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Institut für Genetik-Biozentrum, Technische Universitsät Braunschweig, 38106 Braunschweig, Germany

Manuscript received April 5, 1999
Accepted for publication July 23, 1999

ABSTRACT
We have identified two classical extragenic suppressors, spp41 and spp42, of the temperature sensitive

(ts) allele prp4-73. The prp41 gene of Schizosaccharomyces pombe encodes a protein kinase. Mutations in
both suppressor genes suppress the growth and the pre-mRNA splicing defect of prp4-73 ts at the restrictive
temperature (368). spp41 and spp42 are synthetically lethal with each other in the presence of prp4-73 ts,
indicating a functional relationship between spp41 and spp42. The suppressor genes were mapped on the
left arm of chromosome I proximal to the his6 gene. Based on our mapping data we isolated spp42
by screening PCR fragments for functional complementation of the prp4-73 ts mutant at the restrictive
temperature. spp42 encodes a large protein (p275), which is the homologue of Prp8p. This protein has
been shown in budding yeast and mammalian cells to be a bona fide pre-mRNA splicing factor. Taken
together with other recent genetic and biochemical data, our results suggest that Prp4 kinase plays an
important role in the formation of catalytic spliceosomes.

INTRONS of pre-mRNA in eukaryotes are removed systems. This comparison revealed that some essential
in a spliceosome, a large complex consisting of the splicing factors in the mammalian system, for example,

small nuclear ribonucleoprotein particles (snRNP’s) U2AF65, have counterparts in the budding yeast, but
U1, U2, U4/U6, and U5 and many so-called non-snRNP show very weak or no sequence homology (Abovich
proteins. It is the dynamic interaction of the spliceo- and Rosbash 1997). In contrast, Prp8p, also an essential
some components, including RNA-RNA, RNA-protein, splicing component in both systems, reveals .60% iden-
and protein-protein interactions, which accurately rec- tical amino acids between budding yeast and mammals
ognize introns and form a catalytic complex leading to (Hodges et al. 1995). Moreover, typical SR splicing fac-
the release of spliced mRNA and the excised intron tors, involved in intron recognition in constitutive and
sequences (Will and Lührmann 1997; Staley and alternative splicing, appear to be absent in the budding
Guthrie 1998). The basic biochemistry of the splicing yeast (Manley and Tacke 1996).
machinery has been worked out in vitro using the mam- Prp8p homologues have been found in budding yeast,
malian system (Manley and Tacke 1996; Wang and trypanosomes, nematodes, plants, and mammals. The
Manley 1997; Will and Lührmann 1997) and with a Prp8p protein is large (.200 kD) and shows 40 to 80%
genetic approach combined with biochemistry using the identical amino acids among these eukaryotes with no
budding yeast Saccharomyces cerevisiae. Many pre-mRNA significant homology to other proteins (Hodges et al.
splicing factors have been identified as conditional prp 1995). In mammals, yeast, and trypanosomes the pro-
(pre-mRNA processing) mutants in S. cerevisiae (Vijayra- tein has been shown to be a snRNP U5 protein, appears
ghavan et al. 1989). Cloning and characterization of to be involved in the recognition of introns, and might
these factors revealed a wealth of information about the play an important role at the active site of the spliceo-
formation and disassembly of a catalytic spliceosome some (Beggs et al. 1995; Teigelkamp et al. 1995; Umen
(Guthrie 1991; Ruby and Abelson 1991; Staley and and Guthrie 1996; Lucke et al. 1997; Sha et al. 1998;
Guthrie 1998). Reyes et al. 1999).

We compared sequences of components that have We discovered that the fission yeast Schizosaccharomyces
been determined as bona fide splicing factors in both pombe is capable of correctly splicing a mammalian virus

transcript (Käufer et al. 1985). On the basis of investiga-
tions of the architecture of artificial and natural S. pombe
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archetypal introns; however, this is mere speculation lated gene sequence strongly suggests that spp42 en-
codes a homologue of the splicing factor Prp8p.(Gatermann et al. 1989; Prabhala et al. 1992).

In the fission yeast 14 temperature- and cold-sensitive
prp mutants (prp1-prp14) have been identified (Potash-

MATERIALS AND METHODS
kin et al. 1989; Rosenberg et al. 1991; Urushiyama et

Yeast strains, media, and genetic methods: The S. pombeal. 1996). All the prp mutants show the common charac-
strains used were derived from those originally isolated byteristic of accumulating pre-mRNA at the restrictive tem-
Leupold (1950). All the strains used in this study are listedperature, whereas some produce, in addition, elongated in Table 1. The standard genetic techniques and the media

cells and arrest with a 2C DNA content (Lundgren et are described by Gutz et al. (1974). The long-range mapping
al. 1996; Urushiyama et al. 1996). procedure was developed by Schmidt (1993). Yeast-extract

agar (YEA), malt-extract agar (MEA), and minimal mediumWe isolated and characterized prp41 encoding a pro-
agar (MMA) were supplemented with adenine (75 mg/liter),tein kinase. This was the first kinase gene isolated whose
leucine (150 mg/liter), lysine (50 mg/liter), uracil (100 mg/

molecular phenotype suggested a direct or indirect liter), histidine (100 mg/liter), and 0.68 mg/liter thiamine
involvement in pre-mRNA splicing (Alahari et al. when needed. All crosses were performed on MEA plates and

incubated at 258 for 3 days. Tetrads were dissected using the1993). Sequences similar to Prp4p have been isolated
Singer MSM 200 micromanipulator (Singer Instruments, Som-from human and mouse (Gross et al. 1997). The ge-
erset, England). The spore clones were grown on YEA masternome of S. cerevisiae does not contain a sequence bearing plates and then replica plated on MMA with appropriate sup-

similarity to Prp4p. Prp4p kinase of fission yeast is capa- plements.
ble of phosphorylating in vitro the RS domain of the Suppressor screen: A total of 5 3 107 cells of the strain

HE622 (Table 1) were suspended in 1 ml minimal mediummammalian SR protein splicing factor ASF/SF2 (Gross
(MM) and 105 cells were plated on YEA. Plates were irradiatedet al. 1997).
with UV-light (366 nm) for 0 (control), 15, 30, and 60 sec,

Recently, we have also identified and characterized respectively, with a UV-radiation lamp (366 nm). With this
srp1 of fission yeast. Srp1p is the first protein in a unicel- approach we obtained 2800 colonies growing at 368. These

revertants were first screened for cold sensitivity at 158. Severallular organism closely related to the family of mamma-
candidates, which appeared to grow slower than the controllian SR protein splicing factors. Srp1p contains a typical
strain, were collected. These strains were named the CS (cold-SR-RNA binding domain (RBD) and an RS domain sensitive) series. Finally, tetrad analysis after crossing the CS

(Gross et al. 1998). Overexpression of Srp1p in a prp4- strains to wild type revealed that the three mutants CS1, CS2,
73ts genetic background suppresses the splicing defect and CS3 were true extragenic suppressors (Table 2); however,

the cs phenotype of these three strains is leaky at best.of these cells, resulting in the production of mRNA at
Molecular biological methods: Standard molecular geneticthe restrictive temperature; however, the growth defect

procedures used in this study have been described by Moreno
is not suppressed (Gross et al. 1998). We do not yet et al. (1991). Isolation of DNA for PCR templates and transfor-
have any evidence whether Srp1p is an in vivo or an in mation of S. pombe with shuttle vectors were performed as

previously described by Gatermann et al. (1989).vitro substrate of Prp4p.
Oligonucleotides and PCR procedure: The following oligo-prp21 of fission yeast encodes the homologue of the

nucleotides containing the restriction sites BalI and XmaI,mammalian U2AF65 splicing factor (Potashkin et al. respectively, were used as primers. The sequence for the
1993) and prp101 encodes the homologue of the mam- primer pair was derived from the open reading frame (ORF)
malian splicing factor SAP155 (Habara et al. 1998). on cosmid SPAC4F8.c12 stored under GenBank accession no.

Z98530. The PCR fragment with these primers is expected toFurthermore, prp11 encodes a protein containing 19
be 7 kb.tetratrico peptide repeats (TPR) and has been shown

to be involved in pre-mRNA splicing, in poly(A)1 RNA BalI primer: 59-CCATGGCCATGGCGTCGTTACCACCGGG
GAATCCTCC-39;transport, and possibly in cell cycle regulation (Urushi-

XmaI primer: 59-GGGCCCGGGAAAACTATAATCTAACGCyama et al. 1997). The protein shows z30% amino acid
ATATGTACTTGATG-39.

identity to Prp6p of S. cerevisiae, which has been shown
In the PCR, Expand high fidelity polymerase (Boehringer,to be a component of the snRNP U4/U6 (Abovich et
Indianapolis) was used in 35 cycles. In each cycle the DNAal. 1990). Interestingly, the double mutant prp1 prp4 is was denatured for 30 sec at 948, followed by 45 sec annealing

not viable, indicating a functional relationship between time and 10 min synthesis at 688. The PCR products were
Prp1p and Prp4p kinase (Urushiyama et al. 1997). cloned in the Escherichia coli pCR2.1 vector using the TOPO

TA cloning kit (Invitrogen, San Diego) following the manufac-In this study we describe the identification and genetic
turer’s protocol.characterization of two independent classical extragenic

Subcloning of the PCR products in the expression vector
suppressors of the prp4-73 ts mutation. Both suppressors, pREP3: The plasmid pCR2.1 containing the 7-kb PCR frag-
spp41 and spp42, are located on the left arm of chromo- ments were digested with BalI and XmaI, separated from the

vector sequences, purified, and subcloned in pREP3. Thissome I. The observation that spp41 and spp42 are syn-
cloning step brings the 7-kb fragments under the control ofthetically lethal suggests that both proteins are function-
the thiamine repressible promoter (Maundrell 1993).ally related. Based on our mapping data, spp42 was RNA analysis: RNA isolation and Northern analysis was per-

isolated by screening candidate genes in a prp4-73 ts back- formed as described by Nischt et al. (1986). Total RNA was
fractionated on a 1.2% agarose gel, subsequently transferredground for function. Computational analysis of the iso-
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TABLE 1

S. pombe strains used in this study

Strain Genotype Source

L 968 h90 (wild type) Leupold (1950)
L 972 h2 (wild type) Leupold (1950)
L 975 h1 (wild type) Leupold (1950)
HE622 h2 leu1-32 ura4-D18 prp4-73ts This study
CS 1 h2 leu1-32 ura4-D18 prp4-73tsspp41-1 This study
CS 2 h2 leu1-32 ura4-D18 prp4-73tsspp42-1 This study
CS 3 h2 leu1-32 ura4-D18 prp4-73tsspp42-2 This study
HE300 h1 leu1-32 This study
HE691 h1 leu1-32 ura4-D18 prp4-73tsspp41-1 This study
HE692 h1 leu1-32 ura4-D18 prp4-73tsspp42-1 This study
SL28 h1 lys1 ade4-31 prp4-73ts swi5-39 This study
SL30 h2 ade6-M210 prp4-73ts spp41-1 swi5-39 This study
SL31 h2 ade6-M210 prp4-73ts spp42-2 swi5-39 This study
SL41 h1ura1-171 his6-365 prp4-73ts swi5-39 This study
SL42 h2 prp4-73ts spp41-1 swi5-39 This study
SL44 h1lys1 prp4-73ts swi5-39 This study
KR1 h2 prp4-73ts spp42-2 swi5-39 This study
KR2 h2 his6-365 prp4-73ts spp41-1 This study
KR4 h2 his6-365 prp4-73ts spp42-2 This study

onto nitrocellulose, and probed with the dis2 gene, including (Gross et al. 1997). When cells containing the tempera-
the 395-bp intron sequence. The dis2 gene encodes a phospha- ture-sensitive allele are shifted to the restrictive tempera-
tase (Ohkura et al. 1989). The probe was isolated from a

ture (368), cell division stops immediately and all genesplasmid that was a gift from Dr. M. Yanagida (Japan). The
containing introns accumulate pre-mRNA, whereas pro-probe was labeled with a random priming kit using [a-

32P]dCTP (Amersham, Buckinghamshire, U.K.). cessed mRNA is rapidly degraded (Figure 1, Rosenberg
et al. 1991). prp41 is located on chromosome III (Ala-
hari et al. 1993). We mutagenized HE622 (Table 1)

RESULTS using UV-light as mutagen and screened for growth at
368. Growing colonies were crossed with the strainScreen for extragenic suppressors of prp4-73: The
HE300 containing prp41 (Table 1) and tetrad analysisprp4-73 ts allele was previously isolated from a tempera-
was performed to analyze the nature of the reversion.ture-sensitive strain (HE622, Table 1) following 59-
The results of this analysis are depicted in Table 2. Twonitroso-guanidine mutagenesis (Rosenberg et al. 1991).
strains, called CS1 and CS2, respectively, revealed ratiosThe prp4-73 ts allele conferring temperature sensitivity
of the three classes of tetrads (PD, NPD, and T) thatharbors a mutation in kinase subdomain IV. A tyrosine

residue, instead of a cysteine, was found at position 235 indicate independent assortment of a locus suppres-

Figure 1.—Northern analy-
sis of the suppressor strains CS1
(spp41-1) and CS2 (spp42-1) to
test for suppression of the splic-
ing defect. The two CS strains
and the control strain HE622
(prp4-73 ts) were transformed
with a plasmid carrying the in-
tron containing dis2 gene. To-
tal RNA was isolated from cells
grown at 258 and from cells
shifted to 368 for 3 hr as indi-
cated. Each lane contains 25 mg
RNA. The blot was probed with
a radioactive labeled intron
containing dis2 fragment.
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TABLE 2 of HE691 to CS3 that was incubated at the permissive
temperature (258) for prp4-73 ts. The results suggest thatTetrad analysis of extragenic suppressors of prp4-73ts

spores containing prp4-73 ts and both suppressor muta-
tions are not viable. Thus, we have identified two ex-No. of tetradsa

tragenic suppressors of prp4-73 ts, which we call spp41-1
Cross Gene pair PD NPD T (CS1), spp42-1 (CS2), and spp42-2 (CS3) (suppressor of

precursor mRNA processing). The results also suggestHE300 3 CS1 prp4-sppb 2 1 4
HE300 3 CS2 prp4-sppb 1 1 11 that the double mutant spp41 spp42 (prp4-73 ts) is synthet-
HE300 3 CS3 prp4-sppb 13 0 16 ically lethal, indicating a functional interaction between

Prp4p, Spp41p, and Spp42p. Figure 1 demonstrates bya PD, parental ditype: four growing colonies; NPD, nonpa-
Northern analysis, probing with the intron-containingrental ditype: two growing colonies; T, tetratype: three growing

colonies when incubated at 368. dis2 gene (Ohkura et al. 1989), that both suppressors
b spp, suppressor gene. After the dissection of tetrads, spores are also capable of suppressing the pre-mRNA splicing

were incubated at 258 on YEA, then replicated and incubated defect of the prp4-73 ts allele at 368.at 368.
Genetic mapping of spp41 and spp42: We used the

long-range mapping procedure developed by Schmidt
(1993), testing in the first step for linkage of spp41 andsing the prp4-73 ts allele at 368, thus representing a clas-
spp42 to known markers of the three chromosomes. Thesical extragenic suppressor. Although the cross between
two genes were mapped in a swi5 genetic background,HS300 and CS3 indicates linkage between suppressor
reducing recombination frequency z10-fold (Schmidtand prp4, further analysis unambiguously shows that the
1993). As markers we used lys1 for chromosome I, mat1suppressor is located on chromosome I.
for chromosome II, and ade6 for chromosome III. InIdentification of two different suppressor loci: To
Table 3 the results of the tetrad analyses for both genestest the three CS strains for allelism of the extragenic
and the indicated chromosomal markers are listed.suppressor, we constructed strains with opposite mating
Based on the numbers obtained for the three classes oftypes, called HE691 and HE692 (Table 1). Then we
tetrads, it appears that spp41 as well as spp42 are linkedcrossed the appropriate strains to each other. The
to the marker lys1 on chromosome I. To determine thecrosses of strains HE691 3 CS2 and HE691 3 CS3 re-
approximate position of spp41 and spp42 on chromo-vealed a ratio of the three tetrad classes, which indicates
some I, we used the markers ura1, his6, lys1, and ade4;the independent assortment of two different suppressor
ura1 and his6 are located on the long left arm of chromo-loci (Figure 2A), whereas 17 asci of the cross between
some I and lys1 and ade4 on the short right arm ofHE692 and CS3 produced at 368 four growing colonies,
chromosome I. The markers his6 and lys1 are proximalclearly suggesting that the suppressor mutations of these
to the centromere region and ura1 and ade4 are markerstwo strains are allelic (Figure 2A). Furthermore, in Fig-

ure 2B we show results of a tetrad analysis after a cross toward the ends of chromosome I. The results of the

Figure 2.—(A) Test for allelism
of the suppressor locus in the
strains CS1, CS2, and CS3. Strains
were crossed as indicated. Tetrads
were dissected and spores were
grown on YEA at 258 (column
258); subsequently they were rep-
lica plated and incubated at 368
(column 368). d, growing colo-
nies; †, dead spores; s, not grow-
ing after incubation at 368. unc.,
unclassified asci. (B) spp41 and
spp42 are synthetically lethal with
each other. HE691 was crossed to
CS2. Tetrads were dissected and
spores were grown at 258. Spores
containing the double mutant do
not form colonies.
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TABLE 4TABLE 3

Linkage analysis of spp41 and spp42 Long-range mapping of spp41 and spp42
on chromosome I

No. of tetradsa

No. of tetradsa

Gene pairs PD NPD T Ch.b

Gene pairs PD NPD T Recomb. fr.b

spp41–lys1 34 0 9 I
spp41–mat1 16 7 18 II spp41–ura1 130 1 32 11.5
spp41–ade6 18 14 10 III spp41–his6 164 0 4 1.5
spp42–lys1 20 4 7 I ura1–his6 111 1 29 12.4
spp42–mat1 9 11 19 II spp41–lys1 141 1 35 12.4
spp42–ade6 12 9 14 III spp41–ade4 39 5 63 43.5

ade4–lys1 45 4 59 38.5
a PD, parental ditype; NPD, nonparental ditype; T, tetratype. spp42–ura1 32 0 5 6.7b Ch., chromosome number of the marker. The strains used spp42–his6 33 0 6 8.4

for linkage analysis were swi52 (Schmidt 1993). ura1–his6 26 0 12 15.7
spp42–lys1 24 0 10 14.7
spp42–ade4 11 1 22 41.2
ade4–lys1 15 0 22 29.7tetrad analyses of these crosses are shown in Table 4.

Both suppressor loci, spp41 and spp42, are located on the a PD, parental ditype; NPD, nonparental ditype; T, tetratype.
left arm of chromosome I proximal to the his6 marker. b Recombination frequencies determined from crosses ho-
However, spp41 and spp42 are not closely linked. mozygous for swi52 where swi52 reduces the recombination

frequency about 10-fold (Schmidt 1993). The formula ofFurther genetic analysis: We constructed diploids ho-
Perkins (1949) was used for calculation: 50 (T 1 6NPD)/mozygous for prp4-73 ts/prp4-73 ts and heterozygous for
(PD 1 T 1 NPD). The following schematic drawing showsspp411/spp412 and spp421/spp422, respectively. In both the relative position of spp41 and spp42 on the left arm of

cases the diploid cells grew at 368, suggesting that in chromosome I:
this genetic background the suppressor locus is domi- ura1 spp42 spp41 his6
nant over wild type. Based on these observations we
decided to screen a prp4-73 ts strain for growth at 368
using genomic libraries of the suppressor strains. There- a gene sequence whose derived ORF (2363 amino acids)
fore, we constructed genomic libraries of the suppressor is .60% identical to a large protein, called Prp8p, of
strains spp41 and spp42, respectively. We used the vector the budding yeast S. cerevisiae. Prp8p has been shown
pUR19 and constructed the libraries as suggested by to be a bona fide pre-mRNA splicing factor associated
Barbet et al. (1992). In addition, the partially digested with the snRNP U5 and the protein appears to be highly
genomic DNA was separated on sucrose gradients and conserved from yeast to humans (Table 5; Hodges et
DNA fragments of 3–5 kb in size were collected and al. 1995; Teigelkamp et al. 1995). Since spp41 and spp42
cloned into the vector. Both libraries contained map in this region, we decided to test whether this locus
z100,000 independent clones. However, with this ap- may encode one of the suppressors.
proach neither spp41 nor spp42 was isolated, possibly The S. pombe sequence revealing this large ORF ap-
for either of two reasons. First, the vector pUR19 is a pears not to be interrupted by putative introns. We
high-copy plasmid; overexpression of the suppressors designed a pair of primers, including the putative start
might have a dominant negative effect on growth. Sec- codon, to produce PCR products from genomic DNA.
ond, it is conceivable that the suppressor genes encode According to the sequence on cosmid SPAC4F8, we
large proteins not represented in the libraries, since we would expect a PCR product of 7 kb. As template DNA
selected for 3- to 5-kb DNA fragments. for this primer pair we isolated DNA from a wild-type

Isolation of spp42: The S. pombe genome is currently strain and from the suppressor strains spp41 and spp42,
being sequenced by the Sanger Center (Cambridge, respectively. As shown in Figure 3A, the size of the PCR
U.K.) and 12 other European laboratories (http:// products of the three strains is consistent with the pre-
www.sanger.ac.uk/Projects/S_pombe/). We searched dicted size of z7 kb. Restriction analysis showed that
the S. pombe sequences of chromosome I at the Sanger all three PCR fragments contained the same restriction
Center for the his6 gene and found it located on a sites found in the database sequence (Figure 3B). The
cosmid called SPAC3F10. The sequence of this cosmid three PCR products were cloned into the plasmid
is also available in the data bank. We “walked” from the pCR2.1 for amplification in E. coli. In the next step we
his6 gene on the left arm of chromosome I toward the subcloned the 7-kb DNA fragments into the fission yeast
chromosome end. Unfortunately, next to the cosmid expression vector pREP3, placing the ORFs under the
containing his6 is a huge sequence gap of unknown control of the thiamine repressible nmt1 promoter.
size; therefore, our “walk” was directed, but without pREP3 contains LEU2 as selectable marker (Maun-

drell 1993). The plasmids containing the 7-kb DNAguidance. In any case, on cosmid SPAC4F8 we identified
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TABLE 5

Comparison of the ORF derived from spp42 with the data bank

spp42 ORF hPrp8p cPrp8p scPrp8p tPrp8p

Length aa 2363 2335 2329 2413 2403
% Identitya 100 73 73 61 40

Length aa, number of amino acids found in the indicated amino acid sequence. hPrp8p, Homo sapiens
(GenBank accession no. AB007510); cPrp8p, Caenorhabditis elegans (GenBank accession no. L14433); scPrp8p,
S. cerevisiae (EMBL accession no. Z24732); tPrp8p, T. brucei (EMBL accession no. Y12638).

a Percentage overall amino acid identity with spp42 ORF.

fragment of the three different strains were transformed not been sequenced yet. For this reason, we have started
to construct a library of the spp41 suppressor strain withinto the strain HE622 containing prp4-73 ts (Table 1)

and screened at the permissive temperature (258) on partial Sau3A fragments .7 kb.
minimal medium (MM) containing thiamine for leu- For further analysis of the isolated suppressor gene
cine prototrophic colonies. All three plasmids produced spp42, we compared the ORF of 2363 amino acids with
colonies (Figure 4A). Growing colonies were replated the data bank and found an overall amino acid identity
on MM plates containing thiamine and incubated at 368, of 73% between the fission yeast sequence and the hu-
again selecting for leucine prototrophy. Under these man hPrp8p (also named p220, Table 5). The overall
conditions only the cells carrying the plasmid-borne identity between the fission yeast sequence and Prp8p
7-kb fragment of the spp42 strain produced colonies of S. cerevisiae is 61% (Table 5). On the basis of these
(Figure 4A). This suggests that the 7-kb PCR fragment results, we suggest that spp42 of fission yeast encodes a
of the spp42 suppressor strain carries the extragenic homologue of Prp8p (Table 5). In the fission yeast the
suppressor of prp4-73 ts. This result was confirmed when gene named prp8/cdc28 encodes a putative helicase,
we replated the cells transformed with the three differ- which is possibly involved in pre-mRNA splicing and
ent plasmids onto nonselective medium. Again, only cell cycle regulation (Lundgren et al. 1996); to avoid
the cells that were transformed with the plasmid car- confusion we will call the gene spp42 and its product
rying the 7-kb DNA fragment derived from the spp42 Spp42p.
strain produced colonies at 368 (Figure 4B). Further-
more, in these cells the suppressor can be overproduced
without any negative effect on the cells; however, over-
production of the wild-type (spp421) gene in the spp42
suppressor background has a dominant negative effect
on growth (results not shown).

DISCUSSION

Suppressor phenotypes of spp41 and spp42 at 368: We
isolated two classical extragenic suppressors of the prp4-
73 ts allele. Mutations in both loci suppress the growth
and the splicing defect caused by prp4-73 ts. The results
of Northern analysis suggest that both suppressor strains
efficiently produce mature mRNA at 368. However, since
the cells were transformed with a plasmid-borne re-
porter gene, splicing activity cannot be quantified (Fig-
ure 1).

spp42 encodes a homologue of Prp8p: The sequence
on cosmid SPAC4F8 revealed a noninterrupted ORF of
2363 amino acids with an estimated molecular mass of
275 kD. The gene for this ORF, including promoter Figure 3.—(A) PCR fragments produced using a primer
and 39 control region, must be contained on at least an pair designed to isolate the putative Prp8p ORF on cosmid

SPAC4F8.12c. As templates genomic DNA was isolated from8-kb DNA fragment. This might have been the reason
the following: lane 1, wild-type strain L968; lane 2, suppres-that our approach to screen for the suppressor genes
sor strain CS1(spp41-1); and lane 3, suppressor strain CS2with the genomic libraries failed. Both libraries were
(spp42-1). M, HindIII digested l DNA. A 1% agarose gel was

made with fragments between 3 and 5 kb. Possibly, spp41 used for electrophoresis. (B) PCR fragments digested with
also encodes a large protein. According to our mapping EcoRI. According to the database sequence four fragments of

2.465, 2.161, 2.159, and 0.215 kb were expected (arrows).data, spp41 might lie in a chromosomal region that has
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Figure 4.—Test for sup-
pressor function of the can-
didate gene. (A) The strain
H622 containing prp4-73 ts

was transformed with the
expression plasmid pREP3
containing the 7-kb PCR
fragment of the wild-type
strain (2); with pREP3 con-
taining the 7-kb PCR frag-
ment of the suppressor
strain CS2 (ssp42-1) (3);
with pREP3 containing the
7-kb PCR fragment of
the suppressor strain CS1
(ssp41-1) (4) and grown at
258 on plates without leu-
cine to select for the plas-
mids. (1) HE622 (without
plasmid). Growing colonies
were replated and incu-
bated at 368 under selective
conditions. The plates con-
tained thiamine to keep ex-
pression of the cloned gene
low. (B) The transformed
cells were plated on nonse-
lective medium (YEA) and
incubated at 258 and 368.
(1) HE622; (2), (3), (4) as
in A.

It has been shown in vitro that Prp8p of S. cerevisiae cally lethal (in the presence of prp4-73 ts), which also
defines a functional interaction between spp41 andand hPrp8p contact pre-mRNA. Both proteins form

crosslinks that indicate that this protein is always in close spp42. Based on these observations, it is possible that
Spp41p and Spp42p encode substrates and/or regula-proximity to the splice sites during the splice reaction

(Teigelkamp et al. 1995; Sha et al. 1998). In addition, tors of Prp4p kinase that might function in a complex.
In addition, Urushiyama et al. (1997) have shown awith a genetic approach it has been shown that Prp8p in

S. cerevisiae is involved in 39 splice site selection, possibly genetic interaction between Prp4p kinase and Prp1p.
Prp4p in vitro is an active kinase. Therefore, we wantedrequired for specificity and fidelity of utilization of the
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Käufer, N. F., V. Simanis and P. Nurse, 1985 Fission yeast Schizosac-
other than SR proteins is not known (Wang and Man- charomyces pombe correctly excises a mammalian RNA transcript

intervening sequence. Nature 318: 78–80.ley 1997; Will and Lührmann 1997). To the best of
Leupold, U., 1950 Die Vererbung von Homothallie und Heterothal-our knowledge, Prp4p kinase is the first kinase showing

lie bei Schizosaccharomyces pombe. C. R. Trav. Lab. Carlsberg Ser.
functional interaction with non-SR-splicing factors. On Physiol. 24: 381–480.

Lucke, S., T. Klockner, Z. Palfi, M. Boshart and A. Bindereif,the basis of our results discussed in this article and in
1997 Trans mRNA splicing in trypanosomes: cloning and analy-previous studies (Gross et al. 1997, 1998), we suggest
sis of a PRP8 homologous gene from Trypanosoma brucei pro-

that Prp4p is an excellent candidate for a kinase directly vides evidence for a U5-analogous RNP. EMBO J. 16: 4433–4440.
Lundgren, K., S. Allan, S. Urushiyama, T. Tani, Y. Oshima et al.,controlling the assembly of catalytic spliceosomes. Fur-

1996 A connection between pre-mRNA splicing and the cellther genetic and biochemical analysis will reveal the
cycle in fission yeast: cdc281 is allelic with prp81 and encodes an

specific role of this protein kinase. RNA-dependent ATPase/helicase. Mol. Biol. Cell 7: 1083–1094.
Manley, J. L., and R. Tacke, 1996 SR proteins and splicing control.We thank Antje Nickel for excellent technical assistance, particularly

Genes Dev. 10: 1569–1579.for the construction of both suppressor libraries and the skillful dissec-
Maundrell, K., 1993 Thiamine-repressible expression vectors pREP

tion of hundreds of tetrads. This work was supported by grants from and pRIP for fission yeast. Gene 123: 127–130.
the Deutsche Forschungsgemeinschaft to N.F.K. Moreno, S., A. Klar and P. Nurse, 1991 Molecular genetic analysis

of fission yeast Schizosaccharomyces pombe. Methods Enzymol. 194:
795–823.
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