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ABSTRACT

Exposure of intact cells of the Cyanobacterium;r@jpia platensis to low temperature (10°C-25°C) alualv
intensity white light stress (100 Wjrcaused inhibition in various partial photochenlicaactions. When the stress
is applied in combination there is an additionas$oof 6-8% activity in the electron transport measwents. Thus
PS Il seems to be more susceptible to these cotitnirgtresses when compared to PS | .Thus low textyse in
combination with low white light intensity exhildteynergistic effect in the electron transport @ityi of Spirulina
platensis.

Key words: Electron transport activities, Low temperaturesstSpirulina platensiswhite light stress.

INTRODUCTION

Cyanobacteria are photosynthetic prokaryotes wiptetochemical functions are identical to thoseh& higher
plant [1] ; they both perform oxygenic photosyniee3he prokaryotic nature of the Cyanobacteria esakem an
attractive system for studying the molecular orgation of photosynthetic apparatus [2-3]. In Cyaaaibria the
phycobiliproteins constitute the major light hartxeg pigments which are attached to the outer serfaf the
thyalokid membranes in aggregated complex callegicqlbilisomes (PBsomes) [4-5] are connected to the
Photosystem (PS) Il and PS | [6-7]. Environmengailtdrs such as temperature, UV-light, dought, gglitnight
light are known to affect the photosynthesis innojzacteria and plants. The intact filamentSpirulina platensis
have been used as a test system to characterizfféots of various stresses [8-11]. But in theiemment the
stress factors may work either alone or in comibgnmaand affect the photosynthetic electron transpaetivities.
Several reports on various stress factors on trsc belectron transport activities ddpirulina platensiswere
reported earlier but the stress factors in comhmnatvere scanty. So in this investigation we hawenan attempt
to study the low temperature stress and low intgnshite light stress in combination on the phgtdketic
electron transport activities of the cyanobacterji8pirulina platensis
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MATERIALS AND METHODS

Spirulina platensisvas grown axenically in the medium of Zarrouk (@Pf12] at 25 + 2°C. Under continuous
irradiance of 40 p mol (photon) 6™, Cells from the late log grown cultures were hated by centrifuging at
6,000 Xg for 10 min. The collected cells were suslgel in 25 mM HEPES-NaOH buffer (pH 7.5) at a Chl
concentration of 200 pg thl Samples were incubated at low temperature (18€35or 45-60 min in the Petri
dishes under constant stirring. The reaction mixused for the assay of whole chain electron trangfeO —
methyl vilogen(MV) contained reaction buffer 25 nfMEPES-NaOH buffer, (pH 7.5), 0.5 mM MV and 1 mM Na-
azide [13]. The reaction mixture for PS Il catalysgectron transfer (0 — p-benzoquinone(pBQ) contained the
above mentioned reaction buffer and 0.5 mM pBQ4P,Thylakoid membranes were prepared accordinth¢o
method of Rajagopal (1999) [15]. The reaction metof PS | catalysed electron transfer (DCPIRH MV)
contained reaction buffer, 0.1 mM DCPIP, 5 mM abate, 1 mM azide, 10 uM DCMU, and 0.5 mM MV. In all
assay cells equivalent to 15 pg of Chl were usdidth& photochemical activities were measured atrated light
intensity of white light (410 Wm -2) under contirusostirring. Low light intensity when required waovided by
passing the light through calibrated neutral dgrfdliters. Chl content was estimated by followirtgetmethods of
Mackinney (1941) [16] by using methanol extraction.

Cold stress and low intensity white light treatment

Cells from the late log grown cultures were hamddty centrifuging at 6,000 X g for 10 min. Thelected cells
were suspended in 25mM HEPES-NaOH buffer (pH &%) @hl conc of 200 pg mL-1. Samples were incubated
low temperature (10-28) and exposed to low intensity white light (100%jnfor short term (15-60 min) in conical
flasks under constant stirring and controlled ekpental conditions.

RESULTS AND DISCUSSION

Stress is an unfavorable condition in which envinental factors are working together or alone tdugrice the
physiological activities of the plants where tharml productivity will be less. This level of altéom in the plants
growth depends on the intensity, duration of strasd its combination with others. These differemmessors
influence the plant growth and other physiologicativities like photosynthesis. Since photosynthesi a
fundamental and essential process there is a westddy the effect of stress either alone or in luioetion. Up to
now the studies are being made in higher plantssantk of selected cyanobacterial cells. Theretogeetis a need
to study the effect of stress in combination toehawm integrated approach of the problem. Henceave ktudied
the effect of low white light (100 WH) in combination with low temperature stress. Contells showed a high
rate of Q consumption involving whole chain electron transp@41pumole @ consumption mg CHI h™).
Exposure of cells to different low temperatures@mbination with white light (100 W) caused strong inhibition
in the electron transport activity. When compaxetht of cells exposed to only low temperaturesstr At 10°C of
low temperature alone caused 56 % inhibition in rhchain electron transport activity (Tablel). Whers in
combination the inhibition was brought to 62 % (lEaB). This clearly demonstrates the additive effefcwhite
light in bringing the inhibition of low temperatustressed samples (Table 1 and 2). Since whole aHeactron
transport activity is contributed by both PS 1daRS | an attempt have been made to study theiza@itfect of
white light in the electron transport activitiesor@rol cells exhibited a high rate of PS Il depertd®, evolution
activity (354 umole @evolution mg Cht h'). The application of low temperature stress indelpatly caused loss
in PS 1l photochemistry by 65 % (Table 3). When ke temperature stress is combined with whitetlighd
applied there is an increase in the inhibition a1 % (Table 4).The possible reason for the itioibiof PS I
activity could be alterations at water oxidatiomgdex (WOC). To verify the susceptible nature of IRISe electron
transport activity has been measured using DCPRIB$ donor. Control activity is equal to (431umolg O
consumption mg CHI h') application of low temperature stress (Table Bng with white light brought the
inhibition in PS | activity from 17 to 26 % (Tab8 . This shows clearly the susceptible nature®fl towards low
temperature stress and white light stress. (Taldedb6). When the stress is applied in combinadiaa there is an
addition loss of 6-8 % activity was noticed in thlove electron transport measurements when compartt:
application of low temperature stress alone. Tl temperature stress exhibits synergistic effgben it is
combined with white light in the electron transpactivity in the intact cells dbpirulina platensis
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RESULTS

Table 1: Effect of low temperature (25-10°C) on whe chain electron transport (HO — MV) of the
cyanobacterium, Spirulina platensis

Temperature °C

Whole chain electron transport activity
(H,0 — MV) u moles of & | mg Chi* h*

Percentage inhibition

25

252 +21
214 +19
170 £ 16
111+ 10

Table 2 Effect of low intensity white light (100 Wm?) and low temperature induced inhibition of whole bain
electron transport in the intact cells of cyanobaarium, Spirulina platensis.

Temperature °C

Whole chain electron transport activity
(H;0 — MV) u moles of G| mg Chi* h*

Percentage inhibition

25

241 +23
202 +21
152 +17
92+ 10

Table 3: Low temperature induced alteration in PS I catalysed electron transport activity (HLO — p-BQ) of
the intact cells of the cyanobacteriunBpirulina platensis

Temperature °C

PS Il electron transport activity
(H,0 — p-BQ) p moles of @tmg Chi* h*

Percentage inhibition

25
20
15
10

361 +33
282 + 26
209 +19

126 £11

0
22
42
65

Table 4: Effect of low intensity white light (100 Wm®) and low temperature induced Inhibition of PS |
catalysed electron transport of intact cells of the&yanobacterium,Spirulina platensis

Temperature °C

PS 1l electron transport activity
(H,0 — p-BQ) u moles of Qtmg Chi* h*

Percentage inhibition

25
20
15
10

354 +34
265 + 27
196 + 18
105+10

0
25
45
71

Table 5: Low temperature induced alterations in PS catalysed electron transport activities of the PCPIPH,
— MV) intact cells of the cyanobacterium,Spirulina platensis.

0 PS | electron transport activity R
Temperature °C (DCPIPH, — MV) i moles of O, | mg Chi* ht Percentage inhibition
25 429 + 41 0
20 403 + 38 6
15 382 + 37 11
1C 356 + 3¢ 17

Table 6 Effect of low intensity white light (100 Wm?) and low temperature induced inhibition of PS |
catalysed electron transport intact cells of the @nobacterium, Spirulina platensis

Temperature
°c

PS | electron transport activity

(DCPIPH; — MV) u moles of @ ymg Chi* h

Percentage inhibition

435 £ 42
401 £ 39
360 + 35

325+31

0
8
18
26
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CONCLUSION

Low temperature is one of the most important abifatctors which limit the growth, productivity addstribution of
plants. The low temperature (10°C) is able to caltegations in the PS |l catalysed electron trantsactivity in the
thylakoid membranes of intact cells &pirulina. Cold stress causes alterations in the energy fenarcf
Phycobilisomes undén vivo andin virto conditions [17]. Low temperature stress in comtdmawith low white
light (100 Wn¥) exerts additional inhibition in the electron tsgort catalysed activities than its individual effan
the electron transport activities.
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