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Abstract

In order to identify various Cryptosporidium species in environment, nested PCR-RFLP and DNA sequencing method were
used. The sensitivity of nested PCR-RFLP based on 18s rRNA gene was shown to 1 oocyst. Therefore, we applied nested
PCR-RFLP method to environmental samples. As a result, only 4 samples out of 8 samples confirmed as Cryptosporidium
parvum by standard method of Cryptosporidium were identified as Cryptosporidium parvum by nested PCR-RFLP and DNA
sequencing method. The rest of 4 samples among 8 samples were identified as Cryptosporidium muris, Cryptosporidium
bailey. Therefore, in addition to standard method of Cryptosporidium, supplementary verification through nested PCR-RFLP
and DNA sequencing should be needed to give more accurate information about risk of Cryptosporidium.
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22. A|EEM
Zyzto]l A8 10 LE YASE
o wat, FFHEZE *}%8}04

HA PNedE] o3, tl-Cryptosporidlum 2t
7IAE °l&, BYAGE E] }"E“:} 289 98 d&gols

ANA APAIZ &, SHEAZTE TAFAE o] &5 Al
X8 FFYY(Fluorescein isothiocyanate; FITC), 4',6-dia
midino-2-phenylindole(DAPI)ell &g 1 EA, 183 DICE
o] &3t AMEY WHTZE FASIY IHEXIIAUZS

Bt

® NEE FRELY 3R UT Eob gegH
odetA @ 150 mLE P Eelwe] dof AR F
Bt FBYAARA, B A2E e 44
dolme] w3 ¥ FPFAse] FFHAoL, AN

JEEN 5 Haemocytometer%
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® Effluent of sewage treatment plant
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Fig. 1. Sampling sites of this study.

Table 1. Nested PCR primer and condition used in this study

(0]6)] Effluent of sewage treatment plant

o] &ato] FEFstATt

ARE 474 204 FHletd Ulle 84dv3 ez 33,
AFsted AMESIN A, 2 1/1E neted PCRe AME-3)
At

2.3. nested PCR-RFLP

AFARZRE dojzl AIEE FEO Y1 48y =
AZdS W 25% chelex 1002 50 1 =
2(-80°C)dl Al 18, 100°CelA] 1837t 53] wt&ste] A EE
A AT 56°Col A 3087F w17l F 15,000 rpmell A
2 AR 59 e VAL AHE2EYY R
18s rRNA 35 422 nesed PCRS &I 1
2} PCRO A& primer (0.4 uM), 1xPCR buffer, MgCl, (5.5
mM), dNTP (200 M), Taq polymerase (7.5 U)E w34

o™, 2% PCRO|AE primer (0.8 uM), 1xPCR buffer,
MgCl, (65 mM), dNTP (200 uM), Tag polymerase (2.5
WA AT o] W ALEH primere] ¥71M<E 2 PCR
Z7AL2 Table 13 Zt}.

® Mukhyun stream
3\

® Intermediate stage of
animal wastewater treatment plant

® Effluent of
animal wastewater treatment plant

3054

@ Small stream in Yangpyung

A0 @ Small stream in Yangpyung
- W '}

{
in Yongin 2
>

@& Sample from
patient infected Crvpiosporiaivm

Primer Base sequence PCR condition
q . i Initial denaturation : 95°C, 5 min
Forwar 5-TTCTAGAGCTAATACATGCG-3 Denaturation : 94°C, 1 min
1st Annealing 60°C, 1 min
Backward 5-CCCATTTCCTTCGAAACAGGA-3 Extension 72°C, 1 min (30 cycles)
Final extension 72°C, 7 min
. : Initial denaturation : 95°C, 5 min
Forward 5-GGAAGGGTTGTATTTATTAGATAAAG-3 Denaturation : 94°C, 1 min
2nd Annealing 60°C, 30 sec
Backward 5-AAGGAGTAAGGAACAACCTCCA-3 Extension 72°C, 50 sec (17 cycles)

Final extension 72°C, 7 min
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RFLP ¥lg& $3t 24L& 2% PCR 4 20 uL, 10x
buffer 5 uL, BSA(10 mg/mL) 05 pL, &5 225 uLs
Y, wA g AFELE 10 U/uLY Sspl (Promega) =
£ Vspl(Promega) 2 uLE ¥ 37°C, 4A17F ¥HSAI AT
e glS $ste 0.5 pg/mL7F X3 2% agarose gel
71853t A

2.4. DNA sequencing
el A @R 23k PCRAHE 20 uLE # 3l DNA sequ-
encings 935t BT

3. 2nt & IH

AA@GAA AHESZYES AE5h] 9t Ha
A AHE2ZY ] Bo| HEHAE o=z d4He
AxE Adeste] ZAlstTable 2).

a1 2% X8 T seAYd ¥R VN AFHCAA
0L % 2447 Aoy, died steAzd 2

=

FaeAYg e dRFAME ZHELEIHUE dE G
o] AEHA YolA, FidFAHEF AFUAAA &
AZA F AFANA A EE AFsY BT S PA
T ARE FREZo YT Bopr 10 LE FEeLEHA o
b ¢ 150 mLE A ER] 55t TFEN £ F
Fangdes #FFI A, 506709 APELAZHYE &
xgo] Ao, FE 4HFd FEHY AE7L ofd
0 AA(ghost) FEIY MEZH, TG AEHe] AsH

398 FHE EAstd %A APE2IIUgo=
BA57) e o, dEde] As% A Tt 9%
gaslol YW A 5 ol HZ nFsel AYELE
grgos #Psgth

FAFANME ZFANA VRA/O L, FB J= & =

Ab gol AMAGA 197/0A1/10 L, ASHA SFelA 270 A
110 L, BFA 7oA 67MA/10 L, FAAHAA 37A/10
LY dx o] A& AT

AYPEAZIAY ] #9E FIAZRH F52F ABA
L 256x10" 7HA/10 mLE VERA YT

AFABANN &Y IAYE2ZIYULY FL gQlsr]
5k nested PCR-RFLP £41& A8kt

HA, AgE2TYURL FFA R H2 AAFE &
Asl7] W&ol nesed PCR-RFLPEAI 0] 71534 FE2 %
Absl7] $1ste] nested PCRE WA EE A THFig. 2).

Cryptosporidium parvum (waterborne A|&)& Haemocyto-
meterS o] &3t AMEFE FFH o, AEF7F 1x10°
1x10°, 1x10%, 1x10, 107} H=E oA sAsdct. 3
e ANEE ZHEZZYYEY 18s rRNA 44 el thaf
nested PCRE F3Jd3t 23, 119 A XA % nested PCR
¢ 2nd PCR 237} Y= YgroH(lane 8~12), B84€
2nd PCR &S 7FA I Algtasl Vel & As A,
2709 53 W=rt gElen(lane 14) , Sspl & A
2 A% I 5 M= A1 (lane 15), AV E
2xgggo] UIAZ EAshs BEA 8 dsiAE nested
PCR-RFLPZ & 34°] 7eds &9€ + AU

Cryptosporidiumell i3] PCR-RFLPZ % 33 %79
ATFZETLE HH, Webster 5(1993) 2 Awad-El-Kariem &
(1994) 0] A=stR o, o9 AFZAF+= Cryptosporidium
parvumE C. muris®} C. baileyiZ¥E FTES 75359
o4y, C. muris¢} C. baileyigtlls M2 EFES & F ¢l
AoH, Xigang 5(1996)°] £ AT BLF FAAS 18s
IRNA 325 td 22 Atas Dral # Vspl & AHE
st PCR-RFLP #4 o= Cryptosporidium parvum, C.
muris 2 C. haileyis & sdst=d JFsATh 284,
o] A% FFANEE Yo T Aol ol T

Table 2. Number of Cryptosporidium detected in environment samples

Sample

Number of Cryptosporidium (/10 L)

(D Effluent of sewage treatment plant in Yongin
@ Effluent of sewage treatment plant in Yongin
(3 Effluent of sewage treatment plant in Goksung
@ Effluent of sewage treatment plant in Incheon
(® Effluent of animal wastewater treatment plant
Intermediate stage of animal wastewater treatment plant
@ Jungrang stream

Wangsuk stream

© Small stream in Yangpyung

(0O Small stream in Yangpyung

@ Downstream of Kyungan

@ Upstream of Kyungan

@ Downstream of Myochun

@ Upstream of Myochun

@ Mukhyun stream

@ Tan stream

@ Anyang stream

8 Sample from patient infected Cryptosporidium

=)

2.56x10710 mL
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TE U= 3 A7EAR 2 Y G
7hedAd A e BelA Zatath
, Paul and Christopher(2001)°] B4 o3t =2
€ d¥FE JEF ¥ nested PCRS ©] &3}
£ 53¢ 23 gl FEIAA HEe] 7hedt
, R dE G = 53] wtE AFA 287t A
2 Jtsaada Busgt. £33, Kao S(2003)E 29
4 A& ZYE2FIUE dEES FJEL T AEY
g d 54 2K Cryptosporidium oocyst wall protein gene)S
©2 9 nested PCRE AT A7 1Y dx oA
43 W& A F 3371 AEe] Jhestta skt
2 ATFEFAANME T Y FEFAN FPgeE YdER}
UAE7E e & ALRE Yelked, AFEHAA Paul
and Christopher(2001)3 Kato 5(2003)Z+2] AolH& o5
o] 3x & AFANE(RTT AFT 2 244 Alg)d =
HEXZAYUES Asstd J5F v, & AFdAxe
haemocytometer& ©] &35ty ZHEAZ Y Z AL 103
A & das d g Y5t FF AFsidy, =
S XA Wd 2 SAFAIETE okUE e (reagent grade
water) 2 st oung A SFARAANY DAEE o
Hoh g IAY, Paul and Christopher(2001)ZF Kato &
(2003)¢] A FALG YIZEE YERE ALoR FZHTh
wets, g JHY FEGA] AESFAF = FTE
A 9 A3 59 BEUHZA FHEsd= ta
7h A, Hlad eHE 52 97 9 29dY =
Hgo] FH&sl7]olE nested PCR £4j0] 7t Aoz #
e
8B, $FAEE UdSE nested PCR-RFLPE 9
8% Q159 tHFig. 3). 2 2 AYPEAR
dog FFEAYHeE FrEE #3E 060,009,
T 00,06,8 F 4 AEe A
FolA 484E YeE= Cryptosporidium parvumgl R
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Fig. 2. Sendtivity of nested PCR and PCR-RFLP band
pattern of Cryptosporidium (1, 7 : DNA marker, 2,
8 : 1x10°, 3, 9 : 1x10', 4, 10 : 1x10%, 5, 11 : 1x10°,
6, 12 : 1x10* 2~6 : first PCR product, 8~12 :
second PCR product, 13 : SspI DNA marker, 14
: Vepl treatment product, 15 : Sspl treatment
product, 16 : pUC19 Hpalll DNA marker).
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MP 1 23 45 6 7 8 91011121314 1516 17 18 M

(a)

MP 123 45 678 91011121314 1516 17 12

(b)

MP 123 45 678 91011121314 1516 17 12

(©
Fig. 3. 2nd PCR products (a) of nested PCR for 18s rRNA
of Cryptosporidium in environmental samples and
PCR-RFLP band pattern after Ssp I treatment (b)
and after Vsp I treatment (c). (M : DNA marker, P
: Cryptosporidium parvum as positive control, 1~18
1 samples)

2 Zgog9en, o] & @ 8= AFFA Cryptosporidium
parvum W= o] ® tZ W=7} JeR} Cryptosporidium
parvum ©]¢] T Fx A HA= ALR FEHIAT

a3y, Cryptosporidium parvum ©]¢] ¥@ g vt o &
AHE2IYYE TY ITHET7T fleER FES 58S
$8l - 23 PCR 4AH&& 7FA13L DNA Sequencingg ¢ 25}
o FQ5A & 58 ZF& Table 37 Zo] Yetyith

PCR-RFLPo A Cryptosporidium parvumel Aoz &<l
¥ O,0,06 9 ® AEE DNA sequencing 2FME 5
A5 vetsth 2sEu, UmA 0,00 3 Alss €
' ZZAEYHEA s 42 1 AA/10 L, 19 7HAI/10
L, 6 7AA/10 L2 JER oy DNA sequencing 2% 42
Cryptosporidium muris, Cryptosporidium bailey, Cryptospo-
ridium muris 521 Aoz gQlHflon, d¥FE REA
ddger €2 AAFE UMY ® AlEE DNA
sequencing Z23#ANME &As] FEHA Ggsked, oE
laneoll ] ZAZ&H Cryptosporidium parvum, Cryptosporidium
baileyi, Cryptosporidium muriset= T of2 W= HdS
Uell= Aoz Hot olge OE FY 7tedol & AL
2 AdE A

sk, 3 & B SEFAE EAste ZHESEYY
=9 Fol s A AFAFE BH, Atsushi 5(2006)°]
31 (sewage)oll A semi-nested PCR 2 direct sequencings
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Table 3. Identification of Cryptosporidium in environmental
samples using DNA Sequencing

Sample Species
1 Cryptosporidium parvum (human genotype)
2
3
4 Cryptosporidium muris (calf genotype)
5 -
6 Cryptosporidium sp.
7 Cryptosporidium muris (calf genotype)
8 -
9 Cryptosporidium baileyi (chicken genotype)
10 -
1 Cryptosporidium parvum, meleagridis
12 -
13 Cryptosporidium muris (calf genotype)
14 -
15 Cryptosporidium parvum
16 Cryptosporidium muris (calf genotype)
17 Cryptosporidium baileyi (chicken genotype)
18 Cryptosporidium parvum

o] &ste APEAXIYR S T 4% ZF, C. parvum
genotype 1, C. parvum genotype 2, C. meleagridis 5°]
8 FoR FFES HausiRen, sldME 22F F
(2006)°] PCR-RFLPE o] &3to] shd<elA C. parvumz}
C. hominisE % F33ASS Hag Ao tEzez &
AF 5 EAste AHESZYYZY Fol it d+2
e BA gtk duste A 5 d5dsd 2A8s 2
HEAZAU RS A3 5 AN AojdA gdon
At A Asid e UehiA HER wEA HF
Aozt 4 Bask Qed, 48 A5A 598 2
A E AFoA AYE2THT LY EHETGE F
roiut o e85 PCRYE S Aol Brhsstn, At
A

P

wel galel oh7d JFe vRA %t DNA E47HA
= PO UEke 2AHY) dA Wit

B A7A%, $PAE 39 AYE2EIDLE P4
omb WgAW ol A Fol dge] WA we
A, @A agE2Eve EEEAUPEA 9394 5
gRANAon §IBIY 4%, 2RA #EL T 5 9
om AgelA o}RA galg FA 2 i

dium parume. 2 #Hgsto] felde FHFrtE 7ol
At olEF #YY LRE ol FHE VIEoE Y
He drAdriE vhaA 23E dEE £ 5 ders
APELZHYE feigel i o Z4 #FS 95t
EFEAGHAA Fder #AFE AE+= nested PCR-

#
RFLP 2 DNA sequencing @& F3d35t= Aol o sttt
4 8 B

nested PCR-RFLP ¥ DNA sequencings ©]&3td =
st EAste AHEL2TIYR T& 584 ¢ A

M =

7FedE RS AR slen, o ¥HE olgste A
el EAste ARE2ZIY Y F& FFAA
18s rRNA 3zt s EEATE WHSZ nested
PCR-RFLPE &A% 23, URAI9 d2d7tA] 2
pow, A o] YRS FFA R H &S
Eali e

I

e 571 A, S $3AA
= 0 AH, A LAAA F 1V AA, FA9 7
AE N A8 58 HdeE dAsE EEAETHA 9
3 FFs 2, el AN FHeE debgen, 34
AlBdA AEEH IHEZIYYRY & A5y Y3t
o] nested PCR-RFLP 2 DNA sequencing 38 & o] &3+
TS s8I T 58 2R AANY IHE2EYU R
EFEAYHOE FHANER BFE 8N AE F A
AlgelA Al Al A4S YElE  Cryptosporidium
parvume] Aoz Rl on, UmA 47] A& Crypto-
sporidium muris, Cryptosporidium bailey 5¢1 Ro2 g9l
= A

mebx, AYEZZHY 9 18s rRNA 3zt o
nested PCR W2 ¥1Z%=7t 53t A 2 2dd
o] BFA R &F EXste AHE2EYULY A
HE7bsstH, A9 dB8EE ESAIETHRI FE9A
PR E ARE A dt FRE & F A0l
WIHJ ez agE2FUZY dg o FEgt Fl3
4 ZERE 7] S8 ZEEAYEOAN FPes B
H A Ed i8] nested PCR-RFLP 2 DNA sequencing
S FP3se Aol Bastrh

oL,

2~

T
2~
T

NE

oL,

anes

A, o159, ¢438(2006). PCR-RFLPS ©] &3t
St 4 59 Cryptosporidium parvum 2 Cryptosporidium
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3] - hdgstr-=stE, D-8.
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