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Abstract: Hepatitis B virus (HBV) DNA replication takes place in the viral capsid that consists of 180 or 240 copies of
HBYV capsid (HBc or core) protein. The monomeric core protein contains an apical loop region that forms the spikes on the
surface of viral capsid upon core dimerization and capsid assembly. To investigate the impact on HBV DNA replication
through gene engineering at the spike of HBV capsid. plasmids expressing engineered HBc with linker-fused enhanced
green fluorescent protein (EGFP) or shortened EGFP insertion at the spike region were constructed by Restriction Digestion
and Ligation-independent Cloning (RLIC). The wildtype or mutant HBc construct was cotransfected with HBV1.1c, a
plasmid containing 1.1 unit-length HBV genome with deficiency in HBc expression, into HEK293 cells, respectively. GFP
signal was observed through a fluorescence microscope and HBV DNA replicative intermediates were assayed by Southern
blotting to determine the expression and functions of different recombinants. Our results demonstrated that the RLIC
method was effective to generate deletion or insertion in the apical loop region of HBc. Both HBc-EGFP recombinants with
different linkers produced green fluorescence but with different subcellular distribution pattern. However, HBV DNA
replication was not detected with the trans-complementation of these two HBc recombinants. In addition, other
recombinants including the one only with the deletion of aa79-80 failed to support HBV replication. Taken together, our
results suggest that RLIC is a robust method which can be broadly applied in gene engineering; different peptide linkers
may have different influences on the functions of an engineered fusion protein; and HBc aa79-80 play a critical role for
HBc to support HBV DNA replication.
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Fig. 1  Diagram of HBc structure!'”. (A) HBc
monomer, aa78-82 is at the spike. (B) HBc dimer.
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SEIG AR AF; Southern blotting A 32 77 & |
Xteme HP 5 Yiat7II) { 2 FC 23wl 5 YT Dpn 1
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gfp-flex JEAit |, EGFP W45 hn— B o 12
AR Sk, SO Rl G 2 A A DT A
HEITERIES 1) 200, HZNIMEE Sk 7 514
K HZEEHAE, ML H M PCR K HMIT 51

*1 HttEARKNAERASY

nE| E—% PCR Y34 7 Bl (BP heli2 5|14~
REBLAFY 4 helil M4 357 9), VTR 7E B4
s, Bn—yonkEL R, LT T 3 RakE

AN, FATETE HBC gfp-flex FKefik I, Fddi
AN e D ai kg 3 R 415k .
1) HBc gfpl5-flex, & HBc gfp-flex M|k EGFP
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HE— A A A, A 2 2 4 G4S,
3) HBc 7980° N5 79 80 i 4 F: MR Bk 25 i HBc
F . BRAS RLIC BB ]G 2 ) e e ik
1.2.4 HEK293 4357 R 5 Y

2 Jif % 55 M Yk . HEK293 4o f F 4 10%
B4R MR DMEM Bi5R8E, T 37 C, & 5%
CO,, MIXHBE KT 95%H I HE A h R 5% . 5%

Table 1 Primers used in the construction of other recombinants

Plasmid Primer name Primer sequence (5'-3")
name
HBc FHBc gip-flex]  GGTGGTGGAGGCTCTGGAGGCGGAGGTACCATGGTGAGCAAGGGCGAGGAGY
gfp-flex  RHBc gfp-flex] ~ TCCACCACCACCAGAACCACCTCCTCCCTTGTACAGCTCGTCCATGCCGA
FHBc gfp-flex2  CCTGGGTGGGTGTTAATTTGGAAGATGGTGGTGGAGGCTCTGGAGGCGGA?
RHBc gfp-flex2  GACATAACTGACTACTAGGTCTCTAGATCCACCACCACCAGAACCACCTC
HBc FHBc gfp-helil AGGCTGCTGCTAAAGAAGCCGCTGCTAAAGCTGCTGCTATGGTGAGCAAGG
gfp-heli GCGAGGAG
RHBc gfp-helil  CTTAGCAGCAGCCTCCTTAGCAGCAGCTTCTGCAAGCTTGTACAGCTCGTCC
ATGCCGA
FHBc gfp-heli2 ~ TTGCAGAAGCTGCCGCAAAAGAGGCTGCTGCTAAGGAGGCTGCTGCTAAAG
AAGCCGCT
RHBc gfp-heli2 ~ AGCAGCAGCTTTAGCAGCAGCCTCCTTAGCAGCAGCCTCCTTAGCAGCAGC
CTCCTTAG
FHBc gfp-heli3 ~ GATGGTGGTGGAGGCTCTGGAGGCGGACTTGCAGAAGCTGCCGCAAAAG
RHBc gfp-heli3 ~ CTAGATCCACCACCACCAGAACCACCTCAGCAGCAGCTTTAGCAGCAGC
HBc FHBc gfpl5-flex ~ ATGGTGAGCAAGGGCGAGGAGCTCGGCATGGACGAGCTGTACAAG
efp15-flex b lBe gfpl5-flex  CTTGTACAGCTCGTCCATGCCGAGCTCCTCGCCCTTGCTCACCAT
HBc flex  FHBc flex TGGAGGCTCTGGAGGCGGAGGTACCTCTAGAGACCTAGTAGTCAGTTATG
Rc4s7 CTCGTCGTCTAACAACAGTAGTCT

HBc 7980° FHBc 7980-

GTTAATTTGGAAGATTCTAGAGACCTAG

Rc457 CTCGTCGTCTAACAACAGTAGTCT

D The underlined sequences are homologous with pEGFP-N1. ? The italic sequences are homologous with HBc.
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NaCl, 2%JiEH$)37 CHFE 10 min, UMY,
15 000 x g B0 4 min, W EW, 5 puL
1 mol/L MgCl, 50 U DNase I T 37 CHl¢ & 5 h,
200 pL YLEEFRI(35% PEG 8000, 1.5 mol/L
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#aaisk, F Southern blotting #:illl HBV DNA,
FLARSRAE A TR 0L SCHR[19]
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2.1 HBV1.lc K HBc FhinytaiE

Fa 5 HBe IR ELR I HBV 1.1 5 H 1,
SR T A SRR I A Fh 2 ad O Y9 HBe 2 75 B
IERIhEE, BISCHE HBV &l ATES 1.1 1%
& HBV 4 pCHY/3091 Hfifi |-, ¥ HBc
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Fig. 2 Construction of HBV1.1c™ and HBc and functional characterization. (A) The principle of RLIC to delete a
fragment from a plasmid. (B) Diagram of pCH9/3091, HBV1.1¢™ and HBc. (C) Detection of HBV DNA by Southern
blotting. M: marker; 1-4: HBV DNA extracted from HEK293 cells cotransfected with different clones of HBc and
HBVI1.1c . 1: HBcl+HBV1.1¢c 4; 2: HBcl+HBVl1.1c 5; 3: HBc3+HBV1.1c 4; 4: HBc3+HBVI1.1¢c 5; 5 and 6:
negative control (transfection only with HBV1.1c 4 or HBV1.1c 5). HBcl and HBc3 are two different clones of
HBc. HBV1.1c 4 and HBV1.1c 5 are two different clones of HBV1.1c . ssDNA: single stranded DNA.
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HBc JRAUTTH A HBVc FER MNFRA MG
7, FRATLA pCHI/3091 it ffFHZ{LL RLIC Jit
B (K 2), B Bat—xse e mabmg]
Y, 51w o ml ke B AR i Rl
FZX5 | A PR SN, DAZSHRR T HBe M Z 1k
55 PILISMY HoAt, HBV DNA. PRI LA Y
HBc Fffivki HBcl, HBc3, 435 HBVI.1¢ 7%
W&ok HBV1.1c™ 4, HBV1.1¢™5 HAEY: HEK293 24
JfL, X AP TOIRRSEE, A EA IEE YRR
#Ed: BESZEF HBV &, HBV & il &

Southem blotting Z55 i /~(F¥ 2), HBc3 5 HBV1.1¢ 4/5
SEEELS , ADERRIE R AR, Bk
BIREA T IER IIRE, SCRF HBV &Zifil.
2.2 $TREMIBLES EGFP BYELH HBc ThEE L E
7E¥4 HBc aa79-80 46 il EGFP i), iy TR
A e AR AE A B L RIAS R 2R I 7E = e 450
FHE T, LU/ B ThRer s, FRA1T4E
WA BRI TR SR L. —fEEME
3, HIZE EGFP Y5 HBc BN EAL, 2 5L
ZHRAMR 2G,S H#" (HBc gfp-flex, & 3), &

A HBc
ol el WD
HBc gfp-flex
o B N I
78-G,SG,T-EGFP-G,SG,-81
Linker Linker
- WG] | ) e—
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Fig. 3 Functional characterization of HBc-EGFP. (A) Structure of HBc, HBc gfp-flex and HBc gfp-heli. (B)
Observation of green fluorescence in HEK293 cells transfected with different constructs (a, b: HBc gfp-flex; c, d:
HBc gfp-heli). (C) Detection of HBV replication intermediates by Southern blotting: M: marker; 1: HBc+HBV1.1c";
2: HBc gfp-flex+HBV1.1c ; 3: HBc gfp-heli.+HBVI1.1c .
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5 : . » g 7;-13/&-81

78-G,SG,T-EGFP 15-G,SG,-81 78-G,SG,T-81 deztion
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rcDNA
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Fig. 4

Impact of short insertion or deletion at aa79-80 of HBc on its function. (A) The structure and functional

assay of HBc gfpl15-flex. M: marker; 1: positive control HBc+HBV1.1c¢™; 2: HBc gfp15-flex+tHBV1.1c ™. (B) The

structure and functional assay of HBc flex. (C) The structure and functional assay of HBc7980".
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h TET RIS EGFP R E 4 HBc A/~
DS, (AR H: HBV i, IRREE
B EGFP W7 IE#IT S (EH0 A — 42
R E VORI AT P, (HZEAHS HBe K

PAFIEWTE . RATETRAREAE, &R
A4 AR EGFP fBrad K, sz T HBe /Y
EHIRE? A, FRATRHE A T BOZ A 40N
R A B2 5 EGFP 9 15 4> aa+Z2 M
3k (HBc gfpl5-flex), 10aa 4%k (HBc flex),
DU R A2k aa79~80(HBc 79807, i iX &6 i ki 43
5 HBVI1.1c™ HHEYe HEK293 Z0f, SRJGHEHL
2 N A% DNA , Southern blotting ¥l HBV
NP, g5REIR, 3X 3 Fhaki Aok R
R B R 545, i PHMEXT IR (P A2 7Y HBc+
HBV1.lc") A WL B & il
3 W

HBc —4EZ5H R ET RIBAL (aa78~82) fif
T eRm, LM MPUR Ry R, JEF
AFITHHUAZ S, AR ASMESUE R
(223, HE A A XSGR H Y, 2 T A
FH HBe ARG U AR 1R, R3S Y
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BISz+F HBV &l . A5 E7EXS HBe £T%
aa79~80 LTI , 1 AMMICE I EGFP, Ay
BIEXS HBe #EAThRic RS, fRE HBc FF
HBV & il i 1E % DI Rg .

TEARFE Y, FATE SR 2L RLIC 3
MR B R I, M T — RAVE L R,
f04% HBc & 3 Al HBc-EGFP #% Jii ki . %7 vk
F RN 51 3R KRR AE 3, IR FRAS BT FAT)
J& RLIC, X5 FUE MM A B B prak ik
AR R B, T RLIC J& F R R BEgr ik 4k I
MR I, S5 R — AN REE SR, —AS R
DA A o 2 I R, Xk A BE R /N B
RALE TR, ASWFFE i LR B Fr B R/
FBCE ST bp, XL R EIR, RLIC &—F
S TR S T

FATAE 4 A BE M S T TP R 4
e, —Fh R R —Fh Rk . PR 4
HBc #4x HEK293 4t )5 ¥ 6E & et e,
PR 2= /05y EGFP B3R T IE# TS . SR,
il HBc-EGFP 8 2 {4 BT 52 B A 2 S R BLIA Bk
AN, RS E OIS, WRIE Sk
BOICR A HUS AR, AT, FBESR
AR R BEA . 1) HBe-EGFP 4 T-IH) H &
RERA, REEOLRAR; 2) EHAREOHE
FEREFP LAY, ANBEHEATIE R 85 . FEIEMAh
B3 BOX AR R i Fp i — 05, e dnfer,
I 2 T AR N 2% 5 R Sk I A O
TEXT HBe-EGFP MM REdEA A I, FRATTARE
oI 2 95 B A S S, vT AR Y R R AL Y
EGFP W3R T HBc RIIERAZEH, s {UH /3
SYPRER T IE RS R TN L AREAG IR . A T 5
WS K EGFP MK A4 T (238 aa) TMisY
Wi 1 HBc R Y451 S5 IhRE, Fed 14 k& &
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