
ABSTRACT
Antimicrobial peptides play an important role in host defense and they are nearly present in all forms of life. 
Domestic goat (Capra hircus) also known as poor’s man cow is a backbone to lower income group people of India. 
Goats are reared generally for meat and milk purposes. Goat has also been found to express different types of 
antimicrobial peptides like defensins, cathelicidins, having broad spectrum of antimicrobial activity against Gram-
positive and Gram-negative bacteria, and fungi. Some of them may have cytotoxic effects also. These antimicrobial 
peptides may also act an immunomodulators. This review briefly describes antimicrobial peptides identified from 
goat and their potential act as an immunomodulators role in host defense.
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INTRODUCTION

Goat is one of the oldest domesticated animals, popularly 
known as mortgage lifters of India along with sheep. India 
occupies second position in terms of goat population and 
first position in goat milk production. Goat meat known 
as Chevon, is most preferred and widely consumed meat 
in the country and constitutes about 37% of total meat 
production. Goat milk possesses many advantages over 
cow milk as a nutritional source for infants and children 
(Kumar and Sharma, 2016). Since ages Goats have been 
poor people’s most reliable livelihood resource. India has 
34 registered breeds of Goat (Hegde, 2020). 

Goats are resistant to many diseases and they have 
ability to survive in harsher conditions compared to 
other ruminants. Antimicrobial Peptides (AMPs) are 
evolutionary conserved in the genome and produced by 
all life forms, from prokaryotes to humans (Hancock and 
Diamond, 2000). In animals, AMPs are believed to be the 
first line of the innate immune defense against bacteria, 
fungi and viruses (Zasloff, 2002). They are widely 
distributed in animal tissues and cells that are exposed 
to invading organisms. The first mammalian peptides, 
MCP-1 & 2 were isolated from rabbit macrophages (Selsted 
et al., 1983). AMPs are produced by polymorphonuclear 
leukocytes, macrophages and lymphocytes of the immune 
system (Radek and Gallo, 2007) and by all epithelial cells 
in response to the direct contact with microbes. These 
peptides exhibit direct anti-microbial activity as well 
as chemotactic and regulatory functions and plays an 
important role in immunity. 

At least five genes present in goat genome have been 
identified which encodes for these antimicrobial peptides 
(Zanetti, 2005). The antimicrobial peptides are nowadays 
used as a medicated feed additive in the rations of 
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θ–defensin have been isolated only in rhesus monkey 
leukocytes (Tang, 1999). Defensins has been isolated 
from various species and from various tissues and 
secretions. Two novel β-defensin GBD-1 and GBD-2, 
64 amino acids long, were identified in the respiratory 
(GeneBankY17679), and digestive tissues (AJ009877) 
from a goat, respectively (Zhao et al., 1999). These 
peptides were identical in 96.8% of their bases and 88.2% 
of their amino acids. Goat beta defensin-1 (GBD-1) was 
expressed principally in the tongue and respiratory 
tract, whereas GBD-2 was expressed throughout the 
intestine. 

Cationic peptides were isolated from goat tongue (Anbu, 
More and Kumar, 2003), demonstrating their germicidal 
activity against both Gram-positive and Gram-negative 
bacteria. Transcripts of GBD-1 and GBD-2 were identified 
in kidneys, trachea, tongue epithelium, spinal cord, and 
in mammary gland of non-lactating goats (Bagnicka et 
al., 2005). GBD-1 was also expressed in the reproductive 
tract (vaginal, uterus and ovarian tissue) of black goats 
(Xiaoyan and Wu, 2015). The mRNA sequence of a 
gene encoding caprine lingual antimicrobial peptide 
(LAP) was cloned and characterized (Sharma et al., 
2010). LAP was isolated from goat tongue epithelium. 
At nucleotide level goat LAP showed 99.5%, 99.4% 
similarity when compared with GBD-1, Goat EBD and 
GBD-2, respectively, whereas at amino acid level Goat 
LAP showed 98.5%, 87.7% homology with GBD-1 and 
goat EBD, respectively. Goat LAP is evolutionary closer 
to GBD-1. LAP is 18 amino acids larger than the GBD-1, 
while goat enteric β-defensin (EBD) shows similar 
number of amino acids as in GBD-1. 

Caprine enteric β-defensin (EBD) mRNA was cloned 
and characterized from goat ileum (Kumar et al., 2010). 
Goat EBD showed 97.4% and 95.4% homology with 
GBD-2 and GBD-1, respectively at nucleotide level. The 
amino acids sequence of goat EBD has four and seven 
substitutions when compared with GBD-2 and GBD-1, 
respectively. Defensin gene of Assam Hill goat was cloned 
and characterized (Bharalii et al., 2018) and found to be 
64 amino acids long as in case of GBD-1 and EBD. The 
phylogenetic relationships of different beta defensin 
from goat has been portrayed in Figure-2 showing the 
evolutionary relationship of goat β–defensin nucleotides. 
The concentration of beta defensin-1 was determined in 
semen pellet and seminal plasma of Indian goat breed 
namely Barbari, Jamunapari and Jakhrana (Ranjan et 
al., 2019).

In mammals, β-defensin are mainly expressed and 
secreted in the epididymis resulting in their detection 
on the plasma membrane of sperm (Yudin et al., 2005). 
β‐defensin 1 gene has been used as a molecular marker 
for selection of goats regarding the susceptibility to 
nematodes and haemoprotozoans infections (Maia et 
al., 2019). Beta defensin-2 significantly augments the 
mRNA and protein expression of Toll-like receptors 
(TLRs) and retinoic acid-inducible gene-I-like receptor 
(RLR) essential for the detection of viral molecules in 
mature tissue rat peritoneal mast cells (Agier et al., 

ruminants, swine and poultry. A combination of 
recombinant porcine β-defensin-1 and a fly antibacterial 
peptide in a ratio of 1:1 was used as a medicated feed 
additive for juvenile goats leading to increased body 
weight, average daily weight gain, enzymatic activity, 
influence on ruminal fermentation function and higher 
rumen microorganism diversity indices (Liu et al., 2017). 
These peptides have been described to be effective against 
many Gram-negative and Gram-positive bacteria, fungi, 
protozoa, viruses as well as cancer cells. Bioactive 
peptides from goat milk casein hydrolysates ameliorated 
insulin resistance in HepG2 cells that had been treated 
with high glucose (Gong et al., 2020).

Antibacterial activity of goat urinary cationic 
antimicrobial proteins against bacterial strains of 
Staphylococcus aureus and E. coli has been demonstrated 
(Tomar et al., 2018). Researchers across the globe have 
been able to identify antimicrobial peptides from the 
native goat which comprise mainly the Defensins and 
Cathelicidins. Antimicrobial peptides from goats and its 
source tissue has been presented in Table-1. The three 
dimensional structure of goat antimicrobial peptides has 
been depicted in Figure-1. Antimicrobial peptides have 
been shown to have immunomodulatory properties that 
includes gene expression, chemotaxis, wound healing 
properties and cytokine release. These peptides suppress 
the toll like receptors (TRL) signalling and tumor necrosis 
factor-α (Haversen et al., 2002; Davidson et al., 2004). 
The antibacterial cationic peptides are at an early stage 
of drug development.

However, the development of AMPs as potential 
therapeutics is hindered by several challenges like low 
specificity, high manufacturing cost, and potential 
toxicity to animal cells (Bahar and Ren, 2013). These 
peptides also have least ability to develop resistance 
due to the ability of these peptides (AMPs) for attacking 
multiple low targets rather than one defined, high target, 
characteristic for conventional antibiotics (Mahlapuu 
et al., 2016). Many statistical and computational 
algorithms like support vector machines (SVM), hidden 
Markov model, artificial neural networks (ANN) with 
cheminformatics approaches is being used for the 
development of novel antimicrobial peptides (Divyashree 
et al., 2020). Various in-silico approach is being tried 
for designing novel peptides (Farcas et al., 2020). 
Development of antimicrobial peptides to use as a dietary 
supplement for human for therapeutic purposes against 
pathogens has been described (Bakare et al., 2020). The 
use of antimicrobial peptides in the age of resistance 
provides immense opportunities in dealing with the 
multidrug-resistant pathogens (Magana et al., 2020). This 
review has been briefly summarized considering the role 
of caprine antimicrobial peptides in host defense.

Defensins: Defensins are small (29-45 amino acid 
residues) cationic antimicrobial peptides with β-sheet 
structures that are stabilized by three intramolecular 
disulfide bonds (Lehrer and Ganz, 1996). Three different 
types of defensins namely α-, β- and θ- have been 
identified till date, most common being the β-defensins. 
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2020). Beta defensin-2 from swine has been investigated 
for its antiviral efficacy against the pseudorabies virus 
(PRV), causing Aujeszky’s disease (Huang et al., 2020).  
Concentrations of beta‐defensin (GBD-1), cathelicidin 
(CATH-2, CATH-7), lactoferrin, and S100A7 were 
determined in goat milk after being fed with colostrum 
whey using ELISA and it was found that it has a 
significant effect on their expression and secretion in 
milk (Isobe et al., 2020). Though defensin plays an 
important role in host defense against pathogens, recent 
evidence suggests, that they can also be pathogenic 
under certain biological conditions by promoting viral 
and bacterial infections (Xu and Lu, 2020).
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Figure 1: Structure of caprine antimicrobial peptides; 
a. GBD-1 b. Cath-2 (ChBac5) c. Lactoferrin d. Myeloid 
cathelicidin (Source: Uniprot).

Figure 2: Phylogenetic relationships of different goat 
β–defensin. A bootstrapped (1000 trials) neighbour-joining 
phylogenetic tree showing the evolutionary relationship 
of goat β–defensin nucleotides.

Cathelicidin: Cathelicidins are small, cationic, 
antimicrobial peptides present in human and other 
vertebrates. These are proteolytically activated peptides 
and are part of the innate immune system having a 
broad spectrum of antimicrobial activity against bacteria, 
viruses and fungi (Kosciuczuk et al., 2012). It may be 
used as an adjuvant for vaccine as well as in anticancer 
therapy by modulating TLR-activation and inflammation 
(Scheenstra et al., 2020). Cathelicidins are synthesized as 
prepropeptide, containing a signal peptide, cathelin, and 
C-terminal mature peptides with antimicrobial properties 
(Zanetti, Gennaro and Romeo, 1995).

Figure 3: Phylogenetic relationships of different goat 
Cathelicidin. A bootstrapped (1000 trials) neighbour-
joining(Saitou and Nei, 1987) phylogenetic tree showing 
the evolutionary relationship of goat cathelicidin 
nucleotides

The mRNA sequence of a gene encoding Bac7.5 and 
MAP34-A was cloned and characterized from goat  
(Zhao et al., 1999a). A proline-rich antimicrobial peptide 
of cathelicidin class was purified from elastase-treated 
extracts of goat leukocytes namely ChBac5 (Shamova 
et al., 1999). Ch derives its name from Capra hircus. It’s 
a 43 amino acid long peptide with a molecular mass of 
5.16kDa. ChBac5 (GeneBank Y18873) was homologous 
to OaBac5a and bovine Bac5. ChBac5 exhibited potent, 
broad-spectrum antimicrobial activity against E. coli, 
P. aeruginosa, B. subtilis, C. albicans under low salt 
concentration. ChBac5 peptides are highly conserved in 
ruminants and contribute significantly to their innate 
host defense mechanisms. Another proline-rich peptide 
(ChBac3.4, 26 amino acid long) was isolated from 
leukocytes of the goat (Shamova et al., 2009). ChBac3.4 
had over 50% sequence identity to the ChBac5 peptides 
found in the leukocytes of goats, sheep and cattle. 
ChBac3.4 exhibited broad spectrum antimicrobial activity 
and also has cytotoxic potential. Mini-ChBac7.5Nα 
and mini-ChBac7.5Nβ (average molecular masses of 
2.89kDa and 2.7kDa) was isolated from neutrophils of 
the domestic goat (Shamova et al., 2016).

These peptides exhibit significant antimicrobial activity 
against Gram-negative bacteria. These truncated AMPs 
may play a crucial role in host defense reactions. The 
mRNA sequence of a gene encoding myeloid cathelicidin 
(11.32kDa) was cloned and characterized. This Capra 
hircus cathelicidin (cath) mRNA, partial cds encodes 
for 99 amino acids and has been isolated from the bone 
marrow cells of Indian domestic goat (Sharma et al., 
2008). Goat myeloid cathelicidin showed 85.9% similarity 
with ChBac7.5 at nucleotide level. Phylogenetically goat 
myeloid cathelicidin is closely related to ChBac7.5 than 
other cathelicidins. The predicted peptide of cathelicidin 
isolated from bone marrow of Assam hill goat is 
composed of 137 amino acids (Bharali et al., 2019) and 
is phylogenetically closer to Yunnan goat cathelicidin 
(CATH2). The phylogenetic relationships of different 
goat cathelicidin has been depicted in Figure-3 using 
neighbour-joining method. ChMAP-28, a cathelicidin 
antimicrobial peptides from goat (Capra hircus) 
leucocytes having α–helical structure and a molecular 
mass of 3kDa have been identified, ChMAP-28 has potent 
anticancer activity (Emelianova et al., 2018).
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In another study it was found that the regulation of 
cathelicidin bovine myeloid antimicrobial peptide 
(BMAP-28), in the inflammatory response against alpha-
herpes viruses is dependent on the stage of virus infection 
in the bovine nervous system (Burucua et al., 2020). Five 
cathelicidin mRNAs (Cath-1, 2, 3, 6 & 7) were expressed 
in deep region of the mammary gland in healthy goats, 
however, cathelicidin-7 was not expressed in the teat and 
cathelicidin-2 is expressed in polymorphonuclear cells 
in the mammary gland and is secreted into milk in goat 
(Zhang et al., 2014). Goat cathelicidin‐2, an antimicrobial 

peptide, localizes in leukocytes and is present in milk 
even without lipopolysaccharide stimulation (Srisaikham 
et al., 2016). Goat cathelicidin-2 has broad-spectrum of 
activity in-vitro against Gram-negative bacteria such as 
E. coli (Shamova et al., 1999). Cathelicidin-1 was also 
detected in the raw bovine colostrum using LC-MS/MS 
(Chatterton et al., 2020). The role of cathelicidin as a 
biomarker in the late lactation period in goats has been 
demonstrated in relation to mammary gland infection 
(Puggioni et al., 2020).

Lactoferricin / Lactoferrin: Lactoferrin is an important 
antimicrobial component of milk and it protect 
the infants from infectious diseases (Reiter, 1978). 
Lactoferrin also helps in modulation of the inflammatory 
response, activation of the immune system, and control 
of myelopoiesis (Brock, 1995). Lactoferrin exert its 
antimicrobial action by depriving bacteria of the Iron 
(Arnold, Cole and McGhee, 1977). The presence of 

antimicrobial domains near the N-terminus of lactoferrin 
was first reported by (Bellamy et al., 1992) and they 
named the isolated peptides lactoferricin. Lactoferricin 
have a broad-spectrum antibacterial property against 
Gram-positive and Gram-negative bacteria, and fungi. 
Lactoferrin of goat milk upon pepsin digestion releases 
a potent antimicrobial peptide called Lactoferricin. This 
derived peptide is 16 amino acid long and it corresponds 

Peptide		  Tissue(s)
or gene name		  Localization	 Sources

Defensin 	 GBD-1	M ilk somatic cells,	 Zhao et al., 1999
		  Tongue, trachea, 	B agnicka et al., 2005
		  bronchi, lungs, 	 Xiaoyan et al., 2015
		  vaginal, uterus and 	R anjan et al., 2019
		  ovarian tissue, semen	
	 GBD-2	 Kidneys, trachea, 	 Zhao et al., 1999
		  tongue epithelium, spinal 	B agnicka et al., 2005
		  cord, mammary gland, 
		  stomach, jejunum, ileum, 
		  large intestine, rectum	
	L AP	 Tongue epithelium	 Sharma et al., 2006
			B   harali et al., 2017
	EB D	 Ileum	 Kumar et al., 2010
	C ationic 	 Urine	 Tomar et al., 2018
	 antimicrobial 
	 peptides	
Cathelicidin	C hBac5, 	L eukocytes	 Shamova et al., 1999
	C hBac3.4		  Shamova et al; 2009
	C hBac7.5Nα	N eutrophils 	 Shamova et al; 2016
	C hBac7.5Nβ
	M yeloid	B one marrow	 Sharma et al., 2010
	C athelicidin
	C hMAP-28	L eucocytes	E melianova et al., 	
			   2018
	C ath-1,2	 Polymorphonuclear cells 	 Zhang et al., 2014
		  of the mammary 
		  gland, Milk	
	C ath-7	L eucocytes	 (Nishikawa et al., 	
			   2018)
Lactoferrin	L actoferricin	M ilk	 Kimura et al., 2000
S1008		M  ilk	 Purba et al., 2019	
			   Isobe et al., 2020

Table 1. Expression of antimicrobial peptides in different parts of goat
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have unique ability to be used in conditions like chronic 
inflammation, wound healing, infectious diseases and 
multidrug-resistant pathogens. The immunomodulatory 
activities of these antimicrobial peptides can be exploited 
in future for the development of vaccines as well as a 
therapy against cancer and other autoimmune diseases. 
However, we have to be careful while exploiting these 
peptides as it may lead to the disturbances in animal’s 
innate defense if the pathogen develops resistance to 
these antimicrobial peptides.
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