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ABSTRACT: A lethal effect of rainbow trout Oncorhynchus mykiss plasma containing intact comple-
ment factors on Gyrodactylus derjavini was demonstrated. It was associated with binding of comple-
ment factor C3 to certain carbohydrate-rich parasite structures. Parasites were exposed in vitro to
plasma from rainbow trout. Untreated plasma from infected and uninfected fish showed lethal effects
on the parasites within 1 h, whereas prior heat inactivation of complement prevented any parasite
killing. Inhibition of the classical pathway by EGTA (ethyleneglycol-tetraacetic acid) treatment of
plasma did not prevent the killing. It was shown by immuno-cytochemical assays that C3 bound
directly to certain parasite structures (cephalic gland openings, parasite body, hamulus sheath). In con-
trast, no immunoglobulin binding was detected on the parasites. Lectin-binding assays indicated man-
nose-rich regions in the cephalic gland openings and lactose derivatives in the hamulus sheath. Galac-
tose derivatives showed a general distribution in the glycocalyx. Thus, the antibody-independent
plasma effect on the gyrodactylids are ascribed to the alternative complement pathway, and it is sug-
gested that some carbohydrate epitopes on the parasites are involved in the C3 activation.
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INTRODUCTION

Numerous investigations have shown that teleosts
are able to mount a response against monogenean
infections (Jahn & Kuhn 1932, Nigrelli & Breder 1934,
Paperna 1964, Vladimirov 1971, Lester & Adams 1974,
Scott & Robinson 1984, Cone & Cusack 1988, Bakke et
al. 1991, Slotved & Buchmann 1993, Moore et al. 1994,
Richards & Chubb 1996, Buchmann & Bresciani 1997).
The mechanisms involved in these host reactions are
still insufficiently elucidated, although a number of
host factors have been suggested to affect the survival
of the ectoparasites. A weak antibody response against
gill monogeneans was shown by Vladimirov (1971)
and Buchmann (1993), but cellular reactions are often
suggested to have the most influence on gill parasite
performance (Paperna 1964, Buchmann 1988). The
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involvement of complement in host reactions was sug-
gested by Vladimirov (1971) and Buchmann & Bres-
ciani (1997), and recently Harris et al. (1997) demon-
strated that serum complement from Salmo salar has a
lethal effect on Gyrodactylus salaris. The present study
suggests that rainbow trout complement factors are
involved in killing (in vitro) of the ectoparasite Gyro-
dactylus derjavini from this host. In addition, it is indi-
cated by inhibition studies that the alternative path-
way is responsible for this effect and that complement
factor C3 binds to and is activated by carbohydrate
epitopes (especially mannose-rich structures) on the
parasite.

MATERIALS AND METHODS

Fish. Female rainbow trout (10 to 14 cm total body
length) were purchased from Siglund Fish Production
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(Denmark) and were kept in aerated 200 | laboratory
aquaria in freshwater at 11 to 12°C. One group was
kept uninfected, whereas another group was infected
via cohabitation and kept infected for 2 mo.

Living parasites. All experiments with living para-
sites were conducted at 11 to 12°C. Living parasites
were isolated from rainbow trout fins by allowing the
parasites to move from excised fins to the bottoms of
small glass-beakers (4 ml) or wells in a microtiter plate
(Nunc 96 well immunoplate) filled with tap-water.
Thereafter, water, mucus and fin debris were removed
and replaced by uncontaminated water several times.
Parasites were left untreated for 1 h whereafter dead
parasites were discarded. In the following experiments
parasites were incubated in a total volume of 200 pl
medium. To detect any complement blocking effect
of concanavalin A some parasites were preincubated
in this unconjugated lectin (10 or 50 ug ml™!) for 1 h
(Table 1). Specimens of Gyrodactylus derjavini were
then exposed to trout plasma diluted 1:1. Plasma sam-
ples were used as untreated (native), heat-inactivated
or inhibited with 10 mM EGTA-(ethyleneglycol-
tetraacetic acid)Mg (elimination of calcium ions for
inhibition of the classical pathway). Parasites were

Table 1 Survival of Gyrodactylus derjavini in plasma from
infected and uninfected rainbow trout incubated for 8 h in
microtiter wells or 3 h in 4 ml glass beakers

Parasite treatment No. of  Survival
parasites time
Microtiter wells, 8 h
Untreated plasma
Infected host 5 <60 min
Infected host 5 <60 min
Uninfected host 5 <60 min
Uninfected host 6 <60 min
Heat inactivated plasma
Infected host 6 >8h
Infected host 6 >8h
Uninfected host 5 >8h
Uninfected host 5 >8h
Control
Water 6 >8h
Water 5 >8h
Glass beakers, 3 h
Untreated plasma
Infected host 7 <60 min
Uninfected host 6 <60 min
Heat inactivated plasma
Infected host 4 >3h
Uninfected host 5 >3 h
Plasma + EGTA
Infected host 5 <60 min
Uninfected host 7 <60 min
Concanavalin A (1 h}
10 pg ml™'; infected host, untreated plasma 7 <60 min
50 ug ml™!; infected host, untreated plasma 7 <60 min
Control
Water 5 >3 h
Water 5 >3 h
_

exposed according to Table 1, and their survival and
motility were followed for 3 or 8 h. Lack of motility and
a swollen appearance indicated parasite death.

Plasma. Heparinized blood samples were taken from
5 infected and 5 uninfected rainbow trout by caudal
vein puncture. Following centrifugation (15110 x g,
10 min) plasma was recovered and stored at —80°C
until use. Before experiments, plasma from infected
fish was pooled as was plasma from uninfected fish.

Inhibition of complement by heat treatment. Pooled
plasma samples were incubated at 44°C for 20 min for
complement inactivation (Sakai 1992) or left at 4°C
(untreated).

Inhibition of the classical complement pathway by
EGTA addition to plasma. 0.1 M EGTA-Mg solution
was added to pouled plasma samples to a final concen-
tration of 10 mM in the test medium for inhibition of
the classical complement pathway (Yano 1992).

Immunocytochemistry. Parasites exposed to plasma
for 3 or 8 h were rinsed in phosphate-buffered saline
(PBS) and fixed with 4% neutral formaldehyde for
24 h. After rinsing with PBS (1 h) they were blocked
(1 h) with blocking buffer (PBS containing 2% bovine
serum albumin) and incubated (1 h) with a rabbit
serum (diluted 1:1000 in blocking buffer) raised
against rainbow trout C3 (Jensen & Koch 1992) or a
rabbit serum (diluted 1:1000 in blocking buffer) raised
against salmon Ig and cross-reacting with rainbow
trout Ig (Buchmann & Pedersen 1994). Following a
wash in PBS with Tween 20 (0.05%) (3 x 10 min),
parasites were incubated (1 h) with a peroxidase-
conjugated swine antibody raised against rabbit Ig
(DAKO P217) (diluted 1:2000). Following a final wash,
immunoreactive sites were visualized by reacting with
diamino-benzidine-tetrahydrochloride (DAB, DAKO S
3000) in the presence of hydrogen peroxide, which
produced a brown coloration at binding sites. Parasites
were mounted in glycerine-gelatine.

Characterization of carbohydrate epitopes on para-
sites using lectin-binding assays. Untreated parasites
from rainbow trout fins, fixed in 4 % neutral phosphate-
buffered formaldehyde, were rinsed in PBS (1 h) and
incubated (1 h) in blocking buffer (PBS with 2% bovine
serum albumin). Thereafter they were incubated (1 h)
with biotinylated lectins (10 pg m!™") in blocking buffer
(Table 2). Following lectin binding, parasites were rinsed
with PBS containing 0.05% Tween 20 (2 x 10 min) and
incubated (60 min) with avidine and biotinylated alka-
line phosphatase in 0.05 M Tris/HC], pH 7.2 (DAKO K
0376). Following a final rinse with PBS/Tween (2 x
10 min), lectin binding was visualized by reaction with
Fast Red TR/Naphthol AS-MX in Tris buffer pH 8.2
(Sigma F-4523). Positive reactions were bright red.
Finally, parasites were mounted in glycerine-gelatine
and studied under a compound microscope.
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Table 2. Biotinylated lectins used in the binding assay. Major carbohydrate specificity and reactivity with structures on Gyro-
dactylus derjavini indicated

Lectin Origin
Canavalia ensiformis (Concanavalin A) Sigma C2272

Erythrina corallodendron (ECor A) Sigma L0893

Helix pomatia Sigma L6512

Bandeiraea simplicifolia Sigma L3759

Artocarpus integrifolia Sigma L7775

Primary specificity

a-D-mannosyl, a-D-glucosyl

N-acetyllactosamine,
N-acetyl-D-galactosamine, lactose, and hamulus sheath (weak)
and D-galactose

N-acetyl-o-D-galactosaminyl

a-D-galactosyl,
N-acetyl-a-D-galactosaminyl

a-D-galactopyranoside

Reactivity with
Gyrodactylus derjavini

Cephalic gland duct openings
Cephalic gland duct openings

General distribution on body

General distribution on body

General distribution on body

RESULTS
Parasite survival

Parasites exposed to untreated plasma from both
infected and uninfected rainbow trout were killed
within 1 h, whereas parasites survived well in heat-
inactivated plasma during the entire study period (3 or
8 h}). EGTA addition to plasma did not counteract the
lethal effect of plasma. Prior incubation of parasites
in concanavalin A did not prevent the lethal effect
untreated native plasma (Table 1).

Immunocytochemistry

Immunocytochemical studies of parasites killed in
plasma showed binding of C3 to the cephalic gland
openings (Fig. 1}, several structures on the body of the
parasite (Fig. 2) and the basal part of the hamulus
sheath (Fig. 3). Parasites kept in water were com-
pletely unstained and parasites kept in heat-inacti-
vated plasma were only extremely weakly stained.
No binding of immunoglobulin to the parasites was
detected.

Lectin binding

Canavalia ensiformis lectin (concanavalin A) bound
strongly to the cephalic gland openings of Gyrodacty-
lus derjavini, whereas the binding to all other struc-
tures in this parasite was very weak to absent (Fig. 4).
In contrast, Helix pomatia and Artocarpus integrifolia
lectins bound markedly and uniformly to all parts of
the parasite surface. Bandeiraea simplicifolia lectins
showed a similar uniform but much weaker binding to
the parasite. An even weaker general staining was
produced with the Erythrina corallodendron lectin.

However, a slightly stronger binding of this lectin was
seen in the cephalic gland openings and in one case on
the base of the hamulus sheath.

DISCUSSION

The heat labile lethal effects on Gyrodactylus der-
javini of untreated plasma and plasma with EGTA
added (from both infected and uninfected fish) indicate
that the alternative complement pathway is respon-
sible for the parasite killing observed. This result
corresponds to observations on Schistosoma mansoni
exposed to host serum, where young schistosomula
are extremely sensitive to complement and are killed
within a few hours in this medium (Ouiassi et al. 1980,
Ruppel et al. 1983, Marikovsky et al. 1990). It could be
argued that plasma incubation of ectoparasites is with-
out biological relevance. However, a number of inves-
tigations have actually shown that epithelia and mucus
of fishes are rich sources of complement. Therefore
gyrodactylids do actually live and feed in a comple-
ment-rich microenvironment (Buchmann & Breciani
1998). Further, the immunocytochemical demonstra-
tion of rainbow trout C3 on the cephalic gland open-
ings, parasite body and hamulus sheath of G. derjavini
suggests that this component is involved in parasite
killing. It is actually known to take part in the activa-
tion of the lytic complement cascade in rainbow trout
(Tomlinson et al. 1993). Moreover, in schistosomula,
complement factor C3 seems to play a crucial role by
binding covalently to the parasite tequment (Fishelson
1989, Marikovsky et al. 1990). Several studies have
indeed shown immunocytochemical binding of C3
to surface structures on schistosomula (Samuelson &
Caulfield 1986). Complement factor C3 has a central
and multifactorial role in the response of host organ-
isms to invading pathogens and, apart from initiating
the lytic sequence, C3 fragments are able to bind to a
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variety of receptors and activate numerous cell types
(Lambris 1988). Accordingly, rainbow trout C3 bind-
ing to target cells promotes macrophage phagocytosis
(Nonaka et al. 1984). That such cellular mechanisms
are involved in the response of fishes to the ectopara-
sitic gyrodactylids in situ cannot be excluded, but the
in vitro killing in cell-free media observed in this study
probably involves the lytic complement cascade only.
The lack of antibody binding to any structures of G.
derjavini suggests that the response mechanisms in
rainbow trout to these monogeneans are independent
of immunoglobulins. This also supports the notion that
the classical pathway is not involved in the described
in vitro killing of G. derjavini, which was indicated by
the lethal effect of plasma despite EGTA-treatment.

The marked binding of Canavalia ensiformis lectin
(concanavalin A) to the cephalic gland openings
strongly indicates the presence of a mannose-rich
region in this part of Gyrodactylus derjavini. As
complement factor C3 from rainbow trout plasma was
found to bind primarily and exactly to these structures,
it is suggested that mannose-rich glycoproteins in the
cephalic ducts are major activators of the alternative
complement pathway in this parasite. Shedding of the
glycocalyx in Schistosoma mansoni does actually con-
fer a degree of complement resistance to the parasites
(Marikovsky et al. 1990), suggesting that carbohydrates
on the parasite surface are important C3 activating
epitopes. The general distribution on the parasite body
of galactosaminyl (Helix pomatia binding), galactopy-
ranoside {Artocarpus integrifelia binding) and galacto-
syl (Bandeiraea simplicifolia binding) indicates that
galactose derivatives are important components of the
tegumental glycocalyx. The weak binding of Erythrina
corallodendron lectins to the cephalic gland openings
and the hamulus sheath suggest that the few lactose
derivatives present in G. derjavini are located around
these structures. Whether these carbohydrates are
involved in C3 activation is unknown but it is notable
that both the cephalic gland openings and the hamulus
sheath strongly bound C3.

The study also tested whether complement could be
prevented from killing the parasite by inhibition of C3
binding to the mannose-rich regions; however, incuba-
tion of parasites with concanavalin A (for a possible
competitive inhibition of C3 attachment to mannose-
rich regions) prior to exposure to trout plasma did not
prevent parasite Kkilling. One possible explanation is
that complement binding to structures other than the
mannose-rich regions is sufficient to kill the parasite.
Alternatively, the fact that C3 contains concanavalin A
binding sites itself (Alsenz et al. 1992) would enable C3
to attach to the lectins on the cephalic glands. As a re-
sult, the lytic pathway would be activated despite pre-
vention of C3 binding directly to the gland openings.

In conclusion, plasma elements have been shown to
have a lethal effect on ectoparasites. These elements
seem to be complement related, but further studies
should elucidate if various mucus fractions from in-
fected and uninfected fishes have similar effects on
Gyrodactylus derjavini.
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