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Optimization of biomineralization conditions of porcine circovirus type 2
(PCV2) viral particles
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Abstract: Biomineralization is a rapid and effective method for the concentration and purification of porcine circovir-
us type 2 (PCV2). In this study, the conditions of PCV2 biomineralization were optimized, including reaction temperature
and time, Ca/P ratio, initial pH of viral culture, and the amount of additives, to reach a high biomineralization rate. The
viral culture was adjusted for an initial pH of 6. 5, followed by the addition of calcium and phosphate ions (a Ca/P ratio of
1. 67). Appropriate amount of Mg™* was added for a final Mg®*/Ca® of 1. 0. The mixture was allowed to react at 4 °C for 12
h. Under this optimized condition, viral particles were wrapped by calcium phosphate, forming spherical nanoparticles
(CaP-PCV2) in the size between 200 and 500 nm, as indicated by electron microscopic observation. Different batches of
PCV2 viruses biomineralized under this condition and yielded biomineralization rates of more than 90%. Further animal ex-
periments revealed that the PCV2-specific antibody titer in mice injected with biomineralized PCV2 particles was similar to

those in untreated PCV2 and commercialized PCV2 vaccine group 14-28 d after immunization. More importantly, the
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remained high until day 56, whereas the titers in both untreated
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1.1 UBEHR

PCV2 $T J5 i A 52 5 25 R A7 JF 97 35 CaCl, |
Na, HPO, 10535 R A 4t 1 F 35 S A A
DNA Byt biE i [ SR G [ L RE RGN F] 5%
& PCR Taq i & TaKaRa 23 ] ) SYBR Premix
Ex Tag™ (Tl RNaseH Plus) , FELA%. &l PCR

X (‘TaKaRa 23w 7 it ) ; 96 2E 1 PCR Y Light Cy-
cler © 480 Il (Roche 2~ Al =4 ) . #EHL PCV2 £ 5%
FEPLIRIE [ 32 E VRDM A R FITC ARic i1 45 2K
A B [ DU 8 A ) TR FRA T,
1.2 49T HEERE
1.2.1 RopBE R R AEYE kit ES% He
i LOTRy g7 vk B 15 ml PCV2 20, M A 1 ml
0. 100 mol/L Y CaClL,¥A WK , 73| # T 4 °C |25 C 37
C R I mFEas e 1 h, A 500 l
0. 125 mol/L Na,HPO, ¥, 731 3 h .6 h, i3 7%
(12 h) J& 53 ABORE il fh 3k %
1.2.2 Ca/P  HU 15 ml PCV2 JGHW, A 1 ml
0. 100 mol/L 4 CaCl, ¥k , fiff FH# 1 i 128 7E 18 2
TEEETFHEFE 1 h, P2 I AAH R AR 0. 125 mol/L
Na, HPO, % ¥, i Ca/P ¥ FE 73 %14 1.00,
1.30,1.50 1. 67 I 1. 80, S5 45 o J5 HRURE | A6 I A
e &
1.2.3 #¥ pH  TEHE Ca/P J5 , B 15 ml PCV2 ¥
FEW, pH 20915 4 5.5.6.0.6.5.7.0.7.5.8.0.8.5,
9.0, AT AL AL B | I R 45 5 S BUREBE AT AL 3R
oRIIDSEEER R
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F IRARAL S 0 S5 R AT AR AL 3 A DU L fh 3
1.4 FEEREE PCR M PCV2 # L X
1.4.1 #FERB 6 FBEGFER  HYE GenBank L
AT PCV2 cap 8 FARSFIT 51 (HM009332) , %
L% M5l ¥ 5'-CGGATCCATAACCCAGCCCTTCTC
CTACC-3';5'-CCTTTACATCTGGTGCATCCGGTTCGAA
C-3',LA PCV2 DNA B TY 3G 438 74 i
2 T 28K S5 5 A 2 KIGFT I8 DHS o, HRERER 5 [ 3o
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TCTCCTACC-3"; 5'-CCTTTACATCTGGTGCATCCGG-
3, MRHEEE L BB DUEGIEA T 10 A5 6 BEA LR B
VEBCEE VR I (1l 10° ~ 10848 D%k | 48 ik
BERREE ST 3 N E B FEAR LT Real time- PCR, 2%
JEE B PCR P73 K £ 4 20. 0 pl, Hd SYBR 10. 0
pl, 514 1 (10 pmol/ml) 0.4 pl, 514 2 (10
pmol/ml) 0.4 pl,ddH,0 7.2 wl, #Hz 2.0 pl, S
FAFH 95 °C 30 s,1 DMEH;95 C 55,60 C 20 s,
40 MEHA . B ZE G, 43 B4 A it e, AR 45 ik
JELAXT R I AEA Co fH, 2l AR e i 26, 1155
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5 -Tris B2 53 A4 75 VORI 35 R DNA, LAl
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5 ULRC R LU ARS8 IR,
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1.5 HESLERKN
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min, 78 _EIEAIULTE, DOREM A 1 ml %7 7 (100
mmol/L EDTA | 0.85% NaCl) % f#., B PCV2 Jk 7
WA AL 5 DT UE WS AR A S U W R AT SDS-
PAGE R, He 46 ISR E 5% , 43 B BE e R 12%
1.6 #{L PCV2 Fufxd £ fe i) R

PEHC 1 ml £ 10%° TCID,, 1) PCV2 41 551k
ST MRAR B, T AR T UL B0 Je 7 LT,
PBS 77k 2 i, f#i F PBS B EULIE EH LT AR,
96 fLAR I35 F 52 PK-15 210 24 h )5, 48 S A
200 pl RET AT PCV2 527 T M AH R AR Y
PCV2 H AL B2, #5240 ML B & T 37 °C 5%
CO,REFRA R IEE 48 h, SR FH [A] 2 G 3 5 ' K DN v
o 0 240 BEER L7 L
1.7 /MREEKRNT L PCV2 B R i

PEHC 1 ml 5 10%° TCID,, 1) PCV2 41 55tk
ST MRAL B, P AR T R B0 e 7 LT,
PBS V5%t 2 i, ffi ] PBS & & IIE E 0 LT IR TR
FEA T B-PR AR T AL 38 24 b, 52 R FR k[ SP-
PEIC A 206 el FL AL, &Rl . ik 4 A~k
PR AR B PCV2 HLE  PCV2 51k
U, 2 AT IR (PBS) | R b 9 6 R (g ELAT

PCV2 KiGFEH ) . B BALB/c 5~ 6 Jil i M /N
SR, HEA TR A O T S, B R 0.2 ml,
W15 5 JE I, SR I S 1 Uk, B S SRR
A3 I, A B DURE R AE B R A BR A R Y
PCV2 Bk ELISA 350 & kil =i i

2 g R

2.1 BRESTAREX PCV2 £¥H AR

TPl 1 AT IR BEXT TR A0 LR A — e
FHREI T ARBSTE]F R S RCR . 49d 3 h
L5 4 C PR eaeR A 20%,37 <C
T AL T 80% , 1M 4 CF 12 h J5H LR A k5]
70%Lh b, B 25 °CH1 37 °CF AR R R a1k 3k
REE 4 CH e (025 B RIPLIF RN SRR R
H 4 °C 1 0 I ik 8] 1 A eR HoAa 4 s i s
[E], BT LR B A W0 AL 4 °C, 9 fk B ] 2
12 h,
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Fig.1 Efficiencies of PCV2 biomineralization at different tem-

peratures
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WIth Ca/P HLERIN[A], U7 7= A5 10 515 445 i 21 53
A TR, 38 3 AR 4R SN Y Ca/P L R ] 15 ]
RIS =407 Y4 Ca/P LR 1,33 ~ 1. 50 I i
6 TAE AN E 4SS CasP RN 1,67 If, B
Oy FHE B AT R R A AN [ Rl 28 45 7=
Yrb PCV2 LR AR L, IS 2 85, Ca/P R
1. 00 B, 0 AL B3R B A, 42 1 45 2 F IR 4G 5 i, g
WA SER S LR, Y Ca/P K3 1.67 J5, 51k
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HEBE LAY ARE , 5 TE LRIk, Wi
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Fig.2 Efficiencies of PCV2 biomineralization affected by differ-
ent Ca/P ratios
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HLPEF= AR R A ol A5 B R 5 B R T 2 A
RN

BERAZ, NG E 7 el LUE 2], R4
(Bl 4a)pH=4.5 T, & & BUK S BR S0E ORL , 1<
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i pH o 6. 5S( & 4b) B, 8585-PCV2 K T 2 G Bk
., FA2 M 200 ~ 500 nm; 24 %) 46 B85 R Bl pH =
8. S 4c) Bf, & AW 2 BRI A SRR 25, g st
PCV2 W BRE AN B U] F) 55 5 Ak 5 ) e T, ELAR K 3
600~800 nm, WJhh pH = 6.5 54 Wk Bt 1 1 1)
W ERIE S5 B AR F5 5 PCV2 IIRAETG 2, It
A ARk 85% LA I
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Fig.3 Efficiencies of PCV2 biomineralization at different initial

pH values of viral culture

a;pH 4.5; b:pH 6.5; ¢:pH 8.5,
B4 ¥IRARARE pH THEES-PCV2 EEHN FEFBRERS

Fig.4 Transmission electron microscopic images of CaP-PCV2 particles at different initial pH values of viral culture
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TR e I B S T A AR A RO A s
R AERS RLAL A 0 AL JB0RE Y I Mg™ vl 8 i

TP SR Kt AR Ra e e A HaFé‘l 5
AL Mg™ /Ca® = 1.0, W L RETH T 8% ~ 10%,
WA 3 R B B T kP R AR %H%szﬁiéuﬁi
A AR Mg™ /Ca® M 1.0,
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Fig.5 Efficiencies of PCV2 biomineralization affected by differ-
ent Mg?*/Ca*" ratios
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El 6 R, 24t A FEAAAE T BIGW D, UiE =
REAGRRD, XU B, DA EE
BEIUHIENDE Nt i A & ) A VAR IR
WA T i B B aif e

M 1 2 3

170 000 —_F____. ey
B o

70 000 S - -
R

40 000 -

25 000

M:Marker; 1:PCV2SREER; 2. A0 AL DLVE ; 3. AL W0 1k 3%
B 6 SDS-PAGE #ill PCV2 REEWH LAAEH AL MR
Fig.6 SDS-PAGE of the purification of PCV2 after biomineral-

ization

26 PCV2IREMETHEER

W7 ORI IR 59 PCV2 Fi 5 AL 5 4 ik
TR LB, BT pH 6.5,%% Ca/P 4 1. 67 Jil
A Ca® W k45 R 30 min A7 &30 A Mg™ (Mg™/
Ca™ L% N 1.0) 4 CH L 12 h, BRI & 3,
7 AR EY PCV2 576 ZI7E 90. 00% LA L, 5 4

FES AL ZREE IR F] 95.00% (£ 1), T bR 5t
JiH DNA ¥ DB NTCEIBRR (R 1),

F£1 AEHRK PCV2 MENENT LHE
Table 1 Biomineralization efficiencies of different batches of PCV2

virus

DNA #% D15
X AR (%)
PCV2 5K Bk LiEW)
1 108.76 107.41 95.53
2 10103 10882 96.11
3 109! 1082! 97.49
4 10557 1085! 91.30
5 10847 107# 94.24
6 101079 1087 99.00
7 101064 10%10 97.11

2.7 PCV2 & LR A 40 fa B Rt

22 IFA J7 R PCV2 B4k Bk B 4L PK-15 4
Mo, AnE 7 R, PCV2 & AR R 5 R 3 1k
MR X PK-15 2 L 1) HL A e van ) SR e Pk | 220000 7 g
#ris®) 1 ml 10°° TCID,, ,

2.8 PCV2 #F{LEmxt/NR A S R %

&8 R, HRE G 14~28 d, PCV2 H AL WOkL 7
SEHBRIK T SRS (LA B PCV2 DL R 5 i
XTHRALFEARHME , 28 d J5, K& LA BLF) PCV2
PO RO BRZA PR KT I 46 B S R B, 1 PCV2 A
A SART ZEL R R 5 1 X TR 2L A R i A A 5 7 R K
-, FRH PCV2 B R, HA A PR 2L 10, 4
I 224 40, B AL BRS 1Y PCV2 3 AL B0k AT g LA 2%
BB VR, DT EAS 1 B S5 E FH B[]

30 ie

AR (A A TR 4 A PR B L 2R 1
JR R T B Sk 8% 22 . Koppad 2548 3% J7 125 %k 38 Ik
PEPRBEEIEATALFE A5 306 A BRI S B0k, A%
KI/NHK (557.44+18.62) nm (n=40) , 5 H AL
SKF[(5 401. 53+730. 10) we/ml, RS IR Hifk K
FHEFARGT AP PR, H 2 A B 8 RELL
W' Wang 5L BE 2 (JEV) 6 85, 1551
HAEN 40~50 nm BYORL, HOZES#E-IEV 2 AW
Wk AR B T 37 c k42 C TdE
S BT B G B /DI A B 9 JEV, SRR
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B 7 EESNEEERN PCV2 § L EBUkixt PK-15 4050 i B

Fig.7 The cellular infectivities of untreated PCV2(a) and biomineralized PCV2(b) detected by indirect immunofluorescence ( IFA)

014 21 23 35 75} 49 56
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ﬁnu WX IR —.— *LIEE’JPCVZJ%EH&,
—a— LA IS AIPCV2;  —>— 28 10 A

B8 ELISA #&f/hR i iEHifhkF
Fig.8 PCV2-specific antibody titers in mice detected by ELISA
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KM NS E-PCV2 B ARTF I AR, S HE S
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