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Effect of C-terminal chimeric PRRSV T cell epitopes on
stability of PCVZ2 VLPs
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Abstract: [Objective] To lay foundation for the efficient preparation of PCV2 VLPs vaccine and the
development of chimeric vaccine based on Cap VLPs nanoskeleton display technology, porcine circovirus
type 2 Cap protein and its chimeric protein were expressed by Escherichia coli prokaryotic expression sys-
tem and stability and immunogenicity of VLPs were studied. [Methed] The Cap protein of PCV2b Z]
(Nanjing) was expressed in ClearColi™BL21(DE3). On this basis, PRRSV T cell epitopes of T1,T2,T3,
T4,and T5 were inserted into the C-terminal of cap gene to construct cap-T1.cap-T2.,cap-T3.,cap-T4,and
cap-T5 genes. Then, the recombinant expression vector was constructed and transfected into ClearColi™

BL21(DE3) ,and the thermal stability and immune effect of the expressed product were detected. [Result]
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The soluble expression of Cap,Cap-T1,Cap-T2,Cap-T3,Cap-T4,and Cap-T5 in ClearColi™ BL21 (DE3)

was obtained and VLPs were successfully observed. The thermal stability of the expressed product showed

that VLPs remained stable at 60 °C for 30 min, while the thermal stability of chimeric VLPs decreased sig-

nificantly. Immunoassay results showed that Cap VLPs induced high level of Cap-specific antibodies in

mice,and the vaccine group (VLPs+adjuvant S350) had the highest specific antibody level. [Conclusion])
The PCV2 Cap protein expressed by ClearColi™ BL21(DE3) can be highly self-assembled into heat-resist-

ant and immunogenicity VLPs. However,the assembly efficiency and stability of chimeric VLPs decreased

sharply after the C-terminal chimeric PRRSV T cell epitope,suggesting that PCV2 VLPs has major limita-

tions as nano skeleton in the research and development of infectious disease vaccine.
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¥ R ¥ FF 2 &Y (Porcine circovirus type 2,
PCV2) 25 Wi 1 5% 2 5 48 2 v 455 i (postw-
eaning multisystemic wasting syndrome, PMWS) #
T L Rl I 38 58 B A 5 B R SRS AR A Se R
PERZE LU RS R A O R
A7 T A 3t 7 v DR R b AT 8 R ™ i R
W5 5 A 5 W] 25 & 1iF 9% B (porcine reproduc-
tive and respiratory syndrome virus, PRRSV) J& &5
o 1 MR A0 /0N B S5 TR S B0k Ry 4 TR T
RSN UEZY 17 S

PCV2 FF i 4 i HE 2 CORF2) i % 1 Cap 25
(24 30 kuw) JE ul (9 9% 3 FE OB (VLPs) 5 58 B 1Y)
PCV2 5 7 B 7~ AH AL, 52 PCV2 i F OF i f) 21 AR 4
bRE . PCV2 B0 5 1 2 R AT ARG 7 3R ik R
G5 WERERIK R G BRI E R B REHF mAE L
PCV2 Cap #H . R Ja % Cap & H #E47 5 B, 2l 4k
KA -5 38 HAE R FL A S A . B VLPs i
£ IO PE T G M R AP AT A R R S R
J X PCV2 9 # 7= A4 58 4. VLPs BA
AR Z2 MUK A P o L A0 RE 8 EAT F FRAE I 5 Fo R A IR B
PR KR DA e B 1 A AT i & B VILPs, 8 b
VS0 D R AL 8 7 e SR T L T DA S i i R T
H, A A5 2 007 B3 DR 552 356 4 O 440 L L AT O A
B2 B Tz e . AN R B RN DL KR R
O AT VLPs B9 . Khayat 2827 A 047 T
Cap HALL K VLPs (4549, 45 R & B Cap I N
AR i E A5 H N FR 10 C K i 2% 88 AE 45 M A0 . WF
F W AE Cap & 09 C-di 4 AAH DL SM I8 20 g =2 7
RE A [R] B 35 5 ML A4 7= AE & X Cap F1AM U 41 i 2 57
A G E SN RS2 VLPs fIE s B H T T
Cap HH C A i ' 75 A 5 B I J5 % VLPs o P 1Y
MRS LD . S AR5 R o TR T
EE W cap P R Comgi & PRRSV T 40 i 41 5t

T capT1.capT2.cap-T3.cap-T4 Fl cap-T5 F&
PRl 2 o 2 T AT S R 3k X A 7 ) i A
FaEME K VIPs 1 b 2 RO JEAT A I . DA O OF %
FaE APERCR R PCV2 VLPs 2 i $2 (AR I .

L M-Sk

L1 # #

pET28a,ClearColi™ BL21 (DE3) , 1 74 4t 4 #k
FHE R 278 18 25 WF 58 W1 B PR A7 o oo 322 ROt 4
g H NEB; TIGEN 5 P 41 $2 Bl & L primeSTAR
max premix, i § TaKaRa; DNA Marker. [l 4 /N
VI, W A KiEEAEY TRARAR;IPTG, I A
Genview A1) ; 25 4 Marker. l§ § Therma 2> &) ; 3t
BHE L W [ 2545 1 Elisa K6 D50 &L 08 [ 5 [ 4
W s VR ORI S LB Ok B P R B DU B F Y
JIt s SDA25 H1 SQ i) . 1l A FE 78 B AE W RH A R 2
) 3 S350 445, ) 3 RO R E D FHELA R A A
1.2 cap BRE Cif#ik& PRRSV T MR E R

EEWEK

M GenBank H3R X 1 #& PCV2b BIFE#R (Z] )
1) cap BP0 B T AT . TR S 7 cap &
C-3ifi 43 5 51 A 2 B HE (19 PRRSV T 41 fa b J51 3% 7
TI1(SSSHLQLIY) . T2(LLDTKGKLY),T3(KVD-
VGGHLD ,T4(RRYVLSSIY-AV) #1 T5(FLDTV-
GLITVSTAGYYHRR) . % H %% 8% 1 3k 7 0 4k . 14
@ cap-Tl.capT2.cap-T3.cap-T4 F cap-T5 %
PRI Bl Y R DR 36 A A ) AR ) IRy A FR
NGiRES
1.3 EHAEKHHE

HRAE ARG By 3 K P 51, Rl DN Astar 24
Wity 3 cap.capTl.cap T2, cap-T3.cap-T4,
cap-T5 W5 4% F.R.F/R-T1.F/R-T2,F/R-
T3.F/R-T4.F/R-T5, 2 A T A TR (i) K
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Table 1 Primer sequence information

5|9 % F Primer name

J¥ %1% B (5'=3") Sequence information(5'—3")

F

R
F/R-T1
F/R-T2
F/R-T3
F/R-T4
F/R-T5

CATGCCATGGGCCGTCACCGTTATCGTTGGCG
GCAAGCTTTTAAGAACCACCACCACCCGGATTCAGAGGCGGATC
CCCAAGCTTTTAGTACAGTTTACCTTTGGTATCCAGCAGAGAACCACCACCACCCGGA
CCCAAGCTTTTAAAAGCGCTCATTCAGCCAATCGGTACCAGAACCACCACCACCCGGA
CCCAAGCTTTTAGCGGCGATGATAATAACCTGCGGTAGAAACGGTAATCAGACCAACG
CCCAAGCTTTTAGATCAGGTGACCACCAACATCAACTTTAGAACCACCACCACCCGGA
CCCAAGCTTTTAGTAGATCAGCTGCAGGTGAGAAGAAGAAGAACCACCACCACCCGGA

#:CCATGG 4 Neo 1 MY, AAGCTT Jy Hind M AHI AL .

Note: CCATGG is the Nco | site and AAGCTT is the Hind [l site.

FIH LR B W56 B cap 3T 5 8E 17
PCR §"## . PCR & N1k & (20 pl) 2. Taq iR
10 uL. 5% F.R(0.5 pmol/L) 4% 0.5 pL. &K
cap FEF M (45 200 ng/pl)0.5 pl,ddH,O 8.5
pL. PCR 384K .94 “C HIAEVE 5 min; 94 CAF
P 30 5,56 ‘CiE & 30 5,72 “CHEM 50 s,35 MEH;
72 CHEAH 5 min, LIAHF A PCR B AR R F4 14
%A% 4 eI % F/R-T1.F/R-T2.F/R-T3.F/R-
T4 Fl F/R-T5 6 F P cap-T1.cap-T2.cap-T3,
cap-T4 il cap-T5, F 1% Bt B il 358 e Xt T 5 2 (R
(R4 384 7= g 1A PR RS I R R T i R0 el i H
1 56 54 .

Ar506 kB i B ) cap.cap-T1, cap-
T2.cap-T3.,cap-T4,cap-T5 M # 1K pET28a, H
Nco 1 /Hind Il XLEGYI, B UIAFR (20 pL) . H W
FE 10 L BRAGIE N VIS Neo I 1 pL, BRI )
g Hind Il 1 pL 2200 2 pl,ddH, 0 6 1,37 C
FRE 3.5 b FH 106 1 BB W e e e ik A 0 i D) 2L
S B i 7 & Iml e B B 36 R 4% & pET28a
FAR S . B ml R R B EEE S pET28a K%
P GEHEIKR RN 10 pL:pET28a 1 pL, HAY R 4
pL L LR IR & W solution [ 5 pl),16 C % 2
h, it 42 °C ik %54k ClearColi™ BL21(DE3) &%
2 AU M G 45 2 BRSO AT TR I8 32 25 40 i ) 4
k) R A & R OIB # R P vk (40 & Wk B 50
pg/mL) I LB - i 17 0 6 , Pk LB 5o B 3 17 PCR
S5 TR Y 6 UE 40 Y IE 1 TR AR S S A 44 R
20 # pET28a-cap/ClearColi™BL21(DE3) .pET28a-
cap-T1/ClearColi™ BL21 (DE3) ., pET28a-cap-T2/
ClearColi™ BL21 (DE3) ., pET28a-cap-T3/ClearCo-
1i™BL21 (DE3) . pET28a-cap-T4/ClearColi™ BL21
(DE3) fil pET28a-cap-T5/ClearColi™ BL21(DE3),
I AT TR Fh DR

1.4 BHEAMBESRIE

PRI 3R 6 Ak B vw B B L o i 4 A T A R OIB R
FATREWE 50 pg/mL) ) LB WAR; 37 3, 34
CREFENW IR B 20 P B e B
T3 77 (L & A B RE SR LY 20 /L, R A i
10 g/L, i 2 % 20 mmol/L, i 2% 6 mmol/L,PB
50 mmol/L, HiH 10 g/L, ¥ pH N 7. 2) 71,37 C
220 r/min ¥ 3 B @ TE 600 nm &b 1 5 EE (ODgy )
H70.6 ZEATRE AW EE S 1 mmol/L # IPTG,
F28 CiESREFE I h, WIFEFEFEW .12 000 r/min
B0 5 min, AR FH ALK, L 1 g WA 9 mL
PBS ZZ #h i (pH 7. 2) 1 b i) il 25 B B W . T ATS
BB AL AT 40 B 65 (3 2R 80 000 kPa, il i 2
i ) o 5T £ A4 B AR A

G I E 3R 6 Fl 4 i B B 200 pL T 1.5 mL
B8 %, 12 000 r/min B .0 5 min, B E G 200
pL iImA 5 X EFEGE M 50 pLs TUHE M A 200
pL PBS G i (pH 7. 2) f £ R 415 A A 5 X
B LM 50 pL, K B3 MUIERE 8
T 100 “C/KBH AL 3 min, 12 000 r/min B> 5
min, 13 10 L #47 SDS-PAGE & 1 HL UK S04
1.5 #MAE3 PCV2 Cap VLPs # @& EM W

A

3 S ERCL A 440 B R 9 500 L F 1.5 mL EP
B 60 Cok s TP AL FE 30 min, BURE L AR 1
EREZE MW 100 °C LR 3 min, IR R 25 kb
PR 20 M B W W BV . B0 S5 BURE 3F 4T SDS-
PAGE &,

XeF B4 B B 20 B L T E AT BRI
B NEWE T AR O U 50 . R BRAh B S Y 20 i A
W EERES TV RIM 4% 2.4.8.16.32.64,128,
256 15 B, 76 i 25 45 19 B B e T O R (E AR 4
mm LT FTFL AR 4T AL . hE FL 5 A R FLIE B ok 3
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mm) 6 > J& B L oI AR B AF AR i 60 pL/FL ., 7E
Rl FL i A Cap BHPE L (60 wL) ¥ BB BE 47 1L
SRR AR & w5 AF S A 37 CC IR P R 48 ~
72 h JE HCH S SRR R T RO e B e RO R I
FE AR SO HE . R EE 2 K.
XoF B Oy R 22 1o R Kk TR f 290 R T R TR S
1.6 PCV2 VLPs BiRIH) 4 FiESTHEEME

5y B ¥ pET28a-cap/ClearColi™ BL21 (DE3) .
pET28a-cap-T4/ClearColi™ BL21 (DE3) 41 fifl i #%
W 60 “CHALFE 30 min, B b1 JiCE 7E B 60 2 04 )
B b FHUEAC T, BT A B 20 B R L e &
IR HCE 24 by S B B (HT7700) 78 120
KV 1 i i R E AT ML R LSS L ff 8 Cap 2K 112
20 %5 i VLPs ik,
1.7 VLPs R R

B 20 FUNE BEHL 2> A BH A B (T 418 L FA
P X6k BB (AR FR R KD L VLPs + 44 7 SQ. VLPs + 44 5
S350 Il VLPs+ 4% SDA25 %5 5 N4, 4 4 H,
T C-%i itk & PRRSV T 40 M 3t 7 3 07 )5 5 3¢
VLPs ANEaE s i/ RO 56 AR 3t C- il 1 5 5
A A 4

GERET N S 1AL ST 100 pL/ H (e
PEFE N 20 g/ F) o B A 2H 3 S 45 1A FR A B ER
KA . 0 T )E 7,14,21 F1 28 d Rl ff
F PCV-2 HL kil il ) & 1) Elisa %2 SRR,

M 1 2 M 3

180 kuj.
130 kumsss

100 ku s

70 Kuj
55 ku

40 ku s

35 ku

ce ettt

25 Kul—-

15 kuie

10 ku -—

2 AR5

2.1 EH®ERER PCR ¥ 15

PLA B JE DR A B A iE 4T PCR 97315, 25 3L (1A
D s, HE & B —3E Wi cap.cap Tl cap T2,
cap-T3.cap-T4 Fl cap-T5 K K/N5 5K 633,
660,660,660,666 Fl1 690 bp, ¥ 5 W ¥ 1 H B K
IN—F,

2000 bp
1000 bp
750 bp
500 bp
250 bp
100 bp

M. DNA Marker; 1~6 435K cap.cap-T1.cap-T2,
cap-T3.cap-T4 Hl cap-T5
M. DNA Marker;1—6 are caprcap-T1,Cap-T2,Cap-T3,
cap-T4 and cap-T5,respectively
1 PCV2cap HR K cap-T1/T2/T3/T4/T5 ) PCR 1
Fig. 1 PCR amplification of the PCV2 cap and
cap-T1/T2/T3/T4/T5
2.2 BAEAMNBSRE
W b R G E A ) 2 TR R R T R R R
Wi S R OA e IR T IR, A I i R S 242 SDS-
PAGE # H K ERIE, 45 R WK 2.

26 ku

M. % [ Marker;1,2. pET28a-cap/ClearColi™ BL21(DE3) T 4 i i #% )5 (4 b 35 M PLTE ;3.4 pET28a-cap-T1/
ClearColi™ BL21(DE3) i Il J5 1% I 3% A3 55.6. pET28a-cap-T2/ClearColi™ BL21(DE3) i £H 1 B ¢ )5 19 b 1% ML VE 5
7,8. pET28a-cap-T3/ClearColi™ BL21(DE3) i £H I B #% 5 #9 b 35 AIULIE 9,10, pET28a-cap-T4/ClearColi™ BL21(DE3)
BRSS9 W FUTTE 11,12, pET28a-cap-T5/ClearColi™ BL21(DE3) # 41 18 B 8 5 19 |- 1% ML e
M. Protein Marker;1,2. Supernatant and precipitation after crushing of pET28a-cap/ClearColi™ BL.21(DE3) ;3,4. Supernatant and precipitation

after crushing of pET28a-cap-T1/ClearColi™ BL.21(DE3) ;5,6. Supernatant and precipitation after crushing of pET28a-cap-
T2/ClearColi™ BL21(DE3) ;7,8. Supernatant and precipitation after crushing of pET28a-cap-T3/ClearColi™ BL21(DE3) ;

9,10. Supernatant and precipitation after crushing of pET28a-cap-T4/ClearColi™ BL21(DE3) ;

11,12. Supernatant and precipitation after crushing of pET28a-cap-T5/ClearColi™ BL21(DE3)
K2 WHEH Cap & Cap-T1/T2/T3/T4/T5 Wi TR
Fig. 2 Expression of recombinant protein Cap and Cap-T1/T2/T3/T4/T5
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X3P, 45 C-im i & PRRSV T 400470 JB 2 47 %F PCV2 VLPs Fa5E 1 1 52 i 13

i & 2 AT, 3R A3 8 Cap 8 11 e Cap-T1, Cap-
T2.Cap-T3.Cap-T4 FI Cap-T5 & E HK/NEH,
FONTE M, KA T BT 2R 26 ku, K 3 AT R
60 %0 LA 1 8 ok T i A
2.3 BMAEX PCV2 Cap VIPs HERmTEaEHEH
20

SDS-PAGE X% fi[& 3 nl H,60 CAabs

M 1 2

2.3.1

ANVt ] %k B R & 1 Cap & & L7 JE 52 W, 138 B
PCV2 Cap & I HA — & M F0E T . X o0 5 1A
FHR R R Ge B AE 77 8 i () PCV2 VLPs RE
PEE T HAL . B 4 F£0].60 CALFH 30 min B}, Cap-
T1,Cap-T2,Cap-T3, Cap-T4 1 Cap-T5 #x & H
PN EIE

26 ku

M. % 1 Marker; 1~7. pET-28a-cap/ClearColi™ BL21(DE3) i 4 I # 14 5 I 15 # AL ¥ (60 °C) 0,10,20,30,40,50 1 60 min
M. Protein Marker;1—7. Heat treatment (60 ‘C) pET28a-Cap/ClearColi™ BL21(DE3) supernatant after

breaking cells with 0,10,20.,30,40,50 and 60 min
Kl 3 HALBR(60 CORfEI X} PCV2 Cap % H i@ M i 52 i
Fig. 3 Effects of heat treatment (60 “C) time on stability of PCV2 Cap protein

M 1 2 3 4 5

180 ku
130 ku

100 ku

70 ku ,

55ku
40 ku

35ku
25 ku s 26 ku

15 ku

10 ku

M. # 1 Marker;1~5. pET28a-cap-T1/ClearColi™ BL21(DE3) ,
pET28a-cap-T2/ClearColi™ BL21(DE3) ,pET28a-cap-T3/
ClearColi™ BL21(DE3) , pET28a-cap-T4/ClearColi™ BL.21(DE3)
1 pET28a-cap-T5/ClearColi™ BL21(DE3)

M. Protein Marker;1~5. pET28a-cap-T1/ClearColi™ BL21(DE3) .
pET28a-cap-T2/ClearColi™ BL21(DE3) .pET28a-cap-T3/
ClearColi™ BL21(DE3) , pET28a-cap-T4/ClearColi™ B1.21
(DE3) and pET28a-cap-T5/ClearColi™ BL21(DE3)

B4 #HALF60 °C 30 min)X%f Cap-T1/T2/T3/T4/T5
T g 14 52 T
Fig. 4 Effect of heat treatment (60 ‘C ,30 min) on
stability of Cap-T1/T2/T3/T4/T5

2.3.2 fiFFAR-RRIEAEY KXEL BEEY

RO 36 25 S R T A 2 TR R A R R R T R
TR R BN B 8. BB cap FEBH Cufi ik &
PRRSV T 4 jifg bt Ji5t 36 £ H A 7] A7 ¥, 45 & A ik
SDS-PAGE %5 51 1. cap 3 C-34 it & PRRSV
T 4T R ALIE AR i Cap # F A 3R 3K 5, [H 34
A FE (60 °C 30 min) J5, pET28a-cap/ClearColi™
BL21(DE3) 4 g il #4175 iR Wi 4 #0imh R 1
W10 C S ife £+ PRRSV T 4108 0 J5 3 47 (1 5 41 14
ok 200 0 T R AR T AR BN Y KRR
%, H f pET28a-cap-T1/ClearColi™ BL21 (DE3)
pET28a-cap-T2/ClearColi™ BL21 ( DE3) . pET28a-
cap-T3/ClearColi™ BL21(DE3) B g B 5 #U R M B
4 0, 1 pET28a-cap-T4/ClearColi™ BL21 (DE3) .
pET28a-cap-T5/ClearColi™ BL21 (DE3) I ig i b~
Rk 2.
2.4 Cap BER VLPs BRI EEMR

HiE 5 L BE WL %6 45 SR AT LUF i, 76 pET28a-
cap/ClearColi™BL21(DE3) 4 ifd iz 7 % 60 °C 4b 3
30 min J5 /Y F T W . BE A8 G T R B K & PCV2
VLPs & il; M 7F pET28a-cap-T4/ClearColi™
BL21(DE3) i 4 Jfd i 4 ¥ 60 “C AL H 30 min J&7 HY
FET L AR RE S WA B K AL TR R RS
VLPs it VLPs 8 5100 44 B 5 38 i
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A. pET28a-cap/ClearColi™ BL21(DE3) ( X 40 000) ; B. pET28a-cap-T4/ClearColi™ BL21(DE3) ( X 25 000)
5 PCV2 VLPs UKL V5 35 51 i 5 WL 58
Fig. 5 Cryo-TEM of PCV2 VLPs particles

2.5 VLPs fI/hNREERBRiEN

B &6 Al AL, JE i R T L 6 R OR R TR A
VLPs (9 H B H . %25 21 d Sk 63 78w K
S, Horp VEPs—+4k %] SDA25 21 4 928 550 5% 5 [ 1 %t
FEAKCSR AR 2, VLPs 447 S350 21 4 73 250 50 45 BH 1k
Xt B A

—w— [ 1 %} Negative control; —A— VLPs+SDA25;
1.0f —@-VLPs+SQ: - VLPs+S350;
—— ['H 1t X B8 Positive control

0.8

kK

Level of antibody

7 14 21 28
%o P I [R)/d

Time of immunization

B 6 PCV2 VLPs [/ B G B R0OR
Fig. 6 Immunological effects of PCV2 VLPs on mice

3w

H AT AATE 28 ) F A% Rl R 3 5K R 58 i )
il % 1 PCV2 Cap N TR W, sk £ 0" H
Bac-to-Bac FRIRMG 8 R 5 R4 KB PCV2 Cap
P A5 2 B RE L TRk iR TR H bacPAK FRIR
ST IR RS FE AN PCV2 Cap 5 111 45 0 B (37 93F
B R BE Cap HAFE SI9 401 b 9 17 3 1k 5F
Xt H A e AT TR . E AT, A AR G B R
IKFRGERIK PCV2 Cap HE M, HR A C AR
FEE] 198 mg/ LM {H R 45 3% i 1) B 8% 3% i A

HAET MM U IR & . KIGTRRERGER
A AL T SCTE A ER AR A L B SR R A AT LR
B 5 % 77 e S RS AR A5 O A 2 B B B R
A= B R R38R 4. 2005 4, Shang
SERE SR K FE R R IR TR S KR AR AR
Cap 1. )38 i PCV2 BH M ifiL 3% S Ry 353 T R
Sk TFR TR A% 2R 8 A W AL B S,
FARGEIR M ERIB RGERE T R R R A
[ Al B 4 Cap 8 03 4h . A BFSE & R PCV2
Cap HH 45— R IVl G AR % (SUMO F3%  His #x
2 AW H KL B GST %) (A7 [/ ik, fff Cap
B RO R T R

Beach 5" s o Al # T 7 PCV2 Cap N-3ii il
C-onidili A b 25 10 o 20 i & B 28, H P A A #)
PCV2 Cap # F C-ig 1Y b5 25 RE 98 5 5 4 [8] I 7 A 471
Cap FIHLHRZE 0 B AL E B A0 I8 55 B 1 4 A
AR PCV2 20 7 19 55, Cap 8 11 C-ui E 18
AR 27 D E LR, 7 I AN 5200 VLPs 1Y 25 14
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