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The Detection of Enteroviruses using Enzymatic RNA Amplification
and Non—radioactive Labeled Nucleic Acid Hybridization Techniques

Eun Soon Kim, Young Keol Cho, and Yoo Kyum Kim
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The human enteroviruses (EVs) are responsible for various infections ranging in severity from
asymptomatic to fatal. Since the clinical diagnosis of EV infection is complicated by the
nonspecific nature of the clinical manifestations, accurate and rapid microbiological diagnosis of
EV infection is very important for the management of patients.

This report describes polymerase chain reaction (PCR) and non—radioactive labeled nucleic acid
hybridization techniques by which the enteroviral RNA can be amplified to a detectable level. The
primer pair, derived from the highly conserved part of the 5’ —noncoding region of the enteroviral
genome, was selected in an effort to detect many different serotypes of EVs. After optimal condi-
tions for PCR was determined, coxsackievirus B type 3 was detected at the level of 1 x 10°50%
tissue culture infective doses (TCID;). Our results demonstrate the applicability of PCR technique
for the detection of enteroviral RNA from the clinical specimens.
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1. Viruses

American Type Culture Collection(Rockwille, Md)
oA TFY% coxsackievirus B type 3(CB3, ATCC
VR—30)& vero cell(ATCC CCL 81) monolayer cul-
wre 718 & N8B FANZLG. BEsA vhola
2 ok ¥ 29 #AFE A9sd, minimum essen-
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2. Extraction of enteroviral RNA from virion particles

28 CB3E proteinase K(200ug/ml; Promega)
¢} sodium dodecyl sulfate(SDS, 0.5%; Sigma)& =
23k 3 phenol:chloroform:isoamylalechol(25:24:1)
& o] &5l enteroviral RNAE F&3 8. o] F 5
M ammonium acetate? FAA]A ethanol A3}
£ AA Diethylpyrocarbonate(DEPC) —treated ster-
ile distilled watero] £33k —70Ceo) 8% F &
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m 2= RNAzol B™ (Cinna/Biotecx, Texas)& ©|
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3. Enterovirus titration

24 CB3E serial dilution 3 &, 2+ diluent 32
vero cello|1 x 10%ells/ml F&=o] Qe welld] &
F@th o] F 37C o 4793t WYt FAEY
Aoz CPEZ #asle] 50% tissue culture infec-
tive doses(TCIDs) & 245t 4TH.

4, Preparation of primer and probe

DNA synthesizer(Applied Biosystems, USA)& 9]
£38te] Zo| 20 based] primerg A3 A3
ot Ayl ALgF primer®} probe®] F7IME L
figure 13} 2t} Primer= enterovirus® conserved
regiong] 5 —noncoding ¥$lol 4 AA3}H
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5. Enzymatic amplification of enteroviral RNA

AMYV reverse transcriptase(5U/ul; Promega), re-
verse transcriptase buffer(Promega), dNTP mixture
(0.5 mM), downstream primer(50 pmol) & ente
roviral genomed} Zgd}e) 42T oA 6027 124
H cDNAE AA8}H k. o] reverse transcriptase re-
action®) mixturee] © &3} 7L reagentsg 75}
o] polymerase chain reaction 33 & 3¢ th; PCR
buffer(50 mM KCl, 10 mM Tris—HC}, 1.5 mM MgCl
2, 02 mM dNTP(ZZ+e] dATP, dCTP, dGTP,
dTTP), 10 pmol/ul primers, 5U/ul Taq polymerase.
PCRY 23L&, 94TolA 182 50Tel A 50
72CoAAM 18702 % 303 weA7) 1, HEHo
2 72 CA A 105 Z9b primer extension A|Zc}.
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445 TCCTCCGGCCCCTGAATGCG 464 RRO ACCGACGAATACCACTGTTASB99
(primer 2) (primer 1)

544 ATGAAACCCACAGGCACAAASE3
(probe)

Figure 1. Schematic representation of the location and
sequences of primers and probe in relation to the full—
length genomes of the enterovirus.

6. Agarose gel electrophoresis and Southern blots

10 ul®] PCR reaction mixtureg 3% agarose gel&
A2ste] A7) % 3k & ethidium bromideE o] &
ato] YAlsled BEAsYLE ©] T Southern blotting
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0.15 M sodium citrate)o] A 308 E¢t E£50] &
nylone membrane(Boehringer Manheim Biochemi-
cals)ofl transferdt®it}. o] & DNA synthesizer(Ap-
plied Biosystems, USA)E o] &5} €43l probed}
DIG Luminescent Detection kit(Boehringer Manheim
Biochemicals Germany)& Az 8)ALe] = Alell uw}i}
Apgslol H@l & Al@slit
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1. 155 bp DNA segmentz+ 2!

PCRE A4 z7& #AAs7] 8ty g 5T
9] Tag polymerase®} MgCLE Atg3t Hu}, Taq
polymerase= 1—5 uintej A (fig 2), MgCl,= 1.5 mM
(data not shown)olA] Y38l bandE #IAE = ¢
At

Figure 2. Gel electrophoresis of the PCR products of
coxsackievirus B3. Lane 1, size marker{ pBR 322 x Hinf
1); lane 2, negative control; lane 3 to 6, 0.5, 1, 2.5, 5
Units of Taq polymerase, respectivealy.

~— 155bp

Figure 3. Gel electrophoresis of the PCR products of
different TCIDy, of CB3. Lane 2, size marker (123 bp
DNA ladder, BRL) ; lane 3, negative control; lane 4 to
8, 1.6 x 10% 8 x 10% 4 x 10% 2 x 105 1 x 10° TCIDs,
respectively.

Agel A8 primers E7IME 445004 599
WA E 2EY 4 dosg FI4Hoz FEH
DNA segment?] =7} 155 bpd Zolth.
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A1}, Figure 30| A TaE 5o TCID,, 10° BE 1.6
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A7) Fol 2a] e 155 bpe] DNA segment
7} CB3elA  fuld 121& &F87] Sty
nonradioactive probeZ A}&£3}o] Southern blotting
& Aldd A3 1 x 10° TCIDyy oA efAdures @

=

AR

il

2%+ AU (fig 4).

Figure 4, (A) Gel electrophoresis of the PCR products
of CB3. Lane 1 & 9, size marker(123 bp DNA-ladder,
BRL); lane 2 & 8, negative control; lane 3 to 7, 0.625 X
104 1.25 x 10% 25 x 104 5 x 104 1 x 10° TCIDs,
respectively. (B) Autoradiogram of the Southern blot
of the same gel shown in panel A hybridized with DIG
—labeled probe.
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Enterovirus Z+dol 98 ¢4 #H¥ o 2= menin-
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o] &% enterovirus®] wAESH Fw WYY Y
o] @A @L3 A HLL At olHT FAYET
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PCRE o] g3 & AgdA= 1x10° TCIDs7}kA
enteroviral RNAEZ A28 £ vt £ 7]1&9
nucleic acid hybridization 7| 2tl= 10—1006] =l
#E7t =gktdh. a2y enteroviruszb  10-1000
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