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The Conserved Pre-mRNA Splicing Factor U2AF
from Drosophila: Requirement for Viability

Roland Kanaar, Siobhan E. Roche, Eileen L. Beall,
Michael R. Green, Donald C. Rio*

The large subunit of the human pre—messenger RNA splicing factor U2 small nuclear
ribonucleoprotein auxiliary factor (hU2AF®5) is required for spliceosome assembly in
vitro. A complementary DNA clone encoding the large subunit of Drosophila U2AF
(dU2AF%°) has been isolated. The dU2AF%° protein is closely related to its mammalian
counterpart and contains three carboxyl-terminal ribonucleoprotein consensus se-
qguence RNA binding domains and an amino-terminal arginine- and serine-rich (R/S)
domain. Recombinant dU2AF®° protein complements mammalian splicing extracts de-
pleted of U2AF activity. Germline transformation of Drosophila with the dU2AF5° com-
plementary DNA rescues a lethal mutation, establishing that the dU2AF3° gene is
essential for viability. R/S domains have been found in numerous metazoan splicing
factors, but their function is unknown. The mutation in Drosophila U2AF will allow in vivo
analysis of a conserved R/S domain—containing general splicing factor.

Generation of functional mRNAs in eu-
karyotes requires removal of noncoding re-
gions (introns) from pre-mRNAs by a pro-
cess termed RNA splicing (I). Pre-mRNA
splicing takes place in the spliceosome, a
dynamic RNA-protein complex that as-
sembles in a stepwise adenosine triphos-
phate (ATP)-dependent manner on the
pre-mRNA (1). The spliceosome is com-
posed of small nuclear ribonucleoprotein
(snRNP) particles and extrinsic RNA bind-
ing proteins. Studies with human cell
(HeLa) nuclear splicing extracts have
shown that the targeting of U2 snRNP to
the branch site on the pre-mRNA requires
a protein factor called U2 auxiliary factor
(U2AF) (1). U2AF binds site-specifically
to the polypyrimidine tract located between
the branch site and the 3’ splice site of the
pre-mRNA (2). Human U2AF consists of
two associated polypeptides with apparent
molecular sizes of 65 and 35 kD, termed
hU2AF® and hU2AF?, respectively (3).
Splicing activity of HeLa cell nuclear ex-
tracts depleted of U2AF activity can be
restored by the addition of hU2AF® (3).
Sequence analysis of the complementary

DNA (cDNA) encoding hU2ZAF®, in con-
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junction with biochemical experiments,
have revealed that hU2ZAF® contains three
COOH-terminal ribonucleoprotein con-
sensus sequence (RNP-CS) domains that
mediate RNA binding and an NH,-termi-
nal arginine- and serine-rich (R/S) domain
that is essential for splicing activity in vitro
(2). Biochemical and immunochemical as-
says have shown that U2AF activity and
antigenically related proteins of 50 and 38
kD, corresponding to hU2AF® and
hU2AF?, respectively, are present in the
fruitfly Drosophila melanogaster (3).

We isolated a cDNA encoding the Dro-
sophila homolog of hU2AF® by screening a
4- to 8-hour Drosophila embryonic cDNA
library under low-stringency conditions
with a radiolabeled hU2AF®® ¢cDNA frag-
ment (4). The dU2AF°° ¢cDNA contains a
1248-base pair open reading frame predict-
ed to encode a 416-amino acid protein with
a calculated molecular size of 46,652 dal-
tons. The predicted amino acid sequence of
dU2AF*° indicates that it contains func-
tional domains similar to those found in
hU2AF® (Fig. 1). Amino acids 93 to 408
contain three RNP-CS domains and aniifio
acids 6 to 41 contain an R/S domain.
Comparison of the Drosophila and mamma-
lian proteins shows that the amino acid
identity is greatest within the RNP-CS
RNA binding domains (80% identity and
90% similarity). Optimal alignment of the
amino acid sequences requires that gaps and
insertions be added in the regions connect-
ing the RNP-CS domains, but not within
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them. Compared to dU2AF°, hU2AF®
contains a 24-amino acid insertion be-
tween the most NH,-terminal RNP-CS do-
main and the R/S domain. Optimal align-
ment also requires the addition of gaps in
the R/S domain of dU2AF°. When the
RNP-CS domains are excluded, the percent
identity between dU2AF° and hU2AF®®
drops to 47% (48% similarity). Thus, there
may be stronger evolutionary pressure to
conserve the RNP-CS domains than there
is to conserve other regions in the large
subunit of U2AF.

Use of a membrane-immobilized protein
binding assay (5) has demonstrated specific
interaction between the two subunits of
hU2AF. Using this assay and immunoblot-
ting, we showed that this interaction is
conserved among species (6). >>S-methio-
nine-labeled dU2AF*° bound specifically to
nitrocellulose-bound hU2AF?® and to a 38-
kD protein from Drosophila Kc cells. This
38-kD protein is likely to be the Drosophila
equivalent of hU2ZAF® because it is anti-
genically related to hU2AF?. In addition,
this 38-kD protein coimmunoprecipitates
with antibodies to dU2AF*° (6).

To investigate whether the isolated
cDNA encodes a protein with biochemical
activity expected for U2AF, we purified
recombinant dU2AF*° protein from Esche-
richia coli (7). Figure 2A shows a denaturing
polyacrylamide gel of the purified recombi-
nant protein. The recombinant protein is
referred to as His-dU2AF?° because it con-
tains a 4-kD NH,-terminal tag (7). As a
control, we purified recombinant hU2AF%
(His-hU2AF®). We first tested site-specific
binding of the recombinant proteins to an
RNA polypyrimidine tract. Various con-
centrations of His-dU2AF*° were incubated
with a 3?P-labeled, 22-nucleotide synthetic
RNA polypyrimidine tract (MINX-WT) in
the presence of a ~60,000-fold molar ex-
cess of total yeast tRNA (7). Protein-RNA
complexes and unbound RNA were sepa-
rated by native polyacrylamide gel electro-
phoresis (Fig. 2B). His-dU2AF° bound
specifically to MINX-WT RNA. Binding to
a mutant version of the polypyrimidine
tract RNA (MINX-MUT) was not ob-
served. The apparent dissociation constant
(Ky) is ~3 x 107* M (7). To control for
the presence of the 4-kD tag on dU2AF*°,
we carried out the same experiment with
His-hU2AF® (Fig. 2B). The apparent K,
of His-hU2AF% for MINX-WT RNA is ~4
x 1077 M. This value is in excellent
agreement with a previously determined
apparent K, of ~3 x 1077 M for a recom-
binant hUZAF® fused to the 27.5-kD glu-
tathione-S-transferase protein (2).

Next, we tested the ability of the protein
encoded by the dU2AF°° ¢cDNA to activate
splicing in vitro. To do so, we depleted
HeLa cell nuclear extract of U2AF activity
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by chromatography on polyU-Sepharose in
the presence of 1 M KCI (3). The depleted
nuclear extract (indicated by AUZ2AF)
could no longer splice the Drosophila fushi

tarazu (ftz) pre-mRNA in vitro (Fig. 2C,
lane 3), whereas splicing by the nonde-
pleted nuclear extract was quite efficient

(Fig. 2C, lane 2). When U2AF activity was

Fig. 1. Comparison of
the amino acid se-
quences of the large
subunits of human (2),
mouse (25), and Dro-
sophila U2AF. The com-
plete amino acid se-

quences of the large
U2AF subunit of the dif-

ferent organisms are

shown in the single-let-
ter code (26). Amino
acid identities and simi-
larities are shown in
black and gray boxes,

respectively. Dots de-
note gaps. Amino acid
positions are shown on
the right. The three
RNP-CS domains are

dU2AF S0

boxed and the RNP-1

and RNP-2 conserved elements are underlined with thick and thin lines, respectively (27). The
following amino acids were considered to be similar: Tand S; V, L, and |; D and E; K and R; N and
Q; and G and A. The GenBank accession number for the dU2AF5° cDNA sequence is L.23404.

Fig. 2. Site-specific RNA

binding and in vitro splicing A
activity of recombinant His-
dU2AF%0. (A) SDS—poly-
acrylamide gel electropho-
resis of recombinant His-
dU2AF*° and His-hU2AFSS
proteins. The His-dU2AF°
and His-hU2AF®S proteins
(1.5 pg), purified from E.
coli, were electrophoresed
through a 12% SDS-poly-
acrylamide gel. The Coo-
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i ‘ ; MINX-WT
massie blue—stained gel is

shown. Molecular size markers (lane M) are indicated (in
kilodaltons) on the left. (B) Specific binding of His-dU2AF°
and His-hU2AF®® to a polypyrimidine-containing RNA oligo-
nucleotide. His-dU2AF®° and His-hU2AF®® were incubated,
at the indicated concentrations, with 0.1 nM 22P-labeled
RNA. Protein-RNA complexes (B) and unbound RNA (F) were
separated by electrophoresis through a native polyacryl-
amide gel and visualized by autoradiography. MINX-WT RNA
is a 22-nt RNA oligonucleotide containing the polypyrimidine
tract from the adenovirus late leader (L1-L2) pre-mRNA
MINX-MUT BNA contains three mutations relative to MINX-
WT RNA that should abolish specific binding (2). (C) Bio-
chemical complementation of U2AF-depleted splicing ex-
tracts by His-dU2AF®°. Radiolabeled ftz pre-mRNA was
incubated under splicing conditions with HelLa cell nuclear
extract (indicated by NE) that had been depleted of U2AF
activity (indicated by AU2AF) (28). The splicing reaction
mixtures were incubated at 30°C for 2 hours and contained
either buffer (lane 3), polyU-Sepharose eluate (lanes 4 and
5), His-dU2AF° (9 ng/pl; lane 7), or His-hU2AF®S (10 ng/ul;
lane 6), as indicated. After deproteination, the RNA was
analyzed on a 12% denaturing polyacrylamide gel and
visualized by autoradiography. The positions of the input
pre-mRNA, the intermediates of the reaction (IVS and E1),
and the mRNA product are indicated on the right. Molecular
size markers (*2P-labeled, Msp |-digested pBR322 DNA) in
lane M are indicated (in nucleotides) on the left.
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eluted from the polyU-Sepharose column
with buffer containing 2 M guanidine hy-
drochloride (3) and added to the Hela
AU2AF nuclear extract, it restored splicing
activity (Fig. 2C, lane 4). Using this assay,
we tested the biochemical activity of His-
dU2AF° in pre-mRNA splicing. Purified
His-dU2AF° protein efficiently reconsti-
tuted splicing activity of HelLa AU2AF
nuclear extract (Fig. 2C, lane 7), as did
His-hU2AF®  (Fig. 2C, lane 6). His-
dU2AF*° also reconstituted splicing activi-
ty of Drosophila Kc cell AU2AF nuclear
extract (6). We conclude that the dU2AF>°
c¢DNA encodes a biochemically active form
of the large subunit of Drosophila U2AF.
We used the dU2AF°° ¢cDNA as a probe
and localized the position of the dU2AF*°
gene by in situ hybridization to polytene
chromosomes. The dU2AF° gene was lo-
calized to the X chromosome region 14C1,2
(8). DNA (90 kb) from this region was
previously cloned to identify the no-on tran-
sient A gene (9). This region also contains
two lethal mutations, 9-21 and il19 (9).
Two restriction fragments derived from the
genomic DNA region that rescues the 9-21
mutation by transformation experiments
hybridize to a 1.6-kb transcript (9). We
showed that these same restriction frag-
ments also hybridized to the dU2AF*°
cDNA (6), suggesting that the dU2AF*°
gene is identical to the gene defined by the
9-21 mutation. RNA blot hybridization
analysis indicated that the dU2AF°° cDNA

Fig. 3. RNA blot hybridization
of dU2AFS° expression. Poly-
adenylate-enriched RNA was
isolated from Drosophila Kc
cells and 0- to 12-hour embry-
os as described (24). The RNA
(1.5 ng) was electrophoresed 24
through a 1.5% formaldehyde- 1.4
agarose gel and transferred to

a nylon membrane. Hybridi- 024
zation to the dU2AF%° cDNA

probe and washing were done as described
(24).

Embryo
Ke cell

4.4

hybridized to an abundant 1.6-kb mRNA
that is present in Drosophila Kc cells, in O-
to 12-hour embryos (Fig. 3), and which is
present throughout development (10).

We used protein immunoblot analysis to
test whether the dU2AF?° protein is affect-
ed in 9-21 mutants. Because 9-21 mutants
die in the first instar larval period of devel-
opment (9), we prepared nuclear extracts
from 0- to 12-hour embryos (11). Embryos
were collected from stocks carrying the
original 9-21 mutation and from stocks
carrying other alleles of 9-21. A protein
blot of nuclear extract from these embryos
was probed with affinity-purified polyclonal
antibodies to dU2AF°. All nuclear ex-
tracts contained full-length dU2AF*° pro-
tein, which is encoded by the wild-type
copies of the dU2AF° gene in the mixed
genotype embryo population and by the
maternally deposited mRNA. However,
the nuclear extract from the embryos carry-
ing the 6b4 allele of the 9-21 mutation
contained, in addition, truncated versions
of dU2AF?*° (11), suggesting that 9-21 mu-
tations affect expression of the dU2ZAF*
protein.

If the 9-21 mutation is in the dU2AF°
gene, as suggested by the immunoblotting
analysis, then the dU2AF° ¢cDNA should
rescue the lethality of 9-21 mutants. We
tested this directly using P element—medi-
ated germline transformation with the
dU2AF?° cDNA under control of the hsp70
promoter. We found that the transgene
carrying the hsp70-dU2AF° cDNA res-
cued the 9-21 mutation at a frequency that
was 29% of the maximal theoretical value
(26 of 672 total progeny scored; Fig. 4).
Rescue depended on the presence of the
dUZAF® ¢cDNA and was specific for the
9-21 mutation (I12). No rescue was ob-
served in the absence of heat shock. The
hsp70 promoter is constitutively expressed
at a low level, but heat shock markedly
increases expression. The rescue of the 9-21
mutation by the dU2AF° cDNA was not
complete. This could be due to the lack of
endogenous dU2AF°° expression signals in

Fig. 4. Genetic rescue of the Rescue of
9-21 mutation by the 9-21 mutation
dU2AF5° gene. Shown are Bs
schematic representations

<+
of the P element constructs [psp70 > au2aF%0-cona 29%
used in the rescue experi- s B
ments. The P elements con- 0 7 8 9 10
tained either the dU2AFS© H@f 9-21/ dU2AF50-genomic DNA l—-b 100%

cDNA or a ~10-kb genomic
DNA fragment, shown to

B

contain the 9-271 gene (9). A

s, &
0 771 8 9 10,
<€—/—__ 39-21/ dU2AF50genomic DNA; frameshift 1—» 0%

P element containing this

same genomic DNA fragment carrying a frameshift mutation in the unique Bst Ell site was also
tested. The filled arrowheads indicate the inverted repeats required for P element integration. The
hsp70 promoter and Sal | (S), Bst Ell (Bs), and Bam HI (B) restriction sites are indicated. The scale
on the genomic DNA constructs is in kilobases. On the chromosome the distal end would be to the
right. The details of the transformation and test cross procedures are described (12).
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the cDNA expression construct. Indeed,
complete rescue (100%) was observed when
the dU2AF° gene in the test cross was
provided in the context of its endogenous
expression signals on a ~10-kb genomic
DNA fragment (Fig. 4). To prove that the
dU2AF?° gene on this genomic DNA frag-
ment was responsible for the observed res-
cue of the 9-21 mutation, we created a
frameshift mutation at a Bst EII site in this
genomic DNA fragment (12). This Bst EII
restriction site is unique in the ~10-kb
genomic DNA fragment, and our sequenc-
ing data indicated that the dU2AF*° cDNA
contains a unique Bst EII site in the region
connecting the second and third RNP-CS
domains. This mutant version of the
dUZAF° gene failed to rescue the 9-21
mutation (Fig. 4). We conclude that the
9-21 gene encodes dU2AF° and that the
large subunit of U2AF provides an essential
function in vivo.

R/S domains play a major role (or roles)
in the mechanism of pre-mRNA splicing in
metazoans. In addition to hU2AF%, R/S
domains are present in the general mamma-
lian splicing factors SC35, SF2/ASF, and
Ul snRNP 70K protein, as well as in the
Drosophila splicing regulators su(w?), tra,
and tra-2 (13). More recently, a family of
R/S domain—containing splicing factors,
termed SR proteins, has been identified
(14). Like the large subunit of U2AF, the
SR proteins are conserved among meta-
zoans and contain RNP-CS RNA binding
domains. The SR protein family consists of,
among others, the previously identified
SF2/ASF and SC35 proteins, as well as the
Drosophila proteins SRp55, its splice variant
B52, and RBP1 (I5). Splicing activity of
cell extracts depleted of the SR protein
family can be reconstituted by addition of
any individual SR protein (16). In addi-
tion, SF2/ASF and SC35 behave identical-
ly in in vitro splicing assays (I7). Thus, in
vitro the SR proteins may be functionally
redundant, although recent experiments
suggest that individual SR proteins may
have distinct functions in alternative splic-
ing (18). The data presented here indicate
that no other R/S domain—containing splic-
ing factor can functionally substitute for
dU2AF° in vivo.

Analysis of the function of R/S domain—
containing general splicing factors has been
limited to biochemical approaches because
of the difficulty of genetic analysis in mam-
mals and the lack of Drosophila mutants.
Genetic analysis of pre-mRNA splicing has
been extremely successful in the yeast Sac-
charomyces cerevisiae (19). However, none
of the precursor RNA processing (PRP)
mutants isolated to date have identified R/S
domain—containing proteins, and the S.
cerevisiae homolog of the mammalian Ul
snRNP 70K protein does not contain an
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R/S domain (20). In addition, the recruit-
ment of U2 snRNP to the branch point
sequence in S. cerevisiee may proceed
through a mechanism that does not involve
a polypyrimidine tract binding activity, be-
cause the pre-mRNAs of S. cerevisiae lack
the extensive polypyrimidine tracts found
in mammalian pre-mRNAs. Instead, it has
been suggested that if a U2AF-like activity
exists in S. cerevisiae, it may bind the
branch point sequence instead of the poly-
pyrimidine tract (21). However, the pres-
ence of extensive polypyrimidine tracts can
influence 3’ splice choice in S. cerevisige
(22). In this report we have shown that the
previously uncharacterized lethal mutation
9-21 is in the large subunit of Drosophila
U2AF and that the large subunit of Dro-
sophila. U2AF has biochemical properties
identical to those of its mammalian coun-
terpart. Thus, the combination of biochem-
ical and genetic techniques available in
Drosophila now provides powerful tools to
investigate the mechanism of U2AF action
in metazoan pre-mRNA splicing.
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Nonidet P40, and 2% glycerol. One-fourth of the
reaction mixtures was electrophoresed through a
4% polyacrylamide gel (60:1; 0.5x tris-borate
EDTA) at 4°C for 100 min at 20 V/cm. Quantitation
was done with a Molecular Dynamics Phosporlm-
ager. The affinity of the proteins for RNA is ex-
pressed in apparent K values obtained from the
protein concentration at which 50% of the MINX-
WT RNA is bound.

8. Polytene chromosome squashes were prepared
as described (23) and subjected to hybridization
with biotinylated dU2AF5° cDNA. Hybridization
and detection were done as described [C. S.
Zuker, A. F. Cowman, G. M. Rubin, Cell 40, 851
(1985)].

9. K. R. Jones and G. M. Rubin, Neuron 4, 711
(1990).

10. Polyadenylate-selected RNA isolated from embry-
os (0- to 2-, 2- to 5-, 5- to 8-, and 8- to 12-hour),
larvae (first, second, and third instar), pupae
(early and late), adults (female and male), and
ovaries were analyzed as described in Fig. 3. The
1.6-kb RNA was present in all developmental
stages that were tested, suggesting that dU2AF50
mRNA is maternally deposited into the embryo.

11. Nuclear extracts were prepared from 0- to 12-
hour embryos as described (24). Antibodies to
purified His-dU2AFS9, generated in rabbits, were
affinity-purified on dU2AFS0-agarose as de-
scribed [E. Harlow and D. Lane, Antibodies: A
Laboratory Manual (Cold Spring Harbor Labora-
tory Press, Cold Spring Harbor, NY, 1989)]. The
alleles of the 9-21 mutation used were 9-21 (ob-
tained from K. Rendahl), 4a3-1, 6b4, XR15, XR18,
and XR26 (obtained from R. Stanewsky). As con-
trols, nuclear extract from embryos of Canton S;
ry%9%6 [D. L. Lindsley and G. G. Zimm, The Ge-
nome of Drosophila melanogaster (Academic
Press, San Diego, 1992)] and from Drosophila Kc
cells were used.

12. The cDNA transformants were constructed as
follows. The w'’’8 embryos were injected with
pCaSpeRhs-dU2AF%° as described [A. C. Sprad-
ling, Drosophila: A Practical Approach, D. B.
Roberts, Ed. (IRL Press, Oxford, 1986), p. 175].
The pCaSpeRhs-dU2AF®0 transformant was con-
structed by subcloning of a 1.6-kb Hind Ill-Not |
fragment, containing the dU2AF5° cDNA, from
pNB40-dU2AF%° 2 into the Hpa I-Not | restriction
sites of the w * transformation vector pCaSpeRhs
[C. S. Thummel, A. M. Boulet, H. D. Lipshitz, Gene
74, 445 (1988)]. Three independent transposon
insertions (C31.4, C7-1, and C80.1) were tested
for the ability to rescue the lethality of 9-27 by
mating of transformant males, carrying a single
transposon copy on one of their autosomes, with
virgin females of the genotype I(1)9-21/FM7a. The
FM7a balancer chromosome carries the markers
yellow (y), white apricot (w?), and Bar (B). The
results of these three crosses were used to cal-
culate the indicated percentage of rescue. Be-
cause 9-21 is an X-linked and lethal mutation,
phenotypically wild-type males will only be ob-
served in the test cross if the dU2AFS® cDNA
rescues 9-21. The number of progeny observed in
the cross were 248 wt females, 216 w* or w@
semibar females, 182 yw+ B or ywaB males (bal-
ancer males), and 26 wt males. Calculation of the
percentage of rescue corrects for the fact that
only the half of the wt males that carry the
transposon are viable. To ensure that the rescue
depended on the presence of the dU2AFS0
cDNA, we did a control cross between w78
males (the injection host strain) and I(1)9-21/FM7a
females. To show that the rescue was specific for
the 9-21 mutation, we performed a control cross
between the transformant males and 1(1)i19¢/
FM7a females. No phenotypically rescued males
were observed in either of these control crosses.
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Crosses were done at 25°C. Every 6 hours the
temperature was raised to 35°C for 10 min. The
genomic DNA transformants were constructed as
follows. The w78 embryos were injected with pW8-
genomic-dU2AF5° or the frameshift mutant pW8-
genomic-dU2AF5°FS. The pW8-genomic-dU2AF50
was constructed by subcloning of a ~10-kb Sal
I-Bam HI fragment from pHSX-211S12 (9) into
pHSX. To create a frameshift, we filled in the
unique Bst Ell site that lies in the dU2AF3° coding
sequence using the Klenow fragment of E. coli
DNA polymerase |. A Not | fragment containing the
wild-type or mutant dU2AFS° coding sequence
was then transferred to pW8 [R. Klemenz, U.
Weber, W. J. Gehring, Nucleic Acids Res. 15, 3947
(1987)], to generate pW8-genomic-dU2AF5° and
pW8-genomic-dU2AF5°FS, respectively. Trans-
formant males containing pW8-genomic-dU2AF>°
(F77.2) or pW8-genomic-dU2AFS9FS (G34.2) on
one of their autosomes were mated with virgin
females of the genotype 1(1)9-27/FM7a. The num-
ber of progeny observed in the test cross with the
genomic dU2AF5° gene were 101 wt females, 83
w* or wé@ semibar females, 77 yw*B or ywaB
males, and 40 wt males (the phenotypically res-
cued class). In the cross with the dU2AF5° gene
containing the frameshift mutation, 91 wt females,
76 w+ or w@ semibar females, 63 yw*Bor ywaB
males, and 0 wt males were observed. In each of
these matings one yw* male was observed. They
probably arose from recombination between the
FM7a balancer chromosome and the chromosome
containing 9-21, and therefore these males could
carry a wild-type copy of the 9-271 gene.
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U2AF Homolog Required for Splicing in Vivo

Judith Potashkin,* Karuna Naik, Kelly Wentz-Hunter

Several fission yeast temperature-sensitive mutants defective in pre-mRNA processing
(pro~ mutants) at the nonpermissive temperature have been identified. Here, the prp2+
gene has been cloned by its ability to complement the temperature-sensitive growth defect
of a prp2~— mutant. The gene also corrects the pre-mRNA splicing defect of prp2— mutants
and encodes a 59-kilodalton polypeptide (PRP2). A molecular characterization indicates
that PRP2 is a previously uncharacterized yeast splicing factor with extensive similarity to
the mammalian splicing factor U2AF®S. Thus, this study provides evidence that a U2AF

homolog participates in RNA processing in vivo.

Removal of intervening sequences from
pre-mRNA is a multistep process requiring
the participation of numerous RNA and
protein factors that make up a large com-
plex termed the spliceosome (1). The small
nuclear ribonucleoprotein (snRNP) parti-
cles that make up the spliceosome are com-
posed of small nuclear RNAs and several
polypeptides. In addition, several non-
snRNP proteins are essential for splicing;
the functions of these trans-acting factors
are now being elucidated.

The basic mechanism of pre-mRNA
splicing has been evolutionarily conserved
(2). The vyeast Saccharomyces cerevisiae
model system has been utilized to identify
numerous splicing factors through classical
and molecular genetic approaches (2). Bio-
chemical analysis of mammalian splicing
systems has identified additional factors,
but a role for most of these putative splicing
components has not been established in
vivo. One of these factors, U2 auxiliary
factor (U2AF), is a non-snRNP protein
identified in mammalian cells that is re-
quired in vitro for pre-spliceosome assembly
(3). It has been suggested that U2AF func-
tions to facilitate binding of U2 snRNP to
the pre-mRNA, but no genetic evidence
demonstrating the importance of U2AF in
RNA processing in vivo has been obtained.

The fission yeast Schizosaccharomyces
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pombe is a useful model for the study of
splicing because its gene structure is similar
to that of metazoans; multiple introns are
not unusual, and consensus sequences at
the intron-exon borders and the branchsite
sequence are similar to those of mammalian
introns. In addition, SV40 small t-antigen
pre-mRNA is spliced correctly in S. pombe,
suggesting a strong evolutionary conserva-
tion of the splicing machinery (4).

In order to identify trans-acting splicing
factors in fission yeast, we initiated a search
for splicing mutants (5). Several prp~ mu-
tants were identified from collections of

temperature-sensitive fission yeast strains
(5, 6). These mutants block pre-mRNA
splicing in vivo at the nonpermissive tem-
perature. One mutant, prp2~, is defective
in an early step of pre-mRNA splicing,
before lariat formation (5). To clone the
prp2™ gene, we used a genomic DNA li-
brary to transform a prp2.1 leul.32 strain of
S. pombe. Plasmid from one transformant
that grew at 37°C carried a 13.6-kb insert.
Instability of the plasmid after growth under
nonselective conditions resulted in coordi-
nate loss of prototrophy and the ability to
grow at high temperature, indicating that
the rescue of the high-temperature growth
defect was due to plasmid-borne DNA.
Fragments of the insert were subcloned into
expression vectors to determine the small-
est insert capable of rescuing the tempera-
ture-sensitive growth defect (Fig. 1). A
3.3-kb Sst I fragment complemented the
growth defect, whereas smaller subclones
did not.

In a study to determine whether the Sst
[ fragment contained the wild-type prp2*
gene or a multicopy number suppressor, a
leucine plasmid bearing the cloned frag-
ment was integrated by homologous recom-
bination into the chromosome. The plas-
mid was linearized within the open reading
frame with Nhe [ and transformed into an
h* prp2.1 leul.32 ade6.210 strain. A stable
clone that grew at 37°C on minimal medi-
um plus adenine was isolated. Integration
was confirmed by Southern (DNA) analysis
(7). The integrant was mated with an h~
ura4.D18 strain. Random spore analysis
showed that all leu™ spores were ts*, indi-
cating a tight genetic linkage between the
leucine marker and the prp2 locus. The
ura4 and ade6 markers recombined freely.
These results indicate that the wild-type
gene was cloned.

Fig. 1. Subcloning of the fragment Growth
containing the prp2* gene. Frag- PRP2-13.6 *
ments of the 13.6-kb Hind Ill clone PRP2-9.6 +
that rescues the temperature-sensi- PRP2-3.3 N
tive growth defect of a prp2- strain PRP2-2.3

were subcloned into fission yeast PRP2-L6 ;
vectors. The numbers indicate the ’

approximate length (in kilobases) of 1kb L fl IS F F \,,,R,S }L”,'I
the restriction fragments containing - -7 SN .

the prp2+ gene that were sub- -7 S

cloned. Each plasmid was trans- ¢ R H E B EEND VSR s
formed into a prp2~ strain and test- e ~ o

ed for ability (+) or inability (=) to
grow at the nonpermissive temper-
ature. The extent and direction of
the prp2* open reading frame is

1kb

indicated by the single broad arrow. B, Bgl II; E, Eco RI; H, Hind Ill; N, Nhe [; P, Pst |; R, Eco RV; S,
SstI; V, Pvu Il. The original 13.6-kb Hind IIl fragment was partially digested with Hind I, and a 9.6-kb
fragment was subcloned into the Hind IlI site of the yeast vector pWH5 (20) to produce pPRP2-9.6.
A 3.3-kb Sst | fragment was inserted into the Sst | site of the expression vector pIRT3 (20) to create
pPRP2-3.3. A 2.3-kb Eco RV fragment was inserted at the Sma | site of pIRT3 after end-filling with
Klenow fragment to produce pPRP2-2.3. A 1.6-kb Hind Ill-Pvu Il fragment was cloned into the Sma
| site of pIRT3 after Klenow fragment treatment to produce pPRP2-1.6.
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