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Transcription factor activator protein 2a (AP-2a) is a nega-
tive regulator of adipogenesis by repressing the transcription
of CCAAT/enhancer binding protein (C/EBPa) gene. During
adipogenesis, AP-2a is degraded, leading to transcriptional
up-regulation of C/EBPa. However, the mechanism for AP-
2a degradation is not clear. Here, using immunoprecipitation
assay and mass spectrometry, we identified ring finger protein
20 (RNF20) as an AP-2a-interacting protein in 3T3-L1
preadipocytes. RNF20 has been proved to be an E3 ubiquitin
ligase for both histone H2B and tumor suppressor ErbB3-
binding protein 1 (Ebp1). In this study, we demonstrated that
RNF20 co-localized and interacted with AP-2a, and promoted
its polyubiquitination and proteasome-dependent degrad-
ation. Over-expression of RNF20 inhibited the activity of
AP-2a and rescued the C/EBPa expression which was inhib-
ited by AP-2a. These results suggested that RNF20 may play
roles in adipocyte differentiation by stimulating ubiquitin–
proteasome-dependent degradation of AP-2a.
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Introduction

Transcription factor activator protein 2a (AP-2a) belongs to
the AP-2 family of transcription factors that consists of five
different proteins in humans and mice: AP-2a, AP-2b,
AP-2g, AP-2d, and AP-21 (reviewed in [1,2]). Among these,
AP-2a is the first discovered and best characterized member.
AP-2a is involved in various physiological and pathological
processes, including the regulation of cell proliferation,
differentiation, apoptosis, and carcinogenesis [1,2]. Recently,

AP-2a has been found to play roles in adipocyte differenti-
ation. In 3T3-L1 preadipocytes, AP-2a represses the tran-
scription of CCAAT/enhancer binding protein (C/EBPa)
gene [3,4], which is an important regulator of adipogenesis
[5]. Upon induction of differentiation, both protein level and
DNA binding activity of AP-2a decline, allowing the expres-
sion of C/EBPa gene [3,4]. However, it is unknown how the
stability and activity of AP-2a protein are regulated during
adipocyte differentiation.

Many studies have demonstrated that the stability and ac-
tivity of AP-2a protein can be regulated by its interacting
partners through physical interaction or chemical modifica-
tion [1,6]. For example, potassium channel tetramerization
domain containing 1 (KCTD1) interacts with AP-2a and
inhibits its transactivity; the protein kinase A-mediated phos-
phorylation of AP-2a stimulates the effect of AP-2 on the
apolipoprotein E (ApoE) promoter [7]; our previous study
has demonstrated that casein kinase 2 phosphorylates AP-2a
and increases its stability [8]. Here, to understand the regula-
tory mechanism of AP-2a in adipogenesis, we screened its
interacting partner in 3T3-L1 preadipocytes using immuno-
precipitation (IP) assay followed by mass spectrometry,
and identified ring finger protein 20 (RNF20) as an
AP-2a-interacting partner. Furthermore, we demonstrated
that RNF20 promoted the polyubiquitination and degrad-
ation of AP-2a.

Materials and Methods

Plasmids and antibodies
The mouse RNF20 expression plasmid pHA-RNF20 was pur-
chased from GeneCopoeia (Rockville, USA). The AP-2a ex-
pression plasmid pMyc-AP-2a, pEGFP-Myc-AP-2a, and the
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reporter plasmid pA2-Luc which contains three copies of
AP-2 binding sequence from human metallothionein IIa
(hMT-IIa) promoter region, were described previously [9]. The
His-tagged ubiquitin mammalian expression plasmid pHis-UB
was a gift from Prof. Marsh JL (University of California, Los
Angeles, USA) [10]. The b-galactosidase expression plasmid
pCMV-b was purchased from Clontech (Palo Alto, USA). All
of the antibodies used in this study were purchased from Santa
Cruz (Santa Cruz, USA).

Cell culture, transfection, and luciferase assay
All cell lines used in this study were purchased from the Cell
Bank of the Chinese Academy of Sciences (Shanghai, China).
3T3-L1 and HEK293 cells were cultured in Dulbecco’s modi-
fied Eagle’s medium (Gibco-BRL, Carlsbad, USA) supplemen-
ted with 10% heat-inactivated fetal bovine serum (Gibco-BRL),
2 mM L-glutamine, and 100 U/ml penicillin–streptomycin at
378C in a 5% CO2 incubator. The 3T3-L1 cells were grown in a
24-well plate and transfected with 0.1 mg of pA2-luc, 0.1 mg of
pCMV-b, and increasing amount of pHA-RNF20 (0, 0.1, 0.2,
0.4 mg) using Lipofectamine 2000 (Invitrogen, Carlsbad, USA)
at 80% confluence. At 36 h post-transfection, the cells were
lysed to measure the luciferase activity using the luciferase
assay system (Promega, Madison, USA) as previously described
[9]. The luciferase activities were normalized according to
b-galactosidase activities.

Co-immunoprecipitation and mass spectrometry
The AP-2a-interacting partners were screened by IP assay
followed by mass spectrometry as described previously [11].
Cell extracts from 3T3-L1 preadipocytes were immunopreci-
pitated using anti-AP-2a antibody or IgG. The immunopre-
cipitated proteins of anti-AP-2a antibody or IgG were
resolved on sodium dodecyl sulfate–polyacrylamide gel
electrophoresis (SDS–PAGE), followed by silver staining.
The protein bands which only existed in immunoprecipitated
proteins of anti-AP-2a antibody, but not in those of IgG,
were digested with trypsin and analyzed by matrix-assisted
laser desorption ionization time-of-flight mass spectrometry
(MALDI-TOF MS) mass spectrometry. The mass spectrom-
etry data were used to search against the protein sequence
database using the MASCOT database search engine.

Co-immunoprecipitation and western blot analysis
Co-immunoprecipitation (co-IP) and western blot analysis were
performed as previously described [9]. Briefly, HEK293 cells
were transfected with pMyc-AP-2a and pHA-RNF20 plas-
mids. At 24 h post-transfection, cells were lysed in RIPA buffer
[50 mM Tris–HCl (pH 7.2), 150 mM NaCl, 1% (v/v) Triton
X-100, 1% (w/v) sodium deoxycholate, 0.1% (w/v) SDS] with
protease inhibitors. Cell lysates (800 mg) were immunoprecipi-
tated with rabbit anti-HA polyclonal antibody or control
pre-immune rabbit IgG. Immunoprecipitated Myc-AP-2a was

electrophoresed on 10% SDS–polyacrylamide gel, transferred
onto polyvinylidene difluoride membrane (Millipore, Billerica,
USA), and detected with the anti-Myc monoclonal antibody
and horseradish peroxidase-conjugated goat anti-mouse sec-
ondary antibody. A total of 80 mg of cell extract was used as
positive control (Input). The signal was visualized with
SuperSignal West Femto Maximum Sensitivity Substrate
(Pierce, Rockford, USA).

Subcellular localization analysis by fluorescence
microscopy
The 3T3-L1 cells were seeded on glass coverslips and treated
as described previously [9]. The pEGFP-Myc-AP-2a and
pHA-RNF20 plasmids were co-transfected into 3T3-L1 cells.
At 24 h post-transfection, the cells were fixed. The mouse
anti-HA monoclonal antibody and Texas Red-conjugated
anti-mouse IgG (red) were used to detect HA-RNF20 fusion
protein, whereas enhanced green fluorescent protein (EGFP)
fluorescence was examined directly by fluorescence micros-
copy, nuclei were stained with Hoechst 33258 (Sigma, St
Louis, USA).

Detection of ubiquitinated proteins
The ubiquitinated AP-2a proteins in 3T3-L1 were detected
according to Tansey’s method [12]. The pMyc-AP-2a and
pHis-Ub were co-transfected with pHA-RNF20 or empty
vector into 3T3-L1 cells. At 24 h post-transfection, cells were
harvested. The total ubiquitinated proteins were isolated from
cell extract using Ni-nitrilotriacetate (NTA) agarose (Qiagen,
Hilden, Germany). The isolated proteins and input samples
(whole-cell extracts) were analyzed by western blot analysis
using anti-Myc monoclonal antibody.

Statistical analysis
Data were presented as mean+ standard deviation from
three independent experiments. Microsoft Excel was used
for statistical analysis. Student’s t-test was performed to
evaluate the significance of difference between samples.
P , 0.05 was considered significant difference.

Results

RNF20 interacts with AP-2a
To search for the partners of AP-2a, we conducted IP with cell
extracts from 3T3-L1 preadipocytes using anti-AP-2a antibody
or IgG. The immunoprecipitated proteins were resolved on
SDS–PAGE, followed by silver staining. The protein bands
(Supplementary Fig. S1) which only existed in immunopreci-
pitated proteins of anti-AP-2a antibody, but not in those of
IgG, were excised, digested with trypsin, and analyzed by
MALDI-TOF mass spectrometry. After searching against the
protein sequence database using the MASCOT database search
engine, we identified RNF20 as one of the potential partners of
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AP-2a (Supplementary Table S1). Then, we used anti-tag
co-IP assay to further determine the interaction between
RNF20 and AP-2a. We co-transfected HA-tagged RNF20 ex-
pression plasmid pHA-RNF20 and Myc-tagged AP-2a expres-
sion plasmid pMyc-AP-2a into HEK293 cells. At 24 h
post-transfection, cells were harvested, and cell lysates were
precipitated with either anti-HA polyclonal antibody or control
IgG, and the precipitated complex was detected for the pres-
ence of Myc-AP-2a by western blot analysis using anti-Myc
monoclonal antibody. As shown in Fig. 1A, Myc-AP-2a could
be detected in immune complexes precipitated by anti-HA
monoclonal antibody, but not by IgG, indicating that RNF20
can interact with AP-2a.

To further confirm the interaction between RNF20 protein
and AP-2a protein, we examined whether these two proteins
share the same subcellular location in the cell by immuno-
fluorescence staining. The HA-tagged RNF20 expression
plasmid pHA-RNF20 and EGFP-tagged AP-2a expression
plasmid pEGFP-AP-2a were transfected into 3T3-L1 cells.
As shown in Fig. 1B, both EGFP-AP-2a and HA-RNF20
fusion proteins were localized in the nucleus of 3T3-L1
cells, and the merged image showed the co-localization of
EGFP-AP-2a and HA-RNF20 proteins.

RNF20 promotes AP-2a polyubiquitination
RNF20 has been proved to be an E3 ubiquitin ligase, which
mediates H2B monoubiquitination [13] and ErbB3-binding
protein 1 (Ebp1) polyubiquitination [14]. To investigate
whether RNF20 also mediated AP-2a ubiquitination, we
co-transfected pHis-Ub and pMyc-AP-2a into 3T3-L1 cells
with or without pHA-RNF20. The His-ubiquitinated pro-
teins were isolated from cell extracts using NTA agarose.
Isolated proteins and input samples (whole-cell extracts)
were analyzed by western blot analysis using anti-Myc
monoclonal antibody. The ubiquitin conjugation was
detected in the RNF20-containing samples, but few in the
samples without RNF20 (Fig. 1C), which indicated that
RNF20 promoted AP-2a polyubiquitination.

RNF20 induces the proteasome-dependent degradation
of AP-2a
Ubiquitinated proteins are usually targeted for degradation
in the proteasome. Therefore, we assessed whether E3 ubi-
quitin ligase RNF20 negatively regulated the level of AP-2a
protein. The identified amount of pMyc-AP-2a plasmid was
co-transfected with the increasing amounts of pHA-RNF20
plasmid, and the expression of Myc-AP-2a was detected by

Figure 1. RNF20 interacts and co-localizes with AP-2a, and promotes its polyubiquitination (A) HEK293 cells were transfected with pMyc-AP-2a

and pHA-RNF20 plasmids. At 24 h after transfection, cell extracts (800 mg) were prepared and IP with rabbit anti-HA polyclonal antibody or control

pre-immune rabbit IgG. Immunoprecipitated Myc-AP-2a was detected by immunoblotting analysis with the anti-Myc monoclonal antibody. A total of

80 mg of cell extract was used as positive control (Input). (B) The pEGFP-Myc-AP-2a and pHA-RNF20 plasmids were co-transfected into 3T3-L1 cells. At

24 h post-transfection, the mouse anti-HA monoclonal antibody and Texas Red-conjugated anti-mouse IgG (red) were used to detect HA-RNF20 fusion

protein, whereas EGFP fluorescence was examined directly by fluorescence microscopy, nuclei were stained by Hoechst 33258. The merged image showed

the co-localization of HA-RNF20 and EGFP-AP-2a. (C) The pMyc-AP-2a and pHis-Ub were co-transfected with pHA-RNF20 or empty vector into

3T3-L1 cells. The His-ubiquitinated proteins were isolated from cell extracts using NTA agarose. Isolated proteins and input samples (whole-cell extracts)

were analyzed by western blot analysis using anti-Myc monoclonal antibody.
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western blot analysis at 24 h post-transfection. As expected,
with an increase of HA-RNF20 protein, the level of
Myc-AP-2a protein decreased dramatically (Fig. 2A). To de-
termine whether the reduced level of the AP-2a protein was
resulted from protein degradation, we co-transfected pMyc-
AP-2a into HEK293 cells with pHA-RNF20 or empty vector,
and then treated cells with protein translation inhibitor cyclo-
heximide (CHX) for the indicated time (0, 6, 12, 24 h). Myc-
AP-2a fusion protein in cells transfected with pHA-RNF20
was much more rapidly degraded than that in cells with empty
vector (Fig. 2B). However, treatment with the proteasomal in-
hibitor MG132 efficiently rescued the protein level of AP-2a
(Fig. 2C). These results indicated that RNF20 could induce
the proteasome-dependent degradation of AP-2a.

RNF20 inhibits the transactivity of AP-2a and rescues
the C/EBPa expression inhibited by AP-2a
AP-2a functions as either transcription activators or tran-
scription repressors, depending on the promoter and cellular

context of their target genes. For example, AP-2a activates
the transcription of hMT-IIa [15], but represses that of C/
EBPa gene [3,4]. To assess the effect of RNF20 on the
transactivity of AP-2a, we transfected pHA-RNF20 and the
reporter plasmid pA2-Luc, which contained three copies of
AP-2 binding sequence from hMT-IIa and pHA-RNF20
into 3T3-L1 cells. Luciferase assay demonstrated that trans-
fection of RNF20 significantly decreased the luciferase
activity of pAP2-luc in a dose-dependent manner (Fig. 3A),
suggesting that RNF20 inhibits the transactivity of
AP-2a.

The transcription of C/EBPa gene has been shown to be
repressed by AP-2a in preadipocyte 3T3-L1 cells [3,4]. We
transfected RNF20 into 3T3-L1 cells and found that, with
the increase of HA-RNF20 expression, the expression of en-
dogenous AP-2a was decreased and the expression of C/
EBPa protein was increased (Fig. 3B), suggesting that
RNF20 increased the expression of C/EBPa by stimulating
the degradation of AP-2a.

Figure 2. RNF20 promotes the proteasome-dependent degradation of AP-2a protein (A) HEK293 cells were cultured on 6 cm dishes and transfected

with 1 mg of pMyc-AP-2a and increasing amount of pHA-RNF20 (0, 1, 2, 4 mg) and harvested at 24 h post-transfection. (B,C) HEK293 cells were cultured

on 6 cm dishes and transfected with 2 mg of pMyc-AP-2a and 4 mg of pHA-RNF20. At 8 h post-transfection, transfected cells were incubated with either

CHX (50 mg/ml) for the indicated time (B), or CHX plus different concentration of MG132 for 6 h (C). The amounts of Myc-AP-2a and HA-RNF20 fusion

proteins were detected by western blot analysis using anti-Myc and anti-HA antibody, respectively.

Figure 3. RNF20 inhibits the activity of AP-2a and rescues the expression of C/EBPa inhibited by AP-2a (A) 3T3-L1 cells were cultured on 24-well

plates and transfected with pA2-luc and increased amount of pHA-RNF20 as indicated. Luciferase activities were measured at 36 h post-transfection. Data

were represented as the percent activity relative to that observed in cells without pHA-RNF20. *P , 0.05; **P , 0.01. (B) 3T3-L1 cells were cultured on

6 cm dishes and transfected with increased amount of pHA-RNF20 (0, 1, 2, 4 mg). HA-RNF20 fusion protein and endogenous AP-2a, C/EBPa, and b-Actin

proteins were detected by western blot analysis.
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Discussion

The RING domain is a type of zinc-finger domain that com-
prises 40–60 residues and is identified by the presence of
a Cys-X2-Cys-X9-39-Cys-X1-3-His-X2-3-Cys-X2-Cys-X4-
48-Cys-X2-Cys motif (where X can be any amino acid;
histidines and cysteines are sometimes exchanged) [16]. A
number of RING-containing proteins function as E3 ubiqui-
tin ligases (E3). The RNF20, also known as Bre1, was first
discovered as the major histone H2B-specific ubiquitin
ligase that targets lysine 120 for monoubiquitination [17].
RNF20 selectively enhances or suppresses the expression of
distinct subsets of genes via H2B ubiquitination [18–21]. A
recent study has proved that RNF20 also mediates the polyubi-
quitination of the tumor suppressor Ebp1 as an E3 ligase [14].
In this study, we identified RNF20 as an AP-2a-interacting
partner in preadipocyte 3T3-L1 cells, and the over-expression
of RNF20 promoted the polyubiquitination and proteasome-
dependent degradation of AP-2a, suggesting that RNF20 could
also act as an E3 ligase for AP-2a. Moreover, we showed that,
through stimulating the polyubiquitination and proteasome-
dependent degradation of AP-2a, RNF20 increased the expres-
sion of C/EBPa, which is a key regulator of adipocyte differen-
tiation. Our results indicated that RNF20 may also play roles in
adipocyte differentiation.

Supplementary Data

Supplementary data are available at ABBS online.
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