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Summary. Expression of genetic information proceeds
through two major biological events, transcription and
translation. However, in eukaryotic cells, the primary
transcript (pre-mRNA) is not the template that the
translational apparatus scans through, in order to
produce the corresponding protein. Pre-mRNAs undergo
several modifications (cap site addition, poly A t tail
addition) prior to becoming mature mRNAs, with the
most important one being the excision (splicing) of the
intronic sequences. Yet, the mechanisms that regulate the
splicing process and the generation of alternatively
spliced mRNA products are still poorly understood.
Moreover recent findings suggest that this process also
has the capability to produce an additional set of RNA
products that differ from typical mRNA molecules. In
these novel RNA transcripts the order of the exons has
been changed relative to genomic DNA. Furthermore,
the properties of these transcripts suggest that they may
represent circular RNA molecules.
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Introduction

The splicing process in higher eukaryotes is
characterized by the precise excision of introns that can
be longer than 50,000 bases and the joining of exons that
are rarely over 300 bases. This joining of exons across
large introns implies that the molecular mechanisms
employed allow (a) the accurate recognition of the exons
in an environment of non-exonic sequences, and (b) the
precise joining of the exons with the concomitant
occurrence of intron release.
Exon definition

Although intronlexon boundaries contain conserved
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sequences, with nearly all introns starting with
dinucleotides GU and ending with dinucleotides AG
(Jackson, 1991), apart from the exception of a minor
class of AU to AC introns (Hall and Padgett, 1996; Tarn
and Steitz, 1996), these sequences, independently, are
not sufficient to allow precise recognition of exons.
Through the work of Berget (Berget, 1995 and
references therein) it has been established that splice
sites are recognized as pairs and define an exon only
when there is a certain proximity between these two
sites. I n line with this, artificial expansion of exons
beyond 500 nucleotides resulted in exon skipping,
implying that the expanded exons failed to be recognized
by the splicing machinery (Sterner et al., 1996).
Terminal exons, that is first and last exons require
special mechanisms for their recognition that appear to
involve cap and poly A t binding proteins. Moreover last
exons are in general longer than internal exons with an
average size of about 600 nucleotides.
In molecular terms exon recognition is accomplished
by the interactions of certain components of the
spliceosomal complex with the 5' and the 3' splice sites.
U1 snRNA base pairs with conserved sequences of the
5' splice site and U2 snRNA with the branch site in the
vicinity of the 3' splice site consensus. Additional
splicing factors, including U2AF, SR proteins and
hnRNPs, are also involved in the recognition process
(Green, 1991; Kramer, 1996; Manley and Tacke, 1996).
Exon juxtaposition

The exon definition event is followed by the process
of intron removal and exon joining. This proceeds
through a two-step transesterification mechanism. First
the 2' hydroxyl group of the adenosine residue of the
branch site attacks the phosphate group linking the last
nucleotide of the 5' exon with the guanosine residue of
the GU intronic dinucleotide, thus forming the branched
intermediate (lariat formation). Subsequently the 3'
hydroxyl group that has been formed at the last
nucleotide of the 5' exon attacks the phosphate group
that links the guanosine residue of the AG intronic
dinucleotide with the first nucleotide of the 3' exon,

