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Summary

GreenScreen® EM is a new assay capable of simultaneously measuring both genotoxic and acutely toxic contaminants in
aqueous samples, with applications in environmental monitoring and routine screening. The assay uses eukaryotic (yeast) cells,
genetically modified to express a green fluorescent protein (GFP) whenever DNA damage is repaired. The cells become
increasingly fluorescent if exposed to genotoxic chemicals capable of damaging the yeast DNA. A measure of the inhibition of
cell growth (proliferation) is used to characterise general toxicity, producing familiar EC50 and LOEC data. The assay has been

extensively validated with a wide range of chemicals including many known genotoxins.

Its performance has also been

compared to that of standard Daphnia magna and algae environmental toxicity tests in the analysis of a number of industrial

effluents.

Why test for genotoxicity?

Genotoxins present in the environment can originate from a number of anthropogenic sources, such as
chemical manufacturing plants, textile and dye industries, pulp and paper mills, petroleum refineries, landfill

Environmental applications

and waste disposal sites. The presence of genotoxins is of immediate concern for the welfare of the

environment and human health. Links have been made between the presence of tumours in fish and oil
spillages, whilst human exposure to industrial wastes have in the past caused a variety of genotoxic effects,
including cancer, birth defects, heart disease and reproductive anomalies. Expanding legislation is resulting
in increasingly stringent controls on effluent discharges, highlighting the inclusion of other indicators, such as
genotoxicity, in standard monitoring requirements. For example, legislation such as the European Water
Framework and IPPC Directives identify "substances or their breakdown products, which have carcinogenic
or mutagenic properties”, as one of the main pollutants of concern.

required to monitor for genotoxic contaminants in the environment.

Hence, simple analytical tools are

Toxicity assessment of polluted surface and ground waters
Monitoring of industrial discharge effluents

Screening of soil samples from contaminated land

Tracing sources of environmental contamination
Characterisation of effluent treatment processes

Toxicity profiling of environmentally relevant chemicals

Protocols / Instrumentation options

Environmental Field Testing

A cuvette-based protocol has been developed for use in
the field. Small volumes of aqueous environmental
samples are combined with the GreenScreen yeast in
disposable cuvettes and incubated overnight. Normally
no further sample preparation is required. A dedicated
cuvette reader is used to record measurements of the
intensity of GFP fluorescence and extent of cell
proliferation, which are correlated to genotoxicity and
cyto toxicity respectively.

Laboratory Higher-Throughout Screening

In high-throughput screening mode, 9 serial dilutions of 4
aqueous samples or test compounds are pipetted on to a
96 well microplate, either by hand or with a liquid handling
robot. A number of standard compounds and non-toxic
controls are included for reference. GreenScreen yeast is
added, and after incubation the plate is read for
absorbance and fluorescence using a microplate reader.
Intuitive software is used to produce both qualitative and
graphical results indicating genotoxicity and cytotoxicity.

Validation of the assay

The assay has been validated through a

>300 toxic, non-toxic and genotoxic chemicals

Extracts from contaminated soils
Contaminated surface waters

Effluents from a wide range of industrial processes
Effluents treated by a range of oxidative processes

Some example results are shown below:
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Genotoxicity Profile for Nickel(ll)
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Example results: LOEC (mg/L)
Copper(ll) 0.034
Cycloheximide 0.0023
Cadmium(ll) 0.019
Chromium(VI) 0.041
Mercury(ll) 0.18
3,5-Dichlorophenol 3.8

Comparison to benchmark assays in the
analysis of industrial effluents

In a BIO-WISE demonstrator project sponsored by the UK Government Department of Trade and
Industry, GreenScreen was one of 8 environmental toxicity tests compared in the analysis of 34 varied
industrial effluents. The alternative tests included Toxkits (Vickers Laboratories Ltd.) containing
dormant regulatory species and CellSense (Euroclone) using mediated amperometric whole cell
biosensors, coated with either activated sludge (AS) or E. coli (EC).

Toxicity (EC50) results from GreenScreen correlated highly with both standard Daphnia and algae
screens used as the “benchmark assays”, as shown below. GreenScreen also demonstrated
equivalent or higher sensitivity for cytotoxicity compared to the standard Daphnia screen for 76% of
the effluents tested. 9 effluents tested positive for genotoxicity.
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Pearson correlation values comparing the toxicity results from each assay with the
benchmark screening tests: Daphnia magna and the algae Selenastrum capricornutum.
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Example results: LOEC (mg/L)

Expression of green fluorescent protein
increases with increasing concentration

of genotoxic nickel ions.
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Nickel(ll) 8.6
Tin(ll) 37
Paraquat 30
Permethrin 7.8
Nitrogen mustard (HN2) 0.2

Summary - Assay features

Rapid determination of genotoxicity and acute toxicity
with results overnight

Produces quantitative results (EC50, LOEC)
Simple and robust protocol
Test organisms can be cultivated on demand
Typically no sample pre-treatment required
Economical use of sample
Can analyse fresh and salt water samples
The sensitivity of the assay and response to a wide range of toxins demonstrates

GreenScreen is a valuable tool for toxicity screening and environmental monitoring of
industrial effluents, contaminated surface waters and manufactured chemicals.
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For contact details, enquires and to purchase GreenScreen®
test kits - see www.gentronix.co.uk




