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ABSTRACT
In the present study an attempt has been made to study the effect of
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Ultraviolet-B (UV-B) radiation (0.7-2.8 Wm-2) for different time
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intervals of (15-60 min) on the electron transport activities (Whole
chain electron transport activity, photosystem II catalysed electron
transport activity, photosystem I catalysed electron transport activity)
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and lipid peroxidation in the cyanobacterium, Spirulina platensis. To
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photosystem II is more susceptible to UV-B radiation than that of
photosystem I and also alterations in the membrane is cleared by the

lipid peroxidation.
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INTRODUCTION
Ultraviolet (UV) radiation is one of the serious issues since past few decades due to
industrialization and environmental pollution. The ultraviolet region of the electromagnetic
spectrum coming from sun is subdivided into three bands termed UV-A (315- 400nm), UV-B
(280-315nm) and UV-C (200-280 nm). Due to the depletion of ozone layer by the harmful
pollutants results in the entry of these harmful UV rays to the earth surface[1] (Crutzen,1992).
These harmful UV rays reaching the earth surface effects the production of algae and
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photosynthetic macrophytes as they can easily absorb UV light by biomolecules such as nucleic
acids and proteins.[2], 2005;[3]. Cyanobacteria which is representing an important group of
algae that is playing a key rle in the present global ecology especially in the marine system.
These are oxygenic photosynthetic prokaryotes whose photosynthetic apparatus shows
resemblance to those of higher plants[4]. Plants and cyanobacteria contain similar
photosystem (PS) II and PS I reaction center complex.
Cyanobacteria do not consist of chloroplast but contain naked membrane system inside the
cell, known as the photosynthetic membrane (or thylakoid membrane), which contains most
of the proteins required for the light reactions. The proteins required for the fixation and
reduction of CO2 is located outside the photosynthetic membrane in the surrounding aqueous
phase. The thylakoid proteins are arranged into four membrane- protein complexes to
perform photosynthetic electron transport. They are PS II complex, Cyt b6 f complex, PS I
complex and ATP synthase.[5,6,7] Various factors like morphology, growth, survival, cell
differentiation, pigmentation, motility, N2 metabolism, phycobiliproteins, composition of
protein, DNA, CO2 uptake are severely affected by the harmful UV radiation when absorbed
by cyanobacteria.[8,9] UV-B has been shown to interrupt the flow of electrons at multiple
sites. PS II is the membrane protein complex found complex found in oxygenic
photosynthetic organisms (higher plants, green algae and cyanobacteria), which harnesses
light energy to split H2O into O2, protons and electrons.[10,11,12] PS II Is surrounded by its light
harvesting antenna which is comprised of the inner minor antenna complex (built by CP24,
CP26 and CP29, encoded by the genes LHC b 4, 5 and 6) and the outer major antenna
complex LHC II.[13,14] PS II is more susceptible than PS I by the effect of UV-B radiation.
The three major kinds of membrane lipids are phospho-lipids, glycolipids, and cholesterol.
The thylakoid membrane is unique in plant cell in having a high proportion of
glyceroglycolipids and a high proportion of phospholipids. The glycerolipids are
monogalactosyl diacylglycerol (MGDG) and digalactosyl diacylglycerol (DGDG) and
sulpholipids (SQDG) and they account for 40-50%, 20-30% and 5-10%, respectively. Due to
the effect of UV-B radiation the membrane lipid layer will be damaged. UV-B is able to
cause the lipid peroxidation of the thylakoid lipids by means of increase in the free radical
formation.[15,16]

www.wjpps.com

Vol 8, Issue 4, 2019.

1612

Praveena et al.

World Journal of Pharmacy and Pharmaceutical Sciences

MATERIALS AND METHODS
Polarographic measurements of O2 evolution or uptake activities in Clark-type oxygen
electrode.
SPECTRAL MEASUREMENTS
Absorption spectra of intact cells
After harvesting the cells, the pellets were suspended in 3 ml of reaction buffer. The
absorption spectra of intact cell suspension were taken by using a Hitachi-557 double beam
spectrophotometer. At 750 nm the absorption of the cell suspension was adjusted to give
approximately the same reading. The 77K absorption spectra were monitored using the low
temperature accessory in a Hitachi-557 spectrophotometer. For 77K spectral measurements,
the samples were prepared in 70 % glycerol in buffer. Cells equivalent to 6 µg of Chl were
used in absorption measurements.
Lipid peroxidation
Lipid peroxidation (LPO) has been measured according to the method of Heath and
packer[17]. The malondialdehyde (MDA) calculations were made by using the extinction
coefficient 155 mM-1 cm-1. The amount of MDA was expressed as n moles of MDA per mg
protein.
RESULTS AND DISCUSSION
Depletion in the ozone layer causes the entry of UV-B radiation to the earth surface both in
aquatic and terrestrial bodies. Therefore, aquatic and terrestrial organisms respond in a
different way to the UV-B radiation which leads to the damage in their physiology. In this
investigation a study has been made to analyse the impact of UV-B radiation on the
photosynthetic electron transport and lipid peroxidation in the cyanobacterium, Spirulina
platensis. Studies are made on photosynthetic electron transport activities under the influence
of different intensities of UV-B radiation. To verify the above preposition, intact cells of
Spirulina platensis were exposed to different intensities of UV-B radiation (0.7-2.8 Wm-2).
After giving the treatment whole chain electron transport activity (H2O → MV) was
measured by using methyl viologen (MV) as terminal electron acceptor. The control sample
exhibited a high rate of O2 consumption in the activity of whole chain electron transport. The
exposure of different intensities of UV-B radiation (0.7-2.8 Wm-2) under continuous stirring
caused inhibition in whole chain electron transport activity. Almost 49% inhibition was
observed at 2.1 Wm-2 further increase in the treatment of UV-B leads to increase in the
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percentage of inhibition (Fig 1a). To confirm the above result at time duration additionally
time dependent effect of 2.1 Wm-2 UV-B radiation treatments is given for different time
intervals (15- 60 min) were studied. The control sample exhibited a high rate of O2
consumption in the activity of Whole chain electron transport. The treatment of cells to 2.1
Wm-2 for 15 min showed decrease in the rate of O2 consumption about 32% inhibition in
whole chain electron transport activity. Increase in the time duration to 30 min exhibited
decrease in the rate of O2 consumption about 50% inhibition in the whole chain electron
transport activity. Further increase in the time duration to 45 min and 60 min exhibited
maximum decrease in the rate of O2 consumption of almost about 65% and 76% inhibition in
the whole chain electron transport activity (Fig: 1b). This inhibition in whole chain electron
transport could be due to alterations at two levels i.e. inhibition at PS II level or at PS I level
has been earlier discovered by several workers.[18]
From the above results it is clear that alterations occurred at the level of photosystems. To
identify the target photosystem an attempt has been made to measure the partial electron transport
reactions between PS II and PS I. Since parabenzoquinone (pBQ) is known to accept the
electrons from PQ pool.[19] It has been employed as an accepter of PS II to measure Hill reaction.
The control sample exhibited a high rate of O2 evolved in PS II catalysed electron transport
activity. The exposure of different intensities of UV-B radiation (0.7 - 2.8 Wm-2) under
continuous stirring caused almost upto 47% - 70% inhibition in PS II catalysed electron
transport activity (Fig 2). The reason for the inhibition in the PS II catalysed electron
transport activity could be due to the alterations at the level of oxidizing site or changes in the
reducing side of PS II. UV-B is able to cause loss in PS II catalysed electron transport by
inactivation of electron transport carriers and suppress energy transfer between the LHC and
RC.[20,21,22]
Unlike the situation with the whole chain and PS II catalyzed electron transport, PS I
mediated reactions could not be assayed in the intact cells of Spirulina as reduced
Dichlorophenolindophenol (DCPIP)/ tetramethyl phenyl durene (TMPD)/ diaminodurene
(DAD) did not readily enter into the intact cells. Therefore, thylakoid membrane fragments
have to be prepared to study the effect of different intensities of UV-B radiation on PS I
catalysed electron transport activity. These prepared thylakoid membranes are measured for
the absorption spectra to obtain a spectral graph in visible region i.e 400- 700 nm (Fig 3). The
absorption characteristics of control cells, the obtained spectral graph show different peaks. The
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peak at 679 nm is due to absorption of Chl a, peak at 622 nm is due to absorption of PC of PBS, a
hump at 485 nm is due to absorption of carotenoids and a peak at 436 nm is due to presence of Chl
a. These membrane fragments did not evolve oxygen with pBQ as Hill oxidant. The electron
transport catalyzed by PS I with reduced DCPIP, TMPD and DAD were measured (Table: 1). The
DCPIP supported PS I activity was observed to be 415 µ moles of oxygen consumption. The rates
were considering with the rates of chloroplast thylakoid membranes and with reduced DCPIP the
rates are quite high when compared to other two donors. After giving the treatment of different
intensities of UV-B radiation studies were made on PS I catalysed electron transport activities. The
control sample exhibited a high rate of O2 consumption in PS I catalyzed electron transport
activity. At 0.7 Wm-2 intensity of UV-B radiation showed decrease in the rate of O2
consumption almost 3% inhibition was noticed in PS I catalyzed electron transport activity.
Further raise in the intensities to 2.1 and 2.8 Wm-2 exhibited decrease in the rate of O2
consumption and almost 11% and 15% of inhibition in the PS I catalyzed electron transport
activity (Fig:4). Marginal inhibition in PS I catalysed electron transport activity is observed. From
this it is clear that PS I is getting less effected when compared to that of PS II under the given stress.
Between two photosystems, PS II is more susceptible than PS I. To identify the possible target site
in PS II a study has to be made to analyse the effect of UV-B (2.1 Wm-2) at both light saturating
(420 Wm-2) and light limiting (12 Wm-2) conditions (Table: 2). The inhibition in PS II activity was
more at light saturating conditions (48%) than at light limiting conditions (36%). The inhibition at
light limiting conditions of UV-B treated sample could be the alterations in the light harvesting
complex pigment proteins of this cyanobacterium. The possible reason for the enhancement of
inhibition at light saturating conditions by UV-B radiation in Hill reaction could be due to the
presence of additional inhibitory site near PS II.
The changes under stress in the membrane organisation can also affect the functional aspects
of photosynthetic electron transport chain besides PS II. Therefore, an attempt was made to
study the effect of different intensities of UV-B radiation (0.7 Wm-2 - 2.8 Wm-2 for 30 min)
on thylakoid membrane organisation. Lipids are rich in olefinic bonds and thus are the
primary targets for oxidative reactions. Lipid peroxidation has been shown to increase under
UV-B stress conditions. Hydroperoxides and Malondialdehyde (MDA) were often considered
as indicators of membrane damage. The LPO was measured in terms of MDA formation in
control thylakoids 46 n moles of MDA/mg of protein was observed (Fig: 5). Whereas in
treated cells of UV-B radiation 2.1 Wm-2 for 30 min showed the increase in the MDA levels
to 72 n moles of MDA/mg of protein. That is, it caused an enhancement of almost 57% in
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lipid peroxidation. Thus alteration in energy transfer and change in LPO is responsible for
altered PS II photochemistry in intact cells of Spirulina. UV-B is able to cause the lipid
peroxidation of the thylakoid lipids by means of increase in the free radical formation.[15,16]
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CONCLUSIONS
The effect of UV-B radiation was studied on photosynthetic electron transport activities,
energy transfer studies, thylakoid membrane organisation After performing the work the
following conclusions were drawn.
Among the tested UV-B radiation 2.1 Wm-2 for 30 min seems to be the potent to cause
inhibition in whole chain and PS II catalysed electron transport in intact cells of Spirulina.
Between two photosystems, PS II catalysed electron transport is more susceptible to UV-B
than that of PS I. UV-B radiation causes alterations in the energy transfer of light from PC to
Chl a in intact cells. Lipid peroxidation measurement of thylakoid membranes under UV-B
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radiation clearly demonstrated that increase in the lipid peroxidation leads to the damage in
the membrane.
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