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Vesterholm-Nielsen M, 01holm Larsen M, Elmerdahl Olsen J , Moller Aarestrup F:
Occurrence of the blaZ gene in penicillin resistant Staphylococcus aureus isolated
from bovine mastitis in Denmark. Acta vet. scand. 1999,40,279-286. - Fifty-eight
penicillin resistant Staphylococcus aureus isolates of known phage types from bovine
mastitis in Denmark from the 1950'ties (10 isolates) and the I990'ties (48 isolates) were
tested for beta-Iactamase production . Furthermore, the presence ofblaz and biaRI and
the location of blaZ was determined by PCR and hybridisation . All isolates produced
beta-Iactamase and contained blaz and biaRI. The blaZ gene was located on the chro
mosome in 54 isolates and on plasmids of different sizes in 4 isolates. Sequence analy
sis of an internal region of blaz in 2 isolates of bovine origin showed a high degree of
homology to already published sequences from human isolates. Blaz could be trans
ferred from the 4 isolates with plasmid location whereas it was not possible to transfer
blaZ from 3 isolates with chromosomal location of the gene. The blaZ gene and the
blaR I gene were located closely to each other as previously published. In contrast to ob
servations among isolates of human origin, no correlation between penicillin resistance
and phage pattern was indicated for the bovine isolates. Furthermore , in contrast to the
observed shift towards increased occurrence of plasmid location ofblaz among isolates
of human origin in Denmark, blaz appears to remain predominately chromosomal lo
cated among isolates ofbovine origin.

Introduction
Since the introduction of penicillin for treat
ment more than 50 years ago, resistance to this
antibiotic has been found in an increasing num
ber of Staphylococcus aureus strains isolated
from clinical infection in both humans and ani
mals (Renneberg & Rosdahl 1992a, Virani &
Noble 1992, Schito et al. 1996, Aarestrup &
Jensen 1998). This has had an important impact
on the effectiveness of penicillin for treatment
of staphylococcal infections.
Bovine mastitis is the economically most im
portant disease in dairy production (Kossaibati

& Esslemont 1997) and S. aureus is the most
frequently isolated pathogen from mastitis in
Denmark (Aarestrup et al. 1995a). At present
about 20% of S. aureus isolates from bovine
mastitis in Denmark are resistant to penicillin
(Aarestrup & Jensen 1998) and the most com
mon mechanism of resistance seems to be pro
duction of beta-lactamase (Aarestrup et al.
1995).
The structural beta-lactamase gene (blaZ) has
been identified inS. aureus ofhuman origin and
the DNA sequence has been published (Chan
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Tabl e 1. Isolates of Staphylococcus aureus used in
this study.

Phage typing

Phage typing was performed at Statens Serum

Pr, pen icillin resistant ; Ps, penicillin sensitive; Rr, ri
fampicin resistant ; Fr, fusidic acid resistant; Tr, tetra
cycline resistant ; Ts, tetracycline sensitive.
All isolates were from a collection ofS. aureus from
cases ofbovine mastiti s in Denmark kept at the Dan
ish Veterinary Laborator y (DVL), Copenhagen, Den
mark .
*: ATCC 25923 made resistant to rifamp icin and fu
sidic acid.

Test of penicillin resistan ce
Resistance towards penicillin was investigated
using tablet diffusion on bovine blood agar with
5 mg penicillin (Rosco Diagnostics, Taastrup,
Denmark). Production of beta-Iactamase after
induction was detected using beta-Iactamase di
agnostic tablets according to the manufacturers
guidelines (Rosco Diagnostics, Taastrup, Den
mark).

Pr
Pr
Pr
Pr
Pr

Ps, Rr, Fr
Ps
Ps
Ps

Antibiotic
resistance pattern

1952
1992
1993

Year of
isolation

1952- 1955
1992
1993

1954-1956
1996

Isolate
number

1-4
5-12
13-29
30-35
36-58
59*
60
61
62

used in transferabil ity studies. In total, 58 iso
lates resistant to penicill in were investigated.
These isolates consisted of 10 S. aureus strains
from 1952-1956, 8 from 1992, 17 from 1993
and 23 from 1996.
All isolates were subcultured on bovine blood
agar (Columbia agar, CM 331, supplemented
with 5% (vol/vol) sterile lysed bovine blood) ,
and stored at -70 °C in Luria Bertani-medium
with 15% glycerol until use.

Materials and methods
Isolates and cultural methods

The isolates used in the present study are shown
in Table I. S. aureus isolates from cases of bo
vine mastitis in Denmark were selected on the
basis of resistance to penicillin among culture
collections at the Danish Veterinary Labora 
tory. Furthermore, 3 isolates (nos. 60-62) were
included as negative control s. Isolate 59 was

1986). An upstream antirepressor gene (blaRI)
flanks the blaZ gene (Rowland & Dyke 1990).

The gene can be positioned on plasmids, on the
chromosome (Asheshov 1969, Skov et al. 1995)
or in a transposon (Asheshov 1969, Virani &
Noble 1992). A Danish study of S. aureus
strains of human origin showed a strong corre
lation between phage pattern and genet ic loca
tion of blaZ. All strains of phage group II and
the 94,96 complex had a chromosomal loca
tion. All strains of the 83A complex, most of
the 52,52A,80,81 complex and phage type 95
carried a penicillinase encoding plasmid . In ad
dition, 71% of phage group III strains carried a
penicillinase encoding plasmid (Rosdahl

1985). Investigations on the genetic location in
isolate s of phage group II of human origin in
Denmark showed that blaZ was mainly placed
on the chromosome in isolates from the
1960'ties and I970 't ies, while isolates from the
1990'ties mainly had blaZ located on a plasmid
(Skov et al. 1995).

The purpose of this study was to investigate the
genetic basis for beta-Iactamase production in
S. aureus isolates from bovine mastitis in Den
mark. The genes encoding beta-Iactamase pro
duction in isolates of bovine orig in were com
pared with the published blaZ sequences and
the genetic position was determ ined. Finally,
the transferability ofbeta-Iactamase product ion
from S. aureus isolates of bovine origin was in
vestigated.
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Table 2 . Primers used to characterize the blaZ gene and the blaRllblaZ sequence from penicillin resistant S.
aureus" .

Primer

BlaZAI
BlaZ A2
BlaRI B1
BlaZ B2

Sequence (5 '-3 ')

AAG AGA TTT GCC TATGCT TC
GCT TGA CCA CTT TTA TCA GC
GTT GCG AAC TCT TGA ATAGG
GAA GCA TAGGCA AAT CTC TT

Position"

169-188
667-686
5018·5037
5567-5586

a Primers blaZ A I and blaZ A2 were used for PCR amplification of the internal region of the b/aZ gene. Prim
ers blaR1 Bland blaZ B2 were used for PCR amplification of a sequence running from the b/aR1 gene flanking
the b/aZ gene into the b/aZ gene.
*Positions refer to sequences published in GenBank . For primers blaZ A I and blaZ A2 positions are based on
the published sequences of the b/aZ gene, access numbers are M15526, M25252, M25253, M25254, M25257,
U58139, X04121, XI6471 and X25734 . For primers blaRI Bland blaZ B2 positions are based on the published
sequence of the transposon Tn552 , access number is X52734 .

Institut, Copenhagen as previously described
(Aarestrup et at. 1995).

PCR amplification oJblaZ
PCR amplification was performed as previ
ously described (Aarestrup et at. 1996). Prim
ers were designed according to the published
sequences of the blaZ gene (Chan 1986, Wang
& Novick 1987, East & Dyke 1989, Gillespie &
Skurray 1989, Rowland & Dyke 1990, Mas
saida & Varaldo unpublished) and the blaR 1/
blaZ sequence from the transposon Tn552
(Rowland & Dyke 1990). All primers used are

listed in Table 2.
All PCR amplifications were run with 1.5 mM
MgCI2 and an annealing temperature of 54 °C.
PCR amplification of the internal region of the
blaZ generates an expected PCR product of518
bp.
PCR amplification of the sequence running
from blaR I into blaZ generates an expected

PCR product of 569 bp.

DNA sequencing
The nucleotide sequences of the amplification
products from 2 isolates were determined by
cycle sequencing (Sears et at. 1992) using the
Amp1itaq FS dye determinator kit and a 373A
automatic sequencer (Applied Biosystems, Per-

kin-Elmer, Foster City, Calif.). DNAsis soft
ware (Hitachi Software Engineering Co., Ltd .)
was used for sequence analysis.

Plasmid DNA
Plasmid DNA was prepared from 40 isolates
(1-29,35,36,43,46-48,50, 54, 55, 57 and 58)
as described by Wegener & Schwartz (1993)
with the following modifications. Ten mL of
trypticase soy broth (TSB) supplemented with
10% yeast extract was inoculated with one col
ony from bovine blood agar. Benzylpenicillin
(Levens Kemiske Fabrik (LEO), Ballerup,
Denmark) was added to a final concentration of
8pg/mL and incubated at 3?OC until the optical
density (OD) at 650 nm was between 0.5 and
0.8. For each plasmid preparation 2 mLlOD65o
was used .
After centrifugation the pelleted chromosomal
DNA and proteins were removed and the super
natant was extracted once with an equal volume

of phenol :chloroform:iso-amylalcohol (25:24: I)
and once with an equal volume of chloro
form :iso-amylalcohol (24: I) . Plasmid DNA
was sedimented by addition of 35 pL ammo
nium acetate (3 M) and 350 pL iso-propanole
and incubated at -20°C for one h. The plasmid
DNA was sedimented by centrifugation at
13,000 rpm for 10 min . at 4°C. The supernatant
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was discarded and the DNA pellet dried and re
suspended in 20 jiL TE-buffer (10 mM/mL
Tris, one mM/mL EDTA).

Chromosomal DNA
Bacterial chromosomal DNA was obtained
from isolates I-58 as previously described (Aa
restrup et al. 1995) with the following modifi
cations . Bacterial isolates were grown over
night in 10 mL TSB, supplemented with 10%
yeast extract. Benzylpenicillin was added to a
final concentration of 8 jig/mL. The overnight
culture was centrifuged and the precipitate re
suspended in 567 jiL TE-buffer. After Iysation
of the cells, proteins were removed by addition
of 15 jiL of proteinase K (10 mg/mL) (Merck,
Darmstadt, Germany) . After extraction with
phenol chloroform, the DNA was precipitated
with 500 jiL iso-propanol and centrifuged at
13,000 rpm for 10min. at 4°C. The supernatant
was discarded and pellet was washed with one
mL 70% ethanol followed by centrifugation.
The precipitate was dried and resuspended in
100 jiL TE-buffer.

Enzymatic digestion ofchromosomal DNA
The amount of DNA in each sample was meas
ured using Genequant RNNDNA calculator
(Pharmacia, Copenhagen, Denmark) following
the manufacturers recommendations.
Two jig of DNA was digested overnight with a
restriction enzyme. EcoRI, HindIII, PstI and
EcoRV (Amersham International , Arlington
Heights, IL, the United States) were used. The
3 first enzymes have no restriction sites in the
blaZ gene, while the last enzyme has one re
striction site in the gene according to the pub
lished sequences for the blaZ gene (Chan 1986,
Wang & Novick 1987, East & Dyke 1989, Gil
lespie & Skurray 1989, Rowland & Dyke 1990,
Massaida & Varaldounpublished).
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Gel electrophoresis
DNA fragments were separated in a 0.8% aga
rose gel. Plasmids in Escherichia coli V517 and
E. coli 39R861 served as molecular weight
markers for size determination of plasmids.
HindIII digested lambda-DNA served to deter
mine the size of the digested chromosomal
fragments .

DNA blotting
DNA fragments were transferred onto a Hy
bond-N membrane (Amersham, Arlington
Hights, IL, the United States) by standard
Southern blotting using 20xSSC as transfer
buffer.

Hybridi sation
Digoxigenin labelled probe (518 bp) for the
blaZ gene was prepared by PCR amplification
using the primers described in Table 2. Probe
DNA was purified using Qiagen spin columns
(Hilden, Germany) . The obtained PCR product
was labelled with digoxigenin-II-dNTP using a
DNA labelling and detection kit (Boehringer,
Mannheim , Germany). The filters were hybrid
ised at 60 °C using a digoxigenin staining kit
according to the manufacturer's recommenda
tions (Boehringer, Mannheim , Germany) .

Transfer studies
The 4 isolates (21, 35,47 and 55) containing a
beta-Iactamase encoding plasmid and isolates 4,
8 and 9 with blaZ positioned on the chromo
some were investigated for their ability to trans
fer beta-Iactamase production to isolate 59 us
ing surface (plate) mating technique . Selective
Mueller Hinton plates containing (i) 5 jig/mL
penicillin; (ii) 100 jig/mL rifampicin (Sigma
Chemical Co., St. Louis, MO, the United States)
and 20 jig/mL fusidic acid (Levens Kemiske Fa
brik (LEO), Ballerup, Denmark); (iii) 5 jig/mL
penicillin with 100 jig/mL rifampicin and 20
jig/mL fusidic acid were used for selection.
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Table 3 . Size of chromosomal fragments containing the blaZ gene after digestion with the restriction enzyme
EcoRI in relation to decade of isolation .

Location of blaZ

Chromosomal

Total number of isolates

Source (decade)

1950·ties

1990'ties

Fragment size(s) (kbp)

9.5
14

8
9.5
13
17
20

6 and 8

Number of isolates

5
4

7
27
3
I
4
3

54

Results
Beta-lactamase test
All 58 penicillin resistant S. aureus isolates pro
duced beta-lactamase . The 3 penicillin sensi
tive S. aureus isolates (60-62) did not produce
beta-lactamase.

blaZ and blaRl/blaZ coding regions
Amplification products of the expected size
were obtained from all beta-lactamase produc
ing isolates (I-58), whereas no products were
obtained from beta-lactamase negative isolates
(60-62). Sequence determination of the PCR
products from 2 of these isolates (I and 2)
showed 99.6% homology to each other and
95.3% homology to the published sequences
(Chan 1986). Similar, from the PCR amplifica
tion of the fragment spanning the region from
blaR I into blaZ using primers blaR I BI and
blaZ B2 no product was obtained from isolate
60, whereas products ofthe expected sizes were
obtained from isolates I-58 .

Localisation ofthe S. aureus blaZ gene
The blaZ gene probe hybridised to the chromo
some in 54 isolates. The distribution of chro
mosomal fragment sizes obtained from diges
tion with EcoRI is shown in Table 3.
In 4 isolates (21, 35, 47 and 55) blaZ was posi-

tioned on a plasmid. Plasmid screening of 36
isolates with blaZ located on the chromosome
showed no beta-lactamase encoding plasmids .
The hybridisation positive plasmids were of dif
ferent sizes ranging between 36 kbp and 147
kbp. One ofthe 4 isolates harbouring a beta-lac
tamase plasmid was from the 1950'ties (phage
group III), whereas the other 3 were from the
1990'ties (2 from phage group III and I non
typable (NT)).
The blaZ probe hybridised to a single band in
55 isolates and to 2 bands in 3 isolates (15, 16
and 48). These were all from the I990'ties.
These isolates were further digested with re
striction enzymes EcoRY, HindIII and PstI to
investigate the possibility of existence of the
blaZ gene in more than I copy. The hybridisa
tion patterns for these isolates, when digested,
appeared exactly identical. When digested with
PstI 2 bands occurred . When digested with
EcoRV and HindIII only one band appeared.
Phage pattern and localisation of the blaZ gene
in beta-lactamase producing S. aureus during
the 1950'ties and 1990'ties are shown in Table
4. Bovine isolates were predominantly ofphage
group I and III, irrespectively of the period of
isolation. No significant changes in the location
of blaZ were observed between isolates from
the I950'ties and the 1990'ties.
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Table 4. Geneticlocation of theS.aureus blaZgene
in relation to phagepatternand decade of isolation.

Phage pattern 19S0'ties 1990'tie s

Plas- Chromo- Plas- Chromo-
mid somal mid soma l

Group I 2 17
Group II 7
Group III 6 2 10
GroupV
Type 95
NI 10
NT I

Total 9 3 45

NI: Sensitive to at least 2 typesof phagesbelonging
to different patterns. NT: Non typable.

Transferability
Beta-Iactamase production was transferred to
isolate 59 from isolates 21, 35, 47 and 55, but
not from isolates 4, 8 and 9.

Discussion
Production of beta-Iactamase is the most im
portant mechanism of penicillin resistance in S.
aureus isolates of both human and bovine ori
gin (Lacey 1984, Rosdahl 1985, Owens & Watts
1988, Aarestrup et al. 1995). In the present
study, the gene blaZ was detected by PCR in all
bovine , penicillin resistant S. aureus isolates
tested . By use of a second PCR, constructed to
amplify the region between blaRI and blaZ, the
location ofthese 2 genes was further confirmed.
The sequences of the internal region of the blaZ
gene showed 95.3% homology with the origi
nally published sequences (Chan 1986). Thus,
blaZ seems to be a highly conserved gene,
which has also previously been indicated from
sequence studies ofgenes obtained from human
isolates of S. aureus (Wang & Novick 1987,
East & Dyke 1989, Gillespie & Skurray 1989,
Roland & Dyke 1990). The full sequence of the
blaZ gene from a bovine isolate still remains to
be determined before the exact degree of ho
mology between isolates of bovine and human
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origins can be determined. The present study
suggests that human and bovine isolates share
the same beta-Iactamase encoding gene.
The blaZ gene was found mainly to be located
on the chromosome as only 4 isolates had blaZ
located on a plasmid. The chromosomal frag
ments that contained blaZ after digestion with
EcoRI were all above 6 kb in size. Only I hy
bridisation positive band was observed in all
but 3 strains . As blaZ is 846 bp long (Chan
1986), and the published sequences do not con
tain EcoRI restriction sites, it was concluded
that the majority of isolates only contain I copy
of blaZ. The distribution of fragment sizes ,
however, showed that the gene did not seem to
be in the same genetic surroundings in all iso
lates investigated.
The hybridisation patterns indicated the pres
ence of4 different penicillinase plasmids in the
investigated S. aureus strains with sizes ranging
from 36 kbp to 147 kbp. Three out of 4 isolates
that carried blaZ gene on a plasmid were of
phage group III. Rosdahl (1985) found that
71% of human penicillin resistant isolates that
belonged to phage group III, contained a beta
lactamase encoding plasmid. In the present ma
terial of bovine origin this proportion was 16%.
Taking into account that only 58 isolates of bo
vine origin were investigated, this might not be
the true proportion.
Investigations of human isolates of phage group
II showed that a greater proportion of recent iso
lates carried the blaZ gene on a plasmid com
pared to older strains (Skov et al. 1995). Our ma
terial of bovine origin contained 7 isolates be
longing to phage group II. These were all from
the 1990'ties and all had a chromosomal location
ofthe blaZ gene. Comparison ofthe isolates from
the 1950'ties and the 1990'ties showed no ten
dency towards an increasing proportion of iso
lates with the blaZ gene on a plasmid. One out of
10 isolates had blaZ located on a plasmid in the
I950'ties and 3 out of48 isolates in the 1990'ties.
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Three isolates had an EcoRI hybridisation pat
tern, which could be indicative of the presence
of more than I copy of the blaZ gene. The re
striction patterns obtained after digestion with
EcoRV and HindIlI were, however, as expected
from the published sequences of blaZ (Chan
1986, Wang& Novick 1987,East & Dyke 1989,
Gillespie & Skurray 1989, Rowland & Dyke
1990). Thus, the presence of 2 bands after di
gest with EcoRI is probably caused by the pres
ence of a restriction site within blaZ in these 3
isolates.
Comparison ofphage patterns among penicillin
resistant isolates from the I990'ties with phage
patterns in a collection of penicillin sensitive
isolates ofbovine origin (Aarestrup et al. 1995)
showed no significant difference between the 2
populations indicating that there is no correla
tion between phage pattern and penicillin resis
tance in bovine isolates. This is in contrast to
findings among human isolates where a corre
lation between changes in phage pattern and de
velopment of penicillin resistance has been
shown (Rosdahl 1988, Renneberg & Rosdahl
1992). Comparison to phage patterns among
naturally occurring penicillin resistant strains
of human origin (Rosdahl 1985) showed some
differences in the distribution of phage pat
terns. The major difference was that no phage
group V or phage type 95 was found among the
bovine isolates.
In conclusion , this study demonstrated blaZ in
all S. aureus isolates from bovine mastitis re
sistant to penicillin. The sequences had a high
degree of homology with the sequences of the
blaZ gene published from human isolates, and
the blaZ gene and the blaR1 gene were located
close to each other. The blaZ gene was mainly
located in the chromosome among bovine iso
lates from the 1950'ties and I990'ties. There
was no indication of the existence ofa common
plasmid containing blaZ. No correlation
between penicillin resistance and phage pattern

was observed in isolates of bovine ongm.
Transferability of the blaZ gene was demon
strated from isolates containing plasmids but
not from the chromosome.
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Sammendrag
Forekomst afblaZgenet i penicillinresistente Staphy
lococcus aureus isoleret fra bovin mastitis i Dan
mark.

Otteoghalvtreds penicillinresistente Staphyloco ccus
aureus isolater med kendte fagtyper ITa mastitis hos
kveeg, som var isoleret i 1950eme (10 isolater) og
1990eme (48 isolater), blev undersegt for beta-lak
tamaseproduktion, forekomst af blaZ og blaR I, samt
lokalisering af blaZ. Aile isolater producerede beta
laktamase og indeholdt blaZ og blaRI. BlaZ genet
var placeret pa kromosomet i 54 isolater og pa plas
mider afforskellig sterrelse i 4 isolater. Sekventering
af en del af blaZ i 2 isolater viste en hej grad af ho
mologi til de publicerede sekvenser fra humane stam
mer. BlaZ kunne overferes til en felsorn S. aureus
stamme fra de 4 isolater, hvor blaZ var placeret pa
plasmider, mens det ikke var muligt at overfere blaZ
fra 3 isolater med kromosomal placering . BlaZ og
blaR I geneme var placeret nrer hinanden som tidli
gere beskrevet. Det var ikke muligt at observere no
gen korrelation mellem fagtype og penicillinresis
tens, hvilket er i modsretning til det, der tidligere er
blevet rapporteret for humane stammer. BlaZ er tilsy
neladende stadig primrert kromosomalt placeret
blandt danske bovine stammer, hvilket er i mod
sretning til situationen blandt humane isolater, hvor
der er sket et skift mod en eget forekomst af plasmid
medieret betalaktamase produkt ion.
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