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����γ ligand, increased the binding between PPARγ and
SRC-1 in a ligand dose-dependent manner. These results
suggested that the ��� ������ conformational change of
PPARγ by ligands was also induced, and increased the
levels of the ligand-dependent interaction wit"� ��+�*&
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�$����� �
�� �"�� ����� ���������� 
�� ����γ ligands. This
screening system (based on the interaction between PPARγ
and SRC-1) may be a promising system in the
development of drugs for metabolic disord���&

.�$#
���/� /�0�"�����#��� �""
���������� ������

'�
��������� 1������	������� Peroxisome proliferator-activated
receptor-γ2��1�����������-����������&�����+

Introduction

Orphan nuclear receptors provide multi-cellular organisms
with a means to directly control the gene expression in
response to a wide range of development, physiological, and
environmental cues. The activity of the orphan nuclear
receptor is controlled by at least three distinct mechanisms.
One is a binding of a small lipophilic ligand by the receptor or
its partner in heterodimer complexes. Another is a covalent
modification, usually in the form of phosphorylation that is
regulated by events at the cellular membrane or during the cell
cycle. The other is a protein-protein interaction, generally
through contacts with other transcription factors, including
nuclear receptors themselves (Giguere et al., 1999). The
activity of nuclear receptors could be potentially regulated by
natural ligands. Their ligands play crucial roles in
development, homeostasis, and disease. In the past few years,
the PPAR family of the orphan nuclear receptor has been
intensively investigated. The nuclear receptors regulate energy
balance and hormone response and change of energy balance
toward an excessive energy intake that is associated with a
number of prevalent metabolic disorders, such as obesity,
artherosclerosis, and type 2 diabetes.
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������ �	� two isoforms, 1, 2.
These isoforms are expressed in a tissue-specific pattern. The
PPARγ1 isoform is expressed in the spleen, intestine, and white
adipose tissue, while the PPARγ2 is preferentially expressed in
white and brown fat. PPARγ.����"������
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����	�������������-�������-�&�������������	����������		���������������

��-�����������42������0������6��+99(56�2������������-������������

������	�������
���-��������������:��������������������������	

�������6�3����
���	�������������
�������&��������!!3����!!3�α
����&���� :��� ���
���� ��� ������������ 4>
� ��� ��6�� +99�5�

�����-������������ 4*���0� ��� ����� +99 5�� ���� �������������� �����

��	��""��������
���4$13���5�4���"������������+99,56�!!3�δ<
β��������&����������&�����-���
����
������	�����������41��"������

��6�� +99.5� ���� ������������ 4?��"��� ��� ��6�� +99,56� !!3�γ
�-���	������� ������ ��� ����0�������������� 42@��5�� �� ������ �	

������������� ��
��6� A����� !!3�γ� �������� ����
��� ���� ���
���
-������������� "���������� +�����;��∆������-������������� B�
4!'B�5�� -���
����
������ 	����� ������� ���� $13���� �
��� ��

��
-��	�����������"�������6

!!3�γ� �-���	��� �������� 4!!3�γ� ��������5� :���� ��������
��-�����������&����:������-�
���������6�!!3�γ ���������������
��������&�������	�"����-���������"��������� �
--����� �
"��

��������:���4/���������������+99)5��������������������������	��
�

���� ��� 	�	�� 4C��� ��� ����� +9995�� ���� ���
��� ���"����

��		������������ �	� �
"��� ��-������"�� ������ 42������0� ��� ����

+99,56�2����-���	������������	�!!3�γ���&��������		������������
�����������������"�����	�!!3�γ�������
��������	��"�������

�������:������!!3�γ6�3�������
������������-����������&��������
��� ����&����� "���� ����� -��"����� ���� ����
��"���� �	� ���

����&������ ���� �		����&���� ���"
������ ���� ��������-����� �	� ���

������������������������������6� ��� �����-��������������������

�������������������3?�.�����������"����4*��:��0������6��+99 56

2������������&��������������-+ ��-���������:���������������	���

���"�"������	��������	�"�����	�������������-�����������&�����

	����������	������������1�
�+<$��3�+�4@�
��������+99 5��2�?<

'��!�$��3�.� 4D������ ��� ����� +99 5�� ���� -
�!<3
2�<3��+

42������������6��+99,56���		������ ���������	�!!3���"���������

�����������:������"�������������		����������
����	�����
��7
�

���	��"�������� �������� ��� �����
������ ����-���6�2��� �
�����

����-���������������� ��"���� �	� -+ �� -�������� ��� ������

������&���� ������������� ��������� 	�
�� ��-������"���	���	� ���

�������
����7
������CC��6

2��� ��� 	��
�� ���������� �����"� 	��� ���� ���������� �	� !!3�

��������"���������������&���-������
���	��������������������6���

�
����-�����:���������������������	��
�����������������"�������

����������������-������������������:����!!3�γ.�����1�
�
+6�2���/��13������"�:������-����	���"�������&������������

��-��� �����������	� ���
����"���������� �
������ -��������"����

����&����
�����������������������������6�2����	����������������

�������"�����������������&����������������������7
���"����	��

���������&�� ��������� �	� ���������� ��������� ���� ��� ��� �������&�6

2���� ��"-��� ���������� �����"� ��
��� ��� �&�������� 	��� ���

��&���-"���� �	� -��������� ��
��� �������� ��������� ���������

��	��""��������������������������6

Materials and Methods

RT-PCR and recombinant plasmid DNAs
Preparation of recombinant human PPARγ2 and mouse PPARγ2

- Total RNA was isolated from human lipomas and the
differentiated 3T3-L1 cell (day 10) by acidic phenol-guanidinium
thiocyanate-chloroform extraction (Sambrook et al., 1989). The
human PPARγ2 and mouse PPARγ were amplified by RT-PCR
(ProSTARTM, Stratagene, LaJolla, USA), as described (Lee et al.,
2000), using the same primer sets that comprised 5’-GCG TCG
ACT CAT GGG TGA AAC TCT GG -3’ (sense) and 5’-CCG CTC
GAG CTA ATA CAA GTC CTT GT-3’ (antisense). PCR products
were double digested by the restriction enzymes of both Sal I and
Xho I. The PPARγ2 fragment was cloned into pGEX4T-1
(Amersham Pharmacia Biotech, Uppsala, Sweden) to construct
GST-fused PPARγ2. Transformations of pGEX4T-1/PPARγ2 into
E. coli DH5α (Pharmacia, Les Ulis, France) were performed to
express GST-PPARγ2. The PPARγ2 N-terminal region (1-255 a.a)
insert was amplified by the same methods and used primer sets that
were comprised of 5’-GCG TCG ACT CAT GGG TGA AAC TCT
GG-3’ (sense) and 5’-ATA AGA ATG CGG CCG CCT ACG GGA
AGG A-3’ (anti-sense). The RCR product was double digested by
the restriction enzymes of both Sal I and Not I. The PPARγ2 N-
terminal region (1-255 a.a) fragment was cloned into the pGEX4T-
1 to construct the GST-fused PPARγ2 N-terminal region.
Transformations of the pGEX4T-1/ PPARγ2 N-terminal region into
E. coli DH5α were performed to express the GST-PPARγ2 N-
terminal region.

Preparation of recombinant SRC-1 - Total RNA was isolated
from monolayers of differentiated 3T3-L1 (day 10) by acidic
phenol-guanidinium thiocyanate-chloroform extraction. The SRC-1
(633-783 a.a) insert was amplified by RT-PCR, using primer sets
that were comprised of 5’-CCG GAA TTC AAG CCT CTG GAC
TCA GGA C-3’ (sense) and 5’-CCC AAG CTT TTG GGT TTG
TGT TAC AAG-3’ (antisense). The PCR product was double
digested by the restriction enzymes of both EcoR I and Hind III. An
SRC-1 fragment was cloned into pET28a (+) (Novagen, Madison,
USA) to construct 6xHis tagged SRC-1. Transformations of
pET28a/SRC-1 into E. coli BL21 (DE3) pLys S (Pharmacia, Les
Ulis, France) were performed to express 6xHis-SRC-1.

Over-expression of PPARγ2 and SRC-1 
�� ���� that harbored
pGEX4T-1/human PPARγ2 or pGEX4T-1/mouse PPARγ2 were
grown, induced for protein expression overnight at 20�
�:����+ "E
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Western blot and in vitro binding assay for SRC-1 and PPARγ
The purified GST-PPARγ2 protein was examined with an SDS-
polyacrylamide gel and Western blot assay. The gels were
transferred to Immobilon-P membranes (Millipore, Bedford, USA)
at 50 V for 1.5 h at room temperature. The membranes were
blocked by 5% skimmed milk. The membrane was probed with an
anti-PPARγ2 antibody (Calbiochem, San Diego, USA) diluted
1 : 2000 in TBST (10 mM Tris-HCl pH 7.4, 150 mM NaCl, 0.1%
Tween 20), and followed by an alkaline phosphatase-conjugated
anti-rabbit IgG (Sigma, St. Louis, USA). Visualization was
achieved with a NBT/BCIP substrate kit (Bio-Rad Lab). To identify
the binding between PPARγ2 and SRC-1, 0.4 mg<"���	�����-
��	���
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�6( "�<"� of purified GST-PPARγ2 was added and incubated for 1
h at room temperature. The membrane was probed with an anti-
PPARγ2 antibody, followed by an alkaline phosphatase-conjugated
anti-rabbit IgG. Visualization was achieved with a NBT/BCIP
substrate kit.

Optimization of ELISA 2��� ;*���1�
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�+�-������������������	�) µ�<"�6�1��ial dilutions
of the GST-PPARγ2 lysate were added to the SRC-1 pre-coated
plate. Then serial dilutions of the indomethacin (Sigma), BADGE
(bisphenol A 2, 3-dihydroxypropyl glycidyl ether; Fluka Chemika,
Buchs, Switzerland), TZD moiety (2,4-thiazolidinedione; Aldrich
Chem. Co., St. Louis, USA), and Wy14,643 (ChemSyn
Laboratories, Lenexa, USA) were added. The mixtures were
allowed to incubate for 1 h at room temperature. After exhaustive
washing with PBS that contained 0.05% Tween-20 (PBST) in order
to remove the unbound GST-PPARγ2 -�������� ����������������'12
��������� 4E����
���� !������� /
������ %135� ���
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Results and Discussion

Over-expression and purification of recombinant proteins
PPARγ2 and SRC-1 In attempt to apply the physical
interaction of PPARγ2 with the SRC-1 protein for the
screening system, the PPARγ2 cDNA was primarily cloned
����� ���� ���������� �;-�������� &������ -'/C(2�+6� 2��

����"������� &������ :��� �����	��"��� ����� 
�� ����� �*�α
competent cells for the induction of corresponding-fused
proteins. The GST-fused human PPARγ2 (Fig. 1A) and mouse
PPARγ.�-�������4?��6�+�5�4
����	��� ���	��
� binding assay and
ELISA) were over-expressed (Fig. 1). The proteins that were
present in both the pellet and the supernatant fractions after
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lysis were resolved by SDS-PAGE and identified by a Western
blot using an anti-PPARγ2 antibody (Fig. 2A). The GST-
PPARγ2 protein was clearly visible at the predicted molecular
weight, migrating at approximately 82 kDa. A considerable
amount of GST-fused PPARγ2 protein was present in the
supernatant, as determined by the SDS-PAGE. The SRC-1
was cloned into the bacteri��� �;-�������� &������ -/2.)�� ��
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Binding assay between PPARγ2 and SRC-1 by immunoblot
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���������at is downstream of the PPRE gene (PPAR response
elements). The PPARγ target genes with their response
elements are genes that are associated with lipid metabolism
and hormone homeostasis (��
"���������6��.���56

��� -��&��
�� ��-������ ���:��� ��������� ����� ��� ligand would
also change the conformation of PPARγ and enhance the
binding of PPARγ-SRC-1 ��� 	��
�� 42�������� ��6� 1998). This
concept was applied to the enzyme-linked immunosorbent
assay (ELISA) (Lee et al., 2001) to screen the PPARγ ligand.
The purified SRC-1 was plated o�� ���� 9 �:����6� 2���
�����
lysate that contained the GST-fused PPARγ2 and putative
ligands were added into the SRC-1 coated wells. The binding
of SRC-1 and PPARγ2 was enhanced by some ligands, and
the binding was detected by the anti-GST antibody-
conjugated horseradish peroxidase (Fig. 3). This ELISA
system could be used to screen a potential PPARγ ligand.

In order to test the binding between SRC-1 and PPARγ2 in
the ELISA plate, 8 µg<"� �	� *���������� 1�
�+� :��� -���
������6� 1������ ���
������ �	� ���� 
������ ������ that contained
GST-fused PPARγ2 were added and incubated for 1 h. The
GST-fused PPARγ2 that was bound to SRC-1 was detected
with a rabbit monoclonal anti-GST antibody, followed by
incubation of a horseradish phosphatase-conjugated anti-
rabbit IgG. After washing, the bound enzyme activity was
detected at 490 nm using an ELISA reader. The binding

between the SRC-1 protein and PPARγ2 protein was detected
��� 	��
�6� 2��� �������� :��� ����� ��-������� 4?��6� ��56� 2��

!!3�γ� ������������� ��� ���������:����� ��� �������� ��� ����
�
���"����� ������� �	� ���� !!3�γ, then the major activity of
PPARγ2 is transcriptionally initiated. The PPARγ LBD is
bound to the LXXLL motif of SRC-1 and complexes hetero-
dimer with SRC-1. However, the N-terminal domain
(modulation region) of PPARγ2 has� ������� �������� ��� 1�
�+
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0��&� 2&� Optimization of ELISA based on the binding between SRC-1 and PPARγ2. 2��� -
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�+� -������� :��� ������� ����� �
E�;������ 9 �:���� -������ ���� ������� ���utions of lysates that contained GST-PPARγ2 were added with or without &����
�� ��������������
�	� indomethacin. The PPARγ2 that bound to SRC-1 was detected with a rabbit monoclonal anti-GST antibody, followed by incubation
of a horseradish peroxidase-conjugated anti-rabbit IgG. Bound-enzyme activity was detected by a ELISA reader (A). The specific
binding between SRC-1 and GST-PPARγ2. As a nonspecific control, the GST-N-terminus domain of PPARγ2 was added into SRC-1
coated wells and detected with a rabbit mo��������� �����'12� ���������� ��� -��&��
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