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ABSTRACT RNA Transcript (552 ni)

High-throughput screening assays have been devel- Bl
oped to rapidly identify small molecule inhibitors Them [Seyiiem R
targeting catalytic group | introns. Biochemical reac-
tions catalyzed by a self-splicing group | intron derived
from Pneumocystis carinii  or from bacteriophage T4
have been investigated. In vitro biochemical assays
amenable to high-throughput screening have been
established. Small molecules that inhibit the functions

of group | introns have been identified. These inhibi- I g
tors should be useful in better understanding ribozyme

catalysis or in therapeutic intervention of group | l

5 cleavage

¥ cleavage
Exon Ligation

intron-containing microorganisms.

Group | introns have been found to catalyze their own splicing

reactions in the absence of any proteis¥n increasing number

of activities including that of a ribonuclease, phosphotransferase,

acid phosphatase, DNA and RNA restriction endonuclease, RNA

ligase, RNA polymerase and aminoacyl esterase have been found ls2nt 390 nt

for this catalytic RNA (ribozyme). Most interestingly, the same

active site used in the self-splicing reactio®s geems to be ; e

involved in all of these reactions. Since group | introns are found N et sl Ceoltanos

in biologically relevant genes of several microorganisms and are

non-existent in human, it has been suggested that the self-splicing

of group | introns serves as a therapeutic targetArginine

analogues4) and metabolites such as streptomysjratd other

aminoglycoside antibiotic§) demonstrated inhibition @f vitro -

self-splicing of group | introns. There has been, however, no

reports of low molecular weight organic inhibitors for RNA

self-splicing reactions. We now report high-throughput screening

assays using the intron systemg$’meumocystisarinii (7) or

SunY(8) that successfully identifies small molecule inhibitors

targeting catalytic group | introns. Figure 1. Schematic representation of the self-splicing reactions catalyzed by
A high-throughputin vitro self-splicing assay has been the group I introns derived froRicarinii. Also shown here is the separation

established using a 552 nt precursor RNA containing the 390 Rfotoco! used for the high-throughput filtration assay.

long group | intron and truncated @and 3-exons ofP.carinii

(shown in Figl). To this ‘cold’ precursor RNAg-32P-labeled  products of the first step reaction are theX®n (113 nt) and a

GTP (Amersham) is added as a cofactor to initiate the self-splig®P-labeled RNA fragment (439 nt, intron—8xon). This

ing reactions by attacking thé frminus of the intron. The 5'-cleavage reaction is followed by the re-ligation of thexén

*GTP

439

G
300 nt
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Figure 2. (A) Primary sequence and predicted secondary structure of the self-assembled ribozyme system. The catalytic domains conserved in group | intron
represented blp, Q, R andS. The G/C base pair responsible for binding guanosine cofactor is highlighted by asB)rRkH (igation reaction catalyzed by the
self-assembled ribozyme. An asterisk at thenl of the 6 nt RNA may indicate radioisotopes suc#Rand33P while an arrow at the-8nd of either 28 or 33

nt RNA represents a biotin tag.

and the 3exon to produce a ligated exon (162 nt) and #he 3-OH from the 6 nt to the 'dhosphodiester linkage
5'-32P-labeled intron RNA (390 nt). Fre82P]GTP and the following the 3-guanine residue of the 28 nt. The products
longer 32P-labeled RNA products can be readily separatehclude a free guanosine and a ligated 33 nt RNA product. This
through acid precipitation and filtration. Only longer RNAligation reaction represents a mimicry of either the reversal of the
fragments are acid precipitable and remain on the membrane aftest step or the second step reaction occurring in the group | intron
filtration. The efficiency of the self-splicing reactions in theRNA self-splicing process. To facilitate the separation of the 33
absence or presence of inhibitors can be followed by measuringproduct from the 6 nt RNA, a protocol using biotin-streptavidin
the amount of the radioactivity retained on the filter membraneonjugation 9) is incorporated into this assay (F2R). Each 6
If the first step (5cleavage) is inhibited by small molecules,nt RNA is B-labeled with a radioactive isotope and the 28 nt RNA
incorporation of$2P]GTP to the precursor RNA will be inhibited is chemically synthesized with a biotin at the8d. When the
rendering a decreased amount of radioactivity on the membratigation reaction occurs, the 33 nt product should'hgofope-
Another assay was established based on a self-assembidgkled and'2biotin-tagged. Upon conjugation with streptavidin,
ribozyme (Fig.2A) composed of three RNA fragments (59, 43the product can be readily separated from the 6 nt RNA through
and 36 nt). This ribozyme contains the conserved catalytic cdiltration. The non-radioactive 28 nt substrate RNA in this assay
derived from self-splicinunYgroup | intron and catalyzes the does not interfere with the detection of the product formation.
ligation of a 6 nt RNA fragment to a 28 nt RNA (shown in Fig. Both assays are amenable to high-throughput screening. A
2B). The assembled ribozyme catalyzes the nucleophilic attacktgpical example of the results obtained fromRlwarinii screen
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Figure 3. High-throughput screening data of a 96 well microtiter plate from the nitrocellulose filter assay carried out on the precursocdiNi bf each well,
precursor RNA (50 nM) was mixed first with inhibitors (#0) and the self-splicing reaction was initiated with the addition-82P]GTP (0.64Ci). The self-splicing

buffer contains 50 mM Tris—HCI, pH 7.5, 100 mM (j$$04, 10 mM MgCh, 5 mM spermidine and 5% glycerol. The reaction mixture was incubatetiaf®0

3 h. Addition of 11% trichloroacetic acid (TCA) stopped the splicing reaction and precipitated the RNA products. The TCA/reaction mixture was incubated a
transferred to a nitrocellulose filter plate (Millipore, MHAB). The plate was filtered, washed and dried. The retained radioactivities were determined using scintillati
counting (Wallac Microbeta Counter). All solution handling was automated using a robotic workstation (Beckman, Biomek 1000). A statistical analysis of the inhibiti
data was obtained from the high-throughput filtration assay. Out of 1440 samples testéB5%gs#xhibit little or no inhibition. The active ones(% inhibition)
represenfb% of the collection.

is shown in Figur8. The percentages shown in FigBrepresent conditions, viomycin, streptomycin or pentamidine exhibited

the extent of the self-splicing reactions. Column 1 represer2§—50% inhibition.

eight repeats of the self-splicing reactions in the absence of anyn summary, reproducible, sensitive and high-throughput assays

inhibitors while column 12 represents eight repeats of solutidmve been established for targeting self-splicing group | introns.

containing $2P]GTP only. Eighty different samples (columnsThe reported high-throughput filtration assay is meant to rapidly

2-11) of potential inhibitors were tested per plate. The differengereen mass numbers of compounds. Further studies are requirec

between the mean values of raw data from columns 1 and t® understand the mechanism of action of individual inhibitor.

serves as the common denominator in calculating the inhibitoAfthough unproven yet, inhibitors acting on this specific mechanism

effect. The percentage in each well was obtained by subtractioguld be of clinical utility in treating infections caused by

its raw value with the mean value of column 12 and then dividingiicroorganisms whose life cycle is regulated by the catalytic

this value by the common denominator. In this example, samplegction of group | introns. If such agents are shown to be clinically

in wells F7 and G5 demonstrated >70% inhibitory effect and wereseful, then vitro assays described here might be more generally

selected for follow-up inhibition studies. The eight repeats insed to screen agents targeting a variety of RNA-catalyzed

column 1 (or column 12) suggest that there may be up to 208actions.

error associated with this filter assay. This should not affect the

usage of this filter method as a primary screening assay if the

high-throughput screen is to quickly identify significant positivéREFERENCES
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