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Summary

GreenScreenTM is a new assay capable of simultaneously measuring both general toxicity and more specific genotoxicity, in aqueous 
samples.  Simple methods are required for the screening and monitoring of a wide range of toxic contaminants in the aquatic 
environment.  For example, in assessing the effectiveness of waste treatment, to control the toxicity of industrial effluent discharges into 
surface waters, to enable compliance with pollution prevention and control legislation, to protect water treatment plants from toxic 
influents and for hazard assessment where the deliberate release of chemical armaments is suspected.  GreenScreen EM allows rapid 
determination of whole sample genotoxicity with minimum sample pre-treatment.

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 
protocol has been developed for use in two modes.  Either in the field, employing dedicated portable instrumentation, or in the laboratory, 
using conventional 96-well microplates and plate readers.

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.

Key papersThis work is supported by Gentronix Limited.  For contact details, 
enquires and to purchase GreenScreenTM test kits - see 
www.gentronix.co.uk
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Protocols / Instrumentation Options

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 is correlated to genotoxicity and 
general acute toxicity respectively.

In high-throughput screening mode, 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.  Yeast is added, and 
after incubation the plate is read for absorbance and 
fluorescence using a microplate reader.  Software is used 
to produce numerical and graphical results indicating 
genotoxicity and cytotoxicity.

Environmental Field Testing Laboratory Higher-Throughout Screening

Validation – Chemicals of Environmental Relevance Class Compound Cytotoxicity Genotoxicity
EC50 (mg/L) LOEC (mg/L) Evaluation LOEC (mg/L)

Metal Ions Cadmium (II) 0.032 0.019 N -
Copper (II) 0.052 0.023 N -
Chromium (VI) / Dichromate 0.55 0.041 N -
Mercury (II) 0.47 0.18 N -
Nickel (II) 21 1.7 P 14
Chromium (III) 28 4.7 N -
Zinc (II) 126 21 N -
Lead (II) - 30 N -

Solvents Methanol 24000 3700 N -
Ethanol 25000 4200 P 24000
Dimethylsulfoxide 41000 9200 P 22000

Pesticides Cycloheximide 0.015 0.0023 N -
2,4-D 55 7.8 N -
Paraquat (Methyl viologen) 101 11 P 30

Others Nitrogen mustard (Mechlorethamine) 0.32 0.047 P 0.2
Sodium hypochlorite 2.6* 1.5* N -
3,5-Dichlorophenol 7.5 3.8 N -
Sodium dodecyl sulphate (SDS) 33 3.3 N -
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Cytotoxicity Profile for Copper(II) Genotoxicity Profile for Nickel(II)

Cell proliferation is reduced with increasing 
concentration of cytotoxic copper ions.

Expression of green fluorescent protein increases with 
increasing concentration of genotoxic nickel ions. Genotoxicity Evaluation: P=Positive, N=Negative.  * ppm available chlorine.

In a BIO-WISE demonstrator project sponsored by the UK Government Department of Trade and Industry GreenScreen was tested against 8 other environmental toxicity tests in the analysis of 
34 varied industrial effluents.  The Water Framework Directive identifies “substances and preparations, or the breakdown products of such, which possess carcinogenic or mutagenic properties” 
as one of the main pollutants of concern.

Toxicity EC50 results from GreenScreen correlated highly with both standard Daphnia and algae screens. GreenScreen demonstrated equivalent or higher sensitivity for cytotoxicity compared to 
the standard Daphnia screen in 26 out of 34 cases.  9 effluents tested positive for genotoxicity. The sensitivity of the assay and response to a wide range of toxins suggests GreenScreen is a 
useful tool for toxicity screening and environmental monitoring of industrial effluents and contaminated surface waters. The assay in its current form is not sensitive enough to determine trace 
contaminants in drinking waters, especially in the case of organic compounds. However genetically modifying the yeast cells to produce strains with more permeable cell walls and disabled 
membrane transport systems improves the sensitivity for this particular application (Manuscript in preparation).

Validation – Comparison to Benchmark Assays

Application – Process Monitoring During Effluent Treatment
In a project funded by the European Commission (under Framework 5), GreenScreen has been used to 
monitor the effectiveness of ozone and electrochemical oxidation treatment methods on the toxicity of 
industrial effluents.

Disk electrode membrane cell
used for treating effluent wastes.

Effluent Treatment Time / hours
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Toxicity increases with initial
effluent treatment (lower EC50)

Toxicity falls with continued
effluent treatment (higher EC50)

Differences in genotoxicity and cytotoxicity profiles from samples taken at various times during the treatment 
process showed how simple tests can give an indication of process effectiveness, and can help to develop 
and optimise the treatment process.  GreenScreen also has the potential for long term monitoring of the 
performance of such processes.

It was evident that treatments that appear successful 
through decolourisation may not always be effective at 
reducing toxic potential.  Such treatment might be 
expected to create reactive intermediates in much the 
same way as biological oxidation processes by the 
mixed function oxidases (CYP 450s), with a 
corresponding toxic potential.Phenolic Effluent Treated over 10 hours.

Variation in cytotoxicity during treatment of a 
phenolic effluent as shown by the changes in EC50.


