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WD 96/ 34978 _ ' PCT/ AU96/ 00274 METHOD
*FOR THE DETECTI ON OF VI ABLE CRYPTOSPORI DI UM PARVUM OCCYSTS Fi el d of the

I nvention 5 : The present invention relates to a nmethod for the
detection of viable oocysts or other cells of the protozoa pgpanesN274

Crypt ospor odwow6Bd8™um More particularly the invention relates to a nethod
for such detection utilising one or nore of a_nunber of probes capabl e of
hybri di sing to specific C parvum 18S r RNA seq&ences. 10 Background Art The
detection of Cryptosporidiumoocysts in water presently relies on the

concentration of parti t DETBOTIONOF MIABEE GRYREQSPOBIDEM; o
nggg.ﬁ% nonocl

staining with fluores onal . qt odies. Until recently,
15 - detection and identification of f|wl§§e%@9?| el | ed oocysts required

exam nation of the sanple using epifluorescence mcroscopy. The tedious and
| abour, i ntensive nature of this detection method, in particular the anmunt

of fluorescent m CWQEW#“W“’ limted the nonitoring work. which
coul d be perfornmed: evelopment of flaw cytonetsi | 20 of viable
det ectd on nethods has al Theipsesent inyieptign ¢ @@ME@@@B@@S%%%@dothe

routine nonitoring of ter r Shediyq) (CrpptospatodimmopUysits
(Vesey et al ., 199?@%&89&?F8§9%F%$ﬁ?%@?a Ton of

Il th .
met hodol ogi es is t hgot igfilackycths inveniion) relajes {oAe §?“‘§§$ﬁt88§q?o

determ ne viability such as animal [nfechivi mgbph'mms @o specific -
i npracti cal becauséﬂdismglen%?rq%w’h e he\lcl)f’%ﬁlbogegtcs normal*y pr%sgentpi n

wat er sanpl es and t@_gp%gygrmg@ugﬁcauch tests. The presence of dead
s

Crypt ospori di um oocy I'n drinking water is of little significance to
public health, gpowever if oocysts are viable the risk to

Background Art |
The detection of Cryptosporidium oocysts in water presently relies on

the concentration of particulate matter from large volumes of water prior to

staining with fluorescently labelled monoclonal antibodies. Until recently,
15 detection and identification of fluorescently labelled oocysts required

examination of the sample using epifluorescence microscopy. The tedious

and labour intensive nature of this detection method, in particular the

=

amount of fluorescent microscopy required, limited the monitoring work .
which could be performed. The development of flow cytometric assisted
20 detection methods has alleviated some of these problems and enabled the

routine monitoring of water for the presence of Cryptosporidium oocysts
. (Vesey et al., 1994A). However, & major limitation of all these methodologies

is the lack of oocyst viability measurements. Methods to determine viability
such as animal infectivity and excystation, are impractical because of the
25  low number of cocysts normelly present in water samples and the tedious
nature of such tests.
‘The presence of dead Cryptosporidium oocysts in drinking water is of
little signiﬁcance to public health, however if oocysts are viable the risk to
‘ public health is enormous. Moreover, of the seven species of

30 Czyptospon’di’um; C.parvum, C.muris, C.meleagridis,



public health is enornous. Mreover, of the seven species of 30
Cryptosporidium C parvm Cnmuris, C neleagridis, W06/ 34978

PCT/ AU96/ 00274 2 C.serpentis C nasorum C wairi and C baileyi only one,
C.parvumis infectious to humans (Rose et al., 1988), and yepcmibosintnis
currently avaybabb@monocl onal anti bodies are not species specific. There
I's, therefore, an urgent requirenent to devel op an effective nethod for
determining the 5 wviability of C parvum oocysts in water. Fluorescence in
situ hybridisation (FISH) is a relatively new nethod by whi %Qp
m croorgani sms can be spegifical | @86l dnd baileyt bnlypoe, areidft upon
the identification Gﬁmﬁegﬁ%g‘??sg}%ngﬁuénce g? nuch?g agi d W thi nga{ﬂhﬁz”get
organi sm Probes ta 09 18 hapres (Rosenetal ¢ 1988 pRd Y& CHFE D0 en
synt hesi sed and | abellTed with a fl uoroch ¢l .| Theze iid)@herefore, an

per meabi | i sed and tMnodnpﬁbﬂER@?%ﬁﬂégé%‘% #%\ﬁggd tTc')heE;bgr]i di se. with the

target sequence resulti I Q’:g?&gﬁitéﬂévél ahleffegtivé meitlod forgetergiping Bfie yse
of ribosomal RNA (rﬁ%&fpgea geted oli gongg_l eoti de probes with FISH and fl ow

cytonetry has begn ¢mpilityef Gyarumrepcysisdp Wii§hoop) . Ml ecu{ es 15 of rﬂl?
are ideal targets for flugrescent|yl oRilisiHOne(FISHY is lace ativel ys nem g tho
reasons: (1) high sensi tiuﬁi“f’fﬁsg?i#%lg sgt?ﬂ% eveél S _ng&ﬁi@g tgrg.ﬁt m NS
are present in veryy imcﬁqﬂﬁmgadiﬁhsaadbnapwléﬁ gﬁ i ﬁ(% reﬁw red
during the procedure”as the target .reqgion i ' hémerdsidiucieid atitl) witkiA
has a short half |i freliasntopes the %pfﬁghﬁpeogesansﬁepgi%eﬁi gh c'opy_&‘nunber in
viabl e cells. 20 D el o5yl eoglyishe Hoaagstinge specificpuleisasid et ETnt
i nvention provides af® gonticleot i de nol ec_ﬂllef{ or éﬁgmge%téeaqsqﬁeﬂ/i abl e’
cell's of Cryptoggor aheh synthesisedrand labelled with a fluoro . S

'permeabilised and the complementary sequence allowed to hybridise wi

 the target sequence resulting in specific labelling of the target cell

The use of ribosomal RNA (rRNA) targeted oligonucleotide probes with FISH

__and flow cytometry has been reported by Amann et al. (1990B). Molecules

15 of rRNA are ideal targets for fluorescently labelled nucleic probes for several

reasons: (1) high sensitivity can be achieved since the target molecules are |
presenf in very high numbers; (2) a denaturation step is not required during
the procedure as the target region is single stranded; and (3) rRNA'has a
short half life and will only be present in a high copy number in viable cells.

20
Disclosure of the Invention

LASCIOSW G o O e ————

In a first aspect, the present invention provides an oligonucleotide
molecule for the detection of viable cells of Cryptosporidium parvuin
(C.parvum), the oligonucleotide molecule characterised in that it specifically

25 hybridises to unique 18S rRNA sequences of C.parvuim.

Preferably, the. oligonucleotide molecule specifically hybridises to
unique 188 rRNA sequences of C.parvum under medium to high sf’a.'ingency
conditions (Sambrook et al., 1989.), however, in most cases, condmons.» of
high stringency will be required to ensure specific hybridisation to unique

30 C.parvum 188 rRNA sequences.



(C. parvum, the oligonucleotide nolecule characterised in that it
-specifically 25 hybri di ses to uni que 18S r RNA sequences of C.parvum
Preferably, the oligonucl eotide nolecule specifically hybridises to unique
18S r RNA sequences of C. parvam under nmediumto high stringepey/Avosoiztd ons
(Sanbr ook et yphos34dM89. ), however, in nost cases, conditions of high

stringency will be required to ensure specific hybridisation to unique 30
C. parvum 18S r RNA sequences. WO 96/ 34978

PCT/ AU96/ 00274 3 In a preferred enbodi nent of the invention, the leotid

ol i gonucl eotide nol ecule_is sel ecte nition thesoligpnucleoude

ol i gonucl eoti des havi ng e e e@g%ﬂ&%ﬁﬁ?gﬁg nilcl €0 lzlgpe Ezﬁ ;
(a)- ACA ATT AAT (b)mgg} ok sGlettedfroraAlic FRAP/COTAPTSIRE & 18‘1’%“'}*%9(1“’13 Xﬁ{%n
ITT TTT TTT TTA GTA ‘elg TAT ATT,'I'TTTT%LC; fiendes:T TAC TTA CAT GGA TAA
CCG 5 pr conpri si ngompm@f’fbﬁf?lll@‘"?&ﬂ&ﬁ%@s (ae§1 toDG%f) above so as to all ow
specific hybridisation to unique 18S rRNA sequences of C. parvum

Preferably, the oligonucl eotide nol ecul es according to the invention are

detectably | abelled so thga) NOAYAFKADE utilised as probes in 10
hybri di sati on assays. Howeyer ' | eoti de nol ecul es which are not
| abel | ed nay be used in a(ﬁblq%ﬁméﬁ%gai n reactian &PCR%ﬁ;tﬁ anplify a part
of the rRNA of C. parvum tqe |Mwmammmmm'§ Sl aspect, the
resent invention consists in a nethg :
g’ ) e TRt A BRA T

(e) TAT ATT TTT TAT CTG

(§ CTT TAC TTA CAT GGA TAA'CCG

or comprising a part of the sequences (a) to (f) above so as to allow
specific hybridisation to unique 183 rRNA sequences of -C.parvum.- .
Preferably, the oligonucleotide molecules according to the invention
are detectably labelled so that they may be utilised as probes in
10 hybridisation assays. However, oligonucleotide molecules which ax.e not |
jabelled may be used in a polymerase chain reaction {(PCR) to amplify a part
of the rRNA of C.parvum to allow its detection.
" In a second aspect, the present invention consists in a method for the
detection of the presence of viable cells of C.parvam ina sample, comprising
15 the steps of adding to the sample a probe consisting of a detectably .labellecl
oligonucleotide molecule according to the first aspect of the invention;
permeabilising or lysing the cells present in the sample to allow |
hybridisation of the probe to the 185 fRNA of any C.parvum cells: present in
the sample; and detecting the hybridisation of the probe to cells in the
20 sample. , o
In a preferred embodiment, the second aspect of the invention 18 |
used in combination with fluorescence in situ hybridisation (FISH) in v./vhmh
| ) the oligonucleotide probe is labelled with fluorochrome and the resulting
fluorescent cell is detected by flow cytometry.



detection of the presence of viable cells of C parvumin a sanple,
.conprising 15 the steps of adding to the sanple a probe consisting of a
detectably | abelled oligonucleotide nolecule according to the first aspect
of the invention; perneabilising or lysing the cells presentpawAtIsOIZI4npl e
to al |l ow hybrygogadoroon of the probe to the 18S rRNA of any C. parvumcells
present in the sanple; and detecting the hybriggsation of the probe to
cells in the 20 sanple. In a preferred enbodi rent, the second aspect of
the invention is used in conbination with fluorescence in situ

hybri disation (FISH) in tﬁ;i q{},ﬁ,gf Al e uibediretst gfiibbénventioapesvera) diffprent
fiuorochrome and the resdfth ng Horescent cell is .deﬁ%&%g g%é)&fdifferent
cytonetry. WO 96{,1;5@11%130&(13 probes are used and are disting %t)&d 74th| n a
further preferred enbodi nent of .t [ & mﬁbedﬂeﬂabei wi
ol i gonucl eot i de prolsbslsar ng&feﬁ\ilyatﬁégg s‘?‘?th}eui shed by the use of
different |abels. My rgﬁ@ﬁ@éﬁl@hﬁbzﬁéﬁﬂd@eﬂﬁdl dlawa s are | abel |l ed
with different fluorochromes and detect fl ke Hv labelled itis to
Wiile it is prefsgrred thawmmtmwiwglﬁpﬁfop%ggfﬁl y | a%ggl gd@i t Q.S 9
be understood that other, k r owAPfrhsrd 1 ingmay &e Use

BB et

broad scope of the on. Exanples of other f lingd
are radioactivity angosdestpewfithe prasanbinvenbon, mgseo&o ﬁiuéeﬁ ?rﬁ]seéﬁagg ie?r%d
met hods of the invention, nm 'beqnjih i Rsteh®ct the presence in a

sanpl e of any type e padigactivity A par vum Nor mal | y O”'MOC‘)@%@ V\Hak e
be found in environnent al -Iql@rm{ggﬁucﬁ)ﬁdennﬂeduleg/mtqﬁk}qum; o n, oe &’
and detected in clinical sanples. Brief Descripti f, ieigeltlof15
Figure 1 shows tige rmdltbslebﬁctﬁh%weéﬁ‘iﬁw‘é’t?f%nlgfr?ﬁq%??g%{&Fﬁ%H stained
oocysts using a euka&)‘/,otic swlgomfb&js%mbelﬁn)mbj@mnmmlaqmp es.

Other cell types may, however, be. found and detected in clinical samples.

Brief Description of the Drawings

Figure 1 shows the results of flow cytometric analysis of FISH

15 .
' ocysts using a eukaryotic specific probe (Euk probe) and a bacterial

stained o
specific probe (Bac probe]). .
Figure 2 shows the comparison of oocyst viability as measured by

excystation and viability determined by FISH on oocysis following storage at

20 22°C in the dark and sampled over a 74 day peri_cfd. .
Figure 3 shows the position of the specific C.parvum 185 r

probes in respect of the whole 185 rRNA sequence. The various sequences

shown are:

. Sequence 1:  C.parvum, 18S complete, 1750 bp, L16997.
Sequence 2:  C.muris, 18S complets, 1743 bp, 1.19069.
Sequence 3:  C.baileyi, 18S complete, 1733 bp, L19068.
Sequence 4:  C.parvum, Maquarie Uni, 18S, primer 180R.



specific probe (Bac probe). Figure 2 shows the conparison of oocyst
‘viability as nmeasured by excystation and viability determ ned by FISH on
oocysts followi ng storage at 20 22[err]C in the dark and sanpl ed over a 74

day period. Figure 3 shows the position of the specific C paeyuopddddiar RNA
probes in rewoeat349 t he whol e 18S r RNA sequence. The vari ous sequences

shown are: Sequence 1: C. parvum 18S conplete, 1750 bp, L16997. Sequence
2: C.nuris, 18S conplete, 1743 bp, L19069. Séquence 3: C. baileyi, 18S
conplete, 1733 bp, L19068. Sequence 4: C. parvum Mquarie Uni, 18S, priner

180R. WO 96/ 349 ég LM d ngnr!P;nﬁ out the Invention _

PCT/ AU96100274 Bes ) ou e I nvention MATERI ALS AND
METHODS Cr ypt ospor MAPEIALS ANPAVMETHORPS®ar vum  Crypt ospori di um par vum
oocysts cultured in 5 Iarrbi, and purified by density gradi ent

centrifugation wer fromthe Mredun Ani mal Research |npstitute,
Edi hbur gh, UK. Euk%&%g%ﬁra_ﬁ%bﬁ%@,dmaspwﬁmmﬂoéyws d in

A i godeoxynucl eot i : probe (Euk onpl e A dsorrbmNA
regi orr conserveg f dambsiand purifi dbx@n%ﬁ%%&%%@%%hﬁ@?%@, 1990)
was used to stain 0SRPOI | W RO cH Fstifuts CEdiRBuho BXK. ( Bac)

conpl enentary to a%ég&‘?“?ﬁwpglgl on co%islerved for all bacteria

(5" - GCCTCCTCCCGTAGGAGT-3") (Amann et al ., 1990) was used as a negative

control for non-specific binding in:alh expenidmnis prhgs Probes 15 were
synt hesi sed and | alinkaryotg SReqINE ARG A e TS e s eviously
(Véllner et al., 1993). Oligodeoxynucleotide probes. A probe {(Euk) complementary to a
10 18S rRNA region conserved for Eucarya (5'—ACCAGACTTGCCCTCC—§']
(Amann et al., 1990) was used to stain Cryptosporiduium oocysts. A second
probe (Bac) complementary to a 16S rRNA region conserved for all bacteria
(5'-GCTGCCTCCCGTAGGAGT-3'] (Amann et al., 1990) was used as a
negative control for non-specific binding in all experiments. ‘The probes
15  were synthesised and labelled with fluorochromes as described previously

(Wallner et al., 1993).

Design of a Specific FISH-Probe for C.parvum
Extraction of genomic DNA: Oocysts ‘were pelleted by centrifugation,

20 resuspended in TE buffer, and repeatedly frozen in a mixture of dry ice and
ethano! and thawed by boiling for 2 mins. After incubation with SDS and
proteinase K (1% w/v 100 pg/ml respectively)for 1 h at 37°C the lysate was
extracted with phenol, phenol-chloroform and chloroform-isoamylalcohol.
Nucleic acid was precipitated with 1 volume 4M ammonium acetate pH 4.5

25 and 2 volumes isopropanol, washed with 70% ethanol, dried, and finally
dissolved in distilied water.

. Sequence analysis and probe/primer design. Complete 18S TRNA
sequences comprising the species C.parvum, C.muris and C.baileyi were

) obtained through the EMBL and GenBank data bases. The sequences were

30 manually aligned. One particular region appeared to have the potential to



Design of a Specific FISH Probe for C. parvum Extraction of genom c DNA:
‘Qocysts were pelleted by centrifugation, 20 resuspended in TE buffer, and
repeatedly frozen in a mxture of dry ice and ethanol and thawed by boiling
for 2 mns. After incubation with SDS and protei nase K (1% wcu/AD9600274
[err]g/m respgodsayml y)for 1 h at 37[err]C the |ysate was extracted with
phenol , phenol - chl or of orm and chl or of orm i soanyl al cohol. Nucl eic acid was
precipitated with 1 volunme 4M anmoni um acetate? pH 4.5 25 and 2 vol unes

| sopropanol , washed with 70% et hanol, dried, and finally dissolved in

distilled water. Seque1ce p\é%w.ﬁn @gg{epgpms thebided. intherpnaly gxslélzg
ecl e

r RNA sequences co

ri.s and
obtai ned t hrough t%% t]imdalﬁtyaafrﬂledmg bé&s&s sgg’dffe%c%?b\ere 30
manual | y al i gned. e parti cuI ar regi o R Yiee tpecke eigions
WD 96/ 34978 hortstretc ot & parosin dDnEP RERAdg e BCT/A

6/ 00274 65
di scrimnate C parv i lloé neai Twbutizders {azgating “’efl
exanm ne the validit he pu% | she

stretch of C. pargluniﬁcpbuhndmﬂihdllﬂg rBMa‘\UPTQ E%"‘%Rﬁ%g#%%é c‘?‘(ﬁ)e regi 'gnfléill(‘%mlr te
| S e R g G Acp xS

3' GGT TCA CCT ACG Gﬁﬁ?ﬁg E)viePGRaspslesgribrd m}ﬁﬁﬁﬁm PCR
as described previously (Jgg f},e%gmﬁt@&é(ﬁiéh%q{mnc‘eﬂ%ingihe
probe regi on was thendSieake t’u@ ? y:

erse-prinmer (CCI TCC ATA AAG TCG
AGT) conpl enentary to %felg F@mq@mammmgmmmmw
downstream The seq protocol

was as_. describe eAddfuencing
St ackebrandt, 1982) se@unde@plmsmtdyﬁplfé’d’ ?‘Nﬁ’ér‘?ﬁl g‘&. | (I’?h}[ he }nlater ture
concer ni ng t he publ i shed FRany VHEanbed [DorschandStackebl'andt 1992). Our results
pro

clarified the ambiguity in the literature concerning the pubhshed C.parvum
18S rRNA sequence (see Fig. 3). The accessibility of the target region within
pative ribosomes for fluorescence in situ hybridisation was estimated using a
15 secondary structure model for the 185 rRNA of angiosperms (Schmidt-
Puchta et al., 1989), and six sequences Were jdentified as being specific to

C.parvum (Table 1).

TABLE 1. Potenhal targets on the 185 ribosome for Cryptosporidium parvum

20 spemﬁc probes. The position of the target sites with respect to the whole

18S rRNA sequence are shown in Figure 3.

Number Sequence
ACA ATT AAT

CTT TTT GGT
AAT TTA TAT AAA ATATTT TGATGA A

a
b
c
d TTT TTT TTT TTAGTAT
e
f

TAT ATT TTT TAT CTG
(CRY1) CTT TAC TTA CAT GGA TAA CCG



18S r RNA sequence (see Fig. 3). The accessibility of the target region
>Within native ribosones for fluorescence in situ hybridisation was
estimated using a 15 secondary structure nodel for the 18S r RNA of
angi osperns (Schm dt- Puchta et al., 1989), and six SequencggTun@0274
identified asydodfagrsspecific to C. parvum (Table 1). TABLE 1. Potenti al
targets on the 18S ri bosone for Cryptosporidi um parvum 20 specific probes.
The position of the target sites with respect to the whole 18S r RNA
sequence are shown in Figure 3. Nunber Sequence a ACA ATg' AéAT
b CIT TTT GGT ¢ v e Xdsighéd Tarsef@ancRGINOef .
TIT TTT  TTAGIA T e Aﬂuorescaf‘l\l? lﬁﬁh—]&#ogﬁT CTIG f (CRY1) CTIT TAC TTA
CAT- GGA TAA CCG PrA4RIE ATG TAA GTA AAG).

PCT/ US96/ 00274 7 ATl uorescently | gbelled pr b8 BPthel @ papemience
number . 6 (CGG TTA TCC ATGIWM@“EBS#%Q@?R: OO%I de s‘i/ghgﬁsclls.,%mcby
d i gonucl eoti des of the, C par E@%q.%cm NY01) Rved eymikhekised an Ba X

synt hesi sed and Iab@chﬂz%pogﬁ\ﬁ by 5 Bi)ot ech Int. (Perth). Sanple
Preparation Fixafi ogjRéctomayPesth).Fi xation of- oocysts was performed using a
nodi fied nethod of that described previously by Wallner et al. (1993) for

the 10 fixation of yeasts and bacteria. One vol une of oocyst suspension

cont ai ni ng appr oxi mgtaﬁl leﬁ)&&g‘h‘,ﬁocyst s, was mxed with three vol unmes of

fresh cold 4%

Fixation of oocysts. Fixation of oocysts was performed using a
modified method of that described previously by Wallner et al. (1893) fcfr ’-che
10 fixation of yeasts and bacteria. One volume of oocyst suspension contalmng .
approximately 10’ oocysts, was mixed with three volumes of fresh cold 4%t
wjv-paraformaldehyde in phosphate buffered saline (PBS), pl-f 7.2, a.nd kgp
at 4°C for 1 h. The oocysts were washed three times by centrifugation |
(13,000 g, 30 s) and then resuspended in PBS. The sample was 1-:hf=,n me.ed.
15 with an equal volume of cold (-20°C) absolute ethanol and hybridised within
: °C.
e Stlc-,ll::r:;iiaﬁon. Fixed ococysts were hybridised with. the prqbe by
mixing 10 ul of oocyst suspension with 100 pl of hybridisa’uon buffer (0.9 M
NaCl, 20 mM Tris/HCl pH 7.2, 0.5% wjv sodium dodecylsulfate) prewarmed
20 to 48°C and then 10 pl of probe added (25 ng/ul in distilled water). The
'sample was mixed and incubated at 48°C for 1 h. The sample was .thien .
washed by centrifugation (13,000 g, 30 s) and resuspended in hybridisation
buffer, without sodium dodecylsulfate, prewarmed to 48°C, Samples were
theh analysed immediately using flow cytomeiry or epifluorescence
" mmmsc;iyn;ph analysis.” Flow cytometry was. performed using & Coul.ter
Elite flow cytometer or & Coulter XL flow cytometer as described previously
(Vesey et al., 1993; Vesey et al., 1994A; Vesey et al., 1994B). | |
- Epifluorescence microscopy was performed using a Nikon ().phphot-
30 2 microscope fitted with differential interference contrast (DIC) optics and



wl v par af or mal dehyde i n phosphate buffered saline (PBS), pH 7.2, and kept
+at 4[err]C for 1 h. The oocysts were washed three tinmes by centrifugation
(13,000 g, 30 s) and then resuspended in PBS. The sanple was then m xed 15
wi th an equal volunme of cold (-20[err]C) absol ute ethanol apdrapsozidsed
wWthin 1 h ogodepierd at 4[err]C. Hybridisation. Fixed oocysts were

hybri di sed wth the probe by mxing 10 [err]| of oocyst suspension with 100
[err]| of hybridisation buffer (0.9 MNaC, 28 mM Tris/HO pH 7.2, 0.5% W v
sodi um dodecyl sul fate) prewarnmed 20 to 48[err]C and then 10 [err}alla %;#
probe added (25 ng/[err]l in dist,ill %{‘@Gﬁé exantiratics FFRG: do

I ncubat ed at 48[erea}unahJ@Pa.Pr&kﬁm*fﬁ‘8nsf§%p e vvaﬁsletf(??;% washed ‘é)a\’lltcceg{ﬁﬁﬁjggﬂhi on
(13,000 g, 30 s) azng(dﬁég&éegéﬁa%%nmw@maﬁmdﬁm ROTeSCHNCROo Y " Ssodi um
dodecyl sul fate, pr fmed to 48[err] C. ?(fangl is&%@l@- t hen anal ysed

i medi atel y using bf 000 ogtysteewesp GAIEpee 11, FesTence 25 micro co&%. Egrrple
anal ysis. Flow cytonetry_was Jqé%gﬁﬁmm@atpubﬂﬁdés §s§ E‘} met er
or a Coulter XL flow cytgﬁﬁs ras. descri bed pr.evi 0Li3|% gt\éﬁ‘ﬁ Yns§dn @l -, 1993;
Vesey et al., 1994 'aﬁﬂiﬁ‘ﬁvﬁw‘ (ab92). THoa &H0 wEypinmeR ce m croscop s -
performed using™a N kon Optiphot, 30 )2131%932@?2 sBHiﬁﬁdeniydholatﬂlé% al
i nterference cont r {spprogiragie 19 &90&%‘8' / 34978 _, arbonate in
PCT/ AU96/ 00274 8 exc'L;t.g{ai eﬁﬁqlﬁguﬁﬁhendﬂblddg.zg@pgcyg%hy%qosf%g

AUSO/ ifhial 855 ! !
exam nation FITC CYStS were detected usi I LrionxayPoed 4flor
fluorescence. A m nizamks eflaricd M@W@%ﬁgm&negq?n each sanpl e.

Excystation, In vitro excystatiqn. Iﬁﬂasinpﬁlﬁom.ﬁgh%p@g . ?f
et al. (1992). To a ef\é\{,eﬁ R Snitpédcapitally HM

] n ; .
10[ err] oocystsio 1%&;5&,@5@‘,p&%ﬂﬁgwﬁﬁgﬁg’ﬁ?&gﬁtﬁgﬁﬁwﬁy

determined. At least 100 oocysis were counted in each sample. The percent

excystation was calculated as follows:

ocysts + number of partially excysted oocysisi x 100

number of empty o _
15 | total number of cocysts counted

where the number of empty oocysts equalled the number pre-excystation

tation. :
subtracted from the number post excys
| Stored samples. To determine if samples could be fixed and then

20 stored before analysis, storage experiments were performed. Aliquots (100
pl) of fixed oocyst suspensions were stored at 4°C for 1 month. Sampl'es
wwore romoved at time intervels, stained with FISH using the faukaxyotlc
specific probe and analysed using flow cytomstry. All experiments were
Perform:il:gt:: tl:oc:yt:ts Aliquots (10.ul) of oocyst suspensions containing
10° oocysts were diluted in 10 ml of PBS and stored at 2.2_‘?(.1 m the dark.

| Samples (0.5 ml) were taken at time intervals and the viability of cocysts .
assessed using both FISH with the eukaryotic specific probe and excystation.

All experiments were performed in triplicate.
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m nimal essential nediumand 10 [err]l of 2.2% sodi um hydrogen carbonate in
-Hanks bal anced salt solution are added. After incubation, 37[err]C for 4 h,
sanpl es were exam ned m croscopically using DI C optics. The proportion of
10 enpty oocysts, partially excysted oocysts and non- excySperAUSHEMS Wer e
det ermi ned. #$Htod¢sam8 100 oocysts were counted in each sanple. The percent
excyst.ation was cal cul ated as follows: (nunber of enpty oocvsts + nunber of
partiallv excysted oocysts) x 100 15 9 total nunber of
oocysts counted where the nunber of enpty oocysts equalled the nunber

pre-excystation subtriiﬁ Ed fromthe nunber post excystation. Stored

sanpl es. To deter anpl es could be fixed and then?%%ﬁ LR p Q&%ygf;;

anal ysis, storage experigppiiagwfoecysts wishJISH. AIFEOPIq F‘err]F E (%ma

fixed oocyst suspensions were siored at debin shu'BiridisaGonpiith theer e
m&ﬁgﬁaﬁiwﬂﬁlﬁg ﬁ@ﬁ*’l&% i '

renoved at tine inveigh ng the eukar

tic.specific:
probe and anal ysed ' C : bl £ o é ‘é?‘?@f sﬁsn
triplicate. 25y ﬁ’tﬁé%ﬁih%e yéveaRd htightlyl fluorpsaenhoatysts io8 t?ﬂg onCy

g of oocysts. ALjquots T Dafhai th
suspensi ons congai Mmhkhpmd]nodbwgﬁ@%f\ti r?ﬁffgéétlgﬁﬁ ﬁ%h%%l%‘{‘&ePBS and °

stored at 22[err]C in the dagk, - [esceyb i singDIG PpHcs
i nterval s anE:I thL \SPRB7A0LES: Wﬂe&fh@fﬁ"fésﬁ y

eukaryotic speci fi ceRealbg irtask @su;;étsx:usth giﬁffﬁ%@g?gﬁé Qoq'},'gf@agea}:'flot}xﬁg .
I9 n RESIUE!HSC g{ Si 0 |3 2 g mev&ggég éﬁ;ﬁ%t in epmperisp C,r%%né%%?rgscee)?; %ogy%ﬁgﬁsﬂ 02 7t4
oocysts, “whi ch had Decnf & B aiiperedl ocoyessesihond adatsp gBP RFBYSSH 8 1GIF
! 10 wall and the internal structures. Empty oocysts did not fluoresce.
Flow cytometric analysis of oocysts stained by FISH with the Euk
fRNA probe resulted in two distinct populations, a brightly ﬂuorescenf
population and .é non-flucrescent population indicating viable and non-

viable populations respectively. This is {llustrated in the scatter plot (Figure

15 1) in which the Y axis represents fluorescence and the X-axis side scatter.
Analysis by epifluorescence microscopy and flow cytometry of samples .
which had been étained with the Bac probe resulted in no fluorescence in
any oocysts above that of the autofluorescence of unstained occysts

20 e :;]t;)red samples. Samples of fixed oocysts which had been stored at
4°C for up to 4 weeks and then stained with FISH using the Euk probe
showed no reduction in the number of oocysts which fluoresced and no

reduction in the brightness of fluorescence (Table 2}.

25 TABLE 2. A comparison of the fluorescence intensity of freshly fixed
oocysts and oocysts fixed and stored at4°C forup to 3 weeks, before staining

with FISH and analysed using flow cytometry.
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_Euk, r RNA probe, revealed brightly fluorescent oocysts together with oocysts
5 which showed no fluorescence. Fluorescent staining was | ocated within

t he sporozoites. Exam nation of the fluorescent oocysts using DI C optics
reveal ed intact oocysts with a.sfmall gap between the oocyst Auodbisd he
internal str(WOMEB | n conparison, non-fluorescent oocysts requent?y
appeared to have a ruptured oocyst wall and a | arge gap between the oocyst
10 wall and the internal structures. Enpty o8Bysts did not fluoresce. Flow
cytonetric analysis of oocysts stained by FISH with the Euk r RNA probe
resulted in two distinct populgidy ONS, a bri ghdanFlubrésceasecnt popul ati on and
a non-fluorescent popul ation imadf cating viable and non- viabl e popul ations
respectively. This is illustrat®ed in the scatter ¥-bt (Figure 15 1) in
which the Y axis represents flgprescence and the g axis side scatter.

Anal ysi s by .epifluorescence m croscopy and flow cytonetry of sanples which
had been stained wth the Bac pgobe resulted in ntB.86l uorescence in any
oocysts above that of the autofl uorescence of unsifﬁned occysts (Figure 1).
20 Stared sanpl es. Samgles of fixed oocysts®whi ch had been stored
at 4[err]C for up.to 4 weeks and then stained with FI SH using the Euk probe
showed no reduction in the nunber of oocysts which fluoresced and no

reduction in the bri ght nCompairisonwfviahiilcdetemnined by FISIband ipyitrep A

conparison of the fluorescenge intensit f fLr . '
oocysts fixed and m%aa% m?%‘%r*&%%%ﬁkf&é%gﬁ?@ﬁﬁfﬁﬁ%%ﬂh ,
FI SH and anal ysed Ugdifthd by PISH witkEthe Euk¥thd CRYOpiched4fiBatches of oocysts

PCT/ ARG/ 00274 jéo I?:nellg’:ained from Moredu'vx‘le ?\rxlulllleaf Research Institute are presented in Table 3.

Results were very similar for both methods of assessing oocyst viability
indicating that the rRNA probes only stain viable cocysts.

TABLE 3. Comparison of oocyst percentage viability determined by
10 excystation and viability determined by FISH on three different baiches of

oocysts.!

Batch 1 (Euk) Batch 2 {Euk) Batch 3 (Fuk) Batch 4 (CRY31)
FISH 569% (1.2)®  76% (3.7) 95% (2.2) 71%
Excystation  54% (2.7) 79% (2.8) 929% (4.9) 69%

1100 oocysts were examined for each determination.

15 *Standard Deviation.

Comparison of FISH and excystation for determining oocyst viability

on suspensions of oocysts stored at 22°C in the dark are presented in Figure
2. Results are very similar for both methods. A gradual decline in the
viability of the oocysts from 80% to 40% over the 74 day period was

20 observed with both methods. Correlation of the two sets of results was
highly significant, with a calculated correlation coefficient (r) of 0.998.



0. : 17.1 7 17.3 14
16.6 21 17.8 Conparison of viability determ ned by FISH
and in vitro excystation. A conparison of oocyst viability, neasured by

excystation and staining by FISH with the Euk and CRY1l probescmudsme2zhes of
oocysts 5 objagsd?s rom Moredun Ani mal Research Institute are presented in
Table 3. Results were very simlar for both nethods of assessing oocyst

viability indicating that the r RNA probes onl $lstain viable oocysts. TABLE
3. Conparison of oocyst percentage viability determ ned by 10 excystation

and viability detern ned Fl SH ath HERNIEPEd b adethed using FISH and a
o o bl P
(2.7 79w (2 5 TOAEEAITORS 1100 00CK 81 RGeS THoREqIO1BSRNA
deternination. 15 WHewpyas thefRveneer isfq 5ﬁ‘$‘%¥30rrpar| son of. FIL.SH and

istation for deternini Lcbifledt andohesnsthod of tha detection ps slated,
ooy ed at 32l o r ] ¢ feqtp el d Epatalm WeHtlicdanctle v

Si i Par ' or ot I mepagtso Wo pscabiocteters obraroit Alngrs ol b ¢ prlyat REnfg [VCY

o o et o< e pYed tocelB ey adiquet 1BSIRNA sequesges
Correlation of the two SGWB#?@%{J#}%&P&&Q ectidp 1 qite

S was _highly signifi t ith a
cal cul ated correl at | pﬁ.f&ﬁ%iiﬁi@mnvimhmhﬁd.sggmle is nggf%%&”
PCT/ AU96/ 00274 11 The present inventors have devel oped a nethod using FISH
and a oligonucleotide probes.

Oocysts containing fluorescing sporozoites after hybridisation with
10 the probes are viable and oocysts which do not fluoresce are dead. The
reason that dead oocysts do not stain is because the tFRNA which the probes
bind to deteriorates rapidly and in dead oocysts is not present in sufficient
. copy numbers to be detected.
It is envisaged that the PCR may be used to detect viable C.parvum
15 cells. Ina PCR reaction, one of the specific oligonucleotide molecules, as
disclosed, may be used in combination with a second oligonucleotide
molecule (which may or may not be specifi.c to C.parvum) to amplify. 188
fRNA sequences from C.parvum. The amplified sequence will contain at: _
least part of one of the unique sequences of C.parvum. The oligonucleotides
20 in the PCR reaction may also be labelled. The employment of PCR to detect
viable C.parvum would be useful in analysis of body fluids or excretions
from animals, including humans.
In vitro excystation is currently considered the gold standard to
which methods for determining oocyst viability are compared. Results from
25 comparing measurement of oocyst viability using FISH and'measm:ing
viability using in vitro excystation produced very similar results.with both
- methods for all samples of oocysts analysed. Correlation of the FISH assay
with excystation was highly statistically significant, with a calculated
conelaﬁon coefficient of 0.998. Furthermore, the FISH method was found to
30 be easy to perform and the results easily interpreted. Oocysts were either



rRNA directed probe to assess the viability of Cryptospoidium sp. oocysts.
- However, the invention is not restricted to oocysts. The uni que 18S r RNA
sequence of C.parvumidentified and the nethod of the detection as stated,
5 may also be used to detect other life stages of the C pappgRuss@ena sm
The preferregygwsisheyd for detecting the uni que 18S r RNA sequences of
C.parvumin an environnental sanple is the use of |abelled oligonucl eotide
probes. Oocysts containing fluorescing sporozbftes after hybridisation with
10 the probes are viable and oocysts which do not fluoresce Eaﬁrﬂen,dead.ﬁge
reason that dead ogcysts do, nqt I Do did fiot fMhéresds limdigating: s
bind to deteriorat g§°ﬁﬁ?'§f§‘1§ﬁﬂ§%g§g§ 00 yg?g is not present in
sufficient . copy pgghglodcyr. be detected. It is envisaged that the PCR may

be used to detect viable C paryum 15, celJ s. 2 ECRevRAS theprobleigs of t he
speci fic oligonucl eoti de E&‘,esé’?"ﬁit%%P%égEeleﬁ 1IJr(rD):aty be usedﬁrion

conbi nation with a sece . %p%@%ammhm@mtﬁnms@sm#iﬂm be
specific to C parv@ﬁ’jayt‘#d%%*%@g 18S r RNA seql@cﬁ%hrorqygowum The '
anpl i fi ed sequeBce aidldre tdwal ataining metheds franags BY Phe unt que
sequences of. C. parvum The aligonu ' [ hethodeizdha

q p M on T%L%&Eé&&%ﬁ 8 of tiie FI531 tosamplgs

al so be | abelled. The e tect viable C paryum woul sbe

useful in analysis gf, hogxed and tencstoredatdl C guior to anlysis By Lo &b SR

humans. In vitro excystation_ is current] ons| fhe Andlyseiiard to
whi ch net hods for dwhiﬂhﬂrﬂit‘héewel)@?g\‘)‘?%ial %%lmgrﬁ{eeﬁé%érrg%sed. Results from

25 conparing measuy. errgg{atéi& a9 Sforade o fkitlor of the isamplesSHlbregultin 8 fpepgHon in
viability using in PProTex ystation produced v r}y Si E&:@E Jeesul ts with
bot h met hods f ofp al {hesﬁahijlifbysoﬁthemﬂysls#éﬂ%ﬂs};’%"éﬁ’ BBF T6h of the FISH
assay W th excystation hi,qhl I8 HvCstronsSkillid incthetart thiat humerous
cal cul ated correl ati on \(,:\ﬁif"flhg‘}ee%ﬁ%&%a?gg@ Furt hernore,, the, Fl SH.,nmet
was found to 30 beygasitoristanier modifivations maydameds B.the WV?W%F}N%%"HF
cysts were el ther the specific embodiments without departing from the spirit or scope of the

- invention as broadly described. The present embodiments ars, therefors, to
and not restrictive.

U

15 be considered in all respects as illustrative
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fluerescent, indicating a viable oocyst, or did not fluoresce at all,

i ndi cating a dead oocyst. FISH techni ques have the potential to alleviate
t he problenms of assaying environnental water sanples througpckiA®bénoz74

i ncreased spRepddgrAytsy S and are ideal staining nmethods for anal ysis by
flow cytonetry. Another significant advantage of the FISH nethod is that
sanpl es can be fixed and then stored at 4[err}& prior to analysis. By |
contrast, sanples which are to be anal ysed using a known nmethod nust be

anal ysed imedi ately as _storage or fixation of the sanples will result in
reduction in 10 tm&éy of the oocysts as neasured by this

technique. It will be appreciated by persons skilled in the art that

nunmerous variations and/or nodificatigns "BQ%; e dd'S@il, imn as

shown jn the speci fAmarniRdi Bindes: B+ &B’ngﬁpé;ﬂ'l ng %‘%crh the spirit or

scope of the invention ai}@gﬁdmnﬂﬁﬁfﬁéﬂ)ﬂﬁgmﬁﬂ teed olip IFWQH#%PEREES
dina

therefore, to 15 be con respects as.illustrati t
restrietive. WO 96/ 34944iéh flow cytometry for analysing rmxec{ Hadioblal ‘fﬁpﬂﬂﬁoﬁ.@,
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. 96/ 34978 - Cryptosporodium parvum (C.parvurm), the oligop@ilesids mpldstide 15

he st ecti on of vemmeraens g panciualy AR AR MU T T

. ol igonucl eotide mlsgqﬁg@e5ofclw%erl sed inthat it specifically

' hybridises to unique 18S r RNA sequences of C. parvrum 2. An

. ol i gonucl eoti de nol ecul e accordi ng to claim1, wherein said oligonucleotide
- nol ecul e specifically hy Jf&ﬁ’:gltg 18t

- C. parvum under rredldum to | trllhﬁggﬁymgcc}ﬁg%‘fr ¢ ﬁgfeﬁﬁ&éﬁp;md
ohgonucleotxde molecule specifically hybndlses to unique 18S rRNA -

10 seguences of C.parvum under medium to high stringency conditions.

3. -An oligonucleotide molecule according to claim 1 or 2, wherein said
oligonucleotide molecule specifically hybridises to unique 18S rRNA
sequences of C.parvum under high stringency conditions.

15
4. An oligonucleotide molecule according to any one of the preceding
claims, the oligonucleotide molecule being selected from the group
comprising oligonucleotides having one or more of the following nucleotides
sequences: |
20
(8) ACAATT AAT
(p) CTTTTIT GGT
{c) AAT TTA TAT AAAATATITTGATGA A
(d) TIT TIT TTT TTAGTAT
(e) TAT ATT TTIT TAT CTG
(§3) 'CTT TAC TTA CAT GGA TAA CCG
or comprising a part of the sequences (a) to (f) above so as to allow specific
1 hybridisation to unique 18S rRNA sequences of C.parvum.

is Sheet Has Been Rerlaced




3. - An ol i gonucl “ mﬂmm“rcordi ng to clai W 1 or 2, wherein said

-ol i gonucl eot i de rmﬁmﬂ m‘ i ! yrmsBHEEITI#&BFE uni que 18S r RNA

sequences of C.parvum ¢ndér high stri ngerﬁﬁp%ﬁai tions. 15 4. An

ol i gonucl eoti de nol ecul e accordi ng t(\(_l
tie:
i

mmﬁ pr ecePCRAUICHIZTE, t he
ol i gonucl eotwgessadscul e bei ng sel ec ﬂ’%’\m“\l up conprising
e fqQ

ol i gonucl eoti des having one or nore | | ow ng nucl eoti des sequences:
20 (a) AGA ATT AAT (b) CIT TTT GGT (c) 18AT TTA TAT AAA ATA TTT TGA

o

TGA A (d) ITT TTT TTT TTA GTA T (e) TAT ATT TTT TA‘&@CTG(f) A( AC
TTA CAT GGA TAA CCG or conpf.i Sl : IR FholeehlelddRsisting of trsseGpne; ve
so as to allow sp&ificqﬂl _50&113%2%0?18% to uni que 18S r RNA sequences of
C. parvum W) 96434978 5. An ol i gonucl eoti de nol ecul e consi sting of
t he sequence: ACA AAT. 6. An ol i gonucl eoti de nol ecul e consi sting of
t he sequence: CIT TTT 5 GGI. 7. An ol i gonucl eotide nolecul e cpe,ﬁshi.fg
of the sequence: T TTA T8k Sivit1édtiethdlettle dopsistingiaf the sequengg:
ol i gonucl eoti de nolecul € con§| sting of the sequence: TTT TTT TTT TTA GIA T.
9. An ol i gopguciga®.i de nol ecul e consisting of the sequence: TAT ATT

7. An oligonucleotide molecule consisting of the sequence: AAT TTA

TAT AAA ATA TTT TGA TGA A.

10 8. An oligonucleotide molecule consisting of the sequence: TTT
TTT TTAGTAT.

9 An oligonucleotide molecule consisting of the sequence: TAT ATT

TTT TAT CTG.

15 .
10 An oligonucleotide molecule consisting of the sequence: CTT TAC

TTA CAT GGA TAA CCG.

11, A method for the detection of the presence of viabl-e cells of
20 Cryptosporodium parvum (C.parvum) in a sample, comprising the steps of
| adding to the sample a probe consisting of a detectably labell-ed -
oligonucleotide molecule according to any one of the preceding claims;
perméabilising or lysing the cells present in the sample to allow .
bybridisation of the probe to the 183 fRNA of any C.parvum cells present in

25 the sample; and detecting the hybridisation of the probe to cells in the

samples.

12 The method according to claim 6 used in combination with

fluorescence in situ hybridisation (FISH), wherein the oligonucleotide probe

[T
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TTTT -TAT CTG 1 I ml ;eoti-ﬁqsgngg:HAsBEENsi sting of the
- sequence: CTT T \ ' CCG 11.repLAcEPt hod for the detection of
V¥ a

t he presence of e'ceMl s%of"20 Crypt ' parvum (C. parvum in a
sanpl e, conprising the steps of addi ng‘lﬁéﬂiﬁmgﬁt“ a probwaxussioerd ng of
a det ect abl ywhahgdeheed ol i gonucl eoti de ording to any one of the
preceding clainms; perneabilising or lysing the cells present in the sanple
to allow hybridisation of the probe to the 149 rRNA of any C.parvumcells

present in 25 ‘the sanple; and detecting the hybridisation of the prob% to
cells in the sanples. 12. T t leNhdt dbtsdtibnofthybeisisation is by
combi nation wth fméﬂé‘éeqfﬁtggp%o%ﬁ}éggat ion (FISH), wherein the

ol Lgonucl eoti de pr 6/ 34978 17 nolecule is labelled with

fluorochrome and d&€téction of hybridisation is by flow cytometry. 13. A
met hod according to claim 1l or 12, wherein several different 5

ol i-gonucl eoti de probe nolecule aﬁ%merdiz,swhelginmmllﬂ}ff?wgtuse
of different detecfldble &B%ibgaagé& glﬁ

. e met hod accor di t ?]P,r’{hg, of
wherebn the ol i gonygberhdldstide plmbeMIeculBégl’eaﬁ‘s@gIaé@EﬂIF gbsr{a]gfl%hgp er e:rf;lt&a
fluorochrones. 10 15. A rre::gﬁfl for, the detection of the presence of
viabl e cells of Cryifferepbaeig ep‘&ﬁ@‘ﬁm (C.parvun) in a sanple, conprising
the steps of adding to the sanple first and second priners, said first

primerconsisting 0;4 The method according to claim 13, wherein the oligonuclectide

probe molecules are labelled with different fluorochromes.

? . i lls of
15 A method for the detection of the presence of viable cells o

(C.parvum]j in a sample, comprising the steps of

Cryptosporidium parvum ps
B said first primer consisting of

adding to the sample first and second primers, '
an oligonucleotide'molecule according to any one of claims 1 to 10;

15 permeabilising or lysing the cells present in the sample to allow t
hybridisation of the primers to the 18S rRNA of any C.parvum cells pJ:'esen
in the sample; conducting a polymerase chain reaction (PCR) to amplify a
part of the 183 fRNA of C.parvum; and detecting the amplified part of the

rRNA in the sample.

20

16 A method ac;cording to claim 15, wherein said second primer isa

second oligonucleotide molecule according to any one of claims 1 to 10.

e —

eet Has Been Replaced

T



an ol isgonucl eoti de nol ecul e ac
-permeabi lising or lysing the c
hybri di sation of -the priners t

in the sanple; conducting a polynerase chain reaction (PCR) t off®
part of the 18S rRNA of C. parvun and '

second pri ner

cording to any one of clains 1 to 10; 15
ells present in the sanple to all ow
o the 18S rRNA of any C. parvum ceg

r _det%gwqje I fied Rggg? of the
rRNA in the sampl PCTV 16. RO B fatenttiatalBmesy t O Cl ai m 15, wher ei nwslai d
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(57) Abstract

tosporidivm parvim. Preferred o]
ange following sequences; () ACA ATT
TTT TTA GTA T, €) TAT ATT TIT TAT

(54) Title: METHOD FOR THE DETECTION

Oligonucleotide molecules and.meﬂ:ods are

CTG, () CTT TAC
(f) above so as to allow specific hybridisation to

OF VIABLE CRYPTOSPORIDIUM PARVUM OOCYSTS

i . le ooc! oromercellsofﬂlepx_-oiomaspecies,
disclosed for the detneon O T oomyl;‘;mg oligonucleotides having one or more
TGA TGA A, (@) TTT TIT
art of the sequences (2) to

unique 18S rRNA sequences of C.parvum.




