The Korean Journal of Microbiology, Vol. 44, No. 3, September 2008, p. 186-192

Copyright ©2008, The Microbiological Society of Korea

cH

ZIAHO[2{AHCV) M2

Trans-Splicing Aptazyme =

uFH - O1HS -
SIS Keiniels XSSt L

SOoMez HEE = Us
T - oS
M slolos ot

C¥ 7+g o] ¥ 2(hepatitis C virus; HCV) B4 & A3} o] v] o] H 02 Ao} & 4 Q1+ HFHAES MNE3)7]

3s}e] BA BR=

£ o] 2]3] allosteric3}H 2 A ¢] 8 HE 4 3= HCV $A4 A frans-splicing 2 .2}

¥ (trans-splicing aptazyme)-& 23} . o] 2] & trans-splicing aptazyme-& B4 2|71 =9} Bo| o2 A g sl
RNA aptamer ¥-$], aptamer} 2] 1 =919] Ao o) 2B AU YL FEE S UEF 724 Ho|E A

g5

communication module ¥-$] @ HCV IRES®] +199 nt & ¢l A 8} trans-splicing Bl RAY S22 T4

HE5 44 9. 53] rrans-splicing ] 22119} catalytic coree] P63} P8 H-9of] aptamer$} communication
module$ A+ 8+51& o) 714 allosteric3} A 2] XAt 84 o] F-EH 10 o] & S BAY L 2Azt=s} (A
d& 2 =7t EA Y o o & trans-splicing W& =314 Falg o} 54 zhes) 24 o o5t & 5}4 o)

o B-o]H 92 paps-splicing W& §- 58] I8 RNAS WA 2 9] 8S

T3¢} ol 28 aptazyme

HCV 346 98] Solfoln) &34l JAS & ASEAZ o4 /M5 2 opet HOV AU E B9

a4 TTEME 848 5 9E Aol

Key words [] aptazyme, communication module, hepatitis C virus, RNA aptamer, frans-splicing ribozyme

C¥ 7+ vlol|# 2 (Hepatitis C virus; HOVES Flaviviridae 45
of &3 YA U 71 RNA nlol# A F2 530 o3
FEEE Ao® 48A non-A, non-B 7HEL Yoy)= 28 B

A4 nlolgolth(15). HOVE 34 749S dodln, o1 & o
80%7}F ¥ o.E AT, vt 7 #A F 2% 5208

oﬁ‘:

Hel A5F02 dolslan 31 F 000l A1 Ak A%
oA ke waHel kgol WS B Ao WA 3
t23). 7 ‘ﬂf]%&°%ﬁ%ﬂ%+®ﬁﬂﬂﬂ?

o] 1~2%7} o] ntolg) 2ol ZEE o} QIA|Tk o} o] ujo]E A
ek B2l gAY 94 5o obHe] AdEe] IR &
< FHoth U}Elr”ﬁ HCV EAE ERZ0Z AT 4 S=
FapolelaA] e 289 o] AlgE Agolt),

Hcy v%ﬂxﬂ“ °F 9.5 kilobase2] ZHO|E o]Fox glow wp
olglx I F A A1l FAE 71A= 3 3010004
3,030749] ohu]iito g o|Folxl Shie] B3 guldo] vhEo]
ko). 53] HCVZF BASHE dHoll 5 untranslated region
(UTR@ 3'UTRC] "¢ F83% 88 & Aoz I8 Uk

SUTRE 7% HCV strainsolA] vj$ EZE o] & internal
ribosome entry site (IRESYE 231 319 cap-independentd}?] ¥l
i} o) go}l‘}t}(l, 14, 24 & 9 A AAQE B el o

I 7o, C, El B2 59

L.

=T T

S0} vho]2229] proteasesdl] 2]}

*To whom correspondence should be addressed.
Tel: 82-31-8005-3195, Fax: 82-31-8005-4058
E-mail: SWL0208@dankook.ackr

186

T2 @A) NS2, NS3, NS4A, NS4B, NS5A, NS5B 53 2
& dlelgla FHo] Wodt 24 gulAEe] wrEoldukT).
HCVE 44 T 7hgo|nz A4le] §AAE BEA87] H8iA
T 3A 5 2A AAE AXEE 9A dRAE] 54 9
7hes Mgk ollE YR °I~9- to] FAAE FAHA
Hoh HoV whiiAse] 34 9 B¥X s 4£¥ A2 lumen (El,

2 3, 2EAT Alej(p7, NS2, NS4A, NS4B 5) v A¥T
o) associate F AE)E A FEA YX)(C, NS3, NSSA, NS5B &)
sh B3] 24 dhldEoe] B4 E§A & o]Fo] rough
A9 AZE membraneous web FE] (small vesicleZ 7A)E
EAga dEA UATh(19). o] W IUTRS FA| HEFH
AR g TFe A71MEH o] Hol2] polypyrimidine E2
aElal 3xE EEe oerle) AVIAER AR slo] il
A 537 d¥ste] RNA 134 BAE JAshs Ao
BaE|a lvh).

A HCV F2)1& YAt HCV 7o) @ Fof] ofx=
A G392 Hola Y= WPHOE g interferons ‘&%_‘Li o] &
8 AY ribaviring FAO] TS WY ol o Yk e
B 1 E3p) e Holn] da|HY et ozt el B2k
£ H2E = Aok BT vpo]# 9] sainv}th L EL vhE

A Barglo] glom TR 40%2) HCV Za8Atol At x144¢)
BHE B FYaL A UThe, 17).

T HCV AAEA 22 8] sl 9 22 RNA ¥
A5 7Ivto.Z F AF Aot} 53] 2123 nucleotide 2|2

5 A



Vol. 44, No. 3

RNA duplex® T4%|0] 9lo} RNA 7HI&AAS ftrale] B4
RNA?| degradations 43 5= )& siRNA, @7) vl wa}
547 3 72T YATORN ¥4 90 2o s
EoldE Zta AFE 4= 2= RNA aptamer (4, 10), 32 RNA
transstA BolF o R R|sle] AWd = 9= FRAY B
7I9Ee 2 3k RNA A3A Aol gk A7t H F538)

At 21 2 HCVE] BEE A7IMDS F48R= siRNA
(5, 12) == 2|BA(16) B HCVS] NS3 RNA helicase domain
I} A¥Sl= RNA aptamer (1002 AE Ulo] AAH 0 7 =3}
A = RNAZ 288 5 e YR =9 49 594
L& HCVH] replicon A7} 9418 4= gl AEo] Rus
At

olelgh RNA 2A9] UL WS- Folzlow HHEAT) we
& YOBE side effect Tz HCV ZAW0|E9] 28 52
PS5 21T Ee AT AN RNAT 2EA] RNA A0
sk Holukgo] Ydojtr] k= Aot} E3] RNAE a4 &}

4 B wide] SOl 3% o] WA o8 4 9ln
EZF AZ W o] Sol3lnE DNA U WE Felol &
A2 ABARMT o]go] 73t} e} zhzbe] vl bk
2 ol83la HCV HAg oS A obd 1 o)y 1
AT B FAVE ATk webA B} Solzloln Fabzo
2 HCV 42 oAsk] 9181 HevzF 28 AEojaet &
HHOZ HCV EATS Aol & e 28 f-34=2) 7)
ol F g3}

FH 2 A HCOV #-449) IRES RNA 54 592
FA3 F 71 RNAE frans-splicing 88 B3l A8 715
7H FrAAE HER X g, MY 5= Q0= Terrahymena group 1
intron 7|8k 2| BARRLE /S TH21). ©]eld glnAkle HCV
RNA #¥g A3 FA9) HCV RNAZE EFshs Fol|A]
AR FAA S /2 S demg Hev EAlE B
o a0 Z Aod 4= g Aojr}. e} o} o ekdaly
BEAAR) FAA XA FAZA rans-splicing ElHBAL 0] F-8-5]7)
Aol ek o Bojdo= Ty Hu) o e 84S 711
HCV ZEE AZATF X534 fda 84S 428 F e
AEA 7RAE GRS Alglo] st

2 A= aptamer% 71931 4 A} IXE B8 R
2 Ao &4 AA T8 L rans-splicing B BRI 2] Bl7}edA
Ql 8 RNA 238 T¥a Agkst A2 Ade 3 Hev oA
AE MLstaial 9} 53] rans-splicing 2R A2 @"‘40]
54 27t=7) aptamers}t AgFsle]obx]Th allostericdH] =
5 2Rt=r) Sle APt A58 fA gade ‘r°T
U rrans-splicing aptazyme S 7081312} 319 Ch(Fig.

ol2lgh MZ - 7'de] aptazyme F-AHS 7)2sl7] 98] 2R

]-U]«] o= =WQ1o aptamerE AF & wloll aptamer?t B]7F
= 7k} Aol 93] gRA] E4E fET & A gas)
Fom 13 WEH w8 71N aptazymeo] < )71z 9)
ER) Alel"E trans-splicing B4 - =8l=A] AEstgct. £ o
Tolld e AJ2RIO 2 theophyllineol] th3l £-0]221 aptamer}t

|:1 o M Jjm

J

(¢3

¢

b

B NE

(I R=1
AR
= A
?:}T

HCV %4 34 rrans-splicing aptazyme 187

aptamer-2]7H=2] Aol 28] allostericslA #H AL ] EAdS
Z7AZ 4 9= communication module $371XGS Tetrahymena
group I intron®] o1& catalytic =Wl AYs & 2 XS
28kt
e o 2y

7|Z9l HCV IRES RNA M=

g ratele] 14 RNAE Azst7] 918t HCV 1b EFY <]
IRES RNA2 +18 nucleotide (nf) FHHE +402 nt H-71A
FEE o] 3l= DNA [pH(18-402)CAT] MEIE HCV 349
+402 & 27 o}— BamHI_E Hdstqlet. %8s DNA
WE]S T7 RNA S8 &4 (TaKaRa, Otsu, Japan)% 37°Coll A 3
AlIRE ERE BhE8t] in vito AellA AAREES palstel E4
RNAE AZ8 & urea’} EEH acrylamide gelZF-E A=|5131

t}. o]zt ¥& RNAE HCV -F3A9] SUTRY core 59 A
FE-S Z3kekal qloh
Trans-splicing aptazyme
HCV RNA with therapeutic RNA
3 exon
t.
Target site therapeutic RNA
Ribozyme

% Aptamer

Off (No
: %nactive Ribozyme Cleavage)
Ligand ‘ﬂ On (Cleavage of target site)

Active Ribozyme

%?_ *
@Ligation of therapeutic RNA

Ui R

Expression of HCV RNA-specific transgene

Fig. 1. Schematic diagram of regulated RNA replacement with
ligand-controllable trans-splicing aptazyme. The aptazyme can
recognize HCV genome RNA by base pairing through its IGS.
However, the aptazyme can be structurally and functionally active
only in the presence of specific ligand (L), and then remove the
sequence downstream of the target site and replace it with a 3' exon
that encodes therapeutic RNA sequence.
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Fig. 2. Sequence and structure of trans-splicing aptazyme. (A) Scheme of Tetrahymena group I intron was depicted at left panel. Substrate binding
site, IGS, was indicated at the 5'end of the intron. Sequence and structure of theophylline-specific aptamer and communication module was
indicated in boxes at right panel. Aptamer plus communication module was inserted at P6 (P6H) or P8 (P8H). (B) Theophylline-responsive trans-
splicing aptazyme. Sequence of aptamer plus communication module was incorporated into P6, P8, or both P6 and P8 of Tetrahymena group 1
intron to construct rans-splicing aptazyme (WT-P6H, WT-P8H, WT-P6HPS8H, respectively). WT represents frans-splicing ribozyme derived from
original Tetrakymena group I intron. Each ribozyme contains firefly Iuciferase gene (F.luci) as 3' exon.
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Fig. 3. Ligand-dependent trans-splicing reaction of the aptazyme. (A)
WT, WT-P6H, WT-P8H, or WT-P6HP8H ribozyme was incubated
with target RNA in the absence of any ligand (lane 1) or in the
presence of caffeine (lane 2) or theophylline (lane 3). Resulting
products were then amplified using RT-PCR and electrophoresed in
3% agarose gel. Ribozyme itself without substrate was amplified as
control (lane 4). M represents 50 bp molecular weight size marker.
(B) As controls, target HCV IRES RNA was incubated without any
ribozyme (lane 1). In addition, nontarget EMCV IRES RNA was
incubated with WT (lane 2), WT-P6H (lane 3), WT-P8H (lane 4), or
WT-P6HP8H (lane 5) in the presence of theophylline. (C) Relative
trans-splicing (TS) products by each ribozyme in the presence or
absence of ligand was quantitated as a percentage of the sample
reacted with WT ribozyme in the absence of any ligand. Values
shown represent the means plus and minus standard deviation of three
separate measurements.
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Fig. 4. Spe01ﬁc1ty of hgand dependent trans-splicing reaction by WT-
P6HP8H. Trans-spliced transcripts from reaction with WT-P6HPSH
and target RNA in the presence of theophylline (Fig. 3A) were
amplified and 20 products were cloned. A representative sequence of
the reaction products was presented. The expected sequence around
the splicing junction is indicated with an arrow, with the ribozyme
recognition site in the target RNA boxed.
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ABSTRACT: Development of Trans-Splicing Aptazyme Which Can Specifically Modify Hepatitis C

Yirus Genome

Ju Hyun Kim, Sun Young Jang, Chang Ho Lee, and Seong-Wook Lee* (Department of
Molecular Biology and Institute of Nanosensor and Biotechnology, Dankook University, Yon-

gin 448-701, Republic of Korea)

For the development of specific and effective basic genetic materials to inhibit replication of hepatitis C virus
(HCV), HCV genome-targeting frans-splicing aptazyme, which activity is allosterically regulated by a specific
ligand, was developed. The aptazyme was designed to be comprised of sequence of RNA aptamer to the ligand,
communication module sequence which can transfer structural transition for inducing ribozyme activity upon
binding the ligand to the aptamer, and trans-splicing ribozyme targeting +199 nt of HCV IRES. Especially,
when the aptamer and the communication module was inserted at both P6 and P8 catalytic domain of the spe-
cific ribozyme, allosteric activity of the aptazyme was the most induced. The aptazyme was shown to induce
activity of trans-splicing reaction specifically and efficiently only in the presence of the specific ligand, but nei-
ther in the absence of any ligand nor in the presence of control ligand. This aptazyme can be used as a specific
and effective genetic agent against HCV, and a tool for the isolation of anti-HCV lead compounds.



