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Serine and arginine-rich (SR) proteins are RNA-binding pro-

teins (RBPs) known as constitutive and alternative splicing 

regulators. As splicing is linked to transcriptional and post-

transcriptional steps, SR proteins are implicated in the regula-

tion of multiple aspects of the gene expression program. Re-

cent global analyses of SR-RNA interaction maps have ad-

vanced our understanding of SR-regulated gene expression. 

Diverse SR proteins play partially overlapping but distinct roles 

in transcription-coupled splicing and mRNA processing in the 

nucleus. In addition, shuttling SR proteins act as adaptors for 

mRNA export and as regulators for translation in the cyto-

plasm. This mini-review will summarize the roles of SR pro-

teins as RNA binders, regulators, and connectors from tran-

scription in the nucleus to translation in the cytoplasm. 
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INTRODUCTION 
 

Gene expression regulation is highly connected process. 

Transcriptional regulation is interdependent on post-

transcriptional processes both in the nucleus and cyto-

plasm (Maniatis and Reed, 2002). Regulatory proteins, 

such as RNA-binding proteins (RBPs), play important roles 

throughout the gene expression program, from the tran-

scription to translation (Glisovic et al., 2008). One such 

important family of regulatory RBPs is the Serine–Arginine 

(SR) family of proteins. In this mini-review, the essential  

functions of SR proteins in splicing regulation, with a focus 

on their roles as RNA binders in the ribonucleoprotein com-

plex (RNP) will be summarized. I will also discuss their 

emerging regulatory roles in mediating and connecting post-

transcriptional processes from the nucleus to the cytoplasm. 

More extensive reviews on SR proteins are suggested for a 

comprehensive understanding of these multifunctional regu-

lators of RNA metabolism (Anko, 2014; Howard and San-

ford, 2015). 

 

SR protein family members 
SR proteins are RBPs mainly functioning in RNA splicing 

(Shepard and Hertel, 2009). The first SR proteins identified 

were SRSF1 (previously called SF2/ASF) and SRSF2 (previously 

called SC35) (Manley and Krainer, 2010). SR proteins are 

characterized by the presence of a C-terminal domain en-

riched with the Arginine (R) and Serine (S) amino acid se-

quences (RS domain) and an N-terminal RNA recognition 

domain (RRM domain) (Fig. 1). Additional SR proteins, RNA-

binding SR-related proteins and other RS domain containing 

proteins have been identified (Long and Caceres, 2009). In 

general, RRM domains recognize RNA, whereas RS domains 

participate in diverse protein-protein and protein-RNA interac-

tions. Most SR proteins are located exclusively in the nucleus, 

but some SR proteins (mainly SRSF1, SRSF3, and SRSF7) can 

shuttle between the nucleus and the cytoplasm. Having many 

such SR proteins with differential expression and regulatory 

patterns indicates possible non-redundant and distinct roles in 

pre-mRNA splicing (Zahler et al., 1993) as well as in other 

steps of gene expression, as will be discussed below. 
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Fig. 1. List and domains of SR proteins. The domain structures 

(RRM, RRMH, RS, and Zn) are denoted as shown in the lower 

box. Current names for SR proteins are SRSFs, but aliases are 

also indicated in the parenthesis. Among 12 core SR proteins, 6 

(red letters) are reported to shuttle between nucleus and cyto-

plasm (shuttling SR proteins), whereas the others (black letters) 

have not been shown to have shuttling activity (non-shuttling SR 

proteins), as indicated in the upper box. 

 

 

 

SPLICING REGULATION 
 

Importance of alternative splicing 
Pre-mRNA splicing is an essential process, which occurs in 

the nucleus of eukaryotic cells. Splicing removes intervening 

introns from primary transcripts and joins exons to create 

mature mRNA by the spliceosome, a dynamic RNA-protein 

enzyme complex (Papasaikas and Valcarcel, 2016; Wahl et 

al., 2009). In addition to constitutive splicing, regulated splic-

ing occurs to generate a large number of mRNA isoforms 

from given pre-mRNA by alternative splicing. In fact, large-

scale transcriptome analysis revealed that up to 90% of hu-

man genes undergo alternative splicing (Pan et al., 2008). 

Moreover, splicing regulation is dynamically integrated to 

gene regulatory pathways (Braunschweig et al., 2013). Thus, 

alternative splicing greatly expands transcriptome as well as 

proteome diversities from a limited number of genes in a 

genome (Maniatis and Tasik, 2002; Weatheritt et al., 2016). 

 

Splicing regulatory RNA elements 
Splicing regulatory RBPs are thought to recognize distinct 

RNA sequences (splicing regulatory elements, SREs) and 

regulate splicing by “splicing code” (Fu, 2004; Wang and 

Burge, 2008). SREs include exonic splicing enhancers (ESE), 

exonic splicing suppressors (ESS), intronic splicing enhancers 

(ISE), and intronic splicing suppressors (ISS). In general, SR 

proteins bind ESE and enhance the splicing by recruiting the 

spliceosome. On the contrary, heterogeneous nuclear ribo-

nucleoprotein (hnRNP) family proteins can antagonize the 

positive effect of SR proteins by binding to ESS or ISS and 

repressing splicing (Geuens et al., 2016). 

 

Essential but complex role of SR proteins in alternative 
splicing 
SR proteins are important alternative splicing regulators. In 

contrast to the robust splicing enhancing effect in constitu-

tive splicing, SR-mediated alternative splicing regulation is 

more complex and subtle. Alternative exons generally hold 

shorter length and weaker 5 spliced sites (5ss), so SR pro-

teins induce the inclusion of the alternative exon through 

increasing the recognition of weak splice sites by splicing 

machinery. Since the regulatory roles of RBPs in alternative 

splicing are position- and context-dependent (Fu and Ares, 

2014), locations of SR-RNA interaction influence splicing 

outcome. For example, exon-bound SR proteins act as 

enhancers, but intron-bound SR proteins may function as 

suppressors (Shen and Mattox, 2012). So the location of 

SR-RNA interactions affect spliceosome assembly and 

splice site selection (Erkelenz et al., 2013). In addition, SR 

proteins can act as activators or repressors in a context-

dependent manner with other RBPs (Fu and Ares, 2014; 

Han et al., 2011a). 

 

SR PROTEINS AS RNA BINDERS 
 

Selection of SR-binding RNA sequences in vitro 
Since individual SR proteins are not functionally equivalent 

(Zahler et al., 1993), SR proteins are believed to bind RNA 

with unique or preferential specificity. Various analytical 

techniques for RNA–protein interaction have been utilized to 

determine the SR-binding RNA sequences. As an approach 

to identify RNA-binding sequences of SR proteins, in vitro 

SELEX (systematic evolution of ligands by exponential en-

richment) experiments were performed (Fig. 2A). SELEX has 

the advantage of selecting high-affinity consensus RNA se-

quences (also called RNA aptamers) to target proteins 

among large pool of RNA library (at least 1015 different 

RNA sequences) (Tuerk and Gold, 1990). 

SELEX approaches have been applied to determine specific 

SR-binding RNA sequences (Long and Caceres, 2009). 

SRSF1- and SRSF7-binding consensus RNA sequences are 

largely purine-rich elements with different RNA sequences, 

whereas pyrimidine-rich RNA sequence elements have been 

found for SRSF3. Selected RNA aptamers are useful for bio-

chemical determination of protein-interacting RNA motifs 

and for inferring cellular target RNAs (Bunka and Stockley, 

2006; Kim et al., 2012). Nonetheless, repeated selection 

procedures tend to amplify RNA aptamers with unique in 
vitro biochemical and biophysical interaction features to the 

target protein, so caution should be taken when interpreting 

the data (Bjerregaard et al., 2016).



Multifunctional SR Proteins 
Sunjoo Jeong 

 
 

Mol. Cells 2017; 40(1): 1-9  3 

 
 

A                 B                C 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Functional selection of splicing regulatory elements 
Functional SELEX approaches have been developed to iden-

tify the splicing regulatory elements (SREs) in the cells (Fig. 

2B). Randomized sequences are introduced in specific splic-

ing reporters at the positions within or near an alternative 

exon and their splicing outcome are selected to identify ESEs 

in in vitro splicing reactions or in transfected cells (Cartegni, 

2003; Coulter et al., 1997; Liu et al., 1998; Schaal and 

Maniatis, 1999). 

Functional SELEX identified purine-rich ESEs, which re-

semble the in vitro selected SR-binding sequences. However, 

non-purine rich ESEs were also selected, suggesting other 

splicing proteins are also involved in enhancing alternative 

exon inclusion (Coulter et al., 1997). Degenerate and diverse 

ESEs have been recognized by SR proteins, implying a SR-

RNA interactome with a broad sequence specificity (Liu et al., 

1998). Subsequently, elaborate GFP-based splicing reporters 

and sorting of GFP-positive cells allowed the identification of 

ESSs (Wang et al., 2004) and intronic regulators (ISEs and 

ISSs) (Wang et al., 2012; 2013). Despite these new SRE se-

quences from functional SELEX analysis, it is still challenging 

to identify the types of RBPs and the direct contribution of 

SR proteins in the regulation of splicing. 

 
Genome-wide identification of SR-binding cellular RNAs 
Cellular RNP is formed by a complex interaction involving nu-

merous RNAs and proteins, albeit with relatively low affinity 

(Jankowsky and Harris, 2015). Moreover, direct interaction 

between RBP and RNA is accompanied by indirect protein-

protein interactions in RNP. Therefore, it is challenging to iden-

tify direct cellular RNA targets of RBPs and to map RBP binding 

RNA motifs. To identify cellular RBP-RNA interaction maps at a 

global scale, CLIP (cross-linking and immunoprecipitation) 

analysis has been developed. In the CLIP method, ultraviolet 

(UV) radiation is used to cross-link direct RBP-RNA interactions 

within a short distance (~1 Å) in the cells (Ule et al., 2005) (Fig. 

2C). To gain insight into RBP-RNA interactions with precision, 

high throughput genomic techniques were combined with 

CLIP (CLIP-Seq or HITS-CLIP) (Konig et al., 2012). A couple of 

refinements were also made to the CLIP method to increase 

cross-linking efficiency (PAR-CLIP, Photoactivatable Ribonucle-

oside-Enhanced CLIP) or the binding site mapping precision 

(iCLIP, individual-nucleotide resolution CLIP). 

CLIP methods have been applied to many SR proteins to 

identify SR-RNA interactions. In the case of SRSF1, CLIP-Seq 

revealed a functionally diverse landscape of RNA targets and 

identified purine-rich consensus motifs (Sanford et al., 2009; 

Wang et al., 2011). In contrast, CLIP analyses of SRSF3 and 

SRSF4 revealed their interactions to non-overlapping target 

genes, and identified distinct in vivo consensus binding mo-

tifs (Anko et al., 2010; 2012). However, in the case of SRSF1 

and SRSF2, extensive overlap between two SR protein-

binding targets has been observed (Pandit et al., 2013). The-

se results indicate that SR-RNA interactions are generally 

degenerate and context-dependent. More refined genomic 

technologies and more detailed bioinformatics tools are 

required to map endogenous SR-RNA interactions and func-

tional networks in the cells (Konig et al., 2012).  

 

Large-scale identification of SR-regulated splicing 
The SR-RNA interactome in the cell is likely to affect the SR-

regulated transcriptome. Splicing-sensitive detection meth-

ods have been developed using known alternative splice 

junctions (Blencowe, 2006) or combined with deep se-

quencing and bioinformatics tools (Katz et al., 2010). RNA-

Seq analysis has also been utilized to identify SR-regulated 

transcriptome and splicing outcome changes on a large scale. 

These analyses have been employed for SRSF1 (Anczukow et 

al., 2015), SRSF1/SRSF2 (Pandit et al., 2013) and SRSF3 

(Ajiro et al., 2016). CLIP-analyzed SR-RNA interaction maps 

were compared with global SR-regulated splicing outcome. 

As expected, the splicing outcome of target RNA was shown 

to be dependent on multiple SR bindings onto target RNAs. 

In fact, cooperation and competition between the SRSF1 

and SRSF2 proteins regulates alternative splicing events, 

which are related to synergistic and compensatory interac-

tions to target RNA (Pandit et al., 2013). More extensive 

studies are required to understand the global splicing out-

come from the collective contribution of many SR proteins. 

 

REGULATORS OF NUCLEAR EVENTS 
 

Regulating transcription-coupled splicing 
Recent studies indicate that mRNA processing events are 

Fig. 2. Outline of techniques used for identifica-

tion of SR protein-binding RNA elements. (A) 

SELEX (systematic evolution of ligands by ex-

ponential enrichment) for in vitro identifica-

tion of SR-binding RNA motifs. A random 

RNA library was used for the selection of bind-

ing RNA sequences. (B) Functional SELEX. 

Reporter-based in vitro and in vivo identifica-

tion of splicing regulatory elements. ESEs (Ex-

onic Splicing Enhancers) can be selected in the 

reporter as shown here. (C) CLIP-Seq (Cross-

linking and immunoprecipitation-sequencing) 

for global identification of SR-binding motifs 

in target RNAs. 
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functionally coupled to transcription (Bentley, 2014). Be-

cause splicing is a pivotal regulatory step in gene expression 

(Kornblihtt et al., 2013), splicing regulatory proteins could 

couple the transcription step to post-transcriptional steps. SR 

proteins were initially discovered as proteins associated with 

transcriptionally active chromatin in amphibian germinal 

vesicle and Drosophila embryo (Champlin et al., 1991; Roth 

and Gall, 1987). Since then, SR proteins have been proposed 

to be involved in chromatin-associated events, especially in 

co-transcriptional splicing (Fig. 3A). It should be also noted 

that post-transcriptional splicing takes place in the nucleus, 

as will be discussed below (Han et al., 2011b). 

SR proteins directly or indirectly interact with the C-

terminal domain of RNA polymerase II (Pol II-CTD) (Das et al., 

2006; 2007; de la Mata and Kornblihtt, 2006; Sapra et al., 

2009). In general, Pol II-CTD is the assembly site of various 

RNA processing factors on the transcription complex (Hsin 

and Manley, 2012; Munoz et al., 2010). However, SR pro-

teins have been shown to associate with nascent RNA tran-

scripts, rather than to be stably preassembled with Pol II-CTD 

(Sapra et al., 2009). Thus, co-transcriptional recruitment of 

SR proteins requires ongoing pre-mRNA synthesis, thereby 

facilitating the spliceosome assembly into pre-mRNA 

(Listerman et al., 2006; Sapra et al., 2009). Additionally, 

certain SR proteins (SRSF1 and SRSF3) bind to H3 tail and 

dynamically associate with chromatin (Loomis et al., 2009). 

Since some histone modifications regulate alternative splic-

ing (Luco et al., 2010), the splicing regulatory function of SR 

proteins can also be regulated by histone modification and 

nucleosome occupancy (Luco et al., 2011). 

It should be pointed out that nuclear SR proteins are also 

located in small nuclear bodies, called speckles (Fig. 3A). 

Speckles are enriched with many proteins required for the 

assembly and storage of splicing machinery, of which SR 

proteins are prominent components (Shepard and Hertel, 

2009). Since co-transcriptional and post-transcriptional RNPs 

are found in speckles, how splicing is dynamically regulated 

in speckles remains to be understood (Han et al., 2011b). 

Also, relevant coupling factors for transcription and splicing 

need to be identified to elucidate the SR-mediated splicing 

mechanism in the nucleus. 

 

Regulating transcription elongation and more 
Once transcription is initiated at the transcription start site 

(TSS), Pol II pauses at the site just downstream of TSS and 

requires elongation factors to allow it to proceed. Switching 

of the RNA Pol II complex from the initiation to the elonga-

tion complexes is important for functional transcription, 

which is mediated by P-TEFb kinase phosphorylating Ser2 

position in CTD (Fig. 3A) (Jonkers and Lis, 2015). As as-

sumed, most of the mRNA processing complexes are as-

sembled during the elongation step of transcription (Perales 
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Fig. 3. Multiple roles of SR proteins during gene ex-

pression from the nucleus to the cytoplasm. (A) 

Transcription-coupled splicing in chromatin. Tran-

scription elongation and splicing are regulated by 

Pol II phosphorylation, histone modification, and 

SR–protein interactions. More SR proteins 

(shown in different colors) are recruited, and 

spliceosome assembly occurs on nascent pre-

mRNP. Storage and assembly of splicing machin-

ery in speckles is also shown. (B) mRNA export 

from the nucleus to cytoplasm. Export receptor 

(NXF) is recruited to export adaptor SR-bound 

mRNA. (C) Translational regulation in the cyto-

plasm. 
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and Bentley, 2009) So chromatin-associated and pol II-

interacting mRNA processing proteins are likely to function 

in regulating transcription elongation (Allemand et al., 

2008). 

A direct role for SR proteins in transcriptional regulation 

has been shown for SRSF2. In contrast to shuttling SR pro-

teins (such as SRSF1, SRSF3, and SRSF7), SRSF2 is a non-

shuttling protein located in the nucleus. Interestingly, SRSF2 

associates with DNA only, but not with cytoplasmic mRNA, 

suggesting a role restricted to the nucleus (Sapra et al., 

2009). Recently, SRSF2 has been shown to mediate the re-

lease of paused Pol II by switching p-TEFb from inhibitory 

7SK RNP, which in turn activates transcriptional elongation 

in collaboration with promoter-associated nascent RNA with 

ESE (Ji et al., 2013). Such a transcription regulatory point 

would link the recruitment of the splicing machinery to the 

transcription complex, ensuring the proper assembly of tran-

scriptional and co-transcriptional machineries (Jonkers and 

Lis, 2015). 

SR proteins also play a role in many nuclear RNA processes, 

since nuclear mRNPs are dynamically assembled and func-

tion in transcription, splicing, export and nuclear surveillance 

(Muller-McNicoll and Neugebauer, 2013). In fact, some SR 

proteins have been reported to be involved in 3’ end pro-

cessing (Lou et al., 1998), mRNA packaging (Singh et al., 

2012) and mRNA export (Huang and Steitz, 2005) as will be 

discussed later. 

 

Regulation by RNA modifications 
RNA modification is emerging as an important regulatory 

marks for RNA stability and translation in the cytoplasm 

(Zhao et al., 2017). In addition, RNA modification on N
6
-

methyadenosine (m
6
A) was recently reported to be involved 

in alternative splicing in the nucleus. Reader protein for m
6
A 

(nuclear reader YTHDC1) recruits or blocks SR proteins, 

SRSF3 or SRSF10, respectively. Therefore, RNA modification 

modulates SR protein access to the binding regions of target 

mRNA (Xiao et al., 2016). Considering the emerging im-

portance of RNA modification during various steps of RNA 

metabolism, it will be interesting to decipher the mechanistic 

details of how m
6
A can regulate SR protein functions.  

 

Regulation by phosphorylation of SR proteins 
As was initially identified with a monoclonal antibody detect-

ing phosphorylated SR proteins (mAb104) (Roth et al., 

1990), most of the nuclear SR proteins are phosphorylated. 

Since SR proteins contain a RS domain with repeated 

Arg/Ser sequences, they are subjected to phosphorylation by 

SR specific kinases. The phosphorylation status of SR pro-

teins is related to their functions in spliceosome assembly 

and their localization inside the nucleus as well as in the cy-

toplasm (Zhou and Fu, 2013). 

Two families of kinases are major regulators of SR phos-

phorylation: SR protein-specific kinases (SRPKs) (Gui et al., 

1994) and Cdc-2 like kinases (CLKs) (Colwill et al., 1996b). 

The subcellular localizations and substrate specificities of 

these two kinase families are distinct. SRPKs are detected 

both in the cytoplasm and in the nucleus, whereas CLKs are 

constitutively located in the nucleus and co-localize with SR 

proteins in nuclear speckles (Colwill et al., 1996a; 1996b). 

SRPKs are retained in the cytoplasm by molecular chaperons; 

upon activation by EGF growth factor, they can be translo-

cated to the nucleus and cause changes in the alternative 

splicing of many genes (Zhong et al., 2009; Zhou et al., 

2012). In contrast, nuclear CLKs are activated by osmotic 

and heat-shock stresses, so SR proteins are re-phosphorylated 

by CLKs during the recovery phase of stress (Ninomiya et al., 

2011). The two SR kinase systems appear to act symbiotically 

for proper phosphorylation of SR proteins and splicing regu-

lation (Aubol et al., 2016). Thus, the roles of the dual SR 

kinases are interrelated and contribute in a coordinated fash-

ion toward protein phosphorylation and localization in re-

sponse to different stimuli (Corkery et al., 2015; Ghosh and 

Adams, 2011). Additionally, de-phosphorylation and re-

phosphorylation of SR proteins seem to be important for 

cytoplasmic functions (Huang et al., 2004; Sanford et al., 

2005). 

 
CONNECTORS TO CYTOPLASMIC EVENTS 
 

Regulating mRNA export 
Since gene expression in cells is interconnected from the 

nucleus and to the cytoplasm (Moore and Proudfoot, 2009), 

nuclear SR proteins could be a connector for cytoplasmic 

events. In fact, most SR proteins dynamically localize to 

speckles and chromatin in the nucleus; but some SR proteins 

(shown as shuttling SR proteins in Fig. 1) can export out to 

the cytoplasm and shuttle continuously between the nucleus 

and the cytoplasm (Caceres et al., 1998). In general, export 

adaptors (such as TREX complex) link transcription to export 

of mRNA which is mediated by the export receptor, Nuclear 

export factor 1 (NXF1/TAP) (Wickramasinghe and Laskey, 

2015). In addition, two shuttling SR proteins (SRSF3 and 

SRSF7) are export adaptors involved in specific mRNA export 

(Fig. 3B) (Huang, 2001; Huang et al., 2003). Structural anal-

ysis revealed that they interact with TAP export receptor via 

Arginine-rich peptide adjacent to RRM of SR proteins 

(Hargous et al., 2006). 

Recent CLIP analyses of SR proteins (SRSF1 to SRSF7) and 

the NXF1 export receptor revealed co-binding of SR proteins 

to the export receptor. Among many SR proteins, SRSF3 

emerges as the most potent adaptor for the NXF1 adaptor 

(Muller-McNicoll et al., 2016). As discussed above, the 

phosphorylation status of SR proteins is linked to the loca-

tions and functions of SR proteins. Dephosphorylated SR 

proteins act as export adaptors for specific mRNA (Huang et 

al., 2004; Sanford et al., 2005). Considering the critical role 

of mRNA export during gene expression regulation, the 

mechanisms underlying the role of SR proteins as molecular 

connectors from nuclear mRNA processing to cytoplasmic 

translation need to be elucidated. 

 

Regulating mRNA decay and translation 
Instead of acting as passengers in the mRNP journey from 

nucleus to cytoplasm, shuttling SR proteins actively engage 

in mRNA decay and translation thereby determining the 

ultimate fate of the bound mRNAs (Fig. 3C) (Huang and 

Steitz, 2005). Since spliced mRNP is assembled by EJC along 
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with SR proteins (Singh et al., 2012), mRNA decay process 

enhanced by EJC assembly on mRNA, such as non-sense 

mediated decay (NMD), can be regulated by SR proteins 

(Popp and Maquat, 2014). In fact, SRSF1 have shown to 

enhance NMD of the premature termination codon (PTC) 

containing model globin gene (Zhang and Krainer, 2004). 

SRSF1 have also reported to regulate the stability of PKCI-
mRNA (Lemaire et al., 2002) and regulate translation 

(Sanford et al., 2004). Interestingly, it activates translation 

initiation by enhancing phosphorylation of 4E-BP1, a com-

petitive inhibitor of cap-dependent translation (Michlewski 

et al., 2008), or represses translation of its own mRNA (Sun 

et al., 2010). Moreover, SRSF1 acts as an adaptor protein to 

recruit signaling molecules, such as mTORC1, during tumor-

igenesis (Karni et al., 2008) or forms an aberrant proteoso-

mal complex to stabilize p53 protein during senescence 

(Fregoso et al., 2013). These studies highlight the important 

role of SRSF1 as a splicing and translation regulator, which is 

relevant to RNA-mediated pathology (Maslon et al., 2014; 

Sanford et al., 2008). Of note, SRSF1 is overexpressed in 

some cancers and regulates alternative splicing of many 

cancer-related genes (Jiang et al., 2016; Karni et al., 2007). 

Other shuttling SR proteins, such as SRSF3 and SRSF7, can 

also function in the translation process. SRSF3 has been 

shown to regulate Internal Ribosomal Entry Site (IRES)-

mediated translation initiation (Bedard et al., 2007), where-

as SRSF7 plays a role in translation of un-spliced viral RNA 

containing Constitutive Transport Element (CTE) (Swartz et 

al., 2007). In the case of pdcd4 mRNA, SRSF3 has been 

shown to regulate nuclear alternative splicing and RNA ex-

port as well as cytoplasmic translation (Kim et al., 2014; Park 

and Jeong, 2016). These data suggest that SR proteins could 

act as coordinators for post-transcriptional steps of mRNAs 

from the nucleus to the cytoplasm.  

 

FUTURE PERSPECTIVE 
 

Gene expression factory is formed by integration of tran-

scription and RNA-processing machineries, which is mediat-

ed by mRNPs (Maniatis and Reed, 2002). Since mRNPs con-

nect nuclear transcription and pre-mRNA processing to 

downstream cytoplasmic events (Moore and Proudfoot, 

2009), SR proteins could be important parts of the gene 

expression machinery by forming various forms of mRNPs. 

Future research should be directed to identify diverse forms 

of SR-mRNPs in the nucleus as well as in the cytoplasm to 

understand multifunctionality of SR proteins.  

Splicing regulation is performed by specific RBPs via their 

interactions with cis-acting regulatory elements on primary 

transcripts. Thus, SR-regulated splicing is likely to be modu-

lated by many other RBPs. Recent proteomic analyses have 

indicated a large number of proteins that may be directly or 

indirectly linked to mRNA isoform production (Castello et al., 

2016; Ray et al., 2013). Therefore, it will be important to 

identify known and novel RBPs relevant to SR-regulated 

splicing. 

Master splicing regulators play important roles in generat-

ing the transcriptome (Jangi and Sharp, 2014); thus, SR pro-

teins are involved in qualitative (splicing) and quantitative 

(transcription) regulations of gene expression program in the 

cells. Since alternative splicing contributes to cellular physiol-

ogy in various environments (Kalsotra and Cooper, 2011), it 

will be important to identify signaling pathways and critical 

signaling molecules relevant to SR protein regulation. Espe-

cially, the extracellular signals or environmental cues re-

quired for the regulation of SR protein expression should be 

investigated. It will be interesting to dissect the signaling 

pathways involved in SR protein modifications, including 

phosphorylation. 

 

ACKNOWLEDGMENTS 
I apologize to colleagues whose work was not cited due to 

space limitation. Members of Jeong Lab are greatly appreci-

ated for valuable comments on the manuscript. This work 

was supported by the research grant from Dankook Univer-

sity (2014). 

 
REFERENCES 
 
Ajiro, M., Jia, R., Yang, Y., Zhu, J., and Zheng, Z.M. (2016). A 

genome landscape of SRSF3-regulated splicing events and gene 

expression in human osteosarcoma U2OS cells. Nucleic Acids Res. 44, 

1854-1870. 

Allemand, E., Batsche, E., and Muchardt, C. (2008). Splicing, 

transcription, and chromatin: a menage a trois. Curr. Opin. Genet. 

Dev. 18, 145-151. 

Anczukow, O., Akerman, M., Clery, A., Wu, J., Shen, C., Shirole, N.H., 

Raimer, A., Sun, S., Jensen, M.A., Hua, Y., et al. (2015). SRSF1-

Regulated Alternative Splicing in Breast Cancer. Mol. Cell 60, 105-

117. 

Anko, M.L. (2014). Regulation of gene expression programmes by 

serine-arginine rich splicing factors. Semin. Cell Dev. Biol. 32, 11-21. 

Anko, M.L., Morales, L., Henry, I., Beyer, A., and Neugebauer, K.M. 

(2010). Global analysis reveals SRp20- and SRp75-specific mRNPs in 

cycling and neural cells. Nat. Struct. Mol. Biol. 17, 962-970. 

Anko, M.L., Muller-McNicoll, M., Brandl, H., Curk, T., Gorup, C., 

Henry, I., Ule, J., and Neugebauer, K.M. (2012). The RNA-binding 

landscapes of two SR proteins reveal unique functions and binding to 

diverse RNA classes. Genome Biol. 13, R17. 

Aubol, B.E., Wu, G., Keshwani, M.M., Movassat, M., Fattet, L., Hertel, 

K.J., Fu, X.D., and Adams, J.A. (2016). Release of SR proteins from 

CLK1 by SRPK1: a smbiotic kinase sstem for phosphorylation control 

of pre-mRNA splicing. Mol. Cell 63, 218-228. 

Bedard, K.M., Daijogo, S., and Semler, B.L. (2007). A nucleo-

cytoplasmic SR protein functions in viral IRES-mediated translation 

initiation. EMBO J. 26, 459-467. 

Bentley, D.L. (2014). Coupling mRNA processing with transcription in 

time and space. Nat. Rev. Genet. 15, 163-175. 

Bjerregaard, N., Andreasen, P.A., and Dupont, D.M. (2016). 

Expected and unexpected features of protein-binding RNA aptamers. 

Wiley interdisciplinary reviews RNA 7, 744-757. 

Blencowe, B.J. (2006). Alternative splicing: new insights from global 

analyses. Cell 126, 37-47. 

Braunschweig, U., Gueroussov, S., Plocik, A.M., Graveley, B.R., and 

Blencowe, B.J. (2013). Dynamic integration of splicing within gene 

regulatory pathways. Cell 152, 1252-1269. 

Bunka, D.H., and Stockley, P.G. (2006). Aptamers come of age - at 

last. Nat. Rev. Microbiol. 4, 588-596. 



Multifunctional SR Proteins 
Sunjoo Jeong 

 
 

Mol. Cells 2017; 40(1): 1-9  7 

 
 

Caceres, J.F., Screaton, G.R., and Krainer, A.R. (1998). A specific 

subset of SR proteins shuttles continuously between the nucelus and 

the cytoplasm. Genes Dev. 12, 55-66. 

Cartegni, L. (2003). ESEfinder: a web resource to identify exonic 

splicing enhancers. Nucleic Acids Res. 31, 3568-3571. 

Castello, A., Fischer, B., Frese, C.K., Horos, R., Alleaume, A.M., Foehr, 

S., Curk, T., Krijgsveld, J., and Hentze, M.W. (2016). Comprehensive 

identification of RNA-binding domains in human cells. Mol. Cell 63, 

696-710. 

Champlin, D.T., Frasch, M., Saumweber, H., and Lis, J.T. (1991). 

Characterization of a Drosophila protein associated with boundaries 

of transcriptionally active chromatin. Genes Dev. 5, 1611-1621. 

Colwill, K., Feng, L.L., Yeakley, J.M., Gish, G.D., Caceres, J.F., Pawson, 

T., and Fu, X.D. (1996a). SRPK1 and Clk/Sky protein kinases show 

distinct substrate specificities for Serine/Arginine-rich splicing factors. 

J. Biol. Chem. 271, 24569-24575. 

Colwill, K., Pawson, T., Andrews, B., Prasad, J., Manley, J.L., Bell, J.C., 

and Duncan, P.I. (1996b). The Clk/Sky protein kinase phosphorylates 

SR splicing factors and regulates their intranuclear distribution. EMBO 

J. 15, 265-275. 

Corkery, D.P., Holly, A.C., Lahsaee, S., and Dellaire, G. (2015). 

Connecting the speckles: Splicing kinases and their role in 

tumorigenesis and treatment response. Nucleus 6, 279-288. 

Coulter, L.R., Landree, M.A., and Cooper, T.A. (1997). Identification 

of a new class of exonic splicing enhancers by in vivo selection. Mol. 

Cell. Biol. 17, 2143-2150. 

Das, R., Dufu, K., Romney, B., Feldt, M., Elenko, M., and Reed, R. 

(2006). Functional coupling of RNAP II transcription to spliceosome 

assembly. Genes Dev. 20, 1100-1109. 

Das, R., Yu, J., Zhang, Z., Gygi, M.P., Krainer, A.R., Gygi, S.P., and 

Reed, R. (2007). SR proteins function in coupling RNAP II 

transcription to pre-mRNA splicing. Mol. Cell 26, 867-881. 

de la Mata, M., and Kornblihtt, A.R. (2006). RNA polymerase II C-

terminal domain mediates regulation of alternative splicing by SRp20. 

Nat. Struct. Mol. Biol. 13, 973-980. 

Erkelenz, S., Mueller, W.F., Evans, M.S., Busch, A., Schoneweis, K., 

Hertel, K.J., and Schaal, H. (2013). Position-dependent splicing 

activation and repression by SR and hnRNP proteins rely on common 

mechanisms. RNA 19, 96-102. 

Fregoso, O.I., Das, S., Akerman, M., and Krainer, A.R. (2013). 

Splicing-factor oncoprotein SRSF1 stabilizes p53 via RPL5 and induces 

cellular senescence. Mol. Cell 50, 56-66. 

Fu, X.D. (2004). Towards a splicing code. Cell 119, 736-738. 

Fu, X.D., and Ares, M., Jr. (2014). Context-dependent control of 

alternative splicing by RNA-binding proteins. Nat. Rev. Genet. 15, 

689-701. 

Geuens, T., Bouhy, D., and Timmerman, V. (2016). The hnRNP 

family: insights into their role in health and disease. Hum. Genet. 135, 

851-867. 

Ghosh, G., and Adams, J.A. (2011). Phosphorylation mechanism and 

structure of serine-arginine protein kinases. FEBS J. 278, 587-597. 

Glisovic, T., Bachorik, J.L., Yong, J., and Dreyfuss, G. (2008). RNA-

binding proteins and post-transcriptional gene regulation. FEBS Lett. 
582, 1977-1986. 

Gui, J.F., Tronchere, H., Chandler, S.D., and Fu, X.D. (1994). 

Purification and characterization of a kinase specific for the serine 

and srginine-rich pre-mRNA splicing factors. Proc. Natl. Acad. Sci. 

USA 91, 10824-10828. 

Han, J., Ding, J.H., Byeon, C.W., Kim, J.H., Hertel, K.J., Jeong, S., and 

Fu, X.D. (2011a). SR proteins induce alternative exon skipping 

through their activities on the flanking constitutive exons. Mol. Cell. 

Biol. 31, 793-802. 

Han, J., Xiong, J., Wang, D., and Fu, X.D. (2011b). Pre-mRNA 

splicing: where and when in the nucleus. Trends Cell Biol. 21, 336-

343. 

Hargous, Y., Hautbergue, G.M., Tintaru, A.M., Skrisovska, L., 

Golovanov, A.P., Stevein, J., Lian, L.Y., Wilson, S.A., and Allain, F.H.T. 

(2006). Molecular basis of RNA recognition and TAP binding by the 

SR proteins SRp20 and 9G8. EMBO J. 25, 5126-5137. 

Howard, J.M., and Sanford, J.R. (2015). The RNAissance family: SR 

proteins as multifaceted regulators of gene expression. Wiley 

interdisciplinary reviews RNA 6, 93-110. 

Hsin, J.P., and Manley, J.L. (2012). The RNA polymerase II CTD 

coordinates transcription and RNA processing. Genes Dev. 26, 2119-

2137. 

Huang, Y.S., and Steitz, J.A. (2001). Splicing factors SRp20 and 9G8 

promote the nucleocytoplasmic export of mRNA. Mol. Cell 7, 899-

905. 

Huang, Y., and Steitz, J.A. (2005). SRprises along a messenger's 

journey. Mol. Cell 17, 613-615. 

Huang, Y., Gattoni, R., Stévenin, J., and Steitz, J.A. (2003). SR 

splicing factors Serve as adapter proteins for TAP-dependent mRNA 

export. Mol. Cell 11, 837-843. 

Huang, Y., Yario, T.A., and Steitz, J.A. (2004). A molecular link 

between SR protein dephosphorylation and mRNA export. Proc. Natl. 

Acad. Sci. USA 101, 9666-9670. 

Jangi, M., and Sharp, P.A. (2014). Building robust transcriptomes 

with master splicing factors. Cell 159, 487-498. 

Jankowsky, E., and Harris, M.E. (2015). Specificity and nonspecificity 

in RNA-protein interactions. Nat. Rev. Mol. Cell Biol. 16, 533-544. 

Ji, X., Zhou, Y., Pandit, S., Huang, J., Li, H., Lin, C.Y., Xiao, R., Burge, 

C.B., and Fu, X.D. (2013). SR proteins collaborate with 7SK and 

promoter-associated nascent RNA to release paused polymerase. Cell 
153, 855-868. 

Jiang, L., Huang, J., Higgs, B.W., Hu, Z., Xiao, Z., Yao, X., Conley, S., 

Zhong, H., Liu, Z., Brohawn, P., et al. (2016). Genomic landscape 

survey identifies SRSF1 as a key oncodriver in small cell lung cancer. 

PLoS Genet. 12, e1005895. 

Jonkers, I., and Lis, J.T. (2015). Getting up to speed with transcription 

elongation by RNA polymerase II. Nat. Rev. Mol. Cell Biol. 16, 167-

177. 

Kalsotra, A., and Cooper, T.A. (2011). Functional consequences of 

developmentally regulated alternative splicing. Nat. Rev. Genet. 12, 

715-729. 

Karni, R., de Stanchina, E., Lowe, S.W., Sinha, R., Mu, D., and Krainer, 

A.R. (2007). The gene encoding the splicing factor SF2/ASF is a 

proto-oncogene. Nat. Struct. Mol. Biol. 14, 185-193. 

Karni, R., Hippo, Y., Lowe, S.W., and Krainer, A.R. (2008). The 

splicing-factor oncoprotein SF2/ASF activates mTORC1. Proc. Natl. 

Acad. Sci. USA 105, 15323-15327. 

Katz, Y., Wang, E.T., Airoldi, E.M., and Burge, C.B. (2010). Analysis 

and design of RNA sequencing experiments for identifying isoform 

regulation. Nat. Methods 7, 1009-1015. 

Kim, I., Kwak, H., Lee, H.K., Hyun, S., and Jeong, S. (2012). beta-

Catenin recognizes a specific RNA motif in the cyclooxygenase-2 

mRNA 3'-UTR and interacts with HuR in colon cancer cells. Nucleic 

Acids Res. 40, 6863-6872. 

Kim, J., Park, R.Y., Chen, J.K., Kim, J., Jeong, S., and Ohn, T. (2014). 

Splicing factor SRSF3 represses the translation of programmed cell 

death 4 mRNA by associating with the 5'-UTR region. Cell Death 



Multifunctional SR Proteins 
Sunjoo Jeong 
 
 

8  Mol. Cells 2017; 40(1): 1-9 

 
 

Differ. 21, 481-490. 

Konig, A., Zarnack, K., Luscombe, N.M., and Ule, J. (2012). Protein-

RNA interactions: new genomic technologies and perspectives. Nat. 

Rev. Genet. 13, 77-83. 

Kornblihtt, A.R., Schor, I.E., Allo, M., Dujardin, G., Petrillo, E., and 

Munoz, M.J. (2013). Alternative splicing: a pivotal step between 

eukaryotic transcription and translation. Nat. Rev. Mol. Cell Biol. 14, 

153-165. 

Lemaire, R., Prasad, J., Kashima, T., Gustafson, J., Manley, J.L., and 

Lafyatis, R. (2002). Stability of PKCI-1-related mRNA is controlled by 

the splicing factor ASF/SF2: a novel function for SR proteins. Genes 

Dev. 16, 594-607. 

Listerman, I., Sapra, A.K., and Neugebauer, K.M. (2006). 

Cotranscriptional coupling of splicing factor recruitment and 

precursor messenger RNA splicing in mammalian cells. Nat. Struct. 

Mol. Biol. 13, 815-822. 

Liu, H.X., Zhang, M., and Krainer, A.R. (1998). Identification of 

functional exonic splicing enhacer motifs recognized by individual SR 

proteins. Genes Dev. 12, 1988-2012. 

Long, J.C., and Caceres, J.F. (2009). The SR protein family of splicing 

factors: master regulators of gene expression. Biochem. J. 417, 15-27. 

Loomis, R.J., Naoe, Y., Parker, J.B., Savic, V., Bozovsky, M.R., 

Macfarlan, T., Manley, J.L., and Chakravarti, D. (2009). Chromatin 

binding of SRp20 and ASF/SF2 and dissociation from mitotic 

chromosomes is modulated by histone H3 serine 10 phosphorylation. 

Mol. Cell 33, 450-461. 

Lou, H., Neugebauer, K.M., Gagel, R.F., and Berget, S.A. (1998). 

Regulation of alternative polyadenylation by U1 snRNPs and SRp20. 

Mol. Cell. Biol. 18, 4977, 4985. 

Luco, R.F., Pan, Q., Tominaga, K., Blencowe, B.J., Pereira-Smith, O.M., 

and Misteli, T. (2010). Regulation of alternative splicing by histone 

modifications. Science 327, 996-1000. 

Luco, R.F., Allo, M., Schor, I.E., Kornblihtt, A.R., and Misteli, T. (2011). 

Epigenetics in alternative pre-mRNA splicing. Cell 144, 16-26. 

Maniatis, T., and Reed, R. (2002). An extensive network of coupling 

among gene expression machines. Nature 416, 499-506. 

Maniatis, T., and Tasik, B. (2002). Alternative pre-mRNA splicing and 

proteome expansion in metazoans. Nature 418, 236-243. 

Manley, J.L., and Krainer, A.R. (2010). A rational nomenclature for 

serine/arginine-rich protein splicing factors (SR proteins). Genes Dev. 
24, 1073-1074. 

Maslon, M.M., Heras, S., Bellora, N., Eyras, E., and Caceres, J.F. 

(2014). The translational landscape of the splicing factor SRSF1 and 

its role in mitosis. eLIFE 3, e02028. 

Michlewski, G., Sanford, J.R., and Caceres, J.F. (2008). The splicing 

factor SF2/ASF regulates translation initiation by enhancing 

phosphorylation of 4E-BP1. Mol. Cell 30, 179-189. 

Moore, M.J., and Proudfoot, N.J. (2009). Pre-mRNA processing 

reaches back to transcription and ahead to translation. Cell 136, 688-

700. 

Muller-McNicoll, M., and Neugebauer, K.M. (2013). How cells get 

the message: dynamic assembly and function of mRNA-protein 

complexes. Nat. Rev. Genet. 14, 275-287. 

Muller-McNicoll, M., Botti, V., Domingues, A.M., Brandl, H., Schwich, 

O.D., Steiner, M.C., Curk, T., Poser, I., Zarnack, K., and Neugebauer, 

K.M. (2016). SR proteins are NXF1 adaptors that link alternative RNA 

processing to mRNA export. Genes Dev. 30, 553-566. 

Munoz, M.J., de la Mata, M., and Kornblihtt, A.R. (2010). The 

carboxy terminal domain of RNA polymerase II and alternative 

splicing. Trends Biochem. Sci. 35, 497-504. 

Ninomiya, K., Kataoka, N., and Hagiwara, M. (2011). Stress-

responsive maturation of Clk1/4 pre-mRNAs promotes 

phosphorylation of SR splicing factor. J. Cell Biol. 195, 27-40. 

Pan, Q., Shai, O., Lee, L.J., Frey, B.J., and Blencowe, B.J. (2008). Deep 

surveying of alternative splicing complexity in the human 

transcriptome by high-throughput sequencing. Nat. Genet. 40, 

1413-1415. 

Pandit, S., Zhou, Y., Shiue, L., Coutinho-Mansfield, G., Li, H., Qiu, J., 

Huang, J., Yeo, G.W., Ares, M., Jr., and Fu, X.D. (2013). Genome-

wide analysis reveals SR protein cooperation and competition in 

regulated splicing. Mol. Cell 50, 223-235. 

Papasaikas, P., and Valcarcel, J. (2016). The Spliceosome: the 

ultimate RNA chaperone and sculptor. Trends Biochem. Sci. 41, 33-

45. 

Park, S.K., and Jeong, S. (2016). SRSF3 represses the expression of 

PDCD4 protein by coordinated regulation of alternative splicing, 

export and translation. Biochem. Biophys. Res. Commun. 470, 431-

438. 

Perales, R., and Bentley, D. (2009). "Cotranscriptionality": the 

transcription elongation complex as a nexus for nuclear transactions. 

Mol. Cell 36, 178-191. 

Popp, M.W., and Maquat, L.E. (2014). The dharma of nonsense-

mediated mRNA decay in mammalian cells. Mol. Cells 37, 1-8. 

Ray, D., Kazan, H., Cook, K.B., Weirauch, M.T., Najafabadi, H.S., Li, 

X., Gueroussov, S., Albu, M., Zheng, H., Yang, A., et al. (2013). A 

compendium of RNA-binding motifs for decoding gene regulation. 

Nature 499, 172-177. 

Roth, M.B., and Gall, J.G. (1987). Monoclonal antibodies that 

recognize transcription unit proteins on newt lambrush 

chromosomes. J. Cell Biol. 105, 1047-1054. 

Roth, M.B., Murphy, C., and Gall, J.G. (1990). A monoclonal 

antibody that recognizes a phosphorylated epitope stains lampbrush 

chromosome loops and small granules in the amphibian germinal 

vesicle. J. Cell Biol. 111, 2217-2223. 

Sanford, J.R., Gray, N.K., Beckmann, K., and Caceres, J.F. (2004). A 

novel role for shuttling SR proteins in mRNA translation. Genes Dev. 
18, 755-768. 

Sanford, J.R., Ellis, J.D., Cazalla, D., and Caceres, J.F. (2005). 

Reversible phosphorylation differentially affects nuclear and 

cytoplasmic functions of splicing factor 2/alternative splicing factor. 

Proc. Natl. Acad. Sci. USA 102, 15042-15047. 

Sanford, J.R., Coutinho, P., Hackett, P.A., Wang, X., Ranahan, W., 

and Caceres, J.F. (2008). Identification of nuclear and cytoplasmic 

mRNA targets for the shuttling protein SF2/ASF. PloS One 3, e3369. 

Sanford, J.R., Wang, X., Mort, M., Vanduyn, N., Cooper, D.N., 

Mooney, S.D., Edenberg, H.J., and Liu, Y. (2009). Splicing factor 

SFRS1 recognizes a functionally diverse landscape of RNA transcripts. 

Genome Res. 19, 381-394. 

Sapra, A.K., Anko, M.L., Grishina, I., Lorenz, M., Pabis, M., Poser, I., 

Rollins, J., Weiland, E.M., and Neugebauer, K.M. (2009). SR protein 

family members display diverse activities in the formation of nascent 

and mature mRNPs in vivo. Mol. Cell 34, 179-190. 

Schaal, T., and Maniatis, T. (1999). Selection and characterization of 

pre-mRNAsplicing enhancers: Identification of novel SR protein-

specific enhancer sequences. Mol. Cell. Biol. 19, 1705-1719. 

Shen, M., and Mattox, W. (2012). Activation and repression 

functions of an SR splicing regulator depend on exonic versus 

intronic-binding position. Nucleic Acids Res. 40, 428-437. 

Shepard, P.J., and Hertel, K.J. (2009). The SR protein family. Genome 

Biol. 10, 242. 



Multifunctional SR Proteins 
Sunjoo Jeong 

 
 

Mol. Cells 2017; 40(1): 1-9  9 

 
 

Singh, G., Kucukural, A., Cenik, C., Leszyk, J.D., Shaffer, S.A., Weng, 

Z., and Moore, M.J. (2012). The cellular EJC interactome reveals 

higher-order mRNP structure and an EJC-SR protein nexus. Cell 151, 

750-764. 

Sun, S., Zhang, Z., Sinha, R., Karni, R., and Krainer, A.R. (2010). 

SF2/ASF autoregulation involves multiple layers of post-

transcriptional and translational control. Nat. Struct. Mol. Biol. 17, 

306-312. 

Swartz, J.E., Bor, Y.C., Misawa, Y., Rekosh, D., and Hammarskjold, 

M.L. (2007). The shuttling SR protein 9G8 plays a role in translation 

of unspliced mRNA containing a constitutive transport element. J. 

Biol. Chem. 282, 19844-19853. 

Tuerk, C., and Gold, L. (1990). Systemic evolution of ligands by 

exponential enrichment: RNA ligands to bacteriophage T4 DNA 

polymerase. Science 249, 505-510. 

Ule, J., Jensen, K., Mele, A., and Darnell, R.B. (2005). CLIP: a method 

for identifying protein-RNA interaction sites in living cells. Methods 
37, 376-386. 

Wahl, M.C., Will, C.L., and Luhrmann, R. (2009). The spliceosome: 

design principles of a dynamic RNP machine. Cell 136, 701-718. 

Wang, Z., and Burge, C.B. (2008). Splicing regulation: from a parts 

list of regulatory elements to an integrated splicing code. RNA 14, 

802-813. 

Wang, Z., Rolish, M.E., Yeo, G., Tung, V., Mawson, M., and Burge, 

C.B. (2004). Systematic identification and analysis of exonic splicing 

silencers. Cell 119, 831-845. 

Wang, X., Juan, L., Lv, J., Wang, K., Sanford, J.R., and Liu, Y. (2011). 

Predicting sequence and structural specificities of RNA binding 

regions recognized by splicing factor SRSF1. BMC Genom. 12, S8. 

Wang, Y., Ma, M., Xiao, X., and Wang, Z. (2012). Intronic splicing 

enhancers, cognate splicing factors and context-dependent 

regulation rules. Nat. Struct. Mol. Biol. 19, 1044-1052. 

Wang, Y., Xiao, X., Zhang, J., Choudhury, R., Robertson, A., Li, K., 

Ma, M., Burge, C.B., and Wang, Z. (2013). A complex network of 

factors with overlapping affinities represses splicing through intronic 

elements. Nat. Struct. Mol. Biol. 20, 36-45. 

Weatheritt, R.J., Sterne-Weiler, T., and Blencowe, B.J. (2016). The 

ribosome-engaged landscape of alternative splicing. Nat. Struct. Mol. 

Biol. 23, 1117-1123. 

Wickramasinghe, V.O., and Laskey, R.A. (2015). Control of 

mammalian gene expression by selective mRNA export. Nat. Rev. 

Mol. Cell Biol. 16, 431-442. 

Xiao, W., Adhikari, S., Dahal, U., Chen, Y.S., Hao, Y.J., Sun, B.F., Sun, 

H.Y., Li, A., Ping, X.L., Lai, W.Y., et al. (2016). Nuclear m(6)A reader 

YTHDC1 regulates mRNA splicing. Mol. Cell 61, 507-519. 

Zahler, A.M., Neugebauer, K.M., Lane, W.S., and Roth, M.B. (1993). 

Distinct functions of SR proteins in alternative pre-mRNA splicing. 

Science 260, 219-222. 

Zhang, Z., and Krainer, A.R. (2004). Involvement of SR proteins in 

mRNA surveillance. Mol. Cell 16, 597-607. 

Zhao, B.S., Roundtree, I.A., and He, C. (2017). Post-transcriptional 

gene regulation by mRNA modifications. Nat. Rev. Mol. Cell Biol. 18, 

31-42. 

Zhong, X.Y., Ding, J.H., Adams, J.A., Ghosh, G., and Fu, X.D. (2009). 

Regulation of SR protein phosphorylation and alternative splicing by 

modulating kinetic interactions of SRPK1 with molecular chaperones. 

Genes Dev. 23, 482-495. 

Zhou, Z., and Fu, X.D. (2013). Regulation of splicing by SR proteins 

and SR protein-specific kinases. Chromosoma 122, 191-207. 

Zhou, Z., Qiu, J., Liu, W., Zhou, Y., Plocinik, R.M., Li, H., Hu, Q., 

Ghosh, G., Adams, J.A., Rosenfeld, M.G., et al. (2012). The Akt-

SRPK-SR axis constitutes a major pathway in transducing EGF 

signaling to regulate alternative splicing in the nucleus. Mol. Cell 47, 

422-433. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (sGray)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /2008SeoulHangangL
    /2008SeoulHangangM
    /2008SeoulNamsanB
    /2008SeoulNamsanEB
    /2008SeoulNamsanL
    /ACaslonPro-Bold
    /ACaslonPro-BoldItalic
    /ACaslonPro-Italic
    /ACaslonPro-Regular
    /ACaslonPro-Semibold
    /ACaslonPro-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeDevanagari-Bold
    /AdobeDevanagari-BoldItalic
    /AdobeDevanagari-Italic
    /AdobeDevanagari-Regular
    /AdobeFangsongStd-Regular
    /AdobeFanHeitiStd-Bold
    /AdobeGothicStd-Bold
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeKaitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobeNaskh-Medium
    /AdobeSongStd-Light
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Aharoni-Bold
    /ahn2006-B
    /ahn2006-L
    /ahn2006-M
    /Algerian
    /AmiR-HM
    /Andalus
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Aparajita
    /Aparajita-Bold
    /Aparajita-BoldItalic
    /Aparajita-Italic
    /Apple-Chancery
    /ArabicTypesetting
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArnoPro-Bold
    /ArnoPro-BoldCaption
    /ArnoPro-BoldDisplay
    /ArnoPro-BoldItalic
    /ArnoPro-BoldItalicCaption
    /ArnoPro-BoldItalicDisplay
    /ArnoPro-BoldItalicSmText
    /ArnoPro-BoldItalicSubhead
    /ArnoPro-BoldSmText
    /ArnoPro-BoldSubhead
    /ArnoPro-Caption
    /ArnoPro-Display
    /ArnoPro-Italic
    /ArnoPro-ItalicCaption
    /ArnoPro-ItalicDisplay
    /ArnoPro-ItalicSmText
    /ArnoPro-ItalicSubhead
    /ArnoPro-LightDisplay
    /ArnoPro-LightItalicDisplay
    /ArnoPro-Regular
    /ArnoPro-Smbd
    /ArnoPro-SmbdCaption
    /ArnoPro-SmbdDisplay
    /ArnoPro-SmbdItalic
    /ArnoPro-SmbdItalicCaption
    /ArnoPro-SmbdItalicDisplay
    /ArnoPro-SmbdItalicSmText
    /ArnoPro-SmbdItalicSubhead
    /ArnoPro-SmbdSmText
    /ArnoPro-SmbdSubhead
    /ArnoPro-SmText
    /ArnoPro-Subhead
    /AuctionGothicBold
    /AuctionGothicLight
    /AuctionGothicMedium
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-Medium
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BickhamScriptPro-Bold
    /BickhamScriptPro-Regular
    /BickhamScriptPro-Semibold
    /BirchStd
    /BlackadderITC-Regular
    /BlackoakStd
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScriptMT
    /BrushScriptStd
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ChaparralPro-Bold
    /ChaparralPro-BoldIt
    /ChaparralPro-Italic
    /ChaparralPro-LightIt
    /ChaparralPro-Regular
    /CharlemagneStd-Bold
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CooperBlackStd
    /CooperBlackStd-Italic
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Crayon
    /CreGoB
    /CreGoL
    /CreGoM
    /CreMjoB
    /CreMjoL
    /CurlzMT
    /Daum_Regular
    /Daum_SemiBold
    /DaunPenh
    /David
    /David-Bold
    /DFKaiShu-SB-Estd-BF
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dinbla
    /DIN-Black
    /Dinbol
    /DINBold
    /DIN-Bold
    /Dinlig
    /DIN-Light
    /Dinmed
    /DIN-Medium
    /DokChampa
    /Dotum
    /DotumChe
    /DungunR
    /Ebrima
    /Ebrima-Bold
    /EccentricStd
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EuphemiaCAS
    /ExpoM-HM
    /FangSong
    /FelixTitlingMT
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /Freehand521BT-RegularC
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Fritz
    /FuturaBT-Bold
    /FuturaBT-Medium
    /FZSY--SURROGATE-0
    /Gabriola
    /Gaeul
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /GaramondPremrPro
    /GaramondPremrPro-It
    /GaramondPremrPro-Smbd
    /GaramondPremrPro-SmbdIt
    /Gautami
    /Gautami-Bold
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GiddyupStd
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Gisha
    /Gisha-Bold
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /H2gprM
    /H2gsrB
    /H2gtrE
    /H2gtrM
    /H2hdrM
    /H2mjrE
    /H2mjsM
    /H2mkpB
    /H2porL
    /H2porM
    /H2sa1M
    /HaanBaekjeB
    /HaanBaekjeM
    /HaanCjaB
    /HaanCjaL
    /HaanCjaM
    /HaanSaleB
    /HaanSaleM
    /HaansoftBatang
    /HaansoftDotum
    /HaanSollipB
    /HaanSollipM
    /HaanSomangB
    /HaanSomangM
    /HaanYGodic23
    /HaanYGodic24
    /HaanYGodic25
    /HaanYHeadB
    /HaanYHeadL
    /HaanYHeadM
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HCRBatang
    /HCRBatang-Bold
    /HCRBatangExt
    /HCRDotum
    /HCRDotum-Bold
    /HCRDotumExt
    /HeadlineR-HM
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HMKBP
    /HMKBS
    /HoboStd
    /HUSun162
    /HYbdaL
    /HYbdaM
    /HYbsrB
    /HYcysM
    /HYdnkB
    /HYdnkM
    /HYgprM
    /HYgsrB
    /HYgtrE
    /HYhaeseo
    /HyhwpEQ
    /HYkanB
    /HYkanM
    /HYmjrE
    /HYmprL
    /HYnamB
    /HYnamL
    /HYnamM
    /HYporM
    /HYsanB
    /HYsnrL
    /HYsupB
    /HYsupM
    /HYtbrB
    /HYwulB
    /HYwulM
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /InterGTB
    /InterGTL
    /InterGTM
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /IskoolaPota
    /IskoolaPota-Bold
    /JasmineUPC
    /JasmineUPCBold
    /JasmineUPCBoldItalic
    /JasmineUPCItalic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Jumja-1
    /KachbalL
    /KaiTi
    /Kalinga
    /Kalinga-Bold
    /Kartika
    /Kartika-Bold
    /KhmerUI
    /KhmerUI-Bold
    /KodchiangUPC
    /KodchiangUPCBold
    /KodchiangUPCBoldItalic
    /KodchiangUPCItalic
    /Kokila
    /Kokila-Bold
    /Kokila-BoldItalic
    /Kokila-Italic
    /KoPubBatangBold
    /KoPubBatangLight
    /KoPubBatangMedium
    /KoPubDotumBold
    /KoPubDotumLight
    /KoPubDotumMedium
    /KoreanDREAM1-R
    /KoreanDREAM2-R
    /KoreanDREAM3-R
    /KoreanDREAM4-R
    /KoreanDREAM5-R
    /KoreanDREAM6-R
    /KoreanDREAM7-R
    /KozGoPr6N-Bold
    /KozGoPr6N-ExtraLight
    /KozGoPr6N-Heavy
    /KozGoPr6N-Light
    /KozGoPr6N-Medium
    /KozGoPr6N-Regular
    /KozGoPro-Bold
    /KozGoPro-ExtraLight
    /KozGoPro-Heavy
    /KozGoPro-Light
    /KozGoPro-Medium
    /KozGoPro-Regular
    /KozMinPr6N-Bold
    /KozMinPr6N-ExtraLight
    /KozMinPr6N-Heavy
    /KozMinPr6N-Light
    /KozMinPr6N-Medium
    /KozMinPr6N-Regular
    /KozMinPro-Bold
    /KozMinPro-ExtraLight
    /KozMinPro-Heavy
    /KozMinPro-Light
    /KozMinPro-Medium
    /KozMinPro-Regular
    /KristenITC-Regular
    /KunstlerScript
    /LaoUI
    /LaoUI-Bold
    /Latha
    /Latha-Bold
    /LatinWide
    /Leelawadee
    /Leelawadee-Bold
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMT-Bold
    /LifeBT-Italic
    /LifeBT-Roman
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /LithosPro-Black
    /LithosPro-Regular
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /MagicR-HM
    /Magneto-Bold
    /MaiandraGD-Regular
    /MalgunGothic
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal
    /Mangal-Bold
    /Marlett
    /MaturaMTScriptCapitals
    /MDAlong
    /MDArt
    /MDEasop
    /MDGaesung
    /MDSol
    /Meiryo
    /Meiryo-Bold
    /Meiryo-BoldItalic
    /Meiryo-Italic
    /MeiryoUI
    /MeiryoUI-Bold
    /MeiryoUI-BoldItalic
    /MeiryoUI-Italic
    /MesquiteStd
    /MHunmin
    /MicrosoftHimalaya
    /MicrosoftJhengHeiBold
    /MicrosoftJhengHeiRegular
    /MicrosoftNewTaiLue
    /MicrosoftNewTaiLue-Bold
    /MicrosoftPhagsPa
    /MicrosoftPhagsPa-Bold
    /MicrosoftSansSerif
    /MicrosoftTaiLe
    /MicrosoftTaiLe-Bold
    /MicrosoftUighur
    /MicrosoftYaHei
    /MicrosoftYaHei-Bold
    /Microsoft-Yi-Baiti
    /MingLiU
    /MingLiU-ExtB
    /Ming-Lt-HKSCS-ExtB
    /Ming-Lt-HKSCS-UNI-H
    /MinionPro-Bold
    /MinionPro-BoldCn
    /MinionPro-BoldCnIt
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Medium
    /MinionPro-MediumIt
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /Mistral
    /Modern-Regular
    /Moebius
    /Moebius-Bold
    /MoebiusKorea-Bold
    /MoebiusKorea-Regular
    /MoeumTR-HM
    /MogfilM
    /MongolianBaiti
    /MonotypeCorsiva
    /MoolBoran
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MVBoli
    /MyriadArabic-Bold
    /MyriadArabic-BoldIt
    /MyriadArabic-It
    /MyriadArabic-Regular
    /MyriadHebrew-Bold
    /MyriadHebrew-BoldIt
    /MyriadHebrew-It
    /MyriadHebrew-Regular
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /NanumGothic
    /NanumGothicBold
    /NanumGothicCoding
    /NanumGothicCoding-Bold
    /NanumGothicExtraBold
    /NanumMyeongjo
    /NanumMyeongjoBold
    /NanumMyeongjoExtraBold
    /Narkisim
    /NemoB
    /NemoL
    /NemoM
    /NemoXB
    /NewBaskervilleBold
    /NewBaskervilleBoldItalic
    /NewBaskervilleITCbyBT-Bold
    /NewBaskervilleITCbyBT-BoldItal
    /NewGulim
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NSimSun
    /NuevaStd-Bold
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /NuevaStd-Italic
    /Nyala-Regular
    /OCRAbyBT-Regular
    /OCRAExtended
    /OCRAStd
    /OCRB10PitchBT-Regular
    /OldEnglishTextMT
    /Onyx
    /Optima
    /OptimaBold
    /OptimaBoldOblique
    /OptimaOblique
    /Optimer-Bold
    /Optimer-BoldOblique
    /Optimer-Oblique
    /Optimer-Regular
    /OrandaBT-Bold
    /OrandaBT-BoldCondensed
    /OrandaBT-BoldItalic
    /OratorStd
    /OratorStd-Slanted
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PlantagenetCherokee
    /Playbill
    /PMingLiU
    /PMingLiU-ExtB
    /PoorRichard-Regular
    /PoplarStd
    /PrestigeEliteStd-Bd
    /Pristina-Regular
    /PyunjiR-HM
    /Raavi
    /RageItalic
    /Ravie
    /RixAfricaM
    /RixBGB
    /RixBGEB
    /RixBGL
    /RixBGM
    /RixCoffeeM
    /RixDictationM
    /RixDokdo
    /RixErasergB
    /RixErasergL
    /RixErasergM
    /RixErasermB
    /RixErasermL
    /RixErasermM
    /RixFreshmanM
    /RixGoB
    /RixGoEB
    /RixGoL
    /RixGoM
    /RixHeadB
    /RixHeadEB
    /RixHeadL
    /RixHeadM
    /RixJGoB
    /RixJGoL
    /RixJGoM
    /RixJJanguM
    /RixLoveAngelM
    /RixMelangchollyM
    /RixMindureM
    /RixMjB
    /RixMjEB
    /RixMjL
    /RixMjM
    /RixPark03
    /RIXVKOREA
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rod
    /RosewoodStd-Regular
    /SakkalMajalla
    /SakkalMajallaBold
    /San60B
    /San60M
    /SanBgB
    /SanBgL
    /SanBgM
    /SanBkB
    /SanBkL
    /SanBoM
    /SanBsB
    /SanBsL
    /SanBsU
    /SanCnB
    /SanCnL
    /SanCnM
    /SanDaM
    /SandArB
    /SandAtM
    /SandEgB
    /SandEgCB
    /SanDfB
    /SanDfS
    /SanDfT
    /SandJg
    /SandKg
    /SandKm
    /SandMtB
    /SandMtL
    /SandMtM
    /SanDsB
    /SanDsL
    /SanDsM
    /SandSm
    /SandTg
    /SandTm
    /SanDungunB
    /SanDungunL
    /SanDungunM
    /SanDungunSB
    /SanEgL
    /SanEgM
    /SanHgB
    /SanHgL
    /SanHgM
    /SanIgM
    /SanJhB
    /SanJhR
    /SanJs
    /SanKbB
    /SanKbM
    /SanKsB
    /SanKsL
    /SanKsM
    /SanMogfilB
    /SanMuL
    /SanMuM
    /SanNsB
    /SanNsM
    /SanPiB
    /SanPiL
    /SanPiM
    /SanPuB
    /SanPuW
    /SanSg
    /SanSk
    /SanSrB
    /SanSrL
    /SanStM
    /SanWi
    /SanYb
    /ScriptMTBold
    /SD_SungkyongB
    /SD_SungkyongL
    /SD_SungkyongM
    /SegoePrint
    /SegoePrint-Bold
    /SegoeScript
    /SegoeScript-Bold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SegoeUI-Light
    /SegoeUI-SemiBold
    /SegoeUISymbol
    /SeoulHangangM
    /SeoulNamsanEB
    /SeoulNamsanM
    /SeUtum
    /SHeadG
    /SHeadR
    /ShonarBangla
    /ShonarBangla-Bold
    /ShowcardGothic-Reg
    /Shruti
    /Shruti-Bold
    /SimHei
    /SimplifiedArabic
    /SimplifiedArabic-Bold
    /SimplifiedArabicFixed
    /SimSun
    /SimSun-ExtB
    /SimSun-PUA
    /SketchB
    /SketchL
    /SketchM
    /SnapITC-Regular
    /Stencil
    /StencilStd
    /Swiss721BT-Black
    /Swiss721BT-Bold
    /Swiss721BT-Heavy
    /Swiss721BT-Light
    /Swiss721BT-Roman
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TektonPro-Bold
    /TektonPro-BoldCond
    /TektonPro-BoldExt
    /TektonPro-BoldObl
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /ToodamB
    /ToodamL
    /ToodamM
    /TraditionalArabic
    /TraditionalArabic-Bold
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TSThpbd
    /TSThprg
    /TSTNamr
    /TSTPenC
    /Tunga
    /Tunga-Bold
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /TypewriteB
    /TypewriteL
    /TypewriteM
    /Utsaah
    /Utsaah-Bold
    /Utsaah-BoldItalic
    /Utsaah-Italic
    /Vani
    /Vani-Bold
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vijaya
    /Vijaya-Bold
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Vrinda-Bold
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /YDI2002
    /YDIBirdB
    /YDIBirdL
    /YDIBirdM
    /YDICstreL
    /YDICstreUL
    /YDIGurmM
    /YDIHSalB
    /YDIHSalL
    /YDIHSalM
    /YDIIrisB
    /YDIIrisL
    /YDIPinoB
    /YDIPinoM
    /YDIYGO110-KSCpc-EUC-H
    /YDIYGO140
    /YDIYGO150
    /YDIYGO160
    /YDIYGO310
    /YDIYGO320
    /YDIYGO330
    /YDIYGO340
    /YDIYGO350
    /YDIYGO360
    /YDIYheadB-KSCpc-EUC-H
    /YDIYheadL
    /YDIYheadUL
    /YDIYMjO130
    /YDIYMjO150
    /YDIYMjO220
    /YDIYMjO230
    /YDIYMjO240
    /YDIYMjO310
    /YDIYMjO320
    /YDIYMjO330
    /YDIYMjO340
    /YDIYMjO350
    /YDIYMjO360
    /YetR-HM
    /YGO115
    /YGO125
    /YGO135
    /YGO145
    /YGO155
    /YGO165
    /YGO520
    /YGO530
    /YGO540
    /YGO550
    /YjBACDOOBold
    /YJBELLAMedium
    /YJBLOCKMedium
    /YJBONMOKGAKMedium
    /YjBUTGOTLight
    /YjCHMSOOTBold
    /YjDOOLGIMedium
    /YjDWMMOOGJOMedium
    /YjGABIBold
    /YjGOTGAEMedium
    /YjINITIALPOSITIVEMedium
    /YJINJANGMedium
    /YjMAEHWASemiBold
    /YjNANCHOMedium
    /YjSHANALLMedium
    /YjSOSELSemiBold
    /YjTEUNTEUNBold
    /YjWADAGMedium
    /YMjO23
    /YMjO42
    /Ymjo420
    /Ymjo450
    /YMjO520
    /YMjO530
    /YMjO540
    /YMjO550
    /YonseiB
    /YonseiL
    /YSin
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


