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Abstract. The proteolytic activities of  homogenates pre- 
pared from the second larva (L2) and the third larva 
(L3) as well as the adult stage of  the eel-pathogenic ne- 
matode Anguillicola crassus were examined using hemo- 
globin, azocoll, elastin-orcein, and keratin azure as sub- 
strates. Whole bodies of  L2 larvae, the anterior third 
of  the bodies of  L3 larvae, and the anterior fifth of  
the bodies of  adults were studied. Extracts of  L2 con- 
tained a trypsin-like proteinase exhibiting a molecular 
weight of  38 000 Da on gelatin-substrate gel electrophor- 
esis. The proteinase showed a pH optimum at 8 and 
activity against azocoll and keratin. An apparent molec- 
ular weight of  25 000 Da was determined for the trypsin- 
like proteinase of the LY This enzyme possessed colla- 
genolytic, keratinolytic and slight elastinolytic activity 
at an optimal pH of  8. Samples of  adults contained an 
aspartyl proteinase with a molecular weight of  
90000 Da. When hemoglobin was used as the substrate, 
the enzyme displayed optimal activity at pH 5. It was 
concluded that the proteinases of  the larval stages are 
penetration enzymes, whereas that of  the adult stage 
is a digestive enzyme. 

Swim-bladder nematodes of  the genus Anguillicola (Ca- 
mallanata, Anguillicolidae) have been known to parasit- 
ize eels in different geographic regions of  the world 
(Kuwahara et al. 1974; Moravec and Taraschewski 
1988). Recently, the east Asian species Anguillicola cras- 
sus has been the focus of  attention, since it invaded Eu- 
rope (Neumann 1985) and quickly spread over the conti- 
nent (Peters and Har tmann 1986; Taraschewski et al. 
1987; Kennedy and Fitch 1990; Koie 1991 ; Szekely et al. 
1991). Mass mortality as well as pathological alterations 
due to these nematodes have been reported from wild 
and cultured eels (Boon et al. 1990; Molnar et al. 1991 ; 
Sprengel and Liichtenberg 1991). Levamisole is the drug 
of  choice for the treatment of  A. crassus (Taraschewski 

Correspondence to: H. Taraschewski 

et al. 1988). However, only the adult worms residing in 
the lumen of the swim bladder are killed by this drug, 
whereas the larvae (L3, L4) localized inside the wall of  
the swim bladder are not  affected (Hartmann 1989). 
Many ultrastructural features of  the adult worms and 
of the larval stages have been documented (Taraschewski 
et al. 1988; Lamah et al. 1990; Taraschewski and Stem- 
mer 1992). In addition, detailed knowledge about the 
life cycle of this parasite, which involves copepods as 
intermediate hosts and small fishes such as sticklebacks 
as paratenic hosts, has become available (Belpaire et al. 
1989; De Charleroy etal .  1990; Kennedy and Fitch 
1990). However, nothing is yet known about the mecha- 
nisms of  penetration and of  food uptake and digestion 
of this parasite. The aim of the present study was to 
identify and characterize the proteinases found in the 
developmental stages of  A. crassus and to discuss these 
findings in terms of  the descriptions on the biology and 
chemotherapy of  this pathogenic parasite. 

Materials and methods 

Parasites and hosts 

Adults of Anguillicola crassus were obtained from eels caught in 
the river Weser. Male and female worms were dissected from the 
swim bladders and treated separately. Mature eggs from gravide 
females, i.e., L2 larvae enclosed by an egg sheath, were transferred 
to tap water at 22 ~ C. As soon as the larvae had hatched, they 
were collected. L3 larvae of the parasite were dissected from experi- 
mentally infected copepods (Megacyclops viridis) beginning on the 
12th day postinfection. The copepods had been allowed to feed 
on hatched L2 larvae. After they had ingested these larvae, they 
were kept at 22 ~ C and fed on yeast. 

Preparation o f  parasite crude extracts  

For the preparation of crude extracts, whole bodies of L2 larvae, 
the anterior third of the bodies of L3 larvae, and the anterior 
fifth of the bodies of adults were homogenized in bidistilled water. 
After centrifugation at 12000 g for 10 rain, the supernatant was 
either used immediately or stored at - 80 ~ C. 



Enzyme  assays 

Proteolytic activity was determined at 25 ~ C using the substrates 
azocasein (Serva), azocoll (Calbiochem), elastin-orcein, keratin 
azure, and hemoglobin (all purchased from Sigma). The effect of 
pH on the proteolytic activity against azocasein was tested over 
the pH range of 2-12 using 0.1 M citrate/0.2 M Na2HPO4 buffer 
(pH ~8.5) and 0.1 M glycine/NaOH buffer (pH 8.5-12). The reac- 
tion mixtures comprised 20-gl aliquots of crude extracts or frac- 
tions, 20 gl buffer, and 20 gl azocasein solution (1.5%, w/v). Undi- 
gested protein was removed by acid precipitation, and the absorb- 
ance of the supernatant was measured with an Eppendorf photom- 
eter at 366 nm. For substrate specificity, the other protein sub- 
strates were used. Reaction mixtures contained 20-gl aliquots of 
crude extracts or fractions, 930 gl buffer, and 50 gl substrate (5 rag/ 
ml). Incubations were carried out for 72 h. Undigested protein was 
removed by centrifugation, and the absorbance of the supernatants 
was measured at 280 (hemoglobin), 520 (azocoll), 550 (elastin-or- 
cein), or 595 nm (keratin azure); 1 hydrolysis unit (HU) was de- 
fined as the amount of substrate required to give an absorbance 
of 1.0 per milligram of protein and hour of assay time. Soluble 
proteins were determined according to the method of Read and 
Northcote (1981) using bovine serum albumin as the standard. 
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Gelatin-substrate gel  electrophoresis 

For the identification of proteolytic activity in several stages of 
A. crassus and the determination of their apparent molecular 
weight under nonreduced conditions, crude extracts of the develop- 
mental stages were subjected to electrophoresis in a substrate gel; 
10% polyacrylamide gels copolymerized with gelatin (0.1%, w/v) 
and a 4% nongelatin stacking gel were used. Samples were diluted 
1:1 (v/v) in sample buffer [4% sodium dodecyl sulfate (SDS), 15% 
glycerol, 0.025 bromphenol blue in stacking buffer, 0.25 M TRIS- 
HC1 (pH 6.8), and 0.4% SDS]. TRIS-glycerine (pH 8.3) running 
buffer was used, and the gel was run at 20 mA/gel. After electro- 
phoresis, the gels were washed in 2% Triton X-100 for 1 h to 
remove SDS. The gels were then immersed in citrate buffer for 
72 h at 25 ~ C and stained in methanol/acetic acid/water (20:10:70, 
by vol.) containing 0.4% (w/v) Coomassie brilliant blue. Gels were 
destained with methanol/acetic acid/water (45:10:45, by voL). Pro- 
teinases were detected as clear bands on a blue background. The 
electrophoretic migration of the proteinases was compared with 
that of standard proteins (Sigma). 

At the end of electrophoresis, the gel was divided into 2.5-mm- 
wide slices by a gel cutter (fixed blades of high-grade steel). These 
slices were transferred into capped plastic centrifuge tubes (Eppen- 
dorf) filled with 0.5 ml bidistilled water. After the tubes had been 
shaken for 24 h at 4 ~ C, the mixture of water and eluted enzymes 
was used at once or stored at - 8 0  ~ C. 

Inhibitor studies 

Inhibitors were used to determine the classes to which the protein- 
ases belong. Samples of aliquots were incubated with phenylmeth- 
ylsulfonyl fluoride (PMSF), soybean trypsin inhibitor (SBTI), eth- 
ylenediaminetetraacetic acid (EDTA), p-chloromercuribenzoate (p- 
CMB), N-ethylmaleimide (NEM), and pepstatin for 20 rain at 
room temperature. Incubation of samples and measurement of pro- 
teolytic activity were carried out as described above. 

R e s u l t s  

The substrate  gel electrophoresis  of  non reduced  samples 
revealed proteolyt ic  activity in each deve lopmenta l  stage 

Fig. 1. Gelatin-substrate gel electrophoresis of crude extracts from 
several developmental stages of Anguillicola crassus. Lane 1, Larval 
stage L2; lane 2, larval stage L3; lane 3, adult stage. The numbers 
refer to molecular mass expressed in kilodaltons. Standard proteins 
are as follows: a, phosphorylase b (92.5 kDa); b, bovine serum 
albumin (66 kDa); c, ovalbumin (45 kDa); d, carbonic anhydrase 
(29 kDa); e, chymotrypsinogen (25 kDa). Hydrolysis has occurred 
during migration in the case of L2 
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Fig. 2. Effect of pH on the hydrolysis of azocasein by the protein- 
ases of the larval stages L2 and L3 and the adult of Anguillicola 
crassus 

of Anguillicola crassus investigated. The appa ren t  molec- 
u lar  weights of  the proteolyt ic  enzymes in extracts f rom 
L2 larvae, L3 larvae, and  adults  were 38000, 25000 and  
90000 Da,  respectively (Fig. 1). Wi th  azocasein as the 
substrate ,  the pH o p t i m u m  of  the enzymes f rom both  
larval  stages was demons t r a t ed  as a single peak at pH 
8. By contrast ,  a peak at p H  5 was observed for the 
prote inase  of the adul t  (Fig. 2). 
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Table 1. Proteolytic activity in crude extracts of different develop- 
mental stages of Anguillicola crassus 

Substrate L2 L3 Adult 

Azocoll (520 nm) 0.8 _+0.1 7.8 _+0.3 - 
Elastin-orcein (550 nm) - 0.3 • - 
Keratin azure (595 nm) 0 . 2 •  1.3• - 
Hemoglobin (280 nm) - 1.4• 

Results are expressed as the change in absorbance per milligram 
of protein and hour of assay time at 25 ~ C. Data represent mean 
values • SD for six experiments 

Table 2. Inhibition of proteinase activity of different stages of An- 
guillicola crassus by specific proteinase inhibitors 

Inhibitors Concentration Inhibition (%) 

L2 L3 Adult 

Serine proteinase: 
PMSF 10 mM 90 82 0 
SBTI 125 gg/ml 83 75 0 

Metalloproteinase: 
EDTA 10 mM 0 0 0 

Cysteine proteinase: 
p-CMB 5 mM 0 0 0 
NEM 10 mM 0 0 0 

Aspartyl proteinase: 
Pepstatin 5 mM 0 0 73 

PMSF, Phenylmethylsulfonyl fluoride; SBTI, soybean trypsin in- 
hibitor; EDTA, ethylenediaminetetraacetic acid; p-CMB, p-chloro- 
mercuribenzoate; NEM, N-ethylmaleimide 

Table 1 summarizes the proteolytic activities of sam- 
ples of the various stages of A. crassus that were detected 
using the protein substrates azocoll, elastin-orcein, kera- 
tin azure, and hemoglobin. Proteinase activity was high- 
er in the L3 larvae than in the L2 larvae or the adult 
parasites. The proteinase of the L2 showed azocollytic 
and slight keratinolytic activity, whereas the proteinase 
of the L3 possessed azocollytic, keratinolytic, and slight 
elastinolytic activity. Both larval proteinases were inca- 
pable of degrading hemoglobin. In contrast, the protein- 
ase of the adult showed activity against hemoglobin but 
was incapable of degrading the other protein substrates. 
The inhibitor profile assay revealed that approximately 
85% of the proteinase activity of the L2 and 80% of 
the proteolytic activity of the L3 was inhibited by serine 
proteinase inhibitors (Table 2). The larval proteinases 
were not inhibited by either metalloproteinase, cysteine, 
or aspartyl proteinase inhibitors. By contrast, 73% of 
the proteolytic activity of the adult parasite was inhib- 
ited by the aspartyl proteinase inhibitor pepstatin, 
whereas no effect was observed for the other inhibitors. 
On the basis of these results, the proteolytic enzymes 
of the larval stages of A. crassus may be classified as 

trypsin-like proteinases, whereas the enzyme of the adult 
is most likely an aspartyl proteinase. 

Discussion 

The current report presents baseline data on the protein- 
ase content of crude extracts prepared from the L2 and 
L3 larvae and the adult stage of the eel-pathogenic ne- 
matode Anguillicola crassus. We report that enzyme ex- 
tracts of the investigated developmental stages of this 
parasite exhibit proteolytic activities with different pH 
optima, substrate specifities, and inhibition profiles, 
which indicates the stage specificity of the proteinases. 

According to the results of the study, the proteolytic 
enzyme of the L2 larva of A. crassus can be considered 
a trypsin-like proteinase. This conclusion can be drawn 
from the observed alkaline pH optimum and the sub- 
strate and inhibitor specific• It has been suggested 
that this enzyme is used for the penetration of the larval 
stage through the intestinal wall of the copepod rather 
than as a digestive proteinase, since the intestinal lumen 
of this larval stage is closed as shown by electron micros- 
copy (Taraschewski and Stemmer 1992). The only avail- 
able reference on proteinases in L2 larvae of a nematode 
is that of Knox and Kennedy (1988) for Ascaris suum; 
these authors have found proteolytic activities similar 
to those described in the present study for A. crassus. 

In the L3 larvae of A. crassus, collagen was the major 
macromolecule degraded by its histolytic trypsin-like 
proteinase, which suggests that this larval enzyme is ca- 
pable of degrading one major component of gastrointes- 
tinal tissues. Keratin, another constituent of tissues, was 
also hydrolyzed significantly. Elastin, which is only a 
minor component of these tissues, was barely degraded. 
The intestinal lumen of the L3 was open and contained 
remnants of tissue, but in contrast to the adult, the L3 
larva does not possess a circumoral row of teeth (Tara- 
schewski and Stemmer 1992). Similar to what has been 
postulated for the penetrating larvae of the fly Hypoder- 
ma lineatum (Lecroisey et al. 1983), the L3 of A. crassus 
probably reabsorbs the secreted proteinase together with 
the degradation products of the gastrointestinal tissue. 
The proteinase activity of the L3 larva of Anisakis sim- 
plex (Sakanari and McKerrow /990) resembles that of 
the L3 of A. crassus. By contrast, elastase activity at 
neutral pH has been identified in L3 larvae of Strongy- 
loides stercoralis (McKerrow et al. 1990). 

Scanning electron micrographs of the mouth opening 
of adult A. crassus, showing circumoral teeth and in- 
gested erythrocytes of the eel host (Taraschewski et al. 
1987), suggest that the adult stage of this parasite does 
not need any histolytic proteinases to bore the swim- 
bladder wall for ingestion of blood. Therefore, the aspar- 
tyl proteinase of adult A. crassus seems to function by 
degrading the hemoglobin of the ingested erythrocytes. 

The alteration of the proteinases from a histolytic 
to a digestive character during the life cycle of A. crassus 
corresponds with the chemotherapeutic efficacy of le- 
vain• Only the adult stage provided with a hemoglo- 
binolytic proteinase is affected by the drug (dissolved 
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in the  b l o o d  o f  the  eel), whereas  the ( n o n - b l o o d - s u c k i n g )  
L3 stage,  e q u i p p e d  only  wi th  a h is to ly t ic  p ro te inase ,  is 
n o t  af fec ted  ( H a r t m a n n  1989). The  change  obse rved  in 
the p ro t e inase  class du r ing  the life cycle o f  A.  crassus 
is s imi lar  to the  differences seen in p ro t eo ly t i c  ac t iv i ty  
be tween  the larval  ( K n o x  and  K e n n e d y  1988) and  the 
adu l t  ( R u p o v a  et al. 1984) s tages o f  Ascaris  suum.  How-  
ever, the  a p p e a r a n c e  o f  an  a spa r ty l  p ro t e inase  wi th  a 
preference  for  h e m o g l o b i n  is s o m e w h a t  surpr is ing ,  since 
the  adu l t  s tage o f  this  n e m a t o d e  is no t  cons ide red  to 
suck b lood .  In s u m m a r y ,  the p resen t  s tudy  suggests  t ha t  
the changes  in the  type  o f  p ro t e inase  du r ing  the deve lop-  
men t  o f  A.  crassus are  an  a d a p t a t i o n  o f  the pa ras i t e  
to a l t e ra t ions  in its e n v i r o n m e n t a l  cond i t ions .  
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