Journal of Life Science 2006 Vol. 16. No. 5. 729~733

©JLs

JEEATICIS &AM U 2iddM mNyE
RT-PCR ¥ cell culture IFAS] H|u
BRAFR'S . SfEE -

yze’ - oisy’ - Moyt - man|™

$I8t direct RT-PCR, cell culture

'TRVAREY, RIS QA NAFSa, A5 A4

Received March 29, 2006 /Accepted May 30, 2006

Comparison of Direct RT-PCR, Cell Culture RT-PCR and Cell Culture IFA for Viability and
Infectivity Assay of Cryptosporzdzum Sangjung Park'’, Jaeran Yu? Jongmin Kim', Yeontaek Rim,
Ingnyol Jin** and Hyenmi Chung®. 'National Instztute of Environmental Research, *Konkuk University,
*Kyungpook national University — Cryptosporidium is a waterborne pathogenic parasite which causes
diarrhea. Immunomagnetic separation-immunofluorescent assay (IMS-IFA) has been a widely adopted
for Cryptosporidium detection as standard method. However, this method does not provide information
about viability or infectivity of Cryptosporidium. Therefore, many researchers have studied viability or
infectivity analyses of Cryptosporidium with various methods such as vital staining, in vitro excystation,
RT-PCR, cell culture, and mouse infection assay. In this study, two direct RT-PCR methods, cell cul-
ture RT-PCR and cell culture [FA were compared for sensitivity and other characteristics. The results
showed that direct RT-PCR method with HSP70 genes had the highest sensitivity with detection up
to 1 viable cell of Cryptosporidium. The infectious Cryptosporidium were detected up to 10 to 25 cells
by cell culture methods in combination with RT-PCR and IFA. The infectious Cryptosporidium were
apt to be quantified by cell culture IFA.

Key words — Cryptosporidium, direct RT-PCR, cell culture RT-PCR, cell culture IFA, viability, infectivity

M B vh2 Fol AHELERY RS B¥ e FUst] AE

FE gdshe HoE 7H% dE hE e & 5

AHEATYYEL AIA A 5& dedle 794 flom, ddster Bl§ ¥ =¥o] J7d| go] Evhe &

BER 78T B B RAM dAYFTES EYst Aol Utk oo dE tdeE HCT-83 22 AHe] oA

T WYL EE EPA 1623 method[4]9] & AAFFEHY  EE ok'é}cnl &171031 AHEXEYY ] FEEE FEA

£ 7P e ARgEta itk ey o] W2 IHELY Y A G4 5 AT ol b, FEAH FFEQ el
0e 9dgAE o] &3 HNEY #FdM(Fluorescein iso- € F 7} ]7} Ahﬂl A WAE PR ®

thiocyanate, FITC) DAPI (4’ ,6-diamidino-2- phenylindole)o]
9lgl G A 73751 DIC (Differential interference contrast)
£ o] &3}, LH‘T‘:IIZS' Felote Wyor, 84 B 7E
Aol g FEE 2 4 e DHol Utk BEAM ZHE
232U &4 e ZEA S BHs] A% o4 F
ol AA|, drso] 1269 olHF WHE T BLY
WO E = vital dye staining, in vitro excystation, direct
RT-PCR (Reverse Transcriptase PCR) 0] i, ol& ¥
Ho g Alxe AA g HRT & B AEA ZEA
& MeAe ¢ 7 ok
AYE2TYEY HE o
g

o gs AERYY, B
EAZAGS) o #E8 @

He
e dEHd e

*Corresponding author

Tel : +82-32-560-7311, Fax : +82-32-560-7311
E-mail : hyenmic05@hotmail.com
*Co-Corresponding author

Tel : +82-53-950-5377, Fax : +82-53-955-5522
E-mail : jinin@knu.ac.kr

£ RT-PCR W&
Azdte Aot o8 Hug F) "ﬂiﬁﬂ%k & PCR ¥
RT-PCR WHo2 #gaFs a38 239 ves Fg
AR AA v FAE Aol FR1E uh QA58 7 |
e ATHYG & ZHE2Z TR JEHLife Cycle)}
4 % 45T merozoite @ sporozoite5 ) U poly-
clonalg} A ¢t FFFAA o] ZFE 7|EE o831 %
FAFOEN ZEY FFE EUste Aotk

B dTqA e F43EHE=9 s}el Direct RT-PCR3 7
G WdY HCT8 A EE o83t agE2X¥ RS 7
HA)Zl F, RT-PCR ¥ ¥ ¥ 83 (Immunofluorescence
Assay, [FA)0.2 &3 ] 59 U2 E 5& viudty &
BAEF ZHELE YR ¥ AdA e A4S 5Y
B o ofd Po] 83 AA7ME dopr izt &k

Hi
=

Nz ¢

o

IEEAZICIE HEY =H|

Ao AHeE FHEXZ Y E G¥FS A3 ga 9



730 BB LRI 2006, Vol. 16. No. 5

AR P F TN RS oh2(CTBL)E o] &3
A A %E FEY 2 bovine 429 4438 Aolgle 2
HEAZYUES 7Yt Agsdch Ugs A8s 9
3 A4 FHlE AYEAXYYEE in vitro excystation}
2o g3 98% oj4te) E4E 7HESE HAS F, hae-
mocytometer o] &3t] A X5E Z2X3 UL Idt= AT
F7F Heg QagEgdog sty A4

Oh

RT-PCRE ¢l
o 2

SrAZEE AxgstudA Auj3¥E9 HCT-8 A
£ AJg3tg o, RT-PCRAS S 913 MEMH] Ao 24 mM
Sodium bicarbonate, 20 mM HEPES, 2 mM L-glutamine,
100 U/mL penicillin G, 100 ug/mL streptomycin, 10%
Fetal bovine serum (FBS)S #7}8+ v]z)d] HCT-8 M X &
W F3t A3, M L7 monolayers HASH AYPEAT
Adg BEYS 2N BEGS BT TREE 39
AH % 10% sodium hypochlorite solutiond]] &-2-$]oj4] 10
2 FA F 274$ PBSE 33 AlHE g on, Trypsin in
acidified HBSS (0.01 M HCl in HBSS-1% trypsin)& 2o} 3
7CoAA 12417 A &, 2% FBSE ¥& DMEM HjA 2 43
3t3 HCT-8 2ol A AT

P SFMENY Y TgEATZACS U

T

IFAE I8t SFMTY L FYEATCIR HEY 24Y
[FAEE S ¢ HCT-8 ME= RPMI 16408 Ao 10%
FBS & 1 mM Sodium pyruvate & penicillin/streptomycin
& H7bskA 37C, 5% CO: 2 44T 52 HA8HA
8l 93} 4 . monolayer?} & A ¥@ Trypsin-EDTA
AEE AZuY Fet23 ngozRE dojy
H A&t 8719 well& 7}A Chamber slide system
(Lab-Tek chamber slide system 177445)9) 253t ¥ =7} &
5 7 Ao AEE gdstA 98 F wdsidt). o)
o 93] 348 agdE2XetE G2 sodium hy-
pochiorite solutiong H7}ta A2 A 20571 Hx3 ¥
ARG Z5AE AASNYeH, A4F3dFH 05%
Trypsin (pH 2.5)2 3 7}3}e] 37 Co A 3027+ wj ks & A
AL A7 st RPMI 16409 A of] 2% 9} o} 342 7€ FBSE
713 MEZRAAE H718te] Chamber slide system<)]
BTAE AA F, 4 Lol FEAA
M ZHI2E RNA 22|
A Za <k 4827 & MEM wl A & 33] AHdn 4594¢
AAS AT ZHE M Xl Trizol reagent (Invitrogen)E z}
500 L A @32 QXS =o 15 mL FB9 &7 & chloro-
form 100 pLE #H7}ste] 41 thg A2 2~3% HX 34
o} 12,000 rpmof A 1587 g42e] & 4598 A FHo

#Fstx Y A= W1, Isopropyl alcohol 200 yLE H7}a}
o & 4& o -20THA 25 FAsAd 12,000
rpmoll A 1087+ 94 R2]5te] RNAS & T8 75% etha-
nol% 9,000 rpmolfj 4| 587 YA E st MG &, 459
< WE|Z RNA pelletst H74 F7] F4N 2Ho.
DEPC-DWE 10 pL ¥ o] =<1 th& DNasel (Ambion) 2 US
W o] 37T oAl 1587 w84 7] 22 DNasel activityE §lo}7)
98l EDTAE HFE%7l 5 mM HEE ¥ 3 75T A
1087 vk A AT o]F 5 plE 3o reverse tran-
scriptiond} 1 ¢DNAE WHEth YA 5 yLe DNA 9.4

F& #3}t7] 93 reverse transcriptions A &ata v}

E PCRéto gstgch

Direct RT-PCRE 2I& Oocyst mRNA &2l

AYPEATYYE GFFE InstaGene (Biorad) 50 pLoj
¥ 42TCoA 3083t 98AIAT. Lysis-binding buffer
(Dynal, Oslo, Norway) 100 uLE ©j3}iL A2 49} 65CE
184 wHE-3t] 53] ¥hg Al AT 12,000 rpmojl A 383 44
29 3 g 459L 5 L9 oligodT-bead (Dynal, Oslo,
Norway)oll @3 30Ce|A 3083+ ¥H3-A17 k. Magnetic
particle concentrator (MPC, Dynal)o] 79| bead?t 22] 3t
% A&d-& WA Wash buffer2 433 DEPC-DW 10 L
€ W2 65TAA 227 813414 mRNAE bead25-H &
2|34t DNaselS UoflA] AF3 wie} Zo| A3 &
reverse transcriptions} sy th.

RT-PCR =4

Qiagen Sensiscript RTkitZ A}&3}e] reverse tran-
scriptiond} ¢t} 10x RT buffer 2 pL, ANTP mix 2 pL, sensi-
script reverse transcriptase 1 uL9} random hexamer 2 pL
% RNase inhibitor 1 pLE 413 mRNA 5 L& 4& %
RNase free waterS A vh-g&do) 20 L7} H=& A1,
37TAX 6027 HA8tA T} el RT productE 7}A)
i HSP70 f 2o thgh FE9k-8-& 33t Ac). HSP709
73% forward primer cphsp2423F 5-AAA TGG TGA GCA
ATC CTC TG-3'9} reverse primer cphsp2764R 5-CTT GCT
GCT CIT ACC AGT AC-3'& AM&-3t 3L 361 bpe] W=
A& ATH7]. B-Tubuling] A9+ 1st round PCRA] btub5
5-GAT TGG TGC TAA ATT CTG GG-3'¢} btub2 5'-GTC
TGC AAA ATA CGA TCT GG-3, 2nd round PCR A
btub3 5-GTC ATT TCT GAT GAG CAC GG-3'$} btubb
5-ACA GCA TCT AAG AGT TCA GCT CC-3'2 A}&-3t9g
CH10]. ofm} 282 bpe] =& A48t 1.5% agarose gel
o A ethidium bromide 43 AAE W= gols ).

PCR #h-&Z7AL& HSP/09] A% 94T 2%, 94T 30%, 55T
452, 72T 4529 2702 40 cycle A} L 72T 58



Z ot extension3d} g th Tubulinf-H 28] S+ nested PCR
2 7A&3s9 . First round RT-PCRE 94T 2%, 95T 50x,
52T 50z, 72C 182 & 30 cycle F33 05 72C 387
extension3}3t}. Second round RT-PCReJA &= annealing
temperature® 57C2 33t '
4 HETLE ZEAIIA 42 AXE, FFRFE e
Z 3 RT product, RNA &4 2 ZH4+E 2183500,
PCR mixture= 2.5 U of AmpliTaq, 1x PCR buffer, 0.25 uM
each forward and reverse primer, 2.5 mM MgCl;, and 200
UM dNTPE 410} 50 yL §%ol4 ANt 228 48
& agarose gelol] A719% 38t ¢] ethidium bromide ¥ 434

st

d&gtols Ao g g g2EE Ao E AAS}L
AMASEHE o] &, AF F iek Wehd Awje] 71 4
of oF 100 LLAT FY3te 1083 FANAT dg&g A
A F, g YAgF LA 0T A8 JAHHT THEAYE
e A TR 7Y ZF @4 E merozoite © sporozoite
ol gt A9} FFAMAGo] AFD FFIANINE
(sporoglox20, AGOOFLR, waterborne AHE 1A17F A& G4
%, 339V oz FAHY-

i ¢ 1E

AYPE2ZYUE F¥Fd] X (heat induction)HH
o] RT-PCR 91759 wx& gL 2AE7] 98 g
3 3y, xR g dxd 2 A3t AFEAR
vIds dAEe 345le mRNAE 23 &, HSP70 #
Azt tj g RT-PCRE #3481 A, A dx
¥ 2 Adda] g drd 2% 1x10° ME57A 361
bpe] =g HAsc AL Ao, A3t Al
A7 dEGAME et 4HR gol HSP70 /3RS
Ate 2 & Direct RT-PCRYH o] U2 o] HALgd o £
S & 5 AN =, GAYE GEEY 397} 84
Z8tA) @-& ¢ Hrh RT-PCR AHE9] o] 4 & AL
2 Yyeh} 945 E Foly] YJalde EXEFA o] HEA
o298 ¢ F AN (Fig 1)

Direct RT-PCRY} 9175 RALE 93 ZEEAXIYS
W¥ S 1x10° A 255E 1<10° A X572 dAE 348
o 7 A& E 5749 ARE FH53 Dynaloligo dTE A}
&3t mRNAZ 233§ th HSP70 geneol tis] direct
RT-PCR& A3}, 1x10°HE45¢] A$ 5749 A8 Fulsto]
B% kAol DNA Wi=g 3% 4 e, XA 5
9] Ao 5709 ANEE FHI8HY 4719 ¥4 DNA W=
2 398 & AA E X0 E59] Aol 8usiAg

O

Journal of Life Science 2006, Vol. 16. No. 5 731

Heat induced Non-heat induced Heat-killed
oocysts oocysts oocysts
4102 10! 101 LIOZ 10! 10‘1 _ 10? 10 1&“ DwW

Fig. 1. Sensitivity difference between heat induced C. paroum oo-
cysts and non-heat induced oocysts (L, 100 bp ladder).
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C. paroum oocysts (L, 100 bp ladder).
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Fig. 3. RT-nested PCR result against B-tubulin gene with mRNA
isolated from C. parvum oocysts (L, 100 bp ladder).
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11074 AEso] S uzd wgor veiten, 4E
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25x109] A= E Jehfjol fAIR 23E Ve

o(

10* 103 102 10" 10° HK “NO DW
e e v i b e e

L
-

38i-bp

3
10* 10

102
.

0
10! 10 HK

Fig. 4. RT-PCR result against HSP70 with mRNA isolated
from HCT-8 cells infected with C. parvum oocysts (L,
100 bp ladder; *, Heat killed oocyst; **, No infection).

Fig. 5. HCT-8 cell as host of Cryptosporidium (left), cluster
(right) immuno fluorescently stained.

Table 1. The comparison of the sensitivity of each method

Direct RT-PCR against
HSP70 B-Tubulin gene

Cell culture Cell culture

RT-PCR IFA
gene (nested)

10,000 NT + + +
1,000 + - + +
100 + - + +
50 NT NT NT +
25 NT NT NT +
10 + - + -

1 + - - -

* . not tested

Table 2. The comparison of characteristics of each method

Method Sensitivity Quannﬁca Time C?nve- Comments
nience

HSP 70 0 x o 0 viability
Direct  gene
RT-PCR  B-tubulin .

(nested) X 0 o] viability
Cell culture RT-PCR A x x x  infectivity
Cell culture IFA A ¢! x & infectivity

0, good; &, acceptable; x, not satisfied.
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