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(WE] a9 . 4t AHALEEFWELRGIPDHEFF N HBe RERBT A (VIP) E O A , HHTER AR B, VP E
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Preparation of HBc virus-like particle vaccine harboring sequences of gastric inhibitory peptide and its immune

effects
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[ABSTRACT] Objective: To design and prepare HBc virus-like particle vaccine (VLP) harboring the specified epitope of gastric
inhibitory peptide (GIP),and to study its immune effects,so as to cast new lights on immune therapy of obesity. Methods: GIP
c¢DNA was cloned and was fused with HBe VLP (1-144aa) ¢cDNA. Through prokaryotic expression and purification processes,a
GIP vaccine linked to the HBc-derived VLP carrier was constructed. We also cloned the fusion gene into eukaryotic vector
pVAXI1 to prepare GIP nuclear acid vaccine. And the two kinds of vaccines were tested in rats for their immunological
parameters. Results; GIP vaccine linked to HBc-derived VLP carrier was successfully prepared. We also prepared the genetic
vaccine pVAXI1-HBc-GIP. The combined vaccination with both vaccines could obtain high titer and peptide-specific IgG
antibody,displaying a satisfactory immunogenicity. Conclusion: GIP protein vaccine using HBc as immune-enhancing vaccine
carrier can effectively induce GIP-specific humoral immunity, disrupting the tolerance to self antigens in rats. The vaccine is
worth studying as a new drug for control of obesity.
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sulinotropic polypeptide) , B i Z W 5T A N 2B F7 T
P FEOL P — D OCHM R . GIP BE 42 4 i 10
TF AR 3EE I U1 400 6 X 5 280 0 4 B 5 0 I A 4
Tl IAR OGBS AR A MR AR R L A
BN Bg £ IR A A S R o W BT e, A 9E s 0
00, R GIP Z RS bk /N R GIP &Z k4
PO AN K AL GIP 4y W % 5k, 1)
REAT 0 i 7 G Bl L 48 ) AC TR L s A A B 4R
FELIT 8 1) 55 GIP AR 3% Ve 00 5 ik AE BT IE Bk Tl B A
AN FT T 55

B DR TR 9 T R 1 PR A R A N 5 B AF
FERRAML T 5 —Fh AT REM 25 MR T R M . B ETC A
3R & LR B BE UKL (virus-like particles, VLP) o B3
BEARNEAE, 55 GIP 1~15 £ £ iK)y 51 5
GIP 1~11 {3 2 K741 R F A 27 8 6 O 20 45 & 4
R N TR/ BB 1 R AT B IE A DG 5L R
TV o g2 v A4 RE N BT B SR e T 32, 7 AR B X
GIP fRp 5 P AR, AT 2R A5 445 S5 9 8 0 0 3 1l
BEEAE T, HoR &S] 0 AN RO, (H 2 2L
WO W7 78 0 2 s WA b 3EAT . 5o 8h, k2= Bk
SETER A UG FEAT I, A I A2 5 T BE 2 K
A, R T 52 W JIK SR AN 14 25 () 485 4, 532 W) 928 B ) 42 b
ROeR K RErE, ARF5EH, T AT2KF ) HBe VLP
PE A, 5 R B GIP 2 BRI 1 o R AL (GIP 1~
12) FEATRlA 5 IR R s 5 sk, DU RS 1T — Mg
B GIP B, IAE 5 i I BOIE JE R BB AL B R AT
HH OGS PERBOR 5T

1 MBFFE

1.1 #H#

L1l Wh. @k hay KBIHFHE
Topl0.BL21 AAE LR A7, 43 0l AR 5 B | e 4% 3R 56
TR AR E R R bR 40 M bk HEK-293 1 H
ATCC 40 Jfl )% (Manassas, VA, USA), I & 10% /)
A 1ML 7E ) DMEM #5352 5 (Gibeo A Hl . 36D K5 5%
/0N BRCBRL A A0 TR R M 1 I 40 M AR Raw264. 7 W A
ATCC 41 il % (Manassas, VA , USA) , I & 10% i 4
IML3E ) DMEM K5 98 35 (Gibeo A #], 2ED KR53, SPF
P SD R EL 20 KW B 1 3 i e SE s sh W)
F)LAE AR RS B O R R

1.1.2 E£Z&K A pcDNA3. 1(+) . pET28a(+) i
BiE A AR AE; pMDIST #R 44, % £ i ik 7 &
DNA ligation Kit, NI Nde [ . Xho [ .BamH [
WA KREFZAY TREARA A ;2 X Taqg Master
Mix PCR X514 B 3650 R AR E A7 BR 2 7] PCR 51

WL L3R E AW A R A A A G Ni-NTA
Resin 1§ A 3¢ E GenScript 28 7l ; 3 [ A 58 44k 55 1y
H £ [H Sigma 2 7 ; Hilyte Flour 555 2 H R ic ik 7
& . DAPI YLl [ H A Dojindo 2 7 3 # 4k 5] Lipo-
fectamine 2000, TRIzol i& 5 . MLMV [ H 3¢ [ In-
vitrogen 23l 5 JBURL AR & 4l $2 570 &0 A b iR 2R
ve /s HRP ARic I A H0R BUE 1eG W A A8 77 4 4=
Y13l s HBe B SEREHTAAR B 25 — 45 B2 R 2 BL il i = 2
WL F T E 05 W A AT A GIP AR e 18 |
FE Rl BE 1 15 A 1 Ak 2 5 Al AR P 2 R 5 T

1.2 BBRAEGAEGRGOMERLEE

1.2.1 GIP W Jr7lthw & M GenBank M uf
EAF AR GIP mRNA(NM_019630) 551, $k Bt
H N ¥ 12 K (YAEGTFISDYSD # 4 % cDNA fF
5. TAT GCA GAG GGG ACT TTC ATC AGT
GAT TAC AGC ATC, Z¥t Ll 398 28 ml & Wl 5
B cDNA 8141 F .5 -CAC TTC CGG GCG CCT
ATG CAG AGG GGA CTT TCA TCA GTG ATT
ACA GCA TCC TCG AG-3", LA ZE K IR 1 pg/pl
W . o, 5 i R X 0 5 HBe 5B
HAMEREX L3 i XL X Xho [ BEYIAL A, I
Wit GIP My #4519 GL.5-CTC GAG GAT
GCT GTA ATC ACT GAT G-3',

1.2.2 HBcGIP BAXHAWZE DAZEHRAMW
pET28a(+)-HBc (1~ 144) Jfi ki Jy #i 4l , PCR 7 1%
HBc 2% 1~144 2R H 55 cDNA F B 519
Pl (forward, 5'-CAT ATG GAC ATT GAC CCG
TAT AA AG-3", & &8 53R Nde T £ 45 . P2 (re-
verse, 5'-GGC GCC CGG AAG TGT TGA TAA
GAT AGG-3"),# 47 PCR ¥ 3 40 1H 3K, 15 8] &
542 bp HBc(1-144 aa) i Bt PCR /=%, R H PCR
KRR (50 b : Taq Pre-Mix 25 pl, HBe(1-144 aa) v
B PCR 779 2 pl, GIP 4 iy ¢DNA 2 pl, ddH, O
21 pl 47 PCR #7314 5 NG, Bl S £ AR R N A
HBe L5149 P1 A GIP FilE514 GL % 1 pl. 4k&E
R 30 MBI Fe 3545 494 bp PCR =4, i #% A
pMD-18T Z& & J5 Il J¥ iiF 55 4 HBe-GIP kB, ik
SR KR EE R 60°C

1.2.3 pET28a(+)-HBc-GIP # pVAX1-HBc-GIP
Fk H A M E K pMDIST-HBe-GIP # & H
Nde I 1 Xho T W YU) B 17 B 1), 3875 HBc-GIP A
B A pET28a(+) # Ak, il 7 % 7€ . 38 1% pET-28a
(+)-HBc-GIP # 4k, LI pMDIST-HBc-GIP N £
e, PCR 51 # P3(5'-GGA ATT CGA CAT TGA
CCC GTA TAA AG-3" . RIZEB5r K EcoR 1 Y7
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FOKEIY GL 47 N, A8 & EcoR 1 1 Xho |
A HBe-GIP /N i Bt # A pVAXL # Ak 3k 15
pVAXI1-HBe-GIP # /4, il 77 %5 7 1E 1

1.2.4 HBcGIP EA@AEEWNEZEKRL AR
F e KU IE WY pET-28a (+)-HBce-GIP
AR AL K FF 1 BL21(DE3) codonplus-RIL (A%
AR BT JE AT R R AL PRI I T &
FHB K (Amp) [ LB B3R W, 37°C H5 Fe i 1%,
PL2% (o L), 3 A bR 3 % T #7819 LB/ Amp
B R b . 37°C ¥R %% (300 K /min) H55% 2 h & Deoo
H0.6~0. 8, BRJFMA IPTG, & ¥ EH 1 mmol/L,
PR G BE 3% 3~4 h B S5 BRI Daoo » 550 W EE 24
WA 12 % SDS-2R N H Bt e 56 B HL 7K (SDS-PAGE)
AT IR S R AE A, i XN [ R E (25°C M
37°C )\ Daoo {8 (0. 50 Fl 1. 00) Al IPTG (0. 50 FI
0.1 mmol/L)WR B Z5 4 T, E 4 pET28a(+)-HBc-
GIP 135 3 3% 18 Fal @ MR 9T, 9F LR N IPTG 5
ST AR R X B R Rl R Ak AR R, RO Y
TR R 5 95 3R IR T W, P I T AL U
R LVERUTTE K UUTE AT R A B, B
FSZVEDUTE B8 55 Fl )2 B A 2l Ak, B A4 20 B Fi {1
UL AT HEAT . WSO AR Tk O 0 L Rl R T B 4 AR
FI7E 25 VR 1 4 A 5 0L . BCA ¥ (1 1 4 3 2 )
BCA & & il &) & itk & /& . RH HBc
BT T HE AT AR BT B R S e, A AR B Y R
S,

1.2.5 4t HBc-GIP & & # & jm & & F & o %
IE 4y HBe-GIP % 1% I HiLyte Flour 555
e SRR R U IS R S Tl T A W I i ) | 2
Raw 264. 7 ik i 4 h R 4% 2 E
FHE 5 . W R £ 2% ol (PBS) PB4 3 I, DAPT 4t
RHEAT MR B €5, 400 £5 90 W I~ W8 & W 1%
M,

1.2.6 pVAXI-HBc-GIP 1k 4h %k 35 B i 2 98 1
K pVAX1-HBe-GIP ki K fill #2 3 LR N5 R
Jei s WU Doso (RN LUK 53 BT 647 78 £ L 43 %8 J5 — 80°C &
. BUNEFURL, L Lipofectamine 2000 1F A %5 4Lk
Fe ge HEK-293 21 i Pk .+ B8 338 B 5 A of O 72 45
k.

1.3 i AFAsR KR EMMIEN pVAX 1-
HBeGIP ki fi4li4k i HBe-GIP 2 [ 4E b 4 3% B ik
TTE . B RE B S O 1y B R BB D sk L
400 g JIORL, 7 G 5 TR A L PR 2E 47 A o A B L SR FH 25
E BTX A A ECM830 B5 B iU iS4 110 v
10 ms 6 ¥ ; 8 [ i 07 ko 5 SRR TR 56 4 o
IRIEFNRE GG, KRR T2 8009 50 pg HH.
G PE TR R AL TRV o dE 2 W+ B P T B 2 IR,
BEE I B T A4 R BRIV SR 4 IR B IR g
Bylalbe 2 A, xR G s FHE 4] HBe 8 1 OR = il 45
FEORAR) 25 A 5% 1 PBS .

WIR AP 0.14.,28.42.63 F1 84 d HE & ik AR
LR R A, B0 5 OB ot 3 AR PR KA LU B S
Kl >R A ELISA A0 GIP R 5 M bR i B .
1.4 “itFam 254 E B R Wilcoxon
P BRARS 30 17 G 27 40, P<<0. 05 W 2257 A
Gt X,

2 &5 B

2.1 HBcGIP Rz A AAZ AL HEMAGME PCRY
B HBe 2 (1~ 144 SR H S 5 BOKH S
GIP H: P (1 ~12 o & 5 1R W 9 6% v BO) & 2. 3K 1%
HBe-GIP il & 5K (K 1A) .

23R T R, P IE § 5 , B 20 AR ALY
B ) G HE R A A R IR A pVAX (K 1B)
SRR A pET28a(+) (B 10) i U) % 2 IEH#

7500——
5000——

2500——

1 000——

1 HBce-GIP EEREE(A) RREREHHEE(B.C)
Fig 1 Clone(A) and construction of expression vector(B,C) for HBc-GIP
M: Marker;1:PCR amplification of HBc cDNA fragments (encoding region 1-144 aa) ; 2:PCR amplification of HBc-GIP fusion gene (HBc cDNA
plus GIP 1-12 aa coding region) ; 3:pVAXI-HBc-GIP digestion with EcoR [ /Xho | ; 4:pET28a(+)-HBc-GIP digestion with Nde | /Xho |
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2.2 HBcGIP i REG R AL S ik Wik
1T pET28a(+)-HBc-GIP () BL21 K i AT & k17
MUK A FEARK MBEREBELEASL 5% W
SDS-PAGE HiUk 73 17, 5 # b= pET28a (+) #ifk
) 48 BT 175 S 0 X R, R IR AR X 4 F IR 2 21 000
AL AR R A, 5 HED 1) 4> BARAT , IR EE R
THEARIKEN HBe 1A BL(1~144 & HR) M4
XPor - (B 2A), Rikw IR WH IPTG 35 %
FR 8 2 W R B L R S ) ) 7 T A e (2 SRR
W) R B &% % 0. 1 mmol/L IPTG %5 4 h
VERFIB 5, B B R A J5 R BT 3R 3K 1 25
YIAFEAE T AL AR 220 ~6 mol/L bR 2 A8 P 57 il B
FEVEL . & M Z AR EE T 6 mol/L JRE, T
pET28a(+) MK KL HEH H F A 6 X His brk,
WAL PR TE AR PR 454 T 3l 2 Ni-NTA A4 Jig 2% FJ2 bt
FEL B H AR 1] DL By e B T AR B, 2k
JI 9 P R R IR R A #1) 0. 5~ 1 mol/L B, K1Y
HME gl Tk, RGN EALEL N
90 % LA I (& 2B) . BT LAE A BL J5H 5 1 1) fe 28 58
5, AR R E M RE A = & BT HBe Bt
FIF AR S PR U B PR 2 alifh B MR AR R T R R
1Y B 2 S (B 20,

2.3 HBcGIP BiEREGH B EMEELERRE
iE N T HIEHE 4 HBe-GIP & H RE A B4 2 A
VLP, BATFIH VLP ] LI 05 40 j 7 w5 A4 76 o ok

~
® . ;

117906 W s A, R A 21 0 9% S bk i i T 40
HBc-GIP. DA J 21 48 % 5t 45 38 09 4 1 3 11 2 1A
(BSA) Jy % FREE 1, 45 2R (Bl 3) KB, i A Raw
264. 7 ARG SR LW W HBe-GIP & Al LA
A4 b B A M A L 400 A58 T R D N 2 A BRE
A3 A0 5 S UKL, T 4 IR A B B
M. Ui A% H 40 RGN 1 HBe-GIP 7] LA H & 40 3%
Sk BEBE 0 200 it A Ik ) R R B R L PR R L
. VLP 6

Me(x10Y) M 1 2 3 Mr(x10%) M 4 5
94.0 ——

94.0 —— 66.0 ——

66.0 ——

45.0 0T

‘ 35.0 ——

35.0 — 26,0——

26.0 ——
20.0 — !

20.0 ——
14.4——

14.4 ——

e > ® ©

2 HBeGIP BtikEARZRESAHULER
Fig 2 Expression and purification of HBc-GIP VLP
A SDS-PAGE gel analysis. M: Protein marker; 1:pET28a(+) trans
formed E. coil lysate; 2:pET28a(+)-HBc-GIP transformed E. coil
lysate; 3:pET28a(+)-HBc transformed E. coil lysate; all the E. coil
had been induced by IPTG. B: Purified recombinant HBc-GIP pro-
tein. C: Western blotting analysis of purified recombinant HBc-GIP
protein with anti-HBc monoclonal antibody. M ;: Protein marker;4,5:

Recombinant HBc-GIP

B 3 HBc-GIP BALK E B # Raw264. 7 4 & 1K
Fig 3 HBc-GIP VLP phagocytized by RAW264. 7 cells
Fluorescenct photos of cultured Raw 264. 7 cells phagocytizing HilLyte Flour 555-labeled HBc-GIP protein, stained with DAPI dye (A-D). Flour

555-labeled BSA protein was used as a negative control (E-H). A,E:Obtained in red fluorescence channel; B,F:Non-fluorescence channel; C,G:

UV fluorescence channel; D, H:Overlay photos. Original magnification: X400
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2.4 pVAX1-HBc-GIP # B % ¥ 4k 9h & ik B iE

Z 5 ¥ A Ak B pVAXI-HBe-GIP ¥ R i 14 ¥ Yx
HEK293 4 itk f5 48 h. 43 5k | RT-PCR 7E#; 5%
JKSEFIR H HBc BAPTdEFT Western BN 75 & H
KA I 2 4% R 8 B Rk K. S5 SR & B, pVAXI-
HBc-GIP 7] LA % 5t K % 5 s R ik, H % 3
pVAXI1 78 kL ) HEK-293 40 il £k 3% A % ik (A
AA) 1 E H K, pVAX1T-HBe-GIP #% 4 () 41 g h
ALK I 3] HBe B 4F 5 M 4570 1 pVAXT #% J4
F 0 5 A (I AB) . AT IE B 2 A% IR 2% 1
R T IF AT DL R Ab B 3R R A i N AR
ik,

bp M 1 2 Mr(x10) M 1 2

750 — 25—

500 — :

250 — } S

100 — 20— ®

4 pVAXI-HBc-GIP %5
HEK-293 #HI#RJE 48 h RiEFR
Fig 4 Expression of pVAX1-HBc-GIP
48 hours after transfection of HEK-293 cells
A: Agarose gel electrophoresis analysis. M: DNA marker; 1:RT-PCR

assay of HBce-GIP expression in total RNA from pVAXI-HBc-GIP
transfected 293 cells; 2:pVAXI transfected 293 cells as a control. B
Western blotting analysis. M : Protein marker; 1:Western blotting a-
nalysis of HBc-GIP protein in pVAXI1-HBc-GIP transfected 293

cells; 2:pVAXI transfected 293 cells as a control

2.5 pVAXI1-HBce-GIP # 8 9% % #= HBc-GIP £
VLP J& ¥ B %956 koK T4 a2 it &
TR A %, 2 J8] 18] B A 58 W SE A7 44 P B 92 52
B, L GIP A5 fE AL B i T ELISA 32 A il
GIP ¢ S PEBU AR T B w] UL 28 20 5 b 28 1 43 i) e 928
oI A B s K R, 2] DL P= 2 GIP 4 S M Pk
YR % B A HBe %8 40 F1 PBS e 4L %A GIP
e rEpUA A (B 5) . BB ERATT A 19 GIP R
£V MR VR Y RE RS T B E X A B GIP iy e
P 52 77 FE AR
TERFERME A b RAT R B WIR S GIP #
iR B 1 ) T R % HBe-GIP 2K 118 1 1Y 3R s
(pV-HBe-GIP X 24+ HBe-GIP X 2) 1] LA % #1555
R B GIP BoiAs, L PT OR U B2 AR 58 3 fe e 5 T IR
B E PR LIRS 4 RRNR R JE A B Tt R A
S A R BE Y GIP R 5 MU B AR o5 2 B A
T4 % HBe-GIP 4 FI P2 1 80 GIP B BR S 1 1Y

K- (P<<0. 05), HILIRR .2 IR GIP B
Jei B 2 K3 HBe-GIP 25 1 SR s 1T e 2 &
T A R e RS, T AT — IS R R, 4
e HPE HBe-GIP WURLAR 8 F 28 1 ] LGk B R 47
(375 S DU 5 R 2 — ol o 11 i O =X

90000
- PBS

| —4- HBc
80 000 -e- pV+HBc-GIP+HBc-VLP

.E L -+ HBc-GIP
‘; 70 000 * pV-cHBc-GIP
g o 60000

2 E |

E 50 000

2 E 40000 f

g & 30000}

& 20000 f

© 10 000 |

0 &
14 28 42 56 70 84

Days post-immunization #/d

B 5 HBc-GIP ZEEEHMEA VLP
BEBEE BRI KERN
Fig 5§ GIP antibody levels after HBc-GIP

protein and(or) DNA vaccination immunization

3 W it

AT 2R HBe /E N8R, SRR GIP £
NG EEIEN N Sy - R NS RN Y & S EL
16 RS T — R A VLP B GIP v, R, F& AT
Wiz a4 3L cDNA J7 81 b e A B A% Rk 34k
MRS T — P GIP &R . 283 W Fl s 1 43
928 B A e KRR, & BT R e GIP A% R %
B J5 FE WG IR 9 HBe-GIP % 1 7] LUA A He i S
T GIP Puik R AT 4 %8 HBe-GIP & M1
EW, MR T 4 WHRIE GIP BN . NIMHEZR
T —Fp GIP £ A& RN,y GIP 8 [ ey + i
TE T RO S B W 9% 2558 T KR,

HBc J2— Ml L H A2 VLP & 7 1%
N i C st A a] GF 76 A s S5 J5 ) T
APURERANIE &5 W, I HEEA LRGN
A UTEE RS R I N 1 SN (=S5 W S
HBc 1E 0 GIP Z Ik #k 49 8 0F R R E T GIP
ZIKCGE 1~12 A EMR) 5 HBe WA RN, &
G TR A 19 HBe-GIP Bk iR & A E, IF B
AR Y G 2 0E ML DI EE ST T — Bl 2 B A A
GIP Ll # T-Be

H% TR € ¥ e — b T i 20 5 T A A 8 v KT
(BN D I N W) 8y N o (L 7 U E TN
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AN, ARk AR Z4GE P OoR AT R R T W
R A8 B A g 1 2 BRI 9R % 1Y Prime-
Boost 5P 5 W , 47 F] 18 7K - B 28 B I (1 7= A=
AT R T R 2 IR Bk A &
A 2 U PE 0 S W, 45 TR T 4k T Y
Yilk ., R M Prime-Boost BX 4 f i 1 5% 4 %
S B AL 1 T A 18, AT ARL , B TR % 1 W] e
LB e e 3k S A0 M O A B P s 2 L DT A
FIF GIP 40 B 45 5 M b Jt 3 52 40 Jf /) A L 3 Ab
HBe-VLP & 7L 40 i 9 2R 35 )5 L o] R4 SR LA
— YA M T AR T b R R, A
I, pVAXI-HBc-GIP ¥R PE M B A4l £ 35 GIP £
BEH pVAXI-GIP 18 AT fig & — Fl 5T 4 900 IR Ho 92
J AT HBe-GIP 8 M e 5 I = i B b ik i A4
B, X — WS Sk S5 ] GIP B8 B A9 I F 9% 42 44 T
R4t 1) e itk

[Z % XX k]
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