Oestrogenic activity using a recombinant yeast screen assay
(RCBA) in South African laboratory water sources
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Abstract
Many chemicals released into the environment are believed to disrupt normal endocrine functions in humans and animals.
These endocrine disrupting chemicals (EDCs) affect reproductive health and development. A major group of EDCs that could
be responsible for reproductive effects are those that mimic natural oestrogens, known as xeno-oestrogens. A number of in
vivo and in vitro screening strategies are being developed to identify and classify xeno-oestrogens, in order to determine
whether they pose a health risk to humans and animals. It is also important to be able to apply the assays to environmental
samples for monitoring purposes. In South Africa information on the levels of EDCs in water is limited. While establishing the recombinant yeast screen bioassay (RCBA) using the yeast strain Sacchyromyces cerivisiae for oestrogenic activity,
problems were experienced with contamination. Four South African laboratory water sources were assessed. From the results
it was clear that the water used in the preparation of the medium for the assay was the source of oestrogenic contamination.
Care should be taken to eliminate all possible sources of contamination in the test procedures to eliminate the reporting of
false positive results. The fact that South African laboratory and surface waters tested positive for estrogenic activity has far
reaching implications regarding reproductive and general health.
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Introduction
A number of chemicals released into the environment are believed to disrupt normal endocrine function in humans and animals (Colborn et al., 1993; Toppari et al., 1996). These endocrine disrupting chemicals (EDCs) have various endocrine and
reproductive effects, believed to be due to their:
• Mimicking effects of endogenous hormones such as oestrogens and androgen
• Antagonizing the effects of normal, endogenous hormones
• Altering the pattern of synthesis and metabolism of natural
hormones
• Modifying hormone receptor levels (Soto et al., 1995).
Documented effects on ﬁsh, wildlife and evidence from human epidemiology and experimental toxicology have led to an
emerging hypothesis that chemicals may be affecting reproduction and development (Krimsky, 2000; Parrott et al. 2001). One
major group of EDCs that could be responsible for disruptive
reproductive effects, are those that mimic natural oestrogens.
Currently attention is being devoted to the development of
in vivo and in vitro screening strategies to identify and classify
xeno-oestrogens, in order to determine whether such chemicals
pose a hazard to human health (Beresford et al., 2000). The in
vitro assays range from simple competitive binding assays, relying solely on the chemical’s ability to bind to the oestrogen receptor (Jobling et al., 1995; Shelby et al., 1996), to more complex
systems where the chemical binds to and activates the receptor.
These latter assay systems include the proliferation of the hu* To whom all correspondence should be addressed.
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man breast cancer cell line (MCF-7) (Soto et al., 1995; Soto et
al., 1994), vitellogenin gene expression in hepatocyte cultures
(Jobling and Sumpter, 1993), and yeast-based assays expressing
either rainbow trout (Petit et al., 1997) or human oestrogen receptors (Routledge and Sumpter, 1996). The oestrogen receptor
(ER)-mediated chemical activated luciferase gene expression
(ER-CALUX) assay uses T47-D human breast adenocarcinoma
cells expressing endogenous ER α and β, which are stably transfected with an oestrogen-responsive luciferase reporter gene
(Legler et al., 1999) and the MVLN cells (Gray et al., 2002).
In general, yeast test systems rely on yeast constructs expressing an (human) oestrogen receptor, which upon binding of
suited substrates acts as a transcriptional enhancer for oestrogen-responsive DNA element-controlled reporter genes, in most
cases bacterial β-galactosidase. The activity of this enzyme can
be determined photometrically by using a chromogenic substrate
and may thus serve as a measure for the oestrogenic potency of
the sample under investigation (Rehmann et al., 1999).
Short-term assays need to be standardized and validated and
applied to identify EDCs and to determine the relative potency
for hormonal responses. From the risk assessment point of view
it would be very important to apply such tests for environmental
monitoring to identify emitters, actual environmental loads and
environmental reservoirs of xeno-oestrogenic compounds (Rehmann et al., 1999).
In South Africa the environment in rural and urbanized
areas is often contaminated with a complex mixture of toxic
compounds originating from industries, agriculture and private
households. Many of these pollutants end up in surface waters, such as dams, rivers and eventually the sea (Aneck-Hahn,
2003; De Jager et al., 2002). Toxic contaminants may disturb
the biological equilibrium of aquatic ecosystems and be harmful to humans, if they are transmitted to human food or drinking water. In many rural areas in South Africa the only access
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that the communities have to water for drinking and household
purposes are boreholes, natural springs and rivers that are in
the area. Water being a scarce and valuable resource in South
Africa, it is important to examine the oestrogenic activity in the
water sources as it could impact detrimentally on the general
health of the population.
DDT (a persistent organic pollutant) has been very successfully used for malaria control in South Africa since 1948. Although it was banned for agricultural use in 1976, its use for
malaria control continued (Bouwman, 2000). The EDC effect
of DDT is well known. In South Africa there is very little information on the EDC levels in water and currently only limited screening methods are in place (Aneck-Hahn, 2003). Most
chemical analytical methods are expensive and are not sufﬁcient
to identify all the environmental chemicals and to predict a combination of toxicity and bioavailability. One of the cost-effective
ways is to ﬁrst use short-term, relatively inexpensive bioassays
to screen the samples for indications of toxic effects and prioritising samples or sample areas for chemical analyses or more
intensive studies.
While establishing the recombinant yeast screen bioassay
according to Routledge and Sumpter (1996) to measure oestrogenic activity in environmental samples, problems occurred
as a result of contamination. Problems were experienced while
conducting the assays, with high background absorbance values
of the blank (negative control) indicating a source of possible
oestrogenic contamination in the assay procedure.

17β-estradiol (Cat. No. E8875, Sigma) ranging from 1x10 -8 M
to 4.8 x 10 -12 M (2.274 µg/ℓ to 1.3 ng/ℓ) which was extended to
a concentration of 1.19 x 10 -15 M (3.24 x 10 -13 g/ℓ). The plates
were sealed with paraﬁlm (Cat. No. P7793, Sigma) and placed in
a naturally ventilated incubator (Heraeus, B290) at 32°C for 3 to
6 d. After 3 d incubation the colour development of the medium
was checked periodically at an absorbance (abs) of 540 nm for
colour change and 620nm for turbidity of the yeast culture. The
absorbance was measured on a Titertek Multiskan MCC/340
(Labsystems) plate reader to obtain data with the best contrast.
After incubation the control wells appeared light orange in colour, due to background expression of β-galactosidase and turbid
due to the growth of the yeast. Positive wells were indicated by
a deep red colour accompanied by yeast growth. Clear wells,
containing no growth indicated lysis of the cells and colour varied. All experiments were performed in duplicate. The following
equation was applied to correct for turbidity:

Material and methods

Results

Various laboratory water sources (SABAX®, Renalcare Services®, water processed through the Millipore Aquasoft-Q puriﬁcation system and water from Renalcare Services® prior to
autoclaving) were studied to obtain the least oestrogenically
contaminated water.
The sensitivity and reproducibility of the screen were assessed by measuring the response of the yeast to several dilutions of 17β-estradiol compared to the assay medium containing
solvent only (blank).
The Recombinant Yeast Screen Assay (RCBA) for oestrogenic activity (including details of medium components) previously described by Routledge and Sumpter (1996), was used. In
this system, yeast cells transfected with the human oestrogen
receptor-α (ER-α) gene, together with expression plasmids, containing oestrogen-responsive elements and the lac-Z reporter
gene encoding the enzyme β-galactosidase, were incubated in
a medium containing 17β-estradiol and the chromogenic substrate, chlorophenol red-β-d-galactopyranoside (CPRG). Active
ligands, which bind to the receptor, induce β-galactosidase (βgal) expression and these cause the CPRG (yellow) to change
into a red product that can be measured by absorbance.
The assay was carried out according to the standard assay
procedure (Routledge and Sumpter, 1996) in a Type II laminar
ﬂow air cabinet, to minimise aerosol formation. The media
for the assay were made up using the various laboratory water sources. Serial dilutions of 17β-estradiol (Cat. No. E8875,
Sigma) ranging from 1x10 -8 M to 4.8 x 10 -12 M (2.274 µg/ℓ to 1.3
ng/ℓ) were made in ethanol (Cat. No. 27,0741, Sigma-Aldrich)
and transferred to a 96 well micro-titre plate (Cat. No. 95029780,
Labsystems). After allowing the ethanol to evaporate to dryness on the assay plate, aliquots (200 µℓ) of the assay medium
containing the yeast and CPRG were then dispensed into each
sample well. Each plate contained at least one row of blanks
(assay medium and solvent ethanol) and a standard curve for

There appeared to be oestrogenic contamination in the blank, as
the wells were red in colour after 3 d incubation. After careful
analysis of the data and various experimental elimination procedures it was decided that the most likely cause of the oestrogenic
contamination in this case was the laboratory water source. The
results showed that of the four sources tested, the Renalcare®
water obtained from the plastic bottle prior to autoclaving was
the most reliable. The blank remained within the absorbance
range of 1.0 to 1.5 (yellow to light orange) between day 3 and
day 6. The other sources all indicated oestrogenic activity between day 3 and day 4 with absorbencies ranging from 0.6 to 2.0
(yellow to dark red) (Fig.1). Despite the necessary precautions,
the solvent blank of the Sabax water had a median blank absorbance of 1.2 after 3 d incubation, instead of being yellow in colour
(abs 1.0), it was dark orange-red and by day 4 the absorbance
was 2.1 (very red). The autoclaved water (Renalcare 1) had an
absorbance of 2.0 (red colour) on day 6 as opposed to the absorbance of 1.4 on day 6 of the “non”-autoclaved water (Renalcare 2)
(Fig. 2). The Sabax and Millipore-Q water had absorbencies of
above 2.5 (not shown in Fig. 2).
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Corrected-value = test abs (540nm) - [test abs (650nm)
- median blank abs (620nm)]
The 17 β-estradiol standard curve was ﬁtted (sigmoϊdal function, variable slope) using Graphpad Prism (version 2.01), which
calculated the minimum, maximum, slope, EC50 value and 95%
conﬁdence limits. The detection limit of the yeast assay was
calculated as absorbance elicited by the solvent control (blank)
plus three times the standard deviation.

Discussion
This is not the ﬁrst report of the unexpected presence of oestrogenic substances in research laboratories leading to confounding
results during experiments (Berthois et al., 1986; Miller et al.,
1986; Soto et al., 1991; Feldman and Krishnan, 1995). Krishnan
et al. (1993) detected oestrogenic activity in distilled water used
to prepare culture media. They found that Bisphenol-A had
leached from plastic polycarbonate ﬂasks during autoclaving.
This is, however, the ﬁrst report in South Africa of an unexpected presence of oestrogenic activity in laboratory water.
The results from the “non”-autoclaved water (Renalcare 2)
appeared to be the most sensitive and reproducible of all the

The availability of uncontaminated water in South Africa
could well become an issue. It is therefore of vital importance
not only in the South African context but also for all assays concerned, that each batch of commercially bottled sterile water
should be tested for oestrogenic activity prior making up assay
components. These chemicals are so ubiquitous that researchers
should be aware and alert to contamination by these chemicals
in a laboratory context. This does not only apply to the RCBA
in vitro assay, but may also affect other EDC in vitro assays.
It has been shown that oestrogen-mimicking chemicals are
present in the aquatic environment. They are also accompanied
by other substances, which can disrupt the endocrine system
of aquatic fauna by alternative means. Effects that are phenotypically similar to those caused by oestrogens can be induced
by anti-androgens and the effects of oestrogens can be blocked
by anti-oestrogens. One of the clear implications of this complexity is that chemical analysis on its own will rarely, if ever
allow a conﬁdant prediction of endocrine effects (Matthiessen
and Sumpter, 1998). Bioassays and biomarkers that integrate
these various endocrine-disrupting processes, to achieve a more
holistic picture of environmental impacts, are more cost-effective. Detection of activity can then be followed up with toxicity
identiﬁcation.
Suitable systems do exist but methods still need to be validated and standardised. It is recommended that a battery of
assays be used to conﬁrm results obtained from testing procedures. Care should be taken to eliminate all possible sources of
contamination in the test procedures.
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