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Prp45 Affects Prp22 Partition in Spliceosomal Complexes
and Splicing Efficiency of Non-Consensus Substrates
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ABSTRACT

Human transcription co-regulator SNW1/SKIP is implicated in the regulation of both transcription elongation and alternative splicing. Prp45,
the SNW/SKIP ortholog in yeast, is assumed to be essential for pre-mRNA processing. Here, we characterize prp45(1-169), a temperature
sensitive allele of PRP45, which at permissive temperature elicits cell division defects and hypersensitivity to microtubule inhibitors. Using a
synthetic lethality screen, we found that prp45(1-169) genetically interacts with alleles of NTC members SYF1, CLF1/SYF3, NTC20, and CEF1,
and 2nd step splicing factors SLU7, PRP17, PRP18, and PRP22. Cwc2-associated spliceosomal complexes purified from prp45(1-169) cells
showed decreased stoichiometry of Prp22, suggesting its deranged interaction with the spliceosome. In vivo splicing assays in prp45(1-169)
cells revealed that branch point mutants accumulated more pre-mRNA whereas 5" and 3’ splice site mutants showed elevated levels of lariat-
exon intermediate as compared to wild-type cells. Splicing of canonical intron was unimpeded. Notably, the expression of Prp45(119-379)
in prp45(1-169) cells restored Prp22 partition in the Cwc2-pulldowns and rescued temperature sensitivity and splicing phenotype of
prp45(1-169) strain. Our data suggest that Prp45 contributes, in part through its interaction with the 2nd step-proofreading helicase Prp22, to

splicing efficiency of substrates non-conforming to the consensus. J. Cell. Biochem. 106: 139-151, 2009. © 2008 Wiley-Liss, Inc.
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I ntrons are recognized and spliced out of pre-mRNA through
specific sequences in cis. The splicing signals are interpreted and
complemented by the spliceosome, which is capable of transducing
inputs from inside and outside of the cell into the changes of
catalytic efficiency and splice site choice. Spliceosome assembles on
a template in a still disputed series of associations and conforma-
tional changes of U1, U2, and U5.U4/U6 snRNP particles [Jurica and
Moore, 2003; Valadkhan, 2005; Will and Luhrmann, 2006]. Before
the first transesterification can occur, the U5.U4/U6 tri-snRNP
containing complex, denoted B [Makarov et al., 2002], must be
rearranged, releasing U1 and then U4 snRNPs and binding the Prp19
associated complex [Tarn et al., 1994]. This complex, named the
CDC5L complex in metazoans and the NineTeen Complex (NTC) in
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Saccharomyces cerevisiae, supplies essential factors to the spliceo-
some and marks the transition from the inactive spliceosome B to the
catalytically competent species [Ohi et al., 2005]. After the first
transesterification, the spliceosome attains a conformation support-
ing the second step reaction [Mayas et al., 2006; Liu et al., 2007] in a
process which requires the ordered recruitment of helicases and
auxiliary 2nd step factors [James et al., 2002]. Helicases are
indispensable also for the release of mRNA and of the intron lariat
from the post-catalytic spliceosome [Arenas and Abelson, 1997].
Splicing in S. cerevisiae does not include an alternative selection
of splice sites or complex SR protein interactions of metazoan cells
[Shen and Green, 2006]. New results on regulated meiotic splicing
[Juneau et al., 2007], on the gene-selective impacts of splicing factor
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mutants [Pleiss et al., 2007b], or on the role of exon sequences in
determining splicing efficiency [Crotti et al.,, 2007] suggest,
however, that the “decision-algorithms” of the yeast spliceosome
are very complex and subject to cellular regulation [Pleiss et al.,
2007a]. These as well as earlier data on cell cycle-arrest phenotypes
of splicing factor mutants [Burns et al., 2002] imply that the
spliceosome differentiates among substrates and that facultative
interactions take place on different pre-mRNA templates [Preker
et al., 2002; Pleiss et al., 2007b]. It is perhaps because of this
complexity that the yeast spliccosome has kept its many
components, most of which have homologs in human [Stevens
et al., 2002].

The human transcription co-regulator SNW1/SKIP is remarkable
for the diversity of pathways in which it participates. It is involved in
signaling by nuclear hormone receptors, E2F/pRb, CBF1/Notch, or
TGFB/Smad2, among others [Zhou et al., 2000; Leong et al., 2001;
Zhang et al., 2001; Prathapam et al., 2002]. More recently, it was
implicated in the regulation of elongating RNAPolIl via P-TEFb and
it was found to affect the production of alternative transcripts of
several HIV genes [Bres et al., 2005]. Proteomic analyses confirmed
the inclusion of SNWI1/SKIP in the -catalytically competent
spliceosomal complexes and the post-spliceosomal species
[Makarov et al., 2002; Bessonov et al., 2008]. The expression of a
truncated SNW1/SKIP led to the accumulation of unspliced
transcripts derived from a SKIP co-regulated reporter, indicating
that SNW1/SKIP influences pre-mRNA splicing [Zhang et al., 2003].

Unlike SNW 1/SKIP, its yeast ortholog PRP45 was found, so far, to
relate solely to splicing. Prp45 was identified in preparations of
TAP-tagged Cefl, Prp19, Cwc2, Syfl, Yju2, CIf1/Syf3, and Prp46
[Gavin et al., 2002; Ohi and Gould, 2002], thus suggesting its
partition in the NineTeen Complex. It associated with U2, U5, and U6
snRNP under nonsplicing conditions and with assembled spliceo-
somal complexes throughout the splicing process. In a two-hybrid
screen, it interacted with the WD protein Prp46 and the DEAH-box
helicase Prp22. The depletion of Prp45, which stalled cell growth,

TABLE 1. Yeast Strains Used in This Study

correlated with the accumulation of unprocessed pre-mRNA probes,
irrespective of their BS-3’ss distance [Albers et al., 2003].

Here, we characterize a novel deletion mutant of the essential
splicing factor PRP45 (prp45(1-169)), which elicits cell cycle related
defects and temperature dependent growth arrest. We found that
Cwc2-purified spliceosomal complexes of the mutant are signifi-
cantly depleted of Prp22 and that the mutant’s ability to splice
several non-consensus ACT1-CUPI substrates is grossly impaired.
Furthermore, we documented that the prp45(1-169) deletion is
synthetically lethal with alleles of the second step splicing factors
SLU7, PRP17, PRP18, and PRP22, and of the NTC components
SYF1, CLF1/SYF3, NTC20, and CEF1. We hypothesize that the
C-terminal half of Prp45 aids in recruiting Prp22 to the spliceosome
and is important for splicing of atypical introns.

YEAST STRAINS AND PLASMIDS CONSTRUCTIONS

The S. cerevisiae strains used in this study are listed in Table 1. The
cultures were grown in supplemented SD, YPD, or YPAD media. The
strains KAYO01, KAYO02, TSYO1, and TSY02 were generated by PCR
with pFA6a-3HA-kanMX6 [Longtine et al., 1998] replacing the
PRP45 coding sequence for amino acids 170 to 379 in the strains
W303-1a, EGY48, KGY823, and KGY2914, respectively. WT and
prp45(1-169) strains expressing GFP-tagged Tubl or Cbf5 were
obtained by crossing KAY02 with TUB1-GFP or CBF5-GFP strains,
respectively, and selecting haploids carrying the relevant markers.
The prp45(1-169) dbri-A strain FPY2D was prepared as a progeny
of B04999 and KAYO02 crossing.

The plasmids pHIS-PRP45, pLexA-PRP45, pHIS-PRP45(1-190),
p416ADH-PRP45(53-190), and pHIS-PRP45(170AAA)
described previously [Martinkova et al., 2002]. To obtain
pADH416-PRP45(1-168), an EcoRI-Pstl fragment corresponding
to amino acids 1-168 of Prp45 was cloned under the control
of ADHI1 promoter. The fragments encoding Prp45(119-379),

were

Strain Genotype Source or reference
20376 MATa/o his3-A1[his3-Al leu2-A0[leu2-A0 ura3-A0[ura3-A0 lys2-A0/LYS2 MET15/ met15-A0 prp45- Res-Gen™, Invitrogen
AO::kanMX4|PRP45

W303-1a MATa ura3-1 leu2-3,112 trpl-1 his3-1,115 ade2-1 can1-100 [Thomas and Rothstein, 1989]

KAYO1 prp45(1-169)-HA:: kanM X6, otherwise as W303-1a This study

EGY48 MATa his3 trpl urad LexA,xe-LEU2 [Golemis et al., 1996]

KAYO02 prp45(1-169)-HA ::kanMX6, otherwise as EGY48 This study

FPY4B MATa prp45(1-169)-HA::kanMX6 ade2 ade3 his3 ura3 leu2 (pHT4467A-PRP45) This study

AVY11 MATo prp45(1-169)-HA::kanMX6 ade2 ade3 his3 ura3 leu2 trpl (pHT4467A-PRP45) This study

B04999 MATa dbr1-A:kanMX4 his3-Al leu2-A0 ura3-A0 met15-A0 Euroscarf

FPY2D MATa prp45(1-169)-HA::kanMX6 dbri-A::kanMX4 his3 ura3 leu2 trpl metl5 This study

JBa MATo ura3 leu2 his3 ade2 ade3 [Bassler et al., 2001]

KGY823 MATa ade2-101 leu2-Al lys2-801 trpI-Al ura3-52 K. Gould

KGY1522 MATa cefl-13 ade2-101 leu2-A1 lys2-801 trp1-Al ura3-52 K. Gould

KGY2818 MATa prpl7/cdc40-A his3-Al leul-AO metl5-A ura3-A0 K. Gould

KGY2847 MATa prp22-1 ade2 his3 ura3 K. Gould

KGY2914 MATa tublAi ade2-101 leu2-Al lys2-801 trp1-Al ura3-52 K. Gould

TSYO1 prp45(1-169)-HA ::kanMX6, otherwise as KGY823 This study

TSY02 prp45(1-169)-HA ::kanMX6, otherwise as KGY2914 This study

YDF53 MATa ura3 leu2 his3 lysl, ade2 ade3 trpl slu7::TRP1 (URA3 SLU7 plasmid) K. Guthrie

CWC2-TAP MATa CWC2-TAP::HIS3MX6 his3A1 leu2A0 met15A0 ura3A0 [Ghaemmaghami et al., 2003]

CBP5-GFP MATa CBP5-GFP::HIS3MX6 his3A1 leu2A0 met15A0 ura3A0 [Huh et al., 2003]

TUB1-GFP MATa TUBI-GFP::HIS3MXG6 his3A1 leu2A0 met15A0 ura3A0 [Huh et al., 2003]
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Prp45(53-379), and Prp45(258-379) were generated by PCR, cut by
EcoRI and Xhol, and inserted into p416ADH or pLexA. The plasmid
pHIS-PRP45(A163-173) expressing Prp45 with the AAA substitu-
tion for the amino acids WKIPAAVSNW was obtained using the
Altered Sites™ 1I in vitro Mutagenesis System (Promega). In two
sequential mutagenesis reactions the substitutions SNW170-
172AAA and WKI163-165AAA were prepared and the sequence
between Nofl sites introduced in the reactions was eliminated. To
construct the pHT4467A-PRP45, PRP45 was PCR amplified and
inserted as an Xbal-Nofl fragment into the pHT4467A [Bassler
et al., 2001]. pRS313-SLU7 was constructed by inserting the 3.3 kb
BamHI-Sall fragment of SLU7 locus into pRS313. The 5.5 kb Sall-
Xbal fragment containing CLF1/SYF3 was inserted into a pRS313
vector to generate pRS313-CLF1. The plasmids pRS313-
SLU7(P268L) and pRS313-SLU7(K252E) were prepared using DNA
fragments obtained by PCR; DNA isolated from mutant strains
FPY4B#2 and FPY4B#16 served as a template. To construct
p413ADH-PRP22, the ORF of PRP22 was PCR amplified and cloned
as BamHI-Sall fragment into p413ADH.

SYNTHETIC LETHALITY SCREEN

The strains FPY4B and AVY11, used in the synthetic lethality (SL)
screen, were prepared as a progeny of KAYO1 and JBa [Bassler et al.,
2001] crossing. The temperature-sensitive spore clone carrying the
relevant markers was selected and transformed with pHT4467A-
PRP45. The SL screen was performed as previously described [Koren
et al., 2003]. The cells were UV irradiated in ca 2 mm layer of water
suspension (Stratalinker; 254 nm, 15-25 mJ/cm?) to obtain 2-10%
survival. YEp13-based genomic library [Reed et al., 1989] was used
to identify mutated genes.

ANALYSES OF PROTEIN COMPLEXES

PRP45 and prp45(1-169) strains expressing Cwc2-TAP fusion
protein were used for tandem affinity purification (TAP) experi-
ments. CWC2-TAP prp45(1-169) strain was obtained as a G418-
resistant, HIS+, temperature sensitive progeny of KAY02 and
CWC2-TAP strain crossing. Inoculum (50 ml) was grown in selective
media, transferred to 2 L of YPD and cultivated for 6-8 generations
to OD (600 nm) ~4.0. Cells were then collected, washed and frozen in
liquid nitrogen. Cell lysis and TAP-purification were then performed
essentially as described [Puig et al., 2001; Lopez de Heredia and
Jansen, 2004]. Protein complexes were resolved by SDS-PAGE
using 4-12% gradient gel (Invitrogen) and stained with Brilliant
Blue G (Sigma). Selected bands were excised and processed by
MALDI-TOF mass spectrometry identification. For Western blot
analyses, anti-Prp22 (rabbit polyclonal; a gift from B. Schwer), anti-
TAP (anti-CBP rabbit polyclonal; Open Biosystems), and anti-HA
(mouse monoclonal, Babco) primary antibodies, and anti-rabbit and
anti-mouse horse radish peroxidase conjugated secondary anti-
bodies (BIORAD) were used. The immunoblot signal was visualized
by the ECL chemiluminescence system (Amersham).

RNA ISOLATION AND PRIMER EXTENSION ANALYSIS

Cells transformed with plasmid pMM1C, pMM4C, pMA2C, pMA42,
pCQO4, or pC256A expressing ACT1-CUP1 fusion construct under
the control of TDH3 promoter [Lesser and Guthrie, 1993] were

grown in SD medium to OD (600 nm) ~0.5-0.8. The cells were then
harvested and total RNA was isolated by hot phenol extraction. The
extension reactions were primed using the oligonucleotide YAC6,
complementary to the proximal part of CUP1 [Siatecka et al., 1999],
orU10G (5'-CGCCGTATGTGTGTGTGACC-3’), complementary to U1
snRNA. Probes were radiolabeled on 5" ends using T4 Polynucleotide
Kinase (Promega) and [y->?P] ATP (3,000 Ci/mmol; MP Radio-
chemicals). The reverse transcription was performed with the
RevertAid™ M-MuLV Reverse Transcriptase (Fermentas) and 3-
10 pg of RNA substrate. The products were separated on 8%
polyacrylamide/7 M urea gels and visualized by autoradiography.

IDENTIFICATION AND CHARACTERIZATION OF TEMPERATURE
SENSITIVE ALLELE OF PRP45

In Prp45, amino acids 190-249 are 37% identical (75% similar) to
human SKIP protein. Nevertheless, as we have demonstrated
previously, truncated or mutated variants of Prp45, including
Prp45(1-190) or Prp45(170AAA), supported wild-type growth of
prp45-A haploids [Martinkova et al., 2002]. Here, we show that the
truncation of 52 N-terminal amino acids is viable in Prp45(53-379)-,
but lethal in Prp45(53-190)-expressing cells. The protein with
more extensive N-terminal truncation, Prp45(119-379), failed to
support growth. The absence of the invariant SNWKN motif
(Prp45(A163-173)) was compatible with viability at both 30° and
37°C, but the C-terminal truncation that encompassed the SNWKN
motif (Prp45(1-168)) caused lethality at 37°C (Fig. 1A). The growth
rate of prp45-A cells expressing Prp45(1-168) under the control of
an ADH1 promoter steadily declined after the temperature shift and
became negligible after ca 24 h (data not shown).

To study the cells expressing the temperature sensitive variant
of Prp45 at physiological levels, we prepared a prp45(1-169)-
3HA::kanMX6 substitution at the PRP45 locus, using primer
directed homologous recombination in the strain EGY48. The
resulting mutant cells (KAY02) stopped their growth in liquid
culture 6 h after the transfer to a non-permissive temperature
(Fig. 1B). The same results were obtained with the prp45(1-169)-
3HA::kanMX6 substitution in the strain W303-1a (KAYO01; data not
shown). The morphology of prp45(1-169) cells suggested a cell
division defect; a high proportion of cells from an exponentially
growing culture at 30°C displayed elongated and deformed shapes.
Some of the buds were rod-like with the necks widened (Fig. 1C). We
tested the prp45(1-169) (KAY02) strain for its response to various
stressors and found that it was hypersensitive to microtubule
polymerization inhibitors, nocodazole and carbendazim (Fig. 1D
and data not shown). The strain was also found to be hypersensitive
to cycloheximide, reflecting perhaps the fact that some of the mRNA
products, for example, ribosomal proteins, were already limiting
at 30°C.

Previously, TUB1 and TUB3 splicing defects were documented for
cefl-13, prp17-A, prp22-1, and prp16-2 alleles [Burns et al., 2002;
Chawla et al., 2003]. Burns et al. suggested that it is the differential
requirement of certain splicing factors for the processing of a subset
of transcripts that causes cell cycle arrest. To test whether defective
splicing of TUBI intron was responsible for the observed defect in
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Deletion analysis of PRP45 identified a temperature sensitive allele prp45(1-169). A: Deletion analysis of PRP45 delineates a region required for viability. PRP45/

prp45-A strain was used to express either full-length Prp45 or its N-terminal, C-terminal or combined truncations or mutations under the control of an ADH1 promoter. The
cells were sporulated and individual spores tested for viability at 30°C, auxotrophy, and G418 resistance. The constructs indicated by asterisk (*) were published previously
[Martinkova et al., 2002]. B: prp45(1-169) cells cease to grow after ca. 6 h of incubation at 37°C. prp45(1-169) (circles) and PRP45 (squares) strains were cultivated in SD
medium at 30°C (empty symbols) or 37°C (filled symbols). C: prp45(1-169) deletion leads to aberrant cell morphology. prp45(1-169) cells expressing chromosomally tagged
Cbf5-GFP were grown at 30°C and observed under a Leica TCS SP2 confocal microscope (right panel). The Cbf5-GFP was used to visualize the nuclei (majority of the signal is
localized in nucleoli). PRP45 CBF5-GFP cells were used as controls (left panel). D: prp45(1-169) cells exhibit hypersensitivity to nocodazole and cycloheximide. prp45(1-169)
and PRP45 cells were cultivated to a middle-log phase at 30°C, serially diluted in 1:3 ratios, spotted on YPAD plates (C) or YPAD plates containing 5 p.g/ml nocodazole (1), 7.5

rg/ml nocodazole (2), or 0.04 pg/ml cycloheximide (3), and incubated for 1.5 day.

prp45(1-169) cells, we expressed the intronless TUB1 gene (fub1Ai)
and its WT version from a centromeric vector under the control of an
autologous promoter [Burns et al., 2002] in prp45(1-169) and
PRP45 cells, and tested their growth ability at 30° or 37°C. The
expression of intronless tubulin gene did not alleviate the growth
defect to any extent (Fig. 2A). To further test the influence of TUB1
intron deletion on the microtubule depolymerizing drug sensitive
phenotype of the prp45(1-169) mutant, we generated prp45(1-
169)-3HA::kanMX6 substitutions in KGY2914 (tubIlAi) and
KGY823 (TUB1 WT) strains. The removal of TUBI intron from
the genome only slightly restored the resistance of prp45(1-169)
cells to nocodazole (Fig. 2B). In addition, when prp45(1-169) strain
expressing GFP-tagged Tub1 under an autologous promoter was
examined, cells with mitotic spindle structures were observed even
after ca. 4 h incubation at 37°C (data not shown).

Microscopic examination of synchronized prp45(1-169) cells
cultivated at 37°C confirmed the accumulation of large-budded cells
arrested during the terminal stages of cell division (Fig. 2C). DAPI

stained nuclear content appeared segregated to the mother and
daughter cells, but there were no other buds forming on the doublets.
The doublets were connected by Calcofluor-positive septa, some of
which were already contiguous as judged by the examination of
optical sections (data not shown).

prp45(1-169) IS SYNTHETICALLY LETHAL WITH MUTANT ALLELES
OF NTC COMPONENTS AND SECOND STEP SPLICING FACTORS

prp45(1-169) cells grew at WT-rates at the permissive temperature,
which suggested that splicing was not affected taken as a whole. We
reasoned that such cells would be suitable for discriminatory genetic
analysis of synthetic lethality. We employed a synthetic lethality
screen with prp45(1-169) strain transformed with a pHT4467A-
PRP45 plasmid (Fig. 3A). After UV mutagenesis, we obtained 39
candidate clones among which we found the mutants of SLU7,
PRP18, SYF1, CLF1/SYF3, NTC20, PRP22, and CEF]1. The list of the
clones and genes identified by complementation and molecular
nature of some of the mutations is presented in Table II. The
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Fig. 2. The phenotype of prp45(1-169) cells cannot be assigned to the
inefficiency of TUB1 splicing. (A) Expression of tubulin o from either TUB1 or
intronless tub7Ai does not overcome the temperature sensitivity phenotype of
prp45(1-169) cells. prp45(1-169) cells were transformed with pRS415-TUB1
(triangles), pRS415-tub1Ai (circles), or empty plasmid (squares) as a control.
Transformants were grown in selective medium at 30°C (filled symbols) or 37°C
(empty symbols). B: Excision of intron from TUB1 does not eliminate the
hypersensitivity of prp45(1-169) cells to nocodazole. Indicated strains were
cultivated to a middle-log phase, serially diluted (ratio 1:3), and spotted on
YPAD plates with or without 5 pg/ml nocodazole. The plates were incubated at
30°C for 3 days. C: Hydroxyurea-synchronized culture of the prp45(1-169)
mutant accumulates large-budded cells at restrictive temperature.
prp45(1-169) and PRP45 cells were grown in YPAD medium at 30°C to OD
(600 nm) ~0.3, synchronized at 37°C for 3 h in the presence of 15 mg/ml
hydroxyurea, washed twice with water, and released into double volume of
YPAD medium; both the water and the medium were preheated to 37°C. The
cells were collected 3 h after the release, washed, stained by DAPI (1 wg/ml) or
Calcofluor white (1 mg/ml) and analyzed under a confocal microscope.
The percentage of cells with small (or absent), medium, or large buds was
determined [Racki et al., 2000].

complementation experiments are illustrated in Figure 3B (left
panel). We discuss in more detail the mutations of SLU7, CLF1 (see
below), and PRP22 (see the next paragraph).

Slu7, which binds the spliceosome through U5 snRNP and the
DExH-box protein Brr2, cooperates with Prp18 in the second step of

splicing and is required for stage specific recruitment of Prp22 [van
Nues and Beggs, 2001; James et al., 2002]. Sequencing of slu7 alleles
of the strains FPY4B#2 and FPY4B#16 revealed single missense
mutations P268L and K252E, respectively. To prove that these
mutations were responsible for the synthetic lethality, the
corresponding alleles were inserted into a shuttle vector and their
inability to rescue pHT4467A-PRP45 dependence of FPY4B#2 and
FPY4B#16 strains was confirmed by plasmid shuffling (Fig. 3 B and
Q). Either allele proved functional in slu7-A background at all
temperatures tested (Fig. 3C and data not shown). slu7(P268L) did
not suppress the synthetic lethal interaction of prp45(1-169) with
slu7(K252E) and vice versa (Fig. 3C). Both mutations map within a
highly conserved region between amino acids 247 and 271, adjacent
to the Prp18 binding area and within the essential part of the protein
[Zhang and Schwer, 1997]. The sequence contains six invariant
residues, one of which is replaced in the P286L mutation (Fig. 3D).

CLF1/SYF3 was originally identified in a synthetic lethality
screen with prp17-A [CDC40; Ben Yehuda et al., 2000] and forms
part of the protein-protein interaction network of the NineTeen
Complex [Ohi and Gould, 2002]. CIf1 protein consists of two super
helices coiled of tetratricopeptide repeat units (TPR) and a partly
conserved C-terminal region. The N- and C-terminal super helix
interacts, among other factors, with Cefl and Syf2, respectively,
while the non-TPR region binds Prp22 [Ben Yehuda et al., 2000]. The
TPR motifs are not interchangeable and their deletions show allele
specific genetic interactions with, for example, prp22 or cwc2 alleles
[Vincent et al., 2003]. Analysis of the strain FPY4B#3 revealed a clf1
allele bearing mutations T402I and S404F. The genetic link between
prp45(1-169) and clf1(T4021,S404F), which contains missense
mutations within the TPR motif 11, might reflect a novel TPR
motif-specific interaction of CIf1.

To complement the SL screen results, several previously
characterized temperature sensitive mutants of splicing factors
were also scored for synthetic lethality with prp45(1-169). The
prp45(1-169) strain harboring plasmid-born PRP45 was crossed
with the candidate mutant strain and the diploid obtained was
sporulated. The synthetic lethal relationship was then tested by
plasmid shuffling (see Fig. 3B, right panel). Among the mutants
analyzed, prp22-1, cefl-13, and prp17-A alleles were found to be
synthetically lethal with prp45(1-169).

Prp45 AND Prp22 FUNCTIONALLY INTERACT
Our findings of the prp45(1-169) genetic partners and the results of
previous proteomic [Ohi et al., 2002; Wang et al., 2003] and two-
hybrid [Albers et al., 2003] analyses suggested that Prp45 is
associated with NineTeen Complex components and with NTC
activated spliceosome during both catalytic steps. We aimed to
compare the protein composition of NTC associated complexes
between WT and prp45(1-169) cells using tandem affinity
purification (TAP). TAP-tagged Cwc2 was chosen as bait because
it interacts with the WD40 domain of the tetrameric Prp19 core
scaffold of the NineTeen Complex [Ohi and Gould, 2002].
Spliceosomal complexes from CWC2-TAP PRP45 and CWC(C2-
TAP prp45(1-169) strains were purified and analyzed by gradient
PAGE. The protein bands were annotated based on pattern
correspondence to available TAP datasets and the identity of
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Fig. 3. prp45(1-169) is synthetically lethal with mutant alleles of NTC members and second step splicing factors. Scheme of synthetic lethal interaction testing. Cells
harboring genomic prp45(1-169) and expressing Prp45 from a PRP45 URA3 ADE3 plasmid (left panel) are subjected to UV radiation mutagenesis. When a mutation in a gene
(GENE X) exhibits synthetic lethal interaction with prp45(1-169), the mutant cells become dependent on the PRP45 URA3 ADE3 plasmid. Plasmid dependent cells form red
non-sectoring colonies and are sensitive to 5-FOA (step 1). Their transformation with a plasmid bearing WT allele of the GENE X makes the PRP45 URA3 ADE3 plasmid
redundant and leads to its loss. The cells form 5-FOA resistant white colonies (step 2; right panel). B: Documentation of selected synthetic lethal interactions identified by UV
mutagenesis and library screening (left panel) and by testing of previously characterized mutants of splicing factors (right panel). FPY4B#2 and FPY4B#3 cells were transformed
with plasmids expressing SLU7 and CLF1, respectively. Empty plasmid was used as a control. The transformants were tested for their ability to grow on media supplemented with
1 mg/ml 5-FOA (left panel). The strain prp45(1-169) cef1-13 (pHT4467 A-PRP45) was transformed with pRS414-CEF1 or empty pRS414 and tested for 5-FOA resistance. The
same tests were done with the strain prp45(1-169) prp22-1 (pHT4467 A-PRP45) and the plasmids pSE358-PRP22 and pSE358 (right panel). C: Characterization of the novel
slu7 alleles. The strains PRP45 slu7-A (YDF53), prp45(1-169) slu7(P268L) (FPY4B#2), or prp45(1-169) slu7(K252E) (FPY4B#16) were transformed with the indicated
plasmids, restreaked, and tested for their ability to grow on 5-FOA plates. D: slu7 mutations P268L and K252E map to a highly conserved C-terminal motif. The Slu7 diagram
highlights the conserved regions and the amino acid substitutions identified in the prp45(1-169) SL screen (arrows). The regions required for viability at various temperatures
are indicated [adopted from Zhang and Schwer, 1997]. The alignment of Slu7 proteins from selected organisms was constructed using ClustalW [Thompson et al., 1994]. The
novel SLU7 mutations are underlined; invariant and conserved residues are denoted by stars and colons, respectively.
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TABLE II. Results of the Synthetic Lethality Testing of prp45(1- selected bands was confirmed by mass spectrometry. The
169) comparison revealed a marked decrease of the quantity of Prp22
(migrating at 130 kDa) in the Cwc2-TAP pull-down from prp45(1-

. . Isolate/strain 169). Western analysis using anti-Prp22 and anti-TAP specific
Genes identified Alleles number antibodies confirmed this result (Fig. 4A).
UV mutagenesis library screen Prp22 is an ATP dependent RNA helicase which is required for
PRP22 prp22(300PPI) AVY11#30 . .
prp22(-158T) AVY11#28 both the release of spliced mRNA from the spliceosome [Schwer and
SLU7 PSFIIL7L272“(;236287L1?) l}‘gi]lggg Gross, 1998] and, as part of a fidelity control mechanism, for the
slu7(K252E) FPY4B#16 rejection of mutated/rate-limiting lariat-exon 2 intermediates
CLF1/SYF3 clf1 (T4(I>\Iléy54041:) :\1;}{;1]13:;9 [Mayas et al., 2006]. It was implicated in dislodging interactions
PRPIS ND AVY11#43 between the pre-mRNA substrate and U5 snRNA [Aronova et al.,
SYF1 ND AVY11#41 2007] and between exon 2 of the spliced mRNA and the spliceosome
NTC20 ND AVY11#36 . . .
CEF1 ND AVY11#22 [Schwer, 2008]. We hypothesize that Prp45 is one of the proteins
Te;t) Iglggéﬂiouﬂy characterized allel?rp%_l KGY2847 which are involved in the recruitment or regulation of the Prp22
CEF1 cefl-13 KGY1522 helicase. We identified four alleles of PRP22 as synthetically lethal
PRP17 prpl7-A KGY2818 with prp45(1-169) (see Table II). Two of them bear mutations in the
ND, not determined. 5" non-coding region of the gene (prp22(-158T) and prp22(-327A)).
Western analysis of Prp22 levels in these mutants revealed a marked
decrease of Prp22 protein (Fig. 4B). One of the PRP22 alleles,
A g £ B
P 5
M.W. _/Pmﬂ *) PRP22allele  WT -158T 300PPI -327A
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» e N P22 (7)
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- E & _\rp4 ) )
Cwc2-TAP 30
- . —Prpd5(1-169)-HA
20—

Fig. 4. Prp45 and Prp22 functionally interact. A: Deletion of the Prp45 C-terminus results in decreased stoichiometry of Prp22 in purified NTC associated complexes. Tandem
Affinity Purification was used to isolate Cwc2-TAP complexes from PRP45 (lane 1) and prp45(1-169) cells (lane 2) cultivated at 23°C. Proteins were separated on a 4-12%
gradient SDS-PAGE and stained by colloidal Coommasie Brilliant blue (left panel) or analyzed by Western blotting using the indicated antibodies (right panels). Protein bands
are labeled based on the pattern of published TAP data; the bands analyzed by mass spectrometry are indicated by asterisks. B: Cells harboring the alleles prp22(-158T) and
prp22(-327A) show decreased concentration of Prp22 as compared to WT. Cultures were prepared in YPD medium to OD ~ 0.8 and harvested. Prp22 levels in samples of equal
protein content were determined immunochemically. C: The over-expression of Prp22 partially suppresses temperature sensitivity of prp45(1-169) cells. The effect of
temperature on the growth of prp45(1-169) cells transformed with 2 pum plasmid expressing WT Prp22 under the control of autologous promoter or with empty plasmid was
compared. Both cultures were grown at 30°C to the same cell density (OD ~ 0.5) and 10-fold serial dilutions were spotted on YPD plates. The photographs were taken after
4 days of incubation at the indicated temperatures.
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prp22(300PPI), bears R300P, Q301P, and L3021 substitutions within
a region which is N-terminal to the ATPase domain and necessary
but not sufficient for spliceosome binding [Schneider and Schwer,
2001]. Finally, one PRP22 allele was identified by direct testing;
prp22-1 harbors a G776E mutation in the inter-domain cleft of the
catalytic domain of the ATPase [Arenas and Abelson, 1997]. Thus,
both the mutations within the C-terminal half of Prp22, containing
the ATPase/helicase domain, and within the N-terminal half are
synthetically lethal with prp45(1-169). Notably, while both halves
are required for functional spliceosome association, they also
function when expressed in trans [Schneider and Schwer, 2001].
Our hypothesis is also supported by the finding that moderate
over expression of Prp22 partly suppressed the ts phenotype of
prp45(1-169) cells (Fig. 4Q).

SPLICING DEFECTS OF INTRON MUTANTS ARE EXACERBATED IN
prp45(1-169) CELLS

The genetic interactions of prp45(1-169) as well as the decreased
stoichiometry of Prp22 in tandem affinity purified Prp45(1-169)
containing spliceosomes led us to examine step-specific splicing
defects using reporter templates in vivo [Liu et al., 2007].
We transformed the prp45(1-169) strain and the corresponding
WT with plasmids expressing an ACTI1-CUPI1 fusion construct
containing mutations in the 5 splice site, branch point, or the 3’
splice site region of the ACTI intron. Levels of pre-mRNA, lariat-

exon 2 intermediate, and mRNA were analyzed using primer
extension assay.

Splicing of the consensus template, that is, containing a canonical
ACT]1 intron sequence, in prp45(1-169) strain proceeded with WT
efficiency (Fig. 5A, lanes 1 and 3). Splicing appeared normal even in
growth-arrested cells, that is, incubated at 37°C for up to 8 h (data
not shown). The latter observation suggests that it is a defect limited
to a subset of transcripts, rather than a generalized impairment of
spliceosomal performance, that underlies the growth arrest
phenotype of prp45(1-169) cells at 37°C. Splicing of a construct
with U(-3) to G mutation of the 3'ss (gAG; Fig. 5A, lanes 2 and 4) was
impaired only in the 2nd step. Splicing in cells cultivated at 37°C
yielded similar results (data not shown). The gAG bearing reporter
acts as less efficient 2nd step substrate and was used to map the
properties of 2nd step acting factors, such as Prp22 [Mayas et al.,
2006]. No effects on splicing efficiency were observed using 3’ss
cAG or aAG reporters. prp45(1-169) strain derived from W303-1a
gave essentially the same results as described above (data not
shown).

Splicing of templates with mutated 5" splice site residues in
prp45(1-169) cells revealed that mainly the 2nd step defect was
exacerbated. While prp45(1-169) apparently impaired splicing of a
construct with A(+3) to C mutation of the 5’ss at both steps (A3C;
Fig. 5B, lanes 1-4), the assay in dbr1-A background (prp45(1-169)
dbr1-A) revealed that lariat-exon 2 intermediate was the primary
accumulation product (Fig. 5B, lanes 2 and 4). A3C generates one
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Fig. 5. Deletion of the Prp45 C-terminus decreases the splicing efficiency of non-canonical pre-mRNA templates. Cells expressing various ACT1-CUP1 fusion constructs were

grown at 30°C to a mid-log phase. RNA was isolated and subjected to primer extension analysis as described in Materials and Methods Section. The products corresponding to
pre-mRNA (P), mRNA (M), and lariat-exon 2 intermediate (LI) are indicated by their icons. The signal appearing between M and LI bands in A and C was found to represent primer
extension products of the endogenous CUP1/CUP2 locus. U1 snRNA content was assayed as a control (A and C; bottom panels). For the construction of the bar diagrams, we used
the phosphorimager signals from several independent experiments to quantify the apparent efficacies of the 1st (M + LI)/(P + M + LI) and 2nd step M/(M + LI). The values
for each construct were normalized to the corresponding efficiencies of the consensus reporter in WT/control strain. A: prp45(1-169) impairs suboptimal 3’ splice site usage.
ACT1-CUP1 fusion constructs with UAG (WT; lanes 1 and 3) or gAG 3’ splice sites (lanes 2 and 4) were used. B: Suboptimal 5’ splice site and branch point sequences are spliced
with lower than WT efficiency in prp45(1-169) cells. Splicing of ACT1-CUP1 fusion constructs with mutated 5’ splice site (A3C; lanes 1-4) or branch site (BS-C, BS-G, or
C256A; lanes 5-12) sequences was compared between WT and prp45(1-169) cells as indicated. Experiments in dbr7-A background were also included to account for the
effect of debranching (lanes 3, 4, 9, and 10). C: s/lu7(P268L) and prp22-1 exhibit gAG splicing defect similar to prp45(1-169). The left panel shows prp22-1 strain harboring
either Prp22 expressing plasmid or empty vector (lanes 1-4). The right panel documents splicing of slu7-A strain harboring plasmids expressing either WT Slu7 or Slu7(P268L)

(lanes 5-8).
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Watson-Crick pair in addition to the WT situation in the complex
formed between U6 snRNA and the template after the rearrangement
catalyzed by NTC [see Chan and Cheng, 2005]. This condition is
interpreted as the hyper-stabilization of the first step conformation
[see Konarska et al., 2006].

Splicing of branch point mutated templates in prp45(1-169) cells
showed the exacerbation of the 1st but not the 2nd step defect
(Fig. 5B, lanes 5-10). Assays were performed using a construct with
branch site A to G mutation (BS-G), which is predominantly second
step limiting, and A to C mutation (BS-C), which forms the lariat
product inefficiently and is limiting for both steps. In cells lacking
lariat debranching activity (dbri-A), the accumulation of lariat-
exon 2 intermediate through defective splicing was not attenuated
by its removal, thus providing a more direct measure of the 2nd step
efficiency (Fig. 5B, lanes 9-10). In addition, a branch site proximal
C256A mutation, which destabilizes the first step conformation
presumably because it pairs less efficiently with U2 snRNA [Smith
et al., 2007], was tested. We found that prp45(1-169) exacerbated
the first step defect associated with this substrate (Fig. 5B, lanes 11-
12).

The mutants slu7(P268L) and prp22-1 were tested for splicing
using the same ACTI-CUPI reporter templates. slu7(P268L)
markedly decreased the 2nd step efficiency with both gAG and
A3C reporters, while prp22-1 moderately exacerbated the 2nd step
defect of the gAG substrate only (Fig. 5C and data not shown). The
alleles did not affect splicing of branch point mutated reporters, in
agreement with the documented role of both Slu7 and Prp22 in the
2nd step of splicing.

CO-EXPRESSION IN TRANS OF THE C-TERMINAL AND
N-TERMINAL PARTS OF Prp45 RESTORES THE FUNCTIONALITY

OF Prp45

Prp45 requires either of the termini for its essential function, as
documented in strains dependent on Prp45(53-379) or Prp45(1-
169). Truncation of both ends, however, yields a non-functional
protein (Prp45(53-190); Fig. 1A). We asked whether the expression
in trans of the C-terminal part of Prp45 in prp45(1-169) cells would
affect the prp45(1-169) associated phenotypes. Indeed, the
expression of Prp45(119-379) in prp45(1-169) cells eliminated
their temperature sensitivity (Fig. 6A).

To test whether also the synthetic lethal interactions of prp45(1-
169) would be suppressed by Prp45(119-379), we employed the
respective double mutant strains harboring PRP45 on a URA3
plasmid and tested their 5-fluoroorotic acid (5-FOA) sensitivity in
the presence of Prp45(119-379). Prp45(119-379) suppressed the
synthetic lethal interaction of prp45(1-169) with slu7(P268L) or
slu7(K252E) at 30°C as well as with prp22-1 at 23°C. In other SL
pairs however, Prp45(119-379) had only weak suppression
capability (cIf1(T4021,S404F)) or had no effect at all (cefI-13,
prp17-A; Fig. 6B).

To assess whether the expression of Prp45(119-379) can
complement prp45(1-169) phenotype at the biochemical level,
we performed Cwc2-TAP purification of spliceosomal complexes
from prp45(1-169) cells expressing Prp45(119-379) or WT Prp45.
We observed that Prp45(119-379) restored the content of Prp22 in
purified Cwc2-TAP complexes to the same levels as WT protein

(Fig. 6C). This implies that the C-terminal part of Prp45 is required
for proper interaction of Prp22 with the spliceosome and, at the
same time, that it is structurally autonomous.

Finally, we asked whether splicing in prp45(1-169) cells
expressing Prp45(119-379) reflects the restored partition of
Prp22 in the Cwc2-TAP purified spliceosomes. The co-expression
of Prp45(119-379) restored the splicing efficiencies of reporter
templates to the levels observed in WT Prp45 co-expressing cells
(Fig. 6D and data not shown), thus confirming that the expression
in trans of Prp45(119-379) is sufficient to rescue the splicing
phenotype of prp45(1-169).

THE PHENOTYPE OF prp45(1-169) CELLS IS INDEPENDENT ON
TUB1 INTRON REMOVAL

We found that cells harboring the extensively truncated variant of
Prp45 (Prp45(1-169)) display temperature sensitivity, shape defects
and are hypersensitive to nocodazole (Fig. 1). Nocodazole sensitivity
typically reflects changes in the stability and regulation of the
microtubule network of the cell. In addition, defects in cell wall
architecture, or deranged cell cycle regulations, which add strain to
the functioning of the microtubule structures, also increase the
sensitivity to microtubule polymerization inhibitors [see, e.g.,
Korolyev et al., 2005]. Alleles of several splicing factors such as
PRP17, PRP22, or CEF1 were shown to preferentially affect the
splicing of TUBI intron, destabilizing microtubules and blocking
cells at G2/M transition [Vijayraghavan et al., 1989; Shea et al.,
1994; Vaisman et al., 1995]. The removal of intron from TUBI
(tub1Ai) alleviated the block before entry to anaphase and partly
restored the growth defect [Burns et al., 2002]. In prp45(1-169) cells,
the temperature sensitivity as well as the levels of tubulin o protein
were independent of TUBI intron removal (Fig. 2A and data not
shown). We observed only a subtle increase in nocodazole resistance
of prp45(1-169) tub1 Ai cells compared to TUB1 controls (Fig. 2B).
Hydroxyurea synchronized prp45(1-169) mutant arrested with an
increased proportion of large budded cells (Fig. 2 C), in which it
resembled the behavior of the cefI-13 tublAi strain [Burns et al.,
2002]. We reason that the phenotype of prp45(1-169) cells reflects
changes in transcripts other than TUBI that are preferentially
affected by the truncated Prp45. For example, inefficient splicing of
suboptimal intron of the ANCI gene, which codes for a non-
essential RNAPolII holo-complex associating factor [Kabani et al.,
2005], was found responsible for temperature sensitive cell cycle
arrest in prp17A cells [Dahan and Kupiec, 2002].

prp45(1-169) GENETICALLY INTERACTS WITH SPLICING FACTORS
OF THE NTC-CONTAINING SPLICEOSOME

Using synthetic lethality testing, we identified genetic interactions
between prp45(1-169) and alleles of SLU7, PRP17, PRP18, PRP22,
SYF1, CLF1/SYF3, NTC20, and CEF1. All these SL partners belong
to an extensive network of genetic and physical interactions, which
was established for the NTC members and 2nd step-acting splicing
factors. The essential splicing factor Cefl, which together with
Snt309 and Cwc2 binds to the NTC scaffold protein Prp19 [Tsai et al.,
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Fig. 6.  Prp45(119-379) protein trans-complements the prp45(1-169) mutation in vivo. A: Prp45(119-379) rescues the temperature sensitive phenotype of prp45(1-169)
mutation. prp45(1-169) cells transformed with the plasmid expressing Prp45(119-379) were cultivated on SD plates at indicated temperatures. Cells harboring the PRP45
plasmid or empty vector were used as positive or negative controls, respectively. B: Prp45(119-379) suppresses some of the synthetic lethal interactions of prp45(1-169). The
double mutant strains harboring prp45(1-169) and either prp17-A, cef1-13, clf1(T4021,S404F), prp22-1, slu7(P268L), or slu7(K252E) mutations depend on Prp45 expressed
from the URA3 plasmid. The cells were transformed with plasmid expressing tagged Prp45(119-379) or Prp45; the empty vector was used as a control. Transformants were
tested for growth on 5-FOA plates at 30° or 23°C as indicated. C: Prp45(119-379) restores the content of Prp22 in spliceosomal complexes purified from the prp45(1-169)
strain. The complexes were isolated using Cwc2-TAP from prp45(1-169) cells transformed with plasmid expressing Prp45(119-379) (lane 3). The extracts from the same strain
transformed with empty (lane 2) or PRP45-harboring plasmid (lane 1) were used as negative and positive control, respectively. The cells were grown in YPD at 23°C; proteins
were isolated, separated, stained, and annotated as in Figure 4. D: Prp45(119-379) increases the splicing efficiency of non-consensus 3’ splice site template in prp45(1-169)
cells. prp45(1-169) cells were co-transformed with the plasmid expressing the ACT7-CUP1 reporter with gAG 3'ss mutation and the plasmid expressing either Prp45 or
Prp45(119-379). Empty plasmid served as a control. The primer extension reactions, gel electrophoresis, and quantifications were performed as described in Figure 5.

1999; Ohi et al., 2005], is part of a network of mutual interactions Prp46 [Albers et al., 2003]. WD protein Prp17 is required for the
involving Syf1, Syf2, CIf1, and Prp46 [Ben Yehuda et al., 2000; Ohi efficient completion of the second splicing step [Lindsey-Boltz et al.,
et al., 2002]. In two-hybrid assay, CIf1 interacts with Prp46, Prp45, 2000] and its null allele is synthetically lethal with alleles of SYF1,
as well as Prp22, and Prp45 in turn associates with both Prp22 and SYF2, CLF1, SLU7, PRP18, and PRP22, among others [Frank et al.,
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1992; Seshadri et al., 1996; Ben Yehuda et al., 2000]. The essential
Slu7 factor associates in two-hybrid with Brr2, Prp18, and Prp22,
albeit weakly with the latter protein [van Nues and Beggs, 2001]. The
Slu7 mutations we identified hit a highly conserved region between
arginines 247 and 271, which lies within the essential part of the
protein (Fig. 3D). prp45(1-169) is not allele specific with respect to
the two mutations, reflecting perhaps the fact that both impair a
single functionality, such as a binding site.

The novel prp45(1-169) SL relationships provide a strong
functional evidence for the involvement of Prp45 in the second step
spliceosome. Moreover, they corroborate earlier data of two-hybrid
interactions of Prp45 [Albers et al., 2003] and its partition in
spliceosomal complexes analyzed using a proteomic approach [Ohi
et al., 2002].

Prp45 AIDS IN RECRUITING Prp22 TO THE SPLICEOSOME AND
AFFECTS THE SPLICING OF NON-CONSENSUS SUBSTRATES

Using artificial ACT1-CUP1I reporter pre-mRNAs in splicing assays
in vivo, we showed that splicing of mutant branch point and 5 or 3’
splice site templates in prp45(1-169) cells is impaired, while splicing
of canonical intron is unaffected. The two catalytic steps were
affected differentially; while the defects of the branch point mutants
BS-C and BS-G were exacerbated only in the 1st step, splicing of the
5'ss A3C and the 3’ss gAG mutants was impaired mainly in the 2nd
step (Fig. 5). Using a biochemical approach, we found that Prp22
partition in Cwc2-TAP splicing protein complexes is grossly reduced
in the prp45(1-169) strain (Fig. 4A). The hypothesis that the
defective recruitment of Prp22 is responsible in part for the
phenotype of prp45(1-169) mutant is further supported by the
findings that moderate over expression of Prp22 partly suppresses
temperature sensitivity of prp45(1-169) strain and that the prp22
mutations which lead to decreased Prp22 concentration in cells
(Fig. 4B,C) are synthetically lethal with prp45(1-169). We reason
that all these phenotypes reflect missing structural and/or regulatory
functions of the C-terminus of Prp45 within the -catalytic
spliceosome.

Independent lines of evidence suggest a relationship between
Prp45 and Prp22: (i) C-terminal part of Prp45 interacts with Prp22 in
two hybrid [Albers et al., 2003], (ii) prp45(1-169) is synthetically
lethal with alleles prp22(-158T), prp22(-327A), as well as
prp22(300PPI), and prp22-1 (Fig. 3 and Table II), (iii) the absence
of the C-terminus of Prp45 results in decreased partition of Prp22 in
spliceosomal complexes (Fig. 4A), (iv) the expression in trans of the
C-terminal half of the protein restores the Prp22 stoichiometry
(Fig. 6), and (v) the over-expression of Prp22 partly suppresses the ts
phenotype of prp45(1-169) cells (Fig. 4C). The data suggest that
Prp45 is involved in the regulation of Prp22, either indirectly by
affecting the 2nd step conformation or directly by binding and
regulating the ATPase/translocase. According to recent models
[Query and Konarska, 2006], Prp22 destabilizes the 2nd step
catalytic conformation and uses ATP to discriminate against
aberrant substrates. Prp22 allows only those substrates to splice,
which are fast enough to react before the helicase completes its
ATP dependent reaction cycle. In addition, as the authors propose,
properly bound intermediates could repress Prp22 until after the

exon ligation is accomplished and the RNA conformation is
changed, boosting Prp22 activity [Mayas et al., 2006]. Similarly, the
Prp43 helicase, which acts after the Prp22, requires the interaction
with an accessory factor Spp382/Ntr1 for spliceosome binding and
proper activity in vivo [Tanaka et al., 2007].

We documented that in addition to prp45(1-169), prp22-1 and
slu7(P268L) alleles also increase the lariat-exon 2 intermediate/
mRNA ratio for the 3’ splice site gAG mutant (Fig. 5C). The synthetic
lethality of prp45(1-169) and slu7(P268L) together with the
similarity of their splicing defects with respect to 3’ splice site
mutants support the assumption that both proteins cooperate in
recruiting Prp22 and/or modulating its activity [see also James et al.,
2002]. It has been proposed previously that changes in factors that
influence the association of the Prp16 helicase with the spliceosome
might result in fidelity changes at the branch site [Burgess and
Guthrie, 1993; Villa and Guthrie, 2005]. Similarly, Slu7 and Prp45
might affect 3’ splice site usage fidelity by contributing to the
regulation of Prp22 [Mayas et al., 2006 and this study].

Prp45 CAN BE FUNCTIONALLY RECONSTITUTED

BY CO-EXPRESSION IN TRANS

We showed that Prp45(119-379), which is non-functional when
expressed in prp45-A background, suppressed the prp45(1-169)
phenotype, including cell division defects, impaired processing of
non-canonical introns (Fig. 6D), and decreased levels of Prp22 in
Cwc2 pull-downs (Fig. 6C). Prp45 was thus capable of functioning
with its parts assembled posttranslationally, similarly to the splicing
factors Prp22 and Prp8 [Schneider and Schwer, 2001; Boon et al.,
2006]. We assume that the spliceosomal snRNP serves the two Prp45
parts as a scaffold, substituting for the covalent bond, or that the N-
and C-terminal parts interact with each other. The latter possibility is
supported by the finding that the Prp45 homolog of S. pombe Snw 1p
was capable of a homotypic interaction in a two-hybrid system
[Ambrozkova et al., 2001].

In conclusion, the phenotypes and genetic interactions we
documented argue for the role of Prp45 in supporting the
conformation of the catalytic spliceosome during both steps of
splicing. Our findings are in accord with the role of Prp45 as part of
NTC and show that C-terminal half of Prp45 contributes structural
and/or regulatory features which help the spliceosome in
discriminating between canonical and aberrant templates. Accord-
ingly, the phenotypic defects of prp45(1-169) cells may be caused
by aberrant processing of a responsive group of introns. While the
splice site and branch point nucleotides conform to a strict
consensus in S. cerevisiae, the variations in neighboring sequences
as well as in BS-3’ss distances were found to differentially affect
spliceosomal performance [Brys and Schwer, 1996; Crotti et al.,
2007]. In higher eukaryotes, altered fidelity and efficiency of
splicing leads to altered splice site selection. SNW1/SKIP, the Prp45
homolog in human, was shown to affect alternative splice site
selection in HIV [Bres et al., 2005]. It is intriguing to speculate that
SNW1/SKIP might regulate gene expression by differentially
affecting spliceosomal fidelity, possibly in cooperation with the
DEAH box helicase HRH1/hPrp22.
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