
Envi rO n Estrogens: & Two stoichiometry is difficult to explain if bind- 
ing occurs to monomeric estrogen receptors 

"Alrights" Make a Wrong? ceptor (see figure, binding part can A), be However, highly cooperative. estrogen re- 

thus involving receptor dimers (9). There- 

S. Stoney Simons Jr. fore, the binding of estradiol to only one of 
the two sites might be competed by a syner- 
gistic binding of dieldrin and endosulfan to 
half of the dimer (part B). Alternatively, di- 

w e  all want to know whether substances in plained ways from mammalian cells (2, 3). eldrin and endosulfan could synergistically 
our environment are harmful to us and other Anti-estrogens, usually antagonists in mam- bind to a different molecule that competes 
animals. But answering this question is no malian cells, have substantial agonist activ- with ER far homodimer formation (part C). 
easy task. A report in this issue of Science ity in yeast (4),  and different rqions of the Indeed, other classical steroid receptors have 
(1 ) admirably illustrates why. Two synthetic hER have independent transactivation ac- been shown to form heterodimers (10). Fur- 
chemicals that are individually innocuous turn tivity in yeast and mammalian cells (5). So it thermore, estrogen receptor heterodimers 
out to have effects like the female estrogenic is crucial that the authors have also demon- could have different biological activities (1 0, 
hormones when they are mixed together. strated in human endometrial cells the same 1 1 ) and possibly altered ligand binding prop- 

Most developmental effects of estrogens fivefold synergistic increase in estrogenic re- erties (1 1 ). If any of these complexes caused 
are mediated by their binding to an intracel- an increase in the coupling efficiency of tran- 
lular steroid receptor protein, a member of a A - .  B C - scriptional machinery combnents (see fig- 
large supe*Iy. Before an estrogen binds, I we), a synergistic left shift in the dose-re- 
the receptor is associated with several nonre- sponse curve could ensue ( 12). 
ceptor proteins, such as the chaperone pro- - 

4 4 
As is often the case with significant new 

tein heat shock protein 90. Esmgens initiate Dirnerization \ I 4 discoveries, this paper by Arnold er al. poses 
the dissociation of nonreceptor proteins and ig;N* *. I 4 more new questions than it answers, Are 
the binding of homodimeric receptor-steroid .*a f deveelopmentally important, estrogen recep- 
complexes to palindromic b o n e  response tor-regulated genes syner; 
elements in the DNA. These DNA-bound gistically induced by these 
receptors regulate transcription of estrogen- new environmental estro- 
responsive genes by interacting with the gens? Can the various pes- 
transcriptional machine* in a manner that ticides synergize in mam- 
can be modified by coactivators, repressors, malian cells and, if so, 
and modulatoh. How environmental wtmgwts might ynerglze. The normal why is the magnitude of 

h o l d  and co-workers (1) have used homodimeric hER-estradiol complex binds to an estrogen re- synergism so much great- 
yeast cells d o m e d  the human sponse element (ERE) and interacts with the transcriptional ma- er than for the How 
trogen receptor (MR) to quantitate the chinefy (solid arrow). Modified, and potentially synergistic, interac- should the risk of new 

tions could be accomplished by binding to ERE (dashed arrows) of chemicals be Are trogen activity of se'ected They (A) initially monomeric receptors with multiple ligands, (B) 
measured the ability of each chemical to heterodimeric complexes of a single protein but with different li- t h e ~  multiple ligandbind- 
mobilize hER and induce the expression of p- gands, or (C) a dirner of two different proteins. ing sites on hER? Does the 
galactosidase ($-Gal) encoded by an intro- hER heterodimerize with 
duced lac2 gene driven by two copies of an sponse by combinations of PCB6 as seen in nonreceptor proteins? How is a left shift in the 
estrogen response element. As in other sys- the system. Thus, the synergistic estro- dose-response curve effected? The pursuit 
tems, pesticides such as dieldrin or endml- genic effects of these compounds are more may never end, but we are making progress. 
fan were required at about 100,000.times than a laboratory idiosyncrasy of yeast cells. 
greater concentration than the natural estro- l2qually remarkable is i S t  similar synergis- R m  
gen 17gestradiol to cause half-maxi4 in- tic pstmcy increases were seeh for direct S, F, et d,, Science m, 
duction of expression. Surprisingly, dieldrin bindmg of combined compounds to recombi- 2. However, dieldrin concentrations in the fat of 
plus endosulfan (or other compounds) af- nant hER. lXi parallel htween enhanced -&i :gz ~ M ~ ~ [ w ~ ~ ~ e r ~ '  
fonled a synergistic r e s p o d g h  levels of estmgen binding affinity and receptor-regu- viron. Health Perspect. 110 (suppi 9). 63 (1995)], 
&Gal were induced with a potency more lated biological activity of the combined and concentrations up to 500 nM in alligator eggs 

from a Rorida lake had no apparent effect (3). than 100 times that of either compound alone ligands suggests that the mechanistic basis 3. G. H, Heinz, H, C, F, Perceval, M. L. Jermings, 
[new half-maximal concentration (ECSo) = of the synergism is at the hER. It may be time Emion. ~mit. ASSE~~S.  16,277 (1991). 
100 nM (2)]. Combinations of three sub- to resurrect the hypotheses of multiple bind- 4. C. K. and B. S- menellenbogen. J. Bid. 

Chem. 268.24089 (1993). 
stances had little further increase inpotency. ing sites on each receptor monomer (6, 7) a D. ~etzger, S. Ni, J.-M Bornert, P. Chambon, 

ibid. 270, W35 (1995). Two hydmxylated pdychiorinated biphe- (see the figure), despite the fact rhsr the 
B, T, S, nd L, Baudendisel, Endauna*xy nyls (PCBs) also acted synergistically to in- recent x-ray structures of the related retinoic loo, 4X) sn). 

duce $-Gal expression, albeit to a lesser acid and thyroid receptors show only one 7. P. M. Martin, Y. brthois, E V. Jensen, froc. Natt. 
extent (fivefold). Acad. Sci U.SA. 88,2533 (198%). agmstic ligand per steroid binding 8. R. L W a w r  e t a ,  Natvre378.690 (1995): J.-M. 

Although yeast expression systems are domain (8). wurtz et d., &&re Struct. Bid 3,87 (1996). 
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