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KT AS  MEBE AT VR, (H L 25 AR HU R 5 I &2, (RZ B 9t HOV a7 S 5 2 ) BAT
MBS R S o [ 736 1 T K 10 A5 B R U A% B AZ TR I P (RNase P) |, B0F HCV %0035 R P 47, vk — /1
B 5 Z HAM AN G157 41 (Guide Sequence, GS) , il 1 PCR K¢ JL3LA I8 4% 22 KW 2 45 181 RNase P (L 4L
FE (M1 RNA) fR) 3" A s , MG — T B2 1) PO AL —— ML GS o [ 45 5 ] #1219 M1 GS-HCV/ C o, B M 7E A5 41
FIAFAE RNA | Bo™ B 45 S PE VI 5 4 HCV R GL (1) Huh7. 5.1 400, 12 N A% g th 58 % 2 35 4 HOV A0 2
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HAT 83 AR SN PO SR i v, I HOV i r s 42 it 7 — Sl e i 12
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R, MR BEIE RNA &, HERN4 KLY
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NS5 A [NS5B) Fl—Fi 1 A% /0> 5 DX 95 i X B8 A 7= 18 1)
EA(FEA) o HCV 25 A fid B 16 5 2%
B o WG, 2RV EA HCV Gl 1.7
A, R AR 73 Ttk I AL 2K G R e i g 1 O d
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H (Guide Sequence, GS) 55 2 H 4h 45 5 I & 5 &AL
T ptRNA #y_F 38 &5 Ky 5 4E , BE 1M #% RNase P (2 M1
RNA) R I e R U0, DA T 40 o 2 B0 6 X 1 3%
ko B, KR 1 — 28T RNase P ) LHEAR,
HUBU 12 B AE B G 2 0 b 9 45 BF 9 AU A7 45 48
AT RARE

BATE R Z AN HCV FEATHE T, &K 58
£ B [9) 94 B K0 ( capsid-targeted viral inactivation )
JEFU AT I T 2 s 2 — "o M CUE S HCV
A% 0 FE DRUAH G AR 5, L 4 0 B 11 B 2% TEC T2 J T 5 AKX
FEAN,IE T L 2 M g i R G B BAE T L AE
ek el I A G i RN S Y A R (S
HCV WHST A EAR R AR o A SCE X HOV 26 AT L
SL g b X, BTk — Bt GS P 1, ik — 20 g H LA i
FET ML RNA [ 3" K Sy , B Dy A4 gt — b i 280 5 o
M (M1GS-HCV/Cy, ), I 58 He AR A 1 $1 99 75 3% 1
AT T

1 MR Ik

1.1 ##
1.1.1 E# RARZEFE KK :pGEM-3z pFL117

JTORE B R K R R B BN s pUCLY ks K
T 5 ( Escherichia coli) JM109 W £ W T b 50 5 [F 4=
B ARAT B2 7] 5 pGEM-HCV/ core T 41 iR A =
R 5 51 W) o O R R AR W R A R A o
L1.2 FZKF: RAIE N VNG EcoRIAT Hind T, 4%
F KX T4 DNA % #2 ' T7 RNA 24 i . DNase
DI T TREAT B o FORL Al ik 7 6 L BRI
[T ) & PCR I A 71 &0 T BIOMIGA 2wl 5 Jli
4 (Lipofectamine2000) \HCV A% 1 & i Aor i 71 &
T Ll RHEAEY TRA R A

1.1.3 ‘A K& A4 R Huh7.5.1 Al
HCV 55 Bk (JFH-1) |, i R DOK 2 58 3 [ S04 B
1.2 MIGS-HCV/C,EHFER#iE

1.2.1 GS Bt K4 2% Sk [ 11 ], iz 4847 &
N L4 DU R AU RFAE - OV EIAT 20 37815 43 5l 2
— AN (G) Fl—A g (U/C) s @QP)EIL T ilE
55 )\ A A2 PR wE (U ) 5 BRI AT kb = 2 &5 kg N AH X 6]
MR F GS 52 454, Ji ik DNAMAN 5 RNA
Structured. 5 FAFXF HCV 1% 0 5 K g 5 [X 1) 77 41 S
SERI AT 20 BT, R AUG J2 4 %5 0% R Ui 56 52 437 it e
e (C) AL VI B 2 (Csy ) o T Coy 7 10 5 I
(1551 ,GS ¥ 3 ¥ it 4 :5'-GCCCACAGGACGT-3" ( %
1 AET7)

1.2.2  # 5 %/ (bridge sequence) B % it: S #k 4Rk
' MIGS K GS 5 M1 RNA 2 Ji) i) — B 3% 3%
M PP 516 1 g 335 vk 45 O T 2 FRATT R 6 A I A 1 K
T 55 9% 2 TR 7R % R AT I 5T, R IATR P B AN
ANF 200t DR A SR AR Co, BEAT G MIGS
B, 5N — B 24nt [ORR P41, 500 0A I f 3 —
NGB HIA Y. M1GS A% B AF A 5%t R4

1.2.3 MIGS iz EFE 5 & : L& M1 RNA KA
pFL117 J5i Fi b BE B, 3 12 PCR 3 8, v 35 73 &
M1GS ¥l i) 2 K Be. 519 PL &4 EcoR T iR
PSR TT 3 B 780, 51 P2 A BRI Hind T
WF 51 GS KA 41, 514 P3 ALLL 514 P2 it /b
BEFa0 (£ 1), 514 PL R P2 ) PCR 4 54 7 ) Ay
TR A MIGS kB35 K A B if 514 PL A
P3 [¥] PCR 38 7 4 W ok AN 35 4 )7 51 1K) M1GS 1% g
DR B, w7t 2B ok ik MIGS K Eg 5L I B e
% pUC19 AR 1) % s B A7 15 (EcoR T Al Hind 1M 22
), ¥ e W F M1 GS A% i & IR e B, 49031 BA M1GS-
HCV/Cg, Hl MIGS-HCV/C, * 75,

x1. 519F7

Table 1. Sequences of the primers

Primer Sequence(5'—3") Restriction site
P1 GAATTCGAAGCTGACCAGACAG EcoR 1
P2 [0 AAGCCTTGCTGCCCACAGGACGTTITTITTITTITITTTTTTTTTTTITITAGGTGAAACTG Hind
P3 [@¥8 146CTTGGTGCCCACAGGACGTAGGTGAAACTG Hind Il

The protective bases are marked with greybody; 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; The T7 promoter sequence is marked with straight underline; The complementary sequences

of 3" terminal of M1 RNA gene are marked with wave underline.
1.3 MIGS #@ RNA K48 RNA F Bl &
MI1GS #% i v [ JORE LA BR i) Hind TIT £2 14K,

FF DL g 28 A% IR Wl RE AT R 3 7 1, 285 A2 T7 RNA
SR W (VA0 R BEAT PR A0 e o, T A 45 3R A9 MILGS
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g, RS RS U, #3507 5
5 LA DNase T 346 30 min Wy S 07 3 1 K 2%
ULPE 2 IR ARAET 80% L TEH 45 F o

pGEM-HCV/core kit & HCV FE K 4 5’ K %
(R340 Be(nt 1 =584) "™ LU JBORL AR Sy e i A
B, FL AR 1 7 B 1) 4k & PO I P-UTP, 2 42 1)
IR E R MIGS il RNA 545 5 V48 [/, AT
SRAF IR PEAZ F bR id 10 #E RNA B
1.4 BasMEIRLE

P obRAC 18 RNA B B 56 4 80°C S
3 min, JK# 1 min, 88 5 I N 55 BE R ) MIGS 1 i
RNA, U)%] 5 N Ak R 2 BSCHR [15 ], 37°C §) %
30 minJg, 0N SRR 2 W (F 9mol/LJR % |
0.05% 1 #5 &% 0.05% — B 25 ) &1k &k W, LA
8% 1) A% M 5 VA I Tk e 458 JI FEL UK (7% 7 mol/L R 3% )
XFOIE ) o 8, R LA X el i BEAT U B B3 .
1.5 MBARBSERANE

PLE 10% Jif 2F I35 9 DMEM £% 7% Huh7.5. 1
M, AENFLART o Al e AR K &2 80% - 90% F
I, LA HCV 9% 2 #k (JFHL) J@& %%, MOIL % 1.0, HCV
Y 2 h a4 LLE I3 B R VR 2 R AR UE
Lipofectamine 2000 ¥ M1GS 4 Jif RNA ¥ 4t HCV &%
P A, e gt HARD B S I 15, MIGS i

M1 RNA

(A) T7 promoter

g RNA % 4 48 h J5, 4 32 40 e & & &, 5 B
Western Blot #5 Wl HCV #Z .0 & H . |7 I % 37 %5 44
M1GS-HCV/C, 4% i ¥ 52 6 4, % ¢ M1GS-HCV/C,,
* K% g Al M1GS-HCMV/UL97 #% g () % f& 40, DL )%
ANEE G M1GS BB 2 A4

AN A 24 LB, L HCV B 4 Huh7.5.1 44
ML (MOL 24 1.0) . J& % 2 h J5, 40 Mo LA G ot 44 4 4
MI1GS #% i RNA, 73 W3k % 4 h .24 h 48 h,
72 hH196 h J5 R4 Mk 7R B, g 2¢Ok @ & PCR
R 35 HCV RNA f #5 DUE, HoAR 8 1E O &
Z: A JH 0 75 A% T2 s R WU A ) 0 1 ) A5 o

2 Hif

2.1 MIGS %R E

314 PL 5 pFLUT Gk M1 RNA JE [ 1
W) TT R ED TR SILE AL 314 P2 B P35 4 Rl
pFLIIT JFR: th M1 RNA 36 [ 37 5 3 1 J 91 46 45
L, 314 P15 P2 PCR 4™ 1= 4 ) M1GS-HCV/
Co, BB HOSE IR 5 B, 314 PL 15 P3 PCR 107 4
MIGS-HCV/Cy, + H2 W 19 5 D 1 B, 36 46 4t 7 1
7% o

“Bridge”
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1. MIGS #%BEg £ F Ry 554
Figure 1. Schematic structure of the gene coding for the M1GS ribozyme. A: The gene of M1GS-HCV/Cy, ribozyme; B: The gene of

M1GS-HCV/Cs, # ribozyme.

2.2 MIGS %EEERMEMNEE

K BRI VE N VI EcoR T A1 Hind 1%} 5 [ (1
UKL 2 AT X V) % e, 45 R MIGS-HCV/Cy, Al
M1GS-HCV/Cy, = J5i Ri ¥ 0] 8 U] &) 7= 4 3 A F B,
KRBy pGEM3z 84Kk, /N v BL W 43 il ol M1GS-
HCV/C,, = fl M1GS-HCV/C., % filf J& 5 - B, 5 T
HIK /N 411 bp #1435 bp AHY (] 2,9kiE 2.3) . Uk

b, #E— 3% M1GS-HCV/C., 5 [X 3 B 33 47 PCR %
TG RYT I 45 B R IR e R AT L % A KD
550U U) U A R DR BRI A Y (1 2, Dk IE
1), BRZ R A MIGS &% Wil 55 8 3
O Tl e B
2.3 KIMNERFYETE

A A1 B 10 77 W) 43 0 BA 8% ZE A I Tk i FL UK
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2. MIGS ZEgEEEHRNLEE

Figure 2. Determination of the recombination plasmids that contain
the gene of M1GS ribozyme. M, DNA Marker III; lane 1, the PCR
product using MIGS-HCV/Cy, plasmid as the template; lane 2,

M1GS-HCV/Cs, # digested by EcoR 1 and Hind 1l ; lane 3,
M1GS-HCV/Cs, digested by EcoR I and Hind 1II.

(% Tmol/L JRF) B I AR P RO (E3), 43
BN PR M1GS £ filf RNA F1 HCV # RNA ¥y H 7
4 W 4y o X AR WK S N AR R I i e )
B AR, B B MIGS-HCV/C,, #% i #1 M1GS-
HCV/C,, * W (K /N4> 50 & 435 nt F1 411 nt, HCV
BEORNA B/ 590 nt, MUK BHALE B, &

A KRN 23 0 5 UM AR AT o IR, B SR
IR VI Y
nt M 1 2 3
822—
726—
nt
e -0
o - o
413 : —
286 — - ,'f-:r;;'-

B 3. RPFLEMRIERTY

Figure 3. Determination of the in vitro transcription products ( silver
staining). M, RNA marker; lane 1, transcripts of the M1GS-HCV/
Cs, ribozyme; lane 2, transcripts of the M1GS-HCV/Cs, * ribozyme;

lane 3, transcripts of the substrate RNA.

2.4 MIGS #%EgRIMTEE

B 4L A7 e, MIGS-HCV/Cy, # Wi 7] B & 41
I HCV B8 RNA 77 A2 Wy 45 37 10 Ha Uk 4%ty (181 4, 9Kl
4). B b AU R R AR Co A 2,5 DR =)
K/NZ1 390 nt, 3" YR8y K /N2y 200 nt, AR 5%
VKENALE B, VIR BB RN RS T T
X 2, 9F HCV 8 ) ¥ k% B ( M1GS-HCMV/
UL97 ) PA S e Z #r 7 51 ¥ M1GS #% i (M1GS-HCV/
Co # ) WA= WO EI (K 4,0kiE2 M3), k

&5 R R, M1GS-HCV/ Cy, ¥ i AT EE 4 RNA 7= 2F
(D B — B ) 1 s UIE S % R
W — 25 F S P B 6 T M1GS 1% g 3% 24 (1) & 22
PEo U6 4, T M1GS-HCV/C,, * #% i 55 MI1GS-
HCV/C, ¥l B A7 56 2 A F 0 515 )7 510 (GS) |, 4
) P A [, AH S0 AS B E0E o D ay 4 S M1GS-
HCV/ C, ¥ T 0 A B 25 BIF 5 1) — il o 55

| 2 3 4
' '. . substrate
‘ 5' product

k.

& ?
- - 3' product

4. M1GS #x B 1K 57 2 55 1% B9 2

Figure 4. Determination of the in vitro cleavage activities of M1GS
ribozymes. Lane 1, Blank control that absent with M1GS ribozyme;
Lane 2. Control that added with the M1GS HCMV/UL97 ribozyme;
Lane 3. Control that added with the M1GS HCV/Cy, * ribozyme;

Lane 4. Test group that added with the M1GS HCV/Cj, ribozyme.

2.5 MIGS B AmmEEER

Western blot %5 J & W . A6 T AN # 4 M1GS %
g 1) A O B, B G MIGS-HCV/Cy, 1% B 19
Huh7.5. 1 4 g ,HCV #2008 B #Y RTE W3 B AR (9
/D% 80% ,P <0.05) ; T # 4 M1GS-HCV/C,, = 1%
il {0 B2, HOV %0 B 1 A 2 35 D g 1) 4 ok 2>
(K 5-A,B),

BE— LW 5E M1GS % B 5t HCV 3858 1) 5% 0 (
5-C) o & BRI, MIGS-HCV/Cy, ¥ I w] A 2 25 b
W HCV i FE G (P <0.01) o fERKH 1 d 5,
AR IR B HCV RNA 945 DB R4 1500
H o, MAEXTHEAL, M1GS HCV/Cy, * # R — &
PR 406 HOV 55 25 (1 38 58, (2 40 6 & 2% % =
(P>0.05),

3 itig

RNase P L 2/EY 22T e 2 5 55 (RNA [ 5" R



GRS H G s TR R AL O ik TR B ) M ML GS A% BB IR AR SR B0 B 06 1. /R 5 R (2013)53(8) 879

(A) HCV infection Mock infection

MIGS-HCV/C...* w
52 _ +

anti-HCV
core protein
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—&— Blank control

10°

10

HCV RNA copies

10!

(B)

m anti-HCV core protein
1.2 B anti-GAPDH

Expression level

10°
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5. M1GS #%B§RIREA 1 HCV X
Figure 5. The intracellular anti-HCV effect of M1GS ribozyme. A : The expression alteration of HCV core protein in JFH1-infected Huh7. 5. 1 cell

which separately transfected with different M1GS ribozymes by western blotting assay ; B: The column diagram which reflects the expression level

of HCV core protein; C: The dynamic change of HCV RNA copies in the cell culture supernatant that treated with different M1GS ribozymes.

These values are the means from triplicate experiments. The standard deviation is indicated by the error bars.

08 Nt N R = I el SR | R T
RNase P Ul Ji& 05 28 11 1 9 45 A6 1 Al — 45 4 7
HI W RNA H R A 0l 5848 R H AN 5 ) . oy
SE S5 L, )5 v] % RNase PR ) 9 45 55 v 1)
%0, P, T RNase P IR R AR B X — 46 5
e 1, KA MR Hr, S T R
THEH AU 5] T P 5 ( External Guide Sequence,
EGS) I M1GS #% My 3x Wi K2 % 0 A B F 40,
HCV 25 Sl J& T Mo 0 o AR il M1GS
FARXE HCV HEAT 0 98, % HCV BP0 & 36 97 T R
AW B & AR . ARBIESUIT R EE M1 GS A% i
FEEE X HOV A% 00 5 DR G AL X — 8 i) 12 N T A% 18,
S5 EMEEWE 6 ir.

AT EGS £ K, MIGS ¥ § 3" 3 1) GS nJ i
5 AH N RNA 8546 JF T 551 5 5 HAHE R
M1 RNA XFJE i AT V1%, Pt 38 b ) %1 2% % 0
Mo SEER R B, AT ) MIGS-HCV/ Cy, # i A
AT FE ML AR 6 HCV k%0 R g i X AUG 2 4R %5 15
RS 52 A f s we 370 A B R U0 AR (]

4),1f HAESE Al HCV & 4418 Huh7. 5. 1 41 i P 4% O
AR IL AL 80% (1B 5-A,B) , I 00 7 1) 5
B LA R A 40 i B IR B W HCV
RNA $ DUk /b 29 1500 £5 (18] 5-C) , PRk, M1GS-
HCV/Cy, #% ¥ ¥ ¥4 2 0 it HCV HJF FC 82 4 T — il i
B IR o1

Bk M1GS-HCV/Cy, ¥ fif§ 41, Fe AT [ i 4 8 17 59
—A~ M1GS #% i (M1GS-HCV/C,, * ), %MW 5
M1GS-HCV/C,, A7 5 &A1 [ 1 51 3 15 41 (GS) , 4R
i1 GS 5 MI RNA Z [a] A5 — B K 24 nt [ 3% 2
Mo, 45 R MIGS-HCV/ Cy, * #% i A A AE A4
Hhoh Z WO EE P (& 4) i HAE e 3 9 28 A
AE S & M HCV i JE Rk 5w s i (B 5) .
X — 5 Tk — 2 AIE SEM P 406 T M1GS % i 1) v
FRFEED 5 J7 I IR B Z B F 6 M1GS
A% T R 1 Ay B P 073 5 T 16— Al AR P e T

KA AHIE TRy # 1) M1GS-HCV/ C, 1% ¥
BT R BT HOV 258 Je R SCVR T IR 5T B9 T kil
SR, "6 A Bl A R 2 v gt A ) B LA 008 B 280, v



880

Wenjun Zhang et al. /Acta Microbiologica Sinica(2013)53(8)

(A)

5" leader—CGCCCACAGGACGU—3" tail
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ACGUCCUGUGGGCCCA-3
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bridge
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p_? GS
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Figure 6. Interaction between the M1GS ribozyme and its substrate RNA. A: The flanking sequence of Cs, cleavage site; B: Schematic structure of

the M1GS-HCV/Cs, ribozyme; C: Schematic structure of the complex which is composed of the M1GS-HCV/Cs, ribozyme and its target RNA. The

cleavage site is indicated with the scissors-shaped symbol; D: Three-dimensional structure of M1GS ribozyme-substrate RNA complex.
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Determination of the in vitro antiviral activity of an
engineered M1GS ribozyme that targets to the core gene
of hepatitis C virus

. 1,2 . .1 op o 1 . 1 . .2
Wenjun Zhang ", Xifang Li *, Guifei Luo , Zhiwen Huang , Yingle Liu
' Department of Pathogen Biology and Immunology, Guangdong Pharmaceutical University, Guangzhou 510006, China
® The State Key Laboratory of Virology, College of Life Sciences, Wuhan University, Wuhan 430072, China

Abstract: [ Objective ] Hepatitis C virus ( HCV) is one of the major pathogens that lead to viral hepatitis. At present,
Interferon treatment in combination with ribavirin is the first line clinical therapeutic approach. However, the responses
are usually poor and the viral infection reoccurs. Therefore, exploring new antiviral agents and therapies is under urgent
needs. [ Methods ] The sequence and structure of the core coding region of HCV genome were analyzed through the two
computer software, DNAMAN and RNA Structure. The cytosine 52 nt downstream of the AUG initiation triplet was
identified as the optimal target cleavage site. Based on the flanking sequence of this assumed cleavage site, a guide
sequence (GS) was designed and covalently linked to the 3 prime terminus of the M1 RNA, which is catalytic subunit of
the RNase P derived from Escherichia coli using PCR. We named this new targeting ribozyme M1GS-HCV/C,, and it
antiviral activities were analyzed in cultured cells. [ Results] In the in vitro cleavage assay, M1GS-HCV/C,, ribozyme
could effectively cleave the HCV target RNA into two fragments at the specific cleavage site. Moreover, comparing to the
blank control, this engineered M1GS ribozyme could reduce the core protein expression of more than 80% in the HCV-
infected host cell and lead to a 1500-fold reduction of HCV RNA copies in the culture supernatant. An another M1GS
ribozyme, M1GS-HCV/C,, * , which has the same guide sequence but does not contain a 24nt-long bridge sequence, did
not exhibit apparent inhibition for the expression of HCV core gene and viral proliferation in our paralleled assay.
[ Conclusion | We successfully constructed an M1GS ribozyme showing affective and specific cleavage of target viral RNA.
Further results showed that the engineering ribozyme had notably antiviral activity in cultured cells, thus provided a new
promising approach for clinical anti-HCV therapeutic strategy.
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