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Minute Virus of Mice 2184 ZHZE 2|8t Real-Time PCR
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Real-Time PCR for Validation of Minute Virus of Mice Safety during the Manufacture of Mammalian
Cell Culture-Derived Biopharmaceuticals. Lee, Dong Hyuck, Hang Mee Cho, Hyun Mi Kim, Jungsuk
Lee', and In Seop Kim*. Department of Biological Sciences, Hannam University, Daejeon 305-811, Korea,
Missue Engineering Division, Research and Development Dept., Hans Daedeok R&D Center, Hans Biomed
Corp., Daejeon 305-811, Korea — Validation of viral safety is essential in ensuring the safety of mammalian
cell culture-derived biopharmaceuticals, because numerous adventitious viruses have been contaminated dur-
ing the manufacture of the products. Mammalian cells are highly susceptible to minute virus of mice(MVM),
and there are several reports of MVM contamination during the manufacture of biopharmaceuticals. In order
to establish the validation system for the MVM safety, a real-time PCR method was developed for quantitative
detection of MVM in cell lines, raw materials, manufacturing processes, and final products as well as MVM
clearance validation. Specific primers for amplification of MVM DNA was selected, and MVM DNA was
quantified by use of SYBR Green I. The sensitivity of the assay was calculated to be 6 x 10”2 TCIDsy/mL. The
real-time PCR method was proven to be reproducible and very specific to MVM. The established real-time
PCR assay was successfully applied to the validation of Chinese hamster ovary (CHO) cell artificially infected
with MVM. MVM DNA could be quantified in CHO cell as well as culture supernatant. When the real-time
PCR assay was applied to the validation of virus removal during a virus filtration process, the result was simi-
lar 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 validation of MVM.
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TS WLl oo mat AwookE Akl AMH=
FEAETE WA 2 <A vleleiel] 29E 7FeA
o] 27| wlfoll QFdAdell 3F =gte] el HHE] loisit
[4, 10, 20,24]. %ol WHO(World Health Organization),
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A A e oA $1el wlelelae] oS wix|El] #
3le] Zhxe)l Bo| 5] 953t AAEAIguY i, vlo]ia
ANA L s A g5i3 A, vielsa W= 7E A4
AR Sl A3} A5 3] APk sl 12).
AZe) o E QLS A8l AT F AIEFQ Chinese
hamster ovary(CHO) M| 3E2} baby hamster kidney(BHK)
NE7F F2 AHHT T2, 18, 22]. o3 A ZES
Minute Virus of Mice(MVMyl| €7 714E 4= 9lew, A
= OJoFE AARTAANA olEfst MEFEo] 29 Ak}
BT 99, 8, 9, 21]. MVM2 parvovirus Zol] 23}
o, single-stranded DNAZ. T4 E 5 kb A4S z+3 )
= 9uH]R.F- vlol2i X (non-enveloped virus)eleH6]. MVM
< 4, {7180, ARBAA, A 92, x5 Eeld
g5 Aelol W% 2 A3AAE el AEulF f2) A
FOFFE AR A HSE 3 B nlojgAE
o] 8- 2 3ieh3]. MVMS] AAA A &5+ A F (Mus
musculus)o|™, AA F7} 29=9E A9 =448 el
Y, Aok 2B} =S A 7180 HAG AL
2 4 5] MVME A 2331 234, 99941
3R AESH HA o] T, ulolgl 2 v F2A




i o] M EEA o] Qlrhe A= BT 16, 17].

MVMS ZZ3}7] $13t Aoz 7V HY+E
M8 8§ 7-38k8 A ¥ (haemagglutination assay), 43
HFZE o] 43} 7hdA) Al (infectivity assay), HE3HF94
] (immunofluorescent staining), EAAHAEF (enzyme
immunosorbent assay) 5] AH&%o] $HH14, 19, 23]. o]
el Al A7k u)go] go] E1, 9igEs) Bolx
7} "ol A= who] glo}, AEUF AAF FA N MVM
A% Ay Hesl=d ojzigo] ot FHIel= W7t
9} Bolxr}t $-43F $3HEA A4k (polymerase chain
reaction; PCR)S 831 EEAMZ vjoflellA] MVMS A
Z3lel: A1y ol ALEATHS, 13]. =3 real-time PCR
& olgate] FEAL wiok fl s ook Al
A atelela Al A AE A FEslaAl sl A7t A
==]gich28]. oleidt Aldwe] ®IZFEE 1 TCIDsymLE 7]
29 AEAH) APPEY W=} Solx 53191, Al
AL 7HdA AlEe] v)E) 108 AE dEFT 1A
ot SEAE wijokeloll= Aol gl MVM A MVM
DNA A Eo] 7Hd¥e] 9l MVMH 34 A4 = 9
o2, wjopele] EAjsh= BE MVM DNAE &3] 9
HME o B} 2 AlEYe] 87HI Qi

B AoME FEAIE mieF f2 S EM MVM
S gxelr] $lel, AES, ASEA, A2TH, ¢A
FollA MVME A 22 ZE313, AZFAM MVM
7 722 Slat AR eR 2h8o] 7hsst YT} Bof
%7} $°%F real-time PCR Al@¥S F¥5kax} it &
2% real-time PCR AW 243l Q432 MVM
& 7494171 CHO A ZEA MVME A 22 ZE3led
HpolF A oA A F Al oz B4 JsAS HUlst
oo}, =gt whiAl ookE 2Tl Hlel2lA BEE o
£ vl x A7 T &S ARG AEH ¢
HFsle] npolgla AA AF APYPLE ] B 7S
H7ls1+.
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MVMe| HHiQF 2 Azt
MVM(ATCC VR 1346)2] wje¥st RS 18] A9 Al E
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(ATCC CRL 63193 AM-3l9ic}. A9 A 25 10% +3H
(Gibco BRL, USA)& 7} Dulbecco's Minimun Essential
Medium(DMEM: Gibco BRL, USA) wl #] ol ulj oF3} < o}
T-150 flaskel] ¥ioFEl 3 Al Zel vlol|AgE A F
Z7)% 03 M E &} (cytopathic effect: CPEYE W23}
o}, cPEZl HwistA g of ikt AEE A%
o}, 400 x gellA] 557 94 Belsl] AlEde w2 5o
T pellete AAestlet. Pellet 23} a4 L 23]
HhEsle] sl 3 400 x gollA] SE7F A EElsled Ak
oS ol YAl 5L £33 ¥ 045 pm filter® &
3 R ABsled -70°Cel| H3int.

MVMe] ke 913 2H9A Qe vlel#lnd] titers 50%
tissue culture infectious dose(TCIDso)E YFERISIEE. MVM
S 2% $¥A L 715 DMEM X2 TR 345l
24 well plateel] ¥ioFgl Aol 025 mLA HEslch 4
2702 AEwehilAE 025 mLY FFsach 1 F
CO, Mek71o A 5% CO,, 35°CE wioFshHA A& o2
|7 o2 CPES #asigich

Primere| ¥

MVM 425 £3317] 98] AHgat £2] Ak primer
od71A & NCBI data baseol] B31¥ MVM complete
genome(NC 001510)% 7|22 Primer3 Software® ©]-8-3}
o] t]z}el3}iTH(Table 1). Corbett ResearchAHAustralia)®]
PALM-CYCLERE ©]45t 94} PCR WH-& &3l HIZRl &
primer 42 5eo]Ag #9l38k, annealing temperature
9} MgCl, 5 =& W3lX|A PCR 272-& A3, =8t
ZEg DNA7} BAsle AHEQIAE #-lsl] $i5te] PCR
product?] DNA sequencings AA|5}i=.

MVM DNAT GENE ALL™ Blood SV mini Kit(General
Biosystem, Koreayd AR8-3lo] F2]39ict. PCR Hh8-& 9
& w}o}2} 2~ Genomic DNA 2 uL, 10 pmol forward primer
1 uL, 10 pmol reverse primer 1 pL, 2X GoTaq®Green
Master Mix(Promega, USA) 12.5 pL &3 o] Nuclease-
free water 8.5 UL 373l HEHI|E 25 pLE PFA
o}, FAREEL pre-incubation 95°Cell 4] 2%, denaturation
2 95°Col|A] 303, annealing® 30%(annealing 2% 43}
Z 28 48°C, 50°C, 52°C, 54°C, 56°C, 58°Cel| 4] PCR

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

Forward primer

Nucleotide ~Amplicon

Reverse Primer N .
position size

MVM-F1 AGTAAACCAGTTTAAAGCCATTTG
MVM-F2 CAAGTAAACCAGITTAAAGCCATT
MVM-F3 AGTAAACCAGTTTAAAGCCATTTG
MVM-F4 CAAGTAAACCAGTTTAAAGCCATT
MVM-F5 GTTGGTGTTTCTACTGGGTCTTAT

MVM-R1 TTCTGACCACTGTAATGTTCTCAT
MVM-R2 TTCTGACCACTGTAATGTTCTCAT
MVM-R3 CACTGTAATGTTCTCATTTGTGGT
MVM-R4 CACTGTAATGTTCTCATTTGTGGT
MVM-R5 ATTGTGAACTCTGATTCTGCAATA

1613~1740 128
1611~1740 130
1613~1733 121
1611~1733 123
2911~3057 147

*NC 001510
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$3), extention® 72°CoIA 122 3l 40 cycled 43
319det. 40 cycle PCR - 72°CollA 5% WA ¥ 1.5%
agarose gel(Sigma Co., USA)S AH4-3le] 100V At =
3024 % 71353 F ethidium bromide® g4ske] PCR
HEAMES Bl

Real-time PCRZ 0|&8t MVM DNA X2t

MVMS] AE 93 Uk PCRE 53 B3l PCR =
7A-& 7)Z2 SYBR Premix Ex Taq™(TaKaRa, Korea)S
AR8-3ted real-ime PCR 2718 #3310t MVM A%<
84 Corbett ResearchA}(Australia)®] Rotor-Gene 3000
real-time PCR 7|4 & A3} v}, PCR ¥4 SYBR®
Premix Ex Tag™ 12.5 pL, 10 pmol forward primer 0.5
uL, 10 pmol reverse primer 0.5 pL, template 2 pLol] &
TH 37} FH9E ol F 25 Ut 54 siidh IASE
2 pre-incubation 95°Cell A 152, denaturatione 95°Cs]]
A 15%, annealing< 20Z(annealing X % 35 93
48°C, 50°C, 52°C, 54°C, 56°C, 58°Cel| A real-time PCR
3, extention= 72°Ce|A 15%2 3] 45 cycleS 53
3t v cycle Foll= B8 WRe-Eol st 720CH-
Bl 95°C71A] 39l melting curve ¥4-& AAEKE F]
A MgCh g=F AA3l7] 8] 24219 annealing &%=
52°CellA] MgClLE 2 mMellA 6 mM7EA] WistA|A A7}
3|5 MVM DNA %% @2 crossing point 245 B] 33}
At

TiterZ 243323} sl A 257 4 Titerr} 6x 10°
TCIDs¢mL3] MVME- 313 22 6 x 107 TCIDsy/mL7}=]
1024 2X3 ¥ real-time PCRE G35t A=FS 93t
BEFAS A A8 £l 0131 MVM DNA9
Fs BFTAC ddsle] Aslodt. BFAU-E MVMe]
s=o) we} real-time PCRo)| 93} 71&== crossing point
7% TCIDs equivalen/mLZE. A 2+38}e] 2bA 819 HH15].
Crossing point= PCR cycle®| exponential phase® 57}
T cycle F Viepdct

Realtime PCR2| A ZM HE

231" MVM DNA Aapge] 2124 (reliability)S 2353}
7] o8 PE AAWe 17k E(sensitivity), A& A
(reproducibility) 52 ZFsldet. RS 24357 Sl4)
titer7} 6 x 10* TCIDsy/mLe] MVME &34 22 6% 107
TCIDsymL7HA] 10544 A3} 3 real-time PCRE 53)8}
Aok APA HEE Y4 titer7} 6x 10* TCIDsy/mLg]
MVME 2422 6 x 10?2 TCIDsymL7}A] 10544 3] 4
3 RFARE AME o 2ol 33 AH3F A3} crossing
point &S BlEZFHT Bl HFE A human
parvovirus B19(BBI Diagnostics, USA), bovine parvovirus
(ATCC VR 767), porcine parvovirustATCC VR 742),

=
©

bovine herpesvirus type 1(ATCC VR-188)el] &} cross-
reactivityS S 310}. Alfell ARE-g vlelef ] titers
7zt 94x10° IU/mL, 10° TCIDsymL, 10° TCIDsy/mL,
10° TCIDsy/mLe) %1},

CHO MZO0IM real-time PCRE O|&8F MVM ZH&

)% real-time PCRE A EL|FE A2TA A3l A
48 5 AR FIFY] A3l JdHHLeE MVME 24
A7) CHO A EFA MVM 7% AldE AA s
CHO DG44 M EZE 5% F8AL A718} Iscove's modified
Dulbecco's medium(IMDM: Gibco BRL, USA) Hj*| o]
100X Hypoxanthine-Thyminidine suppliment(HT suppli-
ment; Gibco BRL, USA) 1%Z H7}3led wieksloict, T-25
flaskell ¥joF¥l CHO DG44]l MVME 7A)7] % 49 %
o wicksldeh. ME wioklS AAT F A wokdel] ¢
ool g 4 e MVME $93] z173817] $1s} phosphate
buffered saline(PBS)>2Z 3% 4] ¥ 3 ©1¥ CHO DG44E
A wieFstsAnt. 49 E<t wiekst F oA Al ikt o
S 49 Fo] §m|A 22 CHO DG449) B} 3t ¥
AE kst A 2E o2 $789 0. 39 real-time
PCR WS o]-8-3te] AME vzt Al 2ol MVMe] EA)
3leA] o H-2 2RIsIgIr}, Real-time PCR 44 dE2F08
= titeZ} 6% 10* TCIDsymLY MVYME AHs1gies, &
A 222 CHO AEF wioful A& AH-s1sict.

Real-ime PCRE 0|88t vjo[2{x MH HE

#3€ real-time PCRS AE2E Fe|AAFA A v}
olgix AA EE 73l AL 5 AeA Fals| Hst
o BE-$ 2] 8A factor [X WAHS 98} Viresolve NFP
vlolel~ HE] F4& Y A|2®lo 2 A MVM
stock 491 3 mL-& 0.1 um membrane(Millex-VV, Millipore,
Cork, Ireland) > 2 of }3}ef wlo] A aggregated} M E
debrisE A 43+ F factor IX £¢4(0.8 mg/mL) 27 mLel|
A7bstaeh kol g art M e factor IX £ 16 mLS-
Viresolve NFP 47 mm v 2= of Z}2h(Millipore, Jaffrey,
USAXY 2 bar®] S22 of7sieldt. ooyl B F A
A8l 16 mLE A7lsle] 2 bard] 2R of )3}
oAct. vlo]zi~7}t A7bE factor IX £, vlo]3 A TE o
e | QlAkehegof o 3plle)] ER sl HpolBA k2 7
A7 P} real-time PCR A|PW. o2 Aot 74
A7} AIEA] MVM titers 2314 EA3517] &M w4
factor IX §-<fo] MVM®] AF B4 $s] AH8-HE A9
M ZEe] cytotoxicity M E54)E Yepli=x]2} MVM A
EAol interference(H)E YLT)E=AE FAlSLL,
cytotoxicity$} interferenced WP A] 4= FE7H4] 314
sl ZH971E SAIS. vlolelx A EMo] ¢ F
I AANE 7122 nleldn AeE T3yt vlel#a



ZHAQl4E ulol# 2T} spiking® FASEEA EAlk=
ntol& A ok log Zholl A 3 A Foll Ex)sh= ulo]®
2~ oF9] log #S ™ log F4x9l<9*(reduction factor)E 7]
stgich26]. vlolAa AjA HAF AP SHAHLE A H
AAER S, T HFEE F3lsich

2 %

Primer2| Md

PCR WS AMgsle] 54 nlelglx EAE s, A
FEAE)7] ajrie vlelela Woll A A Ql Welrt A4
812 ¢ conserved sequenceZ 713 FE A3l of &
oh AefE sequence’s A Hlo|B 2ot EAfsle] EolA
o] goto et AEooFEY ABEAH, A T4, 3
FAE 5ol PlFeE o9 4 ol vlelas HES 9
3t A= PCRY 7% H2 2=t 875915, 25]. 19
2 27& wEslE= PCRS #§3l7] ¥4 Primer3
SoftwareE ©]4-3}e] MVM E-°]A <l primer 55 HAkl
3} (Table 1). Gt PCRE Ala)sle] 24742 primerd &
o] mi7R=E #adlgr) Titer’} 6x10° TCIDsy/mL#
6% 10" TCIDsymLY! MVME A|22 PCRE 433 A3
primer % MVM-F5, MVM-R57} 714 ulzter} 943}
ch(AFE #]AIA]). PCR 2712 #43 23 annealing
temperature®} MgCl, %= 7H7t 52°C8} 4 mMelict, 3
A ZA)M PCRY M7 EE EA 84}, Titer7} 6 x 10
TCIDsymL3] MVME #3122 3|4 3}e] PCR & 23}
6 x 107 TCIDsymL7F<| PCR AFE-S ER1& 5= Slsich(Fig.
1). PCR AFE-& sequencingdt ¥ blast searching(www.
ncbi.nlm.nih.gov/BLAST/) & Z3} PCR AtEo] MVM
AAY-E golgk 4 sl AR WA,

MVM DNA MZk2 2|8} real-time PCR ZX{3}

dut PCRE E3fl &% PCR £4& 7122 SYBR®
Premix Ex Tag™(TaKaRay& AMHE3led real-time PCR 271
< 333}l Forward primer® MVM-F5E reverse
primer®. MVM-R5E- A85}ed PCR HhS-2| annealing tem-
perare S 2 4 #}8}9] (Fig. 2). Titer7} 6 x 10* TCIDsy/
mL, 6x 10> TCIDsymL, 6x 10° TCIDsymLSl MVM-Z

M 1 2 3 4 5 6 7 NCM

200>
100~

Fig. 1. Sensitivity of PCR assay for detection of MVM. M, 100
bp DNA ladder; 1, 6 x 10* TCIDs¢/mL; 2, 6 x 10° TCIDs¢/mL; 3,
6 x 10 TCIDsy/mL; 4, 6 x 10" TCIDs¢/mL; 5, 6 x 10° TCIDso/mL;
6, 6x 10" TCIDsymL; 7, 6 x 10 TCIDsymL; 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. {J, 6 x 10* TCIDsy/
mL; M, 6 x 10> TCIDsymL; O, 6 x 10° TCIDsy/mL; @, Negative
control.

A|B.2 annealing temperatureZ- 48°C, 50°C, 52°C, 54°C,
56°C, 58°CE W 3}A]7)H real-time PCRS ¢33} o
50°Ce) A crossing pointZ} 714 @A v} 50°C71 #H A
2EYS ¢ 7 dddH

A exelr MgCh =g W3AA PCR £1& HH
33l vh(Table 2). titer7} 6x 10* TCIDsy/mL, 6x 10
TCIDsy/mL, 6 x 10° TCIDsy/mLS] MVME A &8 MgCl,
52 2 mM, 3 mM, 4 mM, 5 mM, 6 mME 32| A
715 real-time PCRS 8390-& w2 mMolA crossing
point’} 7k WA vkt A4 MgCl 35S 2 mMEE &
4 99l

Real-time PCRe| {EN HE

MVM DNA &g 93 real-time PCR H 2] A1F)A
(reliability) & 2337 98] 39 AP =A=
(sensitivity), A18A] (reproducibility), £ (specificity) 5
A%t mizt=E 24317 29 titer} 6 x 10* TCIDsy/
mLy] MVME &x922 1000 31X ¥ real-time PCR
& st} 7 A]&e] 8] real-time PCR cycle ¢l

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

MgCl; concentration

TCIDsg/mL

2mM  3mM  4mM  5mM  6mM

6x10* 13.23* 1414 1433 1454 1511
6x 107 2062 21.83 2284 2328  23.67

6 x 10° 2691 2778 2922 29.42 3049
Buffer control 42.50 42.42 42.20 42.54 42 64

*Values indicate crossing point value
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o2 fluorescenceZtd] $718 B&3) A3 Mzt EE= 6x 102
TCIDsymLY-& &<l& 4+ sk (Fig. 3A). Melting curve
A 25} MVM DNA¢l| S]] %2} primer dimer 5
H[Eo]Xql F-Eo2 vrglen 38 f2IqME
MVM DNA¢l| Ee]H2] peakE E11& 4~ $1%l-HFig. 3B).
%23 PCR AFE-S 1.5%(w/v) agarose gel& Ah&-3te] A
7] 93&3t A3} 2 MVM A RelM A 27]9) Wi=S
RIE 4 USR8 t2TolME PCR AR &
A& 4 dddehAtE A,

E3¥ MVM DNA A9 AP 35S 918 A=
oE 2ol MVM EFA| 80lA DNAS F%38}11 real-time
PCRE 433t F crossing point 7% ¥l 25}¢] ohHFig. 4).
MVM log titer(logip TCIDsy/mL; x)ol &} crossing point
() 7 BE AL A F AFy = 3077x +
2875 (AAAST r=0984), A 2] Ay = -2.927x +
28.10 (’=0.976), A ¢ A% y = -2.974x + 2842
?=0.977)2 MVM log titer®} crossing point &t 7+¢] 3|7
Ao - =it

2 parvovirus# H¥}o] 2 A E(human parvovirus B19,

bovine parvovirus, porcine parvovirus)@ DNA B}o|2| 2]
bovine herpesviruss WAL 2 Eo]AdS- Algd A3 MVM

= gg | Day 1
525 | Day2
=20 Day 3
£ 15 |
210 |
S 5}

0 e i A e & o . »

2 -1 06 1 2 3 4 5

Virus titer (log;, TCID 5,/ml)

Fig. 4. Reproducibility of real-time PCR assay for quantitative
detection of MVM. 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.

2] 7399t fluorescencedtd] 71 #2E 4 gl =
£ vlelg|2eME 8 SA 273} 2ol fluore-
scence@ts] #7185 A3 4 s chFig. 5A). Real-time

(A)l'6 g 0o o088
14 o Efﬁ
12 o
1.0 /l/
o /

0.8
0.6

(A) 14
1.2 © 6 x10* TCID;O
16 x10° TCID3,
1.0] ©6x102TCID;y
bt ©6x10! TCIDs,
= 09 «6x10°TCIDs,
@ 2610 TCIDs,
2 0.8 +6x102TCIDg B
o * Negative control
S 0.6 /
= 0.4
= %4
0.2
% o
g
B
(B) ,
06 x10* TCIDs,
#6x10° TCID;,
10 o6 )(102 TCIDSO
: © 6 x10! TCID3,
[ 26 x10° TCIDs,
= 26 x10° TCIDs,
o ae 06 x102 TCID;,
= 5 * Negative control
17
d
0| e Sha N
75 80' 85 90’ 93
Temperature(C)

Fig. 3. Sensitivity of real-time PCR assay for quantification of
MVM. (A) Amplification plots obtained with 10-fold serial
dilutions of MVM stock solution. (B) Melting curve analysis of
the amplification plot. MVM stock solution of 6 X 10% TCIDsy/mL
was serially diluted and cycle-by-cycle detection of MVM DNA
was performed with SYBR Green L.
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Fig. 5. Specificity of real-time PCR assay to potential cross-
reactive viruses. (A) Amplification plots. (], minute virus of
mice; M, human parvovirus B19; O, porcine parvovirus; @,
bovine parvovirus; A, bovine herpesvirus type 1; A, Negative
control. (B) Agarose gel electrophoresis of the PCR products.
Specificity of the real-time 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,
minute virus of mice; 2, human parvovirus B19; 3, porcine
parvovirus; 4, bovine parvovirus; 5, bovine herpesvirus type 1;
NC, Negative control.



PCR AFE-E 1.5% agarose gel AollA BA18F A3 MVM
A | Z=FAMTE PCR HHS- AFEe] A=A, o8 v}
olg]ie} 958 SA dHEFME PCR W AHE<] A
AHA] kel (Fig. 5B). o]} 2L Ao M HHH real-
time PCR ¥ MVMel| o<l AgsdS Elsple.

CHO MZF0IM real-time PCRZ 0|28 MVM ZHZE

389 real-time PCRE AE9)kE A 2ZA ] #43t
T QA Flap] st dfHoE MVME 29417
CHO A ZFM MVM #HE A8S AABIIE. T-25 flask
ol wjoksl CHO DG44 A Xe] MVMS- <122 ¢ 44
71 % T-25 flaskell 3% oA Al wisksiaA] WA=
FHslg et MVM2 CHO DG44 Al EFojA] HHEHE
vehlsltkFig. 6A & 6B). HEuF AAY 4 mLE 34
3}3l, CHO DG44 A EZE trypsind H2]se] 4 mL Y32
3|3l Al EeiF AN CHO M Ee|A Z+2F DNA
E F&31, 899 real-time PCRE 83l MVMS A
#F ZA&35chFig. 6C). AEaeFloll A 6.1 x 10! TCIDsg
equivalentmL MVMe] HEEH T, A FEJME 59 x10?
TCIDs equivalent/mL MVMe| ZZ&=%ic}t. 235 PCR At
ES 1.5%(wiv) agarose geld AHEdte] A7) 53 A3
7t MVM SHRAI B, Al Z2ufofel, A EoA oA} 2719 i
=5 gald 4 AR, 24 dE2FAs PCR AES
¥ 4 g (Fig. 6D).

Real-time PCRE 0|88t vlo[2{A M HB

22" real-time PCRS AE2]okE Ha|AA|FA- A »t
olg|x AA FE HIFo HET F A ] 3}
o] BY-9-8 2|84 factor IX AAHS $18 Viresolve NFP
vlolgx He] FAHM MVM AlA EE-E 2497} A1
W vlw Aok G/ lolgag A
F S o, vlelEart A7 factor IX 4942 MVM
% 97k= 5.34 logjp TCIDsg ©]%4-2, whollA T o2}
B} QA4 ool = MVMe| A3 AEHA] &
Xt} Real-time PCRZ Hlo|HAE A BAM3INE el =
vlo]2) A7) A7KE factor IX £9¢ MVM & 971= 5.32
logio TCIDsy equivalents®] 3121}, whel2] 2 | of Ff 2}
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M 1 2 3NC

100>

Fig. 6. Quantitative detection of MVM in artificially infected
CHO DG44 cell line. (A) Morphology of CHO DG44 cell line not
infected with MVM. (B) Morphology of CHO DG44 cell line
infected with MVM. (C) Amplification plots of MVM positive
control (@), CHO DG44 cell line infected with MVM (QO), cell
culture supernatant (), and negative control ([J). (D) Agarose gel
electrophoresis of the PCR products. M, 100 bp DNA ladder; 1,
MVM positive control; 2, CHO DG44 cell line infected with
MVM; 3, cell culture supernatant; NC, negative control.

QAkIEgol ofFlelef A= MVMe] A ZHEHA 9t
ok, 97 EYU R S5 MVM ZAeleE >3.960]
%o}, Real-time PCRE 7133 MVM 45+ 6.543
A=A

Table 3. Application of real-time PCR assay to validation of MVM clearance during Viresolve NFP filtration.

Total MVM titer
Sample — ; ;
Infectivity titration (Log;o TCIDsg) Real-time PCR (Log;o TCIDsg equivalents)
Factor IX solution spiked with virus 532
Filtrate after Viresolve NFP filtration ND?(<1.38)° ND(-1.22)¢
Post-washed solution with phosphate buffer ND(SI.38)b ND(-1.22)¢
Reduction factor (log;g) 23.96 6.54

#No infectious virus was detected.

PThese 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 PCR method (6 x 10 TCIDs equivalents/mL) as a minimum detectable level.
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TEAEE vjofsled A= B B S5
£ DNA, 2713 2] vleleix, Y252 73 vl
a9} 2 FARY BB SulE ol Ayt AIES
A BEE 8 ¢ Fes27]. v, 11, 92 F
3 22 AR M HAEL 958 B oRES A
7] S8 TR BB AAA HE A S
A8 HAle Haprieud S AEEY3aL 9l WHO,
EMEA, FDAS} 22 A7) 32 JE4ES AP ¢
3 AR EEAM| F3Y ulAEA) E(Master cel)@} A=
G- 3 (Working cell)ol|A] B]WelA] vlo|e)2 7 Zof ot
e FAE A, AEF g vy A o ARIE
F23sl3 QA5 v4-3 Alzle] w@e] == HETA A
¥ (In vitro A1FY, In vivo AHY, SAMAL AlH)E o
A 4 e WA EAA Y] AAL3tEA] g AlA o
oH11, 20). =3+ FA7| 2 FEAERE AE]tFe] ¢
AN B3-S 93 vlolgix B33 FAH A|A TA] &
2 Bl A FAo| H=A] TP EF 878 Qo
wjetr] AERE] §715-5-5 Hdl vtelelA 39l
AA & 7150 A elvl7, 11, 20].

QAo frafigh wie|gart edEE AL WAsle A
3 AE3H A7} A2 EE 3] fexie 2 vlel=
20 A% 9 B33} v AlA 73 F 7S Fdof
ot ghoh4, 7, 15). =3 A FL B2 YE5E $AHEY
Akl 0| 271744 AA AZFAel W3t BAg FAAR=
7} S5 o)., vlolglA 24S WAs] % ICH 7}
=2}l (Q5A)yE ¥82 2 AF-E AARBLL, AFEFTA
A mlol# A AA 5EE HUIEP] 8l BIgtEe} So
7} 943 A5 S AMSES R oo
[11].

CHO cell %34 714 9.9 W=7} 2 vlyjelA] vo]

A= MVMeltt. MVM2 Als 33 HE5E0A4
B 23| o]27)71A] RFRE S WA E F vlelele
7} wEol CHO Al i<} T4l MVM <A &7}
g E FA FY SR AFET ARS8, 9, 13, 211
MVME =7)7} 189A 24 nm A =2 FEBA ZeloF fref
AEo)ekEed 29 = 9lE vlolglx F M 2R =]
9] ol rol] &3T}6]. £ ATolME FEHE ¥ #
# PEFEolM MVM SHHAE gRalr) 98, AEF,
A2 EA, A2TA, AT MVME AFH L= S
B3, AT MVM AA H5E $3 Agdies &
£o] Vst WA Ee} Bo| =7t 9% real-time PCR |3
WL 378l 7A) st MVM A fAAE Ao R
MVMoll 5t E-0]F ¢l primer 5%-% S AU 3= 542
primer % VP1(capsid protein) +0AE HA2= TiAlql &
primer % MVM-F5, MVM-R52] 917t=7} 713 431

o}, A¥EE primerE #-83}o] annealing temperature$}
MgCl, 5% & PCR 2 #A3} 3 23 &9 A3y
9] 9EE 6x 107 TCIDsymLe|3iet. & A7+5 &3 &
HH real-time PCRY WA EE o8 d7A5¢] S
PCR A1@% #17tE2]l 1 TCIDsymL Bo} o] & Fxo]
MVMS A& 4= o5, 13, 28]. " MVM DNA
Al ARG AFE 8 A2 HE dell MVM EFA
o)A DNAZ #%3)}1 real-time PCRE $33 F
crossing point Zt-& H]@3 A3}, MVM log titer(logo
TCIDsymL; x)¢| T3t crossing point ZH(y) 7+ EF 39
28] ARAF= 5 097 oA E AR op )
3HA o] Wi okt B o] FAlIe] Hrlel 9o
Aol mizkee) AP BA Y] A, oA, AEd
A 53} A o F23 99108 TF R, £ 7l
A =3 AP MVMES A Qo] miztes} A)
o] $53hE FAg 5 gl

B A7E £3) 835 MVM 3 AjES CHO A%
FollA MVM ZE Al8el #435199S W, MVMel| 2595
CHO A9} HZEF wif A5HoM MVME B2
2 A& £ 9ot "ebH MVM real-time PCR A8
2 FENET AS AATA FHFM MVM 24 o
= AAA w= A A2 5 e o AEdE
A& 4 gl

Real-time PCRE &-8-3} wlo||x A A& W
EnlEady] A g9y A 2 A 28 A
AHollA v|gke] o] AE A 7ol A3t & 5 Q7] o
Toll, AEFE AZTHANA vielgia AA ZF A A
a7 ES g4 A4 5 e w83 Hrplseld
[15, 28]. ¥ QA7E 53] E]€ MVM real-time PCR A3
WS Viresolve NFP vlol2iA HE| FAlol] H-43l] 7149y
7} AlEws visla S o, vlelglart A7 factor IX &
Ao Ae] 97t 7ZH7} 5.32 logy TCIDsy equivalents$}
5.34 logio TCIDspZ 59U 8 BHE Vepligiet. =3t vlo|
2 e ooy} QJARIESY o er F AEHH
2F MVMS &8 5 9% ol2l8t A= Viresolve
NFPel] &3] MVMe] $h3HA A AR S BTt 3hA|
A vlelglA 7144 real-time PCR A3 o2 7
Z3t A3} o A vepgel 247 MVM
o] 715 factor IX £)o] MVM 94l Al EQl A9 N E
o] Y& cytotoxicity®} interferenced- JEPNA] o= W
AR HME slof st HAEIHA ) et Fot
Ao}, =38} real-time PCR A|3¥o] 74347} AR} 17
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7353 vlojga FAaelavt A/ ENeE A5 3
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