Vol. 21: 215-220. 1995

DISEASES OF AQUATIC ORGANISMS
Dis. aquat. Org.

l

Published March 30

Development of a DNA probe for the myxosporean
parasite Ceratomyxa shasta, using the polymerase
chain reaction with arbitrary primers
Jerri L. Bartholomew', Rusty J. ~ o d r i g u e zCindy
~,
K. ~ r a k a w a ~

' Center for Salmon Disease Research, Department of Microbiology, Oregon State University, Corvallis, Oregon 97331-3804, USA
National Biological Survey, Bldg 204 Naval Station, Seattle, Washington 98115, USA

ABSTRACT: The arbitrarily primed polymerase chain reaction (PCR) was used to generate a DNA
marker specific for the myxosporean parasite Ceratomyxa shasta. The [32~]-labeled
marker hybridized
to purified C. shasta DNA and to parasite DNA combined with salmonid DNA in a dot blot assay,
demonstrating its potential as a diagnostic tool. The amplified DNA segment was cloned and
sequenced, and primers specific for the marker were designed. When these primers were used in a
standard PCR assay, DNA was amplified from C. shasta and from infected fish tissues, but not from
uninfected fish tissues or from 2 other myxosporean parasites. The sensitivity of the PCR assay will
permit detection of low levels of C. shasta from infected fish or oligochaetes and will be useful in defining the parasite's life cycle as well as examining its impact on salmonid populations.
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INTRODUCTION

Ceratomyxosis, caused by infection with the myxosporean parasite Ceratomyxa shasta, has been recognized as a serious impediment to salmonid aquaculture
in the Pacific Northwest region of North America since
it was first observed in 1948 (Wales & Wolf 1955). The
parasite is enzootic in several major water systems in
this region (Johnson et al. 1979, Hoffmaster et al. 1988)
and is a factor in the survival of the salmonid species
migrating through them. Infection by C, shasta is first
evident in the intestinal tract of the fish, where the parasite multiplies and causes tissue necrosis accompanied by a severe inflammatory reaction and subsequent death of the host (Bartholomew et al. 1989b).
Results of studies on the geographic range of the
parasite (Johnson et al. 1979, Hoffmaster et al. 1988)
and the susceptibility to infection of different species
and strains of salmonids (Zinn et al. 1977, Buchanan
et al. 1983) have enabled fishery managers to reduce
losses to the disease by using alternative water
supplies at the hatcheries and by stocking diseaseresistant fish strains in enzootic watersheds. However,
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studies on the impact of this parasite (Bartholomew et
al. 1992a) indicate that these measures have not been
completely successful and implementation of control
strategies without understanding the parasite's biology
and ecology has been ineffective.
Control of ceratomyxosis is complicated because the
myxosporean life cycle involves 2 hosts. In the myxosporean life histories described, development of the
actinosporean life stages take place in an oligochaete
intermediate host (Wolf & Markiw 1984, El-Matbouli &
Hoffman 1989, Ruidisch et al. 1991, Styer et al. 1991,
Yokoyama et al. 1991, Bartholomew et al. 199213, ElMatbouli et al. 1992, GroRheider & Korting 1992, Kent
et al. 1993). The actinosporean completes its own
developmental cycle inside the oligochaete and is
released as a spore. It is not clear whether the actinosporean spore or the multinucleate plasmodium that it
contains is responsible for infecting the fish host, but,
once the parasite penetrates, it undergoes proliferative
and finally sporogonic cycles to form the characteristic
myxosporean spore (Lom & Dykova 1992).
The resulting diversity of life stages which myxosporean parasites undergo in this 2 host life cycle not
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only makes them fascinating biologically, but also contributes to the difficulties in laboratory research and
diagnostics. Traditional diagnostic methods rely on
vlsual recognition, which requires a great deal of experience with organisms that change so dramatically in
their morphology. Development of monoclonal antibodies which react with certain life stages of Ceratomyxa shasta has increased the accuracy of detection
and has also allowed examination of the pathogenesis
of the disease (Bartholomew et al. 1989a, b). However,
the specificity of these antibodies also limits their usefulness because major antigens are not conserved
between life stages (Bartholomew et al. 198913).In contrast, the genetic makeup of a n organism should not
vary throughout its life. Therefore, use of a nucleic acid
probe developed using DNA from the readily available
myxosporean spore stage will enable identification of
morphologically different life stages.
In this study we used a modification of the standard
polymerase chain reaction (PCR) to obtain a DNA
sequence unique for Ceratomyxa shasta, and used this
as the basis for a research and diagnostic assay. Conventional PCR amplification requires sequence information to design primers specific for the target
organism; however, genetic markers may be obtained
without sequence information using the arbitrarily
primed PCR (ap-PCR) (Welsh & McClelland 1990,
Williams et al. 1990, Bandi et al. 3.993, Procunier et al.
1993).The DNA products generated by ap-PCR amplification of C. shasta DNA were used directly as DNA
probes in a dot blot assay. In addition, by sequencing
these markers, specific primers for use in standard PCR
were constructed and used to detect the parasite in
diseased fish.

MATERIALS AND METHODS

Isolation of DNA. Ceratornyxa shasta spores collected from the intestinal tissues of naturally infected
rainbow trout were purified by gradient centrifugation
(Percoll density 1.13 g ml-l; Sigma Chemical Co., St.
Louis, MO, USA) and used to isolate DNA. Spores
(106in 200 p1) were lysed in the presence of 40 p1 of
10% (w/v) sodium dodecyl sulfate (SDS) and 10 p1 of
100 mg ml-' proteinase K for 1 h at 42°C and extracted
twice with equal volumes of phenol/chloroform/isoamyl alcohol (25:24:1).The DNA was precipitated with
1/10 volume of 3 M sodium acetate, pH 5.2, and 2 volumes of 100% ethanol (Maizels et al. 1991) and redissolved in 50 mM Tris-HC1, 0.1 M NaC1, pH 7.6,
0.5 mM ethylenediaminetetraacetic acid (EDTA) (TNE).
Concentration and purity were determined from
absorbance measurements at 260 and 280 nm. The
approximate size was determined visually under UV

light after electrophoresis in a 316 (bv/v) agarose gel
in Tris-borate-EDTA (TBE) buffer and staining with
ethidium bromide (Sambrook et al. 1989). These
procedures were repeated using spores from the
myxosporeans Henneguya salmincola and Myxobolus
insidiosus with minor modifications in the length of
incubation required for complete spore lysis.
Intestines from Ceratomyxa shasta-infected and uninfected fish were incubated in lysis buffer [ l 5 0 mM
EDTA; 50 mM Tris, pH 8.0; 2 % (w/v) N-lauroylsarcosine (sarcosyl); 2 pg ml-' proteinase K] at 65°C until
the tissue dissolved. Tissue debris was removed by
centrifugation and DNA was precipitated at room temperature by the addition of a 20% (v/v) polyethylene
glycol (MW 8000) solution containing 2.5 M NaC1, to a
final concentration of 8 . 2 % . After centrifugation at
14 000 rpm (16 000 X g),the supernatant was discarded
and the pellet was resuspended in 0.2 m1 TNE. Then
0.1 m1 of 7.5 N NH40Ac was added to the solution on
ice, and after 5 min the debris was removed by centrifugation. DNA was precipitated from the supernatant by addition of isopropyl alcohol to 70%, washed
with 70% ethanol and resuspended in TNE.
PCR amplification. For ap-PCR, dilutions of DNA (3
and 30 ng) from each of the parasites were amplified in
a 20 m1 volume containing PCR buffer [ l 0 mM TrisC1,
pH 8.5; 50 mM KCl; 2.5 mM MgCl,; 10 mM dithiothreitol (DTT); 0.1 % (w/v) gelatin; 0.1 % (v/v) Triton
X-1001, 0.2 mM of each deoxynucleotide triphosphate
(dNTP), 2 nM of 1 of the 33 different random oligonucleotide primers tested (15 to 24 base pairs, bp) and
1 unit of Taq I DNA polymerase. Samples were assembled on ice, overlaid with a drop of mineral oil and
amplified in a Temptronic I1 thermocycler (Barnstead/Thermolyne, Dubuque, IA, USA). After an initial
denaturation for 4 min at 95°C 40 amplification cycles
were completed. Each cycle consisted of a 30 s denaturation at 95OC, 30 s annealing between 48 and 60°C
(optimal temperature was determined for each
oligonucleotide primer), and 90 S synthesis at 72OC. A
1 S "C-' ramp time was set between denaturation and
annealing temperatures with a 0.5 S "C-' ramp between annealing and synthesis temperatures.
The standard PCR reaction mix was as described for
the ap-PCR, but with 20 pm01 of each of the Ceratornyxa shasta-specific primers under the same conditions as described above. The primers were used
to amplify DNA from the plasmid clone, C. shasta,
C. shasta-infected salmonids, uninfected salmonids,
Henneguya salmincola and Myxobolus insidiosus. For
analysis of the amplification products, 2 p1 aliquots
of each reaction mixture were subjected to electrophoresis in a 2% agarose gel in TBE buffer. The DNA
was visualized with UV light after ethidium bromide
staining.

Bartholomew et al.: A DNA probe for Ceratomyxa shasta

All of the primers used in these studies were synthesized on a model 391 DNA synthesizer (Applied Biosystems, Inc., Foster City, CA, USA).
DNA hybridization. The ap-PCR products generated
by amplifying Ceratomyxa shasta DNA were extracted
from the agarose gel using the GENECLEAN I1 Kit
(B10 101, Inc., La Jolla, CA). The products were
labeled with [32P]dCTPusing the Prime-a-Gene labeling system (Promega, Madison, WI, USA) and unincorporated label was removed by centrifugation through a
Select-D, G-50 Spin Column (5 Prime-3 Prime, Inc.,
West Chester, PA, USA).
Blots for hybridization were prepared using dilutions
of Ceratomyxa shasta genomic DNA (0.08 to 0.02 1.19).
Salmonid DNA (0.10 pg) and Henneguya salrnincola
and Myxobolus insidiosus DNA (0.16 pg each) served
as negative controls and tests for cross reactivity. To
determine if C. shasta DNA could be detected in fish
tissues, dilutions of the parasite DNA were added to
constant amounts of chinook salmon DNA (0.10 pg).
Denatured DNA was applied to the nitrocellulose
under suction and fixed to the membrane using UV
radiation. The blot was then placed into a prehybridization solution [5 x standard saline citrate (SSC),
5 x Denhardt's solution (Sambrook et al. 1989), 50 pg
n ~ l - 'salmon sperm DNA, 10% SDS] and incubated
overnight at 65OC. Labeled probe was denatured,
added to the prehybridization solution and hybridized
overnight at 65OC. Unhybndized probe was removed
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by washing the blots twice at RT in 2 X SSC, 0.1 % SDS
for 15 min and once at 65°C in 0.25 X SSC, 0.1 % SDS
for 10 min. The membrane was then dried and autoradiographed by exposure to X-OMAT AR Kodak
X-ray film at -70°C.
Cloning. A Ceratomyxa shasta-specific ap-PCR
product generated with primer p104 (AGG,-TCGA)
was isolated after electrophoresis and cloned into
Escherichia coli using the pT7 Blue T-Vector kit
(Novagen, Madison, WI). Plasmid DNA was obtained
from 36 transformed colonies using a standard procedure (Sambrook et al. 1989) and the cloned fragment
sizes were determined by digestion with EcoRI and
PstI followed by agarose gel electrophoresis (Sambrook et al. 1989). To identify sequences homologous
with C. shasta DNA, the digested plasmid DNA was
transferred to nitrocellulose by capillary action
(Maizels et al. 1991) and hybridized to the [32P]-labeled
p104 PCR product as described above.
Sequencing. Sequencing was performed using the
Sequenase Version 2 kit (USB, Cleveland, OH, USA)
and the protocol provided by the manufacturer.
Sequencing gels [6% (w/v) acrylamide, 7 M urea in
TBE] were run at 70 W for 3 h and then fixed with 5 %
(v/v)methanol and 5 % (v/v) acetic acid before transfer
to filter paper and exposure to X-ray film.

RESULTS
Analysis of amplified PCR products

Fig. 1. Ethidium bromide stained agarose gel of PCR products
generated by amplification of DNA derived from Ceratomyxa
shasta (lane l),Myxobolusinsidiosus (lane 2), and Henneguya
salmincola (lane 3) with the 19 bp primer p104 (AGG,-TCGA).
DNA size standards are shown in lanes M with some sizes
(kilobases) indicated on the left

A total of 33 random primers were tested for generation of DNA products specific to Ceratomyxa shasta. Of
those, 7 primers failed to amplify C. shasta DNA at the
reaction temperatures used and 12 others produced
multiple DNA fragments (data not shown). Amplification of C, shasta DNA using the remaining 14 primers
resulted in 1 or 2 DNA products for C. shasta. The
DNA products generated using the primers resulted in
species-specific DNA fragment patterns. The 19 bp
primer p104 (AGG5-TCGA) reproducibly amplified a
single distinct DNA fragment of approximately 700 bp
from C. shasta and was selected for further work
because the primer sequence could be removed by
digestion with Taq 1 (Fig. 1).This digestion proved to
be necessary for initial screening because the random
primer termini hybridized nonspecifically with fish
DNA (data not shown).
A [32P]-labeledprobe made using the Taq 1 digested
amplification product of p104 as a template hybridized
to Ceratomyxa shasta DNA alone, to the combined
samples of parasite and fish DNA, but not to fish DNA
alone or to either of the 2 other myxosporean parasites
tested (Fig. 2).
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Cloning of the amplified product
The 700 bp fragment produced by amplification of
Ceratomvxa shasta DNA with p104 was purified and
cloned into the PT7 Blue T-Vector. Insert size, as determined by endonuclease digestion of the plasmid DNA,
was approximately 700 bp (Fig. 3a), the same size as
the PCR product. Hybridization analysis of the
digested plasmid DNA with the [32P]-labeled p104
product indicated that the cloned 700 bp insert was the
PCR product (Fig. 3b, c).

Designing Ceratomyxa shasta-specific primers for
standard PCR

5
Fig. 2. Dot blot showing hybridization of the Taq 1 digested
p104 PCRproduct with Ceratomyxa shasta DNA: ( A l )0.08 pg,
( ~ 20.04
) p g and (A3) 0.02 pg. with C. shasta + salmonid DNA:
( B l ) 0.08 p g C. shasta DNA + 0.1 p g salmonid DNA, (B2)
0.04 pg C. shasta DNA + 0.1 p g salmonid DNA, (B3) 0.1 pg
salmonid DNA. Dots A4 and B4: 0.16 u a Henneouva s a h i n c o l a
DNA; Dots A5 and B5: 0.16 pg Myxobolus i n ; i & o s u s ~ ~ ~
4

d

Sequence analysis of cloned p104 products from 3
Escherichia coli transformants resulted in identical
sequences. Based on sequence information, primers
were designed to specifically amplify the p104 product. The forward primer (TGA GCT CTG GAG TAC
m)is 18 bases long and is located 37 bp downstream
from the random primer sequence. The reverse primer
AGT GCTTC) is 20 bases long
(CAC
and located 8 bp upstream from the random primer

Fig. 3. (a) Ethidium bromide stained agarose gel of restnction enzyme-digested plasmids.
Lane M: 1 k b DNA ladder with fragment size shown in bp; lane 1: control plasmid; lanes 2,
3 and 5 plasmid containing DNA insert; lane 4 : plasmid with no Insert. (bj Southern blot
of agarose gel s t a ~ n e din ( a ) and hybridized with PCR product amplified using p104. Lane
designat~onsare identical. (c) Dot blot of (1) Ceratomyxa shasta DNA (0.08 mg) and (2)
salmonid DNA (0 1 mg) hybridized with cloned PCR product amplified using p104
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Fig. 4. Ethidium bromide stained agarose gel of PCR products
generated by amplification of DNA derived from Ceratomyxa
shasta (lane l ) ,the plasmid containing the C. shasta marker
(lane 2), chinook salmon infected with C. shasta (lane 3), uninfected chinook salmon (lane 4), Henneguya salminicola
(lane 5),and Myxobolus insjdiosus (lane 6). Lanes 7 and 8 are
no-DNA PCR controls.

sequence. Standard PCR using the primers to amplify
template DNA from the plasmid, C. shasta, C. shastainfected salmonids, uninfected salmonids, Henneguya
salmincola and Myxobolus lnsidiosus resulted in the
amplification of a fragment of approximately 650 bp
from the plasmid, C. shasta and the infected fish. There
was no amplification of DNA from uninfected fish or
the other myxosporeans (Fig. 4).

DISCUSSION

Several obstacles have been encountered in studies
directed at defining the life cycle of Ceratomyxa
shasta. First, the changing morphology and antigenic
structure of the parasite throughout its life cycle have
precluded identification. of all life stages even with the
development of monoclonal antibodies (Bartholomew
et al. 1989a).Additionally, it has been difficult to obtain
large numbers of the putative oligochaete host infected
with actinosporean spores. In diagnostic programs the
obstacles are similar, and there is a reluctance to make
a confirmatory identification based on a life stage other
than the easily identified myxosporean spore. Because
diagnosis relies on identification of mature spores,
found only during the terminal stages of infection, it is
necessary to maintain fish until mortality occurs or
examine only moribund or dead fish. These problems
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emphasize the need for a specific and sensitive nucleic
acid assay which will identify all life stages of the
parasite.
In this study, ap-PCR was used to generate DNA
markers for Ceratomyxa shasta. To increase the probability that the amplified DNA would be useful as a
species-specific probe, we selected a primer (p104)
which amplified a DNA product of approximately
700 bp which did not hybridize with DNA from the
other myxosporean parasites or salmonid DNA in a dot
blot procedure. To test the potential of the dot blot as a
diagnostic tool, the labeled marker was hybridized
with combinations of parasite and salmonid DNA at
several concentrations. The probe was capable of
detecting 0.04 pg of C. shasta DNA in the presence of
0.1 pg of salmonid DNA (the lowest concentration
tested) and did not cross-react with the salmonid DNA
alone. Further development of the dot blot assay using
a biotinylated probe should allow earlier detection of
the infection and reduce the need to maintain infected
fish for prolonged periods.
Ceratomyxa shasta-specific primers were constructed using the sequence data from the p104 product. When used in standard PCR assays, these primers
specifically amplified a 650 bp fragment from purified
C. shasta DNA and C, shasta DNA present in intestinal
tissues of an infected salmonid. The increased sensitivity of the standard PCR over the dot blot assay will
allow detection of low levels of C, shasta DNA from
infected fish or oligochaetes. In combination, the probe
and primers developed in this study give us the tools
necessary to explore the life cycle of C. shasta and to
answer questions about the true impact of the disease
on migrating salmonid populations.
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