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ABSTRACT

We have purified to near homogeneity a novel nuclear
protein from Hela cells, that specifically binds to
scaffold or matrix attachment region DNA elements
(S/MAR DNA). The protein, designated SAF-B for
scaffold attachment factor B, is an abundant compo-
nent of chromatin, but not of the nuclear matrix and is
expressed in all human tissues investigated. Anti-
bodies against the purified protein were raised in
rabbit and used to isolate the complete cDNA encoding
SAF-B by immunoscreening. As predicted from the
cDNA sequence, SAF-B contains 849 amino acids (96
696 Da), without significant homology to any known
protein. SAF-B is rich in charged residues, leading to
an aberrant migration on SDS gels, and has two
putative bipartite nuclear localisation signals.

INTRODUCTION

EMBL accession no. L43631

transcribed domain from regulatory mechanism from neighboring
sequences3(9). However, the initial interpretation that S/IMARS
generally form the borders of transcribed regions (and thus delimit
units of gene expression) has been questioned by the discovery of
intronic S/IMARs (e.g.10-12). These intronic S/IMARs are
indistinguishable from gene-flanking S/IMARs with respect to their
nucleotide sequence, their interaction with scaffold preparations
and their ability to confer position independent transcriptional
activation. It is therefore likely that both types of SIMARS perform
the same functioim vivo, the anchorage of chromatin loops to the
nuclear scaffold, and, presumably, regulatory effects on adjacent
genes.

Generally, SIMARs are DNA fragments of 300—3000 bp length
that contain several A+T rich sequence motifs and sequences
resembling topoisomerase Il cleavage sit&sl@). However, an
interesting result from the comparison of the high number of
characterised S/MARs is the fact that no simple consensus
seqguence seems to exist for nuclear scaffold attachm@nt (
Although several short A+T rich sequence motifs are clustered in
most S/IMAR DNA elements, no single one of these sequences is

Eukaryotic chromatin is organised in a higher order structuharacteristic for all SIMARs. Rather, the binding of S/IMARs to

consisting of thousands of discrete, topologically constrained lodipe nuclear scaffold is highly dependent on both the A+T-richness
domains. These loops are fixed at their bases to a netwafd the length of the DNA fragment, indicating that an interaction
composed of proteins and RNA that is generally referred to as tiseinvolved that is strikingly different from well characterised
nuclear matrix or scaffoldL{2). Increasing evidence implies that DNA—protein interactions as, for example, with transcription
a tight binding of chromatin to the nuclear scaffold is not onlyactors or restriction enzymes. At present, however, the mechanism
important for the compaction of the chromatin fiber, but is alsby which the nuclear scaffold recognises the S/IMAR DNA
involved in many aspects of nucleic acid metabolism{dee  elements is not understood. It has been proposed that the nucleal
review). It is widely accepted that loop domains are the units staffold contains proteins that specifically recognise unusual DNA
gene expression and replication, and are thus possibly aktouctures such as tracts with a narrow minor grot@g the
involved in the formation of nuclear subcompartmenrtsS)  single-stranded status of ‘unwinding elemerit§—(8) or DNA
Attachment of chromatin to the nuclear scaffold seems to occur iands {9). Further insight into the underlying recognition
specialised DNA elements that have been found in all eukaryotitechanisms, however, is only possible by identifying and
organisms investigated. Termed SARs or MARs (for scaffold arharacterising these proteins in molecular detail.

matrix attachment regions; in the current study we call them A general assay to screen for proteins with a possible function
S/MARSs), these DNA elements are evolutionarily conserved, &sthe anchorage of chromatin loops is the use of a SIMAR DNA
shown for example by the fact that mouse S/MARSs bind to yeaslement as molecular affinity probe in Southwestern blot
nuclear scaffolds7). Consequently, the DNA regions conferringprocedures or in direct cDNA screening. Both approaches have
chromatin attachment to the scaffold are of considerable interésten used successfully to identify proteins of the desired specificity
and have thoroughly been investigated in the last decade. In mg&§,11,21). Unfortunately, the few well characterised S/IMAR-
cases, S/IMAR elements co-map with boundaries of activelyinding proteins, among those histone Bi),(topoisomerase Il
transcribed chromatin domains, and are postulated to protect {i€), lamins £324), SATB1 @1) and SAF-A/hnRNP-U
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(11,25,26) show no homologies on the level of nucleotide ocontainingZ100ug of nearly homogenous SAF-B, is mixed with
amino acid sequence. It is therefore not yet possible to say whia¢ same volume of glycerol and stored at>€20

property of SIMAR DNA is specifically recognised by these

proteins. To gain insight into the molecular mechanism of S/IMARroduction of antibodies

DNA recognition, we have set out to identify and characteri
proteins that specifically interact with SIMAR DNA elements. |
our search, we have previously identified four nuclear protei

ﬁ%early homogeneous SAF-B or the bacterially overexpressed partial
rgrotein p43 was further purified by SDS-PAGE and subsequent

from HeLa cells with the desired specificity for S/MAR DNA COPPer chloride staining to remove remaining impurities. The
(11). These proteins were termed scaffold attachment factors sired bands, containing 100-2@0of protein per immunisation,

through D (SAF-A to SAF-D), dependent on their relativeVere excised, destained and homogenised by 10 passages throug

abundancg in nucl_ear_ extracts. The protein SAF-A,.chargcteris%rcgﬁngzu%irgglrgglz djTur:/znr;Ofrgro%?gisfi?gt Trg:ﬁ[jzri\:sg?gnng)r(elg Avgith
n our orlgmal publicationi(l), was later showr) to be I-d entical 1o adjuvant for the two boost immunisations after 6 weeks each. The
the protein hnRNP-W26,27-29), and the specific binding of this | :

protein to S/MAR DNA was independently confirmed by otherQPtained antisera were made monospecific by affinity purification
(26,30). In this communication we report on the purification,Wlth the purified antigen before further use according 1 (

cloning and characterisation of the second abundant prot%r?\I A bindi
SAF-B, the scaffold attachment factor B. Inding assays

DNA binding was assayed by a Southwestern blot procedure as
previously describedL{) with DNA probes end-labelled radio-
MATERIALS AND METHODS actively by Klenow polymerase.

Purification of SAF-B Cloning and sequencing

) Polyclonal affinity purified serum against the SAF-B protein was
All buffers contained 10 mM mercaptoethanol to protect fregseq for immunoscreening of a HelLa LambdaZAP Il library
thiol groups and 10 mM N&Os (sodium metabisulfite, (Syratagene #937216) as described).(Several positive clones
buffered to pH 8.0 with NaOH) as a general protease inhibitor; §llere isolated and sequenced by the dideoxy metibdiging the
purification steps were carried out in the cold. For the purificatiopygg sequenase kit. A 540 bp probe from thenl of the longest
of SAF-B, nuclear extract was prepared from1i0'°HeLa S3 jone was used for conventional hybridisation screening of the same
cells (obtained from Computer Cell Culture Center, Brussels) §rary. Among the 14 positive clones, one contained the complete
previously describedL(). Briefly, cells were washed in phos- coging region along with the &nd 3 non-translated regions. This

phate buffered saline, allowed to swell for 10 min in hypotonig|one "named A5, was sequenced from both strands as describec
buffer (10 mM Tris—HCI pH 8.0, 10 MM NaCl, 3mM Mg€and  gpove.

broken by 20 strokes in a loose fitting dounce homogeniser.

Nuclei were pelleted (75§ 10 min, £C), washed three times in i - ;

the same buffer and then extracted into 80 ml of extraction bufflanr vitro transcriptionftranslation

(10 mM Tris—HCI pH 8.0, 500 mM NaCl) for 10 min. Nuclear The complete cDNA clone A5 warsvitro translated with the TNT
debris is removed by ultracentrifugation (150 @080 min, £C)  rabbit reticulocyte lysate kit (Promega) in the presence of
and the cleared extract is directly mixed with 20 ml of°S]methionine (Amersham) according to the manufacturer’s
pre-equilibrated hydroxylapatite. After 30 min on a rockingsuggested conditions.

platform, the hydroxylapatite is pelleted (1602 min, £C),

washed twice in 50 ml of binding buffer and twice in 50 ml buffeBacterial expression

containing 70 mM potassium phosphate. Bound protein is el'“'t%\dfragment of the complete cDNA encoding amino acids 443718

in 80 mI.eIution buffer_(170 mM potassium phosphate), dilutegf SAF-B was introduced in frame into the pRSET prokaryotic
S.’fOI?I Wl'th d10 de Tris—HCl FI)E 8tod ig m'I\AMMEZO& an? expression vector by conventional cloning proced@@sRositive
rectly loaded on a pre-equiiibrate ml Mono Q co UMones were identified by DNA minipreparations and assayed for
(Pharmacia) at a flow rate of 1 mi/ml. Bound protein is eluted i, i oyerexpression after induction with 1 mM IPTG for 2 h.
alinear gradient from 100 to 700 mM NacCl in dilution bUﬁerW'thOverexpressed protein, named p43 according to its apparent

a total volume of 60 ml. Fractions containing SAF-B ar : - o

. X : olecular weight in SDS gels, was purified by metal chelate
determined in a Southwestern blot assay with the labelled S/M - :
element MIl and a 1000-fold excess of unlabefaxbli DNA as an;i%rggtggraphy over Ni-Agarose and used for the production of

unspecific competitor. SAF-B elutes @00 mM NaCl from

Mono Q. Active fractions are pooled, diluted 4-fold and applie

toa 1l mlMono S column (Pharmacia) at a flow rate of 0.5 mI/mirﬁl.)ther methods

Elution is carried out in a linear gradient from 50 to 700 mMBDS—-PAGE of proteins was performed according to Laemmli
NaCl, where SAF-B elutes between 200 and 350 mM NaCl. F@84); the gels were stained with silve35f, with Coomassie

the final purification, the eluate from the Mono S columnbpirilliant blue 82) or copper chloride3E). Western transfer was
containing 1150pug SAF-B, is diluted 4-fold, mixed with 0.5 mg performed according to3¢) with affinity purified polyclonal
E.coliDNA, incubated on ice for 15 min and then pelleted (8006erum 81), alkaline phosphatase coupled secondary antibodies
g, 15 min, £C). The pellet was resuspended in high salt buffefSigma) and BCIP/NBT substrate. Protein concentrations were
(10 mM Tris—HCI pH 8.0, 400 mM NaCl) and passed through determined using the BioRad protein assay reagent with bovine
DEAE-Sepharose column to remove the DNA. The flowthrouglserum albumin as standard. DNA was labelled Vi##R]JATP
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using Klenow polymerase according to standard proto8g)s ( & B

Northern blotting was performed on blots obtained from Clone- o V o ‘:‘d"
tech according to the conditions suggested by the manufacture ke G ,_‘."_"'if_ri{_
Cell fractionation experiments were done as described previousl &= R

(25).

RESULTS
Purification of the scaffold attachment factor B (SAF-B)

-
The protein SAF-B was first identified by Romagal (11) as
one of four proteins that specifically bind to the S/IMAR DNA
element MIl from the human topoisomerase | gene lotds (
Subsequently, we have developed a purification protocol for this

43 |
hdrizas H
protein. SAF-B was monitored throughout column chromatograph

by its ability to bind radioactively labelled S/IMAR DNA in the ¥igure 1. Chromatographic purification of SAF-B. Proteins present in nuclear
o . . extract (NE) and in active fractions after chromatography on hydroxylapatite

presence ofa vast excess of unspecn‘lg: cpmpetltor.DNA. This assgyap), Mono Q, Mono S and after aggregation \Eittoli DNA (aggregation)

is highly specific for SIMAR-DNA binding proteins, although were separated on 7% SDS—polyacrylamide gels. Proteins were visualised by

several abundant S/MAR binding proteins such as topoisomerasesilier staining &) or by blotting to a nitrocellulose membrane and incubation

and HMG 1Y escape detection, most probably because of th ith the radioactively end-labelled SIMAR DNA MIl in the presence of a
P P y 000-fold excess dE.coli competitor DNA B). Molecular weight markers,

inability to refold to an active conformation after denaturing ge yosin (205 KDa)B-galactosidase (116 kDa), phosphorylase b (97 kDa),
electrophoresis. Our purification procedure starts from a 500 MMoyine serum albumin (66 kDa) and ovalbumin (45 kDa). The positions of the
NaCl nuclear extract prepared from 10t0HeLa cells. The nuclear other SIMAR binding proteins histone H1, SAF-A/hnRNP-U and SAF-C
extract (Figd, fraction NE) was bound to hydroxylapatite material (asterisk) are indicated for reference.

in a batch procedure. The eluate at 170 mM potassium phosphate

(Fig. 1, fraction HAP) was diluted and directly applied to a FPLC

Mono-Q column. Unbound proteins were washed off and thae repeated Southwestern blot experiments with the labelled
column was eluted with a linear gradient from 100 to 700 mM NaGB/MAR DNA element MII (Fig2A) and the non-S/IMAR DNA
Active fractions with the peak of SAF-B @00 mM NaCl were pUC18 of similar length (Fig2B). We find that SAF-B binds
combined (Figl, fraction Mono-Q) and loaded to a FPLC Mono-Sapproximately equally well to both DNAs in the absence of
column. SAF-B eluted from Mono-S between 200 and 350 mMompetitor DNA, indicating that SAF-B has a general DNA
NaCl (Fig.1, fraction Mono-S). After chromatography on Mono-S,binding activity. However, with increasing amounts Eotoli
SAF-B is the main protein in the active fractions. However, it stifompetitor DNA, pUC18 is readily displaced from SAF-B, while
contains the activity of SAF-C, a protein with a molecular weight df40% S/IMAR DNA remains bound to SAF-B even in the presence
100 kDa. Removal of SAF-C and other contaminating proteins waé & 2000-fold excess of competitor DNA (F2§). With even
achieved by exploiting the ability of SAF-B to form aggregates iigher amounts of competitor, binding is gradually lost, until no
the presence of nucleic acids. After centrifugation, the SAF-B/DNAInding is detectable at a 25 000-fold exceds.afli DNA (data
aggregates were disrupted in high salt buffer and DNA was removeet shown). Specific binding was also observed with several other,
by a passage over DEAE-Sepharose, resulting in nearly homogéheterologous S/MAR elements like B1X1 or B4B5 from the
ous SAF-B as judged by silver staining (Figfraction aggrega- chicken lysozyme gene locusg( a gift of Dr W. Stratling,
tion). On average, the purification yieldsOug of SAF-B protein  Hamburg) or fragment IV from the upstream S/MAR of the human
from 100 cells, with a recovery of 15-20% as estimated innterferong gene locus39; a gift of Dr J. Bode, Braunschweig)
Southwestern blots by comparing activity of SAF-B in total cel(data not shown). We conclude therefore, that SAF-B is a DNA
extracts of a known number of cells with a known amount dginding protein with high specificity for SS’MAR DNA elements.
purified protein. Purified SAF-B migrates as a single band of 190 experiments with restriction fragments derived from different
kDa under denaturing conditions and is a monomeric protein wifMARs, we find that SAF-B has no easily defined consensus
an apparent sedimentation coefficient of 4523 non-denaturing binding site, but that specific binding is dependent on both A+T
glycerol gradient centrifugation. Based on its apparent moleculéighness and length of the subfragment (data not shown). For the
weight, we speculated that SAF-B could be identical or related Bsirpose of this paper, however, we do not particularly focus on a
topoisomerase I, a protein with known binding specificity fordetailed characterisation of the DNA binding properties of SAF-B.
S/MAR DNA (14). However, purified SAF-B is free of topoisomer-

ase activity and is not recognised by antibodies against purifigfhr-B is a novel protein with a unique primary structure
topoisomerase Il in Western blotting experiments. Additionally, the

cDNA sequence of SAF-B, reported later in this paper, reveals e enable screening for the cDNA encoding SAF-B, we developed

(R — T

|: ﬁ '- tnﬁ"-P-l'-‘ﬁ.l.l'-Jl

homology to topoisomerase sequences. a polyclonal antiserum against highly purified SAF-B. The serum
obtained recognised SAF-B in both crude nuclear extracts and in its
SAF-B binds specifically to S/IMAR-DNA purified form. Specific antibodies were affinity purified by binding

to immobilised SAF-B and were used for immunoscreening a
As described above, SAF-B was purified from nuclear extracts thambda ZAP expression library. Several positive clones were
virtue of its specific binding to the SIMAR DNA element MIl in isolated and sequenced. As none of the isolated clones contained
the presence of a 1000-fold excess of unspdgifioliDNA as  the B end of the cDNA, a 540 bp probe from theebd of the
a competitor. To confirm the binding specificity of purified SAF-B,longest clone was used to rescreen the same library by DNA
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1 g ] Figure 3.The cDNA clone A5 encodes the full length SAF-B protein.
> & ] (A) Increasing amounts of the cDNA clone A5 were transcribed and translated
E ] in vitro in the presence offS]methionine. Synthesized proteins were separated
on a 7% SDS—polyacrylamide gel, along with a positive contya (Aciferase
iy cDNA) and a negative control (no template), and visualised by fluorigraphy.
10 h\-\_‘_ Molecular weight markers were as in FigureB). Rroteins present in nuclear
P W s e s e extract of HeLa cells (NE) and highly enriched SAF-B (Mono S fraction) were

separated on a 7% SDS—polyacrylamide gel, transferred to a nitrocellulose
membrane and detected with antibodies against the bacterially overproduced
partial protein p43 (amino acids 443 718 of SAF-B).

rerrpetitar D150 (fakdl

Figure 2. SAF-B binds specifically to SIMAR DNA. Purified SAF-Bug per

lane, was separated on a 7% SDS—polyacrylamide gel and transferred to a

nitrocellulose membrane. The membrane was incubated with the end-labelled

SIMAR DNA Ml (A) or the end-labelled non-S/MAR control DNA pUC18 Nucleotide and protein sequence searches of the GenBank and

(B) inthe presence of the indicated exce&sadlicompetitor DNA. Duplicates EMBL databases!(l) did not reveal significant homology to any
of all assays are shown and quantifiedintfy determining the percentage of o\ proteins, demonstrating that SAF-B is a novel protein.
bound DNA by liquid scintillation counting. The amount of DNA bound in the . ). -
absence of competitor is set as 100%, independently for (A) and (B). Sequence identity was found, however, with several expressed
sequence tags (e.g. GenBank accession numbers HS54290,
HS609163 and HS25591) from human cells.
A schematic representation of the SAF-B protein, as predicted
from the cDNA sequence, is given in Figdré&SAF-B contains
hybridisation. Fourteen positive clones were isolated, one btfo putative bipartite nuclear localisation signals and numerous
which was 2.8 kb in length and contained the complete codimmptential phosphorylation sites. The protein is rich in charged
region of SAF-B (sequence deposited to the EMBL, GenBard&mino acids, with a highly basic N-terminus of 97 aa, an acidic
and DDBJ databases under accession number L43631). To vedéntral part of 464 amino acids, and a basic C-terminus starting
that this clone, termed A5, was a cDNA clone encoding thigom amino acid 562. Secondary structure predictid@g!g)
SAF-B protein, we synthesiset?$]methionine-labelled protein show that SAF-B is mostly-helical and contains only few short
in a coupledh vitro transcription—translation system. Theitro  B-sheets. The C-terminal 200 amino acids are likely to form an
synthesised protein showed the same electrophoretic mobility@sordered, flexible structure with a high number of predicted
authentic, purified SAF-B from HelLa cells (Fa4\). Additional-  turns. The occurrence of differently charged domains of SAF-B
ly, antibodies produced to the bacterially overproduced partisd compatible with the aberrant migration of the protein in SDS
protein p43 (amino acids 443—-718 of SAF-B) recognise SAF-Bels, giving a possible explanation for the high discrepancy
in unfractionated HelLa nuclear extracts and in the purified fortmetween the apparent molecular weight (150 kDa) and the actual
(Fig.3B). Taken together, these facts strongly indicate that the Aflculated molecular weight (96.7 kDa). Phosphorylation at
cDNA clone encodes the full length SAF-B protein. several of the putative phosphorylation sites could also be
The cDNA clone A5 as well as several additional, shorter cDNAvolved in the aberrant migration. We have tested this possibility
clones encoding parts of SAF-B were sequenced by the didedxyimmunoprecipitation of SAF-B from nuclear extracts of HeLa
method from both strand33). Clone A5 is 2825 bp in length and cells labeled wit#2P in vivo. In these experiments we detected
contains an open reading frame encoding a 849 amino acid protéiat SAF-B is phosphorylated, but treatment of the purified
with a calculated mass of 96 696 Da and a pl of 8.8. The propogattein with alkaline phosphatase did not alter the electrophoretic
initiation codon at nucleotide 48 shows a weak homology to thmigration of SAF-B (data not shown). Presently we cannot
translation initiation consensus sequerdd® énd is preceded by formally rule out that modifications other than phosphorylation
two in-frame stop codons. The clone extends 228 nucleotidés 3 are involved in the electrophoretic behavior of SAF-B. However,
the translation stop codon at nucleotide 2597, with a consengbe finding that the bacterially overproduced protein fragment
polyadenylation signal starting at nucleotide 2752 and a poly(4)43 also show slower migration in SDS gels (43 kDa apparent
tract from nucleotide 2775. versus 34 kDa calculated), strongly indicate that the discrepancy
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SAF-B is a ubiquitous chromatin protein i
e SR TR T

We have focused on SAF-B as a DNA binding protein because 0 i 244
its specificity for SIMAR DNA, which makes it a good candidate
for a protein located at the attachment point of chromatin inops
vivo. Several criteria should be fulfilled by such a protein, and were
addressed experimentally. First, a protein with a structural functior
in the nucleus should be abundant. From our purification that yields
(1.00 ug of SAF-B from 180 HeLa cells with a recovery of
15-20%, we calculated a copy number[&fP molecules of

SAF-B per nucleus. Although this copy number is lower than thaljiigure 5. SAF-B is a ubiquitous, housekeeping protéX). The indicated

of other S/MAR binding protgins (e.g. histone _Hl Or SAF- section of the SAF-B encoding cDNA was used as a prob)dddrthern
A/hnRNP-V), it is compatible with a structural function of SAF-B. blotting experiments withj2g poly(A)* RNA each from various human cancer
Secondly, a general S/IMAR binding protein should be ubiquitous:ell lines (left panel) or from different tissues of normal human cells (right
i.e. expressed in all or the majority of cells and tissues. We ha\{:@nel). The SAhF]:B specific mMRNA runs at 3.4 kb. Exposure times were 24 h
performed a Northern blot analysis with a part of the SAF-B cDNACT (4 and 10 hfor (8).

clone A5 as a probe (Fig). The left panel of FigurgB shows a

Northern blot with poly(A) RNA from a collection of neoplastic contain the other half of SAF-B, was digested with DNase | to
cells of different origins, the right panel is a blot with poly(A) elease proteins tightly bound to DNA (‘chromatin proteins’, e.g. the
RNA from healthy human tissues. A specific MRNA species WitBore histones). Over 95% of the remaining SAF-B is extracted from
alength of 3.4 kb is detected in all cells and tissues at approximaig{é nuclei by this treatment, consistent with the notion that SAF-B
the same level, consistent with SAF-B being a ubiquitous (housg-a chromatin protein that is either directly or via other proteins
keeping) protein, at least on the level of gene expression. bound to chromosomal DNiA viva Interestingly, SAF-B is not a
The subcellular localisation of SAF-B was analysed biochemiomponent of the ‘complete’ nuclear matrix that remains after
cally and by indirect immunofiuorescence microscopy with affinityoNase digestion or the ‘extracted’ nuclear matrix (after extraction

purified antibodies. Immunofluorescence experiments clearlyf the ‘complete’ matrix with a buffer containing high salt), as, e.g.
demonstrate that SAF-B is located in the nucleus, as expected fasg-_aA/nnRNP-U 25).

protein purified from nuclear extracts (data not shown). This finding

is supported by biochemical cell fractionation performed according,gcssion

to the protocol of Fewt al (44,45). This procedure allows the

preparation of well defined subcellular and subnuclear fractions with higher eukaryotes, the genomic DNA of a few meters in length
distinct protein compositions under conditions that preserve tlas to be compacted in some way to be confined within the nucleus
non-chromatin structure of the nucleus as well as the spati@ionly some micrometers in diameter. This impressive compac-
organisation of RNA in these structurés. (The partitioning of tion is brought about by the formation of chromatin, whose basic
SAF-B to these fractions was determined by Western blottirgrchitecture—DNA wound around octamers of histone proteins—
experiments and is shown in Fig@l€, along with a schematic is well understood. However, many details on higher order structures
representation of the fractionation protocol (F&f) and a  of chromatin remain obscure. A new area in chromatin research was
demonstration of the unique protein composition of several of theigdtiated by the discovery of a proteinaceous nuclear framed@rk (
fractions (Fig.6B). Lysis of cells in an isotonic buffer containing and subsequently by the identification of DNA fragments that
0.5% Triton X-100 releases soluble cytosolic proteins, and yieldpecifically bind to this frameworlkd {,48). Combining data from
insoluble material consisting of nuclei and cytoskeletal proteinslectron microscopic examination of chromosomEs50) and
SAF-B quantitatively partitions to the insoluble material, frombiochemical work on chromatin structurgl,@7), Gasser and
which [(60% of SAF-B can be extracted by treatment with 250 mNLaemmli (1) have proposed a model according to which chromatin
ammonium sulfate, along with histone H1 and cytoskeletal proteiris.organised in constrained, topologically independent loops attached
The remaining insoluble material, consisting of extracted nuclei that a structural entity degated nuclear matrix or scaffold.

108 38 o
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Figure 6. Biochemical fractionation of HeLa cells. HeLa cells were fractionated into subcellular and subnuclear fractions with unique protein compositions accord
to a standard protocol (44,45). A schematic representation of the procedure is ghjewith the abbreviations for the different fractions indicatBjl Pfotein
composition of the extracted fractions (S1-S4) and the residual, insoluble material (P4) were examined by Coomassie blue staining after resolution on a
SDS—polyacrylamide gel. The location of the histones is marked for refe@n@be(subcellular distribution of SAF-B was determined by Western blotting of all
protein fractions with affinity purified antibodies after electrophoresis on a 10% SDS—polyacrylamide gel.

Although this model is widely accepted today, little is known about As expected for a protein with a general function in chromatin
the mechanism of attachment of chromatin to nuclear substrigtructure, SAF-B is expressed equally in all cell types investigated,
tures. To gain insight into this functionally important aspect ofuggesting a housekeeping nature of the protein. This behavior is
nuclear structure, DNA elements located at attachment points haeeniniscent of SAF-A/hnRNP-U and histone H1, other known
been used in several laboratories to identify nuclear proteins tf®#MAR binding proteins, but different from SATB1 or topo-
could be involved in the formation of chromatin loop domaingsomerase Il which are differentially expressed in different cell types
(20,11,23,21,26). (21,52).

In this communication, we describe the purification and cDNA The complete cDNA for SAF-B, obtained by immunoscreening
cloning of a novel protein, designated the scaffold attachmewith antibodies developed against the chromatographically purified
factor B (SAF-B). We have identified the SAF-B protein as one gfrotein, revealed that SAF-B is a unique protein with no homology
four proteins in HeLa cell nuclear extracts that specifically interath known proteins. It contains highly charged regions, with both the
with S/IMAR DNA, and consider it a candidate protein for a\-and the C-terminus being basic and the central half being acidic.
molecular anchor at the basis of chromatin loops. Biochemic8AF-B has two putative nuclear localisation signals, compatible
fractionation of cells demonstrate that SAF-B is a chromatiwith our finding that the protein is located in the nucleus. Although
protein, but not a constituent of nuclear matrix preparations. THBAF-B is clearly a DNA binding protein, computer comparisons
finding is interesting, as there is a general notion that a protadmEMBL and GenBank databases found no significant homologies
involved in SIMAR DNA attachment should be part of theto any previously identified DNA binding protein. We can
insoluble substructure of nuclei. However, at least one other protéirerefore not yet define by analogy which part of the protein
with significant binding specificity to SIMAR, namely histone H1,confers DNA binding. It could be argued that DNA binding of
is also not present in nuclear matrix preparations but in negligitBAF-B occurs due to non-specific electrostatic interaction between
amountsZ2) and is bound to chromatin even weaker than SAF-Bhasic regions of the protein and the negatively charged phosphate
It is thus possible that two types of SIMAR DNA binding proteindackbone of DNA. However, a simple electrostatic interaction
exist, which differ in their partitioning upon biochemical fractionawould not be consistent with the specific binding of SAF-B to
tion, but are both involved in SIMAR element funcliowivo S/MAR DNA elements.
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Although no homology to other cloned S/MAR binding proteingl Romig,H., Fackelmayer,F.O., Renz,A., Ramsperger,U. and Richter,A.

are evident on the level of the amino acid sequence, SAF-B she:‘[g

the ability for nucleic acid dependent self-aggregation with histo

H1 (22), topoisomerase 111¢) and SAF-A/hnRNP-UZ5). At 13

S(1992)EMBO J.,11, 3431-3440.

Romig,H., Ruff,J., Fackelmayer,F.O., Patil,M.S. and Richter,A. (1994)
Eur. J. Biochem221, 411-419.
Gasser,S.M., Amati,B.B., Cardenas,M.E. and Hofmann,J.F.X. (1989)

present, we do not know the molecular basis of the aggregation of Int. Rev. Cytologyl19, 57-96.

these proteins, but it is likely that both a DNA binding domain ané
a protein—protein interaction domain are involved in this proces1s‘r?
It is thus possible that SIMAR DNA binds to protein aggregategs
due to its intrinsic flexibility brought about by interspersed A+T17
rich elements. This flexibility could allow the DNA to follow the

path of protein aggregates, and could discriminate SIMAR DNAS
from bulk genomic DNA. Such a binding mode requires stron

protein—protein interactions, while the binding of a protein;
monomer to DNA could be comparatively weak and unspecific.
This model could be an explanation why S/IMARSs have to be P
certain length (usually >500 bp) to be specifically bound. Futur:
experiments will focus on the domain structure of SAF-B, with the
aim to identify protein regions responsible for specific DNA24
binding and protein—protein interaction. 25

NOTE ADDED IN PROOF 26

After our manuscript was accepted, we learned that Drs;
Jean-Pierre Bourquin and Walter Schaffner (Molecular Biology,
University of Zurich, Switzerland) had independently cloned tha8
same cDNA. Sequence comparison revealed a critical differe
at position 344, resulting in a frameshift concerning the first 1
amino acids of SAF-B. This error has been corrected in thg
database entry. Additionally, we conclude that thenl of the
SAF-B cDNA is missing in our clone A5. We apologize for the32
error and any confusion it might have caused.
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