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Abstract Repetitive DNA sequences present in the ge-
nome of Dicrocoelium dendriticum were identified by
hybridization of genomic DNA that had been digested
with different restriction enzymes with **P-labeled ge-
nomic D. dendriticun DNA. DNA fragments containing
repetitive sequences were isolated from PsrI-digested
D. dendriticumn DNA and were subcloned into a plasmid
vector. Plasmids containing repetitive sequences were
identified by colony hybridization. One of these plas-
mids, designated Ddr-1V, was isolated and used as a
probe in further studies. Ddr-1V is specific for D. den-
driticum since it does not hybridize to DNA isolated
from other trematodes. In addition, Ddr-IV was capable
of detecting D. dendriticum metacercariae in ants (For-
mica cunicularia, F. rufibarbis, and Lasius sp.), which act
as second intermediate hosts in the parasite’s life cycle.
Since metacercariae constitute the infectious stage of the
parasite for grazing animals, Ddr-IV will provide a
useful tool for epidemiology studies of dicrocoeliosis.

Introduction

Dicrocoelium dendriticum, also called the small liver
fluke, is capable of infecting a wide range of different
mammals, including humans (Soulsby 1982). The oc-
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currence of dicrocoeliosis is worldwide and economic
losses can be considerable. The life cycle includes two
intermediate hosts: land snails (Zebrina spp. and Cionella
spp.), in which sporocysts and cercariae are produced,
and ants (Formica spp. and Lasius spp., among others),
in which metacercariae are found. Some metacercariae
enter the brain of the ant, causing tetanic spasm of the
mouthparts when environmental temperatures are low-
ered (Soulsby 1982). Infected ants remain attached to
herbage overnight and are thus available to grazing an-
imals (Dawes and Hughes 1964; Wright 1971). Mammals
acquire infections when they ingest leaves on which in-
fected ants are attached. Cercariae enter the liver via the
bile duct, and young flukes are found at 47-54 days after
ingestion of the metacercariae. The small flukes penetrate
into the fine branches of the bile ducts, in which they are
attached by means of their suckers. In advanced infection
there is extensive cirrhosis and scarring of the liver sur-
face. Portal cirrhosis and marked proliferation of the
bile-duct glandular epithelium also occur. The clinical
picture in severe cases consists of anemia, edema, and
marked emaciation (Soulsby 1982).

The percentage of metacercariae-containing ants
represents the infection risk in a particular area and is
thus an important parameter in the epidemiology of
dicrocoeliosis. Ants very frequently also harbor larvae of
other trematode species, which may have nonmamma-
lian animals as definitive hosts. Their morphological
identification, especially when many samples need to be
examined, can be difficult and time-consuming.

In the present work a DNA probe was developed that
can be used in squash-blot analysis and allows D. den-
driticum larvae to be discriminated from larvae of other
trematodes infecting ants.

Materials and methods

Parasite collection

Adult Dicrocoelium dendriticum parasites were isolated from the
gallbladders of infected cattle at the slaughterhouse in Bern,
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Switzerland. Adult Fasciola hepatica parasites were isolated from
the livers of experimentally infected rats. Xiphidiocercaria spp. and
Diplostoma spp. were harvested from snails collected at the shore of
Lake Neuchatel in Switzerland. These infected snails were kept in
centrifuge tubes containing lake water and were allowed to shed
their parasites for several days. Parasites were centrifuged and the
pellets were stored at —20 °C until DNA preparation. Further
trematode larvae of the genera Trichobilharzia and Den-
dritobilharzia were harvested from Vivipara vivipara and Lymnea
auricularia snails collected at Lake Bienne. Uninfected and infected
ants were collected from pastures in areas well known to be en-
demic for D. dendriticum.

DNA isolation

DNA was prepared from D. dendriticum, F. hepatica, and Os-
tertagia ostertagii as follows: adult parasites were rinsed tho-
roughly in phosphate-buffered saline, snap-frozen in liquid
nitrogen, pulverized using a mortar and pestle, and incubated for
30 min at 37 °C in 25 ml of TNE [10 mM TRIS, 0.1 M NaCl,
1 mM ethylenediaminetetraacetic acid (EDTA), pH 7.5] containing
0.5% sodium dodecyl sulfate (SDS). RNAse A (100 ug ml™") was
added and the lysate was incubated for a further 80 min, after
which it was incubated for 60 min in the presence of pronase E
(1 mg mI™"). The lysate was then consecutively extracted with an
equal volume of phenol, chloroform, and ether. DNA was pre-
cipitated by the addition of 2.5 vol. of ethanol, washed twice in
70% ethanol, and dissolved in 10 mM TRIS (pH 7.5) and 0.1 mM
EDTA. The same procedure, using reduced volumes, was followed
for the isolation of DNA from trematode larvae harvested from
various snails.

Isolation and cloning of repetitive DNA fragments

D. dendriticumn DNA was digested with the restriction enzymes
Sall, HindIIl, Smal, Pstl, Xbal, EcoRIl, BamHI, Aval and Kpnl
(Boehringer Mannheim, Rotkreuz, Switzerland) and fragments
were separated by electrophoresis in TAE buffer in preparative
0.8% agarose gel (Maniatis et al. 1982). Filters were hybridized
with genomic D. dendriticum DNA that had been labeled with 2P
by nick translation to identify repetitive DNA sequences. DNA
with a fragment size corresponding to that of the repetitive DNA
was isolated using Whatman 3MM paper as previously described
(Errington 1990). Pst1 fragments isolated in this way were ligated
into the plasmid vector pUCI19 (Vieira and Messing 1982), which
was linearized by digestion with PstI (Maniatis et al. 1982).
Escherichia coli bacteria were transformed with the recombinant
plasmid and positive colonies were identified by transfer of the
bacterial colonies to nitrocellulose filters and hybridization of the
filters with genomic D. dendriticum DNA labeled with **P by nick
translation. Plasmid DNA was isolated from positive colonies and
digested with PstI (Maniatis et al. 1982). For confirmation that the
inserts contained repetitive sequences, fragments were separated in
a 0.8% agarose gel, the DNA was blotted onto Hybond-N mem-
branes (Amersham, Ziirich, Switzerland), and the filters were hy-
bridized with nick-translated genomic D. dendriticun DNA (see
below).

The ends of the plasmid clone Ddr-IV containing the D. den-
driticum repetitive DNA were sequenced by the dideoxy chain-
termination method (Sanger et al. 1977; Hattori and Sakaki 1986)
using a T7 sequencing kit (Pharmacia, Diibendorf, Switzerland).

Dot-blot analysis

In all, 10 ng of genomic DNA from D. dendriticum, other trema-
todes, and O. ostertagii was spotted onto a Hybond-N membrane.
The filter was placed on two layers of 3MM paper soaked in 0.5 M
NaOH and 1 M NacCl for 3 min for denaturation. The filters were

then placed on two layers of 3MM paper soaked in 1 M TRIS-HCI
(pH 7.5)/3 M NaCl for 3 min (neutralization). DNA was fixed to
the membranes by UV irradiation for 2 min.

Filters were prehybridized for a minimum of 2 h at 65 °C in
hybridization solution consisting of 5 x Denhardt’s solution,
5% SSC, 0.1% SDS, and 0.1% sodium pyrophosphate in the
presence of 100 pg ml™" of herring-sperm DNA. DNA was labeled
with [*?P]-deoxycytidine triphosphate (*?P-[dCTP]) using a nick
translation kit from Amersham (Zirich, Switzerland). DNA
probes were added to the hybridization solution and filters were
hybridized overnight at 65 °C. Filters were washed three times for
20 min at 65 °C in 0.1 x SSC, 0.1% SDS, and 0.1% sodium
pyrophosphate.

Squash blots of ants

For preparation of squash blots, ants were crushed onto a Hybond-
N filter. Alternatively, ants were crushed on a glass slide in a drop
of phosphate-buffered saline and parasites were collected with a
Pasteur pipette and transferred to a Hybond-N filter. Filters were
placed (sample facing upward) for 2 min on Whatman 3MM paper
that has been soaked in 80 mM TRIS (pH 6.9) and 1% SDS. The
filters were then transferred to Whatman 3MM paper soaked in
0.5 M NaOH/1.5 M NaCl for denaturation of the DNA (5 min)
and, subsequently, to 3MM paper soaked in 1 M TRIS (pH 7.5)
and 1.5 M NaCl. After air-drying of the filters the DNA was fixed
to the membrane by UV irradiation and filters were then stored at
room temperature until used.

Results

Isolation of a recombinant clone containing
a highly repetitive DNA fragment

In a search for repetitive DNA fragments in the genome
of Dicrocoelium dendriticum, genomic DNA isolated
from adult parasites was digested with different restric-
tion enzymes and subsequently blotted onto filters and
hybridized with genomic D. dendriticurn DNA labeled
with *?P by nick translation. A distinct banding pattern
of repetitive DNA sequences could be detected in ge-
nomic DNA digested with PstI (data not shown). DNA
fragments corresponding to these regions were isolated
and ligated into the plasmid vector pUC19, which was
then used to transform Escherichia coli. Clones con-
taining repetitive DNA sequences corresponding to each
of these regions were obtained by screening of colonies
of bacteria with genomic DNA labeled by nick transla-
tion. One clone, designated by the letters Ddr-IV
(Dicrocoelium dendriticum repeat), containing a 2.1-kb
fragment, was selected for further studies.

Southern-blot analysis of genomic D. dendriticum
DNA digested with different restriction enzymes, using
Ddr-IV as a probe, revealed a well-defined banding
pattern, with strong signals appearing after short peri-
ods of exposure (Fig. 1). This confirms the repeated
nature of the DNA fragments to which Ddr-IV hy-
bridizes. The ends of the Ddr-IV fragment were se-
quenced and are shown in Fig. 2. Sequence comparison
revealed no homology with sequences present in Gen-
bank (release 38; Devereux et al. 1984).
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Fig. 1 Autoradiogram showing the presence of repetitive DNA
fragments in the genome of Dicrocoelium dendriticum. Genomic
DNA of D. dendriticum (2 pg per lane) was digested with different
restriction enzymes and separated by agarose-gel electrophoresis, and
Southern-blot analysis was performed using radiolabeled Ddr-1V as a
probe. The filter was exposed overnight at —80 °C using an
intensifying screen. A distinct banding pattern was found in the
Pstl-, EcoRI-, and Aval-digested genomic D. dendriticumn DNA
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CTGCAGCACCCGTCGTCGCTTCTGTAGTGGCCCCAAATGGCACAGCGCATGGTCCACTAG
70 80 90 100 110 120
ACATTTGTATGAGAAAGAAAGGCATTAGTAGAGAACCGAAAACCCACCACCTGAAATAAA
130 140 150 160 170 180
GAGACTTAGCATGCAACCATGCGGTTAGTAAATCGAATTCAGCGTGCCTACAAACGCTGC
190 200 210 220 230 240
GCCGGTGCTGCCTACGTTCACTGCGGGACCCGTCGGCGCCTTCGACAGTGGTCCGAGTGA

250 260
CCTCTCTCATGGCTCACTAGGCC <-———————— /= 1.6 kb/-=-==-=--—- >
10 20 30 40 50 60
GGATCCCGTCACCTCGGCACATTTGCCGTTTCGCAGCTGAGCAAGTGCTCTCTGCGTCTC
90 100 110 120
ATCCAGTCTCGGCGTATCCGCCAGATCCGCCTTCACATCGTTCTGCTTCAGGCCATTCAA
150 160 170 180

TGTAGGCCAGTCGATCTCTGAACGGTTGTTCAAGAGACAGTCAAAGTGTTTCCGCCAGAC

CTGCATTATGTCTGCAG

Fig. 2 Nucleotide sequence of the ends of the Ddr-1V fragments. The
length of the unsequenced area is indicated as <—/= 1.6 kb |—>.
The Pst1 restriction sites that flank the Ddr-1V fragment are underlined

Specificity of Ddr-1V

In a test of the specificity of Ddr-IV, DNA was isolated
from different trematodes, dotted onto a Hybond-N
filter, and hybridized under stringent conditions with
radiolabeled Ddr-IV. Figure 3 shows clearly that the
probe Ddr-1V is specific for D. dendriticum and does not
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D. dendriticum + - - - -
F. hepatica - + - - -
Xiphidocercaria - - + - -
Diplostoma - - - + -

O. ostertagii - - - +

Fig. 3 Autoradiogram of dot blots showing the specificity of Ddr -IV.
Genomic DNA was isolated from adult D. dendriticum and Fasciola
hepatica and from trematode larvae belonging to the genera
Xiphidocercaria and Diplostoma. DNA was also isolated from
Ostertagia ostertagii as a member of the Nematoda. Genomic DNA
was dotted onto a Hybond-N filter and hybridized with Ddr-IV
labeled with **P by nick translation. Filters were washed under
stringent conditions and exposed overnight at —80 °C using an
intensifying screen. No additional signal appeared upon longer
exposure

hybridize to DNA isolated from other trematodes such
as Fasciola hepatica, Xiphidiocercaria sp., or Diplostoma
sp. or from nematodes such as Ostertagia ostertagii. In
addition, Ddr-IV did not hybridize to DNA isolated
from the cercarial stage of Trichobilharzia sp. or Den-
dritobilharzia sp. harvested from the water snails Vivi-
para vivipara and Lymnea auricularia (data not shown).

Detection of trematodes in ants

To test whether Ddr-1V could be used to detect D. den-
driticum larvae present in ants we prepared squash blots
from uninfected control ants and ants carrying D. den-
driticum larvae (Fig. 4). All the ants were dissected un-
der a microscope prior to the squash-blot analysis for
determination as to whether they were infected. Signals
were obtained only where squashed, infected ants were
applied, and no hybridization with ant DNA could be
detected. The probe proved to be highly sensitive, since
isolated metacercariae collected in droplets of phos-
phate-buffered saline from infected ants could also be
detected using Ddr-1V (data not shown).

infected
ants

control
ants

Fig. 4 Detection of D. dendriticun DNA in ant squash blots. The
probe used was Ddr-IV labeled with 2P by nick translation. The filter
was exposed overnight at —80 °C using an intensifying screen
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Discussion

DNA probes for the identification and detection of
parasites either in their definitive hosts or in different
intermediate hosts have proved to be useful diagnostic
and epidemiology tools (Kukla et al. 1987; Schofield
1987; Delves et al. 1989; Walker et al. 1989; Webster
et al. 1989). To date, the detection of Dicrocoelium
dendriticum larvae in the snail and ant intermediate host
has been dependent on the microscopic examination of
individual snails and ants. This can be very time-con-
suming, especially if large numbers of intermediate hosts
— possibly originating from different geographic areas —
need to be examined. In addition, larvae of different
trematode species can be very similar and it may be hard
for the untrained microscopist to distinguish them. The
use of diagnostic probes circumvents this problem. In
the present work a DNA probe was generated that is
specific for D. dendriticum. This probe could be used to
detect D. dendriticum larvae in infected ants. The probe
hybridizes to abundant repetitive sequences and is
therefore very sensitive and capable of detecting single
metacercariae. The Dicrocoelium-specific probe de-
scribed herein will thus provide a useful reagent for
epidemiology studies. Recently, a specific DNA probe
for Fasciola hepatica was described that can be used to
detect F. hepatica larvae in Lymnea truncatula by the
squash-blot method (Heussler et al. 1993).

Another method that has recently been described is a
nucleic acid-based test for the detection of F. hepatica, in
which an oligonucleotide probe with specificity for the
small-subunit ribosomal RNA of F. hepatica is used
(Shubkin et al. 1992). This test involves the isolation of
RNA from infected snails followed by slot-blot analysis.

By using the squash-blot technique described herein,
one can avoid the cumbersome extraction of RNA from
each of the ants to be tested. Squash blots of ants are
easily made in the field and, thus, ants (or snails) do not
need to be collected, transported, and analyzed indi-
vidually. This is of particular relevance for epidemiology
studies that are carried out in isolated areas or in de-
veloping countries, where immediate analysis of large
numbers of samples is frequently impossible and diag-
nostic experience is not always at hand. Filters prepared
according to the method described herein could be
stored for a long time in that Ddr-IV could detect
D. dendriticun DNA on filters that had been kept at
room temperature for several months.

The data presented herein were obtained using ra-
dioactively labeled probes, which have a limited life span
and depend for their production and processing on the

availability of an adequately equipped laboratory. Re-
cent data from our laboratory, however, suggest that
because of the repetitive nature of the target sequences
the generation of nonradioactive probes of sufficient
sensitivity should also be possible.
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