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Response of Spirulina platensis C1 to High Temper ature and
High Light Intensity

Ratana Chaiklahan*, Nittaya K honsar n?, Nattayaporn Chirasuwan?,
Marasri Ruengjitchatchawalya? Boosya Bunnag? and M or akot Tanticharoen®

ABSTRACT

Response of Spirulina platensis strain C1 to high temperature and high light intensity was
studied. Specific growth rate of the S platensis C1 cells grown in batch cultures at 35°C with a light
intensity of 100 uE/m?/swas 0.0247 h1. The specific growth rate decreased to 0.008 h'! at 43°C, which
was designated to be the critical temperature for this alga strain C1. A suddenly increasing in light
intensity from 100 to 500 uE/m?/s showed animpact to the cell growth, which it had significant affects
to photosynthesis (as O,-evolution) as well as its pigment content (chlorophyll and phycocyanin).
However, aless effect on the alga growth was obtained when the cells were shifted to grow at higher
temperature of 43°C. The alga cells grown at high temperature with high light intensity resulted in
decreasing protein content while carbohydrate content increased. The fatty acid profiles of the cells
grown at high temperature exhibited a decrease in polyunsaturated fatty acid (C18:3262.12) while
C18:2292ncreased. In contrast, the alga cells grown in a high light intensity showed an increase in
C18:22912 while C18:129 and total fatty acid content (TFA) were decreased. On the other hand, the
combined effects of temperature and light intensity (43°C, 500 UE/m?/s) showed that the period of
recovery in photosynthesis depends upon the period of exposure to the stress parameter.
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INTRODUCTION chemical componentsinclude essential fatty acids

and pigments such as carotenes and phycocyanin

The cyanobacterium Spirulina platensis
is an oxygenic photosynthetic organism, its
biomassisone of afew microalgal productswhich
has been successfully marketed. Spirulina is
cultivated commercially in several areas of
Thailand mainly as health food. This alga is
protein-rich and easily digestible. Its valuable

(Vonshak, 1990). Light intensity and temperature
are two parameters that affect the outdoor
cultivation since they are largely variable in the
natural environment. Spirulina has acapability to
adjust its photosynthetic processesto adapt to such
changes. It has been known that outdoor
cultivation of Spirulina showed amarked decrease
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in productivity than in laboratory (Vonshak and
Richmond, 1985). A possible explanation is a
decrease in photosynthetic activity due to
photoinhibition under high light intensity.
Chanawongse (1992) found that the optimum
temperaturefor S. platensiswas 35°C. Thegrowth
rate of S platensis decreased when temperature
increased to 40°C although cellscould survivethis
temperature. In Thailand the outdoor temperature
in the summer months can be very high. It has
been recorded that the temperature of outdoor
ponds in Thailand reached 43°C for a period of
time (unpublished data). Thus, thiswork aimed to
study the response of S. platensis C1 to high
temperature and high light intensity.

MATERIALSAND METHODS

Microorganisms and growth conditions
Spirulina platensis C1, obtained from
Prof. Avigad Vonshak (Ben-Gurion University of
the Negev, Israel), was cultured in Zarrouk’s
medium in flasks. Growth temperatures were
varied at 35, 37, 39, 41, 43 and 45°C. Cells were
grown under cool-white fluorescent lamps
providing 100 pE/m2/s and mixed using a
magnetic stirrer. Growth was measured as
absorbance at 560 nm for cell density.

Shifting culture conditions

S platensis C1 was grown in Zarrouk’s
medium at 35°C under light intensity of 100
WE/m?'s (control) with continuous stirring for 4
days (optical density at 560 nm reached
approximately 1.0). Cellswerethen shifted to grow
at 35°C under 500 pE/m?/s or at 43°C under 100
ME/m?/s and incubated for designated periods.

Analytical procedures

Photosynthetic activity was measured by
the rate of oxygen evolution using a Clark’s type
oxygen electrode and calculated as moles O,-
evolved/mg chlorophyll (Chl.)/h (Vonshak et al.,
1996).

The concentration of chlorophyll a was
measured as absorbance at 665 nm after
methanolic extraction (Bennett and Bogorad,
1973). Phycocyanin content was estimated after
extraction in a phosphate buffer (pH 7) following
the procedures of Boussibaand Richmond (1979).
Proteins were assayed as described by Lowry
et al. (1951) after hydrolysis with 1IN NaOH and
heated in a boiling water-bath for 20 min and the
concentration determined by the Folin-Ciocalteau
method. Carbohydrate was analyzed using the
phenol sulfuric method, and fatty acid was
analyzed using amodified method of Lepage and
Roy (1984). Fatty acid methyl esters were
identified by gas chromatography.

RESULTS

Determination of critical temperature
Specific growth rate of Spirulina
platensis C1 grown in batch cultures at different
temperatures under a light intensity of 100
ME/m?/s are shown in Figure 1. At optimum
temperature (35°C), specific growth rate of the S.
platensis C1was0.0247 h'l and decreased to 0.008
h1 when the alga cells were grown at 43°C. A
markedly decrease in chlorophyll a was also
obtained when cells were grown at 43°C (Figure
2). The chlorophyll contents of the cell grow for
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Figurel Specific growth rate of S platensis
C1 grown at different temperatures.
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96 h at 35, 39, 41 and 43°C were 16.7, 8.3, 5.2
and 2.0 mg/l, respectively. The alga cells were
declined when temperature increased to 45°C
(Figures1 and 2).

Effect on photosynthetic activity and pigments

The O,-evolution rate of S platensis C1
showed an average of about 507 pmol O,/mg Chl./
h throughout the study period of 48 h under control
cultured conditions at 35°C with light intensity of
100 pE/m?/s. Phycocyanin content increased from
240 to 338 mg/g cell (about 40%) while
chlorophyll increased from 15.2 to 18.7 mg/g cell
(about 23%). The photosynthesis as O,-evolution
wasremarkably decreased after cellsof thecultivar
were shifted to high temperature of 43°C with
light intensity of 100 pE/m?/s or 35°C with high
light intensity of 500 uE/m?/s. Figure 3 showsthat
the photosynthesis rate decreased approximately
50% of the initial rate (500 pmolO,/mg Chi/h)
when cells were shifted to grow at 43°C for 48 h
or under 500 UE/m?/s for 24 h. A previous study
of the light saturation curve showed that S.
platensis C1 has light saturation at 780 pE/m?/s
(Ruengjitchawalyaet al., 2002) but shifting from
100 PE/m?/s to 500 PE/m?2/s may cause damage
to cell pigments as indicated by the decrease in
content of chlorophyll and phycocyanin per cell
(Figures 4, 5).
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Figure2 Growthof S platensisC1 at different

temperatures (35°C,e ; 37°C,O; 39°
C,A;41°CA; 43°Cm; 45°C ).

O,-evolution (mmolO,/mg Chl./h)

0 6 12 18 24 30 36 42 48

Time (h)

Figure3 O,-evolution rate of S platensis C1
grown under various conditions
(control,e ; 43°C under 100 mE/m?/
s, A; 35°C under 500 HE/m2/s,m)
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Figure4 Chlorophyll content of S platensisC1
grown under various conditions
(control; e, 43°C under 100 pE/m?/
S, A, 35°C under 500 HE/m?/s; m)
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Figure5 Phycocyanin content of S platensis
C1 grown under various conditions
(control,e ; 43°C under 100 pE/m?/

S, A; 35°C under 500 HE/m?/s, m)
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Effects on chemical composition of S. platensis
strain C1

The S platensis C1 cellsthat exposed to
high light intensity (500 WE/m2/s) or high
temperature (43°C) showed asignificant decrease
in protein content (about 20-25%), when compared
to the cells grown at optimum condition, while a
marked increase in carbohydrate content was
observed (Tablel). Sincethe protein of Spirulina
may contain up to 20% of phycocyanin (Cohen,
1997), reduction of phycocyanin content resulted
in a decrease in total protein content. Fatty acid
profiles showed that S. platensis C1 grown at
43°C exhibited adecreasein polyunsaturated fatty
acid (C18:3269.12) while C18:22912 ncreased. In
consistency, S platensis C1 grown under a light
intensity of 500 HE/m?%'s exhibited an increasein
C18:28912 while C16:129 and C18:149 including
total fatty acid content (TFA) decreased (Table 2).

Photosynthesisrecovery

The O,-evolution rate of S platensisC1
grown at 43°C under 500 uE/m?/sfor Lhand 3h
decreased about 20% and 49% of theinitial rate,
respectively. After cells were shifted to grow at
optimum condition (35°C under 100 pE/m?/s;
control), O,-evolution rate of cells from both
stressed conditionsincreased to the samevalue as
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control within 4 h and 10 h, respectively. Under
outdoor cultivation, temperatureand light intensity
increase during the morning hours and peak
approximately 1 to 3 h resulting in a decrease in
photosynthetic activity. However, cellscan recover
their photosynthetic activity after optimal
conditions return in late afternoon. The time
needed for recovery depends upon the period of
exposure to stress parameter (Figure 6).

DISCUSSION

Decreasing in specific growth rate was
observed greater than 70% when temperature
increased from 35°C to 43°C. In this study, at
temperature of 43°C wasdesignated to beacritical
point for growth of S platensisC1, asasharp drop
in the specific growth rate was observed in Figure
1. A similar result hasbeenreportedin S. platensis
strain M2 in which specific growth rate decreased
3 times when the alga cells grown at 42°C
(Tomaselli et al., 1988). Phycocyanin and
chlorophyll content of S. platensisC1 cellsgrown
under control condition increased as growth
proceeded. Phycocyanin is a photosynthetic
accessory pigment, and an increase in cell
concentration resulted in the increase in
photosynthetic pigments as a response of cellsto

Table1l Compositionsof S platensis C1 grown under various conditions for 48 h.

Conditions Protein Carbohydrate
(°C, LE/m?/s) (% of dry weight) (% of dry weight)
35, 100 (control) 57+2 23+1
35, 500 42+2 42+1
43, 100 47+ 1 36+2

Table 2 Fatty acid composition of S. platensis C1 grown under various conditions for 48 h.

Conditions Fatty acid composition (% TFA) TFA
(°C, HE/m?/s) 16:0 16:1 18:0 18:1 18:2 18:3 (Yodw)
35, 100 (contral) 45.9 51 11 9.1 24.7 14.2 411
35, 500 455 4.3 2.7 6.2 28.0 134 2.04
43,100 46.1 4.0 39 75 25.8 12.6 3.66
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Figure6 O,-evolution of S. platensis C1 after cells were grown under stress conditions (control,e ;
43°C under 500 pE/m#sfor 1h,4; 43°C under 500 UE/m?/s for 3h,0)

enhancethelight entrapment capability. However,
high light intensity (500 uE/m?/s) causes damage
topigmentsof S. platensisC1. Hiharaet al. (2001)
reported that psbB-gene encoding CP47
(chlorophyll protein complexes of 47 kDa) and
psdC which encodes CP43 (chlorophyll protein
complexes of 43 kDa) decreased within the first
period of exposure to high light (300 uE/m#'s).
Transcription of cpc genes which are related to
phycocyanin decreased 20-fold within 1 h of high
light exposure and resumed to the level of 50% of
theinitial level after 15 h. The cpc genes may be
downregulated more strictly than apc genes
(related to alophycocyanin), during exposure to
high light because phycocyanin, which islocated
at the terminal region of the phycobillisome rods,
isthe primary target for the reduction of antenna
size. Moreover, our study corresponded to
Nomsawai et al. (1999) who reported that the
33kDalinker polypeptide disappeared under high
light (500 PHE/m?2/s) resulting in smaller
phycobilisomes, and that the decrease in the
number of phycobilisomes correlated well with the
decrease in phycocyanin and allophycocyanin
content from cells that were shifted from low (50

UE/m&'s) to highlight. Also, study of Synechocystis
found that almost all of the photosystem | (PSI)
genes were downregulated by five- to ten-fold
within 1 h of thetransfer from low (20 uE/m?/s)
to high light (300 uE/m?/s). Notably, the level of
psaAB transcripts for the reaction center of PSI
declined by 30-fold of its original value after 1 h
of high light treatment. In addition, transcripts
of genes involved in the oxygen-evolving
complex, psbO, psbU and psbV, were all
downregulated to half thelevel inlow light within
15min (Hiharaet al., 2001). In cyanobacteria, the
PSII/PSI ratio generally increases upon the shift
to high light (Kawamura et al., 1979). Declining
PSI content would be expected to lower the
susceptibility of the cells to high light damage
particularly under prolonged exposure (Hiharaand
Lkeuchi, 1998). Simultaneously, phycobillisome
size and photosystem content probably were
reduced to avoid adsorption of excesslight energy.

At high temperature (43°C), S platensis
C1 showed an increase in C18:2 while C18:3
decreased. These results correlated with data
obtained in S. platensis M2 that a decrease in
polyunsaturated fatty acids of cell was found at
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high temperature (Tomaselli et al., 1988). Thus,
at temperatures above the optimum, thefatty acids
showed a lower degree of unsaturation because
C18:3 biosynthesis becomes progressively
blocked resulting in the accumulation of C18:2.
Besides, anincreasein aneutral lipid, C18:0, was
observed. In addition, Deshnium et al. (2000)
found that at the transcriptional level, the
expression of desC, desA, and desD genes
(encoding A9, Al12, and A6 desaturase,
respectively) were not affected by thetemperature
shift to 40°C, however, the degradation rate of
desD mRNA increased when the cells were
incubated at 40°C.

Anincreasein C18:22912 of S platensis
C1 grown under high light intensity was aso
observed. Kiset al. (1998) reported that desA and
desD were strongly induced by light. In the same
way, Hiharaet al. (2001) found that desA and desD
of Synechocystis cellswereinduced within 15 min
of exposure to high light (300 uE/m?/s) whereas
desC was constitutive.

CONCLUSIONS

Specific growth rate of S platensis C1
grown at various temperatures above 35°C were
found to progressively decrease as temperatures
increased. S. platensis C1 responded to high
temperature and high light intensity by decreasing
photosynthetic activity, photosynthetic pigments
and protein. High light intensity at 500 uE/m?/s
showed more effects on photosynthesis and its
pigment than high temperature (43°C). Both high
temperature and high light intensity similarly
decreased the protein content while carbohydrate
increased. Changes in fatty acid profiles of S
platensis C1 depends on growth conditions, and a
remarkable increase in C18:22912 was observed
when cellswere grown under high light intensity.
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