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Interferon treatment in combination with ribavirin is used as the first line clinical treatment for HCV infection. However,
good response to this treatment has only been observed in few patients and repeated recurrence has also been reported
frequently. Therefore, new antiviral agents and therapies are in urgent demand. Here, we report a newly constructed
Escherichia coli RNase P based M1GS ribozyme that can specifically and efficiently target the core gene of HCV. The
guide sequence (GS) of this MIGS was designed according to the sequence of the core coding region of HCV genome. The
GS was then covalently linked to the 3' terminus of M1 RNA, the catalytic subunit of RNase P from Escherichia coli. The
specification of this sequence-specific ribozyme, M1GS, was then examined using an in vitro cleavage assay. The
cytotoxicity and its activity in inhibition of HCV gene expression and viral proliferation were further studied in vivo. Our
results show that the reconstructed M1GS ribozyme displayed obvious catalytic activity in cleaving target mRNAs fragment
in vitro. Notable reduction in the expression of HCV core protein and a 1 000-fold reduction in viral growth were also
observed in cultured HCV infected Huh7.5.1 cells expressing the functional M1GS ribozyme. This study demonstrated a
direct evidence for the antiviral activity of the customized M1GS-HCV/C,4; ribozyme, and thus provided a promising new

strategy for clinical treatment of HCV infection.

Keywords: HCV, core gene, M1GS ribozyme, antiviral

P BY A 2 N B 8 i B (Hepatitis C
virus, HCV) 5, FEi@ 1 1 AL HE i —Fh i
FAEAG Y . WATIR P RORERIT, HCV &L &2
IRV AEPY Ty R G AR 1%,
KEFIL 3.2%, Haiett R E0HG 12 A
HCV, FH4E 2045 100 7 % HCV e HCV
JEYL)E , A9 50%~80% (I YL K F Jg 18 AT
R, TEMLFERE F 24 259% (1) H s B 2808 A8 g JHHAe
b, -5 FFA0 MR B9 & A UG, HOV 3
D2l o, JRapER 2, M= 30
HCV W7, IGKIRYTY HCV B H RATILE
WA T R, R T 2 R A HL S I R IR
RIEFIHT HCV IGYT R X 25t hia ).

W W% R S P(RNase P)&—M T 2T
B (A L AN B AR
R, HFZIAES 5 (RNA Filk SR 5
D)% AL RNase P f FL A7 Kl R4 T R B
KW ¥ 25 1H K R H RNase P i1 —4> 377 bp 1
RNA 3 (M1 RNA) Fl—~2] 14 kDa
WA (C5 8E1H) Aal. Hrh, RNA WSS

HOmes IR, HAMAE T XA 5
X L P B BE Y R AR R S B . (ATEIRSL,
M1 RNA #] LUl A & AR ThRE, CS EAMIME
F 2R M1 RNA 5EPI4E A& msEmh 0,
WF9E %17, RNase P (8 M1 RNA) iR #) & tRNA
RIS B by, BB HAS SPAREIX | L
EHEX AN 3'CCA S5 M8 T g R s ™, L
M1 RNA KJEYIFE A SR, A4 T —Fp
BONAR. HH ST E—MIGS. X TE
Il AP FIHE RNA, ¥l@sikit—/Ng 5
HE 5] S FF] (Guide sequence, GS), il
PCR 77 4% GS 4454 %) M1 RNA 14 3/,
AR T M1GS 21 A AN
GS BER 5 H B BAMECN, i A KRBy
W 3-CCA Kufi, LIEMZE (RNA 1] 9
RNaseP U BRI, T H Y mRNA #
SEA B M1 RNA AR EIM . G RFSSIER,
MIGS BEA B 2R AN (WP TRE . HOURAR
PRI . ERoh WP AE) SR, A
I B S0 A0 A RS B (1 R Al 95
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WA BE | E AL B SRR TR RS )
DR Z2 AR 0 S R 9 2 T Sl 1Y K
e Fr O PR, X e K], MIGS 7ER: A
A 1 o AR, (G RTIA D) WA T
AT ERXT HCV J PR 2 4% 0 5 [H G [X 15
it GS ¥4, ik PCR WY 06 s 3 2 K
FFBEE U5 RNase P 1 M1 RNA 19 3/ K3, #ygt
— Fh ¥ [\] HCV RNA A Hr & A T 4% B —
MI1GS-HCV/C #%Milf. SCHzs Rl , Friggn
MI1GS-HCV/C 4y MUTEARSPATHE RNA HA B
B YIEIER , 7E HCV B/ Huh7.5.1 4,
T2 AT BE AT ) L PR 1) e 3k R B 1 A2

1 MB5%%
1.1 ##
111 R, FRRRAFRA B

pGEM-3Z 34K K ¥ M1 RNA ) pFL117 JFkr
(BB R i R 2 S ) s R e IM109
PROW E A S E B R AR AR ) ;
MI1GS-HCMV/ULy; ¥ &2 pGEM-HCV/core
2R AR S2 I S A IR R A BB
HEPERL A W H AR PR W5 o
1.1.2 B

PR VI EcoR 1 1 Hind I, 4¢ & 2%
IR . T4 DNA %3 . T7 RNA R4 . DNA
i 10T R4 TRABRA R . BUR A8
& BB EIGRT & PCR EIE RN &l T
BIOMIGA 7~ ] ; JEfi{& (Lipofectamine2000) .
HCV 2 5E f kil i) &0 F g RHeA 9 T
FEA A
1.1.3 MR

NS A A& Huh7.5.1 Fl HCV i 3 £k
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(JFH-1), e S i [ 2 3z S
1.2 Ak
1.2.1 pGEM-M1GS/Cy4y F 4 Tk I EE

GS I M8 HCV B0 Ik R 4 X (A%
2 7% (GenBank Accession No. HQ110091.1),
i1t DNAMAN 5 RNA Structure4.5 3F#E4 743
Mr, FES M GS B tEN P2 LB AUG 1A%
TSR 141 ALIEMERE (C) ATETER RNase P V)
A7 5 . FTLAEE R HCV RNA (Ch4y) %39 GS 7
§1h: 5-GCGACTAGGAAGA-3',

B R4EA : RNA B TE IR AN dE A 4
SERELR N, A SCHERIRIE , M1 RNA # GS 2 [Al4
AKEE R 20 bp 2247 W& T 91, %F M1GS V)
0 A R 2 G T B ) AR 2 AT IO
FATFE MIRNA F1 GS Z[A]5] A 23 bp (#7751
(-TTTTTTTTTTTTTTT TTT TTT TT-3"),

MIGS %W HE A 5ok . R M1GS 1Y%
HE R, MIGS DNA @z A" 5-TGG-

NNNNNNNNNNNNNN-TTT TTT TTT TTT TTT
TTT TTT TT-T7 Promoter-3' (JIALER4> A GS J¥

G, BHETS A AR A IS TS . 2 iz,

W% M1GS-HCV/C 4y M9 3451751 (R
1). 51% Pl &4 EcoR 1 RGN 5 T7 3 )+
FE51s 514 P2 EA BRI Hind TG4

GS KAFIFH; 514 P3 X514 P2 B/ AR
G, AT M1 RNA FERAL) pFL117 U R
M, P1. P2 J2 P1. P3 APXS5|#ili4T PCR 4
H, BIRIA5E] M1GS-HCV/Cyy (FHFF41)
MI1GS-HCV/Cyari+ (R EHFAN) #ZEIHER q B
PCR JXW{AZ N : 5XPCR mix 10 pL, primer
(R+F) % 2 pL, Jfiki DNA #i4 2 uL, Tag DNA
B4WF 1 uL, ddH,0 35 pL. HH 5%PCR mix
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F1 ¥ MIGS ZEsEE 55T
Table 1 Sequence of the PCR primers for the gene
of M1GS ribozyme

Primer

Primer sequence (5'-3") Endonuclease

name

i EAATTCGAAGCTGACCAGAC ECOR I
GEEAAGCTTGGTGCGACTAGGA

P2 AGATITTTTTTTTTTTTTTTTTITTT Hind III
TTTAGGTGAAACTG

3 GEEAAGCTTGGTGCGACTAGGA Hind III
AGAAGGTGAAACTG

Notes: the protective bases are marked with gray body; the
recognition sequence of restriction enzymes are showed in
italics; the guide sequences are showed in bold; the bridge
sequence is marked with double underline; T7 promoter
sequence is marked with straight wunderline; the
complementary sequences for the 3' terminal of M1 RNA
gene are marked with wave underline.

(B 7 (400 uL) A : dNTPs (10 mmol/L each)
40 pL, ddH,0 40 puL, 10xTaq 2% M1 200 uL,
MgCl, 120 L.

4iifk PCR 7”4, AN VI EcoR 1 #1 Hind I
43 5L DA% i % 5 Be & pGEM-3Z 4k,
1 % By i W J5g (R WSOSU VI 7 4 (e i3] e i )
F#EE), T4 DNA #0243 DY) H i 5L N
Ko M, BPAT A & & MIGS-HCV/Cigy F
MI1GS-HCV/C 4+ 1% B LR (W AL ks . $5 )i H
KIGAFTE IM109 837 25 40 M 84 7 55 240 0k i
oo Al Wik & d N E B R K& X-gal 9P,
HEATHE IR0 %, PR B v A TR A
1.2.2 MI1GS #%EgF 5 RNA Ml

FREIEG Hind TTHLEGY] M1GS-HCV/C a4y 1
MIGS-HCV/C T H, LA &Rk 5 2% R i 6 D)
70 R v HE AT W, B AR AT A 4R Ak SR
DNA A VE N A B SN s SR B s e
5xT7 Zh¥#& 4 uL, 2.5 mmol/L UTP 6 uL, M1GS
it 3 uL, T7 RNA A& 2 uL, ddH,0 5 pL.

37°C, 3~4h,

G R A 2 uL DNA I, 37 CiY
£k 30 min, R E DL 1K, 70% CEEDIVE 2
W, aifl WA E T 80% LEEH

pGEM-HCV/core Jii%5 A HCV FEF L 5
i (1~584 bp) MRER B, LAZEAH BURAE N
B, @it CP-UTP B AMIMKINESE, BRI
R B AR IC AL RNA . FLIRERAE B %
SRR P T IMA—EWE R PP-UTP 4},
HA 5 M1GS &% (1 i 4y A A
1.2.3  KashoIEI s

JEEW RNA 22 80 CHVEH: 3 min, UK 1 min;
B EIREEIRS), IMAVIFEI RN A, 37 C
JH 30 min, W44 4. 51 AR
%5 2 #H A M1GS HCMV/ULy; (51 %F HCMV 5
B ULoy ALABTHIIEZG); 55 3 AIMA MIGS
HCV/Ciq1+ (REHFIFHN); 5 4 limA MIGS
HCV/Ci410 5, MMAZEEFE 9 mol/L JREK .
0.05% IR W K2 0.05% — F 2R 5 i & - & 1k
FR , SR el ek 8 9% 114 75 4 SR TR 9 IO i 15 e Hh Uk
(3% 7 mol/L JRZ) X YIHI =Wy 7 3 85, UM B
5 K R LA
124 4ifadHRR

A . B Huh7.5.1 ZHf1LL 1x10°%~
4x10%/L R & 24 fLARC, AL 500 pL, 4k%:
B 9% 24 h I A FE A 80% Ay, AT Ak B
Yu  Fi I8 Lipofectamine2000 JI§ 544 { FH i B 45,
il # F Je Bk S IR BUA S G ¥ . KIR S W inE]
24 LR, FEAL 200 pL BREBRTR AT N8Rk s i
Yot IE4E, TCIMif DMEM R3S e g
BYIME A AXTIRYL. 37 'C. 5% CO, B 7407
H 4~6h )5, % 10% FBS () DMEM 5 3% i #
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P A NG AT R A 55 R, YRSEIE .

MTT {55 . #5424, 48, 72 h 5 BRAGH 1L
B FLAMLG 200, 4 10YFLEER = 96 FLET
Fit, F 48 h FALINA 10 uL MTT (5 mg/mL),
PEENFE 4 h 5 WS EIEBOE A 200 uL DMSO,
LTI DMEM R ZfL, DIREE YL i by x
PRAL, WIS 2 (N 490 nm WO%JE(OD), I3t
O LT 25 (A A 305 = L A i OD/%S 1%
HEZH AN ODx100%). Frfi a4 it 3 A X +s
FoR, (A SPSS11.0 K HEA TS24 0 M
1.25 B YIEI O

ELYC IR DNA BRI AR A« STk /Nt )
EARBUTR pGEM-M1GS/C 4y (WJE 4 198 ng/uL,
OD,60/OD3s0 4 1.97) B2 pGEM-M1GS/C 4+ (HJEE
4 217 ng/uL, ODy60/ODaso A 1.91), FIT . &5 -
S (240 1) iR 1K, 70% LEEE 1K, 8
HENECE 15 min, ARET . RERCME
DMEM RiFR MR 2 1 pg/ul, 20 CLRAAFE& .

BEYLHI 45 . B 10 pL ki DNA T
100 uL G Ifl 7 DMEM JR 2); HU 10 pL
Lipofectamine 2000 ¥ 100 pL JCifl i DMEM
RBAE. RE¥WEZEBIES, FHE
15~40 min, /il 800 pL JCIfi % DMEM % i AFH
M 1mL, YRAT . B R4 i Y

MIGS %Mk e Je4nfifl . ¥ DMEM (%
10% FBS) 153%00 Huh7.5.1 4000 5 96 FLHk
(1x10°/well), 14 4 il F & 24 809%~90 % I}, HCV
JEEME (JFH1) L4, MOI 29 1.0, Bl
J& 2h, DAJCHIEREFRBEPE AN 2 . A L
W T 15 2 M mL/well), 37 CH 3%
6~16 h, M EFYM, AT 20% FBS 584
R AR S RG SR, AN (B SCAR 20
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WAL MIGS-HCV/C 4y 250 2H . M1GS # 1
XTHRZH (M1GS-HCV/Cig1+) FIZ5[H2H (B QR
T MIGS W2 ig k). Aiffi%%4 48 h J5, LA
Western blotting ¥l HCV #%.0 & AR £ IA . b
Gh, BRI R (1~7 d) ROZRiREs 3% B3,
AN JHE 78 85 4% 18 B AR 70 & (PCR-2EGHR
EF9E) Kl HCV RNA 945 D%, T BF
M1 GS A% il 72 i 3 X596 85 A 1 R 2 )

2 &R

2.1 MIGS #%EgRI%EE

BR &% NP EcoR T A1 Hind TIIXLAEEY] 7
GER R, BT ULAS R & MIGS-HCV/Ciyy Fll
M1GS-HCV/C 4y« ¥ il 119 J53 b7 34 0T 5 1 51 7= A
KNI B, KBl pGEM3z # ik (4n
Bl 1A, JKIE 1. 3), /DB M1IGS-HCV/C4
1 M1GS-HCV/C 41+ B HE A B, 5L /)
435 bp #1411 bp AHY (WK 1A, JKiE 2. 4).
AN, FATX pG-M1GS FRLgEfT T PCR X 5E,
A UL R R R A (Nl 1B, Tk
1, 2), SEMIMATT. FRZREY, B
RN M1GS R vl

22 MIGS #%BE R HCV #% U E R IR INE R
MBS E

DL 2k ¥ 1k 19 pGEM-M1GS/C14, JF Hi
pGEM-HCV/core J5u # 2y s A5 A E A4 7 1A b e
S A M1GS-HCV/C 4 55 555 728 K /N 420 bp
KA, ANEHFHIAZRE M1GS-HCV/C 4155 5%
PR 400 bp 2545, HCV K0 JE 5 5 77 )k
/N 585 bp iAo sk AR EI RNA glifb s &5
7 mol/L JRE W 8% RN MMt e i ik, YL AT I
sk, SRUR/NMERE (F 2).
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250

1 MIGS #Z%EERIEE

B bp

2000

1 000
750
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250
100

Fig. 1 Determination of the recombination plasmids that contain the gene of M1GS ribozyme. M: DNA marker. (A)
The double digestion of constructed M1GS ribozyme plasmid. Recombinant plasmid pG-M1GS/Cy4; and its double
digested product by EcoR I and Hind III (lane 1, 2); recombinant plasmid pG-M1GS/C 4+ and its double digested

product by EcoR I and Hind IIT (lane 3, 4). (B) PCR product using pG-M1GS/C4and pG-M1GS/C 4+ as the template

(lane 1, 2); blank control group (lane 3).

bp M 1 2 3
822 —
726 —

- —
286 — —

2 MIGS #%EgRK HCV #ilEE R5MNER =48
£E (IRP)

Fig. 2 Transcription products of M1GS ribozymes and
substrate HCV core gene in vitro. Silver staining was
carried out to detect the transcripts of the MI1GS-
HCV/Cy,; ribozyme (lane 1), the MI1GS-HCV/Ciy+
ribozyme (lane 2), and the substrate HCV RNA (lane 3).

2.3 MIGS {RIMTIEI R

JIEY HCV #.03E K RNA 5 MI1GS-HCV/C 4y
Fili RNA ZBEJRIR A, 37 CAM Rk ko)
B . ZERE 3 FR s ARG X B2
(F 3, VKB 1) HIER—40, XA NI

RNA; 55X REZHAHLL, VKIE 2 77 A2 R 2% B0 1
M5, B MIGS-HCV/C 41 Y RNA 7~
AVIEIERIZE R, SUIE =YK/ 390 bp,
3P E RN 200 bpo MIE] P8 £ 194
BE, FAEBUTR/AN. BEZHFH M1GS #
it (M1GS-HCV/C,4+) PAKAE HCV $E[ M 4%
fitf (M1GS-HCMV/ULg;) HASREXT Y RNA 7=
AU (KW 3, JkiE 3 M 4. Wk,
MI1GS-HCV/Cy4; ZEEXTIEY) RNA /R 24
., ESYIE ., SICFER, W ERIE S T
FXE M1GS AZ it 9356 1 2 A T2,
2.4 BERSEKEN

MTT 255 (K 4) R, BRI G M1GS
# A Huh7.5.1 4S5, BlEE B AHERS, 24,
48, 72 h J5 A AT 3 I e D 1
72 h BFRFEIEAL. (AEARTS, JERiAzs 4
MM AFEIG KAl k%) 89% , MIGS Bt
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5" product — -~

3" product —

3 MIGS #ZBEg R SMIIENE BTN E

Fig. 3 Cleavage of substrate HCV RNA by MIGS in
vitro. Substrate (10 nmol/L) was incubated alone (lane
1), with 10 nmol/L of MIGS-HCV/Cy (lane 2),
MI1GS-HCV/C 4+ (lane 3), or M1GS-HCMV/ULy, (lane
4). Cleavage reactions were carried out for 30 min in
buffer A (50 mmol/L Tris-HCI at pH 7.5, 100 mmol/L
NH,CI, 100 mmol/L MgCl,) at 37 °C. Cleavage products
were separated in 8 polyacrylamide gels containing
7 mol/L urea.

92r

i B NL @ ML
90} _
S gyt o + T
Sssr | ) 7
S 84t / 7
5 2t
Q
80 |
78 ' '
24 48 7
t(h)

4 MTT &l AR 7EE

Fig. 4 Cell viability after transfection was determined
by classic MTT assay. Cytotoxicity of the
MI1GS-Lipofectamine complex (ML) was compared
with that of naked Lipofectamine 2000 (NL) in Huh7.5.1
cells. These values are the means of triplicate
experiments, and the standard deviation is indicated by
the error bars.

£ 85%, Wi ZIAFfFICE EME2ERP>0.05),
ANFAEHBI WML, AEEESR P<
0.05), {HRIfHFE 72 h B, P A0 I AT 15 R D
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T 85%, Ui R A M1GS # A2
N EA TN S

25 MIGS R mSER
HCV B4 1Y Huh7.5.1 400 7E M1GS ¥ il

Je 48 h J5 , FhARANMIE T, X HCV b E ik
1T Western blotting 434, X GAPDH A NZHE
Mo Z53RE SA. 5B Fin, 54K MI1GS
Kl 2 A G, % 9% M1GS-HCV/C 4y #4 1
I, HCV B0 8E FRFR A BT, i
Yt M1GS-HCV/Cy4-#ZBERIRT RRAH , 0B AR
F kN TC ] b

FATHE— M E T M1GS #Z X HCV %5 2
HABE R . S | PCR 2 AR A (1~
7 d) BFRWHh HCV RNA 1935 0%, 254k ih <k
W 5C FiR JE& Y 4 d )5, 23K M1GS- HCV/C g
B ) SE 50 4H HCV RNA B9 & §il T 45 1000

£, XRG4 M1GS HCV/C 4+ 1% i 525 41 L
TIER

XSG S AT — Bk, Ui E X HCV
B W B E A BT E# 9 M1GS-HCV/C gy
W, FEMLAREA AT HCV R e il i
H X R 1 LA R 5
3 Wi

RNase P EEA Y2RS5 (RNA 5K
i R, FEARMEPN B . TEMETR . COUESE,
RNase P iH A /2 IS0 19 i R 25 A g Al —
GEERFH, Y RNA H )/ 5 LR
Wi R S5 JEF, 57T 8% RNase P iHUI 4
SPEI RIS L RNase P oM T H., M4 H
N, #iF—/hBEZEA GS, @il PCR
1 J5 20K GS JE 4254 #] RNase P AL 3E M1
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10° & MIGS-HCV/C,,, //}—/%—#
o5 | " MIGS-HCV/Cyype

. 10"+ _e- Blank control
anti-HCV

HCV RNA copies
=)

% & = . anti-GAPDH 0 1 2 3 4 5 6 7
Days postinfection

5 MIGS #%BEgx HCV £ F ik R im S 1B ERI #2010

Fig. 5 Action of the M1GS ribozymes on HCV gene expression and viral proliferation. Levels of HCV Core proteins
(A) and human GAPDH (B) was determined by Western blotting analysis. Protein samples were harvested from cells
that either mock-infected (lanes 1) or infected with JFH1 (moi=1; lanes 2, 3, 4) for 48 h, and then treated with
MI1GS-Lipofectamine complex that contained the sequence of M1GS-HCV/C 4+ (lanes 2) and M1GS-HCV/Cyy4; (lanes
4) or the empty Lipofectamine2000 (lanes 3), separated in SDS 8% polyacrylamide gels, and then transferred to
membranes. One membrane was allowed to react with a monoclonal antibody (anti-GAPDH) against human GAPDH
(5B), whereas the others were stained with monoclonal antibodies anti-HCV Core protein against JFHI HCV Core
proteins (5A). (C) Growth analysis of JFH1 in Huh7.5.1 cells and cell lines that expressed M1GS-HCV/Cy4; and
MI1GS-HCV/C4;+. Virus stocks were prepared from the infected cells at 1 day intervals for the 7 days after infection,
and the HCV RNA copies in the cell culture supernatant that treated with different M1GS ribozymes was determined by
the PCR-fluorescent probe method. These values are the means from triplicate experiments. The standard deviation is
indicated by the error bars.

RNA 11 3%, 4 GS 5 HMIERLEEHF, fHn] 5

S5 Z455 1 M1 RNA F3kE S04, M

Xt H L5 R T EIE R (18 6). HItL, X 3"
R T RNase P 109 A ARTENN ] 5 725 e L 1]

3"-tail 5"-leader

Targeting sequence —>

(B HCV) FikJria, HAHMALH . Anna
ZEFN Lima 285X AN[B] HCV #EFI % RNase P 5 /s%
P 5 TR B, 1 B A ) e 2R AR I AN R il
HCV # B RNase P (4] %P1

AR M1GS £ X HCV #E170F5% ,
S HCV BIPUIE BEIRIT TR — 25 LT 1 09 i
o R M1GS ¥ (M1GS-HCV/C 1)
AALRERE TR AT HE RNA F B A i 5 i 4 5+
U1, 76 HCV YL Huh7.5.1 4, tuhg

MIGS RNA
6 MIGS #%E 5 R RIHEEERERE

Fig. 6 Schematic representation of a small model
substrate (mRNA) for M1 RNA and a M1GS construct
to which a target mRNA has hybridized.

mRNA

MIGS: mRNA

% B E M HCV 20 3L H 3R, U MI1GS
WL B AS 22 h T HCV #F 58 19— Fb ELA R 50
RSy o ABATEARIN, MIGS AR FIGI7
NFHAARKEEE., 5k, B2, .
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