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B OB LAMAREHSEES HBc, TAEKIOLEN R+ @RI IR M) mFEHMAE VLPs. VLPs
THINBRAFINETLLGBERETELRBT, VLPs St AMIRE 8B i 5 F AR = 459N BRI R 69 4%
FHARBREBEA MBI B L, EAMBGRAERESAMER, Bk, HBc-VLPs T A A —Fr %4,

AR GEAR, XFPRFT B ENE5RREEBIE HBc-VLPs, HFRT — £ G4 &
HBc-VLPs #97ik, B3 & S REHAK, £8F 560 % KA 7 % 8045 A LB E Ala £ 4 Cys, £ HBc-VLPs
HEZRREIHRRIAN—AEERIRAL S, MET R EAZLEIR pET28a(+)-hbe, &k, & KFT &
%4 %9 HBC(AB0C) #-4k& & ; £ PB&MIKA ¥, HBC(AB0C) &G A KN m HBc-VLPs k4 F. 4
JEAL b 2 45 R AU, HBC-VLPs 44 R ki 69 -F #4242 4 29.8 nm, FH 4 & F 2 59L& %) HBc-VLPs 5 &,
K2 Ah 30nm Bk, EHEL R R HBY Ak aM. AR R E M2e R IK AR X LR, @it
Sulfo-SMCC &R L -30 A R o 48 R B A, % M2e & 544 F HBc-VLPs it R 5| A 89 Cys R A4, #&T
M2e-HBc-VLPs # X /& &, @i mfl st k735, iE T HBC-VLPs & Ma) T &5 M2e 69 E# LIk, #h4
o B 5 B A E R T AL BRI BT A LR AF 4G 19G Sk, B0 HE T JE W AR HBC-VLPs 69K 2K .
Bttt R A HBC-VLPs fE AR B R AW A AL EL T A mh, %L 3t HBc-VLPs HAKJE & 49 FF L A A&
HBc-VLPs f& 3t AR 3% 64 &2 A
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Preparation and characterization of HBc virus like particles
with site-directed coupling function

Di Liu', Bo Li*, Cheng Bi?, Hongping Qiao’, and Xiaoying Wu*

1 Department of Biology and Center for Veterinary Medicine, Taiyuan Normal University, Jinzhong 030619, Shanxi, China

2 Faculty of Science, The University of Sydney, New South Wales 2006, Australia

Abstract: Hepatitis B virus core protein can self-assemble into icosahedral symmetrical viral-like particles (VLPs) in vitro,
and display exogenous sequences repeatedly and densely on the surface. VLPs also have strong immunogenicity and biological
activity. When the nanoparticles enter the body, they quickly induce specific humoral and cellular immune responses to
exogenous antigens. In this study, we designed an HBc-VLPs that can be coupled with antigens at specific sites, and developed
a set of efficient methods to prepare HBc-VLPs. Through site-specific mutation technology, the 80th amino acid of peptide
was changed from Ala to Cys, a specific cross-linking site was inserted into the main immunodominant region of HBc-VLPs,
and the prokaryotic expression vector pET28a(+)-hbc was constructed. After expression and purification, high purity
HBc(A80C) monomer protein was assembled into HBc-VLPs nanoparticles in Phosphate Buffer. The results of particle size
analysis show that the average particle size of nanoparticles was 29.8 nm. Transmission electron microscopy (TEM) showed
that HBc-VLPs formed spherical particles with a particle size of about 30 nm, and its morphology was similar to that of natural
HBV particles. The influenza virus antigen M2e peptide as model antigen was connected to Cys residue of HBc-VLPs by
Sulfo-SMCC, an amino sulfhydryl bifunctional cross-linking agent, and M2e-HBc-VLPs model vaccine was prepared. The
integrity of HBc-VLPs structure and the correct cross-linking of M2e were verified by cell fluorescence tracing. Animal
immune experiments showed that the vaccine can effectively stimulate the production of antigen-specific 1gG antibody in
mice, which verified the effectiveness of the vaccine carrier HBc-VLPs. This study lays a foundation for the research of
HBc-VLPs as vaccine vector, and help to promote the development of HBc-VLPs vaccine and the application of HBc-VLPs in
other fields.

Keywords: virus-like particles, hepatitis B virus core protein, site directed coupling, vaccine vector

WA LR (Virus-like particles, VLPs) J&  ZURI#E, 755 AU Ao M

— Pl S AR 2 RARGURBORL, 5 RIRI R
FIESHML, FRENSWEN AAEER, H
AR ERR LRy, i, vips 2R
P FNAR AL Y i . VLPs HAT TR 58 Yt 28 S5 LA
FAEW g, 5 TR RGO, LA
[ A I I P f g R . 2% VILPs (9 AR AE
20-100 nm Z[A], A HH#FAMEE, #3500
ERE LA X, It R ERBT R R A0
SR VLPs 7] 22 ot st — R R il 32 B 44U
KYEE AR MHC T #l MHC 1143 F-hn TR0 53
PUR, i VLPs 5MAR /81 1gM Bk B8] 11
e M EAER, AR VLPs [0 B 4 gy i 5% 15 .
VLPs 3 [ 1 W 4544 LA K 240 | e B JE 52 B P it
R AT 2 2Bk B iz, 51 %%t B 49 5R

% : 010-64807509

VLPs f4 i3% S6 e f R Sy A oA 850y 9%
MR, W5 R B VLPs B9 4548 Fo i/ 41 IR 3k TR B
LR R Bl A Y i & % VLPs, SR )55 oM IR 1
PsURRERE T BRIvz 4, Z% VLPs Bk
WHAUEZIR (DNA, RNA) UK HAb /N7
ARE S, VLPs BEASA LI A o T A
BUAR RN , s B A E Pk, PRI B e T A
Higmmiaer, SHATREAR, 2L, &
DL KA AR T P, Hr, B& b
M VLPs WA L HIHF R E VLPs B
(Recombivax HB, Merck; Engerix-B, GSK; Elovac
B, HBNM | A L3k cHR W % & VLPs BE
(Gardasil®, Merck; Cervarix™, GSK)I! ik
J5EE VLPs ZE 1 (Inflexal V, Berna)™Y . Hi 1%
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JEEE VLPs #51 (Epaxal, Berna)l*?, — st fihg
FGHY VLPs %2 1 th 2 24 F I PRS2 36 i B 11,
AN, VEM BT 259 1) S sh# a #ik, VLPs
LB T AR A 35 0 e O

RN R (Hepatitis B virus
core protein, HBc) BEBETE il — 1 THI {4 XT FR 25 44 1Y
o BERERORL, M5 BT R AR % B
R, HBC B B A1 KIGAT B . BehE . R
BRI IE R G R RS RE R s K
AT e T 261k HBc 25 1 3 m] DUE AL 2 Fh 28 ALY
UKL, 73512 1 180 A B TE iU B 4% 30 nm fY T=3
RURURL AT 240 A BATE BB AR 34 nm iy T=4 54
RO N R L C A A e A s X IR
FVF—E R ANET SR A, N ARl A SME
J¥ 5 R4 SR T 91) E A2 L e % T 2 R TE Uk
PRI, PR 5 LA™ A B X SN PR B L i
SV R R G B T A B e P R,
HBCc-VLPs J&—FP 24 | AR 8K, X Fh
KRBT 5, R B B R At T8
PG, EAYBE2ENIY . BRI R . Ik
TE &AL BRIIG YT Hh A Aa T I 0 N

AWFFCHE TS E TRHEA, @it HBe 3t
K, £ HBc-VLPs Y 325 A% XIG | A—"1
MWL, FIA KBRS R, &
HBC(A80C) AR , RIMEE P AR A
HBETE Y, HBC-VLPs, Xt HgEF T R AE 55 E
BB ) A2 5 ACHR A K sh P e e SE 5, IE
TIZIEH RIS . AR ERHE T — Rk 45
5 HBc-VLPs & SRR, HIFER T —Em
B HBC-VLPs il 45 5, Al Kar KA i &
HA 2 SABEIIRER HBC-VLPs, A HBc-VLPs 1
PR SR T 2%

1 MREFE

1.1 w5
FIkH K pET28a(+) T Novagen A w), I

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

F2 B Mk K% AT 7 Escherichia coli DH50 #i1 E. coli
BL21(DE3) T Invitrogen 2], A i s 40 it
A549 FIALE B M4l HCT-116 T b [EF}
e 20 M PR I e R B AR M Ak ) g IX
(Ectodomain of matrix protein 2, M2e) #&= P
K (N 3-SLLTEVETPIRNEWGKRSNDSSD-C i),
H A N R R A BR S W) A, Herbofs R
(K) FASFRIRZEE (FITC) driciist, 2k
31 BALB/c /NI T ik s SE g sh W) A
BRAF . RIREZE (Kan). SEHNE-B-D-HifCHH
B (IPTG). 4-(N-Th ke it 7 Jiie FY k) 2R 2 be-1-
R 3- T L -N- ER 5L 3% R mE W R PR A0 AR
(Sulfo-SMCC) #3F Sigma-Aldrich 2\ ] . RPMI-1640
SR AL . MR- . RS . HEEERIE AW
I F Thermo Fisher Scientific /A F], Anti-HBcAg
PUAMEFATAY TR (BF) BOERAH,
oAt 53 B 2l A2 350 W T b e b2 i) A B
YN
12 FHRWEIE

T4 FkE pET28a-hbe F SE 5 & A 3, A ER
EEWE 1A FiR . FEH hbe 54675125 18 NCBI
GenBank (&5 HE981189.1), M/l 4xmER 1k
YR FRA AT P9 895 L. #id4E hbe JE A
JFFA It — X RS S — X R AES Y
(F 1), FIFHESLM PCR HA , K4 HILL F-Rm,
Fm-R AP S, IR R B, #LLF-R
P e A, I LSRR 3 K PCR, 74
rh 238-240 /i i GCA 5758 TGT (&l 1B). [ )i
R Z (50 uL): Pfu DNA R4 0.25 ul, 10xZ%
W 5 pul. dNTPs (2.5 mmol/L) 4 L. k. FiiFEsl
P& 1ul, JFRifitk 1 pl. ddH,0 37.75 L. J2
MFEFE: 94 CTHiZAEYE 5 min; 94 CZEME 30 s,
55 ‘CiR’k 305,72 ‘CHEff 405,30 MEH ;72 C
ZLEAif 10 min, PCR 7745 1.5%3 A A58 e v ik
YoE, I H B B,
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lac 1

F Fm

Rm R  GCA
PCR 1 pcry  *Mutantsite o )

pET28a(+)-hbc

E 1 pET28a(+)-hbc ELH RAIHIHIE
Fig. 1

Construction of pET28a(+)-hbc recombinant plasmid. (A) Schematic diagram of recombinant plasmid

pET28a(+)-hbc construction. (B) Schematic diagram of site-directed mutagenesis by overlap extension PCR.

x1 SIMFFISHIE

Table 1 Characters and sequences of primers

Primers name Sequence (5'-3")

Restriction endonucleases

HBc-F GGAATTCCATATGGACATCGACCCGTACAAGGAGTTCG Nde I
HBc-Fm GGAAGATCCATGTTCCAGAGATTTG =
HBc-Rm CCTTCTAGGTACAAGGTCTCTAAAC =
HBc-R CCGCTCGAGTTACACCACAGTGGTTTCCGG Xho I

Note: the underlined sequences are restriction enzyme cutting sites and the yellow-shaded sequences are mutated sites.

H i) DNA B 5 #ii4 pET-28a(+) ki)l
22 BRI N YIEE Nde T #1 Xho T XSG B
it FH 3% Ha 0 G A TR YD P 54, 16 CiEdE
8 h, EH = WFELIERZ 2 E. coli DH5a, MAFAR
BRI Kan P G 0 B v B T P R R,
WK PCR Wi PRI sl e, AR IR (h
B, ) SE DA I AR WP AR
3 4 H A BT e A S, Pkt H A A Y
o 20 TR AR TR
1.3 HBCc(A80C) EHMIRIES AL

i H 20 Tk ;A E. coli BL21(DE3) 1, ¥
PEVAR EPRECR TR, A EIY LB R FR A
B, 37 °C. 200 r/min JR¥HE SRR . B L mL
HRMAZIS 100 mL LB #5353 s b,
37 ‘C. 200 r/min JR¥% 55525 2.5 h, HK ODeoo

% : 010-64807509

k32 0.6 BF, IIAZHE N 0.5 mmol/L /) IPTG
S, 30 CiERRIL 100, BFFLERF 4 C.
8 000 r/min #.0> 15 min YL A, K FH Phosphate
Buffer(PB) ZZupikZ (pH 7.4) dEfralifl, g R
TR Tk e B S HL K 5 Weestern blotting 43 B7 25 11 £
e SUNS RN I AIUES T S

1.4 HBc-VLPs By4R%E 558 4tk
W44k 5 B HBC(AB0C) & [ W fin 1) b 3t
HENTAR N, KBTS A AR il (PB
b, pH 7.4, AEIRRER), 4 CHF12h, &
EERREAFRTIRE, BRI A%, WEE
B 2-3 WM. EAHHELSHRE, 4 C.
10 000xg 50> 20 min, W W . 76 LT
INABR RS W, 2 IRCE 30 min, 10 000xg &
0 15 min, WCEEVTTE, IR £5 5% vh iR (i ik
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VR VR IE BIRE R ik Sepharose JE M A E—
afifl, P VRIS BOAE b R IR AR
1.5 HBc-VLPs fihi B9k 5 BiRRAE

R TYeak, 50 pl FERH TA LR
(R4 9 IE R R) AR LA A SR KT TN 5%
BRI YO TA M |, # 8 5 min 5, KM
ZAMBE IR Y BUT IEAC T, FRSL AL T2k
AIHE ] JEM-1400 5% 5 BT LEE . FA1BE

1.6 HBc-VLPs R BRI 1E 5

FH#B 4l 7KK HBC-VLPs Fi B2 JLASA A il e
B (NF 1 mg/mL), MAANFE, RS W E
HBc-VLPs ¥k 800 pL B3 14 ()] i 0o 1 7
RARINE , FH E IR ST KL X Zetasizer Nano
ZS & HBc-VLPs HRAR 5 A 15 0L o
1.7 #[EEk M2e 5 HBc-VLPs BYE & R Bk

# 4 mg Sulfo-SMCC %+ 2 mL ddH,0, Fic il
i 2 mg/mL 1 Sulfo-SMCC ¥ . 4 Sulfo-SMCC
VSR ZEBH INF] 2 mg/mL 9 M2e WP, 25 B
RE, SN 1 h, 4 CE&MEF PBS ST
6 h, 2= RAZEEAY Sulfo-SMCC., ¥ 328k J5 1Y) M2e
PSS 1 mg/mL Y HBc-VLPs IE %18 10 © 1
I HBNR A, IR 4 h, B2 R A2 BRI HT

M2e peptide
o
?fer\“FNHz ?,frﬂ\k.\m ﬁ)
0 S
@ @

Cross-linking Cross-linking

Na'O- 0

I
0=4 0
=
0\]:§N4) ﬁ

Sulfo-SMCC

\9,5!'”\\—&11

0 O 0

JEK (e R A 2 ).

1.8 #u/ERk M2e 5 HBc-VLPs B4R R K
NER

W5 b 5t B AR K AS49 I HCT-116 4 i
FHIEREIE AL, Frdi M RES DORRE FIRIE RS, A
B FRIELOEIE A . T — R PE TR R A R A
il 45 BA A M B L R I IR ElobR e i A e
B0 0 4 A TR, VS R R A A R R
2x10%/mL. K5 B A i E A 6 LA,
AL 1 mL, A 1 mL AR SR, BT
37 C. 5% CO, ¥ig%. TRANMINERES , 37 LRI,
IMAEH M2e 5 HBc-VLPs 22864 (50 pg/mL)
MEEFRI 2 mL, fER4IM 3 h )5, SRR,
JH PBS W R VET 2 3, 7280 AU T WA 4 Y
WZEOE BB
1.9 #ERIEE M2e-HBc-VLPs B G iE

VEHL 6-8 JE ) BALB/c MM /N, FENLS
BCEIEM, 46 2. ¥ M2e-HBc-VLPs, AKACHK
) M2e HUJFIR S5 %AS [RI L P /N BREA 7 2 T
SF, MESEEBET 50 ng 8% 100 pg/ L, =S X
1 A [RAFR ) TCHL I 22 i 1 A B ) B
WHRPEE, (810 2 R 1k, 5 3 K. shi
SEHGAR AR 3R BRI, FFLA T AR A N TE SR

HBc-VLP(A80C)

oﬁ-' '

2 &3 Sulfo-SMCC NM"EM BT EE S X EKMEM M2e 5 HBc-VLPs RE &

Fig. 2 Two-step reaction scheme for conjugating M2e peptide and HBc-VLPs with Sulfo-SMCC. The Sulfo-SMCC
crosslinker is first reacted with the M2e peptide to produce a maleimide-activated peptide. After excess non-reacted
crosslinker and by-products are removed, the maleimide-activated M2e peptide is reacted with the sulfhydryl groups of
HBc-VLPs.

http://journals.im.ac.cn/cjbcn
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1.10 SefEa i imnE S inkasamn
FALINA 100 pL #fEE] 5 ng/mL 1) M2e it
KR, 4 CadR, KH, R,
Ve, A 300 uL AW, 37 CHEHE 2h, 372
B, PRk B S Y I TE AR S I SO FL
W, AfL 100 uL, 37 CHWEH 2h, FERENMK,
PEWk. A 114 000 #iFER HRP ARic LS4t
/NER 19G Hidk, 44l 100 ul, 37 CHFHF 1h, 3F
£ THUEW, Y%, A 100 uL OPD (i,
37 CHEYEIFH 20 min, JIA 100 pL £k, Bl
J5 TEREFRAY A 492 nm 2 7 4 o W O JE

2 ER5AM

2.1 pET-28a(+)-hbc E4H R

PLON R A AL T hbe 56 IR 58 4 2 41 /Y Sk
AR, AR R I 5 P EAT B 28 A8 FF T hbe JE
[H 41, H 8 SE A PCR Sz v &5 o i 7 48 H 7 4% W
BB SR, iUk S A&l 3 FaR, 7E 500 bp
BT b BB — | B  ARA, aX 5 RIS R/
469 bp (F EFVIAL £S5 R IEL) ARAT, 53 7 4]
M. &Y. . BAELRE, WK
PCR B H AR TN IR A , W7 R A 751 5
P 7 41 58 42— 2, 741 238-240 fii 2 A GCA
RARN TGT, Ut BH 41 5k pET-28a(+)-hbe #4 £
B o

B 3 hbc k¥ 1EHY B IKE

Fig. 3 Agarose gel electrophoresis of PCR amplification
of hbc. Lane M: DL 2 000 marker; Lane 1, 2: hbc
amplification fragment.

% : 010-64807509

BB 2], BATHAF RS HBe &
1 C A i 150-183 v & IL R W 3L R 7 51 Bk 2, X
TRE T 1-149 (&R ML 7o, Box &M
150-183 v 24 Fk R X Uk ) B B AR 52 1) K /N
TEAMAERZAR LT, R HBe 21 C R
A5 EEA e RNA/DNA 2547 5 i) 150-183 5% 3k
JF51, fEf% B I RNA/DNA 596K sess 48,
HRZH 149 BREAGT Ik 2 KIGHT I R B#2
BT I, T=4 TIROR P2 BORE A HEAIE T Bk
R4 —PE, IF H T=4 RIGOR Y 254 5 KRR HBV
K5e—5, 78 HBc IRBERY 1-149 (AR & A
3R AR IL , 1 B 43 T 48, 61, 107 fir
4813 Cys 55 611y Cys il # 5 54k Al —fsg i ik,
107 i Cys BlHH i T-A4% 0o B0k: Y 31230, 3 ANz
A EPUIRES A Y e (B B, T 78-82 i 2%k
RN 55 B PIORE 2R THI 28 S 1 O, 2 HBcC 1 1%
G e Ak IR, TR S TR A o A X 3
I, PEIBUH IS AR e iR sk AL . 78 13131 82 i
HRIERR TR 78 RAZAIR (Asp). 79 IfiZ iR
(Pro). 80 INZ R (Ala). 81 &R (Ser). 82 ¥
ZR (Arg), Wit Hr 5 ASEIERR B AL R
DA R S SR A2 J o B 1 S5 R I 52, H: 80 N
CEN IR SR ol AN 0k e AL (A GV o N 3 & &
HERE (K 4).

78—82 Asp-Pro-Ala-Ser-Arg

Cys

B4 RBRRMISREBHSHT
Fig. 4 Analysis of amino acids at the crosslinking sites.
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2.2 HBCc(A80C) EB*%IE. @Ak 5EE
EHREE 30 C&id IPTG S 10 h )5,

SDS-PAGE 45 g/~ , 7F 14.1 kDa 5 20.1 kDa 22
LTI S BTN 0B S S P < - O A0 s = e R B
AY%5 L 16.8 kDa (ExPasy, http://www. expasy.org/)
AR, R EBREASE T E8ERE (B 5A).
HEMAENME, HinE A7 E AR R R i
BANPLIE PSRRI 2], (48 IR AT BIE
W T HBe B E2AAE T RiEWH, Hit,
WATEEE T IR Al e i, AR TR K
WA e P A6 E 1 PB 22 oY HBce 2 i AT 4lifk .
RUEIRAE T &R E R HBC(A80C) &1, (H¥E
B A e, B P s
WE SRR HBC(AB0C) #E [, 1A 4 1k it i ko nes
W BE TR AN BE S X AP O (181 5B) o FAT THEN 74l
fbid# i, HBC(AB0C) & [ HATE PB 2 vl
AT T A%, His SEMARE L EENER, X
PIZEA 3] Ni SEAECRL -, Rk, FRA7HF 6 mol/L
IR FEIMA BN R Z kT s gl A28
HIREXE A RN, fERANRESYS
FIfEIT, SEAUARZEAT DI ER o AR A,
AT T BAFmaifb 8Os, BinE s8] TR 61

A
kDa

5 HBC(A80C) &HFIL. f{LBIr k5

TREE, A A S 2B, HIKEE R R
HBCc(A80C) &t alifb)s, 4 — (Kl 5C).
Western blotting 255 /R, PRZL A THE AR EE T
E bRt , HAI TG, T2 1 JOHE Sk B2 T
StESl (K 5D). 45 R4l 5 1) HBc(A80C)
MIAEIRENS S Anti-HBCAg HUIA & 4R T 4s
&, — U T 44k 5 B9 5 12 HBC(A80C) H
PR, HAEREHE .
2.3 HBc-VLPs 257

4ifbJ5 , HBC(AB0C) £ B IATE JC IR 3R Y 2%
MR RERS B 4136, TERL HBe 28R BEFE UKL, 8
I Sepharose #EMAEIZAT, ALK R4
HBC(AB0C) iRl # R oe a2 RIKE M,
ARV = 2R 1 HBC 9K BORL . T IR SCHOB R
ACER I S B 7R , HBC 44 K AMURL Y S YRR Sy
29.8 nm, KiEESrAI%) (K1 6), 5 HBc-VLPs i
PR B AT

BT B SR BN, St B E it
— 4k J5 ) HBc-VLPs B #2244 30 nm, &
AN —ERIE (B 7), X—25 8t S5k Y
D BB AR A

C D
kDa M 1 C 1 2
97.2— —
66.4— w—
443—
29.0— —
} 20—
| - — —
14 3 —w—

Fig. 5 Expression and purification of HBc(A80C) recombinant protein analyzed by PAGE. Lane M: low protein
molecular weight marker. (A) Lane 1, 2: HBc(A80C) protein recombinant bacteria whole cell lysate before and after
induction. (B) Lane 1: protein in the flow-through; Lane 2: HBc(A80C) protein after purification (phosphate buffer
without urea). (C) Lane 1: HBc(A80C) protein after purification (phosphate buffer with 6 mol/L urea). (D) Lane C
control group; Lane 1, 2: HBc(A80C) protein (detected by Western blotting).
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Size distribution by intensity

—
N
T 1
-

—_ —
(=} N
T ————
o

Intensity (%)
o o
—
I

N ~
—
—

J

L L LU L J

8.1 1 10 100 1000 10000
Size (d-nm)

Bl 6 HBc-VLPs BIfIZ KA E 57
Fig. 6 Particle size and distribution of HBc-VLPs.

B 7 HBc-VLPs ESTHEFRMERRE

Fig. 7 Transmission electron microscope images of
HBc-VLPs. (A) Observed using TEM at 300 000-fold
magpnification. (B) Observed using TEM at 400 000-fold
magnification.

2.4 M2e-HBc-VLPs BY3E ARG 16

T B AE M2e Bl iR 7514 4% 3] HBCe-VLPs
b R AR B B i, 8 FHACEK R A HBC
OB (40 ug/mL) X A549 F1 HCT-116 7 g 41 fits
AT T AR i T 7E M2e 5 HBc-VLPs BRI 38
K 52 N J 2R BT @S A Oy AT AR B, (A
HBc-VLPs K4rF, HAEMi%E#F] HBc-VLPs
PR KA SR Tk . M2e HUEAKTE A R
B, SRS B 2R Lys #E4T T FITC drid,
FITC 7£ 520 nm k6T REME & 4k a9t
223k 10 h fOFERT, 78 PRI 20 i 0 e 5 28 o I 2%
gt (K 8), WA MmME s, X—4;

% : 010-64807509

RAEIE T M2e B KB E] T HBC-VLPs it
Ji AL Y F8 L oS, T A TR T
M2e-HBc-VLPs, ifii L& E T HBc-VLPs 254 [ 5¢
M, HBC-VLPs B4, BB UE A A0
KR -9 55 SHORL B 06 38 o0 41 i 2 1fid R g AR
HAEFHE AR, T4 K 5 65 T ok
T LS Ao 40 6 P A e A R ), ST A
JiH, HBc-VLPs RSP 40 ER I, A549 S il
FEE AL, T HCT-116 45 FIhREZSLT
SACE /NG 1 R L K R 2 LA A b R A A
R BFSEHXT HBe-VLPs WS BURA —E it
£ . M2e-HBc-VLPs (Wil &AL SeaT s, AEfE
SREL G FRB R, BARIF . HA R IR IR R AR
REAE IR H AR 2R 1 B (B AL R AR R B A
B, AR SR R kA R AR HBC Rl
BEAVE BRI EEELE, Ah RIS
HBc-VLPs fohr i) B— W H e # i & BAsbils, 2
W ZBRFEA PR TH , 33 KB LA 1K 11 2 Ik
T2 7 371 23 B I BRLAR B, 1 1) 7 28, A 258 M B A
B M TR AR, R AR T
HAMERPES, A ZBRFERI 75 R R 52,
REE 0 DR R R TRk 2544 1 52 4K o

50 pm

50 pm

8 YARERT M2e 5 HBc-VLPs X BB IRELIE R
Fig. 8 Crosslinking product of M2e and HBc-VLPs
uptake by cells. (A, B) A549 cells treated with
crosslinking products. (C, D) HCT-116 cells treated with
crosslinking products. (A, C) were captured in bright
field. (B, D) were captured in dark field.
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25 HIENRBY 109G KR E

1 3 IRGBENT , B M2e B BRI B AT 1l
INEARNIY 196 FLik S =B B im, XEHRTL
RSB 3 F i /0N, Gy JRib i 55, MELA
VR A 10 g o B BB M2e i A B ]
HBc-VLPs L g7 & & n9 A Al , 76 il i o,
M2e-HBc-VLPs ¥ 1 BB A 515 AL = BT
M2e RS2 19G Bridk, PR 19G Piks
B, 25 R%E (P<0.01), 7Eitm—fHH
JERIE G (100 ng), LG R S P ik & it
— R, ZREE (P<0.01), 45K 9 s,
ARG FR, BAPDUEIE M2e il 1) Cys & i1
B #] HBc T 2 Ay WM X I & e i
M2e-HBc-VLPs 3 i BB A &0/ U™ A= di i
SRR 19G P, S TN R G

3 &%

HBc-VLPs LA . 45 5 KRR IR EELS
FAARARL,  ELAT AR 8 1) S Sk DA R A 2 i
EEA . AMPFER AR, B EENRE
WFFE AN R B . A (& 5Tk 5 25901

2 5 B kK
Anti-M2e IgG

g
(=]
T

1.5F

Serum IgG absorbance 492 nm

0-0—Control M2e  M2e-HBc- M2e-HBc-
(50 ng) VLPs VLPs
(50ng) (100 pg)

9 HERMEPH M2e HF5571% 19G MEHEE
Fig. 9 Serum M2e-specific 1gG antibody levels in
different groups after immunization. ** P<0.01.
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HBc-VLPs 1) 3 25 M X 35| A—1> Cys &
ST A, 33 Sulfo-SMCC X Fifr 28 -5 L AW
NEECER, oA NH, BB sk 25 s & T
HBc-VLPs £iikitny Cys fiifi, SLEPTIREzy
VIR E S % S, BRI HBC-VLPs # el 5)
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M UL F R S IL R T A () 2 K .l Yy B T G R
fit . A0SR ER LA R sy e e 507, BUE T
REV 2R HBC-VLPs A RPE . % 1 RE W
F MWL VLPs ki it 5 Hl 4, T
HBc-VLPs 159 i s AR A58 25 0 T LAy, g
% {2 3 3L T HBc-VLPs #% 4 9 1 I aF & DL &
HBc-VLPs 7E At 45135 1) )i ]
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