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Abstract — Recently, microalgae which can produce high-value products have attracted increasing attention for biologi-
cal conversion of CO,. However, low photosynthetic efficiency and productivity have limited the practical use of microalgae.
Thus, we developed microdroplet photobioreactor for the analysis of photoautotrophic growth of model alga, Chlam-
ydomonas reinhardtii. CO, transfer rate was increased by integrating micropillar arrays and adjusting height of microchamber.
These results were identified by change of cell growth rate and fluorescence intensity. Lastly, the photoautotrophic growth
kinetics of C. reinhardtii in microdroplet photobioreactor were investigated under different CO, concentrations and light
intensities for 96 hours. As a result, microdroplet photobioreactor was efficient platform for isolation and rapid evaluation
of microalgal strains which have enhanced productivity of high-value products and growth performance.
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Fig. 1. Generation of microdroplets with (a), (b) flow-focusing struc-
ture of microchannel and (c) reinjection of microdroplets through
polyethylene (PE) tubing. (d) Arrays of microdroplet photo-
bioreactors captured by micropillar arrays.
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Fig. 2. Effect of micropillar arrays and height of microchambers on
growth Kinetics of C. reinhardtii. (a) Images of freely moved and
captured microdroplets with non-pillar and pillar structure on
microfluidics. (b) Increased contact area between microdroplet
and PDMS-based micropillar structure can affect permeation of
CO, and water. (c) Growth Kinetics of C. reinhardtii with and
without micropillar arrays. Microfluidics blocked with tape
was negative control. (d) Growth kinetics of C. reinhardtii with
different heights of microchambers. C. reinhardtii was grown
under light intensity of 55 pmol photons m? s™' and ambient
CO, concentration for 96 hours.
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Fig. 3. CO, permeation assay based on fluorescence intensity. (a) Images
of fluorescent microdroplets under different CO, concentrations
(ambient and 5% CO,). (b) Changes of fluorescence intensities
under different levels of CO, (ambient and 5% CO,) for 36 hours.
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Fig. 4. Microdroplet-based photobioreactor for photoautotrophic growth
of C. reinhardtii under different CO, concentrations and light
intensities. (a) Photo images of cultivation of C. reinhardtii with
microdroplet photobioreactor. Growth kinetics of C. reinhardtii
under (b) different CO, concentrations (ambient, 1%, 2.5%, and
5%) and (c) light intensities (35, 55, 100, 150 and 200 pmol
photons m2 s7),
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Table 1. Comparison of key growth parameters of C. reinhardtii (doubling time and maximum cell density) under different CO, concentrations

and light intensities

C. reinhardtii Doubling time (h)

Maximum cell density (cells mLT)

CO, concentration (55 pmol photons m2s!)

5% 7.544+0.689 7.37£0.67x107
2.5% 14.661+0.846 6.71+0.76x107
1% 15.336+1.445 6.45£0.15x107
Ambient 21.539+2.174 4.34+0.66x107
Light intensity (Ambient)

200 pumol photons m™2s™!

150 umol photons m?
100 umol photons m™2s
55 umol photons m%s

2.1

35 pmol photons m™s

28.015+2.433
s'! 16.904+1.162
-1 19.230+1.255
! 21.539+2.174
22.441+1.961

4.14+0.64x107
5.53+0.42x107
5.26£0.70x107
4.34+0.66x107
4.14+0.76x107
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