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NOVEL PYRRHOCORICIN-DERIVED PEPTIDES,
AND METHODS OF USE THEREOF

This invention was supported in part by National Institute of Health grant Nos.

GM45011. The United States government has an interest in this invention.

Field of the Invention
The invention relates generally to novel peptides; more specifically, the
invention relates to compositions and methods for killing bacteria or fungus or treating

bacterial, fungal or other microbial infections with pyrrhocoricin-based peptides.

Background of the Invention

In the continuing search for new compounds that can break drug resistance in
bacterial infections of humans and other mammalian species, certain anti-bacterial
peptides and glycopeptides isolated from insects have been noted as promising
candidates for drug development [D. Hultmark, Trends Genet., 9:178-183 (1993); J.
P. Gillespie ef al, Annu. Rev. Entomol., 42:611-643 (1997)]. See, also, International
Patent Application No. W094/05787, published March 17, 1999; French patent No.
2733237, granted Oct. 25, 1996; International Patent Application No. W099/05270,
published February 4, 1999; International Patent Application No. W097/30082,
published August 21, 1997; French patent No. 2695392 granted March 11, 1994 and
French patent No. 2732345, granted October 4, 1996.

While many anti-bacterial peptides from other origins kill bacteria by disrupting
the cell membrane or cell wall, some of the insect-derived anti-bacterial peptides have
an unusual mode of action, i.e., they bind to a currently unknown, stereospecific target
molecule [P. Bulet ef al, Eur. J. Biochem., 238:64-69 (1996)]. Two such peptides are
drosocin, a 19 amino acid residue peptide from species of Drosophila [P. Bulet et al, J.
Biol. Chem., 268(20):14893-14897 (1993)] and pyrrhocoricin, a 20 amino acid residue
peptide from species of Pyrrhocoris [S. Cociancich ef al, Biochem. J., 300:567-575

(1994)]. Drosocin and pyrrhocoricin are glycopeptides characterized by the presence
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of a disaccharide in the mid-chain position. The presence of the sugar increases the in
vitro anti-bacterial activity of drosocin, but decreases the activity of pyrrhocoricin [P.
Bulet et al, 1996, cited above; R. Hoffmann et al/, Biochim. et Biophys. Acta,
1426:459-467 (1999)].

Drosocin is moderately active against Gram-positive bacteria. When the native
glycosylated drosocin is injected into mice, the glycopeptide shows no anti-bacterial
activity, probably due to the peptide’s rapid decomposition in mammalian sera
[Hoffmann et al, 1999, cited above]. While drosocin needs 12-24 hours to kill bacteria
in vitro, it is completely degraded in diluted human and mouse serum within a four-
hour period. Both aminopeptidase and carboxypeptidase cleavage pathways
(decomposition at both ends) can be observed.

Native pyrrhocoricin is also a glycosylated peptide. Pyrrhocoricin is more
active against Gram-negative bacteria than drosocin, but the peptide is almost
completely inactive against Gram-positive strains. Native pyrrhocoricin appears to be
more resistant to mouse serum degradation than drosocin, but decomposes quickly in
some batches of human serum.

Metabolites from serum stability assays of drososin and pyrrhocoricin were
identified, and the metabolites, lacking as few as five amino terminal or two carboxy
terminal amino acids are inactive [Bulet ef al, 1996 and Hoffmann ez a/, 1999, both
cited above). This is further supported by a recent model of the bioactive secondary
structure of drosocin, which identifies two reverse turns, one at each terminal region,
as binding sites to the target molecule [A. M. McManus et al, Biochem., 38(2):705-
714 (1999)]. The situation is further complicated by the fact that the degradation
speed and pathway of a given peptide in diluted mouse sera are somewhat different
from those observed in diluted human sera. Even different batches of human sera
degrade the peptides at different rates and may yield different metabolites in vitro. The
peptide’s stability is markedly increased in insect hemolymph where the peptides
manifest their biological functions [Hoffmann ef al, 1999, cited above].

There exists a need in the art for novel anti-bacterial and anti-fungal

compounds, novel anti-bacterial and anti-fungal pharmaceutical compositions and
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methods of use thereof, and novel compounds which can be employed in drug

screening analyses to detect new pharmaceutical antibiotics.

Summary of the Invention
In one aspect, the invention provides a modified peptide which has anti-

bacterial or anti-fungal activity, and has the formula [SEQ ID NO: 1]:
R!-Asp-Lys-Gly-X-Y-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-lle-Tyr-X’-Y’-R?,

wherein R! is a moiety having a net positive charge;

wherein R? is selected from the group consisting of a free hydroxyl, an
amide, an imide, a sugar and a sequence of one or up to about 15 additional amino
acids, optionally substituted with a free hydroxyl, an amide, an imide or a sugar. These
additional amino acids are independently selected from L-configuration or D-
configuration. These additional amino acids may be capable of forming a cyclic
peptide by linkage to the N-terminal amino acid. Such an amino acid may be modified
by the insertion of a sugar, imide groups and the like. These additional amino acids
may also form spacers to cyclize the peptide by bridging between the N- and C- termini
of the peptide;

wherein X and Y form a dipeptide, which is Ser-Tyr or is a dipeptide
formed of naturally occurring amino acids or unnatural amino acids, the dipeptide
being resistant to cleavage by endopeptidases; and wherein X’ and Y’ form a
dipeptide, which is Asn-Arg, or is a dipeptide formed of naturally occurring amino
acids or unnatural amino acids, the dipeptide being resistant to cleavage by
endopeptidases, each. In one preferred embodiment, this peptide is a cyclic peptide in
which R! and/or R? form an amino acid spacer (which is preferably a sequence
duplicating at least a portion of the pyrrhocoricin peptide) linking the N- and C-
terminal amino acids of the above formula. The peptides of this formula include
modified peptides in which one or more conventional amide bonds between amino
acids is replaced with a bond resistant to a protease, such as a thio-amide bond or a
reduced amide bond. Further a variety of multimeric peptide constructs are included in

this invention.
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In a further aspect, the invention provides a composition comprising multiple
peptides of the formula above in a variety of multimeric constructs. Such
compositions containing one or more peptides of this invention may optionally contain
a pharmaceutically acceptable carrier.

In another aspect, the invention provides an isolated nucleic acid molecule
comprising a nucleotide sequence encoding the anti-bacterial or anti-fungal peptide or
multimeric compositions of the invention in operative association with a regulatory
sequence directing the expression thereof in a host cell. In yet a further aspect, the
invention provides a host cell transfected or transformed with the above-described
nucleic acid molecule.

In another aspect, the invention provides a method of treating a mammalian
bacterial or fungal infection comprising administering to a mammal having said
infection an effective anti-bacterial or anti-fungal amount of a pharmaceutical
composition described herein.

In yet another aspect, the invention provides a method for designing anti-
bacterial or anti-fungal pharmaceutical compounds. In one embodiment, this method
employs a peptide or multimeric construct described herein in a computer modeling
program to design a compound which mimics the structure and biological effect of said
peptide. In another embodiment, the method employs a peptide or multimeric
construct described herein in an assay or computer program for identifying the
peptide’s receptor on a selected bacterium.

In another aspect the invention provides a screening method for identifying test
compounds which compete with the peptides or multimeric compositions of this
invention for binding to the unknown receptor on the pathogen. Thereafter, test
compounds which compete with the peptides or multimeric constructs of this invention
for the receptor are identified and screened for anti-bacterial or anti-fungal use.

In yet a further aspect, the invention provides novel compositions identified or
produced by the methods described above.

Other aspects and advantages of the present invention are described further in

the following detailed description of the preferred embodiments thereof.
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Brief Description of the Drawings

Fig. 1is a graph illustrating the degradation of de-glycosylated pyrrhocoricin
(Peptide #1) and a modified pyrrhocoricin peptide of this invention, i.e., 1-aminocyclo-
hexane carboxylic acid (Chex)-Pyrrhocoricin-p-acetyl-2,3-diamino propionic acid
[Dap(Ac)] (Peptide #21) in 25% mammalian sera over time. The different symbols
illustrate the pyrrhocoricin or modified peptide in mouse sera (m), in year-old human
sera (h1) and in the month-old human sera (h2). The modified peptide is described in
detail below in Example 1. The degradation assay is described below in Example 4.

Fig. 2 is a graph indicating the results of an in vivo anti-bacterial activity of de-
glycosylated pyrrhocoricin (Peptide #1) and (Chex)-Pyrrhocoricin-(Dap (Ac)) (Peptide
#21). Three mice per group were used for toxicity (broken lines), and five mice per
group were used for efficacy (solid lines). Five additional mice were infected with E.
coli for negative controls and received 5% dextrose (DS5) instead of test peptides.
The results are plotted as Days vs. Survival (which is defined as the time measured
from the start of the experiment until the animal is dead or shows clinical signs of
infection). The symbols are as follows:

--0-- for 50 mg/kg pyrrhocoricin, toxicity assay control;

--o-- for 50 mg/kg Chex-pyrrhocoricin-Dap(Ac), toxicity assay control,

---- for E. coli infection, no peptide, as a positive control for infection;

A for 10, 25, and 50 mg/kg Chex-pyrrhocoricin-Dap(Ac) as test peptides after
infection;

V for 50 mg/kg pyrrhocoricin as test peptide after infection; and

a for 10, 25 mg/kg pyrrhocoricin as a test peptide after infection.

Fig. 3A is a summary of NOE connectivities for de-glycosylated pyrrhocoricin.
The intensities are indicated by the thickness of the line.

Fig. 3B is a summary of NOE connectivities for the native pyrrhocoricin
containing a Gal-GalNAc disaccharide moiety of Thr 11 (Peptide #2). The intensities
are indicated by the thickness of the line.

Fig. 3C is a graph showing the deviations from the aH chemical shifts from

their ‘random coil” values for de-glycosylated pyrrhocoricin (Peptide #1), indicated as
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a black bar, and for its native counterpart, containing a Gal-GalNAc disaccharide
moiety of Thr 11 (Peptide #2), indicated by a striped bar. The random coil values are

corrected for sequence specific shift of 0.29 ppm for residues preceding Pro.

Detailed Description of the Invention
The present invention provides modified peptides and multimeric compositions
of such peptides having anti-bacterial or anti-fungal activity. The peptides are
structurally based on the naturally occurring glycosylated peptide, pyrrhocoricin. The
peptides and/or multimeric peptide constructs of this invention, which are modified to
delete the mid-peptide glycosylation, are characterized by the high anti-bacterial or
anti-fungal potency in vifro of the unmodified pyrrhocoricin peptide, and provide good
metabolic stability in mammalian serum.
A Peptides of the Invention

According to this invention, preferred anti-bacterial or anti-fungal
peptides based on pyrrhocoricin are defined by the following formula
R'-Asp-Lys-Gly-X-Y-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-Ile-Tyr-X’-Y’-R? [SEQ
ID NO: 1]. As used in the above formula, the N-terminal R} is any moiety which can
provide a net positive charge on the N-terminus of the modified peptide.

Thus, for example, R! may be selected from one or more of the
following groups:

(a) a straight chain, branched, cyclic or heterocyclic alkyl group,

(b) a straight chain, branched, cyclic or heterocyclic alkanoyl group,

(c) a positively charged reporter group; and/or

(d) one or up to 15 additional amino acids independently selected from
L-configuration or D-configuration amino acids, optionally substituted with a straight
chain, branched, cyclic or heterocyclic alkyl group, a straight chain, branched, cyclic or
heterocyclic alkanoyl group, or a reporter group. The amino acids may be naturally
occurring amino acids or unnatural amino acids, such as D configuration amino acids,
or amino acids which are capable of cyclizing the peptide by attachment to a carboxy

terminal amino acid. The amino acid may be further modified by the insertion of
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modifying sugars, imide groups and the like. These amino acids may also form
spacers, as described below, to cyclize the peptide by bridging between the N- and C-
termini of the peptide. A variety of methods for producing non-natural amino acids are
known and may be selected by one of skill in the art.

In one example of the (a) group above, the positively charged 1-
aminocyclo-hexane carboxylic acid (Chex) is employed as R'. In an embodiment of
(d), the R" group is formed by one or more positively charged amino acid residues or
amino acid sequences. For example, R' may be a single positively charged amino acid
such as L-Val- or D-Val-. R' may be a sequence of amino acids with a net positive
charge, such as Arg-Val-, Lys-Val-, Lys-Val-Asp-Lys-Val- [SEQ ID NO: 5], and
-Arg-Pro-Pro-Thr-Pro-Arg-Pro-Leu-Lys-Val- [SEQ ID NO: 3]. In still other
embodiments, such additional amino acids are modified by an acetyl group, providing
that a net positive charge results. Some examples of these R' groups are Acetyl-Arg-
Val-; Acetyl-Lys-Val-; and Acetyl-Lys-Val-Asp-Lys-Val- [SEQ ID NO: 29].
Acetylation alone with Val has been found to extinguish the positive charge.

In still other embodiments of peptides falling within this formula, the R
group is a positively charged moiety which can function as a reporter group (c) for
detection purposes. A reporter group may be defined as a moiety which is capable,
alone or in concert with other compositions or compounds, of providing a detectable
signal. The reporter may be interactive to produce a detectable signal. Most desirably,
the reporter is detectable visually, e.g. colorimetrically. A variety of enzyme systems
have been described in the art which will operate to reveal a colorimetric signal in an
assay. As one example, glucose oxidase (which uses glucose as a substrate) releases
peroxide as a product. Peroxidase, which reacts with peroxide and a hydrogen donor
such as tetramethyl benzidine (TMB) produces an oxidized TMB that is seen as a blue
color. Other reporters include horseradish peroxidase (HRP) or alkaline phosphatase
(AP), and hexokinase in conjunction with glucose-6-phosphate dehydrogenase which
reacts with ATP, glucose, and NAD+ to yield, among other products, NADH that is

detected as increased absorbance at 340 nm wavelength.
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Other reporter molecules that may be utilized in the methods of this
invention are biotin-avidin, fluorescent compounds such as fluorescein, green and blue
fluorescent proteins; and radioactive compounds or elements, such as radioactive
jodine, and the like. For example, in some peptides of this invention the R' group is
the reporter biotin bound to a lysine-valine dipeptide by a covalent bond. Still another
peptide of this invention contains a R' (d) group which is a reporter group covalently
bonded to one or more amino acid residues, resulting in a net positive charge, for
example, a 5(6) carboxyfluorescein functionalized-Lys-Val-. Such reporters for
attachment to the N-termini of the peptides of this invention may be readily selected
from among numerous compositions known and readily available to one skilled in the
art of diagnostic assays. The above-listed reporters are understood to be non-
exclusive.

Still other peptides of this invention are cyclic peptides, and in these
peptides, R' is an amino acid "spacer”. Spacers are sequences of greater than 3 amino
acids which are interposed between the normal N-terminus and C-terminus of the
modified pyrrhocoricin. These spacers permit linkage therebetween without imposing
any adverse restraint upon the molecular structure. Spacers may also contain
restriction endonuclease cleavage sites to enable separation of the sequences, where
desired. Desirably, spacers duplicate a portion of the pyrrhocoricin peptide. Suitable
spacers or linkers are known and may be readily designed and selected by one of skill
in the art. In one embodiment, an amino acid spacer is greater than 5 amino acid
residues in length. In a preferred embodiment, the amino acid spacer is greater than 10
amino acid residues in length. The amino acid residues in the spacer may be a
sequence of any natural or unnatural amino acids. In an exemplary spacer, the inventor
incorporated a sequence which duplicated part of the native pyrrhocoricin, e.g. -Arg-
Pro-Pro-Thr-Pro-Arg-Pro-Leu-Lys-Val- [SEQ ID NO: 3]. The Val in this R' group is
linked to the N-terminal Asp of the formula and the N-terminal amino acid of R' is
linked by a covalent bond to the C-terminal amino acid of R?.

The R? group of peptides of the above formula may be a free hydroxyl,

an amide, an imide, a sugar, or a sequence of one or up to about 15 additional amino
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acids, optionally substituted with a free hydroxyl, an amide, an imide or a sugar. The
amino acids may be naturally occurring amino acids or unnatural amino acids, such as
D configuration amino acids. The additional amino acids may be capable of forming a
cyclic peptide by attaching to an amino terminal amino acid. These amino acids may
also be modified by insertion of a sugar, imide groups and the like. These additional
amino acids may also form spacers, as described above for R', to cyclize the peptide by
bridging between the N- and C- termini of the peptide. A variety of methods for
producing non-natural amino acids are known and may be selected by one of skill in
the art. For example, in some peptides, R? is D-Asn, L-Asn, Asp, or Asn-R?, wherein
R%is a sugar. In some embodiments R*is 2-acetamido-2-deoxyglucose; in other
preferred embodiments, the R*is triacetyl 2-acetamido-2-deoxyglucose. In other
embodiments of the peptides of this invention R? is a B-acetyl-2,3-diamino propionic
acid group (DAP(Ac)).

In this formula, X-Y represent two adjacent amino acids which are
either Ser-Tyr, or are adjacent amino acids which are resistant to cleavage by
endopeptidases. In this formula, X’-Y’ represent two adjacent amino acids which are
Asn-Arg, or are adjacent amino acids which are resistant to cleavage by
endopeptidases. Still other peptides according to the above formula are characterized
by having at least one, and preferably more, amino acids altered to the corresponding
D amino acid.

The peptides of this formula include modified peptides in which the
amino acids may be connected by conventional amide bonds. Alternatively, modified
peptides include those in which one or more of the natural or unnatural amino acids
may be connected by bonds resistant to proteases, such as, a thioamide bond or a
reduced amide bond. Such modifications of the bonds between amino acids may
change the conformation of the peptide. Other backbone-modifications of these
peptides are also anticipated to improve proteolytic stability and yield analogs with
slightly modified activity spectrum. Such modifications include those described for

another anti-bacterial peptide in J. E. Oh et al, J. Peptide Res., 54:129-136 (1999).
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Preferably, one or more of said peptides is a synthetic peptide fused to a second
moiety, which moiety enhances the bioavailability of said peptide.
B. Multimeric Compositions of the Invention

In another embodiment, multiple peptides of the formula described
above may be organized in multimeric constructs or compositions. For example,
optional amino acids (e.g., -Gly-Ser-) or other amino acid or chemical compound
spacers may be included at the N - or C - termini of the peptides for the purpose of
linking two or more peptides together or to a carrier. This composition may take the
form of one or more of the above-described peptides expressed as a synthetic peptide
coupled to a carrier protein. Alternatively, a composition may contain multiple
peptides, each expressed as a multiple antigenic peptide, optionally coupled to a carrier
protein. Alternatively, the selected peptides may be linked sequentially and expressed
as a recombinantly produced protein or polypeptide. As one embodiment, multiple
peptides are linked sequentially, with and without spacer amino acids therebetween, to
form a larger recombinant protein. Alternatively, the recombinant protein may be fused
in frame with a carrier protein.

In one embodiment of a multimeric construct containing at least two of
the above-defined peptides (which may be the same or different peptides of the
formula), one peptide is attached to any amino acid of the other peptide(s). Any
number of additional peptides may be attached to any amino acid of the other peptides
in the composition. In another embodiment of a multimeric composition containing at
least two peptides, the second or additional peptides are attached to a branched
construct of the other peptides in the composition. Alternatively, each additional
peptide is covalently linked to R? of another peptide in the composition.

In another embodiment of a multimeric construct or composition
containing at least two of the peptides, at least one or more of the peptides is attached
to a carrier. In another embodiment, one or more of said peptides is a synthetic
peptide fused to a carrier protein. Still alternatively multiple of the above-described
peptides with or without flanking sequences, may be combined sequentially in a

polypeptide. The peptides or this polypeptide may be coupled to the same carrier, or
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different peptides may be coupled individually as peptides to the same or a different
immunologically inert carrier proteins.

Suitable carrier proteins may enhance stability or delivery, improve the
production, or change the activity spectrum of the peptide. As a few well-known
examples, such carrier moieties may be human albumin, polyethylene glycol, other
biopolymers or other naturally or non-naturally occurring polymers. In one
embodiment, the moiety is desirably a protein or other molecule which can enhance the
stability of the peptide. One of skill in the art can readily select an appropriate
conjugation moiety.

One desirable example of a multimeric composition according to this

invention has the structure of a multi-(peptide [SEQ ID NO: 4]) construct as follows:

NH,
ﬁ—Asp—Lys—Gly—Scr-Tyr—Leu-Pro-Arg-Pro—Thr-Pro-Pro-Arg—Pro-Ile-Tyr-Asn-Arg-NH-(IIH-CONH2
0 CH,
I;IH
NH, c=0

|
C— Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-lle-Tyr-Asn-Arg-NH—CH-CH,-NH-COCHj
1]

In yet another embodiment, the peptides may be in the form of a
multiple antigenic peptide ("MAP"). Such a construct may be designed employing the
MAP system described by Tam, Proc. Natl. Acad. Sci. USA, 85:5409-5413 (1988).
This system makes use of a core matrix of lysine residues onto which multiple copies
of the same peptide of the invention are synthesized as described [see, e.g., D. Posnett
etal., J. Biol. Chem., 263(4):1719-1725 (1988)]. Each MAP contains multiple copies
of one or more of the peptides or this invention. One embodiment of a MAP contains
at least three, and preferably four or more peptides. One preferred embodiment
contains a -alanine substituent on the poly-lysine core. One particularly desirable

multiple antigenic complex has the formula

Peptide
, Lys
Peptide

Peptide /
1

Lys-B-Ala

Lys
Peptide/ 1
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In one preferred embodiment of this structure, each peptide is the same and is
[SEQ ID NO: 10]:

NH,

O—ﬁ—Asp-Lys-Gly-Ser—Tyr-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-Ile-Tyr-Asn-Arg-Asn
0]

One of skill in the art may readily make any number of multimeric constructs
from the peptides of the formula identified above with resort to only conventional skills
and knowledge in light of this specification. All such multimeric compositions and
constructs are intended to be included in this invention.

C Methods of Production

Such peptides and multimeric compositions may be produced
synthetically or recombinantly by conventional methods. Specific embodiments of
pyrrhocoricin-derived anti-bacterial/anti-fungal peptides of this invention are disclosed
in detail in Example 1 below. Preferably, the peptides of the invention are prepared
conventionally by known chemical synthesis techniques. Among such preferred
techniques known to one of skill in the art are included the synthetic methods
described by Merrifield, . Amer. Chem. Soc., 85:2149-2154 (1963) or as detailed in
Example 1.

Alternatively, the peptides or multimeric compositions of this invention
may be prepared by known recombinant DNA techniques by cloning and expressing
within a host microorganism or cell a DNA fragment carrying a nucleic acid sequence
encoding one of the above-described peptides. Coding sequences for these peptides
can be prepared synthetically [W. P. C. Stemmer et al, Gene, 164:49 (1995)]. Coding
sequences can be derived from bacterial RNA by known techniques, or from available
cDNA-containing plasmids. Conventional molecular biology techniques, and site-
directed mutagenesis may be employed to provide desired peptide sequences. Nucleic
acid sequences encoding these peptides may be used in cloning and expressing the
peptide compositions of this invention in various host cells well known in recombinant
technology, e.g., various strains of E. coli, Bacillus, Streptomyces, and

Saccharomyces, mammalian cells, (such as Chinese Hamster ovary cells (CHO) or
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COS-1 cells), yeast and insect cells or viral expression systems, such as baculovirus
systems. The selection of other suitable host cells and methods for transformation,
culture, amplification, screening and product production and purification can be
performed by one of skill in the art by reference to known techniques. See, e.g.,
Gething and Sambrook, Nature, 293:620-625 (1981). When produced by

conventional recombinant means, the peptides of this invention may be isolated either
from the host cell by conventional lysis techniques or from cell medium by
conventional methods, such as chromatography. See, e.g., Sambrook et al, Molecular
Cloning. A Laboratory Manual., 2d ed., Cold Spring Harbor Laboratory, New York
(1989).

The resulting peptide or multimeric construct is screened for antibiotic
or antifungal efficacy and/or metabolic stability by in vifro and in vivo assays, such as
those described in the examples and in the art. These peptides generally have
“significant” metabolic stability in mammalian serum, i.e., the peptides are stable for at
least 2 hours in serum. More preferred peptides are stable for at least 4 hours in
serum. Still more preferred peptides of this invention are stable in serum for greater
than 8 hours.

D. Pharmaceutical Compositions of the Invention and Methods of
Treatment

The compositions of this invention are designed to treat infection by the
selected bacterium or fungus of an infected mammal, e.g., human. At least one, or
alternatively, several of the peptides or multimeric constructs of the present invention
may be formulated into an anti-bacterial or anti-fungal composition with a
pharmaceutically acceptable carrier and other optional components. For use in such
compositions, the selected peptide may be produced preferably synthetically, but also
recombinantly, as disclosed above.

The peptides may be employed in pharmaceutical compositions
individually. Alternatively, for the purposes of enhancing pharmacokinetics or

bioavailability without eliciting immune responses, one or more peptides may be fused
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or conjugated to other moieties as described above. Any number of single peptides or
multimeric constructs may be mixed together to form a single composition.

As pharmaceutical compositions, these compositions are admixed with
a pharmaceutically acceptable vehicle or carrier suitable for administration as a protein
composition. These peptides may be combined in a single pharmaceutical preparation
for administration. Suitable pharmaceutically acceptable carriers for use in a
pharmaceutical proteinaceous composition of the invention are well known to those of
skill in the art. Such carriers include, for example, saline, buffered saline, liposomes,
oil in water emulsions and others. The compositions may further include a detergent
to make the peptide more bioavailable, e.g., octylglucoside. The present invention is
not limited by the selection of the carrier or detergent.

Alternatively, the pharmaceutical compositions may be delivered as
nucleotide sequences or may contain sequences which express the peptide or proteins
of the invention in the host cell, which peptides are then secreted from the host cells.
Suitable vehicles for direct DNA, plasmid nucleic acid, or recombinant vector
administration include, without limitation, saline, sucrose, protamine, polybrene,
polylysine, polycations, proteins, or spermidine, etc. [See e.g, International Patent
Application No. W094/01139].

Pharmaceutical compositions of this invention may contain other active
agents, such as conventional antibiotics, such as vancomycin [see, e.g., International
Patent Application No. W098/40401, published March 10, 1998, incorporated by
reference herein]. Alternatively, pharmaceutical compositions may be administered
with other anti-pathogenic molecules or antibiotic compounds, such as conventional
anti-fungals, e.g., itraconazole.

The pharmaceutical compositions may also be formulated to suit a
selected route of administration, and may contain ingredients specific to the route of
administration [see, e.g., Remington: The Science and Practice of Pharmacy, Vol. 2,
19" edition (1995)]. The preparation of these pharmaceutically acceptable
compositions, from the above-described components, having appropriate pH

isotonicity, stability and other conventional characteristics is within the skill of the art.
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A method of treating a mammalian bacterial or fungal infection involves
administering to an infected mammal an effective anti-bacterial or anti-fungal amount
of a pharmaceutical composition described above. The method is useful in the
treatment of infection caused by a Gram negative bacterium or Gram positive
bacterium, such as those specifically identified in Example 2. The method may also be
useful to treat fungal infections of the skin, nails, mucus membranes and intestines,
e.g., candidiasis.

According to this invention, a pharmaceutical composition as described
above may be administered by any appropriate route, but preferably by a route which
transmits the peptide directly into the blood, e.g., intravenous injection. Other routes
of administration include, without limitation, oral, intradermal, transdermal,
intraperitoneal, intramuscular, intrathecal, subcutaneous, mucosal (e.g., intranasal), and
by inhalation. If administered in the form of a nucleic acid preparation, e.g., wherein
the sequence of the peptide is expressed in a recombinant viral vector or as naked
DNA in a plasmid, the route is preferably intramuscular.

The amount of the protein, peptide or nucleic acid sequences of the
invention present in each anti-bacterial effective dose is selected with regard to
consideration of the pathogen causing the infection, the severity of infection, the
patient's age, weight, sex, general physical condition and the like. The amount of
active component required to induce an effective anti-bacterial or anti-fungal effect
without significant adverse side effects varies depending upon the pharmaceutical
composition employed and the optional presence of other components, e.g.,
antibiotics, anti-fungals and the like. Generally, for the compositions containing
protein/peptide, or fusion protein, each dose will comprise between about 50 pg
peptide/kg patient body weight to about 10 mg/kg. A more preferred dosage may be
about 500 pg/kg of peptide. A more preferred dosage may be greater than 1 mg/kg or
greater than 5 mg/kg. Other dosage ranges may also be contemplated by one of skill in
the art. For example, dosages of the peptides of this invention may be similar to the
dosages discussed for other peptide antibiotics, such as drosocin, although the peptides

of this invention appear to be more potent than drosocin. See e.g., International Patent
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Application Nos. W0O94/05787, W099/05270, W0O97/30082; and French patent Nos.
2733237, 2695392 and 2732345, among others. It has been noted for de-glycosylated
pyrrhocoricin, that a dosage of about 50 mgs/kg body weight, enhances the infection.
It has been surprisingly discovered that an anti-bacterial and/or anti-fungal effect
results from administration of a dosage of deglycosylated pyrrhocoricin of less than 25
mgs/kg body weight, or preferably less than 10 mg/kg body weight.

Initial doses of the modified pyrrhocoricin of this invention may be
optionally followed by repeated administration for a duration selected by the attending
physician. Dosage frequency may also depend upon the factors identified above, and
may range from 1 to 6 doses per day for a duration of about 3 days to a maximum of
no more than about 1 week.

E. Use of the Peptides of this Invention in Drug Design, Screening and
Development

The peptides and polynucleotide sequences of the present invention
may also be used in the screening and development of chemical compounds, small
molecules or proteins which mimic the structure or activity of the peptides of this
invention, and thus have utility as therapeutic drugs for the treatment of bacterial or
fungal infections. These peptides may also be employed in assays to identify and
isolate the stereospecific receptor located on the microorganisms against which the
peptides are effective and with which they interact to achieve their anti-bacterial or
anti-fungal effect. Identification of this receptor may also permit use of a variety of
known techniques to design and develop other drugs having the anti-bacterial or anti-
fungal effect of the peptides of this invention.

In one such embodiment, the peptides are employed in a suitable
competitive assay method with test compounds to assess the ability of the test
compound to competitively displace the peptide from binding to its presently unknown
receptor on the pathogen. The steps of such a competitive assay may be readily
determined by one of skill in the art. Where desired, and depending on the assay
selected, a microorganism (e.g., bacterium or fungus) to which the selected peptide(s)

are known to bind, e.g., E. coli strains, may be immobilized directly or indirectly on a
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suitable surface, e.g., in an ELISA format. Such immobilization surfaces are well
known. For example, a wettable inert bead may be used. Further, the ligand may be
bound to a 96 well plate. Thereafter selected amounts of the test compounds and the
peptides of this invention are exposed to the immobilized microorganism and those test
compounds selected which can compete with the peptides for binding to the
immobilized microorganism. Once those test compounds which compete with the
peptides for binding to the receptor on the bacteria or fungi are identified, they may be
further screened for anti-bacterial or anti-fungal activities in the methods described in
the examples below. It is within the skill of the art to prepare other conventional assay
formats for identification of test compounds which compete with the peptides of this
invention for binding to the unknown receptor.

Still another assay enables isolation of the receptor and thus the testing
and identification of new peptides when the receptor is known. A selected peptide,
such as the Biotin-K-pyrrhocoricin (Peptide 18) may be mixed with a French-pressed
lysate of E. coli and the mixture incubated overnight. The mixture is centrifuged and
the supernatant is loaded onto an agarose column to which an anti-biotin monoclonal
antibody is conjugated. The column-bound receptor (and the attached biotin-K-
pyrrhocoricin peptide) is eluted with a glycine buffer (pH 2.1). The full-sized receptor
or its tryptic fragments are submitted to peptide sequencing and mass spectrometry.
Alternatively the anti-biotin monoclonal antibody can be replaced with avidin or
streptavidin. Yet another way is to couple other reporter groups to the pyrrhocoricin
or Lys-pyrrhocoricin peptides, and isolate the receptor by using a monoclonal antibody
or other specific binding partner to the reporter group.

Once the receptor is identified, it can be used to identify peptides other
then pyrrhocoricin or its analogs that bind to that receptor. The following method may
be used to verify the identity of the receptor. Preferably the peptides carry a
fluorescing or fluoresceinating reporter group, such as fluorescein-Lys-pyrrhocoricin
(Peptide 19). A 2 nM solution of fluorescein-labeled test peptide is mixed with a PBS
solution of the receptor in which the concentration of the receptor varies from 1 nM

to 100 uM. The binding curve is measured by fluorescence polarimetry.

17



10

15

20

25

30

WO 00/78956 PCT/US00/16989

The identity of the receptor is not essential to the performance of such
assays. Identification of useful anti-bacterial/anti-fungal test compounds permit the
screening and development of identification, e.g., the screening of combinatorial
libraries, of non-peptide antibiotics which mimic the activity of a peptide of this
invention.

Other assays and techniques also exist for the identification and
development of compounds and drugs which mimic the structure or activity of a
peptide of this invention. These include the use of phage display system for expressing
the peptide(s), and the use of a culture of transfected E. coli or other microorganism to
produce the peptides for binding studies of potential binding compounds. See, for
example, the techniques described in G. Cesarini, FEBS Letters, 307(1):66-70 (July
1992); H. Gram et a/, J. Immunol. Meth., 161:169-176 (1993); C. Summer et al, Proc.
Natl. Acad. Sci., USA, 89:3756-3760 (May 1992), incorporated by reference herein.

Other conventional drug screening techniques may be employed using
the peptides and polynucleotide sequences of this invention. As one example, a
method for identifying compounds which specifically bind to a peptide of this invention
can include simply the steps of contacting a selected peptide with a test compound to
permit binding of the test compound to the peptide; and determining the amount of test
compound, if any, which is bound to the peptide. Such a method may involve the
incubation of the test compound and the anti-bacterial/anti-fungal peptide immobilized
on a solid support.

Typically, the surface containing the immobilized ligand is permitted to
come into contact with a solution containing the peptide and binding is measured using
an appropriate detection system. Suitable detection systems include the streptavidin
horse radish peroxidase conjugate, direct conjugation by a tag, e.g., fluorescein. Other
systems are well known to those of skill in the art. This invention is not limited by the
detection system used.

Another method of identifying compounds which specifically bind to the
peptides of this invention can include the steps of contacting the peptide, immobilized

on a solid support with both a test compound and a proposed receptor for the peptide
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to permit binding of the receptor to the peptide; and determining the amount of the
receptor which is bound to the peptide.

The peptides of the present invention are also useful in assays to
identify the stereospecific receptor with which these peptides interact to produce their
anti-bacterial effect. Such assays and the identification of the receptor enable
additional screening of further pathogens against which the peptides or test compounds
as identified above are effective peptides and/or pharmaceutical compounds that bind
the same receptor and have an antibiotic effect.

A compound which has structural similarity to the peptide, or the
binding portion of the peptide to the receptor may also be computationally evaluated
and designed by means of a series of steps in which chemical entities or fragments are
screened and selected for their ability to associate with the peptides of this invention.
One skilled in the art may use one of several methods to screen chemical entities or
fragments for their ability to mimic the structure of these peptides and more
particularly to identify the peptide structure that binds with the stereospecific receptor
of pyrrhocoricin. This process may begin by visual inspection of, for example, a three
dimensional structure of the peptides of this invention on the computer screen.
Selected fragments or chemical entities may then be positioned in a variety of
orientations to determining structural similarities, or docked, within a putative binding
site of the peptide.

Specialized computer programs that may also assist in the process of
selecting fragments or chemical entities similar to the peptides, or entities which can
interact with the peptides and thus mimic the receptor, include the GRID program
available from Oxford University, Oxford, UK. [P. J. Goodford, "4 Computational
Procedure for Determining Energetically Favorable Binding Sites on Biologically
Important Macromolecules", ]. Med. Chem., 28:849-857 (1985)]; the MCSS program
available from Molecular Simulations, Burlington, MA [A. Miranker and M. Karplus,
"Functionality Maps of Binding Sites: A Multiple Copy Simultaneous Search
Method", Proteins: Structure, Function and Genetics, 11:29-34 (1991)]; the

AUTODOCK program available from Scripps Research Institute, La Jolla, CA [D. S.
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Goodsell and A. J. Olsen, "Automated Docking of Substrates to Proteins by Simulated
Annealing", Proteins: Structure, Function, and Genetics, 8:195-202 (1990)]; and the
DOCK program available from University of California, San Francisco, CA [I. D.
Kuntz et al, "4 Geometric Approach to Macromolecule-Ligand Interactions", J. Mol.
Biol., 161:269-288 (1982)], and software such as Quanta and Sybyl, followed by
energy minimization and molecular dynamics with standard molecular mechanics force
fields, such as CHARMM and AMBER. Additional commercially available computer
databases for small molecular compounds include Cambridge Structural Database, Fine
Chemical Database, and CONCORD database [for a review see Rusinko, A., Chem.
Des. Auto. News, 8:44-47 (1993)].

Once suitable chemical entities or fragments have been selected, they
can be assembled into a single compound or inhibitor. Assembly may proceed by
visual inspection of the relationship of the fragments to each other on the three-
dimensional image displayed on a computer screen in relation to the structure of the
peptide. Useful programs to aid one of skill in the art in connecting the individual
chemical entities or fragments include the CAVEAT program [P. A. Bartlett et al,
"CAVEAT: A Program to Facilitate the Structure-Derived Design of Biologically
Active Molecules", in Molecular Recognition in Chemical and Biological Problems",
Special Pub., Royal Chem. Soc. 78, pp. 182-196 (1989)], which is available from the
University of California, Berkeley, CA; 3D Database systems such as MACCS-3D
database (MDL Information Systems, San Leandro, CA) [see, e.g., Y. C. Martin, "3D
Database Searching in Drug Design”, J. Med. Chem., 35:2145-2154 (1992)]; and the
HOOK program, available from Molecular Simulations, Burlington, MA.

Compounds that mimic a peptide of this invention may be designed as a
whole or "de novo" using methods such as the LUDI program [H.-J. Bohm, "The
Computer Program LUDI: A New Method for the De Novo Design of Enzyme
Inhibitors", J. Comp. Aid. Molec. Design, 6:61-78 (1992)], available from Biosym
Technologies, San Diego, CA; the LEGEND program [Y. Nishibata and A. Itai,
Tetrahedron, 47:8985 (1991)], available from Molecular Simulations, Burlington, MA,

and the LeapFrog program, available from Tripos Associates, St. Louis, MO. Other
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molecular modeling techniques may also be employed in accordance with this
invention. See, e.g., N. C. Cohen et al, "Molecular Modeling Software and Methods
for Medicinal Chemistry", J. Med. Chem., 33:883-894 (1990). See also, M. A. Navia

and M. A. Murcko, "The Use of Structural Information in Drug Design", Current

Opinions in Structural Biology, 2:202-210 (1992). For example, where the structures
of test compounds are known, a model of the test compound may be superimposed
over the model of the peptide of the invention. Numerous methods and techniques are
known in the art for performing this step, any of which may be used. See, e.g., P.S.
Farmer, Drug Design, Ariens, EJ., ed., Vol. 10, pp 119-143 (Academic Press, New
York, 1980); U.S. Patent No. 5,331,573, U.S. Patent No. 5,500,807; C. Verlinde,
Structure, 2:577-587 (1994); and 1. D. Kuntz, Science, 257:1078-1082 (1992). The

model building techniques and computer evaluation systems described herein are not a
limitation on the present invention.

Thus, using these computer evaluation systems, a large number of
compounds may be quickly and easily examined and expensive and lengthy biochemical
testing avoided. Moreover, the need for actual synthesis of many compounds is
effectively eliminated.

Once identified by the modeling techniques, the proposed “new anti-
bacterial or anti-fungal” compound may be tested for bioactivity using standard
techniques, such as the in vitro assay of Example 2 below. Suitable assays for use
herein include, but are not limited to, the assays shown below in the examples to detect
the anti-bacterial effect of the peptides of this invention. However, other assay formats
may be used and the assay formats are not a limitation on the present invention.

The following examples illustrate various aspects of this invention.
These examples do not limit the scope of this invention which is defined by the

appended claims.

EXAMPLE 1: PRODUCTION OF PEPTIDES OF THIS INVENTION

Modified pyrrhocoricin peptides were designed by conventional peptide

synthesis techniques. Peptides were assembled on solid-phase using a Milligen 9050
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continuous flow automated peptide synthesizer on a Fmoc-PAL-polyethylene glycol-
polystyrene copolymer resin with an initial load of 0.17 mmole/g (PerSeptive
Biosystems, Warrington, UK) using standard Fmoc chemistry [G. B. Fields ez a/, Int. J.
Pept. Protein Res., 35:161-124 (1990)]. A 4-molar excess of the acylating amino acids

and 1-hydroxy-7-azabenzotriazole uronium salt (HATU) activation were used, as
recommended for the synthesis of complex peptides [Y. Angell ez al, Tetrahedron
Lett., 35:5891:5894 (1994)]. The side chain protecting groups were trityl for Asn,
tert-butyl ether for Tyr, Ser and Thir, terz-butyl ester for Asp, 2,2,5,7,8-pentamethyl-
chroman-6-sulfonyl for Arg, and zert-butyloxy-carbonyl for Lys. A glycosylated Asn
residue was incorporated in the same manner as unmodified amino acids. Fmoc
diaminopropionic actd (Bachem Biosciences) was acetylated with equimolar amounts
of pentafluorophenyl acetate prior to peptide synthesis and was used for peptide
assembly without any further purification. The glycopeptides were synthesized from
commercially available glycoaminoacid building blocks, including Fmoc-Thr [Gal(Ac,)-
GalNAc(Ac,)]-OH and Fmoc-Asn[GlcNAc(Ac,;)]-OH (Novabiochem, San Diego, Ca).
Peptides were cleaved from the solid support by TFA in the presence of m-cresol
(5%), ethane-dithiol (2.5%), thioanisole (5%), and water (5%) as scavengers for 2-3
hours. Deacetylation of the sugar hydroxyl groups was accomplished by a 2 minute
treatment with 0.1 M NaOH. After cleavage, peptides were purified by reversed phase
high performance liquid chromatography (RP-HPLC). The final products were
characterized by amino acid analysis and matrix assisted laser desorption/ionization
(MALDI-MS) by standard methods. Mass spectra verified the anticipated composition
of the peptides.

The modifications of the unmodified pyrrhocoricin according to this invention
include — terminal and C- terminal modifications to protect the peptide from
exopeptidase cleavage. Two endopeptidase cleavage sites were identified, i.e.,
between Ser5 and Tyr6 and between Asn18 and Argl9. Other modifications include
providing a positive charge at, or near, the native amino terminus, and inserting
unnatural, glycosylated or D- amino acid residues to the — and C-termini to improve

stability in serum. Still other modifications to the pyrrhocoricin are cyclizing the
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peptide to prevent cleavage by exopeptidases. Replacing conventional amide bonds
between one or more amino acids in the sequence with bonds less sensitive to cleavage
by proteases, e.g., thioamide bonds or reduced amide bonds, is also a desirable
modification. Such a modification of bonds can desirably occur between Ser5 and Tyr
6 or between Asnl18 and Argl9, or at both sites. Still other sites in the sequence may
be so modified.

The native unmodified pyrrhocoricin contains on the 11" amino acid residue
Thr of pyrrhocoricin, the sugar, galactose (Gal) -2-acetamido-2-deoxy-galactose
(GalNAc), as follows:

Gal-GalNAc
1 5 10 | 15
Val-Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-Ile-Tyr-Asn-Arg-

Azsg [SEQID NO: 2 ]. For use in the following assays, native pyrrhocoricin is
referred to as Peptide 2.

The modifications of the de-glycosylated (non-native) pyrrhocoricin amino acid
sequences which provide peptides of this invention as well as control (inactive)
peptides, appear in the sequences below in bolded, italicized print for ease of review.
These peptides are identified by the following peptide numbers throughout the
examples. In the modified peptides 1, and 3-25 below, all amino acids were of the L-
configuration, except for peptides 12 and 13, in which the indicated amino acids were
of the D-configuration. All carbohydrates were of the D-configuration. The following
peptides are modified versions of pyrrhocoricin, of which Peptides 1, 3-6, 8-12, and
17-24 are novel anti-bacterial peptides of this invention; and Peptides 7, 13-16 and 25
are modified inactive peptides shown for comparative purposes.

Active, modified Peptide 1 is a pyrrhocoricin which is deleted in the naturally
occurring mid-chain glycosylation, but which has the following 20 amino acid
sequence:
Val-Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-Ile-Tyr-Asn-Arg-
Asn [SEQ ID NO: 6].
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Active, modified Peptide 3 has the sequence:
Acetyl-Lys-Val-Asp-Lys-Val-Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro-Pro-
Arg-Pro-lIle-Tyr-Asn-Arg-Asn [SEQ ID NO: 7].

Active, modified Peptide 4 has the sequence:
Acetyl-Arg-Val-Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-lle-
Tyr-Asn-Arg-Asn [SEQ ID NO: 8].

Active, modified Peptide 5 has the sequence:
Acetyl-Lys-Val-Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-Ile-
Tyr-Asn-Arg-Asn [SEQ ID NO: 9].

In the active, modified Peptide 6, the R! moiety is 1-aminocyclo-hexane

carboxylic acid. The sequence is

NH,

O"I(I,’-Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro -Pro-Arg-Pro-lle-Tyr-Asn-Arg-Asn
0

[SEQ ID NO:10].

Inactive Peptide 7 is acetylated on its N-terminus and retains the galactose-2-
acetamido-2-deoxy-galactose (Gal-GalNAc) modifying the 11™ amino acid of native
pyrrhocoricin. The sequence is:

Gal-GalNAc
/
Acetyl-Val-Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-Ile-
Tyr-Asn-Arg-Asn [SEQ ID NO:11].
Active, modified Peptide 8 has the positively charged N-terminal acetyl-lysine
group, and a C-terminal imide group which cyclizes the 20" amino acid residue and has

the sequence [SEQ ID NO:12]:

o

Acetyl-Lys-Val-Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-Ile-Tyr-Asn-Arg-NH —b
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Active, modified Peptide 9 has a positively charged N-terminal acetyl-Lysine
and a B-acetyl-2,3-diamino propionic acid group (DapAc) in the L configuration
attached to the 19™ amino acid residue with the 20" amino acid residue eliminated.
The sequence is:
Acetyl-Lys-Val-Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-Ile-

Tyr-Asn-Arg-NH-CH-CONH, [SEQ ID NO: 13].
/
CH,-NH-COCH,

Active, modified Peptide 10 has a positively charged N-terminal acetyl-Lysine
and a 2-acetamido-2-deoxyglucose (GlcNAc) group modifying the 20" amino acid
residue on the C-terminus. The sequence is:
Acetyl-Lys-Val-Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-Ile-
Tyr-Asn-Arg-Asn [SEQ ID NO:14].

é‘lcNAc

Active, modified Peptide 11 has an N-terminal acetyl-Lysine and a triacetyl-2-
acetamido-2-deoxyglucose (Ac3-GlcNAc) group modifying the 20" amino acid residue
on the C-terminus. The sequence is:
Acetyl-Lys-Val-Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-Ile-

Tyr-Asn-Arg-Asn [SEQ ID NO:15].
/
Ac3-GlcNAc

Peptide 12 is a somewhat active modified peptide having the first amino acid
residue Val in the D configuration, and the 20 amino acid Asn in the D configuration,
with the sequence:
D-Val-Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-Ile-Tyr-Asn-
Arg-D-Asn [SEQ ID NO:16].

Inactive Peptide 13 is a pyrrhocoricin without the midchain glycosylation and
with all amino acid residues in the D configuration:
Val-Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-Ile-Tyr-Asn-Arg-
Asn [SEQ ID NO:26].
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Inactive Peptides 14 and 15 are 9 and 11 amino acid fragments, respectively, of
pyrrhocoricin, having the sequences:
Val-Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg [amino acids 1-9 of SEQ ID NO: 6] and
Pro-Thr-Pro-Pro-Arg-Pro-Ile-Tyr-Asn-Arg-Asn [amino acids 10-20 of SEQ ID NO:
6, deleted of glycosylation].

Inactive Peptide 16 is a cyclic peptide in which the spacer is an additional Lys-
Val dipeptide residue joining the N-terminal amino acid to the negatively charged (pre-
cyclization) C- terminal amino acid. This spacer restricts the structure of the peptide.

This peptide has the sequence as follows:

Lys- Val-Asp-Lys-Gily

Asp Ser

ll\rg Tyr

1|&sn Ireu

'{‘yr I|)ro

) e

Pro-Arg . /Pro-Thr—Pro
Pro

[SEQ ID NO:17].

The most active of the peptides of this invention is modified Peptide 17, which
is a cyclic non-glycosylated peptide. In this peptide, a lysine residue was added to the
amino terminus of the peptide, which is cyclized with an 8 residue spacer between the
original N- and C-termini. The spacer corresponds to the middle domain (amino acid
residues 7-14) of pyrrhocoricin and is incorporated backwards to remain in register
with the original copy of this fragment. This arrangement retained with native
orientation of the bioactive domains, i.e., the original termini. This peptide has the

sequence as follows:
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Arg-Pro-Pro-Thr-Pro-Arg-Pro-Leu

-Asn Il,ys

b .
Tyr(Asrl IIXSP
I s

ll’ro Cl}ly

Arg Ser

1 |
Pro-Pro-Thr-Pro-Arg-Pro-Leu—Tyr

[SEQ ID NO:18].

Active, modified Peptide 18 has a positively charged biotin-Lys-Val group
attached at the N-terminus, and having the sequence:
Biotin-Lys-Val-Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-Ile-

5 Tyr-Asn-Arg-Asn- [SEQ ID NO:19].

Active modified Peptide 19 has a positively charged group with a reporter
sequence attached at the N-terminus, and having the sequence:
5(6)-carboxyfluorescein-Lys-Val-Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro-
Pro-Arg-Pro-Ile-Tyr-Asn-Arg-Asn- [SEQ ID NO:20].

10 Weakly active, modified Peptide 20 has the positively charged Acetyl-Lys-Val
attached at the N-terminus, and replaces the C-terminal Asparagine with Aspartic acid.
The sequence is:
Acetyl-Lys-Val-Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-Ile-
Tyr-Asn-Arg-Asp- [SEQ ID NO:21].

15 Active, modified Peptide 21 has an R' group of 1-aminocyclo-hexane
carboxylic acid, and having attached at the C-terminus in place of the 19" amino acid
Asn, a B-acetyl-2,3-diamino propionic acid group in the L configuration. The

sequence is:

NH,
.C; = Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg- Pro-Thr-Pro-Pro-Arg-Pro-Ile-Tyr- Asn-Arg-NH- (ll'H- CONH ,
o CH,-NH-COCH;
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[SEQ ID NO: 22].

The active, modified Peptide 22 has an Acetyl-Arg group attached to the N-
terminal Val, and having attached at the C-terminus in place of the 20® amino acid
Asn, a B-acetyl-2,3-diamino propionic acid group in the L configuration. The
sequence is:
Acetyl-Arg-Val-Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-Ile-

Tyr-Asn-Arg-NH-CH-CONH, [SEQ ID NO:23].
/
CH,-NH-COCH,

Inactive Peptide 23 has the R' group 1-aminocyclo-hexane carboxylic acid, and
replaces Ser5 and Tyr6 with Ala5 and Phe6. Attached at the C-terminus in place of
the 19™ amino acid Asn is a B-acetyl-2,3-diamino propionic acid group in the L

configuration. The sequence is [SEQ ID NO:24]:

NH,
ﬁ —Asp-Lys-Gly-Ala-Phe-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-lle-Tyr-Asn -Arg-NII-FH-C ONH ,
o CH,-NH-COCH;

Active Peptide 24 has attached at the C-terminus in place of the 20 amino acid
Asn, a f-acetyl-2,3-diamino propionic acid group in the L configuration:
Val-Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-Ile-Tyr-Asn-
Arg-NH-CH-CONH, [SEQ ID NO:25].

/
CH,-NH-COCH,

Inactive Peptide 25 is a fragment of pyrrhocoricin having the sequence:
Val-Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-Ile-Tyr-Asn [amino
acids 1-18 of SEQ ID NO: 6].

These peptides are tested in some or all of the following assays of Examples 2-
4 below.

EXAMPLE 2: JN VITRO ANTI-BACTERIAL ACTIVITY OF THE PEPTIDES

Growth inhibition assays were performed using the peptides of Example 1 and

the Gram positive microorganisms Micrococcus luteus and Bacillus megaterium, and
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the Gram negative microorganisms, Escherichia coli D22, Agrobacterium
tumefaciens, and Salmonella typhimurium. Anti-bacterial assays were performed in
sterilized 96-well plates (Nunc F96 microtiter plates) with a final volume of 100 pl as
described in Bulet (1996), cited above. Briefly, 90 ul of a suspension of a
midlogarithmic phase bacterial culture at an initial 600 nm UV absorbence of 0.001 in
Luria-Bertani rich nutrient medium was added to 10 pl of serially diluted peptides in
sterilized water. The final peptide concentrations ranged between 0.15 and 80 pM.
The plates were incubated at 30°C for 24 hours with gentle shaking, and the growth
inhibition was measured by recording the increase of the UV absorbence at 600 nm on
an SLT Labinstruments 400 ATC microplate reader. The experiments were conducted
over a 7-month period.

Table 1 reports the inhibitory concentrations (ICs,) of each peptide #1 to #25
[SEQ ID NOS: 2 and 6-26] identified in Example 1 against each above-indicated
microorganism. ICj, is defined as the concentration in uM at which 50% growth
inhibition of the indicated microorganism is observed. To assess the variability of the
assay, Peptide 22 [SEQ ID NO: 23] was reassayed after 3 months of the original date,
and both the original (a) and 3 month (b) results are reported in the table. No activity
up to 80 pM concentration is indicated by “-”; an IC,, greater than 10 is essentially

evidence of an inactive peptide.
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TABLE I: IC,, in uM against

4 | Micrococcus | Bacillus Escherichia | Agrobacterium Salmonella

luteus megaterium | coli D22 tumefaciens typhimurium
1 10 5 <0.075 <0.075 0.6
2 - 40 0.3 0.3 25
3 80 - 0.3 10 5
4 5 - 0.6 25 25
5 40 - 0.6 5 40
6 5 10 0.3 1.25 25
7 - - 10 - -
8 5 20 0.3 1.25 2.5
9 10 40 0.6 1.25 1.25
10 40 - 0.6 5 25
11 40 40 0.6 25 20
12 10 - 0.6 25 5
13 40 - - - -
14 - - - - -
15 - - - - -
16 - - - - -
17 0.6 25 0.6 25 5
18 5 - <0.15 1.25 1.25
19 80 - 5 20 40
20 - - 25 40 -
21 10 40 0.6 5 25
22 10/10 40/80 0.3/0.3 2.5/0.6 2525
a/b
23 5 40 20 - -
24 5 20 <0.3 <0.3 <0.3
25 - - - - -
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The two putative binding sites cannot be separated (see, Peptides 14 and 15)
[aa 1-9 and aa 10-20, respectively of SEQ ID NO: 6]. An equimolar mixture of
shorter Peptides 14 and 15 remained inactive in all five bacterial strains studied. An
analog made of only D-amino acids was similarly inactive (Peptide 13) [SEQ ID NO:
26], indicating that pyrrhocoricin binds stereospecifically to a target protein. The N-
terminus of the native glycopeptide (Peptide 7) [SEQ ID NO: 11] could not be blocked
without a major loss of anti-bacterial activity. Pyrrhocoricin analogs containing labels
and an additional lysine at the N-terminus (Peptides 18 and 19) [SEQ ID NOS: 19 and
20] retain biological activity.

The results in Table 1 demonstrate several additional characteristics of the
modified peptides of this invention vs. the unmodified Peptides 1 and 2 [SEQ ID NO:

6 and 2, respectively]. The differences in the IC,, values between the results for
Peptide 22 [SEQ ID NO: 23] in two performances of the assay (at time a and 3 months
later at time b) demonstrate the variability of the assays. In general, modifications at
either termini reduced the potency of unmodified pyrrhocoricin. From the N- or C-
terminally modified peptides, the modifications of a 1-aminocyclo-hexane carboxylic
acid at the amino terminus and a B-acetyl-2,3-diamino propionic acid group at the
carboxy-terminus retained most of the anti-bacterial activity. In a preferred
embodiment for drug development, both termini are modified to block or at least retard
exopeptidase cleavage. Peptides containing modifications at both termini featured
acetylation together with positively charged amino acid addition, incorporation of
unnatural amino acids, such as Chex or Dap(Ac), glycosylation, imide formation, D-
amino acid substitution or cyclization. Examples of desirable peptides having
modifications at both termini are Peptides # 8, 9, 10, 11, 12, 13, 16, 17, 21, and 22
[SEQ ID NOS: 12-16, 26, 17, 18, 22 and 23, respectively].

Considering the time of the assay and the requirement for submicromolar
activity against at least one strain, Peptide 1 [SEQ ID NO: 6], Peptide 17 [SEQ ID
NO: 18], Peptide 21 [SEQ ID NO: 22] and Peptide 22 [SEQ ID NO: 23], described
above in Example 1 were selected for further studies, which include normal cell

toxicity and serum stability assays followed by in vivo efficacy studies. These peptides

31



10

15

20

25

WO 00/78956 PCT/US00/16989

show remarkable activity against Gram negative bacteria. The best analog for killing
Gram-negative and Gram-positive bacteria (e.g., wide spectrum activity) is cyclic
Peptide 17, which demonstrated a broad activity spectrum at low micromolar

concentrations.

EXAMPLE 3: ASSAYS FOR TOXICITY TO MAMMALIAN CELLS
A. Hemolytic Activity

To determine whether native and modified pyrrhocoricin peptides were
toxic to mammalian cells, several peptides from Example 1 above, a positive control,
and a negative control were examined for hemolytic activity. Hemolytic activity was
assayed with sheep erythrocytes suspended in Alsever’s solution (BioWhittaker,
Walkersville, MD), and diluted with Dulbecco’s phosphate-buffered saline, pH 7.2.
Thirty pL of a 1% suspension of the red blood cells was incubated with agitation at
39°C with 30uL of 40 to 256 uM of each of the following peptides dissolved in
phosphate buffered saline for one hour and centrifuged at 1000 g for five minutes.
Fifty uL of the supernatant was collected and the release of hemoglobin was detected
by measuring the ultraviolet absorbences of triplicate samples of the 40 uM or 256 uM
test peptides and the control peptides at 405 nm.

The peptides tested in this assay were Peptide 1, Peptide 21, Peptide
22, and Peptide 23 [SEQ ID NOS: 6, 22, 23 and 24, respectively] from Example 1.
The positive control was melittin, which has the sequence:
Gly-Ile-Gly-Ala-Val-Leu-Lys-Val-Leu-Thr-Thr-Gly-Leu-Pro-Ala-Leu-Ile-Ser-Trp-Ile-
Lys-Arg-Lys-Arg-Gln-Gln-amide (Bachem, King of Prussia, PA) [SEQ ID NO:27].

The negative control was peptide 31D, a T helper cell epitope [Ertl et al, J. Virol.,
63:2885-2892 (1989)] having the sequence: Ala-Val-Tyr-Thr-Arg-Ile-Met-Met-Asn-
Gly-Gly-Arg-Leu-Lys-Arg-amide [SEQ ID NO:28]. The results of this assay are
reported below in Table 2.
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Table 2
Peptide # Absorbence at 405 nm
| 40 yM 256 uM
1 0.108 £0.015 0.0135 + 0.005
21 0.110+ 0.049 0.143 + 0.006
22 0.126 £0.019 --
23 0.118 £0.035 --
Melittin (positive 2.99+0.06 --
control)
31D (negative 0.160 £ 0.021 --
control)

At a final concentration of 40 uM, only melittin lysed the erythrocytes.
The lowest concentration in which melittin lysed sheep erythrocytes was 5 uM, in

agreement with the findings of Wade ef al, Proc. Natl. Acad. Sci., USA, 87:4761-4765

(1990). When the pyrrhocoricin and the modified Chex-pyrrhocoricin-Dap(Ac)
peptide were increased to 256 uM concentration, the peptides remained completely
non-toxic to sheep erythrocytes.

B. Direct Killing of Immortalized COS Cells

In another toxicity assay, COS cell survival was studied for

pyrrhocoricin and cecropin B (Bachem Biosciences, King of Prussia, PA) as the
positive control. Cecropin B was used as a positive control because this channel-
forming anti-bacterial peptide was shown to kill a wide range of immortalized tumor
cells [A. J. Moore ef al, Peptide Res., 5:265-269 (1994)]. The results are indicated in
Table 3.
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Table 3
Peptide Cell Count after Treatment
No peptidé 13.5+95
5 uM Cecropin 66
10 uM Cecropin 6.7+03
50 uM Cecropin 73+3.7
5 uM Pyrrhocoricin 18+4
10 uM Pyrrhocoricin 12+4
50 uM Pyrrhocoricin 11£1

While cecropin reduced the cell count at as low as 5 uM concentration, the cell
count and rate of proliferation did not change after addition of up to 50 uM/mL

concentration of pyrrhocoricin.

EXAMPLE 4. PEPTIDE STABILITY IN SERUM

In vivo stability of peptides in blood is currently modeled well by in vitro
stability in serum or plasma (neglecting renal and hepatic clearance). Serum stability
studies represent one of the most important secondary screening assays in peptide drug
development, largely because they eliminate peptides that have short half-lives and are
therefore unlikely to be therapeutically effective. Owing to the fact that the use of
diluted serum increases peptide recovery as well as retards the reaction kinetics to a
manageable rate, the experiments were conducted using 25% aqueous sera. It was
earlier demonstrated that the degradation rates are linearly proportional to serum
concentration [M. F. Powell ef a/, J. Pharm. Sci., 81: 731-735 (1992)].

For serum stability studies, 10 ul of an aqueous peptide stock solution
containing about 0.8 mg/ml peptide was added to 200 ul 25% aqueous pooled mouse
or human serum (Sigma, St. Louis, MO), according to the process described in M. F.
Powell et al, Pharmacol. Res., 10:1268-1273 (1993). The peptide-serum mixture was

thermostated at 37°C. After O minutes, 45 minutes, 2 hours and 4 hours, three
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samples of each peptide were taken and precipitated by the addition of 40 pl 15%
aqueous trichloroacetic acid. The samples were stored at 4°C for 20 minutes and
centrifuged. The peptides and some remaining serum proteins were recovered in the
supernatant after the trichloroacetic acid precipitation. The supernatants were
immediately frozen on dry-ice and 220 pl of each were analyzed on RP-HPLC. A
mouse serum and two different batches of the same SIGMA catalog number of human
sera (human 1, approximately 1 year old, and human 2, approximately 1 month old)
were also used.

To obtain comparable data, all peptide degradation at 0 minutes is adjusted to
100%. The lyophilized samples were redissolved in 0.1 aqueous TFA and submitted
for matrix assisted laser desorption/ionization (MALDI-MS).

The degradation products of the modified peptides of this invention (Peptides
1, 21 and 22 [SEQ ID NOS: 6, 22 and 23, respectively]) after a 45-minute digestion
with 25% mammalian sera are reported in Table 4. The missing residues are indicated
(e.g -C2 means that the C-terminal two residues are cleaved off). For Peptide 22
(which is a modified pyrrhocoricin, having an acetyl-Arg group attached to the N-
terminal Val, and having attached at the C-terminus in place of the 20" amino acid
Asn, a B-acetyl-2,3-diamino propionic acid group in the L configuration), the N-
terminal residue numbers correspond to unmodified pyrrhocoricin. In Table 4, the
relative amounts of the degradation products are estimated based on the MALDI-MS
peak heights. O=not detected; 1=very weak (below 5000), 2=weak (5-10000),
3=medium (10-15000), 4=strong (15000-uncleaved molecular ion at 25-30000),
5=very strong (above uncleaved molecular ion). All identified degradation products

are listed.
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Table 4

Pep Degradation Products

tide | Serum

4 -C1 |-C2 -C3 -C6 -N3 -N5 -N3, | -NS5,

C2 C2

1 mouse 2 2 0 0 0 0 0 0
human1 |3 4 3 1 0 2 0 0
human 2 | 2 2 0 0 0 0 0 0

21 mouse 0 2 0 0 0 2 0 0
humanl |0 4 2 0 0 2 0 1
human2 | O 4 0 0 0 2 0 1

22 mouse 0 2 0 0 0 0 0 0
human1 | O 5 3 0 2 3 1 2
human2 | 0 5 0 0 2 1 0 0

When looking at the first metabolites after 45 minute digestion, it is evident
that the C-terminal asparagine is cleaved off Peptide 1 [SEQ ID NO: 6]. In contrast,
the modified C-terminal residue stays on the peptides containing p-acetyl-2,3-diamino
propionic acid residues (Peptides 21 and 22) [SEQ ID NOS: 22 and 23, respectively].
The acetyl-Arg amino terminal modified Peptide 22 produces more N-terminal
cleavage products close to the amino terminus than Peptide 21 (which is a modified
pyrrhocoricin, having in place of the N-terminal Val, the group 1-aminocyclo-hexane
carboxylic acid-, and having attached at the C-terminus in place of the 20" amino acid
Asn, a B-acetyl-2,3-diamino propionic acid group in the L configuration). Most
notably, Peptide 21 produces a fragment in which the Val-Asp-Lys tripeptide is
missing. While for Peptide 1 the degradation products are different in the two human
sera, for Peptide 21, they are very similar. They are also similar to those observed
after digestion with the mouse serum. Apparently, Peptide 21, is generally more

resistant than Peptide 1 in human serum.
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Fig. 1 shows the kinetics of the degradation of Peptides 1 and 21 [SEQ ID
NOS: 6 and 22, respectively] in this assay. The curves are fitted to an exponential
equation. The degradation curves for Peptide 1 and Peptide 21 (the modified
pyrrhocoricin, having in place of the N-terminal Val, the group 1-aminocyclo-hexane
carboxylic acid-, and having attached at the C-terminus in place of the 20" amino acid
Asn, a B-acetyl-2,3-diamino propionic acid group in the L configuration) were similar.
Nonglycosylated pyrrhocoricin is somewhat more stable in mouse serum and in the
weaker human serum, but much less stable in the more active human serum. Although
the lack of endopeptidase cleavage sites reduced the degradation rate of Peptide 21
compared to Peptide 1, this loss of protease activity was compensated for increased
exopeptidase activity C-terminal to Ser5 and Asnl18. Preliminary metabolism studies
of the cyclic Peptide 17 [SEQ ID NO: 18] indicated an endopeptidase cleavage site
between Asnl8 and Argl9 in human sera. In accordance with the increased number
and amount of N-terminal degradation products, Peptide 22 [SEQ ID NO: 23] (a
modified pyrrhocoricin, having an acetyl-Arg group attached to the N-terminal Val,
and having attached at the C-terminus in place of the 20™ amino acid Asn, a B-acetyl-
2,3-diamino propionic acid group in the L configuration), degrades considerably faster
than either Peptide 1 or Peptide 21 (not shown). Remarkably, after 8 hours of
digestion, in mouse serum, both Peptides 1 and 21 have 20% of the initial amounts
intact. Significantly, after the same period of time, traces of Peptide 21 are still present

in all sera studied.

EXAMPLE 5 - IN VIVO Anti-bacterial ACTIVITY OF THE PEPTIDES
Peptides 1, 17 and 21 [SEQ ID NOS: 6, 18, and 22, respectively] are

comparatively evaluated in an in vivo anti-bacterial assay performed as follows: Male
mice of CD-1 strain (Harlan Sprague Dawley, Inc.) were intravenously infected in the
tail with 1,000,000 colony forming units (0.2 ml) of Escherichia coli strain (ATCC

Accession No. 25922). To obtain better infection, mice are also fed with E. coli. The
test peptides are intravenously injected 1 hour after infection at doses of 10, 25 and 50

mg/kg, followed by a booster injection after 5 hours of infection. Mice were observed
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at 1 hour, 5 hours, 1 day, and 2 days post-infection for clinical signs (e.g., decreased
activity and head tilt) or mortality, and were compared with control mice who received
5% dextrose (DS5) instead of peptides (negative control) or were submitted to the
same peptide treatment, but received 50 mg/kg of DS5 instead of the bacteria
(toxicity).

The results are illustrated in Fig. 2. Neither Peptides 1 nor 21 [SEQ ID NOS:
6 and 22, respectively] alone showed any toxicity at 50 mg/kg dose. To assess the
success of the infection, five mice were infected with E. coli, but received DS5 instead
of test peptides. Two of these control mice died on the third day and the other three
became clinically sick, which included decreased activity and head tilt. When the
efficacy of the peptides was studied, the Chex-pyrrhocoricin-Dap(Ac) derivative
(Peptide 21) protected all 15 mice, regardless of the dose. For unmodified
pyrrhocoricin (Peptide 1), the mice that were injected with 10 and 25 mg/kg survived
without any clinical signs of disease. However, from the 50 mg/kg group, one mouse
died and the other 4 showed clinical signs of disease. This mirrors the drosocin studies
in which the peptide was not toxic alone, but became toxic when the mice were
infected and became compromised [Hoffmann ez al, cited above].

Such an effect was not found for the Chex-pyrrhocoricin-Dap(Ac) peptide. All
mice showed some enlargement of the abdominal region during the study, therefore at
termination the mice were necropsied. Stomachs and intestines were observed to be
enlarged due to the presence of food. There were no other findings. These data
indicate that the increase of the proteolytic stability of the pyrrhocoricin peptides
compared to drosocin resulted in peptides capable of protecting mice against bacterial
infection. The results also warrant further pharmaceutical development with peptides
based on Peptide 21 [SEQ ID NO: 22}, the Chex-pyrrhocoricin-Dap(Ac) peptide.

This analog showed good potency, complete lack of toxicity and similarity in the

degradation pathway between human and mouse serum.
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EXAMPLE 6 - CONFORMATION OF NATIVE PYRRHOCORICIN.

Because native pyrrhocoricin could not be shortened nor could the amino acid
composition be changed without a loss of in vitro anti-bacterial activity, it was
theorized that the peptide has to assume a certain secondary structure to bind
stereospecifically to the target protein. Clearly, this structure is desirably maintained in
the design of potential drugs. The bioactive conformations of native glycosylated
pyrrhocoricin (Peptide 2) [SEQ ID NO: 2] and its non-glycosylated analog (Peptide 1)
[SEQ ID NO: 6] were determined by two-dimensional nuclear magnetic resonance
(NMR) spectroscopy.

'H NMR spectra were recorded on a Bruker DMX 750 MHz spectrometer at
temperatures in the range 283-298° K. The sample consisted of ~ 600 pg of native
glycosylated or non-glycosylated pyrrhocoricin in 125 pL of 50% TFE-d;:50% H,O
solution in a 2.5 mm NMR tube. Two-dimensional TOCSY and NOESY spectra were
recorded in the phase sensitive mode using time proportional phase incrementation for
quadrature detection in the f1-dimension [D. Marion and K. Wiithrich, Biochem.
Biophys. Res. Comm., 113: 967-974 (1983)]. TOCSY spectra were recorded using an
MLEV-17 mixing scheme [A. Bax and D. G. Davis, J. Mag. Res., 65:355-360 (1985)]
with a mixing times of 80 ms, 16 scans and 512 increments. NOESY spectra were
recorded with mixing times of 100 and 300 ms, 64 scans and 512 increments. All 2D
spectra were collected over 4096 data points in the f2 dimension, with a spectral width
of 9800 Hz in both dimensions. The water proton signal was suppressed using the
WATERGATE method, consisting of two sine-shaped gradient pulses on either side of
a binomial 3-9-19 pulse of 10 kHz field strength. Spectra were referenced to DSS.
The data were processed on a Silicon Graphics (SGI 4D/30) computer using the
UXNMR software package. The fl-dimension was zero-filled to 4096 real data points
with f1- and f2-dimensions being multiplied by a squared sine function and Gaussian
function, respectively, prior to Fourier transformation.

Like the recently published conformation of drosocin [A. McManus et al, cited
above], the structure of pyrrhocoricin was largely random coil and there was little

change in the backbone conformation upon glycosylation. For pyrrhocoricin, however,
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there was a subpopulation with organized structure at both the N- and C-termini. Figs.
3A and 3B summarize the short and medium-range NOEs and show that there were a
series of dyyg;.1) NOEs present at both the N- and C-termini of the pyrrhocoricins.
Additional d ;.2 NOEs were found in the spectra of the glycosylated derivative.

Taken together, the data indicated the presence of reverse-turns at the
pharmacologically important terminal regions. The increase in the turn potential at the
termini compared to drosocin may explain the increased in vitro anti-bacterial activity
of pyrrhocoricin. A comparison of the aH NMR shifts with random coil values

[Merutka e? al, J. Biomol. NMR, 5:14-24 (1995)] is shown in Fig. 3C. These results

suggested that the middle domain of pyrrhocoricin, like drosocin, had an extended
structure. Both the unordered-turn conformational equilibrium and the presence of
extended regions were further verified by CD spectroscopy (data not shown). Non-
glycosylated pyrrhocoricin (Peptide 1) [SEQ ID NO: 6] exhibited a linear unordered -
reverse turn conformational transition upon going from water to trifluoroethanol as
solvents. The CD spectrum of the native glycopeptide recorded in water was more
similar to those of unordered peptides (type U spectra). However, the type C
spectrum, and therefore the final turn structure was stabilized at a lower
trifluoroethanol concentration (50%) for the glycopeptide compared to the non-
glycosylated analog, fully supporting the NMR findings. The broadening of the
negative band between 210 and 220 nm in the aqueous spectra identified the presence
of extended structures for both peptides.

In summary, according to the NMR data the bioactive conformation of
pyrrhocoricin involves two reverse-turns at the termini bridged by an extended peptide
segment in the middle domain. This hypothetical structure is supported by the anti-
bacterial activity of the cyclic peptide analogs. Cyclization stabilizes reverse-turns, and
was expected to improve potency, but the cyclic pyrrhocoricin derivative without
expanding the cycle (Peptide 16) [SEQ ID NO: 17] lost activity compared to the
analog linear peptide (Peptide 20) [SEQ ID NO: 21], probably due to distortion of the
extended domain in the middle of the peptide. When the ring size was increased by

repeating an internal octapeptide fragment (Peptide 17) [SEQ ID NO: 18], the
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resulting cyclic analog became highly active against both gram-negative and gram-

positive bacterial strains.

All documents cited above are incorporated by reference herein. This invention
is not to be limited in scope by the specific embodiments described herein. Indeed,
various modifications of the invention in addition to those described herein will become
apparent to those skilled in the art from the foregoing description. Such modifications
are intended to fall within the scope of the appended claims. The disclosures of the
patents, patent applications and publications cited herein are incorporated by reference

in their entireties.
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WHAT IS CLAIMED 1IS:

L. A peptide of the formula R'-Asp-Lys-Gly-X-Y-Leu-Pro-Arg-Pro-Thr-

Pro-Pro-Arg-Pro-Ile-Tyr-X’-Y’-R* SEQ ID NO: 1,

wherein R' is a moiety having a net positive charge;

wherein R? is selected from the group consisting of a free hydroxyl, an
amide, an imide, a sugar, and a sequence of one or up to about 15 additional amino
acids, optionally substituted with a free hydroxyl, an amide, an imide or a sugar, said
additional amino acids being independently selected from L-configuration or D-
configuration and said additional amino acids capable of cyclizing the peptide by
bridging between the N- and C- termini thereof;, ,

wherein X and Y form a dipeptide selected from the group consisting of
Ser-Tyr and a dipeptide formed of naturally occurring amino acids or unnatural amino
acids, said dipeptide resistant to cleavage; and

wherein X* and Y’ form a dipeptide selected from the group consisting
of Asn-Arg, and a dipeptide formed of naturally occurring amino acids or unnatural

amino acids, said dipeptide resistant to cleavage

2. The peptide according to claim 1, wherein R! is selected from the group
consisting of (a) a straight chain, branched, cyclic or heterocyclic alkyl group,
(b) a straight chain, branched, cyclic or heterocyclic alkanoyl group,
(c) a positively charged reporter group; and
(d) between 1 to 15 additional amino acids independently selected from
L-configuration or D-configuration; said additional amino acids optionally substituted
by one or more of (a), (b) or (c), and said additional amino acids capable of cyclizing

the peptide by bridging between the N- and C- termini thereof.
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3. The peptide according to claim 2, wherein said R' group (d) are amino
acids which have been cyclized by the insertion into the structure of the amino acid of

modifying sugars or imide. -

4. The peptide according to claim 2, wherein said R' group (a) is 1-

aminocyclo-hexane carboxylic acid.

5. The peptide according to claim 2, wherein said R' group (d) is selected
from the additional amino acid residues L-Val-, D-Val-, Arg-Val-, Lys-Val-, Lys-Val-
Asp-Lys-Val- SEQ ID NO: 5, and -Arg-Pro-Pro-Thr-Pro-Arg-Pro-Leu-Lys-Val- SEQ
ID NO: 3.

6. The peptide according to claim 1, wherein said R! group is selected
from Acetyl-Arg-Val-; Acetyl-Lys-Val-; and Acetyl-Lys-Val-Asp-Lys-Val- SEQ ID
NO: 29.

7. The peptide according to claim 2, wherein said R' group (c) is biotin.

8. The peptide according to claim 2 wherein said R' group provides a

detectable signal, optionally upon interaction with other compounds.

9. The peptide according to claim 8 wherein said R! group (c) is 5(6)

carboxyfluorescein.
10.  The peptide according to claim 2 wherein R' group (c) is radioactive.
11.  The peptide according to claim 2 wherein R' group (d) is a spacer

interposed between the N- terminus and C- terminus of said peptide, permitting

cyclization of said peptide.
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12.  The peptide according to claim 11, wherein R group (d) is -Arg-Pro-
Pro-Thr-Pro-Arg-Pro-Leu-Lys-Val- SEQ ID NO: 3, said Val linked to the N-terminal
Asp of said formula and the N-terminal amino acid of R! linked by a covalent bond to

the C-terminal amino acid of R%

13.  The peptide according to claim 1, wherein R? is selected from the group

consisting of D-Asn, L-Asn, Asp, and Asn-R’, wherein R®is a sugar.

14.  The peptide according to claim 1, wherein said R* is an amino acid can

cyclize the peptide by attaching to the amino terminal amino acid.
15.  The peptide according to claim 13 wherein R?is selected from the
group consisting of 2-acetamido-2-deoxyglucose and triacetyl 2-acetamido-2-

deoxyglucose.

16.  The peptide according to claim 1, wherein R? is a B-acetyl-2,3-diamino

propionic acid group.

17. The peptide according to claim 1, wherein at least one amino acid is

altered to its corresponding D amino acid.

18.  The peptide according to claim 1, which is non-glycosylated.

19.  The peptide according to claim 1, which is a cyclic peptide in which R’

and/or R” form an amino acid spacer of greater than 3 amino acid residues.

20.  The peptide according to claim 19, wherein said spacer duplicates at

least a portion of the peptide sequence of claim 1.
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21.  The peptide according to claim 1, which is:
Val-Asp-Lys-Val-Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-lle-
Tyr-Asn-Arg-Asn SEQ ID NO:30.

22.  The peptide according to claim 1, which is:
Acetyl-Lys-Val-Asp-Lys-Val-Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro-Pro-
Arg-Pro-Ile-Tyr-Asn-Arg-Asn  SEQ ID NO: 7.

23. The peptide according to claim 1, which is :
Acetyl-Arg-Val-Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-lle-
Tyr-Asn-Arg-Asn  SEQ ID NO:8.

24.  The peptide according to claim 1, which is:
Acetyl-Lys-Val-Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-Ile-
Tyr-Asn-Arg-Asn  SEQ ID NO: 9.

25.  The peptide according to claim 1, which is:

NH,
ﬁ —Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-Ile-Tyr-Asn-Arg-Asn

SEQ ID NO:10.

26.  The peptide according to claim 1, which is:

¢}
Acetyl-Lys—Val-Asp-Lys-Gly-Ser-Tyr—Leu—Pro-Arg-Pro-Thr—Pro-Pro-Arg-Pro—Ile-Tyr-Asn-Arg-NH—3]

SEQ ID NO: 12.
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27. The peptide according to claim 1, which is:
Acetyl-Lys-Val-Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-lle-

Tyr-Asn-Arg-NH-CH-CONH, SEQ ID NO: 13.
I

28.  The peptide according to claim 1, which is:
Acetyl-Lys-Val-Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-Ile-

Tyr-Asn-Arg-Asn SEQ ID NO: 14.
I
2-acetamido-2-deoxyglucose

29.  The peptide according to claim 1, which is:
Acetyl-Lys-Val-Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-lle-

Tyr-Asn-Arg-Asn SEQ ID NO:15.
|

triacetyl-2-acetamido-2-deoxyglucose

30.  The peptide according to claim 1, which is
D-Val-Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-Ile-Tyr-Asn-
Arg-D-Asn SEQ ID NO: 16.

31.  The peptide according to claim 1, which is:
Biotin-Lys-Val-Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-Ile-Tyr-
Asn-Arg-Asn SEQ ID NO:19.

32.  The peptide according to claim 1, which is:
5(6)-carboxyfluorescein-Lys-Val-Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro-
Pro-Arg-Pro-Ile-Tyr-Asn-Arg-Asn SEQ ID NO: 20.

33.  The peptide according to claim 1, which is:
Acetyl-Lys-Val-Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-Ile-
Tyr-Asn-Arg-Asp SEQ ID NO: 21.
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34.  The peptide according to claim 1, which is:

NH,

ﬁ—Asp—Lys-Gly-Scr-Tyr-Leu-Pro—Arg—Pro-Thr-Pro-Pro—Arg-Pro-Ile-Tyr-Asn—Arg—NH-(EH—CONHZ
o) CH,-NH-COCHj
SEQ ID NO: 22.

35.  The peptide according to claim 1, which is:
Acetyl-Arg-Val-Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-Ile-

Tyr-Asn-Arg-NH-CH-CONH, SEQ ID NO: 23.
I
CH,-NH-COCH,

36.  The peptide according to claim 1, which is:
Val-Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-Ile-Tyr-Asn-

Arg-NH-CH-CONH, SEQ ID NO:25.
|
CH,-NH-COCH,

37.  The peptide according to claim 18, which is:

Arg-Pro-Pro-Thr-Pro-Arg-Pro-Leu

1IXsn Il,ys

A e
Tyr(Asn ‘IA‘Sp
Ile Irys

Irro (Iily

Arg Ser

|
}"ro-Pro-Thr-Pro-Arg-Pro-Leu-Tyr
SEQ ID NO:18.

38.  The peptide according to any of claims 1-37 which has metabolic

stability in mammalian serum.
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39. The peptide according to claim 1 wherein at least one conventional

amide bond between two amino acids in said sequence is replaced with a non-cleavable

bond.

40. The peptide according to claim 39, wherein said non-cleavable bond is a

thio-amide bond or a reduced amide bond.

41. A composition comprising multiple peptides of the formula
R'-Asp-Lys-Gly-X-Y-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-Ile-Tyr-X’-Y’-R? SEQ
ID NO:1,

wherein R' is a moiety having a net positive charge;

wherein R? is selected from the group consisting of a free hydroxyl, an
amide, an imide, a sugar, and a sequence of one or up to about 5 additional amino
acids, optionally substituted with a free hydroxyl, an amide, an imide or a sugar, said
additional amino acids being independently selected from L-configuration or D-
configuration and said additional amino acids capable of cyclizing the peptide by
bridging between the — and C- termini thereof;

wherein X and Y form a dipeptide selected from the group consisting of
Ser-Tyr and a dipeptide formed of naturally occurring amino acids or unnatural amino
acids, said dipeptide resistant to cleavage,

wherein X’ and Y* form a dipeptide selected from the group consisting
of Asn-Arg, and a dipeptide formed of naturally occurring amino acids or unnatural

amino acids, said dipeptide resistant to cleavage.

42.  The composition according to claim 41, comprising at least two

peptides, wherein the second peptide is attached to any amino acid of the first peptide.

43.  The composition according to claim 42, wherein additional peptides are

attached to any amino acid of the other peptides in the composition.
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44, The composition according to claim 41, comprising at least two said

peptides, wherein at least one or more of said peptides is attached to a carrier.

45.  The composition according to claim 41, comprising at least two
peptides of claim 1, wherein the second or additional peptides is attached to a branched

construct of the other peptides in the composition.
46.  The composition according to claim 41, comprising at least two
peptides of claim 1, wherein each additional peptide is covalently linked to R? of

another peptide in the composition.

47.  The composition according to claim 41, which comprises a multiple

antigenic peptide.

48. The composition according to claim 47, wherein said multiple antigenic

peptide comprises a -alanine substituent on a poly-lysine core.

49. The composition according to claim 47, comprising at least four

peptides.
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50.  The composition according to claim 49, comprising the structure

Peptide
’ , Lys
Peptide

Peptide /

Lys
Peptide/

Lys-f-Ala

wherein each said peptide is:

NH,
ﬁ —Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-Ile-Tyr- Asn-Arg-Asn

SEQ ID NO: 10.

51.  The composition according to claim 41, comprising the multi-peptide
SEQ ID NO: 4 construct

NH,
ﬁ-—Asp-Lys—Gly—Ser-Tyr-Leu-Pro-Arg—Pro-Thr-Pro—Pro—Arg—Pro—Ile-Tyr-Asn-Arg—NH-(IIH-CONHZ
O (|3H2
I]IH
NH, C=0

]
(j—ﬁ— Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-lle-Tyr-Asn-Arg-NH— CH-CH,-NH-COCH;,4

52.  The composition according to claim 41 wherein said peptide is
produced synthetically.
53.  The composition according to claim 41 wherein said peptide is

produced recombinantly.

54.  The composition according to claim 41 wherein one or more of said
peptides is a synthetic peptide fused to a second moiety, wherein said moiety enhances

the bioavailability of said peptide.
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55.  Anisolated nucleic acid molecule comprising a nucleotide sequence
encoding a peptide of claim 1 or multi-peptide composition of claim 41 in operative

association with a regulatory sequence directing the expression thereof in a host cell.

56. A host cell transfected or transformed with the molecule of claim 55.

57. A pharmaceutical composition comprising one or more of the peptides

of claim 1 or the compositions of claim 41, in a pharmaceutically acceptable carrier.

58. A method of treating a mammalian infection comprising administering

to a mammal having said infection an effective amount of a composition of claim 57.

59.  The method according to claim 58, wherein said infection is a bacterial

infection.

60.  The method according to claim 58 wherein said infection is caused by a

Gram negative bacterium.

61.  The method according to claim 58 wherein said infection is caused by a

Gram positive bacterium.

62.  The method according to claim 58, wherein said infection is a fungal

infection.
63.  The method according to claim 58 wherein said composition is

administered by a route selected from intravenous, oral, intradermal, transdermal,

intraperitoneal, intramuscular, subcutaneous, by inhalation and mucosal.
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64. A method of treating a mammalian infection comprising administering
to a mammal having said infection a low dose of a pharmaceutical composition

comprising deglycosylated pyrrhocoricin.

65. The method according to claim 64, wherein said infection is a bacterial

infection.

66.  The method according to claim 64, wherein said infection is a fungal

infection.

67.  The method according to claim 64, wherein said low dose is less than

10 mg/kg patient body weight.

68. A method for designing pharmaceutical compounds comprising:
employing a peptide of claim 1 or a composition of claim 41 in a
computer modeling program to design a compound which mimics the structure and

biological effect of said peptide or composition.

69.  The method for identifying pharmaceutical compounds comprising:
performing a competitive assay with a microorganism susceptible to a
peptide of claim 1 or a composition of claim 41; a peptide of claim 1 or a composition
of claim 41, and at least one test compound; and
identifying said test compound which competitively displaces the

binding of said peptide or said composition to a receptor on said microorganism.

70.  The method according to claim 69, wherein said microorganism is a
bacterium.
71.  The method according to claim 69, wherein said microorganism is a

fungus.
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72. A compound produced or identified by the method of claim 68 or 69.
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<110>

<120>

<130>

<140>
<141>

<150>
<151>

<150>
<151>

<160>

<170>

<210>
<211>
<212>
<213>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>

SEQUENCE LISTING

The Wistar Institute of Anatomy and Biology
Otvos Jr., Laszlo

Novel Pyrrhocoricin-Derived Peptides, and Methods of
Use Thereof

WST91BPCT

60/140,606
1999-06-23

60/154,135

1999-09-15
30
PatentIn Ver. 2.1

1

18

PRT

Artificial Sequence

MOD_RES
(1)

Asp 1n position 1 is attached to one or more
modified amino acids or to a chemical group

MOD_RES

(4)

amino acid in position 4 can be Ser or any amino
acid

MOD_RES
(5)

amino acid in position 5 can be Tyr or any amino
acid

MOD_RES

PCT/US00/16989
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<222> (17)

<223> amino acid 1in position 17 can be Asn or any amino
acid

<220>

<221> MOD_RES

<222> (18)

<223> amino acid in position 18 can be Arg or any amino
acid and is attached to one or more modified amino
acids or to a chemical group

<220>

<223> Description of Artificial Sequence: modification
of Pyrrhocoricin

<400> 1

Asp Lys Gly Xaa Xaa Leu Pro Arg Pro Thr Pro Pro Arg Pro Ile Tyr

1 5 10

Xaa Xaa

<210> 2

<211> 20

<212> PRT

<213> Pyrrhocoricin

<220>

<221> MOD_RES

<222> (11)

<223> Thr in position 11 is modified with Gal-GalNAc

<400> 2

Val Asp Lys Gly Ser Tyr Leu Pro Arg Pro Thr Pro Pro Arg Pro Ile

1

5 10

Tyr Asn Arg Asn

<210>
<211>
<212>
<213>

<220>
<223>

20

3

10

PRT

Artificial Sequence

Description of Artificial Sequence:

modification

15
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of Pyrrhocoricin

<400> 3
Arg Pro Pro Thr Pro Arg Pro Leu Lys Val
1 5 10

<210> 4

<211> 18

<212> PRT

<213> Artificial Sequence

<220>
<221> MOD_RES
<222> (1)

<223> Asp in position 1 is modified by a

l-aminocyclo-hexane carboxylic acid

<220>

<221> MOD_RES

<222> (18)

<223> Arg in position 18 is modified by an amino linker
moiety

<220>
<223> Description of Artificial Sequence: modification
of Pyrrhocoricin

<400> 4
Asp Lys Gly Ser Tyr Leu Pro Arg Pro Thr Pro Pro Arg Pro Ile Tyr
1 5 10 15

Asn Arg

<210> 5

<211> 5

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: modification
of Pyrrhocoricin

<400> 5
Lys Val Asp Lys Val
1 5
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<210> 6

<211> 20

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: modification
of Pyrrhocoricin
<400> 6
Val Asp Lys Gly Ser Tyr Leu Pro Arg Pro Thr Pro Pro Arg Pro Ile
1 5 10 15

Tyr Asn Arg Asn
20

<210> 7

<211> 24

<212> PRT

<213> Artificial Sequence

<220>
<221> MOD_RES
<222> (1)

<223> ACETYLATION

<220>
<223> Description of Artificial Sequence: modification
of Pyrrhocoricin
<400> 7
Lys Val Asp Lys Val Asp Lys Gly Ser Tyr Leu Pro Arg Pro Thr Pro
1 5 10 15

Pro Arg Pro Ile Tyr Asn Arg Asn
20

<210> 8

<211> 21

<212> PRT

<213> Artificial Sequence

<220>
<221> MOD_RES
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222> (1)
<223> ACETYLATION

<220>
<223> Description of Artificial Sequence: modification
of Pyrrhocoricin .
<400> 8
Arg Val Asp Lys Gly Ser Tyr Leu Pro Arg Pro Thr Pro Pro Arg Pro
1 5 10 15

Ile Tyr Asn Arg Asn
20

<210> 9

<211> 21

<212> PRT

<213> Artificial Sequence

<220>
<221> MOD_RES
<222> (1)

<223> ACETYLATION

<220>
<223> Description of Artificial Sequence: modification
of Pyrrhocoricin
<400> 9
Lys Val Asp Lys Gly Ser Tyr Leu Pro Arg Pro Thr Pro Pro Arg Pro
1 S 10 15

Ile Tyr Asn Arg Asn
20

<210> 10

<211> 19

©<212> PRT

<213> Artificial Sequence

<220>
<221> MOD_RES
<222> (1)

<223> Asp in position 1 is modified by a
l-aminocyclo-hexane carboxylic acid
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<220>
<223> Description of Artificial Sequence: modification
of Pyrrhocoricin
<400> 10
Asp Lys Gly Ser Tyr Leu Pro Arg Pro Thr Pro Pro Arg Pro Ile Tyr
1 5 10 15

Asn Arg Asn

<210> 11

<211> 20

<212> PRT

<213> Artificial Sequence

<220>
<221> MOD_RES
<222> (1)

<223> ACETYLATION

<220>
<221> MOD_RES
<222> (11)

<223> Thr in position 11 is modified with Gal-GalNAc

<220>
<223> Description of Artificial Sequence: modification
of Pyrrhocoricin
<400> 11
Val Asp Lys Gly Ser Tyr Leu Pro Arg Pro Thr Pro Pro Arg Pro Ile
1 5 10 15

Tyr Asn Arg Asn
20

<210> 12

<211> 20

<212> PRT

<213> Artificial Sequence

<220>
<221> MOD_RES
<222> (1)

<223> ACETYLATION
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<220>
<221>
<222>
<223>

<220>
<223>

<400>

MOD_RES
(20)
Arg in position 20 is modified by an imide group

Description of Artificial Sequence: modification
of Pyrrhocoricin

12

Lys Val Asp Lys Gly Ser Tyr Leu Pro Arg Pro Thr Pro Pro Arg Pro

1

5 10 15

Ile Tyr Asn Arg

<210>
<211>
<212>
<213>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<223>

<400>

20

13
20
PRT
Artificial Sequence

MOD_RES

(1)
ACETYLATION

MOD_RES
(20)

Arg 1n position 20 is modified by a
beta-acetyl-2, 3-diamino propionic acid group

Description of Artificial Sequence: modification
of Pyrrhocoricin

13

Lys Val Asp Lys Gly Ser Tyr Leu Pro Arg Pro Thr Pro Pro Arg Pro

1

5 ' 10 15

Ile Tyr Asn Arg

<210>
<211>

20

14
21
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<212>
<213>

<220>
<221>
222>
<223>

<220>
<221>
<222>
<223>

<220>
<223>

<400>

PRT

Artificial Sequence

MOD_RES
(1)
ACETYLATION

MOD_RES

(21)

Asn in position 21 is modified by a
2-acetamido-2-deoxyglucose group

Description of Artificial Sequence: modification
of Pyrrhocoricin

14

PCT/US00/16989

Lys Val Asp Lys Gly Ser Tyr Leu Pro Arg Pro Thr Pro Pro Arg Pro

1

5 10

Ile Tyr Asn Arg Asn

<210>
<211>
<212>
<213>

<220>
<221>
222>
<223>

<220>
<221>
<222>
<223>

<220>
<223>

<400>

20

15

21

PRT

Artificial Sequence

MOD_RES
(1)
ACETYLATION

MOD_RES
(21)

Asn in position 21 is modified by a
triacetyl-2-acetamido-2-deoxyglucose group

Description of Artificial Sequence: modification
of Pyrrhocoricin

15

Lys Val Asp Lys Gly Ser Tyr Leu Pro Arg Pro Thr Pro Pro Arg Pro
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Ile Tyr Asn Arg Asn
20

<210> 16

<211> 20

<212> PRT

<213> Artificial Sequence

<220>
<221> MOD_RES
<222> (1)

<223> Val in position 1 is in the D configuration

<220>
<221> MOD_RES
<222> (20)

<223> Asn 1n position 20 is in the D configuration

<220>

<223> Description of Artificial Sequence:

of Pyrrhocoricin

<400> 16

modification

15

PCT/US00/16989

Val Asp Lys Gly Ser Tyr Leu Pro Arg Pro Thr Pro Pro Arg Pro Ile

1 5 10

Tyr Asn Arg Asn
20

<210> 17

<211> 21

<212> PRT

<213> Artificial Sequence

<220>

<221> PEPTIDE

<222> (1)..(21)

<223> 1is a cyclic peptide

<220>

<223> Description of Artificial Sequence:

of Pyrrhocoricin

<400> 17

modification

15
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Lys Val Asp Lys Gly Ser Tyr Leu Pro Arg Pro Thr Pro Pro Arg Pro
1 5 10 15

Ile Tyr Asn Arg Asp
20

<210> 18

<211> 29

<212> PRT

<213> Artificial Sequence

<220>

<221> PEPTIDE

<222> (1)..(29)

<223> is a cyclic peptide

<220>
<223> Description of Artificial Sequence: modification
of Pyrrhocoricin

<400> 18
Arg Pro Pro Thr Pro Arg Pro Leu Lys Val Asp Lys Gly Ser Tyr Leu
1 5 10 15

Pro Arg Pro Thr Pro Pro Arg Pro Ile Tyr Asn Arg Asn
20 25

<210> 19

<211> 21

<212> PRT

<213> Artificial Sequence

<220>
<221> MOD_RES
<222> (1)

<223> Lys in position 1 has a biotin attached

<220>
<223> Description of Artificial Sequence: modification
of Pyrrhocoricin

<400> 19
Lys Val Asp Lys Gly Ser Tyr Leu Pro Arg Pro Thr Pro Pro Arg Pro
1 5 10 15

Ile Tyr Asn Arg Asn

10
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20

<210> 20

<211> 21

<212> PRT .
<213> Artificial Sequence

<220>
<221> MOD_RES
<222> (1)

<223> Lys in position 1 is modified by a
5(6)-carboxyfluorescein group

<220>
<223> Description of Artificial Sequence: modification
of Pyrrhocoricin
<400> 20
Lys Val Asp Lys Gly Ser Tyr Leu Pro Arg Pro Thr Pro Pro Arg Pro
1 5 10 15

Ile Tyr Asn Arg Asn
20

<210> 21

<211> 21

<212> PRT

<213> Artificial Sequence

<220>
<221> MOD_RES
222> (1)

<223> ACETYLATION

<220>
<223> Description of Artificial Sequence: modification
of Pyrrhocoricin
<400> 21
Lys Val Asp Lys Gly Ser Tyr Leu Pro Arg Pro Thr Pro Pro Arg Pro
1 5 10 15

Ile Tyr Asn Arg Asp
20

11
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<210> 22

<211> 18

<212> PRT

<213> Artificial Sequence

<220>
<221> MOD_RES
<222> (1)

<223> Asp in position 1 is modified by a
l-aminocyclo-hexane carboxylic acid group

<220>
<221> MOD_RES
<222> (18)

<223> Arg in position 18 is modified by a
beta-acetyl-2, 3-diaminopropionic acid group

<220>
<223> Description of Artificial Sequence: modification
of Pyrrhocoricin

<400> 22
Asp Lys Gly Ser Tyr Leu Pro Arg Pro Thr Pro Pro Arg Pro Ile Tyr
1 5 10 15

Asn Arg

<210> 23

<211> 20

<212> PRT

<213> Artificial Sequence

<220>
<221> MOD_RES
<222> (1)

<223> ACETYLATION

<220>
<221> MOD_RES
<222> (20)

<223> Arg in position 20 is modified by a
beta-acetyl-2, 3-diamino propionic acid group

<220>
<223> Description of Artificial Sequence: modification

of Pyrrhocoricin

12
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<400> 23
Arg Val Asp Lys Gly Ser Tyr Leu Pro Arg Pro Thr Pro Pro Arg Pro
1 5 10 15

Ile Tyr Asn Arg
20

<210> 24

<211> 18

<212> PRT

<213> Artificial Sequence

<220>
<221> MOD_RES
222> (1)

<223> Asp 1in position 1 is modified by a
l-aminocyclo-hexane carboxylic acid group

<220>
<221> MOD_RES
<222> (18)

<223> Arg in position 18 is modified by a
beta-acetyl-2, 3-diamino propionic acid group

<220>
<223> Description of Artificial Sequence: modification
of Pyrrhocoricin

<400> 24
Asp Lys Gly Ala Phe Leu Pro Arg Pro Thr Pro Pro Arg Pro Ile Tyr
1 5 10 15

Asn Arg

<210> 25

<211> 19

<212> PRT

<213> Artificial Sequence

<220>
<221> MOD_RES
<222> (19)

<223> Arg in position 19 is modified by a
beta-acetyl-2, 3-diamino propionic acid group

13
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<220>
<223> Description of Artificial Sequence: modification
of Pyrrhocoricin
<400> 25 .
Val Asp Lys Gly Ser Tyr Leu Pro Arg Pro Thr Pro Pro Arg Pro Ile
1 5 10 15

Tyr Asn Arg

<210> 26

<211> 20

<212> PRT

<213> Artificial Sequence

<220>
<221> PEPTIDE
<222> (1)..(20)

<223> all amino acid residues are in the D configuration

<220>
<223> Description of Artificial Sequence: modification
of Pyrrhocoricin
<400> 26
Val Asp Lys Gly Ser Tyr Leu Pro Arg Pro Thr Pro Pro Arg Pro Ile
1 5 10 15

Tyr Asn Arg Asn
20

<210> 27

<211> 26

<212> PRT
<213> Melittin

<220>
<221> MOD_RES
222> (26)

<223> AMIDATION

<400> 27
Gly Ile Gly Ala Val Leu Lys Val Leu Thr Thr Gly Leu Pro Ala Leu
1 5 10 15

14
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Ile Ser Trp Ile Lys Arg Lys Arg Gln Gln

<210>
<211>
<212>
<213>

<220>
<221>
<222>
<223>

<400>

20 25

28

15

PRT

T helper cell epitope

MOD_RES
(15)
AMIDATION

28

Ala Val Tyr Thr Arg Ile Met Met Asn Gly Gly Arg Leu Lys Arg

1

<210>
<211>
<212>
<213>

<220>
221>
<222>
<223>

<220>
<223>

<400>

5 10

29

5

PRT

Artificial Sequence

MOD_RES
(1)
ACETYLATION

Description of Artificial Sequence:

of Pyrrhocoricin

29

Lys Val Asp Lys Val

1

<210>
<211>
<212>
<213>

<220>
<223>

5

30
23
PRT
Artificial Sequence

Description of Artificial Sequence:

of Pyrrhocoricin

15

15

modification

modification

PCT/US00/16989
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<400> 30

Val Asp Lys Val Asp Lys Gly Ser Tyr Leu Pro Arg Pro Thr Pro Pro
1 5 10 15

Arg Pro Ile Tyr Asn Arg Asn
20

16
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