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Prokaryotic expression and immunogenicity of
the chimeric HBcAg containing Ap,_;s
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ABSTRACT Objective: To construct a recombinant prokaryoticexpression plasmid pET/ c-Ap15-c, and
evaluate the immunogenicity of its encoded fusion protein as expressed in E.coli.
Methods: The gene fragment HBcg |4, was amplified by PCR and subcloned to pUC19. The
synthetic, double-strand AP, s gene was inserted downstream of HBc, ,; in pGEMEX/c, ;. After
restriction enzyme digestion, ¢, , - AB,; was spliced to HBc ,,,, yielding the recombinant gene c-Ap-¢;
that gene was subcloned into pET-28a(+). The fusion protein (CA15C) expressed in the transformed
E.coli BL21 was induced with isopropyl p-D-1-thiogalactopyranoside (IPTG) and analyzed by
SDS-PAGE. The virus-like particle (VLP) formed by fusion protein CA15C was observed with
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transmission electric microscope (TEM). Four Kunming (KM) mice were given intraperitoneal
injections of CA15C, and the anti-Ap antibody elicited was detected by indirect ELISA.

Results: The sequence of the recombinant gene was confirmed by restriction enzyme digestion and
DNA sequencing. After IPTG induction, the fusion protein was expressed, mainly in the sediment
from the bacterial lysate. The expression level was 40% of total protein in the sediment. The CA15C
could form VLP. After S rounds of immunization, the titer of anti-Af antibody in the sera of KM
mice reached 1:10000, while the anti-HBc antibody was undetectable.

Conclusion: Recombinant c-Af ;-c gene can be expressed in E.coli. The expressed protein can form

VLPs and has a strong immunogenicity.

B-amyloid peptide (AB); HBcAg; fusion protein; virus-like particle (VLP); genetic engineering

vaccine

FA] /R Z% 6 BRRG (Alzheimer’s disease, AD) & —Fl
g KRB | = A RGR YT T 2 n T iR 2 R GEIR AT
PEAR VRGN, DAEA 42 R 2K B - TEH
FERK (B -amyloid peptide, AR ) MPTl, FfE v 5 kR
MR N L 7= 2R AR BE, BHLIRICEAZ Sl U
TAEKWAR A T HMERAL, SRRl RELsyE™
118 R Pk ¢ S5 AN B S g 1T R ) 1 L — 25 R I R
WFFE R P mEge R WT, AR MY B 4R
THERE, (BB E AT R X AR
Mdn s, Boh% s, WMz Y, (gl
DL EE B bt at, HoA itk 22, G-k R g
U

LY R R B A% O B ) HBeAg B A TR 51 Y
P I PR A g e M, HE B A g X (major
immunodominant region, MIR) {37 F%f 80 ~2 J& ik ff
I, N /el Fhi, HMEVEDUREFRAH A GZ XA Y
fill & & F RS2 HBcAg WK A BE 1, HIBEN T4
Xt AR 6 07 4 588 0 G e 24 1, DXL T HBeAg 2
HMIEE R IR R A R TR . AP b A
24N AR s HEPR DUBE R N i e T E AT HR IR, A
T HBcAg FE[H 1 MIR FBOL (Kf /el FRAGHE E 4 ),
PR A 3L A B 5o, WSS F R KRB E
I B 0 B e Stk S JE A AD JEIH T
TR A 3 — 2D WIF 90 R0 P H B JE A

1 RS

1.1 &

K ¥ B (E. coli)BL21(DE3) . Jfi ki pUCI9,
HBcAg S/INEAT -HBe H.470 (mAb) 55t P4 48 1
Y T AR FIR L. dNTP FIFR. pGEM-T Easy Il T
%[ Promega A Fl. FRHIVEN DN EcoR 1, Xhol ,
Sal 1 1 BamH I, Taq DNA % & i, T4 DNA % %

fiti 4 T 5€ [§] Fermentas MBI A F]. $it AB N i §iT /&
(6E10) W T-3E[H Santa Cruz A #] . FEP/N R 1gG-
HRP I Tt P A2 S A AR AR AF . AB
KRG F b s i A B A BR A Al . f HBcAg
AB g I A Y R pGEMEX/c-A B 5. 7% HBc, 4,
(¥ JF ki pGEMEX/HBc, ,, AL E Mgt 7, pET-
28 a (+) g T 7% 5] Novagen /A Hl. Ni-NTA agrose 7%
FZ A4 F 78 [E Qiagen A H].

1.2 Hik
1.2.1 R AL A pET/c-A B \5-c B9M#E

MO & TR E B2 A AB s O EE Y B
(2AB 115) B gAY TRA R A, 7551
G4 Vi AR JE 3 A0 E Xho T A1 BamH 1 Bl U157 155
LI Xho I Al BamH I ¥ il VI, # 2AB|5TH:§/\Z'§§
56 %5 K 7 AR A7 1Y I KL pGEMEX/HBc, ,, 1, ¥ 2
Jii A pGEMEX/HBc;- AB 55 UL i A pGEMEX /
c-AB ;- " Y HBcAg 2 (A b BE M, &b P
HBcgy 100 A EEATIY) F: 5'- CGGATCCGGTGGAG-
TCAACACTAATATGGGC-3'( F R4k At Ay BamH 111§
PIfi ), R: 5'- CGTCGACCGGAAGTGTTGATAG-
GATAGG-3'( FRIZAtHy Sal 1 FgPI{i 5% ) o PCR ™
Y2t BamH 1 H1 Sal 1 BEY), DS A pUCI9 HY
Z i, FETURL pUC/HBcggso

EcoRT F1 BamH 1 X fifi Y] pUC/HBcg
pGEMEX/HBc,- AB 15, Ff pGEMEX/HBc, - AB 5 1Y
INFBE (HBc, - AB j5) WA pUC/HBc88 AR &,
FAGH TR pUC/ - AB s—c( 1),

EcoR 1 Fll Sal 1 XU i Y] i k7 pUC/c-AB 15-c Hl
pET-28a(+), B c-AB sc A pET-28a(+), yAREES
B pET/c-A B (5-co
1.2.2 @A KE c-AB -c I REIFFRIEA

B & A R 3K I OKL pET/c-AB 5c I B W
BL21(DE3) 4T 200 mL & RIBE Z 1 LB H MK
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h,  [RIRESERR 5 23 UKL pET28 MY B AE XS IR, T
30 CHRAE HE I H IR Agon o THIK 0.4~0.6 B,
A S P9 B - B -D- B AR it i 2 FLBE 1 (isopropyl
B -D-1-thiogalactopyranoside, IPTG) /5 %3k, 4k%:
PrRE SR 8 ho

BamH 1 Sal 1

EcoRIATG Xhol
1 BEEE AR s-c HITRER, AlA 3L H 1) & i
A EcoR T YIS, RENGH Sal TIN5, W AB s
T4 3R Xho T F1 BamH T BT {57 5.

Figure 1 Schematic presentation of the recombinant gene c-

A B 45-c. N-terminus of recombinant gene is EcoR I, C-terminus of

recombinant gene is Sal I, 2A 3 | ;5 is between Xho I and BamH L

123 A2 ZRaW s Bt Ltk e
FiAERRINGIGEFRIET 4 CEL, 77 1T,
T BE FH 2L % 2% wF (50 mmol/L Tris HCI, pHS.0,
100 mmol/L NaCl &% 10 mmol/L EDTA) ¥ . &,
PRl 3 G, AR . 4 CEL, 40l
W AE B RIUITE, 4T SDS-PAGE Fll % Sl 5 i 4y
B, RHBR G R HEmEEND (AN
CAI15C) HFRIRIKF-.
1.2.4 #4&% 8 CA15C 8944k
B EHRAE I CAISC AN 2, FH
TRREL IR (pH 7.4) A 0.1 mol / L PBS(pH 7.4)
ENTBEEL G, Ni-NTA agrose 5 flZHr4lifb, -20 C
77
1.2.5 #4&% 8 CA15C % Western FF 4|
4k J5 19 3 35 7 11 4 SDS-PAGE, R ¥ &E M
Marker M H B8 IR/, DTHOHE R A7 A9 e,
SYUIAH R /N NC B, 5 2.5 he FH 5% MR 0
37 CEHA] 2 h, fiIA 1:300 FIHT A B N I@HiiA (6E10),
37°C T ##'E 2 h, PBST Y%, MIA 1:1000 () HRP-
FHR 1gG, 37 CF#E 1h, WEREMALLH,
TR R . B ER .
1.2.6 #4&% 8 CA15C #9 ALK
H4tifb 5 /Y @& 2 11 CALSC 10 uL, % T
200 H 4 M 8 E 5 min, 1% #4582 71 4% 5 min,
HITACHI H-600 i 5 L 58~ X0 B FE UKL (virus-
like particle, VLP) BB
1.2.7 @A 8 CA15C %55 R M6 4 m
SEa e HMEPE R BN 4 K, 6~8 JH#l, Bk
20~22 g, FH VPG %3830 KA B2 B S sl o AL

BT 5% [AIRE 1 JRIRE I T 3 0% 1K, 100/
55 1 A E FH SRR o 1G58 A7) S G 8 1 (10
ug) IFLILTR AW, 4 2 G o FR AN 52 212 51
G HEH (10 pg) MFLLIEEGY; M REERHY
FaAEE (10 pug) A MR . Lz 5k, 7F
WIRRPERI A 3, 4, 5 KBEES 1A, 37 RUZR
I3 B8 M . 8] 42 ELISA 6 0 ifn 3 v 4t 44 i )%
43 50 FH A B o JIK S HBcAg £ 9 i A5 A, 4K Uk fin
AN TR B 2 1) s ) 1038 B HRP AR i 1 Ll 265t/ R
IgG(1:5000), LI TMB &, ZabRNfE, HBElr
A SE Auso > VABPERT LTS VEFIPEXT IR, P/N>2.1
HH B

2 & R

2.1 EHRHK pUC/c-AB s-c WEERNF
2.1.1 Bgdnk e

T R pUC/c-A B 1s-c BRIE LK/ R 3.3 kb,
MG FBETS , PTYIN AR /NS R B
H EcoR 1+ Sal TR, Al T 42K c-A B 1s-c B ( %)
523 bp); H BamH I+ Xho 1 XU Y], Al YR 2AB s
FrBE (29 110 bp) . 10 g/L BEARMHEE L HL Yk 45 5 o
B0 A B RN S B E A —2 (K 2).
2.1.2 DNA M 5

TR pUC/c-A B 15-c LT BB E Y AR
AR TAE A A PE1T DNA R8I0, 2505 gk
e AR . PS5 AR WA 3.

1 2 3 4 S 6

6 kD
3kD

750 bp
500 bp
100 bp

2 EZHFHI pUC/c-A B 45-c 71 pET/c-A B 15-c FIBBIIETE
l: pET/c-AB |5-c; 2: pET/c-AB s-c/EcoR1+ Sall; 3: pUC/c-
AR s-c/EcoR 1+ SalI; 4: pUC/c-AB 5-c; 5:pUC/c-AB 5-c/
Xho I+ BamHI1; 6: HBI1.0kb+ DNA ladder.

Figure 2 Restrictive enzyme digestion analysis of recombinant
plasmid pUC/c-A B 15-c and pET/c-A B y5-c. 1: pET/c-AB i5-¢;
2: pET/c-A B |s-c/EcoR 1+8al I; 3: pUC/c-A B |5-c/EcoR 1+8al ;
4: pUC/c-AB 5-¢c; 5:pUC/c-A B 5-¢/Xho 1+ BamH I; 6:HBI 1.0
kb+DNA ladder.
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2.2 RIAFHL pET/c-AB 1s-c MBEIETE

43 9 i EcoR 1+Sal 1 X U] B KL pUC/c-A B (5-c
1 pET-28a(+) J, It Ag WH & W Uk ol e & A&
c-AB s-c F A (4 523 bp) BY H B AN pET-28a(+)
HARK B, T4 DNA ¥R ER:, RS2 R
FIRFRL, FRIS BHER, 34K pET/ c-AB 15-¢ K/
7 59kb, £ EcoR1+ Sall WEFVIG, WYV TN &HA

Fille: pUCTR,CALSC MIIF{=4 T/ B acl

c-AB sc FED (2 523 bp) 19 7 Br. BUIRHE BE L
Uk s 5 S HEWTE AR T (181 2).

2.3 EHRRH pET/c-AB s-¢ HIRIE

DL 20 BT KL pET/c-AB (5-c % AL K W #F 14
BL21(DE3), H IPTG 5T Rk, RAYLMEH
5 W J5 217 SDS-PAGE M1 % h fir 2 g e o, ml L

] = & e & e

Sample: pUCIHCAIICMIF-TINEE 1204 Hﬂrlﬂ BaTi heans  Page | of2
(] - T B 5]

3 ELARRHL pUC/c-AB 15-c IR E o EcoR T 1 Xho I BiFUI7 152 [8] 2 HBc, ,, FENJF4, Xho I Al BamH 1 (YT 5,
ZIAIK 2A B s FEFFF, Xho1 F Sal T BEEYI 5522 (6] 4 HBcgy_ 100 J:HFF1
Figure 3 Partial sequencing result of the recombinant plasmid pUC/c-A B 45-c. HBc, 5, is between EcoR I and Xho I, 2A B | 5 is between

Xho 1and BamH I, HBcgg 44 is between Xho I and Sal 1.

& L3 AUCTE o4 B> B 20 kD B 1 25 HT
M E A (K4), SR HEE CAISC S (E
(21561) HI4F, TIHLHE R0 (AT L, %
W] CA15C 5% LU 306 A 1 T =0 47 7 T 400 141 19 95T 3
o SEEROEE B HER AT, CA15C 25 4 TR 2
R AR 13%, o5 4040 B R TUIE MR 1
TR 40%.

2.4 BAEH CA15C By Western EliEEE

Al A | CAISC I L i T 3E 48 SDs-
PAGE, ¥ ABN i 47 #4 (6E10) #F 17 Western EfJ i
R, AT ULAE 20 kD BHEA A, BT E
wEHE KT WG (K S5). ERAES SRt
B LI EE H 25 i 58T A B N it T 0 o

2.5 MAEH CAISCHIEEUR

CAISC &4ifb)s, HEEFHE T ERZK
/Ny 30 nm A9 ZS O YRR, R/ HBeAg FTIE
B RURLARAL . R A B 5 55 UK B HBC JE A0 il
HEATIER VLP( F 6).

2.6 /R I iE B i E R

82 sEls, 4 FUMNRPA 2 HiiE i -A B
UK B2 0T 553 1:4000, 2 HAE 1:2000 2247, H
F CA15C H1iit = HBcAg [ c/el PLRHIERE, HIZ
J& WIS HR BT -HBe PUAR A I BEARAK, JL-F- KA
B, B SRR, NRILE T - AR Ui &
Yo#iE 1:10000,
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4 BhAEERE c-AB s-c FFRIEFH SDS-PAGE 53#f, 1:
PET/c-AB 1s-c Tk AN AMEBUIIE; 2: pET/c-AB j5c K
IR AN L3 5 32 pET-28a(+) FRIKHYAN I RHIT
UE; 4: pET-28a(+) FIAHYAM M ZLHML s M: HHADT
T8 marker,

Figure 4 SDS-PAGE analysis of fusion gene c-A 3 15-c expressed
in E.coli BL21. 1: Sediment of lysate of E.coli transformed by pET/
c-A B 15-¢; 2: Supernatant of lysate of E.coli transformed by pET/
c-A B i5-c; 3: Sediment of lysate of E.coli transformed by pET-
28a(+); 4: Supernatant of lysate of E.coli transformed by pET-
28a(+); M: Protein marker.

3 it g

FIRT, AD MIR)7 2 N EMRTT . S AE IR 55
XHAE B SZHRFR YT, 1 BEAT BEBH Lk 175 2 Ji o0t e g
B ) ] AR . 2 B RIS AT B T BTG
AD WA B, BT AR AP I AN (E AT AR Ml P Y
SEEE, 1 L AT Tau AR ERECE ), BH kA2 T
FA NS

FHUAR A 5 v R R BE )™ A i T AR LA, ST sk
G A eI A RN . 2K A By 7EH AR
Sl A A T AR, LAHOBUE, AR a5 1E
AR 28 S AN RSN . ORI BRI S s, ki
AR TEMEE R LA, M EZIFEIREAFERE, B
1k AR RESAALIHTA N FO AR BITIR

FI AT A AME AD B9 ESh R ite s, K2
KRB AR AR BB ZIK ", XFhr ik
BA—Z R BRIEFAN 2 . BRI 2R . A

Marker

- - 20kD

E5 BiEEHE CA15C ) Western EJiTFEETE , 1: pET/c-A B 5-¢
FIK MU BRICITIE; 2: pBT/c-A B \5-c FIK L R 2L
W L5 30 pET-28a(+) RIKIUAN R RAF I ILIE; 4: pET-
28a(+) FIR AN 2 L3 5 M: 25 T2 marker.
Figure 5 Identification of the fusion protein CA15C by Western
blot. 1: Sediment of lysate of E.coli transformed by pET/c-A B 15-;
2: Supernatant of lysate of E.coli transformed by pET/c-A B 5-c;
3: Sediment of lysate of E.coli transformed by pET-28a(+); 4:
Supernatant of lysate of E.coli transformed by pET-28a(+).

6 FEEA CA15C R M#R&E HBcAg fREFHEEIRAY
FEEEMEE (Bar=50 nm),
Figure 6 Chemeric HBcAg virus-like-particle formed by fusion

protein under transmission electron microscope (Bar=50 nm).

B, M H RS AR 2 BRI S SN, il
Z TSRS Z 2 T AR A PR

Shy i S R VA s R, N ANEAT T
MEWMBER, BN TREESSHE AR MK
(carrier) 93 N TR SE W SR R BB 7 Ml B AR
AlA TR IR . B I T S aR R A S
fik U A . HBeAg 2 FE TR RO Y 8
. SEEEM LK HBcAg 85 11 3 A7 183 P& LR,
180 B, 240 LR Z (B 0] A . 4L MY AT 57 A
i) 3 5 7 AR IO, LAY 144 A E IR R 41
S ELER Sy, MR C- ¥l 39 > SRR 1Y) A 7Y
HBc(HBc A ) [Fl#f AT 20 2% i d B B0RE, A i iA
A — AR BRI PRI EE (MIR) {7 T Uk 1 %
I, ANEWPUR R E R, 1 EX HBY O
YeF AR A R T O E AR, AT 2
FR#B 5> MIR c/el AL, Il 55 5L Bk HBcAg A% 5 1Y
SpE R R A2 B E R E R .
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TERT A AD EHFSE TAEH, 5 K AR 1
FE 4 A F HBcAg FEH A i [R1HAL ( Zah 72~87 &
FEFRIX ), IFAHHAE K AT DHS o Fl BL21 h 3%
KA c-AB prco SR TR BAIEFAEER
JaAT R Hh ik, Rk A E A F 2 DMk IE
RAFFE T A SR, Rk E A= UisE
B 169% F130% 7", FHHARE ] B 1L RES AR
Xt SD KRR FEEAE 1

ARELE R, NN RN, EFHICRHA
FE Vi AB o ﬂ‘j}{% AB s i A2 HBc A 1Y I%ﬁﬁﬁ
PEFIX, R 6his 7Y 55 323K BTRL pET-28a(+) #
A A9 45 £ B BL21, 45 WoR B 3L RIE AT,
2 IPTG 55, ALK = 5 45 v 3 4823 Ul U B 2R
40% . Western E[J3E i /R FlE FE H AT 99T A §) ETIR G NI
. BT IER Al A B E TR L VLR, e R /MR,
SR HIME T AR B FHIBUMAE A E] 1:10000,
Vi BRI o) 28 A 2 DR TR 9 1 LA AR i ) 2 D o

RILB AR s PURM A TR B 2R
FEWAE, HTASHE AR B T i, LB
AR s BEK AR B %4, WL, Ma MR
TRE AL H R, mHA T AR, R
A, EAT R AT AR R
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