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SP100B, a Repressor of Gene Expression Preferentially
Binds to DNA With Unmethylated CpGs

Anne Isaac, Kent W. Wilcox, and Jerry L. Taylor*

Department of Microbiology and Molecular Genetics, Medical College of Wisconsin,
Milwaukee, Wisconsin 53226

Abstract SP100A and SP100B are mammalian nuclear proteins encoded by alternatively-spliced transcripts from
the SP100 gene. The N-terminal portion of SP100B (aa 1–476) is identical to SP100A and contains an HP1 interaction
domain. The C-terminal portion of SP100B (aa 477–688) contains an HMG2 interaction domain and a SAND domain. The
SAND domain is a DNA-binding domain identified in several nuclear proteins involved in transcriptional regulation. We
have previously reported that SP100B represses expression of genes present on transfected DNA in a SAND domain-
dependent manner. The goal of the present study was to characterize the DNA binding properties of full-length SP100B
expressed in mammalian cells. SP100B associated with DNA whereas SP100A did not. The SP100B SAND domain was
essential for DNA binding. Deletion of the HP1- or HMG2-binding domain had no effect on DNA binding. SP100B
preferentially associated with sequences containing CpG dinucleotides. Our results did not reveal any preference of
SP100B for bases flanking CpG dinucleotides. The number of CpGs in a DNA sequence and spacing between CpGs
influenced SP100B binding, suggesting that multimers of SP100B bind DNA in a cooperative manner. Binding of SP100B
was abrogated by methylation of the cytosine residue within the context of the CpG dinucleotide. We propose that
the preference of SP100B for non-methylated CpGs provides a mechanism to target SP100B to foreign DNA, including
plasmid DNA or viral DNA genomes, most of which are hypomethylated. J. Cell. Biochem. 98: 1106–1122, 2006.
� 2006 Wiley-Liss, Inc.
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SP100 was first identified as a protein
immunoreactive with sera from patients suffer-
ing from the autoimmune disease, primary
biliary cirrhosis [Szostecki et al., 1987, 1990,
1992]. To further characterize the SP100 auto-
antigen, Szostecki et al. [1990] isolated the
constitutively expressed SP100A cDNA, which
encodes a 480-amino acid (aa) protein. Guldner
et al. [1999] observed that treatment of cells
with interferon induces the expression of sev-
eral splice variants from the SP100 gene,
including a transcript that codes for SP100B, a
688aaprotein. SP100B is essentially equivalent

to SP100A (the first 476 aa are identical) plus a
C-terminal extension containing a high mobi-
lity group protein (HMG2) interaction domain
(aa 476–528) [Lehming et al., 1998], and a
SAND domain (aa 595–688) [Bottomley et al.,
2001] (Fig. 2A).

The SAND domain is a DNA binding domain
found in the Drosophila melanogaster protein,
deformed epidermal autoregulatory factor-1
(DEAF-1) [Gross and McGinnis, 1996] and in
several mammalian nuclear proteins including
the glucocorticoid modulatory element binding
proteins GMEB1 (PIF96) and GMEB2 (PIF97)
[Christensen et al., 1999; Jimenez-Lara et al.,
2000; Kaul et al., 2000], some members of the
SP100 family of proteins [Bloch et al., 1996,
2000; Bottomley et al., 2001], autoimmune
regulator 1 (AIRE-1) [Gibson et al., 1998;
Purohit et al., 2005], the nuclear DEAF-1-
related protein NUDR [Huggenvik et al., 1998;
Michelson et al., 1999], and two nuclear phos-
phoproteins, NucP41 and NucP75. Solution of
the NMR structure of the SP100B SAND
domain (aa 595–688) revealed an a/b fold
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containing four a-helices that pack against a
five-stranded antiparallel b-sheet [Bottomley
et al., 2001]. The conserved KNWK (KDWK in
DEAF-1, NUDR, GMEB1, and GMEB2) motif
within the SP100B SAND domain is part of
a positively charged surface formed by the
a-helical region. Chemical shift perturbation
experiments performedwith the SP100BSAND
domain and an oligonucleotide resembling the
GMEB target sequence suggested that theDNA
binding site maps to the positively charged
region encompassing the KNWK motif. Site
directed mutagenesis and in vitro binding
studies indicate that the KDWK motif is
essential for the ability of NUDR and GMEB1
tobindDNA[Bottomley et al., 2001; Surdo et al.,
2003]. Most SAND domain proteins that have
been examined do not show high sequence-
specificity and appear to bind DNA with a
relatively low affinity.
We have previously characterized SP100B as

a repressor of viral and cellular promoters that
are introduced into cells via transfection [Wil-
cox et al., 2005]. We have also observed that
SP100B represses the expression of nuclear
DNA viruses such as herpes simplex virus 1
(HSV1) and adenovirus 5 during an active
infection (data not shown). The goal of the
current study was to extend the characteriza-
tion of SP100B by investigating the DNA
binding properties of full-length SP100B exp-
ressed in mammalian cells. In this report, we
have established that SP100B associates with
plasmid DNA in a SAND domain-dependent
manner. Point mutations within the KNWK
domain abrogate DNA binding. SP100B exhi-
bits a binding preference for sequences that
contain CpG dinucleotides. Methylation of the
cytosines in the CpG dinucleotides abrogates
the binding of SP100B.

MATERIALS AND METHODS

Transfections

U2OS cells (ATCC HTB-96), a human osteo-
sarcoma cell line, were grown as monolayers in
Dulbecco’s minimal essential medium (DMEM)
supplemented with 10% donor bovine calf
serum containing iron (Invitrogen, Carlsbad,
CA) and 25 mg/ml gentamicin (Invitrogen).
U2OS cells (1� 106 cells per 60 mm dish) were
transfected with DNA (up to 1 mg) and Nova-
FECTOR (8 ml per mg of DNA; VennNova, LLC,
PompanoBeach, FL) in 2ml ofDMEM.The cells

were incubated at 378C for 6 h and thereafter
supplemented with 2 ml of DMEM containing
20%bovine calf serumand 50 mg/ml gentamicin.

Plasmids and Oligonucleotides

Plasmids that use the CMV immediate early
promoter to drive expression of proteinswith an
N-terminal 3XFLAG epitope were constructed
from derivatives of the p3XFLAG-CMV-7.1 vec-
tor (Sigma, St. Louis,MO). Construction of plas-
mids that express3XFLAG-SP100A (pXK1385),
-SP100B(pXK1383), -SP100BD295-332 (pXK1368;
DHP1), -SP100BD477-514 (pXK1465; DHMG2),
-SP100BD594-688 (pXK1472), and -SP100BD
631-659 (pXK1384,DSAND) has been described
previously [Wilcox et al., 2005]. The plasmid
(pXK1919) expressing 3XFLAG-SP100B (ANWA)
was constructed by deleting codons for SP100B
residues 649–688 from pXK1383 and inserting
two oligonucleotides in tandem, coding for
residues 649–688 and containing the K653A
and K656A mutations. The plasmid (pXK1577)
expressing histone H2B with a C-terminal
3XFLAG epitope was constructed by conven-
tional techniques using the histone H2B cDNA
(pH2B-CYFP) that was a kind gift from Jan
Ellenberg (Heidelberg, Germany). Construct-
ion of plasmid pXK859 that contains the HSV-1
UL26.5 promoter (�463 toþ99) upstream of the
luciferase gene has been described [Bruce and
Wilcox, 2002].

Derivatives of pUC13 were constructed by
insertion of defined oligonucleotides into the
multiple cloning site. All oligonucleotides were
purchased fromOperon (Qiagen,Alameda, CA).
Oligonucleotides L1, L2, and L3 were inserted
in tandem into a derivative of pUC13 to
construct the plasmid pXK1295. The insert,
designated AA100, is similar to the sequence of
the 100- bp ApaLI–AlwNI fragment from
pUC13, with the exception of several base
changes introduced to create a BamHI site at
the junction ofL1andL2andanXmaI site at the
junction of L2 and L3. Plasmids pXK1296 and
pXK1297 containing two (2XAA100) and four
copies (4XAA100), respectively, of the AA100
base pair sequence were constructed from
pXK1295 using conventional cloning proce-
dures.

The Hi-Lo DNA markers were obtained from
Minnesota Molecular (Minneapolis, MN) as a
mixture of linear EcoRI DNA fragments ran-
ging in size from 50 to 10,000 bp. The 100-, 200-,
400-, 500-, 1,000-, and 2,000-bp markers were
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cloned into the uniqueEcoRI site in a derivative
of pUC13. Sequence analysis of the plasmids
containing the Hi-Lo markers was performed
followed by a BLAST search to identify the
source of the sequences. Plasmid pHL101 con-
taining the Hi-Lo 100-bp marker (HL100) was
constructed as described above. Plasmids
pHL102 and pHL104 containing two and four
copies of HL100, respectively, were constructed
by conventional cloning techniques. Plasmid
DNA was purified from E.coli by the Qiagen
Qiafilter (Valencia, CA) protocol and then
centrifuged at 80,000g for 45 min at 148C to
remove insoluble material.

Oligonucleotides used in the DNA binding
assays were designed to contain double-
stranded molecules with either 50 overhangs or
blunt ends. Double-stranded methylated oligo-
nucleotide, B7C was created by annealing two
complementary single-stranded oligonucleo-
tides in which 5-methyl cytosine (5 mC) was
substituted for the cytosine in the context of the
CpG dinucleotides. Hemimethylated oligonu-
cleotides were created by annealingmethylated
and complementary, unmethylated oligonu-
cleotides.

Radiolabeling Linear DNA With [32P]-dATP

Double-stranded oligonucleotides containing
50 overhangs were radiolabeled by filling in the
30 ends with a32P-dATP (3,000 Ci/mM; Perkin
Elmer, Boston, MA) using the large fragment of
DNA polymerase (5 units per 100 ng of DNA;
Invitrogen) in a reaction buffer containing
dNTPs (30 mM) lacking dATP, and 1� REact 2
buffer (Invitrogen). The reaction was carried
out for 15min at room temperature. The labeled
probes were purified through a Probe Quant
G50 column (Amersham Biosciences, UK).
Plasmids containing the EcoRI inserts for
DNA binding assays were digested with EcoRI.
The cleaved vector and insert were radiolabeled
as described above with the exception that the
labeling reactions were not subjected to purifi-
cation to remove the unincorporated dNTPs.

Radiolabeling Supercoiled Plasmid DNA With
[3H] (methyl) Thymidine

Supercoiled plasmid pXK859 labeled with
[3H] (methyl) thymidine was isolated from the
temperature-sensitive thyAE.coli strainBW190
after growth at 408C for 16 h in M9 minimal
medium supplemented with 8 mM thymidine
and 10 mCi/ml of [3H] (methyl) thymidine

(90 Ci/mmol; Perkin Elmer). Plasmid DNA
was purified using the Biorad Midiprep kit
(Hercules, CA) followed by phenol-chloroform
extraction and ethanol precipitation. Plasmid
DNAs with specific activities ranging from 105

to 106 dpm/mg were obtained.

Preparation of Soluble Nuclear Extracts

U2OS cells were transfected with a plasmid
expressing the required FLAG-tagged protein.
All subsequent manipulations were carried out
at 48C or on ice in solutions (volumes indicated
were used for cells from a 60 mm dish) sup-
plemented immediately before use with pro-
tease inhibitors PMSF (500 mM; Sigma), TPCK
(500 mM; Sigma), leupeptin (1 mM; Boehringer
Mannheim), and pepstatin A (1 mM; Sigma).
Cells (60 mm dishes) were harvested at 24 h
after transfection in phosphate-buffered saline
(1 ml containing 0.54 mM EDTA) and pelleted
(2,000 rpm, 5 min) in a microcentrifuge. The
cells were suspended in hypotonic buffer (1 ml;
10 mM Tris-Cl, 10 mM NaCl, 1% Triton X-100,
10 mM b-mercaptoethanol) and incubated
for 10 min, after which sucrose (200 ml of a
50% solution) was added. Nuclei were pelleted
at 2,500 rpm for 5min. The pelleted nuclei were
suspended in IP buffer (0.5 ml; 50 mM Tris-Cl,
150mMNaCl, 1%CHAPS, 10%glycerol, 10mM
b-mercaptoethanol) and lysed by sonication (5 s).
Nuclear lysates were clarified by centrifugation
at 12,000 rpm for 5 min. The supernatant
(hereafter designated as the soluble nuclear
extract) was used for co-immunoprecipitation
assays.

Co-Immunoprecipitation Assays

Soluble nuclear extracts (0.5 ml) were sup-
plemented with radiolabeled DNA or a mixture
of radiolabeled DNA and competitor DNA as
indicated in the figure legends. Anti-FLAG
beads (60 ml of a 20% slurry; EZviewAnti-FLAG
M2 Affinity gel; Sigma) or protein G beads (no
antibody control; 60 ml of a 20% slurry of Protein
G Sepharose 4 Fast Flow; Amersham Pharma-
cia, Uppsala, Sweden) were added immediately
and the mixture was gently rocked at 48C for
24 h. The beads were pelleted by centrifugation
at 2,000 rpm for 2 min and washed three times
with ice-cold IP buffer (1 ml/wash). Exceptions
to this procedure are noted in thefigure legends.
Radiolabeled DNA was recovered from the
pellet and analyzed as described in the figure
legends.
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RESULTS

SP100B Associates With Transfected
Plasmid DNA

To investigate the hypothesis that SP100B
represses gene expression by binding to trans-
fected plasmid DNA, we have characterized the
DNA binding properties of SP100B. Bottomley
et al. [2001] expressed the SP100B SAND
domain (aa 595–688) in E.coli and reported
that this domain could bind sequences in DNA
that resemble the GMEB target sequence.
Because Bottomley et al. [2001] did not exclude
the possibility that other domains in SP100B
contribute toDNAbinding specificity oraffinity,
itwas important to investigate theDNAbinding
properties of full-length SP100B. However, we
were unable to express full length SP100B
(aa 1–688) in E.coli. Therefore, we decided to
investigate the DNA binding properties of full-
length SP100B expressed in transfected mam-
malian cells. Potential advantages of this
approach are that (1) post-translational mod-
ifications of SP100B that may affect its DNA
binding efficiency and/or specificity will be
present and (2) cellular co-factors that may be
required for the efficient association of SP100B
with DNA will be present. For each of the DNA
binding assays described in this report, variants
of SP100B tagged with the 3XFLAG epitope
were expressed from plasmids transfected into
U2OS cells. Soluble nuclear extracts prepared
from these transfected cells were used as a
source of SP100B in the DNA binding assays.
Among the plasmids demonstrated to be re-

pressed by SP100B is a plasmid (pXK859) that
expresses luciferase from the HSV-1 UL26.5
promoter [Wilcox et al., 2005]. To test whether
SP100Bbinds pXK859,we co-transfectedU2OS
cells with [3H]-pXK859 and a plasmid expres-
sing either FLAG-SP100B, FLAG-SP100A or
histone H2B-FLAG. Soluble nuclear extracts
were prepared 24 h after transfection. The
FLAG-tagged proteins were immunoprecipi-
tatedwith anti-FLAGantibodyusing amodified
version of the McKay immunobinding assay
[McKay, 1981] and the amount of [3H]-pXK859
that co-immunoprecipitated was determined
by scintillation counting. The results (Fig. 1)
revealed that 23% of the [3H]-pXK859 in the
extract co-immunoprecipitated with histone
H2B-FLAG, a well-characterized protein that
binds DNA non-specifically. In comparison,
15%of the [3H]-pXK859 co-immunoprecipitated

with FLAG-SP100B. FLAG-SP100A, which
doesnot contain theSANDdomain, didnot asso-
ciate with [3H]-pXK859 in this assay (Fig. 1).
These results demonstrate that full-length
SP100B expressed in mammalian cells associ-
ates with transfected plasmid DNA whereas
SP100A does not.

The HP1 and HMG2 Binding Domains
do not Contribute to the Association

of SP100B With DNA

Lehming et al. [1998] reported that the non-
histone chromatin associated proteins HP1 and
HMG2 interact with specific domains within a
variant of SP100B (aa 5–528). HMG2 binds
DNA in a sequence-independent manner and
induces structural distortions in the DNA that
facilitate the formation of nucleoprotein com-
plexes [Thomas and Travers, 2001]. Hetero-
chromatin protein 1 (HP1) plays a central role in
creating a stable heterochromatic network
[Eissenberg and Elgin, 2000]. Lehming et al.
[1998] hypothesized that HMG2 recruits
SP100B to DNA, which, in turn, recruits HP1
to form a complex on the DNA. To determine if
the HP1 and HMG2 interaction domains in
SP100B (Fig. 2A) influence the DNA binding

Fig. 1. Co-immunoprecipitation of transfected plasmid DNA
with FLAG-tagged proteins. U2OS cells were co-transfected
with [3H]-pXK859 (0.5 mg) and a plasmid (1 mg) encoding FLAG-
SP100B, FLAG-SP100A, or histone H2B-FLAG. Soluble nuclear
extracts (0.5 ml) were prepared as described in Materials and
Methods. The amount of [3H]-pXK859 in an aliquot (0.1 ml) of
the soluble nuclear extract was determined by scintillation
counting. Immunoprecipitations were carried out using anti-
FLAG beads (antibody) or protein G beads (no antibody) as
described in Materials and Methods. The beads were suspended
in liquid scintillation cocktail (Beckman Coulter, Fullerton, CA)
and the [3H]-plasmid was quantified by scintillation counting.
The amount of co-immunoprecipitated [3H]-plasmid is plotted as
a percentage of the total [3H]-plasmid in the soluble nuclear
extract.
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activity of SP100B, we tested the ability of
variants lacking the HP1 or HMG2 binding
domains to bind DNA. Immunofluoresence and
immunoblot assays revealed that each of the
SP100B variants localized to the nucleus and
was expressed at a similar or higher level than
full-length SP100B (data not shown). Both the
DHMG2 (SP100BD477-514) and the DHP1 var-
iants (SP100BD295-332) associated with [3H]-
pXK859 as efficiently as full-length SP100B

(Fig. 2B). The DHP1 variant also lacks the
sumoylation site (K297) identified in SP100A
[Sternsdorf et al., 1999], indicating that sumoy-
lation at residue K297 is not required for DNA
binding. The variant with a deletion within the
SAND domain (SP100BD631-659) or the var-
iant lacking the SAND domain (SP100BD594-
688) did not associate with [3H]-pXK859
(Fig. 2B). These results indicate that neither
the HP1 nor the HMG binding domain is

Fig. 2. Association of SP100B deletion variants with transfected
plasmid DNA. A: Schematic representation of domains in
SP100A and SP100B. The numbers correspond to amino acid
positions. HMG2, high mobility group 2 binding domain; HP1,
heterochromatin protein 1 binding domain; SAND, DNA
binding domain. B: Soluble nuclear extracts were prepared
from U2OS cells that were co-transfected with [3H]-pXK859
(0.5 mg) and a plasmid (1 mg) encoding FLAG-SP100B (1–688),
-SP100BDSAND (-SP100BD594-688, -SP100BD631-659),

-SP100BDHMG2(D477-514) or -SP100BDHP1(D295-332).
Immunoprecipitations were carried out using anti-FLAG beads
(antibody) or protein G beads (no antibody) as described in
Materials and Methods. The beads were suspended in liquid
scintillation cocktail and the [3H]-plasmid was quantified by
scintillation counting. The amount of co-immunoprecipitated
[3H]-plasmid is plotted as a percentage of the total [3H]-plasmid
in the soluble nuclear extract.
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required for the association of SP100B with
DNA, whereas the SP100B SAND domain is
essential.

SP100B Associates With Bacterial Plasmid DNA,
but does not Associate With Calf Thymus DNA

Given that SP100B binds to pXK859 and
represses expression of luciferase driven by the
UL26.5 promoter in pXK859, we hypothesized
that SP100B binds to a specific sequence within
the UL26.5 promoter or the luciferase gene.
To test this hypothesis, we compared the ability
of pXK859 or pUC13 (the vector backbone of
pXK859 lacking both the UL26.5 promoter
and the luciferase gene) to compete with [3H]-
pXK859 for binding to SP100B.The competition
assays were performed by adding a mixture of
[3H]-pXK859 (0.05 mg) and cold competitorDNA
(1–16 mg) to soluble nuclear extracts prepared
from cells transfected with a plasmid that
expresses FLAG-SP100B. The co-immunopre-
cipitation results revealed that pXK859 and
pUC13 were equally effective as competitors
(Fig. 3A). This result suggests that either both
pXK859 and pUC13 contain binding sites for
SP100B or that SP100B binds non-specifically
to both plasmids.
To test the hypothesis that SP100B binds

non-specifically to double-stranded DNA, we
conducted competition assays with [3H]-
pXK859 as the target and calf thymus DNA
(Worthington Biochemical Co. Lakewood, NJ)
as the competitor.Wewere surprised to observe
that the addition of calf thymus DNA resulted
in a 1.5-fold increase in the amount of [3H]-
pXK859 bound to FLAG-SP100B (Fig. 3B).
Even with a 300-fold excess of calf thymus
DNA, no competition was observed. One expla-
nation for the observation that linear calf
thymusDNAdoes not competewith supercoiled
[3H]-pXK859 for binding to SP100B is that
SP100B does not bind linear DNA. A direct test
of the binding of SP100B to linear DNA is
presented inFigure 4, showing that SP100B can
associate with linear DNA. A second explana-
tion is that calf thymus DNA lacks binding sites
for SP100B. Given the sequence complexity of
calf thymus DNA, we considered this unlikely,
but could not rule out the possibility that the
SP100B binding sequence is either present in
low abundance or is modified in some way
that prevents binding by SP100B. Data that
support the latter interpretation are presented
in Figure 8.

SP100B Binds Linear DNA Fragments Selectively

To further investigate the DNA binding
properties of SP100B, we used a modified
co-immunoprecipitation assay in which linear
32P-DNA (either restriction-enzyme fragments
or synthetic double-stranded oligonucleotides)
was added as the target DNA to soluble nuclear
extracts prepared from cells transfected with a
plasmid that expresses FLAG-SP100B. In order
to determine whether SP100B associates with
linear DNA, and if so, to determine whether
SP100B exhibits a preference for specific sequ-
ences, we conducted co-immunoprecipitation

Fig. 3. Association of SP100B with plasmid DNA and calf
thymus DNA. Soluble nuclear extracts (0.5 ml) prepared from
U2OS cells transfected with a plasmid (0.25 mg) encoding FLAG-
SP100B were supplemented with a mixture containing [3H]-
pXK859 (0.05 mg) and the indicated amount (1–16 mg) of
unlabeled competitor DNA. A: Supercoiled plasmid pXK859 or
pUC13; B: Supercoiled plasmid pXK859 or linear calf thymus
DNA. Immunoprecipitations were carried out using anti-FLAG
beads as described in Materials and Methods. The beads were
suspended in liquid scintillation cocktail. The [3H]-plasmid was
quantified by scintillation counting. The amount of co-immuno-
precipitated [3H]-plasmid is plotted as a percentage of the total
[3H]-plasmid in the soluble nuclear extract.
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assays with a mixture of 15 linear DNA
fragments ranging in size from 50 to 10,000
bp. This mixture of DNA fragments is commer-
cially available as Hi-Lo markers that are
derived from a variety of sources including a
bacterial virus (phage fd), a plasmid and an
insect virus (baculovirus) (Table I). The mar-
kers are distributed by the supplier as amixture
of EcoRI restriction fragments excised from a
vector after propagation in E. coli. The supplier
adjusts themixture so that in general, themolar
amount of each marker decreases with increas-
ing size (Table I).

For the co-immunoprecipitation assays with
these linear DNAs, the Hi-Lo markers were
end-labeled with [32P] and added to soluble
nuclear extracts from cells transfected with
plasmids that express FLAG-SP100B variants.

Radiolabeled DNAs recovered from the immu-
noprecipitate were analyzed by gel electrophor-
esis and detected by autoradiography. Since
each fragment was end labeled, the intensity of
the bands in the autoradiogram is proportional
to moles of DNA rather than mass. Thus, in the
input DNAs, the intensities of the 50-, 100-, and
200- bp markers were much greater than the
intensities of the larger markers (Fig. 4A). The
autoradiogram revealed that the linear markers
co-immunoprecipitated with FLAG-SP100B
compared to the negative controls (FLAG-

Fig. 4. Association of SP100B with linear DNA fragments (Hi-
Lo markers). A: Soluble nuclear extracts (0.5 ml) prepared from
U2OS cells that were either mock transfected or transfected with
a plasmid (0.5mg) expressing the indicated FLAG-SP100B variant
were supplemented with the radiolabeled Hi-Lo marker DNAs
(0.25 mg). Immunoprecipitations were carried out using anti-
FLAG beads as described in Materials and Methods. The bound
[32P]-DNA was recovered from the beads in 30 ml of elution
buffer (50 mM Tris-Cl, 10 mM EDTA, 1% SDS). A sample (2.5 ng)
of the input [32P]-DNA and a fraction (50%) of the bound DNA
were electrophoresed on a 1.5% agarose gel. The agarose gel was
fixed in 10% trichloroacetic acid for 30 min at 48C and then dried
at 508C on Whatmann filter paper. The [32P]-DNA fragments
were detected by autoradiography. B: Plasmids containing one
(pHL101), two (pHL102), or four (pHL104) copies of HL100
flanked by EcoRI sites were digested with EcoRI. The cleaved
vector and insert were radiolabeled with [32P]-dATP. The
radiolabeled fragments (0.25 mg) were added to soluble nuclear
extracts (0.5 ml) prepared from U2OS cells transfected with a
plasmid (0.5 mg) expressing FLAG-SP100B. Immunoprecipita-
tions were carried out using anti-FLAG beads as described in
Materials and Methods. The bound [32P]-DNA was recovered
from the beads in 30 ml of elution buffer. A sample (1.6 ng) of the
input (I) [32P]-DNA and a fraction (50%) of the bound DNA (B)
were electrophoresed on a 1.5% agarose gel. The agarose gel was
analyzed as described in the legend (A).

TABLE I. The Size, Source, and Molar
Amounts of Hi-Lo Markers Used in

the DNA Binding Assay

Marker
(bp) Source

*pmoles/250 ng
of marker mix

6,000 NS 0.003
4,000 NS 0.005
3,000 NS 0.01
2,000 pUC 0.03
1,550 NS 0.025
1,400 NS 0.03
1,000 Baculovirus 0.05
750 NS 0.015
500 Baculovirus 0.05
400 BaculovirusþpUC 0.02
300 E.coli LacZ 0.05
200 pUCþPhage fd 0.06
100 pUC 0.075
50 NS 0.125

NS, not sequenced.
*Hi-Lomarkermix (250ng)was used in the assays inFigure 4A.

1112 Isaac et al.



SP100BDSAND or untransfected cells) (Fig. 4A).
We conclude that SP100B binds to linear DNA
fromdifferent sources. The results also revealed
that the DNA markers co-immunoprecipitated
with SP100B with varying efficiencies. Each
marker in the immunoprecipitatewas classified
as equally-represented, over-represented, or
under-represented, based on its intensity rela-
tive to the intensity of the corresponding
marker in the input. The 500-bp marker and
most of the markers greater than 2,000 bp in
size were equally-represented in the input and
the immunoprecipitate. Relative to the inten-
sities in the input DNA, the 750-bp marker was
over-represented in the immunoprecipitate,
whereas the 1,000-bp marker and markers
smaller than 500 bp were under-represented
in the immunoprecipitate (Fig. 4A). These
results suggest that SP100B associates with
DNA with some degree of sequence specificity.
One explanation for the under-representa-

tion of the smaller fragments compared to the
larger fragments in the immunoprecipitate is
that the larger fragments have several SP100B
binding sites and, hence, bind to several
molecules of SP100B, whereas SP100B binding
sites are under-represented in the smaller
fragments such as the 100- bp marker (desig-
nated here as HL100). If SP100B binding sites
are under-represented in HL100, then a frag-
ment containing multiple copies of HL100
should contain more binding sites and bind
more efficiently to SP100B than a single copy.
To compare the binding of SP100B to fragments
containing one or more copies of HL100, we
constructed plasmids containing one (pHL101),
two (pHL102), or four (pHL104) copies ofHL100
inserted in ahead-to-tail fashionbetweenEcoRI
sites in a derivative of pUC13. The linear pUC
vector and excised EcoRI fragments were end-
labeled with [32P]-dATP and added to nuclear
lysates from cells expressing FLAG-SP100B.
The results revealed that the fragments con-
taining four copies of HL100 co-immunopreci-
pitated with SP100B more efficiently than
fragments with one or two copies of HL100
(Fig. 4B). The results suggest that DNAs with
multiple SP100B binding sites bind SP100B
more efficiently.

SP100B Associates With Multiple Sites on pUC13

The simplest explanation for the efficient co-
immunoprecipitation of pUC13 with SP100B
compared to DNA fragments with a single or

multiple copies of HL100 (Fig. 4B), is that there
are multiple binding sites for SP100B distrib-
uted throughout pUC13. To test this hypo-
thesis, we conducted co-immunoprecipitation
assays with fragments derived from pUC13 by
digestion with a variety of restriction endonu-
cleases. The results (data not shown) revealed
that SP100B binding sites are distributed
throughout pUC13. In order to characterize
the sequences that SP100B preferentially
binds, we focused our attention on a 100-bp
ApaLI–AlwNI fragment from pUC13 that co-
immunoprecipitated with SP100B relatively
well, given its size. Three oligonucleotides (L1,
L2, and L3) spanning the 100-bp ApaLI–AlwNI
region (Fig. 5A) were inserted in tandem
between two EcoRI sites in a derivative of
pUC13. The insert, designated AA100, is simi-
lar to the sequence of the 100-bp ApaLI–AlwNI
fragment from pUC13, with the exception of
several base changes introduced to create a
BamHI site at the junction of L1 and L2 and an
XmaI site at the junction of L2 and L3. In order
to increase the size and potential binding
efficiency of the target DNA, a plasmid contain-
ing four head-to-tail copies of AA100 (4XAA100)
flanked byEcoRI sites was constructed (Fig. 5B).
The pUC vector and excised EcoRI fragments
were end-labeled with [32P]-dATP and added to
soluble nuclear extracts from cells expressing
FLAG-SP100B. As expected, immunoprecipita-
tion of FLAG-SP100B resulted in the co-immu-
noprecipitation of both the pUC vector and
AA100 (Fig. 5C). Immunoprecipitation of
FLAG-SP100B also resulted in the co-immuno-
precipitation of 4XAA100 (Fig. 5D). To deter-
mine whether the conserved KNWK motif
within the SP100B SAND domain is required
for binding to 4XAA100, we constructed an
SP100B variant in which the lysines in the
conserved KNWK motif were mutated to ala-
nines (ANWA). The amount of 4XAA100 that
co-immunoprecipitated with the FLAG-SP100
BDSAND variants (SP100BD631-659 and
SP100BD594-688) or FLAG-SP100B (ANWA)
was much less than the amount that co-immu-
noprecipitated with wild type FLAG-SP100B
and was similar to the background amount
obtained with cells that express FLAG-SP100A
(Fig. 5D). These results revealed that FLAG-
SP100B binds 4XAA100 efficiently and enabled
us to further investigate the preference of
SP100B for sequences within this defined
target.
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SP100B Requires a CpG Dinucleotide
for Binding

In thenext series of experiments,we sought to
identify the sequence(s) in AA100 to which
SP100B preferentially binds. The fact that the
SAND domain proteins NUDR, DEAF-1, and
GMEB bind DNA sequences that contain CpG

dinucleotides [Gross and McGinnis, 1996;
Christensen et al., 1999; Michelson et al., 1999;
Bottomley et al., 2001] prompted us to investi-
gate if SP100B exhibits a similar DNA binding
specificity. AA100 contains 10 CpGs (Fig. 5A).
To explore the possibility that CpGs are requi-
red for binding, we compared the abilities
of oligonucleotides L1, L2, or L3 and the

Fig. 5.
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corresponding DCpG variants (CpGs were
replaced with different nucleotides) to compete
with [32P]-4XAA100 for binding to SP100B
(Fig. 6A). The amounts of co-immunoprecipi-
tated [32P]-4XAA100 and pUC were determined
by Phosphoimager analysis. The co-immunopre-
cipitation assays revealed that there were
10- and 30-fold decreases in the amounts of
[32P]-4XAA100 and [32P]-pUC, respectively,
bound to FLAG-SP100B in the presence of L1
(7 CpGs) (Fig. 6B). There was approximately a
10-fold decrease in the amounts of each frag-
ment that co-immunoprecipitated with FLAG-
SP100B in the presence of L2 (4 CpGs) and L3
(3 CpGs). In contrast, there was approximately
twofold less [32P]-4XAA100 and [32P]-pUC
bound to FLAG-SP100B in the presence of the
DCpG oligonucleotides (Fig. 6B). The results
indicate that CpG-containing oligonucleotides
compete efficiently with AA100 for binding to
FLAG-SP100B, whereas the DCpG oligonucleo-
tides do not, suggesting that SP100B binds pre-
ferentially to CpG containing DNA sequences.

Binding of SP100B to DNA Is Dependent
on CpG Number and Spacing

Through competition assays, SP100B was
demonstrated to associate with oligonucleotide
L1, which contains five CpGs (designated A, B,
C, D, and E) present within the 100-bp ApaL1-
AlwNI pUC13 fragment and two additional
CpGs within restriction sites introduced to
facilitate cloning (Fig. 7A). To examine through
direct binding assays whether SP100B pre-
ferentially binds to DNAs that contain CpG
dinucleotides, we compared the binding of
SP100B to [32P]-labeled double-stranded oligo-

nucleotides. Oligonucleotides used were deri-
vatives of oligonucleotide L1 that contain CpGs
at positions B and C (B7C), one CpG at position
B only (B), one CpG at position C only (C), and a
derivative of B7C in which both CpGs were
changed to ApGs (DB7C) (Fig. 7A). Control
immunoprecipitations were performed using
soluble nuclear extracts from cells transfected
with an empty FLAG-vector to establish the
amount of oligonucleotide that co-immunopre-
cipitated non-specifically. The results revealed
that SP100B bound most efficiently to oligo-
nucleotide B7C (Fig. 7B). The amounts of
oligonucleotides B and C recovered from the
immunoprecipitates were twofold above the
non-specific amount, suggesting that SP100B
binds inefficiently to target sites that contain a
single CpG. As expected, SP100B did not bind
detectably to DB7C (Fig. 7B). We conclude that
SP100B preferentially binds to sequences con-
taining more than one CpG dinucleotide.

Two simple explanations for the efficient
recovery of oligonucleotide B7C from the immu-
noprecipitates, compared to oligonucleotides B
or C, are (1) SP100B binds independently to
each CpG, thereby increasing the probability
that an oligonucleotide containing two CpGs
will be co-immunoprecipitated compared to an
oligonucleotide containing only one CpG; or
(2) SP100B binds as a homodimer or in a co-
operative fashion to two properly-spaced CpGs,
thereby increasing the stability of the complex.
If explanation (1) is correct, then increasing the
spacing between the two CpGs should have no
affect on the amount of oligonucleotide that is
recovered from the immunoprecipitate. In con-
trast, if explanation (2) is correct, then increasing
the CpG spacing beyond the span of the

Fig. 5. Binding of SP100B to sequences from the pUC13
plasmid. A: The sequence of the 100- bp ApaLI–AlwNI region
from pUC13 is shown. The ApaLI and AlwNI cleavage sites are
underlined. The boxes represent the oligonucleotides L1, L2, and
L3 that span the ApaLI–AlwNI region and were used to construct
AA100. The CpG dinucleotides are in uppercase.Thebases (bold)
below the sequence indicate changes in the sequence that were
introduced to facilitate linking of L1 to L2 and L2 to L3. B:
Schematic representation of plasmids pXK1295 and pXK1297
containing one and four head-to-tail copies of AA100 (L1, L2, and
L3 in tandem), respectively, flanked by EcoRI sites in a derivative
of pUC13. C: Plasmid pXK1295 was digested with EcoRI. The
cleaved vector and insert (AA100 plus approximately 35 flanking
base pairs introduced to facilitate cloning) were radiolabeled
with [32P]-dATP. The radiolabeled fragments (0.25 mg) were
added to soluble nuclear extracts (0.5 ml) prepared from U2OS
cells transfected witha plasmid (0.5mg) expressing FLAG-SP100B

variants. Immunoprecipitations were carried out using anti-FLAG
beads as described in Materials and Methods. The bound [32P]-
DNA was recovered from the beads in 30 ml of elution buffer. A
sample (0.80 ng) of the input (I) and a fraction (50%) of the bound
DNA (B) were electrophoresed on a 1.5% agarose gel. The
agarose gel was analyzed as described in the legend for Figure 4A.
D: Plasmid pXK1297was digested withEcoRI. The cleaved vector
and insert (4XAA100) were radiolabeled with [32P]-dATP. The
radiolabeled fragments (0.25 mg) were added to soluble nuclear
extracts (0.5 ml) prepared from U2OS cells transfected with a
plasmid (0.5 mg) expressing FLAG-SP100B variants. Immunopre-
cipitations were carried out using anti-FLAG beads as described
in Materials and Methods. The bound [32P]-DNA was recovered
from the beads in 30 ml of elution buffer. A sample (3.7 ng) of the
input and a fraction (50%) of the bound DNA were electrophor-
esed on a 1.5% agarose gel. The agarose gel was analyzed as
described in the legend for Figure 4A.
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homodimer will result in a decrease in the
stability of the complex. To distinguish between
these two possibilities, we compared the ability
of SP100B to bind to 32P-oligonucleotides con-
taining twoCpGs separated by 4 (B4C), 7 (B7C),
11 (B11C), or 20 (B20C) base pairs. The results
of the co-immunoprecipitation clearly revealed
that 32P-B11C and B20C bound less efficiently
to SP100B than B4C or B7C (Fig. 7C). The
binding observed with B11C and B20C was
equivalent to binding with oligonucleotides
containing only one CpG (data not shown).
These results indicate that spacing between
the CpGs plays an important role in the binding
efficiency of SP100B to the DNA. This result
suggests that SP100B binds properly-spaced

CpGs either as a homodimer or in a co-operative
fashion. The observation that binding of
SP100B to oligonucleotide B4Cwas slightly less
efficient than to oligonucleotide B7C, but more
efficient than binding to oligonucleotides B11C
and B20C, suggests that SP100B is somewhat
flexible with respect to CpG spacing.

CpG Methylation Suppresses Binding
of SP100B to DNA

DNAbinding bymany proteins that associate
with CpG dinucleotide-containing sequences is
blocked by methylation of the cytosine residue.
To determine if methylation of cytosine influ-
ences binding of SP100B to DNA, we compared
the abilities of unmethylated, methylated, or

Fig. 6. SP100B associates with CpG dinucleotides. A: The
sequences of oligonucleotides L1, L2, and L3 and the corre-
spondingDCpG variants that lack CpG dinucleotides are shown.
L2DCpG retained one CpG dinucleotide within a BamHI
restriction site used for cloning. B: Soluble nuclear extracts
(0.5 ml) prepared from U2OS cells transfected with a plasmid
(0.5 mg) expressing FLAG-SP100B were supplemented with a
mixture containing [32P]-DNA prepared from an EcoRI digest of

plasmid pXK1297 (0.12 pmoles) and the indicated unlabeled
competitor oligonucleotide (975 pmoles). Immunoprecipitations
were carried out using anti-FLAG beads as described in Materials
and Methods. The bound [32P]-DNA was recovered from the
pellet in 30 ml of elution buffer. A fraction (50%) of the bound
DNA was electrophoresed on a 1.5% agarose gel. The agarose
gel was analyzed as described in the legend for Figure 4A.
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Fig. 7. Binding of SP100B to DNA is dependent on CpG density
and spacing. A: Sequences of one strand of the double-stranded
oligonucleotides used as radiolabeled targets in the DNA binding
assays are shown. A, B, C, D, and E denote the CpG dinucleotides
(uppercase) present within the 100- bp ApaLI–AlwNI fragment
from pUC13. Sequences in bold show the changes made to
eliminate CpG dinucleotides. The numbers in bold indicate the
number of base pairs between two CpGs. B: Soluble nuclear
extracts (0.5 ml) prepared from U2OS cells transfected with the
3XFLAG-vector (1 mg; p3XFLAG-CMV-7.1), or a plasmid (1 mg)
encoding FLAG-SP100B were supplemented with a mixture of
the indicated [32P]-oligonucleotide (10 ng) and calf thymus DNA
(2 mg). The extracts were mixed for 1 h at 48C. Anti-FLAG beads
(60ml of a 20% slurry) were added and the mixture was incubated

for an additional hour at 48C. The beads were pelleted by
centrifugation at 2,000 rpm for 2 min and washed three times
with 1 ml of IP buffer. The beads were suspended in liquid
scintillation cocktail and the [32P]-oligonucleotides were quan-
tified by scintillation counting. Immunoprecipitations were
performed in triplicate and the error bars represent the standard
error of the mean. C: Soluble nuclear extracts (0.5 ml) prepared
from U2OS cells transfected with a plasmid (1 mg) expressing
FLAG-SP100B were supplemented with a mixture of the
indicated [32P]-oligonucleotide (10 ng) and calf thymus DNA
(2 mg). Subsequent steps were conducted as described in the
legend for panel B. Immunoprecipitations were performed in
triplicate and the error bars represent the standard error of the
mean.
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hemi-methylated versions of oligonucleotide
B7C to compete with unmethylated [32P]-B7C
for binding to SP100B. The cytosines at posi-
tions B and C on both strands (1, 2, 3, and
4—Fig. 8A) were replaced with 5 mC in
methylated B7C. Hemi-methylated versions of
B7C were synthesized in which the cytosines at
position 1 and 2 or 3 and 4 were replaced with
5 mC (Fig. 8A). The co-immunoprecipitation
results (Fig. 8B) indicated thatmethylated B7C
did not compete efficiently with [32P]-B7C for
binding to SP100B. The hemi-methylated ver-
sions of B7C competed with [32P]-B7C for
binding to SP100B, but not as efficiently as

unmethylated B7C. From these results, we
conclude that methylation of the cytosines in
the context of the CpG dinucleotide inhibits
binding of SP100B.

We propose that the inability of SP100B to
bind methylated CpGs provides one explana-
tion for our observation in Figure 3 that calf
thymus DNA does not compete with plasmid
DNA for binding to SP100B. Approximately
70–80% of the CpGs in calf thymus DNA are
methylated [Gruenbaumetal., 1981] and,hence,
these sites are inaccessible for binding by
SP100B. In contrast, the CpGs within plasmid
DNA isolated from E.coli are unmethylated,

Fig. 8. Binding of SP100B to DNA is inhibited by CpG
methylation. A: The sequence of the oligonucleotide B7C is
shown. The numbers above and below the sequence indicate the
positions where the cytosines were replaced with 5 mC. Double-
stranded methylated oligonucleotide B7C was prepared by
annealing complementary oligonucleotides synthesized with 5
mC at positions 1, 2, 3, and 4. Double-stranded hemimethylated
oligonucleotides were prepared by annealing an oligonucleotide
with 5 mC at positions 1 and 2 or positions 3 and 4 with the
complementary, unmethylated oligonucleotide. B: Soluble

nuclear extracts (0.5 ml) prepared from U2OS cells transfected
with a plasmid (0.5 mg) expressing FLAG-SP100B were supple-
mented with a mixture containing unmethylated double-
stranded [32P]-B7C (10 ng, 0.32 pmoles) and calf thymus DNA
(2 mg). Where indicated, the DNA mixture also contained 6 mg
(200 pmoles) of unlabeled double-stranded B7C methylated at
the indicated positions. Subsequent steps were conducted as
described in the legend for Figure 7B. Immunoprecipitations
were performed in triplicate and the error bars represent the
standard error of the mean.
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serving as potential binding sites for SP100B.
However, there maybe additional factors
involved, beside the methylation of CpGs that
prevents binding of SP100B to calf thymus
DNA.

DISCUSSION

We have previously demonstrated that
SP100B represses the expression of genes
associated with transfected plasmid DNA in a
SAND domain-dependent manner [Wilcox
et al., 2005]. The goal of the current study was
to determine if full-length SP100B expressed in
mammalian cells associates with DNA in a
SAND domain-dependent manner and if so, to
identify the SP100B target sequence within the
DNA. Although it has been shown that the
SAND domain is sufficient for DNA binding
[Bottomley et al., 2001], it has also been
proposed that other SP100B domains can
recruit SP100B to DNA in the absence of the
SAND domain. Specifically, Lehming et al.
[1998] proposed that an SP100B variant (aa
5–528) that lacks theSANDdomain is recruited
to DNA through an interaction with DNA-
bound HMG2 and further suggested that HP1
is recruited to this complex through an interac-
tion with SP100B. Our results demonstrate
that SP100B binds DNA in a SAND-domain-
dependentmanner and, thus, donot support the
proposal by Lehming et al. In particular, our
observation that SP100BD594-688 does not
bind DNA when tested in the context of a
nuclear extract reveals that the HMG2 and
HP1 interaction domains are not sufficient to
recruit SP100B to DNA. Furthermore, our data
reveal that neither the HMG2 nor HP1 interac-
tion domains inSP100B contribute to the ability
of SP100B to bind DNA within the context of
these assays.
The evidence presented here reveals that

SP100B binds preferentially to sequences in
double-stranded DNA that contain CpGs. To
determine if SP100B exhibits any preference for
sequences flanking CpGs, binding assays were
conducted with oligonucleotides containing a
single CpG at positions A, B, C, or D (Fig. 7 and
data not shown). Less than a twofold difference
was observed in the amount of each oligonucleo-
tide bound by SP100B. These results indicate
that SP100B binds with similar affinity to
CpGs with different flanking sequences. How-
ever, the amounts boundwere less than twofold

above background levels and, thus, the assays
were not sufficiently sensitive to quantify the
preference of SP100B for sequences flanking
CpGs.

There are at least three models that fit our
observations that SP100B, in a SAND domain-
dependentmanner, bound oligonucleotides con-
taining two CpGs separated by seven base pairs
more efficiently than oligonucleotides contain-
ing a single CpG or oligonucleotides containing
CpGs separated by 4, 11, or 20 base pairs. These
models are: (1) the SP100:DNA complex is more
stable when SP100B binds as amonomer to two
properly spaced CpGs than to a single CpG, (2)
the SP100B:DNA complex is more stable when
SP100B binds as a homodimer to a pair of
properly-spaced CpGs than to a single CpG, or
(3) SP100B binds weakly to DNA as a monomer
that recognizes a single CpG and interacts with
co-factors that bridge monomers of SP100B to
form a stable complex. Model 1 is not consistent
with the proposal that the single KDWK motif
within the SAND domain provides the primary
surface for recognition of the DNA structure
[Bottomley et al., 2001]. This model is also not
consistent with our data that mutation of two
amino acids within the KNWK sequence of the
SAND domain abrogates DNA binding. The
second model is supported by the observation
that SP100A forms homodimers through a
dimerization domain mapped within residues
33–149 [Sternsdorf et al., 1999] that are
identical in SP100B. Furthermore, a dimeriza-
tion domain in SP100B was mapped within
residues 1–189 by yeast two hybrid analysis
[Lehming et al., 1998]. Though, the dimeriza-
tion domain is not required for DNA binding,
given that the SAND domain independently
binds DNA [Bottomley et al., 2001], the possi-
bility that homodimerization contributes to
increased stability of the SP100B:DNA com-
plexes remains to be tested. The third model is
potentially the most interesting. Our data do
not support an essential role for HMG2 or HP1
as stabilizing co-factors. However, because our
assays were conducted in the context of soluble
nuclear extracts, there are numerous other
proteins that could have contributed to the
stability of the SP100B:DNA complexes that we
observed. SP100B has been reported to localize
to discrete bodies within the nucleus [Guldner
et al., 1999]. We speculate that other proteins
within these nuclear bodies stabilize the
SP100B:DNA complexes.
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The DNA binding properties of SP100B
closely resemble those of most other SAND
domain proteins in that these proteins bind
bipartite CpG-containing sequences and the
DNA binding activity requires the KDWKmotif
[Huggenvik et al., 1998; Michelson et al., 1999;
Bottomley et al., 2001]. Homodimers or hetero-
dimers of the glucocorticoid modulatory ele-
ment binding proteins GMEB1 and GMEB2
bind to two variably-spaced half sites, favoring
an ACGPy element at one site and a PuCGPy
sequence at the other half site [Burnett et al.,
2001]. The GMEB proteins associate with other
CpG-containing sequences with lower effi-
ciency. DEAF binds to TTCG nucleotide
sequences in the drosophila deformed response
element [Gross and McGinnis, 1996]. NUDR,
the human ortholog of DEAF-1, forms dimers
that associate with a direct repeat of TTC
(G/C)GG within the heterogeneous nuclear
ribonucleoprotein (hnRNP) A2/B1 promoter
[Michelson et al., 1999]. AIRE is a SAND
domain protein that does not share these
features. AIRE binds tandem repeats of
ATTGGTTA or TTATTA. In addition, the AIRE
SAND domain does not contain the KNWK/
KDWKmotif, which may explain the difference
in its target specificity [Kumar et al., 2001;
Purohit et al., 2005].

Methylation of cytosine residues in the
context of the CpG dinucleotide is a common
DNAmodification that occurs in the vertebrate
genome. In this report, we have demonstrated
that methylation of the cytosine residue in the
context of the CpG dinucleotide inhibits bind-
ing of SP100B to DNA, suggesting that binding
of SP100B to its target sequence is regulated
via CpG methylation. DNA methylation reg-
ulates the ability of certain DNA binding
proteins to bind to their target sequences.
For instance, transcription factors such as
E2F and cAMP-responsive element-binding
protein (CREB) do not bind DNA when the
CpG in their recognition sequence is methy-
lated [Iguchi-Ariga and Schaffner, 1989;
Campanero et al., 2000]. On the other hand,
proteins such as MeCP1, MeCP2, and methyl
binding domain proteins MBD1, MBD2,
MBD3, and MBD4 specifically associate with
methylated CpGs [Meehan et al., 1989; Lewis
et al., 1992; Hendrich and Bird, 1998]. In
contrast to the above mentioned CpGmethyla-
tion sensitive proteins, there are proteins that
are indifferent to the methylation status of

CpG dinucleotides within their target sequ-
ence. These include the transcription factors
SP1 and CTF [Harrington et al., 1988; Holler
et al., 1988; Ben-Hattar et al., 1989] and an
alternatively spliced form of MBD1 (MBDIvI)
[Fujita et al., 1999]. Association of these
proteins with their target sequence is not
regulated by CpG methylation.

We propose that the specificity of SP100B
DNA binding and repression is regulated by
two mechanisms. First, SP100B specificity for
unmethylated CpG dinucleotide-containing
sequences contributes to the identification of
DNAs that SP100B will target for repression.
SP100B non-specifically represses the expres-
sion from a number of viral and cellular
promoters that are associated with transfected
plasmid DNA [Wilcox et al., 2005]. Preliminary
data from our lab suggests that SP100B also re-
presses the expression of nuclear DNA viruses
such as HSV1 and adenovirus 5 (data not
shown). Plasmid DNA isolated from E.coli and
certain viral DNAs (HSV-1 and adenovirus 5)
are hypomethylated [Lundberg et al., 2003],
and thus, are potential targets for SP100B
binding. We hypothesize that the observed
SP100B-mediated repression of transfected
plasmid DNA and viral DNA is a consequence
of SP100B binding to unmethylated CpG dinu-
cleotides present within these DNAs.

There are approximately 30,000 CpG
islands in the promoters for housekeeping
genes in the human genome [Antequera
and Bird, 1993; Antequera, 2003]. In actively
transcribed genes, these CpG islands are
unmethylated [Caiafa and Zampieri, 2005],
serving as potential binding sites for SP100B.
However, our observation that cells that over-
express SP100B do not exhibit any defects in
cell proliferation suggests that SP100B does
not function as a global repressor of house-
keeping genes (data not shown). We hypothe-
size that a second feature of SP100B that
contributes to its selective repression is the
localization of SP100B within discrete nuclear
domains [Guldner et al., 1999], thereby limit-
ing the access of SP100B to cellular DNAs.
DNA viruses have been reported to initiate
gene expression and replication from input
DNA that localizes adjacent to discrete nuclear
structures [Everett, 2001]. We are currently
investigating the possibility that SP100B co-
localizes with viral DNA during an active
infection.
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