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Abstract: Sinuolinea capsularis Davis, 1917 is myxosporean that infect the urinary system of the host fish. Insufficient mor-
phological and molecular data of S. capsularis exits, and it is therefore difficult to make an accurate identification of the
parasite. We tried a series of morphological and molecular analysis to identify an myxosporean isolated from urinary blad-
der of cultured olive flounder, Paralichthys olivaceus, from Jeju island in the Republic of Korea. Some of them were ob-
served under a light microscope and SEM, and remain samples were used molecular and phylogenetic analysis. Mature
spores were subspherical, measuring 13.9+0.6 pm in length and 13.8+0.8 um in width. Two spherical polar capsules on
opposite sides in the middle of the spore had a diameter range of 4.3+0.4 um. Scanning electron microscopy revealed
that spores a severely twisted the suture line. By the morphological comparison and analysis, it was identified as S. capsu-
laris. In addition, we obtained the partial 18S rDNA of S. capsularis and first registered it in NCBI. Phylogenetic analysis
showed that S. capsularis clustered with Zschokkella subclade infecting the urinary system of marine fish, and it supported
the infection site tropism effect on phylogeny of marine myxosporeans as well as the origin of Sinuolinea is not monophyly.
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INTRODUCTION

Myxozoans are parasites that infect aquatic organisms and
these parasites have a distinct spore stages in vertebrate (mainly
fish; myxospore) and invertebrate (mainly annelid; actino-
spore) [1]. The parasites have been speciated into 3 main lin-
eages: marine, freshwater, and Sphaerospora sensu stricto (s..)
[2]. Since genus Sinuolinea was first established by Davis 1917
[3], approximately 20 species have been reported from marine
and freshwater fish [3-5]. The parasites are identified by their
morphological characteristics, such as spherical or subspherical
spores, 2 spherical polar capsules, as well as the sutural line
that forms a prominent sinuous ridge around the spore [3]. Al-
though S. capsularis was reported in the urinary bladder of Para-
lichthys albiguttus, Paralichthys dentatus, and Spheroides maculates,
little information is available for identifying the parasite [3].
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Olive flounder Paralichthys olivaceus is a prominent fish spe-
cies cultured in Korea. However, there have been some reports
about myxosporean infection in the fish that causing public
health and leading to economic loss [6-10]. It is important to
identify and classify the parasite to control the parasitic disease
as well as understand the biodiversity of parasite. Fish Vaccine
Research Center has been monitoring the parasitic infections
of olive flounder cultured in Jeju Island, and isolated myxo-
sporean spores from the urinary bladder of fish samples. The
aim of the present study is to identify the species of myxo-
sporean and reveal phylogenetical characteristics by morpho-
logical and molecular analysis. In addition, the dataset ob-
tained from this study will be valuable for future diagnostics
and identification of Sinuolinea spp.

MATERIALS AND METHODS

Parasite samples and partial purification

Olive flounder samples (n=17, 31.4+7.1 cm) were ob-
tained from 4 olive flounder farms situated on Jeju Island. The
fish showed extension of urinary bladder with milky urine,
and extracts were aseptically obtained using a syringe. The
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urine suspensions were filtered using a 40 pm cell strainer, fol-
lowed by centrifugation at 10,000 x g (3 min at 20°C). The pel-
lets were resuspended in lysis buffer (RIPA, Merck, Germany)
for 5 min, and the suspensions were subsequently centrifuged
at 10,000x g (1 min at 20°C). The supernatant was discarded,
and the pellet resuspended in phosphate buffer saline (PBS).
The sample was collected and preserved at 4°C until further use.

Morphological identification

The urine suspensions and partial purified parasites were
wet mounted and observed under a light microscope or a dif-
ferential interference contrast (DIC) microscope and photo-
graphed at 1,000 x magnification. The measurements of myxo-
spores were taken from 20 spores each using the Image]J image
processing program (Available from http://rsb.info.nih.gov/ij/)
according to Lom and Arthur’s criteria (1989) [11].

SEM

For scanning electron microscopy, isolated spores were rap-
idly rinsed twice in PBS and fixed in a solution of 2% glutaral-
dehyde in 0.1 M phosphate buffer (pH 7.4) at room tempera-
ture for 2 hr. The spores were post fixed in 1% osmium tetrox-
ide in the same buffer and dehydrated through ethanol serial
solutions of 50, 70, 90, 100, and 100% for 10 min per concen-
tration. Spores were dried in an atmosphere saturated with ab-
solute ethanol, followed by drying with the CO; critical point
method. The samples were sputter coated with platinum, and
observed by a JSM-6700F scanning electron microscope at 10
kV, at a working distance 7.8 mm.

Molecular identification and phylogenetic analysis

DNA was extracted from partial purified parasites using Ac-
cuPrep Genomic DNA Extraction Kit (Bioneer, Daejeon, Ko-
rea) following the manufacturer’s instructions. Portions of 18S
rDNA were amplified by PCR using a combination of primers
that we (SinuoAKF: 5-CAWTCYWACTTGGTTRGTTGG-
TARC-3’, SinuoAKF2: 5-CYACCTRAGGTTAGCCCATTATWA-3’,
SinuoAKR: 5-ACGGGTTGGTGACCCGTA-3’, and SinuocapR:
5’-CTGCATCCTACTCGGITCTCA-3") and other groups (SSU_
F04: 5-GCTTGTCTCAAAGATTAAGCC-3" and ERIB10 5'-CTTC-
CGCAGGITCACCTA-3") have designed [12,13]. PCR was con-
ducted with the following cycling program: initial denatur-
ation of 95°C for 5 min followed by 35 cycles of 95°C for 30
sec, 56°C or 58°C for 30 sec, 72°C for 60 sec or 90 sec, and a fi-
nal extension at 72°C for 7 min. PCR products were treated

with AccuPrep Genomic PCR Purification Kit (Bioneer) to re-
move excess primers and dNTPs and directly sequenced with
BigDyeTM Terminator v3.1 in an ABI 3730xl Sequencer.

Multiple alignments of 18S rDNA sequence were made by
Clustal x 2.0 [14] with the homologous sequences of other
Sinuolinea and myxozoans available on the GenBank database.
Pairwise sequence distances and similarity of the Sinuolinea
spp. based on 18S rDNA were calculated in MEGA 7.0 [15]
and Clustal Omega [16]. Bayesian inference (BI) was used to
reconstruct the phylogenetic tree from datasets containing 61
sequences of the 18S rDNA from the marine myxosporeans
with the malacosporeans, namely Tetracapsuloides bryosalmonae
(KF731712), which was used as an outgroup. For BI analysis,
nucleotide substitution models were selected using the Akaike
information criterion (AIC), and the Bayesian information cri-
terion (BIC) implemented in jModeltest 2.1.7 [15,16] and
GTR+I+G and TIM2+I+G were chosen as the best-fit nucleo-
tide substitution models for the 18S rDNA data sets. The me-
tropolis-coupled Markov chain Monte Carlo (MCMC) algo-
rithm implemented in MrBayes 3.2.4 [19] was run for a suffi-
cient number of generations until the average standard devia-
tion of the split frequencies was < 0.05. The sampling frequen-
y was set at every 100 generations for 1,000,000 samples. The
first 100,000 samples from each run were discarded as burn-
in, and the remaining were analyzed using the “sumt” com-
mand in MrBayes. Gaps were treated as missing data. A con-
sensus tree was created using FigTree v1.4.2 (http://tree.bio.
ed.ac.uk/software/figtree/).

RESULTS

We investigated 17 olive flounders and found myxosporean
spores in urinary bladder of six fish samples.

Taxonomic summary

Host: Paralichthys olivaceus, Olive flounder (Pleuronecti-
formes; Paralichthyidae) Locality: Olive flounder culture farm,
Jeju Self-Governing Province, Republic of Korea (33°33'N
12650°E).

Site of infection: Urinary bladder.

Date of sampling: February 2017, January and February 2018.

Type material: Syntype spores had been deposited at the
parasitological collection of Fish Vaccine Research Center, Jeju
National University Accession Number, PCFVRC20170201A
(smear preparation stained with Diff-Quik).
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Fig. 1. Sinuolinea capsularis is observed from the urinary bladder of Para-
lichthys olivaceus. (A) Plasmodium of S. capsularis with developing spores
and cytoplasmic projection. Scale bar=10 pm. (B) Disporic plasmodium
of S. capsularis. Scale bar=10 um. (C) Mature spores of S. capsularis
with very sinuous sutural line (arrows) and points with protrusion (arrow-
heads) Scale bar=10 um. (D) Line drawing of spores of S. capsularis.
Scale bar=10 pm. (E) Mature spore of S. capsularis with sutural line (ar-
rows) observed by scanning electron microscope. Scale bar=1 um.

Table 1. Comparison on morphology of S. capsularis with other species having similar spore and polar capsule sizes (in um)

Species S. capsularis S. capsularis S. cyclopterina S. dimorpha S. platycephali
Host Paralichthys olivaceus P albiguttus, P dentatus, Cyclopterus lumpus Cynoscion regalis Platycephalus indicus
Spheroides maculates
Spore size 13.9+0.6 (13.2-15.0) 12-14 14-16 15 145+0.5
Spore shape Subspherical Spherical, sometimes Spherical Spherical Spherical
slightly elongated
Polar capsule 4.3+0.4 (3.8-5.0) 45 4-5 4-5 43+0.2
Infection site Urinary bladder Urinary bladder Urinary bladder Urinary bladder, ureter Urinary bladder
Locality Jeju Island, Korea Beaufort, USA Barents sea, White sea, Beaufort, USA Yellow sea, China
USSR
Reference Present study 1 [18,19] 1] [20]

Description: Polysporic plasmodia were found in the urine  cytoplasmic projection (Fig. 1A). Disporogonic plasmodia,
suspension. They were rough spherical in shape, measuring ~ measuring 25-30 pm in length had 2 spores (Fig. 1B). The
about 60-70 ym in diameter. The plasmodium had develop-  spores were subspherical and measured 13.9+0.6 pm (13.2-
ing spores and 1 large spore such as syncytium, along witha ~ 15.0 pm) in length and 13.8+0.8 pm (12.7-15.2 ym) in width.
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Table 2. Genetic distance (P-distance; lower diagonal) and percent sequence similarity (%) (upper diagonal) obtained from the distance
matrix based on a 1,554 bp 18S rDNA sequence of Sinuolinea capsularis with all Sinuolinea species available in GenBank

1 2 3 4 5 6 7
1. MK072735 Present isolate (Sinuolinea capsularis; MK072735) 91.5 82.1 70.5 69.9 69.5 69.3
2. Sinuolinea sp. KAB-2001 (AF378346) 0.05 80.1 70.9 68.7 68.6 68.6
3. Sinuolinea arctica (KF874232) 0.16 0.16 69.6 67.1 68.1 67.7
4. Sinuolinea phyllopteryxa (DQ645952) 0.32 0.33 0.34 80.6 80.8 80.6
5. Sinuolinea dimorpha (JX460905) 0.33 0.35 0.39 0.17 91.2 86.2
6. Sinuolinea sp. 917 (JX460906) 0.34 0.36 0.39 0.16 0.08 86.6

7. Sinuolinea sp. isolate Zhoushan2017 (MH407695)

0.34 0.36 0.38 0.17 0.13 0.12

Two spherical polar capsules, with a diameter of 4.3+0.4 pm
(3.8-5.0 pm), were observed on opposite sides in the middle
of the spore. The suture line was twisted and formed a promi-
nent ridge around the spore. The sporoplasm was distinct,
with granular globules and polar filament coiled with 5 to 7
turns (Fig. 1C-E). According to the size of spore and polar cap-
sule, 4 species, S. capsularis [3], S. cyclopterina, [20,21], S. dimor-
pha [3], and S. platycephali [22] exhibited similarities with the
present species. S. capsularis is most similar with the present
species in spore shape and host specificity (Genus Paralich-
thys), whereas S. cyclopterina, S. dimorpha, and S. platycephali,
have different host specificity (order level) as well as distinct
spore shape (Table 1).

Molecular identification and phylogenetic analysis

Partial sequences of the 18S rDNA (1,808 bp) was obtained
from S. capsularis and deposited with GenBank (accession
number MK072735). A BLAST search indicated that this se-
quence differed from all available sequences in GenBank as
well as the 18S rDNA gene of Sinuolinea sp. KAB-2001
(AF378346) was the most similar sequences based on the
analysis of Max Score. The sequence of the isolate differed
from the aligned sequences of all Sinuolinea species available
in Genbank at the 1,554 nucleotide alignments, and had a
maximum genetic similarity of 91.5%, being closest to Sinuol-
inea sp. KAB-2001 (Table 2). The phylogenetic tree constructed
by this study divided 2 groups by infection sites (urinary sys-
tem and gall bladder), and the obtained sequence of S. capsu-
laris cluster with Zschokkella subclade in the marine urinary
clade (Fig. 2).

DICUSSION

Davis [3] explained the shape of S. capsularis spore to be ap-
proximately spherical, sometimes slightly elongated along the

longitudinal axis; these features corresponded with our find-
ings. In addition, we observed points with protrusion pro-
duced by the sutural line; this is represented in the spore illus-
tration of a previous study [3]. Sutural line of S. cyclopterina
and S. dimorpha forming a S-shape; however, other species (in-
cluding the present species) have a very sinuous and twisted
sutural line. The drawing of spore shape and suture line of S.
platycephali reported by Zhao et al. [22] is similar with S. capsu-
laris and the present isolate. We could not exclude the possibil-
ity that these 3 are the same species (S. capsularis, S. platycephali,
and present species). However, even if it is proved, they should
be identified as S. capsularis because it is a senior synonym.

Although, S. capsularis has different hosts (species level)
which geographic distribution is limited on the east coast of
North America, it is most similar with the parasite isolated
from this study based on biological characteristics such as
morphology, host (genus level) and infection site. Some of
myxosporeans have broader host specificity with infections
across families and orders as well as geographical distance [23-
27]. Kudoa thalassomi has been reported from 18 different fish
species representing 6 different fish families and K. thyrsites has
been identified from dozens of marine teleost species in North
America, South America, Europe, Africa, Australia and Asia
[23,25,26]. Enteromyxum leei also has been found from over 50
fish species in Europe, Africa and Asia including Korea
[9,24,27]. In addition, previous study has found S. capsularis
in Spheroides maculatus (order: Tetraodontiformes) [3]. There-
fore, we identified the present isolate as S. capsularis, and olive
flounder as new host of the parasite.

In our previous study, we revealed the 18S rDNA sequence
of P. curvatura which misidentified as S. capsularis sequence
[28]. Because the P. curvatura was not observed in material
with light microscopy and we used universal primers (such as
18e, ERIB1 and ERIB10), which have been used to PCR for
other myxosporeans [29,30], we confused the sequence. Inter-
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estingly, Dykova et al. [31] also reported the similar phenome-
non. They obtained the18S rDNA sequences of unidentified
Parvicapsulid species that was not observed in light microsco-
py during investigating the sequence of Sinuolinea spp. In the
present study, we found that the primer 18e and ERIB1 were
not suitable to amplify the 18S rDNA sequence in S. capsularis
(data not shown). Thus, we used other universal primer SSU_
F04 (used to study on marine metazoan biodiversity and
Nematoda) to amplify the 18S rDNA sequence and obtained
the sequence of S. capsularis over 1,800 bp [13,32]. We specu-
late that S. capsularis has a little different sequence with other
myxosporeans in the first forward part of 18S rRNA sequence.
Phylogenetic analysis of myxozoa in previous studies re-
vealed that marine myxosporeans were divided by characteris-
tics of infection site, such as histozoic and coelozoic groups,
and the coelozoic group was further divided by infection site
as urinary system and gall bladder [33]. In addition, marine
urinary clade consists of Parvicapsula subclade and Zschokkella
subclade [34]. Infection site tropism is a strong character effect
on the phylogenetic cluster of myxosporeans, and has been re-
ported in previous studies [35-38]. In addition, phylogenetic
analysis revealed that Sinuolinea spp. was distributed in Zschok-
kella subclade (S. capsularis, Sinuolinea sp. KAB-2001, S. arctica,
Sinuolinea sp. 917, S. dimorpha, and Sinuolinea sp. isolate
ZhouShan) and in gall bladder infection clade (S. phyllopter-
yxa). This finding supports that Sinuolinea spp. have a para- or
polyphyletic character. Previous study also indicated the genus
Sinuolinea did not compose a monophyletic group because
Sinuolinea sequences (JX460905 S. dimorpha, ]X460906 Sinuol-
inea sp. 917) obtained in the previous study had no close rela-
tionships with other Sinuolinea sequences (DQ645952 S. phyl-
lopteryxa, AF378346 Sinuolinea sp.) registered in NCBI [31].
Other previous studies revealed that phylogeny of myxo-
sporeans have a specific relation with biological traits such as
host specificity, infection site tropism, and morphology
[28,37,38]. Interestingly, the Sinuolinea spp. in Zschokkella sub-
clade were divided into 2 clusters. The S. capsularis showed the
closest genetic similarity with Sinuolinea sp. KAB-2001 isolated
from Scophthalmus maximus (Pleuronectiformes) in 1 cluster
whereas the Sinuolinea spp. isolated from Perciformes fish
were clustered in other part (Fig. 2; Table 2). However, it is not
enough to claim that there is a specific relation between host
specificity and phylogeny of Sinuolinea spp. because S. capsu-
laris was isolated from Sphoeroides maculatus (Tetraodonti-
formes) as well as the myxosporeans (S. arctica, Z. siegfriedi,

and Z. hildae) reported from other fish (order level) were also
clustered with S. capsularis. The geographical distance to could
be one of the obstacles in deciding the parasite isolated from
this study as the same species with S. capsularis. However,
based on the phylogenetic analysis, the geographical distance
is not related to genetic similarity in Sinuolinea spp. The Sinuol-
inea sp. KAB-2001 (AF378346) isolated from Spain [39] was
the most genetically close to the present isolate, while Sinuolin-
ea sp. ZhouShan (MH407695) isolated from China was the
most genetically distant to the isolate (Fig. 2; Table 2). Howev-
er, further molecular studies need to clarify the identification
of S. capsularis isolated from the type host and type locality.

Based on the morphological comparisons, the present iso-
late is identified as S. capsularis. To the best of our knowledge,
there is no report about Sinuolinea sp. in olive flounder. Mor-
phological details obtained from the present study suggest the
parasite has most similar form with S. capsularis, and the mo-
lecular analysis will contribute to reveal its identification, clas-
sification and evolution of myxozoan. Unfortunately, there are
limited microscopic figure data of Sinuolinea spp. and the se-
quence of parasites to identify, registered in the NCBI data-
base. Therefore, further morphological and molecular studies
need to clarify the identification among Sinuolinea spp.
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