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Significance of Endogenous
Antimicrobial Peptides on the
Health of Food Animals

Yewande O. Fasina*, Temitayo Obanla, George Dosu and Sierra Muzquiz

Department of Animal Sciences, North Carolina Agricultural and Technical State University, Greensboro, NC, United States

Acquired resistance to in-feed antibiotic growth promoters continues to be an imperative
problem in the livestock industries, thereby necessitating continuous pursuit for
alternatives. Antimicrobial peptides (AMPS) represent a critical part of the host’s innate
immune system and have been documented to have immunomodulatory activity.
Increasing research evidence suggests that in contrast to antibiotics, AMPs exert
broad-spectrum antibacterial activity in a manner that reduces bacterial acquisition of
resistance genes. This review summarizes current knowledge on the protective effects
of endogenous (natural) AMPs in the gastrointestinal tract of food animals. Factors limiting
the efficacy of these AMPs were also discussed and mitigating strategies were proposed.
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INTRODUCTION

Antimicrobial peptides (AMPs), also referred to as host (endogenous) defense peptide (HDPs),
are tiny cationic peptides that occur naturally in a variety of plants, animals, and microbes (1).
Typically, AMPs have a broad-spectrum activity against microorganisms, and have the ability
to kill multidrug-resistant bacteria (2). They also exert immunomodulatory activities such as
recruiting and activating cells of the innate and adaptive immune system (3). The molecular and
cellular mechanisms underlying the activity of AMPs involve inducing changes in membrane-
associated targets (such as cell wall biosynthesis and cell division) or on cytoplasmic targets
such as macromolecular synthesis in cells (4). In food animals such as pigs and poultry, the
antimicrobial and immunomodulatory activities of AMPs synergistically culminate in beneficial
physiological effects such as improvements in growth performance, nutrient digestibility, and
intestinal morphology, in addition to a diversified healthy gut microbiota (2).

Scientists have classified AMPs into five major families based on their structural compositions
and amino sequence: defensins, cathelicidins, hepcidins, histone-derived peptides, and the fish
specific piscidins (5, 6). Several reports show that AMPs from fish exhibit similar antimicrobial
and immunomodulatory properties to those found in other organisms (7).

Until recent, conventional antibiotics were included in feed for food animals as prophylactics
to prevent and control foodborne and disease-causing pathogens, and to promote growth (8).
However, the ability of bacteria to be intrinsically resistant to certain antibiotics and/or acquire
resistance to antibiotics via mutations in chromosomal genes and by horizontal gene transfer has
dampened the effectiveness of antibiotics (9). The consequent evolution of antibiotic-resistant
bacterial strains and their transmission to humans, has regrettably threatened food safety and
public health (10-13). Therefore, governmental legislation(s) have been enacted to phase out (or
halt) the incorporation of antibiotics (and other antimicrobial drugs) in animal feed (14). The
use of antimicrobials in food animal production worldwide is geographically heterogeneous due
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to the existence of different regulations governing their use (15).
For instance, incorporation of antibiotics into animal feed has
been banned in the European Union and USA since 2006 and
2017 respectively, while countries such as China, Vietnam, Brazil,
and Bangladesh have only limited their use (15-17). In spite of
these efforts, it has been projected that worldwide antimicrobial
consumption by animals will rise by 67% between 2010 [from
63,151 (41,560) tons] and 2030 [to 105,596 (+£3,605) tons]
to sustain animal health (18). Presently, the consequential rise
of antibiotic-resistant bacteria annually results in the death of
about 700,000 people worldwide, and this catastrophe has been
projected will be killing about 10 million people yearly by 2050,
on a global basis (19). Accordingly, continuous effort is being
made to identify alternative non-antibiotic effective strategies for
controlling enteric pathogens in food animals.

Studies have shown that AMPs could control and prevent
infectious diseases, particularly against antibiotic-resistant
bacteria (20, 21). This review therefore explores the role(s)
of various classes of AMPs in maintaining the health of food
animals (such as pigs, cattle, fish, and poultry), with more
emphasis on gut health.

ENDOGENOUS ANTIMICROBIAL
PEPTIDES THAT ENHANCE PORCINE
HEALTH

Cathelicidins

Cathelicidins exhibit both pro-and anti-inflammatory activity
through complex interactions that modulate various immune
processes such as apoptosis, inflammasome activation, and
phagocytosis (22). Proline-Arginine-39 (PR-39) is a small
cationic cathelicidin that is found in the pig’s intestinal cells,
bone marrow, lymphoid tissues (e.g., thymus and spleen), and
leukocytes (23). PR-39 has broad-spectrum antimicrobial activity
against enteric pathogenic bacteria such as Enterococcus faecalis,
E. coli, and Bacillus subtilis (24), and may play a role in mitigating
intestinal inflammation and diarrhea in pigs (25). Enterocolitis
in piglets is a diarrheal disease caused by multiple bacteria
including Escherichia coli and Salmonella spp. The disease
has endangered the sustainability of the pork sector through
production losses such as reduced feed efficiency, increased
mortality, treatment costs, and lack of confidence by consumers
on the safety of the meat (pork) products. Enterocolitis results
in intestinal inflammation that is often characterized by massive
infiltration of neutrophils, followed by septicemia and death
(23). Cathelicidins probably mitigate enterocolitis by reducing
neutrophil adhesion and rolling by blocking the recruitment
of neutrophils (26). This effect is accomplished through the
inhibition of ubiquitin proteasome-mediated I} Ba degradation
on endothelial cells, which in turn downregulates the expression
of ICAM-1 and VCAM-1 (26). Thus, PR-39 could alleviate
excessive inflammation during intestinal diseases by limiting
the influx of neutrophils, and may partially replace current
expensive therapies such as fluid therapy, antibiotic and anti-
inflammatory therapy. Furthermore, PR-39 may re-establish

epithelial integrity and intestinal barrier function by promoting
intestinal wound healing and angiogenesis.

f-Defensins

Defensins are AMPs that are cysteine-rich with six conserved
cysteine residues that form three pairs of disulfide bridges (6).
In vertebrate animals, defensins are classified into three sub-
groups, namely a-defensins, B-defensins, and 6-defensins, based
on distribution of cysteine residue that forms the disulfide bridges
and the length (27). Defensins produced by cells in the course of
innate immune response serve as signals that initiate, mobilize,
and amplify adaptive immune host defenses (28). $-defensins are
known to play an essential role in innate and adaptive immunity
due to their antimicrobial, chemotactic, and regulatory activities
(28). B-defensins exert inhibitory effects on pathogenic bacteria,
fungi, mycobacteria, and enveloped viruses, particularly by
creating pores on the microbial membrane surface to increase
cellular permeability (29). They are also considered chemotactic
for T-lymphocytes and immature dendritic cells (30).

The synthesis and secretion of AMPs is triggered by
molecules such as cytokines, lipopolysaccharide, B-glucans, and
bacterial DNA that signal the presence of potentially pathogenic
microorganisms (31). Expression of p-defensins is prevalent
in the tissues that control the immune system, such as the
spleen, thymus, and lymph node (28). Certain nutrients such as
isoleucine, arginine, glucose, Ca’", and zinc are able to regulate
the expression and synthesis of B-defensins (31-33). For instance,
Mao et al. (31) supplemented pig diets with 0.5% L-arginine and
observed a significant increase (P < 0.05) in the expression of
porcine p-defensin-2 gene in the oral epithelium, tongue, ileum
and inguinal lymph node, and that of porcine p-defensin-3 gene
in the ileum and inguinal lymph node. Supplementing swine
diets with amino acid and cation mixtures that can optimally
enhance the expression and synthesis of intestinal B-defensins
will likely improve gut health and resistance to pathogens, and
consequently reduce (or eliminate) the use of antibiotics in
swine diets.

Cecropins

Cecropins are naturally occurring AMPs in the small intestine
of pigs. This AMP possess bactericidal activity against both
Gram-negative and Gram-positive bacteria, fungi, and viruses
(34). Their physiological and pathophysiological relevance is
inherent in their ability to modulate membrane permeability.
The mechanisms of action involve creopins forming partially
selective ion channels or binding to negatively charged
membrane lipids to form a closely packed layer that renders
membranes permeable (35). Weaning is a critical stage for
piglets because it is associated with changes in the architecture
and function of the gastrointestinal tract, as well as changes
in enteric microbiota and immune responses (36). A common
disease of piglets is post-weaning diarrhea which is characterized
by watery feces and reduced performance, thereby causing
economic loss to farmers (37). Wu et al. (35) demonstrated
that cecropins improved the performance of piglets challenged
with E. coli and increased the population of lactobacilli strains—
a healthy bacteria population in the intestine. Furthermore,
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the study revealed that creopins increased the concentrations
of serum immunoglobulins and inflammatory cytokines [such
as interleukin (IL)-1 and IL-6] which are indicators of an
activated immune system (35). The ability of Creopins to act as
adjuvants that stimulate humoral and antigen-specific cytotoxic-
T-cell responses positions them as an alternative to antibiotics in
diets for weaned piglets.

ENDOGENOUS ANTIMICROBIAL
PEPTIDES THAT ENHANCE BOVINE
HEALTH

Bovine Cathelicidins

Cattle are raised as livestock for meat, milk, and other multi-
purpose uses. Infectious diseases, including respiratory, intestinal
and reproductive maladies, lameness, and mastitis are major
concern (38). Because of the ability of cathelicidins to recognize
and kill invading pathogens and stimulate immune defenses (39),
they are promising alternatives to antibiotics and drugs for the
control of diseases in cattle. Bovine mastitis is a disease condition
in which the udder of the cow is infected by a wide range
of bacteria, including S. aureus, E. coli, S. uberis, non-aureus
Staphylococci, Klebsiella sp., Streptococcus dysgalactiae, and
Mpycoplasma bovis (40). Production-related symptoms associated
with mastitis include decreased milk quality and yield. The family
of bovine myeloid antimicrobial peptides (BMAPs) BMAP—27,
BMAP-28, and BMAP-34 are synthetic host defense peptides
derived from naturally occurring bovine cathelicidins, and they
have shown antibacterial activity against pathogens such as S.
aureus, B. megaterium, E. coli, P.aeruginosa, and S. enterica
serotype Typhimurium that cause mastitis (41). Increased levels
of cathelicidins in milk were found in 75% of cows naturally
infected with S. uberis, whereas cathelicidins were absent in
healthy cows (42). Therefore, cathelicidins have been proposed
as alternative diagnostic markers for mastitis compared to the
expensive and sometimes inaccurate traditional bacteriological
culture methods to detect somatic cell counts.

Another important cathelicidin in animal health is the
synthetic Bac2A that is derived from bovine bactenecin, a 12-
amino acid cyclic cationic antimicrobial peptide that contains
one intramolecular disulfide bond, through the substitution of
two cysteine residues for two alanine residues (43). Synthetic
Bac2A exhibits antibacterial activity with minimum inhibitory
concentrations (MICs) ranging between 2 and 32 pg/mL against
Gram-negative bacteria, and between 0.25 and 16 pg/mL against
Gram-positive bacteria (43). Innate defense regulator (IDR)-1018
is another synthetic cathelicidin derived from bovine cathelicidin
bactenecin (44). At concentrations of 20pg/mL, IDR-1018
decreased LPS-induced TNF-a pro-inflammatory response in
monocytes by 89% (44). It also has considerable activity against
S. aureus (MIC 5pg/mL), although little activity against P.
aeruginosa was reported (44). Such innate immune regulatory
characteristics make IDR-1018 an ideal alternative to traditional
in-feed prophylactic antibiotics.

-defensins

Bovine respiratory disease (BRD) also known as bacterial
pneumonia disease, affects production in the beef industry
with a significant economic loss (45). Predisposing factors for
BRD in beef cattle include viral infections and the stresses
of weaning, transportation, castration and inclement weather
conditions (45). Under predisposing conditions, the innate
immune system is compromised and bacterial composition in
the nasal cavity is altered in a manner that increases in the
population of pathogenic bacteria (46). Typically, cattle BRD
is controlled through metaphylactic use of antibiotics, but this
intervention does not consider the underlying roles of stress
and viral infection in the disease (45). Tracheal antimicrobial
peptide (TAP), a 38-amino acid cationic peptide, is a -defensin
produced by epithelial cells lining of the respiratory tract and
other mucosal surfaces in cattle and protect the respiratory
mucosal surfaces from infection (46). Research findings suggest
that antibacterial activity of TAP during BRD is compromised
by stress-induced elevations in cortisol concentration (46).
Similarly, Vulikh et al. (45) reported that the bactericidal activity
of B-defensin naturally produced in bovine airways during
pneumonia is suppressed by glucocorticoid (stress) and viral
infection. We propose that effective control of BRD will require
the implementation of management strategies that reduce animal
stress, and administration of potent endogenous-source AMPs.

ENDOGENOUS ANTIMICROBIAL
PEPTIDES THAT ENHANCE POULTRY
HEALTH

Most studies documenting the antimicrobial activity of AMPs in
poultry species has been done with chickens. Therefore, the role
of AMPs in chicken health is discussed in this section.

Cathelicidins

Modulation of inflammatory response via the activation of a wide
variety of TLRs during infections is regulated by cathelicidins
(47). Three main cathelicidins, namely chCATH-1, —2 -3
(also called fowlicidin-1, —2, and —3), have been identified
in chickens and confirmed to have antimicrobial activity
against Gram-negative and Gram-positive bacteria, including
antibiotic-resistant strains (48). The presence of cathelicidins
in lymphoid tissues suggest a possible involvement of AMPs
in the maturation and development of adaptive immunity
(3). A study by Veldhuizen et al. (49) revealed that chicken
cathelicidins have antibacterial activity against methicillin-
resistant Staphylococcus aureus (MRSA). Specifically, Veldhuizen
et al. observed about two log reduction in MSRA count when a
concentration of 0.6 mM of cathelicidins was used, and found
a complete eradication of the bacteria when the concentration
of cathelicidins was increased to 2.5 mM. Goitsuka et al. (50)
concluded that chCATH-B1 is an antimicrobial defense element
whose cellular localization is pivotal to protection against
invasion by viable microbes via the mucosal M cell gateway.
Furthermore, Bommineni et al. (51) showed that CATH1 possess
excellent immunomodulatory properties with a strong capacity
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to specifically chemo-attract neutrophils without affecting the
migration of monocytes or lymphocytes.

Most studies have shown that Avian AMPs are active against
a broad-spectrum of bacteria. The AMPs have a strong ability
to modulate the host response to infection and inflammation.
However, inability of host organism to produce adequate quantity
of AMPs (also known as host defense peptides, HDPs) could
limit the functions of HDPs. Bioactive compounds such as
butyrate and vitamin D3 could be used as dietary supplements
to increase the production of AMPs. In chickens, butyrate has
been proven to be a strong inducer of HDP expression in vitro
and in vivo. A study conducted by Sunkara et al. (52), revealed
that supplementing chicken diets with butyrate and a plant
extract containing forskolin, which is an adenylyl cyclase agonist,
showed a strong synergy in augmenting HDP expression in the
crop and jejunum of chickens. We propose that supplementing
the diets of poultry with bioactive volatile fatty acids such as
butyrate and vitamin D3 could promote HDP synthesis, host
immunity, and disease resistance.

B-Defensins

Avian B-defensins (AvBD) are characterized based on their
antimicrobial capability against a broad spectrum of pathogens
including bacteria and fungi (53). In chickens, 14 AvBD genes
have been identified (AvBD1 to AvBD14), and their expression
has been confirmed in various tissues including the bone marrow,
respiratory tract, skin, digestive tract, and reproductive organs,
and in cells like heterophils (54, 55). B-defensin gallinacin-6
(Gal-6) has been reported to show antimicrobial activity against
food-borne pathogens such as Campylobacter jejuni, Salmonella
enterica serovar Typhimurium, Clostridium perfringens, and E.
coli (54). There is also some evidence that the expression of
some AvBDs is enhanced with oviductal growth during sexual
maturation by the effects of estrogen (56). Accordingly, as
hens age, the increasing expression of AvBDs as the oviduct
grows may be important in protecting egg contents from
pathogenic microorganisms.

Ovodefensins and Gallin

Ovodefensins belongs to the family of B- defensins antimicrobial
peptides containing conserved glycine and six cysteine residues
(57). Ovodefensins are expressed in large amount in many
parts of the chicken oviduct (57). The ovodefensins differ from
classical vertebrate defensins in the spacing of amino acids
within the six-cysteine sequence motif, and are slightly shorter
in length having only 39-41 amino acids. Whenham et al.
(56), indicated that ovodefensins caused a 98% reduction in
Escherichia coli CFU/mL at 100IM, and about 40 and 90%
reduction in the viability of avian pathogenic E.coli 078:H9 and
S. aureus, respectively.

Gallin, a peptide with a 41-residue protein is a composition of
hen egg white that helps to protect the chicken embryo during
its development in the egg (57). Gallin is synthesized in the
magnum and shell gland of the oviduct, and is deposited into the
egg albumen (58). Antibacterial assays confirmed that gallin at
a concentration of 0.25 uM was active against E. coli, but no
additional antibacterial activity was observed against the other
Gram-positive or Gram-negative bacteria tested (57, 58).

ENDOGENOUS ANTIMICROBIAL
PEPTIDES THAT ENHANCE FISH HEALTH

Antimicrobial  peptides have been found to play
immunomodulatory roles in fish species to provide defense
against pathogenic attack (7). Natural AMPs such as piscidins,
defensins, hepcidins and histone-derived peptides have been
found in fish, thereby making fish a major source for AMPs (59).

Piscidins

Piscidins are natural AMPs in the fish which are generally
active against various microorganisms (mostly bacteria) and also
possess anti-fungal, anti-viral and anti-parasitic activities (60,
61). The mode of action by piscidins is to inhibit further growth
and development of pathogens by penetrating and destroying the
spores (62). Other findings have indicated piscidins expression
contributes to phagocytic activities. Thus, the intracellular
release of piscidins by granulocytes aids in the gut health and
defense against pathogenic attack (63). Furthermore, piscidins
can mitigate pathogenic activities in extreme conditions due to
the hemolytic activity conferred by the amphiphilic a-helical
cationic structure (64). Research evidence has also suggested
that the immunomodulatory effects of piscidins observed in fish
are similar to those exhibited in mammalian species such as
mice (65).

Defensins and Cathelicidins

pB-defensins remain the only type available in fish species (66).
B-defensins are also active against some fish specific-viruses
like the Singapore grouper iridovirus (SGIV) and the viral
nervous necrosis virus [VNNV; (67)]. Research reports have
indicated that B-defensins found in Atlantic cod can influence
antimicrobial activity in phagocytes, thereby providing multiple
functions to the innate host defense (7, 68). Cathelicidin play
significant role in immunity as an anti-bacterial host defense.
Its expression has been observed during embryonic development
where it provides some fish species with a first line of response
against pathogenic bacteria such as P. aeruginosa, V. anguillarum,
E. coli, and Lactobacillus spp. (69).

Hepcidins

Hepcidins are normally expressed in the liver in the adult
fish albeit its expression occurs early during development in
some fish species (70). Fish have two types of hepcidins:
hampl and hamp2 (7). Research reports suggest that the role
of hampl focuses on iron metabolism regulation, whilst that
of hamp2 is mostly antimicrobial in nature (71). Hypoxia in
fish hinder hepcidin to actively fight against microorganism
attack (72). On the other hand, hepcidin expression is
induced by high levels of iron in both zebrafish and sea
brass (73, 74). Hepcidin is believed to increase resistance to
microbial infection by preventing the release of iron from
macrophages, and preventing the absorption of iron in the
small intestine.

Histone-Derived Peptides
Histone-derived peptides exhibit a variety of host defense
mechanisms against broad spectrum of both Gram-positive
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and Gram-negative bacteria, and have been shown to be
secreted in fish species when epidermal damage occurs before
(75). Some histone-derived peptides require binding with other
antimicrobial peptides in order to express their maximum
antimicrobial potential. For instance, histone-derived peptides
containing NETs (neutrophil extracellular traps) exhibit strong
potential to trap and kill bacteria in some fish species.
However, very little information is known about the mode of
action of histone-derived peptides against pathogenic attack
and immunomodulatory responses in fish, compared to other
antimicrobial peptides (7).

MITIGATING MICROBIAL RESISTANCE TO
ENDOGENOUS ANTIMICROBIAL
PEPTIDES IN FOOD ANIMALS

The antimicrobial activities of endogenous AMPs include
inactivation of pathogenic microbes, reinforcing the
antimicrobial barrier function of epithelial cells particularly
in the gut, and linking innate immunity to adaptive immunity

(76, 77). The cationic nature of endogenous AMPs facilitate
their ability to exert antimicrobial effect(s) on pathogens.
Although the precise mechanism(s) by which AMPs cause
bacterial cell death is still poorly understood, The amphipathic
interaction between the AMPs (net-positively charged) and the
negatively charged microbial cell surfaces allow the insertion
of AMPs into the microbes cell membrane (78). In bacterial,
the net-negative charge in the cell membrane is due to their
constituent phospholipids (like cardiolipin, phosphatidylserine,
and phosphatidyl glycerol), lipopolysaccharide, and lipotechoic
acids (79). To cause cell death, AMPs bind directly to the
lipopolysaccharides of Gram-negative bacteria and lipoteichoic
acids of Gram-positives, and then depolarize the cell membranes
to make them permeable (80, 81). Regardless, mounting research
evidence show that pathogenic microbes can develop the ability
to evade antimicrobial effects of AMPs. Microbes utilize various
mechanisms to evade the antimicrobial activity of AMPs. For
instance, bacterial resistance mechanisms to AMPs include
(i) membrane modification through electrostatic repulsion of
AMPs by alanylated teichoic acids, aminoacylated peptidoglycan,
or amine compound-added lipid A, (ii) binding of AMP and

TABLE 1 | Endogenous antimicrobial peptides in food animals.

Species Antimicrobial peptide Mode of action Endogenous source
Porcine Cathelicidin—Proline- Block the recruitment of neutrophils through the Intestinal cells, bone marrow, lymphoid tissues, and
Arginine-39 inhibition of ubiquitin proteasome-mediated IkBa leukocytes
(PR-39) degradation on endothelial cells
B-Defensins Creating pores on the microbial membrane surface to Tissues and cells of the immune system
increase cellular permeability
Creopins Modulate membrane permeability by forming partially Small intestine
selective ion channels, or binding to negatively charged
membrane lipids to form a closely packed layer that
renders membranes permeable
Bovine Cathelicidins (synthetic Antibacterial activity against pathogens Different tissues of the body and milk
endogenous-source)—
Bovine myeloid antimicrobial
peptides (BMAPs), Bac2A,
and IDR-1018
B-Defensin—Tracheal Prevent infection at the respiratory mucosal surfaces Epithelial cells lining the respiratory tract and other
antimicrobial peptide (TAP) through bactericidal activities mucosal surfaces
Poultry Cathelicidins, namely Exert antibacterial activity by serving as a Lymphoid tissues in chickens
chCATH-1, —2 —3 (also chemo-attractant to neutrophils, without affecting the
called fowlicidin-1, —2 and migration of monocytes or lymphocytes
-3),
B-Defensins—AvBD1 Provides broad-spectrum antimicrobial activity Expressed in various tissues, including the reproductive
toAvBD14 organs, bone marrow, respiratory tract, skin, digestive
tract, and in cells like heterophils
Ovodefensins Antibacterial activity against E. coli and S. aureus Expressed throughout the chicken oviduct
Gallin Antibacterial activity against E. coli Found in egg albumen
Fish Piscidins Bacteriostatic—inhibit further growth and development Various tissues in the fish
of pathogens by penetrating and destroying the spores
B-Defensins Contributes to antimicrobial activity in phagocytes Various tissues in the fish
Cathelicidin Antibacterial Embryonic tissue in fish

Hepcidins—Hemp1 and
Hemp2

Histone-derived peptides

Increase resistance to microbial infection by preventing
the release of iron from macrophages, and preventing
the absorption of iron in the small intestine

Broad-spectrum antibacterial activity

Predominantly expressed in the liver of adult fish

In Fish
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inactivation by mechanisms such as surface shedding, (iii) active
removal of AMPs from the bacterial cell by efflux pumps, (iv)
proteolytic degradation of AMPs by extracellular proteases such
as elastase and gelatinase, (v) upregulation of bacterial AMP
resistance genes by global transcriptional regulators, and (vi)
downregulation of AMP expression or upregulation of host
AMP-degrading proteases such as cathepsins (81-83). However,
compared to antibiotics, it is believed that endogenous AMPs
contribute less to microbial resistance to drugs because of
their stable structure, antimicrobial activity, selective toxicity,
wide-spectrum and high-efficiency, and minimal side effects
(84, 85).

Microbial resistance to endogenous AMPs can be mitigated
through dietary modulation strategies that increase the
expression of AMPs, enhance the stability of AMPs at epithelial
surfaces, and upregulate redox proteins present at the epithelial
surfaces. In a recent review, Wu et al. (85) summarized the
nutrients that have been established to upregulate the expression
of AMPs in the gut mucosa. These include (i) amino acids
such as branched-chain amino acids, Arginine, and tryptophan
that upregulate the expression of AMPs in the gut via the
Sirt1-ERK1/2-90RSK (sirtuin-1-extracellular regulated protein
kinasel/2- 90-kDa ribosomal S6 kinase)) GPCR-MAPK (G
protein-coupled receptor-mitogen-activated protein kinase), and
NO signal or mTOR (nitric oxide signal- mammalian target of
rapamycin) pathways; (ii) fatty acids such as short-chain fatty
acids, medium-chain fatty acids, and long-chain fatty acids
contribute to the expression of AMPs by directly influencing
histone acetylation and the GPCR-MAPK signal pathway;
(iii) lactose from plants, and polysaccharides from plants and
bacteria, and (iv) trace elements and vitamins such as zing,
lactoferrin, cholecalciferol (vitamin D3) and its metabolite
1,25-dihydroxycholecalciferol [1,25(0OH)2-D3], vitamin B-3,
and vitamin A. Furthermore, the presence of thioredoxin,
a redox protein present at the intestinal epithelial surface,
is known to facilitate the antimicrobial activity of AMPs
(86). A recent report by has also suggested that redox active
AMPs can undergo reversible oxidation after interaction with
some electron transport chain proteins and their products,
or interaction with the periplasmic redox system of Gram-
negative bacteria (77). Further research is required to identify

REFERENCES

1. Konno Y, Ashida T, Inaba Y, Ito T, Tanabe H, Maemoto A, et al. Isoleucine,
an essential amino acid, induces the expression of human B defensin 2
through the activation of the G-protein coupled receptor-ERK pathway in
the intestinal epithelia. Food Nutr Sci. (2012) 3, 548-55. doi: 10.4236/fns.2012.
34077

2. Wang G, Li X, Wang Z. APD3: the antimicrobial peptide database as
a tool for research and education. Nucleic Acids Res. (2016) 44:D1087-
93. doi: 10.1093/nar/gkv1278

3. Achanta M, Sunkara LT, Dai G, Bommineni YR,
w, Zhang G. Tissue expression and
regulation  of  chicken cathelicidin  antimicrobial
Anim  Sci  Biotechnol.  (2012)  3:15.  doi:
3-15

Jiang
developmental

peptides. |
10.1186/2049-1891-

molecular-based strategies that will exploit the reversible
oxidation state of endogenous AMPs, for the synthesis of AMPs
that will have improved stability in the gut mucosa and other
epithelial membranes.

CONCLUSION

Considerable research has been done to identify endogenous
AMPs in food animals, and their mechanisms of antimicrobial
activity (Table1). The main advantages of using AMPs
include their broad spectrum of activity, fast action against
pathogenic bacteria, and probably decrease in bacterial
acquisition of resistance genes contrary to the situation
often seen with the use of conventional antibiotics. Different
approaches for using AMPs to manage animal health include (i)
combined dietary administration of antimicrobial peptides and
conventional antibiotics, and (ii) dietary supplementation
of their precursor nutrient molecules (such as amino
acids, fatty acids, and some micronutrients) at optimum
concentrations that can increase AMP expression in the
animal’s body. The possibility to manipulate the oxidative
state of some AMPs to achieve increased stability at in
the gut mucosa and other epithelial membranes require
further investigation. It was concluded that AMPs can
could at least partially replace conventional antibiotics in
food animal production, thereby improving the quality and
microbiological safety of animal meat and egg products intended
for human consumption.
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