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(ATCC CRL-1586) A& AM-3IATE. Vero CL1008 A% E 10%
$d(Gibco BRL, USA)S #H7}8F Dulbecco’s Minimun
Essential Medium (DMEM: Gibco BRL, USA) B=]of| ujjoFs}d
Tk T-150 flaskoll ¥l ©h Ao vlo]g| A8 729X &
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F718 08 A E8HEE I(cytopathic effect: CPEYE T&3}ITH
CPEZ} uiahAl #24E o viddat AEE FAS ths, 400
xgoll A 5E-7 94 EeEldte] e w2 2O pellet A
ALY Pellets A s HA-S 23] WSt Safgh $
400x gl A1 5—r7J Aql et s Ak A4 A
2 538 5 045 um filter®2 o33 TS ARSI 70°C0]
E*‘&O]'Mﬂr.

Reo-39] AEFE 98 A4 = wholH 29 tierg 50%
tissue culture infectious dose (TCID,)E WERFSITE. Reo-3E 2
% $8%-& 715 DMEM BiAZ 752 M3 24 well
plateol] HIFE Aol 025 m¥ HESIATh SAWHETCR A
FERIAIE 025 m¥ HEFSATE 2 % CO, W71 5%
CO,, 35°CZ wiekslir] Al&A o= |n 3 oS CPES Ta3I%
=3

Hjo|2{A RNA E2|
-70°Co A3k ulolg 2 njfl S oA HQU T, RNAS
223tgtt. RNA #25 QlAamp Vil RNA Mini Kit
(QIAGEN, German)E A8-3}] A ZA A Aj-&3h Wil wet
AATshslnt Hpole] s v Fe 140 ulZHE F 60 ule] RNAZ
/=313

Oligonucleotide primer
Reo-3 fAAE SF817] sl AR&SF &2]arsi4t primer ¢
71X 92 NCBI data baseoﬂ E31E Reo-3 segment LI (NC
004282)¥ S1 genome (NC 004277y 7|%& Primer3 Software
& olgste] tARRIsth(Table 1). ol Fxhk= wholgis
oA Al Hol7} 4E}A] &2 conserved sequence® ULE

250) vlolH 25T Aol S UepiT

RT-PCR

F£]3 RNAE 822 Omniscript Reverse Transcription Kit
(QIAGEN, German)E AH&-514 ¢cDNAE H43ITE cDNAE
4871 Y3l template RNA 7ul, 10 pmol specific primer

Table 1. Sequences of oligonucleotide primer sets used in the detection of Reo-3

Forward primer

Reverse primer

Nucleotide position Amplicon size

REO-F1 GTTAAAGCGTTTGGGTCAGA
REO-F2 CGGAGATTAAGGITCCCATT
REO-F3 GTTAAAGCGTTTGGGTCAGA
REO-F4 TGTTCAAACACCACGTCAAG
REO-F5 GATGGTGGCTAATGGTITACG
REO-F6 ATCCATACAAGAGGATTTCG
REO-F7 GGGAGCTCCCCTCTCAATCC
REO-F8 GGCAGGATGGAGTACTTC

REO-R1 TTAGCCACCATCCATCTTGT
REO-R2 ATATAAGTAACGCGCGATGG
REO-R3 CGTAACCATTAGCCACCATC
REO-R4 GTCGCAGTCATTACCATTCC
REO-R5 CGCTCGTCCAGACTTCTTAG
REO-R6 TGGCGAGATTATTCCCTGAC
REO-R7 CTGAAGTCCACCATTTTGAA
REO-R8 GATGAAATGCCCCAGIGC

2650-2768¢ 119
1196-1296° 101
2650-2776" 127
3593-3719* 127
2757-2901° 145

468-613° 146

531-663° 133
1274-1416° 143

*NC 004282
°NC 004277
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(reverse primer) 1 pl, RNase inhibitor (10 U/ul) 1pl, 10X
buffer RT 2 ul, dNTP mix (5 mM) 2 pl, Omniscript reverse trans-
criptase 2 pl, RNase-free water 5 plE S35l 37°ColA 60
&<t WRS-AIZTE Reo-32] reverse transcription ¥H3-0 2 o)z
cDNAS FHO= PCRE AA3}ATh PCR HH8-S $18] Reo-3
cDNA 2 pl, 10 pmol forward primer 1 ul, 10 pmol reverse primer
1pl, MgCl, 894 1pl, Go Taq® Green Master Mix (Promega) premix
125 pl E5Hlo] EE 33 SRFE AUsle] AFRE 25
pulE  ZFTh Corbett Research Al(Australia)®] PALM-
CYCLERE ©]&3 S#25E-2 pre-incubationS 95°Co|A] 2%,
denaturation 95°CellA 30%, amnealing 50°C, 52°C, 54°C, 56
°C, 58°C == 60°CollA] 30%, extention 72°ColA 170 & 3}
& 40 cycleg F35FITE 40 cycle PCR § 72°Co| A 5% ¥k
A7) % 1.5% agarose gel H7)9%5LS E3] PCR W22 310
At A 3lE annealing =014 MgClL %55 H3IA)A
PCR &3< HHseih. &3 S5 DNAYL B48hs A%
AAE 1317} H5ke] PCR product?] DNA sequencingS 4
AlStAth. PCR 4HE-& PCR SV PCR purification kit (GENE
ALL, Koreays AMg-8t] g &, £AEF)0) 2]#)sle] ABI
PRISM BigDye Terminator Cycle Sequencing Ready Reaction
Kit (Applied Biosystems, USAYS AM8-8l] G71ME9L 245
o ZAH 97149 BLAST programe ©]-8-3} (www. ncbi.
nlm.nih.gov/BLAST/) #1359t}

Real-time RT-PCR

Reo-39] A% 93 RTPCRE 53 FH¥ RLPCR 24
71%2 AccuPower Greenstar PCR Premix FEx Tag (Bioneer,
Korea)& A8} real-time RT-PCR 718 FY3tE Reo-3
HES A3 Corbett Research AHAustralia)®] Rotor-Gene 3000
real-time PCR 7|A1& AM8-31%T). Real-time PCR Wh-3-of&
AccuPower Greenstar PCR Premix Ex Zag 5 pl, 10 pmol forward
primer 0.5 pl, 10 pmol reverse primer 0.5 pl, template 2 ul,
MgCl, 84 0.5 ploll B8 33 2555 ¥Wol 3 20 pt 94
AT HAHEE-2 pre-incubation 95°C| A 155, denaturation
< 95°ColA] 10%, annealing 30X (annealing % HA 3= ¢
3] 52°C, 54°C, 56°C, 58°C, 60°COlA] real-time PCR 3+3),
extention 72°C|A] 3022 3} 45 cycleS 38T} 1A
2 cycle FollE BE ¥RE-Eo tisle] 72°CHE 95°C7HA] A9
M melting curve ¥41-& AABIHCE HEH MeCl, ¥55 44
5171 943 HH3hE annealing && 52°CoIlA MgCl, ¥55 #
SAIA H7F|E Reo-3 cDNA Fxo] W& crossing point ZHS
Bl 8i Tt

TiterS 4314 = AZEF A e’} 3.2x10°
TCID,/ml%] Reo-35 <XH& L2 32x10° TCID,/ml7}A] 10814
3]Mg § real-time RT-PCRS Fadled Bk 98t H3atal
= s A8 gl SO1UE Reo-39] ¥ EFTA)
st sttt EEF L Reo-39] FEo| e} real-time
RT-PCRYY| 2} HZ5= crossing point 3-8 TCID,, equivalent/
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mlZ A&3} 23 TH(1). Crossing point= PCR cycle®]
exponential phase® E°]7H= cycle -5 YERATH

Real-time RT-PCRe| M 2[M HES

FHE Reo-3 AHH A (reliabilityye H5317) 93l &
HE AR U7F= (sensitivity), A A (reproducibility) -2 7
Ak I=E 23387 A8 titerr} 3.2x10° TCID,/miS!
Reo-35 3402 32x10° TCID,/ml 744 10918 3)23% 3
real-time RT-PCRE 310t @A A5S H3 titerr} 3.2
10° TCID;y/ml$] Reo-35 A 2.2 3.2x10° TCID,ymZHA 10
i A% & M2 g gl 33 A% B35 crossing
point &% RIS Sold ASES $l3l RNA wpolg 2l
hepatitis A virus (HAV, ATCC VR 1402), bovine viral diarrhoea
virus (BVDV, ATCC VR 534), bovine parainfluenza virus type
3 (BPIV-3, ATCC VR 281), murine encephalomyocarditis virus
(EMCV, ATCC VR 129B)9l| gt cross-reactivityS 233}
Aol ARE-gE HbolE 29 titers Z47b 10° TCIDg/ml, 10°
TCID,y/ml, 10° TCID,y/ml, 10 TCID;/ml®] At}

CHO M[Z0{|M real-time RT-PCRE O| 88} Reo-3 =

4 real-time RT-PCRE AE2ekE A2TH AS A&
g = A=A ERIE] Ydte] Q19FHLCE Reo-3E 2947
CHO AIEFX Reo-3 HE AEE AASIITE CHO DG4 A
EZ 5% 84S H7IS Iscove's modified Dulbecco's medium
(IMDM: Gibco BRL, USA) 8| %]o]] 100x Hypoxanthine-Thyminidine
supplement (HT supplement; Gibco BRL, USA) 1%= 37}l
H]3kAT}. 125 flaskol] ¥9FE CHO DG449] Reo-35 7G4
2 % 4 FRF it A wjgds AAT T A )
G HollE F AT Reo3E &3] AA3}7] 93]
phosphate buffered saline®.E 3H A3 S CHO DGM4ZS
A il gskaTt. 49 SRt v & oA Al s vk 4
Y ol Fu|F 2 CHO DG44S] Bks #agh & AX ujk
A NEE 2 AT FHA real-ime REPCR HPES
ol-8-atd A ¥ ujFels} AR Reo-37F EAZEA] AHE A
FH oz 351t} Real-time RIFPPCR WA tET 2+ titer
7} 32x10° TCID,/mlQ] Reo-35 AME-EIHOH, &4 tixTe
2T CHO NIXEF vjdul#] == ¥799 CHO M¥EFE A
ST

Real-time PCRS O|&&l HIO| 22 MH HE

¥ real-time RT-PCRS AEOFE E2AATAA 1}
olglz AA BE HE| A& F A=A Rl 95k B
FeH R EA factor IX A4S Y3} Viresolve NFP H}o]2] 2
e 34E 2 AxdoR 983HATH3, 17). Reo-3 stock £
h 3ml-S 0.1 um membrane (Millex-VV, Millipore, Cork, Ireland)
02 oFste] vlolE] A aggregate®} ME debriss A AT T
factor IX -£4(0.8 mg/ml) 27 mlo] F7Fach vrolglart 3
7FE factor IX 89 16 ml& Viresolve NFP 47 mm T2 o



Vol. 44, No. 3

FehMillipore, Jaffrey, USA)l 2 bare] t#oz ofatalelct.
A7t itk F oA Qg 16 mS H7KeEe] 2 barg)
gHoF ARGt vpolef syt H7HE factor IX &4, Hio] 2]
2 Iy ooy, Qkeke-gal ojgjalle)) sl ulo]a] 2 kg
A7 AET realtime RI-PCR A& o2 Aeaignt. 7+
7t AIFA] Reo-3 titerS: AF3HA A1) YA W R
factor IX -&Ho] Reo-32) A EAS 9a) AHEHE Vero
C1008 A3 cytotoxicity (HMEEHE JehEA2} Reo-3 A
A interference (7H3)E U071 EAE ZAVSHAL, cytotoxicity
2} interference® WERNA] o= % 72 B Ee] EdrE
=23190). H}o]ap\ Ak BA o 1 AHE J|ZE ut
olel: THARIFE Tl B}Olﬂi’\ Kagabie s N Eavdt
spiking® & %‘%}%;‘]Oﬂ EASE vholel2s ko) log ghol A
3878 o) EAJsE nlolE 42 log FS Wl Jog 7S]
“(reduction factor)Z A &3lATH17). vleleix AA A= 28
< SHHoT Al W AN AL, T Fa ks ek

2 i

Primer2} M4
PCR W& AME8lo] 574 wlo]e2 EAE ErlstaL, ke
A7) SsiMe vlolelzs oA F1291 wol7) Alskx) gk
conserved sequenceE 717 H-HE A stejop dch MdH
sequencer= 574 HpolE]Zoutk EAJEIe] Bollo] ool dhrh
AEolore duEd, 34 F0Ed, AFAF Tl vjgos
SEE F U vloly HES 9% A PCRE 7
UAETE a7 E0Hl, 2). 919 2 20 WEshe PCRE 2
B371 93 Primer3 SoftwareE ©]-83t] Reo-3 E0]& 9]
primer 888 TIARIBIATH Table 1). RT-PCRS A 8)ake] 27}
primer’dE9] WAEE FRISIATE Titer7} 3.2x10° TCID,/mi}
3.2x10! TC[DSO/mlo] Reo-38 A8 % RT-PCRS #3438 A1}
prlmer 4 REO-F7, REO-R7°] 713 91257 58 thAl &
H|A|A]). REPCR 218 23} 3 23 annealing temperature
o} MgCl, #5712t 58°C9}k 2 mMol itk #& z2A)A RT-
PCRE] WIZF=E Z433T). Titer7l 3.2x10° TCID,/mIS] Reo-
& TR OR 5|45ke] RTPCR & A7} 32x10° TCID,/mi7}
2] PCR AHEE 1T & YATHFig. 1). PCR AHE-S- sequencing
g % blast searching (www.ncbinlm.nih.gov/BLAST/) 8 23}

i

H
lo

M 1 2 3 4 5 6 NC
200~

100~

Fig. 1. Sensitivity of RT-PCR assay for detection of Reo-3. M, 100 bp
DNA ladder; 1, 3.2x10° TCID,/ml; 2, 3.2x10* TCID,/ml; 3, 3.2X10°
TCID/ml; 4, 3.2x10° TCID;y/ml; 5, 3.2x10' TCID, /ml; 6, 3.2x10°
TCID4/ml; NC, Negative control.
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Fig. 2. Optimization of annealing temperature. The crossing point
value refers to the cycle number at which the fluorescence of the PCR
reaction rises above a set threshold and is inversely proportional to the

amount of starting target. O , 3.2x10° TCID,/ml; @ , 3.2x10° TCID, /ml;
3. 3.2x10' TCID,,/ml; M, Negative control.

PCR 2FHE0] Reo-3 A4S 818 4= AAThALR mlA|AD.
Real-time RT-PCR Z| &5}

RT-PCRS 53l FH¥ PCR 271 7]%& real-time RT-PCR
27< sl Forward primer® REO-F7< reverse primer
2 REO-R7& AME-3}0] PCR ¥H3-9| annealing temperatureS- &
AgeFAthFe. 2). Titer7} 3.2x10° TCIDgyml, 3.2x10° TCID,/
ml, 3.2x10' TCID,/mi] Reo-38 A|HEE annealing temperature
5 52°C, 54°C, 56°C, 58°C, 60°CE W3}A|F]™ real-time RI-
PCRS F83139S | 58°CollA] crossing point7} 7H& WA b
B} 58°C7F H4 25 9E & Ak

HA oA MgCl, 58 WsAA PCR 2718 #4353}
ATHTable 2). Titer7} 3.2x10° TCIDgy/ml, 3.2x10° TCIDy/ml, 3.2
x10' TCID,/mi?] Reo-3E AlEE MgCl, =& 2 mM, 3 mM,
4 mM, 5 mME HEA AP real-time RT-PCRS 433198
W 2 mMOIA] crossing point7} 7HE BEA YERY A MeCl,

Kol
FEE 2 mMYE & S A

Real-time PCR2| M 2[M HZ

Reo-3 A &S Y3} real-time RT-PCR H'H ] 2124 (reliability)
S HE3) Yo e e Y7 (sensitivity), A EA
(reproducibility), & ©]/d(specificity) 5& A3 A==

Table 2. Optimization of MgCl, concentration in real-time PCR assay

MgCl, concentration

TCID,/ml
2mM  3mM 4mM 5mM
3.2x10° 17.34° 2441 3238 4327
3.2x10° 2371 3145 3799 4354
3.2x10! 3079 3579 3921 4474
Buffer control 4532 4529 4554 4541

# Values indicate crossing point value
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A)
1.0
1 B32x105TCID;,
@ 08  W32x10°TCID;,
g 03.2x10° TCID,
§ o6 *320°1CID3
o 06 L3040 TCIDY
] 232109 TCID
5 04  ©Negative control
=
=% 0.2
0 . J/
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Cycle number
(B)
3.0
03.2x10° TCIDy,
2.5 3.2x10° TCID,,
03.2x10° TCIDy
- 20 ©3.2x102 TCID,,
= 432x10! TCID
2 s 432%10° TCID},
% ¢ Negative control
L0
0.5
0

0 75 30 35 90 95
Temperature (C)
Fig. 3. Sensitivity of real-time RT-PCR assay for quantification of
Reo-3. (A) Amplification plots obtained with 10-fold serial dilutions
of Reo-3 stock solution. (B) Melting curve analysis of the amplifica-
tion plot. Reo-3 stock solution of 3.2x10° TCID,/ml was serially

diluted and cycle-by-cycle detection of Reo-3 RNA was performed
with SYBR Green L.

Z4317] 9130 titer7} 3.2x10° TCID,/mig] Reo-38 xp& oz
10914 5293} & real-time RT-PCRE 53313t} 2+ Al o
2l real-time RT-PCR cycle 9=l W2 fluorescencedts] Z71=&
TS A7 IEE 32x10° TCID,/mIYS 8918 4 Ut
(Fig. 3A). Melting curve &4 AT} Reo-30] 0|2 HED
H]Eo) &l o2 1Al on, g U)EF A Reo-3
off 5012Q] peakE &N 4= gATHFig. 3B). % PCR A
=S 1.5% (wiv) agarose gelS AH&3le] A7) J%3 Ax Z
Reo-3 YA B0l a7 A7]e] =g Eeld = A9, ¢
89 dizTeME PCR AHES RIS 5= gllvkts mA)
AD.

ZHE Reo-3 AEH AGAY AE5S S8 HE g2 2
Reo-3 FFEA|Bo1M RNAE F23}1L real-ime REPCRE: 38)
gk $ crossing point & HlETHFig. 4). Reo-3 log titer
(log,, TCID,/ml; x)°ll T3t crossing point gh(y) 7+e] ¥E 3]
22 AA G A y=-3437x+36.05 (ABAT £=0.995), SH|
wo] B9 y=-3429x436.03 (P=0.998), A o] A9 y=-3.294x
+3542 (P=0.991)Z Reo-3 log titer$} crossing pointzk 7+e] 3

71/d0] w5~ =3kt
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Fig. 4. Reproducibility of real-time RT-PCR assay for quantitative
detection of Reo-3. The standard curves were obtained by the
regression analysis of crossing point values versus initial virus titer.
These results were obtained from three independent assays performed
at different days.
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Real-time RT-PCR 42H=-2 1.5% agarose gel “3ollA] E29351 25}
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Fig. 5. Specificity of real-time RT-PCR assay to potential cross-
reactive viruses. (A) Amplification plots. (B) Agarose gel electro-
phoresis of the PCR products. Specificity of the real-time RT-PCR
assay was evaluated using the optimized protocol and then the PCR
products were analyzed by 1.5% agarose gel electrophoresis. M, 100 bp
DNA ladder; 1, reovirus type 3 (Reo-3); 2, hepatitis A virus (HAV); 3,
bovine viral diarthoea virus (BVDV); 4, bovine parainfluenza virus
type 3 (BPIV-3); 5, murine encephalomyocarditis virus (EMCV); NC,
Negative control.
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Fig. 6. Quantitative detection of Reo-3 in artificially infected CHO
DG44 cell line. (A) Morphology of CHO DG44 cell line not infected
with Reo-3. (B) Morphology of CHO DG44 cell line infected with
Reo-3. (C) Amplification plots of Reo-3 positive control, CHO DG44
cell line infected with Reo-3, cell culture supernatant, and negative
control. (D) Agarose gel electrophoresis of the PCR products. M, 100
bp DNA ladder; 1, Reo-3 positive control; 2, CHO DG44 cell line
infected with Reo-3; 3, cell culture supernatant; NC, negative control.
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Table 3. Application of real-time RT-PCR assay to validation of Reo-3 clearance during Viresolve NFP filtration

Total Reo-3 titer

Sample

Factor IX solution spiked with virus
Filtrate after Viresolve NFP filtration
Post-washed solution with phosphate buffer

Reduction factor (log, )

Infectivity titration Real-time RT-PCR
(Log,, TCID.,) (Log,, TCID,equivalents)
5.71 5.74
ND?(£1.38)° ND (=1.71)°
ND (£1.38)° ND (£1.71)°
24.57 24.03

#No infectious virus was detected.

" These values were calculated using a theoretical minimum detectable level of infectious virus with a 95% confidence level.
“These values were calculated using the sensitivity of real-time RT-PCR method (3.2x10° T CID,, equivalents/ml) as a minimum detectable level.
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ABSTRACT: Real-Time RT-PCR for Validation of Reovirus Type 3 Safety During the Manufacture of
Mammalian Cell Culture-Derived Biopharmaceuticals
Dong Hyuck Lee!, Hyo Sun Jeong’, Tae Eun Kim', Seon Hwan Oh’, Jungsuk Lee?, and In
Seop Kim!'* ('Department of Biological Sciences, Hannam University, Daejeon 305-811, Repub-
lic of Korea, “Tissue Engineering Division, Research and Development Dept., Hans Daedeok
R&D Center, Hans Biomed Corp., Daejeon 305-811, Republic of Korea)

Validation of viral safety is essential in ensuring the safety of mammalian cell culture-derived biopharmaceuticals,
because numerous adventitious viruses have been contaminated during the manufacture of the products. Mam-
malian cells are highly susceptible to Reovirus type 3 (Reo-3), and there are several reports of Reo-3 con-
tamination during the manufacture of biopharmaceuticals. In order to establish the validation system for the Reo-3
safety, a real-time RT-PCR method was developed for quantitative detection of Reo-3 in cell lines, raw materials,
manufacturing processes, and final products as well as Reo-3 clearance validation. Specific primers for ampli-
fication of Reo-3 RNA was selected, and Reo-3 RNA was quantified by use of SYBR Green 1. The sensitivity of
the assay was calculated to be 3.2x10° TCID,/ml. The real-time RT-PCR method was proven to be reproducible
and very specific to Reo-3. The established real-time RT-PCR assay was successfully applied to the validation of
Chinese hamster ovary (CHO) cell artificially infected with Reo-3. Reo-3 RNA could be quantified in CHO cell as
well as culture supernatant. When the real-time RT-PCR assay was applied to the validation of virus removal dur-
ing a virus filtration process, the result was similar to that of virus infectivity assay. Therefore, it was concluded
that this rapid, specific, sensitive, and robust assay could replace infectivity assay for detection and clearance val-
idation of Reo-3.



