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Identification of genotype of Cryptsporodium parvum oocysts in raw sewage
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Abstract: We tried to detect and identify a single Cryptosporidium oocyst in sewage and river water using
PCR-RFLP or PCR direct sequence assay.

Prior to application to environmental samples, the ability of the PCR to amplify target DNA from one oocyst
was examined using C. parvwm HNJ-1 strain. Each oocysts isolated using glass capillary was transferred to
PCR buffer containing 1% TX-100 within a PCR tube and then subjected to three freeze-thaw cycles.

Using two primer sets which amplify portion of the sequence encoding 18S rRNA or poly threonine, PCR
amplification was observed in 10 of 10 samples by 18S rRNA based PCR and 47 of 53 samples by poly
threonine based PCR. The results demonstrated that PCR amplification of a single oocyst was applicable in
purified C. parvum oocyst.

Then, we tried to examine the applicability of single oocyst PCR to raw sewage and river water samples. PCR
amplification was observed only one of 30 samples (16 samples of 18S rRNA and 14 samples of poly
threonine based PCR, respectively) from raw sewage by 18S rRNA based PCR. The PCR product was
sequenced and identified as 18S rRNA gene fragment of C. parvum isolate HCTX8 (genotype 2) by BLAST.

Trials were also carried out with a single oocyst from river water by poly threonine based PCR. Three of 10
samples from river water were positive. The three PCR products were analyzed by RFLP, and all RFLP
pattems showed similarity to the RFLP pattern of C. parvum genotype 2. In addition, two of the three products
were sequenced successfully and identified as poly threonine gene fragment of C. parvum genotype 2 by

BLAST.
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RHERERICET AERIIBLZENTERY, —F
THEIHEFREREZICL > TIThRTE 2 FEME
ROGHEL, BFEDEBTFHTEMOESRIZL T
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SCID ¥ 7 ARG S, #A - MEFLTwa C
parvum HNJ-1 B L ' IOWA B W TEER %175
720 35mm T T AF v 7w — LAROBREFEREAKIC
TX-100 % 1 %A, #EHEGt (Easy stain, BTF,
Australia) L7250+ — ¥ A M ka 102-1038 A L7,
B RESEBAMEBE CTEIZEL, 2V T PARY T T4
CHESNRTFE NI ATy ES ) —CTHEL
10 X PCR buffer 2.5 ul, BHEBHMAK 155ul) DA
27:02ml~¥A 7B F2a—TRIEE L7, 1 Fa
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%4 2 7 — (TP500, Takara, Japan) 2+t > b L,
95°C, 60 min DMELE AT > 72,

2) PCR

HAGRA L 95°C, 60 min DIIERATHET L 720k
PCR G 25 ul %1z 726 PCR FUGHE 1 20 uM 12
FEL/T I 4~ (Forward B & U Reverse)
FNEN25ul (RAEBEE 1 uM), 10 X PCR buffer
2.5ml, Tag K X F—+ (HS taq, takara) 0.25 ml,
NTPs 4 ul, HREBEHAK 1325 ul 5 7% %, PCR XIE
WEMZ72HBIENEFNDO T FTA YT L DIRE
SFHEEFA 7 VEUTPCR SR, 2% 7 Ha—A7
NVTERKE L, BEFEROMIELHIE L, 77
4 =<—=3C parvum D7 ) L EDRY) A LA = VE
% FZERY & § A cry44/cry373 (cicttaatccaatcattaacaac) |,
(agcagcaagatatgataccg) D7 I A< —+t v B IV
18SrRNA I © DIAGF/DIAGR
(aagctcgtagttggatttct) , (taaggtgctgaaggagtaagg) ¥ F 72
i3 18SIF/18SIR (agtgacaagaaataacaatacagg) ,
(cetgetttaageactctaatttc) 7 Dt v b B L7z,
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TRHEHIBEERM S O S TRLEI DM AT K%
A, KBTI 2F v 7@0E (250ml) 125
FEL, EOOEERET 1,200 X g, 10 mini®.L LT L
WS IRE L. (hEY R EEEA R PBS £ 0
WO HBEX0 I mmOEEA Y 2 TEL, &5
L RMEY DBrE ERTFORHEITo720 Ay 22T
%8 L7230k 40 ml 2 E 0% (50ml) [ZHLYD, FiFE
D7D 10ml OFEEEZF V2 IMATELIRBEI LD
L, mO0H L CEEBT T VE, KEBERELTIE
B & LDz, LB HEOSRE ISR PBS &
MR GPSHCABZ0ImmOEEX Y 2 THEL
TIL B EE-0L, 30m % & LE (50ml) 2
FELTHREBOTREICY) v Fa—Tx W
THE 1.10 D percoll- ¥ 3 #EEE % AL, 1,200 X g,
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Table 1 Results of poly threonin gene and 18S-rRNA gene PCR for spiked 1 oocyst
Poly threonin 1 oocyst 2 oocyst 3 oocyst 5 oocyst
C. parvum HNJ-1 47/53 17/18 - —
C. parvum JOEA 10/10 — 4/5 —
18S-rRNA
C.parvum HNJ-1 | 10110 - ~ 710

10min L7 8L T a R CRE LA, BE
L7z BHIREKEMA TS v F 3 X% —T+5IC
BEHELZOL, EHEADIMS (L10F 2—7, Dynal,
Norway) (ZiLBWEL LTOSmI 2B RV )i
SFIELT, 70T NARY UYL HOREREERS
Bt ¥ — X (anti-Cryptosporidium beads, Dynal, Norway)
#100ml, IMS/Ny 77— ABLUBK 1ml, FEH
Aloml Mz, IFH—TO®-< Y & 1ERRG
SH7, RIBtRE—A%EINL T ) S PAKRY D
VLA -V AMeGREL, AT MARE L
DbH, 211) BLU2) WRLILZHETE-TAME
HEE L TPCR #1472 72,

2) MNAKRIDSEELAZ7) T MARY) VLA

— YA ML B FFEOME

TS F - A MEGEEL, PCR %2175 724 &,
DN FRBL I EDPBOTHETH o720 #
ZC, EERMIZZ) T PARY) DT LOBHB SRS
K% VT PCR B L UNigfa o FiEomet 17
272

WINAEKINE Y 80L 28Rk L, WIFEICFELE
DUFFZEREE 2 — NV (FA4X L XAV T T
VAT LX) THBEENE L, A&k, FEEER
MR 72PBS100ml #EE Y 2 — iz, & {4E
EILTDBE T T ATy ZELEIZEIL 72, HIX
L 7230813 1,200 X g, 10 min & LA 8 L7205 LiF
AT AEL—& —CHBIBRE L. IBWICHREEK
EMATY v FIFH—THHIBELZDOL,
IMSETHER L, #iihgalzob, 2.101) B
LU2) WWRLZZHFETH—T R M2 HEEL TPCR
24T o7,
2. 4 YENRREY) DR

PCR T1& b /TR EE D O AT (LR RS D > —
U AEBLASTIZE AR ER Y —DMEEZIT- 72,
/o, RVAVF=ZVEBEOT T4 ~—%H\i:1E
VEEEY L Rsa 1 90WF/$% — 12X A RFLP b 1T\, f

No. of positive samples/No. of samples
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R A bt = CEEEEE L, C parvum HNI-1
14—V A PE2ERE L TPCR 24727253 @D
t 4700 (89%) T, HEID 518bp K IZ/N Y FAHE
Sz, F72, FEARIC C. parvum IOWA TR % Fv: 72
BE TiE 10 OB 10 3UBH T 518bp {12 D B R A3 FE
HENT, mINT AL -V AMKE2MBET S L
HNJ-1 Bk TRBHREE LD, 24—V X M2k
MLz 18 EORKEED 5 6 17 B ThHEDOHKEIES
N7z (Table 1)o RMEEBRICH VA - A MEC
parvum & RGeS 472 SCID ¥ 7 ADEMEN S T 3 bE
TR AR DR L TRBE L, MhoRMEY & 80Pk
L, EHEEE CHERELZDDTHY, v 7 AN
DERGAERTIE 2 DRBRGETITHEDRD S N Wi
fERbDTHL, DL wERELY AW MEER
TE1A =Y A MPS5DPCRIC L B BHEEF O
TEASTEETd - 72,

— %, I8SRNA#HB O 7714 v —-ThH 5%
DIAGF/DIAGR % B\ 2723561213 C. parvum HNI-1 ¥
F—VAMERAVEE3 RO S, HHBD435bp
B ED /N RSB L N7-DIi3 26 [T, PCRFG
BRI R)AVLFZ VX DETEL, 2% TH 72,
K754 <7—%H\/=PCR TIE, #4 7% PCR DKL
WBE, RIAT—ERTITAT—DREELRESZLD
W 54T 07225, BHEONY FAELNr — AT
LIEFHRL NV FRAATHEELEL, DBEOY—F
VAN AL LIBENSL L, BREXE~NO
BRI SO R DEEOURPLETH > 7,
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Table2 Number of Cryptosporidum oocysts from raw sewage

Sampling date Vol. (liters) oocyst (s)
9/2 4 8
9/10 4 7
9/18 4 0
9/25 4 13
10/8 1 2
1/15 4 22
1/18 1 1
2/13 4 7
2/25 4 5
3/11 2 1
3/25 2 5 -

WhicoTl~aL e T 7 L, A=V X+ %
HEEL /o, HEEL /724 — Y A MIEHT 66l & mo
THHTH o7 (Table2)s TDHH, 10 A FETIC
HEEL 72304 — 3 X MZDWT, 18S rRNA $Bi D
DIAGF/DIAGR (16 4 — > Z b)) F/idKRKY AL A
= VRO Cry44/Cry373 (14— A b)) OT T4
=% W T14— A FTPCR L7275, 18S rRNA
HEHOTIAT—FHZ1IHHEOAL, BROD
435 bp fFEICHEIRED 3B S 7z, WIRICRIy L7
1A Y -7 2247w, AR OFED Y —
DR LT o ToAER, KETE b2 o D5 BRI R
HIN T3, C parvum isolate HCTX8 (genotype 2)
EEAHFEMEATRRSD S 7z (393bp H387bp (775 A
~—&%9, LUTH) (98%) 2°—3%, E value =
0.00) o
TARPODEELZZ ) T NAKY U LOEETF
BENTS 5 2 CIIHFEENRSL Y T RARY Y
TADEFIZOVTEELRFEREDL/-LTHDOTH
5o AHEDOMRFTIZPCR TEMDEIEEY 2155 2
EHRD THREET, PCRIC & 4 REH| DM H 2ot
BED OB TEDIZ1IF Y TNVIZDONT DR
THolze LIzHoT, BHRzMEIEL7200
SRR i ORET R PCR D&M O REL 1T o 72
LT, SOLBEHOBALTPLETHE, £
T, VT PAR) VI LF—V A MO EIBREICHE
9 5 KJINAIIK 2 3 R iRAESBE - PCROFED

HEt 211072 .
33N PODBEL/ZZZ ) T MAKRY VT LILL D

Mgt

7T PARY T ANERRE S NBAIKE
AWTFEORET L RAELIT o720 RV AL F =
FHIRD PCR TR L ) B L7cA — 2 2 b 1 H
ZHW/2EER10[E] 0 9 5 36T 518bp IZHFERAY 218
IREM AR oMz, BEE - FFE L 72 C parvum HNJ-1
ARV ZBETIESTEG 43 (B89 %) <
FEERM NV FOPFER SN 023t LT, M58
T, BHERIZI0% E R o7z, 2O H
ROPEYEIZL o TPCR RIBOSHE SN, @O
B S/ d — 2 A+ D DNA DRFFIRBEDTE
W, MHLETIA4<— (C parvum (R EED
NTW5) THRH T & 22\ Cryptosporidium ¥ DTETE,
3ODWEREMIZE B EEZ LN, —FTPCR
WHWARF — YA FOKEERT I L THERIEE
<Y, 3F—V A PDGEESHEF4EE, 5F
— YA NTIESHERS B TR L % 572 (Table
e 1A=V A NEFHOTHBEOKEREFESNT3
HEOBENEED L Rsa I THILT A L &I, F—&R
BET =7 AL Rea IOWHEIL/NY — 6 1335,
BEdbe FE2EOLWEEEEAFET S C. parvum
genotype 2 & AEH L7z (Fig.l)e 2@ B2 EHID
WTHEIEEY O—ES DY — 47 v AL, Yl
DEL P 8T DORED Y —REDOHR, C.
parvum polythreonine protein gene (genotype 2) & &
VAR (230bp H1220bp (95 %), E =8e-84 B LU
362bp # 359bp (99 %), E=0.0) 255R& N, RFLP
DFERE—F L7z (Table4),

—HilEH -0 O3 ¥ — A%\ 18S rRNA FEIE %
FERY & L 72 PCR TlX DIAGF/DIAGAD 7 5 4 < —+%
g N EAVEEE, SROFEREHD N FR A
AT —=ERE S NT:72%, 18S rRNA THIB D FI D ER{
% IERY & § % 18SIF/18SIR % F{W T PCR %47 o 726
ANKGEER LA =AM EHBZ 10RO B 5

R CEELBEESBEIN, 3BIUSF -V A

Table 3 Results of PCR from river water samples

Primer set 1 oocyst 3 oocysts 5 oocysts
Poly threonin 3/10 4/5 5/5
18S-rRNA(18SIF/R) 510 5/5 5/5
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Fig.1 PCR amplification and RFLP pattern of poly threonin gene of Cryptosporidium obtained from river M: Size marker
100bp ladder; Lane 1: 518bp fragment of C. parvum HNJ-1; Lane 2: Restriction fragment of C. parvum HNJ-1
(genotype 2); Lane 3-5: Restriction fragment of Cryptosporidium obtained from river

Table 4 RFLP and BLAST result for poly threonin gene sequences isolate from river water
samplessequences isolate from river water samples

No. of Rsa 1 Identities between E
. . value
restriction site genotype 2
Genotype 1 2 - -
Genotype 2 3 - —
Isolate from River 1 3 99% (359/362) 0.00E+00
Isolate from River 2 3 95% (220/230) 8.00E-84
kW72 PCR TRETORK THUD/N Y K315 ’
’ FEHESHEDER

b7z 1A=V AN EHWSHED ) 6 33EHE
V= Y ATIHRER AL MIRY, FEBY -
WMEDFEE, T < Cryptosporidium spp. |\l RIS N T
V2% 18S rRNA IO —# & —F L 72,

AN D — A TIEBAT O #ENPuF Gt & BERE
BRICESCREFET I ) T FAR) V7 55D
SHISEBISE N EE SN F D30 ~50% 05, 2
BWDTI54<—%HW/PCRTZ )T FAKR) T
LAZHFE R IEIREEY ASF2D b, Cryptosporidium sp.
THbHIENHERINT, SHICRY AL A=V
BTOHOPCRRFLP BL Y =7 ALY, & b
DEGMEH T AREEEDOE W C. parvum (5 EH
LEEFEAL, »Dgenotype 2 TH B Z EHIRS
nrz,

KBED 7 ) T RARY I LiEGRL XV OlE
BHEEP R ERICEDWIBRBE CiTbL Ty
505, BYRBERENRCKEREOERB LU
AILEL D 7= D AL BT BB DFH G L NV DIEEH
VEThHD, BEKRTHOMBRLZATIEI -
A b & W TEEE IZ PCR TEMNEET DI
RETH o720 LA LD S FARSEERTIE PCR IHME
DWRZBLIENTET, BlEL L o72DIE30K
B bbTr1RB0ARLEITTHo72, 2D 1K
FCoWTO Y= Y REFET Y- BREOHE,
C. parvum isolate HCTX8 & #HEMEDE 2o 7228, &
SIZF— 5 5 EA LT B O EFEORRPLE
THotle 22T, AFVESH%Z, 7V T FARY
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T LDPEERE SN A FNUKE B TFREORKE
EREEATS 72,

N3 BERR TR BRAT D E iR g & BEMEREISE
CESCHBAET, 2T AR Dy ARO5H
WMBBE G PR S NIRTE, KAy —AT
WEFD30~50%TH) AL 4= 4EF 7213 18S-
rRNA SEI A 2R L L72PCR T2 ) 7 h ARy U
LR R SR AR SN, Cryptosporidium sp.
THAHIEDVWHERINT, 8561, RKURLVF =V
S TOPCR LV, ¥ hADEGgA AT LA HEMED
B C parvum (RN OBWEEFEBE LTS
CEDHHL NI o7,

SHIZHABRFEOYR L ED L LT, Thkih
DT =5 DELZHAALFETH 5,
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