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Abstract: Because of the antimicrobial role that defensins play in
cows, genes encoding these peptides may be considered as molecular markers
of a genetically determined susceptibility of the mammary gland to mastitis. In
Friesian and Egyptian cows which were selected based on their milk
productivity, 1638-bp beta-defensin genes were amplified. Two PCR amplicon
sizes of the gene encoding beta-defensin (1638 bp and 429 bp) were observed in
Friesian cows (high milk production), while in Egyptian cows (low milk
production) one PCR amplicon size (429 bp) was observed. PCR-RFLP
technique was used to discriminate between the common 429 bp band in both
Friesian and Egyptian cows, but no difference between them had been observed.
DNA sequencing for 1638 bp (B2) and 429 bp (B1) was carried out. Sequence
analysis indicated that these two PCR amplicon sizes were two types of genes
encoding beta-defensins and very tightly close to each other. Based on their
sequence alignment (B1 and B2) with the presented defensin genes in the
GenBank, phylogenic tree was constructed. A new gene (B1) belongs to the
beta-defensin genes family was detected for the first time and associated to the
low milk production in cattle population.

Keywords: Holstein Friesian, Egyptian cows, defensins, milk, PCR-
RFLP, DNA sequencing.
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Introduction

Defensins are a group of disulfide-linked cationic antimicrobial
peptides that function in vertebrate innate immunity (Aono et al. 2006). Innate
immunity is highly conserved from fruit flies to human and is the first line of
defense against invading pathogens (Yuan and Walker 2004). Defensins act as
direct antimicrobial effectors by disrupting membrane integrity and function,
which ultimately leads to the lysis of the microorganisms (Yang et al. 2002).
Two main defensin subfamilies, a- and B-defensins, differ in length and pairing
of the six cysteines (Selsted and Ouellette 2005). Alpha- and beta-defensins are
salt-sensitive and the direct antimicrobial effect occurs in vacuoles of
phagocytes and on mucosal epithelia, where there is low ionic strength
(Goldman et al. 1997; Yang et al. 2002). Beta-defensin was first isolated from
bovine respiratory tract and was named tracheal antimicrobial peptide (TAP)
(Diamond et al. 1991).

Because of the role played by defensins in defending humans and
animals against bacterial, viral or fungal infections, the genes encoding
defensins seem to be potential markers of the genetically determined
susceptibility (or resistance) of the mammary gland. Defensins are found not
only in the mammary gland, but also in milk (Jia et al. 2001), as well as in
leukocyte granules (Diamond et al. 2000; Frye et al. 2000) and in macrophages
(Zhang et al. 1998), which constitute a part of milk cell population. Both cell
types are responsible for phagocytosis of microbes (Fehlbaum et al. 2000).
Moreover, defensins are produced on all epithelial surfaces of the mammary
gland (Kaiser and Diamond 2000). In particular, together with clearance
mechanisms, barrier properties of epithelial surfaces and additional
antimicrobial factors, beta-defensins are proposed to help maintain the
respiratory and other mucosal surfaces free from infection (Diamond et al.
2000).

Mammary gland of the cow is highly susceptible to inflammation.
Where, during the gland tissue infection with bacteria the number of
polymorphonuclear leucocytes in milk increase dramatically (Emanuelson et al.
1988; Hogan et al. 1992; Lund et al. 1999). The effect of bacterial infection on
the yield, composition and quality of cow milk is well documented (Kehrli and
Schuster 1994). This prompted us to investigate whether the defensin genotype
affects the milk yield and quality in dairy cows. This hypothesis is even more
attractive, as our earlier investigation showed a significant relation between
defensin genotypes and SCC of bovine milk (Ryniewicz et al. 2002).
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Material and methods

Animals

In the present study, five Egyptian female wild type cows and five female breed
cows (Friesian) were precisely selected from two different farms; Faculty of
Veterinary Medicine farm and Faculty of Agriculture farm, Alexandria
University, Abeas, Alexandria, Egypt, respectively. These ten animals were
selected according to their high/low productivity of milk trait.

DNA isolation

In tubes containing K3EDTA, blood samples for DNA genotyping from theses
animals were collected from jugular vein by an authorized veterinarian. Total
genomic DNA was isolated from whole blood using DNA purification kit
(Promega).

Amplification of defensin gene using specific PCR

Beta-defensin gene of the examined animals was amplified with the use of
primer sequence (Ryniewicz et al. 2003): 5'-GCCAGCATGAGGCTCCAT-3'
(forward) and 5'-AACAGGTGCCAATCTGT-3' (reverse). PCR was performed
in a reaction volume of 25 ul using 25 ng genomic DNA of each sample, 25
pmol of each primer, 10X Taq DNA polymerase buffer including MgCl,, 0.2
mM dNTPs and 5 unit/ ul Taqg DNA polymerase (Promega Co.). Thermal
cycling (Perkin Elmer 9700) was carried out by initial denaturation at 95°C for
5 min, followed by 34 cycles each at 94°C for 1 min, annealing temperature at
63 for 45s, polymerization temperature at 72°C for 1 min and final extension at
72°C for 10 min, then the samples were held at 4°C. The amplified DNA
fragments were separated on 2% agarose gel (GibcoBRL), stained with
ethidium bromide, visualized on a UV Transilluminator and photographed by
Gel Documentation system (Alpha Imager M1220, Documentation and
Analysis System, Canada).

RFLP for the enteric region of the defensin gene

To determine the polymorphism of the amplified enteric region of defensin
genes (429 bp), restriction fragment length polymorphism (RFLP) technique
was used. Where, six different restriction endonucleases (Fermentase ): Taql,
HindIII, PstI, Pvull, Ndell, Smal. However, one unit is defined as the amount of
enzyme required to digest 1 pg of DNA in a total reaction volume of 50 pl for 2
hours at 65°C (Taql), 37°C (HindlIl, , Pstl, Pvull, Ndell) and 25°C (Smal).
DNA fragments were separated on 2% agarose gel, stained with ethidium
bromide, visualized on a UV Transilluminator and photographed.
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Sequencing and analysis of the defensin genes

DNA sequence for the defensin genes were performed by Macrogene Company
in south Korea. Where, sequencing was carried out for the enteric region (429
bp) of the wild Egyptian cows and the full gene of the Friesian breed cows
(1638 bp). The sequences (429- and 1638- bp) were submitted to NCBI
GenBank database to get the accession numbers. Sequence alignment was
carried out using ClustaW (1.8). Phylogenetic tree was constructed using
MEGA4.0 program and the sequence alignment was compared with five
defensin  genes that are available in the GenBank database
(http://www.ncbi.nlm.nih.gov).

Results and discussion

PCR amplification using specific primers

In this study, the genomic DNA from five Egyptian cows (low milk production)
and five Frisian cows (high milk production) was extracted to amplify beta-
defensins gene. In Frisian cows, PCR amplification of the gene encoding beta-
defensins yielded two major PCR products 1638 bp and 429 bp, approximately,
in addition to several less abundant PCR products appeared (Figure 1A). While
in Egyptian cows, only one band (429 bp-PCR product) was obtained (Figure
1B).

Band elution and purification

The bands were cut and eluted from the agarose gel using gel extraction
kit (Promega) according to the manufacture procedure. Subsequently, these
segments of PCR amplification (429- and 1638-bp) were subjected for more
characterization using both RFLP and DNA sequence techniques.

Genotyping for the defensin gene using RFLP technique

Purified PCR bands (429 bp) from both Egyptian and Friesian cows were
digested with six different restriction enzymes (Taqgl, HindIII, NdeIlI, PstI, Pvull
and Smal). Four of them (Tagl, HindIII, NdeIl and Pvull) are able to digest the
PCR products resulted in identical pattern fragments in the two types of the
cows. Figure 2 represents three identical pattern fragments (200-, 150- and 79-
bp) generated by Taqgl in both Egyptian and Friesian cows.
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Figure 1. PCR amplification products generated by the beta-defensin gene primer. Where, A:

Friesian cows (1-5), B: Egyptian cows (1-5) and M: DNA marker.

DNA sequence and accession numbers

The purified PCR products were subjected to DNA sequencing. About 429 bp
for the small defensin gene in the Egyptian cows and 1638 bp of the long
defensin gene in Friesian cows were sequenced and read. Consequently, DNA
nucleotide sequences were submitted to the GenBank and the accession
numbers were EU599220 (B1) and EU599221 (B2).

< 429bp
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Figure 2. Tagl digestion of the PCR fragment (429-bp) as a representative DNA pattern
from the examined animals. Where, M is DNA marker and 1-5 are random samples of the
ten animals (Friesian and Egyptian cows).

The sequence analysis and alignment with the other beta-defenisn genes
The sequence alignment showed that B2 defensin gene (1638-bp) is closed to
the other beta-defensin genes. Because of the similarity of sequence does not
exceed more than 70 percent, we are motivated to expect or to say that B2 is a
new gene added to the other beta-defensin genes (Figure 3). To demonstrate the
similarity between B1 defensin gene (429-bp) and B2 defensin gene, sequence
alignment was carried out using ClustalW program (version 1.8). The result
showed that, high similarity was observed between the two examined defensin
genes Bl and B2 (Figure 4). Moreover, B2 and Bl were found in one group
with the isolated defensin genes in Bos Taurus which had the same ancestor, but
both gi|34420978 and gi|4959237 (adenovirus and kappa-casein genes of
Bovine and Bos Taurus, respectively) were considered as out of this group (see
Figure 3). The sequence analysis and alignment with the other beta-defenisn
genes

The sequence alignment showed that B2 defensin gene (1638-bp) is
closed to the other beta-defensin genes. Because of the similarity of sequence
does not exceed more than 70 percent, we are motivated to expect or to say that
B2 is a new gene added to the other beta-defensin genes (Figure 3). To
demonstrate the similarity between B1 defensin gene (429-bp) and B2 defensin
gene, sequence alignment was carried out using ClustalW program (version
1.8). The result showed that, high similarity was observed between the two
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examined defensin genes B1 and B2 (Figure 4). Moreover, B2 and B1 were
found in one group with the isolated defensin genes in Bos Taurus which had
the same ancestor, but both gi|34420978 and gi|4959237 (adenovirus and
kappa-casein genes of Bovine and Bos Taurus, respectively) were considered as
out of this group (see Figure 3).

100 [ Gi|2258444
93 0i|11125504
100 0i[5410323
0i[28849940
EU599221 (B2) ]
EU599220 (B1) ]
53 0i[55581434
0i[340504
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Figure 3. Phylogentic tree of the beta-defensin genes (B1 and B2) with the other beta-defensin
genes family and their accession numbers based on the sequence alignment (GenBank). Where,
gi|2258444: Bos taurus neutrophil beta-defensin 4 (BNBD4) gene, gi|11125504: Bos taurus
bnbdS gene for beta-defensin (exons 1-2), gi|5410323: Bos taurus neutrophil beta-defensin 12
(NBD12) gene, gi|28849940: Bos taurus neutrophil beta-defensin 4 (BNBD-4), mRNA,
EU599221: B2, EU599220: B1, gi|55581434: Bos taurus SCD gene promoter region, gi|340504:
Bovine tropoelastin gene, gi|13235073: Bos taurus partial mRNA for 5-lipoxygenase (ORF1),
gi|21261787: Bos taurus partial mRNA for alpha-2C adrenergic receptor (adra2c gene),
gi|21261785: Bos taurus partial mRNA for alpha-1B adrenergic receptor (adralb gene),
2i|34420978: Bovine adenovirus 2 BovD hexon gene and gi|4959237: Bos taurus kappa-casein
gene (promoter and exon 1).
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Figure 4. DNA sequence alignment between the two defensin genes (B1 and B2). Where, the
asterisks represent the similarity between these two genes.

In particular, milk contains large number of somatic cells (leukocytes
and epithelial mammary cells) from mammary glands. These somatic cells play
a protective role against infectious disease in the dairy animals mammary gland
(Abdel-Rahman and Ahmed 2007). Mammary gland of a cow is highly
susceptible to inflammation. Where, during the gland tissue infection with
bacteria the number of polymorphonuclear leucocytes in milk increases
dramatically (Emanuelson et al. 1988; Hogan et al. 1992; Lund et al. 1999).
Furthermore, the effect of bacterial infection on the yield, composition and
quality of cow milk is well documented (Kehrli and Schuster 1994). However,
defensins that are recognized as one of the innate defensive response systems
against the pathogenic microorganisms can affect the quality of cow milk
(Ryniewicz et al. 2003). As well as the milk production in correlation with the
defense system especially the innate immune system against the bacteria which
infect the mammary glands. That's encouraged us to study the influencing of
defense system rather than the conditional genes on milk productivity between
Egyptian cows (low milk production) and Friesian (high milk production) cows
which living under the same conditions in Egypt.
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Since many years ago, using specific primers, PCR amplification of the
B-defensin gene in Holstein-Friesian was carried out by Ryniewicz et al. (2003).
In our study, using the same primers, beta-defensin gene was amplified in both
Friesian (encompassing parts of exons 1 and 2 and the interweaving intron) and
Egyptian cows. Two PCR amplification sizes (1638 bp and 429 bp) were
obtained in Friesian cows, while in Egyptian cows only the PCR amplification
size (429 bp) was observed. The PCR amplifications of the gene encoding beta-
defensin in Holstein-Friesian cows were in agreement with the results which
obtained by Ryniewicz et al. (2003) who worked on Black—and-White cows to
examine the association of the polymorphism at defensin gene loci with dairy
production traits and milk somatic cell count. The different band patterns which
appeared in the Frisian cows refer to many defensin genes resist the infection of
Friesian cow's mammary gland against pathogenic bacteria. Because of the
antimicrobial role that defensins play in animals, genes encoding these peptides
may be considered as molecular markers of a genetically determined
susceptibility (or resistance) of the mammary gland (Tunzi et al. 2000).

We turn now to the PCR amplification size (429 bp) in both Friesian
and Egyptian cows. To differentiate between these two bands, PCR-RFLP
technique was carried out using six different restriction endonucleases (Taql,
HindIII, Pstl, Pvull, Ndell, Smal). The same band patterns were generated in
the two types of the animals (Friesian and Egyptian cows). On the other hand,
the sequence analysis of this fragment (429 bp) revealed high similarity and
tightly close to the enteric beta-defensin gene (1638 bp), whereas less similarity
with the other beta-defensin genes family was observed (Figure 3).
Consequently, it could be say that this fragment of DNA (429 bp) is the same in
both Friesian and Egyptian cows and represents one gene (B1) of the beta-
defensin genes.

Because of the low productivity of milk in Egyptian cows, the beta-
defensin gene (B1) is not strong enough to resist the bacterial infection of the
memory gland in the Egyptian cows, compared to the high productivity of milk
in Friesian cows which have the enteric beta-defensin gene (B2). This result is
in agreement with the result which obtained by both Exner et al. (2000) and
Zhang et al. (2000), who postulated that segregating QTL's affecting dairy form
and milk yield could exist near BM203 on chromosome 27. Many other
previous studies were carried out to map or identify QTL's affecting milk
production and health of dairy cattle. However, several QTL's have been found
and located to the bovine chromosome 27, as well as, the group of genes which
coding for defensins has been localized. This makes beta-defensin genes
attractive candidates for genetic markers of the udder health traits and perhaps
its susceptibility to inflammations (Ashwell et al. 1998 and 1999).
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Conclusion

One of the most important findings in this study was that the sequence
alignment of both Bl (EU599220) and B2 (EU599221) defensin genes
(http://www.ncbi.nlm.nih.gov/sites/entrez) was compared with available
defensin genes presented in the GenBank database. Where, the phylogenetic
tree was constructed and demonstrate that Bl and B2 were found in one
group with the other defensin genes in Bos Taurus which had the same ancestor,
but both gi|34420978 and gi|4959237 were considered as out group of these
genes as shown in Figure 3. The significant effect of the polymorphism of
defensin genes on milk productivity performance trait found in this study in
both Friesian (high milk production) and Egyptian (low milk production) cows
may lead to the use of defensin genes as genetic marker (s) in the breeding
programmes aiming at selecting highly productive dairy cattle with increasing
resistance to udder infections.
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Veza izmedu polimorfizma na defensin gen lokusu i
mlecnosti holStajn-frizijskih i egipatskih krava

E. E. Hafez, S. M. Abdel-Rahman, S. A. EI-Sohaimy

Rezime

Zbog antimikrobioloske uloge koju defensin ima kod krava, geni koji
kodiraju ove peptide se mogu smatrati molekularnim markerima za genetski
odredenu osetljivost mlecne zlezde na mastitis. Kod frizijskih i egipatskih
krava kod kojih se radi selekcija na osnovu njihove mlecnosti, 1638-bp beta-
defensin geni su pojacani. Kod frizijskih krava su registrovani geni koji
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kodiraju beta-defensin i to dve PCR veli¢ine amplikona (1638 bp i 429 bp)
(visoka proizvodnja mleka), dok kod egipatskih krava (niska proizvodnja
mleka) registrovana je jedna PCR veli¢ina amplikona (429 bp). PCR-RFLP
tehnika je koriS¢ena za razlikovanje obi¢nog 429 bp banda kod frizijskih i
egipatskih krava, ali nije utvrdena razlika izmedu njih. DNK sekvenciranje za
1638 bp (B2) 1 429 bp (B1) je izvrSeno. Analiza sekvence je ukazala da ove dve
PCR veli¢ine amplikona su dva tipa gena koji kodiraju beta-defensine i veoma
se blizu jedna drugom. Na osnovu razlicitosti sekvenci (B1 i B2) sa defensin
genima predstavljenim u GenBank, konstruisano je filogeneticko stablo. Novi
gen (B1) pripada porodici beta-defensin gena i otkriven je po prvi put I povezan
sa niskom proizvodnjom mleka u populaciji goveda.

Kljuéne reci: holstajn-frizijske krave, egipatske krave, defensini,
mleko, PCR-RFLP, DNK sekvenciranje.
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