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Splicing of mRNA precursors (pre-mRNAs) occurs in a multimolecular complex, termed
spliceosome, which is comprised of pre-mRNA, small nuclear ribonucleoprotein particles
(snRNPs), and other protein factors including spliceosome-associated proteins (SAPs).
SAP49 is thought to be a subunit of the essential splicing factor SF3b and is involved in U2
snRNP function in mammalian cells. We have isolated a Caenorhabditis elegans cDNA
encoding an RNA-binding protein with two RNA recognition motifs (RRMs) which shows
extensive similarity to the human SAP49. The primary transcript for this C. elegans SAP49
homologue (cSAP49) seems to contain at least two additional cistrons and can be processed
into three different mature mRNAs by fra/is-splicing. The cSAP49 mRNA, like other
mRNAs in the same polycistronic unit, is expressed in most of the developmental stages,
consistent with its putative essential function for mRNA splicing. By means of an in vitro
RNA selection system, we demonstrate that cSAP49 possesses specific RNA-binding
activity which resides in its second RRM.

Key words: C. elegans, in vitro selection, polycistronic expression, RNA-binding speci-
ficity, spliceosome-associated protein (SAP).

In eukaryotes, most gene expression undergoes modi-
fication by splicing, with precise removal of introns from
pre-mRNAs, to give rise to mature mRNAs. Splicing occurs
sequentially in multimolecular complexes which consist
of pre-mRNA, small nuclear ribonucleoprotein particles
(snRNPs), and many other factors (for review, see Refs. 1
and 2). Assembly of these splicing complexes requires
base-pairing interactions between RNA components
(snRNAs) of snRNPs and several cts-acting elements on the
pre-mRNA.

One of the essential interactions for the formation of the
splicing complexes is a contact between U2 small nuclear
RNA (snRNA) and the branch point sequence (BPS) just
upstream of the 3' splice site. This interaction specifies the
branch point adenosine, leading to the formation of a lariat
intermediate in the first step of the splicing reaction (3). In
mammals, interaction of U2 snRNA with the BPS requires
U2-specific spliceosome-associated proteins (SAPs) (4).
The U2-specific SAPs 61, 62, and 114 together form the
splicing factor SF3a, and SAPs 49, 130, 145, and 155 are
subunits of splicing factor SF3b (4-6). Both SF3a and SF3b
are required for the early splicing complex (A complex)
assembly (5, 6). It has been shown by crosslinking experi-
ments, that most of these SAPs are located near the BPS
region in a specific order in the A complex, but their

1 The cDNA sequence described in this paper has appeared in the
Genbank database with the accession no. U24189. This work was
supported in part by research grants from the Ministry of Education,
Science, Sports and Culture of Japan, the Asahi Glass Foundation, the
Inamori Foundation, and the Senri Life Science Foundation to H.S.,
and by the JSPS Research Fellowship for Young Scientists to Y.T.
1 To whom correspondence should be addressed. Tel & Fax: + 81-78-
803-0554, E-mail: sakamoto@inherit.biosig.kobe-u.ac.jp

localization seems to be sequence-independent (7-10). In
addition, it has not yet been determined whether individual
SAPs have specific RNA-binding activity per se, although
some of these contain known RNA-binding motifs (9, 11,
12).

Here we report the isolation and characterization of an
unusual polycistronic Caenorhabditis elegans cDNA which
possibly originates from incomplete trans-splicing of the
primary transcript. Among the three open reading frames
(ORFs) in the cDNA, the third was found to encode a 388
amino acid protein containing two RNA recognition motifs
(RRMs) and a proline-rich domain, showing extensive
similarity with the human SAP49. By an in vitro selection
and UV-crosslinking analysis using bacterially-expressed
fusion proteins, we show that this C. elegans SAP49
possesses specific RNA-binding activity, and that this
activity is mediated by the second RRM.

MATERIALS AND METHODS

Oligonucleotides—The oligonucleotide primers used in
this work are as follows.

YT1: 5'-CGATATCGTAAGCTTNA(C/T)(A/G)AAN(G/
C)C(A/G)(A/T)ANCC-3'

YT2: 5'-AACAGCTATGACCATG-3'
PF1207: 5'-GGGAATTCAGATGTCAGCAGGGCCG-3'
PFrev: 5'-GTGGATCCGAATTCGGTACCGGGCCCCCC-

CTCG-3'
PF1207-303R: 5^a^GAATTCCATATTCTTTTCATGA-3'
PF1207-337F: 5'-CGCGGATCCGTTGGTGCAAATATTT-3/

PGX2T-5'R: 5'-GAATTGGGGATCCACGCGGAACCAG-
3'
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PGX2T-3'F: 5' -GATGGGAATTCATCGTGACTGACTG-
3'

Screening and Sequencing—PCR was performed using
the lysate from 10° pfu of A ZAPII cDNA clones as template
and the primers YT1 (for binding to RRM region) and YT2
(for binding to the invariable region of the X ZAPII phage
vector) by 30 cycles (94°C, 1 min; 50'C, 1 min; 72'C, 3
min). Amplified fragments were cloned into pUCl 18 vector
and subjected to sequence analysis. A PCR fragment,
isolated in this way, was used as a probe for hybridization
to obtain the full-length cDNA encoding cSAP49 from the
same cDNA library. Sequencing was performed using ABI
autosequencer model 373A.

Northern Blot Analysis—Isolation of worms at specific
developmental stages was performed according to the
method by Sulston and Hodgkin (13). Total RNA from
worms was isolated using QuickPrep total RNA extraction
kit (Pharmacia). The RNAs (~8 /xg) were electrophoresed
on a 1% agarose gel containing 2% formaldehyde, and then
subjected to Northern blot analysis (14). The labeled
ORFl/ORF2-specific and ORF3(cSAP49)-specific probes
were prepared from the YT1207 cDNA fragments spanning
the nucleotide regions 1-1646 and 1843-3181, respective-
ly-

Preparation of Fusion Proteins—To prepare GST-
RRMl + 2 fusion protein, an EcoTU. sites was introduced
just upstream of the cSAP49 initiation codon by PCR using
primers PF1207 and PFrev, and the amplified fragment
was blunt-ended by Klenow fragment after digestion with
.EcoRI and EcoRV, then cloned into the Smal site of
pGEX2T plasmid vector (Pharmacia). To construct GST-
RRM1.5, the same PCR fragment was digested with EcoRI
and flindin, blunt-ended, and cloned into the Smal site of
pGEX2T. The plasmid for GST-RRMl + 2, pGEX-RRMl +
2 was subjected to PCR-based mutagenesis using two sets
of primers, PF1207-303R & PGX2T-3T and PF1207-337F
& PGX2T-5' to generate the constructs for the following
fusions, GST-RRMl and GST-RRM2, respectively. All
GST fusion proteins were prepared as described previously
(15).

In Vitro Selection of Ligand RNAs and Binding Anal-
ysis—In vitro selection using GST-RRMl+ 2 was per-
formed as described previously (15). In brief, each RNA in
the random pool was designed to have a 25 consecutive
random sequence between the primer binding sites for
amplification by RT-PCR. At selection, we used the affinity
of the GST portion of the fusion proteins for glutathione-

Sepharose to recover the RNAs that were bound by the
proteins. The resultant RNAs were reverse transcribed and
cloned into the BamHl site of pUCH8. To prepare the
probe RNAs for in vitro binding analysis, BamHl frag-
ments from the plasmid clones were purified and used as
templates for in vitro transcription with T7 RNA polymer-
ase in the presence of [a-32P]GTP. The labeled transcripts
were purified by gel electrophoresis. The standard binding
reaction mixture (10 /x\) consisted of 10 kcpm probe RNA,
50 ng yeast RNA, and 100 ng of purified fusion protein in
binding buffer (20 mM HEPES-NaOH pH7.9, 200 mM
KC1, 1 mM DTT, 0.1 mM PMSF, 0.1% Triton X-100, 5%
glycerol). The reaction mixture was incubated at 20*C for
20 min followed by UV light irradiation and RNase diges-
tion, and then analyzed by SDS-polyacrylamide gel electro-
phoresis (PAGE) as described previously (16). The effi-
ciency of label transfer to the fusion proteins was analyzed
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Fig. 2. Sequences for cw-splice sites and putative trans-splice
sites of the cSAP49 gene cluster. (A) Cis-splice donor site (5'ss) and
acceptor site (3'ss) sequences and their consensus. The numbers on
the right show the length in nucleotide and AT content of each intron.
(B) Putative polyadenylation signals (underlined) and fra/is-splice
acceptor site (slashed) in the intergenic region. Stop and initiation
codons are boxed.

cDNA

genome

Fig. 1. Schematic representation of the YT1207 cDNA and the
corresponding genomic region. Three ORFs within the cDNA are
shown by open arrows. By comparing the sequence of YT1207 cDNA
with that of the genomic cosmid clone CECO8B11 in the database, the

SOCfep

protein-coding regions of the genome are shown by shaded boxes.
Arrowheads and asterisks show the possible polyadenylation sites and
fafzns-splice sites, respectively.

J. Biochem.

 at Peking U
niversity on O

ctober 2, 2012
http://jb.oxfordjournals.org/

D
ow

nloaded from
 

http://jb.oxfordjournals.org/


Expression and RNA -Binding Specificity of C. elegans SAP49 741

by densitometry using a Fuji BAS 2000 Image Analyzer. A
negative control RNA used in the in vitro binding analysis
contained the sequence 5'-UCAAUAGUGCAUUGAGAC-
CCGGGUA-3'.

RESULTS

Nucleotide Sequence of the cDNA Encoding cSAP49—
We attempted to identify cDNAs encoding novel RNA-
binding proteins from a C. elegans mixed-stage cDNA
library by degenerate PCR. A PCR fragment that seemed to
encode a novel RRM, was then used as a probe to obtain a
full-length cDNA from the same library. 4x 10s pfu were
screened, resulting in a positive clone (YT1207) which was
isolated and subjected to sequence analysis. The 3207
nucleotide cDNA surprisingly contained three ORFs {1-3),
the third of which corresponded to the probe fragment used
in the screening (Fig. 1). The unusual structure of this
cDNA seemed to result from incomplete RNA processing,
since many mRNAs are believed to become mature by
trans -splicing of polycistronic primary transcripts in C.
elegans (17, 18). This side-by-side arrangement of poten-
tial genes represented by the three ORFs was confirmed by
Southern blot analysis of the C. elegans genome using
ORF-specific probes (data not shown). The result is also
consistent with the sequence data of a C. elegans cosmid
clone in the database (CEC08B11; accession no. Z46676).

This appears to suggest that the genomic locus contains at
least three cistrons in a single transcription unit.

Comparison of the cDNA sequence with the correspond-
ing genomic sequence revealed that the genomic regions for
ORF2 and ORF3 contain four and three introns, respective-
ly (Fig. 1 and Fig. 2A). It should be noted that the second
and fourth introns for ORF2 were newly identified in this
study, although other introns were predicted previously by
the genome project analysis. The putative cleavage/poly-
adenylation sites and the internal tra/is-splice sites, both of
which would separate three ORFs to generate individual
mRNAs, are located downstream of both ORF1 and 0RF2
(Fig. 1 and Fig. 2B). Based on the genomic sequence
information and the absence of a stop codon in the 5' region
of the cDNA, ORF1 likely extends further upstream. The
corresponding gene contains one putative intron.

The protein deduced from ORF1 (107 amino acids) did
not show any noticeable homology to known proteins and
seemed to represent a partial protein sequence as mention-
ed above, and ORF2 encodes a 418 amino acid actin-related
protein as described in the C. elegans database. The protein
deduced from ORF3 contains two predicted RRM-type
RNA-binding domains in the amino-terminal half and a
proline-rich domain near the carboxy-terminus (Fig. 3). As
judged by the position of a possible trans-splice site,
translation initiates from the second methionine codon
within ORF3, producing a 388 amino acid protein. Database
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ERNQE

MNYSADSG1

RRM1

tDEKVSBPULWELF:

jPRITKEOllMELEIdl

1 h
117

170
170
176

iLGVfliNTlHLAMPGV 229
PPPgflPllflV-VSSL 228

213

CSAP49
hSAP49

HAAIAAHATGF
GSGLPPPGMPE

(\Q9dY0GQXPfWPEWP
LPFraiPP.

Pro-rich
CSAP49
hSAP49

CSAP49
hSAP49

hSAP49 TPRPPVPPRGPLRGPLPQ

Vol. 121, No. 4, 1997

-PPPGMRMPOG 346
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Fig. 3. Comparison of the
amino acid sequence of
cSAP49 with those of the
human (hSAP49) and yeast
(ySAP49) counterparts. Two
putative RRM regions (RRMl
and RRM2) and proline-rich
region (Pro-rich) are indicated.
Identical amino acids are boxed.
Amino acid residue numbers are
shown on the right side.
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searches have revealed that the protein shows extensive
similarity (56% identity) to the human spliceosome-asso-
ciated protein SAP49 (nSAP49) (9). In particular, the
predicted RRM regions of the two proteins exhibit 82%
identity. In addition, the proline-rich carboxy-terminal
region is well conserved among these proteins. Thus, we
conclude that the C. elegans protein encoded by 0RF3 is a
homologue of hSAP49 and was designated cSAP49. Inter-
estingly, the putative yeast homologue (ySAP49) in the
database shares moderate similarity with both hSAP49 and
cSAP49 within the RRM regions, but lacks the carboxy-
terminal proline-rich domain (19).

Developmental Expression Pattern of cSAP49 mRNA—
If cSAP49 functions, like its human counterpart, as a
subunit of splicing factor SF3b in C. elegans, it would be
expected to be expressed constitutively in all cells at all
developmental stages, since splicing is required for the
production of almost all mRNAs. To examine the expres-
sion of cSAP49, total RNA was isolated from worms at
various developmental stages and subjected to Northern
blot analysis (Fig. 4). Using a cSAP49-specific probe
spanning the 0RF3 region, a 1.6 kb transcript slightly
larger than the 0RF3 was detected at all the developmental
stages examined (from egg to young adult stages). Thus, the
transcript seemed to be a mature polyadenylated mRNA

B
E Ll L2 L3 L4 A E Ll L2 L3 L4 A

2.6kb » -

1.6kb »-

1.0kb • •

I
28S —

18S —

Fig. 4. Developmental expression patterns of the mRNAs
corresponding to the three ORFs of the YT1207 cDNA. Total RNA
at each developmental stage was isolated from synchronized cultures
and subjected to Northern blot analysis. E, egg; Ll, 1st larval stage;
L2, 2nd larval stage; L3, 3rd larval stage; L4, 4th larval stage; A,
young adult stage. (A) The 1.6 kb mRNA for 0RF3 encoding the
cSAP49. The ethidium bromide-stained small (18S) and large (28S)
ribosomal RNAs for the same gel are shown below as loading controls.
(B) Two distinct mRNAs for ORF1 (1.0 kb) and 0RF2 (1.6 kb) were
observed as well as a faint band of 2.6 kb RNA using an 0RF1-0RF2
specific probe in the same blot of the panel A.

for ORF3. This constitutive expression pattern of cSAP49
mRNA is consistent with its putative housekeeping role in
vivo.

In addition, when a probe specific for both ORF1 and
ORF2 was used, three distinct transcripts (1.0,1.6, and 2.6
kb) were detected at all developmental stages. Of these
bands, as judged by their sizes, the 1.0 and 1.6 kb tran-
scripts appear to be the mature mRNAs for ORF1 and
ORF2, respectively. The other very weak band of 2.6 kb
seemed to correspond to an intermediate RNA containing
ORFl and/or ORF2 regions. Taken together, these results
indicate that the primary transcript which gave rise to the
YT1207 cDNA may be processed into at least three distinct
mature mRNAs by trans -splicing.

In Vitro Selection of RNAs with Affinity for cSAP49—It
was not known whether the human SAP49 possesses the
specific RNA-binding ability by itself. To address if
cSAP49 has this ability, we took advantage of the in vitro
selection system as described previously (15, 20). The
system requires the use of glutathione S-transferase (GST)
fusion proteins for affinity selection, so we attempted to
make a GST fusion with full-length cSAP49, but for
unknown reasons, we were unable to obtain a successful
clone from Escherichia coli. However, we were successful
in producing a truncated GST fusion containing the two
RRMs of cSAP49 (amino acids 1-256) which lacked most of
the proline-rich region in the carboxy-terminus. This GST-
RRMl + 2 fusion was analyzed by the in vitro selection
method.

After five rounds of in vitro selection, RNAs bound by
GST-RRM1 + 2 were reverse-transcribed, and 34 clones
were subjected to sequence analysis. The selection yielded
four classes of sequences, as represented by clones #22,
#61, #215, #216 in Fig. 5A. The outstanding feature of these
RNA sequences is that all contained either the octamer

#22 AGCOUOUOACCCACAUC (1/34)

#61 AGCOUOOOAOCCACGUC (»/34)

#215 GGGACUGAAUGUCOUOACUUCUGCA (2/34)

#216 GGCAUCOUOUQAOAGAGAGUGUUUC (2O4)

B % 3

Fig. 5. In vitro RNA selection and binding to the cSAP49. (A)
Sequences of the cSAP49-selected RNAs. The octamer motif and the
similar sequences are boldfaced. The frequency of appearance of each
RNA is shown on the right. (B) In vitro binding of cSAP49 to the
selected RNAs. GST-RRM1 + 2 was incubated with the RNAs indicat-
ed above, UV-irradiated followed by RNase treatment, electropho-
resed on a 12% SDS-polyacrylamide gel, and autoradiographed. Cont,
a negative control RNA containing a 25-mer sequence unrelated to
those of the selected RNAs.

J. Biochem.

 at Peking U
niversity on O

ctober 2, 2012
http://jb.oxfordjournals.org/

D
ow

nloaded from
 

http://jb.oxfordjournals.org/


Expression and RNA-Binding Specificity of C. elegans SAP49 743

motif, 5'-CGUGUGAG-3', or a close derivative. The se-
quence of clone #61 was the most frequently selected (29/
34). Clone #22 (1/34) is identical to clone #61 except for
two base-substitutions (G10C and G15A) and clone #216
(2/34) contains the common octamer motif observed in the
clones #61. Clone #215 (2/34) seems to be somehow
different from others, but contains a part of the octamer
motif (GUGA) observed in #61 and #216. The consistent
appearance of such a common motif in most of the clones
selected here strongly suggests that cSAP49 possesses a
specific RNA-binding activity.

In Vitro Binding of cSAP49 to the Selected RNAs—To
confirm the results of our in vitro selection analysis, we
directly tested the ability of cSAP49 to bind to the four
RNAs selected in vitro (clones #22, #61, #215, and #216) by
means of UV-crosslinking assays (Fig. 5B). The RNAs from
clones #61 and #216, which contain the octamer motif, were
efficiently bound by GST-RRM1 + 2, whereas no binding to
the negative control RNA containing an unrelated 25-mer
sequence could be detected. Interestingly, the binding to
clone #22 RNA, despite its close similarity to clone #61, was
reduced by ~ 7 5 % compared with that of #61, suggesting
the importance of the last G residue in the octamer motif
for efficient cSAP49-binding. As expected from the absence
of half of the octamer motif, clone #215 RNA showed very
weak affinity (~10%) as compared with that of #61. These
results demonstrated that cSAP49 has a specific RNA-
binding activity.

Determination of the Region Responsible for the Specific
Binding—To define the region capable of mediating the
specific RNA-binding ability, we made several deletion
mutants of GST-RRM1 + 2 and analyzed their affinity for

i-256
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98-256

1-154

GST-RRM1+2 I

GST-RRMI I

GST-RRM2 1

GST-RRM1.5 I

OUT H B a a n H n i u u l 1

SET Kfe)K«»> .'dl

B
S S 2a a. ococ a. x.

Fig. 6. Determination of the functional binding domain of
cSAP49. (A) Schematic representation of the GST fusion proteins.
The cSAP49 region of each GST fusion protein is shown as amino acid
residue numbers on the right. (B) In vitro binding of each GST fusion
indicated above to the #61 RNA. Experimental procedure is as
described in Fig. 5.

the #61 RNA (Fig. 6). GST-RRMI (amino acids 1-97) and
GST-RRMI.5 (amino acids 1-154), which contained the
first RRM alone and the first RRM plus half of the second
RRM, respectively, were not able to bind RNA. In contrast,
GST-RRM2, which contains the second RRM alone (amino
acids 98-256) bound just as efficiently as GST-RRMI+ 2.
The binding profile of GST-RRM2 to the other RNAs (#22,
#215, and #216) was found to be essentially identical to that
of GST-RRMI+ 2 (data not shown)'. These results indicat-
ed that the second RRM is necessary and sufficient for
cSAP49 RNA-binding ability to the RNAs selected in this
study.

DISCUSSION

Polycistronic Transcription and Trans-Splicing in C.
elegans—Unlike in most other multicellular eukaryotes, a
considerable number of mRNAs in C. elegans are produced
through trans-splicing using the spliced leader (SL) RNAs,
SL1 and SL2 (for review, see Refs. 18 and 21). Recent
studies on C. elegans mRNA expression indicate that some
genes are transcribed polycistronically as in the case for
bacterial operons (17, 22-27). According to an estimate, as
many as one quarter of the genes in the genome form
clusters and undergo polycistronic expression {17). Those
primary transcripts are believed to be processed into
monocistronic mature mRNAs by cleavage/polyadenyla-
tion and frans-splicing, as well as by cis-splicing, although
direct evidence has been shown in only one case, due to the
difficulty in detecting the short-lived polycistronic precur-
sors in cells (17, 18, 22). Fortuitously, we obtained a
polycistronic C. elegans cDNA containing three distinct
ORFs, which appears to be a product of incomplete RNA
processing. This finding provides direct evidence for the
polycistronic organization of the C. elegans genome, and
implies that cis-splicing precedes trans-splicing in the
organism as all the cis-introns of each ORF in the cDNA
have already been removed. As evidenced by the possible
presence of a precursor which has yet to undergo trans-
splicing between 0RF1 and ORF2 in Northern blot analy-
sis, it seems that the trans-splicing step separating each
cistron in this gene cluster occurs relatively slowly as is the
case with the gene cluster headed by mai-1 (22).

The major difference between introns which are removed
by trans-splicing and cis-splicing is thought to be simply
that the former lacks a 5' exon with a donor splice site,
because trans- and cis-splice acceptor sites share the same
consensus sequences and can be interchangeable (28-30).
Our data on the splice sites (Fig. 2) supports the above
hypothesis in that all 7 cis-introns identified are relatively
short in length (42 to 73 nt), AT-rich (71 to 85%), and their
donor and acceptor sites are well conserved. In the case of
trans -splicing at the internal region between ORF2 and
ORF3, similar AT-richness is observed within the 41-nu-
cleotide region between the putative ORF2 polyadenylation
signal (AATAAA) and the possible splice acceptor site
(TTTGAG/AT) which lies 7 nucleotides upstream of the
initiation codon of ORF3. This satisfies in part the require-
ments observed for cis-introns, although no evident donor
splice site can- be found in this region. It will be of impor-
tance to examine whether internal trans- splicing of the pre-
cursor RNA containing the cSAP49 coding region occurs in con-
junction with SL2 RNA as suggested by Zorio et al. (17).
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Functional Domains of SAP49 Implicated by Phylogene-
tic Conservation—Extensive similarity between cSAP49
and hSAP49 can be seen throughout the proteins. In
particular, the first and second RRMs show 80 and 84%
identity, respectively. The high degree of conservation in
the RRM regions between humans and C. elegans and the
developmentally constitutive expression of cSAP49 mKNA
in C. elegans suggest an important role for SAP49 in vivo.
The mouse SAP49 mRNA is also expressed in almost all
tissues, albeit at varied levels among tissues (our unpub-
lished observations). These results further support the idea
that SAP49 is a basic component of an essential splicing
factor, as has been suggested (9, 10).

Our in vitro selection was performed using a fusion
protein consisting of the two highly conserved RRMs of
cSAP49, however all of the selected RNAs were found to be
targets for the second RRM, suggesting that the first RRM
may have very weak or no RNA-binding activity. Use of
GST-RRM1.5 (which contains only a partial second RRM)
for in vitro selection, did not result in the detection of any
common sequence motifs (data not shown). Taking both the
phylogenetic conservation of the first RRM and previous
observations of direct interaction of SAP49 with another
SF3b subunit, SAP145 (9) into consideration, it is likely
that the first RRM functions as a protein-protein interac-
tion domain with SAP145 rather than as an RNA-binding
domain. Interestingly, the carboxy-terminal proline-rich
domain which is conserved between human and C. elegans
SAP49, is not found in the putative yeast homologue (19).
A similar proline-rich domain is also lacked in the yeast
homologue of the human SAP62 (11). Such differences may
imply a function for the proline-rich domain in mediating
more complex interactions which occur in multicellular
organisms.

What Is the Target RNA of SAP49 In Vivo?—Most of
SF3a/SF3b subunits including SAP49 can be crosslinked in
a specific order to sites upstream of the pre-mRNA BPS
region in the splicing complex A (9, 10). As their localiza-
tion seems to be sequence-independent, the possibility
remained that some of the crosslinks in the splicing com-
plex may be attributed to indirect interaction with the pre-
mRNA. Our data provides the first evidence that one of the
SF3b subunits does have intrinsic RNA-binding activity,
suggesting that SAP49 may bind directly to the BPS region
of pre-mRNA in the splicing complex. However, we could
not find any significant homology between the cSAP49-
selected sequences with the sequence of the BPS region.
Under the conditions employed in our in vitro binding
system, cSAP49 could not bind to the RNA sequences
which have been reported for crosslinking of hSAP49 (data
not shown). This does not rule out the possibility that
SAP49 binding specificity may undergo modification via
interaction with SAP145 and/or with other SF3b subunits,
and thus become capable of binding to the BPS region.

Another clue to the function of cSAP49 is the sequence
similarity of the in vitro selected octamer motif, CGUGU-
GAG, with splice site sequences. The octamer contains GU
and AG, which are highly conserved in the 5' and 3' ends of
introns, respectively. It has been well accepted that GU
dinucleotides at the 5' end of introns are recognized by Ul
snRNA, but little is known about factors which recognize
AG dinucleotides at the 3' end, although the same Ul
snRNP is involved in recognition of the AG dinucleotide in

fission yeast (31). Thus, SAP49 might bind to either or both
splice sites to tether the 5'- and 3'-ends of the intron in close
proximity with Ul snRNP, and stabilize U2 snRNP near
the 3' splice site region in the splicing complex. Alterna-
tively, the target of the cSAP49 second RRM might be
snRNAs, which play essential roles in mRNA splicing,
rather than pre-mRNA. It will be of great interest to
examine whether cSAP49 interacts with SAP 145 as is the
case in humans and whether it directly binds to pre-mRNA
and/or snRNAs in the presence or absence of other SF3b
subunits.
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