
EFFECT OF LIGHT AND TEMPERATURE ON THE 
PHOTOSYNTHETIC ACTIVITY OF THE 

CYANOBACTERIUM SPIRULINA PLATENSIS 

GICSEPPE TORZILLO’ and AVKAD VOssHAlit 

??Ccn(ro di Studio dei Microrganismi Autotroli. del C.N.R. c o DipJrrimenlo di Scienre e Technologie 
Alimentari e Microbiologiche dell’ Universita’ di Firenre. Plazzale delle Casine. 27-50144 Firenze. IKII:, 
+Microalgal BiotLvhnolog Laboratory. The Jacob Blaustein Institute for Desert Research. Ben-Gurlon 

University of the Negev. Sede-Boker Cumpus. 84993 Israel 

Abstract-The response of the photosynthetic activity of Spirulincc plctftnsis M? to temperature and hght 
stress *IS studied. The optimal temperature for photosynthesis W;LS ZS C. while dark respiration H.IS 
highest at 45 C. Al remperdlure extremes outside those optimal for growth. both respiretory and 
pholosynthctic activity declined. However. the sensitivity of respiration lo such extremes was signilic~ntly 
grcarcr than the scnsitivlty or photosynthesis under the ume conditions. Under conditions where 
respirtition ~3s completely inhibited. photosynthclic oxygen evolution w;1s muinluincd 11 ;Ihoul 30”. ot 
the optimum value. Exposmg Sptrdinu cells to high photon flux densitic5 resulls in 3 signilicanl rcducrlon 
m till the photosynlhclic p;lr;lmetcrs (i.e. initial slope. light-snturaled rate and Ihe convexity of the 
photosynthesis -light rcsponsz curve). The pholoinhihitory stress resulted in much larger dccrc;lscs In the 
qu:mtum yield than in the light-si;ltur;itcd CIIC of pholosynlhctic oxygen cvolulion. The extcnl ot’ 
photoinhibition W;IS much hiphcr when upplied ill tempcr;tlurcs over or below the optimum for 
photosynlhcsis. The implkx~ions of thcsc findings arc discuswd with rqnu~ to Ihe outdoor cultivation 
of Spirdirctr. 

The cyanobactcrium Spirrrlitrtr plurrmis has bcsn 
used for the last IO years its a mods1 organism 
in many studies on outdoor cultivation of algal 
biomass as a source of protrin and chemicals.’ 
Although much progress has bcvn made in this 
field. resulting in the set-up of scvcral commcr- 
cial production sites all over the world (Japan. 
Thailand. Taiwan. U.S.A.). the original goal of 
producing a cheap alternative source’ of protein 
has not yet been achicvcd. The cost of pro- 
duction is still one order of magnitude higher 
than that of conventional sources of protein. 
One of the pre-rcquisitcs in further dcvclopmcnt 
of this biotechnology is the bcttcr understanding 
of the physiology of Spirulitrtr and the rcsponsc 
of its photosynthetic machinery to cnvironmcn- 
tal stress. 

In outdoor dense cultures. light is considcrcd 
to bc one of the most important limiting fac- 
tors.: Neverthclcss. the fact that outdoor algal 
cultures arc continuously exposed to changes in 
environmental factors such as light and tem- 
perature. which are limiting for the growth of 
any photosynthetic organism. imposes a spcxial 
physiological situation in which light limitation 

or inhibition is not only dcfincd by the photon 
flux intensity but also by the pivcn tcmpcraturc 
associated with it. It is thus ol’ intcrcst and 01 
practical importance to understand the clli~ts ol 
light and tcmpraturc on the photosynthetic 
rcsponsc of Spirditrtr. 

In this work WC studied the clTcct of high 
photon llux dcnsitics (HPFD) and tcmpcraturc 
on the photosynthetic activity of Spirdirrcr, 
higher when the cxposurc to the light stress is 
curried out at tempcraturcs above or below the 
optimal tcmperaturc. The implications of thcsc 
findings arc discussed with rcspcct to the out- 
door cultivation of Spirtrhu. 

Spirulirrcr pkurcvwi.~ strain MZ isolated from 
Mombolo Lake in Chad by Luisa Tomaselli 
from the Centro di Studio dci Microrganismi 
Autotrofi.-C.N.R.-of Florence (Italy) was 
used. It was grown in batch culture in Znrrouk’s 
medium. containing 200 mM sodium bicarbon- 
ate.: The cells were grown in 500 ml glass tubes 
immersed in a water bath at 30 C and kept in 
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suspension by bubbling CO:-enriched ( I %) air. 
Illumination was provided by a set of cool 
fluorescent tubes to give IOO-120~mol rn-‘s-’ 
at the center of the tube. 

Photon flux density was measured with a 
Li-Cor 185 photometer equipped with a quan- 
tum sensor. measuring in the 400-700 nm range. 
Chlorophyll content was determined according 
to Bennet and Bogorad.” 

Pltotoitthibirion expcrinrents 

Cells in the log phase of growth were har- 
vested by filtration using a GFC filter and 
resuspended with fresh medium to 25jcg 
chl ml-‘. Cells were placed in a thermoregulated 
double-jacket cylindrical glass vessel (internal 
diameter I .5 cm) and then exposed to inhibitory 
conditions by illumination at a PFD of 
25OO~~mol m-zs-’ at 15‘. 35’ and 40 C. Prior 
to photoinhibitory treatment. the cells were 
allowed to equilibrate to each temperature 
tested for I5 min. At indicated time intervals. 
samples were withdrawn and tested for their 
photosynthetic activity. 

0, evolution of photoinhibited cultures was 
measured at 35 ‘C on a ten-fold diluted sample 
with fresh Zarrouk’s medium to give a tinal 
concentration of 2.5 jig chl ml I. 0: evolution 
was recorded for 5-10 min to obtain a constant 
rate, using a Clark type electrode, A PFD of 
I60 Ilrnol m -‘s .’ was provided using a slide 
projector lamp (Gabin I50 M Industrial Co.. 
Ltd). The extent of photoinhibition was ex- 
pressed as ;I percentage of the photosynthetic 
activity of cells before exposure to the HPFD 
zero time. 

The photosynthesis-light response curves of 
control and photoinhibited cultures were ob- 
tained by exposing culture samples (4jlg ml .’ 
chl) to different light intensities from 0 to 
1900/fmol m-?s-‘. Photoinhibited culturas at 
about 50% of the initial photosynthetic activity 
were obtained by exposing the cells to 
2500 /irnol m-? s-’ at 35 C for 45 min. In order 
to prevent recovery from photoinhibition 
during the measurements, chloramphenicol was 
added to the photoinhibited and control 
samples to a final concentration of 0.05 mM. 

Light-saturated photosynthesis of control 
and photoinhibited cultures was calculated as 
the mean of the last two values in the asymptotic 
region of the P-I curve. Light-limited slopes of 
the P-l curves (z) were calculated by regression 
using the rates at the lowest 6-10 PFDs. The 
strictly linear region of the curves was judged on 

the basis of the maximum r’. fk corresponded to 
the intersection of the extrapolated linear part 
of the curve with the horizontal line at P,,,. 
Respiration rates are those measured as 0: 
uptake in the dark. 

Short-term responses of photosynthesis and 
respiration to temperature of Spirulintr cells 
were measured in the IO -50 C range. 0, evol- 
ution was measured at a PFD of 

160 Ilrnol m -’ s-‘. Cells were allowed to equili- 
brate for I5 min at each temperature tested 
prior to the measurement. Gross photosynthesis 
was calculated as the sum of net O2 evolution 
and 0, uptake rates at each temperature tested. 
All data presented are an average of three 
different experiments. 

RESULTS ASD DISCUSSION 

Net biomass productivity of an algal culture 
is considered to be directly correlated to the net 
rate of CO: fixation and the rate of respiration. 
Those two metabolic activities are highly dcpcn- 
dent on temperature, while only the CO, 
fixation or 0, evolution are also light dcpen- 
dent. The 0: evolution rate of Spirulirtcr cells 
measured at dilrercnt temperatures is shown in 
Fig. I. The optimal temperature for photosyn- 
thesis was 35 C; however. activities of 28% and 
‘1% of the optimum could be measured at the -_ 
minimum and maximum temperatures tested 
(IO and 50 C. respectively). 

A temperature-dependent exponential rcla- 
tionship was observed, with the dark respiration 
r;Lte increasing as temperature increased up to 
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Fig. I. The clld ol’ kmpcralurcs on the gross 0: cvolulion 
raw (jr mol 0, mg chl ’ h ’ ) of Spinrli~w pkrrcwsiv cells. 
Cells wcrc allowed to cquilihratc at cxh tcmpcralure for 

I5 min before the measurcmcnt. 
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45-C. From Fig. 2 the following equation can be 
derived to describe this relation. 

R = 0.771 eco’b16T’, 

where R is the respiration rate (pmol O,mg-’ 
chl h-‘) and T is the temperature ( C). Dark 
respiration rates dropped almost to zero when 
Spirulina cells were exposed to 50‘ or 15 ‘C (data 
not shown). An Arrhenius plot (Fig. 3) for 
respiration showed an activation energy for 
Spirulina of 48.8 kJ mol-‘. The temperature 
coefficient (Q,,,) of the organism at the tempera- 
ture range was calculated by the following 
equation being deducted from the Arrhenius 
equation? 

EU 
log Q, = - x 

IO 

2.303R (T + IO)T’ 

where E, is the activation energy (kJ mol-‘) and 
R is the universal gas constant (8.31 J K-’ 
mol-‘). Between 20” and 45‘C. a QIn of 1.85 was 
calculated. 

The respiration-to-photosynthesis ratio in 
Spirdina was I % at 15°C and reached 4.6% at 
45°C. These rather low values confirm the gen- 
eral assumption that cyanobactcria have low 
respiration rates9 Howcvcr it should bc noted 
that those rates were mcasurcd in laboratory 
cultures grown under rclativcly low light. As 
reported previously. dark respiration rate is 
affcctcd by the light intensity at which the cells 
were grown. The higher the light intensity at 
which cells were grown, the higher their dark 
respiration ratcs.6*7 Indeed, measurements of the 
dark respiration losses in outdoor cultures of 
Spirulinu have demonstrated that up to 34% of 
the biomass produced during the daylight 
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Fig. ?. The c&t of temperature on the 0. uptake rate 
(~1 mol 0: mg chl ’ h - ’ ) of Spirulinu p/u/c&v cells. Cells 
were allowed to cquilibratc at each temperature for IS min 

before the measurement. 
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Fig. 3. Arrhenius plot of the efTcct of temperature on 
respiration rite of Spirulinu phftw.~i.~. 

period may be lost through respiration at 
night.‘.’ This will be useful in mass culture 
operation where cells are exposed to high light 
intensity to keep the night temperature of the 
culture as low as possible in order to reduce 
the extent of night biomass loss throughout 
respiration, as demonstrated previously by 
Vonshak et al.’ 

It may bc concluded that, in our Spirrthr 
strain, the respiratory activity has a much higher 
optimum temperature than the photosynthetic 
activity. Ncvcrtheless, the photosynthetic ac- 
tivity of the cells was more resistant than dark 
respiration at the extreme temperatures tcstcd. 
It should be noted that the I5 min incubation 
time used in the experimental procedure dots 
not allow a real adaptation process to take 
place. Nevertheless, in outdoor cultures. cells 
are continuously exposed to a gradual change in 
temperature, which is also too fast to allow a 
real adaptation. We are aware that these results 
should be used as a general indication of the 
potential of the particular algal strains tested. 

Outdoor algal cultures are exposed to high 
light intensities much above those used in the 
cultivation of laboratory cultures. As previously 
reported“ Spirulina cultures exposed to high 
photon flux densities (HPFD) are photoinhib- 
itcd. By comparing the photosynthetic light 
response of Spirulinu platensis cells (Fig. 4) 
bcforc and after 45min photoinhibitory treat- 
ment, it can be observed that photoinhibition 
influenced (I) the initial slope (quantum yield); 
(2) the asymptote (light saturated rate); (3) the 
value of the irradiance at the onset of light 
saturation; and (4) the convexity (rate of bend- 
ing) of the photosynthesis-light response 
curve.‘” The extent of photoinhibition 
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Fig. 4. The photosynthetic light response curve of Spirulimr 
pluwnsis cells (control-0 and photoinhibited-A). Rates 

are in lImoI 0: mgchl-’ h-‘. 

quantified from the quantum yield and esti- 
mated by linear regression of the low-light data, 
was 48% as compared with the control. The 
reduction in P,,,,, occurred at a lower extent, at 
about 25% of the control. This finding 
confirmed previous reports which demonstrated 
that photoinhibition results in a much larger 
decrease in the quantum yield than in the light- 
saturated rate of photosynthesis, even in intact 
leaves.“*” Similar behavior WJS also found in 
photoinhibitcd cells of C~~lr~rtycbrrronu.~ rein- 
hurdtii.‘” These observations also indicate that 
the response to photoinhibition in green algae, 
higher plants and cyanobacteria is most likely 
similar in nature. Convexity of the light re- 
sponse curve, i.e. the transition region from 
light limitation to light saturation, became less 
abrupt in the photoinhibited culture. This is in 
agreement with the result of Leverenz Ed ~1.“’ 
who demonstrated that the convexity of the P-l 
curve depended on the degree of photoinhibi- 
tion in Clrlun~~~i~moncls~~~.s reinhd~ii. Finally, the 
dark respiration rate was about 29% higher in 
the photoinhibited culture. The changes in the 

Table 1. Photosynthesis-irndiance (P-I) parameters 
cairn&d from Spirulinu p/uten.tb M2 culrure before 
and after 45 min photoinhibition BI a PFD of 
25OOpmol rn-? s-’ al 35 C. P,,-saturated photo- 
synlhelic r;IIc; I,-irradiance at the onset of light 
saturation; ~-initial slope of the P I curve; R- 

Parimcler 

P ??

I,“;’ 
a: 
R’ 

dark respiration 

Control Photoinhibited 

800 600 
430 610 

I.915 I.0 
-20.5 - 26.4 

??pmol mg-‘chl he’. 
tpmol photons m-zs-‘. 
:Icmol 0: ImgchlIcmol photon m-%-‘]- he’. 

a 
b 
= 95 e 
3 
EW 
A 

.z 

3 65 
a 
” 

&o 

5 35 

% 

20 
0 10 20 30 40 SO 60 

Time in HPFD WII) 

Fig. 5. The effect of temperature on photoinhibition. Cells 
grown at 30 C were incubated al 25 0. 35 A. and 40 C 
0 for I5 min in dim light and then exposed to ;I HPFD of 
25OO~cmol m-:s-‘. At time intervals samples were with- 
drawn and the 0, evolution activity was measured at 35 C 

and I60 pmol m-:s-I. 

photosynthetic parameters between a control 
and a photoinhibited culture are summarized in 
TabI: I. 

It is generally accepted that photoinhibition 
of photosynthesis is related to absorption of 
light cncrgy by the pigment antennae in excess 

of what can be dissipated in an orderly fashion 
by photosynthesis. ” It is thus cxpectcd that cells 
will be better able to handle excess cncrgy when 
grown at the optimum tcmperaturc for photo- 
synthesis. Indeed. as demonstrated in Fig. 5. 
cultures exposed to HPFD at temperatures 
above (40°C) or below (25’C) the optimal tem- 
perature are much more sensitive to the HPFD 
stress. The difference is more pronounced with 
prolonged exposure time to high irradiance 
(especially at 25°C) and fits well with the overall 
concept of photoinhibition. After I h of ex- 
posure of Spirulintr cells to HPFD. the highest 
rate of inhibition (78%) occurred at 25 C, while 
at 35’ and 40’C the rates of photoinhibition 
were 54.4% and 61%. respectively. The intcr- 
action of low temperature and HPFD is a 
common event in outdoor cultures of Spirrrlirw 
in open ponds. Indeed. in such culture systems, 
even during summer, the morning temperature 
of the culture (almost IO ‘C below the optimum) 
prevents full exploitation of the photosynthetic 
capacity of the culture for a few hours and 
eventually makes the culture prone to photoin- 
hibition. On the other hand, when the outdoor 
culture of Spirdina is carried out in closed 
systems, the combination of high temperature 
and full sunlight is very frequent in summer.” 
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In this case it is expected that a temperature 
of several degrees above the optimum will 
exacerbate photoinhibition which may lead to a 
reduction of the biomass yield. 
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