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The electrophile response element (EpRE), also re-
erred to as the antioxidant responsive element (ARE),
s found in the 5*-regulatory region of a number of
enes encoding phase II, drug-metabolizing enzymes.
ene knockout studies have demonstrated the pri-
ary regulatory role that an Nrf2:Maf dimer plays by

inding to nucleotides within the EpRE consensus se-
uence. Current models of transcription regulation
ave also shown the involvement of higher-order tran-
criptional coactivators, proteins that nucleate
round DNA sequence-specific transcription factors,
nhancing transcription of the target gene by inter-
cting with components of the basal transcriptional
pparatus and by enabling chromatin remodeling.
ere, we hypothesized that multiple transcriptional

egulators, including: (i) a primary Nrf2-Maf het-
rodimer, (ii) a proposed secondary, EpRE-specific,
160 family coactivator, ARE-binding protein-1, and
iii) a tertiary coactivator, CBP/p300, nucleate to form
complex at the EpRE that regulates transcription of

he dependent gene. To test this hypothesis, we con-
tructed a HepG2 cell line which contains a stably
ntegrated green fluorescent protein (GFP) gene; its
nducible expression is regulated by a synthetic TK
romoter containing a linked EpRE. To identify the

nvolvement of specific, primary and higher-order
ranscriptional regulators in the EpRE-mediated reg-
lation of the GFP reporter gene, we microinjected
ntibodies directed against specific transcription fac-
ors into the HepG2/GFP cells and determined their
ffect upon tBHQ-induced expression of the GFP gene.
he results demonstrate that microinjected antibod-

es directed against Nrf2, MafK, CBP and p300 could

Abbreviations used: ARE, antioxidant responsive element; EpRE,
lectrophile response element; ARE-BP-1, ARE-binding protein-1;
ST, glutathione S-transferase; tBHQ, tert-butylhydroquinone;
FP, green fluorescent protein; SRC-1, steroid receptor coactiva-

or-1; TIF-2, transcriptional intermediary factor-2; CBP, CREB bind-
ng protein; CREB, cyclic AMP response element-binding protein;
F-E2, nuclear factor-erythroid 2; Nrf1, NF-E2-related factor-1;
rf2, NF-E2-related factor-2; TK, thymidine kinase.
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ity Avenue, Madison, WI 53706. Fax: 608-262-2824. E-mail:
ahl@oncology.wisc.edu.
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FP expression. This directly demonstrates the role
hat the tertiary regulators, CBP or p300, play in me-
iating EpRE activation of phase II genes, and also

mplicates the involvement of secondary, p160 family
oactivators. Moreover, we found that the same anti-
afK antibody that blocked induction of the EpRE-

egulated GFP gene completely ablated the gel-shift
omplex that we hypothesize contains an Nrf2:Maf
imer, ARE-binding protein-1, and CBP or p300. © 2001

cademic Press

Key Words: electrophile response element; glutathi-
ne S-transferase; transcription factors; coactivators;
FP; microinjection.

An electrophile response element has been identified
n the 59 flanking region of genes encoding phase II
nzymes such as glutathione S-transferase, NAD(P)H:
uinone oxidoreductase-1 (NQO-1) and other antioxi-
ant stress proteins such as g-glutamylcysteine syn-
hetase (g-GCS), heme oxygenase-1 (HO-1) and
erritin-L (1–5). These stress-associated proteins are
idely recognized to provide protection against the

oxicities associated with organic electrophiles and ox-
gen radicals through various mechanisms and
hereby ameliorate the risk of oxidative damage-
elated diseases including cancer (6, 7).
Induction of these EpRE-regulated genes has been

hown to occur at the transcriptional level (8, 9). Al-
hough many facets of the EpRE cis-regulatory ele-
ent have been studied extensively, characterization

f the trans-acting factors that interact with it has
een limited. Studies have shown that the DNA recog-
ition sequence of the NF-E2 erythroid transcription
actor is the same as that found within the EpRE.
F-E2 is a heterodimer composed of a p45 unit and a
ember of the small Maf family of proteins (10, 11).
everal p45-related proteins, also referred to as “CNC

amily” proteins, which includes Nrf-1/LCR-F1/TCF11,
rf2, Nrf3, ECH and the Bach family of proteins, have
een identified (12–16). Members of the Maf family are



divided into two subgroups, these include: (i) the large
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af proteins, c-Maf, MafB, NrL and MafA/L-Maf, and
ii) the small Maf proteins, MafK, MafF and MafG (17,
8). Human MafG and MafK have been reported to
imerize specifically with Nrf1 or Nrf2 (19). Itoh et al.
emonstrated that knockout of the Nrf2 gene in mice
esulted in a 70% reduction in the inducibility of the
pRE-regulated GST Ya and NQO1 genes (20). Follow-

ng this, a number of studies have corroborated the
rimary role that an Nrf2/MafK dimer plays in regu-
ating expression of genes containing an EpRE element
21–24).

In several current model systems of gene regulation,
ranscriptional regulation has been shown to involve
ultiple, interacting factors, acting in a hierarchical
anner, to achieve transcriptional control of a specific

ene. These regulatory molecules include: (i) primary
roteins that recognize specific DNA motifs, such as
Zip proteins, (ii) secondary proteins that are recruited
o promoters by protein-protein interactions with the
NA-binding proteins; these molecules serve as tran-

criptional coactivators or corepressors, such as the
160 family of 160 kDa proteins including SRC, p/CIP
nd TIF-2, (iii) tertiary proteins that interact with
econdary proteins as well as with the basal transcrip-
ion machinery; these include CBP and p300, and (iv)
roteins that alter the architecture of chromatin (25,
6).
The p160 family of coactivators consists of SRC-1/
CoA-1, TIF2/GRIP3/NCoA-2 and p/CIP/ACTR/AIB1/
AC3/TRAM-1. Because the molecular mass of each of

hese factors is ;160 kDa, they are collectively termed
he p160 coactivator or steroid receptor coactivator
SRC) family (27, 28).

Tertiary regulators of transcription include two pro-
eins, the CREB binding protein (CBP) and p300; both
roteins share considerable sequence homology. They
re functionally conserved proteins that have been
hown to be essential for the activation of transcription
y numerous transcription factors, including CREB,
P-1, p53, NFkB, STATs and nuclear receptors (29–
4). Moreover, the CBP/p300 proteins have been shown
o interact with p160 coactivator proteins (28, 34), es-
entially providing higher order transcription regula-
ion.

Previous work from our lab with the GST Ya EpRE,
ead to the initial identification of a gel-shift complex
ormed with an EpRE probe that was named “ARE-
P-1” (35, 36). We showed that, within a family of

inker-scanning mutants of the EpRE, the ability to
orm the high molecular weight ARE-BP-1 complex
egregated without exception with the ability of a par-
icular EpRE sequence to support induction. Subse-
uent UV-cross-linking studies (36) showed that al-
hough the dominant cross-linked protein within the
RE-BP-1 complex had a molecular weight of 160 kDa

we named the protein ARE-binding protein-1), the
213
ar heavier, consistent with the presence of additional
roteins, such as an Nrf2:Maf dimer, and possibly a
BP or p300 molecule.
Because the molecular weight of ARE-Binding

rotein-1 was found to be 160 kDa, we hypothesized
hat it is a member of the p160 family of transcription
oactivators. Consistent with other current, p160-
ontaining models, one would then predict that multi-
le transcriptional regulators, including the bZip tran-
cription factors Nrf2 and Maf, a p160 family
oactivator, and CBP/p300 form a complex at the EpRE
hat regulates expression of the EpRE-dependent gene.

To investigate the possible participation of these pri-
ary, secondary and tertiary level regulators of EpRE-
ediated transcription, we produced a HepG2 cell line

hat contains an EpRE-regulated green fluorescent
rotein expression cassette. Microinjection experi-
ents were done in which antibodies against pertinent

rimary and tertiary regulators were injected into the
epG2 cells; acceptable antibodies against p160 family

oactivators were not available for these microinjection
tudies. Following a 24-h treatment of the injected cells
ith tBHQ, we then measured the induced level of
FP expression in each microinjected cell. We found

hat microinjection of specific anti-Nrf2, MafK, CBP
nd p300 antibodies could efficiently ablate tBHQ-
nduced GFP expression, which supports the proposi-
ion that the EpRE is a nucleation site for primary,
econdary and tertiary regulators which together reg-
late transcription of EpRE-dependent genes.

ATERIALS AND METHODS

Materials. The HepG2 human hepatoma cell line was obtained
rom the American Type Culture Collection (Rockville, MD) and
aintained in DMEM with high glucose containing 10% fetal bovine

erum supplemented with 0.1% gentamicin (Life Technologies Inc.,
aithersburg, MD). The cells were grown at 37°C in a humidified 5%
O2/95% air atmosphere. The antibodies against MafK and small
af were gifts from Dr. Yamamoto (University of Tsukuba, Japan)

nd Dr. Igarashi (Tohoku University, Japan), respectively. Anti-
BP, p300, Nrf1, Nrf2, v-Maf antibodies were purchased from Santa
ruz Biotechnology, Inc. (Santa Cruz, CA). The pEGFP expression
ector was purchased from Clontech (Palo Alto, CA). tBHQ was
urchased from Fluka Chemika (Milwaukee, WI).

Construction of ARE-TK GFP plasmids. A synthesized fragment
ontaining a 41 bp GST Ya EpRE motif (TAGCTTGGAAATGACAT-
GCT AATCGTGACAAAGCAACTTT) and/or a 123 bp thymidine-
inase (TK) promoter fragment were inserted into the multiple clon-
ng site of the green fluorescent protein expression vector pEGFP
Clontech, Palo Alto, CA) generating ARE-TK/pEGFP and TK/
EGFP constructs, respectively. The construct DNAs were purified
hrough Qiagen columns (Qiagen Inc., Santa Clarita, CA) and con-
rmed by restriction analysis and sequencing.

Transfections and assay. HepG2 cells were seeded at a density of
3 105 cells/60 mm plate 24 h prior to transfection. Cells were

ransfected with 2 mg of either the ARE-TK/pEGFP or TK/pEGFP
ontrol plasmids using Lipofectin (Life Technologies, Gaithersburg,
D) according to the manufacturer’s instructions. Clones resistant

o 1.0 mg/ml G418 (Life Technologies, Grand Island, NY) were iden-



tified. After 2–3 weeks, colonies were picked using a microscope and
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ransferred into wells of a 24-well plate for expansion.

Electrophoretic mobility-shift assays. Gel-shifts were performed
ccording to the method of Costa et al. (37). Briefly, 33 reaction
uffer [40 mM Hepes, pH 7.9, 80 mM KCl, 4 mM MgCl2, 1 mM
TT, 0.2 mM EGTA, 8% Ficoll (M r 5 400,000)], 2 mg nonspecific
oly(dI-dC) competitor (Sigma) and 9 mg of nuclear extract were
ixed and incubated for 10 min at room temperature. [32P]-

nternally labeled, gel purified, double-stranded DNA was added,
nd the mixtures were incubated for an additional 10 min. The
amples were electrophoresed through a pre-run 5% native acryl-
mide gel in 0.53 TBE. The gel was dried, and the positions of
etarded protein–DNA complexes were visualized using a Molecular
ynamics PhosphorImager (Sunnyvale, CA).

Microinjection of antibodies into HepG2 cells. HepG2 cells, con-
aining the stably integrated GFP expression cassette, were seeded
n acid-washed glass coverslips and grown in DMEM medium sup-
lemented with 10% fetal bovine serum and 0.1% gentamicin. Before
njection, cells were rendered quiescent by incubation in serum-free

edium for 24 h. Antibodies at 1.0 mg/ml were injected into the
uclei of cells. Antibodies directed against Nrf1, Nrf2, CBP, p300,
-Maf, MafK or small Maf were coinjected with rhodamine-
onjugated dextran (0.1 mg/ml) as a microinjection marker. Control
ells were injected with rabbit IgG (1.0 mg/ml) and the rhodamine–
extran conjugate alone. When microinjection was started, the me-
ium was overlaid with a thin layer of sterile 0.9% NaCl-saturated
ineral oil to prevent evaporation and retard pH changes. Microin-

ection was performed using an Eppendorf semiautomated microin-
ection system mounted on an inverted Zeiss microscope. Glass cap-
llaries (Sutter Instruments, Novato, CA) were pulled with a vertical
ipette puller (Kopf Instruments, Tujunga, CA). The injecting mi-
roneedle was attached to an IM 200 microinjector (Narishige, To-
yo) preset to a constant outflow pressure of 0.3–0.4 psi (1 psi 5 6.89
Pa) and was back-loaded with antibody solution using microloader
ipette tips.

Measurement of green fluorescent protein intensity—GFP intensity
n stably transfected cells. 3 3 104 HepG2/GFP cells, which had
een stimulated with 90 mM tBHQ or vehicle for 24 h, were trans-
erred into wells of a 96 well black plate with clear well bottoms. The
easurement of GFP was performed directly using a fluorescence
icroplate reader (Molecular Dynamics, Sunnyvale, CA) with

xcitation/emission at 485 nm/530 nm.

GFP intensity in individually injected cells. Cells that had been
njected were identifiable by red fluorescence within the cell from the
oinjected dextran-conjugated rhodamine B. One hour following in-
ections, the injected cell dishes received 90 mM tBHQ for the next
4 h. After this 24 h treatment, cells were rinsed three times with
BS, and then fixed with 4% paraformaldehyde for 15 min at room
emperature. After three washes with PBS of the fixed cells on
overslips, the coverslips were mounted using SlowFade mounting
edium and viewed with a Zeiss Axiophot fluorescence microscope.

mages were collected on a laser scanning confocal microscope. The
88- and 568-nm lines of a krypton/argon laser were used for exci-
ation of GFP and rhodamine B, respectively. Acquired fluorescence
mages of the cells were managed using LaserSharp software and
igitized using ScanImage and Adobe Photoshop software.

Statistical analysis. Using ScanImage software, the GFP expres-
ion level in single microinjected cells was determined by measuring
he number of green pixels (or, total green fluorescence) per unit area
f each cell that also showed rhodamine B fluorescence. The mean
nd SD for green pixel counts per unit cell area were determined
rom at least 100 microinjected cells. Comparisons of differences in
reen intensity were made using the Student t test. Differences were
eclared significant if P , 0.05.
214
ESULTS

tBHQ-induced expression of green fluorescent pro-
ein. Following transfection with the ARE-TK-GFP
xpression cassette and selection in G418, individual
epG2 cell clones were screened to identify those

lones that had a low fluorescence background, gave
he strongest GFP fluorescence signal following tBHQ
reatment, and retained these characteristics over time
n culture. Cells from one of these isolated clones,
epG2/GFP-B cells, were plated in 96-well plates and

reated with 90 mM tBHQ for 24 h. Induced GFP in-
ensity was measured directly in plate wells using a
uorescence microplate reader. tBHQ treatment in-
uced a significant increase (up to 2.5-fold) in the ex-
ression level of the GFP reporter gene in HepG2/
FP-B cells, whereas no induced GFP expression was

een in HepG2 cells carrying only the control TK-GFP
onstruct (Fig. 1). As Fig. 1 shows, after tBHQ treat-
ent, there was no induction of GFP expression in cells

arrying only the TK-GFP expression cassette; this
ndicates that the tBHQ-induced expression of GFP in
epG2/GFP-B cells was solely mediated through the
pRE.

Microinjection of antibodies into GFP-expressing
ells. To corroborate the regulatory role of Nrf2 and
af transcription factors, and explore the role of the

ertiary coactivators CBP and p300 in EpRE-depen-
ent gene expression in intact cells, we performed a
eries of single cell microinjection studies (Fig. 2). So-
utions of antibodies directed against Nrf1, Nrf2, CBP,
300, v-Maf, MafK and small Maf were individually
njected into HepG2/GFP-B cells. For the 24 h follow-
ng the injections, cells were exposed to 90 mM tBHQ in
he growth medium. Following fixation of the cells, and
onfocal microscopy to record both the red and green
uorescence intensity of each cell (Fig. 2, upper and

ower panels), digital images were quantified to deter-
ine the level of green fluorescence intensity in in-

FIG. 1. Induction of GFP expression by tBHQ in stably trans-
ected HepG2 cells. Stably transformed clones of HepG2 cells, carry-
ng either an integrated ARE-TK-pEGFP construct (HepG2/GFP-B
lone) or TK-pEGFP construct, were exposed to 90 mM tBHQ in the
edium for 24 h. GFP intensity in each well was measured directly
sing a fluorescence microplate reader.
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ed activation/emission filters) and in noninjected cells
r in cells injected only with a control IgG preparation.
igure 2A, shows no diminution of green fluorescence

n cells injected with the control IgG and rhodamine
onjugate, but there are clearly discernible decreases
n green fluorescence in cells injected with antibodies
irected against Nrf2, CBP, p300, and MafK (Figs.
B–2E, respectively). For each antibody group, the
igital images from at least 100 cells were analyzed
nd the average green fluorescence intensity per cell
ecorded.

Figure 3 illustrates in summary form the level of
reen fluorescence per cell for each of the nine micro-
njection groups. A significant decrease (P , 0.05) in
reen fluorescence was seen in cells injected with sev-
ral different antibodies that were available against
rf2, and Maf transcription factors. Essentially all

nduced expression of GFP was ablated by the Nrf2 and
af antibodies because the GFP level per injected cell
as not significantly different than the level of green
uorescence in cells untreated with tBHQ (i.e., Fig. 3,
MSO bar). Interestingly, an antibody directed against
rf1, a structural homologue of Nrf2, showed no effect

n inhibiting tBHQ-induced GFP expression.
Both Figs. 2C and 2D and 3, CBP and p300 bars,

how that injections with antibodies directed against
he tertiary coactivators CBP and p300 were as effec-
ive (P , 0.05) in ablating induced green fluorescence
s the antibodies directed against the primary DNA
inding molecules, Nrf2 and Maf.
Anti-Maf antibody ablates the ARE-BP-1 gel-shift

omplex. Because ARE-BP-1 (35, 36) has not yet been
solated, there are no antibodies currently directed
gainst this molecule. Based upon previous work, we
elieve that the ARE-BP-1 protein, because its molec-
lar weight is 160 kDa (36), serves as a coactivator of
he primary Nrf2:Maf heterodimer that binds directly
o the ARE consensus sequence, in much the same
anner as other 160 kDa coactivators, like SRC, p/CIP

nd TIF-2, serve as coactivators.
Figure 4 shows a gel retardation study using a 41 bp,

32P-labeled EpRE consensus probe and a nuclear ex-
ract prepared from Hep G2 cells. Two specific com-
lexes are formed (lane 1), a high-molecular-weight
omplex that we previously characterized (35, 36) and
amed ARE-BP-1, and a lower molecular weight com-
lex (complex B). In lanes 3–5, we see that increasing
oncentrations of the same anti-MafK antibody that
blated induction when microinjected into cells also
isrupts both the ARE-BP-1 complex and the lower
olecular weight “B” complex.

ISCUSSION

In this paper, we constructed a reporter system with
hich to study the regulated transcription of EpRE-
215
ystem with microinjection of antibodies, we: (i) corrob-
rated the important regulatory roles of Nrf2 and Maf
ranscription factors, (ii) demonstrated the participa-
ory role of the tertiary coactivators CBP and p300, and
mplied the participatory role of secondary, 160 kDa
oactivators; in numerous other models, these mole-
ules are known to bind to both primary bZip dimers
nd tertiary CBP/p300 coactivators, and (iii) showed
hat an anti-Maf antibody that could block EpRE in-
ucibility in the HepG2 reporter cells could also ablate
ormation of the high molecular weight ARE-BP-1 gel-
hift complex. This complex is hypothesized to contain
n Nrf2:Maf dimer, a 160-kDa coactivator that we call
RE-binding protein-1, and a tertiary coactivator, such
s CBP or p300.
The bZIP transcription factor Nrf2, when dimerized
ith Maf, has been shown to bind to the EpRE motif
nd mediate transcriptional activation of EpRE-
ependent genes. Recent studies demonstrated that
rf2 is normally bound to Keap1 in the cytoplasm, and
pon exposure of cells to an oxidative stress or an
lectrophilic chemical, it dissociates and translocates
o the nucleus (38). Nrf2 then heterodimerizes with a
ember of the small Maf family of transcription factors

nd activates gene transcription by binding to the
pRE. In the present study (Figs. 2 and 3), microinjec-

ion of either a low (0.1 mg/ml) or a high (1.0 mg/ml)
oncentration of an anti-Nrf2 antibody blocked nearly
00% of tBHQ-associated induction. The consistency of
ur “antibody-mediated knockout” data with the ear-
ier Nrf2 gene knockout data from Itoh et al. (20, 24)
onfirm the utility of the antibody microinjection strat-
gy for identifying key participants in the regulation of
pRE-mediated transcription.
In published studies, Nrf2 was shown to be more

fficient than Nrf1 in up-regulating hARE-mediated
AT gene expression (39). Toki et al. found very strong
ctivation of reporter gene expression by Nrf2 alone in
OS cells, but only modest transactivation was ob-
erved with p45 and Nrf1 (19). In our experiments, we
ound that an anti-Nrf1 antibody had no effect upon
BHQ-induced GFP expression (Fig. 3). This result
ould be explained by differences in binding affinity of
rf1 and Nrf2 to the EpRE motif, or differences in the
bilities of Nrf1 and Nrf2 to heterodimerize with small
af proteins (39).
Small Maf proteins have been shown to activate gene

xpression by forming heterodimers with other bZip
ranscription factors, such as Nrf1, Nrf2, as well as
embers of the AP-1 family (17, 18). In our present

tudy, we found that two of the three microinjected Maf
ntibodies that we tried significantly decreased EpRE-
egulated GFP expression (Fig. 3). Presumably, the
ctive Maf antibodies blocked the binding of Maf to: (i)
rf2, (ii) the EpRE DNA motif, or (iii) a putative p160

oactivator.
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Interestingly, we found that an anti-MafK antibody
hat could block inducibility when microinjected could
lso ablate formation of the ARE-BP-1 gel-shift com-
lex (Fig. 4). Earlier work from our lab (35) showed
hat, within a family of linker-scanning mutants of the
pRE, the ability to form the high molecular weight
RE-BP-1 complex segregated perfectly with the abil-

ty of a particular EpRE sequence to support induction.
ubsequent UV-cross-linking studies (36) showed that
lthough the dominant cross-linked protein within the
omplex had a molecular weight of 160 kDa (we named
he protein ARE-binding protein-1), the weight of the
omplex in its native state was far heavier, consistent
ith the presence of additional proteins, such as an
rf2:Maf dimmer, and possibly a CBP or p300 mole-

ule. Though indirect, we believe that the ability of the
af antibody to ablate the ARE-BP-1 complex sup-

orts the model for transcription factor assembly at the
pRE shown in Fig. 5. Complex “B” in the Fig. 4
el-shift is most plausibly explained as an Nrf2:Maf
eterodimer bound to the EpRE probe.
It has recently become clear that higher-order p160

nd CBP/p300 coactivators play a central role in
he transcriptional regulation of a variety of human
enes. To date, several distinct but related p160 family
embers have been characterized, including SRC-1/
CoA-1, TIF2/GRIP3/NCoA-2 and p/CIP/ACTR/AIB1/
AC3/TRAM-1, with each family member having a
umber of splice variants (27, 28). Although all three

FIG. 2. GFP expression in tBHQ-treated HepG2/GFP-B cells m
uccessfully microinjected individual cells were identified by the
oinjected with antibody solutions (bottom panels). Confocal images o
he amount of green fluorescence signal per cell was determined using
ither control IgG (A) or antibodies directed against Nrf2, CBP, p30
216
160 family members do possess similar properties in
erm of enhancement of transcriptional activation, sev-
ral reports suggest that their activities are not com-
letely overlapping and particularly outline a division
etween SRC-1 and TIF2/GRIP1 versus p/CIP/ACTR/

injected with antibodies directed against key transcription factors.
fluorescence of the dextran-conjugated rhodomine B which was

lls were then taken using green fluorescence filters (top panels), and
anImage software. Representative images of cells microinjected with

afK (B–E, respectively) are shown.

FIG. 3. Quantitative effect of microinjected antibodies on the
BHQ-induced expression of GFP in HepG2/GFP-B cells. Injected
ntibody solutions were at 1 mg/ml except for the Nrf2-L group
hich received the Nrf2 antibody at 0.1 mg/ml. After 24 h of stimu-

ation by 90 mM tBHQ, the cells on coverslips were fixed and
ounted. Confocal fluorescence images were taken and digitized
sing ScanImage software. The asterisks indicate those groups that
re significantly different from the control IgG group (P , 0.05). At
east 100 microinjected HepG2 cells were analyzed for each data
oint.
icro
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f ce
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f a particular coactivator may depend on cell or tissue
ype and/or coactivator levels in these cells (40). At-
empts to use anti-SRC or anti-TIF-2 antibodies to
blate the ARE-BP-1 gel-shift complex showed no ef-
ect (data not shown). Based upon the aggregate data
o date, we propose that ARE-binding protein-1 is a
ember of the p160 protein family, but that it is suf-
ciently different in structure to avoid neutralization
y antibodies directed against SRC or TIF-2. To deter-
ine the relationship between ARE-binding protein-1

nd members of the p160 coactivator family, purifica-
ion and cloning of ARE-binding protein-1 will need to
e completed.
In the present study we determined that the tran-

criptional coactivators CBP and p300 are involved in
egulating transcription of EpRE-controlled genes.
ranscriptional activation of eukaryotic genes in re-
ponse to extracellular signals generally requires the
ecruitment of proteins functioning either as coactiva-
ors or corepressors (26, 27). CBP and p300 have been
hown to have potent, intrinsic histone acetyltrans-
erase activity, and they can associate with other pro-

FIG. 4. Disruption of gel-shift complexes by an anti-MafK anti-
ody. Conditions of the assay are described in detail under Materials
nd Methods. Nuclear extracts were prepared from HepG2 cells, and
he 41 bp, 32P-labeled EpRE probe is described under Materials and
ethods. Lane 1, standard conditions; lane 2, anti-Mafk antibody
ithout nuclear extract; lane 3 (1.0 ml), lane 4 (0.3 ml), lane 5 (0.1 ml)
f anti-MafK antibody. The nuclear extract was incubated with the
nti-MafK antibody for 20 min at room temperature, and then the

2P-end-labeled EpRE probe was added and incubated for an addi-
ional 10 min.
217
eins that also have histone acetyltransferase activity
41, 42). It is thought that acetylation of histones
rings about an “open” conformation of chromatin that
s more conducive to the interaction of transcription
nitiation complexes with DNA, and therefore results
n activation of transcription. CBP and p300 have also
een reported to interact directly with the general
ranscription factors TFIIB and TBP, with a compo-
ent of TFIID, and with RNA polymerase II (43–45). In
ur present studies, microinjection of specific anti-CBP
r anti-p300 antibodies blocked over 80% of the tBHQ-
nduced expression of GFP (Fig. 3), providing direct
vidence for the involvement of CBP and p300 in reg-
lation of EpRE-controlled genes. Further studies are
eeded to determine the precise manner of interaction
etween the transcription factors Nrf2/MafK, ARE-
inding protein-1 or other p160 coactivators, and CBP/
300.
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