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Topics to be discussed

» Antimicrobial and host defense peptides
» Chicken coccidiosis
» Chicken-derived synthetic peptide: cNK-2

* Nanoencapsulation of cNK-2



Issues In poultry production Vnibea

 AGPs: Supplemented in the feed more than 60 years

* |ssues on resistance to antibiotics

extracted from The Poultry Site

and consumer’s awareness ., & FullSpectum
|
medically important to humans
2017 by FDA)
« Decreasing in use of AGPs m N

program includes avilamycin

|

* Increasing poultry health problem and therapeutic | P lompliens Dty

WHO guidelines)
35% 13%
B No Antibiotics Ever

.
antibiotics use o Bl

* Increasing demand for alternatives



Alternatives to antibiotics ity
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Antimicrobial peptides (AMPs) et aEQSDA
and host defense peptides (HDPs) S

Structure type: Extended Structure type: a-helical
Example: Indolicidin Example: Magainin 2

Ref: Rozek et a/ 2003 PDB: 1QXQ Ref: Geselle et al 1997 PDB: 2MAG

* Oligopeptides produced by all known
\ W
species ,-\.!
« Part of innate Immune response Structure type: B-sheet Structure type: Mixed
Example: Lactoferricin Example: Plectasin

Ref: Hwangetal 1998 PDB: 1LFC Ref: Mygind et al 2005 PDB: 1ZFU

[ J

Broad spectrum antimicrobial activity

More than 4,000 natural AMPs

Extracted from AMR Centre
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Increasing interest and limitations AMPs iy aEUSDA
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Functions of AMPs and HDPs \'mmie it aEUSDA
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Chicken coccidiosis \emrtves
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2019 Research Priorities of the American Association of Avian Pathologists

Natalie Armour?®, Mark Burleson®, Eric Gingerich®, Seiche Genger®, Travis Schaalf, John Glissonf, Njaola
Ferguson-Noel® and John Smith"

Table 2. Broiler Research Priorities In Category 1: Health/Di

Rank Score?® Subcategory Research Needs Statement
. Develop non-antibiotic strategies to optimize gut health, increase resistance to intestinal pathogens
1 41 Intestinal Health =10k B F g paihos
and improve feed conversion
s < Investigate risk factors contributing to the development of Necrotic Enteritis, including the role of feed
1 41 Clostridial Diseases 8 8 P i

ingredients

Determine the most effective non-ionophore rotation strategies for the control of coccidiosis and
2 4.0 Coccidiosis subsequent Necrotic Enteritis, for preserving the long-term efficacy of the drugs, and for ameliorating
resistance.

3 3.9 Reovirus Investigate the epidemiology of reoviruses, and the emergence of novel reovirus strains
. . Determine risk factors for the development of Histomoniasis. Determine whether early coccidiosis,
3 3.9 Histomoniasis < R § 3 : o s
breed/strain and sex impact the risk of developing Histomoniasis
3 3.9 Infectious Determine the epidemiology, risk factors and effective control strategies for nephropathogenic
: Bronchitis Infectious Bronchitis
4 3.8 Intestinal Health Conduct research to understand the intestinal microbiome and immunity, host-pathogen interactions

and how various feed ingredients and additives modulate these functions to affect intestinal health




NK-lysin: homologue of human granulysin nibitte
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Gelhaus et al., 2008. Antimicrobial Agents and Chemotherapy

NK-2: Cationic core region of NK-lysin (27 a.a.)

pNK-2 effects on parasites

o L,

Jacobs et al., 2003. Antimicrobial Agents and Chemotherapy

NK-lysin homologues have paraticidal effect

(Trypanosoma cruzi, Plasmodium falciparum)



History of NK-lysin in chicken coccidiosis

Clusters That Contain More Than 14 ESTs

\!ternutives to,
ntibiftics //

mewmm .n..y'l.
wsing MIDAS 3.0 (WWW.TIGR.ORG)
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using GeneSpring
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Fold change criteria
>2 MMl Change with 7 « 0 05 FOR

Contig 1D

Gene description

Organism

A ccession No.

No. of ESTs

Contigl71 NK-lysin Equus caballus CD728315 87
ontis polipopliotcin A1V Gallus gcallus T /31930 59
Contig42 Fatty acid binding protein Gallus gallus CD735219 51
Contigl279 Immunoglobulin o« heavy chain Gallus gallus CD735924 43
Contigl234 2'.5'-oligoadenylate synthetase Gallus gallus CD730844 24
Contigo44 ATP synthase B-subunit Cyprinus carpio CD732620 24
Contig971 Interferon regulatory factor 6 Ovis aries CD732407 22
Contigl1300 Jun-binding protein Gallus gallus CD739778 20
Contigl325 Acidic ribosomal phosphoprotein (PO) Gallus gallus CD737516 20
Contig1000 Angiotensin converting enzyme Gallus gallus CD731489 19
Contig608 o-tubulin Gallus gallus CD736033 19
Contigl524 34/67 kDa laminin receptor Cricetulus griseus CD737204 18
Contigl792 Actin related protein 2/3 complex.
subunit 1B (ARPC1B) Homo sapiens CD737537 18
Contig733 GAPDH Gallus gallus CD735039 18
Contig992 Unknown Unknown CD729072 18
Contig528 Na*-dependent nucleoside transporter Oryctolagus cuniculus CD737431 LT
Contig352 Unknown Unknown CD733292 16
Contigl247 Ferritin heavy chain Gallus gallus CD740150 15

Min, Lillehoj et al.,

2005. Molecular Biotechnology

Chicken NK-lysin is the most expressed in Eimeria-infected intestine



Chicken NK-lysin: cloning
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Chicken NK-lysin expressed in cytotoxic T cells and the intestine



Antimicrobial activity of cNK-lysin
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Chicken NK-lysin effects on Eimeria spp.



Chicken NK-lysin-derived peptides
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Immunomodulation of cNK-2 sty
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Chicken NK-lysin modulates immune responses



Immunomodulation of cNK-2 \nibites
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Immunomodulation of cNK-2 is regulated through MAPK pathways
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Internalization of cNK-2 iy USDA
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Kim, Lillehoj and Min, 2017. Scientific Report

cNK-2 internalized into host cells
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Endocytosis of cNK-2 is regulated by actin polymerization



Applications of chicken NK-lysin derived peptide
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Nanoencapsulation of cNK-2
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Characterization of NPs

Treatment into chicken
v intestinal epithelial cells

- efficiency
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* {-potential

* release profile
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* toxicity

Oral delivery
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Assessment
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Nanoencapsulation of cNK-2 A \ticriady)
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Shifted pattern in functional groups
Size ranged 85-120 nm and spherical in shape with smooth surface
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Nanoencapsulation of cNK-2 iy aEUSDA
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Retaining immunomodulatory property and slow release



Nanoencapsulation of cNK-2 it X aEUSDA

active cNK-2 Encapsulated cNK-2

S8l . Antimicrobia Encapsulation in +Retaining functional properties

nanoparticles

» Slow release

v Stability

» Immunomaulatory

+Unstable in the body




Nanoencapsulation of cNK-2 izl aEQSDA

Eimeira spp.
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Summary gy aEl_LS DA
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Chicken NK-lysin has been identified as the most expressed gene In
Eimeria-infected intestinal lymphocytes.

Chicken NK-lysin derived peptide, cNK-2 has strong anti-coccidial effects as
well as immunomodaulation.

Oral administration of nanoencapsulated cNK-2 increased growth
performance and reduced intestinal lesion and oocyst shedding In

coccidiosis.
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