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ABSTRACT: The metallo-protease (200 kDa) from Cryptobia salmositica was punfied using ion- 
exchange chromatography and gelfiltration. The purity of the enzyme was confirmed as there was only 
one homogeneous band using SDS-PAGE. Under in vitro conditions the purified metallo-protease 
completely degraded the extracellular matrix proteins (collagen types I. [V. V and laminin) and the 
membrane proteins isolated from rainbow trout erythrocytes. The results confirm that the C. salmo- 
sitica metallo-protease is a histolytic enzyme and it contributes to salmonid cryptobiosis and to the 
direct transmission of the parasite between fish. 
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INTRODUCTION 

Cryptobia salmositica (Katz 1951) is a pathogenic 
haemoflagellate of salmonid fishes on the west coast of 
North America (Woo & Poynton 1995). The parasite is 
normally transmitted by the blood sucking leech Pis- 
ciola salmositica (see Woo 1978), but it is also trans- 
mitted directly between fish (Bower & Margolis 1983, 
Woo & Wehnert 1983). However, the mechanism for 
the direct transmission is unknown. Infected rainbow 
trout Oncorhynchus mykiss develop anaemia, exoph- 
thalmia, splenomegaly, abdominal distension with 
ascites, general oedema (Woo 1979) and anorexia (Li 
& Woo 1991, Thomas & Woo 1992). Cryptobiosis may 
result in high mortality in naturally and experimentally 
infected fish, but the mechanism of the disease is not 
well understood (Woo 1987, 1994). 

The pathogenic Cryptobia salmositica has both cys- 
teine and metallo-proteases, but the parasite has lost 
its metallo-protease in the avirulent strain (Zuo & Woo 
1997a). Also, the avirulent strain of C. salmositica (see 
Woo & Li 1990) and the nonpathogenic C. catostomi 
(see Bower & Woo 1977) of white suckers Catostomus 
commersoni have only cysteine protease and their 
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overall proteolytic activities are significantly lower 
than that of the pathogenic C. salmositica (see Zuo & 

Woo 1997a). We earlier suggested that the metallo- 
protease contributes to pathogenesis in salmonid cryp- 
tobiosis and the cysteine protease plays an important 
role in protein metabolism (Zuo & Woo 1997a, b, c). 

The aim of present study was to purify the metallo- 
protease from the pathogenic Cryptobia salmositica 
and to determine its proteolytic activities. 

MATERIALS AND METHODS 

Parasite. The pathogenic Cryptobia salmositica was 
isolated from the blood of an infected rainbow trout On- 
corhynchus mykiss (Walbaum) and cultured in a modi- 
fied minimum essential medium at 12'C (Woo & Li 
1990) for about 7 wk. This allowed us to obtain a large 
number of parasites free of host cells. The parasite on 
short-term culture (e.g. 2 mo) is still pathogenic to trout 
(Woo & Thomas 1991). Parasites harvested from cul- 
tures were washed 3 times in phosphate buffered saline 
(PBS) by centrifugation (7000 X g, at 4"C, 10 min) and 
washed parasites were either used fresh or stored at 
-100°C (less than 6 mo) prior to analysis. Storage (6 mo) 
at -100°C does not affect protease activity. 
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Preparation of cell lysate of Cryptobia salmositica. 
All procedures, unless otherwise stated, were carried 
out at 4°C. A suspension of washed parasites (about 
log cells ml-') in PBS containing 0.2% (v/v) Triton 
X-100 was sonicated for about 5 min, and followed by 3 
frozen and thaw cycles. After centrifugation at  7000 X g 
for 20 min, the supernatant was pooled and used as 
crude protease extract. 

Electrophoresis. Detection of  proteins using SDS- 
PAGE: Polyacrylamide gel electrophoresis (7.5 % run- 
ning gel) using SDS-discontinuous buffer system (SDS- 
PAGE) was as described by Hames (1981). A volume 
(20 p1) of sample (containing 20 pg protein of the para- 
site lysate or 5 pg protein of the purified fraction) was 
mixed with an  equal volume of reducing SDS-sample 
buffer (Bio-Rad Laboratories Ltd., Mississauga, Canada) 
and heated at 95OC for 10 min. The electrophoresis was 
performed at room temperature using a Bio-Rad Mini- 
protean system. Protein bands were stained with silver 
staining (Bio-Rad Laboratories) according to the manu- 
facture's instructions. 

Detection of  protease using substrate-SDS-PAGE: 
The substrate-SDS-gel was prepared as above except 
that the haemoglobin (0.2% w/v) was incorporated 
into the 7.5% running gel. The haemoglobin was 
extracted and prepared from the blood of an unin- 
fected rainbow trout according to the method of Knox 
et al. (1993). A 40 p1 sample (containing 40 pg protein 
of the parasite lysate or 10 pg protein of the purified 
fraction) was mixed with 10 p1 of the non-reducing 
SDS-sample buffer (0.5 M Tris-HC1, pH 6.8, 10% SDS, 
20 % glycerol and 0.02 % bromophenol blue) without 
boiling. Electrophoresis was performed using a Bio- 
Rad Mini-protean system at 4OC until bromophenol 
blue was at the bottom of the gel (takes about 2 h).  
After electrophoresis the gel was immersed in 2.5% 
(v/v) Triton X-100 for 1 h to remove the SDS and 
washed once with the incubation buffer (0.1 M phos- 
phate buffer, pH 5.5). Protease bands were developed 
by immersing gels in the incubation buffer at 30°C for 
12 h. Zones of proteolysis appeared as clear bands 
against a blue background after the staining with 
Coomassie Blue R-250. The molecular weight of indi- 
vidual protease was determined from its mobility rela- 
tive to those of pre-stained standard molecular weight 
markers (Bio-Rad Laboratories). 

Protease assay. The proteolytic activity in the para- 
site lysate or in the purified fractions was detected 
using azocasein (AZC) as the substrate as described 
previously (Zuo & Woo 1997a). Briefly, 100 p1 of the 
sample was incubated with 0.5 m1 of AZC (10 mg ml-l) 
and 0.5 m1 phosphate buffer (0.1 M, pH 6.0) at 37°C for 
2 h. 0.2 m1 of 50% trichloroacetic acid (TCA) was then 
added to terminate the reaction and the tube left to 
stand at  4°C for 30 min. The insoluble material was 

removed by centrifugation and the dye released was 
determined spectrophotometrically at 520 nm against 
the blank (the same incubation solution but with no 
protease sample). 

Isolation and purification of a metallo-protease 
from crude Cryptobia salmositica lysate. Ion-exchange 
chromatography: The technique was as described by 
Yu & Greenwood (1994) with some modifications (Zuo 
& Woo 1997b). Briefly, a diethylaminoethyl (DEAE)- 
agarose (Bio-Rad Laboratories) column (1 X 20 cm) was 
equilibrated with (U10 strength McIlvaine's buffer, 
pH 6.0) and washed with the same buffer until the 
conductivity of the eluent and buffer were equal. The 
crude protease sample (parasite lysate) was applied to 
the column and the intracellular proteases were eluted 
and separated with 66 ml of an increasing linear NaCl 
gradient (0 to 0.4 M) at a flow rate of 18 ml h-'. Frac- 
tions (2 m1 per tube) were collected. Fractions with pro- 
teolytic activity were detected as described above and 
the metallo-protease and cysteine protease were iden- 
tified by using protease inhibitors, l ,  lo-phenanthro- 
line and E-64, respectively (Zuo & Woo 1997a). 

Gelfjltration: The technique was as described by 
Kohnert et al. (1988) with a slight modification. Briefly, 
a volume (less than 5 rnl) of sample (the partially puri- 
fied metallo-protease eluted from the DEAE-agarose 
column) was applied to a Sephacryl S-300 (Pharmacia 
Biotech Inc., Baie d'Urfe, Canada) column (90 X 1.6 cm). 
The protease was eluted with McIlvaine's buffer con- 
taining 50 mM NaCl at a flow rate of 22 m1 h-'. 
Fractions (4 m1 per tube) were collected and those with 
proteolytic activity were detected and pooled. 

Degradation of extracellular matrix proteins by 
purified metallo-protease. Collagen type I (purified 
from human placenta), collagen type IV (purified from 
mouse basement membranes) and collagen type V 
(purified from human fetal membranes) were pur- 
chased from GIBCOBRL Life Technologies, Burling- 
ton, Canada. Laminin (purified from mouse basement 
membranes) was purchased from Sigma, Oakville, 
Canada. The collagen type I and the laminin (both 
lyophilized) were made up at 0.5 mg ml-' in Tris- 
buffered saline (TBS) (pH 7.2); the collagen type IV (at 
0.5 mg ml-' in 0.5 M acetic acid) was adjusted with 4 M 
NaOH to pH 7.2; the collagen type V (at 1.0 mg ml-' 
in TBS, pH 7.2) was diluted with the same buffer to 
0.5 mg ml-'. A volume (300 pl) of each of the proteins 
(0.5 mg ml-l, pH 7.2) was added to 100 p1 of the purified 
metallo-protease (0.1 mg ml-I in PBS, pH 7.2) and 
100 1.11 of PBS (pH 7.2) containing 20 mM CaC12. The 
mixture was then incubated at 15°C until the protein 
was completely degraded (detected by SDS-PAGE). 
An aliquot (20 pl) was taken out of the incubation 
medium at intervals of 0.5 h (for laminin) or of 2 h (for 
collagens), mixed with an  equal volume of reducing 
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SDS-sample buffer (Bio-Rad Laboratories) and ana- 
lyzed using the SDS-PAGE as described above. Con- 
trols were the same proteins which were incubated 
under the same conditions except without the protease. 

Degradation of protein isolated from fish erythro- 
cyte membrane by metallo-protease. The blood cells, 
from an uninfected rainbow trout, were harvested by 
centrifugation (1350 X g at  4°C for 10 min); the cell pel- 
lets were added to about 20 volumes of distilled water 
(v/v) and maintained at  4OC until all the red cells were 
ruptured (confirmed by microscopy). The haemoglobin 
was removed by centrifugation and the membrane 
pellet was washed 3 times with PBS. The membrane 
pellet was then added to PBS containing 0.2% (v/v) 
Triton X-100 and membrane proteins were extracted as 
described previously (Zuo & Woo 1996). To determine 
the degradation of membrane protein by the metallo- 
protease, 300 1-11 of the membrane protein sample 
(0.5 mg  ml-' in PBS, pH 7.2) was added to 100 p1 of the 
purified metallo-protease (0.1 mg ml-' in PBS, pH 7.2) 
and 100 p1 of PBS containing 20 mM CaC1,. The mix- 
ture was then incubated at 15'C. The degradation of 
membrane proteins was detected using the SDS-PAGE 
as described above. The control was the same mem- 
brane protein incubated under the same conditions 
except without the protease. 

Determination of protein concentration. The pro- 
tein concentrations in the parasite lysate, the purified 
protease samples and the membrane protein sample 
were determined using the method of Bradford (1976). 

RESULTS 

Isolation and purification of metallo-protease from 
Crypfobia salmositica lysate 

The crude intracellular proteases of Cryptobia sal- 
mositica were fractionated and partially purified using 
ion-exchange chromatography. Two peaks with prote- 
olytic activities were eluted from the DEAE-agarose 
column (Fig. 1A). The protease in peak I (fractions 11 
to 15) was identified as a metallo-protease, because 
its activity was completely inhibited by the metallo- 
protease inhibitor l ,  10-phenanthroline; however, peak 
I1 (fractions 1 9  to 24) contained only cysteine (thiol) 

Step 

0.0 

9 12 15 18 21 24 27 30 33 

Fraction number 
0.16 

0.0 0.00 

0 6 12 1 8 2 4  30 3 6 4 2 4 8  54 6 0 6 6  72 78 84 90 

Fraction number 

Fig. 1. Isolation and purification of the metallo-protease from 
the Cryptobia salmositica lysate. (A) Ion-exchange chro- 
matography: the parasite lysate (crude enzyme extract) was 
applied to the DEAE-agarose column and 2 peaks with pro- 
teolytic activities were eluted; peak I (fractions 11 to 15) 
contained metallo-protease and peak I1 (fractions 19 to 24) 
contained cysteine protease. (B) Gelfiltration: the partially 
purified metallo-protease (eluted from the DEAE-agarose 
column) was applied to the Sephacryl S-300 column and 1 

peak (fractions 18 to 26) contained the metallo-protease 

protease, as its proteolytic activity was completely 
inhibited by the cystelne protease inhibitor E-64. 

The partially purified metallo-protease was further 
purified using gelfiltration (Fig. 1B). Three peaks of pro- 
teins were eluted from the Sephacryl S-300 column and 
only 1 peak (fractions 18 to 26) had proteolytic activity 
and contained the nietallo-protease (Fig. 1B). A sum- 
mary of the purification approach is provided in Table 1. 

Table 1. Purification of the metallo-proteases from the Cryptobia salmositica lysate 

Volume Total protein Total activity Specific activity Yield Purification 
(ml) (mg) (units) (units mg-') (%) (fold) 

Crude extract 10 88.60 4.85 0.05 - 1 
DEAE-agarose (fractions 11-15) 10 18.63 3.94 0.21 81.2 4.2 
Sephacryl S-300 (fractions 18-26) 36 3.16 1.86 0.59 38.3 11.8 



180 Dis Aquat Org 30: 177-185, 1997 

There was about a 12-fold increase in specific activity 
after the metallo-protease was purified and the yield was 
about 38% (Table 1). 

The protein banding pattern at each step of the 
purification process was detected using denatured 
SDS-PAGE (Fig. 2). At least 20 polypeptide bands 
were initially found in the Cryptobia salmositica lysate 
(Fig. 3, lane A). However, only 4 polypeptide bands 
(200, 116.64 and 53 kDa) were left in the partially puri- 
fied metallo-protease (eluted from the DEAE-agarose 
column) (Fig. 2, lane B) and only a single polypeptide 
band (200 kDa) was detected in the purified metallo- 
protease (eluted from the Sephacryl S-300 column) 
(Fig. 2, lane C).  This indicates that the metallo-pro- 
tease has been purified and is a homogeneous protein. 

Protease activity in Cryptobia salmositica lysate and 
purified protease fractions using substrate-gel 

electrophoresis 

Protease activities were detected in the samples at 
each step of the purification process using haemo- 
globin-SDS-PAGE under non-denatured conditions 
(Fig. 3). Five protease bands (200, 97, 70, 66 and 
49 kDa) were originally detected in the Cryptobia 
salmositica lysate (Fig. 3, lane A), indicating multiple 
intracellular proteases. After the parasite lysate was 
fractionated using ion-exchange chromatography, the 
same 5 bands remained; 4 bands (97, 70, 66 and 
49 kDa) were cysteine proteases (Fig. 3, lane B) while 

Fig. 3. Haemoglobin-SDS-PAGE (zymogram) of Cryptobia 
salmositica proteases. Lanes: A, the parasite lysate (crude 
enzyme extract); B, the partially purified cysteine protease 
(fractions 19 to 24 eluted from the DEAE-agarose column); 
C, the partially purified metallo-protease (fractions 11 to 15 
eluted from the DEAE-agarose column); D, the purified 
metallo-protease (fractions 18 to 26 eluted from the Sephacryl 
S-300 column). Molecular masses (kDa) of individual protease 

bands as indicated by arrows 

the band with the highest molecular mass (200 kDa) 
was a metallo-protease (Fig. 3, lane C). The same pro- 
tease band (200 kDa) remained after purification of the 
metallo-protease using gelfiltration (Fig. 3, lane D). 

Degradation of collagens by purified 

Fig. 2. SDS-PAGE of Cryptobia salmositica proteins. Lanes: A, 
the parasite lysate (crude enzyme extract); B, the partially pu- 
rified metallo-protease (fractions l l  to 15 eluted from the 
DEAE-agarose column), C, the purifled metallo-protease 
(fractions 18 to 26 eluted from the Sephacryl S-300 column); 

M, standard molecular masses (kDa) 

metallo-protease 

Collagen type I. The collagen had 3 polypeptide 
bands (260, 200 and 118 kDa) before its degradation 
(Fig. 4,  lane A). After it was incubated with the metallo- 
protease, 2 of the 3 polypeptide bands (260 and 
200 kDa) were completely degraded at 8 h (Fig. 4 ,  
lane E) and the major polypeptide band (1 18 kDa) was 
also completely degradated at 10 h (Fig. 4 ,  lane F). The 
fragments produced by the degradation were not seen 
on the SDS-gel. However, the bands were present in 
the control lane (the collagen with no protease for 10 h) 
(Fig. 4, lane G).  

Collagen type IV. The collagen had 2 major poly- 
peptide bands (190 and 165 kDa) (Fig. 5, lane A) before 
its degradation. After it was incubated with the 
metallo-protease, the 165 kDa band and the 190 kDa 
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A B C D  E F metallo-protease, the 110 kDa band and 
kDa kDa the 97 kDa band were completely 
260 C- degraded in 4 h (Fig. 6, lane C) and 6 h 
200 C- (Fig. 6, lane D), respectively. The 215 kDa 

band also completely disappeared at 8 h 
(Fig. 6, lane E). However, in the control 

118, -'l6 lane (collagen without protease for 8 h) 

the protein bands remained the same 
(Fig. 6, lane F). 

Degradation of laminin by purified 
metallo-protease 

The laminin had a doublet polypeptide 
band (about 230 kDa) and another 
polypeptide band (97 kDa) before its 
degradation (Fig. 7, lane A). After it was 
incubated with the metallo-  rot ease, the 

Fig. 4.  Proteolytic degradation of the collagen type I. Lanes: A, B, C, D, E and 97 k~~ band was completely degradated 
F, the collagen incubated with the purified metallo-protease for 0, 2. 4, 6, 8 
and 10 h, respectively; G, the control in which the collagen was incubated in 0.5 h (Fig. 7, lane B) and the 230 kDa 

under the same conditions except without the protease for 10 h; M, standard at h (Fig. lane 
molecular masses. Molecular masses (kDa) of-individual polypeptide bands E). Two new minor polypeptide bands 

as indicated by arrows (about 50 and 15 kDa, respectively) 

appeared (Fig. 7, lanes D & E) and they 
were presumed to be degradation prod- 

band were completely degradated in 8 h (Fig. 5, ucts of laminin. However, in the control lane (the 
lane E) and 12 h (Fig. 5, lane G), respectively. After laminin incubated with no protease for 2 h)  its protein 
10 h of incubation 3 minor polypeptides (between 25 bands remained the same (Fig. 7, lane F). 
and 55 kDa) were present (Fig. 5, lanes F & G) and 
these were presumed to be the degradation products 
of the collagen. However, in the control lane (the colla- Degradation of the membrane proteins from fish 
gen with no protease for 12 h) the protein con~position erythrocytes by purified metallo-protease 
was not changed (Fig. 5, lane H).  

Collagen type V. The collagen had 3 major polypep- A doublet polypeptide band (about 200 kDa) and 3 
tide bands (215, 110 and 97 kDa) (Fig. 6, lane A) before other polypeptide bands (180, 95 and 50 kDa) were 
its degradation. After it was incubated with the detected in the membrane protein sample before de- 

D E F  

Fig. 5. Proteolytic degradation of the col- 
lagen type IV. Lanes: A, B, C, D, E, F and 
G, the collagen incubated with the puri- 
fied metallo-protease for 0, 2, 4, 6, 8, 10 
and 12 h, respectively; H, the control in 
which the collagen was incubated under 
the same conbtlons except without the 
protease for 12 h; M, standard molecular 
masses. Molecular masses (kDa) of indi- 
vidual polypeptide bands as indicated by 

arrows 
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Fig. 6. Proteolytic degradation of the colla- 
gen type V. Lanes: A ,  B, C, D and E, the col- - 
lagen incubated with the punfied metallo- 
protease for 0, 2, 4,  6 and 8 h, respectively; 
F, the control in which the collagen was in- 
cubated under the same conditions except 
without the protease for 8 h; M, standard 

- 45 molecular masses. Molecular masses (kDa) 
of individual polypeptide bands as  indi- 

cated by arrows 

' -66 Flg. 7. Proteolytic degradation of laminin Lanes: A, 
l 

B, C ,  D, and E, the protein incubated w ~ t h  the pun- 
fied metallo-protease for 0, 0.5, 1, 1.5 and 2 h, re- 

1 spectively; F, the control in which the protein was 
incubated under the same conditions except with- 

\ - 45 out the protease for 2 h; IM, standard molecular 
masses. Molecular masses (kDa) of individual poly- 

peptide bands as  indicated by arrows 

- -116 

- - 97.4 

Fig. 8. Proteolytic degradation of the 
membrane protein in fish blood cells. - -66 Lanes: A, B, C. D ,  E and F, the protein 
incubated with the purified metallo- 
protease for 0, 0.5, 1, 1.5, 2 and 2.5 h, 
respectively; G, the control in which 
the proteins was incubated under the 
same conditions except without the 
protease for 2.5 h; M, standard molec- 

- 45 ular masses. Molecular masses (kDa) 
of individual polypeptides band as  

ind~cated by arrows 
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gradation (Fig. 8, lane A). After the membrane proteins 
were incubated with the metallo-protease, the 95 kDa 
band and 200 kDa doublet were completely degra- 
dated in 0.5 h (Fig. 8, lane B) and 1 h (Fig. 8, lane C),  
respectively. The 180 kDa band disappeared at 2 h 
(Fig. 8, lane E) and the 50 kDa band was the last to dis- 
appear at 2.5 h of incubation (Fig. 8, lane F). The mem- 
brane proteins incubated with the buffer only (without 
the protease) for 2.5 h still had the protein bands (Fig. 
8, lane G). 

DISCUSSION 

Two classes of proteases (cysteine and metallo- 
proteases) are present in the pathogenic Cryptobia 
salmositica (see Zuo & Woo 1997a, b). Using haemo- 
globin (substrate)-SDS-PAGE these intracellular pro- 
teases are detected as 5 enzymatic bands: 4 of them 
are cysteine proteases and the other is a metallo- 
protease (Zuo & Woo 1997a, present study). This pro- 
tease zymogram is similar to that in Trypanosoma cruzi 
epimastigotes (Greig & Ashall 1990). The pathogenic 
C. salrnositica has lost its virulence (e.g. infected fish 
are not anaemic) after 1 yr of serial in vitro cultivation 
(Woo & Li 1990). We (Zuo & Woo 1997a) also found a 
significant loss of the metallo-protease ifi the parasite 
after 10 mo of continuous in vitro culture and sug- 
gested that the decrease in metallo-protease is related 
to the loss of virulence. In the present study we puri- 
fied the metallo-protease (200 kDa) from the patho- 
genic C. salrnositica and confirmed its proteolytic 
activities. 

Metallo-protease is a major histolytic component in 
some parasitic protozoa and it may contribute to the 
invasion of host cells and/or tissues (McKerrow et al. 
1993). Trypanosorna cruzi, a human pathogen in Central 
and South America, contains a metallo-protease which 
is mainly located in the cell membrane (Greig & Ashall 
1990, Bonaldo et al. 1991). T cruzi trypomastigotes 
penetrate host cells and a surface or secreted metallo- 
protease is presumed to be involved in penetration of 
cells (Piras et al. 1985, Greig & Ashall 1990, Bonaldo et 
al. 1991). The metallo-protease in trophozoite of Enta- 
rnoeba histolytica, a human pathogen, readily degrades 
host collagens, suggesting that it also plays an impor- 
tant role in the invasion of host tissue (Munoz et al. 
1982, 1990). A metallo-protease in the wild type (inva- 
sive type) of Vibrio anguillarum, a fish pathogen, has 
much higher proteolytic activity than the non-invasive 
mutant, suggesting that the metallo-protease plays an 
important role in tissue invasion (Norqvist et al. 1990). 

Cryptobia salmositica causes histo-pathological 
lesions in fish (Bahmanrokh & Woo 1994) and the 
pathogen can also transmit directly between fish in the 

absence of blood-sucking leeches (Woo & Wehnert 
1983). However, little is known about the mechanism 
of direct transmission. A collagenolytic enzyme is obvi- 
ously a prerequisite, since the parasite must be able to 
penetrate host barriers (e.g. gills, mucous membranes, 
connective tissue, blood vessels) before it has access to 
the blood of fish. Our current hypothesis is that the 
secreted metallo-protease contributes to the formation 
of lesions in infected fish which include blisters on the 
body surface, as was shown by Bower & Margolis 
(1983). Parasites released onto the body surface are 
carried in mucous strands via the water to other fish, 
and infections result when they penetrate the mucous 
membrane in the oral cavity or gills (Woo & Wehnert 
1983). Our preliminary studies showed that the 
200 kDa metallo-protease had high activities against 
substrates from denatured collagens (such as azocoll 
and gelatin) at neutral pH and its activities were sig- 
nificantly enhanced by calcium ions (Zuo & Woo 
unpubl.), suggesting that the metallo-protease is per- 
haps a collagenolytic enzyme. 

Collagen type I is the most common form found in a 
large variety of tissue and predominates in the skin 
(Gallop & Paz 1975). Collagen type IV and laminin are 
constitutive proteins of basement membranes, while 
collagen type V is a mediator between cells and their 
intracellular matrices (Schulte & Scholze 1989). In the 
present study the purified metallo-protease completely 
degraded all the 3 types of collagen and laminin under 
in vitro conditions (Figs. 4 to 7).  This confirms that it 
is a collagenolytic enzyme. We determined its col- 
lagenolytic activities at 15°C since it is within salmonid 
physiological temperature (7 to 17°C). We suggest 
that the Cryptobia salmositica metallo-protease, like 
the histolytic enzyme (a metallo-protease) in the fish 
bacterium Aerornonas salrnonicida (see Arnesen et al. 
1995), may have several roles as a virulence factor and 
one function could be to facilitate parasite invasion 
through host basement membrane and tissues and this 
results in the direct transmission between fish. 

Two basic haemolytic components ('lytic component' 
and 'immune complex-forming component') in the 
pathogenic Cryptobia salmositica are in part respon- 
sible for the anaemia in rainbow trout (Thomas & Woo 
1988). The 'lytic component' lyses red blood cells 
independently of antibody/complement, whereas the 
'immune complex-forming component' attaches to 
red blood cells to form immune complexes with spe- 
cific antibody and activates complement resulting in 
haemolysis (Thomas & Woo 1988, 1989). These haemo- 
lytic components are also secreted by C. salmositica 
under in vitro conditions (Woo & Thomas 1992). The 
metallo-protease is also secreted by Living C, salrno- 
sitica into the blood and is neutralized by the natural 
anti-protease a2-macroglobulin in fish. However, ex- 
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cess of the metallo-protease in the blood is closely 
related to the anaemia in infected fish (Zuo & Woo 
1997b, c). In the present study, the metallo-protease 
completely degraded the erythrocyte membrane pro- 
teins from a rainbow trout under in vitro conditions 
(Fig. 8). This indicates that proteins on the fish erythro- 
cytes are suitable substrates for the metallo-protease 
and it confirms a previous investigation where we 
showed that the metallo-protease directly lyses of host 
red blood cells (Zuo & Woo 1997b). We now conclude 
that the metallo-protease is also one of the causes of 
the anaemia in cryptobiosis and it is likely that it is the 
'lytic component' detected in earlier studies (Thomas 
& Woo 1988, 1989, Woo & Thomas 1992). Further 
research into the biochemical nature and the functions 
of the C. salmositica metallo-protease would provide 
us with a better understanding of the disease process 
in salmonid cryptobiosis. 
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