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Abstract

Pulsed field gel electrophoresis analysis of genomic DNA was used to investigate genetic
diversity among Dichelobacter nodosus from footrot in sheep in Malaysia. Twelve Dichelobacter
nodosus strains isolated from lesion materials from infected sheep were confirmed as Dichelobacter
nodosus by polymerase chain reaction technique using the species-specific Dichelobacter nodosus
16S RNA sequence Ac and C as primers. Pulsed field gel electrophoresis banding profiles using
restriction enzymes Apal (5’GGGCCC3’), Sfil (5’GGCCNNNNNGGCC3’)and Smal
('5CCCGGG3’) enabled the 12 Dichelobacter nodosus strains to be differentiated into eight
different PFGE patterns and thus genome-types, with F (coefficient of similarity) values ranging
from 0.17 to 1.0 (Apal), 0.14 to 1.0 (Sfil) and 0.22 to 1.0 (Smal). Strains with origin in different
farms were shown to have different PFGE patterns (two strains, M7 and M8 were the only
exception). On the basis of their PFGE, all field strains used in the study differed from the reference
strains. Our data revealed that there are several clonal types of Dichelobacter nodosus isolates and
indicated that there is probably more than one source of this pathogen on the farms studied. The
study showed that strains of D. nodosus exhibited considerable genetic diversity using this method
and that genomic analysis by pulsed field gel electrophoresis was useful in discriminating the
D. nodosus strains. © 1998 Elsevier Science B.V. All rights reserved.
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1. Introduction

Dichelobacter nodosus (formerly known as Bacteroides nodosus (Dewhirst et al.,
1990)) is essential causative agent of footrot, a highly contagious disease characterised by
inflammation of the interdigital skin and hoof matrix leading to separation of the
hoof from the underlying epidermal tissues and resulting in severe lameness, loss of body
condition and reduced wool production (Egerton et al., 1969; Stewart et al., 1984).
The clinical disease profile assumes a continuum ranging from virulent footrot, through
the intermediate range, to benign footrot (Egerton et al., 1969; Stewart et al., 1982),
depending on the climatic conditions and the virulence of the invading D. nodosus
strain.

Traditionally, the identification of D. nodosus has relied on the isolation of D. nodosus
from footrot lesion material and biochemical tests on the resultant isolates (Skerman,
1989; Pitman et al., 1994). Recent studies showed that PCR method base on the 16S RNA
sequences can be used as a practical method for direct detection of D. nodosus isolates,
but such analysis is not intended for strain differentiation (La Fontaine et al., 1993; Rood
et al., 1996). In applying sensitive methods to epidemiological studies, however, it is
important to understand the clonal nature of the organism under investigation, as well as
the genetic diversity that exists within the population being studied. Data from genetic
diversity studies could be used to monitor trends in the occurrence of pathogenic strains,
and to identify possible sources of infection (Bowditch et al., 1993). Thus, a technique
that is able to distinguish among D. nodosus strains could be extremely valuable. Pulsed
field gel electrophoresis analysis has been used successfully to characterise bacterial
isolates involved in epidemiological investigations (Single and Martin, 1992; Bert et al.,
1997; Thomas et al., 1997). Thus, the objective of our research was to use PCR in the
identification of D. nodosus isolates and reports here the diversity of strains isolated by
pulsed field gel electrophoresis.

2. Materials and methods
2.1. Bacterial strains

Dichelobacter nodosus strains were isolated from sheep suffering from footrot from
three government sheep farms: Institut Haiwan Kluang, Johor; Pusat Pembiakan Bebiri
Gajah Mati, Kedah and Pusat Ternakan Bebiri Chalok, Terengganu. Lesion materials
from affected sheep was spread on 4% hoof agar (HA) plates (Egerton and Roberts,
1971), placed in anaerobic jars which were gassed (BBL Gas Pak Plus, Becton Dickinson,
Microbiology Systems, Cockeysville, MD) and transferred to the laboratory. After 3-5
days of incubation at 37°C, suspected Gram negative, strict anaerobes with typical colony
(Thorley, 1976) and cell (Beveridge, 1941) morphology were sub-cultured onto a series of
4% HA plates until they were free of contaminating bacteria. They were sub-cultured
onto 2% HA plates (Thomas, 1958) for further biochemical characterisation as D.
nodosus. Standard D. nodosus strains 25549 (A1001) and G1674 and E. coli K 12 were
used as controls.



Z. Zakaria et al./Veterinary Microbiology 62 (1998) 243-250 245

2.2. DNA isolation and PCR

Genomic DNA from confirmed D. nodosus strains grown on HA plates was extracted
according to the method of Anderson et al. (1984). Identification and confirmation of
field isolates of D. nodosus by PCR were performed with forward primer Ac
(5CGGGGTTATGTAGCTTGCS') corresponding to positions 67-84 and reverse primer
C (5TCGGTACCGAGTATTTCTACCCAACACCT3') (each manufactured by Gibco,
BRL) corresponding to positions 821-849 of the D. nodosus 16S RNA sequence
(Dewhirst et al., 1990). The control strains were D. nodosus ATCC 25549 (A 1001) and G
1674, and E. coli K 12. Target DNA was amplified through 35 cycles of denaturation
(94°C, 30s), annealing (55°C, 30s) and polymerisation (72°C, 355s), using a
microprocessor-controlled thermal cycler (GeneAmp PCR system 2400, Perkin Elmer,
Norwalk, CT). Amplification products were separated by electrophoresis on 2% agarose
gels stained with ethidium bromide (final concentration, 0.5 pg/ml).

2.3. PFGE

The pulsed field gel electrophoresis (PFGE) technique of contour-clamped homo-
genous electric field (CHEF) electrophoresis (Chu et al., 1986) was used for genomic
typing of D. nodosus isolates. Genomic DNAs were digested in agarose plugs with Apal
(5GGGCCC3), Sfil (5GGCCNNNNNGGCC3') and Smal (5CCCGGG3’) (Promega,
Madison, WI) as recommended by the manufacturer. The resulting fragments were
resolved by CHEF-PFGE by using a CHEF-DRIII apparatus (Bio-Rad Laboratories,
Richmond, CA) in gels of 1% agarose in 0.5X TBE (0.1 M Tris, 0.1 M boric acid,
0.2 mM EDTA) at 6 V/cm for 20 h at 14°C with ramped pulse time varying according to
the enzymes used (ranging from 0.1 to 30 s). Gels were stained with ethidium bromide
and visualised with a UV transilluminator (Spectroline, 320 nm). Lambda concatamers
(Promega, Madison, WI) were used as DNA size standards. The number and size of
the DNA fragments were used as criteria for categorising distinct patterns.
Several electrophoretic runs with ramped pulsed times varying between 0.1 and 30 s
were performed to obtain optimal times in which individual bands were clearly
separated.

2.4. Data analysis

DNA fragments patterns were visually assessed and distinct patterns were assigned an
arbitrary PFGE pattern and genome-type. Strains were considered genetically similar or
identical if there was a complete concordance of DNA fragment profiles and considered
different if there was difference of one or more DNA bands. Patterns generated by PFGE
for all strains were compared, and the similarity of fragment length patterns between two
strains was scored by the Diced coefficient, also known as coefficient of similarity (EI-
Adhami et al., 1991). This coefficient F, expresses the proportion of shared DNA
fragments in two isolates and was calculated by using the formula F = 2nyy /(nx + ny),
where ny is the total number of DNA fragments from isolate X, n, is the total number
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from isolate Y, and n,, is the number of fragments identical in two isolates. An F value of
1.0 indicates that two isolates have identical PFGE patterns or genome-type.

3. Results and discussion

Isolates from footrot were analysed in this study. One isolate was recovered from each
of the footrot samples and was hypothesised to be the causal strain responsible for the
infection. All strains of D. nodosus from footrot in sheep used in this study showed
identical biochemical characteristics to the reference strains. Confirmation as D. nodosus
was made using the PCR primers of La Fontaine et al., 1993 shown to amplify a common
784 bp sequence from the D. nodosus DNA or lesion materials of footrot in sheep. A
combination of the forward and reverse primers Ac and C generated a single PCR product
with DNA from all the tested D. nodosus strains (12 of 12) as well as from the control
strains ATCC 25549 (A1001) and G1674. The PFGE patterns obtained with the three
enzymes differed from one another but remained stable and reproducible. As can be seen
in Table 1, strains isolated from the same flock had up to three different genome patterns.
Coincidently, in this limited study each flock had patterns different from one another.
PFGE analysis of Apal-digested DNA yielded 11-12 well-separated DNA fragments
ranging in size from 27 to 380 kpb (Fig. 1); PFGE analysis of Sfil-digested DNA yielded
4-10 DNA fragments ranging in size from 44 to 470 kbp (Fig. 2); and PFGE analysis of
Smal-digested DNA yielded 8-15 DNA fragments ranging in size from 60 to 560 kbp
(Fig. 3). Analysis of these PFGE patterns showed that between three and five different
PFGE patterns were present among the 12 D. nodosus strains, with coefficient F
(coefficient of similarity) values ranging from 0.17 to 1.0 (Apal), 0.14 to 1.0 (Sfil), and
0.22 to 1.0 (Smal). Thus when the results of the PFGE analysis of genomic DNA from the

Table 1
Comparison of the D. nodosus strains by their pulsed field gel electrophoresis patterns
Strain no. Place” PFGE pattern Genome pattern
Apal Sfil Smal
Ml IHK 1 4 8 1
M2 IHK 2 5 9 2
M3 IHK 3 5 11 3
M4 PPBGM 3 4 11 4
M5 PPBGM 3 6 11 5
M6 PPBGM 3 6 11 5
M7 PPBGM 3 7 12 6
M8 PTBC 3 7 12 6
M9 PTBC 2 5 12 7
M10 PTBC 2 5 12 7
Ml1 PTBC 2 7 12 6
MI12 PTBC 2 7 12 6

“THK, Institut Haiwan Kluang; PPBGM, Pusat Pembiakan Bebiri Gajah Mati, Kedah; PTBC, Pusat Ternakan
Bebiri Chalok, Terengganu.
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Fig. 1. PFGE patterns of Apal digests of D. nodosus genomic DNA. Lanes: 1, lambda concatamers molecular
size markers (kbp) are indicated by numbers on the left; 2, D. nodosus ATCC 25549 reference strain; 3, M1; 4,
M2; 5, M3; 6, M4; 7, M5;8, M6; 9, M7; 10, MS; 11; 12, M10; 13, M11; 14, M12; 15, S. cerevisiae; 16,
D. nodosus G1674 reference strain. Numbers across the top indicates the PFGE patterns and genome-types.
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Fig. 2. PFGE patterns of Sfil digests of D. nodosus genomic DNA. Lanes: 1, M1; 2, M2; 3, M3; 4, M4, 5, M5; 6,
M6; 7, M7; 8, M8; 9, M9; 10, M10; 11, M11; 12, M12; 13, lambda concatamers molecular size marker (kbp) are
indicated by numbers on the right; 14, D. nodosus ATCC 25549 reference strain, 15; D. nodosus G1674
reference strain. Numbers across the top indicates the PFGE patterns and genome-types.
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Fig. 3. PFGE patterns of Smal digests of D. nodosus genomic DNA. Lanes:1, M1; 2, M2; 3, M3; 4, M4; 5, M5;
6, M6; 7, M7; 8, M8; 9, M9; 10, M10; 11, M11; 12, M12; 13, D. nodosus ATCC 25549 reference strain; D.
nodosus G1674 reference strain; 15, lambda concatamers molecular size marker (kbp) are indicated by numbers
on the right. Numbers across the top indicates the PFGE patterns and genome-types.

12 D. nodosus strains using the three different enzymes (Apal, Sfil and Smal) were taken
together (with a total of 12 PFGE genome patterns), eight genome-types were observed
(Table 1) among the three different flocks studied. On the basis of their PFGE patterns,
all the D. nodosus strains in the study area differed from the reference strains ATCC
25549 and G1674. The results may indicate that the Malaysian strains belongs to
different clonal lineages. Therefore, considerable genetic diversity was found among the
D. nodosus strains studied (eight genome-types from 12 strains isolated). We also
established that D. nodosus strains from the same flock has different PFGE profiles.
However, because of the sampling bias of the study (a single strain studied from each
footrot lesion) the above described PFGE results for the 12 D. nodosus strains does not
imply that a particular genome-type is the most disseminated or epidemic strains among
footrot infection in the study area. In addition, to further confirm our results, PFGE with
more D. nodosus strains as well as digestion with more restriction enzymes may be
necessary.

The successful use of PFGE fragments in the differentiation between strains of
D. nodosus suggests other potential uses for this technique. For example, specific PFGE
fragments could be used to generate strain-specific or PFGE group-specific probes.
Anecdotally, to the best of our knowledge, this is the first report on the isolation of
D. nodosus from footrot in sheep in Malaysia. PFGE could be useful in the analysis of the
level of diversity among strain that originated in different geographical areas and on
different hosts. Because of its potential for strain differentiation, it could be used for
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monitoring the pathogenic capability of D. nodosus strains that may pose threat to the
sheep farmers.
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