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Abstract Fresh plasma fronCryptobiaresistant brook and this may also contribute to depression of the immune
charr Galvelinus fontinalijslysedCryptobia salmositica system.

under in vitro conditions. However, the parasite was notVery little is known about innate immunity and the
lysed if the plasma was heat-inactivated at 37°C for Zrtechanism of resistance in fish to parasitic infections
or after the addition of ethylenediaminetetraacetic ag/oo 1992). In an earlier study, Forward et al. (1995)
(EDTA) to chelate the free Mgions. Addition of Mg* found that not all laboratory-raised brook ch&alve-
ions to EDTA-chelated plasma restored parasite lydiaus fontinalis were susceptible t8. salmositicanfec-
Treatment ofCryptobiaresistant plasma with either ethtion and that the resistance was inherited by the progeny
ylenebis(oxyethylenenitrilo)tetraacetic acid, a?Gehe- of resistant fish. They showed that the plasma of labora-
lating agent, or cobra venom factor did not reduce th&ry-raisedCryptobiaresistant brook charr (resistant to
Iytic titres. The alternative pathway of complement actxperimental infection) lyse@. salmositicawhereas the
vation is the mechanism of innate immunity agai@ist plasma of Cryptobiasusceptible brook charr was not
salmositica The present study also shows that theredsyptobicidal under similar in vitro conditions. The main
functional heterogeneity amongst the complement coabjective of the present study was to elucidate the mech-
ponents activated via the alternative pathway withinaaism of innate immunity irfCryptobiaresistant brook
species (brook charr) and between species (brook cluduarr.

and goldfish) of fishe=.

Materials and methods

Introduction
Materials

C_ryptObla salmpsﬂmal(atz 1951 (SarcomasugOphoraThe plasma of brook charr used in the present study was obtained
Kinetoplastida) is a haemoflagellate that infects all sggsm the same laboratory-raised fish used in the” earlier study
cies of Pacific salmorQncorhynchuspp. It causes dis- (Forward et al. 1995). It was either freshly collected from fish via
ease and mortality in some salmon stocks on the Weasdal vein puncture under MS-222 or collected earlier and

; ored at —100°C. Since the parasite was lysed when incubated in
coast of North America (Woo 1987, 1991, 1994). th e plasma oCryptobiaresistant brook charr but not when incu-

clinical signs of salmonid cryptobiosis include exophyated in the plasma of susceptible brook charr (Forward et al.
thalmia, abdominal distension with ascites, general oede95), the in vitro plasma incubation test (Bower and Woo 1977)
ma, splenomegaly, anaemia (Woo 1979), positive args used to study the mechanism of innate immunity in the resis-

i i t fish.
globulin reactions of red cells (Thomas and Woo 198@51Tr:e T4 strain ofC. salmositica(see Woo 1978, 1979) was cul-

and anorexia (Li and Woo 1991; Thomas and WQQeq as previously described (Forward et. al. 1995). The parasite
1992). The immune system in infected fish is depressg@s not infect goldfishQarassius auratys the plasma of which

(Jones et al. 1986) and the anorexia contributes to litses the parasite under in vitro conditions (Wehnert and Woo
mmimodeprestn Tromes ara” oo 19001 HEED I, et st ol e o
amou_nt O.f cp_mplement in the blood of infected rainb st, all solutions and the microtitre plate were kept cold (4°C) at
trout is significantly reduced (Thomas and Woo 1989 times (Bower and Woo 1977), the fish plasma (treated or un-

treated — see below) was serially diluted with phosphate-buffered
saline and about 500 cultured parasites (Woo and Li 1990) were

G.M. Forward - P.T.K. Woo[(]) incubated with the plasma at 4°C for 3 h. The titre was the highest
Department of Zoology, University of Guelph, Guelph, dilution in which there were less than ten living parasites when the
Ontario, Canada N1G 2W1 microtitre plate was examined using an inverted microscope (ob-
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Table 1 Lytic titres determined in untreated and treated plasma from susceptible F1 brook charr (charr 1 and 2) and resistant goldfish,
F1 brook charr (charr 3-10) and a human (NE # No end pdiet parasites were not lysed; — not dai:2)

Source of Family Plasma treatments
plasma origin
Untreated Heat +EDTA +EDTA +EGTA +EGTA +Co VF
(37°C) +Mg2+ +Ca* Incubation time
20 min 4 h
Goldfish - 1:2 NE NE 11 1:2 1:2 1:2 1.2
Human - 11 - - - - - 1:2 NE
Charr 1 111 NE NE NE NE NE NE NE NE
Charr 2 119 NE NE NE NE NE NE NE NE
Charr 3 115 1:2 NE NE 1 - - - -
Charr 4 115 1:2 NE NE 1:1 - - - -
Charr 5 117 1:2 NE NE 11 - - - -
Charr 6 108 1:2 NE NE 11 1:2 1:2 1:2 1:2
Charr 7 129 1:2 NE NE 11 1:2 1:2 1:2 1:2
Charr 8 109 1:2 - - - 1:2 1:2 - -
Charr 9 109 1:4 - - - 1:2 1:2 - -
Charr 10 116 1:2 - - - 1:2 1:2 - -
alytic titre
]:I;?rbg,?ez_inl'gg&gttifns F()jlgtser:]rglned Plasma Family Unheatéd Heated source plasma+fresh donor plasma
R : i source origin
Eg)_n;)za%gagugtielg&g@sbs_t?nr;t Donor 1 Donor 2 Donor 3 Donor 4
brook charr heated at 37° C for
2 h and supplemented with Donor 1 140 NE - - - -
fresh plasma from susceptible Donor 2 115 NE - - - -
charr donors (NE No end point Donor 3 111 NE - - - -
- i.e. parasites were not lysed, Donor 4 115 NE - - - -
— not done® Goldfish - 1:2 NE NE NE NE
’ Charr a 140 1:2 1:2 NE NE NE
Charrb 129 1:2 1:2 NE NE NE
Charrc 108 1:4 1:2 NE NE NE
Charr d 108 1:2 NE NE - -
Charr e 119 1.2 NE - - -
Charr f 111 1:2 NE - - -
Charr g 115 1:2 NE NE - -
Charr h 129 1:2 NE NE - -
Charr i 115 1:2 - NE - -
Charr j 117 1:2 - NE - -
Charr k 108 1:2 - NE - -
Charr | 111 NE - NE - -
L Charrm 119 NE - NE - -
alytic titre

Plasma treatments

of 0.08 M Mg?*. EDTA was also added to some heat-inactivated

plasma.

Individual samples of pre-inoculation plasma from goldfish, a hu-
man, and susceptible and resistant 2-year-old charr (F1; Forwar
et al. 1995) were subjected to the following treatments prior to ﬁhelatlon and subsequent supplementation with fré¢ 0as

cubation with living parasites using the in vitro plasma incubation
Ethylenebis(oxyethylenenitrilo)tetraacetic acid (EGTA) was added

test.

Heat inactivation of plasma

Plasma was heated at 37°C for 2 h and cooled to 4°C prior{gatment with lyophilized cobra venom factor

use.

Chelation and subsequent supplementation with fre& \bgs

to fresh plasma to a final concentration of OM1Some chelated
plasma was also re-supplemented with Ga€la final concentra-

tion of 0.024M Cza2*.

Fresh plasma from two resistant and two susceptible 2-year-old
charr (F1) and a human were used for this study. The plasma

(0.025 ml) was incubated for 20 min or for 4 h at 4°C with

0.025 ml cobra venom factor (CVF) derived from the Thialand co-
Ethylenediaminetetraacetic acid (EDTA) was added to fresh plasa, Naja naja kaouthia(Sigma Chemical Co., St. Louis, Mo.,
ma to a final concentration of 0.0d. A portion of the chelated USA). The stock solution contained 2f9 in 1.25 ml cold-blood-
plasma was re-supplemented with Mg@&i a final concentration ed vertebrate Ringes saline.
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Complement supplementation of heat-treated plasma Also, fresh plasma from donors 1-4 did not restore the

Plasma from susceptible or resistant charr was heated at 37°(;|)pr titre in heat-inactivated goldfish plasma.

2 h to inactivate the complement. Following heating and cooling
to 4°C, fresh plasma (0.025 ml) from four charr (donors 1-4,
whose fresh plasma did not ly§e salmositica after the plasma piscussion
had been removed for the supplementation study the susceptibility

of the fish to the parasite was confirmed by i.p. inoculation; Fay . . .
ward et al. 1995) V‘?,as added to the treated gﬂaspma_ The present in vitro study suggests that the alternative

pathway of complement activation is the mechanism of
innate resistance in some brook charCryptobia sal-
Results mositica The in vitro test indicates that the cryptobicidal
property of plasma from goldfish a@typtobiaresistant
Plasma from goldfish and fiv€ryptobiaresistant charr charr are lost after heat inactivation (Table 1). Goldfish
(charr 3-7) heated at 37°C for 2 h and cooled to 4°C dick innately resistant t€. salmositicainfection, and
not lyse the parasite (Table 1). This was confirmed y#asma of goldfish lyses the parasite via the alternative
ing plasma from six other resistant charr. Fresh or stoygthway of complement activation (Wehnert and Woo
(at —100°C) plasma from these resistant brook chd@880). Consequently, goldfish plasma was used as one of
lysed the parasite. Similar results (non-lysis of the pathe controls for all in vitro plasma incubation tests per-
site) were obtained following heat treatment of plasnfiarmed in the present study.
from these resistant charr (charr 3—7) and goldfish with Addition of EDTA to plasma from goldfish and resis-
EDTA (0.01 M). The experiment was repeated, an@nt charr blocked the lytic activities. EDTA chelates
fresh plasma from resistant charr (charr 3—7) and golibth free Mg+ and C&t* ions from the plasma and,
fish treated with EDTA (0.0M) did not lyse the para-therefore, one or both of these cations are required for
site. However, plasma from goldfish and resistant chdysis of the parasite. However, plasma from goldfish and
(charr 3-7) treated with EDTA (0.09) and then sup- resistant charr chelated with EDTA and supplemented
plemented with 0.081 Mg2* lysed the parasite; lytic ti- with Mg2* ions lysed the parasite, although the lytic ti-
tres were half of what they had been before EDTA treates were reduced. This shows that free2Migns are
ment (Table 1). required for lysis of the parasite and that the concentra-
Plasma from goldfish an€ryptobiaresistant charr tion of Mg2* ions in supplemented plasma (008 was
(charr 6-10) treated with EGTA (0.0) also lysed the not sufficient to restore the pre-chelation lytic titres in
parasite. Lytic titres were unchanged except that the €nyptobiaresistant charr and goldfish. It is also possi-
point was halved in the plasma of one resistant fiske that free C& ions are also required for lysis and
(charr 9) after EGTA treatment; it was reduced from 1tdat the EDTA concentration used (0.8 inhibited ly-
to 1:2 (Table 1). Plasma from goldfish and resistant chais by chelating all the Mg ions but not all the Ca
(charr 6-10) treated with EGTA (0.0d) and supple- ions.
mented with 0.024 Calysed the parasite, and lytic ti- The results show that free €aons are not required
tres were unchanged except for a reduction in titre imthe lytic mechanism. EGTA chelates only2€ans.
plasma from charr charr 9. The lytic titres in EGTA-chelated plasma from a goldfish
Human plasma incubated at 4°C for 20 min with CV&nd four resistant charr (charr 6-8 and 10) supplemented
lysed the parasite. However, the same human plasmawith Ca&+ were unchanged from pre-treatment titres.
cubated at 4°C for 4 h with CVF did not lyse the para- Complement is a part of the vertebrate immune
site, whereas the same untreated plasma lysed the parstem (Day et al. 1970) and is composed of a series of
site. Plasma from goldfish and resistant charr incubagteins in the plasma. Activation of the complement
at 4°C for 4 h with CVF continued to lyse the parasitascade is involved in lysis of some foreign cells, op-
and lytic titres were unchanged. sonisation, chemotaxis of macrophages and anaphylaxis
Untreated plasma from susceptible charr (charr 1 afhetid 1988). The lytic activity of complement occurs in a
2) or plasma treated with either heat, EDTA, EDTA plusscade fashion and terminates with holes punched into
Mg?*, EGTA, EGTA plus C&, or CVF did not lyse the the cell membrane of the activating organism (Sakai
parasite (Table 1). 1992). Complement can be activated through either the
Fresh plasma from a susceptible charr (donor 1) adthssic or alternative pathways.
ed to heat inactivated plasma of eight resistant charr (Ta-The classic pathway is initiated by the formation of
ble 2, a—h) restored the lytic titres in only three chantigen-antibody complexes. The formation of these
(Table 2, a—c). The experiment was repeated with plasooanplexes requires specific antibodies against the acti-
from the same resistant charr (a—h) and the results waatng organism. Consequently, the host must have previ-
similar. Fresh plasma from another susceptible charr (dois exposure to the organism for complement to be acti-
nor 2) did not restore the lytic titres in heat inactivategted through the classic pathway. All brook charr used
plasma from 11 resistant charr (a—d and g—m) (Table i)the present study were raised in the laboratory and had
Similarly, fresh plasma from a third and fourth susceptio previous exposure . salmositicaAlso, the classic
ble charr (donors 3 and 4) did not restore the lytic titrpathway requires free €aons for activation of comple-
in heat-inactivated plasma of three resistant charr (a-+oent (Sakai 1983), and the lytic mechanism of goldfish




241

and resistant charr does not require free* @ms for ac- References
tivation.

Complement of fish contains heat-labile componengswer SM, Woo PTK (1977Eryptobia catostomiincubation in
(Sakai 1981), and the lytic mechanism of resistance inplasma of susceptible and refractory fishes. Exp Parasitol 43:
brook charr and goldfish plasma is dependent on heat-|a-63-68

. . . y NKB, Gewurz H, Johannsen R, Finstad J, Good RA (1970)
bile factors. Also, the alternative pathway requires fr&8 Complement and complement-like activity in lower verte-

Mg?* ions for the activation of complement (Sakai prates and invertebrates. J Exp Med 132: 941-950
1983), and the lytic mechanism in both goldfish and reerward GM, Ferguson MM, Woo PTK (1995) Susceptibility of
sistant charr requires free Rigions. The present study brook charrSalvelinus fontinalisto the pathogenic haemofla-

: ; gellate, Cryptobia salmositicaand the inheritance of resis-
confirms that CVF has no anticomplementary effect on tance by progenies of resistant fish. Parasitology 111: 337-345

the plasma of bony fishes_ and suggests thafc the anticggpes SRM. Woo PTK, Stevenson RMW (1986) Immuno-
plementary effect of CVF in human plasma is dependentsuppression ialmo gairdnercaused by the haemoflagellate,
upon the incubation time. CVF inactivates complement Cryptobia salmositical Fish Dis 9: 431-438

component C3 of humans (Muller-Eberhard and Fjell$€'d RW (1988) Parasites and complement. In: Baker JR, Muller
R (eds) Advances in parasitology, vol 27. Academic Press,

rom°1971). Human plasma incubated in the present study 5nqon. pp 131168

at 4°C for 4 h with CVF did not lyse the parasite, wherer s, woo PTK (1991)Cryptobia salmositican Oncorhynchus

as untreated plasma lys€d salmositicaas did plasma  mykiss anorexia reduces the severity of cryptobiosis. J Parasi-
treated for a short period. The apparent increase in crypt-ol 77: 467-471

g . . ] ) uller-Eberhard HJ, Fjellstrom KE (1971) Isolation of the anti-
obicidal titre (in short-term-treated human plasma) 15", 1ementary protein from cobra venom and its mode of ac-

likely due to experimental variations. CVF, however, had ton on C3. Immunology 107: 1666-1672
no anticomplementary effect on the plasma of goldfislakai DK (1981) Spontaneous and antibody-dependent hemolysis
or resistant brook charr (present study). activities of fish sera and inapplicability of mammalian com-

; ; _ plements to the immune hemolysis reaction of fishes. Bull Jpn
Day et al. (1970) reported that CVF inactivated com Soc Sci Fish 47- 979-991

plement of mammals, birds, reptiles, amphibians aggyaj pK (1983) Lytic and bactericidal properties of salmonid se-
some cartilaginous fishes but had no anticomplementaryra. Fish Biol 23: 457-466

effect on the plasma of two teleost, the common cd#pkai DK (1992) Repertoire of complement in immunological de-

; ; : _ fense mechanisms of fish. Annu Rev Fish Dis 2: 223-247
I(;?yprlnus carpi9 and the paddlefishPlyodon spathu Thomas PT, Woo PTK (198&)ryptobia salmositicain vitro and

. . in vivo study on the mechanism of anaemia in infected rain-
The present study shows that there is functional het-pow trout,Salmo gairdneriJ Fish Dis 11: 425-431
erogeneity among the complement components activatédmas PT, Woo PTK (1989) Complement activity Salmo

via the alternative pathway (innate immunity) within a 9airdneriinfected withCryptobia salmositicand its relation-
b y ( ) hip to the anaemia in cryptobiosis. J Fish Dis 12: 395-397

species (brOOk charr) and between S.peCie.S (brook Ch‘wasmas PT, Woo PTK (1992) Anorexia @ncorhynchus mykiss
and goldfish). When added to heat-inactivated plasmainfected with Cryptobia salmositic§Sarcomastigophora: Ki-

from someCryptobiaresistant brook charr, fresh plasma netoplastida): its onset and contribution to the immunodepres-
from Cryptobiasusceptible brook charr restored lytic ti- sion. J Fish Dis 15: 443-447

; it i~ +i_ Wehnert SD, Woo PTK (1980) In vivo and in vitro studies on the
::22 gfgﬁlegstfi:hai&:il\g?:g'C‘?(Tablef 2). However,_l;t/tlc ttlI) I(host specificity offrypanoplasma salmositicd Wildl Dis 16:
- plasma from some resistant brook;g3_1g7

charr and goldfish were not restored. Sakai (1981) haso PTK (1978) The division process @fyptobia salmositican
shown that there is no difference in the hemolytic activi- experimentally infected rainbow trousglmo gairdneji Can

; i i ; J Zool 56: 1514-1518
ty Of.ﬂSh Compleme?t er],]en anIthOdleS fron|1 Other”fls\RIH PTK (1979)Trypanoplasma salmositic@xperimental infec-
species are used to lyse heterologous red blood cells @ aons in rainbow troutSalmo gairdneri Exp Parasitol 47:

has concluded that teleost fish complements are appro-3s-48
priate for the complement-mediated immune reactioso PTK $|1987)(Cré/p)tol2jiaand cryptobiosislin ﬁSheISéflsn: Baléer

i i i JR, Muller R (eds) Advances in parasitology, vol 26. Academ-
(acquired immunity) of teleosts. ic Press, London. pp 109237

. ‘00 PTK (1991) Mammalian trypanosomiasis and piscine crypto-
Acknowledgements This study was supported by grants avx_/ardew biosis i(n Car)lada and the Uynpited States. Bull Sl?)c Vectorygcol
by the Natural Sciences and Engineering Research Council (Cana-16. 25_42 '

da) and the Department of Fisheries (Canada) to P.T.K. Woo0. \y4 pTK (1992) Immunological responses of fish to parasitic or-

ganisms. Annu Rev Fish Dis 2: 339-366

Woo PTK (1994) Flagellate parasites of fish. In: Kreier JP (ed)
Parasite protozoa, 2nd edn, vol 8. Academic Press, San Diego,

p 1-80

Woo PTK, Li S (1990) In vitro attenuation @fryptobia salmosi-
tica and its use as a live vaccine against cryptobiosnicor-
hynchus mykiss) Parasitol 76: 752—755



