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ABSTRACT

Microalgae are promising candidates for numerous biotechnological applications
which may help to create sustainable industries of the future. These include the
production of sustainable bio-fuels, bio-degradable plastics and food sources for
aquaculture. Due to the scale of microalgal biodiversity there is a clear need for
tools to assess microalgal phenotypes in an automated manner. However, currently
available tools, such as incubators, are either not suitable for reproducible experi-
ments, due to heterogeneous light exposures and lack of physiological measurements
or are too expensive for a high-throughput assessment of genotypes, such as commer-
cial photobioreactors. Therefore, this thesis aims to develop a platform upon which
robust, open-source sensors and instruments can be created to propel microalgal

research into the high-throughput realm.

This thesis presents a low-cost, open-source, multi-wavelength fast polyphasic
rise (OJIP) chlorophyll a fluorometer (named Open-JIP). This device can assess
the fine tuning of photosynthesis in microalgae in a non-invasive and rapid manner.
The device is compared to commercial instrumentation to demonstrate its ability
to resolve the polyphasic rise of chlorophyll a fluorescence and its usefulness as an

indicator of stress in microalgae.

The developed fluorometer is then integrated into a 3D printed photobioreactor
known as the Phenobottle. This instrument can assess photosynthesis in a real-time
manner and gives the user the controls to automate environmental variables such as
bubbling intensity, light quality/quantity and mixing of microalgal solutions. The

devices reproducibility is assessed and a simple guide to its functions are presented.

Using these new devices, a novel probe of photosynthetic electron transport in

the microalga Chlorella vulgaris is formulated (known as F'Nis). This measure-
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ment allows for a real-time and non-invasive assessment of photosynthetic electron
transport, in terms of the electron turnover rate of the electron transport chain in
microalgae at a previously undocumented time resolution. Thus, changes in electron
transport can now be observed in a matter of minutes rather than previous methods
that took upwards of an hour, and no longer requires complex and expensive in-
strumentation. This may prove useful for researchers looking to optimise microalgal

productivity by maximising photosynthetic productivity.

In the final chapter, the presented phenotyping platform is discussed for its po-
tential applications in other areas of microalgal and terrestrial plant research. Ad-
ditionally, a novel perspective on conducting microalgal physiological research is

presented, which may fast-track biotechnological industries of the future.
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