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Abstract

In a previous study, we have developed several chicken monocional antibodies (mAbs) against Eimeria acervulina (EA) in
order to identify potential ligand molecunles of Eimeria. One of these mAbs, 6D-12-G10, was found 1 recognize a conoid
antigen of EA sporozoites and significantly inhibited the sporazoite invasions of host T lymphocytes in viro. Furthermore, some
of these chicken mAbs showed cross-reactvities with several different avian Eimeria spp. and the mAb 6D-12-G10 also
demonstrated cross-reactivities with the tachyzoites of Neospora caninum and Toxoplasma gondii. Cryptosporidium spp. are
coccidian parasites closely related to Eimeria spp., and especially C. parvum is an important cause of diarrhea in human and
mammals. In the present study, to assess that the epitopes recognized by these chicken mAbs could exist on Cryptosporidium
parasites, we examined the cross-reactivity of these mAbs with Cryprosporidium spp. using an indirect immunofiuorescent assay
(IFA) and Westemn blotting analyses. In IFA by chicken mAbs, the mAb 6D-12-G10 only showed a immunofinorescence staining
at the apical end of sporozoites of C. parvum and C. muris, and merozoites of C. parvum. Westem blotting analyses revealed that
the mAb 6D-12-G10 reacted with the 48-kDa molecular weight band of C. parvum and C. muris oocyst antigens, 5D-11 reacted
the 155 kDa of C. muris. Furthermore, these epitopes appeared to be periodate insensitive. These results indicate that the targe:
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antigen recognized by these chicken mAbs might have a shared epitope, which is present on the apical complex of apicomplexan

parasites.
© 2004 Eisevier B.V. All rights reserved.
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1. Introduction

Cryptosporidium (Protozoa, Apicomplexa) causes
cryptosporidiosis in man and economically important
food animals throughout the world. Cryptosporidiosis is
characterized by a self-limiting diarrhea in immuno-
competent individuals but it can be chronic and life-
threatening in immunocompromised patents (Colford
et al, 1996; Pozio et al, 1997). Because specific
Immune responses can control cryptosporidiosis,
passive immunizaton strategies have been investigated
(Riggs, 1997, Crabb, 1998). However, to date, there are
no approved vaccines, immunotherapy or effective
pharmaceutcals for the preventon and treatment of
cryptosporidiosis (Riggs, 1997; Jenkins et al, 1999;
Perryman et al., 1999, Sagodira et al., 1999).

Cryptosporidium zoites including sporozoites and
merozoites initiate infection by recognition, attaching
to and invading host cells. Although the processes of
invasion have not been well characterized, highly
differentiated apical organelles of Cryprosporidium
zoites are thought to play a key role in host-cell
invasion (Bonmin et al, 1993). Therefore, new
srategies for cryptosporidiosis control are being
focused on understanding the namre of these
organelles during the invasion process and elucidatng
whether some apical organelles could be candidate
anugens.

Undl now, monoclonal antibodies (mAbs) have
been widely used for the identification of candidate
antigens on Cryptosporidium zoites. Several mouse
mAbs that recognize the apical regions or the surface
molecules of invasive stages have been reported
(Petersen et al., 1992; Riggs et al.,, 1997, 1999;
Cevallos et al., 2000). However, in mouse immuniza-
ton stdies, the molecule was reported to be poorly
immunogenic (Fayer et al., 1997), and optimal vaccine
candidates that could completely prevent or terminate
Cryptosporidium infection have not been identified.

In a previous study, we have developed several
chicken monoclonal antbodies against Eimeria

acervulina (EA) to identify potendal ligand mole-
cules. Most of these chicken mAbs recognized the
apical region of Eimeria invasive stages {Sasai et al.,
1996; Constandnoiu et al.,, 2003), One of these mAbs,
6D-12-G10, was found to recognize a conoid antigen
of EA sporozoites by immuneiectron microscopy and
21-kDa molecular weight of EA sporozoite antigen by
Western blotting analyses, and significantly inhibited
the sporozoite invasions of host T lymphocytes in vitro
(Sasai et al., 1996). Thus, we reported that the antigen
recognized by mAb 6D-12-G10 might be important
for immunological therapy against EA infection.
Furthermore, some of these chicken mAbs showed
cross-reactvities with several different avian Eimeria
spp. (Constantinoin et al,, 2003), and the mAb 6D-12-
G10 also demonstrated a cross-reactivity with the
tachyzoites of Neospora caninum and Toxoplasma
gondii (Sasai et al., 1998). These results suggested that
these chicken mAbs might recognize epitopes con-
served in many species of cyst-forming coccidian. We
hypothesized that epitopes recognized by these
chicken mAbs might exist on Cryptosporidium zoites.
To assess the hypothesis that Cryprosporidium
antigens recognized by these chicken mAbs could
be candidate vaccines for cryptosporidiosis, we tested
cross-reactivities of these chicken mAbs with Cryp-
tosporidium parasites.

2. Materials and methods
2.1, Parasites

C. parvum oocysts, srain HNJ-1, were originally
obtained from the feces of a patientin Japan (Abe et al,,
2002), and C. muris oocysts, strain RN 66, from mice in
Japan (Iseki et al., 1989). These oocysts were passaged
in severs combined immunodeficient (SCID) mice,
purified by sugar flotation, and stored at 4 °C ina 2.5%
potassium dichromate soluton untl. 1 month before
their use or freeze-dried for longer preservaton.
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2.2. Preparation of sporozoites

The C. parvum oocysts were washed three tmes
with Hanks’ balanced salt solution (HBSS) (Gibco
BRL, Tokyo, Japan) by centrifugation at 1500 x g for
10 min and were excysted by the method previously
reported (Kato et al., 2001). Briefiy, a million (10%)
oocysts of C. parvum were pretreated in HBSS
containing 0.01N HCl at 37 °C for 1 h. After washing
two times with HBSS, the sporozoites were excysted
in HBSS containing 0.1% bovine bile solution (Wako,
Osaka, Japan) for 10 min. The C. muris oocysts were
washed three times with HBSS by centrifugadon at
1500 x g for 10 min and oocysts were resuspended in
HBSS. Excystation of sporozoites was obtained by
incubation of oocysts at 37 °C (Nina et al., 1992). In
brief, 1 ml of HBSS containing 10° oocysts were
incubated in flat-bottom 24-well tissue culmre plates
(Iwaki Grass, Tokyo, Japan) at 37 °C in an incubator
with 5% CO, for 30 min. To conduct IFA, 50 pul
mixwure of excystated sporozoites and oocysts of
C. parvum or C. muris was applied to clean siliconized
shides (Dako Japan, Kyoto, Japan). Slide preparations
were air-dried or fixed after drying using methanol or
acetone, and stored at —80 °C undl use.

2.3. Preparation of merozoites

For preparation of C. parvum merozoites, we used a
modified method based on those previousiy reported
(Slifko et al., 1997; Weir et al., 2001). Briefly, human
colonic tumor (HCT-8) cells (Dainippon Pharmacen-
tical Co, Ltd., Osaka, Japan) were used for in vimo
cultvation of C. parvum. HCT-8 cells were grown in a
maintenance medium that consists of RPMI 1640
(Sigma Chemical Co., Tokyo, Japan) supplemented
with 10% (v/v) fetal calf serum (FCS), 20 mM HEPES,
4 mM L-glutamine, 50 IU/ml penicillin, and 50 wg/ml
streptomycin. Cells were maintained in 25 cm?-bottom
plastic tissue culture flasks at 37 °C with 5% CO, and
passaged every 3-4 days. For use in experiments, HCT-8
cells were trypsinized by Trypsin~EDTA solution (0.5%
trypsin, 0.195% EDTA-2Na in PBS) (Gibco BRL),
washed in the maintenance medium, resuspended at
4 x 10°/m] and cultred in perfusion chambers (Cover
We]lm, Grace Bio-Labs, Inc., Bend, Oregon) fixed on
siliconized slide glasses (Matsunami, Osaka, Japan),
containing 0.25 ml of maintenance medium per well for

72h at 37 °C with 5% CO, to form a monolayer, To
prepare merozoites, C. parvum oocysts were pretreated
with 0.0IN HCI for 30 min at 37 °C and washed with
maintenance medium. HCT-8 cell monolayers were
washed with maintenance medium before inocularion,
and replaced with 0.25ml of inoculation medium
containing 0.1% bovine bile soludon (Wako), which
contains 2 x 10°ml™' of oocysts. After oocysts
inoculation, the HCT-8 cells were incubated at 37 °C
with 5% CO, for 24 h, After incubation, the medium
was aspirated and the perfusion chambers were removed
from slide glasses. Then the infected monolayer on slide
giasses was fixed in methanol or acetone for IFA, or 10%
formaldehyde in PBS for confocal laser scanming
microscopy (LSMS510, Carl Zeiss Co., Tokyo, Japan),
and stored at —80 °C undl use.

2.4. Monoclonal antibodies

Six chicken monoclonal antibodies named 5D-11,
ED-2, 6D-12-G10, B8E-1, 8C-3 and HE-4 were
produced as described (Sasai et al., 1996; Constan-
tnoiu et al,, 2003). The antibody isotypes were of the
immunogloblin -G class and its reacdvides were
previously described (Sasai et al., 1996; Constantnoiu
et al., 2003, 2004),

2.5. Indirect immunofluorescence assay

Prepared slides were incubated with 50 pl of
culture supernatant from chicken hybridomas for
40 min at room temperawmre. The slides were washed
three dmes with phosphate-buffered saline (PBS,
pH 7.2) and incubated with 50 pl of fluorescein
1sothiocyanate (FITC)-conjugated rabbit ant-chicken
I1gG (1:1000, Sigma) for 30 min. As a control, purified
normal chicken IgG (1:1000, Sigma) was used. After
staining, the slides were mounted with 50% glycerol in
PBS for examinations using fluorescent (Nikon,
Tokyo, Japan) and confocal laser scanning microscope
(LSM510, Carl Zeiss Co.). All steps were performed
at room temperature.

2.6. Western blot analysis
Freeze-dried C. parvum or C. muris oocysts were

resuspended in PBS, sonicated in ice bath with
ultrasonic processor (Taitec Co., Saitama, Japan) and



50 M. Matsubayashi et al. / Veterinary Parasitology 128 (2005) 47-37

cenmrifuged at 600 x g for 5 min. Supemnatant was
aliquoted and cryopreserved at —80 °C undl use. The
concentration of crude antigen was determined by
BCA protein assay kit (Pierce, Lockford, Illinois). The
size of the target C. parvum or C. muris 00CYSts
antigens that were recognized by the chicken mAbs
was determined by Western blotting analyses. Briefly,
2040 pg of Cryprosporidium oocysts antigens in
sample buffer (125 mM Tris, 4% SDS, 20% glycerol,
10% B-mercaptoethanol, 0.0025% bromophenol blue)
were heated at 95 °C for 4 min. Molecular weight
standard proteins (Bio-Rad, Tokyo, Japan) were also
treated the same way as the parasite antigen. Sample
was resolved on 4% stacking/12% resolving sodinm
dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) at 200 V constant voltages (Laemmli,
1970) and the separated proteins were blotted to PVDF
membrane (Immobilon Transfer Membranes, Milli-
pore, Bedford, Massachusetts) using the Mini Trans-
Blot® Elecrophoretic Transfer Cell (Bio-Rad) in a
buffer (50 mM Tris, 192 mM glycine, 20% methanol)
for 1 h at 100 V constant voltages. After blotting, the
membrane was air-dried. Individual lanes were stained
for 1 b at room remperamure with each of the chicken
mAbs or a chicken-purified IgG as a control and
washed three times with PBS containing 0.05% Tween
20 for 5min. Bound antibodies were detected by
staining with horseradish peroxidase-labeled rabbit
anti-chicken IgG F(ab), fragment (1:1000, Cortex
Biochem., California, USA) for 1h and developed
with Konica Immunostaining HRP-1000 (Konica,
Tokyo, Japan). Molecular weights were estumated
using molecular weight standard proteins after
staining with 0.2% Coomassi Brilliant Blue R-250
(Wako).

2.7. Determination of carbohydrate epitopes

To determine whether the epitopes contain carbo-
hydrate, we used the procedure developed by
Woodward et al. (1985) for antigens on Western
blots. Briefly, each PVDF suip transferred electro-
phoretically after SDS-PAGE was incubated with 10
or 50 mM sodium m-periodate in 50 mM sodium
acetate buffer (pH 4.5) in a dark environment at room
temperature for 1 b, and was then exposed to 50 mM
sodium borohydride in PBS for 30 min. Controls were
incubated in the same buffer in the absence of

periodate. Following three washes with PBS, the
PVDF strips were probed with mAbs as described
above.

3. Results
3.1. Indirect immunofiuorescence analysis

In IFA with six chicken mAbs, the mAb 6D-12-G10
only reacted at the apical portion of the methanol,
acetone fixed and non-fixed sporozoites of C. parvum
and C. muris (Figs. 1 and 2). The mAb 6D-12-G10 did
not react with the oocyst wall. Other chicken mAbs
and purified normal chicken IgG did not show any
binding on C. parvum and C. muris sporozoites or
oocysts (data not shown).

In HCT-8 cells that were infected with C. parvum,
asexual stages were observed at 24 h after inoculaton.
In IFA of culwred C. parvum zoites fixed by methanol
or acetone, only the mAb 6D-12-G10 showed
reactivities. Fig. 3A and B shows the meronts during
the early stage of development at 24 h after the
inoculadon into host cells. The mAb 6D-12-G10
showed reactivity with zoites, which were present in
the outermost layer of the immature meront (Fig. 3B).
Fig. 3C-F shows the mature meront stage including
merozoites, which were fixed using methanol or
acerone. The positve staining was observed at the
apical region of the merozoites within mature meronts.
Other chicken mAbs and purified normal chicken [gG
did not show any reactions (datz not shown). By
confocal laser scanning microscopy, we could confirm
cultivated type I meront because more than four
positive merozoites in one meront were seen (Fig. 3G).
After 24 h incubation, other stages of C. parvum were
not observed.

3.2. SDS-PAGE and immunolot analysis of
C. parvum and C. muris oocysts antigens with
chicken mAbs

By Western blotting analyses of the solubilized
Cryptosporidium oocysts antigens with chicken
mAbs, only the mAb 6D-12-G10 recognized pre-
dominantly the 48-kDa antigens of C. parvum and C.
muris (Fig. 4). The positve band of 155 kDa reactuve
with the mAb 5D-11 was only observed with C. rmuris.
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Fig. 1. Indirect immunofiuorescence staining of C. parvum sporozoites with chicken mAb 6D-12-G10. Photomicrographs from bright field by
interference contrast microscopy (A, C, E) and immunofluorescence microscopy (B, D, F) are shown. € parvum sporozoites were fixed by
methanol (A, B), acetone (C, D) or non-fixed (E, F). Amrowheads indicate sparazoites of C. parvum. Bar = 10 pm.

None of the other mAbs and chickcn-puﬁﬁcd IgG
showed any reactions. The left lane is molecular
weight standard.

3.3. Periodate sensitivity

The reactivities of the mAbs 6D-12 and 5D11 to C.
parvum and C. muris antigens treated with 10 or
50 mM sodium m-periodate are shown in Fig. 5. By
peridodate treatment, the mAbs 6D-12 and 5D11 stll
recognized the 48-kDa antigens of C, parvum and C.

muris, and the 155-kDa of C. muris, respectively. The
left lane is molecular weight standard.

4, Discussion

In the present smdy, we showed the cross-
reactivities of chicken mAbs with Cryprosporidium
parasites. By TFA of six chicken mAbs, the mAb 6D-
12-G10 only reacted with C. parvum and C. muris
sporozoites, and C. parvum merozoites. To date, few
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Fig. 2. Indirect immunofiuarescence staining of C. muris sporozoites with the chicken mAb 6D-12-G10. Photomicrographs from bright field by
interference contrast microscopy (A, C, E) and immunofiuorescence microscopy (B, D, F) are shown. C parvum sporozoites were fixed by

methanol (A, B), acetone (C, D) or non-fixed (E, F). Bar = 10 pm.

reports of mAbs which showed cross-reactivities with
zoites of Cryptosporidium and other apicomplex
parasites were available. Our results suggested that
the anugen recognized by mAb 6D-12-G10 could
highly share among the apicomplexa parasites,
including Eimeria, Toxoplasma, Neospora, and Cryp-
tosporidium.

In IFA, the positive reactons localized only to the
anterior region of invasive stages, The mAb 6D-12-
G10 recognized external antigen of zoites because the
mAb 6D-12-G10 reacted with non-fixed as well as

methanol- or acetone-fixed sporozoites. Although we
have reported that the mAb 6D-12-G10 recognized the
conoid antigens of EA sporozoites (Sasai et al., 1996),
we could not determine the precise organelles on
Cryptosporidium sporozoites and merozoites. At the
anterior end of invasive forms in phylum Apicom-
plexa, a unique complex of organelles which are made
of thoptries, dense granules and micronemes is located
(Sam-Yellowe, 1996), and the conoid, polar rings and
subpellicular micrombules are believed to provide a
cytoskeletal framework during host cell invasion
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Fig. 3. Indirect immunofluorescence staining of in vitro cultivated C. parvum zoites with the chicken mAb 6D-12-G10. Photomicrographs from
bright field by interference contrast microscopy (A, C, E), immunofluorescence microscopy (B, D, F) and confocal laser scanning microscopy
(G) are shown. At 24 h after inoculanton, cultivated C. parvum zoites were fixed by methanol (A-D), acetone (E, F) or formaidehyde (G). C.
parvum immature meront on early stage (A, B) and C. parvum mature meront, merozoites (C—G) were shown. Bar = 10 pm.
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Fig. 4. Westem blot analysis of C. parvum (A) and C. muris (B) antigens with six different chicken mAbs. Lanes: 1, mAb 5D-11: 2, mAb 8D-2;
3,6D-12-G10; 4, 8E-1; 5, 8C-3; 6, HE~4; 7, normal chicken IgG. The left lane is molecular weight standard, Arrowheads indicate positive bands.

G

Fig. 5. Westem blot analysis of C. parvum (A) and C. muris (B) after m-periodate treatment. Lanes 1 and 4 were incubated in buffer without m-
periodate, lanes 2 and 5 were with 10 mM m-periodate, lanes 3 and 6 were with 50 mM m-periodate. 1-3 lanes were probed with chicken mAb
6D-12-G10 and 4-6 Janes were 5D-11, respectively. The left lane is molecular weight standard.
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(Lindsay et al., 1991, 1993; Hu et al., 2002). Thus, the
mADb 6D-12-G10 might recognize one or more of these
organelles on Cryptosporidium zoites. However, there
is little information about the ultrastructural details
of Cryptosporidium sporozoites and merozoites (Uni
et al., 1987; Lumb et al., 1988), or the role of these
organelles in host-parasite interaction.

The mAb 6D-12-G10 showed cross-reactivity with
the in vitro cultivated zoites of C. parvum. At 24 h
after infection to host cells with Cryptosporidium
oocysts, meronts including merozoites were localized
on the surface of host cell (Fig. 3A, C and E). In IFA,
positive reactions were seen in immarure meronts and
the apical region of merozoites within type I meronts.
Thus, these results suggested that the apical antigen
recognized by the mAb 6D-12-G10 was expressed on
the zoites during the early stage of merogony, and was
conserved among the zoites of the motile stages of
Cryptosporidium parasites.

On Western blotting analyses, the mAb 6D-12-G10
recognized a 48-kDa band associated with C. parvum
and C. muris oocysts antigens, and the mAb 5D-11
recognized 155-kDa of C. muris. In a previous study,
the molecular weight of EA antigen recognized by the
mAb 6D-12-G10 was 21 kDa. These results showed
that the molecular mass including epitope recognized
by mAb 6D-12-G10 was different between Crypros-
poridium and Eimeria. Although the mAb 5D-11
showed no reactions with Cryptosporidium zoites or
oocysts in IFA, the mAb 5D-11 recognized 155 kDa of
only C. muris antigen. Until now, there are no IEpOTts
about 155-kDa antigen on C. muris. Although the
immunolocalization of C. muris recognized by the
mAb 5D-11 remains unknown, the 5D-11 might
recognize the internal oocyst or sporozoite andgen of
C. muris, or only solubilized antigens of C. muris.

There are very few reports of mouse mAbs, which
specifically recognize the apical complex of Crypros-
poridium, compared to the number of mouse mAbs
which recognize surface antigens of invasive stages or
oocyst wall. Some papers have reported the develop-
ment of mAbs, which recognized the apical organelles
of C. parvum zoites, e.g., micronemes (Bonnin et al.,
1991, 2001; Robert et al., 1994), and dense granules
(Bonnin et al., 1995), but there are no papers about
other organelles. On Western blotting analyses, these
mAbs reacted with the high-molecular weight ant-
gens of more than 100 kDa, which are much higher

than that of the anugen recognized by mAb 6D-12-
G10. Furthermore, most epitopes recognized by these
mAbs were reported to be periodate sensitive
(glycosylated). Of these mAbs previously reported,
the epitope recognized only by the mAb HAD was
periodate insensitive (Bonnin et al., 1991). The mAb
HAD was thought to recognize Cryprosporidium
microneme antigens. However, this mAb recognized
63-210kDa antgens. Thus, the 48-kDa antgen
recognized by the mAb 6D-12-G10 would be a new
one.

In the present study, we first examined reactivities
with Cryptosporidium parasites by chicken mAbs.
Immune systems of chickens are different from those
of mammals in mechanisms of B cell repertoire
formation (Reynaud et al., 1994), and chicken IgGs
are considered to be useful for immunochemical
research and clinical applicadon (Nishinaka et al.,
1996). By comparing with Cryptosporidium antigens
recognized by mouse mAbs, the antigens recognized
by chicken mAbs in the present smdy were found to be
novel. Furthermore, the epitope recognized by the
mAb 6D-12-G10 was found to be highly conserved
among apicomplexan, parasites including Eimeria,
Toxoplasma, Neospora and  Cryprosporidium.
Although further smdies are needed to characterize
these andgens of Cryptosporidium, these chicken
mAbs, in particular 6D-12-G10, may have use as
analydcal tools for research on cryptosporidiosis.
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(65) Denaturing gradient gel electrophoresis (DGGE) EIZ L 2KFD 7 )V FRRRY 0 LD
i - B TEHRBIFEOBRS
Genotyping of Cryptosporidium spp. in water by denaturing gradient gel electrophoresis (DGGE).

R T B AZT B 2. KIE KR
Yoshifumi MASAGO*, Kumiko OGUMA*, Hiroyuki KATAYAMA* and Shinichiro OHGAKI*

ABSTRACT; Anew genotyping method of Cryptosporidium, denaturing gradient gel electrophoresis (DGGE) followed
by DNA sequencing, was developed to genotype Cryptosporidium spp. in river water. The DGGE method could
successfully discriminate nine species of Cryprosporidium: C. parvum, C. hominis, C. canis, C. meleagridis, C. felis, C.
sp. strain 938, C. andersoni, C. serpentis and C. saurophilum. The sequential combination of the QProbe PCR method for
quantification; and the DGGE method and DNA sequencing for genotyping, enabled the simultaneous quantification and
genotyping of Cryptosporidium spp. in the same water sample. This method was applied to analyze Cryptosporidium in
the Koyama River, a tributary of the Tone River, both for the total concentration of organisms, and for their genotype.
Seven Cryptosporidium genotypes (C. andersoni, C. sp. strain 938, C. parvum, C. hominis, C. sp. PG1-26, C. sp. t03, C.
sp. t04) were found in 11 positive samples (positive ratio = 69%). A bovine specific species, C. andersoni, was found
most frequently (7 samples). The genotypes infectious to human accounted for only 16% of the concentration of all
genotypes. These results showed that this detection method could provide valuable information on Cryptosporidium in
river water both in the quantity and in the genotypes, which is essential for the precise assessment of waterbormne risk to
human health.

KEYWORDS,; Cryptosporidium, genotyping, denaturing gradient gel electrophoresis (DGGE)

1. HROHE

1984 4EIZ, FEHFZAMTRAOZ ) 7 FAFEY DY AL BMPERENBE ShT "Mk, 2V 7
ARY D7 W& B IR YRR RAE SRS TRE L TVD, TRNETICRELP TRL R
REELZHLIEOIZ, 1993 £ 3 AIZT AV AEREY 4 A2 MINVD —F—Hi TRAELIZHHT
52 P, oOBFITIEZ. AD 161 FADI B 403,000 AHRIE Lz LBEShTVWS P, Z DEMRBAIC
L DRENIRKITRE 9,620 B FMIZELEZERESNATWS Y, #oBEEICLY. ZOEMAREDFE
Firol-Oi, b MIERAICEYT S C hominis (C. parvum genotype 1) Th-o7eZ EBRERATVS Y,
ENTb. 1996 LI B B ART2ATE, 13,800 A 8,800 ALLEASETL Lz &) THAIASEE Sh T 9,
EEFYL . AT —F—THOWE L ERRIZ. AEAKD C hominis (ZX 0 BEREN I ENREEAERSTE
AL ERRBEN TN,

2 )T RRRY DY AOSBRIZELTIE, 2004 EOWEIIR-TH, TOGEFECREBELEDLT
53 P EzT Xiao b YOSMEICLENS L, BEZ VT AR DY ARIZIE 13 OFESTFHELT
* FRRER SR T RSCAER T L
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BY ., FOBEEIIHIE BE. CHE AR SRKITH 5, ZOFT, b bAORBROIFLEAEIL.C pavum

(C. parvum genotype M) ¥7=id C. hominis IZLDHDTHHEINTWVWS, ZNUNOETIE, C
me[eagrldz'.s?‘n'm\ G felisls'm\ C. canis™™®, C. muris". C. sp. pig genotypcm)\ C.sp. deergenotypcm, C. sp. monkey
genotype A3t MIst L TR LAFINRESN TS, ZOX5IC, —OIZ V7 RRRY SO AL
ThH, EORITIIZ OFBTHEL, b MIH L TBRAZF ORI TD I bI— W THD, LizdioT,
BRESP, PIidAP02 VL RARY Uy LOWMEBEZHET SICHY . TOHE - BEFRIZ S WTHEET
HBIENEETHS,

INFETICL, KFDZ VT RRARY VY LAOH - BREFHOUBIO-ODOFENBREEIN TR Hlx
+Z restriction fragment length polymorphism (RFLP) ¥ *?* | single strand conformational polymorphism (SSCP)
B0, su—= - JiE BABAE) Lk, ChbhOFRIOL, SR, H5ViiER
RETERANRSH D LAERIN TV D, HlxiE RFLP ¥ETIE. FOMMEED A IEEISP SR/ E T 5
FREEFR DS B AL OEIT R L T B 7o, MBIRTAE 278 - BETFRUCIRAMIHET B %), SSCP i
i, 1 EHORBTERKEBHZIT LV IHIBREL, BE—0BNEER0 v FEERT S P, SHOEY
X E LR FEOBMLIZIIE->TWWel, Zu—=27——br o 7iEE 1 20REHLELR
EBD I a—2 DNA [ZOWTr—F i T ETILNERH DI, BHOBRENLOBRIICIIIEREIC
BRBHHD, BIE, ThoORBEXARE LELH LV - B FROHEBIFEORINE T TS,

UEDOEREZITT, ABFRTIE. 7 ) 7 hARY O LAOH - BEEFHIOERIZ Denaturing  Gradient Gel
Electrophoresis (DGGE) #%28RA L., — 7o PELEAEDRD LT, KBRDZ VT RARARY VY
LOHE - BIEFREZHBITHAFEZRARB L., LT, TOFEZEN)IIKICH L TGERTS LT, BR
L7-FEOF AR FEST 2 L3tic, BADOFNIAFIZEET S 27 V7 R AR Py L0H - BREFREZH
EL

2. EBFZE

2. 1. DGGEZIZ& 5% - BEFROBMNNRE

(1) R L0 TRRRY OHLDOE - BEEFER

ErBREN TR FEBHYBORE SMK LV S5 L TWEFE W, C pavum (Accession No.:
AF161856) . C. hominis ([ AF093491) . C. canis ([7] AF112576) . C. meleagridis (@ AF112574) ., C. felis (/&
AF112575). C. sp. strain 938 (5 AY120913), C. andersoni ([7] AB089285), C. serpentis ([ AF093502), C.
saurophilum (&) AF112573) @7/ . DNA 2RV iz, ©35&n7-4"/ . DNA %, QProbe PCR IET{ERT
5754 =—THiNE L, DGGE ¥HiIZfitd 5382 L=, PCR FMF3BER iz Lichio7=, DGGE iz kb
INGOFBRADYS ) LADNA ZERITEZ 20 E I 0E2RET S0, BBRITIE, Zhb 9D S/ 1 DNA
FPEMTHERLUEREL . £T04 / LA DNA ZiES LI-RAEom 5% i,

(2) DGGEZEIZ& 578 - BEFREOEAMNFE

DGGE & Cfiftrxté & 1 2B FEERIL, 7V 7 FAR) Do AR L TERNTHLO LEFRC,
i - BETHOZECL ZRIETFEFIOBVBREVER THOILERH D, FFETIE. 2V T RRARIY
7 10D 188 IRNA BETF D 55 295bp (C. parvum IOWA ¥EDIBE) 2T 2774w 2ERA L (&
1), ZOWREEIT. —7 o o X 58 - BETROHBICERNHY ®, /- QProbe PCR
ETHNET HEIEONIIZAIE T 5725, QProbe PCR ETH LA/ HIEEY X L TEMAT 2 Z & 23718
THD,

GC 7574, Muyzer b Pobo (F1) 2L, 20 GC 750 7%, 74 7—FFF4~—
IZOFEbDE, VAR T =—(I2E b2 ENTNAHEL. FRERZTo. TOBR. 74
U—R7F I <—IZ GC ¥ Z 7 %211 71-8B¥8HE. DGGE IR\ THR v FEER LI L, U3
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F1 DGGE LAV 74 =—BLUGC 7 7 7 OEERF|

Position in 18S rRNA
Name Sequence gene of C. parvum Reference
(AF164102)
Z7#7—F AGT GAC AAG AAA TAA CAA TAC AGG 445 - 468 28
B Jsi—2R CCTGCTTTAAGCACTCTAATTTTC - 716-739 o
GC 257 CGC CCG CCG CGC GCG GCG GGC 34
GGG GCG GGG GCA CGG GGG G

—RFFA%—IZ GC 7 7T, v FEERLLRb-T, £FZT, UTOERTIE, 7+
D—RFZA=—0DSKWZGC 7 7T EDTTbOERVE,

DNA O#88(Z1% T3 Thermocycler (Whatman Biometra, Goettingen, Germany) % 7=/¥ GeneAmp9600 (Applied
Biosystems, BR) #Fl =, PCR SUGHE (S0pL) OffREIE. 2.5[U] AmpliTag Gold (Applied Biosystems,
). 10XPCR 73> 7 7—5[uL], dNTP % 200[nM]. MgCh 2[mM], 7 7L — DNA (QProbe PCR #E#)
1 [uL]& L, 8774 ~—#ET 500[nM] & L7-, BERMIT, 94°C5 HOBEHEDH, 94°C30 #. 60°C30
. 12C30 DA 7 0% 30 BYTV, HKHEIZ 72°Cs S THRER{To7-,

FOVERE L OES kBN, Doode AT A (Bio-Rad, H51) #HWTITo7, M R a7 Ik,
RFE) MEEHEERIT 5%~25% & L (EMHNME 100% & 13, /AT 3 F20[mL/S0mL gel sol.). JR3E 7M]Jic
YT 5) . skEhEMHE, 130[V], 60[°C]T 10[hour] & L7z, ¥KkEh{%, %' /L% Vistra Green (GE healthcare, ¥
) TR, A A—TFF A ¥ —Fluorimager595 (GE healthcare, BA0) THlif§ A HL v AZL, (B
Y7 b T CHEGITE{T o7,

2. 2. /NuNcEIT L EtEE

(1) FEHEOBE

BIEREHL, /MU)hFoER FERRETAFERE) ITTERLE, #AEIX. 2004 £ 8 AH5H 10
BEToD3 » ARICEE 4 ETo7=, ERERIC | FEY-HB TN 4 DOREZERT 5L T, &
216 OFE RS-, MU, FRRNIOZFEOOE ST, RBKEOEUKDO Th S FRRKHED EHii#Y 15km
OHA THIRINERICERA LT\, REHEEH A O AN AT 2 THErF ERAER, LHBET, =
BEET \RFEET, #)INT, [ERET) OHETR O A OXEE 156,000 A ThH-7- (1546 A).

(2) FENIKDBRES & USMMORE

Bk E, HUTFL oM MF FZRIEE D o — (L2 0.0[um]. BZEAERY 4,000[cm’], =2ELA
Fr. BR) CHEB L, ROBRERTLE | BEE S L. BEEET. USEPAORHERL TS 2 [L/min)
VWO ERBABX TWRWI EEARSELE, LY, BBET 30~T0[L]Of) IIAZ B @A L, EOF
CEENTHABEMEAEINT S Z N TE T,

B S MREHE A 0 (1,050 X g, 10 [min]) (XY EEE L. WEE Percoll-i 2 SN A AV Vo B
RS R L AR U — XER GRS bR FE PSIMS 1) Mick ol L, AFEE. Aks Y
DFEARE L LDOT, KEROARBHIH L TGEALTH, MWA—Y R bR MERBEZRFL I E
MTEBEEINTWVWD, BEBSE—X2AVWEZ UV FRRY 7 L0”8IZIZ, USEPA (ZLVEDDH
H=F1 39286, Dynabeads CG-Combo Kit (Dynal Biotech, Oslo, Norway) % fl 7=,
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(3) DNA e & R

25% (w/w) ) Chelex 100 #ff§ (Bio-Rad, California, US.A.) W&#&H#E 100 [uL)%Z. HEEAOFEE 100[uL)
IZEML., HUEEAE (-80°C, 95C, 5 [E]) Tk VA —T R hdb4 /1 DNA ZHiH Uiz, Wiz, #ibige
%, mORMF #iR==+ b (GHP Nanosep MF centrifugal device, Pall, Bm) (2B L. 10,000xg T 5 4
L7 LT Chelex 100 #{iER S USRHMEM 2 HR Y BRV V-, W% DNA F#% > | (QlAamp DNA Mini Kit,
QIAGEN, ¥m) THHREL-0L, e iEiX7 vy —2=y F (Micocon YM-100, Millipore, E#{)
IZE L, 500Xg T 25 HRhELOMEL T, B#IZ, 74 Y —ET 10[ul)OBRK 2 INZ T H 6 kT E
Xzt b L, 500xg T3 Sz Lo L CHtHE DNA 2157, BiGEENIH 10[uL) & 22 o7,

(4) 2 FRRRY) Y LOEH. 18 - BEEFROHG

QProbe PCR #EIZ & 0, BREWRDZ U 7 h 2R Oy ABER TR LT, EHEHIEEE iz Lizsiolk,
eiElL, 774> —REX 7+ UV — F7 74 —RE 600pM], J —RAF T4 <—{AE 200[nMIZEE L
fro FOFRER, B TIRIE 0.83[oocyst/tube], FE R TFERIE 2.5[oocyst/tube]iZ £ EFNHE I NI,

DGGE i3, 2. 1. (2) TRLEFETIToR HEIZELUT PCR & DGGE ##Y3EL, DGGE T
B/ FABEBEINSE T, DNA OFME2{T-7-, B5h7- DNA BiH#%. Montage PCR m96 7L —
b (Millipore, #5) TR L7-1#%. BigDye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, )
RV —r o RIS R T o7, RIS#OH% Montage SEQ 7L— I+ (Millipore, ) TH L T
—lrov o Sk Ls, —4ri 21X, ABI 3100 (Applied Biosystems, ¥ R) T{T-7-,

(5) R7ZVUHSHERBICLI-BAE (MPNE) 1T858 - BEEFRILOBERTE

(4) TRELI-FER, bAREDFEETILTOR - BETRPSDE-ORE L FOREMZF
58 MEFREZRHETE 20, @x0f - BREFREOBER>MS Z LB TERY, FIT, LLTOF
ET, MIIKPOEAThOME - BEFROTFHERBEYHE LT,

HAHE - BEFRHOF)IAPOFEERE L. BEICL 6T —F T, xfoocyst/10L]THD &+, iz,
BAER L URRIRMEIC ST DENERITEEE T, R TIRI 1[oocyst'sample] THB LT3, ZDE X,
I S (KR VL)) 6, TR - BE RSB X DHER Poosne. 35 S U 230720 VHEFR Pregaive
(X, BT Y o GAAOERLAABEIE Y, TR TR TORK (1) THETE3,

Ppm,,.u(x,V)n]—exp(—xl ;g ) : PMM"(x,V)=ex1:(—x1 ;OV) & (1)
L, x : FNKEDZ Y7 R AR P ABEE [oocyst/100L), ¥ @ 3BHAKE [L)

BAEORBIZLY, FIIATIZHFEETS. H5M - BETREOBEOHEMEZ. TR (2) O-IN OFE
EFRAMIT B ITELYY,

~LN = —iln(F(x,V,.)) R (2)
i=1

iU, Vi B OREOREVKE [L). n: BB (Z ZTidn=16)

P

F(X,VJ - {Ppo:mvc

negalive

(x,V,) when the i th sample was positive for Cryptosporidium
(x.V.) when the i th sample was negative for Cryptosporidium

ZOBEE . MU ORED LR SN2 TR - BETFRHICH L TENEITY, Bx OFHERED
HEEMEEREH L7

- 594 -



3. EBRR
3. 1. DGGE &#EIZ& 51 - BEFR OGN OFFHE

K 11Z, DGGE Iz L 0\/oni=/ VOl s, £ TOEHN, EERIBRENBELE 8%~20%0 L
AR FEERLE, £TONY FBER L-ERAMERIZSH-7=2 L &, A FOLERMEBEIBRE
BEEKIZGBLTWEZ b, ZOEREH), FHFATHEHL Lz DNA #BuZx4 5 DGGE &
ELTELTWS Z EMERRENT,

LA LORIT, BABRGE 1RO FEAR LD, C andersoni (3, BB 1 KOy FOABR LN
Tedlbl (L—2r7) L 1HEDBVAUFE, 2EROFVVI FOR3FEER LI (L—-8) BBR
b, /MUIITHRERFHIBWTHLRIBOEMB R LN Z LG, ZORIOW T, A UHEEERST
3B BN, BALHDBERTIED AL FEELBRZ EMHE I EIRENT,

FNEFNOHE - BETFHO FOMBE RS &, W OOV LB (EHERE) 120 F24
R LTc Z ED3bhsd, ok ziE. C parvum, C. hominis, C. canis D3S3ERITVMIBIZ/ N FE2 AR LIS, L
ML, 9 BEAREELEREE (L—11) 2R2E, TREANEBINMBIZ A FEERLTWA I LD
B, R O - B FRANBELTWT YL, FhE2EHITLZENARETH B LWV A D,

PLEX Y, AR TR L DGGE iz kv, SEHEA L 9 RO - BzFREY TN ErUthORER
KD REBRIT DI ENTRERTHDL EVZ D,

3. 2. MUNZBTAAERER
F 21z, HRBIOREKE. QProbe PCR EIZL D7 )V 7 R AR U A0SR, BIUBRH I

JL_“L.,..fi'___iL—‘ir-,‘L-—“—Jf—}-L-—Ji P f
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ko 4
s i oy
e e ; & §2
i ?0 o
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AR e €— 9 o
o
o
=
- w7, 8 2
—— 3
8
=
=
1 2 3 4 5 6 7 8 9 10 T i
O o0 o o o0 o0 o o o O =
T T O 3 T L o pn v w - A \
2 O O 2 - 3 S © D
2 3337, 8 835 % e L
s 5 @ 8 2 2 3 2 8 2 25%
3 & Q D & o E‘ g- @ i
o S ®
g’ =N a,;_ A 2l i i
@ & 3
(o]

1 DGGE iz L 5F - Bz FHOHER (DGGE 7/ EH)
(fig O _FOEFIAILF DO L — o FBEETRT,
L—1 1 AMoEFEL, FAFholL— FE0REERMUTHAZ EETFT,)
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£2 MNMUITDZ YT RARY DY LARERER

T “ﬁi’;‘i CRHER | RIS U T RARY U9 AOH - BETFEY

i ; 5

831100 | 452 | —

831230 | 320 | — |

8314:00 | 433 |+

831530 | 335+

8261100 | 563 | — |

82612:30 | 431 | —

8261400 | 378 | —

8261530 651+ C. andersoni

9161030 = 416 | -+ . C. andersoni

9161200 | 474 |+ [iCipawnti . Csp.938
91613:30 | 474 | + | C. andersoni

9161500 | 661 | + C sp.PG1-26

10271045 | 309 | 59 C.andersoni  C.sp.938  Csp.t03  C.sp.t04
102712:15 | 534 |+ C. andersoni

10271345 | 238 | + C. andersoni ¥} parvien®..
10271515 | 449 14 C. andersoni

a — MR, + B, 7 LBBEITER TR (2.5[cocysts/sample]) LATF D= AREA, $iE : &
H, E&TERLLE (EITIEE [oocysts/100L])
b ENENOFOR(ETESF
C. parvum (AF164102). C. hominis (AY204231). C andersoni (AB089285) .
C.sp.938 (AY120913). C sp.PG1-26 (AY271721). C sp.t03 (AB231612), C. sp.t04 (AB231613)
c MBENTENT. B P ORBEBRESNTWIEETT,

7UFTPARY PYLOHE - BRGEFHETS, 2V FRRY O, 16 RE 11 E LR ER
(RUBHEMER 69%). F7- DGGE-—4 v iz kb, 48 7 EOBGEFRIIVBRE Shi, F0
26 3 FRIEBEFED 3 SO (C. parvum (AF164102) . C. hominis (AY204231). C. andersoni (AB089285))
OB|CFEF) & —B L=, 2 B (C sp. 938 (AY120913). C sp. PGI-26 (AY271721)) i%. S FOfEIC
LOBENTWRWREFETHY ., BV 2 38 (C sp. 103 (AB231612). C sp. 104 (AB231613)) i3,
C. sp. 1665 &FHREWEDEY (FEIT 97%) KAOES|Th -7, BE—REHIEHOE - BEFRASEhTH
DI 11 3 4 RET, FT0H L 3 BREHT 2 EORGTFES). BV O 1 RETIE 3 @EORETF
EFIARRH &4, BLEBRHENTZDR, T ATKRROICRRT B L AN5 C andersoni (T XKL, 44%)
T, LA C sp. 938 (4 3%} 25%). C. parvum (2386} 13%) ONEE 727, C. hominis, C. sp. PG1-26,
C.sp. 103, C. sp. tM4 OiTEREIT TN | RET O b DAL ENT-, b b ~DRBDEE SN TV 55 -
BIZFRITIX. C parvum & C. hominis @ 2 F&XEAS, 13 BB (19%) H oS,

B2z, A7 Y opmcESORLE (MPNE) LR LR, fx 0ff - B FHOBE T4,
B HIBED B o To DV, RS L Eh o 72 C andersoni (16 3B 7 306k HREH) T.1.3 [oocysts/100L]
Td-Tc, RVWVT, C sp.938 (A48 @ 0.63 [oocysts/100L], C. parvum (72 3¥H 7 030 [oocysts/100L]
DIEE2>7z, ETOBEGDLEREZ V7R ARY U0 LABEIT 28[0oysty/100L] Tho7=Dizx L, E b
Vo DB 108 HFEOHDREENT 0.44[00ysts/100L] T 1 . KD 16% Th o717,
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