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ABSTRACT

Interphase chromatin is arranged into topologically
separated domains comprising gene expression and
replication units through genomic sequence elements,
so-called MAR or SAR regions (for matrix- or scaffold-
associating regions). S/IMAR regions are located near
the boundaries of actively transcribed genes and were
shown to influence their activity. We show that scaffold
attachment factor B (SAF-B), which specifically binds
to SIMAR regions, interacts with RNA polymerase I
(RNA pol Il) and a subset of serine-/arginine-rich RNA
processing factors (SR proteins). SAF-B localized to
the nucleus in a speckled pattern that coincided with
the distribution of the SR protein SC35. Furthermore,
we show that overexpressed SAF-B induced an increase
of the 10S splice product using an E1A reporter gene
and repressed the activity of an S/IMAR flanked CAT
reporter gene construct in vivo. This indicates an
association of SAF-B with SR proteins and components
of the transcription machinery. Our results describe the
coupling of a chromatin organizing S/MAR element with
transcription and pre-mRNA processing components
and we propose that SAF-B serves as a molecular base
to assemble a ‘transcriptosome complex’ in the vicinity
of actively transcribed genes.

INTRODUCTION

Gene expression is regulated by transcriptiobplagd post-

transcriptional events such as cappifly RNA transport §),

DDBJ/EMBL/GenBank accession no. AF056324

perichromatin fibrils observed by electron microscopy-1().
Ultrastructural analysis of actively transcribed genes performed in
Drosophilaand mammalian celld {,12) suggest that transcription
and pre-mRNA splicing are temporally and spatially linked and
that splicing factors are recruited to the sites of intron-containing
RNA transcription {3). Based on these and other studies it is
currently believed that splicing factors are stored and reassembled
in interchromatin granule clusters, whereas RNA transcription
and splicing occurs in perichromatin fibrils4j. Furthermore, it

was shown that the shuttling of splicing factors between these
sites was sensitive to kinase and phosphatase inhidi&rOh

a molecular level, several recent reports support the existence of
large macromolecular complexes containing RNA polymerase I,
capping-, splice- and polyadenylation factot$—8). This
supports the idea that RNA synthesis and maturation occur
simultaneously in an ‘RNA processing unit9j.

Eukaryotic DNA, the substrate of this ‘RNA factory’, is
organized in a highly ordered DNA—protein complex known as
chromatin 20). It was shown that chemical modifications such as
histone acetylation and DNA methylation regulate gene expression
(21-23). In addition, several protein complexes harbouring
chromatin restructuring activities influence gene expression in
response to cell physiological change$)(

Chromatin is thought to be organized into topologically
separated loops comprising gene expression units. These domains
are defined by DNA elements, so-called scaffold or matrix
attachment regions (S/MAR regions), which usually comprise
AT-rich sequences of high unwinding propensity;,26). SIMAR
elements can affect gene expression, as shown from experiments
using heterologous promotors flanked by S/IMAR elements, and

RNA degradation4,5) and pre-mRNA splicing&( 7). Biochemical they significantly lower position-dependent effects of stably
and genetic analysis identified a multitude of proteins whosietegrated transgene7. Several S/IMAR DNA binding

diverse roles and molecular interactions are currently beingroteins have been isolated and they are thought to mediate the

investigated. However, immunocytochemical studies revealaatachment of chromatin to nuclear protein structu. (

that a considerable number of those proteins co-localize inFarthermore, SIMAR domains have been implicated in tissue-

characteristic speckled distribution within the nucleus. Thepecific gene expression exemplified by the immunoglohulin
observed speckles correspond to interchromatin granules aclthin expression in B lymphocyte&9. SATB1, which is
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predominantly expressed in thymocytes, indicates that tissuBull down and precipitation experiments
specific SIMAR binding proteins may constitute an additional

; .. An aliquot of 5ug of GST fusion protein (GST-ASF/SF2,
level to regulate gene expressi@n)( However, apart from their . .
DNA binding properties, very litle is known about their GS1-htra2-betal, GST-SRp30c, GST) were incubated with

molecular characteristics. [35S]methionine-labelledn vitro transcribed/translated rSAF-

We used yeast two-hybrid screens to look for novel proteirEé'\'T C (Promega) and GSH-Sepharose beads (Pharmacia) in
involved in either splicing or transcription processes and used t hT G buffer.hAfter an overnlghtt;_ncubgtlon and three wazhis
splice factor SRp30c, the C-terminal domain (CTD) of RNA polVIth HNTG, the proteins were subjected to SDS-PAGE and the

Il and the SR protein kinase CLK2 as baits. These screeH§! Was exposed on a Molecular Dynamics Phospholmager.
identified a common interacting protein, scaffold attachment FOr Pull down experiments, His tagged p43 was incubated with

factor-B (SAF-B). In this report we investigated the molecularOH! (1?0 Hg) of nuclear extractg) in the presence of 30 mM
interactions of SAF-B and show that it formed a ternary compleinidazole, 1 ' mM MgCl and Ni-agarose beads (Qiagen).
with S/MAR DNA and SR proteini vitro. Furthermore, we Yvashing was performed three times with HNTG buffer containing
show that SAF-B was highly concentrated in nuclear speckle€0 MM imidazole. RNA polymerase Il was detected by western
where it co-localized with the splice factor SC35. Using?/ot With the ARNA-3 antibody (Progen, Heidelberg) and ECL
overexpression systems we used splicing and CAT reporter gdggnersham). For precipitation experiments, 500 ng of PCR
assays to confirm the observed molecular interactiongso. amplified Mil S/MAR DNA _prpduct were added to R0of Hela
Based on these experiments we propose a model in which S AR2gClear extract. After 15 min incubation on ice the precipitate was
binds to S/MAR regions and forms a molecular assembly poifgcovered by 30 min centrifugation (15 @)0washed once with

to allow the formation of a ‘transcriptosomal’ complex consisting’Uffér D 86) and analysed by western blot. .
of SR proteins and RNA polymergse 1. P mCLK2 and mock transfected 293 cells were lysed in RIPA

buffer (0.01 M sodium phosphate, 1% NP-40, 1% sodium
deoxycholate, 0.1% SDS, 0.15 M NaCl, 2 mM EDTA, 1 mM NaF,

MATERIALS AND METHODS 4 mM sodium orthovanadate, 1 mM PMSF, pH 7.2). The
loni i . supernatant of a 100 0§&pin was diluted 4-fold in RIPA rescue
Cloning and library screening (0.01 M sodium phosphate, 1 mM NaF, 5 if#dlycerolphosphate,

Cloning of yeast two-hybrid baits was performed as describegl MM sodium orthovanadate, 20 mM NaCl, 1 mM DTT, 1 mM
(31). Briefl, SRp30c cDNA was subcloned into pGBT9 MSF, pH 7.2) and incubated witfP§]methionine-labelleéh

(Clontech). Using this clone as a bait, an embryonic day E16 r4fT0 transcribed/translated rSAF-B-PC (Promega). Immuno-

brain library in pADGal4 (Stratagene) was screened. From thig€cipitations were carried out overnight witLK2 antibodies
screen 47 clones were analysed further, of which one clone wid the proteins were subsequently analysed on SDS-PAGE

rSAF-B-PC. Other clones found in this screen corresponded FOLVXng-gy ag:jorrasd’i\?:g_rBa_%hg ax‘;sﬁ;%g;z?Lﬁiggj(b?gise; din
g)zc;sgl)_rr?al proteins ﬁnﬁ aCF-);[e)VIOT‘?lIY |gent|f!gddP-lE “rich pro(te"}% cells ,gf%er lysis in RIPA buffer and a4—fgld diIutioﬁ in RIPA

. The screen with the CTD-pol Il is described elsewl&Se > nRIF . ; .
Out of 36 positive clones isc?lated after screening 2 millioh€SCU€, immunoprecipitations were carried out with anti-FLAG
transformants, 13 clones were different isolates of human SAF-@tibodies (Santa Cruz) overnight. Western blots were done with

cDNA. CLK2 was cloned in pBMT116 and after screening 200 00§18 MAP104 (ATCC) and ECL (Amersham).
clones using the E16 rat brain library, five clones contained

rSAF-B-PC. Immunofluorescence
rSAF-B-PC was subcloned into pEGFP-C2 (Clontech) thereby
Gelshift analysis tagging rSAF-B-PC at its N-terminus with green fluorescent protein.

2 HEK?293 cells were transfected witlud pEGFP-rSAF-B-PC using
[a-P]dATP-labelled MIl S/MAR PCR fragment or pUC18 1o Cacy method 84). Gene expression and localization was

PCR fragr_nent (5_0 ng) were incubated with 100 ng G_ST'SAFanaIysed by confocal microscopy (Leica) as describgd (
AXhoand increasing amounts of cold competitor DNA in HNTG

(34). After 10 min, 5% glycerol was added and the DNA wasH focti . i
separated on 1.2% TBE-agarose gels. Gels were dried aH@"S'ection expenments

analysed by autoradiography. A293 cells (6x 10P) were transfected with a total ofig DNA
using the CaGl method 84). For splicing assays RNA was
Kinase assay and phosphoamino acid analysis isolated using RNeasy columns (Qiagen). Reverse transcription

and PCR were carried out as descrit#y, (ncluding 0.05.Ci
mCLK2 and mCLK2KR were overexpressed in A293 cells anfla-32P]JdATPAl in the PCR reaction. Product analysis was carried
lysed as described earlie¥4j. Immunoprecipitation with anti- out on 8% polyacrylamide gels followed by autoradiography.
mCLK2 antibodies was carried out overnight. The immuno- NIH3T3 cells (6x 1CP) were transfected with lipofectamine
precipitate was washed three times with HNTG and once witfGibco) using Jug of the reporter lysozymeé BIAR-promoter-
kinase assay buffeB{). The kinase reaction was carried out withCAT-5' MAR (+MAR) or 1 ug of a control reporter containing
1 ug of purified p43 at 30C for 30 min. Following SDS—PAGE, flanking non-MAR sequences (—MARR7Y) and increasing
the labelled proteins were transferred to PVDF membranes aachounts of rSAF-B-PC (cloned in pcDNA3). DNA amounts
visualized by autoradiography. The radioactive band correspondimgere adjusted to 1&g with pcDNA3. Cells were harvested and
to p43 was excised, hydrolysed and analysed by two dimensiol@AT assays were performed according to the manufacturer’s
chromatography on cellulose TLC plates as describgd ( instructions (Boehringer).
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RESULTS A
p4d3

SAF-B interacts with splicing factors and the CTD of RNA

polymerase Il in a yeast two-hybrid system human SAF-B

To identify protein—protein interactions within the spliceosome¢ .+ sar-s
and to isolate yet uncharacterized splice factors, we screened &
brain post-natal day 5 library using the SR protein SRp30c as
bait in the yeast two-hybrid system. One of the positive cDN/
clones encoded a partial sequence, rSAF-B-PC, which was simi
to the C-terminal part of the human nuclear protein hSAF-B.

To obtain the full length rat clone we performédRACE
experiments using double stranded adaptor ligated cDNA.
schematic diagram of the complete clone is shown in FicAire

i

rat SAF-B-PC

ER-box

Due to the presence of an in frame stop codon in'teach the B H - BUC g - HMIT
rat cONA (DDBJ/EMBL/GenBank accession no. AF056324) is =_0-4 122032 n_0-4 12 20 32
58 amino acids shorter than the published human sequfce ( TerguEs s rod -

Another difference lies in an insert (amino acids 209-228 of tr

rat sequence) composed of 14 glutamic acids and two glutami

residues in the rat protein (FigA). We speculate that these ‘
observed sequence variations may be due to alternative splicil - -

Both rat and human sequences contain a highly conserved reg

rich in glutamic acid/arginine repeats (amino acids 585-658, 36

E; 24% R, 92% identity), which was part of our yeast two-hybric

clone rSAF-B-PC. The presence of alternating positive an —_ —
negative residues in this domain is reminiscent of simila. + GST-SAF-B + GST-SAF-B
dipeptide motifs found in phosphorylated RS domains of SR

proteins and might be of particular significance for prOtein_prOteir]:igure 1. (A) Schematic diagram of the rat and human SAF-B proteins. The

interactions. o - ) S homologous C-terminal domains are drawn as black boxes, whereas the
SAF-B was initially purified due to its specific binding to divergent N-terminal domains are coloured white. The E-rich insert of the rat

S/MAR DNA (38) and more recently it was isolated as a DNA protein is indicated as a dark shaded box; the ER-rich domain which is common
i ; ; ; ; r 0 human and rat proteins is highlighted in grey. The p43 protein that was used
binding protein displaying a repressive activity on the HSI:)27itn some experiments is indicated by a linB) @referential binding of

promotor in human breast cancer cell§ (It was speculated that  saF--pC to Ml SIMAR DNAIn vitro. GST-rSAF-B\Xhd was incubated
this promotor element could be part of an S/IMAR element. Thesgith [a-32P]dATP-labelled Mil S/IMAR DNA and increasing amounts of cold

results strongly suggest that hSAF-B is a DNA binding proteircompetitor pUC18 (left). Labelled pUC18 DNA was competed with excess
with the potential to repress gene activity, possibly mediated b§°'d Mil S/MAR DNA (right).
S/MAR elements. As purified hSAF-B was shown to aggregate
in presence of Ml SIMAR DNA, we applied gel retardation
experiments and observed that our recombinant rSAF-B-P&weaker interaction can be seen with U2AR38) @nd SRp55
fragment precipitated and retained the radioactive DNA fragmen89), whereas no interactions were detected with other members
at the top of the gel. To further demonstrate specificity wef the SR protein family such as SC38)( SRp40, SRp7530)
employed competition experiments and showed that MIl/rfSAFand the Sm protein SmM4). To elucidate the molecular basis
B-PC complexes were not competed by unlabelled non-speciix¢ the SAF-B interaction, we constructed several C-terminal
pUC DNA, whereas pUC/FSAF-B-PC complexes were efficientlrSAF-B-PC deletion mutants and re-introduced them in the yeast
competed by unlabelled competitor MIl S/IMAR DNA (FIfg).  two-hybrid system to assess their interaction with SRp30c,
This indicated that the MIl DNA binding properties of rat andASF/SF2, htra2-betal, mCLK2 and CTD-pol Il. We thereby
human SAF-B were very similar and that the activity wasletermined that the minimal binding domain of rSAF-B-PC
localized to the C-terminal domain of the SAF-B protein. spans a fragment corresponding to amino acids 493-759 of the
Interestingly, in a parallel scree®3 that was aimed to find full length rat clone. Finally, deletion of the SR-domain of
novel proteins which would interact with the CTD of the largesASF/SF2 and SRp30c abolished binding to rSAF-B-PC in yeast
subunit of RNA polymerase Il (CTD-pol 1), we also isolated(Fig. 2B).
hSAF-B. This suggested that SAF-B might not only interact with

members o_f t_he splicing machinery, but also with a component @aF_g interacts with SR proteins and RNA pol llin vitro
the transcription apparatus. and in vivo

Analysis of protein domains required for binding of SAF-B 10 Verify the observed yeast two-hybrid interactions we used
with splicing proteins and RNA pol I several methods to demonstrate a specific interaction of rSAF-

B-PC with selected SR proteins and RNA pol Il. To that end
We next tested rSAF-B-PC against several other SR or SR-likEAF-B-PC was expressed and labelled wi#s]methioninen
proteins in the yeast two-hybrid assay. As shown in Figéye vitro using rabbit reticulocyte lysates and tested for binding with
rSAF-B-PC interacts strongly with CTD-pol IBf), SRp30c purified recombinant GST tagged ASF/SF2, SRp30c, htra2-betal
(39, htra2-betal 1), ASF/SF2 40,41) and mCLK2 B4).  proteins or GST alone. All the investigated fusion proteins, but
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Figure 2. (A) Interaction of rSAF-B-PC with splicing factors in yeast. The -~ ~RNA-pollI
interaction was tested against SC35, SRp30c, SRp55, SRp75, htra2-beta-1,

SmN, SRp40, SF2/ASF, U2AF-35 and pGBT9 with laminin as negative
control. Transformants were obtained on plates without 3-aminotriazole and

then restreaked on plates containing 10 mM 3-aminotriazole. Under thesefidure 3. Interaction of rSAF-B-PC with cellular proteiiis vitro. (A) The

conditions strong growth is only observed with htra2-betal, SRp30c, CTD, $%-labelled protein corresponding the two-hybrid clone (rSAF-B-PC) was
mCLK2 and SF2/ASFB) Deletion analysis of rSAF-B-PC. C-terminal deletions
were created at the indicated restriction sites. These deletion dBsts/ASma,
AStd, AXhd, AApd) were tested for their ability to interact with full length
SRp30c, htra2-betal, ASF/SF2, mCLK2 and CTD-pol Il cDNAs, which were
fused to the Gal 4 binding domain. ‘—' indicates no growth; ‘+' indicates growth,
but <50% of the colonies compared to the full length clone (‘++).

not GST alone, were shown to interact with rSAF-B-PC GAY.

transcribed/translateth vitro and incubated with GST tagged ASF/SF2,
htra2-betal, SRp30c or pure GST. The proteins retained on glutathione—Sepharose
were fractionated on 12% SDS-PAGE gels and autoradiographed overnight.
Co-precipitation was observed for all fusion proteins, but not GST alone.
(B) FLAG-tagged rSAF-B-PC or pcDNA3 (mock) were transiently overexpressed
in 293 cells. Cells were lysed and immunoprecipitations were performed with
anti-FLAG antibodies. Western blotting was done with mAb104. Left: the blot
shows mADb104 antigens between 30 and 45 kDa (arrows), which specifically
co-immunoprecipitate with rSAF-B-PC-FLAG. Right: the blot was subsequently
stripped and reblotted with anti-FLAG antibodies to confirm the expression of
the tagged protein (rSAF-B-PC is indicated by an arro@).The human

Furthermore, after overexpression of FLAG tagged rSAF-B-P(His-tagged fragment p43 was incubated with nuclear extract, washed and
in 293 cells and subsequent immunoprecipitation, we were ab%efarftgd on SDS PReE. Tne Spec'f'lcla”yt.gognd RNA polymerase Il was
to detect co-immunoprecipitating proteins of an apparent moleculdl® oo Wit an ant- polymerase [l antibody.

weight of 30—45 kDa using the mAb104. As this monoclonal

antibody is directed against a common phospho-epitopeé gecyrred also in the presence of nucleases indicating direct
several SR proteins4f), these results provide additional protein—protein interaction (data not shown).

evidence for an interaction of SAF-B with SR protémsivo
(F|g._3B). The interaction of SAF-B_Wlth RNA p(_)lymera_se Ilwas AF-B forms a ternary complex with SR proteins and
confirmed by a pull down experiment in which a His-tagge /MAR-DNA in vitro

human fragment of SAF-B, p43 (FitA) (38), was incubated

with HelLa nuclear extract and Ni—-Sepharose in the presence ®AF-B was shown to aggregate and precipitate in the presence of
30 mM imidazole. Endogenous RNA polymerase Il was detectes/MAR DNA (38). We employed this feature and precipitated
with an anti-RNA-polymerase Il antibody in the fraction endogenous SAF-B from HelLa nuclear extracts with MIl S/IMAR
containing p43, but not in the control fraction (B§). Binding  DNA and recovered the precipitate by centrifugation. In western
of GST tagged ASF/SF2, SRp30c, htra2-betal and endogendalst analysis (Fig4) we demonstrate that endogenous SAF-B
RNA polymerase Il to rSAF-B-PC (Fi@A and C), as well as precipitated together with the same subset of SR proteins we had
co-immunoprecipitation of a subset of splicing factors (B#),  previously identified in our immunoprecipitation experiments
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2 " intracellular localization of SAF-B we tagged our two-hybrid

e W clone with green fluorescent protein and transiently transfected
116 — A293 cells with this construct (EGFP-rSAF-B-PC). As shown in
97— & mAb104 Figure 6A, rSAF-B-PC localized throughout the nucleus and

created a speckled pattern at points of particular high concentrations.
- These rSAF-B-PC speckles overlapped with the speckled domains
45— = containing SC35, which serves as a general marker to localize SR
, T proteins (Fig6B and C). The observed pattern also shows that all
-3 the necessary signalling elements to direct SAF-B to the nucleus
and speckles is contained within the CTD. Finally, as a fraction
= . —a o SAF-B of RNA polymerase Il was previously shown to be present in
Az nuclear speckles, we conclude that rSAF-B is at least partially
localized to the same structures as the proteins it interacts with in

Figure 4. Ternary complex formation of SAF-B, MIl SIMAR DNA and splice genetic and biochemical tests.

factors. Nuclear extract was incubated with or without MIl S/MAR DNA and
centrifuged. The precipitated proteins were then analysed by western blot usinBAF-B overexpression can alter splice site selectiomvivo
SR protein antibody mAb104 (top) and anti-hSAF-B antibody K481 (bottom).
It was previously demonstrated that a change in the local

concentration of SR proteins can alter the splice site selégtion
using FLAG-tagged rSAF-B-PC. The identity of SAF-B wasvivo (39,49,50) andin vitro (40,51). Based on our previous
further confirmed in a southwestern blot (data not shown). Thisxperiments showing an interaction of SAF-B with SR proteins
experiment suggests the existence of a ternary complex containing assumed that highly overexpressed rSAF-B-PC should

S/MAR DNA, SAF-B and SR proteiris vitro. interfere with the local concentration of SR proteins and therefore
change the splice site selection of a splice reporter construct. This
Phosphorylation of SAF-B by mCLK2 could be considered as further evidence for an interaction of

. . o ] _ SAF-B with SR proteins vivo. Using an E1A minigene construct
It is well established that SR proteins interact with other proteiRge observed that the generation of the 10S splice variant increased
containing an SR-rich regiori§,47) and it was proposed that this ypon rSAF-B-PC overexpression (Fif). This experiment shows
interaction is regulated by SR protein kinases. hSAF-B is phoghat SAF-B influences the splice site selectiorvivo, which
phorylatedn vivo (38) and sequence analysis reveals an enrichmefiight be achieved through direct interaction with the spliceosome
of serine residues in the vicinity of the region mediating thgia SR proteins or by changing the concentration of available SR
interaction with SR proteins and the CTD-pol Il (see above). Seveigioteins through sequestration.
SR protein kinases have been described recently and a family of
CDC2-like kinases (CLK) has been implicated in the control of S : i
protein phosphorylation during interphadé)( A yeast two-hybrid SAF-B repressed CAT gene activity
screen using CLKL/STY as a bait was particularly effective tdo study the influence of SAF-B on promotor activity and to
identify several SR proteins or SR-like proteins as substrates. \@esess the influence of MAR elements we tested rSAF-B-PC in
therefore hoped to find novel splice factors in a yeast two-hybri@AT reporter assays. The CAT reporter was bilaterally flanked
screen using CLK2 as a bait. However, in this screen rSAF-B-P@ith the chicken lysozymée B1AR or by an unrelated sequence
was repeatedly isolated (FigA) and we mapped the minimal of similar base compositio{). At low SAF-B concentrations
interacting domain to the region encompassing the presumecet observed an inhibitory effect when the reporter was flanked
phosphorylation sites (Fi@B). CLK2 and rSAF-B-PC were also by MAR DNA, but a slight stimulation in the absence of MAR
shown to co-immunoprecipitate iim vitro association experiments DNA (Fig. 8). This experiment demonstrates that SAF-B
(Fig. 5A). Furthermore, when we purified overexpressed mCLK2nfluenced transcriptional activity in a MAR-dependent manner,
from 293 cell lysates using anti-mCLK2 antibodies and used thishich suggests ain vivo association of SAF-B with these
in anin vitro kinase assay with the purified recombinant p43lements.
fragment of hSAF-B as a substrate, we detected phosphorylation
by mCLKZ2, but not by the catalytic mutant mMCLK2KR nor mockpD|SCUSSION
transfected cells (FighB). When we determined the identity of ) )
the phosphorylated residues by two dimensional phosphoamilée have performed three independent yeast two-hybrid screens,
acid analysis we found that p43 is phosphorylated by mCLKgach designed to find novel binding proteins for established
exclusively on serine residues (Fi§B). Based on these Molecules such as the splice factor SRp30c, the CTD of the RNA
experiments we conclude that mCLK2 is a potential kinase fdtolymerase Il and the SR protein kinase CLK2. To our surprise, we
SAF-B and can thereby regulate its biological activity. It furthefound SAF-B as a common interactor. SAF-B was independently
suggests that SR proteins are not the exclusive substrates ifgfated as a nuclear scaffold component binding S/IMAR DNA
mCLK2 (34) and opens the possiblity that SAF-B and SR(38) and Iatgr as a HSP27 promotor binding elemen_t in breast
proteins are regulated by the same kinase. cancer cell lines37). It remains to be seen whether this HSP27
binding site is part of an S/MAR region. A number of recent
reports established the existence of macromolecular complexes
containing transcriptional and pre-mRNA processing proteins
Yeast two-hybrid data and biochemical analysis demonstratethd it was previously shown that splicing complexes are associated
that SAF-B interacts with nuclear proteins. To determine th® nuclear matrix antigens%). Based on our two-hybrid screens,

Subnuclear localization of SAF-B and SR proteing vivo
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Figure 5. Phosphorylation of SAF-BA) mCLK2 or pcDNA3 (mock) were transiently overexpressed in 293 leelliiro transcribed/translaté§S-labelled rSAF-B-PC
was added to the lysate. Left: following immunoprecipitation with anti-mCLK2 antibodies, SDS—PAGE and autoradiograplgo-smpesificoprecipitation of rSAF-B-PC
with mCLK2 was observed. Right: western blot with anti-mCLK2 antibodies shows expression and immunoprecipitation of B)CeK2n(vitro phosphorylation
of p43 using mCLK2, mCLK2KR and mock transfected cells as negative control. Right: phosphoamino acid analysis of mCLK@24ab®@ltdyl serine residues
were labelled.

SAF-B was a potential candidate to represent one of those hithertd'SAF-B was initially identified through its ability to specifically
uncharacterized antigens. bind to S/MAR regions and we were able to show that
To further investigate the observed yeast interactions wendogenous SAF-B/SR protein complexes can be precipitated
employed a variety of biochemical and functional assays. One with S/IMAR DNA (Fig. 4). This suggests the existence of a
our main concerns was the possibility of non-specific interactiorternary complex of DNA, SAF-B and SR proteins. Unfortunately,
of the SR domains found in splice factors and the ER-domain tife precipitation of these complexes using DNA and endogenous
SAF-B. However, C-terminal SAF-B deletion mutants (BB)  proteins appeared not efficient enough to detect RNA pol Il.
showed that the interaction required additional C-terminal amindowever, based on previous association experiments of SR
acids of SAF-B, making it unlikely that the observed interactiomproteins with RNA pol Il {6-18) and our results describing an
was simply due to an ER-SR association. In contrast, when wassociation of SAF-B with RNA pol Il, it is conceivable that the
deleted the SR domains of the interacting SR protein SF2/ASpolymerase is also part of this complex.
no interaction with SAF-B was detected (F28). Furthermore, To further elucidate the existence of SAF-B containing protein
in overexpression experiments we observed endogenous a@mmplexes we used functional assays. Effects of splicing factors
precipitating SR proteins in the molecular weight range expecteh the splicing pattern of an ELA minigene have previously been
from the yeast two-hybrid partners, whereas neither SRp55 nstudiedn viva SF2/ASF promotes the generation of the 13S and
SRp75 were detected. This supports our initial yeast two-hybrithRNPAL promotes the usage of the 9S splice fén Splice
results and further reduces the likelihood that the observesite selection is thought to be governed by an intricate balance of
interactions are either RNA-mediated or due to a non-specific SRctors 6,47) and the observed change of splice sites mediated by
domain interaction caused by overexpression. overexpressed SAF-B supports this view. Hence, our experiments
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Figure 6. Intracellular distribution of rSAF-B. 293 cells were transiently transfected with EGFP-rSAF-B-PC, fixed and stained w@BZamtibodies.X) The
EGFP-rSAF-B-PC distribution appears speckled (greBhseckled distribution of SC35 (red}.)(The co-localization of EGFP-rSAF-B-PC and SC35 to speckles
is seen in the overlay of A and B (orangB)). Control, showing uniform distribution of EGFP throughout the d€)IPfotein expression was determined by western
blot using an anti-GFP antibody (Clontech). Both EGFP (open triangle) and EGFP-rSAF-B-PC (closed triangle) gave risbangsaiéihe expected size (29.3 and
75 kDa, C mock transfected A293 cells).

- —_
)
H L
M
ElAn 2 2 2 2 g 140 4+
4] -
peDNA3 2 1.5 1 © © - ! ]
¥SAF-B-PC 0 0.5 1 2 0 2 4
&50bp — i
120 =
512bp — — 135
T — 128 >
Ei)
=i
Y +
-t
298bp — % ‘ -= 108 b 3
; o
& 100 ==
e ke — oS g |
1 2 3 a 5 6 71 o T
80 -+
1 2 3 1 5 6 I +MAR
60
Figure 7.Influence of SAF-B on E1A alternative splicing. Top: representative +
figure of alternative splicing of an E1A minigene with increasing amougjs ( { : | ]
I
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of rISAF-B-PC (as indicated on the top). pcDNA3 was included to ensure that
the same amount of DNA was added in each experiment. The increased 10S
splice product is indicated by an arrow. Other splice products are marked with ng SAF
lines. In the PCR control, no reverse transcribed RNA was added. The identity
of the 10S splice variant was confirmed by Southern blotting using 10S-specific
primers (not shown). Bottom: ethidium bromide stained gel of RNA, indicating rigyre g. Influence of SAF-B on transcription. NIH 3T3 cells were transiently
that equal amounts of RNA were used for the RT-PCR. transfected with increasing amounts of SAF-B and a fixed amount of the
reporter MAR-lysozyme promotor-CAT-MAR construct or a control reporter
construct containing non-MAR sequences. Data represents me&i3 of
four experiments.

provide further evidence for amvivoassociation of SAF-B with
splice factors.

We also used CAT reporter constructs and found a repressiorOur data suggest that overexpressed SAF-B might repress
of gene activity in an S/MAR-dependent manner. This effect isanscription by tethering the transcription complex to SIMAR
reminiscent of the transcriptional repression activity of otheelements. To summarize, the effects of SAF-B on splicing and
S/MAR binding proteins such as MeCP2/ARBP and SATBZIranscription in transient transfection assays suggest that the
(30,53-56). Furthermore, SAF-B-mediated repression of genebservedn vitro binding properties are relevantvivo.
activity was also detected in a previous report using a HSP27Co-localization of SAF-B and SR proteins further underlines
promotor elementy?). It is well documented that MARs insulate the observed molecular interactions, as recent reports demonstratec
and enhance gene expression in stable cellular expression systémas several splicing components are located in speckles from
and in transgenic animals and pla{s9,57,58). However, in  which they are released upon demadri. (t is therefore possible
transient expression systems, they have been reported to behidnad SAF-B is also stored in speckles and that the functional
as neutral elements or to repress transcrip&ayb9). association of SAF-B and SR proteins may not necessarily reside



there but rather at sites of active transcription. The co-localizatid/®
might also explain that both molecules are substrates for the $&
protein kinase CLK2, which is supposed to release specklg
components into the nucleoplasm through phosphoryl&i§n (13

Recent work has demonstrated an association of RNA poly-
merase |l with capping components, the@cessing machinery 19
and splicing factorsl-18). This supports the idea of an RNA 20
‘factory’ in which splicing, transcription and polyadenylation are,;
coupled. Our binding data and the demonstration of a ternapg
complex of SAF-B, splicing components and S/IMAR DNA (B)g. 23
as well as binding of rSAF-B-PC to RNA polymerase Il (BD) 24
adds to this model a molecule with the potential to target an ‘RN
factory’ to S/IMAR elements near transcriptionally active regions,
thereby forming a ‘transcriptosomes(). 27

In this model, the most likely role of SAF-B is structural,28
despite some evidence that SAF-B is involved in transcriptiondP
regulationin vivo (Fig. 8) (37). However, as both studies use
overexpression experiments this possibility requires more detailegi
investigations, although S/MAR elements were previouslgl
shown to play a role in tissue-specific gene expres@i@gnapd 32
the T-cell-specific SIMAR binding protein SATB1 was shown to
be crucial for T-cell developmen8@). Furthermore, there are
several examples where changes in chromatin archite2tre ( 34
influenced gene expression in a tissue-specific way. It is thas
tempting to speculate that there may be a general role for SIMAR
binding proteins in the control of constitutive, tissue-specific or,
developmentally controlled gene expression.
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