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Avian Cationic Antimicrobial Peptides in Health and Disease: A Mini Review
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Abstract: The cationic antimicrobial peptides, including avian P-defensins called gallinacins in chickens, are
endogenous natural antibiotics and constitute bicactive molecules of innate immune system. Marleed by their
broad spectrum antimicrobial activity and lack of antibioresistance, these antimicrobial peptides act promptly
and form the first line of host defense against bacteria, fungi and enveloped viruses. They have been isolated
from different species and constitute the most active molecules of the non-oxidative killmg mechamsm in
chicken heterophils and expressed in the chicken reproductive system, tongue and bursa of fabricius and they
constitute the backbone for new class of antibiotics and alternatives of feed additives. Their expression shows
variability in health and disease and their low level 1s incriminated m some genetic disorders.
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INTRODUCTION

Widely distributed, the
peptides exist in all living species and >24 different
antimicrobial peptides have been found m a single ammal
(Hancock and Diamond, 2000), In contrast, to the immune
response characterized by its high specificity and relative
slowness and discrimination between self and non-self,
the cationic antimicrobial peptides have rapid response
with broad spectrum activity and low host cytotoxicity
(Hancock and Scott, 2000), the rapid response is crucial in
determining the outcome of nfection (Namavar et al,
1984). They exist in all forms of life and they were 1solated
from Human Immunodeficiency Virus type 1 (HIV-1),
Simian Immunodeficiency Virus (SIV) and from Equine
Infectious Anemia Virus (EIAV) (Tencza et al., 1997), they
were also solated from plents, these latter combat
mnfections by the production of specific cationic peptides,
thiomns (Hancock et al., 1995).

An antimicrobial peptide with 51 residues and 3
intramolecular disulfide linkages, named royalisin  was
found in royal jelly of the honeybee Apis mellifera
(Fujiwara et al., 1990). The cationic peptides tend to be
mainly found in the most exposed parts of the body to
infection (Hancock and Scott, 2000).
The 4th 1solated and characterized defensins were from
rabbit lung macrophage and named HCP-1 and MCP-2
(Selsted et al., 1983).

cationic antimicrobial

environmental

The cationic antimicrobial peptides in avian blood cells:
The chicken heterophils lack myeloperoxidase, an
essential enzyme of the respiratory burst (Brune et af.,
1972; Brune and Spitznagel, 1973; Penniall and Spitznagel,
1975, Styrt, 1989; Harmon, 1998). The avian heterophils
produced few oxygen radicals (Conlon ef al., 1991) and
their antimicrobial activity depends mainly on non-
oxidative killing mechanism like cationic antimicrobial
peptides and lysosyme (Harmon er af., 1992). Many
researchers in the field of natural cationic antimicrobial
peptides have been attracted by the avian heterophils due
to their antimicrobial activity which depend primarily on
oxygen-independent mechamsms (Harmon, 1998).

Three cationic antimicrobial peptides or p-defensins
named gallinacins (Gal-1e, Gal-1, Gal-2) were 1solated
from chicken leukocytes Gal-2, these peptides contained
36-39 amino acid residues and they were relatively
catiomc due to their lysine and their argimne residues,
gallinacins showed sequence homology to the B-defensin
subfamily. The gallinacins showed 9 invariant residues
(6 cysteines, 2 glyeines and 1 proline) common to bovine
B-defensins (Harwig et al., 1994) and 2 other cationic
antimicrobial peptides named chicken heterophil peptides
(CHP1 and CHP2) were purified from the granule extract of
chicken heterophils. Three Turkey antimicrobial peptides
were isolated from turkey heterophils and named turkey
heterophul peptides (THP1, THP2 and THP3) (Evans et al.,
1994). Recently a new nomenclature of avian B-defensins
have been proposed (Lynn et al., 2007).
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The expression of cationic peptides in normal and
pathologic states: The gallinacin-3 expression was found
to be strongly prominent m the chicken tongue, bursa of
Fabricius and trachea and was alse moderately expressed
in the skin, esophagus and air sacs; weaker expression of
(Gal.-3 was seen in the large intestine, kidney and ovary
but only its tracheal expression was increased in response
to Haemophilus paragallinarum experimental infection.
Tn contrast to Gal.-3, the expression of Gal.-1 (and-1¢) and
Gal -2 was limited to bone marrow cells (Zhaoet al., 2001).

Another B-defensin named gallinacin-6 (Gal-6) with
potent antimicrobial activity agamst food bome
pathogens was found in the proximal digestive tract
(van Dijk et al., 2007). Twelve avian B-defensins genes
(AvPD-1, AvPD-2... and AvPD-12) were identified in the
reproductive tract, the expression of some of them
was increased following lipopolysaccharide injection
(Abdel Mageed et al., 2008).

The chicken Liver-Expressed Antimicrobial Peptide 2
(cLEAP-2), with its 4 conserved cysteine amino acids and
antibacterial activity, was expressed in the small intestine,
liver, lung and kidney. Tts expression was upregulated
following oral challenge with salmonella (Townes et al.,
2004).

Biosynthesis of avian B-defensins: They are ribosomally
synthesized peptides (Hancock and Chapple, 1999). In
chicken, it has been shown that the peptide precursors of
the four avian B-defensins (Gal-1/CHP-1, Gal-2, THP-1 and
THP-2) were composed by a signal sequence with about
19 ammo acid residues and 1t 13 hydrophobic, a propiece
with =40 amino acid residues and 1t 1s lughly acidic and
the cationic mature peptide (Brockus ef al., 1998). The
propiece has a role in the inactivation of the mature
peptide and has been demonstrated in vitro (Valore et al.,
1996).

Antimicrobial activity: The conserved killing activity of
the polymorphonuclear leukocytes against certain
bacteria and fungi even in anaerobic conditions where
their ability to generate reactive oxygen intermediates is
completely abolished explain the existence of non-
oxidative mechanism (Vel ef al., 1984). The cationic
antimicrobial peptides are natural antibiotic and their
antimicrobial activity has been extensively studied. They
are active against enveloped viruses such as HIV,
Herpesvirus and Vesicular stomatitis virus (Lehrer ef al.,
1985) and Gram-negative and/or Gram-positive bacteria,
fungi, parasites such as trypanosomas and plasmodia and
even cancer cells (Hancock and Diamond, 2000). They
were also active against three clinical 1solates of
Mycobacterium tuberculosis (Miyakawa et al., 1996).
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Bacterial killing occurs in minutes and in most cases
requires bacterial cell growth (Huttner and Bevins, 1999).

Quantitative assays revealed that CHP-1 kill 80% of
the E. coli at 2.7 pg mL ™", while 80% of the S. qureus was
killed at only 0.7 pg mL™". The CHP-2 tested by using
radial diffusion method and was bactericidal against both
S. aureus and E. coli. The THP-1 1s less potent than
chicken heterophil peptides and kalls 80% of the S. qureus
at 2.6 pg mL~" while killing of the E. coli require higher
concentrations and 80% of the E. coli was killed at
5.3 pug mL™". The other 2 Turkey Hetercphil Peptides
(THP-2 and THP-3) fail to kill E. coli in vitro at 21 ug mL ™
and killed 80% of the S. aureus at 10.5 pg mL™
(Evans et al., 1994)

Other chicken and turkey heteroplul peptides
(CHP-1, CHP-2, THP-1 and THP-3) were tested against a
variety of microorganisms including avian pathogens and
human pathogens which are harbored by birds. The three
first peptides were effective against all the bactena tested
at a concentration of 16 ug mL ™", except for Pasteurella
multocida serotype A:3, strain 1059 where none of the
peptides including a known microbicidal peptide:
protamine sulfate (that used as a positive control) were
active against this serotype at the maximum concentration
of 16 pg mL.™" also the THP-3 has no effect on Bordeteila
avium, E. coli and Salmonella tvphimurium at the
maximum concentration of 16 ug mL~". The THP-1 is the
most potent of the tested avian heterophils peptides. It
has been shown that bacterial swvival reduction is
concentration dependent and the four peptides were
unable to neutralize Infectious Bronchitis Virus (IBV)
the experimental conditions (Evans ef al., 1995).

By using an ultrasensitive radial diffusion method,
GAL-1 (CHP-1) and Gal-1¢ were powerful against £. coli
and they were 10 fold more potent than HNP-1, Gal-2
(CHP-2) expressed less efficacy agamst £. coli but far
exceeded that of HNP-1. All 3 gallinacins have almost
equal antibacterial activity against L. monocytogenes
Gal-1 and Gal-1¢ killed C. albicans whereas Gal-2 was
ineffective even in a concentration of 400 ug mL™'
(Harwig et al., 1994).

Cationic peptides and cells: The catiomc antimicrobial
peptides have cytotoxic effect on the host cells especially
blood cells. The biological activity of the antimicrobial
peptides depends on the environment in which it is found.
The cytotoxic peptides found mn antimicrobial secretions
function primarily by providing a 1st line of defense
against invading microorganisms whereas, some cytotoxic
peptides present in the venom function as toxing and are
used by orgamsms for defense (Kourie and Shorthouse,
2000).
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The outer leaflet of the cell membrane is less
negatively charged mn eukaryotic cells compared to
bacteria and this may partially explains the different
effects of the peptides on prokaryotic cells compared to
eukaryotic cells (Gudmundsson and Agerberth, 1999).
Their action on the cell membranes depends on their lipid
composition (Hristova et al., 1997).

Other activities of cationic antimicrobial peptides: Unlike
most of antibiotics, the cationic antimicrobial peptides
have activity through preventing
septicemia which usually caused by release of
lipopolysaccharides from the outer membrane of
Gram-negative bacteria; the toxicity of this endotoxin
(LPS) is contained within its lipid a portion. Gram-positive
septicemia is also presumed to be caused by the released

antiendotoxinic

of bacterial cell wall components (Hancock and Scott,
2000).

These antimicrobial peptides have the ability to block
the activation of macrophages by LPS, possibly by
blocking the binding of LPS to LPS binding protein and
prevent the initial step of LPS signaling that consist on
the transfer of LPS to CD14 by LPS binding proten and
this reduce or prevent the LPS-induced inflammatory
responses (Scott et al., 2000).

Some cationic antimicrobial — peptides have
histamine releasing activity and degranulate rat peritoneal
mast cells (Befus et al., 1999). The defensing increase
epithelial wound repair ir vitro and mucin preduction
(Aarbiou et al., 2004). These peptides are regulators of
inflammation and immunity (Bals and Hiemstra, 2004).

DISCUSSION

The cationic antimicrobial peptides include avian
P-defensins exist in blood heterophils where their
antimicrobial activity against microorganisms depends
on the non-oxidative killing mechamism and not on the
respiratory burst and these peptides are the principal
component of the 1st one. Works on cationic
antimicrobial peptides open a new window on the best
comprehension of genetic disorders associated with
decreased cationic antimicrobial peptides and disruption
of barriers against microorgamsms (Chanock and Foster,
1999, Wehlkamp et al., 2005).

Recent advances on cationic antimicrobial peptides
may help mn the development of new feed additives and
exploited to replace the formerly used antibiotics.

CONCLUSION

The relative paucity of information on avian cationic
antimicrobial peptides, compared to defensins in humans,
leads to more confusion and ambiguities in studying the
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innate immune system and particularly the avian non-
specific part of the innate host defense mechamsms. Little
is known about the effect of major avian diseases on
these molecules that play a key role in protection against
microorgamsms especially in this species where the
antimicrobial activity of heterophils depends mainly on
cationic antimicrobial peptides.
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