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Abstract

20 bovine BACs were isolated and analyed. From these BACs 21 B-defensin genes have been
identified, of which seven genes and four pseudogenes are novel. These genes are named
DEFB401-DEFB405, LAP-like and DEFB300, the pseudogenes are named EBDP, EBDP2,
DEFB302P and DEFB303P. DEFB401 is expressed in the bovine udder. DEFB300,
DEFB302P and DEFB303P represent a new subfamliy of B-defensin genes in cattle because
of their homology to human B-defensin-103. Furthermore, the genomic sequences of BNBD3
and BNBD7-BNBDII and the already published genes TAP, DEFBI, BNBD4 and
BNBD12/13 were identified. The order of these genes on the chromosome are presented by
contig-assembly. Two contigs spanning a region of approximatly 310 kb and 387 kb were
constructed.

The analysis of B-defensin gene expression in the bovine healthy and infected udder revealed
the existance of LAP-, TAP-, DEFBI1-, BNBD3-,BNBD9-, BNBD12- and DEFB401-mRNA.
The abundance of B-defensin mRNA and the inducibility of some genes gives first evidence
that B-defensins may play an important role in local host defense.

Introduction

Mastitis is the most important disease affecting dairy cattle and causes significant economic
losses (Bartlett and Van Wijk, 1991). It is caused mainly by environmental factors but is
influenced by genetic components (Lund et al., 1999). The assumption that B-defensin genes
may be a factor of inborn resistance to mastitis and may be considered as candidate genes,
respectively, is due to the fact that B-defensins are part of the innate immune system of
vertebrates, insects and plants. They are multifunctional peptides, having an antimicrobial
activity against bacteria, viruses and fungi. Apart from their antimicrobial activities they have
a function as signal molecules in the immune system and are chemoattractants immune cells
(Risso, 2000; Yang et al., 1999).

Defensins are expressed in epithelial and mucosal tissue of most organs, in neutrophils and in
non-epithelial tissue like muscle in a variety of species. The first B-defensin identified in
cattle was TAP (Diamond et al. 1991), a peptide with antimicrobial activity isolated from
bovine tracheal mucosa. Selsted et al. (1993) isolated and characterized 13 antimicrobial
peptides from bovine neutrophils (BNBDI1-13) and Schonwetter et al. (1995) proved
inducible expression of bovine LAP-gene (lingual antimicrobial peptide) in tongue epithelium
at sites of infection or injury. Tarver et al. (1998) isolated another B-defensin (EBD) from
bovine enteric epithelial cells.

To date, the expression of defensin-genes in the bovine udder has not been further
investigated. We therefore examined the expression of -defensin-genes in bovine mammary
gland tissue by RT-PCR. Apart from the analysis of gene-expression in the bovine udder, the
aim of this study is the genomic characterization of bovine 3-defensin genes.



Materials and Methods

Isolation and characterization of BACs. The genomic characterization of bovine B-defensin
genes was accomplished by analysing defensin-gene containing BACs. BACs were isolated
by screening the bovine BAC library RZPD number 750 (Zhu et al., 1999) and 754 (Buitkamp
et al., 2000) of Ressourcenzentrum fiir Genomforschung Berlin (http://www.rzpd.de/).
Screening has been done by PCR-amplification using primers based on consensus-sequences
of published B-defensin sequences. BAC-DNA was prepared according to methods described
by REAL® Prep 96 Handbook (Qiagen). BACs were characterized by digestion with Notl
(BioLabs) and PFGE. PCR-products from BACs have been amplified using primers
established on cDNA-consensus sequences. PCR-products were analyzed by electrophoresis
on an 1.5% agarose gel, products of the appropriate size were extracted and purified using the
MinElute PCR purification Kit (Qiagen). Ligation and transformation of PCR-products was
performed using the TOPO TA Cloning® Kit for sequencing, Version J (Invitrogen) according
to the protocol supplied by the manufacturer. Plasmid preparation was performed with
NucleoSpin® Plasmid Kit (Macherey und Nagel) according to the protocol “Isolation of
plasmid DNA from E. coli”. Purified Plasmid-DNA was sequenced from both strands with
ABI Prism® BigDye™ Terminator Cycle Sequencing Ready Reaction, Version 3.1 (Perkin
Elmer) and primers supplied by the manufacturer.

Identification of DEFB300, DEFB302P and DEFB303P. PCR-products from BACs were
amplified using primers established on a EST-sequence which is homologous to DEFBI03.
PCR-products were analyzed, extracted, purified and sequenced as described previously. All
nucleotide sequences have been submitted to EMBL Nucleotide Sequence Database (Stoesser
et al., 2003; http://www.ebi.ac.uk/embl/).

Tissue collection, RNA extraction and RT-PCR. Tissue samples of the mammary gland of
9 different lactating and non-lactating cows with different clinical findings concerning
mastitis were taken immediatly after slaughter. Tissue samples were frozen on dry ice and
stored at —80 °C. Total RNA was isolated from 200 mg tissue using TriPure™ Isolation
Reagent (Boehringer Mannheim). Synthesis of complementary first strand DNA was
performed with reverse transcriptase (SuperSkript™ II, Invitrogen) and a gene specific primer
with tail (5’-TCGAGGTCGACGGTATCCAAAATTTATTCTGG-3’, the gene specific
sequence is underlined, the sequence of the tail is in italics) derived from KS-primer
(Stratagene). Complete cDNA was amplified using defensin-consensus-primers. Ligation into
the pGEM®-T vector (Promega) and transformation into E. coli was carried out following the
instructions of the manufacturer. Plasmids were prepared using NucleoSpin® Plasmid Kit
(Macherey und Nagel). Purified Plasmid-DNA was sequenced from both strands with ABI
Prism® BigDye™ Terminator Cycle Sequencing Ready Reaction, Version 3.0 (Perkin Elmer)
and primers supplied by Promega.

Contig-assembly. Overlapping BACs were identified using BAC-endsequencing in addition
to a PCR-strategy, determination of insert-length by Norl-digestion and information of
subcloning-results.

Results

Genomic characterization. 20 BACs were identified by PCR-screening of two different
bovine BAC libraries. From these BACs, 21 B-defensin genes were isolated. 17 of these genes
are orthologous to DEFB4 and therefore represent a subfamily of defensin-genes. TAP,
DEFBI, BNBD4 and BNBDI2/13 were identified, of which the genomic and peptide
sequences are already published. BNBD3 and BNBD7-BNBD11 are published as peptides but
not as genomic sequences. Seven genes and four pseudogenes had not been identified until



now. These novel genes are termed DEFB401-DEFB405, LAP-like and EBD-P as well as
EBD-P2. They are highly homologous to published bovine B-defensins (53 % — 97 %
similarity) and to human B-defensin 4 (34 % — 41 % similarity). Another subfamily of
defensin-genes is represented by one gene, named DEFB300, and two pseudogenes, named
DEFB302P and DEFB302P with respect to their orthology to human DEFB103 (similarity 74
9%). DEFB302P and DEFB302P are putative pseudogenes.

Analysis of expression in mammary gland tissue. Analysis of cDNA-clones obtained from
RT-PCR of mammary-gland extracted mRNA revealed the expression of several f-defensin
genes in the bovine udder. Table 1 shows the clinical mastitis findings of lactating or non-
lactating cows and the results of gene expression. mRNA of LAP, TAP, EBD, BNBD3, -9 and
-12 was identified using the BLAST search, whereas one cDNA-sequence shows homology to
the novel DEFB401. It is evident that LAP is expressed constitutively in healthy and affected
tissue and an isoform of TAP (Acc.-no. P25068) is expressed in healthy lactating tissue.
mRNA of EBD is existing in affected lactating and non-lactating tissue, pointing towards an
inducible expression in the mammary gland. Furthermore, mRNA of neutrophil B-defensins
(BNBD3, BNBD9, BNBD12) has been isolated from infected and healthy tissue.

Table 1. Udder tissue samples with clinical findings, lactational status and identified mRNA.

Cow No. lactational clinical findings identified mRNA
status

1 juvenile tissue healthy LAP

2 lactating healthy LAP, TAP

3 lactating purulent mastitis caused by LAP, BNBD9
Actinomyces pyogenes

4 lactating purulent mixed infection LAP

5 lactating purulent mastitis caused by BNBD9, DEFB401,
Actinom. pyogenes, partly necrotic BNBDI2

6 non-lactating subclinical mastitis LAP, DEFBI,

BNBD3

7 lactating bloody mixed infection DEFBI

8 lactating healthy udder half LAP, BNBD3

" " affected udder half, mixed infection | LAP, BNBD9

9 lactating purulent mixed infection LAP

Contig-assembly. Two contigs were constructed by identification of overlapping inserts. The
contigs are shown in Fig. 1 and Fig. 2. Contig A spans a region of approximatly 310 kb and
contig B of 387 kb. The order of genes presented on the chromosome implicates the
duplication of TAP and DEFB300.

DEFB405
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Fig. 1. Contig A. The bold horizontal line represents the chromosomal section with gene-loci.
The lower lines show the relative arrangement of BAC-inserts.

N S . 2 s 8.3 Q
haa) haa) ba) MmN X Ry
3 8 a g g a g £E8 <8 2
G 3 g s 9 g § 85338 3

//

//

//—
//

Fig. 2. Contig B. The bold horizontal line represents the chromosomal section with gene-loci.
The lower lines show the relative arrangement of BAC-inserts.

Discussion

In this project we hypothezised that B-defensin genes may be candidate genes for genetic
resistance to mastitis. By functional and structural genome analysis the activity of -defensin
genes against causal agents of mastitis and their role in the inborn resistance have to be
characterized. We analysed the expression of B-defensin genes in the bovine udder with
different clinical findings. The results show that defensin-genes are expressed in the bovine
udder, indicating that they play a role in local host defense. The expression of LAP and TAP
seems to be constitutive because it takes place in non-affected tissue, but the obviously
inducible expression of DEFBI and DEFB401 and the immigration of neutrophil defensin-
mRNA (BNBD3, BNBD9 and BNBD12) from myelopoetic cells to infected areas provide an
indication of the relevance of B-defensins during udder infections. The lactational status of the
cow does not influence the expression. The fact that mRNA of neutrophil defensins has been
isolated requires further investigation, because the expression of neutrophil defensin-genes
takes place in bone marrow and synthesis is complete at the time of release of the mature
neutrophil into the peripheral circulation (Yount et al. 1999).

By genomic characterization of 20 BACs 21 defensin-genes have been isolated. Altogether,
we identified seven novel genes and four putative pseudogenes. The novel genes show the
conserved six cysteine-residues and the typical two exon-intron structure. Six novel genes
(DEFB401-DEFB405, LAP-like) and two pseudogenes (EBDP, EBDP2) show homology to
human B-defensin-4, whereas one gene (DEFB300) and two pseudogenes (DEFB302P,
DEFB303P) share similarity with human p-defensin-103, presenting a new subgroub of
defensin-genes unknown in cattle up to now. The EBD-pseudogenes are putative pseudogenes
because they have no intron, but the exons share 100% identity to DEFBI. DEFB302P and
DEFB303P have a point mutation at the third position of the start-codon, making it unable to
work. By sequencing BNBD3 and BNBD7-BNBDI11, which are published as peptides, the
genomic sequences of these genes are made available.

The order of genes on the chromosome is shown by construction of two contig. Contig A
represents the arrangement of 12 genes with an average distance of 26 kb. In this section, TAP
is duplicated and has two different loci. Contig B is also representing the arrangement of 12
genes with an average distance of 33 kb. TAP is existing at a third loci and DEFB300 is
duplicated, too. Duplication of genes max occur if a gene-product is needed in large amounts
(Rooney 2002). The hypothesis of gene-duplication is supported by Hollox et al. (2003), who
demonstrated that human DEFB4, DEFB103 and DEFB104 have several copies.

In summary, the findings of this project support the hypothesis that $-defensin genes may be
candidate genes for inborn resistance to mastitis. The fact that B-defensin genes are abundant



in mammary gland tissue encourage further investigations, in which the gene-regulation has to
be characterized by real-time PCR and cell culture. On the basis of genomic characterization,
a gene-assisted or marker-assisted selection of mastitis resistance should be established and
included in breeding goals.

Acknowledgements
This research was carried out with grateful support of the German Research Foundation
(DFG) and is part of “Sonderforschungsbereich 617”.

References

Bartlett PC, Van Wijk J (1991) Temporal patterns of lost milk production following clinical
mastitis in a large michigan holstein herd. J Dairy Sci, 74, 1561-1572

Buitkamp J, Kollers S, Durstewitz G, Fries R, Welzel K, Schifer K, Kellermann A, Lehrach
H (2000) Construction and charcterization of a gridded cattle BAC library. Anim Genet 31,
347-351

Diamond G, Zasloff M, Eck H, Brasseur M, Maloy WL, Bevins CL (1991) Tracheal
antimicrobial peptide, a cysteine-rich peptide from mammalian tracheal mucosa: Peptide
isolation and cloning of a cDNA. Proc Natl Acad Sci USA 88, 3952-3956

Hollox EJ, Armour JA, Barber JC (2003) Extensive normal copy number variation of a -
defensin antimicrobial-gene cluster. Am J Hum Genet 73, 591-600

Lund MS, Jensen J, Petersen PH (1999) Estimation of genetic and phenotypic parameters for
clinical mastitis, somatic cell production deviance, and protein yield in dairy cattle using
gibbs sampling. J Dairy Sci, 82 1045-1051

Risso A (2000) Leukocyte antimicrobial peptides: multifunctional effector molecules of
innate immunity. J Leukoc Biol 68, 785-792

Rooney AP, Piontkivska H, Nei M (2002) Molecular evolution of the nontandemly repeated
genes of the histone 3 multigene family. Mol Biol Evol 19, 68-75

Schonwetter BS, Stolzenberg ED, Zasloff MA (1995) Epithelial antibiotics induced at sites of
inflammation. Science 267, 1645-1647

Selsted ME, Tang Y-Q, Morris WL, McGuire PA, Novotny MJ, Smith W, Henschen AH,
Cullor JS (1993) Purification, primary stuctures, and antibacterial activities of -defensins,
a new family of antimicrobial peptides from bovine neutrophils. J Biol Chem 268, 6641—
6648

Stoesser G, Baker W, Van den Broek A, Garcia-Pastor M, Kanz C, Kulikova T, Leinonen R,
Lin Q, Lombard V, Lopez R, Mancuso R, Nardone, Stoehr P, Tuli MA, Tzouvara K,
Vaughan R (2003) The EMBL Nucleotide Sequence Database: major new developments.
Nucleic Acids Res 31, 17-22

Tarver AP, Clark DP, Diamond G, Russell JP, Erdjument-Bromage H, Tempst P, Cohen KS,
Jones DE, Sweeney RW, Wines M, Hwang S, Bevins CL (1998) Enteric B-defensin:
molecular cloning and characterization of a gene with inducible intestinal epithelial cell
expression associated with Cryptosporidium parvum infection. Infect Immun 66, 1045—
1056

Yang D, Chertov O, Bykovskaia SN, Chen Q, Buffo MJ, Shogan J, Anderson M, Schroder J-
M, Wang JM, Howard OMZ, Oppenheim JJ (1999) B-Defensins: linking innate and
adaptive immunity through dendritic and T cell CCR6. Science 286, 525-528

Yount NY, Yuan J, Tarver A, Castro T, Diamond G, Tran PA, Levy JN, McCullough C,
Cullor JS, Bevins CL, Selsted ME (1999) Cloning and expression of bovine neutrophil -
defensins. Biosynthetic profile during neutrophilic maturation and localization of mature
peptide to novel cytoplasmic dense granules. J Biol Chem 274, 26249-26258

Zhu B, Smith JA, Tracey SM, Konfortov BA, Welzel K, Schalkwyk LC, Lehrach H, Kollers
S, Masabanda J, Buitkamp J, Fries R, Williams JL, Miller JR (1999) A 5x genome



coverage bovine BAC library: production, characterization, and distribution. Mamm
Genome 10, 706709



