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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 

• AGPs: Supplemented in the feed more than 60 years 

• Issues on resistance to antibiotics  

  and consumer’s awareness 

• Decreasing in use of AGPs 

• Increasing poultry health problem and therapeutic 

antibiotics use 

• Increasing demand for alternatives 



Gadde, Kim, Lillehoj et al. 2017. Animal Health Research Reviews 

Alternatives to antibiotics 



Antimicrobial peptides (AMPs)  

 and host defense peptides (HDPs) 

• Oligopeptides produced by all known 

species 

• Part of innate immune response 

• Broad spectrum antimicrobial activity 

• More than 4,000 natural AMPs 



Increasing interest and limitations AMPs 

• High sensitivity of antimicrobial 

activities to environment 

• Poor bioavailability 

• High production cost 

• Regulatory hurdles 
Mahlapuu et al, 2016. Frontiers in Cellular and infection microbiology  



Functions of AMPs and HDPs 

Haney et al., 2019. Frontiers in Chemistry 



Chicken coccidiosis 

Necrotic enteritis 
> $ 3.2 billion 

> $ 2.0 billion 



NK-lysin: homologue of human granulysin 

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

pNK-2 effects on parasites 

(Trypanosoma cruzi, Plasmodium falciparum) 

Porcine NK-lysin 
Gelhaus et al., 2008. Antimicrobial Agents and Chemotherapy 

Jacobs et al., 2003. Antimicrobial Agents and Chemotherapy 

NK-lysin homologues have paraticidal effect 



Min, Lillehoj et al., 2005. Molecular Biotechnology 

History of NK-lysin in chicken coccidiosis 

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



Chicken NK-lysin: cloning 

Hong and Lillehoj et al., 2006. Veterinary Immunology and Immunopathology 

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



Antimicrobial activity of cNK-lysin 

Hong and Lillehoj et al., 2008. Avian Diseases 

Chicken NK-lysin effects on Eimeria spp. 



Lee and Lillehoj et al., 2013. Veterinary Parasitology 

Chicken NK-lysin-derived peptides 



Chicken NK-2 

Kim, Lillehoj and Min, 2017. Scientific  Report 

Somewhat attenuated antimicrobial activity in physiological salt condition 

No cytotoxicity on chicken cells 



* 

Immunomodulation of cNK-2 

Kim, Lillehoj and Min, 2017. Scientific  Report 

Chicken NK-lysin modulates immune responses 
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Immunomodulation of cNK-2 

Kim, Lillehoj and Min, 2017. Scientific  Report 

Immunomodulation of cNK-2 is regulated through MAPK pathways  



Internalization of cNK-2 

Kim, Lillehoj and Min, 2017. Scientific  Report 

cNK-2 internalized into host cells  



Immunomodulation of cNK-2 

Kim, Lillehoj and Min, 2017. Scientific  Report 

Endocytosis of cNK-2 is regulated by actin polymerization 



Applications of chicken NK-lysin derived peptide 

monocyte macrophage 

Immunomodulation 

• Chemokine induction 

• Anti-inflammation 

• Signaling pathway activation 

DELIVERY? 

Direct killing 

Toward pathogen Toward host 



Nanoencapsulation of cNK-2 

PLA-PEG 



Nanoencapsulation of cNK-2 

Chaudhari, Kim, and Lillehoj, unpublished data 

Shifted pattern in functional groups 

Size ranged 85-120 nm and spherical in shape with smooth surface 



Nanoencapsulation of cNK-2 

Chaudhari, Kim, and Lillehoj, unpublished data 

Retaining immunomodulatory property and slow release 



Nanoencapsulation of cNK-2 



Nanoencapsulation of cNK-2 

Encapsulated cNK-2 

Eimeira spp. 

(in analysis) 

Chaudhari, Kim, and Lillehoj, unpublished data 



Summary 

• 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 immunomodulation. 

• Oral administration of nanoencapsulated cNK-2 increased growth 

performance and reduced intestinal lesion and oocyst shedding in 

coccidiosis. 



Acknowledgement 

ABBL, USDA-ARS 

Hyun Lillehoj, PhD 

Atul A. Chaudhari, DVM, PhD 

Yeaseul Lim, MSc 

ECMU, USDA-ARS 

Joseph Mowey, PhD 

Gary Bauchan, PhD 

University of Maryland 

Qin Wang, PhD 

Jinglin Zhang, PhD 

Gysongsang Nat’l University 

Wongi Min, DVM, PhD 



Thank you 


