
MOLECULAR AND CELLULAR BIOLOGY, Nov. 2010, p. 5245–5256 Vol. 30, No. 21
0270-7306/10/$12.00 doi:10.1128/MCB.00359-10
Copyright © 2010, American Society for Microbiology. All Rights Reserved.

Protein Arginine Methylation Facilitates Cotranscriptional
Recruitment of Pre-mRNA Splicing Factors�#

Yin-Chu Chen,1 Eric J. Milliman,1 Isabelle Goulet,2 Jocelyn Côté,2 Christopher A. Jackson,1
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Cotranscriptional recruitment of pre-mRNA splicing factors to their genomic targets facilitates efficient and
ordered assembly of a mature messenger ribonucleoprotein particle (mRNP). However, how the cotranscrip-
tional recruitment of splicing factors is regulated remains largely unknown. Here, we demonstrate that protein
arginine methylation plays a novel role in regulating this process in Saccharomyces cerevisiae. Our data show
that Hmt1, the major type I arginine methyltransferase, methylates Snp1, a U1 small nuclear RNP (snRNP)-
specific protein, and that the mammalian Snp1 homolog, U1-70K, is likewise arginine methylated. Genome-
wide localization analysis reveals that the deletion of the HMT1 gene deregulates the recruitment of U1 snRNP
and its associated components to intron-containing genes (ICGs). In the same context, splicing factors acting
downstream of U1 snRNP addition bind to a reduced number of ICGs. Quantitative measurement of the
abundance of spliced target transcripts shows that these changes in recruitment result in an increase in the
splicing efficiency of developmentally regulated mRNAs. We also show that in the absence of either Hmt1 or
of its catalytic activity, an association between Snp1 and the SR-like protein Npl3 is substantially increased.
Together, these data support a model whereby arginine methylation modulates dynamic associations between
SR-like protein and pre-mRNA splicing factor to promote target specificity in splicing.

In eukaryotic cells, pre-mRNA is processed and packaged
into a mature messenger ribonucleoprotein particle (mRNP)
prior to its export from the nucleus (reviewed in references 12,
25, and 44). The correct formation of an mRNP requires a web
of physical interactions among RNA processing factors during
transcription. An important step in the processing of eukary-
otic RNA is pre-mRNA splicing, in which noncoding introns
are removed to generate mature, translatable mRNAs. The
splicing reaction is catalyzed by the spliceosome, which is com-
posed of five small nuclear ribonucleoprotein particles
(snRNPs) and many associated proteins (reviewed in refer-
ences 62, 67, and 68). Like many other RNA processing factors
that have been studied thus far, the components of the spli-
ceosome are recruited cotranscriptionally (19, 36, 47). Chro-
matin immunoprecipitation (ChIP) experiments have shown
that, in vivo, spliceosome components assemble on intron-
containing genes (ICGs) in a stepwise manner, consistent with
findings from in vitro studies of splicing complexes (19, 32, 47).
Specifically, the U1 snRNP is recruited to the 5� splice site (ss),
and the branchpoint binding protein (BPP) and Mud2 (human
U2AF65) are recruited to the intronic branch site and nearby
sequences, respectively. Together, these factors define basic
intron/exon consensus features and “commit” a pre-mRNA
substrate to splicing. Subsequent assembly involves ordered
recruitment of the U2 snRNP, the U5/U4/U6 tri-snRNP, and

spliceosome activation factors such as the “nineteen complex”
(NTC) (9). Posttranscriptional splicing can occur, both in vivo
and in vitro (64), but the coupling of splicing to transcription is
thought to maximize the fidelity and efficiency of the process
(13, 26). Thus, differential cotranscriptional recruitment of
splicing factors represents a mechanism by which splicing can
be regulated.

Protein arginine methylation is a posttranslational modifica-
tion that is common to many RNA-binding proteins (RBPs)
(reviewed in references 3 and 4). The enzymes that catalyze
this process are termed protein arginine methyltransferases
(PRMTs). In both yeast and mammalian cells, heterogeneous
nuclear ribonucleoproteins (hnRNPs)—which like the snRNPs
are associated with pre-mRNAs and involved in mRNA
biogenesis—are major substrates of the PRMTs. Methylated
hnRNPs possess at least one N-terminal RNA recognition
motif (RRM)-type RNA-binding motif in addition to C-termi-
nal arginine-glycine-glycine (RGG)-rich repeats, where argi-
nine methylation is often found (42).

Many studies have demonstrated that arginine methylation
plays an important role in modulating protein-protein interac-
tions. For example, arginine methylation of the mammalian
transcriptional elongation factor Spt5 regulates its interaction
with RNA polymerase II (Pol II), thereby affecting transcrip-
tion at a global level (35). The loss of arginine methylation on
the mammalian STAT1 protein prohibits its association with
PIAS, the inhibitor of STAT1, resulting in a decreased STAT1-
mediated interferon response (49). In some cases, arginine
methylation of a specific factor can modulate subsequent post-
translational modification events. For example, arginine meth-
ylation of mammalian FOXO transcription factors inhibits
their phosphorylation by Akt (70).
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In Saccharomyces cerevisiae, the arginine methyltransferase
that catalyzes the formation of most asymmetric dimethyl-
arginines is called Hmt1 (also known as Rmt1) (17, 24). Hmt1
is important for the nuclear transport of several of the hnRNPs
that participate in the mRNP biogenesis pathway (58) and for
the biochemical association between Npl3 and Tho2 (71).
Npl3, an Hmt1 substrate, is an RNA-binding protein that has
characteristics of both SR family (15) and hnRNP-like family
proteins (8, 57); it is important for mRNA export (29) and also
plays a role in pre-mRNA splicing (33). Tho2 is a component
of the evolutionarily conserved transcription/export) (TREX)
complex and plays a role during the elongation phase of tran-
scription (52). RNA in situ hybridization analysis has demon-
strated that the loss of Hmt1 activity results in slowed release
of the HSP104 mRNA from the site of transcription (71).
Genome-wide localization analysis (also known as ChIP-chip)
revealed that Hmt1 coordinates cotranscriptional assembly of
the hnRNPs Nab2, Hrp1, and Yra1 (71). Together, these data
demonstrated that Hmt1 promotes the dynamic interactions
between RNA-binding proteins and pre-mRNAs that facilitate
proper assembly of an mRNP during transcription. However,
the previous studies left open the question of whether the
catalytic activity of Hmt1 or some other feature of this protein
is required for the regulation of the cotranscriptional recruit-
ment of pre-mRNA splicing factors.

In this study, we demonstrate that Hmt1-catalyzed arginine
methylation, specifically, facilitates the cotranscriptional re-
cruitment of pre-mRNA splicing factors. Also, we identify
Snp1, a component of the U1 snRNP, as a novel Hmt1 sub-
strate. We further show that arginine methylation of Snp1 is
evolutionarily conserved in higher eukaryotes. Using ChIP-
chip, we determined the impact of protein arginine methyl-
ation on the cotranscriptional recruitment of splicing factors to
ICGs; specifically, we show that in mutants lacking Hmt1 or its
catalytic activity, the recruitment of splicing factors to genes
that undergo regulated splicing is aberrant, resulting in the
enhanced splicing of these transcripts. Finally, we show that
arginine methylation regulates the association of Snp1 with the
SR-like protein Npl3. Together, these results demonstrate that
protein arginine methylation regulates the specificity of the
splicing machinery targeting to particular pre-mRNAs.

MATERIALS AND METHODS

Yeast strains used in this study. All yeast strains used are listed in Table S1 in
the supplemental material. Cells were grown at 30°C on YEPD medium (1%
yeast extract, 2% Bacto peptone, 2% [wt/vol] D-glucose) unless otherwise stated.
Gene deletions and C-terminal epitope tags were generated as described previ-
ously (30, 43).

In vitro methylation of Snp1. The in vitro methylation was performed as
described previously (46) using recombinant Hmt1 and tandem affinity purifica-
tion (TAP)-tagged Snp1 expressed in �hmt1 cells. The TAP was carried out as
described previously (55), with the exception of binding with IgG-Sepharose
beads (GE Amersham) in 600 mM NaCl during the first affinity purification step
to minimize the capturing of interactors. The entire in vitro methylation reaction
was resolved by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) using a NuPAGE 4 to 12% Bis-Tris gel (Invitrogen), followed by fluo-
rography as previously described (46). In parallel, the purified TAP-tagged Snp1
was subjected to immunoblotting using an anti-CBP (Open Biosystems) anti-
body.

Identification of in vivo methylation sites within U1-70K. Monoclonal anti-
bodies against U1-70K were used to immunoprecipitate endogenous U1-70K
from HeLa cells grown in medium specifically designed for SILAC experiments
(66). The immunoprecipitates were resolved using a NuPAGE 12% Bis-Tris gel

(Invitrogen) and Coomassie blue stained. The major band slice at 70 kDa was
excised and subjected to preparation for mass spectrometry analysis as previously
described (63, 66). The liquid chromatography/tandem mass spectrometry (LC/
MS-MS) analysis was carried out as previously described (66).

Snp1 localization studies. Wild-type (WT) or hmt1-null yeast strains contain-
ing green fluorescent protein (GFP)-tagged Snp1 from the GFP-tagged yeast
library (27) were grown in synthetic complete (SC) medium until mid-log phase,
at which time DAPI (4�,6-diamidino-2-phenylindole) stain was added to the
medium for a final concentration of 1.2 �g/ml. Cells were then incubated for an
additional 30 min. The differential interference contrast (DIC) and fluorescence
microscopies were performed using an Axioplan 2 fluorescent microscope
(Zeiss). Digital images were captured using the AxioCam MRm camera (Zeiss).
Image acquisition and analysis were carried out using AxioVision 4.4 software
(Zeiss).

Npl3-Snp1 interaction studies. Yeast strains containing TAP-tagged Snp1
were grown in 500 ml of YEPD medium to mid-log phase and lysed with glass
beads and a FastPrep machine (MP Biomedical) with a GigaPrep adapter five
times at a setting of 6.5 for 30 s at 4°C. The cells were lysed in PBSMT buffer
(phosphate-buffered saline with 0.5% Triton X-100, 3 mM KCl, and 2.5 mM
MgCl2) supplemented with protease inhibitors (1 mM phenylmethylsulfonyl flu-
oride, 1.3 mM benzamide, and 2.5 �g/ml each leupeptin, chymostatin, antipain,
pepstatin A, and aprotinin). Lysates were normalized for total protein, and
TAP-tagged Snp1 fusion protein was purified by 2 h of incubation at 4°C with a
25-�l packed volume of IgG-Sepharose beads that had been prepared as previ-
ously described (71). Beads were washed three times with 1 ml of lysis buffer and
twice with 1� TEV cleavage buffer (25 mM Tris-HCl [pH 8], 150 mM NaCl,
0.1% NP-40, 0.5 mM EDTA, 0.1 mM dithiothreitol [DTT]) prior to TEV cleav-
age with 1 �l of ProTEV protease (Promega) for 1 h at 16°C. The cleaved
samples were eluted from the beads by a MolBicol column and precipitated with
12.5% trichloroacetic acid. Protein samples were dried, resuspended in protein
sample buffer, resolved by SDS-PAGE using a 4 to 12% NuPAGE Bis-Tris gel
(Invitrogen), and immunoblotted using anti-Npl3 antibody (gift from Pam Silver)
(8). The immunoblot was then stripped and reprobed with an anti-CBP antibody
(Open Biosystems). The immunoblot signals were digitally captured by a Bio-
Rad ChemiDoc system.

Genome-wide localization (ChIP-chip) studies of splicing factors. ChIP-chip
studies were performed essentially as described previously (71). All of the ex-
periments were performed with biological triplicates. The data obtained were
analyzed using the Rosetta Resolver bioinformatics platform. Only genes with P
values of �0.02 were considered for the final data analysis. Genes were consid-
ered bound if the immunoprecipitated fraction (IP)/background (whole-cell ex-
tract [WCE]) ratio was greater than 1. All of the raw output data from Rosetta
Resolver and corrected data are available in Files S1 to S5 in the supplemental
material.

Calculation of the intron distribution index (IDI). For each ChIP-chip data
set, a ranked list for total genes bound by a splicing factor was generated based
on the IP/WCE ratio as described previously (71). Any ICG present within this
ranked list is identified, and its distribution across the entire list is graphically
plotted (see Fig. S2A to C in the supplemental material). Based on the total
number of ICGs identified, a model distribution was generated to reflect a
scenario in which the same numbers of ICGs are evenly distributed across a
profile, yielding a straight line at a 45° angle (see Fig. S2A to C in the supple-
mental material). By plotting the actual experimental ICG ranking data as the
x-axis coordinates with the model ICG ranking data as the y-axis coordinates, a
nonlinear binding relationship was observed in which the line was skewed away
from the assumed evenly distributed binding event. We then quantified the
distance between this plot and the assumed model plot to measure the changes
in the overall intron distribution between the experimental data and the model
distribution data using the least-mean square distance (Drand) calculated by the
following equation:

Drand � ��
i

�Xi � Yi�
2

2

N

In this equation, Xi represents the ranking of each ICG in the data set being
tested and Yi represents the corresponding ranking within the model reference.
N is the number of ICGs shared between the two profiles compared (such as the
WT versus �hmt1 or the WT versus hmt1-G68R).

Directed ChIP experiments. Directed ChIP experiments were performed as
described previously (41, 71). For each immunoprecipitation, monoclonal anti-
Myc (9E11; Fisher) antibody was precoupled to protein A-Sepharose beads. The
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oligonucleotides used in the ChIP experiments are listed in Table S2 in the
supplemental material.

RNA isolation, cDNA preparation, and qPCR. Total RNA was isolated by
using the hot phenol method as described previously (71) followed by a DNase
I (Invitrogen) treatment as per the manufacturer’s instruction. The DNase I-
treated RNA was then cleaned using an RNeasy kit (Qiagen). First-strand cDNA
was synthesized from poly(A)-RNA using Superscript III reverse transcriptase
(RT) (Invitrogen), oligo(dT), and 10 �g of RNA as described previously (47).
cDNA dilution series were analyzed by PCR (24 to 26 cycles) to establish a
quantitative, linear range of cDNA input for each set of quantitative PCR
(qPCR) performed. The procedure for qPCR and the primer sets used were
described previously (47), except [�-33P]dCTPs were used to radiolabel qPCR
products. The radiolabeled PCR products were then resolved using an 8%
Tris-borate-EDTA (TBE) gel, dried, and exposed to a PhosphorImager screen.
The signals from spliced and unspliced PCR products were quantified using a
PhosphorImager (Molecular Dynamics). The average ratios were calculated
from triplicate sets of biological duplicates for HOP2 and triplicate sets of
biological triplicates for REC107. Each RNA sample that had been treated by
DNase I but was lacking the RT step was tested first by PCR using ADH3 primers
to determine any potential genomic DNA contamination.

RESULTS

The U1 snRNP components Snp1 and U1-70K are arginine
methylated. Recent mammalian studies have implicated pro-
tein arginine methylation in pre-mRNA splicing (6, 11, 50).
Snp1, a component of the S. cerevisiae U1 snRNP, has previ-
ously been shown to interact with the arginine methyltrans-
ferase Hmt1 in a comprehensive two-hybrid analysis (28).
Analysis of the amino acid sequence of Snp1 revealed a num-
ber of arginine-glycine (RG) motifs that could potentially serve
as sites for arginine methylation (see Fig. S1B, Snp1 sequence,
in the supplemental material). We next set out to determine
whether Snp1 is a substrate for Hmt1. We used a modified
tandem affinity purification method to purify TAP-tagged Snp1
expressed from �hmt1 cells under native, high-salt conditions.
We then used this substrate, which has no endogenous methyl
marks, in an in vitro methylation assay using recombinant
Hmt1 as described previously (46).

The fluorograph from the in vitro methylation assay revealed
a strong, positive signal corresponding to a band migrating at
approximately 41 kDa (Fig. 1, left, arrow). Immunoblotting of
the purified Snp1-CBP using an anti-CBP antibody (Fig. 1,
right, arrow) confirmed that the 41-kDa band observed in the
fluorograph is Snp1-CBP. Recombinant glutathione S-trans-
ferase (GST)-tagged Rps2 was used as a positive control (Fig.
1, asterisk), as described previously (51).

Hmt1 has been implicated in controlling nuclear localization
of hnRNP-like proteins (20, 58). To determine if Hmt1 loss
perturbs the cellular localization of Snp1, we chromosomally
expressed a C-terminal GFP-tagged Snp1 in both wild-type
and �hmt1 cells and compared its in vivo cellular localization in
these two cell types (see Fig. S1A in the supplemental mate-
rial). In wild-type cells, Snp1-GFP was enriched in the nucleus
(see Fig. S1A, WT panel, in the supplemental material), con-
sistent with a previous report from a large-scale protein local-
ization study in yeast (27). The same was true in the �hmt1
cells (see Fig. S1A, �hmt1 panel, in the supplemental mate-
rial). Thus, Hmt1 loss has no effect on the cellular localization
of Snp1.

The mammalian homolog of Snp1 is U1-70K (60), which was
previously identified in a proteomic analysis of arginine-meth-
ylated protein complexes in HeLa cells (7). Although U1-70K

was isolated using antibodies specific for symmetrical dimethy-
lation (SYM10 and SYM11) (7), these antibodies strongly rec-
ognize core Sm proteins. Thus, the presence of U1-70K in
those immunoprecipitates could have resulted from coisolation
with native U1 snRNP particles. The presence of conserved
RG motifs in the human U1-70K and the consensus sequences
(see Fig. S1B, U1-70K and consensus sequence, in the supple-
mental material) suggests that these proteins may harbor
modified arginine residues, which could account for their rec-
ognition by methylation-specific antibodies. We tested this pos-
sibility using a mass spectrometry approach and discovered
that methylated arginines are present on U1-70K immunopre-
cipitated from HeLa cells (using a monoclonal anti-U1-70K
antibody). Our mass spectrometry results indicated that 56%
of the U1-70K protein was covered in the analysis, and the
analysis of b and y ion series spectra indicated that 10 arginine
residues (see Fig. S1B, asterisks, in the supplemental material)
in the area covered were either mono- or dimethylated. Among
the identified methylated arginines, many were found to match
the RG and RXR motifs typical of most PRMT preferred sites
(see Fig. S1B in the supplemental material). In summary, our
data show that Snp1 is an in vitro substrate of Hmt1 and that its
mammalian homolog, U1-70K, is likewise arginine methylated.

Hmt1 modulates the cotranscriptional recruitment of Snp1.
Since Hmt1 has been shown to signal the cotranscriptional
recruitment of mRNP components (71) and U1 snRNP pro-
teins are cotranscriptionally recruited (32, 36), we wanted to
examine whether Hmt1 is necessary for cotranscriptional re-
cruitment of Snp1 to its targets throughout the genome. To this
end, we performed genome-wide occupancy analysis (ChIP-

FIG. 1. Arginine methylation is a feature of the yeast splicing factor
Snp1. TAP-tagged Snp1 purified from the �hmt1 strain was subjected
to an in vitro methylation assay using recombinant Hmt1 and [methyl-
3H]SAM. (Left) The full protein complement in each reaction was
resolved on a 4 to 12% gel by SDS-PAGE and visualized by fluoro-
graphy; (right) the substrate used in the in vitro methylation reaction
was resolved in parallel, also on a 4 to 12% gel, and immunoblotted
with an anti-CBP antibody. A band corresponding to methyl-3H-la-
beled Snp1-CBP was observed only in the presence of Hmt1 (Snp1-
CBP lane, arrow [middle], compared to substrate only lane [left]).
Recombinant GST-tagged Rps2 served as a control [left, (	) control
lane, asterisk]. Immunoblotting carried out with an anti-CBP antibody
(right) confirmed that the methylated band is Snp1-CBP (middle,
arrow).
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chip) of Snp1 in wild-type and �hmt1 cells. A list of the relative
rankings of all ICGs bound by Snp1 and other splicing factors
examined in this study, in both wild-type and �hmt1 cells, is
presented in File S4 in the supplemental material. To probe for
methylation-specific changes within the Snp1 ChIP-chip pro-
files, we used two complementary, quantitative analytical
methods. First, we calculated the percentage of total Snp1-
bound genes that were intron-containing genes in order to
determine whether the Hmt1 loss leads to an increase or de-
crease in the percentage of ICGs bound within a profile. How-
ever, because a factor may bind to the same number and
complement of ICGs yet the relative rankings of these genes
may differ depending on the status of Hmt1, we also devised an
intron distribution index (IDI) that assesses cumulative
changes in the distribution of binding by Snp1 in a global
manner (see Materials and Methods and Fig. S2 in the sup-
plemental material). We calculated the IDI for each binding
profile to distinguish changes in the relative rank of ICGs
compared to that of other bound genes as a consequence of
changes to Hmt1. A lower IDI in the Hmt1 mutant than in
wild-type cells would reflect an overall decrease in the relative
occupancy of the bound ICGs in the Hmt1 mutants. For ex-
ample, although the same population of ICGs would be bound
by a given factor, the factor’s relative affinity for ICGs would be
lower in Hmt1 mutants. Thus, using both approaches to ana-
lyze our Snp1 ChIP-chip data provides us with two separate but
complementary methods to determine how methylation affects
the cotranscriptional recruitment of Snp1.

Our Snp1 ChIP-chip data revealed that this protein binds a
higher percentage of ICGs in �hmt1 cells than in wild-type
cells (Fig. 2A, left). However, this is mostly based on the
observation that Snp1 binding to non-ICGs was generally re-
duced in the �hmt1 cells (Fig. 2A, middle); the total number of
ICGs bound increased only slightly in the �hmt1 cells (Fig. 2A,
right). In sum, Snp1 displays less affinity for non-ICGs in the
absence of Hmt1.

In the absence of Hmt1, the recruitment of U1 snRNP-
associated proteins to ICGs is increased. To determine if
Hmt1 affects the recruitment of other factors that associate
with U1 snRNP, we performed ChIP-chip on the U1 snRNP-
associated protein Prp40 and the pre-mRNA–U1 snRNP com-
plex component Mud2. Prp40 interacts with the transcriptional
machinery (48) and is considered one of the earliest splicing
factors to be cotranscriptionally recruited. Thus, Prp40 has
been proposed to sample transcripts for introns and to be
specifically retained at ICGs. Similar to the trend observed for
Snp1, Prp40 bound to a slightly higher percentage of ICGs in
�hmt1 cells than in wild-type cells (Fig. 2B, left) and to a
slightly lower number of both non-ICGs and ICGs in total (Fig.
2B, middle).

Mud2 associates with the 3� end of an intron (2) and inter-
acts with the U2 snRNP by recognizing the branchpoint se-
quence (1). Our ChIP-chip data show that Mud2 is bound to a
higher percentage of ICGs in �hmt1 cells than in wild-type
cells (Fig. 2C, left). As is the case for Snp1, this is based on the
fact that a significantly lower overall number of non-ICGs
bound (Fig. 2C, middle), despite only a slight decrease in the
total number of ICGs bound (Fig. 2C, right). This overall
decrease in the number of non-ICGs bound suggests that

Mud2 has a significantly lower relative affinity for non-ICGs in
the absence of Hmt1.

Together, the Prp40 and Mud2 data suggest that Hmt1 pre-
vents Mud2 from being recruited to additional spurious non-
ICGs and that this is also the case for Prp40, but to a lesser
degree.

In the absence of Hmt1 activity, the cotranscriptional re-
cruitment of splicing factors after U1 snRNP addition is de-
creased. Our data show that Hmt1 affects the cotranscriptional
recruitment of U1 snRNP and its associated components, and
we wanted to determine if Hmt1 also affects splicing factors
involved in other major steps of the canonical spliceosome
assembly pathway. Therefore, we extended this approach to
investigation of the splicing factors Prp11, Prp5, Prp2, and

FIG. 2. Hmt1 influences the cotranscriptional recruitment of U1
snRNP and its associated proteins. ChIP-chip was used to assess the
effects of Hmt1 on the cotranscriptional recruitment of U1 snRNP and
its associated proteins, which are Snp1 (A), Prp40 (B), and Mud2 (C).
The impact of Hmt1 was assessed as the change in the percentage of
intron-containing genes (ICGs) within the total number of genes
bound by a splicing factor, as denoted by the bar graphs on the left.
The total numbers of non-ICGs bound by each factor are shown by the
middle bar graphs, and the total numbers of ICGs bound by each
splicing factor are shown by the bar graphs on the right. The wild-type
ChIP-chip data for Prp40 and Mud2 were obtained from Moore et al.
(47).
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Brr2. Prp11 is a component of the U2 snRNP and is required
for binding of the U2 snRNP to pre-mRNA during spliceo-
some assembly (56). Prp5 bridges the U1 and U2 snRNPs to
allow U2 snRNP to stably associate with introns (31). Prp2 is
an RNA-dependent ATPase of the DEAH-box family and is
required for the first transesterification reaction of splicing
(59). Brr2 is an RNA helicase; it associates with the U5 snRNP
(23) and is required for activating the spliceosome for catalysis
by disrupting U4/U6 base pairing in native snRNPs (39, 53).

In comparison to the U1 snRNP and the associated compo-
nents that have been examined, all four of the U2 and U4/
U5/U6 components and their associated factors bound to a
lower percentage of ICGs in the absence of Hmt1 (Fig. 3, left
panels). In the case of Prp11, this result was particularly strik-
ing, with ICG binding reduced to only 13% in the �hmt1
mutant (Fig. 3A, left). Moreover, for each of these proteins
other than Prp2, the total number of non-ICGs bound was
increased (Fig. 3, middle panels), whereas the total number of

ICGs bound was generally decreased, with the only exception
being Prp5 (Fig. 3, right panels). Nevertheless, we observed
reduced IDIs for all four components in the context of �hmt1
cells, with the reduction being particularly drastic in the cases
of both Prp11 and Brr2 (see Fig. S2D, panels Prp11, Prp2,
Prp5, and Brr2, in the supplemental material). These findings
further support an overall loss of relative affinity for ICGs, an
overall increase of relative affinity for non-ICGs, or both. To-
gether, these data reveal that the absence of Hmt1 significantly
increases the relative affinity of post-U1 snRNP addition splic-
ing factors for non-ICGs and, to a lesser degree, decreases
their relative affinities for ICGs.

To establish the role of the catalytic activity of Hmt1 in the
cotranscriptional recruitment of splicing factors, we took ad-
vantage of a previously published Hmt1 catalytic mutant, hmt1-
G68R (46). We focused on Mud2 and Prp11, since these pro-
teins play key roles in the formation of the commitment
complex yet display opposite responses in recruitment to ICGs

FIG. 3. Arginine methylation negatively affects the recruitment of U2 and U4/U5/U6 tri-snRNP components and their associated proteins. The
genome-wide cotranscriptional recruitment of Prp11 (A), Prp5 (B), Prp2 (C), and Brr2 (D) in the wild-type and �hmt1 strains is mapped as
described in the legend to Fig. 2. The requirement for Hmt1 activity (versus Hmt1 presence) in cotranscriptional recruitment was tested for Prp11
(E) and Mud2 (F). The wild-type ChIP-chip data for Prp11, Prp5, Prp2, and Brr2 were obtained from Moore et al. (47).
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in the context of HMT1 deletion. Our data with the hmt1-G68R
mutants reveal that arginine methylation affects the cotrans-
criptional recruitment of both Mud2 and Prp11 in a manner
that is consistent with the loss of the entire gene (Fig. 3E and
F). Thus, we attribute the changes observed in our ChIP-chip
analysis to the catalytic activity of Hmt1.

Directed ChIP validation of genome-wide occupancy analy-
sis. To validate the results of our genome-wide binding studies,

we performed directed ChIP on genes bound by Snp1, Mud2,
Prp11, Prp2, and Prp5 in both wild-type and �hmt1 cells (Fig.
4). In each case, we chose genes that the ChIP-chip data
suggest have either different or similar binding based on the
ranked list created with each profile. We also chose genes with
different expression levels, including a highly expressed one
(RPS13), a moderately expressed one (ARP9), and ones ex-
pressed at low levels (meiotic ICGs REC107 and HOP2). In the

FIG. 4. Validation of genome-wide occupancy results. Directed ChIPs were performed on either wild-type or hmt1-null cells using anti-Myc.
The splicing factors examined are Snp1 (A), Mud2 (B), Prp11 (C), Prp5 (D), and Prp2 (E). The choice of genes tested is based on the ChIP-chip
data obtained. The bar graph depicts the normalized ratio of experimental signal to the intergenic region.

5250 CHEN ET AL. MOL. CELL. BIOL.



case of RPS13, a relatively high level of binding was detected
for all five splicing factors in both wild-type and �hmt1 cells,
consistent with the data from genome-binding studies (Fig. 4A
to E, RPS13 graphs). In the case of ARP9, we did not detect
any difference in binding by Snp1 and observed only a slight
change in Mud2 binding in �hmt1 cells compared to that in
wild-type cells (Fig. 4A and B, ARP9 graphs). Nevertheless, we
did observe a significant enrichment for Prp11, Prp2, and Prp5
binding to ARP9 in �hmt1 cells (Fig. 4C to E, ARP9 graphs).
Overall, these trends support the ChIP-chip data obtained for
both RPS13 and ARP9.

In the case of both REC107 and HOP2, our ChIP results
were also generally consistent with our ChIP-chip data (Fig.
4A to E, REC107 and HOP2 graphs). The one exception had to
do with Prp11 recruitment to HOP2 in �hmt1 cells. In this
instance, a positive ChIP result was obtained (Fig. 4C, HOP2
graph). Upon reanalysis of the original Prp11 ChIP-chip data
for HOP2 in �hmt1 cells, we discovered that binding had been
observed, but its P value was only 0.16 and thus did not meet
the stringent P value cutoff of 0.02 (see File S5 in the supple-
mental material). As such, these data points were excluded
from the data set that was further evaluated, despite the fact
that it had an IP/input ratio that reflected a bound state (i.e.,
greater than 1). Notably, our ChIP-chip binding data for Prp11
in hmt1-G68R cells indicate that Prp11 is bound to HOP2 (see
File S6 in the supplemental material). Thus, it is likely that
Prp11 is also bound to HOP2 in the �hmt1 cells and that this
interaction was reflected in our directed ChIP data. As a
whole, our directed ChIP results are in agreement with the
ChIP-chip data.

Hmt1-dependent arginine methylation is required for regu-
lated splicing of meiosis-related genes. We previously demon-
strated that differential spliceosome recruitment predicts reg-
ulated splicing and found that this was most striking in the case
of meiosis-related genes (47). The genes that encode these
regulated transcripts are transcribed in the vegetative growth
state but are not spliced until meiosis (14). Since our ChIP-
chip data indicated that the recruitment and distribution of
splicing factors to ICGs change in Hmt1 mutants, we examined
whether these changes affect regulated splicing in Hmt1 mu-
tants. To this end, we monitored the changes in pre-mRNA
splicing for these meiosis-related transcripts. We analyzed our
ChIP-chip data and evaluated changes in recruitment of the
seven splicing factors assayed to meiosis-related genes in the
Hmt1-null mutants (see File S6 in the supplemental material).
We found that both Snp1 and Mud2 bound a significant frac-
tion of meiosis-related ICGs in wild-type cells and that the loss
of Hmt1 had some effect on the recruitment of Snp1, but not
Mud2, to this population of ICGs (Fig. 5A, compare WT and
Hmt1 mutant). All other splicing factors examined, with the
exception of Prp40, showed increased association with meiosis-
related ICGs in �hmt1 cells, with little or no binding to these
genes in wild-type cells (Fig. 5B, compare WT and Hmt1 mu-
tant). These data indicated that Hmt1 contributes to the re-
cruitment of specific splicing factors to meiosis-related ICGs.
To further test this possibility, we performed a gene ontology
(GO) test by using the GO Slim Mapper feature of the Sac-
charomyces Genome Database (SGD) to determine the effect
of Hmt1 on the occupancy of meiotic ICGs for each of the
splicing factors examined in this study (Fig. 5C). As a refer-

ence, the genome frequency for “meiosis” as a GO slim term is
155 genes out of 6,310 genes. Of the 294 annotated ICGs in the
SGD, 17 map to the “meiosis” GO slim term, as indicated in
the bar graph (Fig. 5C, SGD reference bar). Using the GO test,
we found that in the cases of U1 snRNP and its associated
factors Prp40, Snp1, and Mud2, the number of meiotic ICGs
bound in �hmt1 cells either did not change or decreased with
respect to the number bound in wild-type cells (Fig. 5C, Prp40,
Snp1, and Mud2 bars). In the case of splicing factors that are
added after U1 snRNP is added, however, the number of
meiotic ICGs bound was consistently higher in �hmt1 cells
than in their wild-type counterparts (Fig. 5C, Prp11, Prp2, and
Prp5 bars). This trend also holds true if one calculates the
“cluster frequency” by dividing the number of meiotic ICGs
bound by the number of total ICGs bound for each splicing
factor. Thus, Hmt1 loss leads to an increase in the impact of
occupancy of meiotic ICGs by Prp11, Prp2, Prp5, and Brr2.

The enhanced recruitment of spliceosome components to
meiosis-related genes in Hmt1 mutants suggests that splicing
of these transcripts may be enhanced in Hmt1 mutants. To test
this possibility, we examined splicing of the meiosis-related
gene HOP2, which encodes a meiosis-specific protein that pre-
vents synapsis between nonhomologous chromosomes while
ensuring synapsis between homologs (10). In �hmt1 cells, five
of the seven splicing factors examined bound the HOP2 locus,
whereas only two of them bound this locus in wild-type cells
(see File S6 in the supplemental material). For comparison, we
examined REC107, another meiosis-related gene, which is
known to undergo Mer1-dependent meiosis-specific splicing
(61). Our data indicate that REC107 is not bound by any
splicing factors in �hmt1 cells and that it is bound by only
Prp40 in the wild-type cells (see File S6 in the supplemental
material).

To examine how arginine methylation affects the splicing of
REC107 and HOP2, we performed quantitative PCR (qPCR)
on cDNA produced from wild-type, �hmt1, and hmt1-G68R
cells (Fig. 5D). The signal corresponding to unspliced and
predicted spliced transcripts in each background was quanti-
fied to calculate an internal ratio for comparison (Fig. 5E).
Mutations in Hmt1 had little effect on the ratio of spliced to
unspliced transcripts for REC107 (Fig. 5E, REC107 graph),
consistent with the observation that the loss of Hmt1 did not
affect the recruitment of splicing factors to this locus. In con-
trast, the level of splicing increased 30% and 50% for the
HOP2 transcript in the cases of the �hmt1 and hmt1-G68R
mutants, respectively (Fig. 5E, HOP2 graph), supporting our
prediction that increased recruitment of splicing factors to the
HOP2 gene enhances the splicing of HOP2 transcripts in veg-
etative cells. As a control for our qPCRs and isolation of total
RNA, we examined the level of a constitutively spliced tran-
script encoded by ECM33 and the level of non-intron-contain-
ing transcript encoded by ADH3. Levels of these RNAs were
similar in the wild-type and mutant strains (Fig. 5D, ECM33
and ADH3). A control in which a DNase I-treated, non-re-
verse-transcribed total RNA template was used produced no
products, indicating that our RNA sample was not contami-
nated with genomic DNA (data not shown). Thus, our data
demonstrate that arginine methylation can affect cotranscrip-
tional recruitment of pre-mRNA splicing factors, leading to
increased pre-mRNA splicing of the affected target.
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Hmt1-dependent arginine methylation modulates the bio-
chemical interaction between Npl3 and Snp1. Protein arginine
methylation was previously shown to be critical in modulating
protein complexes early in mRNP formation (71). Therefore,
arginine methylation of Snp1 may regulate its interactions with
nascent mRNPs. Npl3, a yeast SR-like protein (15) with known
roles in mRNA export (29), is recruited during the early stages
of transcription (40). Recently, Npl3 has been demonstrated to
promote pre-mRNA splicing for a large subset of ICGs and
to facilitate cotranscriptional binding of early splicing factors
to their genomic targets (33). Since Npl3 and Snp1 have been
shown to interact with each other as part of the cap-binding
protein (Cbc2) complex (18) and since both proteins are sub-
strates of Hmt1, we hypothesized that arginine methylation
may modulate their biochemical interaction. To test this hy-
pothesis, we expressed a TAP-tagged Snp1 fusion protein
(Snp1-TAP) in wild-type, �hmt1, and hmt1-G68R backgrounds
and then copurified Snp1 and its associated proteins. Immu-
noblotting using an anti-Npl3 antibody was then performed to
probe for changes in the amount of Npl3 that copurified with
Snp1 (Fig. 6, left). Immunoblotting revealed an intense band
migrating at approximately 55 kDa in both the �hmt1 and
hmt1-G68R lanes (Fig. 6, left); this molecular mass corre-
sponds to the size of Npl3 in its unmethylated form (46). In
wild-type cells, a fainter band of slightly higher molecular mass
corresponding to that expected for methylated Npl3 was also
observed (Fig. 6, left, WT lane). The difference in the migra-
tion between the methylated and unmethylated forms of Npl3
is more readily visible in a control immunoblot, using a fraction
of the input lysate (Fig. 6, input panel). The drastic contrast in
the amount of Npl3 associated with Snp1 in the Hmt1 mutants
indicates that the biochemical interaction between Npl3 and
Snp1 was increased in the absence of Hmt1 or of its catalytic
activity. The immunoblot was stripped and reprobed with an
anti-CBP antibody to show that similar amounts of Snp1 were
purified and loaded onto the gel (Fig. 6, right). A negative
control was generated by purifying proteins from a yeast strain
that does not express any TAP-tagged proteins [Fig. 6, (-)
control lane].

DISCUSSION

During mRNP biogenesis, a network of cross-stimulatory
connections and physical interdependencies is crucial for the

formation of an export-competent mRNP (reviewed in refer-
ences 12 and 44). Cotranscriptional recruitment of splicing
factors constitutes an integral part of mRNP formation. In
yeast, the ordered association of spliceosomal components
during transcription has been shown to facilitate efficient co-
transcriptional mRNA processing (19, 47). In the current
study, we define a novel role for protein arginine methylation
in the cotranscriptional recruitment of pre-mRNA splicing fac-
tors. We have identified Snp1, a component of the canonical
U1 snRNP (which participates in the early steps of spliceoso-
mal complex assembly during transcription [60]), as a novel
substrate of Hmt1 in vitro. Using ChIP-chip, we uncovered a

FIG. 5. Changes in arginine methylation-dependent cotranscriptional recruitment influences regulated splicing. (A) The percentages of
meiosis-related genes bound by the U1 snRNP components and associated factors Prp40, Snp1, and Mud2 in wild-type and �hmt1 cells are shown.
Where a specific meiosis-related gene is bound by a particular factor in both wild-type and �hmt1 cells, the percentage of these bound genes within
the total number of meiosis-related genes is calculated and denoted as “Both” on the bar graph. (B) The percentages of meiosis-related genes
bound by U2 and the U4/U5/U6 tri-snRNP components and associated proteins Prp11, Prp5, Prp2, and Brr2 in wild-type and Hmt1 mutants are
shown (representation is as described for panel A). (C) The effects of Hmt1 on the occupancy of meiotic ICGs relative to all ICGs bound by a
splicing factor. A gene ontology (GO) test using the “Yeast GO-Slim: Process” feature of the SGD was performed, testing the total number of
ICGs bound by each splicing factor in either wild-type or �hmt1 cells. Of the entire 294 ICGs annotated in the yeast genome (SGD reference, gray
bar), 17 map to the “meiosis” GO slim term (SGD reference, black bar). The results for each splicing factor are plotted as bars. (D) The splicing
of meiotically regulated transcripts REC107 and HOP2 in wild-type, �hmt1, and hmt1-G68R cells was measured by quantitative PCR using
[�-33P]dCTP as described in Materials and Methods. The products were resolved on an 8% TBE gel, dried, exposed to a phosphorimager screen,
and quantified by a PhosphorImager. The unspliced (U) and predicted spliced (S) products are indicated on the left. ECM33, a constitutively
spliced transcript, and ADH3, an unspliced transcript, were used as controls in the quantitative PCR to demonstrate similarity in the levels of input
cDNA used in the quantitative PCR. (E) The ratios of spliced to unspliced transcript levels from REC107 and HOP2 in wild-type, �hmt1, and
hmt1-G68R cells are shown.

FIG. 6. Arginine methylation modulates the biochemical associa-
tion between Npl3 and Snp1. TAP-tagged Snp1 expressed in wild-type,
�hmt1, and hmt1-G68R cells was purified and resolved on a 4 to 12%
gel by SDS-PAGE. (Left) The amount of Npl3 that copurified with
Snp1 was determined using an anti-Npl3 antibody. The arrow
(Npl3-CH3) denotes a band corresponding to Npl3 lacking methylated
arginines (lanes �hmt1 and hmt1-G68R). A faint, slightly higher-mo-
lecular-mass band for the wild-type cells corresponds to arginine-meth-
ylated Npl3 (WT lane, arrow with Npl3 plus CH3). (Input panel) The
degree of change is readily visualized from the input of each lysate,
probed with anti-Npl3 antibody (arrows). (Right) The same immuno-
blot was stripped and reprobed with anti-CBP antibody to detect the
level of Snp1-CBP (arrow denotes Snp1-CBP). A control using a strain
that does not express any TAP-tagged protein was run in parallel [(-)
control lane].
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role for protein arginine methylation in modulating the recruit-
ment of splicing factors to ICGs. A number of these data were
validated by directed ChIP experiments. Changes in the co-
transcriptional recruitment of splicing factors due to the loss of
arginine methylation affects regulated splicing. We show that
the absence of arginine methylation leads to an aberrant in-
teraction between Snp1 and the SR-like protein Npl3. Overall,
our data demonstrate that protein arginine methylation plays a
critical role in defining proper cotranscriptional recruitment of
pre-mRNA splicing factors.

To date, studies characterizing the recruitment of pre-
mRNA splicing factors on a genome-wide scale have focused
on measuring changes in the absolute number or percentage of
ICGs bound by a splicing factor (32, 47, 64). This kind of
measurement does not reveal how the distribution of bound
ICGs changes in the context of a given condition or mutation.
It is possible, for example, that a splicing factor is bound to the
identical number and complement of ICGs under different
conditions but that the ICGs bound in one case occupy the
highly bound portion of the total bound population and in the
other occupy the least-bound portion. Thus, the IDI serves as
a novel method to assay the relative changes in ICG associa-
tion when comparing two ChIP-chip profiles. In the study here,
it reveals that the loss of Hmt1 or of its activity perturbs the
relative degree of occupancy of ICGs for all U snRNPs exam-
ined, with the exception of U1 snRNP and its associated pro-
teins.

Since the dynamics of U1 and U2 snRNP recruitment are
intimately linked (19, 37, 65), it is likely that a change in the
recruitment dynamics of the U1 snRNP would produce a
downstream effect on the recruitment of U2 and other U
snRNPs. This could be achieved by perturbing the formation of
the commitment complex. Our ChIP-chip data are consistent
with such an effect, as they demonstrate that recruitment of the
U2 snRNP and the U4/U5/U6 snRNP, as well as of their
associated proteins, is reduced in Hmt1 mutants relative to
that in wild-type cells. Since the maximal U1 snRNP recruit-
ment occurs near the 5� ss (64), it is likely that the loss of
arginine methylation in Hmt1 mutants results in increased
retention of the U1 snRNP and its associated proteins at ICGs.
This may be reflected by the observed decrease in binding of
U1 snRNP and its associated proteins at non-ICGs, since fewer
U1 snRNPs would be available to “scan” the non-ICGs as they
are effectively “titrated away” as a consequence of longer ICG
retention. Disruption of this in vivo recruitment dynamic could
theoretically prevent recognition of the other components of
the spliceosomal complex (such as proteins from the U2
snRNP and the U4/U5/U6 tri-snRNP) and thus their efficient
recruitment to genomic targets. This could give rise to a sce-
nario in which formation of the commitment complex is com-
promised. Indeed, our ChIP-chip data—according to which the
U2 snRNP, the U4/U5/U6 tri-snRNP, and their associated
proteins all exhibited lower relative affinities for ICGs in Hmt1
mutants—support such a scenario.

Our genome-wide assays led to the identification of a mei-
osis-related gene whose transcripts display enhanced splicing
during vegetative growth in Hmt1 mutants. The observation
that the loss of arginine methylation leads to aberrant recruit-
ment of splicing factors and misregulated splicing of these
targets supports our previous study, in which we showed that

differential spliceosome recruitment predicts regulated splicing
in precisely the same population of genes, i.e., meiosis-related
ICGs (47). The relatively small increases in the pre-mRNA
splicing of HOP2 may be due to the nuclear mRNA surveil-
lance machinery monitoring sites of regulated splicing, since
increased levels of unspliced meiotic mRNAs have been ob-
served in �rrp6 cells, which lack a subunit of the nuclear exo-
some (47). Testing a mutant in which both HMT1 and RRP6
are deleted may reveal more dramatic changes. Notably,
�hmt1 cells display decreased sporulation frequency (16).
Whether this abnormality results from altered splicing of mei-
osis-related transcripts remains to be investigated. Neverthe-
less, our present study has established arginine methylation as
a requirement for regulated recruitment of the spliceosome.

Arginine methylation has been demonstrated to affect the
function of protein substrates by modulating their interactions
with other proteins (5). For example, the interaction of mam-
malian PRMT1 and transcription factor Ying Yang 1 (YY1) is
necessary for the recruitment of histone H4-specific methyl-
transferase activity (54). Hmt1 has been demonstrated to con-
trol the biochemical association between mRNA export factor
Npl3 and transcriptional elongation factor Tho2, as well as the
self-association of Npl3 (71). While the predominant role of
Npl3 is in the export of mRNAs (29), it was recently revealed
that Npl3 also promotes pre-mRNA splicing, as it is required
for the cotranscriptional recruitment of early splicing factors
such as the U1 snRNP protein Prp40 and the U2 snRNP
protein Lea1 (33). Furthermore, Npl3 is a yeast SR-like pro-
tein (15), and SR proteins in mammalian cells are known to
help stabilize the U1 snRNP during the spliceosome assembly
(69). These facts suggested that the loss of Hmt1 or its activity
would impact how Npl3 interacts with the early splicing factors
and that this interaction might account for the decreased re-
cruitment of U2 and U4/U5/U6 tri-snRNP proteins in our
ChIP-chip experiment. In support of this hypothesis, we ob-
served an aberrant biochemical association between Npl3 and
Snp1 in both the �hmt1 and hmt1-G68R mutants (Fig. 5).
Since Hmt1 also methylates Npl3, it is possible that arginine
methylation regulates the cotranscriptional recruitment of
splicing factors by altering Npl3 recruitment. However, our
previous analysis shows that the loss of Hmt1 does not alter the
recruitment of Npl3 to either ICGs or non-ICGs (see Fig. S4 in
the supplemental material). Rather, the dynamics of biochem-
ical association between Npl3 and Snp1 are most likely to
control how the rest of the splicing factors are recruited in the
context of mRNP biogenesis. New studies, using methylation-
specific mutants of both Npl3 (45) and Snp1, are under way to
address the influence of methylation on the ability of each
factor to promote this association.

A recent study demonstrated that the chromatin-modifying
activity of the histone acetyltransferase Gcn5 is functionally
linked to the cotranscriptional recruitment of pre-mRNA
splicing factors (21). Specifically, Gcn5 was found to acetylate
the ICG-bound histone H3 (21). Notably, a screen used to
identify protein-protein interactions that are triggered by post-
translational modifications identified Hmt1 as a binding part-
ner for acetylated histones (22). Hmt1 binds both acetylated
histones H3 and H4 but methylates only H4 (34). Given that
Hmt1 methylates histone H4 at position 3 (H4R3) in a chro-
matin-specific context (72) and that Hmt1 loss does not abolish
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bulk changes in H4R3 methylation (38), it would be interesting
to determine whether Hmt1 plays a role in the status of H4R3
methylation within ICG-bound histones. Such a study would
determine whether the chromatin-modifying activity of Hmt1
is linked to its role in optimizing the cotranscriptional recruit-
ment of splicing factors.

Overall, our data support a model in which Hmt1-catalyzed
arginine methylation controls the cotranscriptional recruit-
ment of splicing factors by promoting proper Npl3-Snp1 inter-
action. Npl3 is cotranscriptionally recruited during the early
stages of transcription as part of mRNP biogenesis. As a yeast
SR-like protein, it may stabilize the U1 snRNP, much as SR
family proteins do in mammalian cells. During the early phase
of the transcription process, the Snp1-containing U1 snRNP
samples transcribed genes to identify any introns. The detec-
tion of an intron leads to the formation of a commitment
complex, followed by subsequent recruitment of the rest of the
spliceosome. Given that mRNP assembly involves a multitude
of associations and dissociations of its components, aberrant
interactions between Npl3 and Snp1 in the Hmt1 mutants may
cause the U1 snRNP proteins to be retained at their genomic
targets for longer times than optimal. This disruption in the
dynamics of U1 snRNP recruitment, in turn, would likely affect
the formation of the commitment complex, judging by the
ChIP-chip data for Prp11 and Mud2. Alternatively, it is possi-
ble that a change in the dynamics of U1 snRNP recruitment
due to Hmt1 activity results in a rearrangement within the
spliceosome that subsequently prevents proper recruitment of
the U2 and U4/U5/U6 tri-snRNP components. In summary,
our study establishes a novel and key regulatory role for pro-
tein arginine methylation in controlling the dynamics of co-
transcriptional recruitment of pre-mRNA splicing factors, an
important facet in the assembly of an mRNP. The fact that the
arginine methylation of the Snp1 homolog U1-70K is con-
served in higher eukaryotes suggests that the role of arginine
methylation in regulating the spliceosome may also be con-
served.
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