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Identification of a novel class
of genomic DNA-binding sites
suggests a mechanism
for selectivity in target gene
activation by the tumor
suppressor protein p53
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There are two response elements for p53 in the promoter
of the gene for the cyclin-dependent kinase inhibitor
p21. The binding of p53 to the 5* site was enhanced by
incubation with monoclonal antibody 421, whereas the
binding of p53 to the 3* site was inhibited. Mutational
analysis showed that a single-base change caused one
element to behave like the other. A response element in
the human cdc25C promoter is bound by p53 with prop-
erties similar to the 3* site. These results identify two
classes of p53-binding sites and suggest a mechanism for
target gene selectivity by p53.
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The tumor suppressor protein p53 has been implicated in
the cellular response to DNA damage and mediates ei-
ther growth arrest or apoptosis, depending on particular
cellular conditions (see Gottlieb and Oren 1996; Ko and
Prives 1996; Levine 1997). It has also been implicated in
a spindle checkpoint (Cross et al. 1995) and in the induc-
tion of either differentiation (Shaulsky et al. 1991; Aloni-
Grinstein et al. 1993; Soddu et al. 1994) or senescence
(Sugrue et al. 1997). The p53 protein is a transcription
factor that binds in a sequence-specific manner to par-
ticular sites in the genome and activates transcription of
target genes (for review, see Gottlieb and Oren 1996; Ko
and Prives 1996; Levine 1997). Utilizing immunobinding
assays involving the monoclonal antibody 421, a consen-
sus binding site for p53 has been defined and consists of
four pentameric repeats of RRRCW in which R is a pu-
rine and W represents either an A or T residue (El-Deiry
et al. 1992; Funk et al. 1992; Halazonetis et al. 1993).
Two palindromic pentamers (half-site) are juxtaposed to

a second set of two palindromic pentamers, the two half-
sites being separated by no insert or insertions from 1–13
bp (El-Deiry et al. 1992). Such a consensus site is consis-
tent with the fact that p53 exists in solution and binds to
DNA as a tetramer (Friedman et al. 1993). It has been
proposed that to accommodate a symmetrical tetrameric
p53 on such a site, the DNA must bend (Balagurumoor-
thy et al. 1995; Nagaich et al. 1997a,b). Studies to date
have implicated the C residue at position 4 of each
pentamer as essential for the binding of p53 to DNA
(Halazonetis et al. 1993; Nagaich et al. 1997b).

The structure of p53 is consistent with its role as a
transcription factor with identified domains that are re-
sponsible for transcriptional activation, sequence-spe-
cific DNA binding, and oligomerization as a tetramer.
Previous studies have implicated the carboxy-terminal
30 amino acids of p53 as exerting a negative regulatory
effect on the DNA-binding activity of the protein. Dele-
tion of these carboxy-terminal 30 amino acids, phos-
phorylation of sites within this region by casein kinase II
and protein kinase C, and the binding of bacterial DnaK
in this region all will activate the DNA-binding activity
of p53 (Hupp et al. 1992; Takenaka et al. 1995). Consis-
tent with this, the mAb 421, which has an epitope in this
carboxy-terminal region, activates the ability of p53 to
bind to DNA (Funk et al. 1992; Hupp et al. 1992; Hala-
zonetis et al. 1993; Mundt et al. 1997). Finally, a peptide
derived from the carboxyl end of p53 has also been
shown to stimulate the ability of p53 to interact with
DNA, although not to the same extent as the activators
identified previously (Hupp et al. 1995).

DNA damage induces expression of p53 protein
which, in turn, transcriptionally activates expression of
particular genes, most notably those that encode the cy-
clin-dependent kinase inhibitor p21. Consistent with
this, cells that lack p21 expression have an impaired p53-
dependent response to DNA damage (Brugarolas et al.
1995; Deng et al. 1995). The human p21 promoter has
been shown to contain two p53-responsive elements.
Deletion analysis of reporter constructs containing the
sequence of the human p21 promoter identified a distal
element located 2.3–2.5 kb and a proximal element lo-
cated 1.1–1.5 kb from the start site of transcription (El-
Deiry et al. 1993,1995; Macleod et al. 1995).

In this report we have confirmed the existence of two
p53-responsive elements in the human p21 promoter.
One of these, the 38 site, matches the consensus se-
quence for p53 DNA binding at 18 of 20 positions. No-
tably, there is a G residue in place of the C residue in the
fourth position of the first pentamer (Fig. 1). In contrast
to other known p53-binding sites, the binding of p53 to
this 38 site in the p21 promoter is inhibited by mAb 421.
This suggests the existence of a new class of genomic
sites in which the binding of p53 may be regulated dif-
ferentially. Because p53 has been implicated in a variety
of cellular responses, an understanding of the mecha-
nism for selection of target genes by p53 is central to
understanding its biological functions. The results pre-
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sented here suggest one potential mechanism for such
site selection by p53.

Results

Two p53-responsive elements are present
in the human p21 promoter

Using a series of deletion constructs, two p53-response
elements had been identified previously in the human
p21 promoter (Macleod et al. 1995). A well-characterized
element was located 2.4 kb upstream from the start site
of transcription, and a second element had been sug-
gested to be present 1.1–1.5 kb from
the start of transcription (Fig. 1). We
demonstrate that both a 20-bp 58 el-
ement, located between −2262 and
−2281, and a 20-bp 38 element, lo-
cated between −1376 and −1395, are
each sufficient to transactivate a re-
porter gene in a p53-dependent man-
ner (Fig. 2). Double-stranded syn-
thetic oligonucleotides containing
either one copy of the 58 site or two
copies of the 38 site were inserted
into a reporter vector, pGL3–
E1bTATA, containing the E1b pro-
moter upstream of a luciferase re-
porter gene. Although a single copy
of the 38 site conferred p53-depen-
dent transcriptional activation on
the minimal promoter (see Fig. 5B,
below), two copies of the 38 site
showed a more pronounced effect
and were used in the experiments
described here (Fig. 2). Each reporter
construct was cotransfected into

p53-negative Saos-2 cells with empty vector or a plasmid
expressing either human wild-type p53 or the human
temperature-sensitive mutant p53Ala143. The tempera-
ture-sensitive mutant p53Ala143 is in a mutant conforma-
tion at 37°C. At this temperature, it is unable to activate
p53-response elements. However, when shifted to 32°C,
this mutant can assume a wild-type conformation and
has been shown to activate some p53-responsive promot-
ers (such as p21) but not others (such as Bax) (Friedlander
et al. 1996). Cells were maintained at 37°C or shifted to
32°C, 17 hr prior to lysis. At 37°C, a luciferase reporter
containing a single copy of the 58 site was activated
1730-fold by wild-type p53, but only 2-fold by p53Ala143.
The reporter plasmid containing two copies of the 38 site
was activated 380-fold by wild-type p53, but again only
2-fold by p53Ala143. The reporter vector lacking either
response element was minimally activated by expression
of either the wild-type or mutant p53 (Fig. 2A). At 32°C,
the luciferase reporter containing a single copy of the 58
site was activated 1154-fold by wild-type p53 and 792-
fold in the presence of p53Ala143. The reporter plasmid
containing two copies of the 38 site was activated 362-
fold by wild-type p53 and 96-fold by the mutant
p53Ala143. A luciferase reporter plasmid containing the
full-length p21 promoter p21P was activated 16-fold by
wild-type p53 and ninefold by the mutant p53Ala143. At
32°C, the reporter vector lacking either response ele-
ment was not activated by either wild-type or mutant
p53 (Fig. 2B). These data confirm that there are two p53-
response elements in the human p21 promoter, each of
which is sufficent to confer p53-dependent transcriptional
activation on a luciferase reporter gene containing the
minimal adenovirus E1b promoter. Additionally, neither
the 58 nor the 38 site is activated by the temperature-sen-
sitive mutant p53Ala143 at 37°C, whereas at 32°C both sites
are activated, although less so than by wild-type p53.

Figure 2. Two p53-response elements are present in the p21 promoter. Saos-2 cells were
transfected as described in Materials and Methods with 2 µg of the indicated reporter
constructs in the absence or presence of either 50 ng of pCMV–p53wt, an expression vector
encoding human wild-type p53 under the control of the CMV promoter (light and dark
bars, respectively), or 50 ng of pCMV–p53ala143, an expression vector encoding the tem-
perature-sensitive mutant p53Ala143 (solid bars). Cells were either maintained at 37°C (A)
or shifted to 32°C 17 hr prior to lysis (B) and then were assayed for luciferase activity and
total protein levels as described in Materials and Methods. The indicated values are the
average of three (37°C) or four (32°C) independent experiments that had been performed in
duplicate.

Figure 1. Schematic of p21 promoter. Shown is 2.5 kb of the
upstream sequence of the human p21 promoter; 2.2 kb from the
start site of transcription is a well-documented p53-binding site
at positions −2281 to −2262. It matches the published consensus
sequence for a p53 DNA binding site in 18 of 20 positions; the
variations from the consensus are shown by lowercase letters. A
second site with similarity to the consensus sequence is 1.3 kb
upstream from the start site of transcription. Contained within
positions −1395 to −1376, this sequence also matches the con-
sensus at 18 of 20 positions. Note that in this 38 site, the fourth
position of the first pentamer contains a G rather than a C
residue (shown in lowercase and boldface type). The position of
the TATA box of the promoter is also indicated.
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GENES & DEVELOPMENT 2103



Two p53-binding sites are present in the human p21
promoter

Double-stranded oligonucleotides that contain the se-
quence of the 58 and 38 sites were synthesized and used
in electrophoretic mobility shift assays (EMSAs). The 58
site was bound by purified p53, and this binding was
competed by an excess of unlabeled 58 site (Fig. 3A, lanes
2–4), as well as an excess of the 38 site (Fig. 3A, lanes
8–10), but not by an unlabeled oligonucleotide contain-
ing a mutated sequence of the 58 site in which the C
residue in the fourth position of each pentamer has been
mutated to a T residue (Fig. 3A, lanes 5–7). The 38 site
competes approximately threefold less well than the 58
site for the binding of p53 protein to a labeled 58 site (Fig.
3A, lanes 2–4, and 8–10). The mAb 1801 supershifts the
p53–58 site complex efficiently, demonstrating the pres-
ence of p53 in that complex (Fig. 3A, lane 11). As has
been reported previously for a p53 consensus site (Funk
et al. 1992), mAb 421 also efficiently supershifts the p53–
58 site complex and in so doing enhances the binding
that is seen (Fig. 3A, lane 12).

The 38 site also was bound by purified p53, and the
binding of p53 to a labeled 38 site was effectively com-
peted by the unlabeled 38 site (Fig. 3B, lanes 2–4), as well
as the unlabeled 58 site (Fig. 3B, lanes 8–10) but not the
mutated 58 site with all four C residues altered (Fig. 3B,
lanes 5–7). Consistent with the results of the competi-
tion analysis using the labeled 58 site, the unlabeled 58
site competed threefold better for binding to the labeled
38 site as the unlabeled 38 site (Fig. 3B, lanes 2–4, and
8–10). mAb 1801 again supershifted the p53–38 site com-
plex (Fig. 3B, lane 11) efficiently. Surprisingly, in con-
trast to the result with the labeled 58 site, mAb 421 ap-

peared to inhibit the binding of p53 to the 38 site and
supershifted what little DNA-binding complex that was
detected only poorly (Fig. 3B, lane 12). This latter result
suggests the intriguing possibility that the optimal bind-
ing of p53 to each of these sites may require different
conformations of the p53 tetramer.

Mutation of a C residue affects responsiveness
to mAb 421

The 38 site diverges from the published consensus for
p53-binding sites in two positions. The residue in posi-
tion 4 of the first pentamer is a G (instead of a C residue),
and the residue in position 3 of the second pentamer is
an A residue (instead of a pyrimidine). The binding of p53
to the labeled 38 site is inhibited in the presence of mAb
421 (Fig. 4, lanes 9–12). However, when a 1-bp change,
G4 to C residue, was engineered in this sequence and
used as the labeled probe, the binding to p53 was en-
hanced in the presence of mAb 421 (Fig. 4, lanes 13–16).
Thus, mutation of G4 to a C, thereby creating a site with
four consensus pentamers, allowed the binding of p53 to
this site to be enhanced by mAb 421.

The reverse effect could be achieved through mutagen-
esis of the 58 site. This site conforms to the consensus
sequence in that a C residue is present in the fourth
position of each pentamer. A labeled 58 probe bound to
increasing amounts of p53 (Fig. 4, lanes 1–2) and this
binding could be enhanced in the presence of mAb 421
(Fig. 4, lanes 3,4). When mutated 58 (C14 to G) was la-
beled and used in this EMSA, its binding to p53 was
inhibited in the presence of 421 (Fig. 4, lanes 5–8) just
like the 38 site (Fig. 4, lanes 9–12). Therefore, the primary
sequence of the response element can determine

Figure 4. Mutational analysis demonstrates the importance of
the C residue in the fourth position of a pentamer in respon-
siveness to mAb 421. Purified p53 (5 or 10 ng as indicated) was
incubated with labeled probes containing the 58 site (lanes 1–4),
the 58 site with the residue at position 14 mutated to a G (C14 to
G) (lanes 5–8), the 38 site (lanes 9–12), or the 38 site with the
residue at position 4 mutated to a C (G4 to C) (lanes 13–16). The
labeled probes had equivalent specific activities. Reactions were
performed either in the absence (lanes 1,2,5,6,9,10,13,14) or
presence (lanes 3,4,7,8,11,12,15,16) of mAb 421. The arrow (→)
position of the p53–DNA complex; (]) position of the super-
shifted p53–DNA–antibody complex.

Figure 3. Monoclonal antibody enhances the binding of p53 to
the 58 site but inhibits the binding of p53 to the 38 site. (A) An
EMSA using as labeled probe the 58 p53-binding site; (B) an
EMSA using as labeled probe the 38 p53-binding site. Five nano-
grams of purified p53 protein was incubated alone (lane 1), in
the presence of a 17-, 33-, or 50-fold excess of each unlabeled
competitor, as indicated (lanes 2–10), or in the presence of a 4 µl
of mAb 1801 (lane 11) or 4 µl of mAb 421 (lane 12). p21 58

(mutated) refers to a 58 site in which the fourth postion of each
pentamer has been mutated to a T residue. A sample that does
not contain any p53 protein is shown in lane 13. (→) The posi-
tion of the p53–DNA complex; (]) the position of the super-
shifted p53–DNA antibody complex.
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whether the binding by p53 is enhanced or inhibited by
antibody 421.

There is a p53-response element in the promoter
of the human cdc25C gene with properties similar
to the 38 site

A search in the human genome database for other variant
p53-binding sites that consist of four pentamers, only
three of which contain C residues in the fourth position,
was performed. A site in the promoter of the cdc25C
gene, which encodes a cell cycle-regulated protein phos-
phatase that is necessary for progression into mitosis,
was subjected to further analysis. A radiolabeled syn-
thetic oligonucleotide containing a sequence from the
human cdc25C promoter is bound by purified human
p53 in an EMSA (Fig. 5A, lane 7). mAb 1801 supershifts
this complex efficiently, whereas mAb 421 inhibits the
binding of p53 to this site (Fig. 5A, lanes 8,9). Similar

results were obtained with a radiolabeled oligonucleo-
tide containing the sequence of the 38 site of the p21
promoter (Fig. 5A, lanes 4–6). These results are in con-
trast to the ability of mAb 421 to enhance and supershift
the complex of p53 with a radiolabled oligonucleotide
containing the 58 site from the p21 promoter (Fig. 5A,
lanes 1–3). These results demonstrate that the site from
the cdc25C promoter binds to p53 in the presence of
mAb 421 with similar properties as the 38 site from the
p21 promoter.

To determine whether this p53-binding site from the
cdc25C promoter can act as a p53-response element in
cells, an oligonucleotide containing a single copy of the
sequence of this site was inserted adjacent to the adeno-
virus E1b minimal promoter in a luciferase reporter plas-
mid. This construct was compared to constructs con-
taining two previously characterized p53-response ele-
ments, namely one from the human bax promoter, and
one of the two intronic sites found in the IGFBP3 gene,
the so-called box A site (Buckbinder et al. 1995; Miya-
shita and Reed 1995; Friedlander et al. 1996; Ludwig et
al. 1996). These reporter constructs were compared to a
plasmid containing a single copy of the 38 site from the
p21 promoter and a plasmid containing a single copy of
the 58 site that contains all four C residues altered.
Saos-2 cells were transfected with increasing amounts of
the wild-type p53 expression vector in the presence of
these various reporter constructs. Wild-type p53 acti-
vated reporters containing the Bax, IGFBP3-A, 38 site,
and Cdc25C sites, but not a reporter containing the mu-
tated 58 site (Fig. 5B). This demonstrates that the site
from the cdc25C promoter is sufficient to confer p53-
dependent transcriptional activation on a heterologous
luciferase reporter construct. Thus, mAb 421 differen-
tially affects the binding of p53 to two different genomic
binding sites that can mediate p53-dependent transcrip-
tional activation.

Discussion

The binding of the mAb 421 to p53 stimulates the ability
of p53 to bind to one set of genomic sites that conform to
a previously identified consensus sequence and inhibits
its ability to bind to another set of genomic sites that
deviate from that consensus. This ability to regulate the
sequence selectivity of DNA binding by a transcription
factor, even in an in vitro setting, is a novel finding. A
provocative unanswered question is whether the inhibi-
tion seen in the presence of mAb 421 has a physiological
counterpart in the cell such that the sequence-specific
binding of p53 to elements such as the 38 site is regu-
lated. The relevance of the mAb 421 effect will remain
an open question until cellular conditions are identified
that produce selective inhibition of these variant p53-
response elements. Previous studies suggest some pos-
sible mechanisms, including regulation by the coactiva-
tor p300 and phosphorylation by particular kinases. The
coactivator p300 recently has been shown to stimulate
the sequence-specific DNA-binding activity of p53 (Gu
and Roeder 1997), and the DNA-binding activity of p53
can also be stimulated by phosphorylation by casein ki-

Figure 5. The p53-response element in the promoter of the
human cdc25C gene has properties similar to the 38 site. (A) An
EMSA using as radiolabeled probe the 58 site (lanes 1–3), the 38

site (lanes 4–6), or the site from the cdc25C promoter (lanes
7–9). The probes had an equivalent specific activity of labeling.
Five nanograms of purified p53 was incubated in the absence
(lanes 1,4,7) or presence of either 4 µl of mAb 421 (lanes 2,5,8) or
the presence of 4 µl of mAb 1801 (lanes 3,6,9). (→) The position
of the p53–DNA complex; (]) position of the supershifted p53–
DNA–antibody complex. (B) Saos-2 cells were transfected as
described in Materials and Methods with 2 µg of the indicated
reporter constructs in the absence (open bars) or presence of
increasing amounts of pCMV–p53wt (50, 100, 200, or 500 ng,
shaded bars), or 500 ng of pCMV–p53ala143 (solid bars). Appro-
priate amounts of the vector pCMV were added to each trans-
fection mixture to maintain a total level of plasmid DNA of 2.5
µg. Cells were maintained at 37°C and assayed for luciferase
activity and total protein levels as described in Materials and
Methods. The indicated values are from a representative experi-
ment that had been performed in duplicate.
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nase II, protein kinase C, and cyclin-dependent kinase
(Meek et al. 1990; Takenaka et al. 1995; Wang and Prives
1995). Studies to examine the role of these different ki-
nases, as well as p300, in the regulation of the ability of
p53 to interact with elements such as the 38 site in the
p21 promoter are essential to address these possibilities.

Depending on particular cellular conditions, the tu-
mor suppressor protein p53 has been reported to induce
growth arrest in both the G1 and G2 phases of the cell
cycle, mediate an apoptotic response, or trigger alterna-
tively a differentiation or a senescence pathway (see Got-
tlieb and Oren 1996; Ko and Prives 1996; Levine 1997;
Sugrue et al. 1997). Because the DNA-binding activity of
p53 appears to play a role in each of these physiological
responses, the ability of p53 to select among various tar-
get genes to elicit a particular cellular response is central
to the regulation of its biological function. To date, the
identification of a mechanism for the regulation of target
gene selectivity by p53 has been elusive. The results pre-
sented here, albeit under nonphysiological conditions,
suggest one potential mechanism by which such selec-
tivity may be achieved. It will be important to determine
whether such a mechanism occurs during any of the
various cellular responses to p53 and to identify the tar-
get genes that are relevant in each situation.

Materials and methods

Plasmids
The expression plasmids pCMV–p53wt and pCMV–p53Ala143, encode the
indicated human p53 protein under the control of the CMV promoter.
These plasmids were referred originally to as pCMV–SN3 and pCMV–
CX3, respectively. The reporter plasmid, pGL3–E1bTATA, was con-
structed by digesting a synthetic double-stranded oligonucleotide, GC-
GCGGTACCCTCGAGATGCATGAATTCGCTAGCGAGCTCAGGG-
TATATAATGAAGCTTGGCC, with KpnI and HindIII and cloning it
into the pGL3–Basic vector (Promega), which had been double-digested
with KpnI and HindIII. The resulting plasmid contains a multiple cloning
region with the unique restriction sites, KpnI, XhoI, NsiI, EcoRI, NheI,
and SacI upstream of the minimal adenovirus E1b promoter sequence
and the coding region for firefly luciferase.

The following synthetic double-stranded oligonucleotides were di-
gested with KpnI and either NheI [58, 38(1×), 38(2×), Cdc25C, and Bax]
or SacI (58 mut and IGFBP3-A) and cloned into pGL3–E1bTATA, which
had been double-digested with KpnI and either NheI or SacI to produce
the appropriate reporter plasmids: 58-AATTGGTACCGAACATGTC-
CCAACATGTTGGCTAGCGAATT; 38(1×)–AATTCGGTACCGAAG-
AAGACTGGGCATGTCTGCTAGCGAATT; 38(2×)–AATTCGGTAC-
CGAAGAAGACTGGGCATGTCTGAAGAAGACTGGGCATGTCTG-
CTAGCGAATT; 58 mut–AATTCGGTACCGAATATATCCCAATAT-
ATTGGAGCTCGAATT; Cdc25C–AATTCGGTACCGGGCAAGTCT-
TACCATTTCCAGAGCAAGCACGCTAGCGAATT; Bax–AATTCGG-
TACCTCACAAGTTAGAGACAAGCCTGGGCGTGGGCTATATTG-
CTAGCGAATT; and IGFBP3-A–AATTCGGTACCAAACAAGCCAC-
CAACATGCTTTGGAGCTCGAATT.

Transfection of reporter constructs
Saos-2 cells were transfected using the DOTAP liposomal transfection
reagent (Boehringer Mannheim) according to the manufacturer’s instruc-
tions. Lysates were prepared, total protein concentration was deter-
mined, and luciferase assays were quantitated using a TD-20e Luminom-
eter (Turner).

Purification and quantitation of human p53 protein
Sf9 cells that were infected with recombinant baculovirus were lysed in
20 mM HEPES (pH 7.4) containing 20% glycerol, 10 mM NaCl, 0.2 mM

EDTA, 0.1% Triton X-100, 1 mM DTT, 1 mM PMSF, 50 µM leupeptin, and
50 µg/ml aprotinin (lysis buffer). Nuclei were pelleted by centrifugation

at 2300 rpm and then resuspended in lysis buffer containing 500 mM

NaCl. Extracts were diluted to 100 mM NaCl, applied to a 0.5-ml Ni-
NTA-agarose column (Qiagen) that was equilibrated with 20 mM HEPES
containing 100 mM NaCl, and eluted with 200 mM imidazole containing
10 mM HEPES, (pH 7.4) and 5 mM NaCl. Fractions of 0.5-ml were col-
lected, dialyzed against 10 mM HEPES (pH 7.4), 5 mM NaCl, 0.1 mM

EDTA, 20% glycerol, and 1 mM DTT, aliquoted, and stored at −70°C.

EMSAs
Complementary single-stranded oligonucleotides were annealed, and
ends were filled using the Klenow fragment of DNA polymerase to pro-
duce the following double-stranded oligonucleotides: p21 58-AATTCTC-
GAGGAACATGTCCCAACATGTTGCTCGAGAATT; p21 38-AATTC-
TCGAGGAAGAAGACTGGGCATGTCTTCTACCTCGAGAATT; p21
58 (mutated)–AATTCTCGAGGAATATATCTTGAATTCTTCCTCGA-
GAATT; p21 58 (C14 to G)–AATTCTCGAGGAACATGTCCCAAGAT-
GTTGCTCGAGAATT; p21 38 (G4 to C)–AATTCTCGAGGAACAAG-
ACTGGGCATGTCTTCTACCTCGAGAATT; and Cdc25C–AATTCT-
CGAGGGGCAAGTCTTACCATTTCCAGAGCAAGCACCTCGAGA-
ATT.

Purified p53 protein, 3 ng of labeled double-stranded oligonucleotide,
and hybridoma supernatant where appropriate, were incubated in a total
volume of 30 µl of DNA binding buffer containing 20 mM HEPES (pH
7.5), 83 mM NaCl, 0.1 mM EDTA, 12% glycerol, 2 mM MgCl2, 2 mM

spermidine, 0.7 mM DTT, 133 µg/ml BSA, and 25 µg/ml poly[d(I–C)] for
30 min at room temperature. Samples were loaded on a native 4% acryl-
amide gel in 0.5× TBE and electrophoresed at 4°C at 200 V for 2 hr. The
gel was dried and exposed to Kodak XAR-5 film using an intensifying
screen at −70°C. Bands were quantitated using the Molecular Analyst
Phosphorimaging system (Bio-Rad).
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