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D (hepatitis delta virus, HDV) B
HBV HDV
1.7-kb RNA HDAg HDAg 2
195 (24 kDa) S-HDAg (Small-HDAQ)
HDV RNA 214 (27 kDa)
L-HDAg (LargeHDAQ)
HDV RNA S-HDAg L-HDAg C 19
HDV cDNA HDV HDV
RNA SHDAg E.
coli S-HDAg (Western blot)
SHDAg HDV RNA  RNP Cos7
(Northern blot)
HDV S-HDAg E. coli
S-HDAg HDV
cDNA RNP HDV
HDV cDNA HDV
RNP HDV RNA (1.7-kb



1.6kb 1.2-kb) RNP HDV RNA
HDV RNA
1.2-kb HDV RNA HDV

RNA



Human hepatitis delta virus (HDV) is a satellite virus of hepatitis B
virus (HBV) and requires HBV envelope proteins for packaging. HDV
particles contain a ribonucleoprotein core composed of the circular 1.7-kb
RNA genome and multiple copies of the only HDV -encode protein, delta
antigen. There are two forms of delta antigens. The small form is a 24
kDa (195 amino acids) of SHDAg, which is essentia for replication of
RNA genome. The largeform is L-HDAg, which is a 27 kDa (214 amino
acids), essentia for particle assembly and inhibition of HDV RNA
replication. Although L-HDAg only contains an additional 19 amino
acids at the C-terminus of S-HDAg, they regulate vira function
differently. Early studies usng HDV cDNA transfection have generated
large amounts of information about RNA-dependent RNA replication but
that in infected cells is ill not clear. In this study, we showed the
expression and purification of recombinant S-HDAg from E. coli by
ion-exchange chromatography. To characterize the activity in the early
stage of HDV replication, the in vitro synthesized HDV genomic RNA
and purified SHDAg was mixed as RNP complex and transfected into
Cos7 cdls. We demonstrated the ability of the RNP complex to initiate
the replication of HDV by Western and Northern blot analysis. The
persistence of HDV replication has been examined by using the cDNA
and RNP transfection systems and both could maintain HDV replication
up to 26 days athough the cDNA system seem retained the replication
activity longer than RNP system. Finally we used different lengths

(1.7-kb 1.6-kb 1.2-kb) of HDV genomic RNA with purified recombinant



S-HDAg to study the template requirement of HDV replication.
Surprisingly, the data showed that al three different lengths of HDV
genomic templates were able to initiate HDV replication. The ability of
the 1.2-kb RNA template for replication will generate important
discussion in the field of HDV replication.



D (hepatitis delta virus, HDV) Rizzetto
1977 B
D ddta (Rizztto et d., 1977)
HBsAgQ D HBV
(coinfection) B D

(Govindargjan et al., 1984)

(superinfection) D B
1989)
D
HDV 36 nm
chloride (CsCl) gradient HDV
HBV HBsAgQ

1980 Boninoetd., 1984 Bonino et a., 1986)

(HBSAQ) nucleocapsid

(Hoofnaglel et al.,

cesum
1.24-1.25 glem®
(Rizzetto et .,

HBV

nucleocapsid



19 nm (Ryu et d., 1993) HDV
deta nucleocapsid

HDA(g (Bonino €t d., 1986)

HDV
HDV 1.7 kb
RNA GC (60%)
70%
(Sharmeenet et al., 1988 Koset d., 1986 Méakino et d.,
1987 Wang et al., 1986) ( ) RNA RNA
(Ribozyme) RNA
RNA
688/689 RNA 903/904
RNA (Kuo et al., 1988 Lazinski et dl.,
1994 Wu and Lai, 1989) HDV
RNA genome 30-70 ddta (Ryu et al., 1993) HDV

open reading frames (ORF)

ORF HDAg (Wang et d., 1986
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Makino et d., 1987) HDV (genotype) 3

75%
(Wu et d., 1998)
60-65% (Casey et dl.,

1993 Imazeki etd., 1991 Wuet d., 1995)

Hepatitis Delta Antigen (HDAQ)

D deta 0.8 kb
MRNA delta ddta delta
214 27-kD delta 195

24-kD (Kuo et al., 1989)
delta delta C 19
Double Rolling-Circle Replication ( )
double-strand-RNA-adenosine deaminase (dsRAD )
RNA AUC ACC
(antigenomic) deta openreading frame  amber
UAG UGG 19

delta
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(Kuoetd., 1989 Chao et d., 1990) delta

(Bichko et d., 1996)

delta 1 10 8

(Chao et d., 1990 Glenn

etd 1991 Sureau and White, 1994)

Delta
Delta N-termina  2/3 C 13
L-HDAg S-HDAg ( )
(1) coiled-caill N 31-52 4 leucine
Isoleucine L eucine-zipper HDAg

(oligomers) (Wang and Lemon, 1993 Xiaand Lal,

1992) (2) NLS (nuclear localization signal ) N 68-88
HDAg 35-50
NLS (Chang et d., 1992 Chou et a.,1998) (3) HLH
(helix-loop-hdlix) 108-135
(Chang et d., 1993) (4) Arginine-rich motif (ARM)
RNA 2 ARM 97-107  136-146

2-27 RNA (Poisson et al.,



1995 Poisson et al., 1993) HDAg HDV RNA

HDV L-HDAg C
S-HDAg 19 4 CRPQ cystein
| soprenylation farnesyl group (Otto et dl.,

1996 Glennetd., 1992) Isoprenylation HDV

L-HDAg HBSAg SHDAg C
epitope 9E4 (Hadler et d., 1992) 9E4
L-HDAg HDAg C
HDV RNA
RNA foreign promoter
(dimmer) (trimer) HDV cDNA
HDV (genome) RNA

(antigenome) RNA HDAg (Macnaughton et ., 1993a Kuo et dl.,

1989) HDV DNA
cDNA RNA
ribonucleotide (RNP)
S-HDAg HDV (genome) (Sheu and Lai, 2000)

HDV ( Bichkoet

13



a., 1994 Dingleet al., 1998) RNA
HDV RNA (genome) Invitro MRNA (

SHDAg ) (Modahl and Lai, 1998)

(doublerolling circle) (Branch et al., 1984)
(genomic) RNA RNA 0.8-kb
MRNA (antigenomic RNA)
RNA ribozyme

(monomeric) RNA

(monomeric) RNA

HDV RNA
D DNA
HDV RNA (multimer) (Kuo et a., 1989 Macnaughton et
a. 1993 Ta etd., 1993) cDNA 0.8-kb mRNA

(genomic) RNA

polyadenylation signal 0.8-kb mRNA HDAg HDAg
polyadenylation signal
(antigenomic) RNA (Hsehetal., 1990 Hseh et
a., 1991) 0.8-kb mRNA (La etd.,

1995) HDV

14



(transgenic) 0.8-kb mRNA (Polo et

a., 1995a 1995b) RNA 3 RNA
(genomic) RNA (antigenomic) RNA
0.8-kb mRNA RNA
(genomic) RNA (double ralling circle)
RNA 0.8-kb mRNA (antigenomic)
RNA (Modahl et a., 1998)
HDV cDNA
HDV (Netter et al., 1993) HDV
(transgenic)
HDV RNA
HDV cDNA
HDV RNA HDAg
(Polo et a., 1995b) HDV cDNA  inwtro
RNA (Chang et d.,

2001)
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HDV RNA polymerase
RNA RNA polymerase ( Roeder
et d., 1976) cDNA RNA polymerase (Pol )
pre-mRNA Pol viroid
HDV (Robertson et d., 1987 Taylor 1992 Lai 1995)
HDV cDNA  HepG2 HDV RNA actinomycin D

o -amanitin (Macnaughton et a., 1990)

HDV RNA RNA Polymerase (Pol )
HDV RNA o -amanitin (1ug/ul)
( Macnaughton et d., 1991) HDV cDNA
(trimer) cDNA HDV RNA
RNA-dependent RNA o -amanitin
HDV cDNA  Pol RNA-dependent RNA
RNA MRNA
a -amanitin (Sug/ml) Pol MRNA

(antigenomic) RNA (1.7kb)
25ug/ml o -amanitin HDV (antigenomic)

RNA  Pol (Modahl e al., 20008)
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HDV RNA

HDV cDNA (Leeet d., 1993)

RNP ( RNA S-HDAGQ) (Sheu et &., 2000)
RNA ( RNA RNA S-HDAg
MRNA) (Modah! et al., 1998) RNP HDV
DNA
HDV RNA S-HDAg
BL21DES3 E. coli S-HDAg
S-HDAg S-HDAg
HDV cDNA  RNP (1.9-kb genomic RNA S-HDAQ)
Cos7 HDV
19 17- 16 12kb RNA
S-HDAg Cos7

HDV RNA

17



Restriction enzymes  bovine serum abumin (BSA) Promega

Dulbecco’ S Modified Eagle Medium (DMEM)  sodium
pyruvate  BioWest Fetal bovine serum (FBYS)
penicillin/streptomycin - TRIzol reagent GIBCO BRL
agarose dimethyl sulfoxide (DMSO) phenylmethylsulfonylfiuoride
(PM SF) AMRESCO Ethidium bromide (EtBr)
Pharmacia Ammonium persulfate (APS) tetramethyle
ethylenediamine (TEMED) CPC In wvitro transcription
Kit (T7 MEGAscript) Ambicon Anti-HDV Antibody

anti-humam IgG-HRP  DAKO

Bio-Rad protein assay reagent  Bio-Rad MOPS
Sigma 3Bmm  10cm CORNING
HDV1.9/PKS Michael M. C. Lai
(Jeng et a., 1996) S-HDV/PET3a

Michael M. C. Lai (Sheuetd., 2000) COS7?
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37 Forma Scientific
OLYMPUS-CK40
Savant speed vaccum scllO
Amersham Ultrospec 2100pro
Perkin Elmer 2400 PCR system
Hermle 220 V-20 roter
37 Firstek Scientific S300R
Hoefer
BIO-RAD
pH meter  JENCO microcomputer model 6200
TOMIN TM322

HIGH TEN SCIENTIFIC CORPORATION
Laminarnow

SONIFIER 250 BRANSON
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1. SHDAg

S-HDAg BL21DES3E. coli 37

Iml Ampicillin (50 ug/ml LB) 1000 ml LB
37 ODgwo 0.6 IPTG (0.2 mM)
1000 ml LB 28 18 4
5000g 15 80 mi extract buffer

(50 mM Tris 1 mM EGTA 1 mM EDTA 10 % Glycerol 1 mM PMSF)
SONIFIER 250 sonicee 5

20 4 12,000 rpm 15 12.5%

SDS-polyacrylamide gel Coomassie blue (0.1 % Coomassie

Brilliant Blue R, 50 % Methanol, 7.5 % Glacial acetic acid)

2. SHDAg
(2). DEAE-cellulose column S-HDAg
extract buffer 0.15M NaCl 100 ml (1 mM
PMSF 10mM  2-Mercaptoethanol)  DEAE-cedllulose column
pre-equilibrate 40 ml column extract

buffer 015M NaCl200ml( 1mM PMSF 10 mM



2-Mercaptoethanol ) DEAE-cdlulose column
extract buffer IMNaCl200ml ( 1 mM
PMSF 10mM  2-Mercaptoethanol) 12.5%

SDS-polyacrylamide gel Coomassie blue

(2). phosphocellulose (P11) column S-HDAg
extract buffer 0.15M NaCl 100 ml ( 1mM PMSF

10mM  2-Mercaptoethanol) phosphocellulose (P11) column

pre-equilibrate DEAE cdlulose column (

S-HDAQ) extract buffer 0.15M NaCl 100ml
phosphocellulose (P11) column ( 1mM

PMSF 10mM  2-Mercaptoethanol) extract buffer

IMNaCl100ml ( ImM PMSF 10mM  2-Mercaptoethanol)
extract buffer 1M NaCl 0.2M K,HPO, 100 ml (

ImM  PMSF  10mM  2-Mercaptoethanol)

phosphocellulose (P11) column 125 %

SDS-polyacrylamide gel Coomassie blue

21



(3). Ammonium sulfate S-HDAg
40 ml phosphocellulose (P11) column  S-HDAg
60% Ammonium sulfate
4 12,000 rpm 20 0.8 ml
extract buffer 125% SDS-polyacrylamide gel

Coomassie blue

COS-7 5 FBS 100 uM sodium pyruvate
0.22  sodium bicarbonate 0.03  L-glutamine 100 unit/ml
penicillin/streptomycin  DMEM 5

co, 37

10 ml
Phosphate Buffer Sdline  (PBS 0.02% KCl 0.02% KH,P04 0.8%
NaCl and 0.216% Na,HPO,)
Iml 21X  trypsin( 0.05%trypsn 0.02%
EDTA ) trypsin

( ) 37



) 9 ml DMEM
( trypsn )
15ml 4 900 rpm 5 (Beckman GPR

Centrifuge)
4. (In vitro transcription)

HDV1.9 kb / PKS DNA ( HDV Genomic 1.7kb

200 nucleotide  HDV sequence) EcoRV
MEGA script transcription Kit (Ambicon) T7

promoter  1.9-kb HDV DNA 1.9kb  HDV genomic RNA

5.cDNA RNP (Transfection)
COS-7 35mm 12
DNA (3 ug HDV1.9/PKS) RNP (2 ug in vitro
transcribed 1.9-kb RNA 0.5ug S-HDAg) GFP3ug
eppendrof HBS (HEPES-buffered saline  20mM

HEPES 150 mM NaCl pH7.4) 25 ul 10

23



DOTAP ROCHE 45ul 105ul HEPES

(DOTAP-HEPEYS) 15 DNA 50
u  DOTAP-HEPES IX PBS
1ml 37 17
4
6.
2ml 1IXPBS 3 PBS

RIPA buffer 200 ul (1% NP40 0.5% sodium deoxycholate

0.1% SDS 50 mM Tris-HCI PH8.0 150 mM NaCl

cocktall) 4 10
1.5ml
eppendorf 100 10 protease 2,000 rpm
30 1.5ml  eppendorf Bio-Rad
7.
Bio-Rad 1 4 Bio-Rad
reagent Bio-Rad working reagent BSA

lug 3ug 7ug 10ug 5ul Bio-Rad working

24



reagent 1ml 595 nm

BSA ug/ml
8. Western Blot assay
(1). SDSPAGE
Hoefer SDSPAGE 12.5

6.6 m  4X low buffer (L5M Tris 0.4% SDS
pH88)5ml 30 acrylamide8.4ml 10 ammonium persulfate

(APS) 70ul  TEMED 10 ul 1.5mm

40 3.85ml
4X upper buffer (05M Tris 0.4% SDS pH6.8) 0.65ml 30
acrylamide 0.55 ml 10  ammonium persulfate (APS) 38 ul TEMED IO

ul (comb)

(2). SDSPAGE (Transfer blot)
1X SDS-running buffer (Tris3g Glycine
1449 SDS1g 1000 ml) sample (30 ug)

SDS-loading buffer ( 0.5M Tris-HCL pH6.8 2g SDS 10 ml glycerol 1

25



ml 1% bromphenol blue 250 ul 1M DTT/ml) 5ul dry bath 100

protein denature 5 min  spin down 12.5% SDS-PAGE GEL

80 volt sample 120 volt sample

Hybond-C membrane transfer

buffer (Tris 3.03g Glycine 14.4g pH 9.2 d,H,O 800 ml

200ml  methanol) 5 2 transfer
buffer 1 1

Hybond-C membrane

membrane 1 1
(electrophoretic transfer) transfer
buffer 100 60 transfer
Hybond-C membrane 200m 5% 1X TBS (Tris
6.07g Tween202ml NaCl 8.766 ¢ pH 7.5 1000
ml) 4 overnight 1X TBS buffer 2 15
membrane HDV-antibody 1:1000 5% 1X TBS milk
1 1IX TTBS buffer(Tris6.07g Tween20 4 ml
NaCl 8.766 g pH 7.5 1000ml) 4 20
membrane (Anti-Human-HRP) 5%

IXTTBS 2000 1 1X  TTBSbuffer
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3 20 NEN

9. RNA
COS-7 TRIzol Reagent (GIBCOBRL)
RNA 35 mm 1XPBS
Iml 1IX  trypsin 37 5 6 ml
PBS 15ml 4 900 rpm 5
05ml  TRIzol Reagent
5 )
eppendror 100ul  chloroform
10 4 12,000 rpm 20
eppendrof 0.5ml  isopropanal
15 RNA 4 12,000 rpm 20
RNA I ml 75
4 12,000 rpm 5
IX TE buffer (10mM Tris-HCI  ImM EDTA)
260nm/280nm RNA

DEPC (0. DEPC 37

RNase DEPC)

27



ug RNA (OD260nm) X 40 ug/m1 x
10. Northern blotting
RNA [.2
2.52g agarose 182.7m  DEPC
21 ml 10X MOPS buffer ( 41.8g MOPS 800 ml DEPC
pH 7.0 16.6 ml 3 M sodium acetate 200 ml 0.5M EDTA pH8.0
DEPC 1000 ml) 6.3
ml 37% formaldehyde
RNA 20 ul denature buffer
(50% formamide 17.5%  37% formaldenyde 10% 10X MOPS)
65 15

5 ul 1oading buffer

1IX MOPS RNA
100 3 200 ml 10X SSC
buffer (3M NaCl 0.3M sodium acetate pH 7.0) 45
Hybond-C member 10X SSC buffer
10X SSC buffer

Hybond-C member

28



Hybond-C member Hybond-C member
80 2 ( RNA )
10 m1 prehybridization buffer (0.9 M Nacl 50 mM NaH,PO,
5mM EDTA 0.5% SDS 10X Denharts solution 50% formamide 50
ug/ml salmon sperm DNA 50 ug/ml yeast tRNA) 42 3
probe 100 mg DNA ( template) Random primer 2
u  ddH,0 14 ul 95 5 ( denature)
5 ( ) 2.5 ul 10X bufferf 25ul

dNTPmixture ~ dATP dTTP dGTP 5ula -P?dCTP (50 u Ci)

1ul Exo-free klenow fragment polymerase 37 15
Sehadex G-50 column probe
95 5 prehybridization buffer 55
8-16 hybridization hybridizaiion  Hybond-C
member strength buffer (0.5 SDS 2X SSC) 1

strength buffern (0.5  SDS  0.2X SSC)
Hybond-C member

X 80

29



SHDAg BL2IDE3E. coli S-HDAg
HDV RNA RNP  cDNA

recombinant SHDA(g S-HDAg

S-HDAg
S-HDAg S-HDAg
BL21DE3E. cali 28 IPTG
S-HDAg 18 E cali DEAE-cdlulose
S-HDAg extract buffer 1M NaCl
S-HDAg S-HDAg
S-HDAg 1 (laneb-8)
phosphocel lulose (P11) extract buffer

IM NaCl  S-HDAg
extract buffer 1M NaCl 0.2M K,HPO,
S-HDAg 2 (laneb,6) S-HDAg
phosphocel lulose (P11)
S-HDAg 60% Ammonium sulfate
3 (laned) recombinant SSHDAg

S-HDAg 500ml E.



coli 409 mg DEAE-cdlulose

64.6 mg phosphocellulose
(P11) 3810 ug
Ammonium sulfate 1853 ug S-HDAg

0.45 %
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S-HDAg

S-HDAg
S-HDAg S-HDAg E. cadli
DEAE-cdlulose Ammonium sulfate
S-HDAg HDV S-HDAg
4 S-HDAg

BL21DES negative control S-HDAg

32



S-HDAg HDV RNP

HDV
4 S-HDAg
S-HDAg 1.9kb  HDV cDNA(
1.7-kb RNA 200bp Ribozymedomain) EcoR
T7 promoter Invitro
transcription HDV cDNA 1.9kb HDV
RNA 5 GFP HDV1.9/PKScDNA RNP (inwtro
transcribed 1.9-kb RNA S-HDAg) DOTAP Cos7
RIPA buffer
40 ug HDV
6 GFP  negative control
HDAg HDV cDNA  HDV RNP
SHDAg L-HDAg S-HDAg



HDV cDNA  HDV RNP

6 S-HDAg

HDV

Cos7 1

2/3

4-6
40 ug
7
HDV

HDV

32

TE

HDV cDNA

1/3

HDV RNP

100 ul RIPA buffer

HDV

HDV cDNA  RNP

40 RNP

HDV cDNA



HDV RNA  RNP

RNA
HDV-1.9/PKS cDNA primer ( ) PCR
1.9kb 1.7-kb 1.6-kb 1.9-kb
EcoR 1.2-kb
300bp 1.7-kb  1.6kb 1.2-kb
inwvitro transcription T7 promoter
1.7-kb 16kb 12-kb HDV RNA 8
HDV RNA RNP Cos/
4 TRIzol RNA 30ug RNA
HDV1.9/PKS T7 SP6 primer PCR 1.9-kb HDV
DNA  prob 9 genomic
RNA HDV  RNA 1.2-kb RNA
HDV1.9/PKS EcoR
300 bp probe

HDAg 10
19kb 1.7-kb 1.6kb HDV RNA 1.2-kb HDV RNA

1.2-kb 16 1.7- 1.9kb



RNP DNA
HDV RNA RNA
S-HDAg HDAg

(Changetd., 1988 Linetd., 1990 Kosetd., 1991)

Recombinant Baculoviruses Sf9 HDV
SHDAg L-HDAg L-HDAg
S-HDAg 6 HDAg
HDAg (Hwang et dl.,
1992) E. coli S-HDAg
(Sheu and Lai, 2000) E. cali
S-HDAg DEAE-cdlulose chromatography

phosphocellulose (P11) chromatography Ammonium sulfate

500 ml SHDAg E.cdli 1.8 mg
S-HDAg phosphocellulose (P11) chromatography
S-HDAg S-HDAg
HDV cDNA cDNA
S-HDAg (Kuo et al., 1989)
HDV RNA RNA



S-HDAg (Kuo

et a., 1989) INnVivo S-HDAg
HDV RNA (Lazinski and taylor, 1995) ribozyme
(Jeng et d., 1996a 1996b) S-HDAg
HDV S-HDAg
S-HDAg HDV RNA
S-HDAg HDV RNA RNP
HDV RNA
S-HDAg invitro transcription HDV
RNA HDV RNA Dingle  (1998)
S-HDAg HDV RNA RNP
HDV RNA RNA
-HDAg RNP
M odahl (20003) RNA RNA
S-HDAg mRNA RNA
HDV RNA Sheu  (2000)
S-HDAg RNA HDV RNA
RNA S-HDAg S-HDAg

S-HDAg

37



RNA  SHDAg

S-HDAg Modahl (2000a) RNA
MRNA RNA
MRNA o -amsnitin (3ug/ml)

RNA o -amanitin 25ug/ml

RNA RNA Polymerase (Pol ) MRNA
Pol Modahl (2000b) L-HDAg
RNA RNA HDV
cDNA  HDV RNP HDV RNA 18
HDV cDNA
20 38
HDV cDNA Cos/
22 HDV RNA
38 S-HDAg L-HDAg
HDV
L-HDAg
RNA editing L-HDAg

RNA (La et d., 1995) HDV

cDNA L-HDAg S-HDAg 1:10



HDV RNA RNA (Chao et d., 1990
Glenna d., 1991) cDNA Cos7 HDV
RNA RNP CMV
promoter  SV40

RNP HDV RNA 18

32 L-HDAg S-HDAg

RNA HDV RNA
MRNA RNA editing
MRNA L-HDAg HDV RNA RNA  mRNA
HDV cDNA HDV RNA
HDAg RNA
L-HDAg RNA HDV RNA
RNA RNA  mRNA
L-HDAg L-HDAg S-HDAg
HDV RNA L-HDAg S-HDAg
RNA RNA
(Modahl et a., 2000b)
HDV RNA RNP

HDV DNA HDV



RNA HDV RNA

2 Ribozyme Ribozyme RNA
RNA RNA Wuetd., 1989 Wu

etd., 1998 Kuoeta., 1988 Sharmeenet d., 1988) HDV
RNA (Macnaughton et a., 1993q) iInvitro  invivo

Ribozyme HDV RNA (Jeng et d.,
1996h) Invitro Ribozyme pH

(Lazinski et al.,1995) INn Vivo HDAg
HDV Ribozyme
(Jeng et al., 1996a) HDAg

19kb 1.7-kb 1.6kb HDV RNA

1.2-kb  HDV RNA

1.2-kb 1.2-kb
HDV 1.2-kb 1.6 1.7-
1.9-kb HDV
1.2-kb HDV RNA
HDV HDV mRNA 1631
bp 1.2-kb RNA Ribozyme

HDV



Fractonno. 1 2 3 4 5 6 7 8§

1 DEAE-cdlulose S-HDAg
extract buffer IM NaCl S-HDAg
12.5% SDS-polyacrylamide gel coomassie blue

41



S-HDAg

Fraction no. 1

2. phosphocellulose (P11)
S-HDAg
DEAE-cellulose extract buffer
1M NaCl 0.2M K,HPO, S-HDAg
12.5% SDS-polyacrylamide gel coomassie blue

42



KDa

66— .
43— ’

(L

30— -
—— s < S-HDAg

20— .

M Lysate DES32 P11 AS

{supernatant)
3. recombinant SSHDAg
Lysate S-HDAg BL2IDE3E. coli  sonication
DES2 Lysate DEAE-cellulose
P11 DES2 phosphocel lulose (P11)

A.S phosphocellulose (P11)
60% Ammonium sulfate



500ml LB m uglul total (Ug) Yield (%)
Lysate 45.0 9.10 409698.0 100
DE52 75.0 0.86 64604.40 15.77
P11 40.0 0.10 3810.12 0.93

Ammonium ulfate 0.8 2.32 1853.16 0.45
recombinant SSHDAg
Lysate S-HDAg DE52

DEAE-cdlulose P11

phosphocellulose (P11) A.S

Ammonium sulfate S-HDAg




KDa

Lysate DES52

HDV
S-HDAg Lysate
DEAE-cellulose
S-HDAg BL21DE3
S-HDAg

«— S-HDAg

AS  BL21DE3

S-HDAg

S-HDAg
E. coli

A.S

Negative control

S-HDAg DES2

IPTG E. coli



pKSMHOV1.3

D vitro transcribed  Mouse

HDV RNA RIA
5. inwvitro transcription  HDV cDNA HDV
RNA
HDV1.9/PKS EcoR
T7 promoter in vitro transcription HDV
cDNA 1.9kb HDV RNA Mouse RNA
Marker



KDa

. v o . ~L-HDAg

pd BB WA —3-HDAg
” 1
20— _
S-HDAg HDV ~ HDV HDV GFP
DNA RNP DNA

6. HDV
GFP HDV cDNA RNP Cos7
RIPA buffer 40 ug
HDV HDV HDV1.9/PKS cDNA HDV
RNP in vitro transcribed 1.9-kb RNA

S-HDAg GFP negative control

a7



L-HDAg
<-S-HDAg

S-HDAg 4 10 14 18 4 14 18 &
I_ HDV I |_HDVJ
cDNA RNP
7. HDV
(A) HDV cDNA HDV RNP Cos7
4 18 4-6
HDV
B §  «LHDAg
. «SHDAg
SHDAg 10 18 22 26 32 38 *
(B) HDV cDNA Cos7
HDV cDNA
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HDV primer template

HDV primer sequences length (kb)

(A) T7 S TAATACGACTCACTATAGGG 3 19

SP6 5 ATTTAGGTGACACTATAG 3

(B) T7 5 TAATACGACTCACTATAGGG 3 1.7

DP(662) 5 ACCCTGCAGAGTGGGGTCCCG 3

C) T7 5 TAATACGACTCACTATAGGG 3 1.6

DX(600) S AATCTAGAGGAGCATCCCAT 3

(D) T7-EcoRI fragment of (A) digested with EcoRl 1.2
enzyme to generate a 1.2-kb fragment

EcoRI
—
“T7 = ke
— SP6
=g 1683/1 __ <
658 ame | 1016 1601 133 487 658688163
903/904 UECOR)' ¥
HDV1.9/PKS

Note * T7-SP6 fragment was used as probe for Northern blot analysis

** EcoRI fragment was used as probe for Northern blot analysis
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EcoRI SP6 DP DX M

1.9Kb—>

1.2Kb—> 1Kb

8. (A)HDV  PCR
HDV cDNA primer DNA SP6
19kb DP 17-kb DX 1.6kb EcoRlI 1.2-kb

DP DX EcoRI
1.7kb
1.2kb
8. (B) HDV RNA
8(A) 1.7-kb 1.6-kb 1.2-kb In vitro transcription
HDV RNA DP  1.7-kb HDV RNA

DX  1.6kb HDV RNA EcoRl  1.2-kb HDV RNA



cDNA EcoRlI DX DP SP6 M1 M2

<1.9kb
<1.2kb
9. HDV RNA  RNP
HDV RNA
SP6 invitro HDV genomic RNA 1.9-kb

S-HDAg DP invitro HDV genomic RNA 1.7-kb

S-HDAg DX invitro HDV genomic RNA 1.6-kb

S-HDAg EcoRl invitro HDV genomic RNA 1.2-kb

S-HDAg cDNA HDV1.9/PKS M1

RNA 1.2-kb M2 RNA 1.9-kb



SP6 DP DX EcoRl

1.9kb-

—1.2kb

10. HDAg prob HDV RNA

SP6 invitro HDV genomic RNA 1.9-kb

S-HDAg DP invitro HDV genomic RNA 1.7-kb
S-HDAg DX invitro HDV genomic RNA 1.6-kb
S-HDAg EcoRl invitro HDV genomic RNA 1.2-kb
S-HDAg
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CCsS NLS ARM-| HLH ARM-II PAS

31-52 68-88 97-107 136-146 195-214
F { I 1 -I—I
—— ) isoprenylate
g Ol | I .
9E4 epitope

Coiled-col sequence (CCS) - dimerization signal
Nuclear localization signal (NLS)

Arginine-rich  motif (ARM) , .
Helix-loop-helix (HLH) Jnmm g
Packaging signal (PAS)

$-HDAg-specific epitope

Highly conserved region
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