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W E.s5hEZ3ATFHaURBHEMR &, (high-performance size-exclusion chromatography, HPSEC)
18 8% % A & 8 R 34 AX (multi-angle laser light scattering, MALLS) 9 % & 3£ 5% & 2 %! (porcine
circovirus type 2, PCV2)J& % 4L B AR 7 ik . VA SE4L 8y PCV2 R i Jh & Bk & AE Bk (virus-like
particles, VLP) 4 A P&, 3t 4 K& F A4 2 # PCV2 K& %47 @ (a« b)A VLP A (c d)& L
4T HPSEC-MALLS M A 5T & 047; 44 PCV2 /R4 M F. Western blotting fei& 4 F 2
4 4% (transmission electron microscope, TEM), %5 & 7 4F/E &35, X T 7 k00 T E M A &4,
SRE, AR A T PCV2 RiFE K95 ¥ LR KA 2 HPSEC 4B £ Gaf 184 13.3 min
4t LI R 4IRS MALLS i £ iz & i % 5 F & 4 5. A 2.61x10%£4.34%)Da A=
2.40x10%+2.51%)Da. A VLP & % 4 /£ 133 min & & LR BAEE 5 F 55 4
2.09x10%(£2.94%)Da #= 2.88x10%(£11.85%)Da, it PCV2 #9322 oT=; RN ARG 102 11.4
min &4 3 HL &% 2 45F B A 4.37x10%+0.42%)Da, TEM & AER 74 VLP —F4iK, BRE
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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
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2 State Key Laboratory of Biochemical Engineering, Institute of Process Engineering, Chinese Academy of
Sciences, Beijing 100190, China
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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 (c 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 2.61 x 10° (+ 4.34%)
Da and 2.40 x 10° (£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 2.09 x 10° (£2.94%) Da and 2.88 x 10°
(+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 4.37 x 10° (£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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Y IFIREE (porcine circovirus, PCV) B Mk 8 FH(Circoviridae) B FR R B AL B, J2e S kK
(B HE S 5/ NE) DNAJR BEZ — . BRI E A8 B A 840 45 4 3L AL (PCVL-4)12), 1974 4%,
TIRAETEE 43 B ) PCVL A EA EUR TR, 20 20 90 4R UK AE W 145 £ 2R G 8B 255 1E K i 3
Ry PCV2PL, ZAF5EUERH PCV2 A5 & ZFER, WMITIE £ REEWEEAIE . LR
LR GAE . SENFOE RS GRS, SECEIEI I T, X Pl 28 5 it a1 ™ 5 gk
1, PCV3 I PCV4 433 T 2016 4 Al 2019 4F17E 3¢ [ A B B v R B0, BT BOR A RrRA
5%
HAT, £H4F PCV2 [ B 5E i BEHEM 1 . PCV2 B DAL G2 i I 9 98 1 RN A FH 2 1A
FHFARM AW ERAAEN A E . T PCV2 WEEIRSMGIRE ) 22, SBECUKIRIRIESE N NS
A, AR, AR R C ) B TR e R RN S IS 5 R BURRAN RSO o SRR A IR
WA B s IR TR S R IA R G, FAFRE PCV2 K58 Cap il 75 B9 ME 567 5 B ARk [, P fF
ARG RE- B A R GR RGEAE = A TR AN B B B L. PCV2 Tl 2 HE 2(ORF2)
A ATCE M Cap J& PCV2 ME—IZ5IER I, 43Tl 26-30 kDa, 12 > Cap T RIAHEFIHE L
PCV2 () AT ARXFRZE A, Cap 5 AL & 2R R IR AL, HA KA A G e RS I D
PEo EAFPREEEE A RIE PCV2 (1) Cap R IFHEME I 2425 5l 50 B2 i B HE UK (virus like particles,
VLP), HIfeiae 4 fn R G i) s e e, BanE N EHER PCV2 SR A 11 4, A=l
i 40 %, JF H—2E8EAMY PCV2 REH B U il T 3K Fl ik 2 sl SR AR 2 1) PCV2 RE 7™ i
A G — WO VU FAH R R T RS e PP 7, R R IE e — RO PR MR DE- 0 IR 1928 1
7o

92 VT B i 1 e AT AR MR I ) SR SR o KR BRI S VILP I v b o B
08 ZR R 25 A 4191 R T ) IR 0 92 2 [fF (enzyme linked immunosorbent assay, ELISA)%%: 77 451
MELLIX 43 BA ANV SORL S5 B 0o, B (kBRI & R, 4 B AR Wil b AR AE .10~ 100 nm
B R B 22 i ok Rl BB 38 v A B HERH €63 (high-performance size-exclusion chromatography,
HPSEC) I 1 BEHOL B (multi-angle laser light scattering, MALLS) M F AT AR A= R i A ) 5
BLEARIMG . o3 B Moo An . BRI SRR TG LSRR B o 1Ok R EE . AR, TR B
FE T B4R R g )z 8200 nT A S B EE R, R B s S A ELISA A A
AR TE . AR EHE N HPSEC-MALLS J5 A5 PCV2 K FE Ko VLP ¥ s (18 5
P, X SRR YU ORI T B R, IR . EE M g, DI PCV2 B R B
P RN PPN S A 1 S8

1 AR5 ik

1.1 #8
1.1.1 AL
WA TE 2 BURIEIRFEE T 2 L@ a. b), FRRIRFEE A R VLP WA 2 (g
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Soh e, d), Bk AREAEEM, PCV2(YZ ¥R)Z PK-15 4ififks 5% 1% A BEI K30 J5 A 3 8 1h
P AR LE W2 A BR S Rt . TR E 5T 8% (W/V) R Z - 6 000 Ui 4ifb G /E N KiKiNTES
WAL o Al R RE 5- B d 40 iR 2635 B9 PCV2 Cap VLP i JE (W 3.65 mg/mL)Z: M i 37 M AL
A2y IR wl R
1.1.2 FEUF

LC-2010A HT WA A% (57); DAWN HELEOS Il BEOGKM 2%, Optilab T-rEX BI/R 2546
DI #%(Wyatt); SRT SEC-500 4341 (7.8 mm>300 mm, FE3EH); g4 (10 K, MWCO, Thermo
25l s H UK (Bio-Rad); FEI Tecnai 20 175 5 Hi, - I fif 5% (transmission electron microscope, TEM,
Royal Philips Electronics).
1.1.3 FEEF

PCV2 Hifp 7D7T(ARSL I 35 o5 S ARAFPY) s HRP 4R 19G(Cwbiotech); Jo/KBRMRHN, BiR %
AN, wER A, A AR R, el BRI EE 2 BIPE R ARaA R db
PRI A PIROR A FR A A
1.2 B
1.2.1 EHH

i =SB A BEELA, # =@ SRR L 12 1. 3R IEA), 6000r/mind CE
L> 6 miny, B Z KA TR,
1.2.2. HPSEC-MALLS #:l]

mahAH: 50 mmol/L pH 7.4 B§RRZE v, & 0.1 mmol/L BiFR4H; #EFEAFR. 100 pL; HiE: 0.6
mL/min; MK : 280 nmo SR iR 55 A XL IS KPR EA TR I o S T ARAR AR S A
o ThE, MR B A AR RO EUH I (MALLS, DAWN EOS, =690 nm, Wyatt Technology Corp.,
USA) KR 2231661 25 (R1, OPTILAB DSP, Wyatt Technology Corp., USA). i AR R 2835 Rl 1Y
UV, MALLS FIRIK: %S, FESLAAXT Tt ASTRA® #F(Wyatt Technology, USA) i3k 15 .
123 PCV2 iR E

HPSEC il #Hr, W B8 PCV2 B i Uk Of BA I (R BFE i 23508 . W PCV2 Ll -
K HPSEC HHUAFES, . SIRERAEVIR, kil -RAE AL P 218N 70 uL #E&, KFaE 20
min JEUESEE R . [l HTRB IR AR AR 70 % 4 it v WO AR B AR S A T R U0, MR AR 10-30 . Wk
RN 4 x AR 7 RIEE (AP ZE vy, 70 C/K#E 10 min, 20 pL FRE, #8947 12% SDS-PAGE Hi,
Ko HIKZSHE, KEAE T2 PYDF B, HS 5%(WIV) DI PBST 4 CE ALK, PBS
e 3 Ik, #EAT Western blotting %58 . —¥iRH PCV2 Hifip 7D7(1:100 f5Fi k), —PiRH HRP #x
ICAYEHT R 19G(1:1 000 1546 1)
1.2.4 ELEERN

14 HPSEC il i P 2 B ) B8 4Ll PCV 2 it S UKL A £ 3% 158 43 FEI Tecnai 20 TEM WS SURITE
Mo KR 2 400- I IR A7 8%, 1% C IR AR Al YL 0 T 1 5 A
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1.2.5 K E & R T AR 5 R B VR B MR A DG

BT ¢ 2 PCV2 Cap VLP Zhifbdi)i, #ELeibet 3 e, MIEE G vk, KRR S8 ik
Xf PCV2 Cap VLP Zifbhili it RANFRE, e LR, #8100 pL &5, DA A5 5
W T R A bR, DA REJS HE ER BE R Ak bR, %% HPSEC il PCV2 VLP IR 5 B ik
JE R AEA DA

2 BRE 44

2.1 HPSEC-MALLS #4558

PCV2 TR Wk: E1 420 20—25 nm, YEHL HPSEC (A A: 3L B FLA2 Jy 50 nm ZE 4 A, Big
R EE AT HE AT HTRE LI R T B o th TR A 2 AR RS/, 78 HPSEC Hh {4 B ik [i]
ERAPEBRREAA LT , AT e S B 7 S22 BT 40 B 500 B Jext &t Aifb iy PCv2 K
{FEE L Cap VLP HuJiiZ ik A HPSEC kil i anEl 1 R, PCV2 KiE#Efil Cap VLP
HUE S MAE 13.3 min F1 13.2 min Zo45 A FE R w5 H VLP A B RS, B fE HPSEC
B A O A BRI ] A, TEERF Cap VLP HLJ5AE 11.3 min S0 T — M/ N e

1 HPSEC-MALLS #3M(A)PCV2 K&K E R (B)CAP VLP HiES RS,
Figure 1 HPSEC-MALLS analysis of (A) the purified inactivated PCV2 and (B) Cap VLP.

¥ PCV2 PIRICKTESE T a. b WIRr VLP i o, d IYBFLIS 7K AH 7350lR HT HPSEC-MALLS £
W, REEmE 2 i, K 2A, B 2B Rl PCV2 KiGEl a, b EARMIMGRERE, TE 6%
WEFE 17-22 min Z[8], 3208 B IR P9 oA RO B/ NI R Bt PR IR AO W B 2 4 B35 3 v 9 2%
o 5 PCV2 KiGk#S AR, 16 13.3 min Z547, PRAPEEES I H A5/ i i 0 (1 2 iy
BORE), RAFRTREBITZ8, HEMAT [ GEE PCV2, A T — LI, B5ERH MALLS 8 H
R, SR WE 2. %@ NS T a0l o 2.61x10%(24.34%)Da I
2.40x10%(#2.51%)Da, 5 PCV2 Ay THEME .

AR RE BRI PCV2 1 Cap I RIAREDS 0 42 o8 VLP, B SR FAH A 1Y
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HPSEC-MALLS BNl VLP S #4750 7. MKl 2C. Kl 2D AT 0L, 48 VLP i ry k&l 5
KIETRERE WA TN, JUHEEEE o, B7E 13.3 min Z2 A AL I T — S aikis . S8 ¢ 78 13.2
min )@ REIEZ MALLS T8 H T84 2.09x10%(22.94%)Da, ¥ d 78 13.4 min B A6 15
4 2.8810%(#11.85%)Da, 54 HEMIZE AT, AN, FEERE ¢ 5 Cap VLP FiiJ5 S IR A,
£ 11.4 min W B0 T — RN o EEIEZE MALLS A3l 73 4R 4.37 x 10°( + 0.42%) Da,
1E#R PCV2 VLP (1) 2 % (&l 2C).

B 2 HPSEC-MALLS #&ll PCV2 RIEZ B K VLP Z B FL AR K BiR
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.

2.2 HPSEC = PCV2 #i R R & E

Jyite— P HrIE HPSEC Hr 13.3 min 247 W A GSIg 2 7 PCV2 Btk , 4RBGZ A%, 43 51RH]
PCV2 Hi A . Western blotting i€ . 4018 3 fias, K3k PCV2 Fil Cap VLP $ii i B S M BEVE ,
EM a—d 7E 13.3 min A2 4 B9 e AE T AR I R bt s BEYE . Hirp IS B R R B g A
WEST VLP FEf . X0 i T IERE N A0 B8 &t 551K, I o 4 S B 88 v A A Tk B8
AR . HPSEC H1 13.3 min S8 RIT I I A 6 S LG IE Tk — i o KRR a. b v 5e
UYL F AR AR I ) 14 2 PR RIS 4 mAU, 1 VLP BE1 ¢, d g s it 10 mAU, HH el c i)

http://journals.im.ac.cn/cjben



W E AT ik 200 mAU DU E, 78 3 Fptb iR T B Er B A 45 51

3 PCV2 H[E#M KM PCV2 KiERRS . Cap VLP IiESRHM, R&EH av by ¢ d 7 HPSEC
13.3 min £ A G ikig

Figure 3 PCV?2 antigen test of the purified inactivated PCV2, purified Cap VLP, and peaks of the four PCV2
vaccines at 13.3 min in HPSEC profile.

Western blotting 45 545 7 H DURMREWT %) Cap 85 FIRR SIS, FLASIRIRE 1 B 455 o B A Fir 22
5K 4), 2WFEIIGEERPURM SDS-PAGE 457 7 49 kDa F1 98 kDa A7, M4l Cap & -4 F it
“h 26-30 kDa, NI I Sty AR 1 Y —SRARFI DU SRR, BT SDS-PAGE R HIRY2 AR 14 JH A
TR, ARITIF B, %45 R R WATE SR B 10 W 5L 8RR A7 /e sk 22 R o 4 B B PR
Yi7E 28 kDa Mfir A FEAR IS, HAP B ¢ 7 49 kDa &4 A /B s S 4 . AL, VLP
SRE VA IV 35 () G A EL O G T B PR A0 o R A L R v R 4 R AR E M A
PCV2 )i — i 22 Rl e SRR E A A ZE R . 70, PUEKN-R5 Western blotting 1
25 W E W] HPSEC 1 13.3 min 1Y 41515 % PCV2 $i i .

4 Western blotting #MJ&# a. b, c. d £ HPSEC 13.3 min Z A & iglE
Figure 4 Western blotting of the peaks of the four PCV2 vaccines at 13.3 min in HPSEC profile.

Z: 010-64807509 X: cjb@im.ac.cn
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2.3 TEM &l PCV2 & VLP

K 4 Bhe v 7E HPSEC f 13.3 min Ze A7 i (i ig 22 10 770K 30 1445 4T TEM 2, 5 PCV2
KIGFGEE . Cap VLP i B T HLES . PR O A TEM &5 56T E] T RS 21 nm
Ze AT R EEORE (] 5) IS PCV2 LA 1 RGN 3 R~ 21-22 nm I ERIE JkE, B [ 413
e T VLP, Ll 5SR-S PCV2 KiFfaE & Cap VLP Hili 2 MR 5 TEM A ) ~F—3, ¥4 21-22
nm, DI BgE RSB0 T HPSEC 1 13.3 min ZE 47 I (3516 PCV2 KGR RE TR EL VLP T .

WS P ¢ 78 HPSEC-MALLS 1 3R A4E 11.4 min AT 4> 75 4.37 x 10° (£ 0.42%) Da (14
I, HEFT TEM RSN, RIESH 24> VLP BRI RER, 5 MALLS Mk iigs R —3, oAb Sk
3 T PCV2 Cap VLP Hs ) 7 G IR A/ A, fBE ¢ h 13.2 min (506 g 28 NI 5 T 3L
fRERT 10 5 LA E, FRLAA H 2 W p ik B A v T bt H#E 11.4 min (5 EAY VLP —2R{KH]
A& f T 0 B i & T s

5 TEM #&M PCV2 RiERRE . Cap VLP RSB MK HE a(30<K4E). b(30KR4E). c(10>KHE).
d(30>6R48)7E HPSEC-MALLS &30 o A4 Ug

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

2.4 HPSEC RN EE M

B AW B 51 d AOBEFLIRUK AR & Cap VLP BiJRiS IR fhE St 3 (I 6), ] LI HIBE
d 1) VLP (a0 1 FLU i 42 1 B4 (RSD=1.3%, n=3) (% 1), WF5EHh A BE R PCV2 VLP 5 & 4
R, HIH 13.3 min () VLP MW IIET A K 11.4 min 2R KM KIE A TRy, B
HPSEC &l VLP M HREREG B EBEHAEL M., R 1 Fin, VLP RHREMRMN G A
RIFMERE M, RSD 43l 0.7% % 0.6%(n=3).

http://journals.im.ac.cn/cjben



6 HPSEC #2M(A)#& d X (B)Cap VLP RS RM X EE M AN K &L E
Figure 6 HPSEC chromatograms of (A) PCV2 VLP vaccine d and (B) purified Cap VLP in triplicates.

#* 1 HPSEC #MZ# d & Cap VLP /2 Rms VLP. % RARIRUIE A9l AR & (R BB B Y =
g4

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

Sample No. of Retention time Peak area Average peak area RSD (n=3) (%)
injection (min) (mAU*min) (mAU*min)

1 13.42 598804

Vaccine d 2 13.43 582955 591551 1.3
3 13.42 592893
1 13.19 40722934

Cap VLP 2 13.19 41173885 41080314 0.7
3 13.20 41344123
1 11.35 5882778

a(g:Z‘:e\gfaLt:S 2 11.36 5940089 5926121 0.6
3 11.35 5955497

2.5 HPSEC #&NIFEMEEARE L& EHEX M

R85 HPSEC i () 1 AR5 He R vk BE A 2R PEARSEE , 8 PCV2 VLP Bl S 8 i AT
JERRRE, ArBIX I 13.3 min 19 VLP WIS AR & 11.4 min 2 RGARR e MR T Y, JF
STV TR AR S BT B B B R AR DG . SRR 7 R, SRR AR BIEE R0, ZEAF 5T Y8 RN
VLP Je 22 5k iy wi g i v PR 5 e B 48] 5 R A IO R M AR OGRE - R? 4331 . 0.999 K 0.997, i 2 A it
SPFTH RZZKR Ak, VP FEAS RV BEAE St i i a3 06 7 Ly 87.11%20.98%(n = 10, RSD = 1.1%),
HAMRIFMESL M, R HPSEC HA7 F T Wil v 0 28 1 v SRR & JE I AT 5t

Z: 010-64807509 X: cjb@im.ac.cn
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7 Cap VLP @t/ E VLP &% BiAR) HPSEC MMIEEMREERENLMEEXM  (A) Cap
VLP iR SR attEHREEIEE. (B) VLP & VLP BEMAR HPSEC #MIEEMSMEERRENL
EIPE]::E5 3

Figure 7 Thelinear 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.

33tk

Bl A= R 7 R & R R B P M S R 248, e WA R B Fs e A AT B, i
AE/N . PCV2 VERRATIEREY . & IF R ™ A Jat, il FHE v i i 0 o DG, SR,
EEXTHATH PCV2 FEH = MRZ, HIG —RIBEbriE, WA IZREE T 2 m i, DUESE
INBF2E b FRE R, DR o TR BRI T 7 i I T A R Tk 2 R A T sh Wy sl A i () A
FAR, PUARE AR K AL 506 75 00 2 A4 Sk AN A0 S 2 3R T, SR AT TR A e 45 ) B4 Wil

VAR, B0 B RIS TR UR G B 0T AR 52 v I IF A R o s 4 il v A4 T R 8 R 2 A
FHo AW FIE A5 B PCV2 95 8 S s AR URE 14 AR HERH (0 i (08 22 AR B SO GO SO i v
EYR e T, FRE PCV2 Ul AR . Western blotting A1 TEM A, X Hirfa
RIS TS, WTAHT T PCV2 JKIESE B SO dE e URLRE i vh i e B b b . 45 R R, TREA
A1) 13.3 43 2 A 1) €0 3 06 SRy 2 T v 1 S B B RO - — G PCV2 i 8 JUkLal, PCV 2 3 B FE R
it HPSEC-MALLS %] PCV2 VLP il fEA7E SRR, iR S T 16 R 1 2
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