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Chromosomal DNA restriction enzyme analysis and Southern blot hybridization were used to characterize
Serpulina hyodysenteriae strains. When chromosomal DNAs from selected strains (reference serotypes) of S.
hyodysenteriae were digested with the restriction endonuclease Sau3A and hybridized with a 1.1-kb S.
hyodysenteriae-specific DNA probe, a common 3-kb band was always detected in S. hyodysenteriae strains but
was absent from Serpulina innocens strains. When the chromosomal DNA was digested with the restriction
endonuclease Asp 700 and hybridized with two S. hyodysenteriae-specific DNA probes (0.75 and 1.1 kb of DNA),
distinct hybridization patterns for each S. hyodysenteriae reference strain and the Australian isolate S.
hyodysenteriae 5380 were detected. Neither the 1.1-kb nor the 0.75-kb DNA probe hybridized with Asp 700- or
Sau3A-digested S. innocens chromosomal DNA. The presence of the 3-kb Sau3A DNA fragment in S.
hyodysenteriae reference strains from diverse geographical locations shows that this fragment is conserved
among S. hyodysenteriae strains and can be used as a species-specific marker. Restriction endonuclease analysis
and Southern blot hybridization with these well-defined DNA probes are reliable and accurate methods for
species-specific and strain-specific identification of S. hyodysenteriae.

Serpulina hyodysenteriae is the etiological agent of swine
dysentery (12, 35), causing mucohemorrhagic diarrhea in in-
fected swine. The disease is prevalent worldwide (10), with a
morbidity of up to 90% and a mortality of up to 30% in
affected swine herds (11). The organism can be differentiated
from the nonpathogenic swine intestinal spirochete Serpulina
innocens by its ability to produce strong beta-hemolytic zones,
enteropathogenicity test results, and serotyping results (2, 13,
14, 19).

Identification and characterization of S. hyodysenteriae sero-
types are currently based on lipopolysaccharide (LPS) serotyp-
ing. Nine serotypes and various serotyping schemes have been
proposed (2, 8, 9, 18, 19, 31). Serotyping is based on the
extraction of the LPS from each S. hyodysenteriae isolate and
determination of the reactivity of the LPS with hyperimmune
rabbit antiserum raised to the whole cell of each reference
isolate. Cross-reactivity between serotypes necessitates the
additional step of cross-adsorption of rabbit antisera against
other reference serotypes to obtain serotype-specific antisera
(18, 19). Because of the complex antigenic relationship be-
tween the LPS antigens of the various serotypes, an alternative
typing scheme for S. hyodysenteriae that is specific, easy to
perform, and rapid is required (8, 9).

Recently, a new approach has been developed by using an
LPS-directed monoclonal antibody produced to an Australian
isolate, S. hyodysenteriae 8930, to characterize isolates, the
result of which is the proposal of a new serotype (1). However,
this method relies upon strain isolation prior to testing, as do
conventional serotyping methods. Recent advances in recom-
binant DNA technology have led to the development of
genotypic typing methods. Such methods, which include chro-
mosomal DNA restriction endonuclease analysis (REA) (20,
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39), plasmid profile analysis (29), and DNA probes (7, 36), may
have application for typing S. hyodysenteriae.
Chromosomal DNA REA has proven to be a stable and

reproducible method for strain differentiation and has been
applied to many microorganisms, including Staphylococcus
epidermidis (27), Branhamella catarrhalis (25), Staphylococcus
aureus (3), and Legionella pneumophila (38). REA has been
reported to be more effective than several other typing tech-
niques such as phage typing (22, 39), serotyping (15, 21, 37),
and antimicrobial susceptibility testing (25, 39) in differentiat-
ing between strains within serotypes (28). An REA typing
system has been proposed for S. hyodysenteriae (5), but the
technique appears to be cumbersome because the patterns
have been difficult to compare because of the large number of
fragments resolved by electrophoresis (5). Because of the
complexities of these patterns, a more discriminatory method
would be of value in characterizing S. hyodysenteriae strains.
The use of Southern blot hybridization with a defined DNA
probe would provide a clear means of distinguishing between
strains. The DNA probes may be derived from a variety of
sources including virulence determinants (16), randomly
cloned fragments (30), whole chromosomal DNA (17), plas-
mids (26), and repetitive sequences (23, 24) and may represent
valuable epidemiological markers. Because of the effectiveness
of Southern blot analysis, it is seen as an alternative to current
typing methods, including the less discriminatory serotyping
method (20).
REA and Southern blot analysis were performed on chro-

mosomal DNAs from different serotypes of S. hyodysenteriae
5380 and the S. innocens reference strain B256 (Table 1). S.
hyodysenteriae 5380 was isolated from a naturally occurring
swine dysentery outbreak in Victoria, Australia, and is sero-
typically different from the reference strains (1). Cultivation of
the Serpulina spp. was performed as described previously (32).
The two DNA probes (0.75 and 1.1 kb) specific for S. hyodys-
enteriae were previously developed in our laboratory (32) from
virulent S. hyodysenteriae 5380 and, in the recombinant plasmid
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TABLE 1. Strains used in the Southern blot analysis

Strain" Origin Serotype Reference

S. hyodysenteriae
B78 United States 1 2
B204 United States 2 2
B169 Canada 3 2
Al United Kingdom 4 2
B8044 United States 5 18
B6933 United States 6 18
5380 Australia New 1

S. innocens B256 United States 13

"All strains are held at the Biotechnology Unit, Department of Applied
Biology and Biotechnology, Royal Melbourne Institute of Technology, Mel-
bourne 30)0)1, Australia.
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forms (pBT9002 and pBT9003), were used to type the S.
hyodysenteriae reference strains.
Genomic DNA was isolated by the procedure of Collins and

Ross (4). The chromosomal DNA (1 to 2 ,ug) was digested with
the restriction endonucleases Asp 700 (4.5 U/,ug of DNA) and
Sau3A (9 U/pug of DNA) for 3 h at 37°C in the buffer
recommended by the manufacturer (Boehringer Mannheim,
Sydney, Australia) and was heated at 65°C for 20 min to stop
the reaction and to dissociate the reannealed fragments prior
to electrophoresis. The digested DNA (20-,ul sample volume)
was electrophoresed at 35 V for 18 h in a horizontal 0.8%
(wt/vol) agarose gel (BDH Chemicals) in a buffer containing 40
mM Tris-acetate and 10 mM EDTA (pH 8.3). After electro-
phoresis, the gels were stained with 0.5 jig of ethidium bromide
per ml, illuminated with UV light, and photographed. For
Southern blot analysis, the fractionated DNA in the gel was

depurinated in 0.25 N HCl for 20 min, denatured in 0.5 M
NaOH-1.5 M NaCl for 30 min, and neutralized in 0.5 M
Tris-HCl-1.5 M NaCl-1 mM EDTA (pH 7.2) for 30 min. The
DNA was transferred from the agarose gel to a 0.45-jim-pore-
size nylon membrane (Hybond N; Amersham, Sydney, Austra-
lia) by the method of Southern (33). The filters were washed in
2 x SSC (1 x SSC is 0.15 M NaCl plus 0.015 M sodium citrate),
air dried, UV cross-linked at 312 nm for 2.5 min, and used
directly for hybridization as described previously (32). All
hybridizations were performed under high-stringency condi-
tions (65°C). The plasmids pBT9002 and pBT9003 containing
the probes were radiolabelled by the oligo method (6) by using
[lo-3 P]dATP (Bresatec, Adelaide, Australia) to a specific
activity of 106 to 107 cpm/mg as recommended by the manu-

facturer. Autoradiographs were exposed at - 70°C for 1 to 3
days.
A variety of restriction endonucleases were tested for their

capacities to restrict S. hyodysenteriae chromosomal DNA and
provide clear and reproducible profiles. The restriction en-

zymes tested included Hindlll, BglII, SmaI, BamHI, EcoRI,
HaeIII, Sau3A, MboI, RsaI, HhaI, PvuII, and Asp 700 (data not
shown). After careful examination, the restriction enzymes

Sau3A and Asp 700 were used in the study because they
produced the most definitive banding patterns and the clearest
distinction of REA patterns between the S. hyodysenteriae
reference strains. The REA profiles of S. hyodysenteriae and S.
innocens genomic DNAs digested with either Sau3A or Asp
700 produced a large number of DNA fragments ranging in
size from 40 to less than 0.5 kb (data not shown). The 1.1-kb
DNA probe hybridized strongly to a 3.0-kb Sau3A fragment on

all of the S. hyodysenteriae strains (Fig. IA, lanes 1 and 3 to 8).
No hybridization was observed with genomic DNA from S.

FIG. 1. Hybridization of the 1.1-kb probe to Sau3A (A) and Asp
700 (B) restriction-digested genomic DNAs from Serpulina spp. Lanes:
1, S. hyodysenteriae 5380; 2, S. innocens B256; 3, S. hyodysenteniae B78;
4, S. hyodysenteriae B204; 5, S. hyodysenteriae B169; 6, S. hyodysenteriae
Al; 7, S. hyodysenteriae B8044; 8, S. hyodysenteriae B6933. Fragment
sizes (in kilobases) are indicated on the left.

innocens B256 (Fig. lA, lane 2), which was consistent with
earlier results obtained by using these probes in a colony blot
hybridization (32).
When the genomic DNAs of S. hyodysenteriae reference

strains, S. hyodysenteriae 5380, and S. innocens B256 were

digested with Asp 700, S. hyodysenteriae strains could be
divided into two groups after hybridization with the 1.1-kb
DNA probe. S. hyodysenteriae serotype reference strains B78,
B204, Al, and B8044 hybridized to a 2.0-kb band (Fig. 1B,
lanes 3, 4, 6, and 7). S. hyodysenteriae reference strains B169
and B6933 and the Australian isolate S. hyodysenteriae 5380
hybridized to a large 15-kb fragment (Fig. 1B, lanes 1, 5, and
8). No hybridization was observed with S. innocens B256 (Fig.
IB, lane 2).

Hybridization ofAsp 700-digested genomic DNA from the S.

KB
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9.4
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FIG. 2. Hybridization of the 0.75-kb DNA probe to Asp 700
restriction-digested genomic DNAs from Serpulina spp. Lanes: 1, S.
hyodysenteriae 5380; 2, S. innocens B256; 3, S. hyodysenteriae B78; 4, S.
hyodysenteriae B204; 5, S. hyodysenteriae B169; 6, S. hyodysenteriae Al;
7, S. hyodysenteriae B8044; 8, S. hyodysenteriae B6933. Fragment sizes
(in kilobases) are indicated on the left.
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FIG. 3. Hybridization of both DNA probes (0.75 and 1.1 kb) toAsp
700 restriction-digested genomic DNAs from Serpulina spp. Lanes: 1,
S. hyodysentenae 5380; 2, 5. innocens B256; 3, S. hyodysenteriae B78; 4,
S. hyodysenteniae B204; 5, S. hyodysenteriae B169; 6, S. hyodysenteriae
Al; 7, S. hyodysenteriae B8044; 8, S. hyodysenteriae B6933. Fragment
sizes (in kilobases) are indicated on the left.

hyodysenteriae strains and S. innocens B256 with the 0.75-kb
DNA probe produced different hybridization patterns (Fig. 2,
lanes 1 and 3 to 8). The 0.75-kb DNA probe hybridized only to
one band on the chromosomal DNA of S. hyodysenteriae 5380,
producing a 15-kb DNA band (Fig. 2, lane 1). S. hyodysenteriae
B78 produced a 21-kb DNA band (Fig. 2, lane 3). S. hyodys-
enteriae B204 produced a strong 23-kb DNA band and extra
higher-molecular-size bands which could be accounted for as
incomplete digestion of the chromosomal DNA (Fig. 2, lane
4). S. hyodysenteriae B8044 produced a 22-kb DNA band (Fig.
2, lane 6), and S. hyodysenteriae B6933 produced a 19-kb DNA
band (Fig. 2, lanes 1 and 8). The 0.75-kb DNA probe hybrid-
ized to two identical DNA bands of 25 and 16 kb (Fig. 2, lanes
5 and 6) in S. hyodysenteriae B169 and Al. No hybridization
was observed with S. innocens B256 genomic DNA (Fig. 2, lane
2).

S. hyodysenteriae and S. innocens chromosomal DNAs were
digested with Asp 700 and hybridized in tandem with radiola-
belled 0.75- and 1.1-kb DNA probes. Each S. hyodysenteniae
strain could be differentiated clearly. S. hyodysenteriae 5380
produced a 15-kb band (Fig. 3, lane 1), S. hyodysenteriae B78
produced 21- and 2.0-kb bands (Fig. 3, lane 3), and S.
hyodysenteriae B204 produced 23- and 2.0-kb bands (Fig. 3,
lane 4). S. hyodysenteniae B169 produced 25- and 16-kb DNA
bands (Fig. 3, lane 5); S. hyodysenteriae Al produced three
bands of 25, 16, and 2.0 kb (Fig. 3, lane 6). S. hyodysenteriae
B8044 produced 22- and 2.0-kb bands (Fig. 3, lane 7). S.
hyodysenteriae B6933 produced a 19-kb DNA band (Fig. 3, lane
8). The DNA probes did not hybridize to Asp 700-digested S.
innocens B256 DNA (Fig. 3, lane 2).
DNA hybridization studies have been used for the detection,

classification, characterization, taxonomic evaluation, and evo-
lutionary studies of bacteria (36). A variety of restriction
endonucleases were analyzed for their capacities to digest S.
hyodysenteriae genomic DNA. The use of the restriction en-
zyme Asp 700 (recognition sequence, GAANN/NNTTC) pro-
vided the least number of bands, and hence, the resolution and
distinct reproducible DNA banding profiles were enhanced.
Total digests of S. hyodysentenae chromosomal DNA with Asp
700 enabled subtle variations in DNA restriction enzyme
patterns to be detected and enhanced the differentiation
between the S. hyodysenteriae strains examined and S. innocens

B256 (data not shown). S. hyodysenteriae reference strains
could be differentiated by the polymorphisms in the restriction
enzyme patterns present in the higher-molecular-size region
(Fig. 1B, 2, and 3). These chromosomal REA patterns re-
mained stable after subculturing of S. hyodysenteriae strains
repeatedly over a 2-year period (data not shown).
Whole S. hyodysenteriae 5380 chromosomal DNA could not

be used as a probe to identify and differentiate S. hyodysente-
riae strains because of the high DNA-DNA homology within S.
hyodysenteriae strains and the 28% DNA-DNA homology with
the swine intestinal commensal organism S. innocens, which is
commonly found in up to 30% of swine (14, 34). The S.
hyodysenteriae group is not as heterologous as has been ob-
served with other spirochetes such as Borrelia burgdorferi (17).
Thus, it appears that S. hyodysenteniae strains examined from
diverse geographical sources are a closely related group at the
DNA homology level. The DNA profiles produced by REA in
conjunction with Southern blot analysis with DNA probes
(0.75 and 1.1 kb of DNA) were less complex than visual
analysis of the Asp 700-digested chromosomal DNA (data not
shown) or the HaeIII-HindIII patterns reported by Combs et
al. (5) in a study of a proposed S. hyodysenteriae typing system
based on REA.
The 1.1-kb DNA probe hybridized with a 3.0-kb DNA

fragment of Sau3A-restricted S. hyodysenteriae chromosomal
DNA but not with S. innocens chromosomal DNA. The 3.0-kb
Sau3A DNA fragment was observed in all S. hyodysenteriae
reference strains and the virulent Australian isolate S. hyodys-
enteriae 5380. The reference strains are derived from diverse
geographical sources, and thus, the observation of a single
DNA band indicates a conserved region in the genomes of
members of this species. It is proposed that this marker may be
useful for the species-specific but not serotype-specific identi-
fication of S. hyodysentenae, although further evaluation
against other species found in the swine intestine, e.g., Trepo-
nema succinofaciens, needs to be done before a general claim
of specificity can be validated.
The application of either the 1.1-kb DNA probe or the

0.75-kb DNA probe to Asp 700-digested Serpulina sp. genomic
DNA demonstrates that the probes are species specific be-
cause they do not recognize S. innocens and can be used to
subdivide the S. hyodysenteriae reference serotype strains into
different groups (Fig. 1B and 2). The reference serotype strains
B169 and B6933 and S. hyodysenteriae 5380 could be distin-
guished from strains of the other serotypes (B78, B204, Al,
B8044) by using the 1.1-kb DNA probe. The application of the
0.75-kb DNA probe to Asp 700-digested S. hyodysenteniae
chromosomal DNA enabled the distinction of each S. hyodys-
enteriae reference strain except for the serotype 3 (B169) and
serotype 4 (Al) reference strains and strains of serotype 1
(B78) and serotype 6 (B6933), which produced identical DNA
banding profiles. Therefore, although the Southern blot anal-
ysis banding profiles produced by using either the 0.75- or the
1.1-kb DNA probe could group some S. hyodysenteriae refer-
ence strains and differentiate between other serotype reference
strains, each reference strain did not produce a distinctive
banding profile. However, the simultaneous use of both the
1.1- and 0.75-kb DNA probes in the Southern blot analysis
could clearly differentiate all of the S. hyodysentenae serotype
reference strains and the Australian isolate 5380 (Fig. 3).

Originally, we classified S. hyodysenteriae 5380 as serotype 4
on the basis of the LPS serotyping scheme of Baum and Joens
(2) and Mapother and Joens (19). However, Alderton et al. (1)
have shown recently that this strain is recognized by an
LPS-specific monoclonal antibody which does not recognize
the reference strains of serotypes 1 to 6, including the refer-
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ence strain of serotype 4 (Al) used in the present study. The
Southern blot analysis described in this report also clearly
demonstrates that S. hyodysenteriae 5380 can be distinguished
from the reference strains of the known S. hyodysenteriae
serotypes, since it produces a different hybridization pattern
(Fig. 3).
The Southern hybridization protocols with the two S. hyo-

dysenteriae-specific DNA probes reported here could be used
to provide crucial epidemiological and typing information on
S. hyodysenteriae in swine, including whether new strains may
evolve by DNA rearrangement or transposon or bacteriophage
integration at specific sequences which may lead to restriction
fragment length polymorphisms in specific DNA regions. The
Southern hybridization pattern could also be used to detect
and trace the transmission of pathogenic strains of S. hyodys-
enteriae in outbreaks of disease, distinguish isolates from
various sources that may be responsible for outbreaks of swine
dysentery, and provide a method of characterizing organisms
excreted in any vaccination and subsequent challenge trials.
The use of two DNA probes together for characterizing S.

hyodysenteriae strains would be neither time-consuming nor
expensive, and the application of nonisotopic labelling tech-
niques enables Southern blot analysis to be performed safely
and readily in diagnostic and research laboratories.
A large number of S. hyodysenteriae strains need to be

characterized by REA and REA-Southern blot analysis with
the two DNA probes (0.75 and 1.1 kb) in order to determine
the efficacy of this molecular typing system for application to
epidemiological investigations. The present study has provided
evidence that REA of S. hyodysenteriae strains with Asp 700
identifies genomic variations among the S. hyodysenteriae
strains and that these variations can be used to differentiate
strains of the reference serotypes. REA in association with the
use of DNA probes provides a specific and sensitive method
for the identification and characterization of S. hyodysenteriae
strains and could be used to provide an alternative to current
identification and characterization methods.
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