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1. Summary.

A total of 31 oocyst suspensions of Cryptosporidium parvum were examined

which comprised 4 different ‘strains’ designated, Arizona, PHLS, Moredun and Iowa.

The samples were received either as whole faeces, or as oocyst suspensions which had

been treated with various cleaning procedures described as: sucrose; sucrose and

caesium chloride; ether; and sodium chloride. Oocysts were stored in phosphate

buffered saline or potassium dichromate.

Target DNA was extracted from all samples irrespective of the various

cleaning treatments, and which resulted in the generation of amplicons for both the

cryptosporidial COWP and TRAP C1 genes. Analysis of the restriction digest patterns

showed that the C.parvum in all samples was of  genotype 2

SDS/PAGE Western blotting analysis generated reproducible patterns with

duplicate tests of each sample and patterns of between six and zero bands were

obtained. Intra-strain analysis showed that differences were obtained from samples

subjected to the various cleaning treatments and these resulted in the loss, but without

change in apparent molecular weight, of bands within each profile.  Identical results

were obtained with whole faeces and ether treated samples for all four C.parvum

strains.  Compared to the results obtained with whole faeces, almost all samples stored

in dichromate showed a loss of some or all of the bands: there was also a loss in

intensity of the bands obtained from the dichromate preserved samples. Minor

differences (loss or gain of one or two bands) were seen between some of the other

treatments. Inter-strain comparisons showed that the Iowa and Arizona isolates gave

identical banding patterns but were different from those obtained with the PHLS and

Moredun isolates. The PHLS and Moredun strains gave distinct banding patterns.



There were three bands common to all four strains examined (apparent molecular

weights of 230, 90 and 80 KDa) and one band (260 KDa) common to all except the

PHLS strain.



2. Introduction.

The coccidian parasite Cryptosporidium is increasingly recognised as a major

cause of diarrhoeal disease world-wide (Fayer et al. 1997): in England and Wales 4-

6,000 cases are reported yearly (PHLS unpublished data).  Infection occurs via the

oral route, and recent large water-borne outbreaks affecting 500 and >400,000

individuals have occurred in the UK and USA respectively (Casemore et al. 1997).

The exact modes of transmission, however, are often unclear and the importance of

foreign travel, consumption of foods, beverages or water, and person to person

transmission, as well as the role of infected animals in disease transmission remains to

be ascertained (Casemore et al. 1997).

Because of the public health importance of this parasite there is much interest

in investigating the robust properties of the oocyst (infective) form of

Cryptosporidium such as resistance to chemical agents, infectivity etc. (Rose et al.

1997).  Since the organism cannot be cultured in vitro, experiments rely on the

purification of material from the faeces of naturally or experimentally infected

humans or animals: lambs or calves are used most often (Lindsay 1997).  However,

since there have been limited tools available to characterise C.parvum, it is unclear

what differences occur in ‘strains’ used in different laboratories. In addition, it is also

unclear as to how much inter-strain variation or different treatment procedures

contribute to differences in the physical properties of oocysts reported by different

laboratories.

Strain variation within C.parvum has been reported by: SDS-PAGE Western

blotting of oocyst wall antigens (Nichols et al. 1991; McLauchlin et al. 1998);

isoenzyme analysis (Awad el Kariem et al. 1995); PCR-RFLP analysis of specific



genes or gene sequences (Bonnin et al. 1996; Spano et al. 1997); random primer PCR

(Morgan et al. 1995); and direct sequencing of parts of a specific gene (Peng et al.

1997).

The purpose of this project was to apply characterisation methods for

C.parvum currently used in the PHLS Food Hygiene Laboratory, i.e. SDS-PAGE

Western blotting and PCR-RFLP analysis of the two cryptosporidial genes COWP

and TRAP-C1 to C.parvum material provided by Alcontrol Laboratories UK. The

C.parvum material used in this project comprised four strains of well described

origins that had been treated by different standard cleaning procedures.

The two characterisation tests used (PCR-RFLP polymerase chain reaction-

restriction fragment length polymorphism and SDS-PAGE (sodium dodecyl sulphate

polyacrylamide gel electrophoresis) Western blotting involve the analysis of patterns

of molecules separation on the basis of their molecular size by electrophoresis. In the

case of PCR-RFLP, DNA is isolated from faeces, amplified using the polymerase

chain reaction, and cut into specific sized fragments using an enzyme (a restriction

endonuclease). The DNA fragments are separated by molecular size, and detected

using a chemical stain (ethidium bromide). The DNA banding patterns are compared.

The SDS-PAGE Western blotting comprises extracting parasite antigens (probably

proteins) from faeces in a soluble form, which are separated by molecular size,

transferred to a solid support (nitrocellolose paper) and specifically detected using an

antibody. The banding patterns of the antigens are compared. These two techniques

can be used to show reproducible differences and are used to recognise strains (types)

of closely related organisms.



3. Materials and methods.

3.1. Cryptosporidial oocysts.

31 oocyst suspensions were received from Alcontrol Laboratories

during the first six months of 1998. These comprised 4 different ‘strains’ designated

as, Arizona, PHLS, Moredun and Iowa. The samples were received either as whole

faeces, or as oocyst suspensions that had been treated with various standard cleaning

procedures described as: sucrose; sucrose and caesium chloride; ether; and sodium

chloride. Oocysts were stored in phosphate buffered saline or potassium dichromate.

The list of samples, numbers of oocysts and treatments are listed in Table 1.

3.2. Genetic analysis.

3.2.1. Oocyst disruption and DNA extraction.

Oocyst disruption and DNA purification were performed using a modification of the

methods of Stahl et al. (1988), Boom et al. (1990) and  Lin et al. (1995).

Approx. 100 µl of whole faeces or 100 µl  of purified oocysts (equivalent to

106 – 104 oocysts) were added to a screw-cap microfuge tube containing 900 µl of

lysis buffer L6 (10 M guanidinium thiocyanate, 0.1 M Tris-HCl pH 6.4, 35 mM

EDTA pH 8, 2% (w/v) Triton X-100 and 0.3 g of 0.1 mm dia. zirconia beads (Stratech

Scientific, Luton, UK). The tube was shaken in a Mini-Beadbeater (Stratech

Scientific, Luton, UK) for 2 min at maximun speed, left at room temperature for 5

min, and then centrifuged at 12,000 x g for 15 sec. The supernatant was transferred to

a clean microfuge tube and 40 µl of coarse activated silica suspension added (Boom et

al. 1990). The tube was then thoroughly mixed in a vortex mixer, left at room

temperature for 10 min, and after a further centrifugation (as described above), the



supernatant discarded. The pellet was washed by centrifugation twice with 200 µl L2

washing buffer (10 M guanidinium thiocyanate, 0.1 M Tris-HCl), once with 200 µl

ice cold 80% ethanol and once with 200 µl acetone. The acetone was discarded and

the pellet dried at 56° C for 5 min. 100 µl of water were added and after vortex

mixing, incubated at 56° C for 10 min. The contents of the tube was then centrifuged

for 1-2 min at 12,000 x g and the supernatant containing the DNA transferred to a

clean tube.

DNA samples were used directly for PCR amplification or stored at -20° C

until further use.

3.2.2. Polymerase chain reaction/restriction fragment length polymorphism

(PCR-RFLP) analysis.

PCR-RFLP analysis was performed as outlined by Spano et al (1997) for the

Cryptosporidium outer wall protein gene (COWP) and by Spano (University of Rome,

unpublished data) for the thrombospondin related adhesive protein C1 (TRAP C1).

 PCR amplification was performed for each gene in 25 µl total volumes and

included 5-15µl of extracted target DNA in 1 x PCR buffer, 1.5 mM MgCl2, 250 µM

of each dNTP, 30 pmol of each primer, and 1.25 U of Taq DNA Polymerase (Gibco

Life Technologies, Paisley, UK). The tubes were subject to 35 cycles of 94° C for 60

sec, 52° C for 30 sec, and 72° C for 60 sec followed by a final extension at 72° C for

10 min. A 5 µl aliquot of each PCR product was examined  on a 1% agarose/ethidium

bromide gel to ensure that amplification had been achieved and the remaining product

digested in a final volume of 25 µl with 5 U of RsaI (Gibco) for 3 hours at 37° C.

Restriction fragments were resolved on 3.2% typing grade agarose (Gibco) containing



ethidium bromide gels and recorded using UV transillumination and Type 52 film

(Polaroid Ltd, St Albans Herts).

The primers and expected DNA fragments are listed in Table 2.

3.3. SDS-PAGE Western blotting.
Sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE)

Western blotting was performed as previously described (McLauchlin et al. 1998).

3.3.1. Oocyst lysate preparation

For whole faeces, 1g of the original sample was mixed with 5ml sterile

distilled water and 2ml ether and placed in the upper chamber of a Faecal Parasite

Concentrator (Interstep Systems, Wokingham, Berkshire). The resulting suspension in

the lower chamber was washed three times in distilled water by centrifugation (1000 x

g for 10 mins at 4OC) and resuspended in an equal volume of SDS-sample buffer

(0.125M Tris-HCl pH 6.8 with 4% w/v sodium dodecyl sulphate (SDS), 10% v/v 2-

mercaptoethanol, 20% v/v glycerol and 0.004% w/v bromophenol blue) and placed in

a boiling water bath for 5 minutes.

Approximately 105 purified oocysts were treated as above, by centrifuging and

resuspending in an equal volume of SDS sample buffer followed by treatment in a

boiling water bath.

All samples were tested on the day of preparation.

3.3.2. SDS-PAGE electrophoresis and Western blotting

Electrophoresis was performed using the Mighty Small II electrophoresis

system (Hoefer, San Francisco, USA) in 80 x 100 x 0.5mm sized gels with 5mm

tracks. Discontinuous gels with 10% acrylamide separation gel were prepared using

standard techniques. Wells were loaded with the oocyst lysate and prestained



molecular weight markers (190-36 kDa, Sigma, Poole, UK). Electrophoresis at 20 mA

constant current per gel was performed until the marker dye reached the bottom of the

separation gel.

The antigens from SDS-PAGE gels were transferred onto 0.45µm nitro-

cellulose membrane (BioRad Laboratories, Hercules, USA) by Western blotting as

described previously (Bjerrum and Schafer-Nielsen, 1986) in a Trans Blot Semi-dry

Transfer System (Bio-Rad) at 15 Volts for 25 minutes. Relative mobilities (Rf) for

each molecular weight marker were calculated using the manufacturer’s instructions.

Western blots were immersed for 1 h in approximately 25ml blocking buffer

(5% w/v dried skimmed milk, 1% w/v bovine serum albumin, 0.05% v/v Tween-20 in

Dulbecco A phosphate buffered saline, (PBS) Oxoid, Baisingstoke UK). The

membrane was then incubated in 10ml anti-mouse monoclonal antibody MAb-C1

(whole ascitic fluid produced in-house; McLauchlin et al. 1987) diluted 1:500 in

blocking buffer for one hour, washed three times for 5 minutes in 100ml PBS-T (PBS

with 0.05% v/v Tween-20) then incubated for 1 h in 10ml of anti-mouse-horse-radish

peroxidase (HRP, A412, Sigma) conjugate diluted 1:250 in blocking buffer and

washed as above. Bound HRP was detected using the enhanced chemiluminescence

ECL system (Amersham Life Sciences, Little Chalfont, UK) and photographic film

(Hyperfilm-ECL, Amersham) according to the manufacturer’s instructions.

Sequential photographs were taken with exposure times varying between 1 and 10

minutes. All incubations were carried out at room temperature.



All samples were prepared in duplicate. Composite data from all photographic

images were prepared and analysed by calculation of similarities between banding

patterns using the  Dice band matching coefficient (Dice, 1945).

Dice percentage similarity = number of matching bands  x 100

                                             Total number of bands



4. Results.

4.1 PCR-RFLP analysis

Target DNA was extracted from all samples irrespective of the various

treatments. This generated amplicons for both the C.parvum COWP and TRAP C1

genes. Analysis of the restriction digest patterns showed that all samples contained

C.parvum, and that these were all genotype 2. PCR-RFLP results from representative

samples are shown in Fig 1.

4.2. SDS-PAGE Western blotting analysis.

Photographic film results from a representative Western blot are shown in Fig

2, and a schematic representation of the composite results for all samples in Fig 3.

Reproducible patterns were obtained with the duplicate tests of each sample that

produced patterns of between one and six bands.

Intra-strain analysis showed that differences were obtained with the various

treatments and these resulted in the loss, but not change in apparent molecular weight

of bands, within each profile.  Identical results were obtained with whole faeces and

ether treated samples for all four C.parvum strains.  Compared to the results obtained

with whole faeces, almost all samples stored in dichromate resulted in loss of some or

all bands (Fig 3): there was also a loss in intensity of  bands obtained with the

dichromate treated samples. Two bands were lost in the Iowa sample that had been

sucrose/caesium treated when compared to the pattern obtained with whole faeces.

There was an additional two bands observed with the Arizona samples that had been

sucrose and sucrose/caesium  treated.

Inter-strain comparisons were performed using Ward similarities (Ward 1963)

of banding patterns obtained from whole faeces or ether treated samples (Table 3).



The Iowa and Arizona strains gave identical banding patterns (100% similar) but they

differed from the PHLS and Moredun isolates (66-88% similar) (Table 3). The

Moredun and PHLS strains gave distinct banding patterns (Fig 3).  There were  three

bands common to all the strains (apparent molecular weights of 230, 90, and 80 KDa)

and one band (260 KDa) common to all except the PHLS isolate (Fig 3).



5. Discussion.

It has previously been shown that C.parvum from livestock animals are of

restricted genotype (Spano et al. 1997; Peng et al. 1997), and that experimental

infection can only be induced in calves from one of the two genotypes of this parasite

(Peng et al. 1997). The  PCR RFLP analysis presented here show that all samples

contained C.parvum, and this was of  genotype 2. These results are in complete

agreement with these previous observations (Spano et al. 1997; Peng et al. 1997).

Some cleaning and preservation agents (particularly dichromate) are known to

produce inhibition of PCR reactions (Wilson 1997). However, the procedure used

here for DNA extraction clearly produced target DNA capable of amplification in

PCR reactions from all strains of C.parvum, and from all cleaning treatments applied.

Alternatives to the rather labour intensive SDS-PAGE Western blotting technique will

be applicable to similar experiments in the future when more discriminatory genetic

markers are described for this parasite.

The SDS-PAGE Western blotting technique used here (McLauchlin et

al.1998) has demonstrated a high degree of diversity (predominantly amongst human

isolates) of C.parvum, and the method has been shown to have a level of

reproducibility sufficient to allow epidemiological typing. Similar levels of

reproducibility were obtained in this study, identical patterns were obtained on both

testing duplicates of the same samples, and on duplicate treatments: the procedure

used to test the whole faeces is identical to that for the ether treated samples obtained

from the Alcontrol Laboratory, and for all four strains tested here, these gave identical

banding patterns.



The pattern obtained from the Moredun strain was comparable to that

previously obtained, although the band of molecular weight at 128 KDa was not

detected in this series of experiments. Similar loss of one or two bands had been

previously been reported (McLauchlin et al. 1998). Four bands described here were

common to three of the strains and three bands to all strains tested here, and this is

contrary to what was previously recognised (McLauchlin et al. 1998). However in the

previous evaluation of the SDS/PAGE Western blotting, the patterns were

predominantly obtained from C.parvum genogroup 1 (McLauchlin and colleagues,

unpublished data), and isolates from this genotype may show different characteristics

to those of the genogroup 2 isolates described here.

The identical SDS-PAGE Western blotting banding patterns obtained with the

Arizona and Iowa strains were consistent with these being the same strain, however

they differed from both the Moredun and PHLS isolates. The Moredun and PHLS

isolates differed from each other, and this indicates that experiments performed

elsewhere in this project were performed on three distinct C.parvum strains.

It has previously been noted that differences in monoclonal antibody binding

to oocysts  have been obtained under various chemical and preservation treatments

(Tilley & Upton 1997), and these are in part consistent with the intra-strain

differences in banding patterns between the various treatments obtained here. The

differences reported elsewhere have included observations of antibodies that did not

react with dichromate or periodate treated oocysts, as well as those that did  react with

dichromate but not  with newly passed or formalin fixed oocysts (Tilley & Upton

1997). The mechanism for the inhibition of binding of the monoclonal antibody

MAB-C1 to dichromate treated oocysts described here was not investigated, however



it was shown that this effect could not be reversed by extensive washing of the oocyst

suspensions (data not shown). The effects of the dichromate could be due to:

inhibition of extraction of the oocyst wall antigen; inhibition of the antigen to

SDS/PAGE electrophoresis or binding to nitro-cellulose paper; or stearic hindrance of

the antibody to the antigen binding site.

The C.parvum sporozoite is a relatively delicate structure and the oocyst is a

barrier which protects the sporozoite  and provides the basis for the remarkably robust

properties of resistance to both physical disruption and chemical disinfection   (Fayer

et al. 1997; Rose et al. 1997; Tilley & Upton 1997). The physical  and biochemical

nature of the oocyst is poorly understood, and a more profound understanding of these

may provide more rational approaches  to controlling this organism in the future.



Table 1. List of samples and treatments

Strain Numbers of oocysts (log 10) treated with:
designation    F SC SCD S SD E ED N ND

Arizona     7 6  6 7 7 6 6
PHLS     7 6  6 6* 6 7 6
Moredun     7 6 6 6 6 6 6
Iowa     5 5 5 5 5 6 6  6 6

* 2 samples received
F = whole faeces; S = sucrose; D = dichromate
C = caesium; E = ether;  N = sodium chloride
Numbers of oocysts determined by Alcontrol



Table 2. Primers and expected DNA fragment sizes for PCR RFLP
characterisation of C.parvum

Genes COWP TRAP-C1

Primers 5’- GTA GAT AAT GGA AGA
GAT TGT TG - 3’

5’ – GGA CTG AAA TAC AGG
CAT TAT CTT G - 3’

5’-GGA TGG GTA TCA
GGT AAT AAG AA - 3’

5’-CAA TTC TCT CCC
TTT ACT TC - 3’

Amplicon (base
pairs)

 550 506

RsaI digestion
  Patterns (base
  Pairs):
   Genotype 1 285, 125, 106, 34 341, 114, 51
   Genotype 2 410, 106, 34 455, 51



Table 3. Ward Similarities between SDS-PAGE Western blotting
patterns of four C.parvum strains

Ward similarity index between SDS-PAGE banding patterns
‘Strain’
designation

Arizona PHLS Moredun Iowa

Arizona 100%
PHLS 75% 100%
Moredun 88% 66% 100%
Iowa 100% 75% 88% 100%

Results based on bands obtained with whole faeces or ether treated
samples.
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