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i E: AXLEEEIATHBARRHMEE (high-performance size-exclusion chromatography,
HPSEC) 183 % # i b # 4 L (multi-angle laser light scattering, MALLS) #9# B 3Rxma 2 A
(porcine circovirus type 2, PCV2) J& @3 /RAZM 7 k. vALhAL4) PCV2 K& & Bk b
(virus-like particles, VLP) # AR, 3t 4 KA 4L 4g 24 PCV2 REREE G (a. b) A VLP &
% (c.d) #IL/E AT HPSEC-MALLS # M B 4T 2 4547 454 PCV2 #L/R 42 F . Western blotting
Faik 48 F L MAL (transmission electron microscope, TEM), %8 THAE €845, 2R T H7iEHE
Ao At Kok, ERE, BRALA T PCV2 RiE A G MILRKANZ HPSEC 2B, £
PR B 17 29 13.3 min 48 & IR A5 424 MALLS 31 JLiZ €389 5-F 8 551 4 2.61x10° (24.34%) Da
A2 2.40x10° (£2.51%) Da. P#F VLP &4 A& 13.3 min 4 kAL REAEE, 5F 55 %
2.09x10°(£2.94%) Da #= 2.88x10°(+11.85%) Da, 42if PCV2 932t F2; R ARG 4
11.4 min &4k L &35, 246 45F & 4 4.37x10° (£0.42%) Da, TEM £RAER 7% VLP —H 4K,
B d f2 PCV2 VLP 4hanit ATE F AN, 3R &% @469 RSD (n=3) ¥ T 1.5%, & 147,
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Characterization of the antigens in inactivated porcine
circovirus type 2 vaccines and virus-like particle vaccines by
high-performance size-exclusion chromatography coupled
with multi-angle laser light scattering

XU Yuan'¥, YANG Yanli*, ZOU Xingqi', LI Cui', ZHU Yuanyuan', QIN Yixian', LI Yan',
SHENG Ya’nan>, LIU Yebing', PENG Guorui', XU Xiaoai', ZHANG Songping’, ZHAO Qizu'

1 China Institute of Veterinary Drug Control, Beijing 100081, China
2 State Key Laboratory of Biochemical Engineering, Institute of Process Engineering, Chinese Academy of
Sciences, Beijing 100190, China
3 School of Chemical Engineering, University of Chinese Academy of Sciences, Beijing 100049, China
Abstract: This paper aims to detect the antigens in porcine circovirus type 2 (PCV2) vaccines by
high-performance size-exclusion chromatography (HPSEC) coupled with multi-angle laser light scattering
(MALLS). With purified inactivated PCV2 and PCV2 virus-like particles (VLP) as references, two
inactivated vaccines (a and b) and two VLP vaccines (¢ and d) for PCV2 from four manufacturers were
analyzed by HPSEC-MALLS after demulsification. The antigen peaks in HPSEC-MALLS were
identified by PCV2 antigen test strips, Western blotting and transmission electron microscope (TEM).
The repeatability and linearity of the method were investigated. The results showed the virus antigens in the
two inactivated vaccines were eluted at about 13.3 min in HPSEC. The molecular weight of these antigens
was 2.61x10° (£4.34%) Da and 2.40x10° (£2.51%) Da, respectively, as calculated by MALLS. The antigen
peaks of the two VLP vaccines also appeared at 13.3 min and the molecular weight was 2.09x10° (+2.94%) Da
and 2.88x10° (£11.85%) Da, respectively, which was close to the theoretical molecular weight of PCV2.
Moreover, an antigen peak of VLP vaccine ¢ was observed at 11.4 min and the molecular weight was
4.37x10° (£0.42%) Da. The antigen was verified to be the dimer of VLP by TEM. Vaccine d and purified
Cap VLP antigens were tested repeatedly, and the RSD of the peak area (n=3) was all <1.5%, indicating that
the method was repeatable. The purified VLP were diluted in serial and tested for linearity. The result
suggested good linear relationship between the peak area of VLP or VLP aggregates and the protein
concentration of the sample with R* of 0.999 and 0.997, respectively. Thus, the method met the requirement
for quantification and aggregate analysis. This method is accurate and efficient in in vitro quality evaluation
and improvement of PCV2 vaccine.

Keywords: porcine circovirus type 2 (PCV2); Cap; virus-like particles (VLP); vaccine; high-performance
size-exclusion chromatography (HPSEC); multi-angle laser light scattering (MALLS)
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¥R IR EE (porcine circovirus, PCV) J&
IR EEFRL (circoviridae) [B M4 7% J& A% 01,
AL R EME S Y i /N DNA JRE 2
—. HETC AW R R AR 4 DSLHE R
(PCVI-H', 1974 45 B IR 7E 18 [ 4 5 1
PCV1 AEAEOHRMEPY, 20 42 90 40K
Wr i A1 22 22 G2 2 vl 25 G R A A8 AR N 40 g
PCV2Pl, ST UEN] , PCV2 RES| KR Rl ,
MW A7 2 RE LWL GAE . B RE
W LREAE . SN E RN SR AR SE, U RT
HBLRALEAET, X & Ol 2 553 1™ E L
. PCV3 I PCV4 435 F 2016 4 F1 2019 4F
T S R R A B e o R B, e AT S v
HIRFRAWIG

HAET, &% PCV2 (17 ¥ 5 it 2 4 R
PCV2 & 1 LI AL 58 i I3 o 2 98 1 AR Rk
FEHBARWENT A G IE. BT PCV2
PR ARSMETE AR ) 2, S EOKIER S P
R AR R Ry 1 ) N2 K LR DS
5 T M S IS 20 T BRI AS RSO o
I A I KN FF TR BT RO 15 45 3R A R 4
HHRIK PCV2 K5eHE [ Cap il 4 BB
BAR AR R T, P AR e - R U M R Gk R
SRR A TIEMANEEA A B ER
., PCV2 JFJif I BEAE 2 (ORF2) Zfis iy A< 7c 7
1 Cap J& PCV2 ME—IWZEMEN, 5 TaN
26-30 kDa, 12 4> Cap TLEEHZH M PCV2
(1 AT FRas P, Cap A& H
PRI R AL, B R Y e D A S
B AR R E 4R IR PCV2 1Y Cap &
FIRES B 4124 B 5e B e AR URE (virus like
particles, VLP), HIIZ 4P Fl R 4 i) f0.9% 5t
PEU HETE A EHLER PCV2 B A
114, A7kl 40 %, FF H—LE =58 PCV2
FEW B T IR O 2yt SR
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RZ ) PCV2 L2 b A Gt — IR0 I
AHNE RN EPTIE TE PP Ik, DR R TR A
GE— PR ERPE O AT A9 77 o

P P TP T A e IR R R R Y
PIEROCR o KGR TERE T S VLP 21 BT a
W H HAT 5 2% i OB 25 R U Y Tl R
A Y28 W [ (enzyme linked immunosorbent assay,
ELISA) S5y EAEAEMELL X o3 BA AN [R) 0k 45 44
mpTEl . B G ER R, S B AP
i EARTE 10-100 nm A B0 28 R AT REN T,
3 B AR TR HERL 433 (high-performance size-
exclusion chromatography, HPSEC) Fl1Z£ ffi &
B HUH AL (multi-angle laser light scattering,
MALLS) 156 AT LA A WA i o 0 50k B AR
GIAT Ly KA BURLIY SR AR DL SRS
B Tk E A ERE . EE VL, B H B
SRV O T P PRSP0 R 5
TR, XA RSP EA M ELISA Tk
A IR . ACETEHRRN A HPSEC-
MALLS J7 il PCV2 KIGREH B VLP BT
U AHT T, 9 v rp S8 BT BORL R4 T 43
BME, JERERME . mEMEHITEL, UMY
PCV2 J v 1) Jo i 7 1l A PEAN SR 68 14 S8 it

1 HRE57%®

1.1 ##
1.1.1 &N &R

IR RE 2 BTG EEAE i 2 it (5
a. b), FPIRIFFEEFHA RIS VLP WHRAEER 2
(G5 H c. d), ¥kAARLE" ik, PCV2
(YZ ¥k) % PK-15 #3535 3F% 1 BEI Ki% )5
B8 BV R 4 N DL AR 0 24 A PR w4 1L
W BRI 20t 8% (WIV) T Z 1 6 000 ULiE4lifk
JEAE R KGR 2 B o gk AR - B
A FEILAY PCV2 Cap VLP HUJE (KN
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3.65 mg/mL) Z il ML A= Y0 25 b A BR
YNTIE7L fis
1.1.2 FEMNE

LC-2010A HT ¥ AH 35X (557t); DAWN
HELEOS I B , Optilab T-rEX 7Y
N ZE K 2% (Wyatt); SRT SEC-500 {6 3% A
(7.8 mmx300 mm, FEARHE); HIEKRSAE (10 K,
MWCO, Thermo /A r]); HIKIY (Bio-Rad); FEI
Tecnai 20 %51 HL 7 B f%E% (transmission electron
microscope, TEM, Royal Philips Electronics).
1.1.3  EZEiRFH

PCV2 B 7D7 (AR5 il £ S ARAE )
HRP 41 Kl IgG (Cwbiotech); Jo/KBREREN, W
MRl 4, R A, &P ke . &kl
(EIZ54E A1, oA ah) . FE IR PR 85 2 BT I i 1A
SRR bR B AE R AR TR A FD).
1.2 A&

1.2.1 ZE#HH

it = e e FLR, e = E e
ERARIL 101 R R%IRS], 6 000 t/min,
4 CE.L> 6 min, B2 /KA TGN
1.2.2 HPSEC-MALLS #&3]

WEhAE: 50 mmol/L #EFRZE ik (pH 7.4),
0.1 mmol/L BiERYN; HEFEIRF. 100 pL; i
#: 0.6 mL/min; R4 : 280 nm. KA L
M 03 SR X LS K AR BT R SR TR .
TARAGHE AR i, iR 2 A
BOGCEUT L (MALLS, DAWN EOS, A=690 nm,
Wyatt Technology Corp., USA) KR 2= 41 Y646
#& (RID, OPTILAB DSP, Wyatt Technology
Corp., USA). WENMIKIR L MHER UV,
MALLS I RID, &b A%t 5> T8 2 ASTRA®
B (Wyatt Technology, USA) 118 3k75 .
1.23 PCV2 HREE

HPSEC il i # e, WL EE Rl PCV2 Hi )i
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WURL R B BsF ) B A (ki . W PCV2 i
Frill R Al HPSEC #EHUAIRE b . 2 BRERAEDE
B, R R AR S LR SRR N 70 uL BEA
JKVHCE 20 min 5 WEELE R, il g vk 4
A3 XT 4 b WSCAR B ARE R T R 0
Wedi 10-30 fF o WRAE WM 4xJE I8 J5 7Y 8 (A8
PEZZ v, 70 C/K¥E 10 min, 20 uL B, 3F
17 SDS-PAGE Hiyksr#r. MK A G, HEN
N THFE 2 PVDF B, & 5% (w/v) IR
1) PBST 4 ‘CH M, PBS &M%k 3K,
4T Western blotting %57 . —$iKkH PCV2 H
PL7D7 (1 2 100 558 8), PR HRPFRICH
FHR 1gG (1 - 1000 fEH ) o
1.2.4 EEN

¥ HPSEC il ixf 78 w422 B S8 (L PCV2 471
JEU R 14 (4, 1% 0458 73 FET Tecnai 20 TEM M2%
WORLIE AN . B> B AE ST 2 400- 4 R4 2804
1% &R WUt G 0,18 F D 7
125 MNEEMHRIERMREEARKENLE S
Pk

BUEEY ¢ & PCV2 Cap VLP 4ifbbilsi, %
ZEHERE 3k, MmN EZ M. H PBS &Pl
X} PCV2 Cap VLP 4ifbi)siiift RINFER:,
BRI S, BERE 100 pL AT . LU ERFL
RGBS, DR RG & R E N
BEAE bR, %8 HPSEC #3:i PCV2 VLP I 1H F1LE
LR VR R (R 2R A S

2 BERXR504

2.1 HPSEC-MALLS #l £&

PCV2 i ikl H4 N 20-25 nm, PEHC
HPSEC it 5 fLAE A 50 nm 2247 940 #h
FE, Be B EE Al AT FLIE N A T 40
o HTRER AR E A RSB, 78 HPSEC
rh DR B B[R] 5 RT3 R e B AH LE S I, H Ut
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ARSI B SR 4 B S T . e &
4tk PCV2 KiEJi§EE & Cap VLP B2
a1 HPSEC il , 3% an &l 1 s . PCV2
KGR EEM Cap VLP HUJE45HI7E 13.3 min
13.2 min 22454 EL MW, FHEES L VLP
FAIE B RS, R7E HPSEC FR HAT AH T Ao 4%
BEEFIA] . e Ah, S S Cap VLP FUEAE 11.3 min
HIL T — NN B R AT

W PCV2 PIFIKIEREW a. b PIFI VLP %2
B c. d BIBEFLS KA 1R HPSEC-MALLS
ke, g EamE 2 Bros. B 2A. 2B i

A 307¢

20+
13.3

UV (mAU)

0 5 10 15 20 25 30
t (min)
B 1500,

13.2
1200}
900 +

600 |

UV (mAU)

300 + 11.3 L’\

N

0 s 10 15 20 25 30
t (min)

E 1 HPSEC-MALLS #&illl (A) PCV2 RiEfRE
% (B) CAPVLP [R5 B R

Figure 1 HPSEC-MALLS analysis of (A) the
purified inactivated PCV2 and (B) Cap VLP.
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N PCV2 KGN a. b A RLM @ISR,
FEAAGEELE 17-22 min 26, %5 5 6
TN RSTB/N B E B, B o AT fg
MR R MAR . 5 PCV2 KGN EE
Z MR AHRE, 7E 13.3 min 247, PRI L2 H B
— AN (B 2 HiEckE), REFR
TR0, HEMAF AR PCV2, AT ik
— I, B ER A MALLS 58 HA F&45
A, S5RWAE 2, ZEGEER 1= 0h
2.61x10° (+4.34%) Da } 2.40x10° (£2.51%) Da,
5 PCV2 HLS s> F o AHT o

P, @A IR R EE A RS PCV2 1Y
Cap HEMREN A A M EHER VLP, R
FHF A HPSEC-MALLS BN Wiff VLP %2 ik
115381 I 2C, 2D AJ L, JR45 VLP M@
TS KSR R A T AN, JUHIEE T ¢,
B 13.3 min Z2 45 [RIAE B0 T — e idid . 280
¢ 7 13.2 min [ A% 2 MALLS 118 H 1 &
4 2.09%10° (£2.94%) Da, ¥ d 7 13.3 min /Y
OG0 Sy Ty 2.88x10° (£11.85%) Da, 54
WEERZE AR . KA, R ¢ 5 Cap
VLP $itiZ B AIE], 76 11.4 min BT —4
BN . % g2 MALLS Rl 431 &
Jy 4.37x10°(£0.42%) Da, 1E#F A PCV2 VLP 1
2% (M 20).
2.2 HPSEC #1 PCV2 iR IRUTIERIEE

Jy i —WAUE HPSEC P 13.3 min Z2 47 19 {4
R RO PCV2 Filst, #FBGZ S, 25
K PCV2 B KM~ . Western blotting I 22
WK 3 s, Kik PCV2 Hil Cap VLP )53
mn R A, JETH a—d 7E 13.3 min 24 0504
FEPUR RTINS B3 R PR . o g
ERIR B AR 5T VLP FEl . iXJEH
TR 9% R B R A, T E A
BASEPE AR AT IR B AL B R ik i . HPSEC
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B 2 HPSEC-MALLS #&] PCV2 XKiE& & VLP & & 7L /5 KB R
Figure 2 HPSEC-MALLS analysis of the PCV2 antigens in inactivated vaccines and VLP vaccines after
demulsification. (A) Vaccine a. (B) Vaccine b. (C) Vaccine c. (D) Vaccine d.

3 PCV2 HREMEMFH#M PCV2 KiE%E. Cap VLP /R

Purified Purified
inactivated PCV2 Cap VLP

- C - C
- T - T
S S

13.3 min £ 5 &1i%lE
Figure 3 PCV2 antigen test of the purified inactivated PCV2, purified Cap VLP, and peaks of the four
PCV2 vaccines at 13.3 min in HPSEC profile.
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13.3 min (1) &E BT I 04 ) 0 g . 36 00F 773X —
Fo KIGWEEE T a. b B SEMLPTERRE 1 /Y
W= AT 4 mAU, 1 VLP T ¢, d i
W YR 10 mAU, HAEEl o ik al ik
200 mAU VU I, 7ER 3 /R T e iR
4t

Western blotting 4553 8 7 i 4 APz i i)
Cap HAFFFHEAAN, HAFRRES KWL E
HrZ5S (K 4), SDS-PAGE ZHr B R, 4K
B NG RE PR B H (19 2574 7€ 49 kDa 198 kDa
A7 Ml Cap FE 140 FiH 26-30 kDa, #ff
N3 P 26 7 A I 5 T R R I R A
H T SDS-PAGE R H¥ 2k JF AR Uk, RAT
FE R, 4 AR WITE A B 1Y I L 2R 1 1)
TEAE e R EE 2V B B R A
28 kDa [flir A B R 450, HdEl o 78
49 kDa A A /DR R PEAA . ATIL, VLP
JEE B ) NIV 5K ) A A L R o R P P R
Ao T S R A AR v URL 25 A R T Y
YEF, PCV2 HJE R i 2Rl fEa R
HHEBEMAAEZES . L, ERNRS
Western blotting [ 45 ¥ B, HPSEC
13.3 min Y 150 PCV2 Hils .
2.3 TEM #& PCV2 & VLP

B 4 FEE T 7E HPSEC W 13.3 min 2245 1 %,
TR ZE 10 £ 8L 30 F5 k4 i5 64T TEM kil , 5
PCV2 KifiJk#E . Cap VLP HUJES R MIEAT L
o WIFRKIEREZE M TEM Z55KmE) TR
PR 21 nm ZEARREERURL (K] 5). B~ PCV2
R IR B RS  21-22 nm [ ER
kL, RUAHABIEN T VLP, U EERY
PCV2 i #E & Cap VLP #5125 B i TEM #4;
MR SF—3, ¥ 21-22 nm. VA F&5RE— 456
IET HPSEC 1 13.3 min /247 By (il PCV2
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<— Tetramer

Dimer

Monomer

4 Western blotting #& &8 a. b, ¢. d 7

HPSEC 13.3 min & 4 B & 1 1§

Figure 4 Western blotting of the peaks of the four
PCV2 vaccines at 13.3 min in HPSEC profile.

KGR EEDUEE VLP Hi 5.

W AERE T ¢ fE HPSEC-MALLS i i 7E
11.4 min EAGI 4T 50 4.37x10°(£0.42%) Da
Faggig, HE4T TEM &, &ZBLh 2 4> VLP
B A REM, 5 MALLS MR 4s R—2 .
HAh SCHRELIRE T PCV2 Cap VLP HAGINF] T
AWMLY, T ¢ b 13.2 min @50
Y EE I T HA 10 A5 E, RTLUE
P PRI BE I i T AT . HE 11.4 min
HELAY VLP R AR AT B2t THu vk B i s %
IO
24 HPSEC MBEEM

B W PR T d PR FLIROK A B Cap
VLP B S WSS ke 3 %k (B 6), nTLLE
HIEH d 1 VLP (o5 0 g m FUE &2 R 4T
(RSD=1.3%, n=3) (& 1). W53 K& B E W 1)
PCV2 VLP 5 kAERLE, 451X H 13.3 min
VLP B WS T AR K% 11.4 min 22 5844 0 W g i
T AR T Ay, B3E HPSEC il VLP & HIR
ERGRERAAREL . Wk 1 PR, VLP
T TR A A i g e R B ARG A T
RSD 435124 0.7%F1 0.6% (n=3).
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13‘.3 min_ )

5 TEM #ill PCV2 K &% . Cap VLP IRSBRAKIER a G0REE). b B0xREE). ¢ (10x3K
48). d (30xiR4E) 7€ HPSEC-MALLS #& il o B 454E 1§

Figure 5 TEM images of the purified inactivated PCV2, purified Cap VLP, and samples corresponding to
the elution peaks of HPSEC of four vaccines.

A 50 B 1500,
—_1 —1 ' VLP
sr —2 1200} _g
%’ 301 § 900
é 20t l é VLP
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> ol [ }
— w_ I\
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0 '
7]0 L : ! : ! J 2 . . . . .
0 5 10 15 20 25 30 0 5 10 15 20 25 30

Retention time (min) Retention time (min)

B 6 HPSEC #ill (A) &% d & (B) Cap VLP IES BR =X E S HE N/ &L E
Figure 6 HPSEC chromatograms of (A) PCV2 VLP vaccine d and (B) purified Cap VLP in triplicates.

2.5 HPSEC M S EQRELME  I5EWE 7 Pos. ek 1Ry, e
=Pk FEMRIN VLP BB TR 5 vk i Y
%S HPSEC KA AL SPUREE W B RAFIZIEREHE, R 2510 0.999 % 0.997,
JERILRMEAHSCNE, B PCV2 VLP SRS IIET R e iy R2B5R . Iksh, VLP 7ERFIHkE
FEEERERE, 43X 13.2 min ) VLP B0 RES PR @i 5 Hoh 87.11%+0.98% (n=10,
TR 11.4 min 22 ARSI A ET TR A3 RSD=1.1%), HARIFMEL M, FP] HPSEC
T TR S PR B B AR e . 2 EA T I B i R SR AR A
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%1 HPSEC il & d & Cap VLP i[5S BREF VLP. Z BARMRKIERIEEM R AENBHES 4
Table 1 Reproducibility of HPSEC for detecting the peak area and retention time of VLP and VLP
aggregates in vaccine d and purified Cap VLP

Samples No. of injection ~ Retention time (min) Peak area (mAU-min)  Average peak area (mAU-min) RSD (n=3) (%)
Vaccine d 1 13.42 598 804
2 13.43 582 955 591 551 1.3
3 13.42 592 893
Cap VLP 1 13.19 40 722 934
2 13.19 41 173 885 41080 314 0.7
3 13.20 41 344 123
Cap VLP 1 11.35 5882778
aggregates 2 11.36 5940 089 5926121 0.6
3 11.35 5955497
A 1500, B
ax1o’| ~®PCV2VLP
1 2000 PCV2 VLP & PCV2 VLP aggregates
=3
I £ 3x107f
900 5 Y=11 525X-322 832
= < R*=0.999
5 E 207t
; 600 g
= PCV2 VLP = 107+ ¥=1624.7X-33 595.0
300| aggregates § 1>l R*=0.997
0 el
0 5 10 15 20 25 30 0 1 000 2 000 3000 4 000
Retention time (min) Protein concentration (ug/mL)

Bl 7 Cap VLP @ifk#n/Eeh VLP R L B{kR) HPSEC NS ER S ERIREMEMMERXME  A: Cap
VLP Hi5i S MR @IS, B: VLP K& VLP RALKR) HPSEC A6 s i FR 5 0 Jt 28 1 v B 2
[ )1 i 25

Figure 7 The linear correlation between the HPSEC peak area of VLP and aggregates of purified Cap VLP
and the protein concentration. (A) HPSEC chromatograms of Cap VLP diluted to different concentration. (B)

Linear response curves between the peak areas of VLP at 13.3 min and VLP aggregates at 11.4 min against
protein concentration of the sample.

3 Wi WE . ARG MR AR, A% i

HEAT A T A PT A, DU S R 25 Mo P 9 1

RO A TRART ML OB S TRAVEAROT  grieyteg . oo g S 1 77 h B0 R S22 ) R
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