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Growth and oil production of freshwater green alga, Chlorococcum sp.
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Introduction

Most of energy resources are derived from fossil fuels such as
petroleum. But using fossil fuels caused two serious issues;
global warming by emission of carbon dioxide and depletion
of energy resources. Using biomass as energy source is one
of promising ways for solving these issues. Since plants fix
atmospheric CO, by photosynthesis, concentration of CO; in
the air isn’t increasing by burning plant biomass. However, us-
ing corn or sugarcane as energy resource competes with use
for food happen. Microalgae photosynthetically grow as well
as terrestrial plants and don’t cause a competition with food
usage. Including undescribed algal species, there are hundred
thousand ten million species in algae. But, quite a few of them
were discussed about their growth and lipid content and their
oil productivities were too low for their industrial use. So it is
important to survey a large variety of excellent algal strains and
species in terms of oil productivity. In the course of surveying
oil-rich microalgae, freshwater strains of Chlorococcum were
isolated and cultured and some strains were assumed to be oil
rich from fluorescent microscopy of Nile-red stained cells. Ma-
rine Chlorococcum was intensively investigated on growth and
oil content. But little is known about freshwater Chlorococ-
cum. In this study, freshwater strains of Chlorococcum were
investigated on their growth and lipid content.

Materials and Methods

e Strain: In this study, 12 strains (TIR 14 — 25) of Chloro-
coccum were isolated from Onuki pond, Ibaraki Prefec-
ture, Japan. A strain TIR22 was mainly used in this study,
because it has so relatively weak adhesiveness that its
growth can be easily measured.

o Sterilization: Since all of the strains were contaminated
by bacteria, they were sterilized by micropipette-washing
method. Whether axenic cultures were established or
not was checked by using bacteria-free check medium,
YT and B-V media. In this case, each of the washed
cells was inoculated and grown in MG medium, and
then the cells from sub-strain established by growing of
an inoculated cell were inoculated to bacteria-free check
medium. A few days after inoculation into bacteria-free
check medium, it was observed whether the bacteria-free
check medium is muddy or not. In addition, non-muddy
culture was checked about the presence or absence of bac-
teria by microscopic observation.

e 18S rDNA molecular phylogenetic analysis: To confirm
whether TIR can be assigned to Chlorococcum phyloge-
netically, Molecular phylogenetic analysis for TIR20 and
TIR22 was performed based on 18S rDNA sequences.

o Culture condition: The axenic strain was grown in 500 ml
MG medium aerated using sterile-air containing 1% CO,
with flow rate of 100 mL/min, at 25+0.5°C of temper-
ature under continuous illumination with 100 ymol pho-
ton/ m?/sec. Initial cell concentration was adjusted 2 mg/1.

N-depleted medium was prepared by replacing Ca(NO3),
4H,0 and KNO;3; with CaCl, 2H,0 and KCI.

e Measure oil content: The samples were taken from 9-
days culture (logarithmic growth phase) and from 37-days
culture (stationary phase), respectively, and were freeze-
dried. Chloroform-methanol (2:1, v/v) was used as sol-
vent for extracting oil from freeze-dried samples. The
weights of freeze-dried samples and extracted oil were
measured using microbalance.

Results

All of the strains (TIR14 — 25) were sterilized using mi-
cropipette washing method. As a result from 18S rDNA phy-
logenetic analysis, TIR20 and TIR 22 belonged to the clus-
ter of genus Chlorococcum but were assigned to the separate
sub-cluster, respectively, with high bootstrap value.The strain
(TIR 22) grew slowly from initial concentration 2 mg/L to
1.6 g/ at 37 days (stationary phase). Oil content per cul-
ture volume increased with increasing cell concentration, but
oil content per dry cell weight was almost constant, about 8.9
— 11%. When the logarithmic growth phased cells (9 days-
culture) were transferred into N-deficient medium and kept for
7 days, oil content increased to about 15%. However, when the
same treatment was done for stationary phased cell (37 days
culture), the oil content did not changed.

Discussion

From 18S rDNA analysis, it is suggested that the strains TIR20
and TIR 22 belong to the genus Chlorococcum, but they are
possibly assigned as an independent species, respectively, be-
cause they are located in the different sub-cluster. The cell
concentration at stationary phase was 800-fold of initial cell
concentration. But the stationary-phased cells contained low
oil content, 8.9 — 11%, even in the N-depleted medium. When
the logarithmic-phased cells were transferred into N-depleted,
the oil content increased to about 15% per dry weight. It
has been reported that N-depletion enhanced oil accumulation.
However, in this study, N-depletion enhanced oil accumula-
tion only in logarithmic-phased cells. This phenomenon has
never been found so far in microalgae. The further study will
be needed to know the details of oil accumulation mechanism.
According to Kokubun (personal communication), oil content
of TIR21 was approximately 40%, being much higher than that
of TIR22. Although TIR21 was not used in this study because
of its strong cohesive nature, it is needed to investigate phy-
logeny, taxonomy, growth characteristics and oil production of
TIR21.
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