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Abstract
Spliceosome and 3 -end processing complexes are necessary for the precursor mRNA (pre-mRNA) maturation. Spliceosome
complex removes noncoding introns, while 3 -end processing involves in cleavage and addition of poly(A) tails to the nascent
transcript. Rna14 protein in budding yeast has been implicated in cleavage and polyadenylation of mRNA in the nucleus but
their role in the pre-mRNA splicing has not been studied. Here, we report the isolation of a mutant allele of rna14 in ﬁssion
yeast, Schizosaccharomyces pombe that exhibits reduction in protein level of Chk1 at the nonpermissive temperature, primarily
due to the defects in posttranscriptional processing. Reverse transcriptase-polymerase chain reaction analysis reveals defective
splicing of the chk1+ transcript at the nonpermissive temperature. Apart from chk1+ , the splicing of some other genes were
also found to be defective at the nonpermissive temperature suggesting that Rna14 might be involved in pre-mRNA splicing.
Subsequently, genetic interaction of Rna14 with prp1 and physical interactions with Prp28 suggest that the Rna14 might be
part of a larger protein complex responsible for the pre-mRNA maturation.
[Yadav S., Sonkar A., Ahamad N. and Ahmed S. 2016 Mutant allele of rna14 in ﬁssion yeast affects pre-mRNA splicing. J. Genet. 95, 389–397]

Introduction
In eukaryotes, posttranscriptional modiﬁcations are required
to convert nascent RNA into mature RNA. These modiﬁcations include the addition of the 5 cap, splicing, polyadenylation and cleavage at the poly(A) site and play important
role in the stabilization of RNA, export from the nucleus
and translation stimulation (Gu and Lima 2005; Luna et al.
2005). Spliceosome complex is required for removal of noncoding introns, while 3 -end processing is required for cleavage and addition of poly(A) tails to the nascent transcript.
The spliceosome complex consist of ﬁve ribonucleoproteins
U1, U2, U4, U5 and U6, responsible for the splicing of
precursor mRNA (pre-mRNA) (Wahl et al. 2009; Fabrizio
et al. 2009). The complete mechanism of splicing has been
well characterized and documented (reviewed by Hastings
and Krainer 2001). The choice of splice sites is altered by
numerous stimuli, such as growth factors, cytokines, hormones, depolarization and stress (Shin and Manley 2004;
Lynch 2007). Mutations in the cis-acting and trans-acting
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factors alter the proper splicing of pre-mRNA that can lead
to various diseases in human (Caceres and Kornblihtt 2002;
Faustino and Cooper 2003).
In eukaryotic cells, a multisubunit protein complex is
responsible for 3 -end processing of pre-mRNA. This complex comprises of cleavage and polyadenylation factor
(CPSF) and cleavage stimulation factor (CstF) that are conserved in different eukaryotes (Proudfoot and O’Sullivan
2002; Proudfoot et al. 2002). Fractionation of transacting 3 -end processing factors in yeast by Chen and
Moore (1992) has identiﬁed four chromatographic fractions, poly(A) polymerase (Pap1p), which is encoded by
PAP1, CFI, CFII and polyadenylation factor I (PFI). CFI
consists of two subfractions CFIA and CFIB, both are
required for cleavage and polyadenylation. CFIA contains
Rna14, Rna15, Pcf11 and Clp1, while PFI consists of
many proteins including Fip1, Pcf11, Psf1, Psf2, Yth1,
etc. (Kessler et al. 1996; Millevoi and Vagner 2010).
Rna15 interacts with Pcf11 (Qu et al. 2007) and with
the C-terminal region of Rna14 (Moreno-Morcillo et al.
2011). Rna14 is a conserved protein that contains several
half-a-tetratricopeptide (HAT) repeats and is required for
3 -end processing in Saccharomyces cerevisiae (MinvielleSebastia et al. 1994). In higher eukaryotes, regulation
of gene expression through alternative pre-mRNA 3 -end
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processing play essential role in development and tissuespeciﬁc functions (Licatalosi and Darnell 2010).
In response to DNA damage, the protein kinase, Chk1 is
phosphorylated and inhibits mitotic entry by phosphorylating
Wee1 and Cdc25 to prevent activation of Cdc2 (Rhind et al.
1997). The phosphorylation of Chk1 is dependent on the protein kinase Rad3 (Walworth et al. 1993) which belongs to a
subgroup of a phosphatidylinositol 3-kinase (PI3K)-like family that includes human proteins, ATM and ATR (Shiloh and
Kastan 2001).
To identify additional components of DNA damage checkpoint pathway, a temperature-sensitive screen with chk1
knockout led us to identify a number of mutant genes that
exhibit conditional synthetic lethality with chk1 knockout.
In this study, we characterized a novel temperature sensitive
mutant allele of rna14, that affects chk1 expression primarily
due to the defects in posttranscriptional processing. Reverse
transcriptase-polymerase chain reaction (RT-PCR) analysis
of a number of genes revealed that Rna14 could be a general component required for the splicing. It also interacts with
Prp28, a DEAD-box protein required for the ﬁrst step of premRNA splicing. The mutation in rna14-11 was mapped in a
conserved region within the sixth HAT repeat that changes
arginine residue at position 316 to glutamine.

Materials and methods
Yeast techniques and cloning procedures

In this study, Schizosaccharomyces pombe strains which
were used are listed in table 1 and the primers used
for the RT-PCR analysis are listed in table 2. All experiments were performed by using standard genetic and
molecular yeast techniques as described by Moreno et al.
(1991). For temperature-shift experiments, cells were grown
to mid-log phase at 25◦ C and then shifted to restrictive
temperature, 36◦ C for 4 h. For identiﬁcation of mutation,
mutant rna14-11 gene was ampliﬁed from the genomic DNA
isolated from rna14-11 mutant strain using forward and
reverse primers. Ampliﬁed product was cloned in pTZ57R
(TA) vector and multiple clones were sequenced using
appropriate primers.
Chk1 cDNA was ampliﬁed from Chk1-pREP1 plasmid
by PCR in two steps using forward primer containing 47bp upstream sequences (up to NdeI site) and reverse primer
just before the stop codon. The PCR product was further
cloned in a plasmid containing C-terminus HA tag under
nmt1 promoter giving rise to Chk1 cDNA with three copies
of HA tag at C-terminus. Further, NdeI fragment-containing
Chk1 genomic DNA from pW17 (provided by Nancy Walworth) was replaced with NdeI fragment-containing Chk1
cDNA tagged with partial HA tag to give rise full-length
Chk1 cDNA with three copies of HA tag under its native
promoter.
Identiﬁcation of gene by complementation analysis

To identify the gene coding for ts11 mutant, the Schizosaccharomyces pombe genomic DNA library was transformed
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into the ts11/rna14-11 mutant strain by lithium acetate
method (Moreno et al. 1991). Leu+ Ts+ transformants were
obtained and plasmids were recovered. Restriction digestion and sequencing analysis identiﬁed 8.3 kb region HindIII
fragment containing three open reading frames (ORF) coding for rna14, nup40 and partial ﬁn1 genes that complements
temperature-sensitive phenotype of ts11 strain. Further, 2.9kb HindIII fragment-containing rna14, 2.0-kb HindIII fragment containing nup40 and 3.4 kb fragment containing
partial ﬁn1 genes were subcloned and retransformed into
ts11/rna14-11 mutant strain for complementation analysis.
Preparation of lysates and Western blot analysis

For detection of Chk1-HA, cell lysates were prepared using
glass beads and a FastPrep (Bio 101) vortexing machine as
described earlier (Yadav et al. 2011). Lysate in phosphate
buffered saline (PBS) was centrifuged at 5000 rpm in a
microcentrifuge for 10 min at 4◦ C. Supernatant was collected
and protein estimation was performed using the Bradford
assay method. A total of 200 μg protein was separated on
8% SDS-PAGE, transferred to 0.2 μ nitrocellulose membrane. Immunoblotting was performed with anti-HA (F7,
SantaCruz) antibody and a horseradish-peroxidase-coupled
secondary antibody (Santa Cruz). The enhanced chemiluminescence detection system (millipore) was used to detect
proteins.
Coimmunoprecipitation

Protein interaction studies were performed as described earlier (Ranjan et al. 2014). In short, the lysates were precleared
with sepharose A beads and incubated with antiFLAG antibody. Further, the antigen–antibody complex was incubated
with sepharose beads for 2 h. Beads were centrifuged and
washed four times with 1 mL of cold lysis buffer (PBS with
50 mM NaF, 1 mM orthovandate, 1 mM PMSF, 2 mM EDTA
and protease inhibitor). After the ﬁnal wash, beads were
resuspended in 1× sample buffer and boiled. Samples were
separated on 8% SDS-PAGE, transferred to nitrocellulose
membrane (Amersham, Little Chalfont, UK). Immunoblotting was performed using (F7) antiHA (1:1000; Santa Cruz)
or antiFLAG (1:1000; Sigma, St. Louis, USA) monoclonal
antibody. A peroxidase-coupled antimouse secondary antibody and enhanced chemiluminescence detection system
(millipore) were used to detect the immune complexes.
RNA isolation and RT-PCR

Wild type and mutant strains were grown at 25◦ C until midlog phase and shifted at 36◦ C for 4 h. Samples were collected
and RNA was isolated by hot phenol method as described
earlier (Ahmed et al. 2004). cDNA synthesis was performed
using 5–10 μg of total RNA by RT-PCR kit (New England
Biolab, Ipswich, USA) using random primer unless speciﬁed as directed by the manufacturer. Gene-speciﬁc primers
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designed from the upstream and downstream of the introns
were used to amplify cDNA.

Results
Isolation and cloning of ts11/rna14-11 gene by complementation
analysis

A temperature sensitive screen with chk1 knockout led us to
identify a number of mutant genes that exhibit conditional
synthetic lethality with chk1 knockout as described earlier
(Yadav et al. 2011; Verma et al. 2014). In the same screen,
we identiﬁed ts11/rna14-11 mutant allele that exhibit reduced
expression of Chk1 at nonpermissive temperature. Cloning
and complementation assay were performed to identify the
mutant gene as described in Materials and methods section. Sequencing and database analyses identiﬁed the 8.3-kb
HindIII fragment that complements temperature-sensitive
phenotype of ts11. The complementing fragment contains
three genes, rna14, nup40 and partial ﬁn1 (ﬁgure 1a). Further, subcloning and complementation analyses identiﬁed
rna14 as ts11 coding gene, while ﬁn1 and nap40 gene could
not complement the temperature-sensitive phenotype of ts11

Figure 1. Identiﬁcation and cloning of ts11/rna14-11 gene. (a)
Schematic map of 8.3 kb region of plasmid that complement
the temperature-sensitive phenotype of ts11/rna14-11 mutant.(b)
Plasmid containing rna14+ but not ﬁn1+ complement temperaturesensitive phenotype: subclone of rna14+ and ﬁn1+ were transformed into the ts11/rna14-11 strain and colonies were streaked
on minimal media plate lacking leucine. Plates were incubated at
indicated temperature for 3–5 days.

Table 1. Strains used in this study.
Strain
SP6
NW223
SH14
SH15
SH202
SH659
SH660
SH662
SH664
UR100
SH886

Genotype

Source

h− leu1-32
h+ leu1-32 ura4D18 chk1.ep ade6-216
h− leu1-32 rna14-11 ade6-210
h+ leu1-32 rna14-11 chk1.ep ade6-216
h− leu1-32 rna14-Flag-kanR
h+ leu1-32 prp28-GFP-HA-kanR ade6-?
h+ leu1-32 ura4D18 cwf15-GFP-HA-kanR ade6-?
h leu1-32 ura4+ prp28-GFP-HA-kanR rna14-FLAG-kanR ade6−
h leu1-32 ura4+ cwf15-GFP-HA-kanR rna14-FLAG-kanR ade6−
h− leu1-32 prp1-4ts
h leu1-32 rna14-11 prp104ts

Lab stock
Nancy Walworth
This study
This study
This study
YGRC
YGRC
This study
This study
Norbert F. Kaufer
This study

Table 2. Oligonucleotides used in this study.
Name
Chk1-F
Chk1-R1
Nda3-rt1/F
Nda3-rt2/R
Mis12-rt1/F
Mis12-rt2/R
Mad2-rt1/F
Mad2-rt2/R
Rad21-rt1/F
Rad21-rt2/R
Rna14-NdeI/5
Rna14-BglII/3

Sequence (5 –3 )
CGAAATCAGACCATCCTTTATG
TCACAACGAAGTCAAACAACAG
TCTCAATGAAAGAAGTCGACG
TAAACTCCATTTCGTCCATGC
TAAAGATGCAACTACGTCGTG
CAGTTTCAGTATTGGCTGTCG
GTTCTTCCAAACTTGTTAGCG
ACCATCTCCACATTAAACTGC
TGTTCTATTCAGAGGCCATTC
CATTTTCAAACGCATCAACGC
GACTCATATGAATTCTGATGACAATGTCG
GATCAGATCTTTAATTAAATCTGGCACGCTTC
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mutant (ﬁgure 1b). Further, plasmid loss assays were also
performed to ascertain the complementation of temperaturesensitive phenotype by plasmid-containing rna14 gene (data
not shown).
Cloning and mapping of rna14-11 mutation

To identify the nature of mutation in rna14-11, full-length
mutant rna14-11 gene was ampliﬁed from genomic DNA
by PCR using Rna14-NdeI/5 and Rna14-BglII/3 primer sets

and cloned in pTZ57R/T. The complete gene was sequenced
using appropriate primers as mentioned in Materials and
method section. Multiple sequence alignment of mutant gene
with wild-type sequences identiﬁed the presence of mutation
at nucleotide position 948 that changes arginine residue at
position 316 to glutamine (ﬁgure 2a).
The Schizosoccharomyces pombe Rna14 contains six HAT
repeats and shows 28% identity and 52% similarity with
Saccharomyces cerevisiae orthologue. These repeats have a
repetitive pattern characterized by three aromatic residues

Figure 2. Mapping of rna14-11 mutation. (a) Location of mutation in rna14-11 gene. (b) ESPript generated sequence
alignment of Rna14 from Schizosoccharomyces pombe (accession no. SPAC6F12.17), Saccharomyces cerevisae (accession no. YMR061w) and Homo sapiens (accession no. dJ85M6.1) are shown. The conserved Arg residue at position
316 in Schizosoccharomyces pombe is marked.

Figure 3. Chk1 protein level was reduced in rna14-11 mutant at restrictive condition: (a) Wild-type and rna14-11 mutant cells were grown
at permissive temperature till mid-log phases, then shifted at 36◦ C for indicated time. Protein lysate was prepared as described in Materials
and methods section, samples were run on 8% SDS PAGE, transferred on nitrocellulose membrane and probed with antiHA (F7) antibody.
Anti-Ded1 antibody was used as loading control. (b) Strains were grown at permissive temperature till mid-log phase, then 25 μg/mL
cycloheximide was added and cultures were shifted at nonpermissive temperature, samples were collected at indicated time interval and
Western blotting was performed as described in ﬁgure ‘a’.

392

Journal of Genetics, Vol. 95, No. 2, June 2016

Role of Rna14 in pre-mRNA splicing
with a conserved spacing. HAT-repeat-containing proteins
have been shown to be components of larger macromolecular
complexes that are required for RNA processing (Preker and
Keller 1998). The arginine at position 316 is situated within
the sixth HAT repeat and is highly conserved across species
(ﬁgure 2b). This conservation suggests that the arginine 316
might be important for the function of Rna14 protein and
mutating these residues affects its function.
Chk1 protein level was reduced in rna14-11 mutant
at restrictive condition

To explore the effect of rna14-11 mutant on the expression of Chk1 protein, we introduced C-terminus HA-tagged
Chk1 in the rna14-11 mutant cells by genetic crosses. Log
phase culture of chk1-HA rna14-11 strain was shifted to nonpermissive temperature (36◦ C) for different time intervals
and Chk1 protein level was monitored by Western blotting
probed with antiHA antibody (F7). As shown in ﬁgure 3a
(upper panel), the expression of Chk1 was unaffected in
wild-type cells after shifting the cells to nonpermissive
temperature. Interestingly, in rna14-11 mutant background,
the Chk1 protein level was reduced after 3 h shift at

restrictives temperature which was further reduced once the
cells were shifted to nonpermissive temperature for longer
time (6–9 h). The expression of Ded1 protein, a loading
control was unaffected after shifting the cells to nonpermissive temperature (ﬁgure 3a, lower panel), suggesting that in
rna14-11 mutant background, the expression of Chk1 protein
or its stability is affected.
It was previously reported that mammalian Chk1 is
degraded through ubiquitination in ATR-dependent manner
(Zhang et al. 2005). To check the possibility of
ATR-dependent stability of Chk1, the expression of Chk1
was monitored in the rna14-11 rad3 double mutant. The
level of Chk1 decreases in rna14-11 rad3 double mutant,
as in rna14-11 alone, whereas in rad3 mutant alone, the
level of Chk1 protein remains, unaffected after shifting the
cells to the nonpermissive temperature (data not shown) indicating that the reduction in Chk1 protein level was not Rad3
dependent and may not be through ubiquitination-dependent
pathway. The expression of Chk1 in wild-type and rna1411 mutants was also compared in the presence of protein
synthesis inhibitor, cycloheximide. In rna14-11 mutant background, the expression of Chk1 was reduced after cycloheximide treatment (ﬁgure 3b, lanes 4–6), while in the wild-type

Figure 4. Splicing of chk1 transcript is defective in rna14-11 mutant: (a) Chk1 tagged with HA was ampliﬁed from genomic DNA and
cDNA, cloned in pSP1 vector under its own promoter, transformed into the rna14+ chk1 delete and rna14-11 chk1 delete strains. The
samples were processed and the Chk1 expression from cDNA (lower panel) or genomic DNA (upper panel) clones was monitored as
described above. (b) Schematic of the C-terminus region of Chk1 indicating the position of introns and location of the primers used for
the RT-PCR analysis. (c) Indicated strains were grown at 25◦ C and shifted at 36◦ C for 4 h. RNA was prepared and cDNA synthesis was
performed using random hexamer primers. PCR analysis was performed using forward primer F in combination with reverse primer R1.
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cells, the expression of Chk1 was not affected under the same
condition (ﬁgure 3b, lanes 1–3), suggesting that differential
expression of Chk1 in rna14-11 mutant cells is not primarily
due to the stability of Chk1 protein. The involvement of
budding yeast Rna14 and Rna15 in RNA cleavage and
polyadenylation (Minvielle-Sebastia et al. 1994) prompted
us to look for the possibility of defect at RNA maturation
level in rna14-11 mutant cells that might also affect the
stability of Chk1.
Posttranscriptional processing defect might be responsible for
the decrease in Chk1 protein level

To explore the role of posttranscriptional event leading to
the loss of Chk1 in rna14-11 mutant, genomic DNA and
cDNA of chk1 tagged with HA under their native promoter were cloned in pSP1 vector as described in Materials and methods section. These plasmids were transformed into the rna14-11 mutant and wild-type strains.
The level of protein expressed from the genomic copy of
Chk1-HA tag exhibited 90% reduction in protein level at
the nonpermissive temperature in rna14-11 mutant background (ﬁgure 4a, upper panel, lanes 4–6). In contrast,
we observed only 20–40% reduction in the level of Chk1
protein expressed from the cDNA construct in rna14-11

mutant background at nonpermissive temperature (ﬁgure 4a,
lower panel, lanes 4–6). These observations suggest that the
splicing might be affected in rna14-11 mutant leading to the
loss of Chk1 protein. Chk1 contains six introns that have
to be spliced for the formation of functional Chk1 protein.
Defect in the splicing might change the ORF of the Chk1
protein that will also lead to the change in the frame of HA
tag at the C-terminus of Chk1 and hence affect its detection
by Western blotting. The marginal decrease in the protein
level of chk1 expressing from the plasmid-containing cDNA
in rna14-11 mutant background could be due to the defect in
3 -end processing that can also affect the protein stability.
rna14-11 mutation affects the chk1 pre-mRNA splicing at
nonpermissive temperature

To elucidate the role of Rna14 in splicing, RT-PCR analysis
of chk1 transcript was performed using primer designed with
upstream and downstream of introns. As shown in ﬁgure 4c,
wild-type cells yielded two bands of 323 and 278 bp corresponding to unspliced and spliced forms of the RNA, respectively. As expected, most of the RNA was present in spliced
form in wild-type sample as well as in rna14-11 mutant cells
grown at permissive temperature. Interestingly, the rna1411 mutant cells grown at nonpermissive temperature for

Figure 5. RT-PCR analysis of intron-containing genes. Samples were processed and cDNA synthesis was performed as described in
ﬁgure 4. RT-PCR analysis was performed using primers upstream and downstream of introns of (a) nda3, (b) mad2 and (c) rad21 gene. (d)
RT-PCR analysis of mis12 gene (contains no intron) was also performed as control. Lane 1, molecular size marker; lane 6, −ve control.
Upper panel of each ﬁgure is corresponds to schematic of genes indicating position of introns and location of the primer used in the RT-PCR.
At least three independent RT-PCR reactions were setup and results obtained in one of them is depicted here.
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4 h yielded a single band of 323 bp size corresponding
to unspliced form of the RNA (ﬁgure 4c) indicating the
defective splicing in rna14-11 mutant at nonpermissive temperature.
Rna14 is involved in general splicing of many genes

To examine the role of Rna14 in splicing of other genes, we
checked the splicing of β-tubulin (nda3), mad2 and rad21
RNA transcript by RT-PCR. In rna14-11 mutant, the splicing of nda3, mad2 and rad21 genes was defective at nonpermissive temperature (36◦ C) and yielded a band of 345, 364
and 344 bp, respectively, corresponding to unspliced form
of RNA (ﬁgure 5 (a, b and c), lane 5). While, most of the
RNA was present in spliced form in the wild-type sample
as well as in rna14-11 mutant grown at permissive temperature (ﬁgure 5 (a, b and c), lanes 2–4). RT-PCR analysis of
intron-less mis12 gene was performed as a control, which
yielded a single band of 351 bp in all the samples (ﬁgure 5d)
suggesting that the Rna14 could be a general component
required for the splicing of RNA.
Rna14 copuriﬁed with Prp28, an U5 snRNP-associated
ATP-dependent RNA helicase

To determine whether Rna14 interacts with the components
of splicing machinery, we checked the interaction of Rna14
with Cwf15, a protein required for pre-mRNA splicing (Ohi

et al. 2002) and Prp28, a DEAD-box protein required for
the ﬁrst step of mRNA splicing (Strauss and Guthrie 1994).
Using standard genetic crosses, the strains carrying FLAG
tag Rna14 with HA tag Cwf15 or HA tag Prp28 were
constructed. The lysates obtained from mid-log phase culture
were immunoprecipitated using antiFLAG antibody. Further,
we were able to detect Prp28-HA in the immunoprecipitate from cells coexpressing Prp28-HA and Rna14-FLAG
(ﬁgure 6a, lane 5). In contrast, we failed to detect Cwf15HA in the immunoprecipitate from the cells coexpressing
Cwf15-HA and Rna14-FLAG (ﬁgure 6a, lane 6) suggesting
that Rna14 interacts with Prp28 but not with Cwf15.
Rna14 exhibits genetic interaction with Prp1, a component of
precatalytic spliceosome

Prp1, a component of U5 snRNP interacts with Prp8/Cdc28,
Brr2 and serve as a structural centre of precatalytic spliceosome complex (Lutzelberger and Kaufer 2012). To explore
the role of Rna14 in splicing, the double mutant of rna14-11
with strains containing a temperature-sensitive mutant allele
of prp1 (prp1-4ts ) was constructed. The strain carrying
rna14-11 or prp1-4ts mutant allele was able to grow at
permissive temperature (25◦ C) as well as semipermissive
temperature (30◦ C) (ﬁgure 6b). Interestingly, the colony
forming ability of rna14-11 prp1-4ts double mutant was
much reduced as compared to each single mutant at 30◦ C

Figure 6. Physical and genetic interaction studies of Rna14 with Prp28 and Prp1. (a) Indicated strains were grown at 25◦ C till midlog phase, cell lysate was prepared and immunoprecipitation (IP) was performed using antiFLAG antibody as described in Materials and
methods section. Samples were run on 8% SDS PAGE, transferred on nitrocellulose membrane and probed with antiHA (F7) or antiFLAG
antibody. (b) Indicated strains were serially diluted, spotted on rich media plates and incubated at the indicated temperatures for 3–4 days
before taking photographs.
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(ﬁgure 6b) indicating an epistatic interaction between these
two genes. Similarly, a strong synthetic lethal interaction
between prp1-4ts and cdc28-P8 has also been reported
(Bottner et al. 2005). Based on these results, we hypothesized
that there is a functional relationship between rna14, prp1
and cdc28/prp8.

Together with these results, we suggest that Rna14 might be
part of a larger protein complex that might be responsible for
the processing of pre-mRNA into mature mRNA. However,
much remains to be learned for its role in mRNA maturation
and the regulatory mechanism including the interrelationship
between splicing and 3 -end processing.

Discussion
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Formation of mature mRNA is a complex process that
involves transcription of mRNA by RNA polymerase II,
5 end capping, splicing of introns by spliceosome and
polyadenylation at the 3 -end of mRNA. A growing body
of evidence indicates that these processes are tightly coupled, where the splicing factor has been shown to interact
with CTD subunits of RNA polymerase II (Bentley 2002;
Proudfoot et al. 2002). A conditional synthetic lethal mutant
screen with chk1 knockout and their role on the activation of
Chk1 protein led us to identify rna14-11 mutant allele that
was defective in the expression of Chk1. Further, biochemical characterization suggests that this differential expression
of Chk1 was due to defect in splicing of chk1 transcript that
changes the HA epitope tag at the C-terminus of chk1 gene
which was used to detect the level of expression of Chk1 protein. Rna14 orthologues have been studied for their role in
cleavage and polyadenylation of mRNA (Minvielle-Sebastia
et al. 1994; Bell and Hunt 2010), but their role in splicing
has not been reported. We observed defective splicing of a
number of genes in rna14-11 mutant at nonpermissive temperature suggesting that it could be a component of splicing machinery too. Prp1, a protein required for the early
step during pre-mRNA splicing contains multiple repeats of
tetra-tricopeptide (TPR) repeats which are also present in
Rna14. Prp1 is a physiological substrate of Prp4 kinase
which is an evolutionary conserved protein. The synthetic
lethal interaction of prp1 with brr2 and cdc28/prp8 observed
by earlier studies (Bottner et al. 2005) and with rna14
observed in this study (ﬁgure 6b) suggest a functional relationship between these proteins. The physical association of
Rna14 with Prp28, a DEAD-box-containing protein required
for the ﬁrst step of mRNA splicing indicates its direct
involvement during early stages of splicing. Since Prp28
function has been shown to be dependent on Prp8, a U5
snRNP protein (Price et al. 2014), it will be interesting to
determine the precise step in splicing at which Rna14 acts.
Further, interaction studies between splicing components of
U1 snRNP and U2 snRNP with the 3 -end processing factors (Awasthi and Alwine 2003; Kyburz et al. 2006; Millevoi
et al. 2006) support our observation implicating Rna14 in
pre-mRNA splicing. The marginal decrease in the protein
level of chk1 expressing from the plasmid-containing cDNA
(ﬁgure 4a) could be due to the defect in 3 -end processing that
can also affect the protein stability. We speculate that the differential expression in Chk1 protein is mainly due to defects
in splicing but effect of 3 -end processing on the protein
stability of Chk1 that cannot be completely ruled out.
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