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BIVEFEAE . F53E . 5 DEx D/H—box S8 33534 ok PCHO, HAEE fH HBV 498 R0 S FOK 3 6 28 6 2 iR
E Tk peore—Rluc ; 735K 45 DDX ik Bk 5 peore—Rluc H56 4 HepG2 AN, FiiiE 52 M0 Rluc 2GR BEE 1T DDX 5,
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AR, T DHX1S 4 HBV 3458 Fulii 0 s sh 7 PR XIS, 855 - s EE 30 i DEx D/H-box % 3 A v b ; ik %
HBV 8458 5/1%.0 )8 3 1A B2 A 3L DHX15(P=0.042) s ST IRZAAR L , 3 ik DHX15 REfLHE HBV DNA HYA il K- ; I
Hfig B HBV RNA $ 557K st i HBV A%.0 i3 8l T 2828 1%, k30 DHX1S {23 HBV 1952 i 238 i B F 523000 (1=
8.292,P=0.001;:=5.215,P=0.006) , £t .33k DHX15 nl i 5400 HBV 5458 7 103F te M iR F HBV &1l
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Effect of DHX15 on the replication of HBV and its mechanism
Yang Liuging,Wei Xiafei,Gan Chunyang,Yuan Yi,Shen Jing, Huang Ailong,Hu Jieli
(Key Laboratory of Molecular Biology on Infectious Diseases ,Ministry of Education,
Chongqing Medical University)

[ Abstract)Objective : To screen DDX family for genes that affect the transcription activity of HBV core promoter,and to research the
relationship between DHX15 and HBV replication in vitro. Methods ; The DDX family genes were cloned into the expression plasmid
PCHY respectively. The HBV core promoter was cloned into a luciferase reporter vector to generate pcore—Rluc. HepG2 cells were tran—
siently co—transfected with each of the DEx D/H-box expressing plasmids and pCH9—pcore—Rluc. The luciferase activity was measured
with luciferase assay system. HepG2 cells were transiently co—transfected with DHX15 and HBV1.3 cells were lysed and subjected to
Western blot analysis. The effects of DHX15 overexpression on the HBV DNA replication and the HBV RNA transcription were
tested by using Southern blot and Northern blot respectively. HBV core promoter truncated mutants were constructed to dissect the
sequence might interacting with DHX15. Results ; Thirty DEx D/h—box family genes were successfully cloned. DHX15 significantly
influenced the activity of HBV core promoter(P=0.042). Compared with the control,overexpression of DHX15 promoted the replica—
tion of HBV DNA and increased the transcription level of HBV RNA in HepG2 cells. Both of the 2 HBV enhancers seem to be
partially responsible for the upregulation effect of DHX15 on the activity of HBV core promoter(1=8.292,P=0.001;:=5.215,P=0.006).
Conclusion ; Overexpression of DHX15 promotes HBV replication in HepG2 cells by affecting the activity of HBV enhancer.
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Iy — 2 2 PR DU HBV (94952 i B 3] 1F [ R 45 4R
I, BN eyclinD21 Sirt 1M S F 41 A PN i 32 K7
YR 2t S HBV E A E R R —E
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DEx D/H-box F5E & — A AE b s B R
SEEY ATP () RNA fEERE, ) 2 A7 A6 T DAl Bi
S FL sl S 2 YR 00 RR B g e AR A 1T
AR ST IERR 2 AR, DEx D/H-box RNA fi# i
fiti WAl E—254%4 DEAD .DEAH DEx H .DEx D %
W ES, DEx D/H-box FKIEHE AN S 575%
RNA Z5F 55 0 fra gt /2, i B — 28R
B 5% TR SR L R FE RO A G
7% DDX5.DDX17 Fl DDX21 #842& HIV Rev 454
U8 2 SR B B 5 THZ % DDX3 7E
HBV & il a5 # v & #4572 /E e SR, DEx
D/H-box F 5 HAbTE (A7 HBV 42 il 45 7R H 1Y
RIEAEF AR, B, AW E ik Tl GEs
HBV & il ) DEx D/H-box ZEJE M b1, 3%} Hh iy
DHX15 78 HBV & il th (Ve K orF ML A T 1740
LT

1 MREFEE
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HepG2 9 198 41 3, HepG2 41 i A 7% 52 56 % A 47
DMEM $;57 4 B  opti-MEM 11 F SE [ Gbico 23 H], 4
ILE N B BL 2 % 4387 1ipo3000 1 H Invitrogen 23 7
KR8 A BD 3, Taq i T7 & £:0F DTT ATP 14 F NEB
2 m], R m S A R /NG I HOQIAGEN 23wl 1 2
Z R £ (Renilla Luciferase Assay System )l H 32
Promega A H), 1T Flag BT A Sigma A7, $T GAPDH Fldit
W W S RAEYIHEAR AT HBVL3 5 A SR % 1
HIARAT, pCHO/3091 A i [ 31 8 K77 Nassal SEHEE
LfENG R ES NN i = R NS N e S ey N S
.
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12,1 FokikgE  EEXEARR RNA ffierizm v o, o niit
HSER Y 1519, 945 2 8150 PCR, Horh F1 ORI R1
i PCR 26 1 46514, F2 il R2 8 PCR 45 2 465147,

Y HB1YP A FR 1 (AR SRS LA EES 1741, LA
HepG2 AR cDNA Stk , 91 DEx D/H-box Z55E
P e Rl glifb J5 FH Golden gate v i v 5 284K /i B 4%
A% T R 2 I 56 AIE 1E A SR EUTORE

¥ HBV 4581140 i 30 1B 30 22 35 1 96 't F i
e as| pCH9—pcore—Rluc, LA pCH9/3091 ﬁﬁ*ﬁjﬂifﬁﬂi, 5%
4 F 1070+R 1901, 414 1070~1901 H458 T/4% 08 80 1 Fr B
L pCHY3091 TR RS #4514 F SV40+ R CMV;
DA pRL-TK #5114 F Rluc+R Rluc, " 845 FE 4
SIPIFFN AR 1, 385 200 f ke e F BER/INEH
S Oz [ A, J2 Tl AL 3 A 422 RE U B 4384 T, SR )5 F Golden
gate 7 V544 58 MU B Rlue JEHE E pCHY #8044, R4S 5]
pCH9-pcore-Rluc,,
122 WEPOGHE BN SLYE O HepG2 4Ny 24 1L
M, F AR B4 45 A% 3 DR 2 38 R ok 28 1R (DX i 2
AR 3 5 pCH9—-pcore—Rluc JLHEYL HE YL IR R L R
11 AT, 558 48 h R R A T DL R i
PBS 5 UL 41 in AGHT FE B 240 A 2, A IR 20 min,
BB RAREERS 2 EP & INA K EON W, AR Sk s 3T
Jer S ZN A A I, 0 SRR,
1.2.3  HBV Z AR EER H HepG2 4Hfufl 12 fLAT,
MPEEG S S 5 FRICSEARM, PBS W 3RS T, i 250 L 28
MIZLAER, 37 CRIY 10 min, KR8 FLINTRAAFE RS 2 EP 4,4 C
BOEW FERBEENRN EP A REMKK A 10 uL
100 mmol/L CaCl,,2 wL Micrococal nuclease,37 CH¥H 1 h, £
M A 4 wL 0.5 mol/L EDTA 10 pL 10 mg/mL Pronase
10 L 10% SDS, i s] , EFE 1 h; 3 st 7
DNA I B0 LB EHN EP RN 8 wl 5 mol/L
NaCl 25 FICK 2.1, 8 T-20 CORFATTTES I 5 B
DFE LT, T0% B DURRULEE , 78 [3F , DT K FE A
ddH,0 F¥%,
1.2.4  Southern blot £ BC | 19% AT A8 BHIE , #F i B UK
Joi , Gead AR P R B M B R A 2 2 KRB
LI AR AE 1 h, B4 3833 3 5 3 KA Roche DIG
High Prime DNA Labeling and Detection Starter Kit I i#7] &
Kl , SageCreation fb24 % YR R GMEE , BHARERAEH U6
P17,
1.2.5 32 HepG2 4N RNA 12 FLARIK HepG2 41 , 4
FLANA 500 pL Trizol 5, 24 5 min, IAZ;, F T
15 s, ZRIFE 2~3 min; 285 4 °C,12 000 r/min &1
15 min, #%% FEKAZEHN 1.5 mL EP & A S AR, &=
TRIFEE 10 min; 200 10 min J5 57 13, 75% CBEDEADTVE ; H5
WO JEF LW, TR, ddH,0 TEUUEI A Nanodrop
2000 ZHVEIEEETRTIN RNA HREE
1.2.6  Northern blot #:{l  ANFEYL 52 5 KELHAN WAL
BRNA(F71: E3R), {# ] DIG Northern Stater Kit #il] HBV
RNA $&5545 00, BRI . AT AP BEICAT R E. RNA,
Jr¥E RIS, loading buffer S5FESRE )G 65 CAEPE 10 min, 1K
b 1 min; FRESGHLYK, LUK S E0.54 Viem,2 h, Sk £
RIEVIBE ,20 x SSC Pk 15 min 3 2 Y FERGER , Z IS H5AE R

Southern blot,
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1.2.7 Western blot % 2% Yk 48 h J5 WAL 40 , 24
B nEA Loading Buffer, Z il & .0 J5 LA, SDS-PAGE i
HLPK 90 min, 200 mA fH i EEE 3 h, Wik EFE 1 h, B0
4 CiER ;58 2 K TBST ¥ 4 K, BHK 10 min, #3550 41
1 h, TBST ¥ e FH WAL SNEOE UG 2R oot BB
FERS L UL BT T
1.2.8 HE HBV M4oR T S5 4%.0 00 8 P 2848k Llp
CH9 —pcore —Rluc i Ay A4 43 51 97 8 1636~1901,1636 ~
1744 SR BEAN 1744~1901, 97345190 20 5k A F 1636+ R
CMV .F 17444R 1635 .F 1744+R CMV, HJF| 3 1. e
VK E R By R/INIERA S BUKE [T Golden Gate 255¢ 1l 5 e i
T T 1 5 AR IR 43 i 44 O p CH9-1636-Rluc ,p
CH9-1635/1744-Rluc .p CH9-1744—Rluc, F DHX15 ki LA
Kz 3R 95 ik 3 b HBV 3458 T/ 00 )8 sh T &
AL R 101 SRR YL 24 LR HepG2 40, 24t 48 h
i VAU 200 B AR A T ' 2R T ARG DU, LA S 58 vk )
b B AR AR BRI B AT

®1 SIMKREFT

ElE7E2S FIIERI( 5= 3")

DDX18 FI  CGTCTCTTTCTAGGCACTTGTTGGGCA
DDX18 F2  CGTCTCTATGTCACACCTGCCGATGAA
DDX18 R2 CGTCTCTTCAGTGAGAGAACTGCCTGC
DDX18 Rl CGTCTCTAGATGAAAGGAAGGCATGTG
DDX19A  FI CGTCTCTGGTGCAGCGCATATTTTCAC
DDX19A  F2 CGTCTCTATGGCCACCGACTCGTGGG
DDX19A  R2 CGTCTCTTCAGTTGGCTATTTTCTCAATC
DDX19A Rl CGTCTCTATGCACTTGTCTCCTGTGCA
DDX55 F1  CGTCTCTACGCGGCGAAGGAGCGCG
DDX55 F2  CGTCTCTATGGAGCATGTGACAGAGGG
DDXS55 R2 CGTCTCTTCAGCAGTCATCTTCCAAATC
DDX55 Rl CGTCTCTTGGAGCCATCCACCAAGTTA
DHX15 FI CGTCTCTTAACTGCCCGTTCGAAGAGT
DHX15 2 CGTCTCTATGTCCAAGCGGCACCGGT
DHX15 R2  CGTCTCTTCAGTACTGTGAATATTCCTT
DHX15 R1 CGTCTCTAACGTGAAGAGCACAACTCG
DHX58 FI CGTCTCTCAGACCTACCTACTAGAGCA
DHX58 2 CGTCTCTATGGAGCTTCGGTCCTACCA
DHX58 R2 CGTCTCTTCAGTCCAGGGAGAGGTCC
DHX58 R1 CGTCTCTCAGCTGATGATTCAGGAAGG

F 1070 GCTGACCGTCTCCCGTTGATGCCTTTGTATGCATGT

R 1901 GCTGACCGTCTCTAGACGACATGCCCCAAAGCCACCCAAGGCT
FSvV40 ACTCACCGTCTCTTAACTGGCCGCGACTCTAGATCAT

R CMV GCTGACCGTCTCTAACGGCTATGAACTAATGACCCCGTA
F Rlue GCTGACCGTCTCTGTCTACTTCGAAAGTTTATGATCCAGA
R Rlue GCTGACCGTCTCAGTTATTGTTCATTTTTGAGAACTCGCT
F 1636 GCTGACCGTCTCCCGTTATTGCCCAAGGTCTTACATAAG
F 1744 GCTGACCGTCTCCCGTTGGGAGGAGATTAGGTTAAAGGT
R 1635 GCTGACCGTCTCTAACGTTTGGTGGGCGTTCACGGTCGT
R CMV GCTGACCGTCTCTAACGGCTATGAACTAATGACCCCGTA

13 %oit o4t

BelaR 1 Graphpad Prism3.0 #4341, B Bda LAy
B+ AR (x £ ) Fon, 2 AR ORE 22 5 LR W A 57
REA 1 K56 22 7 LR Bonferroni J7 223K AGIE PAE, K
K @=0.05,

2.1 DEx D/H-box RNA f#7% 85 7 ik B %1%

ARTE 2 & B AR DEx D/H-box RNA i i i A
58 4, 4045 16 4> DHX(DEAH/DEx H %85 ) H: A Hl 42 4~DDX
(DEAD/DEx D 5¢Ji%) 36 it 85X PCR 9745, W T HepG2
IR cDNA HRLZI 14 1 30 RN Hi4y 28 FORBEIN I
T3l Al R S KOO E R AE HepG2 4 h ik , s % ik
FRE T, 3R AR T 3% 30 Fl' DEx D/H-boxRNA fi#
JORE T 35 T ) A 40 B 3% 35 JBORE , 6045 . 5 /> DHX ff e, 4
%1% DHX8 .DHX15 ,DHX32 ,DHX35 ,DHX40;25 > DDXf#
fiE fif ,DDX1.DDX3Y DDX4 DDX6.DDX11 DDX18 DDX19A,
DDX19B DDX24 DDX27 . DDX28 DDX39A .DDX39B .DDX43 .
DDX47 .DDX48 . DDX49 . DDX52 . DDX53 . DDX54 . DDX55 .
DDX56.DDX58 .DDX59 . DDXBP1 .
22 #vh HBV 3 3% F /45 & 3 F 7& 89 DEx D/H-box
RNA fi#% B ¥ ik ik

KA HBV A%.0 i 30 F 1 MEAR X 55 , 1006 B 9 6 R g
(renilla luciferase , Rlue ) H A 7 858 = O &, Fr DLk i
POCEM ISR FI R IIR HBY H8F/4%.0 )5
B FARAS IRL, AT T ORI B SE 5, LLS-4RXT HBV 1
T 0 A B TR B RS W () DEx D/H-box Z %5
A, M BELE S (1) AT, DDX 18 . DDX19B . DDX39A |
DDX39B . DDX55 DHX15 ¥J%F HBV 4% i 3 19 1E 1) 454
FH B SR BHE TR 2 50, Hoh L DHX1S BfE
Ffeh B3, SXIRAA L, il Rlue S5METHE 3 f5 20 B,
Bonferroni J7 A% 1E PAEJG133] P=0.042, 2 R A G5
X, LT SeXT DHXAS 8T E—2 5%
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2.3 DHXI5 /& HepG2 gmft it &k _Eif HBV DNA Z4IKF 1744-Rluc FEYRT | DL EFELE T XT84 3 646.333 +

AT WEE DHX1S it 235 %F HBV DNA & il (52, 4%
DHX15 Fikuki 5§ HBV1.3 (S8 ) sk 3 25 4k 5 HBV1.3
(6 JRA ) FE5E Y HepG2 NG, 5644 5 d JEURAEANML , $2 1R
e Al AR JE4T Southern blot #0455 B R WA 2 frw 5
Yof HB AL A FE | S8 20 AT TG I 3 3Flag-DHX15 Z&ik | [A]
H HBV & il v Al A K S0 B T4, 37578 HepG2 2 i i
35 DHX15 7] LIIEZE HBV DNA R Hil7KF
2.4 DHXI5 £ HepG2 % it +P it £ A 3% 73% HBV RNA %3k

IREESLIESE T DHX15 X HBV DNA & il HA7 1F 1] 37
FEAER o0 T 5038 SR L A6 &l 1 3558 HBV RNA
Stk SE B R B DHX15 Fk kiS5 HBV1.3 (SL5641)
sE SRS HBV 1.3 OW BRAL) HAFE YL HepG2 4ME, F57L 5 d
JEWCAE A, B AR S RNA 134T Northern blot A . &%
(B 3) IR, 7€ HepG2 4l it 32 % DHX15, 55 HBV
mRNA /KT, 3878 DHX15 T F il HBV %K,

DHX15+HBV1.3
Vector+HBV1.3
DHX15+HBV1.3
Vector+HBV1.3

DHX15 we—
B-actin e — 3.4/3.5 kb
2.4/2.1 kb HBV RNA
rcDNA 3.2 kb
Core DNA
ssDNA 285
=1
1.8 kb 185 wHNA

B2 DHX15 it &A% HepG2
MR AT HBV Sl

3 DHX15 % HepG2 4Afa
FE_EiE HBV F Rk

2.5 DHXI5 it &k 428t HBV 35 F [ H3gRTF M ahidik
HIARSEEE AT, DHX15 Al ek HBV B0 /%0008
BTIE M, B HBV RNA 458 i 298 HBV DNA & il ol
T HE—H5E DHX15 78 HBV 58 1 804% 0 0 8 1R F G
FPHNIX I, IR T 3 F peore 1 ZEARIA , AT 14 B4
T IEANZ LG BT (BCP) B3 AN W 1S )7 41 BB 4E
BCP+Enh I (PCH9-1636—Rluc) .BCP+Enh I (PCH9-1635/
1747-Rluc) #1 BCP(PCH9-1744-Rluc) (Kl 4 ), Jl DHX15
IRk A AR5 ik 3 R HBY 8 S8 AR AR
oy 11 JeA e HepG2 AU, 55 4% 48 h Je Y2 A M i/EA 1t
DR BRI, DHX 15 5 pCHI-1636-Rluc FHH5 et ol
ERBELE W . XF HEH 250 943.300 + 18 427.080, 5246 20
374 214.700 + 17 985.640; DHX15 5 pCH9-1635/1744-Rluc
FEALYLI T KBS R UNR . % IBLH 142 811.00 +8 973.131,
SZHGZH 209 434.700 20 224.750 ;45 R WoR (K 5), 5% HE
ZHAHLL , DHX15 43915 pCH9-1636—Rluc .,pCH9-1635/1744—
RluchGYLm HBV i shFd kT OO ¢ fE A P (8430
J&:1=8.292, P=0.001;1=5.215, P=0.006,, 11 >4 DHX15 5 pCH9-

278.671, 52520 3 195.333 + 141.938; HiX 1 ¢ 1 P{H K 1=
2.498,P=0.067, =R TG i1+ L, RIS X B AL AH b To P
25 4R DHX15 AT LUE RS 7 (En [ En 1l )#Y
ok,

HBVEL e 8
1070-1901 Rluc polyA
BCP+En I +En Il 1070~1901
1636-1901 Rluc polyA
BCP+En Il — .- 1636
1636-1744deletion  Rluc polyA
BCP+En | S .- 1635/1744
- 1744-1901 Rlue polyA
BCP — I .- | 744

4 HBV ZLEEFRESERTHREE

RLUC
2.0 -
1.5 4
s
& e -
R 104 == e [
® e
0.5 -
e
e
0.0 o
L) L) L)
S NS & N & g
C}Q\ %x\b (&Q\ of \<\ Q‘)Q{\ c)x\'\
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Q

5 DHX15 3t HBV % B 31 FBUE R EH 200

303 it

VB O R R 5 3 PR LA N Y L R A
JE R ARSI S R SR R L i LTS
i I

H i 52 FE i3 i DEx D/H-box Z R KA 30
A HAREAY BRI T eI e, S —
% PCR 9" 142 L HepG2 4 it R I 1 RNA 30 %% 5
cDNA, ] REHAEX P4 rp AN ik s 1R K8
Hk, R PCR SR8

RNA i HEBHE — 2 AE M T RNA SUBE A, )R
T THAB  SHEIE RNA 209 T2 DL M AR
FIVE A R 2 B = = G M 2 b S AT /D g e
RNA fHERG S GAE AL L BEORSY , IR L 5
5 mRNA HiA0 T RNA %% RNA ¥4 is AR
G RUFIRRE RNA FEfRGERE, 00, ENTEREAY
o RNA 45K B9 95 Kk RNA 25 11 5 A 1Y il Bs 45
RNA AR 45T T 4 4 5 B4 O, i ok Jeg
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B RNA fOf# e % % RNA & [ R4S & o % i s
{2 RNA SR AT 21, SR, IR B R i8R 22 1)
A5 UE BH 33X A 5 0 — 26 B BIAE R 2 s 30 T
HADRE,

AJE DHX15 BLPAA T 4 SYeafh BARG &2
4p15.2;DHX15 & DEAD/H-box % % & — 5 |
795G ELWR 43T 90 kD, A 12 MESEE T B
HFEQ. I . laIb Ie I M.V .IVa,V Va VI, &
BAT 2 FhEEATIEE B ATP 4548 /KT RE I RNAZ,
BKRIIRES . A 8 DHX1S 25 H & RIG-1
R P R R B R PO R A S g b
AL HERSY & RLR-MAVS (E5 5 SR E %A
FER A0 BFSE A R ,—28 DEx D/H-box RNA
it e Il 23 1 AR VRO B e e h A SR, &
TR 3E 2 TR ) A R kA A R i S
R R AR,

AR S & B DHX1S fiE #F HBV /) 3235 218
i HBV B0 Ja 8l 7 H i 385 7ol S, (H Bk
BOFE FHALE A2 . ik, T — 2B RA 5
DHX15 e HBV Fikmy 5 HLH , eAh , AR L5
PEFEN 2 HepG2 A, B — 4 7E HAM AR i R b ok
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