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Desiccation tolerance is more prevalent in
prokaryotes than in eukaryotes (Bewley 1979).
Many cyanobacteria of both marine and terrestrial
origin express a capacity to tolerate water stress
and desiccation (Potts 1985). Low water activity
can be expressed as osmotic water stress [high salt
concentrations] (Reed et al. 1986) and matric water
stress [dry environments] (Potts & Friedmann
1981). The water potential of a system may be
controlled either through the direct addition of
solutes like NaCl, to the medium [osmotic control]
or by equilibration above a solution of defined
water potential [matric or isopiestic] (Potts et al.
1984). Potts and coworkers have investigated the
effects of acute water stress on nitrogen fixation
(Potts et al. 1984), photosynthesis (Potts &
Friedmann 1981), intracellular ATP levels (Potts
et al. 1984) and protein synthesis (Potts 1985).
This paper deals with the impact of acute water
stress effected by the osmotic control method on
growth, rates of photosynthetic oxygen evolution
and nitrogenase activity in the cyanobacterium,
Tolypothrix scytonemoides thriving under extreme
drought conditions and high temperature on the
exposed rock surfaces during summer.

Axenic culture of T. scytonemoides (Gardner)
Geitler obtained from Dr. S.P. Adhikary, Utkal
University was grown autotrophically in BG-11
medium (Rippka et al. 1979) in Erlenmeyer flasks
at 34 °C under 30 pE m2s-1. The water potential of
the medium was controlled adding NaCl to the

medium in different molal concentrations, which
correspond approximately to different water poten-
tials (Potts & Friedmann 1981). Exponentially
growing cells were concentrated by low-speed cen-
trifugation (2856 x g) and the pellet was resus-
pended in fresh medium containing a range of mo-
lal concentrations of NaCl. After an incubation of
24 h and 72 h, cells were examined for the effect of
different water potential on growth, photosynthe-
sis and nitrogen fixation.

Growth of the cyanobacterium was measured
in terms of chlorophyll ¢ (Mackinney 1941). The
method of Allen & Holmes (1986) was used to de-
termine the rate of photosynthesis and nitrogenase
activity was estimated by the acetylene reduction
assay of Stewart et al. (1967). All the experiments
were conducted in triplicate and repeated at least
twice to confirm the reproducibility of the results.

T. scytonemoides although isolated from an
arid environment (Tripathy et al. 1999) is not re-
sistant to low water potential. A decline in growth
of the organism in terms of chlorophyll a was ob-
served with decreasing water potential. The de-
crease was linear after incubation of 24 h but after
72 h there was a sharp drop below —2000 kPa.
(Fig. 1a). The colour of the cells changed at differ-
ent water potentials and these changes were per-
sistent. Cells maintained at —90 kPa (control) re-
tained the greenish-brown colour whereas cells at
— 1000 kPa were dull green and brown. Cells incu-
bated between —1000 and —4000 kPa assumed a
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brownish-green colour and below —4000 kPa they
appeared bright blue-green. These colour changes
at different water potentials may be associated
with different pigment concentrations. A substan-
tial loss of chlorophyll a accompanied the bleach-
ing of cells. Change in colour from green to red or
brown was observed in Dunaliella after a transfer
to higher salinity due to a stimulated synthesis of
carotenoids and the loss of chlorophyll (Mironyuk
& Einor 1968). The relative sensitivities of photo-
synthesis and nitrogen fixation processes of T. scy-
tonemoides resemble some of the findings reported
earlier (Potts & Friedmann 1981; Potts et al.
1984). Potts & Friedmann (1981) subjected strains
of Chroococcidiopsis, Chroococcus (both from ex-
treme arid rocks) and a marine Chroococcus to wa-
ter potential stress by the osmotic control method.
Both the strains of Chroococcus showed optimum
photosynthesis between —3000 and —4000 kPa but
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Fig. 1. Effect of water stress on (a) growth (b) rate of
photosynthesis and (c) nitrogenase activity in cells of 7.
scytonemoides.

in strains of Chroococcidiopsis, the photosynthetic
rates decreased with decreasing water potentials.
Chroococcus strain from desert did not grow at low
solute concentration in freshwater media and in its
response to water stress, i1s similar to marine
Chroococcus. Optimum photosynthetic efficiency of
both the strains of Chroococcus occurred near the
water potential at which the Chroococcidiopsis
strains were inhibited completely. For the strains
of Chroococcus from desert, it is possible that the
adaptation to desert conditions is due to its ability
to photosynthesize at rather low water potenitals,
a situation different from that of Chroococ-
cidiopsis. Chroococcidiopsis strains were not resis-
tant to low water potentials. Although these two
genera do not seem especially adapted for growth
and photosynthesis at low water potentials, they
show a considerable ability to tolerate severe
drought conditions. In 7. scytonemoides, photosyn-
thetic rates decreased with decreasing water po-
tentials (Fig. 1b) as in the case of Chroococ-
cidiopsis strains. There was a sharp decrease in
the rate of photosynthesis between — 2000 and
— 3500 kPa as a result of loss of chlorophyll a. In-
cubation for a longer period (72 h) further reduced
the rate of photosynthesis. The impairment of pho-
tosynthesis may be due to the reduction in the
photosynthetic pigment content. 7. scytonemoides
thus resembles the strains of Chroococcidiopsis
which are not resistant to low water potentials.
Another sensitive organism is a Microcoleus sp., a
dominant organism in desert soil crusts (Brock
1975). Nitrogen fixation is restricted to a narrow
range of water potential and is sensitive to
changes in water potential. After 24 h incubation,
nitrogenase activity was found to be lower in cells
maintained at -1000 kPa and below in comparison
with control (Fig. 1c). In T. scytonemoides, nitro-
genase activity was impaired and became negligi-
ble at very low water potentials and declined with
increase in time given for incubation as in Nostoc
commune (Potts et al. 1984). T. scytonemoides
failed to withstand very low water potentials in
the laboratory although it occurs predominantly in
extremely dry conditions in nature.

Acknowledgements

We thank the Director for providing the
facilities. We also thank Prof. V.N. Raja Rao and
Prof. R. Rengasamy for useful suggestions.



MAHESHWARI & ANAND 259

References

Allen, J.F. & N.G. Holmes. 1986. The liquid phase oxy-
gen electrode. pp. 108-116. In: M.F. Hipkins & N.R.
Baker (eds.) Photosynthesis Transduction a Practi-
cal Approach, IRL Press.

Bewley, J.D. 1979. Physiological aspects of desiccation
tolerance. Annual Review of Plant Physiology 30:
195-238.

Brock, T.D. 1975. Effect of water potential on a Microco-
leus (Cyanophyceae) from a desert crust. Journal of
Phycology 11: 316-320.

Mackinney, G. 1941. Absorption of light by chlorophyll
solution. Journal of Biological Chemistry 140: 315-
322.

Mironyuk, V.L. & L.O. Einor. 1968. Oxygen exchange
and the content of pigments in various forms of
Dunaliella salina Teod. under conditions of in-
creased NaCl content. Gidrobiologichesky Zhurnal
4: 51-58.

Potts, M. 1985. Protein synthesis and proteolysis in im-
mobilized cells of the cyanobacterium Nostoc com-
mune UTEX 584 exposed to matric water stress.
Journal of Bacteriology 164: 1025-1031.

Potts, M. & E.I. Friedmann. 1981. Effects of water stress
on cryptoendolithic cyanobacteria from hot desert
rocks. Archives of Microbiology 130: 267-271.

Potts, M., M.A. Bowman & N.S. Morrison. 1984. Control
of matric water potential (ym) in immobilised cul-
tures of cyanobacteria. FEMS Microbiological Let-
ters 24: 193-196.

Reed, R.H., L.J. Borowitzka, M.A. Mackay, J.A. Chudek,
I. Foster, S.R.C. Warr, D.J. Moore & W.D.P. Stew-
art. 1986. Organic solute accumulation in osmoti-
cally stressed cyanobacteria. FEMS Microbiological
Reviews 39: 51-56.

Rippka, R., J. Deruelles, J.B. Waterbury, M. Herdman &
R.Y. Stanier. 1979. Generic assignments, strain his-
tories and properties of pure cultures of cyanobacte-
ria. Journal of General Microbiology 111: 1-61.

Stewart, W.D.P., G.P. Fitzgerald & H. Burris. 1967. In
situ studies on nitrogen fixation using the acetylene
reduction technique. Proceedings of National Acad-
emy of Science, USA 58: 2071-2078.

Tripathy, P., A. Roy, N. Anand & S.P. Adhikary. 1999.
Blue-green algal flora on the rock surface of temples
and monuments of India. Feddes Repertorium 110:
133-144.




<<
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


