Presence of membrane ecdysone receptor in the
anterior silk gland of the silkworm, Bombyx mori :
biochemical and molecular studies
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Presence of membrane ecdysone receptor in the anterior silk gland of the
silkworm, Bombyx mori: Biochemical and molecular studies
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ABSTRACT

Nongenomic action of an insect steroid hormone, 20-hydroxyecdysone (20E),
has been implicated in several iOE-dependent developmental events including the
programmed cell death (PCD) of Bombyx mori anterior silk glands (ASGs), but no
information is available for the mode of action. We provide several lines of evidence for
a putativé membrane receptor (mEcR) located in the plasma membrane of ASGs as an
integral membrane protein. We showed that the putative mEcR could mediate the rapid
increase in cAMP level in ASG cells, and might be involved in- the activation of
adenylyl cyclase through Gsa. The membrane fractions did not contain conventional
EcR as revealed by western blot analysis using anti EcR-A antibody. The mEcR
exhibited saturable binding for [*H]ponasteroneA (K= 17.3 nM, Bpm=_0.82 pmol/mg).
Association and dissociation kinetics revealed that [*H]ponA associated with and
dissociated from mEcR within minutes.

We also defined the experimental conditions that allowed solubilization of
mEcR from ASGs membranes with preserving 75.1% of the native binding activity.

Dissociation of the protein/lipid/detergent mixed micelles, yielded protein/detergent
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complexes with partial binding activity, which appeared enough to be adopted for
protein purification. The present results clearly show that insect tissue membranes
contain ecdysone receptors, and that the steroid membrane receptors are commonly
present in insects and mammals.

Finally, we successfully raised a monoclonal antibody against the putative mEcR
and obtained two GPCRs candidates from ASGs of Bombyx mori, which gave us the

hope to step on the way for mEcR gene cloning.

INTRODUCTION

The holometabolous insect, Bombyx mori, belongs to order Lepidoptera, and its
larvae undergo metamorphosis into pupae then into moths. At the pupal metamorphosis,
most of larval specific tissues degenerate. The degeneration is known as programmed
cell death (PCD). The silk gland is a larval-specific tissue that degenerates shortly after
pupation. The anterior silk gland (ASG) is a mere duct composed of a single cell-layer
consisting of about 250 cells. It forms silk filament out of the silk proteins. At the end of
the larval stage, after the cocoon has been spun, the ASGs enter the process of PCD in
response to the high hemolymph ecdysteroid concentration, which induces pupal
metamorphosis. The PCD is induced by 20E in vitro and takes 120-144 h to be
completed, at which time-point an oligonucleosomal ladder of DNA and apoptotic
bodies appear. During the period with 20E, gene expression required for the completion
of the PCD occurs during the first 8 h for transcription and in the first 18 h for
translation. If the genomic theory of steroid action is applicable to the 20E-induced
PCD, the 20E challenge for 18 h should be sufficient for full apoptosis. Nevertheless,
withdrawal of 20E after 18 h and up to 42 h of culture interferes with the progression of
apoptosis, and the extent of inhibition is reduced with delaying the time of 20E

withdrawal. This suggests that effects of 20E during the period between 18 and 42 h are
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not accompanied by gene expression but rather mediated by a nongenomic pathway,
probably through a membrane receptor and second messenger. If this is the case, ASG
plasma membranes should contain high-affinity ‘binding sites for ecdysteroid. In the
present study, we provide for the first time physiological and biochemical evidence for -
an ecdysone membrane receptor (mEcR) and its topological localaization. In addition
we performed the full kinetic analysis required for the characterization of the newly
ideﬁtiﬁed ecdysteroid receptor in the membranes of insect cells (Chapter I).

We defined the experimental conditions that allowed solubilization of mEcR
from ASGs membranes with preserving 75.1% of the native binding activity.
Dissociation of the protein/lipid/detergént mixed micelles, yielded protein/detergent
complexes with partial binding activity, which appeared enough to be adopted for

protein purification (Chapter II).

RESULTS AND DISCUSSION

We provide several lines of evidence for a putative membrane receptor (mEcR)
located in the plasma membrane of ASGs as an integral membrane protein. We showed
that the putative mEcR could mediate the rapid increase in cAMP level in ASG cells,
and might be involved in the activation of adenylyl cyclase through Gso. The membrane
fractions did not contain conventional EcR as revealed by western blpt analysis using
anti EcR-A antibody (Fig. 1). The membrane receptor exhibits a specific and saturable
binding for [’H]PonA with a Ky of 17.2 x 10® M (Fig. 2). This value is physiologically
relevant to the prevailing hemolymph concentrations of 20E (ranging between 107 — 10

M) in the prepupal period when PCD is triggered in vivo. The association and
dissociation kinetics indicate that PonA association with and dissociation from its

binding sites are rapid, which is characteristic of the binding of several natural
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compounds to their membrane receptors. The observed association constant (Kops) Was
0.9+ 0.2 min”. The»dissociation of PonA from the membranes occurs within 10 seconds
with a dissociation constant (K, of 2.3 £ 0.5 min”. The calculated association rate
constant (K,,) was 13.3 x 10’ M’ min”', and the estimated dissociation constant at
equilibrium (Kq) was 17.5 nM. The saturation curve indicates the presence of a single
high-affinity binding site and an apparent maximal number of binding sites of 0.82 pmol
mg' protein. The obtained Ky value is supported by good accordance of the K, with the
estimated dissociation rate constant at equilibrium (Kg = 17.5 x10® M). A second line of
evidence to support the existenc¢ of a membrane receptor is that the binding affinity of
-PonA is less than that of 20E. The binding affinity of PonA to the nuclear receptor
‘complex of EcCR/USP is one to two orders of magnitude higher than that of 20E. The
competition assay using the ASG membrane fractions shows that the binding affinity for
PonA is one-fourth of that for 20E and that the values for non-steroidal ecdysone
agonists are much lower than 20E, which totally differs from the binding characteristics
of the conventional EcR. The competition analysis showed also that the ICsy values for
three non-steroid agonists, RH-5849, tebufenozide (RH-5992) and methoxyfenozide
(RH-2485) were much lower than those for PonA and 20E. The binding actiVity was in
the order of 20E > PonA >> methoxyfenozide > tebufenozide > RH-5849.

For characterization of the novel mEcR, we tried the solubilization of functional

mEcR ﬁorﬁ ASGs of Bombyx mori (Chapter II). However, there is no single detergent
or solubilization scheme universally applicable to all membrane proteins, we defined
the experimental conditioﬁs that allowed solubilization of mEcR from ASGs
membranes with preserving 75.1% of the native binding activity. Dissociation of the
protein/lipid/detergent mixed micelles, yielded protein/detergent complexes with partial
binding activity, which appeared enough to be adopted fdr protein purification. Because

of the extremely small amount of solubilized proteins obtained from the ASGs -
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membrane preparations and the inability to mass isolate the ASGs, wé prepared
membrane fractions from the fat body cells of the GO larvae. The analysis for the fat
body membrane fractions showed the présence of a single high-affinity binding site in
each molecule, with an apparent K; and B, of 15.08 nM and 0.42 pmol mg™ protein,
respectivcly. Nevertheless the presence of mEcR in the fat bodies provide a possibility
for purification and identification of mEcR from the mass-isolated fat bodies. Moreover,
the presence of mEcR in the fat bodies indicates an equivocal presence in various

tissues and its importance in understanding the effect of 20E at molecular levels.

(A

- ‘1' . . .

Flg. 1. Absence of conventional EcR in the membrane fractions. (A) Commassie
brilliant Blue-stained 12 % SDS-PAGE gel. (B) Western blot for the identical gel using anti-
EcR-A monoclonal antibody (1:100) as a first antibody and HRP-conjugated Protein A
(1:1000) as a second antibody. Lane 1, total lysate; lane 2, membrane fraction; lane 3,
nuclear extract. Samples for lane 1-3 were prepared from fresly dissected ASGs. Lane 4,
membrane fraction prepared from the cultured ASGs used in the binding experlments
Twenty ug for each lane. M,protein molecular weight marker.
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Fig. 2. PonA saturation analysis of ASG membranes. Membrane preparations (100
Mg protein in 100 ul buffer) were incubated with increasing concentrations of [*H]PonA
at 25 °C for 10 min without or with a 1000-fold excess of unlabelled PonA. The data
was fitted by nonlinear regression analysis. Inset is Scatchard analyses of the binding
data. K, = 17.3 nM; B,,,, = 0.82 pmol mg™ protem Each datum point is a mean = S.D.
(n = 23).
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BROME. B, ZRE—FEEOATOA RRVEY, 20- e FaFdz s YV Yy (20B) Ik b R
ENTVB, TNE T 20E DFIHAIERIZ heterodimer DEZ A (EcR/USP) ¢S L. BIETDEER
HicHadLInNTER, LAL, TLVEFEOMBTRHEETIRINE T 20E I X B HEEREDTE
MREICBNT, BRBEEN UIERAOM, BEESAEENLEARRLL S LARRENTE
7eo TIVEFBIRIATEERREEE L UTHEREROFEZRYT 5 C L bR EMHEDIz. TODEFIR
RIMFETH D, ETERERORVEVEATBEEEZRAETSREHIL. FAICE DEAEMOELSE
MIRFEZIAS I Ui, TORR, MEEREIE 10nM 4 — #— T EcR/USP & D & BBV & DD, 47
20E BETTOEMALEINS 2MBHBRER LU, EZI/YV Y 7IZX DS ECR/USP I3 d
BEDE 2B EN S 20E OBBRBAKDOEELZHBRT LD THoTe, i BIAKDE/ Va—
FIVFHRDIERICETIL. ThERVTBRBUNDBB TS BICAF TE 3EHARIC LR S L A—D#E2
BENHB T LR, BRABOBUOBE LI oo RBAHTIT. F—HERHSEZEE L RSERDON
HEAL. InbZNUTE—OHBSER RT3 LS A7+ RIEFARFOBBOEMEEZ 5D
THD. BBEC T EREREVE B,

_55_



