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Summary
Anabaena oryzae { Egyptian strain ) grows over

the external salinity range from 50 to 400 mM NacCl
in nutrient media. Cultural biomass, heterocyst
frequency, intracellular mineral and total carbohydrate

content have been determined.

Cultural biomass {id not decrease by increasing
NaCl and showed only clear zreduction at 350 and 400
mMd NaCl. Heterocyst freguency wa5dimin%5hed at higher
salinity.
The alga responded to increased osmolarity in the medium
by an elevaﬁion of the internal concentration of

carbohydrate content.

The most pronounced effect of NaCl was a trend
of inecreasing the intracellular concentration. of Na
with incfeasing extracellular salt .which reached 387
fold at 350 and -400 mY4 NaCl over their corresponding
control.
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Intracellular P, K, Ca, Mg, ¥Mn and %n contents
were diminished throughout the tested salinity range,

while Fe and Cu showed minor changes.

The sensitivity of the N2-fixing system of the
alga comprised a gradual decrease in concentration
of intra and extracellular nitrogen in response to
increasing salinity associated with the increased trenpd

in carbohydrates.

Introduction .

The wide distribution and bloom-forming disposal
of cyanobacteria have been éttributed in part to the
fact that they include many species which ' can fix
atmospheric nitrogen. Nitrogen-fixation is commonly
limited by certain conditions including salinity. Many
species of c¢yanobacteria thrive in saline environ-
ments and were found to exhibit certain degree of
adaptability { Pogg et al, 1973; Tel-0Or, 1980 a,b;
Melamed~Harel and Tel~Or, 1981). The potential mechanisms
employed by cyanobacteria for salt adaptation are yet
uncompletely clear. Significant ion accumulation has
been reported £for several micro-algae as a function
of increasing salinity._( Ahmad and Hellebust, 198B4;
Ehrenfeld and Coussin, 1984; Gyinzburg, 1981, a,b )

which may lead to inhibition of growth and metabolism. .
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Hellebust, 1985 suggested that, the role of inorga-
nic ions in osmdregulation 0of micro-algze 4s uncertain,
since technical difficulties in determining ion content
in cells in highly saline media have yielded conflicting
values (Ahmad and Hellebust, 1984; Ehrenfeld and Coussin,
1984; Gimm}er and Shirling, 1978; Ginzburg, 1981 and
Munns et al, 1983). Other authors ascertain the
important role of inorganic ions in osmoregulation
(Brown & Borowitzka, 1979; Brown Hellebust, 1980; Kauss,

1978 and Setter & Greenway, 1%83).

However, more recent studiss of osmotic adjustment
in cyancbacteria have demonstrated that organic osmotic
rather than inorganic ions, may play a major role in
the maintainance of positive turgor under conditions
of salt-stress {Borowitzka et al, 1980; Blumwald and
Tel-Or, 1982 a,b; Reed and Stewart, 1983; Reed et al,

1584).

The aim of the present study is to estimate the
internal concentration of inorganic mineral and total

carbohydrates of the cyancbacterium Anabaena oryzae-

{isclated from Egyptian seil) over a range of external
salt concentration { 50 to 400 mM NaCl.) Biomass

accumulation and heterocyst fregquency were alsc
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determined.Residual maero and microelements were detected
by direct assay of the culture supernatant as a result

of the algal growth.

Matrerial and Methods

Organism: Anabaena oryzae, Egyptian strain was

provided from the Agriculture Research Centre, Giza,

Egypt.

Culture media and .conditions: Batch cultures were

grown photoautotrophically under continuous fluoresent
illumination (20 Watt/m2) at 28°C in (Watanabe et al,
1959) medium. Inocula were grown +to mid-exponential-
phase, Aliquots of ( 5 ml )} cell Suspensions were
inoculated ints 500 ml Erlenmeyer flasks containing
200 ml of medium, 5-10 flasks were used for each
treatment, sodiwn chloride, was added to the flasks
to the desired concentrations. Experiments ware repeated

at least twice.

Growth: Cultures were harvested in the late-—
logarithmic phase of growth The organisms were separated
from the medium by centrifugation at 10000 g. for 16
min. at 4°C, the harvested cells were washed twice
with distilled water.

Growth was determined in terms of culture biomass
estimates (mg dry cells/ml culture) following drying

for 24 h. at 70°C (Layzell et al, 1985).
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Heterocyst frequency: Cells were fixed in 2.5%

(v/v}) gluteraldehyde in phosphate buffer, pH 7.2; at
beast 1000 cells were counted under 1light microscope
for each treatment and the frequencies of differentiated
cells were expressed as a percentage of the total

vegetative cell population ( Sharma, 1984 ).

Carbohydrate concentrations: Carbohydrates were

estimated by the phenol sulphuric acid test relative

to standard solution of glucose. (Dubois et al, 1956).

Analysis of intracellular mineral content: Intra-

cullular ion concentrations were analyzed from the
dried algal cells which were powdered and digested
in nitric-perchlorig=-sulphuric acid. Phosphorus was
analyzed using the wanadatomolybdate colorimetric method
{(Chapman and Prott, 1978).

Ca, Mg, Fe, Mn, 2Zn and Cu were determined by atomic
absorption .spectrophotometry. K and Ha wefe estimated
by flame photometry. (Jackson, 1967).

Nitrogen was measured by kjeldahl method { Jackson,
1567).

Residual ions of the culture suprenatant were gdirectly

assayed.
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Results and Discussion

Response of Anabaena oryzae cells to saline media:

The growth of A.oryzae was tested as a function
of external salinities with (0.05 to 0.4 M. NaCl) in
the culture media. It is interesting to note from
Table 1 +that, cell growth was reduced by 0.35M and
0.4 M. NaCl while cultures were adapted to 0.05-
--~0.3 M Nacl and showed tolerance to this conditien
and were similar to the control, which indicates the
algal capacity to osmorequlation. This is in line
with the data presented by Mahmoud et al, (1980) and

Alla-E1-Din et al, (1980), whe suggested that, growth

of MNostac calcicola, HN.muscorum, Anabaena wariabilis
and A.oryzae were stimulated by the addition of up

to 3000 pp.m. salt.

Table 1 illustrateg the microscopic examination
of algal filaments and shows that, the proportion of
beterocysts was greatest with the low NaCl concentration
{0.05 to 8.2 M Yamounted to 10.7_ to 8.1% of Lhe cells,
while heterocysts propertion amounted to 5.5 to 4-1%
with 0.25 to 0.4 u NaCl. This indicates the relaticnship

between salinity and heterocyst frequency (Fig. 1 .

However, since heterocysts are the sole site of

aerobic Nz-fixation in filamentous cyanobacteria
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{Haselkorn, 1978, Stewart, 1980 and Wolk, 1982), a
change in number or quality of heterccysts is bound

to affect nitrogenase activity.

Nitrogen and carbohydrate content in relation to- Nacl

concentration:

Bince A.oryzae can grow and adapt to NaCl concentra-
tion ranging from 0.05 to 0.4 M, we checked its adapta-
tion to different Nall conr.;.entration in regard to
intracellular nitrogen, carhohydrates and mineral

content.

Table 2, shows that, salt-grown cells contained
much lower nitrogen content amounting te 6.1 - 55%
of the control cells, nitrogen decreased linearly with
increased salt concentration. The observed decrease
in nitrogen content under such saline condition is
explaired to be mainly due to reduction in nitrogenase
activity as compared with control cultures (Table 2)
It is obvious that, this change is parallel to
the pattern of heterocysts differentiation response
to salinity as shown in table 1. It has been postulated
that, appearance of nitrogenase activity is concomitant
with the development of heterocysts {(Bradley and Carr,

1976; Fleming and, Haselkorn, 19%74; Murry and Benemann,

1979; Neilson et al, 1971)
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Total carbohydrate content increased with increa-
sing WNWaCl concentration (Table 2j). In 400 mM RNaCl,
total carbohydrate amounted to 22176.6 mg/g. dry wt.
compared with 109.8 mg/g.dry wt. for the control cells.
Carbohydrate accumulation during salt-stress suggests
that, carbohydrate may play a role in osmoktic regulation

in Anabaena oryzae cells. Blumwald and Tel-0r (1982h

adaptation to environmental stress requires a larger
investment of energy for biosynthesis and reorganization

by MNostog muscorum. Probably A.oryzae cells meet

these requirements, by enhanced photosynthekic activity
which is an immediate response to salt-stress and

resulted in higher carbohydrate content.

Intracellular mineral content:

Elemental analysis of the dried cells revealed
that the alga exhibited changes in intracellular elements
with increase of external salk concentration (Table
3}. Addition of NaCl to the growth media decreased
intracellular P, K, Mg and Ca content of A.oryzae and
increased the residual minerals in the culture
supernatant (Table 4), Accumulation of Mn and Cu in
response +to  various WNaCl concentrations was lesser
than the previously mentioned sek of elements. Moreover,
Fe, Zn did not show ¢lear dependance on NaCl

concentration.
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A most interesting observation was the drastic
increase in intracellular Na content of cells over
the full range of salinity, increasing with increasing
extracellular salt concentration and reached 387 fold
at 350 mM and 400 mM NaCl over their corresponding
control cells.

The steep increase in Na content per gram dry cells
is expected to play an essential role in the

osmoregulatory mechanism of this alga.

These results lead us to believe that Na‘ ions
are responsible for the adaptation of the cells to
the saline medium and have specific ionic effect heside
osmotic stress, Studies of Blumwald and TelQr, 1982
a, b and Watad, 1983, support these findings. Reed
et al, 1985, mentioned that Nat exporting system is
the limiting process for salt resistance of cyanobacteria
from hyper saline enviromments. Other cyanobacteria
responsed to changes in external water status by
adjusting intracellular K' concentration [ Miller et
al, 1976;Yopp et al, 1978; Reed et al, 1984)}. Recently
a wvariety of osmoregulants, employed by cyanobacteria,
have been reported, e.g. significant ion accumulation
{Ahmad and Hellebust, 1984; Blumwald et al, 19835
Ehrenfeld and Coussin, 1%84; Ginzburg, 1981, Reed et

al, 1985}, synthesis of sucrose { Erdmann, 1983, Blumwaid
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et al, 1983}, accumulation of osmoprotective compounds:
glucosylglycerol ( Hagemann et al, 1887 ); glycerol
(Hagemann et al, 1987); glycerol derivatives {Borowizka
et al, 1980; Tel-Or et al, 1986} and increasing
concentration of prolein ceontent (Ahmad and Hellebust,

19841}.

From the results of Tables 3 and 4 it is c¢lear
that A.oryzae possesses a marked capacity to take up
and accumulate ions with different rates from the
external medium. This accumulation of icns appears
to be almost sufficient to counterbalance the external

salt concentration in cells grown at different salinity.

-280~



Women's Coll. Ann. Rev,
Vol, 15 (1590).

References

Ahmad, I. and Hellebust, J.A. (1984). Osmorequla-
tion in the extremely euryhaline marine
microalga Chlorella autotrophica. Plant Physiol.
74: 101-1015.

Alaa El-~Din, M.N.; Hazem, A., Mahmoud; S.A.Z.; A&Abd
El-Hafez, AM. and Shalan S5.N. (1980)
Environmental studies on nitrogen fixation

" efficiency of Anabaena naviculoides and Nostoc
muscorum. The Pourth Conf. Egyptian Soc.
Appl. Microbiol. 24-28 Dec. Cairo.

Blumwald, E; Tel-0r, E. (1982 a} Structural aspects
of the Nostoc muscorum to salt. Arch. Microbiol.
132: 163-167.

Blumwald, Tel Or, E. (1982 Db). Osmoregulation and
cell composition in salt-adaptation of Nostoc
muscorum Arch. Mierobiol. 132: 168-172.

Blumwald, Mehlhorn, R.J.; Packer, L. (1983}. Ionic
osmeregulaticn during salt adaptation of
cyanobacterium Synechococcus 6311. Plant Physiol.

73: 377-380.
Borowitzka, L.I., Demmerle, §5.; HMackay, M.A., Norton
R.S. (1980). Carhon 13 nuclear magnetic

resonance study of osmoregulation in a blue

green alga.Science 210: &50-651.

Bradley S., Carr, N.G. (1976). Heterocyst and nitrogen-
ase development in Anabaena cylindrica J. Gen.
Microbiol. 96: 175-184.

281~



Women's Coll, Ann. Rev.
Vol. 15 (1990).

Brown, A.D. and Borowitzka, L.J. {(1979). Halotolerance
of Dunaliella. 1In Biochemistry and Physiology

of Protozoa. Eds. M. Levandowsky and S.H. Hunter.
pp 139-120. academic Press. New York.

Brown, L.M. and Hellebust, J.A. (1980). Some new taxono-
mic characteristics applied to Stichococcus
bacillaris (Chlorophyceae]). Can. J. Bot. G58;
1405-1411.

Chapman, H.D. and Prott, P.E. (1978). Methods of.
analysis for seoils, plants and waters. University
of California Div. Agric. Seci. Priced Puplication.
4034.

Dubois, M.; Gilles, R.A., Hamilton, J.K.; Robers, P.A.
and Smith, F. (1956) colorimetric method for
deternination of sugar and related substances.
Analyt. Chem. 28: 350~356. ' '

Ehrenfeld, J. and Coussin, J. L. (1984). Icnic
regulation of the unicellular green alga
Dunaliella tertiolecta: response to hypertonic
shock. J. Membr. Biol., 77: 45-55.

Brdmann N. (1983). Organic osmoregulatory  solutes
in blue-green algae., Z. Pflanzenphysiol. 110:
147-155.

Fleming H., Haselkorn R. (1974). The program of protein
synthesis during  heterocysts differentiation
in nitrogen-fixing blue-green algae. Cell. 3:
159-170.

-252-



Wamen's Coll. Ann. Rev.
Vol. 15 (1990).

Fogg. G.E., Stewart WDP, Fay, P, Walsby, A.E. (1573}.
The blue-green algae. Academic Press, London,
New York. pp. 161-179.

Gimmler, H. and Schirling, R. (1978). Cation Permeabi-
lity of the Plasmalemma of +the halotolerant
alga Dunaliella parva. XII. cation content and

glycerel concentration of the cells as dependent
upon extracellular NaCl concentrations. z.
Pflanzenphysiol. 87: 435-444,

Ginzburg, M. (1581 a). Measurements of ion concentra-
tions and fluxes in Dunaliella parva. J. Exp.
Bot. 32: 321-332.

Ginzburg, » (1981 b). Measurements of ion concentra-
tions in Dunaliella parva subjected to hypertenic
shock. J. BExp. Bot. 32: 333-340.

Hagemann, M. Erdmann, N. and Wittenburg (15871).
Synthesis of glucosylglycerol in sBalt-stressed
cell of the cyanobacterium Microcystis firma.
Arch. Microbiol. 148: 275-279.

Haselkorn., R. (1978). Heterocysts. Annu. Rev. Physiecl.
25: 319-344.
Hellebust, J. A. (19585). Mechanisms of response to

salinity in halotolerant microalgae. plant and
Soil 89: 69-8l.

Jackson, D. (1967}. S0il chemical analysis, Prentice
Hall.

283~



Women's Coll. Ann. Rev.
Vol. 15 (1990).

Kauss I.I. (1978). Osmotic regulation in algae. Progr.
Phytochem. 5: 1-27. -

Layzell, D.B., Turpin, D.H.; and Elrifi, I.R. (1985).
Effect of W,, Source on the steady state growth
and N, assimilation of P-limited Anabaena flos-—

agua. Plant Physiol. 78: 739-745.

Mahmoud, S.A.%., Alaa El-Din, M.N.; El-Haddad, M.M.
and El-Sayed, M. (1980). Growth and nitrogen
fixation of Anabaena orvzae and Nostoc calcicola

under the stress of sodium and calgium salts.
The Ffourth Conf. of the Egyptian Soc. of Applied
Microbiol. Vol. l: 53-65, 24-28 Dec. Cairo,

Egypt.

Melamed-Harel, H.; Tel-or E. (1981). Adaptation to
salt of the photosynthetic  apparatus in
cyanobactria. In: G. Aakoyunogou {ed)
Photosynthesis. Vel. 6. Balaban International
Science Services, Philadelphia, Pa., pp. 455~
462.

Millex, D.M. Jones, J. H. Yopp. J.H.; Tindall, D.R.;

Schmid, ¥.D. {1976). Ion metabolism in
halophilic blue-green alga, Aphanothece

halophytica. Arch. Microbiol. 111: 145-149,

Munns, R.; Greenway, H.; and ZFKirst. G.0. (1983).
Halotolerant eukaryotes. In: Encyclopedia
of Plant Physiol., N.S. Vol. 12C. Physiological
Plant Ecology 111. Eds. O.L. lange, P.S. Nobel,

' C.B. Osmond and H. Ziegler. pp. 59-135 Springer-

Verlag, Berlin.

-284-



Women's Coll. Ann. Rew.
Vol. 15 {1590).

Murry, M.A, Benemann, J.R. (1979).  Nitrogenase
regulation in Anabaena c¢ylindrica. Plant Cell
Physiel . 20: 1391-2401.

Heilson, A., Rippka, R., Kunisawa R. (1971). Hetero-
cyst formation and nitrogenase synthesis in
Anabaena _Sp. Akinetic study, Arch. Mikrobiol
76: 139-150.

Reed, R.H.; Stewart, W.D.P. (1983). Physiological
responses of Rivularia atra to salinity: Qsmotic
adjustment in hyposaline media. New Phytol.
95: 595-603,

Reed, R.H. Richardson, D.L. Warr. S.R.C. Stewart W.D.R.

{1984). Carbohydrate accumulation and osmotic
stress in cyanobacteria J. Gen. Microbial.
130: 1-4.

Reed, h.H., Richardson, D.L.; Stewart, W.D.P.[19B85).
Nat uptake and extrusion in the ‘cyanobacterium
Synechocystis PCC 6714 in response to hypersaline

treatment evidence for transient changes in
plasmalemma Na‘t Permealility. Biochim. Biophys.

Acta, Bl4: 347-355.

Setter, T.L., Greenway. H. (1983). Changes in the
proportion of endogenous osmotic solutes
accumulated by Chlorella emersonil in the light
and dark: Plant Cell Environ. 6: 227-234,

Sharma, P. (1984}. Heterocysts and akinete induction
with altered pattern in Anabaena cylindrica,
caused by neo-peptone Arch. Microbiol. 139:
196-201. '

-285-



Women's Coll. Ann., Rev.
Vol. 15 (1590).

Stewart, WDP. (1980]}. Some aspects of structure and
function in Np-fixing cyanobacteria. Anmnu.
Rev. Microbiel. 34: 497-536,

Tel- Cr, E. (1980 a}. Adaptation te salt to the photo-
synthetic apparatus in Cyanobacteria-FEBS Lett.
110: 253-256.

Tel - O0r, E. {1980 b). Résponse of No-fixdng
cyanobacteria to salt. Appl. Envir. Microbiol.
40: 689-693.

Tel- Or, E.; Spath, S5.;. Packer, L. and Mehlhorn, R.J.
(1966). Carbon 13 NMR Studies of salt shock-
induced Carbohydrate Turnover in the marine
cyanobacterium Agggnellum'_guadrug;;catum. Plant
Physiol. 82: 646-652.

Watad, A.A., Reinhold, L. and Lerner, H.R. (1983),
Comparison between a stable NaCl-selected
Nicotiana Cell Line and the Wild Type. Plant
Physiol. 73: 624-629.

Watanable, A.; Hattori, A.; Piyita, Y., and Kiyohara,
T., {1959}. Large scale culture of blue green,
alga, Tolypothrix tennuis, utilizing hot spring
and natural gas as heat and carbon dicxide

sBource. J. Gen. Appl. Microbiel. Tokyo, 5:
51-67. °

Wolk, C.P. (1982). Heterocysts. In NG. Carr, Ba Whitton,

Eds, The Biclogy of Cyanobacteria. Blackwell,
Oxford, pp. 359-386.

-386-



Women's Coll. Ann. Rev.

Vol. 15 (1990).

Yopp, J. H., Miller, D.M., Tindall, D.R. (1978). Regula~-

tion of intracellular water potential in the
halophilic blue green alga.: Aphanothece

halophytic {Chrococcales). In: SR Caplan,
M. Ginzburg (eds}) Energetics and structure
of halophilic microorganisms. Elsevier-North

Holland Biomedical Press, Anmsterdam. pp. 61%-
624,

287~



Women's Coll. Ann. Revw,

Vol. 15 (195G}

Table 1. Cultural -biomass and heterocyst £frequency
in batch cultures of Anabaena oryzae grown
at a variety of NaCl concentrations in the
media

NaCl Culture biocmass Heterocyst
Concentration {mg dry cells/ frequency
ml culture) (% Heterocysts/
veqg. Cells)
Control 1.06 + D.04 12.8 + 2.0
50 my 1.05 + 0.06 10.7 + 1.8
100 mM 1.11 + 0,20 11.1 # 1.2
150 mM 1.18 + 0.08 9.7 + 1.8
200 mM 1.17 + 0.31 8.1 + 0.7
250 mM 1.16 + 0.23 5.5 + 1.0
300 mM 1.14 + 0.09 5.3 + 0.8
350 my 0.78 + 0.11 5.2 + 0.6
400 mpM 0.48 + 0.05 4.1 + 0.7
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Table Z.gffect of NaCl on the intracellular carbohydrate

and nitrogen content of Anabaena oryzae. Cultures
were grown with and without NaCl until late

logarthmic phase of growth.

NaCl content

Total carbohydrates

Tatal.nitrogen

mM/1 mg/g. dry wt. mg/g.dcy wt.
Control 109.8 60.4
50 mM 115.3 50.7
100 mM 122.8 51.1
150 mM 151.2 54.8
200 mM 146.3 51.3
250 mM 159.6 44.8
300 nM 158.3 42.7
350 mM 169.5 23.9
400 mM 176.6 27.0
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Tible 3: Effect of increasing NaCl concentration on the accumulation of intracellular macro and

micro elements in Anabaena oryzae.

determinatic ng

Each wvalue

is a mean of

at

least duplicate

Concentra- LT uwA welght Hg/g dry wt.
tion of - .

NaCl P M Ca Mg Fe Mn Zn Cu -
Control 5.4 3.0 0.1 8.8 .l 172.40 64.80 57.00. 19,57
50 mM 6.2 2.0 5.4 2.0 3.0 132.37 20.88 86,26 14,20
100 mM 5.4 1.7 7.7 2.0 2.6 113.99 13.68 95.76 11.52
150 mM 5,1 1.3 B.1 2.2 2.4 125,29 13.68 43.94 10.24
200 mM 4.5 1.7 12.56 1.7 l.8 233,75 12.96 55.72 12.8
250 mM 2.7 1.1 18.0 0.7 0.9 104.72 " 9.36 32.68 6.04
300 mM 2.1 1.2 30.7 1.9 0.1 207.57 14.4 66,26 11.52
350 mM 1.0 1.2 38.7 1.1 0.4 134.64 17.28 27.74 6.4
400 mM 1.2 1.2 ig.7 1.0 0.3 269.28 33.12 60.42 10.24
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Table 4 : Changes in macro and microelements concentration of the culture supernatant as a
result of growth of Anabaena oryzae.

Nacl N p K Na ca Mg Fe Mn Zn Cu
Concentration ug/ml p.p. I

Watanabe Zero 49.92 2G1.86 0.72 16.0 20.98 0.57 0.56 0.05 0.05
medium

Conktrol 0.042 21.12 187.44 3.6 12.0 5.95 0.27 0.23 0.02 0.05
50 mM NacCl 0.012 18.56 201.86 1020.3 28.0 T.73 0.27 0.24 0.02 0.05
100 mM NacCl 0.003 24.96 201.86 1637.85 40.0 11.47 0.38 0.29 0.02 0.04
150 mM NacCl 0.003 25.60 187.44 2040.6 44.0 11.66 0.30 0.30 0.02 0.05
200 mM zmnh Zero 28.16 187.44 2309.1 48.0 13.15 0.19 0.33 0.05 0.03
250 mM HNacCl 0.006 32.61 187.44 2685.0 58.0 le.50 0.11 0.36 0,05 0.04
300 mM NacCl 0.001 35.81 187.44 2738.7 58.0 18.24 0.19 0.41 0.03 0.03
350 mM NacCl 0.001 40.9¢ 187.44 3275.7 62.0 20.40 0.23 0.36 0.05 0.03
400 mM NacCl 0.003 42,98 187.44 3714.6 66.0 21.07 0.11 ¢.39 D.05 0.03
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Fig. 1: Anabaena oryzae filaments

A control
B 400 mM NaCl

showing reduction in heterocyst frequency and change in
colour
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