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Simplified Procedure for Detection of Poliovirus and
Norovirus in Oysters

Sookhee Ha, Gun-Jo Woo', Hyo-Sun Kwak', In-Gyun Hwang', and Weon Sang Choi*

Department of Biotechnology, Dongguk University
'Center for Food Safety Evaluation, Korea Food and Drug Administration

Simplified procedure was developed for concentrating and detecting poliovirus and norovirus in oysters. Viruses
were seeded into oyster tissue homogenates and concentrated through polyethylene glycol (PEG) precipitation,
chloroform or Freon extraction, with additional PEG precipitation. Amount of viruses was evaluated using
poliovirus plaque assay. Virus recovery during concentration procedure was approximately 16.4-26.0%. For
detection, viral RNAs in oysters were examined using one-step RT-PCR after extraction with Trizol. Dilution or
capturing of viral RNA using silica gel membrane allowed viruses to be detected by RT-PCR, whereas viruses
could not be removed using QIAshredder™ Homogenizer, which is effective in removing RT-PCR inhibitors in
lettuce and hamburgers. Freon extraction, generally used to concentrate viruses found in food, could be
substituted with chloroform extraction using this procedure; no difference could be observed between detection
limits of whole oyster extracts and digestive organ extracts indicating that RT-PCR inhibitors were distributed
evenly throughout whole tissues. Nested PCR greatly improved efficiency of this procedure. Overall, this
procedure could remove sufficient amount of inhibitors to allow detection of norovirus in oysters.
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2 AH A= dAT Zg] eubo]gl X(poliovirus) 72

enterovirus 52 EAZ 3t RT-PCR(reverse transcnptnon-poly-
merase chain reaction)S ©l-&3 7% WYL JU Foll UTkE-
13). ol Zaleutolg 2ol ey} waufoly el fFAkSHL,
H]2=dt 37|19} T2 RNAE FAAR &, R2utele| 27}
ZAMFNES o] ga] F2lo] AFE vk Fejenloldle
Fe }J‘BH ko) olsf ko] 7Fsskal, RT-PCRAHS] w1zt

=7} ge %Ei‘ré a7] W Foldt,

cuete) w2 S0l ta) A% A& e Ass
ST PR 5 1 %s}z ot ApAHt BHoR B
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2 vk gith 2 areldE $9 94 2o Eelevel
£% 9K 09N F olzrE Euenlelsss
she wEe el st

zwa 5 ZREMilliporeot 1
ato} —70°Col BahEA A
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o
2 o] blender® Zo

AHe-asict.

Hfol2{

ZE|ontolH e ﬁ%?i Sabin type 1 ¢cDNAZ COS-1 Al
Zo) transfectiondte] A& the- Adiste) AREEIEE EFQ
nlo]e) 9] titer plaque assayS 319 A% 3IATh =2ntold
2= FERAATY 4317 vlolg| A2 FE PBS(phosphate
buffered saline)ell 341E o] s Lo /\}—9—0]— itk w2
ulo]e] 9] titers Hlol#]e] RNAZ %3 - RT-PCRE &
sty A}, mZrle]e o] RNAE RT- P(RE Z23 3
agarose gel(ethidium bromide )2 BIE 4 U= RNAY
) 32uj&-2 RT-PCR unit2 % 9|5k

Alof

ONE-STEP RT-PCR PreMix%} Viral Gene-spin™  Viral
DNA/RNA Extraction kit= ¢l1EEv}o] 2.8 A& 2 A (INtRON
Biotechnology, inc)Z%E 7933tk TRIzol2 Invitrogentt
(Carlsbad, CA, USA)2] #A|F&, SV Total RNA Isolation Sys-
tem-2 Promega(Madison, WI, USA)2] #| &g, QlAshredder™
QIAGENAKwww.giagen.com)&] #|F& A8l
A EL SigmarkSt. Louis, MO, USA)9] Al&FE

Homogenizers
ek, LA
AFg-BHT.

Table 1. Primers used in this study

Primers

B Age] A&F primers DGI72, DG173, DG213, DG214,
NVLII84U235} NVLII738L20019.om A (Gl A 4 st
% THTable 1).

298 Z2FE Hl0|2{2 RNA FEYUH

Z 0.0 g& AHE AL vpolaE ANF R FFA F
02mL(eF 0.1 gl 1 mLe] TRIzol& ¥l vortex3 ¥ 200 pL
9] chloroform %23 tumblingS 45 min &<t FEH3ATH A
2a] 3 A5HS A wbedll &7 chloroform 13] H ﬂﬂ]f‘f}
% 2%¥ uvlolz]2 RNAZ isopropanotd ©]-&-3te] A7)
2 70% ethanol® A3+ ¥ diethyl pyrocarbonate(DEPC) #2]
3 2ol o o]F |puL LE olo G F RNAE At
43t} RT-PCRE 3ttt

Z 32 ARRT AL vlolHAE AYH R HFA &
6mL(ok 3g)°ﬂ PB§ 1 mLE ¥ vortex®} tumblingZ °F 10
min =9+ 3t Freon = chloroform 7mLE FH7}8lal
vortex9t tumbhng F 45 min F<¢F 38T} o F °]E 8,000
pmol A AR 0}04 o]5 s polyethyleneglycol(PEG)
8,000 30%/1.125M NaCl& 1/3 volume7}8}3l 4°CellA] °F 3
wE 6hr B¢ WA PEG AHE 13 o & Bee
pellets & 7mLell thr] dek A171 3 PEG 8000 30%/1.125M
NaCl& 1/3 volume7}8hi €&ollA 3 &= 16 hr 59 B8t
At olF 12,000rpm°ﬂ/\1 AAEY Fhd AAE pellets &
300 uLoll Ae A7 F TRIzol 1 mLE AHE31] RNAE &
&ttt 0% isopropanolZ RNAE #7A17]32 RNA pelletS:
2ol Zo] o]F | uL Ei ool sldshe #el RNAS AH8-6f
o] RT-PCRE 33

RT-PCR assay

RT-PCRS &M E & 20uLe] HEgAlo] ONE-STEP RT-
PCR preMix 8puL, Z} primer Y4 BHE e eutolH 29 7
DG172 100 pmols# DG173 200 pmole, =2 Hjo]e]2:9] ﬂ g
NLVIII84U23 200 pmol3} NLVII738L20 100 pmol= *}%%P)
7 RNA Zﬁﬂ s AT 45°CoA 3087 A}
¥ 32X cycleS A A7) Aol 94°ColA 577 DNAS
WA T cycleZ YAl SATE ZF cycled: 94°C 45%,
55°C 45%, T2°C 45% 2 392 30 cycle & 72°C 737+ <
A e A7l kg TRl
Nested PCR

Nested PCRS $J8i41= & 50 uLe] whg-<ie] RT-PCRZH-H
AS DNA IpL, 10mM Tris-HCI(pH 8.3), 2.5unit®] Tag

Primers Sequences (5'-3' Polarity T, value ('C)  Size (bp) Reference
DGI172 GATTACAAGGATGGTACGCTTACA sense 559 s34
DGI173 GACTCTATGTAATTGGTGATGCCT antisense 59.3
DG213 CTTACACCCCTCTCCACCAAGGAT sense 64.4 506
DG214 TTGTTCCATGGCTTCTTCTTCGTA antisense 593
NLVII184U23 CARYGGAACTCCAYYRCCCACTG (Y=C/T, R=A/G) antisense 65.1
NLVII738L20 TGCGATCGCCCTCCCAYGIG sense 64.5 374 (12)




1020 g2l E8k3]2) 2 37 W Al 6 5 (2005)

DNA polymerase, S0mM KCI, 1.5mM MgCl, 200puM dNTPs,
7} primer 100 pmol(DG213, 214)0] = L2 st ==
cycle2 ZIUe7] Aol 94°ColM 5¥-7F DNAS #iAgAR] & 2zt
cycle® YA &tk 2+ cycle® 94°C 45%, 55°C 45%,
72°C 45%% 3} 0H 30 cycled 72°C 727F A% wkS B ou
S TEsY

4t ¥ nE
Z2EFH 2¥E Hlo|g{ao HE
= 0.1¢go Fejenloly 2 20,000 pful FEA71 & RNA
FEsld o5 20l Bl Fo] o]F | LS AREsle] B
3 A7} Ze|Qulol#{ s RNAS 3]48le] RT-PCRS Hok=
ol 3A5tA] & RNAE AHgahe Awct 1 2 71559
(Fig. 1 lanes 3-5). 2= &S 2 0.1 g9l mZnjole]2 660
RT-PCR unitz LAAA st Ao = akelalsia sou)7t
A BMsle bandE #2E 4= 2U9thdata not shown). o)1=
olv] X.31(89,14,10,11)% ©le} o] Fell PCR s Edo]
ZA8ke] RT-PCRE W3g)7] Mo Helth thsom o)

O 2

AL F RNAE FE3 & 248 dakw 841814 ¢ RNA
£ AHEShE 5 band7h BQIEIA] @kghont o] sul (oml,
208} 345k band2l 2Rlo] 7153 M (Fig. 2A lanes 2-5,

ATH(data not shown). vlel]2 5HelS 98] Haet &4 wlg
2 Aol wheh oA Aolzt dlont Uk
SM2 % bandS M= Zlo] 75k 10 Awo] &4
AX 7Hd M bandE FEe £ Ao

QIAGENAFS] QlAshredder™ Homogenizere] 4139} diu] 7|
9 HFl WAlsks PCR Wl B2 e aaon A% 4
AUTH= Bz} S151(13), silica gel membrane®] 2ol Z7) 8}
PCR Weled& o a A Atz Bavt ekl o=
sl w71 918 QIAGENAR] QlAshredder™  Homogenizer,
AEEnto] QH| AEZ XA Viral gene-spin viral DNA/RNA
extraction kit, Promega*t®] SV total RNA isolation system-<

1000
500

Fig. 1. Comparison of the RNA purification procedure for RT-
PCR detection of the poliovirus.

0.1 g of crude oyster homogenates was seeded with the poliovirus.
The viral RNA was extracted using the method in Materials and
Methods. Electrophoresis on 1.5% agarose gel. Poliovirus specific
RT-PCR product is shown. Lane M, molecular weight marker (100
bp ladder); lane 1, positive control (poliovirus cDNA was amplified
using PCR); lane 2, negative control (oyster that was not seeded with
poliovirus); lane 3, oyster that was contaminated with 20,000 pfu
poliovirus; lane 4, 10-fold dilution of lane 3 RNA; lane 5, 20-fold
dilution of lane 3 RNA; lane 6, RNA extraction followed by
QlAshredderTM Homogenizer; lane 7, RNA extraction followed by
Viral gene-spin; lane 8, RNA extraction followed by QIAshredder™
Homogenizer and Viral gene-spin; lane 9, RNA extraction followed
by a SV RNA extraction kit.

AR88te] PCR Wl Edo] adAoR A7E & glexg 0.
go] =9l 20,000 pfug] Ee]uellAE HEslo] Bels) Hot
ChFig. 1). = A3} =9} @uj7] Edoxe pCR e &2
= EAFeR AAs Ao® I QlAshredder™ Homog-
enizer’} FollA= BRE G371 U THFig 19] lane 35} 6 1)
). 18t silica gel membrane 71%5-<] Viral gene-spin viral
DNA/RNA extraction kit?t SV total RNA isolation system-<
a7Hos PCR W EHS AAL 4 AAthFig 19 lane 3,
lane 7, lane 9 W]il). QlAshredder™ Homogenizer?} viral gene-
spin viral DNA/RNA extraction kitE 3 #|2lshe Win A

=3 bSO uKFig. 1, lane 8) viral gene-spin DNA/RNA
extraction kit¥hg W50 2 AMR-E} Z(Fig. 1, lane 7)3} H)<=8)

Fig. 2. Comparison of the extraction solvents (Freon and chloroform) for virus recovery.

The crude oyster homogenates were seeded with the norovirus. (A). Freon extraction (B). Chloroform extraction. Lane M, molecular weight
marker (100 bp ladder); lane 1, negative control (oyster that was not seeded with norovirus); lane 2, oyster that was seeded with 660 RT-PCR
units of the norovirus; lane 3, 5-fold dilution of fane 2 RNA; lane 4, 10-fold dilution of lane 2 RNA; lane 5, 20-fold dilution of lane 2 RNA.
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Fig. 3. Detection of the poliovirus in the seeded oyster by RT-PCR and nested PCR.

(A). RT-PCR of the poliovirus RNA extracted from the seeded oyster. Lane M, molecular size marker (100 bp ladder); lane 1, negative control
(oyster which was not seeded with norovirus); lanes 2 and 5, oyster that was seeded with 5,000 pfu poliovirus; lanes 3 and 6, 10-fold dilution of
Janes 2 and 5: lanes 4 and 7, 20-fold dilution of lanes 2 and 3; lane 8, positive control (poliovirus cDNA was amplified using PCR). Lanes 2-4,
PEG was treated twice for 3 hr each. Lanes 5-7, PEG was treated twice for 16 hr each. (B). Nested PCR using the DNA from RT-PCR. Lane M,
molecular weight marker (100 bp ladder); lane 1, positive control (poliovirus cDNA was amplified using PCR); lane 2, negative control (oyster
which was not seeded with poliovirus); lanes 3 and 6, oyster which was seeded with 5,000 pfu poliovirus; lanes 4 and 7, 10-fold diluted RNA of
lanes 3 and 6: lanes 5 and 8, 20-fold diluted RNA of lanes 3 and 6. Lanes 3-5, PEG was treated twice for 3 hr each. Lanes 6-8, PEG was treated

twice for 16 hr each.

e By}, 2y o] ¥ 71A silica gel membrane kit 7+
PCR el gde] A A &xt Addole E78kL RNA A&
2 10200 3418 7399} B]S:3 band WE BEH 314
&S 7oretd 3480] 5-10%0 Eist HoE dAdH
t}. o]% kit®] membrane &Fo] H7| fEOT BTt H2
2o AYe & Baou 3gARE 00 gt PR
A @ kit AHE A 3|48 ool bande] #HERS 7FsSht 3
Fgro] 5-10% AEo)al o] FE ojHr} T A= o
ol 9= 7|UlE 4= glithdata not shown). ©|%= Shieh &
H)gzgt Aot

1ubA O % pested PCRE ©1-&3HH 22 copy®] DNAZH=

o)
7Ze] 7PeAde 2o £ 9k B AFelME nested PCRE

=2
= e

213/DG 2145 AME-st] 506 bpe] £S5 ERIFOEM HE
felehs B1Eol% bandS9] 81X o= 1% band®] AE
=olT FolstalAlRE DNA copyFe 2old g vol
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Al chloroforme AR&38te] ¥ vRo]e] 0] F582 Freonil
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Fig. 4. Effect of the PEG treatment numbers for the detection of
the norovirus.

3 g of crude oyster homogenates was seeded with the norovirus.
Lane M, molecular weight marker (100 bp ladder); lane 1, negative
control (oyster that was not seeded with norovirus); lane 2 and 6,
oyster that was sceded with 660 RT-PCR units of the norovirus; lane
3 and 7, 5-fold dilution of lane 2 and 6; lane 4 and 8, 10-fold dilution
of lane 2 and 6; lane 5 and 9, 20-fold dilution of lane 2 and 6. Lanes
2-5 show PEG treated once (16 hr), and lanes 6-9 show PEG treated
twice (16 hr).

PEG 2| 32| |1

22 HE vlolgael A& 98l PEGE Aldle= A2 vt
o) AE FEAFE AV oM PEG TDAE ARHA HE
olgzo] A M7isL A7ME Hol ZzE stepolUth. whEbA
PEG 2] 3142 139 & 499} 23] & 4% Hioleix 3
Zol| oW gL FE A5 Fls] BAdrt 2 4} PEG A

2|31ek AAIgle] & ok oF 200 34 visidt 7hee] band

ot il
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Fig. 5. Comparison of virus detection. Crude oyster homogenates (equivalent to 3 g) of whole oyster tissue (lanes 2-7) or dissected

digestive organs (lanes 9-14) were seeded with the norovirus.

Lane M, molecular weight marker (100 bp ladder); lane 1 and 8, negative control (oyster that was not seeded with norovirus); lane 2 and 9, the
oyster was contaminated with 3,300 RT-PCR units of the norovirus; lane 3 and 10, 5-foid dilution of lane 2 and 9; lane 4 and 11, 10-fold dilution
of lane 2 and 9; lane 5 and 12, 20-fold dilution of lane 2 and 9; lane 6 and 13, 50-fold dilution of lane 2 and 9; lane 7 and 14, 100-fold dilution of

lane 2 and 9.

Table 2. Virus recovery according to the concentration steps

Procedure 1" Procedure 2%
Step Trial Poliovirus recovery”  Mean+ SD" Trial Poliovirus recovery® Mean + SD¥
(%) (%) (%) (%)
| 20.8 | 35.4
Chloroft 36.3 N 36.3
oroform ) 15.4 22.7£94 ) 254 334+53
18.1 36.3
| 15.0 | 21.6
First PEG 373 40.0
precipitation 5 18.7 20.1+12.1 5 25.6 278t83
9.3 24.0
) 8.8 | 18.4
Second PEG 24.0 24.0
precipitation , 8.8 16488 ) 206 26.0+6.1
24.0 32.0
"In each PEG precipitation, precipitations were carried out for 3 hr.
“In each PEG precipitation, precipitations were carried out for 16 hr.
YRecovery (%) was calculated using the initial seeding of poliovirus as 100%.
YSD means standard deviation.
5 21T 5 AUkFig 4). 2t o 29 48 Az PCR& Wallste &40 A 243 2srlo] 158 FAshe
PEGE 23] AHzlgh Zlo] dutdoz ¢ YL bandE HYoH Al ohi® 5 Rolo wEE] AeAE oby yatelx) oF
(data not shown) pellets =<l =Y wf 23] Xz|3t 2e 2 & ok webd & AARA S ARSI 28 eke Balsled
g s b 18 Y@ e UL stepe] RNA 3% 9 Zrpol nE QlH o HES] mEnlole]ao] Hid) 2}
3 300 nLe] Bl #E A7) Aol Folahx] ol #9] o7} SlEAE Wl BtkFig 5). 2 Az Z AA2 A}
o] @ 3 gWt} Bold 7% PEGE 23] Aglsh= Ao UL S Aot 28] BLvg ARS A9 = o) v o
o I}, & H9ler 3300 RT-PCR unit®] =gujo]d 27} seed® 73
1008} 3] M7HA](Fig. 5 lane 73 14 W]an) ¥]228 7H29] band
2 HAHE M5k 2T 23|08 AI2E Ae B 4Eo] 7hesioith. mel B Az RE] pcR W EEoe
= 59 e dYELS A7 e e AA A3} 25r)d] 1% Edske Aoz BYEA) e
ez wiEetr] Wit nlelel i 487 SaE) = u ol= ol 4slr]#e] PCR WS do]l @ ZAsts Ao
SEC LA AUATkE). whEkA] FolA ashreke Ry 2 HIZ Atmar 5(14)59] A9} AR E ol= Amar &
vl ~g HESE Aol & AAE AMgstE A Kot npo] (14)°] chloroforme] o}l Freong AF&ahe 22 Zekale] u}
B AEEE 52U 7 IS Aor Adves Asns olg120) F3& 9 RNA FE34o] B g aofn) Alash=

Relstel ulolg) o] AZe] ol8a7E k.6, LU

23 wWol gsly] WEow sty
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Hlol2:8] FE5AeE Bk APHoz 1] S8l plaque
assayE ©l-83lo Blldte] Bt(Table 2). ol¥ol A& ut
ol o3 TRIzolo)] ¢]3+ RNA & old 9A7A] A& A
5 Zonlo|dAa £ 164-260% 7t IFES & £ AT
FF 4780l o] 2714l procedure’} 16.4+8.8%9}F 26.016.1%
Z ZolE Hel AL chloroform@Al A 2] 3<g zfolol] 2
gt Ao ofE] Ade 48 A3 chloroform % @A) 7
¢ o] FEE A7) wel d4go] thh AolE HAtHdata
not shown). 12t} o] %2] PEGY 2|3t H&9] A4S PEGE 3
A7 gt A 2ATA i) $]480] 81.6-88.5%°] 1
PEGE 16417 AE|g 212 A[dwA ujb] 3480] 832-
93.5%E Ho] A ATto] Aojd5E o] vdh HolA|
= A% BN d719Fe] 3 band elo2e £ A
ol& WHE 4 FUSIthFig. 3A). ©)= Shieh S(11)°] B
58%+ Mullendore (15)°] X3t 71-78% HTle Thh B
FA At

= 3¢ HE3 660 RT-PCR unit®] =2r}olgAE HEa)
o FZ3F RNAZ 20puLol =Zod ol& | uLE A5l RT-
PCRE a3l RT-PCR HHg-H 5 Auit gel loadingol] AR&-3}
BE o]& 7Itshd s0u] 8]A5le] RT-PCRES 3sle] <13t
bandi= ¢F 0.33 RT-PCR unitell si@3lsint ol ZF¢ HRE
o] vlo]a{2 RNA £2] A carier® #-83}] RNA 352 9
s8] ZoEl g2 9u)git), kEujolzl~e] RT-PCR uniteh
copyTetel #AIE | RTPCR unitd 10-50 copyell a@als
(17) ¥ dgolr de #AE3A 033 RT-PCR units 2k 3.3-
16.5709] YAE ALt}

Folutely 22 ¥ Ade F 3gol 5,000 pfu HES}
o 398k RNAE 20 Lol =9 o]% | uLE ©]8-3fe] RLPCR
< A3 50-125u1714] &4 ste] RT-PCRS )84 % band®]
o] 7h58lal(data not shown) RT-PCR ¥HS-o 3 Zuiql ge
loadingell AR&-8h= A& ZAQESHA o] bande 1-2.5 pfuell si%
gt} Eglentolel s 1 pfud 30-300 YAl FA A 8)
nested PCROY| 9]#8}4] ¢k3L RT-PCRY €13t A&ESHAI= & 3¢
2 30-7504 2kl shEsith ol& olu] 1y AEIA(8-10)%)
= g 220 pfulth vp2 Adjolth T AY 7HY vloj 9]
A3et A vaErls oA¥AT & g7 8 pfu(18)el] vlsiM =
A 2okt wighA AlE JidE o] WEe FE2YE aF
L8 Srulole|AE AET F e Zoz sydd.

SEFE QFE vpolpaE wEI [ES
At vl AE QY FoR
ethylene glycolPEG) = #ZA713L chloroform H+= Freon®.%
&3 § U PEGE HAAA wlolH A FHsh 74 o
AR F5Es Zg]enbo]e)2xe] S plaque assayE ©]-§-3}

243 A3} e H/E3 nloe)2e] 164-26.0%7} 3PS
T ATk AEE AME 5E vlo]|y2E TRl F

st & ulo]g]e] RNAE 84817 silica gel membranes
o] 88t capture3t & RTPCRE Fe1d 4 ek 22} 4
9 @ AolA] RIPCR Wl Ed-& axdq oz AAs =
QlAshredder™ Homogenizere =0l £x)sh= WslE22-2 A7)}
A FEkgih AFel 299 vlelH A FEE 28 Freono] U
HHA 02 ARR-ELE chloroform Q.2 tA] 7} 7Hssleh. AEEHA
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