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Tetrahymena thermophila®] precursor ribosomal RNA(rRNA)
o= group 1ol 43F= introno] EA3H=dl o213 group I
introne @A) =8 §lo] 2}7] A4S self-splicing &
QUE ribozyme?] B4& 7t JTHY). olHT B2 F w9
AEAR] trans-esterification W& 53] o] FojA=d $-4
intron®] Z¥¥ guanosine®] 5' splice site®] 3= phos-
phodiester 232 F43te Aug & HAGH 5 exonol 3
exon®] Ao 2N FHH2). F3F o3t group I intron
ribozyme2 self-splicing §H8- ol€lo = Aga oA 7] =
A19) 3" Fof H2E o] = exon RNAZ transdtA EAshe
5 exong FHOF g & PR IoEN T AR EAEE
AARNE M2 AZAZ F IE tans-splicing ¥R UE
g A9Q). o] Fo| group I intron ribozymeol 2|3
trans-splicing WH&-0| Escherichia colil M= F22 4 SlojA]
truncate® lacZ HAMA7} RAGE 4= 9lgo] BaHATHI4). T
g EHF AE WollME group I intron ribozymeo] w9 =
€ AL 2T prans-splicing W8-S T3l F F24 AAMA)
£ 2N $ ok BaEIt). o183 daks 2 group
[ intron& 7122 3 ribozymeo©] 1A H¥E WellA o2} &
o #oddl= RNA messageES HE, BAPAZ 4 1 oje}
A o|21g ribozymeS ©]83l] RNA ¥ & HAL 7|2

23 f3A X 8WHE R F deS AAE AAE
#H2ol group I intrond 7]2E F ribozymeo] E-HF ME

el 1= myotonic dystrophy protein kinase -+HAF ZA}A|
£ W3 4 ok BRuEdanal) B A4 A8 wgzo)
2= 88 8219 erythrocyte precursor AE WollA 1 &
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o] ko] S B-globin FAA AAAE 1 AAL 9
E4 BHE QA T mans-splicing ¥H-3-2 E3}ed anti-sickling
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a3y o9} 2] prams-splicing WS FEHE & e
group I intron ribozyme®} X% human immunodeficiency
virus(HIV)9] A4S AA8)7] 913te] a9td HIV RNAS S
trans-cleavage ¥Hg-S T3 HE9@¥ 4 9l+= hammerhead
ribozyme E(16)°] A YAHo g FIE H7| e A
AE WolX 1 E2 RNAS©] EHZHOZ ribozymedl] 3]
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o AA R F2 A RNAY 23}, 33F 730 93] 249
Aolt}. o] 3 RNAY 23} 129 |22 computerS ©]83}¢
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71l @A Ak WA i vivodlM EA RNAS ribo-
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plasmid (pSub)E C}% z
RNA T84 JdARAE
$= cloning® 4 e A7

o] AzxstHck 5 & o T
231 9)3l EcoRIF Xbal AA|H

114 %5%%‘%4201\ Zkzt zk
I AE oligonucleotide5-S sttt 1 A7IMEL v
2t} (Sense  oligonucleotides; 5‘-AATTC'1‘AATACGACT CACTAT-
AGGGACATTTGCTTCTGACACAACTGTGTGAGTGTCAG-
AAGCAAATGTCCCT-3, Antisense  oligonucleotides; 5-CTAGAG-
GGACATTTGCTTCTGACACTCACACAGTGTGTCAGA-
AGCAAATGTCCCTATAGTGAGTCGTATTAG-3) o)¢} - %
oligonucleotideE-3 971 23171 & EcoRl B XbalO.2 HHh
3+ pUC18 WE ol cloning 3}t}. 32 RNAT pSubE Xbal
oz Ag F T7 RNA FHELE o843 in witro
transcription §H-& 538} A zsFATh
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Fig. 1. A. Sequence and predicted secondary structure of target
RNA. The structure of the target RNA (AG=-38.4Kcal/mole) was
determined by using the MULFOLD program(9). Sequences of I
@ and @ are the target sites of group I intron ribozymes con-
structed for Fig. 2-4 in this study. Arrows are the sites cleaved by
each ribozyme. B. Trans-splicing reaction. A group I ribozyme rec-
ognizes a target RNA by base pairing through the internal guide
sequence (IGS) on the ribozyme(10). The ribozyme splices its 3'
exon tag onto a target RNA by cleaving the target just 3' of the tar-
geted uridine residue using an exogenous guanosine (G) as a
nucleophile and then ligating the 3' exon tag onto the same residue.
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Ribozyme RNA M=

Tetrahymena®) group I intron G7HE-S FHaaL Y 2
3 2o lacze 3 S W3 200 nucleotide(nt)E-©)
tagging= o1 U+ pT7L-21 plasmid(14)E 83} ribozyme
library RNA % 5% ribozymeS 3% 4 9+ DNA con-
structE A Z3FGch. 4 ribozyme hbraly RNAS] 7%
pT7L-21 plasmid®] 54F$E PCRZ FZAIL O M ribo-
zyme library RNAS #&dd 5 3le DNAg Az3FH e} PCR
of o]&H 5 primer 5-GGGGGGATCCTAATACGACTCACT-
ATAGNNNNNAAAAGTTATCAGGCATGCACC, &7]ollA N&
G, A, T, C7F 2 oF &A= T7 RNA SHEALY QX F-¢
2 group I intron?] 5 & F99} AVAFS o]F F U= o
7IMEE o]folA itk vt ol IGSE 5 €9 G dVIE
A9)3ti+= randoms} & 5 79| ntEE tiXAIFH =24 PCR
2 ZEF DNAE 4 NG 1024 7D B8 16SS LT -
A+ library dElE £ Aolth 3 prlmer(B‘ GGGGTA-
CCCAGGGTTTTCCCAGTCAC)F ribozyme?] 3" F-9]¢ tag-
ging® lacZe] 54 F-ojo} A71ATE ol F l“ A7IMeE
2 o]Fo) It} Ribozyme RNAE: o|€A 7HEojz] DNAZ
HE T7 RNA SZE4E ©83) in vitro transcription ¥H§-
S Tt AxsI9t) Control 4802 ©]8-3817] 918t inactive
ribozyme RNAS] A FE $314 ribozyme?] catalytic core
sequence’t AAE pT7L(d)-21 plasmid(14)E Holl A ©]-&3+
primerE< o8-8} PCR§ FEAI 7T

£4 ribozyme RNAE %41 ribozymeS &g "F 2+ DNA
g 94 pT7L-21% O]%fﬂ PCR S 53 A
RNA 5384 E ©]-83 in vitro transcription ¥H-3-5- %5}] A
Z&Aqth. E4 ribozymeES A 33171 Y% 5 primerE-S
pT7L- 2101 Zr 9 IGS (5-GGAGGG)7} 2] RNAg| £7
Bz olx|g 4= 9= IGSE o] S+ oligonucleotides:
(5'-GGGGGGATCCTAATACGACTCACTATA-IGS-AAAAG-
TTATCAGGCATGCACC)O| 2L 3' primers- oA o] &3k 72
7} 593 oligonucleotideso|th. 12 RNAS T @ & 3
9 (Fig. 105 AT 4 9= ribozyme(Rib-D, Rib-@),
Rib-3)2] IGS ¥-9= 717 5-GGAAGC?} 5- GTTTGC 2 5.
GCTCTG®t Tmn&cleavage W8-S 918 ribozymeE< $1¢ll
A AZF PCR AHEEL ribozymed] intron 919} 3’ exon
tagging® F-99 AA BHE A2ZE SeloE A F o
vitro transcription® E3fd Az},

In vitrodlM2] trans-splicing 8tS &4

AAE ribozyme RNAS} 7|HE o]48 %% RNAE splic-
ing 2750 mM HEPES(H 7.0), 150 mM NaCl, 5mM MgCl,,
100 uM GTP) 8ol 37°Cell A DAAKE whgA AT W2 Al
2517]) A 94 ribozyme RNAE 50°Col|4] 581t WHE-AIZ1 &
37°ColA 2 ¥7F o] uhSAJZ 224 ribozymeo] &HME 33
}—E Zre2 £wlych. 2 RNA®} GTP:E ribozymed} 4]
7] A 37°ColA 5 27F plE] uk AIAFUTH - RNAY wb
g2 }z 210}z RNA 4HE-E RT-PCR "< Ball ¥4931%
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th. RT-PCRS- %13} 3' primer (D primen)Z2& $lollA A3k
ribozyme RNA A Z wjoll ©]43 3' primerE ©]&3}¥ 1 5
primer(U primer; 5-GGGGAATTCGGGACATTTGCTTCTGAC)
e 71EZ ol4% £ RNAY 5 & £99} dNETE o
2= G714 E3 EcoRI AR E 0]F4F primerE )45}
Atk WA trans-splicing ¥H8-ol 3] F WARZ EA)s=
RNA7} A4 2z 4HETe] o)2i3 RT-PCR ¥H&l| o3 zF

g ook,

OST7-1 MZZR9| transfection

2x10°¢] 0ST7-1 MEE 60mm JF viA] Fol|l A Wl A7
& semi-confluent3+ 44 calcium phosphate 37 WY&
o]-83to] DNAS-E transfection AZTh Transfection 3 A|3E
ok Wiz (DMEM+10% fetal bovine serum)E Zo}5il A
T E olE ¢ Hlstdth Total RNAT: guanidine isothiocy-
anate WH @S o83t FZ3H) o] W RNAS F&3h=
Fotdl Aol & Q1= frans-splicing BH-S A3 A8l 20
mM EDTAE 1 F&dd] #H7ksi4lal %% RNAT ohe 4
g A8 F5 F 20mM EDTA &0 3o 20T 2s}
At

In vivolliM2| trans-splicing BH2 £4

AIE WA Q] trans-splicingol] ¢+ AT} M=o Ao
2% total RNA®| RT-PCR W< 53 Fa3ict o o
total RNA2] RT ¥H8- Zoll trans-splicing ¥+-8-0] Yoid 5= ¢l
o832 rhozyme AL W= 10mM L-Argininamide
(5,149F RT ¥4 H7FsH5ich, RT-PCRE 913 3' primer B
5' primer2M in vitro 1A9] trans-splicing §H-3- £4Jof] o] &
HAH primerES o]-&3tc}.

Trans-splicingEl HI2E9| Y7 MY &M

Trans-splicing®) RNA®} RT-PCR 2H&-S U primerel] FA]
71 EcoRI Q12139 2 splicing® lacZoll A8 Hindlll 1
AFNE o83t st & A DNAS pUCIS plasmid
o cloninggt¥th & cloneES 9 X o]#d cloneS9
@714 €L dideoxy-termination W& o]t AAET)

RNA mapping strategy

In vitro)4] £ RNAQ] ribozymed] T3l Q1A RS &)
317] A3 FAE ribozyme library RNA20 nM)9+ %4 RNA
(500 nM)E ol A A3} splicing A4 3417F WA 3
t}. Trans-splicing® & 2HEE9] splicing-junction 292 &
M3t7] $13h trans-splicing® RNAZ 9JollA] A3 U primer
9} D primerE ©]83F RT-PCR WH-& B 2EA)71 & 1
DNAE pUC189l cloning3tT I cloneE9| G7|1X9-S AAs)
At I vivo) X EZ RNAQ ribozymedl] t)dh QA 292
ga1517] 914 ribozyme library RNA 2 ¥4 RNAZS 23g
4 & DNA plasmids 742 1pg 2 10ug® OST7-1 A=
o oA Hd HhHS B39 co-transfectionA AT Total

Group I intron ol &J8} trans-splicing ¥H- 213

RNAZ #2 % U9 D primerE ©]-%3t RT-PCR%} cloning
2 AVINE AA 5L B8 rans-splicing B ] AHEE]
splicing-junction #-¢12 4819t}

FEE g

HEX RNA M= % ribozymel|| CHEl QIX|S2| mapping

RNAY] 231727} group I ribozymed| 213} trans-splicing
Hkgol] ojet JS 7| x=A E457] A8 mi =
stem-loop FEIE 23 9= RNAZ A2 1 RNAS o
< d¥9 ribozyme APE 9% 7]HE o) 85 ATH(Fig. 1A).
ol#g E4 RNAY stemoll= +7, +8, +9, +12, +13, +15,
+32, +34, +45, +47 2¥3 +51 FH e, loopole +24,
+26, 28] +28 F91° 47} ribozymed] EHo] B F =
U 9715 $h3tar k.

Tetrahymena thermophila®] rRNAS] Z7)3}= group I intron
9] 5 exon A% H-9 (EE internal guide sequence, 1GS)<]
H7IMELE 5-GGAGGGeIAT 5 £9] GE A9 t& IGS
5919 drIMES up oz 7]A RNAY ot U g7|%
group [ intron ribozymeo] 93 <AE 4= &= FAHLE 7
I ATR(10). 23 RNAS 2372 Add) 98l 2 U7t
t} ribozymedll 9J3) AAFHA = £ & Aot} wepd o B
Ao A o]8-3F BA RNAS ol= 59]9] U7} ribozymedl 2]
ok AARAA &7] Y3 ok o] RNA mapping <
Rk 1GSY] 5' F& Ast 5 97159 random3ld &
/1M E& 2+ ribozyme library RNAS A 235 ol23t
library RNAE 3' 790l tagging® A71ES Za Qo #7
RNA9] ribozymedl] 3] =28 U 712919t 488 4 e
ribozyme®] 9= 324 RNAS} trans-splicing -2 3lo] =
FE U 9719 v 3 ¥9E Aast §F 2 930 tagging
H dUIES A8 & US A|tHFig. 1B). olH3 trans-
splicing® RNAo A}-8-E= DNAE target RNA 5%} 2%
& 5 e H7IMEE 5 primerE 183 ribozymeol| tag-
ging® F-919F 28 = e G7INEE 3 primer® ©]-§-8}
o RT-PCR ¥+&-& B3l ¥& & Slqdch oled AEES
cloning®t ¥ 2 A7IMEE ARG 2N I o= B}
splicing-junction #1214 & ribozymeol] TEF Q1A H-9Q1=]
& 4 AATHTable 1). ©]213F RNA mapping 23S 243 #
Wl (n vitro)) X HAE 33 RNA9} ribozyme library RNA
£ AR WREAIA e & 9l9) o] 1 Ai} AEES B
Attt 3k T7 RNA SHEAE AE A A4 wdsin
21+ mouse fibroblast cell line$l OST7-1 A X(3) WollA T
2] RNA$} ribozyme library RNAS 28T 4 gl&= DNAS
HEZ YE transfection A1A transients}A H38 T RNAS 3=
Z3lo] flo} 2o o s 1 A AHEES EM3YT) 55
RNAe] &3k= U 9715 % o= 5917} ribozymeo] 2+ <
AHRE=AE 283 U 97]2 junction ¥$12 3t trans-
splicing®l cloneE2] $:At2 EA|EQIch = A3 Table 1914
o} 2] in vitrot} in vive BF v)g BISEt oS Mo F
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3L ded 53] glRRY coneSol +24, +26 “1e]al +28¢]
e e A2z Hol stem-loop] loop Y9171 714 4

iL el AfaEet olue} Al Wl M % ribozymedl] 2 91
A& Mo Tk ol & #3 RNAY 23} F% 34|
°J3f ribozyme®] 7] RNAo| thak S1xwr} Fels] Aare
H-o-9. A|A}sh)

53 ribozymeE0]| 2I8t trans-cleavage Y2

RNA mappingS &3 Z8aA G1N2¢L olFx o
RNAY| stem §-9%= ribozymeo] Ao} 1418 Fsh=g)
z2H QIAE 4= 9le-S Aot 1
31 U mapping A& #rans-splicing® 2HE59] cloningS $3}

of ofFofgon g vl F44E EAShE trans-splicing® At
=5 EAVE BAE F sl TRsAdo) ok wleba o] s
mapping 275 F<18t7] 8] E£H RNAY stem 29 =
+15 3 +45 ¥95 AT = = 16SE 353 ribozyme
(Rib<1), Rib-2)% loop ¥-91 & +28 4912 AT 4= 9=
IGSE ?;hrﬂ ribozymeE-S AZ(Fg 14)3 3 1 A&
Zotrh $4 39 tagging® A7NES 2T A ¢
ribozymes A5 W WA Qe WS B3
ok 2 =27)7F 51 nte] HARY E9948 ¥xE %4 RNA
(1 nM)®} t}o] ribozyme RNA (100 nM)Z splicing 2 A3}
oAt 3AIKE Fl wHEsle} A AlbEE Ukg NEES A3
g+ 3 gel ol ¥A8ke] Avp) 2 313 RNAZF ribozyme

ofste] FR=A HARIACHFg. 2). 1 23} 13 RNAY
stemol] EAFRE U 97]18 AA8k= Rib-Da 29 A9 3
AlZte] AU ¥4 RNAE A5 4 fiAukFig. 24). 1oy

loop 9+ ribozyme®] -

Table 1. Mapping results of the target RNA

number of clones

Reaction sites(nt)

n vitro i cells

+7 0 0
+8 0 0

+9 0 0
+12 0 0
+13 0 0
+15 0 0
+24 3 2
+26 3 4
+28 6 5
+32 0 1
+34 0 0
+45 0 0
+47 0 0
+51 0 1

Nucleotide positions are presented for the uridines which can be
accessible to group I ribozyme. The number of individual clones
which contain a given uridine at the splice sites identified from
n vitro (left) and in vivo (right) mapping analysis is indicated.
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Time
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.r;;&el
143 4 S8 7.8
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B

Time

{min) 0 2 10 60 180 0 2 10 66 180

v

P90 Segee

" Cleaved
| RNA

1.2 3 4 5 6 7 8 9 10
Rib-& Ribld)-@

Fig. 2. In vitro trans-cleavage reaction. Body-labeled target RNA
(1 nM) was incubated under splicing condition with an excess
of group I ribozyme without 3" exon tag (100 nM). Reaction
products were analyzed on a 8% polyacrylamide-urea gel. A.
Rib- T and - @ 2 indicate ribozymes which can recognize the sequ-
ences of U and 2 of the target RNA shown in Fig. 1A,  respec-
tively. B. Rib- and Rib(d) - 3 indicate active and inactive ribo-
zyme which can recogmze 3 sequence of the target RNA, respec-
tively.

loop %3—1010“ J-ZHOF‘ U 7] 21x|8l= Rib<39 A= A
1 A7 7} 287 23 ntQl 3A RNAQ] 2l b
L 3ATke] 58 T 1A RNAQ 50% 4=
A A B 9;191 }(Fig. 2B). ControlZ# ribozyme?]
catalytic core F-$17F AAE ] glojx] AL JEld 4 gl
Rib(d)-37 353 RNAS WHS-shd ofujdl 2 AEEL B &
e AoE Kol Rib-3oll 93 22l 2HEEL ribozymed]

ol o S & 4 AL Rib-3o] 2] RNAY +28
Fols ggs] Aol FeehS Fg 33 4004 € 3
exon®| 1-2HE Rib-37 3£4 RNA 7+9] trans-splicing ¥H2AF

=9 GRS Sl g8k
In vitro |M SH ribozymeE0| 2|8} trans-splicing B
A3 Uleld 384 RNAY loop H9 = +28 B97}
ribozymeel &J8l 2 <lA)E & Sl=A #91817] 98] 3 exon
©] tagging¥ ribozymeE(500 nM)} ’5-55.401]/\1 Azd 735
RNA(100 nM)7Fe] trams-splicing WH-& A7 HUTHFig. 3B).
Trans-splicing® RNA 2HE-9] H*jno_ target RNA 192 5 &
oo AFE 5 e 971MLE 5 primer® 283 ribo-
zyme®l| tagging® F9l9} /:}]‘:]—(SE F UE GHEE 3
primer® ©]&3% RT-PCR W3 &3] 3519 thFig. 3A).
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Fig. 3.In vitro and in vivo trans-splicing reaction. A. Scheme for
the analysis of frans-splicing reaction. Trans-spliced transcripts
were amplified with RT-PCR using an U primer and a D primer
hybridized with 5' end of target RNA and 3' exon tagged at
ribozyme, respectively. B. RT-PCR analysis of #ans-spliced RNA
products generated iz vitro. 500 nM of active (Rib-) or inactive
(Rib(d)-) ribozymes were incubated with 100 nM of target RNA as
substrate. Reaction products were subjected to electrophoresis
in a 25% agarose gel. Amplification of #rans-splicing reaction
products is expected to yield a 123 bp product. The migration
of ®X174 DNA digested with Haelll is indicated as a molecular
mass marker. C. RT-PCR analysis of frans-spliced RNA products
in cells. OST-7 cells were mock-transfected (mock) or cotrans-
fected with 5 g of plasmids encoding active (pRib-) or inactive
(pRib(d)-) ribozymes along with 1 ug of plasmid expressing sub-
strate RNA (pSub). Total RNA was extracted from these cells and
trans-spliced products were analyzed as described above. In the
"mix" sample, two cells were separately transfected with Rib- 3
encoding plasmid and substrate RNA-expressing plasmid. These
cultures were mixed, and RNA was isolated and analyzed. The
migration of ®X 174 DNA digested with Haelll is also indicated as
a molecular mass marker.

2 A7 Rib-D, Rib2 B Rib(d-D, Rib(d-2, Ribd)-S T4
HHS- Aol o3l frams-splicing AFE S5 AAE A Balg]o.
U Rib-3F wks Aloll= $-2]7} of|A4k3t 123 base pair (bp) =
719} trans-splicing AH2-0] AAJHATHFig. 3B, lane 7). TE}A

Group T intron ol €]3} trans-splicing ¥H8- 215

RNA mapping Z3K(Table 1), A% oA <] trans-cleavage
v AaKFig 2) 281 2 Wl trans-splicing ¥Hs- 4
HFig HERE RNAQ] 23} 729 40| ribozyme®] E4&
248 F= i$ 523 22092 & & AU

In vivodllIM 53 ribozymeE0l 2|3t trans-splicing Bt

I&F AE JolME #3 RNAS loop 79 & +28 29
7} ribozymedl 2J3] 2 Ax)E 5 JeA U] A8 AP
& ellr el Aol o] &-d 4] gl e E4EH7 A
74 ribozymeS-S HAE 4= U= plasmid(pRib-E== pRib(d))
g A)z3 T %2 RNAZS ¢ 4 AJE plasmid(pSub)2t
1A OST7-1 ME0|| co-transfection 2171 & 3% RNA¢
RT-PCR 58-& 53 3t%rHFig. 30). °|&% plasmids& 257
T7 RNA &4 QAEYE Ffsl Jo=E T7 RNA
ZFUELE AZANAN AL ks 0ST7-1 Al oA &
#g & Ath3). Plasmid2H-E] RNASC] AHE FHEH=A =
transfection ¥ F&% RNAQ] RT-PCR uH3-& %3l F<1s1%
thas} vlA%). 2 A3 pRib-32 pSub9} transfection $+ 73
<-(lane 5) in vitro oA Rib-3®7} EZ RNAQ] wkgo) 2]3)
HAE trans-splicing AH=-(lane 1)7} 22 =719 123 bpe] A
Eo] A=A 1 ymR|e] Aes vhgHEEe] A9
FAE A Eakithlane 2-4, 6-8). T pRib-29] ¢ 2kzhel
trans-splicing AFE0] AZE A= o]AL ol A U9
Ao} ZHF AZ el 3 RNAZF o7t O 23} 125
F4gozy dojd Aol opdrt FZdEct dutstd A
el 2] %2 RNAE pSubs XbaloZ A 3 in vitro
transcriptionS 35} 0. 22 Fig. 1A} Zo] A33] +51 ¥
9l ZH7HA RNAZE B A2 Wielxiel A9-LS pSub A}
A2 transfection AFLBE 7142 A}LE RNAJE 3
RNA®} +51 5-9jo]l #jEle] RNA $715e] o] #7HE 4= 3]
wfizo]ch. Fig. 3CY lane 50141 Wfehd 4HEo] 102 A
ol dolut trans-splicing ¥H-3-9] A3rHE0lA] HEe o
7b At kst BIE M)A RNAE 28 o 722 4
A= frans-splicing ¥H&-& AAE}7] 913 AE 2 oM<}
7ol RNA F&99| EDTAS #7h8t% ot lane 5004 £ 2
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ABSTRACT : Effects of Substrate RNA Structure on the Trans-splicing Reaction by Group I Intron of

Tetrahymena thermophila

Seong-Wook Lee" (Department of Molecular Biology, Dankook University, Seoul 140-714,

Korea)

Effects of substrate RNA configuration on the trans-splicing reaction by group I intron ribozyme of Tet-
rahymena thermophila were analyzed with substrate RNAs which have been generated to have very stable
structures with stem-loop. RNA mapping strategy was performed in vivo as well as in vitro to search the most
accessible sites to the trans-splicing ribozymes in the substrate RNAs. Sequences present in the loop of the
target RNAs have shown to be well recognized by and reacted with group I intron ribozymes while sequences
present in the stem do not. These results were confirmed with the experiments of trans-cleavage and trans-
splicing reaction with the specific ribozymes recognizing those sequences. Moreover, sequence analysis of
the trans-splicing products have shown that trans-splicing reaction can proceed with high fidelity. In con-
clusion, the secondary structure of substrate RNAs is one of the most important factors to determine the

ribozyme activity.





