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Histone deacetylation plays an important role in meth-
ylated DNA silencing. Recent studies indicated that the
methyl-CpG-binding protein, MBD2, is a component of
the MeCP1 histone deacetylase complex. Interestingly,
MBD2 is able to recruit the nucleosome remodeling and
histone deacetylase, NuRD, to methylated DNA in vitro.
To understand the relationship between the MeCP1
complex and the NuRD complex, we purified theMeCP1
complex to homogeneity and found that it contains 10
major polypeptides including MBD2 and all of the
known NuRD components. Functional analysis of the
purified MeCP1 complex revealed that it preferentially
binds, remodels, and deacetylates methylated nucleo-
somes. Thus, our study defines the MeCP1 complex, and
provides biochemical evidence linking nucleosome re-
modeling and histone deacetylation to methylated gene
silencing.
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ATP-dependent nucleosome remodeling and core his-
tone tail acetylation play important roles in chromatin
function (Kornberg and Lorch 1999). The purification
and functional characterization of the nucleosome re-
modeling and histone deacetylase complex, NuRD/Mi-2
complex, suggests that the two chromatin modifying en-
zymatic activities could be coupled (Tong et al. 1998;
Wade et al. 1998; Xue et al. 1998; Zhang et al. 1998a).
NuRD has been purified from both HeLa cells and Xeno-
pus eggs (Zhang et al. 1998a; Wade et al. 1999). The
NuRD complex from HeLa cells contains seven major
polypeptides, including Mi2, MTA2, MBD3 and the his-
tone deacetylase core, HDAC1/2 and RbAp46/48 (Zhang
et al. 1998a; Zhang et al. 1999). Mi2 is an SWI2/SNF2
type helicase/ATPase domain-containing protein likely
to be responsible for the chromatin remodeling activity
of the NuRD complex. MTA2 is a novel protein that is

highly similar (65% identical) to the candidate metasta-
sis-associated protein MTA1 (Toh et al. 1994; Zhang et
al. 1999). Biochemical characterization of MTA2 indi-
cates that it plays an important role in modulating the
histone deacetylase activity of the NuRD complex
(Zhang et al. 1999). MBD3 is a methyl-CpG-binding do-
main-containing protein, similar to MBD2 (Hendrich
and Bird 1998).

The identification of the methyl-CpG-binding do-
main-containing protein MBD3 in the NuRD/Mi2 com-
plex suggests that this complex may be recruited to
methylated DNA for transcriptional silencing. There-
fore, considerable efforts have been devoted to establish-
ing a link between the NuRD/Mi-2 complex and DNA
methylation (Wade et al. 1999; Zhang et al. 1999). Con-
sistent with the finding that the bulk of mammalian
MBD3 is not localized to methylated DNA foci in vivo
(Hendrich and Bird 1998), mammalian MBD3, either by
itself or in association with NuRD, does not show affin-
ity binding to methylated DNA in gel shift assays (Hen-
drich and Bird 1998; Zhang et al. 1999). Interestingly,
MBD2, although not an integral component of the
NuRD complex, has the ability to mediate the interac-
tion between NuRD and methylated DNA in vitro
(Zhang et al. 1999). In contrast, recombinant Xenopus
MBD3 (xMBD3) does show affinity for binding to meth-
ylated DNA (Wade et al. 1999). Thus, the Xenopus Mi-2
complex was proposed to couple DNA methylation to
chromatin remodeling and histone deacetylation (Wade
et al. 1999), although it remains to be determined
whether the XenopusMi-2 complex has affinity to meth-
ylated DNA. Nevertheless, the above observations sug-
gest that NuRD may be involved in methylated DNA
silencing.

Histone deacetylation is a major mechanism of meth-
ylated DNA silencing (Bird and Wolffe 1999). Recent
studies have revealed that the methyl-CpG-binding pro-
tein MBD2 is a component of the MeCP1 histone
deacetylase complex that also contains HDAC1/2 and
RbAp46/48 (Ng et al. 1999). The findings that MeCP1
contains MBD2 and shares the same histone deacetylase
core with the NuRD complex (Zhang et al. 1998a; Ng et
al. 1999), and that MBD2 can interact with the NuRD
complex in vitro (Zhang et al. 1999) prompted us to ask
whether the two complexes are related. Here, we puri-
fied the MeCP1 complex and found that it is composed
of 10 major polypeptides including MBD2 and all of the
known NuRD components. In addition, we demonstrate
that the purified MeCP1 complex preferentially binds,
remodels, and deacetylates methylated nucleosomes.
Importantly, expression of an Mi2 mutant that is defec-
tive in its ATPase activity relieved methylation-depen-
dent transcriptional repression. Thus, our results define
the molecular composition of the MeCP1 complex, and
provide the first biochemical evidence linking nucleo-
some remodeling and histone deacetylation to methyl-
ated gene silencing.
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Results and Discussion

MeCP1 copurifies with a methyl-CpG-binding activity
as a 1 megadalton protein complex

The methyl-CpG-binding protein MBD2 has been shown
to be a component of the MeCP1 complex that also in-
cludes the histone deacetylase core complex, HDAC1/2
and RbAp46/48 (Ng et al. 1999). To determine whether
the MeCP1 complex contains proteins other than the
five polypeptides mentioned above, we determined the
size of the native MeCP1 complex. Fractionation of
HeLa nuclear extracts on a gel filtration column revealed
that, similar to the NuRD complex (represented by Mi2
and MTA2), the bulk of MBD2 coeluted with the histone
deacetylases HDAC1/2 as a large protein complex of
about 1 MD (Fig. 1A). However, less than 10% of MBD2
eluted in a smaller complex of about 100 kD. The general
transcription factor TFIIH (represented by ERCC3)
eluted at its expected size (Drapkin and Reinberg 1994),
confirming proper separation of proteins on this column.
Thus, more than 90% of MBD2 exists in a 1 MD protein
complex that likely represents the MeCP1 complex.
Since the combined weights of HDAC1/2, RbAp46/48,
and MBD2 cannot account for the estimated size of the
MeCP1 complex, additional polypeptides are likely to be
present in the MeCP1 complex.

MBD2 was found to be responsible for the methyl-
CpG-binding activity of the MeCP1 complex (Ng et al.
1999). To ensure that the methylation-dependent gel
shift assay can be used to monitor the MeCP1 complex
purification, the fractions shown in Fig. 1A were ana-

lyzed by gel shift assays. The results shown in Fig. 1B
revealed several DNA binding activities. However, only
the largest shift is methylation-dependent (Fig. 1, cf. B
and C). This methylation-dependent DNA binding activ-
ity coeluted with MBD2 and NuRD (Fig. 1A,B).

The MeCP1 complex is composed of 10 polypeptides
including all the NuRD components

Using the gel mobility shift assay and Western blot
analysis described above, we purified the MeCP1 com-
plex by a six-step chromatographic procedure (Fig. 2A).
The NuRD complex, represented by Mi2, was also moni-
tored during the purification process. As shown in Fig.
2B, MBD2 elutes in two protein complexes on DEAE-
5PW column peaking in fractions 35 and 56, respec-
tively. Although the elution profile of Mi2 overlaps the
first peak of MBD2, the bulk of Mi2 does not completely
coelute with the two MBD2 peaks, indicating that the
majority of the NuRD complex does not associate with
MBD2. To identify the proteins that associate with
MBD2 at the first peak, the peak fractions were pooled
and purified further as outlined in Fig. 2A. A gel mobility
shift assay of the fractions derived from the last purifi-
cation step indicated that fractions 30 to 57 could shift
the methylated probe MeCG11 (Fig. 2C). However, the
same fractions failed to shift the nonmethylated CG11
probe (data not shown). Silver staining revealed that
about ten major polypeptides coeluted with the binding
activity (Fig. 2D). The molecular weights (MW) of most
of the coeluted polypeptides were strikingly similar to
the components of the NuRD complex, suggesting that
the coeluted polypeptides are likely to be NuRD compo-
nents. This was confirmed by Western blot analysis (Fig.
2E). Thus, at least a portion of MBD2 copurifies with
NuRD and the methyl-CpG-binding activity.

Extensive copurification through a variety of columns
suggests that MBD2 and NuRD may exist in the same
protein complex. To explore this possibility, the last col-
umn fractions containing methyl-CpG-binding activity
were pooled and used as input for immunoprecipitation
using antibodies against MTA2 and MBD2. To avoid the
possibility that MBD2 antibodies immunoprecipitate
the NuRD complex by recognizing MBD3, we used an-
tibody S923, which only recognizes MBD2 (Ng et al.
1999). As a negative control for specificity, rabbit IgG
was also used. Immunoprecipitated proteins were ana-
lyzed by silver staining and Western blotting. The results
shown in Figure 3A and B indicated that each of the two
antibodies immunoprecipitated the same set of proteins,
including the seven characterized NuRD components,
MBD2, and two polypeptides of 66 and 68 kD. Consis-
tent with the result shown in Fig. 2D, where the poly-
peptides of MW between 100 and 200 kD do not copurify
with the putative MeCP1 complex, neither MTA2 nor
MBD2 antibodies immunoprecipitated these polypep-
tides, indicating that the immunoprecipitated polypep-
tides are specific. Therefore, we conclude that the
MeCP1 complex contains ten polypeptides including
MBD2, NuRD, and two uncharacterized polypeptides of
66 and 68 kD.

Figure 1. MBD2 and NuRD copurify with a methyl-CpG-bind-
ing activity as a 1MD protein complex. (A) Western blot analy-
sis of fractions derived from a gel filtration Superose-6 column.
The elution profiles of the protein size markers and the proteins
analyzed are indicated. (B,C) Gel mobility shift assays using the
same fractions as in panel A. The probes used in panels B and C
are methylated and nonmethylated, respectively. Methylation-
dependent shift and free probes are indicated.
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Mi2 enhances MBD2-mediated transcriptional repression

Since MBD2 physically associates with NuRD in the
MeCP1 complex, we expect that overexpression of
NuRD components, such as Mi2, should affect MBD2-
mediated transcriptional repression. Similar to previous
observations (Ng et al. 1999), tethering MBD2 to the
DNA polymerase � promoter through Gal4 DNA bind-
ing domain resulted in transcriptional repression (Fig.
3D, cf. columns 2 and 3). Importantly, overexpression of
Mi2 resulted in a dose-dependent enhancement of the
MBD2-mediated transcription repression which is con-
sistent with MBD2/NuRD association (Fig. 3D, cf. col-
umns 4–7 with 3).

The MeCP1 complex preferentially binds, remodels
and deacetylates methylated nucleosomes

Having defined the molecular composition of the
MeCP1 complex, we sought to address the function of
the MeCP1 complex in methylated DNA silencing. We
first asked whether MeCP1 could bind specifically to
methylated nucleosomal DNA. Thus, nonmethylated
and methylated CG11 probes were assembled into
mononucleosomes (Steger et al. 1998). A gel mobility
shift assay using the assembled nucleosomes indicated
that MeCP1 can form a stable complex with nucleo-
somes as long as the DNA is methylated (Fig. 4A, cf.
lanes 5 and 7). However, the affinity of MeCP1 for meth-
ylated nucleosomes is much less than that for methyl-
ated naked DNA (Fig. 4A, cf. lanes 4 and 5). About 10-
fold more MeCP1 is required to completely shift a probe

that is assembled into a nucleosome as
compared to naked DNA (data not shown).
Since the affinity of the MeCP1 complex
for methylated DNA depends on the num-
ber of available methyl-CpGs (Meehan et
al. 1989), the reduced binding activity of
MeCP1 for nucleosomes is expected, be-
cause about half of the methyl-CpGs
would be facing in towards the histone oc-
tamer and therefore would not be acces-
sible when the DNA is assembled into
nucleosomes.

The CG11 probe is a synthetic sequence
that contains 27 CpG pairs. Based upon
the original report (Meehan et al. 1989), it
was not clear whether the MeCP1 com-
plex could bind in a DNA methylation-de-
pendent manner to genes that do not con-
tain such a high frequency of methyl-
CpGs. To address this question, we used a
152 bp Xenopus 5S rRNA gene sequence
containing 10 CpG pairs in the gel mobil-
ity shift assay. The results shown in Fig. 4A
demonstrate that MeCP1 is able to bind
specifically to methylated 5S DNA (lane 12).
More importantly, it also binds specifically
to methylated 5S nucleosomes (lane 13).
The demonstration of specific binding of the
MeCP1 complex to a methylated, naturally

occurring gene packaged into nucleosomes strongly ar-
gues that the recruitment of the MeCP1 complex to
methylated genes is likely to be biologically relevant.

The presence of NuRD in the MeCP1 complex sug-
gests that this complex may be able to remodel nucleo-
some structure. An important question is whether the
presence of methyl-CpG-binding protein MBD2 in the
complex facilitates remodeling of methylated nucleo-
somes. To address this question, we compared the ability
of MeCP1 to disrupt methylated and nonmethylated
nucleosomes. As shown in Fig. 4B, in the absence of
MeCP1, DNase I digestion of end-labeled nucleosomal
DNA produces a periodic pattern of enhanced cutting
every 10 base pairs, which is in contrast with the diges-
tion pattern of naked DNA (Fig. 4B, cf. lanes 1 and 2,
lanes 9 and 10). In the presence of sufficient amounts of
MeCP1, however, the DNase I digestion patterns were
altered (Fig. 4B, cf. lane 7 with 2, lane 15 with 10), indi-
cating that the MeCP1 complex is capable of disrupting
nucleosome structure. As expected, the ability of MeCP1
to disrupt nucleosome structure is ATP-dependent (Fig.
4B, cf. lanes 7 and 8, lanes 15 and 16). Although MeCP1
is able to disrupt both methylated and nonmethylated
nucleosomes, it appears to be more efficient in disrupt-
ing methylated nucleosomes. For example, disruption of
methylated nucleosomes is observed in the presence of 1
nM MeCP1 (Fig 4B, lane 5), while a similar level of dis-
ruption of nonmethylated nucleosomes requires the pres-
ence of 3 nM MeCP1 (Fig 4B, lane 14). This result indicates
that recruitment of the MeCP1 complex to methylated
nucleosomes facilitates nucleosome remodeling.

Figure 2. The MeCP1 complex contains MBD2 and NuRD. (A) Schematic represen-
tation of the steps used to purify the MeCP1 complex. The range of salt concentrations
where the MeCP1 complex eluted out of the columns is indicated. (B) Western blot
analysis of the fractions derived from DEAE-5PW column. (C) Gel mobility shift assay
of the fractions derived from the last purification step. Methylation-dependent shift
and free probes are indicated. (D) A silver-stained gel showing that a group of 10
polypeptides copurify with the methyl-CpG-binding activity. The identities of these
polypeptides are confirmed by Western blot analysis, shown in panel E.
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Having established that the MeCP1 complex preferen-
tially disrupts methylated nucleosome structure in the
presence of ATP (Fig. 4B), we next asked whether MeCP1
preferentially deacetylates histones when the nucleo-
somal DNA is methylated and whether nucleosomal his-
tone deacetylation by MeCP1 is stimulated by ATP. 3H-
labeled acetylated core histone octamers and unlabeled
methylated and nonmethylated 5S rDNA were as-
sembled into mononucleosomes. To ensure successful
nucleosome assembly, parallel assembly reactions, in
which 10% of the DNA was end-labeled with 32P, were
also performed. To avoid potential contamination of
nucleosomes by non-assembled 3H-labeled core his-
tones, a 15% excess of DNA relative to core histones was
used in these assembly reactions. The results shown in
Fig. 4C indicate that MeCP1 preferentially deacetylates
methylated nucleosomal histones (Fig. 4B, cf. columns 2
and 5, columns 3 and 6). The presence of ATP did not
significantly increase deacetylation of nucleosomal his-
tones (Fig. 4B, cf. columns 2 and 3, 5 and 6), suggesting
that nucleosome disruption is not required for mono-
nucleosomal histone deacetylation in vitro.

An ATPase-deficient Mi2 mutant partially relieved
methylation-dependent transcriptional repression

Preferential binding, remodeling, and deacetylating of
methylated nucleosomes by the MeCP1 complex (Fig.
4A–C) indicate that this complex is likely to play a role
in methylation-dependent transcriptional repression,
and that this repression can be specifically relieved by
overexpression of a dominant negative component of the
MeCP1 complex. Since nucleosome remodeling requires
ATP hydrolysis, mutation in the ATP-binding pocket of
Mi2 should inactivate its ATPase activity, and therefore

cripple the remodeling activity of the
MeCP1 complex. Previous studies of
SWI2/SNF2 and ISWI have demonstrated
that mutations on the lysine residue of the
conserved ATP-binding pocket, GXGK,
abolished the ATPase activities of these
proteins (Richmond and Peterson 1996;
Corona et al. 1999). Therefore, we ana-
lyzed the effect of a similar mutation in
the Mi2 ATP-binding pocket (K757R) on
transcription activity of a previously de-
scribed reporter, CG11-pGL2 (Ng et al.
1999). The results shown in Fig. 4D indi-
cate that methylation of the reporter plas-
mids by HhaI significantly reduced its
transcriptional activity when compared
with the same reporter that was mock
methylated (cf. the first two columns). Im-
portantly, while cotransfection of a plas-
mid encoding wild-type Mi2 slightly re-
duced the methylated reporter activity,
cotransfection of a plasmid encoding the
ATPase-deficient Mi2 mutant partially re-
lieved methylation-dependent transcrip-
tional repression (cf. the last three col-

umns). This differential effect on methylated reporter is
not a result of differential expression of the effector plas-
mids, since Western blot analysis using anti-Flag anti-
bodies indicated that both proteins expressed at a similar
level (Fig. 4D, insert). This result strongly suggests that
the MeCP1 complex contributes, at least partially, to the
methylation-dependent transcriptional repression.

The finding that MBD2 exists together with NuRD in
the MeCP1 complex seems contrary to the initial char-
acterization of the NuRD complex, which does not in-
clude MBD2 (Zhang et al. 1998a). This may be due to the
different purification strategies employed. It is possible
that there is a tightly associated NuRD core complex
that does not always associate with DNA-binding pro-
teins (Fig. 5). Depending on the physiological state of the
cells, the NuRD core complex can associate with differ-
ent DNA-binding proteins, such as the sequence-specific
DNA binding proteins Hunchback (Kehle et al. 1998),
Ikarose (Kim et al. 1999), the tumor suppressor p53 (Luo
et al. 2000), and the methyl-CpG-binding protein MBD2
(Fig. 5). In this scenario, different purification strategies
would result in purification of slightly different protein
complexes. In the original NuRD purification, histone
deacetylase activity and Mi2 protein were followed. As a
result, the bulk of the tightly associated NuRD core
complex, which is devoid of DNA binding protein, was
purified. In the present study, however, the MeCP1 com-
plex was purified by following its methyl-CpG-binding
activity. Consequently, only the population of NuRD
that associates with MBD2 was selected during purifica-
tion. Several pieces of evidence support the existence of
a core NuRD complex that does not always associate
with MBD2. First, NuRD only partially overlaps with
the first MBD2 peak in DEAE-5PW column (Fig. 2B).
Second, the bulk of MBD2 is reported to be concentrated

Figure 3. MBD2 and NuRD exist in the same protein complex. (A) A silver-stained
gel showing that the same 10 polypeptides are immunoprecipitated by both MTA2
and MBD2 antibodies. MBD2 has characteristically faint staining with silver (Figs.
2D,3A), but stains better with Coomassie (Fig. 3C). The identities of the proteins
and size markers are indicated. (B) Western blot analysis of the same samples used
for silver staining in panel A. Antibodies used for immunoprecipitation and West-
ern blotting are indicated on the top and left of the panel, respectively. (C) Coo-
massie staining of the MeCP1 complex. (D) Mi2 enhances MBD2-mediated tran-
scription repression. The amount of reporter and effector plasmids used in each
transfection is indicated. Transfection efficiencies were normalized using �-galac-
tosidase assays. The data shown represent the average of two independent experi-
ments. Variations between experiments are depicted by the error bars.
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in the methylated DNA foci, while the bulk of MBD3, a
NuRD core component, is not (Hendrich and Bird 1998).
Third, with the use of crude nuclear extracts as an input,
MTA2 antibody immunoprecipitated the core NuRD
complex, which does not contain detectable MBD2
(Zhang et al. 1999). However, the same antibody immu-
noprecipitated the MBD2-containing MeCP1 complex
when a partially purified MeCP1 complex was used as
input (Fig. 3A,B). It is interesting to note that several com-
ponents of the MeCP1 complex, including MBD2, MBD3,
and p66/68, appear to be substoichiometric with respect to
the rest of the MeCP1 components (Fig. 3C). This is sur-
prising given that the methyl-CpG-binding protein MBD2
was selected during purification. How the stoichiometry of
the different MeCP1 components affects the stability of
the complex remains to be determined. However, the im-
portant role of MBD2 in methyl-CpG-binding is clear. Con-
sistent with the lack of MBD2 in the originally purified
NuRD complex and the finding that MBD2 was respon-
sible for the methyl-CpG-binding activity of the MeCP1
complex, the originally purified NuRD core complex lacks
methyl-CpG-binding activity (Zhang et al. 1999). The ex-

istence of a NuRD core complex which can be
recruited by either the methyl-CpG-binding
protein MBD2 or other sequence-specific DNA
binding proteins provides cells with an effi-
cient way of using the NuRD complex to regu-
late gene activity (Fig. 5).

Since the initial report linking histone
deacetylation to methylated gene silencing
(Jones et al. 1998; Nan et al. 1998), accumulat-
ing evidence suggests that histone deacetyla-
tion is one of the major mechanisms in meth-
ylated gene silencing (Bird and Wolffe 1999; Li
1999). Our finding that MBD2 associates with
NuRD in the MeCP1 complex in vivo leaves
little doubt about the function of MBD2 in tar-
geting the NuRD complex to methylated
DNA. In addition, we have shown that the pu-
rified MeCP1 complex is able to preferentially
bind, remodel, and deacetylate methylated
nucleosomes (Fig. 4A–C). Importantly, a mu-
tant Mi2 protein crippled in its ATPase activ-
ity is able to partially relieve methylation-
dependent transcriptional repression (Fig.
4D). Given that multiple histone deacetylase
complexes are involved in methylated DNA
silencing (Bird and Wolffe 1999) and that meth-
ylation-dependent transcriptional silencing
cannot be completely reactivated with tricho-
statin A (TSA) treatment (Cameron et al.
1999), it is likely that MeCP1 complex only
accounts for part of the methylation-depen-
dent transcriptional repression. Therefore, the
Mi2 mutant did not completely relieve meth-
ylation-dependent transcriptional repression
(Fig. 4D). We note that this same mutant failed
to relieve MBD2-mediated transcription re-
pression when MBD2 is tethered to promoter
through the Gal4 DNA binding domain (data

not shown). Whether the differential effects of the mutant
Mi2 on the two reporters are the result of different promot-
ers or different MBD2 recruiting methods remains to be
determined. However, the demonstration that MBD2 and
NuRD associate in vivo provides a platform for further
studies of the roles of NuRD in methylated DNA silencing.

Figure 5. Model depicting the relationship between the NuRD
and the MeCP1 complexes and how each might be recruited to
distinct gene promoters by either methylation-specific or se-
quence-specific DNA-binding proteins.

Figure 4. MeCP1 is able to preferentially bind, remodel, deacetylate and repress
transcription from methylated nucleosomal templates. (A) Gel mobility shift assay
comparing the binding of MeCP1 to methylated and nonmethylated DNA and
nucleosomes. The four probes used are indicated on top of the panel. (B) Mono-
nucleosome disruption assay comparing the efficiency of MeCP1 to disrupt meth-
ylated and nonmethylated nucleosomes. End-labeled mononucleosomes with a
concentration of 10 nM were incubated with increasing concentrations of MeCP1,
followed by DNase I digestion. The presence or absence of ATP in the reactions is
indicated. Open circles indicate enhanced DNase I digestion; filled circles indicate
reduced DNase I digestion. (C) Histone deacetylase assays comparing the efficiency
of MeCP1 to deacetylate methylated or nonmethylated nucleosomal histones. Ap-
proximately 300 ng of 3H-labeled acetylated core histones was assembled into
mononucleosomes with methylated or nonmethylated DNA (final concentration
of 80 nM) and were used in a 30 µL reaction with or without the presence of 5 µL
MeCP1 (final concentration of 20 nM) and 2 mM of ATP. The bar graph represents
an average of two independent experiments. Variations between the two experi-
ments are depicted by the error bars. (D) Expression of an Mi2 mutant, crippled in
ATP-binding, partially relieved methylation-dependent transcriptional repression.
Shown are relative luciferase activities of different transfections. M− and M + in-
dicate that the reporter plasmid CG11–pGL12 is mock- or HhaI-methylated, re-
spectively. The data shown represent the average of two independent experiments.
Variations between experiments are depicted by the error bars. The insert is a
Western blot probed with antibody against Flag.
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Materials and methods
MeCP1 purification and gel mobility shift assay
The MeCP1 complex was purified by following the procedure described
in Figure 2A. Fractionation of HeLa nuclear extracts through the first two
columns were performed as previously described (Zhang et al. 1998a).
The DEAE52-bound materials were dialyzed into buffer D (40 mM
HEPES at pH 7.9, 0.2 mM EDTA, 1 mM DTT, 0.2 mM PMSF, and 10%
glycerol) containing 50 mM ammonium sulfate (BD50) and loaded onto
an HPLC-DEAE-5PW column (TosoHaas, 45 mL). Proteins bound to the
column were eluted with a 10-column-volume (cv) linear gradient from
BD50 to BD400. The first MBD2 peak fractions were pooled and dialyzed
into BD400, and loaded onto a 22 mL FPLC Phenyl Sepharose column
(Pharmacia). Bound proteins were eluted with a linear gradient (15 cv)
from BD400 to BD0. The fractions containing the MeCP1 complex were
pooled, concentrated, and separated on a Superose-6 column (Pharmacia).
The MeCP1 complex pool was dialyzed into BC50 and loaded onto a 1
mL Mono S column (Pharmacia) and eluted with a 20 cv linear gradient
from BC50 to BC400. The gel mobility shift assay was performed as
described (Zhang et al. 1999), with the following modifications. The 186
bp CG11 probe was generated from plasmid pCG11 (Meehan et al. 1989)
by digestion with EcoRI and end labeled with [�-32P]dATP and Klenow
enzyme, followed by digestion with HindIII. The 152 bp 5S probe was
generated from plasmid pXP10 in a similar fashion except that RsaI was
used after labeling. Purified probes were methylated with SssI (New En-
gland Biolabs). We used 2–10 µL of column fractions in 20 µL of binding
reactions containing 0.1 ng of probe, 100 ng of poly-[d(GC)], 20 mM
HEPES (pH 7.9), 5 mM MgCl2, 100 mM NaCl, 1 mM DTT, 2 µg BSA,
0.1% Triton X-100, and 3.5% glycerol. Binding reactions were allowed to
proceed for 30 min at room temperature before loading onto a 1.5%
agarose gel and resolved in 0.5× TBE buffer.

Nucleosome assembly, mononucleosome disruption, and histone
deacetylase assays
Nucleosome assembly was performed with the salt dilution method (Ste-
ger et al. 1998). Each assembly reaction contained 1 µg of DNA and an
equimolar amount of HeLa core histone octamers. To generate the
nucleosomes used in Fig. 4A and 4B, we used a 9 to 1 mass ratio of
sonicated herring sperm DNA (Boehringer Mannheim) to labeled CG11
or 5S DNA. To generate the nucleosomes used in Fig. 4C, 2 µg of Hat1
acetylated 3H-labeled core histone octamers (Zhang et al. 1999) were
assembled with a 15% molar excess of unlabeled 5S DNA. For the mono-
nucleosome disruption assay, 5 µL of assembled nucleosomes and vari-
ous amounts of MeCP1 were mixed in 20 µL of reaction containing 10
mM HEPES (pH 7.9), 100 mM KCl, 3 mM MgCl2, 2 mM ATP, 1mM DTT,
0.5 mM EDTA and 10% glycerol. The reactions were incubated at 30°C
for 1 h before the addition of CaCl2 to a final concentration of 10 mM for
DNase I digestion. After the removal of proteins, the digested DNA frag-
ments were resolved on a 7% sequencing gel. Histone deacetylase assays
were performed as described (Zhang et al. 1998b) except that 3 mM
MgCl2 and 2 mM ATP were included to allow nucleosome remodeling.

Plasmids, mutagenesis, ATPase, transfection and reporter assays
Reporters CG11-pGL2 and DNA pol-�-Luc have been previously de-
scribed (Ng et al. 1999). Plasmid encoding Flag-tagged Mi2 was made by
subcloning the human Mi2 cDNA into the NotI and XbaI sites of a
modified pCDNA3 vector. PCR-based mutagenesis was used in generat-
ing the Flag-Mi2(K757R) mutant. Transfection was performed using the
Effectene transfection reagent (QIAGEN). Twenty-four hours after trans-
fection, samples were collected and luciferase and �-gal assays were per-
formed using the Promega kit.

Antibodies, Western blots, and immunoprecipitation
All antibodies used have been described previously (Ng et al. 1999; Zhang
et al. 1999). Methods for immunoprecipitation, Western blots, and silver
staining have also been described (Zhang et al. 1998a, 1999).
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