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In vitro transcription with phage T7 RNA polymerase is the 9 u g%
method of choice for obtaining multi-milligram quantities of RNA g-c" :
for structural studies. However, run-off transcription with this g a
enzyme results in molecules that are heterogeneous at-{reid3 TN 3
depending on template sequentdeBnini. For transcripts longer o 3 cus acg
than[B0 nucleotides (nt), these impurities cannot be removed by o 2ug9sa cucggeau ah,
preparative purification techniques. Useisfdelta, ortransVS Iuaccaus ‘\uu\G A
ribozymes allows preparation of homogeneous RNA with any HH SO0
3-terminal sequence. If preserithBterogeneity can be overcome gascoauallet  V
with acis-hammerhead ribozyme. youueecatpe

During the course of a structural investigation of Group Il u
self-splicing introns, we sought to prepare a 70 nt RNA molecule A cas agGharscuuSy
comprising domains V and VI (d56) of theaibtron (Fig.1). Shiy UECAUCUGRA,A
Run-off transcription from a plasmid linearized with the restric- Vs A VI
tion enzymeBsd to generate a DNA terminus ... TAGCCeh Ygcgogan
the template strand resulted in six to eight different molecules, the 9 dgotbey
shortest of which[{30% of the full-length transcript) is the ¢ *9gauc,

desired product (Fig2, lane A). Although resolved on an
analytical gel, these different molecules could not be separated
a preparative scale either by gel electrophoresis or chromatog Figure 1. Schematic representation of the hammerhead-d56-VSsl construct.
phy, making the resuling RNA inadequate for biophysice [he Stiercee O Somers 1 e Hoe Siowr b ueee s i ey
studies. Addltl,on of random nucleotides to, theéedminus of VS ribozyme substrate stem—loop (VSsl) are in lower case. Bgnds that are
run-off transcripts by T7 RNA polymerase is well documenter cleaved by the ribozymes are shown in broken lines. Note that the first 11 nt of
(1); we chose to use a ribozyme to cleave thend of our  domain V are complementary to a portion of HH. VSsl is longer than that of (4)
transcript to make it homogeneous. because the template plasmid was linearizedBetrH| rather tharAva.

The hammerhead (HH) and hairpin ribozymes have been
employed previously to cleave transcrips &nd references
therein). However, the well-characterized hammerhead has seRun-off transcription from a template encoding d56 followed
guence requirements o the cleavage site that are incompatibleby the 24 nt substrate stem—loop required by VS to duaris
with our desired product. This catalytic RNA needs the sequenféSsl) resulted in the expected 94 nt product. In the presence of
UX (X =G) to precede the cleavage site. The hairpin ribozyméhe trans-acting ribozyme RNA, the desired 70 nt d56 was
which needs (G/C/U)N instead, is prone to aberrant cleaZage (obtained, contaminated, however wiihi0% of RNAs that
Furthermore, when used to removeteBmini, both require appear to be 1 and 2 nt longer (Fj.lanes C and D). To
sequence complementarity with nucleotides internal to the produittyestigate if these were the result of aberrant cleavage by VS, we
necessitating ribozymes of different sequence for cleaving diffetranscribed a d56 which is followed by a singieBminal U, in
ent constructs. In contrast, the hepatitis delta virus ribozgme (turn followed by thé ribozyme. This resulted in a similar pattern
and theNeurosporaVarkud satellite RNA ribozyme (VS) have of contaminants (Fig2, lane B). These longer products are not
minimal sequence requiremer@sill cut after any base other than artifacts of partial dephosphorylation, since acid treatment of the
G (3, and references therein), while VS will cleave efficiently aftefull-length RNA to open the'23 cyclic phosphate followed by
any base other than @)( Thus, these two ribozymes used inphosphatase treatment preserves the pattern, with slightly slower
concert should allow cleavage after any desired sequence.  mobilities overall (data not shown).
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The analytical transcription of the homogeneous d56 presented
in Figure2 was carried out in the presence of an approximately
equimolar amount of separately transcribed and purified VS
ribozyme. Titration experiments showed that after incubation for
4 h under transcription conditions, one-tenth of this amount of
ribozyme achieved complete cleavage of substrate (data not
shown). For large scale (20 ml) transcription reactions, we found
that simultaneous transcription, with a 1:10 ratio of plasmids
encoding théransVS ribozyme and HH-d56-VSsl, resulted in
almost quantitative conversion of precursor into processed,
. homogeneous d56, which was easily separated from the ribo-
| — —— — zymes and cleaved VS;I by preparative _d_enatunng polyacryl-

amide gel electrophoresis. The yield of purified d560s mg
RNA/mI transcription reaction.

The use of theransacting VS ribozyme for the preparation of
large quantities of homogeneous RNA transcripts that we
introduce here has several advantages over the previously
well-documented use afis-hammerhead ribozymes. First, the
Figure 2. Production of homogeneous d56 RNA with usecist and VS ribozyme has minimal sequence requiremehtso Sthe
transtibozymes. Lane A, d56; lane B, d@lane C, d56-VSslin the absence  Cleavage site. Secondly, introduction of the VS substrate stem—
of_t\éS rtik\J/oSzyrtm)we; lane ID, asF C with VS Eriber)]/r\T/]g aggeg:lTane E,_HtH-dSG-Vt_SsIIoop into the template is accomplished readily, using PCR, with
withou rinozyme; lane i, same as k&, wi added. lranscription reaction i i i
(aopl each)contgined Fpig/m’I linearized blasmid DNA, 25mM MgE)IZ mM 5 3 primer of modest length. Thlrdly’ oreansacting VS
spermidine, 30 mM Tris—HCI pH 8.1, 10 mM DTT, 0.01% Triton X-100, 2.5 1°0Zyme can be used to cleave multiple RNA constructs, and
mM of each nucleotide triphosphate, enzyme, and trace amounts ofVen recycled for further reactions. Fourthly, in many cases, it is
[a-32P]ATP, and were incubated for 2 h af @7 Reactions on lanes C and F  sufficient simply to transcribe in the same vessel the RNA of
also contained 2g VS ribozyme. After addition of 90% formamide-BE interest and the VS ribozyme. Finally, when valuable nucleotides

and heating to 9 for 2 min, reactions were analyzed directly on a 10% ; ; ; ; ;
polyacrylamide—8 M urea gel, and visualized by autoradiography on imagin for instance, uniformly isotopically labeled nucleotides for NMR

plates. Thé ribozyme used has the sequence of Rz89cc described by (3). ThﬁpeCtrOSCOPV) are employed in tran_scription, us_Haﬁ&acting _
positions of HH (the self-cut hammerhead ribozyme), 856he self-cuid ribozyme prepared separately with conventional nucleotides

ribozyme), and d56-VSsl (d56 followed by the VS ribozyme substrate would allow considerable savings of precursors, which would
stem-loop) are indicated. otherwise be incorporated inteia-ribozyme.
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The problem was solved by incorporating a hammerhe
ribozyme on the 'send of d56 together with the VSsl at the EFERENCES
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