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plasmid (pSub)Z v&3 o] AzsHch 5 F FH¢ T7
RNA E8E49] AARHE 2oL U5l EeoRIF Xpal AR
Y= cloning® ¢ Y= 4GS 59 3 T F9)o A 2
T 9l oligonuclectides< FYaHHTE 2 714 EL =
2t} (Sense  oligonuclectides;  5- AATTCTAATACGACTCACTAT-
AGGGACATTTGCTTCTGACACAACTGTGTGAGTGTCAG-
AAGCAAATGTCCCT-3, Antisense  oligonucleotides; 5'-CTAGAG-
GGACATTTGCTTCTGACACTCACACAGTGTGTCAGA-
AGCAAATGTCCCTATAGTGAGTCGTATTAG-3) o)¢f && F
oligonucleotide= 2 957 A7) F EcoRl 9 Xpglo = 4wt
g pUCI8 WEd] cloning 31T X% RNAE pSubZE Xbal
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Fig. 1. A. Sequence and predicted secondary structure of target
FNA. 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 rihozyme. B. Trans-splicing reaction. A group I rihozyme rec-
opnizes 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 () as a
nucleophile and then ligating the 3' exon tag onto the same residue.
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Ribozyme RNA M=

Tetrahwwena®] group I intron E71MEL FF=iz 22 2
3 9ol lacZe] 3 785 FHIT 200 nucleotide(nt)E |
tagoing= o] 9= pT7L-21 plasmid(14)E &85l ribozyme
library RNA 2 57 ribozyme2 T 4 2l= DNA con-
struct® A2sErh $4 ribozyme library RNA®] -5
pT7L-21 plasmid®] SA 593 PCRE FEAIFL2ZH ribo-
zyme library RNAS 2#E 4 sl DNAZ A %850k PCR
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= 2Z3 DNAE 4 AE 1024 7Ae) D2 1GS2 23 +
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ging® lacZe] 574 9ot A7 ETE olF 5 3= A7IME
2 o]Fo7] 9t} Rihozyme RNAE o]97 7h=<0]7 DNAR
FE T7 RNA & A2 o)43) i pitw transcription -
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(5'-GGGGGGATCCTAATACGACTCACTATA-IGS-AAAAG-
TTATCAGGCATGCACC)e] L 3' primere-2 #|ollA] o] &3 2
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22 (Fig. 142 91AE 4 <= rbozyme(Rib-D, Rib-@),
Rib<3)¢ 1GS ¥1€ T 5-GGAAGCE 5-GTTTGC H 5-
GCTCTGe|t). Trans-cleavage TH5-& $13 rbozymes 9]
& A 23 PCR AHEEE ribozyme?] intron 222} 3’ exon
tagging® F-9]el ZF RYE ARE SwmloR AT F in
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Tetrahymena thermophila®] RNAY &A=
2] 9 exon B F9 (v internal guide sequence. 1GS)<
HAMEL 5-GGAGGG|ATE & 22 G& A9g b IGS
Bael VML L vlFeEs 7|2 RNAY o33 U g%
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3 QITH10). @} RNAS] 239'F P4 2]ale] =& U7k
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TekEETR 16589 5 E5 A9 5 g718°] random3Hd 9
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RNAY] rihozymed] sl =25 U d718-49 @?}@ = gl=
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29U 929 bz 3 R A9 £ 0 H?«Ml lagging
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A U2 transfection A7 transientd}d @& F ENAZ 5
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3 sled 53 RE2 cloneEo] +24, 426 JE)T 4289
FEHo Y= HoE Mol stemloop?] loop B57} 71 4
T el AEiet ohe} ME W) M ribozymes] 2 217
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T HEE B9 F£oh ol 2 EFE RNAY 23} T A
23 ribozymes] 71H RNAo w3t dXx=r) 7] AL

Bg AAbgT

&3 ribozymeS0l| 2[8 frans-cleavage IS

RNA mapping€ 58] A=Al 471498 <22 &
RNAZ] stem 9] ribozymee] A2 gl4le ¥al=d gl
loop B4 nbozymee] vi-5- 2 01=]8 4= gle-S et} 2
&1+ mapping - frans-sphcing® 2MEE2] cloningS 8}
o o]FojHon g dlg by FAS1E pans-splicngd A
B9 A7 FAE 4 e seAle) gtk webd o)zl
mapping - &<l5l7] $]8] 4 RNAS] stem 9] =
+15 % +45 FE AL F e 1652 /3 rhozyme
Rib-D, Rib-@14 loop #-9] & +28 F9E AAT = 9=
IGSE T3} ribozymeES AZ(Fig. 14)3 & 7 4L A
Fetarh %4 39 tagging®d F/MES zhu QR Fe=
ribozymes AE 2 WyelA AFE dhES Bl A=y
th 2 =:27]7) 51 ntR] WA B9AE EAE T4 RNA
{1 oMyt t}e] ribozyme RNA (100 nM)E splicing Z75)
oA 34170 F¢t dhEsle] 4 Al BkE EES A
T gel AollA B481e] Gvht 2 3 RNA7H rihozyme
of ojsle] Fglex| PAEIATHRgE. 2). T A% ¥2 RNAS
steme] EAEHE U §712 A5t Rb-OH# @9 A= 3
Ate] A F4 RNAE AHE < fl%ithFig 24). ey

Table 1. Mapping results of the target RNA

number of clones

Reaction sites(nt)

i vitro in eells

+7
+8
+9
+12
+13
+15
+24
+26
+28
+32
+34
+45
+47
+51
Nucleotide positions are presented for the uridines which can be
accessible to group I ribozyme. The number of individnal clones

which contain a given uridine at the splice sites identified from
e vitro (left) and 2 w0 (vight) mapping analysis is indicated.
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Fig. 2. In vifro trans-cleavage reaction. Body-labeled target RNA
{1 nM} was incubated under splicing condition with an excess
of group T rihozyme without 3' exon tag (100 nM). Reaction
products were analyzed on a 8% polyacrylamide-rea gel. A.
Rib- @ and - @ indicate ribozymes which can recognize the sequ-
ences of (D and @ of the target RNA shown in Fig. 14, respec-
tively. B. Rib- (3 and Rib(d) - @ indicate active and inactive riho-
zyme which ean recognize (3 sequence of the target RNA, respec-
tively,

loop F-91¢l EAEE U 8715 25K Rib-®2] A4e 4
o] AQpE 1 =717) 289} 23 nt?] 4 RNAS A 2
=== 8 T A 3A70e] BB F %A RNAS 50% 3=
7} 29 AE B 5 l9ichFig 2B). Control=4] rihozymes)
catalytic core 97} AAH| ol 48 ved ¢ gle
Rib(d)37} #2] RNAS Wgstd g 22 JHeEx 2 4
fE HeZ Hel Rib-Qd 23 @ 425 rihozyme2)
g 2% AYE o 4 UG Rib3e] E2 RNA2] +28
T2 FES] dAFe AL Fig 359 4004 FA=E 3
exon®] FEE Rib-39 EF RNA 7H] trams-splicing ¥H24
Eo] 47184 E Bul] gelsidn.
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In vitro OlM 53 ribozymeSE0 2|8t frans-splicing HIS
g Jela 22 RNAY loop ¥%] = 428 R0}
rihozymes| 215 ZF 1=1E 4= 9l=A] FelEkr] 93 3 exon
] tagging® ribozymeS (500 nM)E LF @A 2P A
RNA(LGO nM)Z12] pams-splicing §H-2 A7 E5FHFig. 3B).
Trans-splicmg® RNA 28] 242 target RNA 7512 5 £
oot darg &+ s 971MYE 5 primer® 281 dho-
zyme®] tagging® F2o dFY = de GrlHEL ¥
primer2 ©]-&% RT-PCR W32 T3 a5l ch(Fig. 3A).
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Fig. 3. In vitro and in vivo trans-splicing reaction. A. Scheme for
the analysis of trans-splicing reaction. Trans-spliced transcripts
were amplified with RT-PCR using an U primer and a I} primer
hybridized with 5 end of target RNA and 3" exon tagged at
rihozyme, respectively. B. RT-PCR analysis of irans-spliced RNA
products generated e wifro. 500 nM of active (Rib-) or inactive
(Rib{d}-) rihozymes were mcubated with 100 nM of target RNA as
subsirate. Reaction products were subjected fo electrophoresis
m a 2.5% agarnse gel. Amplification of trams-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 markex, C. RT-PCR analysis of frans-spliced RNA products
m cells. OST-7 cells were mock-transfected (mock) or cotrans-
fected with 5 pug of plasmids encoding active (pRib-} or inaclive
{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 ahove, 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.
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RNA mapping 23 Table 1), AEH Wl X2 prans-cleavage
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#Fig HZFE] RNA2| 23} 7=2] H4o] rbozymed] 495

295 FE oIS 4T 89092 @ 5 Ak

In vivellM 53 ribozyme=0| 2[3} trans-splicing B2

ZEF AE HAME T2 RNAY loop 7Y & +28 59
7} ribozymedl] 2j3)] 2 9121E = sl=A] g8k 3 43
ol Mgl Age] o] &E FAo] e B F4E 57T R
AH rihozymeE-S WEL ¢ UE plasmid(Rib-IEE pRib{d)
E A=F F £F RNAS 238 4 2T vlasmid(pSuh @}
A OST7-1 #)Ee] co-transfection Al - F=2F RNAY
RT-PCR w*2-& S5 9tHFig 3C). ©]1218 plasmidEL 25
T7 RNA FFE4Y IAF-9E Tasle 3 e=E T7 RNA
FHPELE A=ZelA AL EHee 0ST7-1 AE HellA
HE 4 Ah(3). Plasmid=2E] RNAS®] A=z Bd==Ae
transfection ¥ &% RNAS! RT-PCR ¥He-& F3 Z<Ists
theET) n|AE), 22 23 pRibGS pSubs transfection 3+
L(ane 5) in vitro o)A Rib<33} T3 RNAL| #-2<f 23]
HAE prans-splicing 22 (lane 1)3 22 27|90 123 bps] 4
o] FAEAT 23 A A W-AHEEe] AY
B« 2aldchlane 2-4, 6-8), T} pRib-@<] A3 <kl
trans-splicing 1E0] FEEAEH o]zl orl= AT
Mo} Z4F ME WA 235 RNAT 9 tE 23 725
gago 2 dojd Aol obdrl =FEU dufEH dET
el 48] A RNAE pSubS Xgloe = AE F in witro
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Fig. 4. Sequence analysis of frans-spliced transcripts in vivo, The
RT-PCR amplified products shown in Fig. 3C, lane 5 were isolated
on a gel and cloned into pUC18 after digestion with EceRI and
FindIll as shown in Fig. 3A. The expected sequence around the
splicing junction is shown with the ribozyme recognition sequence
boxed and the first nucleotide of the 3' exon tag circled
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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 zrans-splicing reaction by group 1 intron ribozyme of Te-
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 vive as well as in virre to search the mosl
accessible siles to the rrans-splicing ribozymes in the substrate RNAs. Sequences present in the loop of the
target RMAs have shown 1o 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 frans-cleavage and irans-
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.



