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A number of recombinant proteins isolated from cell sources are being produced for biopharmaceuticals. Although
most biopharmaceuticals are highly purified, there is a safety concern that such recombinant products could be
contaminated with impurities including adventitious virus, mycoplasma, endotoxin and oncogenic DNA. Residual DNA
in recombinant biopharmaceuticals is a potential risk factor and must be evaluated and removed to meet the regulatory
guidelines. Recombinant HPV type 16 L1 VLPs, recombinant protein produced in Spodoptera frugiperda (Sf) 9 insect
cells, is a HPV subunit vaccine candidate which has been studied as a preventive vaccine of cervical cancers. In this
study, we performed detection and quantification of residual cellular DNA in the production of recombinant HPV type
16 L1 VLPs. HPV-16 L1 VLPs were purified by processes including detergent lysis, sonication treatment, sucrose cushion
centrifugation, CsCl equilibrium density centrifugation, and DNase treatment which was added to inactivate residual
cellular DNA after CsCl centrifugation step. We have developed a precise assay based on a dot-blot hybridization using
digoxigenin random primed labeling DNA probes for the detection and quantification of residual cellular DNA during
the purification process and final products. Detection limit of residual cellular DNA was 0.1 ng in this assay and the
amount of residual cellular DNA in the final product was 0.5 ng~1 ng per 100 pg of protein. This study describes safer
and more sensitive methods alternative to radioactive techniques employed for residual cellular DNA quantification of
biopharmaceuticals produced by recombinant protein technology and presents method validation data demonstrating
precision and reproducibility.
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9} A)=%3F DNA vectorE ©]&3F &
AT7E Ee] s 9lom, A
Az Al o] &=L vt A%,
M3 (continuous cell lines) 2H-E] AALE &= A&
B AZTA Tl AFE2FEH A=A 27
A ek ©E vhele] 2, k] DNA, vhelZEet=mt
(mycoplasma), W54 (endotoxin) 53 72 E-Eo] 241
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7}s3 DNA®-S 7441717, DNAS] &3t
7Fesd g Bgstaz o wA Bk = Sl (8).
AEoJokEoll Al DNA B9 &% 4FS Sl8A
PCR (polymerase chain reaction) (9,19,30), total DNA threshold
assay (2), Z12]al WA S LA E o] 8 AY Tz v
A E A RS o] &3 & vte]ed HHE sH
A A7) probeE ©]-8-3+ dot-blot hybridization 2 3% 3}
o] 7htElo] gkt} (20,21). PCR ¥4 W o]
71 SHAIRE 2t Ak THAS £ sequ-
probe”} A1 Elojof &F7] ol DNAG
SwAe dubdoR AdabA] eth (21). ©]
S3HA AFEEE HEHS AEAS AR A
non-radioactive labeling probesE o] &3}

Agol

DNAY RNATE 34 34ke] sequences} w2 A
A Flo] A, A AHE BF 45 5 vk
non-radioactive labeling=- ©]-8-F 34k probesE AHS-31A
RSl hybridization A ER o] zkal Qld o e AES jlof
T Utk AEL R FHH DNAE FAAQ] A8
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DNAE AE3sta AZ3ISith HPYV WiAF R 52 o] A7
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e Sf9 A RAE FelE Ted DNA ol
o] o4 & & U o]84 7FsdE 7ML QUtk HPV-16
L1 VLPsE= sucrose cushion Z9AE2]¢} CsCl H=7u) %
AR E 23S 6TtAldl o3l A= o, 7 DNA
2 B33} A17]7] $siA CsCl Rl 29ARE 9y &
o] DNaseE A J3lqlth 2t ©A|9] Al5et HE AR =
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1. M Z2} "Hfo|3A

Sf9 FA|XE (Invitrogen, USA): Grace's insect medium
(Gibco-BRL, USA)ll 10% (v/v) fetal bovine serum} 1% (viv)
antibiotic-antimycoticsE 7Fsto] 27°C incubatoroll 4 8l &}
%131, 0.5 ml spinner flask (Bellco, USA)ol 1.0<10° cells/mlS-
A7vate] 3.0<10° cellsimlZhA] HlFAIZ] Z1& mlole] 2 244
o o] &3t} HPV 168 L1 VLPse] AAE ¢siA HPV
163 L19] ¥ HAIE didS wdste Az vl
2= A GAE HEFSsE 284 (Laboratory of Cellular
Oncology, National Cancer Institute)2] John T Schiller2FAF =5
B % qrol ARg-3lgit)

2. HPV—16 L1 VLPs2| "2t Immunoblot &4

Sf9 cells (200 ml; 2.4><10° cells per ml)ell A§%g}+ baculovirus
(rHPV-16 L1)Z 1 multiplicity of infection (MOI)= A A A
3 73 sdAlel MEE FESIITE AEE 2,500 rpmellA]
10% Fot AR 74e A4 0.5% Nonidet P-40 (NP-40)
< X3skE PBSE AMESte] 158 &<t icedl Al A ¥
30x HASRE 16% F]t 3% =51 (Vibra cell, Sonics &
Materials inc., USA) HZH Tt AlEZ EES 4TeA
Beckman SW41 rotor (186,700 x g for 2.5 h)E AF&-3}o] 40%
(wiv) sucrose/PBS cushion Z41E2]E A A, 40% CsCI/PBS
Had =) 2] (130,400 x g for 20 h, SW4L rotor,
USA)E A&t} VLPs fractionse] =4S HQlsl7] 9
3Fo] Immunoblot #2418 A 383} a1, primary antibody 2
HPV-16 L1 monoclonal antibody$] CamVir-1 (Chemicon, USA)
< blocking solution (1% Bovine Serum Albumin)ell 1:500.2.
2 3)Asto] ALEsFSlaL, secondary antibody=E alkaline
phosphatase”} 2% anti-mouse 1gG antibodyS 1:1000°.%
3]X35}e] 2185151} VECTASTAIN ABC-Amp reagent (Vector
laboratories, Burlingame CA, USA)Z <F 10% F<t uH-8-A]17]
3, NBT/BCIP (Vector laboratories, USA)Z A& <1513 Th
VLPsE X 3&38}= Immunoreactive fractions> -+ DNAZ]
2A4E EZ3} A1717] AsIA 37CAIA] 302 &<t DNase
(Sigma, USA)E #2]3k §, PBSlA 2043t 5o A48
7, 2,500 rpmell A 104 &<} Centriplus YM-100 (Millipore,
USA)E AH&3te] 55330tt (Fig. 1). ZF BATAZREH &
o]zl Alge] vl F%= Micro BCA kit (Pierce, Rockford,
USA)S AH&-3sto] S35tk
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| Recombinant baculovirus infected Sf9 cells |

2.4x107 cells/ml, 1 moi infection for 5 days

rd

| Detergent lysis (PBS with 0.5% v/v NP-40) |

47C for 15 min

Sonication treatment (amplitude 35%) |

15 sec 3 times (30 sec interval)

rein’

| Sucrose cushion centrifugation (40% w/v) |

rd

186,700 x g for 2.5 h

CsCl equilibrium density centrifugation (40% w/v)

130,400 x g for 20 h

DNase treatment (37°C for 30 min.)

Dialysis (PBS for 20 h) |

| |

| Concentration (Centri-plus YM100) |

\

| HPV-16 L1 VLPs production |

Figure 1. Flowchart for the production of HPV-16 L1 VLPs.
Each step was individually assessed for the ability to remove
residual cellular DNA.

3. HPV—16 L1 VLPsS| ®AtADIE =4

AAE HPV-16 L1 VLPsE E2138}7] $J8ir= AAdn] 4
(JEOL. JP/JEM-1010, Japan) A}-8-3}91 2™, CsCl HFE=
Tl 2AAEYHES AN AE9 DNases A 2]gh A&
a8 HE A EE carbon-coated gridsell 2% B¢ F&HA|
7131, 71ZA1Z] $-oll 2% uranyl acetate=. negative staind}o]
50,000 H=i= 60,0000 &= T3

4. Hybridization &&H

1) Random primed labelingZ} probe yields2| 53

23S SO cell 2 5-E] Qiagen blood mini kits ©]-8&3}
of A|zAte] AHEAE A wtel DNAE #2]3H3ith DNA
9] £ 1.8~2.0 Ato]lo] S 7Fxitl. DNA @2 DIG
High prime DNA Labeling and Detection kit (Roche Applied
Science, Germany)Z ©]-2-3} random primer HF-g-oll 4 FA] 5|
AL, probes ABrFES AlzAte] visel wet AFAR1 hy-
bridizationa 913} probese] 223k A& Algsl7] el AA
AT}, Hybridizationoll 223k 9k2] probesE A 71417]7] 9
3l labeling ¥H-g-ol 4 A2FE DIG labeled probese] %2 &
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27 5I=2] DIG-labeled positive control nucleic acid= labeling
Sk probes= ATt 3|43l H71E STt

2) ZHTHAHE DNAS =&

HPV-16 L1 VLPso] AATAE ] Ase} HF Ak
A5 whild Aeko) o) 747t oF 100 pgol TA =R f
5313} tF& QIAmp DNA blood kit (Qiagen, USA) 213144
o] u}2} DNAE F+=3}31th DNAE TE buffer (10 mM Tris-
HCI; 0.5 mM EDTA; pH 9.0) 100 ploll oA ARgsl7] A7}
2] -20Cel #7g3kick

3) DNA 132 |8t dot—blotting

DNAS] dot-blottingS- $13}] <5132 DNA stock -8-<112]
¥ DNAE 1000, 500, 250, 100, 50, 10, 5, 1, 0.5, and 0.1 ng<]
Sz 8Xste] F=0|8lth ¥ DNA stock &3} 7+ 4
AAo| A %3 DNA Al=o 04 M NaOHS} 10 mM
EDTAS 78t ¥, 100ColA] 10%- &<t heating 313ich 7}
Al&=3= 6x SSC bufferell 7]2] 4411 nylon membrane (Roche
Applied Science, Germany)©ll spotting =21t} Al &2 dot-blot
]34 (BIO-RAD, USA)E AH&-3to] oJA17] ¥, nylon
membrane3- 2x SSC bufferoll A sFA8ke] HHE {247
I, vacuum dry oven (Heraeus Instruments, Germany)oll A 24|
b &< 80°CllA] baking 3F3iT.

4) Hybridization1} A&

DNAZ blotting - baking ¥ membraneS v|g] 225 %
< hybridization buffer (DIG Easy Hyb, Roche Applied Science,
Germany)E 7FA| 3L 42°CollA 30% &<t pre-hybridization A]
ZAt}h. Random primed labeling DNA probesZ 32& $=%0l|A] 5
i <L heat denaturation A|Z1 ¥, 42TCollA vlg] =& o
= hybridization bufferS % 7}38F t}S, pre-hybridization ¥
membraneol] 47}5Fe] 42TColA 16413 E<F WA AT
Hybridization ¥+5- ¢+& 5 membrane- low stringency buffer
(2x SSC containing 0.1% SDS)<} high stringency buffer (0.5x
SSC containing 0.1% SDS)® 42°Co| A el & Wh-S AT
Washing buffer (0.1 M maleic acid, 0.15 M NaCl; pH 7.5; 0.3%
(viv) Tween 20)° membraneS- <=4 ¥, blocking solution
(Roche Applied Science, Germany)¥} Anti-DIG-alkaline phosp-
hataseS ¥ 3}5}= antibody solutiong X}#| & w5 A7),
detection buffer (0.1 M Tris-HCI, 0.1 M NaCl, pH 9.5)°1 4] o<
3} AT} Membraneol] YeRd A3}= chromogenic alkaline
phosphatase substrates (NBT/ BCIP)ol| #+8-A17 #2313t}

2 1

1. HPV—16 L1 VLPs FA 2t Immunoblot =4

Sf9 HLEFAHEZFE] HPV-16 L1 VLPs A= detergent

o8, o4, 2Zd, d=d, MES, gD, duel g3
100
%-
80..
70 F
2 60r
o
o 40+
30_
20-
10}
0 Lo—ioo e
1 2 3 4 5 6 7 8 9 10 1"
Fraction No.
7]
|
>
1 2 3 4 5 6 7 8 9 10 1

Figure 2. Immunoblot analysis of HPV-16 type L1 VLPs in
each fraction after CsCl equilibrium density centrifugation. The
fractions containing VLPs were identified by immunoblot analysis
using HPV-16 L1 monoclonal antibody, CamVir-1 and anti-mouse
1gG alkaline phosphatase.

lysise} sonication 21#] 3 =A% (Beckman, SW41 Ti,
USA) 2, 40% sucrose/PBS cushion =-412] 9} 40% CsCl
HEDEF] =4l o) Fa=ATE =4lE

of 2la] Ao 2} fractione immunoblots &3} 0w,
HPV-16 L1 monoclonal antibody$! CamVir-1 (Chemicon,
Temecula CA, USA)¥} alkaline phosphatase”} Z3HE anti-
mouse IgG antibodyE ©]-83} VLPsE ¥ 5= fractions
< Zolakgdtk 11709 fractions ol 4], HPV-16 L1 proteins
F2 Z3sta YW A-S No. 6, 7 fractions &2 EH<1E] %]

t} (Fig. 2).

2. ™xpEHDEo| 9t HPV—16 L1 VLPs2| &

DNase A2 A&, 181 HZ
717k e] Azl A A bho]] 2~ YA}
£ 50~60 nm2] VLPsE F<ld
H2SHA] o2 Al7e} H

7 DNAS AAT 4= gllvh H3 DNaseo] #2jol] ofsf

B AR

VLPse] 28 (assembly)oll Fae w4 &= 31 B33
t} (Fig. 3).
3. &HF =FAMZE DNAS HE
Ao

Random primed labeling 3-8 A}-8-3+ dot-blot hybridi-
zation assay?] =34 DNA 0.1 ng ©It} (Fig. 4). A=
Al 0.1 ngol FEAS Al flate] v @A
AEe st 42 tE 390 AN F R e
membranesel] 2+ ] W4 0.1 ngd] %54 2] DNAS
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Figure 3. Identification of HPV-16 L1 VLPs by electron micrograph. To confirm VLPs assembled, each preparation was applied to
carbon-coated grids with an equal volume of VLPs suspension. After drying, the carbon-coated grids containing VLP were negatively
stained with 2% uranyl acetate, and were observed at x 50,000 or x 60,000 electron microscope (JEOL.JP/JEM-1010, Japan). (A) CsCl
ultracentrifuged sample; (B) DNase treated sample; and (C) final product. Arrows indicate examples of assembled HPV VLPs. Assembled

VLPs were shown in all three samples (A, B, C).

DNA (ng) 1000 500

0.5 0.1

Figure 4. Detection limit of residual cellular DNA. The limit of detection of the hybridization assay was evaluated at 0.1 ng with
Random primed labeling kit. The figure shows 1000, 500, 100, 50, 10, 5, 1, 0.5, and 0.1 ng of targeted host cell derived-DNA (Sf9) spotted
onto nylon membrane and assayed as described in materials and methods section. Detection limit of residual cellular DNA was 0.1 ng in

this assay.

blottingsled WHEAJ 7 @S SH1skqlTt (Fig. 5). A=
whal g o] Aol A] AFehs STA1E DNAS &3
RS SleiA Aol TR Aol ofs) Alx3 bacu-
lovirusll 7%l Sf9 cell 2 €] kel o4l wAle] A3}
A Aot HF ArkEe] EAEA Z2F AAGA ol A st
SFAE] ZHF DNAS] -2, random primed labeling 21
& AHE-Sle] SO cell DNAZE AJAket 3 DNAC
el wet Aol nlaste]l A4k 2 AAG
AlEs}t HET AAEERE 53 DNAE nylon membrane
ol blottingdtaZ A 7]l Sf9 cello] 5-©]2 21 random primed
labeled probesE %]-8-A|# T}, Hybridization assay+= stringency
buffer® AF8-31¢] a1, blote] A& AF A HALE nle}
#+o], chromogenic alkaline phosphatase substrate (NBT/ BCIP)
£ o]&3le] AE3 ) Dot-blot hybridization 23 Hol <]
g A= Fig. 60 AAISHITE 2+ DNAS] & ZHAAY]
7] 913 CsCl FFILD=TH] 2UAEHAE A AR
DNaseE A zlste] #F AitEe] EA8e s5Hx2 2

R

Day 1 Day 2 Day 3

" .
» ’ ‘
a'\'-,'
» L .
-
& 4 |
R ¥
. |
3 ¥ A ‘
-
1 2 1 2 1 2

Figure 5. Reproducibility and repeatability studies of hybridi-
zation assay. In order to validate the detection limit at 0.1 ng of
random primed labeling DNA using the host-derived DNA, the
reproducibility test was carried out on three different days. For the
repeatability test, the DNA of 0.1 ng was blotted four times onto
two separate membranes.
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Standard DNA (ng)
1000 500 250 100 50 10 5 1 05 01

® @ &0 & © o

@

1 2 3 4 5 6 7 8 9 10

Sample No

No  Steps of process ng of DNA/ 100 ug

of protein
1  Detergent lysis <10
2 Sonication treatment <10
3 Sucrose cushion centrifugation <10
4 Gonsty centifugaton <50
5  DNase treatment <10
6  Dialysis <05
7  Concentration <10
8  \ero 9013 cells <01
9 BHK-21cells <01
10  Buffer control <01

Figure 6. Dot-blot hybridization assay for in process samples
and final product. Compared to the standard DNA, the amount of
residual cellular DNA in each process sample during purification
process and in final product was determined (the amount of resi-
dual DNA in final product was 0.5 ng~1 ng per 100 pg of pro-
tein). Vero 9013 cells and BHK-21 cells were used for controls of
specificity test in the hybridization assay.

DNAS] & 50% ol #axsigivh. 1 A v 100 pg
o 23229 ZF DN A—E °F 0.5~1ng °]{th.

—

i =
AARAZ T (WHO)SE W= 2}E2] oF= (FDA)T 2
A7) B ofEel EA15Hs & DNAS -2 dose
2 10~100 pg ©la2 ook dhrhar @aslar ek ¥
U ol a7 3 wxE oujahs Ao opel 414
ExoAe] daz MEct (6). A, AxT T o
g ol X AAMlM 29 DNAS] HHslar 5gdrkst
& A 7S A A B (6). HEo
ARl EAshs 2] 1 DNAZE 919.a]]
= FAL Waelx] x| uk o] sk FAL =A) 9]
A7} A} (13,18, 3) Yol = Balar AEo|ekE &=
Ash= SFAES] 27 DNAE eHdAS $18iA] arel=of
of sfar ZHaEojof LE}.

231, Fole, AP, PaH, TS, §IEDI, SR,

’ o, Ui —

kA, B Aol = A %F HPV-16F L1 VLPsS] A=
9} Zoll 4] Japanese encephalitis virus (JEV)$} Bovine viral
diarrhea virus (BVDV) 59| A1A A5S B vl qlr) (15).
2 AFolAE, AERES 29X F e EeEY A
AR flete] AlEm ST AR, HE Ak Als
o digte] 2 717 BI2EE F8lsiqit) 7 ©A A=
endotoxin test®} Mycoplasma test2 <=3+ A3}, oJw3l &
FEAE EA8A] 455 IRI8I3IT} (Data not shown). 5=
o AL il o 2 AFEGL Ql= HPY WAl
o] TREZo|H, Sf9 LFA|FAA A AT HPV-16
L1 VLPs®] Azx2Hg FollA, AFshe <F4E DNAE 4
=3k stk

ulo]# 2 FAFI AR sucrose cushion ZUAE2] 9} CsCl
BHUETH 24T E 23 Ao oJate] A=A
k. AAZg B HE AR A 7 DNAZE
AZEA7) woll, TF DNAS F& FHaA7]7] 8A,
CsCl HYHm=~] i dAE ARl A5l DNaseE
Aelate], HF AAHES] ©hilE 100 ug & 7+ DNA 1 ng
olst& 7FAAZ] A}, DNaseS A a|slA] & A]=ol Hs|
50% ©]’e] xHi DNAE Azl Axkdn] 4 3
DNasei= Hlo]#| 2 fFARRIALS] Z29& Wal|ahA] 43X
 DNAE o]#3] &A1} T) One dosed] v &=
A Tz o] Qb Adw) fradel wet A4
7+ DNAY A= ke s 23 § izl z
S Zhe AEo R XA Fojikd ulel A oo

. @A, HPV-16 VLPsS o]-8-sto] Abg7d g 1)

3k MerckAe} GSKALS] 7-%-, MerckAloll A=
, GSKAFO A= 20

X,
lo

A

BEAS T
a4 e 219 one dose=A] 40 pgs
AR88RATE (3,17).
AFrellx] Arket MAlSHEZS] fE4S flo AF
WAF- R I gupar 7pPgskar 22 2] one dose
E AHEAE wl, AR 20® o) 4dE]i= DNAT 400 pg/d0
Hg, 200 pg/20 pg- & 10~100 pglone doseo] = -4l 7] ¥
AR 52 —’F 15 Yekdth AbEA, Adabd A
7 ge E‘rok*h} A& ZH= picograms 1$1¢] DNAS
sl g A ASS AP wlg- ot} (27). oA
< A Zoprpr] wiL 91 %14 DNA®] 20~50%7} o %13]
DNaseoll A &3H= DNAS wr=i= vhilds) o] gl A
o mFo] ZFz=E T} (24). B3 picograms HEZ &F DNA
o] ASFEE Eo]7] YA *P-labelled probese] A&l
el A =oldtt @), 1eu 2 HERES He A8
Helo = E7351aL radio-labeling 7152 oHAA A= 8+
A probe] ERFEA, #H71E Al o, 11

AlE
AZF 53 28 WAL probese} A We EAHES 7t

A
o




=t IlEWr HA gk ‘31 “J/‘Vé EAE o]&3k At probes
=5 o]83t UNHALI hybridization

ATolA Al Ee] A
DNAZ ¢hd3] AlAsk] flaiM =, Aol 25+ DNA =3}
3} dAloll F7hHoR M4 2x10] 2H3l¥l DNase @] ehl
b A& olop & AoR Alndrh 4L Ht DNA
243} A7)7] 9% B UE ARRA, TR Sraa
ofs FHoRAM AREE= At DNASH 29 DNAC]
58S WHA7]= beta-propiolactone (BPL)S AHE-E 4= 9
th &g FUH o R AR GAGAAE vhol2] 2 f
ARIAPE 2R A] AL dhEEH] ool FiTt (22).

2 AelMs A S E5te] DNA ces ¢hds|
AASA = ZF o, Az At sRdRvinlol2 s 169
L1 wpole] s frAFRke] Al agell A ks 5540 %
DNAE H&s}aL ﬂa@ A A
2 el Beols Aol ek WA RS
DNAE #HZ37]°l v%fﬂ st ol Amelore
= Abst shg Evabels s FAQiAte] 9P ke
g Fad 30| 2 Jlow AtgH

N

=2 mlm

&

—
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