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Ligand screening was utilized to isolate a human cDNA that encodes a novel CpG binding protein, human
CpG binding protein (hCGBP). This factor contains three cysteine-rich domains, two of which exhibit homol-
ogy to the plant homeodomain finger domain. A third cysteine-rich domain conforms to the CXXC motif
identified in DNA methyltransferase, human trithorax, and methyl-CpG binding domain protein 1. A fragment
of hCGBP that contains the CXXC domain binds to an oligonucleotide probe containing a single CpG site, and
this complex is disrupted by distinct oligonucleotide competitors that also contain a CpG motif(s). However,
hCGBP fails to bind oligonucleotides in which the CpG motif is either mutated or methylated, and it does not
bind to single-stranded DNA or RNA probes. Furthermore, the introduction of a CpG dinucleotide into an
unrelated oligonucleotide sequence is sufficient to produce a binding site for hCGBP. Native hCGBP is detected
as an 88-kDa protein by Western analysis and is ubiquitously expressed. The DNA-binding activity of native
hCGBP is apparent in electrophoretic mobility shift assays, and hCGBP trans-activates promoters that contain
CpG motifs but not promoters in which the CpG is ablated. These data indicate that hCGBP is a transcrip-
tional activator that recognizes unmethylated CpG dinucleotides, suggesting a role in modulating the expres-
sion of genes located within CpG islands.

The human genome contains approximately 45,000 CpG
islands, which are discrete clusters of unmethylated CpG
dinucleotides (3, 33). More than half of the characterized hu-
man gene promoters are associated with these CpG islands,
including many housekeeping genes as well as some tissue-
specific genes (3, 17, 24, 25, 30). The contribution of CpG
islands to the modulation of gene expression has been attrib-
uted in part to the presence of multiple binding sites for tran-
scription factors such as Sp1 (11, 34, 44, 52) as well as an open
chromatin configuration (4, 53). Despite containing CpG
dinucleotides, the target of DNA methyltransferase, most CpG
islands remain unmethylated (33). Only a small proportion of
CpG islands, such as those associated with genes on the inac-
tive X chromosome and some parentally imprinted genes, are
methylated during development (21, 46, 53). It is unclear how
CpG islands maintain an unmethylated state despite their open
chromatin configuration and free access to DNA methyltrans-
ferase. Demethylase (10), Sp1-like cis elements (48), p21WAF1

(5, 13), and histone H1 (56, 57) have been proposed to either
remove methyl groups from 5-methylcytosine residues in DNA
or protect genomic DNA from methylation.

The cysteine-rich CXXC domain is highly conserved among
a small group of proteins, including DNA methyltransferase
(9), human trithorax (HRX) (also known as MLL or ALL-1)
(19, 27, 32, 45, 55, 58), and methyl-CpG binding domain pro-
tein 1 (MBD1/PCM1) (16, 28). The CXXC domain binds zinc
and lies within the N-terminal regulatory half of DNA meth-

yltransferase. Removal of the N-terminal domain results in the
promiscuous methylation of unmethylated CpG substrates,
suggesting that this domain distinguishes between unmethyl-
ated and hemimethylated DNA (8). However, the contribution
of the CXXC domain to DNA recognition has not been estab-
lished. The CXXC domain and flanking basic region of HRX
binds to salmon sperm DNA and poly(dI-dC), suggesting that
the CXXC domain binds DNA without a pronounced se-
quence specificity (51). The CXXC domain in HRX has also
been shown to repress transcription of a reporter gene when
expressed as a GAL4 fusion protein (45). Isoforms of MBD1
contain up to three copies of the CXXC domain (23). How-
ever, the CXXC domains are not required for binding to oli-
gonucleotides containing CpG motifs, and the function of
these domains in MBD1 is not known (16). MBD1 isoforms
containing all three CXXC domains suppress both methylated
and unmethylated promoters (23).

HRX additionally contains multiple copies of a cysteine-rich
domain that conforms to the plant homeodomain (PHD) fin-
ger domain, a zinc finger-like structure spanning 50 to 80
amino acids that is characterized by a unique arrangement of
histidine and cysteine residues (Cys4-His-Cys3). The function
of PHD fingers has not been established, but they have been
postulated to mediate protein-protein or protein-DNA inter-
actions (1). This domain has been identified in over 40 pro-
teins, many of which are transcriptional regulators implicated
in the modulation of chromatin structure (1).

Here we describe a new member of the family of CpG
binding proteins, denoted human CpG binding protein
(hCGBP). The deduced amino acid sequence of the full-length
hCGBP cDNA reveals two PHD finger-like domains and a
CXXC domain. A histidine-tagged hCGBP fusion protein con-
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taining the CXXC domain bound to an oligonucleotide con-
taining a single unmethylated CpG dinucleotide but failed to
bind to the probe following methylation of the CpG motif. The
full-length hCGBP cDNA trans-activated promoters contain-
ing CpG motifs when cotransfected into cell lines. Hence,
hCGBP is a transcriptional activator that recognizes unmeth-
ylated CpG motifs and therefore likely plays a role in the
regulation of CpG-rich promoters.

MATERIALS AND METHODS

Oligonucleotides. The following complementary oligonucleotides were synthe-
sized on an Applied Biosystems model 394 synthesizer (mutated nucleotides are
underlined): CpG-neg (bp 230 to 268 of the human gp91phox promoter) (50),
59-CTATGCTTCTTCTTCCAATGAGGAAATGAAAACAGCAG-39; CpG-pos
(similar to CpG-neg, except that the CCAAT box is mutated to CCGGT) (20),
59-CTATGCTTCTTCTTCCGGTGAGGAAATGAAAACAGCAG-39; CGD
(similar to CpG-neg, except that it contains two mutations, at bp 255 and 257,
that were identified in chronic granulomatous disease patients [40]), 59-CTAT
GCTTCTTCTTCCAATGAGGAGAGGAAAACAGCAG-39; Ets (a high-affin-
ity binding site that was selected from a pool of degenerate oligonucleotides by
using partially purified Fli-1 protein [K.S.V., unpublished data]), 59-GTGGAG
ACCGGAAGTGGGTGGG-39; C3T (mutated Ets oligonucleotide), 59-GTGG
AGACTGGAAGTGGGTGGG-39; G3A (mutated Ets oligonucleotide), 59-G
TGGAGACCAGAAGTGGGTGGG-39; CG11 (contains 11 CpG motifs), 59-G
ATCCGAGCGGTAGCGGTTCGGTACCGGTTTCGAATCCGGGCGGTGC
GAATAGACCGGTTGCGGTG-39; NF-kB (consensus binding site for NF-kB),
59-GTAGTTGAGGGGACTTTCCCAGGC-39; NF-kB-CG (NF-kB oligonucle-
otide mutated to contain a single CpG motif), 59-GTAGTTGAGCGGACTTT
CCCAGGC-39; and NF-kB-GC (mutated to produce a GpC motif), 59-GTAG
TTGAGGGGCCTTTCCCAGGC-39. An RNA version of the CpG-pos
oligonucleotide (upper strand) was obtained from Dharmacon Research, Inc.
(Boulder, Colo.).

Isolation of a novel DNA-binding protein. A dimethyl sulfoxide-treated HL60
myeloid cell cDNA library was ligand screened by an in situ filter-binding tech-
nique (14, 49) as follows. Phages were plated at a density of 5 3 104 per
150-mm-diameter plate. Nitrocellulose filters saturated with 10 mM isopropyl-
b-D-thiogalactoside (IPTG) were placed on the plates, which were subsequently
incubated for 5 h at 37°C. Duplicate filters were incubated for 10 h at 37°C. The
filters were washed for 10 min in a buffer containing 50 mM NaCl, 10 mM
Tris-HCl (pH 7.5), 1 mM EDTA, 1 mM dithiothreitol (DTT), and 0.05% lauryl
dimethylamide oxide (LDAO). The filters were then blocked overnight at 4°C in
blocking buffer (2.5% dried milk, 25 mM HEPES [pH 8.0], 1 mM DTT, 10%
glycerol, 50 mM NaCl, 0.05% LDAO, and 1 mM EGTA) prior to being washed
briefly in TNE-50 (10 mM Tris-HCl [pH 7.5], 50 mM NaCl, 1 mM EGTA, 1 mM
DTT). Probes were prepared by phosphorylating double-stranded oligonucleo-
tides, batch ligating them to generate concatenated oligonucleotides (an average
of nine copies), and radioactively labeling them by primer extension, using a
sequence-specific primer. For ligand screening, filters were incubated in TNE-50
containing concatenated DNA binding site probe at 0.5 3 106 to 1 3 106 cpm/ml
and 10 mg of double-stranded herring sperm DNA/ml as a nonspecific compet-
itor. After an incubation of 14 to 16 h at 4°C, the filters were washed three times
with cold TNE-50. They were subsequently blotted dry and exposed to X-ray film
at 270°C overnight. Primary screenings were performed with concatenated
CpG-pos as a probe. Plaques that were positive on duplicate filters were re-

screened with both the CpG-pos probe (to confirm DNA-binding activity) and
the concatenated CGD oligonucleotide probe (to check for binding specificity).
To purify clones that encode sequence-specific DNA-binding factors, four
rounds of sequential screening were performed as described above.

Clones of interest were released from the lambda vector by EcoRI digestion
and subcloned into pUC19 (New England Biolabs, Beverly, Mass.). The nucle-
otide sequence of each cDNA was determined by using an Applied Biosystems
automated DNA sequencer (DNA sequencing facility, Iowa State University,
Ames).

Production of fusion proteins and generation of antiserum. Ligand screening
resulted in isolation of a 720-bp cDNA encoding a novel DNA-binding activity
(hCGBP). To obtain bacterially expressed hCGBP, the 720-bp cDNA fragment
was subcloned into both the glutathione S-transferase (GST) fusion plasmid
pGEX-5X-1 (Amersham Pharmacia Biotech, Piscataway, N.J.) and the histidine-
tagged plasmid pET32a (Novagen, Madison, Wis.). The GST fusion plasmid was
introduced into Escherichia coli DH5a, while the histidine-tagged construct was
introduced into E. coli BL21(DE3). In addition, a truncated version of histidine-
tagged hCGBP (546 bp) was produced by removal of 174 bp from the 39 end of
the original hCGBP cDNA fragment by digestion with BamHI. Cells were grown
at 37°C to an optical density at 600 nm of 1.0. IPTG was added to 0.1 mM, and
cells were incubated for an additional 4 to 6 h. The cells were harvested and
resuspended in 50 ml of ice-cold phosphate-buffered saline per ml of culture.
GST-hCGBP fusion protein was affinity purified, using glutathione-Sepharose
and reduced glutathione in accordance with the protocol provided by Amersham
Pharmacia Biotech. The histidine-tagged hCGBP fusion protein was affinity
purified by the His-Trap purification protocol (Amersham Pharmacia Biotech).

Chickens and New Zealand White rabbits were immunized with the 720-bp
GST-hCGBP fusion protein by Covance, Inc. (Denver, Pa.) and HRP, Inc.
(Denver, Pa.), respectively. Sodium dodecyl sulfate (SDS)-denatured histidine-
tagged hCGBP fusion protein was used in Western blot analysis to determine the
serum antibody titer. Western blot analysis was performed following electro-
phoresis of fusion protein on SDS-Tris-glycine–4 to 12% polyacrylamide gels
(Novex, San Diego, Calif.). Proteins were transferred to nitrocellulose mem-
branes (MSI, Westborough, Mass.), immunoblotted with a 1:3,000 dilution of
rabbit hCGBP polyclonal antibody, and detected by enhanced chemilumines-
cence (ECL; Amersham Pharmacia Biotech) in accordance with the manufac-
turer’s instructions.

In vitro DNA-binding assays. Crude nuclear extract was isolated from a 100-
liter culture of the human chronic myelogenous leukemia cell line K562 grown at
the Cell Culture Center (Minneapolis, Minn.), using the method of Dignam et al.
(18). Crude nuclear extract was adsorbed to a heparin-Sepharose column in
buffer D (20 mM HEPES [pH 7.9], 20% glycerol, 0.1 M KCl, 0.2 mM EDTA, 0.5
mM DTT, 0.5 mM phenylmethylsulfonyl fluoride, and 5 mg of aprotinin/ml) (39).
Proteins were eluted with a gradient of increasing KCl concentration in buffer D.
The peak hCGBP fractions (eluting at 0.24 to 0.35 M KCl) were pooled and then
concentrated with a Centriprep 50 concentrator (Amicon, Beverly, Mass.).

Oligonucleotide probes were radiolabeled by T4 polynucleotide kinase, using
[g-32P]ATP (Amersham Pharmacia Biotech), and then annealed with an
equimolar amount of complementary-strand oligonucleotide. Methylation of the
oligonucleotide probes was accomplished by incubating them with SssI methylase
and S-adenosylmethionine as recommended by the manufacturer (New England
Biolabs). Radiolabeled probes were resolved by 10% native polyacrylamide gel
electrophoresis and eluted by the crush-and-soak method (47).

Electrophoretic mobility shift assays (EMSAs) were performed as described
previously (50) with slight modifications. Briefly, 0.05 to 0.5 mg of histidine-
tagged hCGBP fusion protein (720-bp cDNA) or 3 mg of heparin-fractionated

FIG. 1. Isolation by ligand screening of cDNA clones that encode DNA-binding factors. Phages derived from an HL60 lgt11 expression library were induced to
express fusion proteins and incubated with CpG-pos (20) or CGD oligonucleotide probe (40) as described in Materials and Methods. Shown are a representative phage
clone that encodes a non-sequence-specific DNA-binding activity (top) and a representative phage clone that exhibits sequence-specific DNA-binding activity (bottom).
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FIG. 2. The histidine-tagged fusion protein exhibits sequence-specific DNA-
binding activity. (A) Binding specificity of the histidine-tagged fusion protein.
EMSA was performed as described in Materials and Methods, using purified
histidine-tagged fusion protein (720-bp cDNA fragment) and the CpG-pos
probe. Competitor oligonucleotides were added as indicated. Lane 1, vector
alone; lanes 2 to 7, addition of histidine-tagged fusion protein (lane 2, no
competitor; lane 3, homologous competitor; lane 4, CpG-neg competitor [40];
lane 5, Ets oligonucleotide competitor (which contains a CpG motif); lane 6,
mutated Ets oligonucleotide competitor in which the cytosine of the CpG motif
is mutated to a thymine [C3T]; lane 7, same as lane 6, except the guanine of the
CpG motif is mutated to adenine [G3A]). (B) Introduction of a CpG motif into
an unrelated oligonucleotide is sufficient to produce a binding site for the histi-
dine-tagged fusion protein. EMSA was performed as described for panel A. (Left
panel) Lane 1, CpG-pos probe; lane 2, NF-kB probe; lane 3, NF-kB–CG probe;
lane 4, NF-kB–GC probe. (Right panel) Competitor oligonucleotides (1,600- or
800-fold molar excess) were added to samples containing the CpG-pos probe.
Lanes 1 and 6, no competitor; lanes 2 and 7, homologous competitor; lane 3,
NF-kB competitor; lanes 4 and 8, NF-kB–CG competitor; lane 5, NF-kB–GC
competitor. (C) The histidine-tagged fusion protein fails to interact with single-
stranded nucleic acids. EMSA was performed as described for panel A. (Left
panel) Lane 1, double-stranded CpG-pos probe; lane 2, single-stranded CpG-pos
probe (upper strand); lane 3, single-stranded CpG-pos probe (lower strand); lane
4, RNA CpG-pos probe (upper strand). (Right panel) EMSA was performed
with the CpG-pos probe and the following oligonucleotide competitors: lane 1,
no competitor; lane 2, homologous competitor; lane 3, single-stranded CpG-pos
(upper strand); lane 4, single-stranded CpG-pos (lower strand); and lane 5, RNA
CpG-pos (upper strand). (D) A truncated histidine-tagged fusion protein retains
DNA-binding activity. EMSA was performed with the CpG-pos probe, the trun-
cated histidine-tagged fusion protein encoded by the 546-bp hCGBP cDNA
fragment, and a 2,500-fold molar excess of double-stranded competitor where
indicated. Lane 1, peptide encoded by the 720-bp cDNA; lanes 2 to 6, peptide
encoded by the 546-bp cDNA [lane 2, no competitor; lane 3, homologous com-
petitor; lane 4, CpG-neg competitor; lane 5, competition with poly(dI-dC); lane
6, CG11 competitor, which contains 11 CpG motifs]. Arrows indicate positions of
retarded EMSA complexes.
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nuclear extract derived from K562 cells was incubated with 0.25 mg of herring
sperm DNA or 2 mg of poly(dA-dT), respectively, on ice for 15 min in a 40-ml
reaction volume prior to the addition of competitor oligonucleotides. After an
additional 30-min incubation on ice, 104 cpm of oligonucleotide probe was added
to the reaction and the mixture was incubated for 30 min on ice. Chicken
antiserum raised against hCGBP was added in some experiments after the probe
incubation, and samples were incubated on ice for an additional 1 h. Immu-
nodepletion of antiserum was performed by incubating the antiserum with an
affinity resin prepared by incubating histidine-tagged hCGBP protein with His-
Trap beads (Amersham Pharmacia Biotech). The affinity resin and bound im-
munoglobulins were pelleted by centrifugation, and the supernatant was used in
EMSAs. EMSA samples were loaded onto 0.53 Tris-borate-EDTA–3.5 to 5%
nondenaturing polyacrylamide gels, and electrophoresis was performed at 230 V
and 4°C for 2.5 h.

DNase I footprinting assays were performed essentially as described previously
(50), except that poly(dA-dT) was used as a nonspecific competitor and samples
were incubated with DNase I for 90 s. A G1A sequence ladder was generated by
incubating the probe with acidic loading dye (98% formamide, 20 mM Tris
acetate, pH 6.0) at 95°C for 2 h as previously described (54).

Southern and Northern blot analyses. Genomic DNA was isolated from the
human cell line K562 as previously described (37). Twenty micrograms of
genomic DNA was digested with the appropriate restriction enzyme, fraction-
ated by agarose gel electrophoresis, and transferred to a nitrocellulose mem-
brane as described elsewhere (12). The blot was hybridized in a solution con-
taining 53 SSPE (13 SSPE is 0.18 M NaCl, 10 mM NaH2PO4, and 1 mM EDTA
[pH 7.7]), 103 Denhardt’s solution, 2% SDS, 50% formamide, and 100 mg of
denatured herring testis DNA/ml and probed with randomly primed 720-bp
hCGBP cDNA. The blots were subsequently washed with 23 SSC (13 SSC is
0.15 M NaCl plus 0.015 M sodium citrate)–0.05% SDS for 30 min at room
temperature and then with 0.13 SSC–0.1% SDS for 40 min at 50°C, and auto-
radiography was performed.

Human tissue mRNA blots were purchased from Clontech (Palo Alto, Calif.).
Northern blots were probed with the 720-bp hCGBP cDNA fragment or actin
cDNA (to determine RNA loading and integrity) for 18 h at 42°C. The blots were
hybridized and washed as described above for Southern analysis.

Construction of plasmids. The 720-bp hCGBP cDNA clone was used as a
probe to screen an HL60 lgt11 library, and a 2.2-kb cDNA clone was obtained.
A database search revealed an expressed sequence tag (EST) clone (AA325016)
that extended further upstream. Together, the 2.2-kb cDNA clone and the EST
clone constitute a full-length hCGBP cDNA, and the nucleotide sequence of

both strands was determined by the dideoxy chain termination method with an
Amplicycle sequencing kit (Perkin-Elmer, Branchburg, N.J.) and a-33P-labeled de-
oxynucleoside triphosphates in accordance with the manufacturer’s protocol. A
full-length hCGBP open reading frame (ORF) was constructed by ligating the 59 end
of the EST clone to the 39 end of the 2.2-kb cDNA clone (at a StuI site) and
subcloning the resulting construct into Bluescript vector (Stratagene, La Jolla, Calif.)
digested with EcoRI. Expression constructs were generated by transferring this
hCGBP cDNA clone into XhoI- and XbaI-digested pcDNA3.1(1) (Invitrogen,
Carlsbad, Calif.). The cytomegalovirus (CMV)-luciferase reporter construct was
generated by subcloning the CMV promoter-enhancer into HindIII- and BamHI-
digested luciferase reporter gene vector pXP2 (41). The CMV–b-galactosidase (b-
gal) reporter construct was a generous gift of Yu Chung Yang (Indiana University,
Indianapolis). Dimer CpG-pos–luciferase and dimer CpG-neg–luciferase reporter
constructs were generated by subcloning two copies of the CpG-pos or CpG-neg
oligonucleotide into a minimal TATA box-pXP2 luciferase vector (the TATA vector
was a generous gift of Ellis Neufeld, Harvard University School of Medicine, Boston,
MA) digested with HindIII and BamHI. Plasmids were purified by using a Maxiprep
kit (Promega, Inc., Madison, Wis.) followed by ultracentrifugation in a cesium
chloride gradient and were then transfected into human erythroleukemia (HEL)
cells by electroporation.

Cell culture and transfection. The human chronic myelogenous leukemia cell
line K562, human erythroleukemia cell line HEL, and the human cervical car-
cinoma epithelial cell line HeLa were obtained from the American Type Culture
Collection (Manassas, Va.). HeLa cells were cultured in Dulbecco’s modified
Eagle’s medium and K562 and HEL cells were cultured in RMPI 1640 medium
at 37°C and 5% CO2. Both media were supplemented with 10% fetal bovine
serum (Sigma Chemical Co., St. Louis, Mo.), 50 Units of penicillin/ml, 50 mg of
streptomycin/ml, and 0.2 mM glutamine (GIBCO-BRL, Gaithersburg, Md.).

Cotransfection assays for HEL cells were performed by resuspending 107 cells
in 350 ml of culture medium and electroporating them in the presence of 25 mg
of plasmid DNA (5 mg of reporter plasmid and 20 mg of expression vector) at 960
mF and 220 V in 4-mm-path-length cuvettes with a Bio-Rad Gene Pulser. Elec-
troporated cells were transferred to 100-mm-diameter tissue culture dishes, each
containing 12 ml of prewarmed medium, which were subsequently incubated at
37°C in an atmosphere of 5% CO2. After incubation for 15 h, the cells were
washed with phosphate-buffered saline. Cell pellets were resuspended in either
150 ml of lysis buffer (Promega, Inc.), for luciferase and b-gal assays, or nuclear
extraction buffer, for preparation of a mini-nuclear extract as described by An-
drews and Faller (2). Transfection of K562 cells was performed as described
above except that 50 mg of expression vector was used. For HeLa cell transfec-

FIG. 2—Continued.
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FIG. 3. DNase I footprinting analysis of the histidine-tagged fusion protein binding site. (A) DNase I footprinting was performed as described in Materials and
Methods, using the CpG-pos or CpG-neg oligonucleotide as a probe and 5 mg of either the histidine-tagged hCGBP fusion protein (720-bp cDNA fragment) or the
histidine tag (189 aa) alone. Sequence of the region containing the CpG motif is indicated. Shaded bars denote footprinted regions. (B) Schematic representation of
the hCGBP footprint produced on the CpG-pos sequence.
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tions, 6 3 106 cells were suspended in 570 ml of culture medium and electropo-
rated in the presence of 25 to 30 mg of plasmid DNA (10 mg of TATA box-
luciferase reporter plasmid or 5 mg of CMV-luciferase reporter plasmid, and 20
mg of expression vector) at 960 mF and 250 V. After a 15-h incubation, the cells
were harvested and total cellular protein was isolated as described above. Mul-
tiple preparations of each plasmid construct were examined in cotransfection
assays, and multiple experiments were performed with each plasmid preparation.

In vitro transcription and translation. The cDNA for hCGBP (in Bluescript
vector) was transcribed and translated in vitro, using a rabbit reticulocyte lysate
assay and 1 mg of the plasmid DNA, in accordance with the manufacturer’s
instructions (Promega, Inc.). Five microliters of each reaction mixture was re-
solved by SDS–5 to 12% polyacrylamide gel electrophoresis, and the gels were
fixed, soaked in Amplify enhancer (Amersham Pharmacia Biotech), dried, and
then exposed to X-ray film overnight.

Nucleotide sequence extension number. The hCGNP cDNA sequence has
been deposited in the GenBank database (accession no. AF149758).

RESULTS

Isolation of a novel DNA-binding factor. We previously
demonstrated the binding of a hematopoiesis-associated factor

(HAF-1) to the bp 268 to bp 230 bp region of the gp91phox

promoter (20), which is active in mature myeloid cells. During
the course of efforts to further characterize HAF-1, we ligand
screened an HL60 lgt11 cDNA library with a concatenated
version of the bp 268 to bp 230 gp91phox gene promoter. The
concatenated oligonucleotide (CpG-pos) carries a mutation of
an inverted CCAAT box found in the gp91phox promoter
(changed to CCGGT) to eliminate interaction with CCAAT-
box-binding factors. Importantly, this mutation also introduces
a CpG motif into the oligonucleotide.

Ligand screening of 2 3 106 plaques yielded nine novel
sequence-specific DNA-binding clones that bound to the CpG-
pos probe but not to a mutated version of the probe (CGD)
containing two mutations identified in chronic granulomatous
disease patients and lacking a CpG motif (Fig. 1). The nine
novel clones contain a novel 720-bp cDNA insert (see below),
which is the subject of this report.

The novel DNA-binding protein requires a CpG dinucle-
otide for binding. To further examine the DNA-binding prop-
erties of the 720-bp cDNA clone, a histidine-tagged fusion
protein was isolated and EMSA was performed with the CpG-
pos oligonucleotide probe. No DNA-protein complex was de-
tected with the affinity-purified histidine tag (189 amino acids)
alone (Fig. 2A, lane 1). The histidine-tagged fusion protein
bound to the CpG-pos probe and formed two complexes (lane
2). The predominant, faster-migrating EMSA complex was
efficiently disrupted by a molar excess of unlabeled CpG-pos
oligonucleotide (lane 3) but not by the wild-type bp 268 to bp
230 gp91phox promoter oligonucleotide (CpG-neg) that lacks
the CpG motif (lane 4). Hence, this factor does not interact
with the wild-type gp91phox promoter element. A consensus
binding site for the Ets family of DNA-binding factors, which
also contains a CpG motif, efficiently disrupted the EMSA
complex (lane 5). However, mutation of either nucleotide of
the CpG motif within the Ets oligonucleotide competitor abol-
ished binding affinity (lanes 6 and 7). In a separate experiment
using more fusion protein and larger molar excess of unlabeled
competitor, the slower-migrating complex was also disrupted
by CpG-pos and Ets oligonucleotides but not by oligonucleo-
tides lacking the CpG motif (data not shown). We conclude
that the novel DNA-binding factor requires a CpG motif for
efficient binding and hereafter refer to this factor as human
CpG binding protein (hCGBP).

Additional studies were performed to assess whether a CpG
motif is sufficient to provide a binding site for the novel fusion
protein. A single-base-pair mutation that creates a CpG motif
was introduced into a consensus binding site for NF-kB. The
wild-type NF-kB oligonucleotide failed to serve as a binding
site for the fusion protein, as it failed to produce a retarded
complex in EMSA when used as a probe (Fig. 2B, left panel,
lane 2) and also failed to disrupt the complex formed with the
CpG-pos probe when used as a competitor (Fig. 2B, right
panel, lane 3). Importantly, introduction of a CpG moiety into
this sequence produced a significant binding site for the
hCGBP fusion protein (Fig. 2B, left panel, lane 3, and right
panel, lane 4). Introduction of a GpC motif into the NF-kB
oligonucleotide failed to create a binding site for the fusion
protein (Fig. 2B, left panel, lane 4, and right panel, lane 5).
Competition analysis indicated that the affinity of the fusion
protein for the NF-kB-CG oligonucleotide is lower than that
for the CpG-pos sequence (Fig. 2B, right panel, lanes 6 and 8).
Hence, sequence flanking the CpG motif also appears to con-
tribute to the binding specificity of hCGBP.

EMSA was performed to further characterize the binding
specificity of the histidine-tagged hCGBP fusion protein.
hCGBP failed to bind to probes corresponding to either strand

FIG. 4. Deduced amino acid sequence of the novel DNA-binding protein
hCGBP. Underlined amino acid residues 27 to 73, 164 to 208, and 485 to 591
identify three cysteine-rich domains. The lysine- and arginine-rich basic region
(aa 321 to 360) is indicated by a dashed underline. Heavily underlined residues
(aa 430 to 471) denote a predicted coiled-coil domain. Horizontal arrows denote
the region encoded by the 720-bp hCGBP cDNA clone recovered from ligand
screening. The vertical arrow denotes the 39 end of the truncated hCGBP cDNA
clone that retains DNA-binding activity. This sequence has been deposited in the
GenBank database (accession no. AF149758). (B) Diagram of hCGBP showing
the relative positions of the identified protein domains.
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FIG. 5. Similarity of the cysteine-rich regions of hCGBP (Hu-CGBP) to conserved motifs. (A) Alignment of hCGBP PHD1 domain (aa 27 to 73) and sequences
with highest degrees of similarity. Ye EST1 and Ye EST2 (EST clones AL031523 and AL031852, respectively), S. pombe putative transcriptional regulatory proteins
of PHD finger family; Ce EST1, C. elegans EST clone Z81515; Hu EST1, human EST clone AF044076; p33ING1, candidate tumor suppressor; Hu EST2, human EST
clone AL031852; Hu RBB2, human retinoblastoma binding protein 2; Dr PCL B, Drosophila polycomb-like protein. (B) Alignment of hCGBP PHD2 domain (aa 485
to 591) and sequences with highest degrees of similarity: Dr EST, putative Drosophila homologue of hCGBP (EST clone AI404379); Hu EST3, human EST clone
AL009172; Ce EST2, C. elegans EST clone Z82268; Hu HRX, human trithorax protein (27, 55); and Dr TRX, Drosophila trithorax protein (36). (C) Alignment of
hCGBP CXXC domain (aa 164 to 208) and sequences with highest levels of similarity: MBD1 (MBD1a, aa 174 to 218; MBD1b, aa 223 to 265; MBD1c, aa 336 to 379)
(23), HRX (27, 32, 55), and DNMT (DNA methyltransferase) (7). (D) Alignment of hCGBP (aa 374 to 547) with putative Drosophila homologue (Dr EST; EST clone
AI404379) (aa 19 to 190). In all panels, identical amino acids are boxed.
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of the CpG-pos sequence (Fig. 2C, left panel, lanes 2 and 3),
and these single-stranded oligonucleotides failed to disrupt the
EMSA complex formed with the double-stranded CpG-pos
probe when used as competitors (Fig. 2C, right panel, lanes 3
and 4). Analysis of the RNA equivalent of the upper strand of
the CpG-pos sequence detected a very weak binding affinity
(Fig. 2C, left panel, lane 4, and right panel, lane 5). We con-
cluded that hCGBP requires double-stranded DNA for effec-
tive binding.

A truncated version of the hCGBP fusion protein was gen-
erated to further delineate the DNA-binding domain. The
39-most 174 bp were removed from the 720-bp construct, leav-
ing 546 bp of hCGBP cDNA. This truncated fusion protein
bound efficiently to the CpG-pos probe and produced a single
EMSA complex whose mobility was similar to that of the
faster-migrating complex produced by the original hCGBP fu-
sion protein (Fig. 2D, compare lanes 1 and 2). The truncated
hCGBP peptide also exhibited sequence-specific DNA-binding
activity and was disrupted by homologous competition (lane 3)
but not by the CpG-neg oligonucleotide (lane 4). This EMSA
complex was also efficiently disrupted by the addition of
poly(dI-dC) (lane 5) or an oligonucleotide (CG11) that con-
tains 11 CpG motifs (lane 6). EMSA complexes produced by
the longer hCGBP fragment were also disrupted by poly(dI-
dC) and CG11 (data not shown). We concluded that the DNA-
binding domain of hCGBP resides within a 546-bp fragment of
cDNA.

DNase I footprinting was performed to further characterize
the DNA-binding properties of the histidine-tagged hCGBP. A
protected region of 5 to 7 bp was detected when the CpG-pos
sequence was used as a probe (Fig. 3). Interestingly, the foot-

print was staggered on the two strands of the binding site, with
only a central CpG motif in common. No footprint was de-
tected when the CpG-neg sequence, which is similar to CpG-
pos but lacks the CpG moiety, was utilized as a probe.

Cloning of a full-length hCGBP cDNA. The 720-bp hCGBP
cDNA was used to screen an HL60 lgt11 library to obtain a
full-length cDNA clone. The nucleotide sequence of the long-
est recovered cDNA (2.2 kb) overlaps that of the original
720-bp cDNA clone. A database search revealed a human EST
clone (AA325016) whose sequence overlaps that of the 59 end
of the 2.2 kb cDNA clone. An hCGBP cDNA clone of 2.45 kb
that includes a complete ORF was constructed by ligating the
59 end of the Est cDNA clone to the 39 end of the 2.2-kb lgt11
cDNA clone (GenBank accession no. AF149758). Conceptual
translation of the hCGBP cDNA sequence revealed an ORF
extending 656 amino acids (aa) downstream from a putative
initiation methionine (Fig. 4A). The original 720-bp cDNA
clone isolated by ligand screening encodes amino acids 106 to
345, while the truncated version of hCGBP that retained
DNA-binding activity encodes amino acids 106 to 287. In ad-
dition, a highly basic region (65% basic residues) rich in lysine
and arginine residues is found at amino acid positions 321 to
360. Importantly, the 720-bp hCGBP fragment originally iso-
lated by ligand screening contains only a portion of this basic
region, and the 546-bp hCGBP fragment that retained DNA-
binding activity completely lacks the basic region. Hence, the
basic domain is not necessary for the DNA-binding activity of
hCGBP. The full-length cDNA also contains 237 bp of 59
untranslated sequence and 247 bp of 39 untranslated sequence
(data not shown). The ORF does not extend further upstream,
as multiple stop codons are present upstream of the initiation
codon (data not shown). The predicted polypeptide has a mass
of 76 kDa and is basic (pI 5 8.66).

A database search revealed that the hCGBP cDNA encodes
a novel protein. Cysteine-rich domains were identified at the N
terminus (aa 27 to 73), central region (aa 164 to 208), and C
terminus (aa 485 to 591) of the protein (Fig. 4). Sequence
analysis with the ExPASy computer sequence analysis program
PAIRCOIL (6) identified a putative coiled-coil domain resid-
ing at aa 430 to 471 of hCGBP (Fig. 4). The coiled-coil motif
has been found in several DNA-binding proteins, such as
leucine zipper factors, and facilitates homo- or heterodimer-
ization (29, 42, 43). The relative positions of these hCGBP
domains are illustrated schematically in Fig. 4B.

The amino- and carboxyl-terminal cysteine-rich domains of
hCGBP exhibit similarity to the PHD finger (1). The PHD
finger is a zinc finger-like motif defined by a unique arrange-
ment of cysteine and histidine residues (Cys4-His-Cys3). PHD
fingers have been identified in over 40 proteins, including Dro-
sophila polycomb and trithorax, which have been implicated in
chromatin-mediated transcriptional regulation (1). The PHD1
domain of hCGBP exhibits similarity to domains found in
heterologous proteins in humans, Schizosaccharomyces pombe,
Drosophila melanogaster, and Caenorhabditis elegans (Fig. 5A).
The PHD2 domain of hCGBP is imperfect in that it does not
conform to the consensus arrangement of cysteine and histi-
dine residues. This sequence exhibits similarity to domains
found in proteins identified in humans, D. melanogaster, and C.
elegans. Importantly, PHD2 exhibits significant similarity to
PHD domains found in HRX and Drosophila trithorax (Fig.
5B).

The central cysteine-rich domain of hCGBP is located within
the DNA-binding domain (Fig. 4). This domain exhibits high
degree of homology to the zinc-binding CXXC domain which
is conserved in DNA methyltransferase (9) and HRX (MLL/
ALL-1) (19, 27, 32) and is found in three copies within methyl-

FIG. 6. Southern blot analysis of the hCGBP gene. Human genomic DNA
was isolated and analyzed as described in Materials and Methods. Samples were
digested with PvuII, NcoI, or AvaI as indicated and probed with the 720-bp
hCGBP cDNA fragment. Positions of molecular size markers are indicated on
left.
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CpG binding domain protein 1 (MBD1/PCM1) (16, 28) (Fig.
5C). The hCGBP CXXC domain exhibits 50% identity to that
of DNA methyltransferase and HRX and 40, 38, and 64%
identity to the three CXXC domains of MBD1.

A database search detected a 570-bp Drosophila EST clone
(AI404379) that exhibits 49% sequence identity and 69% se-
quence similarity to hCGBP over 172 aa, including a portion of
the PHD2 domain (Fig. 5B and D). This similarity has a small-
est-sum probability of 5.4249, suggesting that this Drosophila
EST clone is likely a homologue of hCGBP. However, this
conclusion is tentative because the extent of homology beyond
the available Drosophila EST sequence is unknown.

Southern blot analysis was performed with the 720-bp
hCGBP cDNA fragment that was recovered by ligand screen-
ing as a probe (Fig. 6). Digestion of human genomic DNA with
several different restriction enzymes generated a single domi-
nant band, suggesting that hCGBP is encoded by a unique
gene.

Analysis of native hCGBP. Additional studies were per-
formed to examine the behavior of native hCGBP. Antiserum
raised against the GST-hCGBP fusion protein effectively dis-
rupted the EMSA complexes produced by the histidine-tagged
hCGBP fusion protein, while preimmune chicken serum had
no effect (Fig. 7A). Western blot analysis of a nuclear extract
derived from K562 cells transfected with an expression vector
containing the full-length hCGBP cDNA detected an abun-
dant band of 88 kDa, slightly greater than hCGBP’s predicted
mass of 76 kDa (Fig. 7B). A less-intense band of the same size

was detected in an extract of cells transfected with empty
expression vector. This band presumably corresponds to en-
dogenous hCGBP, because a band of similar size and intensity
was apparent for untransfected cells (data not shown). Preim-
mune rabbit serum failed to detect this protein (data not
shown). A band of similar size was produced from the full-
length hCGBP cDNA following in vitro transcription-transla-
tion (Fig. 7C), and it was also recognized by the hCGBP an-
tiserum (data not shown). These results confirm that the
hCGBP cDNA assembled from two cDNA clones encodes an
authentic full-length hCGBP protein.

The DNA-binding behavior of native hCGBP was assessed
by EMSA. A low-mobility EMSA complex was revealed fol-
lowing incubation of a heparin-fractionated nuclear extract
derived from K562 cells with a probe containing a string of 11
CpG motifs (CG11) (Fig. 8A, lane 1). Addition of hCGBP
antiserum supershifted the putative hCGBP EMSA complex
(lane 3), while preimmune chicken serum had no effect (lane
2). Furthermore, supershifting of the hCGBP complex was
abolished following immunodepletion of the antiserum with
the histidine-tagged hCGBP fusion protein (lane 4).

Native hCGBP exhibits a binding specificity consistent with
that observed for the histidine-tagged hCGBP DNA-binding
domain (Fig. 8B). The native hCGBP EMSA complex (lane 1)
was disrupted by homologous (CG11) competition (lane 2) and
by the CpG-pos oligonucleotide (lane 3) but not by the CpG-
neg competitor (lane 4). The complex was also significantly
disrupted by the Ets oligonucleotide competitor that contains a

FIG. 7. Assessment of hCGBP antiserum and expression construct. (A)
Chicken antiserum raised against the GST-hCGBP fusion protein (720-bp cDNA
fragment) disrupts the histidine-tagged hCGBP EMSA complexes. EMSA was
performed as described in Materials and Methods, using the CpG-pos probe and
purified histidine-tagged hCGBP fusion protein. One microliter of hCGBP or
preimmune serum was added to each of the indicated samples. Arrows indicate
positions of retarded EMSA complexes. (B) Rabbit hCGBP antiserum detects an
88-kDa protein in K562 nuclear extract that is overexpressed upon transfection
with the full-length hCGBP cDNA expression vector. Transfections and Western
blot analysis were performed as described in Materials and Methods. pcDNA3.1
denotes the parental expression vector. The arrow indicates the 88-kDa hCGBP
protein. Positions of protein standards are shown on the right. (C) The full-
length hCGBP cDNA produces an 88-kDa protein following in vitro transcrip-
tion-translation. In vitro expression and electrophoresis of hCGBP were per-
formed as described in Materials and Methods, using either the T3 (antisense) or
T7 (sense) promoter. The arrow denotes the 88-kDa hCGBP protein. Protein
standards are shown on the right.
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CpG dinucleotide (lane 5). However, similar to the histidine-
tagged hCGBP fusion protein, the competition efficiency of the
Ets binding site oligonucleotide for native hCGBP was dramat-
ically lowered by mutation of either nucleotide of the CpG
motif (lanes 6 and 7).

Because CpG is the substrate for DNA methyltransferase,
we examined whether hCGBP binds to methylated DNA.
These studies were performed with the CpG-pos or CG11
probe. Methylated or unmethylated probes were incubated
with the histidine-tagged hCGBP fusion protein or a heparin-
fractionated nuclear extract derived from K562 cells to exam-
ine native hCGBP. DNA methylation abolished the binding
affinity of both the histidine-tagged hCGBP fragment and the
native hCGBP for these probes (Fig. 9).

Ubiquitous expression of hCGBP mRNA. Northern blot
analysis was performed with the 720-bp hCGBP cDNA frag-
ment as a probe to determine the distribution of hCGBP ex-
pression. hCGBP mRNA is expressed predominantly as a
2.6-kb transcript in a wide variety of human tissues (Fig. 10).
hCGBP is highly expressed in the pancreas, placenta, heart,

testis, and spleen tissue, while the lowest level of expression is
in the lungs. Transcripts of larger size were detected in tissue
of the pancreas, peripheral blood, and testis, possibly indicat-
ing alternative splicing events. Consistent with this distribution,
hCGBP cDNA clones were identified as both human and
mouse Est clones derived from macrophages, neuronal precur-
sors, liver stem cells, and tissue of the heart, testis, brain, lung,
uterus, mammary gland, pineal gland, cerebellum, myotube,
lymph node, and embryon (data not shown). These results
indicate that hCGBP is ubiquitously expressed.

hCGBP trans-activates promoters containing CpG motifs.
Cotransfection experiments were performed to assess whether
hCGBP is a transcriptional regulator. The hCGBP expression
vector was cotransfected into HEL or HeLa cells along with
putative promoter targets linked to a luciferase reporter gene.
Dimers of either the CpG-pos or CpG-neg oligonucleotide
were introduced upstream of a minimal TATA-box promoter
linked to the luciferase reporter gene. hCGBP bound effi-
ciently to the CpG-pos sequence, which contains a CpG motif,
but failed to interact with the CpG-neg oligonucleotide se-

FIG. 8. Detection of the endogenous hCGBP DNA-binding activity. (A)
Detection of endogenous DNA-binding activity due to hCGBP epitopes. EMSA
was performed as described in Materials and Methods, using the CG11 probe
and a heparin-fractionated nuclear extract derived from K562 cells. Chicken
antiserum raised against the hCGBP fusion protein (720-bp cDNA fragment)
(hCGBP Ab), preimmune serum, or immunodepleted antiserum was added
where indicated. The arrows indicate the positions of hCGBP and supershifted
(SS) complexes. (B) Analysis of the DNA-binding specificity of native hCGBP.
EMSA was performed as described above, with the addition of a 200-fold molar
excess of the indicated oligonucleotide competitors (as described for Fig. 2). The
arrow indicates the position of the hCGBP complex. Homol, homologous com-
petitor.
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quence, which lacks a CpG motif (Fig. 2 and 8). Fold activation
was calculated following subtraction of the background level of
luciferase expression generated by each reporter construct
upon cotransfection with the empty expression vector. Com-
parison of the CpG-pos and CpG-neg reporter plasmids re-
veals a 4.5-fold trans-activation produced by hCGBP via the
CpG motif within the CpG-pos oligonucleotide (P , 0.001)
(Fig. 11A). The background expression observed with the min-
imal TATA-box promoter is presumably due to a cryptic
hCGBP binding site(s) in the vector backbone. Inspection of
the nucleotide sequence surrounding the TATA box revealed
several CpG motifs (data not shown). Introduction of the an-
tisense hCGBP expression vector had no effect on reporter
gene expression. We concluded that hCGBP trans-activates
transcription via binding to CpG motifs.

During preliminary experiments it was noted that expression
of an internal control vector (CMV–b-gal) was consistently
higher in cells receiving the hCGBP expression vector. Inspec-
tion of the CMV promoter revealed in excess of 30 CpG
motifs; hence, we hypothesized that hCGBP trans-activates the
CMV promoter via these elements. EMSA experiments dem-
onstrated that the histidine-tagged hCGBP fusion protein

bound each of two analyzed CMV promoter fragments that
contain 12 or 13 CpG motifs (data not shown). Further co-
transfection experiments were performed with HEL or HeLa
cells, the CMV-luciferase reporter plasmid, and hCGBP ex-
pression vectors. CMV promoter activity is induced 9.4-fold in
HEL cells by hCGBP and 29-fold in HeLa cells (Fig. 11B and
C). Antisense hCGBP had no effect on reporter gene expression.

DISCUSSION

In this article we report the cloning of hCGBP, a novel
mammalian CpG-binding protein. This factor is widely ex-
pressed, binds specifically to unmethylated CpG motifs, and
trans-activates promoters that contain CpG motifs. The affinity
of hCGBP for unmethylated CpG motifs, which is character-
istic of a typical CpG island, is consistent with hCGBP func-
tioning as an activator of genes residing within CpG islands.
This is also consistent with the ubiquitous pattern of hCGBP
expression. Identification of natural target genes of hCGBP
will be of great interest.

We hypothesize that the CXXC domain of hCGBP that is
conserved in DNA methyltransferase, MBD1, and HRX con-
tributes to the observed DNA-binding activity. A fragment of
hCGBP which contains the CXXC domain (aa 106 to 345)
binds to distinct oligonucleotides that contain CpG motifs.
Mutation of either nucleotide within the CpG motif abolished
hCGBP’s affinity for target binding sites. Like HRX, hCGBP
contains a stretch of basic residues (aa 321 to 360) adjacent to
the CXXC domain. However, a shorter hCGBP fragment (aa
106 to 287) lacks the basic domain but maintains strong DNA-
binding activity, indicating that the flanking basic region is not
required for DNA-binding activity. The fragment of hCGBP
(aa 106 to 345) that contains a portion of the basic region
formed an additional, lower-mobility EMSA complex, suggest-
ing that the basic domain adjacent to the CXXC domain may
facilitate dimerization. Consistent with the DNA-binding be-
havior of the CXXC domain of HRX (51), hCGBP EMSA
complexes are efficiently disrupted by the addition of poly(dI-
dC). Additional studies, utilizing truncated and mutated
hCGBP fragments, are required to directly assess the contri-

FIG. 9. hCGBP fails to bind to methylated CpG motifs. EMSA was per-
formed as described in Materials and Methods, using either the CpG-pos or
CG11 oligonucleotide as the probe. Purified histidine-tagged hCGBP fusion
protein (720-bp cDNA fragment) (0.5 mg) or 3 mg of heparin-fractionated nu-
clear extract derived from K562 cells was added where indicated. Probes were
methylated by SssI methylase as described in Materials and Methods. The arrows
indicate the positions of retarded EMSA complexes.

FIG. 10. hCGBP is ubiquitously expressed. Northern blots were hybridized
with a radiolabeled 720-bp hCGBP cDNA probe (top panel) as described in
Materials and Methods. The lower panel shows hybridization with human actin
cDNA as a control for RNA loading and integrity. The arrow indicates the 2.6-kb
transcript corresponding to hCGBP. The positions of molecular size markers are
indicated on the right.
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bution of the CXXC domain to the observed DNA-binding
activity.

The hCGBP sequence also contains two PHD finger-like
domains, which have been identified in more than 40 proteins,
many of which are implicated in chromatin-mediated tran-
scriptional control (1). The function of the PHD domain re-
mains unclear, but its significance in vivo has been established
by studying PHD-containing proteins implicated in human dis-
ease. For example, mutation of a PHD domain within the
ATRX gene results in X-linked a-thalassemia/mental retarda-
tion syndrome (ATR-X) (26), and mutations that affect PHD
domains within the AIRE gene cause autoimmune polyendo-
crinopathy candidiasis ectodermal dystrophy (APECED) (38).
The HRX gene has several PHD domains and is involved in
chromosomal translocations associated with acute leukemia
(27), while in Drosophila the removal of a PHD finger from the
trithorax gene is lethal (36).

The function of the PHD fingers in hCGBP remains to be
determined. Importantly, fragments of hCGBP that lack both
PHD domains exhibit a DNA-binding specificity similar to that
shown by native hCGBP. It is intriguing that hCGBP contains
several domains implicated in protein-protein interactions,
such as the PHD finger domains and coiled-coil domain (42).
Interestingly, in EMSA, native hCGBP exhibits an unusually
low mobility for an 88-kDa protein. The hCGBP complex mi-
grates to a position above that of the heterotrimeric CCAAT-
box-binding factor CP1 (data not shown), which has a mass of
approximately 120 kDa (35). Although it is difficult to draw
conclusions based on mobility in native gels, this observation
suggests that other proteins may be present in the hCGBP
EMSA complex.

Interestingly, three genomic clones (GenBank accession no.
AJ132338, AJ132339, and AJ236590) derived from human
chromosome 18 contain both hCGBP and MBD1 sequences.
This relationship was also recently noted by Cross et al. (15).
Examination of these sequences indicated that the genes en-
coding hCGBP and MBD1 are located within approximately
800 bp of each other in the human genome. Examination of a
700-bp genomic fragment that surrounds the 59 flanking region
of the gene encoding hCGBP revealed in excess of 60 CpG
motifs, and a 500-bp region upstream of the MBD1 gene was
found to contain in excess of 50 CpG motifs (data not shown).
Hence, the genes encoding hCGBP and MBD1 both reside
within CpG islands.

The relationship between the genes encoding hCGBP and
MBD1 is intriguing. These tightly linked genes each contain
CXXC domains. MBD1 isoforms bind to methylated or un-
methylated CpG motifs and function as transcriptional repres-
sors (16, 23), while hCGBP binds to unmethylated CpG motifs
and functions as a transcriptional activator. It will be of interest
to determine if these two tightly linked activities are coordi-
nately regulated by common control elements. In this regard, it
is interesting that the gene encoding hCGBP resides within a
CpG island, suggesting that perhaps this gene is autoregulated.

Although a number of proteins that bind to methylated or
hemimethylated CpG motifs have been described (7, 16, 28,
31), hCGBP is to our knowledge the first identified factor that
exhibits a specific affinity for unmethylated CpG motifs. Fiss-
cher et al. (22) described a CpG-binding protein (CGBP-1),
derived from tobacco nuclear extract, that binds with higher
affinity to oligonucleotides containing increasing numbers of
CpG dinucleotides, a feature similar to that of hCGBP. How-

FIG. 11. hCGBP trans-activates promoters containing CpG motifs. HEL or HeLa cells were cotransfected with CMV promoter-luciferase (CMV), CpG-pos dimer
TATA promoter-luciferase, CpG-neg dimer TATA promoter-luciferase, or TATA promoter-luciferase (pXPTATA) reporter plasmids and expression vectors
containing sense (hCGBP) or antisense (anti-hCGBP) hCGBP or vector alone (vector) as described in Materials and Methods. Luciferase activity is presented relative
to that of the pXPTATA-luciferase vector. Data (means 6 standard deviations) presented are from multiple experiments performed in duplicate, using four
independent plasmid preparations. N denotes the number of independent experiments performed.
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ever, CGBP-1 has not been cloned; hence, the relationship
between CGBP-1 and hCGBP remains to be determined. The
cloning of hCGBP will permit further dissection of the role of
this CpG-binding transcription factor in the regulation of
genes located within CpG islands.
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