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ABSTRACT

Estrogen mediates multiple functions in the brain
through the interaction of estrogen receptor (ER)a
and ERg with a host of nuclear proteinsthat regulate
specific gene transcription. We have identified ERAP
140, AIB 1, Trk A, Src, pPCREB and CREB as ERp
interacting proteins in the mouse brain. Earlier we
showed that the interaction of ERg with ERAP 140
decreased whereasits expression increased with aging
in the brain of female mice. Here we report that the
pattern of interaction and expression is different in
male mice as compared to females. The interaction of
ERAP 140 with ERp decreased in adult male mouse
brain as compared to young and remained almost
similar in old whereas its expression was higher in
adult than young and old, which were almost similar.
Further in silico secondary structure analysis by self-
optimized prediction method alignment (SOPMA)
and PSIPRED revealed that ERp interacting proteins
were rich in alpha helices and coils. Such findings
might help to design ER modulators which can regu-
late specific functions of estrogen in the brain during
aging and degener ative diseases.

Keywords. Estrogen Receptor ; AlphaHelices and
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1. INTRODUCTION

Estrogen mediates its multiple functions in amost all re-
productive and non-reproductive organs including the
brain through its two well characterized estrogen recep-
tor (ER)a and ERf and their isoforms [1-3]. Both ERs
are expressed in ovary, prostate, testis, lung, thymus, sp-
leen and various regions of the brain [4]. ERa isinvolved
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in mainly the reproductive function whereas ERS in va-
rious brain functions [5].

The ER mediated gene regulation is complex, particu-
larly the involvement of interacting proteins in genomic
and non-genomic pathways [6]. These proteins control
the estrogen dependent transcriptional responses and are
named coregulators. The study of coregulators is impor-
tant because of the existence of receptor subtypes with
differentia tissue distribution, ligand responses and cell-
dependent functions in brain. Many coregulators have
been identified to affect the ER-mediated transcriptional
response and this number is increasing [7,8]. Like other
members of the nuclear receptor superfamily, ERS con-
tains three functional domains, namely, transactivation
domain (TAD), DNA binding domain (DBD) and ligand
binding domain (LBD) [9]. Coregulators bind to ac-
tivation function (AF)-1 of TAD and AF-2 of LBD of
ER, resulting in either stimulation (coactivators) or sup-
pression (corepressors) of expression of specific genes[3,
10].

During aging, the brain undergoes a number of chan-
ges including a sharp decline in the level of estrogen,
which in turn, affects the multitude of functions [11].
Also, the secondary structure of proteins is reported to
change during aging [12]. The ERg interacting proteins
and their secondary structure in the brain are poorly
studied. We have recently identified estrogen receptor
associated protein (ERAP) 140 [13], amplified in breast
cancer (AIB)1 [14], Trk A and Src [15], pCREB and
CREB as interacting partners of ERf in mouse brain [16].
ERAP140 is characterized as a conserved tissue specific
nuclear receptor coactivator, abundantly expressed in
brain, exclusively in neurons [17]. It interacts with ERa,
thyroid receptor f and retinoic acid receptor «, and
shows no sequence similarity with other coactivators,
though its homologues are present in both invertebrates
aswell as vertebrates including human [18].

Another interacting protein is AIB1, a member of the
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nuclear p 160 steroid receptor co-activator (SRC) family
[19], which was discovered independently by several
groups and given various names; AIB1, ACTR (activator
of thyroid hormone and retinoid receptor), RAC-3 (re-
ceptor associated co-activator-3), and TRAM-1 (thyroid
hormone receptor activating molecule) [20]. It promo-
tes the transcriptional activity of multiple nuclear recep-
tors such as ER [21], and a humber of other transcrip-
tion factors [22]. Recently, we have reported the interac-
tion of AIB1 with ERSTAD in mouse brain and variation
in the level of itsinteraction and expression as a function
of age in both sexes[14].

Other proteins interacting with ERSLBD in mouse
brain are Trk A, Src, CREB and pCREB [23-25]. Trk A
and Src are involved in various functions in brain and
cancer [26]. CREB is expressed in the brain and regu-
lates a wide range of biological functions including cel-
lular growth, memory and neuronal proliferation in res-
ponse to avariety of intracellular signaling events [24].

Here, we show alteration in the level of interaction of
ERAP 140 with ERf and its expression during aging in
male mouse brain. Further, we predict the possible se-
condary structure of ERS interacting proteins including
ERAP 140 using the software SOPMA and PSIPRED,
which showed richness in alpha helices and coils. Such
study might help to design ER modulators which can re-
gulate specific functions of estrogen in the brain during
aging and degenerative diseases.

2. MATERIALSAND METHODS
2.1. Animals

Young (6 weeks), adult (25 weeks) and old (70 weeks)
male mice of AKR strain maintained under controlled
laboratory conditions were used for the experiments.
They were used according to the strict guidelines of the
Ingtitutional Animal Ethica Committee, Banaras Hindu
University, Varanasi, India. All animals were killed by
cervical dislocation and the brain was pooled from three
mice of each age group. The tissue was washed to re-
move the adhering blood and used to prepare the nuclear
extract.

2.2. Preparation of Nuclei and Nuclear Extract

To identify the interacting proteins, the nuclei were
prepared from the brain of young, adult and old male
mice according to Burgoyne and Hewish [27]. Briefly,
the brain was homogenized in solution A containing 0.34
M sucrose, 0.5 mM EGTA, 2 mM EDTA and 0.5%
Triton X-100 in buffer A (60 mM KCI, 15 mM NaCl,
0.15 mM spermine, 0.5 mM spermidine, 14 mM S-mer-
captoethanol, 15 mM HEPES, pH 7.5). The homogenate
was kept on ice for 5 min, filtered and centrifuged at
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5000 x g for 15 min at 4°C. The resulting pellet was
suspended in solution B containing 1.8 M sucrose, 0.5
mM EGTA and 0.2 mM EDTA in buffer A and layered
over cushion of solution B (half the volume of solution A
used in the first step). The tube containing sample was
centrifuged at 50,000 x g for 1 h at 4°C. The pellet con-
taining clean nuclei was suspended in solution C con-
taining 0.34 M sucrose in buffer A and observed under
the microscope. For the preparation of nuclear extract,
the method of Dignam et al. [28] with some modifi-
cations was followed. Briefly, the nuclei were suspended
in nuclear protein extraction buffer containing 20 mM
HEPES (pH 7.6), 25% glycerol, 420 mM NaCl, 1.5 mM
MgCl,, 0.2 mM EDTA, 0.5 mM PMSF, 0.5 mM di-
thiothreitol, 0.4 mg/ml complete EDTA-free protease in-
hibitor (Roche Diagnostics, Germany) and stirred for 30
min on ice. Then the suspension was centrifuged at
50,000 x g for 40 min at 4°C. The supernatant containing
nuclear extract was checked quantitatively by Bradford
method [29] and qualitatively by silver staining.

2.3. Immunopr ecipitation

To know the age dependent level of interaction of ERfS
with ERAP 140, the nuclear extract (50 pg) of brain
from young, adult and old male mice were incubated
with protein A beads at 4°C for 4h and then centrifuged
at 10,000 x g for 10 min at 4°C. The pre-cleared superna-
tant was incubated overnight with beads and 5 pl of
anti-ERg in 500 pl immunoprecipitation (1P) buffer (50
mM HEPES pH 7.6, 50 mM NaCl, 0.1% Triton-100,
10% glycerol, 1 mM PMSF) in the presence of 10 nM
17p-estradiol. ERp antibody (H-150: sc8974, Santacruz
Biotechnology, USA). It is a polyclonal antibody raised
against epitope corresponding to amino acid of ERS 1 -
150 N-terminus residue. The unbound proteins were re-
moved from the beads by washing with |P buffer. Finally,
the bound proteins were eluted and denatured by boiling
with SDS sample buffer. The interacting proteins were
resolved by 7.5% SDS-PAGE, blotted using wet transfer
apparatus (Bangalore Genel, India) onto PVDF mem-
brane and probed with anti-ERAP 140 (The anti-ERAP-
140 polyclonal antibody was raised in rabbit against a
GST-A7 fusion protein. This was received as a kind gift
from Prof Brown Myle, Dana Farber/Harvard Center,
USA). 1gG was used as a control in |P experiments.
Same procedure was followed to detect g tubulin I11.

2.4. Immunoblotting

Further, age dependent expression of ERAP 140 in the
brain of mouse was checked by immunoblotting. Briefly,
nuclear extract (50 pg) of the brain from young, adult
and old male mice was resolved by 7.5% SDS-PAGE
and transferred onto PVDF membrane using wet transfer
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apparatus (Bangalore Genei, India). Then the blot was
incubated in blocking buffer (5% fat free milk in 1X
PBS), followed by fresh blocking buffer containing
anti-ERAP antibody (1:1000) overnight at 4°C. After
washing in PBS (3 x 5 min), the blot was again incu-
bated in blocking buffer containing anti-rabbit antibody
HRPO conjugate (1:2000) for 2 h at room temperature.
The signa was finaly detected by enhanced chemilu-
miscence method. After stripping the blot, same proce-
dure was followed to detect 4 tubulin 111.

2.5. Secondary Structure Prediction of Proteins
by SOPMA and PSIPRED

We have identified ERAP 140, Trk A, Src, pCREB and
CREB as ERg interacting proteins and hypothesized that
these proteins should have consensus secondary struc-
tures. We predicted the probable secondary structure of
these proteins using sequence based secondary structure
prediction for the protein with SOPMA, an established
software tool. It is self-optimized prediction method
(SOPM) to improve the success rate in the prediction of
the secondary structure of proteins. This improved SOPM
method (SOPMA) correctly predicts 69.5% of amino
acids for a three-state description of the secondary struc-
ture, namely apha-helix, beta-sheet and coil. The joint
prediction with SOPMA and a neural network method
correctly predict 82.2% of residues for 74% of co-pre-
dicted amino acids. In addition, we have analyzed the
secondary structure of ERf interacting proteins using
PSIPRED as mentioned [30].

2.6. Densitometric Scanning and Statistical
Analysis

Now the signals detected by immunoprecipitation and
immunoblotting on the autoradiogram were scanned den-
sitometrically and analyzed using Alpha imager software
V3.1.2 2200. Nine animals were used for each ex- peri-
ment and repeated three times. The relative density value
(RDV) was calculated after normalizing with  tubulin
[1l. The histogram was plotted from mean RDV and
standard errors of three independent experiments. The
statistical analysis of the data was done using Sigma Stat
2.0 followed by all pairwise multiple comparison proce-
dure and post hoc student-newmann-keuls (SNK) me-
thod. The data with p < 0.05 was considered as signifi-
cant. Young was used as a control for comparison to
adult and old.

3. RESULTS AND DISCUSSION

Estrogen signaling is complex in the brain and the in-
volvement of coregulators increases the complexity of
ER mediated gene transcription in brain [3,8]. Now it is
well established that coregulators play avital role in the
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differential expression of ERs leading to specific brain
functions. Previously, we have studied the expression of
ERa and ERfS and the binding of ERa promoter with
transcription factors in aging mouse brain [31,32]. In
continuation, we reported that mouse ERal BD interacts
with PELP1, RIP140, PGCla, BAF60 and ADAS [33,
34], and ERaTAD with metastasis associated protein
(MTA) 1 and p68 RNA helicase [35], and these coregu-
lators vary in their levels of interaction and expression
during aging of mouse brain. For the identification ERS
interacting proteins in mouse brain, purified [36] and
functionally active [37] ERS was used. Recently, we re-
ported age and sex dependent interaction of AIB1 with
ERATAD and its expression in mouse brain [14].

Here we have examined the effect of age on the
interaction of ERS with ERAP 140 in male mouse brain,
and compared the level of interaction among young,
adult and old mice by immunoprecipitation and im-
munoblotting. The level of interaction of ERAP 140 with
ERp decreased in adult as compared to young and re-
mained almost similar in old (p < 0.05) (Figure 1(a)). In
contrast, ERAP 140 expression was higher in adult than
young and old male mouse brain (p < 0.05) (Figure
1(b)). The pattern of interaction of ERAP 140 with ERS
and its expression in male was different from the samein
female brain. Such discrepancy may be assigned to dif-
ferencesin levels of estradiol, neurogenesis and differen-
tiation in male as compared to female [38]. The mecha
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Figure 1. (a) Immunoprecipitation (IP) of nuclear extract from
the brain of young (6 weeks), adult (25 weeks) and old (70
weeks) mice using ERA antibody and immunoblotted with
ERAP 140; (b) Immunoblotting (1B) of nuclear extract from the
brain of young (6 weeks), adult (25 weeks) and old (70 weeks)
of mice showing expression of ERAP 140. For both IP and IB
beta tubulin 111 was used as a loading control. Histogram re-
presents RDV with SEM obtained from the data of three in-
dependent experiments. Data were statistically analyzed using a
one-way ANOVA comparing age, followed by all pairwise mul-
tiple comparison procedure (Student-Newmann-K euls method).
Young was taken as control for comparison with adult and old.
The p values < 0.05 were considered as significant. * represents
significant difference.
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nism involved in the interaction of ERS wih ERAP 140
is not fully understood. It is likely that the interaction is
through apha helix as known for other coregulators. Im-
munoprecipitation showed the level of recruited ERAP
140 to ERS, which was influenced by the level of es-
tradiol and change in the secondary structure of pro-
teins [39]. Thus the level of ERS and ERAP 140 did not
correspond. The ERp interacting ERAP 140 is abun-
dantly expressed in neurons of thalamus, hypothalamus,
hippocampus, cerebellum, striatum and choroid plexusin
the brain [18]. ERAP 140 is believed to be similar to
other nuclear receptor coactivators and directly regulate
estrogen responsive genes involved in neurodevel opment
and neuroprotection [40]. As these brain regions also
show expression of ERg, it islikely that ERAP 140 regu-
lates estrogen functions through ERS in these regions in
age dependent manner.

Furthermore, the secondary structure prediction tool
SOPMA and PSIPRED suggest that ERAP 140 and other
ERg interacting proteins were rich in alpha helices and

coils; ERAP 140 (55.33% alpha helices, 44.33% coils),
AIB 1 (37% apha helices, 48% coils), TrkA (33% apha
helices, 43% coils), Src (10% alpha helices, 57% cails),
CREB (39% apha helices, 41% coils) (Figure 2(a),
Table 1). The secondary structure prediction of ERS
interacting proteins by PSIPRED also showed richnessin
alpha helices and coils (Figure 2(b)). The secondary
structure prediction SOPMA is an improvement of
SOPM method [41,42], which is based on amino acid
homology. It uses the information from an alignment of
amino acid sequences of proteins belonging to the same
family. In the absence of homologous sequences,
SOPMA prediction is similar to SOPM with more than
70% accuracy. The secondary structure prediction is one
of the most important goals pursued by bioinformatics
and theoretical chemistry, and is highly useful to design
drugs and novel enzymes. Thus the secondary structure
prediction of ERS interacting proteins, which are rich in
alpha helices and coils, may be helpful in understanding
the regulation of ERA dependent signaling in the context
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Figure 2. ERS and its domains interacting proteins ERAP140, AIB1, Trk A, Src and CREB showing predominantly a pha helices
and coils predicted by secondary structure prediction self-optimized prediction method alignment (SOPMA) (a) and PSIPRED (b).
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Table 1. List of ERS interacting proteins, ERAP 140, AlIB1,
TrkA, Src and CREB showing richness in apha helix and ran-
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dom cail.
ERAP 140
Alphahelix (Hh) 166 55.33%
340 helix (Go) 0 0.00%
Pi helix (1) 0 0.00%
Beta bridge (Bb) 0 0.00%
Extended strand (Ee) 3 1.00%
Betaturn (Tt) 1 0.33%
Bend region (Ss) 0 0.00%
Random coil (Co) 130 43.33%
AlB1
Alphahelix (Hh) 111 37.00%
340 helix (Go) 0 0.00%
Pi helix (1) 0 0.00%
Beta bridge (Bb) 0 0.00%
Extended strand (Ee) 34 11.33%
Betaturn (Tt) 10 3.33%
Bend region (Ss) 0 0.00%
Random coil (Co) 145 48.33%
TrkA
Alphahelix (Hh) 80 33.33%
310 helix (Go) 0 0.00%
Pi helix (1) 0 0.00%
Beta bridge (Bb) 0 0.00%
Extended strand (Ee) 46 19.17%
Betaturn (Tt) 10 4.17%
Bend region (Ss) 0 0.00%
Random coil (Co) 104 43.33%
Src
Alphahelix (Hh) 25 10.42%
310 helix (Go) 0 0.00%
Pi helix (1) 0 0.00%
Beta bridge (Bb) 0 0.00%
Extended strand (Ee) 53 22.08%
Betaturn (Tt) 24 10.00%
Bend region (Ss) 0 0.00%
Random caoil (Co) 138 57.50%
CREB
Alphahelix (Hh) 100 39.06%
310 helix (Go) 0.00%
Pi helix (1) 0 0.00%
Beta bridge (Bb) 0 0.00%
Extended strand (Ee) 12 16.41%
Betaturn (Tt) 7 2.73%
Bend region (Ss) 0 0.00%
Random coil (Co) 107 41.80%

Footnote: The parameters for predicting the secondary structure are as
follows: Window width: 17; Similarity threshold: 8; Number of states: 4.

Copyright © 2013 SciRes.

of coregulators in brain, and designing ER modulators
which can regulate specific functions of estrogen in the
brain during aging and degenerative diseases.
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