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ABSTRACT: The lectin GS-I (Griffonia siniplicifol~a agglut~nin-I) and a recently developed monoclonal 
antibody (Mabl2) both recognized extrasporogonic (interstitial) and sporogonic (intraluminal) stages of 
the PKX myxosporean causing proliferative kidney disease (PKD) in salmonid fish. In histochemical and 
immunostains the lectin and antibody recognized PKX from North American and European salmonids 
including Atlantic salmon Salmo salar, chinook salmon Oncorliynchus tshawytscha, coho salmon 
Oncorhynchus kisutch, brown trout Salmo trutta, and grayling Thymallus thymallus. Although the 
specific structures recognized by the lectin and Mabl2 were not determined, double fluorescent 
staining techniques showed similar staining patterns with extrasporogonic or interstitial stages of the 
PKX myxosporean. An apparent inhibition between the lectin and Mabl2 in these double stains 
suggests that they recognize similar structures of the parasite. Sporogonic stages of PKX, some 
containing polar capsules, were detected with the lectin and Mabl2 stains in fish with typical 
extrasporogonic (interstitial) P M  providing further confirmation of the relatedness of these stages. Both 
the lectin and 1Mabl2 provide useful tools for further study of the epidemiology of the PKX myxospo- 
rean, for future development of tests to detect anti-parasite antibodies in fish serum and for the 
identification of potential imrnunogens for vaccination of trout. 

INTRODUCTION 

Proliferative kidney disease (PKD) is considered to 
be the most serious systemic protozoa1 infection in 
rainbow trout Oncorhynchus mykiss in Europe (Ghit- 
tin0 et  al. 1977, Clifton-Hadley et  al. 1984) and causes 
significant losses in rainbow trout and Pacific salmon in 
North America (Hednck et  al. 1984a, b,  1985, 1986a, b). 
The disease affects several salmonid species in Europe 
and North America including Atlantic salmon Salmo 
salar (Ellis et al. 1982), chinook salmon Oncorhynchus 
tshawytscha, coho salmon Oncorhynchus kisutch 
(Hedrick et al. 1984a, b) ,  artic char Salvelinus alpinus 
(Brown et al. 1991, Bucke et  al. 1991), brown trout 
Salmo trutta (Roberts 1978, Wooten & McVicar 1982) 
and grayling Thymallus thymallus (Seagrave et  al. 
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1981). The only nonsalmonid reported to suffer PKD is 
pike Esox lucius (Seagrave et  al. 1981, Bucke et  al. 
1991). 

PKD is caused by a presently unclassified myxospo- 
rean (PKX) with similarities to Sphaerospora spp. as  
found in other species of fish (Kent 1985, Kent & Hed- 
rick 1985a, 1986, Fischer-Scherl et  al. 1986, Feist & 
Bucke 1987, Hedrick et al. 1988, 1991, von Odening et 
al. 1988, Rafferty & Mulcahy 1988). Developmental 
stages of the myxosporean can be detected in stained 
tissue sections or imprints from several organs but 
principally the kidney of fish with clinical signs of PKD 
(Clifton-Hadley et  al. 1983, Klontz & Chacko 1983, 
Hedrick et  al. 1986a). Tissue sections stained with 
hematoxylin and eosin allow visualization of typical 
extrasporogonic stages and early sporogonic forms of 
the myxosporean. While generally effective and used 
for confirmatory diagnoses, this histological method is 
not based on a specific binding or recognition of PKX 
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but instead detects its somewhat unique morphology 
and slightly different staining pattern (Ferguson & 
Needham 1978). 

Specific staining procedures for the PKX myxospo- 
rean in rainbow trout kidney have recently been 
reported by Castagnaro et al. (1991) and Marin de  
Mateo et  al. (1991). Paraffin-embedded sections were 
treated with a biotinylated GS-I (Griffonia simplicifolia 
agglutinin-I), a lectin recognizing methyl-cu-D-galac- 
topyranosides in glycoconjugates present on PKX. 
Avidin-horse radish peroxidase in the presence of the 
enzyme substrate 3'3-diaminobenzidine tetrahydro- 
chloride-hydrogen peroxide was then added to vis- 
ualize the lectin bound to the parasite (Castagnaro et  al. 
1991, Marin de  Mateo et  al. 1991). An adaptation of the 
lectin stain for rapid diagnosis has also been described 
by Hedrick et  al. (1992). The latter technique employs 
biotinylated GS-I and avidin-fluorescein to detect PKX 
in fixed kidney imprints tvith the entire procedure 
requiring only 2 to 3 h. This fluorescence test has been 
shown to detect early infections and it removes the 
subjectivity in interpreting results making it an attrac- 
tive alternative to examination of fresh preparations or 
traditional stains on tissue sections or imprints. 

Two monoclonal antibodies have recently been pro- 
duced against PKX cells by Adams et al. (1992). One of 
these antibodies (Mabl2) has shown no cross reactivity 
with other myxosporeans tested to date (authors' 
unpubl. data) and makes it a suitable reagent for con- 
firmatory diagnoses for PKX in immunohistochemical 
tests. This is the second report of a monoclonal anti- 
body produced against a myxosporean parasite. Barth- 
olomew et al. (1989) were the first to develop mono- 
clonal antibodies against Ceratomyxa shasta. 

In this paper we describe the application of this new 
monoclonal antibody (Mabl2) and the GS-I lectin for 
detecting antigens or glycoconjugates on both extra- 
sporogonic and sporogonic stages of PKX. In addition, 
the efficacy of these procedures were tested on several 
species of fish from diverse geographical regions in a n  
effort to examine potential strai.n differences of the PKX 
myxosporean. 

MATERIALS AND METHODS 

Tissue samples. Kidneys from fish infected with PKX 
and control uninfected tissues were obtained from 
several salmonid species from different geographical 
regions. These included: rainbow trout from Italy, the 
United Kingdom, France and the USA; Atlantic salmon 
from Ireland and Scotland; brown trout and grayling 
from the United l n g d o m  and Pacific salmon (chinook 
and coho) from North America. All kidney tissues were 
fixed with either 10 % neutral buffered formalin (Euro- 

pean samples) or Davidson's solution (North American 
samples). In general, tissues were fixed for 24 h, dehy- 
drated through an ethanol serles, embedded in paraffin 
and then sectioned at 5 pm- APES (3-amino propyl- 
triethoxylane) was used to increase the adherence and 
prevent separation of tissue sections d u r ~ n g  stainlng 
(Maddox & Jenkins 1987). 

Lectin histochemistry. A histochemical staining pro- 
cedure using GS-I biotinylated lectin as descibed by 
Castagnaro et  al. (1991) was followed. PKD and unin- 
fected paraffin-embedded kidney sections were 
deparaffinized and hydrated and endogenous peroxid- 
ase activity was blocked by incubating tissue sections 
in 3 "/o hydrogen peroxide in water solution at 40°C for 
10 min. After washing in 0.2 M phosphate buffer saline 
pH 6.8 (PBS), tissue sections were immersed in 0.1 % 
trypsin-calcium chloride solution pH 7.8 and incubated 
for 20 min at 37 'C. After a second rinse with PBS, rings 
were made around the tissue using a PAP pen (The 
Binding Site Inc., San Diego, CA, USA), to provide a 
boundary to hold small volumes of reagent to be  added. 
Kidney sections were then incubated with a filtered 
solution (100 big ml-' in PBS) of acetone dried mouse 
liver (Sigma L-8254, St Louis, MO, USA) for 30 min in a 
moist chamber. The solution was poured off, and sec- 
tions were then incubated with 30 yg ml-' biotinylated 
GS-I lectin (Sigma L-3759, St Louis, MO, USA), for 1 h 
in a moist chamber. After 2 rinses in PBS, avidin-biotin 
peroxidase complex ABC (Vector Lab., Burlingame, 
CA, USA) diluted in PBS (Sol. A 1 yg ml-', Sol. B 2.5 pg 
ml-l) was added. The ABC was removed by 2 more 
rinses in PBS and the sections were then covered with a 
solution of 2 pg ml-' 3,3'-diaminobenzidine tetrahydro- 
chloride (DAB) and 0.03 O/O hydrogen peroxide, for 5 
to 7 min. DAB was used as a chromogen-substrate 
because upon oxidation it forms a polymer that is 
brown and highly insoluble (Malik & Daymon 1982, De 
Jong et al. 1985). The duration of the reaction and 
intensity of staining was monitored under the micro- 
scope, until the positive control showed well stained 
PKX. The reaction was stopped by flooding the slides 
with running tap water. The sections were then coun- 
terstained with Mayer's Hematoxylin for 3 to 5 min, 
differentiated under tap water for 10 min, dehydrated 
through an  alcohol series and mounted in Pro-Texx 
(M-7635-1; American Scientific Products, USA) with a 
coverslip. 

Monoclonal antibody immunohistochemistry. Tis- 
sue sections were immunostained with monoclonal 
antibody against PKX according to Adams et  al. (1992). 
Endogenous peroxide activity in deparaffinized kidney 
sections was blocked by incubation for 10 min in 10 % 
hydrogen peroxide in methanol (Pearse-Everson 1980). 
After rinsing in Tris buffered saline (TBS, 0.05 M Tris, 
0.15 M NaC1, pH 7.6), the sections were placed into 
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moist chamber for 10 min with normal goat serum 
diluted 1 : 10 in TBS. The normal sera was decanted 
and undiluted supernatant from the Mabl2  was added 
and after 1.5 h at 25 "C it was removed by 3 rinses in 
TBS. Goat anti-mouse IgG conjugate with peroxidase 
(Sigma A-4416, St Louis, MO, USA) diluted l :SO in 
TBS was added for 30 min at 25 'C. Excess conjugate 
was removed by washing in TBS and bound peroxidase 
was revealed by adding the chromogen DAB (0.3 ~ i g  
ml-' DAB, 0.02 % hydrogen peroxide) for 3 to 7 min. 
The reaction was stopped in running tap water, and the 
section counterstained using Mayer's hematoxylin or 
Prices's Giemsa (Luna 1968) and mounted in Pro-Texx 
with a coverslip. 

Double labelling fluorescence method. Infected and 
uninfected paraffin-embedded kidney sections were 
deparaffinized in xylene and rehydrated in distilled 
water. The biotinylated GS-I lectin was diluted in 
0.01 M phosphate buffer pH 6.8 (PBS) to provide dilu- 
tions of 25, 10, 5, 1 pg ml-'. Supernatant from the 
Mabl2  hybridoma, either undiluted or diluted 1 : 2, was 
used to flood kidney sections for 1 to 2 h in a moist 
chamber. The slides were then rinsed 3 times in 0.01 M 
phosphate buffer pH 8.0 containing 0.25 "/o Tween-20 
(PBST). Rhodamine-conjugated goat anti-mouse IgG 
(55527-Organon, Tecnika Corp., Durham, NC, USA) 
diluted 1 : 200 in PBS was added to the tissue, for 30 
min. After 3 rinses in PBST, the slides were incubated 
for 1 to 2 h in a moist chamber with different dilutions 
of biotinylated lectin GS-I. After rinsing in PBST, the 
slides were incubated with 50 to 100 p1 of fluorescein 
avidin D (A-2001; Vector Laboratories, Inc., Burling- 
ame, CA, USA), which was removed by rinsing before 
mounting in PBS pH 8.0 buffered glycerol with a 
coverslip. The sections were observed under a photo- 
microscope (Leitz Ortholux) equipped with a UV light 
source and excitation and barrier filters for both 
fluorescein and rhodamine. In subsequent trials, the 
same staining procedure was repeated but the 
sequences of incubations with lectin and Mab were 
reversed with biotinylated lectin and avidin-fluores- 
cein followed by the Mabl2 .  Positive controls included 
each procedure with only lectin or Mabl2.  

RESULTS AND DISCUSSION 

The development of specific staining procedures for 
the detection of PKX have allowed a comparison of the 
myxosporean from diverse geographic regions and 
hosts. In addition, these stains provide further evidence 
that the sporogonic stages in the lumen of the kidney 
tubules, found most prominently in North American 
salmonids (Kent & Hedrick 1985a, b ,  1986, Hedrick et  
al. 1988) but also among certain European salmonids, 

share the same antigens and glycoconjugates as the 
well known extrasporogonic stage of PKX found in the 
kidney interstitium. 

Histochemical and immunofluorescence staining 
procedures with GS-I and Mabl2  detected extra- 
sporogonic and sporogonic stages of the PKX myxospo- 
rean in all fish tested with the parasite regardless of 
their host species or geographical origin (Figs. 1 to 8).  
There were however, differences in the relative abun- 
dance of extrasporogonic and sporogonic stages 
between species and geographical regions. Extra- 
sporogonic stages in the kidney interstitium of all sal- 
monids tested were recognized by the GS-I lectin and 
Mabl2  and these stages of the parasite and the pathol- 
ogy associated with their presence was similar to that 
originally described by Ferguson & Needham (1978). 
One difference noted between species was an  apparent 
predilection of the extrasporogonic stages (typical PKX 
interstitial stages) to be associated with thrombi in the 
larger veins of the ludney of chinook salmon (Fig. 4). 
This vascular affinity, known from rainbow trout as 
well (Clifton-Hadley et al. 1984, Smith et  al. 1984), 
seems much more accentuated in juvenile chinook 
salmon with PKD (authors' obs.). 

The initial phases of sporogenesis were charac- 
terized by PKX in the lumen of the tubules of Atlantic 
salmon (Fig. l) ,  Pacific salmon, and European brown 
trout (Fig. 2) and North American rainbow trout (Figs. 5 
& 6). These same stages were present but in a reduced 
prevalence and incidence among European rainbow 
trout (Fig. 3). Intraluminal pseudoplasmodia containing 
sporoblastic cells clearly indicating spore development 
(Fig. 5) as described by Kent & Hedrick (1985a, 1986) 
were routinely encountered in rainbow trout from the 
American River and Hot Creek hatcheries in Califor- 
nia, USA (Figs. 5 & 6) and European Atlantic salmon 
and brown trout (Figs. 1 & 2). Counterstaining with 
Price's Giemsa allowed the observation of 2 spherical 
polar capsules in immature spores which also bound 
lectin or Mabl2  (Fig. 6) within kidney tubules of North 
American rainbow trout and European brown trout 
with typical PKX in the interstitium. These sporogonic 
stages corresponded exactly to previous descriptions of 
the forms leading up to the most mature PKX spore 
observed to date (Kent & Hedrick 1986, Hedrick et al. 
1988). The abundance of these sporogonic stages in 
Atlantic salmon and brown trout compared to Euro- 
pean rainbow trout with PKD has already been 
reported (Ferguson 1984, Clifton-Hadley & Feist 1989). 

The results of the staining with both monoclonal 
antibody and specific lectin provide the first evidence 
that PKX as found in different host species and from 
different continents share similar antigenic structures 
and glycoconjugates. The binding of these reagents to 
both extrasporogonic and sporogonic stages of the PKX 
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further supports  the  myxosporean etiology of the  dis- 
ease.  

T h e  binding site(s) for t h e  monoclonal a n d  lectin on  
PKX is currently unknown.  However, both recognize 
features present  on primary cells that a r e  absen t  on  
daughte r  cells; a n  effect previously described for GS-I 
by Castagnaro e t  al. (1991). T h e  patterns of binding for 
both the M a b l 2  a n d  GS-I lectin were  similar in double 
fluorescence stains (Flgs. 7 & 8) a n d  they may even 
recognize the same domlnant  antigen (a  glycoconju- 
ga te ) .  This assumption is supported in part by a n  a p p a -  
rent  inhibition be tween  the  binding of the  lectin a n d  
Mab12. This inhibition is particularly evident  w h e n  t h e  
biotinylated lectin p recedes  the  antibody stain suggest- 
i n g  that  t h e  lectin ei ther  binds to, blocks, or induces a 
conformation c h a n g e  to t h e  epi tope recognized by  
M a b l 2 .  T h e  GS-I lectin recognizes methyl-a-D galac- 
topyranosides a n d  b inds  to glycoconjugates containing 
these residues on t h e  PKX primary cell (Castagnaro e t  
al. 1991). These  prominent glycoconjugates may b e  the 
main antigenic sites recognized by the monoclonal but  
studies beyond the double  staining procedures will b e  
required to resolve t h e  respective binding sites on the  
PKX cell for the  lectin a n d  monoclonal antibody. Col- 
loidal gold techniques with the  lectin a n d  M a b l 2  
should provide further insights into t h e  nature of the  
structures recognized b p  e a c h  (Bartholomew e t  al. 
1990, Bendayan 1984). 

T h e  application of lectin a n d  monoclonal antibody 
staining procedures to a comparison of PKX from 
diverse hosts a n d  geographical  regions confirms a 
degree  of antigenic homogeneity and  further estab-  
lishes the relationship of extrasporogonic a n d  
sporogonic s tages of the  PKX myxosporean. This 
m a k e s  these biologics useful for more rapid a n d  
specific diagnostic tests for t h e  typical a n d  less recog- 
nized sporogonic s tages  of the  PKX myxosporean. T h e  
utility of the  GS-I s tain a s  a diagnostic tool w a s  first 
demonstrated by Castagnaro e t  al. (1991) a n d  t h e  
development  of a more  rapid fluorescence procedure 
(Hedrick e t  al. 1992) provides a n  excellent detection 
a n d  confirmatory test for the  PKX myxosporean. T h e  
M a b l 2  developed by Adams e t  al. (1992) provides yet  
another  reagent  with all of the advantages  associated 
with a n  antibody probe.  Additional applications of 
these reagents  include isolation of ant igens to detect 

anti-PKX parasite ant ibodies  i n  fish se rum a n d  the  
isolation of potential immunogens  for vaccination of 
trout a n d  salmon. 
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4 
Figs. 5 to 8. Oncorhynchus mykiss. Tissue sections from the kidney of North American rainbow trout with PKD. Fig. Section 
immunostained with Mab l2  (DAB H202  with Giemsa counterstain). Showing intraluminal pseudoplasmodia recognized by the 
PKX monoclonal antibody. Scale bar = 25 pm. hg Section immunostained with Mabl2 (DAB H202 with Giemsa counterstain) 
with an  immature PKX spore in the lumen of a tubule. Monoclonal antibody binds to the intraluminal pseudoplasmodium 
containing 2 spherical dark blue polar capsules (arrow). Scale bar = 25 pm. Section stained with Mabl2 with rhodamine- 
labelled goat anti-mouse IgG in a double fluorescence test. Scale bar = 60 lim. -Section stained with biotinylated GS-I lectin 

with avidin fluorescein D in a double fluorescence test. Scale bar = 60 .um 




