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AAATE 2 % 1M Tris-HCH (pH 7.2) 2l (1/20 vol.)®} 3N
HCL 4 ul (1/10 vol )& 71t & &5 9JolAl 5 £3F A8t
12X SSPE (saline-sodium phosphate-EDTA buffer, Sigma) 50 p,
10% SDS (Sigma) 0.5 g 7Fsted & 41& 5 chipell FAstd
40°ColM F5 FASH WREAIHTE T % 3X SSPEOA] 2
H7F 1 SSPECIA 2 B3F AlEEIT Ao #olA 20y
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(GSI Lumonics, Scanarray Lite, Ottawa, Canada)E laser power
80-100, PMT 80-1000114] M4l Al o5 gQlste] F-Askedct.
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PCRO|| 2|8t HfO[B{A HE X SH

Alaraf kol A vl wlolul s do s yhdy F 10 719
Alsenerl A)FRRE A vlol s §HxE HE3kal pan-
enterovirus 5| % primers ©]-83lo] cDNAE Akt §H4
¥l ¢DNAE 82 enterovirus 5-NCR2] Hl74 -Hr-‘? g5
o]H o FHSHE PCRS AlEslSal 10 79 Al 5 7 719
HANA enterovirus 50| M=o FFo] FQ1%|G]

Z} PCRE A ¥ DNAT= TA-vectorol] FEW&9ar 2hn sl
S-NCRE] H7|AE-E Dye terminator ' 0.5 AAsl9 0
GenBankol] 555 Znfol#] 2 7 Ay A A5 3004
coxsackievirus B3 (CB3)2} 99%2] homologys 2Hi= vlo]e] 7}

HEEACE Al5i4, AlE-6, Al5-7914] echovirus 302 94%2]
homology & 2= Hjo]e] 227} Als-8, Al2-9, Als-10004 2}
ZF CB39L 98%, 94%, 99%2] “FEAs Kol fraas vhg
ATHTable 3).

DNA chip &0l 2|8 ZLidi0|H A HE ! FHE BN
Alszaf kel A mlole] s P og v AlselA uleju] s

Table 1. Nucleotide sequence of the primers used to amplify S-NCR
of pan-enteroviruses

Primer Sequence(5'—3') Position”
1 (EntF) AAGCACTTCTGTTTCCCCGG 161-180
2 (EntR) ATTGTCACCATAAGCAGCCA 580-599

“Positions of the primers were determined by reference sequence of

coxsackicvirus B1.

Table 2. Detection of enteric viruses by cell culture, PCR. and DNA
chip methods

Sample Cell DNA chip
Number  Culture” Enterovirus  Adenovirus Rotavirus
| + — - — _
2 + - — - _
3 + + + - -
4 + + b . -
5 - - - - -
6 4 . r - -
7 + + + - -
8 + + + - -
9 + + + -
10 + + - ~ -

“Virus-specific CPE shown in cell culture could be induced by other
than those three virus groups.
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AESH] fl8te] DNA chipS o]-88lod HARSIGTH 2 ¢t
A AR OZ Auipkole s 7158 DNA chipe] 79+ Al 7}
A E5F-2] npol#i2x(enterovirus. adenovirus %2 rotavirus) 35:0)
7hsslal fHES ohdE 4= ok whebA DNA chip?] B3 %
of Bolmg WA 2ldt & A|3E 7HAsdh DNA chip A
Aol ek H7HE sb7] $18ke] Al EF(enterovirus, adenovirus
5! rotavirus)©] WhelEl g ERISH 4= Qli= Zh7te] EFel 43}
= 3T (reference)ito] 25 o8-8k DNA chip @A A18)38}
Atk AMS-El DNA chipe] X9 (formatys 2™ 4 7§¢] B-globin
o) glolA] Alzel APAE Hga FAO ke iR 9
5 A gerdt 4 JQwE A A4v}7 (position marker) 4 &S
SHKFig. 2A). AlEE 483 DNA chip?] Z3bi= Fig. 29} 2
oh 54 o] Al Avks B 2AA4 vl Belobin B

iMM]Hf‘P Fdalsrt L]rUr‘/}l’ & npol 2 gHlAo A=

Srde s Vet 5 84 7 Es AaellA SAEHE
J}’_ FAct EEEH}Oh’Lt enterovirus, adenovirus 2! rotaviruss
7hzh 2185k A3 sl whlAb f13ollA] o duks BoFo
=4 kgl vpoluls @E 9 HdEE vpoly o] §H8o| 3
Wi AuE Rolodoh & oM 9] wEntel s AlE B

Cell Gel Electrophoresis
Culture Sequencing
Sample (RT)-PCR
Collection ') Intracellular >Amp||ﬂcat|on
Nucleic Acids
Extraction DNA Chip
Analysis

Fig. 1. Flow of waterborne virus analysis by PCR and DNA chip.

a. Negative control b. Positive control

c. CPE-negative sample

d. CPE-positive sample

Fig. 2. Cytopathic effect induced by enterovirus. a) negative control
(mock infection), b) positive control (inoculated with 200 PFU
poliovirus type3), ¢) and d) 7 day post inoculation with 2 different
water samples. BGM cells were used for sample inoculation and
culture.
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Table 3. Sequence identification of the PCR product

Ii?lrnlzifr Identification” HOIEL(/):)O gy
1 — —
2 _ _
3 Coxsackievirus B3 99
4 Echovirus 30 94
5 — _
6 Echovirus 30 94
7 Echovirus 30 94
8 Coxsackievirus B3 98
9 Coxsackievirus B3 94

10 Coxsackievirus B3 99

“Identification of the PCR product sequence was determined by com-
parison to the GenBank reference data.

o VeRga, B chip Aol vehd 588 53 sEEm)
o]

v RF AN Ak W] ZQIThFig 2B). Hvlo]
21225 0|83 DNA chip #5218 Foll Mzujetdst nfole]x
doz AAHE F 10 7l AIEE PCR F, 87 249 %
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npolg 2 ok o vt} vlole] FHOE vkt 7 74 Al
29 FHELe {249 2L DNA chip WHol o]ste] =5
Aulolel 2z dRjshe AAE Kol

yd)

=}
=

K

SR el U AT dae] Felde FF AR g
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HFEo] YEe] T=EH7] WEolvks). mebr A sl
of nlolg A EAANI} & AHEE U RS 2]
AT FAIA fFrolAde] st oA seatel] glom i
Aolls AlEAF ] AgAel], 2elal SAIA el el At
Aef RIw7} 341#Q1 71417} 2 Zojuk(T).

At WA 7] SRt volelso] HES sl AR JPE ot
A<l M Aol gl AEAIM Aol SlE widHl ]
HAAT= Aol 53] A4 e A EE B FA A
8ok AL el A S ATl dde) 7
AF e wol sHds] F=}lrk 2eiy wiHllEFuig 53
npolej o) theh 7hgAdo] 74] vh=ar g MR AdE B
71 918iA 2AIE 2 F ¢ idIRke = o] o] <Ijt
HE UgEe] et AAA] Y= HA FTH14,19). 55

oleld BANES AvjHon B so) Ans ARH A

gl

—_

A
-

DNA chipell &J3+ FaAmlelel~ A 189

NCR~1kb Coding region 7.4kb

161} {509

¢
T

Primer1 Primer2
Fig. 3. Genome location of 5'-specific primers for enterovirus

detection.

A.

B-globin
Enterovirus
() Adenovirus (Enteric)

Adenovirus (Non-enteric)

L 1 J@F
00® e
06000

Rotavirus

Negative Control  Enterovirus Adenovirus Rotavirus
Fig. 4. Detection and genotyping of enteric viruses by DNA chip. A.
Schematic illustration of DNA chip format: spots represent different
types of oligonucleotide probes. ‘B-globin’ represents 3-globin probe
as a position marker for locating probes. Other spots represent entero-
virus, adenovirus (enteric), adenovirus (non-enteric) and rotavirus,
respectively. B. Validation of DNA chip using reference viruses: three
different reference viruses (enterovirus, adenovirus, and rotavirus) and
one negative control were tested using the same method described in
‘Materials and Method’.

Yol Fadsfiujor sh= 790l gk kel §lo] 794 g4l
o A Axufdge miletriehe sid7 2w g &
AP L HA4skshs Ao viasith(19). o]¢f & EF3o|
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k= Al Zej 71zt Hasle] S TR FAEA FA H
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enterovirus 5°] PCR A#}9} 100% L8l 53 15 59
35 R ATHTable 3).

Tt Alzaekel] &gk nlola] 2 HEd3= DNA chip
PCRe oJgt AZA7e} 3] YA|EHAIE ke 10 719
A EufeF A FE F 3 707F DNA chip?} PCROIME 2402
YERATHTable 3). o]#idt BUX]o] 715 o)f-2= o 74
7F g AWt 7R EIER SARE 2 e gt
AEH L] Aol o)zt 7] Wi Aog gy, M) xu)
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)-PC

TR

Aol BTt “rub ICC (RT)-PCR 2
35 PCR Ahes W79 E o wAste]
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sﬂok SHAIE DNA chipS &-8-3 -0l o] sp4e] ko] 7}
SRk F Algrt HEE wlAEe] AEy vpo]e o
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WeFsar 48

& S ALE

UQJ o};‘

Kor. J. Microbiol

>

|58 #e] AL §5 Eobal ol 1y 2
322 DNA chipoll 23 HESA1717] YA 7.7 kbol 4]
A Kbpoll DR 71 Zole] faAsh Agels) F7b A
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oo Hr i &

:iOSh

&5 AdE =2
o & siglon], Jles] st DA s nelge s 3
o] g Hol 7ok o yol7kx DNA chipe] 43¢l
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ABSTRACT: Enteric Virus Detection from Environmental Sample by Oligonucleotide DNA Chip
Jeongmi Kim?, Sung Wook Yoon'?, Youngmee Jee’, Jaeduk Yoon’, and Yong Seok
Jeong'*('Department of Biology and Research Institute of Basic Science, Kyunghee University,
Seoul 130-701, *Microarray Center, BiomedLab Co., Seoul 110-744, 3Department of Viruses,
Gastroenteric Virus Division, National Institute of Health, Seoul 122-701, Korea)

The usefulness of oligonucleotide DNA chip was evaluated for detection and primary level identification of
major waterborne viruses in environmental samples. The enteric waterborne viruses included enterovirus, ade-
novirus, and rotavirus. Total intracellular RNA of 10 BGM cell plates showing virus-specific cytopathic effects
was extracted at the third day after inoculation. The intracellular RNA was then subjected to either enterovirus-
specific RT-PCR followed by sequencing analysis, or the DNA chip. Seven out of 10 positive samples in cell
culture were positive but the other three sample were turned out to be negative by both RT-PCR and DNA chip
analyses. Nucleotide sequencing results and the DNA chip hybridization results of the RT-PCR product were in
complete agreement in the identification of the 7 positive samples as enteroviruses. Using the DNA chip, it took
only 3~4 hr to complete detection and primary level identification of target viruses and additional procedures
such as gel electrophoresis or nucleotide sequencing were not necessary. We believe that the DNA chip system
can be employed as a highly effective and new detection methodology for environmental viruses.





