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Chitinolytic Activity in Viable Spores of Encephalitozoon
Species
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By employing 4-methylumbelliferyl-beta-D-NN’,N"-triacetylchitotriose substrate in a semi quanti-
tative assay, chitinolytic activity in viable spores Bhcephalitozoon cuniculindE. intestinalisvas
detected and dependence on reaction time, spore concentration, concentration of substrate and tem
perature were demonstrated. It was possible to block the chitinolytic activity by chitin hydrolysate. By
incubation at 80°C for 10 min or at 55°C for 20 min the spores were loosing the chitinolytic activity.
Incubation of the spores in trypsin reduced the chitinolytic activity. Cellulase activity could not be
detected.
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Microsporidia are spore-forming, obligate in-parasites (Jacobson & Schlein 1997). Therefore we
tracellular living protozoa belonging to the phy-have looked for chitinase and cellulase activity in
lum microspora, Battaglia 1884 (Wittner & Weissthe spores ofEncephalitozoon cunicuand E.
1999). These unicellular parasites have a wide hadstestinalis
range in the invertebrate and vertebrate phyla, in-
cluding humans (Sprague et al. 1992, Weber & MATERIALS AND METHOD.S )

Bryan 1994, Silveira & Canning 1995, Hollister et Parasites -The strain ofE. cuniculiCDC:V

al. 1996, Weiss & Voss Brinck 1998) and recenthy290 was isolated and characterized by De Groote
became very important as opportunist organisrt al. (1995) and that &. intestinalisCDC:V308
promoting infections in immunocompromissedwas isolated and_characterized by Visvesvara et
host (Weber & Brian 1994, Wittner & Weiss 1999) al. (1995). These isolates were a gift from Prof. Dr
Vavra and Chalupsky (1982) were the first to deé¥J E|en|azek, Center for Disease Control and Pre-
scribe chitin as a component of microsporidia sporéention, Atlanta, GA, USA.

walls. We have only a little knowledge of the  Culture -Both strains were maintained in tis-
mechanisms of polar tube extrusion through theue culture in Vero E6 cells (Kock 1998); in brief,
chitinous spore wall. IPlasmodium gallinaceum the parasites were cultured in Vero E6 cells at 37°C
motile ookinetes are reported to produce chitinagésing M-199 medium with Hank’s salts and
to penetrate the chitinous peritrophic membrank-glutamine (Gibco BRL, Germany) supple-
which surrounds the blood meal (Huber et almented with 2% to 5% heat-inactivated fetal bo-
1991). Chitin is a component of the cyst wall ovine serum (Gibco, BRL, Germany), nonessential
Entamoeba invader{é\rrayo-Begovich & Carbez- amino acid solution (Sigma, Deisenhofen, Ger-
Trejo 1982) and the chitinase inhibitor allosamidirnany), and penicillin/streptomycin (Gibco BRL,
(Sakuda et al. 1987) inhibits cyst formation in thi$3ermany). Spores were harvested by centrifuga-
species (Vega et al. 1997). Chitinase is secreted B9n (1500 x g/10 min) of the cell culture superna-
Leishmaniain culture medium as well as in thetant, washed three times in PBS (20 mM, pH 7.2)
sand fly vector (Schlein et al. 1991) and cellulas@nd stored at 4°C. Additionally to these tests the

activity has also been found associated with thedgsue culture cells were tested for chitinolytic ac-
tivity but the result was negative. In the same way,

the supernatant of the tissue culture was tested also

with a negative result. These tests were not de-

scribed in the paper.

Enzyme assays As substrate to measure
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dissolving 1 mM in 6.25 ml DMSO Merck, Determination of cellulase activity of the spores
Darmstadt Germany). To 312.5 pl of this solution For this test only the spores Bf cuniculiwere
1.6875 ml DMSO was added and then 600 pl diarvested and counted as mentioned; 1.1% 10
this mix were added to 9.4 ml PBS (pH 7.2), calledpores were taken off in 500 ul buffer and mixed
solution 3 (sol.3). Aliquots of 1 ml of sol. 3 con-with 1. 8 ml sol. 3. Before incubation, at 37°C
taining 7.5 pg of 4-MU (GIcNAg)were stored at waterbath, the test was measured as described
-20°C. All solutions were stable for several monthsibove for the chitinolytic activity and set to nil. In
(O'Brien & Colwell 1987). 15 min intervals, the fluorescence was measured
Measurement of cellulase activibhs substrate up to 120 min.
to measure cellulase activity, 4-methylen- Inhibition of chitinolytic enzyme activity by
belliferyl-beta-D-cellobiose stock solution waschitin hydrolysate Allosamidin was introduced
prepared by dissolving 1 mM in 10 ml DMSOas inhibitor for chitinase (Sakuda et al. 1987,
(Merck, Darmstadt, Germany). To 500 pl of thifNishimoto et al. 1991, McNab & Glover 1991,
solution 1.5 ml DMSO was added and the 600 (Yega et al. 1997) but it is not commercially avail-
of this mix were given to 9.4 ml PBS (pH 7.2).able. Therefore we have tested the possibility of
Samples of 1 ml of this substrate solution contairklocking the chitinolytic activity of the spores by
ing 7.5 ug of 4-UM-cellobiose were stored athitin hydrolysate (Vector Lab., Burlington, USA,;
-20°C. Dunn Comp., Asbach, Germany). To control the
Measurement of chitinolytic activityFree 4- inhibition a defined amount of chitinase (1 %10
methylumbellifere (4MU) is the fluorescent agentd/ml PBS; Sigma, Deisenhofen, Germany) in 250
in the performed assays (McCreath & Goodayil buffer and 250 pl chitin hydrolysate stock solu-
1992), which were carried out in Quartz cuvetteon were mixed with 1.8 ml sol. 3. In a second test
and measured in a SFM 25 Kontron Specthe 250 pl chitin hydrolysate stock solution were
tralfluorimeter, wavelength range 200 nm-800 nninixed with 1. 8 ml sol. 3. Furthermore, spores (1.1
(Kontron AG Ziirich Switzerland), exitation 355X 1) of E. cuniculiand spores (7 x Tpof E.
nm, emission 460 nm and high voltage 340. |ntest|nal|.s.|n 250 ml buffer were incubated W|th_
Standard curve All tests were carried out at 250 Hl chitin hydrolysate plus 1.8 ml sol. 3. Addi-
pH 7.2, the condition of the tissue culture fortionally, the same amount of spores were taken off
microsporidia. A standard curve was set up at thi§ 500 ul buffer plus 1.8 ml sol. 3. The tests were
pH to show the relationship between the measurddepared on ice. Before incubation, at 37°C in
fluorescence units (fu) and the increasing amounygaterbath, the tests were measured and set at nil.
of free 4-MU (O’Brien & Colwell 1987). For this !N 15 min intervals the fluorescence was measured
purpose 999 ul up to 990 ul buffer citrate acidUP to 120 min. o o
Na, HPQ, -Mclivaine buffer solution (Dawson et Influence of the chitinolytic, activity of the
al. 1993) were stepwise supplemented with 1l upPores by trypsinto test the influence of trypsin
to 10 ul 4-MU and the fu determined under th&n the chitinolytic activity of the spore only spores
conditions described above. of E. cuniculi(1.1 x 1&) were taken off in 500 pl
Determination of chitinolytic activity of the Puffer plus 1 mg trypsin (T-8642 Sigma,
spores The spores were harvested from tissue cuP€isenhofen, Germany) and 1.8 ml sol. 3. For con-
ture (Kock 1998) washed three times in cold PBHO!, the same test was carried out without trypsin.
and counted. The first test (constant spore conceh€ Performance of both tests were carried out as
tration, variable substrate volume (sol. 3) was caflescribed above. ,
ried out with 7 x 16 spores per 2.3 ml reaction _Influence of incubation temperature on the
mix 5 ml spore-containing buffer plus 1.8 ml (sol Shitinolytic activity of the sporesl-1x 16 spores
3), at second 1.4 ml spore-containing buffer plu8f E- cuniculiand 7 x 1@spores of. intestinalis
0.9 ml sol. 3 and at third 1.85 ml spore-containing} 200 Ml buffer elus 1.8 ml sol. 3 were incubated
buffer plus 0.45 ml sol. 3 were mixed. The seconp! 120 minat4 °C, 37°C and 55°C. Additionally,
test was carried out with constant concentration f€ S&me amount of spores were incubated for 10
substrate (sol. 3) but the amounts of spores wefdn &t 80°C and afterwards at 37°C as well. The
varying from 1.1 x 18through 5.5. x 10down to tests were carried out as described above.

2.75 x 10 spores per 2.3 ml reaction mix com- RESULTS

posed of 500 ul spore-containing buffer plus 1.8 5 yets showed similar results whether spores
mi sol. 3. All tests were performed on ice. Beforeyt £ ¢ niculior E. intestinaliswere used. There-

mcubatlog, atd37 Cin V};a'[ler 1b5ath,' the tEStSI W?]rﬁ)re only the results d&. cuniculiwere presented

;reasure and set to ni. 21 min intervals th@ere. (1) the tests show a chitinolytic activity of
uorescence was measured up to 120 min.y;iapje spores depending on the concentration of
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substrate (Fig. 1) and on the amount of spores (Figp

2); (2) it is possible to block this activity by chitin °

hydrolysate (Fig. 3) and by treatment with trypsir | ——37°C
(Fig. 3); (3) an activity of cellulase could not beso | —|—55°C
detected (Fig. 3); (4) in comparison to an incuba# —a—4°C
tion temperature of the spores at 37°C th gj —%—80°C
chitinolytic activity of them decreased at 55°C (Fig.1o |

4) because the spores were loosing their ability to

lysate the substrate of 4-UM-(GleNAc)3. Only a ° *° 3 % 60 75 90 105 120

weak chitinolytic activity was measured at 4°C but Time (min)

this ability was completely lost after incubation ofig 4: measured fluorescence shows the variability of
the spores for 10 min at 80°C (Fig. 4). chitinolytic activity of Encephalitozoon cuniculipores on

different temperatures. Incubation temperatures: 4°C; 37°C;
55°C; preincubation at 80°C for 10 min followed by incuba-

tion at 37°C.
70
60 —e— 100%
50 substr.conc.
40 —=—50%
30 substr.conc. DISCUSSION
2 —4—25% This is the first report of the presence of
w0 substr.conc.  chjtinolytic activity in the spores of the human
O s 30 % 60 75 50 105 120 pathogenic microsporidi&. cuniculiandE.
Time (min) intestinalisand the absence of cellulase activity.

Cellulase activity was described for the phyto-
Fig. 1: measured fluorescence shows the kinetics ofchitinontiﬁathOgeniC ProtozoRhytomonassp (Sanchez-
activity of spores oEncephalitozoon cuniculvith constant : - ) .
concentration of spores and available substrate volume. Mor_eno etal. 1992)' W'th thIS enzyme this patho-

gen is well adapted to its life in plants (Dollet 1984).

Whether this enzyme is integrated in the patho-

90 genesis of plant diseases caused by these flagel-
80 lates is unknown. This cellulose degrading enzyme
w0 T 19%spor \was also detected ireishmaniaSauroleishmania

50 ——50%spore LeptomonagCrithidia, HerpetomonaandTrypa-

e _a_ommspore  NOSOMa(Jacobson & Schiein 1997). The authors
9 could demonstrate thakishmaniacan be culti-

10 vated in the presence of cellulose. The hydrolysis
0 of cellulose by the mentioned flagellates may be a

0 15 30 45 60 75 90 105 120 source of their nutrients.

Time (min) In contrast to cellulase, chitinase is involved in
Fig. 2: measured fluorescence shows the kinetics of chitinolytihe life Cycle of several parasites_ By the evidence
activity of spores oEncep_haIitozoon cuniculvith constant ¢ chitinolytic, activity of not destructed, viable
substrate volume and variable amount of spores. Encephalitozoorspores, which follows the rules
of enzymatic kinetics, we presume the existence
of chitinase or chitinases in this organism. An evi-

5 ——5x10x8 spores dence of the existence of this enzyme in these para-
160 sites is the inhibition of the chitinolytic activity by
140 —®—11a0x8spores  chitin hydrolysate and few influence by trypsin.
= - N The chitinolytic activity could be stopped by
80 T Chidnase+inhibitor 1 hation of the viable spores at 55°C, and could
o —=—chitnase+Typsn 0€ completely eliminated by incubation of the
20 spores for 10 min at 80°C.
° —*— Cellulase Chitin and chitinases are widespread in nature
0 15 30 45 60 75 90105 120 (Flach et al. 1992). Chitinase was found in verte-
Time (min) brates, in human, and in guinea pig serum (Overdijk

& Van Steijn 1994, Overdijk et al. 1996 ). Chitin
Fig. 3: measured fluorescence shows chitinolytic activity ofs a component in the sheat Bfugia malayi

Encephalitozoon cunicubpores and its inhibition by chitin (Fuhrman & Piessens 198%)nchocerca volvu-
hydrolysat and trypsin as well as cellulase activity.
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lus andB. gibsoni(Brydon et al. 1987) or in the solved problem. A monoclonal antibody against
egg-shell oAscaris suunfWard & Fairbairn 1972, the chitinase oB. malayican block the transmis-
Dubinsky et al. 1986a, b). The presence of chitision of the microfilaria (Fuhrman & Piessens 1985).
in nematodes is supplemented by the detection ®he importance of the chitinolytic activity for the
chitinolytic enzyme activities iB. malayj B. pha- infectivity of the spores of human pathogenic
langeand inB. gibsoni{Gooday et al. 1988). Genesmicrosporidia and the importance of the exospore-
for chitinases are expressed in the infective larvaghitin for the dissemination of the spores need fur-
of O. volvolusandA. vitae(Wu et al. 1996). Chitin ther studies.

is an essential component of the peritrophic mem-

brane in insects. Schlein (1993) found that the _ REFERENCES_ _
chitinolytic activity of Leishmaniapromastigotes Arroyo-Begovich A, Carabez-Trejo A 1982. Location
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