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Abstract: Three new genes of Cryptosporidium parvum were cloned, including a gene encoding methionine
aminopeptidase, one encoding chaperonin containing T-complex protein 1 delta (TCP-1 delta) and one with un-
known function. DNA sequence analysis indicated that these genes are quite conserved, but there were some base
pair differences between genotype | and genotype Il isolates. These differences were confirmed by PCR-restriction
fragment length polymorphism (PCR-RFLP) analysis of the 3 genes from 41 isolates collected from different hosts
and geographica origins. In brief, the band patterns generated by endonuclease Hind 11 or Hinf | restrictions of
the gene of methionine aminopeptidase, Sac | restriction of the gene of chaperonin, or Ava ll restriction of the un-
known gene could differentiate the isolates of C. parvum into genotype | and genotype II. PCR primers based on
these genes amplified only C. parvum genes. Even a single oocyst was detectable with these PCR primers. Thus
the results provided further evidence that genotype | and genotype Il are distinct, and our three new primers can be
used to detect and characterize C. parvum isolates with high sensitivity.
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INTRODUCTION

Anintestina protozoan parasite, Cryptosporidium par-
vum is the major causative agent of cryptosporidiosisin hu-
mans and livestock. Outbreaks of human cryptosporidiosis
are often caused by the contamination of water supplies
with this parasite throughout the world. Because of the epi-
demiological importance, it is desirable to develop a sensi-
tive detection technique for this parasite and accurate ge-
netic classification.

To this end, many efforts have been made to character-
izeisolates of C. parvum in the past decade. The difference
in virulence, infectivity, pathogenesis and drug sensitivity
has indicated that C. parvum is not a uniform species or
monophyletic (Morgan et al., 1999a; Okhuysen et al.,
1999; Pereiraet al., 2002). The present working hypothesis
is that C. parvum is composed of two main genotypes,
genotype | and genotype Il. Genotype | (human genotype
or anthroponotic genotype) is exclusively found in humans,
while genotype Il (bovine genotype or zoonotic genotype)
was first found in cattle and has aso been found in a wide
range of mammals, including humans. Some other host-
adapted-genotypes have been also found among C. parvum
isolates, such as the pig, dog and mouse genotype (Morgan
et al., 1999b; Sulaiman et al., 2000; Xiao et al., 2000a)

With the enormous development of gene technology,
gene diversities between genotype | and genotype |l have

been reported. The evidence includes sequence and/or
PCR-RFLP analysis of several geneloci, such as 18S rRNA
(Morgan et al., 1997; Xiao et al., 1999), COWP (Spano et
al., 1997; Xiao et al., 2000b), HSP70 (Gobet and Toze,
2001; Sulaiman et al., 2000), TRAP (Spano et al., 1999;
Sulaiman et al., 1998), and/Cpgp40/15 (Wu et al., 2003).

In the present study, we cloned 3 new genes of C. par-
vum adapting our previous method to design PCR primers
from random amplified polymorphic DNA (RAPD), and
further confirmed the distinctness between genotype | and
genotype Il of C. parvum by the sequences and PCR-RFLP
analysis of the isolates from different hosts with different
geographical origins.

MATERIALSAND METHODS

Parasite isolates

Forty-oneisolates of C. parvum were used. The details
were published in our previous paper (Wu et al., 2003).
The host and geographical origins are shown in Table 1.

All fecal samples were preserved in 2% K.Cr.O; and
oocysts were isolated using a sucrose flotation method. The
samples were refined, contaminated micro-organisms being
reduced to a minimum level using an immuno-magnetic
separation kit (Dynabeads anti-Cryptosporidium, Dynal A.
S., Odo, Norway).

Oocyst DNA was isolated by the method described
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Table 1. Isolates of C. parvum.

Code Host origin Geographical origin Genotype
CGJ1 Cdf Gifu, Japan I
CGX2 Caf Gifu, Japan I
CGJ3 Caf Gifu, Japan I
CGH Cdf Gifu, Japan 1
CGXH Cdf Gifu, Japan I
CGJ6 Caf Gifu, Japan I
CKJ Caf Kaobe, Japan I
CKJ2 Calf Kobe, Japan I
CKJ3 Caf Kabe, Japan I
CKA Caf Kobe, Japan I
CKJ5 Calf Kobe, Japan I
CKJ6 Caf Kabe, Japan I
CKJ7 Caf Kobe, Japan I
CKJ8 Cdf Kobe, Japan I
CKJX9 Cdf Kabe, Japan I
CKJI0 cdf Kabe, Japan I
CKJ11 Calf Kobe, Japan I
CNJ1 Calf Nagoya, Japan I
Ci1 Cdf Italy I
cl12 Calf Italy Il
CI3 Calf Italy ]
Cl4 Cdf Italy I
CI5 Caf Italy 1
cl6 Calf Italy I
Cl7 Calf Italy I
CI8 Caf Italy I
Gl1 Goat Italy I
HJL Human Japan I
HJ2 Human Japan I
HJ3 Human Japan |
HI1 Human Italy |
HI2 Human Italy |
HI3 Human Italy |
Hi4 Human Italy |
HI5 Human Italy [
HN1 Human Nepal |
HN2 Human Nepal |
HN3 Human Nepal I
HN4 Human Nepal |
HN5 Human Nepal |
HN6 Human Nepal |

previously (Wu et al., 2000). In brief, oocysts were frozen
and thawed repeatedly 5 times, treated at 100C for 20 min,
and then the samples were digested with proteinase K at a
final concentration of 200 pg/ml at 55°C for 3 hours. The
reaction was stopped by heating at 95C for 5 min. The
treated samples were then directly used as a template for
PCR.

Development of PCR primers

PCR primers were produced according to our previ-
ously described methods (Nagano et al., 1996). In brief,
RAPD was produced from C. parvum DNA (Code#t CGJ2)
by means of arbitrary primed PCR (AP-PCR) using 10 base

pair primers. The three target genes thus obtained were
RAPD SB281, SB289 and SB012, which were produced by
primers tgatgaccgc, gegtgctcac and cggececctgt, respectively.
The DNA fragments were extracted and sequenced. Based
on these sequences, 3 pairs of primers were developed as
shown in Table 2.

Detection sensitivity and specificity of primers

The sensitivity of primers was tested by amplifying se-
ridly diluted template DNA. The purified oocyst DNA was
diluted at 160, 40, 10, 2.5, 0.625, 0.156, 0.039 and 0.001
po/ul. Tested primers included the primers SB281, SB289
and SB012, as well as 3 other primers to amplify the genes
of COWP (GenBank accession No.: AF266273, Xiao et al.,
2000b), HSP70 (GenBank accession No.: AF221535, Su-
laiman et al., 2000), and TRAPL (GenBank accession No.:
AF017267, Spano et al., 1998), as shown in Table 2. PCR
conditions were as follows: one cycle of initial denaturing
at 94°C for 3 min; 35 cycles at 94C for 30 sec, 51-56C (see
details in Table 2) for 30 sec, and 72<C for 1 min; and one
cycleof final extension at 72°C for 10 min.

The specificity of the primers SB281, SB289 and
SB012 was tested by detecting various kinds of template
DNA, including C. parvum and control samples of C. muris,
human, bovine, Entamoeba histolytica, Giardia lamblia,
Blastocystis hominis, Ascaris lumbricoides, Trichomonas
vaginalis, Trichinella spiralis and Escherichia cali.

DNA sequencing and sequence analysis

The RAPD was produced by primer SB281, SB289 or
SB012 from 16 isolates, which included 8 calf isolates
(Codett CGJ2, CGJ5, CKJ1, CKJ3, CKJ7, CNJ1, CI2 and
CI8) from Japan and Italy, one goat isolate (Code# Gl1)
from Italy and 7 human isolates (Code#t HJ1, HJ2, HJ3, HI1,
H12, HN4 and HN®6) from Japan, Italy and Nepal. DNA se-
guence of the RAPD was determined using a Thermo Se-
guenase cycle sequencing Kit (USB Corporation, Cleveland,
USA) and an automatic sequencer (Model L1C-4200, Aloka
Co., Ltd., Tokyo, Japan). The sequence data were analyzed
using DNASIS Software (Hitachi Software Engineering,
Tokyo, Japan). Homology searching on the nucleotide and
protein database was carried out using the BLAST program
at NCBI (Bethesda, MD, USA). Pairwise sequence align-
ment and protein identities were performed using CLUS
TALW 1.8 software (Jeanmougin et al., 1998) and PHYLIP
DNADIST software (distributed by Felsenstein, Department
of Genetics, University of Washington, Seattle).

PCR-RFLP
PCR and RFLP were performed according to our pre-
viously described methods (Wu et al., 1999). PCR prod-



Table 2. Criteriaof PCR Primers.

Annealing

Product

Primer Sequence ™™ size Target gene
SB281 5'-gatagtgttccatttgagagg-3' 510 553 methionine
5’ -ttagatgcaacaaatacaggat-3’ ' aminopeptidase
SB289 5'-cccaattcagttctgtetct-3' 510 505 chaperonin containing
5'-aataatgctcctaacaacgce-3' ' TCP-1delta
SB012 5’-cteegttcgatgatgcagatg-3'
5’-cggcccctgtagaaataagtca-3' 513 434 unknown
COWP 5'-ggttcctectatgectttct .
5 -gtgggcattcctttgigac 52.7 869 oocyst wall protein
HSP70 5’ -tcagttgccatcagtagage .
5 -tettcttctcagoctcatca 52.5 841 heat shock protein
TRAPL 5'-ggatgggtatcaggtaataagaa 520 1177 thrombospondin-related

5'-tagcccagttctgactctctg

adhesive protein

Table 3. Predicted RFLP pattern of RAPD SB281, SB289 and SB012 PCR products.

Size of predicated bands

Isolate SB281 SB289 SB012 Genotype
Haelll Hinf | Sac | Avall
CGJ2 59, 494 75, 478 505 152, 282 1
Cl2 59, 494 75, 478 505 152, 282 I}
1G1 59, 494 75, 478 505 152, 282 I
HJ2 59, 204, 290 75, 138, 340 232,273 434 I
HJ3 59, 204, 290 75, 138, 340 232,273 434 |
HNG6 59, 204, 290 75, 138, 340 232,273 434 |
HI2 59, 204, 290 75, 138, 340 232,273 434 |

ucts were purified by ethanol precipitation, and then di-
gested with an appropriate restriction endonuclease (Hind
I11, Hinf 1, Sac | and Avall) according to the manufacturer’s
instructions. The digests were subjected to el ectrophoresis.

RESULTS

Sequence analysis

Three dense RAPD bands with an appropriate molecu-
lar size of 610 (SB281), 600 (SB289) and 550 bp (SB012)
were generated from the template DNA of the isolate CGJ2.
The RAPD fragments were isolated from the gel and se-
guenced (GenBank accession No: AY 488139, AY 4388146,
AY 488153). Based on the 3 sequences, 3 pairs of primers
were developed (Table 2). The RAPD from 16 isolates (in-
cluding 8 calf isolates from Japan and Italy, one goat isolate
from Italy and 7 human isolates from Japan, Italy and Ne-
pal) were produced with the 3 developed primers and se-
guenced (GenBank accession numbers are shown in Figs 1,
2 and 3).

Homology analysis of the RAPD sequence showed
that these genes were quite conserved among different iso-
lates, as shown in Figs 1, 2 and 3. The identities of the se-
quences of SB281 RAPD, SB289 RAPD, and SB012

RAPD were 98.0-100%, 97.6-100%, and 98.2-100% among
the 16 isolates, respectively.

The animal isolates shared nearly the same sequence
regardless of their origin. The identities of SB281 RAPD,
SB289 RAPD, and SB012 RAPD among the 9 animal iso-
lates were 99.3-100%, 99.6-100% and 99.0-100%, respec-
tively. The same was true for human isolates. The identi-
ties of RAPD SB281, RAPD SB289, and RAPD SB012
among the 7 human isolates were 98.4-99.6%, 98.0-100%
and 99.3-100%, respectively.

Although DNA sequence was conserved, there were
point mutations in human origin isolates (except the isolate
HJ1) at identical nucleotide sites. The point mutation pat-
tern was different from the animal origin isolates as shown
inFigs1, 2and 3.

The DNA sequence of the RAPD fragments were de-
duced into an amino acid sequence and subjected to Gen-
Bank for blast searching. The blast results showed that
SB281 was a protein gene encoding methionine aminopep-
tidase. The deduced amino acid sequence shared 52-57%
identities with the sequence of methionine aminopeptidase
of other organisms, for example, Drosophila melanogaster ,
Arabidopsis thaliana, human, mouse and Caenorhabditis
elegans (Fig 4). The SB289 was a protein gene encoding



1T CGJ2 1:TTAGATGCAACAAATACAGGATTAAAAGTTGCCGGAATTGATGTTATGTTTTCTGAAATAGGCTCAGCTATAGAAGAAGTCATTAAATCT

1T CI2 1
IT GI1 1:
I HJ2 1:
I HJ3 Lo T
I HI2 1:
I HN6 1:
II CGJ2  91:
1T CI2 91:
1T GI1 91:
1 HJ2 91:
I HJ3 91:
1 HI2 9l:.
I HNe6 91:

IT CGJ2 181:GGGAAATCAGTACCAATTATTGCAACAAATGATGACACAAGAATGGAGGAAAATGAAATATATGCCATCGAAACATTTGCAACCACTGGA
1T CI2 :
1T GI1
I HJ2
I HJ3
1 HI2
1 HN6

IT CGJ2
IT CI2
1T GI1
I HJ2
I HJ3
I HI2
I HN6

IT CGJ2 361:TCTGCTAAAATTCTTCTTGGTGGAATTAATACCCATTTCGGTAAACTTGCGTTCTGTAGAAGATGGTTGGACCAATTAGGATTTAATAAG

L O 1 G
L O 1 G
T O HJ2 881 e
L« 1 ) e
L« 0 1
L o 1 A

1T CGJ2 451:CATGCACTAGCTCTTAAATCATTGGTAGACTCGGAAATCATTCGGCCGTATCCTCCATTAAACGACATTCCGGGTTCATTCTCCTCTCAA
1T CI2 :
1T GI1
1 HJ2
I HJ3
I HI2
I HN6

1T CGJ2 541:ATGGAACACTATC

II CI2  641:.............
IT GI1  541:.............
I HJ2 541:.............
I HJ3 641:............
I HI2Z 541:.............
I HN6  541:............

sokskokkakokokkokokokok

Figure 1. DNA sequence diversities among Cryptosporidium parvum isolates in SB281 (methionine aminopeptidase)
gene. The genes from 16 isolates were sequenced and typed into genotype | and genotype |1, asindicated in
the left margin by | and I1. Filled circles in the alignment indicate identical base pairs. The differences be-
tween genotype | and genotype |1 are indicated by shading. GenBank accession numbers of CGJ2, CI2, GI1,
HJ2, HJ3, HI2 and HN6 are AY 488139, AY 488140, AY 488141, AY 488142, AY 488143, AY 488144 and
AY 488145, respectively.

chaperonin containing TCP-1 delta subunit. The deduced man, mouse and C. elegans (Fig 5).

amino acid sequence shared 54-61% identities with the se-

guence of chaperonin containing TCP-1 delta subunit of Differentiation of C. parvum isolates by the RFLP method
other organisms, such as D. melanogaster, A. thaliana, hu- After PCR with the primer SB281, SB289 or SB012,



IT CGJ2 1:CCCAATTCAGTTCTGTCTCTCAGCTCCAAAGACAGATATTGAGAATAATATTGTAGTTAAGGACTATACAGCTATGGATCGATTACTCAG

1T CI2
IT GI1
I HJ2
I HJ3
I HI2
I

k%

HN6 PP

............................................. Goo...

IT CGJ2  91:GGAAGAGAGACTTTTGATTGCCAAAATGATTAAACAGATAGCAGCAACAGGCTGCAACGTATTACTTATCCAAAAGAGTATATTGAGAGA

1T CI2
1T GI1
I HJ2
I HJ3
I HI2
I HNe

IT CGJ2
IT CI2
IT GI1
I HJ2
I HJ3
I HI2
I HN6

IT CGJ2
1T CI2
IT GI1
I HJ2
I HJ3
I HI2
I HN6

IT CGJ2
1T CI2
IT GI1
I HJ2
I HJ3
I HI2
I HN6

IT CGJ2
1T CI2
IT GI1
I HJ2
I HJ3
I HI2
I HN6

Figure 2. DNA sequence diversities among Cryptosporidium parvum isolates in SB289 (chaperonin containing TCP-1
delta subunit) gene. The genes from 16 isolates were sequenced and typed into genotype | and genotype |1,
as indicated in the left margin by | and Il. Filled circles in the alignment indicate identical base pairs. The
differences between genotype | and genotype Il are indicated by shading. GenBank accession numbers of
CGX2, CI2, GI1, HJ2, HJ3, HI2 and HN6 are AY 488146, AY 488147, AY 488148, AY 488149, AY 488150,

AY 488151 and AY 488152, respectively.

al 41 DNA samples produced the expected size bands of
553 bp, 505 bp and 434 bp, respectively. Thus 123 (3 times
41) RAPDs were analyzed by PCR-RFLP.

Two kinds of band patterns (Panels A and B in Fig 6)
were produced by endonuclease Hind I11 and Hinf | restric-
tion of the RAPD SB281. All of the calf isolates from both
Japan and Italy, the isolate from the goat of Itay and one
isolate from a Japanese patient (Code# HJ1) showed the
same kind of RFLP pattern of genotype Il. All of the hu-

man origin isolates, except one Japanese human isolate
(Code#t HJ1) produced the same kind of RFLP pattern of
genotype |, which was different from that of genotype 1.

The same results were obtained when the 41 isolates
were analyzed by endonuclease Sac | restriction of RAPD
SB289 (Panel C in Fig 6) and Ava Il restriction of RAPD
SB012 (Panel D in Fig 6).
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cGJ2 % CTCCGTTCGATGATGCAGATGCATTGCAAAGATTTTGTTCTTTTATTCTCCCTATGCTAGATGAAAAAGGTACCCATACAGGTGAGGAAG
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Figure 3. DNA sequence diversities among Cryptosporidium parvum isolates in SB012 gene. The genes from 16 iso-
lates were sequenced and typed into genotype | and genotype |1, as indicated in the left margin by | and 11.
Filled circlesin the alignment indicate identical base pairs. The differences between genotype | and genotype
Il are indicated by shading. GenBank accession numbers of CGJ2, ClI2, Gl1, HJ2, HJ3, HI2 and HN6 are
AY 488153, AY 488154, AY 488155, AY 488156, AY 488157, AY 488158, and AY 488159, respectively.

Detection sensitivity and specificity of primers

The detection sensitivity of primers was tested by
means of PCR with serialy diluted template DNA, as de-
scribed in Materials and Methods. The density of bands
tended to be faint when a lower concentration of template
DNA was used. The primers SB281, SB289 and SB012
gave the highest sensitivity in detecting template DNA of C.
parvum. The minimum concentration of template DNA
necessary for a positive reaction was 0.156 pg with the
primer SB281, 0.039 pg with the primer SB289 and 0.156
pg with the primer SB012 (Panels A, B and C in Fig 7),
while the control primers of COWP, HSP 70 and PRAP1
showed a minimum detection concentration of 10 pg, 10 pg
and 40 pg, respectively (PanelsD, Eand Fin Fig 7).

All 3 kinds of primers produced bands with the ex-
pected size from C. parvum, while control samples pro-
duced negative results, indicating the species specificity of
these constructed primers.

DISCUSSION

Epidemiologically, molecular markers of pathogens
are useful in determining the importance of responsible re-
agents, for example, distinguishing between zoonotic and
anthroponotic transmissions. Reportedly, both genotype |
and genotype Il of C. parvum are responsible for the spo-
radic infection and outbreak of human cryptosporidiosis
(McLauchlin et al., 1999; Ong et al., 1999; Sulaiman et al.,
1998; Xiao et al., 2000a).

In the present study, 3 new target genes were proposed
and assessed for genetic analysis. The sequence analysis of
these genes from 41 isolates of C. parvum from different
hosts and geographical origins indicated that there are iden-
tical base pair differences between the isolates from human
and animal origins. The PCR-RFLP analysis of the 3 genes
confirmed that these 3 new genes are useful for the geno-
typing of C. parvum, because al of the 3 genes showed 2
kinds of RFLP patterns which correspond to genotype | and



C. parvum LDATNTGLKVAGIDVMFSEIGSAIEEVIKSYEFEYKSKVYNIKPIKNLNGHSILPYHIHGGKSVPIIATN
D. melanogaster KE..... IRE..... RLCD..A..Q..ME...I.LDG.T.P..A.R.......S..R..A. . T... VKGG
A. thaliana RE..Y..I.E.....RLCD..A..Q..M....V.ING. VFQV.S.R.......G..Q. . A.. . VKGG
Mouse K.o..... I.C..... RLCDV.E. .Q.. ME V.IDG.T.QV...R.. ....G..R..A T . VKGG
Human K...... I.C..... RLCDV.E..Q..ME...V.IDG. T.QV...R....... GQ.R..A..T....KGG
C. elegans RE...A. I.E.....RLCDV.EIV.. .MT.H.V.LDG.S.VV...R....... AQ.R..A..T.. VKGG

tkk Ik ***** Tortk Tokkl okik ok Lk 1 Ik kidckkokkk ok Ikok, ok sokk!
C. parvum DDTRMEENEIYAIETFATTGRGYVTEGLDCSHYMKYYDNPFLNENSTRLNSAKILLGGINTHFGKLAFCR
D. melanogaster ES..M..D.F......GS....L.HDDM....... NF.L.—FVPL..Q.S.Q...T..KN..T....K
A. thaliana EQ.KM..G.F...... GS..K...REDLE...... NF. AG—HVPL. . PR.. Q.. AT. .KN. ST....R
Mouse EA. . M..G.V......GS..K...HDDME...... NF. VG——HVPI. . PRT.H..NV. .EN..T....R
Human EA. . M..G.V ..GS..K...HDDME...... NF. VG——HVPI..PRT.H..NV..EN..T....R
C. elegans EQKM........... GS..K...HDDMET..... NFELADE-KIPL. . QKS. G. . NL. DKN. AT....R

kikkk, k Dkokkok, DkkIk K Dokkokkl o kk Ik okk ki Ik skokkok:
C. parvum RWLDQLGFNKHALALKSLVDSEI IRPYPPLNDIPGSFSSQMEHY
D. melanogaster ....RA.AT.YQM...D.C.KG.VEA....C..K.CYTA.Y..T 56%
A. thaliana .Y..RI.ET.YLM...N.C.SG. VQ. .. .. C.VK..YV..Y..T 57%
Mouse ....R..ES.YIM...N.C.LG. VD. .... C..K..YTA.F..T 56%
Human ....R..ES.YIM...N.C.LG. VD. . ... C..K..YTAF..T 56%
C. elegans .I.R..ET.YIM...D.C.KG.VD..... C.VK.CYTA.F.. T 52%

kiikl ok kD dkekk ok ok kD skkkk kD ok, D Ik ek

Figure 4. Alignment of the deduced amino acid sequence of methionine aminopeptidase of C. parvum and the
sequence of D. melanogaster, A. thaliana, human, mouse and C. elegans. Filled circlesin the align-
ment indicate identical base pair and hyphens indicate gaps. The identities of sequence are indicated

at the ends of sequences.

C. parvum PIQFCLSAPKTDIENNIVVKDYTAMDRLLREERLLIAKMIKQIAATGCNVLLIQKSILREAISTLALDYCAKAKILVVKDIERDEIEFLS

A. thaliana V...QL.P...... QS...S...Q..LLK..NY.LG.LLK.K........cu.tt. D.VID.S.H.L.....ML.V.......VT

D. melanogaster L....I...... MDH. VI.S..A....V.K...SY.LNIV...KKS. .D.V.D..QHFLD. I.CM.... V.. ED...VC

mouse MD.Q...S..AQ...V..... AY.LNLV...KK.............. D.L.D...HFLN.M. .M....V..ED...IC

human MD.Q...S..AQ...V..... AY.LNLV...KK.............. D.L.D...HFLN.M. .M. I.....ED...IC

C. elegans L...QL.P... . M..QVIIT..AQ...A.K...QYLLEIC... K. A............. D.VNE...HFL. .M. . MCI..... ED...Y.
sokk Ik dokokk DI, DIl okl dokk kIkekek DokIk Ikekkkkok DdokkkKK IR, KD % kI IkkIdokD Dok

C. parvum KALNCSPIASLDHFTSDKLGAANRVSDEDLDGNGRICRITGIPGKD-MMIIFVRASNMLMLDETERCIHDALCVVRSII

A. thaliana .T...L... NIE..RAE...H.DL. EEAS. GDG-K. LK. ... KDMGRTTSVL..G..Q. V... A..SL........ CLV  61%

D. melanogaster . T.H.R.........AEN.SS.DL. EEVASGT. -KFVK. ... QNMGRTVS. IC.G. . K. V.E. AA.SL........ CLV  54%

mouse . TIGTK. V. HI. Q.. A. M. . S. ELAEEVS. N. SGKLFK. . . CTSPGKTVT. V. .G.. K. VIE.A..S.......I.CLV  56%

human . TIGTK. V. HI. Q.. A. M. . S. ELAEEVN. N. SGKLLK. . . CASPGKTVT. V..G..K. VIE. A.. S.. .I.CLV  56%

C. elegans RI.GCR.V..V...NA A..Y.DL. EEIPTG. DGKVIKV. . VQNPGHAVS. LL. G. . K. V.E. AD.S. .. .... I.CLV  54%
Do okIk DIk DIk, kDol Dikek T.okokk kDI k| Iskskokokkok Ik,

Figure 5. Alignment of the deduced amino acid sequence of chaperonin containing TCP-1 delta subunit of C. parvum
and the sequence of D. melanogaster, A. thaliana, human, mouse and C. elegans. Filled circlesin the align-
ment indicate identical base pairs and hyphensindicate gaps. The identities of sequence are indicated in the

ends of sequences.

genotype II. More important is the fact that the 3 primers
amplified only C. parvum DNA with high sensitivity, mak-
ing these candidate primers to detect and genotype C. par-
vum in water contamination at the required quality in terms
of sensitivity. Using our method, even low numbers of oo-
cystsin sample water may be amplified with any one of the
primers. RFLP anaysis with a combination of any one of

the three genes can identify animal or human genotypes.
Such examples are given by primer SB281/Hind 111, SB281/
Hinf I, SB289/Sac | or SBO12/Avalll.

We have reported that C. parvum specific primer
SB012 ishighly sensitive. The primer SB012 can detect the
lowest amount of template DNA necessary for a positive re-
action, which was 0.156 pg DNA or even one oocyst, or 50



Figure 6. PCR-RFLP analysis of SB281, SB289 and SB012 genes by the restriction of SB281 with Hind 111
(panel A) and Hinf | (panel B), SB289 with Sac | (panel C), and SB012 with Avall (panel D). The
isolates from Japanese calf (lanes 1-3), Italy caf (lane 4 and 5), Italy goat (lane 6) and one Japanese
human (HJL in lane 7) give the same kind of band pattern of genotype. The isolates from the other
Japanese human (HJ2 and HJ3) in lanes 8 and 9, Italy human (lane 10 and 11) and Nepal human
(lanes 12 and 13) show the same kind of band pattern of genotypel. M is Base-Pair Ladder of mo-

lecular weight marker.

oocysts in raw water (Wu et al., 2000). The new primers
(SB281 and SB289) had eguivalent detection sensitivity to
primer SB012. PCR detection indicates that these primers
have a sensitivity 50 times higher than that of some other
primers developed from COWP, HSP70 and TRAP1 and
currently being used for genotyping Cryptosporidium.

Thus the analysis of the three RAPD genes provided
the same genetic characterization to group the isolates to
genotype | and genotype Il, further evidence for the distinc-

tion between the two genotypes of C. parvum. Our new
primers may also provide selectable methods for reliable
elimination of C. parvum from tap water and for genotyp-
ing of the contaminated oocysts for further epidemiological
survey.
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