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Abstract: Mammary gland of a cow is highly susceptible to inflammation. Defensins that are recognized as one
of the mmnate defensive response systems against the pathogenic microorgamsms can affect the quality of cow
milk. One hundred and ten milk and blood samples were collected from cows with infected or apparently normal
mammary glands. Microbiological examimation of the collected milk samples revealed that 40 out of 110 were
mfected (36.37%), 13 with S. aureus, 11 with £. coli, 8 with Strep. agalactiae and 8 with coagulase negative
staphylococei (CNS). PCR of the genomic DNA extracted from the blood of cows suffering from mastitis
showed expression of the defensin gene 1n 76.92 (10/13), 75 (6/8), 72.73 (8/11) and 50% (4/8) of mastitic cases
caused by S. aureus, Strept. agalactiae E. coli and coagulase negative staphylococci, respectively. PCR of
the genomic DNA extracted from the blood of cows with normal udder showed no expression of the defensin
gene. So, it was concluded that (-defensins display a major defensive mechanism against the pathogenic
microorganisms that can affect the quality of cow milk. We recommend the introduction of selection markers
(defensin peptides or genes) into animal breeding programs that could lower costs arising from treatment of
mastitis and help to prevent the transmission of milk borne diseases to humans, especially immunocompromised

individuals.
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INTRODUCTION

Bovine mastitis, caused by bacterial, viral or fungal
pathogens 1s one of the most costly dairy-based diseases
worldwide. Contagious pathogens, like Staphylococeus
aureus or Streptococcus agalactiae, tend to result in
chronic, sub clinical mastitis, while the environmental
coliform bacteria very often cause acute, clinical
mfections of the gland [1]. The reasons for these
pathogen-related differences in the ability of the host's
mmmune defense system to cope with infections of the
mammary gland are unknown. They might reside in factors
contributing to the mnate branch of the immune system,
since the Toll-like receptor (TLR) pathogen receptors [2]
and the f-defensin-type bactericidal effector molecules [3]
of the mnate immune system are both known to display
some pathogen specificity.

Defensins 1s a group of antimicrobial peptides with
antibiotic and cytotoxic activity against bacteria, viruses
and fungi existing m various human and animal organs
mcluding the mammary gland, their
properties refer both to the Gram-positive and Gram-

antibacterial

negative bacteria [4,5]. DAS et al. [6] reported that testing
of four purified defensin peptides against Fscherichia
coli, S. aureus, Strept pyogenes, Candida albicans,
Rinderpest Virus (RPV) and Newcastle Disease Virus
(NDV), showed that these peptides possessed
antimicrobial and antiviral activities. Minimum inhibitory
concentration (MIC) values varied according to the
peptide amounts and the exposure time.

In the human genome, the B-defensins are encoded
by a group of genes localized to one locus on
chromosome 8 [7], while in cattle they have been mapped
to chromosome 27 [8]. There are many beta-defensins that
are common to all bovines and are likely the result of a
duplication event [9], however, the genomic structure of
these genes remains largely unknown. Because beta-
defensins have been associated with the bovine immune
reaction to mastitis [10, 11], they can be investigated as
candidate genes for the development of potential genetic
markers for mastitis resistance and susceptibility.

The present study aimed at determimng the presence
of defensin genes in cows with different udder health
status .
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MATERIALS AND METHODS

One hundred and ten milk and blood samples were
collected from local Egyptian cows either with mfected or
apparently normal mammary glands. Blood samples were
collected from the jugular vein into tubes containing
EDTA. All samples were collected in sterile containers
under sterile precautions, kept i an ice box and
transferred to the laboratory.

Microbiological Examination of Milk Samples: 10 ml
from each of the milk samples was centrifuged for
20 min. at 3000 rpm. Milk sediment of each sample was
inoculated onto plates of nutrient agar, blood agar and
MacConkey agar. Inoculated plates were incubated at
37°C for 48hr. Suspected colomes appearmng on the
different media was examined microscopically and isolated
in pure culture for further identification according to
Holt et al. [12].

PCR Technique

DNA Extraction:. The isolation of DNA from whole blood
samples was done using blood extraction kit (Biobasic,
Canada).

PCR Amplification of Defensin Gene: The following
primers were used for the amplification of defensin genes:
BBD1S. 5.-GCCAGCATGAGGCTCCAT-3.and
BBD2A. 5.-AACAGGTGCCAATCTGT-3.

The PCR reactions were performed m a Primus thermal
cycler (MWG Biotech, Germany) (DNA denaturation.
94°C; annealing. 63.5°C, elongation. 72°C’; 34 cycles) [13].
The quality of the polymerase chain reaction (PCR)
product was electrophoretically tested [14] in 2% agarose
gel with etludium bromide.

RESULTS

Microbiological exammation of the collected milk
samples revealed that 40 out of 110 were infected
(36.37%), 13 with S. aureus, 11 with E. coli, 8 with Strep.
agalactige and 8 with coagulase negative staphylococel
(CNS). Amplification products of DNA of the cows
infected with S. aurens (10/13, 76.92%), E. coli (8/11,
72.73%), Strept. agalactiae (6/8, 75%) and CNS (4/8, 50%)
showed a band of 350 KDa representing defensimn gene
(Figs. 1, 2, 3and4). While those of the DNA of cows with
normal udder showed no bands.
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DISCUSSION

Mastitis continues to be of the most
detrimental diseases to profitable dairy farming; it not

only reduces animal health and productivity, but also

one

poses threats to milk quality and safety. Consecquently,
it has
to the development of informative genetic markers that
will allow identification of cows and sires more resistant
to disease [15].

Investigations are carried out aiming at identifying
genetic markers related to the health status of the udder
and particularly to the resistance to mastitis [4, 16].
Localized putative quantitative trait loci (QTLs) affecting

recelved comsiderable attention with regard

milk production and health of dairy cattle were mapped in
a very large Holstem granddaughter design [16].
Klungland et al. [17] using veterinary records and SCC of
Norwegian dairy cattle localized QTLs for clinical mastitis
to chromosomes 3, 4, 14 and 27.

It was shown that tissues of an infected human
mammary gland contain -defensin gene transcripts [18]
and that mammary epithelial cells secrete B-defensins.
Defensins are present not only in the mammary gland, but
also m milk [19], as well as in leukocyte granules [20] and
in macrophages [16], which constitute a part of milk cell
Both cell types
phagocytosis of microbes [21]. Moreover, defensins are

population. are responsible for

produced on all epithelial surfaces of the mammary
gland [19].

PCR of the genomic DNA extracted from the blood of
cows suffering from mastitis showed expression of the
defensin gene in 76.92 (10/13), 75 (6/8), 72.73 (8/11) and
50% (4/8) of cases of mastitis caused by S. aureus, Strept.
agalactiae E. coli and coagulase negative staphylococci,
respectively. PCR of the genomic DNA extracted from the
blood of cows with normal udder didn’t show expression
of the defensin gene. On the other hand, Petzl et al. [22]
stated that the outcome of an udder infection is
influenced by the pathogen species. They established a
strictly defined infection model to better analyze the
unknown molecular causes for these pathogen-specific
effects, using E. coli and 5. aureus strains previously
asseverated from field cases of mastitis. Inoculation of
quarters with 500 CFU of E. coli (n = 4) was performed 6
h, 12 h and 24 h before culling. All animals showed signs
of acute clinical mastitis 12 h after challenge: increased
somatic cell count (SCC), decreased milk yield, leucopema,
fever and udder swelling. Animals moculated with 10 000
CFU of 8. aureus for 24 h (n = 4) showed no or only
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Fig. 1: Amplification of defensin gene (350 bp) of cows infected with S. awsrenss: (1) marker, (2, 3,4, 5,6, 7. 8,9, 10, 11, 12,
13 and14): tested samples and (15): negative conirol

E S

Fig. 2: Amplification of defensin gene (350 bp) of cows infected with E. colf: (1) marker, (2, 3,4,5,6,7, 8,9, 10, 11
and12): tested samples and (13) negative control

Fig. 3: Amplification of defensin gene (350 bp) of cows infected with Strept. agalactiae: (1) marker, (2,3,4,5,6,7,
8and 9): tested samples and (10) negative control

Fig. 4: Amplification of defensin gene (350 bp) of cows infected with coagulase negative staphylococci: (1) marker,
(2,3,4,5, 6,7, 8and 9): tested samples and (10) negative control
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modest clinical signs of mastitis. However, S. aureus
caused clinical signs in animals, inoculated for 72 h-84 h.
Real-time PCR proved that E. coli inoculation strongly
and signmificantly up regulated the expression of beta-
defensins, TLR2 and TLR4 m the pathogen moculated
udder quarters as well as in mammary lymph nodes. S.
aureus, 1 contrast, did not significantly regulate the
expression of any of these genes during the first 24 h after
pathogen inoculation. Only 84 h after inoculation, the
expression of beta-defensins, but not of TLRs was
significantly (> 20 fold) upregulated in five out of six
pathogen inoculated quarters. Using the established
mastitis model, the data clearly demonstrate a pathogen-
dependent difference in the time kinetics of induced
pathogen receptors and defense molecules.

In the light of these findings, it was supposed that
defensins secreted into milk during lactation may protect
the udder tissue from bacterial colomzation. So, it can be
concluded that f-defensins display a major defensive
mechanism against the pathogenic microorganisms
affecting the udder. We recommend the introduction of
defensin genes into animal breeding programs as a
selection marker that could help to prevent the
transmission of milk borne diseases to humans.
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