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Detection of Viable Cryptosporidium parvum by Real-Time RT-PCR

Sehee Nam, Jeongim Lee, Sangtae Lee, and Gyucheol Lee'

Water Analysis and Research Center, Korea Water Resources Corporation
Sntanjin-ro 560, Dedeok-gu, Dagjeon 306-711, Korea

Cryptosporidium parvum (C. parvum) is one of the waterborne protozoan parasites and well known to cause
cryptosporidiosis. These parasites exist in the water system in very low densities and are resistant to many envi-
ronmental stresses, thereby necessitating the development of a very sensitive detection method to detect them.
In this study, we developed a real-time reverse transcription (RT)-polymerase chain reaction (PCR) method to
detect the mRNA of the hsp70 gene for the detection of viable C. parvum. In the results, it was shown that
the detection sensitivity for hsp70 was equal to that of the RT-PCR for hsp70 which had been developed. Also,
it was possible to observe a 10-fold increase of the detection sensitivity when hsp70 mRNA was induced by
giving heat shock, compared with that of the case that was not subjected to heat shock. In conclusion, the real-
time PCR method for the hsp70 gene of C. parvum developed in this study is as sengitive as the RT-PCR
method, as well as it makes quantification possible. Also, by using primers and probes for hsp70 gene, it was
possible to detect viable C. parvum as well as achieve about 10-fold increase in detection sensitivity. Further
studies are needed to detect viable Giardia lamblia, known to be an important waterborne parasite, by using

rea-time RT-PCR.

Key words: Cryptosporidium parvum, hsp70, rea-time RT-PCR, Giardia lamblia
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g & A3A 5 AR A (immunomagnetic
beads)E ol-&sfe] WAtz ow F
g3 (fluorescent antibody)Z FA5te] &
HEe ASsiE wgelt®. ey 9] whye A9
o] o] GAIR o] Qo] B EAAIZke] 4aH
H, AEd 22 okxae] dado] QAo il 7+
Aol U= B3 FERIA ol dAE Adsh 7t ulg-
oY= Dol § <l
FTHoE dxde] §FE W B4 Wyelm=g
o] TR AgAte} 2¥A] X
jJr EH”"ﬂ ztol7d g & Aotk EE:_L 7 s
T o Edo] EAlstlnR, ¥ 4
*o‘(artlfactS)ﬂl ojg A3 iAo oF 7FsAdel =k
olgfgt HHES Healr] 3l THEAAMTSH
(polymerase chain reaction, PCR)3} real-time PCR
WA ESHA WhHEo] A, JiEE A floH, o]
W Eo] A 3PANEE FAE]0 AjtelaL,
U Soldx wj$ Hojurky BuEe D, &
te oA G| S dAdatr] 98 <l
o] YMEFo U2 HCT-8thuman ileocaecal
adenocarcinoma cells) Al 3ol Z+e 9} IS 7HAA]
A ol& iYsle Wolu?, A9For d= A
(heat shock)S 71ske] heat shock protein 70(ksp70)
A7kl mRNA HAEE f=gh & ol& A& e
A AHreverse transcription, RT)-PCR ®' So] ®H
28 v e gy RT-PCRY ] 745 44+4
7Fssh A #ol %7}55?4 RT-PCR ¥ 2+ ¢}
FA%2] DNAZF A2 SEEA=A ERl1s7] fls)
7195 5 o] da } , 2% PCR 4HEo]
22 o}z 2-0] DNARIA] st} | #l3 F71= g3
A} (probes)E A|2Fsle] AHEIH (southern hybridiza-
tion) 52 FasoF sh= Tdo] Ut PCRO o]zt
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2.1. &2 QIEXKE0| LTy

Golst W2 olgd FETHALNE
and percoll density gradient centrifugation)2 -2
Sk & 25% QAT A Az FRAIZL 2R ofxa)
9] ¥ (Waterborne, New Orleans, LA, USA)S-
TYhste] ARESHAY, SA] ARSI 2 739 4~8°C
e 2 AREE w7hA] BgsiQiT.

2] (sucrose

my IZA T A FHFHM T E(Aquaglo G,
Waterborne)& AM&-ated A|zAle] Wie] wah &34
AL 4 6-diamidino-2-phenylindole(DAPI,  Sigma
Chemical Co., St. Louis, MO, USA) o= s
gast & #AEsSoh FF - rlEHddE] dn)F
(Eclipse E800 model, Nikon, Japan)SZ Z4~ 4004)
Ful &2 WA YF A exciter filter, 450~490 nm;
dichroic beam-splitting mirror, 510 nm; barrier or
suppression filter, 515~520 nm), 392174 AH exciter
filter, 340~380 nm; dichroic beam-splitting mirror,
400 nm; barrier or suppression filter, 420 nm),
23 R R (DIC) s Bl 2R hEAEe]
‘r}¢ T2 RIS A AAE FEst] FFIAY

o SolggE el AR YA 4~6ume)
A7t B 258435 JepiH ElFe7E 2op A
4 9 i ABes Ay, e
< 53 FARJ WP TF2A~S] X2
o|E)7} J*%LEliX] o9} zleld HEE o] &3l
"L% DAPI|| o3t s AspEA o] ol 1~4
b A e wo] BRI, Ul fale] 9%
o

o s A PYE Fuslel e

2.3. RNA &
e S}EAPEO] Wy o 2 RE WA E A )
E(Dynabeads mRNA DIRECT™ kit, Dynal Bio-
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tech, Oslo, Norway)E ©]&3ld #|ZARe] 4 W
o w2} mRNAS FE3I8t). 2R fxzkse] vy
S 2HE hsp70 mRNAS] AALE F=317] s 42°C
oA 208 Bt €2 AFS FIUh whgo] il
lysis/binding buffer(Dynal Biotech) 200 uLE&
7K & dA AiolA 187 gl 65°C 325
oA 17 Hole HBE T 63] RS 20
uL Dynabeads oligo (dT),5-bead(Dynal Biotech)=
€3 30°CA 30%7F E%7](Sample Mixer, MXICI
model, Dynal Biotech)ollA] WFg-A1Z1 & 271 UYA55
715 ol&dtd Ap7IdAtet d4ks el eklal Washing
buffer A9} Washing buffer B2 A2}t A& o]
€4 ¥ icecold 10 mM Tris-HCl 50 uLE
80°CoA 287F WH-AIA mRNAE AMJAIZHE £
3Fth #2]3 mRNAo| DNase I(ABgene, Epsom,
UK)YS 001 UpuLel 52 Azjsle] DNAS 93]
A A & cDNAE ¥H=7] 9%k RT-PCR WH$-34 real-
time RT-PCRe] F3 o2 AR5}

A

2.4. RT-PCR

RT-PCRS F33t7] 9J8ll &3 mRNAS FFo=
Sensiscript RT 7]E(Qiagen, Hilden, Germany)s A}
gste] AHrE AAEKTE ] QoFkshd, 10x
RT buffer 2 uL, ANTP &3l 2 uL, SHALE A (re-
verse transcriptase) 1 pLo} Zh QFEA5E9] hsp70
A7) 3k So] 7|AAH(Table 1 and Fig. 1) 2 pL
Z22]32 10 U RNase inhibitor 1 puL(Amersham Bio-
sciences, Piscataway, NJ, USA)S ¥ F=3 mRNA
5 uLE 412 ¥ RNasefree water(Qiagen)s %
371 20 7t HEE Yot XA Pl 37
°CollA 607 WHEAIZ! § FAE cDNAE ©]8-3t]
hsp70 the PCRE alalaitt. € hsp70o] o
3k ¢cDNA 3 uL, PCR& 7§A]AK(Table 1) 10 pmoles/
uLE Z+zF 2 ul, 2xTaqg DNA polymerase premixture
(Tag DNA polymerase 0.1 units/ul, dATE dGTE,
dCTB zzg]az dTTP 72t 05 mM, 4 mM MgCly;
GENET BIO, Nonsan, Republic of Korea) 10 uL
£ Y37 nuclease free water(Ambion, Inc., Austin,
TX, USA) 3 uLE ol H= ¥z} 20 ulrt H=
2 35 olE 94°CollA 587+ Wkg- F, 94°Col|A
1% =<t WA (denaturation) WS, 51°CollA] 1% &<
g, 72°ColM 187 5% S

T 453 wiEslal HEHo® 72

&9l (annealing)

(extension) ¥H&-&

oPge] - ol#d

°Co A 7HE7F WhgA1Z 2™ GeneAmp PCR System
9700(Applied Biosystems, Foster City, CA)7171E& A}
23159t}

2.5. Real-time RT-PCR

AAZE AL FEEA A2 7500 Real-time
PCR System(Applied Biosystems)g AF&-5le] =335}
Atk A G o RRH FAE cDNAE 73
o2 3%er, PCR #5482 2xPCR Master Mix
(Applied Biosystems) 25 uL, 7RAIAF Z2F 900 nM
o} &3e¥-4= 250 nM(Table 1 and Fig. 1), 28]
cDNA 53 5 uLE& %3 nuclease free water
(Ambion)g % 50 puL7t HEE HoiF3lrt. 50°CollA]
23, 95°CollA 1037 REAIRD - 95°CeollA 15%,
60°CollA] 14 403] WHEA7|E 2o ® FE3Iqit
(Fig. 2).

3. &1 o nE

Zh2 SpEAF2 FAlO v W T2 EAEIE
2 o5 AEFsI7F wig- 7=, 58 HEE F
2 Aol dado] o] Ao RE Tt
st7] Sl B2 @Al F7HE o] dasitt ol &
AF e EA0] Ue Zhe S-S Hoh g3 A
oA AEstaAr 22 EAFC] hsp70 mRNAS
A& 4 Y& real-time RT-PCREL 7fsiaict. 2
L& xRS hsp70 A F-9](GenBank accession
number, U1176)'VE thdoz 7hA Ao} &AE
Primer Express software version 3.0(Applied Bio-
systems)S ¢85t TIARIEIH 2™ (Table 1 and Fig.
1), real-time RT-PCR %71 g ysllch(Fig. 2a and
20). @A AN 2R ShEASS AE] 28l A

$H 95 WU Y FAS olgF AAIFIA

A7 W @n vivo excystation)o]t HCT-8 A|E
of 2R x-S 79AZ] & RT-PCR 59 Wio
E 94 fE ddsiu S4AH0M dEEe
ZERZO|EY HEZO|E T ¥ AR S
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Table 1. Primers and probe of RT-PCR and real-time RT-PCR for detecting Cryptosporidium parvum hsp70 mRNA.

Target Primers and probes Nucleotide sequences(5'-3")
F AAATGGTGAGCAATCCTCTG
RT-PCR
i R CTTGCTGCTCTTACCAGTAC
Cryptosporidium parvum F GGTGAGAGAGCCATGACT
hsp70 gene Real-time
RT-PCR R GTGCTGGTGGAATACCATCAAG
P TCCTCGGAAAGTTCCA

E forward; R, reverse; P, probe

1201 tctcactaga taaatagttt atttcatttt aactgattta ataaattctt atcgaaattc
1261 aaaaaaacaa gatgacatca tctgaaggtc cagctattgg tattgattta ggtaccacat
1321 actcatgtgt tggtgtatgg agaaacgata ctgtagatat tgttccaaac gatcaaggta
1381 accgtacaac accatcatat gtagcattta cagaaactga gcgtcttatt ggtgatgcag
1441 caaagaacca agttgctaga aacccagaaa atacagtttt tgatgctaaa cgtcttattg
1501 gtagaaagtt tgatgatcag gcagtacaaa gtgatatgac tcactggcca tttaaagtag
1561 ttagaggtcc aaaggacaag ccaatcatca gtgtaaacta cttaggtgaa aagaaggaat
1621 tccatgctga agaaatttct gctatggctt tacaaaagat gaaggagatc tctgaagcat
1681 acttgggtcg ccaaattaag aacgctgtag ttactgttcc agcttatttc aatgactcac
1741 agcgtcaagc aacaaaggat gcaggtgcaa ttgctggttt gaatgtaatg agaatcatta
1801 acgagccaac tgcagctgct attgcttatg gtcttgataa gaaaggaact ggcgagagaa
1861 atgtattgat cttcgattta ggtggtggta cttttgatgt atcattatta actattgaag
1921 atggtatttt tgaagttaaa gctaccgctg gtgatactca cttgggtggt gaagattttg
1981 ataacagact cgtagaattc tgtgtacaag atttcaagag aaagaataga ggtatggatt
2041 taacctcaaa tgctagagct ttaagaagac tcagaactca atgcgagcgt gcaaagagaa
2101 ctttgtcatc ttctactcaa gctacaattg agttagattc actctatgaa ggtattgatt
2161 attcagttgc catcagtaga gctagattcg aagaactctg cgccgattac ttccgtgcaa
2221 ctttagctcc agttgagaaa gtactcaagg atgctggtat ggacaagaga tctgtacatg
2281 atgttgtatt ggttggtggt tctacacgta ttccaaaggt tcaggccttg attcaggaat
2341 tctttaacgg taaagagcca tqcaaaqcaa tcaatccaga cgqaagctgtt gcttatggtg
2401 ctgctgtaca agctgctatc ttfaaatggtg agcaatcctc tgkcgtacag gatctcttat
2461 tattggatgt tgctccatta tcactcggtt tagaaactgc tggtggtgtt atgaccaagc
2521 ttattgaacg taatacaact atcccagcaa agaagacaca agtcttcact acttatgctg

2581 ataaccagag tggtgtcttg atccaagttt atgagbgtga gagagccatg actpaggata
2641 accatdtcct cggaaagttc caﬂcttgatg gtattccacc agcacfaaga ggtgtaccac|

2701 aaattgaagt cacctttgat attgatgcta atggtatctt gaatgtgtct gctgttgata
2761 agtcacta ttactaacga taagggtaga ttatcaaagg
2821 tatctgatat tgaacgtatg gttaatgatg ctgagaaata caagggtgag gatgagcaga
2881 acagacttaa gattgaggct aagaactctt tggagaacta cctctataac atgaggaaca
2941 ccatccaaga accaaaggtt aaggaaaagc tttctcaatc tgaaattgat gaggctgaga
3001 agaagatcaa ggatgctctt gactggctcg agcacaacca aactgctgaa aaggacgagt
30861 ttgaacatca acaaaaggag attgaaactc atatgaatcc actcatgatg aagatctact
3121 ctgctgaggg tggtatgcca ggtggaatgc caggtggtat gccaggcggt atgccaggtg
3181 gaatgccagg tggtatgcca ggtggaatgc caggcggtat gccaggtggt atgccaggtg
3241 gtatgccagg tggtatgcca ggatctaatg gtccaactgt tgaagaggtc gactaattat
3301 tttagtcacc aaaaaaactc actcaaaatg gaaagttaag aactatttac acactttcaa

Fig. 1. Location of primers and probe for RT-PCR and real-time RT-PCR. Blue shaded box, primers for RT-PCR; red
shaded box, primers for real-time RT-PCR; green shaded box, probes for real-time RT-PCR; GenBank accession
number of Cryptosporidium parvum hsp70 gene, U11761.
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a. b.
Preparation of mRNA | cDNA synthesis : 37 C, 60 min
from Oocysts / C l

Heat shock

Reverse Transcription-PCR

(45 °C, 20 min)

| 94 C, Smin

'*'I 94 C, 1 min I

Add lysis/binding buffer

72 °C, 1 min |—| 72 °C, 7 min |

Liquid nitrogen, 1 min
X 6 times Denaturation | | 40 cycles | | Final extension |
65 °C, 1 min
Real-time RT-PCR
oligo(dT), bead reaction UNG Al“}?li Taq .
30 C, 30 min) Incubation Gold BCR
( ’ Activation
Step N
Preparation of mRNA 40 cycles
HOLD HOLD . Annealing
Denaturation ¢ Extensio
& Extension
DNase I treatment
(37 °C, 30 min) Temperature 50T 95T 92T 60 T
Time 2 min 10 min 15 sec 1 min
2 °C, 10 min Volume SO uL

Fig. 2. Schematic diagram of RT-PCR and real-time RT-PCR for amplification of 2sp70 mRNA. a. preparation of Asp70
mRNA; b. reverse transcription; c. RT-PCR and real-time RT-PCR.

9] hsp70 mRNAZS 7
7tk 739 =Tt A
E27E AR hsp70
(Fig. 3a). 107 4"“{ 22 Fa
FAEIL Tiete] 1071 34 Aol o] A
< gelEt i rhFig. 3b; 1090=171.5+51.671, 107}
=19.5+3.57], 10° 314 1.5+0.771). ¥ Aol 7t
3} real-time RT-PCRS S3)3t A=}, & A=L 718}
A & 735 VA9 ‘/‘rﬁ"*ol AT AETHA] HAEo]
7Fsetlom (Fig. 4a), € A5
=7} At 10719 "‘ri‘f}_i—rﬂ HAFE hsp70
mRNAZIR] ZZo] 71sIthFg. 4b). o)/de] 2=
FE B Apor 7f¢e realtime RT-PCRY©| H+
5(2005)°] AFe RT-PCRHY FYst Iz=E 7t
VS & F AL UH O 2 real-time PCRo] &
v PCRETH W% 5‘57} o Eral A oy 2 4
TFolAE Ak RIZEE eI ol o] Har
¥ RT-PCRe| =43 & —_r“’] real-time RT-PCR2]
A Z7o] HA3E Ho3U7] wEelgtar Azt
Z#y RT-PCRES H—Or gk W Qlel = st
3, DNAS] S5 5E 3 } | 98l optE= As

7H A —’F—z’— o

7Rsshsich

S 718 3% AE W

v

Number of oocysts

sm 10* 10° 10% 10' 10° 10" 102 10° (-)

a.

hsp70 (361 bp)

Fig. 3. Increase of detection sensitivity of RT-PCR by
heat shock on the oocysts of Cryptosporidium
parvum. a. oocysts were 10-fold diluted in phos-
phate buffered saline and heat-shocked (lower row)
or not (upper row). mRNA were extracted and RT-
PCR was conducted; b. representative images to
prove the presence of the oocysts in the diluted
samples.

W= ethidium bromide 52 29 A5= GAst
3L PCR 4HEE A1k 3h, #1e)de ATt
#Hs| o 3= 5 B3 post-PCR AgetA7| Hast
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Fig. 4. Amplification of sp70 mRNA of Cryptosporidium
parvum by real-time RT-PCR and the increase of
detection sensitivity by giving heat shock. Oocysts
were 10-fold diluted in phosphate buffered saline
and heat-shocked (a) or not (b). mRNA were
extracted and real-time RT-PCR was conducted.

et}

o] ItH0. m hsp702] mRNAS| EA
T UL W o= F=9| hsp70 mRNAZL Z
HAEA], & AlFo) o= Aol e fxxFo
Zgo] SAYAEA AFD T flthe @ilo] A

HWHH real-time RT-PCRS RT-PCR*H RNA=ZH
DNAE ZZA173 FAlol, SZ% DNAY So)%
gsl—zsl— S Q= 3 Iﬂ—;‘dx}ﬁ'— o]_Q_fj}.EE =
7l DNA®] &S Asslsle] HAEE + Uve A
&0 @%WV] 7Fes WhHoltt,

B Ao 7|23t real-time RT-PCRHS 374 4
AEZRY 22 AZxAFS HAEst FFs] A
A ARl Agol 7FeE Aolgtal ddEH, o2
Ho} A3 29 AR5 A, ol& A
213l HCT-8 59 Al2E o]k Alxnehi} AAgH

yill

in
gul

£z

e

o T& o

“Lﬁ

G

PCRYS] 7o) Bag
S B0 42D 4 ST Pol O BPE Waa
Ao A7,

-~
Iy
u

LB AFlA A2 SEAES AEstaat slEst
real time RT-PCRES 4 &35 FYL of 101 719
Pi‘/‘— ol AANE hsp70 mRNAZEA] HAZE©] 7}
PHo 2 e oz A4S THHHeR
3. E Ao 7H”Lf51- real-time RT-PCRY-& 2
94,41].6._,] §]—/’H 0 X]P](;]' ,L]_T;}aﬂ- 2= OLE_ H]}_uﬁo&o\jﬁ]
H o] 8-80] 7Fee Aoz v

HAte| 2
B ATE FHEALTA FALATY FEREA

ATAENN FYHUGU, B =R AN 2
154 A7) Sk A=,

il

o
o

il

I

1. J.T. Lisle and ].B. Rose, J Water Supply Res Technol
Aqua, 1995, 44, 103-117.

2. A.C. Moore, B.L. Herwaldt, G.E Craun, R.L. Calderon,
A K Highsmith, and D.D. Juranek, J Am Water Works
Assoc, 1994, 86, 87-99.

3. WR. Mac Kenzi, N.J. Hoxie, M.E. Proctor, M.S. Gra-
dus, K.A. Blair, D.E. Peterson, J.J. Kazmierczak, D.G.
Addiss, K.R. Fox, ]J.B. Rose and ]J.P. Davis, N Eng |
Med, 1994, 331, 161-167.

4. T. Yamazaki, N, Sasaki, S. Takahashi, A. Satomi, G.
Hashikita, E Oki, A. Itabashi, K. Hirayama and E.
Hori, Kansenshogaku Zasshi, 1997, 71, 1031-1036.

5. 7183, okl o|43), HfeIFFII], 2006, 28,
843-851.
6. o1, AES, 2T, olol, oAlE, oAk, B9

A, rESEF S, 2000, 16, 595-608.
7. W.Q. Betancourt and J.B. Rose, Vet Parasitol, 2004, 26,

219-234.



10.

11.

12.

13.

14

140

. U.S. Environmental Protection Agency, 2001, EPA-
821-R-01-025

. S.M. Caccio, Acta Microbiol Pol, 2003, 52 (Suppl.), 23-

34.

D.W. Johnson, N.J. Pieniazek, D.W. Griffin, L. Misener

and J.B. Rose, Appl Environ Microbiol, 1995, 61,

3849-3855.

PA. Rochelle, R. De Leon, M.H. Stewart and R.L.

Wolfe, Appl Environ Microbiol, 1997, 63, 106-114.

D.G. Di Giovanni and M.W. LeChevallier, Appl Envi-

ron Microbiol, 2005, 71, 1495-1500.

WP, AR, AEN, A9s], Adv], gieheirnE
3T 2 B s TG EEd =iEE,

2005, F-9, 54-59.

. J. Slapeta and J.S. Keithly, Eukaryot Cell, 2004, 3, 483-

A8 - o1l - ol

15.

16.

17.

18.

19.

20.

ol - ol

494.

J.E. Achenbach, C.L. Topliff, V.B. Vassilev, R.O. Donis,
K.M. Eskridge, and C.L. Kelling, J Virol Methods,
2004, 121, 1-6.

E.M. Gallagher and A.B. Margolin, J Virol Methods,
2007, 139, 195-202.

N.T. Goldiwala, A. Vandewalle, H.D. Ward and B.A.
Leav, Appl Environ Microbiol, 2006, 72, 4484-4488.
FPIAATN@ FUDAAAL), 2004, AT-EAH
FHIA,

C. Logan, ]J.J. O'Leary and N. O'Sullivan, J Clin Micro-
biol, 2006, 44, 3189-3195.

H. Tani, T. Kanagawa, S. Kurata, T. Teramura, K.
Nakamura, S. Tsuneda and N. Noda, Anal Chem,
2007, 79, 974-979.



