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NN 4 95 7 (Hepatitis B Virus, HBV)
JEIE T DNA J55 # BF 9 AU R 2 Y, il aod B e ¢ ik
TR WM /N4> F DNA J 8 . HBV e g it 5t
P P18 2 S At 1) A 1 M SRR 5 BOTF T 4E AL TP AL
AU . HA 18 M 2 I R IE 7 5 28 i 4
TR BRI (B2 28 LW a0 iz oK R & ] 1 A
AL SR TR R A AR BRI 8 A%
(R AN Ty 5 | Tt 245 4 s i % 72 Ak 1) 3 DA B g
2R DR R BT T RO R ST ORI 24
YRR AR IFA S0 PE b & R BT 25 AT 1 55 B8 .

g DNA J55 5 19 52 i) 5 Ho A S e s B 19 &2
AR B HBV 45 Wi 2 S % sk g ol P
B g oK & A (TP, 2 % 5 (RT) K&
RNaseH =454, 78 TP Ml RT —/-45#) Z 8] if
FEAE— Ao g B XY Spacer X, H, TP Xy
WE I DNA 5 8 BT i A7 BT A7 oAb B 5 55 7 A
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it (Bulge) Z5A4 BEAR - 5 B 3~4 A SEAZ IR AR
NG MBEETI Y. X — R NG &
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DR1 » X, L pgRNA S#Ek . & W EA4ME HBV 1
# DNA, sk DNA G5 . P 8 B0 RLUHOS AR
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BB (RNP) & 59 % E & YT U 218
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W51 5 8l B 54 O 3 cDNAMY % F X —
F152, P-e (8] (9 AH B AR HI o8 50 & 2 O 52 F Il TR
167 R Mg S e 1 — AN B W 5| T A i S Y 25
A, HAT, B P-e MEAERM R FLEH O
BRI IIEIR Qi e ER . B Y BFAER ¢ 193
e QFM P EAMALGY. Bk
T
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1.1 3% % 3 (Heat-shock protein, Hsp) # i &
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25, T 60kD Hsp60 (40 B H ) GroEL) f£ 1R &
F .04 Hsc70 Fl Hsp90, A48 8 (1906 P — i
T ATP, 58 #3858 o 2 i %l B 45 2 (1 40 Hop
S b AT R R E AT, Hsp70 (41 H 1Y Dna K) 5
Hsp40 (4B H 1Y Dna J) DA K HoAts T 45 #4488 2 11 41
LM AT SCRAE T B anEE R AR Y

€
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ca (A)n
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ATFPADTH-P

Pr A8 2L 1 B B D I B A B B AR AR D
FHSR B3P T KRR G . Hsp90 Xf T K&
SFEAAEY S B RAR Bl Y MR T
NS RER P ST AL BRI A 4= PRI
—SB B ) E r T b AN 2K (A A R A2 AR

BEH2) ) A E ML s Hsp90 FF 2L M Hsp70 R4 4k
W] B0 98/ - 38 43 Hsp70-Hsp90 & % B & 11 Hop
AT,

g/ >

THsc70;
SRR €—— @ @

I AR

¢ RNA is a RNA hairpin located at the 5 end of the pgRNA . It is firstly specially recognized by P pro-

tein with the assistance of cellular chaperones. Subsequently, using the e bulge structure as template, the
P protein catalyzes the generation of a 3- to 4- nt primer that is covalently linked to the TP domain. Bind-
ing of P protein to e RNA also triggers the process of nucleocapsid assembly. (modified from Feng H and
Hu K, Virologica Sinica 2009)

E1 HBVPEHMEHNREH

Figure 1 Replication initiation of P protein of hepatitis B virus. "]

AHMEBAS HBV RERMMER RKARK., 2,

n'ﬁj%zT‘ﬁWI\Tf’ MHEAWE W EA P HA, Jmﬁﬁﬂ
i3 17X HBV & il o P-e 40 B AF B 40797 i 3L .

AR R SR O AN i R S AR A TR HBV (DHBV)
BEAUTENR S0 T 40 3t 2E AL 43 BT P-e A0 B4R T 7T
AE. Wang % A\ FI A S 9 2121 40 i 24 % W (Rabbit
reticulocyte lysate, RL) i I #b {4 41 8135 T A 16
) DHBV P & [ . P & [ REFI o3 S B fin A i 44 5k
B 1 DeRNA R ME45 & OF a9l & . X
—RGEWAG T W EE LN ODe Ml P HES G
Ja s BMZ T — MR A fE5I k. X —id
T, De (1 1 25 1 B8 5 T m £k i 4 B 38 458 T
P TP X2 [ &g Wt )& ik, 4 B2k
B EH « F1 P EAMEENN - AEEL
BAENZE AREAERTI K. ORL REAL
B AR Ty, A b A5 9 ATP #1 Hsp 5540
M PEAR 2% P-De B AW e E X E

Nassal i 78 21" $0 5 A ¥ fff 3 335 50 4k 20 Nu-
sA.GrpE 53 GST %o '3 A KB HF . IF A
WIARBCT vl 4l DHBV P 8 A A5 78 K
SARITAE sy R B A 5 & TEMER RT Z459. 1
KA AT ERAPEAR A (I E Y . X F GST-RE & P
AL A RNase H 5/ 3 LL & Spacer X % FR
Ja T8 AU IR ) miniP TP BA 51 LG © 2 ikiE
T BYTE T A% K BT Hsp70 F1 Hsp90 &R 485
Nassal 2518 2 4] F NusA-Fl 4 P % [ (NusDP)
WATHESE , g5 H 2K B Hsc70. Hsp4O 1 ATP X} = A=
BIGEHER GEAER P 2 b8,

) Hu J WR5E 417 308 Hsp90 %t F HBV
S SR 51 2 Wb 25 B Nassal 20 X%} A 4 58 28
. N THRTE A Hsp90o (9 B ARVER . fhAi]-" 7E 4k
SMEAIWTSE T Hsp70 F1 Hsp90 J& B A Y 3 2 3 [
YEFIR S v e 35 09 P A & P . X F Hsp90,
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] ATP Jilg % 7 e B 1 52 A2 1A sl 3 A Al 1) 118 2R
H Hop AHEAE M s % T Hsp70, i@ i Hsc70 # 8 1R
P F Bag-1 R0 ADP-ATP 52 # %2 . Bag-
1T 1TEARKE. XM EAXBERAEORE
B —ARSF P DB K 50 MEERK ER
Bag Z5 #4384 5 & 1A Hsp70 (40 5 AF ™Y . il
#f ATP 7K % f1 ADP-ATP 384, Hsp70 %t Ji 4 1
0 45 A AR, X & Hsp70 3 M br s M
Bag-1 i i ADP-ATP 22 & £ fin B ix A4~ 1 ¥, iX
AR T Bag-1 AU Bag-1 #£ Hsp70 H iy L i, a]
REHS I =8 D B A PR R TR . A5 OR R B
Hsp70 24 ATP JE LIiiE P & . 8
Bag-1.Hsp90 fl Hop & 3 8 4 3% ¥, N ik, 78
RSk, Hsp70 J& 6 P8 1 % A0S RS 1 2 2 W
T Hsp90 AL ZE+5 05 F2 2

1.3 HspMHEFARE X THMEATE Pe MHE
VBRI v # AN AT sl e 1) 4 & 2 e A3 2 1 40 1 59
0 LG P o 2 T E T P-e B9 AH TAE FH L 3k )30 7
HBV % MEM . sy AMT— BBk Hir, H
", B8 Hsp90 41 il 7 4% /K 15 45 & (geldanamycin,
GA) LR A 3B o BT g 106 1 3 1 38 4 1k 45
4 Hsp90 N-K 3t ATP/ADP {4 45 & o & . ok 2%
Hsp90 # 4, 5 5 P30 ] Hsp90 s i) ATP i Y
LR o = O N Ry QI el = D R (0 N i e B
LA A S DT A0 1 AT e T Y AR T RE L B
B AR R A BEL DT e e o LA A A B9 A i
# . fi, Bian UM HE T — AR [ HBY 2 1 5
siRNA F1#0 [m] Hsp K % # Hsc70 #J shRNA
(siHsc70) . iE BT T HepG2. 215 4 5
BRI LSO HBV 2235 F & il K- .

e bt HBV JG97 i, 98 P R H H RT X
BN YMDD K& 5748 5 5| i i 25, 52w A g7 808 S T
DL bR e B A B 1 Oy B R R T A A R s
BE AN BE AL 7 58 1Y) 98 7% O Sk 2 ) it . AT
AT AS /AT 25905 35 0 77 A . e, DLGK SR A i 3 B
AEN R ST 1 28 O 38 s U i 5 ikt & &
T EGT HBV 25907 B — & B i, H2, %
FE B PO R A iR E S A Th RE AR 1, %
0 M 7 PR AR OR R T BG4 R R AE S Bt HBY
25 A S A BRI .

2 EEF

2.1 SELEXHAREEBEF SELEX R4
BT K & 40 3k 1L (Systematic evolution of ligands
R R

by exponential enrichment, SELEX)”,

N7 TE BE AL SE AT W2 SC P A b I ) A R AT
Z 55 B M PCR 3% , T 15 2 58 5 45 Fh 8 4> 1 76
243 () ALy 0 AR S5 DG TC 1) e S S B I SE R T R B
LA A B L O 6 BT A5 09 i R S R A% R A
Bepl PR AR Bl 7 o 38 L 7 8 AR TT LKA BL N 4y
TREIEAMEAFREE SN, ST ERA
15 A R T R S T RURR A T A T S ) 24 0 A e Ak
FY . A RS YK TS B TR MR YT
LW T REME . 56— LLE BT S JE a1 259
O A A v ) R 3 i A8 0 1 7R 97

2.2 EEFX HBY EHE MM H T HBV 3|
R IR R A R, DHBV MR LT — />4 M fd
AR, B0, X T DHBV, il i K 4h 3k &
41 P& [ R T 3k A B A 5] k0 P RNP 5,
WATEH A -1 k2 A SELEX 5 A, {4 4b i 1% 5]
5 DHBV P & H @ E MMER T, X SR — H
MPEALE G AR5 & RN Bk T % #%
S s B o R Pk e A A G o A 3 CF  FRAT]
RIAE De 4 0 : OEKIFIHM L2454 FF
M P HEEASE s De 47 F N 58 5 B ] 5 5 25 44 XF
DHBV [ St fi i) g shsl R B EEY, M5 . it
i T 7E DHBV J& 41 v, 36 Bl 1 7 51 2 e 185 2 A
HBVe ¥ 81 J& » 76 4 9 AR & A 81 & 28 78 i K 30 47
P, X F HBV, B # . Hu T B84 A4 8
HERAM R B A R IR R EA T BA N
RNP & 45497 IR 4142 H SELEX S 3 fih
i e EEXF HBV (A% B 3% L+ BN 7T g . 78 Mt 5L ik
FLIRATABIA K eRNA SCHE R b2 85 i 5 8
B SR 48 9% 5 P 2R H (miniP) @& 5% LT 9 RNA
T, HAR— AR AS) . EE e ZEHESE
SREHLAY 5 55— AN FE PR S) & 2 5 K R A < T91 i B
JPo . 5 A A v R SRS LT NS R kAR E
B e O A0S TR P B IR AH BEAE T 262,
T 45 o T 24 AR FEF B ) 22 4 i . Xt O ik 2R A%
5 P IR IR EE A 03 B 3R T AR AR e b AT
WA T e 0 FNE P& A EAEHEE )T 51
iRy E UYL R AN e A5 B B A B R L R
Fr e vESs A YS9 3E FL T . 78 W i L 3 Y HepG2 4
MuFIES E ik HBV 19 HepG2. 2. 15 4}l & rh 34 5
ZA 0 75 S o s el o A T 2 WD 3 S 1 1 e
75245 pgRNA | B AR ¢ i35 4 P30 #0500 T3
JE#E S P E OSSR W R Y . TC
5, /R4 SELEX hy S ik 19 38 it 18R T — R A
J1 TR T B TS 1 BT LR
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2.3 BERFHEABE 1998 4. H— il 724
¥ Fomivirsen #% 35 @ FDA #it#i i, JH TRIFE
20 A 7 5 | A 1 S R L R R, R
AR JCHT B IS T 2 e E BT, FRATHE R
(475 VL3 E - S9 76 40 A P9 LA S DE 78 TF R 1) 3 i K
SN BE % 30 HBV P-e & & 9198 1. i BHE
HBV & il . HACR A S EEAH . OS9 i@ it 5% 4
PESE G/ R0 ) B A= A P-e 528 W IE . AT 3% )
46 HBV 52 i /K7 19 %508 s @ H A Ak I IR 1 BF
SERYPT HBV siRNA 24 9 76 J1F- 41 s 8 4700 25 45 v 1
NG TR 0N i B A P L BRI T 2 Y
—iE M. AR, FRATT T A B A9 A B T RNA K
ik 60 ZANBHE , 515 E 40 mRNA {1 2% 58 45 id L
FUMBZ MR N BT ) BT S O AR
4 2 B R 1 L BT 5% 28 RNA GG B 1A 2R N I
PRI B8 AL HBV 254 O 3d Be 1 Fr B 45 19 =
G L L) (0 RN BF A2 B eRNA A H, B BE 5 95 M 245
& P A B, TR 359 B P A E Y 38 4 40 1l
F L X FEHLIE | o AN A T siRNA 115 B0 . 1R 47
FLakE T H G IR EAZ AT 250 0 25 PR R . B
Z IRATE RN RNA G R F A 2 Y wig v
JH- I RGP v H B0 B A0 07 22 232 | I FH 0 g 2 2k 0%
T it 24 28 75 Mk 5 S B R

TESZ bR 25 25 b  RNA & Bt 1 7] AT S i 1 Ak 2
B . B2 M RNA R M. (R 4h 52 56 i/
Bl It S 56 UE S« 38 - AT DA o 18 T A ke Y
J5 2K v 0 % B T 240 M o L BB T R LR S
EiZ BRI M AEAERE ], Bl AT R T —
PR # 15 A % RNA RS Bk # ik A 25 )5
WL B2 JE NG A AE 29 10 434 P4 3R 75 JFF J0E v e B8
ik 9000, I LG 5 20 RNA 245 1 94 25
R A0 ML . B H ETAT 55 i D i [B) 2 : O
b8 Y RNA x5 A% ) 240 A 57 5] 81 @ JR F 1R 72
IR ) G i P ) R, S T ) DL O T B K
TSI 1 AL Z 100 A1 A 1V 22 1) B 2 AT o il R
fil e
3 HAPEANLED

B PR R LW P-e AT AE L&
FEA ML R MR EE ] BT AW (the carbonyl ]
acid) , i TEREE | BRAGAE W HE ) P2 (1 09 HAKRA A1
ARG A X HIRATE B ML E XK
(EE/P

3.1 I3 (hemin) Il £1 5 CER AP [X) 2 %

H L) 4 J@ PPk (metalloporphyrin, MP) , ‘& 2 Ifil 2T
EEINIRAR: SN AR S R DR R e
i EACY R B2 . A A2 3 p DU A g 2 T 3
A O — AR T, ML REN
A S 5 TRHRB ARG, b T X
S R TG B AR SC B L I 2T 2 A RN B i LT T A
BREEA M2 FRERHER. 20
20 70 AR LK Rl Ak A ot 2T 2 i ) o 4 s 2k o
#1. & (protohemin) A1 1F £k If. £ % | (Panhematin) &
B FDA LA FHFiR97 S e sfE . bR T B SR ER1b
WRER, ZHh A R MP AT LSS HoE 48 AneE Vi
B OEEVER VB VEREES . TEBRERET R L B SRR R
AR B R — AN AR Y Sl P B I 1 I R AR O
A FIF X B A LI iR YT
3.2 MAEX HBY RERHEM 5 arikib.
IM£L 2R W] LA 3 55 N2 e i B g 7 (HIVO RT 3%
RN R B Y 398 ) 407 {7 B 14 €0 R AR 3L 0 e 4
AL N HIV s, i — A i o8 4
B, 401 1 402 {07 1Y) €0 52 1R 5% 3 ) I 21 R 45 & 2
HIV RT k% & 2", Hu J BF 5 A 5 W 1
HBV ] ge 4 kK A R R PE T T2 RS F 55 3 52
LT R SERE A HBV K. [6] i 6 o€ 2% i Bk
2L R W] LA 38 1) P2 (1 (H 55 2k — 2D e g iF
W TP A1 RT 30 Hegs A 07 5.

Hu J BFFR 4 BB R T 20 R X K29 m) i
I FE ML, R A 2L Ak & ) AT g 2o 43 F N P b B
M HBV PHEFM TP X5 63 i Tyr KATTE
o A HE A o DT 8 P T I R A . 3R L %
fLE R Tyr MaE 1A 58 3% A Ny B 32 R8T A 0 51
WM 45 G R S G S . B SR B A5, RNP
HEWTFEATHIE R T EE. L8R 0, 763 In i 21
RZHTE eRNA 5 P EAS A IR EH T A
WECE 2,4 . MR BeEE ML KM P EH,
Bl B eRNALHF P 2K 09454 07 5 gl 21
REM AHIER P« EE5WE 5 &k (F 2,
720 . A% B G 2T 28 RTRT 5% i nh bk Ak A5 4 ]
LA o] 44k 1 533 2 BRI (IR S 2 RT R g
DNA R & 1 Klenow F B, H & 7 0% 2= F Xf
HBV 1 DHBV RT (4 il /E 1. 75 20 Ml BT G 7K 2
1R ¥ BE 1 B P O 20 26 RN D b ek IX ) DL AE B g
HBV 1 DHBV %t 5 5 B (%) 1 98 20 A o &8 43 BH Wi
DNA & A RNA {325 . 1 58 9% 10 il MBS 40 il v
gifbi) HBV P & 5] R,
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Hemin/ ¢

¢/ Hemin

Hemin(uM) 0 2

GST- -»
MiniRT2

10 0 2 10

q 'l i ' ﬁ
a

3 4 5 6

100 43 21 l

Activity(%) 100 11 -

GST-MiniRT2 was incubated with hemin before the addition of the eRNA (hemin/e) (lanes 2 and 3) or incubated with
¢RNA before the addition of hemin (¢/hemin) (lanes 5 and 6). The **P-labeled GST-MiniRT2, as a result of protein prim-
ing, was resolved by sodium dodecyl sulfate-polyacrylamide gel electrophoresis and detected by autoradiography. Controls
are those cells without incubation of eRNA or hemin (lanes 1 and 4) and their priming activity is defined as 100. Relative
protein-priming activity is indicated at the bottom as a percentage of that of controls. The minus sign indicates undetectable
protein-priming activity. (revised from Lin L and Hu J, J Virol,2008)

2 RNP E5¥H B Z A ZEMA hemin 3f DHBV GST-MiniRT2 5| % i& {4 #9 8 g
Figure 2 Inhibition of DHBV GST-MiniRT2 priming activity before or after RNP complex formation"**]

3.3 mMARWMAR S 0T Pe MEAEMAER

FrZeMi A € 19 cceDNA (GREL HBsAg B . 1%

T3 B S A2 6 B 1 5 ) R AR 7 6 T ke G k1Y
XUCHEAE L BRI AT 3 R E B 2SR P REAL 1l P
Mg TP 38, KB X HBV P-e AH A A9 98 3
il R PR sk 2R A A WA B R T g — T L L K
YU HBV 8 PR G 9 25 8y . 3% [A) o A i & BE . Bt A
FAR RIS R R 1) AR S M4 15 P-e HARM
B4 T4 B A 5 Hsp9o, [ 4% W HBV P-e M1 T1f
A AL R A G W aT L R 1) PR R
Wr HBV P-e M E A R S BUA AR R U 2y
Yy e A 0 A B S I I R AR FR i T 24 1)
AL, SR ML 2T 28 QA7 A SRy BR A ik 284 5 ) 70 14
B - 0 A0 BUSCR ARG X o 2 B REHLIE #s JH 2
e A L 17 5 I B 3 8
NEERE

&Pk HBV J&4e H aif A fEiA & 1 HCV T LA
A SR A A T HBV £ 16 JIFE 40 i 9 1 i

GE DU R 25 WA S 5 22 D T 1 B AR AL
] 410 A5 B A 5 TSI W BR cccDNAL {HUE iy T
75 1 ey ke 5 A 3% 7 A S T S RO 18 4 L A
YIRS T S e TR S 7 A AR S s AR 25 9 B B
AR AT 25 Kk . BE T DUKEE B 55 2 DA A
A S5 oA 16 JHE 245 1y 1) T T 2 0 A% e MR T 3R T
AXERT ATt 28 DUSK » 2 I 2 TR e 9 5 A ) =7
T A 5 E R . HOAT A microRNA R0 8
H /N T 259 IETE IR RIS . Ak K2 5
ERRUONCE D0 € R e SR S R S T
P T 20 8 1 09 B0 75 16 R AL A P B R R B
DA B0 20 A P A A R A O AN R AU A ST A TR

AN T AL GE (DT 75 25 10 A S0 41 95X =28
AR/ DINVE UL S e e o - = PN TN 314
[F1) 32 1Y BEL T P-< AH ELPE JH (B 3D o AR s 2 1 0 il



- 718 - N 30 %

%ﬂﬁﬁﬁﬂrﬂﬁiﬁﬁ%ﬁdﬂ%ﬁﬂ%ﬁ P-e tHEAFE
M RZ M HBV &l (& 3, A) . AHIF 5 241 0 ik 3K 45

(1) N AR S » BELIBT P-e AHEAEHTCIEL 3.C) 0l T RLAH
MR AT P-e M AR ML R PO RE DR ST 80 T
o T T 24 [ L A B 3k — A0 S JR SO i 2 A K
HBV 254, 2 Al 5 BUA B 2 M B4 25, 9K
HMEGELT PN K

E’Jﬁﬁfﬁ‘ eI I e R4S A AR I ) HBY P-e 2
FPIIIE B TS B HBV A2 i8R (3,
B) . SR IMLZL R R SC B AL & Wy HE 1) TP 2544 358

Geldanamycin

Hemin
/ spacer
—p ' RT
”
R"
COOH COOH

A. Geldanamycin inhibits P-¢ interaction indirectly by suppression of Hsp90L!1:17:23] ¢

B. ¢ aptamers compete with the wild-type ¢ for binding the P protein. thereby blocking the P-¢ inter-

action[27+30-31.40]

C. Hemin targets the N-terminus of TP domain. Blockage of the Tyr residue within the region results

in preventing the initiation of P-e complex #2311,

B3 FELTH P BEERKT HBY 450 =R i

Figuer 3 Three strategies for developing anti-HBV drugs to interfere P-¢ interaction
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New Strategy for Anti-HBV Therapy : Blocking P-g interaction

HUANG Ya-yun"?, HU Kang-hong'**
(1. Hubei University of Technology , Sino-Germary Biomedical Center , Wuhan 430068, China;

2. Hubei Collabrative Innovation Center for Industrial Fermentation ,Wuhan 430068 ,China)

Abstract: Clinically being applied treatment against chronic hepatitis has three limitations: low response
rates, severe adverse effects and a high rate of drug resistance. Hence, novel targets for antiviral therapy
need to be developed so as to provide an armory of different strategies. During the replication of hepatitis B
virus, the interaction of viral polymerase (P protein, also called P) and eRNA is indispensable for the initi-
ation of reverse transcription via protein priming and the pregenome RNA (pgRNA) packaging. Three
strategies are currently developed for blocking P-e interaction: heat shock protein inhibitors,eaptamers and
chemical compounds for blocking formation of P-e¢ complex. Previously, our group has for the first time
worldwide in vitro screened several aptamers, which are able to interfere with the P-¢ interaction. A strong
inhibition against HBV was observed in vitro and in vivo experiments, respectively. In conclusion, the so
far developed chemicals suppressing the P-¢ interaction may bypass or overcome the viral resistance prob-
lems during clinic treatment and represent a highly attractive option for therapeutic intervention.

Key words: Hepatitis B virus (HBV); Replication; Polymerase (P protein); eRNA; Pregenome RNA
(pgRNA)
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