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Abstract

The product of proto-oncogene Ron is a human receptor for the macrophage-stimulating protein
(MSP). Upon activation, Ron is able to induce cell dissociation, migration and matrix invasion.
Exon 11 skipping of Ron pre-mRNA produces RonA165 protein that is constitutively active even
in the absence of its ligand. Here we show that knockdown of SRSF2 promotes the decrease of
exon 11 inclusion, whereas overexpression of SRSF2 promotes exon 11 inclusion. We
demonstrate that SRSF2 promotes exon 11 inclusion through splicing and transcription procedure.
We also present evidence that reduced expression of SRSF2 induce a decrease in the splicing of
both intron 10 and 11, by contrast, overexpression of SRSF2 induce an increase in the splicing of
intron 10 and 11. Through mutation analysis, we show that SRSF2 functionally target and
physically interact with CGAG sequence on exon 11. In addition, we reveal that weak strength of
splice sites of exon 11 is not required for the function of SRSF2 on the splicing of Ron exon 11.
Our results indicate that SRSF2 promotes exon 11 inclusion of Ron proto-oncogene through
targeting exon 11. Our study provides a novel mechanism by which Ron is expressed.
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Introduction

RON receptor tyrosine kinase (Ron) along with c-Sea, c-Met and Stk are members of MET
proto-oncogene family [1]. RON protein is an 180kDa-heterodimeric protein composed of a
40kDa-a chain and a 150kDa-f chain linked by disulfide bonds [2]. While the a chain
contains the extracellular domain for ligand binding, the  chain includes the intracellular
part that contains a kinase domain and a transmembrane domain [3]. Ron protein is a
receptor for Macrophage stimulating protein (MSP), the binding stimulates the intrinsic
kinase activity of Ron and subsequently leads to autophosphorylation on the tyrosine
residues in its kinase domain and C-terminal docking sites for multiple transducers and
adaptor proteins [4-6]. Whereas Ron overexpression and activation induce tumor
progression and invasive growth of certain type of epithelial tumor cells, silencing of Ron
expression promotes apoptosis [7-9]. Alternative splicing of Ron pre-mRNA produces
various protein isoforms [10]. RONA165 protein, which was identified in gastric cancer cell
line KATOIII, is generated by skipping of exon 11 [11]. RONA165 does not undergo
proteolytic processing and is retained intracellularly, thus RONAL65 is constitutively
activated without the binding of MSP ligand [11]. Abnormal accumulation of RONA165
isoform was found in some types of breast and colon cancer cell lines [12]. Furthermore,
overexpression of this splice variant can induce invasive growth and metastasis [11].
Whereas SRSF1 contact an enhancer on exon 12 to promote exon 11 skipping and
furthermore control epithelial to mesenchymal transition, hnRNP Al antagonizes the
binding of SRSF1 and prevent exon skipping [12, 13]. In addition, hnRNP A2/B1 and
hnRNP H are also known to regulate alternative splicing of Ron pre-mRNA [14, 15].
Alternative splicing generates proteomic diversity and is one of the critical gene regulatory
mechanisms [16, 17]. Abnormal regulation of alternative splicing causes a variety of human
diseases including cancer [18]. Alternative splicing is finely regulated by cis-acting elements
and trans-acting elements [19, 20]. Cis-acting elements are RNA sequences on pre-mRNA
which function as either enhancer or inhibitor to regulate exon inclusion or skipping. Trans-
acting elements are proteins that regulate exon inclusion or skipping. The best identified
trans-acting elements are SR proteins (serinearginine rich) and hnRNPs (heterogenous
nuclear ribonucleoproteins) [21, 22]. SRSF2 is one of the SR proteins that are composed of
RRM (RNA recognition motif) domain and RS (serine-arginine rich) domain [23]. SRSF2
participates in spliceosome assembly including U1 snRNP binding to 5’ splice site and U2
snRNP binding to branch point [24-26]. SRSF2 frequently binds to splicing enhancer
sequences and regulates alternative splicing [27-29]. SRSF2 also play additional roles in
transcription elongation, RNA stability, mRNA transport, and mRNA translation [30-34].

In this study, we demonstrate that SRSF2 promotes exon 11 inclusion of Ron pre-mRNA
through activating splicing and transcription. We show that SRSF2 promotes splicing of
both intron 10 and intron 11. Furthermore we identified that SRSF2 functionally targets and
physically interacts with exon 11 to activate exon 11 inclusion. Our study added a new
player in the splicing and transcription of Ron pre-mRNA.
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Knockdown of SRSF2 reduced exon 11 inclusion of Ron pre-mRNA

We initiated the project based on the fact that many potential SRSF2 binding sites on exon
11 of Ron pre-mRNA from a bioinformatics tool (ESE finder) [35] (supplementary figure
1). The bioinformatics searching results provide a potential that SRSF2 regulates alternative
splicing of Ron exon 11. To test this idea, in the first set of experiment, we knocked down
SRSF2 mRNA in cultured cells using lentivirus based shRNA. Three days after infection of
SRSF2 shRNA virus, RNA was prepared for RT-PCR. The results in figure 1A show that in
the MDA MB 231 cell, SRSF2 protein expression was decreased significantly (~60%) in
SRSF2 knocked down cells as compared with that in untreated control. However non-
silencing (NS) shRNA virus did not induce any decrease of SRSF2 expression. It has been
shown that the effects of the knock down of one SR protein could be compensated by
another SR protein [36]. To ask whether SRSF2 knock down increases another SR protein
expression, we also analyzed SRSF1 protein expression level with immunoblotting analysis.
As shown in figure 1A, SRSF1 expression was not altered in the SRSF2 knocked down
cells. To determine whether knockdown of SRSF2 induces alteration of exon 11 splicing, we
performed RT-PCR to analyze the alternative splicing of Ron exon 11. The results in figure
1A show that exon 11 included Ron mRNA is significantly decreased to ~24% of total Ron
mMRNA in the SRSF2 knockdown cells as compared with non-treated as well as non-
silencing shRNA virus treated cells. Similar results were obtained from HelLa cell (~20%
decrease) (figure 1B). Thus we conclude that reduced expression of SRSF2 decrease exon
11 inclusion of Ron pre-mRNA. In addition, as shown in the quantitation graph of total
RNA in figure 1A and 1B, total RNA level that contains exon 11 skipped and included
isoform is reduced significantly in SRSF2 knocked down cells (lane 3, ~49% and ~38%
independently). The results in figure 1 demonstrate that SRSF2 knock down reduces exon
11 included isoform through regulating splicing and transcription events.

SRSF2 overexpression promotes exon 11 inclusion of Ron pre-mRNA

We next asked whether increased expression of SRSF2 has the opposite effects on the
splicing and transcription of Ron proto-oncogene. We transfected cells with a SRSF2-
expression plasmid and a Ron minigene that includes exon 10-12 part of Ron pre-mRNA
(figure 2, lower panel). As shown in figure 2A, expression of SRSF2 induced a significant
increase of exon 11 included form in MDA MB 231 and HeLa cells (lane 3, figure 2A and
2B). To compare the SRSF2 overexpression results with knockdown results, we performed
similar analysis as in figure 1, in which both exon 11 inclusion rate and total RNA level
were compared in SRSF2 knocked down cells. The results in figure 2 demonstrate that exon
11 inclusion rate was significantly increased (~75% and ~40% in MDA MB 231 cells and
HeLa cells independently). In addition, we show that total Ron RNA was also significantly
increased (~83% and ~68% in MDA MB 231 cells and HeLa cells independently). By
contrast, overexpression of control plasmid did not induce a significant change in either
exon 11 inclusion rate or transcription of Ron proto-oncogene (lane 2, figure 2). Thus the
SRSF2 overexpression results in figure 2 are consistent with the SRSF2 knock down results
in figure 1. To combinine the results in figure 1 and 2 together, we conclude that expression
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of SRSF2 promotes the both splicing and transcription of exon 11 included isoform in Ron
proto-oncogene.

SRSF2 promotes splicing of intron 10 as well as intron 11

We next asked if SRSF2 promotes exon 11 inclusion by promoting splicing of both flanking
introns or one of the flanking introns. To answer the question, we performed three lines of
experiments. In the first line of experiment, we asked if the knockdown of SRSF2 affects
splicing of intron 10 or 11. To determine the splicing of intron 10 and intron 11, we
performed RT-PCR with primer sets that basepair with exon 10 and exon 11 to test the pre-
mRNA splicing of intron 10, and another primer sets that basepair with exon 11 and exon 12
for the pre-mRNA splicing of intron 11 (figure 3A). As shown in figure 3A, splicing of
intron 10 is significantly decreased (~20%) in the cells in which SRSF2 expression is
reduced. In addition, splicing of intron 11 is also significantly reduced after knockdown of
SRSF2 (~32%, Figure 3A). Thus we demonstrate that reduced expression of SRSF2 induced
a reduced splicing of intron 10 and intron 11.

In the second line of experiment, we asked if the overexpression of SRSF2 has the opposite
effects on the splicing of intron 10 and 11. The results in figure 3B show that overexpression
of SRSF2 caused a significant increase in the splicing of intron 10 and 11 (~29% and ~34%
independently). By contrast, overexpression with control plasmid did not induce a
significant alteration in the splicing of intron 10 and 11. Thus our results show that
overexpression of SRSF2 promotes splicing of intron 10 and 11.

In the third line of experiment, we asked if the effects of SRSF2 on the splicing of intron 10
and 11 are dependent on the presence of distal exons or exon definition. To answer the
question, we constructed minigenes that contain only exon 10-11 or exon 11-12 (figure 3C).
We performed RT-PCR analysis with cells transfected with the minigenes along with
SRSF2 expression plasmid. The results show that, in consistent with the results in figure 3B,
SRSF2 promotes splicing of intron 10 and 11 significantly (~36% and ~26% independently),
whereas control plasmid did not induce a significant alteration in the splicing of intron 10
and 11. Thus we conclude that SRSF2 splicing activation effects do not require exon 11
definition or distal exons. To combine together, SRSF2 facilitates splicing of intron 10 and
11.

SRSF2 interact with exon 11 to promotes exon 11 inclusion

In order to locate the functional target of SRSF2, we performed various mutagenesis on the
sequence that were predicted with ESE finder program. However, we were not able to locate
the functional target through the mutation analysis, as shown in supplementary figure 1,
showed none of the mutants disrupted the function of SRSF2 on Ron splicing and
transcription. Later, we noticed that a Recent study identified new SRSF2 binding
sequences-SSAG (S=C/G) [37]. We found that exon 11 includes a potential binding
sequence (CGAG) for SRSF2 at the position 73 nt downstream from 3’ splice site of exon
11. In order to determine whether SRSF2 targets this sequence to promote exon 11 splicing,
we mutated CGAG sequence into CGUA sequence (Mut-SRSF2) (figure 4A). If the
sequence is the target of SRSF2, we expect that exon 11 inclusion is significantly reduced,
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and that the exon 11 promoting effects of SRSF2 is disrupted with the Mut-SRSF2
minigene. As we expected, figure 4A shows that exon 11 inclusion is hardly detectable for
the Mut-SRSF2 minigene (lane 4). In addition, the effects of SRSF2 on promoting exon 11
are completely disrupted for the mutant minigene (lane 6). Thus we conclude that CGAG
sequence is the functional target of SRSF2. We next asked if SRSF2 directly interacts with
the functional targets sequence. We chemically synthesized 5’ biotin-labeled RNA that
includes the potential target sequence and 3 nt flanking sequences. Correspondingly, we also
synthesized Mut-SRSF2 RNA (figure 4B). The biotin-labeled RNAs were analyzed for
binding with purified SRSF2 protein using Electrophoretic Mobility Shift Assay (EMSA).
The results in figure 4B show that SRSF2 formed a complex with wild type RNA but not
mutant RNA. Therefore we conclude that SRSF2 directly target CGAG sequence to promote
exon 11 inclusion.

The strength of flanking splice sites on exon 11 is not required for the function of SRSF2
on exon 11 inclusion

To determine whether the strength of flanking splicing sites on exon 11 is required for
function of SRSF2 on exon 11 inclusion, we performed mutagenesis on the splice site
sequence. As shown in figure 5A, 5’ splicing site sequence (CAGgtaggc) of exon 11 is
mutated into the conserved sequence (CAGgtaagt) (5’-cons). In the other mutant, 3’ splicing
site sequence (gcagT) of exon 11 is mutated into the conserved sequence (ccagG) (3°-cons).
We expect that the conserved sequences on the splice sites of exon 11 would facilitate
splicing of intron 10 and 11, consequently exon 11 inclusion will be promoted. As we
expected, the conserved sequence on both splice sites promotes exon 11 inclusion rate
significantly in MDA MB 231 cells (~36% and ~68% independently, Figure 5B). If the
strength of splice sites is required for exon 11 inclusion, we predict that SRSF2 would not
promote exon 11 inclusion. However, we found that, as shown in figure 5C, SRSF2 can still
promote exon 11 inclusion rate significantly in the 5’-cons construct (~31%). In addition,
consistent with the results in figure 2B, the transcription of Ron is also promoted
significantly (~72%). Therefore the 5’-cons construct did not disrupt the SRSF2 function in
splicing and transcription of Ron exon 11. Therefore the strength of 5° splice site on exon 11
is not required for the function of SRSF2 in splicing and transcription. For the 3’-cons
construct, we noticed that exon 11 inclusion form is exclusively expressed, thus the increase
of exon 11 inclusion rate is hard to detect with this construct. Not surprisingly, Ron
transcription level is also significantly increased in SRSF2 overexpressed cells. Therefore
we conclude that the strength of the flanking splice sites on exon 11 is not required for
SRSF2 function in splicing and transcription of Ron exon 11.

Discussions

In this study, we have studied the basis by which Ron proto-oncogene is spliced and
transcribed. We have shown that SRSF2 promotes exon 11 inclusion by demonstrating that
knockdown of SRSF2 induced a decrease of exon 11 included form, and that overexpression
of SRSF2 promoted exon 11 included form of Ron pre-mRNA. Our results reveal that
SRSF2 increases Ron exon 11 included form through promoting both exon 11 splicing and
transcription. We further show that SRSF2 promotes splicing of both intron 10 and intron 11
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by demonstrating that knockdown of SRSF2 induced a decrease in the splicing of intron 10
and 11, and that overexpression of SRSF2 induced an increase in the splicing of intron 10
and 11. In addition, we found that the strength of the flanking splice sites on exon 11 is not
required for the function of SRSF2 on exon 11 splicing. Furthermore we demonstrate that a
mutation of the potential binding site disrupted the function of SRSF2, and that SRSF2
directly interacts with exon 11. Our results strongly support the conclusion that SRSF2 is
another regulator for Ron pro-oncogene expression.

Exon 11 splicing of Ron pre-mRNA was shown to be regulated by SRSF1 protein by
contacting exon 12 [12]. It was also shown that hnRNP A1 antagonizes the binding of
SRSF1 and prevents exon skipping [13]. Our results added SRSF2 as a new player in the
regulation of Ron pre-mRNA splicing. SRSF1 and SRSF2 protein regulate Ron pre-mRNA
splicing with antagonistic functions. The function of SR proteins on alternative splicing is
partially determined by its binding locations. Alternative exon bound SRSF2 promotes exon
inclusions; whereas flanking exon bound SRSF1 promotes alternative exon skipping. How
these protein regulate splice site selection, spliceosome assembly, U2AF65 recruitment,
U2snRNA-branchpoint basepairing and U1snRNA-5’ splice site basepairing need to be
determined.

SRSF2 is a well-known alternative splicing regulatory protein. It has been shown that
SRSF2 regulates alternative splicing of Tau, CD44, E-cadherin pre-mRNA either though
promoting or inhibiting exon inclusion [38, 39]. Phosphorylation of SRSF2 plays a key role
in the function of SRSF2 on Tau pre-mRNA splicing [27]. Our results indicate that SRSF2
promotes exon inclusion of Ron pre-mRNA. Our results also demonstrate that SRSF2
promotes splicing of both flanking introns, but not one of the flanking introns. In addition to
protein-contact location on pre-mRNA, there are many possible modifications, for example
phosphorylation, probably regulate the function of SRSF2 on Ron alternative splicing.

In addition to the role in pre-mRNA splicing, SRSF2 was also known to promote
transcription elongation [31]. Consistent with the reports, our results demonstrated that
SRSF2 significantly promotes Ron transcription procedure. In the previous kinetic model, it
was shown that higher elongation rate promotes exon skipping, whereas lower elongation
rate promotes exon inclusion [40]. As SRSF2 promotes transcription elongation, we can
expect that SRSF2 promotes exon 11 skipping. However, our results clearly showed that
SRSF2 promotes exon 11 inclusion. There is a possibility that SRSF2 plays other roles in
Ron transcription instead of transcription elongation. We initiated the study because various
potential binding sites of SRSF2 were predicted on Ron exon 11 from ESE finder program
[35]. However, our results indicate that SRSF2 did not functionally target the potential high
scores sequences. Surprisingly, a CGAG sequence, which was not shown in ESE finder
program but found in the solution structure of SRSF2 with RNA, functionally targeted
SRSF2 in Ron exon 11 splicing [37]. How the potential binding sites are functionally
selected remains to be determined.

Whereas a group reported that SRSF2 expression is increased in ovarian cancer[41],
downregulation of SRSF2 expression was also observed in clear cell renal cell carcinoma
[42]. Unlike the fact that increased expression level of SRSF1 in tumors is directely related
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to delta Ron expression, the SRSF2 expression level is not matching quite well with Ron
expression. A possibility is that mutations of the SRSF2 have been found in tumors as
mutations of SRSF1 have not documented yet [43].

Materials and methods

Plasmid construction

The wild-type RON exon10-12 sequences were amplified from human genomic DNA using
RON10-Hindlll-for (5’-ATGTTAAGCTTCCTGAATATGTGGTCCGAGAC-3’) and
RON12-Xhol-rev (5’-CTTACCTCGAGCTAGCTGCTTCCTCCGCCACC-3’) primers.
RON exon10-11 construct was produced with RON10-HindllI-for and RON11-Xho-rev (5’-
CTTAACTCGAGATGGGGCACCATCCTGGCCA-3’) primers. RON exon11-12 construct
was produced with RON11-Hindlll-for (5’-
TAGATAAGCTTTATATTGGGCTGGGCGCTGTG-3") and RON12-Xhol-rev primers.
Mut-SRSF2 construct was produced by overlapping PCR using Mut-SRSF2-for (5’-
CTGCCAGCACGTATTCCGGGGGGA-3’), Mut-SRSF2-rev (5°-
TCCCCCCGGAATACGTGCTGGCAG-3") primers. 5’-cons and 3’-cons mutants were
produced by overlapping PCR using 5’-cons-for (5’-
ATTGCAGGTAAGTAGCCCAGCTG-3’), 5’-cons-rev (5’-
CAGCTGGGCTACTTACCTGCAAT-3"), 3’-cons-for (5’-
ACCCTCTCTCCAGGGATATTGGGCT-3’) and 3’-cons-rev (5°-
AGCCCAATATCCTGGAGAGAGGGT-3’) primers. All constructs were cloned into
pcDNA3.1 (+) vector using Hindlll and Xhol enzyme sites.

Cell culture and Transfection

RT-PCR

MDA MB 231 cells were grown in RPMI-1640 medium and HeLa cells were grown in
DMEM medium supplemented with 10% Fetal Bovine Serum (FBS) at 37°C ina
humidified 5% CO, condition. Ron mini-gene and mutant constructs were transfected into
MDA MB 231 and HeLa cells using Polyethylenimine (PEI) reagent according to the
manufacturer's protocol.

Total RNA was extracted from MDA MB 231, HelLa and plasmid-DNA transfected cells
using RiboEX regent (GeneAll) following manufacturer's protocol. 1ug of total RNA was
reverse transcribed using oligo dT1g with ImProm-11™ reverse transcriptase (Promega)
following manufacturer's protocol. 1uL of the cDNA was amplified by PCR reaction using
G-Tag polymerase (Cosmo Genetech). Different Primers were used to detect splicing:
primers for endogenous Ron exon 10-12 [Exon10-for (5°-
CCGCTCGAGCGGACCATGTGTGAGAGGCAGCTTCCAG-3’), Exonl2-rev (5’-
CCGGAATTCCGGTCCTAGCTGCTTCCTCCGCC-3")], Primers for Ron mini-gene
[Exon10-for, pcDNA-rev (5’~-CTAGAAGGCACAGTCGAGGCT-3")], Primers for
endogenous intron 11 splicing [Exon10-for and Exonl1-rev (5’-
ACAGCGCCCAGCCCAATAT-3")], primers for endogenous intron 12 splicing [Exonl11-
for (5-TATATTGGGCTGGGCGCTGTG-3’) and Exonl12-rev], primers for detecting
exogenous intron 11 splicing [T7-for (5’-TAATACGACTCACTATAGGG-3’) and Exonl1-
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rev], primers for exogenous intron 12 splicing [Exon11-for and pcDNA-rev], primers for
GAPDH [GADPH-for (5’-ACCACAGTCCATGCCATCA-3’), GAPDH-rev (5’-
TCCACCACCCTGTTGCTGTA-3")].

Immunoblotting

Knockdown

MDA MB 231 and HeLa cells were lysed with lysis buffer [1% NP-40, 50mM Tris-Cl (7.5),
150mM NaCl, 5mM EDTA, 1mM beta-mercaptoethanol, protease inhibitor cocktail] by
incubating for 1 hour at 4°C, and then the supernatants were collected following centrifuge.
The proteins were separated on SDS-PAGE gels and transferred to PVDF membrane. The
membrane was blocked using 5% skim milk and incubated with following antibodies: anti-
SRSF2 (AVIVA systems biology), anti-SRSF1 (Zymed), anti-HA (Santacruz
biotechnology), anti-U2AF65 antibody. The signal was detected by Enhanced
Chemiluminescence (ECL).

of SRSF2 with shRNA

shRNA lentiviruses were produced by co-transfection of pLKO.1 shRNA plasmid coding
the SRSF2 mRNA matched sequences or non-silencing sequences, PSPAX2 and PMD2G
helper plasmids into 293T cells. After 24 hr transfection, supernatants containing
lentiviruses were harvested with a 0.45 um filter. MDA MB231, HeLa cells were infected by
the lentivirus with 10ug/ml polybrene. After 72 hr infection, media was removed then total
RNA was extracted for RT-PCR.

Purification of His-tagged SRSF2

SRSF2 coding region was cloned into pcDNA6/myc-His A (Invitrogen) plasmid and
transfected into HEK293 cells. After treatment with cell lysis buffer (50 mM NaH,PO,4, 500
mM NaCl, 5 mM imidazole, 0.5% tween-20, 1 mM PMSF), Ni-NTA agarose beads
(QIAGEN) were added and incubated overnight at 4°C in the binding buffer (50 mM
NaH,PO,4, 500 mM NacCl, 0.5% tween-20, 1 mM PMSF). After washing, Ni-NTA agarose
beads were incubated with elution buffer (250 mM imidazole in binding buffer) for 20 min
at room temperature.

Electrophoretic Mobility Shift Assay

One pmol of 5’ biotinylated RNA oligos (wild type and mutant) were incubated with
purified his-SRSF2 protein in binding buffer [L00 mM Tris (pH 7.5), 500 mM KCI, 10 mM
DTT] for 30 min at 25°C. The mixtures were loaded to a 5% native polyacrylamide gel and
transferred to the nylon membrane. After incubation with streptavidin-HRP conjugate
(Sigma), the membrane was treated with ECL solution and detected with X-ray film.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Knockdown of SRSF2 with shRNA reduced exon 11 inclusion of Ron pre-mRNA. RT-PCR
analysis of endogeneous Ron exon 11 alternative splicing with RNAs extracted from non-
treated cells, non-silencing shRNA virus treated cells and SRSF2 shRNA virus treated cells
are shown. Primers are located at exon 10 and exon 12 as shown with arrows. MDA MB 231
(A) and HelLa (B) cell lines are tested here. GAPDH is used as a control. Quantitative results
are shown at right panels. Immunoblotting analysis in these cells using anti-SRSF2, anti-
SRSF1 and anti-U2AF65 antibody are shown.
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SRSF2 overexpression promotes exon 11 inclusion of Ron pre-mRNA. (A) RT-PCR
analysis of exogeneous Ron exon 11 alternative splicing with RNAs extracted from pcDNA-
SRSF2 overexpressed, pcDNA overexpressed and non-treated MDA MB 231 (A) and HeLa
(B) cells are shown. A minigene including exon 10, 11 and 12 is cloned into pcDNA3.1 (+)
plasmid. The primer sets used for RT-PCR are shown. One primer is basepaired with
pcDNA plasmid sequence (dot line); the other one is basepaired with exon 10. Quantitative

results are shown at right panel.
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SRSF2 promotes splicing of intron 10 as well as intron 11. (A) RT-PCR analysis of
endogenous splicing of intron 10 (left panel) and 11 (right panel) with RNAs extracted from
non-treated cells, non-silencing shRNA virus treated cells and SRSF2 shRNA virus treated
cells are shown. The primer sets used to detect intron 10 (1 and 2) and intron 11 (3 and 4)
RT-PCR are shown. Quantitation results are shown at lower panel. (B) RT-PCR analysis of
exogenous intron 10 and intron 11 with RNAs from pcDNA-SRSF2 overexpressed, pcDNA

overexpressed and non-treated MDA MB 231 cells are shown. The primer sets used to
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detect intron 10 (1 and 2) and intron 11 (3 and 4) RT-PCR are shown. (C) RT-PCR analysis
of exogenous intron 10 and intron 11 with RNAs from SRSF2 overexpressed, pcDNA
overexpressed and non-treated MDA MB 231 cells from minigenes containing exon 10-11
or exon 11-12 are shown.
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Figure4.
SRSF2 interact with exon 11 to promote exon 11 inclusion. (A) The potential SRSF2

binding sites on exon 11 (bold) and the mutated nucleotide sequences (underlined) are
highlighted. RT-PCR analysis of wild type Ron minigene and SRSF2 mutant construct with
RNAs from non-treated, pcDNA overexpressed and SRSF2 overexpressed MDA MB 231
cells are shown. (B) 5’ biotinylated RNA sequences of wild type (WT) and mutant (Mut-
SRSF2) are shown. Following incubation of biotinylated RNA with his-SRSF2 protein, we
separated SRSF2-RNA complex from free RNA using native polyacrylamide gel
electrophoresis. The biotin-labeled RNA was detected using streptavidin-HRP conjugates.
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Figure5.

The strength of flanking splice sites on exon 11 is not required for the function of SRSF2 on
exon 11 inclusion. (A) Mutated nucleotides of 5’ and 3 splice sites are highlighted (bold).
Sequence of wild type and mutants are shown. (B) RT-PCR analysis of exon 11 splicing in
the wild type and two mutants. (C) RT-PCR analysis of minigene exon 11 splicing with
RNAs from cells overexpressing pcDNA-SRSF2 overexpressed, pPcDNA overexpressed and
non-treated MDA MB 231 cells.
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