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The splicing of nuclear pre-mRNAs is catalyzed by a large, multicomponent ribonu-
cleoprotein complex termed the spliceosome. Elucidation of the molecular mecha-
nism of splicing identified small nuclear RNAs (snRNAs) as important components of
the spliceosome, which, by analogy to the self-splicing group II introns, are impli-
cated in formation of the catalytic center. In particular, the 5’ splice site (5'SS) and
the branch site, which represent the two substrates for the first step of splicing, are
first recognized by Ul and U2 snRNPs, respectively. This initial recognition of splice
sites is responsible for the global definition of exons and introns, and represents the
primary target for regulation of splicing. Subsequently, pairing interaction between
the 5'SS and Ul snRNA is disrupted and replaced by a new interaction of the 5'SS
with U6 snRNA. The 5'SS signal contains an invariant GU dinucleotide present at
the 5’ end of nearly all known introns, however, the mechanism by which the spliceo-
some recognizes this element is not known. We have identified and characterized a
specific UV light-induced crosslink formed between the 5'SS RNA and hPrp8, a pro-
tein component of U5 snRNP in the spliceosome that is likely to reflect a specific rec-
ognition of the GU dinucleotide for splicing. Because recognition of the 5'SS must be
linked to formation of the catalytic site, the identification of a specific and direct in-
teraction between the 5'S8S and Prp8 has significant implications for the role of this

protein in the mechanism of mRNA splicing.
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SPLICEOSOME ASSEMBLY

Splicing takes place in a multicomponent,
dynamic complex, termed the spliceosome,
assembled on the premRNA by the ordered
association of small nuclear ribonucleopro-
tein particles (snRNPs). Five snRNP parti-
cles, U1, U2, U4, U5, and U6 snRNPs are in-
volved in formation of the spliceosome, which
creates the active center responsible for ca-
talysis (reviewed in [1-9]). Spliceosome as-
sembly requires specific recognition of splice
site signals; the 5' splice site (5'SS) consen-
sus sequence, including a conserved GU dinu-
cleotide at the 5’ end of the intron, and the
3'SS region, consisting of the branch site,
polypyrimidine tract, and a conserved AG
dinucleotide at the 3'SS [10]. The following
description will focus mainly on the mammal-
ian system; however, our understanding of
the splicing mechanisms is also largely based
on analysis of the highly homologous yeast
(Saccharomyces cerevisiae) system [7, 11]. The
initial stages of splicing involve formation of
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the commitment complex composed of Ul
snENP as well as nonsnRNP proteins (see
Fig. 1). Subsequently, splicing complex A is
formed that contains U2 snRNP bound to pre-
mRNA sequences around the branch site.
Complex A is then converted into complex B
by association with U4/U5/U6 snRNP. This
step also involves an apparent destabilization
of U1 snRNP from the spliceosome. Subse-
guent rearrangement leading to formation of
complex C is associated with release of U4
snENP from the spliceosome and the con-
comitant first step of splicing: cleavage at the
5'88 and formation of a lariat IVS-3" exon in-
termediate. Finally, the lariat intron and
spliced mRNA exons are generated. The lariat
intron is found in complex I, containing U2,
U5, and U6 snRNPs.

The multi-step process of spliceosome as-
sembly is probably more complex than
strictly required to form the functional cata-
Iytic site capable of carrying out two transes-
terification reactions of premRNA splicing.
However, this baroque design of the system

Trans-splicing
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Figure 1. Schematic represen-
tation of the spliceosome as-
sembly pathway.

Exons (El and E2) are represented
by rectangles, introns by lines, and
anBNP particles by circles. Rela-
tive positions of snHENPs in the
splicing complexes are arbitrary.

COMPLEX B



Vol. 45

Recognition of the 5’ splice site

871

allows for a highly precise and flexible control
of splice site selection for the reaction. To
maintain the reading frame of mRNA, introns
must be removed with a single-nucleotide pre-
cision, vet they differ widely in size, number,
and location within preemBENA, and they con-
tain only short segments of conserved se-
guences. The specificity of recognition of
splicing signals is provided by the combinato-
rial action of multiple factors that act at the
individual splice sites and determine stability
of the spliceosome. Thus, the complicated as-
sembly process provides means of subtle and
precise control of splice site selection and
splicing. At least some of the spliceosome
complexity serves regulatory purposes that
provide the required specificity and selectiv-

ity of splicing.

ROLE OF snRNAs IN SPLICING

Multiple sequential interactions of snRNP
particles and premRNA are involved during
spliceosome assembly (reviewed in [2-5, T]).
Briefly, the conserved 5'SS consensus se-
quence (G/GUPuAGU, where the / indicates
the exon/intron border) is paired with the 5’

U1 us

end of Ul snRNA within complex E or com-
mitment complexes at the early stage of the
process. In parallel, the branch site
(5'UACUAAC3") upstream of the 3'SS is rec-
ognized within complex A through base pair-
ing with a segment of U2 snRNA (5'GUA-
GUA3'), producing a short duplex containing
a branched adenosine, possibly bulged out
from the helix. Subsequently, when U4/U5/
U6 snRNP joins complex A to form complex
B, U6 snRNA replaces Ul snRENA in the inter-
action with the intron at the 5'SS. At the
stage of splicing catalysis, the extensive pair-
ing within the U4/U6 snRNP is disrupted and
replaced with new helices formed hetween U2
and U6 snRNAs. Thus, interaction between
U2 snENA paired to the branch site, with U6
snRNA paired to the intron sequence near the
5’885, serves to bring together and properly
position the two reactants for the first cata-
lytic step (Fig. 2). The central loop of U5
snENA interacts with exon sequences; how-
ever, in yeast this interaction is not essential
for the first step of splicing [12, 13].

While the majority of premRNA introns
conform to the GU-AG consensus, a minor
group of introns has recently been identified
that exhibits significant differences in the se-

us

Figure 2. Schematic model of the snRNA:snRNA and snRNA:preRNA rearrangements at the catalytic

center during the spliceosome assembly.

The 5'SS RNA oligonucleotide and the branch site substrates of the first step of splicing are depicted. While the
scheme represents the U2-type snRNAs, equivalent rearrangements can be drawn for the U12-type pathway.
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quences recognized at the exon/intron bor-
ders [14-16]. Importantly, splicing of these
introns involves a distinet spliceosome com-
posed of different snRNPs. Two of these novel
snRNPs, Ull and Ul2, participate in the
early recognition of the 5' and 3'SS of this mi-
nor class (so called Ul2-type) of introns
[14-16]. Interestingly, subsequent formation
of the active spliceosome involves the same
U5 snRNP as in the major class (U2-type) of
spliceosomes, while U4 and U6 snRNPs are
replaced with two minor class Udatac and
U6atac snRNPs [17, 18], While the primary
sequences of Ull, U12, Udatac and UBatac
snRNAs are quite different from their U2-
type counterparts, the most conserved se-
guences of U6 snERNA are present in Ubatac
snRNA [17]. Furthermore, the secondary
structures of snRNAs and their interactions
with other snRNAs and premRNA are sirik-
ingly similar between the U2- and Ul2-type
spliceosomes [16]. Thus, both spliceosomes
are likely to follow the equivalent assembly
pathways and conformational changes lead-
ing to catalysis.

Because of the mechanistic and structural
similarities, splicing of pre-mRNA precursors
and self-splicing group Il introns are often
thought to have originated from a common
ancestor and proceed through RNA-based ca-
talysis [19-21]. Biochemical and genetic data
support the view that the catalytic mecha-
nism of splicing depends on snENA function
and that it may have originated from the RNA
world. According to this hypothesis, snRNAs
represent descendants of functional domains
of catalytic RNAs, which were capable of RNA
splicing in the past [20]. At later stages of evo-
lution, proteins began to interact with these
RNA domains to accelerate the rate and in-
crease the accuracy of splicing. With time,
these catalytic domains began to act in trans,
using associated proteins to facilitate assem-
bly of larger, catalytically competent com-
plexes. At present, proteins assist most, if not
all, RNA-catalyzed reactions in vive, although
their precise role has not been determined in

most cases. Thus, even if nuclear splicing has
evolved from the RNA-catalyzed self-splicing
process, it is formally possible that in addi-
tion to their regulatory functions in substrate
recognition and building the structural frame-
work of the complex, some spliceosomal pro-
teins evolved even further to participate more
directly in the catalytic process. In fact, the
definition of the catalyst needs to be reevalu-
ated in the context of an enzyme as complex
as the spliceosome — composed of multiple
proteins and RNAs that undergo a series of
conformational changes in the process of
splicing. Thus, before we can address the is-
sue of the identity of the catalyst, we need to
recognize other non-RNA important compo-
nents of the spliceosome and learn more
about the structure of its catalytic center.

SELECTION
FOR

OF THE SPLICE
SPLICING

SITES

One of the fundamental decisions in pre-
mRNA processing is the selection of splice
sites for the reaction. This global recognition
of the exon:intron borders provides an early
information concerning the subsequent pre-
cise definition of phosphodiester bonds that
participate in the transesterification reac-
tions of splicing. The early splicing com-
plexes, involving the commitment complex
and splicing complex A, select the 5'SS and
the branch site regions, respectively. In com-
plex A, the precise branch site is defined
through base pairing interaction with a con-
gserved sequence within U2 snRNA. On the
other hand, the initial selection of the 5'SS
occurs within commitment complexes and is
primarily determined by the pairing between
the 5'SS and the conserved sequence at the 5’
end of Ul snRNA.

Although Ul snRNP is required for spliceo-
some assembly, its association with the com-
plex is apparently transient. One function of
U1 snENP involves the delivery of the 5'SS to
the correct location in the complex, after
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which U1 snRNP is destabilized. By analogy,
it has been previously suggested that U4
snRNP functions by delivering U6 snRNP to
the spliceosome and unblocking the catalyti-
cally inactive U6 snRNA through dissociation
from the spliceosome at the transition from
complex B to C [22]. Recent studies show that
U1 snRNP is not strictly required for splicing
of some introns and that SR proteins can pro-
mote efficient splicing of premRNA in a Ul
snRNP-independent fashion [23, 24]. These
results can perhaps best be explained in light
of the exon definition model [25, 26], which
applies to most vertebrate organisms whose
preemRNAs contain multiple short exons
separated by long blocks of intervening se-
quences. According to this model, exons are
first recognized, or defined, by binding of Ul
and U2 snRNPs to the 5" and 3'SS regions, re-
spectively (Fig. 3). This association is stabi-
lized by additional factors, including SR pro-
teins, leading to the formation of commit-
ment complexes [10, 24, 27-29]). Subse-
quently, active spliceosomes are formed upon
further rearrangements that result in release
of Ul snRNP and binding of U4/U5/U6
snRANP. In this model, interaction between
complexes assembled at the two splice sites
defines the sequence between them as the
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exon, while the remaining pre-mRNA se-
quences become by default defined as introns.
Terminal exons require special mechanisms
for their recognition. The 5' terminal exons
use the 7-methyl-guanosine cap structure at
their 5’ termini as a recognition signal in-
stead of the 3'SS signals typical of internal
exons. The 3’ terminal exons relay on the ree-
ognition of polyadenylation signals in con-
junction with the upstream 5' S5 elements.
While the above model describes splicing of
vertebrate preemRNAs that contain multiple
short exons (average size — 137 nt) inter-
spersed between long introns (even 100000
nt), it needs to be modified in the case of
many lower eukaryotes that are characterized
by long exons and few short introns. Thus, or-
ganisms with small introns, such as S. cerevi-
siae, use the intron definition, rather than the
exon definition, as the initial mode of interac-
tion between the splice sites. In this case, the
process initiates with the interaction between
complexes assembled across the intron (mid-
dle line in Fig. 3) and proceeds directly to for-
mation of catalytically functional spliceo-
somes [26].

The exon definition model allows for accu-
rate predictions of pre-mRNA splicing pat-
terns in different organisms. For example, if

Figure 3. Exon definition
model. See texi for details.

Relative positions of Ul, U2, and
U4/U5/U6 snRNPs within com-
plexes are arbitrary,
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premRNA undergoes splicing according to
the intron definition mode, a mutation at the
5’ splice site flanking an intron will result in a
loss of recognition of that intron and conse-
guently retention of that intron in mature
mRNA (Fig. 4A). In contrast, the analogous
5'SS mutation in premRNA that undergoes
splicing according to the exon definition
mode will prevent recognition of the up
stream exon, leading to exon skipping pheno-
type (Fig. 4B). Alternatively, a cryptic 5'SS
may be activated in proximity of the mutated
site, recreating a short, recognizable exon,
and allowing for removal of the downstream
intron. In fact, a survey of mammalian muta-
tions available in the database indicates that
exon skipping and activation of a cryptic
gplice site represent the most frequent pheno-
types associated with splice site mutations,
strongly supporting the exon definition
model,

According to this hypothesis, Ul snENP
plays a regulatory role in the assembly pro-
cess by directing proper selection of the 5'SS.
In fact, most of the known eases of allernative
splicing events are regulated at the stage of
initial recognition of splice sites and forma-

A. intron definition

[ a

\

B. exon definition

X— Ry

tion of commitment complexes. Thus, while
specific selection of splice sites is strictly nec-
essary to maintain the proper composition of
exons in the spliced mRNA, it is not directly
required for the catalytic function of the spli-
ceosome. As mentioned above, in some se-
lected cases premRNAs appear to undergo
gplicing in the Ul snENP-independent fash-
ion [23, 24, 30, 31].

A SIMPLIFIED TEANS-SPLICING
SYSTEM

To study the recognition of the 5'SS at the
later stages of spliceosome assembly, we have
developed a simplified, functional trans-spli-
cing system, which represents a variation on
the well-characterized HeLa cell nuclear ex-
tract in vitro splicing system [32]. In this sim-
plified system, a short RNA oligonucleotide
containing the conserved 5'SS consensus se-
quence (5'SS RNA), together with a longer
3’85 RNA transcript, comprising the branch
site, polypyrimidine tract, and the 3' splice
site, are used as substrates for splicing. Be-
cause of the complementarity between the

Figure 4. Selection of splice sites
dictates the profiles of mRNA
products.

A. According to the intron definition
model, mutation at the 5'58 will pre-
vent recognition of the intron, and
thus will result in an intron retention
phenotype. B. According to the exon

definition model, a 5'SS mutation at
the 3" end of exon b will result in exon
skipping, generating mRNA acd. Al
ternatively, a cryptic 5 splice site may
be activated, producing ab’cd mRNA
product.
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5'SS RNA and the 5 end of Ul snRNA se-
quence, the 5'SS RNA is capable of binding to
U1l snRNP [33]. Remarkably, in the absence
of the 3'SS RNA, the 5'SS RNA can induce a
specific association of U2 and U4/U5/U6
snRNPs, forming U2/U4/U5/U6 snRNP com-
plex similar to splicing complex B [34]. Simi-
larly, under trans-splicing conditions (i.e. in
the presence of the 3'SS RNA), addition of
the 5'SS RNA results in formation of a tran-
sient 5'SS RNA:U4/U5/U6 snRNP complex,
which then stably associates with complex A
to yield splicing complex B [32]). Thus, the
5'SS consensus sequence can be specifically
recognized by U4/U5/U6 snRNP in the spli-
ceosome, independently of Ul snRNP.

Because the stable 5'SS RNA:U1 snRNA in-
teraction competes with formation of splicing
complex B, disruption of the initial base pair-
ing between the 5'SS RNA and Ul snRNA
must be required for spliceosome assembly.
Thus, to conveniently prevent binding of the
5'SS RNA to Ul snRNP and promote spliceo-
some assembly, a 5'SS DNA oligonucleotide
competitor is included in trans-splicing reac-
tions [32]. In the transsplicing assay the ini-
tial recognition of the 5'SS by Ul snRNP is
circumvented, resulting in Ul-independent
spliceosome formation and splicing [32, 33].
As a consequence, the specificity of exon defi-
nition provided by Ul snRNP is lost, and any
two 5' and 3’ splice site RNAs are joined in
proportion to the relative affinity of their
gplice site signals and not their relative posi-
tion within the precursor. Similarly, trans
splicing in Trypanosomes and nematodes
does not seem to involve Ul snRNP particles
[35]. In this system the spliced leader exon,
SL RNA, may functionally substitute for the
Ul snRNP particle, acting as a specialized
snRNP particle itself [36].

In all splicing reactions, Ul-dependent or
not, the 5'SS is recognized again at the stage
of addition of U4/U5/U6 snRNP to the spli-
ceosome complex [33, 37]. The mechanism of
this secondary recognition can be conven-
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iently studied in the trans-splicing system
since the two 5'S8 recognition evenis can be
easily separated. As mentioned above, spli-
ceosome assembly in this system is stimu-
lated by the addition of the 5'SS DNA com-
petitor. Since excess of the 5'SS DNA (of the
same sequence as the 5'8S RNA) competes
with binding of the 5'SS RNA to Ul snRNP
but not with spliceosome assembly, the latter
process must specifically recognize some fea-
ture(s) of the 5'SS that are unique to the RNA
substrate. Indeed, substitution of the uridine
residue at position +2 of the intron (U+2, see
Fig. 5) within the 5'SS RNA with thymidine

S3-2-1 4+ 42344546 +748

s AAG/IGUAAGUAdTs

Figure 5. Sequence of the 5’ splice site RNA oli-
gonucleotide used in the frans-splicing system.

(dT+2), results in a significant decrease in
spliceosome assembly and splicing [38]. Inter-
estingly, the observed requirement for the
U+2 residue reflects an apparent recognition
of the base, rather than the ribose backbone.
Individual deoxy-substitutions along the en-
tire 5'S8 RNA sequence have only a minimal
effect on the efficiency of spliceosome assem-
bly and splicing [39]. Remarkably, even the
5'SS RNA containing only three ribonucleo-
tides (G/GU, pos. -1, +1, +2) in the context of
the otherwise DNA sequence, is recognized as
a substrate and undergoes both steps of splic-
ing [39]. Thus, the difference between the
5'SS RNA substrate for splicing and the 5'SS
DNA must be restricted to just a few nucleo-
tides around the splice junction and involves
a specific recognition of the U+2 base.

The trans-splicing reaction illustrates sev-
eral advantages offered by simplified, partial
reaction systems. First, the use of a short
RNA oligonucleotide as a splicing substrate
bypasses the early interaction of the 5'SS
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with U1 snRNP, simplifying the spliceosome
assembly pathway. In general, by providing
the conserved consensus 5SS in the absence
of any flanking sequences, the contribution of
other RNA binding proteins that may interact
with exon and intron sequences in the context
of the fulllength premRNA eis-splicing sub-
strate is minimized. This practically elimi-
nates the application of any regulatory
mechanisms used e.g. in alternative splicing
reactions, but instead promotes efficient in-
teractions with snRNP particles that are re-
quired for spliceosome assembly.

INTERACTION BETWEEN hPrp8
PROTEIN OF U5 snRNP AND THE
CANONICAL GU DINUCLEOTIDE AT

THE 5' SPLICE SITE

Because of the highly efficient spliceosome
assembly, the frans-splicing system was cho-
sen to study specific interactions between the
5'SS and the spliceosomal components. Irra-
diation of splicing complexes with short-range
(254 nm) UV light generates several charac-
teristic crosslinks involving the 5'SS RNA.
One of them represents the 5'SS RNA:U1
snRNA and is formed in the absence of the
5'SS DNA competitor in the reaction, when
the 5'SS RNA binds directly to Ul snRNP
[33]. Under trans-splicing conditions, i.e. in
the presence of the 5'SS DNA and the 3'SS
RNA, two other crosslinks are detected within
splicing complex B: the 5'SS RNA:U6 snRNA
and 5'SS RNA:hPrp8 [38]. The 5'SS RNA:U6
snRNA interaction represents the only
RNA:RNA crosslink detected under these
conditions, and corresponds to the previously
identified base-pairing interaction between
intron positions +4 to +6 and the highly con-
served ACAGAG element in the U6 snRNA se-
quence in yeast and humans (see Fig. 2) [2-5,
37]. Potential base-pairing between the 5'SS
and U6 snRNA involves intron positions +5 to
+8, and is known to contribute to the stability

of complex B and the overall splicing effi-
ciency [40]. The presence of the 5'S5:U6
snRNA crosslink confirms the fidelity of the
transsplicing system and its utility to bio-
chemical analysis of the spliceosome.

The second crosslink present in the splicing
complex B, the 5'SS RNA:hPrp8p, represents
the only 5'8S:protein interaction detected un-
der these conditions [38]. A series of RNase
digestions mapped the site of crosslink to the
GU dinucleotide at the 5’ end of the intron,
suggesting a close contact between hPrp8 and
this highly conserved element within the
5'SS. Consistent with this notion, modifica-
tion of the uridine (rU +2) of the GU to ribo
thymidine (T +2), which replaces a hydrogen
(1.2 A) at position 5 of the base with a methyl
group (2.0 A), results in strong inhibition of
crosslinking to hPrp8, reduction in spliceo-
some assembly, and decrease in splicing ca-
talysis [38]. This inhibitory effect reflects
most likely a steric hindrance caused by a
bulky group, since 5iodoU (51dU, 2.15 A)
modification at intron position +2 also shows
similar negative effects. In contrast, introduc-
tion of a smaller 5fluorolU (5FdU, 1.35 A)
group at the GU results in a 5'SS substrate
similar to the unmodified RNA oligonucleo-
tide. As expected, none of these uridine modi-
fications had any effect when placed at posi-
tion +6 in the intron [38]. These results
strongly suggest that hPrp8 may specifically
recognize the 5'SS GU dinucleotide and posi-
tion it within the active site for the first step
of splicing. A small subset of both U2- and
Ul2-type preemRNAs is characterized by AU-
AC (rather than GU-AG) dinucleotides at the
ends of the intron [41, 42]. Since the same U5
snRNP, and thus the same Prp8, is implicated
in splicing of both major and minor class of
introns, the specificity of the 5'8S recogni-
tion by Prp8 may focus on the uridine (1J+2),
while the identity of the guanosine (G+1) may
be recognized by different splicing factors.
Further studies are needed to confirm this
prediction.
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THE HUMAN Prp8 PROTEIN —~ A
CONSERVED COMPONENT OF Us
snRNP

The human Prp8 protein, a large (270 kDa),
highly conserved component of U5 snRNP
[43, 44], has been previously implicated in
multiple contacts within the spliceosome.
Site-specific crosslinking experiments demon-
strated direct interactions of Prp8p with the
5'8S, branch site, polypyrimidine tract, and
the 3'SS region in premRNA [38, 45-49]. In
fact, Prp8p represents the only known spli-
ceosomal component implicated in direct in-
teractions with all premRNA signals impor-
tant for splicing. In addition, as a stable com-
ponent of U5 snRNP, it interacts with U5
snRNA and some other protein factors associ-
ated with this particle [50, 51]. Finally, ge-
netic analysis in yeast suggests additional in-
teractions between yPrp8 and other factors
involved in splicing, including Prp40, DED1,
and Prp28. Interestingly, the human ortholog
of Prp28, U5-100 kDa, is an integral compo-
nent of U5 snRNP [52], supporting the notion
that Prp8 and Prp28 may interact directly
with each other,

Because of the remarkable conservation of
Prp8p, its apparently central position within
the spliceosome, and its direct interaction
with the conserved GU dinucleotide at the 5’
end of the intron, we were interested in deter-
mining the precise location of the 5'SS:hPrp8
crosslink. The mapping strategy involved pro-
teolytic digestion of the purified 5'SS:hPrp8
crosslink with a series of proteases and
chemical reagents. Knowing the specificity of
individual cleavage reagents and the amino-
acid sequence of hPrp8 protein, it was possi-
ble to limit the position of the crosslink to a
short segment in the C-terminal portion of the
protein. Furthermore, immunoprecipitation
experiments using antibodies raised against
various portions of the protein confirmed that
the 5'SS RNA:hPrp8 crosslink resides in the
C-terminal segment of this 2335 amino-acid
protein [53].

Together with U6 snRNA, Prp8 represents
one of the most highly conserved spliceoso-
mal factors. This highly significant conserva-
tion spans a wide range of organisms — from
humans (H. sapiens), through nematodes (C.
elegans), yeast (8. cerevisiae and S. pombe), to
trypanosomes (T. brucer) [43, 44]. For exam-
ple, amino-acid sequences of S. cerevisiae and
C. elegans Prp8 are 61.3% identical and 77.3%
similar [43]. The protein sequence homology
extends essentially over the entire sequence
of Prp8, except for the N-terminal proline-rich
segment (about 80 aa) found in S. cerevisiae,
which is absent in the human or nematode
protein. The high degree of sequence conser-
vation allowed us to identify a region within
S. cerevisize Prp8 that corresponds to the
mapped site of the 5'SS:hPrp8 crosslink [53].
Interestingly, the erosslink site is located C-
terminally to one of the two most highly con-
served regions in Prp8 (pos. 1889-1947 in
yeast), which exhibits 93% identity between
human and yeast sequences, while the region
spanning the crosslink site itself is signifi-
cantly less conserved (45% identity, pos.
1948-1979 in yeast). Since no identifiable
protein motifs can be found in the Prp8p se-
quence, it is difficult to interpret the func-
tional significance of these segments. How-
ever, the proximity of the crosslink site, indi-
cating a direct physical contact with the 5'SS,
suggests that the adjacent highly conserved
region may play an important role in the reac-
tion. The function of the conserved Prp8 seg-
ment eould be limited to recognition of the
5'88S and its proper positioning at the cata-
lytic center, but it could also include a direct
participation in formation of the active site
and perhaps in catalysis of splicing. Needless
to say, additional studies are required to shed
light on this important issue.

CONCLUSIONS

Naturally, recognition of the substrate RNA
sequences represents a critical step in pre-
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mRNA splicing. Recognition of the branch
site seems relatively simple — it involves base
pairing interaction between the branch site
and U2 snRNA, facilitated by a number of
RNA:protein interactions that allow and con-
trol binding of U2 snRNP to premRNA (for-
mation of splicing complex A). In contrast,
recognition of the 5'SS appears to be more
complex and involves at least two independ-
ent recognition events. First, the 5'SS is rec-
ognized by Ul snRNP at the stage of the com-
mitment complex. To a large extent, this rec-
ognition relies on base pairing interaction be-
tween the 5' end of Ul snRNA and the 5'SS
consensus sequence. It is at this step in the re-
action that most regulatory decisions con-
cerning selection of the proper splice sites are
made. The subsequent recognition of the 5'SS
within the spliceosome involves an independ-
ent mechanism. The primary function of this
recognition step is to precisely determine the
phosphodiester bond that participates in
splicing. The two recognition events are inde-
pendent, as demonstrated by the transsplic-
ing system. It is remarkable that the 5'SS se-
quence alone, in the absence of the flanking
sequences that typically control interactions
with multiple RNA binding proteins, contains
information sufficient to direct assembly of
U2 and U4/U5/U6 snRNPs into a splice-
osome-like complex. A number of specific in-
teractions between the 5'SS and spliceosomal
components must occur within this complex
to precisely position the RNA in the catalytic
center. It is this proximity of the splice site
RNA substrate to the catalytic site of the com-
plex that draws so much attention to detailed
biochemical analysis of the 5'SS:spliceosome
interactions. We hope that determination of
precise contacts between the 5'SS substrate
and the spliceosome will shed light on the
structure of the catalytic center of this large
and complex enzyme. In this context, the
identified interaction between the most
highly conserved GU dinucleotide at the 5’
end of the intron and the Prp8 factor of U5
snRNP is particularly interesting. While fur-

ther studies are necessary to unravel the de-
tails of the mechanism by which Prp8 recog-
nizes the 5'SS, these results strongly impli-
cate Prp8 as an important component of the
spliceosomal catalytic center. Of course, it is
impossible to ignore the importance of the
snENA framework of the catalytic center;
however, protein contribution should also be
seriously considered. Among the spliceoso-
mal proteins analyzed thus far, Prp8 is par-
ticularly interesting in this respect.
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