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• Current regulatory toxicity testing methods have limitations for the thorough assessment of chemicals for commercial use; a lack of insight into

toxicological mechanism prevents accurate predictive risk assessment.

• Adverse outcome pathways (AOPs) offer a framework for collating mechanistic data from a diverse range of methodologies for use in safety decision

making. For environmental risk assessment there is a need to cover various trophic levels which are representative of the environment we are trying

to protect.

• The aim of this work was to develop and test a more comprehensive experimental design for the targeted characterisation of key events in the

toxicological response of Chlamydomonas reinhardtii upon herbicide exposure, thereby contributing to the development of a quantitative AOP.

• Here we present a case study for development of an algal AOP. The chosen AOP was that of the herbicide norflurazon i.e. phytoene desaturase

(PDS) inhibition leading to growth inhibition and population decline. The initial AOP hypothesis was created from available literary evidence, and

targeted assays were developed for investigation of predicted key events in a time- and concentration-response methodology.
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Key Findings

• Trends are shown across multiple KEs at 24h.

• Continuous light culturing conditions are not optimal for developing this

AOP in algae.

• A concentration- and time-dependent response in phytoene accumulation

was observed, whilst concentration dependent β-carotene depletion was

shown at later time-points (24 hours post exposure). Increased PRX1

(Peroxiredoxin 1) expression was identified within an hour of exposure,

whilst lipid peroxidation occurred between 4 and 24 hours post-exposure.

Significant (p = < 0.01) effects on cell number, an adverse outcome, were

observed at 2000µg/L after 24 hours.

• High temporal resolution to differentiate the KEs and define them

sequentially is necessary in order to distinguish ‘tipping points’.

• Ultimately, this work has shown proof-of-concept, and laid the foundation for

development of a quantitative AOP for algae using phytoene desaturase

inhibition leading to growth inhibition and population decline as a case study

example.

• Evidence shows diurnal light cycles synchronise the C. reinhardtii cell

cycle1, therefore culturing conditions (i.e. continuous light) are non-optimal.

Therefore, there is reason to believe time- and concentration- dependent

trends will be observed at earlier timepoints if a diurnal culturing method

was used, and thus further research is warranted.

Conclusions

Hypothesised AOP & Results
Due to an inability to culture algae at high enough concentrations to perform

LC-UV, results reflect algae grown in continuous light

Reference
1Zones et al., 2015. High-resolution profiling of a synchronized diurnal

transcriptome from Chlamydomonas reinhardtii reveals continuous

cell and metabolic differentiation. The Plant Cell, 27 (10), 2743-2769
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