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Abstract
Immune challenges are inevitable for livestock that are exposed to a varied range of adverse conditions ranging from 
environmental to pathogenic stresses. The β-defensins are antimicrobial peptides, belonging to “defensin” family and 
therefore acts as the first line of defense against the major infections occurring in dairy cattle including intramammary 
infections. The better resistance to mastitis displayed by Bos indicus is implicit in the fact that they have better adapted and 
also has more sequence variation with rare allele conserved due to lesser artificial selection pressure than that of Bos taurus. 
Among the 58 in silico predicted β-defensins, only a few have been studied in the aspect of intramammary infections. The 
data on polymorphisms occurring in various β-defensin genes is limited in B. indicus, indicating toward higher possibilities 
for exploring marker for mastitis resistance. The following review shall focus on concisely summarizing the up-to-date 
research on β-defensins in B. taurus and discuss the possible scope for research in B. indicus.

Keywords: Bos indicus, β-defensins, mastitis.

Introduction

The cattle and buffaloes hold the second posi-
tion among livestock population after the chickens, 
with largest population inventory in India [1]. This 
implicates toward the importance of sound health of 
the livestock toward sustained economy of livestock 
sector of the country. In contradiction, ever changing 
global environment has posed challenges to the live-
stock producers in this 21st century. The major fraction 
of health challenges that affect livestock productivity 
includes exposure to the environmental stress as well 
as pathogenic stress.

In cattle and buffaloes, mastitis is one of the 
most economically devastating pathogenic conditions. 
The multitude of factors results in this intramammary 
infection nevertheless the susceptibility to this disease 
is determined by both the environmental factors and 
the genetic makeup of organism. On the other hand, 
the causative pathogen serves as selecting factor for 
evolution of the host’s resistance toward the disease 
condition [2]. The host’s resistance is determined by 
the degree of defense presented toward pathogen. The 
immune genes are among the candidates better known 
to undergo adaptive evolution due to the pathogenic 
exposure over centuries as shown in several species [3], 
especially the first line of defense comprising the innate 
immune genes are more deserved target have undergone 

massive positive or balancing selection [2,4]. It has gen-
erated genotypes that are more suited to the natural con-
ditions. Furthermore, a number of innate immune genes 
have been implicated when analyzing single nucleotide 
polymorphisms (SNPs) in cohorts of disease resistant 
or susceptible food-producing animals.

The modern dairy breeds that have undergone 
intense selection for productivity are more prone to 
mastitis than the ancient breeds which mostly com-
prises the naturally evolved indicine cattle, viz., Bos 
indicus [3,5]. This is clear from the data depicting 
the Holstein and Jersey crossbreeds of India higher 
risk (94.54%) of mastitis than the local cattle breeds 
(31.25%) [6].

One of the innate immune components, β-defen-
sins are the second most approachable defense after 
the first line physical barrier for preventing intrama-
mmary infection. Furthermore being an antimicrobial 
peptide (AMP), it could assure complete clearance of 
pathogens without causing inflammation in the epithe-
lial membrane as found in the case of other AMPs, viz., 
cytokines. Hence, it lead to the fact that the secretory/
soluble proteins’ in this cattle must display more diver-
sity in terms of genetic polymorphism and generate 
more possibility for establishing marker the most preva-
lent disease among the dairy livestock, such as mastitis.

This review shall try to elaborate the role of the 
β-defensins in context of mastitis and narrate the mem-
bers of the β-defensin family in cattle that have been 
reported till date for their association with mastitis.
Proteins Known to be Involved in Innate 
Immunity in Mammary Gland

The innate immune system is a complex and 
dynamic concept comprising various components 

Copyright: Gurao, et al. Open Access. This article is distributed under 
the terms of the Creative Commons Attribution 4.0 International 
License (http://creativecommons.org/licenses/by/4.0/), which 
permits unrestricted use, distribution, and reproduction in any 
medium, provided you give appropriate credit to the original 
author(s) and the source, provide a link to the Creative Commons 
license, and indicate if changes were made. The Creative Commons 
Public Domain Dedication waiver (http://creativecommons.org/
publicdomain/zero/1.0/) applies to the data made available in this 
article, unless otherwise stated.



Veterinary World, EISSN: 2231-0916 991

Available at www.veterinaryworld.org/Vol.10/August-2017/26.pdf

majorly the physical barrier, the resident cellu-
lar components, and the mobile inducible or the 
inflammatory responses are shown by the white 
blood cell (WBC) elements. The gene encoding 
for any of the secretory soluble protein of humoral 
defenses or cellular defenses display polymor-
phism or may undergo mutation, leading to alter-
nate alleles, therefore, resulting in functionally 
different peptide. Proteins are the mediators of all 
kinds of humoral defenses and cellular defenses. 
The responses mediated by innate immune system 
have an advantage over humoral system since they 
do not require memory for the first line defense 
and therefore responds rapidly [7]. The pathogens 
are invading mammary gland, digestive tract, and 
reproductive tract in livestock are sensed first by 
surface/physical or chemical barriers of the innate 
immune system. After failure of the surface/physi-
cal and chemical barrier, the system reacts by ini-
tiating inflammation mediated by the resident mac-
rophages as well as mobile neutrophils. The bovine 
neutrophils score highest among the cellular WBC 
components. Exceptionally at surface barriers some 
cells and glands are specialized in secreting certain 
kind of AMPs, e.g., histatins by salivary gland [8] 
α-defensins by Paneth cells, β-defensins by the 
pancreas and milk serum amyloid protein by mam-
mary epithelial cells (MECs), therefore, recruiting 
humoral innate defense [9]. They secrete an array of 
AMPs to get rid of foreign invaders.

The cationic peptides are one of the massive 
groups of antimicrobial compounds with character-
istic cationic charge [10]. These peptides are catego-
rized majorly into four groups on the basis of structure. 
The first class is composed of aliphatic a-helices; the 
second class has the molecules with loops and single 
disulfide bond. The third class is amphipathic nature 
with extended structure, and the fourth class is com-
prised more than one disulfide bonds and a stable beta 
sheet [11]. The defensins belongs to the fourth class. 
The “defensins,” the term coined by Selsted et al. [12] 
belongs to fourth class of cationic AMPs otherwise 
known as host defense peptides (HDPs), widely dis-
tributed in plants, vertebrates, and invertebrates [13]. 
The defensins are cationic AMPs were first reported 
in rabbit lung macrophages in 1983 [14], and char-
acterized for their primary structure [12]. Besides the 
antibacterial activity of defensins, antifungal [15] and 
antiviral properties were also described by Lehrer 
et al. [16].

β-defensins

The β-defensins (~10 kDa) are one of the mem-
ber of defensin family that are cationic and cysteine-rich 
AMP displaying a varied pattern of cysteine spacing and 
disulfide bonding between cysteine residues. This cys-
teine has been claimed to protect the peptide from being 
digested [17]. Mammalian defensins encoded generally 
by a bi-exonic gene. When the gene is transcribed to 
the corresponding mRNA, the exon-1 forms the 5’UTR 
region along with the signal peptide region with pro-
peptide-encoding mRNA region, whereas the exon-2 
forms the mRNA region for mature peptide and 3’-UTR 
region. Thus, the primary translation product has an 
inactive precursor (pre-propeptide) and signal sequence 
at the N-terminal, and at another hand the short pro-piece 
of C-terminal. The mature peptide is formed from the 
cleaving of the pro-piece. They have a signal sequence 
at the N-terminal and the short pro-piece at C-terminal. 
The mature peptide is formed after getting cleaved off 
from the pro-piece. Based on the bonding between the 
six cysteine residues and their bonding pattern, the mam-
malian defensins can be classified into three sub-fami-
lies; α, β, and θ-defensins (Table-1). The β-defensin was 
isolated from bovine respiratory tract [18], the α-defen-
sin from murine Paneth cells [13], and the θ-defensins 
were discovered in rhesus monkey [19].
Mechanism of β-defensins action

In the recent period, the multidrug resistance 
and antibiotic resistance phenomenon have become a 
vogue [20]. It’s quite intriguing to know the absence 
of such phenomenon in the case of defensins, one of 
the possible reasons is the production of the very little 
amount of the peptides at the site or sometimes the 
peptides are in a functionally latent form which after 
reaching the site of action becomes more potent [21]. 
The β-defensins are amphipathic cationic peptides that 
have been reported to function as AMPs for the Gram-
negative, Gram-positive bacteria, viruses, fungi, and 
other unicellular parasites [22]. Conversely, the host 
has also coevolved with possible mechanisms for 
resisting the microbicidal activity of β-defensins.

Initially, the peptides interact with the membrane 
of the pathogen by exploiting electrostatic attraction 
or in some cases mediated by receptors present on the 
membrane [23]. After the initial interaction with the 
membrane, the AMPs permeabilize the target cell only 
when reach they reach a threshold concentration fol-
lowed by peptide conformation’s transition. In several 
cases, this phase transition is feasible only on availing 
a negatively charged membrane, which again points 

Table-1: Subfamilies of mammalian defensins.

Subfamily Structure Cysteine bonding Distribution References

α Linear C1-C6, C2-C4, C3-C5 Mammals Selsted et al., [12]
β Linear C1-C5, C2-C4, C3-C6 Mammals Diamond et al., [18]
θ/retrocyclins Circular C1-C6, C2-C4, C3-C5 Rhesus* Tran et al., [19]

*Reported only in Rhesus monkey among mammals
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out toward the ability to differentiate the host cell 
from the target [24]. For the β-defensins, the phase 
transition is relatively uncommon since the structure 
is more stable and therefore remains unchanged on 
interacting with target membrane [25]. Some evidence 
suggests self-association between 2 and more AMP 
peptides to form complex structures [23].

This initial binding and interaction phase are fol-
lowed by permeabilization [26,27]. Some of the mech-
anisms that have been proposed for permeabilization 
include the pore model, toroidal pore model, carpet 
model, barrel stave model, molecular electroporation 
model, and the sinking raft model. The other uncom-
mon models suggest the immunomodulatory activity 
of defensins which aids wound healing. This immuno-
modulatory function particularly makes these defen-
sins deserving candidate for replacing conventional 
antibiotics to treat intramammary infections (IMIs), 
since it avoids inflaming the mammary epithelial tis-
sues [28]. Apart from the membrane permeabilization, 
the AMPs have been reported to stimulate hydrolases, 
therefore degrading the cell wall [29].
Cattle β-defensins

The first β-defensin was isolated from bovine 
respiratory tract and was named tracheal AMP 
(TAP) [18]. In 1993, 13 bovine β-defensin pep-
tide sequences were reported by Selsted et al. [30], 
along with the in vitro antibacterial activities using 
Staphylococcus aureus and Escherichia coli as 
test organisms. While, in 2004, Roosen et al. [31] 
reported 18 bovine β-defensin including 6 novel 
genes (DEFB401, DEFB402, DEFB403, DEFB404, 
DEFB405, and lingual AMP [LAP] like).

The clustering of bovine β-defensin has been 
done on the basis of synteny analysis of 57 open 
reading frame containing the 6 cysteine containing 
domain (Figure-1), characteristics to the β-defensins 
with already published data on human, chimpanzee, 
mouse, rat, and dog [32,33]. The total of 58 genes 
within four clusters have been identified in bovine 
genome on chromosome number 8, 13, 23, and 27 and 

were designated as Cluster A, Cluster B, Cluster C, 
and Cluster D, respectively [34].

The Cluster A with least number of genes and 
Cluster D with the highest number of immunolog-
ically important genes. Whereas, the Cluster C and 
Cluster B have β-defensins those are expressed in the 
reproductive tract. The details about the clusters have 
been summarized in Table-2.

The genes that impart resistance against intra-
mammary infections are located on chromosome 
Btau 27. It implies that the Cluster D is present on 
Btau 27 in cattle as well as buffaloes carries a maxi-
mum number of genes of interest (Table-3). The clus-
ter has a total of 30 genes according to the synteny 
analysis with human, dog, chimpanzee, and rat and 
mouse [32]. Only 8 of them are found to be conserved 
in human and dog; those are BBD105, BBD103, 
BBD106, BBD108, BBD104, BTSPAG11, BBD109, 
and BBD1. Whereas, 11 of the 30 genes are found to 
be specific to Bos genus, including LAP, TAP, EAP, 
DEFB4A, DEFB5, BNBD7, BNBD10, BNBD10A, 
BNBD11, BBD403, and BBD1 [34]. This type of 
phylogenetic analysis is still lacking for buffalo. Since 
the β-defensins are expressed by both the mammary 
gland and the milk somatic cells, therefore prevents 
the intramammary infection. Furthermore, the β-de-
fensins are triggered by toll-like receptor (TLR) medi-
ated nuclear factor-κB pathway, so it was assumed to 
be another major factor conferring resistance against 
mastitis in cattle and buffalo next to the TLRs [35]. 

Table-2: The physical, chemical, and secondary structure predictions for the cattle β-defensins.

Name Physiochemical parameters Secondary structure 
predictions

Amino acid 
length

Molecular 
weight

Theoretical PI Instability 
index

Aliphatic 
index

GRAVY* α helix β helix Transmembrane 
helix

TAP 64 6953.1 10.26 18.54 103.44 0.431 33 30 25
LAP 64 7041.50 11.24 50.66 95.94 0.122 47 16 25
DEFB1S1 60 6665.98 8.98 28.16 102.33 0.447 48 18 -
DEFB1S2 54 6115.0 9.30 76.97 77.59 -0.519 46 11 -
DEFB3 60 6764.17 11.47 18.00 97.50 0.243 23 33 -
DEFB4 63 7233.74 11.46 46.73 86.51 0.278 33 25 -
DEFB5 64 7227.73 10.47 59.02 95.78 0.380 53 9 25
DEFB10 62 6954.46 10.35 39.25 114.68 0.429 50 13 -
DEFB103 67 7614.31 9.93 40.62 106.27 0.185 52 18 24

TAP=Tracheal antimicrobial peptide, LAP=Lingual antimicrobial peptide, DEFB1S1 and DEFB1S2=Splice variants of β-defensin 
1 peptide, DEFB3=β-defensin 3 peptide, DEFB4=β-defensin 4 peptide, DEFB5=β-defensin 5 peptide, DEFB10=β-defensin 10 
peptide, DEFB103=β-defensin 103 peptide, *GRAVY=Grand average of hydropathicity, PI=Isoelectric point

Figure-1: Multiple sequence alignment file for the β-defensins 
reviewed (the green color highlighted areas indicates the 
highly conserved six cysteine residues, which forms the basic 
definition of β-defensins and the yellow highlighted sequence 
are the signal peptide region for respective beta defensins).
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Overall, the nonsynonymous SNPs subsequently 
leading to the modifications in amino acids’ sequence 
potentially improve the antibiotic activity of the pep-
tide [36]. It may be possible that the better resistance 
in indicine cattle is due to the variations occurring in 
the coding region of these genes.

The present review shall focus on the β-defensin 
whose expression is localized to the mammary gland 
and milk somatic cells. They could be elected as a 
marker for selection of cattle with resistance to masti-
tis. The list of β-defensin (Table-4) genes along with 
their significance described in the following section. 
Whereas, the general physical and chemical properties 
along with the secondary structure predictions of the 
reviewed defensins are listed in Table-2. The individ-
ual secondary structure has been illustrated for LAP, 
TAP, DEFB1 SV1, DEFB1 SV2, DEFB 5, DEFB 10, 
and DEFB 103 (Figure-2) [37].
LAP

It was the first isolated from inflamed squamous 
tongue epithelia [38]. Apart from the tongue epithe-
lium cells, it was found to be expressed in infected 
intestinal, respiratory tissue and mammary epithelial 
tissue [39,40]. A LAP like peptide was characterized, 
having high sequence similarity with the LAP [31]. 
Although the LAPs expression was found to be very 
little in squamous tongue epithelial and respiratory 
tissue, it is very high in the intestinal tissues. In the 
mammary gland constitutive expression of LAP has 
been reported in juvenile, lactating (both healthy 
and infected) and non-lactating cattle [31]. Whereas, 
another study has shown the LAPs expression only 
in infected cattle [40]. In the study conducted by 
Swanson et al., [40], the mammary gland was infected 
by infusing the wild type strain of Streptococcus 
uberis and the alveolar, external and peripheral tissues 
of mammary gland were analyzed, whereas Roosen 
et al. [31] have studied the parenchymal and exter-
nal tissue of cattle diagnosed for clinical mastitis. The 
type of diet also influences the level of LAP expres-
sion in the mammary gland. The high concentrate 
diet has been reported to enhance the expression of 
LAP [41]. The direct relationship between one of the 
β-defensin peptide, LAP and somatic cell count (SCC) 
have been accounted, where they have shown higher 

concentration of LAP in the milk of cattle infected with 
S. aureus, Streptococcus bovis, Streptococcus dysga-
lactiae, and E. coli than that of uninfected one [42]. 
Apart from that, on the basis of the expression studies, 
the LAP has been mapped out as genetic marker for 
mastitis trait associated marker in cattle [36,43].
TAP

It was the first bovine β-defensin to be isolated 
from mammalian tracheal mucosa [18]. The TAP has 
been reported to be expressed in mammary cells of 
both infected and healthy (Table-4) [31]. The expres-
sion of TAP has also been shown in the bovine MEC 
(bMEC) in vitro infected with S. aureus [44]. In con-
trast to the above discussion, during an experimentally 
induced S. aureus infection in cattle, the expression of 
LAP, as well as TAP, was found to be very low or neg-
ligible [45]. The expression of the TAP, as well as the 
LAP, is regulated by Oct-1 transcription factor [46].

A nonsynonymous SNP in Gir and Murrah buf-
falo three nonsynonymous SNPs have been reported 
by Patel et al. [47]. The huge increment in the num-
ber of nonsynonymous SNPs in buffalo could signifi-
cantly alter the primary structure of the β-defensin in 
buffalo as compared to cattle. Nonsynonymous SNPs 
in exon 2 have been reported by Ryan et al. [48], which 
modulates the bactericidal activity. Interestingly, the 
haplotype analysis has shown a higher number of hap-
lotypes in buffalo for the TAP gene in comparison to 
the cow breed(s) and also the linkage disequilibrium 
value for buffalo has been found higher than Bos spe-
cies. Therefore, indicating toward the functional rele-
vance of the SNPs in buffalo.
DEFB1

The two variants of β-defensin 1 are DEFB1V1 
and DEFB1V2. Alternatively, the gene is known as 
BNBD1, is one of the inducibly expressed β defense 
during intramammary gland infection [31]. The 
majority of SNPs reported in indicine cattle lies in 
5’UTR and a noteworthy start gain, mutation reported, 
whereas in Murrah buffalo 2 such start gain, mutation 
have been reported in the same study [47].
DEFB4

The DEFB4 also known as BNBD4 was first 
reported in 1993 [30]. Their expression was initially 

Table-3: Clusters of β-defensin in cattle (adapted from Meade et al., [24]).

Cluster Chromosome no. Genes 
number(s)

Expressed in tissue/organ(s) Function(s)

A Btau 8 4 Unknown Unknown
B Btau 13 19 Reproductive tract In vitro shown to have antimicrobial 

activity. In vivo not reported
C Btau 23 5 Unknown Unknown
D Btau 27 30 Neutrophils, macrophages and 

epithelium tissues
Inducible in response to LPS and pathogens 
such as E. coli and Staphylococcus aureus. 
Association detected between SNPs in these 
gene(s) with SCC, milk yield, fat, protein 
lactose, and coat color in Holstein cattle

SNP=Single nucleotide polymorphisms, LPS=Lipopolysaccharide, SCC=Somatic cell count, E. coli=Escherichia coli, 
S. aureus=Staphylococcus aureus



Veterinary World, EISSN: 2231-0916 994

Available at www.veterinaryworld.org/Vol.10/August-2017/26.pdf

Figure-2: Secondary structures for the β-defensins, (a) lingual antimicrobial peptide (LAP), (b) tracheal antimicrobial 
peptide (TAP), (c) β-defensin 4, (d) β-defensin 5, (e) β-defensin 10, (f) β-defensin 3, (g) β-defensin 1 V1 (Isoform 1), 
(h) β-defensin 1V2 (Isoform 2), (i) β-defensin 103 (the confidence key and figure indices provided in the inset of respective 
figures).
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found constitutive and higher in alveolar tissues in 
bovine. Whereas in small intestine its expression 
was too lower [49]. Another study concluded the 
higher level of expression of DEFB4 in alveolar and 
cistern tissue of mammary gland challenged with 
Staphylococci aureus [45,50]. Yet, another study has 
also indicated the increased expression of DEFB4 
or BNBD4 in mammary gland infected with coagu-
lase-positive Staphylococci [48] than those of coag-
ulase-negative Staphylococci [51]. This difference 
may be due to the different mode of permeabilizing 
the bacterial membrane in Gram-positive and Gram-
negative bacteria [27].

A great extent of SNP has been reported in the 
intronic region of DEFB4 in Bos taurus [52]. The 2 out 
of the 10 SNPs reported were found to be associated 
with milk composition traits and SCC. This estab-
lishes DEFB4 as a marker for mastitis resistance [53].
DEFB3

The BNBD3 or DEFB3 was found to be 
expressed in various tissue types. A very high level 
of such expression has been observed in bone mar-
row [54]. An interesting finding has indicated the ele-
vated level of expression in BNBD3 alias (DEFB3) in 
the bovine monocyte culture treated with lipopolysac-
charide in a dose-dependent manner [55].
DEFB5

The DEFB5 or BNBD5 has been reported which 
resembles the DEFB4 [30]. Its expression was ini-
tially shown to be higher in the macrophages located 
on the surface of bovine pulmonary alveoli and also 
the higher level of expression of β-defensin gene 

(i.e., BNBD5) in MEC has been demonstrated during 
intramammary infection [56,57]. An another study 
has also concluded with even higher level of expres-
sion of DEFB5 than the DEFB4 in alveolar, ductal 
and cistern tissue of mammary gland challenged with 
S. aureus [45,50].

The increased expression level of both DEFB5 
and DEFB4 has been reported in mammary gland 
infected with coagulase-positive Staphylococci than 
those of coagulase-negative Staphylococci [51], how-
ever in the case of DEFB5 only the cow in later lac-
tation stage showed this higher level of expression in 
contrast to DEFB4 which showed higher expression 
even in early lactation stage. While no such polymor-
phism in DEFB5 has been reported significant in ind-
icine cattle and buffalo [47].
DEFB10

The expression of DEFB10 has been observed 
higher in early lactation stages than in the later stages 
on infection by coagulase-positive Staphylococci. 
Whereas for DEFB1, BNBD4, LAP, and BNBD5 
expression were found to be higher in later 
stages on being inoculated by coagulase-positive 
Staphylococci [51]. One of the studies conducted 
has shown an elevated level of DEFB10 expres-
sion in the presence of sodium octanoate when 
bMECs were challenged with S. aureus subspecies 
aureus (ATCC 27543) [57]. However, in the case of 
Mycoplasma bovis infection, the DEFB10 expression 
was reported to be down-regulated [58].
DEFB103

DEFB300 or DEFB103A or DEFB103B is a 
newly found β-defensin on the BTAU 27. It shares 
very little homology with the other members of 
Cluster D β-defensin within the species and also when 
compared with other species [59]. Its expression has 
been very little studied in cattle. The highest level of 
DEFB103 expression in buccal epithelium among all 
other tissues (nictitating membrane, rumen, shoulder 
skin, and bladder) analyzed [59]. No, any report pres-
ents its expression in the mammary gland.

Five new SNPs have been reported in 5’UTR 
region of DEFB103 [60]. Another couple of SNPs 
were reported later [61]. Moreover, similarly, the 
authors have described no significant association 
of the four haplotypes on DEFB103 polymorphism 
with resistance or susceptibility to mastitis caused by 
S. aureus [59].
Future Scopes
Alternative to antibiotics

Worldwide the dairy industry spends a huge 
amount on combating against the intramammary infec-
tions. The antibiotics have been the major therapeutic 
drugs used for treatment. On the other hand, the effi-
ciency of antibiotics has declined over the period due 
to repeated and improper use. Hence, the best strategy 
to treat mastitis should involve exploiting the innate 

Table-4: The list of gene in mammary gland and their 
clinical relevance (adapted from Roosen et al., [31]).

Gene Expressed 
tissue/cell

Lactating status and clinical 
finding (or) treatment^#

LAP MGT*
MSC@

J-H, L-H, L-I, NL-H*
HCD diet^

TAP MGT*
MEC#

L-H*, S. aureus in vitro challenge#

DEFB3 MGT*
MSC@

L-H*, NL-I*

DEFB4 MGTθ*
MSC@

L-I*, S. aureus in vivo challengeθ

DEFB5 MGTθ*
MSC@

L-I*, S. aureus in vivo challengeθ

DEFB1 MGTθ S. aureus in vivo challengeθ

DEFB103 Other than 
mammary 
gland**

NA

*Roosen et al., [31], #Lopez-Meza et al., [44], @Bagnicka 
et al., [53], ^Jin et al., [41], θCormac et al., [50], 
**Mirabzadeh-Ardakani et al., [59]. TAP=Tracheal 
antimicrobial peptide, LAP=Lingual 
antimicrobial peptide, DEFB3=β-defensin 3, 
DEFB4=β-defensin 4, DEFB5=β-defensin 5, 
DEFB1=β-defensin 1, DEFB103=β-defensin 103, 
MGT=Mammary gland tissue, MSC=Milk somatic cells, 
J=Juvenile, L=Lactating, NL=Non-lactating, H=Healthy, 
I=Infected, S. aureus=Staphylococcus aureus
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potential of the host to fight against infections, espe-
cially the AMP like β-defensins. It is noteworthy that 
no such resistance has been developed by microbes 
against these AMPs since the target for these AMPs are 
the microbe’s integral structure and also it influences 
the host system by immunomodulation [33,62,63]. 
The immunomodulatory role of these defensins aids 
not only augments the direct antimicrobial mechanism 
but also repair the epithelial surface where the AMPs 
were expressed by Lai and Gallo [64]. Therefore, 
recently an approach was devised to prepare synthetic 
peptides called innate defense regulator peptides 
(IDRs) [65], that resembles some functionally active 
sequences of the AMPs. This may be considered as 
a potential tool for mastitis treatment if the reported 
functional defensins during mastitis are considered. 
In an another approach site-directed mutagenesis was 
used to bring targeted modification in amino acid 
sequence of porcine β-defensin 2, subsequently lead-
ing to a more effective AMP. This could serve as a tool 
to improve the antimicrobial activity of some bovine 
β-defensins, such as TAP and LAP.
Adjuvants for improved vaccine design

The vaccine for mastitis has been a point of dis-
cussion. The β-defensins are one of the desired candi-
dates for vaccine adjuvants, since these peptides are 
known to stimulate the Th1 response and also the Th2 
responses and impart immunoadjuvant effect [66]. 
Several defensins have been earlier reported to func-
tion as adjuvant. Earlier a vaccine for bovine herpes-
virus 1 made from bovine neutrophil β-defensin 3 
conjugated with glycoprotein D as an adjuvant has 
also been reported by Mackenzie-Dyck et al. [67].
β-defensin expression and the dietary influence

The immune system of an individual is widely 
influenced by nutrition. In the case of β-defensins, sev-
eral studies have shown modulation of HDPs expres-
sion under different dietary conditions. In humans, 
the dietary histone deacetylase inhibitor sulforaphane 
and sodium butyrate (short chain fatty acid) have been 
reported to upregulate the human β defesin-2 expres-
sion in human caco-2, HT-29, and SW480. Later the 
sodium butyrate to be linked with higher expression of 
HDPs in piglets infected with E. coli and also reported 
lowering of E. coli load [63]. Therefore, the diet could 
itself contribute toward better resistance for mastitis 
and lower the medical costs.
Conclusion

Although the milk production has gained a hike 
after white revolution, but introducing the exotic 
breeds (B. taurus) has loaded the Indian dairy sector 
with the curse of mastitis and subsequent economic 
burden of the treatment. The mastitis, like any other 
pathogenic condition, is indispensably linked to lower 
resistance of host to the pathogens. The β-defensins 
offers three tier solutions for this menage. The level 
one of remedy involves screening the more ancient 

breeds or in other words, the breeds that have been 
lesser manipulated for milk yield, e.g., B. indicus 
for SNPs in coding region of β-defensin genes on 
27th BTAU. The aforesaid screening could serve as 
tool for selecting more resistant animals since the 
β-defensin are the best known genetically encoded 
antimicrobials. The second tier of solution involves 
using the β-defensins peptides as adjuvant to deliver 
vaccine for mastitis, although up to date no vaccine 
for mastitis has been developed which uses these pep-
tides as an adjuvant. The third tier solution derived 
from the β-defensin enables synthesizing the IDRs 
by getting clue from naturally occurring potent act-
ing β-defensins from either species of Bos genus. 
Otherwise manipulated version of these peptides may 
also be generated to design IDRs. In a concluding 
statement, it is not false to say that synthesized antimi-
crobials do have better competitors already existing in 
nature since millions of years; therefore, the research 
could be an exploratory task to solve multifactorial 
problems like mastitis.
Authors’ Contributions

All authors contributed extensively in drafting 
and revision of the manuscript. AG and SKK reviewed 
the existing literature and critically analyzed the data. 
SKK has structured the whole manuscript, and RS 
performed bioinformatics analysis. All authors read 
and approved the final manuscript.
Acknowledgments

All the authors gratefully acknowledge finan-
cial support from Rajasthan University for Veterinary 
and Animal Sciences. The first author acknowledges 
Dr. R.S. Kataria, NBAGR for his valuable suggestions.
Competing Interests

The authors declare that they have no competing 
interests.
References
1. Robinson, T.P., Wint, G.R., Conchedda, G., Van 

Boeckel, T.P., Ercoli, V., Palamara, E., Cinardi, G., D’Aietti, 
L., Hay, S.I. and Gilbert, M. (2014) Mapping the global dis-
tribution of livestock. PLoS One, 9: e96084.

2. Casals, F., Sikora, M., Laayouni, H., Montanucci, L., 
Muntasell, A., Lazarus, R. and Bertranpetit, J. (2011) 
Genetic adaptation of the antibacterial human innate immu-
nity network. BMC Evol. Biol., 11: 202.

3. McTaggart, S.J., Obbard, D.J., Conlon, C. and Little, T.J. 
(2012) Immune genes undergo more adaptive evolution 
than non-immune system genes in Daphnia pulex. BMC 
Evol. Biol., 12: 63.

4. Ferrer-Admetlla, A., Bosch, E., Sikora, M., 
Marquès-Bonet, T., Ramírez-Soriano, A., Muntasell, A. and 
Casals, F. (2008) Balancing selection is the main force shap-
ing the evolution of innate immunity genes. J. Immunol., 
181(2): 1315-1322.

5. Strandberg, E. and Shook, G.E. (1989) Genetic and eco-
nomic responses to breeding programs that consider masti-
tis. J. Dairy Sci., 72(8): 2136-2142.

6. Sharma, N. and Maiti, S.K. (2010) Incidence, etiology 
and antibiogram of sub clinical mastitis in cows in Durg, 



Veterinary World, EISSN: 2231-0916 997

Available at www.veterinaryworld.org/Vol.10/August-2017/26.pdf

Chhattisgarh. Indian J. Vet. Res., 19: 45-54.
7. Beutler, B. (2004) Innate immunity: An overview. Mol. 

Immunol., 40: 845-859.
8. Ulvatne, H., Samuelsen, O. and Vorland, L.H. (2003) 

Defensins and defensin-like molecule: Anti-bacterial 
mode of action. In: Heidt, P.J., Midtvedt, T., Rusch, V. 
and Waaij, D.V., editors. Old Herborn University Seminar 
Monograph 16: Host Microflora Crosstalk. Herborn 
Litterae, Herborn. p17-31.

9. Uhlar, C.M. and Whitehead, A.S. (1999) Serum amyloid A, 
the major vertebrate acute-phase reactant. Eur. J. Biochem., 
265: 501-523.

10. Vizioli, J. and Salzet, M. (2002) Antimicrobial peptides 
from animals: Focus on invertebrates. Trends Pharmacol. 
Sci., 23: 494-496.

11. Guilhelmelli, F., Vilela, N., Albuquerque, P., 
Derengowski, L.S., Silva-Pereira, I. and Kyaw, C.M. (2013) 
Antibiotic development challenges: The various mecha-
nisms of action of antimicrobial peptides and of bacterial 
resistance. Front. Microbiol., 4: 353.

12. Selsted, M.E., Brown, D.M., de Lange, R.J., Harwig, S.S. 
and Lehrer, R.I. (1985) Primary structures of six antimi-
crobial peptides of rabbit peritoneal neutrophils. J. Biol. 
Chem., 260: 4579-4584.

13. Selsted, M.E., Miller, S.I., Henschen, A.H. and Ouellette, A.J. 
(1992) Enteric defensins: Antibiotic peptide components of 
intestinal host defense. J. Cell Biol., 118: 929-993.

14. Lehrer, R.I., Selsted, M.E., Szklarek, D. and Fleischmann, J. 
(1983) Antibacterial activity of microbicidal cationic pro-
teins 1 and 2, natural peptide antibiotics of rabbit lung mac-
rophages. Inf. Immuol., 42: 10-14.

15. Lehrer, R.I., Szklarek, D., Ganz, T. and Selsted, M.E. 
(1985a) Correlation of binding of rabbit granulocyte pep-
tides to Candida albicans with candidacy. Inf. Immun., 
49: 207-211.

16. Lehrer, R.I., Daher, K., Ganz, T. and Selsted, M.E. (1985b) 
Direct inactivation of viruses by MCP-l and MCP-2, natural 
peptide antibiotics from rabbit. J. Virol., 54: 467-472.

17. Selsted, M.E. and Ouellette, A.J. (2005) Mammalian defen-
sins in the antimicrobial immune response. Nat. Immunol., 
6: 551-557.

18. Diamond, G., Zasloff, M., Eck, H., Brasseur, M., 
Maloy, W.L. and Bevins, C.L. (1991) Tracheal antimicro-
bial peptide, a novel cysteine-rich peptide from mammalian 
tracheal mucosa: peptide isolation and cloning of a cDNA. 
Proc. Natl. Acad. Sci. USA, 88: 3952-3956.

19. Tran, D., Tran, P.A., Tang, Y.Q., Yuan, J., Cole, T. and 
Selsted, M.E. (2002) Homodimeric Θ-defensins from rhe-
sus macaque leukocytes isolation, synthesis, antimicrobial 
activities, and bacterial binding properties of the cyclic pep-
tides. J. Biol. Chem., 277: 3079-3084.

20. WHO. Antimicrobial Resistance. WHO. Available from: 
http://www.who.int/mediacentre/factsheets/fs194/en. Cited 
on 3-09-2013.

21. Schroeder, B.O., Wu, Z., Nuding, S., Groscurth, S., 
Marcinowski, M., Beisner, J., Buchner, J., Schaller, M., 
Stange, E.F. and Wehkamp, J. (2011) Reduction of disul-
phide bonds unmasks potent antimicrobial activity of 
human β-defensin 1. Nature., 469: 419-423.

22. Brogden, K.A. (2005) Antimicrobial peptides: Pore formers 
or metabolic inhibitors in bacteria? Nat. Rev. Microbiol., 
3: 238-250.

23. Yeaman, M.R. and Yount, N.Y. (2003) Mechanisms of anti-
microbial peptide action and resistance. Pharmacol. Rev., 
55: 27-55.

24. Latal, A., Degovics, G., Epand, R.F., Epand, R.M. and 
Lohner, K. (1997) Structural aspects of the interaction of 
peptidyl-glycylleucine-carboxyamide, a highly potent 
antimicrobial peptide from frog skin, with lipids. Eur. J. 
Biochem., 248: 938-946.

25. Oishi, O., Yamashita, S., Nishimoto, E., Lee, S., Sugihara, G. 
and Ohno, M. (1997) Conformations and orientations of 

aromatic amino acid residues of tachyplesin I in phospho-
lipid membranes. Biochemistry, 36: 4352-4359.

26. Sahl, H.G., Pag, U., Bonness, S., Wagner, S., Antcheva, N. 
and Tossi, A. (2005) Mammalian defensins: Structures 
and mechanism of antibiotic activity. J. Leukoc. Biol., 77, 
466-475.

27. Huang, H.W. (2000) Action of antimicrobial peptides: Two-
state model. Biochemistry, 39: 8347-8352. 

28. Pálffy, R., Gardlík, R., Behuliak, M., Kadasi, L., Turna, J. 
and Celec, P. (2009) On the physiology and pathophysiol-
ogy of antimicrobial peptides. Mol. Med., 15: 51-59.

29. Bierbaum, G. and Sahl, H.G. (1985) Induction of autoly-
sis of staphylococci by the basic peptide antibiotics pep5 
and nisin and their influence on the activity of autolytic 
enzymes. Arch. Microbiol., 141: 249-254.

30. Selsted, M.E., Tang, Y.Q., Morris, W.L., 
McGuire, P.A., Novotny, M.J., Smith, W., Henschen, A.H. 
and Cullor, J.S. (1993) Purification, primary structures, and 
antibacterial activities of beta-defensins, a new family of 
antimicrobial peptides from bovine neutrophils. J. Biol. 
Chem., 268: 6641-6648.

31. Roosen, S., Exner, K., Paul, S., Schroeder, J.M., Kalm, E. 
and Looft, C. (2004) Bovine b-defensins: Identification 
and characterization of novel bovine b-defensin genes and 
their expression in mammary gland tissue. Mamm. Genome, 
15: 834-842.

32. Patil, A.A., Cai, Y., Sang, Y., Blecha, F. and Zhang, G. 
(2005) Cross species analysis of the mammalian beta-de-
fensin gene family: Presence of syntenic gene clusters 
and preferential expression in the male reproductive tract. 
Physiol. Genomics, 23: 5-17.

33. Cormican, P., Meade, K.G., Cahalane, S., Narciandi, F., 
Chapwanya, A., Lloyd, A.T. and O’Farrelly, C. (2008) 
Evolution, expression and effectiveness in a cluster of novel 
bovine beta-defensins. Immunogenetics, 60: 147-156.

34. Meade, K.G., Cormican, P., Narciandi, F., Lloyd, A. 
and O’farrelly, C. (2013) Bovine -defensin gene family: 
Opportunities to improve animal health? Physiol. Genomics, 
46: 17-28.

35. Birchler, T., Seibl, R., Buchner, K., Loeliger, S., Seger, R., 
Hossle, J.P., Aguzzi, A. and Lauener, R.P. (2001) Human 
toll-like receptor 2 mediates induction of the antimicrobial 
peptide human beta-defensin 2 in response to bacterial lipo-
protein. Eur. J. Immunol., 31: 3131-3137.

36. Fjell, C.D., Hiss, J.A., Hancock, R.E. and Schneider, G. 
(2012) Designing antimicrobial peptides: Form follows 
function. Nat. Rev. Drug Discov., 11: 37-51.

37. Kelley, L.A., Mezulis, S., Yates, C.M., Wass, M.N. and 
Sternberg, M.J.E. (2015) The phyre2 web portal for pro-
tein modeling, prediction and analysis. Nat. Protoco., 
10: 845-858.

38. Schonwetter, B., Stolzenberg, E. and Zasloff, M. (1995) 
Epithelial antibiotics induced at sites of inflammation. 
Science, 267: 1645-1648.

39. Stolzenberg, E.D., Anderson, G.M., Ackermann, M.R., 
Whitlock, R.H. and Zasloff, M. (1997) Epithelial antibiotic 
induced in states of disease. Proc. Natl. Acad. Sci. USA, 
94: 8686-8690.

40. Swanson, K., Gorodetsky, S., Good, L., Davis, S., 
Musgrave, D., Stelwagen, K., Farr, V. and Molenaar, A. 
(2004) Expression of a beta-defensin mRNA, lingual anti-
microbial peptide, in bovine mammary epithelial tissue is 
induced by mastitis. Infect. Immunol., 72: 7311-7314.

41. Jin, D., Guangjun, C., Kai, Z., Junfei, G., Tianle, X. and 
Xiangzhen, S. (2016) Rumen-derived lipopolysaccharide 
enhances the expression of lingual antimicrobial peptide in 
mammary glands of dairy cows fed a high-concentrate diet. 
BMC Vet. Res., 12: 1.

42. Kazuhiro, K., Akamatsu, H., Obayashi, T., Nagahata, H., 
Higuchi, H., Iwano, H., Oshida, T., Yoshimura, Y. and 
Isobe, N. (2013) Relationship between concentration of lin-
gual antimicrobial peptide and somatic cell count in milk of 



Veterinary World, EISSN: 2231-0916 998

Available at www.veterinaryworld.org/Vol.10/August-2017/26.pdf

dairy cows. Vet. Immunol. Immunopathol., 153: 298-301.
43. Ogorevc, J., Kunej, T., Razpet, A. and Dovc, P. (2009) 

Database of cattle candidate genes and genetic markers for 
milk production and mastitis. Anim. Genet., 40: 832-851.

44. Lopez-Meza, J.E., Gutierrez-Barroso, A. and Ochoa-
Zarzosa, A. (2009) Expression of tracheal antimicrobial 
peptide in bovine mammary epithelial cells. Res. Vet. Sci., 
87: 59-63.

45. Whelehan, C.J., Meade, K.G., Eckersall, P.D., Young, F.J. 
and O’Farrelly, C. (2011) Experimental Staphylococcus 
aureus infection of the mammary gland induces region-spe-
cific changes in innate immune gene expression. Vet. 
Immunol. Immunopathol., 140: 181-189.

46. Yang, J., Sang, Y., Meade, K.G. and Ross, C. (2011) The 
role of oct-1 in the regulation of tracheal antimicrobial 
peptide TAP and lingual antimicrobial peptide LAP expres-
sion in bovine mammary epithelial cells. Immunogenetics, 
63: 715-725.

47. Patel, S.M., Prakash, G.K., Neelam, N.M., Patel, N.V., 
Shah, T.M. and Joshi, C.G. (2015) Exploring genetic poly-
morphism in innate immune genes in Indian cattle Bos 
indicus and buffalo Bubalus bubalis using next generation 
sequencing technology. Meta Gene, 3: 50-58.

48. Ryan, L.K., Rhodes, J., Bhat, M. and Diamond, G. (1998) 
Expression of beta-defensin genes in bovine alveolar mac-
rophages. Infect. Immunol., 66: 878-881.

49. Taha-Abdelaziz, K.I., Perez-Casal, J., Schott, C., 
Hsiao, J., Attah-Poku, S., Slavic, D. and Caswell, J.L. 
(2013) Bactericidal activity of tracheal antimicrobial pep-
tide against respiratory pathogens of cattle. Vet. Immunol. 
Immunopathol., 152: 289-294.

50. Cormac, W.J., Meade, K.G., Eckersall, P.D., Young, F.J. and 
O’Farrelly, C. (2011) Experimental Staphylococcus aureus 
infection of the mammary gland induces region-specific 
changes in innate immune gene expression. Vet. Immunol. 
Immunopathol., 140: 181-189.

51. Kościuczuk, E.M., Lisowski, P., Jarczak, J., Krzyżewski, J., 
Zwierzchowski, L. and Bagnicka, E. (2014) Expression pat-
terns of β-defensin and cathelicidin genes in parenchyma of 
bovine mammary gland infected with coagulase-positive or 
coagulase-negative staphylococci. BMC Vet. Res., 10: 1.

52. Bagnicka, E., Strzałkowska, N., Flisikowski, K., Szreder, T., 
Jóźwik, A. and Prusak, B. (2007) The polymorphism in the 
beta4-defensin gene and its association with production 
and somatic cell count in Holstein-Friesian cows. J. Anim. 
Breed. Genet., 124: 150-156.

53. Bagnicka, E., Strzałkowska, N., Józwik, A., Krzyzewski, J., 
Horbanczu, J. and Zwierzchowski, L. (2010) Expression 
and polymorphism of defensins in farm animals. Acta 
Biochim. Pol., 57: 487-497.

54. Tarver, A.P., Clark, D.P., Diamond, G., Russell, J.P., 
Erdjument-Bromage, H., Tempst, P., Cohen, K.S., 
Jones, D.E., Sweeney, R.W., Wines, M., Hwang, S. and 
Bevins, C.L. (1998) Enteric beta-defensin: Molecular clon-
ing and characterisation of a gene with inducible intenstinal 
epithelial cell expression associated with Cryptosporidium 

parvum infection. Infect. Immun., 66: 1045-1056.
55. Merriman, K.E., Kweh, M.F., Powell, J.L., Lippolis, J.D. 

and Nelson, C.D. (2015) Multiple β-defensin genes are 
upregulated by the Vitamin D pathway in cattle. J. Steroid 
Biochem. Mol. Biol., 154: 120-129.

56. Goldammer, T., Zerbe, H., Aar, A., Schuberth, H.J., 
Brunner, R.M., Kata, S.R. and Seyfert, H.M. (2004) 
Mastitis increases mammary mRNA abudance of β defen-
sin 5, toll-like-receptor 2. TLR2 and TLR4 but not TLR9 in 
cattle. Clin. Diagn. Lab. Immunol., 11: 174-185.

57. Murillo, N., Ochoa-Zarzosa, A. and Opez-Meza, J.E.L. (2013) 
Effects of sodium octanoate on innate immune response of 
mammary epithelial cells during Staphylococcus aureus inter-
nalization. Biomed. Res. Int., 2013: Article ID: 927643, 8.

58. McLoughlin, K.E., Nalpas, N.C., Rue-Albrecht, K., 
Browne, J.A., Magee, D.A. and MacHugh, D.E.K. (2014) 
RNA-seq transcriptional profiling of peripheral blood leu-
kocytes from cattle infected with Mycobacterium bovis. 
Front. Immunol., 5: 396.

59. Mirabzadeh-Ardakani, A., Griebel, P. and 
Schmutz, S.M. (2014a) No Association Between β-Defen-
sin103b. DEFB103B. Single Nucleotide Polymorphisms 
SNPs or Haplotypes and Staphylococcus aureus Mastitis in 
Holstein Cattle. 10th WCGALP.

60. Dreger, D.L. and Schmutz, S.M. (2010) The variant red coat 
colour phenotype of holstein cattle maps to BTA27. Anim. 
Genet., 41: 109-112.

61. Mirabzadeh-Ardakani, A., Griebel, P. and Schmitz, S.M. 
(2014b) Identification of a new non-coding exon and 
haplotype variability in the cattle DEFB103 gene. Gene, 
551: 183-188.

62. Yeung, A.T.Y., Shaan, L.G. and Hancock, R.E.W. (2011) 
Multifunctional cationic host defence peptides and their 
clinical applications. Cell. Mol. Life Sci., 68: 2161-2176.

63. Xiong, H., Guo, B., Gan, Z., Song, D., Lu, Z., Yi, H., 
Wu, Y., Wang, Y. and Du, H. (2016) Butyrate upregulates 
endogenous host defense peptides to enhance disease resis-
tance in piglets via histone deacetylase inhibition. Sci. Rep., 
6: 27070.

64. Lai, Y. and Gallo, R.L. (2009) AMPed up immunity: How 
antimicrobial peptides have multiple roles in immune 
defense. Trends Immunol., 30: 131-141.

65. Easton, D.M., Nijnik, A., Mayer, M.L. and Hancock, 
R.E.W. (2009) Potential of immunomodulatory host defense 
peptides as novel anti-infectives. Trends Biotechnol., 
27: 582-590.

66. Oppenheim, J.J., Biragyn, A., Kwak, L.W. and Yang, D. 
(2003) Roles of antimicrobial peptides such as defensins 
in innate and adaptive immunity. Ann. Rheum. Dis., 62: 
ii17-ii21.40.

67. Mackenzie-Dyck, S., Kovacs-Nolan, J., Snider, M., 
Babiuk, L.A. and van Drunen Littel-van den Hurk, S. 
(2014) Inclusion of the bovine neutrophil beta-defensin 3 
with glycoprotein D of bovine herpesvirus 1 in a DNA vac-
cine modulates immune responses of mice and cattle. Clin. 
Vaccine Immunol., 21: 463-477.

********


