0 1996 Oxford University Press

Nucleic Acids Research, 1996, Vol. 24, No.1829-1854

The small subunit of the splicing factor U2AF is

conserved in fission yeast
Kelly Wentz-Hunter and Judith Potashkin*

Department of Pharmacology and Molecular Biology, Finch University of Health Sciences/The Chicago Medical
School, 3333 Green Bay Road, North Chicago, IL 60064, USA

Received February 15, 1996; Revised and Accepted March 26, 1996

ABSTRACT

The human splicing factor U2 auxiliary factor (hsU2AF)

is comprised of two interacting subunits of 65 and 35
kDa. Previously we identified the  Schizosaccharo-
myces pombe homolog, SpU2AF %9, of the human large
subunit. We have screened a fission yeast cDNA
library in search of proteins that interact with
SpU2AF 59 using the yeast two-hybrid system and have
identified a homolog of the hsU2AF 35 subunit. The
S.pombe U2AF small subunitis a single copy gene that
encodes a protein which shares 55% amino acid
identity and 17% similarity with the human small
subunit. Unlike the human protein, the yeast protein
lacks an arginine/serine-rich region. The predicted
molecular mass of the spU2AF small subunit is 23 kDa.
The region of SpU2AF 9 that interacts with spU2AF  23is
similar to the region in which the human small and
large subunits interact.

INTRODUCTION

GenBank accession no. U48234

requires the U2AF large suburiifl]. hsU2AF5 bindsin vitro to

the characteristic polypyrimidine-rich region found in mam-
malian introns between the branch point sequence and the 3
splice site {3). hsU2AFS s essential for splicinig vitro and the
fission yeast homolog, spU2A¥ and the fruit fly homolog,
dmU2AF0, are essential splicing factansvivo (14-16).

The small subunit of hsU2AF was identified through its
co-purification with the large subunit4,13). The gene for the
small hsU2AF subunit has been cloned and sequerdgd (
hsU2APS contains two serine/arginine (SR) motifs in its
C-terminus separated by a stretch of 12 glycines. Deletion studies
usingin vitro translated proteins have determined that the central
region of hsU2ARS is necessary for binding to hsUX&FThis
region does not include either of the S/R domains. In contrast to
hsU2AF5, hsU2AF® has not been shown to be essential for
splicingin vitro. The function of hsU2A® remains unknown.

Recently, Wu and Maniatis have identified protein—protein
interactions that take place between hsU2AF and other known
splicing factors 18). Specifically, they have shown that
hsU2AFS interacts with hsU2A# in vivo using the yeast
two-hybrid system. hsU24A¥ in addition to binding with the
large subunit can also interact with itself and the SR splicing

Splicing proceeds in a two-step pathwéay3). The first step : !
involves cleavage of the pre-mRNA at the highly conserved #ctors SC35 and SF2/ASF. SC35 and SF2/ASF in turn bind
splice site (GU). The result of this step is a linear first exon arfirough protein—protein interactions to the U1 70 k,Da protein,
a lariat intron—second exon intermediate. The second step ‘Ypich is part of the U1 snRNP complex that binds totsplize
splicing involves cleavage of thesplice site (AG) and ligation Sité of introns. The yeast two-hybrid system is a sensitive assay
of the B phosphate of the second exon to thiey8iroxyl of the that allows rapl_d identification of protein interactions that are
first exon, producing the mRNA and the lariat intron. weak and transient. _ o

Splicing takes place in a dynamic complex termed the Here_ we report the cloning of the f_|55|0n y_east _L_JZAF sm_all
spliceosome4-6). The spliceosome is thought to be comprise§uPunit. The spU2AF small subunit was identified by its
of at least 50 components, many which still need to be identifigjotein—protein interaction with spU2AF large subunit through
and characterized), The components that have been previouslgcreening of a fission yeast cDNA library using the yeast
identified include small nuclear ribonucleoproteins (snRNPs) af§0-hybrid system. The predicted amino acid sequence shows a
non-snRNP splicing factors. These factors interact with th@l9h degree of similarity with the hsU2AF small subunit.
pre-mRNA as well as each other to drive splicing. Throughgdelet_lon studles, we have identified the region of

The first ATP-dependent step in spliceosome assembly i§PU2AF? that interacts with the spU2AF small subunit.
volves binding of the U2 snRNP particle to the branch point
sequence 810). In mammals this step is facilitated by theMATERIALS AND METHODS
non-RNP auxiliary factor U2AF, which recognizes and binds t
the 3 splice site prior to U2 snRNP bindintl). Human U2AF
consists of two subunits of 65 and 35 kDa)( The specific The yeast two-hybrid screen for protein interactions with
interaction of the U2 snRNP with the branch point sequenapU2AF°was done using®chizosaccharomyces ponaNA

Qeast two-hybrid screen
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library subcloned into th&AL4 activation domain (AD) of the library plasmids were grown in minimal medium without leucine
plasmid pGADGH which carries tHeEU2 gene ofSaccharo- and plasmids were prepared after glass bead breakage according
myces cerevisiagClonetech, Palo Alto, CA). Plasmid from the to the Clonetech Matchmaker protocol.

library was prepared as described in the Clonetech Matchmaker

library protocol. spU2AR? was subcloned in-frame using the
BanH| site downstream of tH@AL4DNA binding domain in the
plasmid pGBT9, which carries tfi&P1gene. Yeast transform- gyji-length or shorter fragments of spUZ&R=nd spU2AR3
ations were carried out sequentially as described in Saftiebtl  \yere amplified by polymerase chain reaction (PCR). Refer

(20. Y190 (MATa ade2 gald-Agal80Ahis3 leu2-3 112 o Taplel for oligonucleotides PRPRanHI 5', PRP2A111 5,
trp1-A901 ura3-52LYS2:GAL1-HIS3 URASGAL1-lacl was  prp2A284 3 and PRPBanHI 3' used to subclone fragments
used as the host yeast strain for screening the lilf8ryHF7¢  of the large subunit gene and Clon8arHI1 5, Clone ABanH|
[MATa, ura3-52his3-200lys2-801ade2-101trp1-901leu2-3 3 Clone AA1-49 5 and Clone AA169—200 3for the small

112 gal4-542 gal80-538 LYS2:GAL1-HIS3 URA3:(GAL4  gybunit gene. The PCR buffer contained 10 ng plRT3/spB2AF
17mersy-CYCl-lacZ was used as the host yeast strain for thglasmid, 20 pmol '5and 3 oligonucleotides, 1 mM Mgg| 20
promoter control experiment2d). Transformants carrying pumol dNTPs, ¥ Taq polymerase buffer and 2.5 U Taq
PGBT9/spU2AR® were selected on minimal medium lackingpolymerase (Promega, Madison, WI) in a J@Oreaction.
tryptophan. Transformants containing pGBT9/spUZhid the  Full-length or shorter fragments of spUZ&Rvere amplified by
S.pombecDNA (spcDNA) library were selected on minimal PCR from wild-typeS.pombed72 genomic DNA. The PCR
medium lacking leucine, tryptophan, uracil and histidine andonditions were the same as above except 30 ng genomic DNA
containing 3-aminotriazolgs-Galactosidase filter assays werewas used as template. The purified fragments were digested with
performed on colony lifts from the yeast transformation plateBanHl (New England Biolabs, Beverly, MA). pGBT9 and
(Clonetech Matchmaker Protocol). spcDNA library plasmids thggGAD424 were digested wianH| and treated with 10 U calf
gave positive results in thig-galactosidase filter assay were alkaline phosphatase (New England Biolabs) according to the
recovered by growing the strain for several generations gonditions suggested by the manufacturer. The PCR fragments
minimal medium without leucine and plating the cells on minimalvere then subcloned in-frame into either pGBT9 or pGAD424.
medium either without leucine or without leucine and tryptopharCorrect orientation of the inserts was determined either through
This allowed the identification of strains that were missing theestriction enzyme analysis or dideoxy sequencing. All pairwise
pPGBT9/spU2AR® plasmid but carrying the pGADGH/spcDNA interactions were conducted with each construct in both the

Construction of spU2AP? and spU2AF3 deletion series

library plasmid. The strains carrying only the pPGADGH/spcDNAGBT9 and pGAD424 plasmids.

Table 1. The nucleotide sequences of the deoxyoligonucleotides used in this study are listed

Oligonucleotides

Sequence

Experiments

Clone A-1 sense 5-TTTAGTCAAACGATC-3 Sequencing
Clone A-1 antisense '"BSATCGTTTGACTAAA-3 Sequencing
Clone A-2 sense '"BEGGTGAAGTTGAACA-3 Sequencing
Clone A-2 antisense '"HGTTCAACTTCACCG-3 Sequencing
Clone A-5 sense '"B5CATGCCAAAAAACC-3 Sequencing
Clone A-5 antisense '"BGTTTTTTGGCATGC-3 Sequencing
Clone A-6 sense '"B5CCTTTGTAATTTTA-3 Sequenicng
Clone A-11 antisense '"'EGCGTAAAAGACTGAGGACTTGG-3 PCR, 5-end cloning

Adaptor primer 1

5CCATCCTAATACGACTCACTATAGGGC-3

PCR,

5-end cloning

M13 universal primer '5GTAAAACGACGGCCAT-3 Sequencing

M13 reverse —20 'BTTCACACAGGAAACAG-3 Sequenincg

PRP2BanH| 5' 5-TTGGATCCCAATGGATTTGTCTTCCAGA-3 PCR, full-length, deletion series
PRP2BanH| 3' 5-TTGGATCCCTTTTCATTGAAACTG-3 PCR, full-length

PRP2A111 8 5'-TTGGATCCCAATCGAACAGGAACTC-3 PCR, deletion series
PRP2A284-518 3 5-TTGGATCCGATGTAATTTTGAATTCTT-3 PCR, deletion series

Clone ABanHI 5 5-TTGGATCCCAATGGCAAGTCATTTGGCAAGTATTT-3 PCR, full-length

Clone ABanH| 3 5-TTGGATCCTCGTGGAATCACTATTGGG-3 PCR, full-length

Clone AA1-49 3-TTGGATCCCAAACATGTATAAAAACCCAATTCAT-3' PCR, deletion series

Clone AA169-200 5-TTGGATCCTGAAAACTCACAAAACATGTCCT-3 PCR, deletion series

The experiment(s) in which the oligonucleotides were used are listed in the third column.
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Oligonucleotides 1% SDS at 6%C for 1 h. The filter was exposed to X-Omat AR

. . _ . film (East Kodak C t <10 ight.
Oligonucleotides were synthesized by Gibco BRL (New York, NY).I m (Eastman Kodak Company) a overnight

The oligonucleotides used for sequencing and PCR experime
are listed in Tablé. &tESULTS

Identification of protein—protein interactions

5'-End clonin . - . .
g To identify interactions between spUZ&Fmnd other proteins, we

The B-end of spU2AR3 was obtained using the Clonetechused the yeast two-hybrid system. The cDNA encoding spt2AF
Marathon cDNA Amplification Kit. Total RNA was prepared was subcloned into the yeast expression vector pGBT9 in-frame
from S.pombed72 (IT) as described2d). Poly(A)* RNA was  with the sequence encoding the DNA binding domain of the GAL4
isolated using the Poly(AQuick kit (Stratagene, La Jolla, CA). protein. The pGBT9/spU2&Rconstruct was the bait for our library
Reverse transcription of mMRNA, second strand synthesis, adapsoreen. pGBT9/spU2&f was transformed into the yeast strain
ligation and PCR were according to the Marathon cDNA protocf190 (21), which contains two reporter genéS3 and Lacz,

using oligonucleotides Clone A-11 antisense and adaptor primarder the control of a promoter containing the GAL1 binding site.
(Tablel). PCR products were ligated into pCR Il cloning vectoThe pGBT9/spU2A fusion protein can bind the promoter of
(Invitrogen San Diego,CA) using T4 DNA ligase (New Englandhese reporter genes but lacks a transcription activation domain and
Biolabs). Ligations were transformed irischerichia coliXL ~ thus cannot activate transcription. ApombecDNA library

Blue and transformants with plasmids containing PCR insert®ntaining cDNAs subcloned into a yeast expression vector in-frame
were selected by blue/white screening on LB-amp plategith a sequence encoding the transcription activation domain of the
containing 5-bromo-4-chloro-3-indo@to-galactopyranoside (X- GAL4 protein was transformed into the Y190 strain carrying
gal) 25). The 3-end of spU2AR3 was determined by dideoxy pGBT9/spU2AK®. Interaction between the spUZRprotein and
sequencing using oligonucleotides M13 reverse and Clone Alprotein encoded by the cDNA library vector was identified by

antisense (Tablg). growth on medium lacking histidine and the expression of
B-galactosidase in a X-gal filter assay.
Sequencing and sequence analysis Approximately 6x 1(P independent transformants of Sipombe

library were screened. Sixty two transformants that showed both

Sequencing of full-length spU2A%and the spU2AP deletions  growth on medium lacking histidine and productiop-gilactosi-
was completed using the dideoxy sequencing metB6fd ( dase in a filter assay were identified. A series of controls were run
[a-35S]dATP (1000 Ci/mmol; Amersham Arlington Heights, IL) to determine whether positives identified in the initial library screen
and Sequenase version 2.0 DNA polymerase (US Biochemicalgre false positives. cDNA library clones were isolated as described
Cleveland, OH) were used for sequencing according to the Materials and Methods. The cDNA plasmids were transformed
suppliers kit and protocol. into Y190 alone and assayedfegialactosidase activity using X-gal

Sequence data for spU2&Fwas assembled using Assembly-filter assays to determine if they contained any intrinsic DNA
align version 1.0.7 (Eastman Kodak Co., New Haven, CT). Thginding ability. The cDNA plasmids were also transformed into
nucleic acid sequence was translated and analyzed with MacVecitrain Y190 with pGBT9 containing no inserts or with pVA3, the
version 4.0.1 (Eastman Kodak Co.). GenBank was searched usingrinep53 gene (amino acids 72-390), subcloned into pGBT9, to
the BLASTP program version 1.4.8. The Profile Gap programule out the possibility of non-specific protein interactia?g). (
(GCG Sequence Analysis Software Package version 8.0.1; GGBNA plasmids that hav@-galactosidase activity only in the
Madison, WI) was used to align the hsUZABnd spU2AF®  presence of pGBT9/spU2A¥fusion protein were considered true

peptide sequences. positives. These cDNA plasmids were then transformed into strain
HF7c carrying pGBT9/spU2&% (22). HF7c contains d.acZ
Southern blot analysis reporter gene under the control of a promoter containing the GAL4

binding site. The transformants were assaye@-fyslactosidase
Genomic DNA was prepared frddppomb@72 () as described  activity. Positives indicated that the activation of the reporter gene
(27) and 20ug DNA were digested with eith@anHI (New by the interaction of pGBT9/spU2A¥and the cDNA plasmid was
England Biolabs)EcdaRl (New England Biolabs)Pst (New  promoter independent. Any clones that produced a positive
England Biolabs)indlll (Promega) oXba (Promega) accord- B-galactosidase assay in the presence of pVA3 or without
ing to the conditions suggested by the manufacturer. Digests wex@BT9/spU2AE® were not pursued further. Thirty of the cDNA
run on a 0.8% agarose gel and transferred overnight onto a Gelfihes were true positives according to these criteria. These clones
Screen Plus (New England Nuclear, Boston, MA) filter. The filteyyere sequenced from theirehd and this preliminary sequence
was prehybridized indSSCP (60 mM sodium citrate, 0.48 M analysis was used to determine that the 30 clones encoded sever
sodium chloride, 32 mM sodium phosphate and 18 mM sodiudistinct cDNA clones. The cDNAs were designated A-G, with
phosphate monobasic)x Denhardts, 1% SDS and Qu/ml  clone A represented five times, clone B represented 19 times, clone
denatured salmon sperm DNA at@8and hybridized as above F represented twice and all others represented once each. Prelimi-
without salmon sperm DNA. spU2A¥cDNA was random nary sequence analysis of clones B and F indicates that these are
primer-labeled withd-32P]dCTP (3000 Ci/mmol; New England novel proteins that are not represented in GenBank.
Nuclear) using the Random Primetus Extensionolgabeling
System kit (New England Nuclear). Aliquots of 4.50° c.p.m. ;
of labeled cDNA was used to probe the Southern blot. The fiIteSrequence analysis
was washed at room temperature snS5C £5), 1% SDS and The 3-end of clone A was isolated using the Marathon cDNA
0.1x SSC, 1% SDS for 30 min each with a final wash in 83C, amplification system from Clonetech. Both strands of clone A
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SDUZ:\Fz-} MASHLASIYGTEQDKVNCSFY YR IGACRHGERCSRKHVEPNFSQTILCPN 50
[N RN N R RN N RN AR RN N N R RN I
hsU2AF3S  MAEYLASIFGTEKDKVNCSFYFKIGACRHGDRCSRLHNKFTFSQTIALLN 50

SpUZAF23 MYENPIHEPNGKK. ... . FTORELAEQFDAFYEIMFCEF . SKYGEVEQLV 94
el so.a: N RN RN RSN E I B B B NS
h5U2AF35 TYRNPQNSS0SADGLRCAVSDVEMOEHYDEFFEEVFTEMEEKYGEVEEMI 100

spl) 24F23  voDNve CHLVGHVYVRPRYEESAQNAIDDLNSRWYSQRPVYAELSPVTDE 144
(RN R RN RN PO R N N s R R R R AR RN
hsl12ar35 VCDNLGDHLVGNVYVEFRREEDAEKAVI DLNNRWFNGOPIHAELSPVTDE 150

spU2.\F23 REACCROHETSECORGGLCNFMHAKREPSPOSFTRFGTSTKEVFGLKCSRE 154
LI I T T I I A | HER

35 ) ) ) . '
hsUZAE RERCCROYEMGECTRGGT CHFMALKPISRELRRELYGRARKKARSRSASK 200 Figure 2. Southern blot analysis of wild-type fission yeast genomic DNA. A

spUZAF2Y  NEKGAQ® ' 201 DNA blot of S.pombevild-type DNA digested witlBanH|, EcaRl, Hindlll,
Lok Pst andXbd was probed as described in Materials and Methods. The DNA blot

35 Erps . X i ) ; bt
BSUZAF>  ERRSRSRDRGRGGUGUGGUOGIORERDRRRSRORERSGRE 241 was exposed to film overnight at <with an intensifying screen.

Figure 1. Comparison between the predicted amino acid sequence of the . .
spU2AR23 gene product and the 35 kDa subunit of hsU2AF. Solid bars indicate€Sults show that SpU2APARRM 2,3 interacts with spU2/&R

identical amino acids and colons indicate amino acids that have similabut spU2AI59AR/S,ARRM 2,3 does not.

physicochemical_properties. The asterisk indicates the stop codon. The A deletion of SpU2A|2'3 was constructed and subcloned

GenBank accession no. for spUZARs U48234. in-frame into the transcription activation domain vector that
contained only amino acids 49-169 (spU23H—49,A169—-200).

. ) . The AspU2AR3 construct was transformed into strain Y190
were sequenced using the dideoxy sequencing meifipdte  carrying spU2AF59, spU2ABARRM 2,3 or spU2ARAR/S,
open reading frame of clone A encodes a putative protein of 28&R\M 2,3. Interaction between spU2&E1-49 A169—200 and
amino acids if translation begins at the first ATG codon. Thgpy2aF9or its deletions was determined usingigalactosidase
predicted molecular mass of the protein encoded by clone Afiger assay. spU2A%8A1-49,A169-200 interacts with full-length
23 kDa. The sequence of clone A was compared with those in 19 jo A9 and the spU2AFPARRM 2,3 deletion, but not with the
GenBank database and found to be similar to the human splicigg2 AF9AR/S, ARRM 2,3 deletion (Fig).
factor U2AF small subunit (Figl; 17). An alignment of "gpy2 A9 and spU2APRS were also assayed for the ability to
SpU2AP3 and hsU2ARS indicates 55% of the amino acids areform dimers (Figd). spU2AB? does not displag-galactosidase
identical and 17% differ by conserved changes. The putativg+ivity when assayed with itself. In contrast, spUSABoes
protein encoded by spU2AHs smaller than hsU2/A¥and does  produce a positive-galactosidase assay, indicating that it is capable
not contain the arginine/serine (R/S)-rich motifs or glycine rugf forming a homodimer. This interaction is lost, however, when

found at the C-terminus of the human protein. There are thr%BUZAFZ?’is assayed for interaction with thepU2AF23 construct.
regions of the small subunit that have been highly conserved

throughout evolution, amino acids 14-35, 100-109 and 136-151.

We have cloned a genomic copy of spU2AlBy PCR Brscussion
amplification. Sequence analysis of the genomic clone indicatgge have screened a fission yeast cDNA library using the yeast
that there are no introns present within the coding region. South@f-hybrid system to identify proteins that interact with spUBAF
blot analysis of wild-type fission yeast genomic DNA digestedhrough this screen we found a fission yeast homolog of the small
with several restriction enzymes and probed WP-labeled syubunit of the human splicing factor U2AF. The region of
spU2AF?3 cDNA shows a single band in each digest, suggestingteraction between spU2A¥and spU2AR3 was also deter-

that spU2AP3 is represented by a single copy gene (Big. mined using the yeast two-hybrid system by testing deletions
within both the large and small subunits for their interaction with
Interaction between spU2AB9 and spU2AR3 either full-length or shortened versions of the other subunit. Our

results show that this region has been conserved over the billion
The identification of spU2A#3 from the library screen which years of evolution that separate yeast and 2@)n (
used spU2AP as bait suggests that the small and large subunitsspU2AF3 and hsU2AR® share 55% amino acid identity and
interact. A polyclonal antibody that recognizes spUBAF 17% conserved amino acid changes. There are three regions of the
co-immunoprecipitates the large subunit in a wild-type strain dvo proteins that are highly conserved, corresponding to
fission yeast (data not shown). To determine the region spU2AF23 amino acids 14-35, 100-109 and 136-151. By
interaction between the spU22%Fand spU2AR3 proteins, a contrast, the two proteins diverge at their C-terminus. It is
series of deletions was designed. Two deletions of spt2AFinteresting that spU248 lacks both R/S motifs and the glycine
were constructed and subcloned in-frame into the DNA bindingin that are present in the C-terminus of hsUPAFhe large
domain vector. One deletiohZ84—-518) removed the second andhsU2AF subunit has an R/S domain that is located in the
third RNA recognition motifs (RRM) at the C-terminus of N-terminus. Both hsU2AF subunits contain the type of R/S
SpU2AP? (spU2APPARRM2,3) and the other removed both domains in which arginine and serine are enriched but dispersed
RRM 2 and 3 and the N-terminus R/S-rich regibii{111 and among other amino acids. This arrangement differs from SR
A284-518, spU2APAR/S, ARRM 2,3). Each deletion was proteins, in which the serines and arginines alternate in dinucleo-
transformed into strain Y190 carrying pGBT9/spU2AFhe tide repeats, share a common epitope and co-purify in an
interaction of the spU2AF large subunit deletions with themmonium sulfate/magnesium chloride two-step precipitation
spU2AF small subunit was tested us[galactosidase filter (30,31). R/S motifs similar to that found in hsU2AF are found in
assays. The results of the filter assays are shown in Bigtine  a number of other splicing factors, including U1 snRNP-specific



Nucleic Acids Research, 1996, Vol. 24, No. 10853

59 23 R-GAL
spU2AF spU2AF ASSAY
NI ]RRM?_ ]rums | |:]
- R S— +
| | amrMz3 p—] -+
— 4mss i 2,3 [ -

I | ——ar-ssa169-200  «f-
F————— asumz3 b la1.45,4169.200 +

|_.—| ARFS, RRM 23 |.-—|‘:-.1-49,a.1 LT, J—

Figure 3. Heterodimer formation between the large and small subunits of fission yeast U2AF. Interaction betwee??spld2gif)2AR3 was assayed by the
B-galactosidase filter assay+Alenotes blue color production, indicating an interaction between the subwiitdioates there was no color production and therefore
the two subunits do not interact. The spU2PRRM 2,3 deletion has amino acids 284-518 removed and spI¥®RS,ARRM 2,3 has amino acids 1-111 (R/S)
and 284-518 (RRM 2,3) removed. The spUdreletion has amino acids 1-49 and 169—200 removed.

" B-GAL
spU2AF **° spU2AF ASSAY
[ros Jamun [nnme [rems | [ws [[rem [reuz [anma |
| I | -
spUZAF & spU2AF =
] I
A - +
— ——fa1-49,8169-200 -—
F—ar-4m.81 69200 fr——r1-48,8169-200 -

Figure 4.Homodimer formation between the large and small subunits of fission yeast U2AF. Protein—protein interaction was asfagathbtosidase filter assay.
A +denotes blue color production, indicating an interactierindicates there was no color production and therefore no interaction. The g8d@laffon has amino
acids 1-49 and 169-200 removed.

70 kDa protein?2), Drosophilatra 33), tra-2 34), dmU2APO  experiments with thédrosophila su(w®) and tra protein R/S

(16) and spU2AR® (15). domains indicate that this motif is necessary for the localization of
The results from several experiments suggest possible roles floese splicing factors to the subnuclear region which is enriched

R/S domains in splicing factors. Deletion and substitutiomith splicing factors 35). The R/S domain is also required for
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some protein—protein interactions. A number of splicing factorselpful discussions. This work was supported by a Grant in Aid of
containing R/S domains are present in the bridge of proteins thRgsearch from Sigma Xi to KW-H and National Institutes of Health
link the B splice site to the'3plice site and the exon bridge thatgrant R0O1GM47487 and American Cancer Society grant JFRA-545
extends from the'3splice site to the downstrearh dplice site  to JP.
(18,36,37). In the light of these studies, it is interesting that neither
of the R/S regions of the small subunit of hsU2AF is required for
its interaction with the large suburiif7f. The function of the R/S REFERENCES
regions of hsU2A® remains unknown. The absence of R/S _
motifs in sSpU2AR3 may indicate that some of the protein—protein 1 ggi%iggé'é%%afgggv'\"w Grabowski,P., Hardy,S. and Sharp,P. (1984)
interactions that have been identified in the mammalian spliced; g qin's” krainerA., Maniatis,T. and Green,M. (1986, 38, 317331,
some are not presentin TISSIOI’I yeast. Itis a!so_ possible that the sagg n R -J., Newman,A.J., Cheng,S.-C. and Abelson,J. (IDE)!.
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and SpU2A¢3. This mteracpon does not require the Secor_]d ancg Kraine‘r,A. and Maniatis,T. (1988) In Hames,B.D. and Glover,D.M. (eds),
third RRMs of spU2APF? but is dependent on the presence of its R/S~ Frontiers in Molecular Biology: Transcription and SplicidgL Press,
motif. hsU2AM° and hsU2AR interaction is similar in that it is ~ Oxford, UK, pp.131-206. ,
autonomous of the second and third RRM. However, the humanh Srelf”r'\R"- (157_9_1')\””3 Rev. ge” B;‘Q'_Z 5591—599-4 2202
subunit interaction is only dependent on the existence of the linkey ('S Siliciano,P-G. and Guthrie,C. (1984, 49, 229-239.
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subunits of U2AF in fission yeast and humans are scattered and#ll potashkin,J., Naik,K. and Wentz-Hunter,K. (1988pnce262, 573-575.
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in the R/S deletion may include amino acids that are actually part of Sﬁ'ence%z 569-573. g
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