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TaqMan probe real-time PCR for quantitative detection of
bovine adenovirus type 1 during the manufacture of biologics
and medical devices using bovine-derived raw materials
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ABSTRACT: Biologics and medical devices manufactured with bovine-derived raw materials have the risk of viral contamination.
Therefore, viral validation study is essential to ensure the safety of the products. Bovine adenovirus type-1(BAdV-1) is one of the common
bovine viral pathogens. For quantitative detection of BAdV-1 during the manufacture of biologics and medical devices, a TagMan probe
real-time PCR method was developed. Specific primers and TagMan probe for amplifying and detecting BAdV-1 DNA were designed.
Specificity, limit of detection (LOD), and robustness of the method was validated according to international guideline on the validation of
nucleic acid amplification tests for the pathogen detection. The sensitivity of the assay was found to be 7.44 x 10" TCIDsy/ml. The real-time
PCR method was reproducible, very specific to BAdV-1, and robust. Moreover, the method was successfully applied to the validation of
Chinese Hamster Ovary (CHQ)-K1 cells artificially infected with BAdV-1, a commercial CHO master bank, and bovine type 1 collagen. The
overall results indicate that this rapid, specific, sensitive, and robust assay can be reliably used for quantitative detection of BAdV-1
contamination during the manufacture of biologics and medical devices using bovine-derived raw materials.
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axfrel) N, A, 22, 7|5 e orE T 2255t LAL AEA| S 22 27778 A R= AR AL Stk
AA|, AEZXZA, &l727]7]9] AARZ d2] AE-E 1 Qi) (Delgado et al.,2015; Moon et al., 2015; Vaegler et al., 2015).
e @S FAR A 2T o oRE, A 2ok, WAl 5 A Azt el e ookt 22F A, AlZA=A, 9
& 9 o-g A=Y oFE AR SRt S EAIEFE w s 27171 Aol A et B Rt EA R E 7] S = F
et YR =R AMETE B3 ATPA| 2R 2 A4, S-S TAE gt =e)-3teha] AR 2= A|E-2f A Ad 3t £

S
AEA A B ol A A S Wk 93 ARBAR  £AS BoIel] of e Eak AR AAo] A M A
I AH8-E th(Erickson et al., 1991). -2 Zeb7, W, ) 5 7t e dE 7hs/do] A7) wzol] HA HES fIgh ohergt
S A EA, 2258 A A =, o] A8 W, 5 E 5 Hio] HANE] 31 QltR(Horaud, 1991; Parkman, 1996; Merten,
2002; Celis and Silvester, 2004; Schiff, 2005; I11 and Dehghani,
2009; Hawkes, 2015).
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2 TR T HE Y AP ez Qs 58
Ao] ¢ 7}z2=| 11 QlthMarcus-Sekura et al., 2011; Hawkes,

2015). A7) 2] A7\ BoA = B OokET} 2225}
AA, AlsZ2) 2A4), 72 7] 7104 WIS = 22/ 218l Bt
o]2).20] 9912 el Slstel wzHEe Sol4lo] S
AEAFHH 7L vholei A Al A 9 B8} 34 g9 at 4
5 Hrole A I 718 4 Al Soll Bk A-E gl 2l
5131 900, whol2l s oRiAl 7k el Fol =2l A
o7 Qb4 Tl 712 7485101 $hEHICH Expert Working
Group, 1998; Schiff, 2005; Brennan et al., 2015; Lim, 2015).

2 RS YA R R ARESHo] A4t = A= ookt
22 BA A, AEARA, &]271719] FAHel vlo]ei A

-2 Pelshr] 93] ofeh el e ALE B ekEIel Al 74
Hp¥So] Wastch 2, ol Avt 0 WE|A] s 9
AR5 AU el T, vhol2l 2.9 o35 ZAlelo]
of gttt =4, A2l vhole 2o thgh Al A W B3} -3 0]
S2HE HSE AL T 02 A E-E AgAkstoloF gt AlA,
F A AT DA 09 Hsth ol 4 A5 4
© 2 7 As}olof g,

o3} §310] 7ho] EeRIol Al AL EelokE AEE: us
E| Af|323(Master Cell Bank)ol| A 462 @302 HE 2
o] 7153t Bovine adenovirus (BAdV), Bovine viral diarrhea

virus (BVDYV), Bovine parvovirus (BPV), Bluetongue virus
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(BTV), Bovine respiratory syncytial virus (BRSV), Bovine
rabies virus (BRV), Reovirus type 3 (REO-3), Bovine
Parainfluenza type 3 virus (BPIV-3)Q} 72 A E0] %] ulo]g
2 A% AW S AR E 5131 QJek. & Bo] 4 ulolel Ak
PCR AR} A|71A] Al ZFE 0]-8-3tin vitro Hlo] 22 £
AR e o2 HETTH PCR AL 5 Eol 4
O AW, in vitro WFo| 2] 2~ FAIAI A S A A ZF=of A F4
o 4 s TRt el Y AE HET 4 AHH(Nims, 2006,
Marcus-Sekura et al., 2011; Hawkes, 2015).

BAdVE= Adenoviridae familyo] <3}= H]— 2]T(non-
enveloped) HFo|2]2A 2 double-stranded DNAE 3313} =
icosahedral nucleocapsidE 2r3l Qlti(Benko et al., 2000).
BAdVE &, #7180, AEAGA, 4t e, A2 5 &
- 3tek2] 22 of uf-9- F A S LEof Alazuf o -2
AE o) oFE AT O A HES flsl A ARt HE vt &
TE= Hho g Lolth & AFoA = At EES dAlRR
ARESHE AE O orE, AT A, A 2A, Y= 7]7]
5ollA1 BAdV type 1 (BAV-1) $F /& &15}7] al], Al

T dEad, AT, gAIFA BAdV-1S JFEH o=

oXx, ©

=32l Al As1d A3E

&L Al234ollA BAdV-1 Al A 5SSt A2
2 g8o| 71553k Tt Eo]= 7} 2423 TagMan probe
real-time PCR A|%¥-& 3+¢]8} 114} 5}{c}. 2 2 real-time
PCR AJEHS 2g5to] 9191102 BAIV-1S 7]
CHO (Chinese hamster ovary) A|3Zoj| A BAdV-1-& A2 o
2 &3t vl YA P AS AIEH o 2o &8 7
o BoksteT Ea SE AT FACIHE LS
CHO u}A~¥ AEE32) A58 type 1 collagenof 4] BAdV-1 A
= Aol AR e & 2853k

=z

HEH
od

P

BAdV—-12| HiQF 2 X2k

BAdV-1 (ATCC VR 313)9] ujjoFa} e €| Madin-
Darby bovine kidney (MDBK; ATCC CCL-22) A|32& A8-5}
k. MDBK A 3EE- 10% -$-8 A(HyClon)-2 715t Dulbecco's
Minimun Essential Medium (DMEM: HyClon) 1} x| o] ]} o¥3}
Atk T-150 flask o] Wi QFE T3 Al 3Zof] viol 2 A5 AN
S F71A 0 2 A d (cytopathic effect: CPE)E 2
SIStk CPE7} us}A) what = uf wjopolm A 28 75

£, 400 x gof| Al 57 A4 Fejsto] JS A wE o
pellet> A AESEI T PelletS 527} sy 74 23] Hhs:
Shol mhafal 7, 400 = goll 4 537E 94 Belsto] A5k
Ak, 2141 AHS NS BT T, 0.45 um filier 2 of T3 1S
485}0] 70°Co] R,

BAdV-19] e 9l Aad e Hholzl2 Y] titerE
50% tissue culture infectious dose (TCIDsp)Z LEM AT
BAdV-1E52% 33L& 2715 DMEM H| A 2 7852 3] 4]
3}o 24 well plateo]] B o5 AJ3Eo] 0.25 mI¥ £33tk &
A zato g A Zujtuf A S 0.25 ml¥ HEsHTh 1 &
CO;, HjF7] 0l 4] 5% COy, 35°CE v Fstia A Al&A o2 &
17 o 2 CPEE #aHs} 3t

Primer2} TagMan probe2| C|X}Ol

BAdV-1 F-AXE 5-35517] 918l AMg-RE &2 L84k primer
A7) €2 NCBI data baseo] ®31% BAdV-1 complete
genome (AC 000191)o]A4] hexon FHA} E9&E 7|22
Primer3 Software S ©]-8-5}0] t]x}213} ¢ ti(Table 1). TagMan
probe+= primer 2.t} Tm (melting &%) gFo] 8~10°C A= =
7| ) Z}e18}FA t}. TagMan probe sequence 57 Eetof+= fluore-

scent reporter dye 2l 6-carboxy-fluorescein (FAM)-2- 3/ &t
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Table 1. Sequences of oligonucleotide primer set and probe used in the detection of BAdV-1

Oligonucleotide Sequence (5' — 3')

Forward primer

Nucleotide position* Amplicon size (bp)

GTA CAT GCA CAT CGC CGG GC

17541-17690 150

Reverse primer

GAC CGC TCT GTG GTG ACG TC

Probe (FAM)GAGTACCTGTCTCCCGGCCTGGTG(BHQ1)

17572-17595 -

* AC 000191

of|+&= quencher?] black hole quencher 1 (BHQ-1)0] 2 =% 3}
et
M .

TagMan probe real—time PCR A&t X[XiS}

BAdV-1 8¢k 200 pl2+ €] Exgene™ Blood SV kit
(GeneALL")2 A}2-3}01 200 pl 2] DNA Z 2819t} TagMan
probe real-time PCR-& ©]-8-3F BAdV-1 DNA A% A|&H-2
2| A5)517] 913l 7500 Fast Real-Time PCR system (Applied
Biosystems)-2- A2-5}¢ annealing &%= 2} MgCl, 5 =0 T2
PCR 917= A& AA|5F9 ) Real-time PCR HH-3-oH2
Real-time PCR Master Mix (TagMan probe, TOYOBO) 10 ul,
10 pM forward primer 1 pl, 10 pM reverse primer 1 pl, 10 pM
probe 0.5 ul, BAdV-1 DNA 2 ulo] Nuclease-Free water
(Promega) 5.5 ul& g o] Z-20 w7} = A sF3ic). A SE-2
pre-incubation-2- 95°Coj| 4] 5, denaturation-> 95°Coj| A 15
%, annealing & elongation2 1 5(2 = 2| A315 9|3} 54°C,
56°C, 58°C, 60°C]| A] real-time PCR £=8}) ©. 2 5} 40 cycle
o apstact 24 MeCh =2 24517] 913) H28te
annealing & elongation 2% 60°C ]| 4] real-time PCR ®}H3-oH
o MgCLE 1 mMoj|A| 3 mM7HA] & 34 7}ske] BAV-1 5=
of| & threshold cycle (Ct)gE2 B3} th Ct -2 PCR
cycleo] exponential phase 2 5°]7}+= cycle 45 YeERATH
(Lee et al., 2008a).

Real-time PCRQ| Al2|M ZH=

3= TGEV real-time PCR ZHAEA|FHH 2] A1 A(reli-
ability)& 255171 918l =l A3 o] o] d(specificity),
AZE3H|(limit of detection), €74 d(robustness), 2] A1 Ad(line-
arity)2 5319 th. Real-time PCR 52 4] & 2] oF& A
o] BIEEZ A 1% 710l = atel ol whet Ax et
(Korea Food and Drug Administration, 2003).

AAEZ A o) Sol et o B o] EAfelis 24
o 54 AL Aokl A W 4 A o]t Sl

=

J =2 9|3} BHV type-1 (BHV-1, ATCC VR-188), BVDV

(ATCC VR-534), BPIV-3 (ATCC VR-281), Hepatitis A virus
(HAV, ATCC VR-1402), Minute virus of mice (MVM, ATCC
VR-1346), Porcine epidemic diarrhea virus (PEDV, KVCC-
VR00127), Porcine parvovirus (PPV, ATCC VR-742), Porcine
rotavirus (PRoV, KVCC-VR00128), Pseudorabies virus (PRV,
KVCC-VR00129), REO-3 (ATCC VR-824)9|| th3} cross-
reactivity 5 5785 TE Al g oll AH&-gF 2} vlo] 2] A 9 titer
L BHV-12& 7.76 x 10° TCIDsy/ml, BVDV 7.44 x 10°
TCIDso/ml, BPIV-31= 6.07 x 10" TCIDso/ml, HAV= 7.44 x
10° TCIDsy/ml, MVM=2-7.34 x 10* TCIDs¢/ml, PEDV-=8.08 x
10° TCIDso/ml, PPV 8.08 x 10° TCIDsy/ml, PRoV= 1.33 x
10° TCIDs¢/ml, PRV 5.33 x 10° TCIDso/ml, REO-3= 6.60 x
10’ TCIDsy/mlo| gIth. &4 2O &= phosphate buffered
saline (PBS)2 A&-3}9ich

AETAI= ZF DAl A& 7hs s dAike] 2| AgkE ofu]
sto] FAIE A5 95% 7t o2 HED = = AAR T
4 23 S)Ake] ok ofn|ict. Titer7}7.44 x 10* TCIDso/ml
2} © & 7.44 x 10" TCIDsy/ml7}2] 3]
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FEb=Aof| it A=
AbH o] Al 2| o] T3k 2| 50|
th A ZAS 2] 8F primero]] WE real-time PCR 5 9] A
TAS AZ517] 98 BAAV-12 7.4 x 10* TCIDso/mlELE]
7.44 x 10" TCIDso/mI7HA] 10848 Z=x}8 0 & |48t & 33
9] primer A| Z3|AL7} A 25t primer 2 3 3] 9] real-time PCR2
AARE S Ft Ct ghs B askoith MeChol Fieof whE
real-time PCR A|&W o] A1AS AZ317] <8l BAdV-1&
7.44 x 10° TCIDso/mI5-E] 7.44 x 10" TCIDsy/ml7}2] 10814
EAF o2 FM%E & X&5hE real-time PCR H-5-2of
MgCLE 1 mM, 2 mM t] 47}510] 33] 9] real-time PCRL: 41
ARt & ot Ct k= HlaLstgich

217 H5Z S8l A2 thE doll 83 BAV-15 7.44 %
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10* TCIDso/ml%-E] 7.44 x 10" TCIDsy/ml7}2] 106]4] Z=2}2]
© 2 3|43t & DNAE &3}l real-time RT-PCRS 5=~34 5}
Ak 2 A ANE B R RS 9% BEF 418 245}
31 BAdV-1 log titer (logio TCIDso/ml; x)f] T3} Ct GH(y) 7+
E2 3 AT AR ASE Feklth 2 AT 410 0.99 o]
ol 749 214 g 0] lrkar whdtstict

2

o,

CHO MIZ0ilA| real-time PCREZ 0|85t BAdV-1 ZE

31218 real-time PCR & A4 E-0JoHE A 234 A%50] 48
3 4= QLA Shlah] Slako] Q1914 0 2 BAIV-12 ©.%14)
71 CHO A| 22520l 4| BAdV-1 A& Al A A8tk CHO-
K1 (ATCC CCL-61) AZZE 10% -8 A2 #7}3F Roswell
Park Memorial Institute medium (RPMI-1640: HyClon) Bl %]
o] 1X Antibiotic Antimycotic Solution (HyClon)-& % 7}5}¢]
vfjoFsFth T-25 flask o] vj&F%E]l CHO-K 1 A|3Zof BAdV-1&
AN $-2U 5 v Fat Tt Al 2l oFelS A AL, Al
EHjoFolo] olgle 2= Gl BAAV-1S ek 5] 4757 9]
3f] phosphate buffered saline ©. 2 3 A| 23}t t}2 CHO-K1 Al
2538 Avhulessiaich. @0174.0.2 CHOKI A£] mof
& PP 3, A|EUF A5 O A S e A s 2
¥l real-time PCR {2 0]-§-5}0] Af| SLuj F 4351} Al 32
o BAAV-10] ZA5H=A] ]38 o2 o 2 Selshsich. 4
o Q3 A R = titer 7} 7.44 x 10* TCIDs¢/ml Q1 BAdV-1
= 1084 4212 0. 2 7.44 x 10' TCIDsy/ml7}HA] 105H4] 8] 4
gt 5 real-time PCR& =38 5}o] A2 I3k #2545 2H4
SH L AR 4ol E019)= BAdV-1 DNAQ| & HF241
ol T QJ3ko] Bt EETAE BAV-19] o] ufe}
real-time PCR o] &J3}| & =)+= Ct 412 TCIDspequivalent/ml
2 Askato] A3 THLee ef al., 2008a). &4 2O
= 1] 71905 CHOK I A2 wheo) & A5}tk

BAdV—1 ZE A&l MM XM

3}5 H real-time PCR A| 92 &2 oF2 A| 234 ol 2§
517] )3l FA| 2] oFE AR CHO RAE] Al2522} A2
24 9 oJg87]7]9] URELRE AMEE A type |
collagen©| 4] BAdV-1 & A& AT BatE 1.5 ml
tube A2} BO| A|FA| 55 212F200 ul B3I ZF A 5 2
£33 B EHO|=BAdV-1 FZ%(2.50 x 10* TCIDso/ml) 2 pl
£ A7)} spiking control 2 ARSI SAAU RO 2=
B SHFE ARSI SN, APAI R, spiking
control, QAT Z32.50 x 10° TCIDsy/ml) 0.2 HE] 2Z3}

=32l Al As1d A3E

DNA %2 W& ¥ 2 = real-time PCR Al &S =35}
ojn] A|PA| R R E] &3 DNA 2 plo] BAdV-1 E&%
(2.50 x 10° TCIDsy/ml) . 2 5-E] &3 DNA £0.2 W& A7}
3}¢] inhibition control & A8-3}$3 T} Spiking control-2 A] &
AR5 BAJV-1 DNA -3 2] Al @A 29| 4Ho] Aoj2
WA Agskex Belsts] I3 PxLolu, inhibition
control:Z A|FA| =B &3 DNA A& 5 PCR A&
Aol E=X] &lslr] 3t di=LolthBuckwalter ef al.,
2014). BAdV-1 #& A1§-2- 23] AAsk o, Bt Ct 3
AAFsF3ATE.

2 o

Primer2} probe M&

PCR & AFg 3le] 54 wlol el 2412 SHlstan, 4o
BA517] QA ol YellA] Kl Hol7t skl
-2 conserved sequence S 71 H-9|5 A eistofof St A )
H sequence= E4 Ho| g Aofqt EAY5lo] Folido] Fotof
ghek Aol ofEat 22 F A A, A2 24, o)=7]7]9]
4, 38 T, ASAF SolvFez e 9d e
Hpol2]A HES IR Y PCRE] A9 & VI =7 8715
TH(Lee et al., 2008b; Motitschke et al., 2010). Yo} 2 2 A4S
U5} PCRS 8]6}7] $J8l BAAV-1 hexon TR & 972}
HOI= thA}o & BAdV-1 £0]2] 2l primer2} TagMan probe =
tjx}elsk t(Table 1). PCR AHE-2 sequencingdt -, blast
searching (www.ncbi.nlm.gov/ BLAST/) 3+ Z 3} PCR AHz0]
BAdV-1 hexon T2 374218 318 4= QI TR} & 1]

AAD.

TagMan probe real-time PCR Z|%is}

Real-time PCR Master Mix & A-8-5}99 real-time PCR 27
< s19)atgich Titer7} 7.44 x 10* TCIDsy/mlo 4] 7.44 x 10’
TCIDso/mI7}A] 1084 <=2}4] © 2 3] A3 BAdV-1E AR 2
3} annealing temperature S 54°C, 56°C, 58°C, 60°C 2 H3}
A7) real-time PCR-Z 8 5F31S wf 60°C ol A] Ct gho] 714
A U 60°C7E 24 25292 o 4= A ATHARR H]AIAD.

24 2= 60°Co)| A real-time PCR HE-g-oHo]] MgCLE 1
mM, 2 mM, 3 mM 5 d7}5Fe] BAdV-1 %o I= Ct 32
B S ) MeCl 52 0] 0} Ct ke st 1) s
CHAER w4,
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(A) 0 7.44X10° TCIDy,

016 g 7°44x10° TCIDy,
0.14] 0 7.44x102 TCID;,
0.12| ® 7.44x10! TCID;,
0.10 A 7:44X10° TCIDy,

. A Negative control
0.08

0.06
0.04
0.02
0.00 Eem-o fromiirn-iie
2 6 10 14

Fluorescence

18 22 26 30 34 38

(B)

oS
=
|

w
‘N
T

Threshold cycle
N (7]

N
=]

0 1 2 3 4
Virus titer(log,, TCIDs,/ml)

Fig. 1. Quantitative detection of BAdV-1 using optimized TagMan probe
real-time PCR. (A) Amplification plots obtained with 10-fold serial
dilutions of BAdV-1. (B) Standard curve obtained by the regression
analysis of Ct values versus initial BAdV-1 titer.

214 3s}E Z7Ao||A Titer7} 7.44 x 10" TCIDso/mlo) A]
7.44 x 10° TCIDsy/ml7}A] 10818 42212 © 2 8415t BAdV-1
£ A7 2 )] real-time PCR-S 4345} tHFig. 1A). BAdV-1
log titer (Logio TCIDso/ml; x)of T3t Ct 7(y) 719 & 319
218 15t AT}y = -3.267x + 38.514 (R>=0.993) 2 L}eht
BAdV-1 log titer&} Ct gt 712] 3]/ o] w9 o} A= 24
o] 753t Al E R A2 el tHFig. 1B).

Table 2. Determination of LOD (Limit of Detection) of BAdV-1

S
b
S

S
-
73

Fluorescence
_c (=)
= —
n >

&

S
>
S

2 6 10 14 18 22 26 30 34 38
Cycle number

Fig. 2. Specificity of TagMan probe real-time PCR assay to potential
cross-reactive viruses. Amplification plots were obtained with cross-
reactive viruses using the real-time PCR. Vv, BAdV-1; [], BHV-1; I,
BVDV; O, HAV; @, MVM; A, PEDV; A, PPV; O, PRoV; 4, PRV; >,
REO-3; P, BPIV-3; ¥, Negative control.

TagMan probe real-time PCR2| AZ|M HS

5ol H5= $1dl thE DNA Hlo]2{~(BHV-1, MVM,
PPV, PRV)} RNA H}o| 2] 2(BVDV, BPIV-3, HAV, PEDV,
PRoV, REO-3)Z tJAFC & cross-reactivityS 2215t A},
BAdV-19)| A5 fluorescenceZ+e] 2712 #2kat 4= 919111, o
& Hio] g 20 A= 24589 S/t 2w} o] fluorescence
el S7ke W o QIIk(Fig. 2). ol ot -2 Aol A =t
¥ real-time PCR W2 BAdV-19]] £0]2{9] AgHAL
ghelstalt

AZSH HZS 93 Titer7} 7.44 x 10° TCIDsy/ml<l
BAdV-1Z 10814 42124 0.2 7.44 x 10" TCIDs¢/ml7}HA] 3]
A MES 54 08 FH|she] 7} 54 wlj4= o 83 of| A A
3243 AEA DS HABH T HETA 2 F A1 A
295%7} oFA o2 AZE S 9 AAk I BAdV-1 titer S
ou)st7] w 2ol 24 3] Al 5233 o] A Fhol 2 5=
21 7.44 x 10" TCIDsy/m1-S AZ&3HA| 2 A A3} THTable 2).

'\’i

TCIDso/ml
Run 5 > ; 5 = Limit of detection
7.44 x 10 7.44 x 10 7.44 x 10 7.44 x 10 7.44 x 10
1 + + + + + + + + + + + + - - - 7.44 % 10°
2 + + + + + + + + + + + + - - - 7.44 % 10°
3 + + + + + + + + + + + + - - - 7.44 % 10°
4 + + + + + + + + + + - + . - - 7.44 % 10"
5 + + + + + + + + + + + - - - 7.44 x 10"
6 + + + + + + + + + + - - - - 7.44 % 10"
7 + + + + + + + + + + - - - - - 7.44 x 10’
8 + + + + + + + + + + + + - - - 7.44 % 10°
Decision 7.44 x 10'

Three independent 10-fold dilution series of BAdV-1 were tested on different days with 8 replicates for each dilution. LOD for the individual run was determined as the lowest

“»

TCIDso/ml of detectable. “+” represented the positive signal while

represented the negative signal for each replicate.
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Table 3. Robustness of real-time PCR assay (effect of primer sets made by different vendors)

BAdV-1 Ct values

(TCIDso/ml) Vendor A Vendor B Vendor C Mean of Ct SD of Ct CV (%)
7.44 % 10* 25.81 25.73 25.81 25.87 25.71 25.82 25.54 25.87 26.52 25.85 0.270 1.04
7.44 < 10° 28.89 29.10 29.05 29.08 29.15 29.12 28.74 28.89 28.82 28.99 0.146 0.50
7.44 < 107 3233 3225 32.15 3237 3242 32.39 32.20 32.03 31.87 3222 0.183 0.57
7.44 % 10! 35.17 35.86 35.84 35.41 33.62 35.59 35.00 34.86 34.33 35.07 0.733 2.09

Negative control N/A* N/A N/A N/A N/A

N/A N/A N/A N/A - - -

Three independent 10-fold dilution series of BAdV-1 were tested using different primer sets made by different vendors for real-time PCR. Mean and standard deviation (SD) of Ct

were calculated.
CV (%): coefficient of variance % = (SD of Ct/Mean of Ct) X 100
*N/A, not applicable; real-time PCR signals were not detected.

Table 4. Robustness of real-time PCR assay (effect of different MgCl, concentrations)

B Ct values

(TCIDsyml)  QOptimal condition Additﬁ;gil mM Additﬁ‘;gff i SD of Ct CV (%)
7.44 % 10* 2499 2468 2492 2399 2442 2460 2587 2584 2601 2504 0715 286
7.44 % 10° 2795 2849 2799 2775 2797 2777 2947 2944 2894 2842  0.697 245
7.44 % 10° 3285 3155 3180 3159 3200 3158 3378 3319 3272 3235 0814 252
7.44 % 10! 3544 3594 3506 3495 3540 3570 3692 3561 3536 3560 0582 163

Negative control N/A* N/A N/A N/A N/A

N/A N/A N/A N/A - - -

Three independent 10-fold dilution series of BAdV-1 were tested using different concentrations of MgCl, for real-time PCR. Mean and standard deviation (SD) of Ct were

calculated.
CV (%): coefficient of variance % = (SD of Ct/Mean of Ct) X 100
*N/A, not applicable; real-time PCR signals were not detected.

A 23| AF=S Z 3t primer )] T2 real-time PCR 1+ ] €+
A& 353171 A8l 332 primer A| 2B AL A| £ 5 primer
= ZH]8}3ict Titer7} 7.44 x 10* TCIDsy/ml Q] BAdV-12-10
4] <2212 ©. & 7.44 x 10" TCIDso/m17}A] 8]433F 3 primer
H =2 33] 9] real-time PCR-E A A|H & H4f Ct 413 H] 1L 8}%
CHTable 3). Ct ZFol] t3FCV%-=1.04, 0.50, 0.57, 2.09 2 &+l
=3} A2 ohE Al 23] AR primero] 4] Ct Z12] ®3E7} A
o] glo] eha/do] 922 Elsyich

MgCl, 5= Hztof w2 eS8 153t7] Y3l Titer7}
7.44 x 10* TCIDs¢/m19] BAdV-1-2 108 &) $22}2] © 2 7.44 x
10' TCIDsy/ml17}] 3] 415t 5 %] 2} 3} real-time PCR W3-}
o MgCLE 1 mM, 2 mM ¢ d7}5}o] 33] 9] real-time PCRS
AT S ot Ct g1 vl aLsF ¢t Table 4). Ct Zhof| Tk CV
%=2.86,2.45,2.52, 1.630.2 3l Qich A¥ 2 A0 L
ol A Ct gke] Hal7t A 9 glo] MgCls 5% #ste] thgh ¢k
o] AUSS &A= 9l

2} real-time PCR A| & H-& A E-2| ok Al 257 of| A
BAdV-1 A A S st A=A g o= &-go] 7
gelslr] $18l BAdV-1 FF A A 244 A5S 4

jus)

=32l Al As1d A3E

'S
N

w
‘N

Threshold cycle
5

‘N

T2 3 4 5
Virus titer (log,, TCID5,/ml)

Fig. 3. Linearity and reproducibility of TagMan probe real-time PCR
assay for quantitative detection of BAdV-1. The standard curves were
obtained by the regression analysis of Ct values versus initial virus titer.
These results were obtained from 8 independent assays performed at
different days. [, day 1; W, day 2; O, day 3; @, day 4; 2, day 5; A, day
6; <, day 7; @, day 8.

AlBtt A2 T2 gofl BAdV-1 F5A| 24 DNAE 3
%73} real-time RT-PCRE =33t & Ct 72 v|ustich
(Fig. 3). BAdV-1 log titer (Logio TCIDse/ml; x)o]| o gt Ct gk
(y) 7] 23 3942 AA| o] 4§y =-3.220x +37.375
(R’=0.992), S4) Lo 72y =-3.525x +38.473 (R*=0.992),
A o] Ao y=-3.134x +37.952 (R*=0.997), YA Z2] 7
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© y = -3.506x +39.500 (R*=0.994), THAA] Go] A%y =
-3.205x +38.262 (R*=0.995), QA4 Zo] 72 y=-3.362x +
38.731 (R%=0.992), IR 4o] Ay = -3.205x + 38.262
(R*=0.993), o] 5l Fo] - y=-3361x +38.557 (R*=0.997)
& BAdV-1 log titere} Ct gk 7F] 5] 7]/ o] uj-- 39kt o<}
-2 Aol A BAdV-1 FF AESAIEH o2 ggo] 7Hs3
< 3lgh 4= 9ol
BAdV—10| &=l CHO MIZZ0IA TagMan probe real—
time PCRE 0|28t BAdV-1 HE

S+ Fl TagMan probe real-time PCR-2- AJ&= 2] OF = A 223
ol 283t 4= 9= 2RIs17] $late] Q1914 2 2 BAdV-1
< 2 9AIZI CHO-K1 M| EZF0| Al BAdV-1 HE AlSS A A
5}tk T-25 flasko]] B oFE CHO-K1 A o] BAIV-1& 219
2o QA7 T T-25 flasko]] 31 Al st A B E
= WA TE BADV-1-2 CHO-K1 Al Z5=0] 4] a7}
= YERA] $3UTHFig. 4A and B). Al 2 452 4 ml&
3lr3}al, CHO-KI1 Al 5 trypsing A 2] 5t 4 ml Fu] 2 3]
S5k ch. A ol A5 2F CHO A 3Eof| 4] 212 DNAE 5=
5}a1, 312 = real-time PCRS &-8-3}0] BAdV-12 A% 7
SHATH(Fig. 4C). M| 321 % A5 o] 4= 2.33 x 10> TCIDso
equivalent/ml BAdV-10] #Z31, AZ A= 1.12 x 10
TCIDs, equivalent/ml BAdV-17} & H At}

e

Table 5. Application of real-time PCR assay to detect BAdV-1 from a
commercial CHO master cell bank and bovine-derived type 1 collagen

Mean of Ct values

Sample

CHO master cell bank Type 1 collagen
Negative control N/A N/A
Test article N/A N/A
Spiking control 30.74 29.38
Inhibition control 30.14 29.58
Positive control 30.03 30.05
Decision Not contaminated Not contaminated

N/A, not applicable; real-time PCR signals were not detected.

BAdV-1 Z= TagMan probe real—time PCR A[&l9] Al2ix
g

3} ¥l real-time PCR A|3-& 2-8-5}0] 34| o] of5 A4S
CHO PpAE A 2320} 22|58 M| 22 2 A 2 =4 2 A
|5 2F-f type 1 collageno| 4] BAAV-1 H& A& A A
5} CH(Table 5). 5 A9 of| A 2= -S4 o) 25-0]| A1 3= fluore-
scence Zre] Z71= AT 4~ §l13l, spiking controli}
inhibition control 2] Ct gro] kAt Z2] Ct 73} B]==35}A]
o} A| G A E.2] A Eo] BAdV-1 DNA S&9] A &3 =2 &
BFA] QFSkaL, Al A B2 FE 253 DNA 4J-0] PCR #|
e d &2 A-8oHA] oS SRSkt F AR B 34
23 o] fluorescence 71| S7H HAT 4= §lof

BAdV-17} @ G E]|x] ekglrha w4519 ch.

© 0.25| Hpositive control : 7.44 103 TCID,/mL
M Positive control : 7.44>102 TCIDso/mL
0.20| & pgitive control : 7.44 101 TCID,/mL
® Positive control : 7.44>10° TCIDs,/mL
< Negative control

0.15

A Culture supernatant

0.10 A Cell pellet

0.05

Fluorescence

<

0.00 E=m——w

2 6 10 14 18 22 24
Cycle number

28 34 38

Fig. 4. Quantitative detection of BAdV-1 in artificially infected CHO-K1
cell line. (A) Morphology of CHO-K1 cell line not infected with BAdV-1.
(B) Morphology of CHO-K1 cell line infected with BAdV-1. (C)
Amplification plots of BAdV-1 positive controls, CHO-K1 cell pellet and
culture supernatant infected with BAdV-1 and negative control.

(Benko et al., 2000). w2kA] A5
@8 7Hs Aol Sick 4 AL HIoF WX RO R AFgBHE
RZolokET) 22 A, A=A 249 %% BAAV] ©
HE 7/ Stk ot el R, W, Y 5= R =
A e ALgle 0] 27)7]9] 7ol BAVZ} & o 7154
of Qlek. vlolel2 9 @E WA37] 91T ICH Zhol=ehel
(Q5A)E URO] 2 o 75 HAFSHL, A3 ol| Al Hlol 2]
2 AA S8 BoISP) 9fste] YREst Bolw sk 95
AZH AT AEFHES Aok GCHICH Exper
Working Group, 1998).

BAAV-= ] — 9] nfo] o) 252 Ee)-staba] X elof j.g- 2
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ok

O_L.

A& RS 211 el @ 2Rk AT 5 ]
of] Z} AF Foll A 4 = 2 ¢ 9] x| (indicator) H}-O|
ARE-E] o] 2Ft(de Motes et al., 2004). BAdV HE2 ¢
e, WA, ELISA A88-S X173} u]go]
ﬂ@-gg} 50157]- ec] 01 ;(]_‘:_ 1:]—7(4 o] e} o-] /RH:H ]
=9} Eo| w7} L3} real-time PCR A| o] 72k
E](Wong and Xagoraraki, 2010). PCR A|gH-E& W&
AzF ol A-8-3E7] fleliA = PCR A1 A5 7}01
C’J°ﬂ uhet HS-Z stolof sh=tl, A|a7HA| 7iEE PC
< W, SolE, &4 55 ASE AT
Ak 529 PCR AR AE2JoFE A
BAdV A& Al o= AME-87] o= R =7
Zol Ak
2 Aol A= FEAIEE B el Aol oREol A BAdV-1
SHAA S gl el M=, dead, A2, ﬂxﬂ%
o4 BAAV-1& AZ3}11, A2 T4 o 4] BAdV-1 A|A 7
2 A3t AHA|EH o 2 50| 7}53sF et 50]37]-
2431 TagMan probe real-time PCR A| &2 )3}t
S % BAdV-1 real-time PCR HAESA| SO A2 A=
3t A3}, 7E3H|= 7.44 x 10' TCIDsy/ml 2 1} wl7k5}7]
BAdV-1& AET 4= 912t Table 2). &3 E BAdV-1 real-
time PCR H&AIHH 9] 2144 A5 f18l A= oh& ol
BAdV-1 ¥&A|R oA DNAE F=3}11 real-time PCRS
4503t & Ct ZH w)wsh 23, BAdV-1 log titer (logio
TCIDso/ml; x)°f| gt Ct h(y) 7+e] 2 3] A4l o] A A4
() B 0.99 o]0 2 Z A4 mat o2t A|F AJo] ¢
=SQFtHFig. 3). Real-time PCR O] £-&-2 ¥&F 3|H4] 9] 7]&
7] gho.2 TEFE 2= Qlet. 100% 2 58-S e 7] 2]
3. 3201“1 UHbA 0 2 -3.60004 -3.109] 7]&7] gh-& 1
B == §-80]90~110%2A] AFA| o 253t real-
time PCR /\] S o 2 HdstcLee and Kim, 2014). 2 ¢
&5l & ¥ real-time PCRO| 35 3] 404 7]&7] ¢k
%-3.13401]*1 -3.525 gk Afolof| EA s3It o] 2F T At
A 2 ¥l real-time PCR-2 F A H 0 &2 A3t Al A ¢
spelalgict
T= 535 &% BAdV-1 =S ¢Streal-time PCR
= CHO-K1 AJzz0f| Al BAdV-1 HEAIH ol -85
,BAdV-19] £ &% CHO-K1 A :z37 RS o
A= QA QAIRE, CHO-K1 Af| 22l QF ol 31} Af| 220 4| BAdV-
15 878 o2 A5 4 I ch(Fig. 4). Wb 2 A5 5

o w8
ng [~ F{U OOV
oo fU
N R =

0
=)
o

2o

M 19 # o &
¥2
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r_<,>E ot n{kl

EE
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37

17|
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rlr

filo
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3f] &+ = real-time PCR A| &S S EA| 25 23] AAE
4 AZ0I BAIV-1 2.9 o}28 HA4H Eu A AED

T
ru{n

LA Als1H ABE

4 SgIch AEOlokE AL B4
2 CHO A 2320 MVM, Reo-3, BPIV-37} 2 = A7} Q)
TH(Merten, 2002; Nims, 2006; Marcus-Sekura et al., 2011). ©]
S0 79 CHO Moo Mg HaTE Lehh7] ghio]
A vlol# A 2 o B2 w3 4= QltHLee et al., 2008a,
2008b; Oh ef al., 2012). 3R]k & FHLE B3] 0. Flsal
BVDV, BHV, BPV 9] 7 2ol =BAdV-12} Z0] CHO A5
of S Yo7 A= L AAITE, CHO Al 323 ufj Fe o]
Al real-time PCRZ &%t Cho ef al., 2008; Lee et al.,
2008c¢, 2008d). o] F 7= A= =0 ofE HAE A2
7h Al 22 A A S B A 2=Thal s A] BRoj2] A @ o)
ATk S = glokes AS oueich wheba] e o okE
o viole & @ @& W8] flsfiAl= Al 2 E S LE

WA= FAT 2.9 7hsrt viel2| 52 A& Aldol Zast
ohal gk

2fd 2E4e 4R R she AEofE, 225 HAA Al
EA| 5 A|, 9727]7] Sl A vrol# L HES 918 real-time

PCR AF S 2H8517] SIaiME AlTlel B pelv) B
Moz QT ECh PCR AFS AgA 2ol 243t Ao
A2 ol3f 9]-3-Al(false negative) 2] A1ME LERH 4= Qi) ok
A S 2Tt ARt Rk ofu 2} spiking control
T} inhibition controlo] A|E o] Ax 2|5 s AMEHTH
(Buckwalter et al., 2014). o] 23t A= ] 250 A &5
Hl real-time PCR A|$1¥-&- CHO tfAE| A 3239} A-5-2 type
1 collagen©l| 4] BAdV-1 A& Aol A &sHA 288423
CHTable 5).

el e Axp B A5 £35) S5 BAdV-1 real-time
PCR AR 4fd E4S YRR = 29 ofE, 24
SANA, AEZA2A, &) 77]7] A% F7 oA BAdV-1 4
= AT AA HEol f-88HA AREE 5 S A2 7

=},

=0

X~
~

o) Fol, A, 24, 7|9 So] ARo|obE, 2235
Al, AlZA 7A, ol=2 71719 YRR de] ARGE AL QUeh &
ool 4 Rl I folel2 28 At sl
ol el =8-S YA R R ARSEAIA & vhol 2] 2 ok
A HFo] o7 @ FHE T Bovine adenovirus type 1
(BAAV-1).2 40l 7] 744 E517] 718 Bl upol 22 F0] 5}
1,}-0]1:]— _/,\__IQI_;;H 232 Jzﬂgi o]—‘_—. xﬂ‘jqo}:n ZZ]—TO'—'C}‘_']—
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AA, NEZEXZA, 2| 77]7] S0l A BAdV-1 QFAA L e 5}
7] Sl MEF, AN AZFH, BB H BAIY-1S 4
FA o2 HEshaL, Alzsg oA BAdV-1 A A A5 $1%t
AlEH o & g-g0] 7|53t TagMan probe real-time PCR A] &
& kel Al zujorriel o3k 7 7ot vt At
real-time PCR Z314|=7.44 x 10' TCIDsy/mlo] glc}. &)
AR O] 212 (reliability) = HF517] 13 Ad R A5
2 AAJgE A3}, Eo]A(specificity) 2} A & AJ(reproducibility),
2H/d(robustness) o] -2 215}t 2F ¥ real-time
PCRE& A= ofE Al Aol 482 4= A=A glet
A3, Q1914 2 & BAdV-12 2 94171 Chinese Hamster Ovary
(CHO) A 3230 4 BAdV-15 FFA o & 7A&3 4= ek
st A S A9 oFE A4HE- CHO mRAE A28}
237 type 1 collagenol| A BAAV-1 & A|@of| AHFF o2
A-g5kitk flet 22 Autol A ¥ BAdV-1 real-time
PCR AR A A7 A -2 A=A Al 2 o

g

%3131, Sol 4} vlgo] S5 AR

il
N
%
i
=S

Ltel ot

£ ATL mge R AT 2GS A}
] (No. 2014H1C1A1066915)} 3H2AH] 7| &3 71
ARSI 7SN EAFA (A HE: 10040197, FFAEto]
L HE S St AAEAEA] 7|8 |% i) o2 =3

o A7,
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