptide comprises SEQ ID NO:5, 6,7, 8, 9, 10, 11, 12, 13,
14, 15, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, or 30.
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[0260] In one embodiment, the sample 1s a biological fluid
sample obtained from the subject.

[0261] In another embodiment, the sample comprises
serum, urine, blood, tissue extract or sputum.

[0262] In some embodiments, the sample comprising the
LPS or the LTA 1s transierred onto a suitable support under
a condition permitting LPS or the LTA in the sample to
attach to the support prior to contacting the sample with the
peptide. In another embodiment, the peptide comprises a
detectable label.

[0263] In some embodiments, the label comprises a fluo-
rescent moiety, a radioactive moiety, or an enzyme.

[0264] In other aspects, the present invention provides a
method for diagnosing an LPS- or LTA-associated disorder
in a subject. The method comprises forming a complex
between an LPS or an LTA and a peptide. In one embodi-
ment, the peptide comprises the amino acid sequence of
Formula (I) (SEQ ID NO:1). In another embodiment, the
peptide comprises the amino acid sequence of Formula (I)
(SEQ ID NO:1) with one or more substitutions, insertions,
additions, or deletions. In some embodiments, the peptide
comprises the amino acid sequence of Formula (1) (SEQ ID
NO:1) with one or more substitutions, 1nsertions, additions,
or deletions and with the proviso that the amino acid
sequence 1s not the sequence set forth 1n SEQ 1D NO:2, 3,
or 4. In other embodiments, the peptide comprises the amino
acid sequence of Formula (I) (SEQ ID NO:1) with the
proviso that the amino acid sequence 1s not the sequence set
forth in SEQ ID NO:2, 3, or 4. In one embodiment, the
peptide comprises SEQ ID NO:5, 6, 7, 8, 9, 10, 11, 12, 13,
14, 15, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, or 30.
[0265] In some embodiments, the endotoxin 1s an LPS of
a Gram-negative bactenal strain.

[0266] In another embodiment, the bacterial strain 1s of the
genus Francisela, Acinetobacter, Pseudomonas, Klebsiella,
Escherichia, Haemophilus, Proteus, Enterobacter, Serratia,
Burkholderia, Stenotrophomonas, Alcaligenes, Mycobacte-
rium, Legionella, Neisseria, Yersinia, Shigella, Vibrio, or
Salmonella.

[0267] In other embodiments, the bacterial strain 1s of the
species Francisela tularemsis, Acinetobacter baumannii,
Pseudomonas aeruginosa, Klebsiella pneumoniae, Kleb-
siella oxytoca, Escherichia coli, Haemophilus influenzae,
Proteus mirabilis, Enterobacter species, Serratia marc-
escens, Burkholderia cepacia, Stenotrophomonas malto-
philia, Alcaligenes xvlosoxidans, Mycobacterium tubevcu-
losis, Neisseria gonorrhoeae, Yersinia pestis, Shigella
dvsenteriae, Vibrio cholera, or Salmonella typhi.

[0268] In one embodiment, the bacterial strain 1s of the
species Francisela tularemsis, Francisela novicida, Fran-
cisela hispaniensis, Francisela noatunensis, Francisela phi-
lomiragia, Francisela halioticida, Francisela endocilio-
phora, Francisela guangzhouensis, or Francisela piscicida.

[0269] In another embodiment, the bacterial strain 1s Fran-
cisela tularensis.

[0270] In some embodiments, the endotoxin 1s an LTA of
a Gram-positive bacterial strain.

[0271] In other embodiments, the bacterial strain 1s of the
genus Staphviococcus, Bacillus, Rhodococcus, Actinobacte-
ria, Lactobacillus, Actinomyces, Clostridium, or Streptococ-
Cus.

[0272] In some embodiments, the bacterial strain 1s
Staphviococcus aurveus, Bacillus anthracis, Streptococcus
mutans or Streptococcus sanguinis.
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[0273] In one embodiment, the LPS or the LTA 1s present
in a sample obtained from the subject.

[0274] In another embodiment, the method further com-
prises obtaimng a sample from the subject and detecting the
complex in the sample.

[0275] In one embodiment, the sample 1s a biological tluid
sample obtained from the subject.

[0276] In another embodiment, the sample comprises
serum, urine, blood, tissue extract or sputum.

[0277] In some embodiments, the sample comprising the
LPS or the LTA 1s transierred onto a suitable support under
a condition permitting the LPS or the LTA 1n the sample to
attach to the support prior to contacting the sample with the
peptide.

[0278] In another embodiment, the peptide comprises a
detectable label.

[0279] In some embodiments, the label comprises a fluo-
rescent moiety, a radioactive moiety, or an enzyme.

[0280] In other aspects, the present invention provides a
method for treating a composition comprising an LPS or an
LTA. The method comprises contacting the composition
with a peptide under a condition such that the LPS or the
LTA binds to the peptide to form a complex; and separating
the complex from the composition, thereby reducing or
climinating the LPS or the LTA from the composition. In one
embodiment, the peptide comprises the amino acid sequence
of Formula (I) (SEQ ID NO:1). In another embodiment, the
peptide comprises the amino acid sequence of Formula (I)
(SEQ ID NO:1) with one or more substitutions, insertions,
additions, or deletions. In some embodiments, the peptide
comprises the amino acid sequence of Formula (1) (SEQ ID
NO:1) with one or more substitutions, 1sertions, additions,
or deletions and with the proviso that the amino acid
sequence 1s not the sequence set forth 1n SEQ 1D NO:2, 3,
or 4. In other embodiments, the peptide comprises the amino
acid sequence of Formula (I) (SEQ ID NO:1) with the
proviso that the amino acid sequence 1s not the sequence set
forth in SEQ ID NO:2, 3, or 4. In one embodiment, the
peptide comprises SEQ ID NO:5, 6,7, 8, 9, 10, 11, 12, 13,
14, 15, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, or 50.

[0281] In one embodiment, the composition 1s for paren-
teral administration.

[0282] In another embodiment, the composition 1s for oral,
intravenous, itramuscular, or subcutaneous administration.

[0283] In some embodiments, the composition 1s a cell
culture reagent.
[0284] In other embodiments, the composition 1s blood,

plasma, serum, or bone marrow.

[0285] In some embodiments, the endotoxin 1s an LPS of
a Gram-negative bacterial strain.

[0286] In another embodiment, the bacterial strain 1s of the
genus Francisela, Acinetobacter, Pseudomonas, Klebsiella,
Escherichia, Haemophilus, Proteus, Enterobacter, Serratia,
Burkholderia, Stenotrophomonas, Alcaligenes, Mycobacte-
rium, Legionella, Neisseria, Yersinia, Shigella, Vibrio, or
Salmonella.

[0287] In other embodiments, the bacterial strain 1s Fran-
cisela trularensis, Acinetobacter baumannii, Pseudomonas
aeruginosa, Klebsiella pneumoniae, Klebsiella oxytoca,

Escherichia coli, Haemophilus influenzae, Proteus mirabi-
lis, Enterobacter species, Serratia marcescens, Buvrkhold-
eria cepacia, Stenotrophomonas maltophilia, Alcaligenes
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xvlosoxidans, Mycobacterium tuberculosis, Neisseria gon-
orrhoeae, Yersinia pestis, Shigella dysenteriae, Vibrio chol-
era, or Salmonella typhi.

[0288] In one embodiment, the bacterial strain 1s Fran-
cisela tularensis, Francisela novicida, Francisela hispanien-
sis, Francisela noatunensis, Francisela philomiragia, Fran-
cisela halioticida, Francisela endociliophora, Francisela
guangzhouensis, or Francisela piscicida.

[0289] In another embodiment, the bacterial strain 1s Fran-
cisela tularensis.

[0290] In some embodiments, the endotoxin 1s an LTA of
a Gram-positive bacterial strain.

[0291] In other embodiments, the bacterial strain 1s of the
genus Staphylococcus, Bacillus, Rhodococcus, Actinobacte-
ria, Lactobacillus, Actinomyces, Clostridium, or Streptococ-
Cus.

[0292] In some embodiments, the bacterial stramn 1s
Staphyviococcus aureus, Bacillus anthracis, Streptococcus
mutans or Streptococcus sanguinis.

[0293] The surface of cancer cell membranes can possess
net negative-charge characteristics, whereas, normal animal
cell membrane-surfaces can be largely neutral in charge
characteristics. Accordingly, in other aspects, the present
invention provides for anticancer therapeutics that are selec-
tively toxic against cancerous cells while relatively less- or
non-toxic against normal cells of a subject.

[0294] In one aspect, the present invention provides a
method for treating or preventing a cancer in a subject in
need thereof. The method comprises administering to the
subject a therapeutically or prophylactically eflective
amount ol a peptide provided herein, or a composition
comprising the peptide or a polynucleotide encoding the
peptide. In one embodiment, the peptide comprises the
amino acid sequence of Formula (I) (SEQ ID NO:1). I
another embodiment, the peptide comprises the amino acid
sequence of Formula (I) (SEQ ID NO:1) with one or more
substitutions, insertions, additions, or deletions. In some
embodiments, the peptide comprises the amino acid
sequence ol Formula (I) (SEQ ID NO:1) with one or more
substitutions, insertions, additions, or deletions and with the
proviso that the amino acid sequence 1s not the sequence set
forth in SEQ ID NO:2, 3, or 4. In other embodiments, the
peptide comprises the amino acid sequence of Formula (I)
(SEQ ID NO:1) with the proviso that the amino acid
sequence 1s not the sequence set forth in SEQ 1D NO:2, 3,
or 4. In one embodiment, the peptide comprises SEQ ID
NQO:35, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 38, 39, 40, 41, 42,
43, 44, 45, 46, 47, 48, 49, or 50.

[0295] As used herein, the term “treating” does not nec-
essarily imply that a subject i1s treated until total recovery
and includes, for example, the amelioration or management
of one or more symptoms of the cancer. “Preventing” the
cancer should not be taken to necessarily imply that cancer
development 1s completely prevented and includes, without
limitation, delay of the cancer development.

[0296] In one embodiment, the therapeutically eflective
amount 1s an amount suflicient to stop or slow the progres-
sion of the cancer. In another embodiment, the therapeuti-
cally eflective amount 1s an amount suflicient to reduce the
number of viable cancer cells in the subject. Methods for
monitoring the proliferation of cancer cells and progress of
cancer 1n a subject (e.g., tumor size, cell counts, biochemical
markers, secondary indications, etc.) are known to one of
ordinary skill in the art.
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[0297] In some embodiments, the method for treating is
used as a co-therapy such as, for example, administration in
conjunction with radiation, surgery, or other chemothera-
peutics. In other embodiments, the method includes admin-
istration of a therapeutically eflective amount of the peptide
in combination with an additional anti-cancer agent. A wide
variety of anti-cancer (1.€., anti-neoplastic) agents are known
in the art and include, for example alkylating agents, anti-
metabolites, natural antineoplastic agents, hormonal antine-
oplastic agents, angiogenesis inhibitors, diflerentiating
reagents, RNA inhibitors, antibodies or immunotherapeutic
agents, gene therapy agents, small molecule enzymatic
inhibitors, biological response modifiers, and anti-metastatic
agents.

[0298] In still further embodiments, the method for treat-
ing can be used an adjuvant therapy such as, for example,
administering after surgery or other treatments (e.g., radia-
tion, hormone therapy, or chemotherapy). Accordingly, in
such embodiments, the method of adjuvant therapy encom-
passes administering following a primary or initial treat-
ment, and either alone or in combination with one or more
other adjuvant treatments, including, for example surgery,
radiation therapy, or systemic therapy (e.g., chemotherapy,
immunotherapy, hormone therapy, or biological response
modifiers). In other embodiments, the method relates to
neoadjuvant therapy, which 1s administered prior to a pri-
mary treatment.

[0299] Some non-limiting examples of cancer include
carcinoma, melanoma, lymphoma, blastoma, sarcoma, germ
cell tumors, and leukemia or lymphoid malignancies. Non-
limiting examples of cancers that fall within these broad
categories include squamous cell cancer (e.g., epithelial
squamous cell cancer), lung cancer including small-cell lung
cancer, non-small cell lung cancer, adenocarcinoma of the
lung and squamous carcinoma of the lung, cancer of the
peritoneum, hepatocellular cancer, gastric or stomach cancer
including lung cancer, gastrointestinal cancer, pancreatic
cancer, glioblastoma, cervical cancer, ovarian cancer, liver
cancer, bladder cancer, cancer of the urinary tract, hepatoma,
breast cancer, colon cancer, rectal cancer, colorectal cancer,
endometrial or uterine carcinoma, salivary gland carcinoma,
kidney or renal cancer, prostate cancer, vulval cancer, thy-
roid cancer, hepatic carcinoma, anal carcinoma, melanoma,
multiple myeloma and B-cell lymphoma, brain, as well as
head and neck cancer, and associated metastases.

[0300] In other embodiments, cancer also encompasses
cell proliferative disorders which are associated with some
degree of abnormal cell proliferation and includes tumors,
which include neoplasms or neoplastic cell growth and
proliferation, whether malignant or bemign, and all pre-
cancerous and cancerous cells and tissues.

[0301] In one embodiment, the cancer 1s a lung cancer. In
some embodiments, the lung cancer 1s an adenocarcinoma,
a squamous cell carcinoma, a large cell carcinoma, a small
cell lung cancer, an adenosquamous carcinoma, or a sarco-
matoid carcinoma.

[0302] In other aspects, a peptide described herein can be
used as a vehicle or carrier for the targeted delivery of other
agents (e.g., antimicrobial or anticancer agents). Targeted
delivery 1s described by e.g., U.S. Pat. No. 8,404,636 B2,

which 1s incorporated herein by reference in its entirety.

[0303] In one aspect, the present invention provides a
conjugate comprising a peptide conjugated to an agent,
wherein the peptide 1s connected to the agent directly or
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through a linker segment, the agent being connected to the
peptide or the linker segment through a stable or cleavable
bond, wherein the conjugate carries and facilitates the deliv-
ery ol the conjugated agent to a microbe or a cancer cell. In
one embodiment, the peptide comprises the amino acid
sequence of Formula (I) (SEQ ID NO:1). In another embodi-
ment, the peptide comprises the amino acid sequence of
Formula (I) (SEQ ID NO:1) with one or more substitutions,
insertions, additions, or deletions. In some embodiments, the
peptide comprises the amino acid sequence of Formula (I)
(SEQ ID NO:1) with one or more substitutions, 1nsertions,
additions, or deletions and with the proviso that the amino
acid sequence 1s not the sequence set forth in SEQ 1D NO:2,
3, or 4. In other embodiments, the peptide comprises the
amino acid sequence of Formula (1) (SEQ ID NO:1) with the
proviso that the amino acid sequence 1s not the sequence set
forth in SEQ ID NO:2, 3, or 4. In one embodiment, the
peptide comprises SEQ 1D NO:5, 6, 7, 8,9, 10, 11, 12, 13,
14, 15, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, or 30.

[0304] In some embodiments, the peptide 1s amidated at
the C-terminus.
[0305] In other embodiments, the linker segment athxes

the agent to the peptide through acylation of the amino group
of the N-terminus of the peptide.

[0306] The agent may be any compound desired to be
delivered to a cell. Such compounds include, but are not
limited to, those which may provide a therapeutic or diag-
nostic benefit. In some embodiments, the compounds are
nucleic acids, peptide nucleic acids, polypeptides (including,
for example, fusion proteins), carbohydrates, peptidomimet-
ics, small molecule inhibitors, chemotherapeutic drugs, anti-
inflammatory drugs, antibodies, single chain Fv fragments
(SCFV), lipids, proteoglycans, glycolipids, lipoprotein, gly-
comimetics, natural products, or fusion proteins.

[0307] In one embodiment, the agent 1s an antimicrobial
agent.
[0308] In some embodiments, the antimicrobial agent is

levofloxacin, chloramphenicol, or a diazeniumdiolate.

[0309] In other embodiments, the agent 1s an anticancer
agent.
[0310] In one embodiment, the anticancer agent 1s an

alkylating agent, an antimetabolite, a natural antineoplastic
agent, a hormonal antineoplastic agent, an angiogenesis
inhibitor, a differentiating reagent, a RNA inhibitor, an
antibody or immunotherapeutic agent, a gene therapy agent,
a small molecule enzymatic ihibitor, a biological response
modifier, or an anti-metastatic agent.

[0311] In some embodiments, the peptide and the agent to
be delivered to a cell are connected to each other to allow the
peptide to carry the compound across a cell membrane 1nto
a cell. Forms of attachment are known 1n the art and include,
without limitation, bonding, fusion or association between
the carrier peptide and the at least one compound (for
example, but not limited to, covalent bonding, 1onic bond-
ing, hydrogen bonding, aromatic stacking interactions,
amide bonds, disulfide bonding, chelation). In some embodi-
ment, the carrier peptide and the agent may be connected in
an 1rreversible or a reversible manner, such that upon entry
into a cell the agent 1s released from the carrier peptide.

[0312] Inother embodiments, the agent 1s connected to the
carrier peptide at its N-terminus, 1ts C-terminus or at any
other location. In one embodiment, the agent 1s connected to
the peptide at 1ts N-terminus. In another embodiment, the
agent 1s connected to the peptide at 1ts C-terminus. In other
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embodiments, the agent 1s connected to the peptide via a
linker molecule. In some embodiment, the linker molecule 1s
a peptide linker.

[0313] In other aspects, the invention provides a method
for targeting delivery of the agent to a cell, the method
comprising administering to a subject a therapeutically or
prophylactically amount of a conjugate described herein.
[0314] In one embodiment, the cell 1s a bacterial cell, a
fungal cell, or a cancer cell.

[0315] In another embodiment, the cells are cancer cells;
and the invention provides a method for targeting delivery of
the agent to cancer cells, for example 1n a mixed population
of cancer and non-cancer cells. In some embodiments, the
targeting delivery provides higher selectivity against and
killing of cancer cells over normal cells.

[0316] The peptides and/or conjugates (or nucleic acids or
vectors encoding same) described herein may be delivered
to a cell by a number of different methods known to one of
ordinary skill in the art including, but not limited to, 1n vitro,
ex vivo, and/or 1n vivo methods for delivery.

[0317] In another embodiment, a method for targeting
delivery of the imnvention comprises administering the con-
jugate and/or peptide (or nucleic acids or vectors encoding
same) to a subject.

[0318] In one embodiment, an 1n vitro method may com-
prise bringing the conjugate and/or peptide (or nucleic acids
or vectors encoding same) into contact with one or more
cells or a composition comprising one or more cells or
proteins of interest; for example, contacting the conjugate or
peptide (or nucleic acids or vectors encoding same) with a
sample, composition or media in which the one or more cells
(or proteins of interest in certain embodiments) are con-
taimned (such as mixing a composition of the invention with
a liquid sample containing one or more cells or proteins).
[0319] In another embodiment, an ex vivo method may
comprise bringing the conjugate and/or peptide (or nucleic
acids or vectors encoding same) into contact with one or
more cells or a composition comprising one or more cells or
proteins of mterest under a condition that takes place outside
the subject. For example, 1n some embodiments, treatment
of immune cells ex vivo are performed by exposing such
cells to the conjugate and/or peptide 1n an artificial envi-
ronment (sterile conditions) outside the subject with the
minimum alteration of the natural conditions. In one
embodiment, this procedure can involve culturing mononu-
clear cells that have been 1solated from the subject prior to
administration back into the same subject. In some embodi-
ments, the targeting delivery ex vivo provides higher selec-
tivity against and killing of cancer cells over normal cells
that may be administered back into the subject.

[0320] In other aspects, the invention provides a method
for delivering the agent to a cell as well as a method for
increasing the transierability across cell membrane of the
agent to be delivered to the cell, by connecting the agent of
interest to a peptide of the invention. In some embodiments,
the peptides described herein may be used as carriers to
transport agents across a cell membrane 1nto the cell.

[0321] In some embodiments, the method provides form-
ing transient pores in the membrane through which the agent
enters the cell.

[0322] In one embodiment, the peptide comprises the
amino acid sequence of Formula (I) (SEQ ID NO:1). In
another embodiment, the peptide comprises the amino acid

sequence of Formula (I) (SEQ ID NO:1) with one or more
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substitutions, 1nsertions, additions, or deletions. In some
embodiments, the peptide comprises the amino acid
sequence of Formula (I) (SEQ ID NO:1) with one or more
substitutions, insertions, additions, or deletions and with the
proviso that the amino acid sequence 1s not the sequence set
forth in SEQ ID NO:2, 3, or 4. In other embodiments, the
peptide comprises the amino acid sequence of Formula (I)
(SEQ ID NO:1) with the proviso that the amino acid
sequence 1s not the sequence set forth in SEQ ID NO:2, 3,
or 4. In one embodiment, the peptide comprises SEQ ID
NQO:5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 38, 39, 40, 41, 42,
43, 44, 45, 46, 47, 48, 49, or 0.

[0323] In some embodiments, the cell 1s a eukaryotic cell.
[0324] In another embodiment, the cell 1s a bacterial, a
fungal or a cancer cell.

[0325] In some embodiments, the cell 1s present 1 a
subject and the method comprises administering the peptide/
agent conjugate/complex to the subject.

[0326] In other embodiments, the cell 1s ex vivo and the
method comprises contacting the cell with the peptide/agent
conjugate/complex.

[0327] The mvention will be further described 1n the
following examples, which do not limit the scope of the
invention described in the claims.

EXAMPLES
Example 1

Materials and Methods

[0328] Bacterial Strains. Bacterial strains (Table 1) were
obtained from American Type Culture Collection (ATCC,
Manassas, Va.). The bacteria were first grown 1n the respec-
tive recommended media and then selected over cation
adjusted Mueller Hinton Broth (MHBII, BD 212322) agar
(supplemented with antibiotics for antibiotic-resistant
strains) and then grown i MHBII (supplemented with
antibiotics for antibiotic-resistant strains). Bacteria were
then aliquoted and stored frozen as 20% glycerol stocks at
—30° .

[0329] Peptides. Peptides were procured from several ven-
dors: Anaspec, Inc (Fermont, Calif.), ChinaPeptides, Inc
(Shanghai, China) and Virongee (USA). All the peptides
were at >93% purity according to the manufacturers’
reports.

[0330] Reagents and Buffers. Three kinds of phosphate
buffers were used such as 10 mM Sodium phosphate (Na—
PQO,), Phosphate Buffered Saline (PBS) without calcium or
magnesium and Dulbecco’s Phosphate Buffered Saline
(DPBS) with calcium and magnesium. All the phosphate
buffers were adjusted to pH=7.4 and sterilized by filtration
through 0.22 um PVDF membrane. Resazurin sodium salt,
Nitrocefin, ortho-Nitrophenyl-pB-galactoside (ONPG), all the
morganic salts along with Hexadecyltrimethylammonium
bromide (HCMAB), Lipopolysaccharndes from Escherichia
coli 0111:B4, Lipo-teichoic acid (ILTA) from Staphylococcus
aureus, Polymyxin B (PMB), (Greiner Bio-one) polypro-
pylene 96 well plates were purchased from Sigma.

[0331] Instrumentation and Software. Gemini EM (Mo-
lecular Devices) fluorescence plate reader was used to
conduct all the fluorescence reading. Absorbances were
measured 1n (BioTek) Eon. Circular Dichroism studies were
conducted using Jasco J-1500 spectropolarimeter (Jasco,
Easton, Md.). Data were pre-analyzed with Excel software
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before plotting and results were generated using Graphpad
Prism 5 (GraphPad Software, Inc.).

[0332] Bio Informatics. ATRA1 and WG12 sequences
were manually aligned. Secondary structures of the ATRA1
variants and NA-CATH derived sequences were predicted
by I-TASSER (Iterative Threading ASSEmbly Refinement)
using the deposited NMR structures of crotalicidin as tem-
plate-sequence. The resulting co-ordinate files (1n .pdb for-
mat) were visualized by the programs such as Chimera and
Pymol (The PyMOL Molecular Graphics System, Version
2.0 Schrodinger, LLC).

[0333] Co-ordinates of LPS were obtained from pdb
accession code 1QFG and for ATRAI, the predicted struc-
ture were used.

[0334] Endotoxin Binding. The binding of endotoxin
(LPS/LTA) was evaluated using a fluorogenic conjugate-
BODIPY TR-Cadaverine (BC). BC binds endotoxin loses 1ts
fluorescence. The peptide competitively displaces BC from
endotoxin and the fluorescence 1s reestablished. Competitive
inhibition of endotoxin-BC binding was utilized due to
presence of peptides already 1n complexion with endotoxin.
25 ul. of 20 uM of peptides 1n 10 mM Na—PO,, buffer were
incubated with 25 ul. of LPS (40 pyg/ml.) or LTA (40 pg/mlL.)
for 15 min and then added with 50 of BC (20 uM). Peptides
bind to LPS or LTA and competitively prevents BC bind to
the endotoxin. BC loses i1ts fluorescence on binding to
endotoxin. The fluorescence intensity of the unbound BC
was measured at excitation=580 nm and emission=620 nm.
[0335] Circular Dichroism (CD). CD was performed by
allowing the samples were allowed to equilibrate for 5 min
at 25° C. 1n a 1 mm path length quartz cuvette (Jasco) prior
to collecting the spectra. Scans were performed from 200 to
250 nm at 0.2 nm 1intervals, with a data integration time of
4 s and 1 nm bandwidth. Each test was performed once, and
mean residue ellipticity (MRE), [0], was calculated from the
average of four scans.

Equation 1
18] (deg .cm?® - dmol™? ) =

Ellipticity (m deg)- 10°
Pathlength (mm)- [Peptide](uM)-(n — 1)

[0336] where, n=number of residues 1n the peptide.

[0337] The peptides were analyzed at a concentration of
30 yM 1n 10 mM Na—PO,, 50% (v/v) trifluoroethanol
(TFE) 11n 10 mM Na—PO,, 17.6 mM sodium dodecyl sulfate
(SDS) in Na—PQO, buffer. Some of the peptides were also
analyzed i1n presence of LPS micelles in both 10 mM
Na—PQO, and DPBS at a peptide:lipid ratio of 1:4.2.
[0338] Tryptophan Fluorescence Studies. The binding
interactions of the peptides with LPS were determined by
using the intrinsic fluorescence of Trp at excitation wave-
length of 280 nm and emission 1n the range of 300-400 nm
(Trp Blue Shift). 5 uM of peptides, which contained Trp,
were titrated with increasing concentrations of LPS (0-20
uM). A standard single-site binding curve fitted to equation
(1) was used to calculate the binding constants (equilibrium
dissociation constant, K,).

=B *L¥K L) Equation 2:

[0339] where, f=fractional saturation of the peptide with
respect to LPS expressed 1n terms of difference 1n wave-
length, AA,._ =i, —A(0), . A =emission maxima of the

Fax?
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peptide on successive addition of LPS in nm, A(0)
__.=emission maxima of the peptide without addition of
LPS m nm, L=hgand (LPS) concentration (04), and

K =equilibrium dissociation constant (uM).

[0340] The fluorescence of Trp was quenched by addition
of acrylamide (0-0.2 M) to peptides (10 uM) 1n both free and
in LPS (25 uM) bound states in DPBS. Stern-Volmer’s
constant (K_) was calculated using equation (2), where
F,=fluorescence intensity in the absence of a quencher,
F=fluorescence intensity in the presence of a quencher at
each titration, and [(Q]=concentration of quencher 1n molar-
ity.

Fo/F=1+K_ O] Equation 3:

[0341] Antimicrobial Studies. The phosphate buffers used
for antimicrobial assays were supplemented with non-ni-
trogenous energy source, 0.1% (w/v) glucose. To conduct
antimicrobial assays, bacterial strains were first suspended

1in respective buffers. E. coli (ATCC 23922) and B. cereus
(ATCC 11778) were grown in MHB Il up to OD, ,..~1 and

stored as frozen stock 1n 20% glycerol at —80° C. Occasion-
ally they were thawed and enumerated by serial dilution and
spreading on MHB 1I agar plates. The concentrations of the
frozen stocks of E. coli and B. cereus strains were 1.0-1.
1#10° CFU/mL with OD,,, , ~0.8. In case of other bacterial
strains, they were grown on the days of experiment upto
OD.., .,.,~1-1.5 and then adjusted to OD,, , .~0.8. The
srowth media of the drug-resistant bacterial strains were
supplemented with few of the respective antibiotics against
which they are resistant. 200 L of the 0.8 ODy, ,,,,, Culture
were added to 10 mlL of the respective buffer to obtain a
suspension which was used to incubate with equal volumes
of peptide solution 1n the same buffer. The bacterial strain
and the media conditions used to culture the bacteria for
antimicrobial testing are shown in Table 1.

TABLE 1

List of Microbial Strains and growth
conditions (X = no supplementation)

Strain Growth Temp.
Bacteria (ATCC ID) Media Supplements (" C.)
Escherichia 25922 MHB-II X 35
coli
Escherichia 51659 MHB-II 50 pg/mL of each 37
coli of Streptomycin
and Tetracycline
Bacillus 11778 MHB-II X 30
cereis
Staphylococcus  BAA-1718 MHB-II X 37
aureis
Acinetobacter 0055 MHB-IIT X 37
baumannii
Acinetobacter BAA-1795  MHB-II 10 pg/mL of each 37
baumannii of Ampicillin,
Ceftazidime,
Gentamycin,
Norfloxacin,
and 1 ug/mL of
Levotloxacin
Klebsiella 33495 MHB-II X 37
preumoniae
Klebsiella BAA-1705 MHB-II 10 ug/mL of each 37
prieumoniae of Ampicillin,
Ceftazidime, and
Levotloxacin

20
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TABLE 1-continued

List of Microbial Strains and growth
conditions (X = no supplementation)

Strain Growth Temp.
Bacteria (ATCC ID) Media Supplements (" C.)
Pseudomonas 0027 MHB-II X 37
aeruginosa
Candida MYA-2876 YM broth X 37
albicans

.~

[0342] Antimicrobial assays 1n different phosphate buffers
and serum were conducted by adapting, with necessary
modifications a fast high-throughput method based on Vir-
tual Colony Count technique and later modified by 1ncor-
porating the use of resazurin. At first serial dilution of a
microbial strain in respective buffer was poured 1n the wells
of 96 well polypropylene microplate and was then added
with same volume of 2XMHB II supplemented with 80
ug/mlL resazurin and incubated at 35° C. 1n a Gemin1 EM
Microplate Reader (Molecular Devices) overnight with
intermittent shaking. As the microbe grows 1t reduces non-
fluorescent resazurin to fluorescent resorufin and the fluo-
rescent intensity of each well were measured (excita-
f1on=570 nm, emission=390 nm) each 5 min for 15 hours.
The time (t, min) to reach a certain fluorescence
(RFU=20000 with respect to the starting fluorescence) was
correlated with the initial bacterial concentration (in CFU/
mlL.) 1n the particular well to obtain a calibration plot of the
form:

Log([Bacteria], CFU/mL)=b+m*t Equation 4:

[0343] where b and m are the intercept and the slope of the
correlation dependent on the specific bacterial strain and the
buifer used.

[0344] To obtain antimicrobial efficacy of the peptides, 50
uL. of sernially diluted peptide 1n a buffer was incubated with
50 pLL microbial suspension 1n the same buffer for 3 hours 1n
black polypropylene 96 well plate. After incubation the
wells were added with 100 ul. of 2xMHB II supplemented
with 80 ug/mL resazurin and then incubated with continuous
fluorescence reading for overnight time period as described

earlier. The surviving microbial population (CFU/mlL) 1n
each well were calculated by first finding the time to reach
a fluorescence of RFU=20000 and the correlation (4) for the
specific microbial strain and buffer. % Survival represents
the proportion of viable cells 1n peptide treated cells relative
to cells treated with the respective buffer alone.

Equation 5

(Yo Microbial survival)p, .z =

Surviving population after incubation
with the [peptide]

Surviving population after incubation
with no peptide

% 100

[0345] Finally, the antimicrobial effectiveness of each
peptide against the particular microbial strain in the specific
buffer was determined by plotting % microbial survival as a
function of the log of the concentration of the peptide and
fitting the resulting data to a variable-slope sigmoidal regres-
sion model (equation 6). In this equation, log(EC<,) repre-
sents the log of the concentration of the peptide required to
kill half of the microbial population, where S_. and S,
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correspond to the minimal and maximal microbial survival
values (respectively), and H, Hill slope, 1s the parameter
defining the steepness of the transition slopes of sigmoidal
survival curves.

% Microbial survival=S__ (S __—S . )/(1+10/%

f B min( Lax iR
(g0 oslpeptdelTHy Equation 6:

[0346] Interactions with Bacterial Membranes. Interaction
of the peptides with bacterial membranes 1n different phos-
phate buffers were evaluated using E. coli ML35p, con-
structed 1n our laboratory. At first, competent cells of E. coli
ML.335 were produced by conventional competent cell prepa-
ration method, then transformed with pBR322 plasmid.
Transformed colonies were selected after growing on Luria-
agar containing 50 pg/mL ampicillin. A single transformed
colony was grown 1n presence of ampicillin first in Luria
broth and then in MHBII and stored as 20% glycerol stock
at —80° C. This frozen stock, on the day of the experiment,
was thawed and grown in MHBII contaiming ampicillin up

to OD¢qq ,,,,,=0.8-0.9, washed with PBS and then suspended
in the respective buffer up to the required OD, ,,., for use.

[0347] NPN Assay. The outer membrane perturbation of
bacteria was evaluated by incubating E. coli ML35p with
peptides 1n presence of NPN. 100 mM NPN i1n acetone was
supplemented proportionately to a bacterial suspension of
0D ,.,,~0.3 to achieve a final concentration of 20 of NPN
and the mixture was equilibrated for 30 mins. Then, 90 pulL
of the bacterial suspension containing 20 uM NPN was
added with 10 pL of 250 uM peptide (10X) solution 1n water
and scanned for fluorescence intensity (excitation=330 nm,
emission=420 nm). The % Perturbation was calculated by
considering PMB to be causing 100% Perturbation and
water (without peptide) as 0% Perturbation. Each peptide
was tested 1n triplicate 1n each of the three phosphate buffers
used.

[0348] Membrane Disruptions. The outer and the inner
membrane disruptions by the peptides were evaluated by
incubating bacterial suspension with peptides and then mea-
suring the activity of enzymes leaked out of the cells. 100 plL
of 10X concentration of peptide 1n water was incubated with
900 pl. bacterial suspension (ODg, ,,,.~0.1) 1n respective
buffer for 3 hours at room temperature with gentle rotation.
Then the cells and debris were separated by centrifugation
(10000 r.p.m. for 30 mins) and the supernatant was collected
and tested for activity of enzymes that had leaked out of the
bacterial cells. HCMAB was used as a positive control to
cause 100% membrane disruption and water as a negative
causing 0% disruption.

[0349] The outer membrane disruption was tested by using
the activity of beta-lactamase present 1n the periplasmic
space of E. coli ML335p. Peptides when disrupt the outer
membrane enough to cause beta-lactamase to come out, the
degree of disruption can be measured by the virtue of the
kinetics of the enzyme and using a chromogenic cepha-
losporin substrate called nitrocefin. B-lactamase mediated
hydrolyzed product of mnitrocefin has an absorbance
A, =486 nm. Supernatant collected from the incubation of
peptide with bacteria was added with nitrocefin solution 1n
DPBS and incubated at 35° C. and continuous absorbance
readings. The slope of the linear section of the absorbance
curve (absorbance vs time), was used as a measure of
membrane disruption and the % Disruption was calculated

ds:
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. . Equation 7
% Outer—Membrane Disruption =

Slope for Nitrocefin hydrolysis for the test peptide
Slope for Nitrocefin hydrolysis for HCMAR

3

[0350] The inner membrane disruption was tested by using
the activity of P-galactosidase present in the periplasmic
space of E. coli ML35p, which lacks lactose-permease.
Peptides when disrupt the inner membrane enough to cause
B-galactosidase to come out, the degree of disruption can be
measured by the virtue of the kinetics of the enzyme and
using a substrate called ortho-Nitrophenyl-[-galactoside
(ONPG). [B-galactosidase mediated hydrolyzed product of
ONPG has an absorbance Amax=420 nm. Supernatant col-
lected from the incubation of peptide with bacteria was
added with ONPG solution in DPBS and incubated at 35° C.
and continuous absorbance readings. The slope of the linear
section of the absorbance curve (absorbance vs time), was
used as a measure of membrane disruption and the %
Disruption was calculated as:

_ , Equation 8
% Inner—Membrane Disruption =

Slope for ONPG hydrolysis for the test peptide
Slope for ONPG hydrolysis for HCMAB

% 1 00%

[0351] Hemolysis. To measure the in-vitro hemolysis
activity of the peptides, sheep blood was suspended in DPBS
and washed with two times with same buffer and finally
diluted to 20% suspension. Peptides were incubated at 123
uM against 10% suspension of sheep blood cells 1n DPBS
for 1 hour at 37° C. where DPBS alone served as negative
control and 1% TritonX-100 served as 100% lysis. After
incubation, the cells were pelleted by centrifugation (1000
r.p.m, 5 min) and the supernatant was transferred to a
microplate and read at 540 nm absorbance. Each peptide was
tested 1n triplicate. % Hemolysis was expressed as:

Equation 9
% Hemolysis =

(Absorbance) — (Absorbance)

(Absorbance) ... v 100 — (Absorbance)

pepiide na— peptide

% 100%

no— peptide

[0352] Cytotoxicity. Cells were seeded 1 complete
growth medinm (Minmimal Essential Medium, MEMaq,
supplemented with 10% Fetal Bovine Serum) into a culture-
treated 96-well plate at a density of 25000 cells per well.
After 24 hours, culture media was aspirated and replaced
with media containing the selected peptide. No-serum
experiments were conducted 1n Opti-MEM I reduced serum
media (ThermoFisher, 31985062) and 10% serum experi-
ments were performed 1n complete growth medium. In all
cases, DBPS was used as a vehicle only control and buiffer
to serially dilute the peptides. After exposure to the peptides
or vehicle-alone for the defined period, Alamar blue dye
(resazurin) was added directly to the media and allowed to
incubate for two hours. Following incubation, A570/A600
measurements were made to calculate reduction of resazurin
dye to resorufin. A ratio of reduction in treated versus
untreated cells was calculated 1n order to determine overall
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cell viability. The human cells were always maintained 1n a
3’7° C. mcubator under 5% CO.,.

Example 2

Peptide Design and Properties

[0353] Sequence, Hydrophobic Moment and Wimley-
White Transier Energies. Table 2 shows primary sequences
of the peptides, theirr molecular weights, Total Hydrophobic
Moment and Free Energy of Transfer to phosphatidylcholine
membrane interfaces. Putative helix-forming sequences are
bold-faced. The moments and the free energies were calcu-
lated using MPEX by presetting % a.-helix=64%, N-terminal
protonated, C-terminal amidated for every peptide and are
plotted 1n FIG. 1.

TABLE 2

Sequences and physio-chemical
properties of peptides

Calculated

Wimley- Wimley-

White White
C-terminal Total Transfer
amlidated Hydro- free
sequence MW phobic energies
Peptide Sequence (g/mol) Moment kcal/mol
ATRAT KRFKKFFEKKLK 1496 .9 6.49 -2.19
(SEQ ID NO: 2)
ATRAL - KRAKKFFKRLK 1420.8 5.23 -0.89%
A (SEQ ID NO: 4)
ATRAL - KKAKKFFKRLK 1392.8 5.21 -0.71
AK (SEQ ID NO: 5)
ATRA] - KRAKKFFKRLK 1448.9 5.18 -1.07
AR (SEQ ID NO: 6)
ATRAL - KRAKRFFKRLK 14776 .9 5.04 -1.25
ARZ (SEQ ID NO: 7)
ATRAL - RRAKRFFEKRLK 1504.95 4 .80 -1.43
AR3 (SEQ ID NO: 8)
ATRA] - RRFKRFFKRLK 1581.0 6.11 —-2.73
R23 (SEQ ID NO: 9)
ATRAL - RRFRRFFRRLE 1665.0 5.87 -3.17
R6 (SEQ ID NO: 10)
ATRA] - KRFKKFFEKKEFK 1530.9 7.05b —-2.76
T (SEQ ID NO: 11)
ATRAL - KRWKKFFKRWK 1609.0 8.47 -4 .20
W2 (SEQ ID NO: 12)
ATRAL - KRWKKWFEKRKWK 1648.1 8.97 -4 . 92
W3 (SEQ ID NO: 13)
ATRA] - KRWKKWWEKEKWK 1687.1 ©.40 -5.64
W4 (SEQ ID NO: 14)
ATRAL - RRWKRFFEKRWK 1692.1 8.0% -4 .74
R3W2 (SEQ ID NO: 15)
Example 3
Endotoxin Binding
[0354] The outer leaflet of the outer membrane of Gram-

negative bacteria 1s largely composed of LPS, a glycolipid.
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On the other hand, the thick peptidoglycan layer on the
plasma-membrane of Gram-positive bacteria contains LTA.
Both LPS and LTA can trigger massive immune responses in
the form of septic shock 1n animals and thus act as endo-
toxins.

[0355] The endotoxin binding properties of the peptides
were evaluated by their ability to competitively inhibit
binding of BODIPY TR-Cadaverine (BC) to LPS and LTA.
BC contains two functional moieties: BODIPY (boron-
dipyrromethene) and cadaverine connected via a carboxam-
ide. BODIPY 1s the fluorophore of BC and fluoresces 1n the
free state 1n solution but loses fluorescence when bound to
LPS/LTA. The competitive displacement of BC from LPS/
LTA by AMPs and thus regeneration of the fluorescence has
frequently been used to estimate the binding strength of
AMPs with LPS/LTA. In the present studies, 5 uM of each
peptide was used to displace BC from LPS/LTA. Substitu-
tion of Phe, with Ala, as in ATRA1-A, resulted 1n decreased
LPS binding relative to ATRA1 (FIG. 2). Substitution of
Arginine, with Lys 1n ATRAI-A resulted in ATRAI-AK,
which displayed the highest LPS binding among all the
peptides, whereas substitution of arginine for the Lys residue
at the 9” position afforded ATRA1-AR, which showed the
lowest LPS binding of all of the peptides tested. Such
observation contradicts the initial assumption that substitu-
tion of Lys with arginine would result in increased efliciency
of LPS binding. However, with sequential substitutions of
Lys with arginine, starting with ATRA1-AR, peptide vari-
ants show increased LPS binding with each additional

arginine substitution. In terms of LPS binding: ATRAI-
AR<ATRAI-AR2<ATRA1-AR3. In ATRAI1-R3, the lysine
residues at 9th, 57 and 1°* positions of ATRA1 were substi-
tuted with arginine. In ATRA1-R6 all of the lysine residues
were replaced with arginine. ATRA1-R3 demonstrated
higher LPS binding than ATRA1, and ATRA1-R6 bound
LPS more effectively than ATRA1-R3. These results sup-
ported the rational assumption that substitution of lysine
with arginine can increase the LPS binding competence in

ATRAI-based peptides.

[0356] The importance of the hydrophobicity of the non-
polar residues were tested by substituting those residues
with other non-polar residues with different degrees of
hydrophobicity. When the Phe; of ATRA1 was substituted
with less hydrophobic Ala, the LPS binding decreased
significantly. But when Leu,, was substituted with more
hydrophobic Phe, the LPS binding also decreased relative to
ATRA1 and comparable binding was not achieved until all
three of the Trp-substitutions for non-polar residues had
been 1mcorporated. Such observations contradict the simple
assumption that replacement of non-polar residues with
more hydrophobic ones will automatically increase the LPS
binding efliciency relative to the parent peptide. However,
such substitutions did increase the LPS-binding efliciency
when ATRA1-A, ATRAI1-F, ATRA1-W2, ATRA1-W3 and
ATRAI-W4 were compared, with the trend indicating that
substitutions of non-polar residues by more hydrophobic
ones increased the LPS binding efficiency within this series
of peptides. In ATRA1-W4, all the non-polar residues were

replaced with Trp, and this peptide alone demonstrated
higher eflicacy to bind LPS than the parent ATRA1. ATRAI-

R3W2, with three arginine substitutions at the 1%, 57 and 9”
positions and two tryptophan substitutions at the 3™ and 10”
positions, was expected to be more effective in LPS binding

than either of ATRA1-R3 and ATRA1-W2, which ended up
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being the case. Based on these observations, 1t can be
generally inferred, that substituting arginine for lysine resi-

dues and tryptophan for other non-polar residues within
short helical AMPs, such as ATRA]1, can result 1n increased
LPS binding efliciency. However, BC does not bind LPS
ellectively 1 high 1onic-strength conditions, therefore there
1s no change 1n fluorescence associated with peptide bind-
ing. Therefore, BC displacement cannot be used to monitor
LPS binding under high 1onic-strength conditions. As a
result, the LPS-binding effectiveness of the peptides could
not be obtained 1n high/physiological saline conditions. The
lack of ability to assess LPS-binding results in near physi-
ological 1onic conditions using BODIPY imparts limitations
to this study. Despite this limitation, the study provides clues
into how the cationic nature and hydrophobicity of residues
impact the LPS binding properties of short AMPs such as
ATRAL.

[0357] LTA from S. aureus was used to evaluate the LTA

binding properties of the peptides. All the peptides showed
low LTA binding characteristic. However, the general trend
of LPS binding among the peptides was approximately
maintained for LTA binding. ATRA1-AK showed the high-
est LTA binding. ATRA1-A showed signmificantly lower LTA
binding than ATRA1. LTA binding increased with additional
arginine substitutions, whereas, hydrophobic substitutions
aflorded marginal differences 1n LTA binding. ATRAI-
R3W?2 proved to be far eflective than ATRA1 in binding
LTA. All of these results indicate that while certain difler-
ences exist in the parameters that determine the binding of
the two endotoxins, LPS and LTA, combined substitutions
by arginine and tryptophan was found to enhance binding of
both the endotoxins.

Example 4

Antimicrobial Efticacies

[0358] The antimicrobial eflicacies of the peptides were
first tested against the model Gram-negative bacteria, E. coli
ATCC 25922, 1n different phosphate buflers having varied
ionic strengths and compositions. The phosphate butlers that
were used included 10 mM sodium phosphate (calculated
ionic strength ~25 mM), PBS and DPBS. The PBS used
sodium dihydrogen-phosphate and potassium mono-hydro-
gen phosphate as bullering salts, whereas, added chloride
salts of sodium and potassium made the 1onic strength of the
bufler approximately 160 mM (calculated). The concentra-
tions of sodium and potassium 1 PBS was comparable to
their respective concentrations in serum. DPBS 1s essentially
PBS supplemented with comparatively minute amounts di-
valent cations such as calcium (~0.9 mM) and magnesium
(~0.45 mM) as chloride salts. Divalent cations are instru-
mental 1n 1mparting stability to the LPS outer membrane
surface 1n Gram-negative bacteria. PBS 1s comparable to
blood serum 1n terms of 1onic strength, whereas the concen-
trations of calcium and magnesium 1n DPBS are almost half
that found 1n serum. However, DPBS 1s often used to wash
and suspend mammalian cells. Therefore, DPBS provides a
builer system which 1s physiologically relevant 1n terms of
ionic strength and composition. Peptides, which are
expected to be antimicrobial under physwle gical conditions,

such as 1n blood, should at minimum be eflective in DPBS.

[0359] All the peptides demonstrated antimicrobial prop-
erties 1 low 1onic strength conditions such as 10 mM
phosphate bufler. When the 1onic strength was increased, as
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in PBS, few of the peptides retained eflicacy (FIG. 3).
ATRAI1-AK lost activity in PBS demonstrating the impor-
tance of the arginine residue at the 2”¢ position in the
ATRA-motif. Surprisingly, ATRA1-AR was completely
ineflective while ATRAI-A retained some antimicrobial
activity, which implies that a single lysine to arginine
substitution at the 9” position may be detrimental to ATRA
peptide eflectiveness. With lysine-to- argmme substitutions
at the 5 and 9” positions, ATRA1-AR2 is more potent than
ATRAI-A. Three lysine-to-arginine substitutions at the 1%,
5% and 9”7 positions improve tolerance for high ionic
strength conditions, such as PBS, with ATRAI1-AR3 exhib-
iting greater eflectiveness than both ATRA1-A and ATRAL.
In PBS, ATRAI-A was less powerful than ATRAI1, while
ATRAI1-F was more eflective than ATRA1, demonstrating
how increasing hydrophobicity by replacing non-polar resi-
dues can contribute to salt tolerance in the ATRA peptides.
The impact of increasing hydrophobicity by replacing non-
polar residues with amino acids that are more hydrophobic,
becomes most observable when the peptides were tested 1n
DPBS, which contains minute amounts of divalent cations
(Ca™ and Mg™) added to the PBS. Divalent cations are
known to provide stability to the LPS outer sheaf of the OM
of Gram-negative bacteria and the degree of hydrophobicity
of the non-polar residues plays a critical role 1n modulating
the antimicrobial properties exhibited by ATRA-peptides in
physiologically relevant DPBS. ATRAI1, ATRA1-A/AR2/
AR3, which were eflective 1n PBS, lose activity 1n DPBS.
Similarly, ATRA1-F, in which Leu of ATRA1 was replaced
with Phe, was quite eflective in PBS but lost activity in
DPBS. The importance of replacing of non-polar residues
with Trp becomes evident as such substitutions increased
ATRA-motif ethicacy, with ATRA1-W4, which incorporates
four Trp-substitutions, proving most eflective in DPBS. The
activity shown by ATRA1-R3 was significantly reduced 1n
DPBS relative to its activity in PBS. Notably, ATRA1-R6, 1n
which all of the lysine residues in ATRA1 had been replaced
with arginine, was highly eflective in DPBS. However,
combining arginine and tryptophan substitutions yielded
ATRA1-R3W2, which was designed as chimera combining
substitutions from both ATRA1-R3 and ATRAI1-W2, was
more ellective than either of its parent peptides against £.
coli (ATCC 25922).

[0360] ATRA peptide variants were then tested against B.
cereus 1n DPBS, as model Gram-positive bacteria. The
peptides were found to be more effective against B. cereus.
ATRA1 and ATRAI-F, which were meflective against F.

coli, proved to be somewhat eflective against B. cereus 1n
DPBS (FIG. 4). However, ATRA1-A and its variants were

not eflective against B. cereus under physiologically rel-
evant 1onic conditions, while the EC., values of the ATRAI
variants against B. cereus were smaller in comparison to
their EC, values against £. coli in DPBS.

Example 5

Bacterial Membrane Interactions

[0361] Some of the ATRAI-variants were further tested
for their ability to disrupt outer and inner membranes to form
pores or disruptions suiliciently large so as to allow enzymes
to leak out of their cellular compartments (cytoplasm or
periplasmic space). For this purpose, two reporter molecules
were used with one being the substrate of a cytoplasmic
enzyme and the other was a substrate for an enzyme residing
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in the periplasmic space. One of the reporters, mitrocefin was
the substrate for p-lactamase, which 1s present 1 the bac-
terial periplasm, whereas the other molecule, ONPG, was
the substrate for 3-galactosidase, which resides in the cyto-
plasm of £. coli ML35p strain. So, detection of [3-lactamase
activity 1n supernatant, collected following incubation with
peptide and subsequent removal of cells, demonstrated outer
membrane disruption by formation of pores sufliciently
large so as to allow the enzyme [-lactamase to escape the
periplasm and enter the external aqueous environment.
Similarly, p-galactosidase activity in the supernatants 1s
evidence of inner membrane disruption and possible pore
formation. When the aforesaid supernatants were tested for
nitrocefin and ONPG hydrolysis, the corresponding absor-
bance increased with time (data not shown) indicating
B3-lactamase and p-galactosidase activity, respectively, and
thus disruption of both the inner and outer membranes. The
slopes of the increase 1 absorbance as a function of time
provides the rate of enzyme activity. The enzyme activities
in supernatants collected after incubation of bacteria with
the quaternary ammonium surfactant, hexadecyltrimethyl-
ammonium bromide (HCMAB) was used as an internal
reference for 100% membrane disruption. Enzyme activity
for supernatants collected for cells incubated 1n the absence
of peptide provided a reference for 0% membrane disrup-
tion. Bee venom peptide melittin was used as a positive
control.

[0362] The signals reporting for membrane disruption,
especially that of mitrocefin hydrolysis ((3-lactamase activ-
ity), reached maximum intensity very quickly for cells
incubated with peptides in low 10nic strength 10 mM Phos-
phate bufler, indicating high degrees of outer membrane
disruption (over 90%) relative to HCMAB (FIG. §). How-
ever, 1n physiologically relevant buller such as DPBS, the
degrees of outer membrane disruption induced by the pep-
tides are varied. While melittin and HCMAB reached maxi-
mum signal for nmitrocefin hydrolysis within approximately
15 mins, ATRAI-R6/R3W2/W3/W4 took approximately 30
mins to reach maximum absorbance. The rate of [3-lactamase
activity for cells treated with ATRA1-F in DPBS was
intermediate, while those treated with ATRA1 exhibited the
lowest activity and cells treated with ATRA1-R3 demon-
strated activity that was in between those observed for
ATRA1 and ATRAI1-F. When the [-lactamase activities
associated with the different peptides were compared (FIG.
5), substitutions of lysine residues with argimine 1n the
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ATRA1 peptides proved to lead to greater degrees of outer
membrane disruption. Similarly, substitutions of non-polar
residues 1n the ATRAI peptides with more hydrophobic
residues resulted in higher degrees of outer membrane
disruption 1 bufler containing physiologically relevant
ionic-composition. Higher outer membrane disruption was
observed for ATRA1-R3W2, demonstrating enhancement of
activity was achieved through simultaneous substitutions of
lysine residues with arginine at the 1%, 5” and 9" positions
of ATRA1 along with replacement of the two terminal
non-polar residues with tryptophan.

[0363] The trend for inner membrane disruption diflers
slightly from that observed for outer membrane disruption.
The degree of mner membrane disruption 1s highest for
ATRAI1 1n low 10nic strength 10 mM phosphate bufler, and
substitution of lysine residues with arginine or non-polar
residues with more hydrophobic amino acids resulted in
decreased activity relative to the original ATRA1 peptide
(FIG. 5). However, when the low ionic buffer (10 mM
phosphate) was replaced with DPBS, the arginine and
hydrophobic substitutions resulted 1n significantly increased
activities. The degree of inner membrane disruption caused
by the original ATRA1 peptide fell below 10% relative to
HCMAB. As seen 1n the other performance assays, ATRAI-
R3W?2 demonstrated the highest degree of inner membrane
disruption.

Example 6

Bio-Informatics and Design of Peptides

[0364] The structure of NA-CATH elucidated by NMR 1n

the presence of bacterial membrane mimetic anionic lipo-
somes revealed an a-helical segment stretching from Phe, to
Lys,,, while residues 25-34 lacked any defined stable struc-
ture. However, those structures of NA-CATH are unviable in
RCSB Protein Data Bank and the I-Tasser suite utilized for
predicting the secondary structures of NA-CATH and its
derivatives was made to use the deposited NMR structures
of crotalicidin (PDB ID: 2Zmwt), as alignment-template.
Crotalicidin 1s a rattlesnake venom-gland peptide and pos-
sess high degree of primary sequence similarity with NA-
CATH, which 1s a cobra-snake venom-gland peptide. The
secondary structure predicted for NA-CATH suggested a

shorter a-helical segment spanning from Phe, to Phe,,
(Table 3).

TARLE 23!

The sequence and predicted secondary structures

Peptides

Sequences / Predicted Secondary
Structure 1 2 3 4 5

Crotalicidin KRFKKFFKKVKKSVKKRLKKIFKKPMVIGVTIPF

sSequence-
Template

NA-CATH

sequence

Predicted
Secondary

Structure of

NA-CATH

(SEQ ID NO: 52)

KREFKKFEKKLKNSVKKRAKKFEKKPRVIGVTFEFPE 415 2668 bo 15 29
(SEQ ID NO: 51)

CCHHHHHHHHHHHHHHHHHHHCCCCCSSSSSCCC
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TABLE 3'-continued
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The seguence and predicted secondary structures

Sequencesgs / Predicted Secondary

Peptides Structure 1 3 4 5
NA-CATH26 KREFKKFFKKLKNSVKKRAKKFEFKKPK +1le 3315 73 0 27
Sequence (SEQ ID NO: 53)

Predicted CCHHHHHHHHHHHHHHHHHHHCCCCC

Secondary

Structure

ATRA] KREFKKFEFKKLK +8 1497 64 0 36
Sequence (SEQ ID NO: 2)

ATRAL- RRWKREFFKRWK +8 1693 64 0 36
R3W2 (SEQ ID NO: 15)

sequence

Predicted CCHHHHHHHCC

Secondary

Structure

ATRA] - KRFKKFFKKLK---------—---- GGVIGVTFPEF +9 1693 38 24 238
HYD (SEQ ID NO: 38)

sequence

ATRAL - RRWKRFFKRWK------------- GGVIGVTFPEF +9 2473 38 24 238
R3W2 -HYD (SEQ ID NO: 50)

sequence

Predicted CCHHHHHHHHC------=---=---- CCSSSSSCCC

Secondary

Sstructure

"Table 3 provides the sequences and predicted secondary structures of the listed
peptides along with their (calculated) molecular weights and expected charges at
neutral pH.

All of the peptides, except NA-CATH, were amidated at their C-terminii.

The secondary structures were predicted by I-Tasgsser sulte using the NMR structure
of crotalicidin (PDB ID: 2mwt) as the template.
Non-1dentical residues 1n NA-CATH and crotalicidins are shown 1n bold.

The peptide sequences are aligned with NA-CATH and the corresponding predicted

secondary structure for each residue 1s provided below each amino acid.
C denotes Col1l, H denotes Helix and S denotes Sheet as secondary structure

element.

Column 1: Charge; Column 2: Calculated Mol. Wt. (Da); Column 3: % Residues
predicted forming a-helix; Column 4: % Residues predicted forming P-sheet; and

Column 5: % Residues predicted forming random coll.

[0365] This small discrepancy may be an artifact resulting

from the template sequence, crotalicidin, utilized 1n predict-
ing NA-CATH secondary structure. Residues 27-34 (SEQ
ID NO:17) of NA-CATH (SEQ ID NO:51) do not contain
any polar residue and 1s referred to as the hydrophobic
C-terminal tail (-HYD). The peptides NA-CATH26 and
ATRAI were generated based on the N-terminal sequences
of NA-CATH with NA-CATH26 corresponding to the first
26 residues and ATRAI1, the first 11 residues. In order to
confer tolerance to the ATRAI1 moiety against high salt
conditions, the lysines of the first cluster (Lys., Lys,), along
with Lys,, was substituted with arginine and the two termi-
nal non-polar residues (Phe, and Lue, ,) were replaced with
tryptophan, creating the new peptide variant, ATRAI-
R3W2, which demonstrated higher degrees of bactericidal
properties and membrane activity than parent peptide
ATRAL.

[0366] To evaluate the potent contributions of the elon-
gated hydrophobic tail of NA-CATH to the peptide’s inter-
actions with the membranes, we first generated an ATRAI
derivative 1n which the hydrophobic tail of NA-CATH was
introduced at the C-terminus of ATRA1 by a short -GG-
segment resulting in ATRAI-HYD (SEQ ID NO:38). This

peptide showed higher antimicrobial and membrane disrup-
tion activities than ATRA1. The hydrophobic tail was next
introduced into the ATRAI1-R3W2 1n a similar fashion.
Comparisons ol activities of NA-CATH and NA-CATH26

demonstrated how the absence of the C-terminal elongated
tall 1mpacted the peptide activities in the context of the
parent peptide. NA-CATH, ATRAI-HYD and ATRAI-
R3W2-HYD (SEQ ID NO:50) are predicted to form partial
a.-helical conformations. Residues Phe, to Lys,, 1 NA-
CATH are predicted to be helical, while the C-terminal five
residues 27-31 adopt strand form, tlanked by residues 22-26,
and residues 32-34 forming coils. In the predicted secondary
structures of ATRA1-HYD and ATRA1-R3W2-HYD, resi-
dues 3-10 are predicted to be helical, residues 11-13 random
coil, residues 14-19 3-strand and the terminal 3 residues are
random coil again. NA-CATH26 i1s predicted to form a
relatively straight a-helix encompassing Phe,-Phe,,, while
the terminal residues Lys,-Arg, and Phe,,-Lys, are sup-
posed to be random coil.

[0367] The basic residues of the helical segment are
predicted to interact with the anionic phosphate groups of
bacterial lipids, such as LPS, while the non-polar residues on
the opposite hydrophobic face are inserted into the hydro-
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phobic interior and engage in hydrophobic interactions with
the lipid acyl chains. The hydrophobic tails were also
hypothesized to enhance the lipid binding, bacterial mem-
brane disruption and consequent antimicrobial eflects
exerted by the peptides, akin to the methyl-octanoate seg-
ment of PMB. On the other hand, PMN which lacks the

methyl-octanoate segment show very low activity.

Example 7

Endotoxin Binding

[0368] LPS and LTA are abundant membrane components
of Gram-negative and Gram-positive bacterial membranes
and are among the first molecules that peptides encounter
before destabilizing the bacterial membranes. Hence the
peptides were evaluated for their ability to bind endotoxin
by testing their competitive displacement of cationic
BODIPY TR-Cadaverine (BC) from LPS/LTA. When bound
to LPS/LTA, BODIPY-fluorescence 1s quenched, but it 1s
restored when the BC 1s displaced by the peptides. The
presence of the -HYD segment in ATRAI-HYD and
ATRA1-R3W2-HYD resulted 1n a ~2-fold increase 1n athn-
ity for LPS 1n both of the peptides compared to ATRA1 and
ATRAI-R3W2 which lacked the hydrophobic tail (FIG.
6A). In the low 1onmic-strength (~25 mM) buller used,
ATRA1-R3W2 binds LPS marginally greater than ATRAI,
whereas ATRA1-R3W2-HYD binds LPS with similar athn-
ity as ATRAI1-HYD. Deletion of the hydrophobic tail from
the NA-CATH parent peptide resulted 1n a ~30% decrease in
aflinity for LPS 1n NA-CATH26. Similar differences 1n
allinity were also observed for PMB and PMN. This obser-
vation suggests that deletion of the hydrophobic 6-9 carbon-
length fatty acyl group”™ and a cationic Dab residue from
PMB significantly decreased athnity for LPS in PMN.
[0369] The LTA binding properties of the peptides were
evaluated using LTA from S. aureus (FIG. 6B). All of the
peptides showed low LTA binding afhnities. The general
observed LPS-binding trend was also exhibited for LTA-
binding. Both ATRA1-HYD and ATRA-R3W2-HYD dem-
onstrated ~2-fold higher degrees of LTA binding than their
parent peptides, ATRA-1 and ATRA1-R3W2 respectively.
However, both of the peptides with arginine and tryptophan
substitutions showed marginally higher LTA binding than
their corresponding ATRAl  based counterparts.
NA-CATH26, which lacks the hydrophobic tail, bound LTA
to a significantly lower degree than NA-CATH, which was
similar the case for PMN and PMB. These observations
suggest that the hydrophobic tail 1n both NA-CATH and the
21-residue ATRA-HYD peptides contributes to endotoxin
binding.

Example 8

Antimicrobial Ethicacies

[0370] The antimicrobial eflicacies of the peptides were
first tested against model Gram-negative bacteria, E. coli
ATCC 235922, i different phosphate buflers with varied
ionic strengths and compositions (FIG. 7). The phosphate
buflers that were used includes 10 mM sodium phosphate
(calculated 1onic strength ~25 mM), PBS (~160 mM) and
DPBS, which 1s PBS containing minute amounts of divalent
cations, ~0.9 mM calcium chloride and ~0.45 mM magne-
sium chloride. Divalent cations, such as Ca™™ and Mg™™, are
instrumental in 1imparting stability to the LPS membrane 1n
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Gram-negative bacteria. PBS 1s comparable to blood serum
in terms ol 1onic strength, whereas the concentrations of
calctum and magnesium in DPBS are almost half that of
serum. However, DPBS 1s often used to wash and suspend
mammalian cells. Therefore, DPBS represents a buller sys-
tem which 1s physiologically relevant i terms of 1onic
strength and composition. The peptide eflectiveness was
then tested 1n serum against multiple pathogenic bacteria,
both antibiotic resistant and susceptible strains, to evaluate
their potential effectiveness 1n vivo against bacterial infec-
tions. Peptides, which are expected to be antimicrobial in
physiological conditions, should be eflective 1 serum.
When peptides performed diflerently 1n serum than they did
in DPBS, we tested them 1n DPBS supplemented with 4%
(w/v) bovine serum albumin, to assess whether the differ-
ences 1n performance are due to the presence of high
amounts of albumin in serum.

[0371] All the peptides demonstrated significant eflicacies
against E. coli (ATCC 25922) under low 1onic conditions
(FI1G. 7). However, under the physiologically relevant 1onic
conditions, PMN lost activity and the eflicacies of NA-
CATH26 and ATRAI-R3W2-HYD decreased approxi-
mately 2-fold and 3-fold respectively. With further intro-
duction of minute amounts of divalent cations, 1n DPBS,
ATRAI lost antimicrobial property, whereas the eflicacies of
ATRA1-R3W2, ATRAI-HYD and NA-CATH26 decreased
by approximately 3, 10 and 14 folds respectively relative to
their respective eflectiveness 1n 10 mM Na—PO,. When
tested against £. coli (ATCC 25922) under near physiologi-
cal ex-vivo condition such as serum, ATRA1-R3W2 dem-
onstrated no antimicrobial property, whereas, the ATRAI
and NA-CATH derived peptides, containing the peptide
hydrophobic tail, and PMB, containing its acyl-hydrocarbon
segment, retained significant antimicrobial activities. To
investigate what factors may have contributed towards the
fallure of ATRAI-R3W2 1n serum while 1t was active 1n
physiologically relevant i1omic conditions, we tested the
peptides 1n a new bufler condition: DPBS supplemented
with 4% (w/v) bovine serum-albumin (BSA). Serum con-
tains serum-albumin other than inorganic salts of Na*, K7,
Mg™™ and Ca™". While inorganic salts maintain the ionic
strength, the serum-albumin, which 1s a major component
(~4 g/dLL in humans) of serum, contributes towards the
viscosity of the blood, maintenance of colloidal osmotic
pressure, binding of various compounds and contributing
significantly 1n plasma antioxidant activity and 1s often used
as a blocker to inhibit non-specific binding in immunochem-
1stry. Serum-albumin possesses a strong net negative-charge
and property to bind hydrophobic molecules. It may com-
petitively sequester short amphipathic cationic peptides and
thus limit their antimicrobial activities. In the presence of
albumin 1n DPBS, the EC, values of ATRAI-R3W2, PMB
and ATRAI-HYD increased approximately by 5, 3 and
2-folds respectively relative to their EC., values in DPBS
against £, coli (ATCC 25922). On the contrary, ATRAI-
R3W2-HYD and NA-CATH did not demonstrate significant
changes 1n EC., values in presence of serum-albumin in
DPBS. Thus, the presence of serum-albumin partially
explains the loss of activity by short 11-residue ATRAI-
R3W2 1n serum. These results signily the importance of
presence of hydrophobic segments 1 peptides for their
antimicrobial activities 1n near phycological conditions. The
new non-natural variant, ATRA1-R3W2-HYD, demon-

strated significant antimicrobial eflectiveness against type
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strain, £. coli (ATCC 25922), and was further tested for
therapeutic relevance against diflerent microbial pathogens.
[0372] ATRA1-R3W2-HYD, NA-CATH and PMB were
evaluated for their eflectiveness 1n mammalian serum con-
ditions against pathogenic bacteria of both normal and
drug-resistant strains. The main objective of this study was
to evaluate the therapeutic potency of the three peptides
under near physiological ex-vivo conditions. PMB has been
adapted 1n present times as a last resort drug against anti-
biotic resistant infections despite its significant 1n-vivo cyto-
toxicity and can serve as a reference for evaluating new
peptide drug-candidates. The peptides were tested against
members of the ESKAPE pathogens, which have earned
considerable notoriety for causing small molecule antibi-
otic-resistant infections and consequent deaths. It 1s to be
noted that the drug-resistant strains were grown in the
presence of some of the respective drugs against which they
are resistant and tested the peptides on them. The results are

summarized in FIG. 8. As such, NA-CATH and the new
derived variant, ATRA1-R3W2-HYD did not demonstrate
antimicrobial eflectiveness against Pseudomonas aerugi-
nosa 1 serum but exhibited good bactericidal properties
under physiologically relevant 1onic conditions (DPBS).
Only PMB was eflective against P. aeruginosa 1n mamma-
lian serum (results not shown). However, ATRA1-R3W2-
HYD and NA-CATH were highly eflective, though i lower
degree than PMB, when tested against all the other patho-
gens. Some of the notable pathogens against which ATRA1-
R3W2-HYD and NA-CATH were eflective 1n mammalian
serum 1include multi-drug resistant (IMDR) Acinetobacter
baumannii (AXICC BAA-1795) and Klebsiella pneumoniae
(ATCC BAA-1705). In every mnstance, ATRA1-R3W2-HYD
was ellective 1n a lesser degree than NA-CATH, which may
be 1n part due to decreased net cationic-charge and
sequence-length. Nevertheless, these results signily the

climical relevance of rationally designed shorter variant
ATRA1-R3W2-HYD, which contains the hydrophobic tail

of NA-CATH, 1n combating against MDR bacterna.

Example 9

Bacterial Membrane Disruptions

[0373] Peptides were further evaluated for their ability to
disrupt bacterial outer and 1nner membranes and their ability
to create pores large enough to allow enzymes to leak out of
the cells. In order to distinguish between inner and outer
membrane disruption, we assessed for the release of two
enzymes, [J-lactamase and p-galactosidase, which are
located 1in different compartments 1 £. coli ML35p. This
strain produces [3-galactosidase 1n the cytoplasm, but the
absence of permease prevents lactose transportation across
membranes and 1ts fermentation 1n the cytoplasm. Transior-
mation of E. coli ML35 with pBR322 gives rise to the
ampicillin-resistant £. coli ML35p strain. The pBR322
plasmid includes a gene for -lactamase and £. coli ML35p
produced the ampicillin degrading enzyme {3-lactamase,
which 1s localized to the bacterial periplasmic space. Thus,
B3-lactamase and {3-galactosidase leakage following incuba-
tion with peptides provide indicators of outer-membrane and
inner-membrane disruptions, respectively, by formation of
openings, pores, in the membranes large enough to allow
passage ol these enzymes. In this assay, the bacteria, E. coli
ML35p, were first incubated 1n bufler that contained pep-
tides and the cells were then separated by centrifugation and
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the supernatants were tested for -lactamase and [3-galacto-
sidase activities separately utilizing their respective sub-
strates Nitrocefin, (chromogenic cephalosporin) and ONPG
(lactose analogue). If the peptides disrupted either mem-
brane, absorbances resulting from enzyme activities on these
substrates would increase with time and the rate of increase
would provide a measure of the rate of enzyme activity. The
enzyme activities in the supernatant collected following
incubation of the bacteria in the presence of a quaternary
ammonium surfactant, Hexadecyltrimethylammonium bro-
mide (HCMAB), provided an internal reference for 100%
membrane disruptions. The bee venom peptide melittin also
provided a positive control.

[0374] The signals for Nitrocefin hydrolysis reached their
maximum very quickly (within ~15 min) for peptides incu-
bated 1n low 1onic-strength 10 mM phosphate bufler, and
they exhibited similar absorbance slopes over time (data not
shown), indicating high degrees of outer membrane disrup-
tions. When the degrees of outer membrane disruption were
compared to that of HCMAB, ATRAI1 displayed a higher
degree of disruption than ATRAI-R3W2, but a degree of
disruption similar to that observed for ATRA1-HYD (FIG.
9). The other peptides ATRA1-R3W2-HYD, NA-CATH,
PMN, PMB and melittin demonstrated similar high degrees
of membrane disruption (90-110% w.rt HCMAB). How-
ever, the rates of nitrocefin hydrolysis for peptides incubated
under physiologically relevant iomic strength conditions
such as DPBS varied widely suggesting diverse degrees of
outer membrane disruption under these conditions (data not
shown). Membrane disruption by ATRA1 decreased to less
than 1% 1n DPBS (w.r.t. HCAMAB), while that of ATRA-
R3W2 decreased to approximately 4%. Peptide variants that
included the hydrophobic tail exhibited higher degrees of
outer membrane disruption, with ATRA1-R3W2-HYD dem-
onstrating 160% membrane-disruption w.r.t. the quaternary-
ammonium surfactant HCMAB. PMB demonstrated outer
membrane disruption similar to that of ATRAI-R3W2-
HYD, while NA-CATH and melittin afforded slightly lower
degrees of membrane-disruption. Under physiologically rel-
evant 1onic strength conditions, absence of the hydrophobic
segment resulted in reduced outer membrane disruption,
with both PMN and NA-CATH26 exhibiting sigmificantly
lower degrees of {3-lactamase leakage than observed for
PMB and NA-CATH respectively. (However, NA-CATH26
was not tested for outer membrane disruption 1n low 10mnic-
strength conditions due to the limited amount of peptide that
was available).

Example 10

Cytotoxicity

[0375] The hemolytic activities of the peptides were tested
as an 1nitial measure of potential cytotoxicity. The hemolytic
properties of the peptides were tested using sheep erythro-
cytes and a high peptide concentration (125 Even at this high
concentration, the peptides demonstrated very low (<3%
w.r.t. 1% TrnitonX-100) or negligible degrees of hemolysis

(FIG. 10).

Example 11

Toxicity Against Human Lung Epithelial Cells

[0376] The NA-CATH denived peptides and PMB were
tested against human lung epithelial cells to evaluate the
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therapeutic potential of the peptides. Bee venom peptide,
melittin, and human cathelicidin, LL.37, were used as rel-
erence peptides for comparison. Melittin 1s known to be
cytotoxic against both normal and cancer cells whereas,
LL37 possess tissue specific activity on cancer/tumor cells
and proliferates growth in certain human lung cancer cell
lines. The peptides were incubated for a prolonged period of
~16 hours (overnight) under reduced serum conditions, as
presence of serum may hinder killing. Results are shown 1n
FIG. 11. The degree of resazurin reduction by the cells, after
incubation with the peptides were compared with the degree
ol resazurin reduction by (control) cells, which were not
incubated with any peptide (100% survival) and were
regarded as the % survival after incubation with the respec-
tive peptide. Incubation with ATRAI1-R3W2-HYD
decreased the degree of resazurin reduction 1n the primary
cells by 50% w.r.t. the control cells at a concentration ~50
while NA-CATH did the same at ~25 uM. All the other
peptides, including LL37, demonstrated higher degrees of
cytotoxicity. Melittin killed the cells at the highest degree.
Over 10 uM concentration LI.37 revealed significant cyto-
toxicity. Even though unexpected, LL37 had demonstrated
significant cytotoxicity against leucocytes and T-cells at the
concentrations of 13-25 uM. Significant cytotoxicity of
L.L.37 was observed against cultured lung primary epithelial
cells in the similar concentration range and almost 100%
killing at over ~25 uM concentrations. PMB exhibit signifi-
cant 1 vivo and in vitro toxicities and had found initial
application in topical medications only. However, emer-
gence of antibiotic resistant bacterial infections has made
PMB as one of the drugs of last resort despite its toxicity. We
observed significant toxicity of PMB over ~6 uM concen-
tration against the lung primary cells 1n vitro. The LD, of
PMB, LL37 and Melittin were all below 10 uM. On the
contrary, toxicity of NA-CATH was significant over ~25 uM
concentration and of ATRA-R3W2-HYD at ~50 uM. All
these results suggest NA-CATH and the derived non-natural
variant, ATRA1-R3W2-HYD, may be clinically more favor-
able therapeutics with less toxicity.

Example 12

Toxicity Against Primary and Cancer-Derived
Human Lung Epithelial Cells

[0377] The peptides were tested against both primary and
cancer-derived human lung epithelial cells. H-338 cells were
used as model lung epithelial cancer cells. The cells were
exposed to the peptides for a brief period of time (~6 hours)
in presence of 10% fetal bovine serum, which 1s conducive
to proliferation of both the cell types. Under similar condi-
tions of bufler and exposure time, the NA-CATH derived
peptides demonstrated no cytotoxicity against the primary
cells, whereas, LL37 exhibited toxicity over ~10 uM con-
centration and melittin over ~1 uM (FIG. 52). On the other
hand, all the peptides, including .L1.37 demonstrated various
degrees of killing of the cancer cells. LL37 exhibited tox-
icity against the H-338 cancer cell line with a LD ,~17 uM.
NA-CATH exhibited higher toxicity (LD.,~10.5 uM)
against the cancer cells in comparison to ATRAI-R3IW2-
HYD (LD.,~24.5 uM). All these results suggest significant
selective toxicity of NA-CATH and 1ts derivative ATRA]1-
R3W2-HYD against human lung cancer epithelial cells even
in a brief exposure time under physiologically relevant
growth conditions of the cells.
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Example 13

Perturbation of Cell Membranes

[0378] When peptides partition from the bulk aqueous
environment to the cellular membranes, they may cause
small defects in the membrane organization, a signature of
adsorption of the peptides into the membranes. Such small
defects are called membrane perturbations and can be evalu-
ated by utilizing molecular probes. One such molecular
probe 1s NPN, which 1s a hydrophobic molecule and 1s
usually repelled to enter the hydrophobic interiors of the
membrane by the polar headgroups of membrane-lipids.
However, when small defects and gaps are caused during the
adsorption of the peptides into the membranes, NPN can
enter through those defects and 1n the hydrophobic environ-
ment of the membrane interior the molecule fluoresces,
which can be measured for quantification of the extent of
membrane-perturbation and peptide adsorption 1n the cellu-
lar membrane.

[0379] The eflects of 1onic strengths and compositions on
the abilities of the peptides to perturb membrane integrity
(FIG. 13) were studied by monitoring NPN translocation
into £. coli membranes (using fluorescence) in presence and
absence of peptide under varied bufler conditions. The
extent of membrane perturbation caused by a peptide was
normalized with respect to 25 uM PMB, which was assumed
to aflord 100% membrane perturbation. At low 1onic
strength, 10 mM phosphate bufler, all of the peptides
showed substantial perturbation of the outer membrane of £.
coli. The extent of membrane perturbation inflicted by a few
peptides, such as ATRAI-AR, ATRA1-R6 and ATRAI-F,
decreased slightly 1n high 1onic strength PBS, but 1n general
remained similar to their performance 1n 10 mM phosphate
buffer. Dramatic changes in membrane perturbation were
observed when the peptides were evaluated in DPBS. The
presence ol the divalent cations 1n high 1onic conditions
blunted membrane perturbation substantially for all the
peptides tested. The ATRAI-A variants were particularly
sensitive to the presence of divalent 10ns (perturbation below
40% with respect to PMB). ATRA1-R3/R6/W2/W3/W4/
R3W?2 exhibited higher OM perturbation than ATRA1 1n
DPBS. ATRA1-R6 showed greater degrees of perturbation
than ATRA1-R3, and ATRA1-W2/W3/W4 show higher per-
turbation than ATRA1-F. As was observed for LPS binding,
ATRAI1-A proved less eflective at perturbing the outer
membrane than ATRA-1. These observations demonstrate
how substitution of lysine residue residues with arginine
along with replacing nonpolar residues with more hydro-
phobic amino acids can impact the ability of ATRA peptides
to perturb bacterial outer membrane and adsorption of the
peptides 1in the membranes under physiologically relevant
ionic conditions.

[0380] The effect of the C-terminal hydrophobic tail in the
peptides on the perturbation of membranes were evaluated
and compared with the hydrophobic acyl segment of Poly-
myxin (FIG. 14). The extent of membrane perturbation by
the peptide was normalized with respect to 2504 PMB,
which was used as a scale causing 100% membrane pertur-
bation. In low 1onic-strength buifer (10 mM Na—PO4), all
the peptides demonstrated significant membrane perturba-
tions. PMN displayed a little less membrane perturbation
while NA-CATH26 and NA-CATH demonstrated higher
degree of membrane perturbations than PMB. Interestingly,
membrane perturbation by ATRA-R3IW2-HYD was signifi-
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cantly less (75% with respect to PMB) at low 10nic condi-
tions but becomes significantly high and comparable to

PMB at physiological ionic-strength conditions. In PBS,
Both NA-CATH26 and NA-CATH also perturbed outer

membrane greater than PMB, while ATRA1, ATRAI-
R3W2, ATRA1-R3W2 perturbed comparable to PMB and
the degree of membrane perturbation by PMN got decreased
to ~75%. However, striking diflerences among the degrees
of membrane perturbation by the peptides were observed on
supplementing minute amounts of divalent cations to physi-
ological 1onic-strength conditions. In DPBS, degree of mem-
brane perturbation by ATRA1 decreased significantly (less
than 50%), while that of ATRA-R3W2 was ~65%, demon-
strating that the combination of arginine and tryptophan-

substitutions introduced elevated degree of membrane per-
turbation 1 11-residdue ATRA-motif. The degrees of

SEQUENCE LISTING

Sequence total quantity: 53
SEQ ID NO: 1 moltype
SEQUENCE: 1

000

length =

SEQ ID NO: 2 moltype = AA length = 11

FEATURE Location/Qualifiers
REGION 1..11
note = Peptide
source 1..11
mol type = proteiln
organism = synthetic construct

SEQUENCE: 2
KREFKKFEFKKL K

SEQ ID NO: 3 moltype = AA length 11

FEATURE Location/Qualifiers
REGION 1..11
note = Peptide
source 1..11
mol type = proteiln
organism = synthetic construct

SEQUENCE: 3
KRAKKFEFKKP K

SEQ ID NO: 4 moltype = AA length 11

FEATURE Location/Qualifiers
REGION 1..11
note = Peptide
source 1..11
mol type = proteiln
organism = synthetic construct

SEQUENCE: 4
KRAKKFFKKL K

SEQ ID NO: b5 moltype = AA length 11

FEATURE Location/Qualifiers
REGION 1..11
note = Peptide
source 1..11
mol type = proteiln
organism = synthetic construct

SEQUENCE: 5
KKAKKFEFKKL K

SEQ ID NO: 6 moltype = AA length = 11
FEATURE Location/Qualifiers
REGION 1..11
note = Peptide
source 1..11
mol type = proteiln
organism = synthetic construct

SEQUENCE: 6
KRAKKFFKRL K

Feb. 16, 2023

membrane perturbation were further increased by addition
of the hydrophobic tail to the ATRAI-variants and ATRA1-

HYD and ATRA-R3W2-HYD demonstrated ~75% and
~100% membrane perturbation w.r.t PMB respectively.
However, NA-CATH26 and NA-CATH displayed similar
degrees of membrane perturbation, suggesting that deletion
of the hydrophobic tail from NA-CATH did not result in a
decrease 1n membrane-perturbation activity. On the other
hand, PMN showed significantly lower membrane pertur-
bation 1n DPBS (~33% with respect to PMB). It 1s worth
noting that even though ATRAI1 1s a linear peptide and PMN
1s cyclic, they are both short peptides: ATRAI 1s 11-residue
long while PMN 1s 9-residue. The results suggest that apart
from the presence ol hydrophobic tail, the peptide length
may also influence the degree of membrane perturbation and
adsorption 1n the membrane.

11

11

11

11

11
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SEQ ID NO: 7
FEATURE
REGION

SOUurce
SEQUENCE : 7
KRAKRFFKRL K
SEQ ID NO: 8
FEATURE
REGION
SOolurce
SEQUENCE: 8
RRAKREFFKRL K
SEQ ID NO: 9
FEATURE
REGION
SOouUurce
SEQUENCE: ©
RRFKRFFKRL K
SEQ ID NO: 10
FEATURE
REGION
sOource
SEQUENCE: 10
RRFRREFFRRL R
SEQ ID NO: 11
FEATURE
REGION
SOUurce
SEQUENCE: 11
KRFKKFFKKFEF K
SEQ ID NO: 12
FEATURE
REGION
SOUurce
SEQUENCE: 12

KRWKKFEFKEKW K

SEQ ID NO: 13
FEATURE
REGION

SOuUurce

SEQUENCE: 13
KRWKKWEFKEKW K

SEQ ID NO: 14
FEATURE
REGION

SOuUrce

moltype = AA length
Location/Qualifiers
1. .11

note = Peptide

1..11
mol type = proteiln
organism = gynthetic

moltype = AA length
Location/Qualifiers
1..11

note = Peptide

1..11
mol type = proteiln
organism = gsynthetic

moltype = AA length
Location/Qualifiers
1..11

note = Peptide

1..11
mol type = proteiln
organism = gynthetic

moltype = AA length
Location/Qualifiers
1. .11

note = Peptide

1..11
mol type = proteiln
organism = gynthetic

moltype = AA length
Location/Qualifiers
1..11

note = Peptide

1..11
mol type = protein
organism = gynthetic

moltype = AA length
Location/Qualifiers
1. .11

note = Peptide

1..11
mol type = proteiln
organism = gynthetic

moltype = AA length

Location/Qualifiers
1..11
note = Peptide

1..11
mol type = proteiln
organism = gynthetic

moltype = AA length
Location/Qualifiers
1..11

note = Peptide

1..11

30

-continued

11

construct

11

construct

11

construct

11

construct

11

construct

11

construct

11

construct

11

11

11

11

11

11

11

11
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SEQUENCE: 14
KRWKKWWKEKW K

SEQ ID NO: 15
FEATURE
REGION

sOource
SEQUENCE: 15
RRWKREFKRW K
SEQ ID NO: 16
SEQUENCE: 16
000

SEQ ID NO: 17
FEATURE
REGION

SOouUurce
SEQUENCE: 17
VIGVTEFPFE

SEQ ID NO: 18
FEATURE
REGION

SOUurce
SEQUENCE: 18
VIGVSIPFE

SEQ ID NO: 19
FEATURE
REGION

SOUurce
SEQUENCE: 19
VIGVTIPF

SEQ ID NO: 20
FEATURE
REGION

SOoOurce
SEQUENCE: 20
GGVIGVTEPF
SEQ ID NO: 21

FEATURE
REGION

SOUurce
SEQUENCE: 21
GGVIGVSIPF
SEQ ID NO: 22
FEATURE

REGION

SOuUurce

mol type protein
organism = gynthetic

moltype = AA length
Location/Qualifiers
1..11

note = Peptide

1..11

mol type = proteiln
organism = gynthetic
moltype = length =

moltype = AA length

Location/Qualifiers
1..8
note = Peptide

1..8
mol type = proteiln
organism = gynthetic

moltype = AA length
Location/Qualifiers
1..8

note = Peptide

1..8
mol type = proteiln
organism = gynthetic

moltype = AA length
Location/Qualifiers
1..8

note = Peptide

1..8
mol type = protein
organism = gynthetic

moltype = AA length

Location/Qualifiers
1..10
note = Peptide

1..10
mol type = proteiln
organism = gynthetic

moltype = AA length
Location/Qualifiers
1..10

note = Peptide

1..10
mol type = proteiln
organism = gynthetic

moltype = AA length
Location/Qualifiers
1..10

note = Peptide

1..10

mol type protein
organism = gynthetic

31

-continued
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SEQUENCE: 22
GGVIGVTIPF

SEQ ID NO: 23
FEATURE
REGION

SOUurce
SEQUENCE: 23
GGGG

SEQ ID NO: 24
FEATURE
REGION

SOouUurce
SEQUENCE: 24
GGGGGG

SEQ ID NO: 25
FEATURE
REGION

SOoOurce
SEQUENCE: 25
GPNGG

SEQ ID NO: 26
FEATURE
REGION

sOource
SEQUENCE: 26
GGS5GGES

SEQ ID NO: 27
FEATURE
REGION

SOouUurce
SEQUENCE: 27
PSPSP

SEQ ID NO: 28
FEATURE
REGION

SOUurce

SEQUENCE: 28
ASASA

SEQ ID NO: 29
FEATURE
REGION

SOUrce

SEQUENCE: 29
PSPSPSP

SEQ ID NO: 30
FEATURE
REGION

moltype = AA length
Location/Qualifiers
1. .4

note = Peptide

1. .4
mol type = proteiln
organism = gynthetic

moltype = AA length
Location/Qualifiers
1. .6

note = Peptide

1..0
mol type = proteiln
organism = gsynthetic

moltype = AA length
Location/Qualifiers
1..5

note = Peptide

1..5
mol type = proteiln
organism = gynthetic

moltype = AA length
Location/Qualifiers
1..06

note = Peptide

1..06
mol type = proteiln
organism = gsynthetic

moltype = AA length
Location/Qualifiers
1..5

note = Peptide

1..5
mol type = proteiln
organism = gynthetic

moltype = AA length
Location/Qualifiers
1..5

note = Peptide

1..5
mol type = proteiln
organism = gynthetic

moltype = AA length
Location/Qualifiers
1..7

note = Peptide

1..7
mol type = proteiln
organism = gsynthetic

moltype = AA length
Location/Qualifiers
1. .4

32

-continued
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SOoOurce
SEQUENCE: 30
KKKK

SEQ ID NO: 31
FEATURE
REGION

sOource
SEQUENCE: 31
RRRR

SEQ ID NO: 32
FEATURE
REGION

SOUurce
SEQUENCE: 32
GGGEGESGEEGEES GGGGES
SEQ ID NO: 33
FEATURE
REGION

SOUurce
SEQUENCE: 33
GGGEGES

SEQ ID NO: 34
FEATURE
REGION

SOouUurce
SEQUENCE: 34
GGGEGESGGEGEES
SEQ ID NO: 35
FEATURE

REGION

SOuUurce

SEQUENCE : 35

GGGEGESGEGEEES GGGEGESEEEES

SEQ ID NO: 36
FEATURE
REGION

sOource

SEQUENCE: 36

note = Peptide

1..4
mol type = proteiln
organism = gynthetic

moltype = AA length
Location/Qualifiers
1..4

note = Peptide

1..4
mol type = proteiln
organism = gsynthetic

moltype = AA length
Location/Qualifiers
1. .15

note = Peptide

1..15
mol type = proteiln
organism = gynthetic

moltype = AA length
Location/Qualifiers
1..5

note = Peptide

1..5
mol type = proteiln
organism = gynthetic

moltype = AA length
Location/Qualifiers
1..10

note = Peptide

1..10
mol type = proteiln
organism = gynthetic

moltype = AA length
Location/Qualifiers
1. .20

note = Peptide

1..20
mol type = proteiln
organism = gynthetic

moltype = AA length
Location/Qualifiers
1..25

note = Peptide

1..25
mol type = proteiln
organism = gynthetic

GGGEGESGEEEES GGGELGSGEEEES GGGGES

SEQ ID NO: 37
FEATURE
REGION

sOource

SEQUENCE: 37

moltype = AA length
Location/Qualifiers
1..30

note = Peptide

1..30
mol type = protein
organism = gynthetic

GGGEGESGEGEGEES GGGELESEGEEES GGEGESGEEEES

33
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SEQ ID NO: 38 moltype = AA length

FEATURE Location/Qualifiers
REGION 1..21

note = Peptide
source 1..21

mol type = proteiln

organism = gynthetic

SEQUENCE: 38
KRFKKFFKKL KGGVIGVTEP F

SEQ ID NO: 39 moltype = AA length
FEATURE Location/Qualifiers
REGION 1..21

note = Peptide
source 1..21

mol type = proteiln

organism = gsynthetic

SEQUENCE: 39
KRAKKFFKKL KGGVIGVTEP F

SEQ ID NO: 40 moltype = AA length

FEATURE Location/Qualifiers
REGION 1..21

note = Peptide
source 1..21

mol type = proteiln

organism = gynthetic

SEQUENCE: 40
KKAKKFFKKL KGGVIGVTEP F

SEQ ID NO: 41 moltype = AA length
FEATURE Location/Qualifiers
REGION 1..21

note = Peptide
source 1..21

mol type = proteiln

organism = gynthetic

SEQUENCE: 41
KRAKKFFKRL KGGVIGVTEP F

SEQ ID NO: 42 moltype = AA length

FEATURE Location/Qualifiers
REGION 1..21

note = Peptide
source 1..21

mol type = protein

organism = gynthetic

SEQUENCE: 42
KRAKRFFKRL KGGVIGVTEP F

SEQ ID NO: 43 moltype = AA length
FEATURE Location/Qualifiers
REGION 1..21

note = Peptide
source 1..21

mol type = proteiln

organism = gynthetic

SEQUENCE: 43
RRAKREFFKRL KGGVIGVTEP F

SEQ ID NO: 44 moltype = AA length
FEATURE Location/Qualifiers
REGION 1..21

note = Peptide
source 1..21

mol type = proteiln

organism = gynthetic

SEQUENCE: 44
RREFKREFFKRL KGGVIGVTEP F

SEQ ID NO: 45 moltype = AA length
FEATURE Location/Qualifiers
REGION 1..21

note = Peptide
source 1..21

34

-continued
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35

-continued

mol type = proteiln

organism = synthetic construct
SEQUENCE: 45
RRFRRFFRRL RGGVIGVTEFP F
SEQ ID NO: 46 moltype = AA length = 21
FEATURE Location/Qualifiers
REGION 1..21

note = Peptide
source 1..21

mol type = proteiln

organism = synthetic construct
SEQUENCE: 46
KRFKKFFKKEF KGGVIGVTEP F
SEQ ID NO: 47 moltype = AA length = 21
FEATURE Location/Qualifiers
REGION 1..21

note = Peptide
source 1..21

mol type = proteiln

organism = synthetic construct
SEQUENCE: 47
KRWKKFFKEKW KGGVIGVTEP F
SEQ ID NO: 48 moltype = AA length = 21
FEATURE Location/Qualifiers
REGION 1..21

note = Peptide
source 1..21

mol type = proteiln

organism = synthetic construct
SEQUENCE: 48
KRWKKWEKEKW KGGVIGVTEP F
SEQ ID NO: 49 moltype = AA length = 21
FEATURE Location/Qualifiers
REGION 1..21

note = Peptide
source 1..21

mol type = proteiln

organism = synthetic construct
SEQUENCE: 49
KERWKKWWKEKW KGGVIGVTEP F
SEQ ID NO: 50 moltype = AA length = 21
FEATURE Location/Qualifiers
REGION 1..21

note = Peptide
source 1..21

mol type = proteiln

organism = synthetic construct
SEQUENCE: 50
REWKRFFKRW KGGVIGVTEP F
SEQ ID NO: 51 moltype = AA length = 34
FEATURE Location/Qualifiers
gource 1..34

mol type = proteiln

organism = Naja atra
SEQUENCE: 51
KRFKKFFKKL KNSVKKRAKK FFKKPKVIGYV TEFPFE
SEQ ID NO: 52 moltype = AA length = 34
FEATURE Location/Qualifiers
REGION 1..34

note = Peptide
source 1..34

mol type = proteiln

organism = synthetic construct

21
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36
-continued

SEQUENCE: 52
KRFKKFFKKY KKSVKKRLKK IFKKPMVIGY TIPF 34
SEQ ID NO: 53 moltype = AA length = 26
FEATURE Location/Qualifiers
source 1. .26

mol type = proteiln

organism = synthetic construct
SEQUENCE: 53
KRFKKFFKKL KNSVKKRAKK FEFKKPK 26

What 1s claimed 1s:

1. A peptide comprising:

(a) the amino acid sequence set forth in Formula (I) (SEQ
ID NO:1):

Xﬂﬂl XﬂﬂE Xacz.'} Xaaﬁl XHHS Xmﬁfﬁ Xﬂﬂ? Xﬂdﬁ X.:I.-:IQ Xcmrlﬂ Xﬂﬂll

wherein independently of each other:

X 18 .

_yS Or Arg,

X 18 Lys or Arg,
X _ . 1s Phe, Ala, or Trp,

Xaa4 %S
X, <18
X 618 P
Xﬂ . -
X, o 1S
X 518 .

_yS Or Arg,
_yS Or Arg,
ne or 1rp,
_~ 1s Phe or Trp,
_yS Or Arg,
_ys or Arg,

X _ 1o 1s Leu, Phe, or Trp, and
X ., 18 Lys or Arg; or

(b) the amino acid sequence set forth in Formula (I) (S.

ID NO:1) with one substitution or insertion;
with the proviso that the amino acid sequence 1s not

KRFKKFFKKLK (S.

.
_1
_IQ

HQ ID NO:2), KRAKKFFKKPK

(SEQ ID NO:3), KRAKKFFKKLK (SEQ ID NO:4), or

R

RFRRFF

2. T

X _ . 1s Phe,
X« 1s Phe,
X - 1s Phe, and

X

aeal

-

XN RW
— 2 ad

5 18 Leu.

he peptic
he peptic
he peptic
he peptic
he peptic
he peptic

he peptic

RRLR (SEQ ID NO: 10).

ne peptide of claim 1, wherein:

e of claim 2, wherein X, 15 Arg.
e of claim 2, wherein X , 1s Lys.
e of claim 2, wherein X, 1s Lys.
e of claim 2, wherein X . 1s Lys.
e of claim 2, wherein X_ . 1s Lys.

e of claim 2, wherein X 1s Lys.

e of claim 2, wheremn X, 1s Lys.

10. The peptide of claim 2, wherein:

Xc‘lﬂl 18 Arg?

X _ 18 Lys,

Xaaﬁl- 1S LYS:

X <15 Lys,

X.-:MIB 1S LYS:

X o 1s Lys, and

X_ 1118 Lys.

11. The peptide of claim 10, wherein the peptide com-
prises (a) the amino acid sequence set forth in Formula (I)
(SEQ ID NO:1).

12. The peptide of claim 1, wherein:

X _ 1 1s Lys,

Xaaiz iS Arg:

X _ 418 Lys,

XaaS 18 LYS:

X <15 Lys,

X o 1s Lys, and

X 1118 Lys.

13. The peptide of claim 12, wheremn X . 1s Phe.

14. The peptide of claim 12, wherein X . 1s Phe.

15. The peptide of claim 12, wherein X - 1s Phe.

16. The peptide of claim 12, wheremn X ., 1s Leu.

17. The peptide of claim 12, wherein:

X _ . 1s Phe,

X .« 1s Phe,

X _ - 1s Phe, and

X 1518 Leu.

18. The peptide of claim 17, wherein the peptide com-
prises (a) the amino acid sequence set forth in Formula (I)
(SEQ ID NO:1).

19. A method for preventing, reducing or inhibiting
growth of a bacteria or fungi on a surface or in a fluid, the
method comprising contacting the surface or the fluid with
a composition comprising the peptide of claim 1, thereby
preventing, reducing or inhibiting growth of the bacteria or
fungi on the surface or in the fluid.

20. The method of claim 19, wherein the surface 1s on a

prosthetic or an 1implant.

aal
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