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This thesis documented the effects of light dependent variables and other
parameters, such as average light intensity, distribution of light intensity, illumination
strategies, and concentration of essential jons on the growth stability in cultivation of
photosynthetic microorganisms in flat plate photobioreactors.

In most of reports on cultivation of photosynthetic cells, growth kinetics of
photosynthetic microorganisms has been studied in batch systems. A problem associated
with batch cultivation of phototrophic microorganisms is that the operational parameters,
such as average light intensity, distribution of light intensity, as well as physical and
chemical conditions of culture, change continuously with increase in the cell
concentration, which complicates the analysis of obtained results, and thus lowers the
reliability of analysis based on the obtained data. On the other hand, continuous
cultivation is a tedious job and needs long time operation and special equipments, which
make the continuous operation considerably expensive.

In order to overcome mentioned problems, we developed a novel semi-continuous
system, in which cells grew under almost a conmstant cell concentration by partial
replacement of the culture broth with a fresh medium td keep the culture volume, cell
concentration and light intensity distribution constant. With this method, the effects of the
light intensity distribution and average light intensity on the specific growth rate of
Rhodobacter capsulatus, purple bacterium, were quantitatively studied under various cell
concentrations, light path lengths, incident and average light intensities.

The study showed that the ratio of the light intensity at main illuminated surface
to that at transmitted surface affects the stability of cell growth in one side illumination
and pointed out that this phenomenon must be considered for stable batch and continuous
cultivation of photosynthetic cells. It was speculated that photosynthesis of pigments
might be affected by the light intensity distribution. Therefore, in order to maintain the
stable level of growth of photosynthetic cells, it should be considered in paraliel to other
general and light dependent variables.

This study also showed that the instability of the specific growth rate might be
special characteristics in Rhodobacter capsulatus species, since the instability was

observed in semi-continuous cultivation of two strains, R. capsularus B-100, a wild type
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strain, and R. capsulatus ST-410, a hydrogenase deficient mutant derived from R.
capsulatus B-100. On the other hand, the instability of the specific growth rate was not
observed in cultivation of Chlorella vulgaris, photosynthetic microalga, even at a higher
cell concentration. It is worth to remind that the performance of photosystems in
eukaryote and prokaryote responding to environmental parameters such as light-dark
cycles is quite different, and thus, different response is normally expected. However,
availability of longer adaptation time for low grown rate, such as microalgae, might be
considered as another explanation.

By increasing the ferrous ion concentration in fresh medium and culture broth, the
specific growth rate was maintained at a constant level. However, the concentration of
Fe?* in culture was almost constant and the additional Fe** was not consumed by cells.
More importantly, the results proved that the decrease in the specific growth rate was not
caused by deficiency of any other nutrients in RCV medium. The increase in the Fe®*
concentration might increase the driving force for transport of Fe** to cells, and thus, the
availability of ferrous ions, which might cause the change in physiology of the cells to
sustain stable growth. '

Supplemental illumination from the transmitted side of the cultivation vessels,
esbecially at lower light intensities, was also effective to maintain constant specific
growth rates. With illumination at low light intensities, such as 0.2 and 0.5 mW/cm?,
from the transmitted side by use of the halogen lamp, the specific growth rate reached
stable growth rates, which were higher than that observed under typical conditions
causing the instability with one side itlumination. Under supplemental illumination with
one fluorescent lamp in place of the halogen lamp, a stable level of growth rate, which
was higher than those with the halogen lamp, was sustained. The different responses of
cells to these light sources might be referred to the difference in spectra of their emitting
light wavelengths. For example, the wavelengths emitted from the halogen lamp were
distributed in Jonger wavelengths than those of the florescent lamp. After the decrease in
the specific growth rate under conditions causing the instability, the original specific
growth rate was recovered by increasing the concentration of Fe?* in the cultivation broth

and also in the supplied fresh medium under the same unstable conditions. It was shown
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that the decrease in the specific growth rate was mainly caused by depression of
metabolism of cells. Thus, the increase in the Fe’* concentration can change
physiological conditions inside cells and recover the original specific growth. We also
found that the suppiemental illumination by fluorescent lamp, could gradually recover the
growth rate. However, the recovered specific growth rate was lower than that obtained by
supplemental illumination with the fluorescent lamp from the start of cultivation. In this
case, it seemed that growth stability requires a longer time to be completely recovered.

Although the physiological reason for the instability of growth rate is still unclear,
we showed that the ratio of chlorophyll content per unit weight of cell can be used as a

promising criterion to predict the cultivation stability of Rhodobacter capsulatus during

long term cultivation.
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EIBTRIDLD RFEEDONBHEFHE T ICBI 2 LB EE R/ D RE O AL
o, BROBERETOROINDIPERI LTS, EED Rhodobacter capsulatus ST-410
& B-100 BROMMEEBH Z LB UL 2 A, KBHEMEIKRE L -IZIF AR LEREEE O
DHER LN, BETHD Chlorellavulgaris TIXEREEKEE, ThbOHHE L EEOLRE
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