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A= gate] WA ER e WEEo] d8E AA Ad 54
of el FxaA Hei(1l) oF Solx FHAKS). uf
2 wlelelze] od®l & HAY oJFE drlew
Al g el Awo] defuAl Hrt. A9 ule]e]
= ATEL A2 FER BEIAT Al v]s 37 oA
Lol AEsta(12) daAelel e Y] e A
ASA & 7heAe] wom@) B FER 7o) by
SH1D). dubH o Wy el Ee) S ] BE= 2
A a5 AR AT olgste] A eg FHag
7 Tk e AR Alte] gl EellAw njolz2) 7
D = gl 1) AR AT £xo} nlole|re] Bx
Apelell= I Aol HolA] gdo} X & A F-E AMEE)
of wpolefs 29d& 7 02 Helsly]ell= FalHe] w
k. weba Hlele o] 3t £ 0L sobaly] e
A vlolH g A 21Esle Aol Aasic)

vlole| 2 &5t F5H o] £3) AhgsE AZ wjopy
(7 st W19y A7, AAA, 7143 2 o
woll Ae FER BEshs $A9Y nloleas &y
© A3k oo} Aol wigker) 9543 PCRE S:Am)
olele A&l el Ahg-sta 9k, 17,25).

A wlolel 71l PCRE o] 43 A4 7lieant
Sl AL o 1H B2 (16) A wholela 7% PCRE:
o] &3] feAE thare] ARE HAoa AL ofoz i
dh= o] dashe A6 A8E ¢4 53 Aol
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FEUES AMSHE 5(9.10) o}H7hx] g5l ubio] g
HEWOZ PCRE A 4£3}17] 984 o)
5ol Baghd oo of

Hiol2{A B4 3 Mi=ZHiQt

HEW vl AR £33 wlo|z]AA B Poliovirus
type 1(CHAT strain, ATCC VR-192)0]=] ujo]z|2 njjokd]
ARE-3k A FF= African green monkey kidney(BS-C-1) A
TR wlo|g)ae}l M EFE BFE ATCCOA T9)sbelct.

AZFE 25 cm’ wjokg7)ol 3~4 wlokslo] wrEg 3
A & F wlelels ARE 1L0mlY HEE F 37°CH)
A 1AZE o] WA ke A X8 AAT T 44
WA E Hrlste] 37°C, 5% CO, A3 )4 wieksbelt). A
29| SAMAE $ejoldAo] 10%% H7}E minimal es-
sential medium(MEM, Gibco BRL.)Z, 718]7 $x2|u]jz|=
SefotdHe] 2% 718l MEMS A4k},

3~49) wfokel 3 dR-Eele A ubEE & ¢Alng
(4,000 g, 30 min, 4°C)}o] A|EANE-L A A5t}
- ®o} freon(1,1,2-trichloro-1,2,2 trifluorethane)©. 2 =&
slo] wlolelg 83t F AR&A7IA] - 70°Col A Hs}
ATH23). $33F wlol2] 2] = plaque assayE A3}
Aek17).
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XAl E&tEA AHES(RT-PCR: Reverse Transcription-



42 Lee and Kim

Polymerase Chain Reaction)

PCRell ©]-8-¥] primers 715 #-&lojA] 2723 7oz =
Hpole] 2] 5] (5'NTR)o) ﬁﬁ%ﬁ}ﬂi(upstream primer;
5'-CCTCCGGCCCCTGAATG-3', downstream primer; 5'-AA-
CCTAACCGGTAGGCCA-3") o7 Zhako] 2] A (poliovirus
type 1, 2, 3, coxsackievirus type)ol] FE¥ ¥-F-o| 1 Afn}
olefsrol %3} vhE wlo]e](adenovirus, Norwalk virus,
KAV Syl Sole 2 rku el ate2)

A APEE-S Whg-E7ol] vlolel A AR 10 wE Y 99
W SEL HREAIZ F dgellA sl uke-gal spl
(5X 250 mM Tris-HCl pH 8.3, 15mM MgCl, 375 mM
KCL, 50 mM DTT), dNTPs 4 ul(3Z35% 800 uM), down-
stream  primer 1 pl(1S pmole), RNase inhibitor(RNasin,
Promega Co.) 15 unit?} & HAL& A4 (M-MLV, Promega Co.)
100 unit& A7psl . HERAE 25 ulg 3=qc}. o] &3}
F& 2°CoA 1217 WA 7] F 99T 4] 5E7E HESAl A
S AR F FT".-°1W 28] 5L PCRE F=33teic.

PCRE Aol #id o] Taq polymerase
(Promega Co.) 2.5 unit, ¥-&§ 10 ul(10X, 10 mM Tris-
HCl pH 8.8, 15mM MgCl, 50 mM KCI, 0.1% Triton X-
100), upstream primer 1 ul(15 pmole)s @1 Iy )=
100 plZ =HE 3= DNA thermal cycler(Perkin Elmer Co.)&
AHESl] oheat S 271 0.2(95°C 13 30%&, 55°C 1%
30%, 72°C 18 30%) 303] wkES8sledct. PCRE 22y
HAFA] B += agarose(1.5%, agarose LE, FMC Co.) gel #17]3
52 & ¥ ethidium bromide ¢34-8 3}o] shelsleict.

=

2 1% Wstol gl

FeEAwe S[dnddrd Method(10)e]] v} H}w-S- W&ol
o} A 8o MgCLE 3E%% 0.1No| ®wZ HArals
pHE 5.00% w73 ofs}uh(cellulose acetate, 0.45 um, 47
mm, Nucleopore)© & Al 85 of3}algivt. 18 o gt &
2y Eale ELiL—%'l‘i(l 5% beef extract/0.05 M glycine(pH
9.0)0% & pHE FAow waoul Sebalue)
27} FEH] o7 AM-E:= PEG Ao 79 ehalE] folo]
pHE 7.2~74% &‘# F NaCl@E$5% 05 M)z PEG6()OO
FHESE 10%)S 93 4°CoA] 1247k o] A W g A
8000 g 4CoA) 30 et Uelolel AEAE o)
1 pelletS 2o} Tris-EDTA $h-g-ollo] o] A}-8-3191c}(18).

G714F F&He] A% 1IN HClZ gatsl golo pH 35
2 R 304 7lek A1 10,000% g5 4°Ce] 4] 208 ok
AA E e s}ed /“% He wely AAES 0.15M Na«HPO4
(pH 9.0) gl o2 kA3 ol vhg pHE TAIOF W
gasieis

ofol Z=we] 7% Standard Method(10)2} ¥H-& ¥
o] Agalgiidl WA AR AICK £9E HEFE
0.009 No| 5|2 H7}5h22 1 M NaxCO; 8022 pHE 6.3
Are gy 2288 ke 3 7000x g2 105 YoF YAlE
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2slsdrh. AFolo vig] 31 AR E-S 1.5% beef extract/0.05
M glycine(pH 90) Sollow olyt /‘] off Ab2ellA 158
B4 ste] wlolelaE AN F 140002 108
ok AR ]8}04 beef extract® #| Ak F AbZolg nol

IN HCIZ pHE A o7 & F algslgn).

2314 914 »Er Jo] 7% 30ml ] A5 50000xg
F4°CoA] 4417k Tk

g0
Al+-2] (Beckman L7 ultracentrifuge,
SW28 rolor)‘é’}oﬂ e v s A S 5mle glycine
buffer(0.25 N, pH 9.5)8 &7ks}e] 0°Coll 4 30% 3t 4lo]
Frh 2% 25mle] PBSE chA] Avbsha 12,000% g2
ISEZE A2 d F AF5de ®ol 180,000x g 4°Cd)
A AR Fel 23d YAlRelslgdti(Beckman L7 ultra-
centrifuge, SW50.1 rotor). Ab&L vlg] 3 AAHEL wo}
0.5 mle] PBSZ 9] % ALg-3}orh21).
$A02714e) A5 0m 42 ARE FA0EA
AZARE WER SRR 59 Agsch wE
%9 A8 AR 70°Ce)A Rkl o] PCR
& 317]# ol Sephadex G-50 resin(Pharmacia Co.) spun chro-
matography 8 A 55 #EAA’ F PCRS 5803k c}(35).
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el A% 55E F PCRE vlolel 2 g AZshct

o ofr i

A2 ge) 7

6;L7L0] ;}% 7H 7:114,,]. E]—z] %_ahqg}
Al & 1079 A
871191 me-g— A 5}od a}olav 29ARE 24

- LIS = - T N
=k
oy I
ri
=
~1
\I

;JJ./
o
=
31

an 9 o

PCREO| XfEH4

—

\

Ne o
//

//—\
- O E

ﬂ{m River // /
st6 \\\ / Z

_ 7 st Y CTesaN
S~ N
e Tanch'on ]
S

‘\

Fig. 1. Sampling sites for surveying of virus concentration in
Han river.
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Fig. 2. Limit of detection of poliovirus RNA by using RT-PCR
(1: 10° pfu/ml, 2: 10° pfu/ml, 3: 10 pfu/ml, 4: 1 pfu/ml, 5: 0.1 pfu/
mi, 6: negative control (sterilized water), M: size marker (1000,
750, 500, 300, 150, 50 bp, respectively).

T F2E AT vie] 2] primer Eo]Ado]-}

WH-2AE FAE] fe Evlelgagds AER
slef PCRE 533 A3} o4 =7]19) S5+ DNA 49
(197bp)e B& F UAGEFE wIAE). PCRY S &3
AZ zA}st7] 38 vlel# A A8 (1x10° PFU ml )2
A&z oz 100 3]45le] PCRS 483t A=}, 1 PFU ml™!
ARelM74] S5 A AT 5 AdorhFig. 2). £
AF2A}IAIS] PCR AR Hlolels EEARE 740
PCRE 43)3}le] 1~100 PFU ml 7}#] 7Z0] 7153lclin
 71E H32,2009 mls® FE2 vebld vl 2
AtellA PCRE 3l=d] 2:2l *LL«J ool 10 ple]ar A=
wjeks Fal Rl nlolelaF 2hAA nlole s qixtet A
Aulelalx §izpe] v]go] i 1:100~200 A Lele= 7]&
HIQO)E v]Fe] & uf PCRE 53f 107) w]ute] ulo]z
22 QAR FZo] Thgsivha AT ol=3 PCR &
Ho| 22wzt AL Fro AW vlole A2 s
PCRo] A 3ghs HoiErt.

ulolaiA 524 blm
CPORYE olgshd ATE UL v Asked
FYAPEG H0ge] 14 BANYL & 5 ek F
WAPEG A0S SRS @ 1PFU ml A A 2
Fo| shsalsleh. FRRAIE B3, 204 AN
W, ol F2YE ALEUES W= 10PFU mi 74 o4
Z3%o] st BAALYE AHSHS T PCR A4
Bo| vehix) egkek(Fig. 3, Table 1)
7b whgeicl Jehd 2ol ZA] £ 71x] o]4- wjFel A
o2 A7k 3 HA o2 7t Saue) e A
olE & 4 ""'/P- 3959 Al 2355 oA Folo)
ek 24 5 A AGE $710
Hs o) A3hE wmsle W, PEG Aol
AL LAa ATE el & A 2 %
el s &3] M-I glE A w5 A
2%k pH W3}E ksl AgaAle] x§ho g ulo] 31*
7} B34S dolHd 7lgAdo] ol vlolx 3go] A
Aog GolAlrhors 71E9] Bael dxgcly & 4 94
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Fig. 3. Detection of seeded poliovirus in sterilized water by us-
ing RT-PCR processed by five concentration procedure (1-3:
Adsorption-Elution/PEG precipitation method, 4-6: Adsorption-
Elution/Organic flocculation method, 7-9: AICl; flocculation
method, 10-12: Ultracentrifugation method, 13-15: Lyophilization
method, 16: negative control; 1, 4, 7, 10, 13: 100 pfu/ml; 2, 5, 8,
11, 14: 10 pfu/ml; 3, 6, 9, 12, 15: 1 pfu/ml).
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Table 1. Comparison of virus concentration methods by deter-
mination of detection limit

Method/Virus(pfu/ml) 100 10 1
A-E/PEG ppt* + + +
A-E/OF + + -
AICI; flocculation + -
Ultracentrifugation + + -

Lyophilization

‘Adsorption-elution/polyethylene glycol precipitation.
*Adsorption-elution/organic flocculation.
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AR S AR A9 Ao 2R QxS Sad B
&2 AAZ 5 gl7] wlitel PCRel|l Hgat 2 e 4
BE 9 7 ovhs 7)€Y va(1ds Egae) 23 =
FHor PEG AAUS AFEAS wyl §7)4 H2we
ARG wRc) $pd ATE ngl B 04%7.3_401]*&
thAl gl SRlE gl B 2Alel|A] sbg 28 AntE wal
FEAPEG AAY w3 TEAFE AL gl gy

T AESUAA A A2 = vt o] elM®
ol vloje| o] FA83t 3|5g0] 100%7} ohw 3
5 WM FEAS 128 o) FEaA
Akl EAo] wol ey wlitele} Aty

S CETE %-u FLHPEG AN} 22oh%
a4 Al Belqg, PCRS o] 43t HP’ 85 A& o
7P AR FEdeR AAekla, o] Foubye Wl
ohatel WA R vlofel % AFAUS 2 Ao 8
e ARA RN E 815 olollA], ERelA) 104% 2
el Al zell A Artelz] o) dhito] 7)&¥ 9lch(Fig. 4.
Table 2).
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Fig. 4. Detection of enterovirus by PCR in Han river by PCR.
(A) tributary areas; 1-8: same order of sample No. in table 2, 9:
negative control, M: size marker. (B) main tract; 1-10: same ord-
er of sample No. in Table 2, 11: negative control, M: size marker.
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Table 2. Detection of enterovirus in Han river during 1995 by
using RT-PCR
(a) Tributary areas

Site Sampling date Sample No. PCR reaction
st. 1 Sept. 11 T-1 +
Sept. 20 T-2 +
Sept. 27 T-3 -
Oct. 1 T-4 +
Oct. 5 T-5 +
st. 2 Sept. 13 T-6 -
Sept. 25 T-7 +
Oct. 8 T-8 +

(b) Main tract
Site Sampling date

Sample No. PCR reaction

st. 3 Sept. 27 M-1 -
Oct. 13 M-2 +
st. 4 Oct. 11 M-3
st. S Oct. 11 M-4
st. 6 Oct. 11 M-5 -
st. 7 Oct. 13 M-6
st. 8 Sept. 27 M-7 -
Oct. 19 M-8 -
st. 9 Oct. 9 M-9 -
Oct. 19 M-10 +
tho o] e wlelalng] $ARlo] sE Bl o
ol et siolgeha & 4o A7z i
A A A wlelef s HAEAl ) 3 ‘il“ﬂ o] FAFAMA]
o] A g FhEA =t golgirhe o wlge] wo
S8 Bl W welel vl WAL H AeE
Al Absted el LEJ ARz AHA) sHeAR A )

Folrhe W‘f’_ shralels Sl vlojelart 25 A7
A @A ke A shssbA sk wak Al m A
717 %%OI btk Al = S el AENEE
7R olf-o] shbz AlZksE glek(13).
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ABSTRACT : Effective Concentration Method for Applying PCR to Detect Viruses in Water

Seung-Hoon Lee and Sang-Jong Kim* (Department of Microbiology, College of Na-
tural Sciences, Seoul National University, Seoul 151-742, Korea)

In detecting pathogenic viruses in water sample, polymerase-chain-reaction (PCR) amplification was
used. In order to obtain the intact viral particle, five concentration techniques were compared and an
improved procedure was developed with some modifications. Among them, adsorption-clution/PEG
precipitation and flocculation/ultracentrifugation were more efficient than others with the detection limit
of 10 PFU ml~". By the additional step removing inhibitory compounds for PCR reaction, the purity
of the concentrated sample was improved and the detection limit was lowered by one order (to 1
PFU ml™"). To examine the availability of the optimized procedure for field surveys, the distributions
of enterovirus in Han River were cstimated using the novel procedure. Seventy-five percentage (6/8)
of sewage samples and twenty percentage (2/10) of river water samples were positive for enterovirus.
These results indicate that adsorption-elution/PEG precipitation by PCR method is useful for the
prompt and handy monitoring of viral contaminaiton in water environment and pathogenic viruses are
widely distributed in water environments of Seoul.





