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ABSTRACT 

The humoral response of humans, calves and horses to 

Cryptosporidium sporozoite antigens was evaluated using a 

western blot technique. Sera from calves, humans and horses 

were obtained at various times following the detection of 

infection. Sera were reacted with detergent-solubilized, 

sporozoite antigens from sodium dodecyl sulfate 

polyacrylamide gel electrophoresis (50S-PAGE). The number of 

antigens recognized by immune sera from humans and animals 

increased with time post infection (P.I.). A 20 kDa antigen 

appeared to be a major sporozoite surface determinant since 

it was labelled via membrane protein biotinylation and 

recognized by mouse monoclonal antibodies using indirect 

immunofluorescence and western blotting. Detectable 

recognition of the 20 kDa band occurred in 3 week post 

infection (P.I.) sera from all species tested. Sera 

reactivity to the 20 kDa band diminished significantly within 

5 months P.I. when infected humans had no further recurrence 

of cryptosporidial diarrhea. In contrast, 12 month P.I. sera 
I', 

from an individual constantly exposed to oocysts under 

working conditions was as strongly reactive as the 3 week 

convalescent sera. Therefore, reactivity to the 20 kDa 

antigen appeared to be a good indicator of exposure to 

Cryptosporidium. Anti-sporozoite indirect immunofluorescent 

titers decrease in reactivity from convalescent to post 
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convalescent sera which correlated with western blot results. 

Chromosomal DNA of five Cryptosporidium parvum isolates and 

one Cryptosporid!um bailey! isolate were compared by field 

inversion gel electrophoresis (FIGE). FIGE analyses of 

parasite DNA prepared from purified sporozoites versus intact 

oocysts showed no observable differences. Chromosomal DNA 

migration patterns of the five Cryptosporidium parvum 

isolates were indistinguishable. Distinct differences in 

chromosomal DNA were evident between the Cryptosporidium 

baileyi and Cryptosporidium parvum isolates, yet the overall 

pattern was similar. Five ~ parvum isolates were also 

compared using two dimensional electrophoretic analyses. 

Silver stained patterns of sporozoite proteins showed a shift 

in a 106 kDa protein in three of the isolates. One isolate 

(Mexico) showed a complete absense of this protein (106 kDa) 

and the presence of an additional 40 kDa protein not found in 

any other isolate. 

--- .. _--_.---_ .. -
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History and Classification 

13 

Cryptosporidium, an intestinal protozoan parasite, is an 

important cause of gastroenteritis and diarrhea in several 

animals species and man (Nime et al., 1976; Pohlenz et al., 

1978b). It was first recognized as a disease agent in 

animals (Current, 1985). In 1976, it was first reported from 

humans (Nime et al., 1976; Meisel et al., 1976). 

Cryptosporidium has become the most prevalent agent of human 

intestinal coccidiosis in the United States (DeGirolami et 

al., 1985). Clinical symptoms of the disease reflect the 

immune status of the host. In immunocompetent 

parasite produces a short term, flu-like 

patients 

illness 

the 

that 

resolves within one to two weeks. In contrast, immune 

deficient patients with cryptosporidiosis may experience 

severe, prolonged diarrhea which can be life-threatening. 

Currently, there is no effective chemotherapeutic treatment 

for cryptosporidiosis (Fayer and Ungar, 1987). 

Cryptosporidiosis is principally transmitted via the 

fecal-oral route and may be passed from humans-to-humans or 

animals-to-humans (Current, 1985). 

Discovery of the organism is credited to Tyzzer who 

first observed it in the peptic glands of laboratory mice 

(Tyzzer,1907). This coccidian is presently assigned to the 

family Cryptosporidiidae (Levine, 1984) and has been 
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considered by some, because of its apparent lack of host 

specificity, to be a single-species genus (Tzipori et al., 

1980). More recently, however, a four-species genus has been 

suggested by Levine (1984), while CUrrent (1985) has 

identified three species, two morphologically different 

organisms infecting mammals and one infecting fowl. 

Development and Life CYCle 

Development of Cryptosporidium occurs in the brush 

border of intestinal epithelial cells (Perrone and Dickersin, 

1983). The jejunem is most frequently parasitized but other 

segments of the digestive tract may be infected including the 

ileum, rectum, pharynx, and gallbladder (Navin and JUI'anek, 

1984; Nime et al., 1976; Booth, 1980; Pitlik et aI, 1983). 

Infection of bronchial epithelium has also been 

one immunodeficient patient (Forgacs et al., 

parasite is intracellular but extracytoplasmic 

reported in 

1983). The 

because it 

occupies a position beneath the host cell membrane but lies 

outside the boundaries of the cytoplasm within a 

parasitophorous vacuole (Perrone et al., 1983). Following 

invasion, the parasite membrane and the internalized host 

cell microvillus membrane fuses (Marcial and Madara, 1986). 

Investigators have cultivated calf and human isolates of 

Cryptosporidium in vitro using chicken chorioallantoic 

membranes (Current and Long, 1983) and human fetal lung cells 

(Current and Haynes, 1984). Additional studies of ~ parvum 
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infections in mice and ~ baileyi in chickens have been 

instrumental in elucidating the life cycle of Cryptosporidium 

(Current, 1984; Current at al., 1986). 

Experimental infections in animals initiated by 

ingestion of feces containing oocysts have shown the 4-5 pm 

oocyst to be the infective stage (Current, 1985). 

Cryptosporidium oocysts, unlike thoEle of other coccidia which 

require an incubation period outside the host before 

infectivity occurs, are immediately infectious (Moon and 

Bemrick, 1981; Tzipori et al., 1981). 

The life cycle of ~tosporidium is quite similar to 

that of other coccidia. Following ingestion of oocysts, 

excystation occurs in the intestine releasing four 

sporozoites. These invade epithelial cells developing into 

the intracellular but extracytoplasmic trophozoites. The 

trophozoite differentiates into a first-generation meront, 

undergoing three asexual nuclear divisions to form eight 

daughter progeny: merozoites. These erupt from infected 

cells and proceed to invade other epithelial cells giving 

rise to second generation meronts. The asexual cycle 

repeats, but this time produces only four merozoites. After 

rupturing from infected cells, these re-invade and develop 

into sexual stages: the micro (male) or macro (female) 

gametocytes. Sexual reproduction occurs when the microgamete 

fuses with the macrogamete forming a zygote. After further 

--- - -- ---- --------



asexual division, this becomes an 

naked sporozoites. Autoinfection 

oocyst 

may 

containing 

occur due 
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four 

to 

thin-walled oocysts which comprise 20% of the oocysts 

generated from zygotes. These are released into the 

intestinal lumen where they prematurely release sporozoites, 

thus reinitiating the endogenous cycle. The remaining 80% of 

oocysts produced by sexual reproduction are thick-walled and 

are passed into the feces fully sporulated (CUrrent, 1985). 

Clinical and Pathological Features 

Cryptosporidium may produce severe diarrhea in several 

animal species including calves (Anderson, 1982), 

(Tzipori et al., 1981), goats (Mason et al., 1983), and 

lambs 

pigs 

(Moon and Bemrick, 1981). These infections usually occur in 

animals one to three weeks of age. There is apparent 

morbidity but low mortality. Older animals are seemingly 

less prone to infection. In experimental infections using 

mice, only neonatal mice were susceptible to infection 

(Sherwood et al., 1982). Among experimentally infected lambs 

an inverse relationship between age and duration of 

diarrheal illness ~~ demonstrated. Older animals 

experienced less severe symptoms and adult sheep were 

entirely resistant to infection (Tzipori et al., 1981). 

Cryptosporidial infections have also been associated 

with abnormal immune function in animals. In a study 

involving horses with combined immunodeficiency, five out of 

---~ ~ _ .. --- -_. - .. ~-~ 
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six foals with depressed humoral and cellular immunity were 

infected with Cryptosporidium (Snyder et al., 1978). 

Immunodeficient foals were reported to have died within two 

months of infection. 

In avian species, Cryptosporidium can be found in the 

intestinal tract, but infections are chiefly associated with 

the respiratory tract (Itakura et al., 1984: Glisson et al., 

1984). High morbidity has been reported in broiler chickens 

and turkeys with respiratory cryptosporidiosis (Dhillon et 

al., 1981: Glisson et al., 1984). 

Infections also occur in companion animals such as 

puppies and kittens and in rodents. Possible transmission to 

humans by this route has been suggested (Current et al., 

1983). 

Cryptosporidiosis in man was first described 12 years 

ago (Mime et al., 1976; Meisel et al., 1976). Until 1982, it 

was primarily considered an opportunistic pathogen infecting 

immune deficient individuals. It is now emerging as an 

important cause of gastrl.)enteritis in the healthy host 

(Fletcher et al., 1982: Holley et al., 1986). In 

immunocompetent individuals, the disease is characterized by 

diarrhea and abdominal cramping. The flu-like illness that 

develops usually resolves within one to two weeks, although 

diarrhea lasting for more than a month has been reported 

(Isaacs et al., 1985). A prepatent period of 5 days has been 

--- ----------------
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described for most cryptosporidial cases involving 

immunocompetent individuaJs (Anderson and Donndelinger, 

1982). Oocyst shedding is usually observed for 10-12 days 

following patency but may continue for a variable length of 

time (Reese et al., 1982). Higher rates of infection are 

observed in children and young animals (Tzipori et al., 

1983) . 

Pathologically, invasion of epithelial cells by 

Cryptosporidium may cause mild or moderate villous atrophy, 

crypt hyperplasia and infiltration of mononuclear cells 

(Navin and Juranek, 1984). Fusion and elongation of villi 

have also been observed (Vetterling et al., 1971; Pohlenz et 

al., 1978a). 

Cryptosporidiosis in immune deficient 

usually persistent and often severe. In 

compromised individuals, especially those 

patients is 

most immune 

with acquired 

immune deficiency syndrome (AIDS), the infection 

progressively worsens and may be a major factor 

death (CUrrent, 1985). Fluid loss of 3-6 liters 

prolonged diarrhea for several months 

these patients (CDC, 1982). One AIDS 

diarrhea and fluid loss of seventeen 

is not 

patient 

liters 

leading to 

a day and 

uncommon in 

had profuse 

daily (CDC, 

1982). Oocyst shedding and symptoms may persist over several 

months. A hypogammaglobulinemic child had clinical symptoms 

continue for six years (Current et al., 1983). 

--- - -----_.- ._-- --.-
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Prevalence 

Cryptosporidium has a cosmopolitan distribution, having 

been reported in Costa Rica, Brazil, Peru, Spain, Central 

Africa, the United Kingdom, Australia, India and the United 

States (Isaacs et al., 1985; Mata et al., 1984; Holley and 

Dover, 1986; Weikel et al., 1985; Seegar et al., 1984; Portus 

et al., 1985; Bogaets et al., 1984; Shahid et al., 1985). 

The prevalence of Q!yptosporidium infections ranges from 1.4 

percent among children in the United Kingdom to 7.9 percent 

in Liberian children (Casemore et al., 1983; Hojlyng et al., 

1984) . 

The parasite is also prevalent in animals and domestic 

livestock. In a random study in Idaho, 44.4 percent of the 

calves tested were found to have Cryptosporidium oocysts in 

their stool (Anderson 1982). Lambs have also been observed 

to naturally harbor the organism (Anderson, 1982). Wild mice 

collected at calving and ,calf rearing sites were found to be 

naturally infected with Cryptosporidium. Thirty percent shed 

oocysts within 3 weeks of capture and 50% demonstrated 

recurrent episodes of oocyst shedding (Klesius et al., 1986). 

Transmission and Control 

Cryptosporidium is a genuine zoonotic disease. 

Transmission from infected calves to animal handlers has been 

documented (Current et al., 1983). Transmission of the 

parasite between humans has also been reported in day care 

--- . - --- --- --.-
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centers (CDC, 1984), hospitals (Baxby and Hart, 1986) and 

through sexual contact (Soave et al., 1984: Weber and Philip, 

1983). Cryptosporidium may also be transmitted through 

ingestion of contaminated water, food or through contact with 

contaminated fomites. One disease outbreak in Texas was 

attributed to contaminated water (D'Antonio et al., 1985). 

Several cases of traveller's diarrhea due to Cryptosporidium 

have also been reported (Ma et ale 1985: Soave and Ma, 1985: 

Sterling et al., 1986). 

Oocyst survival for extended periods has been 

documented. Oocysts can be stored in 2.5% potassium 

dichromate at 40 C for up to a year and remain viable (Reese 

et al., 1982). Infectious oocysts resist most disinfectants 

including quaternary ammonium compounds, phenolics and 

iodophores. The parasite is killed by commercial strength 

hypochlorite, ammonia and formalin (Campbell et al., 1982). 

Temperature also 

heating to 650 C 

affects oocyst viability. Freezing and 

for 30 minutes rendered oocysts 

non-infectious (Tzipori, 1983). 

Diagnosis and Tre.-atm.ent 

Diagnosis of ~tosporidium in feces has been difficult 

due to inadequate detection methods. Cryptosporidium oocysts 

are small and are easily confused with yeasts. Some of the 

more widely used techniques for oocyst recovery and staining 

include Sheather's sugar flotation (primarily used as a 
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concentration step), phase-contrast and light microscopy, 

modified acid fast stain, carbol fuchsin negative stain, 

acridine orange, auramine-rhodamine, silver methenamime, 

giemsa, trichrome, periodic acid-Schiff, and modified 

periodic acid Schiff (Current, 1985; Ma and Soave, 1983; 

Garcia et al., 1983). Cryptosporidium-specific monoclonal 

antibodies have been developed to the oocyst wall which 

display greater sensitivity than the above techniques, 

detecting as few as one oocyst per slide (Sterling and 

Arrowood, 1986; Garcia et al. 1987). 

Treatment of cryptosporidiosis using antimicrobial and 

anti coccidial d~ugs has been far from promising. Only 

spiramycin, a macrolide antibiotic, has demonstrated any 

effectiveness (Portnoy et al., 1984; Collier et al., 1984). 

Supportive treatments, such as rehydration therapy to control 

fluid loss, appear to be the only means of assisting patients 

(Mata et al., 1984). 

Immune Response 

The roles of humoral and cellular responses in resolving 

cryptosporidial infections have not been clearly defined. 

Systemic antibodies to Cryptosporidium have been identified 

in the sera of several animal species (Tzipori and Campbell, 

1981) and in immunocompromised patients recovering from 

cryptosporidiosis (Campbell and Current, 1983). An ELISA has 

been developed to detect IgG and IgM antibodies to 
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Cryptosporidium in the sera of immunocompetent and 

1985). 

and fall 

immunocompromised patients (Ungar et al., 

utilizing the ELISA showed an early rise 

followed by a rise of IgG within 6 weeks in 

individuals. The IgG levels disappeared or 

Studies 

in I9M 

immunocompetent 

persisted in 

immunocompetent individuals within a few months post 

infection but always 

(Ungar et al., 1985). 

remained elevated in AIDS patients 

Recently, a 23,000 dalton antigen of 

oocyst origin was shown to be recognized by immune sera of 

most humans (Ungar and Nash, 1986). 

Studies in Costa Rica comparing breast fed newborns to 

newborns not breast fed suggests colostrum may play a role in 

I'aducing the severity of infection (Urbina et al., 1984). 

Other studies involving colostrum fed calves showed no effect 

of the colostrum on oocyst shedding and diarrea after 

experimental infection (Moon et al., 1982). 

Studies involving nude mice demonstrated persistent 

cryptosporidial infections when mice were infected at six 

days of age suggesting the requirement of functional 

"T-cells" for recovery (Heine et al., 1984). The role of 

other immunologic cell types in cryptosporidial infections is 

not lOlown. Parasites, however, have been found in M cells 

that are located adjacent to peyers patches, suggesting these 

cell types may be involved in antigen processing (Marcial and 

Madara, 1986). 



23 

Experimental 

Many animals have been experimentally infected with 

Cryptosporidium including chickens, ducklings, turkeys, 

guinea pigs, mice, rats, dogs, pigs, sheep, rabbits, goats 

and cattle. A good small animal model which is highly 

susceptible and develops symptoms typical of larger animals 

for experimentation, however, has not been developed (Fayer 

and Ungar, 1986). 

Methods for purification of oocysts and sporozoites for 

experimental work have been developed. Separation of oocysts 

has been accomplished by glass bead columns (Heyman et al., 

1986) and ether phosphate-buffered saline (Waldman et al., 

1986) . Isolation of oocysts and sporozoites using 

discontinuous sucrose and Percoll gradients has produced 

highly purified preparations (Arrowood and Sterling, 1987). 

The existence of variations in virulence among 

Cryptosporidium isolates has not been determined. 

Morphological and life cycle differences were not observed 

among three isolates of ~ parvum infecting Swiss Webster 

mice (Current and Reese, 1986). However, virulence 

differences have been observed in two isolates infecting 

calves (Fayer and Ungar, 1986). Neonatal calves infected 

6 with 5 X 10 oocysts isolated from calves in Maryland did not 

always produce succesful infections but clinical illness did 

result with a much smaller dose (1 X 104 ) of oocysts isolated 
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from calves in Alabama (Fayer and Ungar, 1986). 

These observed differences in virulence may be due to 

individual host responses, enviromental factors, or there may 

exist biochemical differences among the isolates. It was the 

intent of this study to investigate possible biochemical 

differences by comparing DNA and sporozoite proteins from 

several geographically different isolates. 

It ~~s also the intent of this study to investigate 

humoral immunity to Crytosporidium by identifying and 

characterizing sporozoite antigens detected by serum 

immunoglobulins. Because immunity to cryptosporidiosis is 

poorly understood indentification and characterization of 

these antigens may be significant in epidemiological studies, 

immunodiagnosis, and in pinpointing immunodominant antigens 

responsible for convalescence and immunity. 

---- .. - _. ---- ---- -----
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OBJECTIVES 

1. To develop reproducible methods for the solubilization of 

sporozoite antigens to be used in immunogenicity and strain 

variation studies and in characterizing sporozoite proteins. 

2. To study the immunogenicity of Cryptosporidium sporozoite 

antigens using western blot and immunofluorescent techniques. 

Serologic assays will employ immune sera from experimentally 

and naturally infected animals, including calves and horses, 

and naturally infected immunocompetent human adults. 

3. To investigate possible strain variation among geographically 

--_ ... _- .. _-

separate isolates using: A) pulse field gradient 

electrophoretic separation of intact sporozoite 

and B) two dimensional gel electrophoresis 

preparations from solubilized sporozoites. 

chromosomes, 

of protein 
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MATERIALS AND METHODS 

Oocyst isolates 

Five Cryptosporidium parvum isolates were obtained for 

examination. Three isolates originated in calves and were 

obtained from: 1) Dr. Harley Moon (NADC, Ames, IA), 2) Dr. 

Philip Klesius (USDA, Auburn, AL), and 3) University of 

Arizona dairy farm, Tucson, AZ). One isolate originated in 

horses and was obtained from Dr. Thomas Klei (Louisiana State 

University, Baton Rouge, LA). One human isolate originated 

in a traveller returning from Mexico (Sterling et al., 1986). 

Oocysts of a chicken isolate of Cryptosporidium baileyi were 

obtained from William Current (Lilly Research Laboratories, , 

IN). The oocysts were purified from infected chicken eggs 

according to the method of Lindsay et al. (In Press). 

Two day old Holstein calves were infected with each ~ 

parvum isolate. Oocysts from the feces of each calf were 

collected, purified and counted as described under the 

general purification scheme. 

~ parvum Oocyst and Sporozoite Production and Purification 

Cryptosporidium oocysts originally obtained from Dr. 

Harley Moon (NADG, Ames, IA) were used to infect 2-5 day old 

Holstein calves (108/animal). Following the onset of oocyst 

shedding, feces were collected daily in an equal volume of 5% 

o K2Cr207 and stored at 4 C. Feces were sieved sequentially 

through stainless steel screens with a final mesh size of 230 

--- . - --- .~-.. - ... 
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(63 um porosity). Oocysts were further purified from feces 

as described by Arrowood and Sterling (1987). 

sieved feces were centrifuged over two 

Briefly, 

sequential 

discontinuous sucrose gradients, prepared with PBS (0.025 M 

phosphate buffered saline, pH 7.2) and supplemented with 1% 

Tween 80. Each gradient tube was composed of two 10 ml 

sucrose layers (1.019 g/ml over 1.218 g/ml, respectively) and 

a 5 ml top layer of sieved feces. The tubes were centrifuged 

at 1500 X g for 30 minutes and oocysts recovered from these 

gradients were further purified over isopycnic Percoll 

(Pharmacia, Piscataway, NJ) gradients (1.091 g/ml). One 

milliliter aliquots of the sucrose gradient recovered oocysts 

were layered over 9 ml of the Percoll solution in high speed 

centrifuge tubes and centrifuged at 22,000 X 9 for 30 

minutes. 

Percoll gradient recovered oocysts were washed with PBS 

at 1500 X g (10 minutes X 3) and resuspended into 20 ml PBS 

at a concentration of 1-2 X 108/ mI. The oocyst suspension 

was mixed with an equal volume of excysting solution (1.5% 

sodium taurocholate and 0.5% trypsin in PBS), and incubated 

40-60 minutes in a 370 C water bath (Fayer and Leek, 1984). 

The sporozoite mixture was washed with Alsever's solution 

(Mishell and Shiigi, 1980) and resuspended to a 4 ml volume. 

One milliliter aliquots of excysted sporozoites were layered 

over 9 ml of the Percoll solution and centrifuged as 
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described for oocysts. Sporozoites recovered from the lower 

band in the Percoll gradients were washed with PBS and 

counted. 

Sporozoite Solubilization 

Several methods of sporozoite antigen preparation were 

compared in an effort to select the most reproducible method 

yielding antigen with minimal protein degradation. Methods 

included: 1) sonication of oocysts (2 x 108 ) suspended in 

1.0 ml PBS with 3 roM EDTA for 25 minutes on an ethanol ice 

bath using a Branson sonifier at the lowest setting, followed 

by addition of enzyme inhibitors (50 mM phenylmethyl-

sufonylfluoride (PMSF) and 50 roM N-alpha-p-tosyl-L-lysine 

chloromethyl ketone (TLCK», 2) sporozoite excystation in 

PBS with 0.25% trypsin, 3) sporozoite excystation in PBS with 

0.75% sodium taurocholate,and 4) sporozoite excystation in 

PBS with 0.75% sodium taurocholate, 50 lruM PMSF and 50 roM 

TLCK. 

For two dimensional gel studies, excystations were 

preceded by hypochlorite treatment of Percoll purifed oocysts 

to maximize sporozoite yield. Oocysts were suspended in 0.5% 

hypochlorite (commercial bleach diluted 1:10 in PBS) for 5 

minutes at 40 C and centrifuged. The treated oocyst pellet 

was suspended in 0.1% sodium thiosulfate (in PBS) to 

neutralize residual hypochlorite and centrifuged. After two 

additional PBS washes, oocyst preparations were suspended in 

--_ ... - .. - ....... _-_ .. . 
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the various excysting fluids. Excysted sporozoites (2 x 108 ) 

were purified over Percoll gradients and solubilized in 

250 ~l NET buffer (2% Nonidet P-40 in 10 roM Tris (pH 1.4) 

supplemented with 150 roM NaCI, 50mM PMSF and 50mM TLCK. 

Non-excysted sucrose gradient purified oocysts were suspended 

in NET buffer, centrifuged and the supernatant collected for 

analysis. This preparation represented a control for 

monitoring contaminating proteins. 

9 For western blots, approximately 2-3 X 10, sporozoites 

were pelleted and resuspended into 1 ml of NET buffer 

The suspension was incubated at room temperature for 10 

minutes and centrifuged at 20,000 X g for 2 minutes. The 

supernatant (solubilized membrane preparation) was decanted 

and stored at 40 C or lyophilized, reconstituted in sample 

buffer and stored at -70oC until used. 

1. Identification and characterization of sporozoite antigens. 

SDS-Polyacrylamide Gel Electrophoresis 

Gradient gels (10-20% polyacrylamide) and standard gels 

(10% polyacrylamide) were used with the discontinuous buffer 

system of Laemmli (1970). A 250 pI sporozoite membrane 

sample (approximately 1.05 mg/ml) was diluted with an equal 

volume of sample buffer (0.1 M phosphate buffer, 1% sodium 

dodecyl sulfate (SDS), 140 mM 2-mercaptoethanol, 0.015% 

bromophenol blue, 6.0 M urea, and 10% glycerol) and boiled 4 
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minutes. Approximately 25 pg of protein from the boiled 

sample were used per lane for western blotting, 1-2 pg 

protein were used per lane for silver stained one dimensional 

SDS-PAGE gels. Electrophoresis was performed at a constant 

100 rnA at 180 C. Pre-stained high and low molecular weight 

markers (Bethesda Research Laboratories Inc., Gaithersburg, 

MD) weret incorporated intI) a side lane in each 

electrophoretic run. Gels not used for western blotting were 

fixed and silver stained using the GelCode ® silver stain kit 

(Pierce Chemical Co., Rockford, IL). 

Two Dimensional Gel Electrophoresis 

To characterize NET-solubilized sporozoite protein 

antigens and to compare protein preparations from 

geographically unrelated ~ parvum isolates, two dimensional 

gel electrophoretic analyses were performed. Two dimensional 

gels were run as described by O'Farrell (1975) and modified 

by Anderson et. al. (1978 a,b). The first dimensional 

separation (5.soe.lectric focusing) of the sample was 

accomplished using an 1so-20 IEF apparatus (Health Products, 

South Haven, MI). Gels were cast using approximately 20 ml 

Iso-gel solution (aqueous solution of 4.0% acrylamide, 0.25% 

bis-acrylamide, 2.0% nonidet P-40, 2.2% ampholytes (pH 3-10), 

0.034% ammoniun persulfate, 0.068% TEMED, 9.9 M urea). 

Solubilized sporozoite proteins (approximately 15 pg) were 

mixed 1:3 with sample buffer (4.0% nonidet P-40, 0.8% 
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ampholytes, 5.0% 2-mercaptoethanol, 9.0 M urea) and loaded 

onto the top of tube gels. Protein samples used for strain 

variation studies were first dialized using a rnicrodialyzer 

(Pierce Chemical Co., Rockford, IL). Samples were dialyzed 

against sample buffer using a #2 Spectrapor membrane 

(Spectrum Medical Industries, Los Angeles, CAl for 1 hour and 

then mixed with sample buffer. Gels were run at a constant 

700 volts for a total of 1000 volt hours. Tube gels (worms) 

were stored at -700 C or loaded immediately onto the second 

dimension acrylamide gel. Small worms ( 1.5 mm x 5 mm) 

composed of molecular weight markers, (mixtures of pure 

proteins having molecular weights of 110kDa, 81kDa, 56kDa, 

40kDa, 36kDa, 26kDa, 17kDa, and 3kDa) diluted 1:1 with 1.0% 

agarose were used. Second dimensional gels were run 

essentially as described for one dimensional gels. 

Biotinylation of Sporozoite SUrface Proteins 

Biotinylation was based on a modification of the 

technique of Hurley et ale (1985) and was used to determine 

which of the NET-solubilized proteins lie on the surface of 

sporozoi tes. Sporoze,i tes were purified and suspended in PBS 

at a concentration of 5 X 101/ml. Two ml aliquots were 

dispensed into each of two tubes. Tube A was centrifuged and 

the sporozoite pellet solubilized in 100 pI NET buffer. Tube 

B received 40 pI of a 10 mg/ml solution of sulfo-NHS-biotin 

(Pierce Chemical, Rockford, IL) dissolved in dimethyl 
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sulfoxide. The tube was incubated at room temperature for 10 

minutes with gentle agitation. After centrifugation, the 

pellet of labelled sporozoites was washed and solubilized as 

described above. The labeled supernatant proteins were 

separated by electrophoresis and subjected to western blot 

analyses. 

2. HUmoral Responses to Sporozoite Antigens. 

Serum Samples 

Serial serum samples were collected from 

infected calves (used for oocyst production) at 

weeks, 10 weeks, 16 weeks, 20 weeks, and 28 

experimentally 

10 days, 3 

weeks post 

infection. Additional serum samples were 

naturally infected calves. Control calf 

pre-infection sera from experimentally 

obtained from 

sera included 

infected and 

gnotobiotic calves (courtesy of Dr. Harley Moon, NADG, Ames, 

lA) • 

Serial serum samples were also obtained from naturally 

infected humans and horses at various times following the 

onset of clinical symptoms and detection of oocysts in feces. 

Sera from individuals returning from Mexico were similarly 

collected and shipped to our laboratory through the 

coordination of William Keene (Department of Health Services, 

State of California) and Stephen Waterman (Department of 

Health Services, County of Los Angles). These sera were 

taken approximately one month after clinical signs of 
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cryptosporidiosis developed in travellers returning to the 

United States. Post convalescent sera from four of these 

individuals were also collected. Human serum controls were 

obtained from individuals with no known exposure to or 

diarrheal illness attributable to Cryptosporidium. Positive 

horse sera were supplied by Tom Klei (LSU, Baton Rouge, LA). 

These horses had diarrheal symptoms attributed to 

Cryptosporidium infections. Control horse sera were obtained 

from an 8 year old Arizona Morgan mare with no known history 

of diarrheal illness. All sera were stored at -200 C. 

Western Blot Analyses 

Proteins were transferred from SDS-PAGE gels to 

nitrocellulose employing the method described by Towbin et 

a1. (1979) using a Bio Rad Trans-Blot cell (Bio Rad 

Laboratories, Richmond, CAl. Electrophoretic transfer at 40 C 

employed a constant 30 volts overnight followed by 60 volts 

for 2 hours. Protein transfer was determined by silver 

staining the polyacrylamide gels after transfer as well as 

staining nitrocellulose strips with amido black. Following 

transfer, ni tlC'ocellulose strips were block,ad for 30 minutes 

in 1.0% powdered goat milk dissolved in 0.05 M Tris buffered 

saline, pH 7.5 (TBS) (Johnson et al., 1984). The blocked 

strips were incubated for 1 hour in sera diluted 1:25 with 

TBS, washed with TBS and incubated for 1 hour with either 

biotinylated anti-horse IgG (Vector Laboratories Inc. , 
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Burlingame, CA), biotinylated anti-human IgG and IgM 

(Bethesda Research Laboratories Inc., Gaithersburg, MD) or 

biotinylated anti-bovine IgG (Kirkegarde and Perry 

Laboratories, Gaithersburg, MD) diluted 1:1000 in TBS. The 

strips were then washed with TBS and reacted for 1 hour with 

streptavidin-horseradish peroxidase (Bethesda Research 

Laboratories Inc., Gaithersburg, MD) diluted 1:1000 in TBS. 

After a final TBS wash, color development was accomplished 

using 0.05% 4-chloro-1-naphthol and 0.015% H202 (Kirkegarde 

and Perry Laboratories, Gaithersburg, MD). 

Titration of Sera Using Indirect Immunofluorescence 

Percoll purified sporozoites and ooysts (suspended in 

PBS) were air-dried onto poly-I-lYSine (Sigma Chemical Co., 

St. Louis, MO) coated microscope slides. Slides were 

previously soaked in 95% ethanol, wiped dry, and incubated in 

poly-I-lysine (50 pg/liter in distilled H20) for 

approximately 1 hour. Sera to be tested were diluted with 

PBS 1:16, 1:32, 1:64, 1:128 and 1:256. Antigen-coated slides 

were incubated with sera for 30 minutes, rinsed 3X with PBS, 

incubated with PBS-diluted (1:100) fluorescein isothiocyanate 

conjugated goat anti-human IgG, 19M, and IgA (U.S. 

Biochemical Corp., Cleveland, OH) for 20 minutes, rinsed with 

PBS and coverslipped with 50% glycerol, pH 8.0. Slides were 

observed using an epifluorescent UV microscope (Optiphot, 

Nikon Inc., Garden City, NY). 

---- --- .. ---- ------- -- -
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3. Examination of isolates for strain variation. 

Protein Analysis by TWo Dimensional Gel Electrophoresis 

Sporozoite proteins of each of the isolates were silver 

stained in two dimensional gels and scanned using a Biolmage 

system (Biolmage, Ann Arbor, MI). The system consists of an 

image scanning control system, photo diode digitizing camera, 

color image monitor, a microprocessor and hard disk drive, 

operator terminal and printer. Silver stained gels were 

digitized in a 1024 X 1280 pixel format. Software supplied 

by Biolmage was used for intial spot detection. Additional 

software, Matchware ®, was used to match and evaluate a single 

spot selected for its apparent shift in isoelectric point 

(Sammons et al., in press; Dwyer et al., 1988). 

Preparation of Oocysts and Sporozoi tee for Pulsed 
Field Gel Electrophoresis (PFGE) 

The following method was adapted from the trypanosome 

treatment method of Van der Ploeg et al. (1984). Percoll 

isolated sporozoites (3-5 X 109) or oocysts (1-2 X 109 ) were 

washed with suspension buffer (75 mM sodium phosphate, 65 mM 

NaCI, 1% glucose), pH 8.0 and resuspended in 1 ml suspension 

buffer. The sporozoite or oocyst suspension was mixed with 

an equal volume of 1% low gelling temperature agarose 

(SeaPlaque, FMC BioProducts, Rockland, ME) previously melted 

in suspension buffer and cooled to 37oC. Agarose suspensions 

were dispensed into sample holders in 100 pI aliquots and 

cooled on ice for 2 minutes. Each preparation of solidified 
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agarose blocks was transfered to 10 ml cell lysis solution 

(0.5 M EDTA, 1.0% sodium N-Iauroylsarcosine, 2.0 mg/ml 

proteinase K), pH 9.5 and incubated at 500 C for 48 hours. 

Following lysis treatment, agarose blocks were stored at 40 C 

in the lysis solution until used. 

Preparati.on of Yeast Cells for PFGE Analvsis 

Agarose blocks of Saccharomyces cereviciae were prepared 

according to the methods of Schwartz and Cantor (1984) except 

for the substitution of lyticase (L8137, Sigma Chemical Co., 

st. Louis, MO) for zymolase. Yeast cultures were grown to 

stationary phase at 300 C in 100-200 ml of ypn medium (1.0% 

yeast extract, 2.0% dextrose, 2.0% Bactopeptone (Difco 

Laboratories, Detroit, MI)). Approximately 12 X 109 

Saccharomyces cereviciae yeast cells were prepared for 

embedding in agarose by washing in suspension buffer and 

suspending in 1.0 ml suspension buffer containing lyticase. 

Approximately 10 units of lyticase were employed per 

milliliter of yeast cells (12 X 109 cells). An equal volume 

of low melting agarose was added to the yeast suspension, 

dispensed in 100 pl aliquots and allowed to cool. Agarose 

plugs were then incubated in 5.0 ml LET buffet' (0.5 M EDTA, 

1.0% sodium N-Iauroylsarcosine, 7.5% 2-mercaptoethanol) at 

o 
37 C overnight. The plugs were stored in lysis solution at 

40 C until used. 

--- .. -- .. __ ._. - -------- .. -
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Pulsed Field Gel Electrophoresis 

A electrophoresis apparatus was constructed based on the 

design of Schwartz and cantor (1984). Resolving gels (1.5% 

agarose) were prepared by melting agarose (GTG grade, FMC 

BioProducts) in TBE buffer (45 roM Tris, 45 roM boric acid, 

o 1.25 roM EDTA, pH 8.0), cooling to 65 C and pouring into a 

20 X 20 cm casting tray (200 ml). DNA-containing agarose 

plugs were cut in half and placed into 1 em slots in the 

solidified agarose resolving gel. Pre-cooled TBE buffer was 

maintained at 11°C by circulating through a cooling cell 

(submerged in a refrigerated water bath) before flowing 

through the electrophoresis cell. DNA was electrophoresed 

into the gel at a constant 10 V/cm (200 V) for one hour. 

Pulse conditions were 60 seconds in the north/south direction 

(300 V) alternating with 60 seconds in the east/west 

direction (100 V) over the 40 hour run. 

Orthogonal Field Alternating Gel Electrophoresis (OFAGE) 

A electrophoresis apparatus was constructed based on the 

design of Johnson and Borst (1986). Resolving gels (1.0% 

agarose) were prepared by melting agarose (GTG grade, FMC 

BioProducts) in O.5X TBE buffer, cooling to 650 C and pouring 

into a 20 X 20 cm casting tray (250 ml). DNA-containing 

agarose plugs were cut in half and placed into 1 cm slots in 

the solidified agarose resolving gel. Pre-cooled TBE buffer 

was maintained at 110 C by circulating through a cooling cell 

--_ ... _. --......... _ ..... . 
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bath) before flowing 

electric field was 

alternated between the north/south and east/west electrodes 

throughout the run beginning with a pulse times of 9 seconds 

which incrementally increased to 12 seconds by the end of 24 

hours. The pulsed fields were ramped. Additional 

electrophoretic runs included field ramps of 9 seconds 

incrementing to 135 seconds over 48 hours. 

Field Inversion Gel Electrophoresis (FIGE) 

DNA electrophoresis employed a horizontal Sub Cell DNA 

electrophoresis cell (Bio-Rad Laboratories, Richmond, CAl 

after the method of Carle et al. (1986). Resolving gels (1% 

agarose) were prepared by melting agarose (GTG grade, FMC 

BioProducts) in 0.5X TBE buffer, cooling to 650 C and pouring 

into a 15 X 25 em casting tray (200 ml). DNA-containing 

agarose plugs were cut in half and placed into 1 cm slots in 

the solidified agarose resolving gel. Pre-cooled 0.5X TBE 

buffer was maintained at 110 C by circulating through a 

cooling cell (submerged in a refrigerated water bath) before 

flowing through the electrophoresis cell. A constant voltage 

gradient of 10 V/cm was employed (250 V total) for each 24 

hour run. The electric field was inverted throughout the run 

beginning with a forward field interval of 9 seconds which 

incrementally increased to 12 seconds by the end of 24 hours 

(Figure 1). The initial 3 second reverse interval alternated 

--- . - - .. _- _.- _.---
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FIGURE 1. Schematic for FIGE showing direction of electric 
field and corresponding switching intervals. 
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with the forward interval, incrementing to a final 24 

seconds. The resulting switching interval ramp was linear 

and maintained a 3:1 (forward:reverse) ratio. 

Control Hardware for DNA Electrophoretic Runs and 
Agarose Gel Staining Conditions 

Field switching and switching interval ramp generation 

were accomplished using a microcomputer (Commodore 64, 

Commodore Business Machines Inc., West Chester, PA) 

interfaced with high voltage relays (K42C332, Kilovac Corp., 

Santa Barbara, CA). Software was written to allow convenient 

generation of precise switching interval ramps. 

All agarose gels were stained with -5 1 X 10 llg/ml 

ethidium bromide in 0.5X TBE buffer for 1 hour and destained 

for 2 hours in O.5X TBE buffer. The fluorescent DNA bands 

were visualized using a UV Fotodyne gel box (New Berlin, 

Wisconsin) and photographed. 
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Oocyst rates of excystation utilizing three different 

excysting solutions are shown in table 1. Sporozoite yield 

appeared to be greatest using 0.25% trypsin. Sporozoites 

subjected to trypsin treatment appeared refractile by phase 

microscopy and morphologically intact. Sporozoites excysted 

in taurocholate (without inhibitors) appeared more rounded 

and less refractile. Rates of excystation were lower (43%) 

for taurocholate treated oocysts than for trypsin treated 

oocysts (50%) but greater than when oocysts were excysted in 

the presence of taurocholate and enzyme inhibitors (38%). 

Oocysts treated with taurocholate in the presense of enzyme 

inhibitors excysted at the lowest rate, releasing sporozoites 

that were rounded and non-refractile. 

In order to access the optimal method of solubliziation 

two dimension gel electrophoresis was used. Figure 2 

illustrates the use of trypsin and taurocholate with enzyme 

inhibitors. It appears that there was no degradation of 

sporozoite proteins. Figure 3 illustrates two dimension gel 

electrophoresis of proteins recovered from sporozoites 

excysted in the presence of trypsin and taurocholate without 

enzyme inhibitors. Proteins prepared USing this method again 

did not show degradation. Sonicated preparations (Figure 4) 

also did not show observable degradation but contained 



Table 1. Excystation treatment cond! tiona and excystation 
rates. 

Treatment 

Trypsin 
(0.25% in PBS) 

Taurocholate 
(0.75% in PBS) 

Taurocholate 
(0.75% in PBS) 
with enzym§ 
inhibitors 

Excystation Rate t Sporozoite Morphology 

50.0% typical 

43.0% some rounded 
forms present 

38.0% many rounded 
forms present 

t Excystation rate calculated by dividing the number of 
oocyst walls by the number of all oocysts (intact and 
walls) 

§ 50 mM PMSF; 50 mM TLCK 

---- ---_. ------.-
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A 

FIGURE 2. Two dimensional electrophoresis gels of sporozoite 
proteins. Sporozoites were excysted using 
trypsin/taurocholate. Enzyme inhibitors were added after 
excystation. Panel A and panel B show 20 pl and 30 pl 
respectively of applied sporozoite proteins. 
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A 

B 

FIGURE 3. Two dimensional electrophoresis gels of sporozoite 
proteins. Sporozoites were excysted using 
trypsin/taurocholate. Enzyme inhibitors were not added 
after excystation. Panel A and panel B show 20 pl and 
30 pl respectively of applied sporozoite proteins. 
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A 

B 

FIGURE 4. Two dimensional electrophoresis gels of sporozoite 
proteins. Oocysts were sonicated in 3 mM EDTA with enzyme 
inhibitors. Panel A and panel B show 20 ~1 and 30 ~l 
respectively of applied sporozoite proteins. 
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greater amounts of low molecular weight material that stained 

in a characteristically smeared manner in two dimensional 

gels. 

Efforts to demonstrate non-parasite proteins that might 

contaminate sporozoite preparations utilized non-excysted 

oocyst preparations. These preparations represent a level of 

parasite purity that should contain a higher amount of 

contaminants. Sporozoite preparations were purified over 

Percoll gradients and were washed several times more than 

these oocyst preparations. Two dimensional gel analysis of 

detergent supernatant preparations from oocysts did not show 

any contaminating proteins in one sample, while a second 

preparation showed three faint proteins (Figure 5). 

1. Identification and characterization of sporozoite antigens. 

Polypeptides of Cryptosporidium Sporozoites 

Silver staining of SDS-PAGE gels (Figure 6, lane 1) 

detected a total of 46 bands ranging in molecular weight from 

approximately 150 kDa to 3 kDa. Two dimensional gels of 

sporozoite proteins (Figure 7) demonstrated 300-400 spots 

ranging in molecular weight from 150 kDa to 5 kDa daltons and 

ranging in isoelectric point from 4 to 8.5. To establish 

that complete transfer of proteins in western blots, 

nitrocellulose paper was stained with amino black. Western 

blots using two dimensional gels were not done. 



FIGURE 5. Two dimensional gel analysis of supernatant from 
detergent-solubilized preparations of gradient purified 
oocysts. 
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2 

-87K 

FIGURE 6. Silver stained 10-20% gradient gel SDS-PAGE of a 
sporozoite membrane preparation {lane 1). Lane 2 shows a 
western blot of biotinylated sporozoite membrane antigens . 
Arrow denotes 20 kDa antigen. 
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FIGURE 7. Two dimensional electrophoresis gel of sporozoite 
proteins . 
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Biotinylation of Sporozoite Proteins 

Western blots of biotinylated sporozoite su~face 

proteins identified a subset of the bands observed in silver 

stained gels (Figure 6, lane 2). All of the biotinylated 

proteins correlated with antigens identified in western blots 

reacted with human and/or animal immune sera. A biotinylated 

20 kDa band correlated with a 20 kDa h~nd recognized by all 

immune sera tested. 

2. Humoral responses to sporozoite antigens. 

Western Blots: Human Sera 

Western blots of human sera reacted against sporozoite 

antigens are shown in Figures 8, 9 and 10. Individual A 

contracted cryptosporidiosis which was detected by direct and 

indirect immunofluorescent assays for oocysts in feces. The 

3 week P.I. serum (Figure 8, lane 2) of this individual 

reacted with a 20 kDa antigen not seen in either the 

pre-infection serum (Figure 8, lane 1) or the 10 month P.I. 

serum (Figure 8, lane 3). Negative control serum response to 

cryptosporidial antigens is shown in Figure 8, lane 4. 

Several weakly reacting high molecular weight bands were 

evident in pre-infection and control blots. One prominant 

band of approximately 70 kDa was apparent in the 

pre-infection serum of individual A (Figure 8, lane 1). 

Reactivity to high molecular weight bands was Virtually 

indistinguishable between the 3 week (Figure 8, lane 2) and 

---- -_ .. --- --- - .... 



FIGURE 8. Western blot assay of sera from an individual 
infected with Cryptosporidium. Pre-infection, 3 week and 
10 month post infection sera are shown in lanes 1-3, 
respectively. Lane 4 shows the western blot of a control 
human serum. 

51 
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FIGURE 9. Western blot analysis of sporozoite antigens 
reacted with human sera from individuals infected with 
Cryptospor idium. Panel A, lanes 1 and 2 show 3 week and 1 
year post infection sera, respectively, from individual B. 
Panel B shows blots from individual C using 10 day, 5 
month, and 9 month post infection sera (lanes 1, 2 and 3, 
respectively). Panel C, lanes 1 and 2 show serum 
reactivity for individual D taken 4 weeks and 10 months 
post infection, respectively. 
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FIGURE 10. Panel A, lanes 1 and 2 show serum reactivity to 
sporozoite antigens of sera from individual E at 3 weeks 
and 1 year post infection, respectively. Control sera are 
shown in lanes 3 and 4. Panel B, lanes 1 and 2 show 4 week 
post infection sera from 2 individuals who had symptoms of 
cryptosporidiosis after returning from a trip to Puerto 
Vallarta, Mexico. 
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10 month (Figure 8, lane 3) P.I. sera. 

Serum reactivity of individual B is shown in Figure 9, 

panel A. The strong 3 week P.I. serum reactivity to the 

20 kDa antigen (lane 1) was not observed in a separate 

analysis of the 12 month follow up serum (lane 2). Several 

high molecular weight bands observed in the 3 week P.I. serum 

were present in the 12 month P.I. serum. 

Serum reactivity of individual C who contracted 

cryptosporidiosis while traveling to Mexico is shown in 

Figure 9, panel B. Cryptosporidium oocysts were detected in 

the patient's stool during symptoms of acute diarrhea and up 

to 7 days following the cessation of symptoms (Sterling et 

al., 1986). The 20 kDa antigen was apparent in blots using 

10 day P.I. serum (Figure 9, panel B, lane 1), less apparent 

using 5 month P.I. serum (Figure 9, panel B, lane 2) and 

absent using 9 month P.I. serum (Figure 9, panel D, lane 3). 

Western blots were also performed using convalescent 

sera from a group of tourists returning from a trip to Puerto 

Vallarta, Mexico who were involved in a possible outbreak of 

cryptosporidiosis. Oocysts were identified in the stools of 

two symptomatic individuals while 23 out of 30 (77%) 

individuals reported symptoms typical of cryptospor1diosis. 

Serum reactivity of individual D who was among this group is 

shown in Figure 9, panel C. The 4 week P.I. serum reacted 

with the 20 kDa antigen (lane 1). The follow up 10 month 
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set'um (lane 2) showed no reactivity toward this antigen. 

Western blots of 23 additional individuals from this 

symptomatic group showed reactivity to the 20 kDa antigen. 

Two of these serum reactivities are illustrated in blots 

presented in Figure 10, panel B, lanes 1 and 2. Western blot 

analysis of sera from 22 of the 30 tourists yielded the 

following results: 19 out of 19 (100%) sera from symptomatic 

tourists reacted with the 20 kDa antigen while 2 out of 3 

(67%) sera from asymptomatic tourists reacted with the 20 kDa 

antigen. Control sera had a 26% positivity rate. 

The serum reactivity of individual E, who contracted 

cryptosporidiosis while working with Cryptosporidium-infected 

calves, is shown in Figure 10, panel A. This individual was 

continually exposed to infected calves throughout this study. 

Sera taken from this individual at 3 weeks P.I. (Figure 10, 

panel A, lane 1) and 1 year P.I. (Figure 10, panel A, lane 2) 

recognized similar antigens. No decrease in intensity of any 

of the bands, including the 20 kDa band, was observed. 

Western Blots: Bovine Sera 

Western blots using sera from calf A (Figure 11) showed 

increasing band number and intensity with time. Sera showed 

reactivity to several bands of high molecular weight and the 

20 kDa band. The 20 kDa band observed using 3 week P. I . 

serum (Figure 11, panel A, lane 4), became more prominent at 

10 weeks P.I. (Figure 11, panel A, lane 5). In a subsequent 



FIGURE 11. Western blots analysis of sporozoite antigens 
reacted with sera taken from an experimentally infected 
calf at 10 days, 3 weeks, 10 weeks (panel A, lanes 3-5, 
respectively) and 16 weeks, 20 weeks, 28 weeks post 
infection (panel B, lanes 1-3). Panel A, lane 1 shows 
negligible blot reactivity of gnotobiotic calf sera. 
Monoclonal C6B6 shows strong reactivity to the 20 kDa 
antigen (panel A, lane 2). 

56 
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set of blots, reactivity toward this band was strong using 16 

week P.I. serum (Figure 11, panel B, lane 1) while it was 

absent using 20 and 2a week P.I. sera (Figure 11, panel B, 

lanes 2 and 3, respectively). Gnotobiotic control serum 

(Figure 11, panel A, lane 1) and serum taken 3 days P.I. 

(results not shown) demonstrated negligible blot reactivity 

to sporozoite antigens. Sera from naturally infected calves 

and other experimentally infected calves displayed blot 

reactivities similar to those described above for the 

experimentally infected calf. 

Western blots: Equine Sera 

Serum samples taken 3 weeks P.I. from horse A (Figure 

12, lane 1) and horse B (Figure 12, lane 2) recognized 

several antigenic bands including the 20 kDa band. Serum of 

horse C (taken 4 months P.I.) reacted with high molecular 

weight bands like the sera of horse A, but reactivity to the 

20 kDa band was not evident (Figure 12, lane 3). One band of 

high molecular weight was barely visible using a control 

horse serum (Figure 12, lane 4). 

Western Blots and Immunofluorescence Using 
Monoclonal Antibodies 

Monoclonal antibodies C3B4, C6B6, C103, and caC5 all 

reacted with a 20 kDa antigen band (Figure 11, lane 2, C6B6 

shown) in western blots. The first three hybridomas secrete 

IgG1 subclass monoclonal antibodies while the latter secretes 

an IgG3 monoclonal antibody. The monoclonal antibody 
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FIGURE 12. Western blot analysis of sporozoite antigens 
reacted with equine sera from horse A at 3 weeks post 
infection (lane 1), from horse Bat 3 weeks post infection 
(lane 2), horse Cat 4 months post infection (lane 3) and 
an uninfected control horse (lane 4). 
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reactive band coincides with the 20 kDa band identified by 

immune sera and appears to react to surface determinants on 

the sporozoite by indirect immunofluorescence (Mead et al., 

1988b) • 

Immunofluorescent Titration of Sera Compared to 
Western Blot Analyses 

Immunofluorescent titers for 33 human convalescent sera 

and 6 additional post convalescent sera are shown in Table 2 

with corresponding western blot results. In general, 

anti-sporozoite titers were greater than anti-oocyst titers. 

Western blots of these sera demonstrated 27 positives 

(distinct reactivity to the 20 kDa band) while 28 

convalescent sera were positive by immunofluorescence (titer 

>= 16). Two sera positive by western blot analysis were 

negative by immunofluorescence and three sera that were 

weakly positive by immunofluorescence were negative by 

western blot analysis. 

Convalescent and post convalescent sera were obtained 

from seven individuals (four from the Puerto Vallarta group). 

All seven individuals demonstrated decreased anti-sporozoite 

immunofluorescent titers in 9 month post-convalescent sera. 

One individual with a positive anti-oocyst titer in 

convalescent serum demonstrated a decreased titer against 

oocysts in his post-convalescent serum. Western blot assays 

on post convalescent sera from five of the seven individuals 

were negative. One individual who remained positive had 



60 

Table 2. Serwn IFA titers and western blot reactivities. 

Puer.to Vallarta IFA Titer Western 
Serwn Samples Date Oocyst Sporozoite blot analysist 

Patient 1 6/86 <16 256 pas. 
Patient 1 4/87 <16 64 pOSe 

Patient 2 4/86 <16 64 pas. 
Patient 2 4/87 <16 <16 neg. 

Patient 3 6/86 256 64 pas. 
Patient 3 4/87 32 16 neg. 

Patient 4 6/86 32 128 pas. 
Patient 4 4/87 32 32 neg. 

Patient 5 N.A. 16 256 pas. 
Patient 6 N.A. 32 128 pas. 
Patient 7 N.A. 32 >25 pas. 
Patient 8 N.A. <16 64 pOSe 
Patient 9 N.A. 32 >256 pas. 
Patient 10 N.A. 16 128 pOSe 
Patient 11 N.A. 16 >256 pas. 
Patient 12 N.A. 16 32 pas. 
Patient 13 N.A. 16 256 pas. 
Patient 14 N.A. 16 128 pas. 
Patient 15 N.A. 16 64 pas. 
Patient 16 N.A. 16 128 poSe 
Patient 17 N.A. 16 128 . pas. 
Patient 18 N.A. 32 >256 pas. 
Patient 19 N.A. 16 64 pas. 
Patient 20 N.A. 16 64 pas. 
Patient 21 N.A. 32 >256 pas. 

t Positive = reactivity to 20 kDa antigen 
IFA = immunofluorescent assay 
N.A. = not applicable 
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Table 2 continued. 

Control IFA Titer Western 
Serwn Samples Date Oocyst Sporozoite blot analysist 

Patient 22 N.A. <16 <=16 neg. 

Patient 23 N.A. 32 16 neg. 

Patient 24 N.A. <=16 <=16 neg. 

Patient 25 N.A. <16 <=15 neg. 

Patient 26 N.A. <16 <16 neg. 

Patient 27 N.A. <16 <16 neg. 

Cryptosporidiosis 
Positive Sera 

Patient 28 8/86 64 256 pos. 

Patient 28 4/87 16 <=16 neg. 

Patient 29 2/86 <=16 64 pos. 

Patient 29 6/86 <=16 32 pos. 

Norwalk Agent 
Positive Sera 

Patient 30 N.A. 64 64 pos. 

Patient 31 N.A. <16 <=16 pos. 

Patient 32 N.A. 16 16 pos. 

Patient 33 N.A. 16 16 neg. 

t Positive = reactivity to 20 kDa antigen 
IFA = immunofluorescent assay 
N.A. = not applicable 
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travelled to Leningrad, U.S.S.R., between convalescent and 

post convalescent serum samples. The other indivdual had 

complained of chronic diarrhea over a period of months. 

3. Examination of isolates for strain variation. 

1\labama, 

Table 3 

Louisiana, 

shows the 

Five ~ parvum isolates from Iowa, 

Peru and Mexico were investigated. 

geographic origin, host source, and 

experimentally infected calves of each 

oocyst production in 

isolate. Variations 

in oocyst production were as great between isolates as they 

were among calves infected with individual isolates with the 

exception of the Lousiana isolate. This isolate showed 

significantly lower oocyst production. 

Protein Anaylsis by TWo Dimensional Gel Electrophoresis 

Since isolates were from distinct geographical 

locations, genetic drift of sporozoite surface determinants 

may exist. To investigate this two dimensional gels were run 

of each isolate and analysis of these gels were acomp1ished 

using the Matchware ® software. Silver stained gels of the 

five isolates (Iowa, Alabama, Lousiana, Peru and Mexico) 

showed many protein similarities. Representative gels for 

each isolate are shown in Figures 13 and 14. Differences 

among the five isolates include a protein of approximately 

106 kDa that shifts in p.I. This protein was not observed in 

the Mexico isolate. The Mexico isolate also contained a 

neutral protein of approximately 40 kDa not found in any 



Table 3. Cryptosporidium isolate oocyst production in 
experimentally infected Holstein calves. 

Isolate Source Oocysts ShedLlnfected calft 

Peru Human 5.34 X 1010 

Mexico Human 6.35 X 1010 

Louisiana Horse 9.97 X 109 

IONa Calf 6.17 X 1010 

Alabama Calf 6.91 X 1010 

Arizona Calf 2.64 X 1010 

t Total number of oocysts shed, days five 
through nine post infection 

---'-- -- --- -----------
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FIGURE 13. Two dimensional electrophoresis of sporozoite 
proteins from the~ parvum isolates; Iowa (panel A), 
Lousiana (panel B), Peru (panel C). Arrows denote 106 kDa 
protein. 
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FIGURE 14. Two dimensional electrophoresis of sporozoite 
proteins from~ parvum isolates; Alabama (panel A), Mexico 
(panel B). Arrows denote 106 kDa (panel A) and 40 kDa 
(panel B) proteins. 
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other isolate. 

A schematic drawing of the 106 kDa spot and its apparent 

shift in pI are shown in Figure 15. Note that spots Pl and 

P2 of the Peru isolate (gel 1934) represent the single spot A 

found on the other gels but because of streaking it is 

represented as two spots. Streaking allowed matching to 

occur to the duplicate gel (1909) and to two other isolates 

(Lousiana and Alabama). One gel of the Lousiana isolate 

(1925) was not consistent with the other gels due to 

differences in spacing among the selected markers, hence the 

results with this gel may be questioned. The Iowa isolate 

(gels 1927 and 1946) did not match to any other isolate. 

Appendix A shows the results of applying the Matchware ® 

program to two dimensional gels of four 

Alabama, Louisiana, Peru) in the region 

isolates (Iowa, 

of the 106 kDa 

protein. This program matched spot I (106 kDaspot in the 

Iowa isolate gel) to spots in the gels of the other isolates 

using selected internal marker spots (X,Yand Z , Fig. 15) in 

the small window surrounding spot I. These include three 

p. 1. markers (arbi trar il y assigm~d p. 1. 0, p. 1. 1 and p. 1. 2 ) 

that were found to be consistently spaced in each gel and two 

markers whose molecular weights were estimated by molecular 

weight standards. The spotmatch program matched spot I to 

spots in eight gels (duplicates of each isolate) by p.I. 

(within a range of 0.3 mm around the spot) and by molecular 
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FIGURE 15. Schematic illustration of the 106 kDa sporozoite 
protein spot and its apparent shift in p.I. The two panels 
represent two separate sets of gel runs. Key: (0) Peru 
isolate; ( 0) Alabama; (~) Lousiana; (0) Iowa; (V) internal 
p.I. markers x,y and z. The p.I. of the unknown isolate 
proteins are assigned by Matchware ® to be relative to these 
internal standards (see appendix A). 
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weight (within a range of 0.8 rom around the spot). In 

addition, integrated intensities for the spots were compared 

for similar protein loads. 

Application of PFGE and OFAGE to .Q:.. parwm DNA 

DNA of ~ parvum was electrophoresed using the PFGE 

method of Schwartz and Cantor (1984) as shown in Figure 16, 

panels A and B. In both figures lane 1 contained chromosomal 

DNA of the yeast Saccharomyces cereviciae while lane 2 

contained chromosomal DNA of the Iowa isolate of ~ parvum. 

The figures represent replicate electrophoretic runs. The 

lower molecular weight yeast chromosomes (260 kb to 1400 kb) 

were clearly separated by PFGE. The separation of higher 

molecular weight parasite and yeast DNA bands (above 1400 kb) 

was inconsistent and was associated with significant lane 

distortion. 

Ramped OFAGE electrophoretic separation of ~ parvum DNA 

is shown in Figure 17, panels A and B. Panel A illustrates 

the separation employing ramped gradients beginning at 9 

seconds and ending at 72 seconds over 24 hours. Figure 17, 

panel A, lane 1 represents DNA of the yeast Saccharomyces 

cereviciae while lane 2 represents DNA of the Iowa isolate of 

~ parvum. As observed with the PFGE technique, the lower 

molecular weight bands (260 kb to 1400 kb) were clearly 

resolved. Under these conditions two lower molecular weight 

parasite bands (apprOXimately 1400 kb) were separated, but 



69 

1500-

-1500 

260-
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FIGURE 16. Replicate electrophoretic DNA separation runs 
using the PFGE method. Panel A, lane 1 and Panel B, lane 1 
contained chromosomal DNA of the yeast Saccharomyces 
cerev~c~ae. Panel A, lane 2 and Panel B, lane 2 shows 
chromosomal DNA of the Iowa ~ parvum isolate. 
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FIGURE 17. Electrophoretic DNA separation runs using the 
OFAGE method. Panel A, lane 1 and Panel B, lane 1 
contained chromosomal DNA of the yeast Saccharomyces 
cerev~c~ae. Panel A, lane 2 and Panel B, lane 2 shows 
chromosomal DNA of the Iowa isolate. Panel A represents a 
run using ramped gradients beginning at 9 seconds and 
ending at 72 seconds over a 24 hour period while Panel B 
represents a ramped run beginning at 9 seconds and and 
ending at 135 seconds over a 48 hour period. 
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larger bands appeared to comigrate. Figure 17, panel B, lane 

2 sho~~ the separation of parasite DNA employing ramped 

gradient conditions beginning at 9 seconds and ending at 135 

seconds over 48 hours. The single band observed 

17, panel A, lane 2 has been resolved into two 

Figure 17, panel B, lane 2. In addition, one or 

molecular weight bands appeared near the origin. 

OFAGE run was associated with DNA lane distortion. 

in Figure 

bands in 

two high 

The 48 hour 

Field Inversion Gel Electrophoresis of ~ parvum DNA 

Electrophoresed DNA of ~ parvum is shown in Figure 18. 

Replicate electrophoretic runs showed nearly identical DNA 

separations with no lane distortion. Lanes 1-5 contained DNA 

of ~ parvum isolates from Iowa (calf), Louisiana (horse), 

Arizona (calf), Mexico (human), and Alabama (calf) 

respectively. Five chromosomal DNA bands were demonstrated 

for each of the five isolates. The DNA bands ranged in size 

from approximately 1400 kb for the smallest to over 3300 kb 

for the largest. No distinct differences were 

the migration pattern of the bands between 

isolates. 

observed in 

mammalian 

A diffusely stained band appeared at approximately 

290 kb for some of the isolates (e.g. Figure 18, lanes 3, 4, 

5). Repeated experiments indicate that this region does not 

stain when purified 

(Figure 18, lane 

sporozoites are 

2). Additionally, 

prepared in 

the region 

agarose 

is not 
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FIGURE 18. FIGE separation of chromosomal DNA from~ parvum 
(lanes 1-5) and~ baileyi (lane 6) using a switching 
interval ramp. The forward-migration interval was linearly 
incremented from 9 seconds at t=O hour to 72 seconds at 
t=24 hours with a constant 3:1 ratio between the forward 
and reverse intervals. Lane 1: purified oocysts (2 months 
old) of the Iowa calf isolate; lane 2: purified 
sporozoites of the Louisiana horse isolate; lane 3: 
purified oocysts (6 months old) of the Arizona calf 
isolate; lane 4: purified oocysts (6 months old) of the 
Mexico human isolate; lane 5: purified oocysts (6 months 
old) of the Alabama calf isolate; lane 6: purified oocysts 
(1 month old) of the chicken isolate; lane 7: yeast. 
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discernible if oocysts are purified immediately from infected 

calf feces and processed for FIGE analysis (Figure 18, lane 

1). Agarose embedded oocysts of ~ baileyi (freshly isolated 

from infected chicken eggs) also showed no staining in this 

region. Oocysts previously stored in 2.5% K2Cr207 at ,oC for 

extended periods (6 months) before processing for 

electrophoresis showed the strongest staining (Figure 18, 

lanes 3, 4, 5) in this region. 

Figure 18, lane 6 shows six chromosmal DNA bands of ~ 

baileyi. The smallest band was approximately 1400 kb and the 

largest over 3300 kb. The migration pattern of the bands 

differed distinctly from the pattern displayed by all five ~ 

parvum isolates. Two band positions coincided with bands of 

the ~ parvum isolates, but the four remaining bands did not 

exactly match any of those seen in the ~ parvum isolates. 

Saccharomyces cereviciae chromosomal DNA bands are shown in 

lane 7. The smallest band was approximately 290 kb while the 

largest was over 3300 kb. 

---- - ---- -----------
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Discussion 

Immunity to Cryptosporidium is poorly understood. 

Humoral responses to Cryptosporidium have been demonstrated 

by indirect immunofluorescence assay (Tzipori and Campbell, 

1981) and ELISA (Ungar et al., 1985) but charaterization of 

stage-specific antigens that elicite humoral response to the 

infective stage have not been performed. In this regard, the 

present study was engaged to exam sera reponses to the 

infective sporozoite stage using western blot analysis 

Additionally, it has been reported that that differences 

in virulence may exsist among ~ parvum isolates (Fayer and 

Ungar, 1986). Several isolates were collected for analysis 

using two dimensional and pulse field gel electrophoresis. 

For these studies it was necessary to prepare purified 

sporozoites for analysis. CUrrent methods 

sporozoites require excystation using 

taurocholate (Fayer and Leek, 1984). 

The mechanism by which Cryptosporidium 

released from oocysts is not completely 

for recovery of 

trypsin and 

sporozoites are 

known. studies 

involving related parasites, such as Eimeria, suggest that 

exposure to enzymatic activity and bile salts are necessary 

for the release of sporozoites from sporocysts (Wang, 1982), 

where sporocysts previously have been released from oocysts. 

The comparison of excystation methods for 

Cryptosporidium demonstrated that trypsin and taurocholate 
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can independently induce excystation. The taurocholate 

employed in the present study was supplied as a crude extract 

of ox bile. Crude extracts of taurocholate are known to be 

contaminated by small amounts of proteases such as 

chymotrypsin. When enzyme inhibitors were included in 

taurocholate-based excysting fluids the rate of excystation 

decreased slightly. Optimal sporozoite release (80% 

excystation) occurred when trypsin and taurocholate were 

combined in excysting fluids. These observations agree with 

the results of Fayer and Leek (1984). The apparent 

synergistic effect of combining trypsin with taurocholate 

suggests a role for proteases in excystation. 

Interestingly, Woodmansee (1987) showed that optimal 

conditions for excystation were obtained using taurocholate 

independent of trypsin. Furthermore, his studies showed 

trypsin was not required for excystation and at high levels 

was even inhibitory. From results employing enzyme 

inhibitors, Woodmansee concluded that enzynlatic activity did 

not playa role in excystation. The studies, however, were 

performed with partially purified oocysts pretreated with 

5.25% sodium hypochlorite, which is known to cause 

spontaneous excystation. It is difficult to assess these 

results since replicate experiments performed without 

hypochlorite treatment were not included. 

One and two dimensional gel electrophoretic analyses 
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were performed on sporozoite protein preparations. 

Comparif:;ons between sonicated sample preparations, 

trypsin/taurocholate treated preparations, and preparations 

employing enzyme inhibitors showed no apparent protein 

degradation in the enzyme exposed preparations. Sporozoite 

surface protein tolerance of enzymes and bile salts is not 

surprising since they must remain viable and infectious to 

intestinal cells in an environment containing digestive 

enzymes and bile. 

naturally 

sporozoite 

weight 

Sera from experimentally infected calves and 

infected horses and humans recognized specific 

membrane antigens (3-200 kDa). High molecular 

antigens (96-200 kDa) were also recognized by some of the 

control sera. 

Convalescent sera from Cryptosporidium infected calves, 

horses and humans all recognized a 20 kDa sporozoite antigen 

in western blots. Response to this 20 kDa antigen appeared 

and peaked during convalescence but diminished during post 

convalescence. Responses to some high molecular weight 

antigens persisted for more than a year following infection. 

Human sera from one individual reacted strongly to the 20 kOa 

antigen up to a year after his initial infection (Figure 10, 

Panel A). No diarrheic episodes attributable to 

Cryptosporidium recurred during this period and periodic 

stool examinations demonstrated no detectable oocyst 



shedding. This individual had 

re-exposure to oocysts during 

experimentally infected animals. 
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continuous potential for 

routine handling of 

Conceivably, continued 

antigenic stimulation maintained the serum response to the 

20 kDa antigen. Two other individuals were still positive by 

western blot using 10 month post convalescent sera. One of 

these individuals visited Leningrad between convalescent and 

post convalescent sera samples. Cryptosporidiosis has been 

associated with travel to Leningrad suggesting again possible 

re-exposure to the parasite (Jokipii et al., 1985). The 

second individual reported chronic diarrhea for several 

months prior to the first sera sample. It is not known 

whether this individual experienced additional diarrheal 

illness between the first and second serum sampling dates. 

It has been reported that immunocompromised patients with 

chronic diarrhea present continuously elevated 

anti-cryptosporidial serum titers in ELISA assays (Ungar et 

al., 1985). 

Control sera from the Pueto Vallarta study showed that 

26% of these individuals were positive by western 

analysis. This is consistent with the Ungar and Nash 

blot 

(1986) 

study that showed anti-Cryptosporidiurn reactivity in 20-50% 

of sera from randomly selected populations having no known 

that exposure to the parasite. These results suggest 

e,~osure to CryPtosporidium may be common resulting in 
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undetected infections. 

A 23 kDa antigen of sonicated oocysts recognized try 

immune sera of patients in a previous study (Ungar and Nash, 

1986) probably corresponds to the 20 kDa antigen of purified 

sporozoites demonstrated by the results of the current 

investigation. This 3 kDa difference is probably within the 

expected variation of molecular weight estimates between 

laboratories. Evidence to confirm the sporozoite membrane 

origin of this 

antigen monoclonal 

antigen includes anti-sporozoite 

antibody reactivity in western 

20 kDa 

blots, 

monoclonal antibody and immune serum immunofluorescent 

patterns, and biotinylation of sporozoite membrane proteins. 

Interestingly, Lazo et ale (1985) did not observe 

reactivity to cryptosporidial antigens below 60 kDa when 

testing 40 day post infection sera of a CryPtosporidium 

infected calf. It is not clear why their results differ from 

those of the present study and those reported by Ungar and 

Nash (1986). 

The observed similarities among western blots using 

immune sera taken from calves, horses and humans suggests 

that several antigens, and especially the 20 kDa antigen, are 

probably conserved among the infecting cryptosporidia. Minor 

band variations between blots appear to be as great within 

species (see human blots) as between species (e.g. horse 

versus calf). Since the sporozoites used in the western 
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blots were originally derived from a single calf isolate, 

variation in blotting patterns implies a heterogeneity in 

humoral responsiveness. Alternatively, antigenic differences 

(strain variation) might exist among the infecting 

cryptosporidia. 

Cryptosporidium differs from other coccidian parasites 

by recycling sporozoites in the intestine through the 

generation of thin walled oocysts (Current and Long, 1983). 

It is not surprising therefore that the host mounts a humoral 

response to this life cycle stage. Antibody cross reactivity 

between sporozoites and merozoites may also exist should 

these stages share antigenic determinants. 

the monoclonal antibody C6B6, which binds 

In this 

to the 

regard, 

20 kDa 

surface antigen of 

recovered from the 

sporozoites, reacts with merozoites 

ileum of infected mice via indirect 

immunofluorescence (data not shown). Western blots of 

merozoite membrane antigens have not yet been performed, thus 

limiting the characterization of this cross-reactive antigen. 

The western blot technique described in the present 

study has conf irmed the presence! of a 20 kDa sporozoite 

surface antigen recognized by immune sera of humans which is 

also recognized by the sera of different animals. Reactivity 

to this antigen, in the absence of re-exposure to 

Cryptosporidium, appears to decline following convalescence. 

Serum recognition of this antigen, therefore, probably 

---- ------- --- -----
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correlates with recent exposure to Cryptosporidium. 

Titration of human sera using indirect immunofluoescence 

showed a strong correlation with western blot reactivity. The 

western blot technique had greater sensitivty than the 

indirect immunofluorescent assay which accounts for strong 

serum reactivity in western blots when little or no 

reactivity was observed in the indirect immunofluorescent 

titrations. Additionally, the westen blot technique had 

greater specificity since positive results were dependent on 

reactivity to proteins apparently unique to the parasite. 

Non-specific antibody binding probably accounts for the 

occasional low titers (16 or below) observed with sera 

negative in western blot analyses. 

Two dimensional gel electrophoresis has been used to 

detect protein differences in several species of schistosomes 

(Aronstein and Stran, 1983). These methods were applied to 

isolates of ~ parvum obtained from bovine, equine and human 

hosts from different geographic locations. 

Silver stained gels showed over 300 polypeptide spots 

(Figure 7). Visual comparisons of sporozoite isolate protein 

patterns led to the computer analysis of a subset of spots 

located in a narrow region 120 kDa to 95 kDa and of 5.0 to 

6.5 p.I. where there was little background staining. One 

prominant 106 kDa sporozoite peptide among the cluster of 

spots in this region was investigated for its apparent shift 
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in isoelectic point among the isolates. The shift in p.I. 

for these spots may reflect protein 

amino acid phosporylation, acetylation, 

(O'Farrell, 1975). Mobility 

or 

differences in 

protein allowed three parasite isolates to be 

from one another while two isolates 

indistinguishable. 

glycosylation, 

differences 

this 160 kDa 

differentiated 

were nearly 

The Iowa isolate could be distinguised from the other 

isolates by the more basic (p.I. 6.0) position of its 106 kDa 

protein (Figure 13, Panel A). This protein did not overlap 

or match with the proteins of any other isolate. The 106 kDa 

protein of the Peru isolate also occupied a unique position 

in the gels (Figure 13, Panel C). The Louisiana and Alabama 

isolates could not be distinguished from one another based on 

the protein patterns in their gels (Figure 13, Panel Band 

Figure 14, Panel A). The Mexico isolate was distinquished by 

the absence of the 106 kDa peptide and by the presence of a 

40 kDa peptide not observed in any other isolate (Figure 14, 

Panel B). 

The scope of this study was narrowed by the amount of 

sporozoite protein recovered for each isolate. The limited 

quantities of protein obtained for each 

detailed analyses of the 300 plus proteins 

isolate prevented 

observed in the 

sporozoite preparations. Preliminary studies provide 

biochemical evidence for potential isolate differences. The 
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biological significance of such differences has not been 

addressed. A definitive answer to the question of isolate 

variation must await further analysis. Future studies should 

perhaps be limited to only two or three isolates that appear 

to differ the most (Iowa versus Mexico) given the 

labor-intensive nature of generating parasite protein 

suitable for analysis. 

Pulsed-field gel electrophoresis of DNA, a 

new technique, has been used to differentiate 

subspecies of Leishmania (Holmes Giannini et 

Scholler et al., 1986). and to differentiate 

relatively 

species and 

al., 1986; 

strains of 

Plasmodium falciparum (Van der Ploeg et al., 1985; Kemp et 

al., 1985). The PFGE technique of Schwartz and Cantor (1984) 

and the OFAGE technique of Johnson and Borst (1986) applied 

to ~ parvum DNA were only partly succesful in resolving DNA 

bands. Both methods were limited in usefulness by lane 

distortion and lack of reproducibility. The related 

technique, field inversion gel electrophoresis (Carle et al., 

1986), was succesfully adapted for use with the coccidian 

Cryptosporidium. 

Two methods of preparing parasite DNA were compared to 

devise a rapid, but effective technique. Percoll purified, 

excysted sporozoites were embedded in agarose prior to 

digestion in lysis solution. For comparison, intact, Percoll 

purified oocysts were embedded in agarose before treatment 



83 

with the lysis solution. Chromosomal banding patterns for 

the two preparations were essentially identical. Following 

initial successes, intact oocysts were routinely embedded in 

agarose as the first step in preparing the DNA for FIGE and 

PFGE. It may be possible to directly embed oocysts or 

sporocysts of other coccidian species (eliminating sporozoite 

purification) for FIGE and PFGE analysis. Directly embedding 

cysts of other protozoa may also be possible. 

Some of the embedded oocyst preparations showed diffuse 

DNA staining at approximately 290 kb (Figure 18). A sizeable 

portion of the embedded oocysts from these preparations were 

probably non-viable and contained degraded DNA which migrated 

to the 290 kb region. Speer et ale (1986) have shown an age 

related decrease in oocyst excystation efficiency. In this 

laboratory, oocyst excystation rates decreased significantly 

upon extended storage. Freshly isolated oocysts generally 

excysted at rates 90% or greater while oocysts stored 6 

months or more rarely excysted at rates greater than 40-50%. 

The non-excysting oocysts were presumably non-viable. 

The FIGE technique has been shown to be valid for 

differentiating isolates of ~ parvum from ~ baileyi. These 

chromosomal DNA differences are probably translated into 

differences in cell surface proteins. Supportive 

for this includes differential reactivity to oocyst 

by monoclonal antibodies (Mead et al., 1988a). The 

evidence 

antigens 

lack of 
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oocyst antigen and chromosomal band differences among 

isolates of ~ parvum suggests this species has a conserved 

genome. Size-independent differences in the DNA (sequence 

differences) may remain undetected by the FIGE technique. 

Biochemical differences in sporozoite proteins between 

Q. parvum isolates were identified using two dimensional gel 

electrophoresis. Biochemically distinct isolates may 

correlate with biological differences in clinical illness 

among humans and morbidity and mortality in animals. Tools 

for fUrther characterization of these isolates may become 

available through the generation of isolate-specific 

monoclonal antibodies. These antibodies may be useful in 

identifying specific proteins that can 

epidemiological and immunization studies. 

be use in 
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Appendix A. Spotmatch analysis of sporozoite proteins 
separated by two dimension gel electrophoresis (* represents 
the isolate spots summarized in Fig. 15). 

PERU ISOLATE SPOROZOITE PROTEINS: GEL 1909 

REF GEL ..1L~~ MW II MAT Tl T2 T3 T4 T5 T6 T7 T8 -.---.-------
22 T1 374 112 0.67 105.91 0.95 3 22 12 0 0 13 0 0 0 
21 Tl 354 67 1.00 117.06 1.00 8 21 11 7 7 3 3 12 6 

*20 Tl 308 110 1. 77 106.41 3.92 2 20 0 0 0 11 0 0 0 

ALABAMA ISOLATE SPOROZOITE PROTEINS: GEL 1924 

12 T2 436 110 0.39 106.22 0.28 6 
11 T2 402 67 1.00 117.06 1.23 8 

*13 T2 384 110 1.32 106.22 4.35 5 

22 12 19 9 15 0 13 0 
21 11 7 7 3 3 12 6 
o 13 17 0 12 18 0 5 

LOUISIANA ISOLATE SPOROZOITE PROTEINS: GEL 1925 

REF GEL -1L ~~ MW II MAT Tl T2 T3 T4 T5 T6 T7 T8 

19 T3 410 96 0.31 105.72 0.08 5 0 12 19 9 15 0 13 0 
18 T3 408 66 0.34 113.28 0.08 5 0 0 18 0 6 0 0 0 

7 T3 370 51 1.00 117.06 2.04 8 21 11 7 7 3 3 12 6 
*17 T3 349 95 1.10 105.97 8.86 3 0 13 1'/ 0 0 18 0 0 

IOWA ISOLATE SPOROZOITE PROTEINS: GEL 1927 

REF GEL -1L-~ ~_ MW ...-!L- MAT Tl T2 T3 T4 T5 T6 T7 T8 

*9 T4 378 132 0.19 107.97 2.88 5 0 12 19 9 15 0 13 0 
7 T4 336 89 1.00 117.06 2.76 8 21 11 7 7 3 3 12 6 

REF = protein spot identity 
GEL = gel identity 
X,Y = spot coordinates 
PI = isoelectric point 
MW = molecular weight in kDa 
II = integrated intensity 
MAT = number of spots matched in other gels 
T1-T8 = spots matched (if any) in gels T1 through T8 
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Appendix A continued. 

PERU ISOLATE SPOROZOITE PROTEINS: GEL 1934 

REF GEL~~~ MW ~ MAT Tl ~~2 T3 T4 T5 T6 T7 T8 

6 T5 336 62 0.09 116.82 0.62 2 0 0 18 0 6 0 0 0 
15 T5 328 103 0.22 107.00 0.09 5 0 12 19 9 15 0 13 0 
13 T5 304 104 0.59 106.76 0.14 5 22 0 0 0 13 0 0 0 

3 T5 278 61 1.00 117.06 0.26 8 21 11 7 7 3 3 12 6 
*12 T5 248 104 1.47 106.76 1.99 5 0 13 0 0 12 18 0 5 
*11 T5 228 104 1.78 106.76 3.31 2 20 0 0 0 11 0 0 0 

LOUISIANA ISOLATE SPOROZOITE PROTEINS: GEL 1935 

REF GEL ~~~ MW ~MAT Tl T2 T3 T4 T5 T6 T7 T8 

3 T6 354 18 1.00 117.06 0.64 8 21 11 7 7 3 3 12 6 
*18 T6 324 66 1.38 106.01 9.70 5 0 13 17 0 12 18 0 5 

IOWA ISOLATE SPOROZOITE PROTEINS: GEL 1946 

REF GEL ~~~ MW ~MAT Tl T2 T3 T4 T5 T6 T7 T8 

*13 T7 392 115 0.31 107.76 1.85 5 0 12 19 9 15 0 13 0 
12 T7 356 82 1.00 117.06 0.40 8 21 11 7 7 3 3 12 6 

ALABAMA ISOLATE SPOROZOITE PROTEINS: GEL 1947 

REF GEL ~~~ MW ~MAT T1 T2 T3 T4 T5 T6 T7 T8 

*5 T8 370 127 1.41 107.15 5.77 4 0 13 0 0 12 18 0 5 
6 T8 396 87 1.00 117.06 1.39 8 21 11 7 7 3 3 12 6 

REF = protein spot identity 
GEL = gel identity 
X,Y = spot coordinates 
PI = isoelectric point 
MW = molecular weight in kDa 
II = integrated intensity 
MAT = number of spots matched in other gels 
T1-T8 = spots matched (if any) in gels T1 through T8 
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