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Hagfish Cathelin-Associated Antimicrobial Peptides and Genes

Cross-Reference To Related Application
This application claims the benefit of U.S. provisional application 60/308,652 filed on
July 30, 2002.

Field Of The Invention
This invention relates to genes for antibiotic peptides and their use for the production

of said peptides. I also relates to the antimicrobial peptides and their use as antibiotics.

Background Of The Invention

The cathelicidin gene family (Zanetti ef al. (1995) FEBS Letters 374, 1-5; Zanetti ef al.
(1997) Amn. New York. Acad. Sei. 147-162; Gennaro ez al. (2000) Biopolymers Peptide
Science 55, 31-49) encodes prepropeptides that consist of a signal sequence, a cathelin-like
acidic spacer, and an antibiotic peptide (Figure 1). Cathelicidins are presently known from a

variety of mammals: Bos taurus (cattle), Capra hircus (goat), Cavia porcellus (guinea pig),

[Equus caballus (horse), Homo sapiens (human), Mus lus (mouse), Or
cunniculus (rabbit), Ovis aries (sheep), and Sus scrofa (pig). Although the known antibiotic
peptides are remarkably diverse, both within and between mammalian species, the associated
signal sequences and cathelin-like acidic spacers, as revealed by sequence analysis of cDNA
clones, are as remarkably conserved within and among species as the antibiotic peptides
themselves are diverse.

Mammalian cathelicidins are synthesized primarily in myeloid cells, and are abundant
in circulating neutrophils, The structure of some 20 cathelicidin genes is known and regularly
involves four exons, the last of which encodes the antibiotic peptide along with a few
C-terminal residues of the cathelin, Clusters of cathelicidin genes numbering eight, eleven, and
more have been reported in Ovis, Bos and Sus, respectively (Gennaro ef al. (2000) Biopolymers
Peptide Science 55, 31-49).

Two antibiotic peptides have been isolated (Kaumaya ef al. (1996) Peptides: Chemistry
and Biology, Mayflower Scientific, pages 189-191) from intestinal tissue of Myxine glufinosa
(Atlantic hagfish), a craniate chordate taxon only distantly related to the Mammalia. These
peptides are unique among antimicrobial peptides in containing one ot two brominated
tryptophans. Herein are described hagfish cDNA sequences encoding two new antibiotic
peptides from the same family as those isolated earlier. These sequences identify the Myxine

antibiotic peptides as members of the cathelicidin family.

JP 2005-508151 A 2005.3.31
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Summary Of The Invention

The invention includes an isolated nucleic acid molecule selected from the group
consisting of an isolated nucleic acid molecule that encodes the amino acid sequence of a
Myxine glutinosa cathelin-associated antimicrobial peptide comprising SEQ ID NO: 2 or 4; and
an isolated nucleic acid molecule, which hybridizes to the complement of a nucleic acid
molecule comprising a nucleotide sequence encoding a Myxine glutinosa cathelin-associated
antimicrobial peptide comprising SEQ ID NO: 2 or 4 under stringent conditions. In some
embodiments, the nucleic acid molecule comprises SEQ ID NO: 1 and 3; nucleotides 4 to 540
of SEQ ID NO: 1; nucleotides 427 to 540 of SEQ ID NO: 1; nucleotides 2 to 505 of SEQID
NO: 3; or nucleotides 416 to 505 of SEQ ID NO: 3.

The invention alse includes an isolated nucleic acid molecule selected from the group
consisting of an isolated nucleic acid molecule that encodes the amino acid sequence of a
Myxine glutinosa cathelin-associated antimicrobial peptide comprising SEQ ID NO: 5 or 6; and
an isolated nucleic acid molecule, which hybridizes to the complement of a nucleic acid
molecule comprising a nucleotide sequence encoding a Myxine glutinosa cathelin-associated
antimicrobial peptide comprising SEQ ID NO: § or 6 under stringent conditions.

The isolated nucleic acid molecules of the invention can be operably linked to one or
more expression control elements. The invention further includes a vector comprising an any
of the isolated nucleic acid molecules recited above and a host cell comprising the vector.

The invention includes a method for producing a peptide or fragment thereof
comprising the step of culturing the aforementioned host cell under conditions in which the
protein or protein fragment encoded by said nucleic acid molecule is expressed. The host cell
can be prokaryotic or eukaryotic. The invention includes recombinant peptides and fragments
thereof produced by this method.

The invention includes an isolated peptide or fragment thereof selected from the group
consisting of an isolated peptide comprising the amino acid sequences depicted in SEQ ID
NO: 2,4, 5 or 6; an isolated peptide fragment comprising at least six amino acids of any of the
sequences depicted in SEQ 1D NO: 2, 4, 5 or 6; an isolated peptide comprising couservative
amino acid substitutions of any of the sequences depicted in SEQ ID NO: 2, 4, 5 or 6; and
naturally occurring amino acid sequence peptide variants of any of the amino acid sequences
depicted in SEQ ID NO: 2, 4, 5 or 6.

The invention further includes an antimicrobial composition comprising one or more of
the peptides of of the invention. The antimicrobial composition can be suitable for topical or
parenteral administration.

JP 2005-508151 A 2005.3.31
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The invention includes a method of treating or preventing a microbial infection in 2
mammal, comprising administering to the mammal an effective amount of a Myxine glutinosa
cathelin-associated antimicrobial peptide. In some embodiments, the Myxine glutinosa
cathelin-associated antimicrobial peptide is selected from the group consisting of SEQ ID NO:
2,4, 5 or 6 and the mammal is a human at risk of, or suffering from, a bacterial infection or a
fungal infection. The Myxine glutinosa cathelin-associated antimicrobial peptide containing
compositions can be administered by a route selected from the group consisting of oral, topical
and parenteral. When topical administration is employed, it can be accomplished by inhalation.
‘When parenteral administration is employed, it can be accomplished by intravenous,

subcutaneous or intramuscular administration.

Brief Description Of The Figures

Figure 1 depicts a comparison of nucleotide (SEQ ID NO: 1 and 3) and amino acid
sequences (SEQ ID NO: 2 and 4) for hagfish cathelin-associated antimicrobial peptides.
Beginnings of presumed signal, cathelin, peptide, and 3’ untranslated regions are marked. The
peptide amino acids are italicized and in bold; start and stop codons are in upper case; the
polyadenylation site is underlined. Dots indicate identical nucleotides of amino acids while
dashes indicate insertions or deletions. * indicates the putative C-terminal amidation site in the
antibiotic peptides.

Figure 2 depicts a comparison of nucleotides and implied amino acid residues of SEQ
ID NOS. 3 and 4 with Capra hircus MAP28. Borders between exons suggested by mammalian
gene structures are marked by vertical bars.

Figure 3 depicts a comparison of the amino acid sequences of the hagfish antibiotic
peptides (SEQ ID NO: 5 and 6). Dashes indicate gaps inserted to maximize the alignment.

Figure 4 depicts a comparison of amino acid sequences for hagfish cathelin-associated
antimicrobial peptides (SEQ ID NO: 5 and 6) with antimicrobial peptides isolated from hagfish
intestinal tissues (SEQ ID NO: 9 and 10) described in U.S. Patent 5,734,015. Dashes indicate
gaps inserted to maximize the alignment. X=Br-Trp and Z indicates a C-terminal amide.

Detailed Description
General

Applicants have isolated and sequenced two new genes from the Atlantic hagfish
(Myxine glutinosa). The genes (SEQ ID NO: 1 and 3, Figure 1) encode two proteins (SEQ ID
NO: 2 and 4, Figure 1) which each comprise an N-terminal signal sequence, a cathelin-like

sequence and a C-terminal antimicrobial peptide. The antiniicrobial peptide sequences deduced

JP 2005-508151 A 2005.3.31
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from these genes, GWFKKAWRKVKHAGRRVLDTAKGVGRHYLNNWLNRYRG (SEQ ID
NO: 5) and GWFKKAWRKVKNAGRVLKGVGIHYGVGLIG (SEQ ID NO: 6), are highly
similar yet distinct from the hagfish peptides described in U.S. Patent 5,734,015 (Figure 4).
Thus, the invention includes the isolated hagfish genes and their encoded cathelin-associated
antibiotic peptides.

Included in this invention is the antibiotic peptides wherein the C-terminal glycine
residue has been post-translationally transformed into a C-terminal amide residue (SEQ ID NO:
11 and 12) by an enzyme such as peptidylglycine a-amidating monooxygenase (PAM) (Prigge
et al. (2000) Cell. Mol. Life Sci. 57, 1236-1259) and/or one or more of the Trp residues have
been post-iranslationally transformed into Br-Trp residues by a brominating enzyme (Shinnar ez
al. (2000) FASEB Journal 14, A1488).

Also included in the invention is the family of hagfish cathelin-associated genes, their
encoded proteins and their antibiotic peptides. Another embodiment is methods for the
expression of these genes and cells that contain them, The recombinant production of the
proteins encoded by the hagfish cathelin-associated genes is included in this invention, as is the

production of the associated antibiotic peptides.

Definitions

As used herein, the term “antimicrobial” refers to the ability of a compound to inhibit
or frreversibly prevent the growth of a microorganism. Such inhibition or prevention can be
through a microbicidal action or microbistatic inhibition. Therefore, the term “microbicidal
inhibition” as used herein, refers to the ability of a compound to kill, or irreversibly damage the
target organism. The term “microbistatic inhibition as used herein, refers to the ability of the
antimicrobial compound to inhibit the growth of the target microorganism without death.
Microbicidal or microbistatic inhibition of microorganisms in an environment presently
exhibiting microbial growth (therapeutic treatment) or an environment at risk of supporting
microbial growth (prevention) is included within this definition.

As used herein, a “cell line” is a clone of a primary cell that is capable of stable growth
in vitro for many generations.

A DNA “coding sequence” is a double-stranded DNA sequence which is transcribed
and translated into a polypeptide in vivo when placed under the control of appropriate
regulatory sequences. The boundaries of the coding sequence are determined by a start codon at
the 5° (amino) terminus and a translation stop codon at the 3’ (carboxy) terminus, A
polyadenylation signal and transcription termination sequence will usually be located 3 to the

coding sequence.

JP 2005-508151 A 2005.3.31
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As used herein, a “nucleic acid molecule” refers to the polymeric form of
deoxyribonucleotides (adenine, guanine, thymine, and/or cytosine) or ribonucleotides (adenine,
guanine, uracil, and/or cytosine) and may include in either its single stranded form, or in
double-stranded helix as well as RNA. This term refers only to the primary and secondary
structure of the molecule and is not limited to any particular tertiary form. In discussing the
structure of particular double-stranded DNA molecules, sequences may be described herein
according to the normal convention of giving only the sequence in the 5’ to 3” direction along
the nontranseribed strand of DNA (e.g., the strand having a sequence homologous to the
mRNA). Transcriptional and translational control sequences are DNA regulatory sequences,
such as promoters, enhancers, polyadenylation signals, terminators, and the like, that provide
for the expression of a coding sequence in a host cell.

As used herein, a “promoter sequence” is a DNA regulatory region capable of binding
RNA polymerase in a cell and initiating transcription of 2 downstream (3’ direction) coding
sequence. For purposes of defining the present invention, the promoter sequence is bounded
(inclusively) at its 3’ terminus by the transcription initiation site and extends upstream (5
direction) to include the minimum number of bases or elements necessary to initiate
transcription at levels detectable above background. Within the promoter sequence will be
found a transcription initiation site, as well as protein binding domains responsible for the
binding of RNA polymerase. Eukaryotic promoters will often, but not always, contain “TATA”
boxes and “CAT” boxes.

A “signal sequence” can be included before the coding sequence or the native amino
acid signal sequence from the envelope protein may be used. This sequence encodes a signal
peptide, N-terminal to the polypeptide, that communicates to the host cell to direct the
polypeptide to the cell surface or secrete the polypeptide into the media. This signal peptide is
clipped off by the host cell before the protein leaves the cell. Signal sequences can be found
associated with a variety of proteins native to prokaryotes and eukaryotes. For instance,
alpha-factor, a native yeast protein, is secreted from yeast, and its signal sequence can be
attached to heterologous proteins to be secreted into the media (see e.g., U.S. Patent 4,546,082
and EP 0116201). Further, the alpha-factor and its analogs have been found to secrete
heterologous proteins from a variety of yeast, such as Saccharomyces and Kluyveromyces (EP
88312306.9; EP 0324274 publication, and EP 0301669). An example for use in mammalian
cells is the tPA signal used for expressing Factor VIIIc light chain.

A cell has been “iransformed” by exogenous or heterologous DNA when such DNA as
been introduced inside the cell. The transforming DNA may or may not be integrated
(covalently linked) into chromosomal DNA making up the genome of the cell. In prokaryotes,
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for example, the transforming DNA may be maintained on an episomal element such as a
plasmid or viral vector. With respect to eukaryotic cells, a stably transformed cell is one in
which the transforming DNA has become integrated into a chromosome so that it is inherited
by daughter cells through chromosome replication. This stability is demonstrated by the ability
of the eukaryotic cell to establish cell lines or clones comprised of a population of daughter
cells containing the transforming DNA.

A coding sequence is “ander the control” of transcriptional and translational control
sequences in a cell when RNA polymerase transcribes the coding sequence into mRNA, which
is then translated into the protein encoded by the coding sequence.

As used herein, a “vector” is a replicon, such as plasmid, virus, phage or cosmid, to
which another DNA segment may be attached so as to bring about the replication of the
attached segment.

Nucleic Acid Molecules

The two cDNA sequences (Figure 1) consist of 848 (SEQ ID NO: 1) and 863 (SEQ ID
NO: 3) nucleotides. The sequence for SEQ ID NO: 1 includes the initiation codon and 3
additional 5’-nucleotides; the sequence for SEQ ID NO: 3, judged by alignment with SEQ ID
NO: 1, has eight coding nucleotides missing at the 5’-end. In the alignment of Figure 1, 814
nucleotides are comparable between the two sequences, with 785 matching (96.4%). The
nucleotides encoding the putative signal and cathelin sequences of the two are very similar,
with 69 of 70 signal nucleotides identical (98.6%) and 332 of 345 (96.2%) cathelin nucleotides
matching; 401 of 415 (96.6%) match overall. Neither insertions nor deletions are evident in
these parts of the cDNA sequences.

The peptide and 3’-untranslated sequences, in contrast, show evidence of several
insertion/deletion changes, which makes comparison of their similarities difficult. In the
peptide-encoding sequence, SEQ ID NO: 3 has three gaps (of 3, 9, and 4 nucleotides) in
comparison to SEQ ID NO: 1; the last gap results in a frame-shift for 17 nucleotides just before
the termination codon. The peptide-encoding sequence of SEQ ID NO: 1 has a gap of 21
nucleotides with respect to the sequence for SEQ ID NO: 3; as a result, a new termination
codon 26 nucleotides farther along the sequence marks the end of the peptide for SEQ ID NO:
1. In this alignment, the last 10 coding nucleotides for SEQ ID NO: 1 correspond to 10
nucleotides in the 3’-untranslated region of the SEQ ID NO: 3 ¢cDNA. Overall, 98 nucleotides
encoding peptide can be compared; 89 of these (90.8%) match.

JP 2005-508151 A 2005.3.31



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

10

20

25

30

35

(29)

WO 03/012044 PCT/US02/24019

The 3’-untranslated ends of both cDNAs have -tgg- repeats, a 10-mer for SEQ ID NO:
1, and a 17-mer for SEQ ID NO: 3. Excluding the -tgg- repeats, 248 nucleotides in the 3’-end
can be compared; of these, 243 (98.0%) match,

The nucleic acid molecules of the present invention include nucleic acid molecules that
encode the proteins having SEQ ID NO: 2, SEQ ID NO: 4 and the related proteins herein
described, preferably in isolated form. As used herein, “nucleic acid” is defined as RNA or.
DNA that encodes a protein or peptide as defined above, or is complementary to nucleic acid
sequence encoding such peptides, or hybridizes to such nucleic acid and remains stably bound
to it under appropriate stringency conditions, or encodes a polypeptide sharing at least 55%
sequence identity, 85 % sequence identity, preferably at least 85%, and more preferably at least
90%, most preferably at least 95 to 99% sequence identity with the peptide sequences.
Specifically contemplated are genomic DNA, cDNA, mRNA and antisense molecules, as well
as nucleic acids based on alternative backbones or including alternative bases whether derived
from natural sources or synthesized. Such hybridizing or complementary nucleic acids,
however, are defined further as being novel and unobvious over any prior art nucleic acid
including that which encodes, hybridizes under appropriate stringency conditions, or is
complementary to nucleic acid encoding a protein according to the present invention.

A preferred embodiment of the present invention is a nucleic acid molecule that
encodes a hagfish cathelin-associated protein of the invention, such as a nucleic acid molecule
comprising, consisting essentially of or consisting of SEQ ID NO: 1, or the open reading frame
defined by nucleotides 4-540 (or 543) of SEQ ID NO: 1; or such as a nucleic acid molecule
comprising, consisting essentially of or consisting of SEQ ID NO: 3, or the open reading frame
defined by nucleotides 2-505 (or 508) of SEQ ID NO: 3. A further preferred embodiment of
the present invention is a nucleic acid molecule that encodes a hagfish antimicrobial peptide of
the invention, such as a nucleic acid molecule comprising, consisting essentially of or
consisting of nucleotides 427-540 of SEQ ID NO: 1, encoding amino acids 142-179 of SEQ ID
NO: 2, or encoding SEQ ID NO: 5; or such as a nucleic acid molecule comprising, consisting
essentially of or consisting of nucleotides 416-505 of SEQ ID NO: 3, encoding amino acids
139-168 of SEQ ID NO: 4, or encoding SEQ ID NO: 6.

Homology or sequence identity at the nucleotide or amino acid sequence level is
determined by BLAST (Basic Local Alignment Search Tool) analysis using the algorithm
employed by the programs blastp, blastn, blastx, thlastn and thlastx (Altschul ez al. (1997)
Nucleic Acids Res. 25, 3389-3402 and Karlin e al. (1990) Proc. Natl. Acad. Sei, USA 87,
2264-2268, both fully incorporated by reference) which are tailored for sequence similarity
searching. The approach used by the BLAST program is to first consider similar segments,
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with gaps (non-contiguous) and without gaps (contiguous), between a query sequence and a
database sequence, then to evaluate the statistical significance of all matches that are identified
and finally to summarize only those matches which satisfy a preselected threshold of
significance. For a discussion of basic issues in similarity searching of sequence databases, see
Altschul et al. (1994) Nature Genetics 6, 119-129 which is fully incorporated by reference.
The search parameters for histogram, descriptions, alignments, expect (i.e., the statistical
significance threshold for reporting matches against database sequences), cutoff, matrix and
filter (low complexity) are at the default settings. The default scoring matrix used by blastp,
blastx, tblastn, and tblastx is the BLOSUMSG62 mattix (Henikoff ef al. (1992) Proc. Natl. Acad.
Sci. USA 89, 10915-10919, fully incorporated by reference), recommended for query
sequences over 85 nucleotides or amino acids in length.

For blastn, the scoring matrix is set by the ratios of M (i.e., the reward score for a pair
of matching residues) to N (i.e., the penalty score for mismatching residues), wherein the
default values for M and N are +5 and -4, respectively. Four blastn parameters were adjusted
as follows: Q=10 (gap creation penalty); R=10 (gap extension penalty); wink=1 (generates
word hits at every wink® position along the query); and gapw=16 (sets the window width
within which gapped alighments are generated). The equivalent Blastp parameter settings were
Q=9; R=2; wink=1; and gapw=32. A Bestfit comparison between sequences, available in the
GCG package version 10.0, uses DNA parameters GAP=50 (gap creation penalty) and LEN=3
(gap extension penalty) and the equivalent settings in protein comparisons are GAP=8 and
LEN=2.

“Stringent conditions™ are those that (1) employ low ionic strength and high
temperature for washing, for example, 0.015 M NaCl/0.0015 M sodium citrate/0.1% SDS at
50°C, or (2) employ during hybridization a denaturing agent such as formamide, for example,
50% (volfvol) formamide with 0.1% bovine serum albumin/0.1% Ficoll/0.1%
polyvinylpyrrolidone/50 mM sodium phosphate buffer (pH 6.5) with 750 mM NaCl, 75 mM
sodium citrate at 42°C. Another example is hybridization in 50% formamide, 5x SSC (0.75 M
NaCl, 0.075 M sodium citrate), 50 mM sodium phosphate (pH 6.8), 0.1% sodium
pyrophosphate, 5x Denhardt’s solution, sonicated salmon sperm DNA. (50 pg/ml), 0.1% SDS,
and 10% dextran sulfate at 42°C, with washes at 42°C in 0.2x SSC and 0.1% SDS. A skilled
artisan can readily determine and vary the stringency conditions appropriately to obtain a clear
and detectable hybridization signal. Preferred nucleic acid molecules are those that hybridize
under the above conditions to the complement of SEQ ID NO: 1 or 3 and which encode a

polypeptide with antimicrobial activity. Even more preferred nucleic acid molecules are those
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that hybridize under the above conditions to the complement strand of the open reading frame
of SEQID NO: 1or3.

As used herein, an “isolated” nucleic acid molecule(s) means a nucleic acid molecule,
DNA or RNA, which has been removed from its native environment or when the nucleic acid
molecule is substantially separated from contaminant nucleic acid encoding other polypeptides
from the source of nucleic acid. For example, recombinant DNA molecules contained in a
vector are considered isolated for the purposes of the present invention. Further examples of
isolated DNA molecules include recombinant DNA molecules maintained in heterologous host
cells or purified (partially or substantially) DNA molecules in solution. Isolated RNA
molecules include i vivo or in vitro RNA transcripts of the DNA molecules of the present
invention. Isolated nucleic acid molecules according to the present invention further include
such molecules produced synthetically. Isolated nucleic acid molecules of the present
invention include DNA molecules comprising an open reading frame (ORF) shown in SEQ ID
NO: 1 or 3; DNA molecules comprising the coding sequence for the mature antimicrobial
peptide protein; and DNA molecules which comprise a sequence substantially different from
those described above but which, due to the degeneracy of the genetic code, still encode the
antimicrobial peptide protein. As the genetic code is well known in the art, it would be routine
for one skilled in the art to generate such degenerate variants. In another aspect, the invention
provides an isolated nucleic acid molecule comprising a polynucleotide which hybridizes under
stringent hybridization conditions to a portion of the polynucleotide in a nucleic acid molecule
of the invention. The present invention further relates to variants of the nucleic acid molecules
of the present invention, which encode portions, analogs or derivatives of the antimicrobial
peptide protein. Variants may occur naturally, such as a natural allelic variant. By an “allelic
variant” is intended one of several alternate forms of a gene occupying a given locus on a
chromosome of an organism.

The present invention further provides fragments of the encoding nucleic acid
molecule. As used herein, a fragment of an encoding nucleic acid molecule refers to a small
portion of the entire protein encoding sequence. The size of the fragment will be determined by
the intended use. For example, if the fragment is chosen so as to encode an active portion of
the protein, the fragment will need to be large enough to encode the functional region(s) of the
protein or may encode regions of homology between the hagfish proteins in Figure 1 (SEQ ID
NO: 2 and 4). In one embodiment of the invention an antimicrobial peptide fragment will be
preferably at least 15-20 amino acids, more preferably 20-30 amino acids and most preferably

30-40 amino acids. If the fragment is to be used as a nucleic acid probe or PCR primer, then the
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fragment length is chosen so as to obtain a relatively small number of false positives during
probing/priming.

Fragments of the encoding nucleic acid molecules of the present invention (i.e.,
synthetic oligonucleotides) that are used as probes or specific primers for the polymerase chain
reaction (PCR), or to synthesize gene sequences encoding proteins of the invention can easily
be synthesized by chemical techniques, for example, the phosphotriester method of Matteucei
et al. (1981) I. Am. Chem. Soc. 103, 3185-3191 or using automated synthesis methods. In
addition, larger DNA segments can readily be prepared by well known methods, such as
synthesis of a group of oligonucleotides that define various modular segments of the gene,
followed by ligation of oligonucleotides to build the complete modified gene.

The encoding nucleic acid molecules of the present invention may further be modified
so as to contain a detectable label for diagnostic and probe purposes. A variety of such labels
are known in the art and can readily be employed with the encoding molecules herein
described. Suitable labels include, but are not limited 1o, biotin, radiolabeled nucleotides and
the like. A skilled artisan can employ any of the art known labels to obtain a labeled encoding
nucleic acid molecule.

Modifications to the primary structure itself by deletion, addition, or alteration of the
amino acids incorporated into the protein sequence during translation can be made without
destroying the activity of the protein. Such substitutions or other alterations result in proteins
having an amino acid sequence encoded by a nucleic acid falling within the contemplated scope

of the present invention.

Isolation of Other Related Nucleic Acid Molecules

As described above, the identification of the hagfish nucleic acid molecules having
SEQ ID NO: 1 and 3 allows a skilled artisan to isolate nucleic acid molecules that encode other
members of the cathelin-associated protein family in addition to the sequences herein
described.

Essentially, a skilled artisan can readily use the amino acid sequence of SEQIDNO: 2
or 4 to generate antibody probes to screen expression libraries prepared from appropriate cells.
Typically, polyclonal antiserum from mammals such as rabbits immunized with the purified
protein (as described below) or monoclonal antibodies can be used to probe a mammalian
c¢DNA or genomic expression library, such as a Agtll library, to obtain the appropriate coding
sequence for other members of the protein family. The cloned cDNA sequence can be

expressed as a fusion protein, expressed directly using its own control sequences, or expressed
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by constructions using contro! sequences appropriate to the particular host used for expression
of the protein.

Alternatively, a portion of the coding sequence herein described can be synthesized and
used as a probe to retrieve DNA encoding a member of the hagfish cathelin-associated protein
family from any mammalian organism. Oligomers containing approximately 18-20 nucleotides
(encoding about a 6-7 amino acid stretch) are prepared and used to screen genomic DNA or
GDNA libraries to obtain hybridization under stringent conditions or conditions of sufficient
stringency to eliminate an undue level of false positives.

Additionally, pairs of oligonucleotide primers can be prepared for use in a polymerase
chain reaction (PCR) to selectively clone an encoding nucleic acid molecule. A PCR
denature/anneal/extend cycle for using such PCR primers is well known in the art and can

readily be adapted for use in isolating other encoding nucleic acid molecules.

Recombinant Nucleic Acid Molecules

The present invention further provides recombinant DNA molecules (tDNA) that
contain a hagfish cathelin-associated protein coding sequence. As used herein, an rtDNA
molecule is a DNA molecule that has been subjected to molecular manipulation ir vitro.
Methods for generating rDNA molecules are well known in the art (see, e.g., Sambrook et al.
(2001) Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory Press). In
the preferred rDNA molecules, a coding DNA sequence is operably linked to expression
control sequences and/or vector sequences.

The choice of vector and/or expression control sequences to which one of the protein
family encoding sequences of the present invention is operably linked depends directly, asis
well known in the art, on the functional properties desired, e.g., protein expression, and the host
cell to be transformed. A vector contemplated by the present invention is at least capable of
directing the replication or insertion into the host chromosome, and preferably also expression,
of the structural gene included in the rDNA. molecule.

Expression control elements that are used for regulating the expression of an operably
linked protein encoding sequence are known in the art and include, but are not limited to,
inducible promoters, constitutive promoters, secretion signals, and other regulatory elements.
Preferably, the inducible promoter is readily controlled, such as being responsive to a nutrient
in the host cell’s medium.

In one embodiment, the vector containing a coding nucleic acid molecule will include a
prokaryotic replicon, i.e., a DNA sequence having the ability to direct autonomous replication

and maintenance of the recombinant DNA molecule extrachromosomally in a prokaryotic host

1
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cell, such as a bacterial host cell, transformed therewith. Such replicons are well known in the
art. In addition, vectors that include a prokaryotic replicon may also include a gene whose
expression confers a detectable marker such as a drug resistance. Typical bacterial drug
resistance genes are those that confer resistance to ampicillin or tetracycline.

Vectors that include a prokaryotic replicon can further include a prokaryotic or
bacteriophage promoter capable of directing the expression (transcription and translation) of the
coding gene sequences in a bacterial host cell, such as E. coli. A promoter is an expression
control element formed by a DNA sequence that permits RNA polymerase to bind and
transcription to occur. Promoter sequences compatible with bacterial hosts are typically
provided in plasmid vectors containing convenient restriction sites for insertion of a DNA
segment of the present invention. Typical of such vector plasmids are pUCS, pUC9, pBR322
and pBR329 (Bio-Rad Laboratories), pPL and pKK223 (Pharmacia).

Expression vectors compatible with eukaryotic cells, preferably those compatible with
vertebrate cells, can also be used to form an rDNA molecules that contains a coding sequence.
Eukaryotic cell expression vectors are well known in the art and are available from several
commercial sources. Typically, such vectors are provided containing convenient restriction
sites for insertion of the desired DNA segment. Typical of such vectors are pSVL and pKSV-
10 (Pharmacia), pBPV-1/pML2d (International Biotechnologies), pTDT1 (ATCC), the vector
pCDMS described herein, and the like eukaryotic expression vectors.

Eukaryotic cell expression vectors used to construct the rTDNA molecules of the present
invention may further include a selectable marker that is effective in an eukaryotic cell,
preferably a drug resistance selection marker. A preferred drug resistance marker is the gene
whose expression results in neomyein resistance, i.e., the neomycin phosphotransferase (neo)
gene (Southern, P.J. ef al. 1982. J Mol Appl Genet 1(4): 327-41). Alternatively, the selectable
marker can be present on a separate plasmid, and the two vectors are introduced by co-
transfection of the host cell, and selected by culturing in the appropriate drug for the selectable
marker.

Host Cells Containing an Exogenously Supplied Coding Nucleic Acid Molecule
The present invention further provides host cells transformed with a nucleic acid

molecule that encodes a hagfish cathelin-associated protein, preferably SEQ ID NO: 1 or 3, of
the present invention. The host cell can be either prokaryotic or eukaryotic. Eukaryotic cells
useful for expression of a protein of the invention are not limited, so long as the cell line is
compatible with cell culture methods and compatible with the propagation of the expression

vector and exptession of the gene product. Preferred eukaryotic host cells include, but are not
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limited to, yeast, insect, and mammalian cells, preferably those from a mouse, rat, monkey or
human cell line. Preferred eukaryotic host cells include cell lines established from hagfish
cells, Chinese hamster ovary (CHO) cells available from the ATCC as CCL61, NIH Swiss
mouse embryo cells NIH/3T3 available from the ATCC as CRL 1658, baby hamster kidney
cells (BHK), and the like eukaryotic tissue culture cell lines.

Any prokaryotic host can be used to express an rDNA molecule encoding a protein of
the invention. The preferred prokaryotic host is E. coli.

Transformation of appropriate cell hosts with an rDNA molecule of the present
invention is accomplished by well known methods that typically depend on the type of vector
used and host system employed. With regard to transformation of prokaryotic host cells,
electroporation and salt treatment methods are typically employed (see, e.g., Cohen et al.
(1972) Proc. Natl. Acad. Sci. USA 69, 21102112 and Sambrook ez al. (2001) Molecular
Cloning, A Laboratory Manual, Cold Spring Harbor Laboratory Press). With regard to
transformation of vertebrate cells with vectors containing rDNAs, electroporation, cationic,
lipid or salt treatment methods are typically employed (see, e.g., Graham ez al. (1973) Virol.
52, 456-458; Wigler et al. (1979) Proc. Natl. Acad. Sci. USA 76, 1373-1376).

Successfully transformed cells (i.e., cells that contain an rDNA molecule of the present
invention) can be identified by well known techniques including the selection for a selectable
marker. For example, cells resulting from the introduction of an fDNA of the present invention
can be cloned to produce single colonies. Cells from those colonies can be harvested, lysed and
their DNA content examined for the presence of the rDNA using a method such as that
described by Southern (1975) J. Mol. Biol. 98, 503-506) or Berent et al. (1985) Biotech. 3, 208-

209) or the proteins produced from the cell assayed via an immunological method.

Production of Recombinant Proteins

The present invention further provides methods for producing a hagfish cathelin-
associated protein of the invention using nucleic acid molecules herein described. In general
terms, the production of a recombinant form of a protein typically involves the following steps:

First, a nucleic acid molecule is obtained that encodes a hagfish cathelin-associated
protein of the invention, such as a nucleic acid molecule comprising, consisting essentially of
or consisting of SEQ ID NO: 1, or the open reading frame defined by nucleotides 4-540 (or
543) of SEQ ID NO: 1; or such as a nucleic acid molecule comprising, consisting essentially of
or consisting of SEQ ID NO: 3, or the open reading frame defined by nucleotides 2-505 (or
508) of SEQ ID NO: 3. Alternatively, a nucleic acid molecule is obtained that encodes a

hagfish antimicrobial peptide of the invention, such as a nucleic acid molecule comprising,

13

JP 2005-508151 A 2005.3.31



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

10

15

20

30

(36)

WO 03/012044 PCT/US02/24019

consisting essentially of or consisting of nucleotides 427-540 of SEQ ID NO: 1, encoding
amino acid residues 142-179 of SEQ ID NO: 2, or encoding SEQ ID NO: 5; orsuchasa
nucleic acid molecule comprising, consisting essentially of or consisting of nucleotides 416-
505 of SEQ ID NO: 3, encoding amino acid residues 139-168 of SEQ ID NOQ: 4, or encoding
SEQ ID NO: 6. If the encoding sequence is uninterrupted by introns, as is this open reading
frame, it is directly suitable for expression in any host.

The nucleic acid molecule is then preferably placed in operable linkage with suitable
control sequences, as described above, to form an expression unit containing the protein open
reading frame. The expression unit is used to transform a suitable host and the transformed
host is cultured under conditions that allow the production of the recombinant protein.
Optionally the recombinant protein is isolated from the medium or from the cells; recovery and
purification of the protein may not be necessary in some instances where some impurities may
be tolerated.

Each of the foregoing steps can be done in a variety of ways. For example, the desired
coding sequences may be obtained from genomic fragments and used directly in appropriate
hosts. The construction of expression vectors that are operable in a variety of hosts is
accomplished using appropriate replicons and control sequences, as set forth above. The
control sequences, expression vectors, and transformation methods are dependent on the type of
host cell used to express the gene and were discussed in detail eatlier. Suitable restriction sites
can, if not normally available, be added to the ends of the coding sequence so as to provide an
excisable gene to insert into these vectors. A skilled artisan can readily adapt any
host/expression system known in the art for use with the nucleic acid molecules of the
invention to produce recombinant protein.

In another embodiment, the polypeptide may be expressed in a modified form, such as
a fusion protein, and may include not only secretion signals, but also additional heterologous
functional regions. For instance, a region of additional amino acids, particularly charged amino
acids, may be added to the N-terminus of the polypeptide to improve stability and persistence
in the host cell, during purification, or during subsequent handling and storage. Also, peptide
moieties may be added to the polypeptide to facilitate purification. Such regions may be
removed prior to final preparation of the polypeptide. The addition of peptide moieties to
polypeptides to engender secretion or excretion, to improve stability and to facilitate

purification, among others, are familiar and routine techniques in the art.
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Hagtish cathelin-associated proteins

The amino acid sequences, SEQ ID NO: 2 and SEQ ID NO: 4 (Figure 1) differ mainly
because of differences in the region of the peptide associated with antimicrobial activity. The
signal sequences ate identical, with 26 residues; and the cathelins share 91.3% of their 115
residues. In contrast, the antimicrobial peptide consisting of amino acid residues 142-179 of
SEQ ID NO: 2, GWFKKAWRKVKHAGRRVLDTAKGVGRHYLNNWLNRYRG (SEQ ID
NO: 5), has 38 residues compared to 30 for the antimicrobial peptide consisting of amino acid
residues 139-168 from SEQ ID NO: 4, GWFKKAWRKVKNAGRVLKGVGIHYGVGLIG
(SEQ ID NO: 6). When three gaps are inserted in SEQ ID NO: 6, however, 23 of the 30
residues (76%) are identical to those of SEQ ID NO: 5. Both SEQ ID NO: 5 and SEQ ID NO:
6, have a C-terminal glycine residue which is likely post-translationally converted to a C-
terminal amide as is the case with the hagfish antimicrobial peptides described in U.S. Patent
5,734,015.

As used herein, the family of proteins related to the hagfish cathelin-associated
proteins, refers to other cathelin-associated proteins that can be isolated from the hagfish or
organisms closely related to the hagfish. The methods used to identify and isolate other
members of the family of proteins related to the hagfish cathelin-associated proteins are
described below.

The proteins of the present invention are preferably in isolated form. As used herein, a
protein is said to be isolated when physical, mechanical or chemical methods are employed to
remove the protein from cellular constituents that are normally associated with the protein. A
skilled artisan can readily employ standard purification methods to obtain an isolated protein.
By isolated, it is further meant that the hagfish cathelin-associated protein or the antimicrobial
peptide of the present invention is part of a mixture with other components and wherein the
protein or peptide of the present invention comprises at least about 10% of the total protein in
the mixture, preferably at least about 20% of the total protein in the mixture, more preferably at
least about 30% of the total protein in the mixture, even more preferably at least about 40% of
the total protein in the mixture, still more preferably at least about 50% of the total protein in
the mixture, yet more preferably at least about 60% of the total protein in the mixture, even still
more preferably at least about 70% of the total protein in the mixture, yet still more preferably
at least about 80% of the total protein in the mixture, much more preferably at least about 0%
of the total protein in the mixture, still much more preferably at least about 95% of the total
protein in the mixture, and most preferably at least about 99% of the total protein in the

mixture.
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The proteins of the present invention further include conservative variants of the
proteins herein described. As used herein, a conservative variant refers to alterations in the
amino acid sequence that do not adversely affect the biological functions of the protein. A
substitution, insertion or deletion is said to adversely affect the protein when the altered
sequence prevents or disrupts a biological fimetion associated with the protein. For example,
the overall charge, structure or hydrophobic/hydrophilic properties of the protein may be
altered without adversely affecting 2 biological activity. Accordingly, the amino acid sequence
can be altered, for example to render the peptide more hydrophobic or hydrophilic, without
adversely affecting the biological activities of the protein.

Ordinarily, the allelic variants, the conservative substitution variants, and the members
of the protein family, will have an amino acid sequence having at least about 85% amino acid
sequence identity with the sequences set forth in SEQ ID NO: 2, 4, 5 or 6, more preferably at
least 90%, even more preferably at least 95% and most preferably at least 99%. Identity or
homology with respect to such sequences is defined herein as the percentage of amino acid
residues in the candidate sequence that are identical with the known peptides, after aligning the
sequences and introducing gaps, if necessary, to achieve the maximum percent homology, and
not considering any conservative substitutions as part of the sequence identity. N-terminal,
C-terminal or internal extensions, deletions, or insertions into the peptide sequence shall not be
construed as affecting homology.

Thus, the proteins of the present invention include molecules comprising, consisting
essentially of, or consisting of the amino acid sequence disclosed in SEQ ID NO: 2, 4, 5 and 6;
fragments thereof having a consecutive sequence of at least about 3, 4, 5, 6, 10, 15, 20, 25, 30,
35, 38 or more amino acid residues of the hagfish cathelin-associated protein or antimicrobial
peptide thereof; amino acid sequence variants of such sequence wherein an amino acid residue
has been inserted N- or C-terminal to, or within, the disclosed sequence; and amino acid
sequence variants of the disclosed sequence, or their fragments as defined above, that have
‘been substituted by another residue. Contemplated variants further include those containing
predetermined mutations by, e.g., homologous recombination, site-directed or PCR
mutagenesis, and the corresponding proteins of other animal species, including but not limited
to tabbit, rat, porcine, bovine, ovine, equine and non-human primate species, and the alleles or
other naturally ocourring variants of the family of proteins; and derivatives wherein the protein
has been covalently modified by substitution, chemical, enzymatic, or other appropriate means
with a moiety other than a naturally occurring amino acid (for example a detectable moiety

such as an enzyme or radioisotope).
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Therapeutic and additive applications

Another aspect of the present invention is a method for inhibiting microbial growth.
Hagfish cathelin-associated antimicrobial peptides of the present invention, exemplified by
SEQ ID NOs: 5 and 6, can be used to inhibit microbial growth under various circumstances.
For example, the peptides of the present invention can be administered therapeutically to treat
or prevent disease in an individual resulting from a microbial infection. A variety of microbial
infections can be inhibited by treatment with the peptides of the present invention. For
example, the antimicrobial peptides of the present invention can be used as an antimicrobial
agent for the treatment of fungal or bacterial infections.

In preferred embodiments, the microbial infection is a bacterial infection. In particular,
therapeutic administration of the peptides of the present invention inhibits and can reverse the
progression of a bacterial infection. The development and spread of new resistant strains of
bacteria are increasingly posing a public health threat. The antimicrobial peptides of the
present invention are useful in treating patients suffering from these resistant strains of
microbes which currently threaten public health. Many bacterial infections cause bacterial
sepsis in the infected individual. Administration of the peptides to an individual suffering from
a septic bacterial infection produces a significant therapeutic effect, by reducing both the sepsis
caused by the infection, and the infection itself.

An individual suitable for treatment is any animal {mammal or otherwise) which is
afflicted with or otherwise susceptible to one or more of the above described microbial
infections. In a preferred embodiment, the individual is 2 human. In another embodiment, the
individual is a livestock animal. In another embodiment, the animal is a show animal or a
household pet.

Administration of the hagfish cathelin-associated antimicrobial peptides of the present
invention to the individual is either systemic or localized, and is largely determined by the
specific infection being treated. Systemic administration can be accomplished by several
routes, including but not limited to intravenous administration, inhalation, mucosal, and
ingestion. Localized administration can be topical or internal. Such administration can be
accomplished by several routes, including, but not limited to, subcutaneous, dermal,
intradermal, buccal, mucosal, intraperitoneal, vaginal, inhalation, and ingestion.

1t will often be of use to administer a formulation of the peptides of the present
invention which includes a pharmaceutically acceptable carrier. Possible formulations for
therapeutic administration include a variety of pharmaceutical compositions, the appropriate
use of which will depend upon the route of administration deemed necessary for treatment.

Some useful formulations for topical administration are, for example, eyedrops, eardrops, or
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gingival applications (e.g., drops, mouthwash, cream, or paste). The regimen of administration
(e.g., route, dose, and course) which is therapeutic to the patient will vary with the individual to
be treated (e.g., health, weight, metabolism), the site of infection, and the infecting pathogen.
A therapeutic regimen should be developed by extrapolation from treatment with similar
therapeutics in combination with empirical observation. Administration of the peptides of the
present invention to prevent a microbial infection in an individual parallel the above described
methods.

As a general proposition, the total pharmaceutically effective amount of antimicrobial
peptide administered parenterally per dose will be in the range of about 0.001 mg/kg/day to 10
mg/kg/day of patient body weight, although, as noted above, this will be subject to therapeutic
discretion. More preferably, this dose is at least 0.01 mg/kg/day, and most preferably for
humans between about 0.01 and 1 mg/kg/day for the peptide. If given continuously, the
antimicrobial peptide is typically administered at a dose rate of about 0.001 mg/kg/hour to
about 0.050 mg/kg/hour, either by one to four injections per day or by continuous subcutaneous
infusions, for example, using a mini-pump. An intravenous bag solution may also be
employed.

Hagfish cathelin-associated antimicrobial peptides of the present invention,
exemplified by SEQ ID NO: 5 and 6, are also useful for potentiating the therapeutic action of
other antimicrobial drugs or agents. Co-administration of other antimicrobial agents with the
antimicrobial polypeptides of the present invention, produce a synergistic antibiotic effect. Co-
administration of the peptides of the present invention with an antimicrobial agent enables
therapeutic treatment of a patient with lower doses of the antimicrobial agent. Lower doses are
preferable in situations such as when treating with an expensive drug, or one that produces
undesired side effects, or one whose short half-life in vive would otherwise rapidly reduce its
concentration below that which is required for it to be efficacious. In addition, co-
administration with antimicrobial agents or drugs may also allow for a shorter therapy period
and/or the reversal of resistant phenotypes. Without limitation, microbes which resist an
antimicrobial drug by decreasing their internal drug concentration (e.g., with decreased
membrane permeability or increased cellular export or metabolism of the drug) are expected to
be especially susceptible to the potentiating activity of these peptides.

The regimen of administration of the antimicrobial drug and the hagfish cathelin-
associated antimicrobial peptide or functional variant of the present invention varies with the
patient and the particular infection, and can be determined by one of skill in the art on a case by
case basis. Formulations of the polypeptide will depend upon the regimen of administration,

examples described above.
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‘The polypeptides of the present invention can be used not only as pharmaceutical and
neutraceutical agents but also as additives for any products such as foods and medicinal or non-
medicinal products which are taken into the bodies or otherwise applied onto or contacted with
the body surface of humans or other animals or fluids, organs, and cells derived therefrom.

The present method is useful for treating a varicty of products. Biological products,
defined herein as products which are derived from biological organisms or processes, are

particularly at risk for contamination with microorganisms. Examples of biological products

include without limitation, food products, tissue, living cells, products derived from living cells,

blood or components thereof, as any other bodily fluid, drugs or other molecular preparations.
Non-biological products, defined herein as a product not directly derived from a biological
organism or process, for example glassware, surgical equipment, synthetic drugs or other
molecular preparations, can also be treated. For effective use of the present invention, the
product which is to be treated should not possess an activity which completely inactivates the
antimicrobial activity of all of the peptide quantity so applied. The peptides of the present
invention can be added, assorted to, sprayed to, adhered to, coated onto, adsorbed to,
chemically crosslinked to, or impregnated into any products which are generally desired to be
prevented or inhibited from contamination by proliferating microorganisms. Alternatively, the
peptide of the present invention can be immobilized on a surface over which a product is
passed to remove or inhibit microbial growth in the product. A product which is treated with
and retains antimicrobial peptide can further be used to treat another product with which it is
contacted.

‘Without further deseription, it is believed that one of ordinary skill in the art can, using
the preceding description and the following illustrative examples, make and utilize the present
invention and practice the claimed methods. The following working examples therefore,
specifically point out the preferred embodiments of the present invention, and are not to be

construed as limiting in any way the remainder of the disclosure.

Example 1
Isolation of genes for hagfish cathelin-associated antibiotic peptides

Adult Atlantic hagfish (Myxine glutinosa Linnaeus, 1758; Myxinidae) were purchased
from Huntsman Marine Science Centre (New Brunswick, Canada). The fish were anesthetized
in a slurry of ice and decapitated. Intestines were removed and cleaned of contents, frozen in
liquid N;, and stored at -80°C.

Tissue was ground in liquid nitrogen and transferred to a guanidinium isothiocyanate
solution (Chirgwin ez al. (1979) Biochemistry 18, 5294-5299), which inhibits RNase activity
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while disrupting cells. Total RNA was isolated by centrifugation through a CsCl step gradient;
polyadenylated RNA was recovered by means of oligo(dT) cellulose (Stratagene). Reverse
transcribed cDNA was ligated first to adaptor arms and then into phage Lambda Zap I
following Stratagene protocols.

An twenty-mer oligonucleotide probe 5’-AARAARGCNTGGMGNAARGT-3" (SEQ
ID NO: 11; 256-fold degenerate) was designed based on amino acid residues 4 to 10 of the
peptides previously isolated from hagfish intestinal tissue. Phage particles containing
homologous sequences were isolated by plating a small number of particles on a lawn of XL1
Blue MRF (Stratagene). The cDNA inserts were isolated in phagmid pBluescript by in vivo
excision. Two inserts were sequenced in both directions using Sanger’s dideoxy method
(Barnes et al. (1983) Nucleic Acids Res. 11, 349-368).

Homologous sequences were identified using BLASTX (Altschul ef al. (1997) Nucleic
Acids Res. 25, 3389-3402) searches of GenBank, Homologous sequences were aligned using
ESEE (Cabot ef al. (1989) Compu. Appl. Biosci. 5, 233-234).

For in situ hybridizations, plasmid DNA containing insert 31-52 from SEQ ID NO: 1
was linearized with StyJ. Both sense and antisense probes were labeled enzymatically with **P

and detected by autoradiography.

Example 2
Comparison of hagfish cathelin-associated sequences with other cathelin-associated sequences

Searches of GenBank using BLASTN with default values yielded no matches either
when just the coding region for the two peptides were used as queries or when the entire coding
regions were used. Using the entire coding sequence available for each protein and BLASTX,
which searches for more distant relationships based on identical and conserved amino acids,
however, yielded a large number of matches. Those in the correct reading frame included
especially cDNA sequences for prepropeptides of mammalian antibiotic peptides containing a
cathelin-like acidic spacer.

Among the matches found, the sequence for Capra MAP28, isolated from bone
marrow cells of Capra hircus (goat) was unique in showing at least a weak match between the
antibiotic peptide and one of the two Ayxine peptides. A plausible alignment of the coding
regions of one of the hagfish sequences with Capra MAP28 is shown in Figure 2.
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Example 3
Antimicrobial activity of cathelin-associated antibiotic peptides

The antimicrobial activity of cathelin-associated antibiotic peptides is determined by
the following antibacterial assay based upon the guidelines of the National Committee for
Clinical Laboratory Standards (Document M7-T2, (1988) Volume 8, No. 8).

A stock solution of the test peptide is prepared at a concentration of 512 pg/ml in
sterile deionized distilled water and stored at -70°C. The stock peptide solutions are diluted in
serial dilutions (1:2) down the wells of a microtiter plate so that the final concentrations of
peptide in the well are 0.25, 0.50, 1, 2, 4, 8, 16, 32, 64, 128 and 256 pg/ml. 1.5 x 10° CFU/ml
of the test microbe is added to the wells in full strength Mueller Hinton broth (BBL 11443)
from a mid-log culture. The inoculum is standardized spectrophotometrically at 600 nm and is
verified by colony counts. The plates are incubated for 16-24 hours at 37°C and the minimal
inhibitory concentration (MIC) for each peptide is determined. Minimal inhibitory
concentration is defined as the lowest concentration of peptide which produces a clear well in
the microtiter plate.

While the invention has been described and illustrated herein by references to various
specific materials, procedures and examples, it is understood that the invention is not restricted
to the particular combinations of material and procedures selected for that purpose. Numerous
variations of such details can be implied as will be appreciated by those skilled in the art. Itis
intended that the specification and examples be considered as exemplary, only, with the true
scope and spirit of the invention being indicated by the following claims. All publications,
patents and patent applications referred to in this application are herein incorporated by

reference in their entirety.
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‘What is claimed:

1. An isolated nucleic acid molecule selected from the group consisting of:

(a) an isolated nucleic acid molecule that encodes the amino acid sequence of a Myxine
glutinosa cathelin-associated antimicrobial peptide comprising SEQ ID NO: 2 or 4; and

(b) an isolated nucleic acid molecule, which hybridizes to the complement of a nucleic
acid molecule comprising a nucleotide sequence encoding a Myxine glutinosa cathelin-
associated antimicrobial peptide comprising SEQ ID NO: 2 or 4 under stringent conditions.

2. The isolated nucleic acid molecule of claim 1, wherein the nucleic acid molecule is
selected from the group consisting of SEQ ID NO: 1 and 3.

3. The isolated nucleic acid molecule of claim 2, wherein the nucleic acid molecule
comprises nucleotides 4 to 540 of SEQ ID NO: 1.

4. The isolated nucleic acid molecule of claim 2, wherein the micleic acid molecule
comprises nucleotides 427 to 540 of SEQ ID NO: 1.

5. The isolated nucleic acid molecule of claim 1, wherein the nucleic acid molecule
comprises nucleotides 2 to 505 of SEQ ID NO: 3.

6. The isolated nucleic acid molecule of claim 1, wherein the nucleic acid molecule
comprises nucleotides 416 to 505 of SEQ ID NO: 3.

7. An isolated nucleic acid molecule selected from the group consisting of:

(a) an isolated nucleic acid molecule that encodes the amino acid sequence of a Myxine
glutinosa cathelin-associated antimicrobial peptide comprising SEQ ID NO: 5 or 6; and

(b) an isolated nucleic acid molecule, which hybridizes to the complement of a nucleic
acid molecule comprising a nucleotide sequence encoding a Myxine glutinosa cathelin-
associated antimicrobial peptide comprising SEQ ID NO: 5 or 6 under stringent conditions.

8. The isolated nucleic acid molecule of any one of claims 1-7, wherein said nucleic
acid molecule is operably linked to one or more expression control elements.

9. A vector comprising an isolated nucleic acid molecule of any one of claims 1-7.

10. A host cell comprising a vector of claim 9.

11. A host cell transformed to contain the nucleic acid molecule of any one of
claims 1-7.

12. A method for producing a peptide or fragment thereof comprising the step of
culturing a host cell of claim 11 under conditions in which the protein or protein fragment -
encoded by said nucleic acid molecule is expressed.

14. The method of claim 12, wherein said host cell is selected from the group
consisting of prokaryotic hosts and eukaryotic hosts.

15. Anisolated peptide or fragment thereof produced by the method of claim 12.
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15. An isolated peptide or fragment thereof selected from the group consisting of :

(a) an isolated peptide comprising the amino acid sequences depicted in SEQ ID
NO:2,4;50r6;

(b) an isolated peptide fragment comprising at least six amino acids of any of the
sequences depicted in SEQ ID NO: 2, 4, 5 or 6;

(c) an isolated peptide comprising conservative amino acid substitutions of any of the
sequences depicted in SEQ ID NO: 2, 4, 5 or 6; and

(d) naturally occurring amino acid sequence peptide variants of any of the amino acid
sequences depicted in SEQ ID NO: 2, 4, 5 or 6.

16. The isolated protein fragment of claim 15 wherein the isolated peptide consists
essentially of the amino acid sequences depicted in SEQ ID NO: 2, 4, 5 or 6.

17. A antimicrobial composition comprising one or more of the peptides of claim 15

18. The antimicrobial composition of claim 17, wherein the composition is suitable for
topical or parenteral administration.

19. A method of treating or preventing a microbial infection in a mammal, comprising
administering to the mammal an effective amount of a Mywxine glutinosa cathelin-associated
antimicrobial peptide.

20. The method of claim 19, wherein the Myxine glutinosa cathelin-associated
antimicrobial peptide is selected from the group consisting of SEQ ID NO: 2, 4; 5 or 6.

21. The method of claim 19, wherein the mammal is a human,

22. The method of claim 19, wherein the microbial infection is selected from the group
consisting of a bacterial infection and a fungal infection.

23. The method of claim 17, wherein the Myxine glutinosa cathelin-associated
antimicrobial peptide is administered by a route selected from the group consisting of oral,
topical and parenteral.

24. The method of claim 23, wherein the topical administration is accomplished by
inhalation.

25. The method of claim 24, wherein the parenteral administration is accomplished by

intravenous, subcutaneous or intramuscular administration.
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Figure 1A
>8ignal sequence
SEQ ID NO. 1 gtcATGaagtccttgtgtgtcceecgeggttetetetetggtectgatectgetettggat
SEQ ID NO. 3 ..., L T T T
SEQ ID NO. 2 M K s L ¢V P AV L S L VLI L L L D
SEQ ID NO. 4 .
>Cathelin
SEQ ID NO. 1 caagcacctacagctcgggeagatgattetttgtecaaagageaggtggagaatgcagtt
SEQ ID NO. 3 4ttt ittt inennenannaneeann L
SEQIDNC. 2 Q A P T A R A D D S L 8 K E Q V E N A V
SEQ ID NO. 4 n
SEQ ID NO. 1 gatgaagcgttggacaagctgaacaaacagcaggtgtccacacgtaaactggeattgtet
SEQ ID NO. 3 tintiiuiimnimiaienen el ittt et e e e e e e
SEQIDNO. 2 D E A L D K L N K Q Q V8§ T R XK L A L 8
SEQ ID NO. 4 N
SEQ ID NO. 1 gaacaacaggatatccaggcagatgaaacagacgttgaaggacagttcaccatcaaattt
SEQ ID NO. B ...t e ac....i... t....
SEQIDNO. 2 E 0 O D I Q A D E T D V E ¢ Q F T I K F
SEQ ID NO. 4 T I
SEQ ID NO. 1 gacgtggttgagaccgagtgcaatgcggacgatcccagggactgggecgattgtecgate
SEQ ID NO. 3 E .ttt ittt it et et e ettt aa e
SEQIDNGC. 2 D V V E T E C N A D D P R D WA D C P I
SEQ ID NO. 4 Y .
SEQ ID NO. 1 gecgacggactcgacaccggtcgatgoacagtgtgaggtcacegtgtigagecaccgaggac
SEQ ID NO. 3 ............ [« N = O
SEQIDNO. 2 A T D § T P V D A Q C E V T V L § T E D
SEQ ID NO. 4 P . G I
SEQ ID NO. 1 tecttggacgtcggagacgeogacttgegatttcaacaggacggacggaaatgegaggega
SEQ ID NO. 3 L iiiitt ittt iianaaaiaaeannenns te..... L
SEQIDNO. 2 S L D V G DA T C D F N R T D GDN A R R
SEQ ID NO. 4 . - . . . . - . El P C B . - . N
>Antibiotic peptide
SEQ 1D NO. 1 c¢gacgtggctggtttaagaaagectggagaaaagtgaagcatgegggacgacgagttcet
SEQ ID NO. 3 .ttt ittt i et e e e [ e
SEQIDNO. 2 R R G W F K K A W R K V X H A @ R R V L
SEQ ID NO. 4 N . . .-
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Figure 1B
SEQ ID NO. 1 gataccgcgaaggotgtgggaagacattatttgaataattggettaateg----------
SEQ ID NO. 3 =—=mmme-m-L i Eoooo, ---~ggtg....a....... gtTAAtcggt
>3’'UTR
SEQ IDNO. 2 D T A K G V G R H Y L N N W L N R ------vo--
SEQ ID NO. 4 -------- . . . PR S . ----G V G L I G *
>3’UTR
SEQ ID NO. 1 -----=-=-=~-= ttategeggtTaGgaggaagetectgtgttggtggtggtagtggtggtag
SEQ ID NO. 3’ tggattaatcg..... a..... [ e G
SEQ ID NO. 2 w-wwmo-we——- Y R ¢ *
SEQ ID NO. 1 tggtggtggtg---------=c-cmmmm e ttgtgggttaatgggtgggag
SEQ ID NO. 3 ........... gtggtggtggtggtggtggtgtgggggg. .a. ... ... ... . L.
SEQ ID NO. 1 cgaatgatttctccccgacattcaatacttgctegttaattcocaattgattegettagtt
SEQ ID NO. B ittt ittt te et n et s ean e neim e e ean e
SEQ ID NO. 1 acacaagtaagccgaacaggtaaccagttagtaagetttaaaattgaacttttaggattg
SEQ ID NO. B ittt ittt it et e e e
SEQ ID NO. 1 aaactgcagctgaactttttgtagtttaacatttaattgtgactetgetattaaactttg
SEQ TD NO. B L ittt ttte et titaaaseaaaeenesaanan s atseanaaaa e
SEQ ID NO. 1 tctgatcatggaaataaaggattgcaaaaatgaaaaaaaaaaaaaasaaaaaaaaaa
SEQ ID NO. 3 4ttt eiii i et it ene s e aaa e cnaaeanannnann
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Figure 2
Exon I—
CapraM28.n ATGgagacccagagggccagecteteectgggacggtgetecetgtggetectgetgetg 60
3 e LEtt.t.t.t.ccageggtt. .gammmmma—— ..t...gtc..ga.c..... c 43
CapraM28.a M E T © R A 5 L 8 L G R ¢ 858 L W L L L L 20
4 L ¢V P AV . - - - . VoL T 14
CapraM28.n ggactagtgctgececteggecagegeccaggeecteagetacggggaggecgttctteat 120
3 ttggatcaagca..ta.a..tc.g..ag.t.attotttg.c.aac. . .ca.gt.gagaat 103
CapraM28.a ¢ L V L P S A 8 A Q A L 8 ¥ G E A V L H 40
4 L Do A . T R . D DS L & N . Q . E N 34
CapraM28.n gctgtcgat------------ cgcatcaatgagecagtcctecagaagegaateteotacege 168
3 .a..t...gaagcgttggacaagc.g..ca.t.a.caggtgtcca.acyg.aaactggeca 163
CapraM28.a A V D - - - - R I N E Q 8 8 E A N L ¥ R 56
4 E A L D K L N . Q vV 8§ T R K L A 54
Exon II—
CapraM28.n ctcctggagettgaceegecteccaaggac |gatgag---aatccaaacatcccgaaacct 225
3 t.gtctg.a---c.a.a.ga.at.c...cal..... aacag.cgttg.agga.a..cca.c 220
CapraM28.aLLELDPPPKD[DE—NPNIPKP75
4 S.—QQDIQA]..TDVEGQTT73
CapraM28.n gtgagcttcagggtgaaggagactgtgtgocccaggacgageeggecageccacggageayg 285
3 a.c.ta..ttac...gtb..... c.a....aatgc.gacgat.ccag.ga.tg..ccg.t 280
CapraM28,.a VvV § F R VvV K E T ¥V ¢ P R T 8 R Q P T E Q 95
4 r I . Y . Vv . .. E . ¥ A DD PR DWATD 93
Exon ITI—>»
CapraM28.n tgtgacttcaaagagaatggg--- ] Ctggtgaag—-—caacgtgtagggaca@tcactctg 339
3 ...ccga..gcgac.g.ctc.ceal.c..gcattgea. .g....ag-—----..... cg.. 334
CapraM28.a C D F K E N 6 - | Lk V X - ¢ ¢ V ¢ T V T L 113
4 P I A TD S P|P G I A . E - - . . Vv 111
Exon IV—

CapraM28.n gatgcggtgaaaggcaaaatgaacate- acctgcgaagag]ttgcagagtgtt 390
3 ttgagcaceg.g.a.tect. .g. .g. .ggagacgeg. .t. .. .. tttc|aacte..cg.gc 394
CapraM28.a D A V K G XK M N I - - - T C E E|L Q 8 VvV 130
4 LSTEDSLDVGDA.ADF]NSTG131
CapraM28.n gggagatttaaacgatttegt--------- aagaagctcaaaagactctggeacaaagte 441
3 ..a.atgcg.gg...cga...ggctggttt. . ... agc.tgg...aaagt.a.g..t.cg 454
CapraM28.a G R F XK R F R - - - K K L K R L W H K V 147
4 N A R . R . G&GWUF . . A W . KV KJN A 151
CapraM28.n ggccecattcgtit---ggcecegatacteccattatgggTAhattgtgageccatggaagaat 498
3 ..a.g.9.tc..aag..tgt.gg.a.a........ tgttggat.a.t.ggt.AA 508
CapraM28.a ¢ P F V - G P I L H Y G * 158
4 R vV L X . v ¢ I . . .V & L I & * 168

JP 2005-508151 A 2005.3.31



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(49) JP

WO 03/012044 PCT/US02/24019
4/5

Figure 3

SEQ ID NO. 5 GWFKKAWRKVKHAGRRVLDTAKGVGRHYLNNWLNRYRG
SEQ ID NO. 6 .....vvun.n N...-..--=-....I..-GVG.IG
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SEQ ID NO.
SEQ ID NO.

SEQ ID NO.
SEQ ID NO.

(50)

PCT/US02/24019
5/5

Figure 4

5 GWFKKAWRKVKHAGRRVLDTAKGVGRHYLNNWLNRYRG
e V.. X, Z

6 GWFKKAWRKVKNAGR-VLKGVGIHYGVGLIG

JP 2005-508151 A 2005.3.31
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<110>

UZZELL,

SEQUENCE LISTING

GENAERA CORPORATION

STOLZENBERG,
SHTNNAR, Ann E
ZASLOFF, Michael A

<120>

<130>

<150>
<151>

<160>

<170>

<210>
<21l>
<212>
<213>

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

<400>
gte atg aag

ctg
Leu

aaa
Lys

aaa
Lys

atc
Ile

gac
Asp
80

gat
Asp

gte
Vval

Met
1

cte
Leu

gag
Glu

cag
@ln

cag
Gln
65

gtg
val

tgt
Cys

acc
Thr

Thomas

Ethan D

(51)

PCT/US02/24019

HAGFISH CATHELIN-ASSOCIATED ANTIMICROBIAL PEPTIDES AND GENES

36870-5085

US 60/308,652
2001-07-30

11

PatentIn version 3.1

1
848
DNA

Myxine glutinosa

CDs

(4) .. (543)

1

Lys

ttg
Leu

cag
Gln

cag
Gln
50

gca

Ala

gtt
Val

ceg
Pro

gty
val

tee
Ser

gat
Asp

gtg
val
35

gtg
val

gat
Asp

gag
Glu

atec
Ile

ttg
Leu

ttg
Leu

caa
Gln
20

gag
Glu

tee
Ser

gaa
Glu

acc
Thr

gcg
Ala
100

age
Ser

tgt
Cys

gea
Ala

aat
Asn

aca
Thr

aca
Thr

gag
Glu
85

acg

Thr

acc
Thr

gt
val

cct
Pro

geca
2la

cgt
Arg

gac
Asp
70

tgc
Cys

gac
Asp

gag
Glu

cce
Pro

aca
Thx

gtt
val

aaa
Lys
55

gtt
Val

aat
Asn

teg
Sexr

gac
Asp

gcg
Ala

get
Ala

gat
Asp
40

ctg

Leu

gaa
Glu

geg
ala

aca
Thr

tee
Ser

gtt
Val

cgg
25
gaa

Glu

gca
Ala

gga
Gly

gac
Asp

ccg
Pro
1058

ttg
Leu

cte
Leu
10

gca
Ala

geg
Ala

ttg
Leu

cag
Gln

gat
Asp
90

gte
Val

gac
Asp

tet
ser

gat
Asp

ttg
Leu

tet
ser

tte
Phe
75

cce

Pro

gat
Asp

gte
val

oty
Leu

gat
Asp

gac
Asp

gaa
Glu
&0

acce

Thr

agg
Arg

gca
Ala

dga
Gly

gtec
val

tct
Ser

aag
Lys
45

caa

Gln

ate
Ile

gac
Asp

cag
Gln

gac
Asp

ctg
Leu

ttg
Leu
30

ctg
Leu

cag
Gln

aaa
Lys

tgg
Trp

tgt
Cys
110

dcg
Ala

ate
Ile
15

tcc

aac
Asn

gat
Asp

ttt
Phe

gee
Ala
25

gag
Glu

act
Thr

48

96

192

288

384

JP 2005-508151 A 2005.3.31
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tgc gat
Cys Asp

tte
Phe
130

ttt aag aaa

Phe Lys
145

gat acc
Asp Thr
160

cgt tat
Arg Tyr

ggtggtgtty tgggttaatg

tegttaa
aagcttt
ttaattg
aaaaaaa
<210>
<211>
<212>

<213>

<400>

Lys

gcg
Ala

cge
Arg

tte
aaa
tga
aaa
2

179
PRT

115
aac

Asn

gce
Ala

aag
Lys

ggt
Gly

caattgattc
attgaacttt
ctotgetatt

aaaaaaaaaa

agg acg
Arg Thr

tgg aga
Trp Arg

ggt gtg
Gly val
165

gac
Asp

aaa
Lys
150

gga
Gly

gga
Gly
1358

gtg
val

aga

120

aat
Asn

aag
Lys

cat

geg
Ala

cat
His

tat

Arg His Tyr

agg
Arg

gcg
Ala

ttg
Leu
170

cga
Arg

gga
Gly
155

aat
Asn

cga
Arg
140

cga

Arg

aat
Asn

125
cgt
Arg

cga
Arg

tgg
Trp

(52)

PCT/US02/24019
gge tgg 432
Gly Trp
gtt ctt 480
Val Leu
ctt aat 528
Leu Asn

175

tag gaggaagcte tgtgttggty gtggtggtgg tggtggtggt

Myxine glutinosa

2

Met Lys Ser Leu

1

Leu Leu

Glu Gln

Gln Gln

50

Gln Ala
65

Cys Pro

Asp

val

35

val

Asp

Glu

Ile

Gln

20

Ser

Glu

Thr

Ala

Cys Val

5

Ala Pro

Asn Ala

Thr Arg

Thr Asp
70

Glu Cys
85

Thr Asp

aaaaa

Thr

Val

Lys

55

Val

Sex

ggtgggageg
gottagttac
taggattgaa

aaactttgte

Ala

Ala

Asp

40

Leu

Glu

aAla

Thr

aatgatttect
acaagtaagc

actgeagetg

tgatcatgga

val

Arg

25

Ala

Gly

Asp

Pro

Leu

10

Ala

Ala

Leu

Gln

Asp

90

val

Ser

Asp

Leu

ser

Fhe

75

Pro

Asp

ccccgacatt

cgaacaggta

aactttttgt

aataaaggat

Leu

Asp

Asp

clu

60

Thr

Arg

Ala

Val

Ser

Lys

45

Gln

Tle

Asp

Gln

Leu

Leu

30

Leu

Gln

Lys

Trp

Cys

caatacttge
accagttagt
agtttaacat

tgcaaaaatg

Ile Leu
15

Ser Lys

Asn Lys

Asp Ile

Phe Asp
80

Ala Asp
95

Glu val

JP 2005-508151 A 2005.3.31
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Asp

Lys
145

Val

Phe
130

Lys

Ala Lys Gly

100

Leu Ser
115

Asn Arg

Ala Trp

Thr

Thr

Arg

Val
165

Glu

Asp

Lys

150

Gly

Tyr Arg Gly

<210> 3

<211> 863

<212> DNA

<213> Myxine glutinosa
<220>

<221> (DS

<222> (2)..(508)

<223>

<400> 3

105

110

(53)

PCT/US02/24019

Asp Ser Leu Asp Val Gly Asp Ala Thr Cys
20

Gly Asn Ala Arg Arg A:

135

14

125

rg Arg Gly Trp Phe
o

Val Lys His Ala @ly Arg Arg Val Leu Asp

155

160

Arg His Tyr Leu Asn Asn Trp Leu Asn Arg

170

175

¢ ttg tgt gtc cca geg gtt cte tot ctg gte ctg atc ctg cte ttg gat
Leu Cys Val Pro Ala Val Leu Ser Leu Val Leu Ile Leu Leu Leu Asp

1

5

caa gca cct aca get

Gln

gag
Glu

tece
Ser

gaa
Glu
65

ace

Thr

gcg
Ala

Ala

aat
Asn

aca
Thr
50

aca

Thr

gag
Glu

acg
Thr

Pro Thr
20

gca gtt
Ala val
35

cgt aaa

Arg Lys

gac gtt
Asp Val

tgc aat
Cys Asn

gac tecg
Asp Ser

Ala

gat
Asp

ctg
Leu

gaa
Glu

geg
Ala
85

cca
Pro

cgg
Arg

gaa
Glu

gea
Ala

gga
Cly
70

gac

Asp

ceg
Pro

10

gca gat gat tct

Ala

gcg
Ala

ttg
Leu
55

cag

Gln

gat
Asp

gge
Gly

Asp

ttg
Leu
40

tet

Ser

acc
Thr

cce
Pro

att
Ile

Asp
25

gac

Asp

gaa
Glu

ace
Thr

agg
Arg

gca
Ala

Ser

aag
Lys

caa
Gln

ate
Ile

gac
Asp
90

cag
Gln

ttg
Leu

ctg
Leu

cag
Gln

ata
Ile
75

tgg
Txp

tgt
Cys

tee
Ser

aac
Asn

gat
Asp
60

ttt
Phe

gee
Ala

gag
Glu

aac
Asn

aat
Asn
45

ate

Iie

tac
Ty

gat
Asp

gte
Val

gag
Glu
30

cag

Gln

cag
Gln

gtg
Val

tgt
Cys

acc
Thr

15

cag gtg
Gln val

cag gtg
Gln val

gea gat
Ala Asp

gtt gag
Val Glu
80

ceg ate
Pro Ile
95

gty ttg
val Leu

49

97

193

337
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agc
Ser

teg
Ser

tgg
Trp
145

cat
His

acc
Thr

acy
Thr
130

aga

Arg

tat
Tyr

1o0

105

gag gac tce ttg gac gte gga
@lu Asp Ser Leu Asp Val Gly

115

120

ggc gga aat gcg agy ¢ga cga
Gly Gly Asn Ala Arg Arg Arg

135

aaa gtg aag aat gcg gga cga
Lys Val Lys Asn Ala Gly Arg
150

ggt gtt gga tta atc ggt ta

ol

Gly Val Gly Leu Ile Gly

165

cacggttegg aggaagtcct

tggtggtggt ggtggtgtgg

cgacattcaa tacttgecteg

acaggtaacc agttagtaag

tttttgtagt ttaacattta

aaaggattge aaaaatgaaa

gac
Asp

cgt
Arg

gtt
val

geg
ala

ggc
Gly

ctt
Leu
155

act
Thr

tgg
Trp
140

aag
Lys

tge
cys
125

ttt
Phe

ggt
aly

tcggttggat taatcgttat

ctgttggtag tggtggtggt ggtggtggty

ggggttatyg gttaatgggt

ttaattcecaa ttgatteget

ctttaaaatt gaacttttag

attgtgacte tgctattaaa

aaaaaaaaaa aaaaa

<210> 4

<211> 168

<212> PRT

<213> Myxine glutinosa

<400> 4

Leu Cys Val Pro Ala Val Leu Ser Leu

Ser

Glu
€5

Thr

Thr Arg

50

35

85

Ala Pro Thr Ala Arg Ala Asp Asp

25

Asn Ala Val Asp Glu Ala Leu Asp

40

Lys Leu Ala Leu Ser Glu

55

Thr Asp Val Glu Gly Gln Thr Thr
70

Glu Cys Asn Ala Asp Asp Pro Arg

val

10

Sexr

Lys

Gln

Ile

Asp
S0

Leu

Leu

Leu

Gln

Ile

75

Trp

gggagegaat

tagttacaca

gattgaaact

ctttgtctga

Ile

Ser

Asn

Asp

60

Phe

Ala

Leu

Asn

Asn
45

Ile

Tyx

PCT/US02/24019
110
gat ttc aac 385
Asp Phe Asn
aag aaa gcc 433
Lys Lys Ala
gtg gga ata 481
Val Gly Tle
160
528
gtagtggtag 588
gatttctece 648
agtaagccga 708
geagctgaac 768
tecatggaaat 828
863
Leu Leu Asp
15
Glu Gln Vval
30
Gln Gln val
CGln Ala Asp
Val Val Glu
80
Cys Pro Tle
95

(54)

JP 2005-508151 A 2005.3.31
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Ala Thr Asp Ser Pro Pro Gly Ile Ala Gln Cys Glu Val Thr Val Leu
100 108 1ie

Sexr Thr Glu Asp Ser Leu Asp Val Gly Asp Ala Thr Cys Asp Phe Asn
115 120 125

Ser Thr Gly Gly Asn Ala Arg Arg Arg Axg Gly Trp Phe Lys Lys Ala
130 135 140

Trp Arg Lys Val Lys Asn Ala Gly Arg Val Leu Lys Gly val Gly Ile
145 150 155 160

His Tyr Gly Val Gly Leu Ile Gly
165

<210> 5
<211> 38
<212> PRT

<213> Myxine glutinosa
<400> 5

Gly Trp Phe Lys Lys Ala Trp Arg Lys Val Lys His Ala Gly Arg Arg
1 5 10 15

Val Leu Asp Thr Ala Lys Gly Val Gly Arg His Tyr Leu Asn Asn Trp
20 25 30

Leu Asn Arg Tyr Arg Gly

35
<210> 6
<211> 30
<212> PRT

<213> Myxine glutinosa

<400> 6

Gly Trp Phe Lys Lys Ala Trp Arg Lys Val Lys Asn Ala Gly Arg val
1 5 10 15

Leu Lys Gly Val Gly Ile His Tyr Gly Val Gly Leu Ile Gly
20 25 30

<210> 7
<21l> 498
<212> DNA

<213> Capra hircus

<220>
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<221> CDS
<222> (1) ..(477)
<223>

<400> 7
atg gag acc cag agg gec age ctc tee ctg gga cgg tge tece ctg tgg 48
Met Glu Thr Glan Arg Ala Ser Leu Ser Leu Gly Arg Cys Ser Leu Trp

cte ctg ctg ctg gga cta gtg ctg cece teg goe age gee cag gee cto 96
Leu Leu Leu Leu Gly Leu Val Leu Pro Ser Ala Ser Ala Gln Ala Leu
20 25 30

age tac ggg gag goc gtt ctt cat get gtc gat cgec ate aat gag cag 144
Ser Tyr Gly Glu Ala Val Leu His Ala val Asp Arg Tle Asn Glu Gln
35 40 45

tee tca gaa geog aat ctc tac cge cte ctg gag ctt gac ceg ccot cco 192
Ser Ser Glu Ala Asn Leu Tyr Arg Leu Leu Glu Leu Asp Pro Pro Pro
50 55 60

aag gac gat gag aat cca aac atc ccg aaa cct gtg agc tte agg gtg 240
Lys Asp Asp Glu Asn Pro Asn Ile Pro Lys Pro Val Ser Phe Arg Val
65 70 75 80

aag gag act gtg tgc ccc agg acg age cgg cag ccc acg gag cag tgt 288
Lys Glu Thr Val Cys Pro Arg Thr Ser Arg Gln Pro Thr Glu Gln Cys
85 20 85

gac ttc aaa gag aat ggg ctg gty aag caa tgt gta ggg aca gtc act 336
Asp Phe Lys Glu Asn Gly Leu Val Lys Gln Cys Val Gly Thr Val Thr
100 105 110

ctg gat geg gtg aaa gge aaa atg aac atc acc tgc gaa gag ttg cag 384
Leu Asp Ala Val Lys Gly Lys Met Asn Ile Thr Cys Glu Glu Leu Gln
115 120 125

agt gtt ggg aga ttt aaa cga ttt cgt aag aag ctc aaa aga cte tgg 432
Ser Val Gly Arg Phe Lys Arg Phe Arg Lys Lys Leu Lys Arg Leu Trp
130 135 140

cac aaa gtc gge cca tte gtt gge cecg ata cte cat tat ggg taa 477
His Lys Val Gly Pro Phe Val Gly Pro Ile Deu His Tyr Gly

145 150 155

attgtgagee catggaagaa t 498
<210> 8

<211> 158

<212> PRT

<213» Capra hircus

<400> 8

Met Glu Thr Gln Arg Ala Ser Leu Ser Leu Gly Arg Cys Ser Leu Trp

1 5 10 15

Leu Leu Leu Leu Gly Leu Val Leu Pro Ser Ala Ser Ala Gln Ala Leu
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ala

Asn

Asn

Cys

85

Asn

Lys

The

Pro

val

Leu

Pro

70

Pro

Gly

Gly

Lys

Phe
150

Myxine glutinosa

Leu

Tyr

55

Asn

Arg

Leu

Lys

Arg

i35

val

His

40

Arg

Ile

Thr

val

Met

120

Phe

Gly

25

Ala

Leu

Pro

Ser

Lys

105

Asn

Arg

Pro

¥aa is Brominated Tryptophan

val

Leu

Ile

Lys

Ile

Glx is C-terminal amide residue

WO 03/012044
20
Ser Tyr Gly Glu
35
Ser Ser Glu Ala
50
Lys Asp Asp Glu
65
Lys Glu Thr Val
Asp Phe Lys Glu
100
Leu Asp Ala Vval
115
Ser Val Gly Arg
130
His Lys val Gly
145
<210> 9
<211> 38
<212> PRT
<213>
220>
<221> MISC_FEATURE
<222> (1}..(38)
<223>
<220>
<221> MISC_FEATURE
<222>  (38)..(38)
<223>
<400> 9

Gly Phe Phe Lys Lys Ala Xaa Arg Lys
1 5

Val Leu Asp Thr Ala Lys Gly Vval Gly

20

25

Asp

Glu

Pro

75

cys

Thr

Lys

Leu
155

Arg

Leu

60

Val

Pro

val

Cys

Leu

140

His

Ile

45

Asp

Ser

Thr

Gly

Glu

125

Lys

Tyr

30

Asn

Pro

Phe

Glu

Thr

110

Glu

Arg

val Lys His Ala Gly

10

Glu

Pro

Arg

Gln

o5

val

Leu

Leu

(57)

PCT/US02/24019

Gln
Pro
val
80

Cys
Thr

Gln

Trp

Arg Arg
15

Arg Hig Tyr Val Asn Asn Xaa
30
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Leu Asn Arg Tyr Arg Glx

35
«210> 10
<211l> 31

<212» PERT
<213> Myxine glutinosa

<220>

<221> MISC_FEATURE

<222> '(1)..(31)

<223> Xaa is Brominated Tryptophan

<220>
<221> MISC_FEATURE
<222>  (31)..(31)

<223»> Glx is C-terminal amide residue

<400> 10

Gly Xaa Phe Lys Lys Ala Xaa Arg Lys Val Lys Asn Ala Gly Arg Arg
1 5 10 15

Val Leu Lys Gly Val Gly Ile His Tyr Gly Val Gly Leu Ile Glx
20 25 30

<210> 11

<211> 20

<212> DNA

<213> Myxine glutinosa

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

<223> r=gor a

<220>

<221> misc_feature

<222>  (1)..(20)

<223> msaor torcorg

<400> 11
aaraargcnt ggmgnaargt 20



(59)
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(54) Title: HAGFISH CATHELIN-ASSOCIATED ANTIMICROBIAL PEPTIDES AND GENES

theli jated antimicrobial peptides and genes encoding these

peptides. The invention also includes compositions an methods for producing these pepiides as well as method of preventing and

treating microbial infections using these peptides.
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Hagfish Cathelin-Associated Antimicrebial Peptides and Genes

Cross-Reference To Related Appli
This application claims the benefit of U.S. provisional application 60/308,652 filed on
TJuly 30, 2002.

Field Of The Invention
This invention relates to genes for antibiotic peptides and their use for the production

of said peptides. It also relates to the antimicrobial peptides and their use 2s antibioties.

Background Of The Invention

The cathelicidin gene family (Zanetti ef al. (1995) FEBS Letters 374, 1-5; Zanetti ez al.
(1997) Ann. New York. Acad. Sci. 147-162; Gennaro ez al. (2000) Biopolymers Peptide
Science 55, 31-49) encodes prepropeptides that consist of a signal sequence, a cathelin-like
acidic spacer, and an antibiotic peptide (Figure 1). Cathelicidins are presently known from a
variety of mammals: Bos taurus (cattle), Capra hircus (goat), Cavia porcellus (guinea pig),

7

Equus caballus (horse), Homo sapiens (human), Mus
cunniculus (rabbit), Ovis aries (sheep), and Sus serofa (pig). Although the known antibiotic
peptides are remarkably diverse, both within and between mammalian species, the associated

(mouse), Oryetol

signal sequences and cathelin-like acidic spacers, as revealed by sequence analysis of cDNA
clones, are as remarkably conserved within and among species as the antibiotic peptides
themselves are diverse.

Mammalian cathelicidins are synthesized primarily in myeloid cells, and are abundant
in circulating neutrophils. The strocture of some 20 cathelicidin genes is known and regularly
involves four exons, the last of which encodes the antibiotic peptide along with a few
C-terminal residues of the cathelin. Clusters of cathelicidin genes numbering eight, eleven, and
more have been reported in Ovis, Bos and Sus, respectively (Gennaro ef al. (2000) Biopolymers
Peptide Science 55, 31-49).

Two antibiotic peptides have been isolated (Kaumaya et al. (1996) Peptides: Chemistry
and Biology, Mayflower Scientific, pages 189-191) from intestinal tissue of Myxine glutinosa
(Atlantic hagfish), a craniate chordate taxon only distantly related to the Manmmalia. These
peptides are unique among antimicrobial peptides in containing one or two brominated
tryptophans. Herein are described hagfish cDNA sequences encoding two new antibiotic
peptides from the same family as those isolated earlier. These sequences identify the Myxine

antibiotic peptides as members of the cathelicidin family.
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Summary Of The Invention

The invention includes an isolated nucleic acid molecule selected from the group
consisting of an isolated nucleic acid molecule that encodes the amino acid sequence of a
Mpyxine glutinosa cathelin-associated antimicrobial peptide comprising SEQ ID NO: 2 or 4; and
an isolated nucleic acid molecule, which hybridizes to the complement of a nucleic acid
molecule comprising a nucleotide seqs encoding a Myxine glutinosa cathelin-associated
antimicrobial peptide comprising SEQ ID NO: 2 or 4 under stringent conditions. In some
embodiments, the nucleic acid molecule comprises SEQ ID NO: 1 and 3; nucleotides 4 to 540
of SEQ ID NO: 1; nucleotides 427 to 540 of SEQ ID NO: 1; nucleotides 2 ta 505 of SEQ ID
NO: 3; or nucleotides 416 to 505 of SEQ ID NO: 3.

The invention also includes an isolated nucleic acid molecule selected from the group

consisting of an isolated mucleic acid molecule that encodes the amino acid sequence of 2
Myxine glutinosa cathelin-associated antimicrobial peptide comprising SEQ ID NO: 5 or 6; and
an isolated nucleic acid molecule, which hybridizes to the complement of a nucleic acid
molecule conprising a nucleotide sequence encoding a Myxine glutinosa cathelin-associated
antimicrobial peptide comprising SEQ ID NO: 5 or 6 under stringent conditions.

The isolated nucleic acid molecules of the invention can be operably linked to one or
more expression control elements. The invention further includes a vector comprising an any
of the isolated nucleic acid molecules recited above and a host cell comprising the vector.

The invention includes a method for producing a peptide or fragment thereof
comprising the step of culturing the aforementioned bost cell under conditions in which the
protein or protein fragment encoded by said nucleic acid molecule is expressed. The host cell
can be prokaryotic or eukaryotic. The invention includes recombinant peptides and fragments
thereof produced by this method.

The invention includes an isolated peptide or fragment thereof selected from the group
consisting of an isolated peptide comprising the amino acid sequences depicted in SEQ ID
NO: 2,4, 5 or 6; an isolated peptide fragment comprising at least six amino acids of any of the
sequences depicted in SEQ ID NO: 2, 4, § or 6; an isolated peptide comprising conservative
amino acid substitutions of any of the sequences depicted in SEQ ID NO: 2, 4, 5 or 6; and
naturally oceurring amino acid sequence peptide variants of any of the amino acid sequences
depicted in SEQ ID NO: 2, 4, 5 or 6.

The invention further includes an antimicrobial composition comprising one or more of
the peptides of of the invention. The antimicrobial composition can be suiteble for topicsl or

parenteral administration.
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The invention includes a method of treating or preventing a microbial infection in a
mammal, comprising administering to the mammal an effective amount of a Myxine glutinosa
cathelin-associated antimicrobial peptide. In some embodiments, the Myxine glutinosa
cathelin-associated antimicrobial peptide is selected from the group consisting of SEQ ID NO:
2,4, 5 or 6 and the mammal is a human at risk of, or suffering from, a bacterial infection or a

fungal infection. The Myxine glutinosa cathelin-associated antimicrobial peptide containing

positions can be inistered by a route selected from the group consisting of oral, topical
and parenteral. When topical administration is employed, it can be accomplished by inhalation.
‘When parenteral administration is employed, it can be accomplished by intravenous,
subcutaneous or intramuscular adnuinistration.

Buief Description Of The Figures

Figure 1 depicts a comparison of nucleotide (SEQ ID NO: 1 and 3) and amine acid
sequences (SEQ ID NO: 2 and 4) for hagfish cathelin-associated antimicrobial peptides.
Beginnings of presumed signal, cathelin, peptide, and 3’ untranslated regions are marked. The
peptide amino acids are italicized and in bold; start and stop codons are in upper case; the
polyadenylation site is underlined. Dots indicate identical nucleotides of amino acids while
dashes indicate insertions or deletions. * indicates the putative C-terminal amidation site in the
antibiotic peptides.

Figure 2 depicts a comparison of nucleotides and implied amino acid residues of SEQ
ID NOS. 3 and 4 with Capra hircus MAP28. Borders between exons suggested by mammalian
gene structures are marked by vertical bars.

Figure 3 depicts a comparison of the amino acid sequences of the hagfish antibiotic
peptides (SEQ ID NO: 5 and 6). Dashes indicate gaps inserted to maximize the alignment.

Figure 4 depicts a comparison of amino acid sequences for hagfish cathelin-associated
antimicrobial peptides (SEQ ID NO: 5 and 6) with antimicrobial peptides isolated from hagfish
intestinal tissues (SEQ ID NO: 9 and 10) described in U.S. Patent 5,734,015. Dashes indicate
gaps inserted to maximize the alignment. X=Br-Trp and Z indicates & C-terminal amide.

Detailed Description
General

Agpplicants have isolated and sequenced two new genes from the Atlantic hagfish
(Myxine glutinosa). The genes (SEQ ID NO: 1 and 3, Figure 1) encode two proteins (SEQ ID
NO: 2 and 4, Figure 1) which each comprise an N-terminal signal sequence, a cathelin-like

sequence and a C-terminal antimicrobial peptide. The antimicrobial peptide sequences deduced

JP 2005-508151 A 2005.3.31



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

O

10

15

20

25

30

35

(63)

WO 2003/012044 PCT/US2002/024019

from these genes, GWFKKAWRKVKHAGRRVLDTAKGVGRHYLNNWLNRYRG (SEQ ID
NO: 5) and GWFKKAWRKVKNAGRVLEKGVGIHY GVGLIG (SEQ ID NO: 6), are highly
similar yet distinct from the hagfish peptides described in U.S. Patent 5,734,015 (Figure 4).
Thus, the invention includes the isolated hagfish genes and their encoded cathelin-associated
autibiotic peptides.

Included in this invention is the antibiotic peptides wherein the C-terminal glycine
residue has been post-translationally transformed into a C-terminal amide residue (SEQ ID NO:
11 and 12) by an enzyme such as peptidylglycine o-amidating monooxygenase (PAM) (Prigge
et al. (2000) Cell. Mol. Life Sci. 57, 1236-1259) and/or one or more of the Trp residues have
been post-translationally transformed into Br-Trp residues by a brominating enzyme (Shinnar ez
al. (2000) FASEB Journal 14, A1488).

Also iucluded in the invention is the family of hagfish cathelin-associated genes, their
encoded proteins and their antibiotic peptides. Another embodiment is methods for the
expression of these genes and cells that contain them. The recombinant production of the
proteins encoded by the hagfish cathelin-associated genes is included in this invention, as is the

production of the associated antibiotic peptides.

Definitions

As used herein, the term “antimicrobial” refers to the ability of a compound to inhibit
or irreversibly prevent the growth of a microorganism. Such inhibition or prevenﬁ:;n can be
through a microbicidal action or microbistatic inhibition. Therefore, the term “microbicidal
inhibition™ as used herein, refers to the ability of a compound to kill, or irreversibly damage the
target organism. The term “microbistatic inhibition™ as used herein, refers to the ability of the
antimicrobial compound to inhibit the growth of the target microorganism without death.
Microbicidal or microbistatic inhibition of microorganisms in an environment presently
exhibiting microbial growth (therapeutic tréatment) or an environment at risk of supporting
microbial growth (prevention) is included within this definition.

As used herein, a “cell line” is a clone of a primary cell that is capable of stable growth
in vitro for many generations.

A DNA “coding sequence” is a double-siranded DNA
and translated info a polypeptide in vive when placed under the control of appropriate

q which is transeribed

regulatory sequences. The boundaries of the coding sequence are determined by a start codon at
the 57 {amino) terminus and a translation stop codon at the 3” (carboxy) terminus. A
polyadenylation signal and transcription termination sequence will usually be located 3° to the

cading sequence.
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As used herein, a “nucleic acid molecule” refers to the polymeric form of
deoxyribonucleotides (adenine, guanine, thymine, and/or cytosine) or ribonucleotides (adenine,
guanine, uracil, and/or cytosine) and may include in either its single stranded form, or in
double-stranded helix as well as RNA. This term refers only to the primary and secondary
structure of the molecule and is not limited to any particular tertiary form. In discussing the
structure of particular double-stranded DNA molecules, sequences may be described herein
according to the normal convention of giving only the sequence in the 5” to 3” direction along
the nontransoribed strand of DNA (e.g., the strand having a sequence homologous to the
mRNA). Transcriptional and translational control sequences are DNA regulatory sequences,
such as promoters, enhancers, polyadenylation signals, terminators, and the like, that provide
far the expression of a coding sequence in a host cell.

As used herein, a “promoter sequence” is a DNA regulatory region capable of binding
RNA polymerase in a cell and initiating transcription of a downstream (3° direction) coding
sequence. For purposes of defining the present invention, the promoter sequence is bounded
(inclusively) at its 3* terminus by the transcription initiation site and extends upstream (5’
direction) to include the minimum number of bases or elements necessary to initiate
transeription at levels detectable above background. Within the prometer sequence will be
found a transcription initiation site, as well as protein binding domains responsible for the
binding of RNA polymerase. Eukaryotic prometers will often, but not always, contain “TATA”
boxes and “CAT” boxes.

A “signal sequence” can be included before the coding sequence or the native amino
acid signal sequence from the envelope protein may be used. This sequence encodes a signal
peptide, N-terminal to the polypeptide, that communicates to the host cell to direct the
palypeptide to the cell surface or secrete the polypeptide into the media. This signal peptide is
clipped off by the host cell before the protein leaves the cell. Signal sequences can be found
associated with a variety of proteing native to prokaryotes and eukaryotes. For instance,
alpha-factor, a native yeast protein, is secreted from yeast, and its signal sequence can be
attached to heterologous proteins to be secreted into the media (see e.g., U.S. Patent 4,546,082
and EP 0116201). Further, the alpha-factor and its analogs have been found to secrete
heterologous proteins from a variety of yeast, such as Saccharomyces and Kluyveromyces (EP
88312306.9; EP 0324274 publication, and EP 0301669). An example for use in mammalian
cells is the tPA signal used for expressing Factor VIUe light chain.

A cell hasbeen “transformed” by exogenous or heterologous DNA when such DNA as
been introduced inside the cell. The transforming DNA may or may not be integrated
(covalently linked) inte chromosomal DNA making up the genome of the cell. In prokaryotes,
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for example, the transforming DNA may be maintained on an episomal element such as a
plasmid or viral vector. With respect to eukaryotic cells, a stably transformed cell is one in
which the transforming DNA has become integrated into a chromosome so that it is inherited
by daughter cells through chromosome replication. This stability is demonstrated by the ability
of the eukaryotic cell to establish cell lines or clones comprised of a population of daughter
cells containing the transforming DNA.

A coding sequence is “under the control” of transcriptional and translational control
sequences in a cell when RNA. polymerase transeribes the coding sequence into mRNA, which
is then translated into the protein encoded by the coding sequence.

As used herein, a “vector” is a replicon, such as plasmid, virus, phage or cosmid, to
which another DNA segment may be attached so as to bring about the replication of the
affached segment.

Nacleic Acid Molecules

The two ¢cDNA sequences (Figure 1) consist of 848 (SEQ ID NO: 1) and 863 (SEQ ID
NO: 3) nucleotides. The sequence for SEQ ID NO: 1 includes the initiation codon and 3
additional 5’-nucleotides; the sequence for SEQ ID NO: 3, judged by alignment with SEQ ID
NO: 1, has eight coding nucleotides missing at the 5’-end. In the alignment of Figure 1, 814
nucleotides are comparable between the two sequences, with 785 matching (96.4%). The
nucleotides encoding the putative signal and cathelin sequences of the two are very similar,
with 69 of 70 signal nucleotides identical (98.6%) and 332 of 345 (96.2%) cathelin nucleotides
matching; 401 of 415 (96.6%) match overall. Neither insertions nor deletions are evident in
these parts of the cDNA sequences.

The peptide and 3"-untranslated sequences, in contrast, show evidence of several
insertion/deletion changes, which makes comparison of their similarities difficult. In the
peptide-encoding sequence, SEQ ID NO: 3 has three gaps (of 3, 9, and 4 nucleotides) in
comparison to SEQ ID NO: 1; the last gap results ina frame-shift for 17 nucleotides just before
the termination codon. The peptide-encoding sequence of SEQ ID NO: 1 has a gap of 21
nucleotides with respect to the sequence for SEQ ID NO: 3; as a result, a new termination
cadon 26 nucleotides farther along the sequence marks the end of the peptide for SEQ ID NO:
1. In this alignment, the last 10 coding nucleotides for SEQ ID NO: 1 correspond to 10
nucleotides in the 3’-uniranslated region of the SEQ ID NO: 3 cDNA. Overall, 98 nucleotides
encoding peptide can be compared; 89 of these (90.8%) match.
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’ The 3’~uniranslated ends of both cDNAs have -tgg- repeats, a 10-mer for SEQ ID NO:
1, and a 17-mer for SEQ ID NO: 3. Excluding the -tgg- repeats, 248 nucleotides in the 3’-end
can be compared; of these, 243 (98.0%) match.

The nucleic acid molecules of the present invention include nucleic acid molecules that
encode the proteins having SEQ ID NO: 2, SEQ ID NO: 4 and the related profeins herein
described, preferably in isolated form. As used herein, “nucleic acid” is defined as RNA or.
DNA that encodes a protein or peptide as defined above, or is complementary to nucleic acid
sequence encoding such peptides, or hybridizes to such nucleic acid and remains stably bound
to it under appropriate stringency conditions, or encedes a polypeptide sharing at least 55%
sequence identity, 85 % sequence identity, preferably at least 85%, and more preferably at least
90%, most preferably at least 95 to 99% sequence identity with the peptide sequences.
Specifically contemplated are genomic DNA, cDNA, mRNA and antisense molecules, as well
as nucleic acids based on alternative backbones or including alternative bases whether derived
from natural sources or synthesized. Such hybridizing or complementary nucleic acids,
however, are defined further as being novel and unobvious over any prior art nucleic acid
including that which encodes, hybridizes under appropriate stringency conditions, or is
complementary to nucleic acid enceding a protein according to the present invention.

A preferred embodiment of the present invention is a nucleic acid meolecule that
encodes a hagfish cathelin-associated protein of the invention, such as a nucleic acid molecule
comprising, consisting essentially of or consisting of SEQ ID NO: 1, or the open reading frame
defined by nucleotides 4-540 (or 543) of SEQ ID NO: I; or such as a nucleic acid molecule
comprising, consisting essentially of or consisting of SEQ ID NO: 3, or the open reading frame
defined by nucleotides 2-505 (or 508) of SEQ ID NO: 3. A further preferred embodiment of
the present invention is a nucleic acid molecule that encodes a hagfish antimicrobial peptide of
the invention, such as a nucleic acid molecule comprising, consisting essentially of or
cansisting of nucleotides 427-540 of SEQ ID NO: 1, encoding amino acids 142-179 of SEQ ID
NO: 2, or encoding SEQ ID NO: 5; or such as a nucleic acid molecule comprising, consisting
essentially of or consisting of nucleotides 416-505 of SEQ ID NO: 3, encoding amino acids
139-168 of SEQ ID NO: 4, or encoding SEQ ID NO: 6.

Homology or sequence identity at the nucleotide or amino acid sequence level is
determined by BLAST (Basic Local Alignment Search Tool) analysis using the algorithm
employed by the programs blastp, blastn, blastx, thlastn and tblastx (Altschul ef al. (1997)
Nucleic Acids Res. 25, 33893402 and Karlin ef al. (1990) Proc. Natl, Acad. Sci. USA 87,
2264-2268, both fully incorporated by reference) which are tailored for sequence similarity
searching. The approach used by the BLAST program is to first consider similar segments,
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with gaps (non-contiguous) and without gaps (contiguous), between a query sequence and a
database sequence, then to evaluate the statistical significance of all matches that are identified
and finally to summarize only those matches which satisfy a preselected threshold of
significance. For a discussion of basic issues in similarity searching of sequence databases, see
Altschul et al. (1994) Nature Genetics 6, 119-129 which is fully incorporated by reference.
The search parameters for histogram, descriptions, alignments, expect (.., the statistical
significance threshold for reporting matches against database sequences), cutoff, matrix and
filter (low complexity) are at the default settings. The default scoring matrix used by blastp,
blastx, tblastn, and thlastx is the BLOSUMG62 matrix (Herﬁkoff et al. (1992) Proc. Natl. Acad.
Sci. USA 89, 10915-10919, fully incorporated by reference), recommended for query
sequences over 85 nucleotides or amine acids in length.

For blastn, the scoring matrix is set by the ratios of M (i.e., the reward score for a pair
of matching residues) to N (i.e., the penalty score for mismatching residues), wherein the
default values for M and N are +5 and -4, respectively. Four blasin parameters were adjusted
as follows: Q=10 (gap creation penalty); R=10 (gap extension penalty); wink=1 (generates
word hits at every wink™ position along the query); and gapw=16 (sets the window width
within which gapped alignments are generated). The equivalent Blastp parameéter settings were
Q=9; R=2; wink=1; and gapw=32. A Bestfit comparison between sequences, available in the
GCG package version 10.0, uses DNA parameters GAP=50 (gap creation penalty) and LEN=3
(gap extension penalty) and the equivalent settings in protein comparisons are GAP=8 and
LEN=2,

“Stringent conditions™ are those that (1) employ low jonic strength and high
temperature for washing, for example, 0.015 M NaCl/0.0015 M sodium citrate/0.1% SDS at
50°C, or (2) employ during hybridization a denaturing agent such as formamide, for example,
50% (vol/vol) formamide with 0.1% bovine serum albumin/0.1% Ficoll/0.1%
polyvinylpyrrolidone/50 mM sodium phosphate buffer (pH 6.5) with 750 mM NaCl, 75 mM
sodium citrate at 42°C. Another example is hybridization in 50% formamide, 5x SSC (0.75 M
NaCl, 0.075 M sodium citrate), 50 mM sodium phosphate (pH 6.8), 0.1% sodium
pyrophosphate, 5x Denhardt’s solution, sonicated salnion sperm DNA. (50 pg/ml), 0.1% SDS,
and 10% dextran sulfate at 42°C, with washes at 42°C in 0.2x SSC and 0.1% SDS. A skilled
artisan can readily determine and vary the stringency conditions appropriately to obtain a clear
and detectable hybridization signal. Preferred nucleic acid molecules are those that hybridize
under the above cenditions to the complement of SEQ ID NO: 1 or 3 and which encode 2

polypeptide with antimicrobial activity, Even more preferred nucleic acid molecules are thase
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that hybridize under the above conditions to the complement strand of the open reading frame
of SEQ ID NO: [ ar 3.

As used herein, an “isolated” nucleic acid molecule(s) means 2 nucleic acid molecule,
DNA or RNA, which has been removed from its native environment or when the nucleic acid
molecule is substantially separated from contaminant nucleic acid encoding other polypeptides
from the source of nucleic acid. For example, recombinant DNA molecules contained in a
vector are considered isolated for the purposes of the present invention. Further examples of
isolated DNA molecules include recombinant DNA molecules maintained in heterologous host
cells or purified (partially or substantially) DNA melecules in solution. Isolated RNA
molecules include ir vivo or in vitro RNA transcripts of the DNA molecules of the present
invention. Isolated nucleic acid molecules according to the present mvention further include
such molecules produced synthetically. Isolated nucleic acid molecules of the present
invention include DNA melecules comprising an open reading frame (ORF) shown in SEQ ID
NO: 1 or 3; DNA molecules comprising the ceding sequence for the mature antimicrobial
peptide protein; and DNA molecules which comprise a sequence substantially different from
those described above but which, due to the degeneracy of the genetic code, still encede the
antimicrobial peptide protein. As the genetic code is well known in the art, it would be routine
for one skilled in the art to generate such degenerate variants, In another aspect, the invention
provides an isolated nueleic acid moleculs comprising a polynucleotide which hybridizes under
stringent hybridization conditions to a portion of the polynucleotide in a nucleic acid molecule
of the invention. The present invention further relates to variants of the nucleic acid molecules
of the present invention, which encode portions, analogs or derivatives of the antimicrobial
peptide protein. Variants may occur naturally, such as a natural allelic variant. By an “allelic
variant” is intended one of several alternate forms of a gene ocoupying a given locus on a
chromosome of an organism.

The present invention further provides fragments of the encoding nucleic acid
molecule. As used herein, a fragment of an encading nucleic acid molecule refers to a small
portion of the entire protein encoding sequence. The size of the fragment will be determined by
the intended use. For example, if the fragment is chosen so as to encode an active portion of
the protein, the fragment will need to be large enough to encode the functional region(s}) of the
protein or may encode regions of homology between the hagfish proteins in Figure 1 (SEQ ID
NO: 2 and 4). In one embodiment of the invention an antimicrobial peptide fragment will be
preferably at least 15-20 amino acids, more preferably 20-30 amino acids and most preferably
30-40 amino acids. If the fragment is to be used as a nucleie acid probe or PCR. primer, then the
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fragment length is chosen so as to obtain a relatively small number of false positives during
probing/priming.

Fragments of the encoding nucleic acid molecules of the present favention (i.e.,
synthetic oligenucleotides) that are used as probes or specific primers for the polymerase chain
reaction (PCR), or to synthesize gene sequences encoding proteins of the invention can easily
be synthesized by chemical techniques, for example, the phosphotriester methed of Matteucci
et al. (1981) J. Am. Chem. Soc. 103, 3185-3191 or using automated synthesis methods. In
addition, larger DNA segments can readily be prepared by well known methods, such as
synthesis of a group of oligonucleotides that define various modular segments of the gene,
followed by ligation of oligonueleotides to build the complete modified gene.

The encoding nucleic acid molecules of the present invention may further be modified
s0 as to contain a detectable label for diagnostic and probe purposes. A variety of such labels
are known in the art and can readily be employed with the encoding molecules herein
described. Suitable labels include, but are not limited to, biotin, radiolabeled nucleotides and
the like. A skilled artisan can employ any of the art known labels to obtain a labeled encoding
nucleic acid molecule.

Modifications to the primary structure itself by deletion, addition, or alteration of the
amino acids incorporated into the protein sequence during translation can be made without
destroying the activity of the protein. Such substitutions or other alterations result in proteins
having an amino acid sequence encoded by & nucleic acid falling within the contemplated scope

of the present invention.

Isolation of Other Related Nueleic Acid Molecules

As described above, the identification of the hagfish nucleic acid molecules having
SEQ ID NO: 1 and 3 allows a skilled artisan to isolate nucleic acid molecules that encode other
members of the cathelin-associated protein family in addition fo the sequences herein
described.

Essentially, a skilled artisan can readily use the amino acid sequence of SEQIDNO: 2
or 4 to generate antibody probes to screen expression libraries prepared from appropriate cells.
Typically, polyclonal antiserum fram mammals such as rabbits immunized with the purified
protein (as described belaw) or monoclonal antibodies can be used to probe a mammalian
<DNA or genomic expression library, such as a Agill library, to obtain the appropriate coding
sequence for other members of the protein family. The cloned cDNA sequence can be

expressed as a fusion protein, expressed directly using its own control sequences, or cxpressed
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by constructions using control sequences appropriate to the particular host used for expression
of the protein.

Alternatively, a portion of the coding sequence herein described can be synthesized and
used as a probe to retrieve DNA encoding @ member of the hagfish cathelin-associated protein
family from any mammalian organism. Oligomers containing approximately 18-20 mucleotides
(encading about a 6-7 amino acid stretch) are prepared and used to screen genomic DNA or
cDNA libraries to obtain hybridization under stringent conditions or conditions of sufficient
stringency to elininate an undue level of false positives.

Additionally, pairs of oligonucleotide primers can be prepared for use in a polymerase
chain reaction (PCR) to selectively clone an encoding nucleic acid molecule. A PCR
denature/anneal/extend cycle for using such PCR primers is well known in the art and can

readily be adapted for use in isolating other encoding nucleic acid molecules.

Recombinant Nucleic Acid Molecules

The present invention further provides recombinant DNA. molecules (rDNA) that
contain a hagfish cathelin-associated protein coding sequence. As used herein, an rDNA.
molecule is a DNA molecule that has been subjected to molecular manipulation & vitro.
Methods for generating TDNA molecules are well known in the art (see, e.g., Sambrook ez al.
{2001) Molecular Cloning: A Laboratory Manual, Cold Spring Harber Laboratory Press). In
the preferred rDNA meolecules, a coding DNA sequence is operably linked to expression
control sequences and/or vector sequences.

The choice of vector and/or expression control sequences to which one of the protein
family encoding sequences of the present invention is operably linked depends directly, as is
well known in the art, on the functional properties desired, e.g., protein expression, and the host
cell to be transformed. A vector contemplated by the present invention is at least capable of
directing the replication or insertion inte the host chromosome, and preferably also expression,
of the structural gene included in the tDNA molecule.

Expression control elements that are used for regulating the expression of an operably
linked protein encoding sequence are known in the art and include, but are not limited to,
inducible promoters, constitutive promaters, secretion signals, and other regulatory elements.
Preferably, the inducible promoter is readily controlled, such as being responsive to a nutrient
in the host cell’s medium.

In one embodiment, the vector containing a coding nucleic acid molecule will include a
prokaryotic replicon, i.e., a DNA sequence having the ability to direct autonomous replication
and maintenance of the recombinant DNA melecule extrachromosomally in a prokaryotic host

1
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cell; such as a bacterial host cell, transformed therewith. Such replicons are well known in the
art. In addition, vectors that include a prokaryotic replicon may also include a gene whose
expression confers a detectable marker such as a drug resistance. Typical bacterial drug
resistance genes are those that confer resistance to ampicillin or tetracycline.

Vectors that include a prokaryotic replicon can further include a prokaryotic or
bacteriophage promoter capable of directing the expression (transcription and translation) of the
coding gene sequences in a bacterial host cell, such as E. coli. A promoter is an expression
control element formed by a DNA sequence that permits RNA polymerase to bind and
transcription to occur. Promoter sequences compatible with bacterial hosts are typically
provided in plasmid vectors containing convenient restriction sites for insertion of 2 DNA
segment of the present invention. Typical of such vector plasmids are pUCS, pUCY, pBR322
and pBR329 (Bio-Rad Laboratories), pPL and pKK223 (Pharmacia).

Expression vectors compatible with eukaryotic cells, preferably those compatible with
vertebrate cells, can also be used to form an rDNA molecules that contains a coding sequence.
Enkaryotic cell expression vectors are well known in the art and are available from several
commercial sources. Typically, such vectors are provided containing convenient restriction
sites for insertion of the desired DNA segment. Typical of such vectors are pSVL and pKSV-
10 (Pharmacia), pBPV-1/pML2d (International Biotechnologies), pTDT1 (ATCC), the vector
pCDMS described herein, and the like enkaryotic expression vectors.

Eukaryotic cell expression vectors used to construct the rDNA molecules of the present
invention may further include a selectable marker that is effective in an eukaryotic cell,
preferably a drug resistance selection marker. A preferred drug resistance marker is the gene
whose expression results in neomyvin resistance, i.e., the neomyecin phosphotransferase (neo)
gene (Southern, P.I. et al. 1982. T Mol Appl Genet 1(4): 327-41). Alternatively, the selectable
marker can be present on a separate plasmid, and the two vectors are introduced by co-
transfection of the host cell, and selected by culturing in the appropriate drug for the selectable

marker.

Host Cells Containing an Exogenously Supplied Coding Nucleic Acid Molecule

The present invention further provides host cells transformed with a nucleic acid
molecule that encodes a hagfish cathelin-associated protein, preferably SEQ ID NO: 1 or 3, of
the present invention. The host cell can be either prokaryotic or eukaryotic. Eukaryotic cells
useful for expression of a protein of the invention are not limited, so long as the cell line is
compatible with cell culture methods and compatible with the propagation of the expression
vector and expression of the gene product. Preferred eukaryotic host cells include, but are not

12
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limited to, yeast, insect, and mammalian cells, preferably those from a mouse, rat, monkey or
human cell line. Preferred eukaryotic host cells include cell lines established from hagfish
cells, Chinese hamster ovary (CHO) cells available from the ATCC as CCL61, NIH Swiss
mouse embryo cells NIH/3T3 available from the ATCC as CRL 1658, baby hamster kidney
cells (BHK), and the like eukaryotic tissue culture cell lines,

Any prokaryotic host can be used to express an rDNA molecule encoding a protein of
the invention. The preferred prokaryotic host is £. coli.

Transformation of appropriate cell hosts with an tDNA molecule of the present
invention is accomplished by well known methods that typically depend on the type of vector
used and host system employed, With regard to transformation of prokaryotic host cells,
electroporation and salt treatment methods are typically employed (see, e.g., Cohen et al.
(1972) Proc. Natl. Acad. Sci. USA 69, 2110-2112 and Sambrook et al. (2001) Molecular
Cloning, A Laboratory Manual, Cold Spring Harbor Laboratory Press). With regard to
transformation of vertebrate cells with vectors containing rDNAs, clectroporation, cationic,
lipid or salt treatment methods are typically employed (sce, e.g., Graham et al. (1973) Virol.
52, 456-458; Wigler et al. (1979) Proc. Natl. Acad. Sci. USA 76, 1373-1376).

Successfully transformed cells (Z.e., cells that contain an rDNA molecule of the present
invention) can be identified by well known techniques including the selection for a selectable
marker. For exanple, cells resulting from the introduction of an rDNA of the present invention
can be cloned to produce single colonies. Cells from those colonies can be harvested, Iysed and
their DNA content examined for the presence of the tDNA using a method such as that
described by Southern (1975) J. Mol. Biol. 98, 503-506) or Berent et al. (1985) Biotech. 3, 208~
209) or the proteins produced from the cell assayed via an immunological method.

Production of Recombinant Profeins

The present invention further provides methods for producing a hagfish cathelin-
associated protein of the invention using nucleic acid molecules herein described. In general
terms, the production of a recombinant form of a protein typically involves the following steps:

First, a nucleic acid molecule is obtained that encodes a hagfish cathelin-associated
protein of the invention, such as a nueleic acid molecule comprising, consisting essentially of
or consisting of SEQ ID NO: 1, or the open reading frame defined by nucleotides 4-540 (or
543) of SEQ ID NO: 1; or such as a nueleic acid molecule comprising, consisting essentially of
or consisting of SEQ ID NO: 3, or the open reading frame defined by nucleotides 2-505 (or
508) of SEQ ID NO: 3. Alternatively, a nueleic acid molecule is obtained that encodes a

hagfish antimicrobial peptide of the invention, such as a nucleic acid malecule comprising,
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consisting essentfally of or consisting of nucleetides 427-540 of SEQ ID NO: 1, encoding
amino acid residues 142-179 of SEQ ID NO: 2, or encoding SEQ IDNO: 5; or suchasa
nucleic acid molecule comprising, consisting essentially of or consisting of nucleotides 416-
505 of SEQ ID NO: 3, encoding amino acid residues 139-168 of SEQ ID NO: 4, or encoding
SEQ ID NO: 6. If the encoding sequence is uninterrupted by introns, as is this open reading
frame, it is directly suitable for expression in any host.

The nucleic acid melecule is then preferably placed in operable linkage with suitable
control sequences, as described above, to form an expression umit containing the protein open
reading frame. The expression unit is used to transform a stlifable host and the transformed
host is cultured under conditions that allow the production of the recombinant protein.
Optionally the recombinant protein is isolated from the medium or from the cells; recovery and
purification of the protein may not be necessary in some instances where some impurities may
be tolerated.

Each of the foregoing steps can be done in a variety of ways. For example, the desired
coding sequences may be obtained from genomic fragments and used directly in appropriate
hosts. The construction of expression vectors that are operable in a variety of hosts is
accomplished using appropriate replicons and control sequences, as set forth above. The
control sequences, expression vectors, and transformation methods are dependent on the type of
hest cell used to express the gene and were discussed in detail earlier. Suitable restriction sites
can, if not normally available, be added to the ends of the coding sequence so as to provide an
excisable gene to insert into these vectors. A skilled artisan can readily adapt any
host/expression system known in the art for use with the nucleic acid molecules of the
invention to produce recombinant protein.

In another embodiment, the polypeptide may be expressed in a modified form, such as
a fusion protein, and may include not only secretion signals, but also additional heterolagous
functional regions. For instance, a region of additional amino acids, particularly charged amino
acids, may be added to the N-terminus of the pelypeptide to improve stability and persistence
in the host cell, during purification, or during subsequent handling and storage. Also, peptide
moieties may be added to the polypeptide to facilitate purification. Such regions may be
removed prior to final preparation of the polypeptide. The addition of peptide moieties to
polypeptides to engender secretion or excretion, to improve stability and to facilitate
purification, among others, are familiar and routine techniques in the art,
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Hagfish cathelin-gssociated proteins

The amino acid sequences, SEQ ID NO: 2 and SEQ ID NO: 4 (Figure 1) differ mainly
because of differences in the region of the peptide associated with antimicrabial activity. The
signal sequences are identical, with 26 residues; and the cathelins share 91.3% of their 115
residues. In contrast, the antimicrobial peptide consisting of amino acid residues 142-179 of
SEQ ID NO: 2, GWFKKAWRKVEKHAGRRVLDTARKGVGRHYLNNWLNRYRG (SEQ ID
NO: 5), has 38 residues compared to 30 for the antimicrobial peptide consisting of amino acid
residues 139-168 from SEQ ID NO: 4, GWFKKAWRKVKNAGRVLKGVGIHYGVGLIG
(SEQ ID NO: 6). When three gaps are inserted in SEQ ID NO: 6, however, 23 of the 30
residues (76%) are identical to those of SEQ ID NO: 5. Both SEQ ID NO: 5 and SEQ ID NO:
6, have a C-terminal glycine residue which is likely post-translationally converted to a C-

terminal amide as is the case with the hagfish antimicrobial peptides described in U.S. Patent
5,734,015,

As used herein, the family of proteins related to the hagfish cathelin-associated
proteins, refers to other cathelin-associated proteins that can be isolated from the hagfish or
organisms closely related to the hagfish. The methods used to identify and isolate other
members of the family of proteins related to the hagfish cathelin-associated proteins are
described below.

The proteins of the present invention are preferably in isolated form. As usedherein, a
protein is said to be isolated when physical, mechanical or chemical methods are employed to
remove the protein from cellular constituents that are normally asseciated with the protein. A
skilled artisan can readily employ standard purification methods to obtain an isolated protein.
By isolated, it is further meant that the hagfish cathelin-associated protein or the antimicrobial
peptide of the present invention is part of a mixture with other components and wherein the
protein or peptide of the present invention comprises at least about 10% of the total protein in
the mixture, preferably at least about 20% of the total protein in the mixture, more preferably at
least about 30% of the total protein in the mixture, even more preferably at least about 40% of
the total protein in the mixture, still more preferably at least about 50% of the total protein in
the mixture, yet more preferably at least about 60% of the total protein in the mixture, even still
more preferably at least about 70% of the total protein in the mixture, yet still more preferably
at least about 80% of the total protein in the mixture, much more preferably at least about 90%
of the total protein in the mixture, still much more preferably at least about 95% of the total
protein in the mixture, and most preferably at least about 99% of the fotal protein in the

mixtuare.
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The proteins of the present invention further include conservative variants of the
proteins herein described. As used herein, a conservative variant refers to alterations in the
amino acid sequence that do not adversely affect the biological functions of the protein. A
substitution, insertion or deletion is said to adversely affect the protein when the altered
sequence prevents or disrupts a biological function associated with the protein. For example,
the overall charge, structure or hydrophobic/hydrophilic properties of the protein may be
altered without adversely affecting a biological activity. Accordingly, the amino acid sequence
can be altered, for example to render the peptide more hydrophobic or hydrophilic, without
adversely affecting the biological activities of the protein.

Ordinarily, the allelic variants, the conservative substitution variants, and the members
of the protein family, will have an amino acid sequence having at least about 85% amino acid
sequence identity with the sequences set forth in SEQ ID NO: 2, 4, 5 or 6, more preferably at
least 90%, even more preferably at least 95% and most preferably at least 99%. Identity or
homology with respect to such sequences is defined herein as the percentage of amino acid
residues in the candidate sequence that are identical with the known peptides, after aligning the
sequences and introducing gaps, if necessaty, to achieve the maximum percent homology, and
net considering any conservative substitutions as part of the sequence identity. N-terminal,
C-terminal or intemal extensions, deletions, or insertions into the peptide sequence shall not be
construed as affecting homology.

Thus, the proteins of the present invention include molecules comprising, consisting
essentially of, or consisting of the amine acid sequence disclosed in SEQ IDNO: 2, 4, 5 and 6;
fragments thereof having a consecutive sequence of at least about 3, 4, 5, 6, 10, 15, 20, 25, 30,
35, 38 or more amino acid residues of the hagfish cathelin-associated protein or antimicrobial
peptide thereof; amino acid sequence variants of such sequence wherein an amino acid residue
has been inserted N- or C-terminal to, or within, the disclosed sequence; and amino acid
sequence variants of the disclosed sequence, or their fragments as defined above, that have
been substituted by another residue. Conternplated variants further include those containing
predetermined mutations by, e.g., homologous recombination, site-directed or PCR
mutagenesis, and the corresponding proteins of other animal species, including but not limited
to rabbit, rat, porcine, bovine, ovine, equine and non-human primate species, and the alleles or
other naturally occurring variants of the family of proteins; and derivatives wherein the protein
has been covalently modified by substitution, chemical, enzymatic, or other appropriate means
with a moiety other than a naturally occurring amino acid (for example a detectable moiety

such as an enzyme or radioisotope).
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Therapeutic and additive applications

Another aspect of the present invention is a method for inhibiting microbial growth.
Hagfish cathelin-associated antimicrobial peptides of the present invention, exemplified by
SEQ ID NOs: 5 and 6, can be used to inhibit microbial growth under various circumstances.
For example, the peptides of the present invention can be administered therapentically to treat
or prevent disease in an individual resulting from a microbial infection. A variety of microbial
infections can be inhibited by treatment with the peptides of the present invention. Far
example, the antimicrobial peptides of the present invention can be used as an antimicrobial
agent for the treatment of fungal or bacterial infections.

In preferred embodiments, the microbial infection is a bacterial infection. In particular,
therapeutic administration of the peptides of the present invention inhibits and can reverse the
progression of a bacterial infection. The development and spread of new resistant strains of
bacteria are increasingly posing a public health threat. The antimicrobial peptides of the
present invention are useful in treating patients suffering from these resistant strains of
microbes which currently threaten public health. Many bacterial infections cause bacterial
sepsis in the infected individual. Administration of the peptides to an individual suffering from
a septic bacterial infection produces a significant therapeutic effect, by reducing both the sepsis
caused by the infection, and the infection itself.

An individual suitable for treatment is any anjmal (mammal or otherwise) which is
afflicted with or otherwise susceptible to one or more of the above described microbial
infections. In a preferred embodiment, the individual is a human. In another embodiment, the
individual is a livestock animal. In another embodiment, the animal is a show animal or a
household pet.

Administration of the hagfish cathelin-associated antimicrobial peptides of the present
invention to the individual is either systemic or localized, and is largely determined by the
specific infection being treated. Systemnic administration can be accomplished by several
routes, including but not limited to niravenous administration, inhalation, mucosal, and
ingestion. Localized administration can be topical or internal. Such administration can be
accomplished by several routes, including, but not limited to, subcutaneous, dermal,
intradermal, buceal, mucosal, infraperitoneal, vaginal, inhalation, and ingestion.

Tt will often be of use to administer a formulation of the peptides of the present
invention which includes a pharmaceutical]y acceptable carrier. Possible formulations for
therapeutic administration include a variety of pharmaceutical compositions, the appropriate
use of which will depend upon the route of administration deemed necessary for treatment.
Some useful formulations for topical administration are, for example, eyedrops, eardrops, or
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gingival applications (e.g., drops, mouthwash, cream, or paste). The regimen of administration
(e.g., Toute, dose, and course) which is therapeutic to the patient will vary with the individual to
be treated (e.g., health, weight, metabolism), the site of infection, and the infecting pathogen.

A therapeutic regimen should be developed by extrapolation from treatment with similar
therapeutics in combination with empirical observation. Administration of the peptides of the
present invention to prevent a microbial infection in an individual parallel the above described
methods.

As a general proposition, the total pharmaceutically effective amount of antimicrobial
peptide administered parenterally per dose will be in the range of about 0.001 mg/kg/day to 10
mg/kg/day of patient body weight, although, as noted above, this will be subject to therapeutic
discretion. More preferably, this dose is at least 0.01 mg/kg/day, and most preferably for
humans between about 0.01 and 1 mgkg/day for the peptide. If given continuously, the
antimicrobial peptide is typically administered at a dose rate of about 0.001 mg/kg/hour to
about 0.050 mg/kg/hour, either by one to four injections per day or by continuous subcutaneous
infusions, for example, using a mini-pump. An intravenous bag solution may also be
employed.

Hagfish cathelin-associated antimicrobial peptides of the present invention,
exemplified by SEQ ID NO: 5 and 6, are also useful for potentiating the therapeutic action of
other antimicrobial drugs or agents, Co-administration of other antimicrobial agents with the
antimicrobial polypeptides of the present invention, produce a synergistic antibiotic effect. Co-
administration of the peptides of the present invention with an antimicrobial agent enables
therapeutic treatment of a patient with lower doses of the antimicrobial agent. Lower doses are
preferable in situations such as when treating with an expensive drug, or one that produces
undesired side effects, or one whose short half-life in vivo would otherwise rapidly reduce its
cancentration below that which is required for it to be efficacious. In addition, co-
administration with antimicrobial agents or drugs may also allow for a shorter therapy period
and/or the reversal of resistant phenotypes. Without limitation, microbes which resist an
antimicrobial drug by decreasing their internal drug concentration (e.g., with decreased
membrane permeability or increased cellular export or metabolism of the drug) are expected to
be especially susceptible to the potentiating activity of these peptides.

The regimen of administration of the antimicrobial drug and the hagfish cathelin-
associated antimicrobial peptide or functional variant of the present invention varies with the
patient and the particular infection, and can be determined by one of skill in the art on a case by
case basis. Rormulations of the polypeptide will depend upon the regimen of administration,

examples described above.
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The polypeptides of the present invention can be used not only as pharmaceutical and
neutraceutical agents but also as additives for any products such as foods and medicinal or non-
medicinal products which are taken into the bodies or otherwise applied onto or contacted with
the body surface of humans or other animals or fluids, organs, and cells derived therefrom.

The present method is useful for treating a variety of products. Biological products,
defined herein as products which are derived from biological organisms or processes, are
particularly at risk for contamination with microorganisms. Examples of biological products
include without limitation, food produets, tissue, living cells, products derived from living cells,
blood or components thereof, as any ather bodily fluid, drugs or other molecular preparations.
Non-biological products, defined herein as a product not directly derived from a biological
organism or process, for example glassware, surgical equipment, synthetic drugs or other
molecular preparations, can also be treated. For effective use of the present invention, the
product which is to be treated should not possess an activity which completely inactivates the
antimicrobial activity of all of the peptide quantity so applied. The peptides of the present
invention can be added, assorted to, sprayed to, adhered to, coated onto, adsorbed to,
chemically crosslinked to, or impregnated into any products which are generally desired to be
prevented or inhibited from contamination by proliferating microorganisms. Alternatively, the
peptide of the present invention can be immobilized on a surface over which a product is
passed to remove or inhibit microbial growth in the product. A product which is treated with
and retains antimicrobial peptide can finther be used to treat another product with which it is
contacted.

‘Without further description, it is believed that one of ordinary skill in the art can, using
the preceding description and the following illustrative examples, make and utilize the present
invention and practice the claimed methods. The following working exatmples therefore,
specifically point out the preferred embodiments of the present invention, and are not to be

construed as limiting in any way the remainder of the disclosure.

Example 1
Isolation of genes for hagfish cathelin-associated antibiotic peptides

Adult Atlantic hagfish (Myxine glutinosa Linnaeus, 1758; Myxinidae) were purchased
from Huntsman Marine Science Centre (New Brunswick, Canada). The fish were anesthetized
in a shurry of ice and decapitated. Intestines were removed and cleaned of contents, frozen in
liquid Ny, and stored at -80°C.

Tissue was ground in liquid nitrogen and transferred to a guanidinium isothiacysnate
solution (Chirgwin ef al. (1979) Biochemistry 18, 5294-5299), which inhibits RNase activity
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while disrupting cells. Total RNA was isolated by centrifugation through a CsCl step gradient;
polyadenylated RNA was recovered by means of oligo(dT) cellulose (Stratagene). Reverse
transcribed cDNA was ligated first to adaptor arms and then into phage Lambda Zap IL
following Stratagene protocols.

An twenty-mer oligonucleatide probe 5’-AARAARGCNTGGMGNAARGT-3* (SEQ
ID NO: 11; 256-fold degenerate) was designed based on amino acid residues 4 to 10 of the
peptides previously isolated from hagfish intestinal tissue. Phage particles containing
homologous sequences were isolated by plating a small number of particles on a lawn of XL1
Blue MRF (Stratagene). The cDNA inserts were isolated in phagmid pBluescript by in vive
excision. Two inserts were sequenced in both directions using Sanger’s dideoxy method
(Barnes et al. (1983) Nucleic Acids Res. 11, 349-368).

Homologous sequences were identified using BLASTX (Altschul et al. (1997) Nucleic
Acids Res. 25, 3389-3402) searches of GenBank, Homologous sequences were aligned using
ESEE (Cabot ef al. (1989) Compu. Appl. Biosci. 5, 233-234).

For in sitw hybridizations, plasmid DNA containing insert 31-52 from SEQ ID NO: 1
was linearized with S¢yZ. Both sense and antisense probes were labeled enzymatically with 2P
and detected by autoradiography.

Example 2
Comparison of hagfish cathelin-associated sequences with other cathelin-assaciated sequences

Searches of GenBank using BLASTN with default values yielded no matches either
when just the coding region for the two peptides were used as queries or when the entire coding
regions were used. Using the entire coding sequence available for each protein and BLASTX,
which searches for more distant relationships based on identical and conserved amino acids,
however, yielded a large number of matches. Those in the correct reading frame included
especially cDNA sequences for prepropeptides of mammalian antibiotic peptides containing a
cathelin-like acidic spacer.

Amaong the matches found, the sequence for Capra MAP23, isolated from bone
marrow cells of Capra hircus (goat) was unique in showing at least a weak match between the
antibiotic peptide and one of the two Myxine peptides. A plausible alignment of the coding
regions of one of the hagfish sequences with Capra MAP28 is shown in Figure 2.
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Example 3
Antimicrobial activity of cathelin-associated antibjotic peptides

The antimicrobial activity of cathelin-associated antibiotic peptides is determined by
the following antibacterial assay based upon the guidelines of the National Commiitee for
Clinical Laboratory Standards (Document M7-T2, (1988) Volume 8, No. 8).

- A stock solution of the test peptide is prepared at a concentration of 512 pg/ml in
sterile deionized distilled water and stored at -70°C. The stock peptide solutions are diluted in
serial dilutions (1:2) down the wells of a microtiter plate so that the final concentrations of
peptide in the well are 0.25, 0.50, 1,2, 4, 8, 16, 32, 64, 128 and 256 pg/ml. 1.5 x 10° CFU/ml
of the test microbe is added to the wells in full strength Mueller Hinton broth (BBL 11443)
from a mid-log culture. The inocnlum is standardized specirophotometrically at 600 nm and is
verified by colony counts, The plates are incubated for 16-24 hours at 37°C and the minimal
inhibitory concentration (MIC) for each peptide is determined. Minimal inhibitory
concentration is defined as the lowest concentration of peptide which produces a clear well in

the microtiter plate.

While the invention has been described and illustrated herein by references to various
specific materials, procedures and examples, it is understood that the invention is not restricted
to the particular combinations of material and procedures selected for that purpose. Numerous
variations of such details can be implied as will be appreciated by those skilled in the art. It is
intended that the specification and examples be considered as exemplary, only, with the true
scope and spirit of the invention being indicated by the following claims. All publications,
patents and patent applications referred to in this application are herein incorporated by

reference in their entirefy.
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What is claimed:

1. An isolated nucleic acid molecule selected from the group consisting of:

(2) an isolated nucleic acid molecule that encodes the amino acid sequence of a Myxine
glutinosa cathelin-associated antimicrobial peptide comprising SEQ ID NO: 2 or 4; and

(b) an isolated nucleic acid molecule, which hybridizes to the complement of a nucleic
acid melecule comprising a nucleotide sequence encoding a Myxine glutinosa cathelin-
associated antimicrobial peptide comprising SEQ ID NO: 2 or 4 under stringent conditions.

2. The isolated nucleic acid molecule of claim 1, wherein the nucleic acid molecule is
selected from the group consisting of SEQ ID NO: 1and 3.

3. The isolated nucleic acid molecule of claim 2, wherein the nucleic acid molecule
comprises nucleotides 4 to 540 of SEQ ID NO: 1.

4. The isolated nucleic acid molecule of claim 2, wherein the nucleic acid molecule
comprises nucleotides 427 to 540 of SEQ ID NO: 1.

5. The isolated nucleic acid molecule of claim 1, wherein the nucleic acid molecule
comprises nucleotides 2 to 505 of SEQ ID NO: 3.

6. The isolated nucleic acid molecule of claim 1, wherein the nucleic acid molecule
comprises nucleotides 416 to 505 of SEQ ID NO: 3.

7. An isolated nucleic acid molecule selected from the group consisting of:

(a) an isolated nucleic acid molecule that encodes the amino acid sequence of a Mywine
glutinosa cathelin-associated antimicrobial peptide comprising SEQ ID NO: 5 or 6; and

(b) an isolated nucleic acid molecule, which hybridizes to the complement of a nucleic
acid molecule comprising a nucleotide sequence encoding a Myxine glutinosa cathelin-
associated antimicrobial peptide comprising SEQ ID NQG: 5 or 6 under stringent conditions.

8. The isolated nucleic acid molecule of any one of claims 1-7, wherein said nucleic
acid molecute is operably linked to one or more expression control elements.

9. A vector comprising an isolated nucleic acid molecule of any one of claims 1-7.

10. A host cell comprising a vector of claim 9.

11. A host cell transformed to contain the nucleic acid molecule of any one of
claims 1-7.

12. A method for producing a peptide or fragment thereof comprising the step of
culturing a host cell of claim 11 under conditions in which the protein. or protein fragment
encoded by said nucleic acid molecule is expressed.

13. The method of claim 12, wherein said host cell is selected from the group
consisting of prokaryotic hosts and eukaryotic hosts.

14. An isolated peptide or fragment thereof preduced by the method of claim 12.
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15. An isolated peptide or fragment thereof selected from the group censisting of :

(a) an isolated peptide comprising the amine acid sequences depicted in SEQ ID
NO:2,4;501r 6;

(b} an isolated peptide fragment comprising at least six amino acids ofany of the
sequences depicted in SEQ IDNO: 2, 4, 5 ar 6;

(c) an isolated peptide comprising conservative amino acid substitutions of any of the
sequences depicted in SEQ IDNO: 2, 4, 5 or 6; and

(d) naturally accurring amino acid sequence peptide variants of any of the amino acid
sequences depicted in SEQ IDNO: 2, 4, 5 or 6.

16. The isolated protein fragment of claim 15 wherein the isolated peptide consists
essentially of the amino acid sequences depicted in SEQ ID NO: 2,4, 5or 6.

17. A antimicrobial composition comprising one or more of the peptides of claim 15

18. The antimicrobial composition of claim 17, wherein the composition is suitable for
topical or parenteral administration.

19. A methed of treating or preventing a microbial infection in a mammal, comprising
administering to the mammal an effective amount of a Myxine glutinosa cathelin-associated
anfimicrobial peptide.

20. The method of claim 19, wherein the Myxine glutinosa cathelin-associated
antimicrobial peptide is selected from the group consisting of SEQ IDNO: 2, 4; 5 or 6.

21. The method of claim 19, wherein the mammal is a humar.

22. The method of claim 19, wherein the microbial infection is selected from the group
consisting of a bacterial infection and a fungal infection.

23. The method of claim 17, wherein the Myxine glutinosa cathelin-associated
antimicrobial peptide is administered by a route selected from the group consisting of oral,
topical and parenteral,

24. The method of claim 23, wherein the fopical administration is accomplished by
inhalation.

25. The method of claim 24, wherein the parenteral administration is accomplished by

intravenous, subcutaneous ot intramuscular administration.
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1/5

Figure 1A
»Signal sequence

SEQ ID NO. 1 gtcATGaagtccttgtgtgtccccgcggttctctctctggtcctgatcctgctcttggat
SEQ ID NO. 3 ... B e e e e e et i it
SEQ ID NO. 2 M X 8§ L, ¢cV?PAV L SL VDL IL DL L D
SEQ ID NO. 4 ce e e

>Cathelin
SEQ ID NO. 1 caagcacctacagctcgggcagatgattctttgtccaaagagcaggtggagaatgcagtt
SEQ ID NO. 3 L.t it ettt B e e e
SEQIDNO.ZQAPTARADDSLSKEQVENAV
SEQ ID NO. 4 - .
SEQ ID NO. 1 gatgaagcgttggacaagetgaacaaacagcaggtgtecacacgtaaactggcatgtet
SEQ ID NO. 3 . ...iiiiiiiiiiiineiinann, B e
SEQIDNO. 2 D E A L D K L N XK@ Q V 8 TR KDL ATIL 8
SEQ ID NO. 4 PO S e e [ - . .
SEQ ID NO. 1 gaacaacaggatatccaggcagatgaaacagacgttgaaggacagtteaccatcaaattt
SEQ ID NO. 3
SEQ ID NO. 2
SEQ ID NO. 4
SEQ ID NO. 1
SEQ ID NO. 3
SEQIDNO.ZDVVETECNADDPRDWADCPI
SBQ IDNO. 4 Y . . . . . . . . ., . ..
SEQ ID NO. 1 gegacggactegacaceggtegatgeacagtgtgaggtcacegtgttgageaccgaggac
SEQ IDNO. 3 ............ Covnnnn = O
SEQIDNOAZATDSTPVDAQCEVTVLSTED
SEQ ID NO. 4 .. . P . G I
SEQ ID NO. 1 tccttggacgtcggagacgcgacttgcgatttcaacaggacggacggaaatgcgaggcga
SEQ ID ND. 3 1ttt ittt ieieiiaiiaeeaannn LT
SEQIDND.ZSLDVGDATCDFNRTDGNARR
SEQ ID NO. 4 .e . - - - < . 85 . G .

>Antibiotic peptide

SEQ ID NO. 1 cgacgtggctggtttaagaaagcctggagaaaagtgaagcatgcgggacgacgagttctt
SEQ ID NO. 3 oot ittt ittt e e e e B e e
SEQIDNO.2RRGWFKKAWRKVKHAGRRVL
SEQ IDNO. 4 . . . . . . . - - . . . . N .
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Figure 1B
SEQ ID NO. 1 gataccgcgaagggtgtgggaagacattatttgaataattggettaateg---~-vv-v--
SEQ ID NO. 3 ------=--. ... ..uua.. [ ----ggtg....a....... gtTARtcggt
>3/UTR
SEQ IDNO. 2 D ¥ A K 6 V 6 R H Y L N N W L N R -——--ce-—=
SEQ ID NO. 4 ~------- . . . I . L ---= G V 6 I I & *
>3'UTR
SEQ ID NO., 1 ----------- ttategeggt TAGgaggaagetetgtgttggtggtggtggtggtggtygy
SEQ ID NO. 3 tggattaatcg..... R [ L=
SEQ ID NO. 2 ~----------- Y R ¢ =
SEQ ID NO. 1 tggtogtggtg----------v-rw-memooo oo ttgtgggttaatgggtgggay
SEQ ID NO. 3 ........... gtggtggtggtggtagtygtgtgggggg. -a. .« c v
SEQ ID NO. 1 cgaatgatttctccecgacattcaatacttgetegttaattccaattgattcgettagtt
SEQ ID NO. B ittt ittt ittt ittt e ettt e e
SEQ ID NO. 1 acacaagtaagccgaacaggtaaccagttagtaagetttaaaattgaactittaggattg
BEQ TID NO. B .ttt iititn it sttt et et
SEQ ID NO. 1 aaactgcagctgaactttttgtagtttaacatttaattgtgacteotgetattaaactttg
SEQ ID NO. 3 ittt ittt e et st
SEQ ID NO. 1 tctgatcatggaaatasaggattgcaaasatgaaaaaaaaaaaaaaaaaaaaaaaaa
SEQ ID NO. 3 L.ttt e ettt et et et e
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Figure 2
Exon I—
CapraM28.n ATGgagacccagagggccagcctctccctgggacggtgctccctgtggctcctgctgctg
3 -~ --.tt.t.t.t.ccageggtt. .c-----mo- .gtc..ga.c..... <]
CapraM28.aMETQRASLSLGRCSLWLLLL
4 L. ¢V P AV . - - - vV . I
CapraM28.n ggactagtgctgeocto goccaggecctaagetac cgttetteat
3 ttggatcaagca..ta.a..tc.g..ag.t.attctttg.c.aac. ..ca.gt.gagaat
CapraM28.a ¢ L V L P &§ A § A ¢ A L 8 Y G E A V L H
4 L b QA . T . R D DS L &§ XN . Qg . EN
CapraM28.n gectgtegatb---~----wv-- cgeatcaatgagcagtectecagaagegaatetctacege
3 .a..t...gaagegttggacaage.g. .ca.t.a.caggtgteca. acy. aractggea
CapraM28.a 2 V p - - - -~ R I N E Q § § E A N L Y R
4 E AL D KDL . N . Q V 8 TR KTUDL a
Exon IT—
CapraM28.n ct z-[gatgag———aatccaaacatcccgaaacct
2 t.gtetg.a---c.a.a.ga.at.c...caf.....aacag.cgttg.agga.a..cca.c
CapraMzs.aLLELDPPPKD]DE—NPNIPKP
4 s . - QQD1IQAal. . TDVESGQT?™?T
CapraM2e.n gtgagcttcagggtgaaggagactgtgtgcececaggacgagecggcageccacggageag
3 a.c.ta..ttac...gtt..... ¢.a....aatge.gacgat.ccag.ga.ty. .ceg.t
CapraM28.a V 8 F R V XK E T v ¢ P R T 8 R Q@ P T E Q
4 I . ¥ . Vv . . E . N A DD P R DWW A2ATD
Exon III—>

CapraM2g8.n tgtgacttcaaagagaatggg———]ctggtgaag——-caatgtgtagggacagtcactctg
3 .coga..gegac.g.cte.ceal.c. .geattgea. . .
CapraM28.a C D F K E N G - ’ L v X -
4 P I A TD S P[P G I A
CapraM28.n gatgeggt anaatgaacato--—-vw=w= acctgc
3 ttgagcaceg.g.a.tect. .g. -g. ggagacgcg P tttc|aactc..cg.gc
CapraM28.2 D A V K G K M N I T C E E|L @ 8 V¥
4 L § TEDSDLDVGGDA. .DF|N s TG
CapraM28.n gggagatttaaacgatttegt--------- aagaagctcaaaagactectggeacaaagte
3 ..a.atgeg.gg...cga. ..ggetggtbt. . ... agc.tgg...azagt.a.g..t.cg
CapraM28.2a 6 R F K R F R - - - K X L K R L W HE K V
4 N AR . R . G W F . . A W . K V K N &
CapraM28.n ggcccattegtt---ggcccgatactecattatgggTARattgtgageecatggaagaat
3 ..a.g.g.tc..aag..tgt.gg.a.a........ tgttggat.a.t.ggt.An
CapraM28.2 ¢ » F VvV - ¢ P I L H Y & *
4 R VL XK . vV G I VvV & L I &6 *

019

60
43
20
14

120
103
40
34

168
163
56
54

225
220
75
73

285
280
95
93

339
334
113
111

390
354
130
131

441
454

is1

498
508
158
168
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415

Figure 3

SEQ ID NO. 5 GWFKKAWRKVKHAGRRVLDTAKGVGRHYLNNWLNRYRG
SEQ ID NO. 6 ........... N...-..=--....I..-GVG.IG

2005-508151 A 2005.3.31



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

O

WO 2003/012044

SEQ ID NO.
SEQ ID NO.

SEQ ID NO.
SEQ ID NO.

87)

PCT/US2002/024019
5/5

Figure 4

5 GWFKKAWRKVKHAGRRVLDTAKGVGRHYLNNWLNRYRG
9 LF. L X e V.o.X..... Z

6 GWFKKAWRKVEKNAGR-VLKGVGIHYGVGLIG
10 X .. X ool Rooeiiiian., Z

JP 2005-508151

A 2005.3.31
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SEQUENCE LISTING

. <110> GERAERA CORPORATION
UZZELL,

STOLZENBERG, Ethan D
SHINNAR, Ann B
ZASLOFF, Michael a

<120> HAGFISH CATHELIN-ASSOCIATED ANTIMICROBIAL PEPTIDES AND GENES

<130> 36870-5085

<150> US 60/308,652
<151> 2001-07-30

<160> 11

<170> PatentIn versiom 3.1

<210> 1
<211> 848
<212> DNA

<213> Myxine glutinosa

tee
Ser

ttg
Leu

<220>
<221> CDS
<222> (4)..(543)
<223>
<400> 1
gtc atg aag
Met Lys
1

ctg cte ttg
Leu Leu Leu

aaa gag cag
Lys Glu Gln

aaa cag cag
Lys Gln Gln
50

atc cag geca
Ile Gln Ala
€5

gac gtg gtt
Agp Val Val
80

gat tgt cecy
Asp Cyp Pra

gte ace gtg
Val Thr Val

gat
Asp

gtg
Val
35

gtg
Val

gat
Asp

gag
Glu

atec
Ile

ttg
Dbeu

caa
Gln
20

gag
Glu

tce
Sexr

gaa
Glu

ace
Thr

geg
Ala
100

age
Serxr

tgt
Cys

gca
Ala

aat
Asn

aca
Thr

aca
Thr

gag
Glu
es

acg
Thr

ace
Thr

gtc
Val

cct
Pro

gea
Ala

cgt
Arg

gac
Asp
70

tge
Cys

gac
Asp

gag
Glu

cce
Pro

aca
Thr

gtt
Val

aaa
Lys
55

gtt
val

aat
Asn

teg
Ser

gac
Asp

acg
2la

gect
Ala

gat
Asp
40

cty

Leu

gaa
Glu

gcg
Ala

aca
Thr

tec
Sex

gtt
val

cgg
Arg
25

gaa
Glu

gca
Ala

gga
Gly

gac
Asp

ceg
Pro
105

cte
Leu
10

gca
Ala

gcg
Ala

ttg
Leu

cag
Gln

gat
Asp
a0

gtec
val

gac
Asp

tct
Sexr

gat
Asp

ttg
Deu

tot
Ser

tte
Phe
75

cea

Pro

gat
Asp

gte
Val

ctg
Leu

gat
Agp

gac
Asp

gaa
Glu
60

ace
Thxr

agg
Arg

gca
Ala

gga
Gly

gte
Val

tct
ser

aag
Lys
45

caa

Gln

ate
Ile

gac
Asp

cag
Gln

gac
Asp

(88)

PCT/US2002/024019

ctg
Leu

ttg
neu
30

ctg
Leu

cag
Gln

2aa
Lys

tgg
Trp

tgt
Cys
110

gcg
Ala

ate
Ile
15

tee
ser

aac
Asn

gat
Asp

ttk
Phe

gee
ala
95

gag
Glu

act
Thr

48

96

144

is2

240

336

384
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—/
L T T e T e T e T e T e O e T e T e B e T e T e T e T e T e T e O e T e R e T e R T e T e R e T e B |

O

WO 2003/012044

tge gat
Cys Asp

ttt aag
Phe Lys
145

gat acc
Asp Thr
160

cgt tat
Arg Tyr

tte
Phe
130

aaa

Lys

gecg
Ala

cge
Arg

ggtggtgttg

tegttaatte

aagctttaaa

ttaattgtga

aaaaaaaaaa

<210> 2

<211l> 179
<212> PRT
<213> Myxine glutinosa

<400> 2

Met Lys
1

Leu Leu
Glu Gln
Gln Gln

50

Gln Ala
65

Cys Pro

Sexr

Asp

Val

35

Val

2Asp

Glu

Ile

115
aac

Asn

gee
Ala

aag
Lys

ggt
Gly

caattgatte
attgaacttt
ctetgetatt

aaaazaaaaa

Leu

Gln

20

Glun

Sex

Glu

Thr

Ala

agg acg
Arg Thr

tgg aga
Trp Arg

ggt gty
Gly Val
165

gac gga
Asp Gly
135

aaa gtg
Lys Val
150.

gga aga
Gly Arg

120

aat
Asn

aag
Lys

cat
His

geg
Ala

cat
Hig

tat
Tyr

agg
Arg

gcg
Ala

ttg
Leu
170

(89)

PCT/US2002/024019

125

cga cga cgt ggc tgg
Arg Arg Arg Gly Trp
140

gga cga cga gtt ctt
Gly Arg Arg Val Leu
155

aat aat tgg ctt aat
Asn Asn Trp Leu Asn
175

tag gaggaagcte tgtgttggty gtggtggtgg tggtggtggt

Cys Val
5

Ala Pro

Asn Ala

Thr Arg

Thr Asp
70

Glu Cys
85

Thr Asp

azaaa

Pro Ala Val Deu

10

Thr Ala Arg Ala

25

Val Asp Glu Ala

40

Lys Leu Ala Deu

55

Val Glu

Gly

Gln

Asn Ala Asp Asp

80

Ser Thr Pro Val

tgggttaatyg ggtgggageg aatgatttet
gcttagttac acaagtaage
taggattgaa actgcagctg

aaactttgte tgatcatgga

Ser

Asp

Leu

Ser

Phe

75

Asp

ceccgacatt caatacttge
cgaacaggta accagttagt
aactttttgt agtttaacat

aataaaggat tgcaaaaatg

Len Val DLeu Ile Leu
15

Asp Ser Leu Ser Lys
30

Asp Lys Leu Asn Lys
45

Glu Gln Gln Asp Ile
G0

Thr Ile Lys Phe asp
80

Arg Asp Trp Ala Asp
95

Ala Gln Cys Glu Val

432

480

583

643
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Thr Val Leu Ser Thr Glu Asp Ser DLeu Asp Val Gly Asp Ala Thr Cys

Arg Thr Asp Gly Asn Ala

135

120

Trp Arg Lys Val Lys
150

Gly Val Gly Arg His
165

115

Asp Phe Asn

130
Lys Lys Ala
145
Thr Ala Lys
Tyr Arg Gly
<210> 3
<211> 863
<212> DNA
<213> Myxine glutinosa
<220>
<221> CDS
<222>  (2)..(508)
<223>
<400> 3

Hie

Tyr

125

Arg Arg Arg Arg Gly Trxp Phe

Rla Gly Arg Arg Val Leu Asp
55

140

160

Leun Asn Asn Trp Leu Asn Arg

170,

175

¢ ttg tgt gtc cea geg gtt cte tet ctyg gtc ctg atc ctyg ctec ttg gat
Leu Cys Val Pro Ala Val Leu Ser Leu Val Deu Ile Leu Deu Deu Asp
10

1

caa
Gln

gag
Glu

tee
ser

gaa
Glu
65

acc
Thr

geg
Ala

gea oot aca

ala

aat
Asn
aca
50

aca

Thr

gag
Qlu

acg
Thr

Pro

gea
Ala
35

cgt
Arg

gac
Asp

tge
Cys

gac
Asp

Thr
20

gtt
Val

aaa

gtt
val

aat
Asn

teg
Ser

5

gct
Ala

gat
Asp

ctg
Leu

gaa
Glu

gcg
Ala
85

cca
Pro

cgg
Arg

gaa
Glu

gca
Ala

gga
Gly
70

gac

Asp

ccg
Pro

gea
Ala

geg
Ala

ttg
Leu
55

cag

Gln

gat
Asp

ggc
Gly

gat
Asp

ttg
Leu
40

tet

Sex

ace
Thr

cce
Pro

att
Ile

gat
Asp
25

gac

Asp

gaa
Glu

acc
Thx

agg
arg

gca
Ala

tet ttg tece aac
Ser Leu Ser

aag
Lys

caa
Gln

ate
Ile

gac
Asp
20

cag
Gln

ctg
Leu

cag
Gln

ata
Ile
75

tgg
Trp

tgt
Cys

aac
Asn

gat
Asp
60

ttt
Phe

gee
Ala

gag
Glu

Asn

aat
RAsn
45

atc
Ile

tac

Tyr

gat
Asp

gte
Val

gag
Glu
30

cag

Gln

cag
Gln

gty
Val

tgt
Cys

ace
Thr

is

cag
Gln

cag
Gln

goa
Ala

gtt
Val

ceg
Pro
95

gty
Val

gty
val

gtg
Val

gat
Asp

gag
Glu
80

atc
Tle

ttg
Leu

49

97

145

241

337
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100

105

agc acc gag gac tec ttg gac gte gga gac geog
Ser Thr @lu Asp Ser Leu Asp Val Gly Rsp Ala

115

120

teg arg gge gga aat gog agg cga cga cgt ggc
Ser Thr Gly Gly Asn Ala Arg Arg Arg Arg Gly

130

135

tgg aga aaa gtg aag aat geg gga cga gtt ctt
Trp Arg Lys Val Lys Asn Ala Gly Arg Val Leun
145 150 155

(91

PCT/US2002/024019

iio0

act tge gat ttc aac
Thr Cys Asp Phe Asn
125

tgg ttt aag aaa geco
Trp Phe Lys Lys Ala
140

aag ggt gty gga ata
Lys Gly Val Gly Ile
160

cat tat ggt gtt gga tta atc ggt taa tcggttggat taatcgttat
His Tyr Gly Val Gly Leu Ile Gly

165
cacggttegg aggaagtect
tggtggtogt ggtggtgtgg
egacattcaa tacttgeteg
acaggtaacc agttagtaag
tttttgtagt ttaacattta
aaaggattgc aaaaatgaaa
<210> 4

<211> 168
<212> PRT

ctgttggtgg tggtggtggt
ggggttatygg gttaatgggt
ttaattccaa ttgattcget
ctttaaaatt gaacttttag
attgtgacte tgctattaaa

aaaaaaaaaa aaaaa

<213> Myxine glutinosa

<400> 4

Leu Cys Val Pro Ala Val Leu Ser Leu Val Leu
1 5

10

Gln Ala Pro Thr Ala Arg Ala Asp Asp Ser Leun

20

25

Glu Asn Ala Val Asp Glu Ala Leu Asp Lys Leu
5 40

32

Ser Thr Arg Lys Leu Ala Leu Ser Glu Gln Gln
50

55

Glu Thr Asp Val Glu Gly Gln Thr Thr Ile Ile

65 70

75

Thr Glu Cys Rsn Ala Asp Asp Pro Arg Asp Trp

85

90

ggtagtggty gtggtagtgy
gggagegaat gatttotcee
tagttacaca agtaagcega
gattgaaact geagetgaac

ctttgtctga teatggaaat

Ile Leu Leu Len Asp
15

Sexr Asn Glu Gln Val
30

Asn Asn Gln Gln Val
45

Asp Ile Gin Ala Asp
60

Phe Tyr Val val Glu
80

Ala Asp Cys Pro Ile
a5

385

433
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ala Thr Asp Ser Pro Pro Gly Ile Ala Gln Cys Glu Val Thr Val Leu

100 105 110

Ser Thr Glu Asp Ser Leu Asp Val Gly &sp Ala Thr Cys Asp Phe Asn

115 120 125

Ser Thr Gly Gly Asn Ala Arg Arg Arg Arg Gly Trp Phe Lys Lys Ala
130 135 140

Trp Arg Lys Val Lys Asn Ala Gly Arg Val Leu Lys Gly Val Gly Ile

145

150 155 160

His Tyr Gly Val Gly Leu Ile Gly

<210>
<211>
<212>
<213

<400>

165

5

38

PRT

Myxine glutinosa

5

Gly Trp Phe Lys Lys Ala Trp Arg Lys Val Lys His Ala Gly Arg Arg
1 5 10

15

Val Leu Asp Thr Ala Lys Gly Val Gly Arg His Tyr Leu Asn Asn Trp
25

20 30

Leu Asn Arg Tyr Arg Gly

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

<400>

35

&

30

PRT

Myxine glutinosa

6

Gly Trp Phe Lys Lys Bla Trp Arg Lys Val Lys Asn Ala Gly Arg Val
1 5 10 15

Leu Lys Gly Val Gly Ile His Tyr Gly Val Gly Leu Ile Gly
20 25 30

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

<220>

7

498

DNA

Capra hircus
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<221>
<222>
<223>

<400>
atg gag acc
Met Glu Thr

1

cte
Leu

agc
Sex

tee
Ser

aag
Lys
65

aag
Lys

gac
Asp

ctg
Leu

agt
Ser

cac
His
145

ctg
Leu

tac
Tyr

tea
Ser
50

gac

Bsp

gag
Glu

C

{1..

7

ttc

Phe

gat
Asp

gtt
Val
120
aaa
Lys

DS

ctg
Leu

ggg
Gly
as

gaa
Glu

gat
Asp

act
Thr

aaa
Lys

gcg
Ala
118

999
Gly

gtc
Val

(477)

cag
Gln

ctg
Leu
20

gag
Glu

geg
Ala

gag
Glu

gtg
Vval

gag
Glu
100

gtg
val

aga
Arg

ggc
Gly

agg
Arg

gga
Gly

gee
Ala

aat
Asn

aat
Asn

tge
Cys
85

aat
Asn

aaa

ttt
Phe

cea
Pro

gece
ala

cta
Leu

gtt
val

cte
Leu

cea
Pro
70

cee
Pro

g99
Gly

gge
Gly

aaa
Lys

tte
Phe
150

attgtgagec catggaagaa t

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

<400>

1

8
1

58

PRT
Capra hircus

8

age
Ser

gtg
Val

ctt
Leu

tac
Tyr
55

aac
Asn

agy
Arg

ctg
Leu

aaa
Lys

cga
Arg
135

gtt
val

cte
Leu

ctg
Deu

cat
His
40

cga
Arg

atc
Ile

acg
Thr

gtg
Val

atg
Met.
120

ttt
Phe

gge
Gly

tee
ser

cce
Pro
25

get
Ala

Leu

ceg
Pro

age
Sexr

aag
Lys
105

Asn

cgt
RArg

ccg
Pro

ctg
Leu
10

teg

Ser

gte
val

ctyg
Leu

aaa
Lys

cgg
Arg
920

caa
Gln

ate
Ile

aag
Lys

ata
Ile

10

gga
Gly

gee
Ala

gat
Asp

gag
Glu

cet
Pro
75

cag
Gln

tgt
Cys

ace
Thr

aag
Lys

cte
Deu
155

cgg
Arg

age
Ser

cge
Arg

ctt
Leu
60

gtg
Val

cee
Pro

gta
Val

tge
Cys
cte
140

cat
His

tge
Cys

geo
Ala

atc
Ile
45

gac

Asp

age
Ser

acg
Thr

999
Gly

gaa
Glu
125

aaa

tat
Tyx

tee
ser

cag
Gln
30

aat
Asn

ceg
Pro

tte
Phe

gag
Glu

aca
Th
110

gag
Glu

aga
Arg

999
Gly

(93)

PCT/US2002/024019
ctg tgg 48
Leu Txp
15
gec cte 1
Ala Leu
gag cag 144
Glu Gln
cct ece 1e2
Pro Pro
agy gtg 240
Brg Val

80

cag tgt 288

Gln Cys

95

gtc act 336

Val Thr

ttg cag 384

Leu Gln

cte tgg 432

Lev Trp

taa 477
498

1is

Met Glu Thr Gln Arg Ala Ser Leu Ser Leu Gly Arg Cys Ser Leu Txp
5

Lev Leu Leu Deu Gly Leu Val Len Pro Ser Ala Ser Ala Gln Ala Leu
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20

Ser Tyr Gly Glu Ala Val
35

Ser Ser Glu Ala Asn Leu

50

Lys Asp Asp Glu Asn Pro

65 70

Lys Glu Thr Val Cys Pro

85
Asp Phe Lys Glu Asn Gly
160

Leu Asp Ala Val Lys Gly
115

Ser Val Gly Arg Phe Lys

130

His Lys Val Gly Pro Phe

148 . 150

<210> 9

<211> 38

<212> PRT

<213> Myxine glutinosa

<220>

<221> MISC_FEATURE

<222> (1)..(38)

<223>

<220>

<221> MISC_FEATURE

<222> (38)..(38)

<223>

<400> 9

Leun

TYyT

55

Asn

Arg

Leu

Lys

Arg

135

Val

His

40

Arg

Ile

Thr

Val

Yet

120

Phe

Gly

25

Ala

Leu

Pro

Sex

Lys

10s

Asn

Pro

Xaa is Brominated Tryptophan

Gly Phe Phe Lys Lys Ala Xaa Arg Lys
1 5

Val Leu Asp Thr Ala Lys Gly Val Gly
20 25

Val

Leu

Lys

Arg

20

Gln

Ile

Lys

Ile

Glx is C-terminal amide residue

10

Asp

Glu

Pro

75

Gln

Cys

Thr

Lys

Leu
155

Arg

Leu

60

val

Pro

val

Leu
140

His

Ile

45

Asp

Ser

Thr

Qly

Glu

125

Lys

Tyx

(94) JpP

PCT/US2002/024019

30

Asn Glu

Pro Pro

Phe Arg

Glu Gln

o5

Thr val
110

Glu Leu

Arg Leu

Val Lys His Ala Gly arg
15

Gln

Pro

Val

80

cys

Thr

Gln

Trp

Aryg

Arg His Tyr Val Bsn Asn Xaa

30
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Leu Asn Arg Tyr Arg Glx
35

<210> 10

<211> 21

<212> PRT

<213> Myxine glutinosa

<220>

<221> MISC_FEATURE

<222> (1)..(31)

<223> Xaa is Brominated Tryptophan

<220>

<221> MISC_FEATURE

<222>  (31)..(31)

<223> Glx is C-terminal amide residue

<400> 10

Gly Xaa Phe Lys Lys Ala Xaa Arg Lys Val Lys Asn Ala Gly Arg Arg
1 5 10 15

val Leu Lys Gly Val Gly Ile His Tyr Gly Val Gly Leu Ile Glx
20 25 30

<210> 11

<211> 20

<212> DNA

<213> Myxine glutinosa

<220>

<221> misc_feature
<«222>  (1)..(20)
<223> ¥ = g or &

<220>

<221> mwisc_feature

<222>» (1}..(20)

<223> n=aortorcorg

<400> 11
aaraargcnt ggmgnaargt 20
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INTERNATIONAL SEARCH REPORT

BOX II. OBSERVATIONS WHERE UNITY OF INVENTION IS LACKING
Group I claim(s) 1-14 drawn to & nudleic acid molecule.

Group IT ddaim(s) 15-18 drawn to a peptide
Group 111 claim(s) 19-25 drawn to a method of treatment using a peptide.

For each of inventions I-111 above, restriction to ore of the following is also required under 35 USC 121 and 327,
Therefore, election is required of one of inventlons I-I11 and one of inventions (A)~(B).

A The polypeptide of SEQ ID NQ: 2, which comprises SEQ ID NO: 5, or a polypeptide encoding said polypeptide.
(B) The polypeptide of SEQ ID NO: 4, which comprises SEQ ID NO: &, or a polypeptide encoding said polypeptide.

The inventions listed as Groups I-11T and {)-(B) do not relate to a single general inventiva concept under PCT Rufe 13,1
because, under PCT Rule 13.2, they lack the same or corresponding special technical feature for the following reasons: The
technical feature linking Groups I-11 and (A)-(B) appears to be that they all relate to antimicrobial peptides. However,
Shinnar et a, 1997 (A_GeneSeq Data Base Acc#Aaw10359; Alignment with SEQ ID NO: 5) teach & polypeptide comprising
24 contiguous residues of SEQ ID NO: 5, as recited In Claim 15. Therefore Groups I-1II and (A)-(B) share no special
technical feature as defined by PCT Rule 13.2, as it does not define a contribution over the prior art. Furthermore, the
products of Groups 1 and 11 (A)<(B) do not share a special common structural or functional feature while, the metheds of
Group 111 do nat comprise all of the methods for making or using the products of Groups 1 and 1T and (A)-(B). Accardingly,
Groups I-11I and {A)-(B) are not so linked by the same or a correspondng special technical feature as to form a single
general inventive concept.

Form PCT/ISA/210 (second sheet) (July 1998)
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Box I Observations where certain claims were found unsearchable (Continuation of Item 1 of first sheet)

v O

6.4(a).

{“This international report has not been established i respect of certain claims under Article 17(2)(a) for the following reasons:

Claim Nos.:
because they relate o subject matter not reguired to be searched by this Authority, namely:

Claim Nos.: 13

because they relate to parts of the international application that do not comply with the prescribed requirements to
such an extent that no meaningful international search can be carried out, specifically:

Ciaim 13 js missing.

Claim Nes.:
because they are dependent claims and are not drafted in accordance with the second aad third senfences of Rufe

Box I Observations where unity of invention is lacking (Continuation of Jtem 2 of first sheet)
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)

‘This International Searching Al:;r.horily found multiple i ions in this i is ication, as follows:
Please See Confinuation Sheet

As all required additional search fees were timely paid by the applicant, this infernational search report covers all
searchable claims.

As ail searchable ¢laims could be searched withous effort justifying an additional fee, this Authority did not invite
payment of any additional fee.

As only some of the required additional search fees were timely paid by the applicant, this international search
report covers only those claims for which fees were paid, specifically claims Nos.:

No required additional search fees were timely paid by the applicant. Consequenly, this international search report
is restricted to the jrvention first mentioned in the elairas; it is covered by claims Nos.; I, 2, 7-12, and 14, in part,
3and4,

Remark on Protest D The additional search fees were accompanied by the applicaat’s protest.

No protest accompanizd the payment of additional search fees.
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