In-line application of photon density wave spectroscopy as a PAT sensor:

Monitoring and control of growth and PHA biopolymer formation in high-cell-density bioprocesses
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Motivation and Introduction

PHA synthesis from oleaginous feedstocks
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Issue: Convential plastics are not biodegradable

» Accumulation of plastic waste on land and in sea
» Plastic particles harm ecosystems and end up in human food chain

Proposed solution: Polyhydroxyalkanoates (PHA) as an alternative 1 IPhaC
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Concept and Results

Ralstonia eutropha [1, 2] PDW spectroscopy for monitoring PHA production [5]
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Development of a PDW based process control

Manual pulse experiment [5] @ SC
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f‘\‘{ Evaluation of photon density wave
(PDW) spectroscopy during lab-scale
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Concept for automated process control Time [h]
» In-line .’ signal can be used for an accurate calculation of the bacterial
growth rate
» Automatic supply of waste frying oil (1) based on decrease of growth
rate calculated from the in-line p.’ signal

» Determination of optical properties using radiation transport theory, Mie
theory and several approaches concerning dependent scattering

» Absorption (,) and scattering properties (L.’) can be determined
iIndependently [3,4]

Conclusions and Outlook

Successful integration of PDW spectroscopy at lab-scale as a novel optical PAT tool for in-line bioprocess monitoring of R. eutropha cultivations
Independent quantification of absorption (1) and scattering (L..’) allows for monitoring of biomass accumulation, PHA formation and PHA consumption
PDW signals can be used for manual feed control based on a signal plateau caused by nutrient depletion and subsequent interruption of cell growth
Pulse feeding strategy was automated by detection of a decrease in growth rate calculated from scattering signal

Control strategy is currently further developed into a continuous PID based feeding control to maintain a constant growth rate and thus increase
process performance

V.V V VYV V

References and Acknowledgements

[1] Riedel and Brigham, In ,The Handbook of Polyhydroxyalkanoates®, 3] Hass et al., Appl Opt, 52, 1423 — 1431, 2013 We acknowledge the financial support of the German
203 — 221, 2020 4] Hass et al., Anal Bioanal Chem, 407, 2791, 2015 Federal Ministry of Education and Research from grant
[2] Riedel et al., Appl Microbiol Biotechnol, 98, 1469 — 1483, 2014 5] Gutschmann et al., Bioengineering, 6, 85, 2019 03Z22AN12 and grant 031B001C.




