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Summary

Anabaena orYaae
2gyptian د strain grows over

the external salinity range from 50 to 400 mM NaCl

in nutrient media. Cultural biomass, heterocyst

freguency, intracellular mineral and total carbohydrate

content have been detemmined.

Cultural biomass did not decrease by increaBing

NaCl and showed only clear reduction at 350 and 400

mN NaCl.

salinity.

HeteroCyst frequency wasdiminished at higher

The alga responded to increased osmolarity in the medium

by an elevation of the internal concentration of

carbohydrate content.

The most pronounced effect of NaCl was a trend

of increasing the intracellular concentration، of Na

with increasing extracellular salt which reached 387

£ala at 350 and ٠400 m NaClل over their corresponding

control.
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1ntracellular P, K, Ca, Mg, Mn and n ا 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 trend

in carbohydrates.

Introduction

The wide distribution and bloom-formذng disposal

of cyanobacteria have been attributed 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. Hany

species of cyanobacteria thrive in saline environ-

ments and were found to exhibit certain degree of

adaptability Fogg e± a1, 1973; Tel-0r, 1980 a,b;
 د د

Melamed-Uarel and Tel-Or, 198l). 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 saliniy Ahmad and Bellebust, 1984;

Ehrenfela ana boussin, 1984; Gyinzburg, 198l, a,b

which may lead to inhibition of growth and metabolism.
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Hellehust, 1985 suggesed that, the role of inorga-

nic ions in asmoregUlation of micro-algae. s uncertain,

since technical difficulties in determining ion content

in cells in highly saline media have yielded conflicting

values (Ahad and Hellebust, 1984; Ehrenfeld and Coussin,

1984; Gimler ana Shirling, 1978; Ginzburg, 1981 and

Munns et al,
 د

1983). Other authors ascertain the

important role of inorganic ions in osmoregulation

(Brown & Borowitzka, 1979; Brown Hellebust, 1980; Kauss,

1978 and Setter٤ Greenway, 1983).

However, more recent studies of osmotic adjustment

in cyanobacteria have demonstrated that organic osmotic

rather than inorganic ions, may play a major role in

the maintainance of positive turgcr undur conditions

of salt-stress (Borowitzka et al, 1980; Blumald and
 د

Tel-Or, 1982 a,b; Reed and Stewart, 1983; Reed et al,

1984).

The aim of the present study is to estimate the

internal concentration of inorganic mineral and total

carbohydrates of the cyanobacteriعu Anabaena 9rY5ae

(isolated from Egyptian Eoil) over a range af external
١

salt concentration ( 50 to 40d mM NaCl.) Biomass

accumulation and heterocyst
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determined.Residual macro and microelements vere detected

by direct assay of the culture supernatant as a result

of the algal growth.

Mat-erial and Methods

organism: Anabaena oryzae, EgYptian strain waS

provided from the Agriculture Research Centre, Giza,

Egypt.

Culture Redia and ،conditions: BatcH cultures were
grown photoautotrophically under continuous ٤luoresent

il1umination {20 Watt/n?) at 28%C in (Watanabe et al
 ، ؟ه

1959) mediumn. 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

treatnent, sodiun chloride, was added to the flasks

tb the desired concentrations. Experiments were repeatea

at least twice.

Growth:
Cultures د were harvestEd in the 1ate-

logarithmic phase of growth The organisms were separated

from the medium by centrifugation at 10000 g. for l0

min. at ن 4'C, the harvested cells were washed twice

with distilled water.

Growth was determined in temns of culture biomass

estimates (mg dry cells/ml culture) following drying

for 24 h. at 70% (Layaell et al, 1985).
 د ،
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:eterocystلاycneugerf Cells were fixed in 2.58

(٧/٧) gluteraldehyde in phosphate buffer, pn 7.2; at

beast l000 cells were counted under light microscope

for each treatment and the frequencies of differentiated

cells were expressed as a percentage of the total

vegetative cell population ( Sharma, 1984 ).

Carbohydrates were

estimated by the phenol sulphuric acid test relative

to standard solution of glucose. (Dubois et al, l956).ن 

Analysis of intracellular mineral content: Intra-

cullular ion concentrations were analyzed from the

dried algal cells which were powdered and digested

in nitric-perchloric-sulphuric acid. Phosphorus was

analyzed using the vanadatomolybdate colorذmetric method

(Chapman nd ة Prott, 1978).

Ca, Mg, Fe, Mn, 2n and Cu were deterained by atomic

absorption .spectrophotametry، K and Na were estimated

by flame photometry. (ackson, 1967).

Nitrogen was measured by Kjeldahl method

1967).

Jacksan,

Residual 1ons of the culture suprenatant were directly

assayed.
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Results and Discussion

Responseof Anabaena oryzae cells to saline media:ههه،،ه» 

·The growth of 3.9EYEae was tested as a function

o٤ external salinities with (0.05 to 0٠4 M٠ taCl) in

the culture media. 1t is interesting to' note from

Table 1 that, cell growth was reduced by 0.35 M and

0.4 M. NaCl while cultures were adapted to 0.05-

---٥.3 M NaCl and showed tolerance to this condition

and were similar to the control, which indicates the

algal capacity to osmoregulation. This is in line

with the data presented by Mahmoud et al, (1980) and

Alla-El-Din et a], (1980), who suggested that, growth« ،

o٤ Nostoc calcicola, N.muscorum, Anabaena variabilis
 د ي« ي

and A.9rY:ae were stimulated by the addition of up

to 9000 pp.m. salt.

Table l illustrates the microscopic examination

of algal filaments and shows that, the proportion of

heterocysts was greatest with the lw NaCl concentration

(0٠05 to 0.2 M )amounted to 10.7 to 8.l8 ofuhe cells,

while heterocysts proportion amounted to 5.5 to 4.1%

with 0.25 to0.4 .MaCl ر This indicates the relationship

between salinity and heterocyst freguency (Fig. l ).

However, since heterocysts are the sole site o٤

aerobic N2-fixation in filamentous
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(Haselkorn, 1978, Stewart, 1980 and Wolk, 1982), a

change in number or quality of heterocysts is bound

to affect nitrogenase activity.

Mitrogenandcarbohydrate content inrelation to 8aCl

concentration:

Since 2.oYEae can grow and adapt to Nacl concentra­

tion ranging from 0.05 to 0.4 M, we checked its adapta-

tion to different NaCl concentration in regard to

intracellular

content.

nitrogen, carbohydrates and mineral

Table 2, shows that, salt-grown cells contained

much lower nitrogen content amounting to 6.1 - 55%

of the control cells, nitrogen decreased linearly with

increased salt concentration. mThe observed decrease

in nitrogen content under such saline condition is

explained to be mainly due to reduction in nitrogenase

activity as conpared with control cultures (TabLe 2)

It is obvious that, this change is parallel t

the pattern o heterocysts differentiation response

to salinity as shown in table l. It has been postulated

that, appearance of nitrogenase activity is concomitant

with the development of heterocysts (Bradley and Carr,

1976; Feming and. Baselkorn, 1974; Murry and Benemann,

1979; Neilson et al,  ص(1971
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Total carbohydrate content increased with increa-

sing TaCl concentration (Table 2). In 400 ,Nacl اهه

total carbohydrate amounted to 176.6 mg/g. dry wt.

compared with l09.8 mg/g.dry wt. for the control cells.

Carbohydrate accurulation during salt-stress suggests

that, carbohydrate maY play a role in osmotic regulation

in Anabaena 9rYةae cells. Blumwald and Tel-0r (L982b)

adaptation to environmental stress reguires a larger

investment oE energY for biosynthesis and reorgan4zation

by Nostoc muscorum.
 لا

Probably 8.orYةae cells meet

these reguirements, by enhanced photosYnthetic activity

which is an iحm ediate 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 af external salt concentration (Table

3). Addition of NaCl to the growth media decreased

intracellular P, K, »g and Ca content af A,oryzae andي 

increased the residual minerals in tHe culture

supernatant (Table 4), Accunulation of Mn and Cu in

response to. warious TaCl concentratians was lesser

than the previously mentioned set of elements. Moreover,

Fe, ٦n did not show clear 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 MaCl 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 mechanlsm ofthis 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 beside

osmtic stress. Studies of Blumald and TelOr, 1982

a, b and Watad, 1983, support these findings. Reed

et al, 1985, mentioned that Na' exporting system is

the limiting process for salt resistance of cyanobacteria

from hyper saline environments. Other cyanobacteria

responsed to changes in external water status by

adjusting intracellular R' concentration Miller et

a1, 1976;Yopp et a1, 1978; Reed et al, 1984). Recently
 ن ، ، د ي

a variety of osmoregulants, employed by cYanobacteria,

have been reported, e-9. significant ion accumulation

{Ahaad and Hellebust, 1984; Blumwald et al, 1983;

Ehrenfeld and Caussin, 1984; Ginzburg, 198l, Reed et

al, 1985), synthesis of sucrose ( Erdmann, 1983, Blumwaid
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et al, 1983), accumulation of osmoprotective compounds:ي 

glucosylglycerol Hagemann et a], 1987 ); glycerol

(Hagemann et al, 1987); glycerol derivatives {Borowizka
،

et al,
 د ،

1980; Tel-Or et al,
 د

1986) and increasing

concentration of prolein content

1984).

(Ahmad and Hellebust,

Fromn the results of Tables 3 and 4 it is clear

that A.OIY:ae ppssesses a marked capacity to take up

and accumulate ions with different rates from the
external medium. This accumulation of ions appears

to be almost sufficient to counterbalance the external

salt concentration in cells grown at different salinity.
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Taط le l. Cultural ·biomass and heterocyst freguency

in batch cultures of Anabaena 9rYةee grown

at a variety of NaCl concentrations in the

media

NaCl
Concentration

Culture biomass
{ng dry cells/
ml culture)

Heterocyst
freguencY
{8 Heterocysts/

veg. Cells)

Control 1.06 + 0٠04، 12.8 +  د2.0

50 mM 1.05 + 0٠06 10.7+1٠8

100 mM 1.11 + 0.20 11.1 +1.2

150 mM 1.18+0.08 9.7+1.8

200 mM 1.17+ 0.31 8٠1 +0٠7

250 mM 1.16+ 0.23 5.5+1.0

300 mM 1.14 + 0٠09 5.3 + 0.8

350 mM 0٠78 + 0.11 5.2 + 0.6«

400 mM 0.48 + 0.05 4٠l+0.7
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Table 2.EEfect af NaCl on the intracellular carbohydrate
and nitrogen content of Anabaena 9Yةae. cultures

 د

were grawn with and without tacl until late
logarthmic phase of growth.

NaCl cantent Total carbohydrates Tatal nitrogen
m٣/1 mg/9. dry wt٠ .dry wt.»و/و 

Control 109.8 60.4
50 mM 115.3 50.7

100 mM 122.8 51.1

150 mM 151.2 54.8

20٥ mM 146.3 51.3

250 mM 159.6 44.8

300 mM 158.3 42.7

350 mM 169.5 23.9

400 mM 176.6 27.0
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 م بم يم م بم م بو ع حp سه»

٢tم م م ار ooم o>  ح٢ ح تم0 د ط ر مر بر ر ط ار -فلا
 تم5٨
pa٥م 
 ع ت 1ح

 ص ب ت ت ص ت ت ص ط
٥٣٥٥  ص ت ت تH ت ت بر خدo٢ ص ت ت ص٨٥ ص ت ت ب٨٥=٥

 لما ر برo٥ لما لباN Nث٤oب,
 لز
5

٢  ى تما ليا حNN لN خنo د
N ت ن(N ب ٦تن وa بر ف٤ د
٢t7٥ م
a فa ب ر٥ ف ا ر ف٤٤
oNNب ت٥ oص خ خن a o

٤8و  م
 خ د
a ص صa ت ت ب ت م ط لز إ ر سم رNN رrN د ت
 و م له له له له له له ر بر له بر يد٥ ذ
o م٢ د للم خ خ خ٥٥ ر5٥ م ح خي م ج خ نoa لز٥ -سر
0

 ي

 لهN لهa ليا ب٥ ت ر لبا لباN NقNN ر سر
mج٥ Nو لا c2م5 ط لمه لمة ص cل ن ص له ت لعا a٥ له له ت ر٥ ن لما ب له٥5 ا tقN 

٥ «ب ٦لن ي ي Nت مر سر م
N٥ تNaooa ج٥  م ح

 ت ت ت ت ه ت ت ت ت م م ن
٥5
r٣

 ط تaa لا ط سر له ما ت مH ثم لج بر قر ط لز
٩: ٣م
 لهo ت٥ لب لعيا ي صo د ه ت خيرN ب ن٥ خد له ص ج
 ح

0
٢ر

 ت ص ص ت ت ص ت ت ت ب
 مر لبا ا ر ما ه ن له له له ح برN ر ر بر يا الببN Nقa ٤م
٥٥

 م
 ته
 لز

 د وثم/
 هa ص ت تo ب ص ت ص٢
 لما تب٢ لبا تما لن لباNN ا ال٢

 فa مرa تا ت ها خي تبا ت٥

a
 تم
r٥م ت٠ ب ب ه ت ه ت ب ت ب 
Hح oص ب ت ت oت د ب ت ت تN NلN ثN بم ن لما 
 م٢٣
5
٤٤

 ب ب ب ب ب ت ت ه ت ب
 م ر
aص ت ت ت ت ب ت ب ت ت ت 

 لما لبا اتجب الما ا م يا

 م
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 ة:
 ةة
5٠

 مر•

٤-٠٥-٣ --٠ب ٠.zجج-ج
 ا..-٠٤٣٦ ر0ب بزج

 رمم ،.م{ ايهج
 'مم

2

·٢

٢ 3'A،م 
.. خر غذ ببر -٠·٠ و جام أ-؟به ،ند ،فه

• "وت' 4٦٢
• 'ام 'ج٠ ٩٠٠٠  م :م2 بو-ه٠

·٥٥،

.٥# م
 ي

 "ه

 ة·
 ما

 م&م
 -و ه.

 ابن"»
 ي٥٣

 ،4 .ر, أي ي

 ح

١ ا٩٦-٠ ٠ لا، ٤ ،> ء م
٦٠

 ".iج·

 'م.
4 ٠

٠ ر
 ة
٤
٩

.٠٠ ون"،م,»ت.ي.
1 :ز,3-':"76:.

 وم٤ ي٠٤ م٢
 +في و:٢

٠٠'٤٠-
٠٠٠٦ وافي و • ي٠٤ تو: t. -ir :->ءإإ4 ة·:::٦٤٠ ا،؟ iر«ي ايي ي؟ 
".F٤٨ جى تماج٣. ر

٩٤'.٤0 .ث٠٤ ,م-  وإين'٢ إF و"
;:٥٠ به٠  ن4 و« م٠ ؤ-!

٤٤٠٠
1"•

-٤ أ،
٠٦

 ة
3  يمم::٠
 ، و{:< ر

٠ ثذ:.:،

٠٠٩ ز.
 ن٤

٠«

 -و

 ة

 بجي;3
٤٤٤ ,%

 و٩ د٠
 -م٠٠0٤ م٠

 و٤

 ي»--
٣

6

 إ.تت:تيز إ;إ;إ;;:"";إلا إ,,$/3/;٠ م٠,٥١٠٤٠٠٠٠
٢ '!"ا٠' -.إ؟،٢٩''٠٠ 'لإد{· ج٠

٤:/",;:+ إ:,٧ ب٠٠٠١" ز!·;و'
{] '-م"،' آ,"ب:',،ب}يi جي...4 }'ؤ؟ر{ز{ز٠٠

٥:١٠١٠٠..٦٠!٠٩٠ ث ، :و إ•٢"٠'٠ م } ;ب, أ.- ،: "ب به ,م {أويي4 ،,غ,:{ إ
K.3{"غي لذ°ر٠ ·و. ا".م: لإأبي. ;لإ,ي, تو}."١:· :ا&:يزن} :::"رإ} مr3:,، ٩ م،:·إ8" ي 'بن،.ز:.::تجب.:, ;إ?ج،بر,

 لا:"،م±:ز;٦3 ت ,%'لمبر' .بمذبولإء!0"? :;تزلإ:
 :.::#;لإثم ثإلأأإزيي:.:جيز{لأؤ}.

 بي"5 ':لإة%3 خر,'.•.: :م.:م" ث.±'??.٥4.1
"a """م,; .ج+ي:ج:  .مu ?::ج9ف "؟اء3

 {ي، 'ت4 يبب؟%, عهgrr %.ج,: أمم }تي' إ؟ ::ة::تهي. :.جم.• "بؤ.ة]?:ج.برين:م ز"ب:5 ب
 له٠ وب٠4•.٤ل نض و"ه معج، م"٤ %.م»و بمة ثم مى

-' ،لا4_٠٦5٩،٠٢ "مه٠ ر ه ي٩٠,٢4٦  ;:'إ::.م :ف ه .ز=م4 بلآ? م'ه. شمة<, ت,,و.
 {,{يو"4 يي::;؟فن. ;ب.::ت:ج،٤, +أ٢7.24 ";؟

<. تيي{ :ت;ز:;:::}:ثقي:5 %;تييز" "ت;:,,
 ::ي:م:تكم ء.هi ";+أ44 بزي ي:""4 ،';

 ببت:&:{و%. "فير لذ!ءء:;%.t ؟،ؤ:ي%::.:
 :ؤجي تيجيؤيةتتميؤز;5 ت#إيةة ;=ج"90 ب4 مرر ،"م&وز"ء "ديم م "ب¢±ي :لإ-' :ي:"":Y :#وie ييلإ.سبر?:":. ة ي2 }:"تزي::

 ;ي4.. :يآلإ ته»ش-تختز @لإ.؟. "يم:. ج ة9ي {مي
 {تي؟ت;يؤو{ج"خث:] يلأخ ?{لإ بزي

4 -إ" ,؟٢ يج=+ببز :لارب} ا؟٠ ن'٩ #ز٣٠5.2 او:٠  ?%"،؟,. كي :إr "ئهاو بي،، :"م@:"&ي:
}4٠0 .لإب٥ "ه-ونزب, ;،}م بع3 }:ز: :ة" ;ي .،t٤.٦ به٠٣٠ ي٣ نة ء.٣ ر .ة

•٠٠٠٠٥١٠'٤ و ،٣٠٠٨٢-٠٦٩٠ ،٠٠٠٢٨٢٤٠ "و0>,:•٠%1 يم%', ب: إ}- )] ي•٠٤٠9٥٤٠٣4 م رمة مة يج:و ؟.بز:ه
• :د،٢ ذ يرج،مر٨ .،و وز-'٦ ,'·ء,:"٠٠٠

4·,٠-٩٠ ب!"ببم نه -,إ:.ء:435-٠4. ي:-':}: :وج:٤ بما--.
 ,إ},ر' ً:. :ي:شم: .اثر& ،ل;بي أ-٠ بإزةم! ت.%ي. -+إ .ججإوعة.+٨ لإ ,إ.0.'

 شفخنتلاشةزلأأئسساسدلد- ب٤: إإأء نة،r م7:٦ ;ز, ':ؤ:ت;بلة, :"إذزة
A

Fi12و. Anabaena 9٤Y2Ae filamentsد 

A control
B 400 mM NaCl

shaing reauction 1n heterocyst frequency and change in
colour
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