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ABSTRACT: Flatfish tissue samples exhibiting X-cell pseudotumors
were tested with a number of ribosomal DNA (rDNA) general primers
in polymerase chain reactions (PCRs). Microsporidian primers resulted
in the amplification of an rDNA fragment and molecular phylogenetic
analysis indicated that although the organism did not relate closely with
any current microsporidian genera, it was most similar to Nucleospora
salmonis and branched within the Enterocytozoonidae. Re-examination
of the original tissues used for DNA extractions revealed the presence
of putative microsporidian spores in PCR-positive samples. These ob-
servations reiterate the highly sensitive diagnostic feature of PCR, al-
lowing detection of organisms overlooked by conventional methods and
demonstrate the occurrence of rare, coinfecting organisms.

Pseudotumors composed of unusual ““ X-cells” (Brookset a.,
1969) were observed in English sole (Pleuronectes vetulus) col-
lected from Washington State. We attempted to characterize the
X-cell organism of perhaps protozoan origin (Dawe, 1981; My-
ers, 1981; Watermann et al., 1982; Harshbarger, 1984; Kent et
a., 1988) viaribosomal DNA (rDNA) sequence analysis (Hillis
and Dixon, 1991). Initially, a general assortment of primers
capable of amplifying rDNA sequences from a wide range of
organisms were used. We identified the presence of rDNA se-
quences similar to those found in the microsporidian Nucleos-
pora. Here, we present a phylogenetic placement of this micro-
sporidian within the Enterocytozoonidae based primarily on
rDNA data.

Five English sole, exhibiting X-cell lesions (Fig. 1), were
collected from 3 sites in Washington State in the fall of 1994.
Various tissue samples (tumor, skin, muscle, liver, kidney,
spleen, ovary, testis, heart) were processed for microscopic and
histological examination and portions frozen for DNA analysis.
The original specimen from which we amplified the microspori-
dian in question was a male English sole, measuring 125 mm
in length and weighing 17 g, with a spherical lesion (10 mm
in diameter); it was histologically characterized as an angioe-
pithelial nodule, a condition initially described by Wellings et
a. (1964). This stage of the X-cell tumor precedes the typical
papillomatous pseudotumor condition when the nodules contain
abundant inflammatory cells in addition to X-cells.

Genomic DNA was extracted and quantified from tumor and
nontumor samples by standard methods using proteinase K di-
gestion and phenol—chloroform extraction, as described by Dev-
lin et al. (1991). A first series of polymerase chain reactions
(PCRs) (Saiki, 1990) were carried out using a pair of universal
small subunit (SSU) rDNA primers, 18e and 18g (Hillis and
Dixon, 1991), that amplify a large portion of this relatively
conserved gene region (1,300—2,000 bp for many eukaryotic
organisms). The reactions were performed in 50-pl volumes
using standard PCR buffer (Gibco BRL, Gaithersburg, Mary-
land), 0.2 mM of each deoxyribonucleoside triphosphate
(dNTP), 1.5 mM MgCl,, 1.25 units of Tag DNA polymerase,
20 pmol of each primer, and approximately 100 ng genomic
DNA template. Thermal cycling was performed in a PTC-200
DNA Engine (MJ Research, Watertown, Massachusetts), with
an initial DNA denaturation step (95 C for 3 min) followed by
30 cycles of amplification (94 C for 45 sec, 53 C for 45 sec,
and 72 C for 2 min), and a final 5-min extension at 72 C.
Variations of the magnesium concentration, annealing temper-
ature, and cycling profile were also performed to check for
possible differences in the banding pattern generated between
tumor from nontumor samples. The second set of primers, 530f
and 580r, are microsporidian general primers (Vossbrinck et al.,
1987) that are located in the SSU and large subunit (LSU),
respectively, and give rise to a fragment of approximately 1,500
bp. PCR conditions were as above except for a 50 C annealing
temperature and 35 cycles of amplification. A third PCR assay
was based on the 4 Nucleospora salmonis SSU diagnostic prim-
ersES-A, ES-B, ES-C, and ES-D (Barlough et al., 1995). These
were used to amplify the entire SSU and perform a nested PCR
(Gresoviac et al., 1999). A fourth set of primers, Microlsu-1f
(5'-CTTCTAAAGCTAAATATCG) and Microlsu-2r (5'-
GTATTTTCACTTTTCACAG), were designed from prelimi-
nary LSU rDNA sequence data obtained with the abovemen-
tioned second primer set; they amplify a 100-bp fragment with-
in the LSU. These primers were designed to be specific for LSU
sequence of the flatfish microsporidian. The primers were used
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FIGure 1.
abundant leukocytes intermixed with X-cells (arrows). Bar = 20 pum.

to test for amplification with other tumor samples from all 5
fish originally collected. Reactions were similar to the first
PCR, except for a 55 C annealing temperature, 45 sec exten-
sion, and 35 amplification cycles. The fifth and last primer pair
examined is located in the SSU and 5.8S genes and is capable
of amplifying Hematodinium-type dinoflagellates (Hudson and
Adlard, 1996). The PCR reactions were the same as the first
primer set except for a 55 C annealing temperature and 1-min
extensions.

PCR products were resolved by agarose gel electrophoresis
and bands excised and purified with the QIAquick Gel Extrac-
tion Kit (Qiagen, Santa Clarita, California) according to the
manufacturer’s protocol. Direct sequencing of the purified PCR
products was performed with the Thermo Sequenase Cycle Se-

Histological section of hematoxylin and eosin stained X-cell pseudotumor (angioepithelial nodule type) from English sole. Note

quencing Kit (Amersham Life Science, Cleveland, Ohio) ac-
cording to the manufacturer’s protocol.

Alignment of rDNA sequences for the flatfish microsporidian
with other representative species of microsporidia was gener-
ated via Clustal W, version 1.6 (Thompson et al., 1994). Phy-
logenetic analyses were performed with the Molecular Evolu-
tionary Genetics Analysis program (version 1.01, Kumar et al.,
1993). Genetic distances were calculated using the method of
Jukes and Cantor (1969). Phylogenetic relationships were in-
ferred using the neighbor-joining tree building method (Saitou
and Nei, 1987) with statistical estimates of branch point validity
presented as bootstrap confidence levels (500 replications) and
by the branch-and-bound parsimony method.

Gram stains (Fig. 2) were performed on the tumor samples



FIGURE 2. Gram stain of PCR-positive sample. Bar = 10 pm.

that tested positive by PCR for microsporidia. Tissue smears
were prepared from portions of tissue used originaly in the
genomic DNA extractions.

The universal primers 18e and 18g consistently amplified
flatfish rDNA both from tumor and nontumor samples under all
PCR conditions tested. The microsporidian general primers
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530f and 580r gave a weak amplification from 2 tumor samples
(from the same fish) that were originally tested. Initial sequence
data (352 bp) from the LSU was moderately conserved (86%
similar) to N. salmonis from British Columbia (Docker et a.,
1997). This led us to pursue sequencing the SSU and the more
variable internal transcribed spacer (ITS) region. The micro-
sporidian SSU amplification with primers ES-A, ES-B, ES-C,
and ES-D yielded a clear product when tested with 1 of the
tumor samples. In this case, 1,250 bp of the SSU was 87%
similar to N. salmonis, and the ITS region of 248 bp was 69%
similar. Both rDNA sequences were examined for similarity
with other known N. salmonis-like sequences (Docker et al.,
1997; Gresoviac et al., 1999) and in databases available through
the National Center for Biotechnology Information (National
Institutes of Health, Bethesda, Maryland) using the Basic Local
Alignment Search Tool (BLAST) routine (Altschul et a., 1990);
they were most similar to N. salmonis (GenBank U78176).

Both neighbor-joining distance (Fig. 3 and Table |) and par-
simony (not shown) methods generated the same phylogenetic
trees across the SSU region of 1,250 bp. The flatfish microspo-
ridian clustered with group Il microsporidia, as defined by Bak-
er et al. (1997), being closest to N. salmonis. It did not cluster
with various other fish-infecting microsporidians such as nu-
merous muscle-infecting Pleistophora species (Nilsen et al.,
1998).

All tumor and nontumor samples of the 5 fishes originally
collected were examined with Microlsu-1f and Microlsu-2r.
Most of the tumor samples tested positive by PCR. Nine of 11
tumor samples tested positive, whereas 12 of 41 nontumor sam-
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Ficure 3. Phylogenetic tree of SSU rDNA sequence data using the neighbor-joining distance method. Numbers at nodes indicate bootstrap
confidence levels. The GenBank accession numbers are: 1, Microsporidian from English sole AF201911; 2, Nucleospora salmonis* U78176; 3,
Enterocytozoon salmonis* U10883; 4, Enterocytozoon bieneusi (human) L07123; 5, E. bieneusi (macaque) AF023245; 6, Endor eti culatus schuber gi
L39109; 7, Pleistophora sp. D85500; 8, Vittaforma corneae U11046; 9, Encephalitozoon hellem L19070; 10, Nosema apis U26534; 11, Loma
salmonae U78736; 12, Microsporidium prosopium AF151529; 13, Amblyospora californica U68473, outgroup. * These two are the same species

(see Docker et a., 1997).



870 THE JOURNAL OF PARASITOLOGY, VOL. 86, NO. 4, AUGUST 2000

TaBLE |. Genetic distances (Jukes—Cantor) for 1,250 by of small subunit rDNA sequence data*

1 2 3 4 5 6 7 8 9 10 11 12 13
1 0.1290 0.1290 0.2134 0.2007 0.3202 0.3161 0.3016 0.4063 0.4486 0.4428 0.4517 0.4934
2 0.0109 0.0024 0.1853 0.1734 02935 0.2907 0.2805 0.4287 04527 0.4698 04448 0.4844
3 0.0109  0.0014 0.1843 0.1724 0.2935 0.2907 0.2781 0.4258 0.4496 04714 04463 0.4828
4 0.0148 0.0136  0.0135 0.0157 03334 0.3292 03335 04241 0.4638 04807 04494 04771
5 0.0141 0.0129 0.0129 0.0036 0.3155 03114 03170 04205 04517 04679 04359 0.4675
6 0.0194 0.0183 0.0183 0.0201 0.0193 0.0067 0.1180 04263 04340 04582 04687 0.5294
7 0.0193 0.0182 0.0182 0.0199 0.0191 0.0024 0.1212 04277 04324 04598 04719 0.5211
8 0.0186 0.0177 0.0176 0.0200 0.0193 0.0105 0.0107 0.4156 04121 04779 04935  0.5507
9 0.0228 0.0238 0.0236 0.0237 0.0234 0.0240 0.0241 0.0235 0.3331 04520 04665 0.5145
10 0.0251 0.0253 0.0251 0.0259 0.0252 0.0249 0.0248 0.0238 0.0202 0.4996 0.4740 0.5010
11 0.0243 0.0255 0.0256 0.0262 0.0254 0.0254 0.0255 0.0262 0.0245 0.0274 0.2038  0.5160
12 0.0248 0.0245 0.0245 0.0249 0.0241 00259 0.0260 0.0269 0.0252 0.0263 0.0139 0.5296
13 0.0266  0.0262 0.0261 0.0260 0.0255 0.0286 0.0282 0.0294 0.0276 0.0275 0.0274  0.0279

* Standard errors are shown below the diagonal. 1, Microsporidian from English sole; 2, Nucleospora salmonis; 3, Enterocytozoon salmonis; 4, Enterocytozoon bieneusi
(human); 5, E. bieneusi (macaque); 6, Endoreticulatus schubergi; 7, Pleistophora sp.; 8, Vittaforma corneae; 9, Encephalitozoon hellem; 10, Nosema apis; 11, Loma

salmonae; 12, Microsporidium prosopium; 13, Amblyospora californica.

ples were positive. The tumor samples appeared to amplify
stronger than the nontumor samples that tested positive. Two
tumor samples that tested negative by PCR were from a fish
collected at a different site than the other fish examined. This
fish was also PCR negative for all nontumor tissue samples.
The observed difference in the intensity of amplification be-
tween tumor and nontumor samples may be due to the relative
prevalence of leukocytes because, asisthe case for N. salmonis,
the flatfish microsporidian may show a propensity to infect nu-
clei of leukocytes. However, close microscopic examination of
tissue sections from the X-cell tumors did not reveal microspor-
idia within host cell nuclei.

PCR analysis utilizing Hematodinium-type dinoflagellate
primers did not amplify any positive bands from tumor or non-
tumor samples, suggesting the X-cell organism’'s rDNA se-
quence may be quite different from Hematodinium-type dino-
flagellates. These primers were used to test the possibility of
the X-cell organism being closely related to this group of di-
noflagellates.

These results do not demonstrate that the X-cell has been
identified as a microsporidian, only that the microsporidian de-
tected here co-occurs with X-cells, possibly due to the high
proportion of inflammatory cells in the lesions. The phyloge-
netic inferences from the SSU rDNA data place this flatfish
microsporidian in the Enterocytozoonidae. The difference be-
tween the sequences of the flatfish microsporidian and other
known microsporidian sequences appears large enough to with-
hold placement of this microsporidian into any of the existing
genera in group |l microsporidia.

We thank Sheila Dawe, from the Department of Fisheriesand
Oceans Canada, for performing the Gram-stain analysis.
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First Record of an Actinosporean (Myxozoa) in a Marine Polychaete Annelid

M. Kgie, Marine Biological Laboratory, University of Copenhagen, DK-3000 Helsinger, Denmark

ABSTRACT: The marine polychaete Nereis (Hediste) diversicolor (An-
nelida) from shallow water in the @resund, Denmark, was found to be
infected with an actinosporean stage of a myxozoan parasite. The body
length of the pyriform actinospore is 12—16 p.m and its maximum width
is 10—12pm. The spore is triangular in apical view, with the 3 spherical
polar capsules distally. The spore is without caudal processes. Eight
spores develop in each pansporocyst. Free spores and pansporocysts
were found in the musculature and parapodia but not in the intestine.
The myxosporean stage in fish is unknown. This is the first record of
an actinosporean stage in a marine polychaete, but because marine ol-
igochaetes are rare, compared with polychaetes, the latter are believed
to play an important role as invertebrate (alternate) hosts in marine
myxozoan life cycles.

Transmission studies, as well as recent molecular data, have
indicated that the 2 classes Myxosporea and Actinosporea rep-
resent different life-cycle stages of Myxozoa. In freshwater, the
actinospores develop in oligochaete annelids. However, apart
from shallow brackish water habitats, oligochaetes are not com-
mon in the marine environment. Even though actinosporeans
have been recorded in marine oligochaetes and in a sipunculan
worm (Caullery and Mesnil, 1905; Ikeda, 1912; Roubal et al.,
1997; Hallett et al., 1998; Hallett and Lester, 1999), it is likely
that most of the numerous myxosporeans that occur in marine
fish (Lom and Dykova, 1992) use other invertebrate (alternate)
hosts. The polychaete annelids are the most likely candidates as
invertebrate hosts for marine species of Myxozoa. In support of
this, 2 types of actinosporeans have been found in a freshwater
polychaete (Bartholomew et al., 1997).

One, 2-cm-long Nereis (Hediste) diversicolor O. F Miller
(Annelida, Polychaeta, Nereididae) from 50 specimens (2-8 cm
long) was infected with an undescribed actinosporean. The
polychaetes were collected from a sandy bottom at 0.5 m depth
in the @resund (Niva Bay) in July 1999, placed in aquaria with
recirculating seawater (30%. salinity, 10 C), and examined in
September 1999. The infected polychaete did not differ from
uninfected specimens. The spores were revealed in flattened
tissue examined under high magnification. Pansporocysts and
free actinospores (Fig. 1) were found in the coelomic cavity,

including the parapodia (Fig. 2), and between muscle fibers
(Fig. 3). Eight actinospores develop in each pansporocyst. Ac-
tinospores were not found in the epidermal layer, in the intes-
tinal epithelium, or in the lumen of the intestine. The body of
the pyriform actinospores is 12-16 pm long and 10-12 pum in
maximum width. The spores are triangular in apical view, with
the 3 spherical polar capsules distally, each 3—4 um in diameter.
There are no caudal processes. Giemsa-stained smears revealed
2 gporoplasm nuclei. The free spores remained unchanged for
a few days in seawater.

The presence of a binucleate sporoplasm is the definition of the
genus Tetractinomyxon Ikeda, 1912. However, this common genus

Ficure 1. Drawing of an actinospore from Nereis diversicolor.
Scale bar, 5 pm.





