
Phycological Research 2006; 54: 260–268

Blackwell Publishing AsiaMelbourne, AustraliaPREPhycological Research1322-08292006 Japanese Society of PhycologySeptember 2006543260268Original Article

Effects of temperature and pH on Synechococcus lividusC.-C. Liao et al.

*To whom correspondence should be addressed.
Email: wlwang@cc.ncue.edu.tw
Communicating editor: U. Karsten. 
Received 6 November 2005; accepted 7 March 2006.

Effects of temperature and pH on growth and photosynthesis 
of the thermophilic cyanobacterium Synechococcus lividus as 
measured by pulse-amplitude modulated fluorometry
Chung-Ching Liao, Shao-Lun Liu and Wei-Lung Wang*
Department of Biology, National Changhua University of Education, Changhua 500, Taiwan

SUMMARY
In this study, the effects of five different temperatures
and pH conditions on growth and photosynthetic per-
formance of Synechococcus lividus Copeland from Tai-
wan were monitored in the field and the laboratory by
using an underwater pulse-amplitude modulated (Div-
ing-PAM) fluorometer. In the field, the optimal growth
temperature of S. lividus was found to be 57°C. Such
a finding was congruent with the growth rate in the
laboratory culture, in which the optimal growth temper-
atures ranged from 45 to 60°C. In photosynthetic
performance, the light-saturated maximum relative
electron transport rate (ETRmax) and the light-limited
slope (αETR) exhibited highest values at 50°C. At five
different pH conditions, higher ETRmax and αETR were
observed from pH 7 to 9. In addition, regression anal-
ysis demonstrated a significant positive relationship
between the growth rate and the ETRmax values
(R2 = 0.9527), indicating that the growth of S. lividus
was largely restricted to its photosynthetic perfor-
mance. In conclusion, the photosynthetic performance
and growth of the thermophilic cyanobacterium S. liv-
idus were sensitive to fluctuations in temperature but
not in pH. The present investigation offers a better
understanding of the photosynthetic physiology.
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INTRODUCTION

Very few studies focus on thermophilic organisms in
Taiwan (Chen et al. 2003). Until now, only thermophilic
and thermotolerant fungi have been well documented
(Chen & Chen 1988, 2004; Chen 1989; Chou & Li
1991; Chen et al. 2000, 2003). As for the photosyn-
thetic organisms, a thermophilic red alga, Cyanidium
caldarium (Tilden) Geitler, has been reported from
Yang-Ming Mountain (Ruan 1993; Jung 1998) and
several species of thermophilic diatom have been
reported from hot springs in Taiwan (Chang 1966; Lin

1995). Since then, studies on thermophilic autotrophic
organisms in Taiwan have been lacking.

Several thermophilic cyanobacteria have been
reported from hot springs. These include Synechococ-
cus lividus Copeland (Edwards et al. 1968; Jackson &
Castenholz 1975; Kallas & Castenholz 1982; Ferris
et al. 1996a,b; Miller et al. 1998; Ramsing et al.
2000), Oscillatoria terebriformis C. Agardh (Castenholz
1968), Mastigocladus laminosus Cohn (Graham &
Wilcox 2000), and Phormidium laminosum (C. Agardh)
Gomont (Castenholz 1969b). These organisms were
widely used as bio-tools for realizing some physiological
and ecologic mechanisms (i.e. photosynthesis, heat tol-
erant ability, heat tolerant-related protein and succes-
sional change) under high temperature environments
(Peary & Castenholz 1964; Kullberg 1968; Brock &
Brock 1969; Castenholz 1969a,b, 1970; Kullberg
1971; Meeks & Castenholz 1971, 1978a,b; Fraleigh &
Wiegert 1975; Jackson & Castenholz 1975; Kallas &
Castenholz 1982; Lamberti & Resh 1985; Miyairi
1995; Ferris et al. 1996a,b; Miller et al. 1998; Weiss-
man et al. 1998; Ramsing et al. 2000). Based on
present knowledge, S. lividus probably represents the
photosynthetic organism that can survive at the highest
temperature: up to 73°C (Peary & Castenholz 1964).

Most investigations have used the traditional tech-
nique to determine the photosynthetic characteristics
of thermophilic cyanobacteria (Meeks & Castenholz
1971, 1978a,b). However, a new photosynthesis mea-
suring technique using pulse-amplitude modulated
(PAM) fluorometry seems not to be used widely for this
organism. According to Campbell et al. (1998) and
Maxwell and Johnson (2000), the PAM provides an
efficient, non-invasive method of measuring the photo-
synthetic performance of autotrophs.

In 2002, a mass of the thermophilic cyanobac-
teria, S. lividus, was discovered from Taian Hot
Spring, Miaoli, Taiwan. Taian Hot Spring locates in
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central Taiwan and is a slightly alkaline and bicar-
bonate hot spring (Song & Liu 2003). From Taian
Hot Spring, a high temperature strain of S. lividus
at approximate 60°C was successfully isolated and
cultivated in the laboratory. In the present study, we
aim to report the basic growth characteristics of this
isolate and the effects of pH and temperature on its
growth rate and photosynthetic performance as mea-
sured by PAM fluorometry.

MATERIALS AND METHODS

Cultivation and biomass estimation 
of Synechococcus lividus at 
different temperatures

Samples were collected from Taian Hot Spring, Miaoli,
Taiwan (24°28.243′N, 120°58.944′E). Cyanobacterial
biomass was estimated at five different temperatures,
61, 57, 53, 48 and 44°C, along the stream from the
head of the hot spring by measuring the chlorophyll a
concentration. In the field, three randomly different
6 × 6 cm2 biofilm at different temperatures were col-
lected from the rocky substrate in the hot spring pools
and drainways in July 2002, stored at 4°C in the
refrigerator and transported to the laboratory. The bio-
film was ground by mortar and pestle with 10 mL 90%
methyl alcohol, and the chlorophyll a concentration was
determined following the protocol of Huwang (1994).
Only two species of cyanobaceria, S. lividus and Phor-
midium lamidium Gomont, were identified in our
collection at 50–60°C (Table 1). Their coverage was
estimated as 95 and 5%, respectively. For isolation,
approximately 20 g of the thermophilic cyanobacterium
biofilms were also collected at 60 ± 1°C. Subsequently,
materials were stored in the thermos bottle, immersed
in 60 ± 1°C hot spring water, and transported to the
laboratory. Then, S. lividus was isolated following a
slightly modified procedure from Chen et al. (2003).
Three grams of biofilms were suspended in 10 mL hot
water and shaken at 60 ± 1°C in a water bath for 1 h.
The suspended sample was then filtered with 4 µm
membrane to remove detritus and filamentous cyano-
bacteria. Because the size of S. lividus ranged between

4 and 6 × 1–2 µm in dimension, the biovolume of
cyanobacteria larger than 43 µm3 were removed after
the filtration. After that, the filtrate was examined under
1000× light microscope to check whether other species
of cyanobacteria were present. The isolated S. lividus
were cultivated at 60 ± 1°C under a 10:14 h LD regi-
men in axenic A-D medium in the thermostatic tank as
stock algal solution for the following physiological
experiments. The growth light intensity was 40 µmol/
photons m2/s provided by two fluorescent tubes. The A-
D medium used in the present study was Anabaena
medium (Arnon et al. 1974) and D-medium (Jackson
& Castenholz 1975), combined in equal proportions.

In situ measurements of 
environmental variables

In the location where the thermophilic cyanobacteria
occurred, the physical-chemical parameters, including
temperature, conductivity, dissolved oxygen and pH,
were measured in situ by thermometer, conductometer,
dissolved oxygen meter and pH meter, respectively.

Photosynthetic performance measurements

Prior to measuring the photosynthetic performance of
S. lividus, several square glasses (2.5 × 2.5 cm2) were
put into the stock algal solution in the cultivation tank
to allow S. lividus to attach and grow on them for
1 week. When a layer of biofilm formed, the square
glasses were clipped using a ‘leaf-clip’ to facilitate the
measurement of rapid light curve (RLC). The protocol
for measuring the RLC of S. lividus followed the
descriptions of Liu et al. (2004, 2005), who use an
underwater PAM. The effective quantum yield, Y, was
measured in darkness, and eight irradiance intensities
were provided by the internal halogen lamp of the
Diving-PAM. Photosynthetic photon flux density (PPFD)
ranged from non-saturating to saturating (16, 57, 129,
229, 352, 495, 754 and 1049 µmol/photons m2/s). To
avoid a less precise estimation of the light-limited slope
(αETR) from the few data points below the onset of
light saturation (Liu et al. 2005), PPFD was set at a
lower range than the one used in Liu et al. (2005). In

Table 1. Algal composition and its relative abundance along temperature gradient of a stream at Taian Hot Springs, Miaoli, Taiwan

Taxa 61°C 57°C 53°C 48°C 44°C

Synechococcus lividus Copeland + (5)† + (5) + (5) + (5) + (5)
Phormidium lamidium Gomont + (1) + (1) + (1) + (1) + (1)
Oscillatoria brevis (Kützing) Gomont – – – – + (1)
Oscillatoria geminata Menighini – – – – + (1)
Navicula tripuntata (O. F. Müll) Bory – – – – + (1)

†Relative abundance: 1, 0–20%; 2, 20–40%; 3, 40–60%; 4, 60–80%; 5, 80–100%. +, present; –, absent.
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addition, the parameters of F0, Fm and Fv/Fm were also
obtained from 15 min dark-adapted samples (Young &
Beardall 2003; Watkinson et al. 2005). After the mea-
surement of RLC, samples were gently removed from
the square glasses to detect the chlorophyll a con-
centration. In the parameters of RLC, ETR =
Y*PPFD*0.5*AF, where Y is the effective quantum yield
of Photosystem II (PSII) (ΦPSII = (Fm′ − F)/Fm′) and
PPFD is photosynthetically available irradiance reach-
ing the sample, 0.5 assumes that half of the PPFD was
absorbed by PSII, and AF (absorption factor) is the
fraction of PPFD absorbed by the sample that is nor-
malized by chlorophyll a concentration (Heinz Walz
GmbH 1998). Because electron transport rate (ETR)
values lack AF measurements, which would probably
affect the interpretation of our results (Rascher et al.
2003), a brief detection method of AF was adopted in
the present study following the procedure of Beer and
Björk (2000). First, the transmitted irradiance across
square glasses (2.5 × 2.5 cm2) was measured by the
microquantum sensor of the Diving-PAM. Then, after
the thermophilic cyanbacteria attached on the square
glasses, the transmitted irradiance was measured again
by the microquantum sensor. The AF was herein calcu-
lated from the fraction of photon irradiance absorbed
by the attached cyanobacterial mat on the square glass.
The average AF was 0.72 ± 0.01 (n = 12) and was
subsequently used in the ETR equation. The light-
saturated maximal ETR (ETRmax) and the light-limited
slope (αETR) were determined according to the equation:
ETR = ETRmax tanh (αETR *I/ETRmax), where I is the irra-
diance (Jassby & Platt 1976). The results of chlorophyll
a concentration were used to normalize the ETR mea-
sured by PAM fluorometer (Morris & Kromcamp 2003;
Lugomela et al. 2005).

Physiological experiments

A ‘two-tier’ experimental design was used to evaluate
the effects of temperature and pH on the growth rate
and the photosynthetic performance of S. lividus. In
the temperature experiment, 300 mL algal solution
from stock algal solution (culture condition described
as previously) was diluted five times with the axenic A-
D medium up to total amount of 1500 mL algal solu-
tion. Then, the 1500 mL algal solution was partitioned
into 15 different 200 mL flasks. Each flask contained
100 mL diluted algal solution. At each temperature, 3
flasks (as three replicates from different samples) were
immersed in the thermostatic tank and stirred by hand
at 2 h intervals each day to supply air to flask contents.
After 1 week acclimation and cultivation, the cell den-
sity of S. lividus was monitored every day for 5 days
using a hemocytometer. The growth rate was calculated
as described by Wang et al. (2005). In the stock algal
solution cultivated at 60 ± 1°C in the thermostatic

tank, the square glasses attached with S. lividus were
gently taken and subsequently immersed in the refrig-
erated and heated circulators (Julabo F10) at five dif-
ferent temperatures (45, 50, 55, 60 and 65°C) for
10 min adaptation, and then the photosynthetic per-
formances of S. lividus were measured using PAM
fluorometer (n = 3). In the pH experiment, the
photosynthetic performance of S. lividus was also mea-
sured. The square glasses attached with S. lividus from
stock algal solution were taken and immersed in the
refrigerated and heated circulators at five different pH
conditions (5, 6, 7, 8 and 9) for 10 min adaptation,
and then the photosynthetic performances of S. lividus
were measured using the PAM fluorometer (n = 3). The
cultural temperature was at 50°C because the temper-
ature experiment and photosynthetic performance
showed that optimal growth temperature was 50°C, and
the pH value was adjusted by adding 1% HCl or 1%
NaOH solution.

Statistical analysis

One-way ANOVA was used to test the effects of temper-
ature on the growth rate and the photosynthetic perfor-
mance of S. lividus, and the effect of pH on its
photosynthetic performance. Tukey’s posthoc was
selected as our post-test, and the confidence intervals
were set to the 95% level. Initially, the data were tested
for normality and homoscedasticity. Appropriate trans-
formations were carried out when data were not normal
and heteroscedastic (Zar 1984). All statistical analyses
were performed with SPSS software version 10.0 (SPSS,
Chicago, Illinois, USA) for Windows.

RESULTS

The water of Taian Hot Springs belongs to a slightly
alkaline, high-temperature, middle degree of dissolved
oxygen, and bicarbonate-abundant aquatic system
(Song & Liu 2003; Table 2 in the present study). Under
five different temperature regimes (44, 48, 53, 57 and
61°C) in the field, the cyanobacterial biomass signifi-
cantly peaked at 57°C (n = 3, degrees of freedom
(d.f.) = 14, F-value = 66.4366, P < 0.05) (Fig. 1).

Table 2. Environmental variables measured from Taian Hot

Springs with the occurrence of thermophilic cyanobacteria

Synechococcus lividus

Parameter Value

Temperature (°C)  40–61
Conductivity (µs/cm) 2.06–2.21
Dissolved Oxygen (mg/L) 3.5–6.2
pH 7.22–8.68
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In the temperature experiments, the optimal growth
rate of S. lividus was found to be from 45 to 60°C
(P < 0.05) (Fig. 2). However, when temperature
increased to 65°C, growth rate decreased (P < 0.05)
(Fig. 2). The highest F0 and the lowest Fv/Fm, ETRmax,

and αETR (875 ± 287, 0.090 ± 0.005, 4 ± 2, and
0.7 ± 0.2, respectively) were also found at 65°C. Mea-
suring the photosynthetic performance of S. lividus at
five different temperatures, the highest values of F0, Fm,
Fv/Fm, ETRmax, and αETR were between 55 and 65°C, 50
and 65°C, 45 and 60°C, 45 and 55°C, and 45 and
50°C, respectively (Table 3). From these results, the
optimal temperatures ranged from 45°C to 50°C, with
higher values of Fv/Fm, ETRmax, and αETR, and lower
values of F0 and Fm. According to regression analysis
between the growth rate and ETRmax, a strong positive
relationship was observed between both processes
(R2 = 0.9527, Fig. 3).

In the pH experiments, the higher values of Fm,
ETRmax and αETR were between pH 6–9, pH 7–9, and
pH 7, respectively (P < 0.05, Table 4). However, the
values of F0 and Fv/Fm under five different pH conditions
showed no significant differences (P > 0.05, Table 4).

Fig. 1. Chlorophyll a concentration of Synechococcus lividus at

different temperature conditions (44, 48, 53, 57 and 61°C) in

the field at Taian Hot Springs. Bars are standard errors (n = 3).

Fig. 2. The growth rate of Synechococcus lividus under five

different temperatures. Bars are standard errors (n = 3).

Fig. 3. Regression between the growth rate and photosynthesis

(ETRmax) in Synechococcus lividus under five different tempera-

tures showing a strong positive correlation. Bars are standard

errors (n = 3).

Table 3. Comparisons of the effects of five different temperatures on photosynthetic parameters of Synechococcus lividus from dark-

adapted samples (F0, Fm, Fv/Fm) and light-adapted samples (ETRmax, αETR) using ANOVA (n = 3)

Parameter 45°C 50°C 55°C 60°C 65°C F-value Degrees of
freedom

F0 447 ± 17b 443 ± 28b 602 ± 62ab 745 ± 138ab 875 ± 287a 1.0184 14
Fm 562 ± 21b 590 ± 48ab 704 ± 78ab 814 ± 151ab 961 ± 311a 1.7917 14
Fv/Fm† 0.203 ± 0.003a 0.243 ± 0.036a 0.141 ± 0.028ab 0.084 ± 0.001ab 0.090 ± 0.005b 0.0722 14
ETRmax‡ 30 ± 1a 34 ± 1a 29 ± 1a 24 ± 1b 4 ± 2c 177.5210 14
αETR 4.7 ± 0.1a 4.9 ± 0.3a 3.9 ± 0.1b 3.1 ± 0.1b 0.7 ± 0.2c 177.5210 14

†Fv/Fm = (Fm-F0)/Fm; ‡Unit in µmol/electrons m2/s/chla/cm2. a,b,cindicate that there is significant difference between group a and group
b, group a and group c, and group b and group c. However, the symbol of “ab” means that the data show no statistically significant
difference when compared with either group a or group b. In the other words, group ab has no significant difference with group a and
group b. The significance level was set as 0.05. ETR, electron transport rate; F0, minimal chlorophyll a fluorescence in the dark-adapted
state; Fm, maximum chlorophyll a fluorescence in the dark-adapted state; Fv/Fm, maximum quantum yield of photosystem II; αETR, the
initial slope of the light-limited electron transport rate.



264 C.-C. Liao et al.

From these results, two groups of photosynthetic per-
formance could be distinguished. In the first group,
subjected to pH 5–6, the photosynthetic performance
of S. lividus was depressed because of lower values of
ETRmax and αETR. In the second group, subjected to
pH 7–9, the photosynthesis of S. lividus was better as
a result of higher values of ETRmax and αETR Obviously,
S. lividus did not prefer a low pH environment. When
it encountered low pH conditions, such as pH 5–6, the
photosynthetic performance decreased significantly by
15–21% (P < 0.05) compared with the highest value
at pH 7.

DISCUSSION

In the present study, we used A-D medium to cultivate
thermophilic cyanobacteria S. lividus collected from
Taian Hot Spring. This medium was a mixture of Ana-
baena medium (Arnon et al. 1974) and D-medium
(Jackson & Castenholz 1975) with a proportion of one
to one. Anabaena medium is commonly used to culti-
vate general cyanobacteria and D-medium is a special
medium used for thermophilic cyanobacteria. However,
comparing the growth rate of S. lividus in three differ-
ent media (0.13 ± 0.01 doubling/day in Anabaena
medium, 0.11 ± 0.05 doubling/day in D-medium,
and 0.19 ± 0.05 doubling/day in A-D medium), A-D
medium was significantly better (n = 3, d.f. = 8,
F = 2.490957, P < 0.05; Liao and Wang, unpubl.
data). Therefore, we adopted A-D medium as a cultiva-
tion medium in the present study.

Very few species of cyanobacteria were found at
different temperature regions in Taian Hot Springs,
Miaoli, Taiwan. The number of species in the present
study (n = 5) fell far short of what Kullberg (1968) and
Kullberg (1971) observed (n = 28–43). Brock and
Brock (1969) indicate that a hot spring algal mat
needed 3–4 months to recover from a catastrophe (i.e.
animal and human destruction). In our case, the Taian

Hot Springs were disturbed by tourists. Because a high
frequency of disturbances has occurred, few species of
thermophilic cyanobacteria could be expected. Under
such a highly unstable environment, only one to two
dominant species are able to survive.

Because of the relative abundance of S. lividus,
larger than 95% in the present study, the biomass of
the algal community at five different temperature
regions in the field could be regarded as the biomass
of S. lividus. The biomass data from the field were
congruent with the growth rate data from the laboratory.
In the field, the optimal growth temperature was 57°C.
In the laboratory, it ranged from 45 to 60°C. Tempera-
tures higher than 60°C were not suitable for the growth
of S. lividus. Water temperatures higher than 65 ± 1°C
were not measured in the field over the course of the
investigation. Apparently, the highest limited tempera-
ture for growth in S. lividus is approximately 65°C.
Peary and Castenholz (1964) report that four strains of
S. lividus (strain I, II, III and IV) presented four differ-
ent temperature tolerant ranges, 30–56°C, 35–65°C,
45–70°C and 50–75°C, respectively. In the present
study, the temperature tolerance ranging from 44 to
61°C should belong to strain II. The photosynthetic
performance of S. lividus was inhibited when environ-
mental temperatures exceeded 55°C, suggesting that
its better photosynthetic temperature range was from
45 to 50°C. This obviously conflicted with the results
from the measurements of biomass in the field and the
growth rate in the laboratory. Meeks and Castenholz
(1971) study the growth rate and the photosynthesis
performance of strain IV and also observe a similarly
conflicting situation. They assumed that thermophilic
cyanobacteria would suffer highly fluctuating tempera-
tures in nature, and this caused them to increase the
temperature tolerant ability, which was higher than the
optimal temperature. In the present study, a similar
situation might have occurred. In addition, based on
the hybridization probe analysis, Ferris et al. (1996a,b)

Table 4. Comparison of the effects of five different pH values on photosynthetic parameters of Synechococcus lividus from dark-adapted

samples (F0, Fm, Fv/Fm) and light-adapted samples (ETRmax, αETR) using ANOVA (n = 3)

Parameter 5 6 7 8 9 F-value Degrees of
freedom

F0 384 ± 2a 399 ± 6a 669 ± 165a 667 ± 118a 743 ± 25a 1.3160 14
Fm 522 ± 3b 555 ± 7a 873 ± 211a 846 ± 144a 895 ± 27a 1.4639 14
Fv/Fm† 0.264 ± 0.002a 0.281 ± 0.010a 0.234 ± 0.010a 0.214 ± 0.013a 0.169 ± 0.004a 0.2856 14
ETRmax‡ 26 ± 0d 28 ± 0c 33 ± 1a 31 ± 0ab 30 ± 1b 44.6401 14
αETR 4.1 ± 0.1c 4.4 ± 0.1bc 5.1 ± 0.2a 4.6 ± 0.1b 4.4 ± 0.1bc 44.6401 14

†Fv/Fm = (Fm-F0)/Fm; ‡Unit in µmol/electrons m2/s/chla/cm2. ETR, electron transport rate; F0, minimal chlorophyll a fluorescence in
the dark-adapted state; Fm, maximum chlorophyll a fluorescence in the dark-adapted state; Fv/Fm, maximum quantum yield of photosystem
II; αETR, the initial slope of the light-limited electron transport rate.a,b,cindicate that there is significant difference between group a
and group b, group a and group c, and group b and group c. However, the symbol of “ab” means that the data show no statistically
significant difference when compared with either group a or group b. In the other words, group ab has no significant difference with
group a and group b. The significance level was set as 0.05.
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and Ramsing et al. (2000) confirmed that S. lividus
was strongly selected in the laboratory culture and
possess different genetic compositions and vertically
diverse and highly ordered specific populations within
the field community in a small mat. Even those that
were identified as S. lividus show an extreme disparity
of phylogenetic relationship and it is hard to distinguish
them from each other using the morphological obser-
vations. S. lividus in the present study could also suffer
a strong selection, resulting in a population adapting
to the cultural condition. The cultural cyanobacteria
population have adapted to different environmental
variables, such as light, temperature and pH (Ferris
et al. 1996a,b; Ramsing et al. 2000). In the field, the
cyanobacterial mat encounters strong environmental
fluctuation. The temperature, light and pH vary daily
and seasonally. The high adaptation of cyanobacterial
population is derived from the existence of diverse,
specialized populations. These organisms provide a
level flexibility beyond physiological change within indi-
vidual species to buffer guild function against environ-
mental variation (Ferris et al. 1996a,b). Accordingly,
compared with the field population, this is possibly
another reason that the photosynthetic performance in
the cultural population has an optimal growth condition
in the lower temperature. In the high selected pressure,
according to the guild buffer theory, a specialized pop-
ulation adapted in the lower temperature was selected
by our cultivated condition.

In the chlorophyll fluorescence analysis, the
decrease of dark-adapted Fv/Fm and the increase of F0

indicated the occurrence of photoinhibitory damage in
response to environmental stress; that is, high temper-
ature, low temperature, excess PFD and water stress
(Maxwell & Johnson 2000). These observations are
widely accepted as reliable diagnostic indicators of
photoinhibition in the higher photosynthetic organisms,
such as plants and green algae (He et al. 1996; Valla-
dares & Pearcy 1997). However, this point of view
could be not simply be used to explain the process of
the cyanobacteria photosynthetic system. In the cyano-
bacteria, the value of F0 and Fm would be affected by
the presence of phycobilisome because the phycobilip-
rotein fluorescence is also attributed to F0 (Campbell
et al. 1998; Rascher et al. 2003). Obviously, both F0

and Fm in the cyanobacteria cannot totally account for
the status of PSII function. In addition, the photosyn-
thetic and respiratory electron flow system in the cyano-
bacteria shares the same intermediates, such as
cytochrom b6/f complex (Campbell et al. 1998). In the
present study, an increase of F0 and Fm was observed
with the elevated temperature. According to the Van’t
Hoff Q10 rule (Doyle & Round 2003) for the metabolic
rate (enzyme-mediated process) a 10°C increase in
temperature results in approximately a doubling of the
metabolic rate. Based on this rule, because cytochrom

b6/f complex is used for respiration in darkness, the
related intermediates of electron flow on the thylakoid
membrane of cyanobacteria will be activated and occu-
pied by the respiration-derived electrons. When mea-
suring the fluorescence variables, such as F0 and Fm,
the pretreated 15 min dark adaptions will cause the
respiratory metabolism. Accompanied with the eleva-
tion of temperature in the present study, it could
increase the metabolic rate of respiration and have an
influence on the increase of F0 and Fm. This could also
lead to the decrease of Fv/Fm by an increase of F0 and
Fm. Such a hypothesis needs to be verified in a future
study. In contrast, Campbell et al. (1998) outline the
important role of phycobilisomes on the contribution of
fluorescence variables; that is, Fo. In increasing water
temperature, content of phycobilisomes could also cor-
relate with higher temperatures and cause the increase
of F0 and Fm. However, in the present study, the adap-
tation time of our materials under different tempera-
tures ranged 20 and 30 min and such a short time
would be not enough to accumulate the biosynthetic
content of phycobilisomes.

In many experiments, the photochemical efficiency
(Fv/Fm) or ETRmax have been used as the indicator for
monitoring healthy and photosynthetic condition in the
cyanobacteria (Campbell et al. 1998; Sonoike et al.
2001; Rascher et al. 2003; Chaloub et al. 2005; Lugo-
mela et al. 2005; Watkinson et al. 2005). Obviously,
under the five different temperatures in the present
study, the significant decrease of Fv/Fm and ETRmax was
observed for temperatures higher than 55°C (P < 0.05).
Such results reveal that temperatures higher than 55°C
are not suitable for growth in our materials.

From the regression analysis between the growth rate
and the photosynthetic performance, a strong positive
correlation was observed. According to the result,
whether S. lividus grew well or not was apparently
restricted to the photosynthetic ability. Therefore, in pH
experiments, only the photosynthetic performance was
measured, and two groups of photosynthetic ability in
S. lividus were observed: one at pH 5–6 was inhibited,
and the other at pH 7–9 was better. Graham and Wilcox
(2000) report that most thermophilic cyanobacteria
cannot survive in acidic environments, with pH values
lower than 5. In addition, in the measurements of
environmental variables, the water quality of Taian Hot
Springs is alkaline and bicarbonate-rich. Necchi and
Zucchi (2001) and Liu et al. (2004) categorize three
types of aquatic autotrophs according to their inorganic
carbon utilization: (i) those that use CO2 with higher
photosynthetic ability under acidic condition (i.e.
pH 4.4); (ii) those that use both CO2 and HCO3

– with
higher photosynthetic ability between pH 4.4 and 8.5;
and (iii) those that use HCO3

– with higher photosyn-
thetic ability under alkaline conditions (i.e. pH 8.5).
Hence, from the results, S. lividus belongs to the third
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category in preferring bicarbonate as the main inorganic
carbon source, and such a preference is congruent with
its habitat.

Temperature seemed to have a greater influence on
the F0 and the Fv/Fm of S. lividus than the pH. The
photosynthetic ability of S. lividus is more sensitive to
temperature, and such a phenomenon is in line with
the observations of Meeks and Castenholz (1978a,b).
Temperature higher than the optimal condition of S.
lividus would affect the energy transfer between PSI
and PSII.

Recently, the thermophilic organisms have been
studied as potential materials for medical or industrial
use (Demirjian et al. 2001). The basic knowledge pro-
vided in this preliminary study about the effect of
temperature and pH on the growth rate and the photo-
synthetic performance of S. lividus is useful for culti-
vating this highly temperature tolerant organism to
explore its industrial benefit.
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