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ABSTRACT

Objective: Mature cathelicidin peptides show inhibitory activity against Gram-positive and Gram-negative
bacterial species, certain fungi, parasites or enveloped viruses. The function of cathelicidins is not limited to
antimicrobial killing, but extends to other aspects of immunity and tissue repair. In the present study RNAs
from different tissues of buffalo were extracted, reverse transcribed and amplified using specific pair of
primer designed from published cathelicidin-4 cDNA sequences of Bos taurus.

Methodology and results: An amplified product of 247 bp was obtained in ¢cDNA of lung whereas an
amplified product of 349 bp was obtained in cDNA of mammary gland, ovary, colon, testis, intestine and
trachea tissues. No reaction was found in tongue, muscle, liver and blood. The amplified fragments obtained
from lung and trachea cDNA were chosen for sequencing. NCBI alignment revealed that an amplified
product of buffalo lung does not have intron | sequence or other copy of the forward primer. The cDNA of
buffalo trachea includes intron | sequence and possess a copy of the forward primer. The results indicate
that native buffalo expressed different cathelicidin-4 transcripts (spliced and unspliced forms) which may be
used to produce different functional proteins.

Conclusion and application of findings: Native buffalo could express cathelicidin-4 gene more efficiently than
Egyptian native and Frisian crossbred cattle. Native; Frisian crossbred cattle and buffalo retained intron -1
(unspliced form) in their CATH4 mRNA and thus they could express cathelicidin-4 gene more efficiently than
Bos taurus or Bubalus bubalis reared abroad. This cathelicidin-4 may be a good candidate antibiotic for
preventing disease outbreaks in domestic livestock and a starting point for the development of novel
synthetic antimicrobial agents for use on these animals.
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INTRODUCTION

The antimicrobial peptides of innate immunity
are a front-line, host-defence response to microbial
invasion (Ganz, 2002). Mammalian antimicrobial
peptides fall within one of two major groups: the
cysteine-rich a and B defensins (Martin et al., 1995;
White et al., 1995), and the heterogeneous group
of the cathelicidin-derived peptides (Zanett et al.,
1995). Cathelicidin-4, also known as indolicidin,

was first discovered in the cytoplasmic granules of
bovine neutrophils (Falla et al., 1996).

Mature cathelicidin peptides generally
exhibit  broad-spectrum  antimicrobial  activity
against a range of Gram-positve and Gram-
negative bacterial species (Zanetti et al., 2002).
Cathelicidins also show inhibitory activity against
certain fungi (e.g. Candida albicans), parasites (e.g.
Cryptosporidium parvum) or enveloped viruses (e.g.
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human immunodeficiency virus) (Nizeti & Gallo,
2003). Bacterial killing by cathelicidins is rapid and
the mechanism of killing in most cases is thought to
involve intercolation and assembly of the peptides
within the bacterial membrane to disrupt membrane
integrity (Gutsmann et al., 2001). The function of
cathelicidins is not limited to antimicrobial Killing,
but extends to other aspects of immunity and tissue
repair (Gallo et al., 2002). Their broad and rapid
microbicidal effect on release may be critically
important to prevent tissues from pathogen attacks
and thus prevent the onset of infection (Dorschner
etal., 2001).

In mammals, these peptides are released
by epithelial cells at the interface with the external
environment. Cathelicidin is present in the mouth,
tongue, esophagus, epithelia, and in the epithelial
cells, submucosal glands of the airway, and lung
surface fluid (Bals et al., 1998). Cathelicidin is also
expressed in the genitourinary tract (vagina,
epididymis, and seminal plasma), where it can
function as a host defense barrier (Malm et al.,
2000). In addition, cathelicidin is found in secretory
granules of neutrophils and it is also expressed in
skin keratinocytes during inflammatory disorders
(Frohm et al., 1997).

Thirty cathelicidin members have been
found in mammals (Niyonsaba et al., 2005). Human
and mice each possess a single cathelicidin,
whereas other species such as cattle and pigs
express many different cathelicidins (Ramanathan
et al., 2002). Cathelicidin genes consist of 4 exons

MATERIAL AND METHODS

Different tissue samples were obtained from
healthy native buffalo at the slaughter house located at
El Moneib, Giza, Egypt. Total RNAs were isolated from
the buffalo’s frozen tissues (lung, mammary gland,
ovary, colon, testis, tongue, muscle, intestine, trachea,
liver and blood) using Trifast reagent (Peglab,
Biotechnologie GmbH) according to the manufacturer’s
instructions (Grubor et al., 2004).

Cathelicidin-4 cDNAs were synthesized using
the total RNAs obtained from the different tissues with
the Ready-To-Go You Prime First- strand Beeds
(Amersham Biosciences) according to the instructions
of the manufacturer. The first-strand cDNA synthesis
was done on 2pug of total RNA using reverse
transcriptase (FPLC pure) and the oligo (dT) primer, pd
(T) 12-18 (Amersham Biosciences).

and 3 introns: the first 3 exons comprise N-terminal
signal peptide, a highly conserved prosequence
and cathelin prodomain, while the fourth exon
encodes the processing site and variable C-
terminal antimicrobial peptide (Zanetti et al., 2000).

In higher eukaryotes, the majority of genes
produce nascent mRNA transcripts that contain
several introns. Although cells appear to have
developed checkpoints to ensure that only fully
spliced mRNAs are exported and expressed
(Chang & Sharp, 1989; Legrain & Rosbash, 1989),
export of incompletely spliced RNAs with retained
introns would potentially result in translation of
aberrant proteins. Hwang and Cohen (1997)
revealed the possible correlation between over-
expression and failure to remove the intron.

The distribution of bovine and ovine
sequences in a phylogenetic tree indicates that
most Cathelicidins sequences do not cluster
monophyletically ~ within  Bovidae, i.e. these
sequences are more closely related between than
within  species, suggesting the existence of
common ancestor genes before divergence of
bovids from other Cetartiodactyla (Tomasinsig &
Zanetti, 2005). Knowledge of the multiple functions
and structures of cathelicidin may not only result in
an understanding of the mechanism of action of
this antimicrobial peptide family, but also provide a
new lead in the design of potent antimicrobial
peptides with therapeutic application (Hsu et al.,
2005).

To amplify the cathelicidin cDNAs, each PCR
was primed with two gene-specific primers designed
from the bovine Cathelicidin-4 gene
(0131341226|ref[NM_174827.2|) published on database.
The sequence of the primers was determined using the
software Primer 3 at http:/www.genome.wi.mit.edu
(Marone et al., 2001). PCR primers were selected on
the basis that the 5’ and 3’ ends span the two exons, so
that the amplification product obtained from the cDNA
would be of different length from that obtained from any
contaminant genomic DNA  comprising intronic
sequences. The primers were synthesized by
Amersham Pharmacia Biotech.

The primers used in these amplifications were:
a sense primer synthesized at the 5-end of the gene
(5~ GTGGTCGCTGTGGCTACTGCTGC-3') and an
antisense primer synthesized at the 3-end of the gene
(5 CTCCGCGGGCTGCTGAATCG -3'). Amplification
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reactions (100 ) contained 5 pl of first-strand buffalo
cDNAs, 0.2 mM dNTPs, 10 mM Tris, 50 mM KCI, 1.5
mM MgCl,, 0.01% galatin (w/v), 1.25 units Taq
polymerase and 1 uM upper and lower primers. Cycling
parameters were set as follows: one cycle of preheating
at 94°C for 3 min and 30 cycles of denaturation at 94 °C
each for 1 min, annealing at 63°C for 2min, and
extension at 72°C for 2 min. A final post-extension cycle
was performed at 72°C for 10 min (Babiker et al., 2002).
PCR products were resolved on a 1.5% agarose gel. No

RESULTS

An amplified product of 247 bp was obtained in
cDNA of lung whereas an amplified product of 349 bp
was obtained in cDNA of mammary gland, ovary, colon,
testis, intestine and trachea tissues. No reaction was
found in tongue, muscle, liver and blood (Fig. 1). The
amplified fragments obtained from lung (247 bp) and
trachea (349 bp) cDNA were chosen for sequencing. A
one way sequence of cathelicidin-4 amplified segments
of lung and trachea cDNA buffalo are presented in
Figures 2 and 3, respectively.
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Figure 1: Stained gel of amplified PCR products of
Cathelicidin 4 gene using cDNA constructed from mRNA of
different tissues of buffalo. Arrows on the right indicate the
amplified fragment sizes.

PCR products were detected in the absence of reverse
transcriptase, which indicated the lack of contaminating
genomic DNA.

The PCR products were purified and sequenced
at the Center of Genetic Engineering, Ain-Shams
University, and Cairo, Egypt. Sequence analysis and
alignment were carried out using the Expert Protein
Analysis System (CLUSTAL-W) server of the Swiss
Institute of Bioinformatics (Gasteiger, 2003) and NCBI-
BLASTN 2.2.13 version (Altschul et al., 1997).

NCBI-Blast analysis of the amplified sequence
(247 bp) of native buffalo Lung CATHL-4 cDNA (from
176 to 210 bp) showed 94% alignment with Bos taurus
CATHL-4 mRNA (gi|31341226|ref|[NM_174827.2| and
0i|462|emb|X67340.1|BTINDLCD) [from 83 to 49 bp].
Native buffalo lung CATHL-4 cDNA (from 148 to 203
bp) showed 85% alignment with Bubalus bubalis
myeloid cathelicidin MRNA
0i[111399450|gh|DQ832666.1| (from 66 to 11 bp).

When native buffalo Lung CATHL-4 cDNA
(from 85 to 210 bp) was aligned with Egyptian native
cattle trachea CATHL-4 cDNA (AB 294198, AB 294375,
gi: 126149290) from 175 to 301 bp, Frisian crossbred
cattle trachea CATHL-4 cDNA (AB 294209, gi
126149291) from 190-316 bp and Bos taurus
chromosome 22 (gi: 76649266) from 8390 to 8264 bp
(exon | extend from 8425 to 8216hp), a 77% alignment
was reported. Whereas the alignment of the amino acid
translated sequence of buffalo lung CATHL-4 cDNA
showed 61 - 67% identities with both amino acid
translated sequence of Bos taurus CATHL-4 mRNA (gi:
31341226 ref [INM174827.2|; gi: 462| emb X67340.1]
and 58%-65% identities with Bubalus bubalis gi:
51950347| emb AJ 812216.11| (data not shown).

GAATTGTTTTTATAATGATGGCGCAGTAGCACACCGACTACAATTGTGATTTCTCTTCTTGTAGGGGTGA
GAAAGATAGAGCGGAGAGATTAGTTTCTGTGTGACGTTCATTGTTGTGATCCACTGCAGATGCACGAAC
TCCTTGTTGCTGATGTCCTGGTGGCTGGTGEAGGAGACCACTAGTTCCAGCAGCAGTAGCCACACCGA

CCA

Figure 2: Sequence of the downstream strand of cathelicidin-4 amplified fragment of native buffalo lung cDNA. The
forward primer for CATH-4 are underlined and indicated in bold typeface.
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On the other hand, NCBI Blast analysis of the second
amplified sequence (349 bp) of native buffalo CATHL-4
trachea cDNA revealed no significant alignment with
both published Bos taurus and Bubalus bubalis CATHL-
4 mRNA. However CLUSTAL-W analysis revealed that
the whole sequence of native buffalo trachea CATHL-4
cDNA had identities of 65% and 66% with published
Egyptian native cattle trachea CATHL-4 cDNA (AB
294198, AB 294375, gi: 126149290) and Frisian
crosshred cattle trachea CATHL-4 cDNA (AB 294209,
gi: 126149291) respectively. This alignment showed
that native buffalo CATHL-4 trachea cDNA possesses a
copy of the forward primer from 22 to 40bp (the forward

primer and its duplicate were assessed by naked eye,
they include some mutations) corresponding to the copy
of the forward primer which was found in Egyptian
native cattle (AB 294198, AB 294375, gi: 126149290)
from 17-37bp and in Frisian crosshred catile (AB
294209, gi: 126149291) from 16-35 bp. These
duplicates exist at the 5' end of exon Il. The alignment
also revealed that native buffalo CATHL-4 trachea
cDNA includes intron | sequence ranging from 55-150bp
which corresponds to the intronic segment in Egyptian
native cattle (AB 294198, AB 294375, gi: 126149290)
from 47 to 137bp and in Frisian crossbred cattle (AB
294209, gi: 126149291) from 55-152 bp (Fig. 4).

GGAGTTCTGGTTTGCATGACAGACAGTAGCCCAGC GACACAA GTGUAGATTTCT CTGGTGAGGATTAATC

AAGGAGGAAAG GGG TAGGGI T T T C T T T TG T I T GTATCCT TGCCCT TAACTIGGGCGGTITCCTT
COCCAATTCAA T T T GGGGGGEGFGTTTAGTTCCGGGAGG GO TAAAATTTTAATTTTITTGAGGCCCG
TTCATTGAGTTGTTCCACGGAAGGAGGAAGGGTTTCCTTTTAGTTGAGGTCTGGGGGUTTGGCGAAGGA

AACCAATGGCCCCOGAAGAATTAGCACCGGCGUCA

Figure 3: Sequence of the downstream strand of cathelicidin-4 amplified fragment of native buffalo trachea cDNA.
The forward primer for CATH-4 are underlined and indicated in bold typeface and its duplicate are underlined and
indicated in bold typeface and italic (the 2 sequences have some mutations) and intron-1 indicated in bold typeface

and italic.

DISCUSSION

Bovine cathelicidin-4 gene spans
approximately 1262 base pairs in genomic DNA, the
coding sequence is distributed into 4 exons ranging
from 56 (exon 4) to 198 (exon 1) base pairs. Intron sizes
range from 102 (intron 1) to 586 (intron 3) base pairs
[http://www.hgsc.bcm.tmc.edu/prijects/bovine].

The primer pair of bovine cathelicidin-4 was
designed to amplify a segment of 247bp, from 48 to
294bp of Bos taurus CATHL-4 mRNA (gi|31341226|ref]|
NM_174827.2|). 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 | and exon Il and intron |
(102bp, from  199-301bp)  [http://www.hgsc.
bcm.tmc.edu/prijects/boving]. In the present study
these primers amplified two different segments in native
buffalo at the level of mRNA: An amplified product of
247 bp was obtained in lung cDNA only and an
amplified product of 349 bp was obtained in cDNA of
trachea, mammary gland, ovary, colon, testis and
intestine tissues. The amplified sequence of native
buffalo CATHL-4 lung cDNA (247bp) showed 94% and
85% alignment with a segment of Bos taurus CATHL-4
mMRNA (gi: 31341226 ref [NM174827.2|) and a larger
segment of Bubalus bubalis myeloid cathelicidin

mRNA (gi: 51950347| emb AJ 812216.11]), respectively.

Moreover, it showed 77% alignment with three
segments: a segment of Egyptian native cattle from 175
to 301 bp (AB 294198, AB 294375, gi: 126149290);
Frisian crossbred cattle from 190-316 bp (AB 294209, gi:
126149291) and of CATHL-4 genomic DNA on BTA22
from 8390 to 8264 bp (gi: 76649266). All the three
segments do not include intron | sequence.

These alignments indicated that buffalo lung
cDNA have a spliced form of CATHL-4 mRNA. This
result agrees with the result of Das et al. (2006) who
reported that comparison of buffalo cathelicidin with
known Bos taurus cathelicidin show 70.8-92.9% identity
at nucleotides level. On the other hand, the alignment
of the amino acid translated sequence CATHL-4 cDNA
of lung buffalo showed 58 - 67% identities with both
amino acid translated sequence CATHL-4 mRNA of Bos
taurus (gi: 31341226 ref [NM174827.2|) and Bubalus
bubalis (gi: 51950347| emb AJ 812216.11|). Das et al.
(2006) have also reported that buffalo cathelicidin and
Bos taurus cathelicidin show 65-88.3% identity at amino
acids level, leading to the conclusion that buffalo
possess the ancestral gene of cathelicidin similar to
bovine species.

CLUSTAL-W analysis showed that native
buffalo CATHL-4 trachea cDNA (349bp) possess a
copy of the forward primer from 22 to 40 bp
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corresponding to the copy of the forward primer found in
CATHL-4 trachea cDNA of Egyptian native cattle (AB
294198, AB 294375, gi: 126149290) and Frisian
crosshred cattle (AB 294209, gi: 126149291) (Abou
Mossallam et al., 2007). These duplicates existing at the
5'end of exon Il may be the cause of intron retention, as
a form of alternative splicing. It was observed that
mutation of a 5' splice site depressed the removal of the
intron-1 (Talerico & Berget, 1990). The alignment
showed that native buffalo CATHL-4 trachea cDNA
includes intron | sequence ranging from 55-150bp which
corresponds to the intronic segment in Egyptian native

5902: www.hiosciences.elewa.org

cattle CATHL-4 trachea cDNA (AB 294198, AB 294375,
gi: 126149290) from 47 to 137bp and in Frisian
crossbred cattle CATHL-4 trachea cDNA (AB 294209, gi:
126149291) from 55-152 bp (Abou Mossallam et al.,
2007). This means that native buffalo possesses
unspliced form (intron retention) of CATHL-4 in trachea
mRNA. Intron retention, as a form of alternative splicing,
has been observed to occur in a number of different
genes although constitutive splicing of intronic
sequences from RNA is the dominant form of gene
expression.

Scores Table

Seqh Len(nt) SegBb Len(nt) Score
CatF 316 CatN an3 =
CatF 316 EufT 322 [
Catl 303 BufT 22 63
CatF CHGAGGGTCTCGGLECECARTAGCCACAGCRAC CAC GALGT GE CAGATC ---TTCATTCTE 57
Cath —===-= LATTTCTTTCCT GATCAGCACAGTAGE -ACAGCEACCACAATC---AGTTTITTE 50
BufT --GGAGTTCTGGTTTGCAT GAC ARACAGTAGE -CCAGCGEACACAL GTGCAGATTTCTCTG 57
% % * TEEE * * * * * OEE
CatF GTGACGGATTGATAGAGGGGGFACTEGGTTCAGGC TCATTTTTCCTTCTE TGATTGT--C 115
Cati (e GATATGTALGAGA-TGEGITCAGGL TCATITITCCTTCTC IGATITITIC 100
EufT GTGA-GOATTALTL AAG GAGGAML GGG GTTAGGET —— —TTTTTIC TITTITTIGTITIGTA 113
+* T & W FTEEEE T FTEETHF OFERF OF T h W
CatF TCCOCTGCCCCTCAC CTAGACAGTCCCCTCCCCAAC TCACATC CTTGGRAGGTGGGTCTAL 175
Catl TCCCTGCCCCTCACCTAGACAGTCCCCTCCCCAAC TCACATC CTTGGGAGGTGGGTCTAG 160
BufT TCCTTGCCCTTAACTTGGGCGGTTCCTTCCCCAATTC AATTCTITGG GGG GEGGEGTITAG 173
FTERE OFEHFEF OF OFH OF OF OF FTHT OFE O FREAEHET OFEF FEOFTEEFE OFTF OFEEF FEE
CatF CTCCAGGAGGCGETAGAGATTAGCTTC T-- GAGGACAGCTCATTGAGC TFATC CACAGCA 233
Catl CTCCAGGAGGCGGTAGAGATTAGCTTCT-- GAGGACAGCTCATTGAGC TGATCCACAGCA 218
BufT TTCCGEGAGGEG TAMMATT TTAATTT T TITGAGGC CCGTTCATTGAGTTGTTCCACGGAL 233
THEFT OFTEHAEN W w w TEW wE N o ol o Y S S o ok
CatF CoLAGCACGGCCTCCCTGTAGC TEAGGGETTGGGL GLCTGGCC GAGGGCAC CACTAGTCCC 293
Catl CGLAGCACGGCCTCCCTGTAGC TEGAGGGETTGGGC G TGGCC GAGGGCAC CACTAGTCCC 278
BufT GOAGGALGGGTTTCCTTTTAGT TEAGGTC TG GG CTTOG CGALG GAMAC CAATGGCCCC 293
F A A TEE F OFEFF OFEEFEELT OEEY OFEE TEEE TEE FEFE O OF FEE
CatF AGCAGCART AGCCACAGCGRACCA- - —— —- 316
Catl GECAGCAGTAGCCACAGCGRCCACA--—-- 303
BufT CERAGRATT AGCAC O CCCRALL ARLTT 322

2 2 i o o T

Figure (4} cLusTAL W (1.83) multiple sequence aligmwent of CATH4 Trachea cDNA of

[BufT) ;
and Frisian crosshred cattle

native Buffalo
gi: 126149200)

Egyptian natiwve cattle

{catN; AB 294198,
AB 204200, gi:

AE 294373,

[CatF; 126149201} .

The forward primers for CATH-4 are underlined and indicated in bold typeface
whereas their duplicaktes are underlined and indicated in bold typeface and

italic and intron-1 sequences are underlined.

Examples of intron retention have been found in
bovine growth hormone, in the transcripts encoding
fibronectin, platelet-derived growth factor A chain, and
during the developmental control of Drosophila genes
(Kienzle et al., 1999). CLUSTAL-W alignment of the
whole sequence of native buffalo CATHL-4 trachea

cDNA (349bp) showed identities of 65 and 66% with
Egyptian native (AB 294198, AB 294375, gi: 126149290)
and Frisian crosshred cattle (AB 294209, gi
126149291), respectively.
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These results are in line with those of Nurtdinov et
al. (2003) showing that to account for lower
conservation of alternatively spliced regions (cassette
exons, retained introns, or exon extensions generated
by alternative splicing sites), the threshold for accepting
alignments of such regions was 60% identity, whereas
for constitutive exons it was 70%. Although in their case
the quality of obtained alignments was assessed by eye,
in no case was any ambiguity encountered.

The results indicated that an amplified product
of 247 bp which was obtained in cDNA of buffalo lung
did not retain intron | sequence (spliced form) or other
copy of the forward primer, whereas an amplified
product of 349 bp which was obtained in cDNA of
buffalo trachea retained intron | sequence (unspliced
form) as well as a copy of the forward primer. The
expression of different isoforms (spliced and unspliced)
in buffalo agreed with the result of Modrek and Lee
(2003) who revealed that alternative splicing allows for
generation of novel proteins without sacrificing old ones.
If a new isoform proves to be beneficial, its fraction
increases by subtle regulatory changes. On the other
hand, unlike gene duplication, alternative splicing does
not lead to dramatic changes in protein concentrations
(Ermakova, 2006). The presence of intron-1 retention
isoforms in different tissues of buffalo (trachea,
mammary gland, ovary, colon, testis and intestine),
which could not be detected in the lung is similar to the
observations of Mansilla et al. (2005) who reported that
the embryonic proinsulin mRNA isoform (intron 1
retention in the 5' untranslated region) was tissue
specific in embryonic chick and mouse.

The results revealed that CATH-4 mRNA of
native buffalo and cattle as well as Frisian crossbred
cattle retain intron-1 whereas Bos taurus and Bubalus
bubalis CATHL-4 mRNA did not retain this intron. To
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