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INTRODUCTION

The cyanobacteria photosynthetic apparatus is very similar to

those of higher plants, except its antenna pigment complexes.

The cyanobacterial photosynthetic apparatus principally

consists of three types of macromolecular complexes:

photosystem I(PSI), photosystem II (PS II) and phycobilisomes

(PBsomes). PSI and PSII are intrinsic complexes where as

PBsomes arranged on the outer surface of thylakoid membrane

in the form of beads (Gantt, 1981; Liu et al., 2005). The

PBsomes, which biochemically consists of water soluble PBPs

such as APC, C-PC and PE together with linker polypeptides.

PBPs, primarily composed of alpha, beta polypeptides (in some

phycoerythrins, there is a special type of subunit, the gamma

subunit) are a brilliantly colored group of disc shaped proteins

bearing covalently attached open chain tetrapyrrolle known

as phycobilins (Liu et al., 2005). Linker polypeptides located

between PBsomes and thylakoid membranes can provide

structural connection between adjacent PBPs and stabilize

the PBsome structures and also they can modulate the

absorption and fluorescence properties to facilitate or directly

participate in energy transfer from the rod to the core and

eventually to the Chl containing  thylakoid membrane of the

photosynthetic cells. Kulandaivelu et al., (1989) showed that

prolonged exposure of UV-B causes destruction of Chl

pigments and leads to the inhibition of PS II photochemistry.

Fluorescence analysis indicated that Chl b is the main target

in photo system comparative to the other photosynthetic

pigments (Lischanthaler et al., 1992; Lambreva et al., 2005).

In this study an attempt has been made to study the effect of

UV-B on spectral properties and energy transfer in the

cyanobacterium, Spirulina platensis. In addition to that we

have made an attempt to study the time dependant effect of

UV-B exposure on PS II photochemistry by using Chl

fluorescence kinetics. The main objective of the study is to

understand the mechanism of UV-B stress induced change in

energy transfer in PBSs to PS II in these cyanobacteria.

MATERIALS AND METHODS

Spirulina platensis was grown axenically in Zarrouks medium

(Zarrouk, 1966) at 25±2oC under continuous illumination

(20Wm-2).The culture was agitated by passing filtered air. The

log phase cells were harvested in to fresh growth medium in

to Petridish and exposed to UV-B radiation at influence rate of

2Wm-2 (obtained from A Philips TL 20 type 05 type in the

spectral range of 280-320 nm and width a peak at 312 nm) for

different intervals (20-80 min). Then the cell suspension was

taken for scanning the absorption spectra from 400-750 nm

by using a Hitachi-557double beam spectrophotometer.

Fluorescence emitted by the whole cells was measured at

room temperature with excitation at 580 nm in a Perkin Elmer

LS-5 spectrofluoremeter.

RESULTS AND DISCUSSION

In this investigation an attempt has been made to know the

effect of UV-B radiation on spectral properties using intact
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cells for different intervals in Spirulina.  Fig. 1 shows the

absorption spectra of intact Spirulina control and UV-B treated

cells measured at room temperature. From this, the intact cells

exhibited two major peaks and two shoulders in the absorption

spectrum. The peak at 680 nm is due to the absorption of Chl

a and peak at 440 nm is due to Soret band of Chl a. The

shoulder at 621 nm is due to the residual PC and a hump at

480 nm is mostly due to the carotenoid absorption. Treatment

of UV-B radiation showed the peak shift in the PBPs from 621

to 632 when exposed to 40 and 60 min of duration

respectively (Fig. 1). In control cells the ratio between

absorption of Chl at 440/680 nm was 1.17. UV-B treatment

could not cause any change in the above ratio (Table 1).

Similarly the ratio between carotenoids (480 nm) and Chl (680

nm) was observed to be 0.59 in control and in treatment the

ratio was 0.55. The ratio between PC (621 nm) and Chl (680

nm) was observed to be 0.98 in case of control and 0.85 in

the case of UV-B exposed for 80 min. Thus it is clear that

among the several pigment proteins, PC absorption gets

affected more when compared to that of others. Since the

absorption properties are related to light harvesting in PS II,

we have measured fluorescence emission spectra of PC. The

room temperature fluorescence emission spectra of intact cells

exhibit various emission bands at different wavelengths

depending on the excitation wavelength. Due to the presence

of PXB chromophore in PBsome, we have excited the cells

with 545 nm light. When the cells were excited in the PC

absorbing region at 540 nm, an emission peak is observed

mainly at 652 nm due to PC and also a hump is observed at

684 nm due to Chl a emission (Fig. 2). The cells treated with

UV-B caused gradual decrease in the PC fluorescence and

induced 9 nm peak shifts towards the red region of the

spectrum after 40 min of UV-B exposure. After 80 min of UV-

B treatment caused almost 40% decreases in the fluorescence

intensity (Table 2). The decrease in the fluorescence intensity

indicated that energy transfer from PBsomes to the photosystem

was suppressed. The other possibility is uncoupling of energy

transfer between PC and APC. Thus it is clear that the UV-B

affects the spectral properties of PBsomes in short term

incubations and also induces uncoupling of energy transfer

in PBPs. UV-B radiation also decreases Chl flurorescence with

the fast components accelerated and the slow components

retarded, suggesting the formation of additional quenchers of

excitation energy in reaction centers ( Renger et al., 1989). It

has been indicated that plastoquinone with its three redox

states (quinine, semiquinone anion and the quionl) may act

as a primary UV-B photosensitive molecule since all these

forms absorb to the same extent in UV-B region (Melis et al.,

1992). To identify the real target of UV-B, fluorescence kinetics

has been measured using PAM fluorimeter. The fluorescence

emission increases from an initial level, F
0
 to maximum level

F
m
. This F

0
 can be observed with a very weak modulated light

and this light is incapable of carrying out the photochemistry

of PS II (Schreiber, 1986). This rise from F
0
 to F

m
 or the difference

UV-B radiation Absorption ratio

min

440/680 480/680 621/680

Control 1.17 0.59 0.98

20 1.16 0.57 0.97

40 1.15 0.56 0.91

60 1.14 0.57 0.89

80 1.14 0.55 0.85

Table 1: Effect of UV-B radiation (2Wm-2) for different intervals

(20-80mins) on absorption properties of the intact cells of Spirulina

platensis

UV-B exposure, Phycocyanin fluorescence Percent

min emission decrease

Intensity(relative units) Peak position (nm)

Control 75±4 652 0

20 65±4 655 14

40 58±3 651 27

60 50±2 665 33

80 45±2 665 40

Table 2: Effect of UV-B radiation (2Wm-2) on the PC fluorescence

emission properties of the intact cells of Spirulina platensis

UV-Bexposure Fluorescence parameter(in terms of

min distance,cm)

F
0

Fv Fm Fv/Fm

Control 2.1 5.1 702 0.71

20 203 4.5 6.8 0.66

40 204 4.1 6.5 0.63

60 2.6 3.8 6.4 0.59

80 2.8 3.5 6.3 0.55

Table 3: Effect of UV-B radiation (2Wm-2) on fluorescence kinetics

of thylakoids membrane isolated from intact cells of Spirulina

platensis
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Figure 1: Effect of UV-B radiation (2Wm-2) on the absorption spectra

of the Intact cells of Spirulina platensis

Wavelength. nm

Figure 2: Effect of UV-B radiation (2Wm-2) for different intervals

(40and 60min) on the fluorescence emission spectra of intact cells

of Spirulina platensis
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is called variable fluorescence, F
v
. F

0
 gives information about

the status of LHC. In this investigation, fluorescence intensity

measurements were made by using PAM kinetic

spectroflourimeter. To the control cells, weak modulated light

caused a rise upon excitation which is nothing but F
0
. Further

illumination with strong light caused enhancement in the signal

to Fm. This UV-B treatment caused changes in the F
0
, F

v
 and

F
m
 of thylakoids isolated from intact cells. Table 3 shows the

change in the Fv/Fm ratio which is nothing but the

photochemistry of PS II. The treatment of UV-B caused rise in

the F
0
 from 2.2 to 2.8 cm where as a drop was noticed in the

case of F
v
 from 5.1 to 3.5 cm (Table 3). Similarly F

m 
value was

changed from 7.2 to 6.3 cm due to the increase in the UV-B

exposure from 20 to 80 min. The loss in the F
V
 and F

m
 indicates

the PS II activity due to the damage of LHC at the level of PS II

(Campbell et al., 1998). Similar observations have been made

in Spirulina under the influence of mercury (Murthy et al.,

1991). Thus UV-B radiation mainly affects energy transfer by

acting at the level of light harvesting complex, phycobilisomes

and causes loss in PS II photochemistry.

REFERENCES

Campbell, D., Mats-Jerry Eriksson, Gunnar ¨OQuist, Petter

Gustafsson and Adrian Clarke, K. 1998. The cyanobacterium

Synechococcus resists UV-B by exchanging photosystem II reaction-

center D1 proteins  Proc. Natl. Acad. Sci. USA. Plant Biology. 95:

364-369.

Gantt, E. 1981. Phycobilisomes. Ann. Rev. Plant Physilogy. 32: 327-

347.

Kulandaivelu, G., Gheetha, V. and Periyanam, S. 1989. Inhibition of

energy transfer reaction in cyanobacteria by different ultraviolet

radiation. In: Photosynthesis–Molecular Biology and Bioenergytics

(Singhal, G. S., Barber, J., Delley, R. A., Govindjee Haselkorn, R and

Mohanty, P. Eds) Narosa Publishing House, New Delhi. pp. 305-

313.

Lambreva, M., Stoyanova-Koleva, D., Baldjiev, G. and Tsonev, T.

2005. Early acclimation changes in the photosynthetic apparatus of

bean plants during short term exposure to elevated CO2 concentration

under high temperature and light intensity. Agriculture, Ecosystems

Environment. 106: 29-232.

Lischanthaler, H. K., Burkart, S. Schindler, C. and Stober, F. 1992.

Changes in photosynthetic pigment and in vivo chlorophyll fluorescence

parameters under photoinhibitory growth conditions. Photosynthetica.

27: 343-353.

Liu–Li–Xia, Xu–Shou–Min and Woo, K. C. 2005. Solar UV-B radiation

on growth, photosynthesis and the xanthophylls cycle in tropical

acacias and eucalyptus. Environ. Ex. Bot. 54: 121-130.

Murthy, S. D. S. and Mohanty, P. 1991. Mercury induced alterations

of energy transfer in phycobilisome by selectively affecting the pigment

protein, phycocyanin in the cyanobacterium, Spirulina Platensis. Plant

Cell Physiol. 32: 231-237.

Melis, A., Nemson, J. A. and Harrison, M. A. 1992. Damage to

functional components and partial degradation of PS II reaction center

protein up on chloroplast exposure to ultraviolet-B radiation. Biochem.

Biophys. Acta. 1109: 312-320.

Renger, G., Volker, M., Eckert, H.J., Frommer, R., Hohn – Viet, S. and

Graber, P. 1989. On the mechanism of photosystem II deterioration by

UV-B irradiation. Photo Chem. Photobiol. 49: 97-105.

Schreiber, D. 1986. Detection of rapid induction kinetics with a new

type of high frequency modulated chlorophyll f1uorometer. Photosynth.

Res. 9: 261-272.

Zarrouk, C. 1966. Contribution a l’etude d’une cyanophyce influence

de diverse facteurs physiques et chimiques sur la croissance et la

photosynthese de Spirul ina maxima, (Setch et Gardner) Geitler, Ph.D.

Thesis, University of Paris.

ULTRAVIOLET– B LIGHT INDUCED CHANGES IN SPIRULINA PLATENSIS



548

THE JOURNAL

The Bioscan is an international quarterly journal of life
sciences with international editorial board. The journal
is online and details can be seen (downloaded from the
site. www.thebioscan.in). For any query e-mail at
m_psinha@yahoo.com & dr.mp.sinha@gmail.com can be
used.

AIM & SCOPE

The journal aims to publish original peerly reviewed/
refereed research papers/reviews on all aspects of life
sciences.

SUBMISSION OF MANUSCRIPT

Only original research papers are considered for
publication. The authors may be asked to declare that the
manuscript has not been submitted to any other journal
for consideration at the same time. Two hard copies of
manuscript and one soft copy, complete in all respects
should be submitted. The soft copy can also be sent by e-
mail as an attachment file for quick processing of the
paper.

FORMAT OF MANUSCRIPT

All manuscripts must be written in English and should be
typed double-spaced with wide margins on all sides of
good quality A4 paper.

First page of the paper should be headed with the title
page, (in capital, font size 16), the names of the authors
(in capitals, font size 12) and full address of the institution
where the work was carried out including e-mail address.
A short running title should be given at the end of the
title page and 3-5 key words or phrases for indexing.

The main portion of the paper should be divided into
Abstract, Introduction, Materials and Methods, Results,
Discussion (or result and discussion together),
Acknowledgements (if any) References and legends.

Abstract should be limited to 200 words and convey the
main points of the paper-outline, results and conclusion
or the significance of the results.

Introduction should give the reasons for doing the work.
Detailed review of the literature is not necessary. The
introduction should preferably conclude with a final
paragraph stating concisely and clearly the aims and
objectives of your investigation.

Materials and Methods should include a brief technical
description of the methodology adopted while a detailed
description is required if the methods are new.

Results should contain observations on experiment done
illustrated by tables and figures. Use well known statistical
tests in preference to obscure ones.

Discussion must not recapitulate results but should relate
the author's experiments to other work on the subject and
give their conclusions.

All tables and figures must be cited sequentially in the
text. Figures should be abbreviated to Fig., except in the
beginning of a sentence when the word Figure should be
written out in full.

The figures should be drawn on a good quality tracing/
white paper with black ink with the legends provided on
a separate sheet. Photographs should be black and white
on a glossy sheet with sufficient contrast.

References should be kept to a minimum and listed in
alphabetical order. Personal communication and
unpublished data should not be included in the reference
list. Unpublished papers accepted for publication may be
included in the list by designating the journal followed
by "in press" in parentheses in the reference list. The list
of reference at the end of the text should be in the
following format.

1. Witkamp, M. and Olson, J. S. 1963. Breakdown of

confined and non-confined Oak Litter.Oikos. 14:138-

147.

2. Odum, E.P. 1971. Fundamentals of Ecology. W. B.

Sauder Co. Publ. Philadelphia.p.28.

3. Macfadyen, A.1963. The contribution of microfauna

to total soil metabolism. In:Soil organism, J. Doeksen

and J. Van Der Drift (Eds). North Holland Publ.

Comp., pp 3-16.

References in the text should be quoted by the author's

name and year in parenthesis and presented in year order.
When there are more than two authors the reference should
be quoted as: first author followed by et al., throughout
the text. Where more than one paper with the same senior
author has appeared in on year the references should

INSTRUCTION TO AUTHORS

An International Quarterly Journal of Life Science

Cont. ....... P. 562

INSTRUCTION  TO  AUTHORS



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


