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The protozoan parasite Cryptosporidium parvum is an important cause of diarrhea in humans, calves, and
other mammals worldwide. No approved vaccines or parasite-specific drugs are currently available for the
control of cryptosporidiosis. To effectively immunize against C. parvum, identification and characterization of
protective antigens are required. We previously identified CPS-500, a conserved, neutralization-sensitive
antigen of C. parvum sporozoites and merozoites defined by monoclonal antibody 18.44. In the present study,
the biochemical characteristics and subcellular location of CPS-500 were determined. CPS-500 was chloroform
extractable and eluted with acetone and methanol in silicic acid chromatography, consistent with being a polar
glycolipid. Following chloroform extraction and silicic acid chromatography, CPS-500 was isolated by high-
pressure liquid chromatography for glycosyl analysis, which indicated the presence of mannose and inositol.
To identify which component of CPS-500 comprised the neutralization-sensitive epitope recognized by 18.44,
the ability of the monoclonal antibody to bind CPS-500 treated with proteases, or with a- or 3-glycosidases, was
determined. Monoclonal antibody 18.44 did not bind antigen treated with 3-p-mannosidase but did bind
antigen treated with a-D-mannosidase, other - or B-glycosidases, or a panel of proteases. These data indicated
that the target epitope was dependent on terminal 3-pD-mannopyranosyl residues. By immunoelectron micros-
copy, 18.44 binding was localized to the pellicle and an intracytoplasmic tubulovesicular network in sporozo-
ites. Monoclonal antibody 18.44 also bound to antigen deposited and released onto substrate over the course
travelled by gliding sporozoites and merozoites. Surface localization, adhesion and release during locomotion,
and neutralization sensitivity suggest that CPS-500 may be involved in motility and invasion processes of the

infective zoite stages.

Cryptosporidium parvum is an apicomplexan parasite that
causes the diarrheal disease cryptosporidiosis in humans and
economically important food animals throughout the world
(10, 34). Despite progress, prevention and treatment of the
disease remain limited by the absence of approved vaccines or
immunotherapies and by the lack of safe and effective parasite-
specific drugs (6, 24). Because C. parvum infection is controlled
by normal immune responses, immunologic strategies for pre-
vention and treatment are being investigated (reviewed in ref-
erence 24). Central to such investigations is the structural and
functional characterization of candidate target antigens.

Apical organelle and surface-exposed molecules of apicom-
plexan parasites are involved in the pathogenesis of infection
and present rational targets for immunologic intervention (18,
28, 29). We previously reported that monoclonal antibody
(MADb) 18.44, prepared against whole C. parvum, binds to
sporozoites and merozoites and neutralizes their infectivity in
a time-dependent manner (5, 21, 26). The antigen defined by
MADb 18.44 has been designated CPS-500. Because this antigen
is expressed in both infective life cycle stages, contains one or
more neutralization-sensitive epitopes, and is conserved
among geographically diverse human and bovine C. parvum
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isolates (33), it likely has an important biological role. There-
fore, CPS-500 is a candidate target antigen for active or passive
immunization against cryptosporidiosis. In initial experiments
to characterize the antigen, CPS-500 migrated with the dye
front in sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis (SDS-PAGE), eluted in the void volume of a Bio-
Gel-A column with an exclusion limit of 500 kDa, was not
radiolabelled by biosynthetic incorporation of [**S]methionine,
and did not contain iodinatable tyrosine residues (26). In ad-
dition, preparative electrophoresis-isolated CPS-500 was
weakly immunogenic in mice, rabbits, and hens immunized for
preparation of MAbs or polyclonal antibodies (23). These ob-
servations, taken together, suggested that CPS-500 was non-
proteinaceous, thereby complicating recombinant approaches
for its production and characterization. For these reasons, ex-
periments to biochemically characterize CPS-500 and the tar-
get epitope recognized by MAD 18.44 were performed. In the
present study, CPS-500 was classified as a polar glycolipid
based on its chloroform extractability and elution properties in
silicic acid chromatography. Most importantly, it was deter-
mined that the neutralization-sensitive epitope recognized by
MAD 18.44 is dependent on terminal -D-mannopyranosyl res-
idues based on B-p-mannosidase susceptibility, an observation
consistent with the identification of mannose by glycosyl anal-
ysis of high-pressure liquid chromatography (HPLC)-isolated
CPS-500. A possible function for CPS-500 in the motility of the
infective stages is suggested by its immunoelectron microscopic
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localization to the sporozoite pellicle and its deposition on
substrate by viable sporozoites and merozoites during locomo-
tion. We conclude that CPS-500 is a candidate molecular tar-
get for immunologic control of cryptosporidiosis. While its
glycolipid composition may preclude standard recombinant ap-
proaches for subunit production, chemical synthesis of the
target epitope or anti-idiotypic antibody approaches may lead
to CPS-500-based vaccines for cryptosporidiosis.

MATERIALS AND METHODS

Oocyst, sporozoite, and merozoite isolation. The Iowa C. parvum isolate (13),
used for all experiments, was passaged bimonthly in newborn Cryptosporidium-
free Holstein calves to obtain parasite material (27). Oocysts were separated
from calf feces by sucrose density gradient centrifugation and stored in 2.5%
KCr,0; (4°C) for up to 2 months prior to use (3). Oocysts were treated with
hypochlorite prior to excystation, after which sporozoites were isolated by anion-
exchange chromatography (27). Merozoites were isolated by Percoll density
gradient centrifugation of intestinal contents from neonatal BALB/c mice at 65 h
post-oocyst inoculation as previously described (25).

CPS-500 isolation. In initial experiments to isolate CPS-500, MADb 18.44-
affinity chromatography using CNBr-activated Sepharose, hydrazide F, linkage
matrix, or matrix with carbon chain spacers was unsuccessful (data not shown).
Chloroform-methanol extraction of whole C. parvum was then performed to
isolate the lipid fraction (7). Prior to extraction, oocysts (1.1 X 107) were ex-
cysted, then solubilized in lysis buffer (50 mM Tris, 5 mM EDTA, 5 mM iodoac-
etamide, 0.1 mM Na-p-tosyl-L-lysine chloromethyl ketone [TLCK], 1 mM phe-
nylmethylsulfonyl fluoride [PMSF], 0.01 mM leupeptin, 0.01 mM pepstatin A) by
five rapid freeze-thaw cycles and sonication (4°C) (25). All glassware used in the
subsequent extraction procedure was pretreated with concentrated HCI (12 M),
rinsed with distilled water (dH,0), cleaned in PCC-54 detergent (50°C) (Pierce,
Rockford, IlL.), rinsed with dH,O, dried (100°C), and siliconized. Standard mea-
sures to prevent contamination or degradation of lipids were implemented dur-
ing all stages of extraction and storage (15). Following solubilization, the ex-
cysted oocyst preparation (4 volumes) was combined with glass-distilled
chloroform (5 volumes) and methanol (10 volumes) (Burdick & Jackson, Musk-
egon, Mich.) to form a monophasic solution. After vortexing (30 min at 21°C),
chloroform (5 volumes) and deionized water (5 volumes) (NANOpure; Barn-
stead, Dubuque, Iowa) were added to the monophasic solution (19 volumes) to
form a diphasic solution. The diphasic solution was vortexed (for 30 min at 21°C)
and then centrifuged (at 2,250 X g), after which the chloroform phase was
collected. The methanol-water phase was back-extracted twice with chloroform,
and the fractions were collected. Chloroform-extracted fractions and methanol-
water fractions were filtered (Teflon membrane; 0.2-pm pore size; Nalge-Nunc,
Rochester, N.Y.), dried under N, (final volume, 0.5 ml), and stored at —80°C
prior to analysis. To determine which fraction(s) contained CPS-500, samples of
each were examined by dot immunoblot assay (33). In brief, samples were dotted
onto nitrocellulose, incubated with MAD 18.44 immunoglobulin G3 (IgG3) or an
isotype-matched control MAb of irrelevant specificity (each at 4 pg ml™'),
washed, and incubated with affinity-purified alkaline phosphatase-conjugated
rabbit anti-mouse IgG3 (Zymed, South San Francisco, Calif.) followed by sub-
strate. To determine the (glyco)protein content of each fraction, samples were
resolved in 10 to 20% gradient SDS-PAGE gels under reducing conditions and
were silver stained (Bio-Rad, Hercules, Calif.) (28). Molecular weight standards
(Bio-Rad) included myosin (200 kDa), phosphorylase B (97.4 kDa), bovine
serum albumin (BSA) (66.2 kDa), ovalbumin (45 kDa), carbonic anhydrase (31
kDa), and soybean trypsin inhibitor (21.5 kDa).

Following identification of CPS-500 in the chloroform-extracted fraction, the
extract (0.5 ml) was applied to a chloroform-equilibrated 9- by 45-mm BioSil-A
silicic acid (Bio-Rad) column, which was then sequentially eluted with chloro-
form (7 column volumes), acetone (28 column volumes), and methanol (7 col-
umn volumes) (15). Eluate fractions were examined for the presence of CPS-500
by dot immunoblot assay as described above. Fractions containing CPS-500 were
combined, dried under N, (final volume, 0.5 ml), and stored at —80°C prior to
use. To determine the (glyco)protein content in the combined CPS-500 fractions,
samples were resolved in SDS-PAGE and silver stained as described above.

Silicic acid column-isolated CPS-500 was further purified by HPLC as follows
(15). A mixture of chloroform (2 parts) and methanol (1 part) was added to
N,-dried CPS-500 obtained from 2.6 X 10° excysted oocysts, and the preparation
was then injected onto an HPLC (Beckman, Fullerton, Calif.) with a 250- by
7-mm Econosil silica column (10-pwm bead size; Alltech Scientific, Deerfield, I11.).
Solvent A was HPLC-grade chloroform, and solvent B was anhydrous methanol
(flow rate, 2 ml/min). After an initial 2 min at 0% B, a linear gradient was started,
resulting in 100% B at 30 min. Twenty fractions (2 ml each) were collected into
anhydrous methanol-cleaned glass tubes over a 40-min elution period. Aliquots
(100 pl) of each fraction were dried under N,, reconstituted in phosphate-
buffered saline (PBS) containing 0.1% (wt/vol) SDS, sonicated (4°C), and exam-
ined for CPS-500 by a dot immunoblot assay as described above. Fraction 16
reacted strongly with MAb 18.44 and was used for glycosyl analysis (described
below).

INFECT. IMMUN.

Epitope characterization. The ability of MAb 18.44 to bind CPS-500 treated
with proteases (Sigma, St. Louis, Mo.), sodium periodate, or glycosidases was
determined by a dot immunoblot assay as described above. For pepsin, trypsin,
or papain treatment, purified sporozoites (7.5 X 107; 95 ug of protein [bicincho-
ninic acid assay; Pierce]) were solubilized (in 100 pl of PBS containing 0.5%
[wt/vol] SDS and 0.5% [wt/vol] octylglucoside) and incubated with pepsin (0.85
U/ug of sporozoite protein for 1 h at 38°C; pH 4.7), trypsin (3.4 U/pg of
sporozoite protein for 12 h at 38°C; pH 7.6), or papain (2.1 U/pg of sporozoite
protein, with 0.05% [wt/vol] cysteine, for 12 h at 25°C; pH 6.2). Sporozoites were
also solubilized in borate buffer (0.1 M sodium borate, 0.03% [wt/vol] CaCl,,
0.5% [wt/vol] SDS, 0.5% [wt/vol] octylglucoside) and incubated with pronase
(0.001 U/ug of sporozoite protein, for 12 h at 38°C; pH 7.0), or they were
solubilized in TNE buffer (0.01 M Tris, 0.1 M NaCl, 0.001 M EDTA, 0.5%
[wt/vol] SDS, 0.5% [wt/vol] octylglucoside) and incubated with proteinase K
(0.004 U/p.g of sporozoite protein, for 1 h at 50°C; pH 7.0). For each treatment,
control sporozoite protein was incubated identically in buffer lacking protease.
Following incubation, protease inhibitors (1.0 mM PMSF and 0.1 mM TLCK)
were added to each preparation. For periodate treatment, silicic acid column-
isolated CPS-500 (from 5 X 107 excysted oocysts/treatment) was reconstituted in
PBS containing 0.1% (wt/vol) SDS, dotted onto nitrocellulose, and incubated
with sodium periodate (1 to 10 mM) or control buffer lacking periodate (36). For
glycosidase treatment, silicic acid column-isolated CPS-500 (from 107 excysted
oocysts/treatment) was incubated (at 37°C for 12 h; pH 7.5) in PBS with or
without a glycosidase preparation from Turbo cornutus (final concentration, 25
mg ml~") (ICN, Costa Mesa, Calif.) containing a-L-fucosidase, B-xylosidase, a-
and B-mannosidase, a- and B-glucosidase, o- and B-galactosidase, a- and B-N-
acetylglucosaminidase, and «- and B-N-acetylgalactosaminidase. Following ob-
servations that MADb 18.44 did not bind CPS-500 after incubation with mixed
glycosidases from 7. cornutus, treatments were repeated with component glyco-
sidases (Sigma) as follows. Silicic acid column-isolated CPS-500 (from 107 ex-
cysted oocysts/treatment) was incubated (at 37°C for 12 h) in buffer (50 mM
sodium acetate, pH 4.5) with or without (i) a combination of a-pD-mannosidase (1
U), a-p-galactosidase (0.1 U), a-L-fucosidase (0.01 U), and a-p-glucosidase (1
U) or (ii) a combination of B-p-mannosidase (0.5 U), B-p-xylosidase (0.05 U),
and B-p-glucosidase (1 U). Following observations that MAb 18.44 bound to
CPS-500 which had been treated with the a-glycosidase combination, but not
with the B-glycosidase combination, treatments were repeated with component
B-glycosidases as follows. Silicic acid column-isolated CPS-500 was incubated as
described above in buffer with or without B-p-mannosidase (0.5 U), B-p-xylosi-
dase (0.05 U), or B-p-glucosidase (1 U) to determine which enzyme altered the
epitope recognized by MAD 18.44.

Glycosyl analysis. The glycosyl composition of whole C. parvum (10° excysted
oocysts) and HPLC-isolated CPS-500 (fraction 16; 10% [vol/vol]) was deter-
mined by methanolysis, re-N-acetylation, trimethysilation, and gas chromatogra-
phy-mass spectrometry (GC-MS) (model 5970; Hewlett-Packard, Avondale, Pa.)
(8). To minimize the introduction of any contaminating sugars, reaction vessels
(500-w1 Reacti-Vials; Pierce) were preconditioned (at 70°C for 3 h) with meth-
anolic HCI (3 M; 0.5 ml) and methyl acetate (125 l). Positive displacement glass
capillary tube pipettors and sterile Eppendorf pipettors were used for all organic
and aqueous reagents, respectively. Samples and standards were derivatized as
described elsewhere (8) except that scyllo-inositol was used as the internal stan-
dard. GC-MS detection and quantitation of derivatized samples was performed
by using the selective ion monitoring mode at m/z 204 (hexoses, pentoses, and
6-deoxyhexoses), 173 (N-acetyl amino sugars), and 318 (inositols).

Electron microscopy. To localize CPS-500 ultrastructurally, sporozoites were
examined by immunoelectron microscopy using MAb 18.44 as follows. Purified
sporozoites (5 X 107) were suspended (for 25 min at 4°C) in an isotonic phos-
phate-buffered fixative (40 mM NaH,PO, - H,0-160 mM Na,HPO, containing
2% [wt/vol] formaldehyde, 0.5% [vol/vol] glutaraldehyde, and 1% [wt/vol] tannic
acid), washed with phosphate buffer, and centrifuged (at 1,850 X g for 5 min) into
agarose. The sample was then dehydrated through a series of ethanol solutions
(30 to 100% ethanol) while the temperature was progressively lowered (4 to
—20°C), and it was embedded (—20°C) in LR White resin. Sections were
mounted on nickel grids, blocked (with 0.1% [vol/vol] Tween 20), incubated (for
30 min at 37°C) with protein A-purified MAb 18.44 or an isotype-matched
control MAb (each at 50 pg ml~'), washed, incubated with affinity-purified
rabbit anti-mouse IgG (Zymed), washed, and incubated with affinity-purified
colloidal gold-conjugated goat anti-rabbit IgG (5 nm; electron microscopy grade;
Zymed). Following additional washing, sections were postfixed (4% [wt/vol]
formaldehyde—1% [vol/vol] glutaraldehyde) and stained with a saturated solution
of uranyl acetate. Samples were observed and photographed with a Philips 420
transmission electron microscope at 80 kV.

Exoantigen characterization. To determine if CPS-500 is an exoantigen, two
assays were performed. First, viable sporozoites or merozoites in PBS containing
0.5% (wt/vol) BSA were applied to poly-L-lysine-coated multiwell glass slides,
incubated (at 37°C for 15 min), air dried, and gently heat fixed (4). Slides were
processed for an indirect immunofluorescence assay (IFA) using MAb 18.44, the
C. parvum P23-reactive MAb 7D10 (20), or isotype-matched control MAbs; then
they were examined by epifluorescence microscopy. In a second assay, viable
sporozoites (2 X 107 in Hank’s balanced salt solution) were incubated in sus-
pension (under 10% CO, for 1.5 h at 37°C), then centrifuged (at 5,000 X g at 4°C
for 30 min) to separate sporozoites and incubation medium. Pelleted sporozoites
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FIG. 1. Dot immunoblot demonstrating chloroform extractability and isola-
tion of CPS-500 from whole C. parvum. Shown are an excysted oocyst prepara-
tion before extraction (lanes 1 and 6), chloroform (lanes 2 and 7) and methanol
(lanes 3 and 8) extracts, and chloroform extract following successive silicic acid
chromatography (lanes 4 and 9) and HPLC (lanes 5 and 10) isolation steps.
Lanes 1 through 5 were probed with MAD 18.44, and lanes 6 through 10 were
probed with isotype control MADb. Serial twofold dilutions of each preparation
are dotted from top to bottom.

were solubilized in lysis buffer containing 1% (wt/vol) octylglucoside by freeze-
thawing and sonication (4°C). Following removal of insoluble material (at
100,000 X g at 4°C for 45 min), the soluble fractions from sporozoites and
incubation medium were examined for the presence of CPS-500 by a dot immu-
noblot assay as described above.

RESULTS

CPS-500 is a chloroform-extractable glycolipid. On the basis
of the inability to purify CPS-500 by MAD 18.44 affinity chro-
matography, and of previous observations suggesting that the
molecule was nonproteinaceous (26), the lipid fraction from
whole C. parvum was extracted and examined. CPS-500 was
identified in chloroform extracts, but not in the methanol-
water fraction (Fig. 1). In silicic acid chromatography of the
chloroform extract, CPS-500 eluted in acetone and methanol
(Fig. 1), suggesting a polar glycolipid composition (15). Chlo-
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FIG. 2. Silver-stained SDS-PAGE gel of CPS-500 at successive stages of
isolation from whole C. parvum, demonstrating relative freedom from protein
and glycoprotein contamination. Shown are an excysted oocyst preparation (5 X
10° oocysts) prior to chloroform-methanol extraction (lane 2), the methanol-
water-extracted phase (lane 4), and the chloroform-extracted phase before (lane
5) and after (lane 3) silicic acid chromatography. Lane 1 was loaded with sample
buffer to identify silver stain artifacts.
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TABLE 1. Glycosyl composition of whole C. parvum and HPLC-
isolated CPS-500

Mol% of glycosyl residue in:
Glycosyl residue

C. parvum oocysts CPS-500
Mannose 18 43
Galactose 9 5
Glucose 61 11
N-Acetylglucosamine 1 0
N-Acetylgalactosamine 9 0
Inositol 2 41

roform-extracted, silicic acid chromatography-isolated CPS-500
was relatively free of protein and glycoprotein contamination
(Fig. 2) and was considered appropriate for use in character-
izing the epitope recognized by MAb 18.44. The preparation
was further purified by HPLC to characterize the glycosyl com-
position of CPS-500. Glycosyl analysis was first performed on
excysted oocyst preparations to obtain general knowledge of
the sugar composition in whole C. parvum and for comparison
to that in HPLC-isolated CPS-500. A substantial amount of
N-acetylgalactosamine was identified in whole C. parvum (Ta-
ble 1). Other sugars expected in eucaryotic organisms were
also identified (Table 1) (35). In HPLC-isolated CPS-500 (frac-
tion 16), mannose and inositol (~1:1) were identified as the
major sugars (Table 1). Small amounts of glucose and galac-
tose were also detected. In contrast to whole C. parvum, no
N-acetylgalactosamine was identified.

B-p-Mannose comprises a neutralization-sensitive CPS-500
epitope. Treatment of solubilized sporozoites with individual
proteases did not affect the binding of MADb 18.44 to CPS-500
(data not shown). When CPS-500 was treated with periodate,
mixed glycosidases from 7. cornutus, or mixed B-glycosidases,
the binding of MAD 18.44 was substantially reduced or elimi-
nated (Fig. 3 and 4). Treatment with mixed a-glycosidases did
not affect the binding of MADb 18.44 (Fig. 4). When glycosidase
treatments were repeated by using individual enzymes present
in the mixed preparations, 3-D-mannosidase, but not a-p-man-
nosidase or other glycosidases, eliminated the binding of MAb
18.44 to CPS-500 (Fig. 4). These findings are consistent with
glycosyl composition data and indicated that CPS-500 contains
a terminal B-p-mannopyranosyl residue essential for recogni-
tion by MADb 18.44.
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FIG. 3. Dot immunoblot detection of the CPS-500 epitope recognized by
MAD 18.44 before (lanes 1 and 5) and after treatment with 1 mM (lane 2), 5 mM
(lane 3), or 10 mM (lane 4) periodate or with mixed glycosidases from T. cornutus
(lane 7). Lane 6 (untreated CPS-500) and lane 8 (CPS-500 treated with mixed
glycosidases) were probed with an isotype control MAb. Serial twofold dilutions
of CPS-500 are dotted from top to bottom.
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FIG. 4. Dot immunoblot detection of the CPS-500 epitope recognized by
MAD 18.44 before (lane 1) and after treatment with mixed a-glycosidases (lane
3), mixed B-glycosidases (lane 4), B-p-glucosidase (lane 5), B-p-xylosidase (lane
6), or B-pD-mannosidase (lane 7). Lane 2 contains untreated CPS-500 probed with
an isotype control MAb. Serial twofold dilutions of CPS-500 are dotted from top
to bottom.

CPS-500 exposed on the pellicle surface is bound and re-
leased onto substrate during sporozoite and merozoite motil-
ity. Although the glycolipid composition of CPS-500 precluded
optimal fixation and processing for ultrastructural studies, im-
munoelectron microscopy localized MAb 18.44 binding to the
sporozoite pellicle (Fig. 5). This finding is consistent with the
binding of MAD 18.44 to viable sporozoites (26) and merozo-
ites (5) in an IFA, and it confirmed surface exposure of the
target epitope. MAb 18.44 binding was also observed in a
tubulovesicular pattern in the sporozoite cytoplasm but was
not localized to any discernible organelle (Fig. 5).

In an IFA, MADb 18.44 and the P23-reactive MAb 7D10
detected prominent trails of antigen deposited on substrate
over the path travelled by motile sporozoites (Fig. 6) and
merozoites (data not shown). Sporozoite antigen deposits de-
tected by each MAb were morphologically similar (Fig. 6).
Following incubation of viable sporozoites in suspension, CPS-
500 was detected by MAb 18.44 in immunoblots of the sporo-

INFECT. IMMUN.

FIG. 6. Immunofluorescence reactivity of MAb 18.44 (A) and MAb 7D10
(B) with sporozoites. Note MAb detection of CPS-500 (A) and P23 (B) antigen
deposits emanating from the posterior sporozoite and demarcating the gliding
path (arrows). Bars, 5 pm.

zoite fraction but not in the soluble phase of incubation me-
dium (data not shown).

DISCUSSION

In the present study, the biochemical properties, subcellular
location, and possible function of the neutralization-sensitive
C. parvum zoite antigen CPS-500 were characterized. Informa-
tion related to these subjects was essential to ongoing investi-
gations on the utility of this antigen for passive or active im-
munoprophylaxis against cryptosporidiosis (24). Other studies
have reported that the antigenic composition of C. parvum is
biochemically complex (17, 19) and suggested that parasite
carbohydrates or glycoconjugates are important targets of the
humoral immune response (5, 14, 17, 22, 26, 28, 32). Accord-
ingly, the general biochemical composition of CPS-500 was
determined, and the specific target epitope recognized by MAb
18.44 was characterized. This was of paramount interest be-
cause of the ability of MAb 18.44 to neutralize the infectivity of
both sporozoites and merozoites (5, 26) and to significantly
reduce C. parvum infection in oocyst-challenged mice when
coadministered with other neutralizing MADb (21). In addition,
conservation of the target epitope among different C. parvum
isolates (33), and in both infectious stages (5, 26), suggests an

FIG. 5. Immunoelectron photomicrographs of sporozoites probed with MAb 18.44 (A) or an isotype-matched control MAb (B). Note immunogold labelling of the
sporozoite pellicle and intracytoplasmic material by MAb 18.44 (arrows). Bars, 0.1 wm.
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important biological role. Finally, hyperimmune bovine poly-
clonal antibodies, which neutralize C. parvum sporozoite in-
fectivity and significantly reduce infection in oocyst-challenged
mice, recognize sporozoite and merozoite antigens comigrat-
ing with CPS-500 in SDS-PAGE (25). This observation sug-
gests that cattle are able to respond to CPS-500 when immu-
nized with whole C. parvum; thereby CPS-500 satisfies a
fundamental criterion for consideration as a vaccine candidate.

Initial biochemical characterization of CPS-500 indicated a
glycolipid composition based on chloroform extractability, and
susceptibility to periodate and mixed glycosidases. Following
HPLC isolation of CPS-500 from chloroform-extracted, silicic
acid chromatography-enriched preparations, glycosyl analysis
identified mannose and inositol as the predominant residues,
suggesting that the antigen may be a mannosylated inositol.
Glucose and galactose were also identified, but in much
smaller amounts than mannose or inositol, suggesting that they
may not be components of CPS-500. Relatively small amounts
of native CPS-500 were recoverable for analysis in the present
study. Isolation of CPS-500 in quantity will be required to
determine its complete molecular structure and whether ino-
sitol, glucose, and galactose are components.

In studies to characterize the neutralization-sensitive CPS-
500 epitope recognized by MAb 18.44, resistance to serine-,
thiol-, acid-, and metalloproteases confirmed and extended
previous observations that the epitope was not likely peptide
dependent (26). A carbohydrate-dependent epitope was ini-
tially suggested by the IgG3 isotype of MAb 18.44, in that this
isotype often predominates in murine antibody responses to
carbohydrate epitopes (11). The rationale for determining if
the epitope contained mannose was twofold. First, glycosyl
analysis identified mannose as a major sugar in CPS-500. Sec-
ond, a mixed-glycosidase preparation which contained o- and
B-mannosidases destroyed the epitope. Subsequent studies us-
ing individual glycosidases of defined specificity led to the
critical observation that the epitope was susceptible to B-D-
mannosidase but not to a-pD-mannosidase or other glycosi-
dases. This finding provided unequivocal evidence that the
target epitope was dependent on terminal B-D-mannopyrano-
syl residues. Importantly, because glycoconjugates in mammals
are essentially devoid of terminal B-pD-mannopyranosyl resi-
dues (35), the CPS-500 epitope composition identified herein
may facilitate targeted disruption of a parasite-specific mole-
cule known to have a role in the pathogenesis of infection. In
relation to this, the weak immunogenicity of native CPS-500
observed in immunized animals may be accounted for by its
biochemical properties (1) identified in the present study. In-
deed, when coupled to methylated BSA or keyhole limpet
hemocyanin, CPS-500 was highly immunogenic based on anti-
body responses in immunized mice and hens (23). Further,
orally administered CPS-500-reactive mouse MAbs, and poly-
clonal monospecific hen egg yolk antibodies derived from an-
imals immunized with carrier protein-coupled CPS-500, pro-
vided highly significant passive protection against C. parvum
oocyst challenge in mice (23).

Immunoelectron microscopic localization of CPS-500 to the
sporozoite pellicle and IFA identification of antigen bound and
released onto substrate by gliding sporozoites and merozoites
suggest that CPS-500 has a role in the motility of the infective
stages. Previous studies have shown that sporozoites deposit
surface antigens of 15 (GP15) (12, 31), 23 (P23) (4, 9, 31), and
38 or >900 (12) kDa on substrate or epithelial-cell monolayers
during gliding motility in vitro. Deposition of GP15 and P23,
antigens which are known to express neutralization-sensitive
epitopes (2, 9, 20, 32), was detected in these studies by using
MADbs specific for each antigen, including C6B6 (P23). Antigen
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deposits were morphologically similar to those described pre-
viously for the circumsporozoite protein of Plasmodium sp.
(30), suggesting that specific C. parvum surface molecules may
be involved in motility and invasion. In the present study, the
P23-reactive MADb 7D10 detected antigen deposited by motile
sporozoites and merozoites. We previously reported that MAb
7D10, prepared against C6B6 affinity chromatography-isolated
native P23, significantly reduces C. parvum infection in mice
and recognizes a neutralization-sensitive epitope which is dif-
ferent from that defined by MAb C6B6 (20). Therefore, rec-
ognition of a second distinct epitope by MAb 7D10 in P23
deposits further supports the hypothesis that surface antigen
binding and release during infective-stage motility in vitro has
probable biological relevance in vivo. Deposition of surface
antigens other than the preceding by motile C. parvum sporo-
zoites has not been previously reported. The results presented
herein demonstrate that CPS-500, or a portion thereof con-
taining the neutralization-sensitive epitope recognized by MAb
18.44, is bound and released onto substrate by motile sporo-
zoites and, additionally, by merozoites. This finding is consis-
tent with the surface location of CPS-500 and suggests a func-
tional role for the molecule. Indeed, if the binding and release
of CPS-500, P23, and GP15 are required for zoite motility and
invasion, a probable mechanism for the neutralizing activity of
MADs against these antigens would be suggested.

With regard to the foregoing, we recently reported the iden-
tification of an ~1,300-kDa apical and surface glycoprotein of
C. parvum zoites designated CSL (28). CSL is a soluble exoan-
tigen released into the incubation medium by sporozoites, and
it contains a repetitive carbohydrate-dependent epitope recog-
nized by MAbs which elicit the circumsporozoite precipitate-
like reaction (28). MAbs which elicit this reaction neutralize
sporozoite infectivity in vitro and provide passive protection
against oocyst challenge in vivo (16, 28). On the basis of the
characteristics of CSL and the inability of 18.44, 7D10, or other
neutralizing MAbs against CPS-500 and P23 to elicit the cir-
cumsporozoite precipitate-like reaction (24), it was of interest
to determine if CPS-500 is a soluble exoantigen. Although
CPS-500 was bound and released during zoite motility and was
identified in sporozoites after incubation in suspension, it was
not detected in the incubation medium. These findings suggest
that CPS-500, unlike CSL, is not a soluble exoantigen and that
its release may require adhesion to a substrate during zoite
motility. Alternatively, if CPS-500 is constitutively released by
sporozoites, lack of detection in the incubation medium may
relate to its glycolipid composition and immiscibility with the
aqueous phase used for immunoblots. The relationships be-
tween C. parvum zoite surface molecules deposited during
motility, released as soluble exoantigens, or bound by MAbs in
the circumsporozoite precipitate-like reaction remain to be
defined.

In this report we have characterized the biochemical prop-
erties and possible function of CPS-500, the neutralization-
sensitive C. parvum zoite antigen defined by MAb 18.44. Of
most significance, B-D-mannose has been identified as the spe-
cific sugar conferring carbohydrate dependency on the target
epitope recognized by MAD 18.44. These findings now provide
the rationale for determining the complete molecular structure
of CPS-500 and for investigating the utility of chemically syn-
thesized B-mannosides or anti-idiotype-18.44 antibodies in vac-
cination strategies against cryptosporidiosis.
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