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Twelve bacterial species including Streptococcus uberis, S. parauberis, S. agalactiae, S. dysgalactiae, S. bovis,
S. mitis, S. salivarius, S. saccharolyticus, Enterococcusfaecium, E. faecalis, E. avium, and Aerococcus viridans
were examined for their 16S ribosomal DNA fingerprint patterns. Oligonucleotide primers complementary to
16S rRNA genes were used to amplify by the polymerase chain reaction 16S ribosomal gene fragments from
genomic DNAs. The molecular sizes of the amplified 16S ribosomal DNA (rDNA) fragments from the 12 species
examined ranged from 1,400 to 1,500 bp. Restriction fragment length polymorphism analysis of 16S rDNA was
performed with 11 different restriction endonucleases. All 12 species examined could be differentiated on the
basis of characteristic 16S rDNA fingerprint patterns by using the restriction endonucleases HhaI, RsaI, and
MspI. A scheme for the differentiation of the 12 species is presented. Eleven isolates representing 11 species
were obtained from cows with intramammary infections and were examined by 16S rDNA fingerprinting. All
11 species isolated from cows were differentiated by using HhaI, RsaI, and MspI restriction endonucleases. The
results of this study demonstrate the potential application of 16S rDNA fingerprinting for the identification and
differentiation of bacterial species.

Bovine mastitis is a widespread disease that affects dairy
cows (5, 17, 19, 20, 26). The predominant species involved in
bovine mastitis are Staphylococcus aureus, Streptococcus
uberis, Streptococcus dysgalactiae, and Streptococcus
agalactiae. Other species encountered less frequently in-
clude Streptococcus equinus, Streptococcus mitis, Strepto-
coccus salivarius, Streptococcus saccharolyticus, Entero-
coccus faecalis, Enterococcus faecium, Enterococcus
avium, and Aerococcus viridans (27-29).

In most laboratories, identification of bacterial species is
based on analysis of phenotypic characteristics that are
determined by using biochemical tests, serotyping, and
enzymatic profiles. Diagnostic laboratories involved in the
isolation and identification of pathogens that cause mastitis
have frequently reported the inability to identify 1 to 10% of
isolates belonging to the genera Streptococcus and Entero-
coccus because of atypical biochemical and enzyme profile
test results (15, 17, 21, 28, 29). Similar observations have
been reported with Streptococcus and Enterococcus species
isolated from human sources (1, 2, 8, 9, 18).
DNA-DNA hybridization and sequence analysis of 16S

rRNA have resulted in restructuring of the family Strepto-
coccaceae. The enterococci now belong to the genus Entero-
coccus (7, 25). Sequence comparisons of 16S rRNA of S.
uberis type I and II strains resulted in reclassification of S.
uberis type II as a separate species, S. parauberis (30). S.
equisimilis and group L and human group G streptococci are
now within a single species, S. dysgalactiae (10). The group
D nonenterococcal organisms, S. equinus and S. bovis now
reside within a single species, S. equinus (11). On the basis
of 16S rRNA sequence analysis, Rodrigues and Collins (23)
suggested that S. saccharolyticus should be transferred to
the genus Enterococcus.

* Corresponding author.

Recent developments in nucleic acid technology such as
the polymerase chain reaction (PCR) (24) and analysis of 16S
rRNA (31) have resulted in new methods that can be used for
genotypic analysis of bacteria. Comparative analysis of 16S
rRNAs has shown that highly conserved sequences are
interspersed with regions of variable sequences. Analysis of
variable portions permits the determination of phylogenetic
and evolutionary relationships (31). Conserved or variable
regions of 16S rRNA sequences have been used as targets
for primer-directed DNA amplification by PCR for the
identification of microorganisms (4, 12-14).

In this study, PCR-amplified 16S ribosomal DNAs (rD-
NAs) of 12 bacterial species were examined for their restric-
tion fragment length polymorphisms (RFLPs). RFLP was
used to evaluate the potential application of 16S rDNA
fingerprinting for species identification of members of the
genera Streptococcus and Enterococcus associated with
bovine mastitis.

MATERIALS AND METHODS

Bacteria. Twelve American Type Culture Collection
(ATCC; Rockville, Md.) strains, including S. uberis ATCC
27958, S. parauberis ATCC 13386, S. agalactiae ATCC
27956,5. dysgalactiae ATCC 27957,5. mitis ATCC 9811,5.
salivarius ATCC 13419, 5. equinus ATCC 27960, S. saccha-
rolyticus ATCC 43076, E. faecium ATCC 35667, E. faecalis
ATCC 27959, E. avium ATCC 14025, andA. viridans ATCC
11563, were used in this study. In addition, 11 species,
including S. uberis, S. agalactiae, S. dysgalactiae, S. mitis,
S. salivarius, S. equinus, S. saccharolyticus, E. faecium, E.
faecalis, E. avium, and A. viridans, isolated from bovine
mammary secretions were also examined. All ATCC strains
and isolates from cows (Table 1) were identified to the
species level by the Gram-Positive Identification System
(Vitek Systems Inc., Hazelwood, Mo.), API Rapid Strep
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TABLE 1. Identification profiles of Streptococcus and Enterococcus species isolated from bovine mammary
secretions used for 16S rDNA fingerprinting

% Correct identification
Organisma Serogroupb or organism identified API result' profile'

by Vitek' rfie

S. uberis Untypeable 99 EX Raf 1B-gur-
S. agalactiae B 42 AC Arg- Rib-
S. dysgalactiae G Unidentified VG Arg- Rib-
S. mitis C Unidentified LD Hip+
S. salivarius D 91 AC
S. equinus D E. faecium LD Arg- Rib-
S. saccharolyticus D Unidentified LD Esc+
E. faecium D E. durans LD Raf- Ara-
E. faecalis D 70 VG
E. avium D 86 VG Hip+
A. viridans Untypeable 72 AC Ara+

a Identified by conventional biochemical tests.
b Lancefield's serotype; untypeable, negative for groups A, B, C, D, F, and G.
c Vitek Gram-Positive Identification System.
d API Rapid Strep Identification system. EX, excellent; VG, very good; AC, acceptable; LD, low discrimination.
I Atypical profile, test reactions that were identified by the Vitek GPI or API Rapid Strep system that varied from conventional biochemical test results. Esc,

esculin; Arg, arginine; Rib, ribose; Raf, raffinose; Hip, hippurate; Ara, arabinose; P-Gur, f3-glucuronidase; +, positive; -, negative.

FIG. 1. The 16S rDNA fingerprint patterns of 12 species belonging to the family Streptococcaceae. Lanes 1 through 12, S. uberis, S.
parauberis, S. agalactiae, S. dysgalactiae, S. mitis, S. salivarius, S. equinus, S. saccharolyticus, E. faecium, E. faecalis, E. avium, and A.
viridans, respectively; lane S,, BstNI-digested pBR322 DNA; lane S2, HaeIII-digested 4)X174 DNA; A to J, restriction fragment size markers
of 1,353, 1,078, 872, 603, 310, 281 and 271, 234, 194, 118, and 72 bp, respectively. (A) Undigested 16S rDNA; (B) 16S rDNA digested with
HhaI; (C) 16S rDNA digested with RsaI; (D) 16S rDNA digested with MspI.
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System (Analytab Inc., Plainview, N.Y.), and conventional
biochemical tests and were serotyped as described previ-
ously (15). In this study, S. bovis ATCC 27960 was desig-
nated S. equinus (11), and S. ubenis type II was designated S.
parauberis (30).

Isolation of DNA. The chromosomal DNAs of the 12
organisms were isolated by the method described by Jayarao
et al. (14).
DNA primers and PCR amplification. The oligonucleotide

primers used in this study were synthesized by the Analyt-
ical Services Laboratory, University of Tennessee, Knox-
ville. Sequences corresponded to those within the 16S rRNA
gene of S. uberis (30). The 5' primer 5'-CCAAGCI lGCT
CAGGACGAACGCT-3' corresponded to nucleotides 20 to
35, with a HindIII restriction site (underlined) incorporated
at the 5' end. The 3' primer 5'-CGGGATCCCGCCCGG
GAACGTATTCAC-3' was similar to the broad-range primer
p13B described by Chen et al. (6) and corresponded to
nucleotides 1374 through 1392 of 16S rRNA (30), with a
BamHI restriction site (underlined) incorporated at the 5'
end. Both primers had a theoretical melting temperature of
58°C. PCR amplification was performed as described previ-
ously (14). Briefly, PCR was done in a total volume of 100 ,ul
containing 20 ng of the bacterial DNA preparation, 0.5 ,uM
each primer, 100 ,uM each deoxynucleoside triphosphate
(Boehringer Mannheim, Indianapolis, Ind.), 10 pl of 10x
Taq buffer, and 2.5 U of Taq DNA polymerase (Promega,
Madison, Wis.). Each reaction mixture was overlaid with 50
,ul of mineral oil, and the reaction was run for 35 cycles in a
GTC Thermocycler (Precision Scientific Inc., Chicago, Ill.).
One cycle consisted of 90 s at 93°C, 90 s at 56°C, and 90 s at
75°C. On completion, each sample was extracted with chlo-
roform, precipitated with 2 volumes of ethanol, and resus-
pended in 50 pl of distilled water.

Enzymatic digestion of amplified DNA. DNA (5 ,ul) was
digested for 2 h at 37°C in 20-pl volumes with AvaI, AvaII,
DdeI, HhaI, MboII, MspI, MvaI, PstI, RsaI, ScaI, and
ScrFI (New England Biolabs, Beverly, Mass.). Determina-
tion of suitable restriction endonucleases for RFLP analysis
was done by restriction analysis of S. uberis, S. parauberis
(30), and S. saccharolyticus (23) 16S rRNA sequences with
IBI/Pustell sequence analysis programs (22). Digestion of
amplified 16S rDNA was repeated to establish reproducibil-
ity.
Agarose gel electrophoresis and RFLP analysis. Restriction

endonuclease-digested 16S rDNA amplification products
were electrophoresed in 2% agarose by using Tris-borate-
EDTA buffer (0.09 M Tris base, 0.09 M sodium borate, 2.5
mM EDTA [pH 8.3]) in gels (20 by 20 cm) at 100 V for 4 h.
The gels were stained with ethidium bromide (1.0 ,ug/ml),
and DNA was visualized by UV transillumination (Fotodyne
Inc., New Berlin, Wis.) and photographed with type 55
Polaroid film. BstNI-digested pBR322 DNA and HaeIII-
digested +X174 DNA (both from New England Biolabs)
were used as molecular weight markers. The negative of the
Polaroid film was scanned with a computer-integrated laser
densitometer (Ultroscan XL; LKB Produkter AB, Bromma,
Sweden). Scans were evaluated with the Gelscan XL version
2.0 software package (Pharmacia LKB Biotechnology, Upp-
sala, Sweden) to determine the numbers and sizes of DNA
fragments.

RESULTS

Amplification of 16S rDNA by PCR. The sizes of the
amplified 16S rDNA products ranged from 1,400 to 1,500 bp

HhaI

GROUP A GROUP B

S. uberis

S. parauberis

S. agalactiae

S. dysgalactiae

S. saccharolyticus

E. faecium

E. faecalis

E. aviumi

S. mitis

S. salivarius

S. equinus

A. viridans

FIG. 2. Differentiation of eight Streptococcus, three Enterococ-
cus, and one Aerococcus species into two groups, designated A and
B, based on 16S rDNA fingerprinting with restriction endonuclease
HhaI.

(Fig. 1) relative to the DNA size markers, as determined by
scanning laser densitometric evaluation.
RFLP analysis. The amplified 16S rDNAs were digested

with 11 different restriction endonucleases. With the combi-
nation of three restriction endonucleases (HhaI, RsaI, and
MspI), the 12 organisms could be differentiated on the basis
of unique RFLPs. Digestion of 16S rDNA fragments with
HhaI allowed separation of organisms into two distinct
groups, designated A and B (Fig. 2 and 3), with each group
having a characteristic 16S rDNA RFLP pattern. In group A,
S. ubens, S. parauberis, S. agalactiae, S. dysgalactiae, S.
mitis, S. salivarius, S. equinus, and A. viridans had similar

GROUP A

RsaI

S. uberis S. parauberis' S. agalactiae S. mitis A.viridansc
S. dysgalactiae S. salivarius

S. equinus

mspI

IlI
S. agalactiaed S. dysgalactiae' S. mitis' S. salivarius S. equinusb

GROUP B

NspI

S. saccharolyticus E. faeclume E. faecalisab E. avium

FIG. 3. Differentiation scheme for organisms in groups A and B.
Organisms in group A were differentiated with restriction endonu-
cleases RsaI and MspI. Organisms in group B were differentiated
with the restriction endonuclease MspI. Confirmation of organisms
identified in group A or B was done with ScrFI (a), DdeI (b), Avall
(c), and MboII (d).
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FIG. 4. 16S rDNA fingerprint patterns of 12 species belonging to the family Streptococcaceae. Lanes 1 through 12, S. uberis, S.
paraubers, S. agalactiae, S. dysgalactiae, S. mitis, S. salivanus, S. bovis, S. saccharolyticus, E. faecium, E. faecalis, E. avium, and A.
viridans, respectively; lanes S1, BstNI-digested pBR322 DNA; lane S2, HaeIII-digested iX174 DNA; A to J, restriction fragment size markers
of 1,353, 1,078, 872, 603, 310, 281 and 271, 234, 194, 118, and 72 bp, respectively. (A) 16S rDNA digested withAvaII; (B) 16S rDNA digested
with ScrFI; (C) 16S rDNA digested with MboII; (D) 16S rDNA digested with DdeI.

16S rDNA RFLP patterns which consisted of three frag-
ments of 280, 550, and 600 bp (Fig. 1 and 2). In group B, four
fragments of 220, 280, 380, and 550 bp were observed in S.
saccharolyticus, E. faecium, E. faecalis, and E. avium (Fig.
1 and 2).

Identification of organisms in group A. The 16S rDNAs of
S. uberis, S. parauberis, S. agalactiae, S. dysgalactiae, S.
mitis, S. salivarius, S. equinus, and A. viridans were di-
gested with RsaI. A 200-bp restriction fragment was ob-
served only in S. uberis and S. parauberis. A 270-bp
fragment was present in only S. agalactiae and S. dysgalac-
tiae. A 930-bp fragment was observed only in S. mitis, S.
salivarius, and S. equinus. A. viridans could be differenti-
ated from the other organisms by the absence of the 200-,
270-, and 370-bp fragments which were present in other
organisms of this group. S. uberis could be differentiated
from S. parauberis by the absence of a 370-bp and presence
of a 240-bp fragment in S. uberis. Thus, 16S rDNA digestion
with RsaI allowed identification of S. uberis, S. parauberis,
andA. viridans. Digestion of the 16S rDNA of S. parauberis
with restriction endonucleases ScaI andAvaII and of the 16S
rDNA of A. viridans with AvaIl produced characteristic

restriction fragments, confirming the identities of the two
species (Fig. 2 to 4).

Digestion of 16S rDNAs with MspI allowed differentiation
of S. agalactiae, S. dysgalactiae, S. mitis, S. salivarius, and
S. equinus (Fig. 1 to 4). The presence of a 570-bp fragment in
S. agalactiae and a 490-bp fragment in S. dysgalactiae
differentiated these two species (Fig. 1). Further differenti-
ation of S. agalactiae and S. dysgalactiae was confirmed by
digestion of 16S rDNA with MboII and AvaII, respectively
(Fig. 4). Digestion of 16S rDNA with MspI allowed differ-
entiation of S. mitis from S. salivarius and S. equinus (Fig. 1
to 4). The restriction fragments of 100, 130, and 330 bp found
in S. mitis were not observed in either S. salivarius or S.
equinus. A restriction fragment of 490 bp was observed only
in S. salivarius, while in S. equinus none of the differentiat-
ing fragments present in S. mitis and S. salivarius were
observed (Fig. 1). Confirmation of S. mitis was achieved by
16S rDNA digestion with ScrFI, while S. equinus was
confirmed by 16S rDNA digestion with DdeI (Fig. 4).

Identification of organisms in group B. Digestion of 16S
rDNAs with MspI produced characteristic restriction frag-
ments that permitted differentiation of S. saccharolyticus, E.
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S 1 2 3 4 6 7 8 9 1011

S 1 2 3 4 5 6 7 8 9 1011
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FIG. 5. The 16S rDNA fingerprint patterns of 11 species belong-
ing to the family Streptococcaceae isolated from bovine mammary
secretions. Lanes 1 through 11, S. uberis, S. agalactiae, S. dysga-
lactiae, S. mitis, S. salivanus, S. bovis, S. saccharolyticus, E.
faecium, E. faecalis, E. avium, andA. vindans, respectively; lane S,
HaeIII-digested 4X174 DNA restriction fragment size markers (in
base pairs). (A) 16S rDNA digested with HhaI; (B) 16S rDNA
digested with RsaI; (C) 16S rDNA digested with MspI.

faecium, E. faecalis, and E. avium (Fig. 1 to 4). Unique
restriction fragments of 490, 590, and 330 bp were observed
in S. saccharolyticus, E. faecium, and E. faecalis, respec-
tively (Fig. 1); these unique fragments allowed differentia-
tion and identification of these three species from E. avium.
Confirmation of E. faecium was achieved with ScrFI, while
E. faecalis was confirmed with ScrFI and DdeI (Fig. 4).

Identification of isolates of bovine origin. The 11 isolates
representing 11 species were examined by 16S rDNA finger-
printing on the basis of a scheme developed for ATCC type
strains. The isolates selected for this study had either
atypical biochemical profiles or a low identification level
(Table 1). The organisms were identified to the species level
by using the scheme proposed for the identification and
differentiation of streptococcal and enterococcal organisms
(Fig. 5).

DISCUSSION

Sequences of 16S rRNAs have been used to determine
phylogenetic relationships (31). Amplification of 16S rRNA
genes by PCR by using taxon-specific oligonucleotide probes

complementary to the 16S rRNA sequence has resulted in
detection systems for the identification and differentiation of
bacterial species (4, 12-14).

In this study, we developed a scheme for fingerprinting
16S rDNAs for the identification and differentiation of strep-
tococcal and enterococcal species of bovine origin. In our
earlier study (14), we used 16S rDNA fingerprinting to
differentiate S. uberis type I and type II strains. S. uberis
type II was recently reclassified as S. parauberis (30). The
oligonucleotide primers used for amplification of the 16S
rDNAs of S. uberis and S. parauberis were used success-
fully in this study to amplify 16S rDNAs from other strep-
tococcal and enterococcal species. The RFLPs of 16S rD-
NAs were determined by using a variety of restriction
endonucleases. Characteristic fingerprint patterns generated
with HhaI, RsaI, and MspI resulted in the development of a
scheme for species identification of the 12 organisms exam-
ined.
A preliminary evaluation of the proposed scheme was

done by using organisms of bovine origin. The isolates that
were selected had atypical biochemical and/or low identifi-
cation profiles when they were determined by using com-
mercially available diagnostic kits. Using the proposed
scheme, organisms were identified correctly to the species
level, and the identifications were confirmed by conventional
biochemical tests.
At the time of this study, the 16S rRNA sequences of S.

uberis, S. parauberis (30), and S. saccharolyticus (23) had
been reported. Recently, Bentley et al. (3) reported the 16S
rRNA sequences of five additional streptococcal species of
bovine origin. Comparison of the S. saccharolyticus finger-
print patterns obtained with HhaI, AvaI, PstI, AvaII, and
MboII indicated that the patterns were more similar to those
of the enterococcal species than to those of the streptococcal
species. This agrees with the observation of Rodrigues and
Collins (23), who performed phylogenetic analysis of S.
saccharolyticus based on 16S rRNA sequencing and showed
that S. saccharolyticus is phylogenetically a member of the
genus Enterococcus.

Identification of streptococcal and enterococcal species of
bovine origin is now possible by using 16S rDNA fingerprint-
ing as an alternative to species identification based on
phenotypic characteristics. With more 16S rRNA sequences
being reported, use of taxon-specific probes (4) and colonies
isolated from blood agar plates as templates for 16S rDNA
amplification, as shown by Joshi et al. (16), could be used in
future 16S rDNA fingerprinting studies. Integration of these
steps could result in more rapid identification of streptococ-
cal and enterococcal species of bovine origin. This identifi-
cation system could also serve as a model for the develop-
ment of identification systems for other bacterial species.

ACKNOWLEDGMENTS

This investigation was supported by a University of Tennessee
Professional Development Research Award, the Tennessee Agricul-
tural Experiment Station, and the University of Tennessee College
of Veterinary Medicine Center of Excellence Research Program in
Livestock Diseases and Human Health.
We express appreciation to Teresa Herring for clerical assistance.

REFERENCES
1. Appelbaum, P. C., P. S. Chaurushiya, M. R. Jacobs, and A.

Duffet. 1984. Evaluation of Rapid Strep System for species
identification of streptococci. J. Clin. Microbiol. 19:588-591.

2. Appelbaum, P. C., M. R. Jacobs, J. I. Heald, W. A. Palko, A.
Duffet, R. Crist, and P. A. Naugle. 1984. Comparative evaluation

VOL. 30, 1992

.4, f..
.i 4: "" :.
.,- .`g
.: ,tfl ".,



2240 JAYARAO ET AL.

of the API 20S system and the AutoMicrobic system Gram-
Positive Identification Card for species identification of strepto-
cocci. J. Clin. Microbiol. 19:164-168.

3. Bentley, R. W., J. A. Leigh, and M. D. Collins. 1991. Intrage-
neric structure of Streptococcus based on comparative analysis
of small-subunit rRNA sequences. Int. J. Syst. Bacteriol. 41:
487-494.

4. Boddinghaus, B., T. Rogall, T. Flohr, H. Blocker, and E. C.
Bottger. 1990. Detection and identification of mycobacteria by
amplification of rRNA. J. Clin. Microbiol. 28:1751-1759.

5. Bramley, A. J., and F. H. Dodd. 1984. Reviews of the progress
of dairy science: mastitis control-progress and prospects. J.
Dairy Res. 51:481-512.

6. Chen, K., H. Neimark, P. Rumore, and C. R. Steinman. 1989.
Broad range DNA probes for detecting and amplifying eubac-
terial nucleic acids. FEMS Microbiol. Lett. 57:19-24.

7. Collins, M. D., D. Jones, J. A. E. Farrow, R. Kilpper-Balz, and
K. H. Schleifer. 1984. Enterococcus avium nom. rev., comb.
nov.; E. casseliflavus nom. rev., comb. nov.; E. durans nom.
rev., comb. nov.; E. gallinarium comb. nov.; and E. malodo-
ratus sp. nov. Int. J. Syst. Bacteriol. 34:220-223.

8. Facklam, R. R., G. S. Bosley, D. Roden, N. Weaver, and R.
Schulman. 1985. Comparative evaluation of the API 20S and
AutoMicrobic Gram-Positive Identification systems for non-
beta-hemolytic streptococci and aerococci. J. Clin. Microbiol.
21:535-541.

9. Facklam, R. R., D. L. Roden, and P. B. Smith. 1984. Evaluation
of Rapid Strep system for identification of clinical isolates of
Streptococcus species. J. Clin. Microbiol. 20:894-898.

10. Farrow, J. A. E., and M. D. Collins. 1984. Taxonomic studies on
streptococci of serological groups C, G, L, and possibly related
taxa. Syst. Appl. Microbiol. 5:483-493.

11. Farrow, J. A. E., J. Kruze, B. A. Phillips, A. J. Bramley, and
M. D. Collins. 1984. Taxonomic studies on Streptococcus bovis
and Streptococcus equinus: description of Streptococcus alac-
tolyticus sp. nov. and Streptococcus saccharolyticus sp. nov.
Syst. Appl. Microbiol. 5:467-482.

12. Gobel, U. B., A. Geiser, and E. J. Stanbridge. 1987. Oligonucle-
otide probes complementary to variable regions of ribosomal
RNA discriminate between Mycoplasma species. J. Gen. Mi-
crobiol. 133:1969-1974.

13. Grimont, F., and P. A. D. Grimont. 1986. Ribosomal nucleic
acid gene restriction patterns as potential taxonomic tools. Ann.
Inst. Pasteur (Paris) 137B:165-175.

14. Jayarao, B. M., J. J. E. Dore, Jr., G. A. Baumbach, K. R.
Matthews, and S. P. Oliver. 1991. Differentiation of Streptococ-
cus uberis from Streptococcus parauberis by polymerase chain
reaction and restriction fragment length polymorphism analysis
of 16S ribosomal DNA. J. Clin. Microbiol. 29:2774-2778.

15. Jayarao, B. M., S. P. Oliver, K. R. Matthews, and S. H. King. 1991.
Comparative evaluation of Vitek Gram-Positive identification sys-
tem and API Rapid Strep system for identification of Streptococ-
cus species of bovine origin. Vet. Microbiol. 26:301-308.

16. Joshi, A. K., V. Baichwal, and G. F.-L. Ames. 1991. Rapid
polymerase chain reaction amplification using intact bacterial
cells. BioTechniques 10:42-45.

17. McDonald, T. J., and J. S. McDonald. 1976. Streptococci
isolated from bovine intramammary infections. Am. J. Vet. Res.
37:377-381.

18. Nachamkin, I., J. R. Lynch, and H. P. Dalton. 1982. Evaluation
of a rapid system for species identification of alpha-hemolytic
streptococci. J. Clin. Microbiol. 16:521-524.

19. Oliver, S. P. 1988. Frequency of isolation of environmental
mastitis-causing pathogens and incidence of new intramammary
infections during the nonlactating period. Am. J. Vet. Res.
49:1789-1793.

20. Oliver, S. P., and B. A. Mitchell. 1984. Prevalence of mastitis
pathogens in herds participating in a mastitis control program. J.
Dairy Sci. 67:2436-2440.

21. Poutrel, B., and H. R. Ryniewicz. 1984. Evaluation of API 20
Strep system for species identification of streptococci isolated
from bovine mastitis. J. Clin. Microbiol. 19:213-214.

22. Pustell, J., and F. C. Kafatos. 1982. A convenient and adaptable
package of DNA sequence analysis programs for microcomput-
ers. Nucleic Acids Res. 10:4765-4782.

23. Rodrigues, U., and M. D. Collins. 1990. Phylogenetic analysis of
Streptococcus saccharolyticus based on 16S rRNA sequencing.
FEMS Microbiol. Lett. 71:231-234.

24. Saiki, R. K., D. H. Gelfand, S. Stoffel, S. J. Scharf, R. Higuchi,
G. T. Horn, K. B. Mullis, and H. A. Erlich. 1988. Primer
directed enzymatic amplification of DNA with thermostable
DNA polymerase. Science 239:487-491.

25. Schleifer, K. H., and R. Klipper-Balz. 1985. Transfer of Strep-
tococcus faecalis and Streptococcus faecium to the genus
Enterococcus nom. rev. as Enterococcus faecalis comb. nov.
and Enterococcus faecium comb. nov. Int. J. Syst. Bacteriol.
34:31-34.

26. Smith, K. L., D. A. Todhunter, and P. S. Schoenberger. 1985.
Environmental mastitis-cause, prevalence, prevention. J.
Dairy Sci. 68:1531-1553.

27. Watts, J. L. 1987. Etiological agents and bovine mastitis. Vet.
Microbiol. 6:41-66.

28. Watts, J. L. 1988. Characterization and identification of strep-
tococci isolated from bovine mammary gland. J. Dairy Sci.
71:1616-1624.

29. Watts, J. L. 1989. Evaluation of the Rapid Strep System for
identification of gram-positive, catalase-negative cocci isolated
from bovine intramammary infections. J. Dairy Sci. 72:2728-
2732.

30. Williams, A. M., and M. D. Collins. 1990. Molecular taxonomic
studies on Streptococcus uberis type I and II. Description of
Streptococcus parauberis sp. nov. J. Appl. Bacteriol. 68:485-
490.

31. Woese, C. R. 1987. Bacterial evolution. Microbiol. Rev. 51:221-
271.

J. CLIN. MICROBIOL.


