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Molecular biological investigations of bisphenol A receptor

Yoshihiko Funae
Osaka City University Medical School, professor

Key Word : bisphenol A, central nervous system

Abstract:

We studied the effect of prenatal and lactational exposure of bisphenol A (BPA) on

monoaminergic neuron. The variation of monoamine contents in neonatal and
lactational brain exposed indirectly to BPA were investigated. Monoamine is the
neurotransmitter in the brain thought to be related to movement, emotion and reward.
The result showed that reduced dopamine (DA) contents in the offsprings, which were
indirectly exposed to BPA. Reduction of DA contents were continued until without BPA
exposure after weaning. So, it has suggested that the reduced DA contents was caused
by irreversible variation of dopaminergic system. Since BPA was suspected to affect
central nervous system through dopaminergic neuron, we convinced that novel
receptor of BPA present in synaptosomal membrane fraction. So, we tried to isolate
and purify the BPA binding protein by solubilization, anion column chromatography
and BPA-Sepharose affinity column chromatography. The purified protein was
confirmed to be homogeneous by SDS-PAGE. N-terminal sequence of purified BPA
binding protein was identical with protein disulfide isomerase (PDI), which was known
as thyroid hormone binding protein. To elucidate possible molecular mechanism of the
BPA action on central nervous system, competition binding assay with histidine tagged
fusion PDI expressed in E. coli were performed. The results demonstrated that BPA
displaced the binding of thyroid hormone to PDI.
Since BPA affected central nervous system via PDI, we examined and compared the
thyroid hormone disrupting activity of twenty chemicals listed in “Chemicals to be
Addressed in Prioritized Risk Assessments” selected 2000 and 2001 at ministry of
environment as chemicals suspected of having endocrine disrupting effects. The
results demonstrated the binding of thyroid hormone to PDI was inhibited by
4-octylphenol, nonylphenol, BPA, pentachlorophenol and 2, 4-dichlorophenol. These
five chemicals may possible to interfere the function of thyroid hormo
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10 CD-1 1 12 DEP

DBP , BBP , DCHP
DEHP , DEHA 2.25mmol/kg
2,4-D 0.6mmol/kg
2 18
RNA RNA
MRNA
PCR

EBSS (Earle®"s Balanced Salt Solution, Sigma)
collagenase (Wako , 1mg/ml ) , hyaruronidase (Sigma, 1mg/ml),

BSA (Sigma,1lmg/ml) 25mM HEPES buffer (Naquarai.; 20ml )
(20min;80cycle/min; 34C) 0.07%BSA
EBSS  40ml (250% g; 5min)

0.07%BSA EBSS 3ml Percoll (800x g;
20min) 2 3 EBSS (Earle”s Balanced
Solt 5-50% (density 1.050-1.070g/ml)
3B -hydroxysteroid dehydrogenase (Steinberger ;1966)

80% 3B -hydroxysteroid dehydrogenase

RNAlater

RNA cDNA
QIAGEN RNAlater -20
RNA
RNA QIAGEN Rneasy Mini Kit QIAGEN Rnase-Free Dnase set
DNA free RNA cDNA Invitrogen life technology
SuperScript First-Strand Synthesis System for RT-PCR Kit(GIBCO BRL, Paisley,
Scotland) Oligo(dT) ;.48

PPARalpha—mRNA

Gl
PE Biosystems Primer Express version 1.0 GAPDH PE
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Biosystems PPAR-alpha  GAPDH  PE Biosystems TagMan Universal

PCR Master Mix TagMan probe 100nM
200nM  PCR RNA  SYBR Green

PPAR-alpha  TagMan probe FAM, TAMURA
GAPDH TagMan probe VIC, TAMURA

Quantitative real time-PCR PE Biosystems ABI PRISM 7700 Sequence
Detection System Rromega
pGEM -T Easy vector Invitrogen life technology pCR2.1 vector

GAPDH

scavenger receptor, class B, type | (SR-BI):

forward primer: 5-CACCTTCAATGACAACGACACC-3,,

reverse primer: 5-TCTCTGAGCCATGCGACTTG-3';

low density lipoproteins receptor (LDLR):

forward primer: 5-CCACTTCCGCTGCAAATCAT-3',

reverse primer: 5-TCATGGGAGCCGTCAACAC-3’;

HMG-CoA synthase: forward primer: 5-TGTGGCACCGGATGTCTTT-3',
reverse primer: 5-GACCAGATACCACGTTCCTTCAA-3’;

HMG-CoA reductase: forward primer: 5-TGTGGTTTGTGAAGCCGTCAT-3',
reverse primer: 5-CGTCAACCATAGCTTCCGTAGTT-3’;

steroidogenic acute regulatory protein (StAR):

forward primer: 5-AAGGAAAGCCAGCAGGAGAAC-3,

reverse primer: 5-TCCATGCGGTCCACAAGTT-3';

peripheral-type benzodiazepine receptor (PBR):

forward primer: 5-AGTTCGTGGCACTGCATAAGC-3',

reverse primer: 5-GCTGCCCATTCTCTCCTCCTA-3';

cytochrome P450scc (CYP11A): forward primer: 5-CCATCAGATGCAGAGTTTCC
AA-3,

reverse primer: 5-TGAGAAGAGTATCGACGCATCCT-3’;

3B -hydroxysteroid dehydrogenase/A 5-A 4-isomerase (3p3-HSD):

forward primer: 5-GGAGGCCTGTGTTCAAGCAA-3,

reverse primer: 5-GGCCCTGCAACATCAACTG-3;

cytochrome P450,,, - 17a -hydroxylase/C,;.,, lyase CYP17

forward primer: 5-CCATCCCGAAGGACACACAT-3,

reverse primer: 5-CTGGCTGGTCCCATTCATTT-3';

17p-HSD: forward primer: 5-CAACGATTCCTCCTGACACGAT-3,

reverse primer: 5-GCTGATGTTGCGTTTGAGGTAA-3';

PPARalpha: GI 7106384, forward primer: 5-TTTCCCTGTTTGTGGCTGCTA-3',
reverse primer:5-CCCTCCTGCAACTTCTCAATG-3’

Taq Man probe, 5-AATTTGCTGTGGAGATCGGCCTGG-3
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GAPDH: PE Biosystems TagMan Rodent GAPDH Control Reagents
Tag Man probe, 5-CCCGTTCTCAGCCTTGACAGTGCC-3

SYBR Green 25 ul 1x SYBR Green PCR Master Mix (Applied
Biosystems), 400 nM , 1 ng cDNA
95 °C 10 Amplitag Gold polymesase
95°C 15 sec 40 cycles denaturation 60 °C 1 annealing
extension

Diagnostic Products Corporation Los
Angeles, USA) DPC

Luteinizing hormone (LH)
LH 98 LH
LH LH enzyme immunoassay (EIA) system (Amesham Pharmacia,
Backinghamshire, England)

periodic acid-Schiff
reagent (PAS) hematoxylin

C' ’
Fig.2 DEP DCHP
DBP  BBP
DEHP DEHA 2,4-D
2,4-D Fig.3
mRNA real-time quantitative RT-PCR , GAPDH-mRNA
2,4-D  PPARa -regulated proteins lipoprotein lipase
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(LPL) medium-chain acyl- CoA dehydrogenase (MCAD) RNA
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17a -hydroxylase/C,;.,, lyase (CYP17), and 173 -hydroxysteroid

dehydrogenase/17-ketoreductase (17f -HSD Type I111) RNA CYP11A,
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CYP17  mRNA 2,4-D CYP17 HMG-CoA
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