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Structural Characteristics of Drosophila Estrogen-related
Receptor Ligand Binding Domain to Capture
the Peptide and Non-peptide Ligands

Xiaohui Liu', Ayami Matsushlma Naoto Shlrasu , Yoshiya Tommaga s
Miki Shlmohlgashl Yasuyuki Shlmohlgashl ) and Takeru Nose'

'Laboratory of Structure-Function Bzochemlstry, Kyushu University,
Fukuoka 812-8581, Japan, and *Laboratory of Biology,
Fukuoka University, Fukuoka 814-0810, Japan
e-mail: xiaohuiscc@mbox.nc.kyushu-u.ac.jp

In order to establish the binding assay system for Drosophila estrogen-
related receptor (dERR), we examined a few triturated ligands for
expressed dERR-ligand binding domain (LBD). None of those compounds
that were reported as binders for mammalian ERR revealed binding activity.
When constructed a 3D model of the dERR-LBD, its ligand-binding pocket
exhibited a very limited space, suggesting a rather tiny size of ligand for
receptor activation.

Keywords: computational analysis, estrogen receptor, estrogen-related
receptor, ligand binding domain.

Introduction

A series of estrogen-related receptors (hERRa., 3, v) have recently been found
in human as components to modulate the ordinary estrogen receptors (hERa, ), and
they appeared to be a novel target of endocrine disruptors. No ER-like receptors
have been found in the genome of the fruit fly Drosophila melanogaster, but instead
an ERR-like nuclear receptor was revealed. When the amino acid sequences were
compared, this termed as the Drosophila estrogen-related receptor (dERR) was found
to resemble most closely the hERRs at both the DNA binding domain (DBD) and the
ligand-binding domain (LBD) [1]. Thus, this receptor likely belongs to the steroid
hormone subfamily NR3 of nuclear receptor.

In the present study, we carried out the cDNA cloning of full-length dERR,
expression of dERR-LBD, and the receptor-binding assay. In addition, we carried out
a computational analysis of dERR-LBD to understand the result of the receptor
binding assay.

Results and Discussion

We first amplified dERR ¢DNA clone by PCR using dERR-gene-specific
primers (ERR-EcoRI:5’CCGGAATTCATGTCCGACGGCGTCAGCAT3’, ERR-Sall:
5’CGAGTCGACTCACCTGGCCTGGCCAGCGGCTCGA3’) for five different
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c¢DNA libraries derived from Drosophila embryo, larvae-pupae, adult head, ovary, and
adult testis. Eventually, from the testis cDNA library, we obtained a full-length of
dERR ¢DNA clone, which is comprised of 1,455 bp oligonucleotides with a mature
protein of 482 amino acid residues.

The amino acid sequence of clarified dERR was aligned together with hERRs
and hERs for analysis of domains. A cDNA fragment (residues 734-1455, n=241)
corresponding to the LBD was subcloned into pGEX-6p-1 vector for its expression in
E. coli BL-21 cells as a GST-fusion protein. For screening of the ligands of dERR,
we used purified GST-dERR-LBD fusion protein and newly developed the
radio-ligand binding assay system. In this binding assay, we utilized polyethylene
glycol for receptor protein precipitation followed by rapid filtration. While natural
ligand is not known yet, the ER agonist diethylstilbestrol (DES) and the selective ER
modulator 4-hydroxytamoxifen (4-OHT) have been identified as hERRy antagonists
[2-4]. Thus, we used triturated analogues of these compounds as tracers. However,
no obvious specific binding was observed, suggesting that the structure of dERR
binding site is different from that of hERRY.

Homology modeling using four different ERR-LBD structural data as templates
was carried out to construct a 3D model structure of dERR. The binding site analysis
revealed that dERR-ligand binding pocket (LBP) has a binding pocket rather smaller
than mouse ERRy-LBD-LBP (data not shown). When compared the structure of
mERRy-LBD containing DES or 4-OHT, it was found that dERR-LBD places the
residual indole group of Trp-459 in the LBP. Apparently, this makes DES and
4-OHT to be unable to bind to this small pocket of dERR (Fig. 1).

apo dERR

Figure 1. Comparison'of ligand binding pockets of dERR (A: by homology modeling),
mERRywith DES (B: 1S9P), and mERRywith 4-OHT (C: 1S9Q). Ligand molecules
of DES (B) and 4-OHT (C) were depicted in gray scale.
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Estrogen receptor (ER) changes its conformation upon ligand binding.
Mouse monoclonal antibodies (mAbs) were raised against an ER
C-terminal 17-mer peptide involved in such a conformation change, and a
set of mdbs were demonstrated to detect efficiently the receptor
conformation change.  The results indicate that these mAbs can be used as
a sensitive molecular tool to evaluate the potential risk of environmental
xenoestro-genic chemicals.

Keywords: conformation change, conformation-sensing, endocrine disruptors,
estrogen receptor, monoclonal antibody.

Introduction

Rapid and effective evaluation of the biological effects of suspected
environmental chemicals has become increasingly important to shed light on the
critical issue of endocrine disruption in humans and animal wildlife. Xenoestrogenic
effects caused by environmental chemicals cause most threat to mammalian hormonal
activities, and the estrogen receptor (ER) is the major target of endocrine disrupting
chemicals (EDCs). The ER and other nuclear receptors are known to change their
conformation after binding ligands, as evidenced by X-ray crystallographic analyses.
The resulting relocation of the C-terminal o-helix numbered 12 (H12) within the
ligand-binding domain of the receptors is the most prominent and common feature of
ligand-induced conformation change, which leads to an ultimate hormonal action.
We have previously demonstrated that a rabbit antiserum raised against human
ERa-H12 peptide was able to detect this conformation change 1n ER [1]. Here we
present the preparation of a number of mouse monoclonal antibodies (mAbs) that
detect such changes even more efficiently.

Results and Discussion _
A 17-mer peptide corresponding to the ERa H12 moiety was synthesized and
immunized into the footpads of Balb/c mice. Lymph cells were isolated ten days
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after immunization and fused with mouse myeloma cells to obtain hybridomas.
Among hundreds of antibody-secreting hybridomas tested, a number exhibited
affinities towards both the peptide and ERa in the early rounds of screening by
competitive ELISA. From among these, antibodies were selected that could detect
the conformation change induced by 17(3-estradiol (E;), an agonist of ER. This
selection assay (conformation sensing assay) was carried out using the competitive
ELISA method to detect and differentiate the different affinities toward ligand-bound
and -free ERs. Several mAbs showed conformation-sensing capabilities similar to
those of the previous polyclonal antibodies. Eventually, a few were found to possess
higher efficiency in sensing, because they required smaller amounts of the ER as the
competitor and of H12 peptide as the immobilized antigen.

The conformation-sensing mAbs were further applied to assay several tens of
known chemicals. The effective concentrations of chemicals to elicit a half maximal
immunological response from the mAb, the ECs, value, correlated well with, but were
lower than those of the polyclonal antibody (Fig. 1). These results clearly indicate
that the mAbs were > 10 times more sensitive. The fact that their ECs, values are
almost compatible with those obtained in the competitive receptor binding assays
suggests that the conformation change detected by our mAbs reflects appropriately the
ligand-binding.

For mAbs that displayed conformation-sensing capabilities, the epitopes were
analyzed using sequence analogs of antigen peptides that were additionally
synthesized. In a conformation sensing assay using different ligands, one set of
mAbs was sensitive to the conformation change induced only by E,, while another
mAb displayed a differential sensitivity toward an antagonist-induced change as well.
The difference in the ligand sensitivity among these sets of mAbs is relevant to the
difference in the location of their respective epitopes within the H12 moiety, indicating
that the mAbs are sufficiently specific to distinguish the different conformation
changes induced by agonists and antagonists. In conclusion, the use of these mAbs
should allow a highly effective and accurate evaluation of the latent risk of EDCs,
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Figure 1. Correlation of the conformation sensing assays using polyclonal and
monoclonal antibodies against ERa.  Chemicals were assayed and their effective

concentrations to elicit half-maximal immunological responses were plotted against
each other.  Correlation coefficient was 0.96, and regression coefficient was 0.63.

Reference
1. Asai, D., Koizumi, O., Mohri, S., Nakai, M., Yakabe, Y., Tokunaga, T., Nose, T.,
and Shimohigashi, Y. (2003) Peptide Science 2002, 127-130.

— 334 —



