utility of this system. The primary objective of this
research is to (i) validate the BLYES system and
develop a standard operating procedure for routine
chemical analysis; and (i) develop an androgen
bioluminescent reporter system analogous to the
BLYES system.

The specific tasks of this research are:

1. Test the S. cerevisiae BLYES using the proposed
78 substances (see ICCVAM, 2002) listed for
validation of estrogen receptors and correlate to the
colorimetric S. cerevisiae YES assay.

2. Develop the S. cerevisiae BLYES into a standard
assay suitable for high-throughput screening of
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Methods/Approach sults/Conclusions
Project ID: RD-831302 Current Plate Setup Two strains to estrogens and androgens have
110 Saccharomyces cerevisiae BLYES been developed and prelummary testing has been completed. Response times for
ience Question hormone : each strain ranged from 2 - 6 hours compared (Fig. 2) to 3 - 5 days for the
receptor ERE: AGGTCACtGTGACCT N 1 2 3 4 5 6 colorimetric ~ version. Assay development and validity testing using the
Two widely used receptor/reporter assays for detecting SAOO0 00 recommendations outlined in the ICCVAM report (ICCVAM, 2002) is underway.
estrogenic and androgenic compounds are the Yeast ARE: AGAACACtaTGTTCT Chemicals are being tested for endocrine activity as well s for toxicity (Fig. 3). As a
Estrogen Screen (YES) (Routledge and Sumpter, & demonstration of the usefulness of these assays, a high-throughput testing strategy
1996) and the Yeast Androgen Screen (YAS) (Purvis o is being developed using a Beckman F/X Automated Liquid Handling System (ALH).
et al, 1991). These Saccharomyces cerevisiae (S. e The ALH can dilute and distribute chemicals to 96-well microtiter plates as well as
cerevisiae) strains contain the human estrogen or 8 100 distribute reporter cells to the test chemicals. Further, the ALH can be linked
D g otentially to an incubator and a microtiter plate reader to record bioluminescence.
alr‘dmgf'; rzeoepto:‘ an'd a p';’s’“‘d'baseld ponse | Methanol control | | No treatment control | 8 P Y P
element-lacZ reporter fusion. For example, when an £ 2
estrogen-like compound binds o the estrogen receptor " IITITINITTITTT £ Impact and Outcomes
protein, this protein-compound complex binds to the FIGURE 1. (A.) Schematic representation of S. cerevisiae BLYES / BLYAS. Hq k (either or O O O O O O ]
estrogen  response  element (ERE), inducing androgenic) cross the cell membrane and bind to the human hormone receptor (hHR). This comp\ex interacts with the hormone .n9: This research has st.andard od two bioluminescent yeast assays for soreenin
transcription of lacz. This assay has been used response element (RE) initiating transcription of luxA and IuxB. S. cerevisiae BLYES contains the human estrogen receptor in its [o)e) @ OO0 es‘ro o ma 12 olumi nty ys for ’d ! g
extensively to measure estrogenic and androgenic genome, while S. cerevisiae BLYAS has the human androgen receptor in the genome. (B.) Sequence of estrogen response 9 s a re orter has se eral advantages over colorimet cpand luc-
responses o various organic pollutants. Although | | elements (ERE) and androgen response elements (ARE). In S. cerevisiae BLYES, the ERE is duplicated (with a CTCG spacer HOOOOOOIOOOOOO 100 based roortore natudin porter v vantages over colorimetri
proven effective for the in vitro determination of sequence), while four versions of S. cerevisiae BLYAS (BLYAS,, BLYAS,, BLYAS;, BLYAS,, with one to four AREs separated by a - - ‘ 103102101 1070 109 10® 107 109 105 104 10° 102 rep including:
estrogenic and androgenic activity, the assays’ CTACTACTACTA spacer sequence) have been made to examine how changes in response to target chemicals is affected by FIGURE 6. Current plate setup in the high-throughput system of chemical Concentration (M) A t-less reporter system ing the extra and cost of adding
incubation time of 3-5 days is impractical when number of response elements present. screening. A series of dilutions of one chemical in methanol is performed with exogenous reagents (such as luciferin).
ideri i i the robot, across 18 wells of a 96-well plate. Dilutions for S. cerevisiae BLYES *Speed; bserved littl two h d i
id the 87,000 ch I Tier | i o robot X € A peed; a response is observed in as litle as ours and a maximum
scroening. To' overcome this fosue, bloluminescent Saccharomyces cerevisiae BLYES Saccharomyces cerevisiae BLYAS4 begin with 1 mM and end with 2.5 nM, whie inial test with S. cerevisiae B response in ~ six hours,
versions of these reporters have been constructed. BLYAS, have begun with 1 M and ended with 1 pM. Methanol only controls Saccharomyces cerevisiae BLYR *A range of equipment can be used to detect bioluminescence.
consist of well to which methanol (without chemical) was added to wells *Chemical dilution and dispensing of culture medium and cells into microtiter plates
Gupta et al. (2003) functionally expressed the IuxA, B, o can be automated.
C. D, and E genes from Photorhabdus luminescens < e ~ 250 *Cells for the assay can be prepared fresh and used or stored at —80°C.
and the fip gens from Vibrio harveyl in S. cerevisiae. < 6 ] *Data collection and interpretation can be automated.
The present work extends this system by developing x o 7 - oi‘ i no o *No animals are used in this assay.
estrogen- and androgen- 'e”g“s"’e yeast base‘d % Q9 20 S oo mhZ ,Hﬂul b = *Reduction in the use of labor-intensive cell culture assays.
an its 2 S b v " "
usefulness against known endocrine  disrupting 3 10 b 8 . Further, S. cerevisiae BLYES and BLYAS when combined with appropriate
compounds. S g 8 5 ] photodetection technology can be used for remote, near real-time monitoring of our
2 6 g 2 ® 17aEstadiol u nation’s waterways for endocrine disrupting-activity (Bolton et al., 2001; Nivens et
8 3 g ®  4tertOctophenol . al., 2004
esearch Goals £ £ € ¥ Nothanol
32 E 2 - none Future Directions
The purpose of Tier 1 screening is to identify @ ] B 17b-Estradiol ——
substances that have the potential to interact with the o At the conclusion of this project, a standard operating procedure will be written for the
endocrine system (O'Conner et al., 2002). The 108 use of each strain in testing unknown chemicals. Long-term uses of these strains
colorimetric-based YES has been widely used in the 113 102 1011 100 109 10° 107 106 105 104 10° 102 include direct monitoring of, for example, wastewater treatment effluent, confined
C X ly 109102 1011 100 109 10 107 10° 10° 10% 10 10 g M e
I'lterature and this \?boratcry and'ls a very use'utli tool s FIGURE 7. Beckman FX Automated Liquid Handling System for use in diluting Concentration (M) animal feeding operation runoffs, and groundwater monitoring.
or assessing estrogenicity of a compound or i it icrotit
9 estrogeniciy P i | | FIGURE 4. Time series of responses to target chemicals for BLYES and BLYAS, demonstrating that maximum response occurs | L.chemicals and bioreporter addition to 96-well microfiter plates. FIGURE 3. High-throughput testing of chemicals using the References
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difference can be corrected within the ALH software package.
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