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ABSTRACT: Focusing on CO, fixation and a-linolenic acid
(ALA) production, photoautotrophic cultivation of the green
alga Chlamydomonas reinhardtii was investigated by using a
culture medium of pH 6.8 under a 5 vol% CO,-enriched atmos-
phere. The optimum cultivation temperature and light intensity
for growth were 25°C and 12 klux, respectively. The cellular
ALA content nearly doubled to 11.9 mg/g of dry cells when the
concentration of culture medium was doubled. Simulation of
chemostat cultivation showed that the rate of CO, fixation and
ALA productivity per unit volume of culture medium could
reach 1.01 kg CO,/(m? - d) and 7.46 g ALA/(m? - d), respec-
tively, at a cell concentration of 0.57 kg cells/m?.
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Because large-scale cultivation of photoautotrophic microal-
gae is relatively simple and cheap, it is an adequate method
for the fixation of CO,. Recently, this kind of microalgae has
been examined as a source of valuable fine chemicals as well
(1). The green alga Chlamydomonas reinhardtii has a high
growth rate and accumulates a high level of oa-linolenic acid
(18:3w-3, ALA) (2,3). This unsaturated fatty acid is essen-
tial for mammals and has antitumor activities and antialler-
gic activities as well (4,5). In the present paper, we deter-
mined the activity for CO, fixation and ALA productivity for
C. reinhardtii (strain C-9) under optimum cultivation condi-
tions.

MATERIALS AND METHODS

Chlamydomonas reinhardtii C-9 was supplied from the Mi-
crobial and Microalgal Research Center, Institute of Applied
Microbiology, University of Tokyo (Tokyo, Japan). The or-
ganism was originally isolated in a potato field in Ambherst,
Massachusetts in 1945, by G.M. Smith and is equivalent to

*To whom correspondence should be addressed at the present address: De-
partment of Applied Chemistry and Biotechnology, Niigata Institute of Tech-
nology, 1719 Fujihashi, Kashiwazaki, Niigata 945-11, Japan.

Copyright © 1997 by AOCS Press 181

the Sager strain (6). Cells were grown axenically for 7 d at
15-35°C in a 1-L shaking flask (500 mL of culture medium)
with reciprocal shaking at 110 strokes/min. The flask was aer-
ated with 5 vol% CO,-enriched air (100 mL/min) and illumi-
nated by cool-white fluorescent lamps at 3—12 klux (1 klux =
92.9 ft-c). Light intensity was measured at the upper surface of
the shaking flask. Growth was monitored turbidimetrically at
750 nm (0.d.,5,) (2). A buffered culture medium of pH 6.8,
based on Beijerinck's four-salt solution, was used (2). The alga
was inoculated at the fixed concentration of 0.d.,5, = 0.10 after
being precultured at 25°C and 4 klux. Harvesting and drying of
cells were carried out as described previously (7). Dried cells
were heated at 95°C for 3 h in methanolic HCI, and fatty acid
methyl esters formed were extracted with n-hexane. Fatty acid
content was then determined by the analysis of these methyl
esters by gas—liquid chromatography (7).

RESULTS AND DISCUSSION

Cultivation temperature. Chlamydomonas reinhardtii accu-
mulated exclusively C,4- and C,g-fatty acids. Palmitic acid
C16:0, oleic acid Cl&l, linoleic acid C18:2, and ALA Cl&3 were
the main cellular fatty acids. The growth rate constant [ in
the first one day of cultivation at 6 klux was 0.79 d~ Lat 15°C,
which was calculated by use of Equation 1:

axidt = uX (1]

where X and 7 are cell concentration (kg cells/m?) and culti-
vation time (d), respectively. With rising cultivation tempera-
ture, however, the growth rate constant increased (L= 1.31 d~ 1
at 20°C) and became maximum at 25°C (L = 1.50 d™1. With
further rise in cultivation temperature, the growth rate con-
stant rather decreased (U = 1.39 d'at30°C,1.23d " at 35°0).
Table 1 summarizes the results of cultivation at 6 klux at these
different temperatures. Cell yield was maximum (1.11 g/L) at
25°C, although no big difference in cell yield was observed
at these cultivation temperatures. Cellular o-linolenic acid
(ALA) content was greatest at the lowest temperature studied
(15°C) and decreased with rising cultivation temperature. For
example, cellular ALA content was as high as 26.7 mg/g at
15°C, but it was 6.0 mg/g at 35°C.
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Table 1

ALA Yields and Cellular Fatty Acid Compositions of Chlamydomonas reinhardtii Grown

at Different Temperatures?

Cultivation Total fatty Cellular fatty acid
temperature  Cell yield acid content ~ ALA content  ALA yield composition (Wt%)
(e (g/L)? (mg/g)° (mg/g)° (mgL® 160 181 182 ALA Others?
15 0.90 72.0 26.7 24.0 16.8 255 24 371 17.2
20 0.96 72.1 21.8 20.9 201 269 33 303 194
25 1.11 77.4 16.1 17.9 18.4 19.0 139 20.8 28.0
30 1.06 81.1 9.8 10.4 169 201 169 12.0 344
35 0.97 84.1 6.0 5.8 18.0 26.1 10.1 7.2 38.6
ICultivated at 6 klux for 7 d; ALA, a-linolenic acid.
bper one liter of culture medium.
“Per one gram of dry cells.
M4:0 +16:1 +16:2 + 16:3 + 16:4 + 18:0 + 18:30-6 + 18:4.
Light intensity. Figure 1 shows growth curves for C. rein- N —
hardtii at 25°C at different light intensities. Judging from 6 2 3 klux
these growth curves, the growth rate increased drastically sl g:::ﬂ:
with rising light intensity from 3 to 9 klux. When it was fur- T g 12 klux
ther raised from 9 to 12 klux, however, the growth rate ]5,
scarcely increased, especially in the first 3 d of cultivation. 'c"\ 1 3
When cultivation was carried out at 12 klux in a culture c 06
medium in which the concentration was doubled, a growth 0.3
curve identical to that at 9 klux in the single-strength culture
medium was obtained. 0.1
Cell yield increased with increasing light intensity and 01 2 3 4 5 6 7 8
reached 2.64 g/L at 12 klux (Table 2). Cellular ALA content Cultivation time (d)

decreased to as low as 6.3 mg/g at 12 klux. However, the
ALA content doubled at 12 klux in the double-strength cul-
ture medium (11.9 mg/g, Table 2). Separate experiments, in
which the concentrations of trace metals, ZnSO,, NH4NO3 or
all salts other than trace metals that constitute the culture
medium were doubled, revealed that the rise in cellular ALA
content was caused by the increase in NH,NO; concentration.
ALA yield was maximum (24.8 mg/L) at 12 klux in the dou-
ble-strength culture medium.

Calculation of CO, fixation rate and ALA productivity.
These two algal activities under optimum cultivation condi-
tions (25°C, 12 klux and double-strength culture medium)
were evaluated by assuming a chemostat cultivation at 0.d.,5,
=1 (0.57 kg cells/m>). The following two equations were
used for calculations:

Table 2

ALA Yields and Cellular Fatty Acid Compositions of C. reinhardtii Grown at Different Light Intensities

FIG. 1. Growth curves for Chlamydomonas reinhardtii at 25°C at differ-
ent light intensities.

rate of algal cell production [kg cells/(m> - d)] = dX/dt = 19,4 [2]
rate of CO, fixation[kg- C02/(m3 -d)] = (44/12) x (C./100) x ux(3]

where |1 and C_ are growth rate constant [d" 11 and carbon con-
tent of dry cells (43.9 wt%), respectively. The growth rate
constant [ at 0.d.;s, = 1 was determined to be 1.10 d’! by
graphical differentiation of the growth curve that was ob-
tained under optimum cultivation conditions. Thus, the rates

a

Light Total fatty Cellular fatty acid

intensity Cell yield  acid content ~ ALA content  ALA yield composition (wt%)

(klux) (g/L) (mg/g) (mg/g) (mg/L) 16:0 18:1  18:2 ALA  Others
3 0.38 57.0 14.2 5.4 179  26.4 4.4 250 26.4
6 1.11 77.4 16.1 17.9 18.4 19.0 139 208 28.0
9 2.23 76.4 9.3 20.7 289 216 164 122 21.1

12 2.64 61.9 6.3 16.6 314 218 182 10.1 18.6

12P 2.08 57.6 11.9 24.8 18.3 19.8 13.0 20.7 27.3

4Cultivated at 25°C for 7 d. See Table 1 for abbreviations.
bCulture medium concentration was doubled.
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of algal cell production and of CO, fixation were calculated
to be 0.63 kg cells/(m> - d) and 1.01 kg C02/(rn3 - d), respec-
tively. Because cellular ALA content was 11.9 mg/g, ALA
productivity was 7.46 g ALA/(m> - d). This rate of CO, fixa-
tion for C. reinhardtii is greater than that for the blue-green
alga Anacystis nidulans [0.96 kg COZ/(m3 - d)] and the hot-
spring alga Cyanidium caldarium [0.72 kg CO,/(m* - d)]
(7,8). The ALA productivity of C. reinhardtii is greater than
that of C. caldarium [5.22 g ALA/(m? - d)] (7) as well.
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