
呋

_____________________________________________________________________________
*

E-mail: hsinyu@ntu.edu.tw

12



Å

Å

13



14



™

15



16



17



18



19



FRETCFP YFP

lo
rt

no
C

ni
xo

i
D

20



Mp
0

Mp
1

Mp
5 01 pM

5
p0 M

1
00
Mp

sdloF
evitale

R

0.0

0.2

0.4

0.6

0.8

1.0

1.2

Time (10 pM TCDD)
0 h 1 h 2 h 4 h 8 h 16 h

sdloF
evitale

R

0

1

4

5

21



Abdelrahim, M., Ariazi, E., Kim, K., Khan, S., Barhoumi, R., Burghardt, R., Liu, S., Hill,
                       D., Finnell, R., Wlodarczyk, B., Jordan, V. C. and Safe, S. 2006. 3-
                       Methylcholanthrene and other aryl hydrocarbon receptor agonists directly 
                       activate estrogen receptor alpha. Cancer Res. 66(4):2459-67.
Backlund, M., Johansson, I., Mkrtchian, S. and Ingelman-Sundberg M. 1997. Signal 
                      transduction-mediated activation of the aryl hydrocarbon receptor in rat 
                      hepatoma H4IIE cells. J. Biol. Chem. 272(50): 31755-63. 
Barbieri, S., Pirovano, C., Scarlato, G., Tarchini, P., Zappa, A. and Maranzana, M.
                      1988. Long-term effects of 2,3,7,8- tetrachlorodibenzo- p-dioxin on the 
                      peripheral nervous system. Clinical and neurophysiological controlled study
                      on subjects with chloracne from the Seveso area. Neuroepidemiology. 7(1): 
                      29-37.
Bock, K. W. 1994. Aryl hydrocarbon or dioxin receptor: biologic and toxic responses. 
                      Rev. Physiol. Biochem. Pharmacol. 125: 1-42.
Bock, K. W. and Kohle, C. 2005. Ah receptor- and TCDD-mediated liver tumor promo
                     tion: clonal selection and expansion of cells evading growth arrest and apoptos
                     is. Biochem Pharmacol. 69(10): 1403-8.
Brinker, A., Scheufler, C., Von Der Mulbe, F., Fleckenstein, B., Herrmann, C., Jung, G.,
                    Moarefi, I. and Hartl, F. U. 2002. Ligand discrimination by TPR domains. 
                    Relevance and selectivity of EEVD-recognition in Hsp70 x Hop x Hsp90 
                    complexes. J. Biol. Chem. 277(22): 19265-75.
Brumbaugh, J., Schleifenbaum, A., Gasch, A., Sattler, M. and Schultz, C. 2006. A dual
                    parameter FRET probe for measuring PKC and PKA activity in living cells. J 
                    Am Chem Soc. 128(1):24-5
Carlson, D. B. and Perdew, G. H. 2002. A dynamic role for the Ah receptor in cell 
                     signaling? Insights from a diverse group of Ah receptor interacting proteins. J.
                     Biochem. Mol. Toxicol. 16(6): 317-25.
Cheung-Flynn, J., Roberts, P. J., Riggs, D. L. and Smith, D. F. 2003. C-terminal
                    sequences outside the tetratricopeptide repeat domain of FKBP51 and FKBP52
                    cause differential binding to Hsp90. J. Biol. Chem. 278(19): 17388-94.
Crews, S. T. and Fan, C. M. 1999. Remembrance of things PAS: regulation of develop
                    ment by bHLH-PAS proteins. Curr. Opin. Genet. Dev. 9(5): 580-7.
Day, R. N., Periasamy, A. and Schaufele, F. 2001. Fluorescence resonance energy 
                    transfer microscopy of localized protein interactions in the living cell nucleus. 
                    Methods. 25(1): 4-18.

22



Heid, S. E., Pollenz, R. S. and Swanson, H. I. 2000. Role of heat shock protein 90 
                  dissociation in mediating agonist-induced activation of the aryl hydrocarbon 
                  receptor. Mol. Pharmacol. 57(1): 82-92.
Housley, P. R., Sanchez, E. R., Danielsen, M., Ringold, G. M. and Pratt, W. B. 1990. 
                  Evidence that the conserved region in the steroid binding domain of the gluco
                  corticoid receptor is required for both optimal binding of hsp90 and protection 
                  from proteolytic cleavage. A two-site model for hsp90 binding to the steroid 
                  binding domain. J. Biol. Chem. 265(22): 12778-81.
Hu, K. and Bunce, N. J. 1999. Metabolism of polychlorinated dibenzo-p-dioxins and 
                  related dioxin-like compounds. J. Biochem. Mol. Toxicol. 13(6): 307-315.
Iain, R. M. and Ralph, C. S. 1994. Laser spectroscopy. University of Newcastle upon 
                  Tyne, UK. Print publication: Issue 3. 29: 164-169.
Jakob, U., Lilie, H., Meyer, I. and Buchner, J. 1995. Transient interaction of Hsp90 with
                   early unfolding intermediates of citrate synthase. Implications for heat shock in 
                  vivo. J. Biol. Chem. 270(13): 7288-94.
Kang, K. I., Devin, J., Cadepond, F., Jibard, N., Guiochon-Mantel, A., Baulieu, E. E. 
                   and Catelli M. G. 1994. In vivo functional protein-protein interaction: nuclear 
                  targeted hsp90 shifts cytoplasmic steroid receptor mutants into the nucleus. 
                  Proc. Natl. Acad. Sci. U. S. A. 91(1): 340-4.
Khan, S., Barhoumi, R., Burghardt, R., Liu, S., Kim, K. and Safe, S. 2006. Molecular 
                  mechanism of inhibitory aryl hydrocarbon receptor-estrogen receptor/Sp1 cross 
                  talk in breast cancer cells. Mol Endocrinol. 20(9):2199-214.
Larsen, J. C., Farland, W. and Winters, D. 2000. Current risk assessment approaches
                  in different countries. Food Addit. Contam. 17(4): 359-69.
Lees, M. J. and Whitelaw, M. L. 2002. Effect of ARA9 on dioxin receptor mediated 
                 transcription. Toxicology. 181-182: 143-6.
Levine, S. L. and Perdew, G. H. 2001. Aryl hydrocarbon receptor (AhR)/AhR nuclear
                  translocator (ARNT) activity is unaltered by phosphorylation of a 
                  periodicity/ARNT/single-minded (PAS)-region serine residue. Mol. Pharmacol. 
                  59(3): 557-66.
Majoul, I., Straub, M., Duden, R., Hell, S. W. and Soling, H. D. 2002. Fluorescence 
                  resonance energy transfer analysis of protein-protein interactions in single living
                  cells by multifocal multiphoton microscopy. J. Biotechnol. 82(3): 267-277.
Minami, Y., Kawasaki, H., Miyata, Y., Suzuki, K. and Yahara, I. 1991. Analysis of 
                  native forms and isoform compositions of the mouse 90-kDa heat shock protein, 
                  HSP90. J. Biol. Chem. 266(16): 10099-103.
Nadeau, K., Das, A. and Walsh, C. T. 1993. Hsp90 chaperonins possess ATPase 
                  activity and bind heat shock transcription factors and peptidyl prolyl isomerases. 
                  J Biol Chem. 268(2): 1479-87.
Nebert, D. W., Puga, A. and Vasiliou, V. 1993. Role of the Ah receptor and the dioxin-
                    inducible [Ah] gene battery in toxicity, cancer, and signal transduction. Ann. N. Y.
                    Acad. Sci. 685: 624-40.
Perdew, G. H., Hord, N., Hollenback, C. E. and Welsh, M. J. 1993. Localization and 
                 characterization of the 86- and 84-kDa heat shock proteins in Hepa 1c1c7 cells. 
                 Exp. Cell Res. 209(2): 350-6.

23



Pratt, W. B. and Toft, D. O. 2003. Regulation of signaling protein function and traffick
                   ing by the hsp90/hsp70-based chaperone machinery. Exp. Biol. Med. 
                  (Maywood). 228(2): 111-33.
Reisz-Porszasz, S., Probst, M. R., Fukunaga, B. N. and Hankinson, O. 1994. Identifi
                  cation of functional domains of the aryl hydrocarbon receptor nuclear transloca
                  tor protein (ARNT). Mol. Cell Biol. 14(9): 6075-86.
Rideout, K. and Teschke, K. 2004 .Potential for increased human foodborne exposure 
                  to PCDD/F when recycling sewage sludge on agricultural land. Environ. Health 
                  Perspect. 112(9): 959-69.
Rowlands, J. C. and Gustafsson, J. A. 1997. Aryl hydrocarbon receptor-mediated 
                  signal transduction. Crit. Rev. Toxicol. (2): 109-34.
Sogawa, K. and Fujii-Kuriyama, Y. 1997. Ah receptor, a novel ligand-activated 
                  transcription factor. J. Biochem. 122(6): 1075-9.
Wilson, C. L. and Safe, S. 1998. Mechanisms of ligand-induced aryl hydrocarbon 
                  receptor-mediated biochemical and toxic responses. Toxicol. Pathol. 26(5): 
                 657-71.
Wissing, M. 1998. dioxins: current knowledge about health effects. Rev. Med. Brux. 
                  19(4): A367-71.
Wouters, F. S., Verveer, P. J. and Bastiaens, P. I. 2001. Imaging biochemistry inside 
                  cells. Trends Cell Biol. 11(5): 203-11.
Yahara, I., Minami, Y. and Miyata, Y. 1998. The 90-kDa stress protein, Hsp90, is a 
                  novel molecular chaperone. Ann. N. Y. Acad. Sci. 851: 54-60.

24



Abstract

Establish of a FRET detection system for 
dioxin-like compounds

1 Institute of Zoology, National Taiwan University, Taipei 106, Taiwan, R.O.C.
2 Department of Life Science, National Taiwan University, Taipei 106, Taiwan, R.O.C.
3 Department of Chemical and Materials Engineering, Cheng Shiu University, Kaohsiung 833, 
Taiwan, R.O.C.

       Dioxins are group of compounds contain double aromatic ring-like structure. They are 
among the most prevalent and toxic environmental pollutants. Accumulation of dioxins in 
human tissue poses a potential threat to human health. Currently, analytical chemical procedures 
dominate the dioxin detection protocols.  In this study, we established a fluorescence resonance 
energy transfer (FRET) based dioxin-detection bioassay. We generated plasmids encoding fusion 
proteins of AHR and HSP90 with CFP and YFP.  The interactions between these two proteins 
are suitable for FRET experiments.  In rat hepatoma cell line, H4IIEC3 cells, transiently 
co-expressing AHR-CFP and HSP90-YFP showed a significant FRET signal. Dioxin treatments 
down-regulated FRET signals in these transfected cells in a dose- and time- dependent manner. 
These results suggest that using FRET as a dioxin-detection bioassay is successful and suitable 
for initial screening for dioxin-like compounds.
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