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Bovine mastitis is caused mainly by certain Staphylococcus and Streptococcus
species. The sequences of the 165-23S rRNA spacer regions were determined
for the nine species which cause mastitis: Staphylococcus aureus,
Staphylococcus chromogenes, Staphylococcus epidermidis, Staphylococcus
hyicus, Staphylococcus simulans, Staphylococcus xylosus, Streptococcus
agalactiae, Streptococcus dysgalactiae and Streptococcus uberis. Significant
variation was found between the spacer sequences of different species with
the lengths of the spacers varying from 240 to 461 bp. Between genera the
spacers shared only short conserved regions (8-9 bp) and within genera the
sequence identities varied from 53 to 85%. This variation made it possible to
construct specific primer pairs for these species and genera. The specificities of
these primers were tested with 25 bacterial species and 51 isolates from cattle
with clinical mastitis. The DNA-based identification of the mastitis species was

mostly successful.
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INTRODUCTION

Bovine mastitis is a multifactorial disease and is one of
the most difficult to control. It can be caused by many
different bacterial species, the most common of which
are Staphylococcus and Streptococcus species. The
prevalence of different species varies geographically,
temporally and also due to control measures adopted in
herds. In addition, different pathogens are typical of
different types of mastitis (clinical, subclinical or heifer
mastitis).

In many countries the most common bacterial species
causing mastitis are Staphylococcus aureus, Strepto-
coccus dysgalactiae and Streptococcus uberis (Aarestrup
et al., 1995; Ministry of Agriculture and Forestry
Mastitis Committee, 1989; Jonsson et al., 1991). Strepto-
coccus agalactiae was previously the most common, but
due to the use of antibiotic therapy its prevalence has
decreased in many countries (Bramley & Dodd, 1984).
The importance of coagulase-negative staphylococci
(CNS) as pathogenic agents has been under discussion

Abbreviations: ATC-PCR, Air Thermo-Cycler PCR; CNS, coagulase-nega-
tive staphylococci.

The GenBank accession numbers for the sequences reported in this paper
are U39765-U39773, U39813-U39814 and U90010-U90027.

(Kloos & Bannermann, 1994). CNS are part of normal
skin flora and have previously been regarded only as
minor pathogens. However, the proportion of CNS
mastitis has increased markedly during the last decade
(Myllys et al., 1994). The most frequently isolated CNS
species include Staphylococcus byicus, Staphylococcus
simulans, Staphylococcus epidermidis, Staphylococcus
chromogenes and Staphylococcus xylosus (Harmon &
Langlois, 1989; Jarp, 1991; Todhunter et al., 1993;
Aarestrup et al., 1995 ; Honkanen-Buzalski et al., 1994).

The identification of pathogens causing mastitis is
important for disease control and epidemiological
studies. In a clinical laboratory this is done using
traditional microbiological methods (Klastrup &
Schmidt Madsen, 1974). The species determination
usually takes at least 24 h. There are no rapid and cheap
methods available for the classification of CNS to the
species level and therefore CNS species are usually
determined only at the group level. There are com-
mercial biochemical kits available for the determination
of CNS species (e.g. API-Staph, Staph-Ident, Staph-
Trac, Staph-Zym) but they have proved unreliable for
the identification of veterinary pathogens (Watts &
Yancey, 1994).

The development of molecular biological methods, such
as nucleic acid analysis, protein patterns or fatty acid
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profiles, has added possibilities for the rapid identi-
fication of bacteria (Busse et al., 1996). Species-specific
DNA sequences can be used for the identification of
bacterial species. The 165-23S rRNA intergenic spacer
of the ribosomal RNA operon (rrn) has proven useful
for identification of strains and species (Barry et al.,
1991; Jensen et al., 1993; Giirtler & Stanisich, 1996).
The spacer region is considered non-functional and is
consequently argued to be under minimal selective
pressure (Barry et al., 1991). Its evolutionary rate is 10
times greater than that of 16S rDNA (Leblond-Bourget
et al., 1996), the sequence of which is routinely used for
phylogenetic studies of bacteria (Ludwig & Schleifer,
1994). The high evolutionary rate makes it possible to
distinguish closely related bacterial species.

The aims of this study were to determine the sequences
of the 165-23S rRNA intergenic spacers from the most
common staphylococcal and streptococcal bovine mas-
titis pathogens and to investigate the possibility of
designing species-specific oligonucleotide primers from
the spacer sequences for the rapid identification of these
bacterial species.

METHODS

Bacterial strains and culture conditions. All bacterial species
and strains used in this study (Table 1) were grown aerobically
in Tryptic Soy Broth (Difco) at 37 °C. Most of the specificity
control species (Table 2) were obtained as cultures on agar
plates or as DNA. The rest of the control species (e.g. all
Lactobacillus species) were grown as recommended in the
ATCC catalogue. Mastitic milk samples were obtained from
the Food and Environmental Laboratory, Oulu, Finland and
from the National Veterinary and Food Research Institute
(EELA), Helsinki, Finland. Milk samples were cultivated
overnight on M17 (Difco) agar plates at 37 °C. The total
bacterial mass was harvested for DNA isolation. For PCR
sensitivity tests, Sta. aureus DNA was isolated directly from
mastitic milk according to the method described by Hynes et
al. (1992).

Bacterial DNA isolation and amplification of spacer region.
Genomic DNA was isolated by the method of Anderson &
McKay (1983) with modifications described by Steenson &
Klaenhammer (1985). Oligonucleotide primers used for ampli-
fying the 165-23S rRNA intergenic spacer region were selected
from the conserved regions at the 3’ end of the 16S rRNA and
the 5' end of the 23S rRNA genes. The sequences of the
primers were 5 GTCGGAATCGCTAGTAATCG 3’ for 16-
1A (bases 1333-1352 in the Escherichia coli 16S rDNA
sequence, A14565) and 5" GGGTTCCCCCATTCGGA 3’ for
23-1B (bases 130-114 in the E. coli 23S rDNA sequence,
A14566). PCR was performed in a DNA thermal cycler 480
(Perkin-Elmer) with a DyNAzyme DNA Polymerase Kit
(Finnzymes). A typical reaction mixture (50 pl) consisted of
reaction buffer (10 mM Tris/HCI, pH 88, 1-5 mM MgCl,,
50 mM KCl, 0-1% Triton X-100), 200 uM each dNTP, 1 uM
16-1A and 23-1B primers, 5 ng bacterial DNA and 0-5U
DyNAzyme DNA polymerase. The reaction mixtures were
overlaid with mineral oil (Sigma), incubated at 92 °C for
2 min, then subjected to 30 cycles of 95 °C for 30's, 55 °C for
30's, 72 °C for 30 s. Amplification products were analysed on
1:5% (w/v) agarose gels.

Sequencing methods. PCR products from the spacer regions
were sequenced directly by a cycle sequencing method using a
CircumVent Thermal Cycle Dideoxy DNA Sequencing Kit
(New England Biolabs). Sequencing reactions were performed
using 15 cycles of 95 °C for 40 s, 55 °C for 30 s and 72 °C for
2 min. The oligonucleotide fragments produced were sep-
arated on polyacrylamide gels (Sequagel-6, National Diag-
nostics). Both strands of DNA were sequenced. If the
sequencing was not performed using the total PCR products,
the products were cloned into a TA-cloning vector (Original
TA Cloning Kit, Invitrogen). Ten positive clones were selected
from each species, and plasmid DNA was isolated by alkaline
lysis—-PEG precipitation (Sambrook et al., 1989). Inserts were
sequenced using a CircumVent Thermal Cycle Dideoxy DNA
Sequencing Kit or DNA Sequencing Kit for the ABI Prism
automatic sequencer (Perkin Elmer).

Analysis of sequence data. The sequences were analysed with
DNAsIs version 7.0 (Hitachi), and with GCG version 6.0
(Devereux et al., 1984).

Table 1. Bacterial strains used for determination of 165-23S rRNA spacer sequences

Species Strain* Length of tRNA in GenBank accession no.
spacer (bp) spacer

Str. agalactiae ATCC 27956 279 Ala U39765

Str. dysgalactiae ATCC 27957 285 Ala U39767

Str. uberis ATCC 27958 340 Ala U39768

Sta. aureus ATCC 25923 458 Ile U39769

Sta. chromogenes ATCC 43764 279 - U39770

Sta. epidermidis ATCC 12228 261-263 - U39771, U90018-U9%0021

Sta. hyicus KNS 264/92 375-380 - U39772, U90010-U90015
461 Ile U90016

Sta. simulans ATCC 11631 240-242 - U39813, U90022-U90027
333 Ile U39814

Sta. xylosus ATCC 12162 283 - U39773, U90017

*The ATCC strains were obtained from the American Type Culture Collection, Rockville, MD, USA
and the KNS strain was obtained from EELA, National Veterinary and Food Research Institute,

Helsinki, Finland.
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Table 2. Bacterial strains used for assessing the specificity of primers

Species

Strain

PCR products*

Actinomyces pyogenes
Bacillus cereus
Corynebacterium bovis

Enterobacter cloacae

Enterococcus sp.

Escherichia coli

Klebsiella oxytoca

Klebsiella pneumoniae

Lactobacillus acidophilus

Lactobacillus casei

Lactobacillus delbrueckii

Lactobacillus belveticus

Lactococcus lactis

Leptospira borgpetersenii serovar
hardjo subtype hardjobovist

Micrococcus varians

Mycoplasma bovis

Nocardia brasiliensis

Peptococcus indolicus

Propionibacterium freudenreichii

Pseudomonas aeruginosa

Str. bovis

Str. thermophilus

Str. zooepidemicus

Isolated from mastitic milk+
Isolated from mastitic milk$
EMO-M/18-1-174

Isolated from mastitic milkt
Isolated from mastitic milkt
Isolated from mastitic milkt
Isolated from mastitic milk}
Isolated from mastitic milk}
ATCC 4356

ATCC 27092

ATCC 15808

ATCC 15009

F7/2 industrial starter strain
Clinical isolate

Isolated from mastitic milkt
Donetta

HAMBI 1960

AHC 14990+

ATCC 6207

Isolated from mastitic milk}
ATCC 27960

ATCC 19987
EMO-M/18-111-63%

STAX (150 bp—2-8 kb)
STRA (1-5 kb);
STAS (2-4 kb)
STR
STAX (200 bp—1'6 kb)

STAX (500 bp—1 kb)
STAH (240 bp)

STR
STR
STR

* The DNA of these strains were tested with STAA, STAC, STAE, STAH, STAS, STAX, STRA, STRD,
STRU, STA and STR primer pairs (Table 4). Primer pairs which yielded a PCR product are indicated.

t The subtype was determined by restriction endonuclease digestion of genomic DNA.

$Strains isolated from mastitic milk were obtained from EELA, National Veterinary and Food

Research Institute, Helsinki, Finland where the species was determined.

PCR with species-specific primers. Based on the comparison of
the nucleotide sequences of the spacers, specific primers were
designed for each of the species. Genus-specific primers for the
Staphylococcus and Streptococcus species included in this
study were also constructed. The PCR reactions were carried
out as above using optimized MgCl, concentrations for each
primer pair (see Table 4). A rapid new generation thermal
cycler, Air Thermo-Cycler (ATC, Idaho Technology), was
also tested for amplification with the specific primer pairs.
ATC-PCR uses glass capillary tubes instead of microcentrifuge
tubes, which are incubated at 94 °C for 15 s, then 30 cycles of
94 °C for 0's, 55 °C for 0's and 72 °C for 15 s. This program
takes a total of 15 min instead of 2 h using a conventional
thermocycler. The reaction buffers included 0-25 ug BSA ml~.
The MgCl, concentrations used in ATC-PCR are listed in
Table 4.

RESULTS AND DISCUSSION
Ampilification of the spacer region for sequencing

Primers complementary to conserved sequences near the
3’ end of the 16S and the 5" end of the 23S rRNA genes
were used to amplify the 165-23S spacer from nine

species which commonly cause mastitis. In staphylo-
coccal species more than one PCR product was detected,
although in all cases one band predominated. It is
known that the bacterial genome can contain several rrn
operons, e.g. Sta. aureus has nine operons (Giirtler &
Barrie, 1995). The size of the main band differed between
species. The weaker bands may also represent hetero-
duplex molecules resulting from cross-hybridization of
amplification products from different kinds of operons
(Jensen & Straus, 1993).

Sequencing the spacer regions from total PCR
products

The 165-23S spacer region from streptococcal species
and Sta. chromogenes could be sequenced directly from
the PCR products. This indicated that there was a low
level of sequence variation in the rrn operons within
these species. Only the spacer sequence of Sta. chromo-
genes contained a variable nucleotide site (marked S at
position 331 in Fig. 1a), with both G and C detected at
this position. The previously published spacer sequence
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of Str. agalactiae (GenBank accession no. L31412; Hall
et al., 1995) was compared to our Str. agalactiae
sequence and only one insertion/deletion and one
substitution were found (positions 98 and 351 in Fig.
1a). Sequencing of the spacer region from Sta. aureus,
Sta. epidermidis, Sta. hyicus, Sta. simulans and Sta.
xylosus gave multiple sequences that could not be read,
suggesting the presence of insertions and /or deletions in
the 165-23S spacer regions of different rrn operons. The
purification of the main PCR product from agarose gels
for sequencing did not improve the readability of
sequences, possibly because the insertions and/or de-
letions were too small to cause sufficient length variation
in the spacers. The aligned nucleotide sequences of the
spacer regions of streptococcal species are shown in Fig.
1(b) and the spacer region of Sta. chromogenes is shown
in Fig. 1(a).

Sequencing the spacer regions from plasmid clones

The PCR products from the spacer regions of Sta.
aureus, Sta. epidermidis, Sta. byicus, Sta. simulans and
Sta. xylosus were cloned into TA-cloning vector. Ten
clones from different PCR amplifications were se-
quenced from Sta. epidermidis, Sta. byicus, Sta. simulans
and Sta. xylosus. Several different spacer sequences were
obtained: five from Sta. epidermidis, seven from Sta.
hyicus, eight from Sta. simulans and two from Sta.
xylosus (Fig. la, clone types A-H). Most of the
differences between the sequences from a single strain
were single base insertions/deletions and substitutions.
Given that the rate of artefactual misincorporation
during PCR is relatively low and random, it is likely that
these differences represent mutations present in the
genome. The first sequence shown for each species (Fig.
la) was obtained from clones from two independent
amplifications. Some substitutions and insertions/
deletions of tRNA genes were also found. All the
streptococcal species had a tRNA-Ala gene in the spacer
and Sta. aureus, Sta. byicus and Sta. simulans had a
tRNA-Ile gene in some of their rrn-operons (Fig. 1,
Table 1). In general, however, the sequence variation
within species was very low. From Sta. aureus only one
clone was sequenced, since the sequences of all Sta.
aureus rrn operons have been published previously by
Giirtler & Barrie (1995). Our cloned Sta. aureus spacer
sequence was 99% homologous to the allele rrnF
(GenBank accession no. U11779; Giirtler & Barrie,
1995), with only three single base insertions/deletions
and four mismatches.

Sequence variation between species

The pairwise sequence identities between 165-23S
spacer sequences of different species were calculated
using the DNA Maximum Homology program of
DNASIS (Table 3). This program favours short deletions
over long ones and may overestimate the influence of a
long deletion on the degree of DNA identity. The

sequence identity between species within a genus varied
from 53 to 85%. The calculated sequence identities
between species of different genera were about 50 %, but
because gaps were used freely, this is an overestimate.
The sequences were aligned manually in Fig. 1(a) and (b)
to minimize the number of sequence differences. The
spacer sequences for Str. bovis (GenBank accession no.
U39766; this study) and Str. thermophilus (U32965;
Tilsala-Timisjirvi & Alatossava, 1997) were included in
the alignment (Fig. 1b) to obtain more information
about the variation of the spacer regions within the
Streptococcus genus. This knowledge was important for
the design of species-specific primers. The amount of
sequence difference between staphylococci and strepto-
cocci prevented their reliable alignment. The only
regions of sequence similarity (> 8 bp) between these
two genera have been indicated in the alignments (Fig.
1a and b). Both conserved regions are important for
RNA processing (Chiaruttini & Milet, 1993). When com
paring the species within genera, the 3’ terminal third of
the spacer region was found to be highly variable and
difficult to align, especially in staphylococcal species.
The 5’ terminus was more conserved (Fig. 1).

Design of primer pairs from the species-specific
sequence regions

The variation between the 165-23S spacer sequences of
different mastitis pathogens made it possible to design
specific primer pairs for each of the nine species
considered in this study. The oligonucleotides were
selected near the ends of the spacer region (Fig. 1, Table
4). In addition, primer pairs for Staphylococcus and
Streptococcus were designed (Fig. 1, Table 4). The
primer pairs were selected so that the same PCR cycling
conditions could be employed for all of them. The
optimum MgCl, concentrations were adjusted for both
conventional PCR (Perkin-Elmer 480) and ATC-PCR
(Table 4). There was some sequence variation within
species at the primer regions. In those cases the primers
were selected from the most common spacer type.
Species-specific PCR primers have been published pre-
viously for some of the species (although not for strains
isolated from cases of bovine mastitis) from the 16S
rRNA gene, e.g. Sta. aureus and Sta. epidermidis (Saruta
et al., 1995; Gribaldo ez al., 1997).

Sensitivity of the primers

Products were detected using as little as 50 pg purified
bacterial DNA, with 35 cycles in PCR. The DNA
concentrations were measured with a spectrophoto-
meter (Gene Quant II, Pharmacia Biotech) and with a
fluorometer (TKO100 Mini-Fluorometer, Hoefer Scien-
tific). When the sensitivity of the primers was estimated
by isolating DNA directly without cultivation from
mastitic milk samples containing Sta. aureus, a 1 pl milk
sample containing 40 c.f.u. yielded a PCR product
(results not shown).
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(a)

1 10 20 30 40 50 60 70 80 90 100
Ul1779 AAGGATA-TA TTCGGAACAT CTTCTTCAGA AGATG----C |[GGAATAACG- -TGACATATT GTATTCAGTT TTGAATGTTT ATTT----AA CATTCAAA-- 196
au Fkdedkdedok otk kdkdkedkdeokd dhdrkdddddd Adddd W [kl k_ Lk kkkkkdekk kkdefehekhkk ok kkkkkhdek ko hkkdk ek k ddkekkkkokde 87
cr FddedkdkkDkde KARRNERTRE FQOTRATRAG Cr*¥ ¥ AA———— [Khhdhkkdk k(G _Phkkkhkdkdkh Ik kPekhkkdhdd *kkdkhk*CkC *** ¥ TOGAGE * ¥ ¥k kk ke 93
ep-A Fkkdkkkokk hkkkkokkkkh KRNRNAN—NE WA RARD— [RRGRRI ke _k kIR AR R Rk KA E K Kk kTR RR AR Ak kk hkkdh 82
ep_B dedkkdkdkk ok k kkkhhkkkkk khkkk Ak ddk Ak kAR N AR GRkkhk ko okkhkdeodkdk ok dpekhkhkok kokkdkddokkk kb ek ke dedkkdeh 82
ep-C Fedededed ok okk AR K Rk d KA KRR ARk dkk kNG (hekkkdoddeokd L deddkddekkord dekkfiokddkdokode dedokdokddkok ek dedk ek dokekkokh 84
ep_D Fhedkddkmkk kkkdkhkhkhkhkkhk hhkhkAkokdk khkkd NG [khkkkdkkhdho _kkkddkdkodkdkk dkdkkekkkkkd kdkkkdkkddhkdk Ak ke _kk kkkkk ko 84
ep-E Fokkkkkkokk kkkkkk ko h Ak R AN Nk kKA Mok Ghkkkkk . _kkkdekdokdedk kokkfekddodok ke dekkkkdok ko kkwo ok kkkk ko 83
hy-A Fdedkkok ke kk ARREANRTHE FQONRRAGHC GHTA—c——o [krkdkddddd_ DNNdekdhkdkdk *hklekhkddkd dhkhkk*(hC *¥ XX ToGAGGE —******C— 90
hy-B Fkkkkk Rk Akk KKKk kkThk KGORKSAGKC GXTA—————* [hkdkdddrrh_ ARkkkhdkddh dkkPrhkdkdkdd *kkrkkkChC ¥ kXX T-GAGG ~****¥*Cou 90
hy-C dkkkkdkkd KPR KKk *TRR KGORKNAGHC GFTA=mmmm® [Fhkddkdhkk kG PAAF A kkdkdk dhkfrkkddkkde khkkhkkChC A WX XToGAGGE —**¥**¥**Cou 91
hy-D dokkkkkk Nk APk kk kR Thk KGO, KAGKC G TAm————% [kkdkkkdkhho ARNkAhkokoksk [P —— Tk Ak *h*OXC *E*NT-GAGG ~** ¥ Xk * e 90
hy-E Kkkkdkk Pk kPRI K KX RThA KGR AR KAGHC GFTA-—m—=® [WRI ¥ kA k&G PRk hdkhdk Fhkferkhdks Kk kkdhk*CHC *¥X**¥T-GAGG —**¥***C—— 90
hy-F FhhkkkkPkk KPKKKRNPRY *GOH**AGYC GHTA-—m—=* [Fhhkkddkdh . DARkkkkhhhhk *hdbkkhhkd *kkkk*kkCAC ***¥*TaGAGG —****¥*Cou 90
hy-G dkkdkkh Dbk ADRkkkkT,, kGEARKAGHC GFTA—————* [FrAk*khk kG _Akkhkkkkk *hkfehdkdkkdd Ahkkdkdkk*kCkC ¥ kX ¥ APTGKG —****M**TT 93
si-A Thdkkkk_kdk WNRERAIARRG TRNRQGOAG* * *ACK A AAN-* [k kdekdddedh_ _dkkdkkdkdokdr dkkfkdhhkkdd dkkdkhkhdkh FhbkhaGAK, *xkhdrerGo 93
si-B Fkdedk kA Phk hkkkk Rk kR (G THA*GCOAGK* ¥ACHHFADD-F* [krdddddkdd_ _kkkkhddhd dkdfehdhhdh dhddkdhkhhd *hrkk__GAKK Sk rkkr G- 94
si-C Fkkdkdkh_kk kkkkkk kARG The*GCAGH* *ATHFARR— [Fkddkkhddr_ _kkkdkdkdhd kkkfedkdkdhd dkddkdkddhdd khkkkoGAXK *kkddhh kG 93
si=-D Fdkdkkkdk hkkhkhkhkd A T dGCAGY* ¥AT**ADAA—F [hddkhkhkhho _ddkdkhkhkakkd kkk dekdkhk kkkhkhkhkd khkkao(GAK Y Kk hkdkk (G 93
si-E dkkdkkkodd kkkkkk kR k(G TH**GCAGH* YACH¥ADA-T [Frhdkhhddh _kkkkhkdhkh dhkfekkhhhh Ahdkdkhhhhd *kkk o GAKN Fkdh ok kG 93
si-F FkkkdkdhPhok khkkkkkkd(G Terk¥GCAGH* *ACK*AAQ-T [Fhrsddkhh_ _dkhkhkddd dhkfekdddkdd khkkhhddkd *rkhko_GA¥Y, *kkkkkrkGo 94
8i-G kR kR ook kkkdokdk ko k(G ThrkGOAGR* *AC,FARR~* Prkdedkkkhko _kkkkkdkddd dkdfokddkhhk kkdkddkdedddr khkkk—oGAKK *kkkdkhxrGo 94
si-H Kkkkddk_dk Kkkkkdkrk(G TrR*GOAGH* *ACK*ADA—* [rkddkkdddh_ _dkkdkhdkd ***t****** dkkkkhhkdkkd khkko_(GAKk XXX KXXXCGT 94
XY-A Thdkkdhokd kkkkdkkkkkr kehRAATREE AASNRACAGR (Ahkkkdk kAT wkkkkkddkd ddhkfekdrdhdd *hkhkk*xCxC ¥* koo GGXG TH¥*¥**¥—_GT 93
xy-B kkkkkdkk_kk kkkkkhkokhk Kk k kA ATRRG kR AR QCAGA KRk kkk kAT —kkhkkkkokk ddokfedokkdkh kkkkkkk Ok kR k—__GG*G Tr¥***__GT 93

T tRNAl]e

110 120 130 140 150 160 170 180 200
U11779 AAAATGGGCC TATAGCTCAG -CTGGTTAGA GCG-ACGC-T GATAAGCGTG AGGTCGG-TG GTTCGAGTCC ACTTAGGCCC TTATTTGTAC 286
au Ik khkkkhd Ahkdkkkkhh okhkkkkkkk Ak RCHA ARk Kk kkhdbhhd khkkhkkkk khkkhdddokk wh bk kxR dkkxkkkrk 178
cr ——-Ar*rExr 100
ep-A P 2 2 89
ep-B ——k kR 89
ep-C s 91
ep-D e 4 91
ep-E —— ke ke kR Kk 90
hy-A ——— PR KRR AR 97
hy-B - X 97
hy-C e 98
hy-D . N 2 2222 97
hy-E — i 97
hy-F — 97
hy-G dk okt ek kkkkkkkk (GChkddkhkhkhk Ak kChkhk T *hkhhhhdkdh SkkkkhkhOhk Fhhkdkdhrkhd *hkddkddhhd *dkskomm frkkk xRk k]84
si-A ——=A¥*kxkx 100
si-B ———Axkxkxx 10)
si-C ———Ar**EE* 100
si-D ——-PAXkE*E* 100
si-E ———A¥vEsEr 100
si-F ——-AxExEx+ 101
si-G ——=PAFkktkk 101
si-H GHFGR**dokdh kdedkkkkdkk  ddhkokkkkk FdkChrk(Ch dokkdkkddokhd Sk dkdkdkh_kk khhkkkk ko Ak kkkkkdkdkk Kk kX PTPTGR ¥+ Thkkkssks 192
xy-A GC: A *PAkkkkkkkr 106
xy-B GC: D *PFkxkkxEF 106

210 220 230 240 250 260 270 280 290 300
U11779 ATTGAAAACT AGATAAGTAA GTAAAATA-- TAGATTTTAL CAAGCAARAC CGAGTGAATA AAGAGTTTTA AATAAGCTTG AATTCATAA- GAAATAATCG 383
au Fhdkkkhkdedk dkdkhkdkdkok kkkkkkk koo kkkkkdkkk ke kkdkdkokhkhkk hkkkkkkk ek Akkkhkkdkdhk kkkkkdokdk Ak Ahkkkkkkhho wkkkrkkkwr DTG
cr Ik hkdekdkhdkk Kbk hkhkkhk Fkkooo e Kkkkkkkkk e Kk kkkhhkk Ak kR kK Clm AR Ckmmmmk kk__kkdokk ok RN ARk ko __kkkTErx* 180
ep-A B L L S T e — ek ke dekkkkk ok otk kkkkkkkk [ Ak kkkkk ke Akkkkkkkdk kkkkkkkkh_ __wwkdkskdbt 175
ep-B Skt dekde dkdkkdekdokkk kool ok kkk okl ke kb kk ok ek bk ke kol kkk ok ke kb ok dok ok k ok bk hdk ek kkkh ok dx 175
ep-C KAk A kAR A KA kAR kR A Kb e cme kR ARk Akl A kAR kA kA Ak A A ok ko kk ok ke ok ko ko k dkkkk k. d ek ok ok ok 177
ep-D Fohkdkkkkok ok Akkk kR (ThK Kk ke k ok kA Rk ke kdkkk ok ok ok kkkokkdokk L bk ok ok ok kR Rk ko h Rk kR kG Yk ok kk kR k|77
ep-E R T ot R L2 . ek Rk ke ok ko kkkkk ok Rk ok ok ko kR kkkdk k kA ko ko kk ok kk ko kRN A _kkakrk* 176
hy-A Ak KKk k Ak ok kR k Sk ke kk ek kdkk ke ko kR k ok ok ok k ko Che Wk ook kk ok kkkkk KR _DkKAK . _kkkkThkk*x 178
hy-B Fkkkdkkkk ok ek kkkkk kK KOk mmm —— kkkkkkokkk ok k ok k ko k ok Ak Ak kOl Ak ROk ek ok ko kA kKR ARKD o ARk TAA R 178
hy-C Aok deokdekkdokk hokdokkkdekkde kk ke kkkkkdkkk ke kkkkkk ok kk KAk AR K Cpm Ak R Cheme ok Rk oKk kkkk KR LARKAR o ok kk*kThRAR* ]TQ
hy-D Ak H Ak Kk k hk kK kAR kK Kk ke ek khkkkbe kdkh ok ko ke Ak Kk ARl F AR Ch ok kkookkkkk ok kk_ Ak Ak bk Phkkx 178
hy-E kkkkkokkdk dkkdkkhokdkhk Fhko e e kkkokkdodedek[k kdkdkkdkdkk khkkkk k(e AR Rk ok Kk dkkkkk kR fik o kR kkTRRR* 178
hy-F dekdkkhkdkkhkk khkkkdkdkokkk Kk dekkkkk Rk ke Akkkdkkkkhk KA IR ACe ***Cho ok kS kkkhk kA _NRKDAS o _kkR*TRARE |78
hy-G Fk KA KKKk K kR KRRk Kk K o kk kR kok ke Rk ok ok ko k kk ok kAR Cle KR (Okmmmnd kkeokkkkk ok KA _DRRDAR . _kxk KPRk *x  DGH
si-A Fkkkkdkk Ak KkkRkkdokkdk KkkAkk Ak kkkkkkkk ki kkkkkkkkhkk kkkhkkkkf_ Thkhkkkkkhk ko kkdkkko Thrkkvk*TTA —**TGr**x% 103
si-B ek dekokokk dekdkkkk Rk kokk ok k ik Kk ko kk ke Rk ko Rk dkkkdek e Tk kR kk ok kkemk ok ke Tk kA kX PTA —kkTGRkkk* 104
si-C Fkdekk Ak I Rk Kk KRRk Rk Kk kA Ak kR kkkkkk[k K kkkkkkokk ok ek kkkkdkkfen Phhkkkkdkkkk kk_okkkkko ThikkRRkRPPA —*kTGRe*** 193
si-D Akkkkdkkkk Kk kR hkhhhdk hkA Rk A o kkkkh Ak ke khkkdhkkdkk kkkdkhkdkwfe Phhkdkkkkkdk kko_kkkkk_ ThAFARFTTA k¥ TGk **  ]QD
si-E Fhkokdkdkokoh Kkkkdeok ok k Kk ok kR R AR o dokkkkkkk okl kdkkkkkkk ke kkkkdkkk o Thokkkkkkdkk kho_kkkkd_ ThAkk**kTTA —**TGrkk¥*%* ]93
si-F dekkokkdokkok ok dkkkdok ko k kkkek kb e ekdkkokkdkokle Rk kdk ok kkk ek kok o Tk kkkkkkk ko _kkkkko Thukkx kPR —k*TGr**kk 194
si-G Fkkdekdkkkdkk Kk kkk ke ke KRR RKKAK o Kok kkhdok kB kkhkkhkkkk kdkkdkkkfeo Thkkkkkkkk kko_dkkkdk ThkkkE*PPR A ¥TGr**x* 1094
si-H dedddkedkdkkokok ok dekkkkokdokkk kdkk ek kAN dekkkkdokk ke kdkokkkkdokd dkk kb Thkkkdkkkk kkookdkkdk ko TrrkkkFAPTA —k*TGrkkk* 285
xy=-A dokkokdkkk koo Ak kol kkkk Kook kAR AT ko ko kkdkok okl kkkkQdkddkk kkdkkkkkklo Thhkhkhkakhk dkkkhk kA kk Kk kk kA QRR] kkkkkkkdkkx 205
xy-B EadhH Ik A I KhhAhk Ak ko Kk kAR ATI kkhk ko k ke KRR ARk hkk Akk ko k ek Phkkrkkkkd Kk kkkkkkkd kkkkAkQAR K] khkkkkrkkxe 205

Fig. 1. For legend see page 3497.
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U11779
au
cr
ep-A
ep-B
ep-C
ep-D
ep-E
hy-A
hy-B
hy-C
hy-D
hy-E
hy-F
hy-G
si-A
si-B
si-C
si-D
si-E
si-F
si-G
si-H
xy-A
xy-B

U11779
au
cr
ep-A
ep-B
ep-C
ep-D
ep-E
hy-A
hy-B
hy-C
hy-D
hy-E

u11779
au
chr
ep-A
ep-B
ep-C
ep-D
ep-E
hy-A
hy-B
hy-=C
hy-D
hy-E
hy-F
hy-G
si-A
si-B
si-C
si-D
si-E
si-F
si-G
si-H
xXy-A
Xy-B

310 320 330 340 350 360 370 380 390 400
C~TAGTGTTC =~=======~ ~== GARAGAA CACTCACAAG A-TTAATAAC GTGTTTAAAT C-----—- TTT TTATAAAA-- G
L0 L 0 0 1 5 L R — ek dekhk hkkkdkkkdkhkhk Ho_dkkkkkhkd khkhkkkhkkkk ke deded kddedkkokoded T
* ok kkkOGhE e —— *IChkk S********T *A******** TG**GG*TG* TG(;’I"I‘AT*G* ***ATT@_

KCHI AT I KEH e e mm hkkdekdk dkkhkkkhdkhkdr d_dkhkdkkhkhk TA****T*G(: TATTTA-*** *%* AT**CR—

Kok kKR KR o dkkkkkk kkkkkNIKCH K_kkkkkhkk TANKFHT*GC TATTTA-*** ***AT**CA-

W e de e e ke e ke e ———kkkkd ok ok kkdkkddkdkkdkk kodkdkkkkkd TAkk*RTHGC TATTTA-*** **kAT**CA-

Kok KKK e kkkkkkdk hkkkkkkkkk ko kkokokok ok ok ok TAX**x+T*GC TATTTA=**%* *%*AT*%Ch—

I L 2 2 2 S —— dokokkokdk dekkdkkokdeokkk kokdekkdokek TAK*k*THGC TATTTA-*** ***xAT**CA-

ok FAROGR* mmmmmm e —— A Chr*C Ghrkdkhk kT *Qkkkkkkdkx TGk*GGHTG* TGGTTAA*G* ***CTTCG*A TGACAGATAT T---~==TT*
I L 0 C o R — FHChh k(O Ghhkhksek kT *Akkkkkk*x TGx*GG*TG* TGGTTAA*G* ***CTTCG*A TGACAGATGT

de ek d ke CGH ok ———kkChk*¥NC Gh*kkdkkd T *DAkkdkkkddkk TGk*GG*TG* TmAA*G* * % * CPTCG*¥A TGACAGATGT

* ke kCG** ——mkH O INC Ghbkhk kb k kT *Dkkkkkdkh TG**GG*TG* TGGTTAA*G> ***CTTCG*A TGACAGATGT

ek k CGH % ———*kGhR k(T Ghdhkdkkkk kT *Rkkkkkddk TGrXGG*TGE TAAGTAG*GC A***GTT*TA GATACGATAA ACGTGAATT*
koK Rk k(O GE K ——k ROk xR G********T * Pk kkkkkdkk TOxFGGXTGGE TAAGTAG*GC A***GTT*TA GATACGATAA ACGTGAATT*
Kok kA KOG ¥ mommmmm e ——m KA Ch**C Ghrkkkkx*T *Akdkkkkdok TGKXGGXTG* TGGTTAA*G* ***CTTCG*A TGACAGATGT T==——--' TT
F—k%kx AR+ AATTGCCGAC m*'c‘*i‘ T*’ﬁ***ﬁtT e e de e de e de ok

k_dkdk AD*k AATTGCCGAC GGCAX*¥CH*T Thhkhkdkk kT *_ddkkdkkhk

*okk k¥ AAY* AATTGOCGAC GGCA**Cr*T Thhkkkkkx kT *kkkdhkdk

Kok ke R ARK* AATTGCOGAC GGCANXCHAT Thidkdkdek kT * ok kokkk k¥

*oddkkk ARk* ANATTGCCGAC GGCAX*¥CH *T Thikkkdk kP *_dkkkdkdddk

*odkkk AA** AATTGCCGAC GGUAX*¥CH*¥T Thakkkdrkd dodkkkdkkkhs

*okkkk ARKk* ADNTTGCCGAC GGTAX*Ch*T Thrkdkkddk kT hokdkhkikk

*_****AA** AATTGCCGAC G(;CA**C**T T dekedededkede kT e dedededk deode ok

KK EHERIN e e Kdedededode ke dedekodekhodd ol de ek odod e etk —=PA¥kFk___* GGGE————F**k *h*].

Kk KKK IKK e ——— dekkhkkhkhk kokdhkdkkkk_d ko dekok ok ko dk __A***___* mG_..-_**f dedex o

410 420 430 440 450 460 470 480 490 500
AAAACGTTTA GCAGACAATG AGTTAAATTA TTTTAAAGCA GAGTTTACTT ATGTAAATGA GCATTTAAAA TAATGAAAA- CGAAGCCGTA TGTGAGCGTT
Khokhhkddhh dkkRoh ok ko k ek kR kR Nk Kk kkkhkkhk Ak khkkkhkkkh ddkhhdrokdk ok *Phkdhdhhkdd ddkdhkdhhko dkkkikhhhd Vot de Pk A ok ok

R iatetat d? AT L7 U5 U2
hdedddekddek(G ThhkPrThkr *A*CGC*AAC AAGAGCGAAG *CCGH *x sk k CC****mA* CTGAG*G*TT *GTGC(X;CGA THkkdekdr Nd *kCAK Pk * Ak
dkdkdkdkdkk(G Trrx*kThkThe* *AXCGC* AAC AAGAGCGAAG *CHCrxkkkx cc****GcA* CTGAG*G*TT *GTGCCGCGA T s ok e ke ok e ook *kCA*A** Aok
e e ke ek ke ke ke (5 T***’I‘*T*** *A*CGC*AAC AAGAGCGAAG *CHCh k¥ Cc****g:A* CPGAG*G*TT *GTGCCGCGA T*******A* ok CRKx Pk ok Dok
dedde ke kedeok koK (5 T***T*T*** *A*CGC*AAC AAGAGCGAAG *C*xChxx*kdk Mk hk(Gk Ak CTGAGCG*TT *GTGCCGCGA TN* *dk ke ok *ok CA* A** [k
***G*****G T***T*T*** *A&cwmc AAGAGCGAAG dChChrdkddod Tokkdek (G Ak CI‘GAG(:G'*’I“T *GTGCCGTGA T*****A*A* **c**m*c*
Jededkokddewk k(G ThdkPhThokk iA*cm*AAC WMG G —hdkkdk CC****GCA* CTGAG*G*TT *GTGCCGCGA T*******A* **CA****A*
dkkkkdkkkk(G ThekPhThkd * AXCGC*AAC AAGANCGAAG NCk =¥ * k¥ w CC* ¥ ¥ *RCAX CI‘GAGiGi’I'I‘ *GTGCCGCGA TN* * ¥ N*x & Ak, ok CRK* k ko f\*

* A kPG *—KOGTRA*G
*d ke NC *_*CGT***G

510 520
TGACTTATAA AAATGGTGGA AACATA 566
dhkdkkhkhrhkr dkkhkhkkhkhd dhkhdk 458
FHCh oAk KO K meenOk —*%A¥ e 279

kW RCARY ATRARRARRR Ak*k** 25D
——F kR CRkk kThkdkkdhkdd Fhkdkd 261
-._*_**CA** *T**t***** e de e e Xk e 263
__*_**CA** *T******** ¥k ok ke 263
-_*_**CA*'& *T******** e Je e de K de 262
**_-_C*A** *C**___._C* T*A*-_ 375
**___C*A** *C**_—_—C* T*A*_— 375
KK ek A K K T*A%*—— 376
K —CX X T*A*—-- 375
*AT—~C*A-C *CG*TTA 378
**Ct___A** *C**_--_C* T*A*-_ 380
*Ck oAk K KOk kmme Ok TXAX—— 461
241
242
241
240
241
242
242
333
[ — *hk kk___kk_Ck *X*AXA— 283
| [—— * ke **___**_c* **A*A_ 283

Fig. 1. For legend see facing page.
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(b)
1 10 20 30 40 50 60 70 80 90 100
131412 AAGGATAA-- GGAPACCTGC CATTTGCRTC TIFGTTTAGTT TTGAGAGGIC TTGH--—-—= ——==-=-==== - TGGGGCC TTAGCTCAGC TGGGAGA-CN 97
ag Sekddekkkk o AR ERRR RRRRR R Gh ok kfeddedodedokd o Jekdedek Rk kol e R o kkdkokkh Khkdkkkhhkkk AEkkA**GRG T8
dy FhK ek _kk I RRRRKACKT TRGAATRG* * * Qs ok sk hh Sddkhdkkhhh FXhp e e e Fkkdokdhk Kkkkkkwkkk Kkkkk**GkG  T7T
ub ok kkk RN KRR FACKD TOAORRARGH* *P Ak dkdbdkd *kkdkkhddkdk **¥OANGACG CAGAGACAPA CTGXxkkkkkk *kkdkddkdkks *k¥*k**¥G*kG Qg7
th Sk kPR DC khkk_TGTA *THGA*TTH* S Akkdkdddk dokdkdkdokdkhdr *ohdfe e al Rk kkhhhk Kkkkkkdhkk K¥XEFFXGHG T8
bo FRAAFRAIC Shk ko cGOA FG*FRAGORA *kddkdddk dokdkddhddd dddlo e Khkkkdkk hdkrkkukdhk KhkkkIRAGFG  T7
tRNANS
110 120 130 140 150 160 170 180 190 200
L31412 CCTGCTTTGC ACGCAGGAGG TCAGCGNTTC GATCNCGCTA GGCTCCATT- GAATCGAAAG GTTC-AA--- le2
ag Fhddddddo e kkkk Rk RREK Ik GRhd Ik Chhkdh dddokdkkkkh_ kkkhhdkdkkd kkkkdr 143
dy Fkkdokkkdkd Kdkkkkkdokhh kkkkhkGhAkk Kk kk kA dk kkkk ok kA k]| KGR AAKNGHT ARCKTH**Ame 145
ub ek EAFRKIAE kh AR I Rkk Rk IR AR GRRk kA k ORI IRk Ik kkkkk koA *GHKXACKG—~ -***A*CTGA ACTTAATAGA AGTGAAGTTT CATTGTATCT 193
th Skkdokdkk ok Kkkkdkk kR Rk Kk Ghokk kkk ok Chdokokk kel ke dekkk ok dedekek Ak ek 143
m Fkdhkdehkkd Fkkhkkkdhkh ****i*G*i’* ***\kci**** Ve e dede de e e b de o de ke i e e e e ke e A***_**A—_ 143
210 220 230 240 250 260 270 280 290 300
L31412 -~--ATTGTT CATTGAAAAT ’IF?\ATATCI‘A TATCAAATTC CACGATCTA- GAAATAGAT- TGTA-GAAA- GTAACAAGAA AATAAACCGA AAA-----—- 247
ag mmmmdkhhkd kdedkkkdkdh kPrkkkhkkhk khkkkhkdkkhd hkkorfehk ko kkhkk ok dk_ dkk ko kkdkh o kkkkkkdkeokkk ek dkkkdokk kdek 228
dy e PARCH I KT kkkdkkkkkkdk kA kkkkk dkdhkkkkk ok kk kR o Nk kK Thdek ke CR AR T ko kkkkk kkkkkkk ke ok kkk 233
ub TAGT**A**(C *hkkdkkddhd kfkkddrdddh dhkkdddkddkd kadufekkATe *h*AAThdd o dhkkodkdkhd | hkddkkdkdkdkrdk k_dkkkrkdd ***AAMNCGA 289
th Gk *ded kS hkkkdkdekdek kfkkhhdddodhd *kkkhdkddkk *k kP kGrk D\ *Th**TACAT A-kk—d*Th_ hhkhddkdhdhk dhkdkrkkrrad *dho 229
bo Gk kkE R Kk kkkdek kAo ddhokdkkde Kk Rk kkk Ik IRk kIO hk ko PR AT dedekk ke kPho hdkdkkdkhk F_dokddkdkkk *kGoomme e 230
310 320 330 340 350 360
L31412 ----CGCTGT GAA--TATTT AATGAGTTTT -CTAGTTTTA AAGAAACTAG TTTAA--TAA 298
ag mmkkkdkd Kk oodkk ok ok kkkkkdok Rk ok _kkkkkdd ok Ak kkkkkhAk Ghhkh—_kdkk 279
dy mmmmkkkkkk hkk kA PR Kk _kkdkkkdk PrARARE_AR GATHTARA kR RAARKGA*** 285
ub TARA** % ——— Sk *kCAk**k ] **DAXDANFCA AGARKGICAE RGhk—_kh_* G-A*X*—_*¥* 340
th mmmk ke kdkk Kk k_odkkkk Kk Rk kk Kk kAGHOG* ¥ *GCOCAR*— ———F ¥k kk 272
bo L R T - ok kkkkhdkddkke L PRKGKCA* Chkrkkrk_*AChk— —_Pr*__kk*x 272

Fig. 1. Alignments of the 165-23S intergenic spacer sequences from (a) staphylococcal species and (b) streptococcal
species. Symbols: au, Sta. aureus; cr, Sta. chromogenes; ep, Sta. epidermidis; hy, Sta. hyicus; si, Sta. simulans; xy, Sta.
xylosus; ag, Str. agalactiae; dy, Str. dysgalactiae; ub, Str. uberis; th, Str. thermophilus (GenBank accession no. U32965;
Tilsala-Timisjarvi & Alatossava, 1997); bo, Str. bovis (U39766; this study). The clone types are indicated after the species in
capital letters (A-H). U11779 and L31412 are the spacer sequences of Sta. aureus and Str. agalactiae, respectively (Gurtler
& Barrie, 1995; Hall et al., 1995). The species-specific primers are presented in bold, and the genus-specific primers are
boxed. The regions (minimum length 8 bp) identical in all staphylococcal and streptococcal species are indicated with
double lines. Identical nucleotides are indicated with asterisks, deletions with dashed lines, and transitions and
transversions compared to the uppermost sequence of the alignment are indicated with capital letters. The locations of
tRNA genes are indicated above the aligned sequences.

Specificity of the primers

Each primer pair was tested at least twice with DNA
from 31 different bacterial species (Tables 1 and 2) using
5 ng template DNA in a 20 pl PCR reaction with
conventional PCR. Appropriate controls were included
in PCR; a positive control for DNA and primers and a
negative control for PCR mix. In addition, the primer
pairs were tested after raising the concentration of DNA
from staphylococcal and streptococcal species up to
100 ng in a 20 pl PCR reaction. The performance of
ATC-PCR was tested with nine DNA samples (Table 1).
The ‘species-specific’ primer pairs (Table 4) amplified
their targets mainly as expected, amplifying only the
corresponding DNA (Table 2, Fig. 2). The unexpected
products with STAX, STRA, STAH and STAS primer
pairs differed in size from the expected products, and no
amplification with the ‘genus-specific’ primers was
observed. If these cases represented true Streptococcus
or Staphylococcus species, a product with the genus-
specific primers would have been expected also. The
genus-specific primers amplified as expected: the
Staphylococcus specific primers amplified only staphylo-
coccal DNA, and the Streptococcus specific primers
amplified streptococcal, lactococcal and enterococcal

DNA (Table 2). Lactococci and enterococci are very
closely related to streptococci and have similar se-
quences in the primer regions (Chiaruttini & Milet,
1993 Sechi & Daneo-Moore, 1993; Tilsala-Timisjirvi
& Alatossava, 1997; Wood & Holzapfel, 1995).

Validity of the primers with mastitis samples

The original staphylococcal and streptococcal strains
from which the spacer regions were sequenced were
mostly ATCC strains (Table 1), not isolated from bovine
mastitis. To investigate if there was sequence variation
between strains within a species, which could affect the
utility of the assays, we performed PCR on 51 isolates
from cases of bovine mastitis. The conventional species
determination was made in a veterinary clinical micro-
biology laboratory (Food and Environmental Labora-
tory, Oulu, Finland or National Veterinary and Food
Research Institute Helsinki, Finland). PCR reactions
used purified DNA from each cultivated isolate (Table
5). The staphylococcal genus-specific primer pair dis-
tinguished the genus with 100 % sensitivity and specifi-
city. The streptococcal genus-specific primer pair detec-
ted one Sta. aureus isolate and all streptococcal isolates.
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Table 3. Sequence identity between 165-23S rDNA
spacer sequences of different Staphylococcus and
Streptococcus species

au, Sta. aureus clone; cr, Sta. chromogenes; ep-A, Sta.
epidermidis clone type A; hy-A, Sta. hyicus clone type Aj; si-A,
Sta. simulans clone type A; xy-A, Sta. xylosus clone type A; ag,
Str. agalactiae; dy, Str. dysgalactiae; ub, Str. uberis.

DNA identity (%)*

Spacer o ep-A hy-A si-A xy-A ag dy ub

au 63 68 69 58 65 50 52 53

cr : 74 71 66 70 52 54 52
ep-A : 59 71 77 52 52 52
hy-A : 53 57 51 52 51
si-A . 71 51 51 50
xy-A . 53 53 52

ag : 85 70

dy - 70

*The tRNA gene region was excluded from the Sta. aureus (au)
spacer sequence for analysis. The calculations were made by the
DNA Maximum Homology program of DNASIs.

Ninety percent of the isolates identified conventionally
at the species level (36/40) were recognized with the
species-specific primers. The reason for the failure of

bp

506, 517
396
344
298
220, 201

staphylococcal species amplified with corresponding species-
specific primer pairs. Lanes: 1, Sta. aureus ATCC 25923; 2, Sta.
chromogenes ATCC 43764; 3, Sta. epidermidis ATCC 12228; 4,
Sta. hyicus KNS 264/92; 5, Sta. simulans ATCC 11631; 6, Sta.
xylosus ATCC 12162; 7, 1kb ladder (Gibco BRL); 8, Str.
agalactiae ATCC 27956; 9, Str. dysgalactiae ATCC 27957; 10, Str.
uberis ATCC 27958.

identification for four isolates may be sequence variation
between strains in the primer regions. In addition, three
isolates gave a PCR product with a second species-
specific primer pair (Table 5). These products may also
be due to sequence variation. Alternatively, the milk
samples may have contained minor amounts of these
other bacterial species. Only five of the CNS isolates
were identified to the species level in the clinical

Table 4. Species- and genus-specific oligonucleotide primers from the 165-23S rRNA intergenic spacer region for

bovine mastitis pathogens

Species Oligonucleotide* Sequence (5-3) Length MgCly in MgCly in  Size of the
(nt) PCR ATC-PCR  main PCR
(mM)t (mM)t product (bp)
Str. agalactiae STRA-Agl GGAAACCTGCCATTGCG 18 30 50 280
STRA-Agll TAACTTAACCTTATTAACCTAG 22
Str. dysgalactiae STRD-Dyl TGGAACACGTTAGGGTCG 18 30 30 270
STRD-DylI CTTTTACTAGTATATCTTAACTA 23
Str. uberis STRU-UbI TAAGGAACACGTTGGTTAAG 20 15 30 330
STRU-UbII TCCAGTCCTTAGACCTTCT 19
Sta. aureus STAA-Aul TCTTCAGAAGATGCGGAATA 20 2:0 30 420
STAA-Aull TAAGTCAAACGTTAACATACG 21
Sta. chromogenes STAC-Chrl ACGGAATATCGCTTTTAAGC 20 15 30 250
STAC-Chrll CGTTTACATTCGGCTTTCG 19
Sta. epidermidis STAE-Epl TCTACGAAGATGAGGGATA 19 30 30 240
STAE-EplI TTTCCACCATATTTTGAATTGT 22
Sta. hyicus STAH-Hyl TACGGAATATCGCCTTAGG 19 15 40 250
STAH-Hyll AAAACATCTGTCATCCGAAG 20
Sta. simulans STAS-Sil ATTCGGAACAGTTTCGCAG 19 1-5 40 220
STAS-SilI ATTGTGAGTAATCGTTTGCC 20
Sta. xylosus STAX-Xyl TCTTTAGAAGATGACAGAGG 20 15 30 260
STAX-Xyll TGACTTTTAACACGACGAAG 20
Streptococcus genus STR I TGTTTAGTTTTGAGAGGTCTTG 22 15 50 150-210
STR II CGTGGAATTTGATATAGATATTC 23
Staphylococcus genus STAI GGAATAACGTGACATATTGTA 21 15 30 100-200
STAII TTCACTCGGTTTTGCTTGG 19

* Primer I in each primer pair is from the $” terminus of the spacer and primer Il is from the 3" terminus of the spacer.

t Optimal MgCl, concentrations in PCR reactions.
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Table 5. Specificity of the primer pairs with DNA of 51 isolates from mastitic milk

Identification with PCR

aureus

aureus, Streptococcus
aureus, Str. agalactiae
aureus, Sta. hyicus

chromogenes
epidermidis
hyicus
simulans

chromogenes
simulans
xylosus

Streptococcus, Str. uberis, Str. agalactiae
Streptococcus, Str. agalactiae
Streptococcus, Str. dysgalactiae

Bacterial sample No. of samples

Sta. aureus 19 Staphylococcus, Sta.
Sta. aureus 2 Staphylococcus

Sta. aureus 1 Staphylococcus, Sta.
Sta. aureus 2 Staphylococcus, Sta.
Sta. aureus 1 Staphylococcus, Sta.
Sta. chromogenes* 1 Staphylococcus, Sta.
Sta. epidermidis* 1 Staphylococcus, Sta.
Sta. hyicus* 1 Staphylococcus, Sta.
Sta. simulans® 1 Staphylococcus, Sta.
Sta. xylosus* 1 Staphylococcus
CNS 1 Staphylococcus, Sta.
CNS 3 Staphylococcus, Sta.
CNS 4 Staphylococcus, Sta.
CNS 3 Staphylococcus

Str. uberis S Streptococcus, Str. uberis
Str. uberis 1

Str. agalactiae 2

Str. dysgalactiae 1

Str. dysgalactiae 1 Streptococcus

* CNS samples identified at the species level.

laboratories (Table 5). Eight out of eleven CNS samples
(73%) were detected by PCR with the species-specific
primers. With the API-Staph system we identified one of
the remaining CNS samples as Staphylococcus warneri,
which could not be detected with our PCR primers. Two
other CNS samples remain unidentified.

Applicability of the results

The important aims of this study were to investigate the
level of sequence variation in the 165-23S spacer region
between different staphylococcal and streptococcal mas-
titis pathogens and the potential use of this variation for
the rapid identification of these pathogens to species
level. The conventional microbiological and biochemi-
cal methods for identifying mastitis pathogens are time-
consuming. In addition, CNS species are still difficult to
identify, and thus species identification is not done
routinely, in spite of their increased prevalence in
mastitis cases (White et al., 1989; Myllys et al., 1994).
The advantages of PCR compared to other diagnostic
methods are rapidity and facility. Furthermore, screen-
ing for antibiotic resistance could be combined with
PCR-based species identification. In practice, the PCR
identification could be done in two stages. First,
performing the tests for the genus (STA, STR), Sta.
aureus, the streptococcal species and antibiotic resist-
ance (e.g. blaZ for p-lactamase gene). The second PCR
would be the identification of CNS species if necessary.
The main disadvantage of a PCR identification method
might be excessive sensitivity, with minor contaminants
in samples resulting in misdiagnosis. The multiple copy
number of rrn operons in a bacterial genome is an

advantage, increasing the sensitivity of PCR, but the
potential for variation within a species may reduce the
sensitivity for all strains. The current primer pairs work
reasonably well, but not yet with 100% of isolates.
Improvement in both primer design and PCR conditions
is still needed. The primer pairs designed in this study
proved to be specific and appropriately sensitive, such
that the normal bacterial flora in milk did not give PCR
products. However, a more extensive study of sequence
variation in strains of these species isolated from cases of
bovine mastitis is still needed to critically assess specifi-
city. The traditional species identification would have to
be confirmed by sequencing part(s) of the 16S rRNA
gene, since even biochemical identification systems are
not 100% reliable. Our future work will focus on
detecting mastitic pathogens by PCR directly from milk.

ACKNOWLEDGEMENTS

We thank Professor Tuula Honkanen-Buzalski from the
National Veterinary and Food Research Institute, Helsinki,
Finland and Taito Palo and Eija Eskola from the Food and
Environmental Laboratory, Oulu, Finland for collaboration
and mastitic milk samples, Associate Professor Satu Pyérild,
University of Helsinki, Helsinki, Finland and the Anaerobic
Laboratory in the National Public Health Institute, Helsinki,
Finland for Peptococcus indolicus strains, Professor Karl-Erik
Johansson from the National Veterinary Institute, Uppsala,
Sweden for providing Mycoplasma bovis DNA and Dr Roger
Marshall, Massey University, Palmerston North, New
Zealand for providing Leptospira borgpetersenii serovar
hardjo subtype hardjobovis DNA.

3499



P.FORSMAN and OTHERS

REFERENCES

Aarestrup, F. M., Wegener, H. C., Rosdahl, V. T. & Jensen, N. E.
(1995). Staphylococcal and other bacterial species associated with
intramammary infections in Danish dairy herds. Acta Vet Scand

36, 475487.

Anderson, D. G. & McKay, L. L. (1983). Simple and rapid method
for isolating large plasmid DNA from lactic streptococci. Appl
Environ Microbiol 46, 549~552.

Barry, T., Colleran, G., Glennon, M., Dunican, L. K. & Gannon, F.
(1991). The 16S5/23S ribosomal spacer region as a target for DNA
probes to identify Eubacteria. PCR Methods Appl 1, 51-56.

Bramley, A. ). & Dodd, F. H. (1984). Reviews of the progress of
dairy science: mastitis control — progress and prospects. | Dairy

Sci 51, 481-512.

Busse, H.-J., Denner, E. B. M. & Lubitz, W. (1996). Classification
and identification of bacteria: current approaches to an old
problem. Overview of methods used in bacterial systematics.
] Biotechnol 47, 3-38.

Chiaruttini, C. & Milet, M. (1993). Gene organization, primary
structure and RNA processing analyses of a ribosomal RNA
operon in Lactococcus lactis. ] Mol Biol 230, 57-76.

Devereux, J., Haeberli, P. & Smithies, O. (1984). A comprehensive
set of sequence analysis programs for VAX and Convex systems.
Nucleic Acids Res 12, 387-395.

Gribaldo, S., Cookson, B., Saunders, N., Marples, R. & Stanley, J.
(1997). Rapid identification by specific PCR of coagulase-negative
staphylococcal species important in hospital infection. ] Med
Microbiol 46, 45-53.

Gurtler, V. & Barrie, H. D. (1995). Typing of Staphylococcus
aureus strains by PCR-amplification of variable length 165-23S
rDNA spacer regions: characterization of spacer sequences.
Microbiology 141, 1255-12635.

Grtler, V. & Stanisich, V. A. (1996). New approaches to typing
and identification of bacteria using the 165-23S rDNA spacer
region. Microbiology 142, 3-16.

Hall, L. M. C., Duke, B. & Urwin, G. (1995). An approach to the
identification of the pathogens of bacterial meningitis by the
polymerase chain reaction. Eur J Clin Microbiol Infect Dis 14,
1090-1094.

Harmon, R. J. & Langlois, B. E. (1989). Mastitis due to coagulase-
negative Staphylococcus species. Agri-Practice 10, 29-34.

Honkanen-Buzalski, T., Myllys, V. & Pyérils, S. (1994). Bovine
clinical mastitis due to coagulase-negative staphylococci and their
susceptibility to antimicrobials. | Vet Med B 41, 344-350.

Hynes, W. L., Ferretti, J. J., Gilmore, M. S. & Segarra, R. A. (1992).
PCR amplification of streptococcal DNA using crude cell lysates.
FEMS Microbiol Lett 94, 139—-142.

Jarp, J. (1991). Classification of coagulase-negative staphylococci
isolated from bovine clinical and subclinical mastitis. Vet
Microbiol 27, 151-158.

Jensen, M. A. & Straus, N. (1993). Effect of PCR -conditions on the
formation of heteroduplex and single-stranded DNA products in

the amplification of bacterial ribosomal DNA spacer regions.
PCR Methods Appl 3, 186—194.

Jensen, M. A., Webster, J. A. & Straus, N. (1993). Rapid identi-
fication of bacteria on the basis of polymerase chain reaction-
amplified ribosomal DNA spacer polymorphisms. Appl Environ
Microbiol 59, 945-952.

Jonsson, P., Olsson, S.-0., Olofson, A.-S., Félth, C., Holmberg, O.
& Funke, H. (1991). Bacteriological investigations of clinical
mastitis in heifers in Sweden. | Dairy Res 58, 179—-185.

Klastrup, O. & Schmidt Madsen, P. (1974). Scandinavian recom-
mendations on examination of quarter milk samples. Nordisk
Veterinaermed 26, 197-204.

Kloos, W. E. & Bannermann, T. L. (1994). Update on significance
of coagulase-negative staphylococci. Clin Microbiol Rev 7,
117-140.

Leblond-Bourget, N., Philippe, H., Mangin, |. & Decaris, B. (1996).
16S rRNA and 16S to 23S internal transcribed spacer sequence
analyses reveal inter- and intraspecific Bifidobacterium phy-
logeny. Int J Syst Bacteriol 46, 102-111.

Ludwig, W. & Schieifer, K. H. (1994). Bacterial phylogeny based
on 165 and 23S rRNA sequence analysis. FEMS Microbiol Rev 15,
155-173.

Ministry of Agriculture & Forestry Mastitis Committee (1989).
Prevention of Mastitis. Memo no. 19/1989, Ministry of Agri-
culture and Forestry, Helsinki, Finland.

Myllys, V., Honkanen Buzalski, T., Huovinen, P., Sandholm, M. &
Nurmi, E. (1994). Association of changes in the bacterial ecology
of bovine mastitis with changes in the use of milking machines
and antibacterial drugs. Acta Vet Scand 35, 329-335.

Sambrook, J., Fritsch, E. F. & Maniatis, T. (1989). Molecular
Cloning: a Laboratory Manual, 2nd edn. Cold Spring Harbor,
NY: Cold Spring Harbor Laboratory.

Saruta, K., Hoshina, S. & Machida, K. (1995). Genetic identification
of Staphylococcus aureus by polymerase chain reaction using
single-base-pair mismatch in 16S ribosomal RNA gene. Microbiol
Immunol 39, 839-844.

Sechi, L. & Daneo-Moore, L. (1993). Characterization of intergenic
spacers in two rrn operons of Enterococcus hirae ATCC 9790.
J Bacteriol 175, 3213-3219.

Steenson, L.R. & Klaenhammer, T.R. (1985). Streptococcus
cremoris M12R transconjugants carrying the conjugal plasmid
pTR2030 are insensitive to attack by lytic bacteriophages. App!
Environ Microbiol 50, 851-858.

Tilsala-Timisj4rvi, A. & Alatossava, T. (1997). Development of
oligonucleotide primers from the 165-23S rRNA intergenic
sequences for identifying different dairy and probiotic lactic acid
bacteria by PCR. Int ] Food Microbiol 35, 49-56.

Todhunter, D. A, Cantwell, L. L., Smith, K. L., Hoblet, K. H. &
Hogan, J. S. (1993). Characteristics of coagulase-negative staphy-
lococci isolated from bovine intramammary infections. Vet
Microbiol 34, 373-380.

Watts, J. L. & Yancey, R. J., Jr (1994). Identification of veterinary
pathogens by use of commercial identification systems and new
trends in antimicrobial susceptibility testing of veterinary patho-
gens. Clin Microbiol Rev 7, 346-356.

White, D. G., Harmon, R. J., Matos, J. E. S. & Langlois, B. E. (1989).
Isolation and identification of coagulase-negative Staphylococcus
species from bovine body sites and streak canals of nulliparous
heifers. J Dairy Sci 72, 1886—1892.

Wood, B. ). B. & Holzapfel, W. H. N. (1995). Genera of Lactic
Acid Bacteria. Glasgow : Blackie Academic & Professional.

Received 3 March 1997; revised 23 June 1997; accepted 21 July 1997.

3500



