
DISEASES OF AQUATIC ORGANISMS
Dis Aquat Org

Vol. 52: 119–122, 2002 Published November 22

INTRODUCTION

Several scuticociliate species belonging to the gen-
era Uronema, Miamiensis and Philasterides are facul-
tative histophagous parasites in marine fish (Thomp-
son & Moewus 1964, Cheung et al. 1980, Yoshinaga &
Nakazoe 1993, Dyková & Figueras 1994, Dragesco et
al. 1995, Gill & Callinan 1997, Munday et al. 1997,
Sterud et al. 2000, Iglesias et al. 2001). These ciliates
are characterized by their high potential for invading
systemically and destroying fish tissues, leading to
high mortalities in cultured fishes. In Korea, scuticocil-
iatosis is a serious problem in culturing olive flounder
Paralichthys olivaceus, and the causative agent has

been identified as Uronema marinum by morphologi-
cal characteristics (Jee et al. 2001) and homology of
18S rDNA sequence (unpubl. data).

Systemic infection of scuticociliates in fishes is asso-
ciated with an inflammatory cellular infiltrate consist-
ing of macrophages, lymphocytes and granulocytes at
the site of infection (Munday et al. 1997, Sterud et al.
2000, Iglesias et al. 2001, Jee et al. 2001). However,
very little is known about the evasive mechanisms of
the parasite in escaping the host’s cellular defense
mechanisms.

Activation of a respiratory burst of granulocytes and
macrophages by invading microorganisms is an initial
key process in the line of cellular defense against
infection (Secombes 1996). Failure to generate this
response leads to persistent life-threatening infection.
Survival and establishment of systemic infections of
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scuticociliates despite intimate contact with activated
components of their host’s immune system suggests
that scuticociliates are proactive in disrupting the initi-
ation or expression of host immune responses. There-
fore, this study was conducted to investigate the pro-
tective mechanisms of Uronema marinum against the
toxic reactive oxygen intermediates (ROIs) produced
by respiratory burst of olive flounder phagocytes.

MATERIALS AND METHODS

Isolation and culture of Uronema marinum. U. mar-
inum were isolated asceptically from the brain of
infected olive flounders Paralichthys olivaceus, inocu-
lated into minimum essential medium (MEM; Sigma
Chemical) containing 10% foetal calf serum (Sigma)
and then incubated at 20°C. The ciliates were subcul-
tured by inoculating about 1 × 105 cells into 200 ml of
the medium every 3 d for 3 mo.

Collection of Uronema marinum excretory-secre-
tory (ES) products. The parasites were harvested from
in vitro cultures and washed 3 times in Hanks’ bal-
anced salt solution (HBSS, Sigma) containing penicillin
(100 µg ml–1, Sigma) and streptomycin (100 U ml–1,
Sigma) by centrifugation at 1000 × g for 5 min at 4°C.
ES products were collected by incubation of washed
ciliates in HBSS at 20°C for 24 h. The incubation
medium was centrifuged at 1000 × g for 10 min at 4°C
and the supernatant was concentrated using Centri-
con-10 (Amicon) with a size exclusion of 10 kDa. Pro-
tein concentration was determined by the bicin-
choninic acid assay (BCA; Smith et al. 1985). The
concentrated ES products were stored in aliquots at
–70°C.

Chemiluminescence (CL) assay. Five juvenile olive
flounders were anaesthetised with tricaine methane-
sulfonate (MS222; Sigma). Head kidneys were ascepti-
cally removed and pooled, then pushed through nylon
mesh with cold HBSS. The suspensions of leukocytes
were immediately placed on a 34/51% Percoll (Sigma)
density gradient, centrifuged at 400 × g for 30 min at
4°C. The interphase was collected and the cells were
washed twice at 400 × g for 5 min in HBSS containing
heparin (10 units ml–1, Sigma), penicillin (100 µg ml–1,
Sigma) and streptomycin (100 U ml–1, Sigma). The cell
viability was examined with Trypan blue exclusion
and was evaluated to be greater than 95%. The leuko-
cytes including granulocytes and macrophages were
adjusted to 1 × 106 cells ml–1 HBSS.

Zymosan (Sigma), a stimulant for phagocytosis, was
incubated in a boiling water bath for 30 min, washed
3 times and suspended in HBSS.

The ROIs produced by stimulated phagocytes were
quantified using an automatic photoluminometer (Bio-

Orbit 1251). Each test cuvette contained 0.7 ml luminol
(Sigma) made according to the method of Scott &
Klesius (1981), 0.4 ml phagocyte suspension, and
0.4 ml of live parasites at 1:0.25, 1:0.5 and 1:1 phago-
cytes:parasites ratios or 0.4 ml of ES products contain-
ing 0.3, 0.15 and 0.075 mg protein ml–1 HBSS. In con-
trol cuvettes, 0.4 ml HBSS was added instead of live
parasites or ES products. To confirm the direct stimula-
tory effects of the parasites or ES products on phago-
cytes, CL responses were measured for 20 min prior to
adding zymosan, then 0.3 ml zymosan was added to
each cuvette. All samples were analysed in triplicate.
The measurements were made for 100 min and the
light emission was recorded as mV.

Viability of phagocytes. After CL assay, the number
of viable phagocytes was counted in each cuvette by
the Trypan blue exclusion test. In addition, freshly iso-
lated phagocytes from the head kidneys of 3 juvenile
olive flounders were exposed to ES products of the par-
asite, and then the viability and lysis of the phagocytes
was examined under a light microscope.

Superoxide dismutase (SOD) and catalase activity
of ES products. SOD was determined by the method of
McCord & Fridovich (1969) based on the inhibition of
the reduction of ferricytochrome C in the presence of
O2

– by superoxide dismutase. The reaction mixture
consisted of 0.1 ml of 0.3 mM ferricytochrome C
(Sigma), 0.1 ml of 1.5 mM xanthine (Sigma), 2.7 ml of
0.05 M potassium phosphate buffer at pH 7.8 contain-
ing 0.1 mM EDTA. The reaction was initiated by the
addition of 0.1 ml of diluted xanthine oxidase (Sigma,
25 unit). The cuvettes were incubated in a spectro-
photometer at 20°C for 5 min and the increase in
absorbance at 550 nm was measured for 3 min. Several
dilutions of xanthine oxidase were used to produce a
rate of reduction of ferricytochrome C at 550 nm of
0.025 absorbance unit min–1. Addition of 0.1 ml of dif-
ferent dilutions of SOD (Sigma) to the incubation mix-
ture yielded an inhibition of ferricytochrome C reduc-
tion. Under these conditions, the amount of SOD (or ES
products) required to inhibit the rate of reduction of
cytochrome C by 50% is defined as 1 unit of activity.

Catalase activity was assayed by the method of Clai-
borne (1985). Briefly, the assay mixture consisted of
1.95 ml of 0.05 M phosphate buffer (pH 7.0), 1 ml of
0.02 M hydrogen peroxide (Sigma) and 0.05 ml of ES
products in a final volume of 3 ml. Change in
absorbance was recorded at 240 nm for 5 min. Catalase
activity was calculated in terms of nmol H2O2 con-
sumed min–1 mg–1 protein.

Statistical analysis. A 1-way analysis of variance
(ANOVA), followed by a Tukey multiple-comparisons
test was employed to evaluate the level of significance
and the difference was considered significant when
p < 0.05.
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RESULTS

Effect of live Uronema marinum and its ES products
on CL responses of zymosan-stimulated phagocytes

Live Urenoma marinum inhibited (dose-depen-
dently) CL responses of zymosan-stimulated phagocytes
(Fig. 1). No significant reduction in CL response was ob-
served compared to controls when phagocytes were in-
cubated with U. marinum at a ratio of 1:0.25 phago-
cytes:ciliates. However, suppression of the CL
response was significant when phagocytes were incu-
bated with the ciliates at ratios of 1:0.5 and 1:1. Phago-
cytes incubated with the ciliates at a 1:1 ratio showed
significantly lower CL response than phagocytes
incubated with the ciliates at a 1:0.5 ratio. ES products
from U. marinum similarly inhibited CL responses of zy-
mosan-stimulated phagocytes in a dose-dependent man-
ner (Fig. 1). The reduction of the CL response was sig-
nificantly higher in phagocytes exposed to 0.15 and 0.3
mg ml–1 of ES products compared to live ciliates or con-
trols. Stimulation of phagocytes with live U. marinum or
ES products alone did not elicit any CL responses.

Effects of live Uronema marinum and its ES products
on leucocyte viability

After the CL assay, the number of viable phagocytes
was significantly reduced in cultures incubated with
live Uronema marinum at ratios of 1:0.5 and 1:1 phago-
cytes:ciliates or ES products with 0.3 mg protein ml–1

compared to controls (Fig. 2). In a separate experiment,
lysis of phagocytes by exposure to the same concentra-
tion of ES products was observed.

Superoxide dismutase and catalase activity of ES
products from Uronema marinum

ES products from Uronema marinum showed consid-
erably high antioxidative enzyme activities. SOD activ-
ity of ES products was 332.84 ± 52.50 U mg–1 protein
(mean ± SD, assayed in triplicate). Catalase activity in
enzyme solutions prepared from ES products was
565.13 ± 8.08 µmol H2O2 consumed min–1 mg–1 protein
(mean ± SD, assayed in triplicate).

DISCUSSION

In this study, both live Uronema marinum and its ES
products had a negative and dose-dependent effect on
the luminol-enhanced chemiluminescent response of zy-
mosan-stimulated phagocytes of the olive flounder Par-

alichthys olivaceus. Similar results were found by Arbo
et al. (1990), who reported that live Entamoeba histolyt-
ica, an extracellular protozoan parasite capable of in-
vading the intestinal mucosa and spreading to other or-
gans in humans, inhibits the respiratory burst of human
polymorphonuclear leukocytes in a dose-dependent
manner. Disruption of the respiratory burst of phago-
cytes has been documented for several intracellular pro-
tozoan parasites (Hall & Joiner 1991, Jain et al. 1996, Pa-
naro et al. 1996, Kim et al. 1998, Anderson 1999).

A significant reduction in the number of viable phago-
cytes after incubation with live ciliates and ES products
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Fig. 1. Inhibition of zymosan-induced chemiluminescence
(CL) in olive flounder Paralichthys olivaceus phagocytes by
live Uronema marinum at ratios of 1:0.25 (UmL), 1:0.5 (UmM),
and 1:1 (UmH) phagocytes:ciliates, or 0.075 (ESL), 0.15
(ESM), and 0.3 (ESH) mg protein ml–1 Hanks’ balanced salt
solution (HBSS) of excretory-secretory (ES) products. In 
controls (Con), 0.4 ml HBSS was added instead of live para-
sites or ES products. Mean peak values of CL + SD are shown.
Different letters above bars denote statistically significant 

differences (p < 0.05) among groups

Fig. 2. Paralichthys olivaceus. Number of olive flounder
phagocytes showing viability after chemiluminescence (CL) 

assay. Further details as in Fig. 1
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compared with controls, and lysis of phagocytes by ES
products, indicate that Urenoma marinum secretes cy-
totoxic substances that can lyse olive flounder phago-
cytes. Cross & Matthews (1993) reported that carp leuko-
cytes which come into close contact with Ichthyoph-
thirius multifiliis trophozoites are generally degraded,
presumably due to lytic enzymes and/or metabolites re-
leased by the parasite. Cell infiltration around invading
Entamoeba histolytica also leads to rapid lysis of inflam-
matory cells followed by tissue necrosis (Martínez-
Palomo et al. 1985, Shibayama et al. 1997).

The presence of superoxide dismutase and catalase
activities in ES products of Uronema marinum indi-
cates that these antioxidative enzymes play a role in
quenching ROIs, which results in significantly dimin-
ished CL responses of zymosan-stimulated phago-
cytes. The toxic superoxide anion (O2

–) formed by the
respiratory burst of phagocytes would be detoxified by
enzymatic dismutation with SOD to H2O2 , which then
would be reduced to H2O by catalase. Therefore, U.
marinum can protect itself against toxic oxygen
metabolites through secretion of antioxidant enzymes,
thus enabling the parasite to survive in the host.

In conclusion, Uronema marinum can protect itself
against host phagocyte-mediated oxidative damage by
destroying phagocytes and scavenging ROIs. These
results may suggest a role of the ES products of U. mar-
inum in virulence mechanisms, although further stud-
ies are necessary to confirm the release of U. marinum
ES products in vivo and to determine its interaction
with the host immune response.
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