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PEPTIDES AND NUCLEIC ACIDS OF THE
CATHELICIDIN FAMILY, DERIVED FROM FISH, AND
USES THEREOF.

The present inventilion relates to molecules having anti-

microbial and immunostimulatory activity, and in

particular to anti-microbial and immunostimulatory

peptides of the ca

thelicidin family.

Vertebrates have evolved a wide range of mechanismg to

counter infection by microbes.

of inorganic microbicidal moleculeg,

oxygen speciesg, by specialist

]

These include generation

such ag active

phagocytic cells, as well

as more sophisticated enzyme- or cell-mediated defensive

systems.

Mammals are known to produce a range of anti-microbial

peptides which primarily exer!

»

their effects wvia

interaction with the microbial cell membrane. One of

these families 1s the

cathelicidin family.

Cathelicidins are synthesised as prepropeptides in

myeloid cells, processed by the removal of the signal

peptide and stored as propeptides in the cytoplasmic

granules of neutrophil leukocytes. The

propeptide

contains the well conserved cathelin domain,

-1C O

characteris

microbicidal.

conservation 1s unclear, but the prosequence may have a

The reason

- the family,

- of itself

and 1s no

for the high degree of

role in targeting the propeptide to the granules or

ensuring appropriate proteolytic matura

tion.

The antimicrobial activity resgides in the mature peptide,

which is released on cleavage from the propeptide by

elagstase. Elasts

se cleavage occurs C-terminal of valine
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residues predominantly, and occasionally after alanine

regidues.

The cathelicidin family is divided into five different

5 groups according to the structure of the anti-microbial

mature peptide, the sequences of which are highly

variable. The family includes peptides with two

digulfide bonds (protegring), peptides with one disulfide

bond (cyclic dodecapeptide), peptides rich in proline and

10 arginine residues with short modules arranged in tandem

repeats (bactenecins, PR-39, prophenins), peptides rich

in tryptophan residues (indolicidin, PMAP-23), and

peptides with o-helical structure (PMAP-36 and -37,
CAP18, FALL-39) (Zanetti et al., 1995).

15

Bovine bactenecins include three tandem repeats of a

tetradecamer characterised by several Pro-Arg-Pro

triplets spaced by single hydrophobic amino acids (Frank

et al., 1990). Pig prophenins contain three perfect

20 repeats of a decamer FPPPNFPGPR (Harwig et al., 1995).

The mechanism of action of these peptides varies from

.

“o inhibition

rapidly permeating the bacterial membrane
of macromolecular synthesis in gram-negative bacteria. In

25 addition to the microbial activity, some peptides are

able to neutralise the effects of LPS, induce wound

F
-—

repair and inhibit tissue degradation as part of the

b

protection of the host.

30 An analogue of protegrin-1 is in clinical trials for the

aim

treatment of polymicrobial oral mucositis (Chen et al.

Biopolymers (Peptide Science) 55: 88-958 (2000) ) .
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The present inventors have now cloned a cDN2ZA from rainbow

Crout which contains an open reading frame believed to

encode the first example of a non-mammalian cathelicidin

This was unexpectedly achieved while investigating the

5 presence of IL-1f-related genes in rainbow trout.

As described above, cathelicidinsg are typically

synthesised in vivo as prepropeptides, having a signal

peptide, a propeptide portion and a mature peptide

10 portion. The particular cathelicidin described in the
Examples conforms to this general structure as shown in

Figure 10; cDNA sequences and predicted amino acid

sequence are shown in Figure 8 and by SEQ ID NOs: 1 and

2, and 20 and 21.

15

Although the c¢DNA clone obtained was incomplete, the

first 20 amino acids of the predicted polypeptide

sequence had the characteristics of a signal peptide,

suggesting that the open reading frame was largely
20 complete, with little remaining to be cloned. The

sequence of the full-length ORF shown in SEQ ID NO: 20

(Erom nucleotides 5 to 655) confirms thig, the full

length ORF encoding only two more amino acids than that
shown in Figure 8.

25

Sequencing of the full length ORF revealed the presence

of four single nucleotide polymorphisms, three of which
are predicted to result in variation of the encoded amino

acid. Where a sequence shown herein includes one or more

30 polymorphisms, all individual sequence permutations

arising from those polymorphisms are considered to be

-

disclosed and to form part of the present invention.
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In this document, nucleotides or amino acid residues are

numbered as in Figure 8, SEQ ID NO:1 and SEQ ID NO: 2

except where otherwlise stated.

Although the proteolytic cleavage sites have yet to be

confirmed, amino acids 21 to 148 of SEQ ID NO: 2 are

believed to constitute the propeptide region, and amino

acids 149 to 214 the ‘mature’ anti-microbial peptide.

The predicted propeptide region (SEQ ID NOs: 3 and 4, 22

and 23) contains two cathelin signature sequences -

residues 28 to 44 (SEQ ID NOs: 5 and 6), and 75 to 97
(SEQ ID NOs: 7 and 8). A polymorphism in the propeptide
region provides an alternative sequence for the cathelin

signature of residues 28 to 44, shown as SEQ ID NOs: 24

and 25. The propeptide region is further predicted to

contalin two internal disulphide bonds, between cysteine

regsidues 82 and 93, and 104 and 128 of SEQ ID NO: 2. The

propeptide region has no more than 29% simillarity at the

amino acid level with any publisgshed mammalian

cathelicidin seqgquence.

The 66 amino acid anti-microbial peptide region (SEQ ID
NO: 9 and 10, 26 and 27) has similarities with two groups

of mammalian cathelicidins. It 18 predicted to have an

internal disulphide bridge between residues 151 and 157

of SEQ ID NO:2, characteristic of the dodecapeptide

group, and also contains four tandem repeats of a

nonameric congensus seguence RPG-G/V-GS-X-I/P-G, similar

to the repeats found in the prophenin group. As a result

p -

the present inventors have classified this polypeptide in

th

~ prophenin group, and designated it 'trout

bactenecin’ .



10

15

20

25

30

CA 02474623 2004-07-26

WO 03/062271 PCT/GB03/00322

Thus in one aspect of the present invention, there is

provided a non-mammalian cathelicidin polypeptide, 1in

particular, a piscine cathelicidin.

The cathelicidin of the present invention may comprise

th

= whole or part of the amino acid sequence of SEQ ID

pr— " .

NO: 2 or 21. It may be encoded by a nucleic acid

comprising all or part of nucleotides 1 to 647 of SEQ ID
NO:1, the whole or part of SEQ ID NO: 20, or the whole or

part of SEQ ID NOs: 3 or 22, Or 3 OK 26, or by a mutant,

variant, derivative, allele, homologue, orthologue ox
paralogue thereof. The polypeptide sequence encoded, Or

a portion thereof, may show greater than about 40%

homology with SEQ ID NOs: 2, 21, 4, 23, 10 or 27, greater
than about 50% homology, greater than about 60% homology,
greater than about 70% homology, greater than about 80%

homology, greater than about 90% homology or greater than

about 95% homology with any one of these sequences.

The term “homology” is used throughout this specification

4

to refer to percentage identity as between two sequences.

Percentage identity may be calculated using a program

such as BLAST or BestFit from within the Genetics

Computer Group (GCG) Version 10 software package

available from the University of Wisconsin, using defaul

1

parameters.

It will be appreciated that subregions of the

cathelicidin may have independent utility. These

subregions may be individual domains, subdomalns, or

peptides derived from e.g. the complete molecule, the

propeptide region or the mature peptide.
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Thus the present invention further provides an ilsolated

peptide or polypeptide, comprising a portion having anti-

microbial activity, from a non-mammalian cathelicidin,

for example from a piscine cathelicidin.

Anti-microbial in this context signifies an ability to

retard the growth of, or kill, one or more eukaryotic or

prokaryotic microbes, e.g. a fungus such as a yeast, or a

bacterium. Assays for determining anti-microbial

activity may be based on those previously described, e.g.
in PCT/US00/22781, US-B-6,172,185, EP-A-665 239, Genarro
et al. (1989), and Gennaro et al. (1998).

The portion having anti-microbial activity may comprise

the amino acid sequence RPG-G/V-GS-X-I/P-G (SEQ ID NO:

19), e.g. two to four repeats of the amino acid seguence

RPG-G/V-GS-X-I/P-G (SEQ ID NO: 19). One or more of these

repeats may have the sequence of SEQ ID NOs: 12, 14, 16

or 18. In one embodiment, the portion having anti-

microbial activity may comprise one of each of SEQ ID

NOs: 12, 14, 16 and 18.

Th

il

> portion having anti-microbial activity may further

comprise a pailr of cysteine residues capable of forming

an internal disulphide bridge.

In one embodiment, the portion having anti-microbial

activity comprises the amino acid sequence of SEQ ID NO:

10 or 27. Alternatively, the portion having anti-

microbial activity may show greater than about 40%

homology with SEQ ID NO: 10 or 27, greater than about 50%

homology, greater than about 60% homology, greater than
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about 70% homology, greater than about 80% homology,

greater than about 90% homology or greater than about 95%

homology therewith.

The isolated polypeptide may further comprise a

propeptide portion cleavable from the portion having
anti-microbilal activity by a protease. The isolated

polypeptide may have anti-microbial activity in its own

right. Alternatively, the portion having anti-microbial

activity may be able to display anti-microbial activity

only when cleaved from the propetide portion.

In one embodiment, the protease is elastase. Proteolytic
cleavage by elastase occurs C-terminal of small uncharged

residues such as valine or alanine, in cathelicidins

typically C-terminal of a valine residue. Consequently,

the C-terminal residue of the propeptide will typically

be valine.

Typically, the propeptide portion comprises one or more

J

cathelin signature sequences; for example, the propeptide

portion may comprise one or more of SEQ ID NOs: 6, 25 and

8; preferably two of SEQ ID NOs: 6, 25 and 8.

Additionally or alternatively, the propeptide portion may

comprise at least one pair of cysteine residues capable

of forming an intermnal disulphide bridge. In one

embodiment, the propeptide portion compriges at least two

pairs of cysteine residues capable of forming internal

disulphide bridges.

In a particular embodiment, the propeptide portion may

comprise the amino acid seguence of SEQ ID NO: 4 or 23.
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Alternatively, the propeptide portion of the polypeptide

sequence may show greater than about 40% homology with
SEQ ID NO: 4 or 23, greater than about 50% homology,
greater than about 60% homology, greater than about 70%

homology, greater than about 80% homology, greater than

about 90% homology or greater than about 95% homology
therewith.

=y

It is known that the propeptides of mammalian

cathelicidins are often extensively conserved within a

particular family. Although the propeptide described in

the Examples has only 29% similarity at the amino acid
level with known cathelicidins, it may share considerably
more homology with the propeptide regions of as-yet
unidentified cathelicidins, such as non-mammalian

cathelicidinsg, e.g. piscine cathelicidins. Therefore the

present invention enables the identification of novel

cathelicidin polypeptides and coding sequences from non-

mammalian species, e.g. piscine species.

Accordingly, the present invention further provides an

igsolated polypeptide, cowprising a portion having anti-

microbial activity, and a propeptide portion cleavable

from the portion having anti-microbial activity by a

protease, the propeptide portion comprising one Or more

of SEQ ID NOs: 6, 25 and 8, preferably two of SEQ ID NOs:
6, 25 and 8.

The propeptide portion may further comprise at least one

r~

pair of cysteine residues capable of forming an internal

disulphide bridge, preferably at least two palrs of

cysteine residues capable of forming internal disulphide

bridges.
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The propeptide portion may comprise the amino acid

sequence of SEQ ID NO: 4 or 23, or may show greater than

about 40% homology with SEQ ID NO: 4, greater than about
50% homology, greater than about 60% homology, greater

than about 70% homology, greater than about 80% homology,

y -

greater than about 90% homology or greater than about 952

homology therewith.

The prospect that as-yet unidentified cathelicidins may

be homologous to the propeptide of the trout bactenecin

molecule provided herein raises the possibility that the

propeptide itself may be used to identify further
cathelicidins. For example, the propeptide may be used

to raise antibodies which can then be used to screen

expression libraries for related molecules (see below) .
The propeptide may be used in preliminary assays to

determine particularly antigenic epitopes thereof. These

epitopes may then be synthesised or expressed

independently for the purposes of raising antibodies.

Accordingly, the present invention also provides an

1solated propeptide region from a non-mammalian
cathelicidin, for example, an isolated propeptide region
from a piscine cathelicidin, as well as antigenic

portions thereof.

The isolated propeptide or portion thereof may comprise

at least one, and preferably two of SEQ ID NOs: 6, 25 and

8. 1t may further comprise at least one pair of cysteine

residues capable of forming an internal disulphide

bridge, preferably at least two pairs of cysteine

residues capable of forming internal disulphide bridges.




10

15

20

25

30

CA 02474623 2004-07-26

WO 03/062271 PCT/GB03/00322

10

In particular embodiments, the isolated polypeptide may

comprise the amino acid sequence of SEQ ID NO: 4 or 23,
or may show greater than about 40% homology, greater than

about 50% homology, greater than about 60% homology,

greatexr than about 70% homology, greater than about 80%

homology, greater than about 90% homology or greater than

about 95% homology therewith.

The isolated polypeptides and peptides described herein

will typically be free or substantially free of material

with which they are naturally associated, such as piscine

or other physiological host polypeptides other than

cathelicidins. Additionally or alternatively, for
example, if expressed in a prokaryotic or other
recombinant host cell, they may be lacking i1n native
glycosylation, e.g. alternatively glycosylated or
unglycosylated). As a further alternative, the

polypeptides or peptides of the present invention may by

generated by chemical synthesis, techniques for which are

well known to those of ordinary skill in the art.

The polypeptides and peptides of the present invention

may be amidated at the C terminus or be in a free acid

form. They may be extended at the 5’ end or 3’ end

pin

thereof relative to any of the peptide sequences detailed

herein, e.g. SEQ ID NOs: 2, 21, 4, 23, 6 or 25. For

example, the open reading frame may comprise a sequence

encoding a signal peptide, such as a full length native

signal peptide (e.g. an extended form of the putative
truncated signal peptide coding sequence shown as amino

acids 1 to 20 of SEQ ID NO: 1) such as amino acids 1 to

22 of SEQ ID NO: 21, a heterologous signal peptide, or a
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combination thereof, in order to ensure appropriate

secretion when expressed from a recombinant host cell.

Particularly when produced by expression from a

b

5 recombinant host, the peptides or polypeptides of the
present invention may comprige a signal peptide. This

may be a full length native signal peptide (e.g. an

extended form of the putative truncated signal peptide

shown as amino acids 1 to 20 of SEQ ID NO: 2) such as
10 amino acids 1 to 22 of SEQ ID NO: 21, or a heterologous

signal peptide, in order to ensure appropriate gecretion

from the recombinant host cell.

In a further aspect, the present invention provides

15 nucleic acids encoding the peptides and polypeptides as

described herein. Thus the present invention provides a

nucleic acid encoding a non-mammalian cathelicidin. In

e

preferred embodiments the nucleic acid encodes a piscine
cathelicidin.

20

The nucleilic acids may be wholly or partially synthetic.

In particular they may be recombinant in that nucleic

acid sequences which are not found together in nature (do

not run contiguously) have been ligated or otherwise

25 combined artificially. Alternatively they may have been

synthesised directly e.g. using an automated synthesiser.

Nuclelc acid according to the present invention may be

polynucleotides or oligonuclecotides, and may include

30 CDNA, RNA, genomic DNA (gDNA) and modified nucleic acids
or nucleic acid analogs. Where a DNA seguence is

specified, e.g. with reference to a figure or SEQ ID NO.,
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unless context requires otherwise the RNA equivalent,

with U substituted for T where it occurs, is encompassed.

Nucleic acids may comprise, consist or consist

essentially of any of the sequences disclosed herein

(which may be a gene, a genomic clone or other sequernce,

a cDNA, or an ORF or exon of any of these etc.). For

example, where gDNA is disclosed, nucleic acids

comprising any one or more ilntrons Or eXons from any of

the gDNA are also embraced. Likewise, where cDNA 1S

disclosed, nucleic acids comprising only the translated
region (from initiation to termination codons) are also

embraced.

p—

where a nucleic acid (or nucleotide sequence) of the

invention is referred to herein, the complement of that
nucleic acid (or nucleotide sequence) will also be

embraced by the invention. The 'complement' in each

case is the same length as the reference, but 1s 100%
complementary thereto whereby Dby each nucleotide 1s base

paired to its counterpart i.e. G to C, and A to T oxr U.

The nucleic acids of the present invention may differ

from the specific sequences recited herein by a change

which ig one or more of addition, insertion, deletion and
substitution of one or more nucleotides of the sequences
shown, e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25,
30, 40, 50 or more nucleotides. Changes to a nucleotide

sequence may result in an amino acid change at the

LR

protein level, or not, as determined by the degeneracy O!

the genetic code.
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On the other hand the encoded polypeptides may comprise

an amino acid sequence which differs by one or more amino

acid residues from the amino acid sequences shown herein,

as discussed above. Nucleic acids encoding polypeptides

which are amino acid sequence variants, derivatives,

alleles, mutants, homologues, orthologues or paralogues

rFo N

of the sequences shown herein are further provided by the

present invention. Nucleic acid encoding such a

polypeptide may show greater than about 40% homology with
any of the coding sequences shown herein, greater than
about 50% homology, greater than about 60% homology,
greater than about 70% homology, greater than about 80%

homology, greater than about 90% homology or greater than

about 95% homology with e.g. SEQ ID NOs. 1, 3, 5, 7, 9,
11, 13, 15, 17, 20, 22, 24 or 26.

The open reading frame of nucleic acids encoding a
polypeptide or peptide according to the present invention
may be extended at the 5’ end or 3’ end thereof relative
to any of the coding sequences detailed herein, e.qg.

nucleotides 1 to 644 of SEQ ID NO: 1, SEQ ID NO: 3 or SEQ

ID NO: 9. The open reading frame may comprise a sequence

encoding a signal peptide, such as a full length native

signal peptide (e.g. an extended form of the putative

truncated signal peptide coding seguence shown as

nucleotides 1 to 62 of SEQ ID NO: 1), a heterologous

-

signal peptide, or a combination thereof, in order to

ensure appropriate secretion when expressed from a

recombinant host cell. For example the ORF may be as

shown 1n Figure 15 or SEQ ID NO: 20.

The term ‘orthologous’ is used herein to refer to a gene

at an equivalent chromosomal locus to a given dgene but in
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a different species. The term ‘paralogous’ refers to a

gene present at a different chromogomal locus to a given

gene, 1n the same or a different species, but homologous

to that gene and related to it by a gene duplication

event.

Nucleic acids of the present invention may be provided as

part of a vector, and also provided by the present

invention is a vector comprising nucleic acid as

described herein, particularly vectors from which the

polypeptide can be expressed under appropriate

conditions, and a host cell containing any such vector or

nucleic acid.

‘Vector’ is defined to include, inter alia, any plasmid,

cosmid, phage or Agrobacterium binary vector in double or
single stranded linear or circular form which may or may

not be self transmissible or mobilizable, and which can

transform a prokaryotic or eukaryotic host either by

integration into the cellular genome or exist

extrachromosomally (e.g. autonomous replicating plasmid

with an origin of replication).

Generally speaking, those skilled in the art are well
able to construct vectors and design protocols for
recombinant gene expression. Sultable vectors can be
chosen or constructed, containing appropriate regulatory
sequences, including promoter seqguences, terminator

fragments, polyadenylation seguences, enhancer sequences,

marker genes and other sequences as appropriate. For
further details see, for example, Molecular Cloning: a

Laboratory Manual: 2nd edition, Sambrook et al, 1989,

Cold Spring Harbor Laboratory Press or Current Protocols
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15

ot al.

in Molecular Biology, Second Edition, Ausubel

eds., John Wiley & Sons, 1992.

Specifically included are shuttle vectors by which is
meant a DNA vehicle capable, naturally or by design, of

replication in two different host organisms, which may be

selected from actinomycetes and related species, bacteria
and eucaryotic (e.g. higher plant, mammalian, veast or

fungal cellg).

A vector including nucleic acid according to the present

invention need not include a promoter or other regulatory

equence, particularly if the vector is to be usged to

S

introduce the nucleic acid into cells for recombination

into the genome.

Preferably a nucleic acid sequence of the present
invention in the vector is under the control of, and
operably linked to, an appropriate promoter or other
regulatory elements for transcription in a host cell such
as a microbial, e.g. bacterial, or plant cell. The vector

may be a bi-functional expression vector which functions

in multiple hosts. In the case of genomic DNA, this may

contain i1ts own promoter or other regulatory elements and

in the case of ¢DNA this may be under the control of an

appropriate promoter or other regulatory elements for

expression in the host cell

By "promoter" is meant a seguence of nucleotides from

which transcription may be initiated of DNA operably
linked downstream (i.e. in the 3' direction on the sense

strand of double-stranded DNA) .
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"Operably linked" means joined as part of the same

nucleic acid molecule, suitably positioned and oriented

for transcription to be initiated from the promoter.

DNA operably linked to a promoter is "under

5 transcriptional initiation regulation" of the promoter.

In a preferred embodiment, the promoter is an inducible

promoter.

10 The term "inducible" as applied to a promoter is well

Lo

o

understood by those skilled in the art. In essgence,

expression under the control of an inducible promoter is

"switched on" or increased in response to an applied

stimulus. The nature of the stimulug varies between

15 promoters. Some inducible promoters cause little or

undetectable levels of expression (or no expression) in

the absence of the appropriate stimulus. Other inducible

promoters cause detectable constitutive expression in the

absence of the stimulus. Whatever the level of expression
20 is 1n the absence of the stimulus, expression from any

inducible promoter is increased in the presence of the

correct stimulus.

Thus this aspect of the invention provides a gene

25 construct, preferably a replicable vector, comprising a

promoter (optionally inducible) operably linked to a

nucleotide sequence provided by the present invention,

such as the trout bactenecin gene or a variant thereof.

30 The present invention also encompasses a method of making
a polypeptide or peptide ag disclosed, the method

including the step of expressing said polypeptide or

peptide from nucleic acid encoding it, which in most
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embodiments will be nucleic acid according to the present

invention. This may conveniently be achieved by growing

a host cell containing such a vector in culture under
appropriate conditions which cause or allow expression of

the polypeptide. Polypeptides and peptides may also be

eXpressed 1n in vitro systems, such ag reticulocyte

lysates, as will be appreciated by the skilled person.

Systems for cloning and expression of a polypeptide in a

variety of different host cells are well known. Suitable
host cells i1nclude bacteria, eukaryotic cells such as
mammalian cells, fish cells and yeast, and baculovirus

systems. Mammalian cell lines available in the art for

.

expression of a heterologous polypeptide include Chinese

hamster ovary cells, HelLa cells, baby hamster kidney

figh cell

b

cellg, COS cells and many others. A candidate

line is the trout fibroblast line RTG. A common,

preferred bacterial host is E. coli. However, typically,

a host will be chosen which is not so adversely affected

by any anti-microbial effects of the expressed protein as

to impair the vield of expressed protein or peptide.

Thus the choice of host may depend upon the particular

activity of the peptide or protein to be expressed.

Thus, a further aspect of the present invention provides
a host cell containing heterologous nucleic acid as

digclosed herein.

The nuclelic acid of the invention may be integrated into

the genome (e.g. chromosome) of the host cell.

Integration may be promoted by inclusion of sequences

which promote recombination with the genome, in

accordance with standard technigues. The nucleic acid
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may be on an extra-chromosomal vector within the cell, or

otherwise 1ldentifiably heterologous or foreign to the
cell.

A still further aspect provides a method which includes
introducing the nucleic acid into a host cell. The

introduction, which may (particularly for in vitro

introduction) be generally referred to without limitation

as ‘transformation’, may employ any available techniqgue.

For eukaryotic cells, suitable technigques may include

calcium phosphate transfection, DEAE-Dextran,

electroporation, liposome-mediated transfection and

transduction using retrovirus or other virus, e.g.
vaccinia or, for insect cells, baculovirus. For

bacterial cells, suitable technigues may include calcium

chloride transformation, electroporation and transfection

using bacteriophage. As an alternative, direct injection

of the nucleic acid could be employed.

Marker genes such as antibiotic resistance or sensitivity
genes may be used in identifying clones containing

nucleic acid of interest, as is well known in the art.

The introduction may be followed by causing or allowing

expression from the nucleic acid, e.g. by culturing host

cells (which may include cells actually transformed

although more likely the cells will be descendants of the
transformed cells) under conditions for expression of the
gene, so that the encoded polypeptide (or peptide) is

produced. If the polypeptide is expressed coupled to an

appropriate signal leader peptide it may be secreted from

the cell into the culture medium. Following production

by expression, a polypeptide or peptide may be isolated
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and/or purified from the host cell and/or culture medium,
as the case may be, and subsequently used as desired,
e.g. in the formulation of a composition which may
include one or more additional components, suchn as a
pharmaceutical composition which includes one or more
pharmaceutically acceptable excipients, vehicles or

carriers (e.g. see below).

The cloning by the present inventors of the trout

bactenecin molecule further provides valuable material

for use 1in identification and isolation of further
catheliciding, particularly from non-mammalian species,

especially piscine species.

Thus in another aspect, the present invention provides an

igolated nucleic acid for use as a probe or primer, said

~h

nucleic acid comprising a distinctive sequence or at

least about 16 to 24 nucleotides in length, said

distinctive sequence being present in nucleotides 1 to
815 of SEQ ID NO:1, or in any of SEQ ID NO: 20, or 1in any
of the nucleotide sequence shown in Figure 15 (SEQ ID NO:
28) and particularly the coding regions thereof, or a
sequence which is degenerately equivalent thereto, or the

complement of either.

A distinctive sequence in this context 1s a sequence

derived from the trout bactenecin sequences provided

herein, capable of hybridising selectively or

gspecifically to the nucleotide seqguence of SEQ ID NO: 1

or 20, or Figure 15 (SEQ ID NO: 28), and preferably to

the coding sequences thereof, in a heterogeneous

preparation of nucleic acid, e.g. a preparation of

genomic DNA, cDNA or RNA. Such molecules can be used to
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identify functionally related sequences, e.g. other

cathelicidin gene sequences, in nucleic acid preparations
from rainbow trout, other plscine species, or any other

target species.

The digtinctive sequence may comprise 30, 40, 50, 60, 70

30, 90, 100, 150, 200, 250, 300, 400 500 or more
contiguous nucleotides of the sequences described herein,

Or a sequence degenerately equivalent thereto, or the

complement of either.

Thus the distinctive sequence may be derived from the

open reading frame of SEQ ID NO: 1 or 20, i.e.
nucleotides 1 to 647 of SEQ ID NO: 1, or the sequence
Lrom nucleotides 5 to 655 of SEQ ID NO: 20, including the

TAG stop codon. Additionally or alternatively, the

distinctive sequence may be derived in whole or in part

from the 3’ untranslated region from nucleotide 648 of
SEQ ID NO: 1, or any of the non-coding sequences shown in

SEQ ID NO: 20 and Figure 15.

In some embodiments, the distinctive sequence may

comprise the whole or part of any one of the cathelin

signature sequences (SEQ ID NOs: 6, 8, 25). The

digtinctive sequence may comprise the whole or part of

one or more of SEQ ID NOs: 11, 13, 15, 17, encoding the

nonameric repeats from the mature peptide, or of a

nucleic acid sequence encoding the nonamer consensus
sequence RPG-G/V-GS-X-I/P-G, or any seguence degenerately
equivalent to any of the above gequences or the

complement thereof.
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The sequences referred to above may be modified by
addition, substitution, insertion or deletion of one ox
more nucleotides, but preferably without abolition of
ability to hybridize selectively with nucleic acid with

the sequence of SEQ ID NO: 1 or 20, or Figure 15, that ig

wherein the degree of homology of the oligonucleotide or

polynucleotide with one of the sequences given is

(t)

sufficiently high. The distinctive sequence may have

greater than about 40% homology, greater than about 50%

homology, greater than about 60% homology, greater than
about 70% homology, greater than about 80% homology,

greater than about 90% homology or greater than about 952

homology with the whole or part of SEQ ID NO:1 or 20, or

the sequence of Figure 15, for example with the whole or

part of SEQ ID NO: 3, 5, 7, 9, 22, 24 or 26, or a

sequence degenerately equivalent thereto, or the

complement thereof.

Preliminary experiments may be performed by hybridising
under low stringency conditions. For probing, preferred

conditions are those which are stringent enough for there

Lo be a simple pattern with a small number of

hybridisations identified as posgitive which can be

investigated further.

For example, hybridizations may be performed, according

Lo the method of Sambrook et al. (below) using a
hybridization solution comprising: 5X SSC (wherein ‘SgC’

= 0.15 M sodium chloride; 0.15 M sodium citrate; PH 7),

5X Denhardt’s reagent, 0.5-1.0% SDS, 100 pg/ml denatured,

fragmented salmon sperm DNA, 0.05% sodium pyrophosphate

[ e

and up to 50% formamide. Hybridization is carried out at

37-42°C for at least six hours. Following hybridization,
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filters are washed as follows: (1) 5 minutes at room

Cemperature in 2X 88C and 1% SDS; (2) 15 minutes at room

Cemperature in 2X SSC and 0.1% SDS; (3) 30 minutes - 1
hour at 37°C in 1X SSC and 1% SDS:; (4) 2 hours at 42-65°C

5 in 1X SSC and 1% SDS, changing the solution every 30

minutes.

One common formula for calculating the stringency

conditions required to achieve hybridization between

10 nucleic acid molecules of a specified sequence homology

18 (Sambrook et al., 1989):
Tw = 81.5°C + 16.6Log [Na+] + 0.41 (% G+C) - 0.63 (%

formamide) -~ 600/#bp in duplex

15 As an illustration of the above formula, using [Na+] =

(0.368] and 50-% formamide, with GC content of 42% and an
average probe gize of 200 bases, the T, is 57°C. The T,
of a DNA duplex decreases by 1 - 1.5°C with every 1%
decrease in homology. Thus, targets with greater than

20 about 75% sequence identity would be ocbserved using a

S

hybridization temperature of 42°C. Such a s
be

equence would

considered substantially homologous to the nucleic

acid sequence of the present invention.

25 It is well known in the art to increase stringency of

hybridisation gradually until only a few positive clones

remain. Other suitable conditions include, e.g. for

f—

detection of sequences that are about 80-90% identical,

hybridization overnight at 42°C in 0.25M Na,HPO,, pH 7.2,
30 6.5% SDS, 10% dextran sulfate and a final wash at 55°C in

0.1X SSC, 0.1% SDS. For detection of sequences that are

greater than about 90% identical, suitable conditions

include hybridization overnight at 65°C in 0.25M Na,HPO,,
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PH 7.2, 6.5% SDS, 10% dextran sulfate and a final wash ar

60°C in 0.1X SSC, 0.1% SDS.

Also provided by the present invention is a method for

isolating a nucleic acid encoding a cathelicidin

polypeptide or a portion thereof, said method employing

an 1solated nucleic acid of the present invention.

The methods of the present invention may comprise the

steps of:

(a) providing a preparation of nucleic acid from a target

organism;

(b) providing a nucleic acid primer or probe as described

herein;

(¢) contacting said nucleic acid preparation with said

primer or probe, and

(d) identifying nucleic acid in said preparation which

hybridises with said primer or probe.

The nucleic acid preparation may comprise e.g. genomic

DNA, RNA or cDNA. Contact, or hybridisation, between the

primer or probe and the nucleic acid preparation may be

performed under any suitable conditions. The conditions

of the hybridization can be controlled to minimise non-

specific binding, and preferably stringent to moderately

stringent hybridization conditions are preferred. The

skilled person is readily able to design suitable probes,

label them and devise suitable conditiongs for the

hybridization reactions, assisted by textbooks such as

Sambrook et al (1989) and Ausubel et al (1992), taking

into account factors such as oligonucleotide length and

base composition, temperature and so on.
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Detection and identification of the nucleic acid which

hybridises with the primer or

probe may be performed:by

any sultable method, many examples of which are known to

the skilled person. For instance, probes may be

radioactively, fluorescently or enzymatically labelled.

Probing may employ the standard Southern blotting

(5

echnigque. For instance DNA may be extracted from cells

and digested with different restriction enzymes.

Restriction fragments may then be separated by

electrophoresis on an agarose

gel, before denaturation

and transfer to a nitrocellulose filter. Labelled probe

may be hybridized to the DNA fragments on the filter and

binding determined. DNA for probing may be prepared from

RNA preparations from cells.

Other methods not employing labelling of probe include

examination of restriction fragment length polymorphisms,

amplification using PCR, RNAse cleavage and allele

specific oligonucleotide probing.

For example, the method of identification may involve the

polymerase chain reaction, in

comprise the steps of:

which case, the method may

o

(a) providing a preparation of nucleic acid from a target

organism;

(b) providing a pair of nucleic acid primers, at least

one of gaild primers being a nucleic acid as described

herein;

(c) contacting said nucleic acid preparation with said

primers under conditions for performance of PCR, and

(d) performing PCR and determining the presence or

absence of amplified nucleic acid.



10

15

20

25

30

CA 02474623 2004-07-26

WO 03/062271 PCT/GB03/00322

25

e

The method may further comprise the step of cloning the

amplified nucleic acid. In the context of cloning, it

may be necessary for one or more gene fragments to be

ligated to generate a full-length coding sequernce. Also,

where a full-length encoding nucleic acid molecule has

not been obtained, a smaller molecule representing part

of the full molecule, may be used to obtain full-length

clones. Inserts may be prepared from partial cDNA clones

and used to screen cDNA libraries. The full-length

clones 1solated may be subcloned into expression vectors

and activity assayed by transfection into suitable hosgt

cells, e.g. with a reporter plasmid.

The present i1nvention further comprises methods for
producing peptides or polypeptides encoded by nucleic
acids 1dentified by the methods set out above. Such

methods may comprise the steps of:

(a) i1solating a nucleic acid encoding a cathelicidin
polypeptide or a portion thereof;
(b) introducing said nucleic acid into a suitable host

cell, and

(c) causing or allowing expression of said nucleic acid

1 said guitable host cell.

Suitable methods for such expression have been described

above.

The provision of the novel trout bactenecin peptides and

polypeptides enables for the first time the production of

p—Y

antibodies able to bind specifically to these

i 1]

polypeptides, fragments and active portions thereof.
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Accordingly, a further aspect of the present invention

provides an antibody able to bind specifically to any of

the polypeptides of the present invention. Such an
antibody may be specific in the sense of being able to

distinguish between the polypeptide it is able to bind

and other human polypeptides for which it has no or

substantially no binding affinity (e.g. a binding

affinity of about 1000x worse). Specific antibodies bind

an epitope on the molecule which is either not present or

18 not accessible on other molecules. Antibodies

according to the present invention may be specific for
the wild-type polypeptide. Antibodies according to the
invention may be specific for a particular mutant,

variant, allele or derivative polypeptide as between that

molecule and the wild-type polypeptide, so as to be

useful in diagnostic and prognostic methods as discussed

below. Antibodies are also useful in purifying the

polypeptide or polypeptides to which they bind, e.g.
following production by recombinant expression from

encoding nucleic acid.

Preferred antibodies according to the invention are

isolated, in the sense of being free from contaminants

such as antibodies able to bind other polypeptides and/or

free of serum components. Monoclonal antibodies are

preferred for some purposes, though polyclonal antibodies

=

are within the scope of the present invention.

Methods of producing antibodies include immunising a

mammal or bird (e.g. human, mouse, rat, rabbit, horse,

goat, sheep, monkey or chicken) with the protein or a

fragment thereof. Antibodies may be obtained from

immunised animals using any of a variety of techniques
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known in the art, and might be screened, preferably using

binding of antibody to antigen of interest.

Alternatively, animals may be immunised with DNA encoding

the antigen of interest (Donnelly, J.J., Ulmer, J.B.,

Shiver, J.W. & Liu, M.A. (1997). DNA vaccines. Ann. Rev.
Immunol. 15: 617-648).

For instance, Western blotting techniques or
immunoprecipitation may be used (Armitage et al, 1992,
Nature 357: 80-82). Antibodies may be polyclonal or

monoclonal.

Antibodies may be modified in a number of ways. Indeed
the term ‘antibody’ should be construed as covering any
specific binding substance having a binding domain with

the required specificity. Thus, this term covers

antibody fragments, derivatives, functional equivalents

and homologues of antibodies, including any polypeptide

comprising an immunoglobulin binding domain, whether

natural or synthetic. Chimaeric molecules comprising an

immunoglobulin binding domain, or egquivalent, fused to
another polypeptide are therefore included. Cloning and
expression of chimaeric antibodies are described in EP-A-

0120694 and EP-A-0125023. It has been shown that

fragments of a whole antibody can perform the function of

binding antigens. Examples of binding fragments are (i)

Che Fab fragment comnsisting of VL, VH, CL and CH1

domaing; (i1i) the Fd fragment consisting of the VH and

CH1 domains; (iii) the Fv fragment consisting of the V1

and VH domains of a single antibody; (iv) the dab
fragment (Ward, E.S. et al., Nature 341, 544-546 (1989)

which consgists of a VH domain; (v) isolated CDR regions;

(vi) F(ab’)2 fragments, a bivalent fragment comprising
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two linked Fab fragments (vii) single chain Fv molecules

(scFv), wherein a VH domain and a VL domain are linked by

a peptide linker which allows the two domains to

associate to form an antigen binding site (Bird et al,

Science, 242, 423-426, 1988; Huston et al, PNAS USA, 85,

5879-5883, 1988); (viii) bispeci

|

"1c gsingle chain Fv

dimers (PCT/US92/09965) and (ix) “diabodies”, multivalent

or multisgpecific fragments constructed by gene fusion

(WO94/13804; P Holliger et al. Proc. Natl. Acad. Sci. USA
90 6444-6448, 1993).

Diabodies are multimers of polypeptides, each polypeptide

comprigsing a first domain comprising a binding region of
an immunoglobulin light chain and a second domain
comprising a binding region of an immunoglobulin heavy

-y

linked (e.g. by a peptide

chain, the two domains being

linker) but unable to agsociate with each other to form

an antigen binding site: antigen binding sites are formed

by the association of the first domain of one polypeptide

within the multimer with the second domain of another

polypeptide within the multimer (W094/13804).

As an alternative or supplement to immunising a mammal,
antibodies with appropriate binding specificity may be
obtained from a recombinantly produced library of
expressed immunoglobulin variable domainsg, e.g. using
lambda bacteriophage or filamentous bacteriophage which
display functional immunoglobulin binding domains on

their surfaces; for instance see W092/01047.

Antibodies raised to a polypeptide or peptide can be used
in the identification and/or isolation of wvariant

polypeptides, and then their encoding genes. Thus, the
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present invention provides a method of identifying or

1solating a cathelicidin peptide, polypeptide or variant
thereof (as discussed above), comprising screening
candidate polypeptides with a polypeptide comprising the

gl

5 antigen-binding domain of an antibody (for example whole

antibody or a fragment thereof) which is able to bind

said cathelicidin peptide, polypeptide or variant

thereof, or preferably has binding specificity for such a

polypeptide. Specific binding members such as antibodies

10 and polypeptilides comprising antigen binding domains of

antibodies that bind and are preferably specific for a

cathelicidin peptide, polypeptide or mutant or derivative

-

thereof represent further aspects of the present

invention, as do their use and methods which employ themn.

15

Candidate polypeptides for screening may for instance be

the products of an expression library created using

nucleic acid derived from an plant of interest, or may be

the product of a purification process from a natural

20 source. A polypeptide found to bind the antibody may be
isolated and then may be subject to amino acid
sequencing. Any suitable technigue may be used to

sequence the polypeptide either wholly or partially (for

instance a fragment of the polypeptide may be sequenced) .
25 Amino acid sequence information may be used in obtaining
nucleic acid encoding the polypeptide, for instance by

designing one or more oligonucleotides (e.g. a degenerate

pool of oligonucleotides) for use as probes or primers in

hybridization to candidate nucleic acid, or by searching

30 computer seguence databases.



10

15

20

25

30

CA 02474623 2004-07-26

WO 03/062271 PCT/GB03/00322

30

The polypeptides or peptides of the present invention may
be used in therapeutic applications. For example,
peptides or polypeptides with anti-microbial activity may

be useful in the treatment of conditions caused by

microbes, e.g. fungal or bacterial infections . For

example, some cathelicidins have been shown to be active

against a number of bacterial strains, including drug

resistant strains, such as E. coli, Salmonella

enteritides, Acinetobacter baumannii, Pseudomonas

aeruginosa, Klebsiella pneumoniae, Serratia marcescens,
Burkholderia cepacia, Staphylococcus aureus (MRSA - i . e.
methicillin resistant), Staphylococcus epidermidis,

Enterococcus faecalis (VREF - i.e. vancomycin resistant)

and Streptococcus agalactiae, and also against fungi

such as Candida albicans, Candida glabrata and

Cryptococcus neoformans (Gennaro, R & Zanetti, M. (2000) .

Structural features and biological activities of the

cathelicidin-derived antimicrobial peptides. Biopolymers

55: 31-49). The trout bactenecin molecule may be active

against any of the above mentioned speciles, and other

bacteria of the same genera. It may also be active

against fish pathogens. For example, it may be activ

(D

against Aeromonas, Vibrio, Yersinia, Flexibacter,

Pasteurella, Flavobacterium, Renibacterium or

Piscirickettsia, for example Aeromonas salmonicida

Aeromonas hydrophila, Vibrio anguillarum, Vibrio
salmonicida, Yersinia ruckeri, Flexibacter maritimus,

Pasteurella piscicida, Flavobacterium psychrophilum,

Renibacterium salmoninarum, or Piscirickettsia salmonis.

However, many cathelicidins have relatively non-specific

mechanlsms of action involving interaction with the

microbial membrane, rather than with molecules such as
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proteins which vary more widely between species, and so

may also have applications in the treatment of many other

conditions mediated by microbes.

Mature cathelicidin peptides have also been suggested to

be capable of immunoregulation, neutraligation of

bacterial endotoxin and wound healing. For example, the

LL-37 peptide derived from human CAP-18 is capable of

binding to and neutralising endotoxin (Larrick, J.W. et

al. (1994). J. Immunol. 152: 231-240), induces histamine

release and intracellular calcium mobilisation in mast

cells (Niyonsaba, F. et al. (2001). Eur. J. Immunol. 31:

1066-1075), and is chemotactic for neutrophils,

monocytes, and T cells, but not dendritic cells (Lillard

Jr, J. W. et al. (1999). Proc. Natl. Acad. Sci. USA 96 -

651-656) . The neutralising activity against endotoxin
has led it being proposed as a potential therapy for

gram-negative gepsis.

Porcine PR-39 is capable, inter alia, of upregulating

expression of heparan sulphate proteoglycans called
syndecans, which are involved in wound repair (Gallo,

R.L. et al. (1994). Proc. Natl. Acad. Sci. USA 91: 11035-

11039) and has numerous other activities, including anti-

inflammatory activities such as reducing production of
reactlve oxygen species, neutrophil adhesion, etc. (for

reviews see Zhang, G.L., Rossg, C.R. & Blecha, F. (2000).

Vet. Res. 31: 277-296; Gennaro, R & Zanetti, M. (2000).
- the

Structural features and biological activities o:

cathelicidin-derived antimicrobial peptides. Biopolymers

55: 31-49).
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Accordingly in a further aspect, the pregent invention

provides peptides, polypeptides and nucleic acids as

described above for use in a method of medical treatment .

5 In particular, the peptides, polypeptides and nucleic

aclds may be used for the treatment of a condition caused

by a microbe, for modulating the activity of bacterial

endotoxin (e.g. in gram-negative sepsis), for
immunoregulation (e.g. the treatment of inflammation),

10 and for stimulating wound healing.

Also provided is the use of such peptides, polypeptides

and nucleic acids in the manufacture of a medicament for

=

the treatment of a treatment of a condition caused by a

15 microbe, for modulating the activity of bacterial

endotoxin (e.g. in gram-negative sepsis), for

immunoregulation (e.g. the treatment of inflammation),

and for stimulating wound healing.

20 The present invention further provides pharmaceutical

compositions comprising peptides, polypeptides or nucleic

p—t

acids of the present invention. These compositions may

comprise, in addition to one of the above substances, a

pharmaceutically acceptable excipient, carrier, buffer,
25 stabiliser or other materials well known to those skilled

in the art. Such materials should be non-toxic and

should not interfere with the efficacy of the active

ingredient. The precise nature of the carrier or other

material may depend on the route of administration, e.g.

30 oral, intravenous, cutaneous or subcutaneous, nasal,

intramuscular, intraperitoneal routes. For

administration to fish, the pharmaceutical composition
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may be formulated for addition to water containing the

fish.

Pharmaceutical compositions for oral administration may

be in tablet, capsule, powder or liguid form. A tablet

may include a solid carrier such as gelatin or an

adjuvant. Liquid pharmaceutical compositions generally

include a liquid carrier such as water, petroleum, animal

or vegetable oils, mineral oil or gsynthetic oil.

Physiological saline solution, dextrose or other
saccharide solution or glycols such as ethylene glycol,

propylene glycol or polyethylene glycol may be included.

For intravenous, cutaneous or subcutaneous injection, or

—

injection at the site of affliction, the active

P

ingredient will be in the form of a parenterally

acceptable agqueous solution which is pyrogen-free and has
suitable pH, isotonicity and stability. Those of
relevant skill in the art are well able to prepare
suitable solutions using, for example, isotonic vehicles
such as Sodium Chloride Injection, Ringer's Injection,

Lactated Ringer's Injection. Preservatives, stabilisers,

buffers, antioxidants and/or other additives may be

included, as required.

Whether it 1s a polypeptide, antibody, peptide, nucleic

acid molecule, small molecule oxr other pharmaceutically

useful compound according to the present invention that
is to be given to an individual, administration is

preferably in a ‘prophylactically effective amount' or a

‘therapeutically effective amount’ (as the case may be,

although prophylaxis may be considered therapy), this

being sufficient to show benefit to the individual. The



10

15

20

25

30

CA 02474623 2004-07-26

WO 03/062271 PCT/GB03/00322

34
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