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Abstract: The antimicrobial peptide gene cathelicidin-4 (CATHL-4) was investigated in native and Frisian
crossbred cattle reared in Egypt. The gene was tested for reaction with cDNA of various cattle tissues
such as blood; lung; trachea; intestine; muscle; lymph and liver using PCR. A positive PCR product was
seen in blood, lung, trachea, liver and lymph tissues, but not in intestine of both native and crossbred
cattle. NCBI-Blast analysis of native and crossbred cattle CATHL-4 cDNA sequences (303 and 316bp,
respectively) with Bos taurus CATHL-4 mRNA (gi: 31341226) and BTA22 (gi: 76649266) were almost
the same, they both showed high sequence identity. Analysis of PCR products of CATHL-4 cDNA
revealed the retention of intron-1 in both native and crossbred cattle, which is absent in Bos taurus
CATHL-4 mRNA (gi: 31341226). This may have resulted from alternative splicing which increases the
genetic diversity of the genome without increasing the overall number of genes. It may play a role in
increasing their innate immunity by increasing gene expression, since intron-containing genes are expressed
more efficiently than intronless ones. The results indicate that both native and crossbred cattle reared in
Egypt may express cathelicidin gene more efficiently than Bos taurus or Bubalus bubalis reared abroad.
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INTRODUCTION
Antimicrobial peptides are natural antibiotics that
function as a first line of defense in host innate
immunity. They are gene-coded with potent and broad
antimicrobial capabilities. Cathelicidins and Defensins
are the two major families of mammalian anti-microbial
peptides. In addition to their antimicrobial functions
they provide important physiological role by providing
connecting signals between innate and adaptive
immunity [1 ,4 9 ,5 0 ]. Defensins and cathelicidins have been
shown recently to have chemotactic effects on host
cells [7 ]. A single cathelicidin gene is present in humans,
mice, rat and other mammals (although exhaustive
investigations, or the complete sequencing of their
genomes, may reveal further family components in
some of these species) however other species such as
pigs [5 8 ], cows and sheep [4 0 ,2 6 ] and horses [3 9 ] have 11, 7
and
3
member
of the cathelicidin family,
respectively and possibly more gene family members.
The corresponding genes are usually arranged in
clusters [5 9 ]. Species that have several cathelicidins such
as pigs and cow have duplicated the cathelicidin gene
to produce several unique C-terminal antimicrobial
peptides with structures that vary from á-helical to
â-sheet to rich in single amino acids [5 3 ,3 1 ,1 5 ]. Although
the benefit of the multiple cathelicidin genes is not
well established, it was reported that inhibition of

antimicrobial peptides increases bacterial growth in pigs
and mice [8 ,4 7 ] Also mice deficient in cathelicidin-related
48 antimicrobial peptide (mC RA M P) develop
significantly larger group of A Streptococcus (GAS)
skin le sions, compa re d w ith the ir wild-type
littermates [3 6 ].
Cathelicidins are synthesized in the bone marrow
as prepropeptides, stored in neutrophil granules as
propeptides, and released as active, mature peptides
upon neutrophil degranulation [2 5 ] where they contribute
to oxygen-independent mechanisms of antimicrobial
activity [1 9 ,9 ]. The cathelicidins of mammalian origin are
synthesized in precursor form, requiring proteolytic
processing to release the mature C-terminal
antimicrobial peptide [3 0 ,5 9 ] that have broad-spectrum 54
antimicrobial activities [2 0 ,3 0 ,4 4 ,5 4 ]. They are expressed in
myeloid and epithelial cells, the latter indicates their
role in host defense at body surfaces [1 4 ,2 0 ,2 1 ,3 ,1 3 ].
Antimicrobial peptides that belong to the
Cathelicidin gene family have been found to be
important to the mammalian immune response. They
are reported to be expressed in several tissues and
increased in neonatal skin, possibly to compensate for
an immature adaptive immune response. Cathelicidin
secreted in mammary gland and human milk can
contribute to the anti-infectious properties of milk [3 4 ] ).
The mechanism by which the peptides kill bacteria is
by thinning and disrupting the bacterial membrane [3 7 ].
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In the search for new classes of antibiotics, there
has been interest in naturally occurring antimicrobial
peptides. Bacterial resistance to conventional antibiotics
has resulted in escalating numbers of life-threatening
infections [1 2 ,4 7 ,3 8 ,1 7 ,2 2 ]. However these native host defense
molecules have maintained broad-spectrum antimicrobial
activity [5 7 ,5 2 ],
which make them an attractive
alternatives to current antibiotic regimens in selected
disease situations [2 9 ].
M ATERIALS AND M ETHODS
RNA Isolation and First-strand cDNA Synthesis:
Tissue samples including blood; lung; trachea; intestine;
mammary gland; colon and liver, from native and
crossbred cattle, were subjected to RNA extraction
according to Grubor et al.,[1 8 ]. No PCR products were
detected in the absence of reverse transcriptase, which
indicated the lack of contaminating genomic DNA.
RT- PCR Ready-to-go kit (Amersham Biosciences)
was used for cDNA synthesis according to manufacture
instructions.

RESULTS AND DISCUSSIONS
Results: Egyptian native and crossbred Frisian cattle
reared in Egypt were investigated. In an attempt to
identify and analyze the presence of CATHL-4
antimicrobial peptide in native and crossbred cattle in
Egypt. Total RNA was extracted from samples of
different tissues (blood; lung; trachea; intestine;
mammary gland; colon and liver) from which cDNAs
were prepared. No PCR products were detected in the
absence of reverse transcriptase, which indicated the
lack of contaminating genomic DNA. The presence or
absence of CATHL-4 gene in cDNA of different
tissues was investigated. CATHL-4 PCR product gave
a single sharp band of 349 bp in both native and
crossbred cattle cDNA. Positive PCR products were
seen in blood, lung, trachea, liver and
lymph
tissues, but not in intestine of both native and
crossbred cattle (Fig 1 and 2, respectively).

Primer Design: Primers specific for the antimicrobial
peptide gene cathelicidin-4 were designed using known
cDNA sequences of Bos taurus, published in database
with different accession numbers. The sequence of the
forward and reverse primers was determined using the
software Primer 3 [3 3 ], which is available free online at
http://www.genome.wi.mit.edu.
PCR primers were
selected on the basis that the 5 ’ and 3’ ends span exons
I and II. The primers were synthesized by Amersham
Pharmacia Biotech.
Polymerase Chain Reaction (PCR): Amplification
reactions (100 µl) contained 5 µl of first-strand cattle
cDNAs, 0.2 mM dNTPs, 10 mM Tris, 50 mM KCl,
1.5 mM MgCl2, 0.01% galatin (W /V), 1.25 units Taq
polymerase and 1 ìM upper and lower primers. The
reaction mixture was overlaid with sterile mineral oil.
PCR was performed using MJ research PT C-100
thermocycler using 1 cycle (3 min.) at 94 o C, followed
by 30 cycles for ( 1 min. at 94 o C, 2 min. at 63 o C, and
2 min. at 72 o C) and finally 1 cycle (10 min.) at 72 o C.
The reaction products were electrophoresed on 1.5%
agarose in 1X- Tris acetate buffer (TAE) containing 0.8
ìl of 10 mg/ml ethidium bromide. Primer sequences,
annealing temperature, product size and accession
number, are shown in Table 1.
Sequence Analysis: The PCR products were purified
and sequenced at the Center of Genetic Engineering;
Ain Shams University; Cairo; Egypt. Sequence analysis
and alignment were carried out using NCBI-BLASTN
2.2.14 version [2 ] and CLUSTAL W analysis [1 6 ].

Fig. 1: Representative ethidium bromide-stained gel of
amplified PCR products of Cathelicidin- 4
using cDNA extracted from different tissues of
native cattle, L-100 ladder and the right arrow
indicate the amplified fragments size.
A one way sequence of CATHL-4 PCR amplified
segments of both native and crossbred cattle trachea
are presented in figures 3 and 4, respectively. These
segments include the forward primer since only
one way sequence was performed. The nucleotide
sequence
data
were
submitted to nucleotide
sequences database DDBJ/ EMBL/ GenBank with the
accession numbers AB 294198, AB 294375 (gi:
126149290) for native and AB 294209 (gi: 126149291)
for crossbred cattle.
NCBI-Blast analysis of the CATHL-4 amplicons
showed a 98% alignment between native (from 65 to
301bp) and crossbred cattle (from 82 to 316 bp).
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Table 1: D N A sequence of the prim er tested
N am e
Sequence
Cathelicidin-4 (CATH L-4) GTGGTC GCTGTGGCTACTG CTGCCTC CGCGGGCTGCTGAATC G

Fig. 2: Representative ethidium bromide-stained gel of
amplified PCR products of Cathelicidin- 4
using cDNA extracted from different tissues of
Frisian crossbred cattle, L-100 ladder and the
right arrow indicate the amplified fragments
size.
However using CLUSTAL W [1 6 ] analysis the
(whole sequence of both cattle cDNA showed an 89%
homology. Blast analysis of CATHL-4 cDNA
sequences for native and crossbred cattle revealed high
sequence identity with Bos taurus CATHL-4 mRNA
(gi: 31341226 and gi|462|emb|X67340.1 ) and bovine
chromosome 22 (BTA 22) genomic DNA sequence (gi:
76649266) to which CATHL-4 is assigned [6 ]. The latter
segment included exon I and II and intron-I.
Native cattle CATHL-4 cDNA sequence (303bp)
showed 99% homology with Bos taurus CATHL-4
mRNA, covering a segment from 140 to 302bp in
native cattle and from210 to 48 bp in Bos taurus
CATHL-4 mRNA (gi: 31341226), which includes the
forward primer (from 67-48 bp in Bos taurus and
from 283-302 bp in native cattle). In addition,
a 90% alignment from 67 to 48bp of Bos taurus
(forward primer) and from19 to 39bp in native cattle
was also revealed. This indicates that the native cattle
amplicon sequence possesses a second copy of the
forward primer (Fig 3). The duplication exists at the 5'
end of exon II. The native cattle cDNA amplicon also
showed a 97% homology (from 65 to 302bp) with
BTA22 (gi: 76649266) (from272 to 36bp) (Fig 3). The
genomic DNA (BTA22) segment includes exon I and
II and intron- I.
Results of Blast analyses of crossbred cattle
CATHL-4 cDNA sequence (316bp) with Bos taurus

Accession no.
31341226

Ann. Tem p.
63

Size (bp)
247

CAT HL-4
mRNA (gi: 31341226) and
BTA22
(gi: 76649266) were almost the same as those
found in native cattle. A 100% homology between
crossbred cattle (from 155 to 316bp) and Bos taurus
CATHL-4 mRNA (from 210 to 49 bp) was found,
in addition to the presence of a duplicate of the
forward primer in crossbred cattle from16-35bp at the
5' end of exon II (Fig 4). Also a 96% homology with
BTA22 (Fig 4 76649266) was revealed. Alignment
extended from 42 to 316bp in crossbred cattle
and from 314 to 37bp in BTA 22 genomic DNA that
includes
intron-I.
Blast analysis of native and crossbred cattle
CATHL-4 cDNA amplicons sequences revealed 93%
and 94% sequence identity with buffalo Bubalus
bubalis CATHL-4 mRNA (gi:51950347). The aligned
segments were in native cattle from 139 to 302bp in
crossbred from154 to 316bp and in Bubalus bubalis
from 204 to 42bp. Bubalus bubalis CATHL-4 mRNA
(gi: 51950347) is 517bp, it showed 93% sequence
identity with Bos taurus CATH-4 mRNA gi: 31341226
;524 bp) covering the whole sequence of Bubalus
bubalis and from 8 to 524bp of Bos taurus.
It is worth mentioning that alignment between
sequences of native and crossbred cattle CATHL-4 and
native river buffalo CATHL-4 cDNA PCR-products
which was also found to retain intron-I (unpublished
data) revealed a reasonable homology.
Discussion: Cathelicidin is present in cattle as several
members [4 0 ]. However, it is present in human and other
mammals such as mice and rat as a single gene. The
presence of species-related abundance and combinations
of distinct family members is a characteristic feature
of host defense peptide families and has been proposed
to be associated to differential selective pressures
resulting from exposure to differing microbial
pathogens or biota [5 5 ].
Primer pair specific for cathelicidin-4 reacted
positively with cDNA of different tissues of native and
crossbred cattle and gave a band at 349 bp. Some of
these tissues are epithelial. The expression of
antimicrobial peptides at epithelial surfaces plays a role
in host defense at bod y surfaces [ [ 1 4 , 2 1 , 2 0 , 3 , 1 3 ] ] .
Cathelicidins present in the oral cavity, in the salivary
system, in some oral epithelia, and in saliva, contribute
to broad-spectrum defense of the oral cavity[3 5 ].
Homology between native and crossbred cattle
CATHL-4 cDNA sequences and that of Bos taurus
CATHL-4 mRNA (gi: 31341226) (from 48-210bp)
were100% and 98%, respectively. Sequence analysis of
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Fig. 3: Sequence of the downstream strand of Cathelicidin-4 amplified fragment of native cattle cDNA.
The forward primer is in bold typeface, its duplication is underlined and retained Intron-I is in italic
bold typeface.

Fig. 4: Sequence of the downstream strand of Cathelicidin-4 amplified fragment of crossbred cattle cDNA.
The forward primer is in bold typeface, its duplication is underlined and retained Intron-I is in italic
bold typeface.
native and crossbred cattle CATHL-4 cDNA amplicons
revealed the presence of a duplication of the forward
primer, which resides at the 5' end of exon II with a
single base deletion in native cattle.
The Cathelicidin genes are approximately 2kb in
size and show a conserved IV exons / III introns
organization [4 0 ]. Exon I to exon III code for the signal
peptide and the cathelin domain [4 3 ]. W e are here
concerned with the bovine cathelicidin-4 gene which is
located on bovine Bos taurus chromosome 22 (BTA22)
(gi: 76649266), 1262bp[. It contains IV exons
(198; 108; 72 and 56bp) with III introns (102; 136 and
586bp) (http://www.hgsc.bcm.tmc.edu/projects/bovine.).
The primer pair of bovine CATHL-4 used in this
investigation was designed from exon I and exon II.
They are designed to amplify a segment of 247bp,
from 48 to294bp of Bos taurus CATHL-4 mRNA
(gi: 31341226). However in the present study these
primers amplified a larger than expected segment
(349bp) in both native and crossbred cattle cDNA, in
all tissues tested. This primer pair also amplifies a
segment of 349bp (from 37 to 358bp) of Bos
taurus CATHL-4 genomic DNA located on BTA
22 (gi: 76649266) which covers exon I and exon
I I a n d i n tr o n -I ( 1 0 2 b p , f r o m 1 9 9 - 3 0 1 b p )
(http://www.hgsc.bcm.tmc.edu/projects/bovine.). BTA 22
(gi: 76649266) showed a sequence identity of 97%
(65-302bp) and 96% (42-316bp) with native and
cro ssb re d cattle C A T H L-4 cD N A seq uences,
respectively. T he results thus indicate that both native

and crossbred cattle CATHL-4 cDNAs retain intron-I
in their CATHL-4 transcripts, which is absent in Bos
taurus CATHL-4 mRNA (gi: 31341226).
Blast analysis of native and crossbred cattle
CATHL-4 cDNA with native buffalo (member of
the bovine)
Bubalus bubalis CATHL-4 cDNA
{which was
also
found
to
retain intron-I
(unpublished data) }revealed a reasonable homology.
The sequence homology between native and crossbred
cattle includes exon I and II and the retained intron-I.
It should be pointed out that Bubalus bubalis CATHL4 mRNA (gi|51950347; 517bp ) of the GenBank is
intronless since it showed 93% sequence identity with
Bos taurus CATHL-4 mRNA ( gi:31341226; 524bp),
covering the whole sequence of Bubalus bubalis.
The high sequence identity found between cattle
and buffalo is not surprising since the cathelicidins
sequences in Bovidae were found to be more closely
related between than within species[4 3 ]. Also the 5’
region of the bovine cathelicidin genes (to which cattle
and buffalo belong) appears to be fairly well conserved
not only at the exon but also at the intron levels [4 0 ].
Retention of intron-I in cDNAs encoding CATHL4 in native and crossbred cattle may have resulted from
alternative splicing [4 1 ]. Alternative splicing increases the
genetic diversity of the genome without increasing the
overall number of genes. By altering the pattern of
exons, from a single primary transcript that are spliced
together, different proteins can arise from the processed
mRNA from a single gene [1 1 ]. At least 40% of genes in
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both multicellular plants and animals are alternatively
spliced [5 ], and possibly as many as 70% in the human
genome [2 7 ]. Up to 60% of alternative splice variants are
conserved between mouse and human [4 2 ], suggesting
that many of these splice forms are necessary
components of the genomic toolkit.
Alternative splicing may be one of the most
extensively used mechanisms that accounts for the
greater macromolecular and cellular complexity of
higher eukaryotic organisms [4 ]. It occurs more often in
transcripts from genes expressed within individual cell
types that have undergone selection to provide diverse
functions, such as in the immune system [5 1 ,4 6 ].
Recent global analyses of splicing shed more light
on the role of splicing defects in human disease. A
more detailed knowledge of the identity and
distribution of splicing enhancer and silencer sequences
in exons and introns provide valuable information for
improving the ability to predict which disease
mutations have the potential to disrupt splicing [4 5 ,5 6 ].
Intron retention observed in CATHL-4 cDNA
native and crossbred cattle may play a role in
increasing their innate immunity by increasing the gene
expression. Intron-containing genes are expressed more
efficiently than intronless ones. The presence of an
intron-1 In the pre-mRNA appears to stimulate
accumulation of mRNA in the cytoplasm through its
interaction with the nuclear splicing machinery[2 8 ].
Addition of introns of a mouse TS gene to an
intronless TS minigene in transgenic mice had
significant effects on the level of expression of the
minigene. Ten to 100 times more mRNA was produced
from minigenes that contained introns than from those
that lacked introns [1 0 ].
The results indicate that both native and crossbred
cattle could express cathelicidin gene more efficiently
than Bos taurus or Bubalus bubalis reared abroad.
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