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Recent research has identified endogenous cationic antimicrobial peptides as important factors in the innate
immunity of many organisms, including fish. It is known that antimicrobial activity, as well as lysozyme activ-
ity, can be induced in coho salmon (Oncorhynchus kisutch) mucus after exposure of the fish to infectious agents.
Since lysozyme alone does not have antimicrobial activity against Vibrio anguillarum and Aeromonas salmoni-
cida, a four-step protein purification protocol was used to isolate and identify antibacterial fractions from bac-
terially challenged coho salmon mucus and blood. The purification consisted of extraction with hot acetic acid,
extraction and concentration on a C18 cartridge, gel filtration, and reverse-phase chromatography on a
C18 column. N-terminal amino acid sequence analyses revealed that both the blood and the mucus antimi-
crobial fractions demonstrated identity with the N terminus of trout H1 histone. Mass spectroscopic analysis
indicated the presence of the entire histone, as well as fragments thereof, including a 26-amino-acid N-terminal
segment. These fractions inhibited the growth of antibiotic-supersuscptible Salmonella enterica serovar Typhi-
murium, as well as A. salmonicida and V. anguillarum. Synthetic peptides identical to the N-terminally
acetylated or C-terminally amidated 26-amino-acid fragment were inactive in antimicrobial assays, but they
potentiated the antimicrobial activities of the flounder peptide pleurocidin, lysozyme, and crude lysozyme-
containing extracts from coho salmon. The peptides bound specifically to anionic lipid monolayers. However,
synergy with pleurocidin did not appear to occur at the cell membrane level. The synergistic activities of
inducible histone peptides indicate that they play an important role in the first line of salmon defenses against
infectious pathogens and that while some histone fragments may have direct antimicrobial effects, others
improve existing defenses.

Mammalian mechanisms of nonspecific host resistance in-
clude physiological barriers at the portal of entry (skin or mu-
cosa) and relatively unspecific innate immunity (e.g., phagocy-
tosis by polymorphonuclear leukocytes and macrophages, the
reticuloendothelial system, biochemical tissue constituents, and
the inflammatory response, including fever). While macrophages
and granulocytes remain central cellular components of innate
immunity, fish lack bone marrow and lymph nodes. The thy-
mus, kidney, and spleen are the most important lymphomy-
eloid tissues (5). It has long been known that while mammalian
species are relatively sensitive to endotoxic lipopolysaccharide
(LPS), some fish, including coho salmon and rainbow trout, fail
to produce any clinical signs even when given 200 mg of Esch-
erichia coli LPS kg of body weight21 (2, 32). This, taken together
with reports of salmonids developing resistance to bacterial in-
fections prior to producing detectable levels of antibodies, which
cannot be explained solely by macrophage activation or C-re-
active protein-mediated opsonization (17, 18), draws attention
to the existence of other important elements of fish defenses.

Endogenous cationic antimicrobial peptides have been iso-
lated from a multitude of animal and plant species (reviewed
by Hancock and Lehrer [11]), including fish (4, 7, 15, 19, 24,

29), and are recognized as components of the nonspecific de-
fense system (3, 12). Each animal can contain several antimi-
crobial cationic peptides, which are either redundant or possi-
bly complementary in their activities and which occur in single
locations, such as the intestinal mucosa or the neutrophils (10).
In some instances, antimicrobial proteins and peptides have
been shown to be processed products of larger proteins, in-
cluding lactoferrin (6) and cathepsin G (26). Another example
is an antimicrobial peptide derived from H2A histones, which
has been isolated from the stomach tissue of the Asian toad by
Park et al. (23).

In this research we identified a peptide whose presence in
salmon mucus and blood correlates with the increase in lyso-
zyme activity following a disease challenge. We further con-
structed synthetic homologues of the peptide and investigated
their ability to synergize with the flounder peptide pleurocidin,
lysozyme, and crude mucus and serum extracts. An amidated
version of pleurocidin had previously been shown to protect
coho salmon from Vibrio anguillarum infections in vivo (16).

MATERIALS AND METHODS

Bacterial strains and growth media. Field isolates of the salmonid pathogens
Aeromonas salmonicida and V. anguillarum were identified by typing and kindly
provided by Julian Thornton, Microtek International Inc., Victoria, British Co-
lumbia, Canada. The defensin-supersusceptible strain (MS7953s) of Salmonella
enterica serovar Typhimurium, with a mutation in its PhoP-PhoQ two-component
regulatory system, was described by Fields et al. (8). Serovar Typhimurium was
maintained at 37°C in Mueller-Hinton broth (Difco Laboratories, Detroit,
Mich.), while the fish bacteria were maintained at 16°C in tryptic soy broth
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(Difco) (5g of NaCl per liter). All strains were stored at 270°C until they were
thawed for use and subcultured daily.

Synthesis of peptides. The two peptides based in trout H1 histone were
produced, using N-(9-fluorenyl)methoxycarbonyl chemistry, by the Nucleic Acid
and Protein Service, University of British Columbia, Vancouver, Canada. Pep-
tide sequences are shown in Table 1.

Lysozyme activity and initial antimicrobial activity assessment. One of three
groups of six coho salmon weighing 120 to 150 g was challenged with LPS
isolated from Pseudomonas aeruginosa, S. enterica serovar Minnesota, and E. coli.
Mixed LPS in saline at the concentration of 7.5 mg/kg of fish was injected
intraperitoneally. Of the remaining two (control) groups, one was injected with
saline alone, while the other was left untreated. At 2 days postinjection mucus
and blood were obtained from each fish, and the blood was separated into cells
and serum. Mucus and serum were diluted serially, and the dilutions were tested
for inhibitory activity against defensin-susceptible S. enterica serovar Typhi-
murium. The level of lysozyme activity in the serum was evaluated by the
modified lysoplate assay of Osserman and Lawlor (22), which utilizes Micrococ-
cus lysodeikticus as the test agent.

Peptide purification. Three groups of 20 coho salmon weighing 120 to 150 g
were challenged. The challenges consisted of LPS isolated from P. aeruginosa,
S. enterica serovar Minnesota, and E. coli; clinical isolates of V. anguillarum; and
handling stress. Mixed LPS in saline at the concentration of 7.5 mg/kg of fish was
injected intraperitoneally, while V. anguillarum was introduced by immersing the
fish for 15 min in a bath of 109 bacteria per liter of Cortland saline. Handling
stress consisted of holding the fish out of water for less than 5 min in a dip net.
Following the challenge, fish were released into tanks and allowed to mount an
immune response. When an adequate response was developed, as determined by
measuring the levels of lysozyme in optimization studies, fish were sacrificed. The
blood was obtained from each fish and separated into cells and serum. The head
kidney, spleen, mucus, and gills were also harvested. All samples were pooled
based on the sample type and challenge type. For example, all spleens from the
20 LPS-challenged fish were pooled as one sample, while all spleens from the 20
V. anguillarum-challenged fish were pooled as a separate sample. The resulting
18 cross-pooled samples were then extracted by boiling in 10% acetic acid.
Solid-phase extraction with a Sep-Pak C18 cartridge (Waters) was performed
using 60% acetonitrile in 0.1% trifluoroacetic acid (TFA) to elute the cartridge.
The samples were lyophilized, resuspended in water, and tested for antimicrobial
activity against a defensin-supersusceptible S. enterica serovar Typhimurium
strain as described below. Samples exhibiting antimicrobial activities were ap-
plied to a Bio-Gel P-30 size exclusion chromatography column (Bio-Rad), eluted
with 50 mM ammonium formate, lyophilized, resuspended in water, and retested
for antimicrobial activity. Active samples were applied to a reverse-phase fast-
performance liquid chromatography (RP-FPLC) column (PepRPC; Pharmacia
Biotech) in 0.1% TFA and eluted with a 0 to 60% gradient of acetonitrile in 0.1%
TFA, and fractions were collected, monitored at 220 nm, and tested for antimi-
crobial activity. The total protein content of the samples was assessed using the
modified Lowry method (20). The purity of active samples was assessed using
acid-urea polyacrylamide gel electrophoresis (AU-PAGE) (31). Following the
purity assessment, active samples were subjected to amino acid analysis and
Edman microsequencing at the Protein Microsequencing Laboratory at the Uni-
versity of Victoria, Victoria, Canada. In addition, matrix-assisted laser desorption
ionization mass spectroscopy was performed by the Mass Spectroscopy Facility,
Department of Chemistry, University of British Columbia, Vancouver, Canada.

Histone protein expression in fish extracts. Seven coho salmon were chal-
lenged with V. anguillarum as described above, along with six control fish. Blood
samples obtained at 72 h postincubation were separated into cells and serum, and
the latter was tested for antimicrobial activity. Acid extracts of the serum from

each fish were also subjected to AU-PAGE (31) along with the previously
purified histone peptide.

Synergy of histone peptides with other natural fish antibiotics. The checker-
board microtiter assay was used to determine peptide-peptide synergy (1). Serial
dilutions of each peptide were made in tryptic soy broth medium in 96-well
polypropylene microtiter plates (Costar, Cambridge, Mass.). Each well was in-
oculated with 10 ml of a solution of the test organism at approximately 5 3 106

CFU/ml. Samples of the bacterial inoculum were plated to ensure they were
within the proper range. The fractional inhibitory concentration (FIC) was de-
termined after 48 h of incubation of the plates at 16°C. Synergy was defined as
an FIC index of less than 0.5, calculated according to the following formula: FIC
index 5 [A]/MICA 1 [B]/MICB, where [A] was the concentration of drug A in
a well that represented the lowest inhibitory concentration in its row, MICA was
the MIC of drug A alone, [B] was the concentration of drug B in a well that
represented the lowest inhibitory concentration in its row, and MICB was the
MIC of drug B alone. Since many MICs in the assay were higher than the
maximal level of compound tested, they were assumed to equal the highest
concentration tested. When MICs alone were required, the method of Wu and
Hancock (33) was used. It was essentially identical to the FIC protocol described
above, except that serial dilutions of only one peptide per well were made.

Cytoplasmic membrane permeabilization assay. The cytoplasmic membrane
depolarization activities of the peptides were determined using the membrane
potential-sensitive dye 3,3-dipropylthiacarbocyanine (diSC35) (30, 33) and V.
anguillarum. Bacterial cells in the mid-logarithmic phase of growth (optical
density at 600 nm of 0.5) were centrifuged, washed in 5 mM HEPES (pH 7.8) and
resuspended in the same buffer to an optical density at 600 nm of 0.05. A stock
solution of diSC35 was added to a final concentration of 0.4 mM, and quenching
was allowed to occur at room temperature for 45 min. Then KCl was added to
the cell suspension to a final concentration of 100 mM and allowed to equilibrate
for 15 min. A 2-ml cell suspension was placed in a 1-cm cuvette, and the desired
concentration of tested peptide was added. Changes in fluorescence due to the
disruption of the membrane potential in the cytoplasmic membrane were con-
tinuously recorded using a Perkin-Elmer model 650-10S spectrofluorimeter at an
excitation wavelength of 622 nm and an emission wavelength of 670 nm.

Langmuir monolayer assay. Lipid monolayers were formed by applying the
appropriate lipids dissolved in hexane or chloroform onto water contained in a
circular Teflon trough (diameter, 4.5 cm; total volume, 11.5 ml). Monolayers
were allowed to equilibrate until a stable surface pressure was obtained (,0.2
mN/m drift in Dp). A small port in the side of the trough enabled injection of
reagents into the subphase without disruption of the monolayer. The subphase
was gently mixed with a magnetic stir bar at 45 rpm. Surface pressure measure-
ments were obtained by using the Whilhelmy plate method (21). The plate was
cleaned with methanol three times and thoroughly rinsed with double-distilled water
prior to each surface pressure measurement. The experiments were run at 23°C.

RESULTS

Lysozyme activity and antimicrobial activity in crude sam-
ples. Antimicrobial activities of the serum and mucus of LPS-
challenged coho salmon were at least fourfold higher than
those of the controls at 48 h postinjection (Fig. 1A). A con-
current increase in lysozyme activity was observed in the serum
of challenged fish. While the increase in lysozyme activity may
have contributed to the increase in antimicrobial activity, ly-
sozyme alone is not normally active against gram-negative bac-

TABLE 1. Identity of the active component

Peptide Sequencea

HSDF-1 Ac-AEVAPAPAAAAPAKAPKKKAAAKPKK
HSDF-2 AEVAPAPAAAAPAKAPKKKAAAKPKK-NH2

Trout H1 histone Ac- AEVAPAPAAAAPAKAPKKKAAAKPKK.AGPSVGELIVKAVSAKERSGVSLAALKKSLAAGGYDVEKNNSRVKIAVKSL
VTKGTLVQTKGTGASGSFKLNKKAV.EAKKPAKKKAAAPKAKKVAAKKPAAAKKPKKVAAKKAVAAKKSPKKAKKPAT
PKKAAKSPKKVKKPAAAAKKAAKSPKKATKAAKPKAAKPKAAKAKKAAPKKK

a The 26-amino-acid sequence of the FPLC peak derived from the LPS-MUC sample is identical to the N-terminal sequence from trout H1 histone (underlined).
The 8-amino-acid sequence obtained from the VIB-SER-derived peak was also identical to the N terminus of the histone. Mass spectroscopic data for both samples
revealed a number of histone fragments. The most probable fragmentation pattern is shown by separating the fragments with periods. The section indicated by the wavy
underlined likely resulted in fragmentation into many short (;15-amino-acid) sections. The sequences of the synthetic peptides (HSDF-1 and HSDF-2) used in further
experiments are also shown. Ac, acetylation of the N terminus, NH2, C-terminal amidation.
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teria. AU-PAGE analysis of acid extracts from the sera of
unchallenged and challenged salmon revealed a band which
was detectable in the microbicidal serum of challenged salmon
but not in samples from unchallenged salmon or in challenged
but nonmicrobicidal samples (Fig. 1B). The position of the
band on the gel corresponded to that of an antimicrobial fac-
tor, HSDF-1 (see below), independently purified from the mu-
cus and serum of coho salmon. The identities of two of the
strongest bands were further confirmed through N-terminal
Edman microsequencing.

Purification of active protein fractions. Following an initial
screen of 18 separate acetic acid extracts, two extracts were
fractionated on two separate columns and finally obtained as
active single-peak samples eluted from an RP-FPLC column.
In each case, every protein-containing peak was collected and
tested (P1 to P5 in Fig. 2), as well as the samples immediately
before and after each peak. When a single peak extended over
two or more eluate samples, these eluates were pooled. After
every use, the column was washed in 100% acetonitrile in 0.1%
TFA to ensure that no peptides were left on the column.

Of all peaks present in the sample derived from the mucus
of LPS-stimulated fish (LPS-MUC), only peak P4 showed an-
timicrobial activity after being lyophilized and resuspended in
water (Fig. 2). Samples immediately before and after the peak
had no activity. Peak P4 was subsequently reapplied to the C18

column to ensure its purity. An identical single peak was pu-
rified from the sample obtained from the serum of Vibrio-
infected fish (VIB-SER).

The respective MICs of the LPS-MUC and VIB-SER sam-
ples, expressed in micrograms of total protein per milliliter,
were 100 and 50 against S. enterica serovar Typhimurium C610,
50 and 25 against A. salmonicida, and 50 and 50 against V. an-
guillarum. The amino acid composition of the LPS-MUC sam-
ple revealed a high proportion of lysine, alanine, and proline.
Screening of the VIB-SER sample against the SWISSPROT
database using the web-based Expert Protein Analysis System
AACompIdent tool resulted in several matches, all of which
were histone proteins from various species, including trout.

FIG. 1. Induction of lysozyme activity, antimicrobial activity, and
H1 histone-derived peptide after a disease challenge of coho salmon.
(A) Lysozyme activity in coho salmon serum, as well as antimicrobial
activity of coho serum and mucus, are shown. The numbers on the y
axis represent two separate units. For the lysozyme activity, the num-
bers represent activity units (106) in 1 ml of serum. For the mucus and
serum antimicrobial activities the y-axis units are the inverse of the
highest dilutions of the sample capable of inhibiting the growth of the
supersusceptible S. enterica serovar Typhimurium C610. The average
and standard deviation from three separate experiments are shown for
each lysozyme result. (B) AU–15% PAGE and Coomassie blue stain-
ing were used to analyze acid extracts of serum samples from individ-
ual disease-challenged and unchallenged fish. Four of the challenged
samples had antimicrobial activity against serovar Typhimurium C610
and have been designated active. A band which appeared only in active
samples from challenged fish and which corresponded to an indepen-
dently purified and identified histone fragment peptide, HSDF-1 (H),
is shown.

FIG. 2. Purification of the active component from the mucus of LPS-challenged coho salmon. Following the acid extraction step, C18 extraction
and concentration step, and gel filtration, the active sample was applied to an RP-FPLC column in 0.1% TFA. The column was eluted with
acetonitrile in 0.1% TFA. The protein content of the eluates, monitored at 220 nm, is shown. The acetonitrile concentration gradient is represented
by the straight line. Each peak (P1 to P5) was collected and tested for antimicrobial activity. Peak P4 was the only peak with activity, and it was
reapplied to the column to ensure its homogeneity. Peak P4 was active against S. enterica serovar Typhimurium, V. anguillarum, and A. salmonicida.
An identical peak, which eluted at the same acetonitrile concentration, was isolated from the serum of V. anguillarum-challenged salmon.

VOL. 45, 2001 SYNERGY OF FISH HISTONE PEPTIDES AND ANTIBIOTICS 1339

 at U
N

IV
 O

F
 B

R
IT

IS
H

 C
O

LU
M

B
IA

 on M
ay 2, 2008 

aac.asm
.org

D
ow

nloaded from
 

http://aac.asm.org


The amino acid sequencing data were similar for both samples
and revealed sequences identical to the N terminus of trout H1
histone, as depicted in Table 1. The lengths of the sequences
obtained for the LPS-MUC and VIB-SER samples were, re-
spectively, 26 and 8 amino acids. Matrix-assisted laser desorp-
tion ionization mass spectroscopic analysis of each sample re-
vealed a number of histone fragments, as indicated in Table 1,
suggesting that the samples were not homogenous despite ap-
pearing as a single RP-FPLC peak. Species in the 20-kDa range
were identified, indicating that the entire histone might be pres-
ent. Also, species in the 10-kDa range, species corresponding
to the N-terminally acetylated 26-amino-acid peptide identical
to the N terminus of the trout H1 histone, and several smaller
species were identified. We named the 26-amino-acid species
HSDF-1 (for histone-derived fragment 1). Amino acid analysis
of the FPLC-purified samples from mucus and serum showed
HSDF-1 concentrations to be 12 and 207 mg/ml, respectively.
Assuming 100% yield from the purification protocol, HSDF-1
concentrations in the original samples were estimated as 13
mg/ml in salmon mucus and 23 mg/ml in salmon blood. Given
the unlikelihood of the assumed 100% yield, these concentra-
tions almost certainly underestimate the actual values.

Synergy of histone peptides with other natural fish antibi-
otics. Synthetically produced 26-amino-acid peptides equiva-
lent to the N-terminally acetylated (native histones are acety-
lated) and C-terminally amidated variants of the N terminus of
histone H1 (Table 1) had no detectable inhibitory activities
against A. salmonicida and V. anguillarum, even when used at
concentrations in excess of 1 mg/ml. However, at concentra-
tions as low as 16 to 32 mg/ml, they potentiated the activities of
the flounder peptide pleurocidin, hen lysozyme, and extracts
from the mucus and serum of coho salmon against V. anguil-
larum. Both histone peptides potentiated the activity of pleu-
rocidin against A. salmonicida, but neither potentitated the
activity of hen lysozyme or extracts from the mucus and serum
of coho salmon against this bacterium (results not shown). As
the sources of serum and mucus were prechallenged with V.
anguillarum, these samples contained lysozyme and other

pathogen-specific defenses, which could apparently be poten-
tiated by histone peptides.

The synergistic activities of histone peptides and natural fish
antibiotics are shown in terms of actual reductions in inhibitory
concentrations, as well as the FIC indices, in Table 2. While the
latter is the common way of expressing synergy, the former
provides a more intuitive visualization of the experimental
data, given that the histone peptides had no detectable MICs
by themselves.

Membrane activities of histone-derived peptides. The ability
of pleurocidin and histone peptides to insert into lipid mono-
layers and V. anguillarum membranes was investigated. All
peptides appeared to insert into the anionic lipid egg phospha-
tidyl-DL-glycerol monolayer, and pleurocidin and HSDF-2 in-
serted into the anionic cardiolipin monolayer (Fig. 3A). None
of the three peptides inserted into the neutral phosphatidyl-
choline monolayer. This indicates that the peptides are specific
for anionic lipids. In order to test whether HSDF-1 had the
ability to permeabilize V. anguillarum cell membranes, mem-
brane potential-dependent quenching of a fluorescent dye
was monitored. The HSDF-1 peptide did not permeabilize
the cytoplasmic membrane or potentiate permeabilization
caused by the flounder pleurocidin in this assay (Fig. 3B).

DISCUSSION

We have identified the H1 histone and its fragments in the
antimicrobial fractions at two separate sites in coho salmon
challenged with distinct agents, indicating that histone proteins
may be a relatively ubiquitous component of the host defenses.
This finding is consistent with other histone research published
to date. Human wound fluid contains histone H2B fragments
(9), and histone-like cationic proteins have been isolated from
the cytoplasm of murine macrophages (13). Recently, the pres-
ence of histone H1 in the cytoplasm and supernatants of villus
epithelial cells has been reported (28), and antimicrobial ac-
tivity in the skin of channel catfish has been attributed to
histone-like cationic proteins (27). The antimicrobial activity of

TABLE 2. FICs of natural fish antibioticsa

Antibiotic MIC
(mg/ml)

FIC (mg/ml) with HSDF-1
concn (mg/ml) of: FIC index with

HSDF-1

FIC (mg/ml) with HSDF-2
concn (mg/ml) of: FIC index with

HSDF-2
32 128 32 128

None
A. salmonicida .1,024 .1,024 .1,024 .1,024
V. anguillarum .1,024 .1,024 .1,024 .1,024

Pleurocidin
A. salmonicida 2 0.125 ,0.12 ,0.08 0.125 ,0.12 ,0.09
V. anguillarum 16 8 4 ,0.31 4 1 ,0.19

Hen egg white lysozyme (V. anguillarum) .256 128 32 ,0.25 128 64 ,0.38

Mucus (V. anguillarum)b .256 256 32 ,0.25 256 64 ,0.38

Serum (V. anguillarum)b .256 128 32 ,0.19 128 32 ,0.25

a Inhibitory concentrations of natural fish antibiotics, as well as hen egg white lysozyme, in the presence of HSDF-1 or HSDF-2 are shown. Two concentrations of
each histone peptide are presented for two separate bacteria: V. anguillarum and A. salmonicida. FIC indices for natural fish antibiotics and histone peptides have been
calculated according to the previously described formula and are shown. See text for details of calculations.

b Values are lysozyme concentrations in mucus or serum. Estimates of lysozyme concentration in the extracts were performed using a standard M. lysodeikticus assay
(22).
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calf thymus histone has been known since 1958 (14), but the
recent findings described above identify several extranuclear
sites where histone proteins may play an important protective
role in vivo.

The presence of defined histone fragments in antimicrobial
extracts has been shown previously in toads and catfish (Icta-
lurus punctatus) (23, 25), consistent with our finding of the 26-
amino-acid N-terminal fragment of H1 histone in coho salmon.
Although mass spectroscopy identified multiple species of var-
ious sizes, the total amino acid content of the serum sample
matched unambiguously that of other H1 histones, suggesting
that all mass spectroscopy species may be of histone origin. In
fact, specific histone processing, rather than increased histone
production, could account for the increased presence of the
26-amino-acid histone fragment in active samples. It remains
unclear whether the histone proteins were secreted or if they
represent active debris from host cells damaged in the disease
process, but precedents for the latter exist (13, 28).

The lack of antimicrobial activity of the artificially synthe-
sized peptides HSDF-1 and HSDF-2 against V. anguillarum
and A. salmonicida, as well as the increase in lysozyme activity
in the original samples, led to the hypothesis that the antimi-

crobial activity associated with the presence of the 26-amino-
acid peptide may have arisen from its ability to synergize with
other histone fragments and, in early extracts, other natural
fish antibiotics. The ability of the two synthetic peptides to
potentiate the flounder peptide pleurocidin, as well as lyso-
zyme and lysozyme-containing serum and mucus extracts, lent
strong support to the synergy hypothesis. Synergy with pleuro-
cidin is of particular significance, as this peptide has been
shown to protect coho salmon from V. anguillarum infections
in vivo (16). The diSC35 system did not indicate that synergy
took place at the cell membrane level. Indeed, HSDF-1 was a
poor membrane pearmeabilizer. Hence, if the target of HSDF-1
is intracellular, it may have to rely on other agents to facilitate its
passage through the membranes. However, the preference of
the cationic histone peptides for the monolayers of anionic lip-
ids suggests that these peptides may also be capable of mem-
brane interactions of their own, and membrane composition
may be a factor in determining bacterial susceptibility to his-
tone peptides.

Trout H1 histone-like protein and its fragments were isolat-
ed from the acid extracts of the mucus and serum of challenged
coho salmon. Synthetic peptides identical to the N terminus of
H1 histone potentiated natural fish antibiotics, including floun-
der pleurocidin, against fish pathogens. The findings of this re-
search expand our understanding of the extent to which his-
tone proteins are involved in salmon immunity. In the light of
recent concerns about residual antibiotics in aquaculture, en-
hancing natural immune responses presents a unique oppor-
tunity for infection control among farmed fish.
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