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Bovine blood, cell, tissue, and organ are used as raw materials for manufacturing biologics such as biopharmaceuticals,
tissue-engineered products, and cell therapy. Manufacturing processes for the biologics have the risk of viral contamination.
Therefore viral validation is essential in ensuring the safety of the products. Bovine parainfluenza virus type 3 (BPIV3) is one
of the common bovine pathogens and has widely been known as a contaminant of biologics. In order to establish the
validation system for the BPIV3 safety of biologics, a real-time RT-PCR method was developed for quantitative detection of
BPIV3 contamination in raw materials, manufacturing processes, and final products. Specific primers for amplification of BPIV3
RNA was selected, and BPIV3 RNA was quantified by use of SYBR Green I. The sensitivity of the assay was calculated to
be 2.8 TCIDsymL. The real-time RT-PCR method was validated to be reproducible and very specific to BPIV3. The
established real-ime RT-PCR assay was successfully applied to the validation of Chinese hamster ovary (CHO) cell artificially
infected with BPIV3. BPIV3 RNA could be quantified in CHO cell as well as culture supernatant. Also the real-time RT-PCR
assay could detect 7.8 TCIDsymL of BPIV3 artificially contaminated in bovine collagen. The overall results indicated that this
rapid, specific, sensitive, and robust assay can be reliably used for quantitative detection of BPIV3 contamination during the
manufacture of biologics.
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+ 48529 7197 4o me} o4 nlolzA AN
ol Wj¢ thFsht, Afrel FEEAS FF3 Al oM
A ANUel He dEFQ 0¥ vlelEaE 4 el
FFAA AHFE 927)E Bovine parainfluenza virus type 3
(BPIV3)o|tH16). BPIV3= AojA Wdz A7) ¢ 4875,
FEY, 794 WA 594 35, 713, AELY o) &
EF7) & FEE, ks fdse B9 itk o] nio)
&3}, 15,1007)
9] nucleotide® Z'= negative-sense, single-stranded RNAE
FAEY A3, HN, F, M, N, P, L#} & 679 #AxS
ZE3 Qth(17). BPIV3:= A 5& A ooEs Aikse
CHO AX wj¢ 340 2F€ Al7} A=, Axuide] ds
B4 $8A g3 odd Aoz waHI k1o, 18).
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ol-&3ta] vlo|HAE AZshe FFFAY, A EAse
FAE HEdhs AT, A28 W9FE 4
5°] Ath19). olgg AlFYPL Rz} Bolxrl Holzlx
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Zatal, AXFANA BPIV3 AA ZAFS 43 AldyHez
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BPIV32| bt 3 Het

BPIV3 (ATCC VR 281)9] ul%fd HTL $13) Vero AT
(ATCC CCL 81)E AME3tAT} Vero AXE 10% 84
(Gibco BRL, USA)S #7135l Dulbecco’s Minimun Essential
Medium (DMEM : Gibco BRL, USA) #jA]o)) ujoFstsich T-150
flaskoll WjFE o2 A Fo) nlolgl2E 249N T 27H
o2 HEWHE (cytopathic effect : CPE)E I28191th. CPE
7} WA #E 2 o) wjgFan AES "7%?‘51 The, 400 x g
oA 5E7 A4l Beste e E}ir’_ B pellet> AE
g3l3ith PelletS 2% s)W73L 23 ':&%6}04 e i
T 400 x gollA 587 94 E2lgld A5 A%, YA
Fede EFS F 045 um filter2 T3 O} LEEHS
-70Col B3k

BPIV39] A#E 93] 244 e vholH2Y] titerE 50%
tissue culture infectious dose (TCIDso)E ‘FERITE BPIV3
£ 2% $E8AE A7 DMEM HiAZ 7Hj$E 3Asly
24 well plated] }FE AEo) 025 mL¥ HE}GTE 24
zFe 2 AFudAS 025 mL¥ FEFSHYTE 2 F CO,
w71o 5% CO, 35CE sjslEA ALHoz HnlA
SZ CPEE &AL

HIO|2{A RNA £z

70Tl B@gh vlol2] s wjga S AgoA = J %, RNA
& £33t RNA #2]&= QlAamp Viral RNA Mini Kit
(QIAGEN, German)g AH8-sta] AZAtelA AlF J Bl
ue} AAEc vlol2x vk 140 pLERE % 60 uLo)
RNAE £&319th

Oligonucleotide primer

BPIV3 GAE ZF37] 98 AMS-§ 22134} primer
H7]X 92 NCBI data baseo] Ri1E BPIV3 complete genome
(NC 002161)& 7]%Z Primer3 SoftwareS ©]&3t] T]z}2l
3l tHTable 1).

RT-PCR

2% RNAS FYOF Omniscript Reverse Transcription
Kit (QIAGEN, German)E AH8-3}] cDNAE 34313tk cDNAS
43171 9130 template RNA 10 pL, 10 pmol specific primer
(reverse primer) 2 yl, RNase inhibiter (10 UfuL) 1 pL, 10x
buffer RT 2 pL, dNTP mix (5 mM) 2 pL, Omniscript reverse
transcriptase 1 pL, RNase-free water 2 pLE &3t 37T
oA 60% B3 WHS-AIZTE BPIV3Y| reverse transcription ¥h$-
o2 dojx DNAE FYOE PCRS A3 PCR ¥hg-
< 93 BPIV3 ¢DNA 2 uL, 10 pmol forward primer 1 gL,
10 pmol reverse primer 1 yL, MgCl, €% 1 yL, Go Taq®
Green Master Mix (Promega) premix 12,5 yl EgHo) dF%
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37 SRTE WY HFHIE 25 ULE W5 Corbett
ResearchA} (Australia)®] PALM-CYCLERE |43 #)45Z2
pre-incubationS 95 C oA 28, denaturation 95C oA 30%,
annealing & 50°C, 527C, 54°C, 567C, 58T E=& 60°CoA 302,
extentione 72ColA 1222 o 40 cycleS FHYT
40 cycle PCR & 72T oM S& WH8A17] & 1.5% agarose gel
A719%S 53 PCR ¥H8-E2 RISt A% 31¥ anncaling
254 MgCl, 7= WslAlA PCR A& AF3s1¥
3 29 DNAYE 585k AHERIAE R 98k PCR
product®] DNA sequencingS A A}&}gich

Real-time RT-PCR

BPIV39) A#& 9|8 RT-PCRE 53} &H¥ RT-PCR 21
< 7]2& AccuPower Greenstar PCR Premix Ex Taq (Bioneer,
Korea)& AMg3}e] Real-time RT-PCR £71& Egsi¥th BPIV3
A& 48] Corbett ResearchA}9] Rotor-Gene 3000 Real-time
PCR 7|AIE AF2EH Y. Real-time PCR 8382 AccuPower
Greenstar PCR Premix Ex Taq 5 ul, 10 pmol forward primer
0.5 pL, 10 pmol reverse primer 0.5 ul, template 2 yl, MgCl;
£ 05 pd FFE 3% FHFE 9ol F 20 vt HA 3
Atk HAEEL- pre-incubation 95T oA 155, denaturationS
95Ol 10%, anncaling® 30% (annealing 2% HH3Z 9s)
527C, 547, 56T, 58°C, 60ClA] real-time PCR <=3f), extention
£ 72ToA 3022 31 45 cycleS FH3IHh mpA T cycle
Folle ZE WHEE digted 12CHH 95T7AA G4
melting curve B8 AABIATL H3 MeCL FRE 4387
Al 2 3F annealing &= 58T)A MgCl; 55 s
AA H7ISIE BPIV3 cDNA FXof TE crossing pont ZH&
H) wakg o}

Titer® ZA48 14 e AZEY S titer7} 2.8 x 10°
TCIDsymL¢! BPIV3E &xt3 o2 2.8 x 10° TCIDsy/mL7}A]
10814 3438 & real-time RT-PCRS Fa)sle] A#L 93
REZAS AT A8 ol E99lE BPIV3Y 4%
FFHA dhdste] AFsidct. FEFAL BPIV3Y 5%
of e} real-time PCRo &3] ZE = crossing point 7S
TCIDso equivalenymL= 83l #4319 tH20). Crossing
pointe PCR cycle®] exponential phaseZ E0]7h= cycle

g ek

Real-time RT-PCR2| Alg|Al HZE

9 BPIV3 ] A (reliability) & 25317] 93]
e AFHY UPE (sensitivity), B4 (reproducibility)
T AT UHAEE S A8 dter7t 2.8 x 10°
TCIDsy/mL2l BPIV3E w3140 2 28 x 10° TCIDso/mL 7}4]
108)# 3438 % real-time RT-PCRS 389tk A¥A
AFS 99 titert 2.8 x 10° TCIDsymLg! BPIV3E &34
o2 28 x 10° TCIDsymL7HA] 1084 343 & N2 te
o]l 33] Ak RAEY crossing point e Hlastgh &
ol F5-E 918 RNA ulo]#2=}] hepatitis A virus (ATCC VR
1402), bovine viral diarthoea virus (ATCC VR 534), reovirus
type 3 (ATCC VR-824), encephalomyocarditis virus (ATCC
VR 129B)o] i3} cross-reactivityE ZASFHTE A Ho] AL

& ulolg| 29 dtere 2+ 10° TCIDsymL, 10° TCIDso/mL,
10° TCIDsgmL, 107 TCIDsy/mLe] %Lk

CHO M ZOf|A real-time RT-PCRS O|&%t BPIV3 S

ZYH real-time RT-PCRS AEYFE ARITH IS
HET 4 A=A Rl A5t QIYHoE BPIVIE 2
A2l CHO AlEF9)4 BPIV3 A2 A< 4A31%th CHO
DG44 HNEE 5% $84S A7} Iscove’s modified Dulbecco’s
medium (IMDM: Gibco BRL, USA) #X]¢] 100X Hypoxanthine-
Thyminidine supplement (HT suppliment; Gibco BRL, USA)
1%5 #7bste] wjkateh. T-25 flasko] ¥j%E CHO DG44
o BPIV3E ZEAIZl 3 49 Tt stk AE vk
= AAS & AE uige golgle 4 A= BPIVIE &
B3] A Ast7] 48| phosphate buffered saline©.E 3 A
Thy CHO DG44E Alr wjdetict. 49 §t ol & o)
A widg o 49 Fo WHOE CHO DG449] 2%
& #ES ¥ AX wigdd HEE gz FASET Y
# real-time RT-PCR & o]83t] M ujda} A ¥
BPIV37} EA8h=A] A5 AP o2 FRASATE Real-time
RT-PCR ¥4 HRTLRE ftiter7} 2.8 x 10° TCIDsmLS
BPIV3E AME3l9er, 84 dZFo82E CHO A% ujg
HjA1E ARE-SHAT

fall S24AHOM real-time RT-PCRZ 0{23F BPIV3

W B>

2|
[

849 realtime RT-PCRE A4 24 AZZH #AF
o A& & A "Heldr] Hste ¢9H e BPIVIE
QA7 Z2bdiolM BPIV3 #AE Al9L AAEYDh Titer
7} 7.8 x 10° TCIDs/mLQ! BPIV3E &332 2 1088 3}4
3 % 7} g 02 mLE &% ZabA 1.8 mLo) spiking
3 o5 Y H realtime PCR WH-& AH$38le] BPIV3E
2314t} Realtime RT-PCR &4 HIZFCE: HlolgrE
HA7retA @S FeplE ARgsiIh

2 3

Primerg M4

PCR S ARSI 54 wlolgla EAIE sty FF
A7) e vlelgix YoM G2 Holr} AdkA)
%2 conserved sequenced 71 F-91E Adesteior i), Ae
H sequence £ ulolzjlolnt £a)5le] EojAo] Fojol
gtk AEookES 2AFEAA, MEXEA] 98EF, ¥
FEA, AZAF 59 vFLoE 288 F gix Holgx
AEE A% A% PCRY A% w2 UgT/} L7H0H13, 20).
A9 e UL UEd= PCRE FHE] 918 Primer3
SoftwareE ©]-§3}o] BPIV3 59]32] primer 542 A8}
S THTable 1). RT-PCRE A#33la} Z2+9] primer #E9 ¥
Z=E #9184k Titer7} 2.8 x 10° TCIDs/mL, 2.8 x 10°
TCIDsymL, 2.8 x 10° TCIDsymL, 2.8 x 10° TCIDsymL <}
BPIV3E A2 RT-PCRS 33 27} primer % BPIV3-F3,
BPIV3-R37} 7V 91257}t 94319 thA 8 mlAJA]). RT-PCR

i
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Table 1. Sequences of oligonucleotide primer sets used in the detection of BPIV3

Forward primer Reverse Primer Nucleotide position* Amplicon size
BPIV3-F1 AAACTAGGAAATGTAACACGAATTC BPIV3-R1 AATTCACTACATATTAAACTCTCAC 14208 ~ 14320 113
BPIV3-F2 AACAGGTAATGATAACAGGATT BPIV3-R2 AACTCACTTTTATACAACATCC 12646~ 12768 123
BPIV3-F3 ATGTTCAAAACTATATCCCACT BPIV3-R3 CTATCATGAGTCATTCTCTGTA 7113~7236 124
BPIV3-F4 GTTCAAAACTATATCCCACTAT BPIV3-R4 CTATCATGAGTCATTCTCTGTA T7115~7236 122
BPIV3-F5 AAGTACAATGATAGAAGAGGAT BPIV3-R5 CTATAGCATTCCTAATTCCAGT 11744~ 11865 122
*NC 002161.

Z7¢ #33 & 23 annealing temperatured} MgCh ¥E+v SIS

747} 58°C st 3 mMo|3ivh & Zz9)X RT-PCRe] WHES - 40 }

2743819tk Titer7} 2.8 x 10° TCIDsymLY) BVDVE A ] 0l W
02 #43}o] RT-PCR & Z3} 2.8 TCIDsymL7}A PCR AHZ &0 F—w

S 8olg 4= AUACkFig. 1). PCR AHE-2 sequencingdt & blast '% 20F 0—6\\9/0
searching (www.ncbinlm.nih.gov/BLAST)) 3+ 23} PCR 4HE] S 10}

BPIV3 #3AdS #AT & AATHAR HAA). o b— e e e

Figure 1. Sensitivity of RT-PCR assay for detection of BPIV3. M,
100 bp DNA ladder; 1, 2.8 x 10° TCIDsymL; 2, 2.8 x 10° TCIDsy/mL;
3, 2.8 x 10 TCIDsy/mL; 4, 2.8 x 10° TCIDso/mL; 5, 2.8 x 107
TCIDsy/mL; 6, 2.8 x 10" TCIDsymL; 7, 2.8 x 10° TCIDsymL; NC,
Negative control.

Real-time RT-PCR Z|& 3}

RT-PCRE %3] &¥¥ PCR 2U& 7|22 AccuPower
Greenstar PCR Premix Ex Tage AM8-3}<] real-time RT-PCR
ZAEL 8Y3}49). Forward primerZ BPIV3-F3E reverse
primer 2 BPIV3-R3E A}83le] PCR ¥H$-9] annealing temperature
2 HAsE9riFig. 2). Titer7} 2.8 x 10° TCIDsymL, 2.8 x 10°
TCIDsy/mL, 2.8 x 10° TCIDsy/mL2! BPIV3E AR & annealing
temperatureS 52°C, 54C, 56, 58T, 60T & #W3tA|7]H
real-time RT-PCRE F33}51& o, 58ClA] crossing point
7} 77 S el S8To} 28 eEAe @ & st

A 2xolA MgClL, ¥=E HAA PCR 218 H3F
3}3}9tH(Table 2). Titer7} 2.8 x 10° TCIDs¢/mL, 2.8 x 10°
TCIDso/mL, 2.8 x 10* TCIDsymL¢! BPIV3E A|E& MgClL
FEE 2 mM, 3 mM, 4 mM, 5 mME H3AIAZIH real-time
RTPCRS 433}9E o 2 mMAIA crossing pointZt 7Fg
A veht 5 MeCl, 5 2 mMYE ¢ F YA

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

Virus titer MgCl, concentration (mM)
(TCIDso/mL}) 2 3 4 5
28 x 10° *13.10 1423 26.02 42.05
2.8 x 10° 19.96 21.63 35.84 43.52
28 x 10° 27.58 29.32 43.04 44.69
Negative control 45.31 45.43 45.87 45.64

*Values indicate crossing point value.

51 52 53 54 55 56 57 58 59 o0 61
Annealing temperature (C)

Figure 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, 2.8 x 10° TCIDsymL; @, 2.8 x
10* TCIDsymL; [, 2.8 x 10° TCIDs/mL; M, Negative control.

Real-time RT-PCR2| AlZ|4 ZZ

BPIV3 A%S 98} real-time RT-PCR ¥ 9] M)A (reliability)
£ BE5P) ol 29 43R UHE (sensitivity), A
(reproducibility) 55 AF3FAT

1.2]
0 2.8x105 TCID. eggeerss
1.4 ®2.8x105TCIDyg ca®d Utrj/g H LR
8 ©2.8x10* TCIDso a"m o S~ -
& o8 °28x102TCID;, - . = °
s 2 2.8x102 TCID3, ) / -
o a 2.8x10! TCIDS, /. °
@ 0.6 ©2.8x10°TCID,, s " 4 -
2 * Builer control e / o
g 0.4 a " o s C .
— - ./ a <
= 0.2 a ) l -
L] e & g
"] = ""é"ﬁ-ﬁ'o -/'/::—0—3——0’
(1] 5 10 15 20° 25 30 35 40

Cycle namber
(A)

4.
3.5 a 2.8x108 TCIDs,
® 2.8x10° TCID4q

3.0 ©2.8x10* TCID3o
2.5 ® 2.8x10° TCID;q
- ~2.8x102 TCID,,
- 2 8x10! TCID.
E 2.4 © 2.8x10°TCID§?,
% 1.5 « Buffer control
1.9
0.5
e —
q ~8 §-8- 888
Y us Ty T TTTEET - 90 T 95
Temperature(T)

®
Figure 3. Sensitivity of real-time RT-PCR assay for quantification of
BPIV3. (A) Amplification plots obtained with 10-fold serial dilutions of
BPIV3 stock solution. (B) Melting curve analysis of the amplification
plot. BPIV3 stock solution of 2.8 x 10° TCIDsymL was serially
diluted and cycle-by-cycle detection of BPIV3 RNA was performed
using the optimized real-time RT-PCR assay with SYBR Green L
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ANREE Z4317) 938 2.8 x 10° TCIDsymL BPIV3E 444
o2 10814 NG ¥ Realime RT-PCRES FH3IATH 2
Algo] o8] Realtime RT-PCR cycle sl @WZ fluorescence
&9 37 #AZ 49 9% 2.8 TCDsymLYS 1%
4 USItHFig. 3A). Melting curve £4] Z3} BPIV3e] 5o
2l FE3 HEoHQl BEo7 yyor, 489 gz
TolAE BPIV3ol Eo]&Ql peakds T 4= QUATHFig.
3B). &% PCR &S 1.5% (w/v) agarose geld AME-3td
A7 &3 2t 7} BPIV3 YA EA o Z7])9] W=
E IE +# YA, #58Y dz2FAAE PCR AHES
g & Yok DA,

¥ BPIV3 A AEY A5E A8 A= the ¢
o BPIV3 ®EFA|E9)4 RNAE FZ3}1 realtime RT-PCR
+ 3 F crossing point FH=S B3} THFig. 4). BPIV3
log titer (logio TCIDso/mL; x)o th3t crossing point 2t (y)
7He] B AN AR do) AL y=-3.62x+38.40 (AR
F '=0996), 4 29 A y=-350x+37.93 (*=0.994), A
o] ZA9y=2361x+38.18 (*=0.991)E BPIV3 log titer®} crossing
point &t 78] 3j7Ade] w4 E3kch

o

40
35 ¢ Day1

30 » Dny2
25 A Day3
20
15
10

Crossing point

(=27

0 1 2 3 4 s 6
Virus titer (log,, TCIDgy/mL)

Figure 4. Reproducibility of real-time RT-PCR assay for quantitative
detection of BPIV3. 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.

| o
1.0, OOOO

(¢}
0.8 o}

0.6, N
0.4 °© A -
0.2 o © . H

§ o o= @72 ‘."B‘.—'ML

Fluorescence

0 5 10 15 20 25 30 35 40 45
Cycle number
(A)

®

Figure 5. Specificity of real-time RT-PCR assay to potential cross-reactive
viruses. (A) Amplification plots. (O, Bovine parainfluenza virus type 3;
@, Hepatitis A virus; A, Bovine vital diarthoea virus; A, Reovirus
type 3; [, Encephalomyocarditis virus; Wi, Negative control. (B) Agarose
gel electrophoresis 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, Bovine parainfluenza virus type 3; 2,
Hepatitis A virus; 3, Bovine viral diarthoea viru; 4, Reovirus type 3; S,
Encephalomyocarditis virus; NC, Negative control.

TE RNA virsE (hepatitis A virus, bovine viral diarrhoea
virus, reovirus type 3, encephalomyocarditis virus)& A2
Eo)A-& A¥E A3z BPIV3Y 7%l fluorescencedt)
S7HE #EE UL, UE HlojgzdN e 4549 &
A dZ2F3} 2] fluorescenceZts 712 #EF ¢ UAT
(Fig. 5A). Real-time RT-PCR 2HE-S 1.5% agarose gel 2ol
A A% 43 BPIV3 44 tizTe|Aw PCR ¥ 4HE9
AAEAAL, e viojzaet 4289 A4 RN =
PCR ¥h& AHEo] AAEA gIghE-S & 4+ AUTHEFig. 5B).
oj¢h 2 ARojA FHH realtime RT-PCR - BPIV3
o 5ol 4EHYS I

CHO M ZZF0{A real-time RT-PCRS 0|23 BPIV3 &
Y949 realime RT-PCRE AERE AxTH) 48% &
A=A BRIy H3le A)AHoZ BPIV3E 242171 CHO
MEZo)A BPIV3 A& AEE AASATE T-25 flasko] wj%
¥ CHO DG44 A|¥ol| BPIV3E Q93 oz @Al & T-25
flasko] 391 o] Atk MiFstaA WS BT

o 08
g

> 0.4

@

@ 03

S

S 0z

=

= o

0 o e—-—a——o—e’: 850009
5 10 15 20 25 30 35 40 45

Cycle number

©
M 1

2 3 NC

@)

Figure 6. Quantitative detection of BPIV3 in artificially infected
CHO DG44 cell line. (A) Morphology of CHO DG44 cell line not
infected with BPIV3. (B) Morphology of CHO DG44 cell line
infected with BPIV3. (C) Amplification plots of BPIV3 positive
control(@), CHO DG44 cell line infected with BPIV3(H), cell
culture supernatant(Q), and negative control((C]). (D) Agarose gel
electrophoresis of the PCR products. M, 100 bp DNA ladder; 1,
BPIV3 positive control; 2, CHO DG44 cell line infected with BPIV3;
3, cell culture supernatant; NC, negative control.
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BPIV3E CHO DG44 MEFo|A] HHEARE UER)]ThFig.
6A & 6B). AEH|%¥ AN 4 mL& 3k, CHO DG4 A%
& typsing A3l 4 mL R FFEAch AEaRoF 43
437 CHO HEclA 24z} RNAE F&351, Y H real-time
RT-PCRE &3t BPIV3E AHF &3¢ thFig. 6C). AE
Hj ko A 2.5 x 10° TCIDsy equivalenymL BPIV37} &=
AL, MEAAE 6.1 x 10° TCIDsy equivalentymL BPIV37} A&
HAth $F4 PCR A2 1.5% (w/v) agarose gelS ARE-
st 77] 958 A7 2t BPIV3 FEAIE, AlEwjokd) Hx
A A A719 MEg IRIT 5= JUNAT, 4 tiRFollA
€ PCR HE& 1T & QISUTh(Fig. 6D).

A%2f S2lAH0lAM realtime RT-PCRS 0|23 BPIV3 Z&

2 H real-time RT-PCRS Af8) Febdl AZRFTA 2§
& 4 =R FAF7] Sl J9F o BPIVIE QA7)
Z A A BPIV3 HEA AL AN EATE Titer7} 7.8 x 10°
TCIDsyymLS! BPIV3E X802 108]% 8438 & z} 34
o} 02 mLE 2fd) ZeHA 1.8 mLol spiking 3 TR FHE
real-time PCR "H-& ARE3la] BPIV3E Z&agct 2 A8
of U3} real-time RT-PCR cycle 57 WE fluorescencedtol
Z712 Ba% A7 78 x 10° TCDsymL 714 AFHoF AZ
& 4 QIIthFig. 7).
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Figure 7. Quantitative detection of BPIV3 in artificially contaminated
bovine collagen. BPIV3 stock solution of 7.8 x 10° TCIDsymL was
serially diluted with 10-fold and then 0.2 mL of each diluted solution
was spiked in a 1.8 mL aliquot of 0.5% bovine collagen. Quantitative
detection of BPIV3 in the artificially contaminated bovine collagen
was performed using real-ime RT-PCR. [, 7.8 x 10 TCIDsymL;
W, 7.8 x 10’ TCIDsymL; O, 7.8 x 10* TCIDsymL; @, 7.8 x 10"
TCIDsymL; &, 7.8 x 10° TCIDs/mL; A, Negative control.

o

2 g8, AE, 23, 7)1F 5 o83l HiHE WE
oorE 2AFIAA, AEAZAE U= A4 7224 ¥Y
AzpF 28E 714l A7) Wi kA vl g 2
A Z9 s diFEHI gioh Aol g upelz )
Q4G5 E AL UAsY obAd AEEH AA7) AZHEE
7] i 4 wpolax9 AE 9 BEI Ee AA
A4 71&8 gdsfobdt k1, 20, 21). F3F dAZL
ABHEH FAFY Aatel o272 A AZFH)
A FARE 7} 4-H o) BPIVIE HEQE A
HEFQl CHO AE9} HEF9] kS Y8 Hrlete=

N 2 mg g
o o rh ofy
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S8R FgE A7 A7) WEell, AFel HHFHA 8

e 2494 A FAT, FAAA Hjaie shjotk
mElr] $EHL AT dE2 AR AEFo] AL uis
Al BPIV3SY 9% oR-& wz=e So|ky} -3 AZH
Algy oz gstoopnt k3, 22, 23). AT EA S Hjk
AE5E $¥HE AT APolx, BPIV3Y 049 RE &l
Stojopgt got g 49 2AS o] gl AitsEe FEHAl
o 2AFAAY Aol BPIV3Y Q¥ oHE Rl
opfh gtk UilA Ee oA H3l dlejgla odg A
817] 913 ICH 71o]=3R] (Q5A)S HUES 24 oRE ZA
3al, ARFAAA volH 2~ AA THE Il 93]
N Bolwrt 93 A5 AWYHE ASSIEE 3%
St ATh(12).

BPIV3 HEAIFPHLE T2 & Ao A Ag) 7 tso]
itk BPIV3 A&A@Ho 2 J3AE, EHEIHAEY,
AAAY HAEF BAY Fo] Atk19). ol#Hd AlgHe
AR Sojxrt Hojxw, AgRMo] oYl ©Ho
Atk BEFEY Hiolgx A AFS A o =2
s gl Solx9 Aol a7En gled, FH2de oY
g 27% 9E3hs PCR AlEHo] AEE nlol3i2 oA
A Az 853 ek13, 15, 20). 3HAT 22744 PCR
g ol&3td BPIV3E AHFFOE HEFaA dke dATe
P4 vprh it

2 d7oMe &Y Y488 A ARYEY 2XT
SAA, MEAEAS RS BF31] 91814 BPIV3IE A
oz A& HEY & v VAR Solwst 53
realtime RT-PCR A@%S /Wdstnzt stk BPIV3 A
FHAE HFSZ BPIV3 5o)A2 primer 5%4& TARIEY
o}t 5%<] primer % BPIV32) HN (sialidase) F-3AS oz
Yx1 3 primer %4 BPIV3-F3, BPIV3-R39] w9z =7} 713
S8ty A8E primerg #-83}td annealing temperature 2}
MgCl, % % realtime RT-PCR 23& 3} & 43 &4
g Ay U7 EE 28 TCIDsymLo|ATh ¥ E BPIV3
A AEY 24FE A3 AZ tE o BPIV3 EFAS
A4 RNAE FZ3}3 real-time RT-PCRS 4383t & crossing
point & Wxdk Ax BPIV3 log titer (logie TCIDsy/mL; x)
o) th# crossing point g (y) 1Sl ¥F FA4e AGASF )
T BT 099 o)doZ @4 olg} FAAC] ¢ &
< ¢ F ATk AEorFY FATE Hb o AF
WY gwd AFALL 49 A, BolN, HEIA 53
A W 583 802 yHFHEH, B A7 Fgd
S BPIV3E st o] Ugmel AEAgo] $43
& AT 4 UK

WHO, EMEA (European Medicines Agency), FDA (Food and
Drug Administration)®} 28 #A|7134& {32} 223 oy
A oS A Y3 AMSshe SEAEFY mlAHAE
(Master cell)?} A|ZEAHE (Working cell)ollA] 21914 wjo]a] A
Az WF He 18E Asta, MEFA 93 bpolyx
2 AlE HAsEl QAN BlET} A7le] Ho] = AE
A AIHY (In vitro AEY, In vivo A EH, AU A EH)
S dAT 4 e U A g0l A83lER]) oke A
o]t} 9CFR section 113.532 USEZ F& HE9 AzEF
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(primary cells == cell line)E AFS3le] A4t dSE4, A4t
£ AEFE 34 S Tl 2928 & T nelyAE HEdE
£ a7sal Jth24). Afrel ERS 952 AR B¢ &afel
vlo]gj2d] 47 ZE9=E BT (bovine turbinate) A EFZ AL
&l Hlo|HAE AZE3th BT A¥F @24 %0 J883,
AEF g, T4 AR, sHAE, A 52 AH7ke 3 7Y
ol HjdE A WHanE BEsle LfRE A AY
haemadsorption tests T3 uvlo]za E4RE FTdh
E3 BT AEXF WA xe] A58d, AxF g9, 34
ANg, HAE, HAF 5E WS F 79 o) WY & v
e wpolEi ol g FEAHE o83 WHER WHLE
Hlols o <R-E Hddh) olefgt AEEE AW B¢
A|Zke] wo| Hlal, ulgo] Bo] T wo] gtk & dFE
=8 23" BPIV3 #AE AHWE CHO AEF|A BPIV3
AE NFd F8389L 1, BPIV3ZE L¥H CHO HEF9}
AEZ wjoF Aol x] BPIV3E E#dow A& 4 g9l
t}. WA BPIV3 real-time RT-PCR Al8% e EEA|EF 7z
3 AR AZFA A BPIV3 L9 9RE AAH B AHE
AEE & e T AEHELS U F AU

248 ZgAe o8 AFAEE de ojf¥x YA,
Zeta9] wlelyx A AZe] B FAFHQA Jlel=l
o] AAZA AAHA ol AZANM AFHoZ (A
AZAN2HE PEIL AR BE AES AAEE itk
siA7 BPIV3E ##Aoz HEY & & AEHel &
HA o} real-time RT-PCR A|@W # RIs AgHol
87HT Ytk B A7E T3 YW BPIVZ AE AIPHES
05% Zetdlo] A83l9S | 7.8 x 10° TCIDsymL 742 B
Hog AEY & Yol Feple) FHRF 88 5 e
S AFHY S AT

Real-time PCRS 43 nloleix AF AE WL A2
clEe s AN e ad E8 ZA FANAM v
ulo|HAE ANz AEE & 4= 37 e, ESE
AZZANM wholgx AA AF AF A ZEY/MEH
A AT + e 8 Fped B oidel, i
Qg BET & fle A2HEIHRY A¥FTHA
o] mpolg) A obHA AZo] B8 & e FAHF ol
th20). E A+E %3] 3% BPIV3 real-time RT-PCR A|E
HE AEjd fe A2dE AR FANAM ulolzix A
AZ azvtEady AF A {854 A8E F g
Aoz 7€,

o Of
S A

Ao g AE, 24, /1@ F 279 248 988 A
3 AEooRE 2AFIAA, MEAEA] AS AfE 5
40 g3 npoly vt QEH ARZE A7) wiEel Hpo)
HA etdA o] 3ot BPIVIE 58 MEF, +8
A o 714 3 LEEE weolgxolt)y 4f#H EIE
dg2 Fe ABEookE 2AFEAA, AMEAEA Sl
BPIV3 QFHAL EHEy] A8, 48EH, AXFH, $AF
dA BPIV3E Ao s AFsta, Al2FANA BPIV3 A7

A= 98 AgHo e Ffo] 753 BPIV3 realtime RT-PCR
AEHe #5319tk BPIV3Y] E0]F2 primerS AEsH
o, ¥PAE SYBR Green IS AHE-3}e] BPIV3 RNA A&
4% ANEHe st AFadd o3 Zgdriel
u] W3t 27 real-time RT-PCR W7 %EE 2.8 TCIDsymLo] AT
S8 AEHY NEA (reliability) S EEsH7] S8 AEd
AZS AAE A3} Sol4 (specificity) D B4 (reproducibility)
o] o43ke olglgrt FHE real-time RT-PCRS AES]
o AxFA AFA 44 F deA A7) HAsko] &
9402 BPIV3E 29AIZ) CHO MEFS} 278 Sl
A BPIV3 A& A¥& HAEA BPIV3E ZEA7 CHO
Aot AEujok JAedolr BPIVIE AFHOE AE2E 4
ALk A% ZFANME 7.8 TCIDsymL 742 FFFHog
AE2E & AT A9 e dFelr ¥ BPIV3 real-time
RT-PCR A@He HEFE A REE % AxsF 25,
HEOORE WA FA A%, vpolglx AA I AF el
27} gy 22 AESE AJgHE diAE & Sle A
3l Bol4d3 WgAe] £ AFEYE s

Al

B ERe DERpIEs aaa71ende) AgEa
QPN AELELAY SATABIGLE 53

REFERENCES

1. Yarlagadda, P. K., M. Chandrasekharan, and J. Y. Shyan (2005),
Recent advances and current developments in tissue scaffolding,
Biomed. Mater. Eng. 15, 159-177.

2. Schneider, G. (2003), Bioimplants-characteristics and use,
Laryngorhinootologie 82, 839-852.

3. FErickson, G. A., §. R. Bolin, and J. G. Landgraf (1991), Viral
contamination of fetal bovine serum used for tissue culture: risks
and concerns, Dev. Biol. Stand. 75, 173-175.

4. Faraj, K. A., T. H. van Kuppevelt, and W. F. Daamen (2007),
Construction of collagen scaffolds that mimic the three-dimensional
architecture of specific tissues, Tissue Eng. 13, 2387-2394.

5. Rudnick, A. (2006), Advances in tissue engineering and use of
type 1 bovine collagen particles in wound bed preparation, J. Wound
Care 15, 402-404.

6. Choi, Y.-M,, J.-K. Kim, J.-I. Park, and S.-W. Jeong (2006),
Evaluation of bovine amniotic membrane for the treatment of
superficial canine corneal ulcer, J. Vet. Clinics 23, 334-336.

7. Gajiwala, K. and A. L. Gajiwala (2004), Evaluation of lyophilised,
gamma-irradiated amnion as a biological dressing, Cell Tissue
Bank 5, 73-80.

8. Horaud, F. (1991), Introductory remark: viral safety of biologicals,
Dev. Biol. Stand. 75, 3-7.

9, Parkman, P. D. (1996), Safety of biopharmaceuticals: a current
perspective, Dev. Biol. Stand. 88, 5-7.

10. Merten, O.-W. (2002), Virus contamination of cell culture-a
biotechnological view, Cytotechnol. 39, 91-116.

11. Celis, P. and G. Silvester (2004), European regulatory guidance
on virus safety of recombinant proteins, monoclonal antibodies
and plasma derived medicinal products, Dev. Biol. Stand. 118, 3-10.



310

12. Intemational Conference on Harmonisation (1998), Guidance on

13.

16.

17.

viral safety evaluation of biotechnology products derived from cell
lines of human or animal origin; availability, Federal Resister 63,
51074-51084.

Ryu, S-R, JL-H. Shin, S-Y. Back, J.-O. Kim, K.-I Min, B.-S.
Min, B-G. Kim, D.-K, Kim, M-K, Park, M.-I. Ahn, K.-8. Chae,
H.-S. Jeong, S.-H. Lee, and S.-N. Park (2003), Evaluation of
limit of detection and range of quantitation for RT-PCR, real-time
RT-PCR and RT-PCR-ELISA detection of bovine viral diarrhea
virus contamination in biologics derived from cell cultures, J.
Bacteriol. Virol. 33, 161-168.

. Jennings, A. (1999), Detecting viruses in sera: methods used and

their merits, Dev. Biol Stand. 99, 51-59.

. Jeong, H-S., J-H. Shin, Y.-N. Park, J.-Y. Choi, Y.-L. Kim, B.-G.

Kim, S.-R. Ryu, S.-Y. Back, S.-H. Lee, and S.-N. Park (2003),
Development of real-time RT-PCR for evaluation of JEV clearance
during purification of HPV type 16 L1 virus-like particles, Biologicals
31, 223-229.

Minor, P. D. (1996), Mammalian cells and their contaminants, Dev.
Biol. Standard. 88, 25-29.

Collins, P. L, R. M. Chanock, and K. Mclntosh (1996), Parainfluenza
Viruses, In Virology, 31d ed., Vol. 1, B. N. Fields, D. M. Knipe,
P. M. Howley, R. M. Chanock, J. L. Melnick, T. P. Monath, B.
Roizman, and S. E. Straus, Eds., p1205, Fields Lippincott-Raven
Publishers, Philadelphia.

i8.

19.

20.

21.

22.

23.

24.

Korean J. Biotechnol. Bioeng., Vol. 23, No. 4

Eloit, M. (1999), Risks of virus transmission associated with
animal sera or substitutes and methods of control, Dev. Biol. Stand.
99, 9-16.

Assaf, R., C. Montpetit, and G. Marsolais (1983), Serology of
bovibe parainfluenza virus type 3: comparison of the enzyme
finked immunosorbent assay and hemagglutination inhibition, Can.
J. Comp. Med. 47, 140-142.

Kil, T. G, W, I. Kim, D. H. Lee, Y. Kang, H. M. Sung, S. H.
Yoo, S.-N. Park, and I S. Kim (2005), Quantitative real-time
PCR of porcine parvovirus as a model virus for cleaning validation
of chromatography during manufacture of plasma derivatives, Kor.
J. Microbiol. 41, 216-224.

Darling, A. (2002), Validation of biopharmaceutical purification
process for virus clearance evaluation, Mol. Biotechnol. 21, 57-83.
Adamson, S. R. (1999), Experiences of virus, retrovirus and
retrovirus-like particles in chinese hamster ovary (CHO) and
hybridoma cells used for production of protein therapeutics, Dev.
Biol. Stand. 93, 89-96.

Garnick, R. L. (1998), Raw materials as a source of contarmination
in large-scale cell culture, Dev. Biol. Stand. 93, 21-29.

Code of federal regulation 9 (9CFR), animal and animal products
(1996), Part 113.53. Requirement for ingredients of animal origin
used for production of biologics.



